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C hapter One 

In tro d u c tio n



The a n t ib io t i c  chloram phenicol was d iscovered  as a b a c te r io s ta t i c  

agent in  c u ltu re s  o f Streptom yces venezuelae in  1947 (1 ,2 ) .  I t  was th e  

f i r s t  n a tu ra l  p roduct found to  co n ta in  a n i t r o  group and a lso  th e  f i r s t  

which was a d e r iv a t iv e  o f d ic h lo ro a c e tic  a c id .

Since chloram phenicol (F ig . l )  has two asymmetric carbon atoms fo u r  

p o ss ib le  d ia s te re o iso m e rs  e x i s t .  A ll fo u r have been sy n th es iz ed . The two 

e ry th ro  isom ers a re  b io lo g ic a l ly  in a c t iv e ,  whereas th e  L ,th reo  isomer 

has le s s  than  0.5% o f th e  a c t i v i t y  o f the  D ,th reo  isom er (3)*

Chloramphenicol i s  a s p e c i f ic  and e f fe c t iv e  in h ib i to r  o f b a c te r ia l  

p ro te in  sy n th e s is  a t  low c o n cen tra tio n s  (4 ) . P ro te in  sy n th e s is  in  mammalian 

c e l l s ,  p la n t c e l l s  and in  y e a s t i s  no t s e n s i t iv e  to  chloram phenicol, 

however (5 ) .

T rau t and Monro (6) were th e  f i r s t  to  dem onstrate  th a t  chloram phenicol 

in h ib i t s  th e  p ep tid e  bond forming re a c t io n . As a r e s u l t  o f many s tu d ie s  

(7 ,8 ,9 ,1 0 ) ,  i t  i s  now c le a r  th a t  chloram phenicol allow s th e  b ind ing  o f 

aminoacyl-tRNA to  th e  ribosom al A s i t e  bu t p rev en ts  re c o g n itio n  by th e  

p e p tid y ltra n s fe ra s e  o f i t s  a ccep to r s u b s tr a te .  I t  i s  no t c le a r  how th i s  

i s  ach ieved . A high a f f i n i t y  s i t e  f o r  chloram phenicol (K^^g^2xl0 ^M) (11) 

i s  lo ca ted  on th e  50S ribosom al subun it (12) and a low a f f i n i t y  s i t e  

(^ d iss^ ^ l^  ^M) (11) on th e  30S ribosom al su b u n it (1 3 ), a lthough  i t  i s  not 

c le a r  w hether th e  l a t t e r  i s  im portan t fo r  th e  prim ary a c tio n  o f th e  d rug . 

Components involved in  th e  b ind ing  o f chloram phenicol to  ribosom es have 

been examined by a f f i n i t y  la b e l l in g  o f d e r iv a t iv e s  o f th e  d rug , ( fo r  

example using  monoiodochloramphenicol o r raonobromochloramphenicol) and 

by th e  s p l i t t i n g  and r e c o n s t i tu t io n  techn ique (1 4 ,1 5 ,1 6 ) . Using th e se  

techn iques p ro te in s  L2, L l6, L27, L6, L24, S3 and S6 a re  la b e l le d .  P ro te in s  

L2, L27, L6, L16 and L24 p o ssess a n tig e n ic  d e te rm in an ts  c lu s te re d  w ith in  

the  p e p tid y ltr a n s fe ra s e  reg io n  o f th e  508 su b u n it (1 7 ). There i s ,  th e re fo re ,

reasonab le  agreem ent between th e  d a ta  ob tained  w ith  a f f i n i t y  analogues 

and th a t  from immunogenic s tu d ie s .  What rem ains to  be e lu c id a te d  i s  which
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p ro te in s  i s  (a re ) the  p e p tid y ltr a n s fe ra s e  and which a re  p re se n t in  the  

P and A s i t e s  where the tr a n s fe ra s e  reco g n izes  i t s  donor and accep to r 

su b s tra te s*

Chloramphenicol was the  f i r s t  a n t ib io t i c  re le a se d  f o r  c l i n i c a l  use as 

a w holly s y n th e tic  product (18) and has been w idely used as a broad 

spectrum  a n t ib io t i c .  Reports o f drug induced bone marrow damage and 

adverse  re a c tio n s  (19,20) have led  to  a co n sid erab le  d ecrease  in  i t s  

u se . I t  i s ,  however, s t i l l  an ex trem ely  u se fu l drug in  l i f e  th re a te n in g  

in fe c t io n s  such as m e n ig itis  due to  Haemophilus in f lu e nzae , c e r ta in  

in fe c t io n s  due to  anaerob ic  b a c te r ia  and typhoid  fe v e r  (2 1 ,2 2 ) .

Chloramphenicol r e s i s t a n t  s t r a in s  were f i r s t  is o la te d  in  1954- (2 3 ).

Apart from i n t r i n s i c  to le ra n c e  o f c e r ta in  m icroorganism s ( fu n g i, 

m ycobacteria  and Pseudomona s ) , v i r t u a l ly  a l l  examples o f h igh  le v e l  (and 

hence c l i n i c a l l y  im portan t) re s is ta n c e  to  chloram phenicol a re  the  

consequence o f in a c t iv a t io n  by th e  enzyme chloram phenicol a c e ty l t r a n s fe ra s e  

(CAT) (E.G. 2 .3 .1 .8 )  (24).

CAT reco g n izes  chloram phenicol and i t s  analogues w ith  a s im ila r  

s p e c i f i c i ty  to  th a t  o f th e  ribosom al p e p tid y ltr a n s fe ra s e  and a c e ty la te s  

the  prim ary hydroxyl group a t  the  3 p o s i t io n  o f chloram phenicol using 

acetyl-S-CoA  as the  acy l donor (F ig .2 ) .  The 0 -a c e ty la te d  drug no lo n g e r 

b inds to  th e  50S subun it and p ro te in  sy n th e s is  i s  no lo n g e r in h ib ite d  (2 5 ).

The p e rs is ta n c e  o f chloram phenicol re s is ta n c e  and i t s  appearance 

amongst many b a c te r ia l  genera  owes much to  th e  lin k ag e  o f th e  g e n e tic  

d e te rm in an t to  o th e r  s e le c ta b le  m arkers and th e  frequency  w ith  which i t  

i s  found to  be p a r t  o f th e  tra n sm issa b le  and tra n sp o sa b le  g e n e tic  

e lem en ts, p lasm ids and tran sp o so n s r e s p e c t iv e ly .

In  1964 Miyamura (26) showed t h a t ,  no t only  were E .c o l i  and o th e r  Gram- 

n eg ativ e  b a c te r ia  w ith  R f a c to r s  fo r  th e  drug ab le  to  in a c t iv a te  

chloram phenicol, b u t a lso  some n a tu r a l ly  occuring  pathogens such as 

S taphy lococcal aureus which were G ram -p o sitiv e . The p ro te in s  from the  E .c o l i



F ig .2 .

The enzymic a c é ty la t io n  o f ch loram phenico l by CAT.

The prim ary product o f th e  r e a c t io n  i s  3 -a c e ty l  chloram phenicol ( a ) • 

The 1 ,3 -d ia c e ty l  chloram phenicol i s  found only  a f t e r  prolonged in c u b a tio n  

(30 , 31) ( c ) .  The conversion o f 3 -a c e ty l  chloram phenicol to  1 -a c e ty l  

chloram phenicol i s  nonenzymic (32) ( b ) . As th e  conversion  o f 1 -a c e ty l  

chloram phenicol to  1 ,3 -d ia c e ty l  chloram phenicol proceeds a t  a  r a te  which 

i s  two o rd e rs  o f magnitude slow er th an  th e  i n i t i a l  re a c t io n , i t  doesno t 

in te r f e r e  s ig n i f ic a n t ly  w ith  th e  assay  o f CAT.
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and re la te d  genera  were found to  be la rg e  (^20kb) and analogous in  some 

re s p e c ts  to  th e  F - lik e  f a c to r  o f  E .c o H  (27)* The p lasm ids f re q u e n tly  

c a r r ie d  o th e r  drug r e s is ta n c e s  such as r e s is ta n c e  to  a m p ic i l l in .  The genes 

f o r  th e  in d u c ib le  s tap h y lo co cca l fam ily  o f  CAT v a r ia n ts  a re  alm ost 

in v a r ia b ly  found on sm all (<5kb) p lasm ids which c a r r ie d  no o th e r  drug 

re s is ta n c e s  (2 8 ).

Only a few CAT v a r ia n ts  have been s tu d ied  in  d e t a i l  a s  c a ta ly t i c  p ro te in s  

o r  m ultim eric  p o ly p ep tid e  a ssem b lie s . In  G ram -negative sp e c ie s  o f b a c te r ia  

th e  enzyme i s  sy n th es ized  const i t  u t iv e ly  from th e  R plasm id c a t  gene and 

can c o n s t i tu te  1 p e rc en t o f th e  so lu b le  i n t r a c e l l u l a r  c e l l  p ro te in  (29 ).

When th e  genes a re  p re se n t on h igh  copy number p lasm ids and c e l l s  grown 

on g ly c e ro l r a th e r  th an  g lucose  th e  enzyme y ie ld  may approach o r  exceed 

10 p e rcen t (33)• The s tap h y lo co cca l CAT v a r ia n ts ,  however, re q u ire  

in d u c tio n  and a re  n o t a v a ila b le  in  such la rg e  q u a n t i t i e s .  Pure enzyme 

can be ob ta ined  in  h igh  y ie ld  by a f f i n i t y  chrom atography on Sepharose 

columns s u b s t i tu te d  w ith  chloram phenicol base as  th e  lig a n d  (3 4 ,3 5 )•

I n i t i a l  s tu d ie s  o f  th e  enzyme v a r ia n ts  compared and c o n tra s te d  p ro p e r t ie s  

o f th e  p ro te in  w ith  a  view to  in v e s t ig a tin g  th e  r e la t io n s h ip  o f  d i f f e r e n t  

CAT v a r ia n ts .  Table 1 summarizes th e  d a ta  a v a ila b le  from s e v e ra l  n a tu ra l ly  

occuring  CAT v a r ia n ts  w ith  re s p e c t to  chem ical, k in e t i c  and immunological 

s tu d ie s .  From t h i s  d a ta  i t  i s  ap p aren t th a t  th e  v a r ia n ts  c o n s t i tu te  a 

s u p e r f ic ia l ly  heterogenous group o f p ro te in s .  There i s  a lso  ev idence o f 

some h e te ro g e n e ity  among examples o f th e  most common (Type I )  v a r ia n t  o f 

CAT (3 7 ). The l im i ta t io n s  o f  a  c l a s s i f i c a t io n  based on such p ro p e r t ie s  

w i l l  probably  become more ap p aren t as  th e  p rim ary  s t r u c tu r e s  o f  more o f 

the  v a r ia n ts  become known.

Amino ac id  sequence d a ta  a re  a v a ila b le  now on th re e  v a r i a n t s .  I n i t i a l l y  

th e se  d a ta  were g en era ted  by p ro te in  sequencing methods b u t such s tu d ie s  

have now been superceded by d i r e c t  d e te rm in a tio n s  o f  DNA sequences which 

have th e  added advantage o f  p ro v id in g  in fo rm atio n  about th e  re g u la to ry



SELECTED PFOPERTIES CF Œ LCm fH EM ICO L A CzIY LnW SFcRA SE VARIANTS

eckT-c rrvES
BI.VniNG TO 

QlLCRWEWtCOL- •P P (pM) REIATIVE V.MAX DTXB REACTION WITH AMI-SCRUM

SUESTIIUTEO ACAPOSE GHLORAMPHBCCDL ACETiX-CoA (per cent) SENSIimiY CATi CATflj

X S 12 76 10-20 0 ♦

11 4 18 37 3-10 s - - -

n i 1 16 «0 [100] 1 - ♦ -
Pfcteus « ir sb il is S is 12 8 s ♦ - -
flaeoopMlus para inf IvKnrae 3 11 S3 3-10 3 - - -
A^rcbêcterluQ tumefacifus S 21 133 <10 2 - - -
Flavobacterium sa.* 1 m.d. n.d. <3 n.d. n.d. n.d. n.d.
Streptom-ces acrütycini # 3 17 143 <3 4 - - -
Bmcceroides f r a t i t i s 2 S B.d. n.d. 3 n.d. n.d. n.d.

Staj^lococcus sp.
A S 2.6 37 4 0
» 3 2.7 36 2 0
C 3 2.3 61 -2 0 4"
D 3 2.7 46 -3 0

Scxeptocccciw agmiactiae 3 S.S 101 <3 1
Strepteccccus faecal ts 3 D.d. n.d. <3 1 ♦
Streptecocciü ,MW.nime 2 10 13 n.d. 1 c o
Clostridium ,erfrimgens 1 22 13 n.d. 2 w

Table 1

The d a ta  haa been ta b u la te d  from Z aldenzalg  e t  a l .  (3 6 ), G affney e t  a l ,  

(37), F i t to n  and Shaw (38) and B r i tz  and W ilkinson (3 9 ) . The r e s u l t s  

o f  unpublished  experim ents in  th e  la b o ra to ry  o f  W.V. Shaw a re  marked .

1 .  Graded 0-5* 0= no b in d in g  o r  no in h ib i t io n  by DTNB.

2 . R e la tiv e  Vmax i s  an e s tim a te  o f  maximum c a ta ly t i c  r a t e  in  p resence  o f  

s a tu r a t in g  c o n ce n tra tio n s  o f  bo th  s u b s t r a te s .  The tu rn o v e r  number (k^^^) 

f o r  th e  Type I I I  enzyme s p e c if ie d  by plasm id R387 i s  1500sec*^ and i s  

taken  a s  100.

3# The anti-CATg serum n e u tr a l is e d  two s tre p to c o c c a l  v a r ia n ts  b u t d id n o t 

g ive p r e c ip i ta t io n  re a c t io n s  (m arkedf).  A ll o th e rs  marked + gave b o th  

p r e c ip i ta t io n  and n e u t r a l iz a t io n  r e a c t io n s .



reg io n s  o f th e  c a t genes. The known sequence d a ta  to  d a te  i s  summarized 

in  Table 2 .

The d a ta  from th e  Type I  and Type I I I  E .c o l i  v a r ia n ts  and th e  staphy

lo c o c c a l v a r ia n t  sp e c if ie d  by plasm id pC194. have a lso  been used f o r  

secondary s t ru c tu re  p re d ic t io n s  as seen in  F ig .3 . U n fo rtu n a te ly  X-ray 

c ry s ta llo g ra p h y  work th a t  was s ta r te d  by th e  l a t e  Dr. I .  Swan i s  n o t f a r  

enough advanced y e t to  add e x tra  knowledge to  th e se  s tu d ie s^  ( '3> s),

U n til  r e c e n tly  l i t t l e  d a ta  have been a v a ila b le  on th e  mechanism o f th e  

enzyme r e a c t io n .  Much work has been done on th e  s t r u c tu r a l  requ irem en ts  

o f  th e  s u b s t r a te s ,  e s p e c ia l ly  on analogues o f  chloram phenicol (26,4-5,4.6,

4-7,4-8). These were sy n th es ized  in  th e  hope o f  f in d in g  a compound which had 

good a n t ib io t i c  a c t i v i ty  and y e t was n o t a  s u b s tra te  f o r  CAT. Table 3 

summarizes th e  d a ta  a v a ila b le  f o r  th e  s p e c i f i c i ty  o f th e  a c y l a c c e p to r .

Also ta b u la te d  a re  e s tim a te s  o f th e  e f fe c t iv e n e s s  o f chloram phenicol 

analogues and isom ers to  in h ib i t  p o ly p ep tid e  sy n th es is  from s y n th e t ic  

p o ly rib o n u c le o tid e s  in  c e l l  f r e e  system s (4 9 ,5 0 ) . I t  can be seen  th a t  CAT 

and th e  ribosom al ta r g e t  o f  chloram phenicol (p e p tid y ltr a n s fe ra s e )  have a 

n e a r ly  a b so lu te  requirem ent f o r  th e  D ,th reo  isom er, a  requ irem en t f o r  a  

s u b s t i tu e n t  on th e  C  ̂ amino group and th e  absence o f  s u b s t i tu t io n  o f  th e  

C  ̂ and Ĉ  p ro to n s . The s t r u c tu r a l  requ irem en ts  f o r  th e  in h ib i t io n  o f 

p e p tid y ltr a n s fe ra s e  a re  more s t r in g e n t  th an  f o r  CAT. The n a tu re  o f  th e  

e le c tro n e g a tiv e  h a lo a c e ty l s u b s t i tu e n ts  a t  th e  C  ̂ amino group in f lu e n c e s  

th e  e f fe c t iv e n e s s  o f th e  in h ib i t io n  o f  p ro te in  sy n th e s is  more th a n  th e  

a c e ty l  a c c e p to r  in  th e  CAT a ssa y .

An analogue th a t  has r e c e n t ly  been sy n th es ized  i s  a  f lu o ro  compound 

in  which f lu o r in e  re p la c e s  th e  3 -hydroxy l group (5 l)«  T h is i s  a  ve ry  

e f f e c t iv e  com petitive  in h ib i to r  w ith  re s p e c t to  chloram phenicol in  th e  

CAT system , y e t a lso  i s  a  good a n t i b i o t i c .  T his s i tu a t io n  p ro b ab ly  r e f l e c t s  

th e  f a c t  t h a t  f lu o r in e  has a  s im ila r  van d e r  Waals ra d iu s  as th e  hydroxyl 

group and could form a hydrogen bond w ith  th e  hydroxyl a t  Ĉ ,̂ hence



Table 2
Prim ary s t ru c tu re s  of Chloramphenicol A c e ty ltra n s fe ra se s .

Type I  s t ru c tu re  i s  from Shaw e t  ^  (40) ,  A lton and Vapnek (4I )  and 

M arcoli e t  ^  (4 2 ).

The Type I I  and Type I I I  p a r t i a l  sequences have been determ ined  (36 ,43) 

and th e  amino te rm in a l sequences o f th e  s tap h y lo co cca l v a r ia n ts  (3 8 ) .

Some o f the  sequence d isp lay ed  f o r  th e  Type I I I  and Type C p ro te in s  

i s  from unpublished s tu d ie s  from th e  work o f L.C. Packman, N.M.C. Kaye,

J .E , F i t to n  and W.V. Shaw.

The amino te rm in a l m ethionine o f Types A,B,C and D has been in fe r r e d  

from th e  n u c leo tid e  sequence o f pC194 ( 6 3 ). Each o f the  fo u r s tap h y lo co c ca l 

v a r ia n ts  has th reo n in e  as th e  f i r s t  re s id u e  o f  th e  p ro te in  p u r i f ie d  from 

induced b a c te r ia  (3 8 ).
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Six methods were used by E lio p o u lo s  (44) to  p re d ic t  th e  most l ik e ly  

s tru c tu re  o f th e  th re e  CAT v a r ia n ts .  For p re d ic t iv e  purposes th e  m issing

CAT,

Residue 1 in  each case i s  th e  amino te rm in a l m ethionine o f th e  p ro te in .

re s id u e s  o f th e  CAT^^^ were rep laced  by th e  corresponding  re s id u e s  in
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EFF EC T S OF CHLORAHFMCNICOL AVALOCUES ARB ISOMERS

*1

SubttKutnt
• t

Inhibition of 
Frotein Synthesis

(percent)

Acetyl

CATj

Acceptor Activity 
(percent)

CATç (K;)

Induction
a t e

(percent)

♦Oj-fh
(O.thrao)

H/OH -w o x w a j -CHjOH 100 100 100 (SiiO 100

*»«z 0 0 0 <2

WOO(H) - s s 20 . 5

MCOOIjOH 10 60 40 5

ITOXH, SO 120 75 100

wmcHgOy - 17S 110 22

woocHga 70 130 SO 35

m m a y r ", 110 - -

m o o o a r. - 90 95 C22iM) 115

- #0 B .d .

fHOXHjQI 10 7S 100 IS

■ WCDCHaj <s 40 55 (M-M) 35

OYOyPh • s SS ■ IDS 125

OljO-Ph 10 100 110 100

I Ph - 130 90 IS

Ph-»«OQ»l-Pli < s IS 30 10

MC-Ph <$ 9S 110 15

M3j-Ph o y o H - <s 25 22 5

" WQH • « 1 <s 0 0 SO

-0«(CH)QIj <s 0 0 10

L,thrM  chloru^h«nicol <5 <1 0 20

D,eiythro - <S <1 20 S

l,*irthre - <1 <1 0 a

Table 3

Analogues and isom ers o f  chloram phenicol a re  compared w ith  re sp e c t to  

t h e i r  a b i l i t y  to  i n h ib i t  a  c e l l  f r e e  E. çqH  p ro te in  sy n th e s is  system , 

t h e i r  e f fe c t iv e n e s s  as  a c e ty l  a ccep to rs  f o r  two CAT v a r ia n ts  (CATj and 

CATç) and t h e i r  a b i l i t y  to  induce th e  CAT  ̂ p ro te in  encoded by pC221 in  vivo,
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allow ing  th e  fo rm ation  o f  th e  f iv e  membered r in g  th a t  i s  though t to  be 

im p o rtan t fo r  re c o g n itio n  by th e  ribosome and enzyme ($ 2 ) , B ustard  e t  a l # 

( 53) have s ta te d  however, fo llo w in g  th e o r e t ic a l  confo rm ational p re d ic t io n s ,  

th a t  th e  hydrogen bonding p robab ly  does n o t e x i s t  s in ce  H-bonds would form 

only  in  very  low d i e l e c t r i c  media o r  in  a re g io n  o f very  low d i e l e c t r i c  

co n s ta n t c re a te d  by ag g re g a tio n  o f  non p o la r  m o ie tie s . Minimal non-bonded 

in te r a c t io n s  and so lv en t s t a b i l i z a t i o n s  a re ,  in  t h e i r  o p in io n s , re sp o n s ib le  

f o r  th e  s ta b i l i z a t io n s  o f  ch loram phenicol r a th e r  than  in tra m o le c u la r  

hydrogen bonding.

Less work has been done on th e  s p e c i f ic ty  o f th e  a cy l donor (2 6 ) . The 

complete and unm odified coenzyme s t r u c tu r e  i s  req u ire d  s in ce  a c e ty l-S -  

dephospho CoA, a c e ty l-S -p a n th e th e in e  and th e  S -a c e ty l d e r iv a t iv e  o f  th e  

E .c o l i  a cy l c a r r i e r  p r o te in  a re  n o t a c e ty l  donors (2 9 ) . The s iz e  o f  the  

a c y l group t r a n s fe r re d  i s  a lso  c r i t i c a l  s in ce  t r a n s f e r  d rops f o r  s u b s t i t 

u en ts  lo n g e r th an  th e  p ro p io n y l m oiety (54)* Some adenine n u c le o tid e s  a re  

e f f e c t iv e  as in h ib i to r s  o f  CAT̂  and a re  com petitive  w ith  re s p e c t to  a c e ty l -

S-CoA (K^O.lmM f o r  acetyl-S-C oA , f o r  ATP and ADP, 2.2mM and 3niM) (55)* 

A denosine, pyrophosphate and AMP a re  no t in h ib i to r y .  These r e s u l t s  suggest 

t h a t  both  adenine and th e  d ie s te r  p o rtio n s  o f th e  CoA s t ru c tu re

a re  im portan t as  d e te rm in an ts  o f  coenzyme b in d in g .

As s ta te d  p re v io u s ly , l i t t l e  work has been done on th e  c a t a ly t i c  

mechanism o f  th e  enzyme. R esu lts  o f  s tu d ie s  by Tanaka e t  a l  (56) ,  Z aidenzaig  

and Shaw (57) and F i t to n  and Shaw (38) a re  com patible w ith  a  te rn a ry  complex 

mechanism f o r  Type I  and Type 0 v a r i a n t s .  A d e ta i le d  k in e t ic  a n a ly s is  o f 

th e  forw ard and re v e rse  r e a c t io n s  w ith  a Type I I I  v a r ia n t  i s  p re s e n t ly  

being  undertaken  by K lean thous. I t  has n o t been p o s s ib le  to  dem onstrate  

enzyme-bound r a d io a c t iv i ty  a f t e r  in c u b a tin g  CAT w ith  a s to ic h io m e tr ic  

amount o fjp -^ c ja c e ty l- la b e le d  s u b s tr a te  o r  p ro d u c t, confirm ing th e  k in e t ic  

a n a ly s is  (58,59) and in  c o n tr a s t  to  s e v e ra l  o th e r  acetyl-S-C oA  dependent 

a c e ty l t r a n s fe ra s e  system s in  which an acetyl-enzym e in te rm e d ia te  appears
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to  be im p lica ted  in  the  mechanism (h o m o se rin e -O -ace ty ltran sfe ra se  (60) 

and arylam ine N -a c e ty ltra n s fe ra se  (6 1 ) ) .

Chemical m o d ifica tio n  s tu d ie s  have been c a r r ie d  out on th e  CAT system 

w ith  two u ltim a te  g o a ls . One has been to  in v e s t ig a te  th e  q u a te rn a ry  

s t r u c tu r e .  Since CAT i s  a te tra m e r i t  would be in te r e s t in g  to  know how 

th e  su b u n its  a s s o c ia te  to  form fu n c tio n a l  te tra m e rs . R esu lts  from 

am id in a tio n  experim ents w ith  m eth y lace tim id a te  in d ic a te  a  unique u n reac tiv e  

re s id u e  to  be p re se n t in  each v a r ia n t  s tu d ie d . Lysine 136 o f CAT̂  and 

Lysine 38 o f CAT^^^ behave as in a c c e s s ib le  o r  *b u r ie d ' re s id u e s  (6 2 ) . I t  

rem ains to  be shown unambiguously, however, t h a t  the  ly s in e  re s id u e s  

p a r t i c ip a te  in  s a l t  b ridge  fo rm ation  w ith  coun teran ions on contiguous 

su b u n its .

The second g o a l has been to  id e n t i f y  r e a c t iv e  re s id u es  a t  o r  n e a r  th e  

a c t iv e  s i t e  and to  lo c a te  re s id u e s  in  th e  s u b s tr a te  b ind ing  s i t e s .  I n i t i a l  

r e s u l t s  from experim ents w ith  th e  Type I  v a r ia n t  (58), Type I I  v a r ia n t  (43) 

and Type C v a r ia n t  (38) have in d ic a te d  th a t  one o r  p o ss ib ly  two c y s te in e  

re s id u e s  and one h is t id in e  re s id u e  a re  a t  o r  n e a r the  a c tiv e  s i t e .  Since 

much o f t h i s  in fo rm atio n  i s  re le v a n t  to  th e  theme o f t h i s  th e s i s  i t  w i l l  

be p resen ted  and d iscu ssed  in  fo llo w in g  c h a p te rs .  The p re se n t s tudy  was 

c a r r ie d  ou t in  o rd e r to  in v e s t ig a te  th e  a c t iv e  s i t e  and b ind ing  s i t e s  of 

a CAT v a r ia n t  in  d e t a i l  and to  compare and c o n tra s t  th e  d a ta  o b ta in ed  w ith 

t h a t  from p rev io u s  work.

Chemical m o d if ica tio n  i s  one method o f g a in in g  in fo rm atio n  about

p ro te in  s t ru c tu re  and th e  mechanism o f  a c t io n  o f  enzymes. Reagents f o r
61 he

chem ical m o d ifica tio n  f a l l  b ro ad ly  in to  two c a ta g o r ie s ,^ s p e c if ic  and
5 p c c if  It

g ro u p ^ reag en ts . Although group re a g e n ts  can be s e le c t iv e ,  th ey  g e n e ra lly  

d is c r im in a te  on th e  b a s is  o f a c c e s s ib i l i t y  o f  s id e  chains -  a param eter 

no t always r e la te d  to  fu n c tio n . C are fu l c o n tro l experim ents examining 

s to ic h io m e try , s i t e s  o f m o d if ica tio n  and ^oba.c.Y''on s tu d ie s  in  th e  

p resence  o f s u b s tr a te  can determ ine w hether th e  reag en t i s  a c tiv e  s i t e
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d ir e c te d .  C h a ra c te r is t ic s  o f an enzyme can be taken  in to  accoun t, however, 

in  desig n in g  a more s p e c if ic  reag en t fo r  chem ical m o d if ic a tio n . For 

example, a reag en t w ith s u b s t r a te - l ik e  s t r u c tu r a l  fe a tu re s  to  favour 

complex form ation  w ith the  enzyme should be a more s p e c if ic  re a g e n t. The 

s e l e c t i v i t y  i s  s t i l l  determ ined , however, by th e  a v a i l a b i l i t y  o f amino 

ac id  s id e  ch a in s . V/hether any amino ac id  , in  e i th e r  case , i s  m odified 

a lso  depends on s t e r i c  f a c to r s ,  c a ta ly t i c  f a c to r s ,  th e  p o la r i ty  o f the  

lo c a l  envirom ent and the  n u c le o p h i l ic i ty  o f th e  p ro te in  fu n c tio n a l 

g roups.

Although i t  i s  p o ss ib le  to  modify in  th eo ry  s e r in e , m eth ionine, ty ro s in e , 

try p to p h an , th re o n in e , g lu tam ic  and a s p a r t ic  a c id , ly s in e ,a rg in in e ,  

c y s te in e  and h i s t id in e  re s id u e s , th e  p re se n t s tu d ie s  have cen tred  on 

th e  m o d if ica tio n  o f th e  l a t t e r  th r e e .  Some reag en ts  used a re  group s p e c if ic  

w h ils t o th e rs  have been chosen because o f t h e i r  s t r u c tu r a l  s im i la r i ty  

to  th e  s u b s tra te  chloram phenicol.

F in a l ly ,  i t  should be noted th a t  i t  i s  u n lik e ly  th a t  th e  chem ical

m o d if ica tio n  o f enzymes w i l l  ever be ab le  to  p rovide more th an  a

fragm entary  d e s c r ip t io n  o f a mechanism o f an enzyme, s in ce  i t  i s  always

d i f f i c u l t  to  d e fin e  the  ro le  o f a  p a r t i c u la r  re s id u e  w ith c e r ta in ty .

In fo rm atio n  from se v e ra l tech n iq u es  (p h y s ic a l, chemical and b iochem ical) 

must be considered  in  o rd e r to  d e fin e  a mechanism more com pletely .



Ch a p te r  Two 

M ate ria ls  and Methods



14

M ate ria ls

Sigma London Chemical Co. L td .

Chloram phenicol; Chloram phenicol base ; Cyanogen Bromide; Dansyl c h lo r id e ; 

D ie thy lpy rocarbonate ; 5,5 D ith io b is (2 -n itro b e n z o ic  a c id ) ;  D i th io th r e i to l ;  

Guanidine H ydrochloride; E la s ta s e ;  lo d o a c e tic  a c id ; lodoacetam ide; 2 - 

M ercaptoethanol; Sodium dodecyl s u lp h a te ; Trizma base .

BDH Chemicals L td .

Acrylam ine; 6-Aminohexanoic a c id ; Dansyl amino a c id s ;  N aphthalene Black 

12 B; Polyamide th in  la y e r  sh e e ts ;  Coomassie PG83, PG90; Urea; N,N,N,N- 

Tetram ethylenediam ine.

P ie rce  and W arriner (U.K.) L td .

A c e to n i t r i le ;  Dimethylformamide; T rie th y lam in e .

Rathbum  Chemicals (W alkerbum) L td .

B u ty la c e ta te ; M ethanol; P y r id in e .

The Radiochem ical C en tre , Amersham.

[  ^^c] lodoacetam ide ; lo d o a c e tic  a c id  M ethanol; Chloram phenicol,

Whatman B iochem icals L td#

1 and 3 MM Chromatography paper,

B oehringer Mannheim.

Coenzyme A

Fluka Chemical Go#
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CDC coup ler; Monobromoacetone*

Roche D iag n o stic s#

F luorescam ine.

Pharmacia L td#

Sephadex; Sepharose 4B#

Eastman Kodak Co#

N,N M ethylenebisacry lam ide; p -N itrobenzene su lphonyl c h lo r id e ; M ethyl p - 

n itro b en z en e  su lphonate; C e llu lo se  p la te s#

A ldrich  Chemical Co. 

lodomethane ; B utanedione.

Merck.

Polygram SilG ( s i l i c a )  p l a t e s .

Com ing.

Agarose film ; Amido B lack .

The fo llow ing  compounds were g i f t s ;

3 -F luoroch lo ram phen ico l,S obering  Chemical Co.

5,5 D ith io b is (2 -n itro m e th y lb e n z o a te ) ; 5,5 D ith io b is (2 - n i t ro to lu e n e ) ,

M# Webb,Chemistry Departm ent, U n iv e rs ity  o f L e ic e s te r .

G7063-2, Glaxo.
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Methods

2 .1  P rep a ra tio n  o f c e l l  f r e e  e x t r a c t s .

(a) Growth o f  c e l l s .

The p i l o t  p la n t a t  th e  M ic ro b io lo g ica l Research E stab lish m en t (Porton 

Down) was su p p lied  w ith  3 s ta b  c u l tu re s  o f  th e  m utant organism  E .c o l i  J53 

(R387;Cm700), a high ex p ress io n  m utant s e le c te d  by N. Kaye by growth on 

700 jag p e r  ml o f ch loram phenico l. A seed c u ltu re  o f  201 was in n o cu la ted  

and grown a t  37°C fo r  24 h r .  T his seed c u ltu re  was th en  added to  4001 o f 

c u ltu re  medium and grown f o r  15 h r .  a t  37°C. T h is  work was perform ed by Dr.

A. A tkinson and J .  S t r e t to n .  The c e l l s  were fro ze n  a t  -20°C f o r  s to ra g e .

(b) P re p a ra tio n  o f c e l l  p a s te .

The fro zen  c e l l  p a ste  was suspended by th e  use o f a  Waring B lender in  

a b u f f e r  co n ta in in g  TrisHCl (pH7.8) 50mM; ch loram phenico l, 0.2mM; and 2- 

m ercap toethano l, O.lraM (TOM). The fro ze n  c e l l s  were th e n  broken u sin g  a 

Dyno M ill, flow  r a te  1500ml p e r h r .  The c e l l  e x t r a c t  was c e n tr ifu g e d  in  

a Beckman JAIO r o to r  a t  10,000 rpm. The su p e rn a ta n t was h ea ted  slow ly  in  

a  w a te rb a th . When th e  tem p era tu re  reached  60°C, th e  w a terb ath  was sw itched 

o f f  and th e  e x tr a c t  was s t i r r e d  f o r  a  f u r th e r  5 m inu tes. The e x t r a c t  was 

allow ed to  coo l to  room tem p era tu re  and th en  p laced  in  an ic e  w a terb a th  

and s t i r r e d  u n t i l  th e  tem p era tu re  was 2°C o r  3°C, th en  c e n tr ifu g e d  a t  

18,000 rpm f o r  60 m inutes to  y ie ld  th e  crude e x t r a c t .

2 .2  P re p a ra tio n  o f  C A T-specific a f f i n i t y  r e s i n .

Sepharose 4B (300g) was suspended in  600ml o f  w a te r . NaOH (5M) was added

to  b rin g  th e  pH to  1 1 .0 . Small a l iq u o ts  o f  ground CNBr (55g) was th e n

added ( in  a fume cupboard) to  th e  slow ly  s t i r r i n g  suspension  o v e r a  30

m inute p e r io d . The pH was m ain ta ined  a t  pH 10.5-11*0 by a d d it io n  o f  5M

NaOH and th e  tem peratu re  a t  20°C by a d d itio n  o f  i c e .  A fte r  45 m inu tes th e

tem peratu re  was a d ju s ted  to  4°G by a d d it io n  o f  excess ic e ,  and th e  a c t iv a te d

Sepharose was washed w ith  3*51 o f  ic e  cold  c a rb o n a te /b ic a rb o n a te  b u f f e r

pH 10. The m oist g e l was added to  a  s o lu t io n  o f  6-am inohexanoic a c id  (164g) 

in  200ml o f ic e  cold b u f f e r  and th e  pH a d ju s te d  to  10 . The s o lu t io n  was
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s t i r r e d  slow ly o v e rn ig h t. The hexanoyl-Sepharose was f i l t e r e d  and washed 

th o ro u g h ly  w ith  1 _ l i t r e  o f O.IM NaHCO ,̂ pH 10; 4 l i t r e  o f w a ter; 1 l i t r e  

4M NaCl; 4 l i t r e  o f w ater; 1 l i t r e  O.IM a c e t ic  a c id  and 4 l i t r e  o f  w a te r . 

T i t r a t io n  o f th e  r e s in  to  determ ine th e  degree o f  s u b s t i tu t io n  was c a r r ie d  

o u t by th e  method o f Yon and Simmonds (64) u s in g  O.IM KOI as an e l e c t r o l y t e .  

