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1 . GEOLOGY AND GEOCHEMISTRY OF SALINE LAKES IN KENYA.

1 . 1 .  G eology o f  t h e  E a s t e r n  A f r i c a n  R i f t  V a l l e y ,  K enya.

The g e o l o g i c a l  r e c o r d  o f  Kenya shows t h a t  s i g n i f i c a n t  t o p o g r a p h i c a l  

ch a n g e s  h ave  t a k e n  p l a c e  ( f i g u r e  l ) ,  due t o  c o n t i n e n t a l  d r i f t  and 

e p e i r o g e n i c  m ovements. The R i f t  V a l l e y ,  b e i n g  a  r e g i o n  o f  c r u s t a l  

th i n n in g -  and ex tension :^  i s  an  a c t i v e  v o l c a n i c ,  f a u l t i n g ,  and 

e a r th q u a k e  zone (B ak e r  e t  a l . , 1 9 7 2 ) .

The b a se m e n t ,  m e tam o rp h ic ,  and  ig n e o u s  r o c k s  o f  P re -C a m b r ia n  and 

lo w e r  P a l a e o z o ic  o r i g i n  fo rm ed f o l d  m o u n ta in s  ( f i g u r e  2a ,  3 ) ,  o c c u p y in g  

E a s t e r n  A f r i c a  f o r  most o f  t h e  P a l a e o z o ic  (B a k e r ,  1958; B aker  e t  a l . , 

1972; M cC all,  1967; Thompson & D odson, 1 9 6 3 ) .  D e n u d a t io n  e v e n t u a l l y  

gave r i s e  t o  t h e  E a s t e r n  A f r i c a n  P l a t e a u  ( f i g u r e  2 b ) ,  w hich  i n  p a r t  

c o v e r s  w e s te r n  and c e n t r a l  K enya. Dome i n i t i a t i o n ,  by u p l i f t i n g  o f  

t h e  p l a t e a u ,  began  i n  t h e  C r e t a c e o u s  ( f i g u r e s  2c ,  3 ) ,  f o l l o w e d  by 

v o lc a n is m ,  p a r t i c u l a r l y  i n  c e n t r a l  K enya, w here  t h e  u p l i f t  was g r e a t e s t  

(S a g g e r s o n  & B a k e r ,  1 9 6 5 ) .  E r o s io n  and se d im e n t  d e p o s i t i o n ,  l a r g e l y  

t u f f s  o r  o f  l a c u s t r i n e  o r i g i n  w ere a l s o  e v i d e n t  b e f o r e  a  seco n d  

u p w a rp in g  o f  t h e  dome ( f i g u r e  2 d ) ,  w h ich  b e g an  i n  t h e  M iocene (B ak e r  

e t  a l . , 1972; Thompson & Dodson, 1 9 6 3 ) .  At a b o u t  t h e  same t im e  t h e r e  

was s u b s id e n c e  i n  t h e  n o r th - w e s t  o f  Kenya, g i v i n g  way t o  f a u l t i n g  i n  

n o r t h  and c e n t r a l  K enya (B ak er  e t  a l , , 1972; S a g g e rso n  & B a k e r ,  19655 

Thompson & Dodson, 1 9 6 3 ) .  V o lc a n ic  e r u p t i o n s  f o l lo w e d  from  b o th  

c e n t r a l  and f i s s u r e  s o u r c e s ,  t h e  l a v a s  b e i n g  l a r g e l y  o l i v i n e  b a s a l t s  

and p h o n o l i t e s  (Thompson & Dodson, 1 9 6 3 ) .  The t h i r d  and g r e a t e s t  

u p l i f t  o c c u re d  n e a r  t h e  end o f  t h e  T e r t i a r y ,  w hich  c a u se d  t h e  m a rg in s  

o f  t h e  r i f t  t o  be w arped  down ( f i g u r e s  2e , 3 ) ,  fo rm in g  a  t r u e  g r a b en 

f o r  t h e  f i r s t  t im e  (B a k e r ,  1958; B aker  e t  a l , , 1972; M cC all ,  19675 

Thompson & Dodson, 1 9 6 3 ) .

F o l lo w in g  i n i t i a t i o n  o f  t h e  R i f t  V a l l e y  t h e r e  was f u r t h e r  

v o lc a n is m  a lo n g  th e  f l o o r  o f  t h e  g r a b e n .  The l a v a  f lo w s  w ere
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F i g u r e  1 .  G e o l o g i c a l  map o f  K e n y a .

The p r e d o m i n a n t  g e o l o g i c a l  f e a t u r e s  o f  K enya a r e  i l l u s t r a t e d .  

The m a jo r  f a u l t  l i n e s  ( b l a c k  l i n e s )  a n d  t h e  s u r f a c e  r o c k  

f o r m a t i o n s  ( s e e  i n s e t  e x p l a n a t i o n  i n  map) a r e  shown .
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F i g u r e  2 .  F o r m a t i o n  o f  t h e  R i f t  V a l l e y ,  K e n y a .  (T h o m p so n  aind 

D o d s o n ,  1 9 6 3 ;  B a k e r ,  1 9 5 8 ;  M c C a l l ,  1 9 6 7 ) .

a .  F o l d  m o u n t a i n s  f o r m  o v e r  E a s t  A f r i c a  d u r i n g  t h e  P a l a e o z o i c .

b .  D e n u d a t i o n  o f  t h e  f o l d  m o u n t a i n s  r e s u l t s  i n  t h e  f o r m a t i o n  o f  

t h e  E a s t e r n  A f r i c a n  P l a t e a u .

c .  D om al u p l i f t  i n i t i a t e d  i n  t h e  C r e t a c e o u s ,  a c c o m p a n i e d  b y  

v o l c a n i s m .  G r e a t e s t  u p l i f t  o v e r  c e n t r a l  K e n y a .

d .  S e c o n d  u p l i f t  o f  t h e  d o m e ,  b e g i n i n g  i n  t h e  M i o c e n e ,  a n d  c a u s e d  

m i n o r  f a u l t i n g ,  p a r t i c u l a r l y  i n  t h e  r e g i o n  o f  t h e  p r e s e n t  

T u r k a n a  d e p r e s s i o n .  V o l c a n i s m  g a v e  r i s e  t o  a l k a l i n e  l a r v a s .

e .  G r e a t e s t  u p l i f t  o f  dom e o c c u r r e d  a t  t h e  e n d  o f  t h e  T e r t i a r y ,  

a n d  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a  g r a b e n ,  a c c o m p a n i e d  b y  

e x t e n s i v e  v o l c a n i s m .

f . I n f i l l i n g  o f  t h e  c e n t r a l  t r o u g h  b y  v o l c a n i s m  a n d  l a c u s t r i n e  

d e p o s i t s ,  i n t e r u p t e d  b y  f a u l t i n g  i n  t h e  P l i o c e n e ,  f u r t h e r  

d e v e l o p i n g  t h e  R i f t  V a l l e y .

g . L a s t  m a j o r  p e r i o d  o f  f a u l t i n g  o c c u r r e d  i n  t h e  P l e i s t o c e n e  a l o n g  

e x i s t i n g  f a u l t  l i n e s .  I n  t h e  s o u t h  g r i d  f a u l t i n g  f u r t h e r  

f r a g m e n t e d  t h e  r i f t  f l o o r .  E x t e n s i v e  l a c u s t r i n e  d e p o s i t s  

f o r m e d  i n  t h e  e n s u i n g  p e r i o d .

h .  I n  t h e  U p p e r  P l e i s t o c e n e  m i n o r  f a u l t i n g  c a u s e d  t h e  f l o o r  o f  

t h e  r i f t ,  p a r t i c u l a r l y  i n  t h e  c e n t r a l  r e g i o n ,  t o  b e  d r o p p e d ,  

c r e a t i n g  t h e  p r e s e n t  d a y  l a k e  b e d s ,  a n d  d e t e r m i n i n g  t h e  m a j o r  

t o p o g r a p h i c a l  f e a t u r e s  o f  t h e  p r e s e n t  d a y  R i f t  V a l l e y .
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Age o f  t h e  E a r t h E ra P e r io d Epoch D u r a t io n

p r e s e n t  day 

dom inance o f  man

K a in o z o ic

Q u a te rn a ry R ece n t
P l e i s t o c e n e

2 ra.y .

T e r t i a r y

P l io c e n e 5 m .y .

M iocene 19 m .y .

O lig o c e n e 12 m .y .

Eocene 16 ra .y .

P a la e o c e n e 10 m .y .
4 ) y U v  m«y# "■ ■ 

e x t i n c t i o n  o f  d inos .

dom inance o f  d in o sa i

a-urs

M esozoic

I T S

C r e ta c e o u s
Upper 35 m .y .

Lower 36 m .y .

J u r a s s i c 5 7  m .y .

T r i a s s i c 33 m .y .

4 )  J y V  i i i# j  ♦

a p p e a ra n c e  o f  i n v e r '

P a l a e o z o ic

t e b r a t e s

Perm ain 5 5  m .y .

C a r b o n i f e r o u s
Upper 4 5  m .y .

Lower 20 ra .y .

D evonian 6 5  ra .y .

S i l u r i a n 30 ra .y .

O rd o v ic ia n 9 0  ra .y .

Cam brian 4 0  ra .y .

4 f v V V  u i # y # .

e v o l u t i o n  o f  l i f e  

o r i g i n  o f  t h e  E a r t h

P re -C am b r ian 4 ,0 0 0  m .y»

P ig u r e  3# M ajor d i v i s i o n s  o f  g e o l o g i c a l  t im e  ( a f t e r  E a g a r ,  1978)
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i n t e r c a l a t e d  w i th  s e d im e n ta r y  t u f f s  and l a c u s t r i n e  d e p o s i t s .  The 

e x t e n t  and  n a t u r e  o f  t h e  l a k e  d e p o s i t s  r e f l e c t s  t h e  g e o l o g i c a l  and 

c l i m a t i c  changes  t h a t  w ere t a k i n g  p l a c e  a t  t h a t  t im e  (B a k e r ,  1958; 

B u tz e r  e t  a l , , 1972; M cC all ,  1967; R ic h a rd s o n  & R ic h a r d s o n ,  1972; 

Thompson & Dodson, I 9 6 3 ) .  A seco n d  m a jo r  f a u l t i n g  p e r i o d  occuged  i n  

th e  P l i o c e n e  and f u r t h e r  d e v e lo p e d  t h e  R i f t  V a l l e y  ( f i g u r e s  2 f ,  3 ) .

The e n s u in g  v o l c a n i c s  w ere l a r g e l y  p h o n o l i t e s  and t r a c h y t e s  (B a k e r ,  

1958 ; B ak e r  e t  a l . , 1972; M cC all,  1967; Thompson & Dodson, I 963 ) .

I t  i s  t h e  p r e p o n d e ra n c e  o f  t h e s e  a l k a l i n e  l a v a s  ( i . e .  r i c h  i n  Na"  ̂

and K^) i n  t h e  a r e a  t h a t  h a s  c a u s e d  th e  l a k e  w a te r s  t o  show an 

a l k a l i n e  t r e n d  ( E u g s t e r ,  1970; E u g s t e r  & H a r d ie ,  1 9 7 8 ) .  D u r in g  t h i s  

p e r i o d  t h e r e  was s i g n i f i c a n t  and  f a i r l y  e x t e n s i v e  l a c u s t r i n e  s e d im e n ts  

fo rm ed , s u c h  a s  t h e  O lo ro n g a  Lake bed s  and t h e  c h e r t  f o r m a t io n s  o f  

Lake Magadi (B a k e r ,  1 9 5 8 ) .

A l a s t  m a jo r  f a u l t i n g  p e r i o d  occurred i n  t h e  P l e i s t o c e n e  a lo n g  

e x i s t i n g  l i n e s ,  f u r t h e r  d e v e lo p in g  th e  e s c a r p m e n ts ,  w h ich  a r e  a  

p ro m in e n t  f e a t u r e  ( f i g u r e  2 g ) .  I n  t h e  s o u th  t h e r e  was g r i d  f a u l t i n g ,  

w hich  i n i t i a t e d  a  c l o s e r  n e tw o rk  o f  f a u l t s  (B a k e r ,  1958; B ak er  e t  a l . , 

1972 ) .  L a rg e  l a c u s t r i n e  d e p o s i t s  fo rm ed  i n  t h i s  p e r i o d  and a r e  

c h a r a c t e r i s e d  by t h e  K a r ia n d u s  d i a t o m i t e  and  t h e  O l o r g a s a i l l e  Lake 

b ed s  (B a k e r ,  1958; Thompson & Dodson, I 963 ) .

M inor f a u l t i n g  i n  t h e  u p p e r  P l e i s t o c e n e  d ro p p ed  t h e  f l o o r  o f  t h e  

R i f t  V a l l e y  a lo n g  e x i s t i n g  f a u l t  l i n e s  and a l s o  c r e a t e d  new f a u l t s  

( f i g u r e s  2h , 3 ) .  T h i s  c l o s e l y  sp a c e d  f r a c t u r i n g  h e lp e d  t o  d e v e lo p  t h e  

e x i s t i n g  d r a in a g e  b a s i n s ,  l o w e r in g  t h e  b ed s  o f  t h e  e x i s t i n g  l a k e s ,  a s  

may be  s e e n  by  t h e  ex p o sed  l a k e  t e r r a c e s  a s s o c i a t e d  w i th  t h e  p r e s e n t  

day l a k e s  (B a k e r ,  1958; B u tz e r  e t  a l . , 1972 ; M cC all,  1967; Thompson & 

D odson, 1963 ) .  M inor f a u l t i n g  and v o lc a n is ra  h a s  c o n t in u e d  t o  t h e  

p r e s e n t  day  (B ak e r  e t  a l . , 1 9 7 2 ) .  T h is  c o m b in a t io n  o f  v o lc a n is ra  and  

f a u l t i n g  h a s  d i v i d e d  t h e  R i f t  V a l l e y  i n t o  a  s e r i e s  o f  c l o s e d - b a s i n
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d r a in a g e  a r e a s .  The m a jo r  t o p o g r a p h i c a l  f e a t u r e s  d e l i n e a t i n g  t h e  

d r a in a g e  b a s i n s  a r e  f a u l t  l i n e s ,  l a v a  f lo w s ,  o r  c a l d e r a  v o lc a n o e s  

( f i g u r e s  1, 5) (B ak e r  e t  a l . , 1 9 7 2 ) .

1 .2 .  F o rm a t io n  o f  t h e  l a k e  b r i n e s .

A t y p i c a l  f r e s h w a t e r  l a k e  h a s  an  i n f l o w  e q u a l  t o  i t s  o u t f lo w ,

e v a p o r a t i o n  b e i n g  an  i n s i g n i f i c a n t  p a r t  o f  t h e  o u t f l o w .  When t h e  r a t e  

o f  e v a p o r a t i o n  i n c r e a s e s  t o  become a  s i g n i f i c a n t  p a r t  o f  t h e  o u t f l o w ,  

o r  becom es t h e  m a jo r  o u t f lo w ,  t h e  s o l u t e  l o a d  i n c r e a s e s  and  t h e  l a k e

becomes s a l i n e  ( E u g s t e r  & H a r d ie ,  1 9 7 8 ) .  The f i n a l  c o m p o s i t io n  o f  t h e

b r i n e  i s  d e te rm in e d  by c h e m ic a l ,  c l i m a t i c ,  and g e o l o g i c a l  p a r a m e te r s  

(H a rd ie  & E u g s t e r ,  1971; E u g s t e r  & H a r d ie ,  1 9 7 8 ) .

The f o r m a t io n  o f  d r a in a g e  b a s i n s  w i th  r e s t r i c t e d  o u t f l o w ,  o t h e r  th a n  

e v a p o r a t i o n ,  may be b ro u g h t  a b o u t  by b lo c k  f a u l t i n g  o r  t h r u s t i n g ,  

v o l c a n i c  c r a t e r i n g ,  o r  dam ning by s e d im e n ta r y  p r o c e s s e s  s u c h  a s  

l a n d  s l i d e ,  l a v a  f lo w ,  o r  v e g e t a b l e  d e t r i t u s  ( E u g s t e r  & H a r d ie ,  1 9 7 8 ) .  

These  c o n d i t i o n s  o f t e n  l e a d  t o  t h e  f o r m a t io n  o f  c l o s e d - b a s i n  d r a i n a g e  

s y s te m s ,  w here u n d e r  s u i t a b l e  c o n d i t i o n s  s a l i n e  l a k e s  fo rm .  The 

p r i n c i p a l  c l i m a t i c  i n f l u e n c e s  a r e  t e m p e r a t u r e  and r a i n f a l l .  A s a l i n e  

l a k e  u s u a l l y  fo rm s i n  d e s e r t  o r  s e m i - a r i d  r e g i o n s ,  w here  t h e  r a t e  o f  

e v a p o r a t i o n  i s  h i g h .  The g e o c h e m is t ry  o f  t h e  d r a in a g e  b a s i n  i n f l u e n c e s  

t h e  c h e m ic a l  c o m p o s i t io n  o f  t h e  l e a c h i n g  w a t e r ,  d e t e r m in i n g  t h e  r e l a t i v e  

c o m p o s i t io n  o f  s o l u t e s .  Once t h e  w a te r  b e g i n s  t o  e v a p o r a t e  and t h e  

s o l u t e s  c o n c e n t r a t e ,  t h e  more i n s o l u b l e  compounds a r e  p r e c i p i t a t e d .  

Conjtinued  e v a p o r a t i o n  e v e n t u a l l y  l e a d s  t o  s a t u r a t i o n  o f  t h e  b r i n e  w i th  

t h e  most s o l u b l e  com pounds. The n a t u r e  o f  s u ch  p r e c i p i t a t i o n s  i s  one 

o f  t h e  m a jo r  c o n t r o l l i n g  f a c t o r s  i n  t h e  f i n a l  n a t u r e  o f  t h e  b r i n e  

( E u g s t e r  & H a r d ie ,  1978; H a rd ie  & E u g s t e r ,  1 9 7 1 ) .  The c h e m ic a l  

p a r a m e te r s  w hich  a f f e c t  t h e  b r i n e  c o m p o s i t io n  o f  s a l i n e  l a k e s  have  b een  

i n v e s t i g a t e d  i n  a  s e r i e s  o f  c o m p u te r -m o d e l l in g  s t u d i e s  b a s e d  upon 

f i e l d  d a t a ,  w hich a l t h o u g h  f a i l i n g  t o  c o v e r  a l l  a s p e c t s ,  g e n e r a l l y
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a c c o u n t8 f o r  th e  r e l a t i v e  c o m p o s itio n  o f  th e  b r in e s  exam ined  ( G a r r e l s  

& M acK enzie, 1967; H a rd ie  & E u g s te r ,  1 9 7 1 ) .

R ock fo rm a t io n s  a r e  l a r g e l y ,  a l th o u g h  n o t e x c l u s i v e ly ,  com plex 

s i l i c a t e s  c o n ta in in g  Mg^^, C a^^ , Na"^, K" ,̂ A l^ ^ , and Pe^^ ( G i l l u l y  e t  a l . , 

1968 ) .  The a c t io n  o f  w a te r  c h a rg e d  w ith  00^ b r in g s  ab o u t th e  

w e a th e r in g  o f  th e  ro c k  i n  a  num ber o f  w ays, in c lu d in g ;

2NaA13ijOg + 200^ + IIH^O : = i  Al^Si^O^COH)^ + 2Na+ + 2HC0^" + 4H^SiO^

a l b i t e  k a o l i n i t e

aW ggSiOj, + 3KgO + 2 0 0 ^  =  MggSigO^COH)^^ + Mg2+ + 2HC0g" 

f o r s t e r i t e  c h r y s o t i l e

Ca.Mg(C0g)2 + 2HgO + CÔ  =  4HC0g" + Ngf* + Ca^+ 

d o lo m ite

F re e  io n s  may be  le a c h e d  from  th e  ro c k s  a s  a  r e s u l t  o f  th e  

w e a th e r in g  a c t i o n ,  th e  m a jo r io n s  b e in g  Na K'*’, Mĝ **", Ca^'*’, 01” ,

HCO^” , S0^^“ , and S iO g . R e l a t i v e  c o n c e n t r a t i o n s  a r e  d e te rm in e d  by  th e  

n a tu r e  o f  th e  r o c k ,  w e a th e r in g  p r o p e r t i e s  o f  th e  r o c k ,  w e a th e r in g  

r e a c t i o n s ,  and th e  d r a in a g e  c o n d i t i o n s .  HGO i s  th e  m a jo r a n io n  i n  

d i l u t e  g ro u n d w a te rs  and  i s  fo rm ed  by s o l u t i o n  o f  CO^ from  th e  

a tm o sp h e re  and  r e s p i r a t i o n .  C l”  and  may a l s o  be d e r iv e d  from

r a i n w a t e r ,  a l th o u g h  h a l i t e  and gypsum d i s s o l u t i o n  a r e  o th e r  p o s s i b l e  

s o u rc e s  (E u g s te r  & H a rd ie ,  1 9 7 8 ) .

The m ost im p o r ta n t  s t a g e s  i n  th e  fo rm a t io n  o f  a  c o n c e n t r a te d  b r i n e  

a r e  th e  p r e c i p i t a t i o n s  o f  i n s o l u b l e  c a r b o n a te s ,  s u lp h a t e s ,  and 

s i l i c a t e s  th ro u g h  e v a p o r a t iv e  c o n c e n t r a t i o n .  The r e l a t i v e  c o n c e n t r a t i o n  

o f  i o n s ,  th e  s o l u b i l i t y  o f  th e  p ro d u c ts  fo rm ed , and th e  c o n c e n t r a t i o n  

o f  th e  in s o lu b l e  p r e c i p i t a t e s  fo rm ed  have c o n s id e r a b le  im p o r ta n c e  i n  

d e te rm in in g  th e  f i n a l  c o m p o s i tio n  o f  th e  b r in e  ( E u g s te r ,  1970; E u g s te r

& H a rd ie ,  1978; H a rd ie  & E u g s te r ,  1 9 7 1 ) .

D i lu t e  w a te r s  may be d iv id e d  in to  t h r e e  g ro u p s  (E u g s te r  & H a d d ie ,

1978 ) .  Group I  w a te r s  ( f i g u r e  4 ) have a  HCG^*" c o n c e n t r a t i o n  g r e a t l y



Figure 4. Formation of saline lake waters. (Hardie and Eugster, 
1970; Eugster and Hardie, 1978).

The physio-chemical parameters involved in the formation 
of saline lakes are illustrated. The major ions leached from

■f +  2 +rocks, and present in the inflowing waters, are Na , K , Ca ,
Mg^*, Cl", HCO^", SO^^', and SiO^. Group I waters are enriched
for HCO^" over Ca^* and Mg^*, group II waters are enriched
for Ca^^ and Mg^* over HCO^", and group III waters have HCO^"

2+ 2+slightly in excess or in equal concentration to Ca and Mg 
Evaporative concentration further concentrates the ions, and 
selective precipitations occur, which determine the final 
nature b-f the lake water. Lake brines resulting from the 
various pathways are exemplified by the lakes given at the 
end of the relavent pathway.
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i n  e x c e ss  o f  th e  t o t a l  and Ga^^ c o n c e n t r a t io n  (HC0^“ »  Mg^^ +

C a^*); g roup  III show th e  r e v e r s e  s i t u a t i o n  (HGD^*’«  Mĝ "** + G a^^);

Mg^^ and Ga^^ c o n c e n t r a t io n s  (HGO “  ^  Mĝ *̂  + Ga^"^),

group I I I  have a  HCO  ̂ c o n c e n t r a t io n  e q u a l  t o ,  o r  i n  e x c e ss  o f  th e

3

A lk a l in e  e a r th i  c a rb o n a te s  a r e  th e  l e a s t  s o lu b le  com pounds, and 

c o n se q u e n tly  p r e c i p i t a t e  f i r s t ,  u s u a l ly  a s  a  low m agnesian  c a l c i t e  

( f ig u r e  4)* The e f f e c t  o f  t h i s  and  su b se q u en t p r e c i p i t a t i o n s  i s  to  

d e c re a s e  th e  t o t a l  s o lu t e  c o n c e n t r a t io n ,  The changes a r e  a l s o  

a n t i p a t h e t i c ,  i n  t h a t  i f  one s o l u t e 's  c o n c e n tr a t io n  in c r e a s e s  ( e .g .  

G a^^), th e n  th e  o th e r  must d e c re a s e  ( e .g .  HGO^“ ) .  T h e re fo re ,  a s

2+e v a p o ra tiv e  c o n c e n t r a t io n  p ro c e e d s , en rich m en t o r  d e p l e t i o n : o f  Ga 

2+a n d /o r  Mg o c c u r s ,  d ep en d in g  u p o n  th e  r e l a t i v e  c o n c e n t r a t io n  o f  th e  

p r e c i p i t a t i n g  a n io n  (E u g s te r  & H a rd ie ,  1978; H a rd ie  & E u g s te r ,  1 9 7 1 ).

A f te r  th e  i n i t i a l  p r e c i p i t a t i o n  o f  c a l c i t e ,  g roup  I  w a te r s  may 

re a c h  th e  c o n c e n tr a te d  b r in e  s t a g e ,  w ith o u t f u r t h e r  p r e c i p i t a t i o n  

( f ig u r e  4> p a th  l ) ,  fo rm in g  an a l k a l i n e  Na-SO^-GO^-Gl b r i n e ,  a s  seen

in  A lk a l i  V a lle y , Oregon ( J o n e s ,  1966; P h i l l i p s  & van D enburgh, 1 9 7 1 ).

2+ _Group I I  w a te r s  w ith  an  e x c e s s  o f  Ga w i l l  be  d e p le te d  o f  HGO^“ ,

and a f t e r  f u r t h e r  e v a p o ra t io n ,  w i l l  e v e n tu a l ly  p r e c i p i t a t e  gypsum

( f ig u r e  4f  p a th  I I ) ,  fo rm in g  n e u t r a l  to  a c i d i c  Na-Ga-Gl ( B r i s t o l  Dry

Lake, G a l i f o r n i a )  o r  Nar-SO^-Gi b r in e s  ( S a l in e  V a lle y , G a l i f o r n ia )

(H a rd ie , 1968; v e r  P la n c k , 1 9 5 8 ). The f a t e  o f  group  I I I  i s  more

com plex, b e in g  g o v ern ed  by th r e e  o r  more p r e c i p i t a t i o n s .  A f te r  th e

p r e c i p i t a t i o n  o f  low m agnesian  c a l c i t e ,  th e  Hg^^/Ga^"*" r a t i o  r i s e s ,

and e v e n tu a l ly  le a d s  t o  th e  p r e c i p i t a t i o n  o f  a  h ig h  m agnesian  c a l c i t e

( f ig u r e  4 , p a th  I l i a ) .  A l t e r n a t i v e l y ,  Ga^* may be l o s t  by

p r e c i p i t a t i o n  o f  gypsum ( f ig u r e  4 , p a th  I l l b ) .  A la r g e  e x c e ss  o f  

2+Mg a t  t h i s  s ta g e  may a llo w  th e  p r e c i p i t a t i o n  o f  p ro to d o lo m ite  o r 

m a g n e s ite . The r e s u l t i n g - b r i n e s  w i l l  be  e i t h e r  HGO^" o r  Mg^^/Ga^^ 

e n r ic h e d .  HGO^" e n r ic h e d  w a te rs  r e s u l t  i n  th e  fo rm a tio n  o f  a l k a l in e
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N a-GO^-SO^-Cl b r in e s  ( f i g u r e  4 , p a th  I l l s ,  f ) ,  o f t e n  v i a  th e  

p r e c i p i t a t i o n  o f  m agnesium  s i l i c a t e  ( f i g u r e  4 , p a th  I l l g ) . The 

p r e c i p i t a t i o n  o f  s u lp h a t e s  from  Mg^'^/Ca^*^ r i c h  w a te r  a s  gypsum 

( f i g u r e  4 , p a th  I I I l ) ,  o r  th e  f r e e z i n g  o u t o f  m i r a b i l i t e  (Na^SO^.lOH^O) 

from  Mg^'^/Ca^'^ p o o r w a te r  ( f i g u r e  4 , p a th  I l l k )  may p ro d u ce  n e u t r a l  

to  a c i d i c  Ha-M g-Cl (G re a t  S a l t  L ake , U ta h ) ,  Mg-Ca-Usu-Cl (D ead S ea ,

I s r a e l ) ,  o r  M g-Na-SO^-Cl b r in e s  (H ot L ake , W ash in g to n ) ( L iv in g s to n e ,

1963; N eev & Em ery, 1967 ; W h iteh ead  & P e th ,  I 96 I ) .  A lk a l in e  N a-CO^-Cl 

b r i n e s  su c h  a s  th o s e  fo u n d  a t  Lake M agadi, K enya may a r i s e  from  th e  

m o d i f ic a t io n  o f  Na-CO^-SO^-Cl b r i n e s  d e r iv e d  from  e i t h e r  g ro u p  I  o r  

I I I  w a te r s  by  rem o v a l o f  th e  s u lp h a t e  by b a c t e r i a l  s u lp h a t e  r e d u c t io n  

o r  by s o r p t i o n  t o  s o i l  p a r t i c l e s  (A b d -e l-M a le k  & R iz k , 1 9 63a; 1963b;

1963c ;  E u g s te r ,  1970 ; J o n e s  B e t  a l . , 1 9 7 7 ) .

Once th e s e  p r im a ry  p r e c i p i t a t i o n s  o f  i n s o l u b l e  c a r b o n a te s ,  s u l p h a t e s ,  

and s i l i c a t e s  h a s  d e te rm in e d  th e  n a tu r e  o f  th e  b r i n e ,  f u r t h e r  

e v a p o r a t io n  le a d s  to  th e  d e p o s i t i o n  o f  th e  more s o lu b le  com pounds, 

w h ich  may m od ify  th e  b r in e  s t i l l  f u r t h e r .

1 . 3 . The c h e m ic a l c o m p o s itio n  o f  E a s t  A f r ic a n  la k e  w a te r s .

E a s t  A f r ic a n  la k e  w a te r s  show an e x tre m e ly  v a r i e d  c h e m ic a l 

c o m p o s i t io n .  They may a r i s e  from  v o lc a n ic  c r a t e r i n g ,  th e  fo rm a t io n  o f  

g ra b e n s  o r  s h a llo w  t e c t o n i c  b a s i n s ,  o r  by dam ning by la v a  f lo w  

(H u tc h in s o n ,  1 9 5 7 ) . The d e g re e  o f  o u tf lo w  s t r o n g ly  i n f l u e n c e s  th e  

c h e m ic a l c o m p o s i tio n  o f  th e  l a k e s ,  th o s e  w ith  th e  l a r g e s t  o u tf lo w  

b e in g  th e  m ost d i l u t e  (H u tc h in s o n , 1957; T a i l i n g  & T a i l i n g ,  1 9 6 5 ) .

The l a k e s  hav e  b een  d e s c r ib e d  a c c o rd in g  to  t h e i r  m ethod o f  fo rm a t io n  

and t h e i r  c h e m ic a l c o m p o s itio n  (H u tc h in s o n , 1957; T a i l i n g  & T a i l i n g ,

1965 ) .  B o th  m ethods a r e  u s e f u l  f o r  d e s c r ib i n g  a l a k e ,  b u t  i t  i s  

u l t i m a t e l y  th e  c h e m ic a l c o m p o s itio n  w hich  i n f l u e n c e s  th e  b io lo g y .  A 

c o n v e n ie n t  c l a s s i f i c a t i o n  o f  th e  la k e  w a te r s  h a s  b een  b a se d  on th e  

c o n d u c t iv i t y ,  a  s i m i l a r  m ethod to  t h a t  em ployed f o r  te m p e ra te
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f r e s h w a te r  la k e s  ( R a t c l i f f e ,  1977; T a i l i n g  & T a i l i n g ,  I 9 6 5 ) .  T h is  

m ethod h a s  th e  a d v a n ta g e  o f  b e in g  r e l a t e d  t o  b o th  i o n i c  c o m p o s itio n  

and  th e  t o t a l  a l k a l i n i t y .

E a s t  A f r ic a n  l a k e s  ( f i g u r e  9 ) ,  w hich  m ost p ro b a b ly  b e lo n g  to  

E u g s te r  and  H a rd ie * s  g ro u p  I  ( E u g s te r  & H a rd ie ,  1 9 7 8 ) , a r e  

a r b i t a r i l y  d iv id e d  i n t o  t h r e e  c l a s s e s *  C la s s  I  c o n s i s t s  o f  low 

c o n d u c t iv i t y  w a te r s ,  l e s s  th a n  600mho, and in c lu d e s  la k e s  V i c t o r i a ,  

B a r in g o , and  N a iv a sh a  ( f i g u r e  5) (B e a d le ,  1932 ; J e n k in ,  1932 ;

T a i l i n g  & T a i l i n g ,  I 9 6 9 ) ,  A l l  t h e s e  la k e s  h av e  some form  o f  o u tf lo w  

w h ich  i s  l a r g e  enough to  p r e v e n t  th e  fo rm a t io n  o f  a  s a l i n e  l a k e .

T h e i r  t o t a l  a l k a l i n i t y  i s  n o t h ig h  and  th e  pHs a r e  b e tw ee n  7 .0  and  9 .0 .  

C la s s  I I  c o n ta in s  th o s e  la k e s  w ith  a  more r e s t r i c t e d  o u tf lo w  and 

h ig h e r  c o n d u c t iv i t y ,  600mho to  6 ,000raho . The la k e s  a r e  t y p i c a l l y  

s a l i n e  and  have  a  m o d e ra te  a l k a l i n i t y ,  w ith  pHs be tw een  9 .0  and  1 0 .0 .  

Lake T u rk a n a  ( f i g u r e  1) i s  an  exam ple o f  t h i s  c l a s s ,  b u t  i s  a t y p i c a l  

i n  t h a t  i t  i s  a  c lo s e d - b a s i n  la k e  (B e a d le ,  1 9 3 2 ) . The v e ry  s a l i n e  

la k e s  o f  c l a s s  I I I  h av e  c o n d u c t i v i t i e s  i n  e x c e s s  o f  6 ,000m ho, and 

a r e  d e s c r ib e d  a s  a l k a l i n e ,  s a l i n e ,  o r  so d a  l a k e s ,  due t o  th e  

p re p o n d e ra n c e  o f  b i c a r b o n a te  and  c a rb o n a te  among th e  a n io n s .  I n  

e x tre m e  c a s e s  th e  la k e s  may form  s o l i d  d e p o s i t s ,  w hich  i s  m a in ly  

t r û n a  (NaHC0^.Na2C0^.2H20, sodium  s e s q u ic a r b o n a te )  (B a k e r , 1958;

E u g s te r  & H a rd ie ,  1 9 7 8 ) . Lakes B o g o r ia ,  E lm e n t ie ta ,  M agadi, and  

N a iv a sh a  C r a t e r  Lake ( f i g u r e  5 ) b e lo n g  to  t h i s  c l a s s  (B a k e r , 1958; 

B e a d le ,  1932; J e n k in ,  1932; M cC all, 1967; Thompson & D odson, I 963 ) .

The pH o f  th e s e  la k e s  i s  u s u a l l y  i n  e x c e s s  o f  1 0 ,0  and th e  u p p e r  l i m i t  

i s  g r e a t e r  th a n  1 1 .0 .  The t o t a l  s a l i n i t y  v a r i e s  from  5^ t o  i n  e x c e s s  

o f  30$ .  One o f  th e  m ost ex trem e  ex am p le s , w hich  i s  a c t i v e l y  

d e p o s i t i n g  t r o n a  and common s a l t ,  i s  Lake M agadi, K enya, w hich  i s  

s i m i l a r  t o  th e  l a k e s  o f  th e  Wadi N a tru n , E gyp t (B a k e r , 1958; Im h o ff  

e t  a l . ,  1978b ) .
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Figure 5. Map of the Rift Valley, Kenya.

The map of the Rift Valley shows the position of the 
lakes in relation to the main topographical features of the 
Rift. All lakes in the Rift Valley are soda lakes, unless 
otherwise marked (fresh). The major geological features of 
the area, fault lines and volcanos, are also illustrated. 
Lake Hannington is now called Lake Bogoria.
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1 ,4 .  Lake M agadi a s  an  exam ple o f  a  so d a  l a k e .

Lake M agadi i s  an  ex trem e  exam ple o f  a  h ig h ly  s a l i n e ,  a l k a l i n e  

(so d a )  l a k e .  I t  h a s  b een  s tu d ie d  l a r g e l y  b e c a u se  o f  th e  v a s t  t r o n a  

d e p o s i t s  w hich  a r e  m ined c o m m e rc ia lly  (B a k e r , 1 9 5 8 ); t h e r e  a r e  a l s o  

some s i m i l a r i t i e s  t o  th e  E ocene G reen  R iv e r  fo rm a t io n  o f  C o lo ra d o ,

U ta h , and  Wyoming (E u g s te r  & H a rd ie ,  1 9 7 8 ) . A lth o u g h  th e  b r in e s  o f  

Lake M agadi can  be d i s t i n g u i s h e d  from  th o s e  o f  o th e r  so d a  la k e s  i n  th e  

R i f t  V a l l e y ,  K enya, th e  f a c t o r s  w h ich  a f f e c t  th e  b r in e  c o m p o s itio n  a r e  

f a i r l y  t y p i c a l  o f  t h i s  r e g io n  (B a k e r , 1958 ; E u g s te r ,  1970; J o n e s  B 

e t  a l . , 1 9 7 7 ) .

Lake M agadi l i e s  i n  th e  f l o o r  o f  th e  R i f t  V a lle y  2° s o u th  o f  th e  

E q u a to r  a t  an  e l e v a t i o n  o f  600m above s e a  l e v e l ,  and  c o v e rs  an  a r e a  

o f  40 sq  m ile s  ( f i g u r e  .5 ) .  To th e  w est th e  L o i ta  H i l l s  and th e  Mau 

E scarp m en t c r e a t e  a  r a i n  shadow o v e r  th e  l a k e ,  w h ich  r e c i e v e s  a  t o t a l  

o f  10 -20  in c h e s  o f  r a i n f a l l  i n  th e  two r a i n y  s e a s o n s .  E v a p o ra t io n  

i s  i n t e n s e  d u r in g  th e  d ry  s e a s o n , th e  a v e ra g e  e x tre m e s  o f  te m p e ra tu r e  

b e in g  b e tw ee n  22°C and 34°C (G e o l. S u rv . K enya, 1 9 7 8 ) .

The la k e  o c c u p ie s  a  t r o u g h  c r e a t e d  i n  t h e  P le i s t o c e n e  p l a t e a u  

la v a s  by f a u l t i n g ,  and  i s  th e  lo w e s t p o in t  i n  th e  s o u th e rn  p a r t  o f  th e  

R i f t  V a l l e y .  The p re d o m in a n t r o c k s  a r e  o f  v o lc a n ic  o r i g i n  and c o n s i s t  

m a in ly  o f  a l k a l i n e  t r a c h y t e  ty p e  la v a s  (B a k e r , 1 9 5 8 ) . lOOKm s o u th  o f  

t h e  M agadi t r o u g h  i s  th e  a c t i v e  v o lc a n o  O ld o in y o  L e n g a i, w hich  p ro d u c e s  

l a v a s  r i c h  i n  sodium  c a r b o n a te ,  and  h a s  b e e n  assum ed by some t o  b e  a  

m a jo r s o u rc e  o f  th e  t r o n a  d e p o s i t s  i n  th e  l a k e .  The p re s e n c e  o f  th e  

so d a  v o lc a n o  c a n , h o w ev er, be shown to  be i n s i g n i f i c a n t  i n  th e  fo rm a t io n  

o f  th e  t r o n a ,  a l th o u g h  w ind-b low n  a s h  may fo rm  a  m inor c o n t r i b u t i o n  

( E u g s te r ,  1 9 7 0 ) .

The c a tch m e n t a r e a  f o r  Lake M agadi i s  p r i n c i p a l l y  th e  L o i ta  H i l l s  

and  th e  Mau E sca rp m en t ( f i g u r e  5 ) .  I t  h a s  a l s o  b een  p o s tu l a t e d  t h a t  

s u b te r r a n e a n  o u tf lo w  form  Lake N a iv a sh a  an d , t h e r e f o r e ,  i n d i r e c t l y
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■fche A b e rd a re  Range may a l s o  be in v o lv e d  (B a k e r , 1958; E u g s te r ,  1970;
r

J o n e s  3 e t  a l . , 1977)* D i r e c t  s tr e a m  o r  r i v e r  f lo w  i s  e p h e m e ra l,

o c c u r in g  i n  th e  r a i n y  s e a s o n s ,  and  m ost o f  th e  r i v e r s  w hich, d r a in  th e  

L o i ta  H i l l s  and  th e  Mau E scarp m en t a r e  l o s t  i n  th e  a l l u v i a l  f a n s  

a lo n g  th e  r i f t  f l o o r .  O nly th e  Ewaso N g iro  R iv e r  i s  a s e a s o n a l ,  b u t 

i t  f lo w s  i n t o  Lake N a tro n , a l th o u g h  w a te r  may be l o s t  to  th e  M agadi 

w a te r  t a b l e  ( E u g s te r ,  1970 ; E u g s te r  & H a rd ie ,  1978; Jo n e s  B: e t  a l . ,

1 9 7 7 ).
24-D ra in a g e  w a te r ,  w h ich  le a c h e s  th e  b ed  r o c k ,  i s  low i n  Mg and

24-Ca due to  th e  p re p o n d e ra n c e  o f  p o ta s s iu m  and sodium  l a v a s ,  and  th e

a b se n c e  o f  s e d im e n ta r y  c a lc iu m  d e p o s i t s  (B a k e r , 1958; E u g s te r ,  1 9 7 0 ) .

The e v o lu t io n  o f  th e  b r i n e s  h a s  b een  f o l lo w e d  in  th e  in f lo w in g  w a te r s

( E u g s te r ,  1970; J o n e s  B e t  a l . , 1 9 7 7 ) . As in .m o s t  d i l u t e  s tre a m flo w s

th e  s u r f a c e  w a te r  becom es r a p i d l y  s a t u r a t e d  w ith  c a l c i t e ,  and  Ca^^

and Mg^^ a r e  d e p le te d  a s  t h e  d i l u t e  g ro u n d w a te rs  a r e  fo rm ed . S i l i c a

and  s u lp h a t e  a r e  a l s o  l o s t  i n  th e  f i r s t  c o n c e n t r a t i o n  s t a g e .  A lm ost
2+ 24-

co rap le te  rem o v a l o f  Ga and  Mg o c c u r s  by th e  seco n d  e v a p o r a t iv e  

s t a g e ,  t h e  fo rm a t io n  o f  th e  s a l i n e  g ro u n d w a te r .  i s  a l s o  l o s t  

r a p i d l y  a t  f i r s t  th ro u g h  io n  exch an g e  w ith  e i t h e r  th e  t r a c h y t e  la v a  

o r  N a - A l - s i l i c a t e s  (E u g s te r  & J o n e s ,  1 9 7 7 ) . S o lu te  b e a r i n g  g ro u n d w a te r  

n e a r  th e  s u r f a c e  i s  draw n, upw ards b y  c a p i l l a r i t y  a s  s u r f a c e  w a te r  

e v a p o r a te s .  An e f f l o r e s c e n t  c r u s t  fo rm s on th e  g round  i f  e v a p o ra t io n  

i s  c o m p le te , o r  th e  s u b - s u r f a c e  w a te r  may i n c r e a s e  i t s  s o l u t e  lo a d  

i f  th e  r a t e  o f  e v a p o ra t io n :  i s  s lo w . The e f f l o r e s c e n t  c r u s t  i s  

com posed o f  th e  more r e a d i l y  s o lu b le  com pounds, and i s ,  t h e r e f o r e ,  

w ashed b ack  i n tu  t h e  g ro u n d w a te r  by r a i n f a l l .  T h is  m ethod o f  r a i s i n g  

th e  s o l u t e  lo a d  o f  s u b - s u r f a c e  w a te r s  a p p e a rs  t o  be a  s i g n i f i c a n t  

p r o c e s s  i n  th e  fo rm a t io n  o f  th e  b r in e s  a t  Lake M agadi and  e lse w h e re  

(H su & S i e g e n t h a l e r ,  1969; J o n e s  B e t  a l . , 1 9 7 7 ) . A p a rt from  th e  

s a l i n e  g ro u n d w a te r  and  ep h em era l r u n o f f  w hich  r e a c h e s  th e  l a k e ,  h o t
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Figure 6. Formation of Lake Magadi brines (Jones B. et al., 1977)

The most dilute run-off leaches solutes from the rocks, 
and becomes more concentrated as it travels through the more 
arid parts of the Magadi water shed. The method by which the 
lake water becomes an alkaline brine is outlined in figure 4.
The present model for the formation of the lake brines 
incorporates previous theories of recirculation (Baker, 1958) 
and subterranean reservoir (Parkinson, 1914). Water 
recirculates in the lake brines and saline warm, or hot spirings^ 
the interstitial brines in the trona and older lake sediments 
acting as a reservoir.
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s p r in g s  c o n t r i b u t e  to  th e  b r i n e s ,  and a r e  co m p arab le  i n  s o l u t e  lo a d  

to  th e  s a l i n e  g ro u n d w a te r  ( E u g s te r ,  1970; J o n e s  B e t  a l . , 1 9 7 7 ) . 

F u r th e r  e v a p o r a t io n  le a d s  t o  th e  fo rm a t io n  o f  th e  b r i n e s ,  w hich  

e v e n t u a l l y  become s a t u r a t e d  w ith  t r o n a ,  a c c u m u la tin g  a t  t h e  r a t e  o f  

l-3 cm  p e r  y e a r .

H ow ever, th e  m echanism s d e s c r ib e d  above f a i l s  to  a c c o u n t f o r  th e  

p r e s e n t  e x te n t  o f  th e  t r o n a ,  and a  d e e p , s a l i n e  s u b te r r a n e a n  r e s e r v o i r  

h a s  b een  p o s t u l a t e d  t o  be t h e  m ain s o u rc e  o f  th e  t r o n a  (P a rk in s o n ,  

1914 ) .  T h is  th e o r y  to o  h a s  i t s  l i m i t a t i o n s ,  and  th e  m ost r e c e n t  

s t u d i e s  s u g g e s t  a  r e c i r c u l a t i o n  th e o r y  (B a k e r , 1958; E u g s te r ,  1970; 

Jo n e s  B e t  a l . , 1 9 7 7 ) . I n  t h i s  th e o r y ,  i t  i s  p o s tu l a t e d  t h a t  th e  

in f lo w in g  w a te r  c o n t r i b u t e s  t o  th e  w a te r s  o f  th e  la k e  e i t h e r  d i r e c t l y  

o r  th ro u g h  m ix in g  w ith  th e  b r i n e s  ( f i g u r e  6 ) .  The s u r f a c e  w a te r s  o f  

t h e  la k e  a r e  u s u a l l y  p e r i p h e r a l l y  l o c a te d  la g o o n s ,  w hich  c o n c e n t r a te  

by e v a p o r a t io n  and  m ix w ith  th e  la k e  b r i n e s .  The la g o o n  b r in e s  a r e  

m a in ta in e d  by d i r e c t  g ro u n d w a te r  in f lo w ,  o r  by  s p r in g  w a te r .  As th e  

c i r c u l a t i n g  b r in e s  p a s s  th ro u g h  th e  d e e p e r  and  o ld e r  la k e  d e p o s i t s  

th e y  becom e m o d if ie d  th ro u g h  c o n ta c t  w ith  in f lo w in g  g ro u n d w a te r  and 

by p r e c i p i t a t i o n .  The lo w e r b r i n e s  a r e  r e t u r n e d  t o  t h e  s u r f a c e  by  t h e  

h o t  and  s a l i n e  warm s p r i n g s .  The b r i n e s  fo u n d  i n  th e  t r o n a  and 

o ld e r  la k e  d e p o s i t s ,  t h e r e f o r e ,  a c t  a s  a  r e s e r v o i r  w i th in  th e  l a k e ’ s 

own s e d im e n ts ,  r a t h e r  th a n  h a v in g  a  s e p a r a t e  s u b te r r a n e a n  r e s e r v o i r  

( f i g u r e  6 ) .
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2 . MICROMAL LIFE IN. THE. ALKALINE ENVIRONMENT.

A num ber o f  r e v ie w s  have  d e a l t  w ith  l i f e  i n  e x tre m e  en v iro n m en ts  

and  have in c lu d e d  e x tre m e s  o f  pH. (B a a s -B e e k in g  e t  a l . ,  I 96O5 B rock  

& D a r la n d , 1970; H e w it t ,  1957? K u sh n e r , 1978a? M eadows, 1969?

V a l le n ty n e ,  I 963 ) .  Com pared to  o th e r  e x tre m e  e n v iro n m e n ts  t h e r e  i s  

r e l a t i v e l y  l i t t l e  known a b o u t l i f e  i n  t h e  a l k a l i n e  m i l ie u  (L a n g w o r tl^ ,  

1978 ) .  Much o f  th e  w ork on th e  e x tre m e s  o f  pH h a s  b een  r e s t r i c t e d  to  

th e  a c i d i c  e n v iro n m e n t, and much o f  t h e  know ledge  a b o u t t h e  e c o lo g y  

o f  a c id  e n v iro n m e n ts  i s  th e  r e s u l t  o f  B ro c k ’ s  w ork (B ro c k , 1978) i n  

Y e llo w s to n e  N a t io n a l  P a rk .  A c id o p h i le s  a r e  o f  econom ic im p o r ta n c e  

i n  i n d u s t r y ,  s in c e  th e y  can  c a u s e  s p o i l a g e  in  some p r e s e r v e d  f o o d s ,  

and  h a v e , t h e r e f o r e ,  r e c e iv e d  a t t e n t i o n .  T h e re  h a s  b een  no e x te n s iv e  

s tu d y  o f  o rg a n ism s  l i v i n g  in  th e  a l k a l i n e  e n v iro n m e n t,  a l th o u g h  

n a t u r a l l y  o c c u r in g  a l k a l i n e  e n v iro n m e n ts  o c c u r  on m ost c o n t in e n t s  

(T e -P a n g , 1 9 4 2 ) . The te rm s  a l k a l o p h i l e ,  a l k a l i n o p h i l e ,  and  a l k a l i p h i l e  

have b een  u s e d  to  d e s c r ib e  o rg a n ism s  w h ich  a r e  d e p e n d a n t upon, an  

a l k a l i n e  pH. f o r  g row th  an d  s u r v i v a l .  The te rm  a l k a l o p h i l e  i s  t h e  m ost 

commonly u s e d ,  b u t T ru p e r  ( p e r s o n a l  c o m m u n ica tio n ) h a s  s u g g e s te d  t h a t ,  

b e c a u se  o f  i t s  A ra b ic  d e r i v a t i o n ,  t h e  te r ra  a l k a l i p h i l e  i s  c o r r e c t .

A num ber o f  a c c o u n ts  o f  o rg a n ism s  l i v i n g  i n  a  v a r i e t y  o f  a l k a l i n e  

e n v iro n m e n ts  have  a p p e a re d ,  i n c lu d in g  ra y o n  w a s te  ( i k u r a  & H o r ik o s h i ,

1977 ) ,  in d ig o  b a l l s  (O h ta  e t  a l . ,  1 9 7 5 ) ,  s im u la te d  J o v ia n  e n v iro n m e n ts  

(D ea l e t  a l . , 1975)> and  a l k a l i n e  s p r in g s  (S ch m id t & C o le ,  1976;

S ouza  e t  a l . , 1974; S o u za  & D e a l,  1977)*  M ost a c c o u n ts  h av e  c o n c e n t r a te d  

on th e  g en u s  B a c i l l u s . A l a r g e  num ber o f  B a c i l l u s  s t r a i n s  h av e  b een  

i s o l a t e d  an d  m a in ta in e d  a t  h ig h  pH, w h ile  o th e r  s t r a i n s  a r e  c a p a b le  

o f  a d a p t in g  to  o p tim a l g ro w th  a t  an  e l e v a t e d  pH (L an g w o rth y , 1 9 7 8 ) . 

B a c i l l u s  p a s t e u r i i , B . a l c a l o p h i l u s , B . s p h a e r i c u s , B . p a n t o t h e n t i c u s , and 

B . r o ta n s  a r e  a l l  o b l i g a t e  a l k a l i p h i l e s ,  and  B a c i l l u s  c i r c u l a n s  and  

B .c e r e u s  a r e  c a p a b le  o f  a d a p t in g  t o  t h e  a l k a l i p h i l i c  way o f  l i f e
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( C h i s l e t t  & K u sh n e r, 1961; K ushner & L is s o n ,  1959; L angw orthy , 1 9 7 8 ) .

A l a r g e  number o f  a l k a l i p h i l i c  o r  a l k a l i - t o l e r a n t  s p e c ie s  o f  B a c i l l u s  

have b e e n  i s o l a t e d  by  J a p a n e s e  w o rk e rs ,  b u t th e y  hav e  n o t b een  f u l l y  

c h a r a c t e r i s e d  ( H o r ik o s h i ,  1971a; 1971b; 1972; H o r ik o s h i & A tsukaw a,

1975; I k u r a  & H o r ik o s h i ,  1977; K urono & H o r ik o s h i ,  1973; Nakamura & 

H o r ik o s h i ,  1976; Yamamoto e t  a l . , 1975; B oyer e t  a l . , 1 9 7 3 ) .

A p a r t from  B a c i l l u s  s p p . , a  num ber o f  o th e r  a l k a l i p h i l i c  o r  

a l k a l i - t o l e r a n t  o rg a n ism s  h av e  b e e n  i s o l a t e d  from  a l k a l i n e  e n v iro n m e n ts ,  

in c lu d in g  R hizob ium  s p p .  (T h im ann , 1963 ; A l le n  & H o ld in g , 1 9 7 4 ), 

T h i o b a c i l lu s  s p p . (R u p e la  & T a u ro , 1973a; 1 9 7 3 b ) , F la v o b a c te r iu m  sp p .

( Souza e t  a l . , 1974)> an  u n i d e n t i f i e d  G ra m -v a r ia b le ,  s t r i c t l y  

a n a e r o b ic ,  s p o r e  fo rm in g  r o d  ( S ouza  e t  a l . , 1 9 7 4 )» and  a  g ro u p  o f  

G ra m -p o s i t iv e ,  n o n - s p o re  fo rm in g , f a c u l t a t i v e l y  a n a e ro b ic  ro d s  (Gee 

e t  a l . , 1980 ) .  The m ost u n u s u a l  o rg a n ism  i s o l a t e d  from  th e  a l k a l i n e  

en v iro n m en t i s  th e  so  c a l l e d  " l i v i n g  f o s s i l " ,  K ak ab ek ia  u m b e l la ta  

( S ie g e l  & G iu raarro , 1 9 6 6 ) , w h ich  grow s i n  a  s e r a i-d e f in e d  medium w ith  

a  v e ry  h ig h  ammonia c o n t e n t .  Some members o f  th e  e n te r o c o c c i  and  

e n t e r o b a c t e r i a  a r e  c h a r a c t e r i s e d  by  t h e i r  a l k a l i - t o l e r a n c e ,  b u t  th e y  

do n o t seem t o  b e  a l k a l i p h i l e s  (L an g w o rth y , 1 9 7 8 ) . T o le ra n c e  o f  h ig h  

pH i s  n o t  r e s t r i c t e d  to  b a c t e r i a ;  and f i s h ,  p r o to z o a ,  a l g a e ,  and 

fu n g i  h av e  a l s o  b e e n  d e s c r ib e d  from  a l k a l i n e  w a te r s  (B e a d le ,  1932;

Hecky & K ilha ra , 1973; J e n k in ,  1932 , 1936; M elack & K ilham , 1974;

R ic h , 1932 ; 1933; s e e  a l s o  v o l  3 8 , J .  L in n . S o c . L o n d ., 1 9 3 2 /1 9 3 3 ) .

The e x a m in a tio n  o f  th e  p h y s io lo g i c a l  d ép en d an ce  o f  a l k a l i p h i l e s  

on h ig h  p H .h as  b e e n  u n d e r ta k e n  i n  a  few  c a s e s .  W iley  and  S to k e s  (1 9 6 2 ; 

1963 ) showed t h a t  B a c i l l u s  p a s t e u r i i  h ad  a  s p e c i f i c  r e q u ire m e n t f o r  

am monia, b u t  t h i s  was l o s t  when th e  c e l l s  w ere d i s r u p te d ,  i n d i c a t i n g  

t h a t  ammonia was in v o lv e d  i n  t r a n s p o r t  o f  s u b s t r a t e s  a c r o s s  th e  c e l l  

m em brane. A lth o u g h  o th e r  s p e c ie s  o f  B a c i l l u s  a r e  a l k a l i p h i l i c ,  t h e y  

do n o t a p p e a r  to  be  d e p e n d a n t on th e  p r e s e n c e  .o f  ammonia f o r  th e
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t r a n s p o r t  o f  s u b s t r a t e s  a c r o s s  th e  c e l l  m em brane. I n  th e s e  o rg a n ism s  

ammonia may be  h ig h ly  t o x i c  (D e a l e t  a l . , 1 9 7 5 ) . They d o , how ever, 

a p p e a r  be  d e p e n d a n t on h ig h  pH f o r  th e  t r a n s p o r t  o f  c h a rg e d  

s u b s ta n c e s  a c r o s s  t h e  c e l l  membrane ( G u f f a n t i  e t  a l . , 1978 ; O hta e t  a l . , 

1975 ) .  T ransm em brane pH g r a d i e n t s  a p p e a r  t o  b e  im p o r ta n t  i n  th e  

t r a n s p o r t  o f  s u b s t r a t e s  a c r o s s  th e  membrane i n  many o rg a n is m s , i n c lu d in g  

a l k a l i p h i l e s  (H a ro ld  e t  a l . , 1970 ; G u f f a n t i  e t  a l . , 1978 ; Koyama e t  a l . , 

1976 ; K ru lw ic h  e t  a l . , 1979; O h ta  e t  a l . , 1 975 ; R ie b l in g  e t  a l . , 1 9 7 5 ) . 

S tu d ie s  on th e  enzym es o f  a l k a l i p h i l i c  and a l k a l i - t o l e r a n t  b a c t e r i a  

have  shown t h a t  th e  e x t r a - c e l l u l a r  enzym es a r e  a l k a l i p h i l i c  o r  

a l k a l i - t o l e r a n t ,  b u t  th o s e  from  th e  c y to p la sm  f u n c t io n  o p t im a l ly  a t  

pHs n e a r  n e u t r a l i t y ,  s u g g e s t in g  t h a t  th e  c y to p la sm  i s  c lo s e  to  

n e u t r a l i t y  (B oyer & I n g l e ,  1972; H o r ik o s h i ,  1 9 71a; 1971b; 1972;

H orikoshi & Atsukawa, 1975; Ikeda e t a l . , 1974 ; Kurono & H orikosh i,

1973; N akanishi & Yamamoto, 1974; Nakamura & H orik osh i, 1976 ; Ohta 

e t a l . , 1975; Tsuru e t  a l . , 1966 ; Yamaguchi & Gocho, 1973; Yamamoto 

e t a l . , 1 97 2 ) .  However, the pH o f  th e  cytoplasm  may r i s e  as th e  

e x tern a l pH i s  r a is e d , and may become th e  growth l im it in g  fa c to r  

(R ie b e lin g  e t a l . , 1975 ; G uffanti e t a l . , 1 9 7 8 ) . Some authors have 

shown th a t  th e  pH o f  th e  growth medium in f lu e n c e s  th e a l k a l i p h i l i c i t y  

o f  th e  organism in  subsequent t e s t s  (C h is le t t  & Kushner, 1961; Koyama 

& Nosoh, 1976 ) .  Brock and Darland (1 9 7 0 ) a ls o  observed th a t the  

to le r a n c e  o f  h igh  tem perature and extrem es o f  pH were connected . 

Examining therm al sp r in g s  th ey  found th a t th e  upper tem perature l im it  

o f  growth in crea sed  as th e  pHI was r a is e d  ..

Soda la k e s  are p r a c t ic a l ly  undescribed  b a c t e r io lo g ic a l ly .  The 

r e la t iv e  la ck  o f  b a c te r io lo g ic a l  data  on th e  soda la k e s  i s  not due 

to  th e  la ck  o f l i f e  in  th e se  a lk a l in e  w a ters , s in c e  th e  h ig h est  

primary p r o d u c t iv ity  r a te s  have been recorded in  th e se  w aters, which 

are r ic h  in  a lgae  ( Melack & Kilham, 1974; T a ilin g  e t a l . , 1 9 7 3 ) .
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T hese h ig h  r a t e s  o f  p r im a ry  p r o d u c t i v i t y  a l lo w  th e s e  la k e s  t o  s u p p o r t  

v a s t  num bers o f  f la m in g o s  i n  t h e  E a s te r n  A f r ic a n  R i f t  V a l l e y .  The 

m ost c o m p re h e n s iv e  s t u d i e s  o f  l i f e  i n  so d a  la k e s  w ere c a r r i e d  o u t by 

th e  P e rc y  S la d e n  and  C am bridge e x p e d i t io n s  t o  th e  la k e s  o f  th e  

E a s t e r n  A f r ic a n  R i f t  V a lle y  (B e a d le ,  1932; J e n k in ,  1932; 1936; 

W o r th in g to n , 1932; s e e  a l s o  v o l  38 J .  Linn:. S oo . L o n d ., 1 9 3 2 /1 9 3 3 ) .

They d id  n o t ,  ho w ev er, i n v e s t i g a t e  th e  m i c r o f lo r a  below  th e  l e v e l  o f  

a lg a e  and  c y a n o b a c te r i a .  An e a r l y  i n v e s t i g a t i o n . o f  th e  l a k e s  o f  th e  

K u lunda  S te p p e  by Is a c h e n k o  (1 9 3 4 ; 1951) s u g g e s te d  t h a t  su c h  la k e s  

h a rb o u re d  l a r g e  num bers o f  p h o to t r o p h io  b a c t e r i a .  R ece n t i n v e s t i g a t i o n s  

h av e  showm t h a t  th e  so d a  la k e s  mhy c o n ta in  a  c h a r a c t e r i s t i c  p o p u la t io n  

o f  p h o to t r o p h io  b a c t e r i a  ( im h o f f  e t  a l . , 1 9 7 8 a ; 1978b; Im h o ff  &

T ru p e r ,  1977 ; 1978; J a n n a s c h ,  1957 ; G ran t e t  a l . , 1 9 7 9 )» w hich  a r e  

p r e s e n t  i n  l a r g e  n u m b ers .
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3 . PHOTOTROPHIO BACTERIA,

3 .1 .  Taxonomy o f  th e  g re e n  and  p u r p le  b a c t e r i a .

P h o to tro p h io  b a c t e r i a  c o m p rise  t h r e e  m a jo r g ro u p s , th e  

p r o c h lo r o p h y ta ,  t h e  c y a n o b a c te r i a ,  and th e  p u r p le  and  g re e n  b a c t e r i a  

(L ew in , 19765 19775 M urray , 19745 P fe n n ig ,  19775 S t a n i e r ,  1 9 7 4 ) , 

d i f f e r e n t i a t e d  from  one a n o th e r  on th e  b a s i s  o f  t h e i r  p h o to p ig m e n ts  

and  th e  n a tu r e  o f  t h e i r  p h o to s y n th e t ic  m e ta b o lism . En a d d i t i o n  to  

c a r o t e n o id s ,  p o s s e s s e d  b y  a l l  p h o to t r o p h io  b a c t e r i a ,  t h e  

c y a n o b a c te r i a  c o n ta in  c h lo r o p h y l l  a  a n d  p h y c o b i lo p r o te in s ,  th e  

p r o c h lo r o p h y ta  c o n ta in  c h lo r o p h y l l s  a  and  b , w h ereas  th e  p u r p le  and 

g re e n  b a c t e r i a  c o n ta in  a  v a r i e t y  o f  b a c t e r i o c h l o r o p h y l l s .  The 

c y a n o b a c te r i a  and  p r o c h lo r o p h y ta  a r e  c a p a b le  o f  o x y g en ic  p h o to s y n th e s i s , 

l i k e  h ig h e r  p l a n t s ,  u t i l i s i n g  two l in k e d  p h o to sy s te m s  and  w a te r  a s  

an  e l e c t r o n  d o n o r , w h e reas  th e  p h o to t r o p h io  p u r p le  and  g re e n  b a c t e r i a ,  

w hich  b e lo n g  to  th e  o r d e r  R h o d o s p i r i l l a l e s , do n o t have two 

p h o to s y s te m s , and  a r e  n o t c a p a b le  o f  o x y g e n ic  p h o to s y n th e s i s .  Such 

b a c t e r i a  d epend  upon a n a e r o b ic  c o n d i t io n s  f o r  p h o to t ro p h io  g ro w th , 

u t i l i s i n g  re d u c e d  s u lp h u r  com pounds, m o le c u la r  h y d ro g e n , an d  s im p le  

o rg a n ic  compounds a s  e l e c t r o n  d o n o rs .  R e c e n t ly  i t  h a s  b een  shown t h a t  

some c y a n o b a c te r i a  a r e  c a p a b le  o f  a n o x y g e n ic  p h o to s y n th e s i s  in  th e  

p re s e n c e  o f  s u lp h id e  ( C a s te n h o lz ,  1977» C ohen e t  a l . , 1975)* U nder 

t h e s e  c o n d i t io n s  p h o to sy s te m  I E  i s  i n h i b i t e d  and  s u lp h id e  a c t s  a s  an  

e l e c t r o n  d o n o r f o r  p h o to sy s te m  I ,  t h e  p r o c e s s  b e in g  u n a f f e c t e d  by 

i n h i b i t o r s  o f  p h o to sy s te m  IE , l i k e  3 - ( 3 , 4 - d i c h l o r o p h e n y l ) - l , 1 -  

d im e th y lu r e a  (DCMU).

The h ig h e r  t a x a  o f  th e  p h o to t r o p h io  p u r p le  and g re e n  b a c t e r i a  h av e  

re m a in e d  l i t t l e  ch an g ed  s in c e  th e y  w ere f i r s t  d e s c r ib e d .  O r ig in a l ly  

t h e  p u r p le  b a c t e r i a  w ere  d iv id e d  i n t o  th e  T h io rh o d a e e a e  and  th e  

'A th io rh o d a c e a e  ̂ on th e  b a s i s  o f  t h e  i n a b i l i t y  o f  th e  l a t t e r  to  a c c u m u la te  

s u lp h u r  g lo b u le s  i n s i d e  th e  c e l l  ( î- îo lis c h , 1 9 0 7 » van N ie l ,  1 944 ; 1957)*
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As a m o d ific a tio n  o f  t h i s  Baas-Beeking (1925 ) proposed th a t purple  

sulphur b a c te r ia  s to r in g  sulphur in s id e  th e c e l l  be p laced  in  the  

E ndothiorhodaceae, and la te r  P e lsh  (1937) crea ted  a subfam ily  o f  the  

Thiorhodaceae'̂ th e ' Ectothiorhodaceae" fo r  an organism d e p o s it in g  sulphur  

o u ts id e  th e  c e l l ,  E cto th io rh o d o sp ira  m ob ile ! The green sulphur  

b a c te r ia  were p laced  in  th e  G h lorob acter iaceae ' (Lauterborn, 1915» 

van N ie l ,  1 9 5 7 )# The cu r re n tly  accepted  ta x a  are not markedly d if f e r e n t  

from th e s e  groupin gs, and at p resen t th e  order R h o d o sp ir il la le s  

co n ta in s  a l l  b a c te r ia  p o s se s s in g  b a c te r io c h lo r o p h y lls , o f  which th ere  

are seven  known ty p es  ( f ig u r e  7 ) » b a c te r io c h lo r o p h y ll a^ b e in g  

common to  a l l  s p e c ie s  as a component o f  th e  r e a c t io n  cen tre  (G loe & 

P fen n ig , 1974 ; Gloe & R isch , 1978; Gloe e t a l . , 1975» Kunzler &

P fe n n ig ,  1 9 7 3 ) . A l a r g e  number o f  c a r o te n o id s  have  b een  d e s c r ib e d  

and  t h e s e  a r e  d iv id e d  in t o  f i v e  g ro u p s  ( f i g u r e  8 ) ,  w h ich  a r e  

c h a r a c t e r i s t i c  o f  v a r io u s  t a x a  ( P f e n n ig ,  1978b; P fe n n ig  & T ru p e r ,  1974 ; 

S c h m id t, 1 9 7 8 ) . The p h o to p ig m e n ts  a r e  l o c a t e d  i n  in t r a c y to p la s m ic  

membrane s y s te m s , o f  w h ich  two b a s i c  ty p e s  h av e  b een  d e s c r ib e d ,  e ac h

c h a r a c t e r is t ic  o f  one o f  the suborders R h o d o sp ir illin e a e  (p u rp le) and
/ \ / '* " *» C h lorob iin eae (green ) (P fen n ig  sind Truper, 1974» Truper, 1976; Truper

& P f e n n ig ,  1 9 7 8 ).

The members o f  th e  C h lorob iin eae have t h e ir  photopigm ents lo c a te d  

in  v e s i c l e s  known as chlorosoraes or chlorobium  v e s i c l e s ,  which are  

formed from a n on -u n it membrane (C ohen-Bazire e t a l . , 1964; Schm idt, 

1 9 8 0 ; S ta e h e lin  e t a l . , 1 9 7 8 ) . A lthough th e  chlorosoraes are c lo s e ly  

a s s o c ia te d  w ith  th e  c e l l  membrane i t  has not been p o s s ib le  to  

dem onstrate c o n tin u ity  between th e c e l l  membrane and th e chlorosom e 

(Remsen, 1978; S ta e h e lin  e t  a l . , 1 9 7 8 ) . Members o f  th e  C hlorob iineae  

are a ls o  c h a ra cter ised  by th e p o sse s s io n  o f b a c te r io c h lo r o p h y lls  c , d , 

or e , and ca ro ten o id s o f th e is o r e n ie r a te n e  s e r ie s  (P fen n ig , 1977; 

1978b ;  P fen n ig  & Truper, 1974; Truper, 1976; Truper & P fen n ig , 1 9 7 8 ) .



Figure 7. The structure of chlorophylls and bacteriochlorophylls 

Generalised structure of chlorophylls, including bacteriochlorophylls,

2+

00

•R,

pigment* structure of the R groups

«1 "2 3̂ «4 «5 «6^ «7

chi.a -CH-CĤ -CH3 -CH2-CH3 -CH3 -P -H

chl.b -CH-CH3 -CH=0 -CH2-CH3 -CH3

-c 6-ch_ 
"0 ^

-P -H

bchl.a
P

-CO-CĤ -CH3 -CH2-CH3 -CH3 -P -H

bchl.agg -CO-CHg -CH3 -CH2-CH3 -CH3 -X -C „3 -Gg -H

bchl.b -CO-CĤ -CH3 -CH-CH3 -CH3 -P -H

bchl.c -CHOH CĤ -CH3 -CH2-CH3

-CH2-CH2-CH3

-CH?-CHp-CH -̂CH^

-CH2-CH3 -H -F -CH3

bchl.Cg -CHOH-CĤ -CH3 -CH2-CH3

-CH2-CH2-CH3

-CH2-CH2-CH2-CH3

-CH2-CH3 -H -s -CH3

bchl.d. -CHOH-CHg -CH3 -CH2-CH3

-CH2-CH2-CH3

-CH2-CH2-CH2-CH3

-CH2-CH3 -H -F -H

bchl.e -CHOH-CH3 -CH=0 CH2-CH3 .CH2-CH3 -H -F -CH3

-CHg-CHg-CĤ

-CHg-CHg-CHg-CĤ

a, chi. = chlorophyll, bchl. 

S = steflpl.

bacteriochlorophyll ; b, P = phytol, F = fame so l, Gg = geranylgeraniol.
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Figure 8. Carotenoid groups of the purple and green
phototrophio bacteria.

group name of series major components
la normal spirilloxanthin lycopene, rhodopin,

spirilloxanthin

lb

I c

2

3

4a

4b

5a

5b

5c

rhodopinal
alternative

spirilloxanthin

okenone

isorenieratene

tetrahydrospirilloxanthin

dihydro- derivatives of 
spiri1loxan thin

lycopenal, rhodopinal 
hydroxyneurosporene, 
spheroidene, spheroidenone

okenone

diketotetrahydrospirilloxanthin

P-carotene, isorenieratene

y -carotene, chlorobactene

P-carotene, y -carotene 
y-carotene-glucoside

(Data from Pfennig, 1978b; Pfennig & Truper, 1974; Schmidt, 
1978).
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None o f  th e  members o f  th e  C h lo ro b i in e a e  p o s s e s s  f l a g e l l a  (T ru p e r &

P fe n n ig , 1 9 7 8 ). The su b o rd e r  C h lo ro b iin e a e  i s  f u r t h e r  d iv id e d  in to

two f a m i l i e s  ( t a b l e  l ) ,  th e  C h lo ro b ia o e a e  and C h lo ro f le x a c e a e  on th e

b a s i s  o f  p h y s io lo g y  and m orphology (P fe n n ig , 1977; T ru p e r , 1978;

T ru p er & P fe n n ig , 1 9 7 8 ).

Members o f  th e  C h lo ro b ia o e a e  ( t a b l e s  1 , 2) a re  a n a e ro b e s ,

u t i l i s i n g  s u lp h id e  a s  an e l e c t r o n  d o n o r, d e p o s i t in g  s u lp h u r  g lo b u le s

o u ts id e  th e  c e l l ,  and f u r t h e r  o x id i s in g  s u lp h u r  to  s u lp h a te .  Some

s p e c ie s  a re  c a p a b le  o f  u s in g  s im p le  o rg a n ic  compounds, b u t o n ly  i n  th e

p re se n c e  o f  s u lp h id e  and b ic a r b o n a te ,  i n d i c a t i n g  a  p u re ly  a n a b o lic

in te rm e d ia ry  ca rb o n  m etabo lism  (K e lly ,  1974; S a d le r  & S ta n i e r ,  I9 6 0 ) .

A ll  g e n e ra  a r e  n o n -m o ti le ,  some p o s s e s s in g  g as  v a c u o le s .  C e l ls

d iv id e  by b in a ry  f i s s i o n ,  and members o f  some g e n e ra  a re  c a p a b le  o f

t e r n a r y  f i s s i o n ,  fo rm in g  a  t h r e e  d im e n s io n a l ne tw ork  (P fe n n ig  &

T ru p e r , 1974; T ru p er & P fe n n ig , 1 9 7 8 ). A lth o u g h  u s u a l ly  r e f e r r e d  to

as  th e  g re e n  b a c t e r i a ,  th e ^ C h lo ro b ia o e a e  have b o th  brown and g reen  '

members. The s e p a r a t io n  o f  th e  g re e n  and brown s p e c ie s  in t o  d i f f e r e n t

g e n e ra  i s  in d i c a te d  by t h e i r  c h a r a c t e r i s t i c  b a c t e r io c h lo r o p h y l l  and

c a ro te n o id  c o n te n t (P fe n n ig , 1977)* Members o f  th e  g re e n  s p e c ie s

have b a c te r io c h lo r o p h y l l  c o r  d and c a ro te n o id s  c h lo ro b a c te n e  and

h y d ro x y c h lo ro b a c te n e , w hereas members o f  th e  brown s p e c ie s  have as  t h e i r

m ajor p h o to p ig m en ts  b a c te r io c h lo r o p h y l l  e and th e  c a ro te n o id s

i s o r e n i e r a te n e  and ^ - i s o r e n i e r a t e n e .
i* « V -  l-s

Members o f  th e  C h lo ro f le x a c e a e  ( t a b l e  1 , 3) do n o t have f l a g e l l a ,
L

b u t have a f l e x i b l e  c e l l  w a l l  and a re  c a p a b le  o f  g l i d in g  m o t i l i t y ,

l i k e  some c y a n o b a c te r ia  and f l e x i b a c t e r i a  (T ru p e r , 1 9 7 6 ). T h is

fa m ily  c o n ta in s  th e  th e rm o p h il ic  C h lo ro f le x u s  a u r a n t ia c u s  ( P ie r s o n  &
. «»

C a s te n h o lz , 1974a) a s  th e  o n ly  c u r r e n t ly  a c c e p te d  s p e c ie s  (T ru p er 

& P fe n n ig , 19 7 8 ), b u t r e c e n t ly  new g e n e ra , Chloronem a (D u b in in a  & 

G orlenko , 1975) and O s c i l l o c h lo r i s  (G orlenko  & P iv o v a ro v a , 1977) have



Table 1. Higher taxa of the purple and green phototrophic bacteria.

Order I 

Rhodospirillales 

organisms containing bacteriochlorophyll and carotenoid 

photopigments, capable of anoxygenic photosynthetic growth,

Suborder 

Rhodospirillineae 

organisms containing bacteriochlorophyll a or b 

and carotenoids of groups 1 to 4. Cells may be 

motile by fla g e lla , and have intracytoplasmic 

membranes which are continuous with the c e ll  

membrane.

Suborder 

Chlorobiineae 

organisms containing bacteriochlorophyll c , d, 

or e and carotenoids of group 5. Are not 

capable of fla g e lla te  m otility , and have 

chlorosomes as the photosynthetically active  

intracytoplasmic c e ll  membranes.

Family I 

Rhodospirillaceae 

Most species not capable of photolithotrophic 

growth. Multiply by budding or by binary 

fis s io n . Some species capable of aerobic 

growth in the dark.

Family III 

Chlorobiaoeae.

Cells are non-motile, multiply by binary 

f is s io n . Capable of photolithotrophic 

growth, are s tr ic t ly  anaerobic.

Family II 

Chromatiaceae 

Capable o f photolithotrophic grwoth. In the 

presence of sulphide, sulphur globules are 

stored in tracellu larly . Multiply by binary 

fiss io n .

. Family IV 

Chloroflexaceae 

Cells show gliding m otility , multiply by 

hormogonia, and have a flex ib le  c e l l  wall, 

Capable of aerobic growth in the dark.
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b een  d e s c r ib e d ,  w h ich  may a l s o  b e lo n g  to  t h i s  f a m ily  (P fe n n ig ,  1977; 

G orlenko  & P iv o v a ro v a , 1977)* A ra e s o p h il ic  s t r a i n  o f  C h lo ro f le x u s  

h a s  b een  i s o l a t e d  by  G o rlen k o  (1975)>  w hich  a p p e a rs  to  be  v e ry  

s i m i l a r  t o  C h lo ro f le x u s  a u r a n t i a c u s . I n  t h e  o n ly  w e l l  s t u d i e d  s p e c i e s ,  

C h lo ro f le x u s  a u r a n t i a c u s , t h e  m a jo r p h o to p ig m e n ts  a r e  th e  c a r o te n o id s  

P - c a r o t e n e ,  and  a  s t e n o l  e s t e r i f i e d  a n a lo g u e  o f  b a c t e r io c h l o r o p h y l l  c 

( P ie r s o n  & C a s te n h o lz ,  1971; 1974h ; H a lfem  e t  a l . ,  1972; G loe & R is c h ,

1978 )* O th e r  g e n e ra  may c o n ta in  b a c t e r i o c h l o r o p h y l l  c o r  d 

(D u b in in a  & G o rle n k o , 1975 ; G h rlen k o  & P iv o v a ro v a ,  1 9 7 7 ) .U n l ik e  th e  

C h lo ro b ia o e a e , members o f  th e  C h lo ro f le x a c e a e  a r e  n o t  f a s t i d i o u s  

and  a r e  c a p a b le  o f  g ro w th  u n d e r  a n a e ro b ic  a n d  a e r o b ic  c o n d i t i o n s .  

A noxygenic p h o to s y n th e s i s  o c c u rs  u n d e r  a n a e r o b ic  c o n d i t io n s  w ith  

s im p le  c a rb o n  com pounds, o r  r e d u c e d  s u lp h u r  compounds a s  an  e l e c t r o n  

donor ( P ie r s o n  & C a s te n h o lz ,  1 9 74a; D u b in in a  & G o rle n k o , 1 9 7 5 ) . I n  

th e  p re s e n c e  o f  s u lp h id e ,  g lo b u le s  o f  s u lp h u r  a r e  d e p o s i t e d  o u ts id e  

th e  c e l l s  o f  C h lo ro f le x u s  a u r a n t i a c u s , b u t  a r e  n o t  f u r t h e r  o x id i s e d  

t o  s u lp h a te  ( C a s te n h o lz ,  1973; M adigan & B ro c k , 1975)*

The s u b o rd e r  R h o d o s p i r i l l i n e a e  may a l s o  be d iv id e d  i n t o  two 

f a m i l i e s  ( t a b l e  l ) ,  t h e  f a m i ly  R h o d o s p i r i l l a c e a e , w h ic h  c o r re s p o n d s  

t o  M o lis c h ’ s  A th io rh o d a c e a e  (M o lis c h , 1 9 0 7 ) , and  th e  C h ro m a tia c e a e , 

c o r re s p o n d s  to  th e  T h i o r  ho dac e a e l  U n f o r tu n a te ly  M olisch* s  o r i g i n a l  

c r i t e r i o n :  r e l a t i n g  t o  s u lp h u r  d e p o s i t io n  h a s  p ro v en  t o  be no lo n g e r  

e n t i r e l y r v a l i d ,  and c u r r e n t l y  th e  C h ro m a tia c e a e  c o n ta in s  t h e  genus 

E c to th io r h o d o s p i r a  (T r u p e r ,  1 9 6 8 ) , w h ic h  d e p o s i t s  s u lp h u r  o u t s id e  

th e  c e l l ,  an d  a d d i t i o n a l l y  c e r t a i n  members o f  th e  R h o d o s p i r i l l a c e a e  

a r e  now knowm t o  be  c a p a b le  o f  d i s s i m i l a t o r y  s u lp h u r  m e ta b o lism , 

d e p o s i t in g  s u lp h u r  g lo b u le s  o u t s id e  th e  c e l l  (H ansen  & van: Gem erden, 

1972 ; H ansen & V eldkam p, 1973; K eppen & G o rle n k o , 1975)*

The R h o d o s p ir i1 la c e a e  i s  a  v e ry  d iv e r s e  f a m ily  ( t a b l e  4 ) ,  

show ing th e  g r e a t e s t  d e g re e  o f  v a r i a t i o m  w i th in  th e  R h o d o s p i r i l l a l e s .



Table 4. Taxonomic features of members of the Rhodospirillaceae,

genus/species
I

photopigments^ GC content^ shape size membranê

Rhodospirillum fulvum bchl.a/la 64.3-65.3 sp ir illa 0.5-0.7 X 3 . ^  lamellar

molischianum bchl.a/la 61.7-64.8 sp ir illa 0 .7-1 .0  X 5,0-8.(^m lamellar

photoraetricum bchl.a/la 65.8 sp ir illa 1.2-1.5 X 7 , 0 - 1 0 . lamellar

rubrum bchl.a/la 63.8-65.8 sp ir illa 0 .8-1 .0  X 7 .0 -10 .(̂ m vesicular

tenue b ch l.a /la ,2 64.8 sp ir illa 0.3-0.5 X 3 .0 -6 .0pm tubular

Rhodopseudomonas acidophila^ bchl.a/la 62.2-66.8 • rod 1.0-1.3 X 2.0-5,(^m lamellar

, .  . d palustris bch l.a/la 64.8-66.3 rod 0.6-0.9 X l,2 -2 .^ m  lamellar

sulfoviridis^ bchl.b/3 67.8-68.4 rod 0,5-0.9 X 1.2-2.^m  lamellar

viridis^ bchl.b /lc 66.3-71.4 rod 0.6-0 .9  X 1 .2 -2 .0pm lamellar

gelatinosa bchl.a/3 70.5-72.4 rod 0.4-0.5 X 1 .0 -2 .0pm tubular

capsulata bchl.a/3 65.5-66.8 rod 0.5-1.2 X 2 .0 -2 .5jam vesicular

globiformis bchl.a/4b 66.3 sphere 1 . 6 - 1 .^  vesicular

sphaeroides bchl.a/3 68.4-69.9 sphere 0.7 X 2.0-2.^m  vesicular

sulfidophila bchl.a/3 67.0-71.0 rod 0.6-0.9 X 0 .9 -2 .gum vesicular

Rhodocyclus purpureus® bchl.a/2 65.3 h a lf-c irc le  0 .6-0 .7  x 2 .7 -5 .(^  tubular

Rhodomicrobium vannielii bchl.a/la 61.8-63.8 ovoid 1.0-1.2 X 2.0-2.^m  lamellar

a, see figures 7 & 8; b, GC content in mol%; c, form of the intracytoplasmic membranes; d, these species 

multiply by budding, the parent ce lls  being non-motile, and forming motile daughter c e lls ;  e, non-motile, 

(Data from Pfennig, 1978a; 1974; Pfennig and Trllper, 1974; Trtlper and Pfennig, 1978; Schmidt, 1978; 

Whittenbury and McClee, 1967; Dow and Whittenbury, 1978).
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A ll  th e  g e n e ra  c o n ta in  s p e c ie s  w hich a re  c a p a b le  o f  m ic ro a e ro p h i l ic

o r  a e ro b ic  grow th  in  th e  d a rk . U nder a n a e ro b ic  c o n d i t io n s  a l l  s p e c ie s

a re  c a p a b le  o f  anoxygen ic  p h o to tro p h ic  grow th  (P fe n n ig  & T ru p e r , 1974?

T ru p er & P fe n n ig , 1 9 7 8 ). W ith th e  e x c e p tio m  o f  th e  genus

R h o d o cy c lu s , a l l  g e n e ra  a re  m o t i le ,  u s u a l ly  by p o la r  f l a g e l l a ,

a l th o u g h  Rhodom icrobium  i s  p e r i t r i c h o u s l y r f l a g e l l a t e  (p fe n n ig ,  1978a;
«

P fe n n ig  & T ru p e r , 1 9 7 4 ), M u l t i p l i c a t i o n : i s  by b in a ry  f i s s i o n  in  th e  

g e n e ra  R h o d o sp ir illu m ^  R h o d o cy c lu s , and some members o f  th e  genus 

Rhodop8eudomonas. Members o f  th e  genus Rhodom icrobium  and th e  

rem a in d er o f  th e  genus Rhodopseudomonas im i l t ip ly  by b u d d in g . The 

m ajor p h o to p ig m en ts  a r e  b a c t e r io c h lo r o p h y l l  a  o r  b ,  and a  v a r i e t y  o f  

c a ro te n o id s  (P fe n n ig  & T ru p e r , 1974; T ru p er & P fe n n ig , 1 9 7 8 )o U n t i l  

f a i r l y  r e c e n t l y / i t  was b e l ie v e d  t h a t  a l l  g e n e ra  o f  th e  R h o d o s p ir i l la c e a e  

were u n a b le  to  u se  s u lp h id e  a s  a  p h o to s y n th e t ic  e l e c t r o n  d o n o r.

However, th e  work o f  Hansen and van  Gemerden (1972) h a s  e s ta b l i s h e d  

t h a t  some s p e c ie s  can  t o l e r a t e  low c o n c e n tr a t io n s  o f  s u lp h id e ,  and 

a re  c a p a b le  o f  p h o to l i th o t r o p h ic  grow th ' i n  th e  p re se n c e  o f  s i^ p h id e  

o r  t h i o s u l p h a t e .  New s p e c ie s  have s in c e  been  d is c o v e re d ,  w hich can  

t o l e r a t e  h ig h e r  c o n c e n tr a t io n s  o f  s u lp h id e  (H ansen & Veldkamp, 1973; 

Keppen & G orlenko , 1975)> and one s p e c ie s ,  Rhodopseudomonas 

g lo b i f o r m is , la c k s  an  a s s im i la to r y  s u lp h a te  r e d u c ta s e ,  an d , th e r e f o r e ,  

a  re d u c e d  so u rc e  o f  s u lp h u r  i s  r e q u i r e d  f o r  grow th  (P fe n n ig , 1 9 7 4 ),

. Most members o f  th e  R h o d o s p ir i11a ce ae  a r e ,  how ever, u n a b le  to  

o x id is e  e le m e n ta l s u lp h u r ,  th e  end p ro d u c t o f  d i s s im i la t o r y  

m etabo lism  b e in g  su lphu r>  w hich acc u m u la tes  o u ts id e  th e  c e l l ,  o r 

s u lp h a te ,  w hich i s  form ed w ith o u t s u lp h u r  a s  an in te r m e d ia te .

The C hrom atiaceae  a re  c h a r a c te r i s e d  by t h e i r  a b i l i t y  t o  s to r e  

su lp h u r  g lo b u le s  i n s id e  th e  c e l l  ( t a b l e  l ) ,  th e  o n ly  e x c e p tio n  i s  

th e  members o f  th e  genus E c to th io rh o d o s p i ra , w hich d e p o s i t  su lp h u r  

o u ts id e  th e  c e l l .  However, t h i s  g en u s, l i k e  a l l  o th e r s  in  th e



Table 5. Taxonomic features of members of the Chromatiaceae.

genus/species. photopigments^ GC content^ shape size membrane^ motile^

Chromatium okenii bchl.a/4a 48.0-50.0 rod 4.5-6.0 X 8.0-15.0)um vesicular +

weissei bchl.a/4a 48.0-50.0 rod 4.5 X 7.0-9.0pm vesicular +

warmingii bchl.a/2 55.1-60.2 rod 3.5-4.0 X 5.0-ll.gpm vesicular +

buderi bchl.a/2 62.2-62.8 rod 3.5-4.5 X 4.5-9.0pm vesicular +

purpuraturn bchl.a/4a 68.9 rod 1.2-1.7 X 3.0-4.0pm vesicular +

minus bchl.a/4a 52.0-62.2 rod 2.0 X 2.5-6.(^m vesicular

violascens bchl.a/2 61.8-64.3 rod 2.0 X 2.5-6.C^m vesicular +

vinosura bchl.a/la 61.3-66.3 rod 2.0 X 2.5-6.0pm vesicular +

gracile bchl.a/la 68.9-70.4 rod 1.0-1.3 X 2.0-6.0pm vesicular +

minutissimum bchl.a/la 63.7 rod 1.0-1.2 X 2.gum vesicular +

Thiocystis gelatinosa bchl.a/4b 69.4-69.9 sphere 3.Ĉ ra vesicular -

violacea bchl.a/2 63.3-66.3 sphere 2.5-3.gum vesicular -

Thiosarcina rosea bchl.a/la ? oval 2.0-3. gum 7 -

Thiospirillum sanguineura bchl.a/la ? spirilla 2.5-4.0 X lO-lOOpm vesicular +

jenense bchl.a/la 45.5 spirilla 2.5-4.5 X 30-40pra vesicular +

rosenbergii bchl.a/? ? spirilla 1.5-2.5 X 4.0-12.gum vesicular +

Thiocapsa roseopercina bchl.a/la 63.3-66.3 sphere 1.2-3.gum vesicular -

pfennigiii bchl.b/lb 69.4-69.9 sphere 1.2-1 .gum tubular -

Lamprocystis roseopercina bchl.a/2 63.8 'sphere 3.0-3,gum vesicular +/gv

Thiodictyon elegans bchl.a/2 66.3 rod 1.5-2.0 X 3.0-8.gum vesicular -/gv

bacillosuro bchl.a/2 65.3 rod 1.5-2.0 X 3.0-6.gum vesicular -/gv

Thiopedia rosea bchl.a/4a ? sphere 1.0-2.0 X 1.2-2.gum vesicular? -/gv

Amoebobacter roseus bchl.a/la 64.3 sphere 2.0-3.gum vesicular -/gv

_______ pendens bchl.a/la _65.3______ -Sphere L5-2.5pnL vesicular -/gv

Ectothiorhodospira mobilis bchl.a/la 67.3-69.9 spirilla 0.7-1.0 X 2.0-2.gum lamellar +

shaposnikovii bchl.a/la 62.3-64.0 spirilla 0.8-0.9 X 1.5-2.gum lamellar +

halophila bchl.a/la 68.4 spirilla 0.8 X 5.0pm lamellar + +

halochloris bchl.b/la 52.9 spirilla 0.5-0.6 X 2.5-8.0pm lamellar + +

abd-el-malekii bchl.b/la 63.0 spirilla 0.5-0.6 X 4.0-15.gum lamellar + +

a, see figures 7 & 8; b, GC content in mol%; c, form of the intracytoplasmic membranes; d, + polarly 

fla g e lla te , ++ bipolarly fla g e lla te , - non-motile, gv c e lls  contain gas vacuoles, i

(Data from Trüper and Pfennig, 1978; Schmidt, 1978; Imhoff and Trtlper, 1977; 1980; in preparation)
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C h ro m a tia c e a e , i s  c a p a b le  o f  o x i d i s i n g  s u lp h id e  t o  s u l p h a t e  v i a  

e le m e n ta l  s u lp h u r ,  w hich  i n  p a r t  j u s t i f i e s  i t s  p r e s e n t  taxonom ic  

p o s i t i o n  (T ru p e r  & Pfennig-, 1 9 7 8 ) .  The p o s i t i o n  o f  t h i s  genus s t i l l  

c o n fu s e s  t a x o n o m is t s ,  and i t s  p r e s e n t  s t a t u s  i s  f a r  from s e t t l e d  

(T ru p e r ,  p e r s o n a l  c o m m u n ica tio n ) .  At p r e s e n t  in c lu d e d  i n  t h e  f a m i ly  

G h ro m h tiaceae , P e l s h  (1937) o r i g i n a l l y  p ro p o se d  t h a t  members o f  t h e  

genus  E c t o t h i o r h o d o s p i r a  be p l a c e d  i n  a  s u b fa m i ly ,  t h e  E c t o th i o r h o d a c e a e ," 

w h i le  P fe n n ig  (1977) h a s  r e c e n t l y  p ro p o sed  t h a t  t h i s  genus be  p la c e d  

i n  t h e  f a m i ly  R h o d o s p i r i l l a c e a e . Under s u i t a b l e  c o n d i t i o n s  most o f  

t h e  C h ro m a tiac eae  a r e  c a p a b le  o f  m i c r o a e r o p h i l i c  grow th  i n  t h e  d a r k ,  

t h e  l a r g e  Chromatium s p e c i e s  b e in g  a  n o t a b l e  e x c e p t io n  (T ru p e r ,  

p e r s o n a l  c o m m u n ic a t io n ) .A l l  g e n e r a  grow p h o t o l i t h o t r o p h i c a l l y  and 

p h o to m ix o t r o p h ic a l ly  i n  t h e  p r e s e n c e  o f  s u l p h i d e .  Some s p e c i e s  

l a c k  a s s i m i l a t o r y  s u l p h a t e  r e d u c t io n ^  and , t h e r e f o r e ,  r e q u i r e  r e d u c e d
. n  ti

s u lp h u r  compounds f o r  ^ o w t h  ( P f e n n ig  & T ru p e r ,  1974? T ru p e r  & P fe n n ig ;

1978)* Most s p e c i e s  a r e  c a p a b le  o f  p h o to o r g a n o t r o p h ic  g row th  i n  

t h e  p r e s e n c e  o f  s im p le  o r g a n ic  compounds. AIL s p e c i e s  m u l t i p l y /b y  

b in a r y  f i s s i o n ,  b u d d in g  s p e c i e s  a r e  n o t  knovm. C e l l s  may be m o t i l e  

by p o l a r  f l a g e l l a  (T a b le  5)* N o n -m o ti le  form s may c o n t a in  c e n t r a l l y  

l o c a t e d  g as  v a c u o le s ;  one m o t i l e  gas  v a c u o l a t e  genus i s  known ( t a b l e  5 ) .

3 . 2 . S t r u c t u r e  and b io c h e m is t r y  o f  t h e  R h o d o s p i r i l l a l e s .

W hereas t h e  ch lo rosom es  o f  t h e  C h lo r o b i in e a e  a r e  c h a r a c t e r i s t i c  

o f  t h i s  su b o rd e r  ( f i g u r e s  9 , 10 ) ,  and t h e r e  a p p e a r s  t o  be  l i t t l e  

v a r i a t i o n  i n  t h e  f i n e  s t r u c t u r e ,  t h e  p h o t o s y n t h e t i c  membranes o f  

t h e  R h o d o s p i r i l l i n e a e  show a  g r e a t e r  v a r i e t y  i n  t h e i r  s t r u c t u r a l  

o r g a n i s a t i o n .  A cco rd in g  t o  t h e  c l a s s i f i c a t i o n  sy s tem s  u s e d  by 

P fe n n ig  (1 9 6 7 ) ,  O elze  and Drews (1 9 7 2 ) ,  T ru p e r  and P fe n n ig  (1 9 7 8 ) ,  

and Remsen ( I 978 ) ,  i t  i s  p o s s i b l e  t o  d i s t i n g u i s h  t h r e e  b a s i c  

s t r u c t u r e s  i n  t h e  R h o d o s p i r i l l i n e a e , a l th o u g h  t h e r e  a r e  s e v e r a l  

v a r i a t i o n s .  The i n t r a c y t o p l a s m i c  membrane a r i s e s  a s  a  s im p le  sack
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F i g u r e  9 .  T h in  s e c t i o n  o f  a  g r e e n  p h o t o t r o p h i c  b a c t e r i u m .

T h in  s e c t i o n  o f  P e l o d i c t y o n  c l a t h r a t i f o r m e  sh o w in g  t h e  

l o c a t i o n  o f  g a s  v a c u o l e s  ( a r ro w e d  1 )  a n d  c h lo ro s o m e s  ( a r r o w e d  2 ) .  

The c h lo ro s o m e s  o f  t h e  members o f  t h e  C h l o r o b i i n e a e  a r e  c l o s e l y  

a s s o c i a t e d  w i t h  t h e  c e l l  m em brane, b u t  i t  h a s  n o t  b e e n  p o s s i b l e  

t o  d e m o n s t r a t e  c o n t i n u i t y  b e tw e e n  t h e  c e l l  membrane a n d  th e  

c h l o r o s o m e s .



(f rom  B e r g o y * s  M a n u a l ,  1974)
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— edge p a r t i c l e s

c e l l  membrane

F ig u r e  10 . V i s u a l i s a t i o n  o f  t h e  c h lo ro so m e s  o f  g re e n  b a c t e r i a .

The c h lo ro so m e  c o n s i s t s  o f  a  n o n - u n i t  membrane, w h ich  fo rm s 

a  c l o s e d  s a c k .  The i n t e r n a l  s p a c e  o f  t h e  ch lo ro so m e  c o n t a i n s  

num erous r o d  sh ap ed  u n i t s ,  a r r a n g e d  l o n g i t u d i n a l l y .  The 

f u n c t i o n ;  o f  t h e  * edge  p a r t i c l e s *  i s  n o t  known. The c e l l  membrane 

a s s o c i a t e d  l a y e r  o f  t h e  ch lo ro so m e  d i f f e r s  s t r u c t u r a l l y  from  t h e  

c y to p la sm  a s s o c i a t e d  l a y e r ,  how ever,  t h e  s i g n i f i c a n c e  o f  t h e s e  

f i n d i n g s  a r e  u n c i  . a r ,  b u t  may i n d i c a t e  d i f f e r e n t  f u n c t i o n s  o f  t h e  

two l a y e r s , .  The c e l l  membrane a s s o c i a t e d  l a y e r  o f  t h e  ch lo ro so m e  

i s  knovm t o  b e  c l o s e l y  l i n k e d  t o  t h e  c e l l  membrane, b u t  t h e  e x a c t  

n a t u r e  o f  t h e  a s s o c i a t i o n  h a s  not, b een  d e t e r m in e d .

( a f t e r  S t a e h e l i n  e t  a l . , 1978)
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i n  most c a s e s ,  t h e  p r im a ry  i n v a g i n a t i o n  o f  t h e  c y to p la s m ic  membrane 

s u b s e q u e n t l y  d i f f e r e n t i a t i n g  i n t o  t u b u l a r ,  v e s i c u l a r ,  o r  l a m e l l a r  

membrane sy s te m s  (Remsen, 1 9 7 8 ) .  C o n t i n u i t y  be tw een  t h e  c y to p la s m ic  

and i n t r a c y t o p l a s m i c  membrane i s  m a in ta in e d  (C o h e n -B a z ire  &

K un isaw a, 1963? Boatm an, 1964? H o l t  & M arr ,  1965; P e t e r s  & C e l l a r i u s ?  

1972 ) ,  a l t h o u g h  t h e r e  i s  now some d o u b t i n  t h e  v e s i c u l a r  membrane 

c o n t a i n i n g  members o f  t h e  family C h ro m a t ia c e a e  (Remsen, 1 9 7 8 ) .  Up 

t o  two fo rm s  o f  t u b u l a t  i n t r a c y t o p l a s m i c  membrane a r e  r e c o g n i s e d .  

E l o n g a te d  b u n d le s  o f  p a r a l l e l  t u b e s  a r e  c h a r a c t e r i s t i c  o f  T h io c a p s a  

p f e n n i g i i ( f i g u r e s  1 3 .2 ,  1 4 . 2 ) ,  and a r e  c l e a r l y  v i s i b l e  i n  e l e c t r o n ,  

m ic ro g ra p h s  o f  r u p t u r e d  c e l l s  ( E i m h j e l l a n ,  1970? E i m h j e l l a n  e t  a l . , 

1967 ) .  T u b u la r  membranes have  a l s o  b e e n  d e s c r i b e d  i n  o ld  c u l t u r e s  

o f  T h i o c y s t i s  v i o l a c e a  and  members o f  t h e  g e n e r a  R h o d o c y c lu s , 

R h o d o s p i r i l l u m , and  Rhodopseudomonas (d e  B o e r ,  1969; P f e n n ig ,  1978a? 

1978b ;  Remsen, 1978? W eckesser  e t  a l . , I 9 6 9 ) .  I n  t h e s e  o rg a n ism s  

t h e  t u b e s  a r e  o f t e n  i r r e g u l a r  i n  s i z e  and s h a p e ,  and a r e  c l a s s i f i e d  

b y ; o t h e r s  a s  p o o r ly / d e v e lo p e d  i n v a g i n a t i o n s ,  o r  a s  a  v e s i c u l a r  fo rm . 

The l a m e l l a r  ty p e  o f  membrane may b e  d i v i d e d  i n t o  a s  many a s  f i v e  

d i s t i n c t  s t r u c t u r e s .  I n  t h e  brow n, m i c r o a e r o p h i l i c  s p e c i e s  

R h o d o s p i r i l l u m  fu lvum , R h s p .m o l is c h ia n u m , and  R h sp . p h o to m e tr icu m  

( f i g u r e s  1 1 .2 ,  1 2 . 2 ) ,  a  s e r i e s  o f  a d j a c e n t  i n v a g i n a t i o n s  a r e  

a p p r e s s e d  t o g e t h e r  f o rm in g  a  g ro u p  o f  f l a t t e n e d  d i s c s ,  and c o n s t i t u t e  

a  l a m e l l a r  s t a c k  (Hickman & F r e n k e l ,  1965? O elze  & D rews, 1972; 

P f e n n ig ,  1 9 6 7 ) .  I n  t h e  above m e n tio n ed  s p e c i e s  t h e  s t a c k s  l i e  a t  a  

s h a r p  a n g l e  t o  t h e  c y to p la s m ic  membrane. The genus  E c t o t h i o r h o d o s p i r a  

i s  a l s o  c h a r a c t e r i s e d  by l a m e l l a r  s t a c k s  (C h e rn i  e t  a l . , 1969?

Im h o f f  & T r u p e r ,  1977? Raymond & S i s t r o m ,  1967? 1969? T r u p e r ,  I 968 ) ,  

b u t  t h e s e  l i e  p a r a l l e l  t o  t h e  c y to p la s m ic  membrane and may a r i s e  i n  

a  d i f f e r e n t  manner (H o l t  e t  a l . , 1968; Oyewole & H o l t ,  1976?

Remsen e t  a l . , I 968 ) . The b u d d in g  s p e c i e s  o f  t h e  R h o d o s p i r i l l a c e a e
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F i g u r e  1 1 .  T h i n  s e c t i o n s  o f  p u r p l e  n o n - s u l p h u r  b a c t e r i a .

1 •  T h i n  s e c t i o n  o f  R h o d o s p i r i l l u m  r u b r u m  c o n t a i n i n g  v e s i c u l a r  

m e m b r a n e s .  T h e s e  t y p e  o f  m e m b ra n e s  a r e  f o u n d  i n  m e m b e rs  o f  

t h e  p u r p l e  s u l p h u r  a n d  p u r p l e  n o n - s u l p h u r  b a c t e r i a .  T he  

v e s i c l e s  f o r m  f r o m  a n  i n v a g i n a t i o n  o f  t h e  c e l l  m e m b r a n e ,  

w h i c h  s u b s e q u e n t l y  b r a n c h e s  a n d  p r o l i f e r a t e s  i n t o  a  

n e t w o r k ,  l a r g e l y  r e m a i n i n g  c o n t i n u o u s  w i t h  t h e  c e l l  m e m b r a n e .

2 .  T h i n  s e c t i o n  o f  R h o d o s p i r i l l u m  m o l i s c h i a n u m , s h o w i n g  

l a m e l l a r  m e m b r a n e s .  T he  l a m e l l a r  s t a c k s  may b e  s e e n  t o  

l i e  a t  a n  a c u t e  a n g l e  t o  t h e  c e l l  m e m b r a n e ,  a n d  e a c h  o f  

t h e  c o n s t i t u e n t  l a m e l l a e  i n  t h e  s t a c k  a r i s e  f r o m  a  

s e p a r a t e  i n v a g i n a t i o n .  S u c h  l a m e l l a r  m e m b r a n e s  a r e  

c h a r a c t e r i s t i c  o f  t h e  b ro w n  s p e c i e s  o f  t h e  g e n u s  

R h o d o s p i r i l l u m .

3 .  T h i n  s e c t i o n  o f  R h o d o p s e u d o m o n a s  p a l u s t r i s  s h o w i n g  

l a m e l l a r  m e m b r a n e s .  T h e  l a m e l l a e  o v e r l i e  o n e  a n o t h e r  a l o n g  

t h e  p e r i p h e r y  o f  t h e  c e l l ,  e x c e p t  a t  t h e  p o l e s  o f  t h e  c e l l .  

A l t h o u g h  t h e y  a p p e a r  a s  a  l a m e l l a r  s t a c k ,  t h e  l a m e l l a e

e a c h  a r i s e  a s  s e p a r a t e  i n v a g i n a t i o n s , e x c e p t  w h e r e  b r a n c h i n g  

o c c u r s ,  a n d  may e n c i r c l e  t h e  c e l l  i n  a  s e r i e s  o f  c o n c e n t r i c  

l a y e r s .  T h i s  t y p e  o f  m e m b ra n e  s y s t e m  i s  c h a r a c t e r i s t i c  o f  

t h e  b u d d i n g  s p e c i e s  o f  t h e  p u r p l e  n o n - s u l p h u r  b a c t e r i a .



( f r o m .B erg ey*s  M anual, I 9 7 4 )
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v e s i c l e s

c e l l  mem'brane

F ig u r e  1 2 .1 .  V i s u a l i s a t io n - !  o f  t h e  v e s i c u l a r  i n t r a c y t o p l a s m i c

m em branes.

The v e s i c u l a r  i n t r a c y t o p l a s m i c ;  mem'brane s y s te m  i s  fo u n d  i n

p u r p l e  s u lp h u r  and  p u r p l e  n o n - s u lp h u r  p h o t o t r o p h i c  " b a c te r i a .

The v e s i c l e s  form  by i n v a g i n a t i o n  o f  t h e  c e l l  membrane, f o l l o w e d

b y /b r a n c h i n g  i n t o  a  n e tw o rk  o f  v e s i c l e s .  The e n t i r e  n e tw o rk  o f

v e s i c l e s  m a in t a i n s  c o n t i n u i t y  w i th  t h e  c e l l  membrane, w i t h : t h e

e x c e p t io n !  of* p u r p l e  s u l p h u r  p h o t o t r o p h i c  b a c t e r i a ,  when v e s i c l e s

may become d e ta c h e d  from  t h e  n e tw o rk  and c o n t r i b u t e  t o  t h e

f o r m a t io n  o f  s u ln h u r  g l o b u l e s  w i t h i n  t h e  c e l l .
»

( a f t e r  Remxen, 1978)
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l a m e l l a e

c e l l  membrane

F ig u r e  1 2 .2 .  V i s u a l i s a t i o n !  o f  t h e  l a m e l l a r  membranes fo u n d  i n

R h o d o s p i r i l lu m  m o l is c h ia n u m .

T h is  ty p e  o f  l a m e l l a r  i n t r a c y t o p l a s m i c  membrane sy s tem  i s  

c h a r a c t e r i s t i c  o f  t h e  brown s p e c i e s  o f  t h e  genus  R h o d o s p i r i l lu m .  

The l a m e l l a e  a r i s e  a s  s e p a r a t e  i n v a g i n a t i o n s  o f  t h e  c e l l  membrane, 

become a p p r e s s e d  t o g e t h e r ,  and fo rm  a  g roup  o f  f l a t t e n e d  l a m e l l a e .  

The l a m e l l a e  t y p i c a l l y  l i e  a t  an a c u t e  a n g le  t o  t h e  c e l l  membrane. 

Upon d i s s o c i a t i o n  o f  t h e  c e l l  membrane th e  v e s i c l e s  may be  

o b s e rv e d  a s  s e p a r a t e  I su n e l la e  i n  e l e c t r o n  m ic r o g r a p h s ,  i n d i c a t i n g  

t h e i r  in d i v id u a l !  o r i g i n s .
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l a m e l l a e

c e l l  mem'brane

F i g u r e  1 2 . 3 .  V i s u a l i s a t i o n  o f  t h e  l a m e l l a r  raera'branes o f  "budding

s p e c i e s  o f  R h o d o s p i r i l l a c e a e .

The "budding- s p e c i e s  o f  t h e  R h o d o s p i r i l l a c e a e  a r e  c h a r a c t e r i s e d  

by  t h i s  t y p e  o f  l a m e l l a r  i n t r a c y t o p l a s m i c  membrane s y s te m ,  i n  

w h ich  t h e  l a m e l l a e  may form  c o n c e n t r i c  l a y e r s  a ro u n d  t h e  p e r i p h e r y  

o f  t h e  c e l l .  The p o l e s  o f  t h e  c e l l  sire u s u a l l y  f r e e  o f  

i n t r a c y t o p l a s m i c  m em branes, and t h e  d a u g h te r  c e l l s  w h ich  form 

d u r i n g  b u d d in g  a r e  d e v o id  o f  i n t r a c y t o p l a s m i c  mem branes. B ra n c h in g  

o f  t h e  l a m e l l a e  may o c c u r  i n  some s p e c i e s ,  a l t h o u g h  t h e  l a m e l l a e  

a r e  u s u a l l y  u n b ra n c h e d ,  and  a r i s e  fromi a  number o f  i n v a g i n a t i o n s  

o f  t h e  c e l l  membrane, w hich  a r e  n o t  i n t e r c o n n e c t e d .
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F i g u r e  1 3 .  T h i n  s e c t i o n s  o f  p u r p l e  s u l p h u r  b a c t e r i a .

1 .  T h i n  s e c t i o n  o f  E c t o t h i o r h o d o s p i r a  m o b i l i s  s h o w i n g  t h e  

l a m e l l a r  m e m b ra n e  s t a c k s ,  w h i c h  l i e  p a r a l l e l  t o  t h e  c e l l  

m e m b r a n e .  The e n t i r e  s t a c k  i s  c o n t i n u o u s  w i t h  t h e  c e l l  

m e m b r a n e ,  a n d  a p p a r e n t l y  a r i s e s  a s  a  s i n g l e  i n v a g i n a t i o n .  

T h i s  t y p e  o f  m e m b ra n e  s y s t e m  i s  c h a r a c t e r i s t i c  o f  t h o s e  

m e m b e rs  o f  t h e  p u r p l e  s u l p h u r  b a c t e r i a  w h i c h  d e p o s i t  

s u l p h u r  o u t s i d e  t h e  c e l l  d u r i n g  t h e  p h o t o - o x i d a t i o n  o f  

s u l p h i d e  t o  s u l p h a t e .

2 .  T h i n  s e c t i o n  o f  T h i o c a p s a  p f e n n i g i i  s h o w i n g  t h e  t u b u l a r  

m e m b ra n e  s y s t e m  c h a r a c t e r i s t i c  o f  t h i s  s p e c i e s .  T u b u l a r  

m e m b ra n e s  may o c c u r  i n  o t h e r  s p e c i e s ,  b u t  t h e y  a r e  p o o r l y  

d e v e l o p e d  a n d  l e s s  e x t e n s i v e ,  a n d  may b e  r e g a r d e d  a s  

s t r u c t u r a l l y  d i f f e r e n t .  T h e  t u b e s  a r e  f o u n d  i n  g r o u p s  o f  

p a r a l l e l  m e m b ra n e s  a r o u n d  t h e  p e r i p h e r y  o f  t h e  c y t o p l a s m .



( f ro m  B e rg e y ’ s  M anual, 1974 )
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P i g u r e  1 4 . 1 . V i s u a l i s a t i o n . o f  t h e  l a m e l l a r  membranes fo u n d  i n  

members o f  t h e  genus  E c t o t h i o r h o d o s p i r a .

The l a m e l l a r  membrane s y s te m  fo u n d  i n  t h e  members o f  t h e  genus 

E c t o t h i o r h o d o s p i r a  a r e  c h a r a c t e r i s t i c '  o f  t h i s  g e n u s ,  and a r e  

s t r u c t u r a l l y  d i s t i n c t i v e .  The membranes may be  s e e n  ±m t h e  

n e g a t i v e l y  s t a i n e d  c e l l s  a s  d a r k  a r e a s  w i t h i n  t h e  c e l l ,  due t o  t h e  

p e n e t r a t i o n  o f  t h e  s t a i n  i n t o  t h e  s p a c e  w i t h i n  t h e  i n t r a c y t o p l a s m i c  

mem branes. A lth o u g h  i t t  h a s  b e e n  p o s t u l a t e d  t h a t  t h e  i n t r a c y t o p l a s m i c  

membranes i n  t h i s  g en u s  a r i s e  a s  a  s im p le  s a c k ,  w hich  d e v e lo p  

s e c o n d a ry  f o l d s ,  t h u s  m a i n t a i n i n g  c o n t i n u i t y  b e tw een  t h e  l a m e l l a e  

w i t h i n  t h e  s t a c k ,  such i d i f f e r e n t i a t i o n  o f  t h e  d e v e l o p i n g  i n v a g i n a t i o n  

h a s  n o t  b e e n  o b s e r v e d .  The i n t e g r i t y -  o f  t h e  s t a c k  i s  m a in ta in e d  

d u r i n g  d i s r u p t i o n  o f  t h e  c e l l ,  u n l i k e  o t h e r  t y p e s  o f  l a m e l l a r  

i n t r a c y t o p l a s m i c  m em branes.

( a f t e r  Remsen e t  a l . , 1968)
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t u b u l a r  membranes

c e l l  membrane

F ig u r e  1 4 .2 #  V i s u a l i s a t i o n  o f  t h e  t u b u l a r  membranes o f

T h io c a p s a  p f e n n i g i i .

The t u b u l a r  membranes o f  T h io c a p s a  p f e n n i g i h  a r e  c h a r a c t e r i s t i c  

o f  t h i s  s p e c i e s .  A l t h o u ^  t u b u l a r  membranes h a v e  b een  d e s c r i b e d  i n  

some members of. t h e  R h o d o s p i r i l l a c e a e . t h e y  a r e  n o t  a s  e x t e n s i v e ,  

n o r  a s  w e l l  d e v e lo p e d .  The t u b u l a r  i n t r a c y t o p l a s m i c  membranes o f  

T h io c a p s a  p f e n n i g i i  may b e  r e g a r d e d  a s  a  d ev e lo p m en t o f  t h e  

v e s i c u l a r  t y p e  o f  i n t r a c y t o p l a s m i c  membranes, i n  w h ic h  c o n s t r i c t i o n  

o f  t h e  d e v e l o p i n g  i n  v a g i  n a t  i  om d o e s  not; o c c u r ,  t h u s  p r e v e n t i n g  t h e  

f o r m a t io n  o f  a  v e s i c l e .
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hav e  a  l a m e l l a r  membrane s y s te m ,  w hich  h as  b een  d e s c r i b e d  i n  up t o  

t h r e e  f o r m s .  I n  Rhodopseudomonas v i r i d i s  t h e  l a m e l l a e  a r e  d e s c r i b e d  

a s  b e i n g  fo rm ed  i n t o  s l i g h t l y  c u rv e d  d o u b le  m embranes, l y i n g  

p a r a l l e l  t o  t h e  c y to p la s m ic  membrane a s  a  g r a n a - l i k e  s t a c k  ( O elze  & 

D rew s, 1 972 ; G i e s b r e c h t  & D rew s, 1 9 6 6 ) .  The r e m a in in g  b u d d in g  s p e c i e s  

o f  t h i s  g en u s  h av e  a  c o n c e n t r i c  s e r i e s  o f  p a r t l y  b r a n c h e d  membranes, 

w h ich  o v e r l i e  one a n o t h e r  and a r e  p a r a l l e l  t o  t h e  c y to p la s m ic  

membrane ( f i g u r e s  1 1 .3 ,  1 2 .3 )  (T a u s c h e l  & D rew s, 1967; T a u s c h e l  & 

H o e n ig e r ,  1 9 7 4 ) .  Rhodom icrobium  v a n n i e l i i  h a s  a  s i m i l a r  membrane 

s y s te m ,  w h ich  O elze  and  Drews (1972 )  d i s t i n g u i s h  from  t h e  

Rhodopseudomonas t y p e  a s  b e in g  u n b ra n c h e d .  The v e s i c u l a r  membrane 

sy s te m  i s  found  b o th  i n  t h e  R h o d o s p i r i l l a c e a e  and  t h e  C h ro m a t ia c e a e  

( f i g u r e s  1 1 .1 ,  1 2 . 1 ) ,  g i v i n g  r i s e  t o  a  n e tw o rk  o f  i n t e r c o n n e c t e d  

b r a n c h e d  v e s i c l e s  (Remsen, 1 9 7 8 ) .  I n i t i a l l y  i t  was th o u g h t  t h a t  t h e s e  

v e s i c u l a r  s t r u c t u r e s  w ere n o t  c o n n e c te d  t o  t h e  c y to p la s m ic  membrane, 

and w ere f r e e  c y to p la s m ic  o r g a n e l l e s  ( V a t t e r  & W olfe ,  1 9 5 8 ) .  I t  h a s  

b e e n  p o s t u l a t e d  t h a t  i n  t h e  C h ro m a t ia c e a e  v e s i c l e s  may become f r e e  

i n  t h e  c y to p la s m  and c o a l e s c e  t o  form  t h e  l i m i t i n g  membrane o f  t h e  

s u l p h u r  g l o b u l e s  (Remsen, 1 9 7 8 ) .

