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ABSTRACT.



I  Four e le c tro p h o re t ic  v a r ia n ts  o f  ch lo ram phen ico l a c e ty l  t r a n s f e r a s e  

(e . g . 2 .3 .1 .9 9 )  have been p u r i f ie d  to  hom ogeneity from  c e l l - f r e e  e x tr a c ts  

o f  s tap h y lo co c c i by a f f i n i t y  chrom atography. A ll fo u r  enzymes show 

s im ila r  Km v a lu es  fo r  th e  s u b s t r a te s ,  a c e ty l  Coenzyme A and D ,th re e  

ch lo ram phen ico l. Amino a c id  an a ly se s  and t r y p t i c  p e p tid e  maps o f  th e  

fo u r  enzymes a re  s im ila r .

I I  The N -term ina l sequences o f  seven ch loram phen ico l a c e ty l t r a n s f e r a s e  

v a r ia n ts  from  bo th  Gram p o s i t iv e  and Gram n e g a tiv e  b a c te r ia  have been 

determ ined  by  th e  method o f  Edman d eg ra d a tio n  o f  p ro te in s  c o v a le n tly  

a tta c h e d  to  s o l id  phase su p p o rts . MDre th an  90 p e rc e n t o f  th e  p rim ary  

sequence o f  one o f th e  s tap h y lo co c ca l v a r ia n ts  has been d e term in ed .

I I I  K in e tic  s tu d ie s  and th e  r e s u l t s  o f  chem ical m o d if ic a tio n  experim ents 

have im p lic a te d  th e  im portance o f  a h i s t id in e  re s id u e  in  th e  mechanism 

o f  c a t a l y s i s ,  and a unique h i s t id in e  re s id u e  in  th e  n a t iv e  enzyme has 

been found to  r e a c t  w ith  iodoacetam ide w ith  consequent fo rm a tio n  o f  

3 -am id o carb o x y m eth y lh is tid in e . There i s  no ev idence o f  a  c o v a le n t 

acyl-enzym e in te rm e d ia te  in  th e  c a ta ly t i c  p ro c e ss .

IV The use o f  secondary s t r u c tu r e  p re d ic t io n  methods has a llo w ed  th e  

com parison o f  bo th  p rim ary  and p re d ic te d  secondary  s t r u c tu r e s  o f  th e  

N -të rm in i o f  te n  ch loram phenicol a c e ty l t r a n s f e r a s e  v a r i a n t s .

The r e s u l t s  o f  th i s  s tu d y  a re  c o n s is te n t  w ith  th e  view t h a t  th e  

ch lo ram phen ico l a c e ty l t r a n s f e r a s e  enzymes have evo lved  from  a common 

a n c e s t r a l  p ro te in  and, a lth o u g h  t h e i r  p rim ary  sequences d i f f e r  

c o n s id e ra b ly  in  some c a s e s , t h e i r  secondary  s t r u c tu r e s  and c a t a l y t i c  

mechanism a re  l i k e ly  to  be s im i la r .
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CHAPTER I .

INTRODUCTION.



2.

The d isc o v e ry  o f  ch loram phenico l as th e  b a c te r io s ta t i c  ag en t in  c u l tu re s  

o f  S treptom yces venezuelae  was made in d ep en d en tly  by two la b o r a to r ie s  in  

19U7 ( 1 , 2 ) and chloram phenico l was th e  f i r s t  broad  spectrum  a n t ib io t i c  

ijitro d u ced  in to  m e d ic in a l use to  i n h i b i t  th e  growth o f  b a c te r ia  (3 ).

I t  was th e  f i r s t  a n t ib io t i c  to  be ch em ica lly  sy n th e s ise d  (L) and i s  s t i l l  

th e  o n ly  a n t ib io t i c  i n d u s t r i a l l y  produced in  t h i s  way.

C hloram phenicol (CM) has been shorn to  b in d  to  th e  50S su b u n it o f  

p ro k a ry o tic  ribosom es (5 ) and i s  though t to  i n h i b i t  th e  p e p t id y l  t r a n s f e r a s e  

r e a c t io n  (6 ) so p re v e n tin g  p ro te in  sy n th e s is  and c e l l  grow th. S ince th e  CM 

m olecule has two asymm etric carbon atom s, fo u r  s te reo iso m e rs  a re  p o s s ib le .

The two e ry th ro iso m e rs  a re  b io lo g ic a lly *  in a c t iv e  and th e  I - th re o - is o m e r  i s  

l e s s  th a n  0 .5  p e rc e n t ,  as  a c t iv e  as  th e  n a tu r a l  D -th ree -iso m er.

CM r e s i s t a n t  s t r a i n s  had been i s o la te d  by 195L (7 ) and r e s i s ta n c e  i s  now 

f r e q u e n t ly  encoun tered  among many genera  o f  b a c te r ia .  A part from  th e  i n t r i n s i c  

to le ra n c e  o f  c e r t a in  m icro-organism s (e .g .  fu n g i ,  m ycobac te ria  and 

Pseudomonas ) ,  v i r t u a l l y  a l l  examples o f  a ^ cq u ired  CM r e s is ta n c e  among 

e u b a c te r ia  a re  due to  enzymic a c é ty la t io n  and in a c t iv a t io n  o f  th e  

a n t ib io t i c  by ch loram phenico l a c e ty l t r a n s f e r a s e  (E .C . 2 .3 .1 .9 9 )  w ith  a c e ty l  

CoA se rv in g  as  th e  a c y l donor (8 ) . The p rim ary  p ro d u c t o f  th e  r e a c t io n  i s

3 -a c e ty l  CM, th e  1 ,3  d ia c e ty l  p ro d u c t i s  o n ly  fohnd a f t e r  p ro longed  

in c u b a tio n  o f  s u b s t r a te s  w ith  enzyme (9 , 1 0 ) and i s  p ro b ab ly  formed by 

non-enzym ic a c y l t r a n s f e r ,  fo llow ed  by a second enzymic a c y la t io n  re a c t io n  

to  g ive  1 ,3  d ia c e ty l  CM (f ig u re  1 ) . The 0 -ace to x y  d e r iv a t iv e s  o f  CM do n o t 

b in d  to  b a c t e r i a l  ribosom es, f a i l  to  i n h i b i t  p ro te in  s y n th e s is  and a re  

co n seq u en tly  devoid  o f  a n t ib io t i c  a c t i v i t y  (1 1 ). The s y n th e s is  o f  CAT i s  

a c o n s t i tu t iv e  p ro p e r ty  o f  CM r e s i s t a n t  members o f  th e  E n te ro b a c te r ia c e a e  

w hereas Gram p o s i t iv e  sp ec ie s  such as s ta p h y lo c o c c i o r  s t r e p to c o c c i



F ig u re  : 1.

C hloram phenicol a c e ty l t r a n s f e r a s e  c a ta ly se d  

r e a c t io n .  A c é ty la tio n  o f ch lo ram phen ico l, pH 

optimum 7 . 8 .
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h.

s y n th e s is e  CAT o n ly  a f t e r  exposure to  CM o r  c lo s e ly  r e l a t e d  analogues 

p o s se s s in g  in d u cer a c t i v i t y  (1 2 ). The CAT s t r u c tu r a l  genes (and re g u la to ry  

l o c i  in  th e  in d u c ib le  system s) a re  a s s o c ia te d  •with p lasm ids i n  m ost (b u t 

n o t a l l )  o f  th e  c a se s  examined to  d a te  (1 3 ) . In  th e  c a se s  o f  th e  th re e  

(lÿ p es  I ,  I I  and I I I )  v a r ia n ts  o f  CAT s p e c if ie d  by R p lasm ids in  e n te r ic  

b a c t e r i a ,  th e  CM r e s is ta n c e  d e te rm in an t i s  u s u a l ly  o n ly  one o f  s e v e ra l  

r e s i s ta n c e  m arkers p re s e n t .  The R p lasm ids in  q u e s tio n  a re  u s u a l ly  la rg e  

(more th a n  30x 10^ d a lto n s )  and t h e i r  r e p l i c a t io n  i s  r e g u la te d  to  y ie ld  o n ly  

one copy p e r  c e l l .  The in d u c ib le  CAT system  in  s ta p h y lo c o c c i i s  c a r r ie d  on 

sm all p lasm ids (3x 10^ d a lto n s  o r  l e s s )  which sp e c ify  no known fu n c tio n s  

o th e r  th a n  CM r e s is ta n c e  and which e x i s t  a s  m u lti-co p y  r e p l i e ons ( ^2 ) .

Most o f  th e  a t t e n t io n  to  d a te  has fo cu sed  on th e  th r e e  n a tu r a l l y  

o c c u rr in g  v a r ia n ts  o f  CAT which a re  R - fa c to r  lin k e d  and a re  found in  th e  

E n te ro b a c te r ia c e a e  (R -fa c to r  ty p e s  I ,  I I  and I I I ) .  S ig n i f ic a n t  d if f e r e n c e s  

have been observed  between CAT v a r ia n ts  w ith  re s p e c t to  n e t  ch arg e  o f  th e  

n a t iv e  p r o te in ,  s u b s t r a te  a f f i n i t y ,  s e n s i t i v i t y  to  t h i o l  i n h i b i t o r s ,  h e a t 

d é n a tu ra t io n  and im m unological r e a c t i v i t y  ( lL , 8 , 1^ , 16, 17, 1 8 ). More 

r e c e n t  s tu d ie s  have re v e a le d  d if f e r e n c e s  in  e lu t io n  b eh av io u r on a f f i n i t y  

and hydrophobic chrom atographic su p p o rts  (1 9 ) . One v a r ia n t  o f  R - fa c to r  

CAT (ty p e  I I )  has been shown to  be e s p e c ia l ly  s e n s i t iv e  to  i n h ib i t i o n  by a 

s u lf h y d r y l- s p e c i f ic  re a g en t ( l 5 ) .  ^

A ll CAT v a r ia n ts  s tu d ie d  in  d e t a i l  a re  te tra m e r ic  p r o te in s  composed o f  

fo u r  i d e n t i c a l  su b u n its  o f  m o lecu lar w eigh t 2^,000 d a lto n s  (96,000  d a lto n s  

p e r  te t r a m e r )  w ith  th e  ex cep tio n  o f  th re e  * rogue ' CAT ty p es  (R -fa c to r  .

type  I I I  , A grobacterium  tum efaciens and Streptom yces a c r im y c in i) which 

have a su b u n it m o lecu lar w eigh t o f  2^,000 d a lto n s  (2 0 ). C e r ta in  CAT v a r ia n ts  

have been  shown to  undergo su b u n it h y b r id iz a tio n  i n  "vitro  o r ,  i n  some case s  

in  v ivo  ( l 6 , 21 ) .
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C om paratively  l i t t l e  i s  known o f  th e  mechanism o f  th e  enzyme r e a c t io n  

save f o r  th e  o b se rv a tio n  th a t  CAT i s  a b s o lu te ly  s p e c if ic  f o r  th e  D -th reo - 

isom er o f  CM and re q u ire s  an a c y l donor which i s  a s h o r t  ch a in  f a t t y  a c y l  

t h io e s t e r  o f  Coenzyme A (12). Both ATP and ADP a re  c o m p e titiv e  i n h ib i to r s  

o f  CAT w ith  r e s p e c t  to  a c e ty l  CoA, su g g es tin g  th a t  th e  a c y l  donor i s  

re c o g n ise d  v ia  th e  adenine n u c le o tid e  m o ie ty  o f  th e  coenzyme (12 ,  2 2 ) .

A la r g e  number o f  analogues o f  CM have been sy n th e s is e d  in  th e  hope o f  

f in d in g  a compound w ith  a n t ib io t i c  a c t i v i t y  which i s  n o t a  s u b s t r a te  f o r  

CAT. A lthough such an analogue has n o t y e t  been found th e  analogues have 

been u s e f u l  in  d e te rm in in g  th e  n e ce ssa ry  s t r u c tu r a l  f e a tu r e s  f o r  e f f e c t iv e  

a c y la t io n  by CAT. P rev ious s tu d ie s  have shown th a t  th e  p a ra  s u b s t i tu e n t  and 

th e  N -s u b s ti tu e n t  a re  r e l a t i v e l y  u n im p o rtan t whereas th e  s t e r i c  c o n f ig u ra t io n  

(D -th reo ) and th e  1 ,3  p ro p an d io l s u b s t i tu e n t  a re  o f  extrem e im portance  in  

d e te rm in in g  th e  a b i l i t y  o f  analogues to  a c t  a s  a c y l a c c e p to rs  ( 2 3 ) .

A lthough th e  com plete p rim ary  s t r u c tu r e  o f  an e n te r ic  CAT (ty p e  I ,  

p lasm id  JR66 ) i s  known (W.V. Shaw, D.B. B u rle ig h , A. D e ll, H. M orris  and 

B .S. H a r tle y , in  p re p a ra t io n )  and X -ray c r j ’-s ta lo g rap h ic  s tu d ie s  a re  in  

p ro g re s s  v i r t u a l l y  n o th in g  i s  known o f  th e  p rim ary , secondary  o r  t e r t i a r y  

s t r u c tu r e s  o f  o th e r  CAT v a r ia n ts  and t h i s  i s  p a r t i c u l a r l y  t ru e  o f  th e  CAT 

v a r ia n ts  from Gram p o s i t iv e  b a c te r ia .

Im m unological s tu d ie s  w ith  a n t i s e r a  a g a in s t  type  I  CAT (p lasm id  JR6 6 ) ,  

type  I I I  CAT (p lasm id  R38? ) and type  C s tap h y lo co c ca l CAT (p lasm id  C221 ) 

in d ic a te  t h a t  th e re  i s  c o n s id e ra b le  homology w ith in  th e  s ta p h y lo c o c c a l 

v a r ia n ts  b u t m ajor d if f e r e n c e s  may e x i s t  between th e  Gram p o s i t iv e  and Gram 

n e g a tiv e  v a r ia n ts  ( 17 , l 5 ,  16 . )

The p re s e n t  s tu d y  was conceived  w ith  th e  fo llo w in g  g o a ls  in  m ind:

a .  to  p u r i f y  each o f  th e  fo u r  ( ty p es  A ,B ,C r^ d  D) e l e c t r o p h o r e t i c a l ly  

d i s t i n c t  v a r ia n ts  found in  s tap h y lo co c c i ( l 6 ) and to  c h a r a c te r i s e  them by
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k in e t ic  a n a ly s is ,  chem ical m o d if ic a tio n , amino a c id  a n a ly s i s ,  p e p tid e  maps 

and N -te rm in a l sequence d e te rm in a tio n s .

b . to  déterm ine as  much o f  th e  p rim ary  s t r u c tu r e  o f  a s ta p h y lo c o c c a l 

CAT v a r ia n t  (ty p e  C, p lasm id  C221 ) as m ight be re q u ire d  to  make a 

m ean ingfu l com parison w ith  th e  known amino a c id  sequence o f  th e  p lasm id  JR66 

(ty p e  I )  enzyme.

c .  and to  determ ine th e  c o r r e la t io n ,  i f  any , between CAT v a r i a n t s ,  

typed  by  e le c tro p h o r e t ic  m o b ili ty , im m unological s tu d ie s  e t c . ,  w ith  t h e i r  

N -te rm in a l sequences.

I t  was hoped th a t  such a s tu d y  would b r in g  th e  knowledge o f  s tap h y lo co c ca l 

CAT v a r ia n ts  more in  l i n e  w ith  t h a t  o f  t h e i r  R -fa c to r  c o u n te r p a r ts ,  in c re a s e  

o u r u n d e rs tan d in g  o f  th e  mechanism o f  c a t a ly s i s  and , by com paring CAT 

v a r ia n ts  from  a w ider v a r ie ty  o f  o rgan ism s, de term ine  i f  th e  CAT p ro te in s  

a re  homologous in  p rim ary  and (by th e  u se  o f  p r e d ic t iv e  m odels) secondary  

s t r u c t u r e . I f  homology e x is t s  w ith in  th e  CAT p ro te in s  a  sy s te m a tic  s tu d y  

a t  th e  p rim ary  sequence le v e l  may in d ic a te  th e  e x te n t o f  ex trachrom osomal 

gene t r a n s f e r  in  m ic ro b ia l system s.
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CHAPTER I I .

MATERIALS AND METHODS.
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A. M a te r ia ls .

Chem icals.

D i th io th r e i to l ,y d  -m ercap to e th an o l, ch lo ram phen ico l and ch lo ram phen ico l

base  were purchased  from th e  Sigma Chemical C o., U .S .A ., d ie th y la m in o e th y l

and carboxym ethyl c e l lu lo s e  from  th e  Whatman C o rp o ra tio n , D L-threonorpseudo

ep h ed rine  HCl from  Phase S ep a ra tio n s  L td . ,  d an sy l amino a c id s ,  Whatman

chrom atography p a p e r , polyam ide th in  la y e r  chrom atography s h e e ts  and

6-amino hexanoic a c id  from BDH Chemicals L td . , io d o a c e tic  a c id  a n d f ^ C ^

iodoacetam ide from  th e  Radiochem ical C en tre , Amersham, B ucks., io n  exchange

r e s in s  from L o carte  S c ie n t i f ic  In s tru m en ts  C o ., London, m e th y ld ic h lo ro a c e ta te

from  A ld rich  Chem icals C o., Milwaukee, U .S .A ., Sephadex g e ls  and S ep h arose

i; B from  Pharm acia (GB) L td . ,  London, 1 - c y c lo h e x y l-3 - ( 2 -m o rp h o lin o e th y l) -

carb o d iim id e  m eth o -p -to lu en esu lp h o n ate  from  Pluka AG S w itz e rla n d ,

dim ethylform am ide, N -m ethylm orpholine, t r i f l u o r o a c e t i c  a c id ,  t r ie th y la m in e ,

O.Um d im e th y la lly lam in e  b u f f e r ,  pH 9 .5 , a c e t o n i t r i l e ,  p h e n y lis o th io c y a n a te ,
o

m e th y liso th io c y a n a te , aminopo ly s  t y r  ene r e s i n ,  amino p ro p y l g la s s  (? 5A p o r o s i ty ) ,  

g u an id in e  h y d ro ch lo rid e  and 5 , 5 ’ d i th io b is - ( 2 -n i t ro b e n z o ic  a c id )  from  P ie rc e  

Chemical C o., U .S .A ., m ethanol, d ie h lo ro e th a n e  and p y r id in e  from  R athbum  

Chem ical C o ., P e e b le s h ire , S c o tla n d , alum ina th in  la y e r  chrom atography sh e e ts  

(c o n ta in in g  f lu o r e s c e n t  in d ic a to r )  from Merck, Germany, c h lo rm e th y la ted  

b io -b e a d s  S-Z1 from Bio-Rad, U .S.A . and d i is o th io c y a n a te  from Eastman 

C hem icals, U .S.A . D L -th reo -2 -d ich lo ro ace ta rn id o -p -n itro p h e n y l-1 -hydroxypropane 

(3-deoxy CM) was sy n th es ised  by th e  method o f  Rebstock (6U) from  D L-threo­

norpseudo ephed rine  h y d ro c h lo rid e . M ethyl d ic h lo ro a c e ta te  and e th y l  a c e ta te  

were r e d i s t i l l e d  b e fo re  u se . D iis o th io c y a n a te , io d o a c e tic  a c id  and 

iodoacetam ide were r e c r y s t a l l i s e d  b e fo re  u s e . A ll  o th e r  chem ica ls  and 

re a g e n ts  were o f  th e  h ig h e s t  p u r i t y  a v a i la b le  and were used  w ith o u t f u r th e r  

p u r i f i c a t i o n .
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Enzymes.

C arboxypeptidases A and B were o b ta in e d  from  Sigma Chemical C o .,

< /-chym otrypsin  and deoxyribonuclease  from B.D.H. Chem icals L t d . ,  ly S o s ta p h in  

from  Schwarz-Mann and s tap h y lo co c ca l p ro te a se  (Ÿ8 ) from  M iles (R esearch  

D iv is io n )  L td . E la s ta se  was a g i f t  from Dr. S ho tton . Com m ercially a v a i la b le  

t r y p s in  (B .D .H .) c o n ta in s  s u b s ta n t ia l  amounts o f  o th e r  p ro te a s e s  and was 

p u r i f i e d  by a f f i n i t y  chrom atography as d e sc r ib e d  in  ’M ethods’ . The CAT 

v a r i a n t  from Haemophilus p a ra in f lu e n z a e  and th a t  s p e c i f ie d  by p lasm id  RU29 

in  E. c o l i  were p u r i f i e d  in  t h i s  la b o ra to ry  by Mr. J .  Keyte and Mr. L. 

Packman r e s p e c t iv e ly .
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B a c te r ia l  s t r a i n s .

O r ig in a l S p ec ies . P re se n t Host S t r a in . P lasm id 

( i f  known)

C.A .T.

ty p e .

R ef.

K le b s ie l la  sp . E. c o l i  ¥677 JR66 I (2h)

K le b s ie l la  sp . E. c o l i  J53 Ri|29 I (25)

S h ig e lla  sp . E. c o l i  J53 S-a I I (26)

S h ig e lla  f le x n e r i E. c o l i  J53 R387 I I I (25)

Haemophilus

P a ra in f lu e n z a e E. c o l i  J53 »CT» I I (27 )

S treptom yces ac rim y c in i S. ac r im y c in i 2236 ? 7 (28)

 ̂F lavobacterium * 0 ? (29)

S .a u re u s S . au reus ?

(c u ra b le  ) A (16)

S. ep id erm id is S. ep id erm id is  39NC ?

(c u ra b le )

B (16)

S. au reus S. au reus 8325 pC221 0 (17)

S. au reu s S. au reus ?

(c u ra b le )

D (16)
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B. M ethods.

2.1 C u ltu re  M ethods.

In  view o f  th e  h ig h  r a te  o f  lo s s  o f  p la sm id -lin k e d  ch lo ram phen ico l 

r e s i s ta n c e  (3 0 ) , a l l  s t r a in s  were f r e q u e n t ly  su b c u ltu re d  on Penas say  ag ar 

c o n ta in in g  50^g/m l ch loram phenico l to  m a in ta in  p la sm id -r ic h  s to c k  c u l tu r e s .  

P i l o t  experim ents were c a r r ie d  o u t w ith  b a c te r ia  grown on Penas sa y  n u t r i e n t  

b ro th  a t  37°C on a ro ta r y  sh ak e r. The la r g e  s c a le  p re p a ra t io n  o f  CAT 

in v o lv ed  th e  grow th o f  S. au reus s t r a i n  C221 in  300 l i t r e s  o f  n u t r i e n t  b ro th  

a t  th e  p i l o t  p la n t  f a c i l i t y  o f  th e  M c ro b io lo g ic a l  R esearch E s tab lish m en t, 

P o r t on Down, under th e  su p e rv is io n  o f  Dr. A tk inson . In d u c ib le  s t r a in s  were 

induced  by th e  in c lu s io n  o f  0.02mM D ^L-threo-3-deoxy CM in  th e  growth medium

2.2  P r o te in  D e term in a tio n .

P ro te in  c o n c e n tra tio n s  w ere determ ined  by th e  method o f  Lowry e t  a l  (31 )• 

When amino a c id  an a ly se s  were a v a i la b le  p r o te in  c o n c e n tra tio n s  o f  pure 

enzymes were determ ined  by amino a c id  a n a ly s is  o r  e x t in c t io n  a t  280 nlh 

(img. C221 CAT/ml. 50mM T r is ,  pH 7 .8 ,  has an absorbance o f  1.1 O.D. u n i t s ) .

2 .3  Enzyme D e te c tio n . CAT A ssay.

The r a te  o f  ch loram phenico l a c é ty la t io n  was de term ined  by th e  

spec tro p h o  tome t r i e  method (1 7 ) . This method i s  based on th e  s to ic h io m e tr ic  

l i b e r a t i o n  o f  1 mole o f  reduced  Coenzyme A p e r  mole o f  ch lo ram phen ico l 

a c e ty la te d  and by th e  coupled r e a c t io n  o f  reduced  CoA w ith  5 ,5 ’ - d i th io ^ b is -

2 -n itro b e n z o ic  a c id  which i s  determ ined  a t  i;12 nMi (m olar e x t in c t io n  

c o e f f i c i e n t  1 3 ,6 0 0 ).

2.1; Chrom atography♦

A f f in i ty  chrom atography -  t r y p s in  p u r i f i c a t i o n .

Commercial t r y p s in  p re p a ra t io n s  c o n ta in  s ig n i f i c a n t  amounts o f  

chym otrypsin  and o th e r  p ro te a se s  which c lea v e  p o ly p e p tid e s  a t  s i t e s  o th e r  - . . 

th an  ly s in e  o r  a rg in in e  re s id u e s .  In  o rd e r  to  remove th e se  p r o te o ly t ic
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enzymes t ry p s in  was ro u t in e ly  p u r i f ie d  by a b so rp tio n  on to  a sep h aro se  m a trix  

c o n ta in in g  c o v a le n tly  bound soya bean t r y p s in  i n h ib i to r  ( S .T . I . ) .

P re p a ra tio n  o f  S .T . I . -  sep h aro se .

100ml ( s e t t l e d  volume) o f  washed S epharose iiB was s t i r r e d  w ith  100ml o f  

w a te r  a d ju s te d  to  pH 11.0  w ith  2M NaOH. Ug o f  f i n e l y  ground cyanogen bromide

was added and th e  pH m ain ta in ed  a t  11.0  by  th e  a d d it io n  o f  2M NaOH.

Tem perature was m ain ta ined  a t  20°C by th e  a d d it io n  o f  i c e .  A f te r  l5  m inutes 

th e  m ix tu re  was poured on to  a s in te re d  g la s s  f i l t e r  and washed w ith  2,000ml 

o f  i c e  c o ld  w a te r fo llow ed by 2,000ml o f  c o ld  0.5M NaHCO^. The a c t iv a te d  g e l 

was r e  suspended in  100ml o f  ic e  co ld  0.5M NaHCO  ̂ c o n ta in in g  260mg soya bean 

t r y p s in  in h ib i to r  and s t i r r e d  slow ly  o v e rn ig h t a t  i;°C. The m ix tu re  was th en  

t r a n s f e r r e d  to  a column and washed w ith  500ml o f ;

1. 0 .5 m NaHCO .̂

2. 1.0M NaCl.

3 . 0.1M g ly c in e , pH 9 .0 .

U. 0 .5 m sodium a c e ta t e ,  pH 3 .0 .

5 . W ater.

6 . S ta r t in g  b u f f e r ,  0.1M T r is  HCl, pH 7.1+20mM CaCl^.

C ap ac ity  o f  column = Img t r y p s in  bound/ml bed volume.

E lu tio n  b u f f e r s .

B u ffe r I  lOQrtiM T r is  HCl (pH 7.1 ) c o n ta in in g  20mM CaClg 

B u ffe r I I  5mM sodium a c e ta te  (pH i |.5 )  " " **

B u ffe r I I I  3mM HCl " ” ”

T rypsin  was d is so lv e d  in  b u f f e r  I  (5mg/ml) and a p p lie d  to  th e  S .T . I .  column 

and unbound p ro te in s  e lu te d  w ith  b u f fe r  I .  Chymo t r y p s in  i s  e lu te d  by b u f fe r  

I I  and f i n a l l y  pu re  t ry p s in  e lu te d  by b u f f e r  I I I .  E lu ted  t r y p s in  

c o n c e n tra tio n  i s  determ ined  fro m :' img/ml t r y p s in  has O.D.^qq o f  1.1; O.D. 

u n i t s  and i s  s to re d  a t  -20°C in  th e  e lu t io n  b u f f e r .
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P re p a ra tio n  o f CAT s p e c if ic  a f f i n i t y  r e s i n s .

Sepharose h B (lOOg) was suspended in  iiOQml o f  w a te r  and a c t iv a te d  by 

cyanogen bromide (lO g ), th e  pH be in g  m a in ta in ed  a t  11 .0  by th e  a d d i t io n  o f  

5M NaOH. A fte r  l5  m inutes th e  a c t iv a te d  sepharose  was washed w ith  w ater 

(2 l i t r e s )  and r e  suspended in  lOOmM NaHCO  ̂ (UOQml) and 50g o f  6-am inohexanoic 

a c id  added. This was slow ly  s t i r r e d  a t  1|.°C f o r  21; ho u rs  and r e s u l te d  in  a 

r e s in  c o n ta in in g  10 y /e q u iv a le n ts  o f  ca rb o x y l groups p e r  ml bed volume o f  g e l .  

The hexanoic a c id  s u b s t i tu te d  sepharose was washed w ith  lOOmM NaHCO^,’

50mM NaOH, lOOmM a c e t ic  a c id  and f i n a l l y  w a te r . The s u b s t i tu te d  sepharose  

was suspended in  w a te r and th e  re q u ire d  amount (see  Table I )  o f  th e  f r e e  

amine o f  ch loram phen ico l (D th re o  1 -p -n itro p h e n y l-2 -a m in o  1 ,3  hydroxypropane) 

was added to g e th e r  w ith  lOg o f  a  w a ter so lu b le  carbodiimide^^ T his was slow ly  

s t i r r e d  a t  room tem peratu re  f o r  21; hours and f i n a l l y  washed w ith  50mM T ris  

HCl b u f f e r ,  pH 7 .8 ,  c o n ta in in g  1M NaCl (2 l i t r e s ) .  The r e s in  was th e n  poured 

in to  a column o f  th e  re q u ire d  s iz e  and e q u i l ib r a te d  w ith  50mM T r is  HCl b u f f e r ,  

pH 7 .8 .  By v a ry in g  th e  amount o f  ’ch loram phenico l b a s e ’ added to  th e  hexanoic 

a c id  d e r iv a t i s e d  sepharose and th e  number o f  tim es th e  co u p lin g  r e a c t io n  

betw een th e  hexanoic a c id  d e r iv a t is e d  sep harose  and th e  ’ch lo ram phen ico l 

b a s e ’ i s  perform ed , a r e s in  c o n ta in in g  2 - 1 0 ^ e q u iv a le n ts  o f  l ig a n d  can be 

o b ta in e d . I t  i s  im p o rtan t to  n o te  th a t  add ing  more th a n  5g o f  ’ch lo ram phen ico l 

base ’ under th e  c o n d itio n s  s ta t e d  does n o t in c re a s e  th e  amount o f  bound ' 

l ig a n d . I t  seems l i k e l y  t h a t  th e  h y d ro ly s is  o f  th e  w a te r  s o lu b le  carb od iim ide  

i s  th e  l im i t in g  f a c to r  and to  o b ta in  r e s in s  c o n ta in in g  more th a n

e q u iv a le n ts  lig a n d /m l g e l a second o r t h i r d  round o f  co u p lin g  (u s in g  an 

a d d i t io n a l  lOg carbod iim ide  each tim e ) must be perform ed.
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Table I .

Weight 'CM b a se ' 

coupled .

Number o f tim es 

coupled.

yyeq, lig an d /m l bed

volume g e l (K^eq* 
COOH/ml).

1 .2g . 1 2-3

5 .0 g . 1 L-5

5 .0 g . 2 7-8

5 .0 g . 3 9-10

Carboxymethyl c e l lu lo s e .

Carboxymethyl c e l lu lo s e  io n  exchange columns e q u il ib ra te d  w ith  8 M 

urea/20mM ammonium a c e ta te ,  pH 5 .0 , were used in  the  se p a ra tio n  o f  la rg e ,  

in s o lu b le  p ep tid e s  generated  by cyanogen bromide c leavage o f  p ro te in s  

(C hapter IX). Whatman carboxymethyl c e l lu lo s e  (CM 52) was suspended in  

th e  u rea  b u ffe r  and poured in to  a 1x25cm g la s s  column. P r io r  to  use  the  

column was f u l l y  e q u ilib ra te d  by washing w ith  the  urea/ammonium a c e ta te  

b u f fe r  (500ml).

Sulphonated p o ly s ty re n e .

D igests which re s u lte d  in  a la rg e  number o f sm all p e p tid e s  ( t r y p t i c ,

chym otryptic  and e la s ta s e  d ig e s ts )  were i n i t i a l l y  sep a ra ted  by a b so rp tio n
<,uip^ync

on to  th e  top  o f  a jack e ted  column (bed volume 30ml ) o f  Dowox-^G i o n -  

exchange re s in  (32 ) p re -e q u il ib ra te d  in  th e  pyrid in ium  form w ith  0.1 M 

p y r id in e /a c e ta te  b u f f e r ,  pH 3 .1 . The p ro d u c ts  were f r a c t io n a te d  a t  50°C 

w ith  500ml o f p y r id in e /a c e ta te  g ra d ie n t d ev ised  so th a t  th e  r a te  o f  

in c re a se  in  pH was as l in e a r  as p o ss ib le  r i s in g  from pH 3.1 to  pH 5 .0 .

f ~ W ,  /vCo J ^  l o  i i v \  t e c )  ,
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The column was finally washed with pyridine/acetate buffer, pH 6.5. Flow 

rate was UOml/hour and 3ml fractions were collected.

Gel filtration.
Sepharose gels (Sephadex-Pharmacia) and polyacrylamide gels (Bio-Rad P- 

resins) were pre-swollen according to the manufacturers * instructions in 

the required running buffer, poured into a column of the required size and 

washed with 3 column volumes of running buffer prior to use. Samples were 

dissolved in a minimum volume (<3 percent of the column volume) of the 

eluting buffer and carefully layered on to the top of the column. The 

samples were allowed to run into the top of the column, the remaining 
space at the top of the column filled with running buffer and the column was 

then connected to a reservoir of the running buffer.

2.5 Electrophoresis.

High voltage paper electrophoresis.

Peptide solutions were applied as 1cm bands to Whatman chromatography 
paper, dried in a current of air and sharpened to the origin by careful 

application of buffer before electrophoresis. Internal fluorescent 

markers (33), dyes and amino acid mixtures as side markers (3U) were used. 

Electrophoresis was performed at pH 6.5, pH 3.5 or pH 2 .1 .

Electrophoretic mobilities.

The electrophoretic mobilities of peptides at pH 6.5 were measured from 

the neutral band to allow for electroendosmotic flow and at pH 2.1 from the 

origin. Mobilities at pH 6.5 were calculated relative to free aspartic acid 
(basic peptides having a negative value) and mobilities at pH 2.1 being 

calculated relative to free serine. These mobilities were used to determine 

the correct allocation of amide groups in peptides containing asparagine 

and glutamine (35).
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P olyacry lam ide  g e l s .

P u r i f i c a t io n  o f  p ro te in s  and la rg e  p e p tid e s  was m onito red  by S .D .S . 

p o lyacry lam ide  (11.5  p e rc e n t)  s la b  g e l e le c tro p h o r e s is  u s in g  th e  b u f fe r  

system  o f  Laemmli ( 36 ) . P ro te in s  and p e p tid e s  were d e te c te d  by s ta in in g  

w ith  Coomassie b lu e . Polyacry lam ide (7 .5  p e rc e n t)  g e ls  o f  n a t iv e  p ro te in s  

were ru n  in  b u f f e r ,  pH 8 . 8 . S DS. gc/g,

2 .6  D e tec tio n  o f  p e p tid e s .

a . Columns.

Gel f i l t r a t i o n  and carboxym ethyl c e l lu lo s e  columns were connected  to  a

co n tin u o u s flow  re c o rd in g  spec tro p h o to jn e te r and th e  e lu a te  from  th e  column

m onito red  a t  280nM. I f  th e  e lu t in g  b u f f e r  had a low a b so rp tio n  a t  23QnM th e

c o l le c te d  f r a c t io n s  were m anually  m onito red  a t  230n)0. Samples (20y(rl) from

each f r a c t io n  were taken  f o r  co un ting  when d ig e s ts  were perform ed on

ra d io  ac t i  v e ly  d e r iv a t i s e d  p r o te in s .  Samples (5 0 y /l)  were removed from each
^o\pke>*iic. <xu4

f r a c t io n  c o l le c te d  from Dowox 50~ columns and a p p lie d  a s  co n tig u o u s bands 

a long  th e  o r ig in  o f  sh ee ts  o f  Whatman No. 1 chrom atography p ap er and 

f r a c t io n a te d  by h ig h  v o lta g e  paper e le c tro p h o re s is  a t  pH 6 .5  to  g ive  p e p tid e  

'f i n g e r p r i n t s '  from which th e  lo c a t io n  o f  each p e p tid e  in  th e  e lu a te  cou ld  

be seen . From th e  d i s t r ib u t io n  o f  p e p tid e s  a r a t i o n a l  p o o lin g  o f  f r a c t io n s  

cou ld  be made. If
b . P ap e r.

A f te r  each e le c tro p h o r e t ic  ru n  th e  p ap er was d r ie d  in  a  c u r r e n t  o f  warm 

a i r  and th en  examined under U.V. l i g h t  to  d e te c t  th e  p o s i t io n s  o f  th e  

f lu o r e s c e n t  i n t e r n a l  m arkers and f lu o r e s c e n t  bands t h a t  accompany try p to p h an  

c o n ta in in g  p e p tid e s .  The whole sh e e t o r ,  in  p re p a ra t iv e  ru n s , gu ide  s t r i p s  

c u t  from  th e  edge o f  th e  s h e e t ,  were th e n  s ta in e d  w ith  cadm ium -ninhydrin 

re a g e n t and d r ie d  in  a  c u r re n t  o f  warm a i r  u n t i l  th e  i n i t i a l  c o lo u rs  o f  th e
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p e p tid e  sp o ts  developed . The p ap ers  were th e n  s to re d  o v e rn ig h t i n  po ly thene  

bags a t  room tem p era tu re  and any changes in  co lo u r n o te d , th e  c o lo u rs  

g iv in g  some in d ic a t io n  o f  th e  N -te rm in a l re s id u e  o f  th e  p e p tid e  (g ly c in e  o r  

th re o n in e  -  y e llo w , s e r in e  o r  a s p a r ig in e  -  o ran g e -y e llo w , v a l in e  o r  

i s o le u c in e  -  r e d ,  develop ing  l a t e . ) The s p e c i f ic  c o lo u r  t e s t s  f o r  p e p tid e s  

c o n ta in in g  try p to p h an  (37) and a rg in in e  (38) were a ls o  used  where 

a p p ro p r ia te ,  a f t e r  i n i t i a l  s ta in in g  w ith  th e  f lu o r e s c e n t  s t a i n  L -p h en y lsp iro  

j ^ r a n - 2  (3H)-1 - p h th a l a ^ - 3 ,3  ’ d ione ( f lu o re  sc amine ). Radio ac t i  v e ly  la b e l le d  

p e p tid e s  were d e te c te d  by au to  ra d io  graphy o v e rn ig h t on Kodak Ko d ire x  KD5T 

X -ray  f i lm .

2 .7  Amino a c id  a n a ly s e s .

N a tiv e  enzyme was h y d ro ly sed  in  6N HCl c o n ta in in g  10 nm oles/m l phenol to  

p re v e n t lo s s  o f  ty ro s in e  f o r  2L, L8 and 72 hours a t  105°C in  evacuated  P y rex  

tu b e s . The chromatograms o b ta in e d  were in te g r a te d  m anually  and a f t e r  

n o rm a lis a tio n  o f  th e  th re e  s e t s  o f  d a ta ,  a mean was tak en  f o r  each  o f  th e  

amino a c id s  ex cep t th re o n in e , s e r in e ,  v a l in e  and is o le u c in e .  Threonine and 

s e r in e  v a lu e s  were e x tra p o la te d  back to  zero  tim e and v a lin e  and is o le u c in e  

72 ho u r h y d ro ly s is  v a lu es  (which were c o n s i s te n t ly  g r e a te r  th a n  th e  2k and . 

L8 ho u r v a lu e s )  used  in  c a lc u la t in g  th e  amino a c id  com position  o f  p ro te in s .  

P erfo rm ic  a c id  o x id ise d  and carboxym ethy lated  enzymes were h y d ro ly sed  under 

i d e n t i c a l  c o n d itio n s  f o r  L8 h o u rs . P e p tid e s  p u r i f ie d  from d ig e s ts  were a lso  

h y d ro ly sed  under i d e n t i c a l  c o n d itio n s  f o r  2h hours and a re  ex p ressed  

u n c o rre c te d  f o r  any lo s s e s .  Amino a c id  a n a ly se s  were perform ed on a  s in g le  

column amino a c id  a n a ly se r  o b ta in e d  from  L o carte  S c ie n t i f i c  In s tru m en ts  Co. 