The washed hexanoyl-Sepharose was mixed w ith  600ml o f  w ater co n ta in in g  43g 

o f  N -cy c lo h ex y l-N -(2 -(4 -in o rp h o lin y l)-e th y l)ca rb o d iim id e -m e th y l-£ -to lu en e  

su lphonate  (CDC) co u p ler. The pH o f  th e  m ix ture  was a d ju s ted  to  pH4.5 w ith  

HCl and a s o lu tio n  o f 4*22g o f ch loram phenicol base in  100ml o f  w a ter was 

added. When th e  pH req u ired  no f u r th e r  ad ju stm en t (30-60m inutes), th e  

m ixture was l e f t  to  s t i r  slow ly o v e rn ig h t a t  30°C. The r e s in  was washed 

and t i t r a t e d  as above and s to re d  a t  4°C*

2.3  P u r i f ic a t io n  o f CAT.

CAT was p u r if ie d  by th e  method o f  Z aidenzaig  and Shaw (35)# crude 

e x t r a c t  was d ia ly se d  o v e rn ig h t a g a in s t  TM b u f f e r  (TrisH Cl, pH7.8 and 50mM 

co n ta in in g  O.lraM 2-m ercaptoethanol) a t  4°C in  o rd e r  to  remove excess s a l t  

and chloram phenicol which i s  known to  in te r f e r e  w ith  th e  b ind ing  o f  th e  

enzyme. The r e s in  was added in  TM b u f fe r  to  th e  s t i r r i n g  crude e x t r a c t  a t  

4°C. The b ind ing  o f the  enzyme to  th e  r e s in  was m onitored by removing lOOpl 

o f  th e  m ix tu re , sedim enting th e  r e s in  by c e n tr i fu g a t io n  and a ssay in g  th e  

su p e rn a ta n t f o r  a c t i v i t y .  The r e s in  was poured in to  a column a t  4°C and 

washed w ith  th re e  column volumes o f  TM b u f f e r  to  remove any unbound protc-'io • 

th e  r e s in  was th en  washed w ith  TM b u f f e r  c o n ta in in g  0.3M NaCl. The column 

e f f lu e n t  was m onitored f o r  p ro te in  a t  280nm a g a in s t  an a p p ro p ria te  NaCl 

blank.W hen th e  absorbance a t  280nm had dropped to  0 .0 2 , e lu t io n  o f  CAT 

was achieved  by a d d itio n  o f  TM b u f f e r ,  c o n ta in in g  0.3M NaCl and 5mM 

ch loram phenico l. 10ml f r a c t io n s  were c o l le c te d .  These were te s te d  f o r  CAT 

a c t i v i t y  u sing  th e  s tandard  a ssa y . Peak tu b es  con tained  more th a n  Img/ml 

enzyme. The CAT was d ia ly sed  a g a in s t  TCM b u f f e r  and s to re d  a t  -20°C . The 

CAT was assayed  f o r  p u r i ty  by SDS-PAGE e le c t r o j^ o r e s i s .  The r e s in  was 

washed w ith  w ith  TM b u ffe r  c o n ta in in g  l.OM NaCl; TM b u f fe r  and th e n  s to re d
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In  TM b u f f e r  co n ta in in g  0.02% sodium a z ld e .

2.4  Assay o f  CAT.

The a c é ty la t io n  o f  chloram phenicol vas determ ined  by th e  sp ec tro p h o to - 

m e tric  a s s a y . T his u ses  th e  re d u c tio n  o f  5 ,5  d i th io b is (2 - n l t ro b e n z o lc  

ac id ) (DTNB) by CoA to  produce th e  th lo n ltro b e n z o a te  an ion  "  13*6 

X 10^ M*"^cm"  ̂ a t  lÆ 7 .8  (2 9 ) . The re a c t io n  v as foU oved  a t  412nm usin g  

a  Pye-tJnlcam SP1800 d u a l beam sp ec tro p h o to m ete r. In  a  s tan d a rd  a ssay  

th e  chloram phenicol and acetyl-S#-CoA c o n c e n tra tio n s  vere  b o th  s e t  a t  

10C(pM.

2.5  P ro te in  D eterm ination .

The d e te rm in a tio n  o f  th e  p ro te in  co n ten t o f  crude e x tr a c ts  v as made by 

th e  method o f  Lovry (6 5 ) . Pure p re p a ra t io n s  o f  CAT v e re  determ ined  by 

amino a c id  a n a ly s is .

2 .6  E le c tro p h o re s is  o f  p ro te in s .

(a) Gel e le c tro p h o re s is  In  th e  p resence o f  0.1% (v /v ) sodium dodecyl 

su liA a te  (SDS).

SDS-PAGE vas c a r r ie d  o u t u s in g  th e  d isco n tin u o u s  method o f  Laemmll (6 6 ) . 

E le c tro p h o re s is  In  s la b  g e ls  vas perform ed a t  room tem p era tu re  u sin g  a  

p o te n t ia l  d if f e re n c e  o f  60V f o r  th e  s ta c k in g  g e l  and 120V f o r  th e  runn ing  

g e l .  The percen tage  o f  acrylam lde In  th e  runn ing  g e l  vas v a r ie d  accord ing  

to  n eed s , v h l l s t  th e  s ta c k in g  g e l  vas s e t  a t  3% acry lam ld e . G els vere  

s ta in e d  In  a  s o lu t io n  o f  50% m ethanol, 10% a c e t i c  a c id  c o n ta in in g  lOOmg 

Coomassie Blue R250 (BDH PG83) f o r  an  h o u r, fo U o v ed  by an o v e rn ig h t 

des ta in  In  10% a c e t ic  a c id , 5% m ethanol. Where n e ce ssa ry  m arker p ro te in s  

v e re  a p p lie d  to  th e  g e l .

(b) N ative  g e ls  on agarose  s t r i p s .

l - 2 p l  o f  p ro te in  s o lu t io n  vas a p p lie d  to  th e  preform ed v e i l  o f  an 

agarose  g e l ,  and th e  g e l  e lec tro p h o re se d  f o r  I h r .  a t  90V a t  room tem p

e ra tu re  In  sodium b a r b l to l  b u f f e r  pH 8 .0 , u s in g  a  Shandon th in  la y e r  

e le c tro p h o re s is  a p p a ra tu s . The g e l  v as s ta in e d  v l t h  a  s o lu t io n  c o n ta in in g
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•123% (w/v) nap thalene  b la ck  in  O.IM a c e t ic  ac id  f o r  30 m inu tes . The g e l 

was th en  fix ed  onto i t s  support using a stream  o f  h o t a i r .  The g e l  was then  

d e s ta in e d  in  5% (v/v) a c e t ic  a c id .

(c) H istochem ical s t a i n .

D etec tion  o f  th e  CAT a c t i v i t y  in  n a tiv e  e le c tro p h o re s is  o f p ro te in , was 

perform ed by th e  method o f Shaw and Brodsky (46) which u t i l i z e s  th e  coupled 

red u c tio n  o f n itro b lu e te tra z o liu m  by f re e  CoA, v ia  a phenazine m ethosulphate 

c a r r i e r ,  to  in so lu b le  form azan.

2 .7  D eterm ination  o f K and K .v a lu es .

d e te rm in a tio n s  were c a r r ie d  ou t a t  37 °C using  a m o d if ic a tio n  o f th e  

s tandard  assay  procedure (Methods 2 .4 ) .  For th e  d e te rm in a tio n  o f  th e  

o f  chloram phenicol, th e  acetyl-S-GoA co n ce n tra tio n  was s e t  a t  th e  s a tu ra t in g  

co n cen tra tio n  o f 400px  and th e  chloram phenicol c o n ce n tra tio n  was v a r ie d .

The chloram phenicol c o n ce n tra tio n  was s e t  a t  200pM f o r  th e  d e te rm in a tio n  

o f th e  K^of acetyl-S-C oA , The d a ta  were p lo t te d  using  th e  i t e r a t i v e  l e a s t  

squares programme o f C leland (6 7 ). For th e  d e te rm in a tio n  o f a  va lue  the  

a ssays were perform ed as above excep t th a t  th ey  were c a r r ie d  o u t in  th e  

absence and presence  o f th e  competing lig a n d .

2 .8  P ep tide  mapping o f CAT p ro te in .

P ep tid e  mapping o f p u r i f ie d  p ro te in  was c a r r ie d  ou t u sing  th e  method 

o f C leveland e t  ^  (6 8 ). Column p u r if ie d  p ro te in s  were run  on a  12.5% (w/v) 

polyacrylam ide s la b  g e l co n ta in in g  0.1% SDS (M ethods2.6a)• Thin sp acers  

(l.2mm) were used fo r  t h i s  g e l .  P ro te in  bands were lo c a te d  by s ta in in g  w ith 

CooMassie Blue R250. The bands were c u t ou t w ith  a  scap e l b lad e  and p laced  

in  10ml o f a s o lu t io n  c o n ta in in g  0.125M TrisHCl pH6.8,O.lmM EDTA, l%(w/v)

SDS (b u f fe r  A)  ̂ g e n tly  mixed and soaked f o r  10 m inutes a t  room te m p era tu re . 

A fte r  t h i s  tim e th e  b u f f e r  was rep laced  w ith  f r e s h  b u f fe r  and soaked f o r  

a f u r th e r  10 m inu tes. The pH o f  th e  s o lu tio n  was m onitored o v e r t h i s  p e r io d . 

I f  th e  pH was s ta b le  a t  pH 6 .8  over t h i s  p e rio d  th en  th e  g e l s l i c e s  were 

ready  f o r  d ig e s t io n .  I f  n o t ,  f u r th e r  b u f f e r  changes were c a r r ie d  ou t u n t i l
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th e  pH s ta b i l i z e d «For d ig e s t io n  a 17.5% (w/v) po lyacry lam ide g e l co n ta in ing  

O.lmM EDTA and 0.1% (w/v) SDS was used . 1.5mm sp acers  were used f o r  th i s  g e l 

to  f a c i l i t a t e  th e  load ing  o f  th e  g e l s l i c e .  The g e l s l i c e  was pushed g e n tly  

to  th e  bottom o f a w e ll, which had p re v io u s ly  been f i l l e d  w ith  b u f fe r  A, 

u sing  a s p a tu la .  The g e l p iece  was th en  covered w ith lO jil o f  b u f f e r  A 

co n ta in in g  20% g ly c e ro l, 0.1% bromophenol b lu e  and e i th e r  l^ag o f papain  

o r  o f S taphylococcus aureus (S. au reu s) V8 p ro te a se . The to p  r e s e rv o ir  

was f i l l e d  w ith  running b u f f e r  co n ta in in g  ImM EDTA. The g e ls  were e le c tro 

phore sed in to  th e  s tack in g  g e l u n t i l  th e  dye was 4mm from th e  bottom of 

th e  s tac k in g  g e l .  The c u rre n t was tu rn ed  o f f  f o r  30 m inutes to  a llow  the  

d ig e s t io n  to  tak e  p lace  and th en  tu rn ed  on a g a in . The g e l  was s ta in e d  w ith 

e i t h e r  Coomassie Blue R250 (Methods 2 .6a) o r  by th e  s i l v e r  s t a i n  method 

(Methods 2 .9 ) to  v is u l iz e  th e  bands.

2 .9  S ilv e r  s t a i n . (69)

G els were soaked f o r  1 h r .  in  50% m ethanol, 10% a c e t ic  a c id , th en  

o v e rn ig h t in  5% m ethanol, 10% a c e t ic  a c id . The g e ls  were th e n  soaked fo r  

30 m inutes in  10% unbuffered  g lu te ra ld e h y d e , r in se d  and soaked f o r  2 .5  

h r .  in  d i s t i l l e d  w ater w ith  g e n tle  a g i ta t io n .  The g e ls  were s ta in e d  in  

200ml o f a  f r e s h ly  made s o lu t io n  co n ta in in g  .075% NaOH, 7.8% AgNO ,̂ 2% 

NĤ OH f o r  10 m inutes, r in se d  and p laced  in  200ml o f f r e s h  0*005% sodium 

c i t r a t e ,  .019% form aldehyde to  d ev e lo p s . Development was stopped  by 

washing e x te n s iv e ly  w ith  w a te r .

2 .10  Amino ac id  a n a ly s is .

(a) P ro te in s

S a l t  f r e e  p ro te in  samples were hydrolysed  f o r  24., 4-8 and 72 h r .  in  

th e  p resence  o f  6M HCl co n ta in in g  lO^m phenol a t  105°C. Tubes co n ta in in g  

th e  sample and ac id  were c o n s tr ic te d  in  an oxygen gas flam e and sea led  

under vacuum a f t e r  degassing  and f lu sh in g  th e  sample tw ice  w ith  n itro g e n  

A fte r  removal o f  th e  ac id  under vacuum, h y d ro ly sa te s  were resuspended 

in  0.02M HCl and a l iq u o ts  were analysed  on a s in g le  column L ocarte
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a n a ly se r  using  sodium c i t r a t e  b u f fe rs  (70)# Values o f s e r in e  and th reo n in e  

were e x tra p o la te d  to  zero tim e o f  h y d ro ly s is , w h ils t  th o se  o b ta in ed  fo r  

is o le u c in e , le u c in e , and v a lin e  were e x tra p o la te d  to  96 h r .  h y d ro ly s is  

tim e .

(b) P e p tid e s .

H ydro lysis  o f p ep tid e s  was c a r r ie d  o u t as in  Methods 2 .10a  ex cep t th a t  

th e  h y d ro ly s is  was c a r r ie d  ou t f o r  24 h r .  o n ly .

2 .11  Immunochemical te c h n iq u e s .

Crude a n t i s e r a  ra is e d  a g a in s t  p u r i f ie d  GAT v a r ia n ts  were used in  th e se  

ex perim en ts. The CAT̂  d ire c te d  re a g en t was made from a g o a t immunized w ith  

CATj s p e c if ie d  by plasm id JR66. CAT^  ̂ s p e c if ie d  by plasm id Sa and CAT^^^

s p e c if ie d  by plasm id R387 were in je c te d  in to  r a b b i ts  to  r a i s e  th e  CAT^  ̂

and CATy^Y d ire c te d  re a g e n ts .

O uchterlony d if f u s io n  t e s t s  (7 l)  were perform ed in  0.75% agarose  

p repared  in  0.8% (w/v) NaCl, 0.02% (w/V) KC1,0.115% (w/v) Na^HP0^,0.2%

(w/v) KH2P0^on p la te s .  P la te s  were incubated  f o r  upto 72 h r .  a t  4°C.

Gels were s ta in e d  w ith  0.123% (w/v) amido b lack  in  5% a c e t ic  a c id  and 

des ta in e d  w ith  7% a c e t ic  a c id .

2 .12  E quilib rium  d i a l y s i s .

Equlibrium  d ia ly s is  experim ents were c a r r ie d  o u t using  a  m ulticham bered 

a p p a ra tu s . Each chamber was d iv id ed  in to  two by th e  d ia ly s i s  membrane which 

was in s e r te d  between th e  two h a lv e s  o f  th e  a p p a ra tu s . Each h a l f  chamber 

had a  t o t a l  volume o f 500^1. Samples, CAT^^^ o r  ^  ch loram phenicol 

in  50mM TrisHCl pH 7 .8  ( s tan d a rd  b u ffe r )  were loaded in to  th e  chamber 

u sing  a Hamilton sy rin g e . An equal volume o f s tan d a rd  b u f f e r  was p laced  

in  th e  chamber on th e  o th e r  s id e  o f  th e  d ia ly s i s  membrane. I n i t i a l  exper

im ents were c a r r ie d  ou t to  f in d  how l o n g j ^ ^  chloram phenicol to o k  to  

e q u i l ib r a te  a c ro ss  th e  membrane. For t h i s ,  samples (50;ul) were ta k en  w ith  

a Ham ilton sy rin g e  from bo th  s id e s  o f  th e  membrane and counted f o r  

r a d io a c t iv i ty .  IVhen p ro te in  and lig a n d  were used in  th e  experim ent th e
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samples were mixed p r io r  to  load ing  in  th e  chamber. The ap p ara tu s  was 

g e n tly  ro ta te d  fo r  24hr. a t  4°C. Samples were th en  removed (3xl00jul) 

from each s id e  o f th e  membrane and counted fo r  r a d io a c t iv i ty .  The a c t iv i ty  

o f  th e  enzyme was m onitored th roughout th e  experim ent.

In  experim ents where methyl-S-CoA was in c lu d ed , a s a tu ra t in g  amount of 

methyl-S-CoA (based on th e  value determ ined) was p laced  on each s id e  

o f th e  membrane and the  experim ents c a r r ie d  o u t as above. The r e s u l t s  

were p lo tte d  according  to  th e  Scatchard  eq u a tio n .

2.13 In a c t iv a t io n  o f w ith  lodoacetam ide and lo d o a c e tic  ac id  

in  th e  presence and absence o f s u b s t r a te s .

CATiii (0.2mg/ml) in  s tan d a rd  b u f f e r  (lOO;il) was incubated  in  a  s i lv e r  

f o i l  covered tube a t  37°C. lO ul was ta k en , d i lu te d  in to  1ml o f s tan d ard  

b u f fe r  and s to re d  on ice  in  th e  dark  f o r  l a t e r  measurement o f  a c t i v i t i e s  

using  th e  s tan d ard  a ssay . In h ib i t io n  was i n i t i a t e d  by th e  a d d itio n  o f 

e i th e r  iodoacetam ide o r io d o a c e tic  a c id .  Samples (IQul) were tak en  a t  

tim e in te r v a ls  and t r e a te d  as above. When chloram phenicol or acetyl-S-CoA 

(imM) were inc luded  they  were p re in cu b ated  w ith  th e  enzyme f o r  5 m inutes 

p r io r  to  th e  a d d itio n  o f th e  in h ib i to r .  The d a ta  were p lo t te d  accord ing  

to  th e  eq u a tio n  In  E/E^ = - k t  where E^ i s  th e  a c t i v i t y  a t  tim e zero , (100%) 

and E i s  th e  a c t i v i t y  a t  anytim e t^  k i s  the  pseudo f i r s t  o rd e r  r a te  

co n sta n t f o r  th e  in a c t iv a t io n  (7 2 ).

2 .1 4  In c o rp o ra tio n  o f lodoacetam ide in  th e  presence  and absence 

o f  s u b s t r a te s .

Img/ml CATjjjwas incubated  in  500/il o f  s tan d a rd  b u f fe r  in  th e  dark  a t 

37°C. In a c t iv a t io n  was i n i t i a t e d  by a d d it io n  o f iodoacetam ide

(s.A 0.25 ;iC i/um ole). Samples were tak en  (lO pl) a t  tim e in te r v a l s  and 

t r e a te d  as d e sc rib ed  in  Methods 2 .1 3 . When th e  in a c t iv a t io n  had proceeded 

to  90% th e  re a c t io n  was stopped by a d d it io n  o f a 10 fo ld  m olar excess over 

su lp h y d ry l groups o f 2 -m ercap toethano l. A fte r ex h au stiv e  d ia ly s i s  ag a in s t 

lOmM ammonium b ica rb o n a te  pH 8 .0 , sam ples were ly o p h il iz e d , tak en  up in
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a sm all amount o f standard  b u f f e r  and counted f o r  in c o rp o ra tio n  o f  l a b e l .  

When a tim e course was being  c o n s tru c te d , samples f o r  each tim e p o in t 

were s e t  up and t r e a te d  as above. P ro te c tio n  experim ents were c a r r ie d  out 

as above except acetyl-S-CoA  o r  chloram phenicol (imM) were added p r io r  

to  th e  a d d itio n  o f iodoacetam ide.

2.15 I d e n t i f i c a t io n  o f re s id u e s  m odified by lodoacetam ide .

(a) In a c t iv a t io n .

Immole o f CATjjj (25mg in  2ml) was incubated  in  s tan d ard  b u f f e r  a t  37 °C 

in  a  s i l v e r  f o i l  covered tu b e . A liquo ts  were tak en  a t  in te r v a ls  over a  2 h r. 

p e rio d , a f t e r  th e  re a c tio n  had been i n i t i a t e d  by a d d itio n  o f lOmM 

iodoacetam ide, and t r e a te d  as d e sc rib e d  in  Methods 2 .1 3 . The re a c t io n  was 

te rm in a ted  by a d d it io n  o f a 10 fo ld  molar excess over su lp h y d ry l groups 

o f  2 -m ercaptoethanol and th en  th e  sample ex h au s tiv e ly  d ia ly s e d  a g a in s t  lOmM 

ammonium b icarb o n ate  pH 8 .0 .

(b) Reduction and carboxym ethy lation .

Guanidine hyd roch lo ride  was added to  a f i n a l  c o n c e n tra tio n  o f 6M and 

a 4 fo ld  molar excess o f d i t h i o t h r e i t o l  (DTT) over t o t a l  su lp h y d ry l groups 

was added. The re a c t io n  v e s s e l  was flu sh ed  w ith  n itro g e n , sea le d  and 

s t i r r e d  slow ly in  th e  dark  f o r  2 h r. A fte r  th i s  tim e a 4 fo ld  m olar excess 

over su lphydry l groups (in c lu d in g  DTT) o f s o l id  io d o a c e tic  a c id  was added. 

A fte r  in cu b atio n  fo r  a f u r th e r  2 h r. to  ensure a lk y la t io n  o f a l l  unm odified 

c y s te in e  re s id u e s , th e  r e a c t io n  mix was quenched w ith  excess 2-m ercaptoe

th a n o l, ex h au stiv e ly  d ia ly se d  a g a in s t  ammonium b ic a rb o n a te  (l.OM, 0.5M, 

0.05M) and f i n a l ly  ly o p h il iz e d .

(c) D igestion  w ith  p ro te a se  o f th e  m odified p r o te in .

P r io r  to  th e  la rg e  s c a le  d ig e s t io n  a t r i a l  d ig e s t  w ith  e la s ta s e  was 

perform ed. lOnmole o f  p ro te in  was d ig e s t io n  w ith  1% w/w e la s ta s e  f o r  4 h r. 

in  50raM ammonium b ica rb o n a te  pH 8 .0  a t  37°C. P e p tid e s  were se p a ra te d  by 

e le c tro p h o re s is  in  one d i r e c t io n  follow ed by chrom atography in  a second 

d i r e c t io n  (73).
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S a lt  f r e e  samples were ly o p h iliz e d  and taken  up in  l - 2 p l  o f s tan d a rd  

HVPE (Methods 2,15e) e le c tro p h o re s is  b u f fe r  which con tained  f lu o re s c e n t  

m arker. The sample was a p p lie d  to  a 10cm x 10cm POLYGRAM SIL G s i l i c a  

th in  la y e r  p la te ,  under a  stream  o f  warm a i r  u sing  a drawn o u t c a p i l l a r y .

E le c tro p h o re s is  was c a r r ie d  ou t a t  350V f o r  50 m inutes, u s in g  a  Shandon 

(Kohn U77) f l a t  bed e le c tro p h o re s is  a p p a ra tu s . The edges o f th e  th in  la y e r  

p la te  was connected to  th e  e le c tro d e  s o lu tio n s  by wicks o f Whatman 3MM 

f i l t e r  p ap er.

A fte r  d ry ing  ascending chrom atography was c a r r ie d  out a t  r ig h t  an g les 

in  b u tan o l: a c e t ic  ac id : w ater: p y rid in e  (BAWP) 1 5 :3 :12 :10  by volume. 

P ep tid es  were lo ca ted  by au to rad io g rap h y  on K odirex (Kodak) f i lm , KDT2. 

D ig estio n  o f th e  p ro te in  sample was c a r r ie d  ou t as d e sc rib ed  above. 

D ig estio n  was term inated  by fre e z in g  th e  sample follow ed by ly o p h i l iz a t io n .

(d) Chromatography o f p e p tid e s .

P ep tid es  were sep ara ted  on a Dowex 50 (su lphonated  p o ly s ty ren e ) io n -  

exchange r e s in  a t  50°C. The column was p re e q u il ib ra te d  in  th e  pyrid in ium  

form w ith  5mM p y r id in e /a c e ta te  b u f f e r  pH 2 .1 . P ep tid es  were f r a c t io n a te d  

u sing  a pH and s a l t  g ra d ie n t (5mM p y r id in e /a c e ta te  pH 2 .1  -  2.0M p y rid in e  

/a c e ta te  pH 4*9). The column was f i n a l l y  washed w ith  6.0M p y r id in e .

The sample was taken  up in  5ml o f  fo rra icac id  w ith  h e a tin g  p r io r  to  

lo a d in g . P ep tides were id e n t i f ie d  by 280nm absorbance and by counting  

a  lO pl sample o f the  1ml sample c o l le c te d .  Peaks were pooled f o r  HVPE.

(e) High v o ltag e  paper e le c tro p h o re s is  (HVPE).

E le c tro p h o re s is  o f p e p tid e s  on /̂/h a t  man 1 and 3 MM chrom atography paper 

was c a r r ie d  out in  w ater cooled v e r t i c a l  tan k s  co n ta in in g  e i t h e r  to lu en e  

(pH 6 .5 ) o r w hite s p i r i t  (pH 2 .1 ) as c o o la n t. The e le c tro d e  and w e ttin g  

b u f fe rs  were p y r id in e /a c e t ic  a c id /w a te r , 0 .5 :1 0 :8 9 .5  by volume (pH 6 .5 ) ;  

a c e t ic  a c id /fo rm ic  a c id , 8 :2 :9 0  by volume (pH 2 .1 ) (74)*

S a l t  f r e e  samples were ly o p h iliz e d  and tak en  up in  a  sm all amount o f 

th e  a p p ro p ria te  b u ffe r  w ith  warming. The s o lu tio n  was ap p lie d  to  a 1cm
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square a t  th e  o r ig in  o f th e  paper under a stream  of warm a i r .  F lu o rescen t 

markers (75) and amino ac id s  (76) were ap p lied  as s ide  m arkers. B uffer 

was c a re fu l ly  ap p lied  on e i th e r  s id e  o f th e  o r ig in  to  focus th e  sample. 

Excess b u ffe r  was removed w ith b lo t t in g  p ap er. E lec tro p h o re s is  a t  pH 6 .5  

proceeded a t  3000V (60V/cm) u n t i l  a marker dye had m igrated 8.5cm. 

Chromatograms were d rie d  in  a stream  o f warm a i r .  R ad ioactive  p e p tid e s  

were lo c a ted  by au torad iography  on Kodirex KDT2 f ilm . P ep tide  co n ta in in g  

a reas  were cu t ou t and re s t i tc h e d  onto f r e s h  paper and e le c tro p h o re s is  

a t  pH2.1 c a r r ie d  o u t. R adioactive p e p tid e s  were again  lo c a ted  by au to 

rad iography .

(f)  E lu tio n  o f p e p tid e s .

P ep tid es  were e lu ted  from th e  paper w ith  d i lu te  a c e t ic  ac id  (5%) 

o r d i lu te  ammonia so lu tio n  (5%) and c o lle c te d  in  acid  washes tu b e s . The 

p ep tid e s  were s to red  a t  -20°C in  a ly o p h iliz e d  s ta t e  o r in  d i lu te  a c e t ic  

a c id .

(g) Sequence a n a ly s is  by th e  dansyl -Edman met hod.

P ep tid es  were sequenced by th e  dansyl-Edman procedure as d e sc rib ed  

by H artley  (77) and dansyl-am ino a c id s  id e n t i f ie d  by th e  method o f Woods 

and Wang. (7 8 ).

2 .16  Rad io a c tiv e  counting .

R adioactive counting was performed in  a  Packard s c i n t i l l a t i o n  co u n ter 

Model 3385 using  ’Brays F lu id ’ as th e  s c i n t i l l a t i o n  f lu i d .  Counting 

e f f ic ie n c y  was ty p ic a l ly  80%.

2.17 De te rm in a tio n  of X max and e x t in c t io n  coeff ic ie n t  o f 5 ,5  d i th io b is  

(2 -n itro m eth y lb en zoate) (DTN?4B) and 5,5 d i t h io b i s ( 2 - n i t r o toluene) (DTNT).

ImM s o lu tio n s  o f DTNMB and DTNT were made in  dim ethylform am ide.

A liquo ts o f th e se  so lu tio n s  were th en  d i lu te d  in to  1ml o f s tan d a rd  b u f fe r ,  

to  g ive  a s o lu tio n  o f f i n a l  c o n ce n tra tio n  50>iM. These s o lu tio n s  were 

scanned in  a Pye-Unicam SP1800 reco rd in g  spectropho tom eter a g a in s t  a 

s tandard  b u f fe r  b lan k . An a l iq u o t o f dimethylforraamide alone was added
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to  th e  b lan k . From these read in g s  aXmax f o r  each so lu tio n  was e s ta b lis h e d . 

2 -m ercaptoethanol ( f in a l co n ce n tra tio n  0.5mM) was then  added to  th e  sample 

and th e  b lank  tubes and the  new^ max determ ined .

Samples o f DTNMB and DTNT (lO—50;liM) in  th e  p resence and absence o f

2 -m ercaptoethanol (0.5mM) were then  made up and t h e i r  absorbance a t  th e  

a p p ro p ria te  X max determined a g a in s t a s u i ta b le  b u f f e r .  The e x t in c t io n

c o e f f ic ie n t  was determined from th e se  experim ents*

2 .18  In a c tiv a t io n  of CATIII ^^t;h DTNMB and DTNT.

lOOpl o f CATjjj(0,2mg/ml) in  s tan d a rd  b u f f e r  was incubated  a t  37°C.

A IQnl sample was removed and d i lu te d  in to  1ml o f standard  b u f f e r  f o r  

assay ing  by th e  standard method (Methods 2 .4 ) .  DTNMB and DTNT ( f in a l  

c o n ce n tra tio n  0.05mM) were added from sto ck  s o lu tio n s  in  dimethylformam ide 

and lO pl samples taken a t  in te r v a ls  and t r e a te d  as above.

A c o n tro l sample of enzyme and diraethylform amide alone in  s tan d a rd  b u ffe r

was a lso  assayed as described above.

S im ila r i ly , a  sample of enzyme and 5,5 d i th io b is (2 -n itro b e n z o ic  ac id ) 

(DTNB) was a lso  assayed fo r  lo s s  o f a c t i v i t y  excep t th a t  th e  f i n a l  

c o n ce n tra tio n  o f DTNB was 0.5mM. P ro te c tio n  experim ents were c a r r ie d  out 

as above excep t th a t  chloram phenicol o r  acetyl-S-C oA  was added to  each 

sample tu b e .

2.19 Measurement of the in c o rp o ra tio n  o f DTNMB in to

1ml o f CAT^^^ (0.5mg/ml) was incubated  a t  37°C in  s tan d ard  b u f f e r .

DTNMB ( f in a l  concen tra tion  5-50;liM) was added from a s to ck  s o lu t io n  o f 

Dirn-fB in  d im e th y lf ormamide and th e  absorbance a t  420nra measured a g a in s t  

a s tan d ard  b u f fe r  blank, A 10;uL sample was removed, d i lu te d  in to  Irai 

o f s tan d ard  b u f fe r  and assayed by th e  s tan d a rd  method (Methods 2 .4 )•

Samples were then  applied to  a Sephadex GIO d e s a l t in g  column (lx25cm) 

to  remove excess reagen t. The column had been p re e q u il ib ra te d  w ith  s tan d ard  

b u f f e r .  1ml samples were c o lle c te d  and p ro te in  lo c a ted  by m easuring 280nm 

absorbance. Tubes containing p ro te in  were pooled and co n cen tra ted  to  1ml
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using  an Amicon B15 c o n c e n tra to r . An id e n t ic a l  sample o f unm odified 

enzyme was t r e a te d  in  th e  same manner.

2.20 In a c t iv a t io n  o f w ith  D ie th y lp y ro carb o n ate  (DSP).

DEP c o n ce n tra tio n s  were measured by d i lu t in g  samples o f  DEP in to  e th an o l 

and re a c tin g  a l iq u o ts  o f t h i s  s o lu tio n  w ith  0.5mM im idazo le  in  50mM 

sodium phosphate pH 7 .8  b u f f e r .  The N -carbethoxyim idazole fo rm ation  was 

m onitored a t  240nm and th e  c o n ce n tra tio n  o f  th e  s to ck  s o lu tio n s  c a lc u la te d  

u s in g 6 = 3.2xlO^M ^cm ^ (7 9 ) . A ll in a c t iv a t io n  experim ents were c a r r ie d  

out a t  25°C in  50mM sodium phosphate pH 6.0.CAT^^^(0.8mg/ml) was incubated  

under th e se  c o n d itio n s , a lO pl sample was removed, d i lu te d  in to  1ml o f 

standard  b u f fe r  and assayed by th e  s tan d a rd  method (Methods 2 .4 ) .  DSP 

was added and f u r th e r  a l iq u o ts  removed f o r  a ssay in g  as d e sc rib e d  above.

A c o n tro l tube co n sis te d  o f  enzyme p lu s  an a l iq u o t  o f e th an o l equal to  

th a t  added to  th e  sample tu b e . S p e c tra l changes a t  245nm o f samples were 

measured a g a in s t  50mM sodium phosphate b u f f e r  and enzyme b la n k .

A fte r com pletion o f  th e  re a c tio n  5Qiil o f IM hydroxylam ine was added to  

the  sample and c o n tro l tu b es  and f u r th e r  measurements ta k e n . Stock 

so lu tio n s  o f LM hydroxylam ine were made in  50mM sodium phosphate (pH 7 .8 ) 

and the  pH a d ju s ted  to  pH 7 .0  p r io r  to  u se .

P ro te c tio n  experim ents were c a r r ie d  o u t in  th e  p resence  o f  ch loram phenicol, 

acetyl-S-CoA  and methyl-S-CoA as d e sc rib e d  f o r  th e  in a c t iv a t io n  s tu d ie s ,  

except th a t  th e  enzyme samples were p re e q u i l ib ra te d  w ith  s u b s tr a te s  o r 

s u b s tra te  analogues p r io r  to  th e  a d d itio n  o f DEP.

2.21 I n h ib i t io n  o f  CAT^j-^w ith  M ethyl p -N itrobenzene Su lphonate  and 

p-N itrobenzene Sulphonyl C h lo rid e .

Commercially purchased m ethyl p -n itro b en zen e  su lphonate  (MBS) was 

r e c r y s ta l l i z e d  from petro leum  e th e r  (100°-200°C ). The c o n c e n tra tio n  o f  

s tock  s o lu tio n  o f  th e  compound in  a c e t o n i t r i l e  was determ ined  by d is so lv in g  

a  sample o f th e  s o lu t io n  in  s tan d ard  b u f f e r  and m easuring th e  u l t r a v io l e t  

a b so rp tio n . A A max o f  255nm and é 255 o f  1 3 .4  x ICp M“ ^cm” ^ were used to
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determ ined the  s to ck  s o lu t io n ’s c o n ce n tra tio n .

lOOpl o f CATjjj (O.Img/ml) was incubated  a t  37°C in  s tan d a rd  b u f f e r .

A lO ^l sample was removedand d i lu te d  in to  1ml o f  s tan d ard  b u f f e r  and 

assayed by th e  s tan d a rd  method (Methods 2 .4 ) .  MNBS was added and f u r th e r  

IQpl samples removed a t  in te r v a l s  and t r e a te d  as d e sc rib ed  above. C ontro l 

tu b es  co n sis ted  o f  enzyme p lu s  a c e to n i t r i l e .

P ro te c tio n  experim ents in  th e  p resence o f ch loram phenicol, acetyl-S-C oA , 

acetonyl-S-CoA , methyl-S-CoA and 3-fluo ro ch lo ram p h en ico l o r  com binations 

o f  th e se  s u b s tra te s  and analogues were c a r r ie d  ou t as d e sc rib e d  above, 

excep t th a t  th e  enzyme was p re in cu b ated  w ith th e  s u b s tra te  o r  s u b s tr a te  

analogue.

In h ib i t io n  s tu d ie s  in  th e  p resence o f p -n itro b en zen e  su lphony l c h lo rid e  

were c a r r ie d  out as d e sc rib e d  f o r  MBS.

2 .22  P ho toox idation  o f w ith Rose Bengal.

P ho toox idation  experim ents were c a r r ie d  out in  a w atercoo led  Compton 

tube a t  25°C. The tube  c o n ta in in g  lOOjul o f  CAT^^^ (0*2mg/ml) in  s tan d ard  

b u f f e r  was p laced  10-14cm from a lOOW l i g h t  so u rce . A lO ul sample was 

removed and d i lu te d  in to  Irai o f  s tan d ard  b u f fe r  in  a s i l v e r  f o i l  covered 

tube and l a t e r  assayed by th e  s tan d ard  method (Methods 2 .4 ) .  Rose bengal 

( f in a l  c o n ce n tra tio n  15jliM) was added, samples tak en  a t  in te r v a l s  and t r e a te d  

as d esc rib ed  above.

C ontrol experim ents were c a r r ie d  ou t as above in  th e  absence o f  l i g h t  

and th e  absence o f  dye.

