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SUMMARY

The a im  o f  t h i s  s tu d y  was to  s e a rc h  f o r  i n d u c i b l e  h y d r o l y t i c  enzymes 

o f  C and ida  a l b i c a n s , t o  i n v e s t i g a t e  any l i n k  be tw een such enzymes and th e  

p a th o g e n e s is  o f  c a n d id o s is  -  a p o t e n t i a l l y  f a t a l  d is e a s e  w i t h  a p o o r  p r o g n o s is  -  

and t o  t e s t  th e s e  enzymes as i n f e c t i o n - s p e c i f i c  a n t ig e n s  i n  t h e  s e r o l o g i c a l  

d ia g n o s is  o f  d e e p -s e a te d  i n f e c t i o n .

No i n d u c i b l e  h y a lu r o n id a s e  o r  p h o s p h o l ip a s e s  c o u ld  be d e te c te d  u n d e r  

th e  c o n d i t i o n s  em p lo ye d .

An a c id  p r o t e i n a s e ,  fo u n d  i n  th e  c u l t u r e  f i l t r a t e s  o f  C . a lb i c a n s  grown a t  

25°C i n  a medium based on g lu c o s e  and b o v in e  serum a lb u m in ,  was p u r i f i e d  by 

a o n e - s te p  c h r o m a to g ra p h ic  m ethod . The enzyme was ju d g e d  t o  be p u re  by 

s e r o l o g i c a l  and b io c h e m ic a l  t e s t s .  I t  was shown t o  be a g l y c o p r o t e i n ,  

c o n t a i n i n g  1.5% mannan, and t o  b e lo n g  t o  t h e  c a r b o x y l  p r o t e in a s e s .

P r o te in a s e  was d e te c te d  i n  g r e a t e s t  amounts i n  t h e  m ost v i r u l e n t  o f  th e  

p a th o g e n ic  members o f  th e  genus C a n d id a . I t  was s e c r e t e d  i n  v i v o  and was 

d e te c te d  by i n d i r e c t  f l u o r e s c e n t  a n t ib o d y  t e c h n iq u e s  a round  C . a lb i c a n s  b l a s t o 

s p o re s  i n  k id n e y  m ic ro a b s c e s s e s  o f  e x p e r im e n t a l l y  i n f e c t e d  m ic e .

P u r i f i e d  p r o t e in a s e  appeared  t o  be a v e r y  s p e c i f i c  a n t ig e n  when t e s t e d  

a g a in s t  s e ra  f ro m  e x p e r im e n t a l l y  i n f e c t e d  r a b b i t s ,  s in c e  no a n t i - p r o t e i n a s e  

p r e c i p i t i n s  were d e te c te d  i n  th e  s e ra  o f  th o s e  r a b b i t s  i n  w h ich  t i s s u e  i n v a s io n  

was p r e v e n te d  by t r e a tm e n t  w i t h  k e to c o n a z o le .  P r e c i p i t i n  t i t r e s  t o  p u r i f i e d  

p r o t e in a s e  exceeded 1 :4  i n  77% o f  s e ra  f ro m  13 p a t i e n t s  w i t h  p ro v e n  s y s te m ic  

C a nd ida  i n f e c t i o n ,  i n  23% o f  s e ra  f ro m  22 p a t i e n t s  p o s i t i v e  f o r  C and ida  a n t i 

c y to p la s m  a n t i b o d ie s  b u t  w i t h o u t  c o r r o b o r a t i v e  d i a g n o s t i c  e v id e n c e  o f  s y s te m ic  

c a n d id o s i s ,  and i n  none o f  28 s e ra  f ro m  p a t i e n t s  w i t h o u t  e i t h e r  c a n d id o s is  o r  

a n t i - c y t o p l a s m  a n t i b o d i e s .

A l th o u g h  th e  r e s u l t s  d id  n o t  c o n f i r m  u n e q u i v o c a l l y  t h e  r o l e  o f  p r o t e in a s e  

as a f a c t o r  i n  t h e  v i r u l e n c e  o f  C . a l b i c a n s , t h e y  gave c o n s id e r a b le  s u p p o r t  t o  

t h i s  i d e a .  P u r i f i e d  p r o t e in a s e  was n o t  a q u a l i t a t i v e l y  s p e c i f i c  a n t i g e n  f o r  

t h e  s e r o l o g i c a l  d ia g n o s is  o f  c a n d id o s i s ,  b u t  i t  was shown t o  g i v e  q u a n t i t a t i v e l y  

s u p e r i o r  r e s u l t s  t o  th o s e  o b ta in e d  w i t h  t r a d i t i o n a l  c y t o p la s m ic  e x t r a c t s  o f  th e

fu n g u s .



CHAPTER 1 

I n t r o d u c t i o n

I n  r e c e n t  y e a rs  t h e r e  has been an in c r e a s e  i n  th e  number o f  cases  o f  

s y s te m ic  c a n d id o s is  -  a p o t e n t i a l l y  f a t a l  d is e a s e  caused by C and ida  a l b i c a n s  

and s i x  o t h e r  p a th o g e n ic  members o f  th e  genus C a n d id a . These y e a s ts  a re  

f r e q u e n t l y  fo u n d  as commensal o rg a n is m s  o f  t h e  g u t ,  mucous membranes and 

p r o b a b ly  o t h e r  s i t e s  o f  th e  body . The d i a g n o s t i c  s i g n i f i c a n c e  o f  C and ida  

i n  c u l t u r e  i n  cases  o f  s u s p e c te d  c a n d id o s i s ,  may t h e r e f o r e  be open t o  d o u b t  

and s in c e  many o f  t h e  symptoms o f  t h e  d is e a s e  a re  s i m i l a r  t o  th o s e  o f  s y s te m ic  

b a c t e r i a l  i n f e c t i o n ,  a r e l i a b l e  s p e c i f i c  d i a g n o s t i c  t e s t  i s  needed b e fo r e  

t h e r a p y  w i t h  a n t i b i o t i c s  t o x i c  to  y e a s ts  can be i n s t i t u t e d  (O dds, 1 9 7 9 ) .

The d e t e c t i o n  o f  a n t i b o d ie s  t o  C and ida  i n  t h e  serum m ig h t  be e x p e c te d  

t o  g i v e  c o r r e b o r a t i v e  e v id e n c e  o f  s y s te m ic  i n f e c t i o n .  Many p ro b le m s  s t i l l  

e x i s t ,  h o w e ve r ,  w i t h  th e  s e r o l o g i c a l  d ia g n o s is  o f  d e e p -s e a te d  c a n d id o s is  

p a r t i c u l a r l y  t h e  l a c k  o f  s t a n d a r d i z a t i o n  o f  th e  a n t ig e n s  ( F a u x _ e ^ a l . , 1975) 

and t e s t  m ethods used ( M e r z _ e t _ ^ . , 1977) and th e  f r e q u e n t l y  r e p o r t e d  

o c c u r r e n c e  o f  b o th  f a l s e  p o s i t i v e  and f a l s e  n e g a t i v e  a n t ib o d y  r e a c t i o n s  t o  

C and ida  a n t ig e n s  (O dds, 1979, T a s c h d j ia n ,  1 9 7 3 ) .

A more r e l i a b l e  t e s t  i s  t h e r e f o r e  r e q u i r e d ,  w h ich  w i l l  g iv e  p o s i t i v e  

r e s u l t s  o n ly  i n  cases  o f  d e e p -s e a te d  i n f e c t i o n s .  T h is  must i n  t u r n  depend on 

th e  use o f  a n t ig e n s  s p e c i f i c  to  th e  p ro c e s s  o f  C and ida  i n f e c t i o n .  Such 

’ i n f e c t i o n - s p e c i f i c '  a n t ig e n s  c o u ld  be used d i r e c t l y  f o r  d e t e c t i o n  o f  a n t ib o d y  

p ro d u c e d  as a r e s u l t  o f  t i s s u e  i n v a s io n  by th e  fu n g u s  o r  i n d i r e c t l y  f o r  

d e t e c t i o n  o f  c i r c u l a t i n g  C and ida  a n t i g e n s .

A b e t t e r  u n d e rs ta n d in g  o f  th e  mechanisms i n v o l v e d  i n  t h e  p a t h o g e n i c i t y  

o f  C and ida  such as f a c t o r s  l e a d in g  t o  t i s s u e  i n v a s i o n  may s u g g e s t  s u i t a b l e  

a n t ig e n s  s p e c i f i c  f o r  s y s te m ic  c a n d id o s i s .

T h is  s tu d y  began t h e r e f o r e  as an i n v e s t i g a t i o n  o f  t h e  p a t h o g e n i c i t y  o f  

C . a lb i c a n s  and th e  use o f  m a c ro m o le c u le s  i n v o l v e d  i n  t h i s  p ro c e s s  as s é r o 

d i a g n o s t i c  a n t i g e n s .



1 .1  H i s t o r y

Some o f  th e  d is e a s e s  caused by C and ida  s p e c ie s  have lo n g  been re c o g n iz e d .  

H ip p o c r a te s  i n  h i s  'E p id e m ic s ’ d e s c r ib e s  two cases  -  one o f  e r y s i p e l a s  and 

one o f  e n t e r i c  f e v e r  i n  w h ic h  th e  p a t i e n t s  had w h i t e  p a tc h e s  ( a p h th a e )  and 

u l c e r s  i n  t h e  m o u th .  I n  h i s  d i a r i e s  o f  1665, Samuel Pepys d e s c r ib e s  a man as 

h a v in g  ’ a f e v e r ,  a t h r u s h  and a h i c k - u p ’ s u g g e s t in g  t h a t  th e  d is e a s e  was a t  

l e a s t  as w e l l  known i n  t h e  1 7 th  c e n tu r y  as i t  i s  t o d a y .

The c a u s i t i v e  o rg a n is m  o f  th e  d is e a s e  however was n o t  d is c o v e r e d  u n t i l  

t h e  1 9 th  c e n t u r y .  Langenbeck (1 8 3 9 )  i s  u s u a l l y  c r e d i t e d  w i t h  t h e  d is c o v e r y  

o f  th e  fu n g u s ,  w h ich  he i s o l a t e d  f ro m  th e  mouth o f  a p a t i e n t  s u f f e r i n g  from  

t y p h o i d ,  a l t h o u g h  he su g g e s te d  t h a t  th e  o rg a n is m  was th e  cause  o f  t h e  t y p h o id  

r a t h e r  th a n  th e  o r a l  l e s i o n s  o f  t h r u s h .  B e n n e t t  ( 1 8 4 4 )  p u b l i s h e d  d ia g r a m a t ic  

e v id e n c e  o f  a y e a s t - l i k e  fu n g u s  -  d e s c r ib e d  by h im  as a c ry p to g a m ie  p l a n t  -  

i n  th e  sputum  and lu n g s  o f  a p a t i e n t  w i t h  pneum o th o rax  b u t  a g a in  he d id  n o t  

r e l a t e  th e  o rg a n is m  t o  t h r u s h .  Two y e a rs  l a t e r ,  B erg  (1 8 4 6 )  r e l a t e d  C andida 

d i r e c t l y  t o  t h r u s h  i n  h i s  monograph 'T h ru s h  i n  C h i l d r e n ’ . T h e r e a f t e r  C and ida  

and many fo rm s  o f  c a n d id o s is  were r e p o r t e d  i n  t h e  m e d ic a l  l i t e r a t u r e .

How ever, a l th o u g h  th e  d is e a s e  was w e l l  d e s c r ib e d ,  t h e  ta x o n o m ic  s t a t u s  

o f  th e  o rg a n is m  was th e  s u b je c t  o f  much c o n f u s io n .  Over 100 synonyms f o r  

C . a lb i c a n s  a re  g iv e n  i n  L a d d e r 's  'T he  Y e a s ts ’ (1 9 7 0 )  s in c e  i t  was named 

O id ium  a lb i c a n s  by R ob in  i n  1853. I t  was n o t  u n t i l  1923 t h a t  B e rk h o u t  su g g e s te d  

th e  g e n e r ic  name C and ida  t o  i n c lu d e  a spo roge nous  y e a s ts  w i t h  t h e  a b i l i t y  t o  

p ro d u c e  p seudo hyphae . C. a lb i c a n s  was f i n a l l y  a c c e p te d  as t h e  nomen conservandum  

f o r  t h e  p r i n c i p a l  t h r u s h  fu n g u s  by th e  8 th  B o t a n i c a l  C ong ress  i n  1954,

1 .2  F a c to r s  p r e d i s p o s in g  t o  c a n d id o s is

C and ida  spp a re  f r e q u e n t l y  i s o l a t e d  fro m  th e  human b o d y .  The y e a s ts  a re  

commensals o f  th e  g u t  and mucous membranes th o u g h  r a r e l y  c a u s in g  d is e a s e  i n  

h e a l t h y  i n d i v i d u a l s  (O dds , 1 9 7 9 ) .

The a ve ra g e  f re q u e n c y  o f  i s o l a t i o n  o f  C. a lb i c a n s  f ro m  n o rm a l i n d i v i d u a l s  

i s  10% fro m  th e  m ou th ,  18% fro m  th e  fa e c e s  and 6% f ro m  th e  v a g in a  (O dds, 1 9 7 9 ) .



H owever, th e  o c c u re n c e  r a t e  i s  c o n s id e r a b ly  h ig h e r  i n  much o f  th e  l i t e r a t u r e  

s in c e  many s u rv e y s  have  been c a r r i e d  o u t  on h o s p i t a l  p a t i e n t s  who, one must 

suppose a r e ,  t o  some e x t e n t ,  p r e d is p o s e d  by t h e i r  i l l n e s s  t o  i n f e c t i o n  by 

o p p o r t u n i s t  p a th o g e n s .  The a v e ra g e  f re q u e n c y  o f  r e c o v e r y  o f  C . a lb i c a n s  f ro m  

th e s e  p a t i e n t s  i s  35% fro m  th e  m o u th ,  24% from  th e  fa e c e s  and 18% fro m  th e  

v a g in a ,w h ic h  a re  n o t a b l y  h ig h e r  th a n  th e  mean c a r r i a g e  r a t e s  f o r  n o rm a l 

s u b j e c t s .

I s o l a t i o n  f r e q u e n c ie s  i n  d i f f e r e n t  r e p o r t s  c a n n o t ,  h o w e v e r ,  be e a s i l y  

compared as i t  has been n o te d ,  f o r  exam p le ,  t h a t  th e  o r a l  y e a s t  p o p u la t i o n  

f l u c t u a t e s  d u r in g  th e  day ( W i l k i n s o n ,  1968) and a ls o  t h a t  th e  f r e q u e n c y  o f  

i s o l a t i o n  v a r i e s  w i t h  t h e  s a m p l in g  method (J o h n s to n  and Bodey, 1 9 7 0 ) .

A l th o u g h  C and ida  spp e x i s t  as commensals, th e  b a la n c e  be tw een 

s a p ro p h y t is m  and p a r a s i t i s m  i s  a d e l i c a t e  o n e ,w h ic h  can som etim es be a l t e r e d
I

i n  f a v o u r  o f  th e  fu n g u s  by q u i t e  s m a l l  d e c re a se s  i n  h o s t  r e s i s t a n c e  to  

i n f e c t i o n .  T h is  c o n n e c t io n  be tw een  p r i o r  d e b i l i t a t i o n  and c a n d id o s is  was 

r e c o g n iz e d  i n  th e  l a s t  c e n t u r y  by B e n n e t t  i n  1844, by T rousseau  i n  1869 and 

by P a r r o t t  i n  1877, a l l  o f  whom s t a t e d  t h a t  t h r u s h  i s  a lw a y s  th e  consequence 

o f  a p re d is p o s e d  s t a t e .  I n  1962 , W i ls o n  su g g e s te d  t h a t  " C. a lb i c a n s  i s  a b e t t e r  

c l i n i c i a n  and can d i s c o v e r  a b n o r m a l i t i e s  i n  p e rs o n s  much e a r l i e r  th a n  we can 

w i t h  o u r  c h e m ic a l  t e s t s ’*. S y s te m ic  fo rm s  o f  c a n d id o s is  a re  r a r e l y ,  i f  e v e r ,  

fo u n d  i n  p a t i e n t s  who a re  n o t  s u f f e r i n g  fro m  a t  l e a s t  one f a c t o r  r e c o g n iz e d  

as p r e d is p o s in g  t o  c a n d id o s i s .  The main p r e d is p o s in g  f a c t o r s  a re  l i s t e d  i n  

T a b le  1.

Some o f  th e s e  f a c t o r s  a re  s im p ly  s l i g h t  d e v i a t i o n s  fro m  th e  p h y s i o l o g i c a l  

’ n o rm a l*  s t a t e  such as i n f a n c y ,  p re g n a n c y  o r  o ld  age . O th e rs  a re  i n f e c t i o u s ,

ho rm ona l o r  o t h e r  i d i o p a t h i c  s t a t e s  such as e n d o c r in e  d i s o r d e r s  -  th e s e  b e in g

a s s o c ia te d  i n  p a r t i c u l a r  w i t h  cases  o f  c h r o n ic  m ucocutaneous c a n d id o s is  

( H o l t ,  1972, V a ld im a rs s o n  a l . ,  1 9 7 3 ) .

I t  can be seen f ro m  th e  t a b l e  t h a t  many o f  th e  f a c t o r s  known t o  p re d is p o s e

to  c a n d id o s is  a re  p ro c e d u re s  o f  modern m e d ic in e  w h ich  e x p l a i n s ,  i n  p a r t ,  t h e  

in c r e a s e  i n  cases o f  s y s te m ic  c a n d id o s is  i n  th e  l a s t  few  decades ( H a r t  e t  a l . .



T a b le  1 F a c t o r s  p r e d i s p o s in g  t o  i n f e c t i o n  by C and ida  a lb i c a n s  (a n d  o t h e r  

p a th o g e n ic  s p e c ie s  o f  C a n d id a ) .

HORMONAL DISTURBANCES AND OTHER 
IDIOPATHIC STATES

D ia b e te s

H y p o p a r a th y r o id is m

H y p o a d r e n o c o r t i c i s m

C arc inom a

Leukem ia

P e r n i c i o u s  anaem ia  

A p l a s t i c  anaem ia 

A g r a n u lo c y t o s i s  

B r o n c h i e c t a s i s

M a l f o r m a t io n  o f  t h e  u r i n a r y  t r a c t

U l c e r a t i o n  o f  t h e  d i g e s t i v e  t r a c t

D e b i l i t y

M a la b s o r p t io n

M a l n u t r i t i o n

M o r ib u n d  s t a t e

PRE-EMINENTLY RECEPTIVE STATES 

P regnan cy

I n f a n c y  and o l d  age

C a r b o h y d r a t e - r i c h  d i e t

M a c e ra t io n  o f  s k i n

S k in  s u r f a c e  c o n t a c t  w i t h  
c a r b o h y d r a te s

DRUG THERAPY 

A n t i b i o t i c s  

C o r t i c o s t e r o i d s  

C o n t r a c e p t i v e  d ru g s

INFECTIOUS DISEASE

T u b e r c u lo s is  

C h ro n ic  b r o n c h i t i s  

I n f l u e n z a

T yp h o id  and o t h e r  e n t e r i c  i n f e c t i o n s  

B a c t e r i a l  e n d o c a r d i t i s

SURGERY

Open h e a r t  o p e r a t io n s

Bowel r e s e c t i o n s

C o los tom y

T oo th  e x t r a c t i o n s

Eye o p e r a t io n s  ( c o r n e a l  g r a f t s )

E a r o p e r a t io n s  ( s k i n  g r a f t s )

ACCIDENTAL INTRODUCTION OF CANDIDA 
BY INTRAVENOUS INJECTIONS OR IN 
DWELLING URINARY CATHETERS

B lo o d  t r a n s f u s i o n s

G lucose  s a l i n e  d r i p s  and o t h e r  
s u p p o r t i v e  f l u i d s

D ru g s ,  e s p e c i a l l y  i n  a d d i c t i o n

ACCIDENTAL TRAUMA 

Eye i n j u r y  

B urns

From G e n t le s  and La T ouche , 1969,



1 9 5 9 ) .  A n t i b i o t i c s  -  i n  p a r t i c u l a r  t h e  b ro a d  s p e c t ru m  a n t i b i o t i c s  such as 

t e t r a c y c l i n e  -  a r e  f r e q u e n t l y  im p l i c a t e d  as p r e d i s p o s in g  f a c t o r s  t o  

c a n d id o s i s  ( S e e l i g ,  1965 : W in n e r  and H u r l e y ,  1 9 6 4 ) .  These d ru g s  remove th e  

n o rm a l  b a c t e r i a l  f l o r a  f ro m  th e  g a s t r o i n t e s t i n a l  t r a c t  and mucous membranes, 

a l l o w i n g  y e a s t  o v e r g r o w th .  A n t i b i o t i c s  have  a ls o  been t h o u g h t  t o  s t i m u l a t e  

g ro w th  o f  C a n d id a , s u p p re s s  p h a g o c y to s is  and d e c re a s e  th e  n a t u r a l  h o s t  im m u n i ty  

t o  i n f e c t i o n .  E x p e r im e n ta l  d a ta  on th e s e  a s p e c ts  a r e  how ever c o n t r a d i c t o r y  

and m ost r e p o r t s  on a n t i b i o t i c  t h e r a p y  c a n n o t  be c l e a r l y  assessed  s in c e  

p a t i e n t s  a re  a l r e a d y  p re d is p o s e d  by i l l n e s s  o r  i n j u r y  b e fo r e  t h e r a p y  i s  

s t a r t e d .

P e rhaps  t h e  m ost common cause o f  s y s te m ic  c a n d id o s is  a t  t h e  p r e s e n t  t im e  

i s  t h e  i n t r o d u c t i o n  i n t o  p a t i e n t s  o f  i n t r a v e n o u s  c a t h e t e r s ,  w h ich  can rem a in  

i n  p la c e  f o r  many days  o r  weeks f r e q u e n t l y  becom ing  c o n ta m in a te d  (S chonbe ck , 

1972 : S to n e  _et ^ . , 1 9 7 4 ) .  P a t i e n t s  u n d e rg o in g  p a r e n t e r a l  h y p e r a l im e n t a t i o n  

a re  o f t e n  fo u n d  t o  have  C and ida  s e p t ic a e m ia  (F reem an , 1972: S tone  ^ t  , 1974) ■ 

t h e  s o l u t i o n s  used b e in g  p e r f e c t  g ro w th  m ed ia  f o r  C a n d id a  ( F a i l l a  ja t  ^ . , 1975: 

G e lb a r t  e d . ,  1 9 7 3 ) .  C and ida  e n d o c a r d i t i s  was f r e q u e n t l y  n o te d  i n  ’ m a in 

l i n i n g *  d ru g  a d d i c t s  ( H a r r i s  1972) who used c o n ta m in a te d  n e e d le s .

H ow ever, t o d a y ,  t h i s  d is e a s e  i s  most o f t e n  seen i n  p a t i e n t s  a f t e r  o p e n - h e a r t  

s u r g e r y  m a in ly  because  o f  t h e  a n t i b i o t i c  and im m u n o s u p p re s s iv e  th e r a p y  i n v o l v e d ,  

i n d w e l l i n g  in t r a v e n o u s  c a t h e t e r s  and o c c a s i o n a l l y ,  i n f e c t e d  h o m o g ra f ts  o r  

s u t u r e s  ( S e e l i g ^ ^ . , 1973 : S e e l i g  1 9 7 4 ) .

A l th o u g h  T a b le  1 l i s t s  m a l ig n a n t  d is e a s e s  and t ra u m a ,  i n c l u d i n g  b u rn s  

as f a c t o r s  p r e d i s p o s in g  t o  c a n d id o s i s ,  t h e  t e c h n iq u e s  i n v o l v e d  i n  t h e  management 

o f  th e s e  ca se s  -  a n t i b i o t i c  and im m u n o s u p p re s s iv e  t h e r a p y  and in t r a v e n o u s  

c a t h e t e r i z a t i o n  (Law ^  , 1972) -  a re  a l s o  p r e d i s p o s in g  f a c t o r s  and i t  may

be th e s e  t h a t  a re  r e s p o n s ib le  f o r  t h e  o c c u re n c e  o f  c a n d id o s is  r a t h e r  th a n  

th e  p r im a r y  d is e a s e  o r  i n j u r y .

1 .3  C l i n i c a l  F e a tu r e s  o f  C a n d id o s is

The c l i n i c a l  p i c t u r e  o f  t h e  d is e a s e  i n  p a t i e n t s  who a re  p re d is p o s e d  by 

t h e  above f a c t o r s  v a r i e s  c o n s id e r a b l y  f ro m  m i l d  s u p e r f i c i a l  i n f e c t i o n s  t o



p o t e n t i a l l y  f a t a l  s y s te m ic  d is e a s e .

S u p e r f i c i a l  C a n d id o s is

D i f f e r e n t  fo rm s  o f  s u p e r f i c i a l  c a n d id o s is  can be d i v i d e d  i n t o  two main 

c a t e g o r i e s  -  c u ta n e o u s  i n f e c t i o n s ,  i n v o l v i n g  th e  s k i n ,  n a i l s  and n a i l  f o l d s ,  

and m ucocu taneous  i n f e c t i o n s ,  i n  w h ic h  th e  mucous membranes a re  p r i n c i p a l l y  

a f f e c t e d .  I n  b o th  fo rm s  o f  th e  d is e a s e  th e  i n f e c t i o n  i s  r e s t r i c t e d  t o  t h e  

u p p e r  l a y e r s  o f  t h e  s k i n ,  hyphae n e v e r  p e n e t r a t i n g  d e e p e r  th a n  t h e  s t r a tu m  

comeum (M o n te s  & W i l s o n ,  1 9 6 8 ) .

C u taneous  c a n d id o s i s  i s  c h a r a c t e r i z e d  by p r u r i t i c  e ry th e m a to u s  l e s i o n s ,  

o f t e n  w i t h  f i s s u r i n g ,  and by h y p e r k e r a t o t i c  changes i n  t h e  n a i l s  when th e y  

become i n f e c t e d  (Form an 1966 ; G e n t le s  & La Touche, 1 9 6 9 ) .  T h is  fo rm  o f  th e  

d is e a s e  u s u a l l y  r e s u l t s  f ro m  l o c a l  o c c lu s io n  o r  m a c e r a t io n  o f  t h e  t i s s u e s .

E ry th e m a to u s  l e s i o n s  a r e  a l s o  seen i n  m ucocu taneous  c a n d id o s is  a lo n g  w i t h  

w h i t e  c u r d - l i k e  d e p o s i t s  and f r e q u e n t l y  -  i n  th e  case  o f  v a g i n i t i s  -  a t h i c k  

w h i t e  d is c h a r g e  (M o r to n  & R a s h id , 1977; W inne r & H u r le y ,  1 9 6 4 ) .  O r a l  

c a n d id o s is  i s  o f t e n  n o te d  as ’ t h r u s h *  i n  i n f a n t s  who a re  i n f e c t e d  by th e  

m o th e r  a t  b i r t h  ( K o z in n  & T a s c h d j ia n ,  1962) o r  as d e n tu r e  s t o m a t i t i s  and 

a n g u la r  c h e l i t i s  among a d u l t s  (B u d tz  -  J o rg e n se n  & B e r t r a m , 1 9 7 0 ) .  C and ida  

v a g i n i t i s  i s  p r o b a b ly  t h e  m ost commonly seen C and ida  i n f e c t i o n  i n  modern 

m e d ic in e ,  l a r g e l y  as a r e s u l t  o f  many o f  p r e d is p o s in g  f a c t o r s  l i s t e d  i n  T a b le  

l ^ i n  p a r t i c u l a r ^ p r e g n a n c y ,  o r a l  c o n t r a c e p t i v e s ,  a n t i b i o t i c s  and d ia b e te s  

(M o r to n  & R a s h id  1 9 7 7 ) .  S u p e r f i c i a l  i n f e c t i o n s  a re  r e a d i l y  d ia g n o s e d  and -  

w i t h  t h e  e x c e p t io n  o f  C a n d id a  v a g i n i t i s  where r e c u r r e n t  i n f e c t i o n s  a re  common - 

respond  r a p i d l y  t o  l o c a l  t h e r a p y .

C h ro n ic  m u co cu tane ous  c a n d id o s is  (CMC) i s  a r a r e  fo rm  o f  s u p e r f i c i a l  

i n f e c t i o n  a f f e c t i n g  b o th  c u ta n e o u s  and m ucocu taneous  a re a s  o f  th e  b o d y .  As 

w i t h  o t h e r  s u p e r f i c i a l  fo rm s  o f  c a n d i d o s i s , t h e  i n f e c t i o n  i n  cases  o f  CMC i s  

r e s t r i c t e d  t o  t h e  e p id e r m is .  C l i n i c a l l y ,  m ost o f  th e  f e a t u r e s  a re  s i m i l a r  

t o  th o s e  o f  c u ta n e o u s  and m ucocu taneous  c a n d id o s is  a l t h o u g h  i n  one fo rm  o f  

th e  d is e a s e ,  known as C a n d id a  g ra n u lo m a ,  h y p e r k e r a t o t i c  l e s i o n s  d e v e lo p  on 

th e  fa c e  and s c a lp  ( im p e r a t o  ^ t  a ^ . , 1 9 6 8 ) .  How ever, u n l i k e  o t h e r

s u p e r f i c i a l  C a n d id a  i n f e c t i o n s ,  CMC i s  r e s i s t a n t  t o  t o p i c a l  t h e r a p y  -  and
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u s u a l l y  re s p o n d s  o n l y  t o  i n t r a v e n o u s l y  a d m in is te r e d  a n t i f u n g a l  d r u g s .  The 

i n f e c t i o n  u s u a l l y  d e v e lo p s  e a r l y  i n  c h i ld h o o d  and , as m e n t io n e d  a b o v e ,  i s  

a s s o c ia t e d  w i t h  e n d o c r in e  d i s o r d e r s ,  g e n e t i c a l l y  based a b n o r m a l i t i e s  i n  

c e l l u l a r  immune m echanism s and w i t h  o t h e r  abno rm a l c e l l u l a r  immune re s p o n s e s  

( K i r k p a t r i c k  e t  ^ a l^ ,  1971 : V a ld im a rs s o n  ^  ^ . , 1 9 7 3 ) .

A t te m p ts  have been made t o  c l a s s i f y  th e  v a r io u s  fo rm s  o f  CMC -  n o t a b l y  

by W e l ls  (1 9 7 3 )  and by V a ld im a rs s o n  ^  , (1 9 7 3 )  -  based on v a r i o u s  c r i t e r i a .

The c l i n i c o - g e n e t i c  c l a s s i f i c a t i o n  o f  W e l ls  i s  th e  one most commonly used i n  

th e  l i t e r a t u r e .  The c l a s s i f i c a t i o n  o f  V /a ld im arsson  _et , (1 9 7 3 )  based on th e  

u n d e r l y i n g  d e f e c t s  i n  c e l l u l a r  im m u n i ty  -  m a in ly  th e  p re s e n c e  o r  absence  o f  

d e la y e d  h y p e r s e n s i t i v i t y  and p r o d u c t io n  o f  macrophage i n h i b i t i o n  f a c t o r  -  draws 

a t t e n t i o n  t o  t h e  f o u r  m ain p a t t e r n s  o f  d e t e c t a b le  immune a b n o r m a l i t i e s  o f  th e  

d is e a s e .

1 .4  S y s te m ic  C a n d id o s is

S y s te m ic  c a n d id o s is  i s  t h e  l e a s t  commonly seen fo rm  o f  c a n d id o s i s .  U n l i k e  

s u p e r f i c i a l  i n f e c t i o n s ,  i t  does n o t  p r e s e n t  w i t h  any c h a r a c t e r i s t i c  s ig n s  and, 

as a consequ ence , t h e  d is e a s e  i s  s t i l l  d ia g n o s e d  most f r e q u e n t l y  p o s t - m o r te m .

V i r t u a l l y  a l l  fo rm s  o f  s y s te m ic  c a n d id o s is  a r i s e  due t o  haem atogenous 

sp read  o f  th e  y e a s ts  and s e v e r a l  means o f  e n t r y  i n t o  th e  b lo o d  s t re a m  have  been 

su g g e s te d  ( S e e l i g  _et , 1 9 7 3 ) .  A p r o p o r t i o n  o f  cases  a r i s e  due t o  i n t r o d u c t i o n  

o f  C and ida  v i a  i n t r a  venous c a t h e t e r s  where th e r e  i s  a c o n t i n u a l  s e e d in g  o f  th e  

y e a s ts  i n t o  th e  b lo o d  (B re n n a n  _ e ^ , 1 9 7 2 ) .  S u r g i c a l  and b u rn  wounds were 

c o n s id e r e d  as t h e  m ain  f o c i  r e s p o n s ib le  f o r  s y s te m ic  i n f e c t i o n s  by Law _e^ ,

(1 9 7 2 )  b u t  no f u n g a l  i n v a s i o n  f ro m  i n f e c t e d  g r a n u la t i n g  wounds c o u ld  be d e te c te d  

by S tone  ejt , (1 9 7 4 )  i n d i c a t i n g  t h a t  t h i s  method o f  e n t r y  i n t o  t h e  b lo o d  i s  

u n l i k e l y .

The most common p o r t a l  o f  e n t r y  i n t o  th e  b lo o d s t re a m  i s  p r o b a b ly  by

m ig r a t i o n  o r  a b s o r p t i o n  o f  C a nd ida  a c ro s s  th e  i n t e s t i n a l  mucosa. I n  a s tu d y

12
by K rause  ^  , ( 1 9 5 8 ) ,  i n g e s t i o n  by a h e a l t h y  v o l u n t e e r  o f  10 C. a lb i c a n s

c e l l s  l e d  t o  p o s i t i v e  b lo o d  c u l t u r e s  t h r e e  and s i x  h o u rs  l a t e r .  These r e s u l t s  

were c o n f i r m e d  by th e  a n im a l  e x p e r im e n ts  o f  S tone  _et a l^ . , ( 1 9 7 4 ) .  I t  w o u ld  

t h e r e f o r e  app e a r  t h a t  any marked in c r e a s e  i n  th e  i n t e s t i n a l  p o p u l a t i o n  o f
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C and ida  e . g .  d u r in g  a n t i m i c r o b i a l  t h e r a p y ,  le a d s  t o  m ig r a t i o n  o f  th e  y e a s t  

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

c a n d id a e m ia .  I f  t h i s  p ro c e s s  c o n t in u e s  i n  p a t i e n t s  w i t h  d e p re sse d  a n t i m i c r o b i a l  

d e fe n c e s  C and ida  s e p t ic a e m ia  and d is s e m in a te d  c a n d id o s is  a re  l i k e l y  t o  r e s u l t .

C a n d id o s is  o f  t h e  u r i n a r y  t r a c t  and C and ida  e n d o c a r d i t i s  a re  p r o b a b ly  t h e  

two fo rm s  o f  p r im a r y  s y s te m ic  c a n d id o s is  on w h ic h  most d e t a i l e d  i n d i v i d u a l  case 

r e p o r t s  have a p p e a re d .  The k id n e y  has lo n g  been r e c o g n iz e d  as th e  most 

f r e q u e n t l y  i n f e c t e d  o rg a n  i n  e x p e r im e n t a l  C and ida  s e p t ic a e m ia  and e n d o c a r d i t i s  

has r e c e iv e d  much more a t t e n t i o n  i n  r e c e n t  y e a rs  s in c e  th e  in c r e a s e  i n  t h e  

numbers o f  cases  due t o  o p e n - h e a r t  s u r g e r y .  I n f e c t i o n s  o f  a l l  o t h e r  o rg a n s  

o f  t h e  body as w e l l  as bones and j o i n t s ,  t h e  c e n t r a l  n e rvo u s  sys tem  and th e  

eye have been d e s c r ib e d  (O dds , 1 9 7 9 ) .  A l th o u g h  th e  d is e a s e  may re m a in  

l o c a l i z e d  as a p r im a r y  i n f e c t i o n  i n  any one o f  th e s e  o r g a n s ,  C and ida  may 

s p re a d ,  v i a  th e  b lo o d s t r e a m ,  r e s u l t i n g  i n  d is s e m in a te d  c a n d id o s i s .  I n  c l i n i c a l  

r e p o r t s  o f  d is s e m in a te d  c a n d id o s i s ,  th e  p r e d i l i c t i o n  o f  C and ida  f o r  t h e  k id n e y  

can be seen a l th o u g h  l e s i o n s  have been f r e q u e n t l y  n o te d  i n  th e  i n t e s t i n e ,  

lu n g s  and b r a i n .

D ia g n o s is  i n  a l l  fo rm s  o f  s y s te m ic  c a n d id o s is  u s u a l l y  p ro v e s  d i f f i c u l t .

Y e t  a c c u r a te  d ia g n o s is  i s  e s s e n t i a l  s in c e  th e  few  a n t i f u n g a l  a g e n ts  a v a i l a b l e  

f o r  s y s te m ic  c a n d id o s is  a re  l i k e l y  t o  cause s e v e re  s id e  e f f e c t s  t o  th e  p a t i e n t .  

Symptoms o f  th e  d is e a s e  a re  g e n e r a l l y  s i m i l a r  t o  th o s e  o f  b a c t e r i a l  i n f e c t i o n s .  

P resence  o f  y e a s ts  and p s e u d o h y p h a l  fo rm s  o f  C and ida  i n  s e c t io n s  o f  b io p s y  

m a t e r i a l  i s  s i g n i f i c a n t  and d e f i n i t i v e  d i a g n o s t i c  e v id e n c e  b u t  b io p s ie s  a re  

r a r e l y  p e r fo rm e d  as a f i r s t  r e s o r t  e s p e c i a l l y  i n  p a t i e n t s  w i t h  s e p t i c a e m ia .

D i r e c t  i s o l a t i o n  o f  C and ida  i s  n o t  a lw a y s  s i g n i f i c a n t  because o f  t h e  

s a p r o p h y t i c  n a tu r e  o f  th e  o r g a n is m .  T h is  i s  t h e  case  f o r  spu tum , w h ich  can be 

c o n ta m in a te d  by y e a s ts  f ro m  th e  o r a l  c a v i t y ,  f o r  fa e c e s  and f o r  t h e  v a g in a .  

I s o l a t i o n  o f  t h e  y e a s ts  f ro m  n o r m a l l y  s t e r i l e  s i t e s  i s  o f  much more v a lu e  

s in c e  o b v io u s ly  C and ida  does n o t  o c c u r  as a commensal i n  i n t e r n a l  o rg a n s .

S tone  _et , (1 9 7 4 )  have s u g g e s te d  t h a t  t h e  p re s e n ce  o f  y e a s ts  i n  th e  u r i n e  

i s  a good i n d i c a t o r  o f  d is s e m in a te d  c a n d id o s i s .



When C and ida  i s  i s o l a t e d  i n  b lo o d  c u l t u r e ,  i t  i s  s t i l l  som etim es re g a rd e d  

as a c o n ta m in a n t ,  d e s p i t e  th e  f a c t  t h a t  i t  i s  n o t  c o n s id e re d  p a r t  o f  th e  n o rm a l 

s k in  f l o r a  (O dds , 1 9 7 9 ) ,  C o n v e r s e ly ,  a t t e m p ts  t o  r e c o v e r  C and ida  from  th e  

b lo o d s t r e a m  f r e q u e n t l y  f a i l  ( S e e l i g  ^  ^ 1 . ,  1973; S to n e  , 1 9 7 4 ) .

E x p e r im e n ts  by S to n e  ^ . , ( 1 9 7 4 )  e x p la in e d  th e  f a i l u r e  t o  i s o l a t e  C and ida  

f ro m  venous b lo o d  as b e in g  due t o  a f i l t e r i n g  e f f e c t  by m acrophages o f  many 

o rg a n s  o f  t h e  b o d y ,  i n  p a r t i c u l a r  t h e  l i v e r  and k id n e y ,  and s u g g e s te d  t h a t  

a r t e r i a l  b lo o d  c u l t u r e s  m ig h t  be a b e t t e r  i n d i c a t o r  o f  i n f e c t i o n .  However, 

w i t h d r a w a l  o f  t h e  b lo o d  f ro m  an a r t e r y  i s  t e c h n i c a l l y  much h a r d e r  t o  p e r fo rm  

th a n  f ro m  a v e in  so t h a t  t h e  t e c h n iq u e  may n o t  f i n d  f a v o u r  w i t h  m e d ic a l  s t a f f .  

No r e p o r t s  on i t s  v a lu e  have as y e t  a p p e a re d .

S u c c e s s fu l  i s o l a t i o n  o f  y e a s ts  f ro m  th e  b lo o d  i s  a ls o  hampered by th e  

mode i n  w h ic h  C and ida  g rows v i v o . I n s te a d  o f  fo r m in g  a homogenous 

s u s p e n s io n  o f  c e l l s  as happens w i t h  b a c t e r i a ,  C and ida  grows as a ta n g le d  mass 

o f  m yce l iu m  and b la s t o s p o r e s ,  w h ich  c a n n o t  be r e a d i l y  p ic k e d  up i n  a s y r i n g e .

E l l i s  and S p iv a c k  (1 9 6 7 )  have  r e p o r t e d  cases  o f  c a n d id a e m ia ,  due to  

t r a n s i e n t  c o n ta m in a t io n  o f  th e  b lo o d s t r e a m ,  w h ich  do n o t  r e q u i r e  a n t i f u n g a l  

t h e r a p y .  However, th e y  su g g e s te d  t h a t  b lo o d  c u l t u r e s  be r e p e a te d  s in c e  

r e p e a te d  i s o l a t i o n s  o f  C and ida  a re  i n d i c a t i v e  o f  t r u e  cases  o f  d is s e m in a te d  

c a n d i d o s i s .

S in c e  i t  a p p e a rs  t h a t  th e  m i c r o b i o l o g i c a l  t e s t s  e i t h e r  f a i l  o r  g iv e  

e q u iv o c a l  r e s u l t s ,  s e r o l o g i c a l  t e s t s  may be e x p e c te d  t o  g iv e  a d d i t i o n a l  

s u p p o r t i v e  e v id e n c e  o f  s y s te m ic  i n f e c t i o n .  H ow ever, t h e r e  a re  s e v e r a l  

p ro b le m s  a s s o c ia te d  w i t h  s e r o l o g i c a l  d ia g n o s is  and th e s e  w i l l  be d is c u s s e d  

i n  a l a t e r  s e c t i o n .
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1 .5  P a th o g e n e s is  o f  C a nd ida  i n f e c t i o n s

a )  E x p e r im e n ta l  C a n d id o s is

The p a t h o g e n i c i t y  o f  C and ida  s p e c ie s  has been s t u d ie d  m a in ly  

i n  a n im a ls  o r  t i s s u e  c u l t u r e .  Many o f  t h e  symptoms in d u c e d  i n  e x p e r im e n t a l l y  

i n o c u la t e d  a n im a ls  a re  s i m i l a r  t o  th o s e  i n  humans.

I n  t h e  mouse, an in t r a v e n o u s  i n j e c t i o n  o f  10^ C and ida  c e l l s  g e n e r a l l y

r e s u l t s  i n  100% m o r t a l i t y  w i t h  l e s i o n s  i n  th e  k id n e y ,  h e a r t ,  b r a i n  and s p le e n .  

S m a l le r  doses r e s u l t  i n  c h r o n i c  s y s te m ic  i n f e c t i o n  and i n  some cases  no e f f e c t s  

a re  n o te d  ( A d r ia n o  & S chw arz ,  1 9 5 5 ) .