Tryptophan was determ ined  by th e  method o f  Liu and Chang (39) u s in g  M 

m ethane su lphon ic  a c id .
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2 .8  Sequence a n a ly s i s .

Endgroup d e te rm in a tio n .

E xcluding autom ated m ethods, amino te rm in a l amino a c id s  were id e n t i f i e d  

by  th e  method o f  Gray and H a rtle y  (1|0), th e  d an sy l d e r iv a t iv e  b e in g  

i d e n t i f i e d  by chrom atography on polyam ide th in  la y e r  p la t e s  (Li )• C -te rm in a l 

amino a c id s  were determ ined by  d ig e s t io n  w ith  ca rb o x y p ep tid ases  A and B 

fo llo w ed  by amino a c id  a n a ly s is  o f  sam ples o f  th e  d ig e s t  a t  s e t  tim e 

i n t e r v a l s .

Dansyl-Edman.

Dansyl-Edman sequence d e te rm in a tio n s  were perform ed a s  d e sc r ib e d  by 

Gray and H a rtle y  (LO), th e  d an sy l d e r iv a t iv e s  o f  amino a c id s  b e in g  

i d e n t i f i e d  by th e  method o f  Woods and Wang (Li )• The c r i t e r i a  u sed  in  

ju d g in g  sequence r e s u l t s  were th o se  d e sc r ib e d  by Ambler (L2).

2 .9  Automated sequence a n a ly s i s .

a . L iqu id  p h a se .

The N -te rm in a l sequence o f  CAT from a s t r a i n  o f  S. au reu s  c o n ta in in g  th e  

p lasm id  C221 (type  C CAT) was c a r r ie d  o u t on a Beckman 890 Sequencer by 

D r. J .  B ridgen a t  th e  M.R.C. L ab o ra to ry  o f  M olecular B io logy , Cambridge.

b . S o lid  p h a se .

A ll  s o l id  phase sequencing was perform ed on an Anachem APS 2L00 s o l id  

phase sequencer in  t h i s  la b o ra to ry .

S o lid  phase s u p p o rts .

W ith th e  ex cep tio n  o f  t r i e th y le n e  te  tram in e  p o ly s ty re n e  (TETA) r e s in  a l l  

s o l id  phase su p p o rts  were pu rchased  from  P ie rc e  Chem icals L td . s in c e  i t  was 

found th a t  th e se  p ro d u c ts  had a g re a te r  c a p a c ity  and gave few er non PTH 

con tam inan ts  th an  su p p o rts  produced by th e  a u th o r . V arious su p p o rts  a re  

recommended in  th e  l i t e r a t u r e  (L 3), th e  ch o ice  depending on th e  s iz e  o f  th e  

p r o te in  o r  p e p tid e  to  be sequenced and th e  fu n c t io n a l  groups th ro u g h  which
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the protein or peptide is coupled to the solid support. In this study the 

following supports were used;

Table 2.

Support. Coupling Method. Ref. Protein/Peptide.

Aminopropyl glass 
75 A porosity

Diisothiocyanate ( U ) CAT proteins. Large (>30 

residues) lysine containing 
peptides.

N-(2-aminoethyl)- 
3-aminopropyl 
glass
75 A porosity via homoserine 

lactone
(U?) Large (>30 residues) CNBr 

peptides containing . 
C-terminal homoserine.

TETA polystyrene via homo serine 
lactone

(U6) Small (<30 residues) CNBr 
peptides containing 
C-terminal homoserine.

Amino polystyrene Diisothiocyanate (h7) Small (<30 residues) tryptic 
peptides containing 
C-terminal lysine.

Amino polystyrene Carbodiimide (h6 ) Small peptides (<30 residues) 
containing neither 
C-terminal lysine nor 
homoserine.

Coupling methods. /

Peptide coupling to solid phase supports was achieved by published 

methods (L3, L9).

CAT proteins (underivatised, carboxyme thylat ed or performic acid 

oxidised) were coupled to aminopropyl glass by the following method ; 

Diisothiocyanate derivatised aminopropyl glass was prepared by
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suspending  1g d i is o th io c y a n a te  (DITC) in  5ml d im e th y lf ormamide (DMF). This 

was s low ly  s t i r r e d  a t  room tem p era tu re  and lOQmg a l iq u o ts  o f  am inopropyl 

g la s s  were added a t  5 m inute i n t e r v a l s ,  th e  r e a c t io n  v e s s e l  b e in g  f lu sh e d  

w ith  n itro g e n  a f t e r  each a d d i t io n .  A fte r  a t o t a l  o f  1g am inopropyl g la s s  had 

been added th e  v e s s e l  was s t i r r e d  a t  room tem peratu re  f o r  an a d d i t io n a l  75 

m in u te s . The r e s u l t in g  d e r iv a t is e d  g la s s  was washed w ith  3x5ml DMF, 1x5ml 

m ethano l, 1x5ml w a te r , 1x5ml m ethanol and f i n a l l y  d r ie d  under vacuum. P u re , 

s a l t - f r e e ,  f r e e z e  d r ie d  CAT (2 to  5mg) was d is so lv e d  in  1 p e rc e n t 

t r i e  thy lam ine and f re e z e  d r ie d  o v e rn ig h t to  remove a l l  t r a c e s  o f  ammonia.

The r e s u l t in g  w hite  powder was d is so lv e d  in  0.5m l o f  10 p e rc e n t 

t r i e th y la m in e / t r i f lu o r o a c e t ic  a c id ,  pH 9.5, s a tu ra te d  w ith  g u an id ine  

h y d ro c h lo rid e  and slow ly  s t i r r e d  a t  L5°C. 50nig a l iq u o ts  o f  DITC am inopropyl 

g la s s  were added a t  5 m inute i n t e r v a l s ,  th e  r e a c t io n  v e s s e l  b e in g  f lu sh e d  

w ith  n itro g e n  a f t e r  each a d d it io n  u n t i l  a t o t a l  o f  200mg o f DITC am inopropyl 

g la s s  had been added. The co u p lin g  r e a c t io n  was allow ed to  p ro ceed , w ith  

slow s t i r r i n g ,  a t  L5°C f o r  an a d d i t io n a l  30 m in u tes . Excess DITC groups were 

b lo ck ed  by th e  a d d it io n  o f  1 0 0 y /l ethanolam ine and s t i r r i n g  co n tin u ed  a t  

L5°C f o r  a f u r th e r  30 m in u tes . The r e s u l t in g  coupled p r o te in /g la s s  was : ‘

washed w ith  2x5ml m ethanol and d r ie d  under vacuum.

Assay o f  s o l id  phase s u p p o r ts .

2 p e rc e n t by w eight o f  th e  su p p o rt was washed w ith  1ml t r i f l u o r o a c e t i c  

a c id  to  remove any n o n -c o v a le n tly  bound p e p tid e  o r  p ro te in  and s e a le d , 

under vacuum, in  a th ic k -w a lle d  îÿ re x  h y d ro y s is  tube  c o n ta in in g  a  1 :1 

m ix tu re  (2 0 0 ^ 1 )  o f  p ro p io n ic  and c o n c e n tra te d  h y d ro c h lo ric  a c id s .  This was 

h e a te d  to  l60°C f o r  20 m in u tes . The tu b e  was th en  opened, th e  a c id s  removed 

under vacuum and th e  d r ie d  re s id u e  loaded  on to  an amino a c id  a n a ly s e r .

This ra p id  h y d ro ly s is  p rocedure  g iv es  ap p ro x im ate ly  90 p e rc e n t re c o v e ry  o f
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th e  s ta b le  amino a c id s  and so , by com parison w ith  th e  known amino a c id  

c o n te n t o f  th e  p e p tid e  o r p r o te in ,  th e  t o t a l  amount o f  m a te r ia l  coupled  can 

be e a s i l y  c a lc u la te d .

PTH i d e n t i f i c a t i o n .

F ra c tio n s  from th e  s o l id  phase sequencer were d r ie d  in  a s tream  o f  

n i t r o g e n . 1 M HCl (2 0 0 ^ 1 )  was added to  each  tube  and h e a te d  to  80°C f o r  10 

m inu tes to  co n v e rt th e  a n i l in e th ia z o l in e s  to  th e  s ta b le  p h e n y lth io d a n to in  

amino a c id s .  The f r a c t io n s  were th en  e x tra c te d  w ith  1ml e th y l  a c e ta te  and 

th e  upper o rg an ic  phase ev ap o ra ted  under a s tream  o f  n i tro g e n  in  sm all v ia l s .  

Using t h i s  p rocedure  th e  P T H -deriva tives o f  h i s t i d i n e ,  a rg in in e  and , where 

p r e s e n t ,  c y s te ic  a c id  rem ain in  th e  aqueous phase . These re s id u e s  a re  

i d e n t i f i e d  by f r e e z e  d ry in g  th e  aqueous phase in  a  th ic k -w a lle d  p y rex  tu b e , 

adding  2 0 0 ^ 1  o f  55 p e rc e n t H I, s e a lin g  th e  tu b es  u n d er vacuum and 

h y d ro ly s in g  th e  PTH amino a c id s  to  th e  f r e e  amino a c id s  o v e rn ig h t a t  130°C 

which can th en  be q u a n t i ta te d  on th e  amino a c id  a n a ly s e r  (5 0 ) .

A ll  o th e r  PTH amino a c id s ,  which a re  e x tra c te d  by th e  e th y l  a c e ta t e ,  a re  

i d e n t i f i e d  by chrom atography on s i l i c a  p la t e s  (50) u s in g  a 2 s o lv e n t 

chrom atographic system  (so lv e n t 1 , ch lo ro fo rm  : e th a n o l ; 9 8 :2 , s o lv e n t 2 , 

ch lo ro fo rm :e th an o lzm eth an o l; 9 0 :2 :8 , by volum e). -

2 .10  Pho to -o x id a t io n .

P h o to -o x id a tio n  was perform ed a t  6^0 w ith  a 150 w a tt Crompton s p o t­

l i g h t  a t  a d is ta n c e  o f  10cm from a w a te r - ja c k e te d  c o n ic a l  tube  c o n ta in in g  

th e  enzyme s o lu tio n  (potassium  phosphate  b u f f e r s ,  pH 5*7 to  pH 7*0, and 

T r is  HCl b u f f e r s ,  pH 7*3 to  pH 9 .0 )  and p h o to s e n s i t iv e  dye (m ethylene b lu e ) .  

At i n t e r v a l s  sam ples were w ithdrawn and im m edia te ly  d i lu t e d  t e n - f o ld  w ith  

lOOmM T r is  b u f f e r ,  pH 8 .0 ,  in  sm all g la s s  tu b es  covered  w ith  alum inium  f o i l  

to  p re v e n t f u r th e r  r e a c t io n .  The d ec rea se  in  enzyme a c t i v i t y  was tak en  a s  a
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m easure o f  pho to -o x id a t io n . The dye, a t  a f i n a l  c o n c e n tra tio n  o f  3^M , was 

ap p ro x im a te ly  equim olar w ith  th e  p ro te in  su b u n its .

2.11 Treatm ent w ith  s p e c if ic  chem ical r e a g e n ts .

D ie th y lp y ro carb o n a te  ( DEPC) .

P u r if ie d  CAT (0.2m g/m l) in  po tassium  phosphate b u f f e r ,  pH 6 .0 ,  was made

0.1 mM w ith  re s p e c t  to  DEPC and m ain ta in ed  a t  O^C. Enzymes were assayed  fo r  

a c t i v i t y  a f t e r  10 m inu tes. S u b s tra te  p ro te c t io n  was in v e s t ig a te d  by p r io r  

in c u b a tio n  o f  s u b s t r a te  (1 mM) w ith  th e  enzymes f o r  10 m inutes a t  room 

te m p e ra tu re .

T lu o ro d in itro b en zen e  (FDNB).

N -ethyl^jnaleim ide (NEM).

5 , 5 ’ D ith io b is - (2 -n itro b e n z o ic  a c id )  (DTNB).

N itro th io cy an o  benzoic a c id  (NTCB) ..

2 ,2 ' D ith io p y r id in e  (DTDP).

p-C hlorom ercuribenzo ic  a c id  (PCMB).

CAT (0.2m g/m l) was in c u b a ted  a t  37°C w ith  th e  t e s t  re a g e n t ( l  mM) in  

50 mM T r is  b u f f e r ,  pH 7 .8 , and sam ples tak en  a t  i n t e r v a l s  f o r  a s s a y . 

S u b s tra te  p ro te c t io n  was in v e s t ig a te d  by p r io r  in c u b a tio n  o f  s u b s t r a te  

(1 mM) w ith  th e  enzymes f o r  10 m inutes a t  room te m p e ra tu re .

Brom oacetyl Coenzyme A (BrAcCoA).

BrAcCoA was p rep a red  by th e  method o f  Chase and Tubbs (5l) .  This 

p re p a ra t io n  was found to  in a c t iv a te  p ig  h e a r t  c i t r a t e  sy n th ase  and was 

co n s id e re d  to  be con tam inated  w ith  low m o lecu lar w eigh t brom inated  

p re c u rs o r s  from th e  sy n th e s is  o f  th e  BrAcCoA and was f u r th e r  p u r i f ie d  by g e l 

f i l t r a t i o n  on a Sephadex G-10 column (1x20cm), BrAcCoA b e in g  e lu te d  in  th e  

vo id  volume o f  th e  column.

CAT (0.2mg/ml) was incubated at 37°C with BrAcCoA (0.05 mM) in 50 mM
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Tris buffer, pH 7.8, and samples taken at intervals for assay. Substrate 

protection was investigated by prior incubation of substrate (l mM) with 

the enzymes for 10 minutes at room temperature.

Io d o a c e tic  a c id  (lAA)..

Iodoacetam ide (INH^)

CAT (0.2m g/m l) was in cu b a ted  a t  37°C w ith  lAA o r  INHg (5 mM) in  50 mM 

T r is  b u f f e r ,  pH 7 .8 ,  and sam ples tak en  a t  in te r v a l s  f o r  a ssa y . S u b s tra te  

p ro te c t io n  was in v e s t ig a te d  by p r io r  in c u b a tio n  o f  s u b s t r a te  (l mM) w ith  th e  

enzymes f o r  10 m inu tes a t  room te m p era tu re .

In  a l l  in a c t iv a t io n  experim ents th e  a p p ro p r ia te  enzyme c o n tro l  

experim en ts  ( id e n t ic a l  c o n d itio n s  minus t e s t  re a g e n t)  were perform ed .

Modes o f  a c t io n  o f DTNB, NTCB, INH^, lAA, DEPC and FDNB a re  i l l u s t r a t e d  in  

appendix  B.
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CHAPTER I I I .

ISOLATION AND CHARACTERISATION OF ENZYMES.
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3.1 P u r i f i c a t io n  o f  CAT enzymes.

S tap h y lo co cca l s t r a in s  p roducing  CAT ty p e s  A, B, C and D were grown up 

and c rude  e x t r a c ts  p rep ared  a s  fo llo w s :

l5  l i t r e  b a tc h e s  o f  Penas say  b ro th  (c o n ta in in g  0 .02  mM DL,deoxy CM) were

ingHoculated w ith  one l i t r e  o f  an o v e rn ig h t c u l tu re  grown in  th e  p resen ce  o f

CM (2(^g /m l).T he  b a c te r ia  were grown on a r o ta r y  sh ak e r a t  37°C i n  2 l i t r e

f l a s k s .  C e lls  were h a rv e s te d  in  e a r ly  s ta t io n a r y  phase by c e n t r i f u g a t io n  a t

10,000 RPM f o r  20 m inutes a t  L°C. The c e l l  p a s te  was washed w ith  50 mM T ris

HCl b u f f e r ,  pH 7 .8 ,  c o n ta in in g  0 .05  mM CM and re  suspended in  500ml o f  th e

same b u f f e r  f o r  c e l l  d is ru p t io n  by ly s o s ta p h in  (5 u n i t s /m l)  and DNAase 

'**1 o(5 0 |/m l)  a t  37 C. L ysis  was com plete in  ap p ro x im ate ly  I 2 hou rs  a s  judged by 

th e  d e c rea se  in  O.D. a t  66O nA. The crude ly s a te s  were c l a r i f i e d  by 

c e n t r i f u g a t io n  and th e  su p e rn a ta n ts  removed and assay ed  f o r  enzyme a c t i v i t y .  

P u r i f i c a t io n  r e s u l t s  f o r  th e  fo u r  enzyme ty p e s  a re  summarised in  t a b le s  3 ,

L, 5 and 6 .

I n i t i a l  s tu d ie s  on th e  type  C enzyme (p lasm id  C221 ) had shown th a t  th e  

enzyme was s ta b le  to  h e a tin g  a t  70°C f o r  10 m inutes i n  th e  CM c o n ta in in g  

b u f f e r .  This s t a b i l i t y  was sh ared  by th e  type  A v a r ia n t  o f  CAT b u t 

a p p re c ia b le  lo s s e s  o ccu rred  (ap p ro x im ate ly  30 p e rc e n t)  f o r  th e  B and D 

enzymes and so th e  h e a t  s te p  was o m ÿitted  in  th e  p u r i f i c a t i o n  o f  th e se  

v a r i a n t s .

A lthough s e v e ra l  CAT enzymes have been p u r i f ie d  by c o n v en tio n a l methods 

(12 , 1 7 ) R -fa c to r  CAT v a r ia n ts  I ,  I I  and I I I  have been s u c c e s s fu l ly  p u r i f ie d  

by a f f i n i t y  chrom atography (19) and t h i s  tech n iq u e  was u sed  f o r  th e  f i n a l  

p u r i f i c a t i o n  s ta g e  o f  th e  s ta p h y lo c o c c a l enzymes.

P re lim in a ry  experim ents were perform ed u s in g  sm all (im l bed volume) 

a f f i n i t y  columns c o n ta in in g  r e s in s  o f  in c re a s in g  s u b s t i t u t io n  (see  'methods*

2 .L ) in  o rd e r  to  determ ine th e  minimum lig a n d  s u b s t i t u t io n  n e c e s sa ry  to  b ind
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Table 3 Purification of type A staphylococcal CAT.

P re p a ra tio n Volume

( l ù )
T o ta l

u n i t s .

T o ta l S p e c if ic  

p ro te in (m g ) a c t i v i t y .

P e rc e n t.

reco v ery .

Crude e x t r a c t h30 L,L80 10,1L8 o.LL 100
H eat s te p hOO L ,0 0 0 2 ,7 2 0 1.L7 89
A f f in i ty  column 180 2 ,LOO L 6.8 51 55

(from  L6g wet w eigh t c e l l s ) .

Table h P u r i f i c a t io n  o f  type B s tap h y lo co c ca l CAT.

P re p a ra tio n Volume

(ml)

T o ta l

u n i t s .

T o ta l

p ro te in  (mg)

S p e c ific

a c t i v i t y .

P e rc e n t.

reco v ery .

Crude e x t r a c t 260 1 ,6LL 2 ,6 7 8 0 .61 100
A f f in i ty  column 320 i ,L L o 55 26 87

(from 2Lg wet weight cells).
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Table 5 P u r i f ic a t io n  o f  type C s tap h y lo co c ca l CAT.

P re p a ra tio n Volume

(m l)

T o ta l T o ta l 

u n i t s . p ro te in  (mg)

S p e c if ic

a c t i v i t y .

P e rc e n t.

reco v ery .

Crude e x t r a c t Loo 635 5 ,2 0 0 0 .1 2 100
Heat s te p 380 600 2 ,5 0 0 0 .2L 95
A f f in i ty  column 72 L20 1L 30 67

(from  37g wet w eight c e l l s ) .

Table 6 P u r i f ic a t io n  o f  type D s tap h y lo co c ca l CAT.

P re p a ra tio n Volume

(ml)

T o ta l T o ta l 

u n i t s . p ro te in  (mg)

% )ec ific

a c t i v i t y .

P e rc e n t.

reco v ery .

Crude e x tr a c t L35 1 ,5 3 5  1 ,2 2 6 0 .1 3 100
A f f in i ty  column 66 1 ,0 1 0  2 6 . L 38 , 66

(from  L2g wet w eight c e l l s ) .
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th e  CAT v a r ia n t .  When a r e s in  capab le  o f  b in d in g  th e  CAT v a r ia n t  under s tu d y  

had been found th e  column was washed w ith  b u f fe rs  o f  in c re a s in g  NaCl 

c o n c e n tra tio n  -  CM (5mM) u n t i l  an NaCl c o n c e n tra tio n  was found which d id  n o t 

e lu te  th e  CAT in  th e  absence o f  th e  s u b s t r a te  CM b u t which e lu te d  th e  CAT in  

a  sm all volume when th e  s u b s tr a te  was p re s e n t .

C onsiderab le  d if f e r e n c e s  were found betw een th e  fo u r  s ta p h y lo c o c c a l 

v a r ia n t s  as re g a rd s  th e  e x te n t  o f  r e s in  s u b s t i tu t io n  and e lu t in g  b u f fe r  

re q u ire d  to  b in d  and e lu te  th e  enzymes ( ta b le  ? )•

Table 7 A f f in i ty  r e s in  s u b s t i t u t io n  and e lu t io n  b u f f e r  m o la r i ty  re q u ire d  

f o r  s tap h y lo co c ca l CAT p u r i f i c a t i o n .

CAT ty p e . R esin s u b s t i tu t io n  

/ / e q .  /m l.

NaCl c o n c e n tra tio n  o f e lu t in g  

b u f f e r  (50 mM T r is  HCl, 

pH 7 .8 ,  5 mM CM).

A 7 0 .6  M

B 0 .6  M

C 2 .5 0 .3  M

D ' 0 .6  M

This e lu t io n  p a t te r n  was n o t due to  th e  io n ic  c o n c e n tra tio n  o r  

com position  o f  th e  crude e x t r a c t s  s in ce  b o th  crude e x t r a c t s  and p u r i f i e d  

enzymes behaved in  a  s im ila r  manner a f t e r  p r io r  d i a ly s i s  a g a in s t  50 mM 

T r is  HCl, pH 7 .8 .
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A ty p ic a l  e lu t io n  p r o f i l e  from an a f f i n i t y  column i s  shown in  f ig u r e  2.

In  all cases up to 20 percent of the enzyme loaded on to the column eluted 

in the Tris HCl buffer wash. This 'leakage’ could be minimised by dialysing 

out the CM (0.05 mM) present in the crude extract but, since 10 percent of 

the enzyme activity was lost on dialysis against Tris HCl buffer and the 

eluted enzyme can be concentrated and added to stocks of crude enzyme 

awaiting purification, this alternative procedure was not generally followed. 

Indeed, by 'recycling* non-specifically eluted enzyme overall yields of 

90 percent can be obtained.

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

( p la te  1 ) .  P u r i f ie d  s tap h y lo co c ca l v a r ia n ts  have i d e n t i c a l  m o b i l i t ie s  on

S .D .S . g e l  e le c tro p h o re s is  and t h i s  m o b il i ty  i s  i d e n t i c a l  w ith  t h a t  o f  th e  

ty p e  I  R -fa c to r  enzyme which has a known m o lecu lar w eigh t o f  21;,000 (p la te  l )

Po lyacry lam ide  g e l e le c tro p h o re s is  o f  th e  n a t iv e  enzymes ( p la te  2) 

c l e a r l y  shows th e  v a r ia t io n  in  m o b ility  u sed  in  ty p in g  th e  s ta p h y lo c o c c a l 

enzymes, th e  type  A v a r ia n t  be ing  th e  s lo w est moving, th rough  B and C to  th e  

ty p e  D enzyme which moves f u r t h e s t  tow ards th e  anode.

S to rage  o f  CAT enzymes a t  -20°C in  th e  e lu t in g  b u f f e r  o f  th e  a f f i n i t y  

column slow ly  in a c t iv a te s  th e  enzymes, c l e a r l y  seen  in  th e  case  o f  th e  

R -fa c to r  type  I  enzyme run  as a re fe re n c e  m arker w ith  th e  s ta p h y lo c o c c a l 

enzymes in  p la te  2 and f o r  t h i s  reaso n  p u r i f i e d  enzymes were g e n e ra l ly  

d ia ly s e d  a g a in s t  50 mM T r is  HCl b u f f e r  c o n ta in in g  0.1 mM CM p r i o r  to  

f r e e z in g .

]n addition to the purification of the four staphylococcal variants, 2mg 

of an R-factor type II enzyme (plasmid S-a ) was purified from 11 g 

(wet weight) of cells by the method of Zaidenzaig and Shaw (l9) using an 

affinity resin of 2.5yg/equ./ml substitution and an elution buffer containing
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50 mM TRIS-HCl

Volume ( ml )

F ig u re  (2 ) .

50mM TRIS-HCl 
Q.3M NaCl

LOAD*50mM TRIS-HCl WASH 0-3M NaCl 5mM CM

4 0

30

01 
£ 10

0 200 400 600 8 0 0 1000 1200

A f f i n i ty  column e lu t io n  p r o f i l e  

A f f i n i ty  chrom atography o f  a h ea ted  e x t r a c t  o f  

ty p e  C (C221) C.A.T. o b ta in e d  from  37g (wet w gti ) 

c e l l s .  A ll  b u f f e r s  a re  pH 7 .8 , flo w  r a t e  =200m l/hr. 

A f f in i ty  r e s in  c o n ta in ed  2 .^y^Eq. CM bonnd/m l 

bed volum e. Column s iz e  = 2 .^  by 10cm.

8

Ü

(/>
fc

2  §

I
I
I
I



Plate : 1.
" S .D .S . po lyacry lam ide  g e l  e le c tro p h o re s is .

P u r i f ic a t io n  o f  CAT v a r ia n ts  A, B, C and D.

1. Crude e x tr a c t  ty p e  A.

2. Heat s te p  ty p e  A.

3 . Pure enzyme ty p e  A.

1;. Crude e x tr a c t  ty p e  B.

5 . Pure enzyme ty p e  B.

6 . Crude e x tr a c t  ty p e  C.

7 . Heat s te p  ty p e  C.

8 . Pure enzyme ty p e  C.

9» Crude e x tr a c t  ty p e  D.

10. Pure enzyme ty p e  D.

11. Pure R -f a c to r  type  I  enzyme (JR66).

P la te ;  2.

Po lyacry lam ide g e l e le c tro p h o re s is  o f  n a t iv e  CAT enzymes.

1. Pure R -fa c to r  type  I  enzyme (JR66).

2 . Pure type A enzyme.

3 . Pure type B enzyme.

U. Pure type C enzyme.

Pure  type  D enzyme.

6 . Pure R -fa c to r  type I  enzyme (JR66).
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0 .6  M NaCl and 5 mM CM. This p r o te in  was u sed  fo r  th e  N -te rm in a l sequence 

d e te rm in a tio n  o f  a type  I I  R -fa c to r  CAT (C hapter IV ).

For th e  sequence s tu d ie s  o f  th e  type  C v a r ia n t  1 .3  Kg. o f  c e l l s  were 

o b ta in e d  from grow th in  a î OQ L fe rm en to r a t  th e  M ic ro b io lo g ic a l R esearch 

E s ta b lish m en t, P o rto n . This was t r e a te d  i n  e x a c tly  th e  same manner a s  th e  

sm all s c a le  p u r i f i c a t i o n  o f  th e  ty p e  C v a r ia n t  to  y ie ld  10 l i t r e s  o f  crude  

e x t r a c t  c o n ta in in g  38,000 u n i t s  o f  enzyme ( l .2 ^ g ) .  This was p u r i f i e d  in  

200mg amounts u s in g  a 100ml (bed volume) a f f i n i t y  column as r e q u ire d .

3 .2  Km d e te rm in a tio n s .

M Lchaelis c o n s ta n ts  f o r  CAT v a r ia n ts  A, B, C and D were de term ined  

u s in g  th e  sp ec tro p h o to m etrie  a ssa y  d e sc r ib e d  in  'Methods* ( 2 .3 ) .  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 l ly  in  f ig u r e s  3 , Ii, 5 and 6 . Kn v a lu e s  

f o r  th e  fo u r  enzymes under s a tu r a t in g  (l 0(^M CM, 20(^M AcCoA) second 

s u b s t r a te  c o n d itio n s  a re  ta b u la te d  in  t a b le  8 .

In  a d d it io n  to  double  r e c ip r o c a l  p lo t s  (L inew eaver-B urk) o f  v e lo c i ty

v e rsu s  f i r s t  s u b s t r a te  c o n c e n tra tio n  u n der s a tu r a t in g  c o n d itio n s  o f  second

s u b s t r a te ,  double r e c ip r o c a l  p lo t s  o f  v e lo c i ty  v e rsu s  f i r s t  s u b s t r a te

c o n c e n tra t io n , where th e  second s u b s t r a te  was p re s e n t  a t  a c o n c e n tra tio n

n e a r  to  th e  Km f o r  t h a t  s u b s t r a te  (^^M  in  th e  case  o f  CM and 50^M  f o r

AcCoA) were a lso  p lo t t e d  ( f ig u re s  3> h} ^ and 6 ) .  I n te r s e c t in g  l i n e s  were
1

produced , th e  in t e r c e p t  b e in g  on th e  [8J a x i s .

As seen w ith  an e n te r ic  type  I  CAT (20) th e  s ta p h y lo c o c c a l v a r ia n ts  a re  

cap ab le  o f  d e a c y la tin g  AcCoA in  th e  absence o f  th e  a c c e p to r  CM, th e  a c y l 

a c c e p to r  p ro b ab ly  b e in g  w a te r to  form a c e ta te .  The s p e c i f ic  a c t i v i t y  f o r  

t h i s  r e a c t io n  i s  < 0 .1  p e rc e n t (0 .0 l8 ^ m o le s /m in ./m g . ) compared w ith  th e  

s p e c if ic  a c t i v i t y  in  th e  p re sen ce  o f  CM.



' f i g u r e s :  3 , Ii, 5 and 6.

Double r e c ip r o c a l  p lo t s  o f  th e  dependence o f  S. au reu s  CAT 

(ty p e s  A, B, C and. D) a c t i v i t y  on s u b s t r a te  c o n c e n tra tio n . 

1 /v  exp ressed  in  a r b i t r a r y  u n i t s .

1 / [ " s u b s t r a t^  ex p ressed  as //M ^ .

A = h ig h  second s u b s t r a te  c o n c e n tra tio n  

(CM = lOquM, AcCoA = 20qaM).

V = low  second s u b s t r a te  c o n c e n tra tio n  

(cm = ^ M , Ac Co A = 5(^M).
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TYPE A C.A.T.

0.36 -0.18 0.00 0.18 0.36 0.72 0.90

i / i o l o r a m p h e n i c o l j ,  y *

0.200.08 0.160.120.00
l / C A C E T Y l- C o A J ,  y O
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TYPE B C.A.T.

0.00-o.ie O.IB 0.36 0.900.72

1 /tO lO R A M P H C N IC O L l, X *

J:
y

0.00 0.04 0.08 0.12 0.20
1 /lA C E T T L -C o A J , ^
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TYPE C C.A.T.

■0.56 -0.18 0.00 0.16 0.36 0.72 0.90

l/tC H L O R A M P tC N IC O L J, y o

H
t

0.00 0.04 0.08 0.12 0.16 0.20
l / C A C E T n . - C o A l ,  y o
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TYPE D C.A.T.

•0.18 0.00 0.18 0.36 0.54 0.90

l/tC H .O R A H P » C N IC O L J, y o

0.00 0.04 0.08 0.12 0.16 0.20

i / ( A C E r n . - C o A i ,  y o
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Table 8 Km v a lu e s  determ ined  f o r  CAT v a r ia n ts  A, B, C and D.

Enzyme v a r ia n t . V ariab le  s u b s t r a te . Km (/TM). S tandard  e r r o r .

CM 2.58 + 0 .16
A

Ac Co A 57 .3
+

2 .5

CM 2.72
+

0 .22
B

Ac Co A 56.1
+

1 .9

CM 2 .h i
+

0 .17
C

Ac Co A 60.9 +
3 .5

CM 2.70
+

0.17
D

Ac Co A U6 .5
+

1 .6

3 .3  M o d ifica tio n  s tu d ie s .

C hem ical.

In  view o f  th e  s e n s i t i v i t y  o f  R -f a c to r  type I I  CAT v a r ia n ts  to  th e  t h i o l  

re a g e n t  DTNB (1^) s e r io n s  c o n s id e ra tio n  was given  to  th e  p o s s i b i l i t y  th a t  

c y s te in e  r e s id u e ( s )  may be in v o lv ed  in  th e  c a t a ly t i c  mechanism. To 

de term in e  i f  an analogous s i tu a t io n  e x i s t s  w ith in  th e  s ta p h y lo c o c c a l 

v a r ia n ts  a  number o f  p o te n t i a l  t h i o l  re a g e n ts  were te s t e d  f o r  t h e i r  i n a c t iv ­

a t in g  a b i l i t y  as o u tl in e d  in  ’M ethods’ (2 .1 1 ) .

R ate c o n s ta n ts  were d e riv e d  by p lo t t in g  lo s s  o f  a c t i v i t y  w ith  tim e 

s em ilo g arith m ic  a l l y  ( f ig u re  7 ) and a re  ta b u la te d  in  ta b le  9.
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Since a l l  v a r ia n ts  gave id e n t i c a l  r a t e s  o f  in a c t iv a t io n  ( -  3 p e rc e n t)  

mean v a lu e s  o n ly  a re  p re se n te d . Rate c o n s ta n ts  f o r  th e  in a c t iv a t io n  were 

c a lc u la te d  from th e  e q u a tio n ;

E/Eo. = -K t, where E/Eo i s  th e  f r a c t io n  o f  th e  i n i t i a l  enzyme a c t i v i t y  

rem ain ing  a f t e r  tre a tm e n t w ith  th e  i n h ib i to r  a f t e r  tim e t  (5 3 ).

Table 9 Mean r a t e  c o n s ta n ts  f o r  th e  in a c t iv a t io n  o f  th e  fo u r  s tap h y lo co c ca l 

CAT v a r i a n t s .

Reagent C o n cen tra tio n  

o f re a g e n t.

Rate c o n s ta n t
-1 1min xIO .

P e rc e n t, 

p r o te c t io n  

by CM.

P e rc e n t, 

p ro te c t io n  

by Ac Co A.

FDNB 1 .0  mM 51 > 9 5 < 5

BrAcCoA 0 .0 5  inM 2kO 80 85

NEM 1 .0  mM 9.1 > 9 5 < 5

INHg 5 .0  mM 7 .6 >95 < 5

PCMB 1 .0  mM 3.7 < 5 < 5

lAA 5 .0  mM < 0 .3 - -

DTNB 1 .0  mM < 0 .3 - -

NTCB 1 .0  mM < 0 .3 - -

DTDP 1 .0  mM < 0.3 - -

C ontro ls - < 0 .3 - -

S ince DTNB, NTCB and DTDP r e a c t  w ith  t h i o l  groups v ia  d is u lp h id e  

exchange re a c t io n s  th e se  re a g e n ts  m ight be expected  to  be more s p e c i f ic  th an  

th e  o th e r  re a g e n ts  u sed , which a re  capab le  o f  m odifying re s id u e s  o th e r  th an
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c y s te in e  (5L ), and i t  i s  i n t e r e s t i n g  to  n o te  th a t  th e  in a c t iv a t io n  r a t e s  

u s in g  th e se  s p e c i f ic  re a g e n ts  were equal to  th e  slow  r a t e  o f  in a c t iv a t io n  

found w ith  th e  c o n tro l  sam ples.

I t  i s  a lso  n o ta b le  t h a t  iodoacetam ide (INH^) in a c t iv a te d  th e  CAT enzymes 

w hereas th e  c lo s e ly  r e la te d  compound io d o a c e tic  a c id  (lAA) does n o t .  

In a c t iv a t io n  by INH^ ^.t pH v a lu e s  o f  5*5 to  7 .8  in d ic a te d  an a p p a ren t pK

o f  6 .3  f o r  th e  in a c t iv a t io n  p ro c e ss .

By f a r  th e  most p o te n t in a c t iv a t in g  re a g e n t was th e  s u b s t r a te  analogue 

b rom oacety l CoA and th e  CAT enzymes were p ro te c te d  from  in a c t iv a t io n  by b o th  

CM and a c e ty l  CoA.

FDNB, o r ig i n a l ly  used in  th e  N -te n n in a l d e te rm in a tio n  o f  p r o te in s ,  a lso  

p roved  to  be an e f f e c t iv e  in a c t iv a t in g  a g e n t. FDNB n o t  o n ly  r e a c t s  w ith  

c(.-amino groups b u t a lso  t h i o l ,  im idazo le  and 5 -amino groups o f  p r o te in s .

As FDNB i s  a r e l a t i v e l y  p o la r  re a g e n t and has a n i t r a t e d  benzene r in g ,  as 

has ch lo ram p h en ico l, i t  i s  a p o t e n t i a l ly  u s e f u l  probe o f  th e  CAT a c t iv e  s i t e .

W ith th e  ex ce p tio n  o f p a ra -ch lo ro m e rc u rib e n zo a te , where p r o te c t io n  was 

n o t seen  w ith  e i t h e r  s u b s t r a te ,  CM a f fo rd s  p ro te c t io n  a g a in s t  in a c t iv a t io n  

w hereas a c e ty l  CoA g e n e ra l ly  has l i t t l e  e f f e c t  ( ta b le  9 ) .

D ie th y lp y ro carb o n a te  c a rb o x y e th y la te s  amino a c id  r e s id u e s  o f  p r o te in s ,  

and a t  pH 6 .0  h i s t i d in e  re s id u e s  a re  s p e c i f i c a l l y  m o d ified  (5 5 ). Treatm ent 

o f  th e  fo u r  s ta p h y lo c o c c a l CAT v a r ia n ts  w ith  d ie th y lp y ro c a rb o n a te  as 

d e sc r ib e d  in  ’M ethods’ (2 .1 1 )  r e s u l te d  in  th e  com plete lo s s  o f  a c t i v i t y  o f  

a l l  fo u r  enzymes w ith in  10 m in u tes . I n a c t iv a t io n  was p re v e n ted  by  in c lu s io n  . 

o f  CM b u t no p r o te c t io n  was observed  by th e  in c lu s io n  o f  Ac CoA. Enzyme 

a c t i v i t y  (50-70 p e rc e n t)  co u ld  be r e s to re d  by tre a tm e n t o f  th e  m od ified  

enzymes w ith  0 .5  M hydroxylam ine a t  pH 7 .0  f o r  i;5 m in u te s , a  p ro ced u re  which 

removes carb e th o x y  groups from  h is t id in e  b u t n o t from  ly s in e  o r  a rg in in e  (5 6 ) .



figure: 7
Chemical m o d if ic a tio n  o f  S. au reus CAT v a r ia n t s .

AU v a r ia n ts  were in a c t iv a te d  a t  th e  same r a te s  ( -  3 p e rc e n t)  

and mean v a lu e s  a re  p lo t te d .

f ig u r e :  8

pH dependence o f  th e  r a t e  o f  p h o to -o x id a tio n  o f S. au reus 

CAT ty p e  C (C 22 l).
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P h o to -o x id a tio n .

Of th e  amino a c id s  found in  p ro te in s  o n ly  f iv e  a re  s u s c e p tib le  to  pho to ­

o x id a t io n ,  h i s t i d i n e ,  try p to p h a n , ty r o s in e ,  m eth ion ine and c y s te in e  (57)*

In  s tu d ie s  on f r e e  amino a c id s ,  W eil (58) showed th a t  th e  r a t e  o f  photo­

o x id a tio n  o f  ty r o s in e ,  try p to p h a n , h i s t i d in e  and m eth ion ine  depended on th e  

pH. For h i s t i d i n e  th e  r a t e  was e n t i r e l y  dependent on th e  io n is a t io n  o f  th e  

im id azo le  r in g ,  o n ly  th e  uncharged form b e in g  p h o to -o x id ise d .