P ro te c tio n  experim ents in  th e  p resence o f chloram phenicol and a c e ty l -  

S-CoA were c a r r ie d  ou t as d e sc rib e d  p re v io u s ly  excep t t h a t  th e  enzyme 

was p re incubated  w ith  s u b s tr a te  b e fo re  a d d itio n  o f th e  ro se  b en g a l.

2 .2 3  In h ib i t io n  o f CAT^^^ w ith  B utanedione.

lOOpl CATjjj(0.2mg/ml) was incubated  a t  37°C, e i th e r  in  50mM b o ra te  

pH 7 .8  o r  50mî-î sodium phosphate pH7.8. A 10;il sample was removed, d i lu te d  

in to  1ml o f s tan d ard  b u f f e r  and assayed by th e  s tan d ard  method (Methods
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2 * 4 )«Butanedione (c o n c e n tra tio n  as d e sc rib e d  in  te x t)  was added and f u r th e r  

samples removed and t r e a te d  as d e sc rib e d  p re v io u s ly .

A fte r  in a c t iv a t io n  th e  sample was d e sa lte d  on a  Sephadex GIO (lx25cm) 

which had been p re e q u il ib ra te d  in  50mM sodium phosphate b u f f e r  pH 7 .8 .

1ml f r a c t io n s  were c o lle c te d  and p ro te in  lo c a ted  by m easuring 280nm 

abso rbance. Tubes co n ta in in g  p ro te in  were pooled and co n cen tra ted  using  

an Amicon B15 c o n c e n tra to r .

P ro te c tio n  s tu d ie s  were c a r r ie d  o u t as d esc rib ed  above ex cep t t h a t  th e  

enzyme was p re incubated  w ith  e i th e r  chloram phenicol o r acetyl-S-C oA  p r io r  

to  th e  a d d itio n  o f bu taned ione .

2 .24  I n h ib i t io n  o f CAT^pp wi th  4 -a a in o -7 -e x a -b ic y c lo (4 ,1 0 )h e p t-3 -e n e -2 , 

5 -d ione-3 -ene-2 ,5 -d ione-3 -carboxam ide  (G7063~2).

S tock s o lu tio n s  o f G7063-2 were made in  s tan d ard  b u ffe r  and s to re d  a t  

4°C. I n i t i a l l y ,  s o lu tio n s  were p a le  yellow  in  co lou r bu t a f t e r  s to rag e  

f o r  1 week th e  s o lu tio n  had tu rn ed  d a rk  brown in  co lo u r.

100;ul CAT̂ YY (0.2mg/ml) in  s tan d ard  b u f f e r  was incubated  a t  37°C. A lO ul 

sample was removed, d i lu te d  in to  1ml o f  s tan d ard  b u ffe r  and assayed  by th e  

s tan d ard  method (Methods 2 .4 )*  G7063-2 was added from th e  s to c k  s o lu t io n  

and f u r th e r  samples tak en  a t  in te r v a ls  and t r e a te d  as above.

P ro te c tio n  ezperim ents were c a r r ie d  o u t as above excep t t h a t  chloramp

h e n ic o l o r  acetyl-S-CoA  was p re in cu b ated  w ith  th e  enzyme p r io r  to  a d d it io n  

o f G7063-2.



C hapter Three 

P u r i f ic a t io n  and C h a ra c te r iz a t io n
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3 .1  P u r i f ic a t io n  o f p ro te in •

Crude e x tr a c ts  were prepared  accord ing  to  Methods 2 .1 b . I n i t i a l  s tu d ie s  

on th e  enzyme in d ic a te d  th a t  th e  enzyme was s ta b le  to  h e a tin g  a t  70°C fo r  

10 m inutes in  a  b u f fe r  co n ta in in g  0.2mM chloram phenicol. This s te p  was 

th u s  used as an i n i t i a l  s tep  p r io r  to  th e  p u r i f ic a t io n  o f th e  enzyme by 

a f f i n i t y  chrom atography.

The techn ique  o f a f f i n i t y  chromatography has been s u c c e ss fu lly  used to  

p u r ify  s e v e ra l o f th e  CAT v a r ia n ts .  P re lim in a ry  experim ents perform ed 

using  1ml bed volume a f f i n i t y  columns co n ta in in g  re s in s  o f in c re a s in g  

s u b s t i tu t io n s  in d ic a te d  th a t  a r e s in  s u b s t i tu t io n  o f a t  l e a s t  9>ieq of 

chloram phenicol base p e r ml o f s e t t l e d  r e s in  was necessary  to  bind th e

enzyme to  th e  column and a s a l t  c o n ce n tra tio n  o f  0.3M NaCl in  th e  presence

o f 5mM chloram phenicol was needed to  e lu te  th e  enzyme from th e  column.

Large sca le  p u r if ica tio n s  were carried out according to Methods 2 .2 ,

2 ,3 . Y ie lds v a rie d  between 65-80% o f pure enzyme. A h ig h e r y ie ld  was u su a lly  

ob ta ined  i f  th e  column was f r e s h ly  p rep a red . Ususilly 95-100% o f th e  t o t a l  

a c t i v i t y  could be recovered . The CAT e lu te d  from th e  r e s in  in  th e  b u ffe r

and s a l t  washes could be recy cled  a f t e r  d ia ly s i s  to  remove excess s a l t  and

chloram phenicol i f  re q u ire d .

A ty p ic a l  p u r i f ic a t io n  p r o f i l e  i s  shown in  Table 4« C oncen tra tions o f 

p ro te in  upto 5 rag/ml could be bound to  th e  a f f i n i t y  r e s in .  A maximum o f 

1 mg/ml was o b ta ined  fo r  th e  CAT̂  v a r ia n t  in  p re v io u s ly  d esc rib ed  work 

(L.C. Packman, Ph.D T h es is , Univ. o f L e ic e s te r  1978). Column f r a c t io n s  

were te s te d  f o r  a c t i v i t y ,  pooled and d ia ly se d  a g a in s t  TCM b u f f e r  a t  4°C. 

Samples were th en  fro zen  a t  -20°C f o r  s to ra g e .

3 .2  E le c tro p h o re s is  o f CAT^^jV a ria n t.

(a) E le c tro p h o re s is  in  0.1% SDS.

A ll p u r i f i c a t io n  s te p s  were m onitored by SDS g e l e le c tro p h o re s is  as 

d esc rib ed  in  Methods 2 .6 a  (F ig .4 ) .  As can be seen from t h i s  g e l  CAT 

re p re se n ts  a la rg e  percen tage  o f the  t o t a l  c e l l  p ro te in  (^5%).
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P u r i f ic a t io n  o f  a  GAT v a r ia n t  s p e c if ie d  by E .o o l l  J53 (R387;Cm700).
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P u r if ic a t io n  Volume 
S tep  (ml)

CAT
( n /a l )

P ro te in
(mg/ml)

CAT S.A 
(U/mg)

P u r i f ic a t io n
F a c to r

Y ield
%

Crude e x t r a c t 1000 1905 48 3 9 .7 1 .0 100

Heat s te p 780 2423 24 100.9 2 .5 4 99

A ff in ity  r e s in

1 . Unbound 1400 328 n .d 24

2 . TM wash 450 95 n .d 2 .2

3 .  TM + 0.3M 
NaCl wash

4 . TM + 0.3M
+ 5mM Cm wash

4500

500

40

2465

n .d

1 .3 1896 47 .8

9 .4

64.6

n#d n o t  d e te rm in e d
One U n i t  I s  d e f in e d  a s  t h e  num ber o f  yUmoles o f  p r o d u c t  p ro d u c e d  p e r  
m in u te  I n  t h e  s ta n d a r d  a s s a y .
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1 3 4

F ÏÇ '4 .

E lec tro p h o re s is  o f samples from the  p u r i f ic a t io n  o f  0 ^ %%% under 

d en a tu rin g  cond itions In  a  12.5% polyacrylam ide g e l  co n ta in in g

0.1% (vA) SDS.

1 . Crude e x tr a c t  lOQug

2 . Heat t r e a te d  p ro te in  5Qug

3 . CATjjj 5xig

4 . 5;ug
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The p ro te in  was adjudged to  be f r e e  o f s ig n i f ic a n t  contam ination  by th e  

Coomassie s ta in in g  method.

Gel e le c tro p h o re s is  o f  pure CAT^^^ versu s  m olecular w eight markers 

was used to  determ ine an ap p aren t m olecu lar w eight fo r  th e  p ro te in  ( F ig .5 ) .

Monomer m olecular w eigh ts o f CAT p ro te in s  determ ined by g e l  e le c t r o 

p h o re s is  have tended to  be an underestim ate  when compared to  * tru e ' 

m olecu lar w eights determ ined from amino ac id  sequences. For example, CAT  ̂

has a t ru e  m olecular w eight o f 25 ,668, whereas i t  has an ap p aren t m o lecu lar 

w eight o f 24,000 as determ ined by g e l  e le c tro p h o re s is .  I t  i s  thought t h a t  

t h i s  may r e f l e c t  d i f f i c u l t i e s  in  un fo ld in g  th e  p ro te in  p ro p e rly  making i t  

run a t  a lower ap p aren t m olecu lar w e ig h t. Indeed, i t  has been p re v io u s ly  

re p o rted  th a t  CAT̂  s p e c if ie d  by plasm id R429 re q u ire s  th e  a d d itio n  o f 6M 

u rea  to  th e  re so lv in g  and s ta c k in g  g e ls  to  g e t rep ro d u c ib le  t i g h t  bands 

on g e l e le c tro p h o re s is  (L.C. Packman, Ph.D T h es is , Univ. o f L e ic e s te r  1978). 

This procedure was n o t found to  be n ecessa ry  f o r  CAT^j^ o r  CAT^, although  

th e  p ro te in  was always b o ile d  f o r  a t  l e a s t  10 m inutes in  a  w e ll sea led  

tube  p r io r  to  load ing  on th e  g e l .  Under th e se  co n d itio n s  re p ro d u c ib le  

m olecu lar w eights o f 25,000 fo r  CAT^^^ and 24,000 fo r  CAT^were observed . 

Whether th e  m olecu lar w eight determ ined fo r  CAT^^^ i s  'tru e *  o r  ap p aren t 

w i l l  n o t become c le a r  u n t i l  sequence s tu d ie s  a re  com plete.

(b) E le c tro p h o re s is  o f n a tiv e  p r o te in .

E le c tro p h o re s is  o f CAT^^j under n a tiv e  co n d itio n s  on an agarose  s t r i p  

was c a r r ie d  ou t accord ing  to  Methods 2 .6 b . l - 2 p l  o f a 40mg/ml p ro te in  

s o lu tio n  was loaded in  each w e ll .  A fte r  th e  g e l had been run  (90V fo r  50 

m inutes) th e  s t r i p  was d iv id ed  in to  two and s ta in e d  fo r  p ro te in  (Methods 

2.6b) and fo r  CAT a c t i v i t y  using  th e  h is to ch em ica l s ta in  (Methods 2 .6 c ) .

No h ig h e r m olecular w eight bands were seen e i th e r  w ith th e  p ro te in  o r  

a c t i v i t y  s ta in  (F ig .6 ) .  T his r e s u l t  c o n tra s ts  w ith  th a t  o b ta in e d  w ith  

CATjin which m ultim ers o f n a tiv e  te tra m e r  (hexamer and octam er) were seen , 

and makes OAT^^  ̂ a more s u i ta b le  can d id a te  fo r  NMR a n a ly s is  th a n  CAT^.
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î
1 2 3 4 5 6 7

F lg .5 .

D eterm ination o f monomer m olecular w eight o f  in  a  15%

polyacrylam ide g e l co n ta in in g  0.1% (w/v) SDS.

5pg o f  each p ro te in  was loaded on th e  g e l .

1 ,7  Ovalbumin (45K)

2 ,6  BSA (67K), Chymotrypslnogen (25%), Cytochrome C (13*4|C}

3 ,4  CATjjj

5 CATr
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t
d i r e c t i o n  o f  

e l e c t r o p h o r e s i s

1 2  3 4

F l g .6 .

E le c t r o p h o r e s i s  o f  CAT j^^  u n d e r n a t iv e  c o n d i t io n s  on an  a g a ro s e  s t r i p ,

l - 2 p l  o f  p r o t e i n  s o lu t i o n  was a p p l ie d  t o  e a ch  t r a c k ,  and e le c tr o p h o r e s e d  

a c c o rd in g  t o  M ethods 2 .6 b . The g e l  was th e n  c u t  i n t o  two s e c t io n s  and 

one s e c t i o n  s ta in e d  f o r  p r o t e i n  (M ethods 2.6b) and th e  o t h e r  s e c t i o n  

s ta in e d  f o r  a c t i v i t y  u s in g  th e  h i s to c h e m ic a l  s t a i n  (M ethods 2 .6 c ) .

1 ,2  CATj j j  s t a in e d  f o r  p r o t e i n

3 ,4  ^ x i l  f o r  a c t i v i t y
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3 .3  Amino ac id  a n a ly s is  o f

Acid h y d ro ly s is  and amino ac id  a n a ly s is  a s  d e sc rib e d  in  Methods 2 .10  

vas c a r r ie d  o u t on s a l t  f r e e  samples o f  CAT^^^. The c y s te in e  co n ten t o f  

th e  v a r ia n t  vas determ ined  by a n a ly s is  o f  perfo rm ic  a c id  o x id ised  p ro te in .

The r e s u l t s  were c a lc u la te d  u s in g  a monomer m o lecu lar w eight o f  2$,@00.

A ty p ic a l  a n a ly s is  i s  shown in  Table 5 .

3 .4  S p e c if ic  a c t i v i t y  o f  CAT ^^j.

T^e s p e c i f ic  a c t i v i t y  o f  th e  enzyme was determ ined  u s in g  amino a c id  

a n a ly s is  to  determ ine th e  p ro te in  c o n c e n tra tio n . The v a lu e  o b ta in ed  o f  

1800-1900 nmole/m inute/m g o f  monomer measured under s ta n d a rd  a ssay  

c o n d itio n s  i s  th e  h ig h e s t  recorded  s p e c i f ic  a c t i v i t y  o f  th e  CAT fa m ily .

3 .5  Comparison o f  th e  p e p tid e  maps o f  CAT̂ , CAT̂ ^ and CAT̂ ^^ .

P rev ious s tu d ie s  have compared p e p tid e  maps o f  th e  CAT p ro te in s  u s in g

2-D paper e le c tro p h o re s is  a t  pH 6 .5  and pH 3 .5  a f t e r  d ig e s t io n  w ith  a  

s u i ta b le  enzyme (L.C* Packman, Ph.D T h e s is ,U n iv . o f  L e ic e s te r ) .

In  th e se  s tu d ie s  CAT^^^ compared to  CAT  ̂ and CAT^  ̂ by th e  p e p tid e  

mapping method o f  C leveland (68) (Methods 2 .8 ) .

Pure CAT bands were e x c ise d  from a  12% po lyacry lam ide  g e l  (0.1% w/v SDS) 

and a f t e r  e q u i l ib r a t io n  o f  th e  g e l  p ie c e  in  0.125mM TrisH Cl pH 6 .8 ,  O.lmM 

EDTA, 1% SDS loaded on to  a  second g e l  and d ig e s te d  in  th e  s ta c k in g  g e l  

w ith  e i t h e r  S. aureus V8 p ro te a se  (F ig .7) o r  p ap a in  (F ig .8 ) .  The p e p tid e s  

g en era ted  were lo c a te d  by s ta in in g  e i t h e r  w ith  coomassie b lu e  h250, o r  

in  th e  case o f  pap a in , s in c e  le s s  p r o te in  had been  loaded on th e  f i r s t  

g e l ,  w ith  th e  more s e n s i t iv e  s i l v e r  s t a i n  (Methods 2 .9 ) .  The r e s u l t s  in d ic a te  

t h a t  a lthough  th e  p ro te in s  a re  n o t i d e n t i c a l ,  CAT^, CAT^  ̂ and GAT^^^ a re  

r e la te d  s in ce  th e y  show common p e p tid e s . C leveland has dem onstrated  t h a t  

u n re la te d  p ro te in s  o f  th e  same s iz e  do n o t show common p e p tid e s  (6 8 ) .

W hilst th e  r e s u l t s  o b ta in e d  w ith  th e  E .c o l l  v a r ia n ts  on ly  confirm ed 

p rev io u s  r e s u l t s  th e  tech n iq u e  was a ls o  used to  examine th e  r e la te d n e s s  

o f  Haemophilus in flu en z ae  v a r ia n ts  o f  CAT. Two H. in flu en zae  were shown



37

Table 5
Amino A cid A n a ly s is  o f  CAT^ j j . .

Amino Acid Nanomoles recovered  
2 4 h r. 48h r. 72hr.

B est veJ.ue R esidues p e r 
monomer

C yste ic  Acid 3 .7 4 .1 3 .9 4

A sp a rtic  Acid 26.5 26.3 26 .1 26 .3 26

Threonine 11.5 11 .6 10 .5 1 1 .8 12

S erine 18.3 19.3 17 .5 1 8 .8 19

Glutam ic Acid 23.5 22 .8 22.5 22 .9 23

P ro lin e 8 .5 8 .7 8 .3 8 .5 8 /9

G lycine 8 .9 10 .2 9 .8 9 .7 9/10

A lanine 12 .5 11 .9 1 1 .9 1 2 .1 12

V aline 1 4 .9 15 .4 15 .6 1 5 .9 16

M ethionine 4 .9 4 .9 4 .6 4 .8 5

Iso le u c in e 9 .9 10 .2 10.3 1 0 .5 10/11

Leucine 19 .0 17 .9 1 9 .2 1 9 .4 19

Tyrosine 8 .6 8 .2 8 .6 8 .5 8/9

P heny la lan ine 1 4 .8 13 .0 15 .1 14.3 14

H is tid in e 6 .6 6 .7 6 .6 6 .6 7

Lysine 11 .2 10 .9 1 1 .4 11 .2 11

(Tryptophan) n o t determ ined

A rginine 9 .1 10 .2 8 .8 9 .3 9



F ïg -7 .

S. au reus V8 d ig e s t io n  p a t te r n s .

CAT v a r ia n ts  were d ig e s te d  w ith  S . au reus V8 p ro te a se  acco rd in g  to  

Methods 2 .8 .  The p e p tid e s  g en era ted  were lo c a te d  by s ta in in g  w ith  Coomassie 

Blue R250. T racks A,B and C a re  CAT^, CAT^  ̂ and CAT^^j r e s p e c t iv e ly .

Tracks D,E and F were Haemophilus in flu en z ae  v a r ia n ts  o f  CAT idiich  were 

p u r if ie d  in  connection  w ith  s tu d ie s  c a r r ie d  o u t w ith  D r. M. R o b erts .

The arrow in d ic a te s  th e  p o s i t io n  o f  V8 on th e  g e l .  The l in e  draw ings 

were done p r io r  to  th e  g e l  be ing  photographed.
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Fig.8.
Papain d ig e s t io n  p a t te r n s .

CAT v a r ia n ts  were d ig e s te d  w ith  p apain  acco rd ing  to  Methods 2 .8 .  The 

p e p tid e s  were lo c a te d  u sin g  th e  s i l v e r  s t a i n  (Methods 2 .9 ) .  T racks A, B 

and C a re  CATj, CAT^  ̂ and CAT^^^ r e s p e c t iv e ly .  T racks D, E and F a re  

Haemophilus in flu en z ae  v a r ia n ts  o f  CAT which were p u r i f ie d  in  co n n ec tion  

w ith  s tu d ie s  c a r r ie d  o u t w ith  D r. M. R o b erts . The arrow in d ic a te s  th e  

p o s i t io n  o f  papain  on th e  g e l .  The l i n e  draw ings were done p r io r  to  th e  

g e l  be in g  photographed.
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to  have n e a r id e n t ic a l  p ep tid e  maps and a l l  th re e  v a r ia n ts  examined had 

common p e p tid e s  w ith  CAT ,̂ CAT^  ̂ and GAT^^^, This techn ique  may th e re fo re  

be u se fu l in  c la s s ify in g  CAT v a r ia n ts  used in  con ju n ctio n  w ith  chem ical, 

k in e t ic  and immunological s tu d ie s .

3 .6  R eaction  o f an tib o d y  ra is e d  a g a in s t  Type I ,  Type I I  and Type. I l l  

p ro te in  w ith  CAT^, CAT^^ and GAT^^.^.

F ig .9 shows th e  r e s u l t  o f an tibody  p r e c ip i ta t io n  experim en ts. The 

p ro te in s  show no c ro ss  r e a c t iv i t y  d e sp ite  th e  f a c t  th a t  th e  p ro te in s  a re  

known to  have homologous reg io n s  (Tab le 2-) . T his may in d ic a te  th a t  the  

homologous reg io n s  o f th e  p ro te in  a re  b u ried  .

3 .7  E qu ilib rium  d ia ly s i s  o f GAT^^^*

Although i t  has always been presumed th a t  CAT, which has fo u r  id e n t ic a l  

monomers, b in d s  one mole o f  chloram phenicol p e r mole o f monomer, t h i s  

has never been e s ta b lis h e d  f u l l y .  Tanaka e t  ^  (56) determ ined a value  

o f one m olecule o f chloram phenicol b ind ing  w ith  one m olecule o f enzyme. 

They determ ined t h i s  using  th e  eq u ation  log  = h lo g (S )-lo g K

and in te rp re te d  h , th e  H i l l  c o n s ta n t,a s  th e  number o f chloram phenicol 

b ind ing  s i t e s .  However, as d iscu ssed  by Comish-3owden(80) h (sometimes 

re fe r re d  to  as n )doesno t have a jd iy s ica l meaning, a lthough he a lso  

p o in ts  ou t th a t  many people have in te rp re te d  i t  sp u rio u s ly  as th e  number 

o f lig a n d  b ind ing  s i t e s  on each molecule o f  p ro te in .

E qu ilib rium  d ia ly s i s  experim ents were th u s  c a r r ie d  ou t on GAT^^j in  

o rd e r to  determ ine th e  number o f lig an d  b ind ing  s i t e s  (Methods 2 .1 2 ) .

I n i t i a l l y c h l o r a m p h e n i c o l  a lone (3.57uCi/pm ole) was p laced  

in  one o f  th e  chambers in  o rd e r to  determ ine how long chloram phenicol 

took to  e q u i l ib r a te  a c ro ss  th e  membrane. The tim e taken  f o r  e q u i l ib r a t io n  

was approx im ate ly  18 h r .  as determ ined by th e se  p re lim in a ry  experim ents 

(d a ta  n o t shown).

For th e  experim ent an enzyme c o n ce n tra tio n  o f 0.05mM (monomer) was 

used and a range o f  c h lo ra m ^ e n ic o l co n ce n tra tio n s  from 0.01-0.27mM



a

Reaction o f CAT v a r ia n ts  I , I I  and I I I  w ith CAT sp e c if ic  a n tis e ra  . 

O uchterlony d if fu s io n  t e s t s  were c a rrie d  ou t according to  Methods 2 .1 1 . 

The CAT̂  d ire c te d  reagen t was made from a goat immunized w ith CAT̂  

s p e c if ie d  by plasmid JR66. CAT^  ̂ sp e c if ie d  by plasm id Sa and CATj^^ 

sp ec if ie d  by plasmid R387 were in je c te d  in to  ra b b its  to  r a is e  the  CAT̂  ̂

and CATjjj d ire c te d  re a g e n ts . lO^il o f  pure p ro te in  (img/ml) was used 

in  each w ell; (a = CAT ,̂ b = CAT^ ,̂ c = CAT^j^)• lOpl o f crude antiserum  

was placed in  the  ap p ro p ria te  cen tre  w e ll; ( l  = CAT ,̂ 2 = CAT^^, 3 =

CATiii).

1o
o

o

c o o  o o o 
3 0 /  

O /  o
o C
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Flg.lO *

S catchard  p lo t  f o r  e q u ilib r iu m  lig a n d  binding#

E qu ilib rium  b in d in g  s tu d ie s  were c a r r ie d  ou t acco rd ing  to  Methods 2 .1 2 .

The enzyme c o n c e n tra tio n  used  was 0#05mM (monomer) and th e  chloram phenicol 

c o n ce n tra tio n s  ranged from 0#01-0#27mM#

B « Bound lig a n d  E *  Enzyme c o n c e n tra tio n
P » Free lig a n d
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(F ig .lO ) .

The va lue  determ ined from t h i s  d a ta  i s  1 ,0 4  moles o f  chloram phenicol 

p e r  mole o f  enzyme monomer (4 p e r  te t r a m e r ) .  The d is s o c ia t io n  c o n s ta n t 

vas c a lc u la te d  a t  15 ,5  % lO " ^ " ^  a t  4^0 and pH 7 .8 ,  Since th e  bonding s i t e  

ought to  be th e  a c t iv e  s i t e  th e re  a re  p robab ly  4 a c tiv e  s i t e s  p e r  te tra m e r . 

There i s  no in d ic a tio n  from th e s e  r e s u l t s ,  however, w hether each su b u n it 

h as an a c tiv e /b in d in g  s i t e  o r  w hether re s id u e s  from two o r  more su b u n its  

c o n s t i tu te  a  b in d in g  s i t e .  T h is  h as proved d i f f i c u l t  to  in v e s t ig a te  because 

CAT i s  h ig h ly  r e s i s t a n t  to  d is s o c ia t io n  ( I ,C ,  Packman Ph,D T h e s is , U niv, 

o f  L e ic e s te r ) ,

3 ,8  D eterm ination  o f  K_ and V v a lu e s  f o r  CATtt-t*I ■■■ ■■■ - -  I II M.iiii — m II I max < ' < ■ ■ " i i i

M ichaelis  co n s tan ts  f o r  th e  two s u b s t r a te s  f o r  CAT^^ were determ ined  

u s in g  a  m odified sp ec tro p h o to m etric  a ssay  (Methods 2 ,7 ) .  The r e s u l t s  a re  

i l l u s t r a t e d  g ra p h ic a lly  in  F ig , 1 1 ,1 2 , For e a d i s u b s tra te  a  s a tu r a t in g  

c o n c e n tra tio n  o f  th e  o th e r  s u b s tr a te  (40QnM acetyl-S-C oA , 20QuM chloram 

p h en ico l) was used in  each a s sa y .

The d a ta  was p lo t te d  u sin g  th e  i t e r a t i v e  l e a s t  squares programme o f  

d e la n d  (6 7 ) , v a lu es  o f  17.6pM f o r  chloram phenicol and 74pM f o r  

acetyl-S-C oA  were de term ined .



F l g . l l .

Llneveavei>-B\irk p lo t  to  determ ine th e  M ichae lis  c o n s ta n t f o r  C h loram phenlcol 

f o r  th e  GATj j j  v a r ia n t ,

J^says were c a r r ie d  o u t accord ing  to  Methods 2 ,7 ,  In  e ad i a ssa y  th e  

amount o f  enzyme used was 3 % lo " ^  nm oles, and th e  acetyl-S-C oA  

c o n c e n tra tio n  was 4CX)pM, The c o n c e n tra tio n  o f  chloram phenicol was v a r ie d  

over th e  range 5-50uM, Values determ ined  from th e  computer p lo t  were;

= 17,6pM S,E 2 ,683 , Vmax = 13*1 nm ole/m in/m l assay  S,E 0,77*
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Flg>12>
Llneweav9r»Burk p lo t  to  determ ine th e  M ichae lis  c o n sta n t f o r  Acetyl-5-CoA

f o r  th e  CATj j j  v a r ia n t .

Assays were c a r r ie d  o u t acco rd in g  to  Methods 2 .7 .  In  each a ssa y  th e  

amount o f  enzyme used was 6 % 10"^nmoles and th e  ch loram phenicol concen

t r a t i o n  was 20QuM. The c o n c e n tra tio n  o f  acetyl-S-C oA  was v a r ie d  over th e  

range 40-40QuM. The v a lu e  determ ined  was 74fiM S.E 1 0 .4 0 , and th e  Vmax 

value determ ined  was 3 0 .9  nm ole/m in/m l a ssa y  S.E 1 .4 6 .
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C hapter Four 

Chemical M o d ifica tio n  S tu d ie s  w ith  

lodoacetam lde and lo d o a c e tlc  A cid.
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4-.1 In tro d u c tio n .

E a rly  chem ical m o d ifica tio n  experim ents w ith  CAT v a r ia n ts  cen tred  

m ainly on reag en ts  which a re  known to  modify su lp h y d ry l re s id u e s .  The 

reason  f o r  th i s  a rose  m ainly from th e  o b se rv a tio n  th a t  th e  Type I I  

v a r ia n t  was in h ib i te d  by DTITB under c o n d itio n s  o b ta in in g  in  th e  s tan d a rd  

assay  (2 7 ,3 6 ) . Table 6 compares in a c t iv a t io n  d a ta  from experim ents w ith  

CAT^, CAT^j and CAT̂  v a r ia n ts  in h ib i te d  w ith  iodoacetam ide, io d o a c e tic  

a c id , DTÎIB, d ith io p y r id in e  (DTP), f lu o ro d in itro b e n z o ic  ac id  (FD!TB) and 

N -ethylm aleim ide (IT E M ). The degree o f p ro te c t io n  seen w ith  chloram phenicol 

and acetyl-S-C oA  is  a lso  in c lu d ed .

C arefu l in sp e c tio n  o f th e  ta b le  le ad s  to  two main c o n c lu s io n s . The 

CAT̂  v a r ia n t  shows f a r  l e s s  s e n s i t i v i t y  to  th e  reag en ts  th an  CAT̂  and 

CATj^ v a r ia n ts .  V/hereas th e  CAT^  ̂ v a r ia n t  i s  s e n s i t iv e  to  a l l  th e  

re a g e n ts , CAT̂  i s  not s ig n i f ic a n t ly  in h ib i te d  by DTIMB o r  io d o a c e tic  

ac id  a lthough  in h ib i t io n  does occur w ith  iodoacetam ide and DTP.

In  g e n e ra l chloram phenicol p ro te c ts  a g a in s t  in h ib i t io n  by th e se  

re a g en ts  u s u a lly  p rov id ing  g re a te r  th an  95% p ro te c t io n , whereas a c e ty l -

5-CoA shows le s s  than  5% p ro te c t io n  under th e  same c o n d itio n s . One 

ex cep tio n  i s  seen to  t h i s  case . For th e  CAT̂  v a r ia n t  35% p ro te c t io n  by 

acetyl-S-C oA  i s  seen fo r  in h ib i t io n  w ith  iodoacetam ide.

F u r th e r  experim ents (4.3) w ith  th e  CAT^  ̂ v a r ia n t  re s u lte d  in  th e  

in c o rp o ra tio n  o f one mole o f th io p y r id in e  o r  th io n itro b e n z o a te  a f t e r  

a d d it io n  o f DTP o r DTNB. A s to ch io m e tr ic  amount o f  DTP was u sed . A second 

group was m odified only  a f t e r  a d d itio n  o f e ig h t moles o f  re a g en t p e r  

monomer. T i t r a t io n  w ith DTNB re q u ired  th re e  moles and a second group was 

m odified on ly  a f t e r  a d d itio n  o f s ix te e n  moles o f DTNB. The d a ta  th u s  

in d ic a te d  th a t  one cyste in© residue  was r e a d i ly  m odified by th e  chromogenic 

d isu lp h id e  re a g en ts  and a lso  th a t  CAT^  ̂ was m odified f a s t e r  by DTP th an  

by th e  n e g a tiv e ly  charged DTNB. Treatm ent w ith  DTP caused lo s s  o f 90-95% 

o f  th e  enzyme a c t i v i t y .  I f  chloram phenicol was p re sen t th e  enzyme a c t i v i t y
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Table 6

Pseu<)o o r j e f
c  o  rv s  h a r \ t  S

Summary o f  th e ^ ra te  ^of In a c tiv a t io n  o f  CAT v a r ia n ts  v l th  Iodoacetam ide > 

lo d o a c e tlc  Acld, DTNB, DTP, FDNB and N ^ethylm alelm lde (3 6 ,4 3 ,5 8 ) .

V arian t mg/ml Reagent Rate o fg ln h ib l t io n  
10“^ n i n ^

^ P ro te c tio n  
Ch Ac

.... I 2 .3 Iodoacetam ide
lOmN

29 95 35"

n 0 .1 8 Iodoacetam ide
5mM

65

C 0.20 Iodoacetam ide
5mM

7 .6 95 5

I 2 .5 Io d o a c e tic  a c id  
lOmM

0 .4

I I 0 .18 Io d o a c e tic  a c id  
5mM

21.1

C 0.20 Io d o a c e tic  ac id  
lOmM

0 .1

I 0 .15 DTNB
0.5mM

1 .2

I I 0 .1 8 DTNB
O.OlmM

34.5

C 0.20 DTNB
ImM

0 .1

I 0 .15 DTP
0.02mM

65 99 0

I I 0 .18 DTP
O.OlmM

156

c 0 .20 DTP
ImM

0 .0 1

I 0.15 FDNB
ImM

9 .9

I I 0 .18 FDNB
0.04mM

3 2 .2

c 0.20 FDNB
ImM

1 1 .7 95 5

I

I I

0 .15 NEM
ImM

72

c 0 .20 NEM
ImM

2 .1 95 5

R ates o f  in a c t iv a t io n  were c a lc u la te d  from th e  eq u a tio n  2.31ogE > - k t  (72)

B i n i t i a l  enzyme a c t i v i t y ,  E = a c t i v i t y  a f t e r  tim e t<
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was p ro te c ted  from in a c t iv a t io n ( )  •

The conclusions drawn from a l l  th e se  experim ents a re  as fo llo w s:

(a) the  E .c o l i  v a r ia n ts  CAT̂  and CAT^  ̂ a re  s e n s i t iv e  to  's u lp h y d ry l ' reagents*  

CATj, however, i s  n o t s e n s i t iv e  to  th e  n e g a tiv e ly  charged re a g e n ts  DTNB

and io d o a c e tic  a c id  w h ils t  th e  CAT^  ̂ v a r ia n t  i s  s e n s i t iv e  to  a l l  th e  reagents*  

I t  h a s , th e re fo re ,  been p o s tu la te d  th a t  th e  CAT̂  v a r ia n t  has a n e g a tiv e ly  

charged re s id u e (s )  a t  o r n ear th e  a c tiv e  s i t e  which h in d e rs  e l e c t r o s t a t i c a l l y  

in a c t iv a t io n  o f th e  enzyme by n e g a tiv e ly  charged in h ib ito r s *

(b) The s tap y lo co c ca l v a r ia n t  CAT̂  i s  r e l a t iv e ly  in s e n s i t iv e  to  th e se  

su lphydry l reagen ts*

(c) P ro te c tio n  experim ents have in d ic a te d  th a t  a  c y s te in e  re s id u e  m odified 

in  experim ents w ith  DTNB and DTP i s  lo c a ted  a t  o r  n e a r th e  chloram phenicol 

b ind ing  s ite *

I d e n t i f i c a t io n  o f th e  ’su lp h y d ry l’ re s id u e s  m odified  in  th e se  experim ents 

was c a r r ie d  ou t using  iodoacetam ide and NTCB* The p e p tid e s

is o la te d  to g e th e r  w ith  th e  p o s i t io n  o f th e  in c o rp o ra te d  la b e l  a re  d isp lay ed  

in  Table 7* In  th e  case o f CAT̂  ̂ a su lp h y d ry l re s id u e  was n o t m odified  as 

expected* In s tead  3 -ca rb o x y m eth y lh is tid in e  was found* I t  should a lso  be 

noted th a t  th e  d a ta  p resen ted  in  Table 7 f o r  th e  CAT  ̂ i s  s u b je c t to  some 

debate  s in ce  in  a re p e a t o f th e  in a c t iv a t io n  experim ent w ith  

iodoacetam ide 1*97 moles o f la b e l  were found to  be in co rp o ra ted *

Amino ac id  a n a ly s is  o f th e  in a c t iv a te d  p ro te in  showed 0*7 moles o f 3 -  

carbo x y m eth y lh istid in e  and 1 .3  moles o f  carboxym ethy lcyste ine p e r  mole o f 

enzyme monomer* The p o s i t io n  o f th e  la b e l  in  p e p tid e s  was n o t e s ta b lis h e d  

( j .E .F i t to n ,  PK.D T h es is , U niv. o f L e ic e s te r , 1977).

In a c t iv a t io n  experim ents have been c a r r ie d  o u t w ith  th e  CAT^j^ v a r ia n t ,  

th e re fo re , u sing  iodoacetam ide and io d o a c e tic  a c id  in  o rd e r  to  compare 

and c o n tra s t  th e  re s u lts o b ta in e d  w ith  th o se  from experim ents w ith  th e  CAT̂

and CAT̂  variant*
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Table 7

Summary o f p e p ti des is o la te d  in  chem ical m o d if ica tio n  s tu d ie s  using

M Iodoacetam ide and NTCB.

j  Iodoacetam ide

CATj (58); 1*47 moles [3 ^ 3  la b e l  in co rp o ra ted  p e r mole o f enzyme

monomer.