L i t t l e  work h a s  b e e n  c a r r i e d  o u t  on t h e  o r i g i n  o f  t h e  s u lp h u r  

g l o b u l e s  w i t h i n  t h e  c e l l s  o f  t h e  C h ro m a t ia c e a e . I t  i s ,  how ever,  

known t h a t  t h e  l i m i t i n g  membrane i s  n o t  a  u n i t  membrane, and c o n s i s t s  

o f  a  p r o t e i n ,  t h e  m o le c u la r  w e ig h t  o f  w hich  may v a r y  w i th  s p e c i e s  

(Goyne e t  a l . , i n  Remsen, 1978; N ic h o ls o n  & S ch m id t ,  1971} Schm idt 

e t  a l . , 1 9 7 1 ) .  S i m i l a r i t i e s  t o  t h e  n o n - u n i t  membranes o f  t h e  

c h lo ro s o m e s  and t h e  g a s  v e s i c l e s  a r e  i n d i c a t e d .  Remsen (1978) h as  

s u g g e s t e d  t h a t  v e s i c l e s  become d e t a c h e d  from  t h e  i n t r a c y t o p l a s m i c  

n e tw o rk  and o x i d i s e  s u l p h i d e  c o n t a in e d  w i t h i n  them t o  s u l p h u r .  The 

s m a l l  s u l p h u r  g l o b u l e s  fo rm ed c o a l e s c e  t o  form  a  l a r g e r  g l o b u l e ,  and 

s e l e c t i v e  d e g r a d a t i o n  o f  t h e  v e s i c l e  membrane o c c u r s ,  l e a v i n g  a  m a in ly
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p r o t e i n a c e o u s  l i m i t i n g  membrane. T h ere  a p p e a r s  t o  be  l i t t l e  

i n f o r m a t i o n  r e g a r d i n g  t h e  n a t u r e  o f  t h e  e x t r a c e l l u l a r  s u lp h u r  g l o b u l e s  

fo rm ed  i n  t h e  R h o d o s p i r i l l a c e a e . C h l o r o b i i n e a e , o r  t h e  genus  

E c t o t h i o r h o d o s p i r a .

The d i v i s i o n  o f  t h e  R h o d o s p i r i l l a l e s  on t h e  b a s i s  o f  t h e i r  

s u l p h u r  m e ta b o l i s m  seems t o  b e  j u s t i f i e d  a t  p r e s e n t .  O rgan ism s w i t h i n  

g e n e r a  b e l o n g i n g  t o  t h e  f a m i l i e s  C h lo ro b ia o e a e  and C h ro m a t ia c e a e  a r e  

c a p a b le  o f  o x i d i s i n g : s u l p h i d e ,  v i a  e l e m e n t a l  s u l p h u r ,  t o  s u l p h a t e ,  

and  most s t r a i n s  so  f a r  s t u d i e d  c o n t a i n  t h e  enzyme a d e n y l  s u l p h a t e  

(APS) r e d u c t a s e .  Members o f  g e n e r a  i n  t h e  f a m i l i e s  R h o d o s p i r i l l a c e a e  

and  C h l o r o f l e x a c e a e  h ave  n o t  b e e n  shoim t o  c o n t a i n  APS r e d u c t a s e  and 

have  n o t  b e e n  shown t o  be  c a p a b le  o f  o x i d i s i n g  e x t r a c e l l u l a r l y  

d e p o s i t e d  s u lp h u r  t o  s u l p h a t e  ( T r u p e r ,  1 9 7 8 ) .  K o n d r a t*ev a  and 

K r a s i l ' n i k o v a  (1979) and K o n d r a t ' ev a  (1976 )  w ere  u n a b le  t o  d e t e c t  

APS r e d u c t a s e  i n  E . s h a p o s n i k o v i i , a l th o u g h  t h i s  s p e c i e s  i s  c a p a b le  

o x i d i s i n g  e x t r a c e l l u l a r l y  d e p o s i t e d  s u lp h u r  t o  s u l p h a t e ,  l i k e  o t h e r  

members o f  t h e  gen u s  E c t o t h i o r h o d o s p i r a . D i f f e r e n c e s  e x i s t  be tw een  

t h e  s u l p h u r  m e ta b o li sm  o f  members o f  t h e  C h lo ro b ia o e a e  and 

Chromât i a c e a e . I n  t h e  C h lo ro b ia o e a e  t h e  o x i d a t i o n  o f  s u l p h i d e  t o  

s u l p h u r , and s u lp h u r  t o  s u l p h a t e  o c c u r s  i n  two s t r i c t l y  s e p a r a t e  

p h a s e s ,  and  t h i s  h a s  a l s o  b een  o b s e rv e d  i n  one genus  o f  t h e  

C h r o m a t ia c e a e , E c t o t h i o r h o d o s p i r a , w h ich  d e p o s i t s  s u lp h u r  o u t s i d e  t h e  

c e l l  l i k e  members o f  t h e  C h lo ro b ia o e a e  ( T r u p e r ,  1 9 7 8 ) .  The 

m a j o r i t y  o f  t h e  Chromât i a c e a e  do n o t  show t h i s  p h a s i c  s u lp h u r  

m e ta b o l i s m ,  and  t h e  two r e a c t i o n s  may o c c u r  s i r a i l t a n e o u s l y .  W hether 

t h i s  i s  c o n n e c te d  t o  t h e  d e p o s i t i o n  o f  s u lp h u r  i n s i d e  t h e  c e l l  i s  

u n c l e a r .  The genus E c t o t h i o r h o d o s p i r a  i s  t h a  o n ly  known genus 

c a p a b le  o f  fo rm in g  p o ly s u lp h i d e  a s  an i n t e r m e d i a t e  i n  d i s s i m i l a t o r y  

s u l p h u r  m e ta b o l i s m  ( T r u p e r ,  1 9 7 8 ) ,  p o s s i b l y  due t o  t h e  a l k a l i n e  pH 

optimum o f  t h i s  g ro u p .  O th e r  members o f  t h e  C h ro m a t ia c e a e  a r e  n o t
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c a p a b le  o f  u t i l i s i n g  p o l y s u l p h i d e s  s u p p l i e d  i n  t h e  g row th  medium.

The g a s  v a c u o le s  found  i n  t h e  R h o d o s p i r i l l a l e s  re s e m b le  th o s e  

found  i n  t h e  c y a n o b a c t e r i a  and h a l o b a c t e r i a  ( C o h e n -B a z ire  e t  a l . , 1 9 6 4 ; 

P f e n n ig  & C o h e n -B a z i r e ,  I 967 ) . The g a s  v a c u o l e s  c o n s i s t  o f  a  g roup  

o f  gas  v e s i c l e s ,  w h ich  a r e  u s u a l l y  c y l i n d r i c a l  w i th  c o n i c a l  e n d s .

The w a l l  o f  t h e  v e s i c l e  i s  a  n o n - u n i t  p r o t e i n a c e o u s  membrane, and h a s  

a  d i s t i n c t i v e  r i b b e d  a p p e a ra n c e  i n  f r e e z e  f r a c t u r e  p r e p a r a t i o n s  

(W alsby , 1 9 7 8 ) .  The f u n c t i o n  o f  t h e  g a s  v a c u o le  i s  t o  p r o v id e  

buoy an cy ,  and a l lo w  an o th e r w i s e  n o n - m o t i l e  o rg a n ism  t o  m i g r a t e  i n  t h e  

w a te r  column ( P f e n n ig ,  1967} W alsby , 1972; 1974; 1 9 7 8 ) .  The gas  

v a c u o le s  may be  d i s t i n g u i s h e d  from  o t h e r  c e l l u l a r  i n c l u s i o n s  by t h e i r  

c o l l a p s e  u n d e r  p r e s s u r e  (W alsby , 1972; 1974} 1 9 7 8 ) .

I n v e s t i g a t i o n s  o f  t h e  c e l l  e n v e lo p e  o f  members o f  t h e  

R h o d o s p i r i l l a l e s  i n d i c a t e  t h a t  t h e r e  may be  s i g n i f i c a n t  d i f f e r e n c e s  

i n  t h e  l i p i d  c o n t e n t  o f  t h e  f a m i l i e s  (Kenyon, 1 9 7 8 )o The 

R h o d o s p i r i l l a c e a e  and C h lo r o b ia c e a e  a r e  t h e  most e x t e n s i v e l y  s t u d i e d  

g r o u p s .  S p e c i e s  o f  t h e  C h lo r o b ia o e a e  exam ined  so f a r  c o n t a i n  

p h o s p h a t i d y l  g l y c e r o l  (PG) and d i p h o s p h a t i d y l  g l y c e r o l  (DPG) a s  t h e  

main p h o s p h o l i p i d s .  The g l y c o l i p i d s ,  m o n o g a l a c t o s y l d i g l y c e r i d e  (MGDG), 

l , 2 - d i a c y l - s n - g l y c e r o - 3 - ( 6 - s u l p h o - o t - D - q u i n o v o p y r a n o s i d e )  (SQDG), and 

g l y c o l i p i d  I I  o f  C o n s ta n to p o u lo s  and B lo ch  ( 1 967 ) a r e  a l s o  p r e s e n t .

In .  c o n t r a s t ,  members o f  t h e  R h o d o s p i r i l l a c e a e  have  a  l a r g e  v a r i e t y  o f  

p h o s p h o l ip i d s  and o n ly  t r a c e s  o f  g l y c o l i p i d .  I n  a l l  s t r a i n s  exam ined  

p h o s p h a t i d y l  e th a n o la m in e  (P E ) ,  p h o s p h a t i d y l  g l y c e r o l ,  and  p h o s p h a t i d y l  

c h o l i n e  (PC) a r e  p r e s e n t .  An o r n i t h i n e  p h o s p h o l i p i d  i s  a l s o  p r e s e n t ,  

w h i le  d i p h o s p h a t i d y l  g l y c e r o l  i s  n e a r l y  a lw ay s  p r e s e n t ,  and 

p h o s p h a t i d i c  a c i d  (PA) o c c u r s  i n  some s p e c i e s .  Of t h e  C h lo r o f l e x a c e a e  

on ly / C h lo r o f l e x u s  a u r a n t i a c u s  h a s  b een  exam ined  (Kenyon & G ray , 1974)> 

and i s  d i s t i n c t i v e  i n  t h a t  i t  h a s  t h e  p h o s p h o l ip i d s  p h o s p h a t i d y l  

i n o s i t i o l  ( ? l )  and p h o s p h a t i d y l  g l y c e r o l ,  and t h e  g l y c o l i p i d s  MGBG,
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SQDG  ̂ and d i g a l a c t o s y l d i g l y c e r i d e  (DGDGt). The t h e r m o p h i l i c  n a t u r e  o f  

t h i s  s p e c i e s  may, ho w ev er ,  i n f l u e n c e  t h e  l i p i d  c o m p o s i t io n ,  and u n t i l  

members o f  t h e  g e n e r a  C hlornem a and O s c i l l o c h l o r i s , o r  G o r le n k o 's  

m e s o p h i l i c  C h lo r o f l e x u s  a u r a n t i a c u s  f ,  m e so p h i lu s  (G o r le n k o ,  1975; 

P iv o v a ro v a  & G o r len k o ,  1977) a r e  exam ined  c a r e  s h o u ld  be  t a k e n  i n  

i n t e r p r e t i n g  t h e  r e s u l t s *  The p a u c i t y  o f  d a t a  on t h e  l i p i d  c o m p o s i t io n  

o f  members o f  t h e  C hrom âti a c e a a  make i t  d i f f i c u l t  t o  draw c o n c lu s io n s *  

To d a t e  o n ly  t h e  s p e c i e s  Chromatium v inosum , T h io c a p s a  r o s e o p e r c i n a , 

E c t o t h i o r h o d o s p i r a  h a l o p h i l a , and E .m o b i l i s  have  b een  s t u d i e d  

(K enyon, 1978; OyewoLe & H o l t ,  197&; S t e i n e r  e t  a l * ,  1969; T akacs  & 

H o l t ,  1971 ) •  A l th o u g h  t h e  r e s u l t s  show t h a t  t h e  l i p i d  c o m p o s i t io n  o f  

C h r .v in o su m  and T h . r o s e o p e r c i n a  a r e  v e r y  s i m i l a r ,  t h e  h a l o p h i l i c  

E . h a l o p h i l a  h a s  a  d i s t i n c t i v e  l i p i d  c o m p o s i t io n *  The l i p i d  a n a l y s i s  

o f  E . m o b i l i s  i s  n o t  s u f f i c i e n t l y  c o m p re h en s iv e  t o  d e t e r m in e  w h e th e r  

t h e  l i p i d  c o m p o s i t io n  o f  t h e  g en u s  E c t o t h i o r h o d o s p i r a  i s  d i s t i n c t i v e ,  

o r  t h e  l i p i d s  o f  E * h a l o p h i l a  a  p e c u l i a r  f e a t u r e  o f  t h e  h a l o p h i l i c  

e x i s t e n c e .  I n  C h r .v in o s u m , T h . r o s e o p e r c i n a , an d  E . m o b i l i s  t h e  m a jo r  

p h o s p h o l ip i d s  a r e  p h o s p h a t i d y l  e th a n o la m in e  and  p h o s p h a t i d y l  g l y c e r o l  

(K enyon, 1978; Oyewole & H o l t ,  1971; S t e i n e r  e t  a l . , 1969; T akacs  & 

H o l t ,  1976 )* D i p h o s p h a t i d y l  g l y c e r o l  i s  a l s o  p r e s e n t  i n  C h r .v in o su m  

and  T h . r o s e o p e r c i n a , b u t  n o t  i n  E . m o b i l i s . The g l y c o s y l  a n a lo g u e s  

o f  MQDGi and DGDGf a r e  fo u n d  i n  C h r .v in o su m  and  T h . r o s e o p e r c i n a , b u t  

h av e  n o t  b e e n  lo o k e d  f o r  i n  E . m o b i l i s  and E . h a l o p h i l a * The m a jo r  

p h o s p h o l ip i d s  o f  t h e  h a l o p h i l i c  E . h a l o p h i l a  a r e  n o t  l i k e  t h o s e  o f  t h e  

members o f  t h e  H a l o b a c t e r i a c e a e  ( K a te s ,  1978; Raymond, u n p u b l i s h e d ,  in i  

Kenyon, 1 9 7 8 ) ,  and  a r e  d i a c y l  fo rm s  o f  p h o s p h a t i d y l  g l y c e r o l ,  

p h o s p h a t i d y l  e th a n o la m in e ,  and an  o r n i t h i n e  p h o s p h o l i p i d .  P o s s i b l e  

d i f f e r e n c e s  b e tw een  t h e  l i p i d s  o f  members o f  t h e  C hrom âti a c e a e  and 

o t h e r  f a m i l i e s  a r e  s u g g e s t e d ,  b u t  t h e  r e l a t i o n s h i p  o f  t h e  genus  

E c t o t h i o r h o d o s p i r a  t o  t h e  Chrom âti a c e a e  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .
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3 , 3 .  E c o l o g i c a l  a s p e c t s ,

A number o f  e n v i ro n m e n ta l  p a r a m e te r s  p l a y  an  im p o r ta n t  r o l e  i n  

i n f l u e n c i n g  w hich  s p e c i e s  o f  t h e  R h o d o s p i r i l l a l e s  p r e d o m in a te .  The 

im p o r ta n c e  o f  s u l p h i d e  c o n c e n t r a t i o n  and  pH on t h e  g row th  o f  t h e  

p u r p l e  and  g re e n  b a c t e r i a  was f i r s t  c o m p r e h e n s iv e l y  d e s c r i b e d  b y  van  

N ie l  ( 1 9 3 1 ) .  On t h e  b a s i s  o f  t h e i r  t o l e r a n c e  and o p t im a l  g ro w th  i n  

v a r y i n g  pH iand s u l p h i d e  c o n c e n t r a t i o n s  v an  N i e l  d i v i d e d  t h e  s u lp h u r  

p u r p l e  a n d  g r e e n  b a c t e r i a  i n t o  t h r e e  g r o u p s .  The p u r p l e  n o n - s u lp h u r  

b a c t e r i a  (R h o d o s p i r i l l a c e a e ) w ere d i s t i n g u i s h e d  by t h e i r  i n t o l e r a n c e  

o f  low s u l p h i d e  c o n c e n t r a t i o n s ,  i r r e s p e c t i v e  o f  t h e  pH, and  c o n s t i t u t e d  

a  f o u r t h  g ro u p  s e p a r a t e  from  t h e  s u lp h u r  p u r p l e  and g r e e n  b a c t e r i a .

Group I  co m p rised  t h e  p u r p l e  s u l p h u r  " Pseudomonas t y p e " ,  w h ic h  

d e p o s i t e d  s u lp h u r  o u t s i d e  t h e  c e l l ,  and was p r o b a b ly  i d e n t i c a l  t o  

t h e  g en u s  E c t o t h i o r h o d o s p i r a . T hese  o rg a n is m s  t o l e r a t e d  pH v a l u e s  

b e tw e e n  8 .4  and 1 0 .4  o v e r  a  f a i r l y ?  w ide r a n g e  o f  s u lp h id e  c o n c e n t r a t i o n s ,  

up t o  0 . 2 - 0 . 3 ^  ( w /v ) .  Group I I ,  w hich  c o n t a i n e d  members o f  t h e  

C hrom âti a c e a e , d e p o s i t e d  s u lp h u r  i n s i d e  t h e  c e l l ,  and t o l e r a t e d  pHs 

b e tw e e n  6 .5; and 9*5' i f  t h e  s u l p h i d e  c o n c e n t r a t i o n ,  was low , but. 

r a i s i n g  t h e  s u lp h id e  c o n c e n t r a t i o n  t o  0 . 1 - 0 , 2 ^  r e s t r i c t e d  g r o w th  t o  

pH; 8 . 5 '̂ t o  9*0 . The t h i r d  g roup  ( i l l )  c o n t a i n e d  t h e  C h lo r o b i a c e a e , 

showed o p t i m a l  g r o w th  a t  pH 6..5  t o  8 . 5 ,  more o r  l e s s  i r r e s p e c t i v e  o f  

t h e  s u l p h i d e  c o n c e n t r a t i o n .

The g ro u p in g s  u s e d  b y  v a n  N ie l  w ere b a s e d  on r e l a t i v e l y  few 

s t r a i n s ,  buir t h e  p r o p e r t i e s  o f  t h e  g ro u p s ,  w i t h  r e s p e c t  t o  pH o p t im a  

and  s u l p h i d e  t o l e r a n c e ,  may s t i l l  be  u s e d  f o r  s e l e c t i v e  e n r ic h m e n t  o f  

t h e  v a r i o u s  g e n e r a .  The medium d e v i s e d  by P f e n n ig  ( 1965a) i s  

s u i t a b l e  f o r  t h e  m a in t a in a n c e  o f  most members o f  t h e  R h o d o s p i r i l l a l e s  

when: a d j u s t e d  f o r  t h e  p e c u l i a r i t i e s  o f  some s p e c i e s .  R e s t r i c t i n g  t h e  

w a v e le n g th  o f  t h e  i n c i d e n t  i l l u m i n a t i o n  e n a b l e s  e n r ic h m e n t  o f  s p e c i e s  

a b s o r b i n g  m ax im ally  i n  t h a t  r e g i o n .  The u s e  o f  w a v e le n g th s  g r e a t e r
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■fchan 900nm a l lo w s  s e l e c t i v e  e n r ic h m e n t  o f  h a c t e r i o c h l o r o p h y l l  h  

c o n t a i n i n g  s p e c i e s ,  and w a v e le n g th s  below  800nra e n r ic h m e n t  o f  

g re e n  s u lp h u r  b a c t e r i a ,  b a c t e r i o c h l o r o p h y l l  a  c o n t a i n i n g  s p e c i e s  

b e in g  e n r i c h e d  a t  i n t e r m e d i a t e  w a v e le n g th s  ( P f e n n ig ,  1965a;

W h it te n b u ry , ,  1 9 7 1 ) .  Gas v a c u o l a t e  fo rm s a r e  u s u a l l y  s e l e c t e d  by 

g row th  t e m p e r a t u r e s  o f  10 -20°C , and  f l o a t  t o  t h e  s u r f a c e  when th e  

t e m p e r a t u r e  i s  lo w e re d  t o  4-10°C (W h i t te n b u ry ,  1 9 7 1 ) .  Many o f  t h e  

l a r g e  members o f  t h e  C h ro m a t ia c e a e  grow p r e f e r e n t i a l l y  a t  15-20°C 

( p f e n n i g ,  1 9 6 5 a ) ,  and  some t h e r m o p h i l e s  may b e  i s o l a t e d  a t  t e m p e r a t u r e s  

i n  e x c e s s  o f  35^CT ( im h o f f  & T r u p e r ,  1977; P i e r s o n  & C a s te n h o lz ,  1974a; 

1974b ;  Raymond & S i s t r o m ,  1 9 6 7 ) .  At s u l p h i d e  c o n c e n t r a t i o n s  o f  

0 , 1 - 0 , 2 ^  t h e  m a j o r i t y  o f  t h e  s u lp h u r  p u r p l e  and  g re e n  b a c t e r i a  may be  

c u l t u r e d ,  b u t  some fo rm s ,  i n  p a r t i c u l a r  t h e  g a s  v a c u o l a t e  s p e c i e s ,  

l a r g e  members o f  t h e  C h r o m a t ia c e a e , and t h e  brown C h lo r o b ia c e a e  a r e  

f a v o u r e d  by lo w e r in g  o f  t h e  s u l p h i d e  c o n c e n t r a t i o n  t o  0 , 01- 0 , 05^  

( p f e n n i g ,  1965a ;  1978b; W h i t te n b u ry ,  1 9 7 ^ ) .  Members o f  t h e  

R h d d o s p i r i1I a c e a e  a r e  g e n e r a l l y  i n t o l e r a n t  o f  h ig h  s u lp h id e  

c o n c e n t r a t i o n s ,  b u t  some s p e c i e s  may b e  i s o l a t e d  from s u l p h i d e  

c o n t a i n i n g  m edia (H ansen  & Veldkarap, 1973? Keppen & G o r le n k o ,  1 9 7 5 ) .  

P a r t i c u l a r  s p e c i e s  a r e  u s u a l l y  s e l e c t i v e l y  e n r i c h e d  u s i n g  a p p r o p r i a t e  

c a rb o n  s o u r c e s  (v a n  N i e l ,  1944; 1971? W h i t te n b u ry ,  1 9 7 1 ) .  Some s p e c i e s  

o f  t h e  R h o d o s p i r i l l a l e s  do n o t  r e q u i r e  t h e  a d d i t i o n  o f  v i t a m i n s  t o  

t h e  medium, b u t  t h e  m a j o r i t y  r e q u i r e  some g ro w th  f a c t o r s  f o r  

s a t i s f a c t o r y  grovrfch. The number and n a t u r e  o f  t h e  g ro w th  f a c t o r s  

added  t o  t h e  . medium h a s  some e f f e c t  i n  d e t e r m in i n g  w hich  s p e c i e s  

p re d o m in a te  ( P f e n n ig ,  196$a; 197 8 a ;  1978b; v an  N i e l ,  1971? W h i t te n b u ry ,  

1971 ) .  The v a r i o u s  s p e c i e s  o f  R h o d o s p i r i l l a l e s  do n o t  o c c u p y  t h e  

same p o s i t i o n  i n  t h e  w a te r  column and a r e ,  t h e r e f o r e ,  s u b j e c t e d  t o  

d i f f e r e n t  l i g h t  i n t e n s i t i e s  (D u b ih in a  & G o r le n k o ,  1975? F e n c h e l  & 

S t a a r u p ,  1971? G o rlen k o  & j ^ i n e t s o v , 1 9 7 1 ) .  A t  h ig h ,  l i g h t  i n t e n s i t i e s
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most o f  t h e  s m a l l  members o f  t h e  C h ro m a t ia c e a e  and some o f  t h e  

C h lo r o b ia c e a e  h av e  an  a d v a n ta g e ,  w h i le  a t  lo w e r  l i g h t  i n t e n s i t i e s  

most o f  t h e  l a r g e  members o f  t h e  C h ro m a t ia c e a e  and gas  v a c u o l a t e  

form s h ave  an  a d v a n ta g e  ( P f e n n ig ,  1965a; 1978b; W h i t te n b u ry ,  1 9 7 1 ) .

T h is  i s  r e l a t e d  t o  t h e  l i g h t  s a t u r a t i o n  l e v e l s  o f  t h e  p h o to m e ta b o l ism  

o f  t h e  v a r i o u s  s p e c i e s  ( P f e n n ig ,  1 9 7 8 b ) .

I t  i s ,  t h e r e f o r e ,  p o s s i b l e ,  by  s e l e c t i n g  t h e  a p p r o p r i a t e  c o n d i t i o n s  

t o  p ro d u c e  an e n r ic h m e n t  medium and  en v iro n m e n t  w hich  w i l l  f a v o u r  a  

p a r t i c u l a r  g ro u p .  The s p e c i e s  w h ich  a r e  i s o l a t e d ,  how ever ,  depend  

upon t h e  n a t u r a l  p o p u l a t i o n .  L i t t l e  work h a s  b een  c a r r i e d  o u t  on 

t h e  i s o l a t i o n  o f  members o f  t h e  R h o d o s p i r i l l a l e s  from  e n v i ro n m e n ts  

o t h e r  th a m  f r e s h w a t e r  and m a rin e  e n v i ro n m e n ts .  A number o f  e a r l y  

r e p o r t s  o f  p u r p l e  o r  g r e e n  b a c t e r i a  i n  a c i d i c ,  a l k a l i n e ,  o r  s a l i n e  

e n v i ro n m e n ts  were n o t  s u p p o r te d  by i s o l a t i o n ; a n d  i d e n t i f i c a t i o n  o f  

t h e  o rg a n is m s  c o n c e rn e d .  T h is  s i t u a t i o n  i s  c h a n g in g  a s  p e o p le  lo o k  f o r  

them i n  more ex tre m e  e n v i ro n m e n ts .

3 . 4 .  R h o d o s p i r i l l a l e s  from  t h e  a l k a l i n e  e n v i ro n m e n t .

P h o t o t r o p h i c  m ic ro o rg a n is m s  o c c u r  i n  l a r g e  numbers i n  s o d a  l a k e s ,  

c o l o u r i n g  t h e  w a te r  s h a d e s  o f  g r e e n ,  r e d ,  o r a n g e ,  and p u r p l e  (M elack , 

1978 ; Im h o f f  e t  a l . , 1978bu). V as t  bloom s o f  a l g a e  and  c y a n o b a c t e r i a  

w ere  r e p o r t e d  i n  t h e  e a r l i e s t  s c i e n t i f i c  i n v e s t i g a t i o n s  o f  a l k a l i n n  

l a k e s  ( B e a d le ,  1932; I s a c h e n k o ,  1934; J e n k i n ,  1932; 1936; R ic h ,  1932; 

1933 ) .  A lth o u g h  much o f  t h e  p r im a r y  p r o d u c t i v i t y  i s  due t o  t h e  

c y a n o b a c t e r i a  and a l g a e  ( T a i l i n g  e t  a l . , 1973) t h e r e  i s  r e l a t i v e l y  l i t t l e  

i n f o r m a t i o n  on t h e  o c c u re n c e  o f  p u r p l e  and g r e e n  b a c t e r i a .

B a a s -B e e k in g  e t  a l .  ( 196O) r e c o r d e d  t h e  pH r a n g e  o f  t h e  p u r p l e  

and  g r e e n  b a c t e r i a ,  b u t  made no r e f e r e n c e  t o  g e n e r a  o r  s p e c i e s .

Van N i e l  (1931) a l s o  r e c o g n i s e d  t h a t  some o f  t h e  p u r p l e  b a c t e r i a  

grew o p t i m a l l y  a t  pH: 9 . 0 - 1 0 . 0 .

I s a c h e n k o ' s  (1 9 3 4 ;  1951) s tu d y  o f  t h e  s o d a  l a k e s  o f  t h e  K ulunda
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s t e p p e  o f  c e n t r a l  R u s s i a  was one o f  t h e  e a r l i e s t  m i c r o b i o l o g i c a l  

i n v e s t i g a t i o n s  o f  an  a l k a l i n e  e n v i ro n m e n t ,  I s a c h e n k o  fo u n d  t h a t  

t h e  l a k e s  c o n t a i n e d  c y a n o b a c t e r i a  and a l g a e  i n  su ch  l a r g e  numbers 

t h a t  t h e y  t u r n e d  t h e  w a te r  g r s e n .  These  s o d a  l a k e s ,  w h ich  w ere  

r e f e r e d  t o  a s  T a n a t a r  I ,  I I ,  a n d  I I I ,  had  pHs o f  9 . 6 ,  1 1 .6 ,  and

1 1 .0 6  r e s p e c t i v e l y .  U n f o r t u n a t e l y  no a n a l y s i s  o f  t h e  w a te r  c h e m is t r y  

a p p e a r s  t o  h av e  b een  made. By m ic r o s c o p ic  o b s e r v a t i o n  I s a c h e n k o  was 

a b l e  t o  d e s c r i b e  s e v e r a l  s p e c i e s  o f  p u r p l e  s u lp h u r  b a c t e r i a ,  

a l t h o u g h  t h e y  w ere  a p p a r e n t l y  n o t  i s o l a t e d ,  so  t h e i r  d e s c r i p t i o n  was 

b a s e d  e n t i r e l y  on m o r p h o lo g ic a l  . c h a r a c t e r i s t i c s .  I n  T a n a ta r  I  t h e  

s p e c i e s  C h r . g r a c i l e ,  C h r .v in o s u m , and T h io n e d ia  r o s e a  w ere o b s e r v e d ,  

b u t  i n  T a n a t a r  I I I  o n ly  t h e  s p e c i e s  T h i o s p i r i l l u r a  r o s e n b e r g i i  was 

f o u n d .

B a a s -B e c k in g  (1928 )  was a b l e  t o  i s o l a t e  a  h a l o p h i l i c  p u r p l e  

b a c t e r iu m  f o r  S e a r l e s  Lake and Owens Lake, C a l i f o r n i a ,  w h ich  he
"  n

named R h o d o s p i r i l l u m  h a lo p h i lu m , i n d i c a t i n g  i t  d i d  n o t  d e p o s i t  s u lp h u r  

i n s i d e  t h e  c e l l ,  and  t h a t  i t  was m o r p h o l o g ic a l ly  s i m i l a r  t o  t h e  

n o n - s u l p h u r  s p i r i l l a  r a t h e r  th a j i  t h e  pseudom onads. A lth o u g h  v an  N ie l  

( 1 931 ) h ad  t h e  o p p o r t u n i t y  t o  exam ine t h e  same l a k e s  and i s o l a t e d  a  

s i m i l a r  o rg a n is m  i t  was l o s t  b e f o r e  a  th o r o u g h  s tu d y  o f  i t  c o u ld  be 

made.

Tew* s  ( 1966 ) s t u d y  o f  Owens Lake s p e c i f i c a l l y  exam ined t h e  e f f e c t  

o f  w a te r  l i m i t a t i o n ,  on t h e  g ro w th  o f  an  a n a e r o b ic  p h o t o s y n t h e t i c  

b a c t e r i u m ,  w h ich  was i d e n t i f i e d  a s  " a  member o f  t h e  g roup  o f  s m a l l  

C hrom atium  s p e c i e s  p ro m o t in g  s u lp h u r  f o r m a t io n  i n  t h e  medium." T h is  

f e a t u r e  o f  t h e  i s o l a t e  was u n u s u a l ,  b u t  t h e  o rg an ism  was n o t  f u l l y  

c h a r a c t e r i s e d  t o  d e t e r m in e  t h e  ta x o n o m ic  r e l a t i o n s h i p  o f  t h e  

i n t r a c e l l u l a r  s u l p h u r  d e p o s i t i n g  s p e c i e s  t o  t h i s  e x t r a c e l l u l a r  

d e p o s i t i n g  s p e c i e s ,  w hich  was p r o b a b ly  a  member o f  t h e  genus  

E c t o t h i o r h o d o s o i r a .
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Sorae y e a r s  a g o ,  i n  t h e  a l k a l i n e  h i g h l y  s a l i n e  l a k e s  o f  t h e  Wadi 

N a t ru n ,  E g y p t ,  J a n n a s o h  (1957) o b s e rv e d  a  number o f  p u r p l e  and g re e n  

b a c t e r i a ,  w hich  he  was a b l e  t o  e n r i c h  i n  c u l t u r e ,  b u t  n o t  i s o l a t e .

The p re d o m in a n t  o rg a n is m s  w ere members o f  t h e  g e n e r a  Chromatium and 

T h i o s n i r i l l u m . R e c e n t ly  t h i s  g ro u p  o f  a l k a l i n e ,  s a l i n e  l a k e s  have  

b een  t h e  s u b j e c t  o f  an e c o l o g i c a l  and m i c r o b i o l o g i c a l  s t u d y  ( im h o f f  

e t  a l . , 1978a ;  1978b ) .  The s a l i n i t y  o f  t h e  l a k e s  v a r i e s  w i t h  t h e  

s e a s o n  and among th e m s e lv e s  ( im h o f f  e t  a l . , 1 9 7 8 b ) .  The w a t e r s  w ere 

s t r o n g l y  c o lo u re d  a c c o r d i n g  t o  t h e  p re d o m in a n t  o rg a n is m s .  A lg a e ,  

c y a n o b a c t e r i a ,  p u r p l e  and g r e e n  b a c t e r i a ,  and  h a l o b a c t e r i a  w ere t h e  

o rg a n ism s  w hich o c c u r e d  i n  mass d e v e lo p m e n ts  i n  t h e  w a te r  and o v e r l y i n g  

t h e  mud. Im h o ff  e t  a l .  (1 9 7 8 a ;  1978b) r e p o r t e d  t h a t  b o th  g r e e n  and 

p u r p l e  b a c t e r i a  w ere p r e s e n t ,  and  d e s c r i b e d  members o f  t h e  l a r g e  

Chromatium s p e c i e s ,  w h ich  c o u ld  n o t  be  i s o l a t e d ,  and  s p i r i l l a .  The 

s p i r i l l a  w ere i s o l a t e d  and  fo u n d  t o  b e lo n g  t o  t h e  genus E c t o t h i o r h o d o -  

s p i r a .

The s p e c i e s  d e s c r i b e d  from  t h e  Wadi N a t ru n  w ere ,  E c t o t h i o r h o d o s p i r a  

h a l o p h i l a  ( im h o f f  e t  a l . , 1 9 7 8 . ;  1 9 7 8 b ) ,  E . h a l o c h l o r i s  (Xmhoff &

T r u p e r ,  1977)> E . a b d - e l - m a l e k i i  ( im o f f  & T r u p e r ,  1978; i n  

b r e p a r a t iO h j ) , and E . m o b i l i s  ( im h o f f  e t  a l . , 1 9 7 8 a ) .  W ith  t h e  

e x c e p t io n  o f  E . m o b i l i s , w hich  i s  m o d e ra te ly  h a l o t o l e r a n t , t h e  s p e c i e s  

from  t h e  Wadi N a tru n  a r e  e x t r e m e ly  h a l o p h i l i c ,  r e q u i r i n g  1 5 -2 0 ^  NaCl 

f o r  o p t im a l  g ro iv th .

Members o f  t h e  genus  E c t o t h i o r h o d o s p i r a  h av e  b een  i s o l a t e d  from  

f r e s h w a t e r  and s a l i n e  e n v i ro n m e n ts  a s  w e l l  a s  from h i g h l y  a l k a l i n e  

e n v i ro n m e n ts ,  a l t h o u g h  t h e  pH o f  t h e  e n v iro n m en t  h a s  a lw ays  b een  on 

t h e  a l k a l i n e  s i d e  o f  n e u t r a l i t y .

The genus  E c t o t h i o r h o d o s p i r a  was f i r s t  d e s c r i b e d  by P e l s h  (1937)?  

when an  o rg an ism  c a p a b le  o f  s u lp h u r  d e p o s i t i o n  o u t s i d e  t h e  c e l l  was 

i s o l a t e d  from a gypsum l a k e  i n  t h e  C rim ea .  I t  was n o t  a  g r e e n
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s u lp h u r  b a c t e r iu m ,  so  i t  was p l a c e d  i n  t h e  T h io r h o d a c e a e , w i th  t h e  

s u g g e s t i o n ’ t h a t  a  new ta x o n  be  c r e a t e d  f o r  i t ,  t h e  B c t o th io r h o d a c e a e  

b e in g  a  c o u n t e r p a r t  o f  B aas-B eck ing*  s E n d o th io r h o d a c e a e . A number 

o f  w o rk e rs  s t u d i e d  t h e  o rg a n ism  (C hesnokov  & S h a p o sn ik o v ,  1936a; 1936b; 

S h a p o sn ik o v ,  1937a-; 1 9 3 7 b ) , b u t  t h e  o r i g i n a l  i s o l a t e  was l o s t .

T ru p e r  (1968) i s o l a t e d  an  o rg an ism  w hich  d e p o s i t e d  s u lp h u r  o u t s i d e  

t h e  c e l l  and was a  member o f  t h e  R h o d o s p i r i l l i n e a e  from  s a l t  f l a t s  

i n  t h e  G alapagos  I s l a n d s .  He c o n c lu d e d  t h a t  h i s  i s o l a t e  was s i m i l a r  

t o  P e ls h * s  o r i g i n a l ,  and  named i t  E c t o t h i o r h o d o s p i r a  r o o b i l i s .

A lth o u g h  P e l s h  (1937) was t h e  f i r s t  t o  r e c o g n i s e  t h e  ta x o n o m ic  p o s i t i o n  

o f  t h i s  o rg an ism  o t h e r  w o rk e rs  have  r e p o r t e d  s p i r i l l a  from  t h e  

a q u a t i c  e n v i ro n m e n t ,  w h ich  may h av e  b een  E c t o t h i o r h o d o s p i r a  s p e c i e s  

( O n i t s k a y a ,  1954; B u t1 i n  & P o s t g a t e ,  1954; J a n n a s c h ,  1957? S c a r d o y i ,  

1 9 5 0 ) .

A number o f  R u s s i a n  s c i e n t i s t s  worked w i th  " a u t o t r o p h i c  

Rhodopseudomonas" s p e c i e s ,  w hich  w ere l a t e r  named E c t o t h i o r h o d o s p i r a  

s h a p o s n i k o v i i  ( K o n d r a t*e v a ,  1956; K o n d r a t*ev a  & M alo fee v a ,  I 9 6 4 ? 

M o sh e n tsev a  & K o n d ra t* e v a ,  1962? U psenkaya & K o n d ra t* e v a ,  1962;

Y ang-H u i-P ang , I 96 2 ) .  O th e r  a u t o t r o p h i c  s p e c i e s  o f  Rhodopseudom onas, 

R h p s . i s s a t c h e n k o i  ( O n i t s k a y a ,  1954)? and R h p s . v a n n i e l i i  ( S c a r d o v i ,

1950 ) may a l s o  have  b e e n  E c t o t h i o r h o d o s p i r a  s p e c i e s  ( T r u p e r ,  1 9 6 8 ) .

B u t1i n  & P o s t g a t e  ( l 9 5 4 )  a l s o  o b s e rv e d  s p i r i l l a  i n  mass 

a c c u m u la t io n s  o f  p h o t o t r o p h i c  b a c t e r i a  from  a  gypsum l a k e  i n  

C y r e n a i c a ,  w hich  may h av e  b een  E c t o t h i o r h o d o s p i r a  s p e c i e s .  W hether 

t h e  T h i o s p i r i l l u m  r o s e n b e r g i i  r e p o r t e d  by I s a c h e n k o  i n  T a n i t a r  I I I  

( I s a c h e n k o ,  1931? 1954) was i n  f a c t  an E c t o t h i o r h o d o s p i r a  s p e c i e s  

h a s  n o t  b e e n  d e t e r m in e d .  T h e re  i s  a  l a r g e  s i z e  d i f f e r e n c e  be tw een  

them , b u t  i t  may h ave  b een  p o s s i b l e  t o  c o n fu s e  t h e  tw o . Im h o f f  and 

T ru p e r  (1976) i s o l a t e d  E . m o b i l i s  and a  number o f  o t h e r  p u r p l e  and 

g r e e n  b a c t e r i a  from m a rin e  s p o n g e s .  M atheron  and  B a u l ia g u e  ( l9 7 2 )
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H e r b e r t  and  T an n e r  ( 1 9 7 7 ) ,  and  T ru p e r  ( l 9 7 0 )  fo u n d  E c t o t h i o r h o d o s p i r a  

s p e c i e s  i n  t h e  s e a .  Members o f  t h e  genus  E c t o t h i o r h o d o s p i r a  a r e ,  

how ever,  most commonly fo u n d  i n  a l k a l i n e  e n v i ro n m e n ts  ( im h o f f  e t  a l . , 

1978a ;  1978b ;  G ran t e t  a l . , 1979)

The members o f  t h e  genus  E c t o t h i o r h o d o s p i r a  a r e  m o t i l e  n o n -g a s  

v a c u o l a t e  o rg a n ism s  ( t a b l e  5)#  They d e p o s i t  s u lp h u r  o u t s i d e  t h e  c e l l ,  

n e v e r  i n s i d e  t h e  c e l l ,  and  have  a  s t a c k - l i k e  i n t r a c y t o p l a s m i o  membrane 

s y s te m ,  w h ich  i s  v i s i b l e  i n  n e g a t i v e l y  s t a i n e d  p r e p a r a t i o n s  o f  t h e  

c e l l s .  W ith  t h e  e x c e p t i o n  o f  E . s h a p o s n i k o v i i  t h e y  a r e  h a l o p h i l i c ,  

E . m o b i l i s  r e q u i r i n g  3^ (w /v )  NaCl f o r  g ro w th ,  and t h e  o t h e r  s p e c i e s  

15- 25^  (w /v )  NaCl, The s p e c i e s  E .m o b i l i s  eind E . s h a p o s n i k o v i i  a r e  

p r e s e n t l y  d i s t i n g u i s h e d  from one a n o t h e r  by  t h e  a b i l i t y  o f  

E . s h a p o s n i k o v i i  t o  grow i n  a  medium w i th o u t  added  NaCl, i t s  p o s s e s s i o n  

o f  a  t e x t u r e d  c e l l  w a l l ,  and d i f f e r e n t  GC b a s e  c o n t e n t ,  a l t h o u g h  t h e  

c u r r e n t  d a t a  s u g g e s t  l i t t l e  d i f f e r e n c e  ( T r u p e r ,  p e r s o n a l  c o m m u n ic a t io n ) .  

The r e p o r t e d  d i f f e r e n c e s  a r e  somewhat d u b io u s  and may be due t o  

e c o l o g i c a l  i n f l u e n c e s ,  c u l t u r a l  c o n d i t i o n s ,  o r  e x p e r i m e n t a l  p e c u l i a r i t i e s .  

The two s p e c i e s  a re  l i k e l y  t o  be d i f f e r e n t  s t r a i n s  o f  a  s i n g l e  

s p e c i e s  ( T r u p e r ,  p e r s o n a l  c o m m u n ic a t io n ) .

E . m o b i l i s , E . s h a p o s n i k o v i i , and E . h a l o p h i l a  c o n t a i n  

h a c t e r i o c h l o r o p h y l l  a  and c a r o t e n o i d s  o f  t h e  no rm al s p i r i l l o x a n t h i n  

s e r i e s  (g ro u p  l a ,  f i g u r e  8 ) .  E . h a l o c h l o r i s  and  S . a b d - e l - m a l e k i i  

b o t h  h ave  h a c t e r i o c h l o r o p h y l l  b and  g l u c o s i d e s  o f  r h o d o p in  a s  t h e  

m a jo r  p h o to p ig m e n ts  ( im h o f f  & T r u p e r ,  1977» p e r s o n a l  c o m m u n ic a t io n ) .

The m orphology o f  t h e  c a l l s  v a r i e s  u n d e r  d i f f e r e n t  c u l t u r a l  c o n d i t i o n s ,  

b u t  t h e y  a r e  a l l  s l i g h t l y  b e n t  t o  s p i r i l l o i d  u n d e r  some c o n d i t i o n s .  

E . m o b i l i s  and E . s h a p o s n i k o v i i  a r e  m o t i l e  by a  p o l a r  t u f t  o f  f l a g e l l a ,  

smd a r e  0 .7 - l .O u m  w ide by 1 .5 -2 .5 /u n  lo n g ,  t h e  GC b a s e  c o n t e n t  b e i n g  

i n  t h e  r a n g e  6 2 -6 4  m ole$ ( T r u p e r ,  p e r s o n a l  c o m m u n ic a t io n ) .  The 

e x te r e m ly  h a l o p h i l i c  s p e c i e s  a r e  b i p o l a r l y  f l a g e l l a t e ,  and a r e
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n a r r o w e r ,  0 . 5 - 0 . 8 ^  w id e ,  and l o n g e r ,  2 . 5 - 8 l ong ,  w i t h  a  more 

p ro n o u n ced  s p i r i l l o i d  sh ap e  ( im h o f f  & T r u p e r ,  1977; p e r s o n a l  

com m unica tion ;  Raymond & S i s t r o m ,  1967; 1 9 6 9 ) .  T hese  s p e c i e s  a r e  

a l s o  m o d e ra te ly  t h e r m o p h i l i c ,  h a v in g  t e m p e r a t u r e  o p t im a  o f  45 -50°C .

The GGL b a s e  c o n t e n t  v a r i e s  from  5 2 .9  m ole^  (E . h a l o c h l o r i s ) t o  6 8 .4  

raoLe^ ( E . h a l o p h i l a ) ( im h o f f  & T r u p e r ,  1977; P f e n n ig  & T r u p e r ,  1 9 7 4 ) .

A lth o u g h  t h e  r e p o r t e d  pH o p t im a  o f  t h e  v a r i o u s  s p e c i e s  r a n g e  

from  pH 7*5 t o  9*5 g ro w th  c o n d i t i o n s  may a f f e c t  t h e  pH o p t im a  

m a rk e d ly  (C hesnokov & S h a p o s n ik o v ,  1936a; van  N i e l ,  1 9 3 1 ) .  T h ere  

i s  l i t t l e  dou b t t h a t  t h e  genus  E c t o t h i o r h o d o s p i r a  a p p e a r s  t o  have  a  

s e l e c t i v e  a d v a n ta g e  a t  h i g h  pH, s i n c e  i n  t h e  p r e s e n c e  o f  o r g a n ic  

a c i d s  E . m o b i l i s  i s  a b l e  t o  o u t  grow a  2 0 - f o l d  h i g h e r  d e n s i t y  o f  

C h r .v in o su m  i f  t h e  pH i s  a d j u s t e d  t o  pH 8 . 3 - 8 . 9  ( T ru p e r ,  i n  p r e p a r a t i o n ) .

A f u r t h e r  exam ple o f  a  p h o t o t r o p h i c  b a c t e r iu m  g row ing  u n d e r  

a l k a l i n e  c o n d i t i o n s  i s  s e e n  i n  t h e  a l k a l i n e  h o t  s p r i n g s  i n  

Y e l lo w s to n e  N a t i o n a l  P a rk  ( P i e r s o n  & C a s t e n h o lz ,  1974a; B au ld  & B ro c k ,  

1973; B ro c k ,  1 9 7 8 ) .  The t h e r m o p h i l i c  C h lo r o f l e x u s  a u r a n t i a c u s  i s  

u s u a l l y  fo u n d  i n  a  s t r a t i f i e d  a s s o c i a t i o n  w i th  c y a n o b a c t e r i a  a s  a  

t h i c k  g e l a t i n o u s  m a t .  The o rg a n ism  h a s  b e e n  fo u n d  i n  most h o t  s p r i n g s  

exam ined  f o r  i t s  p r e s e n c e  (M adigan e t  a l . , 1974? P lo r e n z a n o  e t  a l . ,

1978) .  The pH optimum i s  s im ila r  to  th a t rep orted  by Truper 

( 1968) fo r  E .m o b ilis . A m eso p h ilic  form has been d escr ib ed  (G orlenko, 

1975; Pivovarova & Gorlenko, 1 9 7 7 ), but l i t t l e  i s  known o f th e  

eco logy  o f  t h i s  genus o u ts id e  th e  hot sp r in g s . C h loroflexu s  

au ran tiacu s u su a lly  occurs in  a s s o c ia t io n  w ith  cyan ob acter ia , but 

when th e  su lp h id e l e v e l  i s  too  h igh  a m o n o -sp ec ific  mat o f  C h lf . 

au ran tiacu s i s  formed (C asten h olz , 1977). In  th e  hot sp r in g s  examined 

th e  water does not evaporate to  become more con cen trated , so i t  i s  

u n lik e ly  th a t t h i s  s p e c ie s  i s  ever su b jec ted  to  pHs h igh er than 8 .5  

due to  b icarbonate sa tu r a t io n . C h loro flexu s i s  a lso  in t e r e s t in g  fo r
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i t s  a p p a r e n t  occurrence i n  t h e  f o s s i l  r e c o r d  a s  b a c t e r i a l  s t r o m a t o l i t e s  

(B a a rg h o rn  & T y l e r ,  1965; Doemel & B rock ,  1 9 7 4 ) .
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4 .  THE EXTREMELY HALOPHILIC BACTERIA.

4 . 1 .  Taxonomy o f  t h e  e x t r e m e ly  h a l o p h i l t c  b a c t e r i a .

E x t re m e ly  h a l o p h i l i c  b a c t e r i a  o f  t h e  g e n e r a  H a lo b a c te r iu m  and 

H a lo co c cu s  im p a r t  an  o r a n g e - r e d  c o l o u r a t i o n  t o  t h e i r  h a b i t a t  (K u sh n e r ,  

1968; D undas, 1971? L a r s e n ,  1 9 6 7 ) ,  and man: h a s  b een  aware o f  t h i s  

p r o p e r t y  f o r  s e v e r a l  th o u s a n d  y e a r s  (B a a s -B e c k in g ,  1 9 3 1 ) .  More t h a n  

4 ,0 0 0  y e a r s  ago i n  t h e  r e i g n  o f  t h e  a n c i e n t  C h in e se  Em peror Huang, 

S hu-Sha p e r f e c t e d  t h e  a r t  o f  e x t r a c t i n g  s a l t  from  s e a  w a te r  by s o l a r  

e v a p o r a t i o n .  The s e a  w a te r  was c h a n n e le d  i n t o  a r t i f i c i a l  l a g o o n s ,  

where i t  was a l lo w e d  t o  e v a p o r a t e  u n t i l  t h e  l i q u o r  became a  r e d  c o l o u r ,  

when s a l t  began  t o  be  p r e c i p i t a t e d .  The o ld  E g y p t ia n  c u l t u r e s  a p p e a r  

t o  have  u s e d  a  s i m i l a r  method t o  o b t a i n  s o l a r  s a l t ,  and i n  t h e  t im e  

o f  P l i n y  t h e r e  w ere num erous s a l t e r n s  a ro u n d  t h e  M e d i t e r r a n e a n  

( j o n e s ,  1963 ) .  The q u a l i t y  o f  t h e  s a l t  was o f t e n  ju d g e d  by t h e  

c o l o u r ,  w h ich  P l i n y  n o t e s  c o u ld  o n ly  be  rem oved by o i l s ,  and n o t  by 

w ash ing  w i th  w a te r  a l o n e .  We c a n  be  a lm o s t  c e r t a i n  t h a t  t h e  c o l o u r  

o f  t h e  s a l t e r n  l i q u o r  was c a u s e d  by p ig m en ted  h a l o b a c t e r i a  and 

h a l o c o c c i  from t h e  s t u d i e s  o f  s a l t e r n s  w h ich  e x i s t  i n  t h e  W orld 

to d a y  (D undas, 1 9 7 8 ) .

S in c e  t h e y  w ere  f i r s t  d i s c o v e r e d  t h e  e x t r e m e ly  h a l o p h i l i c  r o d s  

and c o c c i  have  b e e n  a  p rob lem  t o  t h e  t a x o n o m i s t .  V a r io u s ly ;  p la c e d  

a s  members o f  t h e  g e n e r a ' Pseudom onas" ( H a r r i s o n  & K ennedy, 1 9 2 2 ) ,  

*S e r r a t i a " ( Lochhead , 1 9 3 4 ) ,  B a c i l l u s " (K le b h a n ,  1 9 1 9 ) ,  B a c t e r iu m '

( P e t t e r ,  1 9 3 1 ) ,  ' F l a v o b a c te r i u m '' ( E l a z a r i - V o l c a n i ,  I 94O ), and  H a l o b a c t e r '̂  

(A n d e rso n ,  1 9 5 4 ) ,  t h e  G ra m -n e g a t iv e ,  e x t r e m e ly  h a l o p h i l i c  r o d s  a r e  

now c l a s s i f i e d  i n  t h e  genus  H a lo b a c te r iu m  (G ib b o n s ,  1 9 7 4 ) .  I n  t h e  

7 t h .  e d i t i o n  o f  B e rg ey * s  m anual (1957) t h e  genus  H a lo b a c te r iu m  was 

p l a c e d  i n  t h e  f  ami l y  ' Ps eudomonadac eae  ", w h i l e  t h e  G ram -n eg a t iv e  

h a l o c o c c i  were p l a c e d  i n  t h e  f a m i ly  M ic ro c o c c a c e a e " a s  t h e  s p e c i e s  

M ic ro co c cu s  m o rrh u a e , S a r c i n a  l i t t o r a l i s , and S a r c i n a  morrhuae@ In.
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t h e  8 th  e d i t i o n  o f  S e r g e y ' s  m anua l,  G ihhons ( l9 T 4 )  r e c o g n i s e d  t h e  

s i m i l a r i t y ; b e t w e e n  t h e  e x t r e m e l y  h a l o p h i l i c  r o d s  and c o c c i ,  and 

p l a c e d  them' i n  t h e  newly; c r e a t e d  f a m i l y ; H a l o b a c t e r i a c e a e . a t  t h e  

same t im e  r e d u c i n g  t h e  h a l o c o c c i  t o  a  s i n g l e  s p e c i e s ,  H a lo co c cu s  

m orrhuae  ( E o c u t  & H o d ^ i s s ,  1 9 7 3 ) ,  whdich i n c l u d e d  t h e  t h r e e  p r e v i o u s l y  

r e c o g n i s e d  sp e c ie s* .  A t  p r e s e n t  on ly ; two s p e c i e s  a r e  r e c o g n i s e d  

im  th e  g en u s  H a lo b a c te r iu m ,  i n  t h e  8 t h  e d i t i c m  o f  S e r g e y ' s  m anual 

( 1974 ) ,  H .h a lo b iu m  and  H * sa l in a r iu m *  w i t h  t h r e e  o t h e r  s p e c i e s ,

H * m a r is m o r tu i , BE*t ra o a n ic u m *  and  A m oebobac te r  m orrhuae l i s t e d  a s  

s p e c i e s  i n c e r t a e  s e d i s .  The u n s a t i s f a c t o r y  n a t u r e  o f  t h e  taxonom y  

o f  t h e  g ro u p  i s  i l l u s t r a t e d  by t h e  f a c t  t h a t  i n  t h e  c u r r e n t  l i t e r a t u r e  

t h e  s p e c i e s  names p r o p o s e d  b y  E l a z a r i - V o l c a n i  (1 9 5 T ) ,  i u  t h e  7 t h  

ed ition-!  o f  Bergey*’s  m anual a r e  s t i l l  i n  u s e . .  In, p a r t i c u l a r  t h e r e  i s  

s t i l l  d e b a t e  on w h e th e r  t h e  s p e c i e s  H .c -g t lru b ru m , H .h a lo b iu m , and 

H .s a l i n a r i u m  a r e  s e p a r a t e  s t r a i n s  o f  a  s i n g l e  s p e c i e s ,  o r  d i s t i n c t  

s p e c i e s  (C c lw e l l  e t  a l . , 1979, DUndas, 1978; G ibbons ,  1974? S to e c k e n iu s ,  

1978a ) .  Moore and M cC arth y  (1969b? 1969b) u s e d  DNA h y b r i d i s a t i o n  

e x p e r im e n t s  t o  t r y  t o  r e s o l v e  t h e  ta x o n o m ic  p o s i t i o n  o f  t h e  s p e c i e s  

H .c u t i r u b r u m , H chalob ium !, and H w sa l in a r iu m ,  and t h e y  p ro p o s e d  t h a t ,  

a l t h o u ^  t h e r e  w ere d i f f e r e n c e s  b e tw een  t h e  t h r e e  s p e c i e s  t h e y  were 

n o t  v e r y  g r e a t .  Z w i l l i n g  and cow orkers*  ( 1969 ) i n v e s t i g a t i o n  o f  

im m u n o lo g ica l  r e a c t i o n s  w i t h i n  t h e  H a l o b a c t e r i a c e a e  f a i l e d  t o  f i n d  

a n y  c o r r e l a t i o n  be tw een  s p e c i e s  and  t h e  im m u n o lo g ica l  g r o u p in g s .

The s p e c i e s  H ].trapan lcum  and A m oebobacter m orrhuae  a r e  p o o r ly  s t u d i e d ,  

and t h e  s p e c i e s  H .m a r i s m o r tu i  h a s  a p p a r e n t l y  b e e n  r e i s o l a t e d  

(G in z b u rg ,  1978).- T h ree  new s p e c i e s  have  r e c e n t l y  b een  d e s c r i b e d ,

H . v o l c a n i i  ( M u lla k h a n b h a i  & L a r s e n ,  1 9 7 5 ) ,  H .s a c c h a re v o ru m  (T o m lin s o n  

& H o c h s te in ,  1 9 7 6 ) ,  and  H . v a l l i s m o r t i s  (G o n za le z  e t  a l . , 1 9 7 8 ) .

O th e r  s p e c i e s  t o  be  fou n d  i n  t h e  l i t e r a t u r e  i n c l u d e  S . g i b b o n s i ,

* H.minuteum'̂ and H .simoncinii (Colwell et a l . , 1979) N ation a l Collection
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o f  M arine  B a c t e r i a  C a ta lo g u e ,  1 9 7 9 ) .  D e s p i t e  r e c e n t  a d v a n c e s  i n  

o u r  know ledge o f  t h e  h a l o b a c t e r i a  and h a l o c o c c i  t h e i r  ta x o n o m ic  

d i f f e r e n t i a t i o n  i s  s t i l l  i n a d e q u a t e ,  s i n c e  many o f  t h e  b io c h e m ic a l  

p r o p e r t i e s  v a ry  from  s t r a i n  t o  s t r a i n  (C o lw e l l  e t  a l . , 1 9 7 9 ) ,  and 

o t h e r s  w i th  t h e  s a l t  c o n c e n t r a t i o n  (G ib b o n s ,  1 9 5 7 ) .  The few  

d i s t i n g u i s h i n g  f e a t u r e s  i n c l u d e  DNA c o n t e n t ,  o p t im a l  s a l i n i t y ,  

r e s i s t a n c e  t o  some h a l o p h i l i c  p h a g e s ,  a n t i b i o t i c  s u s c e p t i b i l i t y ,  

p r o d u c t i o n  o f  a c i d  and  g a s  from  c a r b o h y d r a t e s ,  and t h e  m e tab o l ism  

o f  n i t r a t e  and n i t r i t e  (D undas,  1978; G ibbons ,  1974? P o s t ,  1977; 

T o r s v ik  & D undas, 1 9 7 8 ) .

Members o f  t h e  genus  H a lo b a c t  e r ium  a r e  G ra m -n e g a t iv e ,  n o n - s p o re  

fo rm in g  o rg a n is m s .  The c e l l s  may be  m o t i l e  by p o l a r  f l e g e l l a ,  o r  

a r e  n o n - m o t i l e .  C e l l u l a r  m orphology  u n d e r  o p t im a l  g row th  c o n d i t i o n s  

i s  t y p i c a l l y  a  ro d  0 . 7 - 1 . 0pm w ide by 3 . 0 - 5 . C ^  lo n g ,  a l th o u g h

H . v o l c a n i i  i s  d i s c  o r  c u p - s h a p e d ,  1 . 0 - 3 . 0pm by 2 . 0 - 3 . 0pm ,and 0 . 4 - 0 . 5  

^  i n  t h i c k n e s s  (G ib b o n s ,  1974; M u lla k h an b h a i  & L a r s e n ,  1 9 7 5 ) .

The s i n g l e  s p e c i e s  i n  t h e  genus  H a lo c o c c u s  i s  a  c o c c u s  0 . 8 - 1 . 5pm 

i n  d i a m e te r ,  and o c c u r s  s i n g l y ,  i n  p a i r s ,  o r  t e t r a d s  (G ib b o n s ,  1974; 

Kocur & H o d g k is s ,  1 9 7 3 ) .  The Gram r e a c t i o n  h a s  been  d e s c r i b e d  as  

p o s i t i v e  (Brown & Cho, 1970) and  n e g a t i v e  (G ib b o n s ,  1974; Kocur & 

H o d g k is s ,  1 9 7 3 ) ,  r e f l e c t i n g  t h e  d i f f i c u l t y  i n  s t a i n i n g  members o f  

t h e  H a lo b a c t  e r i a c e a e . A l l  s p e c i e s  o f  t h e  H a l o b a c t e r i a c e a e  a r e  a e r o b e s ,  

b u t  a  s i n g l e  f a c u l t a t i v e  a n a e ro b e  i s  knovni, H . v a l l i s m o r t i s  (G ib b o n s ,  

1974; G onzalez  e t  a l . , 1 9 7 8 ) .  A lth o u g h  a l l  s t r a i n s  may be  c u l t u r e d  

i n  m edia  c o n t a i n i n g  p e p to n e ,  y e a s t  e x t r a c t ,  t r y p t o n e ,  and caseunino 

a c i d s  (G ib b o n s ,  1 9 6 9 ) ,  some s p e c i e s  a r e  c a p a b le  o f  u t i l i s i n g  

c a r b o h y d r a t e s  w i th  t h e  p r o d u c t i o n  o f  a c i d  (G o n za le z  e t  a l . , 1978; 

G ibbons ,  1974; T om linson  & H o c h s te in ,  1 9 7 6 ) .  Most s t r a i n s  p ro d u ce  

HgS from  p e p to n e  o r  t h i o s u l p h a t e ,  and i n d o l e  from  p e p to n e .  Most 

s p e c i e s  a r e  a b l e  t o  h y d r o ly s e  g e l a t i n  and c a s e i n .  A l l  s p e c i e s
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i n v e s t i g a t e d  a r e  s e n s i t i v e  t o  n o v o b io c in ,  b u t  a r e  i n s e n s i t i v e  t o  a  

l a r g e  number o f  a n t i b i o t i c s ,  i n c l u d i n g  p e n i c i l l i n  (C o lw e l l  e t  a l . , 

1979; G ibbons ,  1974; K ocur & H o d g k is s ,  1 9 7 3 ) .  The a b i l i t y  t o  r e d u c e  

n i t r a t e  t o  n i t r i t e ,  w i th  o r  w i th o u t  t h e  p r o d u c t i o n  o f  g a s ,  and  t h e  

p r o d u c t i o n  o f  a c i d  and  g a s  from  c a r b o h y d r a t e s  v a r i e s  from  s p e c i e s  t o  

s p e c i e s  (D undas, 1978; E l a z a r i - V o l c a n i ,  1957; H o c h s te in ,  1978;

L a r s e n ,  p e r s o n a l  co m m u n ica tio n ;  S to e c k e n iu s ,  1978a; T o m lin so n  & 

H o c h s t e in ,  1972; 1 9 7 6 ) .  The h a l o b a c t e r i a  and h a l o c o c c i  a r e  o r a n g e -  

r e d  i n  c o l o u r  due t o  t h e  p r e s e n c e  o f  c a r o t e n o i d s ,  m a in ly  

b a c t e r i o r u b e r i n s  ( K a te s ,  1978; K e l l y  & L i a a e n - J e n s e n ,  1967; K e l ly  

e t  a l . , 1970; Kushwaha e t  a l . , 1 9 7 4 ) .  The o p t im a l  NaCl c o n c e n t r a t i o n  

f o r  g ro w th  i s  u s u a l l y  4 .0 -5 .0 M , e x c e p t  f o r  H . v o l c a n i i , w here  t h e  

optimum v a r i e s  b e tw ee n  1 .7  and 2.5M w i th  t e m p e r a t u r e  (M u lla k h an b h a i  

& L a r s e n ,  1 9 7 5 ) .  The c e l l s  o f  t h e  h a l o b a c t e r i a ,  b u t  n o t  t h e  

h a l o c o c c i  l y s e  i n  d i s t i l l e d  w a t e r .

4 . 2 ,  S t r u c t u r e  and b i o c h e m i s t r y  o f  t h e  H a l o b a c t e r i a c e a e .

Orgsmisras l i v i n g  u n d e r  low w a te r  p o t e n t i a l ,  c a u se d  by t h e  h i g h l y  

s a l i n e  e n v i ro n m e n t ,  a p p e a r  t o  m a in t a i n  a  w a te r  p o t e n t i a l  o f  s i m i l a r  

m agn itude  w i t h i n  t h e  c e l l  (Brown, 1978; B ay ley  & M orton , 1978;

K u sh n e r ,  1 9 7 8 b ) ,  I n  a l g a e  o f  t h e  genus D u n a l i e l l a , and i n  some y e a s t s

t h i s  i s  a c h ie v e d  by t h e  s y n t h e s i s  o f  g l y c e r o l  o r  o t h e r  p o l y o l s .

T h e re  i s  some d i f f i c u l t y  i n  d e t e r m in i n g  t h e  i n t r a c e l l u l a r  l e v e l s  o f  

t h e  i o n s  i n  t h e s e  o rg a n is m s ,  b u t  I t  i s  assum ed t h a t  t h e  t o t a l  

s a l i n i t y  o f  t h e  c e l l s  i s  lo w er  t h a n  t h a t  o f  t h e  s u s p e n d in g  medium, 

a l th o u g h  i t  i s  n o t  known i f  a  lo w e r in g  o f  t h e  i n t e r n a l  s a l i n i t y  i s  

b ro u g h t  a b o u t  by an  a c t i v e  t r a n s p o r t  p r o c e s s ,  o r  by an  e x c l u s i o n  

mechanism (Brown, 1978; K u sh n e r ,  1978b; Wegmann, 1 9 7 8 ) .  I n  t h e i r

work w i th  c e r t a i n  h a l o t o l e r a n t  b a c t e r i a  M atheson  e t  a l .  (1 9 7 6 ) ,

S h i n d l e r  e t  a l . . (1 9 7 7 ) .  and C h r i s t i a n  and W altho  (1962) found  t h a t  

K'*’ was c o n c e n t r a t e d  by a  f a c t o r  o f  10-100  t im e s  o v e r  t h e  c o n c e n t r a t i o n
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i n  t h e  g ro if th  medium. I n  t h e  o rg a n ism s  w hich  t h e  above a u t h o r s  

exam ined t h e  i n t e r n a l  s a l i n i t y ,  w i th  r e s p e c t  t o  Na*̂  and K'*’, c o u ld  

be e i t h e r  g r e a t e r  o r  l e s s  t h a n  t h a t  o f  t h e  medium, b u t  t h e s e  

d e t e r m i n a t i o n s  have  i n d i c a t e d  t h a t  t h e  Na"  ̂ c o n c e n t r a t i o n  was a lw ays  

l e s s  w i t h i n  t h e  c e ^ l  t h a n  i n  t h e  medium. A lth o u g h  K ushner  ( 1978b) 

h a s  p o s t u l a t e d  t h a t  p o l y o l s  may a l s o  be  in v o l v e d  i n  t h e  h a l o t o l e r a n c e  

o f  t h e s e  b a c t e r i a ,  t h e  e x i s t e n c e  o f  p o l y o l s  h a s  n o t  b een  c o n f i rm e d .

I n  c o n t r a s t ,  t h e  H a lo b a c t e r i a c e a e  a c t i v e l y  m a in t a i n  am i n t e r n a l  

s a l t  c o n c e n t r a t i o n  e q u a l  t o  o r  i n  e x c e s s  o f  t h a t  i n  t h e  e x t e r n a l  

e n v i ro n m e n t .  I n v e s t i g a t i n g  t h e  i o n i c  c o m p o s i t io n  o f  t h e  h a l o b a c t e r i a * s  

c y to p la s m  C h r i s t i a n  and  W altho ( I 9 6 2 ). fo u n d  an  u n u s u a l l y  h ig h  

c o n c e n t r a t i o n  o f  K^, 4-6M, a n d  a  lo w er  c o n c e n t r a t i o n  o f  Na"^, I . 4M.

The t o t a l  C l”  c o n t e n t  was e s t i m a t e d  t o  be  3.6M. T hese  r e s u l t s ,  w hich  

a r e  s u b s t a n t i a t e d  by l a t e r  s t u d i e s  (G in z b u rg  e t  a l . , 1970; Lanyi & 

S i lv e r m a n ,  1972; M atheson  e t  a l . , 1978) show t h a t  t h e  h a l o b a c t e r i a  

a n d  h a l o c o c c i  a r e  c a p a b le  o f  m a i n t a i n i n g  a  K'*’ g r a d i e n t  a c r o s s  t h e  

membrane a s  h ig h  a s  1 , 0 0 0 : 1 .  T h i s  s e l e c t i v e  u p ta k e  o f  K^ i s  n o t  

c o n f in e d  t o  t h e  H a lo b a c t  e r i a c e a e , b u t  t h e  m a g n itu d e  o f  t h e  K*̂  

c o n c e n t r a t i o n  i s  a  p e c u l i a r  f e a t u r e  o f  t h e  f a m i l y .  The e f f e c t  o f  t h e  

h i ^  K"*" c o n te n t  i s  r e f l e c t e d  i n  t h e  p h y s i o l o g i c a l  r e q u i r e m e n t s  o f  

some o f  t h e  enzymes and t h e  r ib o s o m e s  (B a y le y  & M orton , 1978; C ap lan  

& G in z b u rg ,  1978; K u sh n e r ,  1978b; M atheson  e t  a l . , 1 9 7 8 ) .  A l a r g e  

number o f  enzymes o f  t h e  h a l o b a c t e r i a  a r e  e x t r e m e ly  h a l o p h i l i c  and 

r a p i d l y  d e n a t u r e  when t h e  s a l i n i t y  i s  lo v /e re d .  I n  some c a s e s  i t  i s  

p o s s i b l e  t o  u s e  s a l t - f r e e  t e c h n i q u e s  and r e n a t u r e  t h e  enzyme a g a i n s t  

25/è NaCl, b u t  n o t  by a d d in g  s a l t  o r  a  s a l t  s o l u t i o n  d i r e c t l y  

(Holmes & H a lv o r s o n ,  1 9 6 $ ) .  A l l  enzymes s t u d i e d  show an a p p r e c i a b l e  

a c t i v i t y  a t  t h e  o p t im a l  s a l i n i t y  f o r  g ro w th .  They a r e  n o t ,  how ever, 

a l l  e x t r e m e ly  h a l o p h i l i c ,  b u t  even  t h e  most s a l t  i n t o l e r a n t  enzymes 

have  a  g r e a t e r  a c t i v i t y  a t  t h e  o p t im a l  s a l i n i t y  f o r  g ro w th ,  4 .OM N a C l,
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thsui t h e i r  e q u i v a l e n t s  from h a l o t o l e r a n t  o r  n o n - h a l o p h i l i c  o rg an ism s  

(B ay ley  & M orton , 1978; L a r s e n ,  1967; K u sh n e r ,  1 9 7 8 h ) .  I n  t h e  

h a l o p h i l i c  D u n a l i e l l a  s p e c i e s  and y e a s t s  t h e  enzymes a r e  

i n t o l e r a n t  o f  NaCl, h u t  a r e  u n a f f e c t e d  hy h ig h  c o n c e n t r a t i o n s  o f  

g l y c e r o l  (K u sh n e r ,  1 9 7 8 b ) , I n  members o f  t h e  H a l o b a c t e r i a c e a e  two 

p h y s i o l o g i c a l  g ro u p s  o f  enzymes a r e  d e s c r i b e d ,  t h o s e  w i th  maximal 

a c t i v i t y  a t  2-4M N aCl, and t h o s e  w i th  maximal a c t i v i t y  a t  O .5- I . 5M 

NaCl (B a y le y  & M orton , 1 9 7 8 ) .  The r o l e  o f  i o n s  i n  t h e  s t a b i l i t y  o f  

t h e  h a l o b a c t e r i a * s  enzymes i s  now p a r t l y  e l u c i d a t e d .  I t  h a s .b e e n  

p ro p o s e d  t h a t  t h e  s a l t  r e q u i r e m e n t  o f  t h e s e  enzymes i s  t o  s c r e e n  th e  

c h a rg e d  p a r t s  o f  t h e  p r o t e i n  ( B a x t e r ,  1959 )-  Such a  s c r e e n i n g  e f f e c t  

w ould , how ever,  be  c o m p le te  a t  m o n o -v a le n t  i o n  c o n c e n t r a t i o n s  o f  IM 

o r  l e s s ,  and i t  i s  p ro p o se d  t h a t  t h e  s a l t  i n  e x c e s s  o f  t h e  s c r e e n i n g  

e f f e c t  i s  r e q u i r e d  t o  i n c r e a s e  t h e  h y d ro p h o b ic  n a t u r e  o f  t h e  enzymes 

(B ay ley  & M orton , 1978; L a n y i ,  1 9 7 4 ) .  The t h e r m o p h i l i c  n a t u r e  and 

c o l d  l a b i l i t y  o f  some enzymes h a s  b een  i n t e r p r e t e d  a s  e v id e n c e  i n  

s u p p o r t  o f  t h i s  t h e o r y  (L a n y i ,  1974? K e ra d jo p o u lo s  & W u l f f , 1 9 7 4 ) .

The e f f e c t i v e n e s s  o f  a n io n s  w hich  prom ote  h y d ro p h o b ic  b o n d in g  i n  

m a i n t a i n i n g  th e  a c t i v i t y  o f  t h e  enzym es, r a t h e r  th a n  t h o s e  which 

h e l p  d e c r e a s e  t h e  h y d r o p h o b i c i t y  o f  t h e  m o le c u le  a l s o  i n d i c a t e s  t h e  

f u n c t i o n  o f  t h e  h ig h  i n t e r n a l  s a l i n i t y  (H iga  & C a z z u lo ,  1975?

K e ra d jo p o u lo s  & W u lff ,  1974? Lanyi & S te v e n s o n ,  1970; L ieberm an  & 

L a n y i ,  1 9 7 1 ) .

S tu d y in g  th e  i o n i c  r e q u i r e m e n t s  o f  t h e  h a l o b a c t e r i a  Brown and 

Gibbons (1955) and S e h g a l  and Gibbons ( 1960 ) found  t h a t  b e s i d e s  Na^ 

and  C l” , K" ,̂ Mg^^, Pe^"^, and Mn "̂  ̂ were a l s o  s t i m u l a t o r y  t o  g ro w th .

A d e f i c i e n c y  o f  K^ re d u c e d  t h e  c e l l  num bers ,  b u t  no o t h e r  e f f e c t s  

w ere o b s e r v e d .  The o p t im a l  c o n c e n t r a t i o n  o f  K"̂  was 15-30miyi, b u t

2+c o n c e n t r a t i o n s  o f  3M w ere n o t  i n h i b i t o r y .  I n  a  medium l a c k i n g  Mg 

t h e  c e l l s  o f  t h e  h a l o b a c t e r i a  l o s t  t h e i r  r o d - s h a p e d  m orphology and



- 6 3 -

became s p h e r i c a l .  I n  a  s e r i e s  o f  e x p e r im e n ts  t o  i n v e s t i g a t e

2+a d a p t a t i o n  t o  low Mg , Brown an d  G ibbons ( l 9 5 5 )  fou n d  t h a t ,  a l th o u g h

2+t h e  o p t i m a l  l e v e l  o f  Mg was 0 . 1-0 .5M , i t  was p o s s i b l e  t o  s u b c u l t u r e

2+i s o l a t e s  on m edia  o f  low Mg c o n t e n t ,  O.OIM. U nder t h e s e  c o n d i t i o n s  

t h e  c e l l s  w ere s p h e r i c a l  and  c o n t in u e d  s u b c u l t u r i n g  on Mg d e f i c i e n t  

medium l e d  t o  a d a p t a t i o n  o f  some o f  t h e  s t r a i n s  t o  grow o p t i m a l l y  

a t  t h i s  c o n c e n t r a t i o n .  The m orpho logy  o f  t h e s e  s t r a i n s  w as,

h o w ev er ,  a lw a y s  s p h e r i c a l  even  a f t e r  t r a n s f e r  t o  a  medium o f  h i g h e r

2+  2+Mg c o n t e n t ,  0,1M. H igh  c o n c e n t r a t i o n s  o f  Mg i n  e x c e s s  o f  l.OM

w ere found, t o  be  t o x i c ,  a l t h o u g h  H . v o l c a n i i  i s  t o l e r a n t  o f

c o n c e n t r a t i o n s  a p p r o a c h in g  2.0M (M u lla k h a n b h a i  & L a r s e n ,  1975)#

2+The r e q u i r e m e n t  f o r  r e l a t i v e l y  h ig h  Mg c o n c e n t r a t i o n s  may be

r e l a t e d  t o  r ib o so m e  s t r u c t u r e  and  f u n c t i o n ,  s i n c e  t h e  o p t im a l

c o n c e n t r a t i o n  f o r  r ib o s o m a l  a c t i v i t y  i n  H .c u t i r u b r u m  i s  3,4M K"*"

and  lOOmM; Mg^^ (B a y le y  & M orton , 1 9 7 8 ) .  T h i s  i s  s i m i l a r  t o  t h e  i o n i c

c o m p o s i t io n  o f  t h e  c y to p la s m .  I n  c o n t r a s t ,  t h e  r ib o s o m e s  o f  V ib r io

c o s t i c o l a , a  m o d e ra te  h a l o p h i l e ,  r e q u i r e  150mM o r  NĤ "  ̂ and  l8raM 

2+Mg f o r  i n  v i t r o  p r o t e i n  s y n t h e s i s ,  and  t h e s e  v a l u e s  a r e  v e r y  

s i m i l a r  t o  t h o s e  fo u n d  i n  n o n - h a l o p h i l e s  su ch  a s  E + c o l i  (M atheson  

e t  a l . , 1 9 7 8 ) .

When c e l l s  o f  h a l o b a c t e r i a  a r e  s u b j e c t e d  t o  s o l u t i o n s  o f  low 

i o n i c  s t r e n g t h  t h e y  l o o s e  t h e i r  r o d - s h a p e d  m orphology  and may 

e v e n t u a l l y  l y s e ,  w h e re a s  c e l l s  o f  t h e  h a l o c o c c i  a r e  s t a b l e  u n d e r  

t h e s e  c o n d i t i o n s .  The change i n  c e l l  sh ap e  and e v e n t u a l  l y s i s  h a s  

b e e n  d e m o n s t r a te d  t o  i n v o l v e  d i s r u p t i o n  o f  t h e  c e l l  e n v e lo p e  o f  t h e  

h a l o b a c t e r i a  ( S t e e n s l a n d  & L a r s e n ,  1969; S to e c k e n iu s  & Rowen, 1 9 6 7 ) .  

The c e l l  e n v e lo p e  c o n s i s t s  o f  two d i s t i n g u i s h a b l e  u n i t s ,  and  a r e  

d e s c r i b e d  a c c o r d in g  t o  S a l to n *  s ( 1964 ) c r i t e r i a .  The o u t e r  l a y e r  

o f  t h e  e n v e lo p e ,  t h e  c e l l  w a l l  c o n f e r s  t h e  sh ap e  and r i g i d i t y  o f  

t h e  c e l l ,  and  t h e  i n n e r  l a y e r  r e s e m b le s  t h e  c y to p la s m ic  membrane.
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I n  e a r l y  s t u d i e s  o f  t h e  c e l l  e n v e lo p e  o f  t h e  h a l o b a c t e r i a  p e p t i d o g l y c a n  

was n o t  d e t e c t e d ,  and  e l e c t r o n  m ic ro sc o p y  r e v e a l e d  t h e  a b s e n c e  o f  a  

c e l l  w a l l ,  an  o b s e r v a t i o n  n o t  i n c o n s i s t e n t  w i th  t h e  a b s e n c e  o f  

p e p t i d o g l y c a n  (Browm & S h o re y ,  1963; K ushner e t  a l . , 1964; K u sh n e r  & 

B a y le y ,  196 3 ; H ouwink, 1956 ; Mohr & L a r s e n ,  1 9 6 3 ) .  However, im proved  

f i a x t i o n  t e c h n i q u e s  r e v e a l e d  a  l a r g e l y  p r o t e i n a c e o u s  c e l l  w a l l  d e v o id  

o f  p e p t i d o g l y c a n  ( B la u ro c k  e t  a l . ,  1976; Cho e t  a l . ,  1967; D 'A o u s t  & 

K u s h n e r ,  196 8 ; K i r k  & G in s b u r g ,  1972; S t e e n s l a n d  &. L a r s e n ,  1969; 

S t o e c k e n i u s  & Rowen, 1 9 6 7 ) .  I n  t h e  h a l o b a c t e r i a ,  lo w e r in g  o f  t h e  i o n i c  

s t r e n g t h  o f  t h e  s u s p e n d in g  medium r e s u l t s  i n  a  t r a n s f o r m a t i o n  from  r o d s  

t o  s p h e r e s  (Mohr & L a r s e n ,  1963; S t e e n s l a n d  L a r s e n ,  1969; d t o e c k e n i u s  

& Rowen, 1 9 6 7 ) .  T h e re  i s  no a p p a r e n t  i n c r e a s e  i n  c e l l  s i z e  d u r i n g  

t h i s  t r a n s f o r m a t i o n ,  i n d i c a t i n g  t h a t  t h e  m o rp h o lo g ic a l  ch an g e  i s  n o t  

c a u s e d  by uptskke o f  s o l v e n t  (Mohr Sc L a r s e n ,  1 9 6 3 ) .  F u r t h e r  lo w e r in g  

o f  t h e  i o n i o  s t r e n g t h  o f  t h e  medium, r e s u l t s  i n  l y s i s  o f  t h e  c e l l s .

The t r a n s f o r m a t i o n  an d  l y s i s  i s  to o  r a p i d  t o  be c a u s e d  by enzym ic 

a c t i o n  on t h e  c e l l  e n v e lo p e  (K ushne r  & û n i s h i ,  1966 ; Mohr & L a r s e n ,

1963 ; O n is h i  & K u sh n e r ,  I 9 6 6 ) .  D u r in g  t h e  m o r p h o lo g ic a l  t r a n s f o r m a t i o n  

t h e  p r o t e i n a c e o u s  c e l l  w a l l  d i s s o c i a t e s  a s  t h e  c o n c e n t r a t i o n  o f  NaCl 

i s  lo w e re d  ( K u sh n e r  & O n i s h i ,  I 9 6 6 ; K ushner  e t  a l . , 1 964 ; O n i s h i  Sc 

K u s h n e r ,  I 9 6 6 ; S t e e n s l a n d  & L a r s e n ,  1969; S t o e c k e n i u s  Sc Rowen, 1967).  

F u r t h e r  l o w e r i n g  o f  t h e  s a l i n i t y  r e s u l t s  i n  l y s i s  o f  t h e  s p h e r i c a l  c e l l s ,  

w i t h  t h e  f o r m a t i o n  o f  s m a l l  membranous s h e e t s  ( S t e e n s l a n d  & L a r s e n ,

1 9 6 9 ; S t o e c k e n i u s  & K unau, 1968; S to e c k e n iu s  & Rowen, 1 9 6 7 ) ,  w h ich  w i l l  

r e a s s o c i a t e  i n t o  v e s i c l e s  when KOI o r  NaCl i s  ad d ed  t o  t h e  s u s p e n d in g  

s o l u t i o n  ( O n is h i  & K u s h n e r ,  I 9 6 6 ) . The c e l l  w a l l  i s  most e f f e c t i v e l y  

p r e v e n t e d  from  d i s t i n t e g r a t i n g  by  N aCl, w h i le  t h e  c e l l  membrane can  be 

m a i n t a i n e d  i n  much lo w e r  c o n c e n t r a t i o n s  o f  KCl, NH^Gl, L iC l ,  MgCl^, o r  

CaOlg (K u sh n e r  Sc O n i s h i ,  I 9 6 6 ; K ushner  e t  a l . , 1964; Mohr & L a r s e n ,

1 9 6 3 ; S t o e c k e n i u s  & Rowen, 1 9 6 7 ) .  T h u s ,  t h e  o u t e r  most l a y e r  o f  t h e  

c e l l  shows a  h i g h  d e g r e e  o f  s p e c i f i c i t y  f o  N aCl, t h e  m a jo r  i o n s
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p r e s e n t  i n  t h e  e x t e r n a l  e n v i ro n m e n t ,  w h i le  many o f  t h e  c y to p la s m ic  

enzymes and  r ib o s o m e s  h ave  a  g r e a t e r  s p e c i f i c i t y  f o r  KCl, t h e  m a jo r  

i o n  p r e s e n t  i n  t h e  c y to p la s m .

I n  t h e  genus H a lo b a c te r iu m  t h e  c e l l  w a l l  h a s  b een  e x t e n s i v e l y  

s t u d i e d  by sodium d o d e c y l s u l p h a t e  (SDS) p o ly a c r y la m id e  g e l  

e l e c t r o p h o r e s i s ,  l a r g e l y  i n  H , s a l i n a r i u m  (M escher & S t r o m in g e r ,  1976a; 

1976b ;  1 9 7 8 ; M escher e t  a l . , 1 9 7 4 ) .  15 t o  20 p r o t e i n s  h ave  b een

d e t e c t e d  by  C oom assie  B r i l l i a n t  B lu e  s t a i n ,  most h a v in g  a  m o le c u la r  

w e ig h t  o f  130 ,000  d a l t o n s  o r  l e s s .  A s i n g l e  c a r b o h y d r a t e  p o s i t i v e  

p r o t e i n  b and  was a l s o  d e t e c t e d ,  w i th  a  m o lecu la r  w e ig h t  o f  a p p r o x im a te ly

200 ,000  d a l t o n s .  T h i s  g l y c o p r o t e i n  a c c o u n t s  f o r  4 0 -5 0 ^  o f  t h e  t o t a l  

e n v e lo p e  p r o t e i n .  The c a r b o h y d r a t e  f r a c t i o n  o f  t h e  g l y c o p r o t e i n  

am ounts t o  1 0 -2 0 ^ ,  an d  a c c o u n ts  f o r  t h e  t o t a l  a m in o -su g a r  and  non

l i p i d  h e x o se  found  i n  t h e  c e l l  e n v e lo p e .  T r y p t i c  d i g e s t i o n  o f  t h e  

g l y c o p r o t e i n  r e l e a s e s  two g l y c o p e p t i d e s ,  t h e  l a r g e r  o f  w hich  

c o n t a i n s  g a l a c t o s e ,  u r o n i c  a c i d ,  d i -  and t r i s a c c h a r i d e s  o f  g lu c o s e ,  

bound by 0 - g l y c o s i d i c  bonds  t o  t h e  h y d ro x y l  g ro u p s  o f  t h r e o n i n e  

r e s i d u e s .  A l o n g - c h a i n  amino s u g a r  i s  found i n  t h e  s m a l l e r  p e p t i d e  

bound t o  t h e  amide g ro u p  o f  a s p a r a g i n e  v i a  a  N -g lu c o s y la m in e  bond . 

S i m i l a r i t i e s  t o  e u k a r y o t i c  g l y c o p r o t e i n s  h av e  b e e n  r e c o g n i s e d  i n  t h e  

n a t u r e ,  s i z e ,  and c o m p o s i t io n  o f  t h e  c a r b o h y d r a t e s  u n i t s ,  t h e i r  

l o c a l i s a t i o n  t o  l i m i t e d  r e g i o n s  o f  t h e  p r o t e i n ,  and t h e  n a t u r e  o f  

t h e  p r o t e i n - c a r b o h y d r a t e  l i n k a g e s .  E v id e n c e  f o r  t h e  s t r u c t u r a l  

r o l e  o f  t h i s  g l y c o p r o t e i n  i s  d i s c u s s e d  by M escher and S t ro m in g e r  

( 1976b ;  1978 ) .  Growth i n  a  p r o t e a s e  c o n t a i n i n g  medium r e s u l t s  i n  

rem o v a l o f  t h e  g l y c o p r o t e i n  and a  c o n c o m ita n t  fo rm a t io n !  o f  s p h e r i c a l  

c e l l s .  The v i a b i l i t y  o f  t h e  c e l l s  i s  n o t  a f f e c t e d  and t h e  s p h e r i c a l  

fo rm s r e g a i n  t h e i r  r o d - s h a p e d  m orphology  a s  t h e  g l y c o p r o t e i n  

r e a p p e a r s ,  when t r a n s f e r e d  t o  a  p r o t e a s e  f r e e  medium. Growth i n  t h e  

p r e s e n c e  o f  b a c i t r a c i n ,  w hich  i n h i b i t s  g l y c o p r o t e i n  g l y c o s y l a t i o n .
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a l s o  b r i n g s  a b o u t  t h e  change  o f  r o d s  t o  s p h e r e s .  O th e r  s e l e c t i v e  

i n h i b i t o r s  have  b e e n  u s e d ,  and t h e  r e s u l t s  c o n f i rm  t h a t  i t  i s  th e  

g l y c o p r o t e i n  w hich d e t e r m in e s  t h e  c e l l ' s  m orphology  and r i g i d i t y ,

A g l y c o p r o t e i n  h a s  a l s o  b een  fo u n d  i n  H .h a lo b iu m  and H .c u t i r u b r u m  

(K o n cew icz ,  1972; M esch e r ,  p e r s o n a l  c o m m u n ic a t io n ) .

The c e l l  w a l l  o f  H a lo c o c c u s  m orrhuae  i s  q u i t e  d i f f e r e n t  and 

r e a d i l y  a p p a r e n t  i n  e l e c t r o n  m ic ro g ra p h s  (K ocur e t  a l . , 1972 ;

Brown & Cho, 1970; S t e e n s l a n d  & L a r s e n ,  1971)* M urein  w as, 

ho w ev er ,  shown t o  b e  a b s e n t ,  d e s p i t e  s i m i l a r i t i e s  be tw een  t h e  f i n e  

s t r u c t u r e  o f  t h e  c e l l  w a l l s  o f  t h e  m i c r o c o c c i  and H a lo c o c c u s  

m o rrh u ae  (Brown & Cho, 1970; K ocur e t  a l . , 1972; R e i s t a d ,  1970; 

S te e n s le m d  & L a r s e n ,  1 9 7 1 ) .  The t r e a t m e n t  o f  t h e  c e l l  e n v e lo p e  w i th  

t r y p s i n  rem oves  t h e  p r o t e i n s ,  w h ich  a c c o u n t  f o r  2$  o f  t h e  d ry  e n v e lo p e  

w e ig h t ,  w i th o u t  a f f e c t i n g  t h e  r i g i d i t y  o f  t h e  c e l l  w a l l  ( S t e b e r  & 

S c h l e i f e r ,  1 9 7 5 ) .  The m a jo r  com ponents  o f  t h e  c e l l  w a l l  a r e  known 

t o  be  c a r b o h y d r a t e s ,  w h ich  r e p r e s e n t  ab o u t  60^ o f  t h e  d ry  c e l l  w a l l  

(Brovm & Cho, 1970; R e i s t a d ,  1972; 1974? 1975? 1977? S t e b e r  &

S c h l e i f e r ,  1 9 7 5 ) .  The c a r b o h y d r a t e s  a r e  a p p a r e n t l y  p r e s e n t  i n  t h e  

form  o f  a  s u l p h a t e d  h e t e r o p o l y s a c c h a r i d e ,  w hich  f u n c t i o n a l l y  r e p l a c e s  

m u re in ,  an d  h a s  a  s i m i l a r  f u n c t i o n  t o  t h a t  o f  t h e  g l y c o p r o t e i n  

fo u n d  i n  t h e  h a l o b a c t e r i a .  The s t r u c t u r e  o f  t h e  h e t e r o p o l y s a c c h a r i d e  

i s  n o t  known, b u t  s i m i l a r i t i e s  t o  c h o n d r o i t i m  s u l p h a t e  and e u k a r y o t i c  

m a r in e  a l g a l  p o l y s a c c h a r a i d e s  a r e  s u g g e s te d  ( S t e b e r  & S c h l e i f e r ,  1975)

A more r e c e n t  s tu d y  o f  t h e  c e l l  w a l l  o f  He. m orrhuae  ( S t e b e r  &

S c h l e i f e r ,  1979) s u g g e s t s  t h a t  t h e  m a jo r  s t r u c t u r a l  component o f  t h e  

c e l l  w a l l  may be  e i t h e r  a  h e t e r o p o l y s a c c h a r i d e ,  o r  a  n o v e l  p e p t i d o g l y c a n .

The a b s e n c e  o f  m u re in  i n  t h e  c e l l  w a l l  h a s  b een  r e g a r d e d  a s  an  

a d a p t a t i o n :  t o  l i f e  i n  ex trem e  e n v i ro n m e n ts ,  i n  p a r t i c u l a r  h ig h  

s a l i n i t y  (D undas,  1977? K u sh n e r ,  1968; L a r s e n ,  1 9 6 7 ) .  N o v i ts k y  and 

K u sh n e r  (1976 )  have  shown t h a t  t h e  c h e m ic a l  c o m p o s i t io n  o f  t h e
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p e p t id o g ly c a n  i n  P la n o c o c c u s  h a l o p h i l u s  was a l t e r e d  hy c h an g e s  i n  t h e  

s a l i n i t y  o f  t h e  medium, W eiss (1974) h a s  p o s t u l a t e d  t h a t  m u re in  i s  

u n s t a b l e  i n  an a c i d i c  e n v iro n m en t  a t  h ig h  t e m p e r a t u r e ,  w h ich  may 

a c c o u n t  f o r  t h e  a b s e n c e  o f  muramic a c i d  i n  S u l f o lo b u s  a c i d o c a l d a r i u s . 

However, H a n d le r  and  H ippe (1977)  have  attributed t h e , l a c k  o f  m ure in  

i n  M e th a n o s a rc in a  b a r k e r i i  n o t  t o  t h e  e n v i ro n m e n t ,  b u t  t o  i t s  

p o s s i b l e  s e p a r a t e  e v o l u t u i o n a r y  o r i g i n ,  and in d e e d  a  n o v e l  v iew  o f  t h e  

H a l o b a c t e r i a c e a e  h a s  a r i s e n  from  t h e  co m p a r iso n  o f  t h i s  f a m i l y  w i th  

a  g ro u p  o f  n o n - h a l o p h i l i c  o rg a n is m s ,  w hich  i n c l u d e  t h e  e x t r e m e ly  

f a s t i d i o u s  a n a e r o b ic  m e th a n o g e n ic  b a c t e r i a ,  and c e r t a i n  t h e r m o p h i l i c  

a c i d o p h i l i c  b a c t e r i a .  A s tu d y  o f  t h e  b a s e  s e q u e n c e  ( o l i g o n u c l e o t i d e  

c a t a l o g u e  o r  p a t t e r n )  o f  t h e  16S r ib o s o m a l  RNA (rRNA) o f %t h e  

m e th a n o g e n ic  b a c t e r i a  i n d i c a t e d  t h a t  i t  was d i f f e r e n t  t o  t h e  16S 

rRNAs o f  a  v a r i e t y  o f  o t h e r  p r o k a r y o t e s ,  i n c l u d i n g  c y a n o b a c t e r i a ,  

and d i f f e r e n t  t o  t h e  l8S  rRNA o f  e u k a r y o t i c  c e l l s  (Pox e t  a l . , 1 9 7 7 ) .  

S i m i l a r i t i e s  t o  t h e  o t h e r  p r o k a r y o t e s  w ere no g r e a t e r  t h a n  t h e  

s i m i l a r i t i e s  b e tw een  t h e s e  p r o k a r y o t e s  and e u k a r y o t e s ,  i n d i c a t i n g  

t h a t  t h e  m e th an o g en ic  b a c t e r i a  c o n s t i t u t e d  a  s e p a r a t e  and d i s t i n c t  

e v o l u t i o n a r y  l i n e .  T hus ,  t h e  p r o k a r y o t e s  w ere d i v i d e d  i n t o  two g ro u p s ,  

t h e  e u b a c t e r i a  and t h e  a r c h a e b a c t e r i a  (B a lc h  e t  a l . , 1977? Woese &

Pox, 1 9 7 7 ) .  I t  was s u g g e s te d  t h a t  t h e  a r c h a e b a c t e r i a  had  p r o p e r t i e s  

w hich  may have  b een  s u i t e d  t o  t h e  A rchaean  e c o lo g y .  L a t e r ,  

t h e r m o a c i d o p h i l e s  o f  t h e  g e n e r a  S u l f o lo b u s  and Therm oplasm a w ere a l s o  

shown t o  b e lo n g  t o  t h e  a r c h a e b a c t e r i a  (Woese e t  a l . , 1 9 7 8 ) .  Hagrura 

e t  a l .  ( 1978 ) a l s o  fo u n d  t h a t  t h e  ex tre m e  h a l o p h i l e s  o f  t h e  g e n e r a  

H a lo b a c te r iu m  and H a lo c o c c u s  showed s i m i l a r i t i e s  t o  t h e  m e th an o g en ic  

b a c t e r i a  an d ,  t h e r e f o r e ,  a l s o  p l a c e d  them i n  t h e  a r c h a e b a c t e r i a ,  A 

c o r e l a t i o n  be tw een  16S rRNA b a s e  c o m p o s i t io n  and  t h e  c e l l  e n v e lo p e  

s t r u c t u r e  was a l s o  n o t i c e d ,  i n  t h a t  a r c h a e b a c t e r i a  d i d  n o t  have  

muramic a c i d  and ,  t h e r e f o r e ,  t h e  p e p t i d o g l y c a n ,  m u re in ,  was a l s o
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a b s e n t  (Woese e t  a l . , 1 9 7 8 ) .  The l i p i d s  o f  t h i s  g ro u p  w ere  a l s o  

u n u s u a l  i n  t h a t  t h e y  w ere  b r a n c h e d  c h a in  i s o p r e n o i d s ,  and  t h e  main 

p o l a r  l i p i d s  w ere d e r i v a t i v e s  o f  i s o p r a n y l  s i d e  c h a i n s  l i n k e d  t o  

g l y c e r o l  i n  t h e  o r  s n - 2 , 3 -  c o n f i g u r a t i o n  v i a  e t h e r  bonds

(De R o sa  e t  a l . , 1974b; K a te s ,  1978; T o rn ab en e  & L angw orthy , 1 9 7 9 ) .

The e v id e n c e  w hich  h a s  b een  p r e s e n t e d  i n d i c a t e s  t h a t  t h e  a r c h a e b a c t e r i a  

show some p r o p e r t i e s  t y p i c a l  o f  e u k a r y o t e s ,  b u t  t h e y  a l s o  have  

t y p i c a l  e u b a c t e r i a  f e a t u r e s  (Woese e t  a l . , 1 9 7 8 ) .  W hether t h e s e  

o rg a n is m s  a r o s e  from  an  e v o l u t i o n a r y  l i n e  s e p a r a t e  from  t h e  r e s t  o f  

t h e  p r o k a r y o t e s  ( e u b a c t e r i a )  and  t h e  e u k a r y o t e s  r e m a in s  t o  be  

a n s w e re d ,  and  t h e  i n t e r p r e t a t i o n  o f  t h e  e v id e n c e  r e q u i r e s  c a u t io n ^

I n  v ie w  o f  t h e s e  r e c e n t  f i n d i n g s  i t  i s  now n e c e s s a r y  t o  r e v ie w  

t h e  i n t e r p r e t a t i o n  o f  t h e  h a l o p h i l i c  mode o f  l i f e  o f  t h e  

H a lo b a c t  e r i a c e a e . I n  t h e  a r c h a e b a c t e r i a  a t  l e a s t  t h r e e  t y p e s  o f  

c e l l  w a l l  h ave  b een  d e s c r i b e d ,  a l l  l a c k i n g  muramic a c i d .  I n  Gram- 

p o s i t i v e  m e th a n o g e n ic  b a c t e r i a  two c e l l  w a l l  t y p e s  h av e  b een  d e s c r i b e d ,  

one c o n s i s t i n g  o f  a  n o v e l  p e p t i d o g l y c a n ,  w h ich  h a s  b e e n  named 

p seu d o ra u re in  ( h a n d l e r  & K on ig ,  1978; h a n d l e r ,  1979; K on ig  & h a n d l e r ,  

1979a ;  1979b ) ,  and t h e  o t h e r  i s  a  h e t e r o p o l y s a c c h a r i d e ,  w hich  

a l t h o u g h  n o t  s u l p h a t e d  r e s e m b le s  t h e  po lym er found  i n  H e .m orrhuae  

i n  c h e m ic a l  c o m p o s i t io n  and  i t s  a p p e a ra n c e  i n  e l e c t f o n  m ic ro g ra p h s  

( h a n d l e r  & H ip p e ,  1977; Z h i l i n a ,  1971; Z h i l i n a  & Z a v a r z in ,  1 9 7 9 ) .

The G ra m -n e g a t iv e  m e th an o g en ic  b a c t e r i a  h av e  l a r g e l y  p r o t e i n a c e o u s  

c e l l  w a l l s  ( J o n e s  J  e t  a l . , 1977; h a n d l e r  & K o n ig ,  1 9 7 8 ) ,  o f  w hich  

t h r e e  t y p e s  a r e  r e c o g n i s e d  (B a lc h  e t  a l . , 1979)> and t h a t  ty p e  

fou n d  i n  t h e  g e n e r a  M ethanogenium and M ethanecoccus  may r e s e m b le  

t h e  l a r g e l y  g l y c o p r o t e i n  c e l l  w a l l  o f  H . s a l i n a r i u m  ( J o n e s  J  e t  a l . ,

1977; R om esser  e t  a l . , 1 9 7 9 ) .  T hus ,  i t  seems t h a t  t h e  l a c k  o f  

m u re in  i s  due t o  t h e  e v o l u t i o n a r y  o r i g i n s  o f  t h e  H a lo b a c t  e r i a c e a e , 

and n o t  t o  t h e  h ig h  s a l i n i t y  o f  t h e i r  n a t u r a l  h a b i t a t .
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The l i p i d  c o m p o s i t io n :  o f  members o f  t h e  H a l o b a c t e r i a c e a e  h a s  

b een  shown t o  be  c h a r a c t e r i s t i c  o f  t h e  f a m i ly  (K a te s  e t  a l . , 1966; 

M u lla k h a n b h a i  & F r a n c i s ,  1 9 7 2 ) .  The p re d o m in a n t  l i p i d s  a r e  

p h o s p h o l i p i d s ,  b u t  t h e y  a r e  n o t  d i a c y l g l y c e r o l  d e r i v a t i v e s ,  and 

t h e r e  a r e  no m a jo r  l ip o a m in o  a c i d s .  The p h o s p h o l ip i d s  a r e  p r o b a b ly  

e n t i r e l y  a s s o c i a t e d  w i th  t h e  c e l l  membrane ( K a te s ,  1972a ; K ushner  

e t  a l . , 1 964 ) .  A c id  m e th a n o ly s i s  o f  t h e  p h o s p h o l ip i d s  o f  members o f  

t h e  H a l o b a c t e r i a c e a e  d o es  n o t  r e l e a s e  m a jo r  am ounts o f  f a t t y  a c i d s ,  

and t h e  m a jo r  com ponent i s  2 , 3 - d i - O - p h y t a n y l - s n - g l y c e r o l  ( K a te s  e t  a l . , 

196 3 ; 1965a ;  1965b ) .  The c o n f i g u r a t i o n  o f  t h e  g l y c e r o l  r e s i d u e  i s  

o p p o s i t e  t o  t h a t  o f  t h e  d i a c y l  a n a lo g u e s  ( f i g u r e  I 5 ) ,  t h e y  a r e  m i r r o r  

im ages  ( K a te s ,  1978; K a te s  & Kushwaha, 1 9 7 8 ) .  The s i d e  c h a i n s  o f  

t h e s e  d i e t h e r  l i p i d s  i s  a  d i h y d r o p h y t o l ,  3H, 7H »I IH »15- t e t r a m e t h y l -  

h e x a d e c y l  o r  p h y ta n y l  ( K a te s ,  1972a ; 1978; K a te s  & Kushwaha, I 9 78 ) ,  

and i s  s t r u c t u r a l l y  r e l a t e d  t o  t h e  e s t e r i f y i n g  a l c o h o l  o f  some 

c h l o r o p h y l l s , ,  p h y t o l  (G lo e  e t  a l . , 1975; K a te s ,  1 9 7 2 b ) .

The p h o s p h o l i p i d s  found  i n  members o f  t h e  H a lo b a c t  e r i a c e a e  a r e  

d i e t h e r  a n a lo g u e s  ( f i g u r e  16) o f  p h o s p h a t i d y l  g l y c e r o l  ( P G ) ,  

p h o s p h a t i d y l  g ly c e r o p h o s p h a te  ( P G P ) ,  p h o s p h a t i d y l  g l y c e r o s u l p h a t e  

(P G S )  ( K a t e s ,  1972a ; 1978; K a te s  & Kushwaha, 1978; K a te s  e t  a l . ,

1966 ; H ancock & K a t e s ,  1 9 7 3 ) .  M onophytanyl e t h e r s ,  a  d i e t h e r  

g l y c o l i p i d  s u l p h a t e  (GLS), and a  t r i g l y c o s y l  d i e t h e r  ( f i g u r e  16) 

have  a l s o  b e e n  i d e n t i f i e d  (K a te s  & D eroo , 1973; K a te s  & H ancock,

1 976 ; Kushwaha e t  a l . , 1975a; 1 9 7 6 ) ,  a l th o u g h ;  t h e r e  a r e  s t i l l  a  

number o f  u n i d e n t i f i e d  m inor l i p i d s  (K a te s ,  1 9 7 8 ) .  The h a l o c o c c i  may 

b e  d i s t i n g u i s h e d  from  t h e  h a l o b a c t e r i a  by t h e  a b s e n c e  o f  p h o s p h a t i d y l  

g l y c e r o s u l p h a t e  and  t h e  p r e s e n c e  o f  a  n o v e l ,  u n i d e n t i f i e d  

p h o s p h o l i p i d  ( K a te s ,  1978; K a te s  e t  a l . , 1 9 6 6 ) .

O r i g i n a l l y  i t  was p o s t u l a t e d  t h a t  t h e  p o s s e s s i o n  o f  d i e t h e r  

l i p i d s  was an a d a p t a t i o n  t o  t h e  s a l i n e  e n v iro n m en t  (D undas, 1977;
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P l g u r e  1 5 .  S t r u c t u r a l  r e l a t i o n s h i p  o f  p r o k a r y o te  e s t e r  and

e t h e r  l i p i d s .

GH^OH

H-G-O-R^

1%-G-O-Rg

a .  E t h e r  l i p i d :  and  R^ may be  i d e n t i c a l  i s o p r a n y l  s i d e  g ro u p s ,

h u t  R^ may a l s o  he  H.

^ -C -O - R ^0

H-C-0-R*° 
CHgOH

h .  E s t e r  l i p i d :  R^ a n d  R^ a r e  f a t t y  a c i d s ,  h u t  R^ o r  R^ may he H,
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Figure 16. Structure of the major ether linked l ip id s  in  members

o f  t h e  H a lo b a c te r ig . c e a e .

1 . d i e t h e r  d e r i v a t i v e  o f  p h o s p h a t i d y l  g ly c e r o p h o s p h a te

0
II

C H _ - 0 - P - 0 - C H _
I 2 1 I 2

R -O -C H  OH CH-OH- 0
I I

R -O -C H g  C H g -O -P -O H ,

OH

2 ,  d i e t h e r  d e r i v a t i v e  o f  p h o s p h a t i d y l  g l y c e r o l

0
C H _ - 0 - P - 0 - C H _I 2 I I 2

a - O - C E  OH CH-O H

GHg-OHR -O -G H ^

3 , '  d i e t h e r  d e r i v a t i v e  o f  p h o s p h a t i d y l  g l y c e r o s u l p h a t e

0
II

G R _ - 0 - P - 0 - G H _
I 2 I I 2

R - O - G E  OH G H -OH 0
I I II

R -0 - G H _  G H .- O - S - O H2 2 II
0

4c m onoe ther  d e r i v a t i v e  o f  l y s o p h o s p h a t i c  a c i d

0

G H ^ -O -P -O H
I ' 

HO-GH;
I

R -O -C H ,

OH

5 .  m onoe ther  d e r i v a t i v e  o f  l y s o p h o s p h a t i d y l  g l y c e r o l

G H - - 0 - P - 0 - G H , ,
I 2 I I 2

HO-GH
I

R -O -G H ,

OH G H -O H  

G H g -O H

6 .  d i e t h e r  d e r i v a t i v e  o f  g l y c o l i p i d  s u l p h a t e

GHgOH

OH J  0 ^

r - 0  GH CHgOH

0 .  H

^0-GH,GH2

R -O -G H
I

R -O -G H g
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K u sh n e r ,  1968; L a r s e n ,  1 9 6 7 ) .  I t  i s  known t h a t  t h e  s a l i n i t y  o f  t h e  

g ro w th  medium can  i n f l u e n c e  t h e  r e l a t i v e  c o m p o s i t io n  o f  t h e  

p h o s p h o l i p i d s  and f a t t y  a c i d s  i n  some h a l o t o l e r a n t  o r  m o d e ra te ly  

h a l o p h i l i c  b a c t e r i a  (H ira m a ts u  e t  a l , , 1 9 7 8 ) ,  and  t h e  h a l o b a c t e r i a  

a r e  a l s o  a b l e  t o  s y n t h e s i s e  f a t t y  a c i d s  v i a  a  m alonyl-CoA s y s te m ,  

w hich  i s  s t r o n g l y  i n h i b i t e d  a t  h ig h  s a l i n i t y  (K a te s  & Kushwaha,

1 978 ; Pugh e t  a l . , 1971 ) .  However, co m p a r iso n  w i th  o t h e r  

a r c h a e b a c t e r i a ,  s u c h  a s  t h e  m e th a n o g e n ic  o r  t h e r m o a c i d o p h i l i c  b a c t e r i a  

i n d i c a t e s  t h a t  e t h e r  l i p i d s  a r e  n o t  p r i m a r i l y  s y n t h e s i s e d  i n  t h e  

s a l i n e  e n v i ro n m e n t ,  and a r e  a l s o  p r e s e n t  i n  e u k a r y o t i c  c e l l s  ( S n y d e r ,  

197 0 ; 1 9 7 2 ; Woese e t  a l . , 1 9 7 8 ) .  T ra c e s  o f  f a t t y  a c i d s  h a v e  a l s o  

b e e n  d e t e c t e d  i n  some o f  t h e  m e th an o g en ic  b a c t e r i a  (T o rn ab e n e  e t  a l . ,

1978 ) .  I n  t h e  m e th an o g en ic  b a c t e r i a  t h e  p o l a r  l i p i d s  a r e  d e r i v e d  

from  a  d ip h y ts in y l  g l y c e r o l  d i e t h e r  ( f i g u r e s  1 7 , 1 8 ) ,  s i m i l a r  t o  t h a t  

fo u n d  i n  members o f  t h e  H a l o b a c t e r i a c e a e  (T o rn ab e n e  & L angw orthy ,

1979; T o rn a b e n e  e t  a l . , 1 9 7 8 ) ,  and i p  m ost c a s e s  a l s o  from; a  

d i b i p h y t a n y l  g l y c e r o l  t e t r a e t h e r  ( f i g u r e s  1 7 , I 8 ) ,  a s  a r e  some o f  

t h e  p o l a r  l i p i d s  o f  t h e  t h e r m o a c i d o p h i l i c  b a c t e r i a  (De R osa  e t  a l « , 

1974a ; 1974b ;  1977a; 1977b; L angw orthy , 1977a ; 1977b; Langw orthy  

e t  a l . , 1 9 7 2 ; 1974 ) .  I d e n t i f i c a t i o n  o f  t h e  l i p i d s  o f  t h e  g e n e r a  

Therm oplasm a and S u l f o l o b u s , i n c l u d i n g  F e r r o 1obus" ( B r i e r l e y  &

B r i e r l e y ,  1 9 7 3 ) ,  and t h e  " C a l d a r i e l l a " MT: s t r a i n s  (De R osa  e t  a l , ,1 9 7 5 )

F o o t n o t e :

A r e c e n t  s tu d y  o f  t h e  DNA-dependant RNA p o ly m e ra se  of. t h e  

t h e r m o a c i d o p h i l e s  ( Z i l l i g  e t  a l . , I 98O) h a s  s u g g e s te d  t h a t  t h e s e  

o rg a n is m s  c o n s t i t u t e  s e p a r a t e  g e n e r a ,  Therm onlasm a and S u l f o l o b u s ,

F e r r o 1obus  i s  a s s i g n e d  t o  a  new s p e c i e s ,  S u l f o lo b u s  b r i e r l e y i , and  

t h e  C a l d i e r e l l a  MT s t r a i n s  t o  a  seco n d  s p e c i e s ,  S u l f o lo b u s  

s u l f a t a r i c u s , t h e  s p e c i e s  S u l f o l o b u s  a c i d o c a l d a r i u s  b e i n g  r e t a i n e d .
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Figure. 17. The generalised structure of ether lipids from
archaebacteria.

The major ether lipids found in the archaebacteria are 
glycerol mono-, di-, and tetraethers (Kates & Hancock, 1976; 
Kates, 1978; Langworthy, 1977a; 1977b; De Rosa et al., 1977a; 
1977b; Balch et al., 1979; Tornabene & Langworthy, 1979). It 
is not known if the isopranyl side groups in ether type c. 
are linked to nonitol via ether linkages. The two isopranyl 
side groups in the di- and tetraethers, represented by the 
R, are identical in any one molecule.



a .  G ly c e r o l  d i e t h e r  fo u n d  i n  t h e  e x t re m e ly  h a l o p h i l i c  and  

m e th an o g en ic  members o f  t h e  a r c h a e b a c t e r i a .

CĤ OIE
H rC -O -R

I
C-O'-R

ü». G ly c e r o l  t e t r a e t h e r  fo u n d  in i  t h e  m e th an o g en ic  a n d  

t h e r m o a c i d o p h i l i c  members o f  t h e  a r c h a e b a c t e r i a .

CHgOHi

H P C ;-0 -R -0 ;-C :-H ’
I I 2

H ^ - C - O - R - O - C - H

c .  G ly c e r o l  t e t r a e t h e r  fo u n d  i n  t h e  t h e r m o a c i d o p h i l i c  members 

o f  t h e  a r c h a e b a c t e r i a .

CH^OaI 2
E -C ;-0 -R ^  . .  _I ^ n o n i t o l

K ^-C;-0-R^
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Figure 18. Structure of the isopranyl side chains of the
archaebacterial lipids.

The isopranyl side chains found in the archaebacteria are 
derivatives of the phytanyl, or the biphytanyl,
molecules (De Rosa et al., 1977a; 1977b; Kates, 1978; Langworthy, 
1977a; 1977b; Tornabene & Langworthy, 1979). The cyclicised 
fofms of the biphytanyl chains are prevalent in some 
thermoacidophiles, the degree of cyclisation of the molecule 
increasing with temperature.



a. 3R,7R,llR,15-tetramethylhexadecyl (phytanyl) side chain
o f  the glycerol diether (figure 17a) found in the extremely 
halophilic and methanogenic members of the archaebacteria.

b . w ,w '-biphytanyl side chain of the glycerol tetraether 
(figure 17b,c) found in the methanogenic and 
thermoacidophilic members of the archaebacteria.

c. mono-cyclic w , w *-biphytanyl side chain of the glycerol 
tetraether (figure 17b,c) found in the thermoacidophilic 
members of the archaebacteria.

d. bi-cyclic w , w ’-biphytanyl side chain of the glycerol
tetraether (figure 17b,c) found in the thermoacidophilic 
members of the archaebacteria.

e. tri-cyclic w , w '-biphytanyl side chain of the glycerol 
tetraether (figure 17b,c) found in the thermoacidophilic 
members of the archaebacteria.

f. tetra-cyclic w ,w '-biphytanyl side chain of the glycerol 
tetraether (figure 17b,c) found in the thermoacidophilic 
members of the archaebacteria.
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i n d i c a t e s  t h a t ,  a l t h o u g h  t h e  m a jo r  p o l a r  l i p i d s  a r e  t e t r a e t h e r s ,  

t h e r e  a r e  some d i f f e r e n c e s  b e tw een  t h e  two w hich  may he genus  

s p e c i f i c  (De R osa e t  a l . , 1977a; 1977"b; L angw orthy , 1977h;

Langw orthy e t  a l . , 1972; 1 9 7 4 ) .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  

t h e  p a r t i c u l a r  g l y c e r o l  d i e t h e r  l i p i d s  fo u n d  i n  members o f  t h e  

H a l o b a c t e r i a c e a e  a r e  c h a r a c t e r i s t i c  o f  t h e  family/»

The n e u t r a l  l i p i d s  fo u n d  i n  members o f  t h e  H a lo b a c t e r i a c e a e  

a r e  m a in ly  u n s a t u r a t e d ,  b r a n c h e d  i s o p r e n o i d s *  The m ajo r  com ponents  

a r e  s q u a le n e s  and  b a c t e r i o r u b e r i n s  ( K e l ly  e t  a l » , 197P;

Kushwaha e t  a l . , 1974; T o rnabene  e t  a l . , 1 9 6 9 ) ,  and  b o th  h av e  been  

r e l a t e d  t o  a d .a p ta t io n i  t o  t h e  s a l i n e  en v iro n m en t (B ay ley  & M orton^ 

19T8; L a r s e n ,  196.7). B a c t e r i o r u b e r i n s  a r e  known t o  have  a  p r o t e c t i v e  

f u n c t i o n ,  s h i e l d i n g - t h e  c e l l s  from  harraf\ii; . e f f e c t s  o f  l i g h t  and 

a s s o c i a t e d  p h o to o x i d a t i o n  (H escox & C a r l b e r g ,  1972; K r in s k y ,  1 9 7 7 ) .  