The pH p r o f i l e  o f  p h o to -o x id a tio n  o f  ty p e  C CAT ( f ig u re  8 ) shows 

in c re a s e d  r a t e s  o f  lo s s  o f  a c t i v i t y  (and presum ably p h o to -o x id a tio n  ) w ith  

in c re a s in g  pH, h av in g  an ap p a ren t pK o f  6 .9 .

In c lu s io n  o f  th e  s u b s t r a te  CM (l mM) a ffo rd e d  com plete p ro te c t io n  

a g a in s t  p h o to -o x id a tio n .

3.U Amino a c id  a n a ly s e s .

Amino a c id  a n a ly se s  o f  th e  fo u r  s ta p h y lo c o c c a l CAT v a r ia n ts  were 

perform ed a s  d e sc r ib e d  in  'Methods* ( 2 .7 ) .  C yste ine  was determ ined  by amino 

a c id  a n a ly s is  o f  L8 hour h y d ro ly s a te s  o f  carboxym ethy lated  and p erfo rm ic  

a c id  o x id is e d  ty p e  C (C221) CAT.

Amino a c id  c o n te n ts  o f  th e  fo u r  p r o te in s  a re  exp ressed  as whole number 

o f  r e s id u e s  p e r  enzyme monomer o f  m o lecu lar w eight 2U,000 d a lto n s  ( ta b le  1 0 ). 

V alues f o r  th re o n in e  and s e r in e  a re  zero  tim e e x tra p o la t io n s .  ('M ethods* 2 .7 ) .
i

3 .5  T ry p tic  p e p tid e  maps.

iimg o f  s a l t  f r e e ,  ly o p h i l i s e d  enzymes (A, B, C and D) were reduced and 

c arboxyme th y la te d  w ith  io d o a c e t ic  a c id  in  6 M guan id ine  h y d ro c h lo rid e  (see  

c h a p te r  V f o r  m ethodology))and a f t e r  e x te n s iv e  d ia ly s i s  a g a in s t  w a te r were 

f r e e z e  d r ie d .  The carboxym iethylated  p r o te in s  were th e n  suspended in  1ml 50 mM 

ammonium b ic a r b o n a te ,  pH 8>.0, and were d ig e s te d  by t r y p s in  (l :50 m olar r a t i o )  

f o r  k  ho u rs  a t  37°G.



AMINO ACID ANALYSIS DATA FOR S . a u re u s  TYPE C (pC 221 ) CAT.

DATA EXPRESSED AS ^MOLES, NORMALISED RELATIVE TO PHENYLALANINE 

(PHE = 1 / /MOLE).THREONINE & SERINE ARE ZERO TIME EXTRAPOLATIONS. 

TIME OF HYDROLYSIS. ( H r s . ) .  '

2U U8 72 B est R esidue
No.

Carboxy-methyl 
cysteine :

C ysteic  Acid 0 .15 0.15 1.7 I
A spartic Acid 2.^6 2.6U 2.68 2.63 37 .5
Methionine
Sulphone

Threonine 0 .72 0.72 0.7U 0.73 10.U

Serine -0 .67 0 .66 0 .60 0.68 9 .7

Glutamic Acid 1.L3 1.37 1.31 1.37 19 .5

Homoserine

Proline 0.61 0.71 0.72 0.68 9.8

Glycine 0 .37 0.37 0.36 0.37 5 .3

Alanine 0 .2 5 0.26 0 .25 0 .25 3 .6

!C ystine •

Valine 0 .38 0 .1 5 0.L6 0.L6 6 .5 '

Methionine 0 .28 0,28 0 .29 0.28 L.o 1
Iso- Leucine 1.21 1 .33 1.35 1.35 19.3 1

Leucine 0.88 0 .9 0 0 .85 0.87 1 2 .li 1
Internal

Standard 1
Tyrosine 0.88 0 .8 6 0.87 0.87 1 2 .U

Phenylalanine 1 .0 0 1 .0 0 1 .00 1 .00 lL .6

Histidine 0.38 0.37 0.38 5 .5

Lysine 1.2i3 1 ,6h 1.75 1.61 2 2 .9 1

 ̂Tryptophan'^

Arginine 0 .1 0 0.11 0.11 0.11 1 .6
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Table 10 Amino a c id  c o n te n t o f  s tap h y lo co c ca l v a r ia n ts  A, B, C and D.

Amino a c id . V a rian t A. V a ria n t B. V a ria n t C. V a ria n t D.

C y ste in e N.D. N.D. 2 N.D.

A sp a r tic  a c id 3k 33 38 3l|

T hreonine 11 10 11 13

S e rin e 1U 111 10 10 '

G lutam ic a c id 20 18 20 20

P ro lin e ^lo ^10 ^  (o ^  (o

G lycine 9 9 5 8

A lan ine k 5 ll ll

V aline 12 10 7 7

M ethionine 3 ll ll 3

Is o le u c in e 16 16 20 21

Leucine 15 15 13 13

T yrosine 15 13 13 13

P h en y la lan in e 111 15 15 111

H is t id in e h 5 6 g

L ysine 17 18 23 20

A rg in in e ii h 3 h

Tryptophan N.D. N.D. ll N.D.

T o ta l (201) (198) 201 (198)

N.D. = Not de term in ed .

(T o ta l)  = ty p es  A, B and D assum ing U try p to p h an s  and 2 c y s te in e s .
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The d ig e s t s  were th e n  f re e z e  d r ie d  and th e  re s id u e s  d is so lv e d  in  p y rid in e - 

a c e ta te  b u f f e r ,  pH 6 .5 .

A f te r  c e n t r i f u g a t io n  th e  su p e m a te n ts  were s p o tte d  i n  1cm sq u a re s  on 

Whatman No. 1 chrom atography p aper and su b je c te d  to  h ig h  v o lta g e  

e le c tro p h o r e s is  a t  pH 6 .5  f o r  i|.5 m in u tes . Four s t r i p s  c o n ta in in g  th e  

p a r t i a l l y  s e p a ra te d  t r y p t i c  p e p tid e s  o f  th e  fo u r  enzymes were c u t  o u t and 

s t i t c h e d  to  f r e s h  sh e e ts  o f  p ap er and re -e le c tro p h o re s e d  a t  pH 3 .5  f o r  50 

m in u te s . The s h e e ts  were th en  d r ie d  and s ta in e d  as d e sc r ib e d  in  'Methods* 

(2 .6 , b ) .

The r e s u l t in g  p e p tid e  maps a re  shown i n  f ig u r e s  9^ 10, 11 and 12. 

S ta in in g  c h a r a c t e r i s t i c s  o f  th e  p e p tid e s  a re  denoted  by th e  fo llo w in g  

a b b re v ia tio n s  :

A -  a rg in in e  s t a in  p o s i t iv e .

N -  n in h y d rin  s t a i n  p o s i t iv e .

R -  s ta in e d  re d  by n in h y d rin .

0 -  s ta in e d  orange by n in h y d rin .

Y -  s ta in e d  y e llow  by n in h y d rin .

IF  -  i n t r i n s i c  f lu o re s c e n c e .

F -  flu^’aJ'i s t a in  p o s i t iv e .

E -  E h r lic h s  try p to p h an  s t a i n  p o s i t iv e .

Tr -  t r a c e  r e a c t io n  w ith  in d ic a te d  s t a i n .



f ig u r e s ;  9 , 10, 11 and 12.

T ry p tic  p e p tid e  maps o f  S. aureus CAT ty p es  A, B, C and D. 

High v o lta g e  pap er e le c tro p h o re s is  a t  pH 6 .5  and pH 3 .5 .
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CHAPTER 17.

STRUCTURAL STUDIES.
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U.1 In t r o d u c t io n .

The u l t im a te  aim o f  th e  p ro te in  chem ist i s  th e  d e te rm in a tio n  o f  th e  t e r t i a r y  

s t r u c tu r e  o f  th e  p ro te in  and th e  topography and com position  o f  th e  

f u n c t io n a l  a re a s  ( a c t iv e  s i t e s  in  enzym es), en ab lin g  an in s ig h t  in to  th e  

e v o lu tio n  o f  th e  p ro te in  by com parison w ith  analogous p ro te in s  and th e  

p o s tu la t io n  o f  a  mechanism o f  c a ta ly s i s .  The i n i t i a l  s te p  tow ards t h i s  g o a l 

i s  th e  d e te rm in a tio n  o f  th e  p rim ary  sequence o f  th e  p r o te in .  A lthough th e  

p rim ary  s t r u c tu r e  o f  a type I  R -fa c to r  CAT (JR66) i s  known^no sequence d a ta  

was a v a i la b le  f o r  th e  s tap h y lo co c ca l enzymes. In  o rd e r  to  f u r th e r  com parisons 

betw een th e  R -fa c to r  and th e  Gram p o s i t iv e  CAT v a r ia n ts  th e  d e c is io n  was ' 

made to  i n i t i a t e  th e  d e te rm in a tio n  o f  th e  p rim ary  s t r u c tu r e  o f  a  type  C 

s ta p h y lo c o c c a l CAT c a r r ie d  by p lasm id  C221 (^ 2 ) .

U.2 S tra te g y .

The now c l a s s i c a l  approach o f  s tudy ing  th e  sequences o f  p e p tid e s  

o b ta in e d  by d ig e s t io n  o f  th e  ch em ica lly  m o d ified  p r o te in  w ith  p ro  te a s e s  o f  

d i f f e r e n t  s p e c i f i c i t y  and cyanogen bromide c leavage in  o rd e r  to  o b ta in  th e  

n e c e s sa ry  sequence o v e rlap  in fo rm a tio n  was used  to  determ ine  th e  com plete 

amino a c id  sequence o f  CAT from  S. aureus (p lasm id  C221 ).

1|.3 P e p tid e  n o m en cla tu re .

P e p tid e s  produced by chem ical o r enzymic d ig e s t io n  o f  C221 CAT a re
1

i d e n t i f i e d  by th e  p rim ary  l e t t e r  code co rresp o n d in g  to  t h a t  p a r t i c u l a r  

d ig e s t :  ,

SP in d ic a te s  d ig e s t io n  by s tap h y lo co c ca l p ro te a se  (V8).

T in d ic a te s  d ig e s t io n  by t r y p s in  

C in d ic a te s  d ig e s t io n  by chym otrypsin 

E in d ic a te s  d ig e s t io n  by e la s ta s e  

CB in d ic a te s  c leav ag e  by cyanogen bromide
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F reeze  d r ie d  d ig e s t s  were v o rtex ed  w ith  3ml o f  th e  lo a d in g  b u f f e r  used  in  

th e  i n i t i a l  f r a c t io n a t io n  o f  th e  d ig e s t  ( e i t h e r  ion-exchange o r  g e l  

f i l t r a t i o n )  and c e n tr ifu g e d . P e p tid e s  in  th e  su p e m a te n t were term ed ^so lub le  * 

and g iv en  th e  p r e f ix  S. Hence p e p tid e s  so lu b le  in  p y r id in e  a c e ta te  b u f f e r ,  

pH 3*1 > d e riv e d  from  t r y p t i c  d ig e s t io n  o f  CAT (C hapter 7 ) have th e  p r e f ix  

TS. P e p tid e s  d e r iv e d  from in s o lu b le  'c o r e ' m a te r ia l  have th e  p r e f ix  C ,th u s , 

p e p t id e s  in s o lu b le  in  p y r id in e  a c e ta te  b u f f e r ,  pH 3 .1 , d e riv e d  from  a 

t r y p t i c  d ig e s t  have th e  p r e f ix  TC. P e p tid e s  a re  a lso  i d e n t i f i e d  by th e  

f r a c t i o n  numbers in  which th e y  a re  e lu te d  from th e  column used  in  t h e i r  

p u r i f i c a t i o n .  Hence p e p tid e  TS 76-77 i s  a t r y p t i c  p e p tid e  so lu b le  in  

p y r id in e  a c e ta te  b u f f e r ,  pH 3.1 j and was e lu te d  from  th e  io n  exchange column 

used  in  t h e i r  p u r i f i c a t i o n  i n  f r a c t io n s  76 and 77. P e p tid e s  p u r i f i e d  f u r th e r  

by h ig h  v o lta g e  pap er e le c tro p h o re s is  a re  numbered a lp h a b e tic  a l l y  from th e  

ca th o d e  eg . p e p tid e  TS ii3-U6 A i s  a so lu b le  t r y p t i c  p e p tid e  which was th e  

most b a s ic  p e p tid e  in  f r a c t io n s  h3 to  U6. R e la tiv e  m o b i l i t ie s  f o r  th e  

p e p t id e s  a re  de term ined  as d e sc r ib e d  in  'Methods* ( 2 .5 ) .  A lthough th e  

v a r io u s  p e p tid e  s ta in in g  t e s t s  (C hapter I I ,  D e tec tio n  o f  p e p tid e s  2 .6  b . )  

were used  e x te n s iv e ly  in  th e s e  s tu d ie s  to  d e te c t  and c h a r a c te r is e  p e p tid e s ,  

th e  r e s u l t s  o f  th e se  t e s t s  a re  n o t re p o r te d  u n le s s  th e y  p ro v id e  e s s e n t i a l  

in fo rm a tio n  n o t o b ta in ed  by subsequen t s tu d ie s  on th e  e lu te d  p e p t id e s .

Amino a c id  com positions which have been q u a n t i t iv e ly  e s ta b l is h e d  a re

in d ic a te d  by th e  symbol: --------    b en ea th  th e  sequence o f  th e  p e p t id e .

S e q u e n tia l a n a ly s is  r e s u l t s  a re  re p re se n te d  u s in g  th e  fo llo w in g  symbols 

b e n ea th  th e  p e p t id e :

—^  r e p re s e n ts  th e  u n eq u ivoca l i d e n t i f i c a t i o n  o f  th e  PTH amino a c id  e i th e r  

from  a  ' sp in n in g  cu p ' o r  s o l id  phase au tom atic  sequencer.

—7  r e p re s e n ts  th e  i d e n t i f i c a t i o n  o f  th e  'd a n s y l ' d e r iv a t iv e  o f  th e
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in d ic a te d  amino a c id .

— ^ in d ic a te s  s tro n g  evidence f o r  th e  c o r r e c t  i d e n t i f i c a t i o n  o f  th e  amino

a c id  in  th e  absence o f  ' d a n s y l ' o r  autom ated sequence in fo rm a tio n  e i th e r  

from  th e  s ta in in g  p ro p e r t ie s  w ith  cadmium n in h y d rin  r e a g e n t ,  o r  s p e c if ic  

amino a c id  s t a i n s ,  o r  from th e  com plete la c k  o f  r e a c t i v i t y  o f  th e  N -term inal 

amino a c id  in d ic a t in g  c y c ly s a t io n  o f  a g lu tam ic  re s id u e  to  form  N -te rm in a l 

p y i^ l^ id o n e  c a rb o x y lic  a c id .

^—  re p re s e n ts  r e le a s e  o f  th e  in d ic a te d  amino a c id  by d ig e s t io n  w ith  

c a rb o x y p ep tid a ses  A and B.

 -----  in d ic a te s  s tro n g  evidence f o r  th e  C -te rm in a l amino a c id  from  th e  known

s p e c i f i c i t y  o f  th e  method o f  p e p tid e  g e n e ra tio n  (eg . CNBr c le a v a g e ) .

The o n e - l e t t e r  a b b re v ia tio n s  d e fin e d  by th e  lUPAC-IUB Commission on 

B iochem ical Nomenclature (59) a re  used  f o r  e x ten s iv e  seq u en ces , a l l  p e p tid e  

sequence d a ta  a re  exp ressed  a s  th e  t h r e e - l e t t e r  a b b re v ia tio n s  (6 0 ) .

Dashes betw een th re e  l e t t e r  symbols deno te  re g io n s  o f  de term in ed  

sequence , round b ra c k e ts  en c lo se  re g io n s  where o n ly  th e  amino a c id  

com p o sitio n  i s  known.

P r o te in  N and C -te rm in a l sequence d e te rm in a tio n s .

N -te rm in a l d e te rm in a tio n s . 

h -h  L iq u id  p h a se .

Q u a n ti ta t iv e  N -te rm in a l sequence d e te rm in a tio n  o f  C221 CAT on a Beckman

890 Sequencer gave th e  N -te rm in a l 30 re s id u e s  ( f ig u re  1 3 ).

I4.5 S o lid  p h a se .

I n i t i a l  problem s in  co u p lin g  CAT p r o te in s  to  s o l id  phase su p p o rts  were /

due to  th e  i n s o l u b i l i t y  o f ly o p h i l i s e d  CAT. The enzymes were t o t a l l y

in s o lu b le  in  50 p e rc e n t .  N-methyl m orpho line , pH 9 .5 ,  o r  O.U M d im e th y l- 

a l ly la m in e , pH 9 .5 ,  (bo th  'recommended* b u f f e r  system s f o r  s o l id  phase 

c o u p lin g ) .
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The p r o te in s  were a lso  in s o lu b le  in  b u f f e r s  c o n ta in in g  up to  5 p e rc e n t 

S .D .S . even a f t e r  b o i l in g .

Enzymes in  t h e i r  n a tiv e  s t a t e  ( ^ .  n o t ly o p h i l i s e d ) d id  n o t couple  to  

s o l id  phase s u p p o r ts . L y o p h ilised  CAT was found to  be so lu b le  i n  O.U M 

d im e th y la lly la m in e  a d ju s te d  to  pH 9 .^  w ith  t r i f l u o r o a c e t i c  a c id  and 

s a tu r a te d  w ith  guan id ine  h y d ro c h lo rid e . Using t h i s  b u f f e r  system  co u p lin g  

y ie ld s  o f  up to  50 p e rc e n t were o b ta in e d . Y ields were found to  be g r e a te s t  

(70 p e rc e n t)  u s in g  th e  t r i e th y la m in e / t r i f lu o r o a c e t ic  a c id / s a tu r a te d  

gu an id in e  h y d ro c h lo rid e  system  d e sc rib e d  in  ’M ethods’ (2 .9 , b . ) The reaso n  

f o r  in c re a s e d  co u p lin g  y ie ld s  in  tr ie th y la m in e  b u f f e r  i s  n o t y e t  known b u t 

may be r e l a t e d  to  th e  h ig h e r  pK o f tr ie th y la m in e  compared w ith  N -m ethyl- 

m orpholine and dime th y la l ly la m in e .

U n d e riv a tise d , carboxym ethylated  and perfo rm ic  a c id  o x id ise d  sam ples o f  

enzymes were sequenced, however perfo rm ic  a c id  o x id is e d  p ro te in s  were found 

to  g iv e  a  g r e a te r  ’background’ on TLC p l a t e s ,  p ro b ab ly  due to  a c id  c leavage  

o f  th e  p o ly p e p tid e  during  th e  o x id a tio n  re a c t io n  and were th e r e f o r e  

u n s u i ta b le  f o r  ex tended  sequence ru n s .

U n d e riv a tise d  CAT gave th e  c le a n e s t  sequences and th e  lo n g e s t  N -te rm ina l 

seq u en ces , in  s p i t e  o f  th e  p o s s i b i l i t y  o f  c leavage  a t  u n d e r iv a tis e d  c y s te in e  

r e s id u e s  d u rin g  th e  sequencing p rocedure  (6 l ). ’When no PTH amino a c id  was 

i d e n t i f i e d  by TLC o r  back h y d ro ly s is  w ith  h y d rio d ic  a c id  w ith  b o th  n a t iv e  

and carboxym ethy la ted  p r o te in ,  th e  re s id u e  was assumed to  be ly s in e  bound 

to  th e  s o l id  su p p o rt in  th e  case  o f  DITC coupled p r o te in s .  S ince a l l  

p rim ary  amino groups a re  c o v a le n tly  bound to  th e  s o l id  phase su p p o rt u s in g  

th e  piTC co u p lin g  p rocedure  th e  N -te rm ina l amino a c id  o f  each p r o te in  was 

d e term in ed  by th e  ’d a n sy l’ method (6 2 ).
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N -te rm in a l sequences o b ta in e d  a re  i l l u s t r a t e d  in  f ig u r e  13 and ta b le  11. 

I t  can be seen t h a t  th e  le n g th  o f  sequence o b ta in ed  i s ,  to  some e x te n t ,  

dependent on th e  amount o f p ro te in  coupled  a lthough  th e  maximum le n g th  o f  

sequence o b ta in ed  r a r e ly  exceeds 20 re s id u e s .

Table 11 N -te rm in a l s o l id  phase sequence o f  CAT p r o te in s :  number o f  re s id u e s  

o b ta in e d .

CAT Type- Amount o f  CAT u sed  . 

in  co u p lin g .

Number o f  r e s id u e s  

o b ta in e d .

Type I  (Rl|29) 3-5mg. 18

Type I I  (S -a ) 1 .^mg. 13

H. p a ra in f lu e n z a e 2 mg. 13

S. au reus Type A h mg. 16

S. au reus Type B k  mg. 16

S. au reus Type C 5 mg. 2ii

S. au reus Type D h mg. 19

A ttem pts to  couple  CAT p ro te in s  from Streptom yces ac rim y c in i (28) and 

a H av o b ac te riu m  (29) (p u r i f ie d  by Dr. S. H arford  o f  t h i s  la b o ra to ry )  

f a i l e d .  This i s  p ro b ab ly  due to  th e  low ly s in e  c o n te n t o f  th e se  p ro te in s  

(3 m oles ly s in e  p e r  mole monomer), in d e ed , a  d e f in i t e  c o r r e la t io n  between 

ly s in e  c o n te n t and co up ling  e f f ic ie n c y  was seen w ith  th e  CAT p r o te in s .  I t  

i s  i n t e r e s t i n g  to  compare th e  r e s u l t  o b ta in e d  f o r  th e  type  C s tap h y lo co c ca l 

CAT by th e  l i q u id  phase and th e  s o l id  phase seq u en cers .



f ig u r e :  13 

N -te rm in a l sequences o f  CAT v a r ia n ts .

A ll  sequences were determ ined  on a s o l id  phase sequencer w ith  

th e  ex cep tio n  o f  re s id u e s  25 -  30 o f  th e  ty p e  C _S. au reu s  

v a r i a n t  which were determ ined  on a l i q u id  phase seq u en cer, 

(see  C hapter I V .)
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The N -te rm in a l 30 re s id u e s  were i d e n t i f i e d  by th e  l iq u id  phase (sp in n in g  

cup) tech n iq u e  u s in g  a t o t a l  o f  20mg o f  p ro te in  w hereas th e  s o l id  phase gave 

a 2hr re s id u e  sequence u s in g  o n ly  5mg p r o te in .  A lthough th e  s o l id  phase 

te ch n iq u e  cannot eq u al th e  l i q u id  phase i n  le n g th  o f  sequence o b ta in e d  i t  

o f f e r s  advan tages Wiere l im i te d  q u a n t i t i e s  o f  p ro te in  a re  a v a i la b le ,  

e s p e c ia l ly  i f  th e  sequencer i s  adap ted  to  ta k e  advantage o f  r a d io a c t iv e  

m ic ro -seq u en c in g  methods (6 3 ).

L .6  C -te rm in a l sequence d e te rm in a tio n .

0.6mg (25 n  M oles) o f  ly o p h i l i s e d  S. au reus 0221 CAT was d is so lv e d  in  

0.25m l 50 mM N -m ethylm orpholine b u f f e r ,  pH 8 .5 ,  which c o n ta in ed  u re a  a t  a 

f i n a l  c o n c e n tra tio n  o f L M and d ig e s te d  w ith  a  1 :50 m olar r a t i o  carboxy- 

p e p tid a s e s  A and B. 5 0 ^ 1  sam ples were ta k en  a t  0 , 1 , 2 , 1|. and 2l+ h o u rs , 

f r e e z e  d r ie d  and lo ad ed  on to  th e  amino' a c id  a n a ly s e r . Peaks co rre sp o n d in g  

to  i s o le u c in e  and s e r in e  (o r  a sp a rag in e  o r  g lu tam ine s in c e  th e se  amino a c id s  

c o - e lu te  w ith  s e r in e )  were observ ed . C o n tro l sam ples c o n ta in in g  CAT o n ly  

and ca rb o x y p ep tid a ses  A and B o n ly  gave b lan k  amino a c id  a n a ly se s  in  each 

c a s e .

The r a t e s  o f  r e le a s e  o f  th e  f r e e  amino a c id s  w ere:

I s o le u c in e  = 2.U n  Mb l e s /h o u r .

' S e rin e  '  =1.3 n M oles/hour,

hence th e  C -term inus o f  C221 CAT was concluded to  b e :

A lthough Ser.,Asn and Gin a re  n o t re so lv e d  by  amino a c id  a n a ly s is , th e y  co u ld  

be d i f f e r e n t i a t e d  by h ig h  v o lta g e  p ap er e le c tro p h o re s is  and f u tu r e  work 

w i l l  u t i l i s e  t h i s  method o f  i d e n t i f i c a t i o n .
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CHAPTER V.

PRODUCTION, FRACTIONATION AND SEQUENCE OF TRYPTIC PEPTIDES.
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5.1 P re p a ra tio n  o f  Cm CAT.

In g e n e ra l ,  n a t iv e  p ro te in s  a re  n o t good s u b s tr a te s  f o r  e x te n s iv e  

p r o te o ly t ic  d e g ra d a tio n  a lthough  d ig e s t io n  o f n a t iv e  p ro te in s  has been used 

f o r  th e  p ro d u c tio n  o f  la rg e  ’c o re ’ fragm ents which may r e t a i n  fu n c t io n a l  

a c t i v i t y  (6 5 ). P e p tid e  bonds on th e  su rfa c e  o f  th e  p r o te in  i n  c o n ta c t w ith  

th e  e x te r n a l  environm ent a re  a c c e s s ib le  and may be s u s c e p t ib le  to  enzymic 

a t t a c k ,  b u t p e p tid e  bonds b u rie d  in  th e  p r o te in  m a trix  a re  n o t r e a d i ly  

h y d ro ly sed . Since th e  main o b je c t iv e  in  s t r u c tu r a l  in v e s t ig a t io n s  i s  to  

c leav e  a l l  p o t e n t i a l l y  s e n s i t iv e  bonds q u a n ti t i v e l y ,  p r i o r  d é n a tu ra t io n  o f  

o f  th e  s u b s t r a te  i s  n e c e ssa ry  f o r  p r o te o ly t ic  d e g ra d a tio n .

Since th e  CAT s p e c if ie d  by p lasm id  C221 c o n ta in s  c y s te in e  th e se  re s id u e s  

m ust be d e r iv a t is e d  to  avoid  d isu lp h id e  exchange r e a c t io n s  and to  enab le  th e  

i d e n t i f i c a t i o n  o f th e  l a b i l e  c y s te in e  r e s id u e s .  C arboxym ethylation in  6 M 

gu an id in e  h y d ro c h lo rid e  n o t o n ly  carboxym ethy lates c y s te in e  b u t a lso  

e f f e c t iv e ly  d e n a tu re s  th e  p ro te in  p ro v id in g  a s u i ta b le  s u b s t r a te  f o r  enzymic 

d e g ra d a tio n  and was perform ed as fo llo w s :

L y o p h ilise d , s a l t  f r e e  C221 CAT (l3Qmg) was d is so lv e d  in  degassed  6 M 

gu an id in e  HCl/100 mM T r is  HCl, pH 8 .5 ,  (hOml). D i th io th r e i t o l  (lOOy/Moles) 

was added and th e  s o lu t io n  s t i r r e d  under n i tro g e n  f o r  2 ho u rs  a t  room 

te m p e ra tu re , f ^ ^ c j  io d o a c e tic  a c id  (UOO^Moles, 0 .1 2 5 ^ C ^M ole) was th e n  added 

and th e  r e a c t io n  v e s s e l  covered  w ith  aluminium f o i l  to  p re v e n t th e  fo rm atio n  

o f  io d in e  which may r e a c t  w ith  ty r o s in e ,  try p to p h an  and h i s t i d i n e  re s id u e s .  

S t i r r i n g  under n i tro g e n  was co n tin u ed  f o r  a  f u r th e r  2 h o u rs , excess 

m ereap to e th an o l (5 00^M oles) was added to  quench f u r th e r  r e a c t io n  and th e  

a lk y la te d  p ro te in  d ia ly s e d  e x h a u s tiv e ly  a g a in s t  w a te r .

Amino a c id  a n a ly s is  o f  th e  a lk y la te d  p r o te in  in d ic a te d  1 .8  moles 

carboxym ethyl cy s te in e /m o le  monomer and co u n tin g  an a l iq u o t  o f  th e  a lk y la te d
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p ro te in  (fcnowning th e  s p e c if ic  a c t i v i t y ,  o f  th e  [ ^ ^ c j  io d o a c e tic  a c id  to  he 

0 .1 25y(/C^M ole) gave a va lue  o f  2 .1 5  moles io d o a c e tic  ac id /m o le  monomer 

in c o rp o ra te d . The c arboxyme th y l  CAT was th e n  f r e e z e  d r ie d .

5 .2  T ry p tic  d ig e s t io n  o f C221 Cm CAT.

Pilot digestion.

Pilot digests on Img aliquots of Cm CAT indicated that a 1 ;50 molar ratio 

trypsin to Cm CAT for h hours at 37°C gave the best yields of peptides as 

judged by high voltage paper electrophoresis at pH 6.5 and 3.5 followed by 

staining with fluorescamine and cadmium-ninhydrin reagent. 5mg Cm CAT was 

then digested under these conditions followed by electrophoresis and 

staining to give a peptide map of the protein digest. Of the theoretical 

27 peptides ( 23 lysine residues and 3 arginine residues per monomer) 
obtainable from a tryptic digest of Cm CAT, 20 peptides were distinguishable 
on the peptide map (figure 11).

A utorad iography  o f  th e  p e p tid e  map r e s u l te d  in  o n ly  one r a d io a c t iv e  

re g io n . This was a t  th e  o r ig in  and in d ic a te s  th a t  th e  c y s te in e  c o n ta in in g  

sequences a re  c o n ta in ed  in  p e p tid e s  which do n o t run  under th e  c o n d itio n s  

employed f o r  th e  p ro d u c tio n  o f  th e  t r y p t i c  p e p tid e  map.

P re p a ra tiv e  d ig e s t io n .

Cm CAT (I20mg). was suspended i n  50ml o f  20 mM ammonium b ic a rb o n a te , pH: 

8.û^- and so n ic a te d  f o r  30 seconds to  g iv e  a f in e  su sp en sio n . T rypsin  

( p u r i f ie d  as  d e sc r ib e d  in  ’M ethods' 2 .U ) was added a t  a m o la r ,r a t io  o f  1 :50 

and th e  su spension  slow ly  s t i r r e d  a t  37°C f o r  5 h o u rs . As th e  d ig e s t io n  

p ro g re s se d  th e  in s o lu b le  m a te r ia l  d ec rea sed  in  q u a n t i ty  b u t even a f t e r  5 

ho u rs  th e  s o lu t io n  was s t i l l  tu r b id .  The d ig e s t  was th en  q u ic k ly .s h e l l -  . 

f ro z e n  and ly o p h i l is e d .
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5 .3  F ra c t io n a tio n  o f  th e  t r y p t i c  p e p tid e s  o f  Cm CAT.

The p re p a ra t iv e  t r y p t ic  d ig e s t  o f  Cm CAT (d ig e s t  T) was f r a c t io n a te d  by
iK ^oipkonK.

ion-exchange chrom atography on Dewox 50 u s in g  th e  method d e sc r ib e d  in  

'M ethods’ (2 .i i ) .  The f re e z e  d r ie d  t r y p t i c  p e p tid e s  were v o rtex ed  w ith  5ml 

o f  th e  s t a r t i n g  b u f f e r  (0 .2  M p y r id in e /a c e ta te ,  pH 3 . 1 , )  and c e n tr ifu g e d .

The in s o lu b le  ’c o r e ’ m a te r ia l  was s to re d  a t  -20^C f o r  f u r th e r  s tu d y .

The su p e m a te n t was lo ad ed  on to  th e  ion-exchange column and se p a ra te d  

w ith  a pH g ra d ie n t  pH 3.1 to  5 .0  and th e  column f i n a l l y  washed w ith  

p y r id in e /a c e ta te ,  pH 6 .5 . Samples from each f r a c t io n  c o l le c te d  were 

f in g e r p r in te d  by h ig h  v o lta g e  paper e le c tro p h o re s is  ( ’M ethods’ 2 .6 )  and 

poo led  on th e  b a s is  o f  th e  f in g e r p r in t  p a t t e r n .  The poo led  f r a c t io n s  were 

r o ta r y  ev ap o ra ted  a t  UO°C to  1ml f o r  f u r th e r  p u r i f i c a t i o n  by h ig h  v o lta g e  

pap er e le c tro p h o r e s is  ( ’M ethods’ 2 .5 )  as re q u ire d .

The ’c o re ’ m a te r ia l  ( in s o lu b le  in  p y r id in e /a c e ta te ,  pH 3.1 ) proved  to  be 

r a th e r  d i f f i c u l t  to  s e p a ra te  b e in g  in s o lu b le  in  8 M u re a ,  50 p e rc e n t a c e t ic  

a c id  o r  6 M g u an id in e  HCl. I t  was e v e n tu a lly  d is so lv e d  in  & s a tu r a te d  aqueous 

s o lu t io n  o f  gu an id in e  HCl and f r a c t io n a te d  on a G-75 Sephadex column 

e q u i l ib r a te d  w ith  s a tu ra te d  guan id ine  HCl s o lu t io n .  Four d i s t i n c t  peaks were 

o b ta in e d  ( f ig u re  The poo led  f r a c t io n s  were d e s a l te d  by d i a ly s i s  a g a in s t

50 mM ammonium b ic a rb o n a te , pH 8 .0 ,  u s in g  b o ile d  S pec tropo re  3 d i a ly s i s  

membrane (e x c lu s io n  l im i t  ap p rox im ate ly  800 d a l  to n s  ).

5 .I4. Amino a c id  a n a ly s e s , c h a r a c t e r i s t i c s  and sequence o f  t r y p t i c  p e p t id e s .

P e p tid e  TS 5 -  10 B.

A n a ly sis  ; Glu (1 .9 ) ,  Thr ( 0 .9 ) ,  Lys ( I .O ) .

M o b ility  : pH 6 .5  (+0.1 |5), pH 2.1 (0 .9 0 ) . Net charge  -1

Y ie ld  : 550 n  m oles. p f f

A ll  a tte m p ts  to  sequence t h i s  p e p tid e , b o th  m anually  and on th e  s o l id  phase
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seq u en cer, f a i l e d .  This in d ic a te s  a b locked  N -term inus, p ro b ab ly  an 

N -te rm in a l py rog lu tam yl re s id u e .  Mass sp ec tro m e try  (perform ed by Dr. A. D e ll 

a t  Im p e ria l C o lle g e , London) gave th e  N -te rm in a l two r e s id u e s :  pG lu-T hr- 

and th e  t o t a l  sequence o f  t h i s  p e p tid e  was concluded to  b e :

I" Glu- T h r-G lu -Iy s .

P e p tid e  TS 18 -  22 .

A n a ly sis  : Asp (1 .2 ) ,  Ser ( 2 .1 ) ,  Glu (1 .1 ) ,  Lys ( l .O ) .

M o b ility  : pH 6 .5  ( 0 .0 ) ,  pH 2.1 (1 .0 5 ) .  Net charge  z e ro .

Y ie ld  : 300 n m oles.

Sequence : S e r-G ln -(A sp ,S e r)-Lys >

A lthough s e v e ra l  a tte m p ts  were made to  sequence t h i s  p e p tid e  o n ly  th e  

N -te rm in a l 2 r e s id u e s  were o b ta in e d . From th e  pH 6 .5  m o b il i ty  i t  i s  ap p aren t 

t h a t  an amide i s  p re s e n t  in  t h i s  p e p tid e  ( e i t h e r  Asn o r  G in) and i t  i s  

l i k e l y  t h a t  th e  i n a b i l i t y  to  o b ta in  th e  sequence o f  more th a n  2 re s id u e s  i s  

due to  th e  c y c l i s a t io n  o f  a g lu tam ine  re s id u e  a t  p o s i t io n  2 d u rin g  th e  

sequencing  p ro ced u re .

P e p tid e  TS 37 -  U l.

A n a ly sis  : Asp ( 1 .9 ) ,  Thr (0 .9 ) ,  Pro (0 .9 5 ) , Val ( 1 .1 ) ,

Leu ( 1 .5 ) ,  Tyr ( 0 .9 ) ,  Phe (0 .9 5 ) , Lys ( l .O ) .

M o b ility  : pH 6 .5  ( - 0 .2 5 ) ,  pH 2.1 ( l .O ) .  Net charge  +1.

Y ie ld  : 600 n  m oles.

Sequence : Leu-AsiyProj-Leiÿ-TyyThiy-Vall^-Ph^-Asi^-Iys.

T his p e p tid e  was sequenced on th e  s o l id  phase seq u en cer, th e  a sp a ra g in e  

re s id u e s  b e in g  id e n t i f i e d  as  such by t h i s  method and th e  sequence 

(2 a sp a ra g in e  re s id u e s )  a g re e s  w ith  th e  e le c t ro p h o r e t ic  m o b il i ty  in d ic a t in g  

a  n e t  charge o f  +1.
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P ep tid e  TS U3 -  U6 A.

A n a ly sis  : Asp ( 1 .9 ) ,  Thr ( 0 .9 ) ,  Ser ( 0 .9 ) ,  G l u ( l . l ) ,

Gly ( 1 .1 ) ,  H e  ( 1 .1 ) ,  Lys ( l .O ) .

M o b ility  : pH 6 .5  (O .O), pH 2.1 (1 .2 ) .  Net charge z e ro .

Y ie ld  : ?50 n m oles. p H  ' Î ' Ç

Sequence : A sn-G ;ly -Ile-G lu-S er-A sn-T hr-Iys.
 7 —>  ^ ^ ---------------- ---

The N -te rm in a l re s id u e  (which i s  n o t i d e n t i f i e d  on th e  au tom atic  sequencer, 

due to  th e  DITC co u p lin g  p ro ced u re , 'Methods* 2 .9  b )  was i d e n t i f i e d  as Asx 

by th e  d an sy l N -te rm in a l method and was assumed to  be Asn to  g iv e  th e  

p e p tid e  which was n e u t r a l  a t  pH 6.5*

P e p tid e  TS U3 -  L6 D.

A n a ly sis

M o b ility

Y ie ld

Sequence

Asp ( 2 .1 ) ,  Ser (O.U), Val (1 .1 ) ,  H e  ( 0 .9 ) ,  Trp +ve. , 

pH 6 .5  (+ 0 .9 5 ) , pH 2.1 (0 .7 ) .  Net charge -2 .

750 n m oles.

V al-A sp-A sp-T rp-H e.

This p e p tid e  was th e  on ly  h ig h  y ie ld  p e p tid e  which d id  n o t c o n ta in  ly s in e  o r

a rg in in e  and was co n sid e red  a l i k e l y  c a n d id a te  f o r  th e  C -te rm in a l t r y p t i c

p e p t id e .  No s e r in e  was d e te c te d  during  th e  sequencing p rocedure  and th e  low 

s e r in e  c o n te n t (O.U) in  th e  a n a ly s is  was co n sid e red  to  be a con tam inan t.

An analogous p e p tid e  has been i s o la te d  from a t r y p t i c  d ig e s t  which was 

p u r i f i e d  by g e l f i l t r a t i o n  (G -25, in  50 mM ammonium b ic a rb o n a te )  and paper 

e le c t r o p h o r e s is .  This p e p tid e  had th e  a n a ly s is :

Asp ( 2 .0 ) ,  Val ( 0 .9 ) ,  H e  ( 1 .0 ) ,  Trp +ve.

and had a n e t  charge  o f  -1 ( in d ic a t in g  one Asp and one A sn).

Sequence : V al-A sx-A sx-T rp-H e.

I f  th e  sequence d a ta  o f  th e se  p e p tid e s  i s  compared w ith  th e  C -te rm in a l
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d e te rm in a tio n  o f  th e  C221 enzyme (C hapter IV, U*6) :

/

th e  C -term inus o f  th e  p ro te in  was concluded to  be ;

V al-A sp-A sn-T rp-H e.