% o f T o ta l 

R a d io a c tiv ity

Gln-Ser-Val-Ala-Gln-CmCys-Thr-Tyr 60

His-Ala-Val-CmCys-Asp-Gly-Phe 20

CmCys—Asp—Glu—Trp—Gly—Ala—Gly—Gin 12

p o s it io n  o f la b e l  

CAT̂  (38); 0 .8  m oles(3 ^ ^  la b e l  p e r mole o f enzyme monomer.

His-CmHis-Ala-Val-Cys

NTCB

CAT y y (43); 0 .82  mole la b e l  p e r mole o fj j  I4 j/  ; u .o ^  mole |_ la b e l  p e r  mole o i enzyme monomer. 

Ser-V al-A la-G ln-Cys
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4*2 In a c tiv a t io n  o f CATy^y by Iodoacetam ide and Io d o ace tic  a c id .

In a c tiv a t io n  experim ents were c a r r ie d  out w ith  iodoacetam ide and 

io d o a c e tic  ac id  accord ing  to  Methods 2 .1 3 . The d a ta  were p lo t te d  on a 

sem ilogarithm ic  p lo t  accord ing  to  th e  equation  2.303 E/E^ = - k t  (72) (F ig .13) 

The k v a lues ob tained  a re  shown in  Table 8.

The CATyyyVariant behaves very  s im i la r i ly  to  th e  CATy v a r ia n t  as reg ard s  

th e  in h ib i t io n  by iodoacetam ide and io d o a c e tic  a c id .  Io d o a c e tic  ac id  

in h ib i t s  CATyyy a t  le s s  th an  7% o f th e  r a te  o f t h a t  ob ta ined  w ith  an 

eq u iv a len t co n ce n tra tio n  o f iodoacetam ide

Table 8

Rates o f in h ib i t io n  (k) o f CATyyy by Iodoacetam ide and Io d o a c e tic  a c id .

1 • "1k min

co n tro l 4*1 X 10-4

Io d o ace tic  ac id (20mM) 1 .7 X 10-3

Iodoacetam ide (5mM) 5.4 X 10-3

Iodoacetam ide (lOmM) 11 .4 X 10-3

Iodoacetam ide (20mM) 24*4 X 10-3

4*3 In co rp o ra tio n  o f L Oj Iodoacetam ide in  th e  p resence  and absence 

o f s u b s t r a te s .

I n i t i a l  in c o rp o ra tio n  experim ents were c a r r ie d  ou t in  which th e  enzyme 

samples and Q^^cj iodoacetam ide were allow ed to  proceed to  90% in a c t iv a t io n ,  

th en  quenched w ith  2 -m ercap toethanol and e x h au s tiv e ly  d ia ly se d  (Methods 2 .1 4 ) . 

A t o t a l  o f 0 .96  moles o f la b e l  were in co rp o ra ted  p e r mole o f enzyme monomer. 

Time course o f in c o rp o ra tio n .

I n h ib i t io n  o f th e  enzyme in  th e  presence and absence o f s u b s t r a te s  was 

i n i t i a t e d  by a d d itio n  o f  iodoacetam ide (S.A. 0 .25pC i/um ole).

Samples were taken  f o r  a ssay in g  f o r  r e s id u a l  a c t i v i t y  ju s t  p r io r  to



FlK.13.
Time course  f o r  th e  I n h ib l t i a g  o f  CATyyy v l th  Iodoacetam ide ami 

Io d o a c e tic  A cid.

Enzyme (0.2mg/ml) in  s tan d a rd  b u f f e r  vas incubated  a t  37^0 v i t h  20mM 

io d o a c e tic  a c id  4 ,  $mM, lOmM, 20mN iodoacetam ide The c o n tro l ,

o , c o n s is te d  o f  enzyme a lo n e .

Samples v e re  ta k en , d i lu te d  in to  s tan d a rd  b u f f e r  and assayed  by th e  

s tan d a rd  method (Methods 2 .1 3 ,2 .4 )#

R ates o f  in a c t iv a t io n  v e re  c a lc u la te d  u sing  th e  eq u ation  2.31ogE » - k t
E

are  d isp la y e d  in  Table 8 .
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quenching and measured in  th e  s tan d ard  a ssay  ( F ig . l ^ ) .  A fte r th e  ap p ro p ria te  

tim e th e  re a c t io n  vas quenched by th e  a d d it io n  o f a 10 fo ld  m olar excess 

(over su lp h y d ry l groups) o f 2 -m ercap toethano l. A fte r  ex h au stiv e  d ia ly s is  

a g a in s t  lOmM ammonium b ic a rb o n a te , samples were ly o p h iliz e d , taken  up in  

s tan d ard  b u f f e r  and counted fo r  in c o rp o ra tio n  o f la b e l  (F ig .15)* The degree 

o f  p ro te c t io n  o f th e  r a te  o f lo s s  o f a c t i v i t y  in  th e  presence o f  chloram

p h en ico l was 68%, w h ils t  th e  degree o f p ro te c t io n  o f the  r a te  o f in co rp o r

a t io n  o f  la b e l  seen was 69% (see legend F i g . l ^ ) .  No d a ta  i s  a v a ila b le  fo r  

th e  r a te  o f  in c o rp o ra tio n  o f la b e l  in to  th e  p ro te in  in  th e  p resence of 

a c e ty l-S —CoA s in ce  i t  was im possib le  to  remove a l l  the  unbound la b e l  on 

d i a l y s i s .  Since t h i s  was n o t observed w ith  enzyme and iodoacetam ide a lo n e , 

o r  w ith enzyme, iodoacetam ide and chloram phenicol, i t  would appear to  be 

due to  th e  consequence o f having enzyme and acetyl-S-CoA  to g e th e r .  Indeed , 

when lOymoles o f iodoacetam ide were mixed w ith  acetyl-S-C oA  and

d ia ly sed  in  a  spec tro p o re  membrane (c u t o f f  3500) 25% o f th e  counts remained 

in  the  bag a f t e r  ex haustive  d i a ly s i s .  The reason  fo r  t h i s  i s  n o t known.

I t  should be noted th a t  acetyl-S-CoA  p ro te c ts  th e  in h ib i t io n  of OAT^^  ̂

by iodoacetam ide as w e ll as chloram phenicol d o es. This i s  in  c o n tra s t  to  

th e  d a ta  ob ta ined  w ith  th e  CAT̂  and CATj v a r ia n t s .  The degree o f  p ro te c t io n  

seen w ith  th e se  was co n sid e rab ly  low er (5% and 35% r e s p e c t iv e ly ) . (See a lso  

Chapter 6 fo r  d is c u s s io n  on t h i s  p o in t .)

4 .4  I d e n t i f i c a t io n  o f th e  re s id u e s  m odified by Iodoacetam ide.

2umole o f CAT^^  ̂ was incubated  in  s tan d a rd  b u f fe r  w ith  lOmM 

iodoacetam ide. A liquo ts  were tak en  a t  in te r v a l s  over a  2 h r. p e rio d  and 

assayed f o r  r e s id u a l  a c t i v i t y .  A fte r t h i s  tim e th e  re a c t io n  was te rm in a ted  

by a d d itio n  o f 2 -m ercap toethano l. The r e a c t io n  mix was d ia ly se d  a g a in s t  

lOmM ammonium b ica rb o n a te  and then  denatu red  w ith  guan id ine  h y d ro c h lo rid e . 

The p ro te in  was reduced w ith  excess d i t h i o t h r e i t o l  and th en  incubated  

w ith cold iodoacetam ide to  ensure  t o t a l  a lk y la t io n  o f a l l  c y s te in e  re s id u e s . 

The re a c t io n  was quenched w ith  excess 2 -m ercap toethano l, th en  d ia ly se d



Flg.l4.
Time course f o r  th e  in h ib i t io n  o f  by Iodoacetam ide In  th e  presence

o f  Chloram phenicol and Acetyl-S-CoA»

GATjjj (Img/ml) was in cu b ated  a t  37^C in  s tan d a rd  b u f f e r  w ith  10him[ ^ ( ^  

iodoacetam ide in  th e  p resence  o f  e i t h e r  acetyl-S-C oA  (imM) o r  chloram phenicol 

( I bM)* Samples were tak en  over a  100 m inute p e r io d , d i lu te d  in to  s tan d ard  

b u f f e r  and th e  sam ples assayed  by th e  s tan d a rd  method (Methods 2 .4 ,  2 .14)#  

C ontro l o , enzyme + iodoacetam ide 4 ,  enzyme + iodoacetam ide + acetyl-S-CoA  

e , enzyme + iodoacetam ide + chloram phenicol,  ■ .

-Cm +Cm ^ P ro te c tio n

Rate o f  lo s s  o f  a c t i v i t y  9#7 x 10^ 3 .3  x 10“^ 68

Rate o f  in c o rp o ra tio n  9#9 x lO"^ 3#1 x 10“^ 69
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In c o rp o ra tio n  o f  [M cl Iodoacetam ide In to

CATiii (L mg/ml) vas incubated  a t  37°C in  s tan d a rd  b u f f e r  w ith  

iodoacetam ide.  Samples v e re  tak en  f o r  measurement o f  r e s id u a l  a c t i v i t y  

(F ig .14)* A fte r  quenching w ith  2 -m ercap toethano l to  s to p  th e  r e a c t io n  

and e x h au s tiv e  d ia ly s i s  th e  samples were counted (Methods 2*14.)«

CATjjj + iodoacetam ide (lOmM) ▲ , enzyme + iodoacetam ide (lOmM) + 

chloram phenicol (ImM) e  •
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e x h au s tiv e ly  a g a in s t ammonium b ica rb o n a te  and f i n a l l y  ly o p h iliz e d  (Methods 

2 * 1 5 a ,b )•

P r io r  to  a la rg e  sc a le  d ig e s t io n  a t r i a l  d ig e s t  o f lOnmoles o f the  

t o t a l  p ro te in  was perform ed w ith 1% w/w e la s ta s e  (Methods 2.15c) and th e  

p e p tid e s  g enera ted  were sep ara ted  by e le c tro p h o re s is  a t  pH 6 .5  in  one 

d i r e c t io n  on a th in  la y e r  s i l i c a  p la te  fo llow ed by chromatography in  BAWP 

in  a second d i r e c t io n  (Methods 2 .1 5 c ).

In sp e c tio n  o f th e  autoradiogram  rev ea led  s ix  ra d io a c tiv e  sp o ts  (d a ta  no t 

shown). I t  was decided , th e re fo re ,  th a t  e la s ta s e  would be a s u i ta b le  

enzyme w ith  which to  c a rry  ou t th e  la rg e  s c a le  d ig e s t .  The p ro te in  was 

d ig e s te d  w ith  1% w/w e la s ta s e  f o r  i ^ r .  a t  37^C in  50mM ammonium b ic a rb o n a te  

b u f fe r  pH 8 .0 . D ig estio n  was te rm ina ted  by fre e z in g  th e  sample, follow ed 

by ly o p h i l iz a t io n .  R ad ioactive  p e p tid e s  were sep a ra ted  i n i t i a l l y  on a 

Dowex 50 ion  exchange column using  a pH and s a l t  g ra d ie n t a t  50°C (Methods 

2 .1 5 d ). P ep tid es  were id e n t i f ie d  by m onitoring  th e  280nm absorbance and 

ra d io a c tiv e  p ep tid e s  by counting a lO pl sample o f th e  1ml sample c o l le c te d .  

Pooled ra d io a c tiv e  p e p tid e s  were then  sep a ra ted  by h igh  v o ltag e  paper 

e le c tro p h o re s is  (Methods 2 .1 5 e ) . R ad io ac tiv e  p e p tid e s  were lo c a ted  by 

au to rad io g rap h y . These were e lu te d  w ith  5% ammonia so lu tio n  and 5% 

taken  f o r  counting and amino ac id  a n a ly s is .

The la rg e  sc a le  d ig e s t  rev ea led  a la rg e  number o f ra d io a c tiv e  p e p tid e s  

( 14- in  t o t a l ) .  The t o t a l  amount o f r a d io a c t iv i ty  in co rp o ra ted  was 0 .98  

moles la b e l  p e r mole o f enzyme monomer. Three p e p tid e s  which were

adjudged pure on amino ac id  a n a ly s is  were sequenced by th e  dansyl-Edman 

method (Methods 2 .1 5 g ).

Carboxymethyl d e r iv a t iv e s  o f h i s t id in e  were p repared  by re a c tin g  a 5 

fo ld  m olar excess o f io d o a c e tic  a c id  w ith  h i s t i d in e  a t  pH 8 .0  fo r  8 h r.

The p ro ducts  were p u r if ie d  by high v o lta g e  paper e le c tro p h o re s is  a t  pH

6.5  fo r  30 m inu tes. A fte r lo c a t io n  o f th e  p ro d u c ts  by l i g h t  s ta in in g  w ith  

fluoram , th ey  were e lu te d  w ith  5$ ammonia s o lu t io n .  3 peaks were found
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on amino ac id  a n a ly s is  and were id e n t i f ie d  accord ing  to  th e  p o s it io n  

th ey  ran  as d e sc rib ed  by C re s tf ie ld  e t  a l  (8 1 ). 1 ,3 -d ica rb o x y m eth y l- 

h is t id in e  e lu te s  p r io r  to  a s p a r t ic  a c id , 1 -ca rb o x y m eth y lh is tid in e  a f t e r  

p ro lin e  and 3 -ca rb o x y m eth y lh is tid in e  a f t e r  a la n in e . A n in h y d rin  co lou r 

f a c to r  e q u iv a len t to  t h a t  o f g ly c in e  was assumed f o r  th e  a n a ly s is  (J .E . 

F i t to n ,  Ph.D T h es is , Univ. o f L e ic e s te r  1977).

P ep tide  DU56

A nalysis: CMCys (Cu7), Pro (0 .9 ) ,  Gly ( l .O ) , Leu ( l .O ) ,  His ( l . l ) ,

Arg ( 1 .5 ) .

Y ield: 81 nmole

R adioactive  y ie ld :  27 nmole

In c o rp o ra tio n : 0 .33

Sequence: Arg-Leu-Pro-CmCys-Gly

P eptide  DX511

A nalysis: CmCys (0 .7 ) ,  Glu (0 .7 ) ,  Pro (0 .8 ) ,  Gly (0 .8 ) ,

Leu ( 1 .0 ) ,  Phe ( l . l ) .  His ( l .O ) ,  Arg (1 .7 ) .

Y ield: 232 nmole

R ad ioactive  y ie ld :  90 nmole

In c o rp o ra tio n : 0 .3 8

Sequence: Arg-Leu-Pro-CmCys-Gly-Phe

P ep tide  DX512

A nalysis : Ala ( 0 .7 ) ,  CmCys (0 .8 5 ) , Val ( l . l ) .  His ( 0 .9 ) .

Y ield : 64. nmole

R ad ioactive  y ie ld :  4-7 nmole

In c o rp o ra tio n : 0.73

Sequence : H is-3  CmHis-Ala

P ep tid es  DX4.56 and DX5I I  would appear to  have re s u l te d  from incom plete 

d ig e s t io n  o f th e  p ro te in .  Of th e  rem aining 11 p e p tid e s  some were adjudged 

impure on a n a ly s is  and most were found to  have low le v e l s  o f in c o rp o ra tio n . 

These were no t in v e s t ig a te d  f u r th e r .  Some p e p tid e s  could be f u r th e r
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p ro d u c ts  o f the  th re e  p e p tid e s  sequenced.

4-.5 Apparent pK o f in a c t iv a t io n  o f CATttt by Iodoacetam ide.

The pK^ o f  th e  in a c t iv a t io n  o f  by iodoacetam ide v as  determ ined

a s  d e sc rib ed  in  Methods 2*16, u s in g  a  range o f  T ris-M alea te  b u ffe rs*  

F ig * l6  shows th e  d a ta  ob ta ined*  F or a  comparison th e  c a t a l y t i c  r a t e  

v e rsu s  pH curve (a lso  determ ined  in  T ris-M alea te  b u ffe rs )  i s  a lso  shown* 

Connolly and T rayer (82) have p o in ted  o u t t h a t  i t  i s  im p o rtan t to  t e s t  

w hether th e  enzyme i s  s ta b le  o v e r th e  pH range te s te d  when c a rry in g  o u t 

pK^ determ ina tion*  Since in  t h i s  case th e  c a ta ly t i c  v a lu e s  a re  n o t 

a l te r e d  d r a s t i c a l l y  o v e r th e  range th en  ^ e r e  doe sn o t ap p ea r to  be 

any la rg e  confo rm ational changes t h a t  could r e s u l t  in  m o d if ic a tio n  o f  

th e  c a ta ly t i c  mechanism a n d /o r  in c re a se d  a v a i l a b i l i t y  o f  an amino ac id  

re s id u e*  The in c re a se d  in a c t iv a t io n  would ap p ear, th e r e f o r e ,  to  be due 

to  th e  io n iz a t io n  o f  a  group to  produce a  re a c t iv e  s p e c ie s .

A pK^ o f  6*4. was detezm ined f o r  th e  CAT^^^ v a r ia n t  id iich  c o n tr a s ts  

w ith  an approxim ate o f  7*5 e s tim ated  f o r  CAT̂  under d i f f e r e n t  

co n d itio n s  (58)* A te n ta t iv e  assignm ent to  a  h i s t id in e  re s id u e  could 

th u s  be made, a lthough  i t  i s  a p p re c ia te d  t h a t  anom alously h ig h  pK^ 

v a lu es  o r  anom alously low pK^ v a lu e s  a re  f r e q u e n tly  observed  (83)*



Flg.l6.
PH dependence o f  th e  r a te  o f  In a c t iv a t io n  o f  by Iodoacetam ide #

CATi i i  (0*2mg/ml) vas Incubated  In  T ris-M a lea te  b u f f e r  a t  th e  a p p ro p ria te  

pH. A fte r  ta k in g  an i n i t i a l  t  =0 sample f o r  a ssay in g  iodoacetam ide (5mM) 

v as  added. Samples v e re  ta k en  a t  in t e r v a l s  and t r e a te d  acco rd in g  to  

Methods 2 .1 3 , 2 .4# Pseudo f i r s t  o rd e r  r a t e  c o n s ta n ts  were c a lc u la te d  f o r  

e ad i pH t e s t e d .  To t e s t  th e  c a t a ly t i c  r a t e  CA Tm  was d ia ly s e d  a g a in s t  

th e  a p p ro p r ia te  T ris-M alea te  b u f fe r  and th e n  assayed  by th e  s tan d a rd  

method (Methods 2 .4 ) .
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C hapter F ive 

Chemical M o d ifica tion  S tu d ie s  v l th  

5 t5  D lth lo b ls (2 -n ltro b e n z o lc  ac id )

515 D lth lo b la  (2 -n ltro m e th y lb en zo a te ) 

and 5t5 D lth lo b ls (2 -n ltro to lu e n e )»
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5 .1  In tro d u c tio n .

5,5 d i th io b is (2 ~ n itro b e n z o ic  ac id ) (DTITB) has been w idely  used as a 

chem ical m o d if ica tio n  reag en t (eg . 7 2 ,84.,85) and f o r  q u a n t i ta t iv e  d e te r 

m ination  o f  su lphydry l groups in  p ro te in s  (8 6 ).

I t  has p re v io u s ly  been noted (see Chapter 4-) t h a t  w h ils t  th e  CAT^  ̂ v a r ia n t  

i s  in h ib i te d  both  by DTI'ÎB and io d o a c e tic  a c id , CAT̂  and CAT  ̂ a re  not 

a f fe c te d  to  any s ig n i f ic a n t  deg ree . Data i s  a lso  p re sen ted  in  th a t  ch ap te r 

which shows th a t  GAT^^^is a lso  no t in h ib i te d  by io d o a c e tic  a c id . Such 

o b se rv a tio n s  a re  com patible w ith th e  view th a t  one o r  more n e g a tiv e ly  

charged re s id u e s  (an io n ized  a s p a r ta te  o r  g lu tam ate) may be a t  o r n e a r the  

a c tiv e  s i t e  in  th e  CAT̂  and CAT^variants and, from the  evidence p resen ted  

in  Chapter 4-, in  th e  CAT^^^ a c tiv e  s i t e  as w e ll. A s e r ie s  o f  experim ents 

were th u s  dev ised  w ith  Dr.D Smith and M. Webb (D ept, o f C hem istry, Univ. 

o f L e ic e s te r)  to  exp lo re  th e  hy p o th esis  t h a t  charge re p u ls io n  was invol'/ed  

in  the  la c k  o f  in h ib i t io n  by some re a g e n ts . Two analogues o f DTNB were 

sy n th esized  in  which e i t h e r  th e  carboxyl groups were m odified o r re p la c e d .

The chem ical s t ru c tu re  o f th e se  compounds to g e th e r  w ith th e  p a re n t compound 

DTNB are  shown in  F ig . 17.

5.2  D eterm ination  o f Xmax and e x tin c t io n  c o e f f ic ie n t  o f DTTU'TB and DTNT. 

Comparison w ith  DTNB.

Stock s o lu tio n s  o f DTNB,DTNÎ-ÎB and DTOT were made. DTNMB and DTNT were 

d i f f i c u l t  to  d is so lv e  b u t a l l  th re e  compounds were so lu b le  in  vary ing  degrees 

in  dim ethylform am ide. Table 9 summarizes th e  Araax and e x t in c t io n  c o e f f ic ie n t  

values f o r  th e se  compounds in  the  presence and absence o f 0.5niM 2-m ercapto- 

e th an o l (Methods 2 . I 7 ) .  F ig .IS shows th e  s h i f t  in  Xmax and change in  

absorbance on a d d itio n  o f 0.5mM 2-m ercap toethanol to  a 50pM s o lu tio n  of 

DTNMB. In  a s im ila r  experim ent w ith DTNT (F ig .19) a com pletely  d i f f e r e n t  

t ra c e  was o b ta in e d . No sharp  peaks were o b ta ined  as w ith DTNMB and DTNB 

(d a ta  not shown) s o lu tio n s  which made i t  very  d i f f i c u l t  to  determ ine X max 

and e x tin c t io n  c o e f f ic ie n t  v a lu e s . L i t t l e  change was seen on a d d itio n  of
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D T N B

D T N M B

D T N T

NO

CO2CHX

P le . l 7 .

Chemical s t r u c tu r e s  o f  5>5 d lth lo b ls (2 -n l t ro b e n z o ic  a c id )  DTNB ,

5»5 d l th lo b ls (2 -n ltro a e th y lb e n s o a te )  DTNMB and 5 ,5  d l t h l o b l s (2 -  
n l tro to lu e n e )  DTNT •
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Table 9

Summary of Xmax and ex tin c tio n  co effic ien ts  of DTNB, DTNMB and DTNT 

in  the presence and absence of 2-Mercaptoethanol.

-  2-M ercaptoethanol + 2-M ercap toethanol

Reagent X max (nm) E X max (nm) 6  M*^cn"^

DTNB 32A 1 6 .6  X 1 0 ^ 412 1 3 .1  X 10^

DTNMB 340 1 6 .2  X 1 0 ^ 420 16 .5  X 10^

DTNT 330 n .d n .d n .d

n«d = not determined



Flg.18. (page 62)
E f fe c t  o f  2-M ereaptoethanol on th e  a b so rp tio n  spectrum  o f  DTNMB.

DTNMB (5QuM) In  s tan d ard  b u f f e r  vas u sed . The a b so rp tio n  o f  th e  s o lu t io n  

was measured over a  range o f  w avelengths ( a ) ,  th e n  2-m ercap toethano l (0.5mN) 

added and th e  a b so rp tio n  spectrum  rem easured (b ) .

F ig .19» (pag© 63)

E f fe c t  o f  2-M ercaptoethanol on th e  a b so rp tio n  spectrum  o f  DTNT.

DTNT (5QuM) In  s tan d ard  b u f f e r  was u sed . The ab so rp tio n  spectrum  o f  th e  

s o lu t io n  was measured ( a ) ,  th e n  2 -m ercap toethano l (0.5mM) added and th e  

spectrum  rem easured.
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2 -m ercap to e tan o l. H igher c o n ce n tra tio n s  o f 2 -m ercap toethanol were t r i e d  

upto a 10,000 fo ld  m olar excess over su lphydry l groups b u t t h i s  had

l i t t l e  e f f e c t  on th e  a b so rp tio n  orX m ax, A d i f f e r e n t  b u ffe r in g  system

was a lso  t r i e d  (50raM glycine/îlaOH pH 10.4) b u t ag a in  no s ig n i f ic a n t  

change was seen . A ddition  o f  2 -m ercaptoethanol to  DTNB o r DTN/3 

s o lu tio n s  produced th e  c h a r a c te r i s t i c  yellow  co lo u r o f th e  an ions as

expected , b u t no yellow  co lo u r fo rm ation  was observed w ith  th e  DTNT

s o lu tio n ,

5.3 I n i t i a l  in a c t i v a tio n  experim en ts  w ith  DTNB, DTN14B and DTNT.

CATi i i  (0,2mg/ml) was incubated  in  s tan d ard  b u f f e r  in  th e  presence

of 0,05mM DTN'-iB and DTNT o r 0,5mM DTNB, Samples were tak en  a t  in te r v a ls ,  

d i lu te d  in to  s tandard  b u f f e r  and assayed fo r  r e s id u a l  a c t i v i t y  (Methods 

2 ,1 8 ) , There i s  a ra p id  lo s s  o f a c t i v i t y  in  th e  presence o f DTNMB (

90p in  4 m inutes F ig ,20) b u t a t  a co n ce n tra tio n  te n  tim es h ig h e r DTI'JB

causes v i r t u a l l y  no lo s s  o f a c t i v i t y ,  DTNT a lso  has no e f f e c t  on the

a c t i v i t y  o f  th e  enzyme. From th ese  i n i t i a l  experim ents i t  would appear 

th a t  removal o f th e  n eg a tiv e  charge from DTÎ IB causes a d ram atic  

in c rease  in  th e  r a te  o f in h ib i t io n  o f th e  enzyme. I t  would have been 

n ic e , however, to  have confirm ed t h i s  r e s u l t  w ith  th e  DTNT re a g e n t,

5 .4  In c o rp o râ tio n o f DTNMB in to  th e  CAT^^^ va r i a n t .

In  o rd e r to  in v e s t ig a te  th e  s to ich io m etry  o f in c o rp o ra tio n  in to  

p ro te in , th e  p ro d u c tio n  o f th e  fre e  an ion  RS was follow ed s p e c tro -  

p h o to m e tric a lly  using  th e  p re v io u s ly  e s ta b lis h e d  Xmax (420nm) and the  

e x tin c t io n  c o e f f ic ie n t  o f l6,5xlO 'M  ^cm ^ (Table 9 ) .

For th e  in c o rp o ra tio n  experim ents a f i n a l  c o n c e n tra tio n  o f  DTNMB 

of 5-50mM was used . More co n cen tra ted  s o lu tio n s  couldnot be used 

because o f t u r b i d i ty  due to  in s o lu b i l i ty  o f th e  re a g e n t. F ig ,21 shows 

a p lo t  o f ^ r e s id u a l  a c t i v i t y  and moles o f RS" in co rp o ra ted  p e r  mole 

o f enzyme monomer ve rsu s  th e  number o f moles o f  DTNMB added p e r mole o f 

enzyme monomer, DTNMB (5-50)iM) was added to  CAT^^^ (0,5mg/ml) and the



Flg.20.
Time course f o r  th e  I n h ib i t io n  o f  w ith  DTNB, DTNMB and DTNT,

Enzyme (0«2mg/ml) vas Incubated  In  s tan d a rd  b u f f e r  a t  37^C w ith  DTNB 

(0*5mM)e , DTNT (0»05mM) ^  , and DTNMB (0*05mM) ■ • Samples were ta k en  a t  

I n te r v a l s ,  d i lu te d  In to  standeurd b u f f e r  and assayed  by th e  s tan d a rd  a»thod 

(Methods 2 .4 )*  The c o n tro l con ta ined  enzyme a loneo  .
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Flg«21>
In c o rp o ra tio n  o f  T h lon ltrom ethy lbenzoate  (RS**) in to  a s  a  fu n c tio n

o f  a c t i v i t y  and co n ce n tra tio n  o f  re a g e n t (PTNMB) added*

CÂTiii (0«5og/ml) in  s tan d a rd  b u f f e r  v as  used in  each assay* DTNMB was 

added (5-5QuM) and th e  absorbance a t  420nm measured (Methods 2*19)* 

U sing^ = 16*5 X 10^M"^cn*"^ th e  number o f  moles o f  reag en t in c o rp o ra te d  

p e r  mole o f  enzyme monomer could be c a lc u la te d . The re s id u a l  a c t i v i t y  o f  

each sample was a lso  measured by th e  s tan d a rd  method (Methods 2*4)*
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p ro d uction  o f f r e e  RS measured (Methods 2.17)* The maximum absorbance 

was g e n e ra lly  reached w ith in  two m inutes, a f t e r  which tim e an a p p ro p ria te  

a l iq u o t tak en  to  a ssay  f o r  re s id u a l  a c t i v i t y .  In c o rp o ra tio n  and in a c t i 

v a tio n  matched th e  s to ic h io m etry  expected from th e  r a t i o  o f re ag en ts  

to  enzyme w ith in  experim en ta l e r r o r .

5*5 A ddition o f 2 -m ercap toethanol to  CAT,,, m odified by DTNMB.

CATiii v a r ia n t  was m odified w ith  DTNMB (0 .81  moles/mole enzyme 

monomer) and excess reag en t was removed by g e l f i l t r a t i o n  u sing  Sephadex 

GIG e q u il ib ra te d  in  s tan d ard  b u f fe r  (Methods 2 J.9 )*  S p ec tra  o f th e  

m odified and unm odified enzyme ( a f t e r  d e sa lt in g )  a re  shown in  F ig .22.

An in c re a se  in  absorbance between 320-360nm i s  observed in  th e  m odified 

enzyme, s im ila r  to  th a t  seen  w ith  DTNB-modified i s o c i t r a t e  dehydrogenase 

which has an in c reased  absorbance between 310-325nm (7 2 ) .

Attempts to  r e a c t iv a te  th e  m odified enzyme by a d d itio n  o f 2-m ercapto- 

e th an o l (l50mM) were on ly  p a r t ly  su c c e ss fu l in  th a t  89 p e rc e n t removal 

o f th e  m odifying group (m onitored sp e c tro p h o to m e tr ic a lly  by th e  abso r

bance o f th e  anion RS re le a s e d , over a 30 minute pe rio d ) y ie ld ed  a 

re tu rn  to  a c t i v i t y  to  only  36 p e rcen t o f th e  p re -a d d it io n  le v e l  (Table 

1 0 ). L ikew ise, i s o c i t r a t e  dehydrogenase m odified by DTNB could on ly  be 

p a r t i a l l y  re a c t iv a te d  by tre a tm e n t w ith 2 -m ercap toethanol (7 2 ) . Upon 

sto rage,how ever, a secondary change was found to  tak e  p lace  re le a s in g  

th io n itro b e n z o a te  and e lim in a tin g  th e  a b i l i t y  to  be r e a c t iv a te d .  This 

secondary in a c t iv a t io n  appears to  r e s u l t  from d isu lp h id e  in te rch an g e  

w ith un reacted  su lp h y d ry l groups in  th e  p a r t i a l l y  m odified enzyme.

The p o s s ib i l i ty  o f d isu lp h id e  exchange in  th e  p resence o f  DTNB was f i r s t  

p o s tu la te d  by Fernandez Diez e t  ^ . ( 8 7 )  and i s  i l l u s t r a t e d  in  the  

fo llow ing  scheme:

Protein<Cg% + RSSR ________  ̂ P ro te in < ^ ^ ^  + RS"

Protein^SSR x-  > P ro te in  <^| + RS
^SH J
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280 320 360
nm

P ie .22 .

A bsorption  spectrum  o f  a o d lf ie d  w ith  DTNMB»

The absorbance o f  a  s o lu tio n  o f  (0 .5ng/m l) in  s tan d a rd  b u f f e r  vas

measured b e fo re  (b) and a f t e r  m o d if ic a tio n  w ith  DTNMB ( a ) ,  (Methods 2 .1 9 ) .
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To t e s t  fo r  d isu lp h id e  exchange p a r t i a l l y  m odified enzyme was 

m onitored f o r  secondary in a c t iv a t io n  by fo llow ing  absorbance a t  420nm 

as evidence fo r  any in c re a se  in  th e  RS sp ec ie s  (Table lO ) . There was, 

however, no sp ec tro sco p ic  evidence f o r  in te r n a l  d isu lp h id e  fo rm atio n  

sin ce  a f t e r  m o d ifica tio n  and removal o f excess re ag en t th e re  was no fu r th e r  

d ecrease  in  a c t i v i t y  o r  in c re a se  in  4-20nm absorbance. On a d d i t io n  o f

2 -m ercap toethano l, a lthough 89 p e rc en t o f  th e  RS" sp ec ie s  was recovered  

only  36 p e rcen t o f th e  a c t i v i t y  was recovered  i n i t i a l l y .  Almost f u l l  

recovery  was ach ieved , however, w ith  re sp e c t to  th e  c o n tro l i f  th e  

enzyme was l e f t  fo r  a day (Table 1 0 ).

This o b se rv a tio n  suggests t h a t  th e  enzyme had undergone a confo rm ationa l 

change when i t  was m odified and was slow ly  re g a in in g  an a c t iv e  conform ation 

upon s to ra g e .

5 .6  Time dependence of in a c t iv a t io n  and the  e f f e c t  o f s u b s t r a t e s .

Measurements o f th e  r a t e  o f in a c t iv a t io n  were c a r r ie d  o u t under th e  

same c o n d itio n s  d esc rib ed  f o r  th e  sp ec tro p h o to m etric  s tu d y  o f  m o d if ica tio n  

o f CAT (equim olar reag en t and enzyme monomer) b u t th e  c o n c e n tra tio n s  

o f each were reduced to  1.25^M in  a  f i n a l  volume o f 1ml. The d a ta  

(F ig .24-,25) re v e a l n o n - lin e a r  k in e c t ic s  o f in a c t iv a t io n ,  which d i f f e r  

from th e  l in e a r  p r o f i le s  observed w ith  iodoacetam ide (C hapter 4-), a 

r e s u l t  most r e a d ily  exp lained  by th e  equim olar c o n c e n tra tio n s  o f re a g en t 

and enzyme monomers and th e  c e r ta in  ty  th a t  th e  re a c t io n  must be 

b im o lecu lar r a th e r  than  pseudo f i r s t  o rd e r . The l a t t e r  s i tu a t io n  u s u a lly  

i s  found when th e  in h ib i to r  i s  in  g re a t  excess o r  th e  p ro c e ss  i s  observed 

a t  very  e a r ly  tim es b e fo re  th e re  has been a s ig n i f ic a n t  change in  th e  

c o n ce n tra tio n  o f in h ib i to r .

I n i t i a l l y  i t  appeared as though bo th  chloram phenicol and acetyl-S-C oA  

were ab le  to  p ro te c t  th e  enzyme from m o d if ic a tio n . However, i t  was 

observed th a t  th e  sample which con tained  acetyl-S-C oA  tu rn ed  yellow  

over th e  tim e course o f th e  experim en t. S ince fo rm atio n  o f th e  DTN̂ G
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Table 10
Time course o f  absorbance and a c t i v i t y  changes o f  DTNMB-modlfled

Time Absorbance
420nm

Enzyme A c tiv i ty  r e l a t i v e  
to  unm odified c o n tro l

0 0 100%

2 min 0 .2 6  ( 0 .81mole/mole 
monomer)

12%

1 day ( a f t e r  
d e s a l t in g )

0 .004 14%

A ddition  o f  150aM 
2-m ercap toethanol

0 .2 4  (0 .72no le /m ole  
monomer)

36%

1 day a f t e r  a d d itio n  
2 -m ercap toethano l

82%



Fle.23.
Time course  f o r  th e  I n h ib i t io n  o f  CAT̂ ^  by DTNMB in  th e  p resence  o f  

Acetyl-S-OoA.

CATi i i  (0*03mg/ml) was incubated  in  s tan d a rd  b u f f e r  a t  37°C w ith  DTNMB 

(1.25uM) ■ , in  th e  p resence  o f  1.25uM •  , and 6.25uMa acetyl-S-CoA* The 

c o n tro lo  c o n s is te d  o f  enzyme alone* Samples were tak en  a t  in t e r v a l s  and 

assayed  f o r  r e s id u a l  a c t i v i t y  by th e  s tan d a rd  method (Methods 2*4) •
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Pïg-24'

Time course f o r  th e  I n h ib i t io n  o f  by DTNMB In  th e  p resen ce  o f

Chloram phenicol•

CATjjj (0.03mg/ml) was Incubated  In  s tan d ard  b u f f e r  a t  37^C w ith  DTNMB 

( 1 . 2 5 u M) A ,  I n  th e  p resence  o f  1.25uM o ,  6 * 2 5 u M A , 12*5uMm and 25uM # 

chloram phenicol* The c o n tro l  co n s is te d  o f  enzyme alone* Samples were 

tak en  a t  In te r v a ls  and assayed  f o r  r e s id u a l  a c t i v i t y  by th e  s tan d a rd  method 

(Methods 2*4)*
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anion  i s  norm ally a sso c ia te d  w ith m o d ifica tio n  and lo s s  o f a c t i v i t y ,  

th e  ap p aren t and unexpected p ro te c tio n  needed fu r th e r  in v e s t ig a t io n .