T h i s  i s  e v i d e n t  from  t h e  work o f  Dundas and  L a rs e n  (1 9 6 2 ) ,  who 

e x p e r im e n te d  w i th  a  c o l o u r l e s s  m u tan t o f  H . s a l i n a r i u m . U s in g  a  mixed 

c u l t u r e  o f  c o l o u r l e s s  and  p ig m e n te d  s t r a i n s ,  t h e y  found  t h a t  t h e  

c o l o u r l e s s  m u ta n t  m a in ta i n e d  i t s e l f  a t  a  c o n s t a n t  r a t i o  t o  t h e  r e d  

c o lo u re d  s t r a i n  i n  t h e  d a r k ,  b u t  when grown i n  t h e  l i g h t  t h e  

c o l o u r l e s s  s t r a i n  was l o s t .  A number o f  0’̂ ^  c a r o t e n o i d s  o t h e r  th a n  

t h e  b a c t e r i o r u b e r i n s  o c c u r  i n  members o f  t h e  H a l o b a c t e r i a c e a e
50 -------------------------------

(Kushwaha & K a te s ,  1973; Kushwaha e t  a l . , 1 9 7 2 ) ,  b u t  b e c a u s e  t h e  

c u l t u r a l  c o n d i t i o n s  a f f e c t  t h e  f o r m a t io n  o f  t h e  c a r o t e n o i d s  

(G ochnauer e t  a l , , 1972 ; Kushwaha & K a te s ,  1 979a ; 1 9 7 9 b ) , a n d  th e y  

a r e  fo u n d  i n  o t h e r  b a c t e r i a  (N o rg a rd  e t  a l . , 1970; Schm id t e t  a l . , 

1965 ; Weedon, 1971) t h e y  c a n n o t  be  r e g a r d e d  a s  c h a r a c t e r i s t i c  o f  t h e  

f a m i ly  H a l o b a c t e r i a c e a e .

The d i s c o v e r y  o f  s q u a le n e s  i n  members o f  t h e  H a l o b a c t e r i a c e a e  

(Kushwaha e t  a l . . 1972; T o rn ab en e  e t  a l . , 1969) h a s  l e d  t o  

s p e c u l a t i o n  a b o u t  t h e i r  f u n c t i o n ,  s i n c e  t h e y  a r e  a l s o  fo u n d  i n
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e u k a r y o t i c  c e l l s  and h av e  r e c e n t l y  a l s o  b e e n  fou n d  i n  t h e  genus

Therm oplasm a» and i n  t h e  m e th an o g en ic  b a c t e r i a  (T o rn ab en e  e t  a l . »

19785 1 979 )# Two p o s s i b l e  r o l e s  have  b e e n  d e s c r i b e d  f o r  t h e

s q u a l e n e ,  d i h y d r o s q u a l e n e ,  t e t r a h y d r o s q u a l e n e ,  and d e h y d ro s q u a le n e

found  i n  t h e  h a l o b a c t e r i a .  L anyi e t  a l .  ( l9 7 4 )  w o rk in g  w i th  e t h e r

l i p i d  v e s i c l e s  s u g g e s t e d  t h a t  s q u a l e n e s  h av e  a  s t r u c t u r a l  f u n c t i o n ,

2+and may be im p o r ta n t  i n  m e d ia t i n g  t h e  f o r m a t io n  o f  Mg " b r i d g e s "  

be tw een  t h e  l i p i d  c e l l  membrane and  t h e  c e l l  w a l l  p r o t e i n s  (B ay ley  

& H o r to n ,  1 9 7 8 ) .  T o rn ab e n e  e t  a l .  (1978) h a s  s p e c u l a t e d  t h a t  

s q u a le n e  was p ro d u c e d  i n  r e s p o n s e  t o  an  i n c r e a s i n g l y  a e r o b i c  

e n v i ro n m e n t ,  s i n c e  i t  h a s  b e e n  p ro p o s e d  t h a t  t h e  h a l o b a c t e r i a  and 

o t h e r  a r c h a e b a c t e r i a  e v o lv e d  i n  t h e  p r i m i t i v e  a n a e r o b ic  A rch aean  

a tm o s p h e re .  I n  t h e  a e r o b i c  genus  H a lo b a c te r iu m  s q u a le n e  o c c u r s  u n d e r  

a e r o b i c  c o n d i t i o n s ,  b u t  a s  t h e  oxygen t e n s i o n  i s  lo w e re d  t h e  r e l a t i v e  

p r o p o r t i o n s  o f  d i -  and t e t r a h y d r o s q u a l e n e  i n c r e a s e  (T o rn a b e n e ,  1 9 7 8 ) .  

I n  t h e  e x t re m e ly  f a s t i d i o u s  a n a e r o b ic  m e th an o g en ic  b a c t e r i a  a  much 

w id e r  r a n g e  o f  d e r i v a t i v e s  from, s q u a le n e  t o  d o d e c a h y d ro s q u a le n e  a r e  

known (T orn ab en e  e t  a l . , 1 9 7 8 ) .  The w id e r  r a n g e  o f  h y d ro g e n a te d  

s q u a le n e  d e r i v a t i v e s  seems t o  be  due t o  t h e  oxygen t e n s i o n ,  and B lo ch  

( 1976 ) p o i n t s  ou t t h a t  " o x y g e m is  o b l i g a t o r y  f o r  t h e  b i o l o g i c a l  

s y n t h e s i s  o f  t h e  s t e r o l  p a thw ay , and  any e v o l u t i o n  o f  t h e  s t e r o l  

pa thw ay  (u n d e r  a n o x ic  c o n d i t i o n s )  must h av e  ended  w i th  s q u a l e n e . "  

S q u a le n e s  a l s o  o c c u r  i n  t h e  M ic ro co c cu s  s t r a i n  ( N a t i o n a l  R esea rc h i  

C o u n c i l  o f  Canada, s t r a i n  1 4 0 3 3 ) ,  d e s c r i b e d  by  N o v i ts k y  an d  K ushner 

( 197 6 ) a s  P la n o c o c c u s  h a l o p h i l u s ,  w hich  d o es  n o t  a p p e a r  t o  be  an 

a r c h a e b a c t e r iu m ,  and  i n  o t h e r  b a c t e r i a  (Amdur e t  a l . , 1 9 7 8 ) .

O th e r  compounds o f  t h e  n e u t r a l  l i p i d  f r a c t i o n  i n c l u d e  th e  

i s o p r e n o i d s  g e r a n y l g e r a n i o l  (C ^ ^ ) , a l s o  fo u n d  a s  t h e  e s t e r i f y i n g  

a l c o h o l  i n  b a c t e r i o c h l o r o p h y l l  a^,^ (C lo e  e t  a l . , 1 9 7 5 ) ,  2 , 3 - d i - O -  

p h y ta n y l  g l y c e r o l  (C g ^ ) ,  r e t i n a l  (C ^ ^ ) ,  and m enaqu inone-8  (MK-8)
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(K ates, 1978).

L y s is  o f  h a l o b a c t e r i a  i n  m ed ia  o f  low s a l t  c o n c e n t r a t i o n  r e l e a s e s  

l a r g e  membranous s h e e t s  and a  4S com ponent, w h ich  i s  p r o b a b ly  composed 

o f  c e l l  w a l l  f r a g m e n ts  (K ushner  e t  a l . » 1964; S to e c k e n iu s  & Rowen, 

1967 ) .  The membranous f r a c t i o n  h a s  b een  e x t e n s i v e l y  s t u d i e d  i n  

H .h a lo b iu m  and H .c u t i r u b r u m  (Kushwaha e t  a l . , 1975a; 1976; S to e c k e n iu s  

& Kunau, 1968; S to e c k e n iu s  & Rowen, 1967; and  r e v ie w s  s e e  B ay ley  & 

M orton , 1978; H e n d e rso n ,  1977; S t o e c k e n i u s ,  1978a ; S to e c k e n iu s  e t  a l . . .

1979 ) .  At l e a s t  t h r e e  d i f f e r e n t  membrane t y p e s  a r e  p r e s e n t  i n  

t h e s e  s p e c i e s ,  t h e  * red  membrane' ,  t h e  ' p u r p l e  m em brane ',  and th e  

g a s  v e s i c l e  l i m i t i n g  membrane. The g as  v e s i c l e s ,  w hich  c o l l e c t i v e l y  

form  t h e  g a s  v a c u o le s  a r e  lemon sh ap ed  h o l lo w  r e g i o n s  o f  t h e  

c y to p la s m  c o n t a i n i n g  l a r g e l y  n i t r o g e n .  The l i m i t i n g  membrane, w hich  

i s  f r e e l y  p e rm e ab le  t o  g a s  i s  a  p r o t e i n a c e o u s  n o n - u n i t  membrane 

r e s e m b l in g  t h e  g a s  v a c u l o e s  o f  o t h e r  p r o k a r y o t i c  o rg a n ism s  (B la u ro c k  

& Woeber, 1976; C o h e n -B a z ire  e t  a l . , 1969; S to e c k e n iu s  & Kunau, I 9 6 8 ; 

S to e c k e n iu s  & Rowen, 19675 W alsby , 1974; 1 9 7 8 ) .

T h e  r e d  a n d  p u r p l e  m e m b ra n e s  a r e  p a r t  o f  t h e  c e l l  m e m b ra n e ,  a n d  

c a n  b e  s e p a r a t e d  b y  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  u s i n g  s u c r o s e  

( B e c h e r  & C a s s i m ,  1975; K u sh w a h a  e t  a l . , 1975&; S t o e c k e n i u s  & K u n a u ,  

1 9 6 8 ; O e s t e r h e l t  & S t o e c k e n i u s ,  1974)# I n  a n  i n i t i a l  s t u d y  o f  t h e  

m e m b ra n e s  o f  H . h a l o b i u m , S t o e c k e n i u s  a n d  Rowen ( 1967 ) s u g g e s t e d  t h a t  

t h e  p u r p l e  m em b ra n es  w e r e  p r o d u c e d  i n  o l d e r  c e l l s  b y  m o d i f i c a t i o n  

o f  t h e  r e d  m e m b ra n e s ,  a s  t h e y  d o u b t e d  t h a t  tw o  m e m b ra n e s ,  w h ic h  

d i f f e r  i n  f r a g m e n t  s i z e ,  c o u l d  c o e x i s t  i n  t h e  c e l l  m e m b ra n e .

S u b s e q u e n t l y ,  t h e  tw o  m e m b ra n e s  w e r e  f o u n d  t o  b e  p r e s e n t  i n  t h e  

c e l l  m em brane  a t  t h e  sam e  t i m e  u n d e r  c e r t a i n  c o n d i t i o n s  ( S t o e c k e n i u s  

& K u n a u ,  1 9 6 8 ) .  I t  i s  p o s s i b l e  t o  v i s u a l l y  d i s t i n g u i s h  t h e  tw o  

t y p e s  o f  m em brane  b y  e l e c t r o n  m i c r o s c o p y  ( H e n d e r s o n ,  1977; 1978; 

O e s t e r h e l t  & S t o e c k e n i u s ,  1 9 7 4 ) .  T h e  r e d  m em b ra n e  i s  t h e  u s u a l  m a j o r
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component o f  t h e  c e l l  membrane, t h e  p u r p l e  membrane o c c u r i n g  a s  

d i s c r e t e  p a t c h e s  i n  t h e  c e l l  membrane ( S t o e c k e n i u s ,  1976; 1978a; 

S to e c k e n iu s  e t  a l , , 1979)* The p u r p l e  membrane i s  s y n t h e s i s e d  u n d e r  

c o n d i t i o n s  o f  low oxygen  t e n s i o n ,  and h a s  an  a b s o r p t i o n  s p e c tru m  

u n l i k e  t h a t  o f  t h e  r e d  membrane (B e c h e r  & C ass im , 1975; Kushwaha 

e t  a l . , 1975e-; S t o e c k e n i u s ,  1978a ; S to e c k e n iu s  e t  a l . , 1979;

S to e c k e n iu s  & Kunau, 1 9 6 8 ) .  C om parison  o f  t h e  two membrane f r a c t i o n s  

shows t h a t  t h e  r e d  membrane c o n t a i n s  b a c t e r i o r u b e r i n s  and t h e  p u r p l e  

membrane c o n t a i n s  a  C^^ i s o p r e n o i d ,  w hich  a p p e a r s  t o  be i d e n t i c a l  

w i th  t h e  v e r t a b r a t e  i s o p r e n o i d ,  r e t i n a l ,  b u t  l i t t l e  o r  no 

b a c t e r i o r u b e r i n s  (Kushwaha e t  a l . , 1975a; 1976; O e s t e r h e l t  & 

S to e c k e n iu s ,  1971)* SDS p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  o f  t h e  

membranes a l s o  r e v e a l s  a  d i f f e r e n t  p r o t e i n  c o m p o s i t io n ,  t h e  p u r p l e  

membrane h a v in g  a  s i n g l e  p r o t e i n  o f  m o le c u la r  w e ig h t  2 5 ,0 0 0 -2 6 ,0 0 0  

d a l t o n s ,  t h e  r e d  membrane h a v in g  s e v e r a l  p r o t e i n s  o f  m o le c u la r  w e ig h t

10 ,000  t o  6 0 ,0 0 0  d a l t o n s  (Kushwaha e t  a l . , 1975a; 1976; O e s t e r h e l t  & 

S to e c k e n iu s ,  1 9 7 1 ) .

The p u r p l e  membrane i s  l i g h t  s e n s i t i v e ,  and f u n c t i o n s  a s  a  

p r i m i t i v e  p h o t o s y n t h e t i c  membrane (H en d erso n ,  1977; 1978; L a n y i ,  1978; 

S t o e c k e n iu s ,  1978a; S to e c k e n iu s  e t  a l . , 1 9 7 9 ) .  The com plex , w hich 

i s  r e s p o n s i b l e  f o r  t h i s  p h o t o s y n t h e t i c  f u n c t i o n ,  i s  c a l l e d  

b a c t e r i o r h o d o p s i n ,  b e c a u s e  o f  i t s  s i m i l a r i t y  t o  v i s u a l  p u r p l e  o r  

r h o d o p s in ,  t h e  r e t i n a l - p r o t e i n  com plex o f  t h e  mammalian eye ( O e s t e r h e l t  

& S t o e c k e n iu s ,  1 9 7 1 ) .  I n  b o th  com plexes  r e t i n a l  i s  l i n k e d  t o  t h e  

p r o t e i n  ( o p s i n ,  o r  b a c t e r i o - o p s i n )  by a  S c h i f f  b a s e  from a  l y s i n e  

r e s i d u e  t o  t h e  t e r m i n a l  (C^^) c a rb o n  atom o f  t h e  i s o p r e n o i d  s i d e  c h a i n  

(H e n d e rso n ,  1977; L a n y i ,  1978; S t o e c k e n iu s ,  1976; 1 9 7 8 a ) ,  B a c t e r i o 

r h o d o p s in  i s  in v o lv e d  i n  t h e  g e n e r a t i o n  o f  a  p r o to n  g r a d i e n t  a c r o s s  

t h e  c e l l  membrane, w h ich  i s  u s e d  t o  g e n e r a t e  ATP. I n  b a c t e r i o r h o d o p s i n ,  

t h e  r e t i n a l  u n d e rg o e s  a  c y c l i c  l i g h t - d a r k  p h o t o r e a c t i o n ,  w hich
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i n v o l v e s  s e v e r a l  s p e c t r a l  i n t e r m e d i a t e s  ( f i g u r e  1 9 ) ,  and t h e  r e v e r s i b l e  

c o n f o r m a t io n a l  change o f  1 3 - c i s  r e t i n a l  t o  a l l - t r a n s  r e t i n a l  ( f i g u r e  20) 

on i l l u m i n a t i o n  (H u r le y  e t  a l . , 1978; O e s t e r h e l t  & H ess ,  1973;

O e s t e r h e l t  e t  a l . , 1973; S to e c k e n iu s  e t  a l . , 1 9 7 9 ) .  T h e re  i s  an 

a s s o c i a t e d  t r a n s f e r  o f  p r o to n s  from  t h e  c y to p la s m  t o  o u t s i d e  t h e  c e l l  

( f i g u r e  2 1 ) ,  r e s u l t i n g  i n  t h e  e s t a b l i s h m e n t  o f  a  p r o to n  g r a d i e n t  

a c r o s s  t h e  c e l l  membrane (Bogom olni e t  a l . , 1976; D ra c h e v  e t  a l . , 1974; 

R e n th a l  & L a n y i ,  1 9 7 ^ ) .  T h is  g r a d i e n t  i s  d i s s i p a t e d  by a  b ack  f lo w  

o f  p r o t o n s ,  w hich  i s  l i n k e d  t o  t h e  p h o s p h o r y l a t i o n  o f  ADP t o  ATP 

( f i g u r e  2 1 ) ,  en e rg y  i s  s t o r e d  (H e n d e rso n ,  1977; L a n y i ,  1978;

S to e c k e n iu s  e t  a l . , 1 9 7 9 ) .  U s in g  i s o l a t e d  p u r p l e  membrane l i p i d  

v e s i c l e s  i t  i s  p o s s i b l e  t o  d e m o n s t r a te  t h e  e s t a b l i s h m e n t  o f  a  p r o to n  

g r a d i e n t  by m e a su r in g  t h e  pH change  o f  t h e  s u s p e n d in g  s o l u t i o n  when 

t h e  v e s i c l e s  a r e  i l l u m i n a t e d  ( R e n th a l  & L a n y i ,  1 9 7 6 ) .  I n  t h e  p r e s e n c e  

o f  ADP, p h o s p h a te ,  and  an ATPase i t  i s  a l s o  p o s s i b l e  t o  d e m o n s t r a te  

p h o to p h o s p h o r y la t i o n ,  w hich i s  a f f e c t e d  by  u n c o u p l e r s  o f  

p h o s p h o r y l a t i o n  ( S to e c k e n iu s  e t  a l . , 1979)# T h i s  membrane i s ,  

t h e r e f o r e , a t t r i b u t e d  t h e  s t a t u s  o f  a  p r i m i t i v e  p h o t o s y n t h e t i c  membrane 

( s t o e c k e n i u s ,  1 9 7 8 a ) .

The p u r p l e  membrane i s  a  s e m i - c r y s t a l l i n e  u n i t ,  which» owes i t s  

p h y s i c a l  p e c u l i a r i t i e s  t o  i t s  c h e m ic a l  c o n s t i t u e n t s .  Some 75/^ o f  t h e  

membrane i s  t h e  s i n g l e  o p s i n - l i k e  p r o t e i n ,  b a c t e r i o - o p s i n ,  t h e  

r e m a in in g  2$^ b e i n g  l i p i d  ( O e s t e r h e l t  & S t o e c k e n i u s ,  1 9 7 1 ) .  I n  an 

i n v e s t i g a t i o n  o f  t h e  l i p i d  c o n t e n t  o f  t h e  p u r p l e  and r e d  m embranes, 

Kushwaha e t  a l .  ( 1975a; 1976) fo u n d  t h a t  g l y c e r o l  d i e t h e r  l i p i d s  

p h o s p h a t i d y l  g l y c e r o s u l p h a t e  and g l y c o l i p i d  s u l p h a t e  ( f i g u r e  16) 

w ere a lm o s t  e x c l u s i v e l y  c o n t a in e d  i n  t h e  p u r p l e  membrane. I t  h a s  b een  

s u g g e s t e d  t h a t  t h e  g l y c o l i p i d  s u l p h a t e  i s  in v o l v e d  i n  t h e  f o r m a t io n  o f  

l i p i d  b i l a y e r s ,  s i n c e  w i t h o u t  i t  t h e  p o l a r  l i p i d s  do n o t  form  i n t o  

b i l a y e r s  i n  t h e  p r e s e n c e  o f  s a l t  (Chen e t  a l . , 1 9 7 4 ) .  In v o lv e m e n t
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Figure 19. Steroisomeric and spectral intermediates of 
bacteriorhodopsin in the light and dark.

Dark adapted bacteriorhodopsin (bR) is a mixture of 13-cis 
(bR^^g) and all-trans retinal (bR^^g), and has an absorption 
maximum at 560nm. The various spectral intermediates in the 
cyclic isomérisation of bacteriorhodopsin are denoted by their 
absorption maxima (Stoeckenius et al., 1979), and are normally 
very unstable. Proton translocation is associated with this 
light sensitive cycle.

Figure 20. Reversible stereoisomerisation of retinal.

Retinal, which is bound to the lysine residue of the opsin
like protein via a Schiff base, undergoes a stereoisomeric 
change in the presence of light, from 13-cis to all-trans retinal, 
accompanied by proton translocation and changes in the spectral 
characteristics of bacteriorhodopsin.



^^548 r e t i n a l )

^ ^ 5 7 0  '  
/ a l l - t r a n s

640/
590

H

550
530

412
1 3 - c i s

+

L y s i n e  

a l l - t r a n s  r e t i n a l

d a r k l i g h t

L y s i n e  

1 3 - c i s  r e t i n a l



- 8 1 -

Figure 21. Ion transport across the cell membrane of halobacteria

The mechanisms of ion transport across the cell membrane 
of the halobacteria are unusual ajnong the porkarybtes in the 
CO-transportation of Na"*" and aimino acids, and the stimulation 
of translocation in the presence of light. The translocation 
of h'*’ in the presence of light involves a specialised part 
of the cell membrane, the purple membrane, which also results 
in the synthesis of energy, in the form of ATP. Proton 
translocation across the purple membrane involves the reversible 
stereoisomerisation of retinal in the light sensitive protein, 
bacteriorhodopsin. ATP synthesised during this translocation 
of protons is used in the organisms’ metabolism, although it 
is not sufficient to maintain the organism by this mechanism 
alone.
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i n  f a c i l i t a t i n g  p r o to n  t r a n s p o r t  i s  a l s o  p o s t u l a t e d  (K a te s  & Kushwaha, 

1978) .  P r o t e i n s  o f  t h e  h a l o b a c t e r i a  and h a l o c o c c i  c o n t a i n  a  l a r g e  

e x c e s s  o f  c h a rg e d  amino a c i d s .  T h e re  i s  a  much g r e a t e r  e x c e s s  o f  

a c i d i c  amino a c i d s  o v e r  b a s i c  amino a c i d s  t h a n  i n  n o n - h a l o p h i l e s  

(Brown, 1963; M u lla k h a n b h a i  & L a r s e n ,  196?; S t e e n s l a n d  & L a r s e n ,  I 9 6 9 ) . 

I t  h a s  b e e n  s u g g e s te d  t h a t  t h i s  i s  a  p r o p e r ty -  o f  t h e  h a l o p h i l i c  mode 

o f  l i f e  (B a y le y  & M orton ,  1978; L a r s e n ,  1967; K u sh n e r ,  1 9 7 8 b ) ,  s i n c e  

an  i n c r e a s e  i n  t h e  g lu t a m i c  a c i d  c o n t e n t  i n  t h e  c e l l  w a l l  o f  a  

f a c u l t a t i v e  h a l o p h i l e  w i th  i n c r e a s i n g  s a l i n i t y  was r e p o r t e d  (N o v i ts k y  

& K u sh n e r ,  1 9 7 6 ) .  D e s p i t e  t h e  l a c k  o f  c o m p a ra t iv e  d a t a  t h e  e x c e s s  

a c i d i t y  o f  t h e  p r o t e i n s  o f  t h e  H a lo b a c t  e r i a c e a e  i s  r e g a r d e d  a s  

c h a r a c t e r i s t i c  o f  t h e  f a m i ly  (G ib b o n s ,  1 9 7 4 ) .  The n o n ^ h a lo p h i l e s  

s t u d i e d  f o r  t h e i r  amino a c i d  c o n t e n t  a r e  r e l a t i v e l y  few , and  t h e r e  i s  

a l s o  l i t t l e  d a t a  on t h e  amino a c i d  c o m p o s i t io n  o f  o t h e r  a r c h a e b a c t e r i a ,  

p e rh a p s  t h e  c l o s e s t  r e l a t i v e s  o f  t h e  H a l o b a c t e r i a c e a e . The amino a c i d  

a n a l y s i s  o f  S u l f o lo b u s  a c i d o c a l d a r i u s  g iv e s  an a c i d i c  t o  b a s i c  r a t i o  

s i m i l a r  t o  t h a t  f o r  n o n - h a l o p h i l i c  e u b a c t e r i a  (W eIss ,  1974 ) ,  b u t  i n  

t h e  c e l l  e n v e lo p e  o f  M e th a n o s p i r i l l u m  h u n g a t i i , t h e  r a t i o  i s  v e ry  

s i m i l a r  t o  t h a t  f o r  t h e  b u lk  p r o t e i n  o f  members o f  t h e  H a l o b a c t e r i a c e a e  

(K a n d le r  & K on ig ,  1 9 7 8 ) .  T h i s  p r o p e r t y  n e e d s  t o  be  exam ined  more 

c l o s e l y  t o  d e te rm in e  w h e th e r  t h i s  i s  a  p r o p e r t y  found  i n  many o f  t h e  

a r c h a e b a c t e r i a ,  o r  i n  more b a c t e r i a  t h a n  was p r e v i o u s l y  t h o u g h t .

The DNA c o m p o s i t i o n  o f  a  number o f  s t r a i n s  o f  h a l o b a c t e r i a  and 

h a l o c o c c i  shows a  GC b a s e  c o n t e n t  o f  66-68  raole^, w i th  a  s a t e l l i t e  

band  o f  57 -6 0  m oleÿ , m aking  up 1 0 -3 0 ^  o f  t h e  t o t a l  DNA ( J o s h i  e t  a l . , 

196 3 ; Moore & M cCarthy, 1969a; 1969b ) .  Tha i n v e s t i g a t i o n s  o f  t h e  

DNA c o n te n t :  a r e ,  how ever ,  a lm o s t  e n t i r e l y  r e s t r i c t e d  t o  H .c u t i r u b r u m , 

H .h a lo b iu m , K . s a l i n a r i u m , and H e. m o rrh u a e . The GC b a s e  c o n t e n t  o f  

H . v o l c a n i i  was r e p o r t e d  a s  6 3 .4  m o le^ ,  b u t  t h e r e  was no i n f o r m a t io n ,  

on t h e  p r e s e n c e  o f  a  s a t e l l i t e  band (M u lla k h a n b h a i  & L a r s e n ,  1 9 7 5 )»
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A p art  from  p la s m id s ,  s a t e l l i t e  b an d s  a r e  unknovm i n  t h e  p r o k a r y o t e s ,  

i n c l u d i n g  t h e  a r c h a e b a c t e r i a  (B a lc h  e t  a l . , 1979; Buchanan & G ibbons , 

1974; De R osa e t  a l . , 1 9 7 4 b ) .  The s a t e l l i t e  b and  o f  most o f  t h e  

h a l o b a c t e r i a  do n o t  b eh av e  l i k e  a  m u l t i p l e  copy p la sm id  (Moore & 

M cCarthy, 1969b ) ,  and  t h e  c e l l s  cannot- be  c u re d  o f  i t  by a c r i d i n e  

o ran g e  o r  a c r i f l a v i n  t r e a t m e n t  ( J o s h i  e t  a l . , I 9 6 3 ) .  However, t h e  

s a t e l l i t e  band  o f  H a lo b a c te r iu n r . s t r a i n  5 h a s  b een  r e s o l v e d  i n t o  t h r e e  

p la s m id s  o f  d i f f e r e n t  m o le c u la r  w e ig h t  (S im on, 1978) w h i l e ,  i n  

H a lo b a c te r iu m  h a lo b iu m , o n ly  a  s i n g l e  p la s m id  c o u ld  be a t t r i b u t e d  t o  

t h a  s a t e l l i t e  band  (W ie d in g e r  e t  a l . , 1 9 7 9 ) .  The p la s m id s  w ere n o t  

a f f e c t e d  by te a tm e n t  o f  c e l l s  w i th  c u r i n g  a g e n t s .  One o f  t h e  p la sm id s  

i n  H a lo b a c te r iu m  s t r a i n  5> and t h e  s i n g l e  p la s m id  i n  H .h a lo b iu m  

a p p e a r s  t o  c a r r y  i n f o r m a t i o n  c o d in g  f o r  t h e  f o r m a t io n  o f  g a s  v a c u o le s  

(Simon, 1978; W ie d in g e r  e t  a l . , 1 9 7 9 ) .  W ie d in g e r  e t  a l .  (1 9 7 9 )  have 

a l s o  s u g g e s te d  t h a t  t h e i r  s i n g l e  p la s m id  a l s o  codes  f o r  t h e  fo r m a t io n n  

o f  t h e  p u r p l e  membrane and  b a c t e r i o r u b e r i n s .  T h e re  a r e ,  how ever ,  no 

r e p o r t s  o f  s a t e l l i t e  b an d s  from  g a s  v a c u o l a t e  members o f  t h e  

m e th a n o g e n ic  b a n t  e r i  a  o r  R h o d o s o i r i  H a l e s  ( Mande 1 e t  a l . , 1971; 

Z h i l i n i a  & Z a v a r z in ,  1 9 7 9 ) .

An i n t e r e s t i n g  f e a t u r e  o f  t h e  s a t e l l i t e  band i s  i t s  a p p a r e n t  

c o n s t a n t  r e l a t i v e  amount;, w hich  i s  p o s s i b l y  c h a r a c t e r i s t i c  o f  t h e  

i n d i v i d u a l  s p e c i e s  (Moore & M cCarthy, 1 9 6 9 a ) .  Pew s t r a i n s  o f  eac h  

s p e c i e s  h av e  b een  exam ined  i n  t h i s  r e s p e c t ,  so no d e f i n i t e  c o n c l u s i o n s  

can  be  draw n.

4 , 3 . E c o l o g i c a l  a s p e c t s .

Our c u r r e n t  know ledge  o f  t h e  H a l o b a c t e r i a c e a e  i s  b a s e d  on a  

r e l a t i v e l y  r e s t r i c t e d  p h y s i o l o g i c a l - e c o l o g i c a l  g ro u p .  Most o f  t h e  

i s o l a t e s  come from s e a  w a te r  s a l t e r n s  o r  s o l a r  s a l t ,  t h e  c h e m ic a l  

c o m p o s i t io n  o f  w hich  i s  r e l a t i v e l y  c o n s t a n t .  H ig h ly  s a l i n e  

e n v i ro n m e n ts  a l s o  o c c u r  where t h e  m a jo r  s a l t s  a r e  n o t  o n ly  N aCl, and
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pH a c i d i c ,  n e u t r a l ,  o r  a l k a l i n e .  A p a r t  from t h e  s t u d i e s  on t h e

Dead S e a  ( E l a z a r i - V o l c a n i ,  1940; K ap lan  & B a e d e c k e r ,  1970; K ap lan  &'

F r ie d m a n ,  1970; N issenbaum , 1975) and t h e  G re a t  S a l t  Lake ( P o s t ,  1977)

few o f  t h e  n a t u r a l l y  o c c u r i n g  s a l i n e  l a k e s  have  b een  s y s t e m a t i c a l l y

exam ined  f o r  t h e  p r e s e n c e  o f  h a l o b a c t e r i a  and h a l o c o c c i .  I s o l a t e s

from  t h e  Dead S ea  (M u lla k h a n b h a i  & L a r s e n ,  1975) and t h e  Wadi N a t ru n ,

Egypt ( im h o f f  e t  a l . , 1978b) i n d i c a t e  t h a t  t h e  en v iro n m en t  may b e  an

im p o r t a n t  f a c t o r  i n  m o d ify in g  t h e  p h y s i o l o g i c a l  r e q u i r e m e n t s  o f  t h e s e

o b l i g a t e l y  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a .

I n  p a r t i c u l a r ,  i n  t h e i r  i n v e s t i g a t i o n  o f  t h e  Wadi N a t r u n ,  Im h o ff

e t  a l .  ( 1978b) d e s c r i b e d  t h e  mass a c c u m u la t io n s  o f  h a l o b a c t e r i a  i n

t h e  w a t e r  o f  some o f  t h e  more s a l i n e  l a k e s .  An o rg an ism  was i s o l a t e d ,

w hich  r e s e m b l e s  members o f  t h e  genus  H a lo b a c te r iu m . I t  was d i f f e r e n t

i n  some r e s p e c t s ,  nam ely  i t s  a b i l i t y  t o  grow a t  h ig h  pH (ab o v e  pH 8 . 5 )

2+and i n  m e d ia  a lm o s t  d e v o id  o f  Mg . The c h e m ic a l  a n a l y s i s  o f  t h e

l a k e  w a te r s  i n  t h e  Wadi N a tru n  ( im h o f f  e t  a l . , 1978b) showed t h a t  t h e  

24-l e v e l  o f  Mg was be low  t h e  l e v e l  o f  d e t e c t i o n .  The o rg a n is m ,  

t h e r e f o r e ,  a p p e a re d  t o  d i f f e r  from  r e c o g n i s e d  s p e c i e s ,  w hich  a r e  u n a b le  

t o  grow w e l l  a t  c o n c e n t r a t i o n s  o f  Mg "̂  ̂ be low  lOmM (Brown & G ibbons ,  

1955 ) and  a t  pHs above 9*0 (C o lw e l l  e t  a l . , 1 9 7 9 ) .
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1 . ECOLOGICAL OBSERVATIONS.

O b s e r v a t io n s  o f  t h e  e c o lo g y  o f  t h e  s a m p l in g  a r e a s  w ere made 

d u r in g  A ugust 1976 ( B r . A ^ . J ' I i l l s ,  Dept o f  G eology) and S ep te m b er  

1 9 7 8 ;a  Jiumber o f  s a m p le s  were a l s o  c o l l e c t e d  d u r i n g  A ugust 1977 

(D r.A .K han ,  Dept o f  G e o lo g y ) .  D u r in g  S ep tem ber 1978 sp ec im en s  were 

exam ined m i c r o s c o p i c a l l y  a s  soon  a s  p o s s i b l e  a f t e r  c o l l e c t i o n ,  

u s i n g  an  Olympus m ic ro s c o p e  f i t t e d  w i th  p h a s e  o p t i c s  ( c o u r t e s y  o f  

Dr.D .W iddowson, B o tany  Dept U n i v e r s i t y  o f  N a i r o b i ) .  A w r i t t e n  

r e c o r d  o f  t h e  a r e a s  was k e p t ,  and a  p h o to g r a p h i c  r e c o r d  was a l s o  

made u s i n g  a  Y a s h ic a  TL e l e c t r o  cam era  f i t t e d  w i th  e i t h e r  a  

Yashinon-D S f l . 9  ^Oiam a u to m a t i c  l e n s ,  o r  a  V i v i t a r  s e r i e s  I  f 3 . 8  

85-205mra a u to m a t i c /m a n u a l  zoom l e n s .  S k y l i g h t  lA f i l t e r s  (Hoya) 

were f i t t e d  t o  r e d u c e  t h e  e f f e c t s  o f  UV h a z e  o v e r  d i s t a n c e ,  w h i le  

a  p o l a r i s i n g  f i l t e r  ( V i v i t a r )  was u se d  t o  r e d u c e  r e f l e c t i o n  from  

t h e  s u r f a c e  o f  w a te r .  Kodak V e r i c o l o u r  p r o f e s s i o n a l  I I  f i l m  

(ASA 100) was u s e d  f o r  a l l  p h o to g ra p h y ,  and was p r o c e s s e d  by C olab  

( C o v e n t r y ) .  A number, o f  p e o p le  a t  t h e  Magadi Soda Company L t d . ,  

M i n i s t r y  o f  W ater D eve lopm en t,  K enya, and t h e  B o tany  D e p a r tm e n t ,  

U n i v e r s i t y  o f  N a i r o b i  w ere a b l e  t o  p r o v id e  a d d i t i o n a l  in fo r m a t io n !  

on t h e  c l i m a t e ,  e c o lo g y ,  and w a te r  c h e m is t r y  o f  t h e  l a k e s .

2 .  CHEI*IICAL ANALYSIS) OP TIB LAKE WATER «

W ater sam p les  w ere c o l l e c t e d  and s t o r e d  i n  c l e a n  p o ly t h e n e

b o t t l e s .  I n  some c a s e s  a  40% fo rm a ld e h y d e  s o l u t i o n  was wadded t o

g iv e  a  f i n a l  c o n c e n t r a t i o n  o f  0.1% ( v / v )  i n  sam p le s  t o  a i d

p r e s e r v a t i o n .  W ith  t h e  e x c e p t io n  o f  sam p les  u s e d  f o r  t h e

2— —d e t e r m i n a t i o n  o f  pH, CO^ “ , HCO^", and c o n d u c t i v i t y ,  t h e  w a te r  was 

p a s s e d  th r o u g h  a  0 . 4 ^ m  membrann f i l t e r  ( M i l l i p o r e  o r  S a r t o r i u s )  

p r i o r  t o  a n a l y s i s  (G o lte r raan  & Clymo, 1969; G o lte rm an  e t  a l . , 1 9 7 8 ) .  

Sam ples w ere a n a ly s e d  a s  soon a s  p o s s i b l e  a f t e r  c o l l e c t i o n .
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2 . 1 .  pH;.

I n i t i a l l y ,  i n  1976 , pH was d e te rm in e d  on s i t e  u s i n g  n a rro w  

r a n g e  i n d i c a t o r  p a p e r s  (M erck ) .  I n  1978, pH was m easured  on s i t e  

w i th  b o t h  i n d i c a t o r  p a p e r s  an d  a  p o r t a b l e  pH m e te r  (S I L ) .  

S u b s e q u e n t l y ,  t h e  pH o f  t h e  sam p le s  was d e te rm in e d  i n  t h e  l a b o r a t o r y ;  

u s i n g  a n  T n g o ld  c o m b in a t io n  e l e c t r o d e ,  w hich  was c o r r e c t e d  f o r  t h e  

sodium  i o n  e f f e c t  (P y e -U n ic a m ) . F o r  a l l  m ethods t h e  m a g n itu d e  o f  

t h e  d e v i a t i o n  o f  t h e  pH w i th  v a r y i n g  s a l i n i t y  was e s t i m a t e d  by 

m e a s u r in g  t h e  pH o f  a  s e r i e s  o f  b u f f e r s ,  c o n t a i n i n g  v a r y in g  

c o n c e n t r a t i o n s  o f  H aC l.

2 . 2 .  CO^^” , HGO^“ , t o t a l  a l k a l i n i t y .

T h ese  m easu rem en ts  w ere made by t i t r a t i o n , u s i n g  O.IN o r  l.ON

HNO^, o r  H Cl. Sam ples  w ere t i t r a t e d  i n  t r i p l i c a t e  t o  t h e  end p o i n t

pH 8 . 3 ,  f o r  GO^^” , and  pH 4 . 2 ,  f o r  t o t a l  a l k a l i n i t y  (G o lte rm a n  &

Clymo, 1969 ; G o lte rm an  e t  a l . , 1 9 7 8 ) .  I n  t h e s e  w a te r s  t h e  m a jo r  i o n s

—  2—c a u s i n g  t h e  h ig h  a l k a l i n i t y  a r e  HCO^ and 00^ and ,  t h e r e f o r e ,  t h e

sum o f  t h e s e  v a l u e s  a r e  a p p r o x im a te ly  e q u a l  t o  t h e  t o t a l  a l k a l i n i t y

( T a i l i n g  & T a i l i n g ,  1 9 6 5 ) .  End p o i n t s  w ere d e te r m in e d  by pH

e l e c t r o d e ,  o r  by t h e  i n d i c a t o r s  p h e n o l p h t h a l e i n  (pH 8 .3 )  and

b rom opheno l b lu e  (pH 4 . 2 ) .  S am ples  w ere s t i r r e d  w i th  a  m a g n e t ic

s t i r r e r  t o  a i d  t h e  r e l e a s e  o f  f r e e  0 0 ^ .

2 .3  Na’*’, K’*’, Mĝ "*", Ga^’*’.

An a to m ic  a b s o r p t i o n  f lam e  s p e c t r o p h o t o m e t e r  (V a r ia n  T e c t r o n )

was u s e d  t o  m easure  t h e  c o n c e n t r a t i o n s  o f  t h e  i o n s  Na"*" and K’*’ i n  an

2+ 2+a c e t y l e n e - a i r  f la m e ,  and  Mg and Ga  i n  an  a c e t y l e n e - n i t r o u s  o x id e

f la m e  (G o lte rm a n  & Clymo, 1969; G o lte rm an  e t  a l . , 1978; R a t c l i f f e ,

p e r s o n a l  c o m m u n ic a t io n ) .  F o r  t h e  d e t e r m i n a t i o n  o f  Na'*' and t h e

s am p les  w ere  d i l u t e d  u n t i l  t h e  c o n c e n t r a t i o n  o f  t h e  i o n s  w ere w i t h i n

2+t h e  r a n g e  1 .0  t o  0.2raM. Sam ples f o r  t h e  d e t e r m i n a t i o n  o f  Mg and 

Ga '̂*’ w ere n o t  d i l u t e d ,  due t o  t h e  low l e v e l s  o f  t h e s e  io n s  i n  t h e
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s a m p le s .

S ta n d a rd s  f o r  t h e  d e t e r m i n a t i o n  o f  Na^ w ere p r e p a r e d  w i t h i n  t h e

r a n g e  1 . 0  t o  0.2mM NaCl i n  t h e  p r e s e n c e  o f  (lIH^)gCO^, w h ich  was added

2—t o  t h e  s t a n d a r d s  t o  g iv e  00^ c o n c e n t r a t i o n s  com parab le  w i th  t h o s e

i n  t h e  s a m p le s .  S t a n d a r d s  f o r  t h e  d e t e r m i n a t i o n  o f  K"*" w ere

p r e p a r e d  w i t h i n  t h e  r a n g e  1 .0  t o  0.2mM-XCl, i n  t h e  p r e s e n c e  o f

Na^CO^ added  t o  t h e  s t a n d a r d s  t o  g iv e  c o n c e n t r a t i o n s  c o m p arab le  w ith i
2 , 2 ,

t h o s e  i n  t h e  s a m p le s .  F o r  t h e  d e t e r m i n a t i o n  o f  Ca and Mg ,

2+ 24-s t a n d a r d s  o f  e i t h e r  0 . 2  and O.O^mM Ca , o r  0 .2  and O.O^mM Mg were

made up i n  t h e  p r e s e n c e  o f  e i t h e r  1.0% (w /v) Na^CO^ and 3.0% NaCl,

o r  15% Na^CO^ and 15% N aCl, t o  r e f l e c t  t h e  a p p r o p r i a t e  i o n i c

c o m p o s i t io n  o f  t h e  s a m p le s .  The c o n c e n t r a t i o n s  o f  t h e  i o n s  were

m easured  a t  t h e  f o l l o w i n g  w a v e le n g th s :  Na"*", 5890.0jLim; K'*’, 7 6 6 4 . ^^m;

Ca^'*’, 4 2 2 6 . 7;om; Mĝ "*", 2852 . ] ^ .

2 . 4 .  C l " .

The c o n c e n t r a t i o n s  o f  Cl was m easured  by s e l e c t i v e  i o n  

e l e c t r o d e  ( O rion  C l"  e l e c t r o d e ) ,  i n  c o n j u n c t i o n  w i th  a  pH and 

s e l e c t i v e  io n  m e te r  (EIL  7050 ) .  S ta n d a r d s  o f  lOOraM, lOmM, and ImM
2_

NaCl w ere p r e p a r e d  t o  w hich  Na^CO^ was added  t o  g iv e  v a l u e s  o f  CO^ "  

c o n c e n t r a t i o n  s i m i l a r  t o  th o s e  i n  t h e  s a m p le s .  P o r t i o n s  o f  t h e  

c o l l e c t e d  w a te r  sam p le s  w ere d i l u t e d  w i th  d e i o n i s e d  w a te r  t o  g iv e  

C l"  c o n c e n t r a t i o n  i n  t h e  sam p les  w i t h i n  t h e  r a n g e  o f  t h e  s t a n d a r d s .

2 . 5 .

The c o n c e n t r a t i o n  o f  NĤ "*" was m easured  by a  s p e c t r o p h o t o m e t r i c  

method ( H a v i la h  e t  a l . , 1 9 7 7 ) ,  u s i n g  t h e  c o l o u r  r e a c t i o n  o f  s a l i c y l a t e  

and c y a n u r a t e  r e a g e n t s  w i th  NĤ '*’. S a l i c y l a t e  r e a g e n t  was p r e p a r e d  

from  34g sodium s a l i c y l a t e  and 0 . 24g sodium n i t r o p r u s s i d e  i n  1 l i t r e  

o f  d e i o n i s e d  w a te r .  C y a n u ra te  r e a g e n t  was p r e p a r e d  from 0 . 25g 

sodium d i c h l o r o i s o c y a n u r a t e ,  d i s s o l v e d  i n  200ml o f  d e i o n i s e d  v /a te r ,  

t o  w hich was added  15ml o f  sodium h y d ro x id e  ( 4 C 0 g / l ) ,  t h e  volume
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b e in g  made up t o  1 l i t r e .  The d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  

o f  was made u s i n g  sam ple  volum es o f  lO C ^ l,  i n  c l e a n  u n i v e r s a l

b o t t l e s ,  t o  w hich was added  5 .0 m l s a l i c y l a t e  r e a g e n t  and 5 .0 m l 

C y a n u ra te  r e a g e n t  ( R a t c l i f f e ,  u n p u b l i s h e d ) .  The t o p s  were sc rew ed  

down t i g h t l y  and  t h e  b o t t l e s  i n v e r t e d  t o  e n s u r e  th o ro u g h  m ix in g  o f  

t h e  sam ple  and r e a g e n t s .  The c o l o u r  .was .a llow ed , t o  d e v e lo p  f o r  30min 

b e f o r e  t h e  a b s o rb a n c e  o f  t h e  sam p le s  w ere m easu red  a t  a  w a v e le n g th  

o f  667nm. S ta n d a rd s  o f  0.2mM an d  l.OmM and a  d e i o n i s e d  w a te r

b la n k  w ere  p r e p a r e d  i n  a  s i m i l a r  m anner.

2 . 6 ,  T o t a l  r e d u c i b l e  n i t r o g e n .

The t o t a l  r e d u c i b l e  n i t r o g e n  (NO^”  and NO^ " )  was m easu red  by 

r e d u c i n g  NO^" and NO^”  t o  i n  t h e  p r e s e n c e  o f  Devarda* s a l l o y

an d ,  t h e n  d e t e r m in i n g  t h e  t o t a l  a s  d e s c r i b e d  above ( 2 . 5 ) .

Sam ples o f  10 (^1  w ere r e d u c e d  i n  t h e  p r e s e n c e  o f  a  s m a l l  q u a n t i t y  

o f  Devarda* s a l l o y  and  1 .0m l o f  NaOH ( R a t c l i f f e ,  u n p u b l i s h e d ) .

The r e d u c t i o n  was a l lo w e d  t o  p ro c e e d  o v e r n i g h t ,  and 5 «Oral e ac h  o f  

s a l y c i l a t e  and c y a n u r a t e  r e a g e n t  w ere ad d ed ,  and  t h e  a b s o rb a n c e  

d e te rm in e d  a s  d e s c r i b e d  above ( 2 . 5 ) .  S t a n d a r d s  o f  0.2mM and l.OMM, 

and  a  d e i o n i s e d  w a te r  b l a n k  w ere t r e a t e d  s i m i l a r l y .

2 .7 .  P0^^“ .

The c o n c e n t r a t i o n  o f  was d e te r m in e d  s p e c t r o p h o t o m e t r i c a l l y

u s i n g  v a n a d a te  r e a g e n t  ( K a i l a ,  1955)> w hich  was p r e p a r e d  b y .m ix in g  

300ml o f  n i t r i c  a c i d  d i l u t e d  1 :1  ( v / v )  w i th  w a t e r ,  300ml 5 ^  (w /v )  

ammonium m o ly b d a te  s o l u t i o n ,  300ml 0 . 25% (w /v )  ammonium v a n a d a te  

s o l u t i o n ,  making up t h e  volume o f  t h e  f i n a l  s o l u t i o n  t o  1 l i t r e  

w i th  d e i o n i s e d  w a te r .  5 .0 m l o f  w a te r  sam ple  w ere d i s p e n s e d  i n t o  

c l e a n  u n i v e r s a l  b o t t l e s  and 10ml o f  t h e  v a n a d a te  r e a g e n t  was a d d ed .  

The sam p le s  were a l lo w e d  t o  s t a n d  f o r  I h r  a f t e r  m ix in g  b e f o r e  t h e  

a b s o rb a n c e s  were m easured  a t  a  w a v e le n g th  o f  250nra. S ta n d a r d s  o f  

O.OlmM and 0.025mM P0^^~, and a  d e i o n i s e d  w a te r  b la n k  were t r e a t e d
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s i m i l a r  l y .

2 . 8 .  C o n d u c t i v i t y .

The e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  sam p le s  were m easu red  

d i r e c t l y ;  w i th o u t  d i l u t i o n ,  u s i n g  a  c o n d u c t i v i t y  m e te r  ( E l e c t r o n i c  

S w i tc h g e a r  ty p e  MDl) a t  a  t e m p e r a t u r e  o f  20°C.
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3 .  CHARACTERISATION OF PROTOTROPHIC AND EXTREMELr HALOPHILIC BACTERIA< 

3 . 1 a .  R e fe r e n c e  s t r a i n s  o f  R h o d o s o i r i l l a c e a e .

Chromatimn g r a c i l e  

C h r .m in u s

C h r .v in o  sum

C h r . v i o l a s c e n s  

C h r .m in u t is s im u m  

E c t o t h i o r h o d o s p i r a  m o h i l i s  

E . s h a p o s n i k o v i i  

E . h a l o p h i l a  

E . h a l o c h l o r i s  

E c t o t h i o r h o d o s p i r a  s p .  

L a ro p ro c y s t is  r o s e o p e r c i n a  

T h io d ic ty o n  h a c i l l o s u m  

A m oehohacter pen d en s

DSM 203 

DSM 178 

DSM 179

BN 1211 ( f ro m  H .G »T ruper)

DSM 180

s t r a i n  D (from  H .G .T ru p e r )

DSM 198
.  If

s t r a i n  Moskau (from  H .G .T ru p e r )

DSM 239

DSM 243

DSM 244

DSM 1059

s t r a i n  G  ̂ (from  W .D .G ran t)

DSM 229 

DSM 234 

DSM 236

Rhodopseudomonas s u l f i d o p h i l a  (f rom  H .G .T ru p e r )

R h o d o s p i r i l lu m  ruhrum  

Rhodom icrohium  v a n n i e l i i

NCIB 8255 

NCIB 10020

BN) 5500  ( f rom  H .G .T ru p e r )Chromatium p u rp u ra tu m  

3 .1 h f  R e f e r e n c e  s t r a i n s  o f  h a l o b a c t e r i a

H a lo b a c te r iu m  h a lo b iu m  NCMB' 736

s t r a i n  R^ (from  M s.E .D ibb) 

NCMB 763

mm  764

NCMB 767 

NCMB 2012

H .c u t i r u b ru m

H . s a l i n a r i u m

H .t ra p a n ic u m

H . v o l c a n i i

DSM = D eu tsch e  Sammlung von M ik roo rgan ism en
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NCIB = N a t i o n a l  C o l l e c t i o n  o f  I n d u s t r i a l  B a c t e r i a  

NCMB = N a t i o n a l  C o l l e c t i o n  o f  M arine  B a c t e r i a

3 . 2 .  C u l t u r e  m edia  f o r  t h e  m a i n t a i n ance  o f  r e f e r e n c e  s t r a i n s ,

a .  P h o t o t r o p h i c  b a c t e r i a .

E c t o t h i o r h o d o s p i r a  m o b i l i s  and  ET.s h a p o s n i k o v i i  were m a in ta in e d  

on a  m o d i f i c a t i o n  o f  t h e  medium o f  van  N ie l  (19 3 1 ; 1944) u s e d  by- 

G ran t  e t  a l .  (1 9 7 9 ) ,  o f  t h e  f o l l o w i n g  c o m p o s i t io n  (%w/v): NH^Gl, 0 . 1 ;  

MgS0^ . 7H'^0 , 0 . 0 4 ; C aC l^ , 0 .0 5 ;  KH^PO^, 0 , 1 ; sodium  a c e t a t e ,  0 . 1 ; 

sodium  s u l p h i d e ,  0 . 0 1 ;  Na^CO^.lOH^O, 3 . 0 ;  N aCl, 0 .0 4  ( 3 .0  f o r  

E . m o b i l i s ) ; 1 .0m l t r a c e  e lem en t s o l u t i o n  o f  t h e  f o l l o w i n g  c o m p o s i t io n ;  

ZnSO^, 2 . 2 ;  CaC1^.2HgO, 0 .5 5 ;  I»InClg.4HgO, 0 .5 5 ;  FeS0^.7H g0, 0 . 5 ;

Na^MoO^, 0 . 1 ;  CuS0^.5Hg0, 0 .1 5 ;  CoCl^ , O . I 5 . The pH. was a d j u s t e d  

t o  9 .0  t o  9 .5  wi-th c o n c e n t r a t e d  HCl,

E . h a l o p h i l a  and  E . h a l o c h l o r i s  were m a in t a i n e d  on t h e  medium o f  

Im h o ff  and  T ru p e r  ( 1 9 7 7 ) » o f  t h e  f o l l o w i n g  c o m p o s i t io n i  (% w /v); CaCl^.ZH^O, 

0 . 0 0 5 ; KHgPO^, 0 . 0 5 ;  NH^Cl, O.O8 ; MgCl^, 0 . 0 1 ; NaCl, 18 . 0 ; Na^CO^,

2 . 0 ; Na^SO^, 2 . 0 ; N agS .9HgO, 0 . 1 ; sodium  s u c c i n a t e ,  0 . 1 ; y e a s t  

e x t r a c t ,  0 . 0 5 ;  1 .0m l t r a c e  e lem en t  s o l u t i o n  ; 1 .0m l v i t a m i n  s o l u t i o n .

T ra c e  e le m e n t  s o l u t i o n ;  PeClg.4HgO, 0 .1 8 ;  CoC1^.6H^0, 0 .0 2 5 ;  N iC lg .6H ^0 , 

0 .0 0 1 ;  CuClg.2HgO, 0 .0 0 1 ;  MnClg.4dgO, 0 .0 0 7 ;  Z nC l^ , 0 .0 1 ;  H^BO^,

0 . 0 5 ; NaMo0^.2Hg0, 0 .0 0 3 ;  NagSe0^.5H ^0, 0 .0 0 1 .

V ita m in  s o l u t i o n ;  b i o t i n ,  0 .0 0 1 ;  n i c t o t i n a m i d e ,  0 .0 0 3 5 ;  th i a m in e  

d i c h l o r i d e ,  0 .0 0 3 ;  p -a m in o b e n z o ic  a c i d ,  0 ,0 0 2 ;  p y r i d o x a l  c h l o r i d e ,

0 .0 0 1 ;  C a - p a n t o t h e n a t e , 0 ,0 0 1 ;  v i t a m i n  B^^, O.OOO5 .

R h o d o s-p ir i l lu m  rubrom  and Rhodomicrobium v a n n i e l i i  were m a in ta in e d  

on a  m o d i f i c a t i o n  o f  t h e  medium o f  van  N ie l  (1931 ; 1 9 4 4 ) ,  o f  t h e  

f o l l o w i n g  c o m p o s i t io n  (% w /v): NH^Cl, 0 . 1 ;  MgS0^.7Hg0, 0 .0 4 ;  CaCl^,

0 . 0 5 ;  NaCl, 0 .0 4 ;  KH^PO^, 0 . 1 ;  sodium a c e t a t e ,  0 . 1 ;  1 .0m l o f  t h e

t r a c e  e lem en t  s o l u t i o n  u s e d  i n  t h e  medium f o r  t h e  c u l t u r e  o f

E . m o b i l i s  and E . s h a p o s n i k o v i i . The pH was a d j u s t e d  t o  6 .5  t o  7 .0
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w i th  1.0% (w /v )  KgHPO^.

A.11 o t h e r  r e f e r e n c e  s t r a i n s  w ere  m a in ta i n e d  on t h e  medium o f  

P f e n n ig  (1 9 6 5 a ;  1965%); d e s c r i b e d  i n  t h e  DSM c a t o l j g u e :  

s o l u t i o n  1 :  l* 5 g  CaGl^.PHgO i n  2 .7 1  d i s t i l l e d  w a t e r ,

s o l u t i o n  2 ;  3 ,0 g  Na^S. 9HgO i n  400ml d i s t i l l e d  w a t e r ,

s o l u t i o n  3 :  9*0g NaHCO^ i n  2 .8 1  d i s t i l l e d  w a t e r ,

s o l u t i o n  4 :  2 .0 g  NH^Gd; 3 .0 g  MgSO^.TH^O; 2 .0 g  KCl; 2 .0 g  KH^PO^;

1 2 . Oral v i t a m i n  s o l u t i o n  ( l .O m g /lO O m l) ; 60ral t r a c e  

e le m e n t  s o l u t i o n ;  140ml d i s t i l l e d  w a t e r ,  

s o l u t i o n  5 :  0 , 125g G aClg.2H ^0 i n  500ml d i s t i l l e d  w a t e r .

T ra c e  e le m e n t  s o l u t i o n  (% w / v ) : EDTA d i - s o d iu m  s a l t ,  0 .1 5 ;  PeSO^.TH^O, 

0 . 0 2 ;  ZnSO^.TH^O, 0 . 0 1 ;  MnClg.4HgO, 0 .0 0 2 ;  6 .0 m l Hoa g i and t r a c e  e le m e n ts ,  

H oag land  t r a c e  e le m e n t  s o l u t i o n  (% w /v )  : A lC l^ ,  0 . 1 ;  K I, 0 . 0 5 ;  KBr, 0 . 0 5  

L iB r ,  0 . 0 5 ;  MnGlg.4H^0, 0 . 7 ;  H^BO^, 1 . 1 ;  Z nC l^ ,  0 . 1 ;  N iC l^ ,  0 . 1 ;  CoGl^, 

0 . 5 ;  SnGlg.2HgO, 0 . 0 5 ; Na^MoO^, 0 . 0 5 ; NaVO^.H^O, 0 . 0 1 ;  s e le n iu m  

s a l t ,  0 .0 5

S o l u t i o n s  1 ,  2 ,  and  5 w ere  a u t o c l a v e d  s e p a r a t e l y ,  s o l u t i o n  1 

w^s u s u a l l y  a u t o c l a v e d  a s  46ml p o r t i o n s  i n  100ml g l a s s  b o t t l e s .  GO^ 

was b u b b le s  th r o u g h  s o l u t i o n  3 f o r  a b o u t  30rain, t h e  pH h a v in g  f a l l e n  

t o  ab o u t  6 . 2 ,  t h i s  s o l u t i o n  was a d d ed  t o  s o l u t i o n  4> and  t h e  r e s u l t i n g  

s o l u t i o n  (3  + 4 ) was f i l t e r - s t e r i l i s e d  by p a s s i n g  th ro u g h :  0 . 2 2um 

membrane f i l t e r s  ( S a r t o r i u s  o r  M i l l i p o r e ) ,  u s i n g  GO^ o v e r  p r e s s u r e .

50ml o f  s t e r i l e  s o l u t i o n  3 + 4  was a d d e d  t o  t h e  s t e r i l i s e d  s o l u t i o n  1 .

To t h i s  s o l u t i o n  was a d d e d  6ml o f  s t e r i l e  s o l u t i o n  2 ,  and  t h e  pHi was 

a id ju s te d  t o  7*2 t o  7*5 w i t h  s t e r i l e  0.2M Na^GO^. A f t e r  i n o c u l a t i o n  

w i t h  t h e  c u l t u r e ,  t h e  b o t t l e s  w ere  f i l l e d ,  l e a v i n g  a  s m a l l  a i r  

s p a c e  t h e  s i z e  o f  a  p e a ,  w i t h  s t e r i l e  s o l u t i o n  5* F o r  t h e  g ro w th  

o f  l a r g e  b a t c h e s  o f  o r g a n i s m s ,  sod ium  a c e t a t e  (0 .1%  w /v )  was 

a d d e d ,  r e d u c e d  t o  0.025% (w /v )  f o r  L a m p ro c y s t i s  r o s e o p e r c i n a  and  

T h i o d ic t y o n  b a c i l l o s u m  ( P f e n n i g  e t  a l . ,  I 9 6 8 ) .  The f o l l o w i n g
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a d d i t i o n s  w ere made t o  t h e  above  medium f o r  t h e  c u l t u r i n g  o f  t h e  

f o l l o w i n g  s t r a i n s ;  G h r .g r a c i l e  and  G h r .m in u tis s im u m , 1.0% (w /v )

NaCl; Gh r . p u rp u ra tu m  and R h o s . s u l f i d o o h i l a , 3.0% (w /v) NaGl; 

A m oebobacter p e n d e n s , 0.05% (w /v )  y e a s t  e x t r a c t .

I n  a l l  m edia  d e s c r i b e d  s e m i - s o l i d  a g a r  t u b e s  and  a g a r  p l a t e s  

w ere p r e p a r e d  by t h e  a d d i t io n -  o f  1.0% an d  1.5% (w /v) a g a r  

r e s p e c t i v e l y .

b .  E x t re m e ly  h a l o p h i l i c  b a c t e r i a .

The r e f e r e n c e  s t r a i n s  o f  h a l o b a c t e r i a  w ere m a in ta in e d  on t h e  

medium o f  Payne e t  a l .  ( i 9 6 0 ) ,  o f  t h e  f o l l o w i n g  c o m p o s i t io n ! (% w /v ) : 

y e a s t  e x t r a c t ,  1 . 0 ;  casam ino  a c i d s  ( D i f c o ) ,  0 .75»  KGl, 0 . 2 ;

MgSO^.THgO; 2 . 0 ;  t r i s o d i u m  c i t r a t e ,  0 . 3 ;  lOppm; Mn̂ '*’, O .lppm ,

2.0M NaGl was added  t o  t h e  medium f o r  t h e  c u l t u r e  o f  H . v o l c a n i i , 

t h e  pH was a d j u s t e d  w i th  s t e r i l e  NaOH. 4*3M NaGl was added  t o  t h e  

medium f o r  t h e  c u l t u r e  o f  a l l  o t h e r  s t r a i n s ,  and  t h e  pH was a d j u s t e d  

t o  7*4 w i th  s t e r i l e  NaOH. A s t o c k  c u l t u r e  o f  H . v o l c a n i i  was a l s o  

m a in ta in e d  on th e  medium o f  M u lla k h a n b h a i  and L a rse n  ( l 9 7 5 ) ;  o f  

t h e  f o l l o w i n g  c o m p o s i t io n  (% w /v): NaGl, 1 2 .5 ;  MgClg.6H^0, 5*0 ;

K^SO^, 0 . 5 ;  CaCl2*6H20, 0 . 2 ;  t r y p t o n e  (O x o id ) ,  0 . 5 ;  y e a s t  e x t r a c t ,

0 ..5 ; pH 6 . 8 .

3*3 .  C u l t u r e  m edia  f o r  t h e  m a in ta in a n c e  o f  i s o l a t e d  s t r a i n s .

a .  P h o to t r o p h i c  b a c t e r i a .

The medium u s e d  f o r  t h e  m a i n t a i nance  o f  E . m o b i l l s  and 

E . s h a p o s n i k o v i i  ( 3 * 2 a ) , c o n t a i n i n g  e i t h e r  1.0% o r  3*0% (w /v )  NaCl 

was u s e d  t o  m a in ta in  t h e  s t r a i n s  i s o l a t e d  from t h e  Kenyan s o d a  l a k e s .

b .  E x t re m e ly  h a l o p h i l i c  b a c t e r i a .

The e x t re m e ly  h a l o p h i l i c  b a c t e r i a  w ere i n i t i a l l y  i s o l a t e d  u s i n g  

a  m o d i f i c a t i o n  o f  t h e  medium o f  Brown (Brown, 1963; G ran t & T i n d a l l ,  

1980 ) ,  o f  t h e  f o l l o w i n g  c o m p o s i t io n  (%w/v): b a c t o - p e p to n e  ( Oxoid L37) ,  

1 . 0 ;  t r i s o d i u m  c i t r a t e ,  0 . 3 ;  KGl, 0 . 2 ;  MgS0^.7H20, 2 . 0 ;  N aCl, 2 5 .0 ;
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Na^GO^.lOH^O, 5 . 0 ;  pH 9 . 0 .  S u b s e q u e n t ly  t h e  i s o l a t e s  w ere found  

t o  g iv e  h i g h e r  g ro w th  y i e l d s  on t h e  medium o f  T i n d a l l  e t  a l .  ( 198O ), 

w h ich  was a  m o d i f i c a t i o n  o f  t h e  medium o f  Payne e t  a l .  ( I 96O ), t o  

w hich  5*0% (w /v) Na^GO^.lOH^O was added  and  t h e  M^O^.TH^O c o n t e n t  

was lo w e re d  t o  O.J.% (w /v )  ; t h e  pHi was 9*5 ( s e e  3 .2 b )

3*4* P h y s i o l o g i c a l  and  m o r p h o lo g ic a l  t e s t s ,  

a# P h o t o t r o p h i c  b a c t e r i a .

The o p t i m a l  s a l i n i t y  f o r  g ro w th  o f  t h e  o rg a n is m s  was d e te rm in e d

i n  t h e  b a s i c  medium f r e e  o f  Na"  ̂ a t  pH 9*5, 1*5% (w /v )  K^GO^ b e in g

added  t o  t h e  medium i n s t e a d  o f  Na^CO^.lOH^O. NaGl was t h e n  added

t o  t h e  medium t o  g iv e  a  r a n g e  o f  NaGl c o n c e n t r a t i o n s  from 0 . 0  t o

10.0% ( w / v ) .  The medium was f i l t e r  s t e r i l i s e d  by p a s s i n g  th r a u g h :

0.22>im membrane f i l t e r s  ( M i l l i p o r e  o r  S a r t o r i u s ) ,  and d i s p e n s e d  i n

2 . 5ml p o r t i o n s  i n t o  s t e r i l e  r e p l i  d i s h e s  ( S t e r i l i n  P r o d u c t s ) .  The

medium was i n o c u l a t e d  i n  q u i n t u p l e t  w i th  t h e  o rg a n is m s  u n d e r  t e s t  and
o

i n c u b a t e d  i n  an a n a e r o b ic  a tm o sp h e re  a t  26 G, a t  a  l i g h t  i n t e n s i t y  

o f  750  l u x  f o r  7 d a y s .  The o p t i c a l  d e n s i t y  o f  t h e  c u l t u r e s  w ere 

d e t e r m in e d  a t  650nm u s i n g  a  Beckman model 35 s p e c t r o p h o t o m e t e r .

The o p t i m a l  pH f o r  g row th  was d e te rm in e d  i n  c o m p le te ly  f i l l e d  

3 .0 m l specim en! t u b e s  ( S t e r i l i n  P r o d u c t s ) .  The b a s i c  medium was 

p r e p a r e d  w i th o u t  t h e  a d d i t i o n  o f  Na^GO^.lOHgO, and  t h e  pH was t h e n  

a d j u s t e d  w i th  0.2M Na^GO^ and 0.2M NaHGO^ so  t h a t  t h e  s a l i n i t y  was 

c o n s t a n t  w i t h i n  t h e  pH r a n g e  7*5 t o  1 1 .0 .  NaOH and HCl w ere  u s e d  

t o  a d j u s t  t h e  pH above 1 0 .5  and  be low  8 .5  r e s p e c t i v e l y .  The medium 

was p r e p a r e d  w i th  e i t h e r  0.1% (w /v )  Na2S . 9H2Û, 0.1% (w /v) sodium  

a c e t a t e ,  o r  b o t h .  The medium was s t e r i l i s e d  by p a s s i n g  th r o u g h  0,22pm  

membrane f i l t e r s  ( M i l l i p o r e  o r  S a r t o r i u s ) ,  d i s p e n s e d  a s  3*0ml 

p o r t i o n s ,  i n o c u l a t e  i n  t r i p l i c a t e ,  and in c u b a t e d  u n d e r  t h e  c o n d i t i o n s  

d e s c r i b e d  a b o v e .  The o p t i c a l  d e n s i t y  o f  t h e  c u l t u r e s  was d e te rm in e d  

a t  650nm a f t e r  7 d a y s .
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Growth was t e s t e d  i n  t h e  l i g h t  and d a rk  i n  s o f t  a g a r  t u b e s  

(1.0%  w / v ) .  The medium was p r e p a r e d  w i th  0.1% (w /v)  sodium  a c e t a t e ,  

w i th o u t  s u l p h i d e  o r  any o t h e r  r e d u c i n g  a g e n t .  The warm, l i q u i f i e d  

a g a r  was d i s p e n s e d  i n t o  s t e r i l e  t e s t  t u b e s  and m a in ta in e d  a t  45°C 

i n  a  w a te r  b a t h .  The t u b e s  w ere i n o c u l a t e d  w i th  t h e  o rg a n is m s  

u n d e r  t e s t  a n d  t h e  s u s p e n s i o n  m ixed a s  d e s c r i b e d  by P f e n n i g ; ( 1965b ) .  

The a g a r  was s o l i d i f i e d  i n  c o l d  w a t e r ,  and t h e  t u b e s  i n c u b a t e d  a t  

26°C, e i t h e r  i n  t h e  d a r k ,  o r  i n  t h e  l i g h t , a t  750 lu x  u n t i l  g row th  

a p p e a re d  (up  t o  1 m o n th ) .

To t e s t  t h e  u t i l i s a t i o n  o f  v a r i o u s  c a rb o n  s o u r c e s  and s u lp h u r  

compounds t h e  b a s i c  medium was p r e p a r e d  w i th o u t  t h e  a d d i t io n -  o f  

c a rb o n  s o u r c e s  o r  s u l p h i d e .  The s a l i n i t y  and  pH was a d j u s t e d  t o  t h e  

o p t im a l  v a l u e s  f o r  t h e  s t r a i n s  u n d e r  t e s t .  To t e s t  f o r  t h e  

u t i l i s a t i o n  o f  c a rb o n  compounds 0.1% (w /v) s u lp h id e  was added  t o  t h e  

medium t o g e t h e r  w i th  t h e  a p p r o p r i a t e  c o n c e n t r a t i o n  o f  c a rb o n  compound 

a s  d e s c r i b e d  by T h i e l e  ( 1968 ) ,  t h e  c o n t r o l  c o n t a i n i n g  o n ly  s u lp h id e  

and  l a c k i n g  any c a rb o n  compounds. The u t i l i s a t i o n  o f  s u lp h u r  

compounds was t e s t e d  i n  m edia  d e v o id  o f  c a rb o n  s o u r c e s ,  t h e  i n d i v i d u a l  

s u lp h u r  compounds b e i n g  added  a t  t h e  c o n c e n t r a t i o n s  d e s c r i b e d  by 

T h i e l e  ( 1968 ) and T ru p e r  ( 1968 ) .  The m edia  w ere s t e r i l i s e d  by 

f i l t r a t i o n  th ro u g h  0.22;um membrane f i l t e r s  ( M i l l i p o r e  o r  S a r t o r i u s ) .  

The s t e r i l e  medium was d i s p e n s e d  i n  2 .5m l p o r t i o n s  i n t o  s t e r i l e  

r e p l i  d i s h e s  ( S t e r i l i n  P r o d u c ts )  and  p l a c e d  i n  an  a n a e r o b ic  cham ber, 

i n c u b a t e d  i n  t h e  l i g h t  a t  750 l u x ,  a t  26°C f o r  7 d a y s .  The o p t i c a l  

d e n s i t y  o f  t h e  c u l t u r e s  was d e te rm in e d  a t  650nm.

The i n  v iv o  a b s o r p t i o n  s p e c tru m  o f  i n t a c t  c e l l s  was d e te r m in e d  

by s a t u r a t i n g  a  c e l l  s u s p e n s io n  w i th  s u c r o s e  ( E i m h je l l a n  e t  a l . , 1967) 

and m e a s u r in g  t h e  a b s o r p t i o n  s p e c tru m  be tw een  350 and 950nm, u s i n g  

a  Z i e s s  PM QII o r  a  Beckman model 35 s p e c t r o p h o t o m e t e r .

The m orphology  o f  t h e  c e l l s  was exam ined u s i n g  a  L e i t z  O r th o p la n
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m ic ro s c o p e  f i t t e d  w i t h  p h a s e  o p t i c s .  The m ic ro s c o p e  was f i t t e d  w i th  

a  cam era  a t ta c h m e n t  ( L e i t z )  f o r  p h o to m ic ro s c o p y .  C e l l u l a r  i n c l u s i o n s  

w ere  i n v e s t i g a t e d  by  s t a i n i n g  o r  by t h e i r  p h y s i c a l  p r o p e r t i e s .  Gas 

V a c u o le s  and  s u lp h u r  g l o b u l e s  w ere d i s t i n g u i s h e d  by t h e i r  a p p e a ra n c e  

and  t h e  c o l l a p s e  o f  t h e  fo rm er  when t h e  c u l t u r e  was s u b j e c t e d  t o  an 

i n c r e a s e  i n  p r e s s u r e  (W alsby , 1974)* P o ly h y d r o x y b u ty r a te  was 

s t a i n e d  w i t h  Sudan B la c k ,  by t h e  m ethod o f  Burdon ( 1946 ) . P o ly s a c c h a r id e s  

w ere  d e c t e c t e d  by  t h e  method o f  H o tc h k i s s  ( 1 9 4 8 ) .  The c e l l s  were 

G r a m - s ta in e d  a c c o r d in g  t o  t h e  m ethod o f  H ucker and Cohn (1 9 2 3 ) .

C a t a l a s e  a c t i v i t y  was d e te r m in e d  by t h e  p r o d u c t i o n  o f  g a s  from  

h y d ro g e n  p e r o x id e  ( T r u p e r ,  I 9 6 8 ) .

The p u r i t y  o f  a l l  c u l t u r e s  was d e te rm in e d  by m ic ro sc o p y  and 

by i n o c u l a t i o n  i n t o  D ifc o  AC medium, D ifc o  AC' medium a d j u s t e d  t o  

pH 9 .5  w i t h  t h e  a d d i t i o n  o f  3.0% (w /v )  Na^CO^.lOH^O, S t a r s k e y * s  

D e s u ln h o v ib r i o  medium (A b d -e l-M a le k  & R iz k ,  1 9 5 8 ) ,  and S ta r s k e y * s  

D e s u ln h o v ib r i o  medium a d j u s t e d  t o  pH 9*5 w i th  t h e  a d d i t i o n  o f  3.0%

(w /v) Na^CO^.lOH^O.

b .  E x t r e m e l y - h a l o p h i l i c  b a c t e r i a .

2+To d e t e r m in e  t h e  pH r a n g e  and o p t im a l  Mg c o n c e n t r a t i o n  

r e q u i r e d  by  t h e  o rg a n is m s ,  t h e  medium o f  Payne e t  a l .  ( 196O) was 

p r e p a r e d  w i th o u t  t h e  a d d i t i o n  o f  MgSO^.TH^O. The medium was 

d i v i d e d  i n t o  t h r e e  p o r t i o n s ,  and t h e  pH; was a d j u s t e d  t o  pH 7 . 5 ,  w i th  

0.2M NaOH o r  HCl, pH 8 . 5 ,  w i th  3.0% (w /v) NaHCO^, and pH 9 .5  w i th  

3 . 0% (w /v )  Na^CO^, M edia a t  e ac h  o f  t h e  t h r e e  pHs was d i v i d e d  i n t o  

t h r e e  a l i q u o t s ,  and  t h e  f i n a l  c o n c e n t r a t i o n : o f  MgS0 ^ . 7H20 was 

a d j u s t e d  t o  0.0%, 0 .1% , and .2.0% (w /v) a t  eac h  pH. Media w ere 

s t e r i l i s e d  by p a s s i n g  th ro u g h  0.22pm membrane f i l t e r s  ( M i l l i p o r e  o r  

S a r t o r i u s ) ,  and d i s p e n s e d  i n  2,^m l  a l i q u o t s  i n t o  s t e r i l e  r e p l i  

d i s h e s  ( S t e r i l i n  P r o d u c t s ) .  The m edia  were i n o c u l a t e d  w i th  t h e  

o rg a n is m s  u n d e r  t e s t  and in c u b a te d  a t  37°C f o r  I 4 d a y s ,  a f t e r  w hich
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g ro w th  was d e te rm in e d  q u a l i t a t i v e l y  ( T i n d a l l  e t  a l . , I 98O ).

2+
Mg o p tim a  w ere  d e te rm in e d  more a c c u r a t e l y  by p r e p a r i n g  t h e  

medium o f  T i n d a l l  e t  a l .  ( 1 9 8 0 ) ,  i n  w hich  t h e  MgS0^ . 7H20 c o n c e n t r a t i o n  

(%w/v) was a d j u s t e d  t o  0 . 0 ,  0 . 0 2 ,  O.O5 , 0 . 1 ,  0 . 2 ,  O..5 , 1 . 0 ,  2 . 0 ,  and

5 . 0 .  The medium was s t e r i l i s e d  by  p a s s i n g  th r o u g h  0.22pm f i l t e r s  

( M i l l i p o r e  o r  S a r t o r i u s )  and  d i s p e n s e d  i n  100ml a l i q u o t s  i n t o  

s t e r i l e  250ml f l a s k s .  The i n o c u l a t e d  f l a s k s  w ere i n c u b a t e d  a t  37°C 

a t  a  s h a k in g  r a t e  o f  lOOrpm f o r  10 d a y s .

The o p t im a l  s a l i h i t y  f o r  g ro w th  was d e te rm in e d  i n  t h e  medium o f  

T i n d a l l  e t  a l . ( I 98O) ,  i n  w hich  t h e  NaCl c o n c e n t r a t i o n  was a d j u s t e d  

t o  O.OM, O .5M, l.OM, 1.-5M, 2.0M, 2.5M, 3-OM, 3.5M, 4.0M, 4.5M, and 

5 .OM. M edia were a l s o  p r e p a r e d  i n  w hich  Na^CO^flOHgO was r e p l a c e d  

by 1 . 5% (w /v )  KgCO^ o v e r  t h e  same r a n g e  o f  NaCl c o n c e n t r a t i o n .

M edia w ere  f i l t e r  s t e r i l i s e d  by p a s s i n g  th r o u g h  0.22pm membrane 

f i l t e r s  ( M i l l i p o r e  o r  S a r t o r i u s ) ,  d i s p e n s e d  a s  100ml a l i q u o t s  i n t o  

250ml f l a s k s ,  and  in c u b a t e d  i n  t r i p l i c a t e  a t  a  shak ing-  r a t e  o f  lOOrpm 

a t  26°C and  37°0 f o r  14 d a y s .  The NaCl optimum was f u r t h e r  

e s t a b l i s h e d  by  t h r e e  p a s s a g e s  o f  t h e  o rg a n is m s  i n  m edia  o f  t h e  same 

s a l i n i t y ,  u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  a b o v e .  The o p t i c a l  d e n s i t y  

o f  t h e  c u l t u r e s  was d e te rm in e d  a t  a  w a v e le n g th  o f  650nm.

G e l a t i n a s e  a c t i v i t y  was d e t e r m in e d  by  t h e  method o f  G onza lez  

e t  a l .  ( 1978 ) ,  by a d d in g  1.0% (w /v )  g e l a t i n  t o  t h e  medium o f  Payne 

e t  a l .  ( i 9 6 0 ) o r  T i n d a l l  e t  a l .  ( 198O ), s o l i d i f i e d  w i th  2.0% (w /v) 

a g a r ,  a n d  exam in ing : t h e  p l a t e s  f o r  zo n es  o f  c l e a r i n g  ( C l a r k e ,  1953 ) 

a f t e r  f l o o d i n g  t h e  p l a t e s  w i th  F r a z i e r ’ s r e a g e n t  ( F r a z i e r ,  1 9 2 6 ) .  

G e l a t i n a s e  a c t i v i t y  was a l s o  d e te r m in e d  by  t h e  i n c l u s i o n  o f  g e l a t i n 

c h a r c o a l  d i s c s  ( O xoid) i n  l i q u i d  c u l t u r e s ,  and ex am in in g  t h e  

c u l t u r e s  f o r  t h e  l i b e r a t i o n  o f  c h a r c o a l  p a r t i c l e s .

S t a r c h  h y d r o l y s i s  was d e te rm in e d  i n  s o l i d  m edia  t o  w hich  0.2% 

(w /v) s t a r c h  was added  (G ib b o n s ,  1957; G onza lez  e t  a l . ,  1 9 7 8 ) .
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S t a r c h  h y d r o l y s i s  was d e t e c t e d  by f l o o d i n g  t h e  p l a t e s  w i th  L ugol*s  

i o d i n e .

R e d u c t io n  o f  n i t r a t e  o r  n i t r i t e  was t e s t e d  i n  l i q u i d  m ed ia  t o  

w hich  1.0% (w /v)  o r  0.1% p o ta s s iu m  n i t r a t e  o r  p o ta s s iu m  n i t r i t e  was 

ad d ed ,  g a s  p r o d u c t i o n  b e i n g  d e t e c t e d  by t h e  i n c l u s i o n  o f  Durham 

t u b e s  i n  t h e  c u l t u r e s  (G o n za lez  e t  a l . , 1 9 7 8 ) .  The p r e s e n c e  o f  

n i t r i t e  was d e t e r m in e d  by  t h e  a d d i t i o n : o f  G re is s *  r e a g e n t  t o  t h e  

medium ( G r e i s s ,  1 9 7 1 ) .  N i t r a t e  was d e t e c t e d  by  t h e  a d d i t i o n  o f  z in c  

d u s t  t o  t h e  c u l t u r e  f o l l o w e d ,  a f t e r  30min, by t h e  a d d i t i o n i  o f  G r e i s s ’ 

r e a g e n t  f o r  t h e  d e t e c t i o n  o f  n i t r a t e .

The p r o d u c t i o n  o f  s u l p h i d e  from: t h i o s u l p h a t e  was t e s t e d  i n  

l i q u i d  m ed ia  t o  w hich  0.1% (w /v)  sodium  t h i o s u l p h a t e  was a d d e d .

H^S p r o d u c t i o n  was d e t e c t e d  by l e a d  a c e t a t e  im p re g n a te d  f i l t e r  p a p e r s  

(C o lw e l l  e t  a l . , 1979; G onzalez  e t  a l . , 1978; Koc u r  & H o d g k is s ,  1 9 7 3 ) .

P r o d u c t i o n  o f  i n d o l e  from p e p to n e  was d e te rm in e d  i n  t h e  medium 

o f  G ibbons (1 9 5 7 ) ,  o f  t h e  f o l l o w i n g  c o m p o s i t io n  (% w /v): casam ino  

a c i d s ,  0 . 5 ;  y e a s t  e x t r a c t ,  0 . 5 ;  b a c t o - t r y p t o n e ,  0 . 0 5 ; g lu t a m i c  a c i d ,  

0 . 2 5 ;  t r i s o d i u m  c i t r a t e ,  0 .0 3 ;  MgSO^.711^0, 2 .5  (pH  7 .2 )  o r  0 . 1  (pH 9 . 5 ) ;  

KCl, Oo.2; NaCl, 2 5 .0 .  The pH was a d j u s t e d  t o  7 .2  w i th  HCl, o r  9 .5  

withr 5.0% (w /v )  Na^CO^.lOHgO. The p r e s e n c e  o f  i n d o l e  was d e t e c t e d  

w i th  E h r i l i c h ’ s  r e a g e n t ,  p -d im e th y la m in o b e n z a ld e h y d e  (G o n za le z  e t  a l . , 

1 9 7 8 ) .

The a b i l i t y  t o  grow u n d e r  a n a e r o b ic  c o n d i t i o n s  was t e s t e d  by 

i n c u b a t i o n  o f  p l a t e s  i n  an a n a e r o b ic  a tm o sp h e re  (G aspak S y s te m s)  o r  

by  o b s e r v i n g  g ro w th  i n  a g a r  s t a b s .

The u t i l i s a t i o n  o f  c a rb o n  compounds was t e s t e d  i n  l i q u i d  and 

s o l i d  m e d ia  (G ochnauer & K u sh n e r ,  1969; G onza lez  e t  a l . , 1978;

T o m lin so n  & H o c h s te in ,  1976:). The a g a r  medium o f  T i n d a l l  e t  a l .

( 1980 ) was p r e p a r e d ,  and i n  some e x p e r im e n ts  t h e  casam ino  a c i d s  and 

y e a s t  e x t r a c t  c o n t e n t s  were lo w ered  t o  0.75% (w /v )  and 0.1%
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r e s p e c t i v e l y .  W e l ls  w ere  c u t  i n  t h e  a g a r  w i th  a  s t e r i l e  c o rk  "borer 

and  w ere f i l l e d  w i th  10% (w /v )  s o l u t i o n s  o f  t h e  c a rb o n  compounds 

u n d e r  t e s t .  P l a t e s  w ere d r i e d  a t  37°G f o r  15min, s p r e a d  w i th  t h e  

o rg an ism  u n d e r  t e s t  and i n c u b a t e d  a t  37^0 f o r  7 d a y s ,  a f t e r  w hich 

t h e  p l a t e s  were exam ined  f o r  zo n es  o f  i n c r e a s e d  grovrth .

I n  l i q u i d  c u l t u r e s ,  10% (w /v )  s o l u t i o n s  o f  t h e  c a rb o n  s o u r c e s  

u n d e r  t e s t  were added  t o  t h e  medium o f  T i n d a l l  e t  a l .  ( l9 8 0 )  t o  g iv e  

a  f i n a l  c o n c e n t r a t i o n !  o f  1.0% ( w / v ) . The c u l t u r e s  were i n c u b a t e d  a t  

37^0 f o r  10 day s  i n  an  i l l u m i n a t e d  i n c u b a t o r  (G a lle n k a ra p ) , a t  a  

s h a k in g  r a t e  o f  lOOrpm. The o p t i c a l  d e n s i t y  o f  t h e  c u l t u r e s  was 

r e c o r d e d  d a i l y  a t  a  w a v e le n g th  o f  650nm, and  a t  570nm and  $00nm a t  

t h e  end o f  t h e  i n c u b a t i o n  p e r i o d .

The method o f  C o lw e l l  e t  a l .  (1979) was u s e d  t o  t e s t  t h e  

s e n s i t i v i t y  o f  t h e  o rg a n is m s  t o  a n t i b i o t i c s .  Thé m edia o f  Payne e t  a l .

( i 960 ) and T i n d a l l  e t  a l .  ( 198O) w ere s o l i d i f i e d  w i th  2.0% (w /v)  a g a r  

and t h e n  s p r e a d  w i th  t h e  o rg a n is m s  u n d e r  t e s t .  A n t i b i o t i c s  w ere 

a p p l i e d  t o  t h e  s u r f a c e  o f  t h e  a g a r  e i t h e r  i n  c r y s t a l l i n e  form  ( 0 / l 2 9 )  

o r  i n  f i l t e r  p a p e r  d i e s  c o n t a i n i n g  known am ounts  o f  t h e  a n t i b i o t i c .

The p l a t e s  were i n c u b a t e d  f o r  up t o  3 weeks a t  37°C, and w ere 

exam ined  a t  7 day i n t e r v a l s  f o r  I n h i b i t i o n  o f  g ro w th .  The f o l l o w i n g  

a n t i b i o t i c s  were u s e d ;  p e n i c i l l i n  G, 10 u n i t s ;  t e t r a c y c l i n e ,  3 ^ g ?  

d ih y d ro  s t r e p t o m y c in ,  1 ( ^ ;  HgCl^, 2 (^ g ;  n o v o b io c in ,  3C^g; a m p i c i l l i n ,  

30;ig; p o ly m ix in  B, 300 u n i t s ;  0 / l 2 9 ,  c r y s t a l l i n e .  A l l  a n t i b i o t i c s ,  

w i th  t h e  e x c e p t io n  o f-H gC l^  (BDH) and 0 / l 2 9  (BDH) w ere o b t a i n e d  from 

Sigm a.

The a b s o r p t i o n  s p e c tru m  o f  w hole c e l l s  was d e te rm in e d  u s i n g  a  

Beckman model 35 s p e c t r o p h o t o m e t e r .

C e l l s  were G ra m -s ta in e d  a c c o r d in g  t o  t h e  method o f  D u s s a l t  (1955)*  

C a t a l a s e  a c t i v i t y  was d e te rm in e d  by t h e  p r o d u c t i o n  o f  gas  from 

h y d ro g en  p e r o x id e  and t h e  p r o d u c t i o n  o f  a  g r e e n  c o l o u r  w i th  1.0%
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b e n z id e n e  s o l u t i o n  and  0 . 15% (w /v )  h y d ro g en  p e r o x id e  (G o n z a le z  e t  a l . , 

1978 ) .  O x id ase  a c t i v i t y  was t e s t e d  by t h e  p r o d u c t i o n  o f  a  p in k  

c o l o u r a t i o n  w ith i 1.0% (w /v)  d im e th y l - p -p h e n y le n e d ia r a in e  (G o n za lez  

e t  a l . , 1978 ) .

3 . 5 . L ip id  a n a l y s e s .

a .  E x t r a c t i o n  and  i d e n t i f i c a t i o n  o f  p o l a r  l i p i d s  from p h o t o t r o p h i c  

b a c t e r i a .

The p o l a r  l i p i d s  o f  t h e  p h o t o t r o p h i c  b a c t e r i a  w ere e x t r a c t e d  by 

t h e  m ethod o f  T ak a cs  and  H o l t  ( l 9 7 l ) . C e l l s  were h a r v e s t e d  a t  

2 0 ,0 0 0 g  f o r  15min a t  4°G and  w ashed tw ic e  w i th  t h e  s a l t  s o l u t i o n !  o f  

t h e  groTvth medium. lOOrag o f  f r e e z e  d r i e d  c e l l s  were e x t r a c t e d  w i th  

10ml c h lo ro f o r m :m e th a n o l  ( 2 : 1 )  o v e r n i g h t  ( e x t r a c t  l ) .  The c e l l s  

w ere h a r v e s t e d  a t  1 2 ,0 0 0 g  f o r  I 5 min a t  4°C and  e x t r a c t e d  o v e r n i g h t  

w i th  c h l o ro f o r m :m e th a n o l  ( 1 :1 )  ( e x t r a c t  I I ) .  The c e l l s  w ere 

h a r v e s t e d  a g a i n  a n d  e x t r a c t e d  w i th  m e th an o l  o v e r n i g h t  ( e x t r a c t  I I I ) .  

A l l  e x t r a c t i o n s  w ere c a r r i e d  o u t  a t  room te m p e r a t u r e  u n d e r  an 

o x y g e n - f r e e  n i t r o g e n  a tm o s p h e re .  The p o l a r  l i p i d s  from  t h e  com bined 

e x t r a c t s  ( l ,  I I ,  & I I I )  were t r a n s f e r e d  t o  c h lo ro fo rm  by t h e  

a d d i t i o n  o f  5*0ml o f  w a te r  f o l lo w e d  by 5.Cml o f  c h lo ro f o r m .  The 

c h lo ro fo rm  p h a s e  was c o l l e c t e d ,  e v a p o r a t e d  t o  d r y n e s s  u n d e r  a  s t r e a m  

o f  n i t r o g e n ,  and  t h e  r e s i d u e  d i s s o l v e d  i n  a  s m a l l  volume o f  c h lo ro fo rm .  

The p o l a r  l i p i d  m i x tu r e s  were s e p a r a t e d  by t h i n  l a y e r  ch ro m a to g rap h y  

on s i l i c a  g e l  i n  t h e  s o l v e n t  s y s te m s  c h l o r o f o r m :m e th a n o l : w a te r  

( 6 5 :2 5 : 4 )  (Wagner e t  a l . , I 96 I ) ,  and  c h l o r o f o r m : m e t h a n o l : a c e t i c  a c i d ;  

w a te r  ( 8 0 : 1 2 : 1 5 : 4 )  ( C o l l i n s ,  1 9 7 8 ) .

P h o s p h a t i d i c  a c i d ,  p h o s p h a t i d y l  g l y c e r o l ,  p h o s p h a t i d y l  c h o l i n e ,  

p h o s p h a t i d y l  i n o s i t o l ,  p h o s p h a t i d y l  s e r i n e ,  and  d i p h o s p h a t i d y l  

g l y c e r o l  ( c a r d i o l i p i n )  were o b ta in e d  from Sigma a s  s t a n d a r d s .

b .  E x t r a c t i o n  an d  i d e n t i f i c a t i o n  o f  l i p i d s  from e x t r e m e ly  h a l o p h i l i c  

b a c t e r i a .
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The l i p i d s  o f  t h e  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  w ere e x t r a c t e d  

by t h e  m o d i f ie d  method o f  B l ig h  and  Dyer (1959) u s e d  by K a te s  e t  à l .  

( 1966 ) .  0 . 5 g  o f  wet p ack e d  c e l l s  w ere su sp e n d e d  i n  5 .0 m l o f  w a te r

t o  w hich was added  7 .5 ^ 1  c h lo ro fo rm :m e th a n o l  ( 2 : 1 ) .  The s u s p e n s io n  

was e x t r a c t e d  o v e r n ig h t  u n d e r  o x y g e n - f r e e  n i t r o g e n  w i th  s t i r r i n g ;  

and th e n  p a s s e d  t h r o u g h  a  G3 s i n t e r e d  g l a s s  f i l t e r  t o  remove c e l l  

d e b r i s .  The f i l t r a t e  was c o l l e c t e d  i n  a  s ô p a i r a t in g  f u n n e l  and 

d i l u t e d  w i th  2 .5m l o f  w a te r  f o l lo w e d  by 2 .5m l o f  c h lo ro f o r m .  The 

c h lo ro fo rm  p h a se  was c o l l e c t e d ,  d i l u t e d  w i th  an  e q u a l  volume o f  

b en ze n e  aind b r o u g h t  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  a t  35^0 .  The 

r e s i d u e  was r e d i s s o l v e d  i n  5 .0 m l c h lo ro fo rm  and s t o r e d  u n d e r  n i t r o g e n  

a t  4°C. The l i p i d  c o m p o s i t io n  was d e te rm in e d  by  s e p a r a t i n g  t h e  

l i p i d s  on s i l i c a  g e l  t h i n  l a y e r  p l a t e s .

A cid  m e th a n o ly s i s  o f  f r e e z e  d r i e d  c e l l s  was p re fo rm e d  by t h e  

method o f  M in n ik in  e t  a l .  (1975 )  i n  1 0 m l- m e th a n o l : to lu e n e  ( l : l )  

a c i d i f i e d  w i th  0 .2 m l c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The n o n - p o l a r  

com ponents  w ere e x t r a c t e d  i n t o  h ex an e  a f t e r  h e a t i n g  t o  50^0 

o v e r n i g h t .  The e x t r a c t s  were s e p a r a t e d  by t h i n  l a y e r  ch ro m a to g rap h y  

on s i l i c a  g e l  p l a t e s  i n  t h e  s o l v e n t  p e t ro le u m  e t h e r : e t h e r  ( 8 5 : 1 5 ) .

The n o n - f a t t y  a c i d  com ponents  w ere  i s o l a t e d  by p r e p a r a t i v e  t h i n  

l a y e r  ch ro m a to g ra p h y  a n d  exam ined  by i n f r a - r e d  s p e c t r o s c o p y  u s i n g  a  

P e rk in -E lm e r  58O s p e c t r o p h o t o m e t e r .

S q u a l e n e s  w e r e  c h a r a c t e r i s e d  b y  c o - c h r o m a t o g r a p h y  w i t h  a u t h e n t i c  

s q u a l e n e  ( S i g m a )  i n  h e x a n e : e t h e r  ( 9 9 .7 5 : 0 .2 5 )  o n  s i l i c a  g e l  t h i n  

l a y e r  p l a t e s  (K u s h w a h a  e t  a l . , 1 9 7 2 ) .  M e n a q u in o n e s  w e re  i d e n t i f i e d  

b y  r e v e r s e  p h a s e  c h r o m a t o g r a p h y  u s i n g  M e rc k  HPTDC R P - l S p ^ ^ ^  

r e v e r s e  p h a s e  p l a t e s  i n  t h e  s o l v e n t  s y s t e m  a c e t o n e  : w a t e r  ( 9 9 : 1 )  a s  

d e s c r i b e d  b y  C o l l i n s  e t  a l .  ( 198O ). S t a n d a r d  m e n a q u i n o n e s  w e re  

o b t a i n e d  f r o m  o r g a n i s m s  a s  d e s c r i b e d  b y  C o l l i n s  e t  a l .  ( 1 9 8 0 ) .  T h e  

i d e n t i f i c a t i o n  w as  c o n f i r m e d  b y  D r . M . D . C o l l i n s .  P o l a r  l i p i d s  w e re
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i d e n t i f i e d  by t h e i r  c h ro m a to g ra p h ic  b e h a v io u r  i n  t h e  s o l v e n t  sy s tem s  

c h l o r o f o r m : m e t h a n o l : c o n c e n t r a t e d  ammonia ( 6 5 :3 5 : 5 )  ( K a te s ,  1 9 7 8 ) ,  

c h lo ro f o r m :m e th a n o l : w a te r  ( 6 5 : 2 5 : 4 ) (Wagner e t  a l . , I 96I ) ,  c h lo ro fo rm :  

m e t h a n o l : 90% a c e t i c  a c i d  ( 3 0 :4 : 2 0 )  ( K a te s ,  1 9 7 8 ) ,  and c h lo ro f o r m ;  

m e t h a n o l : a c e t i c  a c i d : w a t e r  ( 8 0 :1 2 : 1 5 :4 )  ( C o l l i n s ,  1 9 7 3 ) ,  an d  by 

s p e c i f i c  sp ra y  r e a g e n t s .

c N o n - s p e c i f i c  s p r a y  r e a g e n t s .

I o d i n e  v ap o u r  was u s e d  t o  d e t e c t  l i p i d s  by p l a c i n g  a  few 

c r y s t a l s  i n  a  warm c h ro m a to g rap h y  t a n k  w i th  t h e  d e v e lo p e d  c h ro m â tgram 

t h e  l i p i d s  a p p e a r in g  a s  brown s p o t s  (K reb s  e t  a l . , 1 9 6 9 ) .

30-40% ( v /v )  aq u eo u s  s u l p h u r i c  a c i d  was s p r a y e d  o n to  t h e  

ch rom a tog ram  w hich  was th e n  h e a t e d  f o r  20rain a t  180-190°C i n  a 

f o r c e  d r a u g h t  oven , l i p i d s  a p p e a r in g  as  b l a c k  s p o t s  ( C o l l i n s ,  1 9 7 8 ) .

5% (w /v) e t h a n o l i c  m o ly b d o p h o sp h o r ic  a c i d  was s p r a y e d  o n to  t h e  

ch ro m a to g ram s  w hich  w ere  h e a t e d  f o r  2'Omin a t  120°C, t h e  l i p i d s  

a p p e a r in g  a s  b lu e  t o  b l a c k  s p o t s  (K rebs  e t  a l . , 1 9 6 9 ) .

0.001% (w /v )  rhodara ine  6G i n  a c e to n e  was s p ra y e d  o n to  t h e  p l a t e s ,  

w hich  w ere exam ined u n d e r  lo n g  w a v e le n g th  UV l i g h t ,  l i p i d s  a p p e a r in g  

a s  d i f f e r e n t  c o lo u re d  s p o t s  a c c o r d in g  t o  t h e i r  c h e m ic a l  p r o p e r t i e s  

( K a te s ,  1 9 7 8 ; K a te s  e t  a l . , 1966; K rebs  e t  a l . , 1969; W i t t e r  e t  a l . ,

1957).
d S p e c i f i c  s p r a y  r e a g e n t s

P h o s p h o l ip i d s  w ere d e t e c t e d  by t h e  m o d i f ie d  Z in d zad ze  r e a g e n t  

o f  V askovsky and K o s t e t s k y  ( 1968 ) ,  p h o s p h o l ip i d s  a p p e a r in g  a s  b lu e  

s p o t s  a f t e r  s p r a y i n g .

F r e e  amino g ro u p s  were d e t e c t e d  by s p r a y i n g  t h e  p l a t e s  w i th  a

0.2% (w /v )  s o l u t i o n  o f  n i n h y d r i n  i n  b u ta n o l  ( C o l l i n s ,  1978; S k i p i s k i  

e t  a l . , 1961 ) s a t u r a t e d  w i th  w a t e r . P l a t e s  w ere h e a t e d  f o r  5min a t  

100-105°G , l i p i d s  c o n t a i n i n g  f r e e  amino g ro u p s  a p p e a r in g  a s  r e d - v i o l e t  

s p o t s .
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L i p id s  c o n t a i n i n g  v i c i n a l  d i d  g ro u p s  w ere d e t e c t e d  by t h e  

S c h i f f - p e r i o d a t e  r e a g e n t  ( B a d d i le y  e t  a l . , 1956; Shaw, I 9 6 8 ) .  

G ly c o l i p i d s  a p p e a re d  a s  b lu e  s p o t s ,  p h o s p h a t i d y l  g l y c e r o l  a p p e a r in g  

a lm o s t  im m e d ia te ly  a s  a  b lu e  s p o t ,  w h i le  o t h e r  l i p i d s  may t a k e  

s e v e r a l  h o u r s  t o  a p p e a r .  P h o s p h a t id y l  i n o s i t o l  a p p e a r s  a s  a  brown 

s p o t .

G l y c o l i p i d s  w ere a l s o  d e t e c t e d  by t h e  o i - n a p h th o l  s p r a y  o f  

J a c i n  & M isc h k in  ( I 9 6 5 ) . The p l a t e s  w ere h e a t e d  a t  120°C f o r  lOmin, 

g l y c o l i p i d s  a p p e a r in g  a s  p u r p l e - v i o l e t  s p o t s .

D r a g e n d o r f f »s  r e a g e n t  (Wagner e t  a l . , I 96 I )  was u se d  f o r  t h e  

d e t e c t i o n  o f  c h o l i n e  c o n t a i n i n g  l i p i d s ,  w hich  a p p e a re d  a s  o ra n g e  s p o t s  

a f t e r  g e n t l e  w arm ing.

3 .6  A n a ly s e s  o f  c a r o t e n o i d s .  

a  P h o to t r o p h i c  b a c t e r i a .

The c a r o t e n o i d s  o f  t h e  p h o t o t r o p h i c  b a c t e r i a  w ere e x t r a c t e d  by a 

m o d i f ie d  m ethod o f  Schm id t e t  a l .  ( 1965 ) and  Schm id t and T ru p e r  ( 1 9 7 1 ) .  

lOOmg o f  f e e z e  d r i e d  c e l l s  w ere su sp e n d e d  i n  1 .0 m l o f  w a te r  and  

e x t r a c t e d  o v e r n i g h t ,  w i th  s t i r r i n g ,  a t  4^0 ,  u n d e r  an o x y g e n - f r e e  

n i t r o g e n  a tm o s p h e re ,  w i th  20ml a c e to n e r m e th a n o l  ( 7 : 3 ) .  The c e l l  

r e s i d u e  was s e p a r a t e d  from  t h e  s o l u t i o n  by  p a s s i n g  th r o u g h  a  03 

s i n t e r e d  g l a s s  f i l t e r ,  and  w ash in g  w i th  a c e to n e  and f i n a l l y  c h lo ro fo rm ,  

u n t i l  no more p igm ent was e x t r a c t e d .  The com bined e x t r a c t  was b ro u g h t  

t o  d ry n e s s  u n d e r  r e d u c e d  p r e s s u r e  a t  30°C and d i s s o l v e d  i n  2 .5m l 

m e t h a n o l : e t h e r  ( 2 : 1 ) ,  and  s a p o n i f i e d  a c c o r d in g  t o  t h e  m ethod o f  

Schm idt e t  a l .  ( I 9 6 5 ) .  The c a r o t e n o i d  c o m p o s i t io n !  o f  t h e  c e l l s  was 

d e te rm in e d  by t h i n  l a y e r  c h ro m a to g rap h y  on s i l i c a  g e l ,  u s i n g  

s t a n d a r d  c a r o t e n o i d s  f o r  c o - c h ro m a to g ra p h y .  The s t a n d a r d  c a r o t e n o i d s  

were o b t a i n e d  by t h e  m ethod o f  S chm id t e t  a l .  ( 196 5 ) ,  and i d e n t i f i e d  

by ch ro m a to g ra p h y  and a b s o r p t i o n  sp e c tru m  (S chm id t e t  a l . , 1965;

P fe n n ig  e t  a l . , 1968; Schm id t & T r u p e r ,  1 9 7 1 ) .  S ta n d a rd  c a r o t e n o i d s
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were o b t a i n e d  from E . m o b i l l s , L . r o s e o p e r c i n a , R h m . v a n n i e l i i , R h s p .ru b ru m , 

C h r .m in u s , and C h r . v i o l a s c e n s .

b .  E x t re m e ly  h a l o p h i l i c  b a c t e r i a .

The c a r o t e n o i d s  o f  t h e  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  w ere 

e x t r a c t e d  by t h e  m ethod o f  K a te s  e t  a l .  ( 1 966 ) d e s c r i b e d  i n  3 .5 b ,  

e x c e p t  t h a t  e x t r a c t i o n  was c a r r i e d  o u t  i n  t h e  d a rk  a t  4°C u n d e r  an 

o x y g e n - f r e e  a tm o s p h e re .  The c a r o t e n o i d s  o f  H . s a l i n a r i u m  w ere u sed  

a s  s t a n d a r d s  f o r  c o m p a r iso n  i n  t h e  s o l v e n t  sy s te m  c h l o r o f o r m ; e t h e r  

( 9 9 : 1 ) ,  b e n z e n e :a c e to n e  ( 6 5 : 3 5 ) ,  and  c h lo ro fo rm :m e th a n o l  ( 9 3 : 7 )  on 

s i l i c a  g e l  t h i n  l a y e r s  (Kushwaha e t  a l . , 1 9 7 5 b ) .

3 . 7 . E l e c t r o n  m ic ro s c o p y  o f  t h e  p h o t o t r o p h i c  b a c t e r i a .

a .  N e g a t iv e  s t a i n i n g .

C e l l s  w ere n e g a t i v e l y  s t a i n e d  w i th  1.0% (w /v )  o r  2.0%
II

p h o s p h o tu n g s t i c  a c i d  ( im h o f f  & T r u p e r ,  1977; Oyewole & H o l t ,  1976) on 

c a rb o n  c o a t e d  fo rm v ar  c o v e re d  c o p p e r  g r i d s ,  and exam ined a t  an 

a c c e l e r a t i n g  v o l t a g e  o f  80Kv i n  a  J o e l  lOOS e l e c t r o n  m ic ro s c o p e .

b .  T h in  s e c t i o n s .

C e l l s  were h a r v e s t e d ,  w ashed , and p r e f i x e d  w i th  0.1% (w /v )  

osmium t e t r o x i d e ,  u s i n g  t h e  m o d i f ie d  method o f  K e l l e n b e r g e r  e t  a l .

( 1958 ) d e s c r i b e d  by M urray  and W atson ( I 9 6 5 ) .  B lo c k s  were t r a n s f e r e d  

t o  0 . 5% (w /v )  u r a n y l  a c e t a t e  s o l u t i o n ,  f o l lo w e d  by d e h y d r a t i o n  i n  a  

g ra d e d  a c e to n e  s e r i e s  (M urray  & W atson , 1965 ) .  The b lo c k s  w ere 

p e rm e a te d  o v e r n ig h t  w i th  p r o p y le n e  o x id e ,  f o l l o w e d  by t r a n s f e r  t o  

p r o p y le n e  o x i d e : a r a l d i t e  ( l : l )  o v e r n i g h t .  B lo c k s  were t h e n  t r a n s f e r e d  

t o  a r a l d i t e  f o r  5b. f o l l o w e d  by p o l y m e r i s a t i o n  i n  f r e s h  a r a l d i t e  

r e s i n  f o r  48h a t  60°C. B lo c k s  w ere s e c t i o n e d  on a  u l t r a m i c r o to m e  

(C am bridge H u x l e y - P a t t e r n  mk2) w i th  a  g l a s s  o r  diamond k n i f e .

S e c t i o n s  w ere c u t  on a  diamond k n i f e  by H s.S .B u lm an . T h in  s e c t i o n s  

were t a k e n  up on co p p e r  g r i d s  and s t a i n e d  w i th  u r a n y l .  a c e t a t e  o r  l e a d  

c i t r a t e  (M urray  & W atson , 1965; Remsen e t  a l . , 1 9 6 8 ) ,  and exam ined
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a t  an a c c e l e r a t i n g  v o l t a g e  o f  80Kv i n  an AEI 802 o r  J o e l  lOOS 

e l e c t r o n  m ic ro s c o p e ,

3 .8 .  D e te r m in a t io n  o f  GO b a s e  c o n t e n t .

The DNA from p h o t o t r o p h i c  and e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  was 

i s o l a t e d  by  t h e  m ethod o f  M a r n m r ( l9 6 l ) ,  C e l l s  w ere h a r v e s t e d  and 

washed i n  t h e  b a s a l  s a l t s  s o l u t i o n  o f  t h e  g ro if th  medium, s u sp e n d ed  

i n  sa line-E D T A  s o l u t i o n  fo l lo w e d  by  t r e a t m e n t  w i th  sodium  d o d e c y l  

s u l p h a t e  and  sodium p e r c h l o r a t e  (Marmur, 1 9 6 1 ) .  The s u s p e n s io n  was 

d e p r o t e i n i s e d  w i th  4% ( v / v )  i s o - a m y l  a l c o h o l  i n  c h lo ro fo rm  fo l lo w e d  by 

t r e a t m e n t  w i th  r i b o n u c l e a s e  (BDH). The DNA was a g a in  d e p r o t e i n i s e d ,  

s e l e c t i v e l y /  p r e c i p i t a t e d  w i th  i s o - p r o p y l  a l c o h o l  and s t o r e d  i n  

s a l i n e - c i t r a t e  o v e r  a  s m a l l  volume o f  c h lo ro fo rm  a t  4°C . The p u r i t y  

o f  t h e  DNA sam ple  was d e te rm in e d  by t h e  a b s o r p t i o n  s p e c tru m  i n  t h e  

UV r a n g e ,  u s i n g  a  Beckman model 35 s p e c t r o p h o t o m e t e r .  DNA from 

E s h e r i c h i a  c o l i  s t r a i n  was e x t r a c t e d  by t h e  method o f  Marmur

( 1961 ) and  u s e d  a s  a  s t a n d a r d .  M ic ro co c cu s  l y s o d i e k t i e u s "'DNA was 

o b t a in e d  from  Sigma and u s e d  a s  a  s t a n d a r d .

The GO b a s e  c o n t e n t  was d e te rm in e d  by m e l t i n g  p o i n t  by  t h e  method 

o f  Marmur and  Doty (1963 )  i n  e i t h e r  l / l O t h  o r  no rm al s t r e n g t h  s t a n d a r d  

s a l i n e  c i t r a t e ,  u s i n g  a  Pye-Unicam SP8OO f i t t e d  w i th  an  SP876 

a u to m a t i c  t e m p e r a t u r e  p rogram m er. The GC b a s e  c o n t e n t  was c a l c u l a t e d  

from  t h e  r e l a t i o n s h i p s  (Owen & L apage, 1 9 7 6 ) :

i )  f o r  no rm al s a l i n e  c i t r a t e

%GC = 2 .44T ^  -  1 6 9 .3

i i )  f o r  l / l O t h  s a l i n e  c i t r a t e

foGC- = 2 .08T -  1 0 6 .4m

w here T i s  t h e  m e t l t i n g  p o i n t  o f  t h e  DNA. m

B uoyant d e n s i t y  d e t e r m i n a t i o n s  w ere c a r r i e d  o u t , u s i n g  an MSE 

c e n t r i s c a n  u l t r a c e n t r i f u g e  a t  a  sp e e d  o f  e i t h e r  3 8 ,000  o r  4 0 , 000rpra 

a t  room t e m p e r a t u r e .  The c e n t r i f u g e  c e l l s  w ere lo a d e d  a c c o r d in g  t o
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t h e  method o f  Mandai e t  a l .  ( 1 968 ) .  The d e n s i t y  o f  t h e  f i n a l  

s o l u t i o n  was a d j u s t e d  t o  a p p r o x im a te ly  1 .7 1 g /m l  u s i n g  an Abe 

r e f r a c t o r a e t e r  (H andel e t  a l . , 1 9 6 8 ) .  The p o s i t i o n  o f  t h e  DNA bands 

was d e te r m in e d  when t h e  c e l l s  h a d  r e a c h e d  e q u l ib r iu m  a f t e r  2 0 -2 4 h .

An expanded s c a l e  t r a c e  was p ro d u c e d  d i r e c t l y  from  t h e  s c a n  o f  t h e  

c e l l .  The b u o y an t  d e n s i t y  an d ,  h e n c e ,  t h e  GC b a s e  c o n t e n t  was 

d e te rm in e d  from  t h e  r e l a t i o n s h i p  ( Mande1 e t  a l . , I 9 6 8 ) :

P = Pg + 4.2w^ ( r ^  -  r ^ ^ )  x  10” ^^ g /m l 

w here p ^ i s  t h e  d e n s i t y  o f  t h e  r e f e r e n c e  DNA

p i s  t h e  d e n s i t y  o f  t h e  DNA t o  be  d e te rm in e d  

r ^  i s  t h e  d i s t a n c e  o f  t h e  r e f e r e n c e  DNA from t h e  c e n t r e  

o f  r o t a t i o n :

r  i s  t h e  d i s t a n c e  o f  t h e  sam ple  DNA from t h e  c e n t r e  o f  

r o t a t i o n

w i s  t h e  s p e e d  o f  r o t a t i o n  i n  r a d i a n s / s e c o n d

%GG = D -  1 .6 6 0  g /m l 
‘ 0 .0 9 8

3 . 9 * A n a ly s i s  o f  t h e  c e l l u l a r  com ponents  o f  e x t r e m e ly  h a l o p h i l i c  

b a c t e r i a ,

a .  D e t e c t i o n  o f  muramic a c i d  and  s u g a r  a m in e s ,

Muramic a c i d  and  s u g a r  am ines  were d e t e c t e d  i n  t h e  h y d r o ly s e d  

c e l l  w a l l s  by t h e  m ethod o f  R ond le  and Morgan (1955) a s  d e s c r i b e d  

by  M u lla k h a n b h a i  and L a r s e n  ( l9 7 5 )*  C e l l  e n v e lo p e s  were i s o l a t e d  

by t h e  m ethod o f  Holmes e t  a l .  ( 1 965 ) ,  d i a l y s e d  a g a i n s t  d i s t i l l e d  

w a te r  o v e r n i g h t  a t  4°C , and  h y d r o ly s e d  a t  105°G f o r  4h i n  e v a c u a te d  

g l a s s  t u b e s  i n  4N HCl. A f t e r  p a s s i n g  th r o u g h  g l a s s  wool and  

e v a p o r a t i n g  t o  d ry n e s s  u n d e r  r e d u c e d  p r e s s u r e  a t  30°C, t h e  r e s i d u e  

was d i s s o l v e d  i n  t h e  minimum q u a n t i t y  o f  d i s t i l l e d  wat e r  and  p u r i f i e d  

by e l u t i o n  from  a  Dowex-50 W (h"^) X8 (2 0 0 -4 0 0  mesh) (Sigraa) column 

w i th  20ml 0.5N HCl. The e l u a t e  was e v a p o r a te d  t o  d ry n e s s  u n d e r
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r e d u c e d  p r e s s u r e ,  d i s s o l v e d  i n  2ml d i s t i l l e d  w a t e r ,  and  muramic a c i d  

a n d  s u g a r  am ine d e t e r m in e d  by t h e  c o l o r i m e t r i c  m ethod o f  R o n d le  and 

Morgan (1 9 5 5 )  u s i n g  g lu c o sa m in e  (S ig m a ) ,  g a l a c to s a r a in e  (S ig m a ) ,  and 

muram ic a c i d  (S igm a) a s  s t a n d a r d s  (M u l la k h a n b h a i  & L a r s e n ,  1 9 7 5 ) .

The i n i t i a l  c o n c e n t r a t i o n  o f  p r o t e i n  i n  t h e  s a m p le s  was d e t e r m in e d  lyr 

t h e  m ethod o f  Lowry e t  a l . ( 1 9 5 1 ) ,  u s i n g  b o v in e  serum  a lb u m in  

(S igm a) a s  a  s t a n d a r d .

b .  Amino a c i d  c o m p o s i t io n  o f  b u lk  p r o t e i n .

The c e l l  p e l l e t  was l y s e d  by t h e  m ethod o f  Holmes e t  a l .