I n o c u l a t i o n  v i a  o t h e r  r o u te s  e . g .  i n t r a  p e r i t o n e a l l y  le a d s  t o  s i m i l a r  

p a t h o l o g i c a l  changes a l t h o u g h  a much l a r g e r  dose i s  r e q u i r e d .

The r a b b i t  i s  more s u s c e p t i b l e  t o  i n f e c t i o n  th a n  th e  mouse, w i t h  s m a l le r  

d o s e s /k g  l e a d in g  t o  s i m i l a r  l e s i o n s .  A ga in  th e  k id n e y  i s  t h e  m a jo r  o rgan  

a f f e c t e d  (E vans  & W in n e r , 1 9 5 4 ) .

The g u in e a  p i g  was used as an e x p e r im e n ta l  m odel f o r  c a n d id o s is  when 

s tu d y in g  th e  e f f e c t  o f  c o r t i c o s t e r o i d s  on s u s c e p t i b i l i t y  t o  i n f e c t i o n  as i t  was 

s u g g e s te d  t h a t  i t  was m ost c l o s e l y  r e l a t e d  t o  t h e  human s i t u a t i o n  p a r t i c u l a r l y  

w i t h  re g a rd  t o  s t e r o i d  th e r a p y  ( H u r le y  & F a u c i ,  1 9 7 5 ) .

P a r t r i d g e  ^_t , have s u g g e s te d  th e  use o f  th e  c h ic k  c h o r i o a l l a n t o i c

membrane (CAM) f o r  p a t h o g e n i c i t y  t e s t s  w i t h  C and ida  s in c e  i t  i s  more s e n s i t i v e  

and e a s ie r  t o  i n o c u l a t e  th a n  a n im a ls  ( P a r t r i d g e  ^  a l . , 1 9 7 1 ) .  V a r io u s  a s p e c ts  

o f  p a t h o g e n i c i t y  have  been s t u d ie d  u s in g  mouse r e n a l  e p i t h e l i a l  c e l l s  i n  t i s s u e  

c u l t u r e  ( S t a n le y  & H u r l e y ,  1 9 5 7 ) .

These two t e c h n iq u e s ,  among o t h e r s ,  have been used t o  compare th e  d i f f e r e n t i a l  

v i r u l e n c e  o f  t h e  seven p a th o g e n ic  s p e c ie s  o f  C and ida  t h a t  f u l f i l  K o c h 's  

p o s t u l a t e s ,  w i t h  th e  same r e s u l t s .  C. a lb i c a n s  i s  t h e  m ost p a th o g e n ic ,  f o l l o w e d  

i n  o r d e r  by C. t r o p i c a l i s , C . s t e l l a t o i d e a , C . p a r a p s i l o s i s , C . p s e u d o t r o p i c a l i s , 

C . k r u s e i  and C . q u i l l i e r m o n d i i .

b )  D e te r m in a n ts  o f  P a t h o g e n i c i t y

P a th o g e n ic  m ic r o - o r g a n is m s  may possess  a v a r i e t y  o f  p r o p e r t i e s
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by means o f  w h ic h  t h e y  may d i s a b l e  h o s t  d e fe n c e s  a n d /o r  cause damage t o  h o s t  

t i s s u e s .  R e s is ta n c e  mechanisms t o  p h a g o c y t o s is ,  i n t r a c e l l u l a r  k i l l i n g  and 

t o  h u m o ra l  and c e l l u l a r  immune re s p o n s e s  have been d e f in e d  f o r  t h e  most 

i m p o r t a n t  b a c t e r i a l  p a th o g e n s ,  and s e v e r a l  b a c t e r i a  p ro d u ce  t o x i n s  d r  

h y d r o l y t i c  enzymes c a p a b le  o f  c a u s in g  d i r e c t  damage t o  h o s t  t i s s u e s .  The 

v i r u l e n c e  f a c t o r s  o f  C . a lb i c a n s  and o t h e r  p a th o g e n ic  y e a s ts  a re  l e s s  w e l l  

e s t a b l i s h e d ,  a l t h o u g h  some have been d e s c r ib e d  (M im s, 1 9 7 7 ) .

F i l a m e n t a t i o n

C . a lb i c a n s  has lo n g  been r e c o g n iz e d  as a b le  t o  p ro d u ce  m yc e l iu m  as w e l l  

as b la s t o s p o r e s .  B e rg  (1 8 4 6 )  d e s c r ib e d  y e a s t - l i k e  o rg a n ism s  i n  b lo o d  c u l t u r e  

as w e l l  as m y c e l iu m ,  a l t h o u g h  a t  t h a t  t im e  no one a p p r e c ia te d  t h a t  th e  fu n g u s  

was d im o r p h ic  and t h a t  b o th  phases  b e lo n g e d  t o  t h e  same o rg a n is m s .  T h is  was 

p ro v e n  beyond d o u b t  s e v e r a l  y e a r s  l a t e r  (A u d re y ,  1 8 8 7 ) .

The mechanism r e s p o n s ib le  . f o r  m y c e l i a l - y e a s t  c o n v e r s io n  has s t i l l  n o t  

been f u l l y  d e te r m in e d .  F o r  n e a r l y  e v e ry  r e p o r t  s u g g e s t in g  one f a c t o r  f a v o u r i n g  

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

s u p p re s s e s  f i l a m e n t a t i o n  (O dds , 1 9 7 9 ) .  The one e x c e p t io n  t o  t h i s , i s  t h a t  many 

a u th o r s  have r e p o r t e d  on th e  e f f e c t  o f  s i n g l e  am ino a c id s  o r  a c o m b in a t io n  o f  

s e v e r a l  w h ich  s t i m u l a t e  f i l a m e n t a t i o n ,  b u t  even h e re  t h e r e  i s  no ag reem en t as 

t o  w h ich  amino a c id s  a re  r e s p o n s i b l e  (O dds , 1 9 7 9 ) .

C . a lb i c a n s  i s  t h e  o n l y  p a th o g e n ic  C and ida  s p e c ie s  c a p a b le  o f  t r u e  m yce l iu m  

p r o d u c t i o n  -  t h e  o t h e r s  p ro d u c e  p s e u d o m y c e l iu m . T h is  p r o p e r t y  has been s u g g e s te d  

t o  e x p la in  t h e  g r e a t e r  v i r u l e n c e  o f  C . a lb i c a n s  o v e r  th e  o t h e r  s p e c ie s  s in c e  

m yce l iu m  p r o d u c t i o n  has o f t e n  been c o n s id e r e d  t o  be a m a jo r  f a c t o r  i n  t h e  

p a t h o g e n i c i t y  o f  C a n d id a .

The a b i l i t y  t o  p ro d u c e  m y c e l iu m  m ust g i v e  an o rg a n is m  a h ig h te n e d  a b i l i t y  

t o  in v a d e  t i s s u e .  I t  has been n o te d  i n  p l a n t  p a th o g e n s  t h a t  t h e  m e c h a n ic a l  

f o r c e  o f  m yce l ium  a lo n e  i s  r e s p o n s i b l e  f o r  t h e  p e n e t r a t i o n  o f  g o ld  f i l m  

( M iy o s h i ,  1 8 9 5 ) .  M y ce l iu m  p r o d u c t i o n  a l s o  a l l o w s  C . a lb i c a n s  t o  escape 

p h a g o c y to s is  by g ro w in g  o u t  f ro m  t h e  p h a g o c y te  ( L o u r ia  & B r a y to n ,  1 9 6 4 ) .
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A l th o u g h  numerous r e p o r t s  have appea re d  d i r e c t l y  r e l a t i n g  m yce l ium  

p r o d u c t i o n  w i t h  p a t h o g e n i c i t y ,  b la s t o s p o r e s  a re  n e a r l y  a lw a ys  n o te d  i n  

i n f e c t e d  t i s s u e s  as w e l l  as f i l a m e n t s  (W in n e r  & H u r l e y , 1 9 5 4 ) .  Some g ro u p s  

o f  w o rk e rs  have s t a t e d  t h a t  t h e  m y c e l i a l  fo rm  i s  more v i r u l e n t ,  o t h e r s  have 

shown t h a t  i t  i s  t h e  y e a s t  fo rm  w h ich  has th e  g r e a t e r  p a th o g e n ic  p o t e n t i a l .

S e v e r a l  p e o p le  have been u n a b le  t o  f i n d  any d i f f e r e n c e  i n  v i r u l e n c e  between 

th e  two fo r m s .  I t  i s  d i f f i c u l t  how ever t o  compare d i r e c t l y  th e  v i r u l e n c e  o f  

t h e  two fo rm s  s in c e  i t  i s  h a rd  t o  t e l l  how much m ycelium i s  e q u i v a le n t  t o  a 

g iv e n  q u a n t i t y  o f  b l a s t o s p o r e s .  The two fo rm s  must a ls o  behave d i f f e r e n t l y  i n  

th e  body -  th e  y e a s t  fo rm  i s  l i k e l y  t o  be sp re a d  much more r e a d i l y  t h r o u g h o u t  

th e  body th a n  th e  m yce l ium  w h ich  m ig h t  i n  t u r n  be a b le  t o  p e n e t r a te  c e l l s  

more r e a d i l y .

When H u r le y  and S ta n le y  (1 9 6 9 )  compared d i f f e r e n t  p a th o g e n ic  s p e c ie s  o f  

C and ida  on c u l t u r e d  mouse r e n a l  e p i t h e l i a l  c e l l s ,  t h e y  were a b le  t o  c o r r e l a t e  

t h e  a b i l i t y  t o  p ro d u ce  m y c e l ia  w i t h  th e  p a t h o l o g i c a l  e f f e c t s  o f  th e  f u n g i .

H ow ever, t h e y  d id  s u g g e s t  t h a t  th e  y e a s t  phase i n i t i a t e s  i n f e c t i o n ,  a c c o u n t in g  

f o r  t h e  o b s e r v a t io n  o f  p u re  b la s t o s p o r e s  i n  some l e s i o n s  and t h a t  m yce l ium  

p r o d u c t i o n  and t i s s u e  damage a r i s e  l a t e r .

S i m i l a r  r e s u l t s  were o b ta in e d  by T a s c h d j ia n  and K o z in n  (1 9 5 7 )  who fo u n d  

o n ly  b la s t o s p o r e s  i n  smears f ro m  b a b ie s '  m ouths u n t i l  c l i n i c a l  l e s i o n s  o f  

t h r u s h  a p p e a re d ,  when f i l a m e n t s  were n o te d .

None o f  t h e  e x p e r im e n ta l  o b s e r v a t io n s  on th e  v i r u l e n c e  o f  d i f f e r e n t  fo rm s  

o f  C . a lb i c a n s  a re  c l e a r  c u t  -  n e i t h e r  fo rm  can be c o n s id e re d  e x c l u s i v e l y  i n v a s i v e .  

H ow ever, th e  a b i l i t y  t o  p ro d u ce  f i l a m e n t s  must be c o n s id e re d  as a g r a t u i t o u s  

f a c t o r  i n  t h e  o r g a n is m 's  p a t h o g e n i c i t y  (O dds , 1 9 7 9 ) .  The g r e a t e r  ease w i t h  

w h ich  y e a s t - l i k e  c e l l s  can sp re a d  th r o u g h  th e  body and th e  o b s e r v a t io n  t h a t  

th e s e  fo rm s  a re  n o te d  e a r l y  on i n  l e s i o n s  le a d s  t o  th e  id e a  t h a t  t h i s  fo rm  may 

be r e s p o n s ib le  f o r  i n i t i a t i o n  o f  i n f e c t i o n .  I t  s h o u ld  be n o te d  t h a t  th e  

o p p o r t u n i s t  y e a s t - p a th o g e n , C . q l a b r a t a  ( f o r m e r l y  known as T o r u lo p s i s  g l a b r a t a ) 

i s  i n c a p a b le  o f  p ro d u c in g  even p se u d o m yce l iu m .

T o x in  P r o d u c t io n

E n d o to x in s  a re  known t o  be d e te r m in a n t s  o f  v i r u l e n c e  i n  b a c t e r i a  (M im s, 1977)
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C e r t a i n  p a t h o l o g i c a l  f e a t u r e s  o f  e x p e r im e n ta l  c a n d id o s is  l e d  H e n r i c i  i n  1940 

and S a l v i n  i n  1952 t o  s u g g e s t  t h e  p re s e n ce  o f  an e n d o to x in  i n  C . a l b i c a n s .

C u t l e r  _et , ( 1 9 7 2 )  c a r e f u l l y  t e s t e d  d i f f e r e n t  f r a c t i o n s  o f  C . a lb i c a n s  f o r  

t o x i c  p r o p e r t i e s  and d is c o v e r e d  t h a t  w ho le  c e l l s  and c e l l  w a l l s  were p y ro g e n ic  

f o r  r a b b i t s  and l e t h a l  f o r  a c t in o m y c in  D - t r e a t e d  m ic e .  F u r t h e r  r e p o r t s  

s u b s t a n t i a t e d  th e  t o x i c  p r o p e r t i e s  o f  C .a lb i c a n s  g l y c o p r o t e i n  ( i w a t a ,  1 9 7 6 ) .  

H ow ever, t h e  p o te n c y  o f  t h i s  t o x i n  i s  v e ry  much lo w e r  th a n  t h a t  o f  any 

b a c t e r i a l  t o x i n  and i t  i s  v e ry  h a rd  t o  r e l a t e  t h e  l a r g e  amounts n e c e s s a ry  f o r  

a r e a c t i o n  i n  e x p e r im e n ta l  a n im a ls  t o  th e  d is e a s e  i n  humans. T he re  i s  a ls o  

e v id e n c e  o f  a p y r o g e n ic  e f f e c t  i n  r a b b i t s  w i t h  th e  c e l l  w a l l s  o f  t h e  non

p a th o g e n  S accharom yces  c e r e v i s i a e  ( C u t l e r  _e^ ^ . , 1972 ) w h ich  s u g g e s ts  t h a t  

t h e  p y r o g e n ic  e f f e c t  o f  C . a lb i c a n s  c e l l  w a l l s  may n o t  be an e s s e n t i a l  component 

i n  th e  v i r u l e n c e  o f  t h e  l a t t e r .  I t  i s  p ro b a b le  how ever t h a t  t h e  c e l l  w a l l  

g l y c o p r o t e i n  i s  r e s p o n s ib le  i n  p a r t  f o r  th e  f e v e r  n o te d  i n  cases  o f  s y s te m ic  

c a n d id o s i s .

Iw a ta  (1 9 7 6 )  i s o l a t e d  f ro m  C. a lb i c a n s  a v e ry  u n u s u a l  t o x i n ,  known as 

c a n d i t o x i n ,  w h ich  i s  made up o f  f o u r  s u b u n i t s  -  two w i t h  c a r b o x y p e p t id a s e  

a c t i v i t y ,  one w i t h  phosph om onoes te rase  a c t i v i t y  and a f o u r t h  u n i d e n t i f i e d  u n i t .  

T h is  t o x i n  has o n ly  been i s o l a t e d  f ro m  one s t r a i n  o f  C . a l b i c a n s . C ha ttaw ay  

_et ^ 1 . ,  ( 1 9 7 1 )  were u n a b le  t o  i d e n t i f y  any t o x i n - l i k e  s u b s ta n c e  i n  f o u r  d i f f e r e n t  

s t r a i n s  o f  C . a l b i c a n s . Such a s t r a i n - s p e c i f i c  t o x i n  as c a n d i t o x i n  i s  t h e r e f o r e  

u n l i k e l y  t o  p la y  any common p a r t  i n  th e  p a th o g e n e s is  o f  c a n d id o s is  o v e r a l l .  

H y d r o l y t i c  enzymes

H y d r o l y t i c  enzymes have been i m p l i c a t e d  i n  th e  p a t h o g e n i c i t y  o f  some 

b a c t e r i a  e s p e c i a l l y  th o s e  known as e x o t o x in s ,  s e c r e te d  by some gram p o s i t i v e  

b a c t e r i a .  S i m i l a r  enzymes have been d e s c r ib e d  i n  C a n d id a , n o t a b l y  a c id  

p h o s p h a ta s e ,  p r o t e in a s e  and p h o s p h o l ip a s e ,  a l t h o u g h  t h e i r  r o l e  i n  t h e  p a th o 

g e n i c i t y  has n o t  y e t  been p ro v e n  and o n ly  th e  p r o t e in a s e  i s  s e c r e te d  by th e  

f u n g u s .

C h a t ta w a y  e t  a l . ,  ( 1 9 7 1 )  d e m o n s tra te d  th e  p re s e n c e  i n  C . a lb i c a n s  o f  a
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c o n s t i t u t i v e  a l k a l i n e  p h o s p h a ta s e  w h ich  had been p r e v i o u s l y  shown 

h i s t o c h e m i c a l l y  by K urup  ( 1 9 6 3 ) .

The p re s e n c e  o f  a c id  p h o s p h a ta s e s  have been d e s c r ib e d  by s e v e r a l  w o r k e r s .  

M ontes and W i lb o r n  (1 9 7 0 )  d e t e c te d  a c id  phosp h a ta se  a c t i v i t y  d i s t r i b u t e d  i n  

s m a l l  i n t r a c e l l u l a r  g r a n u le s  l o c a t e d  i n  t h e  c y to p la s m  o f  C and ida  c e l l s .

C ha ttaw ay  _ e ^ , ( 1 9 7 1 )  showed t h e  p re s e n c e  o f  two s e p a ra te  a c id  p h o s p h a ta s e s  

w i t h  pH o p t im a  a t  3 .6  and 5 .6  and s u g g e s te d  t h a t  th e  fo rm e r  was l o c a t e d  c lo s e  

t o  th e  c e l l  s u r f a c e .  The p h o s p h a ta s e  appeared  a t  t h e  c e l l  s u r f a c e  i n  g ro w th  

m edia d e v o id  o f  p h o s p h a te  and c o u ld  be re le a s e d  by t r e a tm e n t  o f  c e l l s  w i t h  

d i t h i o t h r e i t o l  (C h a t ta w a y  _et , 1 9 7 4 ) .  These r e s u l t s  c o n t r a d i c t  t h e  

h i s t o c h e m ic a l  s t u d i e s  o f  M on tes  and W i lb o r n  ( 1 9 7 0 ) .  I t  seems l i k e l y  t h a t  t h e  

l a t t e r  w o rk e rs  were l o o k i n g  a t  a c o n s t i t u t i v e  enzyme l o c a t e d  i n  t h e  c y to p la s m  -  

p e rhaps  th e  p h o s p h a ta s e  w i t h  pH op t im um  o f  5 .6  -  and had o v e r lo o k e d  th e  

i n d u c i b l e  enzyme l o c a t e d  a t  th e  c e l l  s u r f a c e .  Odds and H i e r h o l z e r  (1 9 7 3 )  

p u r i f i e d  th e  pH 3 .6  enzyme and fo u n d  t h a t  i t  was a g l y c o p r o t e i n  w i t h  a pH 

optimum o f  4 .5  i n  i t s  p u r i f i e d  f o rm .  Q u a l i t a t i v e l y  t h i s  enzyme showed many 

s i m i l a r  p r o p e r t i e s  t o  t h e  a c id  p h o s p h a ta s e  fo u n d  i n  S . c e r e v i s i a e  (B o e r  and 

S te y n -P a rv e ,  1966 ) f o r  exam ple  i n  t h e  g l y c o p r o t e i n  n a tu r e  o f  t h e  enzyme and i n  

th e  s i m i l a r  b ro a d  ra n g e  o f  s u b s t r a t e  s p e c i f i c i t y .  C e l l - s u r f a c e  p h o s p h a ta s e s  have 

a ls o  been d e m o n s t ra te d  i n  C and ida  s p e c ie s  o t h e r  th a n  C . a lb i c a n s  (Odds and T r u j i l l o  

G o n za le s ,  1974: S anger _ e ^ , 1 9 7 5 ) .  The e x is t e n c e  o f  s i m i l a r  enzymes i n  l e s s  

p a th o g e n ic  and n o n - p a th o g e n ic  o rg a n is m s  s u g g e s t  i t  i s  u n l i k e l y  t o  be a m a jo r  

f a c t o r  i n  th e  p a t h o g e n i c i t y  o f  C . a l b i c a n s .

In  1968, C o s ta  _ e t ^ ^ . ,  r e p o r t e d  p h o s p h o l ip a s e  A and C a c t i v i t y  i n  a p a th o 

g e n ic  s t r a i n  o f  C . a l b i c a n s  grown i n  a medium c o n t a in in g  serum and e r y t h r o c y t e s .  

Pugh and Cawson (1 9 7 5 )  were  a b le  t o  d e t e c t  p h o s p h o l ip a s e  A and ly s o p h o s p h o l ip a s e  

c y t o c h e m ic a l l y  a t  t h e  s i t e  o f  bud f o r m a t i o n  i n  young c u l t u r e s  and a t  th e  p e r i p h e r y  

o f  th e  c e l l  i n  o l d e r  c u l t u r e s  where i t  i s  s e c r e te d  i n t o  t h e  medium, b u t  some 

c e l l s  showed no a c t i v i t y .  These w o r k e rs  c o u ld  n o t  d e t e c t  p h o s p h o l ip a s e  C.

However, s in c e  t h e i r  c u l t u r e s  were grown i n  S a b o u ra u d 's  medium and th o s e  o f  

C os ta  a l . ,  were grown i n  a medium c o n t a i n i n g  p h o s p h o l ip id s  i n  t h e  fo rm  o f
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e r y t h r o c y t e s  i t  i s  l i k e l y  t h a t  p h o s p h o l ip a s e  C may be an i n d u c i b l e  enzyme 

i n  C . a l b i c a n s . P h o s p h o l ip a s e  A and l y s o p h o s p h o l ip a s e  were a ls o  examined 

b i o c h e m ic a l l y  by P r i c e  and Cawson (1 9 7 7 )  i n  C . a lb i c a n s  grown i n  W h ick e rh a m 's  

m edium, u s in g  an assay  method w i t h  |^H  J  -  l a b e l l e d  l e c i t h i n  as s u b s t r a t e .

By t h i s  m e thod , enzyme a c t i v i t y  was d e te c te d  o n ly  i n  th e  c y to p la s m  o f  c e l l s  

a l t h o u g h  P r i c e  (1 9 7 7 )  had p r e v i o u s l y  c la im e d  t o  show e x t r a c e l l u l a r  

p h o s p h o l ip a s e  a c t i v i t y  w i t h  C. a lb i c a n s  grown on s o l i d  media c o n t a in in g  egg 

y o l k .  The enzyme a c t i v i t y  was a p p a re n t  as zones o f  o p a c i t y  a round  c o lo n i e s .

I t  may be o b je c t e d ,  h o w e ve r ,  t h a t  t h i s  c ru d e  method w ou ld  a ls o  s i m i l a r l y  d e t e c t  

p r o t e in a s e  a c t i v i t y ,  w h ich  i s  known t o  be e x t r a c e l l u l a r  i n  C . a l b i c a n s . The 

d a ta  c a n n o t  t h e r e f o r e  be ta k e n  as u n e q u iv o c a l  p r o o f  o f  e x t r a c e l l u l a r  

p h o s p h o l ip a s e  p r o d u c t io n  by C. a l b i c a n s  and t h i s  w ou ld  e x p la in  th e  i n a b i l i t y  o f  

P r i c e  and Cawson (1 9 7 7 )  t o  d e t e c t  p h o s p h o l ip a s e  e x t r a c e l l u l a r l y  by f o r m a l  

b io c h e m ic a l  a s s a y .  Pugh and Cawson (1 9 7 5 )  showed some e x t r a c e l l u l a r  

p h o s p h o l ip a s e  a c t i v i t y  c y t o c h e m ic a l l y  b u t  t h i s  may have been due t o  r e le a s e  o f  

enzyme fro m  c e l l s  t h a t  were d i s r u p t e d  by th e  f i x a t i o n  p ro c e s s  o r  by th e  p re se n c e  

o f  l y s o l e c i t h i n  s u b s t r a t e  w h ich  i s  known t o  a t t a c k  c e l l  membranes and damage 

c e l l s  (Pugh and Cawson, 1 9 7 5 ) .  Cawson' s g roup  has r e p e a te d ly  s u g g e s te d  t h a t  

p h o s p h o l ip a s e  may p la y  a p a r t  i n  t h e  i n v a s io n  p ro c e s s  o f  th e  fu n g u s  as w e l l  as 

b e in g  i n v o l v e d  i n  p h o s p h o l ip id  t u r n o v e r  i n  th e  f u n g a l  membrane. B u t th e  

i n t r a c e l l u l a r  n a tu r e  o f  th e  enzyme and i t s  p re s e n c e ,  as w i t h  a c id  p h o s p h a ta s e ,  

i n  5 . c e r e v i s i a e  (K o kke ,  1955) make i t  l e s s  l i k e l y  t o  be r e s p o n s ib le  f o r  

p a t h o g e n i c i t y  th a n  w ou ld  be an i n d u c i b l e ,  e x t r a c e l l u l a r  p h o s p h o l ip a s e ,  i f  such 

an enzyme c o u ld  be p ro v e d  t o  be fo rm ed  by C . a l b i c a n s .

Two p r o te in a s e s  have been d e te c te d  i n  C . a l b i c a n s . The f i r s t  i s  a 

c o n s t i t u t i v e  enzyme w i t h  a pH optim um  o f  6 .6  (C h a t ta w a y  _et _aJ^., 1971 ) and th e  

second  i s  i n d u c i b l e  and e x t r a c e l l u l a r  w i t h  a pH optim um  o f  3 .2  (Remold e t  a l . ,  

1 9 6 8 ) .

S t a ib  (1 9 6 5 )  f i r s t  showed t h a t  C. a lb i c a n s  was a b le  t o  grow a t  pH 4 -5  on 

a s o l i d  medium c o n t a in in g  serum a lb u m in  as th e  s o le  n i t r o g e n  s o u rc e  and he 

was a b le  t o  d e t e c t  p r o t e o l y t i c  a c t i v i t y  a ro u n d  th e  c o l o n i e s .  B u f f e r i n g  o f
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t h e  medium re d u c e d  t h e  p r o t e o l y t i c  e f f e c t  ( S t a i b ,  1 9 6 6 ) .  N o t e v e ry  s t r a i n  

o f  C . a lb i c a n s  i s  c a p a b le  o f  p r o t e o l y s i s  (C h a t ta w a y  ^ t  a ^ . , 1971: S t a i b ,  1969) 

b u t  S t a ib  ^1 ^ . ,  (1 9 7 2 )  fo u n d  t h a t  a f t e r  10 days o n l y  3% o f  s t r a i n s  t e s te d  

showed no q u a l i t a t i v e  p r o t e o l y t i c  a c t i v i t y  a l t h o u g h  th e  c a p a c i t y  t o  p r e c i p i t a t e  

and p r o t e o l y z e  p r o t e i n  v a r i e d  f ro m  s t r a i n  t o  s t r a i n .  O n ly  th o s e  s t r a i n s  

c a p a b le  o f  p r o t e o l y s i s  caused  p a t h o l o g i c a l  and h i s t o p a t h o l o g i c a l  changes i n  

m ice  ( s t a i b ,  1969 : S t a i b  _e^_ a ^ . , 1 9 7 2 ) .  Maximum p r o t e o l y t i c  a c t i v i t y  was 

fo u n d  i n  t h e  y e a s t  phase o f  C . a lb i c a n s  ( S t a i b  _e;t ^ 1 . ,  1972 ) w h ich  i s  c o n s i s t e n t  

w i t h  t h e  r e s u l t s  o f  H u r le y  and S ta n le y  (1 9 6 9 )  who s u g g e s te d  t h a t  th e  y e a s t  

phase i n i t i a t e d  i n f e c t i o n , M o n t e s  and W i lb o r n  (1 9 6 8 )  a l s o  s u g g e s te d  t h a t  

d e s t r u c t i o n  o f  t i s s u e ,  w h ic h  th e y  o b se rv e d  by e l e c t r o n  m ic ro s c o p y  m ig h t  be due 

t o  p r o t e o l y s i s .  B u d tz - J o r g e n s e n * s s tu d y  (1 9 7 1 )  s u p p o r t s  t h e  a s s u m p t io n  t h a t  

t h e  v i r u l e n c e  o f  y e a s ts  i s  r e l a t e d  i n  p a r t  t o  p r o t e o l y t i c  a c t i v i t y .  Over 82% 

o f  s t r a i n s  o f  C . a l b i c a n s  i s o l a t e d  f ro m  p a t i e n t s  w i t h  d e n tu r e  s t o m a t i t i s  showed 

p r o t e o l y t i c  a c t i v i t y ,  a l t h o u g h  th e  e x t e n t  o f  enzyme a c t i v i t y  j j i  v i t r o  was n o t  

r e l a t e d  t o  t h e  s e v e r i t y  o f  i n f e c t i o n .

P r o te in a s e  a p p e a rs  t o  be th e  enzyme most c l o s e l y  r e l a t e d  so f a r  t o  th e  

p a t h o g e n i c i t y  o f  C. a l b i c a n s , a l t h o u g h  no a t t e m p ts  a p p e a r  t o  have been made t o  

d e m o n s t ra te  t h e  s i g n i f i c a n c e  o f  t h e  enzyme d i r e c t l y ,  f o r  exam p le  by d e m o n s t r a t io n  

t h a t  i t  i s  p ro d u c e d  ijn v i v o  i n  l e s i o n s  t h a t  c o n t a in  C. a l b i c a n s .

H o s t  D e fe n ce s  t o  I n f e c t i o n

B e fo r e  any m ic ro o r g a n is m  can cause d is e a s e  i t  m ust overcom e th e  h o s t ' s  

d e fe n c e  mechan isms w h ic h  i n c l u d e  m e c h a n ic a l  b a r r i e r s ,  n o n - s p e c i f i c  and s p e c i f i c  

im m u n i ty  and a n t i m i c r o b i a l  s u b s ta n c e s  i n  th e  serum and o t h e r  body f l u i d s .  In  

h o s t s  p r e d is p o s e d  t o  C and ida  i n f e c t i o n  one o r  more o f  t h e s e  f a c t o r s  a re  e i t h e r  

m is s in g  o r  d e f e c t i v e .

The f i r s t  b a r r i e r  t o  s y s te m ic  i n f e c t i o n  i s  t h e  m e c h a n ic a l  b a r r i e r  o f  th e  

e p i t h e l i a  o f  t h e  i n t e s t i n e s ,  l u n g s ,  s k in  e t c .  The s e v e r a l  means by w h ich  th e s e  

b a r r i e r s  may be b re a c h e d  were d is c u s s e d  i n  s e c t i o n  1 . 4 .  I t  i s  c l e a r  t h a t  i n  

many in s t a n c e s  C a n d id a  may g a in  f a i r l y  easy a c c e s s  t o  th e  b lo o d s t r e a m .
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I f  t h i s  does happen i n  a n o rm a l i n d i v i d u a l ,  y e a s ts  a re  r a p i d l y  d e s t r o y e d  

by. p h a g o c y te s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  sys tem  w h ich  i s  th e  m a jo r  component 

o f  mammalian a n t i m i c r o b i a l  d e fe n c e s .  The e f f i c i e n c y  o f  t h i s  sys te m  was shown 

e x p e r im e n t a l l y  by D eune t , ( 1 9 7 0 )  who d e m o n s t ra te d  t h e  c le a r a n c e  o f  more

th a n  70^ o f  i n j e c t e d  C . a lb i c a n s  c e l l s  f ro m  th e  b lo o d s t re a m  o f  r a t s  w i t h i n  5 

m in u te s  i n  p a r t i c u l a r  by lu n g  p h a g o c y te s .  Any d e f e c t s  i n  t h i s  s y s te m , due t o  

a c o n g e n i t a l  o r  a c q u i r e d  c o n d i t i o n ,  w i l l  m a rk e d ly  re d u ce  t h i s  'm o p p in g  up* e f f e c t  

o f  p h a g o c y te s  t h u s  p i e - d i s p o s i n g  them t o  i n f e c t i o n .

S tone .e t  a ^ . , (1 9 7 4 )  were a b le  t o  show a r e d u c t i o n  i n  t h e  p h a g o c y t i c  a b i l i t y  

o f  h e p a t i c  K u p f f e r  c e l l s  by t r e a t m e n t  o f  a n im a ls  w i t h  g e n ta m y c in ,  s t e r o i d s  o r  

b a c t e r i a l  e x o t o x i n .  I t  w o u ld  t h e r e f o r e  appea r t h a t  an in c r e a s e  i n  t h e  numbers 

o f  y e a s ts  caused by a n t i b a c t e r i a l  t h e r a p y  o r  d e p re s s io n  o f  t h e  r e t i c u l o - e n d o t h e l i a l  

sys tem  c o u ld  le a d  t o  l e s s  e f f i c i e n t  c le a r a n c e  o f  C and ida  f ro m  th e  b lo o d s t re a m  

and hence r e s u l t  i n  c a n d id a e m ia .

Once y e a s ts  a r e  e n g u l f e d  by p h a g o c y te s  th e y  a re  n o r m a l l y  k i l l e d  by th e  

p e r o x id e /m y e lo p e r o x id a s e  s y s te m . A g a in  any d e f e c t  i n  t h i s  f u n c t i o n  may le a d  t o  

C and ida  i n f e c t i o n  ( L e h r e r  & C l i n e ,  1 9 6 9 ) .  Of a l l  t h e  p a th o g e n ic  C and ida  spp 

C . a lb i c a n s  has a h e ig h te n e d  a b i l i t y  t o  r e s i s t  p h a g o c y to s is  due t o  i t s  a b i l i t y  t o  

p ro d u ce  m y c e l ia  and grow  o u t  f ro m  p o ly m o rp h s  (L o u r ia  & B r a y to n ,  1 9 6 4 ) .

S p e c i f i c  a c q u i r e d  im m u n i ty  p r o b a b ly  p la y s  a m a jo r  p a r t  i n  h o s t  d e fe n c e s  t o  

i n v a s io n  by C a n d id a . A g g l u t i n a t i n g  a n t i b o d ie s  i n  p a r t i c u l a r  have  been n o te d  i n  

n o rm a l s u b je c t s  i n  up t o  9 6 ^  o f  p e rs o n s  s t u d ie d  a l th o u g h  th e  a v e ra g e  i s  a b o u t  

4 5^  (odds  1 9 7 9 ) .  Up t o  9 4 ^  o f  n o rm a l  s u b je c t s  show a d e la y e d  h y p e r s e n s i t i v i t y  

r e a c t i o n  i n  s k in  t e s t s  t o  C and ida  a n t i g e n s ,  a v a lu e  so h ig h  t h a t  i t  i s  b e l i e v e d  

t h a t  t h i s  t e s t  can be used  t o  a s se ss  th e  g e n e r a l  c a p a c i t y  o f  a p e rs o n  t o  show 

d e la y e d  h y p e r s e n s i t i v i t y  (Shannon _et , 1 9 6 6 ) .

Serum i n h i b i t o r s  t o  C a n d id a  o t h e r  th a n  a n t i b o d ie s  have a l s o  been d e s c r ib e d .

A s u b s ta n c e  i n  serum t h a t  s p e c i f i c a l l y  i n h i b i t e d  C . a lb i c a n s  and C . s t e l l a t o i d e a  

was d e te c te d  a f t e r  i n c u b a t i n g  y e a s ts  i n  serum f o r  24h and d e t e r m in in g  th e  

numbers o f  s u r v i v i n g  y e a s ts  by a p o u r  p l a t e  e n u m e ra t io n  te c h n iq u e  (Lour ia  &

B r a y to n ,  1 9 6 4 ) .  T h is  i n h i b i t o r y  f a c t o r  was a b s e n t  i n  c h i l d r e n  w i t h  CdC and
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a s s o c ia te d  e n d o c r in e  d i s o r d e r s  ( L o u r i a  , 1 9 5 7 ) .  F ou r y e a rs  a f t e r  th e

o r i g i n a l  r e p o r t  i t  was s u g g e s te d  t h a t  th e  d e c re a s e  i n  t h e  numbers o f  y e a s ts  

was due , n o t  t o  a serum i n h i b i t o r ,  b u t  t o  t h e  phenomenum o f  c lu m p in g  caused by 

y e a s ts  and m y c e l i a l  phase o rg a n is m s  i n  se rum , t h e  s p e c i f i c i t y  o f  t h e  e f f e c t  can 

t h u s  be e a s i l y  e x p la in e d  ( C h i l g r e n  _e;t , 1 9 6 8 ) .  IgG a n t i b o d i e s  d i r e c t e d  

a g a i n s t  C . a lb i c a n s  a re  known t o  p r e v e n t  t h e  c lu m p in g  e f f e c t  o f  serum w h ich  

w o u ld  e x p l a i n  t h e  ' l a c k  o f  i n h i b i t o r *  i n  p a t i e n t s  w i t h  CMC o r  s y s te m ic  c a n d id o s is  

(O b la c k  _e^ , 1 9 7 6 ) .

F u r t h e r  r e p o r t s  on serum i n h i b i t o r s  o f  C a n d id a , t h a t  use th e  same c o u n t in g  

t e c h n iq u e  as L o u r ia  & B r a y to n ,  o r  o t h e r s  a f f e c t e d  s i m i l a r l y  by c lu m p in g  must 

t h e r e f o r e  be re g a rd e d  as f a l s e .  No e f f e c t  o f  serum on Cand ida  has been n o te d  

when g ro w th  was measured by d e t e r m in a t i o n  o f  c e l l u l a r  DNA o r  RNA o r  when c lum ps 

o f  m y ce l iu m  were d is p o s e d  by  h o m o g e n iz a t io n  (O dds , 1 9 7 9 ) ,

A f u r t h e r  i n h i b i t o r y  e f f e c t  o f  serum on C . a lb i c a n s  -  t h e  r e v e r s a l  o f  serum 

f u n g i s t a s i s  by t h e  a d d i t i o n  o f  i r o n  -  has been d e s c r ib e d  ( C a r o l i n e  je^ , 1 9 6 4 ) .  

A l th o u g h  s e v e r a l  o t h e r  w o rk e rs  have n o te d  s i m i l a r  s t i m u l a t o r y  e f f e c t s  o f  i r o n ,  

i t  i s  i n  d i r e c t  c o n t r a d i c t i o n  t o  t h e  f a c t  t h a t  anaem ia i s  re g a rd e d  as a 

p r e - d i s p o s i n g  f a c t o r  f o r  c a n d id o s i s .  I r o n  th e r a p y  has a ls o  r e s u l t e d  i n  an 

im p ro ve m e n t i n  80^ o f  p a t i e n t s  w i t h  CMC and a s s o c ia te d  i r o n  d e f i c i e n c y  (H ig g s  

& W e l l s ,  1 9 7 2 ) .  S in c e  th e s e  r e p o r t s  a re  c o n t r a d i c t o r y ,  t h i s  second i n h i b i t o r y  

e f f e c t  o f  serum c a n n o t  be c l e a r l y  a sse sse d  and i t  must t h e r e f o r e  be c o n c lu d e d  

t h a t  a t  t h e  p r e s e n t  t im e ,  s p e c i f i c  and n o n - s p e c i f i c  immune m echan ism s, a s s o c ia te d  

w i t h  p h a g o c y to s is ,  a re  t h e  most i m p o r t a n t  f a c t o r s  i n  h o s t  d e fe n c e  a g a in s t  

c a n d i d o s i s .

1 .5  S e r o l o g i c a l  D ia g n o s is  o f  S y s te m ic  C a n d id o s is

S y s te m ic  c a n d id o s is  i s  o f t e n  d i f f i c u l t  t o  d ia g n o s e  on c l i n i c a l  and 

m y c o lo g ic a l  g ro u n d s  a lo n e ,  so s e r o l o g i c a l  t e s t s  a re  f r e q u e n t l y  em p loyed  to  g iv e  

c o n f i r m a t o r y  e v id e n c e  o f  i n f e c t i o n .  O p in io n s  v a r y  g r e a t l y  as t o  th e  v a lu e  o f
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s e r o l o g i c a l  t e s t s .  I n  1977, W in n e r  s t a t e d  * I t  i s  n o t  d i f f i c u l t  i n  most cases  

t o  d ia g n o s e  C and ida  i n f e c t i o n s  by t r a d i t i o n a l  m e th o d s .  My p e r s o n a l  v ie w  (on  

t h e  s i g n i f i c a n c e  o f  a n t i b o d i e s )  i s  t h a t  t h e i r  s i g n i f i c a n c e  i n  d ia g n o s is  i s  

much e x a g g e ra te d *  -  a s t r o n g  v ie w ,  n o t  g e n e r a l l y  h e ld  by o t h e r  w o r k e r s .  S to n e  

_et ^ . , ( 1 9 7 ^ )  s t a t e d  more c a u t i o u s l y  s e v e r a l  y e a rs  p r e v i o u s l y  t h a t  ' s e r o l o g i c a l  

t e s t i n g  as a means f o r  e s t a b l i s h i n g  th e  d ia g n o s i s  o f  an i n v a s i v e  y e a s t  i n f e c t i o n  

has  n o t  been r e l i a b l e * .  A r e v ie w  o f  t h e  p ro b le m s  o f  s e r o l o g i c a l  d ia g n o s is  o f  

c a n d id o s i s  by T a s c h d j ia n  _et a l . ,  ( 1 9 7 3 )  c o n c lu d e d ,  h o w e v e r ,  t h a t  good s e r o l o g i c a l  

t e s t s  f o r  deep C a n d id a  i n f e c t i o n  a re  u r g e n t l y  needed and a p p e a r  t o  be p r o m is in g  

b u t  f u r t h e r  p r o g r e s s  i s  d e p e n d e n t  on d e v e lo p m e n t  o f  s u i t a b l e  s t a n d a r d iz e d  a n t ig e n s  

and s t a n d a r d iz e d  t e s t  m e th o d s .  The v a lu e  o f  a s e n s i t i v e  and s p e c i f i c  s é r o 

d i a g n o s t i c  t e s t  u s in g  s t a n d a r d iz e d  a n t i g e n s  was a l s o  s t r e s s e d  by A x e ls e n  ( 1 9 7 6 ) .

He c o n s id e r e d  t h a t  a commonly a v a i l a b l e  a n t i g e n  s ta n d a r d  was n e c e s s a ry  because 

o f  th e  a n t i g e n i c  c o m p le x i t y  o f  C . a l b i c a n s ,

a )  A n t i g e n i c  S t r u c t u r e  o f  C . a lb i c a n s  and o t h e r  s p e c ie s

Some o f  t h e  f i r s t  work on th e  a n t i g e n i c  s t r u c t u r e  o f  C . a lb i c a n s  was c a r r i e d  

o u t  by T s u c h iy a  _e^ a ^ . , ( 1 9 6 1 )  who fo u n d  seven a n t i g e n i c  d e te r m in a n ts  on th e  

s u r f a c e  o f  th e  y e a s t - p h a s e  c e l l s  by a g g l u t i n a t i o n - a d s o r p t i o n  e x p e r im e n ts .  A l l  

C a n d id a  s p p .  p o sse sse d  a t  l e a s t  one common a n t i g e n .  T h is  number o f  d e te r m in a n ts  

was l a t e r  i n c r e a s e d  t o  t e n .  (M u r ra y  and B u c k le y ,  1 9 6 6 ) .

The same te c h n iq u e  was used t o  d e m o n s t ra te  th e  e x is t e n c e  i n  C . a lb i c a n s  o f  

two s e r o t y p e s ,  A and B . S e r o ty p e  A was shown t o  p ossess  a t  l e a s t  one more 

a n t i g e n  th a n  B (H a s e n c le v e r  and M i t c h e l l ,  1 9 6 1 ) .