DTNB was used in  th i s  case s in ce  i t  was more f r e e ly  a v a i la b le ,  a lthough 

the  r e s u l t s  were confirmed subsequen tly  w ith  the  DTNÎ-ÎB analogue.

I t  has been rep o rted  p re v io u s ly  (58) th a t  i f  s u b s tra te  le v e l s  o f 

enzyme and acetyl-S-CoA a re  incubated  to g e th e r  a slow b u t m easurable 

h y d ro ly s is  o f acetyl-S-CoA  o ccu rs . I t  has been p o s tu la te d  t h a t  w ater 

a c ts  as th e  hydroxyl a ccep to r so a c e ta te  io n , reduced CoA i s  formed 

and th e  enzyme rem ains unchanged.

Table 11 shows th e  absorbance a t  412nm o r  420nm o b ta ined  a f t e r  

in cu b a tin g  enzyme and DT̂ TB o r DTNMB in  th e  presence and absence o f 

acetyl-S-C oA . In  th e  presence o f DTNB o r DTNMB the  f re e  CoA formed in  the  

h y d ro ly s is  re a c tio n  w il l  r e a c t  to  form a mixed d isu lp h id e  RSSCoA and 

th e  yellow  coloured f re e  an ion  RS . In  f a c t ,  the  presence o f  DTÎ'IB o r 

DTTiS could enhance th e  h y d ro ly s is  o f acetyl-S-C oA . From th e  d a ta  

p resen ted  i t  would appear th a t  acetyl-S-CoA  i s  being hydro lysed , th e  f re e  

CoA re a c tin g  w ith  the  re a g en t, reducing  i t s  e f fe c t iv e  c o n c e n tra tio n  and 

g iv in g  an apparen t p ro te c t io n  e f f e c t .

To overcome th e  problem observed w ith  acetyl-S-CoA  two n o n -re a c tiv e  

analogues were sy n th esized  fo r  use in  p ro te c tio n  experim ents (see 

Chapter 6)*
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Table 11
Absorbance o f  a  s o lu tio n  o f  In  th e  p resence  o f  acetyl-S-C oA  and

DTNB o r  DTNMB*

CATiii (0*5mg/ml) was incubated  in  s tan d a rd  b u f f e r  w ith  DTNB (2QuMor 20QuM) 

o r  DTNMB (2QuM) in  th e  p resence o f  acetyl-S-C oA  (2QuM o r  lOOjiM)* The 

re a g e n ts  were mixed and th e  absorbance measured a t  e i th e r  412nm o r  420nm 

a f t e r  5 m inutes*

Enzyme (pM) DTNB (uM) Acetyl-S-CoA (%%M) Absorbance (412nm)

20 20 0*028

20 200 0*042

20 20 20 0*229

20 100 100 1 .37

Enzyme (pM) DTNMB (pM) Acetyl-S-GoA (;liM) Absorbance (420nm)

20 20 20 0*325



C hapter S ix  

S y n th es is  and use o f  th e  Acetyl-S-CoA 

analogues Acetonyl-S-CoA and Methyl-8-CoA#
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6 .1  In t ro d u c tio n .

Acetonyl-S-CoA has been rep o rted  as a  p o te n t com petitive  in h ib i to r ,
p

w ith re s p e c t to  acetyl-S-C oA , o f c i t r a t e  sy n th ase , p h o sh o tran sace ty la seA
and c a r n i t in e  a c e ty l t r a n s fe ra s e  (3 8 ). This analogue d id n o t, however, 

a c t iv a te  E .c o l i  phosphoenolpyruvate carboxylase  o r  r a t  l i v e r  pyruvate 

carb oxy lase , two enzymes which re q u ire  acetyl-S-C oA  as an o b lig a te  

a c t iv a to r .  Acetonyl-S-CoA w i l l  not compete w ith  acetyl-S-CoA  fo r  b inding  

to  th e se  enzymes showing in  th e se  cases th e  ap p aren t a b so lu te  requirem ent 

o f  th e se  two enzymes fo r  a  th io e s te r  group on th e  a c t iv a t in g  l ig a n d .

Since acetonyl-S-CoA  i s  a th io e th e r  r a th e r  th an  a th io e s te r  i t  cannot 

be tu rn ed  over in  th e  CAT system and hence was sy n th esized  f o r  use as 

a n o n -re a c tiv e  analogue o f acetyl-S-C oA .

6 .2  S y n th es is  o f  Acetonyl-S-CoA.

Acetonyl-S-CoA was sy n th es ized  from CoA and 1-brom oacetone (8 8 ).

CoA (l2 .7praole) was d is so lv e d  in  degassed ic e -c o ld  w ater and d i th io -  

t h r e i t o l  (l.36;timole) added to  ensure complete re d u c tio n  o f th e  CoA.

The pH was a d ju s ted  w ith  sodium hydroxide to  pH 8 .0 . Monobromoacetone, 

d is so lv e d  in  95% e th an o l p r io r  to  use, was used fo r  th e  a lk y la t io n .  

D isappearance o f f r e e  su lp h y d ry l was measured by adding an a l iq u o t  

o f th e  r e a c t io n  mix to  DTNB so lu tio n  in  s tan d a rd  b u ffe r  and read ing  

the  absorbance a t  412nm. F ig .2 5 a  shows th e  lo s s  o f 43-2nra absorbance 

on a d d it io n  o f monobromoacetone. Solvent and any unreacted  monobromo

acetone were removed by ly o p h i l iz a t io n .  The sample was th en  tak en  up 

in  250nl o f  w ater and ap p lied  to  a Sephadex column (l.0x25cm ) which 

had been e q u i l ib ra te d  w ith  w ater. F rac tio n s  c o n ta in in g  th e  h ig h e s t  

co n ce n tra tio n s  o f 260nra absorb ing  m a te ria l were poo led . F ig .25b  shows 

th a t  th e  Sephadex column used com pletely sep a ra ted  th e  acetonyl-S-CoA  

from d ia c e to n y l d i t h i o t h r e i t o l ,  which i s  a byproduct o f th e  r e a c t io n .

A nalysis  o f  th e  p roduct on c e llu lo se  th in  la y e r  p la te s  developed 

in  b u ta n o l :p y r id in e :a c e t ic  a c id :w a te r  so lv en t (50 :3 3 :1 :4 0  v /v) showed



Fig.25a.
D ecrease In  absorbance on a d d itio n  o f  Monobromoacetone to  CoA#

The sample c o n s is te d  o f  CoA (12.% m ole) and DTT (l.36mmole) izr 1ml 

o f  w a te r . Monobromoacetone was added and th e n  5 h l samples removed 

to  t e s t  f o r  f r e e  CoA u sin g  a  DTNB so lu tio n #  by m onitoring  th e  

absorbance o f  th e  s o lu t io n  a t  412nm.

F ig .2 5 b .

Absorbance a t  260nm and change in  absorbance a t  576nm o f  f r a c t io n s  

c o lle c te d  from a  Seidiadex CIO column.

Acetonyl-S-CoA was p repared  as  d e sc rib ed  in  th e  t e x t .  The ly o p h iliz e d  

sample was d is so lv e d  in  25Qul o f  w a ter and a p p lie d  to  a  Sephadex GIO 

column (1 X 25cm) idiich  had been e q u i l ib r a te d  w ith  w a te r . 1ml f r a c t io n s  

were c o lle c te d  and th e  acetonyl-S-CoA  lo c a te d  by 260nm absorbance ( A s ) .

D i th io th r e i to l  was re a c te d  w ith  a  two fo ld  m olar excess  o f  mono

bromoacetone and a f t e r  ly o p h i l iz a t io n  t h i s  m ix ture  was a p p lie d  to  th e  

column, im l f r a c t io n s  were c o lle c te d  and th e  a lk y la te d  d i t h i o t h r e i t o l  

was lo c a te d  by fo llo w in g  i t s  r e a c t io n  w ith  KMnÔ  a t  576nm (a A a )# (8 8 ) .
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a s in g le  spo t R.7 0 .18  (acetyl-S-G oA  0 .1 6 , CoA O.^O). These v a lu es  donot 

agree w ith  th o se  quoted in  re fe re n ce  88 b u t were c o n s is te n t ly  found.

Acetonyl-S-CoA was a lso  ap p lied  to  a polyethyleneim ine c e l lu lo s e  

p la te  and developed in  0.3M l i C l .  Acetonyl-S-CoA and CoA bo th  had 

m o b il i t ie s  o f 0 .02 showing th a t  acetonyl-S-CoA  hadnot l o s t  any o f i t s  

phosphate groups during  th e  sy n th es is .

The U.V s p e c tra  o f CoA and acetonyl-S-CoA  were i d e n t i c a l .  The 

c o n ce n tra tio n  o f acetonyl-S-CoA  was c a lc u la te d  using  an e x t in c t io n  

c o e f f ic ie n t  €  =15* 4-xlO^M ^cm ^ a t  260nm. An average y ie ld  o f  90% was 

o b ta in e d . Free CoA was measured u sing  DTITB. An average o f 0.3% f r e e  

CoA was found in  th e  acetonyl-S-CoA  p re p a ra t io n s .

6 .3 De te rm in a tio n  o f of  Acetonyl-S-CoA f o r  b inding  to  CAT j j

A ddition  o f acetonyl-S-CoA to  th e  enzyme under standard  a ssay  

c o n d itio n s  y ie ld ed  no change in  absorbance a t  412nra as was expected  

f o r  a n o n -rea c tiv e  th io e th e r .

A f o r  th e  b ind ing  o f acetonyl-S-CoA  to  CAT^^  ̂ w ith  r e s p e c t  to  

acetyl-S-C oA  was determ ined as d e sc rib e d  in  Methods 2 .7 . In  a l l  

experim ents th e  chloram phenicol c o n c e n tra tio n  was s e t  a t  200jiM and a 

range o f acetyl-S-CoA  c o n c e n tra tio n s  was used in  the  presence  and 

absence o f acetonyl-S-CoA . Acetonyl-S-CoA was found to  be a com p etitiv e  

in h ib i to r  (F ig .26) w ith  re s p e c t to  acetyl-S-C oA  and have a o f  + 7/UiM 

T his low b ind ing  co n stan t th u s  makes acetonyl-S-CoA a s u i ta b le  non

r e a c tiv e  analogue fo r  use in  p ro te c t io n  experim ents.

6.4- Sy n th e s is  o f Methyl-S-CoA.

Methyl-S-CoA was made in  a s im ila r  manner to  acetonyl-S-CoA  using  

iodomethane as th e  a lk y la t in g  a g e n t. A la r g e r  molar excess o f  iodoraethane 

was re q u ire d  fo r  th e  f u l l  a lk y la t io n  o f f r e e  su lphydry l g ro u p s . The 

average y ie ld  o f methyl-S-CoA was 74% and th e  average f r e e  CoA 1%. A 

f o r  th e  b ind ing  o f methyl-S-CoA to  th e  enzyme was determ ined  as 

d sec rib ed  in  6 .3  and Methods 2 .7 . A o f  305 + 30)iM was o b ta in ed  and



Fie.26.
D eterm ination  o f  f o r  Acetonyl-8-CoA b in d in g  to

Assays were perform ed a s  d e sc rib e d  In  Methods 2.7* The aoetyl-S-C oA  

c o n c e n tra tio n  was v a rie d  from to  w h ils t  th e  chloram phenicol

c o n c e n tra tio n  was s e t  a t  200nM* 6 z  lO "^ nmoles o f  enzyme were used In  

each a s s a y . The a ssay s  were perform ed In  th e  absence # and p resence  o f  

4PpM ▲. ,and  80pM m acetonyl-8-C oA .
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again  th e  methyl-S-CoA analogue was found to  be a co m petitive  in h ib i to r  

w ith  re sp e c t to  acetyl-S-G oA ,

6 .5  In h ib i t io n  o f w ith DTITT'TB in  th e  p resence o f Acetonyl-S-CoA.

In  o rd e r to  t e s t  w hether the  p ro te c t io n  observed a g a in s t  in a c t iv a t io n

by DTNÎIB w ith acetyl-S-CoA  was due to  th e  in te r fe re n c e  o f th e  s u b s tra te  

w ith  the  in h ib i to r  g iv in g  an ap p aren t p ro te c t io n  e f f e c t ,  th e  experim ent 

was repeated  using  acetonyl-S-CoA in  th e  p lace  o f acetyl-S -C oA . CAT^^^ 

(l.25hM) was incubated  w ith  DTNi-G (l.25h*0 in  th e  p resence and absence 

o f acetonyl-S-CoA , No p ro te c tio n  o f th e  in h ib i t io n  was seen when the  

acetonyl-S-CoA was used a t  co n ce n tra tio n  o f 1.25 and 125hM (d a ta  no t 

shown). This r e s u l t  would appear to  confirm  th a t  th e  p ro te c t io n  observed 

w ith acetyl-3-C oA  (see C hapter 5) i s  a r t i f a c t u a l  and t ru e  p ro te c t io n  

i s  a ffo rd ed  by chloram phenicol on ly .

6 .6  I n h ib i t io n  of  6AT^^^ w ith Iodoacetam i de in  th e  p resence o f Acet y l -  

S -CoA, Acetonyl-S-CoA and Methyl-S-CoA .

ilo p ro te c tio n  a g a in s t in a c t iv a t io n  by iodoacetam ide was seen w ith 

and 3 . aureus Type C enzyme (38 ), whereas 35% p ro te c t io n  was observed fo r  

the  Type I  enzyme (5 8 ). However, in  th e  case o f th e  CAT^^^ v a r ia n t  65-75% 

p ro te c t io n  was seen r o u t in e ly .  Since i t  had been observed th a t  a c e ty l -

3 -CoA could g ive  an apparen t p ro te c t io n  e f f e c t ,  i t  seemed se n s ib le  to  

re p e a t the  experim ents w ith the  in h ib i to r  iodoacetam ide b u t using  th e  

non p ro d u c tiv e  analogues, acetonyl-S-CoA  and methyl-3-CoA, as the  

p ro te c tiv e  a g e n ts .

CATi i i  (2.5mg/ml) was incubated  w ith  iodoacetam ide (lOmM) in  th e  

presence and absence o f acety l-3-C oA , ace to n y l-^ C o A  and methyl-S-CoA 

(imM). I t  has p re v io u s ly  been re p o rte d  (58) th a t  in c u b a tio n  o f CAT̂  

alone (0.15mg/ml) w ith acetyl-S-CoA  (0.5mM) gave a m easurable r a te  o f 

in a c t iv a t io n  (k= llxlO  ^min ^ ) , th e r e f o r e  CAT^^j was a lso  incubated  w ith 

the  s u b s tra te  and analogues in  the  absence o f iodoacetam ide. In  a l l  cases 

an a p p ro p ria te  a l iq u o t  was taken  over a  2 h r. p e r io d , d i lu te d  in to  

s tandard  b u f fe r  and assayed by th e  s tan d a rd  method.
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Table 12 shows th e  k v a lues determ ined from t h i s  d a ta  which in d ic a te  

th a t  in  th e  absence o f iodoacetam ide l i t t l e  in h ib i t io n  was observed .

A ll th e  k va lu es  ob ta ined  were co n s id e rab ly  low er th an  th o se  o f  th e  CAT̂  

v a r ia n t  (Table 1 2 ). The p ro te c t iv e  e f f e c t  o f acetonyl-S-CoA  a g a in s t  the  

ra te  o f lo s s  o f a c t i v i t y  was alm ost id e n t ic a l  w ith  th a t  o f acetyl-S-C oA  

and would seem to  suggest t h a t  th e  p ro te c t io n  observed w ith  th e  l a t t e r  

was r e a l  in  t h i s  case . The degree o f p ro te c t io n  seen w ith  th e  s u b s tra te  

analogue m ethyl-S-C oA ,w hilst s ig n if ic a n t ,w a s  lo w er-th an  th a t  o f  the  

o th e r  two s u b s tr a te s .T h is  could r e f l e c t  th e  f a c t  th a t  th e  analogue 

b inds le s s  t i g h t l y  to  the  enzyme.

Both analogues were used in  f u r th e r  experim en ts, th e  r e s u l t s  o f which 

a re  d iscu ssed  in  the  fo llow ing  c h a p te rs .



81

Table 12
P ro te c tiv e  e f f e c t  o f  Acetyl-S-»CoA, Acetonyl-S-CoA and Methyl-3»CoA on 

th e  in h ib i t i o n  o f  ^7 Iodoacetam ide»

Enzyme (2*5mg/ml) was incu b ated  in  s tan d a rd  b u f f e r  a t  37^C w ith  a c e ty l -  

8 - CoA (ImM) o r  acetonyl-S-CoA (imM) o r  methyl-8-CoA (imM) i n  th e  p resence  

and absence o f  iodoacetam ide (lOmM) «Camples were tak en  o v e r a  2hr# perio d  

and th e  r e s id u a l  a c t i v i t y  measured in  th e  s tan d a rd  a ssay  (Methods 2 .4 ) «

K v a lu es  were c a lc u la te d  from th e  ex p re ss io n  2«31ogE = - k t  (72) •

CATi i i k mln"^ k min-3’

+ -Iodoacetam ide ■f Iodoacetam ide

- 1 X 10-3 22 X 10-3

Acetyl-8-CoA 0 .5  X 10-3 5 .1  X 10-3 ( 7 ^ )

Acetonyl-S-CoA 2 .0  X 10-3 6 .0  X 10-3 (73^)

Methyl-8-CoA 0 .0 7  X  10-3 11 .1  X 10-3 ( g q g )

The deg ree  o f  p ro te c tio n  observed  i s  shown in  b ra c k e ts .



C hapter Seven 

Chemical M o d ifica tio n  S tu d ies  

w ith  D ie thy lpy rocarbonate
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7.1  In tro d u c tio n .

D ie th y lpyrocarbonate  (DEP) has been w idely used as a reag en t fo r  the  

chem ical m o d if ica tio n  o f p ro te in s . Rapid in a c t iv a t io n  has been observed 

fo r ,  among o th e rs ,  enzymes in c lu d in g  rib o n u c lease  and t ry p s in  (89), 

g lycera ldehyde  phosphate dehydrogenase (90), l a c t a t e  dehydrogenase (91) 

and p e p tid y l t r a n s fe ra s e  (9 2 ).

The a t t r a c t i o n  o f DEP has been a d i r e c t  consequence o f th e  chem istry  

in  th a t  only  th e  ca rb é th o x y la tio n  o f im idazole groups (F ig .27) produces 

a s p e c t r a l  change a t  230-240nm (93)• This can be used to  q u a n t i ta te  th e  

e x te n t o f re a c t io n  using  a m olar e x tin c tio n  c o e f f ic ie n t  of 6=3.0x10^ M ^ 

cm“ ^ a t  230nm (94) o r 6=3.2x10^ M“ ^cm” ^ a t  240nm (79).

DEP can a lso  re a c t  w ith th e  s ide  chains o f ly s in e , try p to p h an e , ty ro s in e  

and c y s te in e  (94 ,95 ,96) as w ell as causing some p ro te in  p o ly m eriza tion  

(97 ). At pH 6 .0 , however, DEP has co n sid erab le  s p e c i f ic i ty  fo r  im idazole 

groups (7 9 ,9 3 ) . In  se v e ra l cases o th e r  amino ac id s  have been p o s i t iv e ly  

dem onstrated  to  rem ain unchanged under co n d itio n s  o f complete re a c t io n  

o f a c c e s s ib le  h i s t i d in e s ,  fo r  example c y s te in e , ty ro s in e  and tryp tophane 

side  chain s o f g lu tam ate  dehydrogenase (98 ).

D éacy la tion  o f th e  carbethoxy groups and recovery  o f a c t i v i t y  can o fte n  

be acheived  in  a few m inutes w ith hydroxylamine (94)•

Since a h i s t id in e  re s id u e  was m odified in  CATiii by th e  in h ib i to r  

iodoacetam ide (C hapter 4) i t  was decided to  in v e s t ig a te  f u r th e r  th e  

m o d if ica tio n  o f  h i s t id in e  re s id u es  using  DEP as an in h ib i to r .

7 .2  I n i t i a l  experim ents w ith and DEP.

I n i t i a l  experim ents w ith  DEP in d ic a te d  th a t  h i s t id in e  re s id u es  o f 

CATiii were m odified (M ethods2.20). A d if fe re n c e  spectrum  o f t r e a te d  and 

u n tre a te d  enzyme produced a A  max o f 245nm (F ig .2 8 b ). Since no d if fe re n c e  

in  th e  s p e c tra  was seen between 260-290nm i t  would appear th a t  ty ro s in e  

and try p to p h an  re s id u e s  havenot been a l te re d  (F ig .2 8 a ) .
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Flg»28a»
A bsorption spectrum  o f  m odified w ith  D ie th y lp y ro carb o n ate  (PEP).

CATiii (O.Sng/ml) vas in cu b ated  a t  room tem p eratu re  in  sodium idiosfhate 

b u f fe r  (50mM, pH 6 .0 ) in  th e  presence  and absence o f  DEP (0.25mN). The 

absorbance o f  each s o lu t io n  was measured a g a in s t  a  b u f fe r  b lan k  over a 

range o f w avelengths.

F ig .28b .
D ifference  spectrum o f  CAT^^^ m odified w ith  DEP.

CAT^jj (0 .8m g/al) was in cu b ated  a t  room tem p era tu re  in  sodium phosphate 

b u f fe r  (50mM, pH 6 .0 ) in  th e  p resence and absence o f  DEP. The absorbance 

o f  th e  t r e a te d  enzyme was measured over a  range o f  w avelengths a g a in s t  

u n tre a ted  enzyme.
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7 .3  C oncentration  dependence o f th e  m odifica tio n  o f w ith  DSP.

The m o d ifica tio n  o f CAT^^^ was s tu d ied  over a range o f DSP c o n c e n tra tio n s , 

from O.lmM to  5mM using the  spec tro p h o to m etric  assay  (Methods 2 .2 ^ ) .

A fte r th e  spectropho tom etric  change had reached a maximum, hydroxylam ine 

was added ( f in a l  co n cen tra tio n  0.05M) and the  reg e n e ra tio n  o f  h i s t id in e  

groups from c a rb e th o x y h is tid in e  measured. A p lo t  o f th e  number o f moles 

o f c a rb e th o x y h is tid in e  formed p e r mole o f enzyme monomer (b e fo re  and a f t e r  

a d d itio n  o f hydroxylamine) as a fu n c tio n  o f DEP c o n ce n tra tio n  i s  shown 

in  P ig .29.

I t  can be seen th a t  a t  th e  h ig h e s t co n cen tra tio n  o f in h ib i to r  used 5-6 

h is t id in e  re s id u es  have been m odified . A fte r a d d itio n  o f hydroxylam ine 

incom plete re v e rsa l o f th e  change in  2^5nm absorbance was observed , even 

a t  low co n cen tra tio n s  o f DEP. A s in g le  co n cen tra tio n  o f DEP (0.25mM) 

was taken  fo r  fu r th e r  s tu d ie s .

7.4- Loss o f a c t i v i ty  o f CAT___ w ith  DEP.

CATiii (0.8mg/ml) was incubated  w ith  DEP (0.25mM) a t  room tem peratu re  

in  50mM sodium phosphate (pH 6 .0 ) .  Samples were taken , d i lu te d  in to  

s tan d ard  b u ffe r  and assayed by th e  s tan d ard  method (Methods 2 .4 .). An 

id e n t ic a l  sample o f enzyme was m onitored fo r  change in  24.5nm absorbance.

A fte r 15 minutes hydroxylamine was added and fu r th e r  measurements made.

A b ip h a s ic  lo s s  o f a c t i v i ty  (F ig .30) was observed accompanied by a change 

in  absorbance a t  24.5nm. A fte r  15 m inutes 95% o f th e  a c t i v i t y  o f th e  

enzyme was a b o lish ed . A ddition o f hydroxylam ine caused a d ecrease  in  

th e  absorbance a t  24.5nm of approx im ately  50% b u t only a 10% re g a in  o f 

a c t i v i t y .  A t o t a l  o f 2 moles o f c a rb e th o x y h is tid in e  were i n i t i a l l y  

formed w ith one group being removed on a d d itio n  o f hydroxylam ine.

A nalysis o f th e  lo s s  o f a c t i v i t y  and r a te  o f in c o rp o ra tio n  o f carbethoxy 

groups in to  th e  p ro te in  on sem ilog p lo ts  re v e a ls  both ’fa s t*  and ’s low ’ 

phases w ith  pseudo f i r s t  o rd e r  r a te  co n s ta n ts  o f =2.7 min ^ and =

O.I5» min“ ^ ( lo s s  o f a c t iv i ty )  and = J.O  mirT^ and kg = 0 .1 6  min” ^



Flg.29.
C oncen tra tion  dependence o f  th e  m o d if ic a tio n  o f  by DEP In  th e

p resence  and abaence o f  Hydroxylamine»

CAT^^^(0*8mg/ml) vas Incubated  a t  room tem p era tu re  In  sodium phosphate 

b u f f e r  (50mM, pH 6 .0 ) w ith  DEP (G.lmM-5mM), and th e  absorbance change a t  

245nm measured a g a in s t  u n tre a te d  enzyme #  .A f te r  th e  r e a c t io n  had gone 

to  com pletion hydroxylam ine (0.05N) vas added and th e  absorbance rem easured,

A .The number o f  moles o f  c a rb e th o x y h is tid in e  groups p re s e n t p e r  mole 

o f  enzyme monomer vas c a lc u la te d  In  each case u sing  3 .2  x  10^ )f"^cm"^(79)*





Fïg.30.
Time dependence o f  I n h ib i t io n  and change In  absorbance o f 

m odified by PEP b e fo re  and a f t e r  a d d itio n  o f  Hydroxylamlne*

(0*8mg/ml) vas Incubated  a t  room tem p era tu re  In  sodium phosphate 

b u f f e r  (50mM, pH 6 .0 ) w ith  DEP (0.25mM). Time sam ples were ta k en , d i lu te d  

In to  s tan d a rd  b u f f e r  and assayed  by th e  s tan d a rd  method (Methods 2 .4 ) #  . 

Another id e n t i c a l  sample was co n tin u o u sly  m onitored a t  245nm using  a  Pye- 

Unlearn SP1800 (Methods 2 .2 0 ) .  A fte r 15 m inutes ( t )  hydroxylam lne (0.05M) 

was added and f u r th e r  measurements made. A c o n tro l  o f enzyme alone was 

Incubated  w ith  e th a n o l f o r  15 m inutes b e fo re  a d d itio n  o f  hydroxylam lne.

No lo s s  o f  a c t i v i t y  was observed .
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( r a te  o f in c o rp o ra tio n ) r e s p e c t iv e ly .  The lo ss  o f a c t i v i ty  th u s  c o r re la te s  

w e ll w ith  th e  fo rm ation  o f c a rb e th o x y h is tid in e , p rov id ing  good evidence 

th a t  th e  lo s s  o f a c t i v i t y  i s  due to  th e  m o d ifica tio n  o f h is t id in e  re s id u e s .

Examples o f non re v e rs a l  by hydroxylam lne o f m o d ifica tio n  by DEP have 

been re p o rte d  p re v io u s ly  (99) and th e  phenomenon has been thorough ly  

in v e s t ig a te d  by Loosemore and P r a t t  (lOO). These au th o rs  found th a t  

even under mild co n d itio n s  f o r  m o d if ica tio n  (l-5mH) cleavage (Bamberger 

cleavage (101)) o f th e  im idazo le  r in g  can occur. The proposed re a c t io n  

scheme i s  in d ic a ted  in  F ig .31. I f  Bamberger cleavage occurs anomalous 

r e s u l t s  can be o b ta in ed . S p e c tra l changes a t  24.0nm g re a te r  th an  allow ed 

by th e  t o t a l  h i s t id in e  co n ten t o f th e  p ro te in  and non re v e rs a l  o f th e  

DEP induced s p e c tr a l  change in  the  presence o f hydroxylamlne a re  o f te n  

seen . Should Bamberger cleavage be re sp o n sib le  fo r  such e f f e c t s  ( r a th e r  

th an  p ro te in  conform ational change o r th e  m od ifica tio n  o f an amino group 

(th e  m o d ifica tio n  o f which cannot be reversed  by hydroxylam lne)), i t s  

p resence  can be te s te d  by amino ac id  a n a ly s is  s in ce  i t  should invo lve  

th e  d isappearance  o f h i s t id in e  re s id u e s .

7 .5  Amino ac id  a n a ly s is  o f CAT^^j t r e a te d  wit h DEP.

The amino ac id  a n a ly s is  o f m odified and unmodified p ro te in  gave the 

fo llow ing  r e s u l t s ;

H is tid in e  co n ten t

CATjj^ 7 .0  + 0 .4

CATiii + 0.25mM DEP 6.3 + 0 .17

CATiii + 0.05M hydroxylam lne 7 .2  + 0.23

CATi i i  + 0.25mM DEP + 0.05M hydroxylamlne 6 .1  + 0.35

From t h i s  d a ta  i t  would appear a t  f i r s t  g lance th a t  a d d itio n  o f DEP 

does r e s u l t  in  th e  lo s s  o f a h is t id in e  re s id u e , a lthough th e  d a ta  was 

su b je c t to  some v a r i a b i l i t y .  The a c id ic  co n d itio n s  used in  th e  amino 

ac id  a n a ly s is  a re  s u f f ic ie n t  to  remove carbethoxy groups from h is t id in e  

bu t no t th o se  which have gone through Bamberger cleavage (102).
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T herefo re  th e  groups th a t  a re  removed from th e  p ro te in  in  th e  presence 

o f hydroxylam ine (see F ig .30) a re  a lso  removed by th e  a c id ic  co n d itio n s  

in  th e  a n a ly s is .  There should , th e re fo re ,  be no d if fe re n c e  in  th e  h is t id in e  

co n ten t o f th e  m odified p ro te in  in  th e  presence and absence o f hydroxylamine, 

Although th e  amino ac id  a n a ly s is  d a ta  does in d ic a te  th a t  th e  la ck  o f 

r e v e r s a l  o f th e  lo s s  o f a c t i v i t y  i s  due to  th e  d e s tru c tio n  o f  a h is t id in e  

re s id u e  f u r th e r  a ttem p ts  were made to  in c re ase  the  re g a in  o f a c t i v i t y  on 

a d d it io n  o f hydroxylamine by a l t e r in g  th e  re a c t io n  c o n d itio n s .

7 .6  R ea c tiv a tio n  w ith  hydroxylamine o f m odified CAT,,^'

A ddition  o f O.IM hydroxylamine to  m odified p ro te in  caused an in c re ase  

in  a c t i v i t y  from l̂ o to  12% over a p e rio d  o f one hour. A ddition o f l.OM 

hydroxylam ine and in cu b a tio n  fo r  a f u r th e r  hour, however, caused a 30% 

lo s s  o f a c t i v i t y  in  th e  c o n tro l sample (unm odified p ro te in )  and a 

d ecrease  in  a c t i v i t y  to  5% in  th e  m odified p ro te in  sample. Hence no 

s ig n i f ic a n t  change in  a c t i v i t y  was observed on a d d itio n  o f h ig h e r 

c o n ce n tra tio n s  o f hydroxylam ine.

I t  has been rep o rted  p rev io u s ly  th a t  th e  degree o f non re v e r s a l  o f te n  

depends on how f a r  th e  in a c t iv a t io n  has proceeded. IVhen pyridoxamine 

phosphate a c t i v i t y  had been reduced by 26% o r 60% f u l l  a c t i v i t y  could 

be re s to re d  by a tw enty minute in c u b a tio n  w ith 0.9M hydroxylam ine. When 

the  a c t i v i t y  was more markedly reduced by a h ig h e r  co n ce n tra tio n  of 

m o d ifie r i t  was only  p a r t i a l l y  re s to re d  by hydroxylam ine. The au th o rs  

suggested  th a t  d ic a rb e th o x y la tio n  may have occured (103). Attempts to  

p a r t i a l l y  modify th e  p ro te in  using  lo w .c o n ce n tra tio n s  o f DEP were 

u n su ccessfu l s in ce  ir re p ro d u c ib le  r e s u l t s  were o b ta in ed . I t  has been 

re p o rte d  th a t  a t  low co n cen tra tio n s  DEP ra p id ly  d isap p ea rs  from s o lu tio n  

(104) .  Not only  does DEp ra p id ly  hydro lyze in  s o lu tio n  bu t even weak 

n u c leo p h ile s  can a t ta c k  DEP and a c c e le ra te  i t s  r a te  o f decom position .

When enzyme, however, was incubated  w ith DEP (0.25mM) and samples 

d i lu te d  in to  e i th e r  s tandard  b u ffe r  o r  s tan d a rd  b u ffe r  p lu s  hydroxylamine
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Table 13

R ea c tiv a tio n  v l th  Hydroxylamlne o f  CAT^^^ m odified by DEP.

CA Tiiii (0*8mg/ml) vas Incubated  a t  room tem peratu re  In  sodium phosphate 

b u f f e r  (50mM, pH 6 .0 ) w ith  DEP (ImM). Samples were tak en  a t  I n te r v a ls  and 

d i lu te d  e i t h e r  In to  s tan d a rd  b u f fe r  o r  s tan d a rd  b u f f e r  p lu s  hydroxylam lne 

(0.05M) and th e n  assayed by th e  s tan d a rd  method (Methods 2 .4 ) .

Time
(mln)

% R esidual A c tiv i ty  
-Hydroxylamlne +Hydroxylamlne

0 100 100

0 .5 7 91

1 5 B3

2 6 77

4 3 .5 63

10 2 27
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th en  th e  d a ta  in  Table 13 was o b ta in e d . Hydroxylamine c le a r ly  i s  ab le  to  

re s to re  enzyme a c t i v i ty  provided i t  i s  added soon a f t e r  m o d if ic a tio n . 

Although th e  enzyme’s a c t i v i t y  i s  ab o lish ed  in  th e  f i r s t  h a l f  m inute, 

th e  a c t i v i t y  g ra d u a lly  d e c rea se s  when hydroxylamine i s  p re s e n t .  This 

may r e f l e c t  th e  time req u ired  f o r  th e  in te rm e d ia te s  o f Bamberger cleavage 

to  b u ild  up . The recovery  o f a c t i v i t y  w ith  hydroxylamine i s  f u r th e r  

evidence f o r  th e  involvem ent o f  h i s t id in e  re s id u e s .

7 .7  Time course o f in a c t iv a t io n  by DSP in  th e  presence o f s u b s tra t e s .

P ro te c tio n  experim ents w ith  chloram phenicol (Methods 2 .20) (F ig .32) 

rev ea led  a lo s s  o f a c t i v i t y  w ith  a pseudo f i r s t  o rd e r r a te  c o n sta n t of 

0 .17  min A ddition o f 0.05M hydroxylam ine caused complete r e s to r a t io n  

o f a c t i v i t y  over a 10 minute p e r io d . A t o t a l  o f one carbethoxy group 

was added to  the  p ro te in  which was com pletely  removed on a d d itio n  o f 

hydroxylam ine. This d a ta  would appear to  suggest th a t  t h e ’slow ’ r a te  

o f lo s s  o f a c t i v i t y  seen in  F ig . 30 i s  due to  th e  m o d ifica tio n  o f a 

re s id u e  o u ts id e  th e  chloram phenicol b ind ing  s i t e .  Chloram phenicol i s  

ab le  to  p ro te c t  a g a in s t th e  ’f a s t ’ lo s s  o f  a c t i v i t y .  Since f u l l  a c t i v i t y  

can be reg en era ted  when chloram phenicol i s  p re se n t i t  would appear th a t  

th e  la ck  o f recovery  seen  under c e r ta in  c o n d itio n s  i s  due to  th e  modif

ic a t io n  o f an e s s e n t ia l  h i s t id in e  re s id u e  in  th e  chloram phenicol b ind ing  

s i t e .

No p ro te c tio n  was seen  w ith  acetyl-S-C oA , acetonyl-S-CoA  and 

methyl-S-CoA. In  the  case o f  th e  l a t t e r  a s l ig h t  bu t re p ro d u c ib le  

a c c e le ra t io n  o f th e  r a te  o f lo s s  o f a c t i v i t y  was observed . T his w i l l  be 

d iscu ssed  f u r th e r  in  th e  fo llow ing  c h a p te r .



Flg.32.
P ro te c tiv e  e f f e c t  o f  Chloram phenicol on th e  in h ib i t io n  o f  by DBF.