( 1 965 ) .  The c e l l  e n v e lo p e s  w ere c o l l e c t e d  a f t e r  d i l u t i o n  w i th  d i s t i l l e d  

w a t e r ,  an d  h a r v e s t e d  a t  2 0 ,0 0 0 g  f o r  I h  a t  4°G. The s u p e r n a t a n t  was 

d e c a n t e d ,  m ixed  w i t h  t r i c h l o r o a c e t i c  a c i d  (TCA) and  h e a t e d  a t  90°G t o  

p r e c i p i t a t e  p r o t e i n  ( R e i s t a d ,  1970)* A f t e r  w a s h in g  tw ic e  w i th  TGA t h e  

c o l l e c t e d  p r o t e i n  was r e s u s p e n d e d  i n  50mM. NH^HCO^ and h y d r o ly s e d  i n  

6m HGl f o r  48h a t  105°C . The s u s p e n s i o n  was e v a p o r a t e d  t o  d r y n e s s  u n d e r  

r e d u c e d  p r e s s u r e  and  r e d i s s o l v e d  i n  0.2M HCl. The amino a c i d  c o m p o s i t io n  

was d e t e r m in e d  u s i n g  an  a u t o m a t i c  amino a c i d  a n a l y s e r  ( L o c a r t e  mk IV 

f l o o r  m o d e l)  by D r . J .W .K e y te .

c .  SDS p o ly a c r y l a m id e  g e l  e l e c t r o p h o r e s i s .

SDS p o ly a c r y l a m id e  g e l  e l e c t r o p h o r e s i s  o f  c e l l  e n v e lo p e s  o r  

membrane f r a c t i o n s  was c a r r i e d  o u t  by t h e  m ethod o f  M escher e t  a l ,

( 1 9 7 4 ) .  SDS p o ly a c r y la m id e  g e l s  w ere  p r e p a r e d  by t h e  m ethod o f  

L aem nli (1 9 7 0 )  m o d i f ie d  a c c o r d in g  t o  H ancock e t  a l . (1 9 7 6 ) ,  e i t h e r  

a s  tu b e  o r  s l a b  g e l s .  S am p les  w ere d i s s o l v e d  i n  t h e  b u f f e r  o f  

M escher e t  a l . (1 9 7 4 )  and  h e a t e d  f o r  lOmin i n  a  b o i l i n g  w a te r  b a t h  

b e f o r e  l o a d i n g  o n to  t h e  g e l .  S t a n d a r d s  o f  Xenopus v i t e l l o g e n ,  

p h o s p h o r y la s e  A, t r a n s f e r i n ,  b o v in e  serum  a lb u m in ,  o v a lb u m in ,  l a c t a t e  

d e h y d r o g e n a s e ,  c h y m o try p s in o g e n ,  and  lysozym e w ere  o b t a i n e d  from  S igm a. 

G e ls  w ere  r u n  a c c o r d i n g  t o  t h e  m ethod o f  Weber an d  O sborn (1 9 6 9 ) ,  

and  s t a i n e d  f o r  p r o t e i n  w i t h  Gooraassie B r i l l i a n t  B lu e ,  and
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c a r b o h y d r a t e  w i th  p e r i o d a t e - S c h i f f  a s  d e s c r i b e d  by F a i r b a n k s  e t  a l ,  

( l 9 7 l ) «  S la b  g e l s  w ere  r u n  and s t a i n e d  by  M s.V .D arby ,

d .  I s o l a t i o n  and c h a r a c t e r i s a t i o n  o f  t h e  p u r p l e  membrane.

The p u r p l e  membrane from H .h a lo b iu m  s t r a i n  was i s o l a t e d  by 

s u c r o s e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  (B e c h e r  & C assim , 1975;

Kushwaha e t  a l . , 1975&; O e s t e r h e l t  & S t o e c k e n i u s ,  1 9 7 4 ) .  C e l l s  were 

grown a c c o r d in g  t o  t h e  m ethod Kushwaha e t  a l .  ( 1 9 7 5 a ) ,  h a r v e s t e d  a t  

1 0 ,0 0 0 g f o r  20min, and  washed tvn.ce w i th  t h e  b a s a l  s a l t  s o l u t i o n  o f  

t h e  g row th  medium (Kushvzaha e t  a l . , 1 9 7 5 a ) .  The c e l l  p e l l e t  was 

f r o z e n  a t  -7 0 °C ,  thaw ed  and d i a l y s e d  a g a i n s t  d i s t i l l e d  w a te r  

o v e r n ig h t  a t  4°C (Kushwaha e t  a l . , 1975a; O e s t e r h e l t  & S t o e c k e n iu s ,

1 97 4 ) .  3»0mg DNAase (Sigma) was added  to  r e d u c e  t h e  v i s c o s i t y

c a u s e d  by t h e  r e l e a s e  o f  DNA from t h e  ly s e d  c e l l s .  The d i a l y s e d  c e l l  

membranes were th e n  p u r i f i e d  by c e n t r i f u g a t i o n  t o  remove t r a c e s  o f  

c e l l  w a l l  a t  1 0 ,0 0 0 g  f o r  20min a t  4°C\ The s u p e r n a t a n t  was th e n  

c e n t r i f u g e d  a t  5 0 ,0 0 0 g  f o r  1 .5 h  a t  4°C t o  c o l l e c t  t h e  c e l l  membranes 

(Kushwaha e t  a l . , 1975a-). The membrane p e l l e t  was r e s u s p e n d e d  w i th  

t h e  a i d  o f  a  t i s s u e  g r i n d e r ,  and t h e n  s u b j e c t e d  t o  r e p e a t e d  

c e n t r i f u g a t i o n  a t  1 0 ,0 0 0 g  fo l lo w e d  by c e n t r i f u g a t i o n  a t  5 0 , 000g u n t i l  

t h e  membranes w ere f r e e  o f  c e l l  w a l l  d e b r i s ,  and t h e  s u p e r n a t a n t  

o b t a i n e d  a f t e r  t h e  c e l l  membranes w ere c o l l e c t e d  was f r e e  o f  c a r o t e n o i d s  

(Kushwaha e t  a l . , 1975a ; O e s t e r h e l t  & S to e c k e n iu s ,  1 9 7 4 ) .  The 

membrane p e l l e t  was t h e n  r e s u s p e n d e d  i n  w a te r  and l a y e r e d  on t o  a  

1.3M/1.5M  s u c r o s e  s t e p  g r a d i e n t  and  c e n t r i f u g e d  a t  2 0 0 ,0 0 0 g  f o r  20h 

a t  4°C i n  a S o r v a l  T-8 6 5  f i x e d  a n g le  r o t o r .  The p u r p l e  membrane 

f r a c t i o n ,  w hich c o l l e c t s  a t  t h e  i n t e r f a c e  o f  t h e  1.3M and I . 5M s u c r o s e  

l a y e r s ,  was c o l l e c t e d  from  below  and l a y e r e d  o n to  a  s eco n d  1.3M/1.5M 

s u c r o s e  g r a d i e n t  and c e n t r i f u g e d  a s  b e f o r e  (Kushwaha e t  a l . , 1975a.; 

O e s t e r h e l t  & S t o e c k e n iu s ,  1 9 7 4 ) .  The p u r i t y  o f  t h e  membrane was 

d e te rm in e d  by m e a s u r in g  t h e  a b s o r p t i o n  s p e c tru m  u s i n g  a  Beckman
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raodel 35 s p e c t r o p h o t o m e t e r ,  and  by SDS p o ly a c r y la m id e  g e l  

e l e c t r o p h o r e s i s  (B ech e r  & C ass im , 1975; O e s t e r h e l t  & S to e c k e n iu s ,

1974 ) .  S u c ro s e  was rem oved from  t h e  p u r p l e  membrane by d i a l y s i s  

a g a i n s t  d i s t i l l e d  w a te r .

P e r c o l l ,  p o l y v i n y l  p y r r o l i d o n e  c o a t e d  s i l i c a  p a r t i c l e s  (P h a rm a c ia )  

was a l s o  u s e d  f o r  t h e  i s o l a t i o n  o f  membrane f r a c t i o n s .  The d e n s i t y  

o f  t h e  p u r p l e  membrane i n  P e r c o l l  was d e te rm in e d  by l a y e r i n g  p u r p l e  

membrane, i s o l a t e d  from  s u c r o s e  d e n s i t y  g r a d i e n t s ,  on t o  P e r c o l l  

s o l u t i o n s  and  d e t e r m in i n g  t h e  d e n s i t y  a t  w hich  t h e  membrane banded  

a f t e r  c e n t r i f u g a t i o n  a t  2 0 ,0 0 0 g  f o r  20min a t  4^C i n  a  f i x e d  a n g le  

r o t o r .  The d e n s i t y  i n  P e r c o l l  was m easured  u s i n g  an Abe r e f r a c t om ete r .  

P u r p le  and  r e d  membrane f r a c t i o n  c o u ld  be  i s o l a t e d  by l o a d i n g  P e r c o l l  

g r a d i e n t s  w i th  e i t h e r  u n c e n t r i f u g e d  d i a l y s e d  membrane p r e p a r a t i o n s  

o r  membranes p a r t i a l l y  p u r i f i e d  by c e n t r i f u g a t i o n .  P u r i t y  o f  t h e  

p u r p l e  membrane f r a c t i o n s  o b ta in e d  a f t e r  r e p e a t e d  c e n t r i f u g a t i o n  

i n  P e r c o l l  g r a d i e n t s  a t  2 0 , OOOg f o r  20 min was d e te rm in e d  by 

m e a su r in g  t h e  a b s o r p t i o n  sp e c tru m  b e f o r e  and a f t e r  t h e  rem o v a l o f  

P e r c o l l  from t h e  membrane s u s p e n s i o n ,  and by SDS p o ly a c r y la m id e  g e l  

e l e c t r o p h o r e s i s  o f  t h e  P e r c o l l  f r e e  m embranes. P e r c o l l  was removed 

from  t h e  membrane s u s p e n s i o n  by c e n t r i f u g a t i o n  a t  1 0 0 ,OOOg f o r  2h 

a t  4^0 i n  a  S o r v a l  AH-65O s w in g in g  b u c k e t  r o t o r ,  and tw ic e  washed 

w i th  w a te r ,  f o l lo w e d  by c e n t r i f u g a t i o n  a t  1 0 0 ,OOOg f o r  2h.

e .  I s o l a t i o n  o f  r e t i n a l .

R e tin a l  was i s o l a t e d  from purple membranes or from whole c e l l s  

by the  methods o f  O esterh e lt  e t  a l .  (1973) and Kushwaha et a l .  ( I9 7 5 a ) .  

Purple membranes were ex tra cted  w ith  0 .0 IM cetyltriammonium bromide 

(CTAB, S igm a)racetic  a c id  (9 :1 )  in  th e  dark and tr a n s fered  to  

petroleum ether  a f t e r  the  a d d it io n  o f  ethanol (O esterh e lt  e t  a l . , 1973).  

Whole c e l l s  were ex tr a c te d  w ith  chloroform;methanol (2 :1 )  and the  

r e t i n a l  separated in to  the chloroform phase as described  by Kushwaha
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e t  a l .  ( 1 9 7 5 a ) .  R e t i n a l  was i d e n t i f i e d  by c o -ch o m a to g rap h y  w i th  

a u t h e n t i c  a l l - t r a n s  and 1 3 - c i s  r e t i n a l  (S igm a) i n  t h e  s o l v e n t  sy s tem  

h e x a n e : e t h e r  (8 5 :1 5 )  on s i l i c a  g e l  t h i n  l a y e r s  ( O e s t e r h e l t  e t  a l . , 

1 9 7 3 ) .  R e t i n a l  was d e t e c t e d  by t h e  f l u o r e s c e n c e  o f  t h e  r e t i n o l  i n  

lo n g  w a v e le n g th  UV l i g h t ,  a f t e r  s p r a y i n g  w i th  1.0% NaBH^ s o l u t i o n ,  

and  by t h e  C a r r - P r i c e  r e a c t i o n  ( O e s t e r h e l t  e t  a l . , 1 9 7 3 ) .
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1. ECOLOGY, CLIMATE, MD GEOGRAPHY OP THE LAKES.

1 .1 .  Lake Bogoria (form erly  Lake H annington).

Lake Bogoria l i e s  about 30 m iles  north o f  th e  township o f  Nakuru 

(f ig u r e  5 ) ,  below th e  S iracho Escarpment, which r i s e s  sh arp ly  from 

th e  e a ster n  sh ore. The lake l i e s  in  a trough crea ted  by t i l t  

fa u lt in g ,  which i s  c h a r a c t e r is t ic  o f  th e  area (M cCall, 1967) .  Along 

the shore are numerous hot sp r in g s and g ey sers  ( f ig u r e  2 2 ) , which 

may be submerged by th e  f lu c tu a t in g  water l e v e l .  North o f  th e  lake  

i s  th e swampy area o f  th e  Loboi P la in  ( f ig u r e  2 2 ) , which in d ic a te s  a 

p o s s ib le  subterranean o u tflo w , and a p r e h is to r ic  connection  w ith  th e  

fresh w ater Lake B aringo, about I 5 m iles  north o f  Lake B ogoria  

( f ig u r e  5 ) .  Small sea so n a l stream s flow  in to  th e  la k e .

The la k e  water was pea green in  co lour in  1978, and v a st numbers 

o f L esser Flamingos as w e ll as Greater Flamingos were fe e d in g  a long  

th e shore ( f ig u r e  2 3 ) . The predominant a lg a  presen t was a S p iru lin a  

s p . , which formed a dense p e l l i c l e  on th e su r fa ce  along th e  sh ore, 

and a ls o  co loured  th e  lak e  water ( f ig u r e  2 4 ) . The le v e l  was h igher  

than in  1976, when th e  predominant a lg a  observed in  samples returned  

from th e  s i t e  was a u n i- c e l lu la r  b lu e -g re e n . No flam ingos were 

observed a t th e  lake in  1976. During th e  heavy r a in f a l l  in  1978, 

th e lak e  l e v e l  had probably r is e n  to  cover a l l  th e hot sp r in g s and 

gey sers  examined in  1976, although se v e r a l o f them were exposed at 

the tim e o f  sam pling in  1978. A group o f  g ey sers  on a rocky outcrop  

( f ig u r e  22) ,  which were p rob ab ly  not covered by the high water l e v e l ,  

were a lso  examined in  1978. Most o f  the hot sp r in g  ou tflow s were 

co lo n ise d  by dense a lg a l  groivths ( f ig u r e s  25, 26, 2 7 ). C lose  

exam ination o f  th e grovrth in  some o f th e sp r in gs showed th a t i t  was 

s t r a t i f i e d  s im ila r  to  th e C h lo r o fle x u s-a lg a l a s so c ia t io n s  o f  th e  

hot sp r in g s  on other c o n tin en ts  ( f ig u r e s  25, 26) (Bauld & Brock,

1973; Doemel & Brock, 1974; 1976; Florenzano e t a l . , 1978;
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Figure 22. Map of Lake Bogoria.

Position
Altitude
Area
Average temperatures:
Minimum
Maximum
Average rainfall

36^.06’E 0.15»N
3,200ft
13sq miles

10-14°C
30-34°C
20-30in per year

S hot sp r in g s  
sam pled, 1978

X sampling" s i t e ,  1978

m
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Figure 23. View east over Lake Bogoria.

Lake Bogoria, looking east towards the Siracho Escarpment, 
which rises sharply from the eastern shore (top). The green 
coloured water is speckled with thousands of Lesser Flamingos, 
which form a dense pink band along the shore line.

Figure 24. Algal pellicle at Lake Bogoria.

The algae in Lake Bogoria, in 1978, formed a dense 
brown and green pellicle along the edge of the lake, and were 
also responsible for the pea-green colour of the lake water. 
These algae were found to consist primarily of members of the 
genus Spirulina, on which the flamingos feed.
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Figure 25. Hot springs, Lake Bogoria.

The hot springs and geysers, which line the western 
shore of the lake contained gelatinous/spongy masses, which 
formed thick, stratified mats, covering large areas of the 
rocks. The prolific growths seemed to be little affected by 
submersion in the alkaline lake water.

Figure 26. Chloroflexus/algal mat.

The mats which form the gelatinous/spongy masses in the 
hot springs and geysers contained algae and a filamentous 
organism resembling Chloroflexus aurantiacus. The mass development 
of these mats is typical of the Chloroflexus/algal mats found 
in other hot springs, in its layered structure of green algae 
and blue-green algae overlying the white or orange lower layer 
of the Chloroflexus-like organism.
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Figure 27. Typical V-shaped growth in the hot springs outflow

In some of the hot springs the Chloroflexus/algal mat 
may be seen to form a typical V-shaped pattern. This pattern 
is due to the different rates of cooling at the centre and 
edge of the outflow, and the inability of the organisms to 
grow above a certain temperature.
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Madigan e t a l . , 1974). In some sp r in g s th e  ty p ic a l  V-shaped p a ttern  

o f gro\fth was ev id en t ( f ig u r e  2 7 ) . To examine th e  a s s o c ia t io n s  fo r

th e  p resen ce o f  organism s s im ila r  to  C h lo ro flex u s , enrichm ents were

made on s i t e  in  medium D o f C astenholz (1 9 6 9 ), and incubated in  th e

l ig h t  a t A fter  3 -4  weeks^ groifth appeared on th e s id e  o f  th e

b o t t l e s ,  and was examined m ic r o sc o p ic a lly . Although u n i- c e l lu la r  

and filam en tou s a lgae  were p resen t in  th e  enrichm ents and th e  growths 

from th e  sp r in g s , th e  predominant organism s were f in e  filam en tou s  

forms resem b lin g  C h lo ro flex u s . I t  was not i s o la t e d  fo r  fu rth er  

id e n t i f i c a t io n .

1 .2 . Lake E lm en tieta ,

Lake E lm en tieta  l i e s  west o f  th e  Aberdare Range ( f ig u r e  5 ) ,  

although t h i s  reg io n  o f  f a i r ly  h igh  r a in f a l l  appears to  co n tr ib u te  

l i t t l e  to  th e  drainage in to  th e  lak e  (M cCall, I 967) .  The d ia to m ite  

d e p o s its  o f  K ariandus, above th e p resen t lake l e v e l  ( f ig u r e  2 8 ), 

are in d ic a t iv e  o f  th e  p r e h is to r ic  Garablian Lakes, which covered th e  

p resen t day la k es  E lm en tieta , Nakuru, and Naivasha (McCall, 1987; 

Thompson & Dodson, I 963) .  The topography?of th e  area now e f f e c t iv e l y  

i s o la t e s  th e  lak e from th e oth er  lake b a s in s  ( f ig u r e  5 ) .

At th e  tim e o f  sam pling in  1978 th e  lake le v e l  was low , and the  

shore l in e  was marked by th e exposed mud o f  th e lake bed, which was 

o v e r la in  by a d ep o sit o f  drying tro n a . In 1978 th e lake le v e l  was 

much h ig h er , having flood ed  surrounding pastu re  land (f ig u r e  2 9 ).

In both y ea rs  th e  lak e  water was coloured  by a lgae  ( f ig u r e  3 0 ), which 

were predom inantly u n i- c e l lu la r  in  1978, and filam en tou s in  samples 

brought back from s i t e  in  1978. There was no ev id en ce, in  1978, o f  

th e  trona d e p o s its  v i s ib l e  in  1978 ( f ig u r e s  29 , 3 0 ).

1 .3 .  Lake Magadi.

The Magadi trough l i e s  at th e low est p o in t o f the R ift  V a lley  

in  southern Kenya ( f ig u r e  5 ) ,  and co n ta in s  e x te n s iv e  s a l in e  d ep osits^
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Figure 28. Map of Lake Elmentieta.

Position
A l t i t u d e

Area
Average temperaturesr
Minimum
Maximum
Average rainfall

36^.16'E 0.27'S
5827ft
7sq miles

10-14*C
26-30*C
30-40in per year

Kariandus 

d ia to m ite  mine

X sam pling s i t e ,  1978
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Figure 29. View north-west over Lake Elmentieta.

The view north-west over Lake Elmentieta, showing the 
location of the lake in a natural drainage basin. The high 
water level in 1978 is visible in the areas of partly submerged 
pasture land along the western shore;

Figure 30. Lake water at Lake Elmentieta.

Close inspection of the lake water shows that algae colour 
the water green. The algae present in 1978 were not, however, 
Spirulina sp., and no flamingos were observed at the lake.



m

%



-1 1 9 -

Figure 31. Map of Lake Magadi

Position 
Altitude 
Area
Average temperatures:
Minimum 
Maximum
Average rainfall

36^.15'E 1°.53'S
1,900ft 
40sq miles

20-25°C
35-40°C
10-20in per year

Trona deposits 
Lagoon brines

Little
Lake
Magadi

Needle Rock

Lake
Magadi

x:

Salterns

  dredge p ip e l in e

lagoons 

X sam pling s i t e s ,  1978
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Figure 32. Trona crust, Lake Magadi.

The trona crust along the dredge pipe-line is off white 
in colour, with patches of pink, due to the presence of 
microorganisms containing carotenoids. The upper crust is 
brittle and crystalline, but the lower layers are strong 
enough to support the weight of a man.

Figure 33. View of Needle Rock, Lake Magadi.

The view west across Lake Magadi, with Needle Rock projecting 
into the lake from right to left. At the tip of Needle Rock a 
pool of water overlies the trona, and the surrounding area is 
coloured a variety of hues, from orange, through red, to purple. 
Along the western shore three distinct escarpments may be seen, 
merging with the skyline in the distance.
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which are predom inantly tron a , making up th e  body o f Lake Magadi 

(Baker, 19 5 8 ). Older lak e  beds are v i s i b l e  in  rocky outcrops at 

l e v e l s  h igh er  than th a t o f  th e p resen t la k e , in d ic a t in g  th a t th e  

lak e was once much more e x te n s iv e , and a ls o  more d i lu te  (Baker, 1 9 5 8 ). 

Although th e  main body o f  th e  lak e i s  s o l id  tro n a , lagoons l i e  

alon g  th e  edge o f  th e  d e p o s its , and are fed  by p er ip h era l sp r in g s  

and sea so n a l stream s ( f ig u r e  3 1 ) . Freshw ater i s  pumped by p ip e l in e  

to  th e  works and tow nship o f  Magadi, and th e  r e s u lt in g  sewage and 

e f f lu e n t  en ter s  th e  lak e d ir e c t ly  a t s e v e r a l p la c e s  near th e  town. 

Water i s  never fa r  below the su r fa ce  o f th e  tro n a  and, a lthough th e  

lake does not u s u a lly  support a fr e e  stan d in g  body o f water above 

th e  tro n a , t h i s  has been known in  years o f  ex ce p tio n a l r a i n f a l l ,  as 

in  1978. At the tim e o f  sam pling in  1978 th e  w ater had reced ed  

below th e  tro n a .

The su rfa ce  tro n a , which i s  mined by a f lo a t in g  dredger, i s  

v a r io u s ly  co loured  from o ff -w h ite  to  orange, or even pu rp le , 

accord in g  to  the lo c a t io n  and th e  tim e o f  year ( f ig u r e s  32, 3 3 ).

This lo c a l i s e d  co lou r d if fe r e n c e  was b e s t  i l lu s t r a t e d  at N eedle Rock 

( f ig u r e  33) ,  where th ere  was a sm all body o f  w ater. Around t h i s  

area was a zone o f  coloured  tro n a , which changed colour towards th e  

main body o f  the tron a  d e p o s its  from orange to  p in k ish  purple  

( f ig u r e  33) .  C loser exam ination o f th e tron a  a lon g  the dredge p ipe  

( f ig u r e  3 1 ) showed th a t th e upper most la y e r  was a dry, cracked  

c r u s t , w ith  patchy c o lo u ra tio n  ( f ig u r e  3 4 ) . The cru st was probably  

bleached  by th e  sun, s in c e  to  a depth o f  about 2cm th e pink  

co lo u r a tio n  in t e n s i f ie d  ( f ig u r e  3 4 ) . D ir e c t ly  below  t h is  was a 

p ale  green la y er  about 0.5cm th ic k , c o n s is t in g  alm ost e x c lu s iv e ly  

o f a lg a e , which o verlay  th in  bands o f  p u rp le , dark green , and b e ige  

( f ig u r e  3 4 ) .  I t  was not p o s s ib le  to  e a s i ly  determ ine th e  predominant 

organisms in  th e th in n er  la y e rs  due to  m ixing o f  th e  zones in
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Figure 34. Section of the trona crust. Lake Magadi.

'The layers of trona immediately below the surface of 
the lake are strongly coloured in a series of sharply defined 
bands. The uppermost layer is pink, due to the presence of 
extremely halophilic bacteria, and the layer immediately 
below that is green, due to the presence of algae. The 
purple and dark green layers may be due to the presence of 
purple and green phototrophic bacteria, but only purple 
bacteria were isolated from the lake. The water below the 
surface is black, and has a characteristic foul smell, 
which was also noticed in cultures of the extremely halophilic 
bacteria isolated from the lake.

Figure 35. Lake Magadi water after storage.

The lake water collected and stored rapidly turned red- 
pink, due to the presence of purple sulphur bacteria, which 
included both gas vacuolate and non-gas vacuolate organisms
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t r a n s it  to  N airobi fo r  m icroscop ic  exam ination . Eowever, th e  purple  

la y e r  seemed to  be composed o f  m o tile  s p i r i l l a ,  probably ph ototroph ic  

purple b a c te r ia . No b a c te r ia  could  be id e n t i f i e d  in  th e upper most 

la y er  by m icroscopy. Water c o l le c t e d  from th e  d i lu te  lagoon ly in g  

below th e  town ra p id ly  turned red d ish  purple upon storage  ( f ig u r e  

35) .  The co lou r was found to  be due to  m o tile  rods and s p i r i l l a ,  

th e  id e n t i t y  o f  which as purple p h ototrop h ic  b a c te r ia  was 

te n ta t iv e ly , confirm ed by m easuring th e  ab so rp tio n  spectrum u s in g  a 

Beckman model 35 spectrophotom eter ( f ig u r e  3 6 ) .

At Lake Magadi, common s a l t  i s  a lso  h a rv ested  from th e lak e  

b r in es  which p e r co la te  through th e  lower tro n a  d e p o s it s .  P i t s  are  

dug i n  th e  tro n a , which f i l l  w ith  th e  more con cen tra ted  lower b r in e s ,  

and t y p ic a l ly  con ta in  10-12^^ (w /v) NaCl and 12-16^ (w /v) Na^CO  ̂

(Magadi Soda Co. L td ., a n a ly s i s ) .  The a lk a lin e ,h ig h ly , s a l in e  water 

i s  then pumped in to  la r g e , sh a llow  s a lt e r n s ,  where th e liq u o r  

eva p o ra tes, co n cen tra tin g  th e  s o lu te s  p r e se n t . C onsequently, as the  

liq u o r  co n cen tra tes  th e  NaCl con ten t in c e a s e s , and th e liq u o r  b eg ins  

to  turn pink to  orange ( f ig u r e s  38, 3 9 ) . E v en tu a lly  Na^CO  ̂

p r e c ip ita te s  as th e sesq u ica rb o n a te , and le a d s  to  s e le c t iv e  

enrichment fo r  NaCl in  th e  b r in e . The b r in e  reach es sa tu r a t io n  w ith  

resp e c t to  NaCl, and i t  i s  p r e c ip ita te d , h a rv ested , and washed. A ll  

th e  s a lte r n  lagoons arc h ig h ly  a lk a lin e  due to  th e  p resence o f  

Na^dO^, which i s  never com p lete ly  lo s t  from th e  b r in e . As th e  brine  

begin s to  con cen tra te  and NaCl b eg in s to  p r e c ip ita te ,  i n i t i a l l y  

form ing a su rface  c r u s t , th e  co lour o f th e b r in e  v a r ie s  from orange 

to  c la r e t ,  pink, or even purple ( f ig u r e s  38, 3 9 ) . The in ten sity  o f  

th e co lour i s  a good in d ic a t io n  o f the f in a l  y ie ld  o f  NaCl (G eneral 

Manager, Magadi Soda Co. L td ., person al com m unication). There i s  

a stro n g  s im ila r ity  betw een th e  co lour o f th e  s a lte r n  b r in es  and 

th a t o f  th e  pink to  orange areas o f  th e lake tron a  ( f ig u r e s  3 3 , 38,



—124“

Figure 36. Absorption spectrum
of stored lake water
Lake Magadi

350 450 550 650 750 850 950
wavelength in nm

Figure 37. Absorption spectrum 
of the saltern liquor 
Lake Magadi.

350 450 650550 750 850 950
wavelength in nm
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Figure 38* Saltern liquor, Lake Magadi.

Close examination', of the saltern liquor, during- the depositioni 
of saltt, shows that the liquor' is covered hy a thin crust of either 
sodiunr. carbonate (during the day), or salt (during the night). The 
salt crust precipitates, while the sodium carbonate redissolves 
during the cool evening.

Figure 39. Salterns, Lake Magadi.

The shallow salterns at Lake Magadi are filled wi-th: water from 
pits dug-in the lake trona. The water is initially black, due to 
the presence of mud, whichi precipitates in the first salterns* As 
the liquor concentrates it is transfered to f-urther salterns, where 
it begins to -turn red-orange in colour, due to the growth, of 
pigmented halophilic microorganisms,. From some angles the saltern 
liquor may appear "to ha-ve a purple hue,.
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39)* M icroscop ic exam ination o f  th e  s a lte r n  b r in e s  rev ea led  th e  

p resen ce o f  numerous b a c i l l i ,  c o c c i ,  and lo n g  fu sifo rm  organism s. 

Measurement o f  th e  absorption: maxima showed th a t th e  p igm entation  

was due to  th e  p resen ce  o f  ca ro ten o id s and b a c te r io c h lo r o p h y lls  

p re se n t i n  some o f  th e s e  organism s ( f ig u r e  3 7 ) .

1 .4 .  Lake Nakuru.

Lake Nakuru l i e s  about 10 m ile s  n orth -w est o f  Lake E lm en tie ta , 

and d ra in s  th e  Mau Escarpment to  th e  west ( f ig u r e  5 ) .  Famous fo r

i t s  v a s t f lo c k s  o f  fla m in g o s, th e  eco logy  o f  th e  lak e  i s  undergoing

change due to  th e  in tr o d u c tio n  o f  th e  a lk a l i - t o le r a n t  T ila o ia  

graham ii from Lake Magadi, and th e  concom itant in c r e a se  i n  th e  

numbers o f  f i s h  e a t in g  b ir d s . The lake has been known to  dry up 

alm ost co m p le te ly , w ith  th e  ex cep tio n  o f  th e  n o r th -e a st  corn er, where 

fresh w ater  sp r in g s en ter  th e  la k e  ( f ig u r e  4 0 ) .  The lake i s  a lso  

fed  by sea so n a l and a sea so n a l stream s and r iv e r s ,  and by tr e a te d

sewage e f f lu e n t  from th e  town o f Nakuru.

During 1976 flam in gos were p resen t on th e  la k e , and th e  

predominant a lg a  observed in  sam ples brought back was a S p ir u lin a  

sp . In  1978, when th e  lak e  le v e l  was h ig h er , and some o f th e  

surrounding area was f lo o d ed , th e  predominant a lg a  was a u n i - c e l lu la r  

organism , no flam ingos were p r e se n t . S ev era l o f  th e tra ck s  at th e  

southern  end o f th e  lak e  were flo o d ed  b y -th e  h ig h .w a ter  l e v e l  i n  

1978. At one p o in t , where th e  road was r a is e d  above th e surrounding  

g ra ss la n d , a la rg e  area  of" water was sep arated  from th e  la k e  

( f ig u r e  4 1 ) . S ince th e  water l e v e l  o f  th e  la k e  had p r e v io u s ly  been 

h ig h er , and th e  pH o f  th e  i s o la t e d  p o o ls  was th e  same as th e  pK o f  

th e  lak e  w ater, i t  was assumed th a t th e p o o ls  had been sep arated  

from th e  la k e  as th e  h igh  water l e v e l  r e c e d e d '. The water o f  th e  

lak e  was brow nish-green i n  co lo u r , due to  th e  p resence o f a lg a e  

( f ig u r e  4 1 ) j b u t th e  i s o la t e d  p o o ls  were red  in  co lou r ( f ig u r e  42,
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Figure 40. Map of Lake Nakuru

Position
Altitude
Area
Average temperatures:
Minimum
Maximum
Average rainfall

36 .06'E 0.23'S 
5765ft
11.5sq miles

10-14°C
26-30°C
30-40in per year

Honeymoon H i l l  

Sewage Farm

X ■ sampling- s i t e s ,  197Ô

X ;
flood ed

area
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Figure 41. Lake Nakuru water.

The lake water at Lake Nakuru was coloured green-brown, 
in 1978, due to the presence of algae. The higher lake level, 
in 1978, had caused flooding of the surrounding area. At one 
point, along the southern part of the lake, a raised road 
had divided the flood water from the main body of the lake.

Figure 42. Isolated pools, Lake Nakuru.

The isolated pools of water, lying south of the raised 
road, were coloured brown-red, and contrasted strongly with 
the colour of the lake water. The colour of the isolated pools 
was caused by the presence of large numbers of purple 
phototrophic bacteria, predominantly gas vacuolate strians.
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Figure 43. Lake water from Lake Nakuru.

The water from the isolated pools at Lake Nakuru was 
stored and exaunined at a later ' date. The water remained 
red-brown in colour, and the organisms observed in the water 
were gas vacuolate and non-raotile, but became motile during 
storage, and lost the gas vacuoles.
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Figure 44. Absorption spectrum
of isolated pools
L a k e  N a k u r u

350 450 550 650 750 850 950
wavelength in nm
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4 3 ) t and th e  pool water was examined in  more d e t a i l .  M icroscop ic  

exam ination o f th e w ater rev ea led  th e  presence o f  la rg e  numhers o f  

m o tile  rods and s p i r i l l a ,  some o f  which conta in ed  r e f r a c t i l e  

in c lu s io n s .  The co lo u r a tio n  was shown to  he due to  th e presence  

o f  ca ro ten o id s  and h a c te r io c h lo r o p h y ll a in  th e  c e l l s ,  by m easuring 

th e  a b sorp tion  maxima, u s in g  a Beckman model 35 spectrophotom eter  

( f ig u r e  4 4 ) .  Plowing in to  th e  northern end o f  th e  lak e  i s  th e  

e f f lu e n t  from th e  Honeymoon H i l l  sewage farm. In  1978 th e  

o x id a tio n  ponds at th e  sewage farm were p in k -red  in  co lou r due to  

th e  p resen ce  o f  p h oto trop h ic  b a c te r ia , which were app arently  

enrich ed  by the h igh  l e v e l s  o f  su lp h id e  reach in g  th e  o x id a tio n  ponds 

from th e  anaerobic d ig e s t io n  tank (T in d a ll, u n p u b lish ed ). Enrichments 

made at pH' 9*5 f a i l e d  to  y ie ld  growth, a l t h o u ^  th e  organism s grew 

at lower pH. The organism s i s o la t e d  (Grant & S c h o f ie ld , unpublished) 

d id  not resem ble any o f  th e  organism s i s o la t e d  from th e la k e , and 

th e  sewage farm was, th e r e fo r e , d iscou n ted  as a p o s s ib le  source o f  

th e  p h oto trop h ic  b a c te r ia  in  th e  la k e .

1.5',. N aivasha C rater Lake.

N aivasha C rater Lake i s  a sm all lak e ly in g  in  th e c r a te r  o f  an 

e x t in c t  v o lca n o . The lak e l i e s  about 3& m iles  west o f  Hippo P o in t, 

and alm ost due north o f  L i t t l e  Lake Naivasha ( f ig u r e  5> 4 5 ) .  I t  i s  

sometimes confused  w ith  th e  lak e  which forms in  th e c ra ter  a t th e  

n o r th -e a st  edge o f Lake N aivasha. The rim o f t h i s  c ra ter  i s  

u su a lly  p a r t ly  submerged, and forms C rescent I s la n d . During dry 

years th e  whole o f  th e c ra ter  rim may be exposed , c u tt in g  o f f  the  

water w ith in  th e c r a te r . Naivasha C rater Lake i s  never connected  

to  Lake N aivasha, as are other la k e s  in  th e  complex, and i t s  water 

le v e l  i s  about $Oft h igh er  than th a t o f  th e  o th er  la k e s . The lake  

water o f  Naivasha C rater Lake i s  always a lk a l in e  by comparison w ith  

Lake N aivasha, which has a ph o f  7*5> and L i t t l e  Lake N aivasha, in
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Figure 45. Map of the Naivasha lakes

Position
Altitude
Area of Crater Lake 
Average temperatures : 
Minimum 
Maximum
Average rainfall

36 .16’E 0.47'S
6180ft
Isq mile

10-14°C
26-30°C
10-20in per year

Lake Naivasha reseen 
Island!

Naivasha
Crater
Lake

Littl
/Lake

aivasha
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Figure 46. View north over Naivasha Crater Lake.

As i t ’s name implies this lake lies in the crater of an 
extinct volcaoio, west of Lake Naivasha. The laJce is effectively 
isolated from the drainage into Little Lake Naivasha and Lake 
Naivasha by the sides of the volcano. The water level in the 
crater lake is, apparently, 50ft higher than that of the other 
two lakes, and there appears to be no subterranean inflow.
The lake water was characteristically pea-green in colour, 
in 1978, ae was the lake water of the less alkaline Little 
Lake Naivasha.
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w hich t h e  pH f l u c t u a t e s  b e tw ee n  pH 8 .5  and 9*5 (G a u d e t ,  p e r s o n a l  

c o m m u n ic a t io n ) .  A lth o u g h  t h e  l a k e  was o n ly  sam pled  i n  1976 , due 

t o  d i f f i c u l t i e s  o f  a c c e s s  i n  19T8 , t h e  l a k e  l e v e l  was h i g h e r  i n  

1978 t h a n  i n  19T6. The l a k e  a p p e a r s  t o  h e  f e d  m a in ly  hy r a i n f a l l ,  

and n o t  by s u b t e r r a n e a n  s p r i n g s ,  a s  a l s o  i n d i c a t e d  by t h e  

f l u c t u a t i o n  i n  t h e  l a k e  l e v e l  w i t h  t h e  a n n u a l  r a i n f a l l .  I n  b o th  

y e a r s  t h e  w a te r  was c h a r a c t e r i s t i c a l l y  p e a  g r e e n  i n  c o l o u r  ( f i g u r e  

4 6 ) ,  and i n  1976 t h e  most num erous o rg an ism  o b s e rv e d  i n  sam p le s  

b ro u g h t  b a c k  was a  f i l a m e n t o u s  b l u e - g r e e n  a l g a .  The c o l o u r  o f  t h e  

l a k e  w a te r  was s i m i l a r  t o  t h a t  o b s e r v e d  i n  L i t t l e  Lake N a iv a s h a ,  

a l th o u g h  t h i s  l a k e  was n o t  i n v e s t i g a t e d .
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2 .  WATER CHEMISTRY.

The c h e m ic a l  a n a l y s i s  o f  t h e  w a te r  sam p les  b ro u g h t  b a c k  from 

t h e  l a k e s  was c a r r i e d  o u t  a s  soon  a s  p o s s i b l e  a f t e r  c o l l e c t i o n .

Where p o s s i b l e  t h e  pH and GO^/HCO^ /CO^^ c o n c e n t r a t i o n  was m easu red  

on s i t e ,  and  a g a in  i n  L e i c e s t e r .  The r e s u l t s  o f  t h e  c h e m ic a l  a n a l y s i s  

a r e  p r e s e n t e d  i n  t a b l e  6 ,  The pE, a s  d e te rm in e d  by a  sodium  io n  

c o r r e c t e d  T n g o ld  c o m b in a t io n  e l e c t r o d e  (P y e -U n ic a m ) , h a s  b e e n  

com pared w i t h  t h e  pH c a l c u l a t e d  from  t h e  r e l a t i o n s h i p ;

pH = pK + l o g

[HCO3- ]

w here  pK = - l o g  K

K s  5*61  % 10"*^^, and i s  t h e  e q u i l i b r i u m  c o n s t a n t  o f  t h e  

r e a c t i o n  ( a f t e r  G o lte rm an  e t  a l . , 1 9 T 8 ) :

HCO3"  + C O j^-

t h e  v a l u e s  o f  and [hCO^^J a r e  t h o s e  m easured  by  c h e m ic a l

a n a l y s i s .

The v a l u e s  o b t a i n e d  f o r  t h e  c a l c u l a t e d  pH and t h o s e  o b t a i n e d

by d i r e c t  m easurem ent a r e  i n  c l o s e  a g g re m e n t ,  i l l u s t r a t i n g  t h a t ,

a l l o w in g  f o r  d e v i a t i o n s  from t h e  c a l c u l a t e d  pH c a u s e d  by t h e  method

o f  m e asu rem en t ,  t h e  a c t u a l  pH o f  t h e  l a k e  w a te r s  would n o t  be

s i g n i f i c a n t l y  d i f f e r e n t .  The pH o f  t h e  w a te r  i s  d i r e c t l y  r e l a t e d

— 2—t o  b o th  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  t h e  a n io n s  HCO^" and GO^ , 

and  t o  t h e i r  a b s o l u t e  c o n c e n t r a t i o n ,  and h e n c e ,  t h e  s a l i n i t y  o f  t h e  

w a te r .  T h ese  r e s u l t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  

o b t a i n e d  by o t h e r  w o rk e r s ,  who h ave  exam ined t h e  same l a k e s  (B a k e r ,  

195 8 ; E u g s t e r ,  1970; J o n e s  B e t  a l . , 1977; M cC all,  1967, T a i l i n g  & 

T a i l i n g ,  196p; Thompson & Dodson, 1 9 6 3 ) ,  o r  o t h e r  s o d a  l a k e s  

( E u g s t e r  & H a r d ie ,  1978; Im h o ff  e t  a l . , 1 9 7 8 b ) .

E u g s t e r  (1970) h a s  shovm t h a t  t h e  e f f e c t  o f  e v a p o r a t i v e  

c o n c e n t r a t i o n  may be f o l lo w e d  i n  E a s t  A f r i c a n  w a te r s  by; com paring



Table 60 Chemical analyses of the lake waters. 

So Analyses made in 1976

Lake Bogoria Lake Elmentieta Lake Magadi Lake Nakuru Naivasha Crater Lake Salterns

Nâ (mM) 494 1,725 4,600 410 154 -

(fflM) 4.64 31.8 42.0 7.8 5.8 -

0.(02 OoOOl 0.001 0.005 0.038 -

Câ '̂ (mM) 0.061 O..OO6 0.006 0.018 0.039 -

Cl" (mM) 37.5 200 64o 32.5 11.0 -

75 445 1,950 60 28 -

total alkalinity (mM) 382 1,075 2,380 291 137 -

pH (measured) lOol 10.4 10.5 10.15 10.0 -

pH (calculated) 9.76 10.22 11.03 9.79 9.78 -

bo Analyses made in 1978

Lake Bogoria Lake Elmentieta Lake Magadi Lake Nakuru Naivasha Crater Lake Salterns

Na+(mM) 652 300 2,000 400 10,200

K*(mM) 5.0 4.5 16.0 3.1 215

MgZ+(mM) 0.002 0.001 b.l.d. 0.001 b.l.d.

Câ '̂ (mM) 0.045 O0I65 0.0175 o.o4o b.l.d.

Cl"(mM) 85 67 400 33 4,500

CÔ "̂(mM) 220 54 582 57 1,654

total alkalinity (mM) 546 133 1,304 123 2,233

pH (measured) 10.4 10.5 10.35 10.45 10.8

pH (calculated) 10.2 10.21 10.28 10.31 - 10.8

POî (̂nM) 0o004 0.05 0.008 0.06 - 0.10

NĤ +(mM) 0.25 0.042 0.42 0.042 - 0.25

total nitrogen (#) 0.25 0.25 2.2 0.20 - 0.80
If

conductivity x 10 mbo 24.0 1.2 52.0 1.2 90.0

IHW
ON
I

(bol.do; ion concentrations below the level of detection)
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th e  c o n c e n t r a t i o n s  o f  c a t i o n s  and a n io n s  w i th  t h e  c o n c e n t r a t i o n  o f  

Cl , which i s  one o f  t h e  most s o lu b le  a n io n s  i n  t h e s e  w a te r s .  I f  

th e  w a te r  a n a ly s e s  a r e  s u b j e c t  t o  a n a l y s i s  i n  t h i s  manner, and a r e  

compared w i th  t h e  r e s u l t s  o b ta in e d  from p r e v io u s  s t u d i e s ,  i t  may be 

seen  t h a t  t h e r e  i s  no s i g n i f i c a n t  d e v i a t i o n  among th e  r e s u l t s ,  

w ith  t h e  e x c e p t io n  o f  t h e  Magadi s a l t e r n  l i q u o r ,  which i s  a f f e c t e d  

by t h e  p r e c i p i t a t i o n  o f  NaCl ( f i g u r e  4 7 ) .  The l i n e a r  r e l a t i o n s h i p  

between t h e  d i f f e r e n t  l a k e  w a te r s  shows t h a t  t h e  m a jo r  c o n t r o l l i n g  

e f f e c t s  i n  th e  w a te r  c h e m is t ry  a r e  t h e  n a t u r e  o f  t h e  su r ro u n d in g  

ro ck  and e v a p o r a t iv e  c o n c e n t r a t i o n ,  r a t h e r  th a n  s o l u t e  l o s s  i n  th e  

la k e .  Comparison w i th  r e s u l t s  o b ta in e d  from o th e r  soda  l a k e s  o u t s id e  

th e  Kenyan R i f t  V a l le y  shows t h a t  th e y  a r e  in f l u e n c e d  by t h e  geology: 

o f  t h e  a r e a ,  due t o  t h e  d i f f e r e n t  s o l u t e  c o n c e n t r a t i o n s  i n  t h e  

le a c h in g  w a te r s  ( f i g u r e  4 7 ) .  Thus, even t h e  more d i l u t e  l a k e s  i n  

th e  R i f t  V a l l e y ,  Kenya would form soda  l a k e s  l i k e  th o s e  a t  Nakuru, 

E lm e n t ie ta ,  and B o g o r ia  on f u r t h e r  e v a p o r a t iv e  c o n c e n t r a t i o n .  

C o n c e n t r a t io n  o f  t h e  l e s s  c o n c e n t r a t e d  soda  l a k e s  would a l s o  l e a d  

e v e n t u a l l y  t o  t h e  d e p o s i t i o n  o f  t r o n a ,  a s  h a s  b een  seen  a t  l a k e s  

Nakuru and E lm e n t ie ta  i n  t h e  p a s t ,  when t r o n a  was a l s o  m ined, as  

a t  Lake M agadi. S i m i l a r l y ,  u n d e r  t h e  same g e o l o g i c a l  c o n d i t i o n s  

d i l u t i o n  o f  Lake Magadi would r e s u l t  i n  t h e  fo rm a t io n  o f  more 

d i l u t e  w a te r ,  t e n d in g  to w ard s  t h e  c o m p a ra t iv e ly  f r e s h w a te r ,  found 

in  l a k e s  N a iv ash a ,  T u rkana ,  and B a r in g o .  The g e o l o g i c a l  ev id en ce  

shows t h a t  t h e  p r e s e n t  l a k e s  have been  s u b je c t  t o  v a r i a t i o n s  i n  la k e  

l e v e l ,  w hich were accom panied by changes i n  t h e  c o n c e n t r a t i o n  o f  

s o lu t e s  i n  t h e  w a te r  (B ak e r ,  1958; B u tz e r  e t  a l . , 1972; M cCall, 1967; 

R ich a rd so n  & R ic h a rd so n ,  1972; Thompson & Dodson, 196 3 ) .  The 

I changes i n  t h e  la k e  l e v e l  i n  t h e  g e o l o g i c a l  p a s t  were due t o  c l i m a t i c  

and to p o g r a p h i c a l  c h a n g e s .  C l im a t i c  changes have b een  o b se rv ed  a t  

a number o f  t h e  l a k e s  as  a  c y c l i c  s e r i e s  o f  wet and d ry  p e r io d s  over
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Figure 47. Concentration of the major ions in the soda lakes.

The concentration of the major ions in the lake water 
is compared to the concentration of the chloride ion, which 
is not precipitated until the later stages of evaporative 
concentration. The values obtained from the Kenyan soda lakes 
are compared to the values from the lakes of the Wadi Natrun 
(Imhoff et al.. 1978b).
Kenyan lakes: 1, Lake Bogoria, 1978; 2, Lake Elmentieta, 1978;

3, Lake Magadi, 1978; 4, Lake Magadi salterns, 1978;
5, Lake Nakuru, 1978; 6, Lake Bogoria, 1976;
7, Lake Elmentieta, 1976; 8, Lake Magadi, 1976;
9, Lake Nakuru, 1976; 10, Naivasha Crater Lake, 1976 

Wadi Natrun lakes: A, Lake Gabara; B, Lake Hamara; C, Lake Zugum;
D, Lake Gaar; E, Lake Muluk; F , Lake Rizunia.
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a number o f y e a rs , and i s  r e f le c t e d  in  th e  changes in  th e water 

ch em istry , as has been observed in  other c lo se d -b a s in  la k es (E ugster  

& H ardie, 1978). The p resen t minor c lim a tic  changes may be 

observed in  th e lo s s  o f  tron a  produ ction  in  th e  1950*s at Lake Nakuru, 

and th e  recen t f lo o d in g  o f th e lak e  observed in te r m it te n t ly  over 

th e  l a s t  tw enty y e a r s . These f lu c tu a t io n s  in  th e  water chem istry  

o f th e  soda la k es  o f  th e  Kenyan R if t  V a lley , whether over a p eriod  

o f te n s  o f  y ea rs , or thousands o f  years would have some in f lu e n c e  

on th e  b io ta  o f th e  la k e s .
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3 . ISOLATION AND CHARACTERISATION OF PROTOTROPHIC BACTERIA.

P h o to t r o p h i c  b a c t e r i a  w ere e n r i c h e d  from t h e  l a k e s  b y  i n o c u l a t i o n  

o f  l i q u i d  and s o f t  a g a r  m ed ia  w i th  mud s a m p le s ,  e i t h e r  on s i t e ,  i n  

1 978 , o r  from  sam p les  b ro u g h t  b a c k  i n  1976 and 1977 , and by 

W inogradsky  and H o l i s c h  t y p e  co lum ns ,  a f t e r  P f e n n ig  ( 1965a ) ,  S i m i l a r  

e n r ic h m e n ts  were made u s i n g  mud sam p les  from a l o c a l  L e i c e s t e r s h i r e  

s t r e a m  a t  t h e  n a t u r a l  pH o f  t h e  s t r e a m ,  and a t  pH 9 .5*

3 . 1 .  E n r ic h m e n ts .

F o u r  d i f f e r e n t  t y p e s  o f  W inogradsky  and M o lis c h  column were 

p r e p a r e d ,  u s i n g  mud and w a te r  from t h e  same s o u r c e .  The pH o f  t h e  

l o c a l  s t r e a m  w a te r  was a d j u s t e d  t o  p H '9 .5  by t h e  a d d i t i o n ,  o f  3 .0 ^

(w /v )  Na^CO^.lOH^O. One g roup  o f  e n r ic h m e n ts  w ere  p r e p a r e d  by 

f i l l i n g  b o i l i n g  t u b e s  t o  a  d e p th  o f  15-18cm w i th  mud, w hich  was th e n  

c o v e re d  w i th  2 . 0 - 3 . 0cm o f  w a te r  from  t h e  same s o u r c e .  The tu b e s  were 

i n c u b a t e d  e i t h e r  by a  window, o r  i n  f r o n t  o f  f l u o r e s c e n t  s t r i p  l i g h t s  

( P h i l i p s  d a y l i g h t ) ,  a t  a  l i g h t  i n t e n s i t y  o f  1 ,0 0 0  l u x ,  u n t i l  g row th  

was o b s e rv e d  on t h e  s i d e  o f  t h e  t u b e .  A s e c o n d  g roup  o f  t u b e s  were 

p r e p a r e d  by  m ix in g  mud, w a te r ,  and  p l a n t  r e m a in s  from t h e  same 

s o u rc e  w i th  a s m a l l  q u a n t i t y  o f  c a lc iu m  s u l p h a t e  ( P f e n n ig ,  1965a ) .

The t h i r d  g roup  o f  t u b e s  were p r e p a r e d  b y  m ix in g  a  s m a l l  q u a n t i t y  

o f  mud w i th  eggvrhite  t o  g iv e  a  l a y e r  about: 2-3cm d e e p ,  on to p  o f  

w h ich  was p l a c e d  5-7cm o f  mud from  t h e  same s o u r c e ,  c o n t a i n i n g  a 

s m a l l  q u a n t i t y  o f  p o ta s s iu m  s u l p h i d e  and c a lc iu m  s u l p h a t e  ( p f e n n i g ,  

1965a ) .  A 7-lOcm l a y e r  o f  w a te r  was i n t r o d u c e d  above t h e  mud. T hese  

two g ro u p s  o f  t u b e s  w ere i n c u b a te d  i n  a  window away from  d i r e c t  

s u n l i g h t .  The f i n a l  g ro u p  o f  t u b e s  were p r e p a r e d  by m ix in g  mud r i c h  

in i o r g a n i c  m a t t e r  w i th  c a lc iu m  s u l p h a t e  i n  t h e  r a t i o  2 . 0 : 0 . 5» t o  a  

d e p th  o f  5cm, and was t h e n  c o v e re d  w i th  l a k e  w a te r  t o  a  d e p th  o f  

12 -I5cm . T h i s  g roup  o f  t u b e s  w ere i n c u b a te d  i n  t h e  d a r k  f o r  I 4 d ay s  

b e f o r e  t h e y  were p l a c e d  a l o n g s i d e  t h e  o t h e r s ,  i n  a  window away from
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d i r e c t  s u n l i g h t  (P fen n ig : ,  1 9 6 5 a ) ,  The t e m p e r a t u r e  i n  t h e  window 

v a r i e d  from  15 t o  26^C d e p e n d in g  upon t h e  o u t s i d e  t e m p e r a t u r e ,  w h i le  

t h e  t e m p e r a t u r e  i n  f r o n t  o f  t h e  s t r i p  l i g h t s  was r e l a t i v e l y  c o n s t a n t  

a t  25 -27°C . The t u b e s  w ere exam ined  p e r i o d i c a l l y  f o r  p ig m e n ta t io n .

L iq u id  e n r ic h m e n ts  w ere p r e p a r e d  by t h e  a d d i t i o n : o f  mud sam ples  

t o  30ml o f  s t e r i l e  c u l t u r e  m ed ia ,  i n  f i l l e d  u n i v e r s a l  b o t t l e s .  The 

m edia  u s e d  were t h o s e  o f  P f e n n ig  (1 9 6 5 a ) ,  o r  t h e  m o d i f ie d  medium 

o f  van  Ni e l  (1 931 , 1 9 4 4 ) ,  a d j u s t e d  t o  e i t h e r  pH 7.-5 o r  9 .5 '  a s  

d e s c r i b e d  e a r l i e r  ( M a t e r i a l s  6  M ethods, 3 . 2 a ,  3 . 3 a ) ,  E n r ic h m e n ts  

made i n  1976, on sam p le s  c o l l e c t e d ,  c o n t a in e d  t h e  c a rb o n  s o u r c e s  

m a la t e ,  s u c c i n a t e ,  o r  e t h a n o l  a t  c o n c e n t r a t i o n s  o f  0 . 1 ^  ( w /v ) ,  w i t h  

o r  w i th o u t :  t h e  a d d i t i o n  o f  0.1% (w /v )  Na2S.9H20. I n  1977 and  1978 

a l l  e n r ic h m e n ts  w ere  made u s i n g  0.1% (w /v )  a c e t a t e ,  w i th o u t  t h e  

a d d i t i o n  o f  s u l p h i d e .  A l l  c u l t u r e s  were i n c u b a t e d  a t  1 ,0 0 0  lu x  i n  

f r o n t  o f  f l u o r e s c e n t  s t r i p  l i g h t s ,  e i t h e r  P h i l i p s  d a y l i g h t ,  o r  

P h i l i p s  r e d ,  f o r  t h e  s e l e c t i v e  e n r ic h m e n t  o f  p u r p l e  o r  g r e e n  

p h o t o t r o p h i c  b a c t e r i a  ( P f e n n ig ,  1965a; W h i t te n b u ry ,  1 9 7 1 ) .

3 . 2 .  I s o l a t i o n  o f  p u re  c u l t u r e s .

P u re  c u l t u r e s  w ere o b ta in e d  by  t h e  r e p e a t e d  i n o c u l a t i o n '  o f  

d i l u t i o n s  o f  e n r i c h m e n t s ,  o r  mud d i r e c t l y  i n t o  s o f t  a g a r  t u b e s ,  o r  

on t o  a g a r  p l a t e s .  Agar p l a t e s  w ere i n c u b a te d  i n  a  5% CO^, 10% H^, 

and 85% Ng ( v / v )  a tm o s p h e re .  A n a e r o b io s i s  was a c h i e v e d  by t h e  u s e  

o f  p a l l a d iu m  c a t a l y s t  ( E n g l e h a r t  D ) . S m a l l ,  c l e a r ,  p o ly c a r b o n a te  

j a r s  (G asPak S y s tem s)  w ere  u s e d  w i th '  an i n n e r  g l a s s  s l e e v e ,  w hich 

s u p p o r te d  t h e  s m a l l  p e t r i  d i s h e s  (50mm d i a  S t e r i l i n  P r o d u c t s )  i n  an  

u p r i g h t  p o s i t i o n ,  ( f i g u r e  4 8 ) .  The j a r s  w ere  p l a c e d  b e tw e e n  p a r a l l e l  

s t r i p s  o f  l i g h t s  d u r i n g  i n c u b a t i o n  o f  t h e  p l a t e s .  S i n g l e  c o l o n i e s  

w ere s t r e a k e d  on t o  p l a t e s  c o n t a i n i n g  t h e  same medium a s  t h e  

e n r ic h m e n t ,  and w ere i n c u b a te d  a n a e r o b i c a l l y  in .  t h e  l i g h t  i n  t h e  

p o ly c a r b o n a te  j a r s .  P u r i t y  was d e te rm in e d  a f t e r  t h r e e  s u c c e s s i v e
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Figure 48. Small anaerobic chamber.

Phototrophic bacteria were grown on 50mm dia plates under 
anaerobic conditions in a Gas-Pak polcarbonate jar, in which 
an upright glass sleeve was placed to allow the plates to 
stand vertically. The gas generating pack and anhydrous calcium 
carbonate, to absorb water, were placed inside the glass sleeve



T|
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p a s s a g e s  o f  s i n g l e  c o l o n i e s  on m ed ia  o f  t h e  same c o m p o s i t io n .  The 

c u l t u r e s  w ere exam ined  m i c r o s c o p i c a l l y  f o r  t h e  p r e s e n c e  o f  d i f f e r e n t  

m o rp h o lo g ic a l  fo rm s ,  and  f o r  t h e  p r e s e n c e  o f  s u l p h a t e  r e d u c i n g  and 

a n a e r o b ic  b a c t e r i a  by  i n o c u l a t i o n  i n t o  t h e  D e s u lo h o v ib r io  medium 

o f  S t a r k e y  (A b d -e l-M a le k  & R iz k ,  1959)> a t  pH 7 , 5  and 9 . 5 ,  and 

D ifc o  AC medium, a t  pH 7*5 and 9 .5  (T r u p e r ,  1968; Im h o ff  & T r u p e r ,  

1 9 7 7 ) .  P u re  c u l t u r e s  w ere  m a in ta in e d  on a g a r  p l a t e s  c o n t a i n i n g  

1.5% (w /v )  N aCl, w h ich  s u p p o r te d  t h e  g row th  o f  a l l  t h e  s t r a i n s  

i r r e s p e c t i v e  o f  t h e i r  Na*̂  r e q u i r e m e n t  in .  l i q u i d  m e d ia .  Growth was 

found  t o  b e  enhanced  when a g a r  p l a t e s  w ere  p r e p a r e d  by  p o u r in g  th e  

a g a r  g rovrth  medium o v e r  a  1 .0m l l a y e r  o f  1.5% (w /v )  a g a r  c o n t a i n i n g  

0.3% (w /v j  Na2S . 9H2 0 , w h ich  had  b e e n  a l lo w e d  t o  s o l i d i f y  i n  t h e  

b a s e  o f  t h e  p l a t e .  A gar p l a t e s  w ere d r i e d  a t  37°G f o r  30rain, and 

u s e d  t h e  same d a y .  The e f f e c t  o f  s u l p h i d e  a p p e a r e d  t o  be lo w e r in g  

o f  t h e  r e d o x  p o t e n t i a l  o f  t h e  p l a t e s ,  e n a b l i n g  g ro w th  t o  o c c u r  more 

r a p i d l y  a f t e r  i n o c u l a t i o n  o f  t h e  p l a t e s .  R e f e r e n c e  s t r a i n s  w ere a l s o  

m a in t a i n e d  on a g a r  p l a t e s  p r e p a r e d  by t h e  s o l i d i f i c a t i o n  o f  t h e  

a p p r o p r i a t e  medium w i th  1.5% (w /v )  a g a r .  E c t o t h i o r h o d o s n i r a  h a l o p h i l a  

and E o h a l o c h l o r i s  c o u ld  n o t  e a s i l y  be  m a in t a i n e d  on a g a r  p l a t e s  as  

growfch was s p a r s e ,  and  o f t e n  f a i l e d .  B o th  s p e c i e s  grew i n  a g a r  d eep s  

c o n t a i n i n g  t h e  medium o f  Im h o ff  and T ru p e r  ( 1 9 7 7 ) ,  s o l i d i f i e d  w i th  

1.0% (w /v )  a g a r ,  and  t h e s e  s t r a i n s  w e re ,  t h e r e f o r e ,  m a in ta in e d  i n  

l i q u i d  c u l t u r e  and i n  s o f t  a g a r  t u b e s .

3 . 3 .  O rgan ism s w hich  w ere  no t,  i s o l a t e d  o r  f u l l y  c h a r a c t e r i s e d . .

A l i q u i d  e n r i c h m e n t  a t  pH 9.-5 f r o m  a  mud s a m p l e  b r o u g h t  b a c k  

i n  1977 f r o m  L ak e  N a k u r u ,  c o n t a i n i n g  1.0% ( w / v )  N a C l ,  m a l a t e ,  a n d  

s u l p h i d e ,  g a v e  r i s e  t o  a  g r e e n  c o l o u r e d  o r g a n i s m ,  w h i c h  m o r p h o l o g i c a l l y  

r e s e m b l e d  m em b ers  o f  t h e  g e n u s  G h l o r o b i u m . T h e  o r g a n i s m ,  w h i c h  w as 

i s o l a t e d ,  b u t  g re w  p o o r l y -  a n d  w as l o s t  b e f o r e  i t  c o u l d  b e  s t u d i e d ,  

g re w  a s  c h a i n s  o f  c e l l s ,  l .O p m  w id e  b y  1 .0 -2 .^ u m  l o n g .  T h e  o r g a n i s m
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was n o t  m o t i le #  A t te m p ts  t o  i s o l a t e  s i m i l a r  o rg a n is m s  from  t h e  

l a k e s  by t h e  u s e  o f  r e s t r i c t e d  w a v e le n g th  l i g h t  w ere n o t  s u c c e s s f u l ,  

and t h i s  o rg a n ism  was n o t  o b s e rv e d  i n  any  o t h e r  e n r i c h m e n t s .  The 

p r e s e n c e  o f  members o f  t h e  G h lo r o b i i n e a e  i n  t h e  so d a  l a k e s  w ould 

n o t  be  u n u s u a l ,  s i n c e  B a a s -B e e k in g  and c o -w o rk e r s  (B a a s -B e c k in g  & 

Wood, 1955 ; B a a s -B e c k in g  e t  a l . , I 96O) fou n d  g r e e n  p h o t o t r o p h i c  

b a c t e r i a  grew  up t o  pH 9 .0 -1 0 . .0 ,  and  some members o f  t h e  

C h l o r o f l e x a c e a e  have  pH o p t im a  o f  8 ,5  ( D u b in in s  & G o r le n k o ,  1975; 

G orlenko  & P iv o v a ro v a ,  1977; P iv o v a ro v a  & G o r le n k o ,  1 9 7 7 ) .  An 

o rg a n ism  s i m i l a r  t o  G h lo r o f l e x u s  a u r a n t i a c u s  was p r e s e n t  i n  t h e  h o t  

s p r i n g s  a t  Lake B o g o r ia  and  Lake M agadi, The G h l o r o f l e x u s / a l g a l  

m ats  i n  some o f  t h e  s p r i n g s  may o c c a s i o n a l l y  be  c o v e re d  by  t h e  

h i g h l y  a l k a l i n e  l a k e  w a te r ,  w ith o u t ,  a p p a r e n t  a f f e c t  o n i t h e  

a s s o c i a t i o n , . ,  s u g g e s t i n g  t h a t  t h e  o rg a n is m s  a r e  t o l e r a n t  o f  t h e s e  

c o n d i t i o n s .  I t  h a s  r e c e n t l y  b e e n  s u g g e s te d  t h a t  some members o f  

t h e  g e n e r a  Q s c i l l a t o r i a , S p i r u l i n a ,  Phorm idium , and Lyngbya, some 

s p e c i e s  o f  w hich  a r e  p r e s e n t  i n  t h e  R i f t  V a l l e y  l a k e s ,  may b e lo n g  

t o  t h e  C h l o r o f l e x a c e a e  (D u b in in a  & G o r le n k o ,  1975; G orlenko  & 

P iv o v a r o v a ,  1977; J e n k i n ,  1932; 1936; R ic h ,  1932; 1 9 3 3 ) ,  and  t h e  

g r e e n  p h o t o t r o p h i c  b a c t e r i a  may be  p r e s e n t  i n  t h e  l a k e s  a s  t h e s e  

f i l a m e n t o u s  o rg a n is m s .

A l i q u i d  e n r ic h m e n t  a t  pH 9*5, from mud sam p les  b ro u g h t  b ack  

from  Lalce N akuru , i n  1976, and 1977, p ro d u c e d  a  l a r g e  s p i r i l l u m ,

2 -ÿ u n  w ide  by 10-15pn  lo n g .  A lso  p r e s e n t  i n  t h e  c u l t u r e  o b t a i n e d  

i n  1976  w ere  a  number o f  l a r g e  r o d s ,  2- 4pm; w ide by 5- l ÿ ^ ,  w hich  

c o n t a i n e d  c e n t r a l l y  l o c a t e d  g a s  v a c u o l e s .  The i n d i v i d u a l  c e l l s  o f  

t h e  s p i r i l l u m  were c o l o u r e d  p in k ,  and  grew p r o l i f i c a l l y  i n  t h e  

i n i t i a l  e n r i c h m e n t s ,  b u t  i n  s u b - c u l t u r e s  s m a l l e r  r o d s  and s p i r i l l a  

o u tg rew  th e m . A l l  a t t e m p t s  t o  i s o l a t e  t h e  o rg a n ism s  f a i l e d ,  and 

t h e i r  i d e n t i t y  a s  p h o t o t r o p h i c  b a c t e r i a  was n o t  c o n f i rm e d .  The
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s i m i l a r i t y  o f  t h e  l a r g e  s p i r i l l u m  t o  members o f  t h e  genus  T h i o s p i r i l l u r a  

was s u g g e s te d  by m orpho logy . Members o f  t h e  genus  T h i o s p i r i l l u m  

have  b een  r e p o r t e d  t o  o c c u r  i n  o t h e r  s o d a  l a k e s  ( B u t l i n  & P o s t g a t e ,  

1954; I s a c h e n k o ,  1934; 1 9 5 1 ) ,  b u t  have  n o t  b e e n  i s o l a t e d  from  t h e s e  

e n v i ro n m e n ts .

A s m a l l  p le o m o rp h ic  r o d  was o b s e rv e d  i n  most o f  t h e  l a k e s  i n  

e n r ic h m e n ts  made a t  pH 9 . 5 ,  i n  1978 . The o rg a n ism s  form ed  s m a l l  

l e n s  s h a p e d  c o l o n i e s  i n  s o f t  a g a r ,  and  a  s i n g l e  i s o l a t e  was o b t a in e d  

from  Lake B o g o r ia  i n  e n r ic h m e n ts  made i n  1976 . The o rg a n ism  was 

p u r i f i e d  on a g a r  p l a t e s ,  and was shown t o  c o n t a i n  c a r o t e n o i d s  and 

b a c t e r i o c h l o r o p h y l l  a  ( f i g u r e  4 9 ) .  The i s o l a t e ,  w hich  grew on p l a t e s  

i n  t h e  p r e s e n c e  o f  0.03% (w /v)  Na2S.9H20, w i t h o u t  t h e  a p p a r e n t  

d e p o s i t i o n  o f  s u l p h u r ,  grew p o o r l y  and e r r a t i c a l l y  i n  l i q u i d  c u l t u r e  

d e s p i t e  t h e  u s e  o f  a  number o f  d i f f e r e n t  m e d ia .  The o rg a n is m ,  w hich  

r e s e m b le d  members o f  t h e  genus  Rhodopseudomonas m o r p h o l o g ic a l ly ,  

and  was brown i n  c o l o u r ,  was n o t  s t u d i e d  f u r t h e r ,  b u t  was m a in ta in e d  

i n  t h e  c u l t u r e  c o l l e c t i o n ' ,  ( i s o l a t e  B 4 ) . The o rg a n ism  i s  u n u s u a l  i n  

t h a t  members o f  t h e  p u r p l e  n o n - s u lp h u r  b a c t e r i a  h ave  n o t  b e e n  

i s o l a t e d  from  a l k a l i n e , s a l i n e  l a k e s ,  a l t h o u g h  th e y  h av e  b e e n  i s o l a t e d  

from  t h e  s e a  ( im h o f f  & T ru p e r ,  1976; Im h o ff  e t  a l . , 1978a; 1978b; 

T r u p e r ,  1970; 1 9 7 6 ) .

3 . 4 .  C h a r a c t e r i s a t i o n  o f  i s o l a t e s  o f  p h o t o t r o p h i c  b a c t e r i a ,  

a .  M orphology.

The m a j o r i t y  o f  l i q u i d  e n r ic h m e n t s ,  s o f t  a g a r  t u b e s ,  and  mud 

colum ns c o n t a in e d  s m a l l  r o d s  o r  s p i r i l l a  a s  t h e  m a jo r  m o r p h o lo g ic a l  

g ro u p s  o f  p h o t o t r o p h i c  b a c t e r i a .  The o rg a n is m s ,  w hich  w ere p u r i f i e d  

and s t u d i e d  c o u ld  be d i v i d e d  i n t o  f i v e  t y p e s  on t h e  b a s i s  o f  c o lo n y  

c o l o u r  and c e l l u l a r  m orpho logy , r e p r e s e n t e d  by  t h e  t y p e  s t r a i n s  B3,

E7, M2, M4, and NGL5 ( t a b l e  7 ) .  G a l l s  o f  s t r a i n  B3 were Gram- 

n e g a t i v e  r o d s ,  l .^ p m  w ide by 2 . 0 - 4 . 0pm lo n g .  C o lo n ie s  and l i q u i d
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Figure 49. Absorption spectrum
of strain B4
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c u l t u r e s  o f  s t r a i n  B3 and r e l a t e d  organism s were re d  o r  p in k  im  

c o lo u r .  C e l l s  o f  s t r a i n  M2 were G ram -negative  c o c c o - B a c i l l i  1 . ^ ^  

wide by.'1 . 5 - 2 . 5 p i  lo n g ,  smd c e l l s  o f  s t r a i n  H4 were Grara^negative 

s h o r t  r o d s ,  l#.^pm wide by 2 . 0 - 3 . 0 ^  lo n g .  C o lo n ie s  o f  s t r a i n s  IÆ2 

and M4 were v i o l e t - r e d  in. c o lo u r ,  l i q u i d  c u l t u r e s  o f  s t r a i n  M4 b e in g  

s i m i l a r  i n  c o lo u r  t o  t h a t  o f  Chromatium m inus, which c o n ta in s  th e  

c a r o t e n o id  okenone ( t a b l e  5)* C e l l s  o f  s t r a i n  M2 and s i m i l a r  

organism s o f t e n  formed lo n g  c h a in s ,  w ith  i n d i v i d u a l  c e l l s  10-20pn 

in  l e n g th  under  s u b -o p t im a l  c o n d i t i o n s ,  and th e  c e l l s  were u s u a l l y  

bound t o g e t h e r  by a  v is c o u s  e x t r a c e l l u l a r  s l im e .  I n  s t r a i n s  B3, M2,

M4, an d  s i m i l a r  organ ism s th e  c e l l s  c o n ta in e d  r e f r a c t i l e  a r e a s  

lo c a te d  a t  th e  p e r ip h e r y  o f  th e  c e l l  ( f i g u r e s  51> 5 2 ) .  These i n c l u s i o n s  

d id  no t  s t a i n  f o r  any s to r a g e  m a t e r i a l ,  and d id  n o t  resem ble  su lp h u r  

g lo b u le s ,  which have a  b i r é f r i n g e n t  edge (T ru p e r ,  197,S ) .  The 

r e f r a c t i l e  a r e a s  d is a p p e a re d  when t h e  c e l l s  were s u b je c te d  t o  an 

in c r e a s e  i n  p r e s s u r e ,  i n d i c a t i n g  t h a t  th e y  were gas v a c u o le s  (Walsby, 

1972; 1974; 1978).  I n  c e l l s  o f  s t r a i n  B3 and s i m i l a r  o rganism s th e  

gas v a c u o le s  were more commonly p r e s e n t  i n  th e  c e l l s  a t  an e a r l y  

s ta g e  o f  growth o f  th e  c u l t u r e ,  when t h e  c e l l s  were a l s o  n o n -m o t i le .

Once th e  c u l t u r e s  had re a c h e d  th e  s t a t i o n a r y  phase  o f  g row th , th e  

c e l l s  had become m o t i l e ,  and d id  n o t  c o n ta in  gas  v a c u o le s .  I n i t i a l l y  

i t  was th o u g h t  t h a t  t h e  c u l t u r e s  were im pure, and were a  m ix tu re  o f  

l ion -m o ti le  gas v a c u o la te  r o d s ,  and m o t i le  non-gas  v a c u o la te  v i b r i o s .  

However, o b s e rv a t io n s  o f  th e  c u l t u r e s  th ro u g h o u t  th e  in c u b a t io n  

p e r io d  showed t h a t  t h e  c u l t u r e s  were no t mixed. I n  th e  e a r l y  phase 

o f  growth o f  th e  c u l t u r e s  most c e l l s  were n o n -m o t i le  and gas 

v a c u o la te ,  and as  t h e  c e l l s  approached  th e  s t a t i o n a r y  phase th e y  

became p o o r ly  m o t i l e .  At t h i s  s t a g e  o f  growth th e  c e l l s  s t i l l  

c o n ta in e d  gas v a c u o le s ,  and moved slowly^ b u t  as  th e  c u l t u r e s  aged 

f u r t h e r , th e  gas v a c u o le s  were l o s t  and th e  c e l l s  became v ig o ro u s ly
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P ig u re  50* (Tells of' s t r a i n  E7, showing- s u lp h u r  d ep o s it io n !  (arrowed) 

1400 , b a r  i n d i c a t e s  1 ( ^ .

F ig u re  5'1* d e l l s  o f  s t r a i n  B3, showing gas vacuo les  (arrowed) 

xlOOO, b a r  i n d i c a t e s  1 ( ^ .
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m o t i l e ,  m o r p h o l o g ic a l l y  r e s e m b l in g  c e l l s  i n  w h ich  t h e  gas  v a c u o l e s  

had  b e e n  a r t i f i c i a l l y  c o l l a p s e d .  I n  s t r a i n  B3 and s i m i l a r  o rg a n ism s  

t h e  l o s s  o f  g a s  v a c u o l e s ,  e i t h e r  d u r i n g  t h e  c o u r s e  o f  g ro iv th ,  o r  by 

c o l l a p s e ,  was accom pan ied  by a  change  i n  c o l o u r  o f  l i q u i d  c u l t u r e s  

o r  c o l o n i e s  from p in k  t o  r e d  ( f i g u r e  5 3 ) .  T h e re  was a l s o  an  

accom pany ing  change i n  t h e  r e f r a c t i l i t y  o f  t h e  c u l t u r e s ,  w h i c h . i s  

a l s o  a s s o c i a t e d  w i th  t h e  c o l l a p s e  o f  g a s  v a c u o l e s  (W alsby, 1972;

1974; 1 9 7 8 ) .

I n  s t r a i n  M4 and  s i m i l a r  o rg a n is m s  t h e  t r a n s i t i o n s  w ere  l e s s  

m arked , w h e reas  i n  s t r a i n  M2 and s i m i l a n  o rg a n is m s  few , i f  any  o f  

t h e  c e l l s  w ere m o t i l e  once t h e  g a s  v a c u o l e s  w ere l o s t ,  t h e  c e l l s  

fo rm in g  g e l a t i n o u s  a g g r e g a t e s  i n  t h e  c u l t u r e  medium. T h ere  was no 

marked change  i n  c o l o u r  o f  c u l t u r e s  o f  s t r a i n s  M2 and M4 when t h e  

g a s  v a c u o l e s  w ere l o s t ,  a l th o u g h  t h e r e  was a  change  i n  t h e  r e f r a c t i l i t y  

o f  c o l o n i e s ,  becom ing  t r a n s l u c e n t .

S t r a i n s  E7, NCL5, and  s i m i l a r  o rg a n is m s  w ere  n e v e r  o b s e rv e d  to  

c o n t a i n  g a s  v a c u o l e s  ( f i g u r e  5 0 ) .  C e l l s  o f  s t r a i n  WCL5 w ere u s u a l l y  

s h o r t  v i b r i o s ,  l.O^mrn w ide by 2.0-3.0;um l o n g ,  w h ereas  c e l l s  o f  S t r a i n  

E7 w ere s p i r i l l a  o f  1-2  t u r n s ,  l.O^um w ide by  4 . 0 - 5 . 0pm l o n g .  Both  

s t r a i n s  w ere  G ra m -n e g a t iv e .  L iq u id  c u l t u r e s  o f  s t r a i n  NGL5 and S7 

w ere r e d ,  b u t  when grovm on p l a t e s ,  c o l o n i e s  o f  s t r a i n  E7 and 

s i m i l a r  o rg a n is m s  w ere f i r s t  g r e e n  i n  c o l o u r ,  t u r n i n g  b ro w n - re d  

a f t e r  5 -7  d ay s  g rovrth .  C e l l s  o f  s t r a i n  NCL5, S 7 , and s i m i l a r  

o rg a n is m s  være m o t i l e ,  b u t  i n  t h e  p r e s e n c e  o f  0.1% (vj/v) NagS.9HgO 

c e l l s  w ere  i n i t i a l l y  n o n - m o t i l e .  A l l  t h e  s t r a i n s  i s o l a t e d  from  t h e  

s o d a  l a k e s  v-ere c a p a b le  o f  grovring in '  t h e  p r e s e n c e  o f  0.1% (w /v)  

N a^S.9H^0, vjhen s u l p h u r  g lo b u l e s  vjere d e p o s i t e d  o u t s i d e  t h e  c e l l s  

( f i g u r e s  5 0 , 5 2 ) ,  s u g g e s t i n g  s i m i l a r i t i e s  t o  member o f  t h e  genus  

E c t o t h i o r h o d o s n i r a , c e r t a i n  Rhodooseudomonas sp p ,  o r  members o f  t h e  

C h l o r o b i i n e a e .  A l l  t h e  s t r a i n s  c o n t a in e d  b a c t e r i o c h l o r o p h y l l  a  as
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P î g u r e  5 2 . - C e l l s  o f  s t r a i n  B3, show ing g a s  v a c u o le s  and e x t r a c e l l u l a r -  

s u lp h u r  d e p o s i t i o n  ( a r r o w e d ) ,  xlOOO, h a r  i n d i c a t e s  10pm.



i
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F i g u r e  5 3 ,  C o lo u r  change  i n  g as  v a c u o l a t e  s t r a i n .

C o lo n i e s  o f  s t r a i n  B3, show ing  t h e  c o l o u r  change  from  

p in k  t o  r e d ,  a s s o c i a t e d  w i t h  t h e  l o s s  o f  g a s  v a c u o l e s  from  

t h e  c e l l s .
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t h e  m a jo r  c h l o r o p h y l l o u s  p ig m e n t ,  i l l u s t r a t e d  hy th e  c h a r a c t e r i s t i c  

i n  v iv o  a b s o r p t i o n  maxima a t  375» 580—590, 800-900nm ( B i e b l  &

Drews, I 9 6 9 ; S c h l e g e l  & P fenn ig^  1961; T h o rn b e r  e t  a l . , 1 9 7 8 ) ,  

i d e n t i f y i n g  them a s  members o f  t h e  R h o d o s n i r i l l i n e a e  ( f i g u r e s  63 -6 8 )  

( P f e n n i g  & T ru p e r ,  1974» T ru p e r  & P f e n n ig ,  1 9 7 8 ) .

A number o f  s p e c i e s  i n  t h e  genus  R hodooseudom onas, and  a l l  

members o f  t h e  gen u s  E c t o t h i o r h o d o s n i r a  h ave  b e e n  shown t o  be 

c a p a b le  o f  d e p o s i t i n g  s u lp h u r  g l o b u l e s  o u t s i d e  t h e  c e l l ,  h ow ever ,  

none o f  t h e s e  o rg a n ism s  have  b e e n  o b s e rv e d  t o  c o n t a i n  g a s  v a c u o le s  

(C h e rn i  e t  a l . , 1969; H ansen & van  Gemerden, 1973 ; I ra h o f f  & T r u p e r ,  

19775 Im h o f f  e t  a l . , 1978a; 1978b; Keppen & G o r le n k o ,  1975;

K o n d r a t 'e v a  & K r a s i l ’ n ik o v a ,  1979; Raymond & S i s t r o m ,  1967; 1969; 

T r u p e r ,  1 9 6 8 ) .  T hese  r e s u l t s  s u g g e s t  t h a t  t h e  o rg a n is m s  i s o l a t e d  

from  t h e  Kenyan s o d a  l a k e s  may be  d i v i d e d  i n t o  two d i s t i n c t  g r o u p s ,  

on t h e  b a s i s  o f  t h e  p o s s e s s i o n  o f  g a s  v a c u o l e s .  A c c o r d in g - t o  p r e s e n t  

ta x o n o m ic  c r i t e r i a  u s e d  t o  d i s t i n g u i s h  members o f  t h e  R h o d o s o i r i l l a l e s , 

t h e s e  two g ro u p s  may be r e p r e s e n t a t i v e  o f  a t  l e a s t  two d i f f e r e n t  t a x a  

( p f e n n i g  & T ru p e r ,  1974; T ru p e r  & P f e n n ig ,  1 9 7 8 ) .

O rgan ism s  i s o l a t e d  from t h e  l o c a l  L e i c e s t e r s h i r e  s t r e a m ,  a t  t h e  

n a t u r a l  pH 7*3» i n c l u d e d  members o f  t h e  g e n e r a  R h o d o s p i r i l l u m ,

R hodopseudom onas, R hodom icrob ium , C hrom âtium, T h l o c y s t i s , and  

T h i o p e d i a , b u t  no p h o t o t r o p h i c  g r e e n  and p u r p l e  b a c t e r i a  w ere 

o b s e rv e d  i n  e n r ic h m e n ts  p r e p a r e d  a t  pH 9#5 from  L e i c e s t e r s h i r e  s t r e a m s .  

Hone o f  t h e  o rg a n ism s  i s o l a t e d  a t  pH 7 .3  w ere c a p a b le  o f  d e p o s i t i n g  

s u lp h u r  g l o b u l e s  o u t s i d e  t h e  c e l l ,  o r  shown: t o  c o n t a i n  p e r i p h e r a l l y  

l o c a t e d  g a s  v a c u o l e s .

O b s e r v a t io n s  o f  t h e  c e l l s  o f  a l l  s t r a i n s  i s o l a t e d  from  t h e  

Kenyan? s o d a  l a k e s  showed t h a t  t h e  c e l l s  c o n t a i n e d  d a rk  i n c l u s i o n s ,  

w hich  d i d  n o t  s t a i n  f o r  s t o r a g e  m a t e r i a l  ( f i g u r e  5 1 )•  S i m i l a r  

i n c l u s i o n s  ha.ve b een  r e p o r t e d  i n  members o f  t h e  genus
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S c t o t h i o r h o d o s n i r a  when v iew ed  u n d e r  t h e  l i g h t  m ic ro sc o p e  ( im h o f f
'» It

& T r u p e r ,  1977; Remsen e t  a l . , 1 9 6 8 ; T r u p e r ,  1 9 6 8 ) ,  and  c o u ld  he  

s e e n  i n  c e l l s  o f  E . s h a e o s n i k o v i i  and  E . m o b i l i s . These  a r e a s  may 

be  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  a  l a m e l l a r  i n t r a c y t o p l a s r a i c  membrane 

s y s te m .  The n a t u r e  o f  t h e  d a rk  a r e a s  was f u r t h e r  i n v e s t i g a t e d  by 

n e g a t i v e  s t a i n i n g ,  w i th  p h o s p h o tu n g s t i c  a c i d ,  and by t h i n  s e c t i o n ,  

u s i n g  an  e l e c t r o n  m ic ro s c o p e .  I n  n e g a t i v e l y  s t a i n e d  c e l l s ,  t h e  

s t a i n  p e n e t r a t e s  t h e  s p a c e  w i t h i n  t h e  i n t r a c y t o p l a s m i c  membrane, 

w hich  i s  c o n t in u o u s  w i th  t h e  o u t s i d e  o f  t h e  c e l l .  The i n t r a c y t o p l a s m i c  

mem branes, t h e r e f o r e ,  t a k e  i n  t h e  s t a i n ,  and a p p e a r  a s  an  e l e c t r o n  

d e n se  a r e a  w i t h i n  t h e  c e l l ,  w h ich  i s  c h a r a c t e r i s t i c  o f  members o f  

t h e  gen u s  E c t o t h i o r h o d o s p i r a  ( Im h o f f  & T r u p e r ,  1977; H o l t  e t  a l . ,

1968 ; Oyewole & H o l t ,  1976; Remsen e t  a l . ,  I 9 6 8 ; T r u p e r ,  I 9 6 8 ) .

E l e c t r o n  d en se  a r e a s  w ere o b s e rv e d  i n  a l l  o f  t h e  s t r a i n s  exam ined , 

i n c l u d i n g  E .m o b i l i s  and  E . s h a p o s n i k o v i i , show ing  t h a t  t h e  membrane 

sy s tem  w i t h i n  t h e  c e l l s  were s i m i l a r  t o  t h a t  fo u n d  i n  members o f  t h e  

genus  E c t o t h i o r h o d o s p i r a . However, i t  i s  p o s s i b l e  t h a t  any 

i n t r a c y t o p l a s m i c  membrane s y s te m ,  w hich  i s  c o n t in u o u s  w i th  t h e  

o u t s i d e  o f  t h e  c e l l ,  w ould  a l lo w  t h e  s t a i n  t o  e n t e r ,  and p ro d u c e  

e l e c t r o n  d en se  a r e a s  w i t h i n  t h e  c e l l .  To c o n f i rm  th e  s t r u c t u r e  .of 

t h e  i n t r a c y t o p l a s m i c  membranes, t h i n  s e c t i o n s  o f  c e l l s  w ere  exam ined . 

A l l  o f  t h e  s t r a i n s  exam ined  showed t h a t  t h e  c e l l s  had  a  s i m i l a r  

s u b - c e l l u l a r  o r g a n i s a t i o n .  I n  t h e  g a s  v a c u o l a t e  s t r a i n s  B3, I'i2, and 

M4, and  i n  t h e  n o n -g a s  v a c u o l a t e  s t r a i n s  E7 and  NCL5, t h e  

i n t r a c y t o p l a s m i c  membranes were l o c a t e d  i n  g ro u p s  o f  p a r a l l e l  d o u b le  

membranes ( f i g u r e s  54 , 55 , 5 6 ) .  A s i m i l a r  p a t t e r n  was o b s e rv e d  i n  

E . m o b i l i s  and E . s h a p o s n i k o v i i , w hich  was n o t  s i g n i f i c a n t l y -  d i f f e r e n t  

from t h a t  o b s e rv e d  p r e v i o u s l y  i n  members o f  t h e  genus 

E c t o t h i o r h o d o s p i r a  ( H o l t  e t  a l . , I 9 6 8 ; C h e rn i  e t  a l . , 1969; Oyewole 

& H o l t ,  197 6 ; Remsen e t  a l . , I 9 6 8 ; T ru p e r ,  I 9 6 8 ) .  L a m e l la r  membrane
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Figure 54. Thin section of non-gas vacuolate strain.

Electron micrograph of a thin section of strain NCL5, 
showing the lamellar type of intracytoplasmic membranes 
(arrowed).

Figure 55. Thin section of gas vacuolate strain.

Electron micrograph of a thin section of strain M2, 
showing the presence of intracytoplasmic membranes of the 
lamellar type (arrowed 1). The possible location of partially 
collapsed gas vacuoles is suggested by the electron 
transparent regions underlying the cell envelope (arrowed 2), 
and appear to be bounded by a membrane on the cytoplasmic 
side, as well as the cell envelope side (arrowed 3).
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s -tacks  a r e  a l s o  p r e s e n t  i n  members o f  t h e  g e n e r a  R h o d o s p i r i l lu m  

(G ibbs  e t  a l . , 1965; Hickman & F r e n k e l ,  1965; P f e n n ig ,  I 9 6 7 ) ,

RhodoPSeudomonas ( G i e s b r e c h t  & D rews, 1966; O e lze  & Drews, 1972; 

P f e n n ig ,  1967; Remsen, 1 9 7 8 ) ,  and Rhodom icrobium  (O e lz e  & Drews,

1 972 ; Remsen, 1 9 7 8 ) .  Howdver, t h e  membranes may be d i v i d e d  i n t o  

s e v e r a l  d i s t i n c t i v e  m o r p h o lo g ic a l  t y p e s ,  w hich  a r e  r e s t r i c t e d  to  

c e r t a i n  t a x a .  I n  t h e  brown s p e c i e s  o f  t h e  genus  R h o d o s p i r i l lu m  t h e  

membrane s t a c k  i s  com posed o f  s e v e r a l  s e p a r a t e  i n v a g i n a t i o n s ,  w hich  

become a p p r e s s e d  t o g e t h e r ,  and l i e  a t  an  a c u t e  a n g le  t o  t h e  c e l l  

membrane ( f i g u r e s  1 1 . 2 ,  1 2 .2 ,  5 6 ) .  I n  t h e  b u d d in g  s p e c i e s  o f  t h e  

g e n e r a  Rhodooseudom onas and  Rhodomicrobium t h e  i n t r a c y t o p l a s m i c  

membrane i s  t y p i c a l l y  composed o f  s i n g l e  i n v a g i n a t i o n s ,  w h ich  l i e  

p a r a l l e l  t o  t h e  c e l l  membrane, and o v e r l i e  one a n o t h e r  ( f i g u r e s  1 1 .3 ,  

1 2 . 3 ) (O e lz e  & D rew s, 1972; Remsen, 1 9 7 8 ) .  I n  some s p e c i e s  t h e  

membranes may b r a n c h .  The membranes u s u a l l y  form  an e x t e n s i v e  

s h e e t - l i k e  d o u b le  membrane, w hich  may e n c i r c l e  t h e  i n t e r i o r  o f  t h e  

c e l l ,  w i t h  t h e  e x c e p t i o n  o f  t h e  p o l e s  o f  t h e  c e l l .  I n  R h p s . v i r i d i s  

a  l a m e l l a r  s t a c k  h a s  b e e n  d e s c r i b e d ,  w h ich  i s  s i m i l a r  t o  t h e  g r a n a  

fou n d  i n  c h l o r o p l a s t s  ( G ie s b r e c h t  & Drews, 1 9 6 6 ) ,  The membrane 

s t a c k  i s  made up o f  s e v e r a l  s l i g h t l y  c u rv e d  v e s i c l e s ,  w hich  a r e  

a p p r e s s e d  t o g e t h e r ,  fo rm in g  a  g roup  o f  f l a t  m embranes. I t  i s  n o t  

c l e a r  w h e th e r  e ac h  c o n s t i t u e n t  p l a t e  o f  t h e  s t a c k  a r i s e s  a s  a  

s e p a r a t e  i n v a g i n a t i o n ,  o r  i f  t h e y  a r e  fo rm ed  by p in c h in g  o f f  f ro m  a  

s i n g l e  i n v a g i n a t i o n  ( f i g u r e  5 6 ) .  However, i n  a l l  t h e s e  membranes 

t h e  s t a c k  i n t e g r i t y  i s  d i s r u p t e d  when t h e  c e l l  i s  l y s e d ,  and  t h e  

f l a t t e n e d  v e s i c l e s  a r e  e v id e n t  a s  s e p a r a t e  e n t i t i e s .  The 

i n t r a c y t o p l a s m i c  membrane s e e n  i n  t h e  s t r a i n s  exam ined , and i n  

members o f  t h e  g en u s  E c t o t h i o r h o d o s p i r a , t h e  s t a c k  i s  form ed f ro m  a 

s i n g l e  i n v a g i n a t i o n ,  w hich d e v e lo p s  s e c o n d a ry  f o l d s  ( f i g u r e s  1 3 , 1 ,  

1 4 . 1 , 5 6 ) .  I n  l y s e d  c e l l s  t h e  l a m e l l a r  s t a c k s  r e t a i n  t h e i r  i n t e g r i t y
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F îgu ire  56* I n t e r p r e t  a t  io n  o f  t h e  s t r u c t u r e  o f  t h e  i n t r a c y t o p l a s r a i c  

membranes from t h e  I s u n e l l a r  s t a c k  c o n t a i n i n g  s p e c i e s  o f  

t h e  g e n e r a  R h o d o s p i r i l l u m , Rhodopseudom onas, and  

E c t o t h i o r h o d o s p i r a .

The form  o f  t h e  v a r i o u s  membrane s y s te m s  from t h e  g e n e r a  

R h o d o s p i r i l l u m , R hodopseudom onas, and  E c t o t h i o r h o d o s p i r a  a r e  

i l l u s t r a t e d  a s  t h e y  w ould  a p p e a r  in i  t h i n ,  s e c t i o n s  and  n e g a t i v e l y  

s t a i n e d  l y s e d  c e l l  p r e p a r a t i o n s  ( a f t e r  G e i s b r e c h t  & Drews, 1966;

Hickman & F r e n k e l ,  1966; H o l t  e t  a l . , 1965 ; Remsen^ 1973; Remsen: e t  a l . , 

1 9 6 5 )e The t h r e e  d im e n s io n a l  i n t e r p r e t a t i o n  o f  t h e  s t r u c t u r e s  a r e  

a l s o  v i s u a l i s e d ,  and  a r e  c o n s i s t e n t  w ith :  t h e  a v a i l a b l e  d a t a .
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3l3 th o u g h  t h e  s t a c k  w ere hounded hy a  membrane (H o l t  e t  a l . , I 9 6 8 ; 

Oyewole & H o l t ,  1976; Remsen e t  a l . ,  I 9 6 8 ) .  I n  t h i n  s e c t i o n  t h e  

membrcines a r e  o f  a  t y p i c a l  d o u b le  membrane s t r u c t u r e  f o l d e d  b a c k  on 

i t s e l f  ( f i g u r e s  54» 55) (H o l t  e t  a l . , I 9 6 8 ; C h e rn i  e t  a l . ,  1969 ; 

Oyewole & H o l t ,  1976; R em sen .e t ^ a l . , I 9 6 8 ; T r u p e r ,  I 9 6 8 ) .  The 

e x t r a c e l l u l a r  s p a c e  c o n t a i n e d  w i t h i n  t h e  l a m e l l a r  s t a c k  i s  c o n t in u o u s  

f u r t h e r  i l l u s t r a t i n g  t h a t  t h e  i n t r a c y t o p l a s m i c  membranes o f  t h e  

members o f  t h e  g en u s  E c t o t h i o r h o d o s p i r a  c o n s i s t s  o f  a  c o n t in u o u s  

membrane s y s t e m .  The p r e s e n c e  o f  t h i s  t y p e  o f  l a m e l l a r  

i n t r a c y t o p l a s r a i c  membrane sy s tem  i s  c h a r a c t e r i s t i c  o f  members o f  t h e  

g en u s  E c t o t h i o r h o d o s p i r a ,  a n d  s u g g e s t s  t h a t  t h e  s t r a i n s  NCL5, E7, 

and  s i m i l a r  o rg a n ism s  atre members o f  t h i s  g e n u s ,  w h ich  th e y  a l s o  

m o r p h o l o g i c a l l y  r e s e m b l e .  The g as  v a c u o l a t e  s t r a i n s  B3, M2, M4> and 

s i m i l a r  o rg a n is m s  w ere  a l s o  o b s e rv e d  t o  c o n t a i n  an  i n t r a c y t o p l a s m i c  

membrane s y s te m  o f  t h e  same ty p e  a s  t h a t  fou n d  i n  members o f  t h e  

g en u s  E c t o t h i o r h o d o s p i r a , s u g g e s t i n g  t h a t  by p r e s e n t  ta x o n o m ic  

c r i t e r i a  t h e y  a r e  s i m i l a r  t o  members o f  t h i s  g e n u s ,  b u t  may b e  

t a x o n o m i c a l l y  d i s t i n c t  from  t h i s  g e n u s .

T h e  a b i l i t y  t o  d e p o s i t  s u l p h u r  e x t r a c e l l u l a r l y ,  a n d  f u r t h e r  

m e t a b o l i s e  i t  t o  s u l p h a t e  s e e m s  t o  b e  r e s t r i c t e d  t o  t h o s e  m e m b e r s  

o f  t h e  H h o d o s p i r i l l i n e a e  w h i c h  h a v e  a n d  i n t r a c y t o p l a s r a i c  m e m b r a n e  

s y s t e m  r e s e m b l i n g  t h a t  o f  t h e  g e n u s  E c t o t h i o r h o d o s p i r a .  T h i s  may b e  

r e l a t e d  t o  a  r e s t r i c t i o n  o f  s p a c e  w i t h i n  t h e  c e l l  d u e  t o  t h e  

p r e s e n c e  o f  t h s e s  m e m b r a n e s ,  o r  t o  d i f f e r e n c e s  i n  t h e  m e t a b o l i s m  

o f  t h i s  g e n u s .  T h e  p r e s e n c e  o f  t h e  p h o t o s y n t h e t i c a l l y  a c t i v e  

i n t r a c y t o p l a s m i c  m e m b r a n e s  w i t h i n  c e l l s  s e e m s  t o  i n f l u e n c e  t h e  

p o s i t i o n  o f  t h e  g a s  v a c u o l e s  i n  t h o s e  s t r a i n s  w h i c h  p r o d u c e  t h e m .  

O b s e r v a t i o n s  o f  c e l l s  c o n t a i n i n g  g a s  v a c u o l e s  s h o w e d  t h a t  t h e y  w e r e  

a l w a y s  p e r i p h e r a l l y  l o c a t e d  ( f i g u r e s  5 1 » 5 2 )» a t  a  p o s i t i o n  b e t w e e n  

tw o  a d j a c e n t  i n t r a c y t o p l a s m i c  m em b ra n e  s t a c k s  ( f i g u r e  5 5 ) .  I n  a l l
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s p e c i e s  o f  t h e  R h o d o s p i r i l l a l e s  exam ined  t h e  g a s  v a c u o le s  a r e  

c e n t r a l l y  l o c a t e d  (C o h e n -B a z ire  e t  a l . . 1969; P f e n n ig  & T r u p e r ,  1974;
II

Remsen, 1978; T ru p e r  & P f e n n ig ,  1 9 7 8 ) .  In .  t h i n  s e c t i o n s  o f  t k e  

s t r a i n s  B3, M2, and M4 t h e  r e g u l a r  honey-comh s t r u c t u r e  t y p i c a l  o f  

g a s  v e s i c l e s  i n  o t h e r  p r o k a r y o t e s  was n o t  e v i d e n t  ( f i g u r e  55) 

(C o h e n -B a z ir e  e t  a l . , 1969; Remsen, 1978; Wa l s h y ,  1972; 1974, 1 9 7 8 ) .  

However, i n  most o f  t h e  c e l l s  o f  s t r a i n s  B3, M2, and M4 exam ined , 

h o l lo w  s p a c e s  w ere o b s e rv e d  l y i n g  im m e d ia te ly  be low  t h e  c e l l  e n v e lo p e .  

I n  a l l  o rg a n is m s  exam ined  b y z t h i n  s e c t i o n ,  i n c l u d i n g  E . m o b i l i s  and 

B . s h a p o s n i k o v i i , t h e r e  was some d e g re e  o f  d e ta c h m e n t  o f  t h e  c e l l  

e n v e lo p e  from  t h e  c y to p la s m  ( f i g u r e s  54 , 5 5 ) ,  f o rm in g  an e l e c t r o n ,  

t r a n s p a r e n t  r e g i o n  a t  t h e  p e r i p h e r y  o f  t h e  c e l l .  I n  t h e  n o n -g a s  

v a c u o l a t e  s t r a i n s  t h e  w hole o f  t h e  c e l l  e n v e lo p e  a p p e a re d  t o  be  

d e t a c h e d  from  t h e  c y to p la s m ,  w h e reas  i n  t h e  g a s  v a c u o l a t e  s t r a i n s  

t h e r e  was a  d e n s e ly  s t a i n i n g  b an d  b o u n d in g  t h e  c y to p la s m ,  w hich  was 

s u g g e s t i v e  o f  a  membrane ( f i g u r e  55)* The p o i n t s  o f  d e ta c h m e n t  i n  

t h e  g a s  v a c u o l a t e  s t r a i n s  were a lw ay s  b e tw een  two a d j a c e n t  

i n t r a c y t o p l a s m i c  membrane s t a c k s ,  t h e  p o s i t i o n  i n  w hich  t h e  g as  

v a c u o l e s  w ere o b s e rv e d  u n d e r  t h e  l i g h t  m ic ro s c o p e .  I n  t h e  n o n -g a s  

v a c u o l a t e  s t r a i n s  t h e  p o i n t s  o f  d e ta c h m e n t  w ere random, and  o f t e n  

o c c u re d  d i r e c t l y - a b o v e  t h e  l a m e l l a r  s t a c k  ( f i g u r e  5 4 ) .  T h ese  r e s u l t s  

s u g g e s t  t h a t  t h e  g a s  v a c u o le s  i n  t h e  s t r a i n s  B3, M2, and M4 may be 

d i f f e r e n t ,  and may a r i s e  a s  a  s i n g l e  cham ber u n d e r l y i n g  t h e  c e l l  

e n v e lo p e ,  and  im m e d ia te ly  a d j a c e n t  t o  i t .  F r e e z e  f r a c t u r e  o f  t h e  

c e l l s  s h o u ld  p r o v id e  f u r t h e r  i n f o r m a t i o n  on t h e  s t r u c t u r e  and  n a t u r e  

o f  t h e  g a s  v a c u o le s  i n  t h e s e  o rg a n is m s ,  w hich  o th e r w is e  r e s e m b le  

members o f  t h e  genus  E c t o t h i o r h o d o s p i r a  i n  t h e i r  f i n e  s t r u c t u r e .

N e g a t i v e l y  s t a i n e d  c e l l s  showed t h a t  a l l  o f  t h e  s t r a i n s  exam ined 

w ere p o l a r  l y  f l a g e l l a t e  when m o t i l e ,  t h e  f l a g e l l a  o c c u r i n g  a s  a  

t u f t ,  and  n e v e r  a s  s i n g l e  f l a g e l l a  ( f i g u r e s  57 , 5 8 ) .  None o f  t h e
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o rg a n ism s  exam ined w ere  b i p o l a r l y  f l a g e l l a t e ,  a s  a r e  t h e  e x t r e m e ly

h a l o p h i l i c  s p e c i e s  E . h a l o n h i l a  (Raymond & S i s t r o m ,  I 969 ) ,  E . h a l o c h l o r i s

( im h o f f  & T r u p e r ,  1 9 7 7 ) ,  and E . a b d - e l - m a l e k i i  ( im h o f f  & T r u p e r ,

p e r s o n a l  co m m u n ic a t io n ) .  I n  n e g a t i v e l y  s t a i n e d  p r e p a r a t i o n s  from

c u l t u r e s  grown i n  t h e  p r e s e n c e  o f  s u lp h id e  t h e r e  were r e g u l a r  g ro u p s

o f  e x t r a c e l l u l a r  m a t e r i a l .  The e x t r a c e l l u l a r  m a t e r i a l  was o n ly

p r e s e n t  i n  c u l t u r e s  w hich  c o n t a i n e d  s u lp h u r  g l o b u l e s .  Prom t h e

s i z e  and sh ap e  o f  t h e  m a t e r i a l ,  and t h e  a b s e n c e  o f  any o t h e r

p a r t i c u l a t e  m a t t e r  i n  t h e  c u l t u r e s ,  i t  was c o n c lu d e d  t h a t  t h e

e x t r a c e l l u l a r  m a t e r i a l  was s u lp h u r  g l o b u l e s .  C lo s e  e x a m in a t io n  o f

t h e  s u r f a c e  o f  t h e  g l o b u l e s  r e v e a l e d  t h e r e  was no r e g u l a r  p a t t e r n

( f i g u r e  5 9 ) ,  i n d i c a t i v e  o f  a  b o u n d in g  membrane (Remsen, I 9 7 8 ) .  A l l

t h e  e x t r a c e l l u l a r  m a t e r i a l  exam ined  was composed o f  num erous s m a l l

g lo b u l e s  s tu c k  t o g e t h e r ,  fo rm in g  an  i r r e g u l a r  sh ap e  ( f i g u r e  5 9 ) .

The s m a l l  g l o b u l e s  h ad  an i r r e g u l a r  s h a p e ,  w h ich  r e s e m b le s  t h a t  o f

o r th o - rh o m b ic  s u l p h u r ,  t h e  s t a b l e  e n a n t i o t r o p i c  form o f  s u l p h u r  a t

room t e m p e r a t u r e  and p r e s s u r e  (D urr a n t ,  1964 ) .  The shape  o f  t h e

g l o b u l e s  i s  a l s o  s l i g h t l y  s p h e r i c a l ,  s u g g e s t i n g  t h a t  t h e  s u l p h u r  was

n o t  f u l l y  c r y s t a l l i s e d .  T h i s  i s  c o n s i s t e n t  w i th  t h e  f i n d i n g  t h a t

s u lp h u r  d e p o s i t e d  i n  c e l l s  o f  members o f  t h e  C h ro m a t ia c e a e  i s  i n  t h e

n o n - c r y s t a l l i n e ,  p l a s t i c  f o r m - ( T r u p e r ,  1 9 7 8 ) .  When p l a s t i c  s u lp h u r
/ »•

d r i e s  i t  ch an g es  t o  t h e  c r y s t a l l i n e  o r th o - rh o m b ic  form ( T r u p e r  & 

H athaw ay, 1970)•  I t .  i s  p o s s i b l e  t h a t  t h e  s m a l l  g lo b u l e s  w e re ,  

t h e r e f o r e ,  d e p o s i t e d  i n  t h e  p l a s t i c  fo rm , and t h e  s e m i - c r y s t a l l i n e  

a p p e a ra n c e  i s  due t o  t h e  t r a n s i t i o n  t o  a  more s t a b l e  a l l o t r o p e  o f  

s u l p h u r .  Remsen (1978 )  h a s  p o s t u l a t e d  t h a t  t h e  s u lp h u r  g l o b u l e  

w i t h i n  t h e  c e l l s  o f  members o f  t h e  C h ro m a t ia c e a e  i s  form ed by 

a c c r e t i o n  o f  s m a l l  membrane bound g l o b u l e s .  The membranes a r e  th o u g h t  

t o  a r i s e  from  t h e  p h o t o s y n t h e t i c a l l y  a c t i v e  i n t r a c y t o p l a s m i c  membranes 

w hich  d e g ra d e  t o  form  t h e  l a r g e l y  p r o t e i n a c e o u s  membrane t h a t  h a s
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Figure 57. Negative stain of non-gas vacuolate strain.

Negatively stained electron micrograph of strain E7, 
showing the location of the polar tuft of flagella.

Figure 58. Negative stain of gas vacuolate strain.

Negatively stained electron micrograph of strain B3, 
showing the location of the polar tuft of flagella.



W«
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Figure 59. Negatively stained sulphur globule.

In negatively stained preparations from cultures containing 
sulphur globules, regular semi-crystaline, extracellular 
material was observed, which may have been sulphur globules.
The structures did not appear to be membrane bound, and 
consisted of a number of smaller globules appressed together.
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b een  fo u n d  i n  members o f  t h e  C h ro m a t ia c e a e  (Coyne e t  a l . , i n  Remsen, 

1978 ; N ic h o l s o n  & S c h m id t ,  1971» Schm id t e t  a l . , I 971 ) .  I n  

c u l t u r e s  o f  E c t o t h i o r h o d o s n i r a  s p ,  s u lp h u r  g l o b u l e s  were o c c a s s i o n a l l y  

o b s e rv e d  a t t a c h e d  t o  t h e  c e l l s ,  i n d i c a t i n g  a  c l o s e  a s s o c i a t i o n :  

be tw een  t h e  c e l l  and t h e  s u lp h u r  g lo b u l e  d u r i n g  d e p o s i t i o n s  I t  i s  

p o s s i b l e  t h a t  s m a l l  s u lp h u r  g l o b u l e s  a r e  fo rm ed  a t  t h e  c e l l  s u r f a c e ,  

and become d e ta c h e d  from  t h e  c e l l  when o f  s u f f i c i e n t  s i z e .  The 

fo r m a t io n  o f  t h e  a g g r e g a t e s  may o c c u r  e i t h e r  a t  t h e  c e l l  s u r f a c e ,  o r  

a f t e r  d e ta c h m e n t  from  t h e  c e l l .  W hether t h e  s u lp h u r  g lo b u l e  i s  

e x c r e t e d  a s  a  membrane bound body , i n  w hich  t h e  membrane d e g ra d e s  

c o m p le te ly ; ,  o r  a s  a  membrane f r e e  body r e m a in s  t o  be  d e t e r m in e d ,  

b .  P h y s io lo g y .

The o p t im a l  c o n d i t i o n s  f o r  g ro w th ,  and  t h e  a b i l i t y  t o  grow 

p h o t o t r o p h i c a l l y  i n  t h e  p r e s e n c e  o f  v a r i o u s  c a rb o n  and s u lp h u r  

compounds was d e te rm in e d  i n  l i q u i d  c u l t u r e  i n  r e p l i  d i s h e s ,  o r  i n  

f i l l e d  b o t t l e s .  R e p l i  d i s h e s  w ere i n c u b a t e d  i n  an  a n a e r o b ic  

e n v i ro n m e n t ,  c o n t a i n i n g  5^  0 0 ^ ,  10^  H^, 85^  N^ ( v / v ) ,  k e p t  oxygen 

f r e e  by t h e  p r e s e n c e  o f  p a l l a d iu m  c a t a l y s t  (E n g le h a r t .  D ) . Two t y p e s  

o f  cham ber w ere u s e d  t o  m a in t a i n  an  a n a e r o b ic  a tm o s p h e re ,  and  w ere 

made t o  s p e c i f i c a t i o n :  by  P ly s u  L td ,  from  2 0 th o u  t h i c k  c l e a r  p o ly t h e n e .  

The l a r g e  chamber was s i m i l a r  t o  t h e  cham ber d e s c r i b e d  by A ran k i 

e t  a l .  ( 1 96 9 ) ,  e n t r y  b e i n g  g a in e d  th r o u g h  a l a r g e  m e ta l  a i r l o c k  

( k i n d l y  g iv e n  by D r . J a y n e - W i l l i a m s ,  N . Io R .D . ,  R e a d in g ) ,  w h ich  c o u ld  

be f l u s h e d  w i th  t h e  a n a e r o b ic  g a s  m ix tu r e ,  o r  e v a c u a te d  w i th  an  o i l  

pump (Edw ards High Vacuum L t d . ) .  S le e v e s  and g lo v e s  i n  t h e  s i d e  o f  

t h e  cham ber a l lo w e d  m a n ip u la t i o n  o f  c u l t u r e s  i n s i d e  t h e  cham ber 

( f i g u r e  6 0 ) .  C le a r  p e r s p e x  t a b l e s  were p r o v id e d  i n s i d e  t h e  chamber 

t o  r a i s e  t h e  c u l t u r e s  t o  a  c o n s t a n t  h e i g h t  below  t h e  f l u o r e s c e n t  

s t r i p  l i g h t s  ( P h i l i p s  d a y l i g h t ) ,  w hich  w ere su sp e n d ed  above t h e  

cham ber. The l i g h t  i n t e n s i t y  a t  t h e  u p p e r  s u r f a c e  o f  t h e  t a b l e  was
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Figure 60. Large anaerobic chamber (after Aranki et al., 1969).

The chamber was constructed from clear polythene, and 
filled with a 5% CO^, 10% and 85% atmosphere, kept
anaerobic by the presence of palladium catalyst. Entry to 
the chamber was achieved by evacuating the metal air lock 
several times, followed by flushing with the gas mixture.
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750 l u x .  S m a l l ,  c l e a r  p e r s p e x  cham bers  w ere  a l s o  u s e d  i n  g row th  

e x p e r i m e n t s .  The cham bers  were p r o v id e d  w i th  two v a l v e s ,  t o  a l lo w  

t h e  e v a c u a t i o n ,  o r  f l u s h i n g  o f  t h e  cham ber,  w h ich  had  i t s  f r e e  end 

s e a l e d  w i t h  a  l a r g e  c lam p .  A n a e r o b io s i s  was a c h i e v e d  by p l a c i n g  t h e  

c u l t u r e s  u n d e r  t e s t  i n  t h e  s e a l e d  cham ber and e v a c u a t i n g ,  f o l l o w e d  

by f l u s h i n g  w i th  a  ^  CO^, 10^  and 85^  ( v /v )  g a s  m i x tu r e .

P a l l a d iu m  c a t a l y s t  was p l a c e d  i n  t h e  cham ber t o  remove o x ygen .  The 

cham bers  w ere p l a c e d  b e lo w  f l u o r e s c e n t  s t r i p  l i g h t s  ( P h i l i p s  d a y l i g h t )  

a t  a  c o n s t a n t  d i s t a n c e  t o  g iv e  a  l i g h t  i n t e n s i t y  o f  750 l u x .

O p tim a l pH f o r  g ro w th  was d e te r m in e d  i n  f i l l e d  b o t t l e s .  The 

r e f e r e n c e  s t r a i n s  w ere grown i n  t h e  medium o f  P f e n n ig  ( 1965a) and 

t h e  m o d i f i e d  medium o f  van  N ie l  ( l 9 3 i ,  1 9 4 4 ) ,  a t  pH 7 . 5 , 8 . 5 , and

9 . 5 . W ith  t h e  e x c e p t i o n  o f  E .m o b i l i s  and  E . s h a p o s n i k o v i i  ( s . h a l o p h i l a  

and E . h a l o c h l o r i s  w ere  n o t  t e s t e d ) ,  none o f  t h e  r e f e r e n c e  s t r a i n s  

grew i n  e i t h e r  medium a t  pH 9*5« A l l  t h e  s t r a i n s  grew a t  pH. 805 and

7 . 5 , how ever ,  g ro i f th  o f  E . m o b i l i s  and E . s h a p o s n i k o v i i , and t h e  

s t r a i n s  i s o l a t e d  from  t h e  Kenyan s o d a  l a k e s  was more p r o l i f i c  a t  pH 

9 .5  t h a n  a t  e i t h e r  pH 7*5 o r  8 . 5 , s u g g e s t i n g  f u r t h e r  s i m i l a r i t i e s  

b e tw ee n  t h e  i s o l a t e d  s t r a i n s  and members o f  t h e  genus  E c t o t h i o r h o d o s p i r a . 

The s a l i n i t y  o p t im a  o f  E . m o b i l i s , E . s h a p o s n i k o v i i , and t h e  i s o l a t e d  

s t r a i n s  w e re , t h e r e f o r e ,  d e te rm in e d  a t  pH 9o5  i n  t h e  p r e s e n c e  o f

0 . 1^  (w /v )  NagS.9H^0 and  0 . 1 ^  (w /v )  sodium  a c e t a t e .  The i s o l a t e s  

c o u ld  b e  d i v i d e d  i n t o  two g ro u p s  on t h e  b a s i s  o f  t h e i r  s a l i n i t y  

r e q u i r e m e n t  and optimum ( t a b l e  8 ) .  O rgan ism s s i m i l a r  t o ,  and  

i n c l u d i n g  s t r a i n  B3 and NCL5 r e q u i r e d  l i t t l e  NaCl f o r  g ro iv th ,  w i th  

o p t im a  b e tw ee n  0 .1 ^  and  2.0/o (w /v )  NaCl ( t a b l e  8 ) .  Most o f  t h e  

s t r a i n s  w ere i n h i b i t e d  a s  t h e  NaCl c o n c e n t r a t i o n ;  was i n c r e a s e d  above 

5 . 0 - 7 . 0̂ 0 ( w /v ) ,  a l t h o u g h  most w ere s t i l l  c a p a b le  o f  some g ro w th  a t  

1 0 .0 ^  (w /v )  NaCl, S i m i l a r  r e s u l t s  w ere o b t a i n e d  f o r  E .m o b i l i s  and 

E . s h a p o s n i k o v i i , t h e  r e p o r t e d  d i f f e r e n c e s  i n  NaCl o p t im a  w ere n o t
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ev i d e n t  ( C h e rn i  e t  a l . , 1969» P f e n n ig  & T r u p e r ,  1974; S chm id t &
ft

T r u p e r ,  1 9 7 1 ) .  S t r a i n s  E7, M2, M4» and  s i m i l a r  o rg a n ism s  w ere 

c h a r a c t e r i s e d  hy t h e i r  i n a b i l i t y  t o  grow i n  O,lfo (w /v) NaCl, and 

p oo r  g ro w th  up t o  3 .0 $  (w /v )  NaCl ( t a b l e  8 ) .  The o p t im a l  NaCl 

c o n c e n t r a t i o n  f o r  g ro w th  o f  t h e s e  s t r a i n s  was 5 . 0 - 6 . 0 $  (w /v )  ( t a b l e  8 ) .  

