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O b je c t  o f  t h e  R esea rc h

Tho p r i n c i p a l  o b j e c t  o f  t h i s  i n v e s t i g a t i o n  v?as t o  d e v i s e  a 

c o n v e n ie n t  and r a p i d  m ethod f o r  t h e  p u r i f i c a t i o n  o f  t h e  a - t o z i n  o f  

G1o s t r i d inm n e r f r i n g ens t y p e  A. P re v io u s  w o rk e rs  h ad  e x p e r ie n c e d  

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

o x t r a . c e l l u l a r  t o x i n s  and  enzymes p ro d u ced  by t h i s  o rg a n is m .  D e s n i t e  t h e  

f a c t  t h a t  i t  was t h e  f i r s t  t o x i n  t o  have  i t s  mode o f  a .c t io n  d e f in e d  in  

b io c h e m ic a l  t e rm s ,  many f e a t u r e s  re m a in  i n  doubt i n  p a r t i c u l a r  i t s  

p h y s i c a t  c h a r a c t e r i s a t i o n .  M oreover i n  l i g h t  o f  t h e  f i n d i n g s  o f  Johnson  

and B onve iitro  (1967 )  w i th  B a c i l l u s  o e re u s  t o x i n ,  i t  was d e c id e d  t o  r e ­

i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  t h e  l e c i t h i n a s e ,  h o t - c o l d  h a e m o ly t i c  and

l e t h a l  a c t i v i t i e s  o f  t h i s  t o x i n  w ere m a n i f e s t a t i o n s  o f  a  s i n g l e  m oiety '.

»
I n  1967 and  1968 V e s te r b e r g  and Wadstrom p u b l i s h e d  a s e r i e s  o f  

s t u d i e s  on t h e  u s e  o f  a  new e l e c t r o p h o r e t i c  te ch n iq u .e  te rm ed  i s o e l e c t r i c  

f o c u s in g ,  i n  t h e  p u r i f i c a t i o n  and  c h a r a c t e r i s a t i o n  o f  t h e  e x t r a . c e l l u l a r  

p r o d u c t s  o f  S ta o h y lo c o c c u s  a u r e u s .  Not on ly  was t h e  r e s o l v i n g  power o f  

t h i s  t e c h n iq u e  c l e a r l y  d e m o n s t r a te d  f o r  a. com plex m i x tu r e  o f  f a c t o r s ,  b u t  

s e v e r a l  o f  t h e  s t a p h y l o c o c c a l  p r o d u c t s  were shown t o  e x i s t  i n  m u l t i p l e  

fo rm s .  U s in g  i s o e l e c t r i c  f o c u s in g ,  i n v e s t i g a t i o n s  w ere  u n d e r t a k e n  i n t o  

t h e  r e p o r t e d  o c c u r r e n c e  o f  m u l t i p l e  form s o f  C l .  n e r f r i n g e n s  a - t o z i n  and 

t h e i r  p o s s i b l e  r o l e  i n  th e  U n i t a r i a n  c o n c e p t  o f  t h e  b i o l o g i c a l  a c t i v i t i e s  

o f  a - t o x i n .  M oreover^a  s tu d y  o f  a - t o x i n  was m e r i t e d  on th e  b a s i s  o f  t h e  

i n c r e a s i n g  u s e  o f  u - t o x i n  from com m ercia l s o u r c e s  a s  a  b io c h e m ic a l  p ro b e  

o f  membrane s t r u . c t u r e ,

• ' As w i th  many i n v e s t i g a t i o n s  avenues  o f  r e s e a r c h  p r e s e n t e d  

th e m s e lv e s  a s  a  b y - p r o d u c t  o f  t h e s e  p r im a ry  o b j e c t i v e s .  In d e e d  t h e  

s im u l ta n e o u s  p u r i f i c a t i o n  o f  c o l l a g e n a s e ,  h y a l u r o n i d a s e  and 6 - t o x i n  by 

i s o e l e c t r i c  f o c u s iu g  a l lo w e d  th f tse  f a c t o r s  t o  b e  c h a r a c t e r i s e d ,  and a s p e c t s  

o f  t h e  c y t o l y t i c  a c t i o n  o f  t h e  6 - t o x i n  o f  t h i s  o rg an ism  as  w e l l  as  th e  

a - t o x i n ^ t o  b e  i n v e s t i g a t e d .
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SECTION I  : EMERGENCE OP CLOSTRIDIUM PERFRIIIGiafS TYPE A

A. ANAEROBES -  A HISTORICAL REVIEW

1. D isc o v e ry  and D e f i n i t i o n .

*Nons a r r i v o n s  donc à  c e t t e  d o u b le  p r o p o s i t i o n ;

1* Le fe rm e n t  b u t y r i q u e  e s t  un  i n f u s o i r e .
2 .  C et i n f u s o i r e  v i t  s a n s  gaz  oxygène l i b r e ,

G * e s t ,  j e  c r o i s ,  l e  p r e m ie r  exem ple connu des
fe rm e n ts  an im aux e t  a u s s i  d 'a n im a u x  s a n s  gaz
oxygéné l i b r e , *

P a s t e u r ,  L, ( l 8 6 l a ) .

W ith t h e s e  w ords j u s t  o v e r  a  c e n tu r y  ago, P a s t e u r  h e r a l d e d  

h i s  d i s c o v e r y  o f  a n a e r o b i o s i s ,  ' l a  v i e  s a n s  I ' a i r ' ,  d u r in g  h i s  r e s e a r c h e s  

on b u t y r i c  f e r m e n t a t i o n .  The r o d - s h a p e d  o rgan ism  r e s p o n s i b l e  f o r  t h i s  

ty p e  o f  f e r m e n t a t i o n  was named V ib r io n  b u ty r iq u .e  by  P a s t e u r ,  T h is  

n o n - p a th o g e n ic  s p o r e - f o r m in g  a n a e ro b e  i s  now known a s  C lo s t r i d iu m  b u ty r ic u m  

and i s  t h e  ty p e  s p e c i e s  o f  t h e  g e n u s .  As a  r e s u l t  o f  t h i s  s tu d y  and 

s u b s e q u e n t  s t u d i e s  on t h e  f e r m e n t a t i o n  o f  t a r t a r a t e  and a l c o h o l  ( P a s t e u r ,  

I 8 6 l b y l 8 6 3 ) ,  he  c o in e d  th e  te rm s  a e ro b e  and a n a e ro b e  ' t o  d e n o te  t h e  

e x i s t e n c e  o f  two c l a s s e s  o f  lo w e r  b e i n g s ,  t h e  ones  u n a b l e  t o  l i v e  w i th o u t  

t h e  p r e s e n c e  o f  oxygen, and  t h e  o t h e r s  c a p a b le  o f  m u l t i p l y i n g  ad i n f i n i t u m  

o u t  o f  c o n t a c t  o f  t h i s  g a s ' .

N e v e r t h e l e s s ,  a l th o u g h  P a s t e u r  may be  ' reg a .rd ed  a s  t h e  " F a t h e r  o f  

A n a e r o b i o s i s " ,  h e  was n o t  t h e  f i r s t  to  d e s c r i b e  o rg a n is m s  t h a t  c o u ld  e x i s t  

i n  t h e  ab se n c e  o f  a i r ,  Leeuwenhoek i n  h i s  32nd l e t t e r  t o  t h e  Royal S o c ie ty  

i n  1680 d e s c r i b e d  an  e x p e r im e n t  i n  w hich  he s e a l e d  o f f  pow dered p e p p e r  and 

f r e s h  r a i n  w a te r  i n  a  g l a s s  tu b e  ( p l a t e  1 ) ( s e e  B u l lo c h ,  1938; D o b e l l ,  

1932) ,  H is  ' a n i m a l c u l e s '  d e v e lo p e d  i n  t h i s  ' r a r i f i e d '  a tm o s p h e re .  

F u .r therm ore , i n  I 776 S p a l la .n z a n i  ( c i t e d  by B u l lo c h ,  1938) showed t h a t  

' a n i m a l c u l e s '  d e v e lo p e d  u n d e r  c o n d i t i o n s  o f  h ig h  vaccuum.