GATjjj (0*8mg/ml) vas Incubated  a t  room tem p era tu re  in  sodium phosphate 

b u f f e r  (50mM, pH 6 .0 ) v l t h  chloram idienicol (0.25mM) and DEP (0.25mN). 

Samples v e re  tak en  a t  i n t e r v a l s ,  d i lu te d  in to  s tan d a rd  b u f f e r  and 

assayed  by th e  s tan d ard  method. A fte r  10 m inutes hydroxylam ine (0.05M-^) 

vas added and f u r th e r  measurements made. A c o n tro l o f  enzyme and 

chloram phenicol alone shoved no lo s s  o f  a c t i v i t y .
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Chapter E ig h t 

Chemical M o d ifica tio n  S tu d ie s  

v l th  Methyl p-N ltrobenzene S u lih o n a te
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8.1  In tro d u c tio n .

Although d le th y lp y ro carb o n a te  (DEP) proved a u se fu l reag en t to  

modify the  enzyme, i t  had th e  d isadvan tage  o f modifying two c la s se s

o f h i s t id in e  re s id u e s  and a lso  i r r e v e r s ib ly  modifying th e  h i s t id in e  re s id u e  

o f i n t e r e s t .  W hilst i t  i s  p o ss ib le  in  p r in c ip le  to  id e n t i fy  the  re s id u e (s )  

m odified using  ra d io a c tiv e  DEP (105,106), i t  i s  n e i th e r  convenient nor 

r e l ia b le  to  do so . An a l te r n a t iv e  s t r a te g y  was employed using  a reag en t 

which can be prepared  in  a ra d io a c tiv e  form and y ie ld s  a s ta b le  ra d io 

lab e led  p ro d u c t.

Wakagawa and Bender (107) d esc rib ed  th e  sy n th es is  and use o f the  

reagen t methyl p -n itro b en zen e  su lphonate (?^IBS) (E ig,33)« T his re a g e n t, 

which was observed to  m ethylate the  N3 p o s it io n  o f His57 in  chym otrypsin 

i s  in  many re s p e c ts  an id e a l  m odifying re a g e n t. The product o f th e  

re a c tio n  w ith chym otrypsin was shown to  be s ta b le  and th e  sm all s iz e  o f 

the a tta ch e d  group minimizes problems o f in h ib i t io n  due s o le ly  to  s t e r i c  

h indrance and consequent secondary conform ational e f f e c t s .  Since th e  

group m odified was an e s s e n t ia l  h i s t id in e  i t  was perhaps s u rp r is in g  to  

fin d  th a t  the  m ethylated chym otrypsin could no t only bind s u b s tr a te s  as 

w ell as n a tiv e  chym otrypsin, bu t a lso  re ta in e d  c a ta ly t ic  a c t i v i t y  a lb e i t  

a t  a low le v e l  (108)• I t  was suggested th a t  s in ce  the  s u b s tr a te  was 

bound to  th e  enzyme w ith  the  same a f f i n i t y  as to  the  n a tiv e  chym otrypsin 

th a t  th i s  confirmed th a t  th e  m o d ifica tio n  was a r e l a t iv e ly  minor one and 

no g ro ss  re o rg a n is a tio n  o f the  po lypep tide  chain  had tak en  p la c e . Small 

lo c a l  changes in  th e  p re c is e  p o s it io n s  and o r ie n ta t io n s  o f th e  s id e  

chains o f His57 and Serl95 probably  exp lained  th e  r e te n t io n  o f the  c a ta ly t ic  

r a te .

Since i t  i s  p o s tu la te d  th a t  chloram phenicol b inds in  a hydrophobic 

pocket (56) n ear th e  a c tiv e  s i t e  o f CAT p ro te in s  and a re a c t iv e  h i s t id in e  

i s  p o s tu la te d  to  be n ea r o r  a t  the  a c tiv e  s i t e  th i s  re ag en t was deemed 

to  be a s u i ta b le  reag en t to  sy n th es ize  and u se . The s im i la r i ty  o f th e
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S tru c tu re  o f  Methyl p-N ltrobenaene Sulphonate*



s tru c tu re  o f chloram phenicol and the  reagen t a lso  made t h i s  reag en t 

a t t r a c t i v e .

8 .2  In h ib i t io n  o f CAT̂ TT w ith >f'T3S.

Commercially purchased MN3S was r e c r y s ta l l i z e d  from petroleum  e th e r  

(100-120°C). The reag en t was d isso lv ed  in  a c e to n i t r i l e  to  make a s to ck  

s o lu tio n . The u l t r a v io l e t  a b so rp tio n  spectrum in  s tan d ard  b u f fe r  showed 

a A max o f 255nm and £  255 o f 1 3 .4 ^ 0 ^  M ^cm ^ was o b ta in ed . ( L i t .  253nm, 

13 . 1x10^ M“ ^cra’ ^ ) .

I n i t i a l  s tu d ie s  in d ic a te d  th a t  when CAT^^  ̂ was incubated  w ith MTTBS 

(Methods 2.2L) th e  enzyme a c t i v i t y  was in h ib i te d .  The a c t i v i t y  o f the  

enzyme was not re s to re d  a f t e r  o v ern ig h t d ia ly s is  a g a in s t s tan d ard  b u f fe r ,  

suggesting  th a t  covalen t m o d if ica tio n  had taken  p la c e .

The u l t r a v io le t  spectrum  o f th e  m odified p ro te in  showed no s h i f t  in  

peak absorbance (280nm). Nakagawa and Bender have taken  such a r e s u l t  

to  support the  view th a t  m éth y la tio n  r a th e r  than  su lp h o n y la tio n  o f  th e  

enzyme had taken  p la c e . When they  added p -n itrobenzene  su lphon ic  ac id  

to  an equim olar amount o f n a tiv e  chym otrypsin a s h i f t  in  A max occured 

from 281nra to  270nm.

8.3  In h ib i t io n  o f CAT,,, in  th e  oresence o f Chloram phenicol,

Acetonyl-S-CoA, Acetyl-S-CoA and Methyl-S-CoA.

In h ib i t io n  s tu d ie s  were c a r r ie d  out as d esc rib ed  in  Methods 2 .2 1 .

Bnzyme (0.2mg/ml) was incubated  a t  37°C in  s tandard  b u f f e r .  The lo s s  of 

a c t i v i t y  o f the enzyme was m onitored a f t e r  a d d itio n  o f MNBS. The d a ta  

was p lo tte d  according  to  th e  eq u atio n  In  E = - k t  (Fig.34-)* P ro te c tio n
So

Sperim ents were c a r r ie d  ou t as d esc rib ed  above except th a t  p r io r  in cu b a tio n  

o f th e  s u b s tra te s  took  p lace  b e fo re  a d d itio n  o f th e  in h ib i to r  (F ig .34)#

W hilst chloram phenicol i s ,  under th e  co n d itio n s  used in  th e  assay ^ab le  

to  p ro te c t  a g a in s t th e  lo s s  o f a c t i v i t y  to  some degree acetonyl-S-CoA  was 

unable to  do so . In  f a c t  acetonyl-S-CoA  produced a s l i g h t  b u t rep ro d u c ib le  

acce le r a t io n  o f th e  r a te  o f in h ib i t io n  an e f f e c t  which was d ra m a tic a lly



Fïg'34.

Time course  o f  th e  I n h ib i t io n  o f  by MNBS In  th e  p resence  o f

s u b s tr a te s  and s u b s tra te  analogues»

CATjjj (O.lmg/ml) was incubated  in  s tan d a rd  b u f f e r  a t  37°C w ith  MNBS 

■ (0#4mM), in  th e  presence o f  chloram phenicol A (0#2mM), acetonyl-8-C oA  

# (0*4mM) o r  methyl-S-CoA A (0*4nM) • The c o n tro l co n s is ted  o f  enzyme and 

a c e t o n i t r i l e  o .  Samples were tak en  a t  i n te r v a l s ,  d i lu te d  in to  s tan d a rd  

b u f f e r  end assayed  by th e  s tan d a rd  method (Methods 2*4)#
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ev id en t w ith  methyl-S-CoA,

In h ib i t io n  o f in  th e  presence o f chloram phenicol and a c e to n y l-

S-CoA and chloram phenicol and methyl-S-CoA was a lso  c a r r ie d  ou t (Methods 

2 ,2 1 ) . In  both  cases th e  degree o f p ro te c tio n  seen by chloram phenicol was 

reduced (F ig ,3 5 ).

A sm all a c c e le ra t io n  in  th e  r a te  o f in h ib i t io n  o f th e  enzyme was a lso  

observed in  th e  presence o f acetyl-S-CoA , which a lso  reduced th e  degree 

o f p ro te c t io n  seen by a f lu o r in a te d  chloram phenicol d e r iv a tiv e  in  which 

f lu o r in e  re p la c e s  the  hydroxyl a t  th e  0 3  p o s i t io n  (F ig ,3 6 ), Since the  

reag en t does resem ble chloram phenicol s t r u c tu r a l ly  and chloram phenicol 

i s  ab le  to  a ffo rd  some degree o f p ro te c tio n , i t  would be reaso n ab le  to  

presume th a t  the  reag en t b inds to  th e  enzyme in  th e  chloram phenicol 

b ind ing  s i t e .  One p o ss ib le  ex p lan a tio n , th e re fo re ,  o f the  phenomena 

observed w ith  methyl-S-CoA i s  th a t  th e  conform ation o f th e  chloram phenicol 

b ind ing  s i t e  might have been a l te re d  thus a llow ing  e a s ie r  access o f th e  

reag en t to  th e  m odified r e s id u e ( s ) ,

8 ,4  D eterm ination  o f th e  d is s o c ia t io n  co n stan t fo r  Chloram phenicol 

in  th e  p resence o f Methyl-S-CoA,

To t e s t  th e  h y p o th esis  th a t  methyl-S-CoA b ind ing  may in flu en c e  the  

b ind ing  o f chloram phenicol (and by in fe re n c e  t h a t  o f Î'DTBS) th e  d is s o c ia t io n  

c o n s ta n tfo r  chloram phenicol was determ ined in  th e  presence o f methyl-S-CoA, 

In  th e  absence o f raethyl-S-CoA an average d is s o c ia t io n  c o n stan t o f

16 ,7  + 0 ,9  X 10 ^ was ob ta ined  w h ils t  in  i t s  presence an in c re a se  o f

approx im ately  two fo ld  was observed (K^ = 34*1 + 4*5 x 10 ^ ) ,

The presence  o f raethyl-S-CoA hence has an e f f e c t  on th e  in te r a c t io n  

o f chloram phenicol w ith th e  enzyme in d ic a tin g  th a t  th e  two b ind ing  s i t e s  

a re  not independen t. Any f u r th e r  conclusions w ith  re sp e c t to  th e  p o ss ib le  

in te r a c t io n  o f chloram phenicol and acetyl-S-C oA  cannot be made however, 

s in ce  methyl-S-CoA i s  not th e  tru e  s u b s tra te  f o r  th e  enzyme, IVhilst i t  

would be im possib le  to  re p e a t the  b ind ing  experim ents in  the  presence  o f



Fig.35.
Time course  o f  th e  I n h ib i t io n  o f  t>y MNBS In  th e  p resence  o f

conb ln atlo n a  o f  s u b s t r a te s  and s u b s tra te  analo g u es#

CATjjj (O.lmg/ml) vas in cu b ated  a t  37^0 in  s tan d a rd  b u f f e r  w ith  MNBS 

(0.4mM) •  , i n  th e  p resence  o f  chloram phenicol (0.2mM) and acetonyl-S-CoA 

(G.4mM) ■ , and chloram phenicol (0.2mM) and methyl-S-CoA (O.^mM) ^  • 

Samples were ta k en  a t  in te r v a l s  and assayed by th e  s tan d a rd  method 

(Methods 2 .4 ) .
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Flg.36.
Time course  f o r  th e  I n h ib i t io n  o f  by MNBS In  th e  p resence  o f

Acetyl-S-GoA ami 3-F ltiorochloram phenicol*

CATi i i (0*lmg/ml) was Incubated  a t  37°C In  s tan d a rd  b u f f e r  In  th e  p resence  

o f  MNBS (O.^mM) and acetyl-S-C oA  (O.̂ ^mM) A , MNBS (O.ĵ mM) and 3 - f lu o r o -  

ch loram phenlcol (0«2mM) •  , and MNBS (O.j^mM), acetyl-S-CoA  (0*i^mM) and 

3 -flu o ro ch lo ram p h en ico l (0.2mM) ■ # Samples were tak en  a t  I n te r v a ls  and 

assayed  acco rd ing  to  methods (Methods 2*4)* The f lu o r in a te d  chloram phenicol 

d e r iv a t iv e  has a  f lu o r in e  atom In s te a d  o f  th e  hydroxyl group a t  03 p o s i t io n .
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acetyl-S-C oA , an in v e s t ig a tio n  o f th e  e f f e c t  o f acetonyl-S-CoA on th e  

b in d in g  o f chloram phenicol may in d ic a te  w hether th e  r e s u l t  ob ta ined  

w ith raethyl-S-CoA i s  ty p ic a l ,

3 ,5  S y n th es is  o f Methyl p-N itrobenzene Sulphonate.

In  o rd e r  to  in v e s t ig a te  the  re s id u e (s )  la b e l le d  in  th e  presence and

and absence o f methyl-S-CoA |_^^_C|MÎI3S was sy n th es iz ed . Since the  evidence 

p o in ted  to  th e  enzyme being m ethylated r a th e r  than  su lp h o n y la ted , th e  

la b e l  had to  be in troduced  in to  th e  m ethyl group o f th e  re a g e n t. Radio

la b e l le d  m ethanol was used to  p repare  Mh3S by a method based on

th a t  o f  Morgan and C retcher (109)•

lOSmgs o f sodium hydride (50% d is p e r s io n  in  o i l )  was washed 3 tim es 

in  petro leum  e th e r  (40^-60^0) ju s t  p r io r  to  u se , in  o rd e r to  remove th e  

o i l ,  and then  was d isso lv ed  in  5ml o f f r e s h ly  d i s t i l l e d  e th e r  ( d i s t i l l e d  

over li th iu m  aluminium h y d rid e ) , 500;aCi methanol was vacuum

d i s t i l l e d  from i t s  v ia l  in to  a la r g e r  re a c t io n  v e sse l using  th e  appara tus 

d e sc rib e d  by L,C, Packman (Ph,D T hesis  1978 pg 3 8 ), The ra d io a c tiv e  

m ethanol and cold methanol (95>il, f r e s h ly  d i s t i l l e d )  were trapped  in  th e  

r e a c t io n  v e sse l using  l iq u id  n itro g e n . The v e s s e l was allow ed to  warm to  

room tem peratu re  a f t e r  which th e  f r e s h ly  washed sodium hydride in  e th e r  

was added. The re a c t io n  mix was s t i r r e d  f o r  t h i r t y  minutes befo re  the  

dropw ise a d d itio n  o f 500mg p -n itro b en zen e  su lphonyl c h lo rid e  in  e th e r .

The r e a c t io n  course was te s te d  a t  in te r v a l s  by sp o ttin g  l -2 / i l  onto a 

s i l i c a  p la te  and developing  the  chromatogram in  benzene : chloroform  (9 0 :1 0 ), 

S ta r t in g  m a te r ia l  and com m ercially purchased p roduct were a lso  ap p lied  

to  th e  p la te  as s tan d a rd  (RF 0 ,8 3 , 0 ,49  r e s p e c t iv e ly ) .

From experim ents c a r r ie d  out w ith  u n la b e lle d  m ethanol a lo n e , i t  was 

known th a t  th e  re a c t io n  only  went approx im ate ly  70% to  com pletion under 

th e se  co n d itio n s  (d a ta  not shown),

The re a c tio n  m ixture was th en  evaporated  to  d ryness a t  reduced p ressu re  

to  remove th e  e th e r  and the  p roduct d is so lv e d  in  w a ter. The aqueous
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la y e r  was e x tra c te d  3 tim es w ith  ch loroform . The chloroform  la y e rs  were 

d r ie d  over anhydrous magnesium su lp h a te , f i l t e r e d  and evaporated  to  

d ryness under reduced p re s su re .

The product was r e c r y s ta l l i z e d  using  petroleum  e th e r  (100*^-120^C)

At a l l  s tag e s  p r io r  to  e s t e r  fo rm ation  i t  was neeessa ry  to  be extrem ely 

c a re fu l no t to  in tro d u ce  w ater in to  th e  re a c t io n  s in ce  t h i s  causes 

fo rm ation  o f th e  su lphon ic  ac id  r a th e r  th an  th e  e s t e r .  For t h i s  reason  

f r e s h ly  d i s t i l l e d  methanol and e th e r  were used and th e  vacuum d i s t i l l a t i o n  

ap p ara tu s  was tho rough ly  evacuated over b e fo re  u se.

The p u r i ty  o f th e  r e c r y s ta l l i z e d  product was examined on a th in  

la y e r  s i l i c a  p la te  developed using  benzene:chloroform  (9 0 :1 0 ) , A spo t 

(95%) was seen a t  a p o s i t io n  corresponding to  th e  com m ercially purchased 

p roduct, w h ils t a f a in t  t r a c e  o f m a te r ia l  was observed corresponding  to  

the  p o s i t io n  o f su lphon ic  a c id . The IR ab so rp tio n  spectrum  was perform ed 

on a P erk in  Elmer 540 spectropho tom eter in  N ujol and showed ab so rp tio n s  

a t  1540, 1370, 1190 , 980, and 790 cm The u l t r a v io l e t  spectrum  in

standard  b u f fe r  showed a max o f 255nm, NMR s p e c tra  o f th e  s t a r t in g  

m a te r ia l and p roduct a re  shown in  F ig , 37, The r e la t iv e  a re a  r a t io  o f 

the  q u a r te t  to  th e  s in g le t  in  th e  p roduct i s  4 :2 ,9 .

R a d io a c tiv ity  was determ ined as d e sc rib ed  in  Methods 2 ,1 7 , The 

chem ical y ie ld  o f p roduct was 50% and th e  ra d io a c tiv e  y ie ld  34% g iv in g  

a s p e c if ic  a c t i v i t y  o f  0 ,17hC i/um ole, The d iscrep an cy  between th e  

chem ical y ie ld  and ra d io a c tiv e  y ie ld  has been observed b e fo re  in  analogous 

experim ents and has been a t t r ib u te d  to  lo s s  o f ra d io la b e l  in  th e  d i s t i l a t i o n  

s tep  (L,C. Packman Ph.D T hesis 1978),

The d i f f i c u l t y  in  removing a l l  rem aining t r a c e s  o f ÿhe su lphon ic  

acid  even fo llow ing  s e v e ra l  r e c r y s t a l l i z a t io n s  led  to  th e  d e c is io n  to  

t e s t  th e  e f f e c t  on a c t i v i t y  o f in cu b a tin g  th e  enzyme w ith  th e  acid  and 

th e  s t a r t in g  m a te r ia l p -n itro b en zen e  su lphonyl c h lo r id e . The form er had 

no e f f e c t  on th e  a c t i v  i t y  o f th e  enzyme, w h ils t  th e  l a t t e r  r a p id ly



Fig.37.
NMR s p e c tra  o f  p -N ltrobenzene Sulphonyl C hloride and Methyl p -N ltrobenzene 

Sulphonate

(a) NMR spectrum  o f  p -n itro b en zen e  su lphonyl c h lo r id e .

(b) NMR spectrum  o f  m ethyl p -n itro b en zen e  su lp h o n a te .
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in h ib i te d  th e  enzyme. This was in v e s t ig a te d  f u r th e r .

8 .6  In h ib i t io n  of CAT___ by p-N itrobenzene Sulphom

(O.lmg/ml) was incubated  a t  37*̂ C in  s tan d a rd  b u f f e r  w ith  a 

range o f  p -n itrobenzene  su lphonyl c h lo rid e  co n ce n tra tio n s  (Methods 2.21)# 

The r e s u l t s  a re  shown in  F ig .38 . Extrem ely ra p id  in h ib i t io n  o f th e  

enzyme was observed a t  very  low c o n ce n tra tio n s  o f th e  in h ib i to r .

P ro te c tio n  experim ents were c a r r ie d  o u t (Methods 2.21) in  th e  p resence 

o f acetyl-S-C oA , acetonyl-S-CoA , methyl-S-CoA and ch loram phenicol. Table 

14 shows th e  f i n a l  a c t i v i t y  observed a f t e r  in c u b a tio n  o f th e  enzyme and 

in h ib i to r  p lu s  su b s tra te  o r s u b s tra te  analogue f o r  5 m inu tes.

The p ro te c tio n  seen w ith  acetyl-S-C oA  would appear to  be a r t i f a c t u a l  

since  no p ro te c tio n  i s  seen w ith  acetonyl-S-CoA  o r  methyl-S-CoA.

Mien in h ib i t io n  s tu d ie s  were c a r r ie d  ou t in  th e  presence o f CoA 

p ro te c t io n  was again  seen . I t  i s  p o s tu la te d  t h a t  CoA i s  ab le  to  re a c t  

w ith th e  in h ib i to r  and hence g ive  an ap p aren t p ro te c t io n  e f f e c t .  Since 

acetyl-S-CoA  i s  p re sen t in  excess over enzyme th en  i t  i s  l i k e ly  th a t  th e  

acetyl-S-CoA  i s  tu rned  over to  produce CoA which then  re a c ts  w ith the  

in h ib i to r ,  g iv in g  the  apparen t p ro te c t io n  e f f e c t .

The e x te n t o f in h ib i t io n  seen in  th e  p resence  o f acetyl-S-C oA  was 

dependent on how long the  acetyl-S-C oA  had been p re in cu b ated  w ith enzyme. 

The lo n g e r the  p re in cu b a tio n  tim e th e  g r e a te r  th e  p ro te c tio n  seen , 

presum ably because more CoA was p re s e n t .  S ince n e i th e r  acetyl-S-C oA  

th e re fo re , nor chloram phenicol p ro te c t  a g a in s t  th e  in h ib i t io n  the  

m o d if ica tio n  would appear to  be o u ts id e  th e  s u b s tra te b in d in g  s i t e s .

When raercaptoethanol was added to  th e  m odified  enzyme f u l l  a c t i v i t y  

was re s to re d  over a 45 minute p e r io d . T his would appear to  su g g est th a t  

a su lp h y d ry l group o u ts id e  th e  s u b s tr a te  b ind ing  s i t e  has been m odified .

F u r th e r  in v e s t ig a t io n s  w erenot c a r r ie d  o u t, b u t i t  i s  ap p aren t th a t  

a t r a c e  o f th e  h ig h ly  re a c t iv e  s t a r t in g  m a te r ia l  could produce unwanted 

in te fe re n c e  in  th e  MN3S in h ib i t io n  s tu d ie s ,  ( i f  MîîBS were used a t  ImM



Pig.36.
Time course f o r  th e  In h ib i t io n  o f by p-N itrobenzene S ii l^ o n y l

C h lo rid e .

CATiii (o.lm g/m l) was incubated  a t  37°C in  s tan d a rd  b u f f e r  w ith  p - n i t r o -  

benzene su ljiio n y l c h lo r id e ; 2.5pM •  , 5juM ^  , 7.5pM ■ ,lQuM o , 12.5pM ^  . 

Samples were ta k en  a t  in te r v a l s ,  d i lu te d  in to  s tan d a rd  b u f f e r  and assayed 

by th e  s tan d a rd  method (Methods 2 .4 ) •  The c o n tro l c o n s is te d  o f  enzyme 

a lo n e .
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Table U

E f fe c t  o f  S u b s tra te s  and s u b s tr a te  analogues on th e  I n h ib i t io n  o f 

CATi i i  by p-N itrobenzene Sulphonyl C h lo ride .

CATi i i  (O .lm g/nl) was incubated  a t  37°C in  s tan d a rd  b u f f e r  w ith  p - n i t r o 

benzene su lphonyl c h lo rid e  in  th e  presence  o f ch loram phenicol (0.03mM), 

acetonyl-S-CoA  (O.OSmM), acetyl-S-C oA  (O.OSmM) and a e thyl-S-C oA  (O.OSmM). 

CoA was a ls o  incubated  w ith  th e  enzyme in  th e  p resence  o f  re a g e n t (O.OSmM). 

Samples were tak en  a t  in te r v a l s  and th e  r e s id u a l  a c t i v i t y  measured as 

d e sc rib e d  in  Methods 2.4*

CATi i i  + F in a l  A ctiv ity(% )

NBSC 11 .5
NBSC + Chloram phenicol 14*7

NBSC + Acetyl-S-CoA 59.0

NBSC + Acetonyl-S-CoA 15*4

NBSC + Methyl-S-CoA 13 .7

NBSC + CoA 55.0

NBSC = p-N itrobenzene Sulphonyl C hloride
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th e n  a  1% contam ination  w ith  p -n itro b en zen e  su lphony l c h lo r id e  (lOpM) 

could ra p id ly  in h ib i t  th e  enzyme). Experim ents were c a r r ie d  o u t in  which 

MN6S was added to  b u f f e r  5 m inutes p r io r  to  th e  a d d itio n  o f  enzyme.

Since th e  sulphonyl c h lo r id e  i s  ra p id ly  hydro lysed  to  su lp h o n ic  a c id  (d a ta  

n o t shown), th en  i t  would be destro y ed  in  t h i s  p e r io d . No d if f e r e n c e  was 

observed in  th e  in h ib i t io n  p a t te rn  f o r  MNBS a f t e r  t h i s  tre a tm e n t, in d ic a t in g  

th a t  th e  lo s s  o f a c t i v i t y  p re v io u s ly  recorded  was genu ine .

8 .7  In h ib i t io n  o f  CAT m  by [ ^ 3  MNBS.

CATi i i  (O.Smg) was incubated  in  s tan d a rd  b u f fe r  w ith  I m M M N B S ,  in  th e  

p resence and absence o f  methyl-S-CoA. Samples were tak en  a t  i n t e r v a l s ,  

d i lu te d  in to  s tan d ard  b u f f e r  and assayed by th e  s tan d a rd  method (Methods 

2 .4 ) .  A fte r  90% in a c t iv a t io n  had been reached th e  sample was ap p lie d  to  

a  Sejùadex GIG column ( l  x 25cm), which had been p re e q u il ib ra te d  w ith  

w a te r . P ro te in  was lo c a te d  by m easuring th e  absorbance o f  th e  f r a c t io n s  

c o lle c te d  a t  280nm. The pooled sample was l y o p h i l i z e d t h e n  th e  

sample counted f o r  in c o rp o ra tio n  o f  l a b e l  and th e  o th e r  h a l f  o f  th e  

sample was hydrolysed  by th e  s tan d ard  method (Methods 2 .1 0 ) .  A fte r  

h y d ro ly s is  th e  sample was ap p lied  to  a  th in  la y e r  s i l i c a  p la te  a s  a  

sm all sp o t and run  in  a  Shandon e le c tro p h o re s is  tan k  a t  pH 6 .5  f o r  120 

m inutes a t  350V (Methods 2 .1 5 c ) .  S tan d a rd s , a rg in in e , h i s t i d i n e ,  s e r in e ,

3-m ethyl h is t id in e  and 1-m ethyl h i s t id in e  were a p p lie d . C ysteine and 

m ethyl cy s te in e  (made by r e a c t in g  m ethyl io d id e  w ith  c y s te in e )  were a ls o  

ap p lied  as  s ta n d a rd s .A fte r  s ta in in g  to  lo c a te  th e  amino a c id s , th e  ra d io 

a c t iv e  sp o ts  were lo c a te d  by au to rad iog raphy  (F ig .3 9 ) . A t o t a l  o f  0 .85  

moles o f | j ^ ^ l a b e l  was in c o rp o ra te d  p e r  mole o f  enzyme monomer, w h i ls t

0.87m oles were in co rp o ra ted  in  th e  p resence  o f  methyl-S-CoA.

On in sp e c tio n  o f  th e  au toradiogram  i t  can be seen  t h a t  th e  r a d io a c t iv i ty  

was lo c a te d  a t  th e  same p o s i t io n  o f  3-m ethyl h i s t id in e  .  On some o ccas io n s  

a  sm all t r a c e  o f  r a d io a c t iv i ty  was lo c a te d  in  th e  'n e u tra l*  amino a c id  

p o s i t io n .  No d if fe re n c e  was observed , th e re fo re ,  e i t h e r  f o r  th e  lo c a t io n



flE.39.
I d e n t i f i c a t io n  o f  th e  re s id u e  m odified  by 3 ^ c] mnbs

CATiii (0.5  mg) was incubated  in  s tan d a rd  b u f f e r  w ith ImM 

A fte r 90% in a c t iv a t io n  had occurred  excess re a g en t was removed on a  

Sephadex CIO column and th e  sample ly o jh i i l iz e d . H a lf the  sample was 

hydro lysed  (Methods 2.10) and a p p lie d  to  a  th in  la y e r  s i l i c a  p la te  and 

ru n  a t  350V f o r  120 m inutes in  6 .5  b u f f e r .  S tandards were ap p lied  to  

th e  p la te  as  in d ic a te d  below . A fte r  lo c a t io n  o f  th e  s tan d a rd s  u sing  

flu o rescam in e , th e  ra d io a c tiv e  were lo c a te d  by au to rad iog ra id iy .

1 . A rginine

2 . 1-m ethyl H is tid in e

3 . H is tid in e

4 . C ysteine and m ethyl C ysteine

5 . CATi i i  m odified w ith  MNBS

6 . A rg in ine , 1-m ethyl H is t id in e ,  H is t id in e , 3-m ethyl 

H is t id in e , S erine

7 . CATi i i  m odified by L MNBS in  th e  p resence  o f 

methyl-S-CoA

8 . 3-m ethyl H is tid in e

9» CATi i i  m odified w ith  T ^ c ]  MNBS in  th e  p resence  o f  

chloram phenicol

10. Serine
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o f  r a d io a c t iv i ty  o r  f o r  th e  in c o rp o ra tio n  o f  la b e l  in  th e  p resence and 

absence o f  methyl-S-CoA. T his r e s u l t  would seem to  suggest t h a t  th e  

a c c e le r a t io n  o f  th e  r a t e  o f  in h ib i t io n  observed in  th e  p resence  o f 

methyl-S-CoA i s  n o t due to  th e  m o d if ic a tio n  o f  an a l t e r n a t iv e  re s id u e .

The r e s u l t  would a ls o  be c o n s is te n t  w ith  th e  id e a  t h a t  th e  ' a c t iv e  s i t e '  

i s  opened up by th e  analogue making th e  r e a c t iv e  re s id u e  more a c c e s s ib le  

to  th e  re a g e n t. A more r ig o ro u s  id e n t i f i c a t io n  o f  th e  m odified re s id u e  

i s  re q u ire d , however, b e fo re  an unequivocal assignm ent to  a  h i s t id in e  

re s id u e  could be made.

In c o rp o ra tio n  o f  th e  re a g en t in  th e  p resence  o f  chloram phenicol (0.5mH) 

reduced th e  in c o rp o ra tio n  to  0 .4 2  moles p e r  mole o f  enzyme monomer. The 

in a b i l i t y  o f  chloram phenicol to  f u l l y  p ro te c t  a g a in s t  th e  in h ib i t io n  (F ig . 

39 lan e  c) was d is a p p o in tin g , b u t may r e f l e c t  th e  f a c t  t h a t  th e  in h ib i to r  

was s t r u c tu r a l ly  r e la te d  to  th e  s u b s tr a te  and hence may compete v e ry  

e f f e c t iv e ly  w ith  th e  b in d in g  o f  ch loram phenico l.

F u r th e r  work i s  o b v io u sly  re q u ire d  to  lo c a te  th e  p o s it io n  o f  th e  

m odified re s id u e  in  th e  CATm amino a c id  sequence and to  confirm  th a t  

a  h i s t id in e  re s id u e  was m od ified . The re a g e n t, however, appears to  be 

a  s u i ta b le  can d id a te  f o r  com parative s tu d ie s  w ith  th e  CATj, CATjj and 

CATç v a r ia n ts ,  th e  r e s u l t s  o f w hidi may in d ic a te  f u r th e r  th e  ro le  o f  

h i s t id in e  in  th e  CAT v a r ia n t s .
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P re lim in a ry  S tu d ie s  w ith  Rose B engal, 

B utanedlone and 4-Am ino-7-0xa-Bicyclo 

G lfio]H ept—3—E ne2 ,5—Dione—3—Ene—2,5— 

Dione-3-Carboxamide (G7063-2).
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9 .1  Pho tooxida t io n w ith 

In tro d u ct io n .

The l e th a l  e f f e c ts  o f v i s ib le  l i g h t  on m icroorganism s t r e a te d  w ith  

c e r ta in  dyes was f i r s t  re p o rte d  by Raab ( l lO ) . This e f f e c t  was in v e s tig a te d  

many years l a t e r  by Weil as a  means to  s e le c t iv e ly  o x id ize  p ro te in s  and 

amino ac id s  (111,112,113)*

H is t id in e ,ty ro s in e ,  try p to p h an e , methione and cy s te in e  re s id u e s  were 

a l l  shown to  r e a c t  between pH 4-10* The r e la t iv e  r a te s  a t  which th e  

re s id u e s  underwent p ho todeg radation  was found to  be dependent no t on ly  

on the  pH o f th e  medium b u t a lso  on th e  n a tu re  o f the  s e n s i t i z e r .

Dye s e n s it iz e d  p h o to o x id a tio n s  have been shown to  proceed v ia  se v e ra l 

d i f f e r e n t  mechanisms which a re  a fu n c tio n  o f th e  dye and i t s  co n ce n tra tio n , 

th e  co n cen tra tio n  o f oxygen and n a tu re  o f the  s u b s tr a te .

The fo llow ing  schemes a re  thought to  apply :

— dye + 0^ ----- » ̂ su b s tra te O ^ ------- > su b s tra te ^ ^

Dye dye* —

s u b s tra te  ^^^red  ^ su b s tra te ^ ^

Two dyes, methylene b lue  and ro se  bengal have been e x te n s iv e ly  used

in  p ho toox ida tion  experim en ts. Of th e  two methylene b lue  has been th e  

most used b u t evidence fav o u rs  rose  bengal (F ig .40) as th e  more s e le c t iv e  

f o r  h is t id in e  re s id u e s  (114,115)* Since i t  i s  an io n ic  (m ethylene b lue i s  

c a tio n ic )  i t  i s  thought to  f a c i l i t a t e  th e  l e t t e r ’s s p e c i f i c i ty  by 

favouring  the  form ation  o f s h o r t l iv e d  dye-im adazole complex.

In a c tiv a t io n  o f an enzyme r e s u l t in g  from th e  conversion  o f h is t id in e  

to  a s p a r t ic  ac id  and u rea  (116) i s  o f te n  suggested  by a c h a r a c te r i s t i c  

pH dependence o f the  p h o to o x id a tio n  spectrum (114 ,117 ,118 ). In  f a c t ,  

in  sev e ra l w e ll documented cases th e  enzym atic a c t i v i t y  lo s s  fo llow ing  

pho to o x id a tio n  could be c o r re la te d  w ith  th e  d e s tru c tio n  o f a  unique 

h is t id in e  re s id u e . A nalysis o f th e  r a te  o f enzyme a c t i v i t y  lo s s  and 

amino acid  co n ten t o f phosphoglucom utase and ofc<.chymotrypsin a f t e r
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Figqo>
s t r u c tu r e  o f  th e  dye Rose B engal.
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p h o to o x id a tio n  in  th e  presence o f m ethylene b lu e  allowed Koshland e t  a l .  

(119) to  show th e  d e s tru c t io n  o f a s in g le  c r i t i c a l  h is t id in e  re s id u e . 

Indeed, and perhaps u n fo r tu n a te ly  th e  d e s tr u c t io n  o f a h i s t id in e  re s id u e  

by p h o to o x id a tio n  has been the  so le  evidence in  some cases fo r  the  

c l a s s i f i c a t io n  o f some enzyme as 'h i s t i d i n e ’ enzymes.

9 .2  In a c t iv a t io n  o f GAT,,, w ith  Rose B engal.

In a c t iv a t io n  o f th e  enzyme (0.2rag/ml in  s tan d a rd  b u ffe r)  by rose 

bengal (l^juM) was c a r r ie d  out as d e sc rib ed  in  Methods 2 .2 2 , A rap id  

in h ib i t io n  o f a c t i v i t y  (F ig .^ l)  was seen w ith 90% o f the  i n i t i a l  

a c t i v i ty  l o s t  in  4. m inutes. In cu b a tio n  o f th e  enzyme w ith  th e  dye in  the  

absence o f l i g h t  o r in  th e  presence o f  l i g h t  b u t absence o f dye y ie ld ed  

no lo s s  o f a c t i v i t y  over th e  tim e course o f th e  experim ent. A pH p ro f i le  

fo r  the  r a te  o f in a c t iv a t io n  i s  a lso  shown ( F ig .4.2). A pK^ o f  6 . 4. was 

obtained  in d ic a tin g  th e  p o ss ib le  involvem ent o f a h is t id in e  re s id u e .