At c o n c e n t r a t i o n s  b e lo w  3 .0 $  (w /v )  N a C l , c e l l s  o f  s t r a i n  M2 were 

e x t re m e ly  p le o m o rp h ic ,  and o f t e n  fo rm ed  lo n g  c e l l s  up t o  20;Lun i n  

l e n g t h .  Under o p t im a l  c o n d i t i o n s  t h e  c e l l s  o f  s t r a i n  M2 w ere s m a l l ,  

r e g u l a r  c o c c o - b a c i l l i .  NaCl c o n c e n t r a t i o n s  be low  3 .0 $  (w /v )  have  b een  

shown t o  h ave  a  s i m i l a r  e f f e c t  on c e l l s  o f  Chrom âtium b u d e r i  

(T ru p e r  & J a n n a s c h ,  1 9 6 8 ) .  Most o f  t h e  o rg a n is m s  s i m i l a r  t o ,  and 

i n c l u d i n g  s t r a i n s  E7, M2, and  M4 grew w e l l  up t o  9 .0 - 1 0 . 0 $  (w /v)

NaCl ( t a b l e  8 ) ,  b u t  t h e i r  NaCl o p t im a  w ere  c l e a r l y  lo w er  t h a n  t h o s e  

r e p o r t e d  f o r  t h e  e x t r e m e ly  h a l o p h i l i c  s p e c i e s ,  E . h a l o p h i l a , 

E . h a l o c h l o r i s , and E . a b d - e l - m a l e k i i  (Raymond & S i s t r o m ,  1967; 1969»
i<

Im h o f f  & T ru p e r ,  1977» p e r s o n a l  c o m m u n ic a t io n ) . The r e s u l t s  from 

t h e  s a l i n i t y  o p t im a  ( t a b l e  8) show t h a t  t h e  m a j o r i t y  o f  t h e  o rg a n ism s  

w hich  h a d  o p t im a  b e tw ee n  0 . 1  and 2 .0 $  (w /v )  NaCl were i s o l a t e d  from 

l a k e s  w here  t h e  NaCl c o n c e n t r a t i o n  r a r e ly ^  e x c e e d s  5*0$ (w /v )

( T a i l i n g  & T a i l i n g ,  1965; M i n i s t r y  o f  W ate r  D eve lopm en t,  K enya, 

u n p u b l i s h e d ) ,  and most o f  t h o s e  w i th  o p t im a  b e tw ee n  5 .0  and 6 .0 $  (w /v ) 

NaCl w ere i s o l a t e d  from  t h e  t r o n a  c r u s t  o f  Lake M agadi, w here t h e  

IfeCl c o n c e n t r a t i o n  i s  h i g h  enough t o  s u p p o r t  t h e  g row th  o f  e x t r e m e ly  

h a l o p h i l i c  b a c t e r i a  r e s e m b l in g  members o f  t h e  H a lo b a c t e r i a c e a e  

( T i n d a l l  e t  a l . , 1 9 8 0 ) .  A lth o u g h  h a l o p h i l i c  p h o t o t r o p h i c  o rg a n ism s  

r e s e m b l in g  E . h a l o p h i l a  w ere o b s e rv e d ,  and  have  b een  i s o l a t e d  from 

e n r ic h m e n ts  f o r  members o f  t h e  H a l o b a c t e r i a c e a e  ( G r a n t ,  S c h o f i e l d ,  

and T i n d a l l ,  u n p u b l i s h e d ) ,  t h e y  w ere n o t  i s o l a t e d  from e n r ic h m e n ts  

f o r  p h o t o t r o p h i c  b a c t e r i a o

The pH o p tim a  o f  E . m o b i l i s , E . s h a p o s n i k o v i i , and t h e  i s o l a t e d
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organisms were de te rm ined  a t  th e  o p tim a l s a l i n i t y  f o r  gro\rth , 1 ,5$

(w/v) NaCl f o r  s t r a i n s  B3, NCL5, and s i m i l a r  o rgan ism s, o r  5 .0 $  (w/v) 

NaCl f o r  s t r a i n s  E7, M2, M4, and s i m i l a r  o rgan ism s, % e n  grown i n  

th e  p re sen ce  o f  0 ,1 $  (w/v) Na^S.^H^O and 0 .1 $  (w/v) sodium a c e t a t e  

a l l  organism s showed two optim a, a t  pH 8.5^ and 9 * 5  ( f i g u r e  6 l ) ,

The g r e a t e s t  optimum was a t  pH 9#5* C u l tu re s  gro\m  i n  th e  p resence  

o f  0 ,1 $  (w/v) sodium a c e t a t e  a lo n e  showed a s i n g l e  optimum a t  pH. 9 ,5 ,  

w hile th o s e  grown in  t h e  p re sen ce  o f  0 .1 $  (w/v) NagS.9HgO a lo n e  had 

a s in g le  optimum a t  pH 8 .3  ( f i g u r e  6 2 ) .  Gee e t  a l .  ( 198O) found 

th a t  an a l k a l i p h i l i c  h e t e r o t r o p h ic  organism a l s o  showed two pH 

optima, h u t  d id  no t  r e s o lv e  them as  b e in g  due t o  d i f f e r e n t  c o n s t i t u e n t s  

o f  th e  c u l t u r e  medium. Chesnokov and Shaposnikov (1936a) showed t h a t  

f o r  grovrth o f  E .m obile  th e  pH optimum depended upon th e  redox  

p o t e n t i a l  o f  th e  compound used  a s  an e l e c t r o n  donor.  The r e l a t i o n s h i p  

between pH and redox  p o t e n t i a l ,  and i t s  in f lu e n c e  on th e  groivth o f  

b a c t e r i a  i s  r e c o rd e d  f o r  many s p e c ie s  (H ew itt ,  1957), a l th o u g h  t h i s  

e f f e c t  h a s  l a r g e l y  been  ig n o red  i n  s tu d i e s  on th e  pH optim a o f  

members o f  th e  R h o d o s p i r i l l a l e s . Van N ie l  ( l 9 3 l )  found t h a t  th e  pH 

optimum f o r  growth i n  th e  p resen ce  o f  s u lp h id e  was dependant upon 

i t s  c o n c e n t r a t i o n .  At th e  h ig h e s t  c o n c e n t r a t io n s  o f  s u lp h id e  

t o l e r a t e d  by members o f  th e  p u rp le  su lp h u r  b a c t e r i a  th e  pH optimum 

was 8.5» b u t  when th e  s u lp h id e  c o n c e n t ra t io n '  was low ered, growth o f  

a ’ Pseudomonas’ ty p e ,  which d e p o s i te d  su lp h u r  o u ts id e  th e  c e l l ,  and 

was p ro b ab ly  a  member o f  th e  genus E c t01 h io rh o d o s p i ra , occured  over 

th e  range  pH 8 ,5  t o  1 0 .5 . Organisms d e p o s i t in g  su lp h u r  i n s id e  th e  

c e l l ,  however, grew over th e  range  pH 6 .5  t o  8 . 5? when th e  s u lp h id e  

c o n c e n t r a t io n  was low ered . Chesnokov and Shaposnikov ( 1936a) a l s o  

found t h a t  grovrth o f  E .m obile  occured  over th e  range  pH 7 .5  to  9.5» 

w ith  an optimum in  t h e  range  pH 8 , 5 - 9 . 0 .  The more a l k a l i n e  pH 

optimum o f  members o f  th e  genus E c to th io rh o d o s p i ra  has been no ted
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F i g u r e  6 1 .  O p t i m a l  pH o f  t h e  o r g a n i s m s  i s o l a t e d  f r o m  t h e

K e n y a  s o d a  l a k e s .

The  o p t i m a l  pH o f  s t r a i n  B3 w as  t y p i c a l  o f  a l l  s t r a i n s  

i s o l a t e d  f r o m  t h e  K e n y a n  s o d a  l a k e s ,  s h o w i n g  a  b i m o d a l  

d i s t r i b u t i o n  i n  t h e  p r e s e n c e  o f  s u l p h i d e  a n d  a c e t a t e . The 

p r e s e n c e  o f  tw o  pH o p t i m a  w a s  a l s o  f o u n d  f o r  E . m o b i l i s  a n d  

E . s h a p o s n i k o v i i  g ro w n  u n d e r  t h e  sam e c o n d i t i o n s .

F i g u r e  6 2 .  O p t i m a l  pH o f  t h e  o r g a n i s m s  i s o l a t e d  f r o m  t h e

K e n y a n  s o d a  l a k e s .

T he  o p t i m a l  pH o f  s t r a i n  B3 i n  t h e  p r e s e n c e  o f  s u l p h i d e  

a l o n e ,  o r  a c e t a t e  a l o n e  s h o w e d  s i n g l e  d i s t i n c t  o p t i m a .  The 

r e s u l t s  o b t a i n e d  f o r  s t r a i n  B3 w e r e  e s s e n t i a l l y  s i m i l a r  t o  

t h o s e  o b t a i n e d  f o r  a l l  o t h e r  s t r a i n s  i s o l a t e d  f r o m  t h e  K e n y a n  

s o d a  l a k e s ,  a n d  f o r  E . m o b i l i s  a n d  E . s h a p o s n i k o v i i .
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a s  a  tax o n o m ic  f e a t u r e  ( T r u p e r ,  1 9 7 8 ) ,  and  t h e  pH optimum’ o f  

E . h a l o p h i l a  may he  h i g h e r  t h a n  t h a t  p r e v i o u s l y  r e p o r t e d  (Raymond & 

S i s t r o m ,  1967; 19695 B i e h l ,  u n p u b l i s h e d ) .  When o rg a n ism s  w ere 

grown in: . u n b u f f e r e d  medium c o n t a i n i n g - 0.1% (w /v) Na^S. 9HgO t h e  f i n a l  

pH: o f  t h e  medium was 8 . 5 ,  w h e th e r  t h e  medium was i n i t i a l l y -  

i n o c u l a t e d  w i th  E c t o t h i o r h o d o s p i r a  t y p e  o rg a n is m s  a t  pH 9 • 0 - 1 0 . 0 ,  

o r  w i th  C hrom âtium ty p e  o rg a n ism s  a t  pH 7 * 0 - 8 .0 .  Changes in :  t h e  

pH o f  t h e  medium- d u r i n g  g row th  o f  p h o t o t r o p h i c  b a c t e r i a  i n  u n b u f f e r e d  

medium was a l s o  r e c o r d e d  by van  N i e l  (1931) and  by Chesnokov and  

S h a p o sn ik o v  ( 1 9 3 6 a ) .  T hese  r e s u l t s  s u g g e s t  t h a t  t h e  g row th  o f  t h e s e  

o rg a n ism s  may, u n d e r  c e r t a i n  c o n d i t i o n s  enhance  a  change in '  t h e  pH 

to w a rd s  t h e  optimum pH f o r  g ro w th .  The o rg a n is m s  i s o l a t e d  from  t h e  

K enyan s o d a  l a k e s  a p p e a r  t o  h av e  pH o p t im a  c h a r a c t e r i s t i c  o f  t h e  

genus  E c t o t h i o r h o d o s p i r a , b u t ,  s i n c e  some o f  t h e  o rg an ism s  c o n t a i n  

g a s  v a c u o l e s ,  t h e y  may be r e g a r d e d  a s  a  t a x o n  s i m i l a r  t o  t h e  genus  

E c t o t h i o r h o d o s p i r a .

Most members o f  t h e  Chrom âti a c e a e , and  one s p e c i e s  o f  t h e  

R h o d o s p i r i l l a c e a e  r e q u i r e  v i t a m i n  B^^ foi" g ro w th  ( P f e n n ig ,  1978b; 

P f e n n ig  & L i p p e r t ,  1966; T h i e l e ,  1 9 6 8 ) .  A l l  o rg a n ism s  i s o l a t e d  

from t h e  Kenyan s o d a  l a k e s  grew i n  medium c o n t a i n i n g  0.1% (w /v) 

y e a s t  e x t r a c t .  Growth was t e s t e d  i n  m edia  w i t h o u t  y e a s t  e x t r a c t  o r  

v i t a m i n  B^g, w i th  v i t a m i n  B^^» w i th  y e a s t  e x t r a c t  ( t a b l e  9 ) •

L i t t l e  g ro w th  was d e t e c t e d  i n  m edia  w i th o u t  y e a s t  e x t r a c t  o r  

v i t a m i n  B^^; e i t h e r  o f  w h ich ,  a l o n e ,  s t i m u l a t e d  soma g ro w th  ( t a b l e  

9)# Growth i n  t h e  m e d iu m :c o n ta in in g  y e a s t  e x t r a c t  w as, how ever ,  

more p r o l i f i c  t h a n  i n  medium c o n t a i n i n g  v i t a m i n  The more

p r o l i f i c  g ro w th  i n  t h e  p r e s e n c e  o f  y e a s t " e x t r a c t  may be  due t o  i t s  

u t i l i s a t i o n  a s  a  c a rb o n  s o u r c e .  I n  s t u d i e s  on an  " a u t o t r o p h i c  

Rhodopseudomonas s p . "  (E . s h a p o s n i k o v i i ) , w h ich  d id  n o t  r e q u i r e  

v i t a m i n  B^^ f o r  g ro w th ,  y e a s t  e x t r a c t  was shoT*m t o  a c t  a s  a  c a rb o n
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s o u r c e  ( K o n d r a t i e v a ,  1956; U psenkaya  & K o n d r a t*e v a ,  1 9 6 2 ) .  Growth 

o f  E . m o h i l i s  i s  d e p e n d a n t  on t h e  p r e s e n c e  o f  v i t a m i n  ( i r u p e r ,

1968 ) •  However, b o t h  E .m o b i l i s  and E . s h a o o s n i k o v i i  showed l i t t l e  g ro w th  

i n  t h e  a b s e n c e  o f  y e a s t  e x t r a c t  and  v i t a m i n  ^.t pH 9 . 5 , and 

g rew  most p r o l i f i c a l l y  i n  t h e  p r e s e n c e  o f  y e a s t  e x t r a c t  ( t a b l e  9 ) ,  

w hich  w as, t h e r e f o r e ,  r o u t i n e l y  added  t o  t h e  medium.

The a d d i t i o n  o f  y e a s t  e x t r a c t  may a l s o  be  im p o r ta n t  i n  

p r o v i d i n g  a  n i t r o g e n  s o u r c e .  Yang H u i-P an g  (1962 )  fo u n d  t h a t  y e a s t  

e x t r a c t  s e r v e d  a s  w e l l  a s  NH^"^, u r e a ,  o r  p e p to n e  f o r  t h e  g ro w th  o f  

" a u t o t r o p h i c  Rhodopseudomonas s p . "  ( S c t o t h i o r h o d o s n i r a  s p . ) .

D u r in g  t h e  c o u r s e  o f  g ro w th  e x p e r im e n ts  i t  was n o t i c e d  t h a t  when 

medium was p r e p a r e d  a t  pH 9*5 t h e r e  was a  s t r o n g  s m e l l  o f  ammonia, 

due t o  t h e  e f f e c t  o f  a l k a l i n i t y  on t h e  e q u i l i b r i u m  be tw een  

and NH^. When 0.1% (w /v) NH^Cl was added  t o  t h e  medium a t  pH 9*5 

t h e  f i n a l  c o n c e n t r a t i o n  o f  NĤ "  ̂ i n  t h e  medium, a s  d e te rm in e d  by 

t h e  m ethod o f  H a v i l a h  e t  a l .  (1977)> was fo u n d  t o  be a p p r o x im a te ly  

l.OmJI, i n  c o n t r a s t  t o  t h e  e x p e c te d  v a l u e  o f  55mI'I. I t  a p p e a re d  t h a t  

HĤ *̂  m ig h t n o t ,  t h e r e f o r e ,  be c a p a b le  o f  s u p p o r t i n g  t h e  p r o l i f i c  

g ro w th  o b s e rv e d  i n  t h e  c u l t u r e s ,  and  t h e  r o l e  o f  NH^^, and

y e a s t  e x t r a c t  i n  t h e  n i t r o g e n  m e ta b o l i s m  o f  t h e  o rg a n ism s  was 

i n v e s t i g a t e d .  Growth o f  a l l  s t r a i n s ,  i n c l u d i n g  E .m o b i l i s  and  

E . s h a p o s n i k o v i i , i n  m ed ia  d e v o id  o f  NH^Cl and  c o n t a i n i n g  v i t a m i n  

^12 g r e a t l y  s t i m u l a t e d  by t h e  p r e s e n c e  o f  y e a s t  e x t r a c t  ( t a b l e  9)> 

w h i le  NH^Cl and  KNO^ d i d  not: s u p p o r t  g ro ; r th  s i g n i f i c a n t l y  g r e a t e r  

t h a n  t h a t  o f  t h e  c o n t r o l s ,  which: w ere d e v o id  o f  n i t r o g e n  s o u r c e s  

o t h e r  t h a n  g a s e o u s  n i t r o g e n .  C u l t u r e s  c o n t a i n i n g  NH^Cl d id  show 

s l i g h t l y  b e t t e r  grovrfch t h a n  c u l t u r e s  c o n t a i n i n g  and p re su m a b ly ,

t h e  m ain  f a c t o r  i n  d e t e r m in i n g  t h e  u t i l i s a t i o n  o f  a p p e a r s  t o

be t h e  l i m i t e d  s o l u b i l i t y  o f  t h i s  r a d i c a l  a t  t h e  pH o f  t h e  grovrth 

medium. Yang H u i-P an g  ( I 962 ) e s t a b l i s h e d  t h a t  one o f  t h e
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E c to th io rh o d o s p i r a  s t r a i n s  i s o l a t e d  from th e  m arine  env ironm ent 

was a b le  t o  u t i l i s e  a  wide ra n g e  o f  amino a c i d s  a s  n i t r o g e n  s o u rc e s ,  

w h ile  a n o th e r  s t r a i n  showed a more r e s t r i c t e d  ra n g e  o f  amino a c id  

u t i l i s a t i o n s  I n  an env ironm ent where i s  r a p i d l y  b ro u g h t

in t o  e q u i l ib r iu m  w ith  t h e  more l a b i l e  t h e  a b i l i t y  t o  o b t a in

n i t r o g e n  e i t h e r  from n i t ro g e n o u s  compounds, such  a s  y e a s t  e x t r a c t  

and amino a c i d s ,  o r  by, d i r e c t  f i x a t i o n  from th e  a tm osphere  would 

be ad v an ta g e o u s .  The s t i m u l a t o r y  e f f e c t  o f  y e a s t  e x t r a c t  on th e  

groifkh o f  t h e s e  o rgan ism s  a p p e a rs  t o  be due i n  p a r t  t o  i t s  

f u n c t io n  a s  b o th  n i t r o g e n  and ca rb o n  s o u rc e .

A lthough members o f  t h e  R h o d o s p i r i l l a l e s  only- grow p h o t o t r o p h i c a l l y  

und er  a n a e ro b ic  c o n d i t i o n s ,  members o f  a l l  t h e  f a m i l i e s  have been 

shown t o  be a b le  t o  u t i l i s e  oxygen u n d e r  c e r t a i n  c o n d i t io n s  

( K i e s t e r ,  1978; Pfennig-, 1978b; P ie r s o n  & G a s te n h o lz ,  1974a; 1978).

Only some s p e c i e s  have been  shown t o  be c a p a b le  o f  grow ing 

a e r o b i c a l l y  o r  m i c r o a e r o p h i l i c a l l y  i n  t h e  d a rk  (G orlenko , 1974;

Gusev e t  a l . , 1969; K i e s t e r ,  1978; K ondra t*eva ,  1976; K ondra t*eva  

& K r a s i l* n ik o v a ,  1979; K ondra t*eva  e t  a l . , 1976a; 1976b; P fe n n ig ,

1978b ;  P ie r s o n  & G a s te n h o lz ,  1974a; 1974b; Upsenkaya & K ondra t*eva , 

1972) .  The a b i l i t y  o f  t h e  i s o l a t e d  s t r a i n s ,  E .m o b i l i s  and 

E . s h a p o s n ik o v i i  t o  grow under a  r a n g e  o f  oxygen t e n s i o n s  was 

d e te rm in e d  i n  s o f t  a g a r  t u b e s ,  p la c e d  e i t h e r  i n  t h e  d a rk ,  o r  i n  th e  

l i g h t .  The p o s i t i o n  o f  grovrfch i n  t h e  tu b e  i n d i c a t e d  th e  o rgan ism es 

to l e r a n c e  t o  oxygen. I n  t h e  l i g h t , a l l  s t r a i n s ,  i n c lu d in g  E .m o b i l i s  

and E . s h a p o s n i k o v i i , grew t c  w i th i n  5“™ o f  t h e  to p  o f  t h e  a g a r ,  

i n d i c a t i n g  t h a t  th e  o rgan ism s were t o l e r a n t  o f  some oxygen when 

. grown p h o to t r o p h ic a l ly  ( t a b l e  1 0 ) .  R e s u l t s  o b ta in e d  from grovrth i n  

t h e  d a rk  were l e s s  d i s t i n c t ,  m any .o f  t h e  s t r a i n s  f a i l i n g  t o  grow.

I n  some o f  th e  non -gas  v a c u o la te  s t r a i n s ,  in c lu d in g  E .m o b i l i s  and 

E . s h a p o s n i k o v i i , grow th o ccu red  a s  a sh a rp  band 7-8mm below th e  to p
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Table 10 Growth o f  ph oto trop h ic  b a c te r ia  in  th e  dark.

g r o r t h  7-8mm Grom t h e  t o p o f  t h e  a g a r  d e e p .

s t r a i n s ;  DSM. 239 DSM 243 B8

B9 BIO N6

g ro w th  th r o u g h o u t  t h e  t u b e  t o  w i t h i n  7-8mra from  t h e  t o p

s t r a i n s  : NOLI NCM E2

E3 E5 m

N5 N4 mo

. m i Ml M6

H7 M8 M9

MI4 M18 B6

B7 E l l E12

ElO E l E6

NCL6 B1 E9

NT N8 N9

no g ro w th  o b s e rv e d  i n  t h e t u b e s .

s t r a i n s  : B2 B3 B6

B4 B5 E4

E7 E8 m

N2 N3 NC1,2

nc:L3 SGL5 M2

M3 M4 M5

MIO M il M12

M13 M15 M16

M17 M 9 M20

M21
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o f  t h e  t u b e  ( t a b l e  lO ) ,  O th e r  s t r a i n s ,  w hich  grew i n  t h e  d a r k ,  

i n c l u d i n g  gas  v a c u o l a t e  fo rm s ,  grew  t o  w i t h i n  7-8ram o f  t h e  s u r f a c e  

o f  t h e  a g a r ,  and  a l s o  grew th r o u g h o u t  t h e  r e s t  o f  t h e  t u b e .  These  

r e s u l t s  s u g g e s t  t h a t  some o f  t h e  s t r a i n s  a r e  i n c a p a b l e  o f  n o n -  

p h o t o t r o p h i c  g ro w th ,  some grow n o n - p h o t o t r o p h i c a l l y  u n d e r  

m i c r o a e r o p h i l i c  c o n d i t i o n s  i n  t h e  d a rk  o v e r  a  l i m i t e d  r a n g e  o f  oxygen 

c o n c e n t r a t i o n s ,  and  o t h e r  s t r a i n s  a r e  o n ly  i n h i b i t e d  by m i c r o a e r o p h i l i c  

t o  a e r o b i c  c o n d i t i o n s .  None o f  t h e  s t r a i n s  w ere a b l e  t o  grow u n d e r  

a e r o b i c  c o n d i t i o n s  i n  t h e  d a rk  o r  i n  t h e  l i g h t .  A r e s p o n s e  t o  

oxygen c o n c e n t r a t i o n ’ c o u ld  a l s o  b e  o b s e rv e d  i n  l i q u i d  c u l t u r e s  grovm 

i n  t h e  l i g h t .  I n  s t r a i n  B3 and s i m i l a r  o rg a n is m s ,  grown u n d e r  low 

l i g h t  i n t e n s i t y ,  200-300  l u x ,  t h e  c e l l s  p o s s e s s e d  g a s  v a c u o l e s ,  and 

a c c u m u la te d  a t  t h e  t o p  o f  t h e  c u l t u r e .  When t h e  c u l u t r e s  w ere 

o p en ed ,  and  l e f t  e x p o sed  t o  oxygen a t .  low l i g h t  i n t e n s i t y  t h e  

o rg a n is m s  became m o t i l e ,  b u t  d i d  n o t  l o s e  t h e i r  g a s  v a c u o l e s .  When 

s t e r i l e  medium was a e r a t e d ,  and c a r e f u l l y  l a y e r e d  above a c t i v e l y ;  

g row ing  c u l t u r e s ,  t h e  o rg a n is m s  w ere o b s e rv e d  t o  move away from  t h e  

f r e s h l y  added  medium, e v e n t u a l l y  c o l o n i s i n g  t h e  f r e s h l y  added  medium 

a f t e r  1 -2  days  a d d i t i o n a l  g ro w th .

The u t i l i s a t i o n !  o f  c a rb o n  compounds was t e s t e d  by t h e  m ethod o f  

T h i e l e  (1968) i n  t h e  p r e s e n c e  o f  c a rb o n  s o u r c e s  a t  e i t h e r  0 . 1  o r  

0 . 05 ,̂ (w /v )  and 0 . 1 ^  (w /v )  NagS.9HgO. C u l t u r e s  w ere i n c u b a t e d  i n  

an a n a e r o b ic  a tm o sp h e re  c o n t a i n i n g  5*0^ ( v / v )  CO^, w hich  c a u s e d  t h e  

pH t o  f a l l  d u r in g  t h e  c o u r s e  o f  g ro w th  o f  t h e  o rg a n is m s  from  pH 9*5 

t o  8 . 5 . However, a t  t h e  low er pH, g ro w th  was 90^ o f  maximal grovrth
(I

a t  pH 9 . 5 . Grovrth was r e c o r d e d  a c c o r d in g  t o  t h e  c r i t e r i a  o f  T ru p e r  

( 1968 ) and  Im h o ff  and  T ru p e r  (19 7 7 ; 1 9 8 0 ) .  Due t o  t h e  pH and  

i n c l u s i o n  o f  y e a s t  e x t r a c t ,  t h e s e  r e s u l t s  were n o t  d i r e c t l y  

co m p arab le  w i th  o t h e r  s t u d i e s  ( K o n d r a t ' e v a ,  1956; K o n d ra t* e v a  & 

K r a s n i l * n i k o v a ,  1979; T ru p e r ,  I 9 6 8 ; Y ang -H u i-P ang ,  1 9 6 2 ) ,  and
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B .m o b i l is  and  E .s h a p o s n ik o v i i  w ere , t h e r e f o r e ,  in c lu d e d  i n  t h e  g ro w th  

e x p e r im e n ts .  L ik e  s m a ll  members o f  th e  genus C hrom atium . a l l  th e  

O rgan ism s w ere a b le  to  u t i l i s e  i n t e r m e d ia te s  o f  th e  Krebs^ c y c le  

( t a b l e  11) ( im h o ff  & T ru p e r ,  1980; P fe n n ig  & T ru p e r ,  1974; T h ie le ,  

1 9 6 8 ) .  A lth o u g h  grovrfch i n  some c a rb o n  s o u rc e s  was a p p a r e n t ly ;  

en h an ced  i n  th e  p r e s e n c e  o f  y e a s t  e x t r a c t ,  E .m o b i l is  and 

E .s h a p o s n ik o v i i  showed no o th e r  s ig n i f i c a u i t  d i f f e r e n c e s  b e tw ee n  th e  

r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  and  th o s e  o b ta in e d  p r e v io u s ly  

(K o n d ra t*e v a , 1956; T ru p e r ,  1968; Yang H u i-P an g , 1 9 6 2 ) . Some d e g re e  

o f  v a r i a t i o n  b e tw een  d i f f e r e n t  s t r a i n s  o f  th e  same s p e c ie s  i s  t o  be 

e x p e c te d  ( T h ie le ,  I 9 6 8 ) ,  and h a s  b een  r e p o r t e d  f o r  s t r a i n s  o f  

E c to th io r h o d o s p i r a  i s o l a t e d  from  th e  same en v iro n m en t (M ath ero n  & 

B a u l ia g e ,  1972; T ru p e r ,  1968; Yang H u i-P an g , I 9 6 2 ) .  Most o f  th e  

s t r a i n s  w ere c a p a b le  o f  u t i l i s i n g  l a c t a t e ,  g l y c e r o l ,  and f r u c t o s e  

( t a b l e  1 1 ) .  P o rraate  d id  n o t s u p p o r t  grovrfch o f  any  o f  th e  o rg a n is m s , 

and e t h a n o l ,  b u t y r a t e ,  and  b e n z o a te  s u p p o r te d  th e  grovrfch o f  a  few 

s t r a i n s  o n ly  ( t a b l e  1 1 ) .  Some d i f f e r e n c e s  w ere n o te d  b e tw een  th e  

v a r io u s  d e s ig n a te d  g ro u p s .  S t r a i n  E7 and s i m i l a r  o rg an ism s  d id  n o t 

u t i l i s e  g lu c o s e ,  f r u c t o s e ,  o r  g l y c e r o l ;  g lu c o s e  and g ly c e r o l  w ere 

n o t u t i l i s e d  by s t r a i n  M2 and s i m i l a r  o rg a n ism s ; s t r a i n  M4 and  

s i m i l a r  o rg an ism s  c o u ld  be  d iv id e d  im  to  two g ro u p s  on t h e i r  a b i l i t y  

o r  i n a b i l i t y  to  u t i l i s e  th e  c a rb o n  s o u rc e s  g lu c o s e ,  f r u c t o s e ,  and 

g ly c e r o l  ( t a b l e  1 1 ) .  W ith in  th e  g ro u p s  r e p r e s e n t e d  by th e  s t r a i n s  

B3 and HCL5 th e r e  was a  much g r e a t e r  d e g re e  o f  v a r i a t i o n  i n  th e  

a b i l i t y  to  u t i l i s e  g lu c o s e ,  f r u c t o s e ,  and g l y c e r o l ,  and no 

c h a r a c t e r i s t i c  p a t t e r n  o f  u t i l i s a t i o n  was e v i d e n t .  Casam ino a c id s  

and c i t r a t e  w ere n o t u t i l i s e d  by th e  m a jo r i ty  o f  th e  s t r a i n s ,  a s  

r e p o r te d  f o r  o th e r  s t r a i n s  o f  E c to th io r h o d o s p i r a  (G ra n t e t  a l . ,

197,9 ; M atheron  & B a u l ia g e ,  1972; K o n d ra t’ e v a , 1956; T ru p e r ,  1968;

Yang H u i-P a n g , 1 9 6 2 ) . K o n d ra t* e v a  (1956) fo u n d  t h a t  th e  g ro w th  o f
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E . s h a p o s n ik o v ii  i n  th e  p re s e n c e  o f  some ca rb o n  compounds was 

dependan t on th e  a d d i t io n  o f  b ic a rb o n a te  o r  a  re d u c e d  s u lp h u r  

compound. The c o n c e n t r a t io n  o f  th e  re d u c e d  s u lp h u r  compound in  th e  

medium h a s  a l s o  been  shown to  in f lu e n c e  th e  f i n a l  b iom ass i n  

c u l tu r e s  grown p h o to o rg a n o t ro p h ic a l ly  (K o n d ra t* ev a  & K r a s i l *n ik o v a , 

1979)* The r e s u l t s  show t h a t  t h e r e  a r e  many m inor d i f f e r e n c e s  

betw een th e  s t r a i n s ,  b u t  th e  g e n e ra l  p a t t e r n  o b se rv e d  f o r  ca rb o n  

compound u t i l i s a t i o n  was n o t s i g n i f i c a n t l y  d i f f e r e n t  from  r e s u l t s  

o b ta in e d  p r e v io u s ly  (G ran t e t  a l . , 1979; K o n d ra t* ev a , 1956;
tt

M atheron & B a u lia g e , 1972; T ru p e r , 1968; Yang H u i-P ang , 1 9 6 2 ),

Most members o f  th e  genus E c to th io rh o d o s p i r a  do n o t u t i l i s e  e th a n o l ,  

fo rm a te , b e n z o a te ,  c i t r a t e ,  o r  casam ino a c id s ,  a s  i s  a l s o  t y p i c a l  

o f  o th e r  sm a ll members o f  th e  C h ro m atiaceae  ( Im hoff & T ru p e r , 1980; 

M atheron & B a u lia g e , 1972; T h ie le ,  1 9 6 8 ). E th a n o l and casam ino 

a c id s  a r e  more w id e ly  u t i l i s e d  by members o f  th e  R h o d o s p ir i l la c e a e  

(P fe n n ig , 1 9 7 8 b ), The v a r i a t i o n  in  th e  a b i l i t y  t o  u t i l i s e  g lu c o se  

and f r u c to s e  h a s  b een  o b se rv ed  in  s t r a i n s  i s o l a t e d  from  th e  same 

en v ironm en t (T ru p e r , 1 9 6 8 ), and i n  o th e rw is e  s im i l a r  s t r a i n s  

(K o n d ra t*e v a , 1956; M atheron  & B a u l ia g e ,  1972; O sn its k a y a , 1954; 

S c a rd o v i, 1 9 5 0 ). T here  a r e  few d i f f e r e n c e s  betw een  th e  re c o g n is e d  

s p e c ie s ,  E .m o b il is  and  E .s h a p o s n ik o v i i  i n  t h e i r  c a rb o n  s o u rc e  

u t i l i s a t i o n  (K o n d ra t* ev a , 1956; T ru p e r ,  1 9 6 8 ). However, a  n o t i c a b le  

f e a tu r e  o f  th e  o rg an ism s i s o l a t e d  from  th e  Kenyan soda  la k e s  was th e  

more r e s t r i c t e d  ra n g e  o f  ca rb o n  compounds u t i l i s e d  by some o f  th e  

s t r a i n s  r e q u i r i n g  3 .0 ^  (w /v ) NaCl f o r  g row th , r e p r e s e n te d  by th e  

s t r a i n s  E7, M2, and  M4. The e x tre m e ly  h a l o p h i l i c  members o f  th e  

genus E c to th io rh o d o s p i r a  a ls o  show a  more r e s t r i c t e d  ra n g e  o f  ca rb o n  

so u rce  u t i l i s a t i o n  ( Im hoff & T ru p e r , 1977; Raymond & S is tro m , 1967; 

1969 ) ,  com pared to  th e  f r e s h w a te r  o r  m arine  i s o l a t e s .  However, 

w ith in  th e  group r e p r e s e n te d  by s t r a i n  M4 th e r e  a r e  s e v e r a l  s t r a i n s
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w hich u t i l i s e  a  w ider ran g e  o f  ca rb o n  so u rc e s  th a n  th e  low s a l i n i t y  

s t r a i n s .  The d iv i s io n  o f  th e  i s o l a t e s  in to  g roups on th e  b a s i s  o f  

s a l i n i t y  req u ire m e n t does n o t ,  th e r e f o r e ,  c o r r e l a t e  w ith  a l l  th e  

d iv i s io n s  b ased  on th e  ran g e  o f  ca rbon  so u rc e s  u t i l i s e d .  The s t r a i n s  

re p re s e n te d  by s t r a i n s  B3 and NCL5 a re  v e ry  s im i la r  in  t h e i r  carbon  

so u rce  u t i l i s a t i o n ,  and th e s e  two g ro u p s , w hich have s im i la r  NaCl 

optim a were on ly  d is t in g u is h a b le  by t h e i r  m orphology and th e  

p resen ce  o f  gas v a c u o le s  in  s t r a i n  B3. S im i la r ly ,  th e  s t r a i n s  E7,

I-I2, and many o f  th e  M4 ty p e  s t r a i n s  showed a r e s t r i c t e d  ran g e  o f  

carbon  so u rce  u t i l i s a t i o n ,  and were on ly  d is t in g u is h a b le  by c e l l u l a r  

morphology and th e  absen ce  o f  gas v a c u o le s  in  s t r a i n  E7.

The a b i l i t y  o f  th e  o rgan ism s to  p h o to o x id is e  su lp h u r  compounds 

was t e s t e d  in  m edia c o n ta in in g  0 .1 ^  (w /v) sodium th io s u lp h a te ,  

s u lp h i t e ,  s u lp h id e , o r e le m e n ta l su lp h u r  a s  s o le  e l e c t r o n  d o n o rs .

A ll th e  s t r a i n s  t e s t e d  w ere cap a b le  o f  grow th in  th e  p re se n c e  o f  

su lp h id e  o r  e le m e n ta l su lp h u r  ( t a b l e  1 2 ) . The fo rm a tio n  and 

u t i l i s a t i o n !  o f  p o ly s u lp h id e s  by a l l  s t r a i n s  d u r in g  th e  o x id a tio n  o f 

s u lp h id e  to  s u lp h a te  was in d ic a te d  by th e  y e llo w  c o lo u r  o f  th e  

medium p r io r  to  s u lp h u r  d e p o s i t io n ,  when th e  medium tu rn e d  m ilky  

(van N ie l ,  1931 ). S t r a i n s  M2 and M4 grew more s lo w ly  in  th e  p re sen ce  

o f  s u lp h u r ,  and e le m e n ta l su lp h u r d e p o s ite d  o u ts id e  th e  c e l l  

d u rin g  th e  p h o to o x id a tio n  o f  s u lp h id e  accum ula ted  more th a n  in  

c u l tu r e s  o f  E .m o b il is , E .s h a p o s n ik o v i i , s t r a i n s  E7, NCL5, and B3. 

S u lp h ite  was n o t u t i l i s e d  by organism s b e lo n g in g  to  th e  g roups 

r e p re s e n te d  by th e  ty p e  s t r a i n s  M2, H4, and E7, b u t was u t i l i s e d  

by a l l  o th e r  s t r a i n s .  T h io su lp h a te  was u t i l i s e d  by s t r a i n s  E7, B3, 

and NCL5, and by some o f  th e  s t r a i n s  s im i la r  to  s t r a i n  M4, b u t was 

no t u t i l i s e d  by s t r a i n  M2 and s im i la r  o rgan ism s ( ta b l e  1 2 ) . The 

i n a b i l i t y  to  u t i l i s e  s u lp h i t e  o r th io s u lp h a te  was r e s t r i c t e d  to  

th e  s t r a i n s  r e q u i r in g  a  minimum o f  3 .0 ^  (w /v) NaCl f o r  g row th .
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S t r a in s  w hich were n o t c a p a b le  o f  u t i l i s i n g  th io s u lp h a te  and s u lp h i t e  

w ere g e n e r a l ly  c h a r a c te r i s e d  by t h e i r  r e s t r i c t e d  ran g e  o f  carbon  

so u rce  u t i l i s a t i o n ,  b u t some o f  th e  s t r a i n s  showed a  w id e r ra n g e  

o f  ca rb o n  so u rc e  u t i l i s a t i o n ,  and no d i r e c t  c o r r e l a t i o n  c o u ld  be 

made betw een  th e  l i m i t a t i o n  in  ca rb o n  and s u lp h u r  so u rce  u t i l i s a t i o n .  

The u t i l i s a t i o n  o f  re d u c e d  s u lp h u r  compounds, in c lu d in g  s u lp h id e ,  

t h io s u lp h a te ,  s u l p h i t e ,  and s u lp h u r  s e rv e s  to  d i f f e r e n t i a t e  th e  

ta x a  o f  th e  R h o d o s p i r i l l a l e s . T h is  may in c lu d e  th e  d i f f e r e n t i a t i o n  

o f  d i s t i n c t  s p e c ie s  (P fe n n ig  & T ru p e r , 1 9 7 4 ). W ith in  th e  genus 

E c to th io rh o d o s p i r a , s u lp h id e  i s  in v a r i a b ly  o x id is e d  to  s u lp h a te ,  

w ith  e le m e n ta l s u lp h u r  b e in g  d e p o s i te d  e x t r a c e l l u l a r l y  (P fe n n ig  & 

T ru p e r , 1974; T ru p e r , 1968; T ru p e r & P fe n n ig , 1978; T ru p e r , 1 9 7 8 ).

A number o f  s t r a i n s  o f  E c to th io rh o d o s p i ra  have been  i s o l a t e d  w hich 

w ere c a p a b le  o f  u t i l i s i n g  th io s u lp h a te  and s u lp h i t e  (K ondra t*eva  & 

K r a s i l 'n ik o v a ,  1979; M atheron & B a u lia g e , 1972; Raymond & S is tro m ,

1967 ; 1969; T ru p e r , 1968; Yang H ui-P ang , 1 9 6 2 ), w h ile  o th e r  s t r a i n s  

have been  shown to  la c k  th e  a b i l i t y  to  u t i l i s e  e i t h e r  th io s u lp h a te  

o r  s u lp h i t e  (K o n d ra t* ev a , 1956; S c a rd o v i,  1950; Yang H ui-P ang ,

1962 ) .  One s p e c ie s ,  E .h a lo p h i l a , a l s o  la c k s  an  a s s i r a i l a to r y  s u lp h a te  

r e d u c t io n  pathw ay (Raymond & S is tro m , 1967; 1 9 6 9 ). A lthough  th e  

u t i l i s a t i o n  o f  s u lp h u r  compounds may be u se d  in  th e  d i f f e r e n t i a t i o n  

o f  th e  t a x a ,  th e s e  c r i t e r i a  a re  i n s u f f i c i e n t  to  j u s t i f y  new ta x a  on 

t h i s  b a s i s  a lo n e .  V a r ia t io n  h as  been  shown to  o ccu r in  a  number, 

o f  s p e c ie s  o f  p h o to tro p h ic  b a c t e r i a  w ith  r e l a t i o n  to  s u lp h u r  compound 

u t i l i s a t i o n ,  in c lu d in g  E .s h a p o sn ik o v ii  (P fe n n ig  & T ru p e r , 1 974 ).

The two s t r a i n s  o f  a u to t r o p h ic  Rhodopseudomonas s p . i s o l a t e d  by 

Yang H ui-P ang  ( 1962) showed d i f f e r e n t  s a l t  t o l e r a n c e s ,  w hich co u ld  

be c o r r e l a t e d  w ith  d i f f e r e n c e s  in  th e  u t i l i s a t i o n  o f  s u lp h u r  compounds. 

W hether th e s e  r e p r e s e n t  two d i f f e r e n t  s p e c ie s  was n o t d e te rm in e d , 

b u t t h e i r  s a l t  to l e r a n c e s  were s im i l a r  to  th o s e  r e p o r te d  f o r
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E .m o b i l i s  and  E .s h a p o s n ik o v i i  (C h e rn i e t  a l . , 1969; T ru p e r ,  I 968 ) .

No d i f f e r e n c e s  w ere o b s e rv e d  b e tw ee n  th e  tw o s p e c ie s  o b ta in e d  from

th e  DSM, i n  e i t h e r  s a l t  t o l e r a n c e  o r  u t i l i s a t i o n  o f  s u lp h u r  com pounds.

I n  th e s e  c a s e s  th e  d i f f e r e n c e s  may be  due t o  s t r a i n  v a r i a t i o n  w i th in

a  s p e c i e s ,  w h e re a s , i n  some o f  th e  i s o l a t e s  from  th e  Kenyan so d a

l a k e s ,  o th e r  d a t a ,  in c lu d in g  s a l t  o p tim a , c a rb o n  so u rc e  u t i l i s a t i o n ,

and  m orpho logy  i n d i c a t e  t h a t  th e  d i f f e r e n c e s  i n  s u lp h u r  compound

u t i l i s a t i o n  may be o f  tax o n o m ic  s i g n i f i c a n c e .

c .  GC b a s e  c o n te n t .

The GC b a se  c o n te n t  o f  th e  s t r a i n s  B3, E7, NGL5, and  M2 w ere

d e te rm in e d  to  exam ine th e  r e l a t i o n s h i p  be tw een  th e s e  o rg a n ism s  and

th e  members o f  th e  gen u s E c t o th i o r h o d o s p i r a .  The GC‘ b a se  c o n te n t  o f

s t r a i n  B3 was 6 1 .4  + 1 .0  m ol^ (T ^) and  6 1 .9  + 1 .0  m ol^ (b u o y a n t

d e n s i t y ) ,  and  t h a t  o f  s t r a i n  NCL5 6 1 .9  + 1 .0  m ol^ (T ) .  T hese  v a lu e s— m

w ere n o t s i g n i f i c a n t l y  d i f f e r e n t  t o  th o s e  o b ta in e d  f o r  E . s h a p o s n ik o v i i

(Mande1 e t  a l . , 1971; Im h o ff & T ru p e r ,  1977; P fe n n ig  & T ru p e r ,  1 9 7 4 ),

more r e c e n t  d e te r m in a t io n s  o f  E .m o b i l i s  (T ru p e r ,  p e r s o n a l  com m un ie la tion ),

and  f o r  t h e  E c to th io r h o d o s p i r a  s p .  d e s c r ib e d  by G ran t e t  a l .  (1 9 7 9 ) .

The GC b a s e  c o n te n t  o f  s t r a i n  E7 was 6 3 .5  + 1 .0  m ol^ (T ) ,  and  t h a t— m

o f  s t r a i n  M2 was 5 8 .8  + 1 .0  raol^ (b o u y a n t d e n s i t y ) .  The GC b a se  

c o n te n t  o f  some s t r a i n s  i n  s p e c ie s  o f  R h o d o s p i r i l l a c e a e c o v e r  a  w ide 

r a n g e ,  w i th  v a lu e s  v a r y in g  by a s  much a s  5 .O m o l^ , and  i n  C h r . m in u s ,

1 0 .0  m ol^ (M andel e t  a l . , 1 9 7 1 ) . D i f f e r e n t i a t i o n  o f  members o f  

t h e  R h o d o s p i r i l l i n e a e  on th e  b a s i s  o f  th e  GC. b a s e  c o n te n t  o f  th e  

DNA i s  se ldom  p o s s i b l e ,  s in c e  w ith  few e x c e p t io n s  th e  GC b a se  c o n te n t  

o f  th e  f o r t y  s p e c ie s  exam ined  a r e  b e tw een  55*0 and  7 0 .0  m ol^

(M andel e t  a l . , 1971; T ru p e r  & P fe n n ig ,  1 9 7 8 ) . S p e c ie s  a r e ,  t h e r e f o r e ,  

r e c o g n is e d  on th e  b a s i s  o f  m o rp h o lo g ic a l and  p h y s io lo g i c a l ,  a s  w e ll  

a s  GC b a s e  c o n te n t  d i f f e r e n c e s .  Taken t o g e t h e r ,  th e  r e s u l t s  

s u g g e s t  t h a t  th e  s t r a i n s  B3 and  NCL5 a r e  s i m i l a r  t o  th e  o rg an ism s
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E .m o b i l i s  and E .s h a p o s n ik o v i i , w i th  th e  e x c e p t io n  t h a t  t h e  s t r a i m  

B3 p ro d u c e s  g as  v a c u o le s ,  and  may he  r e g a rd e d  a s  a  member o f  a  

ta x o n  c l o s e l y  r e l a t e d  t o  th e s e  tw o s p e c i e s .  The o th e r  g a s  v a c u o la te  

s t r a i n ,  M2 h a s  a  Itower GCJ c o n te n t  th a n  t h a t  o f  s t r a i n  B3, and  may 

be  r e g a r d e d  a s  a  member o f  th e  same genus a s  s t r a i n  B3, b u t  

p o s s i b ly  a  d i f f e r e n t  s p e c i e s ,  when m orphology  and  p h y s io lo g y / o f  

t h e  tw o s t r a i n s  a r e  a l s o  com pared . A s i m i l a r  r e l a t i o n s h i p  may a l s o  

e x i s t  b e tw ee n  th e  n o n -g a s  v a c u o la te  s t r a i n s  NCL5 and  E7, b o th  o f  

w h ich  a p p e a r  t o  be  members o f  t h e  g en u s  E c to th i o r h o d o s p i r a .

d .  P h o to tr o p h ic  p ig m e n ts .

The a b s o r p t io n  maxima o f  allL  s t r a i n s  showed t h a t  th e y  a l l  

c o n ta in e d  b a c t e r io c h l o r o p h y l l  a  ( f i g u r e s  6 3 - 6 8 ) .  The a b s o r p t io n  

maxima f o r  th e  s t r a i n s  B3, E 7, and  NCL5 w ere a t  375» 585» 795» 855 , 

w ith : a  s h o u ld e r  a t  895nra ( b a c t e r io c h l o r o p h y l l  a ) ,  and  a t  455» 485,

5 2 0 , w i th  a  s h o u ld e r  a t  545nm ( c a r o t e n o id s )  ( f i g u r e s  6 3 , 6 4 , 6 5 ) 0  

T hese w ere  i d e n t i c a l  t o  th e  a b s o r p t io n  maxima o f  E ^ m o b ilis  and  

E .s h a p o s n ik o v i i  grown u n d e r  th e  same c o n d i t io n s  ( f i g u r e  6 3 ) .

S t r a i n s  M2 an d  M4 h ad  s i m i l a r ,  b u t  n o t i d e n t i c a l  a b s o r p t io n  

s p e c t r a ,  maxima f o r  s t r a i n  M2 b e in g  a t  375» 58 5 , 775» 795» 8 2 7 » and 

890nm ( b a c t e r i o c h l o r o p h y l l  a ) ,  and  a t  485» 5^7» and  ( c a r o t e n o id s )

( f i g u r e  6 7 ) ,  w h ile  t h e  a b s o r p t io n  maxima o f  s t r a i n  M4 w ere  a t  375»

5 9 0 » 795» 8 45 , and  890nm ( b a c t e r io c h l o r o p h y l l  a ) ,  and a t  4 8 5 » 5 0 5 » 

w ith  a  s h o u ld e r  a t  5 4 5 j^  ( c a r o t e n o id s )  ( f i g u r e  6 8 ) ,  D i f f e r e n c e s  im  

th e  a b s o r p t i o n  maxima o f  b a c t e r io c h l o r o p h y l l  i n  v iv o ,  i n  t h e  i n f r a  

r e d  r e g i o n ,  hav e  b een  a t t r i b u t e d  t o  a  v a r i e t y  o f  f a c t o r s ,  su ch  a s  

t h e  a g e  o f  th e  c u l t u r e ,  s t r a i n  o f  th e  o rg a n ism , and  th e  c u l t u r a l  

c o n d i t io n s  (B ie b l  & D rew s,. 1969; T h o rn b e r e t  a l . , 1 9 7 8 ), w h ic h  c a u se  

c h a n g e s  i n  th e  b a c t e r i o c h l o r o p h y l l - b a c t e r i o c h l o r o p h y l l  and  

b a c t e r i o c h l o r o p h y l l - p r o t e i n  i n t e r a c t i o n s .  The p r e v i o u s l y  r e p o r t e d  

a b s o rp tio n ',  maxima a r e  d i f f e r e n t  i n  some c a s e s  t o  th o s e  o b ta in e d  f o r
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Figure 63. Absorption specrtum o f  

Ectothiorhodospira shaposnikovii
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Figure 64. Absorption spectrum 
of strain NCL5.
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Figure 65. Absorption spectrum 
of strain E7
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Figure 66. Absorption spectrum 
of Ectothiorhodospira halophila
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Figure 67. Absorption spectrum 
of strain M2
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Figure 68. Absorption spectrum 
of strain M4
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t h e  ty p e  s t r a i n s  o f  E c t o th i o r h o d o s p i r a . Raymond and  S is tro m  (1 9 6 ? ) 

r e c o rd e d  th e  a b s o r p t io n  maxima o f  E .h a l o p h i l a  i n  th e  i n f r a  r e d  

r e g io n  a s  maxima a t  7 9 8 , 8 8 5 , and  a  s h o u ld e r  a t  8$0nm, t h e r e  b e in g  

no o th e r  d i f f e r e n c e s  i n  th e  s p e c t r a  ( f i g u r e  6 6 ) .  The m a jo r d i f f e r e n c e s  

be tw een  th e  a b s o r p t io n  maxima o f  E .m o b i l i s  o b ta in e d  p r e v io u s ly  and 

t h a t  o b s e rv e d  w ere a l s o  i n  th e  i n f r a  r e d  r e g io n ,  T ru p e r  ( 1 968 ) 

r e c o r d in g  th e  maxima a t  8 0 5 ,  87 5 , and  a  s h o u ld e r  a t  900nm. T h ere  

w ere no d i f f e r e n c e s  b e tw e e n  th e  s p e c t r a  p r e v io u s ly  r e p o r t e d  f o r  

B .s h a p o s n ik o v i i  (Kondrat:* ev a  & M a lo fe e v a , I 9 6 4 ; U psenkaya &

K o n d ra t* e v a , 1 9 7 2 ) . The d i f f e r e n c e s  b e tw ee n  th e  p r e v io u s ly  r e p o r t e d  

s p e c t r a  o f  E .m o b i l i s  and  E L h a lo p h i la , and  th o s e  r e p o r t e d  h e r e ,  may 

be due t o  th e  n a tu r e  o f  th e  l i g h t  s o u r c e ,  o r  th e  c u l t u r e  m e d ia . 

D if f e r e n c e s  i n  th e  s p e c t r a  o f  any  one s t r a i n  w ere e v id e n t  when grown 

p h o t o l i t h o t r o p h i c a l l y ,  p h o to o r g a n o t r o p h ic a l ly ,  o r  p h o to m ix o t r o p h ic a l ly .  

A l l  s p e c t r a  w ere r e c o r d e d  from  c e l l s  grown p h o to m ix o t r o p h ic a l ly ,  i n  

th e  p r e s e n c e  o f  0 .1 ^  (w /v ) Na2S . 9Ĥ 0 and  0.1%  (w /v ) sodium, a c e t a t e .

The s i m i l a r i t i e s  b e tw ee n  th e  a b s o r p t io n  s p e c t r a  o f  s t r a i n s  M2, M4, 

and  E .h a lo p h i l a  i n  th e  i n f r a  r e d  r e g io n  o f  th e  sp e c tru m  may s u g g e s t  

t h a t  i n  p a r t  th e  s a l i n i t y  r e q u ir e m e n t  o f  th e  o rg a n ism s  may be 

im p o r ta n t  i n  a f f e c t i n g  ch an g es  i n  th e  s p e c t r a  a s s o c i a t e d  w ith  

b a c t e r i o c h l o r o p h y l l  i n t e r a c t i o n s .  H ow ever, s t r a i n  E7 h a s  a  s i m i l a r  

a b s o r p t io n  sp ec tru m  to  t h a t  o f  E .m o b i l i s  and  E . s h a p o s n ik o v i i , b u t  

h a s  a  NaCl r e q u ire m e n t s i m i l a r  t o  t h a t  o f  s t r a i n  M2 and M4.

D if f e r e n c e s  i n  th e  a b s o r p t i o n  s p e c t r a  b e tw ee n  4OO and 550n™ a r e  

due to  t h e  c a r o t e n o id  c o n te n t  o f  th e  s t r a i n s ,  w hich  may be 

in f lu e n c e d  by c u l t u r a l  c o n d i t io n s  ( P fe n n ig  e t  a l . , 1968; S c h le g e l  & 

P fe n n ig ,  1961 ; S c h m id t, 1978; S chm id t & T r u p e r ,  1971; S chm id t e t  a l . , 

1965 ; T ru p e r ,  I 9 6 8 ) . The p re s e n c e  o f  maxima a t  485 , 505-515 an d  

545nm i n  a l l  s t r a i n s  w ere i n d i c a t i v e  o f  th e  p re s e n c e  o f  g ro u p  I  

c a r o t e n o id s ,  th e  n o rm al s p i r i l l o x a n t h i n  s e r i e s  ( B ie b l  & D rew s, 1969;
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K o n d ra t» e v a  & M a lo fe e v a , I 964 ; S c h le g e l  & P fe n n ig ,  I 96I ;  T rü p e r ,

1968 ) .  T y p ic a l ly  c u l t u r e s  o f  o rg a n ism s  c o n ta in in g  c a r o te n o id s  o f  

th e  n o rm al s p i r i l l o x a n t h i n  s e r i e s  a r e  r e d  t o  b ro w n -re d  i n  c o lo u r ,  

a l th o u g h  g a s  v a c u o la te  s t r a i n s  may he p in k - r e d  (P fe n n ig  & T ru p e r ,
ff

1974; T ru p e r  6  P f e n n ig ,  1 9 7 8 ) . C e l l  s u s p e n s io n s  o f  s t r a i n s  E7,

B3, and  NGL5 w ere r e d  o r  p in k  in  c o lo u r ,  h u t  t h e  c o lo u r  o f  c e l l  

s u s p e n s io n s  o f  s t r a i n  M4 w ere s i m i l a r  t o  t h a t  o f  C h r .m in u s ,  w hichi 

c o n ta in s  okenone a s  t h e  m a jo r  c a r o t e n o id .  C e l l  s u s p e n s io n s  o f  s t r a i n  

M2 w ere a l s o  d i s t i n c t i v e  i n  c o l o u r ,  b e in g  r e d - v i o l e t .  The c a r o te n o id s  

o f  th e  ty p e  s t r a i n s  w ere  s u b s e q u e n t ly  e x t r a c t e d  and  com pared w ith  

c a r o t e n o id s  o b ta in e d  from  th e  r e f e r e n c e  s t r a i n s ,  by  e l u t i o n  from  

a lum in ium  o x id e  co lu m n s, c o -c h ro m a to g ra p h y , and  a b s o r p t i o n : s p e c t r a .  

S t r a i n s  B3, E7, and NCL5 c o n ta in e d  c a r o te n o id s  o f  th e  no rm al 

s p i r i l l o x a n t h i n  s e r i e s ,  and  w ere i n d i s t i n g u i s h a b l e  from  E .m o b i l is  

and  g .  s h a u o s n ik o v i i . S t r a i n s  M2 and  M4 w ere d i s t i n c t i v e  i n  t h a t  

th e y  c o n ta in e d  few er c a r o t e n o id s .  S t r a i n  M2 c o n ta in e d  o n ly  two 

c a r o t e n o id s ,  w hich  w ere i d e n t i f i e d  a s  s p i r i l l o x a n t h i n  and  rh o d o p in . 

S t r a i n  M4 c o n ta in e d  a  s i n g l e  c a r o t e n o id ,  w h ich  was i d e n t i f i e d  a s  

s p i r i l l o x a n t h i n .  A l t h o u ^  s t r a i n  M4 was s i m i l a r  i n  c o lo u r  t o  c e l l  

s u s p e n s io n s  o f  okenone c o n ta in in g  o rg a n is m s , t h e  in  v iv o  a b s o r p t io n  

sp e c tru m  and  c a r o te n o id  a n a l y s i s  d id  not. shew t h a t  th e  c a r o te n o id  

okenone was p r e s e n t .  A lth o u g h  o rg a n ism s  p ro d u c in g  c a r o te n o id s  o f  

th e  n o rm al s p i r i l l o x a n t h i n  s e r i e s  u s u a l l y  c o n ta in  a  num ber, o f  

c a r o t e n o id s  o f  t h i s  g ro u p , some s t r a i n s  a r e  known in  w hich  

s p i r i l l o x a n t h i n  i s  th e  m ain c a r o t e n o id ,  o r  t h e r e  may be o n ly  one o r  

tw o a d d i t i o n a l  c a r o t e n o id s  p r e s e n t  (S c h m id t, 1978 ; Schm id t e t  a l , , 

1 9 6 5 ) .  The s t r a i n s  M2 and M4 a r e  n o t a t y p i c a l ,  a l th o u g h  members 

o f  th e  g en u s E c to th io r h o d o s p i r a , w hich  th e y  c l o s e l y  re se m b le  u s u a l l y  

c o n ta in  a  number o f  c a r o te n o id s  o f  th e  n o rm al s p i r i l l o x a n t h i n  

s e r i e s .  I n  E .h a l o p h i l a ,  h ow ever, th e  m a jo r c a r o te n o id  p r e s e n t  i s
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s p i r i l l o x a n t h i n ,  w ith  no o th e r  c a r o te n o id s  p r e s e n t  in  a p p r e c ia b le  

am ounts (S ch m id t & T ru p e r ,  1 9 7 1 ) . The ra n g e  o f  c o lo u r  d i f f e r e n c e s  

o b se rv e d  be tw een  th e  s t r a i n s ,  and  t h e i r  c a r o t e n o id  c o n te n t  

i l l u s t r a t e d  "the d i f f i c u l t y  and  s u b j e c t i v e  n a tu r e  o f  a s s ig n in g  a  

c o lo u r  d e s c r i p t i o n  to  th e  v a r io u s  s p e c i e s ,  and  i t s  u se  a s  an
It

i n d i c a t o r  o f  c a r o te n o id  c o n te n t  (T ru p e r  & P fe n n ig ,  1 9 7 8 ) .

e .  L ip id  a n a ly s e s .

A n a ly s is  o f  th e  l i p i d  c o m p o s itio n  o f  s t r a i n s  B3, M2, M4, NCL5, 

and E7 w ere  c a r r i e d  o u t by co m p ariso n  w ith  l i p i d s  o b ta in e d  from  

Sigma and  t o t a l  l i p i d  e x t r a c t s  from  C h r.m in u s  (B N .1211 and DSM 1 7 8 ) , 

C h r .m in u tis s im u m , C h r.v in o su m  ( s t r a i n  D ), R h sp .ru b ru m , R h m .v a n n ie l i i . 

E .m o b i l i s , E . s h a p o s n ik o v i i , E . h a l o p h i l a , and E . h a l o c h l o r i s . The 

l i p i d  c o m p o s i tio n  o f  th e  s t r a i n s  B3, NCL5, E 7, M2, and M4 w ere 

e s s e n t i a l l y  s i m i l a r ,  and  c o u ld  n o t be d i s t i n g u i s h e d  from  th e  l i p i d  

c o m p o s itio n  o f  E .m o b i l i s  and E .s h a p o s n i k o v i i . The m a jo r l i p i d s  

p r e s e n t  i n  th e s e  o rg a n ism s  w ere p h o s p h o l ip id s  ( f i g u r e s  6 9 , 7 0 )> 

g l y c o l i p i d s  w ere n o t d e t e c te d  in  th e  l i p i d  e x t r a c t s .  The p o la r  l i p i d  

c o m p o s itio n  was e s s e n t i a l l y  s i m i l a r  t o  t h a t  r e p o r t e d  by Oyewole suid 

H o lt ( 1 9 7 6 ) f o r  E .m o b i l i s , th e  p h o s p h o l ip id s ,  p h o s p h a t id y l  

e th a n o la m in e  (P E ), p h o s p h a t id y l  g ly c e r o l  (P C ), p h o s p h a t id y l  c h o l in e  

(P C ), and  d ip h o s p h a t id y l  g ly c e r o l  (DPG) w ere p r e s e n t .  I n  a d d i t i o n  

an  u n i d e n t i f i e d  p h o s p h o l ip id  was p r e s e n t ,  w hich  h ad  an  R f s i m i l a r  

t o  t h a t  o f  PC in  b o th  s o lv e n t  s y s te m s  ( f i g u r e s  6 9 , 7 0 ) .  I n  th e  

f i r s t  s o l v e n t ,  c h lo ro f o r m m e th a n o l ;w a te r  ( 6 5 :2 5 : 4 ) ,  a  l i p i d  was 

p r e s e n t  w i th  an  R f s l i g h t l y  g r e a t e r  th a n  t h a t  o f  PE, bu t, i t  was n o t 

a  p h o s p h o l ip id ,  and  i t  may have b e e n  e i t h e r  a  q u in o n e  o r  an. i s o p r e n o id  

n e u t r a l  l i p i d  ( f i g u r e  6 9 ) .

The l i p i d  c o m p o s itio n  o f  th e  e x tre m e ly  h a l o p h i l i c  E .h a lo p h i l a  

and E .h a l o c h l o r i s  w ere d i s t i n g u i s h a b l e  from  th e  o th e r  members o f  th e  

genus E c to th io r h o d o s p i r a  exam in ed . The m a jo r p o la r  l i p i d s  w ere
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p h o s p h o l ip id s ,  and  no g l y c o l i p i d s  w ere  d e t e c te d  i n  th e  e x t r a c t s  o f  

e i t h e r  s p e c ie s  ( f i g u r e s  6 9 , 7 0 ) .  DPŒ was a p p a r e n t ly  p r e s e n t  i n  

b o th  s p e c i e s ,  a s  was r e p o r t e d  f o r  E .h a lo p h i l a  (Raymond u n p u b l is h e d ,  

in  K enyon, 1 9 7 8 ) , h u t  PE, was n o t p r e s e n t .  An a m in o - l ip id  was p r e s e n t  

in  b o th  s p e c i e s ,  w h ich  h ad  an R f s i m i l a r  to  t h a t  o f  PE i n  th e  

seco n d  s o lv e n t  ( f i g u r e  7 0 ) ,  c h lo ro fo rm  m e t h a n o l : a c e t i c  a c id ;w a te r  

( 8 0 ;1 2 :1 5 s 4 ) ,  b u t  PE: was c l e a r l y  a b s e n t  from  th e  l i p i d  e x t r a c t s  

d e v e lo p e d  i n  th e  f i r s t  s o lv e n t  ( f i g u r e  6 9 ) .  PG was th e  o n ly  o th e r  

l i p i d  p r e s e n t  i n  E . h a l o p h i l a , w h ich  was i d e n t i f i e d .  The l i p i d  

c o m p o s i t io n s  o f  th e  s p e c ie s  E .h a l o p h i l a  and E .h a l o c h l o r i s  w ere 

s i m i l a r  t o  one a n o th e r ,  and  b o th  a r e  d i s t i n g u i s h a b l e  from  o th e r  

members o f  th e  genus E c to th io r h o d o s p i r a  ex am in ed . C om parison  w i th  

th e  l i p i d s  o f  H a lo b a c te r iu m  s a l in a r iu m  i n d i c a t e d  t h a t  th e  l i p i d s  o f  

E .h a lo p h i l a  and  E .h a l o c h l o r i s  w ere n o t e t h e r  l i n k e d ,  c o n f irm in g  

p re v io u s  r e p o r t s  (Raymond u n p u b l is h e d ,  i n  K enyon, 1 9 7 8 ) . T h ese  tw o 

s p e c ie s  a r e  n o t ,  t h e r e f o r e ,  members o f  th e  a r c h a e b a c t e r i a  (W oese e t  a l . , 

19785 Ore e t  a l . , 1 9 7 8 ) ,  b u t  th e  d i s t i n c t i v e  l i p i d  c o m p o s i t io n  may 

be  s u g g e s t iv e  o f  a  tecconomic^ d i v i s i o n  w i th in  th e  p r e s e n t l y  d e s c r ib e d  

genus E c to th i o r h o d o s p i r a .

The lipid composition of the members of the genus Ectothiorhodo
spira, and the isolates from the Kenyan soda lakes were compared 
with the polar lipid composition of members of the Chromât iaceae 
and Rhodospirillaceae. The lipid composition of Chr.minus was 
similar to that of K.mobilis and E.shaposnikovii, with the exception 
that glycolipids were occassionally detected in Chr.minus (figures 
6 9 , 7 0 ) .  PC could not be detected in Chr.minutissimum or Chr.vinosum, 
but in other respects the lipid composition was similar to that of 
Chr.minus. In the first solvent system a non-phosphate positive 
lipid was detected in Chr.minus, Chr.minutissimum, and Chr.vinosum, 
which had an Rf identical to the non-phosphate positive lipid
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Figure 69. Thin layer chromatograph of the polar lipids of
phototrophic bacteria.

Thin layer chromatograph developed in the solvent chloroform: 
methanol:water (65:25:4). Staining reactions are represented by:

O  phosphate positive; ( ') phosphate negative ; ®  periodate- 
Schiff positive immediately; @  periodate-Schiff positive after 
24h; @  ninhydrin positive; ^  glycolipids.

The lipids were identified as: 1. non-phosphate positive lipid; 
2. PE; 3. non-phosphate positive lipid; 4. PG and DPG; 5. PC;
6 and 7. amino-lipids; 8,9, and 10. unidentified phospholipid;
11 and 12. glycolipids; 13. unidentified amino-lipid.
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a ,  Chr .ro in u tiss in n im  

h .  C h r.m in u s  (BN 1211)

c .  C h r.v in o su m  ( d )

d . C h r.m in u s  (DSK 175)

e .  R h sp .ru h ru m

f . R h m .v a n n ie l i i

g .  E .m o h i l i s

h .  h a l o p h i l a

i .  E .h a l o c h l o r i s
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Figure 70. Thin layer chromatograph of the polar lipids of
phototrophic bacteria.

Thin layer chromatograph developed in the solvent chloroform; 
methanol: acetic acid: water (80:12:15:4). Staining reactions are 
represented by: (22) phosphate positive; ( ) phosphate negative;
periodate-Schiff positive after 24h; periodate-Schiff
positive immediately ;^ninhydrin positive ; glycolipids.

The lipids were identified as: 1. DPG; 2. PE; 3. PG;
4. amino-lipid; 5. amino-lipid; 6 # PC; 7.and 8 . unidentified 
amino-lipid; 10. glycolipids 9, Pft.
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a ,  C h r, m in u tie s  imuiL 

t .  C h r,m in u s  (BN 1211)

c ,  C h r.v in o su m  ( d )

d , C h r,m in u s  (DSM 17&)

e ,  RhEp,rul>rum

f , R h m ,v a n n ie l i i

g ,  E ,m o h i l is

h ,  h a l o p h i l a

i , E , h a l o c h l o r i s
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detec-fced in  members o f  th e  genus E c to th io r h o d o s p i r a  ( f i g u r e  6 9 ) .

The l i p i d  c o m p o s itio n  o f  C h r.v in o su m  was s i m i l a r  t o  t h a t  p r e v io u s ly  

r e p o r t e d  ( S te in e r  e t  a l . , I 9 6 9 ) ,  and  th e s e  r e s u l t s  s u g g e s t  t h a t  th e  

p o la r  l i p i d  c o m p o s itio n , o f  th e  s m a l l  members o f  th e  genus C hrom âtium 

i s  s i m i l a r  t o  t h a t  o f  B .m o b i l i s  and  E .s h a p o s n ik o v i i .  I n  R h sp .ru b ru m  

and  R h m .v a n n ie l i i  t h e  p o l a r  l i p i d  c o m p o s itio n  was s i m i l a r  t o  th a t :  

d e s c r ib e d  p r e v io u s ly  (K enyon , 1 9 7 8 ) , c o n ta in in g  DPG, PG, PE, an d  PC 

a s  t h e  m a jo r  p h o s p h o l ip id s  ( f i g u r e s  6 9 , 7 0 ) .  P h o s p h a t id ic  a c i d  was 

d e t e c t e d  i n  R h m .v a n n ie l i i , b u t n o t i n  R h sp .ru b ru m . The m a jo r 

d i f f e r e n c e s  betw een  t h e s e  tw o s p e c ie s  and  th e  o th e r  o rg a n ism s  t e s t e d  

was i n  t h e  p re s e n c e  o f  a r a i n o - l i p i d s ,  w h ich  w ere p ro b a b ly  th e  

o r n i t h i n e  l i p i d s  i d e n t i f i e d  i n  p r e v io u s  s t u d i e s  (K enyon, 1 9 7 8 ) . I n

th e  f i r s t  s o lv e n t  t h e r e  wàs a l s o  p r e s e n t  a  n o n -p h o sp h a te  p o s i t i v e  

l i p i d ,  w i th  an R f l e s s  th a n  t h a t  o f  PE-, and  a l s o  a llo w e d  th e  

members o f  th e  R h o d o s p i r i l l a c e a e  t o  be d i s t i n g u i s h e d  from  th e  

members o f  th e  C h ro m a tia c e a e  ( f i g u r e  6 9 ) ,.  i n c lu d in g  th e  genus 

E c to th i o r h o d o s p i r a . The i d e n t i t y  o f  th e  n o n -p h o sp h a te  p o s i t i v e  

l i p i d s  was n o t  i n v e s t i g a t e d  in  e i t h e r  th e  members o f  th e  

R h o d o s p i r i l l a c e a e  o r  C h ro m a tia c e a e  t e s t e d .  H ow ever, th e y  may be 

n e u t r a l  l i p i d s ,  su c h  a s  s q u a le n e s  o r  h o p a n o id s .  T h is  w ould  be 

c o n s i s t e n t  w i th  th e  f i n d i n g  t h a t  members o f  t h e  R h o d o s p i r i l l a c e a e  

c o n ta in  h o p a n o id s ,  w h ile  members o f  th e  C h ro m a tia c e a e  c o n ta in  

s q u a le n e s  (O u r is s o n  e t  a l . , 1979; Rohmer e t  a l . , 1 9 7 9 ).

The l i p i d  p a t t e r n s  o f  members o f  th e  R h o d o s p i r i l l a c e a e  and 

C h ro m a tia c e a e  can  b e  d i s t i n g u i s h e d  from  one a n o th e r  a s  i l l u s t r a t e d  

h e re  and  i n  p r e v io u s  w ork (K enyon, 1 9 7 8 ) . The s i m i l a r i t y  b e tw een  

th e  p o l a r  l i p i d  c o m p o s i tio n  o f  members o f  th e  gen u s C hrom âtium and  

E .m o b i l i s  an d  E .s h a p o s n ik o v i i  s u g g e s ts  t h a t  th e s e  two s p e c i e s ,  and  

th e  s t r a i n s  B3, E 7, NCL5, M2, and  M4 may he more c l o s e l y  r e l a t e d  t o  

th e  gen u s C hrom âtiu m . The r e p o r t e d  s i m i l a r i t y  be tw een  C h r.v in o su m
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and  T h .r o s e o p e r c in a  i n  t h e i r ' l i p i d  c o ra p o s itio n i (Kenyon> 1978;

S t e i n e r  e t  a l . , 1969 ; T akacs & H o l t ,  1971) s u g g e s t  t h a t  t h i s  ty p e  o f  

l i p i d  c o m p o s itio n  may b e  c h a r a c t e r i s t i c  o f  members o f  th e  

C h ro m a tia c e a e , and  E .m o b i l i s  and  E .s h a p o s n ik o v i i  a r e ,  t h e r e f o r e ,  

more c l o s e l y  r e l a t e d  t o  t h i s  f a m i ly   ̂ th a n  to  th e  fa m ily  

R h o d o s p i r i l l a c e a e  by  th e  p o la r  l i p i d  c o m p o s i t io n .  The d i s t i n c t i v e  

l i p i d  c o m p o s i tio n  o f  th e  e x tre m e ly  h a l o p h i l i c  E .h a lo p h i l a  a n d  

E .h a l o c h l o r i s  shows some s i m i l a r i t i e s  t o  b o th  th e  members o f  th e  

C h ro m a tia c e a e  and  R h o d o s p i r i l l a c e a e , b u t  i s  s u f f i c i e n t l y  d i f f e r e n t  

from  e i t h e r  o f  th e s e  f a m i l i e s  t o  i n d i c a t e  th e  i n v e s t i g a t i o n :  o f  th e s e  

tw o s p e c ie s  (an d  E .a b d - e l - m a l e k i i ) a s  a  n o v e l ta x o n .  The en v iro n m en t 

h a s  b een  shown to  h a v e  a  s i g n i f i c a n t  e f f e c t  on th e  c o m p o s itio n  o f  

th e  c e l l  e n v e lo p e  o f  b a c t e r i a  (E llw o o d  & T em p est, 1972; H ira ra a tsu  

e t  a l . , 1 978 ; Koyama & N osoh, 1976; N o v its k y  & K u sh n e r, 1 9 7 6 ) , 

h o w ev er, th e  o rg a n is m s  have  u s u a l l y  on ly / b e e n  t o l e r a n t  o f  t h e  ex trem e 

c o n d i t i o n s ,  and c o n c lu s io n s  draw n from  th e s e  s t u d i e s  c a n n o t be 

d i r e c t l y  a p p l ie d  t o  o rg a n ism s  f o r  w h ich  th e  s o - c a l l e d  e x tre m e  

e n v iro n m e n t i s  t h e  n a t u r a l  e n v iro n m e n t, a s  i n  t h e  ex tre m e  h a l o p h i l e s .  

The d i f f e r e n c e s  i n  t h e  l i p i d  c o m p o s i t io n  o f  E .h a lo p h i l a  and  

E .h a l o c h l o r i s  may be a  co n seq u en c e  o f  th e  h ig h ly  s a l i n e  e n v iro n m e n t, 

b u t  su ch  ch an g es  may n o t  be  r e v e r s i b l e  a t  low  s a l i n i t y ,  w h ich  c o u ld  

a c c o u n t f o r  t h e i r  d ep en d en ce  upon  h i ^  s a l i n i t y  f o r  g ro w th . The 

s i g n i f i c a n c e  o f  su c h  ch an g e s  i n  t h e  c h e m is try  o f  th e  c e l l  w a l l  i n  

t h e  taxonom y o f  t h e s e  s p e c ie s  m ust be  c o n s id e r e d  i n  c o n ju n c t io n  w ith  

o th e r  c r i t e r i a ,  su c h  a s  p h y s io lo g y ,  m o rp h o lo g y , and g e n e t i c s . ,
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4 . ISOLATION AND CHARACTERISATION OP EXTREI.IELY HALOPHILIG; BACTMIA.

4 .1 .  E n rich m en t and  i s o l a t i o n  o f  c u l t u r e s .

S am ples o f  s a l t e r n  l i q u o r ,  o b ta in e d  i n  1976  and  1977 by D r.A .A * 

M i l l s  an d  from : t h e  M agadi Soda C o .L td . ,c o n t a in e d  l a r g e  num bers o f  

b a c t e r i a ,  w h ich  w ere i n i t i a l l y  i s o l a t e d  i n  a  medium o f  th e  f o l lo w in g  

c o m p o sitio n ! ( ^ w /v ) :  N aC l, 20 ; MgCR^, 0 .1 ;  Nff^CR, 0 .1 ;  KOI, 0 .1 ;  

N & g C 0 ^ .1 0 ^ 0 , 2 0 ; y e a s t  e x t r a c t ,  0 .1 ;  pB 1 0 .0  (G ra n t & T i n d a l l ,  I 98O ). 

The o rg a n is m s , w h ich  grew  s lo w ly  w ere  s u b s e q u e n t ly  showm t o  grow 

b e t t e r  i n  t h e  m o d if ie d  medium o f  B row n (1 9 6 3 ) d e s c r ib e d  by T i n d a l l  

e t  a l .  ( 1 9 8 0 ) .  Sam ples o f  s a l t e r n  l i q u o r  o r  t r o n a  c r u s t  c o l l e c t e d  

in  1978  from  Lake M agadi w ere i n o c u l a t e d  i n t o  t h e  m o d if ie d  medium 

o f  Brown ( 1 9 6 3 ) ,  and  in c u b a te d  a t  3 7 f o r  3 -4  w eek s . The c u l t u r e s  

w ere c l a r e t  i n  c o lo u r ,  a n d  l i k e  t h e  s a l t e r n  l i q u o r ,  th e  a b s o r p t io n  

sp e c tru m  r e v e a l e d  th e  p r e s e n c e  o f  b o th  c a r o t e n o id s  and 

b a c t e r i o c h l o r o p h y l l  ( f i g u r e s  7 1 , 7 2 ) .  S in g le  c o lo n ie s  w ere o b ta in e d  

by s u b - c u l t u r i n g  th e  e n r ic h m e n ts  on t o  medium s o l i d i f i e d  w i th  2 .0 ^  

(w /v ) a g a r .  T e s t s  showed t h a t  th e  o rg a n ism s  grew  more p r o l i f i c a l l y  

on th e  medium o f  Payne e t  a l .  ( 196O ), m o d if ie d  a s  d e s c r ib e d  by 

T i n d a l l  e t  a l .  ( 198O ), a n d  a l l  g ro w th  t e s t s  w ere  s u b s e q u e n t ly  c a r r i e d  

o u t  u s in g  t h i s  medium. The s t r a i n s  w ere p u r i f i e d  by  t h r e e  t r a n s f e r s  

on t h i s  medium a f t e r  g ro w th  a t  37^G '̂ f o r  3 -4  w eek s.

4 .2 ,  C h a r a c t e r i s a t i o n  o f  p u re  c u l t u r e s ,

a .  M orpho logy .

A l t h o u ^  36 s t r a i n s  w ere  i n i t i a l l y  i s o l a t e d  ( t a b l e  1 3 ) ,  w h ich  

ea c h  showed s u b t l e  d i f f e r e n c e s  from ; one a n o th e r ,  t h r e e  m a jo r 

m o rp h o lo g ic a l ty p e s  w ere e v id e n t ,  an d  t h r e e  ty p e  s t r a i n s  w ere 

d e s ig n a te d  S P l ,  SP2, and  IdS3. S t r a i n  8 P I was i s o l a t e d  from  s a l t e r n  

l i q u o r  sen tr from  K enya in  1977 , and  s i m i l a r  o rg a n ism s  w ere  i s o l a t e d  

from  th e  s a l t e r n  l i q u o r  and  la k e  t r o n a  i n  1978 . The o rg a n ism  was a  

G ra m -n e g a tiv e  r o d ,  0.,7-1.0>im w ide b y  4 . 0 - 6 . 0 ^  lo n g  ( f i g u r e  7 3 ) .
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Figure 71. Absorption spectrum 
of saltern liquor,
Lake Magadi

350 450 550 650 750 850 950
wavelength in nm

Figure 72. Absorption spectrum 
of enrichment culture
from the salterns
Lake Magadi

350 450 550 650 750 850 950
wavelength in nm
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T a h le  13 L i s t  o f  s t r a i n s  o f  e x tre m e ly  h a l o p h i l i c  b a c t e r i a  

i s o l a t e d  from  Lake M agadi and  th e  s o l a r  s a l t e r n s .

S tr a i .n I s o l a t e d  fro m :
*

SP l S a l t e r n s ,  Lake M agadi

S?4 S a l t e r n s ,  Lake M agadi

MSI T ro n a , Lake M agadi

MS4 T ro n a , Lake M agadi

MS6) T ro n a , Lake M agadi

MS? T ro n a ,. Lake Magadi

MSB T ro n a ,. Lake M agadi

MS9 T fo n a , Lake M agadi

MSIO T ro n a , Lake M agadi

M Sir T ro n a , Lake M agadi

MS12 T ro n a , Lake M agadi

MSI4 T ro n a , Lake Magadi

MSI5 T ro n a , Lake Magadi

MSI? T ro n a , Lake M agadi

MS21 T ro n a , Lake M agadi

MS23 T ro n a , Lake Magadi

MS24 T ro n a , Lake M agadi

MS25 T ro n a , Lake M agadi

*
SP2 S a l t e r n s ,  Lake M agadi

SP3 S a l t e r n s ,  Lake M agadi

SP3 S a l t e r n s ,  Lake M agadi

S?5 S a l t e r n s ,  Lake M agadi

SP6 S a l t e r n s ,  Lake M agadi

SP? S a l t e r n s ,  Lake M agadi
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T a b le  13 ( c e n t . )

S t r a i n I s o l a t e d  fro m :
*

MS3 T ro n a , Lake M agadi

MS5 T ro n a , Lake M agadi

MS13 T ro n a , Lake M agadi

MS16 T ro n a , Lake M agadi

MS18 T ro n a , Lake M agadi

MS19 T ro n a , L ake M agadi

MS20 T ro n a , Lake M agadi

MS26 T ro n a , Lake M agadi

MS27 T ro n a , Lake M agadi

A l l  s t r a i n s  w ere  G ra m -n e g a tiv e .

( t h e  ty p e  s t r a i n s  o f  th e  e x tre m e ly  h a l o p h i l i c  b a c t e r i a  

i s o l a t e d  a r e  m arked * ) .
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A f te r  2 w eeks in c u b a t io n  a t  37°C: t h e  c o lo n ie s  w ere  o r a n g e - r e d ,  

convex  w ith  am e n t i r e  e d g e , 3-4mm i n  d ia m e te r ,  t r a n s l u c e n t  a n d  m ucoid 

( f i g u r e  74 )*  O tells  o f  s t r a i n  S P l w ere  m o tile #  A p re lim in a ry ^  r e p o r t  

on s t r a i n  S P l h a s  a l r e a d y  a p p e a re d  ( T i n d a l l  e t  a l . , I 98O ).

S t r a i n  SP2 was i s o l a t e d  i n  1978 o n ly  from  th e  s a l t e r n  l i q o u r ,  

an d  was a  C hram -negative co cc u s  l.^;uum i n  d ia m e te r  when grown on p l a t e s .  

T h is  s t r a i n  was i n i t i a l l y  i d e n t i f i e d  a s  a  H a lo c o c c u s  ty p e  o rg a n ism , 

b u t  when i t  was grow n im  l i q u i d  c u l t u r e  th e  o rg a n ism  was a  lo n g ,  

f i n e ,  f i l a m e n to u s  r o d ,  0 . 9 - 0 . Tjum w ide  by 1 0 - 1 $ ^  lo n g  ( f i g u r e  7 5 ) .

The o ra n g e  c o lo n ie s  w ere  5-ômra i n  d ia m e te r  a f t e r  2 w eeks g ro w th  a t  

37°C: ( f i g u r e  7 6 ) .  C o lo n ie s  w ere opaquee^ f r i a b l e ,  w ith  a  c r e n a te d  

s u r f a c e .  T h e  o p a c i ty  o f  th e  c u l t u r e  was i n d i c a t i v e  o f  t h e  p re s e n c e  

o f  g as  v a c u o le s ,  a l th o u g h  th e y  w ere  n o t  o b s e rv e d  i n  t h e  c e l l s .

S t r a i n  SP2 c o u ld  n o t  b e  shown c o n c lu s iv e ly  t o  b e  m o t i l e ,  a l th o u g h  a  

s low  tu m b lin g  m o tio n  was d e t e c te d  im  l i q u i d  c u l t u r e .  In  l i q u i d  

c u l t u r e  a  p e l l i c l e  so m etim es fo rm e d , an d  th e  c e l l s  fo rm ed  a  v is c o u s  

se d im e n t i n  o l d  c u l t u r e s .

S t r a i n  MS3 was i s o l a t e d ,  i n  1978 , from  t h e  t r o n a  c r u s t  o f  th e  

l a k e ,  a n d  was n o t  o b s e rv e d ,  o r  i s o l a t e d  from  th e  s a l t e r n  l i q u o r .

The c o lo n ie s  w ere i n i t i a l l y  g re y  an d  t r a n s l u c e n t ,  b u t th e  m ucoid 

c o lo n ie s  ch an g ed  t o  a  sa lm o n -p in k  c o lo u r ,  and  becam e f r i a b l e  an d  

o p aq u e , 4-5mm i n  d ia m e te r  a f t e r  2 w eeks g ro w th  a t  3 7 ( f i g u r e  7 8 ) .  

C e l l s  w e re  G ra ra -n e g a tiv e , m o t i le  r o d s ,  O .J -l.O p m  w ide by 2 . 0 - 4 . 0pm 

lo n g  ( f i g u r e  77 )#  C o lo n ie s  w ere convex  w ith  an  e n t i r e  e d g e . The 

s m a l l  s i z e  o f  t y p i c a l  H a lo b a c te r iu m  s p . , l e s s  th a n  0.2mm i n  d ia m e te r ,  

c o lo n ie s  i s  shown i n  f i g u r e  79 f o r  c o m p a riso n ,

b .  P h y s io lo g y .

The a b s o r p t io n  sp e c tru m  o f  w ho le  c e l l s  o f  th e  t h r e e  s t r a i n s  

showed maxima a t  475^» 5 0 5 > and 545nm ( f i g u r e  8 0 ) ,  c h a r a c t e r i s t i c  o f  

b a c t e r i o r u b e r i n s  fo u n d  i n  members o f  t h e  genus H a lo b a c te r iu m  and
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P i’g u re  7 3 . C e l l s  o f  s t r a i n  S P l,  x400 , b a r  i n d i c a t e s  10pm.

F ig u r e  7 4 . C b lo n ie s  o f  s t r a i n  S P l a f t e r  3 w eeks g ro w th , b a r  i n d i c a t e s  10mm
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F i^ u r e  7 5 . CTells o f  s t r a i n  SP2, x400 , b a r  i n d i c a t e s

F ig u r e  76V C o lo n ie s  o f  s t r a i n  SP2 a f t e r  3 w eeks g ro w th , b a r  i n d i c a t e s  lOram
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F i g u r e j n .  C e l l s  o f  s t r a i n  I4S3, x400 ,  b a r  i n d i c a t e s  lO pn,

F ig u r e  7 8 . C o lo n ie s  o r  s t r a i n  MS3 a f t e r  3 w eeks g ro w th , b a r  i n d i c a t e s  lOrara.
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F ig u r e  T9. G b lo n ie s  o f  H a lo b a c te r iu m  h a lo b iu m  a f t e r  3 w eeks g ro w th , 

b a r  i n d i c a t e s  10mm.



■
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F i g u r e  8 0 .  A b s o r p t i o n  s p e c t r u m

o f  s t r a i n  S P l

3 5 0 4 5 0 5 5 0 6 5 0 7 5 0 8 5 0 9 5 0

w a v e l e n a t h  i n  run

F i g u r e  8 1 .  A b s o r p t i o n  s p e c t r u m

o f  p h o t o t r o p h i c  b a c t e r i u m  

i s o l a t e d  f r o m  t h e  s a l t e r n s

L a k e  M a g a d i

3 5 0 4 5 0 5 5 0 6 5 0 7 5 0 8 5 0 9 5 0

w a v e l e n g t h  i n  nm
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H alo co ccu a  (G ib b o n s , 1 9 7 4 ) . B a c t e r io c h lo r o p h y l l  p r e s e n t  i n  th e

s a l t e r n  l i q u o r  was fo u n d  t o  be p r e s e n t  a s  b a c t e r i o c h l o r o p ^ l l  a ,  i n  a

h a l o p h i l i c  p u r p le  b a c te r iu m  ( f i g u r e  8 l ) ,  re sem b lin g -m e m b ers  o f  th e

g en u s  E c to th io r h o d o s p i r a  (G ra n t ,  S c h o f ie ld ,  an d  T i n d a l l ,  u n p u b l i s h e d ) .

C e l l s  o f  a l l  t h r e e  s t r a i n s  o f  e x tre m e ly  h a l o p h i l i c  b a c t e r i a  became

s p h e r i c a l  when su sp e n d e d  in  m ed ia  c o n ta in in g  l.OM N aC l, and. some

o f  th e  c e l l s  o f  s t r a i n  SP2 i n  t h e  f i la m e n to u s  fo rm  ly s e d .  C e l l s  o f

a l l  s t r a i n s  ly s e d  in  d i s t i l l e d  w a te r ,  a l th o u g h  th e  c o c c o id  c e l l s  o f

s t r a i n  SP2 grown on p l a t e s  w ere t h e  l e a s t  s e n s i t i v e  t o  low io n i c

s t r e n g t h .  S i m i l a r i t i e s  t o  members o f  th e  genus H a lo b a c te r iu m  w ere

s u g g e s te d ,  and  th e  o rg a n ism s  w e re , t h e r e f o r e ,  com pared w ith  ty p e

s t r a i n s  o f  th e  genus H a lo b a c te r iu m .

G row th o f  th e  r e f e r e n c e  s t r a i n s ,  and s t r a i n s  S P l,  SP2, and  I5S3

was t e s t e d  a t  pH 7 .5 ,  B .5 , and  9*5> i n  th e  medium o f  Payne e t  a l .

( i 9 6 0 ) ,  im  w hich  NgS0 ^ . 7H2^ was o ram itted , o r  ad d ed  t o  g iv e  a  f i n a l

c o n c e n t r a t i o n  o f  0 .1  o r  2 .0 ^  ( w /v ) .  S t r a i n s  S P l ,  SP2, and  MS3 grew

w e l l  a t  pH 9 .5  i n  th e  p re s e n c e  o f  0 .1 ^  (w /v ) M gS0^.7Sg0 , o r  w ith o u t

a d d i t i o n a l  Mg^"^. W ith  2 .0 ^  (w /v ) MgS0^.7Hg0 a t  pH 9 .5 ,  some

i n h i b i t i o n  o f  s t r a i n s  S P l ,  SP2, and  MS3 o c c u re d , th e  c e l l s  o f  s t r a i n

S P l and  I4S3 becam e c o c c o id  i n  m o rp h o lo g y . A l l  r e c o g n is e d  s p e c ie s

o f  H a lo b a c te r iu m  showed good g ro w th  i n  m edia c o n ta in in g  2 .0 ^  (w /v )

MgSO^.THgO pH 7 . 5 , h u t  grew  p o o r ly  a t  t h i s  pH w ith  0.1% (w /v )

M gS0^.7Hg0, and n o t a t  a l l  w ith o u t  a d d i t i o n a l  MgSO  ̂. 7B2 O. S t r a i n s

S P l ,  SP2, and MS3 grew  w e l l  a t  pH 9 .0 - 1 0 .0 ,  b u t n o t below  pH 8 , 5 ,

2+i r r e s p e c t i v e  o f  t h e  Mg c o n c e n t r a t i o n .  At pB  8 .5  c e l l s  o f  s t r a i n s

S P l and  MS3 became e lo n g a te d .  A l l  t h r e e  s t r a i n s  s u rv iv e d  i n o c u la t i o n

i n t o  medium o f  pB 1 1 .0 ,  a l th o u g h  th e  pH. d ro p p ed  t o  pH 1 0 .0 - 9 .5  a s

g ro w th  o c c u re d . The la c k  o f  g ro w th  a t  pH 7 .5 ?  i r r e s p e c t i v e  o f  t h e  

2+Mg c o n c e n t r a t i o n  i n d i c a t e d  t h a t  th e  r e q u ir e m e n t  f o r  h ig h  pH; was

2+n o t a  co n seq u en c e  o f  t h e  Mg c o n c e n t r a t i o n .  G rowth o f  th e  known
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s p e c ie s  o f  H a lo b a c te r iu m  was good i n  2.0% (w /v ) MgSO^.TH^O a t  pH 7 . 5 , 

b u t  was p o o r  and  v a r i a b l e  a t  pH 8 . 5 , no g ro w th  o c c u re d  a t  pH 9 ..5 .

2 -4-I t  w as n o t  p o s s i b l e  t o  s e p a r a t e  t h e  e f f e c t s  o f  h ig h  pH_ and  Mg

c o n c e n t r a t i o n  i n  t h i s  c a s e ,  s in c e  h ig h  pH and h ig h  Mĝ *̂  c o n c e n t r a t i o n

2+a r e  m u tu a lly  in c o m p a t ib le .  The c o n c e n t r a t io n :  o f  Mg p r e s e n t  i n

a  s o lu b le  form  was d e te rm in e d  by  a to m ic  a b s o r p t io n  flam e

s p e c tr o p h o to m e te r .  A t pH  9*5 m ed ia  t o  w h ich  MgSO^.71^0 was ad d ed

p r e c i p i t a t e d  MgCO^ i n  l a r g e  q u a n t i t i e s .  The s o lu b le  Mg^^

c o n c e n t r a t i o n  o f  m ed ia  t o  w hich  no MgSO^.7 ^ 0  was added  w as fo u n d

t o  be l e s s  th a n ' O.O^mM, w h ile  th e  c o n c e n t r a t i o n s  i n  m edia c o n ta in in g

0 .1  and  2.0% (w /v ) MgS0^ . 7H20 w ere found, t o  be O.lmM and lO.OmM

2+r e s p e c t i v e l y .  The s c lu b  he Mg o p tim a  o f  t h e  s t r a i n s  S P l,  SP2, an d

MS3 w ere b e tw ee n  O.lmK and 2.0mM, a l th o u g h  g ro w th  was n o t

s i g n i f i c a n t l y  im p a red  i n  m edia c o n ta in in g  l e s s  th a n  O.O^mM s o lu b le  

2+Mg « The fo rm a t io n  o f  c o c c o id  c e l l s  i n  many s p e c ie s  o f

2+H a lo b a c te r iu m  u s u a l l y  o c c u rs  u n d e r  c o n d i t io n s  o f  Mg l i m i t a t i o n

(Brown & G ib b o n s , 1 9 5 5 ) , w h ereas  i n  s t r a i n s  S P l and  MS3 th e  c e l l s

2+becam e e lo n g a te d  a t  low  c o n c e n t r a t i o n s  o f  Mg a t  pH 8 . 5 . The e f f e c t s  

2+o f  Mg c o n c e n t r a t i o n  and  pH a p p e a r  t o  hav e  a  c o u p le d  e f f e c t .

C o lw e ll e t  a l .  (1 9 7 9 ) r e p o r t e d  t h a t  75^  o f  th e  s t r a i n s  s i m i l a r  t o

H .o u tiru b ru m  t e s t e d  grew  a t  pH 9 .0 ,  b u t  only. 13% o f  s t r a i n s  s i m i l a r

t o  H .s a l in a r iu m  grew  a t  t h i s  pH. No r e f e r e n c e  was made to  th e

m ethod o f  c o n t r o l l i n g  pH, n o r  was th e  e f f e c t  o f  pH on th e  s o l u b i l i t y  

2+o f  Mg m e n tio n e d , and  i n t e r p r e t a t i o n  o f  t h i s  d a t a  r e q u i r e s  c a u t io n .

The o rg a n ism s  i s o l a t e d  from  Lake Magswii seem , t h e r e f o r e ,  t o  e i t h e r

2+h a v e  a  low  re q u ir e m e n t f o r  Mg , o r  th e y  have  a  h ig h  a f f i n i t y  f o r

2+i t ,  w h ich  e n a b le s  them  t o  s u r v iv e  i n  an  en v iro n m en t low i n  Mg .

D u rin g  th e  c o u rs e  o f  e a r l y  e n r ic h m e n ts  and  i s o l a t i o n  o f  th e  s t r a i n s ,  

i n  m ed ia  c o n ta in in g  2.0% (w /v ) MgSO^.711^0, a t  pH 9 .5 ,  i-'t was 

n o t i c e d  t h a t  p l a t e s  c o n ta in in g  a  p r e c i p i t a t e  o f  MgCO^ w ere c l e a r e d
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P îg u re  8 2 , C le a r in g  o f  p l a t e s  by Lake M agadi i s o l a t e s ,

Whenn p l a t e s  w ere p r e p a r e d ,  c o n ta in in g -  2 . 0% (w /v ) IvlgSO^.TK^O, a  

p r e c i p i t a t e  o f  MgCO  ̂ fo rm ed , w h ich  d is a p p e a r e d  from  th e  p l a t e s  d i r e c t l y  

below  th e  g row ing  c o lo n ie s  o f  t h e  Lake M agadf i s o l a t e s  o f  e x tre m e ly  

h a l o p h i l i c  b a c t e r i a .
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o f  t h e  p r e c i p i t a t e  b e low  th e  g ro w in g  c o lo n ie s  ( f i g u r e  8 2 ) ,  i n d i c a t i n g
2 I

t h a t  th e  o rg a n ism s  may have  a  h ig h  a f f i n i t y  f o r  Mg • The s t r a i n s

i s o l a t e d  from  Lake M agad i, th u s  seem t o  d i f f e r  from  th e

r e f e r e n c e  s t r a i n s  o f  H a lo b a c te r iu m  i n  t h e i r  a b i l i t y  t o  grow a t  h ig h

2+pH, i n  m ed ia  a lm o s t d e v o id  o f  Mg •

The o p tim a l s a l i n i t y  f o r  g ro w th  was i n v e s t i g a t e d  a t  37°C,' and 

26^0 t o  e s t a b l i s h  w h e th e r  th e  h ig h  s a l i n i t y  r e q u ire m e n t was 

a f f e c t e d  by  th e  g ro if th  te m p e r a tu r e .  The o p tim a l s a l i n i t y  was 

d e te rm in e d  in  m ed ia  c o n ta in in g  K^GO^ o r  Na^GO^ t o  a d j u s t  t h e  pHi t o  

9 .5 *  S t r a i n  S P l grew  o p t im a l ly  i n  4 . OH NaCl a t  37°C, and  4.-5H a t  

26°G , g ro w th  d id  n o t  o c c u r  s i g n i f i c a n t l y  below  3 . ON and  2 . ON NaCl 

a t  3 7 ^ 0 "and  2 6 ° C : r e s p e c t iv e ly  ( f i g u r e  8 3 ) .  S t r a i n s  SP2 and  MS3 

grew  o p t im a l ly  i n  3.0M and 3.5M N aC i a t  37^0: and  26°C. r e s p e c t i v e l y  

( f i g u r e s  8 4 , 8 5 ) .  The minimum NaCl c o n c e n t r a t i o n s  f o r  g ro w th  w ere 

I . 5M. f o r  s t r a i n  SP2 an d  2 . ON f o r  s t r a i n  ÎS 3  a t  b o th  grow th , te m p e r a tu r e s .  

A lth o u g h  th e  e f f e c t  o f  te m p e ra tu r e  on th e  s a l i n i t y  o p tim a  o f  

h a l o b a c t e r i a  h a s  b e e n  l i t t l e  s t u d i e d ,  th e  work w i th  h a l o t o l e r a n t  

o rg a n is m s  and  H .v o l c a n i i  s h a f s  t h a t  t h e  s a l i n i t y  r e q u ire m e n t u s u a l l y  

i n c r e a s e s  a s  th e  te m p e r a tu r e  i n c r e a s e s  (M atheron  e t  a l . . 1976; 

M u lla k h a n b h a i & L a r s e n ,  1975; N o v its k y  & K u sh n e r, 197,5)* The in c r e a s e  

o f  t h e  s a l i n i t y  o p tim a  by  s t r a i n s  S P l ,  SP2, and  MS3 w ith  lo w e r in g  

te m p e r a tu r e  i s  th e  c o n v e rs e  o f  t h e s e  p re v io u s  s t u d i e s ,  b u t shows 

t h a t  t h e  e x tre m e ly  h a l o p h i l i c  n a tu r e  o f  th e  o rg a n ism s  i s  n o t  l o s t  by 

lo w e r in g  o f  th e  g ro w th  te m p e r a tu r e .  The o rg a n ism s  w ere a b l e  t o  grow 

i n  s a t u r a t e d  s a l i n e  s o l u t i o n  ( a b o u t 5*0# NaCl i n  th e  p re s e n c e  o f  

Na^CO^). The s a l i n i t y  o p tim a  w ere n o t  a f f e c t e d  by th e  s u b s t i t u t i o n  

o f  KgCO^ f o r  Na^CO^. The h ig h  s a l i n i t y  o p tim a  o f  th e  o rg a n ism s  

s u g g e s t  f u r t h e r  s i m i l a r i t i e s  t o  members o f  th e  gen u s H a lo b a c te r iu m .

The w ork o f  a  num ber o f  a u th o r s  have shown t h a t  t h e r e  a r e  some 

b io c h e m ic a l  t e s t s  w h ich  a r e  t y p i c a l  o f  th e  f a m i ly  H a lo b a c te r ia c e a e



-2 1 1 -

P ig o r e  8 3 .  NaCl optim um  o f  s t r a i n  S P l ,  

o p t i c a l  d e n s ity -

+-/—

±-
1 .0  1 .5  2 .0

NaCl c o n c e n t r a t i o n  ( m)

grow th  a t  26 0

g row th  a t  37 C
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P i g u r e  84* N aC l o p tim u m  o f  s t r a i n  S P 2 .

o p t i c a l  d e n s i t y r

1 .2 5

1.00

0 .7 5

O..5O

0 .2 5

0 0 . 5  1 . 0  1 . 5 ' 2 . 0  2 . 5  3 .0  3 . 5  4 . 0  4 .5^ 5 . 0

N aC l c o n c e n t r â t io m  ( m)

g ro w th ,  a t  2 6 °C:

g ro w th  a t  37 C;
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P ig u re  8 5 # NaCl optimum o f  s t r a i n

o p t i c a l  d e n s i t y

1 .5 0

1 .2 5

1 . 0 0
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0 .5 0
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- I _____________ a- -  >_____________u

0 0..5 1 .0  1 .5  2 .0  2 .5: 3 .0  3 .5  4 .0  4.-^ 5 .0

NaCl c o n c e n tr a t io n !  ( m)

g ro w th  a t  26 G;

g row th  a t  37 C:
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(C o lw e ll  e t  a l , , 1979 ; G ib b o n s, 1957; 1974; G onzalez  e t  a l . , 1978; 

K ocnr & H o d g k is s , 1973 ; T om lin son  & H o c h s te in ,  I 9 7 6 )*. A i l  t e s t s  

w ere c a r r i e d  o u t a t  4.3M NaCl to  confo rm  to  t h e  c r i t e r i a  o f  G ibbons 

( 1 9 5 7 ) ,  and  th e  r e s u l t s  a r e  p r e s e n te d  i n  t a b l e  I 4 .  G e la t in a s e  

a c t i v i t y  was d e t e c t e d  i n  m ost o f  t h e  H a lo b a c te r iu m  s p ,  t e s t e d  a f t e r

2 -3  w eek s . S t r a i n  SP2 and  >5S3 w ere  a l s o  p o s i t i v e  f o r  g e l a t i n a s e  

a c t i v i t y  a f t e r  2 w eek s , a s  w ere o th e r  s t r a i n s  s i m i l a r  t o  th e s e  ty p e  

s t r a i n s .  S t r a i n  S P l was n e g a t iv e  f o r  g e l a t i n a s e  a c t i v i t y  a f t e r

4 w eek s, a f t e r  w hich  t im e  th e  c o n t r o l s  c o n ta in in g  Na^CD^ showed a  

p o s i t i v e  r e a c t i o n .  Some s t r a i n s  s i m i l a r  t o  s t r a i n  S P l w ere p o s i t i v e  

a f t e r  4 w eeks in c u b a t io n ,  b u t n o t a f t e r  3 w eek s, aind t h i s  may a l s o  

h av e  b een  due t o  th e  a l k a l i n e  n a t u r e  o f  th e  medium. The c o n t r o l s  

a t  h ig h  pH. n e v e r  showed a  p o s i t i v e  g e l a t i n a s e  a c t i v i t y  u n t i l  a f t e r

3 -4  w eeks in c u b a t io n .  A l l  s t r a i n s  o f  H a lo b a c te r iu m  s p . , - s t r a i n s  S P l,  

SP2, and  I«IS3 w ere am y lase  n e g a t iv e ,  b u t  a l l  s t r a i n s  p ro d u c e d  

s u lp h id e  from  t h i o s u l p h a t e  ( t a b l e  I 4 ) .  R e d u c t io n  o f  n i t r a t e  o r  

n i t r i t e  was n o t d e t e c t e d  i n  any  o f  th e  s t r a i n s  t e s t e d ,  a l th o u g h  th e  

s a l i n i t y  i n t e r f e r e d  w i th  th e  d e t e c t i o n  o f  n i t r a t e .  Gas was n o t s e e n  

t o  be p ro d u c e d  from  c u l t u r e s  c o n ta in in g  e i t h e r  n i t r a t e  o r  n i t r i t e .

The d e t e c t i o n  o f  c a s e in a s e  a c t i v i t y  was n o t p o s s i b l e  a t  h ig h  pH:,

due t o  th e  d e g r a d a t io n  o f  th e  c a s e in  u n d e r  t h e s e  c o n d i t i o n s .  The 

p r o d u c t io n  o f  in d o le  was d e t e c te d  from  t r y p to n e  w ith  H a lo b a c te r iu m  

s p . ,  b u t  t h i s  was n o t p o s s i b l e  f o r  s t r a i n s  S P l ,  SP2, and  MS3, due t o  

a  f a l s e  p o s i t i v e  r e a c t i o n  f o r  in d o le  i n  th e  c o n t r o l  a t  h ig h  pH.

S e n s i t i v i t y  t o  a n t i b i o t i c s  was t e s t e d  by t h e  m ethod o f  CJolwell 

e t  a l ,  ( 1 9 7 9 ) ,  A l l  s t r a i n s  t e s t e d  w ere s e n s i t i v e  t o  HgCl^ and 

n o v o b io c in ,  w hich  a r e  n o n - s p e c i f i c  i n  t h e i r  a c t i o n ,  and w ere 

i n s e n s i t i v e  to  p e n i c i l l i n  G, a m p i c i l l i n ,  s t r e p to m y c in ,  t e t r a c y c l i n ,  

and  p o ly m ix in  B. I n s e n s i t i v i t y  t o  th e s e  a n t i b i o t i c s  a t  th e s e  

c o n c e n t r a t i o n s  i s  t y p i c a l ,  a l th o u g h  some H a lo b a c t e riu m  sp p . h av e
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Table 14 . C haracterisation: o f the extremely h s lo p h ilic  b acter ia

from  Lake M agadi,

a n t i b i o t i c  s e n s i t i v i t y '  s t r a i n

SPL SP2 MS3

0/129  + ++ ++

p e n i c i l l i n  G -  -  -

n o v o b io c in : ++ ++ ++

p o ly m ix in  b -  -  -

a m p i c i l l i n  -  -  -

SgClg ++ ++ ++

t B t r a c y c l i n  -  -  -

d e h y d ro s tre p to m y c in  -  -  -

( -  i n s e n s i t i v e ;  + some i n h i b i t i o n  o f  g ro w th ; ++ t o t a l  i n h i b i t i o n  o f  

g ro w th ) •

S P l SP2 MS3

g e l a t i n a s e  -  28 days + 14 days + 14 d ay s

c a t a l a s e  + + +

o x id a s e  + + +

r e d u c t io n  o f  “  “  “

r e d u c t io n :  o f  -  -  -

s t a r c h  h y d r o ly s i s  “  "  ”

S^”  from  t h i o s u l p h a t e  + +

GC b a s e  c o n te n t  T^ (m o l,^ )  64<>5 65«0 63*0

b o u y a n t d e n s i ty  6 2 .1 4 /5 i* ’4 6 3 .2  60«99/49»-53

G lucosam ine/m g  p r o t e i n
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Figure 86. Sensitivity o f  extreme halophiles to antibiotics.

Sensitivity of strain SPl and the reference strains of 
Halobacterium to 0/129 and other antibiotics. These strains 
are insensitive to most antibiotics, including inhibitors of 
murein synthesis. The large zone of clearing is caused by HgCl^, 
while 0/129 only slightly reduces growth.

K ey: A - a m p i c i l l i n ;  D -d e h y d ro s t r e p to ra y c in j

0 - 0 /1 2 9 ;  P -p o ly m ix iit .  b ;  P g - p e n i c i l l i n  G; T - t e t r a c y c l i n

Figure 87. Sensitivity of extreme halophiles to antibiotics

Sensitivity of strains SP2 and MS3 to 0/129 and other 
antibiotics. These organisms are also insensitive to many 
antibiotics, but differ from strain SPl and the type strains 
of Halobacterium in being sensitive to 0/129, which causes 
extensive clearing of the plates. Sensitivity to HgCl^ is 
obscured by the adjacent zone of clearing caused by 0/129.

Key a s  f i g u r e  8 6 .
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b e e n  r e p o r t e d  a s  s e n s i t i v e  t o  p o ly m ix in  B (C o lw e ll  e t  a l . , 1979;

G ib b o n s , 1974 ; M escher & S tro m in g e r ,  1975)* M ost o f  tb e  s t r a i n s  

w ere  a l s o  s e n s i t i v e  t o  th e  v i b r i o s t a t  0 / l 2 9 ,  b u t  t h i s  was e v id e n t  a t  

two l e v e l s  o f  r e s p o n s e .  S t r a i n  S P l and  s e n s i t i v e  H a lo b a c te r iu m  s p .  

w ere  n o t  i n i t i a l l y  c l e a r l y - s e n s i t i v e  t o  0/ l 2 9 ,  b u t  a f t e r  more th a n  

twO' w eeks g ro w th  th e  s t r a i n s  showed s e n s i t i v i t y  a s  a  zone o f  p o o r 

g ro w th , w i th o u t  a  c l e a r  zone o f  t o t a l  i n h i b i t i o n  o f  g ro w th  ( f i g u r e  

8 6 ) .  S t r a i n s  SP2 and  MS3 i n  c o n t r a s t ,  w ere  s e n s i t i v e  t o  0 / l 2 9 ,  

w h ich  was e v id e n t  a f t e r  a  few  d ay s  g ro w th , a s  a  l a r g e  zone o f  t o t a l  

i n h i b i t i o n  o f  g ro w th  ( f i g u r e  8 7 ) .  T hese  d i f f e r e n c e s  i n  s e n s i t i v i t y  

t o  0 /1 2 9  a l s o  o c c u r  i n  o th e r  g e n e r a ,  su ch  a s  A erom onas and  V ib r io , 

a n d  th e  tw o l e v e l s  o f  s e n s i t i v i t y  may b e  r e l a t e d  t o  th e  r a t e  o r  

m echanism  o f  u p ta k e  (C o lw e l l ,  p e r s o n a l  c o m m u n ic a tio n ) . I t  was p o s s i b l e ,  

t h e r e f o r e ,  t o  d i s t i n g u i s h  o rg a n ism s  s i m i l a r  t o  s t r a i n s  SP2 and  MS3 

from  s t r a i n  S P l and  s i m i l a r  o rg a n ism s  by th e  d i f f e r e n t  0 / l2 9  

s e n s i t i v i t y .

S t im u la t io n  o r  i n h i b i t i o n  o f  g ro w th  by  t h e  v a r io u s  c a rb o n  

s o u rc e s  on s o l i d  m ed ia  was n o t o b s e rv e d ,  b u t  u t i l i s a t i o n  o f  c a rb o n  

s o u rc e s  i n  l i q u i d  m ed ia  showed c l e a r  d i f f e r e n c e s  b e tw een  th e  t h r e e  

ty p e  s t r a i n s  S P l ,  SP2, and  MS3 . The r e s u l t s  a r e  p r e s e n te d  

g r a p h i c a l l y  ( f i g u r e s  88', 8 9 , 9 0 ) .  S t r a i n  S P l d id  n o t a p p e a r  t o  be 

c a p a b le  o f  u t i l i s i n g  any  o f  th e  c a rb o n  s o u rc e s  p ro v id e d ,  bu t; r i b o s e  

and  g l y c e r o l  a p p e a re d  t o  in h i b i t r  g ro w th . S im i la r  r e s u l t s  w ere 

a l s o  o b ta in e d  w ith  s t r a i n  MS3, w i th  th e  e x c e p t io n  t h a t  g ly c e r o l  d id  

n o t i n h i b i t  g ro w th , a n d  a c e t a t e  was s t i m u l a t o r y .  L a c to s e  and  

g ly c e r o l  w ere c a p a b le  o f  some s t im u la t io n  o f  g ro w th  in  s t r a i n  MS3, 

b u t n o t  t o  th e  same m ag n itu d e  a s  a c e t a t e  ( f i g u r e  9 0 ) .  Gas was n o t 

d e t e c t e d  i n  any  o f  th e  c u l t u r e s ,  and  th e  f i n a l  pH o f  th e  medium d id  

n o t a l t e r  s i g n i f i c a n t l y  a f t e r  10 d ay s  g ro w th  ( t a b l e  1 9 ) .  S t r a i n  

SP2 grow n u n d e r  th e  same c o n d i t io n s  d id  n o t u t i l i s e  l a c t o s e ,  b u t
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Figure 88. Utilisation of carbon sources by strain SPl

Graph no.
1 . glucose, 0 .1%
2 . fructose, 0 .1%
3. ribose, 0.1%
4. lactose, 0.1%
5. mannitol, 0.1%
6 . glycerol, 0 .1%
7. sucrose, 0.1%
8 . acetate, 0 .1%

control
control
control
control
control
control
control
control



^ maximum co n tro l

100

50

0
1 2 3 4 5 6 7 10

^maximum c o n tr o l  
100 ^

50

0

/ /

1 2 3 4 5 6 7 10

100

50

0

100

50

100

50

0

1 2 3 4 5 6 7 10

1 2 3 4 5 6 7 10

1 2 3 4 5 6 7

days

10

100

50

0

100

 i—

1 2 3 4 5 6 7

50

1 2 3  4 5 6 7

100

50

1 2  3 4 5 6 7

days

10

10

10



-2 1 9 -

Figure 89. Utilisation of carbon sources by strain SP2

Graph no.
1 . glucose, 0.1%
2 . fructose, 0 .1%
3. ribose, 0.1%
4. lactose, 0.1%
5. mannitol, 0.1%
6 . glycerol, 0 .1%
7. sucrose, 0.1%
8 . acetate, 0 .1%

control
control
control
control
control
control
control
control
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Figure 90. Utilisation of carbon sources by strain MS3

Graph no.
1 . ribose, 0.1%
2 . fructose, 0.1%
3. glycerol, 0.1%
4. lactose, 0.1%
5. mannitol, 0.1%
6 . glucose, 0.1%
7. sucrose, 0.1%
8 . acetate, 0.1%

control —  

control —
control --
control —  

control —
control---
control ---
control —
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a l l  o th e r  c a rh o n  s o u rc e s  s i g n i f i c a n t l y  in c r e a s e d  th e  o p t i c a l  d e n s i t y  

o f  t h e  c u l t u r e s ,  i n d i c a t i n g  t h a t  t h i s  s t r a i n  was c a p a b le  o f  

u t i l i s i n g  a  number o f  c a rb o n  s o u rc e s  f o r  g ro w th  ( f i g u r e  8 9 ) ,  Gas 

p ro d u c t io n  was n o t d e t e c t e d  and  th e  pH o f  th e  medium d id  n o t d ro p  

s i g n i f i c a n t l y  i n  c u l t u r e s  w here th e  c a rb o n  s o u rc e  was u t i l i s e d  by 

th e  o rg a n ism  ( t a b l e  1 $ ) .  The a b se n c e  o f  g a s  may b e  a t t r i b u t e d  to  

th e  h ig h  s o l u b i l i t y  o f  c a rb o n  d io x id e  a t  h i ^  pH, w h ich  i s  th e  

u s u a l  p ro d u c t o f  f e r m e n ta t iv e  m e ta b o lism , and  th e  a c i d  p ro d u c e d  may 

n o t h a v e  b een  s u f f i c i e n t  t o  c a u se  a  d ro p  in  t h e  pH i n  v iew  o f  t h e  

Na^GD^ c o n te n t  o f  t h e  medium. I t  h a s  b een  assum ed t h a t  h a l o b a c t e r i a  

a r e  e i t h e r  in c a p a b le  o f  u t i l i s i n g  c a rb o n  s o u r c e s ,  o r  o f  u t i l i s i n g  

them  o n ly  v i a  a  f e r m e n ta t iv e  pa thw ay  (G o n za lez  e t  a l . , 1978 ;

H o c h s te in ,  1978; S to e c k e n iu s  e t  a l . , 1979; T om lin so n  & H o c h s te in ,

1972 ; 1 9 7 6 ) .  R e c e n tly  L a rse n  ( p e r s o n a l  co m m u n ica tio n ) h a s  fo u n d  

t h a t  H .v o l c a n i i  was c a p a b le  o f  m e ta b o l i s in g  a  num ber o f  s u g a r s  v i a  

an  o x id a t iv e  p a th w ay . I t  i s ,  t h e r e f o r e ,  p o s s i b l e  t h a t  s t r a i n  SP2 

may n o t u t i l i s e  th e  c a rb o n  s o u r c e s  v i a  a  f e r m e n ta t iv e  p a th w ay , and 

th e  p o s s i b l i t y  o f  an  o x id a t iv e  pa thw ay  s h o u ld  b e  i n v e s t i g a t e d  

f u r t h e r .  The a b i l i t y  o f  v a r io u s  s p e c ie s  t o  u t i l i s e  c a rb o n  s o u r c e s ,  

su ch  a s  s u g a r s  f o r  g ro w th  h a s  b een  u s e d  f o r  t h e  tax o n o m ic  

d i f f e r e n t i a t i o n  o f  t h e  members o f  t h e  genus H a lo b a c te r iu m  ( E la z s i r i -  

V o lc a n i ,  1957)» and  t h i s  c r i t e r i o n  may b e  u s e d  i n  f u t u r e  i n  t h e  

taxonom y o f  th e  e x tre m e ly  h a l o p h i l i c  b a c t e r i a  (D undas, 1978;

G onzalez  e t  a l . , 1978; T om linson  & H o c h s te in ,  1 9 7 6 ) . A lth o u g h  s u g a r s  

and  g l y c e r o l  do n o t s i g n i f i c a n t l y  s t im u la t e  th e  g ro w th  o f  s p e c ie s  

such  a s  H .c u t iru b ru m , th e y  have  b e e n  shown t o  i n f lu e n c e  th e  

fo rm a t io n  o f  n e u t r a l  l i p i d s ,  in c lu d in g  c a r o te n o id s  and  r e t i n a l  

(G ochnauer e t  a l . , 1972 ; Kushwaha & K a te s ,  1979a; 1979%)*

The a b i l i t y  o f  th e  s t r a i n s  S P l ,  SP2, and  MS3 t o  grow u n d e r  

a n a e ro b ic  c o n d i t io n s  was t e s t e d  i n  a g a r  s t a b s ,  and  on p l a t e s  in c u b a te d
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i n  a n a e ro b ic  j a r s .  A lth o u g h  s p a r s e  g ro w th  o f  a l l  t h r e e  s t r a i n s  was 

o b s e rv e d  on p l a t e s  in c u b a te d  i n  an  a n a e ro b ic  a tm o sp h e re , no g row th  

w as o b se rv e d  below  th e  s u r f a c e  o f  th e  a g a r  in  s t a b s .  G roifth  on 

p l a t e s  was p ro b a b ly  due to  t r a c e s  o f  oxygen in  th e  p l a t e s  o r  i n  th e  

a n a e r o b ic  a tm o sp h e re , i n d i c a t i n g  t h a t  th e  s t r a i n s  S P l ,  SP2, and  MS3 

w ould  grow in  t h e  p re s e n c e  o f  low  c o n c e n t r a t i o n s  o f  oxygen , b u t 

n o t  u n d e r  a n o x ic  c o n d i t i o n s .

c .  I s o l a t i o n  and  c h a r a c t e r i s a t i o n  o f  c e l l  m em branes.