P l a t e  1 î The p ep p e r—tu b e  o f  van Leeuwenhoek ( l6 8 o )

The g l a s s  tu b e  was f i l l e d  t o  BK w i th  pounded p e p p e r  

and  th e n  t o  Cl w i th  c l e a n  r a i n  w a te r  c o l l e c t e d  on 

May 2 6 th  1680 i n  a  c l e a n  c h i n a  d i s h  ( " i n  w hich  no 

v i c t u a l s  h a d  b e e n  p u t  f o r  q u i t e  10 y e a r s " ) .  The 

tu b e  was th e n  s e a l e d .  The tu b e  was l e f t  s e a l e d  f o r  

5 d a y s .  The ' a n i m a l c u l e s '  he  o b s e rv e d  w ere  d i f f e r e n t  

from th o s e  o b s e rv e d  i n  a  tu b e  t h a t  was p u l l e d  o u t  t o  

a  p o i n t  (Q) w i th o u t  t h e  tu b e  a c t u a l l y  b e i n g  s e a l e d ,

D o b e l l  (1932)
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P a s t e u r ’ s i d e a s  on a n a e r o b i o s i s  fo u n d  re a d y  o p p o n e n ts ,  s i n c e

th e  dependence  o f  l i f e  on oxygen was one o f  t h e  c e n t r a l  t e n e t s  i n  b io l o g y

a t  t h a t  t i m e .  The p r i n c i p a l  c r i t i c i s m s  w ere  t h a t  i t  was d i f f i c u l t  t o  

p u rg e  ap p a ra . tu s  f r e e  o f  oxygen and  t h a t  y e a s t s  l o s t  t h e i r  power o f  

r e p r o d u c t i o n  i n  t h e  c o n t in u e d  a b s e n c e  o f  a i r .  However, i n  I 884 Lachowioz 

and  N enoki v i n d i c a t e d  P a s t e u r ' s  e x p e r im e n ts  by  d e m o n s t r a t in g  t h a t  p u t r e f a c t i o n  

o c c u r r e d  u n d e r  c o n d i t i o n s  i n  w hich  no f r e e  oxygen was d e t e c t e d  by  t h e  most

s e n s i t i v e  t e s t s  a v a i l a b l e  a t  t h a t  t im e .

2 . A n aero b es  a s  C ausa.ti v e A g en ts  o f  D is e a s e .

The a s s o c i a t i o n  o f  a n a e ro b e s  w i th  d i s e a s e  p r o c e s s e s  was f i r s t  

c l e a r l y  d e m o n s t r a te d  by P e s e r  ( I 8 7 6 ) ,  who showed t h a t  P a c te r iu m  c h a u v o e i , 

d i s c o v e r e d  i n  t h e  p r e v i o u s  y e a r  by B o l l i n g e r  ( l 8 7 5 ) ,  was t h e  c a u s e  o f  

b l a c k q u a r t e r  ( b l a c k l e g )  d i s e a s e  i n  c a t t l e  and  s h e e p .  P a s t e u r  and  J o u b e r t  

( 1877) d e s c r i b e d  an a n a e r o b ic  o rgan ism  w hich  th e y  te rm e d  V ib r io n  s e p t i q u e , 

i s o l a t e d  from t h e  b lo o d  o f  an  i n f e c t e d  g u in e a  p i g .  T h is  o rgan ism  we now 

r e c o g n i s e  a s  C lo s t r i d iu m  s e n t i c u m. Betw een 1875 and 1922 m ost o f  t h e  

p a t h o g e n ic  c l o s t r i d i a ,  we r e c o g n i s e  to d a y  w ere d e s c r i b e d  and  i s o l a t e d  i n  p u re  

c u l t u r e  (T o p ley  and  W ilso n ,  I 964 ) .

The f i r s t  d e s c r i p t i o n  o f  C lo s t r i d iu m  p e r f r i n g e n s  can  b e  a t t r i b u t e d  

t o  Achalme ( I 8 9 I ) ,  who i s o l a t e d  t h i s  b a c t e r in m  from a  c a s e  o f  a c u t e  rh e u m a t ic  

a r t h r i t i s .  Welch and  N u t t a l  ( 1892) i s o l a t e d  t h e  same o rg an ism  from a  c a d a v e r  

and c a l l e d  i t  B a c i l l u s  a e ro g e n e s  c a n s u l a t u s .  P r a e n k e l  ( l8 9 3 )  was t h e  f i r s t  

t o  d e s c r i b e  C l .  p e r f r i n g e n s  a s  t h e  c a u s a t i v e  o rgan ism  o f  g a s  g a n g re n e .  Ho 

d e s i g n a t e d  h i s  b a c i l l u s ,  B a c i l l u s  ph l egmonis em nhyserna tosae . K l e i n  (1895) 

i s o l a t e d  a s p o r e - f o r m in g  a n a e ro b e  from t h e  s t o o l s  o f  204 p a t i e n t s  s u f f e r i n g  

from d i a r r h o e a  i n  a  h o s p i t a l .  H is  o rg an ism , B a c i l l u s  e n t e r i t i d i s  s o o r o g e n e s , 

c a u s e d  a  syndrome o f  s h o r t  d u r a t i o n  c h a r a c t e r i s e d  by s e v e r e  abdom ina l p a i n
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and a. m arked a b s e n c e  o f  v o m i t in g .  I n  1899 Andrewes a g a i n  i s o l a t e d  K l e i n ’ s 

b a c i l l u s  from c a s e s  o f  c h r o n ic  d i a r r h o e a  a s s o c i a t e d  w i th  consum ption  o f  

r i c e  p u d d in g .  V e i l l o n  and  Zu.ber  ( 1898) named th e  o rg an ism  B a c i l l u s 

p e r f r i n g e n s  and  M ig u la  ( I 9OO) was r e s p o n s i b l e  f o r  t h e  d e s i g n a t i o n  B a c i l l u s  

we l c h i i . Thus, a s  w i th  many a n a e ro b e s ,  A chalm e’ s b a c i l l u s  h ad  a. number o f  

synonyms by t h e  b e g i n n in g  o f  t h i s  c e n t u r y .

3 . The Genus C l o s t r i d i u m .

A c o m p re h en s iv e  re v ie w  o f  t h e  a rgum en ts  l e a d i n g  t o  t h e  c r e a t i o n  

o f  t h e  genus  C l o s t r i d iu m  i s  o u tw i th  th e  scope  o f  t h i s  t h e s i s  ( s e e  Winslow 

e t  a l . ,  ( 1917? 1920) ) .  S u f f i c e  i t  t o  say  t h a t  Winslow e t  a l . ,  recommended 

th e  s e t t i n g  up o f  a  f a m i ly  f o r  gram p o s i t i v e ,  s p o re  fo rm in g  ro d - s h a p e d  

b a c t e r i a ,  t h e  f a m i ly  B a c i l l a c e a . e , c o m p r i s in g  two g e n e r a .  T h is  p r o p o s a l  was 

a c c e p t e d  and i n c o r p o r a t e d  i n t o  t h e  f i r s t  e d i t i o n  o f  B e rg e y ’ s Hanua.l o f  

D e te r m in a t iv e  B a c t e r i o l o g y  ( I 9 2 3 ) .  A lth o u g h  t h i s  scheme o f  s u b d i v i s i o n  

h a s  r e c e i v e d  w ide a c c e p ta n c e ,  a  somewhat more com plex system  h a s  b e e n  

d e v e lo p e d  by P r e v o t  ( 1 9 5 7 ) '  I n  h i s  scheme t h e  s i n g l e  g en u s  C lo s t r i d iu m  o f  

B e rg e y ’ s c l a s s i f i c a t i o n  i s  d i v i d e d  i n t o  n in e  g e n e r a  a r r a n g e d  i n  two o r d e r s  

and t h r e e  f a m i l i e s .  However, i t  h a s  r e c e i v e d  l i t t l e  s u p p o r t  o u t s i d e  P ra n c e .