P e p tid e  TS Ul -  U6 D had become deam idated d u ring  p u r i f i c a t i o n  (hence n e t  

charge  -2 )  w hereas th e  analogous p e p tid e  p u r i f i e d  by  g e l  f i l t r a t i o n  had n o t 

(hence n e t  charge - 1 ) .

Amino a c id  a n a ly se s  o f  sam ples tak en  f o r  th e  C -te rm in a l d e te rm in a tio n  

o f  th e  p ro te in  u s in g  carb o x y p ep tid ases  would n o t have d e te c te d  try p to p h an  

s in c e  t h i s  amino a c id  i s  e lu te d  w ith  ammonia u s in g  o u r norm al a n a ly s is  

programme. Amino a c id  r e le a s e  would have stopped  when th e  a s p a r t ic  a c id  

r e s id u e  had been reached  s in c e  ca rb o x y p ep tid ases  o n ly  r e le a s e  a s p a r t ic  a c id  

s lo w ly  (6 2 ).

P e p tid e  TS 59 -  63 C.

A n a ly sis  : Asp ( 1 .1 ) ,  Thr (2 .U ), Glu ( U .l ) ,  Tyr  ( 2 .7 ) ,

Phe ( 2 .1 ) ,  His ( l .O ) ,  Spi 

M o b ility  : pH 6 .5  (+ 0 .2 8 ) , pH 2.1 (0 .7 0 ) . Net charge  - 1 .5 .

Y ie ld  : 100 n  m oles.

Sequence :

G lx-T yr-Phe-G Ix-H is-Tyr-Phe-A sx-G lx- (G lu, Thr«, T ÿ r ) g ^ , a r )i A * .

This p e p tid e  co rresp o n d s to  th e  N -te rm ina l re s id u e s  lU to  2 ^  (see  N -te rm in a l 

sequence d e te rm in a tio n s , f ig u r e  1 3 ).

P e p tid e  TS 59 -  63 D.

A n a ly sis  : Asp ( 1 .9 ) ,  Glu ( 1 .0 ) ,  Leu ( 1 .8 ) ,  Tÿr ( 0 .9 ) ,  Lys ( l .O ) .

M o b ility  : pH 6 .5  (+ 0 .3 5 ) , pH 2.1 (1 .2 ) .  Net charge -1 .
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Y ie ld  : 550 n  m oles. pH

Sequence ; A sn-A sp-Leu-Leu-G lu-T yr-Iys.
— 1 7 —

The N -te rm in a l re s id u e  was i d e n t i f i e d  as  Asx by th e  d an sy l method and was 

concluded to  be th e  amide due to  i t s  s ta in in g  c h a r a c t e r i s t i c s  w ith  n in h y d rin  

(red  -  o range) and th e  expec ted  n e t  charge o f  -1 from th e  e le c tro p h o r e t ic  

d a ta .

P e p tid e  TS 66 -  68.

A n a ly sis

M o b ility

Y ie ld

Sequence

Asp ( 1 .1 ) ,  Glu ( 0 .9 ) ,  H is (1 .1 ) ,  Lys (1 .0 ) .  

pH 6 .5  (+ 0 .2 5 ) , pH 2.1 ( I . i i5 ) .  Net charge 

500 n  m oles. p f4

A sp-H is-G lu-L ys.

In  o rd e r  to  have a n e t  charge o f  - J  b o th  Asp and Glu must be f r e e  a c id s  

r a th e r  th an  th e  am ides.

P e p tid e  TS 69 -  71.

A n a ly sis

M o b ility

Y ie ld

Sequence

Asp ( 1 .0 ) ,  Met (0 .9 5 ) , H e  (0 .8 5 ) , Lys (1 .0 ) .  

pH 6 .5  (O .O), pH 2.1 ( 1 .5 ) .  Net charge  z e ro .

1 ,200 n m oles.

A sp-M et-H e-L ys.

P e p tid e  TS 12 -  75 B.

A n a ly sis

M o b ility

Y ie ld

Sequence

Asp ( 1 .1 ) ,  Thr (0 .9 ) ,  H e  (1 .2 ) ,  Phe (1.1 ) ,  Lys ( l .O ) .  

pH 6 .5  ( - 0 .3 ) ,  pH 2.1 (1 .3 ) ;  Net charge +1.

600 n m oles. p U

T h r-P h e -A sn -Ile -H e -L y s .

In  o rd e r  to  have a n e t  charge o f +1 th e  t h i r d  re s id u e  must be Asn r a th e r  th an  

Asp. The low H e  c o n te n t from  th e  amino a c id  a n a ly s is  i s  due to  th e  slow r a t e
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o f  h y d ro ly s is  o f  I l e - H e  bonds. This p e p tid e  co rresponds to  th e  N -te rm in a l 

r e s id u e s  1 - 6  (see  f ig u r e  1 3 ).

P e p tid e  TS 72 -  75 C.

A n a ly sis  : Asp ( 0 .9 ) ,  Glu (1 .9 ) ,  Pro ( 0 .9 ) ,  Met ( 0 .9 ) ,

Phe ( 0 .9 ) ,  Lys (1 .9 ) .

M o b ility  : pH 6 .5  (+ 0 .2 5 ) , pH 2.1 ( l .U ) .  Net charge -1 .

Y ie ld  : 950 n  m oles.

Sequence : Asp- Lys -  Glu- Glu-Me t-P h e  -P ro  -L ys.

I t  i s  w orthy o f  n o te  t h a t  t h i s  p e p tid e  c o n ta in s  an i n t e r n a l  ly s in e  re s id u e  

which was n o t c leav ed  by  t r y p s in ,  p ro b ab ly  due to  th e  th re e  a d ja c e n t a c id ic  

r e s id u e s  (as de term ined  by th e  n e t  charge o f  th e  p e p t id e ) .

P e p tid e  TS 76 -  77 .

A n a ly sis  : Asp (2 .1 ) ,  Ser ( 0 .9 ) ,  Glu (1 .0 ) ,  Tyr (0 .9 ) ,

Phe ( 1 .0 ) ,  ly s  ( 1 .0 ) .

M o b ility  : pH 6 .5  (O .O), pH 2.1 ( 1 .2 ) .  Net charge z e ro .

Y ie ld  : 700 n  m oles.

Sequence : P he-T yr-S er-G lx-A sx-A sz-Iys.

T his p e p tid e  c o n ta in s  2 amides (from  th e  n e t  charge o f  th e  p e p t id e ) .  The 

e x a c t lo c a t io n  o f  th e  amides i s  n o t y e t  known.

P e p tid e  TS 82 -  81|.

A n a ly sis

M o b ility

Y ie ld

Sequence

Thr ( 0 .8 ) ,  Ser (0 .9 ) ,  H e  (0 .9 ) ,  Lys (1 .0 )  

pH 6 .5  (-0 .U 5 ) , pH 2.1 ( 1 .6 ) .  Net charge +1. 

500 n  m oles.

S e r-H e -T h r-L y s .

This sequence i s  id e n t i c a l  to  re s id u e s  27 -  30, however re s id u e  26 i s  a  

ty ro s in e  r a th e r  th a n  th e  norm al c leavage  p o in t  o f  ly s in e  o r  a rg in in e  so th e
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p o s i t io n  o f  t h i s  p e p tid e  in  th e  sequence i s  n o t c e r t a in .

P e p tid e  TS 8? -  89 B.

A n a ly sis  : Asp ( 2 .1 ) ,  Glu ( 0 .9 ) ,  Leu ( l .O ) ,  Arg ( 1 .1 ) ,

Trp +ve, n in h y d rin  s t a i n ,  re d  -  o ran g e .

M o b ility  : pH 6 .5  (+ 0 .3 ) , pH 2.1 (1 .2 ) .  Net charge -1 .

Y ie ld  : U50 n m oles. hVfB p H  ̂ ' Ç .

Sequence : Leu-G lu-Asn-Trp-A sp-A rg.

This p e p tid e  co rresp o n d s to  re s id u e s  7 -  12 o f  th e  p r o te in  N -term inus. 

P e p tid e  TS 10& -  lOg.

A n a ly sis  : Asp ( 1 .0 ) ,  Gly ( 1 .2 ) ,  Leu (1 .0 ) ,  Tÿr ( 0 .9 ) ,

Lys ( 1 .0 ) ,  Trp +ve.

M o b ility  : pH 6 .5  ( 0 .0 ) ,  pH 2.1 ( 1 .2 ) .  Net charge  z e ro .

Y ie ld  : 500 n  m oles.

Sequence : L eu-G ly-Tyr-T rp-A sp-Lys.
— 7- —^  —> — >  ^—

P ep tid e  TS 1 l6  -  121.

A n a ly sis  : Gly ( 1 .0 ) ,  Val ( 1 .2 ) ,  H is (1 .1 ) ,  Arg ( l .O ) .

M o b ility  : pH 6 .5  ( - 0 .6 ) ,  pH 2.1 (2 .3 ) .  Net charge

Y ie ld  : l5 0  n  m oles.

Sequence : H is-V al-G ly-V al-A rg .

P e p tid e  TS 102 -  lOU.
/

A n a ly sis  : Asp ( 1 .0 ) ,  Lys (1 .0 ) .

M o b ility  : pH 6 .5  ( - 0 .7 ) ,  pH 2.1 (2 .3 ) .  Net charge  -1 .

Y ie ld  : 1 ,500 n m oles.

Sequence ; Asn-Lys.

The N -te rm in a l re s id u e  was judged to  be Asn from th e  n in h y d rin  s t a i n  (red  

orange ) and th e  n e t  charge +1.
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P e p tid e  TS 127 -  129.

A n a ly sis  ; Leu ( 0 .8 ) ,  Arg (1 .1 ) .

M o b ility  : pH 6 .5  ( - 0 .6 5 ) ,  pH 2 . 1 (2 .1 ) .  Net charge +1.

Y ie ld  : 200 n m oles.

Sequence ; Leu-Arg.

P e p tid e  TS 137 -  1i|0.

A n a ly sis  ; Met ( 1 .0 ) ,  Phe (0 .9 ) , Arg (1.1 ).

M o b ility  ; pH 6 .5  (-0 .U 5 ) , pH 2. 1 ( 1 .7 ) .  Net charge +1.

Y ie ld  : 1,200 n  m oles.

Sequence ; M et-Phe-Arg.

P e p tid e  TS lU6 -  1U8.

A n a ly sis  ; Gly ( 1 .1 ) ,  Val ( 1 .0 ) , His (0 .9 ) ,  Arg (1 .0 ) .

M o b ility  : pH 6 .5  ( - 0 .6 ) ,  pH 2.1 ( 2 .3 ) .  Net charge + l j .

Y ie ld U50 n m oles.

Sequence : Hi s-V al-G ly-A rg .

P e p tid e  TS lU9 -  I5 l B.

A n a ly sis

M o b ility

Y ie ld

Sequence

Phe ( 1 .0 ) ,  Arg ( 1 .0 ) .

pH 6 .5  ( - 0 .5 5 ) ,  pH 2.1 (1 .8 5 ) . Net charge +1. 

180 n  m oles. <Z-I.

Phe-Arg.

This p e p tid e  was o b ta in e d  in  r e l a t i v e l y  low  y ie ld  and was c o n s id e re d  to  be 

a p a r t i a l  c leav ag e  p ro d u c t o f  p e p tid e  TS 137 -  lUO.

P e p tid e  TC 1 .

T his was th e  f i r s t  peak e lu te d  from th e  G-75 column ( f ig u re  lU ) u sed  to  

f r a c t io n a te  th e  in s o lu b le  'co re*  m a te r ia l .  From i t s  amino a c id  a n a ly s i s .
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y ie ld  (I4.O n  M oles) and m o b ili ty  on S .D .S . g e l  e le c tro p h o re s is  i t  was judged 

to  be u n d ig e s te d  CAT p ro te in  and no f u r th e r  s tu d ie s  were u n d e rtak en .

P e p tid e  TC 2 .

A n a ly sis  : Cm Cys (1 ) ,  Asp ( l 5 ) ,  Thr (U), Ser (1 0 ) , Glu (1 0 ) ,

Gly (5), Ala (U), Pro (3 ) ,  Val (U), Met (3 ) ,  H e  (IO ),

Leu (5), Tyr (U), Phe (5), ly s  (1 0 ) , Arg (l ) .

Y ie ld  : 50 n  m oles.

Sequence : No sequence o b ta in e d  by dansyl-Edman o r  s o l id  phase

. sequencing .

In  v iew  o f  th e  la rg e  s iz e  and number o f ly s in e  and a rg in in e  re s id u e s  t h i s  

p e p tid e  was co n sid e re d  to  be a p a r t i a l  c leav ag e  p ro d u c t.

P e p tid e  TC 3 »

A n a ly sis  ; Asp (1 .9 ) ,  Thr (O.U), Ser ( 2 .0 ) ,  Glu ( 1 .9 ) ,  Gly (3 -1 ) ,

Val (0 . 9 ) ,  H e  ( 0 .8 ) ,  Leu ( 1 .2 ) ,  Tyr ( 0 .9 ) ,  Phe (O .8 ) ,

Lys (1 . 0 ) ,  Arg (l .1 ).

Y ie ld  : 500 n  m oles.

Sequence : No sequence o b ta in ed  by  dansyl-Edman o r  s o l id  phase

sequencing .

S ince t h i s  p e p tid e  c o n ta in s  one ly s in e  and one a rg in in e  re s id u e  i t  can be 

c o n s id e re d  a p a r t i a l  c leav ag e  p ro d u c t a lth o u g h  o b ta in ed  in  h ig h  y i e ld .

P e p tid e  TC U»

A n a ly s is  : Asp ( 2 .0 ) ,  Thr ( I .O ) , S er ( I . I ) ,  Glu (l .0 ) ,  V al (l .0 ) ,

H e  (1 . 9 ) ,  Leu ( 0 .8 ) ,  Tyr ( 1 .7 ) ,  Phe ( I .O ) , Lys ( I .O ) .

Y ie ld  : 6OO n  m oles.

Sequence : No sequence o b ta in e d  by dansyl-Edman o r  s o l id  phase

sequencing .

No sequence in fo rm a tio n  was o b ta in ed  f o r  any o f  th e  t r y p t i c  'co re*  

p e p t id e s .  This co u ld  be due to  N -te rm in a l b lo ck in g  by carb am y la tio n



f ig u r e  ; I l |.

E lu tio n  p r o f i l e  o f  t r y p t i c  co re  p e p tid e s  from a Sephadex 

G-75 column (l x  80cm) e q u i l ib r a te d  and run  in  s a tu r a te d  

g u an id in e  HCl.

Flow r a t e  = 5m l/hour.

2 .5m l f r a c t io n s  c o l le c te d .

f ig u r e  : 15.

E lu tio n  p r o f i l e  o f  t r y p t i c  d ig e s t  o f  c i t r a c o n y la te d  Cm CAT. 

Column = B io -g e l P60 (2 .5  x  80cm) e q u i l ib r a te d  and run  in  

50 mM ammonium b ic a rb o n a te  (pH 8 .0 ) .

Flow r a t e  = lO m l/hour.

2 .0m l f r a c t io n s  c o l le c te d .



68.

1 0

0 8

c  0 6

O 0-4

0 2

O 20 3010 40 50 60
VOLUME { ml )

û  0 2

30 90 120 150 210O 60 180
VOLUME (m l)



69.

s in c e  a tte m p ts  to  s o lu b i l i s e  th e  co re  m a te r ia l  had in v o lv ed  th e  u se  o f  u re a  

s o lu t io n s .  A l te rn a t iv e ly  th e  extrem e i n s o l u b i l i t y  o f  th e  p e p tid e s  may have 

cau sed  th e  sequencing  problem s.

9 .5  C itra c o n y la t io n  o f  Cm CAT.

R ev e rs ib le  m asking o f  th e  £ -amino groups o f  ly s in e  r e s t r i c t s  t r y p t i c  

h y d ro ly s is  to  a rg in y l  re s id u e s  in  th e  p o ly p e p tid e  c h a in . This may be 

accom plished  by a number o f  m ethods, in c lu d in g  ca rb am y la tio n , d i n i t r o -  

p h en y la in o n , s u c c in y la t io n , t r i f  luo ro ac  e t y l a t i o n , m a ley la tio n  and c i t r a ­

c o n y la t io n . A com parison o f  th e  s p e c i f i c i t y ,  ease  o f  r e v e r s a l  and hom ogeneity 

o f  th e  masked and unmasked d e r iv a t iv e s  (66 ) has shoim th a t  c i t r a c o n y la t io n  

i s  t i ie  most s a t i s f a c to r y  method.

Cm CAT (yOmg) was d is so lv e d  in  ic e  c o ld  6 M gu an id in e  HCl/100 mM 

N -m ethylm orpholine a c e ta te  b u f f e r ,  pH 8 .3 ,  ( l9 m l). A liq u o ts  ( 2 0 ^ 1 )  o f  . 

c i t r a c o n ic  anhydride  were added a t  10 m inute i n t e r v a l s ,  th e  pH b e in g  

m a in ta in ed  a t  8 .3  by th e  a d d it io n  o f 2 M NaOH. The t o t a l  amount o f  

c i t r a c o n ic  anhydride  added (200y /1 ) was a 20 fo ld  ex cess  over ly s in e  re s id u e s  

and th e  t o t a l  r e a c t io n  tim e was 2 j  h o u rs . The r e s u l t in g  s o lu t io n  was 

d ia ly s e d  e x te n s iv e ly  a g a in s t  30 mM ammonium b ic a rb o n a te . The c i t r a c o n y la te d  

Cm CAT p r e c ip i ta te d  and th e n  re d is so lv e d  as d ia ly s i s  p ro g re s se d , f i n a l l y  

r e s u l t i n g  i n  a c l e a r  s o lu t io n .

5 .6  T ry p tic  d ig e s t io n  o f  c i t r a c o n y l  Cm CAT.

The d e r iv a t i s e d  Cm CAT was d ig e s te d  w ith  t ry p s in  under i d e n t i c a l  

c o n d it io n s  to  d ig e s t  T. (37°C, i ; 9 0 . r a t i o  t r y p s in ,  9 h o u rs )  and f r e e z e  d r ie d .

5 .7  F ra c t io n a t io n  o f  l im ite d  t r y p t i c  p e p t id e s .

The ly o p h i l i s e d  p e p tid e s  were d is so lv e d  in  3ml o f  50 mM ammonium 

b ic a rb o n a te , pH 8 .0 ,  a p p lie d  to  a  B io -g e l P-60  column (2 .9  x  80cm) and th e  

column was developed w ith  th e  same s o lv e n t .  Four m ajor peaks were o b ta in ed  

( f ig u re  19 ).
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A lthough th e  peaks were i n s u f f i c i e n t l y  re so lv e d  to  o b ta in  pure sam ples o f  

each p e p t id e , re a so n a b le  amino a c id  a n a ly s e s , and, in  one c a s e , an N- 

te rm in a l  sequence, were o b ta in ed  by ta k in g  samples from  th e  f r a c t io n s  a t  th e  

c e n tr é  o f  each peak . C itra c o n y l b lo ck in g  groups were removed by in c u b a tin g  

th e  p e p tid e s  a t  LO°C in  d i l u t e  a c e t ic  a c id ,  pH L.O, f o r  3 h o u rs .

Peak 1 .

A n a ly sis  : Asp ( l6 ) ,  Thr (9), Ser (L ), Glu (6 ) ,  Pro (2 ) ,  Gly (3 ) ,

Ala (2 ) , Val (U), Met (3 ) ,  H e  (7 ) ,  Leu (5 ), Tyr (3 ) ,

Phe (3 ) , Lys (1 0 ), H is (1 ) ,  Arg (1 ) .

E stim ated  y ie ld  : 600 n  m oles.

N -te rm in a l sequence : A la-H e-M et-G lu-V al-V al-A sn-
 7 -->--- >  >  > --  ̂-->

Peak 2.

A n a ly sis  : Asp (1 0 ), Thr (9 ), Ser (3 ) j  Glu (6 ) ,  Pro ( l ) ,  Gly ( l ) ,

ALa (1 ) , Val (2 ) ,  Met (1 ) ,  H e  (L ), Leu (L ), Tyr (3 ) ,

Phe (9 ), Lys (6 ) , His ( l ) , Arg ( l ).

E stim ated  y ie ld  : 900 n m oles.

Peak 3 «

A n a ly sis  : Asp (9 ), Thr (L)^ Ser (2 ) ,  Glu (9 ) ,  Gly (l ) ,  ALa (l ) ,

Val (1 ) ,  H e  (1 ) , Leu (1 ) ,  Tyr (7 ) ,  Phe (U), Lys (U),

H is (3 ) .

E stim ated  y ie ld  : 300 n  m oles.
>

Peak L«

The p e p tid e s  co n ta in ed  in  th e se  f r a c t io n s  were p u r i f i e d  f u r th e r  by h igh  

v o lta g e  paper e le c t ro p h o r e s is .  A la rg e  number o f  ly s in e  c o n ta in in g  p e p tid e s  

were o b ta in e d  in  low y ie ld ,  p ro b ab ly  produced by slow unmasking o f  ly s in e  

r e s id u e s  a t  pH 8 .0  d u rin g  th e  t r y p t i c  d ig e s t .  Only one p e p tid e  was i s o la te d
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i n  h ig h  y ie ld  ;

A n a ly sis  : Asp ( 3 .0 ) ,  Thr ( 0 .9 ) ,  Gin ( l .O ) ,  l i e  ( 1 .3 ) ,  Leu ( l .O ) ,

Phe ( 1 .0 ) ,  Lys ( l .O ) ,  Arg ( l .O ) .

E stim ated  y ie ld  ; LOO n m oles.

This p e p tid e  co rre sp o n d s  to  th e  N -te rm ina l 12 re s id u e s  o f  th e  C221 p r o te in .

S ince th e  p e p tid e s  .o b ta in ed  from  a d ig e s t  o f  th e  c i t r a c o n y la te d  On CAT 

were o n ly  p a r t i a l l y  p u r i f i e d ,  l i t t l e  sequence in fo rm a tio n  was o b ta in e d . Peak 

3 however c o n ta in s  v e ry  l i t t l e  a rg in in e  and must c o n ta in  th e  C -te rm in a l 

fragm ent o f  th e  p r o te in .  Peak L c o n ta in s  th e  expected  12 re s id u e  N -te rm ina l 

p e p t id e ,  and s in c e  th e  N -te rm in a l sequence o f  Peak 1 was d e te rm in ed . Peak

2 must c o n ta in  th e  fragm ent s t a r t i n g  a t  re s id u e  13 o f  th e  C221 p r o te in .

T his l im i te d  s tu d y  o f  th e  p e p tid e s  d e r iv e d  from t r y p t i c  d ig e s t io n  o f  c i t r a ­

c o n y la ted  Cm CAT, a lth o u g h  p roducing  l i t t l e  sequence in fo rm a tio n , g iv es  some 

in d ic a t io n  o f  th e  d i s t r i b u t io n  o f  amino a c id s  th ro u g h o u t th e  C221 p ro te in  . 

s in c e  th e  o rd e r  o f  th e  fragm ents produced can be deduced :

R esidue Approx. Approx.

number ; 1 12 70 190 201

I 1 I 1 I 1 I----------- 4
Peak L Peak 2 Peak 1 Peak 3

Summation o f  th e  amino a c id  a n a ly s is  o f  P eaks 1̂ to  h acco u n ts  f o r ^ 9 0  

p e rc e n t  o f  th e  amino a c id  r e s id u e s  o f  th e  C221 CAT p r o te in .  This va lu e  i s  

^ 1 0 0  p e rc e n t s in c e  h y d ro ly ses  were perform ed f o r  2k hours and hydrophobic 

r e s id u e s  a re  n o t q u a n t i t iv e ly  hydro lysed  under th e se  c o n d it io n s .

T ry p tic  d ig e s t io n  o f  c i t r a c o n y la te d  C221 CAT i s  a p a r t i c u l a r l y  u s e f u l  

c leav ag e  method s in c e  i t  s p e c i f i c a l l y  c le a v e s  th e  p o ly p e p tid e  c h a in  a t  

a rg in y l  re s id u e s  to  produce fo u r  la rg e  p e p tid e s  iwhich a re  i d e a l ly  s u i te d  to
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sequencing  on th e  s o l id  phase sequencer. S ince th e  p e p tid e s  produced a re  

s t ro n g ly  a n io n ic , s o lu b i l i t y  problem s a re  m inim ised. The p e p tid e s  cou ld  

e a s i l y  be p u r i f i e d  to  hom ogeneity by ju d ic io u s  p o o lin g  o f  th e  c o l le c te d  

f r a c t io n s  fo llo w ed  by rechrom atography u s in g  th e  P-60 g e l  f i l t r a t i o n  r e s in .
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CHAPTER V I.

PRODUCTION, FRACTIONATION AND SEQUENCE 

OF CHIMOTRYPTIC PEPTIDES.



7h.

6.1 Chym otryptic d ig e s t io n  o f  Cm CAT.

Cm CAT (80mg) was p rep a red  as  d e sc r ib e d  in  C hapter 7. A ll chym otryp tic  

d ig e s t s  were perform ed under i d e n t i c a l  c o n d itio n s  to  th e  t r y p t i c  d ig e s t  

d e sc r ib e d  in  C hapter 7  (90 mM ammonium b ic a rb o n a te , pH 8 .0 ,  1 ;90 r a t i o  

chymo t r y p s in  to  s u b s t r a te ,  37°C f o r  9 h o u rs ) .  P re lim in a ry  d ig e s t s  u s in g  2mg 

Cm CAT fo llow ed  by  h ig h  v o lta g e  paper e le c tro p h o re s is  a t  pH 6 .9  and pH 3 .9  

were perform ed to  g iv e  p e p tid e  maps. Because o f  th e  b road  s p e c i f i c i t y  o f  

chymo t r y p s in  th e se  maps were complex and no p re c is e  e s tim a tio n  co u ld  be made 

o f  th e  number o f  un ique p e p tid e s  g e n e ra te d . The p re p a ra t iv e  d ig e s t  was done 

under i d e n t i c a l  c o n d itio n s  u s in g  a t o t a l  o f  79mg Cm CAT. A fte r  9 hours th e  

d ig e s t  was q u ic k ly  fro ze n  and ly o p h i l is e d .

6 .2  F ra c tio n a tio n  o f  chym otryp tic  p e p tid e s .

The chymo t r y p t i c  p e p tid e s  were p u r i f ie d  in  an i d e n t i c a l  manner to  th e  

t r y p t i c  p e p t id e s . The f re e z e  d r ie d  d ig e s t  was v o rtex ed  w ith  9ml o f  th e  io n -  

exchange s t a r t i n g  b u f f e r  (0 .2  M p y r id in e /a c e ta te ,  pH 3 .1 )  and c e n tr ifu g e d .
c*jC.tcL

The su p e m a te n t was loaded  on to  a  Doifox 90- ion-exchange column and e lu te d

w ith  a l i n e a r  pH g ra d ie n t (pH 3.1 to  pH 9 .0 ) .  Samples from each f r a c t io n

c o l le c te d  were ^ f in g e r p r in te d ’ by h igh  v o lta g e  p aper e le c tro p h o r e s is  a t  pH

6 .9  ( ’M ethods’ 2 .6 ) .  At t h i s  s ta g e  i t  was n o tic e d  t h a t  th e  y ie ld  o f  p e p tid e s

was low s in ce  th e  ’ f in g e r p r in t  ’ showed r a th e r  f a i n t  s ta in in g  r e a c t io n s  w ith
1

b o th  flu o rescam in e  and cadm ium -ninhydrin re a g e n ts . The pooled  f r a c t io n s  

from th e  ion-exchange column were r o ta r y  evaporated  and f u r th e r  p u r i f i e d  by 

h ig h  v o lta g e  p ap er e le c tro p h o r e s is .

6 .3  Amino a c id  a n a ly s e s , c h a r a c t e r i s t i c s  and sequence o f  chymo t r y p t i c  

p e p t id e s .

When th e  amino a c id  an a ly se s  o f  th e  p u r i f i e d  chym otryp tic  p e p tid e s  

became a v a i la b le  i t  was ap p a ren t t h a t  a l l  th e  p e p tid e s  were p re s e n t  in  v e ry
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low y i e ld .  F a r th e r  work in d ic a te d  th a t  th e  chym otrypsin  u sed  f o r  th e  d ig e s t  

had v e ry  l i t t l e  p r o te o ly t ic  a c t i v i t y ,  d e s p i te  th e  ap p a ren t su ccess  o f  th e  

p i l o t  d ig e s t .  Because o f  th e  poor d ig e s t io n  o f  th e  Cm CAT v e ry  l i t t l e  

sequence in fo rm a tio n  has been o b ta in e d  from  t h i s  d ig e s t  a lth o u g h  a la rg e  

number o f  amino a c id  an a ly se s  a re  a v a i la b le .

P e p tid e  C2 -  5 A.

A n a ly sis  : Asp ( l .i j .) ,  Glu ( 0 .6 ) ,  l i e  (1 .0 ) ,  Leu ( I .O ) ,  Phe ( l .O ) .

Y ie ld  : 80 n  m oles.

Sequence : A sx -L eu-Ile -P he.

P e p tid e  C6 -  11 B.

A n a ly sis  : Pro ( 0 .9 ) ,  Ala ( 1 .0 ) ,  7 a l  ( l .O ) ,  H e  ( 0 .9 ) ,  Leu ( l .O ) .

Y ie ld  : 100 n  m oles.

Sequence : H e-P ro -V al-A la-L eu .

P e p tid e  C6 -  11 C a .

A n a ly sis  ; Asx ( l .U ) ,  Thr ( 2 .0 ) ,  Glu ( 2 .1 ) ,  ( 0 .9 ) ,  Phe (0 .9 ) .

Y ie ld  : 100 n  m oles.

Sequenc e : Phe-Asx- G lx- ( Thr^, Glu ) -  Tyr .

This p e p tid e  co rresp o n d s to  re s id u e s  20 -  26 o f  th e  IJ-term inus o f  th e  p ro te in  

P ep tid e  C6 -  11 C b .

A n a ly sis  : Ser ( 0 .9 ) ,  Glu ( 0 .9 ) ,  Pro ( 0 .9 ) ,  H e  ( 1 .9 ) ,  Leu ( l .O ) ,

Tyr ( 0 .9 ) ,  Lys (1 .9 ) .

Y ie ld  : 100 n  m oles.

Sequence ; G lx -H e -T y r-  ( S e r , P ro , H e , Leu ).

P e p tid e  C6 -  11 D.

A n a ly sis  : Asp ( 2 .0 ) ,  Thr ( l .O ) ,  S er ( l .O ) ,  Glu ( 0 .9 ) ,  H e  ( l .O ) ,

Tyr ( 0 .9 ) ,  Phe ( 0 .9 ) ,  Trp +ve.
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Y ie ld  : 80 n  m oles.

Sequenc e : Thr-Asx- H e  -  ( Phe, Trp, A sp ,S er, Glu ) -  Tyr.

P e p tid e  C3h ~ 36 B.

A n a ly sis  ; Asp ( l .O ) ,  H e  ( l .O ) ,  Phe ( l .O ) .

Y ie ld  : 80 n  m oles.

Sequence : H e-A sx-P he.

P e p tid e  039 -  W: B.

A n a ly sis  : Asp ( 0 .6 ) ,  Thr (0 .9 ) ,  S er ( 0 .3 ) ,  Val ( 1 .0 ) ,  Phe (1 .2 ) .

Y ie ld  : 100 n  m oles.

Sequence : Thr- V al-Phe.

A lthough q u i te  con tam inated  th e  sequence o b ta in e d  was unam biguous.

P e p tid e  CU7 -  5l B.

A n a ly sis  : Asp ( 2 .0 ) ,  Pro (0 .9 ) ,  Leu ( 2 .0 ) ,  Tyr ( 0 .7 ) ,  Lys ( l .O ) .

Y ie ld  : 80 n  m oles.

Sequence : A sx-Lys-Leu-A sx-Pro-Leu-Tyr.

P e p tid e  C53 -  57 B.

A n a ly sis  : Asp ( 1 .2 ) ,  Glu ( 0 .9 ) ,  A la ( 0 .9 ) ,  H e  ( l .O ) ,  Val (l . i | ) .

Met (0 .7 ) ,  Phe ( 0 .9 ) ,  Lys ( 1 .1 ) .

Y ie ld  : 100 n  m oles.

Sequence : A la- H e-M et- (A sp,G lu,V al^,Lys )-P h e . ^

P e p tid e  C53 -  57 D.

A n a ly sis  : Asp ( 0 .8 ) ,  S er (1.1 ) ,  Thr ( l .O ) ,  H e  ( 0 .6 ) ,  Tyr ( l .O ) ,

Phe ( 1 .0 ) .

Y ie ld  : 150 n  m oles.
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Sequence : A sx-Ser-Phe- ( Thr, H e  ) -T y r.

P e p tid e  C58 ~ 6l B.

A n a ly sis  : Asp (2 .0 ) ,  Glu ( l .O ) ,  Leu ( 1 .9 ) ,  Tyr ( 0 .9 ) ,  Lys ( l .O ) .

Y ie ld  : 100 n  m oles.

Sequence : Lys-Asx-Asx-Leu-Leu-Glu- Tyr.

P e p tid e  C87 -  89 A.

A n a ly sis  : Asp ( l .O ) ,  Val (1 .1 ) ,  Phe (1 .0 ) ,  Lys ( l .O ) .

Y ie ld  : 35 n  m oles.

Sequence : A sx-V al-(L ys)-P he.

P e p tid e  C87 -  89 B.

A n a ly sis  : Ser ( l .O ) ,  Ala ( 1 .0 ) ,  Leu ( l .O ) ,  Phe ( 0 .9 ) ,  H is ( 1 .0 ) .

Y ie ld  : 50 n  m oles.

Sequence : H is -A la -(S e r,L eu )-P h e .

P e p tid e  096 -  101 A.

A n a ly sis  : Asp ( l .O ) ,  Glu ( 1 .0 ) ,  Tyr (0 .7 ) ,  Lys ( l .O ) ,  Arg ( l .O ) .

Y ie ld  : 100 n m oles.

Sequence : A sx-A rg-Lys-G lx-Tyr.

This p e p tid e  co rresp o n d s to  re s id u e s  11 to  l5  o f  ^the 0221 p r o te in  sequence.

In  a d d it io n  to  th e  chymo t r y p t i c  p e p tid e s  d e sc rib e d  ap p ro x im a te ly  f i f t y

p e p tid e s  were i s o l a t e d  w ith  y ie ld s  l e s s  th a n  25 n m oles f o r  which no sequence

in fo rm a tio n  i s  a v a i la b le .  The in s o lu b le  *core* m a te r ia l  has n o t y e t  been 

s tu d ie d .
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CHAPTER V II .

PRODUCTION, FRACTIONATION AND SEQUENCE OF 

ELASTASE PEPTIDES.
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7.1 D e r iv a t is a t io n ,  d ig e s t io n  and f r a c t io n a t io n  o f e la s ta s e  p e p t id e s .

In  o rd e r  to  g a in  in fo rm a tio n  concern ing  th e  amino a c id  r e s id u e ( s )  . 

in v o lv ed  in  th e  c a ta ly t i c  mechanism o f  th e  CAT enzymes th e  p r o te in  used  f o r  

th e  t r i a l  e la s ta s e  d ig e s t  was in a c t iv a te d  w ith  [^ ^ c ]  iodoacetam ide  p r io r  to  

carb o x y m eth y la tio n . Iodoacetam ide was chosen as an a c t iv e  s i t e  probe s in ce  i t  

i s  r e a d i ly  a v a i la b le  in  ra d io a c t iv e  form , i t  i s  a sm all m olecule and should  

cause no problem s in  i s o la t in g  p e p tid e s  c o n ta in in g  m odified  r e s id u e s ,  and 

because b o th  i t s  c y s te in e  and h i s t id in e  d e r iv a t iv e s  a re  s ta b le  to  a c id  

t re a tm e n t (save f o r  th e  co n v ersio n  o f th e  amide to  th e  f r e e  a c id  y ie ld in g  

th e  carboxym ethyl d e r iv a t iv e s  o f  c y s te in e  and h i s t id in e  on amino a c id  

a n a ly s is  r a th e r  th a n  th e  am idocarboxym ethyl d e r iv a t iv e s . )

T r ia l  d ig e s t .

C221 CAT (lijmg) was d ia ly s e d  e x te n s iv e ly  a g a in s t  50 mM T r is  HCl b u f f e r ,  

pH 7 .8 ,  and in a c t iv a te d  w ith  5 mM f  ̂ c j  iodoacetam ide ( O . ^ C ^ m o l e )  f o r  

U hours a t  37°C. A fte r  h hours l e s s  th an  15 p e rc en t enzyme a c t i v i t y  rem ained. 

Excess m ereap to e th an o l was th e n  added to  p re v e n t f u r th e r  r e a c t io n ,  th e  

in a c t iv a te d  p ro te in  was d ia ly se d  e x te n s iv e ly  a g a in s t  w a te r  and ly o p h i l is e d .

The d e r iv a t i s e d  p ro te in  was th e n  carboxym ethylated  (C hapter V, 5.1 ) w ith  

n o n -ra d io a c tiv e  io d o a c e tic  a c id  to  b lock  u n re a c te d  c y s te in e  re s id u e s  and 

th e n  d ia ly s e d  e x te n s iv e ly  a g a in s t  50 mM ammonium b ic a rb o n a te , pH 8 .0 .  Using
f

th i s  m ethod, amino a c id  re s id u e s  which re a c te d  w ith  iodoacetam ide in  th e  

n a tiv e  p ro te in  shou ld  c o n ta in  |[^^c] l a b e l  and any u n re a c te d  c y s te in e  re s id u e s  

should  be p re s e n t  a s  n o n -ra d io a c tiv e  carboxym ethyl c y s te in e .

The d e r iv a t is e d  CAT p ro te in  was d ig e s te d  w ith  e la s ta s e  (l :100 m olar r a t i o )  

f o r  3s hours a t  37^C. and th en  ly o p h i l is e d .  The d rie d  p e p tid e s  were d is so lv e d  

in  50 mM ammonium b ic a rb o n a te , pH8.0, (3ml) and f r a c t io n a te d  u s in g  a Sephadex 

G-25 column (2 .5  x  80cm) e q u i l ib r a te d  w ith  th e  same b u f f e r .  A liq u o ts  ( 2 0 ^ 1 )
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were tak en  from each f r a c t io n  f o r  s c i n t i l l a t i o n  co u n tin g . A s in g le  m ajor 

r a d io a c t iv e  peak was o b ta in ed  e lu t in g  in  f r a c t io n s  95 -  10i|. The f r a c t io n s  

were p o o led , ly o p h i l i s e d  and th e  p e p tid e s  f u r th e r  p u r i f i e d  by h ig h  v o lta g e  

paper e le c t r o p h o r e s is ,  th e  r a d io a c t iv e  p e p tid e s  being  i d e n t i f i e d  by 

au to rad io g rap h y . A s in g le  r a d io a c t iv e  p e p tid e  (p ep tid e  95 -  lOU) was 

o b ta in e d .

P e p tid e  95 -  lOlj.

A n a ly sis  : Cm Cys ( 0 .8 ) ,  Asp ( 1 .1 ) ,  Gly ( 1 .1 ) ,  Ala ( 1 .8 ) ,  Val ( l .O ) ,

Tyr ( 0 .9 ) ,  His (1 .8 ) ,  3-Cm H is (0 .8 )

M o b ility  : pH 6 .5  (O.O). / % ' Ç ,

Y ie ld  : 25 n m oles.

Sequence : His-3-Cm His-Ala-Val-Cm C ys-A sx-G ly-Tyr-H is-A la.

At each round o f  th e  dansy l Edman d eg ra d a tio n  o f t h i s  p e p tid e  th e  b u ty l  

a c e ta te  e x tr a c t io n s  (c o n ta in in g  th e  a n i l in e th ia z o l in e  and PTH amino a c id )  

were coun ted  in  th e  s c i n t i l l a t i o n  co u n te r and th e  polyam ide p la te s  a u to ­

ra d io g ra p h e d . t h i s  method th e  r a d io a c t iv e  la b e l  was found to  be -  ̂ .

in c o rp o ra te d  in to  th e  second re s id u e  o f  th e  p e p tid e  and , on th e  s ta n d a rd  th in

la y e r  chrom atographic  system  used  in  th e  i d e n t i f i c a t i o n  o f  d an sy l amino a c id s ,
I ^

ru n s  s l i g h t l y  s low er in  so lv e n t I  th an  d an sy l h i s t i d i n e .  No r a d io a c t i v i t y  was

found in  re s id u e  f iv e  which was id e n t i f i e d  as Cm c y s te in e .