T y p i c a l l y ,  h a l o b a c t e r i a  w h ich  a r e  in c a p a b le  o f  u t i l i s i n g  s u g a r s  

by f e r m e n ta t iv e  p a th w a y s , p ro d u ce  a  s p e c i a l i s e d  membrane in ; t h e  c e l l  

m em brane, th e  p u r p le  membrane (G in z b u rg , 1978; S to e c k e n iu s ,  p e r s o n a l  

co m m u n ica tio n ; S to e c k e n iu s  e t  a l . , 1979; T om linson . & H o c h s te in ,  1976) 

The p u r p le  membrane, w h ich  c o n ta in s  r e t i n a l  and  an o p s i n - l i k e  

p r o t e i n  bound t o g e t h e r  a s  b a c t e r io r h o d o p s in ,  a l lo w s  th e  o rg an ism  

t o  o b ta in  e n e rg y  from  s u n l ig h t  u n d e r  low oxygen c o n c e n t r a t i o n s .  

A lth o u g h  c e l l s  o f  H .h a lo b iu m  r e p o r t e d l y  f i x  CO^ u n d e r  th e s e  c o n d i t io n s  

(Danon & C a p la n , 1 9 7 7 )» th e  m echanism  re m a in s  t o  be f u l l y  e l u c id a t e d  

(K e rs c h e r  & O e s t e r h e l t ,  1977; L a n y i, 1 9 7 8 ). The re m a in d e r  o f  th e  

c e l l  membrane c o n s i s t  o f  a  r e d  m em brane, w h ich  c o n ta in s  t h e  

c a r o t e n o id s .  The two membrane f r a c t i o n s  may be s e p a r a te d  from  one 

a n o th e r  by d e n s i ty  g r a d ie n t  c e n t r i f u g a t i o n  (B ech e r & C assim , 1975; 

O e s t e r h e l t  & S to e c k e n iu s ,  197%)*

The p re s e n c e  o f  r e t i n a l  and  p u r p le  membrane was i n v e s t i g a t e d  

by g ro w th  o f  th e  c u l t u r e s  u n d e r  c o n d i t io n s  known to  s t im u la t e  

p r o d u c t io n  o f  th e  p u r p le  membrane (Kushwaha e t  a l . , 1975a; 1976) 

i n  H a lo b a c te r iu m  s p p . H .h a lo b iu m  s t r a i n  h a s  a  d e f i c i e n t  

b a c t e r i o r u b e r i n  s y n t h e s i s ,  and was u se d  a s  a  s o u rc e  o f  p u rp le  

m em brane. P o rp le  membrane was a l s o  i s o l a t e d  from  c e l l s  o f  H .h a lo b iu m  

(NCMB 736) and H .c u t iru b ru m  by d e n s i t y  g r a d ie n t  c e n t r i f u g a t i o n  

by th e  p ro c e e d u re s  o f  O e s te r h e l t  a n d  S to e c k e n iu s  (1974) and Kushwaha
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e t  a l .  ( 1975a; 1976) a s  d e s c r ib e d  i n  M a te r i a l s  and  M ethods ( 3 .9 d ) ,  

u s in g  s u c r o s e  d e n s i t y  g r a d ie n t  c e n t r i f u g a t i o n .  Sam ples o f  p u r p le  

membrane o b ta in e d  by  t h i s  m ethod w ere  th e n  u s e d  to  t e s t  th e  

s u i t a b i l i t y  o f  P e r c o l l  i n  th e  i s o l a t i o n  o f  p u r p le  m em brane. I n i t i a l  

t e s t s  show ed t h a t  t h e  p u r p le  membrane fo rm ed  a  d i s c r e t e  ban d  i n  

P e r c o l l  g r a d i e n t s  u n d e r  s u i t a b l e  c o n d i t i o n s .  S u b s e q u e n tly  i t  was 

shown t h a t  th e  p u r p le  and  r e d  m em branes from  H .h a lo b iu m  and

H .c u t iru b ru m  c o u ld  b e  i s o la te d :  u s in g  P e r c o l l .  P u rp le  and  r e d  membrane 

f r a c t i o n s  i s o l a t e d  from  c e l l s  l y s e d  and  c e n t r i f u g e d  i n  P e r c o l l  

b a n d ed  a t  a  d e n s i t y  o f  1 . 045g / l  a n d  1 .0 2 0 g / l  r e s p e c t i v e l y ,  somewhat 

lo w e r th a n  th o s e  v a lu e s  o b ta in e d  i n  s u c r o s e ,  o f  l . l 8 g / l  and  l . l 6 g / l  

f o r  th e  p u r p le  and  r e d  membranes r e s p e c t i v e l y .  P u rp le  membrane 

i s o l a t e d  i n  s u c ro s e  and  s u b s e q u e n t ly  c e n t r i f u g e d  i n  P e r c o l l  a l s o  

banded  a t  a  d e n s i t y  o f  1 .0 4 5 g /l»  i n d i c a t i n g  t h a t  th e  p u r p le  membrane 

was u n a f f e c t e d  by t r e a tm e n t  w ith  s u c ro s e  ( f i g u r e  9 1 ) .  P resu m ab ly  

th e  p u r p le  and  r e d  m em branes a r e  i n  a  d e h y d ra te d  s t a t e  i n  s u c r o s e ,  

due t o  i t s  o sm o tic  e f f e c t ,  w h e reas  in  P e r c o l l  d e h y d ra t io n  a p p a r e n t ly  

d o es  n o t  o c c u r ,  w h ich  r e s u l t s  i n  th e  lo w e r d e n s i t i e s  o f  t h e  m em branes. 

SD&' p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  o f  th e  p u r p le  membranes 

i s o l a t e d  u s in g  P e r c o l l  showed t h a t  th e  p u r i t y  o f  t h i s  f r a c t i o n  was 

co m p arab le  to  t h a t  o b ta in e d  u s in g  s u c r o s e .  I n  p u re  p u r p le  m em branes 

SDS: p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  showed a  s i n g l e  p r o t e i n  band  

o f  m o le c u la r  w e ig h t 2 6 ,0 0 0 d , t y p i c a l  o f  t h e  o p s i n - l i k e  p r o t e i n  

fo u n d  i n  b a c t  e r io r h o d o p s in  (B ech e r & C assim , 1975? Kushwaha e t  a l . , 

1975&? 1 9 7 6 ; O e s te r h e l t  & S to e c k e n iu s ,  1 9 7 4 ) , GPnta m in a t io n  o f  th e  

p u r p le  membrane w ith  r e d  membranes was fo u n d  t o  o c c u r  when l a r g e  

am onuts o f  r e d  membrane w ere s y n th e s i s e d  by t h e  o rg a n ism . SDS 

p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  r e v e a le d  th e  p re s e n c e  o f  r e d  

m embranes by th e  p r e s e n c e  o f  1 2 -2 0  a d d i t i o n a l  b a n d s .  The d e g re e  o f  

r e d  membrane c o n ta m in a t io n  c o u ld  b e  d e te rm in e d  i n  th e  p u rp le
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Figure 91- Density gradient centrifugation of the purple membrane

The purple membrane from Halobacterium halobium strain 
isolated using Percoll density gradients. The gradient has 

been overloaded in order to show the banding of the purple 
membrane in this density gradient medium. Adjusting the 
conditions under which the gradients are run allows both the 
purple aind red membranes of the halobacteria to be isolated.
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membrane more e a s i l y  by m e a su r in g  th e  a b s o r p t io n  maxima b e tw een  4OO 

and  600nm ( f i g u r e  9 2 , 93» 9 4 ) .  S t r a i n  was fo u n d  t o  be t h e  m ost 

s u i t a b l e  f o r  th e  i s o l a t i o n  o f  p u r p le  membrane a s  fo u n d  p r e v io u s ly  

( s to e c k e n iu s ,  1 9 7 8 ) . P u rp le  membrane was n o t i s o l a t e d  from

H .tra p a n ic u m . The a d v a n ta g e s  o f  P e r c o l l  w ere t h e  r e l a t i v e l y  s h o r t  

t im e  t o  g e n e r a te  th e  g r a d ie n t  a t  f a i r l y  low  s p e e d s  ( 2 0 , 000g  f o r  

3 0 m in ). U s in g  th e .p h o c e e d u r e s  w orked  o u t f o r  t h e  i s o l a t i o n  o f  p u r p le  

membrane and  r e d  membrane from  known H a lo b a c t e r iu m  s p . , t h e  membrane 

c o n te n t  o f  th e  s t r a i n s  S P l ,  S P 2 , and  MS3 was i n v e s t i g a t e d  u s in g  

P e r c o l l  g r a d i e n t s .  A s in g l e  membrane f r a c t i o n  was o b ta in e d  from  

s t r a i n  SP2, w hich  was r e d -o ra n g e  i n  c o lo u r .  The d e n s i t y  o f  t h e  

membrane was 1 .0 2 0 g / l  i n  P e r c o l l ,  and  h ad  an  a b s o rp t io n !  sp e c tru m  

t y p i c a l  o f  th e  r e d  membrane ( f i g u r e  93)» w i th  maxima a t  475» 505» and  

545nm ( O e s t e r h e l t  & S to e c k e n iu s ,  1 9 7 4 ) . No p u r p le  membrane c o u ld

be  d e t e c t e d  in  t h e  d e n s i t y  g r a d i e n t  by s p e c tro s c o p y ^  S t r a i n s  MS3 and 

S P l y i e ld e d  tw o membrane f r a c t i o n s ,  w hich  b a n d ed  a t  d e n s i t i e s  o f

I .0 2 0 g / l  and  1 .0 4 0 g / l ,  i n  P e r c o l l .  The l i g h t e r  membrane f r a c t i o n  

was r e d - o r a n g e  in  c o lo u r ,  and  h ad  an  a b s o r p t io n  sp e c tru m  t y p i c a l  o f  

t h e  r e d  membrane o f  h a l o b a c t e r i a ,  w ith  maxima a t  475» 505"» and  545nm, 

and  was a lm o s t i d e n t i c a l  t o  t h a t  o b ta in e d  f o r  t h e  s i n g l e  membrane 

f r a c t i o n  from  s t r a i n  SP2 ( f i g u r e  9 3 ) ,  The h e a v ie r  membrane f r a c t i o n ,  

i n  b o th  c a s e s ,  a lw ay s  c o n ta in e d  s u b s t a n t i a l  am ounts o f  r e d  mem brane, 

a s  i n d i c a t e d  by th e  r e d d i s h  c o lo u r  o f  th e  b a n d , and  by i t s  

a b s o r p t io n  sp e c tru m  ( f i g u r e  94)»  b u t  was o f  a  p u r p l i s h  h u e . C o n tin u o u s  

s p e c t r a  o f  th e  h eav y  membrane f r a c t i o n  showed a  v e ry  s l i g h t  s h o u ld e r  

ab o u t 600nm, b u t n o t o f  s u f f i c i e n t  m ag n itu d e  to  c o n f irm  th e  p re s e n c e  

o f  p u r p le  m em brane. The s h o u ld e r  c o u ld  b e  r e s o lv e d  i n t o  a  p e a k  by 

d i f f e r e n c e  s p e c tr o s c o p y ,  u s in g  r e d  membrane a s  a  r e f e r e n c e ,  th u s  

e l l i m i n a t i n g  i t  from  th e  heav y  membrane a b s o r p t io n :  sp e c tru m

( f i g u r e  9 2 ) ,  The d i f f e r e n c e  sp e c tru m  o b ta in e d  i n d i c a t e d  t h a t  th e
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F i g u r e  9 2 .  A b s o r p t i o n  s p e c t r u m  

o f  t h e  h e a v y  m e m b ran e

f r a c t i o n  o f  s t r a i n  MS3

a n d  H .h a lo b iu m

3 5 0 4 5 0 5 5 0 6 5 0 7 5 0 8 50 9 5 0

w a v e l e n g t h  i n  nm 

s t r a i n  MS3

s t r a i n  , H .h a l o b iu m  p u r p l e  m e m b ran e
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F i g u r e  9 3 .  A b s o r p t i o n  s p e c t r u m  

o f  t h e  s i n g l e  m em b ran e  

f r a c t i o n  f ro m  s t r a i n  SP2

3 5 0 4 5 0 5 5 0 6 5 0 7 5 0 8 5 0 9 5 0

w a v e l e n g t h  i n  nm

F i g u r e  9 4 .  A b s o r p t i o n  s p e c t r u m

o f  t h e  h e a v y  m e m b ran e

f r a c t i o n  f ro m  s t r a i n  S P l

350 450 550 6 5 0 750 850 950
w a v e l e n g t h  i n  nm
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p eak  a b so rb a n c e  was a t  625nm, r a t h e r  th a n  th e  t y p i c a l  570nra p eak  

fo u n d  i n  th e  p u r p le  membrane (K ushwaha e t  a l . , 1975a; 1976 ; O e s te r h e l t  

& S to e c k e n iu s ,  1974 ; 1 9 7 1 ) . A se c o n d  a b s o r p t io n  maxima was a l s o  

v i s i b l e  a t  400nm i n  th e  d i f f e r e n c e  sp e c tru m , and  in  th e  a b s o r p t io n  

sp e c tru m  o f  th e  heav y  membrane f r a c t i o n ,  and  i s  a l s o  fo u n d  i n  

p r e p a r a t i o n s  o f  p u r p le  membrane ( f i g u r e  92 , 94) ( O e s te r h e l t  & 

S to e c k e n iu s ,  1 9 7 4 ) . E x p e rim e n ts  w i th  i s o l a t e d  p u r p le  membrane have 

p ro d u c e d  a  num ber o f  s p e c t r a l  fo rm s , u s u a l l y  u n d e r  ex trem e  c o n d i t i o n s ,  

su c h  a s  low  te m p e r a tu r e ,  h ig h  o r  low  pH, w i th  a b s o r p t io n  maxima 

r a n g in g  from  4OO t o  640nm (S to e c k e n iu s  e t  a l . , 1979)» and  th e  

maximum a t  625nm i n  t h e  h eav y  membrane f r a c t i o n s  o f  s t r a i n s  S P l and 

MS3 se e n  h e re  may be  a  r e f l e c t i o n  o f  th e  h ig h  pH e x p e r ie n c e d  by th e  

o rg a n is m s . A tte m p ts  t o  i s o l a t e  r e t i n a l  from  c e l l s  o f  s t r a i n s  S P l,

SP2, a n d  MS3 by th e  p ro c e e d u re s  o f  O e s te r h e l t  e t  a l .  (1 9 7 3 ) ,  o r  from  

membrane f r a c t i o n s  w ere n o t s u c c e s s f u l ,  a l th o u g h  r e t i n a l  c o u ld  be 

d e t e c te d  i n  c e l l s  and  membrane f r a c t i o n s  o f  H a lo b a c te r iu m  s p .  w hich  

c o n ta in e d  p u r p le  m em brane. The r e s u l t s  i n d i c a t e  t h a t  a  membrane 

sy s tem  s i m i l a r  t o ,  b u t  n o t  i d e n t i c a l  t o  th e  p u r p le  membrane fo u n d  in  

H a lo b a c te r iu m  s p .  may e x i s t  i n  s t r a i n s  S P l and  MS3. The a b se n c e  o f  

p u r p le  m e m b ran e -lik e  f r a c t i o n s  from  s t r a i n  SP2 i s  n o t u n u s u a l ,  s in c e  

so  f a r  p u r p le  membrane h a s  n o t b een  i s o l a t e d  from  any  o f  t h e  

h a l o b a c t e r i a  w hich  a r e  c a p a b le  o f  u t i l i s i n g  s u g a r s  f o r  g ro w th  

(G in z b u rg , 1978; S to e c k e n iu s ,  p e r s o n a l  co m m u n ica tio n ; S to e c k e n iu s  

e t  a l . , 1979; T o m lin so n  & H o c h s te in ,  1976; L a rs e n , p e r s o n a l  

co m m u n ica tio n ; Weber & H ev a rech , 1 9 7 8 a ) . 

d* C e l l  w a l l  a n a l y s i s .

To d e t e r m i n e  w h e t h e r  t h e  o r g a n i s m s  w e r e  s i m i l a r  t o  m em b ers  o f  

t h e  a r c h a e b a c t e r i a l  H a l o b a c t e r i a c e a e . t h e  n a t u r e  o f  t h e  c e l l  w a l l  

w as  i n v e s t i g a t e d  b y  c h e m i c a l  a n a l y s i s .  I n s e n s i t i v i t y  t o  a n t i b i o t i c s  

w h i c h  i n t e r f e r  w i t h  p e p t i d o g l y c a n  s y n t h e s i s  h a s  b e e n  t a k e n  t o
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i n d i c a t e  an  a t y p i c a l  c e l l  w a l l  ( J o n e s  J  e t  a l . . 1977; M escher & 

S tro m in g e r ,  1975; 1 9 7 8 ) . The m a jo r  com ponents l a c k in g  in  t h e  c e l l  

w a l l  o f  th e  h a l o b a c t e r i a  a r e  th e  s u g a r  am ines o f  th e  p e p t id o g ly c a n  

m u re in  (L a r s e n ,  1967 ; M u lla k h an b h a i & L a rs e n , 1 9 7 5 ) . A lth o u g h  

t h e i r  p r e s e n c e  i s  n o t n e c e s s a r i l y  i n d i c a t i v e  o f  th e  p re s e n c e  o f  

m u re in , t h e i r  a b se n c e  i n d i c a t e s  t h a t  t h e r e  i s  no m u re in  i n  t h e  c e l l  

w a l l .  The a n a ly s e s  o f  t h e  c e l l  w a l l s  o f  s t r a i n s  S P l,  SP2, and  HS3, 

by  th e  m ethod o f  M u lla k h a n b h a i and  L a rse n  ( l9 7 5 )>  showed t h a t  no 

muram ic a c id  was p r e s e n t ,  b u t  t h e r e  w ere t r a c e s  o f  g lu c o sa m in e  

( t a b l e  1 4 ) .  I n  s t r a i n s  S P l and MS3 th e  c o n c e n t r a t i o n  o f  g lu c o sa m in e  

p r e s e n t  i n  th e  c e l l  w a l l  was co m p arab le  t o  th e  c o n c e n t r a t i o n s  o f  

l ( ^ g  g lu c o s a m in e /m g 'p ro te in  fo u n d  i n  H .h a lo b iu m , H .c u t i ru b ru m , and  

H .s a l in a r iu m  (B ay ley  & M orton , 1 9 7 8 ) , b u t  i n  s t r a i n  SP2 th e  

c o n c e n t r a t i o n  o f  g lu c o sa m in e  was much lo w e r , and  co m p arab le  t o  th e  

v a lu e  o f * ^ g  g lu c o sam in e /m g  p r o t e i n  r e p o r t e d  f o r  H .v o lc a n i i  ( t a b l e  14) 

(M u lla k h a n b h a i & L a r s e n ,  1 9 7 5 ) . T h ese  d i f f e r e n c e s  i n  th e  c e l l  

w a l l  c o m p o s i t io n  b e tw ee n  th e  s t r a i n s  S P l,  SP2, and  MS3 w ere a l s o  

r e f l e c t e d  i n  th e  SDS p o la c ry la ra id e  g e l  e l e c t r o p h o r e s i s  o f  th e  c e l l  

e n v e lo p e s .  S t r a i n s  S P l and  MS3 c o n ta in e d  a  c a rb o h y d ra te  p o s i t i v e  

band  o f  m o le c u la r  w e ig h t s i m i l a r  t o  t h a t  fo u n d  i n  H .s a l i n a r iu m , and  

was p ro b a b ly  a  g ly c o p r o t e in  ( f i g u r e  9 5 ) .  S t r a i n  SP2 d id  n o t hav e  a  

c a rb o h y d ra te  p o s i t i v e  b a n d , and th e  m a jo r p r o t e i n  i n  th e  c e l l  w a l l  

a p p e a re d  t o  be t h a t  h a v in g  a  m o le c u la r  w e ig h t o f  5 0 , 000d ( f i g u r e  9 5 ) .  

S t r a i n s  S P l emd MS3 w ere  s i m i l a r  t o  one a n o th e r  i n  t h e i r  p r o t e i n  

c o n te n t ,  and  a l s o  re s e m b le d  th e  p r o t e i n  c o n te n t  o f  H .s a l i n a r iu m .

The d i f f e r e n c e s  b e tw een  H .s a l in a r iu m  and s t r a i n s  S P l and  MS3 may be 

p a r t l y  e x p la in e d  by th e  h ig h  pH a t  w h ich  th e  i s o l a t e s  from  Lake 

M agadi grow , s in c e  a l k a l i n e  pH h a s  b een  shown t o  hav e  an e f f e c t  on 

th e  p r o t e i n  c o n te n t  o f  a  B a c i l l u s  s p .  (Koyama & N osoh, 1 9 7 6 ) . In  

th e  B a c i l l u s  s p .  exam ined (Koyama & N osoh, 1976) a l k a l i n e  pH h ad  th e
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H.salinarium' SPl SP2MS3

Figure-95. SDS polyacrjrlajnide gel electrophoresis of the
envelope protein from extremely halophilic bacteria

The envelope protein from H.salinarium, and strains SPl, 
SP2, and MS3 were run in the same gels and stained for protein 
with Coomassie Brilliant Blue €19 , and for carbohydrate, 
using periodate-Schiff stain . Strains SPl, MS3, and
H.salinarium contained a glycoprotein of similar molecular 
weight to that reported previously (Mescher & Strominger, 1978) 
in halobacteria. The strain SP2 was unusual in that it did not 
contain a carbohydrate positive band, and the major protein 
present appeared to be that with a molecular weight of 50,000d
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e f f e c t  o f  i n c r e a s in g  th e  num ber o f  low  m o le c u la r  w e ig h t p r o t e i n s ,  

an  e f f e c t  a l s o  o b s e rv e d  i n  th e  s t r a i n s  S P l and  Î4S3 ( f i g u r e  9 5 ) ,

The a b s e n c e  o f  a  c a rb o h y d ra te  p o s i t i v e  band  i n  s t r a i n  SP2 may 

i n d i c a t e  t h a t  t h e r e  i s  no g ly c o p r o t e in  in  th e  c e l l  w a l l  o f  t h i s  

s t r a i n .  The m o le c u la r  w e ig h t o f  th e  m a jo r p r o t e i n  band  i s ,  h o w ev er, 

c lo s e  t o  t h a t  o f  5 \0 0 0 d  r e p o r t e d  f o r  th e  l a r g e  m o le c u la r  w e ig h t 

g ly c o p e p t id e ,  w hich  i s  a  s u b u n i t  o f  t h e  g ly n o p r o te in  i n  H .s a l in a r iu m  

(M escher & S tro m in g e r ,  1976a; 1976b ; 1 9 7 8 ) . The a b se n c e  o f  

g ly c o p r o t e in  i n  th e  c e l l  w a l l  o f  s t r a i n  SP2 may a l s o  be  r e f l e c t e d  

i n  th e  c e l l s  b e in g  e x tre m e ly  f r a g i l e  t o  m e c h a n ic a l d i s r u p t i o n ,  and  

t h e i r  s e n s i t i v i t y  t o  h e a t  and th e  lo w e r in g  o f  th e  pH, b o th  o f  w hich  

c a u se d  t h e  c e l l s  t o  becom e s p h e r i c a l .  The s p h e r i c a l  n a tu r e  o f  th e  

c e l l s  on a g a r  p l a t e s  may be  due t o  s u r f a c e  t e n s i o n  e f f e c t s  on th e  

f r a g i l e  c e l l  w a l l ,  a l th o u g h  t h i s  seem s u n l i k e l y  a s  t h i s  may a l s o  be  

e x p e c te d  t o  o c c u r  i n  l i q u i d  c u l t u r e s .  A g ly c o p r o t e in  h a s  n o t b een  

o b se rv e d  i n  H .v o lc a n i i  (M u lla k h a n b h a i & L a rs e n , 1975)» w hich  i s  a l s o  

an  e x tre m e ly  f r a g i l e  o rg a n ism , and  c o n ta in s  g lu c o sa m in e  a t  a  

c o n c e n t r a t i o n  co m p arab le  t o  t h a t  fo u n d  in  s t r a i n  SP2.

A n a ly s is  o f  th e  b u lk  p r o t e i n ,  when com pared w ith ; th e  a n a l y s i s  

o f  t h e  b u lk  p r o t e i n  o f  H .h a lo b iu m  shows t h a t  th e  v a lu e s  f o r  a l l  

s t r a i n s  w ere s i m i l a r ,  w ith  an e x c e s s  a c i d i c  am ino a c i d  c o m p o s itio n  

( t a b l e  1 6 ) .  The v a lu e s  f o r  th e  s t r a i n s  S P l ,  SP2, and  MS3 e x c e s s  

am ino a c id  a r e  a l l  s l i g h t l y  g r e a t e r  th a n  t h a t  r e c o r d e d  f o r  H .h a lo b iu m  

( t a b l e  1 6 ) .  The m a jo r d i f f e r e n c e s  a r e  i n  t h e  r e l a t i v e  c o n c e n t r a t i o n s  

o f  a s p a r t i c  a c i d ,  g lu ta m ic  a c i d ,  and  v a l i n e .  The v a lu e s  f o r  a s p a r t i c  

a c i d  a r e  lo w er i n  H .h a lo b iu m  th a n  i n  th e  t h r e e  i s o l a t e d  s t r a i n s ,  

w h ereas  th e  v a lu e s  f o r  g lu ta m ic  a c id  a r e  s i m i l a r .  I n  H .h a lo b iu m  

th e r e  i s  am e x c e ss  o f  g lu ta m ic  a c id  o v e r a s p a r t i c  a c i d ,  a s  t h e r e  i s  

i n  s t r a i n  S P l,  b u t i n  s t r a i n s  SP2 amd MS3 t h e r e  i s  an  e x c e s s  o f  

a s p a r t i c  a c id  o v e r  g lu ta m ic  a c id  ( t a b l e  1 6 ) .  The g r e a t e s t  e x c e s s
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T a b le  16 The am ino a c i d  c o m p o s itio n  o f  th e  b u lk  p r o t e i n  o f

s t r a i n s  S P l ,  SP2, and  MS3 , and  H a lo b a c te r iu m  h a lo b iu m .

am ino a c i d Mol ^  c o n te n t  o f  am ino a c id

S P l SP2 MS3 H .h a lc

a s p a r t i c 1 4 .0 6 1 6 .0 1 1 4 .6 9 1 0 .6 9

th r e o n in e 5 .8 6 6 .6 5 6 .3 2 8.07,

s e r i n e 4 .6 9 4 .8 7 4 .9 1 4 .8 2

g lu ta m ic 1% 7& 1 3 .8 6 1 3 .6 6 1 4 .8 8

g ly c in e 8 .7 2 7 .9 4 9 .1 3 8.07f

a l a n in e 8 .3 3 7 .7 0 9 .5 9 9 .8 5

v a l in e 1 0 .1 6 7 .86 : 7 .1 2 9 .5 4

m e th io n in e 1 .9 5 2 .6 2 2 .1 1 2 .4 1

i s o - l e u c i n e 4 .5 6 5 .2 4 5 .0 2 4 .0 5

le u c in e 7 .0 3 8..99 9ao 7 .6 5

t y r o s i n e 2 .8 6 3 .9 6 3 .5 0 2 .5 2

p h e n y la la n in e 4..30 3 .9 6 4 .5 5 2 .4 1

h i s t i d i n e 2 .6 0 2 .3 8 2 .7 8 2 .7 3

l y s i n e 2 .7 3 2 .7 0 2 .3 1 2 .5 2

a r g in i n e 6 .3 8 5 .0 8 4 .2 1 5 .3 5

t o t a l  a c i d i c 2 9 .8 2 2 9 .8 7 2 8 .3 5 2 6 .8 4

t o t a l  b a s i c 1 1 .7 1 1 0 .1 6 1 0 .3 0 1 1 .1 1
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i n  a s p a t i c  a c id  o v e r  g lu ta m ic  a c id  was i n  s t r a i n  SP2 and s i m i l a r  

o rg a n is m s . S t r a i n s  S P l and  tIS3 show g r e a t e s t  s i m i l a r i t y  b e tw ee n  th e  

v a lu e s  f o r  a s p a r t i c  a c i d ,  w h ereas  s t r a i n s  SP2 and  Î.ÎS3 show g r e a t e s t  

s i m i l a r i t y  b e tw een  th e  g lu ta m ic  a c id  v a lu e s  ( t a b l e  1 6 ) ,  The 

s i g n i f i c a n c e  o f  th e s e  v a lu e s  i s  u n c l e a r ,  s in c e  d i f f e r e n c e s  b e tw een  

th e  s t r a i n s ,  a r e  i n d i c a t e d ,  b u t v a lu e s  p r e v io u s ly  r e p o r t e d  f o r  

members o f  th e  genus H a lo b a c te r iu m  v a ry  w ith  th e  same s p e c i e s ,  

a l th o u g h  d i f f e r e n c e s  b e tw een  s p e c ie s  w ere a l s o  e v id e n t  (B row n, 1963; 

M u lla k h an b h a i & L a rs e n , 1975; K ushner & O n is h i ,  1966; R e i s t a d ,  1970; 

S te e n s la n d  & L a rs e n , 1 9 6 9 ) . The g e n e r a l  p a t t e r n  i s  c h a r a c t e r i s t i c  

o f  members o f  th e  g en u s H a lo b a c te r iu m . 

e .  L ip id  a n a ly s e s .

A n a ly s is  o f  th e  l i p i d  c o n te n t  o f  s t r a i n s  S P l ,  SP2, and  MS3 

w ere c a r r i e d  o u t w ith  H .s a l in a r iu m  a s  a  s ta n d a r d .  As i n d i c a t e d  by 

th e  a b s o r p t io n ' sp e c tru m  o f  w hole c e l l s ,  b a c t e r i o r u b e r i n s  w ere th e  

m a jo r c a r o t e n o id s  p r e s e n t .  The b a c t e r i o r u b e r i n s  w ere i d e n t i f i e d  by 

th e  c h ro m a to g ra p h ic  m ethod o f  Kushwaha e t  a l .  (1 9 7 5 ^ ) ,  The 

b a c t e r i o r u b e r i n s  p r e s e n t  in  H .s a l in a r iu m  w ere t h e  same a s  th o s e  fo u n d  

i n  H .c u t iru b ru m , and w ere  i d e n t i f i e d  a s  iso m e rs  o f  b a c t e r i o r u b e r i n  

(R^ and  R g ) ,  m o n o -a n h y d ro b a c te r io ru b e r in  (R^ and  R ^ ) , b is a n h y d r o -  

b a c t e r i o r u b e r i n  (R ^ ), and  an  u n i d e n t i f i e d  c a r o t e n o id  (R^) (Kushwaha 

& K a te s ,  1979a; 1979b; Kushwaha e t  a l . , 1 9 7 6 ) . S t r a i n s  S P l and  SP2 

c o n ta in e d  th e  c eu ro ten o id s  R^ t o  R^ i n c l u s i v e ,  and  w ere s i m i l a r  to  

H .s a l in a r iu m  in  t h e i r  b a c t e r i o r u b e r i n  c o n te n t ,  b u t i n  s t r a i n  MS3 

b a c t e r i o r u b e r i n s  R^ and  R^ w ere th e  o n ly  i d e n t i f i a b l e  b a c t e r i o r u b e r i n s  

p r e s e n t .  A y e llo w  c a r o te n o id  was p r e s e n t  w ith  an  R f s i m i l a r  t o  R^ 

i n  a l l  s t r a i n s ,  and was p ro b a b ly  ^ - c a r o t e n e  o r  ly c o p e n e . The 

c u l t u r a l  c o n d i t io n s  may a f f e c t  th e  s y n th e s i s  o f  th e  c a r o te n o id s  

(G ochnauer e t  a l . , 1972 ; Kushwaha & K a te s ,  1979a; 1 9 7 9 b ), th u s  

d i f f e r e n c e s  be tw een  s t r a i n s ,  a l th o u g h  c o n s i s t e n t ,  may r e f l e c t
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d i f f e r e n - t  t o l e r a n c e s  o f  th e  g ro w th  c o n d i t io n s ,  o r  s in c e  s t r a i n  MS3 

a p p e a rs  t o  s y n th e s i s e  h a c t e r i o r u b e r i n s  a t  a  l a t e r  s ta g e  o f  g ro w th  

th a n  s t r a i n s  S P l and  SP2, th e s e  d i f f e r e n c e s  may be due t o  t h e  r a t e  

o f  p r o d u c t io n  o f  c a r o t e n o id s .  M u tan ts  have  a l s o  b een  i s o l a t e d  from  

th e  b a c t e r i o r u b e r i n  p ro d u c in g  s p e c ie s  H .h a lo b iu m  and H .s a l in a r iu m  

w hich  a r e  d e f i c i e n t  i n  c a r o t e n o id  s y n th e s i s  (D undas & L a rs e n ,  1962; 

S to e c k e n iu s ,  1 9 7 8 ) , and  d i f f e r e n c e s  i n  b a c t e r i o r u b e r i n  s y n th e s i s  

a lo n e  a r e  n o t  s u f f i c i e n t  t o  j u s t i f y  th e  d e s ig n a t io n  o f  s e p a r a t e  s p e c i e s •

S q u a le n e s  w ere p r e s e n t  i n  a l l  o f  t h e  s t r a i n s ,  in c lu d in g  

H .s a l i n a r iu m , and  d e p e n d in g  upon t h e  c u l t u r a l  c o n d i t i o n s ,  s q u a le n e ,  

d ih y d ro s q u a le n e ,  an d  t e t r a h y d ro s q u a le n e  c o u ld  be  i d e n t i f i e d  i n  a l l  

o f  th e  s t r a i n s .  S q u a le n e s  a r e  th o u g h t  t o  be  in v o lv e d  i n  t h e  s t a b i l i t y  

o f  t h e  c e l l  mem brane, and  may f u n c t i o n a l l y  r e p l a c e  s t e r o l  fo u n d  i n  

e u k a r y o te s ,  w hich  s e r v e s  a  s i m i l a r  p u rp o se  (L an y i & S ilv e rm a n , 1972; 

O u r is so n  e t  a l . , 1979; Rohmer e t  a l . , 1 9 7 9 ) . The d e g re e  o f  

u n s a t u r a t i o n  o f  th e  s q u a le n e  m o le c u le  do es  n o t  a p p e a r  to  a f f e c t  th e  

s t a b i l i t y  of" th e  c e l l  m em brane, and  th e  f u l l y  s a t u r a t e d  m o le c u le ,  

s q u a la n e  may r e p la c e  s q u a le n e  i n  th e  c e l l  membrane o f  some members 

o f  th e  m e th an o g en ic  b a c t e r i a  (T o rn ab en e  e t  a l . , 1 9 7 9 ) . I n

H .c u t iru b ru m  th e  d e g re e  o f  a e r a t i o n  o f  th e  c u l t u r e  a f f e c t s  t h e  

r e l a t i v e  co m p o stio n  o f  th e  m o le c u le s  s q u a le n e ,  d ih y d ro s q u a le n e ,  and 

t e t ra h y d ro s q u a le n e  (T o rn a b e n e , 1979)* a n d  i t  seem s l i k e l y  t h a t  

v a r i a t i o n s  b e tw een  d i f f e r e n t  c u l t u r e s  o f  t h e  same s t r a i n  o f  t h e  

i s o l a t e d  o rg a n ism s  a r e  d u e  t o  t h i s  e f f e c t .

M e n a q u in o n e s  w e r e  i d e n t i f i e d  i n  t h e  n e u t r a l  l i p i d  f r a c t i o n  o f  

a l l  t h e  s t r a i n s  b y  t h i n  l a y e r  c h r o m a t o g r a p h y  ( C o l l i n s  e t  a l . .1 9 8 0 )  

a s  MK-8, w i t h  v a r i a b l e  a m o u n t s  o f  e i t h e r  MK-9 o r  M ass

s p e c t r o s c o p y  c o n f i r m e d  t h e  i d e n t i t y  o f  MK-8, a n d  e s t a b l i s h e d  t h a t  

t h e  o n l y  o t h e r  m e n a q u i n o n e  p r e s e n t  w as  MX-8H^ ( C o l l i n s ,  p e r s o n a l  

c o m m u n i c a t i o n ) .  A l t h o u g h  T o r n a b e n e  e t  a l .  ( 1969) a n d  K u sh w a h a  e t  a l .
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(1974 ) d id  n o t i d e n t i f y  m enaqu inones o th e r  th a n  MK-8, th e y  

r e c o g n is e d  t h a t  o th e r s  w ere p ro b a b ly  p r e s e n t ,  and  MK-8 and  MK-8H^ 

w ere  s u b s e q u e n tly  fo u n d  i n  I£ > v o lc a n ii (M u lla k h a n b h a i & L a r s e n ,  1 9 7 5 ) , 

and. b o th  a p p e a r  t o  b e  p r e s e n t  i n  v a r i a b l e  am ounts i n  a l l  h a l o b a c t e r i a  

( C o l l in s  e t  a l . , s u b m i t te d ) .  The v a r i a b l e  am ounts o f  th e  tw o 

m enaqu inones may be  r e l a t e d  t o  th e  c u l t u r a l  c o n d i t io n s  i n  t h e  same 

way t h a t  lo w e r in g  th e  r a t e  o f  a e r a t i o n  o f  a  c u l t u r e  f a v o u r s  th e  

h y d ro g e n a t io n  o f  u n s a tu r a t e d  i s o p r e n o i d s ,  l i k e  s q u a le n e  (T o rn a b e n e , 

1 9 7 9 ) . T h u s , h y d ro g e n a t io n  o f  MK-8 may r e s u l t  i n  th e  fo rm a t io n  o f  

MK-8I^ a t  c o n c e n t r a t i o n s  d ep en d a n t upon th e  d e g re e  o f  a e r a t i o n  o f  

th e  c u l t u r e .

P o la r  p h o s p h o l ip id s  and  g l y c o l i p i d s  o f  H .s a l in a r iu m  w ere 

i d e n t i f i e d  by c h ro m a to g rap h y  in  t h e  s o lv e n t  sy s te m s  d e s c r ib e d  by 

K a te s  ( 1 9 7 8 ) ,  and  by s p r a y  r e a g e n t s .  The p o la r  l i p i d  c o m p o s itio n , 

o f  t h e  t h r e e  s t r a i n s  and  H .s a l in a r iu m  w ere th e n  com pared i n  t h e  fo u r  

s o lv e n t  s y s te m s  d e s c r ib e d  ( M a te r i a l s  and  M ethods, 3 .5 b ) .  The t o t a l  

p o la r  l i p i d  c o m p o s i tio n  o f  H .s a l in a r iu m  was s i m i l a r  t o  t h a t  

d e s c r ib e d  by  K a te s  e t  a l .  ( 1966 ) .  The l i p i d s  w ere shown to  be  e th e r  

l in k e d  by  th e  r e l e a s e  o f  o n ly  m ino r am ounts o f  f a t t y  a c id s  on a c id  

m e th a n e ly s i s ,  and  by c h ro m a to g ra p h ic  b e h a v io u r  o f  th e  m a jo r 

p ro d u c t ( f i g u r e  9 6 ) .  The p re s e n c e  o f  an  a b s o r p t io n  maximum a t  

llO O -lllO n ra , i n  t h e  i n f r a - r e d ,  i n d i c a t e d  th e  p r e s e n c e  o f  t y p i c a l  

C-O-C e t h e r  b o n d s . A c id  m e th a n o ly s is  o f  c e l l s  o f  s t r a i n s  S P l ,  SP2, 

and  MS3 a l s o  r e l e a s e d  o n ly  m inor am ounts o f  f a t t y  a c i d s ,  and  t h e  

m ajo r p r o d u c t ,  w hichi h ad  an R f s i m i l a r  t o  t h a t  o f  th e  e t h e r  l i p i d  

from  H .s a l in a r iu m  ( f i g u r e  9 6 ) ,  and  was a l s o  shown t o  c o n ta in  e t h e r  

bonds by  i n f r a - r e d  s p e c t r o s c o p y .  The m ino r d i f f e r e n c e s  b e tw ee n  th e  

R f v a lu e s  o f  th e  e t h e r  l i p i d  p r o d u c ts  o f  a c id  m e th a n o ly s is  o f  s t r a i n s  

S P l,  SP2, MS3 , and  H .s a l in a r iu m  may be i n d i c a t i v e  o f  s t r u c t u r a l  

ch an g es i n  th e  l i p i d s  o f  th e  i s o l a t e s .  The p o la r  l i p i d s  o f
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Figure 96. Products of acid methanolysis of cells of Halobacterium 
salinarium and the strains SPl, SP2, and MS3.

The products of acid methanolysis, obtained by the method 
of Minnikin et al..(1975), were chromatographed in the solvent 
hexane : diethyl ether (85:15). The products were identified as:
1. traces of fatty acids; 2. ether lipid; 3. diether lipid,
2 ,3-di-O-phytanyl glycerol.

The strains are: a,e, and i, H. salinarium; b and f.
strain SPl; c and g. strain SP2; d and h . strain MS3.
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a , e , i ,  H. s a l in a r iu m

b , f .  s t r a i n  SP l

c , g .  s t r a i n  SP2

d , h .  s t r a i n  MS3
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H .s a l in a r iu m  w ere  i d e n t i f i e d  a s  d e r i v a t i v e s  o f  2 ,3 - d i - O - p h y ta n y l  

g l y c e r o l .  The m ain p h o s p h o .l ip id s  w ere e t h e r  a n a lo g u e s  o f  p h o s p h a t id y l  

g l y c e r o l ,  p h o s p h a t id y l  g ly c e r o p h o s p h a te ,  and  p h o s p h a t id y l  g ly c e r o -  

s u lp h a t e  ( f i g u r e s  9 7 , 9 8 , 1 6 ) ,  T h ree  g l y c o l i p i d s  w ere a l s o  p r e s e n t ,  

w h ich  w ere  p ro b a b ly  g l y c o l i p i d  d e r i v a t i v e s  o f  2 ,3 -d i - O - p h y ta n y l  

g ly c e r o l  i s o l a t e d  p r e v io u s l y ,  i d e n t i f i e d  a s  a  g l y c o l i p i d  s u lp h a t e ,  

t r i g l y c o s y l  d i e t h e r ,  and  a  g l y c o l i p i d  ( f i g u r e s  9 7 , 98) ( K a te s ,  1978; 

K a te s  e t  a l . , 1966 ; K ushwaha e t  a l . , 1 9 7 6 ) .

The p o la r  l i p i d s  o f  s t r a i n s  S P l ,  SP2, and  MS3 showed some 

d i s t i n c t  d i f f e r e n c e s  i n  c o m p o s itio n !c o m p a re d  t o  H .s a l i n a r iu m . The 

m a jo r l i p i d s  w ere a l l  p h o s p h o l ip id s ,  and t h e r e  w ere no t r a c e s  o f  

g l y c o l i p i d s  ( f i g u r e s  9 7 , 9 8 ) .  The l i p i d  c o m p o s itio n  o f  t h e  t h r e e  

s t r a i n s  w e re , t h e r e f o r e ,  e a s i l y  d i s t i n g u i s h a b l e  from  t h a t  o f  

H .s a l in a r iu m  ( f i g u r e s  9 7 , 9 8 ) ,  and  o th e r  members o f ' t h e  

H a lo b a c te r ia c e a e  exam ined  (K a te s  e t  a l . , 1 9 6 6 ) . The m a jo r p h o s p h o l ip id s  

fo u n d  i n  th e  s t r a i n s  S P l ,  SP2, and  MS3 w ere i d e n t i c a l ,  a n d  some o f  

them  had  R f v a lu e s  s i m i l a r  t o  t h e  p h o s p h o l ip id s  fo u n d  i n  H .s a l in a r iu m  

( f i g u r e s  9 7 , 9 8 ) .  The m a jo r p h o s p h o l ip id s  fo u n d  i n  th e  t h r e e  s t r a i n s  

h ad  an R f s i m i l a r  t o  t h a t  o f  t h e  d i e t h e r  a n a lo g u e  o f  p h o s p h a t id y l  

g ly c e ro p h o s p h a te ,  and  show ed s t a i n i n g  p r o p e r t i e s  s im i l a r  t o  t h i s  

p h o s p h o l ip id ,  s u g g e s t in g  t h a t  i i .  was s t r u c t u r a l l y  a n a lo g o u s  t o  t h i s  

l i p i d  i n  some o f  i t s  f u n c t i o n a l  s id e  g ro u p s . Two o th e r  p h o s p h o l ip id s  

w ere p r e s e n t  w ith  R f v a lu e s  c l o s e  t o  t h a t  o f  th e  d i e t h e r  a n a lo g u e  

o f  p h o s p h a t id y l  g l y c e r o l  ( f i g u r e s  9 7 , 9 8 ) ,  and  w ere d i f f i c u l t  t o  

d i s t i n g u i s h - f r o m  one a n o th e r  i n  p e r i o d a t e - S c h i f f  s t a i n ,  and  i t  i s  

p o s s i b l e  t h a t  th e  p o s s e s s io n  o f  th e  same f u n c t i o n a l  s id e  g ro u p s  to  

t h i s  p h o s p h o l ip id  m eans t h a t  b o th  a r e  s t r u c t u r a l l y  a n a lo g o u s  to  th e  

d i e t h e r  a n a lo g u e  o f  p h o s p h a t id y l  g l y c e r o l .  The f o u r th  p h o s p h o lip id  

c o u ld  n o t  be  i d e n t i f i e d  by  any  s p e c i f i c  s p ra y  r e a g e n t ,  o t h e r  th a n  

th e  m o d if ie d  Z in d zad ze  r e a g e n t  o f  V askovsky and  K o s te ts k y  (1 9 6 8 ) ,
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Figure 97. Thin layer chromatograph of the polar lipids of
extremely halophilic bacteria.

Chromatograph developed in the solvent chloroform: 
methanol .-water (65:25:4). The staining reactions are 
represented by: O  phosphate positive; ^  periodate- 
Schiff positive immediately; ©  periodate-Schiff positive 
after 24h; #  glycolipids.

The lipids were identified as: 1. phospholipid ether;
2. phosphatidyl glycerosulphate diether; 3. phospholipid ether, 
possibly periodate-Schiff positive; 4. periodate-Schiff 
positive phospholipid ether; 5. phosphatidyl glycerol diether; 
6 . glycolipid; 7. slow periodate-Schiff positive phospholipid; 
8 . phosphatidyl glycerophosphate diether; 9. glycolipid, 
possibly triglycosyl diether; 10. glycolipid, possibly 
glycolipid sulphate.
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F i g u r e  9 8 .  T h in  l a y e r  c h r o m a to g r a p h  o f  t h e  p o l a r  l i p i d s  o f

e x t r e m e l y  h a l o p h i l i c  b a c t e r i a .

C h r o m a to g r a p h  d e v e l o p e d  i n  t h e  s o l v e n t  c h l o r o f o r m :  

m e t h a n o l  : a c e t i c  a c i d : w a t e r  ( 8 0 : 1 2 : 1 5 : 4 ) .  T h e  s t a i n i n g  r e a c t i o n s  

a r e  r e p r e s e n t e d  b y :  Q  p h o s p h a t e  p o s i t i v e ;  @  p e r i o d a t e -

S c h i f f  p o s i t i v e  i m m e d i a t e l y ;  0  p e r i o d a t e - S c h i f f  p o s i t i v e  

a f t e r  2 4 h ;  #  g l y c o l i p i d s .

T he l i p i d s  w e re  i d e n t i f i e d  a s :  1 ,  p h o s p h o l i p i d  e t h e r  ;

2 .  p h o s p h a t i d y l  g l y c e r o s u l p h a t e  d i e t h e r ;  3 .  p h o s p h o l i p i d  d i e t h e r ;  

p o s s i b l y  p e r i o d a t e - S c h i f f  p o s i t i v e ;  4 .  p e r i o d a t e - S c h i f f  

p o s i t i v e  p h o s p h o l i p i d  e t h e r  ; 5 .  p h o s p h a t i d y l  g l y c e r o l  d i e t h e r ;

6 .  g l y c o l i p i d ;  7 .  s lo w  p e r i o d a t e - S c h i f f  p o s i t i v e  p h o s p h o l i p i d  

e t h e r ;  8 .  p h o s p h a t i d y l  g l y c e r o p h o s p h a t e  d i e t h e r ;  9 .  g l y c o l i p i d ,  

p o s s i b l y  t r i g l y c o s y l  d i e t h e r ;  1 0 .  g l y c o l i p i d ,  p o s s i b l y  

g l y c o l i p i d  s u l p h a t e .
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and  re m a in s  t o  he i n v e s t i g a t e d  f u r t h e r .  The d i f f e r e n c e s  i n  t h e  R f

v a lu e s  o f  th e  p h o s p h o l ip id s  fo u n d  i n  th e  s t r a i n s  S P l,  SP2, and  MS3,

H .s a l in a r iu m  may h e  a t t r i b u t e d  t o  e i t h e r  d i f f e r e n c e s  i n  th e

e t h e r  l i p i d s  from  w h ich  th e y  a r e  d e r iv e d ,  o r  t o  ch an g es  i n  t h e

s t r u c t u r e  o f  th e  f u n c t i o n a l  s id e  g ro u p s . T h is  d o es  n o t ,  ho w ev er,

p r e c lu d e  t h a t  b o th  su c h  ch an g es  may o c c u r .

The p r e s e n t  d a t a  s u g g e s ts  t h a t  t h e  s t r a i n s  S P l,  SP2, and  MS3

d i f f e r  from  t y p i c a l  members o f  t h e  f a m i ly  H a lo b a c te r ia c e a e . i n  t h a t

a l th o u g h  th e y  c o n ta in  e t h e r  l i p i d s ,  an d  show many p h y s io lo g i c a l

p r o p e r t i e s  s i m i l a r  t o  th e  h a l o b a c t e r i a ,  th e  p o la r  l i p i d  c o m p o s i tio n

o f  t h e  t h r e e  s t r a i n s  a r e  d i s t i n c t i v e  from  t h a t  o f  t y p i c a l  h a l o b a c t e r i a .

W h atev er th e  n a tu r e  o f  t h e  e t h e r  l i p i d s  i n  s t r a i n s  S P l ,  SP2, and

MS3» th e  d i f f e r e n c e s  from  H .s a l in a r iu m  s u g g e s t  t h a t  th e s e  o rg a n ism s

may c o n s t i t u t e  a  d i s t i n c t  ta x o n o m ic  g ro u p  o f  th e  h a l o b a c t e r i a .

f .  GC" b a s e  c o n te n t .

The GC b a se  c o n te n t  o f  t h e  DNA o f  th e  s t r a i n d  S P l,  SP2, and  I4S3

w as d e te rm in e d  by th e rm a l  d é n a t u r a t i o n  and b u o y a n t d e n s i t y ,  u s in g

s ta n d a r d s  o f  M ic ro co ccu s  l y s o d i e k t i c u s  and  E s c h e r i c h ia  c o l i  s t r a i n

DNA. M e lt in g  p o in t  d e t e r m in a t io n  showed t h a t  th e  v a lu e s  w ere

lo w er th a n  th o s e  p r e v io u s l y  r e p o r t e d  f o r  members o f  th e  f a m ily

H a lo b a c te r i a c e a e , w ith  t h e  e x c e p t io n  o f  H .v o lc a n i i  ( t a b l e  17)

( j o s h i  e t  a l . , 1962; Moore & M cC arthy , 1966a; M u lla k h a n b h a i & L a rs e n ,

1975)* The GC b a s e  c o n te n t  o f  s t r a i n  S P l was 6 4 .5  * 1 .0  m ol^ (T ^ ) ,

6 5 .0  + 1 ,0  mol% (T ) f o r  s t r a i n  SP2, and  t h a t  o f  s t r a i n  MSB was — m

63*0  + 1 .0  m ol^ (T ) ( t a b l e  1 7 ) .  S a t e l l i t e  b an d s  w ere n o t  e v id e n t  

u s in g  t h i s  m ethod , b u t  b u o y a n t d e n s i t y  d e t e r m in a t io n s  o f  th e  GC, b a s e  

c o n te n t  showed th e r e  was a  s a t e l l i t e  band  p r e s e n t  i n  b o th  s t r a i n s  

S P l and  MS3> w hich  a c c o u n te d  f o r  a b o u t 10^6 o f  th e  DNA. No s a t e l l i t e  

ban d  was a p p a re n t  i n  s t r a i n  SP2 ( t a b l e  1 7 ) .  The DNA s a t e l l i t e  

b an d  im  s t r a i n  S P l o c c u re d  a t  a  v a lu e  o f  5 I .4  + 1 .0  m ol^ (b u o y an t
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d e n s i t y ) ,  com pared t o  6 2 .1  + 1 .0  m ol^ f o r  th e  m ain h an d , and  i n  s t r a i n  

JIS3 th e  s a t e l l i t e  han d  h ad  a  v a lu e  o f  49*5 + 1 .0  m ol^ (b u o y a n t 

d e n s i t y ) ,  w ith  a  m ain  b an d  a t  6 1 .0  + 1 .0  m ol^ . The s a t e l l i t e  bands 

o f  th e  s t r a i n s  S P l and  MS3 o c c u re d  a t  v a lu e s  o f  9 .3  molÿ and  1 1 .5  

m ol^ lo w er th a n  t h e  r e s p e c t i v e  m ain b a n d s , th e  s a t e l l i t e  b an d s  in  

members o f  th e  H a lo b a c te r ia c e a e  u s u a l l y  o c c u r s  a t  v a lu e s  a b o u t 1 0 .0  

m ol^ lo w er th a n  t h a t  o f  th e  m ain ban d  (J o s h i  e t  a l . , 1962 ; Moore & 

M cC arthy , 1 9 6 6 a ).. The s t r a i n s  S P l and  MS3 do n o t seem t o  be  

u n u s u a l  i n  th e  p o s s e s s io n  o f  a  s a t e l l i t e  b and  a s  o rg a n ism s  s i m i l a r  

t o  members o f  t h e  H a lo b a c te r i a c e a e . The s a t e l l i t e  band  i n  

H .s a l in a r iu m  s t r a i n  5 a-nd H .h a lo b iu m  h a s  b een  shown to  be in v o lv e d  

i n  th e  s y n th e s i s  o f  g a s  v e s i c l e s ,  and  t h e r e  i s  some e v id e n c e  t h a t  

th e  s a t e l l i t e  band  may a l s o  be  in v o lv e d  i n  th e  s y n th e s i s  o f  p u rp le  

membrane ( Sim on, 1978 ; W eid in g e r e t  a l . , 1 9 7 9 ) . The a b se n c e  o f  a  

s a t e l l i t e  band  i n  s t r a i n  SP2 i s  u n u s u a l , b u t  may be ta k e n  a s  an  

i n d i c a t i o n  t h a t  th e  p r e s e n c e  o f  a  s a t e l l i t e  b an d  o f  DNA i s  n o t 

e s s e n t i a l  t o  th e  s u r v i v a l  o f  th e s e  o rg a n ism s  i n  th e  h i g h l y  s a l i n e  

e n v iro n m e n t. U n f o r tu n a te ly ,  a t  p r e s e n t  t h e r e  i s  l i t t l e  d a t a  on th e  

GC b a s e  c o n te n t  o f  some o f  th e  new s p e c ie s  (G o n za le z  e t  a l . , 1978; 

H o c h s te in ,  p e r s o n a l  co m m u n ica tio n ; T om linson  & H o c h s te in ,  1 9 7 6 ) , o r  

on th o s e  a t  p r e s e n t  c o n s id e re d  a s  s p e c ie s  i n c e r t a e  s e d i s , t h e r e f o r e ,  

i t  c a n n o t be  c o n c lu d e d  t h a t  th e  a b se n c e  o f  a  s a t e l l i t e  DNA band  i s  

r e s t r i c t e d  t o  s t r a i n  SP2 w i th in  t h e  e x tre m e ly  h a l o p h i l i c  b a c t e r i a .
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PHOTOTROPHIG BACTERIA.

The so d a  la k e s  o f  th e  E a s t  A f r ic a n  R i f t  V a lle y  r e p r e s e n t  a 

g ro u p  o f  u n iq u e  a l k a l i n e ,  s a l i n e  la k e  w a te r s .  D e s p i te  s i m i l a r i t i e s  

t c  o th e r  so d a  la k e s  i n  A f r i c a  and  on o th e r  c o n t i n e n t s ,  t h e i r  w a te r  

c h e m is try  a l lc w s  them  t o  he i d e n t i f i e d  a s  d i s t i n c t  from  o th e r  so d a  

l a k e s .  The p redorainsu it f e a t u r e  o f  so d a  la k e s  i s  th e  a s s o c i a t e d  

la c k  o f  d iv a l e n t  c a t i o n s  im  s o l u t i o n ,  w hich  a r e  e s s e n t i a l  f o r  th e  

g ro w th  o f  many o rg a n is m s . I t  i s  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  th e s e  

e n v iro n m e n ts  a r e  c h a r a c t e r i s e d  hy t h e i r  l a r g e  num bers o f  p h o to t r o p h ic  

o rg a n is m s , w hich  c a u s e  c o l o u r a t io n  o f  th e  w a te r  ( ira h o ff  e t  a l . , 1978hf 

I s a c h e n k o , 1934; J e n k in ,  1932; M elack , 1 9 7 8 ) . P re v io u s  s t u d i e s  h a v e  

shown t h a t  prim ary^ p r o d u c t i v i t y  by a lg a e  i s  h ig h e r  i n  th e s e  a l k a l i n e ,  

c a r b o n a te  r i c h  w a te r s  (H e c k y & K ilhsun, 1973; T a i l i n g  e t  a l . , 1 9 7 3 ), 

th a n  in  any  o th e r  l a k e s ,  and  r e c e n t  s t u d i e s  have  shown t h a t  l a r g e  

num bers o f  p h o to t r o p h ic  b a c t e r i a  a s  w e ll  a s  c y a n o b a c te r ia  and  a lg a e  

may o c c u r  i n  th e s e  la k e s  (G ta n t e t  a l . , 1979 ; Im h o ff e t  a l . . 1978a; 

1978b ) .  P h o to tr o p h ic  b a c t e r i a  i s o l a t e d  fro m  so d a  la k e s  i n v e s t i g a t e d  

p r e v io u s ly  in c lu d e  o n ly  members of. t h e  g en u s E c to th io r h o d o s p i r a  

(G ra n t e t  a l . , 1979; Im h o ff  & T ru p e r ,  1977; 1978 ; Im h o ff  e t  a l . ,

1978a ;  1978b ) .  The o rg a n ism s  i s o l a t e d  from  th e  Kenyan so d a  la k e s ,  

i n  t h i s  s tu d y ,  r e p r e s e n t  a  g ro u p  o f  o rg a n ism s  w h ich  w ere b io c h e m ic a l ly  

and  p h y s i o l o g i c a l l y  s i m i l a r  t o  th e  members o f  th e  genus 

E c to th io r h o d o s p i r a , and  i t  a p p e a r s  t h a t  o rg a n ism s  o f  t h i s  ty p e  a r e  

c h a r a c t e r i s t i c  o f  t h i s  ty p e  o f  e n v iro n m e n t. O th e r  p h o to t r o p h ic  

b a c t e r i a  have  b een  o b s e rv e d  in  th e  Kenyan so d a  la k e s  and  la k e s  o f  

th e  W adi N a tru n  ( ira h o f f  e t  a l . , 1978a; 1978b ) ,  b u t  n o t i n  l a r g e  

n um bers. The p re p o n d e ra n c e  o f  members o f  th e  genus E c to th io r h o d o s p i r a  

and  s i m i l a r  o rg an ism s in  a l k a l i n e ,  s a l i n e  la k e s  i s  a l s o  e v id e n t  

from  th e  o c c u re n c e  o f  bloom s o f  th e s e  o rg a n ism s  s e e n  a t  Lake Wakuru 

d u r in g  1978 , and i n  s t o r e d  sam p les  from  Lake M agadi, i n  1978 . The
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p re s e n c e  o f  o rg a n ism s  l i k e  th e s e  was a l s o  shown i n  t h e  c o lo u re d  

h an d s o f  t h e  s u r f a c e  t r o n a ,  and  i n  th e  a b s o r p t io n  sp e c tru m  o f  th e  

s a l t e r n  l i q u o r  ( f i g u r e s  34» 37) a-t Lake M agadi* Such o rg a n ism s  w ere 

a l s o  shown to  be r e s p o n s ib l e  fo r-  th e  c o l o u r a t io n  o f  some o f  t h e  la k e  

w a te r s  i n  th e  Wadi N a tru n  ( im h o f f  e t  a l . , 1978a ;  1978b ) ,  a n d  may 

hav e  b een  r e s p o n s ib l e  f o r  th e  p u r p le  c o lo u re d  l a k e  w a te r  o b se rv e d  

by  M elack  (1978 ) i n  U gandan c r a t e r  l a k e s .

The o rg an ism s  i s o l a t e d  from  th e  Kenyan so d a  l a k e s ,  i n  t h i s  s tu d y ,  

re s e m b le  members o f  th e  genus E c to th io r h o d o s p i r a  i n  t h e i r  a b i l i t y  t o  

p h o to o x id is e  s u lp h id e  t o  s u lp h a t e ,  i n  d e p o s i t i n g  s u lp h u r  o u t s id e  

t h e  c e l l  a s  an i n t e r m e d i a t e ,  im  c o n ta in in g  b a c t e r io c h lo r o p h y 11 a  

and  c a r o t e n o id s  o f  t h e  n o rm al s p i r i l l o x a n t h i n  s e r i e s  a s  th e  m ajo r 

p h o to p ig m e n ts , and  i n  h a v in g  a  c h a r a c t e r i s t i c  l a m e l l a r  ty p e  

i n t r a c y to p la s m ic  membrane sy stem  ( f i g u r e s  1 3 .1 ,  1 4 .1 ,  5 4 , 5 5 , 5 6 ) .  

H ow ever, t h e  a b i l i t y  t o  d e p o s i t  s u lp h u r  o u t s id e  th e  c e l l  i s  n o t 

r e s t r i c t e d  t o  t h i s  p a r t i c u l a r  genus o f  p u r p le  b a c t e r i a ,  s in c e  c e r t a i n  

s p e c ie s  o f  th e  s o - c a l l e d  n o n - s u lp h u r  R h o d o s p i r i l l a c e a e , once th o u g h t  

t o  be in c a p a b le  o f  u t i l i s i n g  re d u c e d  s u lp h u r  compounds a s  e l e c t r o n  

d o n o rs ,  h av e  r e c e n t l y  b e e n  shown t o  be c a p a b le  o f  p h o to o x id is in g  

s u lp h id e  (H ansen  & v an  G em erden, 1972; H ansen & V eldkam p, 1973;

K eppen & G o rlen k o , 1 9 7 5 ) ,  i n  some c a s e s  d e p o s i t i n g  s u lp h u r  o u ts id e  

th e  c e l l .  F u r th e rm o re , some members o f  th e  R h o d o s p i r i l l a c e a e  have 

a  l a m e l l a r  in t r a c y to p la s m ic  membrane sy stem  s i m i l a r ,  b u t n o t 

i d e n t i c a l  t o  th o s e  fo u n d  i n  members o f  th e  g en u s E c to th io r h o d o s p i r a  

( p f e n n ig  & T ru p e r ,  1974; Remse n , 1978 ; T ru p e r  & P fe n n ig , 1 9 7 8 ) . 

H ow ever, i n  th o s e  members o f  th e  R h o d o s p i r i l l a c e a e  c a p a b le  o f  

u t i l i s i n g  s u lp h id e  a s  an  e l e c t r o n  d o n o r , s u lp h id e  i s  e i t h e r  o x id i s e d  

t o  s u lp h a t e ,  w i th o u t  e le m e n ta l  s u lp h u r  a s  an  i n t e r m e d i a t e ,  o r  

s u lp h u r  i s  d e p o s i t e d  e x t r a c e l l u l a r l y ,  w ith o u t  f u r t h e r  o x id a t io n  to  

s u lp h a te  (H ansen  & van  G enerden , 1972; H ansen & V eldkam p, 1973;
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K eppen & G o rlen k o , 1 9 7 5 ) .  The a b i l i t y  t o  u t i l i s e  s u lp h id e  and  

e x t r a c e l l u l a r l y  d e p o s i t e d  e le m e n ta l  s u lp h u r ,  t h e r e f o r e ,  u n am b ig u o u sly  

d i s t i n g u i s h e s  th e  s t r a i n s  d e s c r ib e d  h e re  from  su c h  members o f  th e  

R h o d o s p i r i l l a c e a e .

The s t r a i n s  d e s c r ib e d  h e re  may be  f u r t h e r  d iv id e d  i n t o  two 

g ro u p s  on th e  b a s i s  o f  th e  p o s s e s s io n  o r  a b se n c e  o f  gas  v a c u o le s  

( f i g u r e s  5 0 , 5 1 ) .  The p re s e n c e  o f  g a s  v a c u o le s  i n  th e  s t r a i n s ,  

e x e m p l i f i e d  by s t r a i n s  B3, M2, and  M4, a p p e a re d  to  be  d ep en d a n t upon  

th e  age o f  th e  c u l t u r e ,  and  t h e  a v a i l a b i l i t y  o f  n u t r i e n t s .  In  th e  

p re s e n c e  o f  0 .1 ^  (w /v ) Na^S. 911^0 c e l l s  o f  a l l  t h e  g as  v a c u o la te  

s t r a i n s  exam ined w ere n o n - m o t i le ,  a  r e s p o n s e  fo u n d  in  n o n -g a s  

v a c u o la te  members o f  t h e  C h ro m a tia c e a e  (P fe n n ig  & T ru p e r ,  1 9 7 4 ) .

The p r e s e n c e  o f  g a s  v a c u o le s  in  t h i s  s i t u a t i o n  may a llo w  th e  o rg an ism  

t o  f i n d  th e  o p tim a l l i g h t  i n t e n s i t y  w ith o u t  t h e  n eed  to  be f l a g e l l a t e l y  

m o t i le  (W alsby , 1 9 7 8 ) . When th e  s u lp h id e  c o n c e n t r a t i o n  was lo w e re d , 

o r  th e  g a s  v a c u o la te  o rg a n ism s  w ere ex p o sed  t o  oxygen , th e  c e l l s  

becam e m o t i le  by p o la r  f l a g e l l a ,  r e t a i n i n g  t h e i r  g as  v a c u o le s  o n ly  

i f  th e  s u lp h id e  c o n c e n t r a t i o n  was n o t r e d u c e d  f u r t h e r  ( f i g u r e  9 9 ) .

T h ese  g a s  v a c u o la te  s t r a i n s  a r e  d i f f e r e n t  from  t h e  p r e v io u s ly  

d e s c r ib e d  g as  v a c u o la te  members o f  t h e  C h ro m a tia c e a e  i n  th e  

p e r i p h e r a l  l o c a t i o n  o f  th e  g as  v a c u o le s  ( f i g u r e s  5 I ,  5 2 , 5 5 ) ,  and 

th e  a b i l i t y  o f  th e  c e l l s  t o  f l o a t  a t  26°C: a s  w e l l  a s  a t  a  lo w er
II

te m p e r a tu r e  (P fe n n ig ,  1965a ;  P fe n n ig  & T ru p e r ,  1974; W h itte n b u ry ,

1 9 7 1 ) .  The p e r ip h e r a l  l o c a t i o n  o f  th e  gas  v a c u o le s  may be r e l a t e d  

t o  th e  p re s e n c e  o f  l a m e l l a r  ty p e  i n t r a c y to p l a s m ic  membranes e x te n d in g  

t o  th e  c e n t r e  o f  th e  c e l l  ( f i g u r e  5 5 ) ,  and  t h e r e  may be d i f f e r e n c e s  

b e tw een  th e  s t r u c t u r e  o f  th e s e  g a s  v a c u o le s  and  th o s e  p r e v io u s ly  

d e s c r ib e d  (B la u ro c k  & W ober, 1976 ; C Johen-B azire e t  a l . , 1969; W alsby , 

1 97 2 ; 1974 ; 1978 ) .  O nly one s p e c ie s  o f  g as  v a c u o la te  p h o to t r o p h ic  

b a c te r iu m , L a m p ro c y s tis  r o s e o p e r c in a ,  h a s  b een  shown to  be c a p a b le
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F ig u re  9 9 . The e f f e c t  o f  th e  c u l t u r a l  c o n d i t io n s  on s t r a i n  B3

d e c r e a s in g  Na^S 

c o n c e n t r a t io n i

s:2 - n o n - r a o t i le ,  

g a s  v a c u o le s

y e llo w

p o ly s u lp h id e s

d e p o s i t e d

m o t i le  fo rm s a p p e a r  

g a s  v a c u o le s  p r e s e n t .

S o x id i s e d  o

t o  SO 2 -

few  n o n f-rao tile  c e l l s  

no g a s  v a c u o le s

h ig h : l i g h t  

i n t e n s i t y

low  l i g h t  

i n t e n s i t y
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o f  f l a g e l l a t e  m o t i l i t y ,  b u t c e l l s  o f  t h i s  s p e c ie s  d e p o s i t ,  s u lp h u r  

g lo b u le s  w i th in  th e  c e l l ,  apd  th e  g as  v a c u o le s  a r e  c e n t r a l l y  

lo c a te d  (P fe n n ig  e t  a l . , 1 9 6 7 ).

The v a c u o la te  s t r a i n s  d e s c r ib e d  h e re  a r e ,  t h e r e f o r e ,  

d i s t i n g u i s h a b l e  from  a l l  p r e v io u s ly  d e s c r ib e d  members o f  th e  

R h o d o s n i r i H a l e s , i n  t h a t  th e y  re s e m b le  members o f  th e  gen u s 

E c to th io r h o d o s p i r a  i n  th e  c h a r a c t e r i s t i c s  o f  c o n t a in in g  

b a c t e r i o c h l o r o p h y l l  a  and  c a r o te n o id s  o f  th e  n o rm al s p i r i l l o x a n t h i n  

s e r i e s ,  i n  h a v in g  a  c h a r a c t e r i s t i c  l a m e l l a r  i n t r a c y to p l a s m ic  membrane 

sy s te m ,, and  d e p o s i t i n g  s u lp h u r  o u t s id e  th e  c e l l  d u r in g  t h e  

p h o to o x id a t io n  o f  s u lp h id e  t o  s u lp h a t e ,  b u t  th e y  d i f f e r  in i  t h a t  t h e y  

c o n t a i n : p e r i p h e r a l l y  l o c a t e d  g as  v a c u o le s  u n d e r  c e r t a i n  c o n d i t i o n s .

The p re s e n c e  o r a b se n c e  o f  g a s  v a c u o le s  i n  members o f  th e  

R h o d o s o i r i l l a l e s  i s  o f  tax o n o m ic  s i g n i f i c a n c e  (P fe n n ig  & T ru p e r ,  1974;
M

T ru p e r  & P fe n n ig ,  1 9 7 8 ) , and  th e  g a s  v a c u o la te  s t r a i n s  i s o l a t e d  

f r o m .th e  K enyan so d a  la k e s  may, t h e r e f o r e ,  c o n s t i t u t e  a  s e p a r a t e  

ta x o n o m ic  g ro u p , w h ich  a c c o rd in g  to^ p r e s e n t , c r i t e r i a  w ou ld  m e r i t  a  

new taxon i. The im p o rta n c e  o f  g a s  v a c u o le s  i n  th e  c u r r e n t  taxonom y 

o f  th e  R h o d o s p i r i l l a l e s  may, ho w ev er, meed t o  be re v ie w e d  i n  th e  

l i g h t  o f  r e c e n t  f i n d i n g s  t h a t  p la sm id s  may be  in v o lv e d  inn th e  

fo rm a t io n  o f  g a s  v a c u o le s  i n  c y a n o b a c te r i a  (W alsby , 1 9 7 7 ) , and 

n o n - p h o to s y n th e t ic  b a c t e r i a  o f  t h e  genus H a lo b a c te r iu m  (Sim on, 1978; 

W ie d in g e r  e t  a l . , 1979)' and  P ro s th e c o m ic ro b iu m  pneum aticum  (Das & 

S in g h , 1976 ) .  Puchkova e t  a l .  (1973 ) have a l s o  q u e s t io n e d  th e  

d i f f e r e n t i a t i o n  o f  t h e  p h y s i o l o g i c a l l y ,  m e ta b o l i c a l l y ,  and 

m o rp h o lo g ic a l ly  s i m i l a r  g e n e ra  C h lo rob ium  and P e lo d ic ty o n  on th e  

b a s i s  o f  t h e  p o s s e s s io n ,  o f  g a s  v a c u o le s  by t h e  l a t t e r  g e n u s . Gas 

v a c u o la te  s t r a i n s  from  th e  Kenyan so d a  la k e s  show p h y s io lo g i c a l ,  

m e ta b o l ic ,  and  m o rp h o lo g ic a l s i m i l a r i t i e s  t o  members o f  t h e  genus 

E c to th io r h o d o s p i r a ,  and  th e  r e l a t i o n s h i p  b e tw een  th e  genus
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E c to th io r h o d o s p i r a  and  th e  g as  v a c u o la te  s t r a i n s  may e v e n tu a l ly  

p ro v e  to  he  co m p arab le  t o  t h a t  b e tw een  th e  g e n e ra  C h lo rob ium  and 

P e lo d ic ty o n .

A l l  o f  th e  n o n -g a s  v a c u o la te  s t r a i n s  i s o l a t e d  from  th e  Kenyan 

so d a  l a k e s  c l o s e l y  re s e m b le d  E . s h a p o s n i k o v i i , B .r a o b i l i s  an d  th e  

E c to th io r h o d o s p i r a  s p .  d e s c r ib e d  by  G ra n t e t  a l .  (1979) 

m o rp h o lo g ic a l ly  and p h y s i o l o g i c a l l y ,  and  th e s e  o rg a n ism s  w ere  l a r g e l y  

i n d i s t i n g u i s h a b l e  fro m  one a n o th e r  on th e  b a s i s  o f  t h e  t e s t s  c a r r i e d  

o u t .  The g as  v a c u o la te  s t r a i n s  w ere  c h a r a c t e r i s e d ,  b y  th e  p re s e n c e  

o f  g as  v a c u o le s  u n d e r  c e r t a i n  c o n d i t i o n s ,  b u t  i n  a l l  p r i n c i p l e  

c h a r a c t e r i s t i c s  w ere i n d i s t i n g u i s h a h l e  from  E .m o b i l i s , S .s h a p o s n ik o v i i , 

and  th e  E c to th io r h o d o s p i r a  s p .  d e s c r ib e d  by G ra n t  e t  a l .  (1 9 7 9 ) .

I n  v iew  o f  th e s e  f i n d i n g s  i t  w ould be unw ise  t o  c r e a t e ,  a t  p r e s e n t ,  

a  new ta x o n ,  a t  t h e  g e n e r ic  l e v e l  f o r  t h i s  g ro u p  o f  g a s  v a c u o la te  

E c t o th i o r h o d o s p i r a - l i k e  o rg a n ism s . T h e ir  i n c l u s i o n  i n  th e  genus 

E c to th io r h o d o s p i r a ,  o r  i n  a  n o v e l g en u s m ust a w a it  f u r t h e r  s tu d y  

o f  th e  tax o n o m ic  and  p o s s i b ly  p h y lo g e n e t ic  r e l a t i o n s h i p  b e tw een  t h i s  

genus and  th e  g a s  v a c u o la te  s t r a i n s .

The o rg an ism s w hich  c o n ta in e d  g a s  v a c u o le s  c o u ld  be  d iv id e d  i n t o  

a t  l e a s t  t h r e e  g ro u p s  r e p r e s e n t e d  b y  th e  s t r a i n s  B3, M2, and  M4, 

w h e reas  t h e  n o n -g a s  v a c u o la te  s t r a i n s  c o u ld  be d iv id e d  i n t o  two 

g ro u p s , r e p r e s e n te d  by th e  s t r a i n s  E7 and  NCL5. The m a jo r 

d i f f e r e n c e s  be tw een  th e  v a r io u s  g ro u p s  w i th in  t h e  g a s  v a c u o la te  

and  n o n -g a s  v a c u o la te  s t r a i n s  w ere i n  s a l i n i t y  o p tim a  and  th e  ra n g e  

o f  c a rb o n  and  s u lp h u r  s o u rc e s  u t i l i s e d  f o r  p h o to t r o p h ic  g ro w th  

( t a b l e s  8 , : 1 1 ,  1 2 ) .  I n  v iew  o f  th e  p r e s e n t  d i f f e r e n c e s  r e c o rd e d  

f o r  E .s h a p o s n ik o v i i  and  E .m o b i l is  i n  t h i s  r e s p e c t ,  and  th e  la c k  o f  

any  a p p a r e n t  d i f f e r e n c e s  i n  t h i s  s tu d y ,  th e  s i g n i f i c a n c e  o f  th e s e  

p a ra m e te r s  in  d e te rm in in g  th e  s t a t u s  o f  s e p a r a t e  s p e c ie s  i s  d u b io u s .  

T ru p e r  (1 9 7 0 ) i s o l a t e d  a  number o f  s t r a i n s  o f  E .m o b i l i s  from  th e
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sanie e n v iro n m e n t,  and  a l l  s t r a i n s  show ed th e  3.0% (w /v ) NsiCl
M

re q u ir e m e n t  t y p i c a l  o f  th e  ty p e  s t r a i n  o f  E .m o b i l i s  (T ru p e r ,  I 9 6 8 ) .  

T h e re  w ould  a p p e a r  t o  be more g ro u n d s  f o r  r e g a r d i n g  some o f  th e  

s t r a i n s  i s o l a t e d  from  th e  K enyan s o d a  la k e s  a s  s e p a r a t e  s p e c i e s ,  

s i n c e  i n  a d d i t i o n  t o  t h e  p h y s io lo g i c a l  and  b io c h e m ic a l  d i f f e r e n c e s  

t h e r e  a r e  m o rp h o lo g ic a l  and  ŒC c o n te n t  d i f f e r e n c e s ,  w hich  a r e  n o t 

a p p a r e n t  i n  E .m o b i l i s  and  B .s h a p o s n ik o v i i  ( P f e n n ig  & T ru p e r ,  1974;
« M

T m ip e r , p e r s o n a l  c o m m u n ica tio n ; T ru p e r  & P f e n n ig ,  1 9 7 8 ) . T h u s , 

th e  p h y s i o l o g i c a l l y  and  m o r p h o lo g ic a l ly  d i s t i n c t  s t r a i n s  i s o l a t e d  

i n  t h e  g a s  v a c u o la te  ( s t r a i n s  B3, M2, and  M4) and  n o n -g a s  v i c u o la te  

( s t r a i n s  E? and  NCL5) s t r a i n s  may c o n s t i t u t e  d i f f e r e n t  s p e c ie s  

w i th i n  t h e i r  ta x o n o m ic  g ro u p . Any a s s ig n m e n t o f  t h e s e  s t r a i n s  t o  

s e p a r a t e  s p e c ie s  s h o u ld  be s u p p o r te d  by a  more d e t a i l e d  s tu d y  o f  

t h e i r  r e l a t i o n s h i p  t o  one a n o th e r  by f e a t u r e s  su c h  a s  DNA h o m o lo g ie s .

I t  i s  e v id e n t  t h a t  a l l  o f  th e  s t r a i n s  i s o l a t e d  h e r e ,  and  

members o f  th e  g en u s E c t o th i o r h o d o s p i r a  i s o l a t e d  p r e v io u s ly  (G ra n t 

e t  a l . ,  1979 ; Im h o ff  & T r u p e r ,  1 977 ; Im h o ff  e t  a l . , 1978a; 1978b; 

K o n d ra t’ e v a , 1956 ; M ath ero n  & B a u l ia g u e ,  1972 ; Raymond & S is t r o r a ,  

1 9 6 7 , 1 9 6 9 ; T r u p e r ,  I 9 6 8 ; 1970; Yang H u i-P a n g , 1962) form  a  w e l l  

d e f in e d  p h y s i o l o g i c a l  g ro u p , w hich  i s  c h a r a c t e r i s t i c  o f  p a r t i c u l a r  

e n v iro n m e n ts .  The pH o p tim a  o f  t h e  s t r a i n s  i s o l a t e d  from  th e  Kenyan 

so d a  la k e s  sh o w s, t h a t  a t  th e  pH o f  th e  l a k e s ,  r e d u c e d  c a rb o n  

com pounds a r e  t h e  m ost l i k e l y  s o u rc e  o f  e l e c t r o n  d o n o rs  f o r  

p h o to t r o p h ic  g ro w th . H ow ever, i n  o th e r  e n v iro n m e n ts ,  su ch  a s  th e  

s e a ,  w here th e y  h av e  a l s o  b een  fo u n d  (H e rb e r t  & T a n n e r , 1977 ;
II II

M ath ero n  & B a u l ia g u e ,  1972 ; Im h o ff  & T ru p e r ,  1976 ; 1978; T r u p e r ,

1 9 6 8 ; 1 9 7 0 ) ,  t h e s e  o rg a n ism s  w ould  show b e t t e r  g ro w th  in  th e  

p r e s e n c e  o f  re d u c e d  s u lp h u r  com pounds (C hesnokov  & S h a p o sn ik o v , 

1936a ) .  The o rg a n ism s  b e lo n g in g  to  th e  E c t o th i o r h o d o s p i r a - l i k e  

g ro u p  a r e  a l s o  d i s t i n g u i s h a b l e  from  o th e r  members o f  th e
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R h o d o s p i r i l l i n e a e  on t h e  b a s i s  o f  t h e i r  a l k a l i n e  pK optimum f o r  

grow th ' i n  t h e  p r e s e n c e  o f  r e d u c e d  c a rb o n  compounds, and t h e  u n iq u e  

a b i l i t y  t o  u t i l i s e  p o l y s u l p h i d e s  f o r  p h o t o l i t h o t r o p h i c  grovrth*

At p r e s e n t  t h e  genus  E c t o t h i o r h o d o s p i r a  i s  in c lu d e d  i n  t h e  

f a m i ly  C h ro m a t ia c e a e  ( t a b l e  5 ) ,  b u t  t h e  ta x o n o m ic  p o s i t i o n  o f  t h e s e  

o rg a n ism s  i s  open t o  d i s p u t e  ( P f e n n ig ,  1977; P f e n n ig  & T r u p e r ,  1974;
H

T r u p e r ,  1968 ) . .  The s i m i l a r i t i e s  b e tw e e n : th e  members o f  t h e  gen u s  

E c t o t h i o r h o d o s e i r a  and t h e  gas  v a c u o l a t e  s t r a i n s  i n d i c a t e  t h a t  t h e  

two g ro u p s  a r e  s u f f i c i e n t l y  c l o s e l y - r e l a t e d  t o  w a r r a n t  i n c l u s i o n  i n  

t h e  same h i g h e r  t a x o n .  The members o f  t h e  C h ro m a t ia c e a e  h a v e ,  i n  

t h e  p a s t ,  b een  r e c o g n i s e d  a s  fo rm in g  a  d i s t i n c t  p h y s i o l o g i c a l  

g roup  w i t h i n  t h e  p u r p l e  p h o t o t r o p h i c  b a c t e r i a ,  t h e  E n d o th io rh o d a c e a e % 

on a c c o u n t  o f  t h e i r  a b i l i t y -  t o  d e p o s i t  s u lp h u r  g lo b u l e s  w i t h i n  t h e  

c e l l  (B a a s -B e e k in g ,  1 9 2 5 ) .  The members o f  t h e  genus  E c t o t h i o r h o d o s p i r a , 

i n c l u d i n g  t h e  g as  v a c u o l a t e  o rg a n ism s  c o u ld ,  t h e r e f o r e ,  be  members 

o f  t h e  E c t o t h i o r h o d a c e a e , on t h e  b a s i s  o f  s u lp h u r  d e p o s i t i o n  o u t s i d e  

t h e  c e l l  ( P e l s h ,  1937; T r u p e r ,  1 9 6 8 ) .  However, t h e  d i s t i n c t i o n  

be tw een  t h e  p u r p l e  s u l p h u r  and  p u r p l e  non-r-sulphuT' b a c t e r i a  i s  

becom ing l e s s  d i s t i n c t  a s  new s p e c i e s  o f  t h e  R h o d o s p i r i l l a c e a e  a r e  

found  w h ich  show g r e a t e r  s i m i l a r i t i e s  t o  t h e  s u lp h u r  m e ta b o l i s m  o f  

t h e  C h ro m a t ia c e a e  ( P f e n n i g ,  1977)* The d e l i n e a t i o n  o f  t h e  h i g h e r  

t a x a  o f  t h e  R h o d o s p i r i l l a l e s  on t h e  b a s i s  o f  more r e f i n e d  s t r u c t u r a l ,  

b i o c h e m i c a l ,  and p h y s i o l o g i c a l  t e s t s  i s  n o t  c o n s i s t e n t  w i t h  t h e
M II

p r e s e n t  m a jo r  ta x o n o m ic  d i v i s i o n s  ( P f e n n ig  & T r u p e r ,  1974; T r u p e r ,

1976 ; T ru p e r  & P f e n n ig ,  1 9 7 3 ) ,  b u t  s u ch  i n f o r m a t i o n  may e v e n t u a l l y  

a s s i s t  i n  t h e  r e v i s i o n  o f  t h e  h i g h e r  t a x a  o f  t h e  R h o d o s o i r i H a l e s .

I n  p a r t i c u l a r ,  t h e  s t r u c t u r e  and a r r a n g e m e n t  o f  t h e  i n t r a c y t o p l a s m i c  

membrane sy s tem  h a s  s u g g e s te d  n o v e l  g r o u p in g s  ( f i g u r e  1 0 0 ) .  T h in  

s e c t i o n s ,  f r e e z e  f r a c t u r i n g - ,  and  n e g a t i v e  s t a i n i n g -  have shown t h a t  

t h e  C h l o r o b i in e a e  a r e  c h a r a c t e r i s e d  b y - th e  p r e s e n c e  o f  c h lo ro so ra e s
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F i g u r e  1 0 0  T h e  p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  i n t r a c y t o p l a s m i c  

m em b ran e  s t r u c t u r e s  o f  t h e  R h o d o s p i r i l l i n e a e  i n  

r e l a t i o n  t o  p h y l o g e n e t i c  p o s i t i o n .

G ro u p s  o f  
p a r a l l e l  t u b e s

T h i o c a p s a  p f e n n i g i iP r i m i t i v e
i n v a g i n a t i o n e x t e n s i o n

R h p s .  g e l a t i n o s a

c o n s t r i c t i o n

e x t e n s i o n  a n d

c o n s t r i c t i o n

e x t e n s i o n  a n d

V e s i c u l a r

C h r o m â t ium  s p p .  
R h o d o p s e u d o m o n a s  i

f l a t t e n

L a m e l l a r  I

R h o d o s p i r i l l u m

L a m e l l a r  I T

R h o d o p s e u d o m o n a s  i i

L a m e l l a r  I I I L a m e l l a r  IV

E c t o t h i o r h o d o s p i r a  s p pR h p s .  v i r i d i s
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(S c h m id t ,  I 98O; S t a e h e l i n  e t  a l . . 1 9 7 8 ) ,  w h e re a s  t h e  R h o d o s p i r i l l i n e a e  

have  a  d i v e r s e  sy s tem  o f  i n t r a c y t o p l a s m i c  membranes (O e lze  & Drews,- 

19725 P f e n n ig ,  19675 Remsen , 1 9 7 8 ) .  T h in  s e c t i o n s  and  n e g a t i v e  

s t a i n i n g  o f  c e l l s  o f  g a s  v a c u o l a t e  and  n o n -g a s  v a c u o l a t e  S t - r a in s  

from t h e  Kenyan so d a  l a k e s  have  i n d i c a t e d  t h e  p r e s e n c e  o f  

i n t r a c y t o p l a s m i c  membranes o f  t h e  l a m e l l a r  t y p e  ( f i g u r e s  5 4 , 5 5 ) .

V a r io u s  r e v ie w s  h av e  c o n s id e r e d  t h e  s t r u c t u r e s  o f  t h e  i n t r a c y t o p l a s m i c  

membranes i n  g r e e n  and  p u r p l e  p h o t o t r o p h i c  b a c t e r i a  ( O elze  & Drews,

1972 , P f e n n ig ,  19675 Rerasen, 1 9 7 8 ) .  The i n t r a c y t o p l a s m i c  membrane 

sy s tem  o f  t h e  p u r p l e  p h o t o t r o p h i c  b a c t e r i a  may be  d i v i d e d  i n t o  

s e v e r a l  n a t u r a l  g r o u p in g s .  The i n t r a c y t o p l a s m i c  membrane sy s tem  

found  i n  t h e  C h ro m a t ia c e a e  and R h o d o s p i r i l l a c e a e  i s  d i v e r s e ,  i n c l u d i n g  

v e s i c u l a r ,  t u b u l a r ,  and  l a m e l l a r  membranes. The g r o u p in g s  fo u n d  i n  

t h e R h o d o s p i r i l l i n e a e , a c c o r d in g  t o  i n t r a c y t o p l a s m i c  membrane 

s t r u c t u r e ,  a r e  n o t  c o n f in e d  t o  c e r t a i n ,  g e n e r a  ( f i g u r e  1 0 0 ) .  The 

p r i m i t i v e ,  p o o r l y  d e v e lo p e d  t u b u l a r  o r  v e s i c u l a r  membranes a r e  found  

i n  R h p s . g e l a t i n o s a . R h e . p u r  o u r e u s , and R h s p . t e n u e , w h ereas  t h e  w e l l  

d e v e lo p e d  t u b u l a r  membrane s y s t  erm i s  c h a r a c t  e r i s t i c  o f  T h io c a p s a  

p f e n n i g i i  ̂ The v e s i c u l a r  membrane sy s tem  i s  fo u n d  i n  most g e n e r a  

o f  t h e  C h ro m a t ia c e a e . w i th  t h e  e x c e p t io n  o f  t h e  genus  E c t o t h i o r h o d o s p i r a . 

and a l s o  i n  s e v e r a l  s p e c i e s  o f  t h e  g e n e r a  R h o d o s p i r i l lu m  and 

RhodoPSeudomonas. The l a m e l l a r  s y s t e m ■may be  d i v i d e d  i n t o  s e v e r a l  

t y p e s ,  w h ic h  a r e  c h a r a c t e r i s t i c  o f  c e r t a i n  g e n e r a  ( f i g u r e  lO O ). The 

l a m e l l a r  i n t r a c y t o p l a s m i c  membranes o f  most, members o f  t h e  genus 

R h o d o s p i r i l l u m  c o n s i s t  o f  a  s t a c k ,  w hich  l i e s  at: a n  a c u t e  a n g le  t o  

t h e  c e l l  membrane,, w h i l e  t h e  l a m e l l a r  s ta c k ,  o f  t h e  genus 

E c t o t h i o r h o d o s p i r a  l i e  p a r a l l e l  t o  t h e  c e l l  membrane.- I n  t h e  budding- 

s p e c i e s  o f  t h e  g e n e r a  Rhodopseudomonas and Rhodom icrobium  t h e  

l a m e l l a e  a l s o  l i e  p a r a l l e l  t o  t h e  c e l l  membrane, b u t  c o n s i s t  o f  

c o n c e n t r i c  l a y e r s ,  r a t h e r  t h a n  t y p i c a l  s t a c k s .
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T h e  c h a r a c t e r i s t i c  m em brane  s t r u c t u r e s  a r e  p a r a l l e l e d  b y  c e r t a i n  

p h y s i o l o ' g x c a l  a n d  m o r p h o l o g i c a l  p r o p e r t i e s .  A l l  s p e c i e s  o f  t h e  

C h r o m a t i a c e a e , w h i c h  p o s s e s s  a  v e s i c u l a r  m em b ran e  s y s t e n r ,  a r e  c a p a b l e  

o f  d e p o s i t i n g  s u l p h u r  i n s i d e  t h e  c e l l , ,  w h e r e a s  t h e  s p e c i e s  o f  t h e  

R h o d o s p i r i l l a c e a e , w h i c h  h a v e  a  v e s i c u l a r  m em b ran e  s y s t e m ,  do  n o t ,  

a n d  a r e  o n l y  c a p a b l e  o f  p h o t o l i t h o t r o p h i c  u t i l i s a t i o n  o f  s u l p h i d e  i n  

t r a c e  a m o u n t s ,  d e p o s i t i n g -  s u l p h u r  o u t s i d e  t h e  c e l l , ,  w h i c h  i s  n o t  

f u r t h e r  o x i d i s e d , .  R h p s » s u l f i d o p h i l a  i s  e x c e p t i o n a l , ,  i n  t h a t  t h e  

o r g a n i s m  u t i l i s e s  q u i t e  h i g h ,  c o n c e n t r a t i o n s  o f  s u l p h i d e ,  u p  t o  0 . 1 ^  

( w / v ) ,  h a s  a  v e s i c u l a r  m em b ran e  s y s t e m ,  b u t  o x i d i s e s  s u l p h i d e  

d i r e c t l y :  t o  s u l p h a t e , ,  a p p a r e n t l y  w i t h o u t  e l e m e n t a l  s u l p h u r  a s  a n  

i n t e r m e d i a t e  ( H a n s e n  & V e ld k a m p ,  1973 ) ♦- T h e  m em b ers  o f  t h e  g e n u s  

R h o d o s p i r i l l u m ,  w h i c h  c o n t a i n  l a m e l l a r  m e m b ra n e s  o f  t h e  f i r s t  t y p e  

( f i g u r e s  1 1 , 2 ,  1 2 , 2 ) , .  a r e  i n c a p a b l e  o f  u t i l i s i n g  s u l p h i d e  o r  o t h e r  

r e d u c e d  s u l p h u r  co m p o u n d s  f o r  p h o t o l i t h o t r o p h i c  g r o v r t h  ( f i g u r e  1 0 0 ) , .  

O r g a n i s m s  v ; i t h  t h e  t h i r d  t y p e  o f  l a m e l l a r  m e m b ra n e s  ( f i g u r e s  1 1 .3 ,

1 2 . .3 )  y w h e n  c a p a b l e  o f  p h o t o l i t h o t r o p h i c  g r o w t h ,  o x i d i s e  s u l p h i d e  t o  

s u l p h a t e ,  w i t h o u t  e l e m e n t a l  s u l p h u r  a.s a n  i n t e r m e d i a t e ,  w h i l e  

o r g a n i s m s  p o s s e s s i n g  t h e  l a m e l l a r  m em b ran e  s y s t e m  c h a r a c t e r i s t i c  o f  

t h e  g e n u s  E c t o t h i o r h o d o s p i r a  ( f i g u r e s  1 3 .1 ,  1 4 .1 ,  55) c a p a b l e  

o f  p h o t o o x i d i s i n g -  s u l p h i d e  t o  s u l p h a t e ,  v i t h  e l e m e n t a l  s u l p h u r  a s  

a n  i n t e r m e d i a t e , ,  w h i c h  a c c u m u l a t e s  o u t s i d e  t h e  c e l l .  T h e r e  may, 

t h e r e f o r e ,  b e  a  c o n n e c t i o n  b e t w e e n  t h e  s u b c e l l u l a r  a r c h i t e c t u r e  a n d  

t h e  s u l p h u r  m e t a b o l i s m  o f  t h e  o r g a n i s m s ,  i n  p a r t i c u l a r ,  t h e  a b i l i t y  

t o  d e p o s i t  s u l p h u r  d u r i n g  t h e  p h o t o  o x i d a t i o n  o f  s u l p h i d e . .  A c c o r d i n g l y ,  

a p a r t ,  f r o m  m em bers  o f  t h e  g e n u s  E c t o t h i o r h o d o s p i r a , i n c l u d i n g  t h e  

g a s  v a c u o l a t e  s t r a i n s ,  s u l p h u r  g l o b u l e s  a r e  o n l y  d e p o s i t e d  

e x t r a c e l l u l a r l y  b y  m em b ers  o f  t h e  p u r p l e  p h o t o t r o p h i c  b a c t e r i a  w h i c h  

h a v e  a  v e s i c u l a r  m em b ran e  s y s t e m .  T h e  m em bers  o f  t h e  g r e e n :  

p h o t o t r o p h i c  b a c t e r i a ,  v ;h ic h  a l s o  d e p o s i t  s u l p h u r  o u t s i d e  t h e  c e l l .
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a r e  d i s t i n g u i s h a b l e  f rom  t h e  p u r p l e  p h o t o t r o p h i c  b a c t e r i a  b y  t h e  

p o s s e s s i o n  o f  b a c t e r i o c h l o r o p h y l l  o ,  d,, o r  e ,  an d  c a r o t e n o i d s  o f  t h e  

i s o r e n t e r a t e n e  . s e r i e s  ( t a b l e  l ) ,  a n d  t h e  p r e s e n c e  o f  c h lo ro s o m e s  ets 

t h e  p h o t o s y n t h e t i c a l l y  a c t i v e  m em branes. T hese  o rg a n is m s  a r e  c a p a b le  

o f  p h o t o o x i d i s i n g  s u l p h i d e  t o  s u l p h a t e ^  v i a  e l e m e n t a l  s u l p h u r  a s  a n  

i n t e r m e d i a t e , ,  w h ich  a c c u m u la te s  o u t s i d e  t h e  c e l l . .  However, ini t h e s e  

o rg a n is m s  t h e  c h lo ro s o ra e s  do n o t  a p p e a r  t o  b e  r e s p o n s i b l e  f o r  t h e  

f o r m a t i o n  o f  t h e  s u l p h u r  g l o b u l e s ,  a n d  a  v e s i c u l a r  i n v a g i n a t i o n  o f  

t h e  c e l l  membrane a p p e a r s  t o  a l lo w  t h e  f o r m a t i o n  o f  t h e  s u l p h u r  

g l o b u l e s , ,  w h ic h  a r e  t h e n  e x p e l l e d  from, t h e  c e l l  ( Puchkova e t  a l » ,

1975) -  Thus,,  t h e  p r e s e n c e  o f  v e s i c u l a r  i n v a g i n a t i o n s  o f  t h e  c e l l  

membrane a p p e a r  t o  b e  s i g n i f i c a n t  i n  t h e  f o r m a t i o n  o f  s u l p h u r  

g l o b u l e s . .  The m ethod b y  w h ic h  s u l p h u r  g l o b u l e s  a r e  e x c r e t e d  from 

t h e  c e l l s  o f  t h e  g en u s  E c t o t h i o r h o d o s p i r a  and  t h e  g a s  v a c u o l a t e  

s t r a i n s  i s  n o t  known, b u t  may b e  a t y p i c a l  i n  t h e  p u r p l e  p h o t o t r o p h i c  

b a c t e r i a . .

T h e re  a r e ,  t h e r e f o r e ,  c l e a r  p h y s i o l o g i c a l  and  s t r u c t u r a l  

g r o u p in g s ,  w h ich  d i f f e r  f ro n t  t h e  c u r r e n t  ta x o n o m ic  g ro u p in g s  o f  t h e  

p u r p l e  p h o t o t r o p h i c  b a c t e r i a . .  Very/ r e c e n t  p h y l o g e n e t i c  s u r v e y s  o f  

c e r t a i n , p h o t o t r o p h i c  b s n t e r i a ,  b a s e d  o n  I6S: rRUA and cy to ch ro m e  c  

s e q u e n c i n g  h a v e  s u p p o r t e d  t h e  v iew  t h a t  t h e  n a t u r e  o f  t h e  

i n t r a c y t o p l a s m i c  membranes,. in> a s s o c i a t i o n  w i t h  s u l p h u r  m e ta b o l i s m  

may; be  a  more v a l i d  g u id e  t o  t h e  p h y l o g e n e t i c  p o s i t i o n  o f  a  

p h o t o t r o p h i c  b a c te r iu m i  (A m bler e t  a l », 1979&5 197 9 b 5 D ic k e r s o n , ,  1 9 8 0 1 

G ib s o n  e t  a l . » 19795 W œ se  e t  a l . .» 1980)!, thaun i s  g r o s s  m orpho logy .

16s rRNA a n a l y s e s  show t h a t  t h e  p u r p l e  p h o t o t r o p h i c  b a c t e r i a  may be  

d i v i d e d  i n t o  g r o u p in g s  w h ic h  o f t e n  d i v i d e  c u r r e n t  g e n e ra . .  I n  p a r t i c u l a r ,  

t h e  o rg a n is m s  w h ic h  c o n t a i n  t h e  r a t h e r  p o o r l y  d e v e lo p e d  t u b u l a r  o r  

v e s i c u l a r  i n t r a c y t o p l a s m i c  membranes form  one c l o s e l y  r e l a t e d  g ro u p ,  

t h e  r e m a in d e r  o f  t h e  R h o d o s p i r i l l a c e a e  form' a  s e c o n d  g ro u p ,  a n d  t h e
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members o f  t h e  G h ro m a t ia o e a e , so  f a r  ex am in ed ,  a  t h i r d  ( f i g u r e  101 ) .  

The s e c o n d  g roup  a p p e a r s  t o  d i v i d e  i n t o  a t  l e a s t  two s u b - g r o u p s ,  w h ic h  

c o m p r i s e  t h e  l a m e l l a r  membrane c o n t a i n i n g  members o f  t h e  g e n e r a  

Rhodopseudom onas and  R hodom icrob ium , and  t h e  v e s i c u l a r  membrane 

c o n t a i n i n g  members o f  t h e  g en u s  R hodopseudom onas .. Cytochrom e c 

a n a l y s e s  show a  s i m i l a r  p a t t e r n  ( f i g u r e  1 0 2 ) , .  w h ic h  may b e  r e l a t e d  t o  

t h e  s t r u c t u r e  o f  t h e  i n t r a c y t o p l a s m i c  m em branes. T hese  r e s u l t s  a l s o  

s u g g e s t  t h a t  t h e  p u r p l e  s u l p h u r  an d  g r e e n  p h o t o t r o p h i c  b a c t e r i a  may 

o c c u p y  g ro u p s  d i s t i n c t  from  members o f  t h e  R h o d o s p i r i l l a c e a e .

W i th in  t h e  members o f  t h e  R h o d o s p i r i l l a c e a e  t h e r e  a p p e a r  t o  be  s e v e r a l  

g ro u p s  r e l a t i n g  t o  t h e  t u b u l a r ,  v e s i c u l a r ,  sind two> l a m e l l a r  

i n t r a c y t o p l a s m i c  membranes fo u n d  i n  members o f  t h i s  f a m i l y  ( D ic k e r s o n ,  

1 9 8 0 ) .  However,, members o f  t h e  g en u s  E c t o t h i o r h o d o s p i r a  h av e  n o t  

b e e n  i n c l u d e d  i n  t h e s e  s t u d i e s , ,  and  t h e i r  r e l a t i o n s h i p  t o  t h e  

v a r i o u s  p h y l o g e n e t i c  g r o u p in g s  i s  unknown.

P o l a r  l i p i d  a n a l y s e s  o f  c e r t a i n  members o f  t h e  R h o d o p s i r i l l a l e s  

showed t h a t  t h e r e  w ere s i m i l a r i t i e s  b e tw e e n  t h e  o rg a n is m s  i s o l a t e d  

from  t h e  K enyan  so d a  l a k e s ,  E . m o b i l i s  and  E . s h a p o s n i k o v i i , and  t h e  

members o f  t h e  C h ro m a t ia c e a e  exam ined  ( f i g u r e s  6 9 ,  TO), s u g g e s t i n g  

t h a t  t h e s e  members o f  t h e  g en u s  E c t o t h i o r h o d o s p i r a ,  and  t h e  g as  

v a c u o l a t e  s t r a i n s , ,  w ère  s i m i l a r  t o  t h e  C h r o m a t ia c e a e .  The l i p i d s  o f  

B . .ha lo  p h i  l a  and E . h a l o c h l o r i s  w e re ,  h o w ev e r ,  s i g n i f i c a n t l y  d i f f e r e n t  

from  t h o s e  o f  e i t h e r  o f  t h e  two f a m i l i e s  exam ined ..  T hese  r e s u l t s  

may: s u g g e s t  a  ta x o n o m ic  d i f f e r e n c e  betw een , t h e  e x t r e m e l y  h a l o p h i l i c  

members o f  t h e  g en u s  B e t  o t h i o r h o d o s p i r a  a n d  o t h e r  members o f  t h i s  

genus ..  S u c h  d i f f e r e n c e s  may r e f l e c t  t h e  u n u s u a l  p h y s i o l o g i c a l  

r e q u i r e m e n t s  o f  t h e s e  s p e c i e s  f o r  h i g h  s a l i n i t y . .  However, c e l l s  o f  

B . h a l o p h i l a  do n o t  c o n t a i n  l i p i d s  c h a r a c t e r i s t i c  o f  t h e  h a l o b a c t e r i a ,  

amd none o f  t h e  enzymes from; B . h a l o p h i l a  h a v e  b e e n  show n t o  r e q u i r e  

h i ^  c o n c e n t r a t i o n s  o f  s a l t ,  a s  do some o f  t h e  enzymes o f  t h e
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Rhps viridis
Rhm vannielii
Rhps palustris
Rhps sphaeroide
Rhps capsulata
Rhsp rubrum
Chromatiura sp.
Rhsp tenue
Rhps gelatinosa

Figur€ 101 Phylogenetic division of the Rhodospirillineae 
based upon 16S rRNA analysis

Analysis o f  the 16S rRNA content of members of the 
Rhodospirillineae results in the division of the suborder 
into several distinct groupings (Gibson et al., 1979; Woese 
et al., 1980), which are not consistent with the present 
taxonomic groupings (Pfennig & TrUper, 1974; Trüper & Pfennig, 
1978). The major divisions are, however, consistent with 
the groupings produced by membrane type. These results also 
suggest that the budding species of the genus Rhodopseudomonas 
may constitute a taxonomic group separate from other members 
of the genus Rhodopseudomonas.
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  R h sp .fu lv u m

Rhsp m o lisc h ia m im

Rhps v i r i d i s

Rhm v a n n i e l i i

Rhps a c i d o p h i l s

Rhps p a l u s t r i s

Rhps c a p s u l a t a

Rhps sphaero ideaB

T h io c a p s a  p f s n n i g i i

Chrom âtiiim sp

Rhps g e l a t i n o s a

Rhsp t e n u e

F i g u r e  102 P h y l o g e n e t i c  d i v i s i o n s  o f  t h e  R h o d o s p i r i l l i n e a e

"based uponi c y to ch ro m e  c  a n a l y s i s .

The p h y l o g e n e t i c  d i v i s i o n s  o b t a i n e d  "by e m a ly s i s  o f  t h e  

cy to ch ro m e  c  fo u n d  i n  members o f  t h e  R h o d o s p i r i l l i n e a e  r e s u l t s  

i n  s i m i l a r  g r o u p in g s  t o  t h o s e  o b t a i n e d  from  16S rRNA a n a l y s i s  

( f i g u r e  1 0 1 ) .  T h ese  r e s u l t s  i n d i c a t e  t h a t  t h e  c u r r e n t  taxonom y, 

u s e d  t o  c h a r a c t e r i s e  t h e s e  o r g a n i s m s ,  d o es  n o t  n e c e s s a r i l y ^  r e f l e c t  

t h e  p o s s i b l e  e v o l u t i o n a r y  r e l a t i o n s h i p s  o f  t h e  o rg a n is m s  

(A m bler e t  a l . ,  1979a ; 1979h; D ic k e rso n »  1980 ) . .
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h a l o b a c t e r i a  ( T a M ta  & McPadden, 197&; Bay l e y  & M orton , 1 9 7 8 ) .  

A c c o r d in g l y ,  u n l i k e  t h e  h a l o b a c t e r i a ,  t h e  e x t r e m e ly  h a l o p h i l i c  

members o f  t h e  genus E c t o t h i o r h o d o s p i r a  do n o t  a p p e a r  t o  be  

a r c h a e b a c t e r i a ,  an d  a r e  n o t ,  t h e r e f o r e ,  p h y l o g e n e t i c a l l y  d i s t i n c t  

from  o t h e r  p h o t o t r o p h i c  b a c t e r i a .  A p a r t  from  t h e i r  u n u s u a l  l i p i d  

c o m p o s i t i o n : t h e  e x t r e m e ly  h a l o p h i l i c  s p e c i e s ,  E . h a l o p h i l a , 

S . h a l o c h l o r i s , and  E . a b d - e l - m a l e k i i  a r e  b i p o l a r l y  f l a g e l l a t e  

( im h o f f  & T r u p e r ,  1977,; 1978; p e r s o n a l  co m m u n ica tio n ;  Raymond & 

S i s t r o m ,  1967 ; 1 9 6 9 )» a  f e a t u r e  r e s t r i c t e d  t o  t h e s e  members o f  t h e  

p u r p l e  s u lp h u r  b a c t e r i a ,  and a l l  t h r e e  s p e c i e s  a r e  l a r g e r  t h a n  c e l l s  

o f  t h i s  genus  which, a r e  n o t  e x t r e m e ly  h a l o p h i l i c ,  and a r e  t y p i c a l l y  

s p i r i l l a ,  c e l l s  o f  E . m o b i l i s  an d E . s h a p o s n i k o v i i  b e i n g  t y p i c a l l y  

v i b r i o s .  The d i f f e r e n c e s  i n  c e l l  sh a p e  w ere a l s o  r e f l e c t e d  i n  t h e  

a s s ig n m e n t  o f  an  e x t r e m e ly  h a l o p h i l i c  member o f  t h i s  genus  t o  t h e  

genus  R h o d o s p i r i l lu m  (B a a s -B e c k in g ,  1928; vani N i e l ,  1933)* and  t h e  

low s a l i n i t y  r e q u i r i n g  s t r a i n s  t o  t h e  genus  Rhodopseudomonas 

( K o n d r a t i e v a ,  1956; O n i t s k a y a ,  1954 ; S c a r d o v i ,  1950; Yang ff i i i-E ang , 

1962).

T h e r e  w o u ld  a p p e a r  t o  b e  som e j u s t i f i a c t i o n  f o r  r e g a r d i n g  t h e  

e x t r e m e l y  h a l o p h i l i c  m em b ers  o f  t h e  g e n u s  E c t o t h i o r h o d o s p i r a  a s  

b e i n g  t a x o n o m i c a l l y  d i s t i n c t  f r o m  o t h e r  m em b ers  o f  t h e  g e n u s  

E c t o t h i o r h o d o s p i r a ,  h o w e v e r ,  t h e s e  d i f f e r e n c e s  may b e  e n t i r e l y  d u e  

t o  t h e  e x t r e m e  n a t u r e  o f  t h e  e n v i r o n m e n t  i n  w h i c h  t h e  f o r m e r  o r g a n i s m s  

e v o l v e d  r a t h e r  t h a n  t h e  r e s u l t  o f  s e p a r a t e  g e n e t i c  e v o l u t i o n .  T h e  

c o m p a r i s o n  b e t w e e n  t h e s e  m em bers  o f  t h e  p r e s e n t  g e n u s  

E c t o t h i o r h o d o s p i r a  a n d  o t h e r  m em b ers  o f  t h e  p h o t o t r o p h i c  b a c t e r i a  

i s ,  h o w e v e r ,  n o t  c o m p r e h e n s i v e  e n o u g h  t o  a l l o w  f i r m  c o n c l u s i o n s  t o  

b e  d r a w n .  T he  r e s u l t s  o f  a  c o m p a r i s o n  o f  t h e  DMA o f  m em b ers  o f  t h i s  

g e n u s  ( i m h o f f ,  i n  p r e p a r a t i o n ) , a n d  a  m ore  e x t e n s i v e  s t u d y  o f  t h e  

c e l l  e n v e l o p e  may p r o v i d e  m o re  d e f i n i t e  i n f o r m a t i o n  o n  t h e  t a x o n o m i c
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p o s i t i o n  o f  t h e s e  two p h y s i o l o g i c a l l y ,  b i o c h e m i c a l l y ,  and 

m o r p h o l o g ic a l ly  d i s t i n c t  g ro u p s  w i t h i n  t h e  genus  E c t o t h i o r h o d o s p i r a .

Members o f  t h e  genus  E c t o t h i o r h o d o s p i r a  ( i n c l u d in g ,  t h e  gas  

v a c u o l a t e  s t r a i n s  ) ,  t h e r e f o r e , d i f f e r  from  members o f  t h e  

C h ro m a t ia c e a e  by v i r t u e  o f  t h e i r  s u lp h u r  m e ta b o l i sm  and  m orpho logy , 

and may be  c o n s i d e r e d  t o  have  b e e n  p l a c e d  i n  a  f a m i ly  o f  c o n v e n ie n c e ,  

i n  t h a t  t h e y  a r e  p u r p l e  s u lp h u r  b a c t e r i a .  I t  may b e  a rg u e d  t h a t  

t h e s e  o rg a n is m s  c o n s t i t u t e i  a  s e p a r a t e  tax o n o m ic  g roup  a t  a  h i g h e r  

r a n k i n g  t h a n  th e  p r e s e n t ,  w hich  may be d i s t i n g u i s h e d  from t h e  

C h ro m a t ia c e a e  and R h o d o s p i r i l l a c e a e  on a  number o f  c r i t e r i a  ( t a b l e s  1 , 

17 ) .  The c r i t e r i o n  o f  M o lisc h  ( I 9 0 7 ) ,  a s  d i s c u s s e d  by  P f e n n ig  ( 1977 ) ,  

s h o u ld  n o t  s t r i c t l y  a l l o w  t h e  i n c l u s i o n  o f  t h e  genus  E c t o t h i o r h o d o s p i r a  

i n  t h e  f a m i l y  C h ro m a t ia c e a e , s i n c e  M o lis c h * s  o r i g i n a l  d i s t i n c t i o n  

be tw een  t h e  two f a m i l i e s ' T h io rh o d o a c e a e  (C h ro m a t ia c e a e ) and 

A th io rh o d o aceae" ' ( R h o d o s p i r i l l a c e a e ) was b a s e d  s o l e l y  on m orphology , 

and  t h e  p r e s e n c e  o f  s u lp h u r  g l o b u l e s  w i t h i n  c e l l s  o f  t h e  T h io r h o d a c e a e .  