I n  G re a t  B r i t a i n  i t  h a s  b e e n  t h e  p r a c t i c e  t o  te rm  A chalm e’ s 

b a c i l l u s  C lo s t r i d iu m  w e l c h i i ,  i n  h o n o u r  o f  W.ÏÏ. Welch, who p r o v id e d  t h e  

f i r s t  c o n c i s e  d e s c r i p t i o n  o f  t h i s  o rg an ism . However, as  t h e  7^h E d i t i o n  o f  

B e rg e y ’ s Manual (1957)  h a s  a d o p te d  t h e  s p e c i f i c  e p i t h e t  ’ per f r i n g e n s ’ and 

t h i s  s p é c i a t i o n  h a s  b e e n  u s e d  i n  most o f  t h e  cu .rren t  l i t e r a t u r e  on t h i s  

o rgan ism  and i t s  e x t r a c e 1l u l o r  p r o d u c t s  by r e s e a r c h e r s  i n  R u s s ia ,  J a p a n ,

Canada and  t h e  U .S .A . ,  I  s h a l l  ad o p t  t h e  b in o m ia l  C l o s t r i d iu m  u e r f r i n g e n s  

th ro u g h o u t  t h i s  t h e s i s  d e s p i t e  t h e  common custom o f  B r i t i s h  a u t h o r s .  C u r r e n t  

synorqrms o f  B r i t i s h ,  A m erican  and  F ren ch  o r i g i n  a r e  com pared i n  T ab le  1 ,
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t o g e t h e r  w i th  t e r m i n o l o g i e s  c o in e d  f o r  t h e  o r i g i n a l  d e s c r i p t i o n s  o f  t y p e s  

o f  C lo s t r i d iu m  u e r f r i n g e n s  ( v i d e  i n f r a ) .

B . CLOSTRIDIUM PERFRINGENS

T h is  o rg an ism  i s  d e f i n e d  a s  a  gram p o s i t i v e  r o d ,  u s u a l l y  

o c c u r r i n g  s i n g l y  o r  i n  p a i r s ,  p ro d u c in g  c e n t r a l  o v a l  s p o r e s ,  and p o s s e s s i n g  

a  c a p s u l e .  I t  i s  n o n - m o t i l e .  A t te m p ts  t o  s u b d iv id e  o r  t y p e  t h i s  s p e c i e s  

h ave  b e e n  made u s i n g  t h r e e  m e th o d s ;

1 . b io c h e m ic a l  c r i t e r i a
2 . c e l l u l a r  a n t i g e n s
3 . e x t r a c e l l u l a r  a n t ig e n s *

The s u c c e s s  o f  any o f  t h e s e  m ethods depends  on s e v e r a l  f a c t o r s  ;

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

b .  t h e  s t a b i l i t y  o f  t h e  c h a r a c t e r s  c h o se n

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

d. t h e  e a s e  w i th  w hich  unknown s t r a i n s  c a n  b e  
a s s i g n e d  t o  a  g ro u p  d e s i g n a t e d  by t h e  c h a r a c t e r s  
c h o s e n .

A t te m p ts  w ere  made t o  ty p e  0 1 .  p e r f r i n g e n s  p r i o r  t o  1916, b u t  d i s c u s s i o n  

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

p u r i t y  o f  c u l t u r e s  ( s e e  Howard, 1 9 2 8 ) .

The em ergence o f  0 1 .  p e r f r i n g e n s  as  t h e  m ost im p o r ta n t  s i n g l e  

c a u s e  o f  g a s  g a n g re n e  d u r in g  W orld  War I  and c o n s e q u e n t ly  t h e  n eed  f o r  

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

t h e  deve lopm en t o f  t h e  M cIn to sh  and  F i l d e s  a n a e r o b ic  j a r  ( I 9 I 6 ) .  T h is  

a p p a r a tu s  b ro u g h t  t o  t h e  s tu d y  o f  a n a e ro b e s  f o r  th e  f i r s t  t im e ,  t h e  p r e c i s i o n  

o f  p u re  c u l t u r e  t h a t  h ad  e s c a p e d  t h e i r  s tu d y  f o r  t h e  p r e v io u s  30 y e a r s  and 

d i s m i s s e d  t h e  p l e t h o r a  o f  d e s c r i p t i o n s  and  names a t t r i b u t e d  t o  c l o s t r i d i a l  

s p e c i e s .  Of t h e  above m ethods o f  t y p i n g ,  t h a t  em ploy ing  e x t r a c e l l u l a r



a n t i g e n s  h a s  p ro v e d  m ost s u o c e s s f u l .  On a c c o u n t  o f  i t s  r e l e v a n c e  t o  t h e  

l a t e r  d i s c u s s i o n  o f  i n d i v i d u a l  f a c t o r s  p ro d u c e d  by C l .  p e r f r i n g e n s  ty p e  A, 

t h i s  a s p e c t  w i l l  b e  d e a l t  w i th  f u l l y .

1 .  Typing  o f  C l .  p e r f r i n g e n s .

a .  B io c h e m ic a l  M ethods ;

Simonds ( 19 I 5 ) was a b l e  t o  s u b d iv id e  t h e  s p e c i e s  i n t o  f o u r  ty p e s  

on t h e  b a s i s  o f  f e r m e n t a t i o n  o f  g l y c e r o l  and i n u l i n  i n  a  s tu d y  o f  20 s t r a i n s .  

However, h i s  g ro u p s  c o u ld  n o t  b e  c o r r e l a t e d  w i th  t h e i r  e c o l o g i c a l  o r i g i n  and 

h i s  s o u r c e s  w ould  in d i c a . t e  t h a t  a l l  t h e  s t r a i n s  t e s t e d  w ere  p ro b a b ly  o f  

ty p e  A ( v id e  i n f r a  ' T o x i n o l o g i c a l  T y p in g * ) .

b . S e r o l o g i c a l  T yp ing  by  C e l l u l a r  A n t ig e n s ;

A t te m p ts  a t  t y p i n g  C l .  p e r f r i n g e n s  on t h e  b a s i s  o f  e i t h e r  c a p s u l a r  

o r  s o m a t ic  a n t i g e n s  h av e  b e e n  u n d e r t a k e n .  N e i t h e r  m ethod h a s  a t t a i n e d  much 

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

s t r a i n s  (Hobbs e t  a l . ,  1 9 5 3 ) .

i .  C a u s u la r  a n t i g e n s :  The m ost co m p re h en s iv e  s tu d y  t o  d a t e  on t h e  c a p s u l a r  

p o l y s a c c h a r i d e s  o f  t h i s  o rgan ism  was c a r r i e d  ou t by Svec and  McCoy (1944)*

I n  a, s u rv e y  o f  some 60 s t r a i n s ,  most o f  w hich  w ere ty p e  A, t h e  c a p s u le s  

p ro v e d  t o  b e  im m u n o lo g ic a l ly  s i m i l a r  by a g g l u t i n a t i o n  and p r e c i p i t i n  t e s t s .  

C hem ical a n a l y s e s  o f  t h e  c a p s u l a r  p o l y s a c c h a r i d e s  c o n f i rm e d  t h a t  th e y  w ere  

c h e m ic a l ly  s i m i l a r .  However, p o l y s a c c h a r i d e  p r o d u c t i o n  c o u ld  n o t  be  

c o r r e l a t e d  w i th  t h e  f e r m e n t a t i o n  ty p e s  o f  Simonds ( 19 I 5 ) o r  t h e  t o x i n o l o g i c a l  

ty p e s  o f  W ilsdon  ( 1 9 3 3 ) .

i i , S o m atic  an t i g e n s ;  V a r io u s  a u t h o r s  h ave  met w i th  l i t t l e  s u c c e s s  i n  

t h e i r  e f f o r t s  t o  ty p e  s t r a i n s  by t h i s  m ethod  ( H a l l ,  1922; Howard, I 928? 