9.3  I n a c t iv a t io n  o f GATj ^^ by Rose Beng a l in  th e  presence o f su b s tr a t e s . 

In cu b a tio n  o f the  enzyme and rose  bengal in  th e  presence o f e i th e r

chloram phenicol (ImM) o r acetyl-S-GoA (ImM) (Methods 2 .22) y ie ld ed  very  

d i f f e r e n t  r e s u l t s ,  ’- /h ils t acetyl-S-GoA p ro te c te d  a g a in s t th e  lo s s  o f 

a c t i v i ty  chloram phenicol s l ig h t ly  acce le r a te d  th e  r a te  o f in h ib i t io n  

(F ig .43) .

Since rose  bengal i s  a n io n ic , i t  was expected  th a t  acetyl-S-GoA may 

p ro te c t a g a in s t  th e  in h ib i t io n .  In  th e  fo llow ing  s e c tio n  te n ta t iv e  

evidence e x is t s  fo r  the  presence o f a rg in in e  re s id u e s  in  th e  acetyl-S-GoA 

binding s i t e .  I t  could be p o s tu la te d  th a t  th e  a rg in in e  groups p re se n t 

s t a b i l i z e  th e  enzyme-dye complex.



Time course  o f  in a c t iv a t io n  o f  by Rose Bengal»

CATiii (0 .2ag /m l) was Incubated  a t  25^C in  s tan d a rd  b u f f e r  w ith  Rose 

Bengal (l$juM) (Methods 2 .2 2 ) .  Samples were tak en  a t  i n t e r v a l s ,  d i lu te d  

in to  s tan d a rd  b u f f e r  in  covered tu b es  and th e  r e s id u a l  a c t i v i t y  measured 

# .  C ontro l experim ents were c a r r ie d  o u t w ith o u t l i g h t  ft ,  and w ithou t 

dye A .
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PH dependence o f th e  r a t e  o f  In a c t iv a t io n  o f by Rose B engal.

CATm (0.2mg/ml) was in cu b ated  a t  25°C in  50mM T ris-M alea te  b u f f e r  

o v e r a  range o f  v a lu e s . The r a t e  o f  in h ib i t io n  in  th e  p resen ce  o f  

Rose Bengal (5;iM) was measured by ta k in g  samples a t  in te r v a l s  and 

m easuring th e  r e s id u a l  a c t i v i t y  in  th e  s tan d ard  a ssay  (Methods 2 .4 )*  

A r a t e  o f  in a c t iv a t io n  was c a lc u la te d  a t  each pH v a lu e  u s in g  th e  

eq u a tio n  In  E = - k t .
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Flg>43*
Time course  o f  th e  in h ib i t io n  o f  Rose Bengal In  th e  p resence

o f  s u b s tra te s *

CATi i i  (0.2mg/ml) was Incubated  a t  25^C In  s tan d a rd  b u f fe r  w ith  Rose 

Bengal (l5jLiN) # * P ro te c tio n  experim ents were c a r r ie d  o u t In  th e  p resence  

o f  ch loram phenicol (imM) ▲ , and acetyl-S-C oA  (imM) ■ • Samples were 

tak en  a t  I n te r v a ls  and assayed by th e  s tan d a rd  method.
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9*4- In h ib i t io n  s tu d ie s  w ith  B utanedione.

In tro d u c tio n •

A rginine was one o f th e  l a s t  re a c t iv e  amino a c id s  f o r  which s p e c if ic  

m odifying reag en ts  were found. This was m ainly due to  th e  f a c t  th a t  th e  

guanidium group o f a rg in in e  f a i l s  to  r e a c t  w ith  reag en ts  known to  modify 

ly s in e ,  a t  l e a s t  a t  n e u tra l  pH in  aqueous so lu tio n  and a t  low tem p era tu res , 

c o n d itio n s  favoured fo r  th e  study o f fu n c tio n a l p ro te in s .  Lysine can 

g e n e ra lly  m odified under s l i g h t ly  a lk a l in e  co n d itio n s  where some o f the  

f re e  base form i s  p re sen t b u t th e  guanidium group i s  p ro to n a ted  over the 

e n t i r e  pH range o f p ro te in  s t a b i l i t y .

Nowadays a la rg e  number o f - d i c a r b o n y l  compounds, d ia ld eh y d es , keto 

aldehydes and d ik e to n es  e x i s t  to  modify a rg in y l re s id u es  in  p ro te in s .

Butanedione (F ig . 44) has been e x te n s iv e ly  used as an a rg in in e  

modifying reag en t (120 ,121 ,122 ,123). These s tu d ie s  have a lso  in d ic a ted  

th a t  o th e r  types o f amino a c id s  are  e i th e r  u n a ffec ted  o r  re a c t  very  

slow ly w ith  bu taned ione under mild co n d itio n s  (120). A one hundred -  

fo ld  slow er r a te  o f re a c t io n  w ith  ly s in e  and an even slow er r a te  o f 

re a c t io n  w ith h i s t id in e  re s id u e s  hasbeen observed .

A rginine has been shown to  be p a r t  o f the  b ind ing  s i t e  fo r  se v e ra l 

enzymes which have n e g a tiv e ly  charged s u b s tra te s  ( fo r  example 121,122, 

123). Furtherm ore, in  many dehydrogenases an a rg in in e  re s id u e  has been 

lo c a ted  w ith in  th e  n u c leo tid e  b ind ing  s i t e  (124 ,12$). CAT has a n e g a tiv e ly  

charged n u c leo tid e  as a s u b s tr a te  (acetyl-S-CoA ) so to  t e s t  th e  hypo thesis  

th a t  a rg in in e  re s id u e s  were involved  in  b ind ing  acetyl-S-CoA  experim ents 

using  butanedione as an a rg in in e  modifying reag en t were c a r r ie d  o u t.

The p re c ise  mode o f a c tio n  o f  butanedione i s  not y e t c le a r .  Riordan 

(123) found th a t  in  th e  case o f carboxypeptidase A th e  r a te  o f in h ib i t io n  

was s p e c i f ic a l ly  enhanced by b o ra te ,le a d in g  him to  suggest th a t  Compound 

I  (formed on a d d itio n  o f bu tanedione to  a rg in in e )  (F ig . 44b) complexes 

ra p id ly  and re v e r s ib ly  w ith  b o ra te  to  g ive Compound I I .  Hence, the



Fig* 44̂ *
S tru c tu re  o f  Butanedione*

Flg*44b*

P o s tu la te d  re a c t io n  f o r  p ro d u c t s t a b i l i z a t i o n  by Borate*

Riordan (129) has p o s tu la te d  t h a t  Compound I ,  formed on a d d it io n  o f  

butaned ione to  a rg in in e  complexes r e v e r s ib ly  w ith  b o ra te  to  g iv e  Compound

I I .
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r e a c t io n  o f butanedione w ith  a rg in in e  i s  p o s tu la te d  to  proceed f a s t e r  

due to  p roduct s t a b i l i z a t i o n .  R iordan a lso  p o s tu la te d  th a t  Compound I  

was m oderately  s ta b le .  I f  th e  r e a c t io n  was c a r r ie d  out in  th e  absence 

o f b o ra te  and th en  b o ra te  added Compound I I  was thought to  form 

in s ta n ta n e o u s ly . Hence i t  was th ough t t h a t  b o ra te  should be in c luded  

in  th e  r e a c t io n  mix to  s t a b i l i z e  th e  product o f th e  re a c t io n  and p reven t 

spontaneous r e s to r a t io n  o f a c t i v i t y .  T his phenomena has been observed by 

o th e rs  (125) and has been tak en  as evidence f o r  th e  involvem ent o f 

a rg in in e  re s id u e s .

O ther s tu d ie s ,  however, have y ie ld ed  no evidence fo r  recovery  o f 

a c t i v i t y ,  even in  the  absence o f b o ra te  (121 ,126 ,127). In  f a c t ,  i t  has 

been suggested th a t  th e  in c lu s io n  o f b o ra te  i s  no t d e s ira b le  where 

enzymes using  p y rid in e  n u c le o tid e s  a re  s tu d ied  because o f th e  fo rm ation  

o f  complexes between b o ra te  and th e  r ib o se  m oiety o f the  p y rid in e  

n u c leo tid e  (128). In  th e se  cases i t  i s  p o ss ib le  th a t  in te r n a l  secondary 

re a c tio n s  could lead  to  fo rm ation  o f i r r e v e r s ib ly  m odified a rg in in e  

re s id u e s . Even Riordan ( 12$  ̂ noted th a t  i f  carboxypeptidase  A was 

in a c t iv a te d  fo r  more than  an hour th en  th e  a d d itio n  o f b o ra te  had no 

a ffect»

9*5 I n h ib i t io n  o f CAT̂ TT by B utanedione.

I n i t i a l  experim ents were c a r r ie d  ou t in  o rd e r to  determ ine w hether 

th e  enzyme could be in h ib i te d  by bu tan ed io n e . CAT^^^ (0 . 2mg/ml) was 

incubated  in  e i t h e r  50mM sodium phosphate b u f fe r  (pH 7 .8) o r  50mM 

b o ra te  b u f f e r  (pH 7 .8 ) .  Samples were tak en  a t  in te r v a ls ,  d i lu te d  in to  

s tan d ard  b u f f e r  and assayed by th e  s tan d a rd  method (Methods 2 .2 3 ) .

CATiii was ra p id ly  in h ib i te d  by b u tan ed io n e . Unlike R iordan, however, 

no in c re a se  in  th e  r a te  o f in h ib i t io n  o f CAT was seen w ith  th e  a d d itio n  

o f b o ra te .
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9 .6  In h ib i t io n  o f CATttt by Butanedione in  th e  presence o f s u b s t r a te s .  

I n h ib i t io n  s tu d ie s  were c a r r ie d  ou t in  the  p resence o f e i th e r  a c e ty l -

S-CoA (iraM) o r  chloram phenicol (imM) as d esc rib ed  in  Methods 2 . ^ .

Table 15 summarizes th e  d a ta  from F ig . 4-5. Pseudo f i r s t  o rd e r r a te  co n stan ts  

f o r  th e  f a s t  and slow r a te s  in  th e  presence  and absence o f chloram phenicol 

and acetyl-S-C oA  were c a lc u la te d . The d a ta  i s  com patible w ith  th e  view 

th a t  a t  l e a s t  two c la s se s  o f a rg in in e  re s id u es  may have been m odified .

The f a s t  r a te  observed i s  te n  fo ld  t h a t  o f  th e  slow r a t e .  Chloramphenicol 

i s  ab le  to  p ro te c t  a g a in s t  th e  f a s t  r a te  o f lo s s  o f a c t i v i t y  to  some degree 

w h ils t acetyl-S-CoA  i s  ab le  to  p ro te c t  a g a in s t  both  in  vary ing  amounts.

9 .7  Attempted r e a c t iv a t io n  o f CAT,,^ in h ib i t io n  by B utanedione.

As a lre a d y  s ta te d ,  in  many p rev io u s  s tu d ie s  b o ra te  has been inc luded  

in  th e  re a c t io n  m ixture to  s t a b i l i z e  th e  p roduct and to  p reven t spontaneous 

r e s to r a t io n  o f a c t i v i t y .  No in c re a se  in  th e  r a te  o f in h ib i t io n  was seen 

in  th e  p resence o f b o ra te  (d a ta  no t shown). D esp ite  t h i s ,  a f t e r  in h ib i t io n  

in  th e  presence o f b o ra te  a sample o f th e  r e a c t io n  mix was ap p lied  to  a  

GIO Ccphadex column e q u il ib ra te d  w ith  50mM sodium phosphate b u f f e r  (pH 7*8) 

to  remove excess reag en t and b o ra te . The r e s u l t s  a re  seen in  Table 16.

No r e s to r a t io n  o f a c t i v i t y  was seen  a t  the  end o f t h i s  tre a tm e n t.



Fig.45.
Time courge f o r  th e  in h ib i t io n  o f  by Butanedione in  th e  p resence

o f  s u b s t r a te s .

CATi i i  (0.2mg/ml) vas in cu b ated  a t  37^0 in  sodium phosphate b u f f e r  

(50mM, pH 7 .8 ) w ith  bu taned ione  (285nM) •  and in  th e  p resence  o f  

ch loram phenicol (imM) ■  , o r  acetyl-8-C oA  (ImM) ▲ • Time sam ples were 

ta k en , d i lu te d  in to  s tan d a rd  b u f f e r  and assayed  by th e  s tan d a rd  method.
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Table 15
Pseudo f i r s t  o rd e r  r a t e  c o n s ta n ts  f o r  th e  in h ib i t io n  o f  by

Butanedione In  th e  p resence  o f  G hloraaphen lco l and Acetyl-S-CoA*

Enzyme * 
+ 10

Slow*
?min~

P ro te c t io n
%

«East*,
ICrmin"-^

P ro te c t io n
%

B utanedione
(2S5nM)

33 370

Butanedione + 
(285mM) 

Chloram phenicol 
(ImM)

32 3 227 39

Butanedione + 
(285bM) 

Aeetjlr-S^CoA
(ImM)

15 53 139 62
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Table 16
A c tiv i ty  o f  CAT j j j  m odified by B utanedione a f t e r  removal o f  excess  

re a g e n t and B orate by g e l f i l t r a t i o n .

A c tiv ity  r e l a t i v e  to  
c o n tro l (%).

B efore a p p l ic a t io n  to  GIO column. 5

Time a f t e r  a p p lic a t io n :
2 hours 13

20 hours 10

40 hours 5

The c o n tro l  was an id e n t ic a l  sample o f  unm odified CAT^^^i
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9 .8  G7063-2 In tro d u c tio n .

In  1978 i t  uas rep o rted  by Imagawa e t  ( l3 l )  th a t  th ey  had is o la te d  

an a n ta g o n is t o f chloram phenicol 1851 (a n tip h e n ic o l) . The compound 

(F ig .46b) named by th e  au tho rs  2 -am in o -3 -ca rb o x y -l,4  benzoquinone 5 ,6 -  

epoxide was is o la te d  from S tre ptomyces fu lv o v iola c eu s . I t  showed a 

broad a n t ib a c te r i a l  spectrum w ith  weak a c t i v i t y .  The a n ta g o n is t ic  a c t i v i t y  

seen a g a in s t  chloram phenicol was l im ite d  f o r  o th e r  in h ib i to r s  o f p ro te in  

s y n th e s is .  A n tiphen ico l was found to  be a c tiv e  a g a in s t G ran -p o s itiv e  

and G ram -negative b a c te r ia  in c lu d in g  Pseudomonas sp e c ie s . Yeast and 

fung i were no t a f fe c te d  a t  a c o n ce n tra tio n  le s s  than  lOOpg/ml. A ttem pts 

to  o b ta in  samples o f th i s  compound to  see w hether i t  had any a f f e c t  on 

CAT^jj were u n su cc e ss fu l. However, samples o f a very  s im ila r  compound 

(F ig . 46a) named by the  au th o rs  4” a-in ino-7-oxa-bicyclo |~4,l^ h e p t-3 -e n e -  

2 , 5-d io n e -3-e n e -2 , 5-d io n e -3-carboxam ide (132) were ob ta ined  ( g i f t  from 

G laxo). This compound (known as G7063-2) was is o la te d  from S treptom yces.

In  ^  v i t r o  t e s t s  i t  was m oderately  a c tiv e  a g a in s t  both  G ram -positive 

and Gram -negative b a c te r ia  and weakly a c t iv e  a g a in s t fu n g i. G7063-2 

in h ib ite d  th e  uptake thym idine in to  DMA, u r a c i l  in to  RNA,

[^n jp h en y la lan in e  in to  p ro te in  a n d a c e t y l g l u c o s a m i n e  in to  c e l l  w a lls  

and in h ib i te d  growth o f th e  organism a l l  a t  th e  same tim e; i . e  i t  appeared 

as i f  th e  compound was a c tin g  as a g e n e ra l enzyme po ison . A n tib io tic  

a c t i v i t y  was enhanced i f  th e  medium used fo r  assay  con tained  only  g lucose  

and minimal s a l t s .  V/hen v a rio u s  n u tr ie n ts  were added to  th e  assay  

medium i t  was found th a t  a c t i v i t y  was an tagon ized  by c y s te in e  and 

m ethionine (M. Noble personnal com m unication).

9 .9  In h ib i t io n  o f CAT̂ TT w ith  G7063-2.

I n i t i a l  experim ents in d ic a te d  th a t  G7063-2 d id  in h ib i t  CAT^^Y ( F ig .4 7 ). 

In c lu s io n  o f  both  chloram phenicol (imM) o r  acetyl-S-CoA  (imM) in  th e  

re a c t io n  a ffo rd ed  some degree o f p ro te c t io n .  F ig . 48 shows th e  r a te  o f lo s s  

o f a c t i v i t y  (k) as a fu n c tio n  o f th e  in h ib i to r  c o n c e n tra tio n . The



Fig.46a.
S tru c tu re  o f  G7063-2.

F ig .4 6 b .

S tru c tu re  o f  1851 (A n tiphen ico l)
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Flg.47.
Time coiirae f o r  th e  I n h ib i t io n  o f G7063-2 in  th e  p resence  o f

Chloramrdienicol and A eetyl-8-CoA .

CATjjj (0.2mg/ml) was in cu b ated  a t  37®C in  s tan d a rd  b u f f e r  w ith  G7063-2 

(lOmM) #  , in  th e  p resence  o f  chloram phenicol (ImM) A, ,  a n i  acetyl-S-C oA  

(ImM) a  • Samples were ta k en  a t  i n t e r v a l s , d i lu te d  in to  s tan d a rd  b u f f e r  

and assayed  by th e  s tan d a rd  method#

F i g . 4 8 .

C oncen tra tion  dependence o f  th e  r a te  o f  in a c t iv a t io n  o f  by G7063-2.

In a c t iv a t io n  experim ents were c a r r ie d  o u t u sing  a  range o f  G7063-2

c o n c e n tra tio n s . (0.2mg/ml) was incubated  a t  37^C in  s tan d a rd

b u f f e r  w ith  G7063-2 and sam ples ta k en  a t  in te r v a l s  f o r  a ssa y in g  by th e

s tan d a rd  method. Pseudo f i r s t  o rd e r  r a t e  co n sta n ts  were c a lc u la te d  f o r

each c o n ce n tra tio n  used , u s in g  th e  e q u a tio n  In  E = - k t .
Eo
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average pseudo f i r s t  o rd e r ra te  c o n stan t (k) c a lc u la te d  in  t h i s  l a t t e r  

s e r ie s  o f experim ents using  lOmM G7063-2 was 17.8x10 ^rain ^ as compared 

to  27x10 ^min ^ ob ta ined  in  the  i n i t i a l  experim en ts. As in d ic a te d  in  

Methods 2.25 th e  i n i t i a l  s tock  s o lu tio n  was p a le  yellow . A fte r s to rag e  

f o r  a week a t  th e  so lu tio n  was brown and from the  above d a ta  would

have appeared to  have lo s t  some a c t i v i t y .  I t  has been suggested  (D. Noble) 

th a t  t h i s  could be due to  h y d ro ly s is  o f th e  epoxide r in g .

IVhen th e  p ro te c tio n  by chloram phenicol was in v e s t ig a te d  over a range 

o f  c o n ce n tra tio n s  (O.Ol-lmM) versus 5mM G7063-2 i t  was found (F ig .4.9) 

th a t  very  low c o n cen tra tio n s  o f chloram phenicol were ab le  to  p ro te c t  a g a in s t 

G7063-2 in h ib i t io n .  This wo"Id appear to  in d ic a te  th a t  t h e ’a c t i v e ’ 

co n ce n tra tio n  o f G7063-2 may have b een co n sid erab ly  le s s  th an  i t s  

supposed c o n c e n tra tio n . The lack  o f in h ib i to r y  a c tio n  o f G7063-2 in  the  

poly UG d ire c te d  p ro te in  sy n th es is  assay  (N. Payne and E. C und liffe  

p e rso n a l communication) may a lso  have been re la te d  to  t h i s  apparen t 

d iscrep an cy  in  a c tiv e  c o n s ti tu e n t p re s e n t .



Flg.49.
C on cen tra tio n  dependence o f  th e  p ro te c t io n  by Chloram phenicol o f  th e  

r a te  o f  In a c t iv a t io n  o f  by G7063-2.

GATjjj (0.2mg/ml) was Incubated  a t  37°c In  s tan d a rd  b u f f e r  w ith  G7063-2 

(5mM) w ith  a  range o f  d ilo ram phen lco l c o n c e n tra tio n s  (0*01-lmM).  Samples 

were ta k e n  a t  I n te r v a l s ,  d i lu te d  In to  s tan d a rd  b u f f e r  and assayed  by th e  

s tan d a rd  method. F or each c o n c e n tra tio n  o f  ch loram phenicol used a  pseudo 

f i r s t  o rd e r  r a t e  c o n s ta n t was c a lc u la te d  u sin g  th e  eq u a tio n  In  E = - k t .
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The o v e ra l l  aim o f  th e  s tu d ie s  d e sc rib e d  in  t h i s  th e s i s  v as th e  use 

o f  chem ical m o d if ica tio n  tech n iq u es  to  d e f in e  a c t iv e  s i t e  re s id u e s  o f 

a  chloram phenicol a c e ty l t r a n s fe ra s e  v a r ia n t  which was under s tudy  by 

X -ray d i f f r a c t i o n  and f o r  which amino a c id  sequence d a ta  was a v a i la b le .

The enzyme v a r ia n t  chosen f o r  s tu d y  (CAT^^^) I s  e a s i ly  p u r i f i e d  in  la rg e  

q u a n t i t ie s  by s e le c t iv e  e lu t io n  from a  h l ^ l y  s u b s t i tu te d  a f f i n i t y  r e s in .  

O v e ra ll y ie ld s  o f  pure enzyme fo llo w in g  p u r i f i c a t io n  v a rie d  In  t h i s  s tudy  

between 65 and 80 p e rc e n t. Polyacry lam ide g e l  e le c tro p h o re s is  In  SDS 

gave an ap p aren t m olecular w eight o f  25,000 f o r  th e  p ro te in  monomer. 

M olecular w eights determ ined  by g e l  e le c tro p h o re s is  have tended  to  be an 

u n d erestim ate  f o r  o th e r  CAT v a r i a n t s .  CATj and th e  p ro te in  s p e c if ie d  by 

s tap h y lo co cca l plasm id pG194 have a c tu a l  m olecu lar w eights o f  25,668 

(ŵO) and 25,900 (63) r e s p e c t iv e ly ,  \riien c a lc u la te d  from amino ac id  o r  

DNA sequence d a ta  y y e t have been found to  ru n  r e g u la r l ly  a t  24,000 and 

22,000 (38) r e s p e c tiv e ly  on g e l  e le c t ro p h o r e s is .  This may r e f l e c t  

d i f f i c u l t i e s  In  com pletely  u n fo ld in g  th e  p ro te in  as  mentioned In  S ec tio n  

3 .4 "

CATi i i  was I s o la te d  from a m utant s t r a i n  o f  E .c o l l  (c a rry in g  plasm id 

R387) which I s  ab le  to  grow on 70ppg/ml o f  ch loram phenicol, a  c o n ce n tra tio n  

two fo ld  h ig h e r  th a n  th a t  which norm ally  I n h ib i t s  th e  o r ig in a l  s t r a i n  

h a rb o rin g  th e  gene f o r  O A Tm . The s p e c i f ic  a c t i v i t y  o f th e  enzyme 

I s o la te d  from th e  h igh  re s is ta n c e  s t r a i n  was 1900jimole/mln/mg o f  p ro te in  

measured under s tan d a rd  a ssa y  c o n d itio n s . T his va lue  I s  th e  h ig h e s t  recorded  

s p e c i f ic  a c t i v i t y  w ith in  th e  CAT fa m ily  and I s  4 fo ld  h ig h e r  th a n  th e  

s p e c i f ic  a c t i v i t y  o f  th e  enzyme o f  th e  o r ig in a l  p la sm id -b earin g  s t r a i n .

The e x p e c ta tio n  was t h a t  an organlam  r e s i s t a n t  to  such h ig h  le v e l  o f  

ch loram phenicol might p o ssess  a  h ig h e r  copy number f o r  th e  p lasm id 

c a rry in g  th e  c a t  r e s is ta n c e  gene, o r  In c reased  ex p re ss io n  o f  th e  gene . 

Whether t h i s  I s  a lso  t ru e  f o r  th e  s t r a i n  E .c o l l  J53 (R387; CmTOO) Is  n o t 

known n o r th e  d if fe re n c e  betw een th e  o r ig in a l  CATm and th e  CATm
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p u r i f ie d  in  th e se  s tu d ie s .  The In c re a se  In  c a ta ly t i c  e f f ic ie n c y  o f  th e  

* mutant * I s  p o te n t ia l ly  I n te r e s t in g  and Im p o rtan t, e s p e c ia l ly  In  r e l a t i o n  

to  th e  q u e s tio n  o f how enzymes e v o lv e . A com parative s tu d y  o f th e  * mutant* 

and th e  o r ig in a l  p ro te in  could be undertaken  to  determ ine a t  what l e v e l  

th e  c a ta ly t i c  d if f e r e n c e s  r e s id e .  P o s s ib le  ex p lan a tio n s  In c lu d e  a  change 

in  an amino a c ld (s )  Involved In  th e  c a t a ly t i c  mechanism o f  th e  enzyme 

o r  a  change o f  an amino a c ld ( s )  which a l t e r s  th e  conform ation o f th e  a c tiv e  

s i t e .  The form er would re q u ire  th e  p o s tu la t io n  o f a  change in  mechanism 

and hence seems u n l ik e ly . The lo c a t io n  o f  any amino ac id  change w i l l  be 

determ ined  on ly  by a  compaurlson o f  th e  amino a c id  sequence o f  th e  two 

p r o te in s .

Comparative p e p tid e  mapping u s in g  S .au reu s  V8 p ro te a se  and p apain  and 

O uchterlony Imm unodiffusion experim ents confirm ed th a t  CATm  was r e la te d  

b u t n o t id e n t ic a l  w ith  th e  GATj and p r o te in s .  E q u ilib riu m  b in d in g

experim ents w ith  d ilo ram phen lco l In d ic a te d  a  1 :1  b in d in g  s to ic h io m e try  

p e r  monomer w ith  a  b in d in g  c o n s ta n t o f  15pM a t  4^0 and pH 7 .8 .  Such a  

r e s u l t  doe sn o t d is t in g u is h  betw een a  model id ie re ln  e ad i su b u n it h as  an 

a c t iv e  s i t e  a s  compared w ith  one w herein  re s id u e s  from two con tiguous 

su b u n its  c o n s t i tu te  a  b ind ing  s i t e .  T h is p o in t  h as proved d i f f i c u l t  to  

In v e s tig a te  s in ce  CAT I s  h ig h ly  r e s i s t a n t  to  d is s o c ia t io n  (L .C . Packman, 

U niv. o f  L e ic e s te r ,  Fh.D T h e s is , 1978 ). M lchaells  c o n s ta n ts  f o r  th e  two 

s u b s tr a te s  o f  th e  v a r ia n t  were determ ined  u sin g  a  m odified s p e c tro jh o to -  

m e trlc  a s s a y . The v a lu es  o b ta in e d , 1 7 . ^  f o r  chloram phenicol and 74pM 

f o r  a c e ty l—S—CoA are  n o t d i s s im i la r  to  th o se  re p o rte d  f o r  o th e r  v a r ia n ts  

(3 6 -3 9 ), a  r e s u l t  which su g g es ts  t h a t  th e re  I s  l i k e ly  to  have been a  h ig h  

degree o f  co n se rv a tio n  o f  th e  s u b s t r a te  b in d in g  domains In  th e  CAT * fam ily* 

o f  enzymes. The wide range o f  k ^ ^  v a lu e s  (30 sec“ ^ f o r  S .au reu s  CAT  ̂ to  

780 sec  ^ fo r  CATm In  t h i s  s tudy) y su g g es ts  on th e  o th e r  hand t h a t  

c a t a ly t i c  e f f ic ie n c y  (as  d i s t i n c t  from lig a n d  b in d in g ) may be determ ined  

r a th e r  sm all b u t n o n e th e le s s  c r i t i c a l  changes a t  o r  n e a r  th e  c a t a ly t i c
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cen tre»  In  th e  absence o f  even a  low re s o lu t io n  s t ru c tu re  from X-ray 

d i f f r a c t i o n  d a ta ,  f u r th e r  sp e c u la tio n  i s  m ean ing less . Although o th e r  

fu n c tio n a l  groups a re  c e r ta in  to  p la y  a  ro le  in  th e  mechanism, H is 193 

must be c e n t r a l  in  a  fu n c tio n a l sense  and th e  r e a c t i v i t y  o f  th e  c r i t i c a l  

im idazo le  m oiety  could be a  ’h a n d le ’ f o r  e :q )lo ring  th e  c a ta ly t i c  c e n tr e .  

That I s ,  a  s tu d y  o f th e  r e a c t iv i t y  o f  t h i s  re s id u e  In  s e v e ra l  CAT v a r ia n ts  

which d i f f e r  In  c a ta ly t ic  e f f ic ie n c y  by a lm ost two o rd e rs  o f  magnitude 

might y ie ld  a  p o s i t iv e  c o r r e la t io n  id ilch  would Inform  f u r th e r  s p e c u la tio n s .

P re lim in a ry  chem ical m o d if ic a tio n  experim ents were c a r r ie d  o u t u s in g  

lodoacetam lde and lo d o a c e tlc  a c id .  The pseudo f i r s t  o rd e r  r a t e  c o n s ta n ts  

c a lc u la te d  f o r  th e  In h ib i t io n  were low and v e ry  s im ila r  to  th o se  observed 

w ith  th e  CATj and CAT̂  v a r ia n ts  (T ab le6 , 8) d e s p ite  th e  f a c t  th a t  o n ly  a  

h i s t id in e  re s id u e  was m odified in  th e  l a t t e r  c a se . lodoacetam lde was 

app rox im ate ly  15 tim es as e f f e c t iv e  as an I n h ib i to r  a s  was lo d o a c e ta te . 

Chloram phenicol p ro te c te d  a g a in s t  th e  in a c t iv a t io n  and th e  In c o rp o ra tio n  

o f  l a b e l .  In d ic a tin g  th a t  th e  re s id u e s  m odified  were lo c a te d  w ith in  th e  

ch lo ram fhen lco l b ind ing  s i t e / a c t i v e  s i t e  o f  th e  enzyme. W hilst I t  could 

be dem onstrated  th a t  th e  p resence  o f  acety l-8-C oA  p reven ted  In a c t iv a t io n  

i t  was n o t p o s s ib le  to  show th a t  I t  p rev en ted  la b e l l in g  by lodo

acetam ide because o f  th e  Incom plete rem oval o f  re a g en t by d ia ly s i s  which 

occurred  in  th e  presence o f  s u b s t r a te .  A lte rn a te  methods f o r  th e  rem oval 

o f P l o d o a c e t a m l d e  by , f o r  exam ple, g e l  f i l t r a t i o n  In  th e  p resence  

o f  6M guan id ine  hydro c h lo r id e , were n o t employed b u t might w e ll have 

proved e f f e c t iv e .

The degree  o f  p ro te c t io n  (70%) a g a in s t  I n a c t iv a t io n  observed w ith  

acetyl-S-C oA  was s u rp r is in g  when compared w ith  p rev io u s  r e s u l t s  o b ta in ed  

f o r  o th e r  CAT v a r ia n ts  (Table 6 ) .  The h ig h  deg ree  o f  p ro te c t io n  was 

confirm ed, however, u s in g  th e  s u b s tr a te  analogues acetonyl-S-CoA  and 

methyl-S-CoA. Z aldenaalg  and Shaw (58) I d e n t i f i e d  th re e  d i f f e r e n t  ra d io 

a c tiv e  p e p t id e s -



G ln-Ser“Val-Ala-Gln-CmCys-Th3>-Tyr 

His-Ala-Val-CmCys-AsiMjly^Phe 

CmCys-Asi>-Glu-Tri>-Gly-Ala-Gly^ln 

i n  an analogous l a b e l l in g  experim ent w ith  th e  CAT̂  v a r ia n t .  One p ep tid e  

was id e n t i f i e d  in  th e  analogous experim ent w ith  CAT  ̂ (3 8 )-  

His-CmCys-Ala-Val-Cys 

Comparison w ith  th e  d a ta  o b ta in ed  w ith  th e  v a r ia n t -

Arg-Leu-Pro-CmCys-Gly-Phe 

His-CmHis-Ala

i l l u s t r a t e s  some in te r e s t in g  p o in ts .  Although a  c y s te in e  re s id u e  e x i s t s  

a t  p o s i t io n  31 in  CAT̂  and CATm t h i s  was n o t found to  be th e  m odified 

re s id u e  in  th e  l a t t e r  case (p o s i t io n  31 co rresponds to  th e  c y s te in e  in  

th e  f i r s t  p e p tid e  l i s t e d  abovei In s te a d , a  c y s te in e  re s id u e  corresponding  

to  re s id u e  57 o f  th e  CATj sequence was found to  be l a b e l le d ,  a  r e s u l t  

which may r e f l e c t  d if f e r e n c e s  in  fo ld in g  o f  th e  two v a r i a n t s .  In  t h i s  

connection  i t  may be u s e fu l  to  r e c a l l  t h a t  am id in a tio n  experim en ts w ith  

m e th y lace tim id a te  id e n t i f i e d  a  u n iq u e ly  u n re a c tiv e  and d i f f e r e n t  

ly s in e  re s id u e  in  th e  Type I  and Type I I I  v a r ia n ts  (Lys 136 o f  CATj and 

Lys 38 o f  CATiii)

A fte r  m o d if ic a tio n , b o th  CATm and CAT  ̂ were found to  c o n ta in  3 -  

ca rb o x y m eth y lh is tid in e . Some doubt e x i s t s  a s  to  th e  amino a c id  m odified 

(ard  la b e l le d )  in  th e  corresponding  p e p tid e  (see  above) o f  CATi» A re p e a t 

o f th e  m o d if ic a tio n  experim ent p re v io u s ly  re p o r te d  w ith  CATi gave 

r a d io a c t iv i ty  in c o rp o ra te d  corresponding  to  2 moles o f  P^C _ l a b e l  p e r 

mole o f  enzyme monomer a s  compared w ith  0 .7  moles o f c a rb o x y m eth y lh is tid in e  

and 1 .3  moles o f  carboxym ethy lcysteine by amino a c id  a n a ly s is  (3 8 ) .

Although th e  p o s i t io n s  o f  th e  mcxiified re s id u e s  were n ev er e s ta b lis h e d  

i t  seems l i k e l y  t h a t  th e  d if fe re n c e  observed in  th e  l a b e l l in g  may r e f l e c t  

a s i tu a t io n  whereby e i t h e r  th e  h i s t id in e  o r  th e  c y s te in e  re s id u e  (b u t 

never bo th  to g e th e r)  a re  carboxym ethy lated . The re g io n  o f  th e  prim ary
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s tru c tu re  in  vdiich th e  m odified h i s t id in e  re s id u e  i s  found (192-197) 

i s  h ig h ly  conserved in  a l l  v a r ia n ts  and has th u s  been t e n t a t i v e l y  

proposed as a  l i k e l y  cand ida te  f o r  a t  l e a s t  a  p o r tio n  o f  th e  a c t iv e  s i t e .

The i n a b i l i t y  o f  io d o a ce ta te  to  in h ib i t  th e  enzyme seemed to  support 

the  h y p o th esis  t h a t  a  n e g a tiv e ly  charged re s id u e  may re s id e  a t  o r  n ear 

th e  a c tiv e  s i t e  o f  th e  CATm v a r ia n t ,  a s  p re v io u s ly  suggested  f o r  th e  

CATj v a r ia n t  (5 8 ) . DTNMB and DTNT a re  novel analogues o f  E llm an’ s 

Reagent which were sy n th es ized  to  t e s t  th e  h y p o th esis  t h a t  rem oval o f 

th e  n eg a tiv e  charge would allow  m o d if ica tio n  o f  th e  enzyme. P r io r  to  

q u a n t i ta t iv e  m o d if ica tio n  experim ents w ith  th e  new compounds i t  was 

n ecessa ry  to  c h a ra c te r iz e  them as t h i o l - s p e c i f i c  re a g en ts  and f o r  t h e i r  

a b i l i t y  to  i n h ib i t  th e  a c t i v i t y  o f  C A T m . In  t h i s  re sp e c t DTNMB behaved 

in  th e  expected  manner, g iv in g  a  ^max and e x t in c t io n  c o e f f ic ie n t  very  

s im ila r  to  t h a t  o f  DTNB. DTNT, however couldnot be reduced w ith  2 -  

m ercaptoethanol (a  10,000 fo ld  m olar excess  was t r i e d  to  no a v a i l )  and 

d id n o t i n h ib i t  th e  enzyme. By way o f  c o n tra s t  th e  DTNMB analogue was 

approxim ately  500 tim es as e f f e c t iv e  as  an in h ib i to r  a s  was DTNB a t  a 

10 fo ld  low er c o n ce n tra tio n  o f  re a g e n t. The s to ic h io m e try  o f  th e  

in a c t iv a t io n  p ro cess  w ith  DTNMB (as judged by th e  l i b e r a t i o n  o f th e  

th io la te  anion co n cu rren t w ith  in h ib i t io n )  was one mole o f  t h io l a t e  an ion  

re le a se d  (and hence one mole o f  m odified enzyme) p e r mole o f  CAT monomer. 