C e l l  w a l l  com ponen ts  a r e  l e s s  i m p o r t a n t  th a n  e x t r a c t s  c o n t a in in g  w a te r  

s o l u b l e  c y t o p la s m ic  a n t ig e n s  o f  C . a l b i c a n s  i n  t e s t s  f o r  th e  s e r o l o g i c a l  d ia g n o s is  

o f  s y s te m ic  i n f e c t i o n .  B ig u e t  e_t ^ . , (1 9 6 1 )  showed 10 and l a t e r  15 ( B iq u e t  e t  a l .  

1965) t o  17 f r a c t i o n s  (T ra n  Van Ky _e^ , 1969 ) i n  such e x t r a c t s  by c l a s s i c a l

I m m u n o e le c t r o p h o r e s is .  14 enzymes were  i d e n t i f i e d  i n  t h e  a n t ig e n  e x t r a c t s  -  one 

o f  w h ic h ,  m a l i c  d e h y d ro g e n a s e ,  was a com ponen t common t o  a l l  seven s p e c ie s  o f  

C and ida  s t u d i e d  (T ra n  Van Ky .e t  ^ . , 1 9 6 9 ) .
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T h is  same g ro u p  a l s o  s t u d ie d  th e  a n t ig e n s  e x c r e te d  i n t o  t h e  c u l t u r e  

medium, most o f  w h ich  a p p e a re d  t o  be g l y c o p r o t e i n  i n  n a t u r e .  F iv e  o f  th e  

e x c r e te d  a n t ig e n s  were  i d e n t i c a l  w i t h  components o f  t h e  c y t o p la s m ic  e x t r a c t s  

and two were fo u n d  o n l y  i n  t h e  c u l t u r e  f i l t r a t e  (T ra n  Van Ky ^ 1 . ,  1 9 6 3 ) .  I t  

i s  t o  be s u s p e c te d  t h a t  t h e s e  p o ly s a c c h a r id e s  i n  t h e  c u l t u r e  f i l t r a t e  come from  

th e  c e l l  w a l l  s in c e  many r e a c t i o n s  o f  i d e n t i t y  have been n o te d  be tw een c e l l  

w a l l  p o l y s a c c h a r id e s  and th o s e  o f  c u l t u r e  f i l t r a t e s  (Chew and T heus , 1967) o r  

c y to p la s m ic  e x t r a c t s  ( T a s c h d j i a n  a t  , 1 9 6 7 ) .  Im proved  im m u n o e le c t r o p h o r e t i c  

m ethods e v e n t u a l l y  l e d  A x e ls e n  (1 9 7 3 )  t o  d e t e c t  78 w a te r  s o l u b l e  a n t ig e n s  i n  

t h e  c y to p la s m ic  e x t r a c t s  o f  C . a l b i c a n s , by th e  s e n s i t i v e  method o f  c ro s s e d  

im m u n e e le c t r o p h o r e s is .

C ross  r e a c t i o n s  o c c u r  be tw een C. a lb i c a n s  and o t h e r  C a n d id a  s p e c ie s ,

o t h e r  y e a s ts  and a few  b a c t e r i a .  B ig u e t  a t  ^ . , (1 9 6 2 )  d e m o n s t ra te d  t h a t

C . a lb i c a n s  sh a re d  8 0 ^ ,  47^1, 1% and 13^ o f  a n t ig e n s  r e s p e c t i v e l y  w i t h  C . s t e l l a t o i d e a

C. t r o p i c a l i s , C . p s e u d o t r o p i c a l i s  and C . k r u s e i , an o b s e r v a t i o n  c o n f i r m e d  by

A x e ls e n  ( 1 9 7 3 ) .  C. q l a b r a t a  i s  known t o  c ro s s  r e a c t  w i t h  C . a lb i c a n s  (Kemp and

S o lo t o r o v s k y , 1964 ) b u t  n o t  w i t h  C. t r o p i c a l i s  (L e h n e r ,  1 9 6 6 ) .  M y c o b a c te r iu m

t u b e r c u l o s i s  (Maekawa & O 'H a ra ,  1966) and a few b a c t e r i a l  s p e c ie s  (O dds , 1 9 7 9 ) ,  
a ls o  c r o s s - r e a c t  w i t h  C a n d id a  a lb i c a n s
The p o s s i b i l i t y  o f  c r o s s  r e a c t i o n  w i t h  M yco b a c te r iu m  i s  o f  p a r t i c u l a r  im p o r ta n c e  

when a t te m p ts  a re  made t o  r a i s e  a n t i s e r a  t o  C. a lb i c a n s  w i t h  t h e  use o f  F r e u n d 's  

c o m p le te  a d ju v a n t .

b )  S e r o l o g i c a l  T e s ts  f o r  C a n d id o s is  i n  p r a c t i c e

A s e r o l o g i c a l  t e s t  f o r  t h e  d ia g n o s is  o f  s y s te m ic  c a n d id o s is  s h o u ld  i d e a l l y  

be p o s i t i v e  o n ly  i n  t r u e  ca se s  o f  i n f e c t i o n  and s h o u ld  be a b le  t o  d i s t i n g u i s h  

be tw een s u p e r f i c i a l  and d e e p -s e a te d  i n f e c t i o n .  Most o f  t h e  t e s t s  used i n  

s e r o d ia g n o s is  f a i l ,  e i t h e r  because  th e y  g iv e  p o s i t i v e  r e s u l t s  i n  th e  absence o f  

i n f e c t i o n  o r  because  th e y  a r e  u n a b le  t o  d i s t i n g u i s h  s u p e r f i c i a l  f ro m  s y s te m ic  

fo rm s  o f  c a n d id o s i s .  T h is  i s  i m p o r t a n t  because p e o p le  w i t h  s y s te m ic  c a n d id o s is  

o f t e n  have one o r  more c l e a r  s u p e r f i c i a l  C and ida  l e s i o n s  so t h a t  s e r o l o g i c a l  

t e s t s  must r e l a t e  s p e c i f i c a l l y  t o  s y s te m ic  fo rm s  o f  i n f e c t i o n .  I f  t h e  t e s t  

i s  e q u i v o c a l ,  one can n e v e r  say  f o r  c e r t a i n  w h e th e r  t h e  a n t i b o d i e s  d e te c te d
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r e l a t e  to  th e  s u p e r f i c i a l  i n f e c t i o n  o r  t o  s y s te m ic  i n f e c t i o n .

S k in  t e s t i n g  and th e  com plem ent f i x a t i o n  r e a c t i o n  have p ro ve d  t o  be th e  

l e a s t  s p e c i f i c  o f  t e s t s  t h a t  have been used as m ethods f o r  s e r o l o g i c a l  d ia g n o s is ,  

The m a j o r i t y  o f  t h e  p o p u la t i o n  show d e la y e d  cu ta n e o u s  h y p e r s e n s i t i v i t y  r e a c t i o n s  

t o  C and ida  a n t ig e n s  (Shannon _e^ a J . ,  1966 ) and a l t h o u g h  th e  com plem ent f i x a t i o n  

t e s t  was used t o  d e t e c t  serum a n t i b o d i e s  to  C and ida  i n  th e  e a r l y  h a l f  o f  t h e  

c e n t u r y  i t  p ro v e d  t o  be u n r e l i a b l e  f o r  c l i n i c a l  d i a g n o s t i c  use and was n o t  

s u f f i c i e n t l y  s p e c i f i c  t o  be a b le  t o  d i s t i n g u i s h  th e  two fo rm s  o f  c a n d id o s is  

( T a s c h d j ia n  ^  a l . , 1 9 7 3 ) .

The i n d i r e c t  f l u o r e s c e n t  a n t ib o d y  ( I F A )  r e a c t i o n  has been used t o  d e t e c t  

a n t i b o d ie s  t o  C and ida  and a l t h o u g h  th e  s p e c i f i c i t y  o f  t h i s  t e s t  i s  s u p e r i o r  t o  

th o s e  d e s c r ib e d  above , i t  i s  s t i l l  u n a b le  t o  d i s t i n g u i s h  s u p e r f i c i a l  fo rm s  o f  

c a n d id o s is  f ro m  s y s te m ic  fo r m s .

Lehne r  (1 9 6 6 )  showed t h a t  IFA t i t r e s  g r e a t e r  th a n  1 :1 6  were common i n  

c l i n i c a l  cases o f  i n f e c t i o n  b u t  many o f  h i s  p a t i e n t s  had s u p e r f i c i a l ,  n o t  

s y s te m ic  c a n d id o s is .  T i t r e s  up t o  1 :8  were a ls o  n o te d  i n  s e ra  f ro m  c o n t r o l  

s u b je c t s  w i t h o u t  i n f e c t i o n .  IFA t i t r e s  o f  1 :1 6 0  o r  h ig h e r  a re  r a r e l y  

e n c o u n te re d  i n  n o rm a l i n d i v i d u a l s  b u t  th e y  do o c c u r  i n  p a t i e n t s  w i t h  CMC 

( T a s c h d j ia n  _e^ a l . , 1973) .

A l th o u g h  Lehne r _ e t ^ . ,  ( 1 9 7 2 )  were  u n a b le  t o  d i s t i n g u i s h  between s y s te m ic  

c a n d id o s is  and CMC by th e  IFA t e s t ,  t h e y  d id  s u g g e s t  t h a t  r i s i n g  IFA t i t r e s  i n  

s u c c e s s iv e  serum sam ples were more s i g n i f i c a n t  th a n  s i n g l e  t e s t s  f o r  

p r e c i p i t a t i n g  o r  a g g l u t i n a t i n g  a n t i b o d i e s .  T h is  s u g g e s t io n  was based on th e  

d i s c o v e r y  o f  p r e c i p i t i n s  and a r i s e  i n  a g g l u t i n a t i n g  t i t r e  b u t  an absence  o f  a 

c o r r e s p o n d in g  r i s e  i n  IFA t i t r e  i n  p a t i e n t s  a f t e r  c a r d ia c  s u r g e r y  who had no 

s ig n s  o f  e n d o c a r d i t i s .  How ever, L e h n e r  _et a l . , d id  n o t  e x c lu d e  th e  p o s s i b i l i t y  

o f  s y s te m ic  c a n d id o s is  i n  s i t e s  o t h e r  th a n  th e  h e a r t .  R e c e n t ly  Warnock and 

H i l t o n  (1 9 7 6 )  were u n a b le  t o  d i s t i n g u i s h  s e r o l o g i c a l l y  between women w i t h  

v a g in a l  c a n d id o s is  and u n in f e c t e d  women by th e  IFA t e s t .

In  g e n e r a l  th e  IFA t e s t  can be s a id  t o  be o f  l i t t l e  v a lu e  i n  th e  

s e r o l o g i c a l  d ia g n o s is  o f  s y s te m ic  c a n d id o s is  s in c e  i t  i s  u n a b le  t o  d i s t i n g u i s h

between d i f f e r e n t  fo rm s  o f  th e  d is e a s e  and because o f  th e  p re se n ce  o f  t i t r e s
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as h ig h  as 1 :6 4  i n  t h e  absence o f  i n f e c t i o n .

The p ro b le m s  a s s o c ia te d  w i t h  th e  w h o l e - c e l l  a g g l u t i n a t i o n  t e s t  f o r  

a n t i -C a n d id a  a n t i b o d i e s  a re  s i m i l a r  t o  th o s e  o f  t h e  above m e n t io n e d  t e s t s .

I n  1945, P u e n te s  and G u a r ton  r e p o r t e d  t h a t  t h e  t e s t  u s u a l l y  i n d i c a t e d  c l i n i c a l l y  

i m p o r t a n t  cases  o f  c a n d id o s is ,  and fo u n d  t h a t  o n ly  0 . 2 ^  o f  s u b je c t s  t e s t e d  had 

a g g l u t i n i n s  t o  C and ida  (n o te d  by W in n e r ,  1 9 5 5 ) .  T h is  r e p o r t  i s  c o n t r a r y  t o  a l l  

o t h e r s  s u b s e q u e n t ly  docum ented . A nderson  (1 9 6 8 )  fo u n d  a n t i - C . a l b i c a n s  

a g g l u t i n i n s  i n  lo w  t i t r e  i n  47^  o f  n o rm a l s u b j e c t s ,  w i t h  an in c r e a s e  i n  t i t r e  

a s s o c ia te d  w i t h  o ld  age . T h is  h ig h  p r e v a le n c e  o f  a g g l u t i n i n s  was r e l a t e d  t o  

t h e  commensal c a r r i a g e  o f  th e  y e a s t .  The p r e v a le n c e  o f  a g g l u t i n i n s  i s  n o r m a l l y  

h i g h e r  i n  h o s p i t a l i z e d  p a t i e n t s  w i t h o u t  c a n d id o s is  th a n  n o rm a l s u b je c t s  (Odds, 

1 9 7 9 ) .  W in n e r  (1 9 5 5 )  fo u n d  a g g l u t i n i n s  i n  32^ o f  h o s p i t a l  p a t i e n t s  w i t h o u t  

c a n d id o s i s .  F i l i c e  ^1^ . ,  (1 9 7 7 )  fo u n d  more f a l s e  p o s i t i v e  r e a c t i o n s  w i t h  th e  

a g g l u t i n a t i o n  t e s t  i n  a n in e  month p e r io d  th a n  t r u e  p o s i t i v e  r e a c t i o n s .  H a rd in g  

, ( 1 9 7 6 )  a ls o  b e l i e v e d  t h a t  th e  t e s t  was a m is le a d in g  i n d i c a t o r  o f  

i n f e c t i o n  a l t h o u g h  th e y  su g g e s te d  t h a t  a t i t r e  o f  l e s s  th a n  1 :4 0  r u le d  o u t  

i n f e c t i o n  -  p e rh a p s  a r a t h e r  sw eep ing  s ta te m e n t  i n  t h e  l i g h t  o f  th e  number o f  

f a l s e  n e g a t i v e  r e a c t i o n s  t h a t  o c c u r  i n  p a t i e n t s  w i t h  t e r m i n a l  a n e rg y .

P r i e s l e r  _ e ^ , (1 9 6 9 )  b e l i e v e d  t h a t  a r i s e  i n  a g g l u t i n a t i n g  a n t ib o d y  

t i t r e  was a good i n d i c a t o r  o f  s y s te m ic  i n f e c t i o n  s in c e  commensal Cand ida 

o rg a n is m s  were u n l i k e l y  t o  cause a r i s e  i n  a n t ib o d y  t i t r e .  However, th e  r i s e  

i n  t i t r e  t h e y  fo u n d  was se ldom  more th a n  t w o f o ld  and r a r e l y  reached  1 :1 6 0 ,  

w h ich  i s  t h e  v a lu e  s u g g e s te d  by S e e l i g e r  (1 9 6 2 )  and a c c e p te d  by T a s c h d j ia n  

^_t , (1 9 7 3 )  as d i a g n o s t i c a l l y  s i g n i f i c a n t  s in c e  t i t r e s  lo w e r  th a n  t h i s  a re

common i n  s u p e r f i c i a l  i n f e c t i o n s  and i n  n o n - i n f e c t e d  p e rs o n s .  C ross  a g g l u t i n a t i o n  

r e a c t i o n s  be tw een C and ida  and b a c t e r i a l  and o t h e r  f u n g a l  p a th o g e n s  a re  a ls o  

p o s s i b l e  and may cause an a p p a re n t  r i s e  i n  t i t r e  i n  t h e  absence o f  Cand ida 

i n f e c t i o n .  H o ld e r  _ejt ^ . , ( 1977) have p a r t i c u l a r l y  em phas ized  t h a t  n e g a t i v e  

t i t r e s  a re  fo u n d  i n  some p a t i e n t s  w i t h  m i c r o b i o l o g i c a l l y  p ro v e n  c a n d id o s is .  The 

p r e v a le n c e  o f  such f a l s e  n e g a t i v e  t e s t s  has been fo u n d  t o  be as h ig h  as 20 to  

25^ ( T a s c h d j ia n  , 1 9 7 3 ) .  Such c o n s i d e r a t i o n s  te n d  t o  p r e c lu d e  th e  use
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o f  th e  a g g l u t i n i n  t e s t  a lo n e  i n  t h e  s e r o l o g i c a l  d ia g n o s is  o f  d e e p -s e a te d  

c a n d id o s i s .

A deve lo p m e n t o f  t h e  w h o l e - c e l l  a g g l u t i n a t i o n  t e s t  i s  th e  l a t e x  

a g g l u t i n a t i o n  t e s t  ( S t i c k l e  .ejt , 1972 ) i n  w h ich  s o lu b le  c y to p la s m ic  C and ida  

e x t r a c t s  a re  c o a te d  on l a t e x  p a r t i c l e s  and used as a n t ig e n s .  T h is  t e s t  shows 

an im p rovem en t i n  d i a g n o s t i c  s p e c i f i c i t y  o v e r  w h o l e - c e l l  a g g l u t i n a t i o n  and i t  

was a b le  t o  d e t e c t  95^  o f  p ro v e n  cases  o f  s y s te m ic  c a n d id o s is .  H owever, f a l s e  

p o s i t i v e  c r o s s  r e a c t i o n s  were n o te d  i n  s e ra  f ro m  cases o f  c r y p t o c o c c o s i s ,  

t u b e r c u l o s i s  and i n  one p ro v e n  case  o f  t o r u lo p s a e m ia .  The s e ra  o f  5 o u t  o f  th e  

9 cases  o f  s u p e r f i c i a l l y  i n f e c t e d  p a t i e n t s  were a ls o  p o s i t i v e  by t h i s  t e s t  w h ich  

s u g g e s ts  t h a t  t h i s  t e s t ,  l i k e  th e  o t h e r s  d e s c r ib e d  above does n o t  have 

s u f f i c i e n t l y  im p r e s s iv e  s p e c i f i c i t y  f o r  c a n d id o s is  t o  j u s t i f y  i t s  r o u t i n e  

d i a g n o s t i c  u se .

The p r e c i p i t i n  r e a c t i o n  as a t e s t  f o r  C and ida  a n t i b o d ie s  a p p e a rs ,  a t  p r e s e n t , 

t o  r e p r e s e n t  a c o n s id e r a b le  im p ro v e m e n t on th e  above t e s t s .  S e v e r a l  C and ida  

a n t ig e n s  have been used i n  t h i s  t e s t  i n c l u d i n g  c e l l  w a l l  mannans, c y to p la s m ic  

e x t r a c t s  p re p a re d  by m e c h a n ic a l  d i s r u p t i o n  o f  c e l l s  o r  o c c a s i o n a l l y  c u l t u r e  

f i l t r a t e s .  S e v e ra l  v a r i a n t s  o f  t h e  im m u n o p r é c ip i t a t i o n  phenomenon have been 

used i n  t e s t s  -  P re e r  tu b e  p r e c i p i t a t i o n  (Chew and Theus, 1 9 5 7 ) ,  im m u n o d i f f u s io n  

( S t a l l y b r a s s ,  1954: F aux ^ 1 . ,  1975: Odds ejt ^ . , 1975) o r  v a r io u s  fo rm s  o f  

im m u n o e le c t  ropho  r  e s i  s (R e m in g to n  ejt , 1972: Dee and R y t e l ,  1975: Odds e t  a l . ,  

1 9 7 5 ) .

E l i n o v  and Z a ik in a  (1 9 5 9 )  were t h e  f i r s t  t o  examine th e  p r e c i p i t i n  r e a c t i o n ,  

u s in g  as an a n t i g e n ,  a g ro u n d  up s u s p e n s io n  o f  Cand ida  c e l l s ,  m a in ly  p o ly s a c c h a r id e  

i n  n a t u r e ,  and t h e i r  r e s u l t s  l e d  them t o  c o n c lu d e  t h a t  ' th e  p r e c i p i t i n  r e a c t i o n  

may be used i n  th e  d ia g n o s is  o f  s y s te m ic  c a n d id o s i s * .  H owever, t h e i r  r a t i o n a l e  

f o r  th e  d ia g n o s is  o f  d e e p -s e a te d  i n f e c t i o n  depended on i s o l a t i o n  o f  C . a lb i c a n s  

fro m  mucous membranes, w h ich  i s  by no means a r e l i a b l e  method f o r  th e  d ia g n o s is  

o f  s y s te m ic  c a n d id o s is .  S in c e  t h e i r  * case  s e ra  * were o b ta in e d  fro m  p a t i e n t s  

whose d ia g n o s is  o f  s y s te m ic  c a n d id o s i s  was based on t h i s  r a t i o n a l e ,  t h e i r
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c o n c lu s io n  c a n n o t  be depended on .  The r e s u l t s  d id  show t h a t  th e  s e ra  from  

p a t i e n t s  d ia g n o s e d  as cases  o f  s u p e r f i c i a l  c a n d id o s is  were n e g a t i v e  i n  th e  

t e s t .

A k ib a  e j t ^ ^ . , ( 1 9 5 1 )  used a p h e n o l - e x t r a c t e d  a n t i g e n  and d e m o n s tra te d  

p r e c i p i t i n s  i n  92^  o f  s e ra  f ro m  cases  o f  s y s te m ic  c a n d id o s i s .  They b e l ie v e d  

th e  t e s t  t o  be r e l i a b l e  i n  th e  d ia g n o s is  o f  s y s te m ic  i n f e c t i o n  b u t  t h e i r  

f i n d i n g  o f  p o s i t i v e  r e a c t i o n s  i n  25^  o f  t h e  s e ra  f ro m  s u p e r f i c i a l l y  i n f e c t e d  

p a t i e n t s  makes t h i s  c o n c lu s io n  l e s s  c o n v in c in g .

F u r t h e r  work w i t h  t h e  p o ly s a c c h a r id e  a n t ig e n  a l s o  i n d i c a t e d  a h ig h  

p r o p o r t i o n  o f  p r e c i p i t i n s  i n  s e ra  f ro m  cases  o f  s u p e r f i c i a l  c a n d id o s is .

Chew and Theus (1 9 5 7 )  d e m o n s tra te d  p r e c i p i t i n s  t o  c e l l  w a l l  mannam i n  48^ 

o f  u n c o n c e n t r a te d  serum sam ples f ro m  h e a l t h y  a d u l t s  and i n  59^  o f  s e ra  from  

p a t i e n t s  w i t h  m ucocutaneous c a n d id o s is  when t e s t s  were p e r fo rm e d  u s in g  th e  

s e n s i t i v e  P re e r  im m u n o d i f f u s io n  t u b e s :  b u t  th e y  fo u n d  a much lo w e r  number o f  

s e ra  were p r e c i p i t i n  p o s i t i v e  by O u c h te r lo n y  p l a t e  d i f f u s i o n .  The h ig h e r  

s e n s i t i v i t y  o f  th e  P re e r  tu b e  method e x p la in s  why e a r l i e r  w o rk e rs  u s in g  th e  

O u c h te r lo n y  te c h n iq u e  were u n a b le  t o  d e t e c t  p r e c i p i t i n s  t o  mannan i n  many no rm a l 

o r  s u p e r f i c i a l l y  i n f e c t e d  s u b j e c t s .  The r e s u l t s  o f  Chew & Theus a ls o  d e m o n s t ra te  

c o n v i n c i n g l y  t h a t  p o ly s a c c h a r id e  a n t ig e n s  f ro m  th e  C. a lb i c a n s  c e l l  w a l l  a re  

u n s u i t a b l e  f o r  use i n  th e  s e r o l o g i c a l  d ia g n o s is  o f  s y s te m ic  c a n d id o s is .  The 

h ig h  p r o p o r t i o n  o f  n o rm a l s u b je c t s  w i t h  p r e c i p i t i n s  t o  th e s e  a n t ig e n s  can be 

e x p la in e d  by th e  h ig h  p re v a le n c e  o f  C . a lb i c a n s  as g u t  commensals w h ich  i s  l i k e l y  

t o  le a d  t o  d e ve lo p m e n t o f  h u m o ra l  im m u n i ty  to  th e  f u n g i  a f t e r  y e a rs  o f  e x p o s u re .

S t a l l y b r a s s  (1 9 5 4 )  was th e  f i r s t  t o  s tu d y  p r e c i p i t i n s  t o  c y to p la s m ic  C and ida  

e x t r a c t s .  He used a d o u b le  d i f f u s i o n  t e c h n i q u e , a f t e r  Rimbaud (1 9 5 0 )  had shown 

t h a t  o n ly  i n t r a v e n o u s  i n j e c t i o n  o f  C. a l b i c a n s  c e l l s  r e s u l t e d  i n  serum p r e c i p i t i n s  

t o  c y to p la s m ic  e x t r a c t .  I t  was b e l i e v e d  t h a t  C . a lb i c a n s  was o n ly  b roken  down 

a f t e r  i n g e s t i o n  by R .E .  and t i s s u e  m acrophages whereas i n  s u p e r f i c i a l  

i n f e c t i o n s  C and ida  c e l l s  re m a ined  i n t a c t .  T h e r e fo r e  p r e c i p i t i n s  t o  c y to p la s m ic  

e x t r a c t  w ou ld  o n ly  be p ro d u ce d  i n  cases  o f  s y s te m ic  i n f e c t i o n .
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S t a l l y b r a s s  ( 1 9 6 4 )  d e m o n s t ra te d  p r e c i p i t i n s  t o  c y t o p la s m ic  e x t r a c t  o n ly  

i n  t h e  s e ra  o f  p a t i e n t s  w i t h  s y s te m ic  c a n d id o s is  and n o t  i n  s e r a  o f  h e a l t h y  

p e rs o n s  o r  p a t i e n t s  w i t h  s u p e r f i c i a l  c a n d id o s i s ,  how eve r e x t e n s i v e .  He 

b e l i e v e d ,  h o w e v e r ,  t h a t  t h e  p r e c i p i t i n s  were fo rm ed  a g a in s t  p o ly s a c c h a r id e  

r a t h e r  th a n  p r o t e i n  com ponen ts  o f  t h e  a n t ig e n  m ix t u r e  and t h a t  t h i s  was th e  

b a s is  o f  th e  s p e c i f i c i t y  ( S t a l l y b r a s s ,  1 9 6 5 ) .  In  t h e  l i g h t  o f  more r e c e n t  

s t u d i e s  t h i s  v ie w  m ust be c o n t r a d i c t e d ' ( T a s c h d j i a n  ^  , 1 9 7 3 ) .

T a s c h d j ia n  and c o l l e a g u e s  have used a c y to p la s m ic  e x t r a c t  o f  C and ida  

c e l l s  -  c a l l e d  by t h e m , th e  S a n t ig e n  -  i n  many s t u d i e s  on th e  v a lu e  o f  

p r e c i p i t i n s  i n  d i a g n o s i s  o f  s y s te m ic  c a n d id o s i s .  T h is  a n t i g e n  was s i m i l a r  

i n  c o m p o s i t io n  t o  t h a t  o f  S t a l l y b r a s s  ( T a s c h d j ia n  ^  a l . , 1973 ; T a s c h d j ia n  

jB^ ^ . , 1964a ; T a s c h d j ia n  , 1 9 6 4 b ) .  These a u th o r s  a g re e d  w i t h  S t a l l y b r a s s

on th e  d i a g n o s t i c  s p e c i f i c i t y  o f  th e  p r e c i p i t i n  t e s t  u s in g  t h e  S a n t ig e n  : t h e y  

fo u n d  p r e c i p i t i n s  i n  89^  o f  s e ra  f ro m  cases  o f  s y s te m ic  c a n d id o s i s  and o n ly  

i n  s e r a  f ro m  p a t i e n t s  i n  whom C and ida  was n o t  i n v o l v e d  ( T a s c h d j ia n  ejb a ^ . , 1967: 

T a s c h d j ia n  e t  a ^ . , 1 9 7 2 ) .  How ever, i n  c o n t r a s t  t o  t h e  o b s e r v a t i o n s  o f  

S t a l l y b r a s s ,  i t  was fo u n d  t h a t  two p r e c i p i t i n  bands were fo u n d  i n  s e ra  f ro m  

i n f e c t e d  cases  -  t h e  o u t e r  d i f f u s e  band r e p r e s e n t i n g  a r e a c t i o n  w i t h  p o l y 

s a c c h a r id e .  These a u t h o r s  b e l i e v e d  t h a t  th e  s p e c i f i c i t y  o f  t h e  r e a c t i o n  l a y  i n  

t h e  second  p r e c i p i t i n  l i n e ,  w h ich  was p r o b a b ly  p ro d u ce d  by a r e a c t i o n  w i t h  a 

p r o t e i n  com ponen t o f  S a n t i g e n  ( T a s c h d j ia n  _e^ ^ . , 1 9 6 7 ) .  C ro s s  a n t ib o d y  

r e a c t i o n s  a g a i n s t  t h e  S a n t i g e n  were n o te d  o n ly  f o r  p a t i e n t s  i n f e c t e d  w i t h  s p e c ie s

o f  t h e  genus C a n d id a  and i n  ca se s  o f  t o r u l o p s o s i s  ( T a s c h d j i a n  ^ t  , 1 9 6 7 ) .  T h is

f i n d i n g  a g re e s  w i t h  t h a t  o f  o t h e r  w o rk e rs  ( S t i c k l e  e ^  ^ . , 1 9 7 2 ) .  A l th o u g h  

p r e c i p i t i n s  t o  b o th  t h e  S a n t i g e n  and A s p e r g i l l u s  a n t ig e n s  w ere  fo u n d  i n  th e  serum 

fro m  one case  o f  s y s te m ic  m y c o s is ,  A s p e r g i l l u s  i n f e c t i o n  o f  t h e  h e a r t  va lve j as w e l l  

as t h e  p re s e n c e  o f  C a n d id a  i n  t h e  s p le e n  and p a n c re a s  was n o te d  a t  a u to p s y

( T a s c h d j ia n  _e^ , 1 9 6 9 ) .  A c o m m e rc ia l  v e r s io n  o f  th e  S a n t i g e n  fro m  H o l l i s t e r -

S t i e r  L a b o r a t o r i e s  has g iv e n  s i m i l a r  r e s u l t s  t o  th o s e  a b o v e .  ( T a s c h d j ia n  e t  a l . .
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1969 : G a ines  and R e m in g to n ,  1 9 7 3 ) .

The v a lu e  o f  r i s i n g  p r e c i p i t i n  t i t r e s  i n  s e r i a l  spec im ens o f  serum has 

been n o te d  t o  be o f  p a r t i c u l a r  v a lu e  i n  t h e  d ia g n o s is  o f  d e e p -s e a te d  

c a n d i d o s i s .

A l th o u g h  th e  p r e c i p i t i n  r e a c t i o n ,  u s in g  C and ida  c y to p la s m ic  a n t i g e n ,  

has g e n e r a l l y  been fo u n d  t o  be th e  m ost s p e c i f i c  t e s t  f o r  th e  p u rp o s e s  o f  

s e r o l o g i c a l  d i a g n o s i s ,  f a l s e  p o s i t i v e  and f a l s e  n e g a t iv e  r e a c t i o n s  do o c c u r .

A h ig h  p r o p o r t i o n  o f  th e  p o p u l a t i o n  has been shown to  have p r e c i p i t i n s  

t o  C . a lb i c a n s  c e l l  w a l l  mannan. (Chew and Theus, 1 9 6 7 ) .  As t h i s  p o ly s a c c h a r id e  

i s  r e a d i l y  s o l u b l e ,  i t  can e a s i l y  c o n ta m in a te  t h e  c y to p la s m ic  and c u l t u r e  

f i l t r a t e  a n t ig e n s  (Chew and T heus , 1967 : H e l lw e g e  _et , 1972) and th u s  g i v e  

r i s e  t o  f a l s e  p o s i t i v e  a n t ib o d y  r e a c t i o n s .  I t  i s  p r o b a b ly  t h i s  f e a t u r e  t h a t  

has le d  to  some a u th o r s  q u e s t i o n in g  th e  d i a g n o s t i c  r e l i a b i l i t y  o f  th e  

p r e c i p i t i n  t e s t .

V e nez ia  and R o b e r ts o n  (1 9 7 4 )  p re p a re d  an a n t i g e n ,  by s o n i c a t i o n  o f  

p r o t o p l a s t s  o f  C a n d id a , w h ich  th e y  b e l i e v e d  to  be f r e e  o f  mannan. T h is  a n t ig e n  

r e a c te d  i n  a s i m i l a r  manner w i t h  a l l  s e ra  t e s t e d  to  th e  s o n ic a te d  a n t ig e n  

p re p a re d  by a s i m i l a r  method s i m i l a r  t o  t h a t  o f  T a s c h d j ia n  _et ^ . , ( 1 9 7 3 ) ,  so 

t h e y  t h e r e f o r e  c o n c lu d e d  t h a t  ' t h e  p o s s i b i l i t y  o f  f a l s e  p o s i t i v e  r e a c t i o n s  due 

t o  mannans i n  th e  a n t ig e n  p r e p a r a t i o n  seems u n l i k e l y ' .  However, t h e  S a n t ig e n  

o f  T a s c h d j ia n  ejt _a l. ,  ( 1973) has c l e a r l y  been shown t o  g iv e  a l i n e  o f  i d e n t i t y  

w i t h  c e l l  w a l l  mannan so th e  p r e p a r a t i o n  o f  V e n e z ia  and R o b e r ts o n  c a n n o t  

a b s o l u t e l y  be assumed t o  be mannan f r e e .  S ubsequen t e x p e r im e n ts  by S y v e rs o n  

and B u c k le y  (1 9 7 7 )  u s in g  e x t r a c t s  o f  s p h e r o p la s t s  p re p a re d  i n  a s i m i l a r  manner 

showed th e  p re s e n ce  o f  two c o n c a n a v a l in  A p r e c i p i t a b l e  a n t i g e n s ,  c o n f i r m i n g  

t h e  p re se n ce  o f  p o ly s a c c h a r id e  i n  such p r e p a r a t i o n s .

S e v e r a l  g roups  have r e p o r t e d  th e  d e t e c t i o n  o f  p r e c i p i t i n s  t o  C a n d id a  i n  

s e ra  f ro m  s u p e r f i c i a l l y  i n f e c t e d  p a t i e n t s  (Chew and Theus , 1967: Pepys e t  a l . ,  

1968: S ta n le y  _e^ , 1972) b u t  T a s c h d j ia n  ^  , (1 9 7 3 )  have shown s t a t i s t i c a l l y

t h a t  most o f  th e s e  f a l s e  p o s i t i v e  r e a c t i o n s  a re  due to  p o ly s a c c h a r id e .
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P o s i t i v e  r e a c t i o n s  have been n o te d  f r e q u e n t l y  i n  p a t i e n t s  w i t h  no s ig n s  

o f  c a n d id o s is  who have undergone  o p e n - h e a r t  s u r g e r y ,  M u rra y  ^  , (1 9 6 9 )

fo u n d  h ig h  a g g l u t i n i n  and p r e c i p i t i n  t i t r e s  i n  such p a t i e n t s ;  th e y  b e l ie v e d  

them t o  be due t o  u n d e te c te d  C and ida  i n f e c t i o n .  S i m i l a r  r e s u l t s  were n o te d  by 

P a rso n s  and Nassau (1 9 7 4 )  who su g g e s te d  t h a t  p r e c i p i t i n s  a ro s e  because o f  an 

in c r e a s e  i n  t h e  y e a s t  p o p u la t i o n  o f  th e  a l im e n t a r y  t r a c t .  Evans (1 9 7 5 )  c o n f i rm e d  - 

t h a t  t h e r e  i s  an in c r e a s e  i n  th e  number o f  y e a s ts  re c o v e re d  fro m  th e  mouth and 

fa e c e s  p o s t - o p e r a t i v e l y ,  and th e  d a ta  o f  S tone  ^  a l . , (1 9 7 4 )  su g g e s te d  t h a t  an 

i n c r e a s e  i n  t h e  p re v a le n c e  o f  serum p r e c i p i t i n s  t o  C and ida  m ig h t  r e s u l t  f rom  

p e r s o r p t i o n  o f  y e a s ts  a c ro s s  t h e  i n t e s t i n a l  mucosa, c a u s in g  a t r a n s i e n t  

c a n d id a e m ia .  Evans and F o r s t e r ( ' 1 976) fo u n d  a s i m i l a r  r e l a t i o n s h i p  between th e  

o c c u r r e n c e  o f  commensal y e a s ts  and th e  a ppea ra nce  o f  C and ida  a n t i b o d ie s  p o s t -  

o p e r a t i v e l y .  The p r o p h y l a c t i c  use o f  a n t i f u n g a l  a n t i b i o t i c s  reduced  t h i s  

p o s t - o p e r a t i v e  re s p o n s e .

The f r e q u e n t  o c c u re n c e  o f  f a l s e  p o s i t i v e  r e a c t i o n s  i s  one o f  th e  main 

p ro b le m s  a s s o c ia te d  w i t h  t h e  s e r o l o g i c a l  d ia g n o s is  o f  c a n d id o s i s .  The o t h e r  

p ro b le m  -  f a l s e  n e g a t i v e  r e a c t i o n s  -  has a l r e a d y  been m e n t io n e d  above . I t  i s  

g e n e r a l l y  b e l i e v e d  t h a t  t h e  f a l s e  n e g a t i v e  r e s u l t s  a r i s e  e i t h e r  because th e  

p a t i e n t  has had i n s u f f i c i e n t  t im e  to  m aunt a d e t e c t a b le  a n t ib o d y  re s p o n s e ,  o r  

because th e  p a t i e n t  has lo w e re d  immune re s p o n s e s  because o f  s e v e re  i l l n e s s  such as 

le u k a e m ia  o r  im m u n o s u p p re s s iv e  th e r a p y  ( T a s c h d j ia n  _et , 1 9 6 7 ) .  P r e i s l e r  e t  a l . ,  

(1969 ) c o u ld  d e t e c t  C and ida  p r e c i p i t i n s  i n  o n ly  17^ o f  p a t i e n t s  w i t h  a c u te  

le u k a e m ia ,  and on th e  b a s is  o f  th e s e  f i n d i n g s  i t  was su g g e s te d  t h a t  s t e a d i l y  

r i s i n g  a g g l u t i n i n  t i t r e s  i n  s e r i a l  spec im ens  o f  serum were a b e t t e r  i n d i c a t o r  

o f  i n f e c t i o n  th a n  p o s i t i v e  t e s t s .  However, th e  s e ra  used i n  t h i s  s tu d y  had 

been s t o r e d  f o r  some t im e  and i t  has been n o te d  t h a t  p r o lo n g e d  s to r a g e  o f  s e ra  

may r e s u l t  i n  75^ t o  100% l o s s  o f  p r e c i p i t a t i n g  a n t i b o d i e s  ( T a s c h d j ia n  e t  a l . ,  

1 9 7 2 ) .  T h is  i s  n o t  th e  case w i t h  a g g l u t i n a t i n g  a n t i b o d ie s  and may e x p la in  th e  

r e s u l t s  l e a d in g  t o  th e  a u t h o r s '  p r e fe r a n c e  f o r  th e  a g g l u t i n i n  t e s t .  F a ls e  

n e g a t i v e  a n t ib o d y  re s p o n s e s  i n  cases  o f  c a n d id o s is  have been n o te d  by o t h e r

a u th o r s  b u t  a t  a lo w e r  f r e q u e n c y  th a n  was im p l i c a t e d  by P r i e s l e r .  (G a in e s  and
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R e m ing ton , 1973; R o s n e r _ e t ^ . ,  1 9 7 1 ) .

D oub le  d i f f u s i o n  t e s t s  a re  o f t e n  used to  d e t e c t  C and ida  p r e c i p i t i n s ,  b u t  

th e y  ta k e  s e v e r a l  days  t o  c o m p le te .  R em ington _e^ ^ . , ( 1 9 7 2 )  s u g g e s te d  

c o u n te r im m u n o e le c t r o p h o r e s is  (C IE )  as an a l t e r n a t i v e  t e s t  m e thod , as r e s u l t s  

were a v a i l a b l e  w i t h i n  s e v e r a l  h o u r s .  They fo u n d  t h a t  th e  r e s u l t s  were 

r e p r o d u c ib le  and t h a t  a l l  s e ra  f ro m  p a t i e n t s  w i t h  s y s te m ic  i n f e c t i o n  were 

p o s i t i v e  w hereas c o n t r o l  s e ra  were n e g a t i v e .  The main p ro b le m  e n c o u n te re d  

by th e s e  w o rk e rs  was t h a t  th e  optim um  range  f o r  a n t ig e n  c o n c e n t r a t i o n  was 

v e ry  n a r ro w .

Dee and R y t e l  ( 1 9 7 5 )  recommended CIE f o r  d e t e c t i o n  o f  a n t i b o d i e s  s in c e  

t h i s  method p e r m i t t e d  easy d e t e r m in a t i o n  o f  p r e c i p i t a t i o n  t i t r e  and c o u ld  th u s  

be used q u a n t i t a t i v e l y  t o  d i s t i n g u i s h  s i g n i f i c a n t  c a n d id o s is  f ro m  C and ida  

c o l o n i z a t i o n  o r  t r a n s i e n t  c a n d id a e m ia  a l th o u g h  f a l s e  p o s i t i v e  r e a c t i o n s  s t i l l  

o c c u re d .  Odds _a^ . , ( 1 9 7 5 )  fo u n d  t h a t  CIE was more s e n s i t i v e  as w e l l  as 

more r a p id  th a n  d o u b le  d i f f u s i o n  and recommended i t s  use t o  d e t e c t  p r e c i p i t i n s  

to  C. a lb i c a n s  c y t o p la s m ic  a n t i g e n .

F a ls e  n e g a t i v e  a n t ib o d y  r e a c t i o n s  a re  s t i l l  n o te d  w i t h  C IE ,  d e s p i t e  i t s  

in c r e a s e d  s e n s i t i v i t y  o v e r  d o u b le  d i f f u s i o n .  M a r ie r  and A n d r i o l e  (1 9 7 8 a )  

d e m o n s t ra te d  t h a t  d i s c o n t i n u o u s  CIE i s  b o th  q u ic k e r  and more s e n s i t i v e  th a n  th e  

t r a d i t i o n a l  method and i t  may p e r m i t  d ia g n o s is  o f  c a n d id o s is  i n  some p a t i e n t s

who a re  n e g a t i v e  by o t h e r  t e s t s .  As w i t h  p r e v io u s  w o rk e rs  (Dee and R y t e l ,  1975;

P r e i s l e r  _et , 1969: R osne r ^ t  , 1971) M a r ie r  and A n d r i o l e  (1 9 7 8 b )  s t r e s s e d  

th e  v a lu e  o f  s e r i a l  d e t e r m in a t i o n s  o f  a n t ib o d y  t i t r e .  They showed t h a t  p a t i e n t s  

w i t h  c a n d id o s is  had a r i s e  i n  t i t r e  d u r in g  th e  f i r s t  two weeks o f  i n f e c t i o n  b u t  

th e y  were s t i l l  u n a b le  t o  d i s t i n g u i s h  s y s te m ic  from  l o c a l  fo rm s  o f  c a n d id o s i s .  

Some p a t i e n t s  w i t h  c a n d id o s is  rem a in e d  a n t ib o d y  n e g a t i v e  even by d i s c o n t in u o u s  

CIE and i t  a p p e a rs  l i k e l y  t h a t  t h e  d e t e c t i o n  o f  c i r c u l a t i n g  -C and ida a n t ig e n s  may 

be a more v a lu a b le  d i a g n o s t i c  t e s t  i n  a n t ib o d y - n e g a t i v e  ca se s  (W arren  e t  a l . ,  

1977) th a n  a n t ib o d y  t e s t s  o f  e v e r  i n c r e a s i n g  s e n s i t i v i t y .