H e n r ic k s e n ,  1937? H en d erso n ,  1940? Bychenko e t  a l . ,  1959)* Sum m aris ing



t h e  f i n d i n g s  o f  t h e s e  a u t h o r s  I  c o n c lu d e  t h a t  t h e  m ain  d i f f i c u l t y  

e x p e r i e n c e d  h a s  b e e n  t h e  ex tre m e  h e t e r o g e n e i t y  o f  s t r a i n s .  However, 

com paring  t h i s  m ethod w i th  t o x i n o l o g i c a l  g ro u p s ,  Rodw ell ( 194I )  and 

Bychenko e t  a . i . ,  ( 1959) showed t h a t  b a c t e r i a l  c e l l s  o f  each  t o x i n o l o g i c a l  

ty p e  p o s s e s s e d  d i f f e r e n t  a n t i g e n i c  s t r u . c t u r e s ,  b u t  w i t h i n  each  o f  t h e s e  

g ro u p s  v a r i o u s  s e r o l o g i c a l  g r o u p in g s  e x i s t e d .  Thus s t r a i n - s p e c i f i c  ty p e s  

w ere c r e a t e d  and c o n f u s io n  r a t h e r  t h a n  o r d e r  r e s u l t e d .  M oreover,  a n t i g e n i c  

ty p e s  c o u ld  n o t  b e  c o r r e l a t e d  w i th  t h e  a b i l i t y  t o  f e rm e n t  a l c o h o l s  and  s u g a r s  

o r  w i th  t h e  p r o d u c t i o n  o f  t o x i c  f a c t o r s .

Gas g a n g re n e  t y p e  A s t r a i n s  d i d  n o t  c r o s s  r e a c t  w i th  fo o d  p o i s o n in g  

s t r a i n s  s e r o l o g i c a l l y .  Wherea.s t h e  fo rm e r  form ed a  v e ry  l a r g e  h e te r o g e n e o u s  

g ro u p  i n  w hich  c o r r e s p o n d in g  a n t i s e r a  w ere  s t r a i n  s p e c i f i c ,  t h e  l a t t e r  w ere  

s e r o l o g i c a l l y  t y p a b l e .  Hobbs e t  a l . ,  ( l9 5 3 )  w ere a b l e  t o  i d e n t i f y  e i g h t  

t y p e s .  S in c e  t h e n  t h e  number o f  ty p e s  h a s  i n c r e a s e d  t o  13. As an 

e p i d e m io l o g ic a l  t o o l  i n  fo o d  p o i s o n in g  o u tb r e a k s  c a u s e d  by  C l ,  p e r f r i n g e n s  

ty p e  A, s e r o l o g i c a l  t y p i n g  h a s  p ro v e d  e x t re m e ly  u s e f u l .  I t  h a s  p r o v id e d  

t h e  * f i n g e r —p r i n t i n g *  s e n s i t i v i t y  n e c e s s a r y  t o  r e l a t e  i s o l a t e s  from p a t i e n t s *  

f a e c e s  t o  p o s s i b l e  f o o d  v e c t o r s .

i i i .  S p o re  a n t i g e n s ;  B ecau se  o f  th e  d i f f i c u l t i e s  e n c o u n te r e d  i n  t r y i n g  

t o  o b t a i n  s p o re s  o f  t h i s  o rg an ism  i n  v i t r o , t h e i r  a n t i g e n i c i t y  h a s  b e e n  

l i t t l e  s t u d i e d .  W alker  ( 1963) ,  w h i l s t  i n v e s t i g a t i n g  t h e  s p o re  a n t i g e n s  

o f  c l o s t r i d i a ,  d i d  n o t  d e t e c t  any c r o s s  r e a c t i o n  by a g g l u t i n a t i o n  t e s t s  

b e tw ee n  t h e  s p o r e s  o f  01 . p e r f r i n g e n s  and th o s e  o f  C l .  b i f e r m e n t a n s .

C l .  sD orogenes  and  C l .  s o r d e l l i i .  W ith t h e  deve lopm en t o f  m edia s p e c i f i c a l l y  

d e s ig n e d  t o  in d u c e  s p o r u l a t i o n  ( S l l n e r ,  1958; Duncan and  S t ro n g ,  I 9 6 8 ) ,  

t h e  p ro m ise  o f  im p ro v ed  y i e l d s  s h o u ld  f a v o u r  a  s tu d y  o f  t h e  a n t i g e n i c  m osa ic  

o f  t h e s e  s t r u , o t u r e s .  However, i n  t h e  l i g h t  o f  t h e  e x p e r i e n c e  o f  w o rk e rs  

w i th  c a p s u l a r  and so m a t ic  a n t i g e n s ,  i t  w ould  seem a  f o r l o r n  hope t h a t  t h e  

s e r o lo g y  o f  s p o re s  w ould  d e f i n e  e a s i l y  r e c c g n i s a b l e  g ro u p s .
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A lth o u g h  a n a e r o b ic  i n f e c t i o n s  w ere  f i r s t  r e c o g n i s e d  i n  a n im a ls  

( P e s e r ,  I 876; P a s t e u r  and  J o u b e r t ,  187?) i t  was n o t  u n t i l  t h e  e a r l y  1 9 2 0 's  

t h a t  s t r a i n s  o f  0 1 . p e r f r i n g e n s  became i n c r i m i n a t e d  i n  c a s e s  o f  v e t e r i n a r y  

d i s e a s e .  G a ig e r  and  B a i l i n g  (1923) and b a l l i n g  ( I 9 2 6 ) d e s c r i b e d  c a s e s  o f  

iamb d y s e n te r y  due t o  an  o rg an ism  th e y  named B a c i l l u s  a g n i . McEwen ( l9 3 0 )  

i s o l a t e d  s t r a i n s  o f  C l .  p e r f r i n g e n s ,  d e s i g n a t e d  B a c i l l u s  p a l u d i s ,  from 

c a s e s  o f  ' S t r u c k '  i n  a d u l t  lam bs i n  K e n t .  S t r a i n s  i s o l a t e d  from c a s e s  o f '  

e n t e r o to x a e m ia  i n  sh eep  i n  A u s t r a l i a  and  p u lp y  k id n e y  d i s e a s e  i n  New Z e a la n d  

w ere  d e s c r i b e d  by B e n n e t t s  (1932)  and G i l l  (1932) and named B a c i l l u s  o v i t o t o x i c u :

Some l i g h t  was sh ed  on t h e  r e l a t i o n s h i p  b e tw e e n  t h e s e  v a r io u s  

s t r a i n s  o f  C l .  p e r f r i n g e n s  by  W ilsd o n  ( l 9 3 l )  i n  a  s tu d y  o f  some 50 s t r a i n s .  

T h is  s tu d y  and subsequ .en t i n v e s t i g a t i o n s  (W ilsd o n ,  1932-33)  d i f f e r e n t i a t e d  

f o u r  v a r i e t i e s  o f  C l .  p e r f r i n g e n s on t h e  b a s i s  o f  t o x i c  com ponents i n  c u l t u r e  

f i l t r a t e s  o f  t h e s e  o rg a n is m s .  B u l l  and  P r i t c h e t t  (1917%, 1917b) and B u l l  

( 1917) h a d  e a r l i e r  shown t h a t  b r o t h  c u l t u r e  f i l t r a t e s  (W ilsd o n  Type A) w ere 

l e t h a l  f o r  e x p e r i m e n t a l  a n im a ls  and  t h a t  e x p e r im e n ta l  a n im a ls  c o u ld  b e  

p r o t e c t e d  a g a i n s t  C l .  p e r f r i n g e n s  i n f e c t i o n  by im m u n is a t io n  w i th  g r a d e d  

d o se s  o f  such  t o x i c  f i l t r a t e s .  A l l  t h e  s t r a i n s  exam ined by W ilsdon  w ere  

m o r p h o l o g ic a l ly ,  b i o c h e m i c a l l y  and c u l t u r a l l y  i d e n t i c a l .  N e v e r t h e l e s s ,  

c r o s s  n e u t r a l i s a t i o n  t e s t s  w i th  a n t i s e r a  r a i s e d  a g a i n s t  c u l t u r e  f i l t r a t e s  o f  

each  s t r a i n  d e l i n e a t e d  f o u r  g r o u p s .

W ilsdon  r e c o g n i s e d  t h r e e  d i f f e r e n t  t o x i c  m o i e t i e s  on t h e  b a s i s  

o f  t h e s e  n e u t r a l i s a t i o n  t e s t s ,  te rm e d  W, X and Z. He d e s i g n a t e d  h i s  ty p e s  

Aÿ B, C and  D as  shown i n  T ab le  2. Two f u . r t h e r  ty p e s  h av e  s i n c e  b e e n  

r e c o g n i s e d .  B osw orth  (1943) d e s c r i b e d  an  o u tb r e a k  o f  e n t e r o to x a e m ia  i n
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c a t t l e  due t o  a s t r a i n  t h a t  d i f f e r e d  t o x i n o l o g i c a l l y  from W i l s d o n 's  ty p e s  

and  w hich  he  te rm e d  ty p e  E. Type F was i s o l a t e d  by Z e i s s l e r  and  R a s s f e l d -  

S t e r n b e r g  (1949) from c a s e s  o f  a c u t e  g s s t r o - e n t e r i t i s  i n  Germany.