Carboxymethyl d e r iv a t iv e s  o f  h i s t id in e  were p rep a red  by r e a c t in g  

io d o a c e tic  a c id  w ith  h i s t id in e  a t  pH 7 .5  and p u r ify in g  th e  p ro d u c ts  (l-Cm 

h i s t i d i n e ,  3-Cm h i s t i d in e  and 1 ,3  Cm h i s t i d i n e )  by h ig h  v o lta g e  p ap er 

e le c t r o p h o r e s is .  On amino a c id  a n a ly s is  th e  1 ,3  d iearboxym ethyl d e r iv a t iv e  

e lu te s  p r io r  to  a s p a r t ic  a c id ,  th e  1-carboxym ethyl d e r iv a t iv e  a f t e r  p ro l in e
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Figure(1 6 ) .

E lu tio n  p r o f i l e  o f  an e la s ta s e  d ig e s t  

o f  type  C (C221 ) C.A.T. from a Sephadex G-2^ 

column ( 2 .5  by 60cm). E lu tin g  b u f f e r  was 50mM 

ammonium b ic a rb o n a te  pH 8 .0 . Flow r a t e  = UOml/hr.
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and th e  3-c arboxyme th y l  d e r iv a t iv e  a f t e r  a la n in e ,  in  agreem ent w ith  th e  

r e s u l t s  o f  C r e s t f ie ld ,  S te in  and Moore (7U)* Both d an sy l 1-Cm h i s t i d in e  and 

d an sy l 3-Cm h i s t id in e  chrom atograph j u s t  b eh in d  h i s t i d in e  u s in g  th e  s tan d a rd  

chrom âto g raph ic  s y s te i  f o r  th e  i d e n t i f i c a t i o n  o f  d an sy l amino a c id s  (Li ).

An id e n t i c a l  d ig e s t  (d ig e s t  E) was perform ed u s in g  7Qmg CAT ( f ig u re  16 ). 

Because o f  th e  e x te n s iv e  use o f  paper e le c tro p h o r e s is  re q u ire d  to  p u r i f y  th e  

p e p tid e s  a la rg e  number o f  p e p tid e s  were o b ta in e d  in  low y ie ld  and p e p tid e s  

d e r iv e d  from  t h i s  d ig e s t  a re  o n ly  ta b u la te d  i f  th e  analogous p e p tid e s  were

n o t i s o l a t e d  from d ig e s t  E l.

D ig est E l .

In  an a ttem p t to  reduce th e  number o f  h ig h  v o lta g e  p ap er e le c tro p h o r e s is

s te p s  in  th e  p u r i f i c a t io n  o f  th e  e la s ta s e  g e n e ra te d  p e p tid e s  th e  p e p tid e s

were i n i t i a l l y  f r a c t io n a te d  u s in g  a Dotfcx ion-exchange column r a th e r  th an

g e l f i l t r a t i o n .

Cm CAT (70mg) was d ig e s te d  w ith  e la s ta s e  (l :100 m olar r a t i o )  in  ^0 mM 

ammonium b ic a rb o n a te , pH 8 .0 , f o r  h hours a t  37°C. D ig es tio n  was te rm in a te d  

by ly o p h i l i s a t io n  and th e  p e p tid e s  p u r i f i e d  by ion-exchange chrom atography 

and p ap e r e le c tro p h o re s is  u s in g  th e  system  d ev ised  f o r  th e  p u r i f i c a t i o n  o f  

th e  t r y p t i c  p e p tid e s  (C hapter V, ^ .3 ) .

7 .2  Amino a c id  a n a ly s e s , c h a r a c t e r i s t i c s  and sequence o f  e la s ta s e  p e p t id e s .

P e p tid e  E l L -  10 A.

A n a ly s is

M o b ility

Y ie ld

Sequence

H e  ( 0 .8 ) ,  le u  (0 .9 ) ,  Phe ( 0 .9 ) .

pH 6 .^  (O.O), pH 2.1 (0 . 3 2 ) Net charge  z e ro .

UO n m oles.

Ile -P h e-L eu .
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P e p tid e  El 11 -  1L A.

A n a ly sis  : Glu ( 1 .1 ) ,  Ala ( 1 .0 ) ,  Leu (2 .0 ) .

M o b ility  : pH 6 .5  ( 0 .0 ) ,  pH 2.1 (0 . 6 7 ). Net charge  zero

Y ie ld  : 100 n m oles.

Sequence : A la-Leu-G ln-Leu.

P e p tid e  E l 11 -  114. B..

A n a ly sis  : S er ( 0 .8 ) ,  Glu ( l .O ) ,  l i e  (1 .0 ) ,  Tyr  (0 .9 ) .

M o b ility  ; pH 6 .5  (+0 . 3 ) ,  pH 2.1 (0 .5 L ). Net charge  -1 .

Y ie ld  : 100 n m oles.

Sequence : Tyr- (G lu ,S e r ) -H e .

P e p tid e  E l 15 -  17 A.

A n a ly sis  : Asp (1 .0 ) ,  Glu ( 0 .9 ) ,  Val (1 .2 ) ,  Met ( 0 .8 ) ,

M o b ility  : pH 6 .5  (+0 . 3 8 ) ,  pH 2.1 (0 . 6 7 ). Net charge  -1

Y ie ld  ; 30 n m oles.

Sequence : Ile -M et-G lu -V al-V al-A sn .

P e p tid e  El 27 -  32 B.

A n a ly sis  : Glu (1 .0 ) ,  Val ( 1 .2 ) ,  Met ( l .O ) .

M o b ility  : pH 6 .5  (+ 0 .5 ) , pH 2 . 1 (0 . 7 7 ). Net charge  -1 .

Y ie ld  :
1

30 n  m oles.

Sequence M et-G lu-V al-V al.

P e p tid e  E 6? -  70 F.

A n a ly sis

M o b ility

Y ie ld

Sequence

Glu ( 1 .0 ) ,  Val ( 1 .0 ) ,  Met (0 .9 ) .  

pH 6 .5  (+ 0 .6 5 ). Net charge  -1 . 

125 n  m oles.

M et-G lu-V al.
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P e p tid e  El 36 -  37 A.

A n a ly sis  : Glu ( 1 .0 ) ,  Val (1 .0 ) .

M o b ility  : pH 6 .5  (+ 0 .5 ) , pH 2.1

Y ie ld  : 90 n  m oles.

Sequence ; G lu-V al.

P e p tid e  E l l5 -  17 B.

A n a ly sis  : Asp ( 0 .9 ) ,  Thr ( 1 .3 ) ,

M o b ility  : pH 6 .5  ( 0 .0 ) ,  pH 2.1

Y ie ld  : 80 n  m oles.

Sequence Thr-Phe-A sn-I l e - I l e .

This p e p tid e  co rresp o n d s to  th e  known N -te rm in a l 5 re s id u e s  o f  th e  p ro te in .  

P e p tid e  E l 23 -  26 C.

A n a ly sis  : Pro ( 0 .9 ) ,  Val ( 1 .0 ) ,  l i e  ( 1 .0 ) ,  l y r  ( 0 .8 ) .

M o b ility  : pH 6 .S  ( 0 .0 ) ,  pH 2.1 ( 0 .? 5 ) .  Net charge z e ro .

Y ie ld  : 100 n m oles.

Sequence : T y r-I le -P ro  -  V al.

P e p tid e  E l 27 -  32 0 .

A n a ly s is  : Thr ( 0 .9 ) ,  Ser ( l .O ) ,  H e  ( l .O ) ,  Tyr ( 0 .8 ) .

M o b ility  : pH 6 .5  (O .O), pH 2.1 (0 .6 8 ) .  Net charge  z e ro .

Y ie ld  : 80 n  m oles.

Sequence ; T y r -P h e -H e -( S e r, Thr ).

P e p tid e  E l 36 -  37 C.

A n a ly sis

M o b ility

Asp ( 2 .0 ) ,  H e  ( 1 .0 ) ,  Trp +ve.

pH 6 .5  (+ 0 .7 7 ) , pH 2.1 (0 .5 3 ) .  Net charge -2 .
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Y ie ld  : 70 n m oles.

Sequence : Asp-Asp- Trp- H e .

T his p e p tid e  co rresp o n d s to  th e  C -te rm in a l L re s id u e s  o f  th e  p r o te in .

P e p tid e  E l 9 8 - 1 0 0  B.

A n a ly s is  : Asp (1 .9 ) ,  Val (1 .0 ) ,  H e  (0 .9 ) ,  H is ( 0 .8 ) ,  Lys ( 0 .9 ) ,

Trp +ve.

M o b ility  : pH 6 .5  ( - 0 .1 ) ,  pH 2.1 ( 1 .2 ) .  Net charge

Y ie ld  ; 90 n  m oles.

Sequence : H is-L y s-V al-A sp -A sn-T rp -Ile .

T his p e p tid e  co rresp o n d s to  th e  C -te rm in a l 7 re s id u e s  o f  th e  p r o te in .

P e p tid e  E L5 -  L8.

T his p e p tid e , i s o la te d  from  d ig e s t  E, was th e  f i r s t  p e p tid e  to  be e lu te d  

from  th e  G-25 column used  in  th e  p u r i f i c a t io n  o f  p e p tid e s  from d ig e s t  E and 

d id  n o t  r e q u ire  f u r th e r  p u r i f i c a t io n .

A n a ly s is  : Asp (2 .8 ) ,  Glu ( 3 .2 ) ,  Thr ( 0 .7 ) ,  Pro ( 2 .0 ) ,  Met ( 0 .9 ) ,

H e  (2 .8 ) ,  Tyr ( l .O ) ,  Phe (0 .9 ) .

M o b ility  : rem ains a t  o r ig in .

Y ie ld  : LOO n  m oles.

Sequence : G lu-Tyr-L ys-A sp-Lys-G lu-G lu-M et-Phe-Pro-Lys- (Asp^, G lu,
—:> —> —>  —>  —^  ̂  ^  ^  >     ---------
T hr, P ro , H e  ̂ , Lys ) .

t.
A t r y p t i c  d ig e s t  o f  t h i s  p e p tid e  produced th re e  secondary  p e p tid e s  ;

P e p tid e  E L5 -  L8 TA.

A n a ly s is  : Glu (0 .9 ) ,  Tyr ( 0 .9 ) ,  Lys (1.1 ).

Y ie ld  : 50 n m oles.

Sequence : G lu-Tyr-L ys.
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P e p tid e  E L5 -  L8 TB.

A n a ly sis  : Asp ( l .O ) ,  Glu (2 .0 ) ,  Pro (0 .8 ) ,  Met ( 0 .9 ) ,  Phe ( 0 .8 ) ,

Lys (2 .1 ) .

Y ie ld  ; 100 n  m oles.

Sequence : A sp-Iys-G lu -G lu -M et-P he-P ro -Iys.

P e p tid e  E L5 -  L8 TO.

A n a ly sis  : Asp ( 1 .7 ) ,  Thr ( 0 .8 ) ,  Glu (1.1 ) , Pro ( 1 .3 ) ,  H e  ( 2 .0 ) ,

Lys (1 .1 ) .

Y ie ld  : 80 n  m oles.

Sequence : A sp -H e -H e -P ro -  (G lu, Asx, Thr ) - I y s .

P e p tid e  E l L6 -  50 A.

A n a ly sis  : Asp ( 2 .0 ) ,  Ser ( l .O ) ,  Glu ( l .O ) ,  Gly ( l .O ) ,  H e  ( l .O ) ,

Leu (1 .0 ) ,  Lys ( l .O ) .

M o b ility  ; pH 6 .5  ( - 0 .1 ) ,  pH 2.1 (0 .8 5 ) .  Net charge  z e ro .

Y ie ld  : 200 n m oles.

Sequenc e : G ly -H e-G lx -S er-(A sx _ , L ys)-L eu .

P e p tid e  E l L6 -  50 C.

A n a ly sis

M o b ility

Y ie ld

Sequence

Thr ( 0 .6 ) ,  Val ( l .O ) ,  Tyr (0 .8 ) .

pH 6 .5  ( 0 .0 ) ,  pH 2.1 (0 . 6 3 ) .  Net charge z e ro .

IUO n m oles. /

T yr-T hr-V al.

P e p tid e  E l 1|6 -  50 E.

A n a ly s is  : Cm Cys (O .9 ) ,  Asp ( I . I ) ,  Ser ( 0 .8 ) ,  Gly ( I . I ) ,  A la ( I .O ) ,

Tyr (0 . 9 ) ,  H is ( I .O ) .

M o b ility  : pH 6 .5  (+ 0 .5 ) , pH 2.1 (0 .9 5 ) .  Net charge  -1 .
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Y ie ld

Sequence

80 n  m oles.

Cy s -  A sp-G ly-T yr-H i s -  A la -S e r ,

P e p tid e  El 5l -  5L B.

A n a ly s is  : H e ( 1 . 0 ) ,  Leu (1 .0 )

M o b ility  ; pH (S.5 ( 0 . 0 ) ,  pH 2.1

Y ie ld  : Loo n m oles.

Sequence : Leu--H e .

P e p tid e  E l 56 -  59 B.

A n a ly sis  : Asp ( 1 .0 ) ,  H e  (1 .0 ) .

M o b ility  : pH 6 .5  (+ 0 .5 8 ) , pH 2.1

Y ie ld  ; 30 n  m oles.

Sequence : A sp -H e .

P e p tid e  E l 6l -  65 D.

A n a ly s is  : Asp (2 . 0 ) , Leu ( 1 . 0 ) ,

M o b ility  : pH 6 .5  ( 0 .0 ) ,  pH 2.1 (

Y ie ld  : 90 n  m oles.

Sequence : Tyr-Asx- (Asp, Lys )-Leu.

P e p tid e  E l 6l -  65 E.

A n a ly sis  : Asp (2 . 0 ) ,  Leu ( 1 . 0 ),

M o b ility

Y ie ld

Sequence

pH 6 ,5  ( 0 .0 ) ,  pH 2.1 (0 . 7 8 ) .  Net charge  z e ro . 

250 n  m oles.

Phe-Tyr-A sx-A sx- (Lys )-L eu .
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P ep tid e  E 61 -  66 D.

A n a ly sis  :

M o b ility  : 

Y ie ld  ;

Sequence :

Asp (2 .0 ) ,  Thr ( l .O ) ,  S er (0 .8 ) ,  Glu ( 0 .9 ) ,  H e  ( 0 .8 ) ,  

Phe (0 .9 ) ,  Trp +ve.

pH 6 .5  (+0 . 5 2 ) ,  pH 2.1 (0 .L 5 ). Net charge -2 .

250 n m oles.

A sx -H e-T rp -T h r- (Asp, G lu, S e r, Phe ).

P e p tid e  E 6? -  70 H.

A n a ly sis

M o b ility

Y ie ld

Sequence

Asp (1 . 2 ) ,  Thr (0 . 7 ) ,  H e  ( l .O ) ,  T rp .+ ve. 

pH 6 .5  (+0 . 5 ) , Net charge -1 .

200 n m oles.

A sp -Ile -T rp -T h r.

P e p tid e  El 66 A.

A n a ly sis  

M o b ility  

Y ie ld  

Sequence

æ
P e p tid e  67 -  68 A,

A s p ( l . l ) ,  Val (0 . 9 ) ,  Lys (0 .9 ) .

pH 6 .5  ( - 0 .5 ) ,  pH 2.1 (1 . 31 ). Net charge  +1

80 n m oles.

V al-A sn-(L ys).

A n a ly sis

M o b ility

Y ie ld

Sequence

Asp (1 . 8 ) ,  Val (1 . 0 ) ,  Lys (0 .9 ) . 

pH 6 .5  ( - 0 .5 5 ) .  Net charge  +1. 

200 n  m oles.

Val-Asn-Lys-Asn.

P e p tid e  E l 69 -  75 B.

A n a ly sis  : Asp ( 0 .8 ) ,  Thr ( I .O ) ,  Glu ( I .O ) , Val (O .7 ) , Phe ( I .O ) ,

Lys (1 . 0 ).

M o b ility  : pH 6 .5  ( - 0 .2 9 ) ,  pH 2.1 ( l .1 2 ) .  Net charge -1 .
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Y ield

Sequence

(e l
P ep tide^70

30 n m oles.

V al-Phe-(A sp, Thr, G lu ,L ys).

-  73 B.

A n a ly sis  ; Asp ( l .O ) ,  Thr (1 .9 ) ,  Glu ( 2 .0 ) ,  Val ( 0 .9 ) ,  Phe ( 1 .1 ) ,  

Lys (1 .9 ) .

I f o b i l i ty  : pH 6 .5  ( - 0 .3 ) .  Net charge -1 .

Y ie ld  : 200 n m oles.

Sequence : V al-Phe-(A sp, Thr^, Glu^, LySg).

P e p tid e  E l 70 -  73 A.

A n a ly sis  : Thr (0 .9 ) ,  Glu ( l .O ) ,  I l e ( l . l ) ,  Lys (1.1 ).

M o b ility  : pH 6 .5  ( - 0 .1 ) .  Net charge ze ro .

Y ie ld  : 60 n  m oles.

Sequence : Thr- (Lys ) -G lu -H e .

P ep tid e  E l 8l -  90 A.

A n a ly sis  : Glu ( 0 .9 ) ,  H e  ( 1 .0 ) ,  Lys ( l .O ) .

M o b ility  ; pH 6 .5  ( - 0 .1 ) ,  pH 2.1 (1 .3 3 ) . Net charge z e ro .

Y ie ld  : 70 n m oles.

Sequence : L y s -(G lu )-H e .

P e p tid e  E 57 - 60 B.

A n a ly sis  : Asp ( l .O ) ,  Thr ( 0 .9 ) ,  Glu ( l .O ) ,  H e  ( 2 .0 ) ,  Lys

M o b ility  : pH 6 .5  (+ 0 .3 9 ), pH 2.1 (1.1 ). Net charge -1 .

Y ie ld  : 100 n  m oles.

Sequence ; L y s-G lu -H e- (A sp ,H e ,T h r) .
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P e p tid e  jRl 70-73 C.

A n a ly sis  : Asp ( 2 .1 ) ,  Pro ( 0 .8 ) ,  Gly ( l .O ) ,  Leu ( 2 .1 ) ,  Tyr ( 0 .9 ) ,

Lys (1 .1 ) ,  Trp +ve.

M o b ility  : pH 6 .5  (O.O). Net charge z e ro .

Y ie ld  : 100 n m oles.

Sequence : G ly- Tÿr- Trp-Asx- (Asp, P ro , Leu^, Lys ).

P e p tid e  El 98-100 C.

A n a ly sis  : Asp (1 .1 ) ,  Gly ( 0 .8 ) ,  Leu ( l .O ) ,  Tyr ( 0 .9 ) ,  Lys ( l .O ) ,

Trp +ve.

M o b ility  : pH 6 .5  (O.O), pH 2.1 (0 .9 6 ) . Net charge  z e ro .

Y ie ld  : l5 0  n m oles.

Sequence : G ly- Tÿr- ( Asp, Trp, Leu, Lys ) .

P e p tid e  E l 76 -  79 D.

A n a ly sis  : Thr ( 1 .0 ) ,  Tyr (0 .9 ) .

M o b ility  : pH 6 .5  ( 0 .0 ) ,  pH 2.1 ( 0 .8 ) .  Net charge  z e ro .

Y ie ld  : 200 n  m oles.

Sequence : Tyr-Thr.

P ep tid e  E l 76 -  79 F.

A n a ly sis  : A sp (l.O ), Ser ( 0 .8 ) ,  Tyr ( l .O ) ,  Phe ( 0 .9 ) .

M o b ility  : pH 6 .5  (O .O), pH 2.1 (0 .6 2 ) .  Net charge  z e ro .

Y ie ld  : 30 n m oles.

Sequence : Ser-Phe-T yr-A sn.
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P e p tid e  E 85 -  93 B.

A n a ly sis

M o b ility

Y ie ld

Sequence

Thr (1 .0 ) ,  Phe ( l .O ) ,  Arg ( l .O ) .

pH 6 .5  ( - 0 .2 5 ) ,  pH 2.1 (1 .3 5 ) . Net charge +1.

250 n m oles.

Phe-A rg-Thr.

P e p tid e  E l 98 -  100 A.

A n a ly s is  : Val (1 . 3 ) ,  Lys ( I .O ) .

M o b ility  : pH 6 .5  ( - 0 . 5 7 ) ,  pH 2.1

Y ie ld  , : 150 n  m oles.

Sequence : Lys-V al.

P e p tid e  E l 101 -  127 A.

A n a ly sis

M o b ility

Y ie ld

Sequence

Ala ( 1 .0 ) ,  His (2 .0 ) .

pH 6 .5  ( -0 .3 5 ) .  Net charge  +1.

ho n m oles.

H is-H is-A la .
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CHAPTER V in.

PRODUCTION, FRACTIONATION AND SEQUENCE OF STAPHYLOCOCCAL 

PROTEASE GENERATED PEPTIDES.
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8.1 S tap h y lo co cca l p ro te a se  d ig e s t io n  o f  c i t r a c o n y la te d  Cm CAT.

The p u r i f i c a t io n  and p r o p e r t ie s  o f  a p r o te o ly t ic  enzyme from  c u l tu re  

f i l t r a t e s  o f  S taphy lococca l a u re u s , s t r a i n  V8 has been re p o r te d  (6 ? ) . This 

enzyme s p e c i f i c a l l y  c lea v e s  p o ly p e p tid e s  a t  g lu tam oyl bonds when d ig e s t io n  i s  

c a r r ie d  o u t in  ammonium b ic a rb o n a te  b u f f e r .  T r ia l  experim en ts on Img a l iq u o ts  

in d ic a te d  bo th  n a t iv e  and carboxym ethy lated  CAT were poor s u b s t r a te s  f o r  

th e  p ro te a s e .  C itra c o n y la te d  Cm CAT, which i s  bo th  d en a tu red  and s o lu b le ,  

appeared  to  be r e a d i ly  d ig e s te d  by th e  enzyme (as judged by th e  number and 

in t e n s i t y  o f p e p tid e s  s ta in e d  a f t e r  h ig h  v o lta g e  p ap er e le c t r o p h o r e s is ) .  

Optimum c o n d itio n s  were found to  be d ig e s t io n  by a 1 :30  m olar r a t i o  

p ro te a s e  : c i t r a c o n y la te d  Cm CAT, a t  37°C f o r  20 hours i n  50 mM ammonium 

b ic a rb o n a te  b u f f e r  (pH 8 .Ô ).

P re p a ra t iv e  d i g e s t .

N a tiv e  C221 CAT (60mg) was d ia ly se d  e x te n s iv e ly  a g a in s t  50 mM T r is  HCl 

b u f f e r ,  pH 7 .8 ,  to  remove CM and in a c t iv a te d  w ith  ^ (^ io d o ace tam id e

(0 .2 y /C /^ m o le )  as d e sc rib e d  in  C hapter VI,I (7 .1 ) .  A f te r  e x h au s tiv e

d ia ly s i s  a g a in s t  w a ter to  remove n o n -c o v a le n tly  bound iodoacetam ide  th e  

p ro te in  was ly o p h i l i s e d ,  carboxym ethy lated  (a s  d e sc r ib e d  in  C hap ter V, 5.1 ) 

and f i n a l l y  c i t r a c o n y la te d  (C hapter V, 5 .5 ) .  Thus th e  p r o te in  u sed  f o r  th e  

s .p ro te a s e  d ig e s t  had been la b e l le d  w ith  iodoacetam ide  in  i t s  n a t iv e

co n fo rm atio n , d e n a tu red , r e a c t iv e  groups d e r iv a t i s e d  w ith  *cold* io d o a c e tic  

a c id  and f i n a l l y  c i t r a c o n y la te d  to  p ro v id e  a  s u i ta b le  s u b s t r a te  f o r  th e  

p r o te o ly t ic  enzyme. The c i t r a c o n y la te d  Cm CAT (ipng/ml) was d ia ly s e d  a g a in s t  

50 mM ammonium b ic a rb o n a te , pH 8 .0 ,  and d ig e s te d  w ith  a  1 :30 m olar r a t i o  

s .p r o te a s e  a t  37°C f o r  20 h o u rs . The d ig e s t  was th en  ly o p h i l i s e d  and th e

c i t r a c o n y l  masking groups removed by in c u b a tin g  th e  d ig e s t  w ith  d i l u t e  a c e t ic

a c id ,  pH L.O,  a t  .LO°C- f o r  L h o u rs .
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8 .2  F ra c tio n a tio n  o f  s .p ro te a s e  p e p t id e s .

The deblocked p e p tid e  m ix tu re  was ly o p h i l i s e d ,  d is so lv e d  in  3ml o f  50 mM 

ammonium b ic a rb o n a te , pH 8 .0 ,  and loaded  on to  a Sephadex G-25 column 

(2 .5  X 80cm) p re v io u s ly  e q u i l ib r a te d  w ith  50 mM ammonium b ic a rb o n a te  

( f ig u re  1 7 ). Samples (IOO^q I )  were tak en  from  each f r a c t i o n  c o l le c te d  and 

’f in g e r p r in te d ' by  h ig h  v o lta g e  paper e le c tro p h o r e s is  a t  pH 6 .5  ('M ethods* 

2 .6 ) .  From th e  o p t i c a l  d e n s i t i e s  a t  230 nM and 280 nM and th e  * f in g e r p r in t s  *, 

th e  c o l le c te d  f r a c t io n s  were poo led  ju d ic io u s ly  and th e n  ly o p h i l i s e d .  The 

p e p tid e s  were f u r th e r  p u r i f i e d  by h ig h  v o lta g e  paper e le c tro p h o r e s is  

( ’M ethods’ 2 .5 ) .

8 .3  Amino a c id  a n a ly s e s , c h a r a c t e r i s t i c s  and sequence o f  s .p r o te a s e  p e p tid e s . 

P e p tid e  SP 60 -  67 A.

A n a ly sis  : Asp ( 2 .8 ) ,  Thr ( 0 .9 ) ,  S er ( l .O ) ,  Glu ( 0 .9 ) ,  Gly (1 .2 ) ,

Val ( 2 .0 ) ,  H e  ( 1 .8 ) ,  Phe (0 .9 ) ,  Lys ( 3 .0 ) ,  Arg (1.1 ) .

Y ie ld  ; L-OO n m oles.

Sequence : V al-V al-A sx- (Asp, Thr, S e r , G ly, H e _ , Lys Arg )-G lu .c. J ^

This p e p tid e  rem ained a t  th e  o r ig in  d u rin g  h ig h  v o lta g e  p ap er e le c tro p h o r e s is  

a t  pH 6.5 and was p u r i f ie d  by running  a t  pH 2 .1 .

P e p tid e  SP 60 -  67 B.

A n a ly sis  : Cm Cys ( 0 .9 ) ,  Asp (L .O ), Thr ( j . 9 ) ,  Ser ( 1 .9 ) ,  Glu ( 2 .1 ) ,

Pro ( 0 .9 ) ,  Gly (2 .1 ) ,  A la (1 .6 ) ,  Val ( 2 .0 ) ,  H e  ( 2 .1 ) ,

Leu ( 2 .0 ) ,  Tyr ( 0 .8 ) ,  Phe ( l .O ) ,  Lys ( 2 .0 ) ,  H is ( 3 .1 ) ,

Arg ( 1 .1 ) ,  3-Cm His ( o . 8 ) .  >

Y ie ld  : 70 n  m oles.

_ Sequence : T hr-A sx-Lys-(Asp^, T hr, Ser%, G lu ,P ro , V al, G ly, H e ^  , Leu^, Phe,

H is , Lys, A rgjn i s , 3-Cm H is , A la , V al, Cm Cys,A sp ,G ly , Tyr, H is ,

Ala^ )-^ lu
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P e p tid e  SP 60 -  6? B rem ained a t  th e  o r ig in  d u rin g  h ig h  v o lta g e  pap er 

e le c tro p h o r e s is  a t  pH 6 .5  and was p u r i f i e d  a t  pH 2 .1 .  This p e p tid e  was th e  

p rim ary  c o n ta in in g  p e p tid e  o b ta in e d  from  th e  s .p ro te a s e  d ig e s t  and

c o n ta in e d  0 .8  m oles 3-Cm h i s t i d in e  (assum ing a n in h y d rin  c o lo u r  f a c to r  

e q u iv a le n t to  t h a t  o f  g ly c in e  ) p e r  mole o f  p e p tid e . D ansy la tion  o f  a 

h y d ro ly sed  sample o f  th e  p e p tid e  fo llow ed  by polyam ide th in  l a y e r  chrom­

a to g rap h y  and au to rad io g rap h y  o f th e  p la te  in d ic a te d  t h a t  th e  [ ^ ^ c j  la b e l  

was in c o rp o ra te d  in to  C m -h is tid in e  and n o t Cm c y s te in e . This p e p tid e  p ro b ab ly  

c o n ta in s  th e  sequence o b ta in ed  f o r  th e  e la s ta s e  p e p tid e  95 -  lOL (C hapter 

V II ) , which had th e  sequence :

H is-3  Cm His-Ala-Val-Cm  C ys-A sp-G ly-Tÿr-H is-A la.

P e p tid e  SP 68 -  76 A a .

A n a ly sis  : Asp (2 .1 ) ,  Thr ( 0 .8 ) ,  Ser ( l .O ) ,  Glu ( 1 .9 ) ,  Pro (1 .9 ) ,

Gly ( 1 .2 ) ,  Val ( 1 .8 ) ,  Met ( l .L ) ,  H e  ( 2 .0 ) ,  Phe (1 .8 ) ,

ly s  ( 3 .0 ) ,  Arg (1 .0 ) .

Y ie ld  : LOO n m oles. F L )/-.

Sequence : M e t-P h e -P ro -L y s-A sx -H e-Ile - (Asp, Thr, S e r, G lu, P ro ,M et,G ly ,

V alg, Phe, LySg, Arg )-G lu .

P e p tid e  SP 77 -  86 B.

A n a ly sis  : Asp ( 1 .0 ) ,  Glu (1 .2 ) ,  Tyr ( 0 .8 ) ,  Lys ( 1 .9 ) ,

Y ie ld  : 300 n  m oles. ^ /|/Æ  f>l4 1 * / .

Sequence : Tyr-Ly s -  Asx- Lys -G lu . ^

■P e p tid e  SP 77 -  86 F.

A n a ly sis  : Ser ( l .O ) ,  Glu (1 .0 ) ,  Pro ( 0 .9 ) ,  A la ( 0 .9 ) ,  Met ( l .O ) ,

H e  ( 1 .9 ) ,  Leu ( 0 .9 ) ,  Tyr (1 .1 ) ,  Arg (1 .1 ) .

Y ie ld  : 300 n m oles. p h i  2  / ,

Sequence : H e  -  Tyr-Pro -  S er- Leu- H e  -  A rg-A la- H e  -Me t -  Glu
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P ep tid e  SP 89 -  97 .

A n a ly sis  : Asp ( 1 .0 ) ,  Thr ( 1 .8 ) ,  Gin ( l .O ) ,  H e  ( 0 .9 ) ,  Phe ( 0 .9 ) ,

Trp + V 0 .

Y ie ld  : 2^0 n  m oles.

Sequence : Lys-Phe- T h r-A sx -H e-T rp - Thr-G lu.

P e p tid e  SP 99 -  107.

A n a ly sis  : Asp ( 1 .9 ) ,  Glu ( l .O ) ,  Lys ( 1 .0 ) ,  Arg ( 0 .9 ) ,  Trp +ve.

Y ie ld  ; 500 n m oles.

Sequence : A sn-Trp-A sp-A rg-Iys-G lu.

This p e p tid e  co rresp o n d s to  re s id u e s  9 -  1L o f  th e  N -te rm in a l sequence o f  

th e  p r o te in .

P e p tid e  SP 108 -  1 l5 .

A n a ly sis  : Glu ( 1 .0 ) ,  Tÿr ( 0 .9 ) ,  Phe (0 .9 ) .

Y ie ld  : 1*00 n  m oles. H vPS f>H

Sequence : Tyr-Phe-G lu.

This p e p tid e  co rresponds to  re s id u e s  l5  -  17 o f  th e  p ro te in  sequence.

Although th e  p e p tid e s  d e sc r ib e d  above were o b ta in ed  in  r e l a t i v e l y  good 

y ie ld  a la rg e  number o f  p e p tid e s  (no t y e t  s tu d ie d )  were p re s e n t  in  low y ie ld .  

W hether t h i s  was due to  th e  p ro te a se  c le a v in g  th e  p o ly p e p tid e  a t  a s p a r t ic  

a c id  re s id u e s  (a s  i s  s a id  to  occu r when d ig e s t io n  i s  c a r r ie d  o u t in  phosphate 

b u f f e r s )  o r w hether th e  c i t r a c o n y l  g roups, which c a r ry  a n e g a tiv e  ch a rg e , 

i n t e r f e r e d  w ith  th e  'normal* s p e c i f i c i t y  o f  th e  enzyme, i s  n o t y e t  known. I f

th e  l a t t e r  p o s s i b i l i t y  i s  th e  c a s e , th e  u se  o f  s .  p ro te a s e  may be l im ite d  to

c leav ag e  o f  p ro te in s  which a re  s u b s tr a te s  when in  t h e i r  n a tiv e  confo rm ation  

o r  which a re  so lu b le  in  ammonium b ic a rb o n a te  b u f fe r s  a f t e r  d é n a tu ra t io n .
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E lu tio n  p r o f i l e  o f  S taph » p ro te a se  (V8) d ig e s t  

o f  ty p e  C (C221) C.A.T. from  a Sephadex G-2$ 

column (2 .5  by 80cm). e lu t in g  b u f f e r  was 50mM

ammonium b ic a rb o n a te  pH 8 .0 .  flow  r a t e  = UOml/hr.
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CHAPTER IX .

PRODUCTION, FRACTIONATION AND SEQUENCE OF PEPTIDES GENERATED 

BY CYANOGEN BROMIDE CLEAVAGE.
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9.1 Cyanogen brom ide c leavage o f  Cm CAT.

Cyanogen brom ide r e a c ts  w ith  th e  th io e th e r  s id e  c h a in  o f  m eth ion ine  and , 

when m eth ion ine i s  in  a p e p tid e  lin k a g e , th e  bond in v o lv in g  th e  carb o x y l 

group o f  m eth ion ine i s  c leav ed . A ll p e p tid e s  produced by th e  a c t io n  o f 

cyanogen bromide w i l l  c o n ta in  C -te rm ina l homo s e r in e  o r  i t s  la c to n e  excep t 

f o r  th e  C -te rm in a l p e p tid e  o f  th e  p r o te in .

T r ia l  d ig e s ts  were perform ed on l.mg a l iq u o ts  o f  Cm CAT to  determ ine  th e  

o p tim a l c leavage  c o n d itio n s . Cleavage was a sse sse d  by S .D .S . g e l e l e c t r o ­

p h o re s is .  From th e  r e s u l t s  o f  th e se  p re lim in a ry  experim ents th e  b e s t  

c leav ag e  c o n d itio n s  were found to  be p ro te in  c o n e e n tra tio n ^ 5 m g /m l, c leavage 

tim e 18 hours and a 1 :50 m olar r a t i o  o f m eth ion ine (5 m eth iony l re s id u e s  p e r  

monomer) : cyanogen brom ide. 70 p e rc e n t form ic a c id  was th e  s o lv e n t  used in  

a l l  t r i a l  ex p erim en ts .

P re p a ra tiv e  d ig e s t .

9Qmg o f  Cm CAT (p rep ared  as d e sc rib e d  in  C hapter V, 5 .1 )  was d is so lv e d  

in  70 p e rc e n t form ic a c id  (8ml) and lOQmg CNBr added. The f l a s k  was f lu sh e d  

w ith  n i t r o g e n , s e a le d  and k e p t in  th e  dark  a t  room tem p era tu re  f o r  18 h o u rs . 

W ater (100m l) was th en  added and th e  d ig e s t  ly o p h i l i s e d .

9 .2  F ra c t io n a tio n  o f  CNBr p e p tid e s .

I n i t i a l  problem s encoun tered  in  th e  f r a c t io n a t io n  o f  th e  CNBr p e p tid e s  

were due to  th e  extrem e i n s o l u b i l i t y  o f  th e  p e p tid e s  and t h e i r  ten d en cy  to  

a g g re g a te . The o n ly  so lv en t capab le  o f  d is so lv in g  th e  ly o p h i l is e d  d ig e s t  was 

98 p e rc e n t form ic a c id . However, when t h i s  s o lu tio n  was d i lu te d  p r i o r  to  

f r a c t io n a t io n  by g e l  f i l t r a t i o n  (column b u f f e r  30 p e rc e n t a c e t ic  a c id ,  30 

p e rc e n t form ic a c id )  th e  p e p tid e s  p r e c ip i ta te d .  To d a te ,  th e  fo llo w in g  

p u r i f i c a t i o n  p rocedure  has been the  o n ly  method cap ab le  o f  f r a c t io n a t in g  th e  

CNBr p e p t id e s .
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E lu tio n  p r o f i l e  o f  a cyanogen bromide d ig e s t

o f  ty p e  C (C221 ) C .A .T. from a carboxym ethyl-

c e l lu lo s e  column (1 ,0  by  20cm) e q u i l ib r a te d
i

w ith  8M urea/20mM ammonium a c e ta te  pH 5*0. 

flow  r a t e  = 12m l/hr.



f ig u re  : 19

E lu tio n  p r o f i l e  o f  cyanogen bromide poo led  f r a c t io n s  from 

Cm -  c e l lu lo s e  ion-exchange column ( l  to  V I).

Column = Sephadex G-7^ (l x  8 0cm) e q u i l ib r a te d  and ru n  

i n  5 p e rc e n t a c e t ic  a c id , 

flo w  r a t e  = lO m l/hour.

1 .5m l f r a c t io n s  c o l le c te d .
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The ly o p h i l is e d  CNBr p e p tid e s  were d is so lv e d  in  1ml fo im ic a c id  (98 p e r  

c e n t ) .  This was made up to  ^ml w ith  8 M u re a /2 0  mM ammonium a c e ta t e ,  pH 

^ .0 ,  and d ia ly s e d  a g a in s t  th e  same f o r  8 ho u rs  to  remove th e  form ic a c id . 

The s l i g h t  p r e c ip i t a t e  was removed by c e n t r i f u g a t io n  and th e  su p e rn a ta n t 

lo ad ed  on to  a carboxym ethyl c e l lu lo s e  ion-exchange column (l x  20cm) 

e q u i l ib r a te d  w ith  8 M u re a  in  20 mM ammonium a c e ta te ,  pH 5»0. The CNBr 

p e p tid e s  were e lu te d  by a l i n e a r  g ra d ie n t o f  NaCl (O -  0 .2 ^  M). The e lu te d  

f r a c t io n s  were poo led  as shown ( f ig u re  18) and th e  u re a  removed by  d ia ly s i s  

a g a in s t  a c e t ic  a c id  (5 p e rc e n t)  u s in g  b o i le d  S pectropore  3 d i a ly s i s  

membrane. The d ia ly s e d  f r a c t io n s  were th e n  ly o p h i l is e d  and re d is s o lv e d  in  

1 ml o f  5 p e rc e n t a c e t ic  a c id . The p a r t i a l l y  p u r i f ie d  CNBr p e p tid e s  were 

f u r th e r  f r a c t io n a te d  by g e l f i l t r a t i o n  u s in g  Sephadex G-7^ (l x  80cm) 

e q u i l ib r a te d  w ith  5 p e rc e n t a c e t ic  a c id  ( f ig u re  19)»

PVom th e  e lu t io n  p o s i t io n  from  th e  G-7^ column and N -te rm in a l de term in ­

a t io n  (*d a n sy l* Edman m ethod) peaks I I  a .  I I I  b and IV a were judged  to  

c o n ta in  th e  same p e p tid e  and were pooled  to g e th e r .  Peak V a was th o u g h t to  

c o n s is t  o f  a m ix tu re  o f  IV a and VI a and has n o t been s tu d ie d  f u r th e r .