D an ish  w o rk e rs  have recommended t h e  use o f  two d im e n s io n a l  c ro s s e d

im m u n o e le c t r o p h o re s is  w i t h  i n t e r m e d i a t e  g e l  as a s e n s i t i v e  and q u a n t i t a t i v e
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m ethod f o r  th e  d e t e r m in a t i o n  o f  C a nd ida  p r e c i p i t i n s .

I n  t h i s  t e c h n iq u e ,  i n d i v i d u a l  a n t i b o d y - a n t i g e n  r e a c t i o n s  a re  r e s o lv e d  as

p e a k s ,  whose a re a  i s  p r o p o r t i o n a l  t o  th 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 n t ib o d y

and a n t i g e n .  A x e ls e n  (1 9 7 6 )  has s u g g e s te d  t h a t  t h e  number and s i z e  o f  th e s e

peaks  -  t h e  p r e c i p i t i n  s c o re  -  v a r i e s  w i t h  d i f f e r e n t  fo rm s  o f  t h e  c a n d id a l
\

d is e a s e .  Such as s c o re  may t h e r e f o r e  be d i a g n o s t i c a l l y  s i g n i f i c a n t  f o r  s y s te m ic  

c a n d i d o s i s .  The tw o d im e n s io n a l  im m u n o e le c t r o p h o r e t i c  t e c h n iq u e  a l s o  a l lo w s  

th e  d e t e c t i o n  o f  f r e e  a n t i g e n  i n  t h e  serum i n  t h e  same o p e r a t i o n  as a n t ib o d y  

d e t e c t i o n  by i n c l u s i o n  o f  human serum i n  t h e  i n t e r m e d i a t e  g e l  and r a b b i t  

a n t i s e r u m  t o  C a n d id a  i n  t h e  r e fe r e n c e  g e l  (Svendsen& A x e ls e n ,  1 9 7 2 ) .  Any f r e e  

a n t i g e n  i n  t h e  human serum m ig r a te s  i n t o  th e  r a b b i t  a n t i s e r u m  r e s u l t i n g  i n  a 

h o r i z o n t a l  p r e c i p i t a t i o n  l i n e  when i t  r e a c t s  w i t h  i t s  c o r r e s p o n d in g  a n t ib o d y  

( A x e ls e n  & K i r k p a t r i c k ,  1973 ; A x e ls e n ,  K i r k p a t r i c k  & B u c k le y ,  1 9 7 4 ) .  A l th o u g h  

t h i s  t e c h n iq u e  i s  v e r y  s e n s i t i v e  i t  t a k e s  lo n g e r  t o  p e r fo r m  th a n  CIE and i t  i s  

a l s o  t e c h n i c a l l y  more dem anding so t h a t  i t  s t i l l  re m a in s  m a in ly  a re s e a rc h  

t o o l .

R ad io im m unoassay  (R IA )  i s  known t o  be u n d e r  i n v e s t i g a t i o n  as a s e n s i t i v e  

t e c h n iq u e  f o r  use i n  C a n d id a  s e r o lo g y  a l t h o u g h  few  f o r m a l  r e p o r t s  on i t s  use 

have  y e t  app e a re d  i n  t h e  l i t e r a t u r e .  I n  1978, W e in e r  and C o a te s -S te p h e n s  

r e p o r t e d  th e  d e t e c t i o n  o f  mannan a n t ig e n a e m ia  by R IA .  H ow ever, c i r c u l a t i n g  

mannan was d e t e c te d  i n  th e  serum o f  o n l y  15 o u t  o f  29 r a b b i t s .  In  t h e  few 

p a t i e n t s  t e s t e d ,  mannan c o u ld  be d e te c te d  i n  2 p a t i e n t s  w i t h  s y s te m ic  c a n d id o s is  

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

f u n g a l  i n f e c t i o n s .  These r e s u l t s  a p p e a r  p r o m is in g  b u t  o b v i o u s l y  need t o  be 

c a r r i e d  o u t  on a much l a r g e r  sam ple  o f  p a t i e n t s .  A f u r t h e r  r e p o r t  on th e  use 

o f  RIA has app e a re d  r e c e n t l y  (Huang a l . , 1979) b u t  a g a in  t h e  a u t h o r s  c a r r i e d  

o u t  t h e i r  e x p e r im e n ts  on t h e  s e ra  o f  i n f e c t e d  r a b b i t s  so t h a t  t h e  v a lu e  o f  t h i s  

t e s t  s t i l l  c a n n o t  be c l e a r l y  assessed  f o r  use i n  t h e  d ia g n o s i s  o f  s y s te m ic  

c a n d id o s is  i n  humans. The m ain d is a d v a n ta g e  w i t h  RIA i s  t h a t  i t  r e q u i r e s  th e  

use o f  a s i n g l e ,  p u r i f i e d  a n t i g e n i c  s p e c ie s  f o r  o p t im a l  r e s u l t s .

Enzyme l i n k e d  imm unoassay (E L IS A ) i s  an a l t e r n a t i v e  t o  RIA w h ic h  i s  j u s t
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as s e n s i t i v e  b u t  ch e a p e r  and e a s ie r  t o  use ( L a n c e t ,  E d i t o r i a l ,  1 9 7 6 ) .  The 

m e thod , w h ich  i s  o r i g i n a l l y  d e ve lo p e d  by E n g v a l l  and Per lm ann (1 9 7 1 )  can be 

a p p l i e d  t o  d e t e c t i o n  o f  a n t ig e n  and a n t ib o d y  and i s  e q u a l l y  r e p r o d u c ib le  w h e th e r  

i t  i s  used i n  t e s t s  w i t h  s i n g l e  a n t ig e n s  o r  com p lex  a n t i g e n i c  m ix t u r e s .  Hommel 

^  , ( 1 9 7 6 )  s u g g e s te d  th e  use o f  ELISA as a r a p i d  and s e n s i t i v e  s é r o d ia g n o s t i c

t e s t  f o r  t h e  d ia g n o s is  o f  b o th  c a n d id o s is  and a s p e r g i l l o s i s .  W arren a l^ . , ( 1 9 7 7 )  

fo u n d  t h a t  th e  t e c h n iq u e ,  as w e l l  as b e in g  e f f i c i e n t  and s im p le ,  c o u ld  be used 

to  d e t e c t  c i r c u l a t i n g  C and ida  a n t ig e n  e a r l i e r  i n  t h e  c o u rs e  o f  s y s te m ic  

i n f e c t i o n  th a n  c o u ld  C IE .  They were a l s o  u n a b le  t o  d e m o n s t ra te  c r o s s  r e a c t i o n s  

w i t h  a number o f  b a c t e r i a l  o rg a n is m s  and t o x i n s  o r  w i t h  A . f u m iq a t u s . No f u r t h e r  

r e p o r t s  o f  t h i s  te c h n iq u e  have y e t  a p p e a re d ,  a l th o u g h  i t  i s  known to  be 

u n d e r  i n v e s t i g a t i o n .

Many a u th o r s  have d is c u s s e d  th e  l a c k  o f  s t a n d a r d i z a t i o n  i n  th e  s e r o l o g i c a l  

t e s t s  f o r  d ia g n o s is  o f  c a n d id o s is  and th e  p ro b le m s  t h i s  causes  i n  a s s e s s in g  

th e  d i a g n o s t i c  s i g n i f i c a n c e  o f  p r e c i p i t i n s  t o  C and ida  ( A x e ls e n ,  1976: M a r ie r  

and A n d r i o l e ,  1978: Odds, 1979; T a s c h d j ia n  e t  a l . ,  1 9 7 7 ) ,

Faux _ e ^ , (1 9 7 5 )  compared f o u r  d i f f e r e n t  e x t r a c t s  o f  C. a lb i c a n s  -  a l l  

v a r y in g  i n  t h e i r  a n t i g e n i c i t y  -  and f o u r  d i f f e r e n t  d o u b le  d i f f u s i o n  t e s t  

p r o t o c o l s .  They fo u n d  t h a t  t h e  number o f  p o s i t i v e  p r e c i p i t i n  r e a c t i o n s  v a r ie d  

d i r e c t l y .  A c o o p e r a t i v e  s tu d y  between s i x  l a b o r a t o r i e s  exam ined t h r e e  d i f f e r e n t  

s e r o l o g i c a l  t e s t s  u s in g  i d e n t i c a l  s e t s  o f  coded s e r a ,  and a g a in  found  

s u b s t a n t i a l l y  d i f f e r e n t  number o f  f a l s e  p o s i t i v e  and f a l s e  n e g a t i v e  s e ra  f rom  

t e s t  t o  t e s t  (M erz  _et , 1 9 7 7 ) .

The r e s u l t s  o f  th e s e  two s t u d ie s  c l e a r l y  show t h a t  o p t im a l  c o n d i t i o n s  

f o r  p e r fo rm a n c e  o f  t e s t s  and i n t r o d u c t i o n  o f  s t a n d a r d iz e d  r e a g e n ts  b o th  need 

to  be e s t a b l i s h e d  b e fo r e  s e r o l o g i c a l  t e s t s  f o r  c a n d id o s is  can im p ro v e  t h e i r  

c r e d i b i l i t y .  A t  t h e  p r e s e n t  t im e ,  i t  i s  c l e a r l y  d i f f i c u l t  t o  compare th e  

s i g n i f i c a n c e  o f  p r e c i p i t i n s  i n  d i f f e r e n t  g ro u p s  o f  p a t i e n t s  when each w o rk e r  

uses a d i f f e r e n t  method t o  o b t a in  h i s  o r  h e r  r e s u l t s .

S e v e r a l  a t t e m p ts  have been made t o  s e l e c t  a d i a g n o s t i c a l l y  s p e c i f i c
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a n t ig e n  f o r  use i n  s e r o l o g i c a l  t e s t s  f o r  c a n d id o s is  o r  t o  im p ro v e  on th e  

c u r r e n t l y  used c y t o p la s m ic  a n t ig e n  by rem ova l o f  n o n - s p e c i f i c  co m p o n e n ts .

A x e ls e n 's  two d im e n s io n a l  c ro s s e d  Im m u n o e le c t ro p h o re s is  s t u d i e s  r e s u l t e d  

i n  th e  d e m o n s t r a t io n  o f  *11 deep C and ida  i n f e c t i o n  s p e c i f i c *  p r e c i p i t i n s  

a l th o u g h  no s i n g l e  p r e c i p i t i n  was common t o  a l l  cases  o f  s y s te m ic  i n f e c t i o n  

( A x e ls e n ,  1 9 7 6 ) .

Two g ro u p s  o f  w o rk e rs  have a t te m p te d  t o  f i n d  a n t ig e n s  s p e c i f i c  to  

C . a lb i c a n s  hyphae as t h e  f i l a m e n t o u s  fo rm  o f  C . a lb i c a n s  i s  more o f t e n  

a s s o c ia te d  w i t h  i n f e c t i o n  th a n  c o l o n i z a t i o n  (Evans _ e ^_a^ ., 1973; S y ve rso n  e t  a l . ,  

1975; see d i s c u s s io n  i n  s e c t i o n  1 . 5 ) .  A l th o u g h  a n t i g e n i c  com ponen ts  u n iq u e  to  

t h e  m y c e l i a l  fo rm  have  been d e m o n s t ra te d  by b o th  th e s e  g ro u p s  o f  w o rk e rs  t h e r e  

have as y e t  appea re d  no c l i n i c a l  e v a lu a t i o n s  o f  t h e i r  use i n  r o u t i n e  t e s t s .

Such a n t ig e n s  a r e ,  h o w e v e r ,  u n l i k e l y  t o  be a b le  to  d i s t i n g u i s h  s u p e r f i c i a l  f rom  

s y s te m ic  i n f e c t i o n s ,  as f o r  exa m p le ,  B u d tz~ 3 o rgensen  ( 1 9 7 l ) has shown a h ig h  

c o r r e l a t i o n  be tween hyphae i n  o r a l  smears w i t h  l e s i o n s  o f  d e n tu r e  s t o m a t i t i s .

L ongbo ttom  a ^ . , (1 9 7 6 )  and S yve rson  and B u c k le y  (1 9 7 7 )  have 

in d e p e n d e n t ly  t r i e d  t o  in c r e a s e  th e  d ia g n o s t i c  s p e c i f i c i t y  o f  C and ida  c y to p la s m ic  

e x t r a c t s  by re m o v a l o f  c e l l  w a l l  g l y c o p r o t e i n s  w i t h  c o n c a n a v a l in  A. Fou r 

a n t ig e n s  were p r e c i p i t a t e d  f ro m  s o lu b le  e x t r a c t s  o f  y e a s t  and m y c e l i a l  phases 

o f  C. a lb i c a n s  by c o n c a n a v a l in  A. Two o f  th e s e  a n t ig e n s  were a ls o  p r e s e n t  i n  

e x t r a c t s  p re p a re d  f ro m  s p h e r o p la s t s  i n  a manner s i m i l a r  t o  t h a t  o f  V e n e z ia  and 

R o b e r ts o n  ( 1 9 7 4 ) .  These com ponen ts  may have been c y to p la s m ic  g l y c o p r o t e i n s  

o r  e a s i l y  s o l u b i l i z e d  c e l l  w a l l  m a t e r i a l  (S y v e rs o n  and B u c k le y ,  1 9 7 7 ) .  Any c e l l  

w a l l  m a t e r i a l  i n  c y t o p la s m ic  e x t r a c t s  appea rs  t o  re d u c e  th e  d i a g n o s t i c  

s p e c i f i c i t y  o f  t h e  a n t i g e n .  T e s ts  w i t h  human s e ra  have now shown t h a t  

c o n c a n a v a l in  A - t r e a t e d  c y t o p la s m ic  a n t ig e n s  reduced  th e  number o f  f a l s e  p o s i t i v e  

p r e c i p i t i n  r e a c t i o n s  and i n c r e a s e  th e  p r e d i c t i v e  v a lu e  o f  t h e  p r e c i p i t i n  t e s t  

f o r  s y s te m ic  c a n d id o s i s .  4.9% o f  p a t i e n t s  w i t h  o t h e r  f u n g a l  i n f e c t i o n s  s t i l l  

r e a c te d  w i t h  th e  c o n c a n a v a l in  A t r e a t e d  a n t i g e n ;  t h i s  m ust p re s u m a b ly  r e f l e c t  

c ro s s  r e a c t i o n s  w i t h  some c y t o p la s m ic  a n t ig e n  o t h e r  th a n  a g l y c o p r o t e i n .  2% o f  

p a t i e n t s  i n  whom i n f e c t i o n  was a b s e n t  s t i l l  gave p o s i t i v e  r e a c t i o n s  a g a in s t  th e
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new a n t i g e n .

A l l  t h e  a n t ig e n s  d e s c r ib e d  up t o  t h i s  p o i n t  have been p re p a re d  fro m  

f u n g i  grown i n  m y c o lo g ic a l  b r o t h s .  Such m ed ia  a r e ,  a t  b e s t ,  o n l y  p o o r  

a n a lo g u e s  o f  th e  e n v i ro n m e n t  i n  w h ich  C . a lb i c a n s  m u l t i p l i e s  when i t  in v a d e s  

t i s s u e s .  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  h i t h e r t o  u n d is c o v e re d ,  i n d u c i b l e  

a n t ig e n s  m ig h t  be fo u n d  i f  t h e  fu n g u s  were grown i n  m edia t h a t  c o n ta in e d  

t i s s u e  s u b s ta n c e s  as s o le  s o u rc e s  o f  c a rb o n  and n i t r o g e n .

In  t h e o r y ,  i t  s h o u ld  be p o s s i b l e  t o  grow  C . a lb i c a n s  i n  t i s s u e s  i n  v i t r o , 

b u t  i n  p r a c t i c e  such c u l t u r e s  a re  a n t i g e n i c a l l y  to o  com p lex  t o  make i s o l a t i o n  

o f  s i n g l e  a n t ig e n s  a re a s o n a b le  p r o p o s i t i o n .  I n s te a d  i t  s h o u ld  be p o s s i b l e  

t o  grow C and ida  i n  a s y n t h e t i c  medium c o n t a i n i n g  s i n g l e  m a c ro m o le c u la r  

com ponents o f  body t i s s u e  as c a rb o n  s o u r c e s .  Such a medium w ou ld  a l l o w  easy 

i d e n t i f i c a t i o n  and i s o l a t i o n  o f  any h y d r o l y t i c  enzymes p ro d u c e d .

S t a ib  has a c know led ged  t h i s  p o i n t  r e c e n t l y  and h i s  g roup  has c a r r i e d  o u t  

p r e l i m i n a r y  t e s t s  i n  w h ic h  c u l t u r e  f i l t r a t e s  o f  C. a lb i c a n s  grown w i t h  serum 

a lb u m in  as s o le  a n i t r o g e n  s o u rc e  have been used as a n t ig e n s  f o r  th e  

d e t e c t i o n  o f  p r e c i p i t i n s  ( S t a i b  ^e^ ^ . , 1977a : S t a ib  _et ^ . , 1 9 7 7 b ) .  These 

c u l t u r e  f i l t r a t e  a n t ig e n s  c o n t a i n  e x o c e l l u l a r  C . a lb i c a n s  p r o t e in a s e  enzyme 

b u t  s in c e  no a t t e m p t  was made by S t a ib  _e^ , t o  p u r i f y  t h i s  enzyme, i t  i s

n o t  p o s s ib le  t o  d e te r m in e  w h e th e r  a n t ib o d y  r e a c t i o n s  t o  th e  f i l t r a t e  were  

d i r e c t e d  s p e c i f i c a l l y  a t  t h e  p r o t e in a s e  o r  a t  o t h e r  a n t i g e n i c  com ponen ts .

The r e s u l t s  o b t a in e d  by S t a i b  _e^ , w i t h  th e  c ru d e  p r o t e in a s e  c u l t u r e

f i l t r a t e s  do n o t  so f a r  d e m o n s t ra te  any g r e a t  in c r e a s e  m d i a g n o s t i c  s p e c i f i c i t y  

o f  th e s e  p r e p a r a t i o n s  o v e r  c y t o p la s m ic  e x t r a c t s .  However, th e  p r i n c i p l e  t h a t  

p u r i f i e d , i n d u c i b l e ,  e x o c e l l u l a r  enzymes o f  C . a l b i c a n s , such as th e  p r o t e i n a s e ,  

may be v a lu a b le  as a n t ig e n s  s p e c i f i c  f o r  th e  d e t e c t i o n  o f  a n t i b o d ie s  i n  s y s te m ic  

c a n d id o s is ,  re m a in s  u n t e s t e d .  The e x p e r im e n ta l  w ork d e s c r ib e d  i n  t h i s  t h e s i s  

was t h e r e f o r e  d e s ig n e d  t o  i n v e s t i g a t e  t h e  use o f  p u r i f i e d ,  i n d u c i b l e  a n t ig e n s  

o f  C. a lb i c a n s  as s é r o d ia g n o s t i c  r e a g e n t s .  The i n v e s t i g a t i o n  was p la n n e d  t o  

p ro ce e d  i n  f o u r  s ta g e s :

1 ) d e t e r m in a t io n  o f  t h e  ra n g e  o f  m a c ro m o le c u la r  t i s s u e  s u b s t r a t e s  t h a t  

r . A l b i c a n s  c o u ld  u t i l i z e  as g ro w th  s o u r c e s .
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2 )  a ssa y  f o r  a p p r o p r i a t e  enzymes in d u c e d  i n  C . a l b i c a n s  by m a c ro m o le c u la r  

g ro w th  s o u rc e s

3 )  p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  any enzymes d is c o v e r e d

4 )  a ssessm en t o f  t h e  p u r i f i e d  enzymes as a n t ig e n s  f o r  s e r o l o g i c a l  d ia g n o s is  

o f  c a n d id o s is

The d e t a i l s  o f  th e  i n v e s t i g a t i o n  a re  d e s c r ib e d  i n  th e  f o l l o w i n g  

c h a p t e r s .
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GROWTH OF C.ALBICANS WITH TISSUE 

MACROMOLECULES AS SUBSTRATES

I n t r o d u c t i o n

The e x a m in a t io n  o f  i n d u c i b l e  enzymes, p ro d u c e d  by C . a l b i c a n s , must 

b e g in  w i t h  t h e  d e t e r m in a t i o n  o f  th e  a b i l i t y  o f  t h e  y e a s t  t o  grow on a 

number o f  t i s s u e  m a c ro m o le c u le s  as e i t h e r  c a rb o n  a n d /o r  n i t r o g e n  s o u rc e s .

2 .2 M a t e r i a l s  and M ethods

S t r a i n s  ; C . a lb i c a n s  ATCC 28355 , o r i g i n a l l y  i s o l a t e d  f ro m  th e  mouth o f  a 

h o s p i t a l  p a t i e n t  was th e  s t r a i n  used p r i n c i p a l l y  t h r o u g h o u t  th e  s t u d y .  In  

some e x p e r im e n ts  o t h e r  i s o l a t e s  o f  C . a lb i c a n s  and o t h e r  s p e c ie s  o f  Cand ida  

were u s e d .  These w e r e : -

C . a lb i c a n s

C. s t e l l a t o i d e a

ECO
G .L .
B .3 .
D .K .
F .M .
R .C .
7 3 /0 7 5

/G25
/G 54
/GG4
/G 42
/G 32
/G31
/G3G
/G38
/G 39

P .L .
S .B .
73/G14
73/GG6
7 3 /095

C. t r o p i c a l i s  
C . p a r a p s i l o s i s  
C . p s e u d o t r o p i c a l i s  7 3 /0 9 5
C . k r u s e i  7 3 /1 0 2
C . q u i l l i e r m o n d i i  7 3 /0 4 4
C . q l a b r a t a  7 3 /0 6 9
R h o d o to ru la  r u b r a  7 4 /0 4 3
C . in t e r m e d ia  7 3 /0 3 3
C .n o r v e g e n s is  7 3 /0 7 0

S i t e  o f  I s o l a t i o n  

mouth

r e c t a l  swab 
v a g in a l  swab 
mouth
v a g in a l  swab
mouth
mouth
mouth
mouth
mouth
mouth
mouth
mouth

v a g in a
re c tu m
mouth
v a g in a
v a g in a

re c tu m
mouth

The f u n g i  were m a in ta in e d  on s lo p e s  o f  Sabouraud D e x t ro s e  Agar (SDA -  D i f c o )  

and a l l  i n o c u l a  were p re p a re d  fro m  y e a s ts  grown f o r  18 -24h  a t  37°C on t h i s

m edium.
A y e a s t  s u s p e n s io n  f o r  t h i s  s tu d y  was p re p a re d  as f o l l o w s .  C e l l s  were
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washed fro m  s lo p e s  o f  SDA w i t h  p h o s p h a te  b u f f e r e d  s a l i n e  (P B S ),  c e n t r i f u g e d  

a t  750 X g f o r  15 m in  and re su s p e n d e d  i n  s t e r i l e  d i s t i l l e d  w a t e r .  The y e a s t  

c e l l  d e n s i t y  was e s t im a te d  by h a e m o cy to m e te r  c o u n ts  and C . a lb i c a n s  was 

r o u t i n e l y  added t o  t h e  g ro w th  medium t o  g i v e  an i n i t i a l  y e a s t  c o n c e n t r a t i o n  o f  

1 0 ^ /m l .

Medium A s y n t h e t i c  g ro w th  medium was used f o r  a l l  e x p e r im e n ts  i n t o  t h e  

a b i l i t y  o f  C . a lb i c a n s  t o  use a v a r i e t y  o f  enzyme s u b s t r a t e s  as c a rb o n  and 

n i t r o g e n  s o u rc e s  ( T a b le  2 ) .

T a b le  2 .  S y n t h e t i c  g ro w th  medium

C arbon s o u rc e  5 g / l

N i t r o g e n  s o u rc e  0.01M ( N H ^ S 0 ^ ) / 5 g / l  o t h e r s

Na^ H PO^ 0.0005M

Mg SG^ THgO G.0Q1M

NaCl 0.DG1M

CaClg 0.GG1M

K I  G.G01M

b i o t i n  2 0 / j g / l

n i c o t i n i c  a c id  4G G pg /l

p y r i d o x a l  h y d r o c h l o r i d e  4 0 0 ) jg / l

r i b o f l a v i n  2 G 0 ) jg / l

t h ia m in e  h y d r o c h lo r i d e  4 G 0 j jg / l

M ed ia  were b u f f e r e d  w i t h  G.01M c i t r a t e  i n  t h e  pH ra n g e  3 -7  and w i t h  0 .01M

t r i s  i n  t h e  pH ra n g e  7 - 1 0 .  These s u b s ta n c e s  were  n o t  u t i l i z e d  by C . a l b i c a n s  a t

pH 5 .6  ( c i t r a t e )  and 7 .5  ( t r i s ) .

The medium was s t e r i l i z e d  by membrane f i l t r a t i o n  o f  a 1 0 - f o l d  c o n c e n t r a t e ,

w h ich  was d i l u t e d  w i t h  s t e r i l e  d i s t i l l e d  w a te r  f o r  u se .

F o r  a l l  g ro w th  e x p e r im e n ts  21 f l a s k s  c o n t a i n i n g  11 c u l t u r e s  were in c u b a te d  

o
a t  37 C w i t h  g y r o t a r y  s h a k in g  a t  160rpm .

D e te r m in a t io n  o f  G row th

Growth o f  C . a lb i c a n s  was measured by ATP p h o to m e t r y .  A sam ple  o f  c u l t u r e  

o r  a s ta n d a rd  s o l u t i o n  o f  ATP ( 0 . 5 m l ) was added t o  5ml o f  G.G2M t r i s  HCl b u f f e r ,  

pH 7 .8  t h a t  had been p r e - i n c u b a t e d  i n  a b o i l i n g  w a te r  b r o t h .  The m ix t u r e s  were 

b o i l e d  f o r  4m in th e n  c o o le d  r a p i d l y  i n  i c e - w a t e r .  A L a b - L in e  I n s t r u m e n ts  I n c

b io lu m in e s c e n c e  p h o to m e te r  was used f o r  e s t i m a t i o n  o f  ATP. F i r e - f l y  l a n t e r n
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e x t r a c t  (S ig m a ) ,  r e c o n s t i t u t e d  i n  w a te r ,  was used as a s o u rc e  o f  l u c i f e r a s e  

enzyme: 0 .1 m l q u a n t i t i e s  o f  sam p le  and l u c i f e r a s e  s o l u t i o n  were  m ixed  and th e  

r e s u l t i n g  lu m in e s c e n c e  was i n t e g r a t e d  f o r  60s a f t e r  a 15s d e la y .  A l l  r e a d in g s  

were c o r r e c t e d  f o r  endogenous lu m in e s c e n c e  by s u b t r a c t i o n  o f  t h e  r e a d in g  f o r  

a c o n t r o l  c o n t a i n i n g  t r i s  b u f f e r  and l u c i f e r a s e  a lo n e .

D e t e c t i o n  o f  Enzyme a c t i v i t i e s
I a TCC 28366

A p r e l i m i n a r y  i n v e s t i g a t i o n  o f  th e  enzymes p r e s e n t  i n  C . a lb i c a n s  o r  

s e c r e te d  i n t o  t h e  medium was made by i n o c u l a t i o n  o f  t h e  fu n g u s  i n t o  APIZYM 

s t r i p s  (AP I s y s te m , S . A . ,  M o n ta l i e u  V e r c ie u ,  F ra n c e )  o r  o n to  t e s t  a g a rs  r o u t i n e l y  

used i n  b a c t e r i o l o g y .  The API sys tem  was a s e m i - q u a n t i t a t i v e  method d e s ig n e d  t o  

d e t e c t  r a p i d l y  t h e  a c t i v i t i e s  o f  n in e te e n  enzymes. The s t r i p  was composed o f  

tw e n ty  c u p u le s  -  one o f  w h ic h  was a c o n t r o l ,  19 o f  w h ich  c o n ta in e d  enzyme 

s u b s t r a t e s .  I t  was p r e p a r e d  by i n o c u l a t i o n  o f  each c u p u le  w i t h  two d ro p s  o f  

th e  spec im en -  e i t h e r  a s u s p e n s io n  o f  C. a lb i c a n s  b la s to s p o r e s  o r  a 4 - f o l d  

c o n c e n t r a te d  c u l t u r e  f i l t r a t e  -  and in c u b a te d  i n  a humid p l a s t i c  t r a y  f o r  4h a t  

37°C .

The s t r i p  was d e v e lo p e d  and re c o r d e d  a c c o r d in g  t o  th e  m a n u fa c tu r e r * s  

i n s t r u c t i o n s .  The s u b s t r a t e s  and enzymes assayed  f o r ,  a re  shown i n  T a b le  3 .

The a g a rs  used t o  d e t e c t  enzyme a c t i v i t y  were serum p r o t e i n  a g a r  ( S t a i b ,  

1965) l e c i t h i n  a g a r  as d e s c r ib e d  by C h r is o p e  ejk , (1 9 7 6 )  m o d i f i e d  by th e  

o m is s io n  o f  g lu c o s e ,  t r i b u t y r i n  a g a r  ( D i f c o )  and DNase t e s t  a g a r  ( D i f c o ) .

O th e r  enzymes were a s sa ye d  as f o l l o w s :  h y a lu r o n id a s e  by th e  method o f  b o th  

D i  F e r r a n te  (1 9 5 6 )  and L i n k e r  (1966  and 1 9 7 4 ) ;  p h o s p h o l ip a s e . by t h e  m ethod o f  

P r i c e  and Cawson (1 9 7 8 )  m o d i f i e d  by use o f  p h o s p h a t id y l | ^ N - m e th y l - ’^ ^ c J  c h o l i n e  

(R a d io c h e m ic a l  C e n t r e ,  Amersham) as s u b s t r a t e  i n s t e a d  o f  p h o s p h a t i d y l  ^ N - m e t h y l -  

^Hjj c h o l i n e ;  p r o t e in a s e  by t h e  m ethod o f  Remold e t  a l . ,  (1 9 6 8 )  m o d i f i e d  by t h e  

d e t e r m in a t io n  o f  t h e  amount o f  p r o t e o l y s i s  by m e a s u r in g  t h e  a b s o rb a n c e  o f  th e  

f i l t r a t e  a t  280nm a g a in s t  a c i t r a t e  b u f f e r  b l a n k .  Samples f o r  enzyme a ssa y  were 

e i t h e r  c u l t u r e  f i l t r a t e s  o r  aqueous s u s p e n s io n s  o f  washed C. a l b i c a n s  c e l l s .  

C u l t u r e  f i l t r a t e s  were c o n c e n t r a te d  b e fo r e  assay  by u l t r a f i l t r a t i o n  w i t h  D i a f l o



T a b le  3 .  Enzyme s u b s t r a t e s  in c lu d e d  i n  APIZYM s t r i p s
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NO ENZYME ASSAYED FOR SUBSTRATE pH

1 C o n t r o l

2 P hospha tase , a l k a l i n e 2 - n a p h t y l  p h o s p h a te 8 ,5

3 E s te r a s e  (C 4 ) 2 - n a p h t y l  b u t y r a t e 6 ,5

4 E s te r a s e  L ip a s e  (C 8 ) 2 - n a p h t y l  c a p r y l a t e 7 ,5

5 L ip a s e  (C 14) 2 - n a p h t y l  m y r i s t a t e ••

6 L e u c in e  a r y la m id a s e L - l e u c y l - 2 - n a p h t y l a m i d e

7 V a l i n e  a r y la m id a s e L - v a l y l - 2 - n a p h t y l a m id e II

8 C y s t in e  a r y la m id a s e L - c y s t y l - 2 - n a p h t y l a m i d e

9 T r y p s in N - b e n z o y l - D L - a r g in in e -
2 - n a p h ty la m id e

8 ,5

10 C h y m o try p s in N - g l u t a r y l - p h e n y l -
a la n in e - 2 - n a p h t y la m id e

7 ,5

11 P hospha tase^  a c id 2 - n a p h t y l  p h o sp h a te 5 ,4

12 Phosphoam idase N a p h to l - A S - B I - p h o s p h o -
d ia m id e

%i

13 g a la c t o s id a s e 6—B r —2 - n a p h t y l —c ^ —D— 
g a la c to p y r a n o s id e

I I

14 ^  g a la c t o s id a s e 2 - n a p h t y l - D - g a l a c t o -  
p y r a n o s id e

II

15 ^  g lu c u r o n id a s e N a p h to l -A S —B I— D—g lu c u — 
r o n a te

*•

16 oC g lu c o s id a s e 2 - n a p h t y l - o ( D - g lu c o p y r a -
n o s id e

17 P  g lu c o s id a s e 6 - B r - 2 - n a p h t y l - y Ô D - g lu c o -
p y r a n o s id e

18 N - a c e t y l -
yg g lu c o s a m in id a s e

1 - n a p h t y l - N - a c e t y l - y 3  D - g lu  
s a m in id e

C O -  "

19 oZ m annos idase 6 - B r - 2 - n a p h ty l - o < D - m a n n o -
p y r a n o s id e

I I

20 o< f u c o s id a s e 2 - n a p h t y l - c f L - f u c o -
p y r a n o s id e

I I
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DM5 o r  PM10 membranes (A m icon  C o r p ) .

2 .3  R e s u l t s

The APIZYM s t r i p s  i n d i c a t e d  t h a t  a l k a l i n e  p h o s p h a ta s e ,  C4 e s t e r a s e ,  C8 

e s t e r a s e / l i p a s e ,  l e u c i n e ,  v a l i n e  and c y s t i n e  a m in o p e p t id a s e ,  a c id  p h o s p h a ta s e ,  

phosphoam idase and g lu c o s a m in id a s e  were a l l  p r e s e n t  i n  C . a lb i c a n s  a f t e r  24h and 

48h o f  g ro w th  i n  S a b o u ra u d *s  b r o t h  ( F i g .  1 ) .  No enzymes w ere  d e te c te d  i n  

u n c o n c e n t r a te d  o r  c o n c e n t r a te d  f i l t r a t e s

P h o s p h o l ip a s e  a c t i v i t y  was d e te c te d  i n  C . a lb i c a n s  ATCC 28366 on l e c i t h i n  

a g a r  a f t e r  10 days  g ro w th  b u t  o n l y  25% o f  o t h e r  s t r a i n s  showed any a c t i v i t y  

( T a b le  4 ) .

A f t e r  4 8 h ,  82% o f  C . a l b i c a n s  s t r a i n s  t e s t e d ,  i n c l u d i n g  ATCC 28366 , showed 

d e t e c t a b le  p r o t e i n a s e  a c t i v i t y  and by 5 days ATCC 28366 and th e  3 o t h e r  

s t r a i n s  t e s t e d ,  had caused  c l e a r i n g  o f  t r i b u t y r i n  a g a r ,  i n d i c a t i v e  o f  l i p a s e  

a n d /o r  p r o t e in a s e  a c t i v i t y  ( T a b le  4 ) .

P r e l im i n a r y  t e s t s  showed t h a t  ATP p h o to m e te r  r e a d in g s  v a r i e d  l i n e a r l y  

w i t h  ATP c o n c e n t r a t i o n  f ro m  1 ^ g /m l  t o  I n g /m l  and w i t h  number o f  v i a b l e  y e a s t  

c e l l s  i n  C . a l b i c a n s  s u s p e n s io n  ( T a b le  5 ) .  Because o f  th e  g r e a t e r  s e n s i t i v i t y  

o f  t h e  ATP method o v e r  d i r e c t  c o u n ts  and 0D55Ü r e a d in g s ,  t h i s  method was used 

f o r  a l l  s u b s e q u e n t  g ro w th  e x p e r im e n t s .

Growth o f  C . a l b i c a n s  i n  m ed ia  w i t h  m a c ro m o le c u la r  c a rb o n  a n d / o r  n i t r o g e n  s o u rc e s

The a b i l i t y  o f  C . a l b i c a n s  t o  u t i l i z e  v a r i o u s  m a c ro m o le c u le s  as c a rb o n  a n d /o r  

n i t r o g e n  s o u rc e s  was d e te rm in e d  f ro m  ATP p h o to m e te r  r e a d in g s  made a f t e r  24h and 

48h i n c u b a t i o n .

A h ig h  y i e l d  o f  v i a b l e  C . a lb i c a n s  was o b ta in e d  i n  c o n t r o l  c u l t u r e s  w i t h  

g lu c o s e  as th e  c a rb o n  s o u rc e  a t  a l l  pH v a lu e s  t e s t e d  e x c e p t  9 .5  ( T a b le  6 ) .

Some g ro w th  was o b s e rv e d  a t  pH 3 .5  i n  t h e  absence  o f  n i t r o g e n ,  p r o b a b ly  due t o  

c a r r y - o v e r  o f  n u t r i e n t s  f ro m  th e  i n o c u l a t i n g  s lo p e  o r  a t r a c e  o f  n i t r o g e n o u s  

compounds i n  t h e  medium.
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F i g . 1 Enzyme p r o f i l e  o f  C .a lb ic a n s  b la s to s p o re s  grown on SDA

The APIZYM s t r i p  was in o c u la t e d  w i t h  a suspens io n  o f  C . a lb ic a n s  b l a s t o s p o r e s , 

in c u b a te d  f o r  4h a t  37°C th e n  deve loped  as d e s c r ib e d  i n  m a t e r i a l s  and methods 

Weak enzyme a c t i v i t y  was d e te c te d  i n  c u p u le s  2, 3, 4 , 5 , 7, 8, 11, 12 and 18.

Tab le  4 . T e s t  Agars  f o r  d e t e c t i o n  o f  Enzymes

Agar Enzyme R e s u l t

Serum p r o t e i n P ro te in a s e +

T r i b u t y r i n P ro te in a s e  o r  L ip a s e +

L e c i t h i n P h o s p h o l ip a s e +

DNase DNase —
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T a b le  5 .  R e la t i o n s h i p  o f  ATP p h o to m e te r  r e a d in g  t o  V ia b le  C ount and t o  

ATP c o n c e n t r a t i o n .

ATP cone ATP r e a d in g

10-G 1 ^ g /m l 81667

lo T ^ 1 0 0 n g /m l 8380

10’ ® lO n g /m l 622

i o ’ 9 I n g / m l 69

10 -1 0 1 0 0 p g /m l 54

10-11 lO p g /m l 36

No. o f  b la s t o s p o r e s 0D55Q ATP r e a d in g

Too h ig h  t o  c o u n t  ( > 1 0  )  

7  X  1 0 ^

4  X  1 0 ^

2  X  1 0 ^

1 . 8  X  1 0 ^

1 X  1 0 ^

1 .3 4 1 46445

0 .7 6 76284

0 .4 8 38509

0 .3 8 26645

0 .3 0 17790

0 .2 4 13178

ATP s ta n d a r d s  o f  v a r y i n g  c o n c e n t r a t i o n s  were assayed  by means o f  th e  

ATP s p e c t r o p h o to m e te r .  S e r i a l  d i l u t i o n s  o f  s u s p e n s io n s  o f  C . a l b i c a n s  b l a s t o 

sp o re s  were c o u n te d  w i t h  a h a e m o c y to m e te r ,  t h e  0D550 was d e te r m in e d  and each 

d i l u t i o n  was a l s o  a ss a ye d  w i t h  th e  ATP s p e c t r o p h o to m e te r  as d e s c r ib e d  i n  

m a t e r i a l s  and m e th o d s .
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The f i r s t  enzyme s u b s t r a t e  exam ined  as a p o s s i b l e  c a rb o n  and n i t r o g e n  

s o u rc e  was b o v in e  serum a lb u m in  (BSA, f r a c t i o n  S ig m a ) ,  The h ig h e s t  c e l l  

y i e l d  was o b ta in e d  a f t e r  24h w i t h  as n i t r o g e n  s o u rc e  a t  pH 3 .5

( T a b le  7 ) .  I n  th e  absence o f  a lo w  m o le c u la r  w e ig h t  n i t r o g e n  s o u rc e ,  t h e r e  

was a lo w e r  y i e l d  o f  C . a lb i c a n s  a t  pH 3 .5  and 5 . 5 .  A t  48h t h e r e  was e v id e n c e  

o f  c e l l  d e a th  i n  c u l t u r e s  c o n t a i n i n g  BSA and (NH^^g

A l i t t l e  g ro w th  o f  C. a lb i c a n s  was a p p a r e n t  w i t h  c h o n d r o i t i n  s u lp h a te  

(G rade  I I I ,  S igm a) as c a rb o n  s o u rc e  and ) ^  SO^ as n i t r o g e n  s o u rc e  a t  pH

3 .5  and 5 . 5 .  b u t  n o t  a t  h ig h e r  pH v a lu e s  ( T a b le  8 ) .  I n  th e  absence o f  (N H ^)^  

SO^, t h e r e  was some g ro w th  a t  pH 3 .5  b u t  a g a in  t h e  y i e l d  was lo w .

T a b le  6 . R e l a t i v e  b iom ass  o f  C 

s i n g l e  Carbon s o u r c e .

. a l b i c a n s on s y n t h e t i c  medium w i t h  g lu c o s e

N i t r o g e n
s o u rc e pH

ATP
o h

S p e c t r o p h o to m e te r
24h

r e a d in g  a t  
48h

nh; 3 .5 647 6575 638

5 .5 740 7657 2526

7 .5 1404 4915 1103

9 .5 684 187 321

None 3 .5 236 1356 1523

5 .5 260 714 1706

7 .5 193 557 631

9 .5 292 801 804

Sam ples were removed f ro m  c u l t u r e s  a t  0 ,  24 and 48h f o r  ATP 

s p e c t r o p h o t o m e t r y .



T a b le  7 .  R e l a t i v e  b iom ass  o f  C .a l b i c a n s  on s y n t h e t i c  medium w i t h  BSA as 

s i n g l e  Carbon s o u r c e .

42

N i t r o g e n
s o u rc e pH oh

ATP S p e c t r o p h o to m e te r
24h

r e a d in g  a t  
48h

NH^ 3 .5 677 7425 2720

5 .5 798 3325 1716

7 .5 676 320 407

9 .5 1267 269 0

None 3 .5 193 2467 3668

5 .5 126 516 1329

7 .5 - - -

9 .5 199 240 334

T a b le  8 . R e l a t i v e  b iom ass  o f  C . a l b i c a n s  on1 s y n t h e t i c  medium w i t h

c h o n d r o i t i n  s u lp h a te as s i n g l e  ca rb o n  s o u r c e .