However, more r e c e n t l y  t h e  tax o n o m ic  p o s i t i o n  o f  ty p e  F h a s  b e e n  q u e s t i o n e d  

by S t e r n e  and  W arrack  ( I 9 6 4 ) ( s e e  p age  13 ) .

D u r in g  t h e  1930 ' s  and  1 9 4 0 's  v a r i o u s  g ro u p s  o f  w o rk e rs  

i n v e s t i g a t e d  t h e  t o x i n o lo g y  o f  0 1 .  p e r f r i n g e n s  s t r a i n s ,  and  a d o n te d  a  G reek  

l e t t e r  sy stem  o f  n o m e n c la tu re  t o  i d e n t i f y  t h e  t o x i n s  th e y  d e s c r i b e d .  

U n f o r t u n a t e l y ,  t h i s  sy stem  s u f f e r e d  from c o n f u s io n ,  and  d i s p u t e s  o v e r  

n o m e n c la tu re  a r o s e  w i th  v a r io u s  g ro u p s  a s s i g n i n g  i d e n t i c a l  com ponents  

d i f f e r e n t  G reek  l e t t e r s  o r  d i f f e r e n t  com ponents t h e  same d e s i g n a t i o n .  The 

n o m e n c la tu re  i n  c u r r e n t  u s e  i s  t h a t  a g re e d  t o  by a  g ro u p  o f  B r i t i s h  w o rk e rs  

(N a tu r e ,  1 9 4 2 ) .

G lenny e t  a l . ,  (1933) d e s c r i b e d  f i v e  d i f f e r e n t  t o x i c  com ponents 

p ro d u c e d  by W i l s d o n 's  ty p e s  A, B, 0 and B w hich  w ere  named a, p, y ,  6 and e . 

They f u r t h e r  showed t h a t  ty p e s  B and  0 p ro d u c e d  a t  l e a s t  f o u r  t o x i n s .

T h e i r  sy stem  o f  n o m e n c la tu re  i s  ecfuated w i th  t h a t  o f  W ilsdon  i n  T a b le  2.

T hese  f a c t o r s  w ere i d e n t i f i e d  by c r o s s - n e u t r a l i s a t i o n  e x p e r im e n ts  i n v o l v in g  

h a e m o ly s i s ,  n e c r o s i s  and l e t h a l i t y .  A lth o u g h  th e y  h a d  c o n t r o l s  f o r  th e  

p o s s i b l e  e x i s t e n c e  o f  n a . tu r a l  a n t ib o d y ,  t h e  l a c k  o f  w h ich  had  b e e n  t h e  m a jo r  

c r i t i c i s m  o f  W i ls d o n ’ s work, G lenny and  h i s  cow orkers  b a s e d  t h e i r  f i n d i n g s

upon  o n ly  one o r  two s e l e c t e d  s t r a i n s  o f  each  t y p e .  D e s p i t e  t h e  l i m i t e d

p re m is e  on w hich  t h e i r  r e s u l t s  w ere ba.sed, t h e  o v e r a l l  fo rm a t  o f  t h e i r  

c o n c l u s i o n s  h a s  l a s t e d .

I t  was n o t  u n t i l  1937 t h a t  ty p e  A f i l t r a t e s  w ere shown to  c o n t a i n

more th a n  one f a c t o r ,  P r ig g e  d e m o n s t r a te d  two h a e rn o ly s in s  w hich  h e  named

a  and  %,now r e c o g n i s e d  as  e q u i v a l e n t  t o  0 and cc r e s p e c t i v e l y .  I la c fa .r la n e  

f ( 1941) d e s i g n a t e d  t h e  r e v e r s i b l y  i n a c t i v a t e d  h a e m o ly s in  fo u n d  i n
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t y p e  A f i l t r a t e s  a s  0 - to x i n #  A t h i r d  component o f  su ch  f i l t r a t e s  was 

i d e n t i f i e d  by I p s e n  and D av o li  (1939) as  p ro d u c e d  by t h e  h e c h i en s t r a i n ,  

and te rm e d  p - t o x i n .  Thus by 1942 se v e n  s e r o l o g i c a l l y  d i s t i n c t  t o x i n s  h ad  

b e e n  i d e n t i f i e d  i n  c u l t u r e  f i l t r a t e s  o f  Cl .  p e r f r i n g e n s  -  oc, 3, y ,  6, e ,  6 

and P.

To t h i s  l i s t  I - t o x i n  was added  by B osw orth  i n  1943, as  t h e  

c h a r a c t e r i s t i c  f a c t o r  e l a b o r a t e d  by h i s  ty p e  E s t r a i n s .  O akley  e t  a l . , 

( 1948) d e m o n s t r a te d  t h a t  co l lag^enase  (k —to x i n )  p ro d u c e d  by  ty p e  A s t r a i n s  

was s e r o l o g i c a l l y  d i s t i n c t  from p r e v i o u s l y  d e s c r i b e d  t o x i n s .  A l th o u g h  a  

' s p r e a d i n g  f a c t o r '  was f i r s t  d e s c r i b e d  i n  c u l t u r e  f i l t r a t e s  o f  ty p e  A, G 

( C l .  p a l u d i s ) and  D ( C l .  o v i t o t o x i c u s ) by  MoGlean (1938)  and  shown t o  be  

u n r e l a t e d  t o  any o f  G le n n y 's  t o x i n s ,  i t  was n o t  u n t i l  1951 t h a t  i t  was 

c h a r a c t e r i s e d  by  a  G reek  l e t t e r  a s  p - a n t i g e n  by O ak ley  and  W arrack .  O akley  

e t  a l . , ( 1948) fo u n d  a p r o t e i n a s e  w hich  a t t a c k e d  a a o c o l l  powder and  g e l a t i n ,  ' 

b u t  n o t  c o l l a g e n  p a p e r  o r  m u s c le .  I t  was n o t  n e u t r a l i s a b l e  by a n t ik a p p a  

a n t i s e r u m  and  was te rm e d  t h e  X - a n t ig e n .  B u t l e r  (1 9 4 2 |  1 9 4 3 ) ,  w h i l s t  

i n v e s t i g a t i n g  p o s t - a b o r t a l  g a s  g a n g re n e ,  n o te d  th e  d e s t r u c t i o n  o f  t h e  n u c l e i  

o f  l e u c o c y t e s  i n  c e r v i c a l  s m e a rs .  S i m i l a r  f i n d i n g s  w ere  d e m o n s t r a te d  by 

R obb-Sm ith  (1945)*  He p ro p o s e d  t h a t  t y p e  A c u l t u r e  f i l t r a t e s  c o n t a in e d  a 

d e o x y r ib o n u c le a s e ,  a  f a c t  c o n f i rm e d  by O akley  and W arrack  (1951)*  They 

c a l l e d  t h i s  enzyme v - a n t i g e n .