The c u r r e n t  o r d e r  R h o d o s p i r i l l a l e s  m a in t a i n s  t h e  e a r l y  tax o n o m ic  

g ro u p s ,  and  i s  s u b d i v i d e d  i n t o  tw o  s u b o r d e r s ,  t h e  R h o d o s p i r i l l i n e a e  

and C h lo r o b i in e a e  ( t a b l e  l ) ,  c o r r e s p o n d in g  t o  t h e  p u r p l e  an d  g re e n  

p h o t o t r o p h i c  b a c t e r i a  r e s p e c t i v e l y  ( p f e n n i g ,  197711 P f e n n ig  &: T r u p e r ,  

1974; T r u p e r  & P f e n n ig ,  1 9 7 8 ) .  W i th in  t h e  R h o d o s p i r i l l i n e a e  two 

f a m i l i e s  a r e  r e c o g n i s e d ,  b a s e d  on M o lis c h * s  c r i t e r i o n ,  t h e  f a m i ly  

C h ro m a t ia c e a e  c o m p r i s in g  t h o s e  s p e c i e s  d e p o s i t i n g  s u lp h u r  g lo b u l e s  

w i t h i n  t h e  c e l l ,  and  p o s s e s s i n g  an  i n t r a c y t o p l a s m i o  membrane sy s tem  

o f  t h e  v e s i c u l a r  o r  t u b u l a r  t y p e ,  b u t  a l s o  i n c l u d e s  t h e  genus  

E c t o t h i o r h o d o s p i r a , w h ich  d e p o s i t s  s u lp h u r  e x t r a c e l l u l a r l y  and  h a s  

an i n t r a c y t o p l a s m i c  membrane s y s te m  o f  t h e  l a m e l l a r  t y p e .  The 

f a m i ly  R h o d o s p i r i l l a c e a e  c o m p rise  t h o s e  s p e c i e s  w h ic h  do n o t  c o n t a i n  

s u lp h u r  w i t h i n  t h e  c e l l s ,  and have  an i n t r a c y t o p l a s m i c  membrane 

sy s tem  o f  t h e  v e s i c u l a r ,  t u b u l a r , o r  l a m e l l a r  t y p e .  T hus , members
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o f  t h e  gen u s  E c t o t h i o r h o d o s p i r a , i n c l u d i n g  t h e  g a s  v a c u o l a t e  s t r a i n s ,  

r e s e m b le  members o f  t h e  R h o d o s p i r i l l a c e a e  i n  t h e i r  f i n e  s t r u c t u r e  

and  m orphology  ( P f e n n i g ,  1 9 7 7 )» b u t  a r e  c h a r a c t e r i s e d ,  by t h e i r  

a b i l i t y  t o  d e p o s i t  s u l p h u r  e x t r a c e l l u l a r l y ,  w h ich  i s  f u r t h e r  

o x i d i s e d  t o  s u l p h a t e ,  and  i n  t h i s  r e s p e c t  may be  c o n s id e r e d  t o  b e  

s i m i l a r  t o  members o f  t h e  C h lo r o b i a c e a e . However, s i n c e  t h e y  do n o t  

c o n t a i n  c h lo ro s o m e s ,  b a c t e r i o c h l o r o p h y l l  c ,  d ,  o r  e ,  and c a r o t e n o i d s  

o f  t h e  i s o r e n i e r a t e n e  s e r i e s ,  and a r e  f l a g e l l a t e ,  t h e y  c a n n o t  

p r o p e r l y  be  c o n s i d e r e d  a s  b e l o n g in g  w i t h i n  t h i s  f a m i l y .

On m o r p h o lo g ic a l  g ro u n d s  i t  h a s  b een  a rg u e d  t h a t  t h i s  g roup  o f  

p u r p l e  s u lp h u r  b a c t e r i a ,  w hich  d e p o s i t  s u lp h u r  o u t s i d e  t h e  c e l l ,  

s h o u ld  a p p r o p r i a t e l y  be accom odated  i n  t h e  f a m i ly  R h o d o s p i r i l l a c e a e  

u n d e r  t h e  p r e s e n t  ta x o n o m ic  sy s tem  ( P f e n n ig ,  1 9 7 7 ) .  The GC: v a l u e s  

a r e  a l s o  i n  ag ree m en t w i th  t h o s e  from  t h e  R h o d o s p i r i l l a c e a e , w hich  

fo rm  a  t i g h t  g roup  ( t a b l e  4 ) .  However, t h e r e  a r e  c e r t a i n  f e a t u r e s  

w h ich  make t h e  genus  E c t o t h i o r h o d o s p i r a  d i f f i c u l t  t o  accom odate  i n  

t h e  p r e s e n t l y  d e f i n e d  t a x a .  A p a r t  from  d i f f e r e n c e s  i n  s u lp h u r  

m e ta b o l i s m ,  members o f  t h e  R h o d o s p i f i l l a c e a e  do n o t  c o n t a i n  gas  

v a c u o l e s ,  and  t h e  i n c l u s i o n  o f  t h e  g as  v a c u o l a t e  E c t o t h i o r h o d o s p i r a -  

l i k e  s t r a i n s  i n  t h i s  f a m i ly  would b e  anom alous ,  u n l e s s  t h e  f a m i ly  

was r e d e f i n e d .  L ip id  a n a l y s e s  a l s o  i n d i c a t e  t h a t  most members o f  

t h e  genus  E c t o t h i o r h o d o s p i r a  and t h e  g a s  v a c u o l a t e  s t r a i n s  w ere 

more s im ilau r t o  members o f  t h e  C h ro m a t ia c e a e  ( f i g u r e  69 ,  7 0 ) ,  

a l t h o u g h  t h e  e x t re m e ly  h a l o p h i l i c  s p e c i e s  o f  E c t o t h i o r h o d o s p i r a  a r e  

a  n o t a b l e  e x c e p t i o n .  A d d i t i o n a l l y ,  e x a m in a t io n  o f  t h e  c e l l  w a l l  o f  

members o f  t h e  R h o d o s p i r i l l i n e a e  f o r  t h e  p r e s e n c e  o f  e n t e r o b a c t e r i a l  

*0 * a n t i g e n s  h a s  shown t h a t  t h e y  a r e  p r e s e n t  i n  members o f  t h e  

R h o d o s p i r i l l a c e ae and C h ro m a t ia c e a e , b u t  n o t  i n  c e r t a i n  members o f  

t h e  genus  E c t o t h i o r h o d o s p i r a  (Drews e t  a l , , 1978; T r u p e r ,  p e r s o n a l  

c o m m u n ic a t io n ) .
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F u r t h e r  i n v e s t i g a t i o n s  o f  t h e  l i p i d  c o n t e n t  may p r o v e  u s e f u l ,  

s i n c e  i n v e s t i g a t i o n s  o f  t h e  n e u t r a l  l i p i d  f r a c t i o n s  h a v e  sh o w n  t h a t  

h o p a n o i d s  a r e  p r e s e n t  i n  m em bers  o f  t h e  R h o d o s p i r i l l a c e a e .  b u t  n o t  

i n  m em b ers  o f  t h e  C h r o m a t i a c e a e  a n d  C h l o r o b i a c e a e  ( O u r i s s o n  e t  a l . ,  

1979; R o h m er  e t  a l . ,  1 9 7 9 ) .  T h e  m em b ers  o f  t h e  C h r o m a t i a c e a e  a n d  

C h l o r o b i a c e a e ,  b y  v i r t u e  o f  t h e  a b s e n c e  o f  h o p a n o i d s ,  p r o b a b l y  

c o n t a i n  s q u a l e n e s  o r  s i m i l a r  c o m p o u n d s .  T h e s e  r e s u l t s  a r e  c o n s i s t e n t  

w i t h  t h e  v i e w  t h a t  t h e  m a j o r  n e u t r a l  l i p i d s  f o u n d  i n  t h e  c e l l s  o f  

p r o k a r y o t e s  emd e u k a r y o t e s  may b e  i n d i c a t i v e  o f  p h y l o g e n e t i c  

g r o u p i n g s .  T h i s  v i e w  i s  a l s o  s u p p o r t e d  b y  t h e  f i n d i n g  t h a t  

i s o p r e n o i d s ,  s u c h  a s  s q u a l e n e ,  o r  c a r o t e n o i d s ,  a n d  h o p a n o i d s  may 

f u n c t i o n a l l y  r e p l a c e  s t e r o l s  i n  t h e  c e l l s  m em b ran e  ( L a n y i  e t  a l . , 

1974; O u r i s s o n  e t  a l . ,  1979; R o h m er  e t  a l . ,  1 9 7 9 ) . T h e  m a j o r  

g r o u p i n g s ,  t h e r e f o r e ,  c o r r e s p o n d  t o  t h o s e  o r g a n i s m s  w h ic h  c o n t a i n  

e i t h e r  i s o p r e n o i d s ,  h o p a n o i d s ,  o r  s t e r o l s ,  r e s p e c t i v e l y ,  a s  t h e  

m a j o r  n e u t r a l  l i p i d s  i n  t h e  c e l l .  T h e  g r o u p i n g s  c r e a t e d  b y  n e u t r a l  

l i p i d  a n a l y s i s  a r e  n o t  e n t i r e l y  c o n s i s t e n t  w i t h  p r e s e n t  t a x o n o m i c  

d i v i s i o n s  ( O u r i s s o n  e t  a l . , 1979; R o h m er e t  a l . ,  1 9 7 9 ) > h o w e v e r ,  

t h e s e  r e s u l t s  a p p e a r  t o  b e  c o n s i s t e n t  w i t h  t h e  p h y l o g e n e t i c  g r o u p i n g s  

p r o p o s e d  b y  16S> rRNA a n d  c y t o c h r o m e  c a n a l y s e s  ( A m b le r  e t  a l . ,

1979a; 1979b; D ic k e r s o n ,  1980; G ibson  e t  a l . ,  1 9 7 9 )»

I t  w o u l d  b e  p o s s i b l e  t o  a c c o m o d a t e  t h e  E c t o t h i o r h o d o s p i r a - l i k e  

o r g a n i s m s  i n  a  s e p a r a t e  f a m i l y ,  b a s e d  u p o n  t h e  u n i q u e  p r o p e r t i e s  o f

t h e s e  o r g a n i s m s .  S i n c e  P e l s h  (1937 )  p r o p o s e d  t h a t  t h e  g e n u s

^  / /  

E c t o t h i o r h o d o s p i r a  b e  p l a c e d  i m  t h e  E c t o t h i o r h o d a c e a e , t h e  t a x o n o m y

o f  t h e  p h o t o t r o p h i c  b a c t e r i a  h a s  b e e n  l i t t l e  a l t e r e d ,  a n d  t h i s  g e n u s

c u r r e n t l y  o c c u p i e s  a n  u n s a t i s f a c t o r y  p o s i t i o n  i n  t h e  C h r o m a t i a c e a e .

vV
P e l s h * s  o r i g i n a l  f a m i l y  n a m e ,  E c t o t h i o r h o d a c e a e , i s  i l l e g i t i m a t e .

I f  t h e  E c t o t h i o r h o d o s p i r a - l i k e  o r g a n i s m s ,  w h e t h e r  c o n s i s t i n g  o f  o n e  

o r  m ore  g e n e r a ,  w e re  t o  b e  p l a c e d  i n  a  new f a m i l y ,  t h e n  i t  s h o u l d
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be t h e  E c t o t h i o r h o d o s p i r a c e a e , i n  w h ich  t h e  ty p e  s p e c i e s  i s  

E c t o t h i o r h o d o s p i r a  m o b i l i s  ( T r u p e r ,  1 9 6 8 ) .  The E c t o t h i o r h o d o s p i r a c e a e  

c o u ld  be  d e f i n e d  a s  c o n t a i n i n g  t h o s e  s p e c i e s  w h ich  grow o p t i m a l l y  

a t  pH 9 . 0 - 1 0 . 0 ,  p h o t o o r g a n o t r o p h i c a l l y ,  d e p o s i t  s u lp h u r  o u t s i d e  t h e  

c e l l  d u r i n g  t h e  p h o t o o x i d a t i o n  o f  s u l p h i d e  t o  s u l p h a t e ,  p o s s e s s  

b a c t e r i o c h l o r o p h y l l  a  o r  b ,  c a r o t e n o i d s  o f  t h e  n o rm a l s p i r i l l o x a n t h i n  

s e r i e s  and  g l u c o s i d e s  o f  t h e s e  c a r o t e n o i d s ,  and  h ave  an 

i n t r a c y t o p l a s m i c  membrane sy s tem  o f  t h e  l a m e l l a r  t y p e ,  i n  w hich  

t h e  l a m e l l a e  o f  t h e  s t a c k  a r e  c o n t in u o u s  w i th  one a n o t h e r ,  r a t h e r  

t h a n  d i s c o n t i n u o u s ,  a s  i n  t h e  l a m e l l a r  c o n t a i n i n g  members o f  t h e  

R h o d o s p i r i l l a c e a e  ( t a b l e  1 ? ) .  The o rg a n ism s  a r e  c a p a b le  o f  

p h o t o l i t h o t r o p h i c  g ro w th  i n  t h e  p r e s e n c e  of. p o l y s u l p h i d e s ,  may be 

f l a g e l l a t e l y  m o t i l e ,  may c o n t a i n  g a s  v a c u o l e s ,  and  r e p r o d u c e  by 

b i n a r y  f i s s i o n .  The r e s u l t i n g - t h r e e  t a x a  ( t a b l e  1 7 ) ,  t h e  e x i s t i n g  

R h o d o s p i r i l l a c e a e , C h ro m a t ia c e a e  ( l e s s  t h e  genus  E c t o t h i o r h o d o s p i r a ) , 

and  t h e  p r o p o s e d  new f a m i l y ,  E c t o t h i o r h o d o s p i r a c e a e , w ould , t h e r e f o r e ,  

c o n s t i t u t e  c l e a r  e c o l o g i c a l  a n d  p h y s i o l o g i c a l  g r o u p s .

A t a x o n o m i c a l l y  i n t e r m e d i a t e  p o s i t i o n  f o r  t h e  g e n u s  

E c t o t h i o r h o d o s p i r a , i n c l u d i n g  t h e  g a s  v a c u o l a t e  s t r a i n s ,  b e t w e e n  t h e  

C h r o m a t i a c e a e  a n d  R h o d o s p i r i l l a c e a e  ( t a b l e  17) i s  s t r o n g l y  s u g g e s t e d  

b y  c e r t a i n  d a t a .  I n  p a r t i c u l a r ,  som e s t r a i n s  u t i l i s e  s u l p h i d e  

p o o r l y ,  t h u s  r e s e m b l i n g  m em bers  o f  t h e  R h o d o s p i r i l l a c e a e , a l t h o u g h  

e l e m e n t a l  s u l p h u r  i s  d e p o s i t e d  o u t s i d e  t h e  c e l l  a n d  i s  f u r t h e r  

o x i d i s e d  t o  s u l p h a t e , l i k e  m em bers  o f  t h e  C h r o m a t i a c e a e . T h e  

r e l a t i o n s h i p  o f  t h e  g e n u s  E c t o t h i o r h o d o s p i r a  a n d  t h e  g a s  v a c u o l a t e  

s t r a i n s  t o  o t h e r  m em b ers  o f  t h e  R h o d o s p i r i l l i n e a e  i s  c e n t r a l  t o  t h e  

d i s c u s s i o n  o f  t h e  m e r i t s  o f  t h e  c u r r e n t  t a x o n o m y  o f  t h e  p h o t o t r o p h i c  

b a c t e r i a  a s  c o m p a r e d  t o  t h e  s u g g e s t i o n s  made b y  t h e  u s e  o f  

p h y l o g e n e t i c  a n a l y s e s  (A m b le r  e t  a l . , 1979a-; 1979b; D i c k e r s o n ,  I 98O; 

G i b s o n  e t  a l . , 1979; O u r i s s o n  e t  a l . , 1979; R o h m er e t  a l . , 1979;



r
Table 17. A possible taxonomy of the Rhodospirillineae

Order

Rhodospirillales

Suborder

Rhodospirillineae

I
ro0\
t

Family I  

Rhodospirillaceae 

as table 1

Family II 

Ectothiorhodospiraceae 

c e lls  m otile, multiply by binary fiss io n , have pH optima 

between 8.0 and 10.0, contain lamellar intracytoplasmic 

membranes of type IV (figure 100). Deposit sulphur 

globules outside the c e ll  during the photooxidation 

of sulphide to sulphate.

Family III 

Chromatiaceae 

as table 1

Ectothiorhodospira 

Cells polarly flagella te  

do not contain gas vacuoles 

ce lls  short rods to vibrios 

lipid composition similar to 

members of the Chromatiaceae 

e.g . E.mobilis

(Ectothiohalospira?)

Cells bipolarly fla g e lla te  

do not contain gas vacuoles 

c e lls  d istin ct sp ir illa  

d istin ctive  lip id  composition 

extremely halophilic 

e .g . E.halophila

(Ectothiorhodocystis ?) 

Cells polarly flagellate  

contain peripherally 

located gas vacuoles 

c e lls  short rods, may be 

slig h tly  curved, lip id  

composition similar to 

member of the Chromatiaceae

e .g . strain B3
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Woese e t  a l . , 1980).  C u r r e n t l y  th e  p re sen ce  o f  ges  v a c u o le s ^ i s  

one o f  t h e  c r i t e r i a  u sed  t o  d i s t i n g u i s h  g en era  o f  th e  R h o d o s p i r i l l a l e s , 

However, such: d i f f e r e n c e s  hetweem gas v a c u o la te  and  non^gas • 

v a c u o la te  g e n e ra  a r e  u s u a l l y  su p p o r ted  hy o th e r  d a t a ,  a l t h o u ^  in  

th e  case  o f  t h e  g e n e ra  Chlorohium and P e lo d ic ty o n  t h i s  i s  n o t  t r u e .  

C u rre n t  taxonom ic recommendations and th e  p r e s e n t  t a x a  o f  th e  

R h o d o s p i r i l l a l e s  su g g e s t  t h a t  t h e  gas v a c u o la te  E c to th io rh o d o s p i ra -  

l i k e  o rgan ism s a r e  ta x o n o m ic a l ly  d i s t i n c t  from a l l  p r e v io u s l y  

d e s c r ib e d  s p e c i e s ,  and may j u s t i f y  i n c lu s io n  i n  a  new genus , f o r  

which t h e  name E c to tfa io rh o d o c y s t is  wouM be a p p r o p r i a t e .  However,, 

such a  taxonom ic p ro p o sa l  would be unw ise, i n  t h e  l i # i t  o f  th e  

p r e s e n t  u n c e r t a i n t y  ab o u t  th e  s t a t u s  o f  gas v ac u o le s  i n  th e  

taxonomy o f  b a c t e r i a . .  These organism s sh o u ld ,  t h e r e f o r e ,  be p la c e d  

in  th e  same h ig h e r  ta x o n  a s  o th e r  members o f  t h e  genus 

E c to th io rh o d o s p i ra .  Thus, th e  t h r e e  ty p e  s t r a i n s ,  E3, M2, and M4 

may a l s o  be  d e s c r ib e d  a s  gas v a c u o la te  members o f  th e  genus 

E c to th io rh o d o s p i r a , and th e y  may c o n s t i t u t e  new ta x a  w i th in  t h i s  

genus.
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EXTREMELY HALOPHILIC BACTERIA.

E x t re m e ly  h a l o p h i l i c  b a c t e r i a ,  b e lo n g in g -  t o  t h e  f a m i ly

H a l o b a c t e r i a c e a e , h av e  b een  i s o l a t e d ,  from a  number o f  s a l i n e

e n v i ro n m e n ts ,  i n c l u d i n g  t h e  s e a  (B r is o u :  e t  a l . , 1974; C o lw e l l  e t  a l . ,

1979; E l a z a r i - V o l c a n i ,  1940; G onza lez  e t  a l . , 1978; Im h o ff  e t  a l . ,

1978b ;  M ullakhsuibhai & L a r s e n ,  1975; N issenbaum , 1975; P o s t ,  1977;

R o d r ig u e z - V a le r a  e t  a l . , 1979; T om lin son  & H o c h s te in ,  1972b, I 9 7 6 ) .

However, most i s o l a t e s  h av e  b een  o b t a i n e d  from  s o l a r  s a l t ,  s a l t e d

f i s h ,  o r  s a l t e d  h i d e s ,  and  t h e  o rg a n is m s  i s o l a t e d  from  t h e s e  s o u r c e s

h a v e ,  g e n e r a l l y  shown o p t im a l  g ro w th  u n d e r  s i m i l a r  c o n d i t i o n s .  T h is

i s  h a r d l y  s u r p r i s i n g ,  s i n c e  s o l a r  s a l t  u s e d  f o r  s a l t i n g  f i s h  and

h i d e s  i s  made by e v a p o r a t i o n  o f  s e a  w a te r ,  and s o l a r  s a l t  p ro d u c e d

i n  many p a r t s  o f  t h e  W orld h a s ,  t h e r e f o r e ,  a  r e l a t i v e l y  c o n s t a n t

c h e m ic a l  c o m p o s i t io n .

I n v e s t i g a t i o n s  o f  more d i v e r s e  h i g h l y  s a l i n e  e n v i ro n m e n ts  h a s

shown t h a t  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  may e x i s t  i n  s i t u a t i o n s

w here t h e  pH i s  l e s s  c l o s e  t o  n e u t r a l i t y ,  and t h e  d i v a l e n t  i o n s  a r e

p r e s e n t  i n  e i t h e r  much: h i g h e r  o r  lo w er  c o n c e n t r a t i o n s  th a n  i n  t h e

s a l t e r n  l i q u o r -  d e r i v e d  from  s e a  w a t e r .  I n  t h e s e  s i t u a t i o n s ,  t h e

o p t im a l  c o n d i t i o n s  f o r  g row th  o f  t h e  o rg a n ism s  i s o l a t e d  may r e f l e c t

t h e  i o n i c  c o m p o s i t io n  o f  t h e  e n v i ro n m e n t ,  e . g .  H . v o l c a n i i , w h ich  was

i s o l a t e d  from  t h e  Dead S ea  and grows o p t i m a l l y  a t  pH 6 ,8  i n  a  medium

2+c o n t a i n i n g  1.7M Mg and 1 . 7 - 2 . DM NaCl, c o n c e n t r a t i o n s  a p p r o x im a t i n g  

t o  t h o s e  found  i n  t h e  Dead S ea  (M u lla k h a n b h a i  & L a rse n  , 1 9 7 5 ) .

However, H .m a r i s m o r tu i  ̂and  H . t r a p a n ic u m , w h ich  w ere a l s o  i s o l a t e d  

from  t h e  Dead S e a ,  do n o t  a p p e a r  t o  show s i m i l a r  op tim a  ( E l a z a r i -  

V o lc a n i ,  1940 ; 195 7 )* R e c e n t ly  e x t re m e ly  h a l o p h i l i c  b a c t e r i a  have

b een  d e s c r i b e d  i n  a l k a l i n e ,  h i g h l y  s a l i n e  A f r i c a n  l a k e s ,  w here t h e

2+Mg c o n c e n t r a t i o n s  a r e  v e r y  low , and t h e  pH. 1 0 .0 - 1 1 ,0  ( im h o f f  e t  a l , ,, 

1978b ;  T i n d a l l  e t  a l . , 1 9 8 0 ) .  O rganism s i s o l a t e d  from  t h e  G re a t
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S a l t  Lake , U ta h ,  w hich  h a s  a  pH o f  8 ,2  and and NaCl

c o n c e n t r a t i o n s  o f  lOOmM and 1.5M r e s p e c t i v e l y  i n  t h e  s o u th e r n  arm, 

may he c a p a b le  o f  t o l e r a t i n g  t h e  g row th  c o n d i t i o n s  fou n d  t o  be 

o p t im a l  f o r  t h e  o rg a n is m s  from t h e  more a l k a l i n e  A f r i c a n  Lakes 

( L i t c h f i e l d ,  p e r s o n a l  co m m u n ica tio n ;  P o s t ,  1977)> b u t  p r e c i s e  

c o n d i t i o n s  f o r  o p t im a l  g row th  o f  t h e s e  o rg a n is m s  h a s  n o t  b een  

p u b l i s h e d .  Thus, e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  may w e l l  b e  found  

o v e r  a  w ide ra n g e  o f  pH, i n  most h i g h l y  s a l i n e  e n v i ro n m e n ts ,  show ing 

s p e c i f i c  a d a p t a t i o n  t o  l o c a l  c o n d i t i o n s .

The h a l o b a c t e r i a  and  h a l o c o c c i  a r e  d i s t i n g u i s h e d  from most o t h e r  

b a c t e r i a  and a l l  e u k a r y o t e s  by t h e i r  c h a r a c t e r i s t i c  l6S rRNA 

c a t a l o g u e ,  w hich  s u g g e s t s  t h a t  t h e y  c o n s t i t u t e  a  d i s t i n c t  p h y l o g e n e t i c  

a s  w e l l  a s  taxonom ic  g ro u p  (Magrura e t  a l . , 19 7 3 )•  The l6S  rRNA 

c a t a l o g u e  o f  t h e  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  shows g r e a t e s t  

s i m i l a r i t i e s  t o  t h e  t h e r r a o a c i d o p h i l i c  b a c t e r i a ,  r e p r e s e n t e d  by t h e  

g e n e r a  Therm oplasm a and  S u l f o lo b u s  ( B r i e r l e y  & B r i e r l e y ,  1973; Be 

R osa  e t  a l . , 1975; Magrum e t  a l . , 1978; Z i l l i g  e t  a l . , 1 9 8 0 ) ,  and 

t h e  m e th a n o g e n ic  b a c t e r i a  (B a lc h  e t  a l . , 1979; Magrum e t  a l . , 1 9 7 8 ) .  

T hese  t h r e e  g r o u p s 9 t h e  ex trem e  h a l o p h i l e s ,  t h e  t h e r m o a c i d o p h i l i c ,  

and t h e  m e th an o g en ic  b a c t e r i a  a r e  known a s  t h e  u rk ingdom  

A r c h a e b a c t e r i a  (Woese & Pox, 1977; Woese e t  a l . , 1 9 7 8 ) ,  a  name 

i n t e n d e d  t o  d e n o te  a n t i q u i t y ,  and c h a r a c t e r i s e d  by o rg a n is m s  w hich  

occupy  ex tre m e  e n v i ro n m e n ts  by p r e s e n t  s t a n d a r d s .  The a n o x ic ,  h i g h l y  

s a l i n e ,  o r  h o t  a c i d  e n v i ro n m e n ts ,  i n  w hich  a r c h a e b a c t e r i a  a r e  

t y p i c a l l y  fo u n d ,  may h av e  been  more common i n  A rch aean  t i m e s .  I t  i s  

e n v i s a g e d  t h a t  l i f e  e v o lv e d  i n  warm c o n c e n t r a t e d  w a t e r s ,  i n  an  a n o x ic  

a tm o sp h e re  (Deamer, 1 9 7 8 ) ,  from a  v a r i e t y  o f  a b i o t i c a l l y  s y n t h e s i s e d  

h y d ro c a rb o n  m a c ro m o le cu le s  (H a rg re a v e s  & Deamer, 1978; Oro e t  a l . ,

1978 ) .  Prom t h i s  e v o lv e d  th e  two g ro u p s  o f  o rg a n is m s  known a s  t h e  

E u k a r y o t i c  and P r o k a r y o t i c  K ingdoms. The p r o k a r y o t e s  a r e  f u r t h e r
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d i v i d e d  i n t o  t h e  u rk in g d o m s  A r c h a e b a c t e r i a  and  E u b a c t e r i a  (Woese &

Pox, 1977? Woese e t  a l . , 1 9 7 8 ) .  The r e l a t i o n s h i p  o f  t h e  

a r c h a e b a e t e r i a ,  e u b a c t e r i a ,  and e u k a r y o t e s  t o  t h e  e a r l y  o rg a n is m s  

i s  u n c e r t a i n ,  b u t  i t  h a s  b een  a r g u e d  t h a t  t h e  a r c h a e b a c t e r i a  may be 

th e  c l o s e s t  d e s c e n d a n t s  o f  t h e s e  e a r l y  o r g a n is m s ,  s i n c e  t h e y  show 

a d a p t a t i o n  t o  ex tre m e  e n v i ro n m e n ts ,  w h ich  may h av e  b e e n  common i n  

t h e  A rc h a e a n  E a r t h .  The d i v i s i o n  o f  t h e  p rok fi i ryo tes  i n t o  two u rk ingdom s 

and  t h e i r  s e p a i r a t io n i  from  t h e  e u k a r y o t e s  on t h e  b a s i s  o f  16S rRNA 

a n a l y s e s  i s  f u r t h e r  s u p p o r t e d  by t h e  f i n d i n g s  t h a t  t h e  a r c h a e b a c t e r i a  

show f e a t u r e s  w h ic h  a l lo w  them  t o  be d i s t i n g u i s h e d  from  t h e  e u b a c t e r i a  

and  e u k a r y o t e s .  The p r e s e n c e  o f  i s o p r a n y l  e t h e r  l i p i d s  i s  a l s o  

c h a r a c t e r i s t i c  o f  members o f  t h e  a r c h a e b a c t e r i a  (De R o sa  e t  a l . ,

1974b; 1975; 1977a; 1977b; K a te s ,  1978; L angw orthy ,  1977a; 1977b; 

L angw orthy  e t  a l . , 1972 ; 1974; Magrum e t  a l . ,  1978; S t o e c k e n i u s ,

1 9 7 8 ; T o rn a b e n e ,  1978; T o rn ab e n e  & L angw orthy ,  1 9 7 9 )» E t h e r  l i p i d s  

a r e  n o t  fo u n d  i n  o t h e r  b a c t e r i a ,  and  a l t h o u g h  e t h e r  l i p i d s  have  

b e e n  i d e n t i f i e d  i n  e u k a r y o t e s ,  none o f  them  a r e  o f  t h e  ty p e  fo u n d  

i n  a r c h a e b a c t e r i a  (S n y d e r ,  1 9 7 2 ) .  The s u b c e l l u l a r  a r c h i t e c t u r e  o f  

a r c h a e b a c t e r i a  i s  t y p i c a l  o f  p r o k a r y o t e s y  b u t  t h e  c e l l  e n v e lo p e  

i s  u n u s u a l  i n  t h a t  muramic sicid  d o es  n o t  a p p e a r  t o  be p r e s e n t ,  and 

t h e  u s u a l  c o n s t i t u e n t  o f  t h e  b a c t e r i a l  c e l l  w a l l ,  m u re in ,  i s ,  

t h e r e f o r e ,  a b s e n t  (Brown & Cho, 1970; K a n d le r  & H ip p e ,  1977;

K a n d le r  & K o n ig ,  1978; K ushner  & O n i s h i ,  I 9 6 8 ; M i l l o n i g  e t  a l . ,  1975;

De R osa  e t  a l . ,  1975; W e is s ,  1 9 7 4 ) .  H a l o b a c t e r i a  and  h a l o c o c c i  

t h u s  d i f f e r  from o t h e r  b a c t e r i a  i n  a  fu n d e ra a n ta l  way, and  any  f r e s h  

e x a m in a t io n  o f  t h i s  u n u s u a l  g ro u p  muafc t a k e  t h e s e  c o n s i d e r a t i o n s  

i n t o  a c c o u n t .

O rgan ism s i s o l a t e d ,  i n  t h i s  s t u d y ,  from  Lake M agadi, e x e m p l i f i e d  

by t h e  ty p e  s t r a i n s  S P l ,  SP2, and  MS3> r e s e m b le  h a l o b a c t e r i a  by t h e  

u s u a l  c r i t e r i a  (G ib b o n s ,  19741 T i n d a l l  e t  a l . , I 98O ), b u t  grow
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o p t i m a l l y  a t  pH 9 . 0 - 1 0 . 0 ,  i n  c o n c e n t r a t i o n s  o f  0 .1-2 .0m M ,

v a l u e s  s i m i l a r  t o  t h e  pH and i o n i c  c o m p o s i t io n  o f  Lake Magadi and

t h e  s a l t e r n  l i q u o r .  The a b i l i t y  o f  t h e s e  o rg a n ism s  t o  grow a t  v e ry  

2+
lo w  Mg c o n c e n t r a t i o n s  a n d  h i g h  pH s e e m s  t o  b e  u n i q u e ,  a n d  s e t s

them  a p a r t  from  o t h e r  r e c o r d e d  exam ples  o f  h a l o b a c t e r i a ,  w i th  t h e

p o s s i b l e  e x c e p t io n  o f  t h o s e  o b s e rv e d  by Im h o ff  e t  a l .  (1978b)  i n

some o f  t h e  l a k e s  o f  t h e  Wadi N a t r u n .  The known s p e c i e s  H .h a lo b iu m ,

H .c u t i r u b r u m , and H . s a l i n a r i u m  may be a d a p te d  t o  grow a t  pH 7*5 i n  

2+Mg c o n c e n t r a t i o n s  a s  low a s  lOmM, b u t  u n d e r  t h e s e  c o n d i t i o n s  c e l l s

un d e rg o  an i r r e v e r s i b l e  change from  r o d s  t o  s p h e r e s  (Brown & G ibbons ,

2+1959)•  Growth was n o t  r e c o r d e d  a t  Mg c o n c e n t r a t i o n s  l e s s  t h a n  

lOmM. C o lw e l l  e t  a l .  (1979) have  a l s o  sho>m t h a t  some s t r a i n s  o f  

H a lo b a c te r iu m  a r e  c a p a b le  o f  g ro w th  when i n o c u l a t e d  i n t o  a  s t a n d a r d  

medium a t  pH 9 . 0 ,  b u t  t h e  method by w hich  t h e  pH was a d j u s t e d  was n o t  

r e c o r d e d ,  n o r  was t h e  f i n a l  pH, a f t e r  i n o c u l a t i o n  and  i n c u b a t i o n ,

s i n c e  a l k a l i n i t y  i s  e v e n t u a l l y  l o s t  due t o  t h e  a s s o c i a t e d

2 +  2— p r e c i p i t a t i o n  o f  Mg a s  MgCO^, c a u s e d  by t h e  f o r m a t io n  o f  CO^ ”

d u r in g  t h e  i n e v i t a b l e  s o l u t i o n  o f  00^ from t h e  a tm o sp h e re  u n d e r

a l k a l i n e  c o n d i t i o n s .  T hus , t h e r e  a r e  no a c c o u n t s  o f  g row th , o f  any

o f  t h e  known s p e c i e s  o f  H a lo b a c te r iu m  a t  h ig h  pH i n  t h e  p r e s e n c e  o f

2+v e r y  low c o n c e n t r a t i o n s  o f  Mg • These  p r o p e r t i e s  a p p e a r  t o  be

c h a r a c t e r i s t i c  o f  o rg a n is m s  i s o l a t e d  from  a l k a l i n e ,  h i g h l y  s a l i n e

e n v i ro n m e n ts .  I n  t h e  s t r a i n s  S P l ,  SP2, and MS3 t h e  m orphology  o f

t h e  c e l l s  i s  a f f e c t e d  by lo w e r in g  o f  t h e  pH o r  i n c r e a s i n g  t h e  Mg^"^

c o n c e n t r a t i o n  t o  lO.OmM o r  ab o v e ,  s u g g e s t i n g  t h a t  t h e s e  s t r a i n s

d i f f e r  from  known s p e c i e s  i n  c e r t a i n  a s p e c t s  o f  t h e  s t r u c t u r e  o f  t h e

c e l l  e n v e lo p e .  S t u d i e s  on t h e  c e l l  e n v e lo p e  o f  H .c u t i rub rum  have

2+shown t h a t  pH and Mg have  an im p o r ta n t  f u n c t i o n  i n  m a i n t a i n i n g  t h e  

i n t e g r i t y  o f  t h e  c e l l  e n v e lo p e  (K ushner  & B a y le y ,  1963; K u sh n e r  & 

O n is h i ,  1966; K ushner e t  a l , , 1964; O n ish i  & K u sh n e r ,  1 9 6 6 ) .  C e l l s



- 270-

o f  t h i s  s p e c i e s  w ere a b l e  t o  m a in t a i n  t h e i r  r o d  sh ap ed  m orphology

i n  4*5M N aCl, o v e r  t h e  pH r a n g e  4 .9  t o  1 1 .0  (K ushner & B a y le y ,  1 9 6 3 ) ,

w h e reas  c e l l s  o f  s t r a i n s  S P l ,  SP2, and  I*IS3 l o s t  t h e i r  r o d  sh ap ed

m orpho logy , b eco m in g  s p h e r i c a l  o r  d i s t o r t e d  when t h e  pH o f  t h e

S u sp e n d in g  medium was a d j u s t e d  t o  pH 7 . 0 ,  bu t.  a d j u s t i n g  t h e  pH o f

th e  s u s p e n d in g  medium t o  pH 1 1 .0  had  no e f f e c t  on th e  m orphology o f

t h e  c e l l s .  T hese  ch a n g e s  may a l s o  have  b een  a f f e c t e d  by c h an g e s  i n  

2+Mg c o n c e n t r a t i o n  a s s o c i a t e d  w i th : c h a n g e s  i n  pH. I n  H .c u t i ru b ru m

t h e  c e l l s  m a in ta in e d  t h e i r  r o d  sh a p e d  m orphology o n ly  w h i le  t h e  c e l l

w a l l  m a i n t a i n e d  t h e  r e g u l a r  h e x a n g o n a l  a r r a y ,  i n d i c a t i n g  t h a t  t h e

c e l l u l a r  m orphology was o n ly  m a in ta in e d  w h i le  t h e  c e l l  w a l l

m a in ta in e d  i t s  i n t e g r i t y  (K ushner & B a y le y ,  1963; K ushner e t  a l . ,

1964 ) .  The r e s u l t s  from  th e  s t r a i n s  S P l ,  SP2, and 1*183 s u g g e s t  t h a t

t h e  c e l l  w a l l  o f  t h e s e  s t r a i n s  may be  s t r u c t u r a l l y  d i f f e r e n t  i n  some

way, w hich  would a c c o u n t  f o r  t h e  m o rp h o lo g ic a l  t r a n s f o r m a t i o n  o f

t h e  c e l l s  a t  pH 7 . 0 .  The m orphology  o f  c e l l s  o f  s t r a i n s  S P l ,  SP2,

2+and MS3 w ere  a l s o  a f f e c t e d  by t h e  Mg c o n c e n t r a t i o n  i n  t h e  medium.

24-I n  m edia  c o n t a i n i n g  more t h a n  5.0mM Mg a t  pH 9*5 o r  pH 8 .5  t h e

c e l l s  o f  t h e s e  s t r a i n s  w e r e  d i s t o r t e d ,  i n  t h a t  a t  pH 9 .5 -  t h e  c e l l s

became s p h e r i c a l ,  w h e re a s  a t  pH 8 .5  t h e  c e l l s  became e l o n g a t e d .

T h is  i s  i n  c o n t r a s t  t o  t h e  e f f e c t s  o b s e rv e d  w i th  known s p e c i e s

(B row n  & G i b b o n s ,  1 9 5 5 ) ,  c e l l s  o f  s u c h  s p e c i e s  r e q u i r i n g  a t  l e a s t  

24-0 .1 -0 .2 M  Mg , and becom ing  s p h e r i c a l  i n  c o n c e n t r a t i o n s  below  100mI4. 

24-Mg h a s  b een  shown t o  be  in v o lv e d  i n  t h e  m a in ta in a n c e  o f  t h e

s t r u c t u r e  o f  t h e  c e l l  e n v e lo p e ,  a s  w e l l  a s  b e i n g  im p o r ta n t  i n

s t a b i l i s i n g  t h e  r ib o s o m e s  (B ay ley  & M orton , 1978; K ushner & B a y le y ,

1963 ; K ushner  & O n i s h i ,  1966; Lany i e t  a l . , 1974 ; S to e c k e n iu s  &

Rowen, I 9 6 4 ) .  I n  p a r t i c u l a r ,  t h e  c e l l  w a l l  o f  H .c u t i r u b ru m  r e q u i r e s

24-g r e a t  e r  c o n c e n t r a t i o n s  o f  Mg f o r  s t a b i l i t y  when l i p i d s  a r e  

rem oved from  th e  c e l l  e n v e lo p e .  T h is  s u g g e s t s  t h a t  t h e r e  may be
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i o n i c  i n t e r a c t i o n s  b e tw ee n  t h e  c e l l  e n v e lo p e  p r o t e i n s  and t h e

p o s i t i v e l y  c h a rg e d  g ro u p s  w i t h i n  t h e  l i p i d  f r a c t i o n .  The low

r e q u i r e m e n t / o f  t h e  s t r a i n s  S P l ,  SP2, and  MS3 f o r  Mĝ '*' s u g g e s t s  t h a t

t h e  i n t e r a c t i o n s  w i t h i n  t h e  c e l l  e n v e lo p e  o f  t h e s e  s t r a i n s  may be

m o d i f ie d  t o  a l lo w  t h e  o rg a n ism  t o  cope w i th  a  more a l k a l i n e

2+e n v iro n m en t  and t h e  a s s o c i a t e d  low l e v e l s  o f  Mg • I n  G r a m - p o s i t i v e

2+e u b a c t e r i a  grown u n d e r  c o n d i t i o n s  o f  low Mg c o n c e n t r a t i o n ,  t e i c h o i c

a c i d s  a r e  p ro d u ced  i n  l a r g e r  q u a n t i t i e s  i n  b o th  t h e  c e l l  w a l l  and

2+c y to p la sm  t o  i n c r e a s e  c a p a c i t y  f o r  Mg b i n d i n g  (E llw ood  & T em p es t ,  

1972; R e a v e le y  & B u rg e ,  1 9 7 2 ) ,  b u t  t h e s e  compounds have n o t  been  

d e s c r i b e d  i n  t h e  c e l l  w a l l s  o f  members o f  t h e  H a lo b a c t e r i a c e a e  

(B a y le y  & M orton , 1978; Brown & Cho, 1970; Mohr & L a r s e n ,  1963; 

S m i th ie s  e t  a l . . 1955; S t e b e r  & S c h l e i f e r ,  1975; 1979; S t e e n s l a n d  & 

L a rs e n  , 1 9 6 9 ) ,  o r  any o t h e r  a r c h a e b a c t e r i a  (B a lc h  e t  a l . , 1979;

B r o c k  e t  a l . . 1972; De R o s a  e t  a l . . 1975; K a n d l e r  & H i p p e ,  1977; 

K a n d l e r  & K o n i g ,  1978; J o n e s  J  e t  a l . , 1977; M i l l o n i g  e t  a l . , 1975; 

W e i s s ,  1 9 7 4 ) '

The c e l l  w a l l s  o f  H . s a l i n a r i u m , H .c u t i r u b r u m , and H .h a lo b iu m  

have b e e n  shown t o  c o n t a i n  a  g l y c o p r o t e i n  o f  m o le c u la r  w e ig h t  

2 0 0 ,0 0 0 d ,  a s  t h e  main s t r u c t u r a l  component (K onew icz, 1972; M escher,  

p e r s o n a l  com m unica tion ,  M escher & S t r o m in g e r ,  1976a ; 1976b; 1978; 

M escher e t  a l . , 1 9 7 4 ) .  C e l l s  o f  s t r a i n s  S P l and IvIS3 a p p e a r  t o  

c o n t a i n  a  component w h ich  r e s e m b le s  t h i s  g l y c o p r o t e i n ,  i n  i t s  

e l e c t r o p h o r e t i c  m o b i l i t y  and s t a i n i n g  c h a r a c t e r i s t i c s  ( f i g u r e  9 5 ) .  

C e l l s  o f  s t r a i n  SP2 d i d  n o t  c o n t a i n  su ch  a g l y c o p r o t e i n  ( f i g u r e  9 5 ) ,  

b u t  d i d  p o s s e s s  a  m a jo r  p r o t e i n  s t a i n i n g  band  w i th  a  m o le c u la r  

w e ig h t  o f  5 0 , 000d , a  w e ig h t  co m p arab le  t o  t h e  v a lu e  found  f o r  t h e  

l a r g e  m o le c u la r  w e ig h t  g l y c o p e p t i d e  from H . s a l i n a r i u m  (M escher & 

S t r o m in g e r ,  1976a; 1 9 7 8 ) .  The g l y c o p r o t e i n  from  t h e  c e l l  w a l l  o f  

H .c u t i r u b r u m ,  H .h a lo b iu m ,  and H . s a l i n a r i u m  i s  th o u g h t  t o  be
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r e s p o n s i b l e  f o r  t h e  r e g u l a r  h e x a g o n a l  a r r a y  v i s i b l e  i n  e l e c t r o n  

m ic ro g ra p h s  o f  t h e  o u t e r  r e g i o n  o f  t h e  c e l l  w a l l  (Cho e t  a l . , 1967; 

D*Aoust & K u sh n e r ,  1972; K irk  & G in z b u rg ,  1972; K ushner & B a y le y ,  

196 3 ; K ushner  e t  a l . , I 9 6 4 ; S t e e n s l a n d  & L a r s e n ,  1 9 6 9 ) ,  A s i m i l a r  

s u b u n i t  h e x a g o n a l ,  t e t r a g o n a l ,  o r  p e n ta g o n a l  a r r a y  h a s  a l s o  b een  

o b s e rv e d  a s  a  f e a t u r e  o f  t h e  o u t e r  r e g i o n s  o f  t h e  c e l l  w a l l s  o f  t h e  

a r c h a e b a c t e r i a l  S u l f o lo b u s  a c i d o c a l d a r i u s  and c e r t a i n  mejrhanogens 

(B a lc h  e t  a l . , 1979; J o n e s  J  e t  a l . , 1977; R om esser  e t  a l . , 1979; 

W e iss ,  1974 ) ,  and i n  t h e  o u t e r  l a y e r  o f  c e l l  w a l l s  o f  s e v e r a l  Gram- 

p o s i t i v e  and  G ra m -n e g a t iv e  e u b a c t e r i a  (Drews e t  a l . , 1978; S l e t y r ,  

1976 ; T h o r n l e y ,  1 9 7 6 ) .  The c e l l  w a l l  o f  t h e  a r c h a e b a c t e r i a  w hich  

p o s s e s s  t h i s  ty p e  o f  p a t t e r n e d  a r r a y  does  n o t ,  h ow ever ,  c o n t a i n  a  

p e p t id o g ly c a n  l a y e r  be low  t h e s e  s u b u n i t ,  a r r a y s ,  and i t  h a s  b een  

shown t h a t  i n  t h e s e  o rg a n is m s  t h e s e  s u b u n i t s  c o n s t i t u t e  t h e  m a jo r  

s t r u c t u r a l  l a y e r  o f  t h e  c e l l  w a l l  ( J o n e s  J  e t  a l . , 1977; K a n d le r  & 

K on ig ,  1 9 7 8 ; M escher & S t r o m in g e r ,  1976b; 1978; R om esser e t  a l . , 

1979; S t e e n s l a n d  & L a r s e n ,  1969; S to e c k e n iu s  & Rowen, 1964; W e iss ,  

1974 ) .  The s t r a i n s  S P l ,  and  MS3 r e s e m b le  e x t r e m e ly  h a l o p h i l i c  

b a c t e r i a ,  i n  t h a t  t h e y  a p p e a r  t o  c o n t a i n  a  g l y c o p r o t e i n  a s  t h e  

m a jo r  s t r u c t u r a l  component o f  t h e  c e l l  w a l l ,  b u t  t h e  occurrence o f  

a  c e l l  w a l l  d e v o id  o f  g l y c o p r o t e i n  i s  u n u s u a l  i n  s t r a i n  SP2, and  i s  

t h e  f i r s t  r e p o r t e d  a b s e n c e  o f  a  g l y c o p r o t e i n  from  th e  c e l l  w a l l  o f  

an  e x t r e m e ly  h a l o p h i l i c  b a c t e r iu m  b e l o n g i n g  t o  t h e  a r c h a e b a c t e r i a .  

Some o t h e r  members o f  t h e  a r c h a e b a c t e r i a  h a v e ,  how ever ,  b e e n  shown 

t o  c o n t a i n  an e n t i r e l y  p r o t e i n a c e o u s  c e l l  w a l l  (B a lc h  e t  a l . , 1979; 

M i l l o n ig  e t  a l . , 1975; W e iss ,  1 9 7 4 ) ,  and a  p r o t e i n a c e o u s ,  

g l y c o p r o t e i n  f r e e ,  c e l l  w a l l  may o c c u r  i n  o t h e r  e x t re m e ly  h a l o p h i l i c  

a r c h a e b a c t e r i a ,  unexam ined  i n  t h i s  r e s p e c t ,  su ch  a s  H . v o l c a n i i ,

H.s a c c h a r o v o r u m , H.v a l l i s m o r t i s , a n d 'H,m a r i s m o r t u i  ( G i n z b u r g ,  1978; 

K i r k  & G i n z b u r g ,  1972; M u l l a k h a n b h a i  & L a r s e n , ^1975; T o m l i n s o n  &
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H o c h s te in ,  1976; G onza lez  e t  a l . , 1 9 7 8 ) .  The m a jo r  p r o t e i n  i n  t h e  

c e l l  w a l l  o f  s t r a i n  SP2, o f  m o le c u la r  w e ig h t  5 0 ,0 0 0 d ,  may he  s i m i l a r  

i n  some r e s p e c t s  t o  t h e  l a r g e  m o le c u la r  w e ig h t  g ly c o p e p t id e  found  

i n  H . s a l i n a r i u m  (M escher & S t r o m in g e r ,  1976a; 1 9 7 8 ) .

A c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  o rg a n is m s ,  w hich  have a  

p e p t id o g ly c a n  i n  t h e  c e l l  w a l l ,  i s  t h e i r  s e n s i t i v i t y  t o  t h e  

a n t i b i o t i c  b a c i t r a c i n ,  w hich  i s  th o u g h t  t o  i n h i b i t  g l y c o s y l a t i o n  o f  

t h e  p e p t i d o g l y c a n  b a c k b o n e ,  and o rg a n ism s  c o n t a i n i n g  m u r e i n ,o r  t h e  

a r c h a e b a c t e r i a l  p seu d o m u re in  a r e  s e n s i t i v e  t o  t h i s  a n t i b i o t i c  

(Hammes e t  a l . , 1979; S ie w e r t  & S t r o m in g e r ,  1967; S torm  & S t r o m in g e r ,

1973 ) .  However, H . s a l i n a r i u m , H .h a lo b iu m , H .c u t i r u b r u m , and 

M ethanococcus v a n n i e l i i  have  a l s o  b een  shown t o  be  s e n s i t i v e  t o  t h i s  

a n t i b i o t i c ,  a l th o u g h  t h e y  c o n t a i n  n e i t h e r  m u re in ,  p se u d o m u re in ,  n o r  

any o t h e r  co m p arab le  po lym er ( J o n e s  J  e t  a l . , 1977; M escher & 

S t r o m in g e r ,  1975; 1976a ; 1 9 7 8 ) .  I t  h a s  b een  p o s t u l a t e d  t h a t  t h e  

s e n s i t i v i t y  o f  t h e s e  s p e c i e s  t o  b a c i t r a c i n  i s  due t o  i n h i b i t i o n  o f  

g l y c o s y l a t i o n  o f  t h e  s t r u c t u r a l  g l y c o p r o t e i n ,  w hich  may p ro c e e d  v i a  

a  l i p i d  c a r r i e r  a s  i n  g l y c o s y l a t i o n  o f  p e p t id o g ly c a n  (Hammes e t  a l . , 

1979; M escher & S t r o m i n g e r ,  1975; 1 9 7 8 ) .  I t  h a s  r e c e n t l y  b een  

p ro p o s e d  t h a t  b a c i t r a c i n  may a l s o  i n h i b i t  g l y c o s y l a t i o n  o f  membrane 

l i p i d s  i n  H .c u t i r u b ru m  ( B a s in g e r  & O l i v e r ,  1 9 7 9 ) ,  b u t  t h e  

m e th an o g en ic  a r c h a e b a c t e r i a .  M e th a n e s a rc in a  b a r k e r ! ! , w hich  h a s  a 

h e t e r o p o l y s a c c h a r i d e  c e l l  w a l l ,  and  M ethanos o i r i l i u m  h u n g a t i i , w hich 

h as  a  p r o t e i n a c e o u s ,  b u t  n o t  h e x a g o n a l ly  p a t t e r n e d  c e l l  v /a l l ,  a r e  

n o t  s e n s i t i v e  t o  b a c i t r a c i n  (Hammes e t  a l . , 1979; K a n d le r  & H ippe ,  

1977; K a n d le r  & K on ig ,  1 9 7 8 ) ,  a l t h o u g h  t h e  l i p i d s  found  i n  t h e  c e l l  

membrane o f  t h e s e  two s p e c i e s  a r e  s i m i l a r  t o  t h o s e  found  i n  

M ethanococcus s p p .  and H a lo b a c te r iu m  s p p . , w hich  have  g l y c o p r o t e i n  

i n  t h e  c e l l  w a l l  (Balch. e t  a l . , 1979; J o n e s  J  e t  a l . , 1977; K a te s  & 

Kushwaha, 1978; M escher & S t r o m in g e r ,  1 9 7 8 ) .  W i th in  t h e  h a l o b a c t e r i a .
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H .sacc h a ro v o ru m  h a s  b e e n  shown t o  be  i n s e n s i t i v e  t o  o f

b a c i t r a c i n  (T om linson  & H o c h s te in ,  1 9 7 6 ) ,  a  c o n c e n t r a t i o n  w hich  

i n h i b i t s  H .c u t i r u b r u m , H .h a lo b iu m , and H . s a l i n a r i u m  ( B a s in g e r  &

O l i v e r ,  1979; M escher & S t r o m in g e r ,  1 9 7 5 ) ,  and t h i s  may im p ly  t h e  

a b s e n c e  o f  a  g l y c o p r o t e i n .  T hese  r e s u l t s  s u g g e s t  t h a t  b a c i t r a c i n  

may be u s e f u l  i n  c o n j u n c t i o n  w i th  o t h e r  a n t i b i o t i c s  i n  d i s t i n g u i s h i n g  

t h e  c e l l  w a l l  t y p e s  o f  t h e  a r c h a e b a c t e r i a  a s  e i t h e r  p r o t e i n a c e o u s /  

h e t e r o p l o y s a c c h a r i d e  o r  g l y c o p r o t e i n / p e p t i d o g l y c a n  (Hammes e t  a l . ,

1 9 7 9 ) .  At p r e s e n t  o n ly  t h e  g l y c o p r o t e i n  and  h e t e r o p o l y s a c c h a r i d e  

c e l l  w a l l  t y p e s  have  b e e n  c o n c l u s i v e l y  shown t o  o c c u r  i n  t h e  g e n e r a  

H a lo b a c te r iu m  and H a lo c o c c u s  r e s p e c t i v e l y ,  among th e  e x t re m e ly  

h a l o p h i l i c  a r c h a e b a c t e r i a  (M escher & S t r o m in g e r ,  1976a; 1978;

M escher e t  a l . , 1974; S t e b e r  & S c h l i e f e r ,  1975; 1 9 7 9 ) .

S i m i l a r i t i e s  may b e  found  b e tw ee n  s t r a i n  SP2, H .sa c c h a ro v o ru m ,

H . v a l l i s m o r t i s , H . v o l c a n i i , and H .m a r i s m o r tu i ' ' i n  t h e i r  p h y s io lo g y ,  

b i o c h e m i s t r y ,  m orpho logy , and p o s s i b l e  c e l l  w a l l  s t r u c t u r e  ( t a b l e  1 8 ) .  

I n  p a r t i c u l a r ,  a l l  t h e s e  o rg a n ism s  a r e  c a p a b le  o f  u t i l i s i n g  . 

c a r b o h y d r a t e s  f o r  g ro w th ,  and none o f  them h a s  y e t  b een  shown t o  be  

c a p a b le  o f  p u r p l e  membrane s y n t h e s i s  (G in z b u rg ,  1978; G onza lez  e t  a l . , 

1 978 ; L a r s e n ,  p e r s o n a l  co m m u n ica tio n ;  S to e c k e n i u s ,  p e r s o n a l  

co m m u n ica tio n ;  S to e c k e n iu s  e t  a l . , 1979; ’T om iin son  & H o c h s te in ,

1 9 7 6 ) .  H. s acch a ro v o ru m  i s  i n s e n s i t i v e  t o  3 ^ g  o f  b a c i t r a c i n ,  w hich  

n o r m a l ly  i n h i b i t s  t h o s e  s p e c i e s  o f  h a l o b a c t e r i a  w i th  a  g l y c o p r o t e i n  

c o n t a i n i n g  c e l l  w a l l ,  b u t  t h e  r e c e n t l y  i s o l a t e d  H . v a l l i s m o r t i s  i s  

s e n s i t i v e  t o  b a c i t r a c i n ,  im p ly in g  t h a t  a g l y c o p r o t e i n  was p r e s e n t  

i n  t h e  c e l l  w a l l ,  b u t  t h i s  o rg an ism  was t e s t e d  i n  t h e  p r e s e n c e  o f  

15( ^ g  o f  b a c i t r a c i n ,  and may r e s u l t  i n  t h e  i n h i b i t i o n  o f  o t h e r  

c e l l u l a r  f u n c t i o n s  ( B a s in g e r  & O l i v e r ,  1979; G o nza lez  e t  a l . , 1978; 

T o m lin so n  & H o c h s te in ,  1 9 7 6 ) .  C e l l s  o f  H . v a l l i s m o r t i s  a l s o  

r e s e m b le  t h o s e  o f  s t r a i n  SP2, when grovm a t  low t e m p e r a t u r e .  The
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n o n - m o t i l e  s p e c i e s  H .m a r i s m o r tu i^ a l s o  a p p e a r s  t o  r e s e m b le  s t r a i n  

SP2 i n  i t s  c e l l  s h a p e ,  and t h e  f o r m a t io n  o f  c o c c o id  c e l l s  on s o l i d  

m edia  ( E l a z a r i - V o l c a n i ,  1 9 5 7 ) .  T h ere  a r e  a l s o  d i f f e r e n c e s  i n  t h e  

p r o p e r t i e s  o f  t h e  c e l l  e n v e lo p e  o f  H .m a r is m o r tu i  and H .h a lo b iu m , 

s e e n  i n  t h e  p e r m e a b i l i t y  o f  t h e  c e l l  t o  m a c ro m o le c u le s  and 

a p p e a ra n c e  i n  e l e c t r o n  m ic ro g ra p h s  (G in z b u rg ,  1978; K irk  & G in z b u rg ,  

1 9 7 2 ) ,  w h ich  im p ly  d i f f e r e n c e s  i n  t h e  c e l l  w a l l  s t r u c t u r e .

S i m i l a r l y ,  t h e  low c o n c e n t r a t i o n s  o f  s u g a r  am ines  i n  t h e  c e l l  w a l l  

o f  s t r a i n  SP2 and H . v o l c a n i i  may be  i n d i c a t i v e  o f  t h e  a b s e n c e  o f  a  

g l y c o p r o t e i n  (M u lla k h a n b h a i  & L a r s e n ,  1 9 7 5 ) .

C e l l s  o f  s t r a i n s  S P l and I*IS3 were s i m i l a r  t o  H .h a lo b iu m , 

H .c u t i r u b r u m ,  and H . s a l i n a r i u m , i n  t h a t  t h e y  c o n t a i n  a  g l y c o p r o t e i n  

o f  s i m i l a r  m o le c u la r  w e ig h t  i n  t h e  c e l l  e n v e lo p e  ( f i g u r e  9 5 ) ,  and 

h av e  c o m p arab le  l e v e l s  o f  s u g a r  am ines  i n  t h e  c e l l  w a l l  ( t a b l e  1 8 ) .  

A l l  t h e s e  o rg an ism s  w ere s i m i l a r  i n  b e in g  a b l e  t o  p ro d u ce  a  p u r p l e  

membrane ( o r  s i m i l a r  m em brane), and  t h e i r  i n a b i l i t y  t o  u t i l i s e  

c a r b o h y d r a t e s  f o r  g ro w th .

The amino a c i d  c o m p o s i t io n  o f  t h e  b u lk  p r o t e i n  o f  c e l l s  o f  

s t r a i n s  S P l ,  SP2, MS3, and  H .h a lo b iu m  ( t a b l e  16) w ere s i m i l a r  t o  

t h o s e  fo u n d  p r e v i o u s l y  i n  h a l o b a c t e r i a  and h a l o c o c c i  (Brown, 1963; 

M u lla k h a n b h a i  & L a r s e n ,  1975; O n is h i  & K u sh n e r ,  I 9 6 6 ; R e i s t a d ,  1970; 

S t e e n s l a n d  & L a r s e n ,  1 9 6 9 ) .  The r e s u l t s  from  t h e  b u lk  p r o t e i n  

a n a l y s e s  show an  e x c e s s  i n  t h e  a c i d i c  amino a c i d  c o n t e n t  o v e r  t h e  

b a s i c  amino a c i d  c o n t e n t  o f  1 5 * 7 -1 9 .7  m ol^. The v a lu e  o f  20 .9m ol$  

a c i d i c  amino a c i d  e x c e s s  i n  t h e  a r c h a e b a c t e r iu m  M e th e u o s p i r i l i u m  

h u n g a t i i  (K a n d le r  & K on ig ,  1 9 7 8 ) ,  and A c i n e t o b a c t e r  s t r a i n  

MJT/F5/199A (T h o rn le y ,  1976) a r e  com parab le  t o  t h o s e  fo u n d  i n  t h e  

b u lk  p r o t e i n  o f  t h e  e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a ,  b u t  i n  t h e s e  

two s p e c i e s  t h e  a n a l y s e s  a p p ly  t o  t h e  c e l l  w a l l ,  and t h e  p a t t e r n e d ,  

p r o t e i n a c e o u s ,  e x t e r n a l  l a y e r ,  r e s p e c t i v e l y .  The c e l l  w a l l  o f
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H .s a l i n a r i u m  g iv e s  an  e x c e s s  o f  a c i d i c  amino a c i d s  o v e r  b a s i c  amino 

a c i d s  o f  30 mol^ (M escher & S t r o m in g e r ,  1 9 7 8 ) ,  and t h e  c e l l  w a l l  of. 

t h e  t h e r m o a c i d o p h i l i c  a r c h a e b a c t e r iu m ,  S . a c i d o c a l d a r i u s , h a s  an  e x c e s s  

i n  a c i d i c  amino a c i d s  o v e r  b a s i c  amino a c i d s  o f  o n ly  7 .2  mol% (W eiss ,

1 974 ) .  T hus , a l th o u g h  th e  amino a c i d  c o m p o s i t io n  o f  t h e  b u lk  

p r o t e i n  o f  t h e  e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  may g iv e  v a l u e s  

s i m i l a r  t o  th o s e  f o r  s p e c i f i c  p a r t s  o f  t h e  c e l l  e n v e lo p e  o f  o t h e r  

a r c h a e b a c t e r i a  and e u b a c t e r i a ,  c o m p a r iso n s  w i th  t h e  c e l l  e n v e lo p e  

o f  t h e  h a l o b a c t e r i a  show t h a t  t h e  h i g h l y  a c i d i c  c e l l  e n v e lo p e  may be 

c h a r a c t e r i s t i c  o f  t h e  h a l o b a c t e r i a .  The h i g h l y  a c i d i c  n a t u r e  o f  t h e  

c e l l  w a l l  i n  t h e s e  o rg a n is m s  may a c c o u n t  f o r  t h e  e x t r e m e ly  h a l o p h i l i c  

n a t u r e  o f  t h e  c e l l s ,  a l t h o u g h  i t  i s  known t h a t  o t h e r  p r o t e i n s  o f  

t h e s e  e x t r e m e ly  h a l o p h i l i c  o rg a n is m s  a r e  h i g h l y  a c i d i c  (W erber e t  a l , , 

1978 ) .  The s t r a i n s  S P l ,  SP2, and MS3 a r e  d i s t i n g u i s h a b l e  from  

H , s a l i n a r i u m  i n  t h e  g r e a t e r  e x c e s s  o f  a c i d i c  amino a c i d s  ( t a b l e  1 6 ) ,  

w h ich  may r e f l e c t  t h e  a l k a l i p h i l i c  n a t u r e  o f  t h e s e  ex trem e  h a l o p h i l e s ,  

w h ich  o th e r w i s e  r e s e m b le  members o f  t h e  h a l o b a c t e r i a .

The p o l a r  l i p i d  c o m p o s i t io n  o f  t h e  s t r a i n s  S P l ,  SP2, and  I4S3 

i s  d i f f e r e n t  t o  t h a t  o f  members o f  t h e  H a l o b a c t e r i a c e a e  so f a r  

exam ined  ( f i g u r e s  97 , 98) ( K a te s ,  1978; K a te s  e t  a l , , 1966 ) ,  The 

a b s e n c e  o f  g l y c o l i p i d s  i n  t h e s e  t h r e e  s t r a i n s  s u g g e s t  t h a t  t h e  

a l k a l i n e  en v iro n m en t  may i n f l u e n c e  t h e  p o l a r  l i p i d  c o m p o s i t io n .  In  

t h e  t h e r m o a c i d o p h i l i c  a r c h a e b a c t e r i a  Therm oplasm a and S u l f o lo b u s  

( i n c l u d i n g  t h e  MT s t r a i n s )  t h e  m a jo r  p o l a r  l i p i d s  p r e s e n t  a r e  

g l y c o l i p i d s  (De R osa e t  a l , , 1977a ; 1977b; Langworthy-, 1977b; 

L angw orthy  e t  a l , , 1972; 1 9 7 4 ) .  The p o l a r  l i p i d  c o m p o s i t io n  o f  t h e  

h a l o b a c t e r i a  and h a l o c o c c i  comprises b o th  p h o s p h o l i p i d s  and 

g l y c o l i p i d s ,  a l th o u g h  t h e  p h o s p h o l ip i d s  c o n s t i t u t e  t h e  m a jo r  p a r t  

o f  t h e  p o l a r  l i p i d  c o n t e n t  (K a te s  e t  a l , , 1966; K a te s ,  1 9 7 8 ) .  L ike  

t h e  l i p i d s  found  i n  o t h e r  a r c h a e b a c t e r i a  t h e y  a r e  g l y c e r o l  e t h e r s .
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However, t h e  H a l o b a c t e r i a c e a e  c o n t a i n  o n ly  d i - O - p h y ta n y l  g l y c e r o l

e t h e r s ,  and  t h e  d i b i p h y t a n y l  t e t r a e t h e r s  p r e s e n t  i n  many o t h e r

g e n e r a  o f  t h e  a r c h a e b a c t e r i a  a r e  n o t  p r e s e n t  (B a lc h  e t  a l . , 1979?

De R osa e t  a l . , 1974b; K a te s ,  1 9 7 8 ) .  The p r e s e n c e  o f  p h o s p h o l ip i d s

a s  t h e  p red o m in an t  p o l a r  l i p i d s ,  and  t h e  a p p a r e n t  a b s e n c e  o f

g l y c o l i p i d s  i n  c e l l s  o f  s t r a i n s  S P l ,  SP2, and MS3 may a c c o u n t ,  i n

24-p a r t ,  f o r  t h e  low Mg r e q u i r e m e n t ,  s i n c e  t h e  i n c r e a s e d  p h o s p h a te  

c o n t e n t  o f  t h e  membrane may h av e  a  s i m i l a r  e f f e c t  t o  t h e  p r e s e n c e  

o f  t e i c h o i c  a c i d s  i n  t h e  c e l l  w a l l  o f  G r a m - p o s i t i v e  b a c t e r i a ,  grown 

u n d e r  c o n d i t i o n s  o f  Mĝ *̂  d e f i c i e n c y  (E llw ood  & T em pes t ,  1972;

R e a v e ly  & B u rg e ,  1 9 7 2 ) .  However, t h i s  would o n ly  a c c o u n t  f o r  t h e  

s t a b i l i t y  o f  t h e  membrane, and n o t  t h e  c e l l  w a l l ' s  i n t e g r i t y ,  o r  t h e  

f u n c t i o n  o f  t h e  r ib o s o m e s  (B ay ley  & M orton , 1 9 7 8 ) .  The p red o m in an ce  

o f  a c i d i c  p h o s p h o l ip i d s  and a c i d i c  amino a c i d s  i n  t h e  c e l l  w a l l  may 

s e r v e  some e f f e c t  i n  s c r e e n i n g  t h e  i n t e r i o r  o f  t h e  c e l l ,  and  p rom ote  

i o n i c  i n t e r a c t i o n s  w i t h i n  t h e  c e l l  w a l l  and membrane, r e s u l t i n g  i n  

g r e a t e r  e n v e lo p e  s t a b i l i t y .  The s i g n i f i c a n c e  o f  t h e s e  f i n d i n g s  may 

be e l u c i d a t e d  by  a  c o m p a r iso n  o f  t h e s e  o rg a n is m s  w i th  e x t r e m e ly  

h a l o p h i l i c  a r c h a e b a c t e r i a  and p o s s i b l e  a l k a l i p h i l i c  a r c h a e b a c t e r i a  

from  B o u ld e r  S p r in g s  (B rock  e t  a l . , 1 9 7 1 ) .

The v i r t u a l  a b s e n c e  o f  f a t t y  a c i d s  i n  e x t r a c t s  o f  c e l l s  t r e a t e d  

by a c i d  m e th a n o ly s i s ,  t h e  a b s e n c e  o f  muramic- a c i d ,  and  t h e  p r e s e n c e  

e t h e r  l i n k e d  l i p i d s  i n  c e l l s  o f  s t r a i n s  S P l ,  SP2, and  MS3 c o n f i rm  

t h a t  t h e s e  o rg an ism s  a r e  members o f  t h e  a r c h a e b a c t e r i a  (Oro e t  a l . , 

1 9 7 8 ; Woese e t  a l , , 1 9 7 8 ) .  The p o l a r  l i p i d s  from  t h e s e  t h r e e  s t r a i n s  

a p p e a r  t o  be d e r i v e d  from  an  e t h e r  l i n k e d  l i p i d ,  w h ich  i s  s i m i l a r  

i n  i t s  c h ro m a to g ra p h ic  p r o p e r t i e s  t o  t h e  2 , 3 - d i - O - p h y ta n y l  g l y c e r o l  

e th e r -  fo u n d  i n  m e th an o g en ic  and e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  

(B a lc h  e t  a l , , 1979; K a te s ,  1978; K a te s  e t  a l . , 1966; T o rn ab e n e  & 

L angw orthy ,  1 9 7 9 ) .  The m inor d i f f e r e n c e s  b e tw een  t h e
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c h ro m a to g ra p h ic  m o b i l i t i e s  o f  t h e  2 , 3 - d i - O - p h y a tn y l  g l y c e r o l  e t h e r  

and t h e  e q u i v a l e n t  e t h e r  from s t r a i n s  S P l ,  SP2, and MS3 may be 

i n d i c t a i ve o f  d i f f e r e n c e s  be tw een  t h e  two l i p i d s .  A number o f  

e t h e r  l i p i d s  have  b een  found  i n  t h e  a r c h a e b a c t e r i a  ( f i g u r e s  17, 1 8 ) ,  

b u t  so f a r  t h e y  a l l  a p p e a r  t o  be  d e r i v a t i v e s  o f  a  m o n o -p h y a tn y l  

e t h e r ,  d ip h y t a n y l  e t h e r ,  o r  d i b i p h y t a n y l  e t h e r  ( f i g u r e s  1 7 , 18) 

fo u n d  i n  v a r i o u s  members o f  t h e  a r c h a e b a c t e r i a  (B a lc h  e t  a l . , 1979;

De R osa e t  a l . , 1977a? 1977b; Hancock & K a te s ,  1977; K a te s ,  1978; 

T o rn ab en e  & L angw orthy , 1 9 7 9 ) .  R ecen ir ly  Chappe e t  a l .  (1979 )  

i s o l a t e d  two n o v e l  e t h e r  l i p i d s  from  t h e  k e ro g e n  f r a c t i o n  o f  t h e  

M esse l o i l  s h a l e ,  w h ich  may r e p r e s e n t  two f u r t h e r  e t h e r  l i p i d s  from 

e i t h e r  a n c e s t o r s  o f  t h e  p r e s e n t  day  a r c h a e b a c t e r i a ,  o r  from  o rg an ism s  

e x t a n t  to d a y ,  b u t  a s  y e t  u n d i s c o v e r e d .  The l i p i d s  a r e  a  mono

p e n t  a d e c y l  e t h e r ,  and a  b i p e n t a d e c y l  e t h e r  ( f i g u r e  1 0 3 ) ,  and  t h e  

g e o l o g i c a l  h i s t o r y  o f  t h e  M esse l o i l  s h a l e s  s u g g e s t s  t h a t  t h e y  may 

h ave  b e e n  p r e s e n t  i n  o rg a n ism s  s i m i l a r  t o  t h e  m e th an o g en ic  

a r c h a e b a c t e r i a ,  but- n o t  t h e  e x t r e m e ly  h a l o p h i l i c  o r  t h e r m o a c i d o p h i l i c  

a r c h a e b a c t e r i a  ( Chappe e t  a l . , 1979? O u r i s s o n ,  p e r s o n a l  c o m m u n ic a t io n ) .

G eochem ica l i n v e s t i g a t i o n s  f o r  t h e  p r e s e n c e  o f  c a rb a n a c e o u s  

compounds have shown t h a t  num erous compounds a r e  p r e s e n t  w i th  a  

g r e a t  v a r i a t i o n  i n  c h a i n  l e n g t h .  However, a  number o f  w o rk e rs  

( Chappe e t  a l . , 1979? H are & H o e r in g ,  1972; M io h a e l i s  & A l b r e c h t ,

1979; Moldowan & S e i f e r t ,  1979) h ave  shown t h a t  t h e  b i p h y t a n y l  

r e s i d u e  from  t h e  d i b i p h y t a n y l  e t h e r  may be i s o l a t e d  from  o i l s ,  and 

t h a t  t h e  i n t a c t  g l y c e r o l  e t h e r s  may be fo u n d  i n  p r e s e n t  d a y  and  

f o s s i l  s e d im e n ts  (A nderson  e t  a l . , 1977-; Chappe e t  a l . , 1979) #

The d e g r a d a t i o n  o f  l i p i d s  i s  l a r g e l y  d e p en d a n t  on t h e  p r e v a i l i n g  

c o n d i t i o n s  (D idyk e t  a l . , 1978; Maxwell e t  a l . , 1 9 7 3 ) ,  and  t h e  e t h e r  

l i p i d s  o f  t h e  a r c h a e b a c t e r i a  may be  p a r t i c u l a r l y  r e s i s t a n t  t o  

b i o l o g i c a l  d e g r a d a t i o n  (Kushwaha & K a te s ,  1 9 7 8 ) ,  so t h e y  may rem a in
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a.

b.

Figure 103. Structure of isopranyl side chains from ether
lipids found in the Messel Oil Shales.

The isopranyl side chains isolated from ether lipids in 
the kerogen fraction of the Messel Oil Shales include the 
phytanyl and biphytanyl side chains similar to those found 
in the archaebacteria (figures 18a, b), and the novel 
pentadecyl (a) and bipentadecyl (b) isopranyl side chains.
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u n a l t e r e d  f o r  lo n g  p e r i o d s  o f  t i m e .

The p h y ta n y l ,  d ip h y t .a n y l ,  and  d i b i p h y t a n y l  e t h e r s  fo u n d  i n  

t h e  a r c h a e b a c t e r i a  form  a  t y p i c a l  l i p i d  b i l a y e r  i n  t h e  c e l l  membrane. 

The m easu red  d im e n s io n s  o f  t h e  c e l l  membrane a r e  s i m i l a r ,  w h e th e r  

t h e  m a jo r  l i p i d s  p r e s e n t  a r e  d i p h y t a n y l  o r  d i b i p h y t a n y l  e t h e r s .

The o n ly  m a jo r  d i f f e r e n c e s  b e in g  t h a t  membranes c o n s i s t i n g  o f  

d i b i p h y t a n y l  e t h e r s  h av e  no n a t u r a l  c l e a v a g e  p l a n e  i n  t h e  h y d ro p h o b ic  

r e g i o n  (L angw orthy ,  1977a ; W e is s ,  1 9 7 4 ) ,  s u g g e s t i n g  t h a t  t h e  

d i b i p h y t a n y l  e t h e r  s p a n s  t h e  c e l l  membrane ( f i g u r e  IO4 ) ,  The 

s i m i l a r  d im e n s io n s  o f  t h e  d i p h y t a n y l  e t h e r  c e l l  membrane, and  t h e  

p r e s e n c e  o f  a  n a t u r a l  c l e a v a g e  p la n e  s u g g e s t s  t h a t  i n  t h i s  t y p e  o f  

membrane t h e  l i p i d  b i l a y e r  c o n s i s t s  o f  two i d e n t i c a l  s u b u n i t s  

( f i g u r e  104 ) (Cho e t  a l . , 1969; K i r k  & G in z b u rg ,  1972; S t e e n s l a n d  & 

L a r s e n ,  I 9 6 9 ) .  E x a m in a t io n  o f  t h e  p o s s i b l e  s p a c i a l  c o n f i g u r a t i o n s  

o f  t h e  p e n t a d e c y l  and  b i p e n t a d e c y l  e t h e r s ,  i s o l a t e d  by Chappe e t  a l . , 

( 1979 ) from  th e  M esse l  o i l  s h a l e ,  show a  s i m i l a r  r e l a t i o n s h i p  t o  t h e  

p h y ta n y l  and b ip h y t a n y l  e t h e r s  ( f i g u r e  105 ) ,  i u  t h a t  t h e  b ip e n t a d e c y l  

s i d e  c h a i n  i s  a  d im er  o f  t h e  p e n t a d e c y l  i s o p r a n y l  s i d e  c h a i n .  

Membranes composed o f  t h e s e  two l i p i d s  w ould , t h e o r e t i c a l l y ,  show 

l i t t l e  d i f f e r e n c e  from  t h e  d im e n s io n s  o f  t h e  membranes fo rm ed  from 

t h e  d ip h y t a n y l  and d i b i p h y t a n y l  e t h e r s .  T h ere  i s  no e v id e n c e  t h a t  

t h e  l i p i d s  o f  Chappe e t  a l .  (1979) a r e  p r e s e n t  i n  a r c h a e b a c t e r i a ,  

a l t h o u g h  t h e r e  i s  no a p p a r e n t  l i m i t a t i o n s  on t h e i r  o c c u re n c e  i n  

a r c h a e b a c t e r i a l  t y p e  membranes. I t  i s  u n l i k e l y  t h a t  t h e  l i p i d s  

fo u n d  i n  s t r a i n s  S P l ,  SP2, and WS3 a r e  s i m i l a r  t o  t h e s e  e t h e r  l i p i d s ,  

s i n c e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  number o f  c a rb o n  atoms p r e s e n t  

may be e x p e c te d  t o  show up a s  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

m o b i l i t y  o f  t h e  2 , 3 - d i - O - p h y ta n y l  g l y c e r o l  e t h e r  and p o s s i b l e  

p e n t a d e c y l  o r  b i p e n t a d e c y l  e t h e r s .  However, s i n c e  t h e s e  two l i p i d s  

w ere u n a v a i l a b l e  f o r  c o m p a r iso n ,  t h e s e  s t r u c t u r e s  can  n o t  be
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Figure 104. Ether lipids in the cell membrane of archaebacteria

The ether lipids found in members of the archaebacteria 
form a typical lipid bilayer. Examination of the cell 
membrane of the thermoacidophiles suggests that the 
dibiphytanyl tetraethers span the membrane, creating a 
membrane in which there is no natural cleavage plane in the 
hydrophobic region (a). The lipid bilayer in the extreme 
halophiles has the same dimensions as that found in the 
thermoacidophiles, and is presumably composed of two similar 
lipids spanning the membrane, since the membrane has a 
natural cleavage plane in the hydrophobic region (b).
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F ig u r e  105 .  The p o s s i b l e  s p a c i a l  c o n f i g u r a t i o n ,  o f  i s o p r a n y l  s i d e  c h a i n s

fo u n d  i n  e t h e r  l i n k e d  l i p i d s o

The s p a c i a l  c o n f ig u r a t io n ^  o f  t h e  v a r i o u s  i s o p r a n y l  e t h e r  l i p i d s  a r e  

r e p r e s e n t e d  i n  two d im e n s io n s ,  a n d  f u r t h e r  i l l u s t r a t e s  t h e i r  

r e l a t i o n s h i p  t o  membrane s t r u c t u r e .  M easurem ents  o f  t h e  d im e n s io n s  

o f  t h e  d i b i p h y t a n y l  t e t r a e t h e r  l i p i d s  from  th e r m o a c i d o p h i l e s  s u g g e s t s  

t h a t ,  t h e  i s o p r a n y l  s i d e  c h a i n s  a r e  f o l d e d .  A s s u m in g - r e g u la r  f o l d i n g  

o f  t h e  i s o p r a n y l  c h a i n ,  t h e  b i p h y t a n y l  and  b i p e n t a d e c y l  c h a i n s  may be  

s e e n  t o  have  s i m i l a r  c o n f i g u r a t i o n s .  I f  t h e  c e l l  membrane i s  s p an n ed  

b y  t h e  b i p h y t a n y l  s i d e  c h a i n ,  t h e n  t h e  b i p e n t a d e c y l  c h a i n  may h av e  a  

s im i la t r  r o l e ,  i f  fo u n d  i n  a r c h a e b a c t e r i a l  membranes. I f ,  a s  s u g g e s t e d  

b y  s t u d y  o f  t h e  c e l l  membrane o f  t h e  h a l o b a c t e r i a ,  two p h y ta n y l  s i d e  

c h a i n s  a r e  r e q u i r e d  t o  sp an  t h e  c e l l  membrane, t h e n  t h e  two p h y ta n y l  

s i d e  c h a i n s  may a l s o  t a k e  up a  c o n f i g u r a t i o n  s i m i l a r  t o  t h a t  o f  t h e  

b i p h y t a n y l  s i d e  c h a i n .  The p e n t a d e c y l  s i d e  c h a in  may a l s o  a d o p t  a  

s i m i l a r  c o n f i g u r a t i o n  t o  t h e  p h y ta n y l  s i d e  c h a i n s ,  a l s o  s u g g e s t i n g  

t h a t  t h e y  may h av e  a  s i m i l a r  f u n c t i o n  i f  fo u n d  i n  a r c h a e b a c t e r i a l  

membranes.



h i p h y t a n y l  i s o p r a n y l  s i d e  c h a in

b i p e n t a d e c y l  i s o p r a n y l  s i d e  c h a in

p h y t a n y l  i s o p r a n y l  s i d e  c h a in .

p e n t a d e c y l  i s o p r a n y l  s i d e  c h a in
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d i s c o u n t e d  u n t i l  t h e  n a t u r e  o f  t h e  i s o p r a n y l  s i d e  g roup i s  

d e te rm in e d  by ch ro m a to g rap h y  o r  mass s p e c t r o s c o p y .

C e r t a i n  e t h e r  l i p i d s  form a  s e m i - c y c l i c  c o n f i g u r a t i o n ,  a s  s e e n  

i n  t h e  occurrence o f  f i v e  membered r i n g s  ( f i g u r e  18 ) i n  t h e  l i p i d s  

o f  t h e  t h e r m o a c i d o p h i l i c  S u l f o l o b u s - l i k e  MT s t r a i n s  o f  De R osa  and 

CO—w o rk e rs  (De R osa  e t  a l . , 1977a-ÿ 19771)) # The r i n g  s t r u c t u r e s  a r e  

p r o b a b ly  p r e s e n t  t o  s t a b i l i s e  t h e  h y d ro p h o b ic  r e g i o n  a g a i n s t  t h e  

e f f e c t s  o f  h ig h  t e m p e r a t u r e ,  s i n c e  l i p i d s  e x t r a c t e d  from c e l l s  o f  

t h e  î*îT s t r a i n s  show a  g r e a t e r  d e g r e e  o f  c y c l i s i s a t i o n  a t  h i g h e r  

t e m p e r a t u r e s  (De R osa  e t  a l . , 1977& ), I t  i s  u n l i k e l y  t h a t  t h e  

l i p i d s  o f  s t r a i n s  S P l ,  SP2, and  MS3 a r e  d e r i v e d  from  th e  

w * ,w -b ip h y ta n y l  c o n t a i n i n g  e t h e r s ,  w h e th e r  s t r a i g h t  c h a in  o r  c y c l i c ,  

on th e  b a s i s  o f  R f v a l u e s .  However, t h e  s t r a i g h t  c h a in  and  c y c l i c  

form s o f  t h e  e t h e r  l i p i d s  fou n d  i n  t h e  MT s t r a i n s ,  i n  c e r t a i n  

s o l v e n t  s y s te m s ,  a r e  i n d i s t i n g u i s h a b l e  from  one a n o th e r  (De R osa 

^ t  a l . , 1977a; 1 9 7 7 b ) . T h is  d o e s  n o t  p r e c l u d e  t h a t  t h e  l i p i d s  o f  

s t r a i n s  S P l ,  SP2, and MS3 may b e  c y c l i s i s e d  fo rm s o f  t h e  2 , 3 - d i - O -  

p h y ta n y l  g l y c e r o l  e t h e r  fou n d  i n  t h e  h a l o b a c t e r i a .  I t  seems t h a t  

t h e  e t h e r  l i p i d s  o f  t h e  s t r a i n s  S P l ,  SP2, and MS3 a r e  s i m i l a r  t o  

t h o s e  fo u n d  i n  t h e  h a l o b a c t e r i a ,  s i n c e  t h e  p r e s e n c e  o f  t h e  p h y ta n y l  

e t h e r s  i s  a  c o n s t a n t  f e a t u r e  o f  t h i s  g ro u p  o f  e x t r e m e ly  h a l o p h i l i c  

o rg a n is m s .  The d a t a  ( f i g u r e s  97 ,  98) a l s o  s u g g e s t s  t h a t  t h e r e  may be  

d i f f e r e n c e s  i n  t h e  f u n c t i o n a l  s i d e  g ro u p s  o f  some o f  t h e  l i p i d s  o f  

H . s a l i n a r l u m , and s t r a i n s  S P l ,  SP2, and MS3* T hus , t h e  l i p i d s  o f  

t h e  o rg a n ism s  i s o l a t e d  from  t h e  s a l t e r n s ,  and Lake M agadi, may show 

some d i f f e r e n c e s  t o  t h o s e  fou n d  i n  t h e  H a l o b a c t e r i a c e a e , b u t  t h e i r  

n a t u r e  i s  l i k e l y  t o  conform  t o  t h e  r e s t r i c t i o n s  on l i p i d  s t r u c t u r e  

found  i n  b i o l o g i c a l  membranes.

The n e u t r a l  l i p i d s  o f  s t r a i n s  S P l ,  SP2, and DIS3 were 

p r e d o m in a n t ly  s q u a le n e s  and i s o p r e n o i d  c a r o t e n o i d s ,  i n d i c a t i n g
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s i m i l a r i t i e s  t o  t h e  r e c o g n i s e d  members o f  t h e  H a l o b a c t e r i a c e a e , and 

t a k e n  t o g e t h e r  w i th  t h e  p o l a r  l i p i d  a n a l y s i s  f u r t h e r  s u p p o r t s  t h e i r  

i n c l u s i o n  a s  members o f  t h e  a r c h a e b a c t e r i a .  The in v o lv e m e n t  o f  

s q u a l e n e s  i n  t h e  s t a b i l i s a t i o n  o f  p o l a r  l i p i d  membranes i n  t h e  

h a l o b a c t e r i a  h a s  b e e n  d e m o n s t r a te d  by Lanyi e t  a l .  (1 9 7 4 ) ,  and 

i l l u s t r a t e s  t h a t  t h e s e  compounds may f u n c t i o n a l l y  r e p l a c e  s t e r o l s  

i n  t h e  c e l l  membrane.

The p o l a r  l i p i d s  found  i n  p r o k a r y o te s  and e u k a r y o te s  form  t h e  

b a s i s  o f  t h e  membrane s t r u c t u r e s  p ro p o s e d  by C u r i s s o n  and c o -w o rk e rs  

( O u r i s s o n  e t  a l . , 1979; Rohmer e t  a l . , 1 9 7 9 ) .  The p o l a r  l i p i d s  a r e  

u s u a l l y  s p a c i a l  a r r a n g e d  w i t h i n  t h e  c e l l  membrane i n  a s s o c i a t i o n  w i th  

n e u t r a l  l i p i d s ,  w hich  may be d i v i d e d  i n t o  t h r e e  c l a s s e s ,  i s o p r e n o i d s ,  

h o p a n o id s ,  and s t e r o l s  (Rohmer e t  a l . , 1979; O u r is so n  e t  a l . , 1 9 7 9 ) .  

E x a m in a t io n  o f  t h e i r  s t r u c t u r e  shows t h a t  s q u a l e n e s ,  h o p a n o id s ,  and 

s t e r o l s  a r e  o f  s i m i l a r  d im e n s io n s ,  and would occupy t h e  h y d ro p h o b ic  

r e g i o n  o f  t h e  membrane. I t  h a s  b e e n  s p e c u l a t e d  t h a t  h o p a n o id s  a r e  

p h y l o g e n e t i c  p r e c u r s o r s  o f  s t e r o l .  B lo ch  (1976 )  h a s  a l s o  s p e c u l a t e d  

t h a t  s q u a le n e s  w ould be  t h e  end p r o d u c t  o f  s t e r o l  b i o s y n t h e s i s  i n  

an  a n o x ic  e n v i ro n m e n t ,  w hich  s u g g e s t s  t h a t  su ch  compounds may be 

p h y l o g e n e t i c  p r e c u r s o r s  o f  h o p a n o id s  and s t e r o l s .  The d i v i s i o n  o f  

p r o k a r y o t e s  and e u k a r y o t e s  i n t o  p h y l o g e n e t i c  g r o u p in g s  a c c o r d in g  to  

n e u t r a l  l i p i d  a n a l y s e s  may be s e e n  t o  p ro d u ce  r e s u l t s  s i m i l a r  t o  

16S and IBS rRNA a n a l y s e s  (G ibson  e t  a l . , 198O; O u r is so n  e t  a l . ,

1 9 7 9 )» i n  t h a t  t h e  a r c h a e b a c t e r i a  c o n t a i n  o n ly  s q u a le n e s  o r  i t s  

d e r i v a t i v e s  as  t h e  m a jo r  n e u t r a l  l i p i d s  ( t a b l e  1 9 ) ,  a d d in g  w e ig h t  

t o  t h e  s p e c u l a t i o n  t h a t  su ch  o rg a n ism s  e v o lv e d  i n  an a n o x ic  

e n v i ro n m e n t .  However, s q u a le n e s  have a l s o  b een  found  i n  a  number 

o f  G ra m - p o s i t i v e  and G ra m -n e g a t iv e  e u b a c t e r i a  (Amdour e t  a l . , 1976; 

N o v i ts k y  & K ushne r ,  1 9 7 8 ) ,  i n d i c a t i n g  t h a t  t h e s e  o rg an ism s  c o u ld  

a l s o  be c o n s id e r e d  t o  have  e v o lv e d  i n  an a n o x ic  e n v i ro n m e n t .  These
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two g ro u p s  a r e ,  ho w ev er ,  d i s t i n g u i s h a b l e  from one  a n o t h e r  i n  163 

rRNA a n & ly s e s .  O rgan ism s  c o n t a i n i n g  h o p a n o id s  may be c o n s i d e r e d  as  

f o rm in g  a n o t h e r  p h y l o g e n e t i c  g ro u p ,  a l t h o u g h  t h i s  i n c l u d e s  b o th  

e u b a c t e r i a  and  e u k a i ry o te s  ( t a b l e  1 9 ) ,  w h ich  a r e  d i s t i n g u i s h a b l e  i n  

rRNA a n a l y s e s .  The t h i r d  g ro u p  c o n s i s t s  o f  e u k a r y o t e s ,  w hich  a r e  

d e p e n d a n t  on oxygen f o r  t h e  s y n t h e s i s  o f  s t e r o l s  ( t a b l e  19 )*

The d i s c o v e r y  o f  a  h eav y  membrane f r a c t i o n  i n  s t r a i n s  S P l  and 

MS3, w i th  an  a b s o r p t i o n  s p e c t ru m  n o t  t o o  d i s s i m i l a r  t o  t h a t  o f  t h e  

p u r p l e  membrane from  H .h a lo b iu m  and H .c u t i r u b r u m , i n d i c a t e s  t h a t  a 

membrane w i t h  a  s i m i l a r  f u n c t i o n  may e x i s t  i n  t h e s e  s t r a i n s .

A l th o u g h  t h i s  membrane h a s  n o t  b e e n  i s o l a t e d  i n  p u re  form  a  number 

o f  p o i n t s  i n d i c a t e  t h a t  t h i s  membrane may n o t  be  i d e n t i c a l  t o  t h e  

p u r p l e  membrane o f  H .h a lo b iu m  and  H .c u t i r u b r u m . The p u r p l e  membrane 

c o n s i s t s  o f  l i p i d s  and  b a c t e r i o r h o d o p s i n  a s  d i s c r e t e  p a t c h e s  i n  t h e  

c e l l  m embrane. SDS p o ly a c r y l a m id e  g e l  e l e c t r o p h o r e s i s  ( f i g u r e  95) 

i n d i c a t e s  t h a t  i n  t h e  s t r a i n s  S P l  and MS3 a  b a c t e r i o —o p s in  l i k e  

p r o t e i n  may be  p r e s e n t ,  b u t  i s  a p p a r e n t l y  a b s e n t  from  s t r a i n  SP2, 

w h ich  do es  n o t  c o n t a i n  a  p u r p l e  m e m b ra n e - l ik e  f r a c t i o n .  The 

i n a b i l i t y  t o  d e t e c t  r e t i n a l  i n  c e l l s  and  membrane f r a c t i o n s  from  

s t r a i n s  S P l  and  MS3 may s u g g e s t  t h a t  t h e  e x t r a c t i o n  p r o c e e d u r e s  

u s e d  f o r  t h e  p u r p l e  membrane w ere  i n a p p r o p r i a t e  f o r  t h i s  t y p e  o f  

membrane, b u t  i t  may a l s o  be  n o t e d  t h a t  a  number o f  o t h e r  

i s o p r e n o i d s  may s u b s t i t u t e  f o r  r e t i n a l  i n  a r t i f i c i a l l y  p rep a ired  

membranes ( S t o e c k e n i u s  e t  a l . , 1 9 7 9 ) ,  a l t h o u g h  a l l - t r a n s  and  13—c i s  

r e t i n a l  a r e  t h e  o n ly  n a t u r a l l y  o c c u r i n g  i s o p r e n o i d s  fo u n d  i n  

b a c t e r i o r h o d o p s i n .  H owever, c y a n o p s in ,  c o n t a i n i n g  1 1 - c i8 - 3 - d e h y d r o -  

r e t i n a l ,  h a s  an a b s o r p t i o n  maximum a t  620nm, s i m i l a r  t o  t h e  maximum 

o f  625nm f o r  membranes from  s t r a i n s  S P l  and  MS3, w h ich  may a c c o u n t  

f o r  t h e  a b s e n c e  o f  r e t i n a l  i n  ex r a c t s  o f  t h e  h e av y  membranes from  

s t r a i n s  S P l  and MS3 (H ubbard  e t  a l . , 1 9 7 1 ) .  I n v e s t i g a t i o n s  o f  t h e
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l i p i d  c o n t e n t  o f  r e d  and p u r p l e  membrane f r a c t i o n s  o f  H .h a lo b iu m  

and H .c u t i r u b r u m  (Kushwaha e t  a l . , 1975&; 1976) h av e  shown t h a t  t h e  

e t h e r  d e r i v a t i v e s  o f  p h o s p h a t i d y l  g l y c e r o s u l p h a t e ,  t h e  t r i g l y c o s y l ,  

and  g l y c o l i p i d  s u l p h a t e  p r e s e n t  i n  H .h a lo b iu m  a n d  H « c u ti ru b ru m  a r e  

a lm o s t  e x c l u s i v e l y  c o n f in e d  t o  t h e  p u r p l e  membrane, and may s e r v e  

8kn im p o r t a n t  f u n c t i o n  i n  io n  t r a n s p o r t ,  p a r t i c u l a r l y  p r o to n  

t r a n s l o c a t i o n  a c r o s s  t h e  p u r p l e  membrane. S i g n i f i c a n t l y ,  t h e s e  

l i p i d s  w ere  n o t  d e t e c t e d  i n  e x t r a c t s  o f  s t r a i n s  S P l  and  MS3, 

s u g g e s t i n g  t h a t  t h e  l i p i d s  o f  t h e  heavy  membrane f r a c t i o n  from  

s t r a i n s  S P l  and  MS3 may c o n t r i b u t e  t o  some o f  t h e  d i f f e r e n c e s  

o b s e r v e d .  T h a t  t h e  d i f f e r e n t  a b s o r p t i o n  maximum o f  t h e  h eav y  

membrane from  s t r a i n s  S P l  and  MS3 i s  n o t  due t o  t h e  e f f e c t  o f  pH on 

a  t y p i c a l  h a l o b a c t e r i u m  p u r p l e  membrane i s  i l l u s t r a t e d  by t h e  b lu e  

s h i f t  i n  t h e  a b s o r p t i o n  maximum o f  p u r p l e  membrane a t  a c i d  pH, a n d  

a  r e d  s h i f t  a t  a l k a l i n e  pH ( O e s t e r h e l t  & S t o e c k e n i u s ,  1971? 

S t o e c k e n i u s  e t  a l . , 1 9 7 9 ) ,  an e f f e c t  c o n v e r s e  t o  t h a t  r e q u i r e d  t o  

a c c o u n t  f o r  t h e  b lu e  s h i f t  i n  t h e  a l k a l i p h i l i c  h a l o b a c t e r i a l  

membrane ( f i g u r e  9 2 ) .  The s p e c u l a t e d  ch an g e s  i n  s t r u c t u r e  and  

p h y s i c a l  p r o p e r t i e s  may be t h e  r e s u l t  o f  a d a p t a t i o n  o f  t h e  membrane 

t o  a l k a l i n e  c o n d i t i o n s  t o  a l lo w  f o r  i t s  c o n t in u e d  f u n c t i o n  a t  h ig h  

pH. I n  p u r p l e  membrane i s o l a t e d  from  H .h a lo b iu m  and  H .c u t i r u b r u m  

t h e  r a t e  o f  d a rk  a d a p t i o n  i s  a f f e c t e d  by a l t e r a t i o n s  i n  t h e  pH 

( L o z i e r  e t  a l . , 1974? Ohno e t  a l . , 1 9 7 7 ) .  At pHs o f  9#0 a-nd above 

t h e  r a t e  o f  d a r k  a d a p t i o n  becomes v e r y  s lo w , w hich  a f f e c t s  t h e  

e f f i c i e n c y  o f  t h e  p u r p l e  membrane. Any membrane w i th  a  s i m i l a r  

f u n c t i o n ,  f rom  an o rg a n is m  l i v i n g  a t  a  pH g r e a t e r  t h a n  9 . 0  may be 

e x p e c t e d  t o  f u n c t i o n  a t  an o p t im a l  r a t e  c l o s e  t o  t h e  pH o f  t h e  

e n v i ro n m e n t ,  w hich  may r e s u l t  i n  c h a n g e s  i n  t h e  maximal r a t e  o f  

d a r k  a d a p t i o n  t o  pH 9 . 0  o r  g r e a t e r .  F u r th e r m o r e ,  i t  h a s  b e e n  shown 

t h a t  t h e  h i g h e s t  c y t o p l a s m i c  pH t o l e r a t e d  by even  a l k a l i p h i l e s  may
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be pH 9 * 0 - 9 .5 ,  t h e  c y to p la s m  r e m a in in g  a t  t h i s  pH, and becom ing  

a c i d i c ,  w i th  r e s p e c t  t o  t h e  medium, when t h e  e x t n r n a l  pH was r a i s e d  

above pH 9*5 ( G u f f a n t i  e t  a l . , 1 9 7 7 ) .  T h is  a l s o  r a i s e s  t h e  

q u e s t i o n  o f  any p o t e n t i a l  p r o to n  g r a d i e n t  a c r o s s  t h e  membrane o f  

t h e s e  a l k a l i p h i l i c  h a l o b a c t e r i a .  I f  a  s p e c i a l i s e d  p h o t o s e n s i t i v e  

membrane e x i s t s  f o r  p r o to n  t r a n s l o c a t i o n ,  a s  i n  p u r p l e  membrane 

c o n t a i n i n g  h a l o b a c t e r i a ,  t h e n  i s  t h e  d i r e c t i o n  o f  p r o to n  t r a n s l o c a t i o n  

r e v e r s e d  above pH 9 . 0 - 9 . 5 ?

The p r e s e n t  taxonom y o f  t h e  f a m i ly  H a l o b a c t e r i a c e a e  i s  b a se d  

on t h e  e x a m in a t io n  o f  a  r e s t r i c t e d  g roup  o f  i s o l a t e s ,  m a in ly  

H .c u t i r u b r u m , H .h a lo b iu m , H . s a l i n a r i u m ,  and He « m orrhuae (C o lw e l l  

e t  a l . , 1979; G ibbons ,  1974; Koc u r  & H o d g k is s ,  1 9 7 3 ) .  T h e re  i s  l i t t l e  

d i s p u t e  ab o u t  th e  ta x o n o m ic  p o s i t i o n  o f  t h e  h a l o c o c c i ,  b u t  d e s p i t e  

t h e  p l e t h o r a  o f  work on t h e  p u r p l e  membrane o f  t h e  h a l o b a c t e r i a  t h e  

taxonom y o f  t h i s  g ro u p  i s  s t i l l  i l l - d e f i n e d .  B e r g e y 's  e i g h t h  e d i t i o n  

(1974) r e c o g n i s e s  o n ly  two s p e c i e s ,  H .h a lo b iu m  and H . s a l i n a r i u m , 

H .c u t i r u b r u m  b e in g  r e g a r d e d  a s  a  synonym o f  H . s a l i n a r i u m . The 

o rg a n ism s  H . t r a p a n ic u m , ' H .m a r is m o r tu i '  ̂ a n d 'A m oebobacter m orrhuae '  ̂a r e  

r e g a r d e d  a s  s p e c i e s  i n c e r t a e  s e d i s , due t o  t h e  l a c k  o f  s u f f i c i e n t  

d a t a  on t h e s e  o rg a n is m s .  The taxonom y o f  t h e  H a lo b a c t e r i a c e a e  i s  

a p p a r e n t l y  b a s e d  on t h e  u n p u b l i s h e d  d a t a  o f  C o lw e l l  and G ibbons 

(G ib b o n s ,  1 9 7 4 ) .  R e c e n t l y ,  C o lw e l l  e t  a l .  (1 9 7 9 )  have  p u b l i s h e d  

a  ta x o n o m ic  s tu d y  o f  t h e  r e d  h a l o p h i l i c  b a c t e r i a ,  w hich  a p p a r e n t l y  

i n c l u d e s  t h e  u n p u b l i s h e d  d a t a  o f  C o lw e l l  and G ibbons .  The taxonomy 

o f  t h e  H a l o b a c t e r i a c e a e  i s  f u r t h e r  c o n fu se d  i n  t h i s  s t u d y ,  i n  w hich  

t h e  s p e c i e s  H .c u t i r u b ru m  and H .s a l i n a r i u m  a r e  r e c o g n i s e d ,  b u t  

H .h a lo b iu m  i s  r e g a r d e d  a s  b e in g  s i m i l a r  t o  H .c u t i r u b r u m , and may 

be synonymous w i th  t h i s  s p e c i e s  (C o lw e l l  e t  a l . , 1 9 7 9 ) .  The 

p r e s e n t  taxonomy o f  t h e  H a l o b a c t e r i a c e a e  r e q u i r e s  r e v i s i o n  i n  v iew  

o f  t h e  i s o l a t i o n  o f  t h e  new s p e c i e s  H . v o l c a n i i  ( Mul1 ak h an b h a i  &
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L a r s e n ,  1 9 7 5 ) ,  H .sacch a ro v o ru m  (T om lin son  & H o c h s te in ,  1 9 7 6 ) ,  and 

H . v a l l i s m o r t i s  (G o n za le z  e t  a l , , 1 9 7 8 ) ,  and t h e  r e i a o l a t i o n  o f  

H .m a r i s m o r tu i ' ( G i n z b u r g ,  1 9 7 8 ) .  O th e r  h a l o b a c t e r i a  have b e e n  

i s o l a t e d  (T om lin son  & H o c h s te in ,  1 9 7 2 a ) ,  w hich  a r e  d i f f e r e n t  t o  

p r e s e n t l y  d e s c r i b e d  s p e c i e s ,  and s u g g e s t  t h a t  t h e  r e d u c t i o n  o f  

n i t r a t e  o r  n i t r i t e ,  and t h e  u t i l i s a t i o n  o f  c a r b o h y d r a t e s  may be 

s i g n i f i c a n t  ta x o n o m ic  f e a t u r e s  (D undas ,  1978; E l a z a r i - V o l c a n i ,  1957; 

T om linson  & H o c h s te in ,  1 9 7 2 a ) ,

The members o f  t h e  a r c h a e b a c t e r i a  have  r e c e n t l y  b een  s u b j e c t  

t o  a  r e v i s i o n  o f  t h e i r  taxonom y, w hich  may s e r v e  t o  p r o v id e  c r i t e r i a  

f o r  t h e  r e v i s i o n  o f  t h e  taxonomy o f  t h e  h a l o b a c t e r i a  (B a lc h  e t  a l , ,

1 9 7 9 ) .  A n a ly s i s  o f  t h e  16S rRNA sequencre o f  t h e  m e th an o g en ic  

b a c t e r i a  i n  t h e  f a m i ly  M e th a n o b a c te r i a c e a e  (B e rg e y ’ s  M anual, 1974) 

h a s  shown t h a t  t h e r e  a r e  a t  l e a s t  t h r e e  m a jo r  g ro u p in g s  p r e s e n t ,  

w hich  h ave  been  d e s c r i b e d  by t h e  t h r e e  t a x a ,  a t  o r d e r  l e v e l ,  

M e t h a n o b a c t e r i a l e s , M e th a n o m ic r o b ia le s , and M e th a n o c o c c a le s  (B a lc h  

e t  a l , , 1 9 7 9 ) .  The t h r e e  o r d e r s  a r e  d i v i d e d  i n t o  f o u r  f a m i l i e s ,  

w hich  a r e  c h a r a c t e r i s e d  by c e r t a i n  f e a t u r e s ,  and  a r e  c o n s i s t e n t  w i th  

th e  g ro u p in g s  p ro p o s e d  by  16S rRNA a n a l y s i s .  A n a ly s i s  o f  t h e  

DNA-depandant RNA p o ly m e r a s e ^ a ls o  fo u n d  i n  o t h e r  a r c h a e b a c t e r i a ,  

from t h e  S u l f o l o b u s - C a l d a x i E l l a 'g r o u p  h a s  a l s o  le d  t o  a  r e v i s i o n

o f  t h e  ta x o n o m ic  d i v i s i o n s  o f  t h e s e  t h e r m o a c i d o p h i l e s  ( Z i l l i g  e t  a l . ,

1980 ) .  A s i m i l a r  a n a l y s i s  o f  t h e  l6S  rRNA s e q u e n c e  and DNA- 

d e p e n d a n t  RNA p o ly m e ra se  o f  t h e  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  would 

be i n v a l u a b l e  i n  d e t e r m in i n g  t h e  p h y l o g e n e t i c  and p e rh a p s  t h e  

tax o n o m ic  r e l a t i o n s h i p  o f  t h i s  g ro u p .  I n  t h e  a b se n c e  o f  su ch  

i n f o r m a t io n  t h e r e  a r e ,  n e v e r  t h e  l e s s ,  c e r t a i n  i n d i c a t i o n s  o f  

g r o u p in g s ,  w hich  may p ro v e  u s e f u l  i n  f u r t h e r  s t u d i e s .

The e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  may be  d i v i d e d  i n t o  two d i s t i n c t  

m o r p h o lo g ic a l  g ro u p s ,  t h e  r o d  sh ap ed  h a l o b a c t e r i a ,  and t h e  c o c c o id
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h a l o c o c c i .  I t  s h o u ld ,  how ever,  he  n o te d  t h a t  one o f  t h e  so c a l l e d  

h a l o b a c t e r i a  s p e c i e s ,  H . v o l c a n i i , i s  n o t  a  r o d ,  and h a s  a  p l a t e  

l i k e  m orphology (M u lla k h a n b h a i  & L a r s e n ,  I 976) .  S ca n n in g  e l e c t r o n  

m ic ro g ra p h s  o f  c e l l s  i l l u s t r a t e  c l e a r l y  t h e  d i s h e d  o r  c u p - s h a p e d  

m orphology o f  t h e  c e l l s  ( L a r s e n ,  u n p u b l i s h e d  m ic r o g r a p h ) .  The 

h a l o c o c c i  p r e s e n t l y  c o n s t i t u t e  a  s e p a r a t e  g e n u s ,  H a lo c o c c u s , w i t h i n  

t h e  f a m i ly  H a lo b a c t  e r i a c e a e  (G ib b o n s ,  1 9 7 4 ) ,  s e p a r a t e d  from  t h e  

genus H a lo b a c te r iu m  on t h e  b a s i s  o f  i t s  G r a m - p o s i t iv e  c e l l  w a l l  

s a c c u i u s ,  t h e  a b s e n c e  o f  m o t i l i t y ,  and i t s  c o c c o id  m orpho logy . The 

d i v i s i o n  o f  t h e  h a l o c o c c i  from t h e  h a l o b a c t e r i a  i s  s u p p o r te d  by 

p r e v io u s  s t u d i e s  (C o lw e l l  e t  a l . , 1979; Kocur & H o d g k is s ,  1 9 7 3 ) .

The h a l o b a c t e r i a  a r e  a  more h e t e r o g e n e o u s  g ro u p  th a n  t h e  h a l o c o c c i ,  

and f a l l  i n t o  s e v e r a l  n a t u r a l  g r o u p in g s .  The o rg a n ism s  w hich  do n o t  

u t i l i s e  ca rboh^ /-d ra tes ,  e x e m p l i f i e d  by H .c u t i r u b r u m , H . s a l i n a r i u m , 

and H .h a lo b iu m , c o n s t i t u t e  one g ro u p .  The s t r a i n s  SP l and MS3 a r e  

s i m i l a r  t o  t h e s e  o rg a n is m s ,  i n  t h a t  th e y  a l l  a p p e a r  t o  c o n t a i n  a  

g l y c o p r o t e i n  i n  t h e  c e l l  w a l l ,  h ave  a  s a t e l l i t e  DNA band , a r e  

c a p a b le  o f  s y n t h e s i s i n g  a  p u r p l e  o r  s i m i l a r  membrane, and a r e  

i n c a p a b le  o f  u t i l i s i n g  c a r b o h y d r a t e s  f o r  g ro w th .  The o rg a n ism s  a r e  

t y p i c a l l y  m o t i l e  r o d s ,  and t h e r e  i s  e v id e n c e  t h a t  -%ese o rg a n ism s  

a r e  s e n s i t i v e  t o  b a c i t r a c i n  ( 3 ^ g ) ,  and t h e  f e r r e d o x i n  fo u n d  i n  t h e s e  

o rg a n ism s  (p e rh a p s  e x c l u d in g  s t r a i n s  SP l and MS3) may be 

c h a r a c t e r i s t i c  (G in z b u rg ,  1978; K e r s c h e r  e t  a l . , 1976; M escher & 

S t r o m in g e r ,  1975; Susman e t  a l . , 1979; W erber & M evarech, 1979b; 

W erber e t  a l . , 1 9 7 8 ) .  The a b i l i t y  t o  grow a n a e r o b i c a l l y  i n  t h e
'' ff /

p r e s e n c e  o f  n i t r a t e  h a s  b een  o b s e rv e d  i n  H .m a r i s m o r tu i  (W erber & 

M evarech , 1 9 7 9 a ) , w hich  may be a s s o c i a t e d  w i th  t h e  two d i f f e r e n t  

f u n c t i o n s  o f  t h e  s t r u c t u r a l l y  d i f f e r e n t ,  p l a n t - l i k e ,  2 F e - f e r r e d o x i n s  

found  i n  H .ha lob ium  and H .m a r i s m o r tu i^ (G in z b u rg ,  1978; K e r s c h e r  

e t  a l . , 1 9 7 6 ; Sussman e t  a l . , 1 9 7 9 ) .  The i n a b i l i t y  t o  u t i l i s e
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c a r b o h y d r a t e s  f o r  g ro w th  may be c o n n e c te d  w i th  t h e  s y n t h e s i s  o f  

p u r p l e  o r  e q u i v a l e n t  membranes, a l th o u g h  i t  h a s  b een  shovm t h a t  

H .h a lo b iu m  c o n t a i n s  a  s a l t  s e n s i t i v e  a m y la s e .  I t  h a s  been  s u g g e s te d  

t h a t  t h e  s a t e l l i t e  MA band  i s  r e s p o n s i b l e  f o r  t h e  f o r m a t io n  o f  

gas  v a c u o l e s  and p u r p l e  membrane (S im on, 1979; W e id in g e r  e t  a l . ,

1979 ) .  The p o s s i b i l i t y  t h a t  p u r p l e  membrane s y n t h e s i s  i s  

a s s o c i a t e d  w i th  t h e  s a t e l l i t e  MA band  n eed s  t o  be c l a r i f i e d ,  

p a r t i c u l a r l y  s i n c e  i t  may c o n t a i n  one o r  more p la s m id s ,  and t h e  

i n v e s t i g a t i o n  o f  t h e  p r e s e n c e  o f  s a t e l l i t e  DNA bands  i n  t h e  

c a r b o h y d r a t e  u t i l i s i n g  s p e c i e s  may e l l u c i d a t e  t h e  r e l a t i o n s h i p .

O rganism s w hich  u s e  c a r b o h y d r a t e s  f e r m e n t a t i v e l y  a r e  r e p r e s e n t e d  

b y 'H .m a r i s m o r tu i  ̂ H .sa c c h a ro v o ru m ,  H . v a l l i s m o r t i s , and p o s s i b l y  

s t r a i n  SP2 ( t a b l e  1 8 ) ,  and do n o t  a p p e a r  t o  be c a p a b le  o f  

s y n t h e s i s i n g  p u r p le  membrane (G in z b u rg ,  1978; S to e c k e n iu s ,  p e r s o n a l  

com m unica tion ;  S to e c k e n iu s  e t  a l . , 1979; T om lin son  & H o c h s te in ,  1 9 7 6 ) .  

S t r a i n  SP2 does  n o t  p o s s e s s  a  s a t e l l i t e  DNA b a n d ,  and a  g l y c o p r o t e i n  

was n o t  e v i d e n t  i n  t h e  c e l l  w a l l .  The s p e c i e s  'h . m a ris m o r tu i^

H .s a c c h a ro v o ru m , H . v a l l i s m o r t i s , and H . t r a p a n ic u m  have n o t  b een  

exam ined w i th  r e g a r d  t o  t h e s e  f e a t u r e s ,  a l t h o u g h  t h e  i n s e n s i t i v i t y  

o f  H .sacc h a ro v o ru m  t o  3 (^ g  b a c i t r a c i n  s u g g e s t s  t h a t  a  g l y c o p r o t e i n  

may be a b s e n t  (Hammes e t  a l . , 1979; M escher & S t r o m in g e r ,  1975; 

T om lin son  & H o c h s te in ,  1 9 7 6 ) .  H .sa c c h a ro v o ru m  and H . v a l l i s m o r t i s  

a r e  a p p a r e n t l y  m o t i l e ,  a l th o u g h  f l a g e l l a  have  n o t  been  o b s e rv e d ,  

w h i l e '  H .m a r i s m o r tu i '̂ , H ~ .trapanicum , and s t r a i n  SP2 a r e  n o n - m o t i l e  

( E l a z a r i - V o l c a n i ,  1957; G onzalez  e t  a l . , 1978; T om linson  & H o c h s te in ,

1976).
The p l a t e - l i k e  o rg a n ism , H . v o l c a n i i , i s  t h e  o n ly  i s o l a t e  o f  

t h i s  t y p e  o f  o rg an ism  (M u lla k h a n b h a i  & L a r s e n ,  1975)> b u t  W alsby 

( 1980 ) h a s  o b se rv e d  a  m o r p h o l o g ic a l l y  s i m i l a r  o rg an ism  i n  h i g h l y  

s a l i n e  p o o l s  i n  t h e  S i n a i  P e n n in s u la .  H . v o l c a n i i  i s  a  n o n - m o t i l e
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f r a g i l e ,  s l i g h t l y  d i s h e d  f l a t  c e l l ,  w hich u t i l i s e s  c a r b o h y d r a t e s  

o x i d a t i v e l y .  Some s i m i l a r i t y  t o  t h e  c e l l  w a l l  o f  s t r a i n  SP2 i s

s u g g e s te d  by t h e  low v a l u e s  o f  s u g a r  am ines  fo u n d  i n  t h e s e  two

o rg an ism s  ( t a b l e  14) (M u lla k h a n b h a i  & L a r s e n ,  I 975 ) ,

The members o f  t h e  h a l o b a c t e r i a  d e s c r i b e d  t o  d a t e  may be

d iv i d e d  i n  t o  a t  l e a s t  two g ro u p s  on t h e  b a s i s  o f  t h e  d a t a  w hich

i s  p r e s e n t l y  a v a i l a b l e .  The o rg a n ism s  e x e m p l i f i e d  by H .c u t i r u b r u m , 

H .h a lo b iu m , H . s a l i n a r i u m , and s t r a i n s  SP l and MS3 a r e  s i m i l a r  t o  

one a n o t h e r  i n  t h e i r  i n a b i l i t y  t o  u t i l i s e  c a r b o h y d r a t e s ,  t h e  

p o s s e s s i o n  o f  a  s a t e l l i t e  DNA b a n d ,  t h e  p r e s e n c e  o f  a  g l y c o p r o t e i n  

in i  t h e  c e l l  w a l l ,  a n d ,  w i th  t h e  p o s s i b l e  e x c e p t i o n  o f  H . s a l i n a r i u m , 

a r e  u s u a l l y  c a p a b le  o f  s y n t h e s i s i n g  a  p u r p l e  o r  s i m i l a r  membrane. 