N i t r o g e n
s o u rc e pH oh

ATP S p e c t r o p h o to m e te r
24h

r e a d in g  a t  
48h

NH^ 3 .5 771 1012 911

5 .5 676 1112 513

7 .5 519 456 71

9 .5 555 393 60

None 3 .5 332 1245 1375

5 .5 113 368 334

7 .5 217 360 216

9 .5 235 279 193
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T a b le  9 .  R e l a t i v e  b iom ass  o f  C . a l b i c a n s  on s y n t h e t i c  medium w i t h  e r y t h r o c y t e  

g h o s ts  as s i n g l e  c a rb o n  s o u rc e

N i t r o g e n
s o u rc e pH oh

ATP S p e c t ro p h o to m e te r  
24h

r e a d in g  a t  
48h

NH^ 3 .5 624 1864 361

5 .5 884 1568 851

7 .5 788 215 167

9 .5 759 222 213

None 3 .5 240 1175 1810

5 .5 187 461 550

7 .5 227 127 284

9 .5 124 153 399

A s u s p e n s io n  o f  e r y t h r o c y t e  g h o s ts  p re p a re d  f ro m  human b lo o d  was r e p e a t e d l y  

c e n t r i f u g e d  a t  750 x g f o r  30 m in and washed w i t h  d i s t i l l e d  w a te r .  The 

p e l l e t  was re s u sp e n d e d  t o  t h e  o r i g i n a l  p h y s i o l o g i c a l  c o n c e n t r a t i o n  w i t h  w a te r  

th e n  added t o  t h e  medium a t  a c o n c e n t r a t i o n  o f  10^ ( v / v ) .
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S i m i l a r  r e s u l t s  were o b ta in e d  when C . a lb i c a n s  was grown w i t h  e r y t h r o c y t e  

g h o s ts  as c a rb o n  a n d /o r  n i t r o g e n  s o u rc e s  ( T a b le  9 ) .  G row th i n  t h e  p re s e n c e  

o f  ammonium was a p p a re n t  o n ly  a t  pH 3 .5  and 5 . 5 ,  and when th e  e r y t h r o c y t e  

membranes w ere  added as s o le  c a rb o n  and n i t r o g e n  s o u rc e s  an in c r e a s e  i n  y i e l d  

was re c o rd e d  a t  pH 3 .5  o n l y .

These p r e l i m i n a r y  t e s t s  were  e x te n d e d  by m easurem ent o f  g ro w th  r a t e s  and 

c e l l  y i e l d s  o b ta in e d  i n  d i f f e r e n t  m e d ia .  pH 3 .5  was s e le c te d  as o p t im a l  f o r  

g ro w th  o f  C . a lb i c a n s  i n  c u l t u r e s  based on BSA, c h o n d r o i t i n  s u lp h a te  and 

e r y t h r o c y t e  g h o s ts  and pH 5 .5  f o r  c u l t u r e s  c o n t a i n i n g  g lu c o s e  and (N H ^ÏgSO ^. 

Samples were removed f ro m  c u l t u r e s  a t  f r e q u e n t  i n t e r v a l s  f o r  ATP s p e c t r o 

p h o to m e t r y  and th e  d a ta  w ere  p l o t t e d  as g ro w th  c u rv e s  f o r  C . a l b i c a n s . G row th  

o f  C . a lb i c a n s  a t  pH 5 .5  and 37°C w i t h  g lu c o s e  as c a rb o n  s o u rc e  was r a p i d  w i t h

a maximum g ro w th  r a t e  o f  0 .7 4 h   ̂ ( F i g .  2 ) .

The m ost r a p i d  g ro w th  f o r  c u l t u r e s  based on BSA o c c u r r e d  i n  t h e  p re s e n c e

o f  b o th  BSA and ammonium w i t h  a maximum g ro w th  r a t e  o f  G.8h , b u t  d e a th  a l s o

o c c u r r e d  r a p i d l y  a f t e r  a b o u t  15h , p e rh a p s  because some a u t o i n h i b i t o r y  s u b s ta n c e

was p ro d u ce d  by th e  fu n g u s  i n  t h e  p re s e n c e  o f  ammonium io n s .  When 8SA was th e

—1s o le  c a rb o n  and n i t r o g e n  s o u rc e  th e  g ro w th  r a t e  was s lo w e r  (0 .1 5 h  ) and th e

y i e l d  l e s s  th a n  i n  t h e  p re s e n c e  o f  IMH  ̂ ( F i g .  3 ) .  A d d i t i o n  o f  g lu c o s e  as a 

c a rb o n  s o u rc e  l e d  t o  an in c r e a s e  i n  y i e l d  ( F i g .  3 )  c lo s e  t o  t h a t  o f  c o n t r o l ,  

g lu c o s e  based c u l t u r e s  ( F i g .  2 )  and a l s o  t o  an in c r e a s e  i n  g ro w th  r a t e  

( 0 .2 7 h  ^ ) o v e r  c u l t u r e s  c o n t a i n i n g  8SA as s o le  c a rb o n  and n i t r o g e n  s o u r c e ,

and no d e c re a s e  i n  v i a b i l i t y  was n o te d  f o r  c e l l s  i n  th e  s t a t i o n a r y  phase o f

such c u l t u r e s .

When c h o n d r o i t i n  s u lp h a t e  was used f o r  a ca rb o n  s o u rc e  i n  th e  p re s e n c e  

o f  ammonium,a h ig h  y i e l d  o f  C . a l b i c a n s  and a r a p i d  g ro w th  r a t e  ( 0 . 8 h  ^ ) was 

o b ta in e d  ( F i g .  4 ) .  T h e re  was a l a g  phase o f  a p p r o x im a te ly  9h b e fo r e  g ro w th  

was d e t e c te d ,  w h ic h  s u g g e s te d  t h e  p o s s i b l e  in v o lv e m e n t  o f  an i n d u c i b l e  enzyme 

t h a t  had t o  be p ro d u c e d  t o  d e g ra d e  c h o n d r o i t i n  s u lp h a te  b e fo r e  g ro w th  c o u ld  

s t a r t .  When c h o n d r o i t i n  s u lp h a t e  was used as a ca rb o n  and n i t r o g e n  s o u rc e  

o r  as a n i t r o g e n  s o u rc e  w i t h  g lu c o s e  as c a rb o n  s o u r c e , t h e r e  was l i t t l e

d e t e c t a b le  in c r e a s e  i n  c e l l  y i e l d  ( F i g .  4 ) .



F i g .  2

Growth curve on glucose

5 0  •

/

4 0

log ATP 
reading

3 0

2  0

20 25
incubation time(h)

F ig .  2 , 3 , 4 , 5 a re  each t y p i c a l  r e p r e s e n t a t i v e s  o f  4 s e p a ra te  e x p e r im e n ts



F ig *  3

GROWTH CURVE ON BSA

- «BSA-N
+glucose

40-
log

ATP
reading.

-  BSA-N

304

/ •

BSA+N

2 0

20 30
incubation time (h)

40 50



F ig .  4,

GROWTH CURVE ON CHONDROITIN 8 0 4  
logATP

4 0

30+

^ CS 04+GIKC0SE
- N

2 2
20 25

■nME(h)



45

G row th  c u r v e s  f o r  C . a lb i c a n s  w i t h  e r y t h r o c y t e  g h o s ts  as c a rb o n  s o u rc e s  

showed t h a t  a h ig h  y i e l d  -  a lm o s t  as h ig h  as w i t h  BSA -  and a h ig h  g ro w th  

r a t e  ( 0 . 5 h  ) were o b ta in e d  by 24h w i t h  ammonium s u lp h a t e  as a n i t r o g e n  s o u rc e

( F i g .  5 ) .  H ow ever, numbers o f  v i a b l e  c e l l s  d e c l i n e d  r a p i d l y  a f t e r  4 8 h .  The re  

was a d e t e c t a b l e  l a g  phase o f  a b o u t  15h b e f o r e  g ro w th  s t a r t e d .  T h e re  was 

v e r y  l i t t l e  g ro w th  when e r y t h r o c y t e  g h o s ts  w ere  t h e  s o le  s o u rc e  o f  ca rb o n  and 

n i t r o g e n  ( F i g .  5 ) .

S in c e  S t a i b  (1 9 5 6 )  had p r e v i o u s l y  r e p o r t e d  t h a t  b u f f e r i n g  o f  t h e  g ro w th  

medium r e s u l t e d  i n  d e c re a s e  i n  p r o t e o l y t i c  enzyme a c t i v i t y  p ro d u c e d  by 

C . a l b i c a n s , g ro w th  c u rv e  e x p e r im e n ts  were r e p e a te d  w i t h  t h e  same c a rb o n  s o u rc e s  

i n  u n b u f f e r e d  s y n t h e t i c  m e d ia .  A l th o u g h  s i m i l a r  y i e l d s  were o b ta in e d  i n  

m ed ia  based on g lu c o s e  and BSA, t h i s  t im e  t h e r e  was no d e t e c t a b le  g ro w th  

i n  c h o n d r o i t i n  s u lp h a t e  -  o r  e r y t h r o c y t e  g h o s t - b a s e d  m e d ia .  The a b i l i t y  o f  

C . a lb i c a n s  t o  u t i l i z e  c i t r a t e  b u f f e r  as c a rb o n  s o u rc e  was t h e r e f o r e  re -e x a m in e d  

and i t  was fo u n d  t h a t  s i m i l a r  y i e l d s  o f  y e a s t  w ere  o b ta in e d  a t  pH 3 .5  w i t h  

c i t r a t e  b u f f e r  o r  w i t h  c h o n d r o i t i n  s u lp h a t e  o r  e r y t h r o c y t e  g h o s ts  i n  c i t r a t e -  

b u f f e r e d  m ed ia  ( T a b le s  8 ,  9 & 1 0 ) .  The same p a t t e r n  o f  g ro w th  a t  pH 3 .5  and 

5 .5  -  an in c r e a s e  i n  b iom ass  a t  24h f o l l o w e d  by a f a l l  i n  b iom ass  a t  48h -  was 

e v id e n t  f o r  a l l  c u l t u r e s  t h a t  c o n ta in e d  c i t r a t e  and (N H ^ ) 2 S0 ^ ,  i r r e s p e c t i v e  

o f  t h e  p re s e n c e  o f  c h o n d r o i t i n  s u lp h a te  o r  e r y t h r o c y t e  g h o s ts .

H y d r o l y t i c  enzyme p r o d u c t i o n  by C . a lb i c a n s  i n  s y n t h e t i c  medium w i t h  m a c ro -  

m o le c u la r  c a rb o n  a n d / o r  n i t r o g e n  s o u rc e s

H y a lu r o n id a s e  was n o t  d e te c te d  i n  b la s t o s p o r e s  o b ta in e d  a t  24h , 48h ,

72h o r  120h f ro m  c u l t u r e s  t h a t  c o n ta in e d  c h o n d r o i t i n  s u lp h a te  n o r  was any 

a c t i v i t y  p r e s e n t  i n  c u l t u r e  f i l t r a t e s  o f  t h e  same a g e .  S in c e  a ssa ys  f o r  

h y a lu r o n id a s e  may som etim es  g i v e  e q u iv o c a l  r e s u l t s  ( F .C .  Odds, p e r s o n a l  

c o m m u n ic a t io n )  t h e  a s sa y s  were  c o n d u c te d  by t h r e e  m ethods w i t h  n e g a t i v e  

r e s u l t s  i n  a l l  c a s e s .
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T a b le  10. R e l a t i v e  b iom ass  o f  C .a lb i c a n s  on s y n t h e t i c  medium w i t h  c i t r a t e  

b u f f e r  as s o le  c a rb o n  s o u rc e

N i t r o g e n
so u rce pH

ATP S p e c t r o p h o to m e te r  r e a d in g  a t  
oh 24h 48h

NH+ 3 .5 771 3201 758

5 .5 735 2377 341

7 .5 682 225 165

9 .5 425 93 280
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No p h o s p h o l ip a s e  a c t i v i t y  was d e te c te d  i n  e i t h e r  b la s t o s p o r e s  o r  

c u l t u r e  f i l t r a t e s  f ro m  2 4 ,  4 8 ,  72 o r  120h c u l t u r e s  based on e r y t h r o c y t e  

g h o s ts .  A d d i t i o n  o f  c a lc iu m  io n s  -  known t o  s t i m u l a t e  p h o s p h o l ip a s e  a c t i v i t y  -  

and s o n i c a t i o n  o f  t h e  l e c i t h i n  s u b s t r a t e  f o r  p e r io d s  up t o  30 m in ,w h ic h  makes 

i t  more s u s c e p t i b l e  t o  enzyme a t t a c k  ( P r i c e  and Cawson, 1977 )  d i d  n o t  r e s u l t  

i n  t h e  d e t e c t i o n  o f  p h o s p h o l ip a s e  a c t i v i t y .  A t te m p ts  were made t o  assay  

p h o s p h o l ip a s e s  i n  C . a l b i c a n s  grown i n  YNB a c c o r d in g  t o  t h e  p ro c e d u r e s  d e s c r ib e d  

by P r i c e  and Cawson ( 1 9 7 7 )  b u t  no enzyme a c t i v i t y  was d e te c te d  d e s p i t e  4 

r e p e t i t i o n s  o f  t h e  e x p e r im e n t s .  As a p p a re n t  p h o s p h o l ip a s e  a c t i v i t y  had been 

d e te c te d  a ro u n d  c o l o n i e s  o f  C . a lb i c a n s  grown on l e c i t h i n  a g a r ,  th e  phospho

l i p a s e  a c t i v i t y  o f  b la s t o s p o r e s  grown i n  a l i q u i d  v e r s io n  o f  t h i s  medium was 

exam ined b u t ,  a g a in ,  no enzyme a c t i v i t y  c o u ld  be d e t e c t e d .

The absence  o f  d e t e c t a b l e  h y a lu r o n id a s e  o r  p h o s p h o l ip a s e  a c t i v i t y  

c o n f i rm e d  th e  i n a b i l i t y  o f  C . a l b i c a n s  t o  grow  on e i t h e r  o f  t h e  two a p p r o p r i a t e  

enzyme s u b s t r a t e s .  F u r t h e r  e x a m in a t io n  o f  th e s e  two enzymes was t h e r e f o r e  

abandoned.

P r o te in a s e  a c t i v i t y  was d e te c te d  i n  g r e a t e s t  am ounts (GD^qq o f  G .4 3 /m l )  

i n  4 f o l d  c o n c e n t r a t e d  c u l t u r e  f i l t r a t e s  a f t e r  5 days g ro w th  i n  c u l t u r e s  based 

on g lu c o s e  and BSA.

2 .4  D is c u s s io n

A l th o u g h  s e v e r a l  h y d r o l y t i c  enzymes were d e te c te d  by means o f  APIZYM 

s t r i p s ,  t h e s e  w ere  n o t  s t u d i e d  f u r t h e r  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  s in c e  

t h e r e  was i n s u f f i c i e n t  t im e .  S e v e r a l  o f  th e  enzymes -  a c id  p h o s p h a ta s e ,  

a l k a l i n e  p h o s p h a ta s e  and l e u c i n e  a m in o p e p t id a s e  have a l r e a d y  been n o te d  i n  

th e  l i t e r a t u r e  (Gdds & H i e r h o l z e r ,  1973; C h a t ta w a y  _et , 1971 ; Kim e t  a l . ,  

1962) b u t  e s te r a s e s  have  r e c e i v e d  l i t t l e  a t t e n t i o n  so f a r  and i t  may be o f  

i n t e r e s t  t o  s tu d y  th e s e  f u r t h e r  i n  t h e  c o n t e x t  o f  C . a lb i c a n s  p a t h o g e n i c i t y .

The r o l e  o f  h y a lu r o n id a s e s  i n  t h e  p a t h o g e n i c i t y  o f  some b a c t e r i a  has 

been d e s c r ib e d  p r e v i o u s l y  (M im s ,  1 9 7 7 ) .  I n  S t a p h y l o c o c c i , w here  t h e  enzyme 

has been m ost f u l l y  s t u d i e d ,  t h e  h y a lu r o n id a s e  does n o t  p o s s e s s  t o x i c

p r o p e r t i e s  i t s e l f  b u t  a p p e a rs  t o  a c t  as a 's p r e a d in g  f a c t o r ' ,  b r e a k in g  up
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t h e  c o n n e c t i v e  t i s s u e  m a t r i x  and so p e r m i t t i n g  e a s i e r  i n v a s io n  by b a c t e r i a  

o r  v i r u s e s  ( T o p le y  & W i ls o n ,  1 9 7 5 ) .  However, no i n d u c i b l e  h y a lu r o n id a s e  was 

d e te c te d  i n  C . a l b i c a n s  u n d e r  t h e  c o n d i t i o n s  em ployed i n  t h e  p r e s e n t  s tu d y ;  

th e s e  f i n d i n g s  c o n f i r m  and a m p l i f y  th o s e  o f  C h a t ta w a y  _e^ ^ . , (1 9 7 1 )  who c o u ld  

f i n d  no c o n s t i t u t i v e  h y a lu r o n id a s e  i n  t h e i r  i n v e s t i g a t i o n  o f  C . a lb i c a n s  grown 

i n  a m y c o lo g i c a l  b r o t h .

A s i m i l a r l y  n e g a t i v e  r e s u l t  was o b ta in e d  f o r  p h o s p h o l ip a s e s  i n  b o th  t h i s  

s tu d y  and t h a t  o f  C h a t ta w a y  _et ^ . , ( 1 9 7 1 ) .  H ow ever, c o n s t i t u t i v e  phospho

l i p a s e  A was r e p o r t e d  i n  C . a lb i c a n s  by P r i c e  and Cawson ( 1 9 7 8 ) .  A t te m p ts  t o  

re p ro d u c e  th e  f i n d i n g s  o f  P r i c e  and Cawson have  p ro v e d  u n s u c c e s s f u l ,  b u t  

i r r e p r o d u c i b i l i t y  i n  i n v e s t i g a t i o n s  w i t h  C . a lb i c a n s  i s  n o t  an unknown 

phenomenon ( Odds ^ t  , 1 9 7 8 ) .  I t  may be t h a t  p h o s p h o l ip a s e  i s  a s t r a i n -  

s p e c i f i c  enzyme, i n  w h ich  case  i t s  r o l e  i n  th e  p a t h o g e n i c i t y  o f  th e  o rg a n is m  

i s  d i f f i c u l t  t o  a s s e s s .  A l th o u g h  P r i c e  (1 9 7 7 )  s u g g e s te d  t h a t  p h o s p h o l ip a s e s  were 

s e c r e te d  i n t o  t h e  medium -  based on an e x p e r im e n t  w h ic h  d e m o n s t ra te d  th e  c le a r a n c e  

o f  egg y o l k  a g a r  a ro u n d  c o lo n ie s  o f  C . a lb i c a n s  -  i t  i s  p r o b a b le  t h a t  e x t r a 

c e l l u l a r  p r o t e in a s e  was th e  cause o f  t h e  r e a c t i o n  i n  t h i s  c a s e ,  s in c e  p r o te o 

l y t i c  enzyme a re  known t o  cause c le a r a n c e  o f  egg y o l k  a g a r  and because l a t e r  

e x p e r im e n ts  by P r i c e  and Cawson (1 9 7 7 )  were u n a b le  t o  d e m o n s t ra te  e x t r a 

c e l l u l a r  p h o s p h o l ip a s e  a c t i v i t y .

P r o te in a s e  was th e  o n l y  d e f i n i t e  i n d u c i b l e  e x t r a c e l l u l a r  enzyme d e te c te d  

i n  th e  p r e s e n t  s t u d y .  I t s  r o l e  i n  t h e  p a t h o g e n i c i t y  o f  C . a lb i c a n s  was t h e r e f o r e  

s t u d ie d  f u r t h e r .
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C h a p te r  3,

PURIFICATION AND CHARACTERIZATION 

OF PROTEINASE

3 .1  I n t r o d u c t i o n

A l l  t h e  a n t i g e n i c  e x t r a c t s  p r e v i o u s l y  d e s c r ib e d  f o r  th e  s e r o l o g i c a l  

d i a g n o s i s  o f  c a n d id o s i s  have  been co m p le x  m ix t u r e s  o f  compounds. The 

a n t i g e n i c  c o m p le x i t y  o f  C a n d id a  n e c e s s a r i l y  le a d s  t o  a w ide  r a n g in g  a n t i b o d y  

re s p o n s e  so t h a t  a n t i g e n - a n t i b o d y  r e a c t i o n s  s p e c i f i c  f o r  d e e p -s e a te d  a r e  l i k e l y  

t o  be o b s c u re d  by t h e  numbers o f  l e s s - s p e c i f i c  r e a c t i o n s .  T h e r e fo r e  b e f o r e  any 

i n d u c i b l e  h y d r o l y t i c  enzyme i s  t e s t e d  as an a n t i g e n ,  i t  s h o u ld  i d e a l l y  be p u r i f i e d  

and used as a homogenous a n t i g e n i c  com ponen t i n  th e  s e r o l o g i c a l  t e s t s  r a t h e r  th a n  

one o f  s e v e r a l  com ponen ts  o f  t h e  c u l t u r e  f i l t r a t e .

F o r  t h i s  re a s o n  t h e  n e x t  l o g i c a l  s te p  i n  t h e  i n v e s t i g a t i o n  o f  t h e  a n t i g e n i c  

p r o p e r t i e s  o f  C . a l b i c a n s  p r o t e i n a s e  i s  i t s  p u r i f i c a t i o n .  Remold , (1 9 6 8 )

have  d e s c r ib e d  a p u r i f i c a t i o n  m ethod f o r  C . a lb i c a n s  p r o t e in a s e  b u t  t h i s  c o n t a in s  

s e v e r a l  s t e p s ,  t a k e s  s e v e r a l  days  t o  p e r f o r m ,  l e a d in g  t o  a l o s s  o f  e n z y m a t ic  

a c t i v i t y ,  and i t  i s  n o t  s u i t a b l e  f o r  th e  p r e p a r a t i o n  o f  l a r g e  b a tc h e s  o f  enzyme.

I f  p r o t e in a s e  i s  t o  be used r o u t i n e l y  i n  l a b o r a t o r i e s ,  i t  w ou ld  be an a d v a n ta g e  

t o  have a r a p i d  p u r i f i c a t i o n  method w h ic h  c o u ld  be used i n  l a r g e  s c a le  p r o d u c t i o n  

o f  t h e  enzyme.

A l th o u g h  g ro w th  o f  C . a l b i c a n s  i n  s y n t h e t i c  medium w i t h  g lu c o s e  as c a rb o n  

s o u rc e  and BSA as n i t r o g e n  s o u rc e  r e s u l t e d  i n  a h ig h ,  s t a b l e  y i e l d  o f  v i a b l e  

c e l l s  w i t h  d e t e c t a b l e  p r o t e i n a s e  a c t i v i t y  i n  th e  c u l t u r e  f i l t r a t e ,  i t  was s u g g e s te d  

by S t a ib  ( 1 9 6 5 )  t h a t  b u f f e r i n g  o f  t h e  medium re duced  th e  amount o f  enzyme p ro d u c e d  

by t h e  fu n g u s .  An u n b u f f e r e d  medium was t h e r e f o r e  t e s t e d  t o  d e te r m in e  w h ic h  

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

3 .2  M a t e r i a l s  and M ethods

Medium The medium e v e n t u a l l y  used f o r  l a r g e  s c a le  p r o t e in a s e  p u r i f i c a t i o n  was

e s s e n t i a l l y  t h a t  o f  Remold , (1 9 6 8 )  m o d i f i e d  by th e  use o f  a v i t a m i n
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s o l u t i o n  o f  t h e  same c o m p o s i t io n  as i n  th e  s y n t h e t i c  medium i n s t e a d  o f  th e  

' P r o t o v i t a '  c o m m e rc ia l  p r e p a r a t i o n .

P r o te in a s e  p u r i f i c a t i o n ; P r o te in a s e  was p u r i f i e d  f ro m  th e  c u l t u r e  f i l t r a t e  

a f t e r  7 days g r o w th  o f  C . a lb i c a n s  a t  26°C when t h e  enzyme a c t i v i t y  was a t  a 

maximum and t h e  pH had f a l l e n  t o  2 . 9 .  A t  t h i s  s ta g e  C . a lb i c a n s  c e l l s  were 

removed f ro m  c u l t u r e s  by c e n t r i f u g a t i o n  (5000  x g ,  30 m in ) .  The c u l t u r e  f i l t r a t e  

was passed th r o u g h  0 .8  yjm membrane f i l t e r s  t o  e n s u re  re m o v a l  o f  any re m a in in g  

y e a s t  c e l l s .  The pH o f  t h e  f i l t r a t e  was th e n  a d ju s t e d  t o  6 .5  w i th  3M NaOH.

D ry  DEAE -  Sephadex A -2 5 -1 2 0  (P h a rm a c ia )  was added t o  t h e  f i l t r a t e  t o  a 

c o n c e n t r a t i o n  o f  2 0 g / l .  The m ix t u r e  was shaken and l e f t  o v e r n i g h t  a t  4°C t o  

e n s u re  a d s o r p t i o n  o f  a l l  t h e  enzyme and t o  a l l o w  th e  Sephadex t o  s w e l l  c o m p le te l y .  

The DEAE -  Sephadex was removed by f i l t r a t i o n  on a B uchne r f u n n e l  and t r a n s f e r r e d  

t o  a g la s s  co lum n  t o  g i v e  a f i n a l  bed s i z e  o f  30 x 5 .5  cm. No d e t e c t a b le  p r o t e i n a  

a c t i v i t y  re m a in e d  i n  th e  s u p e r n a ta n t  f l u i d .

P r o t e i n s  w ere  e l u t e d  f ro m  th e  co lum n w i t h  b a tc h e s  o f  sod ium  c i t r a t e  b u f f e r ,  

pH 6 . 5 ,  o f  i n c r e a s i n g  i o n i c  s t r e n g t h .  50ml f r a c t i o n s  were c o l l e c t e d  a t  a f l o w  

r a t e  o f  2 5 m l /m in .  The a b s o rb a n c e  o f  each f r a c t i o n  a t  280nm was d e te rm in e d  

a g a in s t  a c i t r a t e  b u f f e r  b la n k  and f r a c t i o n s  c o n t a i n i n g  UV a b s o r b in g  m a t e r i a l  

were assayed  f o r  p r o t e i n a s e  a c t i v i t y  by t h e  m ethod d e s c r ib e d  i n  C h a p te r  2 .  The 

e n z y m e - r ic h  f r a c t i o n s  were p o o le d  and c o n c e n t r a te d  7 -1 2  f o l d  by u l t r a f i l t r a t i o n  

w i t h  DM5 D i a f l o  membranes (A m icon  C o r p . ) .

B t i j  35 s o l u t i o n  ( l O O g / l )  was added t o  t h e  enzyme s o l u t i o n  a t  a c o n c e n t r a t i o n  

o f  2 ^  ( v / v )  t o  s t a b i l i z e  t h e  enzym e,w h ich  was th e n  s t e r i l i z e d  by membrane 

f i l t r a t i o n  and s t o r e d  i n  p l a s t i c  b o t t l e s  i n  5ml l o t s  a t  4 °C .

P r o t e i n  M easurem ent

P r o t e i n  c o n c e n t r a t i o n s  be lo w  Im g /m l were d e te rm in e d  by th e  m ethod o f  

Lowry jB^ ^ . , ( 1 9 5 1 ) .  S p e c t r o p h o to m e t r i c  r e a d in g s  were made a t  500nm and 

c o n v e r te d  t o y j g  p r o t e i n / m l  w i t h  a BSA s ta n d a r d  c u r v e .  P r o t e i n  c o n c e n t r a t i o n s  

above Im g /m l  w ere  d e te r m in e d  by th e  B i u r e t  method ( C o r n e l l  ^  a l_ . , 1 9 4 9 ) .
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C a rb o h y d ra te  A n a ly s i s

Samples were h y d r o ly s e d  f o r  3h w i t h  5N HCl a t  100°C th e n  d r i e d  i j i  vacuo 

o v e r  ph o s p h o ru s  p e n to x id e  and sod ium  h y d r o x id e .  S ugars  i n  th e  h y d r o ly s e d  

sam p le  were i d e n t i f i e d  by 2 d im e n s io n a l  t h i n  l a y e r  c h ro m a to g ra p h y  (TLC:

H o t t a  & Kurokaw a, 1 9 6 8 ) .  T o t a l  hexose  c o n c e n t r a t i o n  was d e te rm 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  w i t h  e n th ro n e  r e a g e n t  ( S p i r o ,  1 9 6 6 ) :  g lu c o s e  and mannose were 

used as hexose  s ta n d a r d s .

C y to p la s m ic  A n t ig e n  P r e p a r a t io n
ATCC 28366

C y to p la s m ic  a n t ig e n  was p re p a re d  f ro m  C . a lb i c a n s  w h ich  was grown

f o r  48h a t  37°C i n  S a b o u ra u d 's  b r o t h .  C e l l s  were h a r v e s te d  (MSE C o o ls p in :  8 m in ,  

5000 X g ) and washed t w ic e  w i t h  PBS th e n  d i s r u p t e d  on a D y n o m i l l  t o  95^ b re a k a g e .  

The s u s p e n s io n  was c e n t r i f u g e d  a t  2 0 ,0 0 0  x g f o r  1h th e n  passed th r o u g h  0 .8  ym 

M i l l i p o r e  f i l t e r .  The f i l t r a t e  was th e n  c e n t r i f u g e d  a t  3 0 ,0 0 0  x g f o r  1h th e n  

c o n c e n t r a te d  4 f o l d  by u l t r a f i l t r a t i o n  w i t h  PM 10 membranes (Am icon  C o r p . ) .  The 

c o n c e n t r a te  was u l t r a c e n t r i f u g e d  a t  2 5 0 ,0 0 0  x g f o r  6h and th e  s u p e r n a ta n t  

d ia l y s e d  a g a in s t  PBS w i t h  PM 10 membranes. The g e la t i n o u s  p r e c i p i t a t e  was 

r e d i s s o l v e d  i n  100ml o f  PBS.

P o ly a c r y la m id e  Gel E le c t r o p h o r e s i s

Samples o f  p u r i f i e d  p r o t e in a s e  (PP) were exam ined f o r  p u r i t y  by p o l y 

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  (PAGE: D a v ie s ,  1 9 6 4 ) .  Samples c o n t a i n i n g  p r o t e i n  

were  p re p a re d  i n  s u c ro s e  ( 4 0 0 g / l )  w i t h  b rom ophe no l b lu e  as a m a rk e r  and a p p l i e d  

t o  10^ g e ls  i n  t u b e s .  G e ls  were e le c t r o p h o r e s e d  a t  a c o n s ta n t  c u r r e n t  o f  5mA 

p e r  g e l  f o r  3h . They were s t a in e d  o v e r n i g h t  f o r  p r o t e i n  w i t h  Page b lu e  83 

(BDH: 2 . 5 g / l )  i n  a s o l u t i o n  o f  t r i c h l o r o a c e t i c  a c id  ( 5 0 g / l  i n  m e th a n o l /w a te r  1 : 1 )  

and d e s ta in e d  w i t h  th e  d y e - f r e e  s o l v e n t .

Samples o f  p u r i f i e d  p r o t e in a s e  and C . a lb i c a n s  c y to p la s m ic  a n t ig e n  were 

compared by h o r i z o n t a l  s la b  g e l  e l e c t r o p h o r e s i s  i n  a 10$  ̂ g e l .  These g e ls  were 

ru n  a t  a c o n s ta n t  c u r r e n t  o f  40mA f o r  5h th e n  s t a in e d  and d e s ta in e d  as a b o ve .  

Enzyme I n h i b i t i o n

The e f f e c t  o f  a v a r i e t y  o f  i n h i b i t o r s  on p r o t e in a s e  a c t i v i t y  was i n v e s t i g a t e d  

The i n h i b i t o r s  were added t o  0 .5 m l  o f  enzyme s o l u t i o n  fro m  t e n f o l d  c o n c e n t r a te d  

s to c k  s o l u t i o n s  t o  g iv e  t h e  f o l l o w i n g  f i n a l  c o n c e n t r a t i o n s ,  d i t h i o t h r e i t o l  p lu s
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EDTA (each  2mM), p e p s t a t i n  (10  y j g / m l ;  S ig m a ) ,  p h e n a n t h r o l i n e  ( im M ),  p h e n y l -

2+
m e th y l  s u lp h o n y l  f l u o r i d e  ( Im M ), d i a z o a c e t y l n o r l e u c i n e  m e th y l  e s t e r  p lu s  Cu 

(e a c h  ImM) and t r y p s i n  i n h i b i t o r  ( 1 0 0 y j g / m l ,  f ro m  soyabea n ; S ig m a ) .

The m ix t u r e s  were p r e - in c u b a t e d  f o r  30 m in a t  3 7 °C , th e n  a c t i v i t y  was assayed 

as d e s c r ib e d  i n  C h a p te r  2 .

S e r o l o g i c a l  t e s t s

C o n v e n t io n a l  Im m u n o e le c t r o p h o r e s is  and c ro s s e d  im m u n o e le c t r o p h o r e s is  by 

t h e  m i c r o p l a t e  method were c a r r i e d  o u t  by m ethods p r e v i o u s l y  d e s c r ib e d  (G ra b a r  

and W i l l i a m s ,  1953; l i ieeke, 1 9 7 3 ) .  Tandem c r o s s e d  im m u n o e le c t r o p h o re s is  o f  

p r o t e i n a s e  and c y to p la s m ic  a n t ig e n s  was p e r fo rm e d  as d e s c r ib e d  by K r / l l  ( 1 9 7 3 ) .  

A n t i s e r a  r a i s e d  a g a in s t  th e  two a n t ig e n s  were com pared by c ro s s e d  immuno

e l e c t r o p h o r e s i s  w i t h  i n t e r m e d ia t e  g e l  ( A x e ls e n ,  1 9 7 3 b ) .

A n t i s e r a

A n t is e ru m  t o  p r o t e in a s e  was r a i s e d  i n  New Z e a la n d  W h ite  r a b b i t s  by a 

s c h e d u le  t h a t  i n v o l v e d  c u ta n e o u s  and in t r a v e n o u s  i n o c u l a t i o n s .  F o r  su b cu tan eous  

i n j e c t i o n , e q u a l  vo lum es o f  PP s o l u t i o n  (23mg p r o t e i n / m l )  and F r e u n d 's  in c o m p le te  

a d ju v a n t  w ere  e m u l s i f i e d  by u l t r a s o n i c a t i o n .  0 .5 m l  l o t s  were a d m in is te r e d  tw ic e  

w e e k ly  f o r  3 w eeks. F o r  in t r a v e n o u s  i n o c u l a t i o n s , e q u a l  vo lum es o f  p r o t e in a s e  

and a l a t e x  p a r t i c l e  s u s p e n s io n  ( d i l u t e d  1 :2 0  : D i f c o )  were m ixed  and 0 .5 m l was 

i n j e c t e d  w e e k ly  f o r  3 weeks. The a n im a ls  were b le d  f ro m  th e  m a r g in a l  e a r  v e in  

7 days a f t e r  t h e  l a s t  i n o c u l a t i o n .  The r e s u l t i n g  serum was s t o r e d  a t  -20 °C  b e fo r e  

u s e .

A n t is e ru m  to  CE a n t ig e n  was r a i s e d  by a s c h e d u le  o f  su b cu ta n e o u s  i n o c u l a t i o n  

o n l y .  E q u a l  vo lum es o f  CE (20mg p r o t e i n / m l )  and F r e u n d 's  in c o m p le te  a d ju v a n t  

were e m u l s i f i e d  by u l t r a s o n i c a t i o n .  0 .5 m l l o t s  o f  th e  e m u ls io n  were th e n  g iv e n  

s u b c u ta n e o u s ly  t o  r a b b i t s  tw ic e  w eek ly  f o r  5 i n j e c t i o n s .  A n im a ls  were b le d  7 

days a f t e r  th e  f i n a l  i n o c u l a t i o n .

P r e c i p i t a t i o n  o f  P r o te in a s e  w i t h  A n t i -P P

D i f f e r e n t  vo lum es o f  p r o t e in a s e  a n t ig e n  (23mg p r o t e i n / m l )  i n  t h e  range  

0 - 2 ^ 1  were added t o  2 5 0 p l  o f  a n t i - P P  a n t i s e r u m .  T o t a l  vo lum es were k e p t

c o n s ta n t  a t  SOOul by a d d i t i o n  o f  PBS. The tu b e s  c o n t a i n i n g  th e  a n t i b o d y /  

a n t ig e n  m ix t u r e  were v o r t e x  m ixed and in c u b a te d  a t  37°C f o r  1h th e n  a t  4 C f o r



53

4 8 h .

The e x t e n t  o f  p r e c i p i t a t i o n  was d e te rm in e d  by m easurem ent o f  t h e  abso rb a n ce  

o f  th e  m ix t u r e s  a t  550nm a g a in s t  a PBS b la n k .  The p r e c i p i t a t e  was removed by 

c e n t r i f u g a t i o n  and resu sp e n d e d  i n  0 .5 m l  o f  PBS -  t h e  p r o t e in a s e  a c t i v i t y  i n  b o th  

t h e  s u p e r n a ta n t  and p r e c i p i t a t e  were assayed  as d e s c r ib e d  i n  C h a p te r  2 .

3 . 3 ,  R e s u l t s

P u r i f i c a t i o n  o f  p r o t e in a s e

Maximum p r o t e in a s e  a c t i v i t y  was d e te c te d  a f t e r  168h a t  26°C i n  th e  

u n b u f f e r e d  medium a t  w h ich  t im e  th e  h i g h e s t  v i a b l e  c e l l  y i e l d  was a l s o  a c h ie v e d  

( F i g .  6 ) .  A l th o u g h  th e  g ro w th  c u rv e  a t  37°C was s i m i l a r  t o  t h a t  a t  26°C , enzyme 

a c t i v i t y  was l e s s  a t  t h i s  te m p e ra tu r e  ( F i g .  7 ) .

C. a l b i c a n s  b la s t o s p o r e s  were a l s o  assayed  f o r  p r o t e in a s e  a c t i v i t y .  A f t e r  

5 days g ro w th  an a ssa y  o f  0 .0 7 /m l  was fo u n d  compared w i t h  0 .1 6 / m l  f o r  th e  

c u l t u r e  f i l t r a t e  ( u n c o n c e n t r a t e d ) .

P r o te in a s e  was t h e r e f o r e  p u r i f i e d  f ro m  th e  f i l t r a t e s  o f  c u l t u r e s  grown a t  

26°C by a o n e - s te p  co lum n c h ro m a to g ra p h ic  p r o c e d u re  t h a t  i n v o l v e d  e l u t i o n  w i t h  

sod ium  c i t r a t e  b u f f e r  ( F i g .  8 ) .  The f i r s t  l a r g e  peak t o  be e lu t e d  w i t h  0.03M 

b u f f e r  was presum ed t o  c o n t a in  p r i n c i p a l l y  a lb u m in ;  p r o t e in a s e  was e l u t e d  as a 

s i n g l e  peak w i t h  0.05M b u f f e r .  F r a c t i o n s  5 7 - 6 4 , c o n t a i n i n g  enzyme, were  p o o le d  

and c o n c e n t r a t e d .  The d e t a i l s  o f  p u r i f i c a t i o n  a re  g iv e n  i n  T a b le  11 . The f i n a l  

y i e l d  o f  4.7^1 was t y p i c a l  f o r  5 s e p a r a te  p u r i f i c a t i o n  e x p e r im e n ts .

P u r i t y  o f  enzyme

The f i n a l  p r e p a r a t i o n  was ju d g e d  t o  be p u re  by s e v e r a l  c r i t e r i a .  O n ly  one 

band -  d i f f u s e  i n  n a tu r e  ^  was d e te c te d  by PAGE; i t s  R f v a lu e  was 0 .4 9  ( F i g .  9 ) .

A s i n g l e  p r e c i p i t i n  a r c  was d e te c te d  i n  im m u n o e le c t r o p h o r e s is  t e s t s  o f  th e  

enzyme ( F i g .  10 )  and i n  two d im e n s io n a l  c ro s s e d  im m u n o e le c t r o p h o r e s is  o n ly  one 

r o c k e t  was seen ( F i g .  1 1 ) .

A l th o u g h  d o u b le  d i f f u s i o n  e x p e r im e n ts  w i t h  u n d i l u t e d  PP and a n t i - P P  s u g g e s te d  

th e  e x i s t e n c e  o f  two p r e c i p i t i n  a r c s  ( F i g .  1 2 ) ,  t h i s  was fo u n d  to  be an a r t e f a c t  

due t o  a h ig h  c o n c e n t r a t i o n  o f  r e a g e n ts  i n  t h e  w e l l s  w h ic h  gave r i s e  t o  a s p l i t  

p r e c i p i t i n  l i n e .  When b o th  a n t ib o d y  and a n t i g e n  were d i l u t e d ,  th e  l i n e s  were



Fig. 6
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Growth of C.albicans at 25°C in the medium of Remold _et , (1958). 
Samples were taken at 24h intervals for growth determination by ATP 
photometry and assayed for proteinase activity as described in Chapter 2. 
The graph shown is a typical representative of 6 separate experiments.

(Proteinase units = OD /3ümin/ü.5ml)280



F i g .  7

GROWTH CURVE & PROTEASE ASSAY 37 DEG C 
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Growth of C .albicans at 37°C in the medium of Remold _et , (1958). 
Samples were taken at 2Ah intervals for growth determination by ATP 
photometry and assayed for proteinase activity as described in Chapter 2 
The graph shown is a typical representative of 3 separate experiments.
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DEA E-Sephadex chromatography of C.albicans proteinase
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DEAE-Sephadex chromatography of C.albicans proteinase. Proteins were eluted 
from the column, 30x5.5 cm, with sodium citrate buffers, pH6.5, of increasing 
ionic strength. Fractions (50ml) were collected at a flow rate of 25ml/min. 
UV-absorbing fractions were assayed for proteinase activity. The purification 
procedure was repeated 5 times, with essentially similar results each time; 
proteinase was eluted as a single peak in 0.05M buffer.
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Tab le  11 .  P u r i f i c a t i o n  o f  C .a l b i c a n s  p r o t e i n a s e

Sample
Volume

( m l )

a
P r o t e i n  Cone, 

(m g /m l)

1O ^ x S p e c i f i c  

A c t i v i t y ^

T o t a l

A c t i v i t y ^

%
R ecove ry

U n c o n c e n t ra te d
medium

9000 1 .6 3 .3 4 7 .5 -

P o o le d  DEAE 
f r a c t i o n s

400 2 6 .3 5 .1 1 0 .6

C o n c e n t ra te d  
DEAE f r a c t i o n s

20 23 4 .8 2 .2 4 .7

a )  P r o t e i n  c o n c e n t r a t i o n  was d e te rm in e d  by t h e  m ethod o f  Low ry  ^  , ( 1 9 5 1 ) .

S p e c t r o p h o t o m e t r i c  r e a d in g s  were made a t  50Dnm and c o n v e r te d  t o  j j g  P r o t e i n /  

ml w i t h  a BSA s ta n d a r d  c u r v e .

b )  O D ^ g g /m in /^ g  p r o t e i n .

c )  S p e c i f i c  a c t i v i t y  X Volume X p r o t e i n  c o n c e n t r a t i o n

In  e a r l y  e x p e r im e n ts  40 f o l d  in c r e a s e s  i n  s p e c i f i c  a c t i v i t y  were o b ta in e d  
when p r o t e in a s e  was p u r i f i e d  a c c o r d in g  t o  Remold e_t O n ly  2 f o l d  in c r e a s e s
i n  s p e c i f i c  a c t i v i t y  were fo u n d  when th e  enzyme was p u r i f i e d  by th e  above 
m ethod. S in c e  su b s e q u e n t  t e s t s  f o r  th e  p u r i t y  o f  th e  enzyme c o n f i rm e d  i t s  
h o m o g e n e i ty ,  i t  i s  d i f f i c u l t  t o  a c c o u n t  f o r  th e s e  d i f f e r e n c e s  i n  s p e c i f i c  
a c t i v i t y .  I t  i s  p o s s ib le  t h a t  th e  enzyme p u r i f i e d  by t h e  'DEAE -  o n ly *  method 
was c o n ta m in a te d  w i t h  lo w  m o le c u la r  w e ig h t  m a t e r i a l  t h a t  gave a p o s i t i v e  
r e a c t i o n  i n  t h e  Lowry t e s t  and hence a lo w e r  s p e c i f i c  a c t i v i t y .  Such m a t e r i a l  
w ou ld  have been removed i n  th e  f i r s t  2 s te p s  o f  th e  Remold m e thod , i . e .  th e  
c o n c e n t r a t i o n  on l a r g e r  p o re  u l t r a f i l t r a t i o n  membranes and p u r i f i c a t i o n  on 
Sephadex-G 75. E v id e n c e  f o r  th e  p re se n ce  o f  lo w  m o le c u la r  w e ig h t ,  Lowry p o s i t i v e  
m a t e r i a l  comes f ro m  su bsequ en t e x p e r im e n ts  c a r r i e d  o u t  by m y s e l f  t h a t  s t r o n g l y  
L o w r y - p o s i t i v e ,  p r o t e in a s e - n e g a t i v e  m a t e r i a l  i s  e l u t e d  a f t e r  enzyme r i c h  
f r a c t i o n s  on Sephadex G -25 .
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F i g .  9 Po ly acry lam id e  ge l  e l e c t r o p h o r e s i s  of  C .a l b ic a n s  p r o t e i n a s e .