U sin g  t h e  above tw e lv e  com ponents ,  O akley and  W arrack  (1953) 

ty p e d  some 5OO s t r a i n s  o f  0 1 .  p e r f r i n g e n s  s u c c e s s f u l l y .  R e - a s s e s s i n g  t h e  

c r i t e r i a  u s e d  i n  t h i s  ty p e  d i f f e r e n t i a t i o n  i n  a  su rv e y  o f  307 s t r a d n s ,  B rooks 

e t  a l . ,  ( 1957) d e m o n s t r a te d  t h e  t o x i n o l o g i c a l  s u b - d i v i s i o n  o f  t h e  s p e c i e s  on 

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

r e f e r r e d  t o  a s  t h e  m a jo r  l e t h a l  a n t i g e n s ,  i . e .  'm a j o r '  i n  t h e  s e n s e  o f
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q T j .a l i ta t iv e  im p o r ta n c e  f o r  t y p i n g  b e c a u s e  o f  t h e i r  c h a r a c t e r i s t i c  p r o d u c t i o n  

by s t r a i n s  from w id e ly  d i f f e r e n t  s o u r c e s .  B rooks e t  a l . , a l s o  added  two 

more h a e rn o ly s in s  t o  t h e  l i s t  o f  com ponents  p ro d u c e d ,  d e s i g n a t e d  " n o n  a, 0 ,  6" 

h a e r n o ly s in s . M oreover ,  th e y  d e m o n s t r a te d  t h a t  d i f f e r e n c e s  e x i s t e d  i n  t h e  

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

ty p e s  ( T a b le  3 ) ,  T hese  s u b ty p e s  w ere  e c o l o g i c a l l y  s i g n i f i c a n t , fo rm in g  

w e l l  d e f i n e d  homogeneous g ro u p s  o f  s t r a i n s  d i f f e r i n g  from t h e  c l a s s i c a l  

p a t t e r n  o f  a n t i g e n  p r o d u c t i o n .  They w ere  i d e n t i f i e d  i n  ty p e s  A, B and 0 .

A f u r t h e r  m o d i f i c a t i o n  o f  t h i s  t a b l e  o c c u r r e d  i n  1984 , when S t e r n e  and 

W arrack  r e l e g a t e d  t y p e  F t o  a s u b - ty p e  o f  ty p e  C, b e c a u s e  s t r a i n s  o f  C l . 

p o r f r i n g e n s  w hich  h ad  b e e n  i s o l a t e d  from c a s e s  o f  a c u t e  e n t e r i t i s  i n  Papua  -  

New G u in e a  by M u r r e l l  and  R oth  (1 9 8 3 )  w ere  c l a s s i c a l  t y p e  C s t r a i n s  and  

d i f f e r e d  o n ly  i n  b e i n g  h e a t  r e s i s t a n t  from Z e i s s l c r  an d  H a s s f e l d - S t e r n b e r g ' s 

c l a s s i c a l  ty p e  F s t r a i n s .

Thus a l t h o u g h  t h i s  m ethod  o f  t y p i n g  C l .  p e r f r i n g e n s  h a s  s a t i s f i e d  

t h e  c r i t e r i a  o u t l i n e d  on p ag e  8^ e x c e p t io n s  e x i s t .  V a r io u s  a u t h o r s  have  

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

o r  a r e  l o s t  i n  c u l t u r e  o r  th r o u g h  s t o r a g e  ( O akley  and  Warra.ok, 1 9 5 3 ) .

S t r a i n s  w hich  l o s e  t h e i r  a b i l i t y  t o  p ro d u c e  a  p a r t i c u l a r  component a r e  

t e i n e d  ' d e g r a d e d ’ s t r a i n s .  F o r  i n s t a n c e ,  G lenny e t  a l . , (1933) o b s e rv e d  

t h a t  ty p e  B s t r a i n s  l o s t  t h e  a b i l i t y  t o  p ro d u c e  e - t o x i n ,  a  f i n d i n g  a l s o  

r e p o r t e d  by  Mason (1935)*  T a y l o r  ( I 94 0 ) s t a t e d  t h a t  a  ty p e  0 s t r a i n  l o s t  

i t s  a b i l i t y  t o  p ro d u c e  p - t o x i n  and  ty p e  D s t r a i n s  l o s t  t h e i r  e - t o x i g e n i o i t y  

i n  B o r th w ic k ’ s s tu d y  (1937)*

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

- 5  - 7f r e q u e n c y  o f  m u t a t i o n  f o r  any one c h a r a c t e r  l i e s  b e tw e e n  1 x 10 t o  1 x  10 ,

T h is  c a n  b e  a c c e l e r a t e d  by e x p o s u re  o f  t h e  o rgan ism  t o  c h e m ic a l  o r  p t i y s io a l



Table  3 : D is t r ib u t io n  o f th e  M a jo r L e th a l Toxins and M in or L e th a l o r  N o n -L e th a l F a c to rs

Produced by th e  V ario u s  Types o f C l. p e rfr in g e n s

Type Sub-Type
MAJOR LETHAL FACTORS MINOR LETHAL OR NON--LETHAL FACTORS Non a 0 5

n a em o ly sin s
a P G 1 T 6 n 0 K A V Ox H orse

A (1 ) C la s s i c a l  Gas 
Gangrene +++ 0 0 0 0 0 + ++

■

+ + + 0 ++ ++ + +

(2 ) P o o d -P o iso n in g +++ 0 0 0 . - 0 - + 4.4.4. 0 + +++ 0 0

B (1 ) Lamb d y se n te r y +++ +++ +++ 0 ++ 0 +-h+ 0 +++ +++ ++ 0 0

( 2 ) E n tero to x a em ia  
sh eep  & g o a ts  

( I r a n )

+++ +++ +++ 0 +++ 0 0 + 0 + *

C (1 ) S tru ck  in  sh eep +++ 0+++ 0 0 ++ + 4- + +++ 0 0 ++ 0 0

( 2 ) E n tero to x a em ia  
c a lv e s  & lambs 

U .S .A .)

+++ +++ 0 0 0 ++ + +++ 0 0 ++ 0 0

(3 ) E n tero to x a em ia  
p i g l e t s  ( B r i t a in )

+++ +++ 0 - 0 - ++ ++ 0 + +++ +++ +++

(4 ) N e c r o t ic  e n t e r i t i s  
o f  man (Germany) 
Form erly ty p e  P

4-4' + +++ 0 0 . . . 0 0 0 0 0 + + + 4 ,4 . + +

( 5 ) N e c r o t ic  e n t e r i t i s  
o f  man ( Papua -  
New G u in ea)^

+ + + + + + 0 0 0 +-1-+ + + 0 + + +

D
■

E n tero to x a em ia  o f  
sh e e p , and p u lp y  
k id n e y  d i s e a s e  
( A u s t r a l ia )  g - dr

+ + + 0 + + + ■ 0

. I

0 + + - ! • + + + + + + + + + . .

: .
.

++*

B  . D o u b tfu l p a th o g en ^  
o f  sh eep  &  c a t t l e

4 y C B r ita in )q .: '':7  f i h

. + + + 0  ' + + + , + 4 , + + *  , ■ + + *

D e te c te d  from th e  p r o d u c tio n  o f  th e  a p p r o p r ia te  a n t i - t o x i n  by byperim m unised h o r s e s .

*  H aem olysis produced  o n ly  in  th e  p r e se n c e  o f  a n t i s e r a .

+++ Produced by m ost s t r a in s  (80^  or above p o s i t i v e )

++ Produced by some s t r a in s  (3 0 -8 0 ^  p o s i t i v e )

+ Produced by few  s t r a i n s  ( l e s s  than  30^ p o s i t i v e )

0 N ot produced by any s t r a i n s  

— Not t e s t e d

+ B ased on d a ta  o f  E g erto n  and W alker (1 9 6 4 ) and M u r r e ll and R oth ( 1963)

A f t e r  Brooks e t  a l . , ( l9 5 7  
and S te r n e  and Warrack

(1964

io c a lc u la t e d  from  d a ta  o f  B rooks e t  a l . . ( e x c e p t  fo r  ty p e  C^^^) 

sym bols m o d if ie d  where n e c e s s a r y  to  conform  w ith  t h i s  

s t a n d a r d is a t io n .
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a g e n t s .  P a q u e t t e  and F r e d e t t e  ( 1967) ,  f o r  exam ple , r e n d e r e d  t o x i g e n i c  

s t r a i n s  o f  ty p e  A a v i r u . l e n t  by e x p o su re  t o  e u f l a v i n e ,  t h i s  b e in g  

c o r r e l a t e d  w i th  l o s s  o f  a - t o x i n  o r  i t s  d e c r e a s e d  p r o d u c t i o n .  Thus t y p i n g  

d i f f i c u l t i e s  can  be  c a u s e d  by m u t a t i o n .

Akama and O ta n i  (1970) showed t h a t  t h e  t e m p e r a t u r e  o f  h e a t i n g  

u s e d  i n  i s o l a t i o n  o f  s t r a i n s  from f a e c e s  c o u ld  a f f e c t  t h e  t o x i g e n i c i t y  o f  

i s o l a t e s  w hich  wore u n ty p a b le  w i th  Hobb’ s s e r a  ( 0 - t o x i n  and c o l l a g e n a s e ) . 