The peaks which e lu te d  n e a r  th e  Vt o f  th e  column (peaks I I  h .  I I I  c ,  IV b ,

V b , VI b and VI c )  appeared  to  c o n s is t  o f  a la rg e  number o f  low y ie ld  

p e p tid e s  a n d /o r f r e e  amino a c id s ,  p o s s ib ly  formed' by a c id  c leav ag e  o f  th e  

p o ly p e p tid e  d u rin g  th e  c leav ag e  r e a c t io n ,  and have n o t been s tu d ie d  in  

d e t a i l . >

9 .3  Amino a c id  a n a ly s e s ,  c h a r a c te r i s a t io n  and p a r t i a l  sequence o f  

CNBr p e p t id e s .

Peak I  a . .

A n a ly sis  : Asp ( 2 .0 ) ,  Thr (0 .7 ) ,  S er ( 0 .8 ) ,  Glu ( 1 .2 ) ,  Pro ( 1 .7 ) ,

H e  ( 2 .2 ) ,  P h e (0 .9 ) , Hse (0 .9 ) ,  Lys ( 1 .7 ) .



103.

Y ield  : UOO n m oles.

Sequence : Phe-P ro -L ys-A sn-Ile-Ile-P ro -G lu-S er-A sn-T hr-L ys-H se.
^  ^  ^  ^

As y e t  t h i s  sequence i s  te n ta t iv e  s ince  more than  one PTH amino ac id  was 

id e n t i f i a b le  a t  p o s it io n s  5 ,7 ,8  and 9 o f  t h i s  p e p t i d e ke»,  ̂ <

Peaks I I  a . I I I  b , iV a . .

A nalysis : Asp (7 .0 ) ,  Thr (3 .1 ) ,  Ser (2 .0 ) ,  Glu ( L . l ) ,  Pro (0 .9 ) ,

Gly (1 .2 ) ,  Val (1 .1 ) ,  H e  (2 .0 ) ,  Leu (2 .0 ) ,  Tyr (2 .0 ) ,

Phe (1 .9 ) ,  Lys (li.l ) , Arg (1 .0 ) ,  Hse ( l .O ) .

Y ie ld  : LOO n m oles.

Sequence : G lu-Val-Val-Asn-
—^  ^  ^

The N -term inal sequence o f t h i s  p ep tid e  i s  a lso  found in  p ep tid e  SP60 -  67 A 

and in  'Peak I '  de riv ed  from the  t r y p t ic  d ig e s t  o f c itra c o n y la te d  Cm CAT 

(C hapter V, 5 .7 ) .  In  a l l  cases  no sequence could  be o b ta ined  beyond the  

a sp a rag in e  re s id u e .

Peak I I I  a .

A nalysis  : Asp (8 .1 ) ,  Thr (3 .9 ) ,  Ser (2 .0 ) , Glu (5 .0 ) ,  Pro ( l .O ) ,

Gly ( 1 .2 ) ,  Val ( l .O ) , H e  (U .l) ,  Leu (3 .0 ) ,  Tyr (2 .9 ) ,

Phe (3 .1 ) ,  Lys (6 .0 ) ,  Arg ( l .O ) , Hse ( l .O ) .

Y ield  : 200 n m o le s .

Sequence : T h r-P h e-A sn -H e-Ile -
—^  ^  — ?  — > •—>

This p e p tid e  was concluded to  be th e  N -term inal CNBr p ep tid e  o f th e  C221 

p ro te in .

Peak VI a .

A nalysis  : Asp (5 .9 ) ,  Thr (2 .8 ) ,  Ser (2 .1 ) ,  Glu (3 .1 ) ,  Gly (1 .2 ) ,

Val (1 .0 ) ,  H e  (2 .6 ) ,  Leu (2 .2 ) ,  Tyr (2 .0 ) ,  Phe ( l . 8 ) ,

Lys (1 |.2 ), Arg (0 .8 ) ,  Hse ( l .O ) .
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Y ie ld  ; 300 n  m oles.

Sequence : H e-L ys-A sn-L ys-G ly- Ïÿ r-G lu -

The fo llo w in g  p e p tid e s  have been i s o la t e d  from a t r y p t i c  d ig e s t  o f  t h i s  

p e p tid e  ;

P e p tid e  VI a TA.

A n a ly sis  : Asp ( 1 .0 ) ,  Lys ( l .O ) .

Y ie ld  ; 50 n  m oles.

Sequence : A sn-Iys.

This p e p tid e  had a p o s i t iv e  n e t  charge on e le c tro p h o r e s is  a t  pH 6 .5  and must 

th e re fo re  c o n ta in  a sp a ra g in e .

P e p tid e  VI a TB.

A n a ly sis  : Thr ( 0 .9 ) ,  Glu (1 .1 ) ,  Val ( 1 .0 ) ,  Phe ( 1 .1 ) ,  Arg ( l .O )

Y ie ld  : 20 n  m oles.

P e p tid e  VI a TG b .

A n a ly sis  : Asp ( 1 .0 ) ,  Glu (2 .1 ) ,  Lys (1.1 ) ,  Hse ( l .O ) .

Y ie ld  : 20 n  m oles.

Rrom th e  a n a ly s is  t h i s  appeared  to  be th e  C -te rm in a l fragm ent o f th e  CNBr

p e p tid e  and i s  in c lu d e d  in  th e  t r y p t i c  p e p tid e  TS 72 -  75 C a s  fo llo w s  :

Asp-Ly s -  Glu- Glu-Me t  -Phe -  Pro -L y s .

As was n o ted  p re v io u s ly , c leav ag e  on th e  C -te rm in a l s id e  o f  ly s in e  d id  n o t

ta k e  p la c e ,  p ro b ab ly  as  a r e s u l t  o f  th e  d e n s i ty  o f  n e g a tiv e  ch arg e  from th e
/

th re e  a d ja c e n t a c id ic  amino a c id s .

P e p tid e  VI a  TD.a.

A n a ly sis  : Asp ( 2 .0 ) ,  Thr ( 0 .9 ) ,  S e r ( l .O ) ,  Glu ( l .O ) ,  G ly ( l .O ) ,

H e  ( 1 .1 ) ,  Lys (1.1 ) .

Y ie ld  : 25 n  m oles.
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This p e p tid e  co rresp o n d s to  p e p tid e  TS k3  -  U6 A.

Asn-Gly- H e  -G lu- Ser-A sn- Thr-Lys,

P e p tid e  VI a TD c .

A n a ly sis  : Asp ( 2 .1 ) ,  Glu ( l .O ) ,  Leu ( 2 .1 ) ,  Tyr ( 0 .8 ) ,  Lys ( l.O ) ,

Y ie ld  : 20 n  m oles.

This p e p tid e  co rresp o n d s to  TS 59 -  63 D.

A sn-A sp-Leu-Leu-G lu-Tÿr-Lys.
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CHAPTER X.

THE PARTIAL PRIMARY STRUCTURE OF C221. CAT

AND ITS COMPARISON WITH OTHER CAT SEQUENCES.
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f ig u r e  ; 20.

Summary o f  th e  c o v a le n t sequence o f  ty p e  C (C221) 

s ta p h y lo c o c c a l CAT determ ined  in  t h i s  s tu d y .
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/

10.1 P e p tid e  o v e r la p s .

A summary o f  th e  p e p tid e  o v e rla p s  o b ta in e d  fo r  th e  s ta p h y lo c o c c a l type C 

enzyme a re  i l l u s t r a t e d  in  f ig u r e  20. A lthough more th a n  90 p e rc e n t o f  th e  201 

amino a c id  re s id u e s  expected  from  th e  amino a c id  a n a ly s is  o f  th e  p r o te in  can 

be found in  th e  p e p tid e s  shown, a  number o f  o v e rlap s  a r e ,  as  y e t ,  t e n ta t iv e  

and o th e r s  have y e t  to  be e lu c id a te d . A s tu d y  o f  some o f  th e  low y ie ld  

p e p tid e s  from s e v e ra l  d ig e s ts  in d ic a te d  h e te ro g e n e ity  o f  th e  p r o te in ,  in  

s p i te  o f  th e  'c l e a n ' p ro te in  N -te rm in a l sequence d e te rm in a tio n s  and th e  

e le c tro p h o r e t ic  ev idence  o f  p u r i t y .  Perhaps th e  b e s t  example o f  h e te r o ­

g e n e ity  i s  shown by th e  t r y p t i c  p e p tid e s  TS II4.6 -  IU8 and TS I I 6 -  121 :

P ep tid e  TS Il;6 -  IU8 .

Sequence : H is-V al-G ly-A rg .

Y ie ld  : U50 n  m oles.

P ep tid e  TS I I 6 -  121.

Sequence : Hi s - V al-G ly-V al-A rg.

Y ie ld  ; 150 n  m oles.

Since p e p tid e  TS I I 6 -  121 d i f f e r s  from p e p tid e  TS Il|6 -  IU8 by  th e  in s e r t io n  

o f  a s in g le  v a lin e  r e s id u e ,  such a sm all d if f e r e n c e  in  p ro te in  s t r u c tu r e s  

would n o t be d e te c ta b le  by m ost, i f  n o t a l l ,  methods u sed  in  ju d g in g  p r o te in
t

p u r i t y .  O ther p o s s ib le  examples o f  h e te ro g e n e ity  a re  p e p tid e s  TS 76 -  77 and 

TS 18 -  22 :
/

P ep tid e  TS 76 -  77»

Sequence : P h e -l^ -S e r-G lx -A sx -A sx -L y s. (2 am ides)

Y ie ld  : 700 n  m oles.

P ep tid e  TS I 8 -  22.

Sequence : S e r-G ln -(A sp ,S e r)-L y s .

Y ie ld  : 300 n  m oles.
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su g g es tin g  an Asx to  Ser s u b s t i t u t io n ,  and th e  sequences :

-P ro -S e r-L eu -H e-A rg - 

(in c lu d e d  in  p e p tid e  SP 77 -  86 F) and th e  low y ie ld  t r y p t i c  p e p tid e  TS 127 

129 : Leu-Arg.

su g g es tin g  d e le t io n  o f  a s in g le  is o le u c in e  re s id u e  o r  a le u  f o r  i l e  

s u b s t i t u t io n  and c leav ag e  betw een th e  two le u  re s id u e s .

S ince th e  0221 p lasm id  e x i s t s  a s  m u ltico p y  r e p l i e ons in  S. au reu s  (52) 

m u ta tio n  o f  one (o r more) p lasm ids a t  one (o r  more) s i t e s  would produce a 

fa m ily  o f  homologous p r o te in s .  S ince th e  enzym e(s) were p u r i f i e d  by a f f i n i t y  

chrom atography i t  i s  l i k e l y  t h a t  th e  p r o te in s  a re  f u n c t io n a l ly  e q u iv a le n t 

and a re  a l l  cap ab le  o f  c a ta ly s in g  th e  a c é ty la t io n  o f  ch lo ram p h en ico l. Since 

th e  N -te rm in a l d e te rm in a tio n s  on p ro te in  sam ples showed no ev idence  o f  

h e te ro g e n e ity  i t  i s  l i k e l y  t h a t  such h e te ro g e n e ity  a r i s e s  from  s u b s t i tu t io n s  

a t  a l im i te d  number o f  s i t e s  where changes in  s t r u c tu r e  can be accommodated 

w ith o u t lo s s  o f  a c t i v i t y .

10.2 A c tiv e  s i t e  s tu d ie s .

S ince th e  R -fa c to r  type  I I  CAT v a r ia n ts  a re  v e ry  s e n s i t iv e  to  i n h ib i t i o n  

by th e  t h i o l  re a g e n t DTNB (l5), s e r io u s  c o n s id e ra t io n  has been g iv en  to  th e  

p o s s i b i l i t y  t h a t  a l l  o f  th e  CAT enzymes fu n c tio n  v ia  th e  fo rm atio n  o f  a  

c o v a le n t acyl-enzym e in te rm e d ia te  in v o lv in g  an e s s e n t i a l  c y s te in e  r e s id u e . 

However, th e  r e s u l t s  o f  th e  k in e t ic  experim en ts on th e  s ta p h y lo c o c c a l 

v a r ia n ts  (C hapter I I I ,  3 .2 )  su g g es t t h a t  b in d in g  o f  th e  two s u b s t r a te s  i s  

random.Double r e c ip r o c a l  p lo t s  showing th e  e f f e c t s  o f  c o n c e n tra tio n s  o f  one 

s u b s t r a te  w ith  th e  o th e r  h e ld  c o n s ta n t gave in te r s e c t in g  l i n e s  on th e  1 /^ J  

a x is  in  each  c a s e ; th e  p a r a l l e l  l in e s  expec ted  f o r  . a  'p in g -p o n g ' mechanism, 

such as t h a t  in v o lv in g  an acyl-enzym e in te rm e d ia te , were n o t observed .T hese  

r e s u l t s  a re  c o n s is te n t  w ith  a  k in e t ic  a n a ly s is  o f  th e  type  I  (R -fa c to r  

JR66) enzyme (l5)«
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Chem ical m o d if ic a tio n  experim ents (C hapter I I I ,  3*3) show no ev idence  f o r  an 

e s s e n t i a l  c y s te in e  re s id u e  s in c e  th e  t h i o l  s p e c i f ic  re a g e n ts  DTNB and NTCB do 

n o t in a c t iv a te  th e  s tap h y lo co c ca l enzymes.

N o tw ith stand ing  th e se  r e s u l t s ,  an a tte m p t was made to  i s o l a t e  an a c y l-  

enzyme in te rm e d ia te  by an a d a p ta tio n  o f  th e  method d se c rib e d  by Henkin and 

A beles (6 8 ):

2mg (80 nanom oles) o f  th e  ty p e  C (plasm id C221 ) CAT in  1ml was d ia ly s e d  

e x te n s iv e ly  a g a in s t  50 mM T r is  HCl, pH 7 .5 ,  and Ac Co A (25yCi C /^  m ole)

added to  g ive  a f i n a l  c o n c e n tra tio n  o f  1 mM. DTNB (1 mM f i n a l  c o n c e n tra tio n )  

was added to  a c t  a s  a chem ical 's c a v e n g e r ' to  remove CoASH in  o rd e r  to  

p re v e n t d é a c y la tio n  o f  any acyl-enzym e in te rm e d ia te  form ed. A fte r  10 m inutes 

a t  room te m p e ra tu re , th e  pH was low ered by th e  a d d itio n  o f HCl to  pH 6 .0  and 

th e  enzyme im m edia te ly  a p p lie d  to  a Sephadex G-25 column e q u i l ib r a te d  w ith  

50 mM p o tassium  phosphate  b u f f e r ,  pH 6 .0 , m ain ta in ed  a t  U°C. Only 3 .6  p e rc e n t 

o f  th e  p r o te in  e lu te d  from th e  column was found to  c o n ta in  P ^ c J  l a b e l ,  t h i s  

sm all amount o f  l a b e l  in c o rp o ra te d  be ing  a t t r i b u t e d  to  non s p e c i f ic  a d so rp tio n  

o r  en trapm ent (as n o ted  by Henkins and A beles) o f  ra d io a c t iv e  AcCoA by  th e  

p ro te in  (6 8 ).

Whereas th e  r e s u l t s  o f  th e  k in e t ic  experim ents and chem ical m o d if ic a tio n  

experim en ts show n e i th e r  ev idence f o r  an acyl-enzym e in te rm e d ia te  n o r th e  

d i r e c t  involvm ent o f  a c y s te in e  re s id u e  in  th e  mechanism o f  c a t a l y s i s ,  th e  

r e s u l t s  do im p lic a te  th e  involvm ent o f  h i s t i d in e  r e s id u e ( s ) .  Thus, d ie th y l -  

p y ro ca rb o n a te  i s  a  p o te n t  i n h ib i to r  o f  th e  s tap h y lo co c ca l CAT v a r i a n t s ,  th e  

pH dependence o f  iodoacetam ide in a c t iv a t io n  g iv es  an ap p a ren t pK o f  6 .3 ,  and 

th e  p h o to -o x id a tio n  pH p r o f i l e  su g g es ts  a pK o f  6 .9  f o r  th e  l a b i l e  group . The 

o b se rv a tio n  t h a t  io d o a c e tic  a c id  does n o t in a c t iv a te  th e  s ta p h y lo c o c c a l 

v a r ia n t s  (o r ,  in d e ed , a l l  .CAT v a r ia n ts  s tu d ie d )  whereas iodoacetam ide  does
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may in d ic a te  th e  p re sen ce  o f  an io n iz e d  a s p a r ta te  o r  g lu tam a te  re s id u e  a t  o r  

n e a r  th e  a c t iv e  s i t e .

In  an a ttem p t to  id e n t i f y  th e  amino a c id  r e s id u e ( s )  in v o lv ed  in  c a ta ly s i s  

th e  re a g e n t iodoacetam ide has been u sed  e x te n s iv e ly . When a ty p e  C

s ta p h y lo c o c c a l v a r ia n t  (p lasm id  C221) was in a c t iv a te d  w ith  [ i odoace t ami de ,

0 .99  m oles o f  [ '^ ^ c j iodoacetam ide were in c o rp o ra te d  p e r  mole enzyme monomer, 

in d ic a t in g  th a t  th e  re a g en t was r e a c t in g  w ith  a s in g le  re s id u e  in  each enzyme 

monomer. Amino a c id  a n a ly s is  o f  iodoacetam ide in a c t iv a te d  enzyme showed t h e .  

fo rm atio n  o f  0 .7  m oles o f  3-Cm h i s t id in e  p e r  mole enzyme monomer. No Gm- 

c y s te in e  was i d e n t i f i e d  in  th e  a n a ly s is . A s in g le  r a d io a c t iv e  p e p tid e  was 

i s o l a t e d  from an e la s ta s e  d ig e s t  o f  iodoacetam ide in a c t iv a te d  0221 CAT

(see C hapter V II) and had th e  sequence :

His-3-Cm His-Ala-Val-Cm C ys-A sp-G ly-Tyr-H is-A la.

th e  l a b e l  b e in g  in c o rp o ra te d  in to  re s id u e  2 o f  th e  p e p tid e .

In  summary, c y s te in e  re s id u e s  appear to  p la y  no obvious p a r t  in  th e

mechanism o f  c a ta ly s i s  o f  th e  ty p e  C s tap h y lo co c ca l enzyme, vdiereas a unique

h i s t i d i n e  re s id u e  h as been im p lic a te d .

When th e  analogous experim ents were perform ed on a type  I  (R -fa c to r  JR66)

CAT v a r ia n t  i t  was found th a t  1 .97 moles o f  P ^ c J  iodoacetam ide  were

in c o rp o ra te d  p e r  mole enzyme monomer and amino a c 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  m oles o f  3-Cm h i s t id in e  p e r  mole o f  enzyme monomer and 1 .3
/

m oles Cm c y s te in e  p e r  mole o f  enzyme monomer.

Two ra d io a c t iv e  p e p tid e s  have been o b ta in e d  in  h ig h  y ie ld  from  chymo- .  ̂ .

t r y p t i c  d ig e s ts  o f  [ ^ ^ c j  iodoacetam ide in a c t iv a te d  type  I  (R - fa c to r )  CAT (7 3 ) :

31 32 33 3U 35 36 37 38
1. Gin- S e r- V al-A la-G ly-Cy s -  Thr- l ÿ r .
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178 179 180 181 182 t83 18L
2. H is-A la-V al-C ys-A sp-G ly-Phe

As y e t  th e  e x a c t lo c a t io n  o f  th e  l a b e l  has n o t been i d e n t i f i e d ;

how ever, from th e  f in d in g  t h a t  C m -cysteine and 3-Cm h i s t i d in e  a re  found in  

amino a c id  a n a ly se s  o f  h y d ro ly sa te s  o f  th e  in a c t iv a te d  p ro te in  an d , by 

an alo g y  w ith  th e  r e s u l t s  o f  th e  s tap h y lo co c ca l enzyme, i t  can be expected  

t h a t  th e  l a b e l  i s  lo c a l i s e d  in  c y s te in e  36 and h i s t i d in e  178. Indeed ,

a l a b e l le d  p e p tid e  from an e la s ta s e  d ig e s t  o f  [ ^ ^ c j  iodoacetam ide

in a c t iv a te d  type  I  CAT has been i s o la te d  which was sequenced a s  :

177 178 179 180 
H is-H is-A la-V al

Since d an sy l 3-Cm h i s t i d in e  co-chrom atographs w ith  h i s t i d i n e ,  r e s id u e  178 was 

id e n t i f i e d  as h i s t i d in e  r a th e r  th an  3-Cm h i s t i d i n e .

10 .3  P rim ary  sequence com parisons w ith in  th e  CAT system .

At p re s e n t  th e  N -te rm ina l sequences o f  te n  CAT v a r ia n ts  i s  known 

( f ig u re  2 1 ), th e  com plete sequence o f  a ty p e  I  (R -fa c to r  JR66) CAT has  been 

de term ined  ( f ig u re  22) and g r e a te r  th an  90 p e rc e n t o f  th e  sequence o f  a  ty p e  

C s ta p h y lo c o c c a l v a r ia n t  has been de term ined  in  th e  co u rse  o f  t h i s  s tu d y  

( f ig u re  20) en ab lin g  a com parison o f  th e  p rim ary  s t r u c tu r e s  o f  a number o f  

enzymes which c a ta ly s e  th e  a c é ty la t io n  o f  ch lo ram phen ico l.

N -te rm in a l com parisons ( f ig u re  2 1 ). \

When th e  N -te rm in a l sequences a re  a lig n e d  to  g ive  maximum obvious 

sequence homology o n ly  two amino a c id s  a re  found to  be in v a r i a n t ,  re s id u e s  16 

( try p to p h a n ) and 18 ( a r g in in e ) ,  u s in g  th e  ty p e  I  CAT (R -fa c to r  JR66) 

num bering scheme. The N -term inus o f  th e  Streptom yces a c r im y c in i v a r ia n t  i s  

th e  o n ly  e x c e p tio n . The N -te rm in a l sequence o f  t h i s  enzyme i s  u n u su a l in  

t h a t  fo u r  pro  l i n e  re s id u e s  a re  found in  th e  f i r s t  f i f t e e n  re s id u e s  and i t  

shou ld  be remembered th a t  t h i s  v a r ia n t  i s  an example o f  th e  ' l a r g e r '  CAT



enzymes, having  a monomer m o lecu lar w eigh t o f  25,000 d a l  to n s  r a th e r  than  

th e  more common m o lecu lar w eigh t o f  2^,000 d a lto n s  (2 0 ). The most obvious 

i n t e r p r e t a t i o n  o f  th e se  o b se rv a tio n s  i s  t h a t  th e  S. ac r im y c in i v a r ia n t  owes 

i t s  g r e a te r  m o lecu lar w eigh t a t  l e a s t  in  p a r t  to  th e  a d d i t io n a l  r e s id u e s  a t  

th e  N -term inus o f  th e  p r o te in .  I t  should  be n o te d , however, t h a t  th e  type  I I I  

v a r ia n t  (R -fa c to r  R38? ) i s  a lso  a h ig h  m o lecu lar w eigh t v a r ia n t  b u t t h i s  

enzyme shows homology w ith  th e  o th e r  N -te rm in i.

The two type  I  v a r ia n ts  (R -fa c to rs  JR66 and RU29) a re  i d e n t i c a l ,  as a re  

th e  two type  I I  v a r ia n ts  ( th a t  s p e c if ie d  by  R -fa c to r  S-a and th e  enzyme from

H. p a ra in f lu e n z a e ) . A ll th e  v a r ia n ts  from  th e  E b te ro b a c te r ia c e a e  have an 

N -te rm in a l m eth ion ine  re s id u e .  When th e  N -te rm in a l sequences a re  a lig n e d  

to  g iv e  maximal homology i t  can be seen t h a t  th e  ty p e  I  v a r ia n ts  p o sse ss  

an a d d i t io n a l  f iv e  re s id u e s  a t  th e  N -term inus.

As had been a n t ic ip a te d  from th e  r e s u l t s  o f  im m unological s tu d ie s  ( l5 ,  16, 

17) th e  s ta p h y lo c o c c a l v a r ia n ts  show a h ig h  degree o f  sequence homology, 

o n ly  two v a r ia b le  p o s i t io n s  ( re s id u e s  12 and l5  u s in g  th e  type I  numbering 

scheme) be in g  found .

A lthough th e  le n g th s  o f  N -te rm in a l sequences o b ta in e d  to  d a te  a re  too  

s h o r t  to  a llo w  a r ig o ro u s  s t a t i s t i c a l  a n a ly s is  an a tte m p t has been made to  

produce a dendrogram to  show th e  p o s s ib le  r e la t io n s h ip s  o f  th e  CAT v a r ia n ts  

u s in g  a com puter programme based  on th e  method o f  Moore, Goodman and 

Barnabas (6 9 ). A d i s s im i l a r i t y  m a trix  was f i r s t  c o n s tru c te d  f o r  th e  th re e  

R - fa c to r  v a r ia n ts  and th e  fo u r  s ta p h y lo c o c c a l v a r ia n ts  :



115.

I I I I I I A B C D

I 0

I I 77 0

I I I 68 68 . 0

A 88 5.0 .83 0

B 88 50 83 6 0

C 88 68 75 6 6 0

D 88 68 75 13 13 6 0

The f ig u r e s  a re  th e  p e rcen tag e  non-homology when com paring any p a i r  o f 

CAT v a r i a n t s .  The N -te rm in a l s ix  re s id u e s  o f  th e  ty p e  I  CAT and th e  N- 

te rm in a l m eth ion ine re s id u e  o f  th e  ty p es  I I  and I I I  CAT sequences were n o t 

in c lu d e d  in  th e  sequence com parison. The r e s u l t s  o f  th e  com puter a n a ly s is  

in d ic a te d  th a t  th e  fo llo w in g  dendrogram b e s t  re p re se n te d  th e  N -te rm in a l 

sequence d a ta  : _L*Al
TYPE

I

I I I

I I

A

B

C

D

GRAM -VE 

VARIANTS.

GRAM +VE 

VARIANTS.
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I t  must be s t r e s s e d ,  how ever, t h a t  th e  d a ta  s e t  u sed  to  produce t h i s  

t r e e  was v e ry  sm a ll, c o n se rv a tiv e  s u b s t i tu t io n s  were n o t in c o rp o ra te d  in  th e  

a n a ly s is ,  and as w ith  a l l  a n a ly se s  o f  t h i s  ty p e , a c o n s ta n t e v o lu tio n a ry  

r a t e  i s  assumed. T his l a s t  assum ption i s  p a r t i c u l a r l y  q u e s tio n a b le  Wien 

p r o te in s  coded f o r  by extrachrom osomal genes a re  compared, s in c e  t r a n s f e r  o f  

a  p lasm id  from one sp ec ie s  to  an o th er can occur w ith  consequent changes o f  

b o th  i n t r a  and e x t r a c e l lu l a r  environm ents so p roducing  changes in  

e v o lu tio n a ry  p re s s u re .

C -te rm in a l com parisons.

The C -te rm in a l sequences o f  a  type  I  v a r ia n t  (R -fa c to r  JR66) and a 

s ta p h y lo c o c c a l ty p e  C (p lasm id  C221 ) v a r ia n t  a re  now known :

195 196 197 198 199 200 201 202 203 20k 
TYPE I  Gin- l ÿ r -  Cys -  Asp- Glu- Trp- G ly-A la- Gly-Gln

TYPE C H is-Iy s-V a l-A sp -A sn -T rp -H e

As w ith  th e  N -te rm in a l sequences d e f in i t e  homology seems to  e x i s t ,  

a lth o u g h  a number o f  amino a c id  d if f e r e n c e s  a re  e v id e n t .

I n i t i a l l y  i t  was hoped t h a t  a knowledge o f  th e  com plete p rim ary  

s t r u c tu r e  o f  th e  type  I  CAT v a r ia n t  would a id  th e  d e te rm in a tio n  o f  th e  

p rim ary  sequence o f  th e  type  C s tap h y lo co c ca l v a iû a n t by f in d in g  analogous 

p e p tid e s  and so d e te rm in in g  t h e i r  r e l a t i v e  p o s i t io n  in  th e  p o ly p e p tid e  

c h a in . However, v e ry  few homologous sequences seem to  e x i s t  (compare f ig u re  

20 and f ig u r e  2 2 ). An ex cep tio n  i s  th e  re g io n  c o n ta in in g  th e  iodoacetam ide  

s e n s i t iv e  h i s t i d in e  re s id u e  ;

177 178 179 180 181 182 183 18U 185 186
TYPE I  H is-H is-A La-V al-C ys-A sp-G ly-Phe-H is-V al

TYPE C H is-H is-A la-V al- Cys -  Asp- G ly- Tyr-Hi s -  A la



117.

Only two c o n se rv a tiv e  s u b s t i tu t io n s  a re  found in  t h i s  re g io n , a Phe to  

Tyr and a Val to  Ala s u b s t i tu t io n .  S ince t h i s  re g io n  i s  though t to  be 

in c lu d e d  in  th e  'a c t iv e  s i t e '  o f  th e  CAT enzymes m u ta tio n a l e v en ts  i n  t h i s  

a re a  would be expec ted  to  a f f e c t  enzymic a c t i v i t y  and cause lo s s  o f  

r e s i s ta n c e  to  th e  a n t i b i o t i c .  Because o f  th e  fu n c tio n a l  im portance o f  th i s  

re g io n  th e  amino a c id  sequence would be h ig h ly  conserved .

The o n ly  o th e r  obvious sequence homology between th e  two v a r ia n t s  i s  

th e  sequence :

H is-V al-G ly-A rg

In  th e  type  I  sequence t h i s  re g io n  i s  a t  th e  C -te rm in a l end o f  th e  

'a c t iv e  s i t e '  re g io n  d e sc rib e d  above :

181 182 183 18U 185 186 187 188
Cy s -  A sp- G ly-P he-H is-V al- G ly-Arg-

However, th e  homologous sequence from  th e  type C s tap h y lo co c ca l v a r ia n t  

i s  produced by t r y p t i c  d ig e s t io n  o f  th e  p r o te in ,  im ply ing  th a t  th e  re s id u e  

a d ja c e n t to  th e  h i s t id in e  re s id u e  i s  ly s in e  o r  a rg in in e  and th e  ' a c t iv e

s i t e '  re g io n  in  t h i s  v a r ia n t  i s  known to  be :

Cys- Asp-G ly-Tyr-H i s -A la -S e r-(L e u ,P h e ).

(see  f ig u r e  20)

The sequence H is-V al-G ly-A rg must be in  th e  v i c i n i t y  o f  th e  'a c t iv e  s i t e '  

re g io n  s in ce  bo th  p e p tid e s  a re  in c lu d ed  in  th e  p e p tid e  SP60 -  67 B o b ta in ed

from a s ta p h y lo c o c c a l p ro te a se  d ig e s t  o f  th e  type C v a r ia n t .  >

The type I  v a r ia n t  c o n ta in s  fo u r  c y s te in e  re s id u e s  in  th e  sequence :

3U 35 36 37 38 
A la-G in-C ys- T h r-lÿ r

71 72 73 7L 75 
V al-A la-C ys-T yr-G ly
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179  180  181 182 183
A la-V al-Cys-A sp-Q ly

195 196 197 198 199
G in-Tyr-C ys-Asp-Glu

The c y s te in e  re s id u e  a t  p o s i t io n  36 o f  th e  sequence i s  s e n s i t iv e  to  

iodoacetam ide a s  i s  a h i s t id in e  re s id u e  a t  p o s i t io n  178 (see  s e c t io n  1 0 .3 ) . 

When th e  type  C enzyme i s  in a c t iv a te d  w ith  iodoacetam ide how ever, o n ly  

3 -C m -h is tid in e  i s  observed  on amino a c id  a n a ly s is .  T h is o b se rv a tio n  i s  

c o n s is te n t  w ith  th e  sequence o f  th e  type C enzyme s in c e  th e  re s id u e  

e q u iv a le n t to  th e  c y s te in e  a t  p o s i t io n  36 in  t h i s  p r o te in  i s  a ly s in e  

re s id u e  ( f ig u re  21 ). The c y s te in e  re s id u e  a t  p o s i t io n  I8 l in  th e  type  I  

enzyme has an analogous c y s te in e  re s id u e  in  th e  type C sequence, in c lu d ed  in  

th e  'a c t iv e  s i t e '  re g io n . The c y s te in e  n e a r  th e  C -term inus o f  th e  type  I  

v a r ia n t  ( p o s i t io n  197 ) i s  rep laced  by  a v a lin e  re s id u e  in  th e  type C

sequence. No p e p tid e  c o n ta in in g  a c y s te in e  re s id u e  e q u iv a le n t  to  t h a t  a t  

p o s i t io n  73 o f  th e  type  I  sequence has been found in  th e  s ta p h y lo c o c c a l 

enzyme.

1 0 .L Secondary s t r u c tu r e  com parisons.

Many problem s o f  p ro te in  s t r u c tu r e ,  fu n c tio n  and e v o lu tio n  can o n ly  be 

so lv ed  when th e  t e r t i a r y  s t r u c tu r e  o f  th e  p ro te in  i s  known. At th e  p re s e n t 

tim e o n ly  h ig h  r e s o lu t io n  X -ray  crystaHIographic a n a ly s is  can y ie ld  such 

s t r u c t u r a l  in fo rm a tio n . In  view  o f  th e  l im i te d  p rim ary  sequence homology 

betw een th e  type I  and type  C v a r ia n ts  and th e  la c k  o f  X -ray  d a ta  i t  was 

th o u g h t t h a t  a  p re lim in a ry  com parison o f  th e  p re d ic te d  secondary  s t r u c tu r e s  

m ight prove u s e f u l .

Many methods o f  secondary  s t ru c tu re  p re d ic t io n  a re  now a v a i la b le  and 

th e re  i s  c o n s id e ra b le  v a r ia t io n  in  th e  com plex ity  o f  th e  p r e d ic t io n  methods 

and in  th e  r e s u l t s  o b ta in e d . The p re d ic t iv e  model o f  Chou and Fasman (70)
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was chosen s in c e  i t  i s  cap ab le  o f  d is t in g u is h in g  h e l ix ,  s h e e t ,  re v e rse  

tu rn  and random c o i l  con fo rm atio n s . The a u th o rs  have proposed a mechanism 

f o r  p r o te in  fo ld in g  whereby re g io n s  which have h igh  c o n fo im a tio n a l 

p a ram ete rs  Pô  o r  (va lues f o r  which have been d e riv e d  from a s tu d y  o f  th e  

freq u en cy  o f  occu rren ce  o f  each amino a c id  i n d h e l i c e s  a n d y ssh e e ts )  n u c le a te  

an JL h e lix  o r  y3 s h e e t which p ro p ag a tes  in  b o th  d i r e c t io n s  u n t i l  s tro n g  oChelix 

o r s h e e t  b reak in g  amino a c id s  te rm in a te  growth o f  th e  secondary  s t r u c tu r e .  

Using th e  p a ram ete rs  and ^  th e y  have fo rm u la ted  e m p ir ic a l r u le s  f o r  

p r e d ic t in g  th e  i n i t i t a t i o n  and te rm in a tio n  o f  pi h e l i c a l  a n d s h e e t  re g io n s  

in  g lo b u la r  p r o te in s .  In  a d d it io n  Chou and Fasman have computed th e  

freq u en cy  o f  o ccu rren ce  o f  amino a c id s  in  re v e rse  tu rn s  and d e v ise d  r u le s  

f o r  th e  p re d ic t io n  o f  re v e rse  tu rn s  in  p r o te in s .  Any re g io n  o f  sequence n o t 

p re d ic te d  to  be o (h e lix , y? sh e e t o r re v e rse  tu rn  i s  assumed to  be in  th e  

random c o i l  co n fo rm ation . S ince th e  number o f  p o te n t i a l  CAT sequences i s  

l a r g e ,  th e  method o f  Chou and Fasman has been autom ated to  a  la r g e  e x te n t 

th rough  th e  u se  o f  a com puter programme (see  Appendix A .) Argos e t  a2 (71 ) 

concluded  from t h e i r  s tu d y  o f  th e  p re d ic t iv e  a b i l i t y  o f  a number o f  

p re d ic t iv e  methods th a t  'p r e d ic t io n  a lg o rith m s  can determ ine  w e ll  th e  ; .

sequence and e x te n t  o f  g ro ss  secondary s t r u c tu r a l  f e a tu r e s  in  ' f a v o u ra b le ' 

c a s e s .  This c a p a b i l i ty  i s  e s p e c ia l ly  u s e f u l  when an unknown p r o te in  i s  

su g g ested  to  have a s im ila r  s t r u c tu r e  to  a known p ro te in  th rough  chem ical 

experim en ts o r  weak sequence homology. ' •

Secondary s t r u c tu r e  p r e d ic t io n s  o f  th e  N -term in i o f  te n  CAT v a r ia n ts  

a re  i l l u s t r a t e d  i n  f ig u r e  21. W ith th e  ex cep tio n  o f  S treptom yces ac rim y c in i 

v a r ia n t  a l l  v a r ia n ts  show v i r t u a l l y  i d e n t i c a l  N -te rm in a l secondary  s t r u c tu r e ,  

a  s h o r t  s e c t io n  o f  j5 sh ee t fo llo w ed  by h e lix -  and (where th e  de term ined  

N -te rm in a l sequences a re  lo n g  enough) a n o th e r^  s h e e t . The S trep tom yces
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a c r im y c in i v a r ia n t  shows no p re d ic te d  secondary  s t r u c tu r e  (p ro b ab ly  due to  

th e  h ig h  p ro p o r tio n  o f  p ro l in e  r e s id u e s )  and i s  assumed to  be random c o i l .

The ty p e  I  CAT v a r i a n t s ,  which have an a d d i t io n a l  s ix  re s id u e s  a t  th e  

N -term inus have a s h o r t  s e c t io n  o f  random c o i l  a t  th e  N -term inus.

The com plete sequence and p re d ic te d  secondary  s t r u c tu r e  o f  a ty p e  I  

(R -fa c to r  JR66) v a r ia n t  i s  i l l u s t r a t e d  in  f ig u r e s  22 and 23. F ig u re  22 shows 

th e  u n c o rre c te d  com puter p r in to u t  (see  Appendix A f o r  n o ta t io n )  and f ig u re  

23 shows th e  f i n a l  p re d ic te d  secondary s t r u c tu r e  a f t e r  th e  n e c e s sa ry  

manual c o r re c t io n s  have been made.

The p re d ic te d  s t r u c tu r e  o f  th e  type  I  v a r ia n t  in d ic a te s  a  h ig h  

p ro p o r tio n  o f  b o th  ^  h e l ix  and p  sh ee t b u t on ly  one re v e rse  tu rn  i s  

p re d ic te d .