1 2  a

m

Samples of purified enzyme were examined for purity by PAGE. The sample 
applied to the gel in tube 3 contained 0.46mg protein/ml; the samples applied 
to gels 1 & 2 contained 1.15 mg protein/ml and came from 2 different batches of 
enzyme. Gels were electrophoresed at 5mA per tube for 3h. They were stained 
with Page blue 83, as described in materials and methods. Only a single, 
diffuse protein band was seen in any of the gels.



Fig » 10 Immunoelectrophoresis of proteinase.

55

Immunoelectrophoresis was carried out as previously described (Grabar &

Williams, 1953), except that the PP samples were subjected to electro

phoresis for 50min instead of 90min. Proteinase from two separate purifications 

was added to the two wells. Anti-PP was added to the centre trough and the 

plate was kept in a humid box at room temperature for 48h. Plates were then 

dried and stained with Coomassie brilliant blue R. Only single precipitin arcs 

were observed in these tests.
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Fig. 11 2D crossed immunoelectrophoresis of proteinase and anti-proteinase.

' J

Crossed immunoelectrophoresis was carried out by the micromethod of Weeke, 
(1973). 2 yjl of PP(23mg protein/ml) were electrophoresed in the first
dimension for 50min at lOv/cm. Electrophoresis in the 2nd dimension was 
carried out into 3.3ml agarose (Sigma, Medium EEC) containing 75 yl of anti-PP 
for 3Dh at 3v/cm. Plates were dried and stained with Coomassie brilliant blue 
R. Only a single precipitin ’rocket’ was detected in several repetitions of 
the test, even when the relative proportions of antigen and antiserum were 
altered from those described.
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Fig. 12

d 4

Double diffusion was performed as previously described (Odds _e;t , 1975).
12mm wells contained anti-PP, 4mm wells contained PP. Plates were stained 
with Coomassie brilliant blue R after 3 days at room temperature in a humid 
box. In the upper slide wells 1-4 contained doubling dilutions of antibody, 
wells a-d contained doubling dilutions of PP. The central well in the lower 
slide was filled with undiluted anti-PP and the peripheral wells contained 
different batches of PP (23mg protein/ml): the peripheral well in the top right hanc 
corner of the bottom slide was filled with PBS as a negative control. It will 
be noted that apparently double precipitin lines seen in the bottom slide were 
found in the top slide only when undiluted antigen and antiserum were allowed to 
react: this observation suggests that the double lines resulted from splitting 
of a single precipitin band as a result of excessively high concentrations of 
reagents.
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r e s o lv e d  as a s i n g l e  p r e c i p i t i n  a r c  ( F i g .  1 2 ) .  O u c h te r lo n y  and N i l s s o n  (1 9 7 8 )  

had p r e v i o u s l y  d e s c r i b e d  t h i s  phenomenon o f  s p l i t t i n g  o f  l i n e s  as a r e s u l t  o f  

a h ig h  c o n c e n t r a t i o n  o f  r e a c t a n t s  i n  a zone w i t h  p r e c i p i t a t i o n  r e s u l t i n g  i n  two 

a re a s  where c o n c e n t r a t i o n s  o f  a n t ib o d y  and a n t ig e n  a r e  o p t i m a l .  The lo w e r  

p h o to g ra p h  i n  F i g .  12 shows a c o m p le te  f u s io n  o f  p r e c i p i t i n  a r c s .  As 5 s e p a r a te  

b a tc h e s  o f  PP were  u sed  as a n t i g e n s ,  t h i s  o b s e r v a t io n  i n d i c a t e s  t h a t  each 

r e a g e n t  was i d e n t i c a l .

When d i f f e r e n t  vo lum es o f  p r o te in a s e  were m ixed w i t h  a n t is e r u m  r a i s e d  

a g a in s t  p r o t e in a s e ,  a p r e c i p i t a t e  was fo rm ed  ( F i g .  13 )  and was a t  a maximum 

when 20^1 o f  a n t ig e n  was added t o  2 5 0 p l  o f  a n t is e r u m .  T he re  was l i t t l e  

d e t e c t a b le  enzyme a c t i v i t y  i n  e i t h e r  th e  p r e c i p i t a t e  o r  th e  s u p e r n a ta n t .

C o n t r o l  e x p e r im e n ts  made w i t h  n o rm a l serum showed t h i s  t o  be due to  th e  

p re se n c e  o f  C and ida  p r o t e in a s e  i n h i b i t i o n  in  serum . I t  i s  n o t  p o s s ib le  f ro m  

th e s e  e x p e r im e n ts  t o  c o n f i r m  w h e th e r  th e  a n t i b o d ie s  i n  th e  immune serum were 

c a p a b le  o f  i n h i b i t i n g  o r  p r e c i p i t a t i n g  th e  enzyme.

G l y c o p r o t e in  n a t u r e  o f  p u r i f i e d  p r o t e in a s e

The d i f f u s e  n a t u r e  o f  t h e  bands i n  PAGE and o f  p r e c i p i t i n  a r c s  s u g g e s te d  t h a t  

C . a lb i c a n s  p r o t e i n a s e  m ig h t  be a g l y c o p r o t e i n  r a t h e r  th a n  an e x c l u s i v e l y  p r o t e i n  

m o le c u le .  A g l y c o p r o t e i n  a c id  p h o s p h a ta s e  f ro m  C . a lb i c a n s  has been p r e v i o u s l y  

d e s c r ib e d  (Odds & H i e r h o l z e r ,  1 9 7 3 ) .  Q u a n t i t a t i v e  t e s t s  w i t h  e n th r o n e  re a g e n t  • 

c o n f i r m e d  th e  p re s e n c e  o f  hexose  i n  t h e  p u r i f i e d  enzyme, and t w o - d im e n s io n a l  t h i n  

l a y e r  c h ro m a to g ra p h y  o f  h y d r o ly s e d  p r o t e in a s e  i d e n t i f i e d  t h e  s u g a r  as mannose.

(R f  v a lu e s  were 0 .3 1 2  i n  t h e  1 s t  d im e n s io n  and 0 .136  i n  t h e  second  as com pared 

w i t h  0 .3 2  and 0 .131  r e s p e c t i v e l y  f o r  a s ta n d a r d  sample o f  m annose ).  T o t a l  hexose  

c o n c e n t r a t i o n  o f  p r o t e i n a s e ,  as d e te rm in e d  by t h e  e n th ro n e  r e a c t i o n ,  was 348yjg 

o f  m annose/m l w h ic h  means a p r o t e i n  : mannan r a t i o  o f  1 : 0 . 0 1 5 .

C l a s s i f i c a t i o n  o f  p u r i f i e d  p r o t e in a s e

P r o te in a s e s  can be c l a s s i f i e d  i n t o  one o f  4 ty p e s  -  c a r b o x y l ,  m é t a l l o ,  

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

v a r i e t y  o f  i n h i b i t o r s .  P e p s t a t i n  was th e  o n l y  i n h i b i t o r  t o  have  any e f f e c t  on



No s i g n i f i c a n t  r i s e  i n  p r o t e in a s e  a c t i v i t y  i n  th e  s u p e r n a ta n t  was n o te d  as 
i n c r e a s in g  amounts o f  enzyme were added , a f t e r  th e  p o i n t  o f  maximum 
p r e c i p i t a t i o n .  T h is  o b s e r v a t io n  s u g g e s ts  t h a t  t h e r e  may have been C and ida  
p r o t e in a s e  i n h i b i t o r s  i n  th e  se rum . S ubsequen t e x p e r im e n ts  i n  w h ich  p r o t e in a s e  
a c t i v i t y  was measured i n  th e  p re se n ce  o f  n o rm a l r a b b i t  serum c o n f i rm e d  t h i s  
r e s u l t .



F ig .  13

Precipitation of proteinase by anti-proteinase
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Précipitation Curve0  5

Supernatant Assay
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Different volumes of proteinase were added to 25(^1 of anti-PP. The 
amount of precipitate formed was measured in terms of turbidity by 
determination of OD 550nm, and the proteinase activity of precipitates 
and supernatants were assayed and expressed as ODunits/min. o-o control 
curve showing enzyme a c t i v i t y t h e  absence of anti-PP. Proteinase 
activity in filtrates ( ) and in the precipitate ( a - a  ) was markedly
reduced after immunoprécipitation of the enzyme with anti-PP.

see opposite
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C. a lb i c a n s  p r o t e i n a s e ,  i n d i c a t i n g  t h a t  th e  enzyme be lo n g e d  t o  th e  c a r b o x y l  

p r o t e in a s e s  ( F i g .  1 4 ) .

U n ique  n a tu r e  o f  p r o t e in a s e

S in c e  up t o  78 com ponents  have been d e te c te d  i n  C and ida  c y to p la s m ic  

a n t ig e n  e x t r a c t s  ( A x e ls e n ,  1 9 7 6 ) ,  i t  i s  p o s s ib le  t h a t  one o f  th e s e  may be 

th e  p r o t e in a s e  o f  C . a lb i c a n s  t h a t  has been p u r i f i e d  f ro m  c u l t u r e  f i l t r a t e s  i n  

t h e  p r e s e n t  s t u d y .  To d e te rm in e  w h e th e r  o r  n o t  t h e  p r o te in a s e  was a u n iq u e  

a n t ig e n  i t  was compared w i t h  th e  c y to p la s m ic  a n t ig e n  by PAGE and i n  s e r o l o g i c a l  

t e s t s .

I n  PAGE, one band o f  th e  16 d e te c te d  i n  t h e  c y t o p la s m ic  a n t ig e n  had th e  

same R f v a lu e  ( 0 . 4 7 )  as th e  band g iv e n  by p u r i f i e d  p r o te in a s e  ( F i g .  1 5 ) .  

S ubsequ en t e v id e n c e  showed t h a t  i t  was u n l i k e l y  t h a t  t h e  c o i n c i d e n t  band i n  th e  

CE was b io c h e m ic a l l y  o r  s e r o l o g i c a l l y  s i m i l a r  t o  th e  PP. When th e  c y to p la s m ic  

a n t ig e n  was assayed  f o r  p r o t e in a s e  a t  p H 3 .2 ,  no a c t i v i t y  c o u ld  be d e te c te d :  i n  

c o m p a r is o n  o f  th e  two a n t ig e n s  by c o u n te r  im m u n o e le c t r o p h o r e s is  ( C IE ) ,  PP was 

fo u n d  t o  r e a c t  o n ly  w i t h  a n t i - P P  and CE r e a c te d  o n ly  w i t h  a n t i - C E :  m o re o e v e r ,  i n  

tandem c ro s s e d  im m u n o e le c t r o p h o r e s is  e x p e r im e n ts  PP and CE gave r i s e  t o  no d o u b le  

p r e c i p i t i n  peaks  ( F i g .  1 6 ) .  When th e  two a n t i s e r a  d i r e c t e d  a g a in s t  each o f  th e  

two a n t ig e n s  were compared by c ro s s e d  im m u n o e le c t r o p h o re s is  w i t h  i n t e r m e d ia t e  

g e l ,  no c r o s s  r e a c t i o n s  c o u ld  be d e te c te d  be tw een PP and a n t i - C E  o r  between CE 

and a n t i - P P  ( F i g .  1 7 ) .  I t  was t h e r e f o r e  c o n c lu d e d  t h a t  PP was n o t  a component 

o f  t h e  CE p r e p a r a t i o n .

3 .4  D is c u s s io n

A method f o r  th e  p u r i f i c a t i o n  o f  C . a lb i c a n s  p r o t e in a s e  t h a t  i n v o l v e s  o n ly  

one c h r o m a to g r a p h ic  s te p  has been d e s c r ib e d  and e v a lu a te d .  The method i s  b o th  

t e c h n i c a l l y  e a s ie r  t o  p e r fo rm  and more r a p i d  th a n  t h a t  o f  Remold _et , ( 1 9 6 8 ) .  

A l th o u g h  o n ly  up t o  151 o f  c u l t u r e  f i l t r a t e  were  used f o r  t h e  p r e p a r a t i o n  o f  

t h e  enzyme i n  t h e  p r e s e n t  s t u d y ,  l a r g e r  vo lum es  c o u ld  be h a n d le d  q u i t e  e a s i l y  

i f  y i e l d s  o f  t h e  enzyme s u f f i c i e n t  f o r  r o u t i n e  t e s t  p u rp o s e s  were r e q u i r e d .

The p u r i f i e d  p r o t e in a s e  was shown t o  be homogenous by 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 ,  i n  s e r o l o g i c a l  t e s t s ,  by im m u n o e le c t r o p h o r e s is  and two 

d im e n s io n a l  c ro s s e d  im m u n o e le c t r o p h o r e s is .  I t  i s  presumed t h a t  p r o t e i n s



F i g .  14

Inhibition of proteinase by pepstatin
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The e f f e c t  o f  i n c r e a s in g  c o n c e n t r a t io n s  o f  p e p s t a t i n  on th e  a c t i v i t y  

o f  C . a lb i c a n s  p r o t e in a s e  was exam ined . Enzyme and i n h i b i t o r  were p re 

in c u b a te d  a t  37°C f o r  30min th e n  th e  p r o te in a s e  was assayed as p r e v i o u s l y  

d e s c r ib e d .
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Fig. 15 Polyacrylamide gel electrophoresis of C.albicans proteinase and 
cytoplasmic extract.

I !

C y to p la s m ic  a n t ig e n  and p r o te in a s e  were compared on h o r i z o n t a l  s la b  

p o ly a c r y la m id e  g e l s .  CE and PP were p la c e d  i n  a l t e r n a t e  w e l l s .  From th e  

l e f t  o f  th e  f i g u r e ,  th e  f i r s t  4 w e l l s  c o n ta in e d  u n d i l u t e d  a n t ig e n s  (23mg

p r o t e i n / m l ) ;  w e l l s  5 -8  c o n ta in e d  1 0 - f o ld  d i l u t i o n s ,  and w e l l s  9-12  c o n ta in e d

1 0 0 - f o ld  d i l u t i o n s  o f  CE and PP. The f i n a l  4 w e l l s  a re  d u p l i c a t e s  o f  th e  f i r s t

4 . G e ls  were run  a t  40mA f o r  5h then  s t a in e d  w i t h  Page b lu e  83 as d e s c r ib e d

i n  m a t e r i a l s  and m ethods. 16 p r o t e i n  bands c o u ld  be seen a f t e r  e le c t r o p h o r e s i s  

o f  CE a n t ig e n ,  one o f  w h ich  appeared to  m ig r a te  w i t h  th e  same Rf as th e  p u r i f i e d  

p r o t e in a s e .
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F ig .  16 Tandem c ro s s e d  im m u n o e le c t ro p h o re s is  o f  p r o te in a s e  and c y to p la s m ic  
a n t i g e n .

PP OCE

PPIT

A n t ig e n s :  2|j1 o f u n d i l u t e d  c y to p la s m ic  a n t ig e n  and p r o te in a s e  were p la c e d  i n  

a d ja c e n t  w e l l s .

1 s t  d im e n s io n :  The ru n  was done a t  10v/cm f o r  60m in .

A n t ib o d ie s :  In  th e  u p p e r  s l i d e ,  3 .3  ml o f  agarose  c o n ta in e d  250^1 o f  a n t i - C E .

In  th e  lo w e r  s l i d e ,  3 .3  ml o f  aga rose  c o n ta in e d  7 5 j j l  o f  a n t i - P P .

2nd d im e n s io n :  The ru n  was done f o r  3Dh a t  3u/cm .

S l id e s  were washed o v e r n ig h t  w i t h  0.4% Sodium b o ra te /O .4 %  NaCl s o l u t i o n ,  th e n  

d r ie d  and s t a in e d  w i t h  Coomassie b r i l l i a n t  b lu e  R. Com parison o f  th e  2 s l i d e s  

shows t h a t  a )  th e  p o s i t i o n  o f  th e  PP p r e c i p i t i n  peak d id  n o t  c o in c id e  w i t h  

any o f  th e  5 peaks seen i n  th e  C E -a n t i -C E  sys tem , and b )  t f i e r e  were no a p p a re n t  

do u b le  peaks ; i n d i c a t i v e  o f  r e a c t i o n s  o f  i d e n t i t y  between PP and CE, i n  e i t h e r  

t e s t .
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r  1 i

f v :

J k

A n t ig e n s :  W e l ls  on s l i d e s  1 and 4 c o n ta in e d  2^1 o f  c y to p la s m ic  a n t ig e n  (23mg 

p r o t e i n / m l ) .

W e l ls  on s l i d e s  2 and 3 c o n ta in e d  2^1 o f  p r o te in a s e  (23mg p r o t e i n / m l ) .

1 s t  d im e n s io n s :  run  was done a t  lO v/cm  f o r  60m in .

A n t ib o d ie s :  i n t e r m e d ia t e  g e l - s l i d e s  1 and 2 c o n ta in e d  50^1 o f  a n t i - ^ P .

s l i d e s  3 and 4 c o n ta in e d  70^1 o f  a n t i -C E .

r e fe r e n c e  g e l - s l i d e s  1 and 2 c o n ta in e d  100^1 o f  a n t i -C E .

s l i d e s  3 and 4 c o n ta in e d  5D^1 o f  a n t i - ^ P .

2nd d im e n s io n :  run  was done a t  3v/cm f o r  6Gmin.

S l id e s  were washed o v e r n ig h t  w i t h  0.4% b o ra te /O .4 %  NaCl s o l u t i o n  then d r ie d  

and s t a in e d  w i t h  Coomassie b r i l l i a n t  b lu e  R.
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o r i g i n a l l y  p r e s e n t  i n  th e  c u l t u r e  f i l t r a t e  were e i t h e r  unbound t o  DEAE-Sephadex

o r  had been e l u t e d  w i t h  0.03M c i t r a t e .

The p u r i f i e d  p r o t e in a s e  was fo u n d  t o  be a m a n n o p r o te in ;  t h i s  f i n d i n g

makes an i n t e r e s t i n g  c o m p a r is o n  w i t h  th e  r e s u l t s  o f  Odds and H i e r h o l z e r  (1 9 7 3 )

who p u r i f i e d  a g l y c o p r o t e i n  a c id  p h o sp h a ta s e  f ro m  C . a lb i c a n s  and w i t h  th e

r e c e n t  r e s u l t s  o f  N o t a r i o  (1 9 7 9 )  who p u r i f i e d  a g lu c a n a s e  f ro m  C . a lb i c a n s

w h ich  was a l s o  fo u n d  to  be a g l y c o p r o t e i n .  However, th e  r a t i o  o f  mannose t o

p r o t e i n  i n  t h e  p h o s p h a ta s e  was shown to  be 7 :1  and s e r o l o g i c a l  d a ta  su g g e s te d

t h a t  t h e  mannan p r o t i o n  o f  t h e  g l y c o p r o t e i n  p h o s p h a ta s e  was r e s p o n s ib le  f o r  th e

a n t i g e n i c i t y  o f  t h i s  m o le c u le .  S in c e  th e  p u r i f i e d  p r o t e in a s e  i n  th e  p r e s e n t

s tu d y  c o n ta in e d  o n l y  1.5% mannose, i t  i s  l i k e l y  t h a t  t h e  p o l y s a c c h a r id e  p la y s

l i t t l e  p a r t  i n  t h e  m o le c u le ' s  a n t i g e n i c i t y  i n  c o m p a r is o n  w i t h  th e  much l a r g e r

p r o t e i n  m o ie t y .  The f a c t  t h a t  no a n t i g e n i c  i d e n t i t y  c o u ld  be d e m o n s t ra te d  between

PP and CE s u g g e s ts  t h a t  t h e  d i f f u s i o n  and e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  th e  PP

a re  in d e p e n d e n t  o f  i t s  mannan com ponen t,  s in c e  CE i s  known t o  c o n t a in  mannan

(s e e  C h a p te r  1 ) ,  The e x t e n t  to  w h ich  th e  mannan p o r t i o n  o f  t h e  PP may i n t e r f e r e

i n  t e s t s  w i t h  p a t i e n t s  s e r a  can o n ly  be assessed  i n  f u r t h e r  s e r o l o g i c a l  t e s t s

t o  be d e s c r ib e d  i n  l a t e r  c h a p te r s .

P r o te in a s e  was shown t o  be a c a r b o x y l  p r o t e in a s e  on th e  b a s is  o f  i t s

i n h i b i t i o n  o f  p e p s t a t i n .  Remold ^  , ( 1 9 6 8 )  had p r e v i o u s l y  shown t h a t  th e

enzyme had a pH op tim um  o f  3 . 2 ,  and i t  i s  known t h a t  pH o p t im a  f o r  c a r b o x y l

p e p t id a s e s  a re  u s u a l l y  i n  th e  range  2 -5  ( B a r r e t t ,  1977) w h ic h  f u r t h e r  c o n f i r m s

th e  i d e n t i t y  o f  t h e  C . a l b i c a n s  enzyme w i t h  p r o t e in a s e s  o f  th e  c a r b o x y l  t y p e .

2+D ia z o a c e t y l  n o r l e u c i n e  m e th y l  e s t e r  p lu s  Cu has been d e s c r ib e d  as an i n h i b i t o r  

o f  c a r b o x y l  p r o t e i n a s e s ( B a r r e t t ,  1977) b u t  i t  had no e f f e c t  on C . a lb i c a n s  

p r o t e i n a s e .  A l i k e l y  e x p la n a t i o n  f o r  th e  absence o f  i n h i b i t o r y  e f f e c t  i s  t h a t  

r e a c t i o n  o f  t h e  i n h i b i t o r  w i t h  th e  enzyme was s lo w .  T h is  has  p r e v i o u s l y  been 

d e s c r ib e d  f o r  some o t h e r  c a rb o x y l j  p r o t e in a s e s  [ B a r r e t t ,  1 9 7 7 ) .

A n t is e r u m  r a i s e d  a g a in s t  p r o t e in a s e  was a b le  t o  p r e c i p i t a t e  t h e  enzyme b u t ;  

pre i s ,  as y e t ,  no e v id e n c e  t h a t  i t  w i l l  n e u t r a l i z e  t h e a c t i v i t y  Some a u th o r s  have

p r e v i o u s l y  d e s c r ib e d  enzyme a c t i v i t i e s  i n  p r e c i p i t i n  bands o b ta in e d  by r e a c t i o n  

o f  C . a lb i c a n s  a n t ig e n  m ix t u r e s  w i t h  hom ologous a n t i s e r a  ( T r a n  Van Ky ^  , 1 9 6 9 ) .
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I t  may n o t  t h e r e f o r e  be assumed t h a t  a n t i b o d ie s  t o  C . a lb i c a n s  enzymes i n e v i t a b l y  

n e u t r a l i z e  t h e  enzym es. U n f o r t u n a t e l y ,  p r o te in a s e  a c t i v i t y  was unam enable  t o  

d i r e c t  s t a i n i n g  a s s a y s  i n  a g a ro s e  g e ls  so t h a t  no a ssa ys  c o u ld  be c o n d u c te d  t h i s  

way i n  t h e  p r e s e n t  s t u d y .

A l th o u g h  one p r o t e i n  com ponen t o f  th e  c y to p la s m ic  a n t ig e n  d e te c te d  by PAGE 

m ig r a te d  w i t h  t h e  same R f v a lu e  as th e  p r o t e in a s e ,  no p r o t e in a s e  a c t i v i t y  was 

d e te c te d  i n  t h e  c y t o p la s m ic  e x t r a c t  and t h e r e  were no s e r o l o g i c a l  c r o s s - r e a c t i o n s  

be tw een PP and a n t i - C E  and v i c e  v e r s a .  The p r o t e in a s e  i s  t h e r e f o r e  a n o v e l  

a n t i g e n i c  com ponent w h ic h  i s  n o t  p r e s e n t  i n  th e  c y to p la s m ic  e x t r a c t s  c u r r e n t l y  

em ployed i n  s e r o l o g i c a l  t e s t s  f o r  th e  d ia g n o s is  o f  c a n d id o s is ,  and i t s  e v a l u l a t i o n  

as a d i a g n o s t i c  a n t ig e n  i s  t h e r e f o r e  w a r r a n te d .  A l th o u g h  i t  i s  p o s s i b l e  t h a t  

a b a s a l  l e v e l  o f  p r o t e in a s e  i s  p r e s e n t  i n  C . a lb i c a n s  i n  th e  absence  o f  BSA as 

in d u c e r ,  th e  enzyme was n o t  p r e s e n t  i n  th e  c y to p la s m ic  e x t r a c t  i n  s u f f i c i e n t  

q u a n t i t y  t o  be d e te c te d  by th e  v e r y  s e n s i t i v e  tandem and c ro s s e d  immuno

e l e c t r o p h o r e s i s  w i t h  i n t e r m e d i a t e  g e ls  and i t  i s  t h e r e f o r e  u n l i k e l y  t o  be 

in v o l v e d  i n  any o f  th e  p r e c i p i t i n  r e a c t i o n s  t h a t  may be n o te d  i n  l e s s  s e n s i t i v e  

CIE t e s t s  when th e s e  a re  used t o  d e t e c t  a n t i - C . a l b i c a n s  a n t i b o d ie s  i n  human 

s e r a .
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C h a p te r  4

PROTEINASE AS A FACTOR IN THE 

VIRULENCE OF C.ALBICANS

4 .1  I n t r o d u c t i o n

I f  i t  c o u ld  be p ro v e n  t h a t  C . a lb i c a n s  p r o t e in a s e  was t r u l y  i n v o l v e d  i n  

th e  p a th o g e n e s is  o f  c a n d id o s i s ,  t h e  case f o r  i t s  d e ve lo p m e n t as a d i a g n o s t i c  

a n t i g e n ,  s p e c i f i c  t o  t i s s u e  in v a s io n  by th e  fu n g u s ,  w ou ld  be g r e a t l y  enhanced .

So f a r ,  e v id e n c e  f o r  a p a th o g e n ic  r o l e  o f  p r o t e in a s e  i n  p u b l i s h e d  a c c o u n ts  

i s  o n ly  c i r c u m s t a n t i a l ,  S t a ib  s d . ,  showed t h a t  o n l y  3 o u t  o f  100 s t r a i n s  

o f  C . a lb i c a n s  were  n o t  a b le  t o  p r o t e o l y z e  a f t e r  10 days o b s e r v a t i o n  (1 9 7 2 ) .  

A c t i v e l y  p r o t e o l y s i n g  s t r a i n s  i n j e c t e d  i n t o  m ice  caused g ra n u lo m a to u s  l e s i o n s  

o f  t h e  k id n e y  and h e a r t  as w e l l  as p e r i t o n i t i s  and s e p t i c e m ia .  How ever, s i m i l a r  

g ra n u lo m a to u s  l e s i o n s  a re  seen when s t r a i n s  a re  grown i n  g lu c o s e /p e p to n e  media 

( A d r ia n o  and S ch w a rz ,  1955) and i t  i s  n o t  known w h e th e r  th e s e  s t r a i n s  may have 

been c a p a b le  o f  p r o t e o l y s i s  once i n s i d e  a n im a ls .  I n  1968, Remold e t  a l . ,  

d e m o n s t ra te d  t h a t  o n l y  th o s e  s t r a i n s  c a p a b le  o f  p r o t e o l y s i s  were  l e t h a l  t o  m ic e .  

B u d tz -D o rg e n s e n  (1 9 7 1 )  r e p o r t e d  t h a t  p r o t e o l y s i s  was m ost f r e q u e n t l y  seen i n  th e  

more p a th o g e n ic  C a n d id a  s p e c ie s  ( C . a lb i c a n s  and C . t r o p i c a l i s ) th a n  i n  l e s s  

p a th o g e n ic  s p e c ie s  b u t  he c o u ld  n o t  r e l a t e  t h e  s e v e r i t y  o f  t h e  in f la m m a to r y  

l e s i o n s  o f  d e n tu r e  s t o m a t i t i s  t o  t h e  p r o t e o l y t i c  a c t i v i t y  o f  y e a s ts  re c o v e re d  

fro m  th e  l e s i o n s .

F u r t h e r  p r o o f  o f  th e  in v o lv e m e n t  o f  p r o t e in a s e  i n  t h e  p a t h o g e n i c i t y  o f  

c a n d id o s is  may come f ro m  th e  d e m o n s t r a t io n  o f  e x t r a c e l l u l a r  enzyme p r o d u c t io n  i n  

l e s i o n s  caused by C a n d id a  i n  v i v o . A d e c re a se  i n  t h e  e x t e n t  t o  w h ic h  p r o t e in a s e  

i s  p ro d u c e d  c o r r e s p o n d in g  t o  th e  d e c re a s e  i n  t h e  v i r u l e n c e  o f  th e  seven p a th o g e n ic  

s p e c ie s  w ou ld  a l s o  h e lp  t o  c o n f i r m  th e  r o l e  o f  p r o t e i n a s e .  A l th o u g h  B u d tz -  

Oorgensen (1 9 7 2 )  w en t some way t o  show ing  t h i s ,  he o n l y  i n c lu d e d  4 o f  th e  

p a th o g e n ic  s p e c ie s  i n  h i s  s tu d y  as w e l l  as C . q l a b r a t a  and two n o n - p a th o g e n ic  

s p e c i e s ,
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4 . 2  M a t e r i a l s  and Methods

M ice  were i n j e c t e d  i n t r a v e n o u s l y  w i t h  10^ C . a l b i c a n s , a dose  l i k e l y  t o  

be f a t a l  w i t h i n  1 week (Adr iano  and S chw arz , 1955) and s a c r i f i c e d  a f t e r  1 , 3 

and 5 d a y s .  The k id n e y s  were  rem oved , embedded i n  T is s u e  Tek em bedd ing  f l u i d  

(Raymond Lamb) and f r o z e n  i n  l i q u i d  n i t r o g e n .  T is s u e  s e c t i o n s ,  6um t h i c k ,  

were c u t  on a c r y o s t a t ,  f i x e d  i n  a s t re a m  o f  h o t  a i r  and s t a in e d  f o r  p r o t e in a s e  

by an i n d i r e c t  im m u n o f lu o r e s c e n t  m e thod . T hree  d ro p s  o f  a 1 :1 0  d i l u t i o n  o f  

a n t i - P P  a n t i s e r u m ,  p re p a re d  as d e s c r ib e d  i n  C h a p te r  3 ,  were added t o  each 

s e c t i o n  on a s l i d e  and th e  s l i d e s  were in c u b a te d  a t  room te m p e r a tu r e  i n  a humid 

box f o r  30 m in .  The s l i d e s  were  washed f o r  3Gmin w i t h  PBS th e n  s t a in e d  f o r  3Gmin 

w i t h  a 1;8G d i l u t i o n  o f  s w in e  f l u o r e s c e in - c o n j u g a t e d  a n t i - r a b b i t  im m u n o g lo b u l in s  

(D a k o ) .  A f t e r  a f i n a l  w a s h in g  w i t h  PBS as b e f o r e ,  th e  s l i d e s  were m ounted i n  

g l y c e r o l  and exam ined f o r  f l u o r e s c e n c e  w i t h  a L e i t z  U/V m ic ro s c o p e .

C o n t r o l  s l i d e s  were in c u b a te d  w i t h  n e g a t i v e  serum i n s t e a d  o f  a n t i - P P  

a n t i s e r u m .

P h o to g ra p h s  were ta k e n  w i t h  an I l f o r d  HP5 f i l m  (ASA 4GG) and d e v e lo p e d  w i t h  

M ic ro p h e n  ( I l f o r d )  t o  g i v e  t h e  f i l m  a f i n a l  r a t i n g  o f  16GG ASA.

4 .3  R e s u l t s

C . a lb i c a n s  b l a s t o s p o r e s  i n  t h e  k id n e y s  o f  m ice  s a c r i f i c e d  3 days  a f t e r  

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

f o r  p r o t e in a s e  ( F i g .  I B ) .  T h e re  was a h a lo  o f  w eaker f l u o r e s c e n c e  a ro u n d  th e  

b la s to s p o r e s  seen a g a i n s t  t h e  d a rk  b a ckg ro u n d  o f  th e  r e s t  o f  t h e  k i d n e y .  No

l e s i o n s  were seen i n  m ice  s a c r i f i c e d  1 day a f t e r  i n o c u l a t i o n  b u t  th o s e

s a c r i f i c e d  a f t e r  5 days had l e s i o n s  s i m i l a r  t o  th o s e  d e s c r ib e d  a b o ve .  G n ly  

n e g l i g i b l e  f l u o r e s c e n c e  was seen i n  k id n e y s  o f  c o n t r o l ,  u n in o c u la t e d  m ice  t h a t  

were s a c r i f i c e d  a t  t h e  same t im e  as th e  e x p e r im e n ta l  m ic e .

B la s to s p o r e s  grown i n  t h e  medium o f  Remold e_t ^ . , (196B )  a l s o  f l u o r e s c e d  

when s t a in e d  f o r  p r o t e i n a s e  by t h e  i n d i r e c t  f l u o r e s c e n t  t e c h n iq u e .

The most v i r u l e n t  o f  th e  p a th o g e n ic  C and ida  s p e c ie s  were shown, b y

m easurement o f  a b s o rb a n c e  a t  65Gnm, t o  grow b e s t  on th e  medium w h ic h  in d u c e s
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F ig .  18 Im m u n o f lu o re s c e n t  s t a i n i n g  o f  Cand ida l e s i o n s  i n  th e  mouse k id n e y .

M ic ro a b s c e s s e s  caused by in t r a v e n o u s  i n o c u l a t i o n  o f  C. a lb i c a n s  were s t a in e d  

f o r  p r o t e in a s e  by an i n d i r e c t  f l u o r e s c e n t  t e c h n iq u e  as d e s c r ib e d  i n  m a t e r i a l s  

and m e thods . C. a lb i c a n s  b la s to s p o r e s  i n  th e  k id n e y  3 days a f t e r  i n o c u l a t i o n  

can be seen to  f l u o r e s c e  and t h e r e  i s  a zone o f  weaker f lu o r e s c e n c e  a round 

th e  f u n g a l  c e l l s .  S i m i l a r  r e s u l t s  were n o te d  i n  5 o th e r  l e s i o n s  i n  d i f f e r e n t  

a re a s  o f  th e  k id n e y ,  x 625.
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p r o t e in a s e  (T a b le  12 ) e s p e c i a l l y  C . a lb i c a n s  and C . s t e l l a t o i d e a . These two 

s p e c ie s  were  th e  o n l y  ones t o  show any m e a s u ra b le  p r o t e in a s e  a c t i v i t y  i n  

u n c o n c e n t r a te d  c u l t u r e  f i l t r a t e s  (T a b le  1 2 ) .

The seven  p a th o g e n ic  s p e c ie s  were a ls o  i n o c u la t e d  o n to  serum p r o t e i n  a g a r .  

Zones o f  p r o t e o l y s i s  were  seen by 72h a round  c o lo n ie s  o f  C . a l b i c a n s , 

C . s t e l l a t o i d e a  and C . t r o p i c a l i s  and by 96h a ro u n d  C . p a r a p s i l o s i s . A f t e r  10 d ays  

c o lo n ie s  o f  a l l  o t h e r  s p e c ie s  i n c l u d i n g  C . q l a b r a t a  were  s u r ro u n d e d  by zones o f  

p r o t e o l y t i c  a c t i v i t y .

4 . 4  D is c u s s io n

I n d i r e c t  f l u o r e s c e n t  s t a i n i n g  has d e m o n s t ra te d  t h a t  p r o t e in a s e  i s  p r o b a b ly  

s e c r e te d  by C . a l b i c a n s  i n  l e s i o n s  i j i  v i v o . B la s to s p o r e s  were a l s o  shown t o  

f l u o r e s c e  v i v o  and ijn v i t r o . S in c e  p r o t e in a s e  a c t i v i t y  c o u ld  be d e m o n s t ra te d  

i n  b la s t o s p o r e s  -  a l t h o u g h  t o  a l e s s e r  d eg ree  th a n  i s  fo u n d  i n  c u l t u r e  f i l t r a t e s  

(s e e  C h a p te r  3 )  -  t h i s  r e s u l t  i s  n o t  s u r p r i s i n g .  The enzyme d e te c te d  i n  b l a s t o 

s p o re s  i n  t h e  a s s a y  and d e m o n s tra te d  by f lu o r e s c e n c e  i s  p re s u m a b ly  a t  o r  n e a r  

th e  s u r f a c e  o f  c e l l s  and i s  l i k e l y  t o  be i n  th e  p ro c e s s  o f  b e in g  s e c r e te d  by them .

The m ost v i r u l e n t  s p e c ie s  o f  C and ida  grew b e s t  on g lu co s e /B S A  medium and 

th e s e  s p e c ie s  p ro d u c e d  d e t e c t a b le  p r o t e in a s e  a c t i v i t y .  The same s p e c ie s  were 

th e  f i r s t  t o  show p r o t e o l y t i c  a c t i v i t y  on serum p r o t e i n  a g a r .  T h is  e x p e r im e n t  

was o n ly  a p r e l i m i n a r y  i n v e s t i g a t i o n  i n t o  th e  p r o t e o l y t i c  a c t i v i t y  o f  C and ida  

s p e c ie s  o t h e r  th a n  C . a l b i c a n s . More d e t a i l e d  e x p e r im e n ts  co m p a r in g  t h e  t im e  

o f  maximum p r o d u c t i o n  o f  p r o t e in a s e  i n  a l l  t h e  s p e c ie s  and a c o m p a r is o n  o f  th e  

p r o p e r t i e s  o f  t h e  enzymes th e m s e lv e s  s h o u ld  p r o v id e  an i n t e r e s t i n g  a re a  o f  

f u t u r e  e x p e r i m e n t a t i o n .

The r e s u l t s  d e s c r ib e d  i n  t h i s  c h a p te r  -  d e m o n s t r a t io n  o f  p r o t e in a s e  

p r o d u c t i o n  ijn v i v o  and a g r e a t e r  p r o d u c t io n  o f  t h e  enzyme i n  th e  more v i r u l e n t  

s p e c ie s  -  p r o v id e  a s t r o n g  p r im a  f a c i e  case t h a t  p r o t e in a s e  r e a l l y  may be i n v o lv e d  

i n  th e  p a t h o g e n i c i t y  o f  C . a l b i c a n s . A d m i t t e d l y  th e  d a ta  p r e s e n te d  above can o n ly  

be c o n s id e r e d  as p r e l i m i n a r y  and th e  r e s u l t s  need t o  be v e r i f i e d  w i t h  a more 

e x t e n s i v e  e x a m in a t io n  o f  t i s s u e s  fro m  e x p e r im e n t a l l y  i n f e c t e d  a n im a ls  and o f
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T a b le  12 P r o te in a s e  A c t i v i t y  o f  P a th o g e n ic  C and ida  s p e c ie s

C and ida  spp
°^6 5 0

P r o te in a s e  U n i t s

C . a lb i c a n s 2 .6 5 .36

C . t r o p i c a l i s 0 .5 1 .02

C . s t e l l a t o i d e a 2 .5 0 .26

C . p a r a p s i l o s i s 0 .5 7 .01

C . p s e u d o t r o p i c a l i s 0 .7 8 -

C .k u s e i 0 .3 2 -

C . g u i l l i e r m o n d i i 0 .4 2 -

C . g l a b r a t a 0 .2 4 -

C . in t e r m e d ia 0 .1 4 -

R h o d o to ru la 0 .2 0 —

The medium o f  Remold e t  a l . ,  (1 9 6 8 )  d e s c r ib e d  i n  C h a p te r  3 

was i n o c u l a t e d  w i t h  d i f f e r e n t  C and ida  s p e c ie s .  A f t e r  5 days  

g ro w th  a t  26°C th e  a b s o rb a n c e  a t  650nm was measured and th e  

p r o t e in a s e  a c t i v i t y  o f  c u l t u r e  f i l t r a t e s  was d e te r m in e d .

P r o t e in a s e  u n i t  = 0 D 2 B 0 /3 0 m in /0 .5 m l



71

m a t e r i a l  o b ta in e d  f ro m  human ca se s  o f  c a n d i d o s i s . N e v e r th e le s s ,  t h e s e  

e n c o u ra g in g  f i n d i n g s  i n  t h i s  c h a p t e r  r e p r e s e n t  th e  f i r s t  a t t e m p t  t o  d e m o n s t ra te  

an e x t r a c e l l u l a r  v i r u l e n c e  f a c t o r  o f  C . a lb i c a n s  d i r e c t l y  v i v o .

I t  may be w o r th y  o f  n o te  t h a t  th e  two r a b b i t s  t h a t  were i n j e c t e d  w i t h  

p r o t e in a s e  t o  r a i s e  a n t i s e r u m  (C h a p te r  3 )  d ie d  o f  p e r i t o n i t i s  12 weeks a f t e r  

t h e y  were f i r s t  i n o c u l a t e d .  P e r i t o n i t i s  was a ls o  th e  main symptom n o te d  by 

S t a ib  ^ . , ( 1 9 7 2 )  when a c t i v e l y  p r o t e o l y s i n g  c u l t u r e s  o f  C . a lb i c a n s  were 

i n j e c t e d  i n t o  m ic e .  F u r t h e r  e x p e r im e n ts  s t i l l  have t o  be done t o  d e te rm in e  

i f  t h e  p r o t e in a s e  was th e  cause  o f  p e r i t o n i t i s  o r  w h e th e r  t h e  o n s e t  o f  p e r i t o n i t i s  

was c o i n c i d e n t a l .  P o s t  mortem i n v e s t i g a t i o n  o f  th e  two r a b b i t s  r e v e a le d  no 

u n e q u iv o c a l  cause  o f  t h e i r  i l l n e s s .
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C h a p te r  5
PROTEINASE AS AN ANTIGEN IN THE 

SEROLOGICAL DIAGNOSIS OF SYSTEMIC CANDIDOSIS

5 .1  I n t r o d u c t i o n

The c y t o p la s m ic  e x t r a c t s  o f  C . a lb i c a n s  c u r r e n t l y  used as a n t ig e n s  i n  

s e r o l o g i c a l  t e s t s  f o r  c a n d id o s is  f r e q u e n t l y  g iv e  r i s e  t o  f a l s e  p o s i t i v e  r e a c t i o n s  

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

s u p e r f i c i a l l y ,  as w e l l  as s y s t e m i c a l l y  i n f e c t e d  p a t i e n t s  (O dds, 1 9 7 9 ) .  S e v e r a l  

a t t e m p ts  have been made t o  f i n d  ' i n f e c t i o n - s p e c i f i c '  a n t i g e n s ,  i n c l u d i n g  a 

p r e l i m i n a r y  e x a m in a t io n  o f  C . a lb i c a n s  p r o t e in a s e  as a s é r o d ia g n o s t i c  re a g e n t  

( s t a i b  e ^  ^ . , 1977a , 1 9 7 7 b ) .  However, S t a ib  _e^ _a l. ,  have t e s t e d  o n ly  c u l t u r e  

f i l t r a t e s ,  f ro m  C . a lb i c a n s  grown i n  g lu co se /B S A  medium, as a n t i g e n s .  T h e i r  

r e s u l t s  th u s  f a r  appea re d  t o  be p r o m is in g  b u t  a re  s t i l l  f a r  f ro m  c o n c lu s i v e .