In a c t iv a t io n  was v i r t u a l l y  com plete and was re v e rsed  by th e  a d d itio n  o f

2-m ercap toethano l. The la c k  o f  s o lu b i l i t y  o f  th e  compounds in  th e se  

experim ents caused some d i f f i c u l t y  and p reven ted  experim ents to  t r y  and 

modify a  second su lp h y d ry l g roup . Lack o f  s o lu b i l i ty  a lso  p robab ly  

accounted f o r  th e  la c k  o f  r e a c t io n  seen  w ith  DTNT. This compound was on ly  

sp a r in g ly  so lu b le  in  a  range o f  s o lv e n ts ,  gave an u n c h a r a c te r is t ic  

ab so rp tio n  spectrum , and f a i l e d  to  produce th e  e3q>ected yellow  co lo u r on 

a d d itio n  o f  2-m ercaptoe'U ianol.

As th e  p o s i t io n  o f  th e  re s id u e  m odified  by DTNMB was n o t d e term ined , i t  

i s  n o t p o s s ib le  to  say  id ie th e r th e  c y s te in e  re s id u e  m odified  by io d o a c e t-



133

amide vas a lso  m odified by DTNMB* The s e q u e n tia l  tre a tm e n t o f  CATm 

w ith  DTNMB follow ed by lodoacetam lde (d a ta  n o t shown) le d  to  a

re d u c tio n  in  r a d io a c t iv i ty  in c o rp o ra te d  as  compared w ith  th e  c o n tro l 

which was n o t p re tre a te d  w ith  th e  chromogenic d isu lp h id e*  A lth o u ^  i t  

i s  tem pting to  in f e r  t h a t  m o d if ic a tio n  o f  th e  su lp h y d ry l by DTNMB preven ted  

i t s  r e a c t io n  w ith  lodoacetam lde, i t  i s  a ls o  p o s s ib le  t h a t  s t e r i c

h indrance  by th e  bulky  th io n itro b e n z o a te  group may have g e n e ra l ly  

p reven ted  in co rp o ra tio n *

P re lim in ary  s tu d ie s  suggested  th a t  bo th  chloram phenicol and a c e ty l -  

S-CoA were ab le  to  p ro te c t  CATm from in h ib i t io n  by DTNMB, The ap p aren t 

p ro te c tio n  by acetyl-8-C oA  was in v e s t ig a te d  f u r th e r  w ith  th e  analogues 

acetonyl-S-CoA and methyl-S-CoA* Use o f  th e  u n re a c tiv e  th io e th e r s  

dem onstrated  t h a t  th e  p ro te c t io n  seen  w ith  acetyl-S-C oA  was l i k e l y  to  be 

due to  h y d ro ly s is  o f  th e  s u b s tr a te  and g e n e ra tio n  o f  th e  mixed d isu lp h id e  

o f  DTNI-Œ and CoA ^  s i t u , y ie ld in g  a  p seu d o -p ro te c tiv e  e f fe c t*  The slow 

tu rn o v e r o f th e  t h io e s te r  may th u s  p rov ide  ’b u ffer*  t h i o l  to  r e a c t  w ith  

th e  DTN̂ G in  p re fe ren ce  to  th e  r e a c t iv e  enzyme th io l*  The l a t t e r  must be 

p)art o f  o r  c lo se  to  th e  ch loram phenicol b ind ing  s i t e  in  view  o f  th e  

p ro te c t io n  seen  w ith  th e  a n t i b i o t i c ,  a  view expressed  p re v io u s ly  in  

connection  w ith  th e  r e a c t io n  o f  t h i o l  re a g en ts  w ith  th e  CAT  ̂ (58) and 

CATji (43) v a r ia n ts*

Although th e  th re e  e n te r ic  v a r ia n ts  (CAT^, CAT^ and CA Tm ) app)SEur 

to  pjossess a t  l e a s t  one r e a c t iv e  su lp h y d ry l a t  o r  n e a r th e  chloram phenicol 

b ind ing  s i t e ,  th e  s tap h y lo co c ca l v a r ia n t  (CAT^) appears to  be in d i f f e r e n t  

to  th io l - s p je c i f ic  r e a g e n ts .  The p resence  o f  a  r e a c t iv e  c y s te in e  in  CAT 

v a r ia n ts  from Grsua n eg a tiv e  b a c te r ia  h as o f te n  com plicated  th e  i n t e r 

p re ta t io n  o f  experim ents aimed a t  e lu c id a tin g  th e  p e s s ib le  r o le  o f  a  

h i s t i d y l  re s id u e  in  th e  c a t a ly t i c  m edianism.

In  an a ttem p t to  in v e s t ig a te  th e  ro le  o f  h i s t id in e  re s id u e s  in  th e  

CATm p ro te in  w ith o u t in te r fe re n c e  from c y s te in e  re s id u e s ,  DEP was



chosen i n i t i a l l y  as a  ’h i s t id in e  re a g e n t’ because n o t on ly  i s  i t  f a i r l y  

s p e c i f ic  f o r  h is t id in e  re s id u e s  b u t a lso  p re lim in a ry  experim ents w ith  

th e  CATç, v a r ia n t  showed th a t  i t  in h ib i te d  t h i s  v a r ia n t  (3 8 ) . The pH 

o f  th e  b u f f e r  (pH 6*0) was chosen to  maximize th e  r e a c t iv i t y  o f  th e  

im idazo le  group* I t  seems c e r ta in  t h a t  th e  CATm v a r ia n t  c o n ta in s  a t  

l e a s t  two c la s s e s  o f  r e a c t iv e  h i s t id in e  re s id u e s  w ith  DEP s in c e  two r a te s  

o f  lo s s  o f  a c t i v i t y  could be d e fin e d  under th e  co n d itio n s  used* I n i t i a l  

a ttem p ts  to  re v e rse  th e  lo s s  o f  a c t i v i t y  by th e  a d d itio n  o f  hydroxylam ine 

were u n su c c e ss fu l, b u t co n d itio n s  were l a t e r  found in  which th e  ra p id  

lo s s  o f  a c t i v i t y  was p reven ted  by hydroxylamine* The r e v e r s a l  o f  DEP 

in h ib i t io n  by hydroxylam ine d ec rea se s  w ith  tim e , sug g estin g  a  slow b u ild  

up o f  th e  Bamberger in te rm e d ia te s  I  and H  (Fig*31)* Two h i s t id in e  

re s id u e s  were m odified by DEP and th e  m cx iifica tion  o f  one, th e  ’f a s t ’ 

re s id u e , was p ro te c te d  by th e  a d d itio n  o f  chloram phenicol* The l a t t e r  

was u n ab le , however, to  p ro te c t  a g a in s t  th e  ’ slow ’ r a te  o f  lo s s  o f  a c t i v i t y  

in d ic a t in g  th a t  t h i s  re s id u e  was o u ts id e  th e  chloram phenicol b in d in g  s i te *  

Apparent second o rd e r r a t e  c o n s ta n ts  calcm lated  f o r  th e  f a s t  and slow 

in a c t iv a t io n  re a c t io n s  y ie ld  v a lu e s  o f  1 ^  M*”^sec~^ and 10 seo  ^ a t  

25°C re s p e c t iv e ly .  The form er i s  d ra m a tic a lly  h ig h e r  th an  t h a t  f o r  f r e e  

h i s t id in e  (24 M"^sec"^ a t  20^0 {%.)) w h ils t  th e  low er v a lu e  f o r  DEP 

re a c tin g  w ith  CATm resem bles t h a t  f o r  th e  f r e e  amino a c id  more c lo s e ly .  

Pseudo f i r s t  o rd e r r a te  c o n s ta n ts  o b ta in ed  w ith  th e  CATm v a r ia n t  a re  

rem arkably  s im ila r  to  th o se  o b ta in ed  w ith  th e  CAT  ̂ (2 .1  min~^, 0*49 min” ^) 

(38) and CAT^j (2 .8  min"^, 0 .1 0  min"’̂ ) v a r ia n ts  (W.V. Shaw, p e rso n a l 

com m unication).  Under c o n d itio n s  s im ila r  to  th o se  employed in  th e se  

experim ents complete p ro te c t io n  was a ffo rd ed  to  th e  f a s t  r a t e  o f  lo s s  

o f  a c t i v i t y  in  th e  p resence  o f  chloram phenicol f o r  CAT̂  and 75% in  th e  

case o f  CATii*

No a ttem p t was made to  determ ine  th e  p o s i t io n  o f  th e  re s id u e s  m odified  

by DEP u sin g  a r a d io la b e l le d  re a g e n t.  Although experim ents w i t h [ ^ ^



re a g en t (105) and DEP (106) have been d e sc rib e d , ttie se  compounds 

have n o t been w idely  used , probab ly  because c a rb e th o x ÿ h is tid in e  i s  

u n s ta b le  under a c id ic  cond itions*  In  c ircum stances where Bamberger 

cleavage ta k e s  p lace  th e  l a b e l  i s  no t l o s t ,  b u t th e  im idazole group i s  

destroyed*  D esp ite  t h i s  com plication  i t  m i ^ t  have been u s e fu l  to  have 

used ra d io a c tiv e  DEP to  confirm  th e  amino a c id  a n a ly s is  which was s u b je c t 

to  some v a r ia tio n *

An a l te r n a t iv e  to  th e  use o f  DEP f o r  m o d if ic a tio n  o f  th e  h i s t id in e  

re s id u e s  o f  CATm was th e  re a g en t î-fNBS, an in h ib i to r  used by Bender to  

modify H is 57 o f  chym otrypsin (107 ). P re lim in a ry  s tu d ie s  rev ea led  th a t  

t h i s  re a g e n t d id  in h ib i t  th e  enzyme ir r e v e r s ib ly *  GhloramjÆienicol 

p ro te c te d  a g a in s t  in h ib i t io n  o f  CATm b u t acetyl-S-C oA , acetonyl-S-CoA  

and methyl-S-CoA f a i le d  to  do so , f u r th e r  ev idence f o r  th e  lo c a t io n  o f 

a  h i s t id in e  re s id u e  w ith in  o r  contiguous w ith  th e  chloram phenicol b ind ing  

s i t e .  The p resence  o f  methyl-S-CoA a c tu a l ly  a c c e le ra te d  th e  r a t e  o f 

in h ib i t i o n .  Methyl-S-CoA a lso  reduced p ro te c t io n  seen w ith  ch lo ram ihen ico l 

a s  d id  acetonyl-S-C oA . Likewise p ro te c t io n  a ffo rd e d  by th e  u n re a c tiv e

3-flu o ro ch lo ram p h en ico l was reduced by th e  p resence  o f  acety l-S -C oA .

One h y p o th es is  to  e x p la in  o r  re c o n c ile  th e se  o b se rv a tio n s  in v o lv es  a  

model id ie re in  d i s to r t io n  o f th e  a c tiv e  s i t e  geom etry ta k es  p lace  w ith  

methyl-S-CoA b u t n o t ( a t  l e a s t  to  th e  same deg ree) w ith  th e  b in d in g  o f  

a c e to n y l-S -  Co A o r  acety l-8-C oA . An in c re a se  (approx im ate ly  two fo ld )  was 

observed f o r  th e  d is s o c ia t io n  c o n s ta n t f o r  chloram phenicol in  th e  p resence  

o f  methyl-S-CoA over th a t  w ith  ch loram phenicol a lo n e . I t  would be 

tem pting  to  invoke t h i s  as ev idence t h a t  th e  b in d in g  o f methyl-S-CoA 

causes a  confo rm ationa l change in  th e  chloram idienicol b in d in g  s i t e  

a llow ing  e a s ie r  access  f o r  th e  re a g e n t MNBS. The unusual e f f e c t  seen  w ith  

methyl-S-CoA may, on th e  o th e r  hand, in d ic a te  a  requ irem en t f o r  th e  

carbonyl group o f  an acyl-S-CoA lig a n d  f o r  p ro p e r b in d in g .



Since MNBS in h ib i te d  th e  enzyme, i t  was sy n th es ized  in  r a d io a c tiv e  

form from p -n itro b en zen e  su ljh o n y l c h lo r id e . The l a t t e r  compound ra p id ly  

in h ib i te d  th e  enzyme, an e f f e c t  which was no t exp lored  f u r th e r  s in ce  

ch loram phenicol, acetonyl-S-CoA  and methyl-S-CoA a l l  f a i l e d  to  p ro te c t  

a g a in s t  th e  lo s s  o f a c t i v i t y .  Since f u l l  a c t i v i t y  o f th e  enzyme could be 

re s to re d  on a d d itio n  o f  2 -m ercap toethano l, a  r e a c t iv e  su lp h y d ry l group 

o u ts id e  th e  s u b s tr a te  b in d in g  s i t e s  seems l i k e l y  to  have been m odified .

When CATm was m odified b y j^ ^ c ]  MNBS no d if fe re n c e  was observed 

between samples m odified i n  th e  p resence  o r  absence o f methyl-S-CoA, 

w h ils t  chloram phenicol reduced th e  le v e l  o f in c o rp o ra tio n . The in c o rp o ra tio n  

o f  -m ethy l in to  th e  p ro te in  confirm ed th e  p rev io u s  sp e c tro jiio to m e tr ic  

o b se rv a tio n  th a t  th e  compound (MNBS) was m eth y la tin g  r a th e r  th an  

su ljh o n y la tin g  th e  p r o te in .  A nalysis o f  a  hydro lysed  sample o f  enzyme on 

a  s i l i c a  p la te  showed th a t  th e  r a d io a c t iv i ty  was to  be found in  3 -m ethy l 

h i s t id in e  r a th e r  th a n  1 -m e th y lh is tid in e .  The presence  o f  methyl-S-CoA d id  

n o t a l t e r  th e  p o s i t io n  o f  th e  in co rp o ra ted  l a b e l ,  a  r e s u l t  idiich would 

in d ic a te  t h a t  th e  in c re a se  in  r a te  o f  in a c t iv a t io n  o f  th e  CATm by MNBS 

in  th e  presence  o f methyl-S-CoA was n o t due to  th e  m o d if ic a tio n  o f  an o th er 

re s id u e . The e x ac t lo c a t io n  o f  th e  m odified  re s id u e  in  th e  p rim ary  

s t ru c tu re  has y e t to  be determ ined d e f in i t i v e ly .  I t  would a ls o  be u s e fu l 

to  examine f u r th e r  th e  c a ta ly t i c  p ro p e r t ie s  (K^ and v a lu es) o f  th e  

m odified enzyme. In  th e  case o f  chym otrypsin th e  s u b s tr a te s  were bound 

w ith  th e  same a f f i n i t y  a f t e r  m o d if ic a tio n  and th e  enzyme re ta in e d  a  low 

le v e l  o f  c a ta ly t i c  a c t i v i t y  (1 0 8 ). Sm all lo c a l  changes in  th e  p re c is e  

p o s i t io n  and o r ie n ta t io n s  o f  th e  s id e  ch ain s o f H is 57 and S er 195 were 

th ough t to  account f o r  th e  observed c a ta ly t i c  r a t e .  A c a r e fu l  k in e t i c  

exam ination  o f  th e  m odified  p ro te in  may th e re fo re  re v e a l w hether a  

s im ila r  case e x i s t s  f o r  th e  CATm v a r ia n t .

The r e s u l t s  o f th e  experim ents w ith  DEP and MNBS le d  to  th e  co n clu sio n  

th a t  h i s t id in e ( s )  were im p o rtan t in  th e  c a ta ly t i c  mechanism o f  th e  CATm
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p ro te in .  T h is was f u r th e r  te s te d  u sin g  th e  dye ro se  b en g a l, an an io n ic  

dye which i s  known to  be s e le c t iv e  f o r  h i s t id in e s  (114,115)• The p ro te in  

was in h ib i te d  by th e  dye in  th e  p resence o f  l i g h t  and s in ce  th e  in h ib i t io n  

was dependent on th e  io n iz a t io n  o f a  group w ith  a  pK^ o f  6 .4  i t  would 

appear t h a t  a  h i s t id in e  group has indeed been m od ified . Acetyl-S-CoA 

p ro te c te d  a g a in s t  th e  lo s s  o f  a c t i v i t y ,  i r t i i ls t  ch loram phenicol f a i le d  to  

do so . These r e s u l t s  can be c o n tra s te d  w ith  th o se  o b ta ined  w ith  th e  CAT̂  

v a r ia n t  w ith  which methylene b lue was used (5 9 ) . In  t h i s  c a se , ch lo ram ^ien ico l 

r a th e r  th a n  acetyl-S-C oA  a ffo rd ed  p ro te c t io n .  T his may r e f l e c t  th e  f a c t  th a t  

methylene b lue  i s  c a t io n ic  w h ils t ro se  bengal i s  an a n io n ic  d y e . The 

B s u its  o f  th e  experim ents w ith  th e  dye ro se  bengal le d  to  th e  h y p o th esis  

th a t  p o s i t iv e ly  charged groups w ith in  th e  acetyl-S-C oA  b in d in g  s i t e  may 

be in f lu e n c in g  th e  b in d in g  o f  th e  d y e . Experim ents were th u s  dev ised  to  

see w hether th e se  groups were lo c a ted  in  th e  acetyl-S-C oA  b in d in g  s i t e ,  

and hence could be in fe r r e d  in  th e  b in d in g  o f  th e  s u b s t r a t e ,a  no t uncommon 

occurrence f o r  n e g a tiv e ly  charged s u b s tr a te s  (1 2 1 ,1 2 2 ,1 2 3 ). Two c la s s e s  

o f  re a c t iv e  groups were observed on m o d if ica tio n  o f  CATm w ith  th e  

reag en t b u tan ed io n e . Acetyl-S-CoA p ro te c ts  a g a in s t  th e  in h ib i t io n ,  in d ic a tin g  

th a t  p o s i t iv e  charges a re ,  indeed , lo c a te d  w ith in  th e  acetyl-S-C oA  b ind ing  

s i t e .  S p e c if ic  fu n c tio n s  o f  a c tiv e  s i t e  a rg in in e s  can, however, v a ry  

from d i r e c t  to  p a r t i a l  to  a lm ost no p a r t i c ip a t io n  in  coenzyme b in d in g .

Since acetyldephospho-S-CoA i s  n o t a  s u b s tra te  fo r  th e  enzyme (29) t h i s  

would im ply th a t  a rg in in e  groups a re  re q u ire d  f o r  th e  b in d in g  o f th e  

s u b s tra te  in  th e  case o f  th e  CAT v a r ia n t s .  I t  would be u s e f u l  to  lo c a te  

th e  a rg in in e  groups m odified in  th e  p rim ary  s t r u c tu r e .  Butanedione

i s  no t a v a i la b le ,  however, s in ce  i t  i s  very  u n s ta b le  and r a p id ly  po lym erises 

v ia  a  p ro cess  though t to  be i n i t i a t e d  by th e  em ission  from ra d io a c tiv e  

decay (1 2 9 ). The a l t e r n a t iv e  a rg in in e  m odifying re a g en t ph en y lg ly o x a l can 

be ob ta in ed  in  a  s ta b le  ra d io a c tiv e  form so t h i s  re a g en t i s  o f te n  used
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in  co n ju n c tio n  w ith  b u tan ed io n eto  id e n t i f y  m odified g ro u p s. I t  i s  le s s  

s e le c t iv e  f o r  a rg in in e  th a n  bu tanedione and some l a b i l i t y  o f  th e  la b e l  

has been noted  in  subsequen t frag m en ta tio n  and i s o la t io n  p rocedu res (130). 

Phenylg lyoxal need n o t n e c e s s a r i ly  modify th e  same a rg in in e  re s id u e s  th a t  

were la b e l le d  w ith  b u tan ed io n e , b u t i t  would be u s e f u l ,  however, to  

extend th e se  p re lim in a ry  s tu d ie s  by using  ph en y lg ly o x a l.

The f i n a l  m o d if ic a tio n  d e sc rib e d  in  th e se  s tu d ie s  w ith  th e  epoxide 

a n t ib io t i c  G7063-2 i s  n o t r e a l l y  r e la te d  to  th e  p re v io u s ly  d e sc rib e d  

s tu d ie s  b u t d id  y ie ld  some in te r e s t in g  i f  unexpected r e s u l t s .  D esp ite  

d i f f i c u l t i e s  w ith  th e  s t a b i l i t y  o f  th e  compound i t  was found to  be a 

good in h ib i to r  o f  and f u l l  p ro te c t io n  could be a ffo rd e d  by

chloram ^dienicol. The p r o te c t io n  by acetyl-8-C oA  wae n o t in v e s t ig a te d  

f u r th e r  due to  la c k  o f  a v a i l i b i l t y  o f re a g e n t. F u r th e r  in v e s t ig a t io n s  

o f  t h i s  p ro te c t io n  u s in g  th e  non r e a c t iv e  analogues, acetonyl-S-CoA  and 

methyl-S-CoA are  re q u ire d  in  o rd e r  to  s u b s ta n t ia te  w hether th e  p ro te c t io n  

was *real* o r  ' ap p a ren t * ( th a t  i s ,  due to  th e  in te r fe re n c e  o f  th e  in h ib i to r  

by acetyl-S-CoA ) • I n i t i a l l y  i t  may appear cu rio u s  t h a t  th e  re a g e n t 

re a c te d  w ith  th e  enzyme in  such a  s p e c i f ic  manner. Tanaka e t  ^  (5 6 ), 

however, have re p o r te d  th e  in h ib i t io n  o f  CAT̂  by b a s ic  tr ijA ien y l methane 

dyes and CAT̂  i s  a lso  a b le  to  b ind  f u s id ic  a c id , a  s te r o id  which b ears  

l i t t l e  obvious s t r u c tu r a l  r e la t io n s h ip  to  chloram^dienicol# I n te r e s t in g ly  

an o th er case has been re p o r te d  in  which an epoxide a n t i b i o t i c  in h ib i t s  

an enzyme in  a  s p e c i f ic  m anner. The a n t ib io t i c  p e n ta lac to n e  is o la te d  from 

Streptom yces can i n h i b i t  g lycera ld eh y d e  3-phosphate  dehydrogenase.  

P e n ta la c to n e , an ep o x id e , was found to  c o v a le n tly  b ind  an e s s e n t i a l  t h i o l  

group o f  th e  enzyme (133) • I t  seems f e a s ib le  t h a t  G7063-2 i n t e r a c t s  w ith  

th e  r e a c t iv e  t h i o l  group in  th e  chloram phenicol b in d in g  s i t e  o f  th e  CAT^j^ 

p ro te in .

In  co n c lu sio n , th e r e f o r e ,  th e se  s tu d ie s  have id e n t i f i e d  a  r e a c t iv e  

su lp h y d ry l group ( id e n t i f i e d  by s tu d ie s  w ith  iodoacetam ide and DTNMB)
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and a r e a c t iv e  h i s t id in e  ( id e n t i f ie d  by s tu d ie s  w ith  iodoacetam ide, DEP, 

ro se  bengal and MNBS) • In  both  cases th e  re s id u e  must be lo c a te d  e i th e r  

a t  o r  n e a r th e  a c t iv e  s i t e  s in ce  th e  s u b s tr a te s  o f  th e  enzyme, chloram

p h en ico l and acetyl-S-CoA  a re  ab le  to  p ro te c t  a g a in s t th e  lo s s  o f  a c t iv i ty #  

P r io r  to  t h i s  work re a c t iv e  t h i o l  groups had been id e n t i f i e d  w ith in  o r  

n e a r  th e  CAT̂  and CAT^  ̂ a c t iv e  s i t e s ,  b u t when th e  experim ents w ith  th e  

s u l0 iy d ry l  re a g en ts  were rep ea ted  w ith  CAT̂  (see Table 6) no s ig n i f ic a n t  

lo s s  o f  a c t i v i t y  was observed . The CAT  ̂ v a r ia n t  was, however, found to  be 

in h ib i te d  by DEP and th e  dye methylene b lue  (59) in d ic a t in g  a r e a c t iv e  

h i s t id in e  in  th e  p ro te in .  From th e se  r e s u l t s ,  th e re fo re ,  i t  was u n c le a r  

w hether th e  Gram n eg a tiv e  and Gram p o s i t iv e  v a r ia n ts  use d i f f e r e n t  

c a ta ly t i c  mechanisms based on su lp h y d ry l and h i s t id in e  re s id u e s  re s p e c t

iv e ly  o r  w hether th ey  share  a  common mechanism using  one o f  th e se  re s id u e s . 

The CATjjj v a r ia n t ,  however, has been found to  be s e n s i t iv e  to  re a g en ts  

w hidi modify im idazole and su lp h y d ry l groups and hence th e se  r e s u l t s  

in d ic a te d  th a t  Gram n eg a tiv e  v a r ia n ts  were s e n s i t iv e  to  h i s t i d in e  d ire c te d  

re a g e n ts .  L a te ly  t h i s  o b se rv a tio n  has been confirm ed s in c e  CAT̂  and CAT^  ̂

have bo th  been found to  be s e n s i t iv e  to  in h ib i t io n  by DEP (W.V. Shaw, 

p e rso n a l com m unication). I n te r e s t in g ly  th e  pseudo f i r s t  o rd e r  r a t e  co n stan ts  

f o r  th e  CATjjj, CAT^  ̂ and CAT̂  (w ith  re s p e c t to  in h ib i t io n  by DEP) a re  

rem arkably  s im i la r .  There i s ,  however, g re a t  v a r i a b i l i t y  i n  th e  r a t e s  o f  

in a c t iv a t io n  observed f o r  th e  CAT v a r ia n ts  when t r e a te d  w ith  su lp h y d ry l 

d ire c te d  re a g e n ts .

A schem atic r e p re s e n ta t io n  o f  th e  * a c tiv e  s ite *  o f  a  CAT v a r ia n t  

i s  shown in  F ig .50. S ite  A i s  l i k e l y  to  c o n s is t  o f  hydrophobic (arom atic)

fu n c tio n a l  groups t h a t  in t e r a c t  w ith  th e  C  ̂ s u b s t i tu e n t  o f  ch loram phenico l.
E c.orr«sporkd^ ^  VVjç VKiol ^roop

S ite  B would correspond to  H is 193*^w h ils t  S i te  C would correspond  to  th e

a rg in in e  re s id u e s  id e n t i f ie d  in  experim ents w ith  bu tan ed io n e . Three

p o s it io n s  o f  in te r a c t io n  ai*e shown w ith  th e  a n io n ic  p o r t io n  o f  acetyl-S-CoA

b u t th e  a c tu a l  number o f  a rg in in e  re s id u e s  w ith in  th e  a c e ty l—S-CoA
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v a r ia n t .



b in d in g  s i t e  and t h e i r  p re c is e  ro le  i s  unknown* A c o n s tr a in t  on th e  

s iz e  o f  th e  a c y l s u b s t i tu e n t  p robab ly  e x i s t s  a t  S i te  D s in ce  t r a n s f e r  

d rops o f f  f o r  s u b s t i tu e n ts  lo n g e r th a n  th e  p ro p io n y l m oiety (54)*

H is t id in e  193 m odified by iodoacetam ide in  i s  conserved in  a l l

CAT v a r ia n ts  s tu d ie d  so f a r ,  in d ic a t in g  th e  im portance o f  t h i s  re g io n  

b u t w ith o u t r e a l l y  sp ec ify in g  a  p a r t i c u la r  ro le*  A g e n e ra l base mechanism 

would be com patible w ith  th e  known k in e t ic  d a ta  and would hence a ss ig n  

a ro le  to  t h i s  u n iq u e ly  r e a c t iv e  h i s t id in e  residue*  I t  could be p o s tu la te d  

t h a t  th e  r e a c t io n  mechanism proceeds by one o f two r o u te s - e i th e r  th e  

p ro to n  o f  th e  Cj hydroxyl i s  l a b i l i s e d  o r  a  stepw ise  mechanism occurs  

w ith  an i n i t i a l  a t ta c k  a t  th e  Cg carbon o f  th e  a c e ty l  group* Both o f  

th e se  mechanisms would allow  f o r  th e  slow tu rn o v e r o f  acetyl-S-C oA  

when i t  i s  in cu b a ted  w ith  CAT in  th e  absence o f ch lo ran q iien lco l, a  

s i tu a t io n  w herein w a ter a c ts  as  th e  a c e ty l  a ccep to r o r  source o f  th e  

n u c leo p h ile  a t ta c k in g  th e  carbonyl o f  acetyl-S-CoA* F u th e r experim ents 

u s in g  d i f f e r e n t  tech n iq u es  (NMR spec tro scopy  and X-ray d i f f r a c t i o n  

a n a ly s is )  a re  re q u ire d  to  confirm  th e  presence  o f  and th e  r o le  o f  th e  

h i s t id in e  in  th e  a c t iv e  s i te *

F u r th e r  chem ical m o d if ica tio n  experim ents could tak e  two d ire c tio n s *

A d e ta i le d  exam ination  and comparison o f  th e  o th e r  e n te r ic  (Gram n eg a tiv e ) 

v a r ia n ts  m odified  w ith  MNBS, DEP and ro se  bengal would p rov ide  u s e fu l 

in fo rm a tio n  on th e  ro le  o f  h i s t id in e  in  th e se  v a r ia n ts*  Chemical 

m o d if ic a tio n  s tu d ie s  o f  o th e r  CAT p r o te in s ( f o r  example, th o se  from 

P ro teu s  and Haemophilus sp e c ie s )  would a lso  c o n tr ib u te  to  th e  o v e ra l l  

u n d ers tan d in g  o f  th e  CAT fam ily*

A second and perhaps more prom ising approach would to  co n tinue  to  

in v e s t ig a te  CAT^^^ as an enzyme *in i t s  own r ig h t  * * I d e n t i f i c a t io n  o f  

th e  lo c a t io n  o f  th e  r e a c t iv e  a rg in in e  re s id u e s , f o r  exam ple, would 

c o n tr ib u te  to  a  more d e ta i le d  u n d erstand ing  o f  th e  geom etry o f  th e  a c tiv e  

s i t e ,  and i d i i l s t  th e  s u l^ iy d ry l  groups may n o t be invo lved  d i r e c t l y  in  

th e  c a t a ly t i c  medianism f u r th e r  e:q>eriments may re v e a l w hether th e y  p la y
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any r o le  a t  a l l  in  th e  a c tiv e  s i t e  o f  th e  enzyme* A sm all m o d if ic a tio n  

(analogous to  th e  m é th y la tio n  o f  th e  h i s t id in e  re s id u e  by MNBS) o f  th e  

r e a c t iv e  su lp h y d ry l group in  th e  chloram phenicol b ind ing  s i t e  may c l a r i f y  

i t s  ro le*  Most o f  th e  su lphydry l m odifying re a g e n ts  used w ith  th e  CAT 

system have been bu lky  (NEM, DTNB,DTP) b u t Z aldenzaig  and Shaw (58) have 

re p o rte d  th e  m o d if ic a tio n  o f  CATj u s in g  th e  re a g e n t potassium  cyanide*

CATj was m odified  w ith  a  1*5 fo ld  excess o f  DTP such th a t  95% in a c t iv a t io n  

occurred* A fte r  d i a ly s i s  to  remove excess re a g en t th e  m odified enzyme was 

t r e a te d  w ith  a  5 fo ld  m olar excess o f  cyanide* 0*74 moles o f  CN~

were in tro d u ced  p e r  mole o f  enzyme monomer b u t no r e a c t iv a t io n  o f  th e  

enzyme was noted* The la c k  o f  r e a c t iv a t io n  o f  th e  enzyme suggested  e i th e r  

a  reduced c y s te in e  was e s s e n t ia l  f o r  c a ta ly t i c  a c t i v i t y  o r  th e  confo rm ational 

c o n s tr a in ts  on th e  c y s te in e  sequence were c r i t i c a l  and could n o t even 

accommodate a  CN~ s u b s t i tu t io n ,  o r  t h a t  th e  i n i t i a l  r e a c t io n  produced an 

i r r e v e r s ib le  confo rm ationa l change* The use o f  th e  reag en t methane th io -  

su lfh o n a te  (a  re a g e n t which m eth y la tes  su lp h y d ry l groups) d e sc rib e d  by 

Bloxham would a llow  reexam ination  o f  th e se  hypotheses*
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S tu d ie s  on a  C hloram phenicol A c e ty lt ra n s fe ra s e  V a rian t

by Angela Jane Come y

An E .c o l i  C hloram phenicol A c e ty lt ra n s fe ra s e  Type I I I  v a r ia n t  has 
been p u r i f ie d  and c h a ra c te r iz e d *  The v a r ia n t  has been shown to  be 
r e la te d  t o ,  b u t n o t i d e n t i c a l , t o  th e  E .c o l i  Type I  and Type I I  v a r ia n ts*  

I n h ib i t io n  s tu d ie s  w ith  th e  re a g e n ts  Iodoacetam ide and io d o a ce ta te  
rev ea led  t h a t  iodoacetam ide was 15 tim e s  jas e f f e c t iv e  as an in h ib i to r  
as  was io d o a c e ta te *  E xperim ents w ith  L cl^ iodoacetam ide gave an 
in c o rp o ra tio n  o f  ap p ro x im a te ly  1 mole o f  L d) l a b e l  p e r mole o f 
enzyme monomer* Two unique ra d io a c t iv e  p e p tid e s  were i s o la te d  and 
sequence a n a ly s is  in d ic a te d  t h a t  a  h i s t i d in e  and a c y s te in e  re s id u e  
were m odified* The s u b s t r a te s ,  ch loram phenico l and acetyl-S-C oA  were '
bo th  ab le  to  p r o te c t  a g a in s t  th e  lo s s  o f  a c t i v i t y .

To t e s t  th e  h y p o th e s is  t h a t  a  n e g a tiv e ly  charged re s id u e  was 
n ea r th e  a c t iv e  s i t e  o f  th e  v a r ia n t  th e  5>5* d i th io b i s  (2 -n itro b e n z o ic  
ac id ) a n a lo g u e s , 5 ,5  d ith io b is (2 -n itro m e th y lb e n z o a te )  and 5 ,5 ' d i th io 
b is  ( 2 - n i t r o to lu e ne) were c h a r a c te r iz e d .  The l a t t e r  was found n o t to  be 
s u i ta b le  a s  an  i n h i b i t o r  b u t th e  fo rm er r a p id ly  in h ib i te d  th e  enzyme. 
Chloram phenicol was a b le  to  p r o te c t  a g a in s t  th e  lo s s  o f  a c t i v i t y ,  
su p p o rtin g  th e  h y p o th e s is  t h a t  a  r e a c t iv e  su lp h y d ry l group e x is te d  n e a r o r  
in  th e  ch lo ram phen ico l b in d in g  s i t e .

The h i s t i d i n e  re s id u e  was f u r th e r  in v e s t ig a te d  u sin g  th e  re a g e n ts  
d ie th y lp y ro c a rb o n a te  (DEP) and m ethyl n itro b en z en e  su lphonate  (MNBS).
DEP m odified  two h i s t i d i n e  r e s id u e s ,  one w ith in  th e  ch loram phenicol 
b in d in g  s i t e  and one o u ts id e  th e  s u b s t r a te  b in d in g  s i t e s .  R ad io ac tiv e ly  
la b e l le d  MNBS was s y n th e s is e d  and a n a ly s is  o f  th e  m odified  enzyme 
re v ea led  th e  fo rm a tio n  o f  3 -m e th y lh is tid in e .T h e  acetyl-S-C oA  analogues, 
acetonyl-S-C oA  and methyl-S-CoA, were sy n th e s ise d  and c h a r a c te r is e d .  
Methyl-S-CoA was found to  a c c e le r a te  th e  r a t e  o f  in h ib i t io n  seen  w ith  
MITOS and in c re a s e d  th e  d i s s o c ia t io n  c o n s ta n t o f  ch loram phenicol w ith
re s p e c t  to_ th e  enzyme. -------   -

P re lim in a ry  s tu d ie s  were a ls o  c a r r ie d  o u t w ith  th e  re a g e n ts  ro se  
b en g a l, b u tan ed io n e  and an epoxide a n t i b i o t i c .

The d a ta  s u g g e s ts  t h a t  a  r e a c t iv e  h i s t i d i n e  and c y s te in e  re s id u e  
e x i s t s  w ith in  o r  n e a r  th e  a c t iv e  s i t e  o f  th e  v a r i a n t .  A proposed r e a c t io n  
mechanism w ith  th e  h i s t i d i n e  re s id u e  a c t in g  as  a  g e n e ra l base  i s  p o s tu la te d .
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