% h e l i x  = 37%

% ^  s h e e t = 38^

% re v e rse  tu rn  ? 2%

% random c o i l  = 23^

C irc u la r  d ich ro ism  s tu d ie s  ( J .  C a r te r  and W.V. Shaw, u n p u b lish ed  r e s u l t s )  

in d ic a te  30 p e rc e n t cC helix  and 'co n s id e ra b le*  p  sh e e t secondary  s t r u c tu r e  

f o r  t h i s  enzyme and th e  r e s u l t s  a re  in  good agreem ent w ith  th e  p re d ic te d  

s t r u c tu r e .  The re g io n  which h as been im p lic a te d  to  be in c lu d e d  in  th e  

a c t iv e  s i t e  o f  th e  enzyme (re s id u e s  172 to  179) has th e  g r e a te s t  JL h e l ix  

form ing p o te n t i a l  o f  th e  whole sequence (Pot = 1 .2 6 ) b u t  a lso  has a  

r e l a t i v e l y  h ig h  yS sh e e t form ing p o te n t ia l  (Py9 = 1 .0 7 ) . Chou and Fasman (70) 

su g g es t t h a t  th e  re g io n  o f  a  p o ly p ep tid e  w ith  th e  g r e a te s t  ot h e l ix  form ing 

p o te n t i a l  w i l l  a c t  a s  th e  n u c lé a t io n  s i t e  f o r  p ro te in  fo ld in g  and , in  th e  

case  o f  th e  ty p e  I  CAT v a r i a n t ,  fo ld in g  o f  th e  p o ly p e p tid e  can be 

e n v is io n ed  to  o ccu r around th e  a c t iv e  s i t e  o f  th e  p r o te in .
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The h i s t id in e  re s id u e  im p lic a te d  in  th e  mechanism o f  c a t a ly s i s  (H is 178) 

i s  found a t  th e  C -term inus o f  th e  s tro n g ly  p re d ic te d  h e l ix .  Chou and 

Fasman (70) have n o tic e d  t h a t  re s id u e s  in v o lv ed  in  th e  mechanism o f  

c a t a ly s i s  o f  enzymes a re  f r e q u e n tly  found a t  he lix -random  c o i l  bou n d aries  

and su g g es t t h a t ,  s in c e  th e se  reg io n s  a re  more f l e x ib l e  th an  th e  r i g i d  in n e r  

h e l ix ,  s u b s tr a te  b in d in g  and c a ta ly s i s  a re  f a c i l i t a t e d .



f figure : 21.
N -te rm in a l p rim ary  s t r u c tu r e s  and secondary  s t r u c tu r e  

p re d ic t io n s  f o r  a i l  CAT v a r ia n ts  s tu d ie d  a t  th e  

p rim ary  sequence l e v e l .

Sequences a re  a lig n e d  to  g ive b o th  maximum p rim ary  

and secondary  s t r u c tu r e  homology.
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f ig u r e s  : 22 and 23.

U ncorrectçd  secondary  s t ru c tu re  p re d ic t io n  o f  

R -fa c to r  type  I  CAT (JR66)

and

m anually  c o rre c te d  secondary  s t r u c tu r e  p re d ic t io n  

o f  R -fa c to r  type I  CAT (JR66).
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CHAPTER XI.

SUmARY AND DISCUSSION.
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P rev ious s tu d ie s  have shoim th a t  fo u r  e le c tro p h o r e t ic  a l l y  d i s t i n c t  

v a r ia n ts  o f  CAT a re  found i n  s tap h y lo co c c i ( l6 ) .  Each i s  a te tra m e r ic  enzyme 

composed o f  fo u r  i d e n t i c a l  monomers o f  m o lecu lar w eigh t 21;,000 d a lto n s . 

Im m unological s tu d ie s  have re v e a le d  a h ig h  degree o f  c r o s s - r e a c t i v i t y ,  

in d ic a t in g  t h a t  a l l  fo u r  s tap h y lo co c ca l v a r ia n ts  a re  l i k e l y  to  show 

c o n s id e ra b le  s t r u c tu r a l  homology ( l3 ,  16 , 1?)

A ll CAT v a r ia n ts  from s tap h y lo co c c i have been p u r i f i e d  by th e  method o f  

a f f i n i t y  chrom atography u s in g  a d e r iv a t iv e  o f  ch lo ram p h en ico l, coupled  

th ro u g h  a s ix  carbon  atom * s p a c e r ’ to  an agarose  m a tr ix . The chrom atographic 

b eh av io u r o f  th e  fo u r  v a r ia n ts  on such a f f i n i t y  r e s in s  has been de term ined , 

and c o n s id e ra b le  d if f e r e n c e s  have been observed  in  t h e i r  b in d in g  and e lu t io n  

p r o p e r t i e s .  In deed , th e  u se  o f  a f f i n i t y  chrom atography can  d is c r im in a te  

betw een c lo s e ly  r e l a t e d  CAT v a r ia n t s ,  b o th  among th o se  i s o l a t e d  from 

s ta p h y lo c o c c i and between th e  e n te r ic  (R -fa c to r )  v a r ia n t s  (1 9 ) . The u se  o f  

a f f i n i t y  chrom atography has s im p lif ie d  th e  p u r i f i c a t io n  o f  CAT to  such a 

deg ree  t h a t  a homogenous p re p a ra t io n  o f  most CAT v a r ia n ts  can  be ach ieved  in  

a s in g le  day from crude c e l l  e x t r a c ts  and w ith  an o v e r a l l  p u r i f i c a t i o n  y ie ld  

o f  g r e a te r  th a n  90 p e rc e n t i n  most in s ta n c e s .  A lthough th e  fo u r  s tap h y lo co c ca l 

v a r ia n t s  show d i f f e r e n t  e lu t io n  p ro p e r t ie s  on a f f i n i t y  columns and 

d i f f e r e n c e s  in  s u s c e p t ib i l i t y  to  h e a t d é n a tu ra t io n , t h e i r  M c h a e lis  c o n s ta n ts  

(Km) a re  v i r t u a l l y  id e n t i c a l  f o r  bo th  ch lo ram phen ico l (2 .6  -  0 .2 y/M) and 

AcCoA (3U -  8yC|M). T heir c a t a ly t i c  s im i l a r i t y  i s  a ls o  obvious, on th e  b a s is  

o f  chem ical m o d if ic a tio n  s tu d ie s  s in ce  a l l  fo u r  CAT v a r ia n ts  a re  in a c t iv a te d  

by th e  same re a g e n ts  and a t  v i r t u a l l y  i d e n t i c a l  r a t e s .  Amino a c id  an a ly se s  o f  

th e  fo u r  v a r ia n ts  a re  v e ry  s im ila r  a lth o u g h  s ig n i f i c a n t  d i f f e r e n c e s  a re  

found in  th e  numbers o f  a s p a r t ic  a c id , ly s in e  and ’sm all* hydrophobic amino 

a c id  re s id u e s  ( v a l in e ,  is o le u c in e  and le u c in e ) .  T ry p tic  p e p tid e  maps o f  th e
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fo u r  v a r ia n ts  a re  s im ila r  a lth o u g h  th e  type  D enzyme appears  to  la c k  s e v e ra l  

b a s ic  p e p tid e s . T ry p tic  d ig e s t s  o f  ty p es  A and B a lso  y ie ld  a try p to p h an  

p o s i t iv e ,  a c id ic  p e p tid e  which has a d i f f e r e n t  e le c tro p h o r e t ic  m o b ili ty  a t  

pH 3 .3  when compared w ith  th e  analogous p e p tid e  in  th e  type  C and D v a r i a n t s ,  

th e  p e p tid e  which i s ,  in  f a c t ,  known to  be th e  C -te rm in a l t r y p t i c  p e p tid e  i n  

th e  type  C enzyme.

C onsiderab le  d i f f i c u l t i e s  were encountered  in  co u p lin g  CAT p ro te in s  to  

s o l id  phase su p p o rts  an d ,a lth o u g h  th e  techno logy  and ch em istry  o f  s o l id  

phase sequencing  i s  r e l a t i v e l y  s tra ig h tfo rw a rd , th e re  appear to  be . 

l im i t a t i o n s  to  th e  a v a i la b le  methods o f  coup ling  p e p tid e s  and p ro te in s  to  

s o l id  phase s u p p o r ts . D esp ite  th e se  d i f f i c u l t i e s ,  N -te rm in a l sequences have 

been o b ta in e d  and th e  s tap h y lo co c ca l v a r ia n ts  show app ro x im ate ly  90 p e rc e n t 

homology in  th e  f i r s t  1? re s id u e s  o f  t h e i r  N -term inal sequences.

S u b s t i tu t io n s  a re  observed  a t  on ly  two p o s i t io n s  in  th e  sequences ( re s id u e s  

6 and 9 ) su g g es tin g  th a t  th e  t e r t i a r y  s t r u c tu r e  can accommodate such 

s u b s t i tu t io n s  w ith o u t a m easurable  lo s s  in  th e  a b i l i t y  o f  th e  enzyme to  

c a ta ly s e  th e  a c é ty la t io n  o f  ch lo ram phen ico l.

A lthough g r e a te r  than  90 p e rc e n t o f  th e  c o v a le n t s t r u c tu r e  o f  a type  C 

s ta p h y lo c o c c a l v a r ia n t  has been determ ined  in  the  co u rse  o f  th e s e  s tu d ie s ,  a 

number o f  f u r th e r  p e p tid e  o v e rla p s  a re  s t i l l  re q u ire d  and c e r t a i n  sequences 

need  c l a r i f i c a t i o n  b e fo re  th e  com plete p rim ary  s t r u c tu r e  i s  a v a i la b le .  In  

view  o f  th e  a d a p ta b i l i t y  o f  th e  s o l id  phase sequencer tow ards th e  sequence 

d e te rm in a tio n  o f  la rg e  ly s in e  c o n ta in in g  p e p tid e s  and th e  d i f f i c u l t i e s  

encoun tered  in  th e  p u r i f i c a t io n  o f  p e p tid e s  r e s u l t in g  from cyanogen brom ide 

c leav ag e  o f  th e  ty p e  C p r o te in ,  i t  i s  l i k e l y  th a t  f u tu r e  work w i l l  

c o n c e n tra te  on th e  p u r i f i c a t io n  and sequencing o f  p e p tid e s  g en e ra ted  by 

t r y p t i c  d ig e s t io n  o f  c i t r a c o n y la te d  Cm CAT. I t  i s  hoped th a t  th e  known 

h e te ro g e n e ity  o f  c e r ta in  s e c t io n s  o f  th e  p ro te in  sequence w i l l  n o t  be a
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m ajor o b s ta c le  to  ach iev in g  a com plete p rim ary  s t r u c tu r e  o f  t h i s  p ro te in .

A com parison o f  th e  amino ac id  sequence o f  th e  in te n s iv e ly  s tu d ie d  type  

I  R -fa c to r  CAT v a r ia n t  and th e  a v a ila b le  p rim ary  s t r u c tu r e  o f  th e  type  C 

s ta p h y lo c o c c a l enzyme shows v e ry  l i t t l e  obvious ev idence o f  sequence 

homology. The ex ce p tio n  to  t h i s  i s  th e  p o te n t i a l  a c t iv e  s i t e  re g io n  

( re s id u e s  177 -  183) id iere th e  two sequences a re  i d e n t i c a l .  Chemical 

m o d if ic a tio n  s tu d ie s  on th e  fo u r  s tap h y lo co c ca l v a r ia n ts  and p h o to -o x id a tio n  

s tu d ie s  on a ty p e  C v a r ia n t  im p lic a te  a h i s t id in e  re s id u e  b e in g  in v o lv ed  in  

th e  c a t a ly t i c  mechanism. S p e c if ic  su lp h y d ry l re a g e n ts  do n o t in a c t iv a te  th e  

s ta p h y lo c o c c a l v a r ia n ts  and th e  r e a c t iv e  c y s te in e  re s id u e  (p o s i t io n  36) 

found in  a  ty p e  I  R -fa c to r  v a r ia n t  i s  re p la c e d  by ly s in e  in  th e  s tap h y lo co c ca l 

ty p e  C p ro te in  su g g es tin g  th a t  t h i s  c y s te in e  re s id u e  p lay s  no p a r t  in  

c a t a l y s i s .  The f in d in g  th a t  iodoacetam ide in a c t iv a te s  a l l  CAT enzymes 

s tu d ie d  vdiereas io d o a c e ta te  does n o t su g g es ts  t h a t  th e re  may be an io n iz e d  

a s p a r ty l  o r  g lu tam yl re s id u e  a t ,  o r  n e a r ,  th e  a c t iv e  s i t e .  The r e s u l t s  o f  

th e  a c t iv e  s i t e  experim ents b e a r  some resem blance to  a proposed mechanism o f  

c a t a ly s i s  o f  chym otrypsin  and r e la te d  s e r in e  p ro te a s e s .  A lthough such 

enzymes a re  b e s t  known f o r  t h e i r  ! p r o te o ly t ic  a c t i v i t y ,  th e y  can a lso  be 

re g a rd ed  as  a c y l t r a n s f e r  enzymes. The a c t iv e  c e n tre  o f  chymo t r y p s in  (7 6 ) 

c o n s is t s  o f  an a s p a r ty l  re s id u e  ( re s id u e  102) hydrogen bonded to  a h i s t i d in e  

re s id u e  (re s id u e  37) to  form  a charge -  r e la y  system . A s e r in e  (re s id u e  195) 

i s  a c y la te d  by th e  s u b s t r a te  as an in te rm e d ia te  in  th e  h y d ro ly s is  o f  e s t e r s .

A lthough a number o f  r e a c t io n  mechanisms a re  c o n s is te n t  w ith  th e  a c t iv e  

s i t e  s tu d ie s  on th e  CAT v a r i a n t s ,  p o s s ib ly  th e  s im p le s t c o n s is t s  o f  a s in g le  

en co u n te r mechanism analogous to  th e  re v e rs e  r e a c t io n  o f  th e  d é a c y la tio n  

s te p  o f  chymo t r y p s in  w ith  th e  ch loram phenico l hydroxy l se rv in g  a s  th e  a c y l 

a c c e p to r  in  p la c e  o f  th e  s e r in e  hydroxy l o f  chymo t r y p s in  and a c e t y l -
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Coenzyme A b e in g  th e  acy l donor:
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A lthough th e  a c id ic  re s id u e  i s  p re se n te d  a s  an a s p a r ty l  r e s id u e ,a  

g lu tam yl re s id u e  cou ld  perform  th e  same fu n c tio n . The im id azo le  group i s  

a c t in g  as a  g e n e ra l base  to  a b s t r a c t  a p ro to n  from  th e  hy d ro x y l o f  CM, 

The N3 o f  th e  h i s t id in e  re s id u e  would be expected  to  r e a c t  w ith  

iodoacetam ide by an S ^  d isp lacem en t r e a c t io n  s in c e  th e  N3 n i t r o g e n  

atom would be a s tro n g  n u c leo p h ile  due to  p ro to n  a b s t r a c t io n  from  th e  N1
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n itro g e n  atom by th e  a c id ic  amino a c id  re s id u e . The f in d in g  t h a t  th e  CAT 

enzymes c a ta ly s e  th e  d é a c y la tio n  o f  Ac Co A in  th e  absence o f  th e  a cy l 

a c c e p to r  ch loram phen ico l i s  a lso  c o n s is te n t  w ith  th e  proposed  mechanism o f  

c a t a ly s i s  s in c e ,  in  th e  model p roposed , w a te r cou ld  a c t  as th e  a c y l a c c e p to r  

le a d in g  to  th e  fo rm atio n  o f  a c e ta te .  A lthough k in e t ic  a n a ly s is  in d ic a te s  t h a t  

th e  mechanism i s  s e q u e n tia l  and n o t a ’p ing  -  pong’ ty p e  th e  i n i t i a l  v e lo c i ty  

p a t te r n s  do n o t d is c r im in a te  between a ra p id -e q u ilib r iu m  random and an 

o rd e re d  mechanism. In  a d d i t io n ,  one canno t determ ine th e  o rd e r  o f  s u b s t r a te  

p a r t i c ip a t io n  in  an o rd e red  mechanism from  t h i s  in fo rm a tio n . P roduct 

i n h ib i t i o n  s tu d ie s  a re  re q u ire d  to  d is c r im in a te  betw een th e se  p o s s i b i l i t i e s .  

The involvem ent o f  an a c id ic  re s id u e  in  th e  mechanism i s  in f e r r e d  from th e  

f a c t  t h a t  iodoacetam ide in a c t iv a te s  CAT enzymes w hereas io d o a c e ta te  does n o t .  

The most commonly u sed  chem ical m o d if ic a tio n  p rocedu re  f o r  d e te rm in in g  th e  

im portance o f  ca rb o x y l groups in  c a ta ly s i s  in v o lv es  th e  use  o f  a  w ater 

so lu b le  carb o d iim id e  and a n u c le o p h ile  (eg . g ly c in am id e ) a t  pH to  3 .0 .  

T his type  o f  m o d if ic a tio n  h as  n o t been a ttem p ted  s in c e  th e  CAT enzymes a re  

r a p id ly  in a c t iv a te d  by pH v a lu e s  below 3 .7 .

The CAT v a r ia n t s  as a whole show v a ry in g  d eg rees o f  sequence homology.

The type  I  (R - fa c to r )  v a r ia n ts  have id e n t i c a l  N -te rm in a l sequences a lthough  

th e y  can be d is t in g u is h e d  by t h e i r  e lu t io n  b eh av iou r from a f f i n i t y  r e s in s
i

(L. Packman, u n p u b lish ed  r e s u l t s ) .  The two type I I  e n te r ic  (R - fa c to r )  

v a r ia n ts  s tu d ie d  a lso  have id e n t i c a l  N -te rm ina l sequ en ces , a lth o u g h  bo th  

enzymes a re  known to  be s p e c if ie d  by p lasm ids in  d i f f e r e n t  o rgan ism s; th e  

p lasm id  S-a type  I I  v a r ia n t  was f i r s t  d e te c te d  in  S h ig e lla  i s o l a t e s  (26) 

w hereas th e  v a r ia n t  a s s o c ia te d  w ith  th e  p u ta t iv e  p lasm id  ’CT’ was i s o la te d  

from  E. c o l i  fo llo w in g  t r a n s f e r  o f  th e  ch lo ram phen ico l r e s is ta n c e  

d e te rm in an t from  Haemophilus p a ra in f lu e n z a e  (27). A lthough th e  ty p e  B
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s ta p h y lo c o c c a l v a r ia n t  s tu d ie d  was p u r i f i e d  from Staphylococcus e p id e rm id is , 

CAT enzymes w ith  i d e n t i c a l  e le c tro p h o re t ic  p ro p e r t ie s  a re  a lso  found in  

S taphylococcus a u re u s . These two examples su ggest th e  p o s s i b i l i t y  o f 

in te r s p e c ie s  and , in  th e  c ase  o f  th e  ty p e  I I  R -fa c to r  enzymes, in te rg e n e r ic  

gene t r a n s f e r .  The r a re  ty p e  I I I  R -fa c to r  v a r ia n t  s p e c if ie d  by p lasm id  R38? 

shows a g r e a te r  degree o f  sequence homology w ith  th e  ty p e  I  v a r i a n t s  th an  

th e  ty p e  I I  enzymes (C hapter X, 1 0 .3 ) . However, a lth o u g h  th e  ty p e  I I I  

enzyme has a ’l a r g e ’ monomer m o lecu lar w eigh t (23,000 d a l to n s )  in  common 

w ith  th e  enzyme from Streptom yces a c r im y c in i, th e  l a t t e r  two v a r ia n t s  show 

no N -te rm in a l sequence homology.

The ty p e  I  (R -fa c to r  JR66) v a r ia n t  and th e  ty p e  C s ta p h y lo c o c c a l v a r ia n t  

o n ly  show weak N -te rm in a l p rim ary  sequence homology a lthough  p re d ic te d  N- 

te rm in a l  secondary  s t r u c tu r e s  and a c t iv e  s i t e  re g io n s  a re  v e ry  homologous. 

The CAT enzymes th u s  form a ’fa m ily ’ which have s im i la r  g ro ss  p r o p e r t i e s ,  

i e . a l l  a re  te tra m e r ic  p ro te in s  o f ap p rox im ate ly  th e  same m o lecu la r w e ig h t, 

c a ta ly s in g  th e  a c é ty la t io n  o f  ch lo ram phen ico l. The R -fa c to r  v a r ia n t s  o f  any 

g iv en  e le c tro p h o r e t ic  ’ty p e  ’ a re  h ig h ly  homologous, as a re  th e  fo u r  

s ta p h y lo c o c c a l v a r i a n t s ,  b u t l e s s  homology i s  seen amongst th e  R -fa c to r  

ty p e s  I ,  I I  and I I I .  The l e a s t  sequence homology i s  found betw een th e  

s ta p h y lo c o c c a l sub-group and th e  R -fa c to r  ty p e  I  v a r i a n t s .

S ev e ra l o th e r  examples o f  enzyme ’f a m i l i e s ’ have been s tu d ie d  in  

c o n s id e ra b le  d e t a i l ,  n o ta b ly  th e  j i  - la c tam ases  (1;2 ) and th e  s e r in e  

p ro te in a s e s  (77 , 7 8 ). The -lac tam ase  enzymes c lea v e  th e  - la c ta m  r in g  o f  

th e  p e n i c i l l i n s  and th e  c lo s e ly  r e la te d  cep h a lo sp o rin s  so a s  to  d e s tro y  

a n t i b i o t i c  a c t i v i t y .  They a re  found in  a d iv e rse  range o f  m icro-organ ism s 

and a re  o f te n  s p e c if ie d  by extrachrom osomal genes. Ambler h as determ ined  th e  

p rim ary  amino a c id  sequence o f  p  - la c tam ases  from S .au reu s  and B a c illu s
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l i c h e n if o n n is  (I4.2 , 79) and a number o f  o th e r  ^  - la c tam ase  enzymes a re  under 

s tu d y . The enzymes from S. au reus and B. l ic h e n ifo rm is  a re  I4.2 p e rc e n t 

homologous a t  th e  p rim ary  sequence le v e l  and secondary  s t r u c tu r e  p re d ic t io n s  

(see  appendix  A) in d ic a te  a  g re a te r  degree  o f  homology o f  th e  sec o n d a ry ,and , • 

by  in fe re n c e ,  t e r t i a r y  s t r u c tu r e s .  S tu d ies  on th e  p rim a iy  s t r u c tu r e  o f  a 

f r e q u e n t ly  observed  yÔ -lac tam ase  found in  E. c o l i  (p lasm id  TEM) a re  w e ll 

advanced and r e v e a l  c o n s id e ra b le  hom ology(17^ )w ith th e ^ - la c ta m a s e s  o f  Gram 

p o s i t iv e  organism s (R .P . Ambler, p e rso n a l com m unication). Over 80 p e rc e n t o f  

th e  sequence o f  a ^  -la c tam ase  from B. c e reu s  has .been re p o r te d  and 60 

p e rc e n t o f  th e  proposed sequence i s  homologous w ith  th e  enzyme from  

B. l ic h e n ifo rm is  and UO p e rc e n t homologous w ith  th e  S. au reu s  ^  - la c ta m a se (80)»

Perhaps th e  most in te n s iv e ly  s tu d ie d  enzyme fa m ily  c o n s is t s  o f  th e

s e r in e  p ro te in a s e s  (78,  8I ) .  This group in c lu d e s  ch y m otiypsin , t r y p s in ,  

e l a s t a s e  and throm bin in  mammals and s u b t i l i s i n ,  amongst o th e r s ,  in  b a c te r ia .  

The mammalian enzymes have p rim ary  sequence hom ologies o f  30 to  30 p e rc e n t 

b u t a re  n o t homologous in  p rim ary  s t r u c tu r e  when compared w ith  s u b t i l i s i n .  

X -ray  c ry s ta ib g ra p h ic  a n a ly s is  o f  th e  mammalian enzymes has  shown th a t  th e  

t e r t i a r y  s t r u c tu r e s  o f  th e se  enzymes have been h ig h ly  conserved  such th a t  

m ost o f  th e  amino a c id  d if f e r e n c e s  occu r on th e  e x t e r io r  s u r fa c e  o f  th e  

p r o te in s  and r a th e r  few er s u b s t i tu t io n s  in  th e  c lo s e ly  packed i n t e r i o r  o f  th e  

m o le c u les . The amino a c id  re s id u e s  in v o lv ed  in  th e  proposed  c h a rg e - r e la y  

mechanism o f  c a t a ly s i s  (A sp-102, H is-37 and S er-193 in  chymo t r y p s in  ) a l l  occur

in  i d e n t i c a l  s p a c ia l  confo rm ations in  o th e r  members o f  th e  'f a m i ly ’ . The

s p e c i f i c i t y  d if f e r e n c e s  o f  chym otiypsin  and t r y p s in  can  be accoun ted  f o r  by 

a s in g le  amino a c id  d if f e r e n c e ,  Asp-189 in  t ry p s in  re p la c e s  S e r-1 89 in  

chym otiypsin  a llo w in g  io n ic  in te r a c t io n  between ly s in e  and a rg in in e  re s id u e s  

o f  th e  s u b s t r a te  w ith  Asp-189 in  t i y p s in .  The la rg e  number o f  d if f e r e n c e s  in
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amino a c id s  which a re  exposed to  th e  envirom ent ap p ear to  have no b e a rin g  

on th e  s p e c i f i c i t y  d if f e r e n c e s  o f th e se  enzymes. U nlike th e  mammalian s e r in e  

p r o te in a s e s ,  s u b t i l i s i n  shows no p rim ary  sequence homology n o r  any obvious 

seco n d a iy  o r  t e r t i a i y  s t r u c tu r e  s im i l a r i t y ,  a lth o u g h  an a s p a r t ic  a c id ,  a  

h i s t i d i n e  and a s e r in e  re s id u e  a re  found in  e s s e n t i a l l y  th e  same s p a c ia l  

c o n f ig u ra t io n . I t  has been proposed t h a t  t h i s  i s  an example o f  ’c o n v e rg en t’ 

e v o lu tio n  w herein  u n re la te d  p r im o rd ia l p ro te in s  have evolved to  g ive i d e n t i c a l  

mechanisms o f  c a t a ly s i s .

By com parison w ith  th e  ^  - la c tam ases  and th e  s e r in e  p ro te in a s e s  th e  CAT 

v a r i a n t s  show a much g r e a te r  degree o f  p rim ary  sequence homology w ith in  

groups eg . th e  R -fa c to r  ty p e  I  o r  th e  s ta p h y lo c o c c a l v a r i a n t s ,  a lth o u g h  

d i s s im i la r  groups eg . th e  ty p e  I  enzymes compared w ith  th e  s tap h y lo co c ca l 

enzymes, have much l e s s  p rim ary  sequence homology. O v e ra ll th e  CAT v a r ia n ts  

ap p ear to  be a v e ry  d iv e rs e  fam ily  when p rim ary  sequences a re  c o n s id e re d . In  

v iew  o f  th e  a c t iv e  s i t e  hom ologies betw een th e  d i s t a n t l y  r e l a t e d  ty p e  I  

R - fa c to r  and th e  ty p e  C s tap h y lo co c ca l v a r i a n t s ,  and th e  p r e d ic te d  secondary  

s t r u c tu r e  hom ologies, i t  seems l i k e l y  t h a t  a l l  th e  CAT enzymes have evolved 

from  a common a n c e s t r a l  p r o te in .

S tu d ie s  o f  o th e r  o - a c e ty l t r a n s f e r a s e  enzymes (eg . s e r in e  a c e ty l t r a n s f e r a s e  

and th io g a la c to s id e  a c e ty l t r a n s f  e ra s e )  m ight be c o n sid e re d  in  th e  hope t h a t
i

an a c e ty l t r a n s f  e ra se  cou ld  be found w hich had a d i f f e r e n t  s u b s t r a te  . 

s p e c i f i c i t y  b u t which had s t r u c t u r a l ,  k in e t i c  o r  a c t iv e  s i t e  f e a tu r e s  in  

common w ith  th e  CAT fa m ily , su g g es tin g  a  ’p ro to ty p e  ’ a c e ty l t r a n s f  e ra se  from  

w hich th e  CAT and o th e r  a c e ty l t r a n s f  e ra s e s  m ight have evo lved . To d a te ,  no 

such c a n d id a te  has been found .

S tu d ie s  on ex p erim en ta l enzyme e v o lu tio n  (?8) have in d ic a te d  t h a t ,  f o r  

enzymes which may be reg a rd ed  as c a t a ly s t s  o f  complex re a c t io n s  i e . in v o lv in g
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more th a n  one s u b s t r a te  o r  s te re o  s p e c if ic  r e a c t io n s ,  ..the developm ent o f  new 

s u b s t r a te  s p e c i f i c i t i e s  i s  an ex ceed in g ly  r a r e  ev en t and i s  l i k e l y  to  occu r 

by  m u lt is te p  m u ta tio n . This i s  in  c o n t r a s t  w ith  th e  r e s u l t s  o f  ex p erim en ta l 

enzyme e v o lu tio n  o f  a Pseudomonas am idase (81; ) where s in g le  amino a c id  

s u b s t i t u t io n s  can  le a d  to  la rg e  d if f e r e n c e s  in  s u b s t r a te  s p e c i f i c i t y .  

Presum ably th e  am idase enzymes, c a ta ly s in g  a sim ple h y d ro ly tic  r e a c t io n  

in v o lv in g  ch em ica lly  sim ple compounds, have l e s s  s t r u c tu r a l  c o n s t r a in t s  and 

s in g le  amino a c id  s u b s t i tu t io n s  can s ig n i f i c a n t ly  a f f e c t  s u b s t r a te  s p e c i f i c i t y  

w ith o u t i n t e r f e r i n g  w ith  th e  c a ta ly t i c  p ro c e ss . I t  seems l i k e l y ,  however, 

t h a t  e v o lu tio n  tow ard a h ig h  degree o f  s p e c i f i c i t y  may be accom panied by 

c o n s t r a in t s  on th e  e f f ic ie n c y  o f  c a t a ly s i s .  Hard d a ta  on th e se  i n t e r e s t i n g  

p o in ts  i s ,  how ever, s a d ly  la c k in g .

Gene d u p l ic a t io n  fo llo w ed  by m u ta tio n a l d iv e rg en ce  has been proposed as  

a mechanism o f  and p r e r e q u is i te  f o r  th e  developm ent o f  new enzyme 

s p e c i f i c i t i e s  (7 8 ) . Gene d u p lic a t io n  a llo w s e x te n s iv e  m u ta tio n  to  occu r i n  a 

’ s i l e n t ’ copy o f  th e  d u p lic a te d  gene w ith o u t a f f e c t in g  th e  phenotype o r 

v i a b i l i t y  o f  th e  organism . Should s e le c t io n  demand a new enzyme s p e c i f i c i t y ,  

t h i s  model p r e d ic t s  t h a t  th e  organism  can  th en  draw upon a la r g e  ’s i l e n t  

gene p o o l’ f o r  th e  d e te rm in an t o f  th e  re q u ire d  enzymic fu n c tio n .

P re lim in a ry  s tu d ie s  by Jacobson and Shaw (85) su g g ested  th a t  a  s t r a i n  o f  

P ro teu s  m i r a b i l i s  m utated  from  s e n s i t i v i t y  to  ch loram phen ico l to  r e s is ta n c e  

w ith  h ig h  freq u e n cy , and i t  was proposed th a t  t h i s  organism  c o n ta in e d  an 

enzyme which a c e ty la te d  an unknown s u b s t r a te  and co u ld  be m uta ted  to  an 

enzyme p o s se ss in g  a h ig h  a f f i n i t y  f o r  ch lo ram phen ico l. More r e c e n t  work by ;

S. H arfo rd  (u n p u b lish ed ) in d ic a te d  th a t  th e  m a jo r ity  o f  w ild  ty p e  s t r a i n s  o f  

P ro te u s  may c o n ta in  p lasm ids sp e c ify in g  CAT and th a t  th e  in c re a s e  in  observed  

r e s i s ta n c e  i s  due in  f a c t  to  an in c re a s e  in  enzyme le v e l s  v ia  a gene
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a m p lif ic a t io n  mechanism which may in v o lv e  e i t h e r  p lasm id  copy numbers o r  

tandem d u p l ic a t io n s . A lthough th e  p re c is e  mechanism o f  t h i s  e f f e c t  i s  n o t y e t  

c l e a r ,  i t  now seems c e r ta in  t h a t  th e  h y p o th e s is  o f  ’ e v o lu t io n ’ by  m uta tion  

in  P ro te u s  i s  no lo n g e r  te n a b le .

Ambler and Meadway(79) have d iscu ssed  th e  p o s s ib le  o r ig in s  o f  th e  

yS -lactam ase enzymes in  S. au reus and B. l ic h e n ifo rm is  and t h e i r  d is c u s s io n  

i s  a p p lic a b le  to  th e  CAT system  :

1. P e n ic i l l in a s e  f i r s t  evolved in  an a n c e s to r  common to  bo th  s ta p h y lo c o c c i 

and b a c i l l i .  The p e n ic i l l in a s e  gene has been l o s t  from  most o f  th e  v 

d e sc e n d an ts , b u t s t i l l  su rv iv e s  in  re c o g n isa b ly  homologous form s in  S. au reu s  

and B. l ic h e n if o r m is .

2 . An enzyme w ith  p e n ic i l l in a s e  a c t i v i t y  has  evolved on a t  l e a s t  two 

in d ep en d en t o ccas io n s  from an enzyme w ith  a d i f f e r e n t  a c t i v i t y .

3 . The p e n ic i l l i n a s e  gene evo lved  in  one o r  o th e r  o f  th e  genera  subsequen t to  

t h e i r  d iv e rg e n ce , and has reached  th e  o th e r  genus by a p ro c e ss  such as 

in te r g e n e r ic  tra n s d u c tio n  o r  tra n s fo rm a tio n .

U. The two p e n ic i l l i n a s e s  have evolved q u i te  in d e p en d e n tly , and th e  

s i m i l a r i t y  in  amino a c id  sequence i s  a  r e s u l t  o f  analogy  r a th e r  th a n  homology.

In  view  o f  th e  s i m i l a r i t i e s  between th e  CAT enzymes, p a r t i c u l a r l y  th e  

a c t iv e  s i t e  homology between th e  type I  R -fa c to r  and th e  ty p e  C s ta p h y lo c o c c a l 

v a r i a n t s ,  th e  fo u r th  p o s s i b i l i t y  would appear to  be u n l ik e ly .  P o s s i b i l i t y  1_, 

a lth o u g h  p o s s ib le ,  does n o t appear l i k e l y  s in ce  th e  CAT gene i s  r a r e ly  

chromosomal (see  C hapter I I ,  M a te r ia ls  : b a c t e r i a l  s t r a i n s )  and i s  found in  

many g en era . S ince CAT i s  f r e q u e n tly  coded f o r  by an extrachrom o somal gene, 

p o s s i b i l i t y  3 would appear to  be a l i k e l y  e x p la n a tio n , however t h i s  would 

n e c e s s i t a t e  gene t r a n s f e r  between w id e ly  u n re la te d  g en e ra , a lth o u g h  t r a n s f e r  

co u ld  o ccu r in  a s tep -w ise  fa sh io n  v ia  one o r  more in te rm e d ia te  s p e c ie s .
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P o s s i b i l i t y  where CAT a c t i v i t y  had evo lved  in  a l l  CAT sp e c ie s  known, 

would appear to  be an u n l ik e ly  e x p la n a tio n  on i t s  own s in ce  no a u th e n tic  

c ase  i s  known w herein  a m u ta tio n  in  a bone f id e  CAT n e g a tiv e  organism  has 

le d  to  CAT s y n th e s is .

In  th e  f i n a l  a n a ly s is ,  th e  most l i k e l y  e x p la n a tio n  o f  th e  o r ig in  and 

o ccu rren ce  o f  th e  CAT enzymes i s  a com bination  o f  p o s s i b i l i t i e s ,  £  and 3 

(o r  1_ and 3 ) where a CAT enzyme has evo lved  from an enzyme w ith  a d i f f e r e n t  

s p e c i f i c i t y  on one (o r m ore) occasio n s  and once CAT a c t i v i t y  had evo lved , 

i n t r a s p e c ie s ,  in te r s p e c ie s  (eg . type  B CAT in  S. ep iderm is and S . a u re u s ) 

and in te r g e n e r ic  (eg . type I I  CAT in  S h ig e lla  and H. p a ra in f lu e n z a e ) 

t r a n s f e r  has o c cu rred .
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Appendix A.

Secondary s t r u c tu r e  p re d ic t io n ,  computer 

programme, i t s  l im i ta t io n s  and i t s  e v a lu a t io n .
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PROGRAM: PROOOD
a u t h o r ; OEPE< PEACOCK & JOHN FI TTON  

DbPT;  OI GOHcMi STRY
d a t e ; JUNE 1 976

THI S PROCKh M CALCULATES THE PREDICTEO THREE 
OI McNSi ONA.  STRUCTURE “ 0 A PROTcI N FROM 1ST 
AMINO AI CÜ SEQUENCE USINS THE MEHTüü OF 
C H OU , P . y .  AND FASMAN, G. Ü.  BI OCHl MISTRY 1 3 ,
PGS 2 c' E - 2 h 9 <19.  h ) .