The c ru d e  c u l t u r e  f i l t r a t e  a n t ig e n  p re s u m a b ly  c o n t a in s  s e v e r a l  a n t i g e n i c  

com ponen ts  i n c l u d i n g ,  f o r  exam p le ,  th e  s o l u b l e  mannan f ro m  th e  c e l l  w a l l  and 

th e  3 enzymes d e te c te d  i n  g lucose /B S A  and S a b o u ra u d 's  b r o t h  f i l t r a t e s  (see  

C h a p te r  2 ) ,  so t h a t  t h e  p r e c i p i t i n  r e a c t i o n s  d e te c te d  by S t a ib  _et , c o u ld  be 

d i r e c t e d  a g a i n s t  any one o r  s e v e r a l  o f  th e s e  c o n s t i t u t i v e  com ponen ts .

A r a p i d  p u r i f i c a t i o n  method has been d e v e lo p e d  i n  t h i s  s tu d y  ( C h a p te r  3 )  

so t h e  p u r i f i e d  p r o t e in a s e  enzyme can be t e s t e d  as an a n t i g e n .  The r e s u l t s  

d e s c r ib e d  i n  C h a p te r  4 s u g g e s t  t h a t  p r o t e in a s e  i s  s e c r e te d  ijn v i v o  i n  

e x p e r im e n t a l l y  i n f e c t e d  a n im a ls .  I f  a s i m i l a r  s i t u a t i o n  o c c u rs  i n  p a t i e n t s  w i t h  

s y s te m ic  c a n d id o s i s ,  th e  a n t i g e n i c  p r o p e r t i e s  o f  p r o t e in a s e  may be v e r y  s p e c i f i c  

f o r  d e e p -s e a te d  i n f e c t i o n s .

5 .2  M a t e r i a l s  and M ethods

S e r o l o g i c a l  t e s t s

P r e c i p i t a t i n g  a n t i b o d i e s  t o  CE and PP a n t ig e n s  were d e te c te d  by c o u n te r  

im m u n o e le c t r o p h o r e s is  (C IE :  Odds _e^ a ^ . , 1 9 7 5 ) .  Se ra  were s e r i a l l y  d i l u t e d  and 

th e  h i g h e s t  d i l u t i o n  t h a t  gave a l i n e  o f  p r e c i p i t a t i o n  t o  th e  t e s t  a n t ig e n  was

r e c o r d e d  as th e  p r e c i p i t i n  t i t r e  o f  th e  se rum .
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A n t i s e r a

A n t i s e r a  f ro m  r a b b i t s  e x p e r im e n t a l l y  i n f e c t e d  w i t h  C . a lb i c a n s  and f ro m  

h o s p i t a l  p a t i e n t s  were  t e s t e d  r e t r o s p e c t i v e l y  f o r  a n t i - C E  and a n t i - P P  p r e c i p i t i n s .

Th ree  r a b b i t s  had been i n f e c t e d  i n t r a v e n o u s l y  w i t h  C . a lb i c a n s  a t  4x10^ 

y e a s t s / k g .  T h is  dose l e d  t o  a c h r o n i c  s y s te m ic  C and ida  i n f e c t i o n :  t h e  a n im a ls  

were b le d  10 , 14 and 42 days a f t e r  i n f e c t i o n .  These r a b b i t s  a re  r e f e r r e d  t o  as 

g roup  A. S ix  f u r t h e r  r a b b i t s  had been i n f e c t e d  i n t r a v e n o u s l y  w i t h  5x10^  C .a lb ic a n s ^  

k g .  The e f f e c t  o f  t h i s  dose was t o  p ro d u ce  a r a p i d l y  f a t a l ,  a c u te  d is s e m in a te d  

c a n d id o s i s .  T h ree  o f  th e s e  i n f e c t e d  r a b b i t s  were t r e a t e d  o r a l l y  w i t h  t h e  w a t e r -  

s o lu b le  a n t i f u n g a l  k e to c o n a z o le  f ro m  1 t o  7 days a f t e r  i n f e c t i o n :  t h e s e  a n im a ls  

s u r v i v e d  th e  C . a lb i c a n s  i n f e c t i o n  f o r  a t  l e a s t  30 days (Odds ejb a ^ , , 1 9 7 9 ) :  

b lo o d  was o b ta in e d  f ro m  them 6 ,  10 , 14, 22 and 30 days a f t e r  i n f e c t i o n  and t h i s  

g roup  o f  r a b b i t s  i s  r e f e r r e d  t o  as g roup  B. The re m a in in g  3 a n im a ls  were 

u n t r e a te d  and d ie d  6 days a f t e r  i n f e c t i o n :  no s e ra  were a v a i l a b l e  f ro m  th e s e  

u n t r e a t e d  r a b b i t s .

Human s e ra  came f ro m  3 g ro u p s  o f  p a t i e n t s  and were o b ta in e d  th r o u g h  th e  

c o - o p e r a t i o n  o f  th e  M y c o lo g ic a l  R e fe re n c e  L a b o r a to r y ,  London S c h o o l  o f  H yg iene  

and T r o p i c a l  M e d ic in e ;  th e  M yc o lo g y  U n i t ,  Leeds G e n e ra l  I n f i r m a r y  and th e  

P u b l i c  H e a l th  L a b o r a to r y  S e r v i c e ,  L e i c e s t e r .  A l l  s e ra  had been s t o r e d  a t  -20 °C  

o r  -7 0 °C  f o r  p e r io d s  o f  up t o  5 y e a rs  b e fo r e  th e  p r e s e n t  s t u d y .  The 28 p a t i e n t s  

i n  g roup  1 had no m i c r o b i o l o g i c a l ,  h i s t o l o g i c a l  o r  s e r o l o g i c a l  e v id e n c e  o f  

d e e p -s e a te d  C and ida  in v o lv e m e n t .  Group 2 c o n ta in e d  17 who had unde rgo ne  c a r d ia c  

s u r g e r y  1 -3  weeks b e f o r e  serum was o b ta in e d  fro m  them and 5 p a t i e n t s  whose case 

h i s t o r y  was u n c e r t a i n  due t o  l a c k  o f  a v a i l a b l e  r e l e v a n t  i n f o r m a t i o n .  Sera  o f  

a l l  22 p a t i e n t s  c o n ta in e d  p r e c i p i t a t i n g  a n t i b o d ie s  t o  C . a lb i c a n s  CE a n t ig e n  b u t  

no a d d i t i o n a l  i n f o r m a t i o n  o r  e v id e n c e  o f  d e e p -s e a te d  c a n d id o s is  was a v a i l a b l e .

Sera  f ro m  p a t i e n t s  i n  t h i s  g roup  were te rm ed  ' f a l s e - p o s i t i v e '  a l t h o u g h  i t  i s  

r e c o g n iz e d  t h a t  some o f  t h e  p a t i e n t s  i n  t h i s  g roup  may have had s y s te m ic  C and ida  

i n f e c t i o n .  Group 3 c o n ta in e d  13 p a t i e n t s  a l l  d ia g n o s e d  as ca se s  o f  s y s te m ic  

c a n d id o s is  on m i c r o b i o l o g i c a l  a n d /o r  p a t h o l o g i c a l  g ro u n d s .  They in c lu d e d  6 cases 

o f  d is s e m in a te d  c a n d id o s i s ,  3 cases  o f  e n d o c a r d i t i s ,  one o f  w h ic h  was d ia g n o s e d  

as C. q la b r a t a  e n d o c a r d i t i s ,  one case  each o f  r e n a l  c a n d id o s i s ,  o e so p h a g e a l
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c a n d id o s i s ,  c h r o n ic  m ucocu taneous  c a n d id o s is  and se co n d a ry  p u lm o n a ry  c a n d id o s i s .  

S e r i a l  serum sam ples  were a v a i l a b l e  f ro m  'kjuOo o f  th e  cases  o f  d is s e m in a te d  

c a n d id o s i s ,  o n e  o f  t h e  cases  o f  e n d o c a r d i t i s ,

and f ro m  th e  case  o f  s e c o n d a ry  p u lm o n a ry  c a n d id o s is .  F o r  th e  p u rp o s e s  

o f  s t a t i s t i c a l  co m p a r is o n  o f  s i n g l e  p r e c i p i t i n  t i t r e s  t o  CE and PP a n t i g e n s ,  o n ly  

th e  second spec im en i n  each s e r i e s  was c o n s id e r e d .  I n  a d d i t i o n  t o  t h e  a b o ve ,  

an a d d i t i o n a l  10 s e ra  f ro m  ca se s  o f  s y s te m ic  c a n d id o s is  were a v a i l a b l e  f o r  

s t u d y .  These were a l l  o b ta in e d  i n  A m e r ica  between 1965-72  and had been f r o z e n  

and thawed and l y o p h i l i z e d  many t im e s  s in c e  t h e n .  However, t h e  p r e c i p i t i n  t i t r e  

t o  CE a n t ig e n  w i t h  th e s e  s e ra  had a l t e r e d  c o n s id e r a b ly  f ro m  th e  o r i g i n a l  v a lu e  

i n  some cases -  p r o lo n g e d  s t o r a g e  i s  known t o  re d u ce  th e  l e v e l  o f  p r e c i p i t a t i n g  

a n t i b o d i e s  ( T a s c h d j ia n  je t  ^ . , 1 9 7 2 ) .  These s e ra  were n o t  c o n s id e re d  i n  t h e  

s t a t i s t i c a l  c o m p a r is o n .

A l l  d a ta  were a n a ly s e d  s t a t i s t i c a l l y  by t h e  M a n n -U h itn e y  U t e s t .

5 .3  R e s u l t s

P r e c i p i t i n s  t o  CE and PP were d e te c te d  i n  t h e  s e ra  f ro m  e x p e r im e n t a l l y  

i n f e c t e d  r a b b i t s  i n  Group A ( F i g .  1 9 ) .  In  t h e  a c u t e l y  i n f e c t e d ,  t r e a t e d  g roup  

o f  r a b b i t s  (Group B ) ,  th e  s e ra  o b t a in e d  on day 14 d id  n o t  r e a c t  w i t h  e i t h e r  

a n t ig e n  b u t  by days 22 and 30 t i t r e s  as h ig h  as 1 :8  a g a in s t  CE a n t ig e n  were fo u n d  

i n  th e  serum . No t i t r e s  a g a in s t  PP a n t ig e n  were d e te c te d  i n  any serum sam ple  

f ro m  r a b b i t s  i n  Group B.

Of th e  28 s e ra  f ro m  p a t i e n t s  w i t h o u t  c a n d id o s is  (G roup 1 )  who were 

p r e c i p i t i n  n e g a t i v e  t o  CE a n t i g e n ,  3 u n d i l u t e d  s e ra  showed a f a i n t  r e a c t i o n  t o  

PP ( T a b le  1 3 ) .  Of t h e  22 ' f a l s e - p o s i t i v e *  s e ra  (G roup 2 ) ,  a l l  o f  w h ic h  were 

p r e c i p i t i n  p o s i t i v e  t o  CE, 17 showed r e a c t i o n s  a g a in s t  PP (T a b le  1 4 ) .  T i t r e s  t o  

PP were h ig h e r  th a n  th o s e  t o  CE i n  50% o f  th e  s e ra  and were 1 :8  o r  g r e a t e r  i n  5 

s e ra  ( T a b le  16 ). The g e o m e t r ic  mean t i t r e  t o  b o th  a n t ig e n s  was 1 :4  i n  th e  ' f a l s e -  

p o s i t i v e '  g roup  o f  s e ra  ( T a b le  1 3 ) .

I n  th e  13 s e ra  i n  Group 3 , w h ic h  came f ro m  p a t i e n t s  d ia g n o s e d  as h a v in g
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8

1

reciprocal 
CIE titre

Group B

14d 22d 30d

Group A

8

4

2

1

CE PP 
lOd

CE PP 
14d

CE PP 
42d

P r e c i p i t i n  t i t r e s  t o  CE and PP a n t ig e n s  i n  th e  s e ra  o f  two g ro u p s  o f  

e x p e r im e n t a l l y  i n f e c t e d  r a b b i t s .  R a b b i ts  i n  Group A r e c e iv e d  4x10^

C . a l b i c a n s / k q ;  th o s e  i n  Group B r e c e iv e d  5x10^ y e a s t s / k g  and were t r e a t e d  

w i t h  k e to c o n a z o le  (see  m a t e r i a l s  and methods f o r  d e t a i l s ) .

T i t r e s  t o  CE and PP were d e te rm in e d  by C IE . T i t r e s  t o  CE a n t ig e n  were 

d e te c te d  i n  th e  s e ra  o f  b o th  g roups  o f  r a b b i t s .  No t i t r e s  to  PP were n o te d  

i n  th e  s e ra  o f  a n im a ls  t r e a t e d  w i t h  k e to c o n a z o le .
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T a b le  13 . P r e c i p i t i n  t i t r e s  a g a in s t  CE and PP i n  p a t i e n t s  w i t h  and 
w i t h o u t  c a n d id o s i s .

P r e c i p i t i n

T i t r e

Number

Group 1 

CE PP

o f  p a t i e n t s  w i t h  t i t r e s  i n

Group 2 Group 3 

CE PP CE PP

n e g a t i v e 28 25 G 5' 1 G

1 :1 3 13 é> 1 G

1 :2 1 2 4 1

1 :4 4 4 3 2

1 :8 2 3 1 4

1 :1 6 2 1 G 2

1 :3 2 1 1 2

1 :6 4 2 2

Mean T i t r e 0 0 1 :4  1 :4 1 :1 5  1:2G



Tab le  14 .  ’ F a l s e - P o s i t i v e *  Sera
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Serum No. D ia g n o s is
P r e c i p i t i n  t i t r e  t o  

CE. PP.

SH0907 C a r d ia c  S u rg e ry  p a t i e n t 1 :1 1 :2

SH2004 n 1 :8 1 :1 6

SH27G4 V 1 :1 1 :4

SH29G2 II 1 :4 1 :1

SH38G3 II 1 :4 0

SH39G2 II 1 :4 1 :8

SH47G4 II 1 :4 G

i 78/G97 II 1:1 G

78/GG4 1:1 1 :1

77/G28 II 1:1 G

76 /111 II 1:1 1 :1

76/G15 II 1:1 G

78/G96 II 1:1 1 :4

78/G78 " 1:1 1 :1

77/G23 " 1:1

76/G84 II 1 :8 1:1

7448 II 1 :2 1 :4

78/G48 ? S8E 1:1 1 :8

7 8 /1 2 7 C h r o n ic  Lung F i b r o s i s 1 :1 6 1 :8

77/G54 M i t r a l  V a lv e  re p la c e m e n t 1 :1 6 1 :3 2

7319 Asthma 1:1 1 :4

276 P r o s t a t i t i s 1:1 1 :2
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1
Serum No. D ia g n o s is

P r e c i p i t i n
CE.

t i t r e  t o  
PP.

77 /101 CMC 1 :4 1 :1 6

7 6 /0 7 8 E n d o c a r d i t i s 1 :4 1 :8

76 /0 4 8 R e n a l c a n d id o s is 1 :1 1 :8

79 /0 0 9 O esophagea l c a n d id o s is 1 :2 1 :8

78 /0 2 0 P u lm o n a ry  c a n d id o s is 1 :3 2 1 :6 4

387 D is s e m in a te d  c a n d id o s is 1 :2 1 :3 2

851 E n d o c a r d i t i s 1 :4 1 :1 6

6372 E n d o c a r d i t i s  ( C . q l a b r a t a ) 1 :8 1 :3 2

6214 D is s e m in a te d  c a n d id o s is 1 :6 4 1 :6 4

4261 D is s e m in a te d  c a n d id o s is 1 :6 4 1 :4

6059 D is s e m in a te d  c a n d id o s is 1 :2 1 :4

6213 D is s e m in a te d  c a n d id o s is 1 :2 1 :8

4791 D is s e m in a te d  c a n d id o s is 1 :2

1 .

A m e r ica n  S era

s15x D is s e m in a te d  c a n d id o s is 1 :1 6 1 :2  ( 1 : 3 2 )

S144 R e n a l c a n d id o s is 0 I
S32 R e n a l c a n d id o s is 1 :8 1:1 1
S198 E n d o c a r d i t i s 1 :4 1 :8

S2D D is s e m in a te d  c a n d id o s is 1 :1 6 1 :1 6  ( 1 : 1 6 ) i

S18 E n d o c a r d i t i s 1 :32 1 :1 6  ( 1 : 3 2 )

514 D is s e m in a te d  c a n d id o s is 1 :1 6 1 :2

S37a E n d o c a r d i t i s 1 :4 0 1

S17 R e n a l c a n d id o s is 1 :4 0 ( 1 : 2 )

S19 D is s e m in a te d  c a n d id o s is 0 1 :1  ( 1 : 8 )

S15 D is s e m in a te d  c a n d id o s is 0 0 ( 1 : 3 2 )

S21 D is s e m in a te d  c a n d id o s is 0 1 :1  ( 1 : 4 )

P re v io u s  P r e c i p i t i n  t i t r e  t o  c y to p la s m ic  a n t ig e n  i s  g iv e n  i n  b r a c k e t s  
where known
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T a b le  16 . Summary o f  p r e c i p i t i n  r e a c t i o n s  t o  CE and PP i n  p a t i e n t s  w i t h  

and w i t h o u t  c a n d id o s i s .

Group 1 
No. ^

Group 2 
No. %

Group 3 
No. %

PP t i t r e > C E  t i t r e 3 11 10 45 11 85

PP t i t r e ^ 1 : 8 0 0 5 23 10 77

PP t i t r e > 1 : 8 0 0 4 18 9 75
and>CE t i t r e

Group 1 c o n s is t e d  o f  p a t i e n t s  w i t h  no m i c r o b i o l o g i c a l ,  h i s t o l o g i c a l  

o r  s e r o l o g i c a l  e v id e n c e  o f  d e e p -s e a te d  C and ida  in v o lv e m e n t .

Group 2 c o n s is t e d  o f  p a t i e n t s  w i t h  a n t i - C E  t i t r e s  b u t  no a d d i t i o n a l  

e v id e n c e  o f  s y s te m ic  c a n d id o s i s .

G roup 3 c o n s is t e d  o f  p a t i e n t s  a l l  d ia g n o s e d  as cases  o f  s y s te m ic  

c a n d i d o s i s .

P r e c i p i t i n  t i t r e s  were d e te rm in e d  by C IE .
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s y s te m ic  c a n d i d o s i s ,  a l l  b u t  one showed t i t r e s  t o  CE and a l l  13 had t i t r e s  to  

PP o f  1 :2  o r  g r e a t e r  ( T a b le  1 5 ) .  A n t i - P P  t i t r e s  were h ig h e r  th a n  a n t i - C E  i n  11 

o f  t h e  s e ra  and w ere  1 :8  o r  g r e a t e r  i n  10 ( T a b le  1 5 ) .  The g e o m e t r ic  mean t i t r e  

t o  CE was 1 :5  and was 1 :2 0  t o  PP. S t a t i s t i c a l  c o m p a r is o n  o f  G roups 2 and 3 showed 

t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between th e  g ro u p s  w i t h  r e s p e c t  t o  CE 

b u t  t h a t  a n t i - P P  t i t r e s  were s i g n i f i c a n t l y  h ig h e r  i n  t h e  s e ra  f ro m  p a t i e n t s  w i t h  

s y s te m ic  c a n d id o s is  th a n  i n  th e  * f a l s e - p o s i t i v e  ’ g ro u p  ( p < O . O l ) .

S e r i a l  serum sam p les  were a v a i l a b l e  f ro m  4 p a t i e n t s .  I n  f i g u r e  20 , p a t i e n t s  

1 and 2 had d is s e m in a te d  c a n d id o s i s ,  p a t i e n t  3 had C and ida  e n d o c a r d i t i s .  I n  a l l  

t h r e e  p a t i e n t s  t h e  a n t i - P P  t i t r e  was e q u a l  t o  o r  h i g h e r  th a n  a n t i - C E  w i t h  one 

e x c e p t i o n .  T h is  was serum n o . 3 f ro m  p a t i e n t  2 ,  w h ic h  had no t i t r e  a g a in s t  PP.

T h is  sam p le  had been s e n t  t o  t h e  l a b o r a t o r y  f o r  t h e  d e t e r m in a t i o n  o f  i t s  

a m p h o te r ic in  B c o n c e n t r a t i o n .

t h e  f o u r t h  p a t i e n t  f ro m  whom s e r i a l  serum sam p les  had been o b ta in e d  was 

d ia g n o s e d  as h a v in g  p u lm o n a ry  a s p e r g i l l o s i s . C . g u i l l i e r m o n d i i  had a l s o  been 

i s o l a t e d  f ro m  a c h e s t  d r a i n .  These s e ra  were t e s t e d  r e t r o s p e c t i v e l y  f o r  

p r e c i p i t i n s  t o  CE and PP ( F i g .  2 1 ) .  A n t i -P P  t i t r e s  w e re ,  as i n  t h e  t h r e e  p r e v io u s  

c a s e s ,  h i g h e r  th a n  a n t i - C E  by a t  l e a s t  one serum d i l u t i o n .  A f t e r  A p r i l ,  th e  

p a t t e r n  o f  t i t r e s  t o  b o th  th e  C . a lb i c a n s  a n t ig e n s  and t o  A . fu m iq a tu s  a n t ig e n  

was s i m i l a r .  No c r o s s  r e a c t i o n  be tw een p r o t e in a s e  and A . fu m iq a tu s  c y to p la s m ic  

a n t i g e n  c o u ld  be d e t e c te d  by CIE o r  by d o u b le  d i f f u s i o n .  Fou r o t h e r  p a t i e n t s  

w i t h  A . fu m iq a tu s  p r e c i p i t i n s  d id  n o t  r e a c t  t o  PP i n  s e r o l o g i c a l  t e s t s .

A l l  s e ra  f ro m  b o th  human cases  and f ro m  th e  r a b b i t s  were exam ined by CIE 

f o r  c i r c u l a t i n g  p r o t e in a s e  b u t  none was d e te c t e d .

P r o t e in a s e  and CE were compared by CIE a g a in s t  s e v e r a l  p a t i e n t s *  s e r a .

No c r o s s  r e a c t i o n s  were n o te d  i n  any case ( F i g .  2 2 ) .

5 .4  D is c u s s io n

No a n t i - P P  a n t i b o d i e s  were d e te c te d  i n  t h e  serum o f  e x p e r im e n t a l l y  

i n f e c t e d  r a b b i t s  t r e a t e d  w i t h  k e to c o n a z o le  a l t h o u g h  such a n t i b o d i e s  were p r e s e n t  

i n  u n t r e a t e d  a n im a ls  t h a t  had been i n f e c t e d  w i t h  a lo w e r  dose o f  C . a lb i c a n s .
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Precipitin titres to 3 antigens in a case of pulmonary 

aspergillosis with secondary candidosis.
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T i t r e s  t o  A . fu m ig a tu s  and C . a lb i c a n s  c y to p la s m ic  a n t ig e n s  and t o  C . a lb i c a n s

p r o t e in a s e  a n t ig e n  i n  s e r i a l  serum sam ples o f  one p a t i e n t  were d e te rm in e d  by C IE .

The p a t i e n t  was a 2 7 - y e a r - o ld  man a d m i t te d  t o  h o s p i t a l  w i t h  a d ia g n o s is  o f  

p yop n e u m o th o ra x .  He was t r e a t e d  w i t h  a w ide  range  o f  a n t i b i o t i c s  i n c l u d i n g  a n t i -  

t u b e r c u lo u s  chem othe rapy  f o r  th e  f i r s t  5 d a y s .  A t te m p ts  t o  re -e x p a n d  th e  lu n g  

f a i l e d  and a fo r m a l  d e c o r t i c a t i o n  was c a r r i e d  o u t  20 days a f t e r  a d m is s io n .

3 days l a t e r  A . fu m iq a tu s  was i s o l a t e d  from  th e  c h e s t  d r a in  and c o n t in u e d  to

be i s o l a t e d  f o r  29 d a y s .  12 and 20 days a f t e r  th e  d e c o r t i c a t i o n  C . q u i l l i e r m o n d i i  

was i s o l a t e d  fro m  th e  c h e s t  d r a i n .

14 days a f t e r  A . f u m ig a tu s  was f i r s t  i s o l a t e d  in t r a v e n o u s  m ic o n a z o le  th e r a p y  

was s t a r t e d  and c o n t in u e d  f o r  10 d a y s .  On th e  1 3 th  day th e  p a t i e n t  s u f f e r e d  an 

a n a p h y la c t i c  r e a c t i o n  t o  th e  d r u g .  In t r a v e n o u s  a m p h o te r i c in  B th e r a p y  was 

s t a r t e d  44 days l a t e r  and c o n t in u e d  f o r  43 days -  a t o t a l  dose o f  990mg i n  6 weeks 

S e r o l o g i c a l  i n v e s t i g a t i o n s  were s t a r t e d  a f t e r  th e  f i r s t  i s o l a t i o n  o f  

A . f u m ig a tu s  -  t i t r e s  t o  t h i s  a n t ig e n  reached  1 :5 1 2  i n  A p r i l  and f e l l  a f t e r  a n t i -  

f u n g a l  th e r a p y  was s t a r t e d .  The serum sam ples were t e s te d  r e t r o s p e c t i v e l y  f o r  

a n t i b o d ie s  t o  C .a lb i c a n s  c y to p la s m ic  and p r o t e in a s e  a n t ig e n s .  A f t e r  th e  f i r s t  

month o f  th e  p a t i e n t ' s  i l l n e s s ,  th e  p a t t e r n  o f  t i t r e s  to  a l l  3 a n t ig e n s  f o l l o w e d  

each o t h e r  c l o s e l y ;  th e  t i t r e  t o  C .a lb i c a n s  p r o te in a s e  a n t ig e n  was a lw a ys  h ig h e r

th a n  th e  t i t r e  t o  c y to p la s m ic  a n t i g e n .
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F ig .  22 Counter immunoelec trophoresis of  p a t i e n t s  sera ag a in s t  CE and PP

d iD

O

Undiluted sera were placed in the wells in alternate rows starting at the 
anodal side of each plate. CE was placed in the upper well and PP in the 
lower well of each pair of antigen wells. Electrophoresis was carried out 
as described in materials and methods. No cross-reactions were noted between 
any pair of antigen wells, further confirming the unique properties of proteinase 
as an antigen.
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I f  th e  a n t i f u n g a l  p r e v e n te d  a s y s te m ic  i n f e c t i o n  f ro m  o c c u r in g  -  as a p p e a rs  t o  

be th e  c a s e , s in c e  none o f  t h e  r a b b i t s  showed any symptoms o f  c a n d id o s i s ,  w h e re a s  

an u n t r e a t e d  g roup  i n j e c t e d  w i t h  t h e  same dose o f  C . a lb i c a n s  a t  t h e  same t i m e  

d ie d  a f t e r  6 days -  t h i s  absence  o f  d e t e c t a b l e  a n t i - P P  a n t i b o d ie s  s u g g e s ts  t h a t  

no p r o t e in a s e  was p ro d u c e d  by t h e  i n f e c t i n g  fu n g u s .  These o b s e r v a t io n s  s u g g e s t  

t h a t  a n t i b o d i e s  t o  p u r i f i e d  p r o t e in a s e  a re  d e t e c t a b le  o n ly  when c l i n i c a l  

i n f e c t i o n  w i t h  C . a lb i c a n s  i s  e s t a b l i s h e d .  I n  t h e  e x p e r im e n ta l  i n f e c t i o n s  d e s c r i b e d  

th e  PP t h e r e f o r e  a p p e a rs  t o  have behaved as a s p e c i f i c  a n t ig e n  f o r  cases  o f  

s y s te m ic  i n f e c t i o n  a l t h o u g h  so f a r  o n l y  a r e l a t i v e l y  few  a n im a ls  have  been t e s t e d .

The r e s u l t s  f o r  human cases  o f  c a n d id o s is  were nowhere n e a r  so c l e a r  c u t .

I n  th e  s e ra  f ro m  th e  g ro u p  o f  p a t i e n t s  w i t h o u t  c a n d id o s is  and n e g a t i v e  f o r  

p r e c i p i t i n s  t o  CE a n t i g e n ,  t h r e e  showed a f a i n t  r e a c t i o n  t o  PP a n t i g e n .  A n t i - P P  

p r e c i p i t i n s  were a ls o  d e te c te d  i n  7 0 ^  o f  ' f a l s e - p o s i t i v e '  s e ra  t h a t  were  a l l  

a n t i - C E  p o s i t i v e .  The mean t i t r e s  and th e  s t a t i s t i c a l  r e s u l t s  do show h o w e v e r  

a te n d a n c y  t o  h ig h e r  p r e c i p i t i n  t i t r e s  t o  PP i n  p ro v e n  cases  o f  c a n d id o s i s  and 

on t h i s  b a s is  t h e  PP w o u ld  a p p e a r  t o  be a s u p e r i o r  a n t ig e n  i n  c o m p a r is o n  w i t h  CE. 

75^  o f  th e s e  s e ra  had t i t r e s  t h a t  were b o th  g r e a t e r  th a n  1 :4  and h i g h e r  th a n  th e  

t i t r e  t o  CE. The f o u r  p a t i e n t s  f ro m  whom s e r i a l  serum sam ples w ere  a v a i l a b l e  a l l  

showed p a r a l l e l  changes i n  t i t r e s  t o  t h e  two a n t ig e n s  and a ls o  c o n f i r m e d  th e  

te n d a n c y  f o r  th e  a n t i - P P  t i t r e  t o  be h i g h e r  th a n  th e  a n t i -C E  t i t r e  i n  i n s t a n c e s  

o f  m y c o l o g i c a l l y  p ro v e n  C and ida  i n v o lv e m e n t .

F iv e  o f  t h e  p a t i e n t s  i n  t h e  ' f a l s e - p o s i t i v e '  g roup  showed t i t r e s  g r e a t e r  

th a n  1 :4  a g a i n s t  PP. A l th o u g h  th e  p o s i t i v e  r e a c t i o n s  t o  C and ida  a n t i g e n s  i n  t h i s  

g ro u p  o f  p a t i e n t s  a re  t h o u g h t  t o  be due t o  a t r a n s i e n t  ca n d id a e m ia  o f  l i t t l e  

c l i n i c a l  im p o r t a n c e ,  i t  i s  n e v e r t h e le s s  p o s s ib le  t h a t  th e  5 p a t i e n t s  g i v i n g  h ig h  

t i t r e s  t o  PP may have had a s y s te m ic  C and ida  i n f e c t i o n  w h ich  was e i t h e r  u n d e te c te d  

o r  o f  w h ic h  we were  u n a w a re ,d u e  t o  a l a c k  o f  r e l e v a n t  c l i n i c a l  i n f o r m a t i o n .  I n  

th e s e  c a s e s ,  t i s s u e  i n v a s io n  i n v o l v i n g  p r o t e in a s e  may have o c c u r r e d ,  r e s u l t i n g  

i n  p o s i t i v e  PP t i t r e s ,

PP was a l s o  shown t o  r e a c t  w i t h  t h e  serum o f  a p a t i e n t  w i t h  C . q l a b r a t a  

e n d o c a r d i t i s .  C ro s s  r e a c t i o n s  be tween C . a lb i c a n s  and C. g l a b r a t a  have  been n o te d
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p r e v i o u s l y  ( H a s e n c le v e r  and M i t c h e l l ,  1950: S t i c k l e  1 9 7 2 ) .  A l th o u g h

th e  s t r a i n  o f  C. g l a b r a t a  exam ined i n  t h e  p r e s e n t  s tu d y  d id  n o t  a p p e a r  t o  s e c r e te  

p r o t e i n a s e  (s e e  C h a p te r  4 )  i t  i s  p o s s i b l e  t h a t  a f r e s h  c l i n i c a l  i s o l a t e  may do 

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

Serum sam p le  n o . 3 f ro m  p a t i e n t  2 ( F i g .  2 0 )  w h ic h  was s e n t  t o  t h e  l a b o r a t o r y  

f o r  a m p h o te r ic in  B e s t i m a t i o n  showed no d e t e c t a b le  a n t i - P P  a c t i v i t y .  T h is  

n e g a t i v e  r e s u l t  was c o n f i r m e d  i n  a r e p e a t  o f  t h e  CIE e x p e r im e n t .  T here  i s  no 

o b v io u s  re a s o n  why a m p h o te r ic in  B s h o u ld  s u p p re s s  p r o t e in a s e  a c t i v i t y  im m e d ia te ly  

t h e  d ru g  i s  g i v e n .  A l th o u g h  a n t i f u n g a l  th e r a p y  c e r t a i n l y  p r e v e n te d  any d e t e c t a b le  

a n t i - P P  p r e c i p i t i n s  i n  e x p e r im e n ta l  a n im a l  i n f e c t i o n ,  t h e  d ru g  was g iv e n  r i g h t  

a t  th e  s t a r t  o f  t h e  i n f e c t i o n ,  t h u s  p r e v e n t i n g  i n f e c t i o n  f ro m  d e v e lo p in g  t o  

g i v e  c l i n i c a l l y  a p p a re n t  t i s s u e  i n v a s i o n .  T h is  was n o t  th e  case f o r  p a t i e n t  2 , 

s in c e  a n t i - P P  t i t r e s  r e t u r n e d  t o  1 :4  i n  th e  n e x t  serum sam ple  t e s t e d .  T h is  

s i n g l e  n e g a t i v e  serum fro m  a p a t i e n t  o t h e r w is e  c o n s i s t e n t l y  p o s i t i v e  f o r  PP 

a n t i b o d i e s  c a n n o t  be e x p la in e d .  The e f f e c t  o f  a m p h o t e r i c in B  and o t h e r  a n t i -  

f u n g a l s  on a n t i - P P  p r e c i p i t i n s  must be exam ined c a r e f u l l y  i n  t h e  f u t u r e .

The r e s u l t s  o f  case  n o . 4 ( F i g .  2 1 ) ,  th e  p a t i e n t  w i t h  a p r i n c i p a l  d ia g n o s is  

o f  p u lm o n a ry  a s p e r g i l l o s i s ,  a re  u n u s u a l .  As no c r o s s  r e a c t i o n s  were fo u n d  

be tw een  p r o t e i n a s e  and A . fu m iq a tu s  c y to p la s m ,  i t  w ou ld  a p p e a r  t h a t  p r e c i p i t i n s  

t o  C . a l b i c a n s  a n t ig e n s  were g e n u in e .  No o t h e r  p a t i e n t s  w i t h  a s p e r g i l l o s i s  had 

a n t i - P P  p r e c i p i t i n s .  S im u l ta n e o u s  A s p e r g i l l u s  and C and ida  i n f e c t i o n s  a re  v e r y  

r a r e  (W in n e r  and H u r le y ,  1 9 6 4 ) .  I t  i s  u n l i k e l y  t h a t  t h e  p a t i e n t  s u f f e r e d  a 

t r a n s i e n t  c a n d id a e m ia  s in c e  th e  h ig h  a n t i - P P  t i t r e s  -  1 :8  o r  g r e a t e r  -  w ou ld  

s u g g e s t  a more s e v e re  i n f e c t i o n ,  C . q u i l l i e r m o n d i i  was i s o l a t e d  f ro m  p l e u r a l  

f l u i d  on two o c c a s io n s ,  8 days a p a r t ,  w h ich  does n o t  s u g g e s t  a t r a n s i e n t  

i n f e c t i o n .  The r e s u l t s  seem t o  i n d i c a t e  t h e r e f o r e  t h a t  th e  p a t i e n t  had b o th  

f u n g a l  i n f e c t i o n s .  T h is  p a t i e n t ,  who re m a in s  u n w e l l  some 20 months a f t e r  o n s e t  

o f  h i s  i l l n e s s ,  i s  s t i l l  u n d e r  r e v ie w .

The u n iq u e  a n t i g e n i c  p r o p e r t i e s  o f  p r o t e i n a s e ,  d e m o n s t ra te d  i n  C h a p te r  3 , 

were f u r t h e r  c o n f i r m e d  by th e  absence o f  c r o s s - r e a c t i o n s  be tween CE and PP t e s t e d

a g a i n s t  20 s e ra  f ro m  p a t i e n t s .



83

P r o te in a s e  i s  n o t  a q u a l i t a t i v e l y  s p e c i f i c  a n t ig e n  f o r  t h e  d ia g n o s is  o f  

s y s te m ic  c a n d id o s i s ,  as d e m o n s t ra te d  by t h e  p o s i t i v e  r e a c t i o n s  i n  a n t i - C E  n e g a t iv e  

s e ra  and i n  ' f a l s e - p o s i t i v e *  s e r a .  However, t h e  te n d e n c y  to w a rd s  h i g h e r  a n t i - P P  

t i t r e s  i n  c o n f i r m e d  ca se s  o f  c a n d id o s is  does s u g g e s t  t h a t  i t  c o u ld  be v a lu a b le  

f o r  t h e  d ia g n o s is  o f  s y s te m ic  c a n d id o s i s .  H ow ever, t h e  t e s t s  i n  t h e  p r e s e n t  

s tu d y  i n v o l v e d  s e r a  t h a t  had been d e e p - f r o z e n  f o r  up t o  5 y e a r s ,  and c a n n o t  

t h e r e f o r e  be e x p e c te d  t o  g iv e  such a c c u r a te  r e s u l t s  as f r e s h  s e r a .  The de c re a se  

i n  a n t i - C E  t i t r e  i n  some o f  t h e  A m er ican  case s e ra  d e m o n s t ra te d  th e  e f f e c t  o f  

r e p e a te d  f r e e z i n g  and th a w in g  o f  s e r a .  I t  must a l s o  be assumed t h a t  t h e  a n t i - P P  

t i t r e  i n  th e s e  s e ra  had a ls o  d e c re a s e d  and , f o r  t h i s  re a s o n ,  t h e  r e s u l t s  were n o t  

c o n s id e re d  i n  t h e  s t a t i s t i c a l  c o m p a r is o n s  o f  th e  two a n t i g e n s .  The v a lu e  o f  

p r o t e in a s e  as a d i a g n o s t i c  a n t ig e n  can be s t u d ie d  b e t t e r  w i t h  f r e s h  p r o s p e c t i v e l y  

o b ta in e d  serum sa m p le s ,  and i t  i s  hoped t h a t  more s e ra  can be o b ta in e d  i n  th e  

f u t u r e  t o  a l l o w  f u r t h e r  e v a l u a t i o n  o f  th e  s p e c i f i c i t y  o f  t h i s  a n t i g e n .
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C h a p te r  6 .  DISCUSSION

The a im  o f  t h i s  s tu d y  was t o  e v a lu a te  t h e  in v o lv e m e n t  o f  i n d u c i b l e  

h y d r o l y t i c  enzymes i n  t h e  p a th o g e n e s is  o f  c a n d id o s is  and t h e i r  use as s p e c i f i c  

s é r o d ia g n o s t i c  a n t ig e n s  i n  t h e  d ia g n o s is  o f  d e e p -s e a te d  i n f e c t i o n .  The enzymes 

c o n c e n t r a te d  on were  th o s e  w h ic h  m ig h t  c o n c e iv a b ly  be in d u c e d  i n  t h e  fu n g u s  

i n  v i v o  and w h ic h  m ig h t  h e lp  t h e  fu n g u s  t o  in v a d e  t i s s u e s  o f  t h e  b o d y .  The 

s u b s t r a t e s  were t h e r e f o r e  m a c ro m o le c u la r  com ponents  o f  mammalian t i s s u e  s u r f a c e s ,  

such as p h o s p h o l ip id s  o r  p r o t e i n s ,  o r  components o f  c o n n e c t i v e  t i s s u e ,  such  as 

c h o n d r o i t i n  s u lp h a t e .

In  e a r l y  e x p e r im e n ts ,  C . a l b i c a n s  appeared  t o  be a b le  t o  u t i l i s e  e i t h e r  

e r y t h r o c y t e  g h o s ts  o r  c h o n d r o i t i n  s u lp h a te  as c a rb o n  s o u r c e s .  H ow ever, i t  

was l a t e r  shown t h a t  g ro w th  i n  t h e  p re s e n c e  o f  th e s e  s u b s t r a t e s  was due t o  t h e  

a b i l i t y  o f  C . a lb i c a n s  t o  use c i t r a t e  b u f f e r  r a p i d l y  and f u l l y  a t  pH 3 .5  and 

p a r t i a l l y  a t  pH 5 . 5 . ,  S in c e  p r e l i m i n a r y  e x p e r im e n ts  had i n d i c a t e d  t h a t  C . a lb i c a n s  

ATCC 28365 c o u ld  n o t  u t i l i s e  c i t r a t e  a t  pH 5 .5  and s in c e  i t  became a b le  t o  do 

so l a t e r ,  i t  i s  presumed t h a t  t h e  a b i l i t y  o f  t h i s  s t r a i n  t o  a s s i m i l a t e  c i t r a t e  

changed w i t h  t im e .  The a b i l i t y  o f  d i f f e r e n t  s t r a i n s  o f  C . a lb i c a n s  t o  a s s i m i l a t e  

c i t r a t e  i s  d e s c r ib e d  by Van Uden and B u c k le y  (1 9 7 0 )  as ' v a r i a b l e ' :  t h e  f i n d i n g s  

i n  t h i s  s tu d y  s u g g e s te d  t h a t  t h i s  v a r i a b i l i t y  may be seen f ro m  t im e  t o  t im e  f o r  

a s i n g l e  s t r a i n  o f  C . a lb i c a n s  as w e l l  as f ro m  s t r a i n  t o  s t r a i n .

The i n a b i l i t y  o f  C. a l b i c a n s  t o  use e r y t h r o c y t e  g h o s ts  and c h o n d r o i t i n  

s u lp h a te  as n u t r i e n t  s o u rc e s  was c o n f i r m e d  by t h e  la c k  o f  d e t e c t a b l e  p h o s p h o -  

l i p a s e  and h y a lu r o n id a s e  i n  e i t h e r  b la s to s p o r e s  o r  m y c e l i a l  f o r m s .

H y a lu ro n id a s e  c o u ld  n o t  be d e te c te d  by any o f  t h r e e  d i f f e r e n t  a ssa y  

m e thods , c o n f i r m in g  and e x te n d in g  th e  r e s u l t s  o f  e a r l i e r  w o rk e rs  (C h a t ta w a y  

^  , 1 9 7 1 ) ,  H y a lu r o n id a s e  was n o t  c o n s id e r e d  f u r t h e r  as an enzyme o f

i n t e r e s t  i n  t h i s  i n v e s t i g a t i o n .  H ow ever, i n v e s t i g a t o r s  i n a b i l i t y  t o  d e t e c t  i t ,  

t h u s  f a r ,  does n o t  mean t h a t  h y a lu r o n id a s e  m ig h t  n o t  be in d u c e d  u n d e r  s l i g h t l y  

d i f f e r e n t  c o n d i t i o n s  o f  g r o w th .