A ty p ic a l  s t r a i n s  w hich  w ere t o x i n o l o g i c a l l y  ty p e  A, b u t  d i f f e r e d  b io c h e m ic a l l y  

from ty p e  A s t r a i n s  i n  t h a t  th e y  f e rm e n te d  s o l i c i n  and w ere s t r o n g l y  

p r o t e o l y t i c ,  w ere i s o l a t e d  by Llansson and  O ls so n  ( I 9 6 I )  from t h e  i n t e s t i n e  

o f  p i g s .

D e s p i t e  t h e  above l i m i t a t i o n s  t h i s  m ethod o f  t y p i n g  s t i l l  

r e m a in s  i n  common u s a g e  a s  s t r a i n s  can  be  c o n v e n i e n t l y  i d e n t i f i e d  i r r e s p e c t i v e  

o f  t h e i r  s o u rc e  o r  t h e  d i s e a s e  th e y  p roduce*  A s im p le  p ro c e d u re  f o r  t y p i n g  

o f  i s o l a t e s  h a s  b e e n  d e v i s e d  by O akley  and  k a r r a c k  (19 5 3 )  and B rooks e t  a l . ,

( 1 9 5 7 ) .

The t o x i n s  and enzymes p ro d u c e d  by Cl .  p e r f r i ngens ty p e  A a,re 

r e v ie w e d  i n d i v i d u a l l y  l a t e r  i n  t h i s  t h e s i s ,  t o g e t h e r  w i th  o t h e r  f a c t o r s  

t h a t  h ave  b e e n  d e s c r i b e d  i n  c u l t u r e  f i l t r a t e s  o r  s u p e r n a l a n t s  o f  ty p e  A.

T h e i r  p e r c e n ta g e  d i s t r i b u t i o n  among ty p e  A s t r a i n s  i s  shown i n  T a b le  4*



T able  4 D is t r ib u t io n  o f E x t r a c e l lu la r  P roducts among typ e  A s t ra in s  o f  C l. p e r fr in g e n s

F ig u r a s  in  p a r e n t h e s is  = p e r c e n ta g e  o f  s t r a i n s  p o s i t i v e  
a F o o d -p o iso n in g  s t r a i n s  o f  Hobbs ty p e  1 -1 3 , e x c e p t  Hobbs ty p e  4 
b C la s s i c a l  ty p e  A s t r a i n s  from p a t h o lo g ic a l  sp ec im en s (Hobbs u n ty p e a b le )
c C ausing h a e m o ly s is  on "Ox" b lo o d  agar p l a t e s ,  non n e u t r a l i s a b le  w ith  a n t i  a , 0 o r  6 a n t i s e r a  
d C ausing h a e m o ly s is  on "horse"  b lo o d  a g a r  p l a t e s ,  non n e u t r a l i s a b le  w ith  a n t i  a , 0 or  5 a n t i s e r a  
* c f  I s p o la to v s k a y a  ( l 9 7 l )
G R ab b it I l e a l  Loop p o s i t i v e  s t r a in s  from fo o d  p o is o n in g  o u tb r e a k s
f  Type A s t r a in s  t e s t e d  g iv in g  a p o s i t i v e  r e sp o n s e  by a t  l e a s t  one o f  th e  m ethods u se d  
g S tr a in s  c a u s in g  d ia r r h o e a

E x t r a c e l lu la r  F a c to r A uthor Y ear No. o f  S tr a in s  
T e ste d

No. o f  S tr a in s  ° 
P o s i t iv e

o -T o x in Evans 1945a 30 30 (100)()

Brooks e t  a l . 1957 202 202 (100^ )

0 -T oxin Evans 1945a 30 20 (67^ )

Brooks e t  a l . 1957 202 127 (63)6)

C o lla g e n a se O akley e t  a l . 1948 11 11 ( 100^)

B rooks e t  a l . 1957 202 178 (8 8 ^ )

H y a lu ro n id a se Evans 1945a 30 7 ( 23^)

O akley e t  a l . 1951 14 7 ( 502 )

B rooks e t  a l . 1957 202 105 ( 52# )

D e o x y r ib o n u c le a se B rooks e t  a l . 1957 189 141 (7% 0

N eu ram in idase C o lle e 1965b 9 8 (8 5 ^ ) .  .....

Moss e t  a l . 1967 12 0^ (0^ ); -

Moss e t  a l . 1967 20 17^ ( & # )

Non a ,  0 , 5h aern o lysin s B rooks e t  a l . 1957 186 8" (4 .3 ^ )

Brooks e t  a l . 1957 200 7 ' (3 .5 ^ )

F ib r in o ly s in Reed e t  a l . 1941 See T able 22 o f  t h i s  t h e s i s

6 , E,  i , B &  A T ox in s * B rooks e t  a l . 1957 202 0 (0 ^ )

H aem agg lu tin in C o lle e 1965b 3 3 (100)4)

n -T o x in Ip se n  and D a v o li 1939 No d a ta  a v a i la b le

B u r s t in g  F a c to r F red e t t e  e t  a l . 1962 1 1

H is t id in e  d e c a r b o x y la se E g g e r th 1939 4 4 (ioo;4)

G ale 1941 7 7 ( 100^)

A enzyme S c h i f f 1939 No d a ta  a v a i la b le

H enzyme Morgan 1946 No d a ta  a v a i la b le

E n te r o to x in Duncan e t  a l . 1968 29 14® (4E #)

Duncan e t  a l . 1968 46 42^ ( 91^ )

Duncan & S tr o n g 1969 26 14® ( 54^)
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SECTION I I  ; PRODUCTION AND SYNTHESIS OP

CLOSTRIDIUM PERFRINGENS TYPE A TOXINS

A. TOXIN PRODUCTION BY CL. PERFRINGENS
îSsrSsicrsKxcssia

1. Pi e d i  a and S t r a i n s .

Most a u t h o r s  h ave  u s e d  one o f  two s t r a i n s  o f  C l .  p e r f r i n g e n s  

ty p e  A f o r  t h e  p r o d u c t i o n  o f  e x t r a c e l l u l a r  t o x i n s  and  enzymes, nam ely , 

s t r a i n  S IO7 (ïiCTC 8237) s t r a i n  BP6K (ATGC 10543)* Over t h e  p a s t  

15 y e a r s  t h e  f a c t o r s  a f f e c t i n g  t h e  b i o s y n t h e s i s  o f  « - t o x i n  i n  p a r t i c u l a r  

h ave  b e e n  th o r o u g h ly  i n v e s t i g a t e d ,  m a in ly  by J a p a n e s e  and R u s s ia n  w o rk e r s .  

T h is  a s p e c t ,  w hich  h a s  n o t  b e e n  s t u d i e d  i n  d e t a i l  f o r  o t h e r  c y t o l y t i c  

t o x i n s ,  h a s  n o t  b e e n  re v ie w e d  e l s e w h e re  and  w i l l  t h u s  b e  sum m arised  b e lo w .

a .  Complex P ledia :

Many media.- h av e  b e e n  d e s ig n e d  and  u s e d  foi^ t h e  p r o d u c t i o n  o f  

t o x i n s  by ty p e  A s t r a i n s ,  m a in ly  on an e m p i r i c a l  b a s i s .  P e p to n e  h a s  . 

b e e n  u s e d  a s  t h e  p r i n c i p a l  n i t r o g e n o u s  i n g r e d i e n t  by some a u t h o r s ,  b u t  

van H eyningen  ( 1941b) r e p o r t e d  t h a t  com m ercia l  p e p to n e  d id  n o t  g i v e  

r e p r o d u c i b l y  good y i e l d s ,  p e r h a p s  due t o  t h e  p r e s e n c e  o f  e x c e s s  i r o n  

( Logan e t  a l . ,  1945? Plui’a t a  e t  a l . ,  1958; I 985 )* As a  r e s u l t  o f  t h i s ,  

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

m u sc le  (v a n  H eyn ingen , 1941"^? Adams e t  a l . ,  1947? 8hema.nova. e t  a . i . ,  I 9 8 5 ) 