DATA INPUT I S  IN THE FOLLÜXI NC FORMAT

1 . T I T L E  0 -  RUN

2 . NUMBER OF SEQUENCES

3 . NUMBER OF RESIDUES
IN THE FI RST SEQUENCE

60 CHARACTERS 

ANY WHERE

PROSED
AHVAL
BSVAL
BTVAL

ALPHA 
BETAS 
BET AT 
RI VAL

HELI X
SHEET
TURN

NRES
NR
NS

PA
PO
PT
F I

ANY WHERE

A.NAME OF FI RST SEQUENCE 60 CHARACTERS

5 . FI RST SEQUENCE 1 SPACE, I LETTER I N  GROUPS OF 3b

LAST THREE I TEMS REPEATED

PROTEIN AMINO ACID SEQUENCES
A.PHA Hc l I X  Vm l Uc S f o r  u NY ONE PROTEIN SEQUENCE 
BETA SHEET J a l Uc S FOk ANY ONE SEQUENCE
BETA TURN VALUES FOR THE BETA TURNS I N ANY ONz SEQUENCE

A.PHA HELI X p r o b a b i l i t i e s  FOR EACH AMINO 
B-TA SHEET VALUES FOR EACH AMiNO AGIO 
BE Tk TURN VALUES FOR EACH AMINO ACI D  
FOUR - I  Vk LUES FOR EACH AMINO ACID

ACI D

STORES THE 
STORES TH-  
STORES 1 Hz

POSI TI ONS OF THE ALPHA HELI X REGIONS 
^OSITIOrJS OF BETA SHEET REGIONS 
POSI TI ONS OF BETA TURNS

= STORES THE NUMBER 0-  RESI DUES I N E^CH SEQUENCE 
= NUMBER OF RESIDUES "OR ANY ONE SEQUENCE 

= NUMBER OF SEQUENCES

= A. PHA HEl. I X  PROBABI L I TY TOTAL FOR A GROUP OF RESIDUES  
= 6 - TA SHEET ^RJBmB I L I T Y  TOTAL F0. \  A GROUP OF RESIDUES
= BETA TUr.N PROBAi  
= FI  TOTALS FOR A

I l I TY t o t a l  FOR A GROUP OF RESI DUES  
GROUP OF FOUR RESIDUES

AMINOS = A L I ST  OF THE AMINO 03 ACCEPTED BY T H I S  P k OGRAM

t i t l e  ^ A T I T L E  FOR THE ÜÜMPUTOR RUN 
NAME = THE NAME OF EACH PROTEIN

I M P L I C I T  I N T E GE R ( A - Z )
REAL AL^HA, 3ET' A3, 3ETAT , AHVAL,  BSVAL , BTVAL,  FI V A L,  P A , P 3 , P T ,  F I ,  PE,  P 
COMMON < S , PROSEQ, y HVAL , q SV mL , L A S T
DI MENSI ON HE LI  X ( 3 u l )  , S H E L T ( 3 u l ) , TURN( 3G1) , NRES ClG)
DI MENSI ON PROSiiQ ( L Ü, 3u 1) ,NAME(  I J  , 6 )  , T I TLE (6)  , RzS (1Ü)
DI Mc. NSI ON AMINUS ( 2 2 )  , ^ l PHA ( 22)  , BcTAS ( 22 )  , u ET AT ( 2 2 )  , F I VAL ( 4 , 2 2 )  
01 MENS 1 0 m a HVh _ ( 3 . 1 )  , oSV A u ( 3 0 1 )  , BTVAL( 3 0 1 ) , ^ E ( 3 Q 1) , P ( 3Û1)  
OIMENSIOIvi  PHR^Sz ( 3 )
DATA ( j  MI NOS ( I )  , 1 = 1 , 2 2 )  / " A " , " C " , " 0 " , " E ' ' , " F " , " G 'H'

1 " b , "  T '* , ** V’* , ** 'X **, *• Y , **. ’* /
. 5 4 , 0 . 9 6 , 1 . 0 3 , 1 . 1 2 , 0 . S 3 , 1 . 2 4 , 1 . 0 0 ,
1 7 , 0 . 7 9 , 0 . 7 3 , 0 . 3 2 , 1 . 1 4 ,

. 1 1 , Û . 7 7  ,0 . 3 2 ,  1 . 4 7  , . 7 6  , C . 5 5 , 1 . 5 3  , 
u:  ̂ , u . 6 c ,  Ü. 77 , 1 . 1  9 , 1 .  56 , 1 . 1 4 ,  1 . 2 4 ,

■k K , L , M , ' N * ,  P * , * Q  ,
D A T A ( A L ^ H k d ) , 1 = 1 , 2 2 ) / ! .  4 5 , 0  

4  1 . 0 7 , 1 . 6 f , 1 . 1 3 , u . 7 o , u . 5 5 , 1 .
4 I . u 7 , u . ü 7  , ù * ( j , u . v /

DATA (BE T..2 ( I )  , 1 = 1,  22 )  7 0.  9 3 , 1  
4  L . 7 1 ,  1 . 1 7  , 1 . o l > , u .  7 2 , u . 4 3 , 1 .
4  ü . O l j , Ü . U i j /

Da t a ( u E T A T ( I ) , 1  = 1 , 2 2 ) / O . 7 3 , Ü . 9 5 , 1 . 3 c , C . 7 1 , 0 . 4 1 , 1 . 5 5 , C . 80 ,
4  U .  ̂ V , Ü. 9 3 , u . i > ' 3 , u .  7 ± , u . 4 5 ,  1.  3 V , 0 . 9 2 , 2 . 9 ?  , 1 . 4 7  , 1 . 1 3 , 0 . 4 9 ,
4  1 . 0 3 , 1 . u 3 , 0 . 0 , 0 . u /

DATA ( ( F i  V . L ( I , J )  , 1 = 1  , Y ) , J = l , 2 2 ) 7 0  . 65 ,0 . 6  9 ,  0.  52 , .  60 ,
4 1 . 2 2 , . 2 7 , 1 . 2 2 , V . ? 5 , 1 . j u , l . u 5 , 1 , 7 2 , 0 . 6 1 , u . 9 7 , 0 . 5 7 , 0 . 9 6 , 0 . 4 9 ,
4  4 . 3 2 ,  u . 2 j . , u . /  y,  u . ‘t ç - , 1 . 2 u , i . 2 0 , l . j ‘- r , 1 . 6 3 , 1 . 7 5 ,  u ' . 3 2 , 1 . 1 1 , 0 . I d ,  
4  U . ? 6 , Ci .4 ? , 0 . o 2 , Ü . 6 3 , j . ?  *7, i . ù 5 , l i . 0 0 , 1 . 0 9  , 4 . 3 2 , 0 . 3 7  , u . 4 1 ,  0 . 8 3 ,
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+ Û . 6 7 , û.  Ô 7 , 3 . 2 2 , C . 6 / , 1 . 5 9 , 1 . O C , 2 .  2 4 , 0 .  8 6 , 1 . 3 - 4 , 2 ,  7 7 , j . 3 6 , C , 8 0 ,  
4 0 . 7 3 , 1 .  ü u , ù . 3 3 , l .  1 -+, j  . e u ,  1.  32 , u . 7 6 , 1 .  Ü 4 , l . ? u  , ^ . 4 3 , 1 . 3 ? ,  1 . 3 ? ,  
4 l . û ? , l » 4 u , ü . 8 ? , l . l e , i j . 3 3 , ü . D l , ü . 2 6 , ü . H ? , u . 7 3 , ù . l Ô j ü . 7 2 , 2 . ü û ,  
4 1 . 1 4 , j . 7 1 , 1 . l 4 , 1 . 2 9 , v . u , ô . ü , ü . ü , ü . ü , 0 . û , 0 . j , 0 . 0 , 0 . 0 /

CALL PA^ l R ( I )
CALL GPSTüP ( 3 0 )
DO 10 I  = 1 , 3 0 1
H E L I X ( I )  =
S H E E T ( I )  =
T U R N ( I )  = " -  

10 CONTINUE
00 2ü I  = 1 , 2 2
WRIT E ( b , l ü G l ) ( AMINüS ( I ) , ALPHA( I )  , BETAS( I ) , BET A T ( I ) , 

4  ( F I V 4 L ( J , I )  , J = 1 , 4 ) )
20 CONTINUE

CALL RtADCS (PHRASE)
W R I T E ( 6,  l ü 4 j ) ( PHRASE( 1 ) , 1  = 1 , 8 )
READ ( ÿ , * ) ( N S )
00 12J I S = l , N S  
READ ( ? , » )  ( N R E S ( I S )  )
NR = NRES( I S )
I R = 1
I R 3 6  = I R4 3 5
READ( 5 , 1 0 0 0 ) ( NAME( 1 5 , L ) , L = l , 6)

10 0 READ (5 , 1 0 1 0 )  (PRDSeQ(  I S, ' <R)  , K R = I R , I R 3 6 )
I K  - I R4 3b 
I R 3 6  = I R 3 6 4 3 6  
I F d R . C r  .NR)  GOTO 120  
I F ( l R 3 b . G T . N R ) I R 3 o  = NR 
GOTO 100  

120 CONTINUE
C
C THE AMINÛ AGIO SuQJENCE 15 TRANSLATED I NTO
C A SEQUENoE ü" ALPHA HELI X FORMING VALUES
C I N  THE VA. \ I k3LE AHVA- .
C

00 300 I S  = 1 , NS  
NR = N R E S ( I S )
WR1TE( L,  1Ü?0)  (NuME d S , L )  , L = 1 , 8 )
W k I T c ( 6 , 1 1 2 3 )
ERROR = G
00 l 4 J  I R  = 1 , NR
DO 130 I  A = 1 , 2 2
I F  ( A l i I h O S ( I A )  . N E . ^ R 0 S E Q ( I 3 , I R )  )GOTO 130  
A H V A L ( I R )  = AL:»HA( l A )
B S V A L ( I R )  = B E T A S ( l A )  
ü T V A L ( I R )  = B E T u T ( I A )
GOTO 14 0 

130 CONTINUE
WRIT E ( b ,  1G23 ) ( P R O S E Q d S ,  I R)  , I R)
ERROR = ERROR 4 i

140 CONTINUE
C
C THE INPUT DATA I S  WRITTEN OUT I N BLOCKS OF 25
C

R1 = 1
R2 = 25

141 I F  ( R2 . GT . NR) R2 = NR 
DO 14? 1 = 1 , 5  
R E S ( I )  = ( R 1 4 5 4 D - 1

145  CONTINUE
W R I T E ( o , 11ÛÙ) ( R E S ( I
WRI TE(  D ,  l ubu ) (^RUSE; R2)
W R I T E ( 6 , l u 7 u  
W R I T E ( b , l u 7 G  
W k l T E l o , l C 7 u  
R1 = R1425  
R2 = R 2 f 2 5
T tr  r o  1 I T ,\i
R2 = R 2f25
I F ( R l . L T . N R ) G O T O  141  
I F ( E R R OR . GT . u ) GOT O 5ÛC

C
C A SEARCH I S MADE FOR A HELI X  NUCLEUS OF S I X  RESI DUES
C

I R = 3 
150 I R = i k f l

LAST = NR - 5
I F ( I R . G T  . LAST)GOTO 400
ABRc. A< = 3
AFORM=0
PA =0
PB = J
LYS = 0
DO 1 6 j  NN = 1 , 6  
KR = I R  4 NN-1  
PB = ^0 4 BSVAu(KR)
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I F ( N N . L £ . 5 )GOTO 152  
I F  ( P R O S E Q d S t K O  . nI l . ’*P‘*)GOTO 131  
AFORM = Ù 
ABREA<=2  
GOTO 163

151 I F  (NIN. L£ . 5 )  GOTO 153  
I F  (PKOS£Q(  I 5 , K x )  . n1l . “ R " ) G 0T0 133  
AFORM = AFORM f l  
PA = 4 1 . 1
GOTO 163

152 I F  ( P R O S £ Q ( I S , K R )  . N E . - D ” )GOTO 153  
AFORM = AFORM H  
PA = 4 1 , 1
GOTO 163

153  PA = ^A 4 AHVAL(KR)
I F ( P R O S E a ( I S , K R ) . E O . " P " ) G O T O  150  
I F ( A H V A . ( < R ) , L E . 0 . 7 ? ) m OREAK = A0REAK41
I F  (PROSEQ(  I S , K R )  . N c  . ‘•K**. Ü R .  PRO SE Q ( I S ,  KR) . NE.  " I " )  GOTO 154  
LYS = LYS 41 
GOTO 163

1 54  I F ( A H V A . ( < R ) . G T . 1 . Ü ) AFORM = AFORM 41 
160 CONTINUE

I F ( L Y S . S T . 5 ) A F O R M  = AFORM 43 
I F ( L Y S . S T . 3 ) AFORM = AFORM 42 
I F ( L Y S . G T . l ) mFORM = AFORM 41 
W R 1 T E ( b , l ü d ü ) ( I R , < R , P A , P 0 , A3 REAK, A FORM)
I F ( P a . L I  .o . 18)  SOTO 15Ù 
I F ( P B . GI  . ^A)GOTO 15C 
I F ( A B R E A K . G T . 1 ) SOT 0 1 5 Ü 
I FCAFORM. uT .  3)  SjTO 15 l  

C ANY HELI X NUCLEUS IS EXTENDED BY FOUR RESIDUES
C I N  BOTH Ü I ^ e O T i ü N S  UNTI L  A REGION OF LOW Hc L i X
0 PROBABI LI TY I S  FOUND
C

EX = “ A-  
Rl  = I R  
R2 = <R 
KS = IS  
LAST = NR
CALL E X T E N D ( R 1 , R 2 , E X )
EX = I R  -  Rl  
I F  (EX.  E Q . 3 ) SOTO 160  
00 173 XR = 1 , EX  
I F  ( X R . G T . 3 ) S O T O  150  
Yn. = IR  4 3 - XR
I F ( P R O S E Q ( I S , Y R ) . N E . "P" ) GOTO 170 
Rl  = Rl  4 XR 
GOTO l b 3  

1 7 C GO NTi NUe
1ÔC I F  (PROSEQ( I S , R 2 )  . E( R. "R" )  AFORM = AFORM 41 

DO 193 I  = R l , R 2  
H E L I X ( I )  = " 3 "

190 CONTINUE 
IR = R2 
GOTO 153

C
C SEARCH -OR BETA SHEET NUCLEATION SI TES
C

400 I R= 0
550 I R = I R  41 Y

LAST = NR -5  
I F ( I R . G f . L A S T ) S O T O  580  
ABREAK = Ü 
AFORM = Ü
PA = 3 ' •
P3 = 3
00 563 NN = 1 , 5  
KR = I R  4 NN-1  
PA = ^A 4 a -IVh L( KR)
PO = 4 DSVAl ( KR)
I F ( P R 0 S E Q ( 1 S , K R ) . E Q . " E " ) G O T O  550  

T  I F ( P R O S E 0 ( I S , K R )  . E Q . " P " ) G O  TO 550
I F ( ! N N . GT . 5 ) S O T O  ?55 
I F  ( PRO SE 0(  I S ,  KR) , EQ. " , R" )  GOTO 550  
I F ( P R O S E Q ( I S , K R ) . E Q . " H " ) G O T O  5 5Ü 

555 I F ( J S V A _ ( < K ) . L E . u . 7 5 ) A w R E A K  = AuREAK 41 
I F ( U S V A l (KR) . G T . 1 . u) AFO<M = AFORM 4 l  

560 CONTINUE
Wk I T l ( b,  10(33 ) (  I R ,  <R,  PA , ?B,  ABREAK,  AFORM)
I F ( P B . LT . ? . 2 5 )  SOTO 
I F  (ABRt .AK.GE . 2 )  oO) 0 55 0 
I F  ( AFORM. L E . 2 ) SOTO ?5o 
I F  (PA.  GT . ' ’ B) GOTO 550

C
0 EXTEND BETA SHcET NUCLEUS I N  BOTH DI RECTI ONS '
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C 3 Y FOUR RESI DUES UNTI L A REGION OF LOW PROBABI L I TY
C I S  FOUND

EX = "B"
Rl  = I R  
R2 = <R 
KS = I S  
LAST = NR

570

LAST = NR
CALL E X F E N D ( R 1 , R 2 , E X )  
I F  ( P R D S E Qd S  , K i )  . I 0 . " L  
I F ( P K 3 S £ Q ( I S , R i ) O - ' V  
I F ( P R D S E Q ( I S , R 1 )
I F  ( P R O S E Q d S , R 2 )  
I F ( P R ü S e Û d S , K 2 )
I F  ( P R 0 S E Q ( I S , R 2 )
DO 57J JR = k 1 , R 2  
SHEET( JR)  =
CONTINUE 
I R = R2 
GOTO 550

0 . " L " )  Rl Rl 4 1
Q. •*«*•) Rl = Rl 4- 1
Q. •*H“ ) F l z Rl 4 1
Q. . . p . . ) Z R2 - 1
Q. " l " ) R 2 z R2 - 1
Q. "w")  R2 = R2 - 1

C
C SEARCH FOR BETA TURNSc

560

NR - 4  
595 I R = I R  41

liR = 0
I X  = 0
LAST =
I R = I
I F  ( I R .
PA = 0
PB = 0
PT = l)
DO 3 00
KR = T
PT = s
PB = D
PA = 3

700

NN = 1 , 4  
4 NN-1  
4 BTVaL( KR)
4 BSVAL(KR)
4 AHVa . ( K R )

: 60 0 CONTINUE
WRl TEi  b,  1140 ) (=>A, PT , I  R, KR)
I X = I X 4 l
P E ( I X ) = 1 .

I DO l b 2  0 NN=1 , 4
KR = N N d \ - l  
DO l o i  0 IA = 1 , 22
I F  ( AMI  NOS (1 A) . N E . P R O S E Q d S ,  KR) ) GO TO 1610  

i -  PE ( I X )  = ^ t d X )  ♦ F I V A L  (NN,  l A)
GO TO l o2 ü  

1610  CONTINUE
1620  CONTINUE

I  ' P ( IX ) = D .
I F ( P B . GT, PT) GOTO 593  
I F ( P A . G T . 3 . 6 ) G D T 0  595  
PT = 1

(  DO 6 2 j NN = 1 ,  4
KR = NN 4 I R - 1  
DO 6 1 j  I A  = 1 , 2 2
I F ( A M E N D S ( l A ) . N E . P R O S E Q ( I S , < R ) ) GOTO bl O  

T PT = ^T ♦ F I V k _ ( N N , I A )
GOTO ?20 

610 CONTINUE
620 CONTINUE

i  W R I T E ( 6 , 1 1 5 Ü ) ( ^ T )
P ( I X )  = PT
I F ( P T . L T . 2 . 3 ) G D T O  595  
DO 65J UR = I R , K R

A TURN (UR) =
630 CONTINUE

GOTO 593

, 0 
C

700  Rl  = 1
R2 = 50 

r  W R I T E ( 6 , 1 1 2 0 )
410 I F ( R 2 . G T . N R ) R 2 = N R

DO 59J 1 = 1 , 1Ü 
R E S ( I )  = ( R l 4 5 d ) - 1

590 CONTINUE
W R I T c ( 6 , 1 1 Ü 1 ) ( R e S ( I ) , 1 = 1 , 1 0 )  "
WRIT !:.( b,  1130 ) (  ^ROSl Q ( I S ,  I )  , I  = R1,  R2)
WRIT E ( b , 1 1 3 0 )  ( H E L I X ( I )  , I  = R 1 , R 2 )

r WRI TEl  c,  1130 ) ( Sr i c i T ( I )  , I = R 1 ,  R2 )
W R I T E ( 6 , 1 1 3 0 ) ( T U R N ( i ) , I = R 1 , R 2 )
R l  = Rl  4 50 
R2 = R2 4 50 

• I F ( R l . L T . N R ) G O T O  4 l 0
500 CONTINUE



1 0 0 0
1 0 0 1
1010
1 0 2 0
l C3 u
104Ü
1 0 5 0
1060
1Ù7G
lObO

1100
1 101
1 1 2 0
1 1 2 5
1130
1140

115C
1170
1160
1190
1 2 0 0
1 2 1 0
1220
1230
1 2 h G

112.
W R I T E ( 6 , 1 1 2 3 )
WR1TE( 6 ,  1120)
W R I T E ( c , 1170 )
WR 1 T 2 ( 6,  1163 )
WK I V E ( 6 ,  1190)
W K I T t ( 6 , 1200 )
W R 1 T L ( G , 1 2 1 0 )
W R I T t ( t , 1 2 2 j )
WRI T l ( 6 , 1 23 0 )
W R I T e ( b , 1 240 )
Fü k .-IAT (6 Al  3)
F O R MA T ( 7 p X , 4 1 , 2 X , F h . 2 , 2 X , F 4 . 2 , 2 X , F 4 . 2 , 5 X , 4 (  - 5 . 3 , 2 X ) ) 
F O R M A T ( 3 c ( i X , 4 1 ) )
FORMAT ( 7 5 X , “ I N V A L I D  CHARACTER , A1 , " '  FOUND AT 
F O R M A T { / / 2 0 X , “ AuPHA Hc L l X  REGION STARTS A T " , 1 3 ,  
F O R M A T ( " l " / / / / / 2 0 X , d A1Ü)
FORMAI ( " 1 " / / / / / ? X , c m I ü )
FORMAT( / , 5 X , 2 ? ( 2 X , A 1 , 2 X ) )
FORMAT ( / , 5 X , 2 5 ( 1 X , F 4 . 2 ) )
FORMA) ( "  " ,  " I \  = ' • , I 3 , 2 X , " K R  = " , I 3 , 2 X , " P A  = " , F 6 .  2 ,  

2X,"=>B = " , F e . 2 , 2 X , " 4 B < E l K  = " ,  1 2 , 2X, "FORM = " , I 2 )  
FORMAT ( 7 / 5 X , 5 ( E C X , 1 3 , 2 X) )
FORM4)- (7 13 (7 X,  1 3 ) )
FORMAT( " 1 " , / / / / / )
FORMAT( "  " / / / / )
FORMAT ( 7 Ï Û  ( I X , 4 1 ) )
FORMAT ( / " P A  = " , F :

I k = ‘• , 1 3 , 2 X , " K x

P O S I T I O N " , 13)
AND ENDS AT"

FORMAT ( / '
FORMAT( 
FORMAT( 
FORMAT( 
FORMmT( 
FORMAT( 
FORMAT( 
FORMAT( 
FORMAT( 
F I = 1  . /  ( 
CALL 
CALL 
CALL 
CALL
c a l l  
c a l l
CALL 
CALL 
CALL 
CALL

2 ,2 X ," ^ a  =
= " , I 3 , 2 X )
VALUE = " , - 5 . 6 )

, F b . 2 , 2 X , " P T  = " , F 6 . 2 , 2 X

'META TUk N
, "MANUAL RULES FOR SEC,  STRUCT,  TERMI NATI ON" )
, ’*P CANNOT OGCURE IN TH-  INNER H E . I X  OR C TERMINUS 
, " P  0 L PREFER HELI X N TERN,  H K R PRcFER C TERM")  
, " E  I S  RARr I N SiT A SHEETS")
, "ChARuEO k l S I O J u S RARE I N DETA SHEET T E R M I N I I " )

^SPaOE 
MAP (0 
DORDzR 
CT.RilAG 
PLOTCS 
PLOTCS 
CT k ORI  
PLOTCS 
CTRORI  
PSPACE

" , " W OCCJKeS MUST AT 
" , " I F  b TURN NEAR 2 , u  
" , " B S H e E T  MAYBE p RED 

2 . 5 * 2 . 5 4 )
( l . ^ F I , 3 0 . 4 = 1 , 1 . + =  
, 2 9 . , 3 . , 2 9 . )

b e t a  SHEET N TERMI NUS" )
\  NEXTO 3 SHEET MmYCE A 3 SHEET 

WRONGLY AFTER S1R0NG BTURN")

I , 30 . * F I )

2 7 , 3 , PHRASE,SO)  
1 . 2 , 1 5 H  RESIDUE NUMBER, 15)  

. , l o H  b e t a  t u r n  v a l u e , 16)  

, 2 6 . * F I , a . 4 F I , 2 8 . 4 F I )

CALL 
CALL 
CALL 
CALL 
DO 6

J L

100

( o )
( 1 0 ,
( 1 5 .
( 1. )
( 1. ?
(L . )
( p . ^ F I

I X = I X + 1
CALL MAP ( 0 , , - L O A T ( I X ) , 0 . , 1 0 . 1 )  
c a l l  AXE SSI  ( 2 3 .  , 1 . )
1 X = I X - 1
CALL POINT ( 1 . , P E ( 1 ) )
DO 1 I P  = 2 , I X
CALL JOI N ( - L O A T ( I P ) , P E ( F l O A T ( I P ) ) )
c o n t i n u e
c a l l  p o i n t  ( ü . , 2 . )

J OI N ( F L O A T ( I X )
THI CK ( 2 )
DENSTY ( 3 )
POI NT ( 1 . , P ( 1 ) )
I P = 2 , I X  

I N = I P - 1  
I F  ( P ( I P ) ,
CALL J OI N  
GO TO 6 
CALL PQSI TN  
CONTINUE 
Cm LL f r a m e  
CALL SREND 
STOP 
END
SUBROUTINE EXT END( R l , R 2 , E X )
I M P L I C I )  I N T E G E R S - / )
REAL A H V AL , BS V AL , P A, PB , P X
COMMON < S , P RD Se Q, 4 HVAL , BSVAL , L AST
D I M l NSI DN PROSED( 1 Ü , 3C1) , AHVAL (3 0 1 ) , BSVAL( 3 3 1 )

EXTEND BACKWARDS BY “̂ OUR RESIDUES

I R = Rl  
I R  = I R  -  1 
I F d R . L I . D S O T D  130  
PA =0 
PB = 3

£0 .  Û . . A N D . P ( I N ) . EQ .0 . ) GO 
(FLOAT ( I P )  ,P (FLOAT ( I P ) ) )

TO 7

( F L O A T ( I P ) , P ( F L Q A T ( I P ) ) )



1U3.
PRO = 0
00 110 NN = 1 ,  4
KR = i R  + NN -  1
I F ( E X . L T . " B " ) G 3 r O  1Ü5
I F ( P R 3 S E Q ( K S , K < ) . N E . " P " ) G O T O  135
Pa = P a + 1 . 1
GOTO 105

105 PA = P a + AHVAL(KR)
106  PB = PÛ + BSVa l I KR)
110 CONTINUE

W R I T E ( b , 10 0 0 ) ( I R , < R , P A , ? B , E X )
I F  (EX.  l Q.* ‘ A")GOTO 12 J 
I F ( P R O S E Q ( K S , K R ) . E Q . " E " ) P R O  = 1  
I F  ( PROSEQ( KS, KR)  , EQ,  "r ." )  PRO = 1 
I F ( P R0 Se Q( K5 , r < R)  . E Q . - H " )  PRO = 1 
PX = PA 
PA = PB •
PB = PX 

120 I F ( P A , L T . ^ . 3 )GOTO 130  
I F ( P A . L T . P b ) G O T O  130  
I F ( P R O S E Q ( K S , K R ) . EQ. " P" ) GOTO 130  
I F ( P R O . E Q . 0 ) GOTO 103  
GOTO 133

C
C EXTEND "ORWAROS BY ONE RESI DUE I N  GROUPS OF FOUR
C

13 0 R l  = I R  + 1 
IK  = R2 

140 IR = I R  + 1
I F ( I R . G T . L A S T ) G O T O  18Ù 
PA = Ù 
PB =0 
PRO =3
DO 153 NN = 1 ,  4 
KR = I R  -  NN f  1 
PA = PA + AHVAL(KR)
PB = Pi3 + BSVAL(KR)
I F ( P R O S E Q ( K S , K R ) . E Q . " P " ) P R O = i  

150 CONTINUE
W R I T E ( 6 , 1 G O O ) ( I R , < . R , P m , PO, EX)
I F  ( L X .  E Q . ' d "  ) GOTO l o j  
I F ( P R J S E Q ( K S , K R ) . E Q . - E " ) P R O  = 1 
PX = PA 
PA = PB 
PB = PX 

160 I F  ( PA. LT  , 4 . J)GOTO 183  
I F ( P A . L  r . Pd ) GOTO 133  
I F ( E X . E Q . " B " ) GOTO 140
I F ( p v O . £ 0 , ^ ) G O r O  l 4 u

16C R? = I R  -  1 
100 0 FORMAT ( "  " , " R l  = " ,  1 3 , 2 X , " R 2  = " , I 3 , 2 X , " P A  = " , F 6 . 2 ,  

4 2 X , " P B  = " , F o . 2 , 2 X , A l )
RETURN
END
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The com puter programme was designed  to  in c o rp o ra te  as many o f  th e  

c o n s t r a in t s  o f  th e  Chou and Fasman p r e d ic t iv e  model ( 70 ) as p o s s ib le .

Manual c o r re c t io n s  to  th e  com puter p r e d ic t io n  a re  n e c e s sa ry  s in c e  s e v e ra l  

c o n s t r a in t s  were u n q u a n tita te d  o r  d i f f i c u l t  to  programme. Thus th e  com puter 

p r in to u t  ten d s  to  o v e rp re d ic t  secondary s t r u c tu r e s  and th e  fo llo w in g  p o in ts  

shou ld  be n o ted  when an u n c o rre c te d  p r in to u t  i s  under s tu d y  (see  f ig u r e s  23 & 

2 2  f o r  jJR66 c o r re c te d  and u n c o rre c te d  p r in t o u t s ) .

1. P , D and E p r e f e r  h e l ix  N - te rm in i .

2 . H, K and R p r e f e r  h e l ix  C -te rm in i.

3 . Charged re s id u e s  a re  r a r e  in  b e ta  sh e e t te rm in i .

L. I f  a  re v e rse  tu r n  has a v a lu e  2 .0  to  2 .5  and n e x t to  a s tro n g ly  

p re d ic te d  b e ta  s h e e t ,  th e  tu r n  may be an e x ten s io n  o f  th e  s h e e t .

5 . S h o rt b e ta  sh e e ts  a re  o f te n  o v e rp re d ic te d  a f t e r  a s t ro n g ly  

p re d ic te d  (above 3 »0 ) re v e rs e  tu rn  and a re  e lim in a te d  i f  

c o n ta in in g  charged  re s id u e s .

R ules U and 5 a re  a d d i t io n a l  to  Chou and Fasman (a lth o u g h  no ted  by them) and 

by th e  a p p l ic a t io n  o f  th e se  r u le s  a b e t t e r  p r e d ic t io n  o f  sh e e ts  and tu rn s  \ . 

was o b ta in e d .

Format o f  com puter p r i n t o u t . _ 

l i n e  1 = re s id u e  number, 

l i n e  2 = sequence, 

l i n e  3 -  p re d ic te d  h e l ix  ( 0 ) .
/

l i n e  U = p re d ic te d  sh e e t ( J  ) . 

l i n e  5 = p re d ic te d  tu r n  { (♦  ) .

P re d ic te d  tu rn s  ta k e  precedence over s h e e ts  which ta k e  precedence over 

h e l ic e s  p ro v id ed  a l l  th e  manual checks a re  tak en  in to  acco u n t.

Many methods have been proposed  to  m easure th e  agreem ent betw een 

p r e d ic t io n  and o b se rv a tio n  to  a s se s s  th e  power o f  p r e d ic t iv e  schemes and th e
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p e rc en ta g e  agreem ent f a c to r s  %k and Qk ( 70) have been used  in  t h i s  th e s i s .  

The p e rcen tag e  o f  re s id u e s  p re d ic te d  c o r r e c t ly  in  co n fo rm a tio n a l s t a t e  k i s  

g iv en  by ;

%k = 100 (nic -  number in c o r r e c t )

nk

where n  = number o f  re s id u e s  in  co n fo rm a tio n a l s t a t e  k

k = h e l ix ,  sh ee t o r  tu rn

The p e rcen tag e  o f  re s id u e s  c o r r e c t ly  p re d ic te d  which a re  n o t in  th e  

co n fo rm a tio n a l s t a t e  k i s  g iven  by  ;

^Nk = 100 (Nnk -  number in c o r r e c t )

Ifak

where Nk = number o f  re s id u e s  n o t in  th e  co n fo rm a tio n a l s t a t e  k . 

The mean o f  %k and ^Nk (d e s ig n a te d  Qk) g iv e s  an o v e r a l l  e s tim a te  o f  

agreem ent betw een p re d ic t io n  and o b se rv a tio n .

Qk = %k + ^Nk

2

A com parison o f  ^  Q ^and  Qŷ  g en era ted  by th e  programme f o r  5 p ro te in s  

a re  compared w ith  Chou and Fasman' s p r e d ic t io n s  ( ta b le  12) and a ls o  th e  

combined com puter method o f  Argos e t  a l  ( 7 1 ) .

Randomised sequences o f  p ro te in s  used  in  a s s e s s in g  th e  com puter 

programme g ive  v a lu e s  o f  ;

10 -  30#

5  -  20#

%t 10 -  25^

. Q i;5 -  55^
Q ^  bo -  5 5 2
Qt bo -  55^ (Q s t a t i s t i c a l  average 50#)
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Since th e  com pnter programme i s  be in g  used  to  p r e d ic t  th e  secondary  

s t r u c tu r e s  o f  CAT p ro te in s  o f  unknown secondary  s t r u c tu r e  th e  programme was 

a lso  u sed  to  p r e d ic t  th e  secondary  s t r u c tu r e s  o f  two analogous p ro te in s  

which show more p rim ary  sequence homology th an  th e  type  I  R -fa c to r  GAT and 

th e  ty p e  C s tap h y lo co c ca l CAT's, th e se  p ro te in s  be ing  th e  p e n ic i l l in a s e s  

( ^ - la c ta m a s e s )  sequenced by Ambler ( ^ 2 ) .  P e n ic i l l in a s e s  from S .au reu s  PCI 

and B. l ic h e n ifo rm is  show i|2 p e rc e n t homology in  t h e i r  p rim ary  sequences. 

The r e s u l t s  o f  th e  secondary  s t r u c tu r e  p re d ic t io n s  a re  shown in  f ig u r e s  2h 

and. 2^. lU scoun ting  th e  ^  re s id u e  'a d d i t io n s ' to  th e  N and C te rm in i  o f  th e  

B. l ic h e n ifo rm is  enzyme th e  p ro te in s  have th e  fo llo w in g  secondary  s t r u c tu r e  

c o r r e la t io n s  :

2cl = 73 ' Qol = 78

= ^6 = ?6 

%t = 66 Qt 79

in d ic a t in g  a g r e a te r  degree o f  secondary  s t r u c tu r e  homology th a n  p rim ary  

sequence homology. ^

Table 12. Comparison o f p r e d ic t iv e  a b i l i t y  o f  com puter programmes.

P ro te in . F i t to n  and Peacock. 

Qcl Qy3

Chou and Fasman. 

U  Qd..QyS

Argos e ^

QjlQyS

A denylate  k in a se 81 57 80 76 — — 8l 8I4 -  -  82 81*
/

Lysozyme 69 81 81 89 V 91.71. 9h S 3 72 35 79 61

S u b t i l i s i n  BPN 70 7U 80 78 67 100 80 91 63 1*8 76 63

T rypsin  in h ib i to r 80 7U 88 86 87 95 90 95 1*7 61* 71 79

Cytochrome C 90 100 80 98 71 100 80 89 66 — 81 —



f ig u r e s  : 2k  and 2^.

Secondary s t r u c tu r e  p re d ic t io n s  o f  S. aureus p e n ic i l l in a s e  

PCI and B. l ic h e n ifo rm is  p e n ic i l l i n a s e .
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O v e ra ll i t  can be seen  th a t  th e  programme o f  F l t to n  and Peacock g iv es  

somewhat b e t t e r  p re d ic t io n s  th a n  th a t  o f  Argos e t  ^  b u t i s  i n f e r i o r  to  th e  

p re d ic t io n s  o f  Chou and Fasman. As n o ted  by Argos e t  ^  th e  p re d ic to r s  

o f te n  m odify th e  r e s u l t s  o b ta in e d  from  a s t r i c t  adherence to  t h e i r  scheme 

as  th e re  a re  o v e rlap p in g  re g io n s  o f  p re d ic te d  secondary  s t r u c tu r e  and t h i s  

may accoun t f o r  th e  su p e r io r  p r e d ic t io n ,  in  some c a s e s ,  o f  Chou and Fasman.

A lthough th e  method o f  Argos ^  ^  i s  based on a com bination  o f  f iv e  

p r e d ic t iv e  m ethods, th e  method o f  Chou and Fasman, in c lu d e d  in  th e  combined 

programme, i s ,  p e rh a p s , one o f  th e  b e s t  s in g le  methods in  th e  combined 

programme.

As a f i n a l  check o f  th e  p r e d ic t iv e  scheme th e  p r e d ic t io n  o f  T rio  se 

phosphate  isom erase  from B a c il lu s  s tea ro th e rm o p h ilu s  was compared w ith  a  

p re d ic t io n  made m anually  u s in g  th e  Chou and Fasman r u le s  (S. A rta v a m is  

Ph. D. t h e s i s ,  Cambridge, 197U.) perform ed by A r ta v a m is .

The c o r r e la t io n  found was :

%cL = 91 Qot = 93

= 97 Qyg = 95

in d ic a t in g  v e ry  good agreem ent between th e  r e s u l t s  o f  th e  p re s e n t  au th o r 

and an independen t p r e d ic to r .

ADDENDUM.
i

A ll p re d ic t io n s  p re se n te d  in  t h i s  t h e s i s  a re  based  on th e  P^, ^  and 

P t v a lu e s  d e riv e d  from  a d a ta  base  o f  19 p ro te in s  (7 0  ) . Chou and Fasman 

have r e c e n t ly  p u b lish e d  and Vp v a lu e s  based  on a s tu d y  o f  29 p ro te in s  

(72 ) and th e  programme o f  F i t to n  and Peacock has now been m od ified  to  

in c o rp o ra te  th e  new d a ta . P re lim in a ry  r e s u l t s  in d ic a te  o n ly  m inor d if f e r e n c e s  

in  p re d ic t io n s  u s in g  a 19 p r o te in  and a  29 p ro te in  d a ta  b ase .
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Revised d a ta  s e t . Based on a s tu d y  o f 29 p ro te in s .

(Pcx, v a lu es  o n ly ,re v e rs e  tu rn  d a ta  n o t y e t a v a i l a b le ) .
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Appendix B.

R eac tio n s  o f  chem ical m o d if ic a tio n  r e a g e n ts ,
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5 ,5  -d i th io b is - ( 2 - n i t r o b e n z o ic  acid).(D TN B ).

DTNB s p e c i f i c a l ly  r e a c ts  w ith  f r e e  su lp h y d ry l groups o f  p ro te in s  :

NO, s - s NO,

COO COO

p ro te in -S -S  — y- NO^ 

+ ^ ~ ^ C 0 0 "

pH >  7 ,

p ro te in -S H NOg + H

COO

A mixed d is u lp h id e  i s  formed and one m olecule o f  f r e e  th io n itro b e n z o a te  

an ion  (TNB ) i s  r e le a s e d  f o r  each su lp h y d ry l group t h a t  r e a c ts  in  th e  

p r o te in .  TNB has a s tro n g  yellow  co lo u r w ith  a  maximum absorbance a t  Ul2nm 

(A|^^2nm ~ 1*36 x  lO^M  ̂ cm  ̂ a t  pH 8 .0 ) .  The re a c t io n  o f  DTNB w ith  

su lp h y d ry l groups can  be r e a d i ly  re v e rse d  by adding an excess  o f  t h i o l  groups 

which c o m p e titiv e ly  d is p la c e  th e  TNB group (82 ).

N itro th io cÿ an d b en zo ic  ac id  (NTCB).

This re a g e n t r e a c t s  w ith  p ro te in s  in  an analogous way to  DTNB, w ith  th e

S-cyano d e r iv a t iv e  b e in g  formed in s te a d  o f  th e  mixed d isu lp h id e  d e r iv a t iv e

(8 3 ).

p ro te in -S H  t  NO, SON T protein-SO N  4*
COO COO

NTCB should  be p re fe ra b le  to  DTNB s in ce  th e  cyano group i s  sm a lle r  and 

does n o t c a r ry  a n e g a tiv e  ch arg e . C onsequently  i t  i s  l e s s  l i k e l y  to  impose 

s t e r i c  h in d ran ce  w ith in  the  p r o te in .
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lodoacetam ide (INH„) and lo d o a c e tic  a c id  (lAA).——------------------------ g"  .............. - ■ ■ ■' ' '■■■■■ ■■

lodoacetam ide and io d o a c e tic  a c id  can r e a c t  w ith  su lp h y d ry l, im idazo le  

(7U), t h io e s t e r  and amino groups depending on th e  pH o f  th e  r e a c t io n  (82 ). 

Of th e se  th e  su lp h y d ry l group i s  th e  most r e a c t iv e  and r e a c t i v i t y  in c re a s e s  

w ith  in c re a s e  in  pH v a lu es  s in ce  th e  r e a c t iv e  sp ec ie s  i s  th e  io n ic  form  o f  

t h i s  group :

p r o te in - s ’ + ICHgCOO  ̂ protein-S-CH^COo” + l “

However, to  av o id  u n n ecessa ry  re a c t io n  w ith  amino groups pH v a lu es  

should  n o t be too  h ig h ; th e  optimum f o r  m o d if ic a tio n  o f su lp h y d ry l groups 

i s  u s u a l ly  around pH 7 -8 .

N -ethylm aleim ide (NEM).

NEM has been w id e ly  used  as  a s u lp h y d ry l- s p e c if ic  re a g e n t b o th  in  th e  

d e te rm in a tio n  o f  th e  number o f  su lp h y d ry l groups in  a p ro te in  and a ls o  in  

e s ta b l i s h in g  th e  e f f e c t  o f  m o d if ic a tio n  on enzyme a c t i v i t y .

0 H

pH >  g
p ro te in -S H  +

/
NC„H

0

0p ro te in -8

I t  a ls o  r e a c t s  w ith  amino and im idazo le  groups.

D ie th y lp y ro carb o n a te  (PEPC) .

DEPC i s  b o th  an e s t e r  and an an h y d rid e , b u t because o f  resonance 

in v o lv in g  th e  e s t e r  group i t  i s  l e s s  r e a c t iv e  th an  many an h y d rid es . I t  i s  

s low ly  hyd ro ly sed  by w ater w ith  a h a l f  l i f e  a t  25°C, pH 7 .0 ,  o f  25 m inutes (56) 

to  g iv e  two e q u iv a le n ts  o f  e th a n o l and carbon  d io x id e . At low pH v a lu e s  DEPC 

r e a c t s  p r in c ip a l ly  w ith  im idazo le  groups o f  p ro te in s  and i s  co n seq u en tly  a 

u s e f u l  re a g e n t f o r  th e  chem ical m o d if ic a tio n  o f  h i s t id in e  re s id u e s .’;
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\

/
)
\

C-O-CHgCH

C-O-CHgCHj
+ p ro te in

p ro te in

2" 3

+  CH^CHgOH + COg

The re a c t io n  o f  DEPC w ith  th e  im idazo le  groups o f  p ro te in s  can a lso  

cause p o ly p e p tid e  c h a in  c leav ag e  (?$)•

The m o d if ic a tio n  o f  h i s t id in e  re s id u e s  can be r e a d i ly  re v e rse d  a t  

n e u t r a l  pH v a lu es  by hydroxylam ine : '

p ro te in

NHgOH

( ^ och^ch;

pH 7 .0 N-

p ro te in

HO^ OCHgCHj

NH

However, r e v e r s a l  o f  m od ified  ly s in e  and a rg in in e  groups canno t be 

o b ta in e d  in  t h i s  way (^ 6 ) .

1- f lu o ro -2 ,U -d in i tro b e n z e n e (FDNB) .
NO, N O .

p ro te in — NĤ  + F« ^  ' ^ NOg ^ y p ro te in — + HF

O r ig in a lly  used  by Sanger f o r  th e  N -te rm in a l d e te rm in a tio n  o f  i n s u l in  

FDNB a ls o  r e a c ts  w ith  t h i o l  and im idazo le  groups.
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