A n e g a t i v e  o b s e r v a t i o n  n a t u r a l l y  n e v e r  e x c lu d e s  th e  p o s s i b i l i t y  t h a t  

d i f f e r e n t  e x p e r im e n ta l  c o n d i t i o n s  m ig h t  g iv e  r i s e  t o  a p o s i t i v e  r e s u l t :
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h o w e v e r ,  i n  th e  case  o f  C . a lb i c a n s  and h y a lu r o n id a s e ,  th e  absence o f  d e t e c t a b le  

enzyme i j i  v i t r o  a ls o  r e f l e c t s  t h e  f a c t  t h a t  th e  fu n g u s  i j i  v i v o  does n o t  show 

g r e a t  p a t h o g e n i c i t y  f o r  c o n n e c t i v e  t i s s u e .  I n  m ucocutaneous i n f e c t i o n s  th e  

fu n g u s  r a r e l y  a p p e a rs  t o  p e n e t r a t e  b e n e a th  t h e  o u te r m o s t  l a y e r s  o f  e p i t h e l i a l  

t i s s u e .  T h is  c l i n i c a l  o b s e r v a t io n  i t s e l f  s u g g e s ts  t h a t  C . a lb i c a n s  i s  u n l i k e l y  

t o  p o ss e ss  o r  s e c r e t e  h y a lu r o n id a s e  i n  p a t h o l o g i c a l l y  s i g n i f i c a n t  q u a n t i t i e s .

P r i c e  and Cawson (1 9 7 7 )  d e s c r ib e d  i n t r a c e l l u l a r  p h o s p h o l ip a s e  A and l y s o -  

p h o s p h o l ip a s e  i n  C . a l b i c a n s . C o s ta  _et ^ . , (1 9 6 8 )  were a b le  t o  d e t e c t  phospho

l i p a s e  A and C a ro u n d  c o lo n ie s  o f  C . a l b i c a n s  grown on Sabouraud a g a r  c o n t a i n i n g  

serum and sheep e r y t h r o c y t e s .  H ow ever, none o f  th e s e  enzymes were d e te c te d  i n  

t h e  p r e s e n t  s tu d y  i n  c e l l s  o r  c u l t u r e  f i l t r a t e s  o f  C . a lb i c a n s  grown w i t h  e r y t h 

r o c y t e  g h o s ts  as s o le  ca rb o n  s o u r c e ,  i n  S a b o u ra u d 's  b r o t h ,  i n  W ickerham s medium 

o r  i n  a medium c o n t a i n i n g  l e c i t h i n  as a c a rb o n  s o u r c e .  A d d i t i o n  o f  Ca**~^, w h ich  

i s  known t o  be n e c e s s a ry  i n  some ca se s  f o r  p h o s p h o l ip a s e  a c t i v i t y ,  had no e f f e c t  

h e r e .  The r e s u l t s  o f  P r i c e  and Cawson (1 9 7 7 )  c o u ld  n o t  be re p e a te d  u n d e r  t h e  

same c o n d i t i o n s  w i t h  th e  s t r a i n  o f  C . a lb i c a n s  used th r o u g h o u t  t h e  p r e s e n t  

i n v e s t i g a t i o n ,  a l t h o u g h  th e  a ssay  c o u ld  be shown t o  work  w i t h  p u r i f i e d  p h o s p h o -  

l i p a s e s  o b ta in e d  c o m m e r c ia l l y .  C h a t ta w a y  , ( 1 9 7 1 )  were s i m i l a r l y  u n a b le

t o  d e t e c t  any p h o s p h o l ip a s e  a c t i v i t y  i n  t h e i r  s t r a i n s  o f  C . a l b i c a n s . These 

c o n t r a d i c t o r y  r e s u l t s  a re  d i f f i c u l t  t o  i n t e r p r e t  u n le s s  some o f  t h e  o b s e r v a t io n s  

a re  e r r o n e o u s .  I t  i s  p o s s ib le  t h a t  t h e  enzymes may be s t r a i n  s p e c i f i c ,  i n  

w h ic h  case  th e y  must be c o n s id e r e d  u n l i k e l y  t o  p la y  a m a jo r  r o l e  i n  th e  p a th o 

g e n i c i t y  o f  C a n d id a , s in c e  th e  s t r a i n s  used b o th  i n  t h i s  s tu d y  and i n  t h a t  o f  

C h a t ta w a y  , ( 1 9 7 1 ) ,  were known t o  be p a th o g e n ic  t o  a n im a ls .  P h o s p h o l ip a s e

A has been d e te c te d  i n  S . c e r e v i s i a e  (K o k k e ,  1 9 6 6 ) ,  a y e a s t  g e n e r a l l y  re g a rd e d  as 

a n o n -p a th o g e n  d e s p i t e  r e p o r t s  o f  s e v e r a l  r a r e  cases  o f  i n f e c t i o n  caused  by i t  

( R ip p o n ,  1 9 7 4 ) .  The e x is t e n c e  o f  p h o s p h o l ip a s e  i n  a n o n -p a th o g e n  le n d s  f u r t h e r  

w e ig h t  t o  t h e  n o t i o n  t h a t  i t  i s  n o t  i n v o l v e d ,  t o  any g r e a t  e x t e n t ,  i n  t h e  p a th o 

g e n e s is  o f  c a n d id o s i s .

P r i c e  (1 9 7 7 )  d e s c r ib e d  e x t r a c e l l u l a r  p h o s p h o l ip a s e  a ro u n d  c o lo n ie s  o f  

C . a lb i c a n s  grown on a s o l i d  medium c o n t a i n i n g  e g g - y o l k .  The o p a c i t y  n o te d  a ro u n d

c o lo n i e s  on t h i s  medium c o u ld  be due t o  a p r o t e o l y t i c  enzyme, s in c e  e g g - y o lk  a g a r
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w i l l  d e t e c t  b o th  p h o s p h o l ip a s e  and p r o t e in a s e  a c t i v i t y .  T h is  w o u ld  e x p la in  

why P r i c e  was u n a b le  t o  d e t e c t  p h o s p h o l ip a s e  a c t i v i t y  i n  c u l t u r e  f i l t r a t e s  by 

t h e  a ssa y  m ethod d e s c r ib e d  by P r i c e  and Cawson ( 1 9 7 7 ) .  As P r i c e  was a b le  t o  

d e t e c t  enzyme a c t i v i t y  on e g g - y o lk  a g a r  o n ly  f o r  C . a l b i c a n s , C . s t e l l a t o i d e a  and 

C. t r o p i c a l i s , h e r  r e s u l t s  c o n c e r n in g  e x t r a c e l l u l a r  p h o s p h o l ip a s e  i n  f a c t  ag ree  

w i t h  th o s e  o f  t h e  p r e s e n t  s t u d y ;  i t  seems l i k e l y  t h a t  she was d e t e c t i n g  

p r o t e i n a s e  i n s t e a d  o f  p h o s p h o l ip a s e .

A l th o u g h  no p h o s p h o l ip a s e  a c t i v i t y  was fo u n d  i n  any l i q u i d  m ed ia  exam ined , 

o p a c i t y  a ro u n d  C . a l b i c a n s  c o lo n ie s  was d e te c te d  on s o l i d  m ed ia  w i t h  pu re  l e c i t h i n  

as s o le  c a rb o n  s o u r c e .  W hether t h i s  was a r e f l e c t i o n  o f  t r u e  p h o s p h o l ip a s e  

a c t i v i t y  o r  t h e  r e s u l t  o f  a n o th e r  en zy m e ,o r  some o t h e r  e f f e c t , i s  n o t  known a t  

t h e  p r e s e n t .  F u r t h e r  e x p e r im e n ts  on p h o s p h o l ip a s e s  i n  C and ida  s t i l l  have t o  be 

c a r r i e d  o u t  s i n c e ,  as was th e  case  w i t h  h y a lu r o n id a s e ,  i n a b i l i t y  t o  d e t e c t  th e  

enzyme t h i s  f a r  does n o t  n e c e s s a r i l y  mean t h a t  i t  i s  n e v e r  t h e r e *  The r e s u l t s  

o f  t h e  e x p e r im e n ts  d e s c r ib e d  above do s u g g e s t  how eve r t h a t  p h o s p h o l ip a s e  i s  

u n l i k e l y  t o  be i n v o l v e d  i n  t h e  v i r u l e n c e  o f  C a n d id a .

The a c id  p r o t e i n a s e  o f  C. a lb i c a n s  o r i g i n a l l y  d e s c r ib e d  by S t a ib  e t  a l . ,

( 1 9 6 5 )  and p u r i f i e d  by Remold , ( 1 9 6 8 ) ,  became th e  m a jo r  o b j e c t  o f

e x a m in a t io n  i n  t h i s  s t u d y .  S e v e r a l  r e p o r t s  i n  t h e  l i t e r a t u r e  have s u g g e s te d  

t h a t  t h e  enzyme m ig h t  be in v o l v e d  i n  th e  p a t h o g e n i c i t y  o f  C . a lb i c a n s  and S t a i b ' s  

g ro u p  has p ro p o s e d  i t  m ig h t  be a ls o  a s p e c i f i c  a n t ig e n  f o r  th e  s e r o l o g i c a l  

d ia g n o s is  o f  c a n d i d o s i s .  H ow ever, none o f  t h e  d a ta  i n  t h e  l i t e r a t u r e  has 

p o s i t i v e l y  c o n f i r m e d  th e s e  i d e a s ,  and i t  must be s a id  t h a t  th e  e x p e r im e n ts  c a r r i e d  

o u t  i n  t h i s  s t u d y ,  a l t h o u g h  l e n d in g  much f u r t h e r  w e ig h t  t o  t h e  a rgum en t o f  

p r o t e in a s e  i n  p a th o g e n e s is ,  s t i l l  do n o t  a b s o l u t e l y  s u b s t a n t i a t e  t h e  r o l e  o f  th e  

enzyme as a v i r u l e n c e  f a c t o r  o f  C . a l b i c a n s .

Remold ^ ; t  a l ^ . , (1 9 6 8 )  d e s c r ib e d  a method t o  p u r i f y  C . a l b i c a n s  p r o t e in a s e ,  

b u t  th e  m ethod was n o t  s u i t a b l e  f o r  l a r g e  s c a le  p r o d u c t i o n s  o f  t h e  enzyme, such 

as w o u ld  be r e q u i r e d  i f  i t  were t o  be used as a s é r o d ia g n o s t i c  a n t ig e n  i n  r o u t i n e  

t e s t s  f o r  c a n d i d o s i s .  A r a p i d  o n e -s te p  method f o r  p u r i f i c a t i o n  o f  th e  p r o t e in a s e
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was therefore developed, which yielded an enzyme that was judged to be pure 

by both biochemical and serological tests. Purification was made easier by 

the absence of large numbers of different proteins in the culture filtrate of 

C .albicans grown in a glucose/BSA medium. Any other proteins that bound to 

DEAE-Sephadex at pH 6.5 all appeared to be eluted with 0.03M citrate buffer 

along with albumin, since only one peak was eluted with higher concentrations 

of buffer, and this was shown to be pure proteinase.

The final yield of proteinase by this method of purification was only 4%, 

compared with 8^ when the enzyme was purified as described by Remold et al., 

(1968). Activity was lost both at the first step - the elution of proteinase 

from DEAE-Sephadex - and at the concentration stage, either because of non

specific binding of proteinase to the walls of the ultrafiltration cell or 

because of loss of the enzyme through the ultrafiltration membrane. Hopefully 

this loss of proteinase can be reduced substantially by modification of purificat 

conditions in the future. Although the final yield is smaller with the one step 

purification method, much larger volumes of culture filtrate can be used for the 

purification of the enzyme and the method is therefore more suitable for its 

preparation as an antigen.

Alteration of the composition of the medium used for purification of 

proteinase, i.e. the proportions and concentrations of glucose and BSA, might 

lead to higher yields of enzyme, as may alteration of the strain of C .albicans 

used. Only one strain of C.albicans was examined in detail as regards proteinase 

activity; however, since it is known that a few strains of the fungus do not 

produce enzyme at all, it is also likely that some strains will produce more enzyi 

than others. If differences in the amount of enzyme between producer strains 

prove to be negligible, treatment of the yeast with a chemical or physical 

mutagen may yield a proteinase over-producer strain, which would substantially 

reduce the need for large-scale cultivation of the fungus to produce enzyme.

Inhibition of the enzyme by pepstatin suggested that C.albicans proteinase 

belonged to the carboxyl class of endopeptidases. Pepstatin, unlike some other 

inhibitors, has little or no effect on other classes of proteinases, so the

class of the enzyme in C .albicans can be assigned with reasonable certainty.
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T h is  c l a s s  o f  e n d o p e p t id a s e s ,  w h ich  i n c lu d e s  p e p s in  and a l s o  t h e  p r o t e in a s e s  

f ro m  s e v e r a l  o t h e r  f u n g i ,  i s  c h a r a c t e r i z e d  by dependence o f  t h e  enzymes on 

a c i d i c  e n v i r o n m e n ts ,  so th e  pH optim um  o f  3 .2  f o r  t h e  C . a lb i c a n s  enzyme a g re e s  

w i t h  t h i s  c l a s s i f i c a t i o n .

P u r i f i e d  p r o t e i n a s e  was fo u n d  t o  be a g l y c o p r o t e i n  c o n t a i n i n g  1.5% mannan.

The a c id  p h o s p h a ta s e  (Odds and H i e r h o l z e r ,  1973 ) and th e  g lu c a n a s e  ( N o t a r i o ,  1979) 

o f  C . a l b i c a n s  a r e  a l s o  b o th  g l y c o p r o t e i n s  as i s  t h e  a c id  p h o s p h a ta s e  o f  S . c e r e v i s i a  

(B o e r  and S te y n - P a r v e \  1966) and a l i p a s e  f ro m  R h iz o p u s  a r r h i z u s  (S e m e r iv a  e t  a l . ,  

1969 ) so th e  n o t i o n  o f  g l y c o p r o t e i n  enzymes i n  f u n g i  i s  n o t  u n u s u a l .  I n  a l l  

cases  t h e  s u g a r  was shown t o  be mannose and w i t h  t h e  e x c e p t io n  o f  t h e  C . a lb i c a n s  

p r o t e i n a s e ,  t h e  r a t i o  o f  mannose t o  p r o t e i n  i n  t h e  enzyme was a t  l e a s t  1 : 1 .

The s i g n i f i c a n c e  and f u n c t i o n  o f  t h e  c a r b o h y d r a te  p o r t i o n  o f  th e  m o le c u le s  

i n  v i v o  i s  n o t  known a l t h o u g h  i t  does n o t  a p p e a r  t o  p la y  any r o l e  i n  th e  c a t a l y t i c  

f u n c t i o n ,  a t  l e a s t  n o t  i n  t h e  l i p a s e  o f  R h . a r r h i z u s . I t  may p o s s i b l y  p la y  some 

p a r t  i n  th e  p r o t e c t i o n  o f  t h e  p r o t e i n  p o r t i o n  f ro m  d i g e s t i o n  by o t h e r  enzymes, 

o r  i t  may be p r e s e n t  as an i n e v i t a b l e  r e s u l t  o f  t h e  enzym es ' l o c a t i o n  a t ,  o r  

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

S e v e r a l  r e p o r t s  i n  th e  l i t e r a t u r e  have  s u g g e s te d  t h a t  l y t i c  enzymes m ig h t  

be f a c t o r s  i n  t h e  v i r u l e n c e  o f  C . a lb i c a n s  and 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  

have f u r t h e r  s u p p o r te d  t h i s  i d e a .  S ta n le y  and H u r le y  (1 9 6 7 )  s u g g e s te d  t h a t  t h e  

d i f f e r e n t i a l  v i r u l e n c e  o f  C and ida  s p e c ie s  m ig h t  r e s u l t  f ro m  d i f f e r e n c e s  i n  l y t i c  

e n z y m a t ic  a c t i v i t y .  I n  t h e i r  u l t r a s t r u c t u r a l  s t u d i e s ,  M ontes  and W i lb o r n  (1 9 6 8 )  

commented on t h e  f a c t  t h a t  l a r g e  v a c u o le s  were seen i n  C . a lb i c a n s  i n v a d in g  

e p i t h e l i a l  c e l l s ,  and s u g g e s te d  t h a t  th e s e  m ig h t  c o n t a i n  enzymes r e s p o n s ib le  

f o r  t i s s u e  d e g r a d a t i o n .  Remold ^ 1  • ,  (1 9 6 8 )  d e m o n s t ra te d  t h a t  o n l y  th o s e  s t r a i n s  

o f  C a n d id a  c a p a b le  o f  p r o t e o l y s i s  were v i r u l e n t  t o  m ic e .  S t a i b  , ( 1 9 7 2 )

fo u n d  t h a t  a lm o s t  a l l  s t r a i n s  o f  C . a lb i c a n s  i s o l a t e d  f ro m  th e  human body were 

c a p a b le  o f  p r o t e o l y s i s  and t h a t  a c t i v e l y  p r o t e o l y s i n g  s t r a i n s  i n j e c t e d  i n t o  m ice  

caused s e p t i c a e m ia  and p e r i t o n i t i s .  B u d tz -D o rg e n s e n  (1 9 7 2 )  showed t h a t  p r o t e o l y t i c  

a c t i v i t y  was m ost f r e q u e n t l y  d e m o n s t ra te d  i n  t h e  more v i r u l e n t  C and ida  s p e c ie s .
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These l a t t e r  r e s u l t s  were c o n f i r m e d  and e x te n d e d  i n  t h i s  s tu d y  by t h e  

d e m o n s t r a t io n  t h a t  t h e  most p a th o g e n ic  s p e c ie s  o f  C and ida  were b e s t  a b le  t o  

u t i l i z e  BSA as a n i t r o g e n  s o u rc e  and t h a t  o n ly  C . a l b i c a n s , C. t r o p i c a l i s  and 

C. s t e l l a t o i d e a  p ro d u c e d  any d e t e c t a b le  p r o t e o l y t i c  a c t i v i t y  i n  u n c o n c e n t r a te d  

BSA medium c u l t u r e  f i l t r a t e s .  These r e s u l t s  w ou ld  a p p e a r  t o  s u g g e s t  t h a t  th e  

enzyme i s  r e l a t e d  t o  th e  p a t h o g e n i c i t y  o f  t h e  f u n g u s .  How ever, t h e  c u l t u r e  

f i l t r a t e s  were  a ssa ye d  o n ly  a f t e r  5 days and i t  may be t h a t  maximum a c t i v i t y  i s  

n o t  r e a c h e d , i n  a l l  s p e c ie s ,  a t  t h i s  t im e .  F u r t h e r  e x p e r im e n ts  m u s t ,  o b v io u s ly ,  

be c a r r i e d  o u t  t o  compare g ro w th  p a t t e r n s  o f  d i f f e r e n t  s p e c ie s  i n  BSA m ed ia ,  

b u t  t h e r e  was no t im e  t o  do t h i s  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  I f  t h e  p r o t e i n 

ases p ro d u c e d  by a l l  s p e c ie s  a re  shown t o  be a n t i g e n i c a l l y  s i m i l a r  m o le c u le s  and 

th e  enzyme i s  used i n  s é r o d i a g n o s t i c  t e s t s  as an a n t i g e n ,  i t  w o u ld  be ,  i n  t h e o r y ,  

th e  o n l y  a n t i g e n  n e c e s s a ry  t o  e s t a b l i s h  a d ia g n o s is  o f c a n d i d o s i s ,  i n s t e a d  o f  a 

range  o f  i l l - d e f i n e d  a n t ig e n s  i n  c y to p la s m ic  e x t r a c t s  f ro m  a l l  s p e c ie s .  S in c e  

th e  t r e a t m e n t  o f  c a n d id o s is  i s  t h e  same r e g a r d le s s  o f  th e  i n f e c t i n g  s p e c ie s ,  

e s t a b l i s h m e n t  o f  t h e  i d e n t i t y  o f  th e  i n v a d in g  s p e c ie s  i s  n o t  a c l i n i c a l  n e c e s s i t y .  

I f  t h e r e  a re  a n t i g e n i c a l l y  d i s t i n c t  p r o t e in a s e s  i n  d i f f e r e n t  s p e c ie s ,  th e  n o t io n  

o f  a s im p le ,  o n e - a n t ig e n  t e s t  f o r  c a n d id o s is  w ou ld  be i n v a l i d ,  b u t  t h e  enzymes 

m ig h t  be a u s e f u l  t o o l  f o r  e p id e m io l o g i c a l  s t u d i e s  o f  th e  d is e a s e .

The r o l e  o f  p r o t e i n a s e  as a f a c t o r  i n  t h e  p a t h o g e n i c i t y  o f  C. a lb i c a n s  was 

f u r t h e r  s u p p o r te d  by th e  o b s e r v a t io n  t h a t  th e  enzyme i s  s e c r e te d  i n t o  t i s s u e s  

a ro u n d  C . a l b i c a n s  i n  k id n e y  m ic ro a b s c e s s e s  f ro m  e x p e r i m e n t a l l y  i n f e c t e d  m ic e .

T h is  i m p l i e s  t h a t  t h e  enzyme i s  a t  l e a s t  a v a i l a b l e  t o  b re a k  down t i s s u e s ,  th o u g h  

d e m o n s t r a t io n  t h a t  th e  enzyme does a t t a c k  t i s s u e s  w i l l  r e q u i r e  f u r t h e r  

e x p e r i m e n t a t i o n .

o o
The f a c t s  t h a t  l a r g e r  am ounts o f  enzyme a re  p ro d u ce d  a t  26 C th a n  a t  37 C 

and t h a t  th e  enzyme has a pH optim um  o f  3 .2  do n o t  n e g a te  i t s  p o s t u la t e d  r o l e  

i n  t h e  v i r u l e n c e  o f  C . a l b i c a n s . I t  i s  l i k e l y  t h a t  t h e  enzyme i s  d e s t r o y e d  more 

r a p i d l y  a t  37°C th a n  a t  26°C s in c e  p r o t e in a s e s  a re  s e l f - d e g r a d i n g  and th e  r a t e  

o f  p r o d u c t i o n  o f  th e  p r o t e in a s e  a t  37°C was n o t  s t u d ie d  o v e r  s h o r t  p e r io d s  o f  t im e .  

P a t t e r n s  o f  g ro w th  o f  t h e  fu n g u s  a t  th e  two te m p e r a tu re s  a re  s i m i l a r ,  w h ich  may



90

i n d i c a t e  t h a t  e q u a l  am ounts o f  enzyme a re  b e in g  p ro d u c e d .  A l th o u g h  p r o t e in a s e  

has a v e r y  lo w  pH op t im um , many o f  th e  s i t e s  commonly a f f e c t e d  by C and ida  e . g .  

t h e  mucous membranes, have pH v a lu e s  a b o u t  5 o r  b e lo w  ( S t a i b ,  1 9 6 5 ) .

The l o c a l i z a t i o n  o f  p r o t e in a s e  s y n t h e s i s  i n  C . a lb i c a n s  i s  n o t  y e t  known. 

P re s u m a b ly  th e  enzyme i s  made i n s i d e  th e  c e l l  and i s  s e c r e t e d .  I t  i s  p o s s ib le  

t h a t  t h e  enzyme may be l o c a t e d  i n  th e  v a c u o le s  d e s c r ib e d  by M ontes and W i lb o r n

( 1 9 6 8 ) .  I n  S . c e r e v i s i a e , s i m i l a r  v a c u o le s  have been shown t o  c o n t a in  h y d r o l y t i c  

enzymes c o r r e s p o n d in g  t o  lysosom es  ( M a t i l e  and Wiemken, 1 9 6 7 ) .  The a c i d i c  n a tu r e  

o f  p r o t e i n a s e  a ls o  s u g g e s ts  t h a t  th e  enzyme m ig h t  be lo c a t e d  i n  a lysosom e o r  a 

s i m i l a r  t y p e  o f  s t r u c t u r e .  I f  t h e  enzyme i s  i n  v a c u o le s ,  t h e  v a c u o le s  may fu s e  

w i t h  th e  p lasmalemma t o  s e c r e te  t h e  p r o t e i n a s e .  C y to c h e m ic a l  d e m o n s t r a t io n s  may 

p r o v id e  e v id e n c e  f o r  th e  i n t r a c e l l u l a r  l o c a t i o n  and r o u t e  o f  s e c r e t i o n  o f  th e  

enzyme i n  t h e  f u t u r e .

N e i t h e r  m o r p h o lo g ic a l  fo rm , o f  C . a lb i c a n s  c a n .b e  s a id  t o  be e x c l u s i v e l y  

i n v a s i v e  o r  n o n - i n v a s i v e  (s e e  C h a p te r  1 . 5 ) .  How ever, H u r le y  and S ta n le y  (1 9 6 9 )  

s u g g e s te d  t h a t  t h e  y e a s t  fo rm  i n i t i a t e d  i n f e c t i o n  and t h a t  m yc e l iu m  p r o d u c t io n  

o c c u r r e d  l a t e r .  B u d tz - J o rg e n s e n  ^  _a l. ,  (1 9 7 5 )  and T a s c h d j ia n  and K o z in n  (1 9 5 7 )  

a l s o  n o te d  p r i m a r i l y  b la s t o s p o r e s  i n  C . a lb i c a n s  -  c o lo n iz e d  i n d i v i d u a l s  u n t i l  

c l i n i c a l  l e s i o n s  were a p p a re n t  when m y c e l ia  were a l s o  d e t e c t e d .  I n  a s tu d y  by 

S t a i b  _e^ ^ 1 . ,  ( 1 9 7 2 ) ,  y e a s t  fo rm s  o f  C . a lb i c a n s  w ere  n o te d  i n  g ra n u lo m a ta ,  w hereas 

i n  l a r g e r  n e c r o t i c  a r e a s ,  th e  fu n g u s  was a ls o  fo u n d  i n  th e  m y c e l i a l  f o rm .  S i m i l a r  

r e s u l t s  were  n o te d  i n  th e  im m u n o f lu o re s c e n c e  e x p e r im e n ts  i n  t h i s  s t u d y .  P r im a ry  

l e s i o n s  c o n ta in e d  m a in ly  b la s to s p o r e s  w hereas b o th  fo rm s  were seen i n  l a r g e r  

l e s i o n s .  Amino a c id s  have been s u g g e s te d  as one o f  th e  s e v e r a l  e n v i r o n m e n ta l  

f a c t o r s  t h a t  s t i m u l a t e  m yc e l iu m  p r o d u c t io n  (O dds , 1 9 7 9 ) .  I t  i s  p o s s ib le  t h a t  

t h e  y e a s t  fo rm  i n i t i a t e s  i n f e c t i o n  s e c r e t i n g  p r o t e in a s e  -  t h i s  fo rm  i s  th e  one 

t h a t  p ro d u c e s  m ax im a l amounts o f  enzyme ( S t a i b  ^e^ a l_ . , 1972 ) -  w h ich  i n  t u r n  

b re a k s  down p r o t e i n s  i n  th e  t i s s u e  t o  t h e i r  c o n s t i t u t i v e  am ino a c i d s .  These th e n  

s t i m u l a t e  c o n v e r s io n  o f  th e  fu n g u s  t o  th e  m y c e l i a l  phase l e a d in g  t o  l a r g e  n e c r o t i c  

l e s i o n s  c o n t a i n i n g  b o th  phases o f  g r o w th .  T h is  h y p o t h e t i c a l  a rgum en t f i t s  th e  

a v a i l a b l e  e v id e n c e  f ro m  ijn v i t r o  and i j i  v i v o  e x p e r im e n t a t io n  b u t  r e q u i r e s  

v e r i f i c a t i o n  by d i r e c t  e x p e r im e n t a t io n .
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The a n t i g e n i c  s p e c i f i c i t y  o f  p r o t e in a s e  f o r  s y s te m ic  c a n d id o s is  appea re d  

t o  be h ig h  when th e  enzyme was t e s t e d  a g a i n s t  t h e  s e ra  f ro m  two d i f f e r e n t  g ro u p s  

o f  e x p e r im e n t a l l y  i n f e c t e d  r a b b i t s ,  s in c e  a n t i - p r o t e i n a s e  p r e c i p i t i n s  were fo u n d  

o n l y  i n  th o s e  a n im a ls  w i t h  a c h r o n i c  C and ida  i n f e c t i o n .  I n  th o s e  r a b b i t s  t h a t  

were  t r e a t e d  w i t h  k e to c o n a z o le  a f t e r  i n f e c t i o n  t o  p r e v e n t  e s ta b l i s h m e n t  o f  

t i s s u e  i n v a s i o n ,  i . e .  a s i t u a t i o n  s i m i l a r  t o  a t r a n s i e n t  ca n d id a e m ia  i n  p a t i e n t s ,  

no a n t i - P P  p r e c i p i t i n s  were f o u n d .  I t  must be s t r e s s e d  t h a t  th e s e  s e ra  were 

exam ined r e t r o s p e c t i v e l y  and t h a t  t h e  two g ro u p s  o f  r a b b i t s  were g iv e n  d i f f e r e n t  

doses o f  C . a lb i c a n s  t o  b e g in  w i t h  f o r  p u rp o s e s  o t h e r  th a n  t h i s  i n v e s t i g a t i o n .  The 

r e s u l t s  n e v e r t h e le s s  a ppea re d  t o  be p r o m is in g .

When p r o t e in a s e  was t e s t e d  a g a in s t  t h e  s e ra  f ro m  human c a s e s ,  th e  r e s u l t s  

were  n o t  so c l e a r  c u t ,  s in c e  some s e ra  f ro m  p a t i e n t s  w i t h o u t  c a n d id o s is  and i n  

th o s e  who had a n t i - C E  a n t i b o d i e s  b u t  no o t h e r  c o r r o b o r a t i v e  e v id e n c e  o f  i n f e c t i o n ,  

were a n t i - P P  p o s i t i v e .  T he re  was how ever a te n d e n c y  to  a n t i - P P  t i t r e s  g r e a t e r  

th a n  1 :4  and g r e a t e r  th a n  a n t i - C E  t i t r e s ,  i n  th e  s e ra  f ro m  p a t i e n t s  w i t h  p ro v e n  

s y s te m ic  c a n d id o s i s .  On t h i s  q u a n t i t a t i v e  b a s i s ,  p r o t e in a s e  a p p e a rs  t o  be a 

s u p e r i o r  a n t ig e n  t o  a c y t o p la s m ic  e x t r a c t  o f  C and ida  f o r  s e r o l o g i c a l  d i a g n o s i s ,  

and th e s e  r e s u l t s  were s u p p o r te d  s t a t i s t i c a l l y .  How ever, i t  i s  c l e a r  t h a t  

p r o t e i n a s e  i s  s t i l l  n o t  a q u a l i t a t i v e l y  s p e c i f i c  a n t ig e n  f o r  t h e  d ia g n o s is  

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

t o  p r o t e i n a s e  g r e a t e r  th a n  1 :4  a re  l i k e l y  t o  be i n d i c a t i v e  o f  C and ida  i n f e c t i o n  

b u t  t h i s  can o n ly  be s u b s t a n t i a t e d  by t e s t s  on much l a r g e r  numbers o f  s e ra  f ro m  

p a t i e n t s  o f  many t y p e s  w i t h  and w i t h o u t  c a n d i d o s i s .  I d e a l l y ,  f r e s h  s e ra  s h o u ld  

be u s e d , r a t h e r  th a n  s e ra  t h a t  have been s t o r e d  o v e r  a l o n g  p e r io d  o f  t im e .

The d ro p  i n  t i t r e  w i t h  some o f  t h e  A m e r ica n  s e ra  c o n f i r m s  th e  o b s e r v a t io n s  o f  

T a s c h d j ia n  a l • ,  ( 1 9 7 2 ) ,  t h a t  p r o lo n g e d  s t o r a g e  o f  s e ra  r e s u l t s  i n  a f a l l  i n  

t i t r e s  o f  p r e c i p i t a t i n g  a n t i b o d i e s .  Some o f  t h e  s e ra  showed no v a r i a t i o n  i n  

t i t r e  f ro m  th e  o r i g i n a l  v a lu e ,  and i t  has been s u g g e s te d  (D .W . M a c k e n z ie ,  p e r s o n a l  

c o m m u n ic a t io n )  t h a t  t h i s  m ig h t  have been due t o  th e  f a c t  t h a t  some s e ra  were 

t r e a t e d  e i t h e r  w i t h  m e r t h i o l a t e  o r  sod ium  a z id e  as p r e s e r v a t i v e s .  I t  was n o t  

known w h ic h  s e ra  were so t r e a t e d ,  so t h e  s u g g e s t io n  c a n n o t  be c o n f i r m e d .

I t  i s  p o s s i b l e  t h a t  th o s e  p a t i e n t s  i n  t h e  ' f a l s e - p o s i t i v e '  g ro u p  w i t h  h ig h
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a n t i - P P  t i t r e s  may have had a C and ida  i n f e c t i o n  w h ic h  was e i t h e r  u n d e te c te d  

o r  o f  w h ic h  we were unaware because o f  l a c k  o f  a v a i l a b l e  c l i n i c a l  i n f o r m a t i o n .

I n  o t h e r  c a s e s ,  th e  p o s i t i v e  r e a c t i o n s  may have been due t o  t h e  p re s e n c e  o f  

mannan i n  th e  p r o t e in a s e  m o le c u le  s in c e  t h i s  i s  known t o  be a m a jo r  cause o f  

' f a l s e - p o s i t i v e *  r e a c t i o n s  (Chew and T heus , 1 9 6 7 ) .  The mannan p o r t i o n  o f  

C . a l b i c a n s  a c id  p h o s p h a ta s e  was shown t o  be th e  m a jo r  a n t i g e n i c  d e te r m in a n t  

o f  t h a t  p a r t i c u l a r  i n d u c i b l e  enzyme (Odds and H i e r h o l z e r ,  1 9 7 3 ) .  The r a t i o  o f  

mannan t o  p r o t e i n  i n  t h e  p h o s p h a ta se  was 7 : 1 ,  so i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  

s u g a r  p la y e d  an i m p o r t a n t  p a r t  i n  th e  a n t i g e n i c i t y  o f  t h e  enzyme. However, th e  

much s m a l l e r  p r o p o r t i o n  o f  mannan i n  p r o t e in a s e  -  1.5% -  i s  u n l i k e l y  t o  p la y  such 

a l a r g e  p a r t  i n  i t s  a n t i g e n i c  p r o p e r t i e s .  N e v e r t h e le s s ,  i t s  re m o v a l  o r  th e  

n e u t r a l i z a t i o n  o f  i t s  a n t i g e n i c  p r o p e r t i e s  may re d u c e  th e  numbers o f  a n t i - P P  

p o s i t i v e  s e ra  i n  g ro u p s  1 and 2 .

C ro ss  r e a c t i o n s  w i t h  C . a lb i c a n s  p r o t e in q s e  were n o te d  i n  t h e  s e ra  o f  two. . .

p a t i e n t s  w i t h  c a n d id o s is  caused by s p e c ie s  o t h e r  th a n  C. a l b i c a n s . One p a t i e n t ;  

had C and ida  e n d o c a r d i t i s  caused by C. g l a b r a t a  and p a t i e n t  N o .4 had a s e co n d a ry  

C a nd ida  i n f e c t i o n  c a u s e d ,  p re s u m a b ly ,  by C. q u i l l i e r m o n d i i  s in c e  t h i s  was th e  o n ly  

y e a s t  i s o l a t e d .  A l th o u g h  p r o t e in a s e  a c t i v i t y  was n o t  d e te c te d  i n  e i t h e r  o f  th e  

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

i s o l a t e d  s t r a i n s  may be p r o t e o l y t i c ,  as i t  i s  known t h a t  t h e  p r o p e r t i e s  o f  s t r a i n s  

change as t h e y  a re  s t o r e d  i n  th e  l a b o r a t o r y  and t h a t  even s p e c ie s  c o n s id e r e d  as 

n o n -p a th o g e n s  become p a th o g e n ic  a f t e r  t h e y  a r e  r e p e a t e d l y  i n o c u l a t e d  i n t o  a n im a ls  

and r e c o v e re d  (R .  H u r l e y ,  p e r s o n a l  c o m m u n ic a t io n ) .

The p a t i e n t  w i t h  s e c o n d a ry  c a n d id o s is  i s  a v e r y  u n u s u a l  case  as he a l s o  has 

p u lm o n a ry  a s p e r g i l l o s i s ,  and th e s e  two i n f e c t i o n s  a re  r a r e l y  seen t o g e t h e r  (W in n e r  

and H u r l e y ,  1 9 6 4 ) .  A l th o u g h  t i t r e s  t o  A . f u m iq a tu s  c y t o p la s m ic  e x t r a c t  have 

r e c e n t l y  f a l l e n  t o  1 :6 4  and th o s e  t o  p r o t e in a s e  t o  1 : 4 ,  t h e  p a t i e n t  i s  s t i l l  

u n d e r  r e v ie w .

More s e n s i t i v e  t e s t s ,  such  as th e  e n z y m e - l in k e d  im m u n o so rb e n t  assay  (E L IS A ) 

may a ls o  be u s e f u l  i n  t h e  d e t e c t i o n  o f  a n t i - P P  a n t i b o d i e s  p a r t i c u l a r l y  e a r l y  i n

th e  c o u rs e  o f  i n f e c t i o n .

' F a l s e - n e g a t i v e '  s e r o l o g i c a l  r e a c t i o n s  a re  known t o  o c c u r  i n  s y s te m ic
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candidosis (Taschdjian , 1973), either because the patients have had no

time to mount a detectable antibody response or because they are immunosuppressed. 

In these circumstances, it may be possible to detect circulating Candida antigens 

instead of antibodies. It is unknown whether concentrations of circulating 

proteinase antigen in such cases are likely to be high or low; the more sensitive 

ELISA test, rather than a precipitin test, would be the method of choice to 

detect the antigen,in case it does not appear in the bloodstream in concentrations 

likely to give visible precipitin reactions. Using this technique, Warren 

e_t al., (1977) were able to detect circulating C .albicans-related antigen several 

days earlier than they were able to do by means of CIE, although the significance 

of these findings is now in doubt (R.E. Warren, personal communication). No 

circulating antigen was detected in any of the human or animal sera tested by 

CIE in the present study. However, this was due, more probably, to the fact that 

proteinase in the serum would be destroyed by repeated freezing and thawing of 

the sera, than the lack of sensitivity of the CIE technique. Further studies 

should ideally be carried out on fresh serum samples.

It is possible that other enzymes of C .albicans are of value in the 

serological diagnosis of candidosis. A brief examination of both blastospores 

and culture filtrates by APIZYM strips revealed the presence of several other 

enzymes which have not yet been fully studied in the literature, and which were 

not examined in detail in the present investigation due to lack of time. The 

most notable of these, from the point of view of virulence factors, was the 

esterase. Lipolytic activities have been reported in some species of Candida 

(Kalle, 1972; Pospisil and Kabatova, 1975) although there are few reports of 

lipases or esterases in the pathogenic yeasts. Rudek (1978) has reported 

esterase activity in all the pathogenic species of Candida. Further examination 

of the properties of this enzyme may provide evidence for another antigen which, 

like the proteinase appears to have a role in the pathogenesis of candidosis, 

and potential diagnostic importance in serological tests for candidosis.
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INDUCIBLE HYDROLASES IN  THE PATHOGENESIS AND 

SERODIAGNOSIS OF SYSTEMIC CANDIDOSIS

BY F io n a  M acdona ld

The a im  o f  t h i s  s tu d y  was t o  s e a r c h  f o r  i n d u c i b l e  h y d r o l y t i c  enzymes 
o f  Candida a l b i c a n s , t o  i n v e s t i g a t e  any  l i n k  be tw een such  enzym es and th e  
p a th o g e n e s is  o f  c a n d id o s i s  and t o  t e s t  t h e s e  enzymes as i n f e c t i o n - s p e c i f i c  
a n t ig e n s  i n  t h e  s e r o l o g i c a l  d i a g n o s i s  o f  d e e p -s e a te d  i n f e c t i o n .

No i n d u c i b l e  h y a lu r o n id a s e  o r  p h o s p h o l ip a s e s  c o u ld  be d e t e c t e d  u n d e r  
t h e  c o n d i t i o n s  e m p lo y e d .

An a c id  p r o t e i n a s e ,  fo u n d  i n  t h e  c u l t u r e  f i l t r a t e s  o f  C . a l b i c a n s  
grown a t  26 C i n  a medium based on g lu c o s e  and b o v in e  serum  a lb u m in ,  was 
p u r i f i e d  by  a o n e - s te p  c h ro m a to g r a p h ic  m e th o d .  The enzyme was ju d g e d  t o  
be pu re  by s e r o l o g i c a l  and b io c h e m ic a l  t e s t s .  I t  was shown t o  be a g l y c o 
p r o t e i n ,  c o n t a i n i n g  1.5% mannan, and t o  b e lo n g  t o  t h e  c a r b o x y l  p r o t e i n a s e .

P r o te in a s e  was d e te c te d  i n  g r e a t e s t  am oun ts  i n  th e  m os t v i r u l e n t  o f  
th e  p a th o g e n ic  m em bers "o f  th e  genus C a n d id a . I t  was s e c r e t e d  i j l  v i v o  and 
was d e te c te d  by  i n d i r e c t  f l u o r e s c e n t  a n t i b o d y  te c h n iq u e s  a ro u n d  C . a l b i c a n s  
b la s to s p o r e s  i n  k id n e y  m ic ro a b s c e s s e s  o f  e x p e r im e n t a l l y  i n f e c t e d  m ic e .

P u r i f i e d  p r o t e i n a s e  appea re d  t o  be a v e r y  s p e c i f i c  a n t i g e n  when t e s t e d  
a g a in s t  s e r a  f r o m  e x p e r im e n t a l l y  i n f e c t e d  r a b b i t s .  P r e c i p i t i n  t i t r e s  t o  
p u r i f i e d  p r o t e i n a s e  exceeded 1 :4  i n  77% o f  s e ra  f ro m  13 p a t i e n t s  w i t h  p ro v e n  
s y s te m ic  C a n d id a  i n f e c t i o n ,  i n  23% o f  s e r a  f ro m  22 p a t i e n t s  p o s i t i v e  f o r  
Candida a n t i - c y t o p l a s m  a n t i b o d ie s  b u t  w i t h o u t  c o r r o b o r a t i v e  d i a g n o s t i c  e v id e n c e  
o f  s y s te m ic  c a n d id o s i s ,  and i n  none o f  28 s e ra  f ro m  p a t i e n t s  w i t h o u t  e i t h e r  
c a n d id o s is  o r  a n t i - c y t o p l a s m  a n t i b o d i e s .

A l th o u g h  t h e  r e s u l t s  d id  n o t  c o n f i r m  u n e q u i v o c a l l y  t h e  r o l e  o f  p r o t e in a s e  
as a f a c t o r  i n  t h e  v i r u l e n c e  o f  C . a l b i c a n s , th e y  gave c o n s i d e r a b le  s u p p o r t  t o  
t h i s  i d e a .  P u r i f i e d  p r o t e in a s e  was n o t  a  q u a l i t a t i v e l y  s p e c i f i c  a n t i g e n  f o r  
th e  s e r o l o g i c a l  d i a g n o s is  o f  c a n d id o s i s ,  b u t  i t  was shown t o  g i v e  q u a n t i t a t i v e l y  
s u p e r io r  r e s u l t s  t o  th o s e  o b ta in e d  w i t h  t r a d i t i o n a l  c y t o p l a s m ic  e x t r a c t s  o f  th e  
fu n g u s .