T h ere  i s  l e s s  d a t a  on t h e  o t h e r  s p e c i e s  o f  h a l o b a c t e r i a ,  b u t  t h e  

e v id e n c e  s u g g e s t s  t h a t  H .s a c c h a ro v o ru m , H . v a l l i s m o r t i s , H . t r a p a n ic u m , 

' H .m a r i s m o r tu i ", H . v o l c a n i i , and s t r a i n  SP2 a r e  s i m i l a r  t o  one 

a n o t h e r .  A lth o u g h  a l l  t h e s e  o rg a n is m s  have  n o t  b een  t e s t e d  w i th  

r e g a r d  t o  a l l  t h e  f o l l o w i n g  c r i t e r i a ,  t h e  c h a r a c t e r i s t i c s  o f  t h i s  

g roup  a p p e a r s  t o  be t h e  a b i l i t y  t o  u t i l i s e  c a r b o h y d r a t e s  f o r  g ro w th ,  

t h e  i n a b i l i t y  t o  p ro d u c e  p u r p l e  o r  s i m i l a r  membranes, t h e  a b s e n c e  

o f  a  s a t e l l i t e  DNA b a n d ,  and t h e  a b s e n c e  o f  a  g l y c o p r o t e i n  i n  t h e  

c e l l  w a l l  ( t a b l e  I 8 ) .

The o rg an ism s  w hich  p ro d u c e  p u r p l e  membrane a r e  a b l e  t o  grow 

u n d e r  low oxygen t e n s i o n  i n  t h e  p r e s e n c e  o f  l i g h t ,  w h ereas  o t h e r  

o rg a n ism s  would f e r m a n ta t i v e l y  u t i l i s e  c a r b o h y d r a t e s  u n d e r  s i m i l a r  

c o n d i t i o n s .  A lth o u g h  s a l t e r n s  h ave  o f t e n  b een  d e s c r i b e d  a s  a e r o b i c  

e n v i ro n m e n ts ,  t h e  p r e s e n c e  o f  â.uch h i g h  c o n c e n t r a t i o n s  o f  s a l t ,  

t o g e t h e r  w i th  t h e  e l e v a t e d  t e m p e r a t u r e s  a s s o c i a t e d  w i th  e f f i c i e n t  

s o l a r  s a l t  p r o d u c t i o n ,  would l i m i t  t h e  s o l u b i l i t y  o f  oxygen , even 

i f  i t  w ere p ro d u ced  a b u n d a n t ly  by o rg an ism s  su ch  a s  t h e  a l g a  

D u n a l i e l l a .  The a b i l i t y  t o  p ro d u c e  e n e rg y  u n d e r  c o n d i t i o n s  o f  low
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oxygen t e n s i o n  w ould , t h e r e f o r e ,  have  a  s e l e c t i v e  a d v a n ta g e ,  and 

some o f  t h e  c a r b o h y d r a t e  u t i l i s i n g  s t r a i n s  have  b een  shown t o  be 

c a p a b le  o f  f a c u l t a t i v e  a n a e r o b ic  g row th  (G o n za le z  e t  a l . , 1978;

W erber & M evarech , 1 9 7 9 a ) .

A n a ly s i s  o f  t h e  c e l l  e n v e lo p e  o f  t h e  m e th an o g en ic  b a c t e r i a  

h a s  shown t h a t  c e l l  w a l l  s t r u c t u r e  and n a t u r e  o f  t h e  e t h e r  l i p i d s  

i n  t h e  c e l l  w a l l  a r e  i n d i c a t i v e  o f  t h e  tax o n o m ic  d i v i s i o n s  p ro p o s e d  

by co m p a r iso n  o f  t h e  16S rRNA s e q u e n c e s ,  and  a r e ,  t h e r e f o r e ,  a l s o  

i n d i c a t i v e  o f  t h e  p h y l o g e n e t i c  d i v i s i o n s  o f  t h e s e  o rg a n ism s  (B a lc h  

e t  a l . , 1 9 7 9 ) .  The s e p a r a t i o n  o f  t h e  G r a m - p o s i t iv e  m e th an o g en ic  

b a c t e r i a  a t  t h e  f a m i ly  l e v e l  s u g g e s t s  t h a t  t h e  G ra m -p o s i t iv e  genus 

H a lo co c cu s  may be d e s e r v i n g  o f  h i g h e r  taxonom ic  s t a t u s ,  a t  t h e  

f a m i ly  l e v e l  (B a lc h  e t  a l . , 1979 ; Brown & Cho, 1970) ( t a b l e  2 0 ) .

The c e l l  w a l l  i s  n o t  a t y p i c a l  among th e  a r c h a e b a c t e r i a ,  i n  t h a t  i t  

r e s e m b le s  t h e  h e t e r o p l o y s a c c h a r i d e  found  i n  M e th a n o s a rc in a  ( S t e b e r  

& S c h l i e f e r ,  1975; H a n d le r  & H ip p e ,  1 9 7 8 ) ,  a l t h o u g h  i t  h a s  r e c e n t l y  

been  p ro p o s e d  t h a t  i t  may be a  n o v e l  p e p t id o g ly c a n  ( S t e b e r  &

S c h l i e f e r ,  1 9 7 9 ) ,  p e r h a p s  s i m i l a r  t o  t h a t  fou n d  i n  t h e  g e n e r a  

M e th an o b a c te r iu m  and M e th a n o b r e v ib a c t e r  (B a lch  e t  a l . , 1979 ; H a n d le r ,  

1979; H a n d le r  & K on ig ,  1 9 7 7 ) .  The i n s e n s i t i v i t y  o f  t h e  e x t r e m e ly  

h a l o p h i l i c  c o c c i  o f  t h e  genus H a lo c o c c u s  t o  p e n i c i l l i n  (C o lw e l l  

e t  a l . , 1 9 7 9 ) does  n o t  p ro v e  t h a t  t h e  c e l l  w a l l  i s  n o t  a  p e p t id o g ly c a n ,  

a l th o u g h  i t  i s  n o t  m u re in  (Hammes e t  a l . , 1 9 7 9 ) .  The G ra m -n e g a t iv e  

h a l o b a c t e r i a  may b e lo n g  t o  t h e  same f a m i ly ,  b u t  s e p a r a t e  from  t h e  

h a l o c o c c i .  D i f f e r e n c e s  i n  t h e  n a t u r e  o f  t h e  c e l l  w a l l  ( t a b l e  1 8 ) ,  

p a r t i c u l a r l y  i n  t h e  p r e s e n c e  o f  g l y c o p r o t e i n s ,  may i n d i c a t e  g e n e r i c  

d i f f e r e n c e s  a s  i n  t h e  m e th an o g en ic  b a c t e r i a  ( t a b l e  20) (B a lc h  e t  a l . , 

1979 ) ,  and t h e  e v id e n c e  s u g g e s t s  t h a t  t h e r e  may, t h e r e f o r e ,  be  more 

th a n  one m a jo r  g roup  w i t h i n  t h e  h a l o b a c t e r i a .

The l i p i d  a n a l y s e s  show t h a t  most members o f  t h e  h a l o b a c t e r i a
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a r e  e s s e n t i a l l y  s i m i l a r  i n  t h e i r  p o l a r  l i p i d  c o n t e n t  ( K a te s ,  19%8; 

K a te s  e t  a l . , 1 9 6 6 ) ,  h u t  t h e  s t r a i n s  i s o l a t e d  i n  t h i s  s tu d y  a r e  a  

n o t a b l e  e x c e p t i o n ,  i n  t h a t  t h e y  do n o t  c o n t a i n  g l y c o l i p i d s ,  c o n t a i n  

n o v e l  p h o s p h o l i p i d s ,  an d  may be  d e r i v e d  from  a  n o v e l  e t h e r  l i p i d  

( f i g u r e s  9 6 ,  9T, 9 8 ) .  T hese  s t r a i n s  a l s o  show p h y s i o l o g i c a l  

d i f f e r e n c e s ,  w hich  s u g g e s t  t h a t ,  a l t h o u ^  t h e  s t r a i n s  S P l ,  SP2, a n d  

MS3 a r e  h a l o b a c t e r i a ,  i n  r e q u i r i n g  3 . 0- 4 . 5M NaCl f o r  g ro w th  ( f i g u r e s  

83» 8 4 ,  8 5 )> t h e y  show p e c u l i a r i t i e s ,  i n  b e i n g  a l k a l i p h i l i c  

h a l o b a c t e r i a ,  and  may, t h e r e f o r e ,  r e p r e s e n t  a  p h y l o g e n e t i c  an d  

t a x o n o m ic a l ly  d i s t i n c t  b ra n c h  o f  t h e  h a l o b a c t e r i a ,  d e s e r v i n g  o f  

g e n e r i c  and  p o s s i b l y  f a m i ly  s t a t u s  ( t a b l e ,2 0 ) .

The s t r a i n s  S P l ,  SP2, and DIS3 may be  d i f f e r e n t i a t e d  from  one 

a n o t h e r  on a  number o f  p h y s i o l o g i c a l  d i f f e r e n c e s .  S t r a i n  SP2 i s  

e v i d e n t l y  d i f f e r e n t  from  s t r a i n s  S P l and  MS3, i n  t h a t  i t  d o es  not, 

p o s s e s s  a  s a t e l l i t e  DNA b a n d ,  o r  heavy  membrane f r a c t i o n ^  a n d  i s  

c a p a b le  o f  u t i l i s i n g  c a r b o h y d r a t e s  , The a b s e n c e  o f  a  g l y c o p r o t e i n  

i n  t h e  c e l l  w a l l  o f  s t r a i n  SP2 a l s o  c l e a r l y  d i s t i n g u i s h e s  t h i s  s t r a i n  

from  s t r a i n s  S P l and  MS3, T hese  d i f f e r e n c e s  a p p e a r  t o  j u s t i f y  i t s  

c l a s s i f i c a t i o n !  i n  a  s e p a r a t e  t a x o n  a t  t h e  s p e c i f i c ,  an d  p o s s i b l y  

g e n e r i c  l e v e l .  I t  may be  a rg u e d  t h a t  s u c h  d i f f e r e n c e s  a r e  due t o  

t h e  a b s e n c e  o f  t h e  s a t e l l i t e  DNA b an d  i n  s t r a i n  SP2, w hich  i s  a  l a r g e  

p la s m id .  However, e v id e n c e  from  t h e  m e th a n o g e n ic  a r c h a e b a c t e r i a  

s u g g e s t s  t h a t  d i f f e r e n c e s  i n  t h e  c e l l  w a l l  a r e  s t a b l e  g e n e t i c  f e a t u r e s ,  

and  t h e r e  i s  no e v id e n c e  t o  su g g e s t :  t h a t  t h e  s a t e l l i t e  b a n d  c a r r i e s  

i n f o r m a t i o n  f o r  t h e  s u p p r e s s i o n ) o f  c a r b o h y d r a t e  u t i l i s a t i o n ,  o r  t h a t  i t  

i s  e v e r  l o s t  from t h o s e  s p e c i e s  w hich  c o n t a i n  t h e  s a t e l l i t e  DNA. 

I n v e s t i g a t i o n s  o f  t h e  p la s m id  co m p o s i t io n !  o f  t h e  s a t e l l i t e  s u g g e s t  

t h a t  i t  may n o t  be  e n t i r e l y  composed o f  p l a s m i d s ,  a l th o u g h  t h e y  a r e  

p r e s e n t .  The d i f f e r e n c e s  be tw een  s t r a i n s  S P l a n d  MS3 a r e  l e s s  

s i g n i f i c a n t ,  and t h e  d i f f e r e n c e s  i n  NaCl o p t im a  ( f i g u r e s  8 3 , 8 5 ) o f
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Table 20 R eappraisa l o f  the  taxonomy o f  the extrem ely  h a lo p h i l i c

arch a eb a cter ia  (H a lo b a c t e r ia le s , ordo n o v . )

Group I :  H a lo c o c c i  ( f a m i l y  H a lo c o c c a c e a e  fam . n o v . )

g e n u s ,  H a lo c o c c u s , Schoop , 1934

s p e c i e s ,  H a lo c o c c u s  m orrhuae  ( P a r lo w ,  I 88O) K ocur & H o d g k is s ,  1973

G r a m - p o s i t i v e ,  n o n - m o t i l e  c o c c i ,  w i t h  a  h e t e r o p o l y s a c c h a r i d e  i n  

t h e  c e l l  w a l l .  Have a  s a t e l l i t e  DNA b su id .

Group I I :  H a l o b a c t e r i a  ( f a m i l y  H a l o b a c t e r i a c e a e , G ib b o n s ,  1974) 

genus  I ,  H a l o b a c t e r i u m, E l a z a r i - V o l c a n i ,  1957

s p e c i e s ,  H a lo b a c te r iu m  c u t i r u b r u m , (L o ch h e ad ,  1934) E l a z a r i - V o l c a n i ,

1957

H a lo b a c te r iu m  h a lo b iu m , ( F e t t e r ,  1931)  E l a z a r i - V o l c a n i ,  1957 

H a lo b a c te r iu m  s a l i n a r i u m , ( H a r r i s o n  & K ennedy, 1922) 

E l a z a r i - V o l c a n i ,  1957

G ra m -n e g a t iv e ,  m o t i l e  r o d s ,  w i th  a  g l y c o p r o t e i n  i n  t h e  c e l l  w a l l .

May p ro d u c e  p u r p l e  membrane, an d  do n o t  u t i l i s e  c a r b o h y d r a t e s  

f o r  g ro w th .  Have a  s a t e l l i t e  DNA b a n d .

genus  I I ,  (H a lom onas , g en .  n o v . )

s p e c i e s ,  H a lo b a c te r iu m  s a c c h a ro v o ru m , T o m lin so n  & H o c h s t e in ,  1976 

H a lo b a c te r iu m  v a l l i s m o r t i s , G o n z a le z  e t  a l . , 1978 

H a lo b a c te r iu m  t r a p a n i c u m , ( F e t t e r ,  1931) E l a z a r i - V o l c a n i ,

1957

H a lo b a c te r iu m  m a r i s m o r t u i , E l a z a r i - V o l c a n i ,  1957

G ra m -n e g a t iv e  r o d s ,  w i th  a  p r o t e i n a c e o u s  c e l l  w a l l .  Do n o t  

p ro d u c e  p u r p le  membrane, and  a r e  c a p a b le  o f  u t i l i s i n g  

c a r b o h y d r a t e s  f e r m e n t a t i v e l y .  May n o t  h ave  a  s a t e l l i t e  DNA 

b a n d .  S p e c i e s  may be  m o t i l e  o r  n o n - m o t i l e .
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Table 20 (c o n t .)

Group I I  :

genus I I I ,  ( H a lo p e d i a ,  g e n ,  n o v . )

s p e c i e s ,  H a lo b a c te r iu m  v o l c a n i i , Mul1a k h a n b h a i  & L a r s e n ,  1975

G ra m -n e g a t iv e ,  n o n - m o t i l e  p l a t e s .  May n o t  have  a  s a t e l l i t e  DNA 

b a n d ,  and  may n o t  p ro d u c e  p u r p l e  membrane, may u t i l i s e  c a r b o h y d r a t e s  

o x i d a t i v e l y ,  and  may n o t  h ave  a  g l y c o p r o t e i n  i n  t h e  c e l l  w a l l .

Group I I I :  A l k a l i p h i l i c  h a l o b a c t e r i a  ( N a t r a l o b a c t e r i a c e a e ,  fara . n o v . ) 

g en u s  I ,  ( N a t r a l o b a c t e r i u m , g e n .  n o v . )  

s p e c i e s ,  s t r a i n  S P l  (MS3)

G ra m - n e g a t iv e ,  m o t i l e  r o d s ,  w i th  a  g l y c o p r o t e i n  i n  t h e  c e l l  w a l l .

May p ro d u c e  a  p u r p l e - l i k e  membrane, and do n o t  u t i l i s e  

c a r b o h y d r a t e s  f o r  g ro w th .  Have a  s a t e l l i t e  DNA b an d .  A re
2+

o b l i g a t e l y  a l k a l i p h i l i c ,  g ro w in g  m edia  a lm o s t  d e v o id  o f  Mg a t  

pH 9 . 5 - 1 0 . 0 )  and  h ave  a  l i p i d  c o m p o s i t io n  d i s t i n c t i v e  f rom  Group I I .

gen u s  I I ,  ( N a t r a lo m o n a s , g e n .  n o v . )  

s p e c i e s ,  s t r a i n  3P2

G ra m -n e g a t iv e ,  n o n - m o t i l e  r o d s ,  w i th o u t  a  g l y c o p r o t e i n  i n  t h e  c e l l  

w a l l .  Do n o t  p ro d u c e  a  p u r p l e  membrane, and a r e  c a p a b le  o f  

u t i l i s i n g  c a r b o h y d r a t e s  f o r  g ro w th .  Do n o t  have  a  s a t e l l i t e  DNA 

b a n d .  Are o b l i g a t e l y  a l k a l i p h i l i c ,  g ro w in g  m edia  a lm o s t  d e v o id  

o f  Mg^^ a t  pH 9 . 5 - 1 0 . 0 ,  and h av e  a  l i p i d  c o m p o s i t io n  d i s t i n c t i v e  

from  Group I I

The g e n e r i c  name Halom onas h a s  r e c e n t l y  b e e n  u s e d  t o  d e s c r i b e  a  

new gen u s  o f  s a l t  t o l e r a n t  b a c t e r i a  ( V r e e la n a  é t  a l . , I 98O ). T h i s  gen u s  

i s  n o t ,  a s  t h e  g e n e r i c  name seams t o  im p ly ,  a  member o f  t h e  e x t r e m e l y  

h a l o p h i l i c  a r c h a e b a c t e r i a .
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t h e s e  tifo  s t r a i n s  may be i n d i c a t i v e  o f  n a t u r a l  v a r i a t i o n  be tw een  

s t r a i n s ,  a s  may be t h e  d i f f e r e n c e s  i n  t h e  GO c o n te n t . .  The s e n s i t i v i t y  

o f  s t r a i n  MS3 t o  0 / l 2 9  i n d i c a t e s  a  s i m i l a r i t y  t o  s t r a i n  SP2, a s  

do es  t h e  a b i l i t y  o f  s t r a i n  MS3 t o  r a p i d l y  h y d r o ly s e  g e l a t i n .  I n  

most r e s p e c t s  s t r a i n  MS3 i s  more s i m i l a r  t o  s t r a i n  S P l ,  i n  i t s  

p o s s e s s i o n  o f  a  s a t e l l i t e  DNA b a n d ,  and a  h eav y  membrane f r a c t i o n ,  

m o t i l i t y ,  i n a b i l i t y  t o  u t i l i s e  c a r b o h y d r a t e s ,  and i n  t h e  occurrence 

o f  a  g l y c o p r o t e i n  i n  t h e  c e l l  w a l l .  However, th e :  d i f f e r e n c e s  be tw een  

s t r a i n s  S P l and MS3 may be i n d i c a t i v e  o f  two d i f f e r e n t  s p e c i e s  

w i t h i n  t h e  same g e n u s ,  a l th o u g h  t h e i r  r e l a t i o n s h i p  r e m a in s  t o  be  

d e te rm in e d  by o t h e r  m eans. The f u r t h e r  s tu d y  o f  t h e s e  s t r a i n s  may 

p ro v e  u s e f u l  i n  d e t e r m in i n g  t h e  ta x o n o m ic  p o s i t i o n  o f  t h e  v a r i o u s  

e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  e x t a n t  t o d a y .
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WATER CHEI4ISTRY OP THE KENYAN .SODA LAKES AND ITS INFLUENCE ON 

THE ECOLOGY OF THE PHÛTOTROPHIC BACTERIA.

The m ic ro o rg a n is m s  l i v i n g  i n  t h e  a l k a l i n e  s a l i n e  l a k e s  o f  t h e  

R i f t  V a l l e y ,  Kenya h av e  b e e n  l i t t l e  s t u d i e d  i n  r e l a t i o n  t o  t h e i r  

e c o lo g y  and  p h y s io lo g y .  The a l g a e  c o n s t i t u t e  a  s i g n i f i c a n t  p a r t  o f  

t h e  p r im a r y  p r o d u c t i v i t y  o f  t h e s e  t y p e  o f  l a k e s  (Hecky & K ilham ,

1973; T a i l i n g  e t  a l . , 1 9 7 3 ) ,  b u t  t h e  p r e s e n c e  o f  members o f  t h e  

R h o d o s p i r i l l a c e a e  h a s  n o t  b een  th o r o u g h l y  i n v e s t i g a t e d .  The occurTence 

o f  m ic ro o rg a n ism s  i n  Lake Magadi and  i n  t h e  s a l t e r n s  h a s  n o t  b e e n  

p r o p e r l y  i n v e s t i g a t e d  u n t i l  now. P r e v io u s  work s u g g e s te d  t h a t  t h e  

c o l o u r  o f  t h e  s a l t e r n  l i q u o r  was due t o  e i t h e r  c a r o t e n o i d s  from  

f la m in g o  f e a t h e r s ,  o r  t o  t h e  p r e s e n c e  o f  r e d  a l g a e  (B a k e r ,  1958; 

W a l th e r ,  1 9 2 2 ) .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show t h a t ,  l a r g e  

numbers o f  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a ,  t o g e t h e r  w i th  u n i d e n t i f i e d  

members o f  t h e  R h o d o s p i r i l l a l e s  im p a r t  t h e  c h a r a c t e r i s t i c  c o l o u r  t o  

t h e  s a l t e r n  l i q u o r .  The n a t u r e  o f  t h e  o rg a n ism s  p r e s e n t ,  t h e i r  

p h y s i o l o g i c a l  a d a p t a t i o n s ,  and  t h e i r  e v o l u t i o n  i n  t h e  a l k a l i n e  s a l i n e  

l a k e s  may c o n t r i b u t e  t o  o u r  u n d e r s t a n d i n g  o f  t h e  l i m i t s  o f  l i f e  on 

E a r t h ,  o r  in d e e d  o t h e r  p l a n e t s  ( M i l l s ,  p e r s o n a l  co m m u n ic a t io n ) .

I t  h a s  b e e n  shown t h a t  m a c ro m o le cu le s  fo u n d  i n  l i v i n g  c e l l s ,  

s u ch  a s  l i p i d s  and  p r o t e i n s  may be  s y n t h e s i s e d  a b i o t i c a l l y  u n d e r  

c o n d i t i o n s  p r e s e n t ;  i n  t h e  E a r l y  P re -C a m b r ia n  E a r t h  (Deamer, 1 9 7 8 ) .  

T hese  m o le c u le s  may form  i n t o  l a r g e  o r g a n i s e d  a g g r e g a t e s  when: 

p r e s e n t  i n  t h e  c o r r e c t  c o n c e n t r a t i o n s .  The c o n c e n t r a t i o n  o f  o r g a n i c  

compounds p r o b a b ly  i n c r e a s e d  by e v a p o r a t i v e  c o n c e n t r a t i o n ,  w h ich  

would  have  b een  p o s s i b l e  due t o  t h e  e l e v a t e d  t e m p e r a t u r e s  o f  t h e  

p r i m i t i v e  E a r t h  (H a rg re a v e s  & Deamer, 1978; Oro e t  a l . , 1 9 7 8 ) .

T h e re  i s  good r e a s o n  t o  b e l i e v e ,  t h e r e f o r e ,  t h a t  l i f e  p r o b a b ly  e v o lv e d  

i n  a  h o t  aqueous  e n v i ro n m e n t ,  w here  t h e  c o n c e n t r a t i o n s  o f  o r g a n i c  

m a c ro m o le cu le s  and i n o r g a n i c  s o l u t e s  w ere r a i s e d  by e v a p o r a t i v e
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c o n c e n t r a t i o n *  I n  c e r t a i n  c a s e s  i s o l a t e d  a r e a s  o f  w a te r  may h ave  

c o n c e n t r a t e d  t o  s a l i n i t i e s  s i m i l a r  t o  t h o s e  fo u n d  i n  s a l i n e  l a k e s .

I n  t h e  more d i l u t e  r e g i o n s ,  i n c l u d i n g  th e  s e a ,  t h e  pH was p r o b a b ly  

s l i g h t l y  a l k a l i n e ,  due t o  t h e  p r e s e n c e  o f  b i c a r b o n a t e  ( H a rg re a v e s  & 

Deamer, 1 9 7 8 ) ,  b u t  i t  i s  p o s s i b l e  t h a t  i n  v e r y  c o n c e n t r a t e d  b r i n e s  

t h e  a l k a l i n i t y  was f u r t h e r  i n c r e a s e d  by t h e  c o n c e n t r a t i o n ;  o f  

b i c a r b o n a t e ,  g i v i n g  r i s e  t o  t h e  p r e s e n c e  o f  l a r g e  am ounts o f  c a r b o n a t e ,  

fo rm in g  an a l k a l i n e ,  s a l i n e  l a k e  ( B u g s te r  & H a r d ie ,  1978; H a rd ie  &
■U''

E u g s t e r ,  1 9 7 0 ) ,  s i m i l a r  t o  t h o s e  fo u n d  to d a y  i n  t h e  R i f t  V a l l e y ,

Kenya, I n  ex tre m e  c a s e s  t h i s  w ould  r e s u l t  i n  t h e  f o r m a t io n  o f  s a l i n e  

l a k e s  w i t h  s a t u r a t e d  b r i n e s ,  su c h  a s  t h o s e  a t  Lake Magadi and  t h o s e  

o f  t h e  Wadi N a tru n  ( E u g s t e r ,  1970; E u g s t e r  & H a r d ie ,  1978; H a rd ie  & 

E u g s t e r ,  1970; Im h o f f  e t  a l . , 1978b; J o n e s  B  e t  a l , , 1 9 7 7 ) .

I t  h a s  been  p o s s i b l e  t o  show t h a t  b o th  e s t e r  and e t h e r  l i p i d s  

may be  s y n t h e s i s e d  a b i o t i c a l l y .  I n  p a r t i c u l a r ,  d i é t h e r  g l y c e r o l  

l i p i d s ,  w h ich  were i n d i s t i n g u i s h a b l e  from  t h o s e  found  i n  H .c u t i r u b r u m , 

h ave  b e e n  s y n t h e s i s e d  a b i o t i c a l l y  u n d e r  p r i m i t i v e  E a r t h  c o n d i t i o n s  

(H a rg re a v e s  & Deamer, 1 9 7 8 ) .  I f  e s t e r  l i p i d s  a n d  t h e s e

a r c h a e b a c t e r i a l  e t h e r  l i p i d s  w ere s y n t h e s i s e d  u n d e r  a l k a l i n e ,  s a l i n e

c o n d i t i o n s ,  t h e n  a l k a l i p h i l i c  h a l o b a c t e r i a  and o t h e r  a l k a l i p h i l e s  

may h ave  e v o lv e d  i n  t h i s  ty p e  o f  e n v i ro n m e n t .  T h e re  i s  some 

e v id e n c e  t o  s u g g e s t  t h a t  t h e  f o r m a t io n  o f  e a r l y  membranes from  

a b i o t i c a l l y  s y n t h e s i s e d  m a c ro m o le cu le s  may h av e  b een  en h an ced  by t h e  

low c o n c e n t r a t i o n s  o f  d i v a l e n t  i o n s  t y p i c a l  o f  a l k a l i n e ,  s a l i n e  

l a k e s  ( E u g s t e r  & H a r d i e ,  1978; H a rg re a v e s  & Deamer, 1978; H a rd ie  & 

E u g s t e r ,  1 9 7 0 ) ,  and t h a t ,  a l t h o u ^  a  w ide r a n g e  o f  pH d i d  n o t  i n t r r f e r  

w i th  membrane f o r m a t io n ,  e t h e r  l i p i d s  w ere  more s t a b l e  i n  t h e  

a l k a l i n e  en v iro n m en t (H a rg re a v e s  & Deamer, 1 9 7 8 ) .  However, t h e  

s i g n i f i c a n c e  o f  l a r g e  numbers o f  a l k a l i p h i l i c  h a l o b a c t e r i a  a t  Lake

Magadi do es  n o t  d i r e c t l y  s u p p o r t  any  s p e c u l a t i o n  t h a t  su ch  an
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e n v iro n m en t  may h av e  g iv e n  r i s e  t o  t h e  e a r l i e s t  o rg a n ism s  o f  t h i s  

t y p e  from  a b i o t i c a l l y  s y n th e s i s e d ,  m a c ro m o le c u le s ,  s i n c e  none o f  t h e  

Kenyan s o d a  l a k e s  a r e  o l d e r  t h a n  t h e  C r e ta c e o u s  (B a k e r ,  1958;

B aker e t  a l . , 1972; M cC all ,  1967; Thompson & Dodson, 1 9 6 3 ) .  The 

g e o l o g i c a l  r e c o r d  o f  t h e  R i f t  V a l l e y  shows t h a t  a  number o f  l a k e s  

have  o c c u p ie d  t h e  f l o o r  o f  t h e  r i f t  b e f o r e  t h e  p r e s e n t  day  l a k e s  

(B a k e r ,  1958; M cC all ,  1967; Thompson & D odson, 1 9 6 3 ) .  Many o f  t h e  

e a r l y  l a k e s  w ere more e x t e n s i v e  and  w ere p r o b a b ly  more d i l u t e .

D u r in g  t h e  c o u r s e  o f  g e o l o g i c a l  t im e  t h e  l a k e  l e v e l s  i n  t h e  r i f t  

h ave  f l u c t u a t e d  due  t o  a  c o m b in a t io n  o f  g e o l o g i c a l  and c l i m a t i c  

c h a n g e s .  A l t h o u ^  a l l  t h e  l a k e s  w ere  fo rm ed  b y  w a te r  s h e d s  w i t h i n  

t h e  r i f t  d r a i n i n g  i n t o  t h e  l a k e s ,  t h o s e  l a k e s  i n  c e n t r a l  a n d  

s o u th e r n  Kenya, w h ich  l a y  s o u th  o f  t h e  h i g h e s t  p o i n t  o f  t h e  Kenyan 

dome w ould  have  no o u t f l o w  from  t h e  R i f t  V a l l e y .  I n  t h e  w e t t e s t  

p e r i o d s  t h e  l a k e s  o f  t h e  c e n t r a l  r e g i o n  may h av e  o v e r f lo w e d  i n t o  

t h e  lo w e s t  p o i n t  i n  t h e  s o u th ,  o f  t h e  r i f t ,  a t  t h e  p r e s e n t  day  l a k e s  

M agadi and  N a t ro n .  E v id e n c e  t h a t  t h e  f l u c t u a t i n g  w a te r  l e v e l s  

a f f e c t s  t h e  b i o t a  o f  t h e  l a k e s  by  ch an g e s  i n  t h e  s o l u t e  

c o n c e n t r a t i o n s  have  b e e n  o b s e rv e d  a t  Lake N a iv a s h a  (R ic h a rd s o n  & 

R ic h a r d s o n ,  1 9 7 2 ) .  D u r in g  t h e  w e t t e s t  p e r i o d s  o f  t h e , R i f t  V a l l e y ’ s 

h i s t o r y  many o f  t h e  p r e s e n t  d a y  l a k e  b a s i n s  w ere  p a r t  o f  more 

e x t e n s i v e  l a k e s ,  s u c h  a s  t h e  G arablian L a k e ( s )  c o v e r i n g  l a k e s  

N a iv a s h a ,  N akuru , and  E l m e n t i e t a  (Thompson & Dodson, I 9 6 3 ) ,  t h e  l a k e  

once j o i n i n g  t h e  b a s i n s  o f  Lake B o g o r ia  and L ake  B a r in g o  (M cC all ,  

196 7 ) ,  an d  t h e  O l o r g a s a i l l e  Lake c o v e r i n g  t h e  Magadi b a s i n  (B a k e r ,  

195 8 ) .  The i n t e r c o n n e c t i o n  o f  t h e  p r e s e n t  day  l a k e s  a t  t h a t  t im e  

by  more e x t e n s i v e  b o d ie s  o f  w a t e r ,  and o u t f lo w  t o  o t h e r  l a k e s  

(B u tz e r  e t  a l . , 1972) w ould  have  l e d  t o  t h e  t r a n s f e r  o f  b i o l o g i c a l  

m a t t e r  b e tw ee n  t h e  p r e s e n t  day  l a k e  b a s i n s ,  so  t h a t  when t h e s e  b a s i n s  

w ere  e v e n t u a l l y  i s o l a t e d  by c l i m a t i c  and  g e o l o g i c a l  c h a n g e s ,  t h e
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o rg a n is m s  fo u n d  i n  t h e  l a k e s  w ould  p r o b a b ly  h av e  b een  s i m i l a r .

T h is  w ould  a c c o u n t  f o r  t h e  s i m i l a r i t i e s  b e tw ee n  t h e  l a k e s  im  t h e  

o rg a n ism s  exam ined , b u t  n o t  f o r  t h e i r  i n t r o d u c t i o n .  P o s s i b l e  s o u r c e s  

f o r  t h e  o rg a n ism s  fo u n d  i n  t h e  s o d a  l a k e s  i n c l u d e ,  t h e  s e a ,  

i n f l o w i n g  w a t e r s ,  and  o t h e r  a l k a l i n e ,  s a l i n e  l a k e s .  B i r d s ,  su ch  a s  

t h e  f l a m in g o s ,  w hich  m i g r a t e  v a s t  d i s t a n c e s  b e tw ee n  t h e  s o d a  l a k e s  

o f  t h e  A f r i c a n  R i f t  V a l l e y ,  w ou ld  b e  c a p a b le  o f  t r a n s f e r i n g  

m ic ro o rg a n is m s  from  one l a k e  t o  a n o t h e r .  O rgan ism s s i m i l a r  t o  th o s e  

found  i n  t h e  Kenyan s o d a  l a k e s  have  b een  i s o l a t e d  from  a  number o f  

e n v i ro n m e n ts .  E c t o t h i o r h o d o s p i r a - l i k e  o rg a n ism s  have  b e e n  

i s o l a t e d  from a  w ide r a n g e  o f  e n v i ro n m e n ts ,  i n c l u d i n g  f r e s h w a t e r ,  

t h e  s e a ,  and a l k a l i n e ,  s a l i n e  l a k e s  (B a a s -B a c k in g ,  1928; H e r b e r t  & 

T a n n e r ,  1977; Im h o f f  & T r u p e r ,  1976; Im h o ff  e t  a l . , 1978a; 1978b; 

K o n d r a t ’ e v a ,  1956; M atheron  & B a u l i a g u e ,  1972; P e l s h ,  1937; Yang 

Hui-Peing, 1 9 6 2 ) ,  a l t h o u g h  t h e y  o c c u r  most: a b u n d a n t ly  i n  a l k a l i n e  

e n v i ro n m e n ts  o v e r  a  w ide r a n g e  o f  s a l i n i t y  (G ra n t  e t  a l . , 1979;

Im h o ff  e t  a l . , 1978b; 1 9 7 8 a ) .  T hese  o rg a n ism s  a r e  n o t  t h e  o n ly  

p h o t o t r o p h i c  b a c t e r i a  fo u n d  i n  t h e  K e n y a n iR i f t  V a l l e y ,  and  u n d e r  

s u i t a b l e  c o n d i t i o n s  o rg a n ism s  r e s e m b l in g  members o f  t h e  p u r p l e  

n o n - s u lp h u r  and g r e e n  g l i d i n g  p h o t o t r o p h i c  b a c t e r i a  may be  fo u n d .

The e x t r e m e ly  h a l o p h i l i c  b a c t e r i a  a r e  more r e s t r i c t e d  i n  t h e i r  

e c o lo g y ,  o c c u p y in g  o n ly  e x t r e m e ly  s a l i n e  e n v i ro n m e n ts ,  a l t h o u g h  i t  

h a s  r e c e n t l y  b e e n  shown t h a t  h a l o c o c c i  may s u r v i v e  i n  t h e  s e a  f o r  

some t im e  ( R o d r ig u e z - V a le r a  e t  a l . , 1 9 7 9 ) .  The a l k a l i p h i l i c  

h a l o b a c t e r i a  seem t o  be  c h a r a c t e r i s t i c  c f  t h e  a l k a l i n e ,  e x t r e m e ly  

s a l i n e  en v iro n m en t  ( T i n d a l l  e t  a l . , I 98O; Im h o f f  e t  a l . , 1 9 7 8 b ) .

The c l o s e s t  e x t r e m e ly  s a l i n e  e n v i ro n m e n ts  t o  t h e  Wadi N a tru n  a n d  

Lake. M agad i,  w hich  h av e  b een  s t u d i e d ,  a r e  i n  t h e  M iddle E a s t  and  

E a s t  A f r i c a .  S t u d i e s  o f  t h e  Dead S ea  have shown t h a t  h a l o b a c t e r i a ,  

r e p r e s e n t e d  by t h e  s p e c i e s  H . v o l c a n i i ,  H . t r a p a n ic u m ,  a n d " H .m a r ism o r tu i"
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a r e  t h e  commonest e x t re m e  h a l o p h i l e s  ( E l a z a r i - V o l c a n i ,  1957? G in z b u rg ,  

1 9 7 8 ; Mul1a k h a n b h a i  & L a r s e n ,  1975)* An o rg a n is m  m o r p h o l o g ic a l ly  

r e s e m b l in g  H b v o lc a n i i  h a s  b e e n  d e s c r i b e d  from s a l i n e  p o o ls  i n  t h e  

S i n a i  P e n n in s u l a  (W alsby ,  I 98O ), and  an i n v e s t i g a t i o n  o f  t h e  

h y p e r s a l i n e  Lake A s s a l ,  i n  F re n c h  S o m a l i l a n d ,  w h ich  h a s  a  c h e m ic a l  

c o m p o s i t io n  s i m i l a r  t o  t h a t  o f  t h e  Dead S ea  ( B r i s o u  e t  a l . , 1974) 

h a s  shown t h a t  H . t r a p a n ic u m  i s  a l s o  p r e s e n t .  T h ese  s a l i n e  l a k e s ,  

w h ich  l i e  f a i r l y  c l o s e  t o  t h e  Wadi N a t ru n  and Lake M agadi, h av e  a  

d i s t i n c t i v e  p o p u l a t i o n  o f  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a ,  w h i le  t h e  

a l k a l i n e ,  s a l i n e  l a k e s  o f  t h e  Wadi N a t ru n  and  Lake Magadi h a r b o u r  

p h y s i o l o g i c a l l y  s i m i l a r  o r g a n is m s .  W hether t h e s e  o rg a n is m s  from  t h e  

a l k a l i n e ,  s a l i n e  l a k e s ,  t h o s e  o f  t h e  Dead S e a ,  and th o s e  from  s e a  

w a te r  s a l t e r n s ,  s u ch  a s  H .h a lo b iu m  aind H .s a c c h a ro v o ru m , a l l  a r o s e  

i n d e p e n d a n t l y  i n  t h e s e  e n v i r o n m e n ts ,  o r  a r o s e  by a d a p t a t i o n  o f  a  

common a n c e s t o r  i s  a  moot p o i n t .  I n  c o n t r a s t ,  t h e  members o f  t h e  

R h o d o s p i r i l l a l e s  i s o l a t e d  from  t h e  s o d a  l a k e s  show a p h y s i o l o g i c a l  

a d a p t a t i o n  t o  t h e  a l k a l i n e  c o n d i t i o n s ,  w h ich  i s  m a n i f e s t  i n  s i m i l a r  

o rg a n is m s  i s o l a t e d  from  l e s s  a l k a l i n e  w a t e r s .  T h ese  o rg a n ism s  

a p p e a r  t o  c o n s t i t u t e  a  s e p a r a t e  e c o l o g i c a l  an d  p h y s i o l o g i c a l  g ro u p  

w i t h i n  t h e  R h o d o s p i r i l l a l e s .

B o th  g ro u p s  o f  o rg a n is m s  exam ined  show a d a p t a t i o n  t o  t h e  s a l i n e

c o n d i t i o n s ,  w hich  a p p e a r  t o  i n f l u e n c e  t h e  e c o lo g y  o f  t h e  l a k e s .

I n  t h e  more d i l u t e  l a k e s  t h e  e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  a r e

a b s e n t ,  and  t h e  p r e v a l e n t  p h o t o t r o p h s  grow o p t i m a l l y  i n  s a l i n i t i e s

o f  1 . 0 - 5 . 0 ^  (w /v )  N aCl, w h ich  r e p r e s e n t s  t y p i c a l  s a l i n i t y  f l u c t u a t i o n s

w i t h i n  t h e s e  l a k e s .  I n  t h e  more s a l i n e  l a k e s ,  s u c h  a s  Lake M agadi,

t h e  e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  a r e  e v i d e n t ,  and t h e  

p h o t o t r o p h s  p r e s e n t  a r e  c a p a b le  o f  o p t im a l  g ro w th  a t  t h e  s a l i n i t y  o f

t h e  l a k e ,  o r  o f  t o l e r a t i n g  s u c h  h i g h  s a l i n i t i e s  ( im h o f f  & T r u p e r ,

1977; i n  p r e p a r a t i o n ;  Im h o f f  e t  a l . , 1 978a ; 1 9 7 8 b ) .  The p r e s e n c e
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o f  s i g n i f i c a n t  am ounts o f  i o n s  i n  t h e s e  s a l i n e  l a k e s  r e s u l t s

i n  an  a l k a l i n e  pH b e tw e e n  9 .0  and 1 1 .0  ( im h o f f  e t  a l . . 1978b;

T a i l i n g  and  T a i l i n g ,  I 9 6 5 ) .  The o p t im a l  pH f o r  g row th  o f  t h e

a l k a l i p h i l i c  e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  i s  pH 9 * 0 - 1 0 .0 ,

and i s  s i m i l a r  t o  t h a t  fo u n d  f o r  t h e  p h o to t r o p h s  grown u n d e r

p h o to o rg a n o t ro p h ic -  c o n d i t i o n s .  I t  i s  e v i d e n t  from  t h i s  and  o t h e r

s t u d i e s  t h a t  t h e  u p p e r  l i m i t  o f  pH f o r  g row th  i s  w i t h i n  t h e  r e g i o n

pH 1 1 . 0 - 1 2 . 0  (B rock  & D a r la n d ,  1970; Crée e t  a l . ,  I 98O; G ü f f a n t i  e t  a l . ,

1978 ; S ouza  & D e a l ,  1977; Souza e t  a l . , 1 9 7 4 ) .  The o p t im a l  pH

f o r  g ro w th  o f  many a l k a l i p h i l i c  o rg a n is m s  i s  o f t e n  c l o s e  t o  pH 9 . 5 ,

a n d  t h i s  may b e  c o n n e c te d  t o  t h e  f i n d i n g  t h a t  t h e  i n t e r n a l  pH o f  some

a l a k l i p h i l e s  d o es  n o t  become a c i d i c  w i th  r e s p e c t  t o  t h e  e x t e r n a l

en v iro n m e n t  u n t i l  t h e  e x t e r n a l  pH r e a c h e s  pH 9*0-9*5  ( G u f f a n t i  e t  a l . ,

1978 ) .  I t  a l s o  a p p e a r s  t h a t  i n  t h e  o rg a n is m s  s t u d i e d  by G u f f a n t i

e t  a l .  ( 1 9 7 8 ) ,  t h e  t ran sm em b ran e  p o t e n t i a l ,  e s s e n t i a l  f o r  g ro w th ,  was

d i s s i p a t e d  a s  t h e  pH i n c r e a s e d  above  pH 9*5> and  a p p ro a c h e d  1 1 .0 .
2_

A f u r t h e r  co n seq u en c e  o f  g ro w th  i n  an a l k a l i n e ,  CO^ "* r i c h

en v iro n m e n t  i s  t h e  a b i l i t y  t o  t o l e r a t e  t h e  low c o n c e n t r a t i o n s  o f

d i v a l e n t  c a t i o n s .  T h i s  was p a r t i c u l a r l y  n o t i c a b l e  i n  t h e  a l k a l i p h i l i c ,

e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  from  t h e  Wadi N a tru n  ( im h o f f

e t  a l . , 1978b)  a n d  Lake Magadi ( T i n d a l l  e t  a l . , I 98O ). I n  t h e

o rg a n is m s  i s o l a t e d  from  Lake Magadi t h e  o p t im a l  c o n c e n t r a t i o n  o f  

2+Mg f o r  g row th  was 0 .1-2 .0m M , a l t h o u g h  c o n c e n t r a t i o n s  a s  low a s  

2+0.02mM Mg d id  n o t  s i g n i f i c a n t l y  a f f e c t  g ro w th .  A l th o u g h  t h e  optimum

2+ 2*Mg and Ga c o n c e n t r a t i o n s  f o r  g row th  o f  t h e  p h o to t r o p h s  was n o t

2+ 2+d e te r m in e d ,  t h e  re m o v a l  o f  Mg an d  Ca by t h e  p r e c i p i t a t i o n  o f

MgGJÔ  a n d  CaCO^, and t h e i r  s u b s e q u e n t  rem o v a l from  t h e  medium by

f i l t r a t i o n  d i d  n o t  a f f e c t  t h e  g row th  o f  t h e  o rg a n ism s  s i g n i f i c a n t l y ,

2+ 2+s u g g e s t i n g  t h a t  t h e  c o n c e n t r a t i o n s  o f  0.5mM Mg and 0.3mM Ca , 

fo u n d  by f lam e  s p e c t r o s c o p y ,  w ere  s u f f i c i e n t  t o  a l lo w  o p t im a l  g row th
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o f  t h e  o rg a n is m s .  The o p t im a l  c o n c e n t r a t i o n s  f o r  t h e s e  i o n s  

r e q u i r e d  b y  o t h e r  members o f  t h e  p u r p l e  p h o t o t r o p h i c  b a c t e r i a  i s  

a b o u t  4.0mM Mg^"  ̂ and  9.0mM (v an  N i e l ,  1931; P f e n n ig ,  1965a ) .

The o rg a n is m s  i s o l a t e d  from  t h e  Kenyan so d a  l a k e s ,  t h e r e f o r e ,  a p p e a r  

t o  b e  a d a p te d  t o  t h e  e n v iro n m e n t  i n  w h ich  t h e y  l i v e ,  i r r e s p e c t i v e  

o f  t h e  m a jo r  taxonomic- and  p h y l o g e n e t i c  d i f f e r e n c e s  b e tw ee n  t h e  two 

g ro u p s  exam in ed .

The e x a m in a t io n  o f  r e c e n t  an d  s m c ie n t  o r g a n i c  s e d im e n ts  h a s  

shown t h a t  some of; t h e  m o le c u le s  fou n d  i n  them a r e  s i m i l a r  t o  many 

o f  t h o s e  fou n d  i n  b a c t e r i a  (Chappe e t  a l . , 1979 ; D idyk e t  a l . , 1 9 7 8 ) ,  

and may b e  u s e f u l  i n d i c a t o r s  o f  t h e  ty p e  o f  o rg a n ism s  which, w ere 

p r e s e n t :  i n  t h e  s e d im e n ts  d u r in g  t h e i r  d e p o s i t i o n .  The en v iro n m en t 

i n  w h ich  o r g a n ic  m a c ro m o le cu le s  w ere  d e p o s i t e d ,  and  t h e i r  r e s i s t a n c e  

t o  d e g r a d a t i o n  must i n f l u e n c e  t h e  i n t e r p r e t a t i o n !  o f  t h e  a n a l y s i s  o f  

o r g a n i c  s e d im e n ts  (D idyk  e t  a l . , 197i8). The i n t e r p r e t a t i o n  o f  p h y to l  

d e g r a d a t i o n  t o  p r i s t a n e ,  a n d  t h e  s t e r i c  a l t e r a t i o n  o f  p h y to l  t o  

o t h e r  s t e r o i s o m e r s  h a s  p ro v e n  u s e f u l  i n  d e t e r m in i n g  t h e  c o n d i t i o n s  

o f  d e p o s i t i o n  (D idyk  e t  a l . , 1 9 7 8 ) ,  and  t h e  e x t e n t  o f  b i o l o g i c a l  and  

g e o c h e m ic a l  a l t e r a t i o n s  l i k e l y  t o  h ave  t a k e n  p l a c e .  I n  p a r t i c u l a r ,  

i t  h a s  r e c e n t l y  b een  o b s e r v e d  t h a t  many o r g a n i c  s e d im e n ts  c o n t a i n  

l i p i d s  w h ich  a r e  s i m i l a r  t o  t h o s e  fou n d  i n  t h e  a r c h a e b a c t e r i a  

(A nderson  e t  a l . , 1977; Chappe e t  a l . , 1979; H are  & H o e r in g ,  1972; 

M ic h a e l i s  & A l b r e c h t ,  1979; Moldowan & S e i f e r t ,  1 9 7 9 ) .  Due t o  t h e  

r a t h e r  u n u s u a l  n a t u r e  o f  t h e  e t h e r  l i p i d s  fo u n d  i n  t h e  a r c h a e b a c t e r i a  

th e y  e r e  r e l a t i v e l y  r e s i s t a n t  t o  b i o l o g i c a l  a l t e r a t i o n  (B a y le y  & 

M orton , 1 9 7 8 f Kushwaha & K a te s ,  1 9 7 8 ) ,  and may p ro v e  u s e f u l  i n  

t r a c i n g  a r c h a e b a c t e r i a  i n  t h e  f o s s i l  r e c o r d  ( Chappe e t  a l . , 1979 ) .  

A p p ly in g  t h i s  t e c h n i q u e  t o  o r g a n ic  s e d im e n t  a n a l y s i s  t o  p a r t i c u l a r  

e n v i ro n m e n ts ,  w i th  known g e o l o g i c a l  h i s t o r y ,  su ch  a s  Lake M agadi, 

may p ro v e  u s e f u l  i n  a t t e m p t i n g  t o  t r a c e  t h e  a n c e s t o r s  o f  t h e  e x t re m e ly
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h a l o p h i l i c  a r c h a e b a c t e r i a  found  t h e r e  to d a y  by co m p ar iso n  w i th  f o s s i l  

l i p i d s  a n d  t h o s e  fo u n d  i n  t h e  e x t r e m e ly  h a l o p h i l i c  b a c t e r i a .

O rgan ism s c a p a b le  o f  s y n t h e s i s i n g  e n e rg y  from  l i g h t  i n c l u d e  

t h e  e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a ,  g r e e n  and p u r p l e  p h o t o t r o p h i c  

b a c t e r i a ,  c y a n o b a c t e r i a ,  an d  e u k a r y o t i c  a l g a e  and  p l a n t s .  I n  a  

h i g h l y  s a l i n e  en v iro n m e n t  p r o k a r y o t i c ,  and e u k a ry o t ic ,  o rg a n ism s  

c a p a b le  o f  e n e rg y  p r o d u c t i o n  u s i n g  l i g h t  a r e  p r e s e n t ,  r e p r e s e n t e d  by 

t h e  a r c h a e b a c t e r i a l  e x tre m e  h a l o p h i l e s ,  members o f  t h e  g en u s  

E c t o t h i o r h o d o s n i r a , and  e u k a r y o t i c  a l g a e  o f  t h e  genus D u n a l i e l l a .

I n  s u ch  a  s i t u a t i o n  c o m p e t i t i o n  f o r  l i g h t  may b e  e x p e c te d  t o  b e  a  

m a jo r  f a c t o r  i n  t h e  e c o lo g y  o f  h i g h l y  s a l i n e  w a t e r s .  However, each  

o f  t h e  t h r e e  g ro u p s  o f  o rg a n ism s  h av e  d i f f e r e n t  a b s o r p t i o n  maxima 

f o r  t h e i r  p r im a ry  l i g h t  h a r v e s t i n g  p ig m e n ts ,  b a c t e r i o r h o d o p s i n ,  

b a c t e r i o c h l o r o p h y l l  a  o r  b ,  and  c h l o r o p h y l l  a  and  b ( f i g u r e  1 0 6 ) ,  

and none s i g n i f i c a n t l y  o v e r l a p .  Even t h e  p r e s e n c e  o f  a  n o v e l  ty p e  

o f  p u r p l e  membrane w i t h  an a b s o r p t i o n  maximum a t  625nm, i n  s t r a i n s  

S P l and  MS3 w ould  n o t  b e  c o i n c i d e n t  w i th  any  o f  t h e  p r e v i o u s l y  

d e s c r i b e d  maxima. At f i r s t  s i g h t ,  su ch  a p p a r e n t  i n t e r - r e l a t i o n s h i p  

b e tw ee n  t h r e e  p h y l o g e n e t i c a l l y  d i s s i m i l a r  l i n e s  u t i l i s i n g  l i g h t  f o r  

e n e rg y  p r o d u c t i o n  by  t h r e e  d i s t i n g u i s h a b l e  p r o c e s s e s  may seem 

p e c u l i a r ,  b u t  i t  must b e  rem em bered t h a t  any  o v e r l a p  o f  t h e  s p e c t r a l  

r e q u i r e m e n t s  w ould  l e a d  t o  c o m p e t i t io n !  and  p e r h a p s ,  a l s o  t h e  

e x c l u s i o n  o f  t h o s e  o rg a n ism s  a t  a  s e l e c t i v e  d i s a d v a n t a g e .  T h ese  

o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  p h o t o t r o p h i c  o rg a n is m s  may have  a r i s e m  

e i t h e r  a t  t h e  same t i m e ,  o r  i n  c o n s e c u t i v e  s t a g e s ,  w hich  w ere  

p h y s i o l o g i c a l l y  l i m i t e d .  E i t h e r  o f  t h e s e  two p o s a i b l i t i e s  w ould  

s u p p o r t  t h e  r e c e n t  h y p o t h e s i s  (G ib so n  e t  a l . , 1979) t h a t ,  p h o t o t r o p h i c  

m echanism s may have  a r i s e n  s e v e r a l  t i m e s  d u r in g  e v o l u t i o n : i n  one p r  

more of t h e  m a jo r  e v o l u t i o n a r y  l i n e s .
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F i g u r e  106 . A b s o rp t io m  maxima o f  t h e  p h o to p ig m e n ts  from  

e x t re m e ly  h a l o p h i l i c  m ic ro o rg a n is m s .

450 750

w ave leng th :  i n  nm

E c t o t h i o r h o d o s o i r a  h a l o o h i l a , ..............; H a lo h a c te r iu m  p u r p l e

m em brane ,-------------; s t r a i n  Î1S3 p u r p l e  m e m b ra n e , ---------------------

D u n a l i e l l a  s p . , ---------------
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Phototrophic ‘b acteria .

I n  a  r e c e n t  r e v i s i o n i  o f  th e  h ig h e r  t a x a  o f  th e  b a c t e r i a ,  

G ibbons and M urray (1978) p ro p o se d  th a t ;  th e  G ra m -n e g a tiv e  

p r o k a r y o te s  be p la c e d  i i r  a  new d i v i s i o n ,  th e  : G r a c i l  i  c u t  e s , w h ile  

th e  G ra m -p o s it iv e  p r o k a r y o te s  be p la c e d  in  t h e  d i v i s i o n  o f  th e  

P ir m a c u te s . The s lim e -m o u ld s  w ere p la c e d  i n  t h e  M o ll ic u t e s , 

and  th e  s o - c a l l e d  a r c h a e b a c t e r i a  i n  th e  d i v i s i o n  M endocu tes.

The G T a c i l ic u te s  w ere f u r t h e r  d iv id e d  i n  t o  two c l a s s e s ,  th e  

p h o to t r o p h ic  P h o to b a c te r i a ,  and  th e  n o n - p h o to t r o p h ic  S c o to b a c t e r i a . 

The P h o to b a c te r ia  in c lu d e  th e  c y a n o b a c te r i a ,  t h e  p ro c h lo r o p h y te s ,  

and  th e  p u r p le  and g r e e n  p h o to t r o p h ic  b a c t e r i a .  The p u r p le  and 

g r e e n  p h o to t r o p h ic  b a c t e r i a  w ere d i s t i n g u i s h e d  from  th e  

c y a n o b a c te r i a  and p ro c h lo ro p h y te s  b y  t h e i r  a n o x y g e n ic  p h o to t r o p h ic  

m e ta b o lism , and w ere p la c e d  in  th e  new s u b c l a s s ,  th e  

A n o x v p h o to b a c te r ia  ( t a b l e  2L) . The A n o x y o h o to b a c te r ia  a r e  

f u r t h e r  d iv id e d  i n t o  two o r d e r s ,  th e  R h o d o s o i r i l l a l e s . c o n ta in in g  

th e  p u r p le  p h o to t r o p h ic  b a c t e r i a ,  and th e  C h lo r o b i a le s . c o n ta in in g -  

th e  g re e n  p h o to t r o p h ic  b a c t e r i a  (G ibbons and  M urray , 1978? T ru p e r  

and P fenn ig -, i n  p r e s s ) .  T hus, t h e  new o r d e r  C h lo r o b ia le s  

c o r re s p o n d s  to  th e  o ld  s u b o rd e r  G h lo ro b i in e a e  ( P fe n n ig  and  T ru p e r ,  

1 9T 4).

W orkings in d e p e n d e n t ly ,  on th e  la k e s  o f  th e  Wadi N a tru n , E g y p t, 

D r .J .P . .Im h o f f  h a s  i s o l a t e d  an. o rg an ism  s i m i l a r  to  th e  g as  v a c u o la te  

s t r a i n  B3, The o rg a n ism  i s  s i m i l a r  t o  s t r a i n  B3, i n  i t s  a b i l i t y  

t o  d e p o s i t  su lp h u r- o u t s id e  th e  c e l l  d u r in g  th e  p h o to o x id a t io n  o f  

s u lp h id e  t o  s u lp h a t e ,  i n  i t s  s a l i n i t y  optim um , GC b a s e  c o n te n t ,  

c a rb o n  and  s u lp h u r  s o u rc e  u t i l i s a t i o n ,  and i n  i t s  pE o p tim a .

I n - p a r t i c u l a r  th e  p re s e n c e  o f  two d i s t i n c t  o p tim a  hav e  been  n o te d  

i n  th e  p re s e n c e  o f  c a rb o n  compounds o r  s u lp h u r  com pounds, w h ic h  i s  

c o n s i s t e n t  w i th  th e  f i n d in g s  o f  t h i s  s tu d y  and  th o s e  o f  C hesnokov
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Table 21. H i^ e r  taxa o f the purple and green phototrophic b a c ter ia .

D iv is io n i  Z 

( I r a c i l i o u t e s

C la s s  I  

P h o to b a c te r ia

S u b c la s s  I I

A noxyphotbobact e r i a

O rder I O rd er I I

R h o d o s p i r i l l a l e s C h lo r o b ia le s

Pam ilyr i  Fam ily- I I  F am ily  Z F a m ily  I I

R h o d o s p i r i l l a c e a e  C h ro m a tia c e a e  C h lo ro b ia c e a e  G h lo ro f le x a c e a e
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and  S haposn ikov r ( l 9 3 é a ) .  I n  d i s c u s s io n s  w ith . D r .Im h o f f ,  D r.W .D *G rant,
It-

D t.A .V Ia lsby j P ro f .D r.H v G .,T ru p e r, and  Dr.M_D.,Go 11 in s  th e  ta x o n o m ic  

p o s i t i o n  o f  th e s e  g a s  v a c u o la te  o rg a n ism s  h a s  b een  d i s c u s s e d .  I t ,  

i s  c u r r e n t  p r a c t i c e  to  a s s ig n  g as  v a c u o la te  o rg a n ism s  w i th in  th e  

A n o x y p h o to b a c te r ia  t o a  s e p a r a t e  g e n u s , and  r e c e n t l y  G orlenko  h as  

d e s c r ib e d  a  m o t i le ^  g a s  v a c u o la te  o rg a n ism  r e s e m b l in g  a  Chromatiumi 

s p . , w hich: h a s  b een  a s s ig n e d  to  a  new gen u s L am o ro b ac te r ( im h o f f ,  

p e r s o n a l  co m m u n ica tio n ^ . F o l lo w in g  s u c h  exam ples i t  w ould b e  

a p p r o p r ia t e  to  c o n s id e r  p l a c i n g  g as  v a c u o la te  E c t o th i o r h o d o s c i r a - l i k e  

o rg a n ism s  i n  a  new g e n u s , E c t o th io rh o d o  c y s t  i s . H ow ever, i n  v iew  o f  

t h e  p r e s e n t  u n c e r t a i n t y  c o n c e rn in g  th e  in v o lv e m e n t o f  p la sm id s  in  

th e  f o r m a t io n  o f  g a s  v a c u o le s ,  t h i s  m ust be q u e s t io n e d ,  s in c e  

p la sm id  l o s s  o r  g a in  w ould  r e s u l t  i n  th e  c r e a t io n :  o f  new t a x a ,  w hich 

a r e  o th e rw is e  i n d i s t i n g u i s h a b l e  from  one a n o th e r .  The g as  

v a c u o la te  s t r a i n s  may, t h e r e f o r e ,  b e  p la c e d  i n  th e  genus 

E c t o th i o r h o d o s p i r a . a s  a  genus o f  c o n v e n ie n c e  u n t i l  th e  tax o n o m ic  

p o s i t i o n  o f  th e s e  o rg a n ism s  in  s tu d i e d  i n  more d e t a i l .  l u  t h e  c a s e  

o f  s t r a i n s  M2 and M4, t h e y  may be  c l e a r l y  d i s t i n g u i s h e d  from  a l l  

e x i s t i n g  s p e c ie s  o f  t h i s  g e n u s , and  t h e i r  a s s ig n m e n t a s  g a s  v a c u o la te  

members o f  t h i s  genus seem s s a t i s f a c t o r y ,  h o w ev er, th e  same 

c a n n o t  b e  s a id  f b r  s t r a i n  3 3 . S t r a i n  33 c a n n o t  e a s i l y  b e  

d i s t i n g u i s h e d  from  E .m o b i l i s  and  E^ s h a p o s n ik o v i i , a p a r t  from  th e  

p re s e n c e  o f  g a s  v a c u o le s  and i t s  more p ro n o u n ced  ro d  sh a p e .

L e a v in g  th e s e  f e a t u r e s  a s id e  i t  w ould be  d i f f i c u l t  t o  d i s t i n g u i s h  

s t r a i n  33 from  th e s e  two s p e c ie s  o f  E c t o th i o r h o d o s o i r a , and  i t  may, 

more p r o p e r l y  b e  d e s c r ib e d  as  a  g a s  v a c u o la te  form  o f  E .m o b i l i s  o r  

E .s h a p o s n ik o v i i .  The tax o n o m ic  p o s i t i o n  o f  th e  gas  v a c u o la te  

o rg a n ism s  o f  t h e  *E c t o th i o r h o d o s p i r a c e a e * p r e s e n t s  a  p ro b lem  to  th e  

ta x o n o m is t a t  p r e s e n t ÿ b u t  th e  s tu d jr  o f  th e s e  o rg a n ism s  may h e lp  

t o  r e s o lv e  th e  s t a t u s  o f  gas v a c u o le s  i n  th e  d i f f e r e n t i a t i o n  o f  th e
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t a x a  o f  t h e  A n o x y p h o to h a c te r ia .
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Extrem ely h a lo p h ilic  b a c ter ia .

The r e v i s i o n s  o f  th e  h ig h e r  t a x a  o f  th e  p r o k a r y o te s  by

G ibbons and  M u rray  (1978 ) in c lu d e  reco m m en d a tio n s  f o r  a s s ig n in g

th e  s o - c a l l e d  a r c h a e b a c t e r i a  t o  a  new d i v i s i o n ,  th e  M endocu tes ,

H ow ever, t h e s e  p r o p o s a ls  im ply  t h a t  th e  M endocutes a r e  more

c l o s e l y  r e l a t e d  t o  t h e  G r a c i l i c u t e s ,  P i rm a c u te s ,  and  M o l l ic u te s

th a n , t o  t h e  e u k a r y o te s ,  w hen  p h y lo g e n e t ic  s t u d i e s  s u g g e s t  t h a t  th e

M endocutes a r e  no more c l o s e l y  r e l a t e d  t o  th e s e  p ro k a ry o te s  t h a n

to  t h e  e u k a r y o te s .

A l k a l i p h i l i e  h a l o b a c t e r i a  a r e  n o t  c o n f in e d  to  th e  so d a  la k e s

o f  th e  R i f t  V a l le y ,  K enya, and  a n  o rgan ism ; s i m i l a r  t o  s t r a i n  SP2

h a s  b e e n  i s o l a t e d  b y  S o lim an  and  T ru p e r  (u n p u b lis h e d )  from  th e

Wadi N a tru n , E g y p t, The o rg an ism  a p p a r e n t ly  re s e m b le s  s t r a i n  SP2

in  i t s  a b i l i t y  to  u t i l i s e  c a r b o h y d r a te s , in  no t: c o n t a in in g  a

2+s a t e l l i t e  DNA b a n d , and  i t s  N aC l, pH, and  Mg r e q u i r e m e n ts ,
I!'

S o lim a n ,and  T ru p e r  hav e  p ro p o se d  t h a t  t h e i r  o rg an ism  be a s s ig n e d  to  

a  new s p e c ie s  o f  H a lo b a c te r iu m , h o w ev er, i n  v iew  o f  t h e  more 

d e t a i l e d  in f o r m a t io n  o n  s t r a i n  SP2 i t  h a s  b e e n  s u g g e s te d  t h a t  t h i s  

s t r a i n  be d e s ig n a te d  th e  ty p e  s t r a i n  o f  th e  new s p e c i e s .  The 

a s s ig n m e n t  o f  t h i s  s t r a i n  t o  a  new s p e c ie s  o f  H a lo b a c te r iu m  a l s o  

s u p p o r ts  t h e  p r o p o s a l  t h a t  th e  a l k a l i p h i l i c  h a lo b a c te r iu m , s t r a i n  

S P l be  p la c e d  i n  a  new s p e c ie s  on a c c o u n t  o f  i t s  p h y s io lo g i c a l  and 

b io c h e m ic a l  p r o p e r t i e s ,  w h ic h  d i f f e r  from  o th e r  h a l o b a c t e r i a ,  

i n c l u d i n g  s t r a i n S P 2 ,

F u r th e r  w ork on th e  taxonom y o f  th e  h a l o b a c t e r i a ,  i n c lu d in g  

s t r a i n s  S P l ,  SP2, and  MS3 h a s  c o n f irm e d  t h a t  th e s e  s t r a i n s  a r e  

u n u s u a l  among th e  h a l o b a c t e r i a  i n  not: c o n ta in in g  g l y c o l i p i d s  

(HoH,1-IJ^o s s , Ph,D , t h e s i s ,  i n  p r e p a r a t i o n ) , I n v e s t i g a t i o n s  o f  

th e  p r o d u c ts  o f  a c id  m e th a n o ly s is  in  th e  s o l v e n t  h e x a n e :d ie th y l  

e th e r  (8 5 :1 5 )  gave r e s u l t s  e s s e n t i a l l y  s i m i l a r  t o  th o s e  o b ta in e d
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i n  t h i s  s tu d y .  H ow ever, th e  s u g g e s t io n  by D r.M »D «.Collins th a t :  

th e  a c i d  m e th a n o ly s is  p ro d u c ts  w ould  be b e t t e r  d i f f e r e n t i a t e d  by 

re d e v e lo p m e n t i n  a  se c o n d  s o lv e n t  l e d  t o  th e  f in d i n g s  t h a t  th e  

a l k a l i p h i l i c  h a l o b a c t e r i a  ( s t r a i n s  S P l,  SP2, and  Î>ÎS3) c o n t a i n  

two e t h e r  l in k e d  m o i e t i e s ,  one o f  w hich  i s  s i m i l a r  to  th e  

2 , 3 - d i - O - p h y ta n y l - s n - g ly c e r o l  fo u n d  i n  o th e r  h a l o b a c t e r i a  

(R oss e t  a l . r  i n  p r e s s ) .  H ow ever, a  number o f  l i t t l e  u se d  s t r a i n s  

o f  h a l o b a c t e r i a  a l s o  c o n ta in  tw o e t h e r  l i n k e d  m o ie t i e s ,  a l th o u g h  

th e y  a r e  a p p a r e n t ly  n o t  a l k a l i p h i l i c  ( f o r  d e t a i l s  s e e  H«UJ4«Ross, 

Ph .D . t h e s i s ,  i n : p r e p a r a t i o n ^ ,  and  d o es  not: c l a r i f y  th e  tax o n o m ic  

p o s i t i o n ’ o f  th e  a l k a l i p h i l i c  h a l o b a c t e r i a .  T hese  f in d in g s  

show t h a t  th e  n a tu r e  o f  th e  e t h e r  l i n k e d  l i p i d  d e r i v a t i v e  d o es  

no t. n e c e s s a r i l y  i n d i c a t e  ta x o n o m ic  d i f f e r e n c e s ,  a l th o u g h  th e  

a b se n c e  o f  g l y c o l i p i d s  from  th e  a l k a l i p h i l i c  h a l o b a c t e r i a  d oes  

seem to  be ta x o n o m ic a l ly  s i g n i f i c a n t .  I t  i s  hoped  t h a t  f u r t h e r  

s t u d i e s  o f  th e  taxonom y o f  th e  e x t r e m e ly  h a l o p h i l i c  a r c h a e b a c t e r i a  

w i l l  r e s o lv e  th e  s t a t u s  o f  p r e s e n t  s p e c i e s ,  and  th e  tax o n o m ic  

p r o p o s a ls  s u g g e s te d  i n  t h i s  t h e s i s  (HoHoI îJ îo s s , Ph.D . t h e s i s ,  

in : p r e p a r a t i o n ) .
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The Isolation of Alkalophilic Bacteria

W. D . G r a n t  a n d  B. J. T i n d a l l  

Department of Microbiology^ University of Leicester^ Leicester, U K

Over the last few decades, many reports have appeared of organisms 
growing at extreme pH values. M ost of the reports however, concern 
acidic environments, and little information exists about the alkaline 
limits of life, testified to by the paucity of detail in review articles con
cerned with the effects of pH (Vallentyne 1963; Skinner 1968; Kushner 
1971; Langworthy 1978).

There are a number of man-made highly alkaline environments, e.g. 
food processing waste, textile wastes, but naturally occurring high 
alkaline ( > p H  10) environments are relatively uncommon. There are 
certain desert soils where pH values of 10 and above have been recorded 
(Rupela & Tauro 1973) but the most alkaline, naturally occurring 
environments on earth are the soda lakes and soda deserts, now restricted 
to a few areas (for a list see Te-Pang 1890) where pH values of 10 and 
above are common. The areas where such lakes and deserts are to be 
found are mostly closed basins where evaporative concentration takes 
place. The genesis of the alkalinity is open to some dispute, but the most 
widely accepted explanation is that a weak solution of metal bicarbonates, 
largely sodium, leached from rocks by COg-charged surface waters, 
concentrates in the absence of significant amounts of calcium (which 
removes alkalinity by calcite precipitation) to produce a NaHCOg/Nag 
COg brine (Hardie & Eugster 1970). At pH values above 10, NagCOg 
preponderates (Golterman & Clymo 1971), and most of the soda lakes 
have from 2-10%  (w/v) NagCOg at pH values of 10-11, with varying 
amounts of other salts, often including NaCl as a major component. 
Extreme examples such as the Wadi Natrun in Egypt and Lake Magadi 
in Kenya have crystalline deposits reflecting total dissolved solids of up 
to 40%  (w/v). Dilute alkaline springs are also found where the calcium  
content may be high (Souza et al. 1974)— in these cases the genesis of 
the alkalinity is not clear, and obviously different from that in the soda 
lakes.
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No definition of the term alkalophile seems to exist (more correctly 
alkaliphile from the Arabic root, but the term alkalophile is now in com 
mon usage and will continue to be used in this article). However, the 
assumptions generally implicit in its use appear to be that those organisms 
incapable of growing at neutrality, capable of growth at pH 10 and above, 
and with pH optima at pH 9 or above are designated alkalophiles. T he  
much larger group of organisms capable of growing over a wider range 
of pH from the acid side of neutrality to pH values in excess of 10, and 
with pH optima closer to neutrality should therefore be designated 
alkalotolerant.

Eukaryotic micro-organisms have been described in alkaline habitats 
(Souza et al. 1974; Siegel & Giumarro 1965; Langworthy 1978) but 
pure culture studies have seldom been made, so it is not clear if these 
organisms are alkalophiles or merely alkalotolerant. A considerable num 
ber of alkalotolerant species of bacteria are known from a wide variety of 
habitats, including members of the genera Streptococcus (Chesbro & 
Evans 1959), Agrohacterium (Allen & Allen 1950) and Bacillus (Bornside 
& Kallio 1956; Chislett & Kushner 1961). Alkalophilic species of 
bacteria have been isolated from a variety of habitats, some not particu
larly alkaline in nature. M ost of the strains have been soil isolates of 
Gram positive sporing rods assigned to the genus Bacillus. Probably the 
best known alkalophile is B. pasteurii, a common soil isolate, which re
quires both high pH and NHg (W iley & Stokes 1962). Other soil 
isolates include B. alcalophilus (Boyer & Ingle 1972; Vedder 1934) and 
the large number of incompletely characterized Bacillus spp. described 
by Horikoshi and his coworkers (Horikoshi \9 1 \a ,b \  1972; Yamamoto 
et al. 1972; Nakamura & Horikoshi 1976). Horikoshi has also isolated a 
Bacillus sp. from rayon waste (Ikura & Horikoshi 1977), and Ohta and 
his colleagues have isolated a Bacillus sp. from fermenting indigo leaves 
(Ohta et al. 1975). The extraordinary organism Kakabekia barghoorniana 
described by Siegel (Siegel & Siegel 1970; Siegel 1977) has been isolated 
from several soil samples. This particular organism grows in very high 
concentrations of N H 4 OH, but has never been grown in the absence of 
soil particles. Alkaline springs have yielded several alkalophilic bacteria, 
including a coryneform organism (Souza & Deal 1977), a Flavobacterium  
sp., and an unidentified anaerobe (Souza et al. 1974; Deal et al. 1975).

Potentially the best source of alkalophilic micro-organisms, the soda 
lakes and soda deserts, are virtually unexplored microbiologically. N o  
consideration of these environments would be complete without some 
mention of the massive blooms of blue green algae which occur in soda 
lakes periodically at pH values considerably in excess of 10. The most 
frequently described species are members of the genera Spirulina and
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Anahaenopsis (Tailing & Tailing 1965; Melack & Kilham 1974). These 
algae have seldom if ever been isolated from these environments and 
studied in pure culture, so it is not clear if these organisms are true 
alkalophiles. However, in general there is evidence that blue green 
algae are more abundant in alkaline waters (Fogg 1956) and in some cases 
may be true alkalophiles. Bacteriological studies on soda lakes are scarce. 
Some years ago Isachenko (1951) observed several morphological types 
of bacteria in Crimean soda lakes, some of which were photosynthetic 
bacteria. Reports of pure culture studies on isolates from such lakes have 
appeared only recently and so far are restricted to photosynthetic 
bacteria. Imhoff and Truper (1977), and Grant et al. (1979) have 
described alkalophilic Ectothiorhodospira spp. from different soda lakes. 
It is to be expected that these lakes will yield a wide variety of different 
types of alkalophilic bacteria in the near future.

The biochemical basis of alkalophily remains to be elucidated. Ohta 
et al. (1975) and Koyama et al. (1976) have shown that membrane 
exclusion mechanisms may be important in allowing the transport of 
charged compounds. Recently the problems posed by alkalophily in 
relation to ATP synthesis have been explored in B. alcalophilus (Guffanti 
et al. 1978) and alkalophiles may prove to be useful tools in furthering our 
understanding of the mechanics involved in energy generation.

E n rich m en t and Iso la tion  P ro ced u res

In principle, there is no reason why a variety of physiological groups of 
bacteria should not be isolated from an appropriate environment. In 
most cases the pH of the initial enrichment is achieved and maintained 
by adding an appropriate quantity of NagCOg (or NagCOg.lOHgO). 
Occasionally NaOH has been used (Souza et al. 1974). NagCOg is the 
additive of choice for many enrichments in view of the high concentra
tions of the compound to be found in most naturally occurring alkaline 
environments, and there is some evidence that growth is enhanced in its 
presence (Nakamura & Horikoshi, 1976; Imhoff & Truper 1977; Grant 
et al. 1979). pH values of 10-11 can be achieved in most media by 
the addition of 1-5%  (w/v) NagCOg or the equivalent amount of 
NagCOg.lOHgO. The pH of the enrichments should be checked and 
adjusted if incubation periods longer than 48 h are to be used. High pH  
media quickly absorb COg from the atmosphere and drop markedly in 
pH after a relatively short period. For this reason growth after some time 
in media with a starting pH in excess of 11 should be checked very care
fully, and claims of growth at pH 12-13 (Allen & Allen 1950; Kingsbury 
1954) are to be viewed with suspicion unless careful pH measurements
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have been made. At this present time the highest pH recorded for growth 
in pure culture may be as low as 11*5.

It is not possible to maintain pH values in excess of 1 1 0  with the 
NagCOg system due to the buffering of atmospheric COg, but if a 
constant pH monitoring system is available then automatic addition of 
NaOH can be used to retain very high pH values (Souza et al. 1974; 
Souza & Deal 1977). However, in our experience enrichments at pH  
1 0 - 1 1  yield most alkalophiles, and enrichments which have been kept in 
excess of pH 11*0 seldom yield organisms.

Enrichment of the following three groups is outlined as an example of 
the system. Our experience with highly alkaline environments is restricted 
to African soda lakes which yield a variety of types of bacteria including 
alkalophilic aerobic heterotrophs, alkalophilic photosynthetic bacteria, 
and alkalophilic halophiles. We have applied enrichments for alkalophilic 
heterotrophic bacteria to a variety of ordinary soil types with success.

Heterotrophic bacteria

Several different types of semi-defined media are possible, including 
nutrient broth, tryptic soy broth (Souza & Deal 1977) adjusted to the 
appropriate pH value. The most useful general medium is a modification 
of that described by Horikoshi (197W).
Composition (g l“ )̂: glucose, 10 0; peptone (Difco), 5 0; yeast extract 
(Difco), 5 0; KgHPO^, 1 0 ;  M gS 0 4 .7 Hg0 , 0 2; distilled water to 900 ml. 
The medium is sterilized by autoclaving. Agar at 1-5% (w/v) may be 
included if desired. 100 ml 20% (w/v) NagCOg.lOHgO (sterilized 
separately by autoclaving) is added to give a final concentration of 
NagCOg.lOHgO in the medium of 2 % and a final pH of 10 5. Agar con
taining media should be mixed with NagCOg.lOHgO at 60°C and when 
mixed poured immediately. A variety of modifications of this medium  
have been used by Horikoshi and his coworkers to isolate bacteria 
capable of degrading different carbon sources (Horikoshi 1972; Naka
mura & Horikoshi 1976; Ikura & Horikoshi 1977).

A small amount of inoculum is added to the media and incubation is 
carried out at 25°C or 37°C with shaking for 24-48 hours. Material is 
then streaked on agar media of the same composition. Both alkaline muds 
and ordinary soils yield a variety of alkalophilic aerobic heterotrophs by 
this procedure.

Photosynthetic bacteria 

A modification of the medium described by Grant et al. (1979) is suitable



ALKALOPHI LI C BACTERIA 31

for the .enrichment and purification of several morphological types of 
photosynthetic bacteria. As yet these have only been isolated from soda 
lakes, and enrichments using ordinary river and pond muds have not 
yielded organisms at high pH.
Composition (g l'i) :  N H 4 CI, 1 0 ; NaCl, 0 4 ;  MgSO^.THgO, 0 4 ;  
CaClg.ZHgO, 0-5; KHgPO^, 1*0; sodium acetate, 1 0 ; yeast extract 
(Difco) 10 . Distilled water to 900 ml. A solution of trace elements con
taining (g l-i): ZnS 0 4 .7 Hg0 , 5-5; FeS 0 4 .7 Hg0 , 5 0; NagMo 0 4 .2 HgO, 
1 0 ; MnClg.4HgO, 5*5; CUSO 4 , 1-5; CoClg, 1*5 is added to the medium  
at 1  ml 1 "̂ .

The medium is sterilized by autoclaving. Agar at 1*5% (w/v) may be 
included. 100 ml 20% (w/v) NagCOg.lOHgO (sterilized separately by 
autoclaving) is added to give a final concentration of NagCOg.lOHgO of 
2%  (w/v) and pH 10*3. NagS at 0*1 % may be included in the medium  
(sterilized separately by autoclaving) if desired, and the NaCl content 
may be increased depending on the salinity of the environment. Agar 
containing media should be mixed with NagCOg.lOHgO at 60°C and 
poured immediately.

Imhoff & Truper (1977) have used a high salt medium for the isolation 
of an alkalophilic halophilic Ectothiorhodospira sp. from an Egyptian 
soda lake.
This medium contains (gl -i): CaClg.2HgO, 0*05; KHgP 0 4 , 0*5; N H 4 CI, 
0*8; MgClg.6 HgO, 0*1; NaCl, 180*0; NagS 0 4 , 20*0; NagCOg, 20*0; 
yeast extract, 0*5 ; sodium succinate, 1*0; NagS, 1*0.
A solution of trace elements at 1 ml 1 of the following composition 
(g l- i):  FeClg.4HgO, 1*8; CoClg.6 HgO, 0*25; NiClg, 0*01; CuClg, 0*01; 
MnClg.4HgO, 0*07; ZnClg, 0 10; H 3 BO 3 , 0*5; NagMo 0 4 .2 HgO, 0*03; 
NagSeOg.5HgO, 0 01 is added to the medium, followed by 1 ml 1 of 
vitamin solution of the following composition (g l“ )̂: biotin, 0 * 1  ; 
nicotinamide, 0*35 ; thiamine, 0*3 ; ^-aminobenzoic acid, 0*2; pyridoxal 
chloride, 0*1 ; Ca-pantothenate, 0*1 ; Vit B̂ g, 0*05.
The final pH of the enrichment is 9*6.

The initial inoculum is 25 % (v/v) mud and incubation is at 30°C at 
5000 Ix in bottles completely filled. Subculture may be carried out in 
media of the same composition, incorporating 0*05 % (w/v) ascorbate if 
organic acids alone are to be used as hydrogen donors. Purification can 
be achieved by repeated agar shake dilution, or alternatively by streaking 
on agar media in 25 mm plastic Petri dishes, and incubating these in 
transparent polycarbonate jars (GasPak Anaerobic Systems: Becton, 
Dickinson and Company, Cockerysville, M D  21030, USA) in the 
anaerobic environment produced by the GasPak system. The Petri 
dishes may be held upright round the walls of the jar by an inner glass
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sleeve, thus affording much better illumination of the plates (Fig. 1). The 
transparent anaerobic glove box system described by Aranki et al. (1969) 
with an atmosphere of 85%  Og-free Ng/5 % COg/10% Hg is particularly 
useful if large numbers of tests are to be made, and liquid media in 
divided dishes can be used in this system. Engelhard D catalyst is used 
in such a system to maintain an Og free environment (Engelhard Ltd., 
Valley Road, Cinderford, Gloucestershire, G L14 2PB) (Fig. 2).

T

:

Fig. 1. GasPak polycarbonate jar w ith glass liner.
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Fig. 2. Clear plastic anaerobic glove box after Aranki et al. (1969). Atmosphere 
85 % O 2 free N o/5  % COg/10% Hg. Catalyst Engelhard D . Access by flushable port.

Halophilic bacteria

Extreme examples of soda lakes such as the Wadi Natrun and Lake 
Magadi yield alkalophiles which are additionally extreme halophiles. 
One of these is the photosynthetic Ectothiorhodospira sp. described by 
Imhoff & Truper (1977), the enrichment medium for which has already 
been described. The solar evaporation ponds at Lake Magadi which 
contain 16% (w/v) NagCOg, and 16% (w/v) NaCl yield a red alkalo
philic halophile which does not contain bacteriochlorophyll. This 
organism which is probably related to the genus Halobacterium (B. J. 
Tindall and W. D. Grant, unpublished results) can be enriched for in 
a medium of the following composition (g l“ )̂: NagCOg.lOHgO, 200; 
NaCl, 200; yeast extract (Difco), LO; KCl, LO; MgClg, LO; N H 4 CI, 
LO. A solution containing 200 g NaCl and 200 g NagCOg.lOHgO is 
sterilized by autoclaving in a total volume of 500 ml. The other compon
ents (including 15 g agar if desired) are also sterilized in a total volume of 
500 ml, and the two solutions mixed. Agar containing media should be 
mixed at 60°C and poured immediately. The pH reading obtained for the 
medium using sodium corrected probes is 1 0 -6 - 1 0 -8 .
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The organism can also be grown in a standard halophile medium  
adjusted to the appropriate pH value (Brown 1963).
Composition: (gl“ )̂: MgSO^, 2 0 0 ; sodium citrate, 3*0; KCl, 2-0; 
peptone (Difco), TO. Make up to 500 ml with distilled water. Steriliza
tion is by autoclaving. A solution containing 250 g NaCl and 50 g 
NagCOg.lOHgO in 500 ml distilled water is sterilized by autoclaving, 
and added to the other salts. The final pH of the medium is 10 0. Agar 
may be incorporated at T5 % (w/v) and sterilized with the latter solu
tion.

Enrichment is in shallow static layers of medium at 37°C for 3-4  weeks 
at 2000-5000 Ix. Purification is carried out by streaking on agar media in 
Petri dishes which are incubated in the light at 37°C. It is necessary to 
seal the edges of the Petri dishes with transparent adhesive tape to 
prevent drying out and crystallization of the salt.

D e term in a tio n  o f  pH  O ptim a

The use of p H  gradient plates

The pH range of growth of certain isolates may be rapidly determined 
using pH gradient plates. Square Petri dishes are suitable for the purpose, 
and media of the appropriate composition but without NagCO^.lOHgO 
is poured to a depth of at least 1 cm and allowed to set. A uniform trough 
1  cm in width is removed from one end and agar containing 2 0 % 
NagCOg.lOHgO and 0 2 m  NaOH is poured into the trough. The trough 
agar is prepared by mixing together equal volumes of sterile 0*4 M  
NaOH/40%  (w/v) NagCO^.lOHgO and 4%  (w/v) agar at 60°C. Plates 
left at 37°C overnight develop a uniform gradient from pH 12-pH  7*0 
which is stable for 2 days. Organisms are streaked across the plate at 
right angles to the trough. After 48 h the pH at the alkaline end drops 
due to COg absorption, and therefore if prolonged incubation is necessary 
the technique is not as useful for determining the upper limits of pH, 
although useful information on the lower limits can still be obtained. 
Plates incubated in a COg charged atmosphere, e.g. GasPak system, 
show a more rapid equilibration of the gradient, and the technique only 
yields information about the lower limits of growth. The surface pH of 
such plates can be determined using a suitable membrane electrode such 
as the EIL 1070-2 flat head electrode. The technique is particularly 
useful for fast growing heterotrophs, and often the pH optima can be 
predicted from the appearance of the growth. Figure 3 shows isolates 
from an ordinary soil and an alkaline mud, and clearly shows that one 
strain is alkalotolerant, whereas the others are alkalophilic.
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12 11 10 9  8  7

B

C

12 11 10 9  8  7
Fig. 3. pH gradient plate showing alkalotolerant and alkalophilic heterotrophs. 
Strain B is an alkalotolerant isolate from a British garden soil, strain A an alkalo
philic isolate from an alkaline mud sample, and strain C an alkalophilic isolate from 
a British garden soil. The medium is the modified Horikoshi medium (1971a)

described in the text.

Buffer systems for high p H

The naturally occurring buflPer system in most alkaline environments is 
the NaHCOg/NagCOg system. However the system is unsatisfactory for 
use in determination of pH optima due to the rapid absorption of COg 
from the atmosphere, which tends to bring high pH media down to 
between pH 9 and 10 even if relatively high concentrations of NagCOg 
have been used. It may be no accident that most of the alkalophiles 
isolated from naturally occurring environments have pH optima between
9 and 10. The alkaline soda lakes presumably maintain pH values above
10 by constant evaporative concentration and generation of alkalinity by 
photosynthesis. The most useful buffers over the range 9-12 in a variety 
of media are borax/NaOH and NagHPO^/NaOH. These systems are less 
effected by atmospheric COg and are non-toxic to a wide range of
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alkalophiles. 0*2 M  solutions of the buffers at appropriate pH ’s are 
sterilized separately. Media are brought to the same pH with NaOH  
and buffer added to a final concentration of 0*05 M . For pH values below 
9, NaHgPO^/NagHPO^ and borax/boric acid may be used.
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A Halobacterium species isolated from solar evaporation ponds and sodium sesquicarbonate 
deposits at Lake Magadi, Kenya, differs from known species of Halobacterium in its GC 
content, in being obligately alkalophilic with a pH optimum between 9 0 and 10 0, and in 
having a Mg^+ requirement of between 0 1 and 2-0 m M  for optimum growth.

I N T R O D U C T I O N

Extremely halophilic bacteria of the genus Halobacterium characteristically occur in 
highly saline environments, such as solar evaporation ponds, salt lakes, and on various 
salted food products, turning them from orange/red to pink or even purple (Dundas, 1977; 
Gibbons, 1974; Larsen, 1967). The currently described species of Halobacterium are 
characterized by the presence of carotenoids and by a minimum requirement of NaCl for 
growth of 2 to 3 m . All the recorded isolates have an additional requirement for relatively 
large amounts of Mg^+ (Brown & Gibbons, 1955) which might be related to the stability of 
the cell wall and/or of the protein-synthesizing apparatus (Kushner, 1978). Mg^+ above 
2 M inhibits most species of Halobacterium, although the recently described H. volcanii 
tolerates these concentrations, reflecting its natural habitat, the Dead Sea (Mullakhanbhai 
& Larsen, 1975). The habitats described so far for Halobacterium species have been mainly 
neutral to acidic, highly saline environments, where divalent cations such as Mg^+ are 
readily soluble, none of the recorded isolates growing in semi-defined media in the absence of 
added Mg^  ̂ (Brown & Gibbons, 1955).

The African Continent contains a number of alkaline soda lakes where the main ions are 
Na+, COg -̂, HCOg- and Cl~, with varying amounts of and K+ (Tailing & Tailing, 
1965). The more dilute lakes have a characteristic population of phototrophic bacteria 
(Grant et a l, 1979). Concentrated soda lakes exist, such as the Wadi Natrun, Egypt, and 
Lake Magadi, Kenya, where the total dissolved salts may exceed 35% (w/v) at a pH of 
10 5 to 11-0 (Imhoff et a l, 1978). Under these conditions divalent cations are present in only 
trace amounts, since precipitation occurs as carbonates during formation of the lake waters 
(Hardie & Eugster, 1970). Parts of one such lake, Lake Magadi, are solid sodium sesquicar
bonate (trona, Na^COg. NaHCOg. 2HgO) for most of the year. The crystalline trona, which 
is mined by the Magadi Soda Company as a source of soda ash, has an orange/pink crust 
which is similar in colour to the local solar evaporation ponds used to produce common salt. 
The solar evaporation ponds are unusual in that NagCOg and NaCl are present in equally 
large amounts in the liquor (16%, w/v) at a pH of 10 8. Microscopic examination of the 
liquor reveals large numbers of bacterial rods. The Mg^+ concentration is less than 0 5 m M  

both in the pan liquor and in Lake Magadi surface waters (Tailing & Tailing, 1965).
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Recently Imhoff et al. (1978), as part of an ecological and microbiological survey of the 

lakes in the Wadi Natrun, a similar environment to Lake Magadi, reported red halophilic 
bacteria growing in the highly saline, alkaline waters where the concentration of Mg-+ was 
below the level of detection. Isolates obtained from this environment were by implication 
alkalophilic or alkalotolerant and grew at Mg^+ concentrations of less than 10 mM.

We report here the isolation of a red obligately halophilic and alkalophilic bacterium from 
both the trona crust and the solar evaporation ponds at Lake Magadi. We believe that this 
organism and others like it are responsible for the orange/pink coloration. The organism 
differs from previously described members of the Halobacteriaceae in its GC content, 
alkalophily and ability to grow in media containing less than 0 5 mM-Mg^+.

M E T H O D S

H alobacterium  cutirubrum  (N C M B  763), H . volcanii (N C M B  2012), H . halobium  (N C M B  736), H . salin- 
arium  (N C M B  764) a n d  H . trapanicum  (N C M B  767) w ere  o b ta in e d  fro m  th e  N a tio n a l C o llec tio n  o f  M a rin e  
B acteria  a n d  m a in ta in ed  o n  th e  m ed iu m  o f  P ay n e  e t al. (1960). T h e  N a C l c o n te n t w as low ered  to  2 m  fo r 
H . volcanii.

E n rich m en ts  w ere  o rig in a lly  p e rfo rm ed  in  a  m o d ifica tio n  o f  th e  m ed iu m  o f  B ro w n  (1963) o f  th e  fo llow ing  
co m p o s itio n  (% , w /v ) :  b ac te rio lo g ica l p e p to n e  (O xo id ), 1 0 ;  tr iso d iu m  c itra te , 0  3 ; M g S 0 4 . 7 HgO, 2 0 ;  
K C l, 0  2 ; N a jC O g . IO H 2 O , 5 0 ; N a C l, 25 ; p H  9 5. S am ples f ro m  th e  tro n a  c ru s t a n d  th e  so la r  e v a p o ra tio n  
p o n d s  w ere  in o cu la ted  in to  th is  m ed iu m  a n d  in cu b a ted  a t  37 °C  u n d e r  flu o rescen t lig h tin g  (P h ilip s day lig h t). 
Iso la te s  w ere purified  by s tre ak in g  o n  to  m ed ia  so lid ified  w ith  2 0 %  (w /v ) ag ar. T h e  iso la tes w ere  su b se 
q u e n tly  m a in ta in ed  in th e  m ed iu m  o f  P a y n e  e t al. (1960) m odified  by  a d d in g  5 %  (w /v )  N agC O g. 10 H ,O  a n d  
d ecreasing  the  M g S 0 ^ .7 H g 0  c o n te n t to  0 1  %  (w /v ) ;  th e  final p H  w as 9 5.

T h e  re la ted  effects o f  p H  a n d  Mg^+ c o n c e n tra tio n  w ere  s tu d ied  in m ed ia  p re p a re d  e ith e r w ith o u t M gSO ^. 
7HgO o r  w ith  0 1 o r  2 -0 %  (w /v )  M gS 0 4 . 7 HoO. V ary in g  a m o u n ts  o f  s te rile  2 0 %  (w /v ) N agC O g. 10H«O o r  
N aH C O g  w ere ad d ed  to  p ro d u ce  p H  values o f  7-5, 8-5 a n d  9-5.

T o  d e te rm in e  th e  o p tim a l c o n c e n tra tio n  o f  M g-+ fo r g ro w th  in m ed ia  a t  p H  9-5, m ed ia  o f  d ifferen t M g S O ^. 
7HgO c o n te n ts  w ere  p rep ared  a n d  th e  c o n c e n tra tio n  o f  M g-+ in so lu tio n  w as th en  d e te rm in ed  w ith  a  V a rian  
T ec tro n  a to m ic  a b so rp tio n  sp e c tro p h o to m e te r , u sin g  m ed ia  passed  th ro u g h  a  0 -4 5 //m  M illip o re  filte r 
(G o lte rm a n  e t a l ,  1978).

T h e  G C  c o n te n t o f  th e  cells w as d e te rm in ed  by th e  b u o y a n t d en sity  (M a n d e l et a l ,  1968) a n d  the  m e ltin g  
p o in t (M a rm u r  &  D o ty , 1962) m e th o d s  u sing  D N A  p re p a re d  by th e  m eth o d  o f  M a rm u r (1960).

T h e  a m in o  acid  analy sis  o f  th e  b u lk  p ro te in  p re p a re d  by th e  m eth o d  o f  R e is tad  (1970) w as p e rfo rm ed  o n  a  
L o ca rte  M a rk  IV  F lo o r  M o d e l a u to m a tic  a m in o  acid  analyser.

G ro w th  tests w ere d o n e  as p rev iously  desc rib ed  (C olw ell e t a l ,  1979; G ib b o n s , 1957; G o n za lez  e t a l ,  
1978; Sehgal &  G ib b o n s , 1960; T o m lin so n  &  H o c h ste in , 1976).

r e s u l t s  a n d  d i s c u s s i o n

A motile Gram-negative rod, designated strain SP-1, was isolated from a sample of 
solar evaporation pond liquor after enrichment in the modified medium of Brown (1963) 
for 2 to 3 weeks. A similar organism was isolated from the trona crust of the lake.

The cells were 0-7/̂ m by 15 to 3 0/^m in medium containing 4-5 M-NaCl and 2 mM 
soluble Mg2+ at pH 9 5. Orange-red colonies were obtained after 2 weeks incubation at 
37 °C on the modified medium of Payne et al. (1960); these were convex with an entire edge, 
3 to 4 mm in diameter, translucent and mucoid.

Cells became spherical in medium containing 1 M-NaCl and lysed as the salt content was 
lowered further; cells suspended in distilled water lysed rapidly. Growth occurred between 
3 0 and 5-5 M (saturation) NaCl, with an optimum at 4-0 m  at 37 °C, pH 9 5.

Absorption spectra of whole cells showed maxima at 475, 505 and 545 nm, characteristic 
of the bacterioruberins found in halobacteria. The characteristics of the isolate, therefore, 
indicated a close relationship to the genus Halobacterium.

Growth of strain SP-1 and known Halobacterium species was tested at pH 7-5, 8-5 and



Short communication 259
9 5 in media containing 2 0 or 0 1 % (w/v) MgSO .̂VH^O or without added MgSO .̂VH^O. 
Strain SP-1 grew well at pH 9 5 with 0-1% (w/v) MgS0^.7Hg0 (0-1 m M  soluble Mg%. 
It also grew at pH 9 5 in media without any added MgS0 4 .7H20 , the concentration of 
soluble Mg2+ in the medium under these conditions being less than 0 05 mM.  The Mg^+ 
optimum for strain SP-1 at pH 9 5 was between 01 and 2 m M (more precise determinations 
of the optimum were not possible due to the difficulty of constructing media with a precise 
range of soluble Mg^+ at pH 9 5). With 2% (w/v) MgS0 4 .7Ha0  (10 m M  soluble Mg^+) 
at pH 9 5, some inhibition of growth of strain SP-1 occurred and the cells became coccoid 
in morphology. All the recognized species of Halobacterium showed good growth in media 
containing 2% (w/v) MgS0 4 . 7H20  at pH 7-5 but grew poorly with 0*1 % (w/v) MgS0 4 . 
7H2O and not at all without added MgS0 4 .7H20 . Strain SP-1 grew well at pH values 
between 9 0 and 10 0, but not below pH 8*5. Cells were elongated at pH 8-5. It survived 
inoculation into medium of pH 11-0, although the pH dropped to 9-5 to 10-0 as growth 
occurred. It did not grow at pH 7-5 irrespective of the Mg^+ concentration, indicating 
that the requirement for high pH was not a consequence of the concentration of soluble 
Mg^+. Growth of the known species of Halobacterium was good in 2% (w/v) MgS0 4 .7H20 
at pH 7-5 but poor and variable at pH 8-5; no growth occurred at pH 9-5, agreeing with 
other reports (Colwell et a l, 1979). It was not possible to separate the effects of pH and 
Mg2+ in this case, since high pH and high Mg^+ concentrations are mutually incompatible.

Strain SP-1 resembled the known species of Halobacterium in showing positive reactions 
for gelatinase, catalase, oxidase, S^- from SgOg -̂, and negative reactions for amylase, 
reduction of NOg", reduction of NOg", production of gas from NOg", and production of 
gas from NOg". The antibiotic sensitivity of strain SP-1 also resembled that of known species 
of Halobacterium in that inhibition of growth was recorded in the presence of novobiocin, 
but not in the presence of penicillin G, polymixin B, ampicillin, tetracycline or dihydro
streptomycin. Strain SP-1 did, however, differ from known species of Halobacterium in 
being sensitive to vibriostat 0/129.

Further similarities between Halobacterium spp. and strain SP-1 were indicated by 
amino acid analysis of the bulk protein. Comparison of H. halobium with strain SP-1 
indicated a similar pattern of amino acids, the total acidic amino acid content being greater 
than the basic amino acid content by 14-4 mol % and 13-9 mol %, respectively (not cor
rected for amide). These values are characteristic of the genus Halobacterium (Brown, 1964; 
Kushner & Onishi, 1966; Mullakhanbhai & Larsen, 1975; Steensland & Larsen, 1969).

Buoyant density centrifugation indicated no satellite bands, in contrast to most species of 
Halobacterium (Moore & McCarthy, 1969). The GC content was 59-0 ± 1-0 mol % (buoyant 
density) and 59-5 ± 1 mol % (Tf). These values are considerably lower than those found for 
the major DNA bands of recognized Halobacterium species (Gibbons, 1974).

Strain SP-1 appears to differ significantly from the recognized species of Halobacterium 
by virtue of its alkalophily and low Mg^+ requirement. Highly saline, alkaline environments 
are relatively rare in the world compared with highly saline, neutral environments and, 
possibly, such environments harbour a unique microbial population. Strain SP-1 may be 
similar to the Halobacterium sp. described by Imhoff et a l (1978) from the Wadi Natrun.

Further work is in progress on a comprehensive comparison of strain SP-1 with other 
isolates from highly saline, alkaline environments and type strains of Halobacterium. 
Whether strain SP-1 is also a member of the Archaebacteria remains to be determined 
(Woese et a l, 1978).

This work was aided by a grant to W .D.G. from The Royal Society and the Research 
Board of the University of Leicester, and by the award of a graduate studentship to B.J.T. 
by the Science Research Council. We are grateful to the Magadi Soda Company for pro
viding hospitality and facilities on site, and to J. W. Kyte for performing the amino acid 
analysis. We would also like to thank the Government of Kenya for research permits and
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Whole-organism acid methanolysates of strains of halophilic bacteria were examined for 
glycerol diether moieties and other long-chain constituents by thin-layer chromatography. 
Glycerol diether moieties were detected only in acid methanolysates of archaebacterial 
halophiles. Eubacterial halophiles contained only fatty acid methyl esters. Spots on thin-layer 
plates attributed to diether moieties were further identified by infrared spectroscopy. 
Thin-layer chromatographic analysis of whole-organism methanolysates provides a simple 
and rapid method of distinguishing archaebacterial halophiles from eubacterial halophiles. 
The majority of archaebacterial halophiles produced only one chromatographically distinct 
glycerol diether moiety, but certain strains, including the recently described alkalophilic 
halophiles, produced two distinct moieties.

I N T R O D U C T I O N

Molecular genealogical analysis based upon transfer and ribosomal RNA sequence 
homologies has revealed that the bacteria do not constitute a phylogenetically monolithic 
grouping (see Woese & Fox, 1977). The kingdom Procaryotae actually comprises two 
phylogenetically distinct groups -  the ‘archaebacteria’, and the ‘eubacteria’ including the 
cyanobacteria. The first organisms recognized to be archaebacteria were the methanogens 
(Woese & Fox, 1977) and subsequent studies indicated that certain thermoacidophiles 
[Caldariella, Sulfolobus and Thermoplasma) and extreme halophiles [Halobacterium and 
Halococcus) should also be included in this group (Woese et al., 1978). Amongst other 
distinctive features of the archaebacteria are the absence of cell wall peptidoglycan (Brown & 
Cho, 1970; Kandler & Hippe, 1977) and the presence of ether-linked lipids (deRosa et al., 
1974, 1980; Kates, 1978; Tornabene & Lan g worthy, 1978; Balch et al., 1979).

At present, archaebacteria have only been isolated from a few restricted environments and 
there is considerable interest in establishing whether they occur elsewhere. The assignment of 
a particular isolate to the archaebacteria is currently a laborious procedure. During recent 
investigations into the taxonomic status of alkalophilic halophiles from Kenyan soda lakes 
(Tindall et a i, 1980; W. D. Grant, unpublished results) we have developed a rapid screening 
procedure for detecting archaebacteria, based on the presence of the ether-linked lipids. The 
ether lipids of halophilic bacteria have been the subject of extensive investigation by Kates 
and associates (Sehgal et al., 1962; Kates et al., 1966; Joo et al., 1968; Kates, 1978), but no 
simple procedure existed for the detection of these lipids. This paper demonstrates that the 
pattern of spots corresponding to glycerol diether moieties obtained by thin-layer 
chromatographic (t.l.c.) analysis of whole-organism methanolysates (Minnikin et a i, 1975) 
provides a means of distinguishing archaebacterial halophilic taxa from eubacterial halophilic

0022-1287/81/0000-9545 $ 0 2 .0 0 ©  1981 SGM



76 H.  N.  M.  R O S S  A N D  O T H E R S

taxa. The method described is rapid, simple, requires no expensive equipment and should be 
applicable in routine laboratories.

m e t h o d s

Cultures and  cultivation. Details o f the test strains and their sources are shown in Table 1. Actinopolyspora  
halophila  and m em bers o f the genera Halobacterium  and Halococcus were grown at 37 °C  in liquid shake culture 
on the medium of Payne et al. (1960) with the exception o f H alobacterium  volcanii which was grown in the

Table 1. Grouping of test strains based on chromatographic analysis of whole-organism
methanolysates

(a) Halophilic bacteria lacking fatty acid methyl esters but containing 
glycerol diether moieties

Strain Source*

Halobacterium  cutirubrum NCM B 763
H alobacterium  halobium NCM B 736
H alobacterium  halobium C C M  2090
H alobacterium  halobium N CM B 777
H alobacterium  halobium N CM B 2080
H alobacterium  saccharovorum N CM B 2081
H alobacterium  salinarium N CM B 764
H alobacterium  salinarium  subsp. proteolyticum N CM B 786
H alobacterium  salinarium C C M  2148
H alobacterium  sim oncinii subsp. neapolitanum N CM B 773
H alobacterium  sp. (Cagliari) N CM B 768
H alobacterium  trapanicum N CM B 784
H alobacterium  volcanii N CM B 2012
Halococcus m orrhuae N CM B 787
Halococcus m orrhuae N CM B 749
Halococcus m orrhuae C C M  2526
Sarcina morrhuae'^' N CM B 761
Sarcina litora lisf N CM B 757
Sarcina sreen ivasanii NCM B 776
Alkalophilic halophiles: S P l W. D. G ran t

SP2 W. D. G ran t
MS3 W. D. G ran t

(b) Halophilic bacteria containing fatty acid methyl esters but lacking 
glycerol diether moieties

Strain Source*

Actinopolyspora halophila A TC C  27976
Brevibacterium  halotolerans A T C C  25096
Ectothiorhodospira halophila DSM 244
Ectothiorhodospira  sp. (S I) W. D. G ran t
Flavobacterium  halm ephilum  NCM B 1971
M icrococcus halobius C C M  2526
M icromonospora halophytica subsp. halophytica  N R R L  2998
M icromonospora halophytica subsp. nigra N R R L  3097
Paracoccus halodenitrificans NCM B 700
Planococcus halophilus A TC C  27964
Pseudomonas beijerinckii NCIB 9041
Vibrio costicola NCM B 701

* A T C C , Am erican Type Culture Collection, Rockville, U .S.A.; C C M , Czechoslovak Collection o f M icro
organism s, Brno, C zechoslovakia; DSM , Deutsche Sam mlung von M ikroorganism en, M unich, W. G erm any; 
N C IB , N ational Collection of Industrial Bacteria, Aberdeen, Scotland; NCM B, National Collection of M arine 
B acteria. Aberdeen. Scotland; N R R L , N orthern  Utilization R esearch and Developm ent Division, U.S. 
D epartm ent o f Agriculture, Illinois, U .S.A.; W. D. G ran t, D epartm ent o f M icrobiology, University o f Leicester, 
Leicester.

t  Now classified as Halococcus morrhuae  by K ocur & Hodgkiss (1973).
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medium o f M ullakhanbhai & Larsen (1975). Flavobacterium halmephilum , M icrococcus halobius, 
M icromonospora halophytica, Paracoccus halodenitrificans, Pseudomonas beijerinckii and Vibrio costicola were 
grown in liquid shake culture in nutrient broth no. 2 (Oxoid) supplemented with 10%  (w/v) N aC l at 30 °C . 
Brevibacterium  halotolerans was grown in nutrient broth no. 2 (Oxoid) supplemented with 5%  (w/v) N aC l at 
30 °C . The alkalophilic halophiles (S P l, SP2, MS3) and Ectothiorhodospira  strains (E . halophila, S I )  were grown 
in the media o f Tindall et al. (1980) and Im hoff & Trüper (1977), respectively, at 37 °C . Planococcus halophilus 
was grown at 30 °C  in liquid medium containing tryptone ( 5 g l “ ‘), proteose peptone ( 5 g l “ ‘) and NaCl 
(58-4 g 1"'). Cultures were checked for purity at maximum growth, harvested by centrifugation (10000 g) and 
freeze-dried.

Whole-organism acid methanolysis. D ry cells (100 mg) were mixed with m ethanol (3 ml), toluene (3 ml) and 
conc. H 2SO 4 (0-1 ml) and heated at 50 °C  for 15 to 18 h as described by Minnikin et al. (1975). The long-chain 

^  com ponents were extracted from this mixture by adding 1-5 ml hexane (Minnikin et al., 1975). Hexane extracts
were chrom atographed on M erck silica gel 6 OF2 5 4  alum inium -backed thin-layer plates (10 x 10 cm) using 
petroleum ether (b.p. 60 to 80 °C )/diethyl ether (8 5 :1 5 , v/v) as developing solvent (Minnikin et al., 1975). Further 
resolution o f glycerol diether moieties was achieved by developing the t.l.c. plate in one dimension using petroleum 
ether (b.p. 60 to 80 °C )/acetone (9 5 :5 , v/v) followed by redevelopm ent in the same direction using 
toluene/acetone (9 7 :3 , v/v). C onfirm ation o f the results obtained from  the whole-organism m ethanolysis m ethod 
of Minnikin et al. (1975) was achieved by using the anhydrous m ethanolic HCl procedure o f Kates et al. (1966) on 
the total lipid fraction of the test strains. Lipids were revealed by spraying the t.l.c. plates with 10% 
dodecam olybdophosphoric acid in absolute ethanol and heating for 15 min at 150 °C . All lipids appeared as dark 
blue spots on a yellow background.

R E S U L T S  A N D  D I S C U S S I O N

The patterns obtained by chromatographic analysis [using petroleum ether (b.p. 60 to 
80 °C)/diethyl ether; 85:15, v/vl of methanolysates of halophilic bacteria are shown in Fig. 1.

r

■FAME

a b c d e f g h i j k l

Fig. 1. Thin-layer chrom atographic analysis o f whole-organism m ethanolysates o f {a) Halococcus 
m orrhuae  NCM B 787, [b] Halococcus morrhuae N CM B 749, (c) H alobacterium  halobium  NCM B 
777, (d) Halobacterium  salinarium  NCM B 764, (g) H alobacterium  volcanii NCM B 2012, ( / )  S P l, (g) 
SP2, (h) MS3, (/) Planococcus halophilus A TC C  27964, ( / )  Actinopolyspora halophila  A TC C  27976, 
{k) Vibrio costicola NCM B 701 and (/) Pseudomonas beijerinckii NCIB 9041. Plates were developed in 
petroleum  ether (b.p. 60 to 80 °C )/diethyl ether (85 :15, v/v). FA M E, fatty acid methyl esters; G D EM , 
glycerol diether moieties.
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Fig. 2. Infrared spectrum  o f the purified glycerol diether moiety from Halobacterium  cutirubrum  
NCM B 763.

G D EM

Fig. 3. Thin-layer chrom atographic analysis o f whole-organism m ethanolysates o f (a) Halobacterium  
cutirubrum  N CM B 763, {b) S P l, (c) SP2, {d) MS3, (e) Halobacterium  salinarium  N CM B 764 and ( / )  
Halococcus morrhuae  NCM B 749. Plates were first developed in petroleum  ether (b.p. 60 to 
80 °C )/acetone  (95 :5 , v/v), then dried and redeveloped in the same direction in to luene/acetone (97 ; 3, 
v/v). G D E M , glycerol diether moieties.

Spots with Rp values of about 0-2 were attributable to glycerol diether moeities (GDEM) 
whereas components having values greater than 0*6 corresponded to methyl esters of 
non-hydroxylated fatty acids (FAME) (Minnikin et al., 1975, 1978). On the basis of their 
chromatographic patterns, the test strains were divided into two broad groups: taxa 
containing GDEM and lacking FAME (Table 1 a), and taxa containing FAME only (Table 
\b). The absence of ester-containing lipids in the archaebacterial halophiles (Table \a) was 
demonstrated by a negative reaction with the hydroxamate/FeCl^ ester spray reagent 
(Skidmore & Entenman, 1962; Kates, 1975). This reagent unequivocally distinguishes
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glycerol diether moieties from ester-containing components such as hydroxylated fatty acid 
methyl esters, which have similar Rp values (about 0 2). The presumptive diether moieties, 
purified by preparative t.l.c., were further confirmed by infrared spectroscopy. Notable was 
the complete absence of ester absorption in the range 1730 to 1750 cm~‘ (Fig. 2). However, 
the spectra did show strong absorption bands indicative of long-chain groups (2960, 2940, 
2880, and 1460 cm"*), OH groups (3400 cm"*, broad) and ether C-O-C groups 
(1120 cm"*) (Fig. 2). Doublets at 1365 to 1380 cm"* were indicative of isopropyl units.

It was noted that the glycerol diether spots of certain archaebacterial strains (spots c , f  g 
and h, Fig. 1) were elongated. An attempt to resolve these components further was made by 
developing the t.l.c. plate in one dimension using petroleum ether (b.p. 60 to 80 °C)/acetone 
(95 :5, v/v) followed by redevelopment in the same direction in toluene/acetone (97:3, v/v). 
Using this procedure, two separate spots were observed, suggesting two distinct glycerol 
diether moieties (Fig. 3). Further confirmation that these strains contain two chromato
graphically distinct glycerol diether moieties was obtained by applying the alternative acid 
methanolysis procedure of Kates et al. (1966). Chromatographic analysis of these extracts 
yielded identical results. This is the first report of two distinct glycerol diether moieties within 
the extreme halophiles. The extensive investigations of Kates and associates were confined to 
strains (notably Halobacterium cutirubrum) which possess only one major glycerol diether 
moiety (Fig. 3). Work is in progress to elucidate the structural relationship between these 
two chromatographically distinct diether moieties.

We believe that thin-layer chromatographic analysis of whole-organism methanolysates 
provides a simple and effective way of distinguishing archaebacterial halophiles from 
eubacterial halophiles. In addition, the methanolysis procedure of Minnikin et al. (1975) can 
be scaled down to about 15 to 20 bacterial colonies and thus provides a useful screening 
procedure for archaebacterial halophiles.

H. N. M. Ross and B. J. Tindall are grateful to the Science Research Council for studentship grants. W. D. 
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PHCfl-üTrtOPHlC BACTERIA FROK KENYAN SODA LAKES,

Ph.D. th e s i s

B .J .T in d a l l .

U n iv e rs ity  o f L e ic e s te r ,  I 98O.

The soda lakes o f th d  R if t  V a lley , Kenya, a re  a  group o f 

c lo se d -h a s in , a lk a lin e , s a l in e  la k e s .  The most extreme example in  

th e  R if t  V alley  i s  Lake K agadi, where sem i-so lid  tro n a  d e p o s its  

f i l l  th e  la k e ,  and are  mined com m ercially. At p re se n t th e  la k es  

a re  i s o la te d  from one a n o th e r , a lthough  th i s  may no t have always 

heen th e  c a s e .

The m ic ro h io lo g ica l in v e s t ig a t io n s  o f th e se  la k e s  have shown th a t  

c h a r a c te r i s t i c  p h o to tro p h ic  b a c te r ia  and extrem ely  h a lo p h i l ic  

a rc h a e b a c te r ia  occur abundantly  under c e r ta in  c o n d itio n s . The 

p h o to tro p h ic  b a c te r ia  observed  a t  th'e lakes in c lu d e  C h lo ro flex u s-l ik e  

Organisms o f  th e  hot s p r in g s ,  and organisms resem bling  members of 

th e  genus E c to th io rh o d o sp ira . E c to th io rh o d o sp ira - l i k e  organism s 

is o la te d  from th e  Islies were s im ila r  to  E c to th io rh o d o sp ira  m oh ilis  

and E c to th io rh o d o sp ira  sh ap o sh n ik o v ii, in  t h e i r  physio logy and 

b io  chem istry , bu t could be divided, in to  two groups on th e  b a s is  o f 
th e  occurrence of gas vacuo les in  one group. These organism s, which 

depos i t  su lp h u r outside th e  c e l l  cu rin g  the pho tooxida tion  of 

su lp h id e  to  su lp h a te , c o n s t i tu te  an eco lo g ica l end p h y s io lo g ic a l 

group adap ted  to  l i f e  in  th e  soda la k e s .  The taxonom ic re la t io n s h ip s  

o f th e  organism s is o la te d  from th e  la k es  i s  d isc u sse d , in c lu d in g  

th e  taxonom ic s ta tu s  o f  th e  gas v acu o la te  and ex trem ely  h a lo p h il ic  

organism s o f  th e  E c to th io rh o d o sp ira  group.

The extrem ely  h a lo p h i l ic  a rc h a e b a c te r ia , i s o la te d  from Lake

Magadi were s im ila r  to  known a rc h a e b a c te r ia l  extrem e h a lo p h ile s ,

in  t h e i r  p o sse ss io n  o f e th e r  lizdied l i p id s ,  NaCl req u irem en t, and

th e  la c k  o f muremic a c id  in  th e  c e l l  w a ll, bu t ware d i f f e r e n t  in
2+o th e r  r e s p e c ts ,  in c lu d in g  a d a p ta tio n  to  low Kg co n c e n tra tio n s  

and pH 9 '0 -1 0 .0 .  The organism s c o n s t i tu te  an e c o lo g ic a l and 

p h y s io lo g ic a l group w ith in  th e  ex trem ely h a lo p h i l ic  a rc h a e b a c te r ia , 

and t h e i r  taxonomic r e la t io n s h ip  i s  d iscu ssed .