P îu ra ta  e t  a l . ,  ( 1958) c r i t i c i s e d  t h e  m ed ia  d e s ig n e d  by a u t h o r s  t o  t h a t  

d a t e  on t h e  g ro u n d s  t h a t  th e y  w ere  t e d i o u s  t o  p r e p a r e  and  gave  v a r i a b l e  

y i e l d s .  They u n d e r to o k  a. s e r i e s  o f  i n v e s t i g a t i o n s  t o  d e te rm in e  t h e  

c o n d i t i o n s  f o r  o p t im a l  p r o d u c t i o n  o f  « - t o x i n  o f  h ig h  t i t r e .  They 

d e s ig n e d  a com plex  medium g i v i n g  h ig h  y i e l d s  o f  « - t o x i n  ( 6OO-9OO LBy^/ml)
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w hich  c o u ld  be  p r e p a r e d  r e a d i l y .  F a c t o r s  shown t o  a f f e c t  t o x i n o g e n e s i s  

w ere  t h e  i n i t i a l  pH o f  t h e  medium, t h e  c a r b o h y d r a t e  s o u r c e ,  t h e  n i t r o g e n  

s o u r c e  and i n o r g a n i c  m i n e r a l  s a l t s .  However com plex  m ed ia  a r e  s t i l l  

u s e d  f o r  r e a s o n s  o f  c o n v e n ie n c e .

b . C h e m ic a l l y  D e f i n e d  M ed ia ;

A c h e m ic a l ly  d e f i n e d  medium i s  d e s i r a b l e  f o r  t h e  s tu d y  o f  

f a c t o r s  t h a t  s t i m u l a t e  enzyme p r o d u c t i o n .  Boyd e t  a] ., ,  ( I 948 ) w ere  t h e  

f i r s t  t o  grow C l .  o e r f r i n g e n s  i n  a  d e f i n e d  medium c o n s i s t i n tg  o f  amino 

a c i d s ,  g lu c o s e ,  v i t a m i n s  and i n o r g a n i c  s a l t s .  T h is  medium d i d  n o t  

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

a s p a r a g i n e  l e d  t o  t h e  p r o d u c t i o n  o f  s m a l l  am ounts o f  « - t o x i n  ( J  ayko and  

L i o h s t e i n ,  1959)* Nakamura e t  a l . ,  ( I 96 8 ) s t u d i e d  t h e  p r o d u c t i o n  o f  

« - t o x i n  by s t r a i n  BP6K, and  a  f o o d - p o i s o n in g  s t r a i n ,  A 4 8 , by m aking 

a d d i t i o n s  t o  a  c h e m ic a l ly  d e f i n e d  t i s s u e  c u l t u r e  medium, w hich  d i d  n o t  i n  

i t s e l f  s u p p o r t  t o x i n  f o r m a t i o n .  Of some 40 s y n t h e t i c  p e p t i d e s  t e s t e d ,  

t h e  a d d i t i o n  o f  21 o f  t h e s e ,  t e s t e d  s e p a r a t e l y ,  s t i m u l a t e d  « - t o x i n  

p r o d u c t i o n  i n  BP6K, w h e reas  o n ly  2 s t i m u l a t e d  A 4 8 . None o f  6 f r e e  

amino a .c ids t e s t e d  l e d  t o  t o x i n  f o r m a t io n  by e i t h e r  s t r a i n .  , T h a t  t h e  

p e p t i d e  c o n t e n t  o f  t h e  p e p to n e  added  t o  t h e  com plex m e d ia  s t i m u l a t e d  

to x i n o g e n e s i s  h a s  b e e n  c l e a r l y  d e m o n s t r a te d  by t h e  s tu d y  o f  Tsukamoto 

e t  a l . « ( 1983) .

I n  1984 M u ra ta  and  Yamamoto r e p o r t e d  t h e  p r e p a r a t i o n  o f  a  

s y n t h e t i c  medium w hich  c o u ld  y i e l d  « - t o x i n  o f  f a i r l y  h ig h  t i t r e  w i th o u t  

t h e  a d d i t i o n  o f  p e p t i d e s  (200  L D ^^/m l) .  I t  c o n t a i n e d  19 amino a c i d s ,  

f r u .c to s e ,  v i t a m i n s  and v a ,r io u s  m i n e r a l  s a l t s .  The e f f e c t  on g ro w th  and 

t o x i n  p r o d u c t i o n  o f  each  com ponent was t e s t e d  by o m is s io n  e x p e r im e n ts  o r
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v a r y in g  i t s  c o n c e n t r a t i o n  (M u ra ta  e t  a l . , 1965) .  L - a r g i n i n e  was 

e s s e n t i a l  f o r  t o x i n  p r o d u c t i o n ,  c y s t e i n e  i n  c o n c e n t r a t i o n s  o f  100 pg/m l 

i n h i b i t e d  t o x i n  f o r m a t io n  ( s e e  page 4 2 ) and  o m is s io n  o f  a d e n in e ,  b i o t i n ,  

c a lc iu m  p a n t o t h e n a t e  and  p y ridoxam ine-H G l r e d u c e d  t o x i n  p r o d u c t i o n  

s i g n i f i c a n t l y . The p r e s e n c e  o f  a  c a rb o l iy d ra te  was e s s e n t i a l ,  t h e  

most e f f e c t i v e  b e i n g  f m . c t o s e .  D iv a l e n t  c a t i o n s  h ad  p ro fo u n d  e f f e c t s  

on p r o d u c t i o n :  magnesium io n s  (Mg^*^) and f e r r o u s  i o n s  (Pe^**) w ere b o th

n e c e s s a r y  f o r  g ro w th  and  t o x i n o g e n e s i s ,  b u t  c o n c e n t r a t i o n s  o f  t h e s e  

io n s  i n  e x c e ss  o f  t h e  optimum c o n c e n t r a t i o n  f o r  e a c h ,  20 (ig and 1-2  pg/m l

/ 2+sr e s p e c t i v e l y ,  d e c r e a s e d  t o x i n o g e n e s i s ; z i n c  io n s  (Zn ) and  m anganese 

2-1'i o n s  (Mn ) w ere e s s e n t i a l  f o r  t o x i n o g e n e s i s ,  t h e  o p t im a l  c o n c e n t r a t i o n s

b e in g  6 pg/ral and  4 M-g/ml r e s p e c t i v e l y .  Mn^’*' f u r t h e r  im proved  t h e

2 -1-y i e l d  o f  « - t o x i n  s i g n i f i c a n t l y  i n  t h e  p r e s e n c e  o f  Zn . A lth o u g h  th e y  

showed th a .t  a  p h o s p h a te  c o n c e n t r a t i o n  o f  O.O5M was o p t i m a l ,  l a t e r  s t u d i e s  

(M u ra ta  e t  a l . , 1968) r e v e a l e d  t h a t  i t  was t h e  t o t a l  c o n c e n t r a t i o n  o f  

sodium and p o ta s s iu m  io n s  t h a t  p l a y e d  t h e  p ro m o t in g  r o l e  i n  t o x i n  

p r o d u c t i o n ,  r a t h e r  t h a n  t h e  p h o s p h a te  c o n c e n t r a t i o n  i t s e l f .

A lth o u g h  some i n s i g h t  i n t o  t h e  r e q u i r e m e n t s  f o r  t o x i n  p r o d u c t i o n  

h a s  b e e n  g a i n e d  from t h e s e  s t u d i e s ,  t h e  r o l e  o f  i n d i v i d u a l  com ponents o f  

t h e  medium i n  t o x i n  b i o s y n t h e s i s  i s  n o t  y e t  c l e a r .  Some s u b s t a n c e s  may 

a f f e c t  t o x i n  b i o s y n t h e s i s ,  o t h e r s  t o x i n  r e l e a s e ,  w h i l e  some may a f f e c t  

b o th  s t a g e s .  F o r  i n s t a n c e ,  t h e  membranes o f  m ic ro -o rg a n is m s  can  u n d e rg o  

ch an g e s  by a l t e r a t i o n  i n  t h e  i o n i c  s t r e n g t h  o r  c o m p o s i t io n  o f  t h e  medium 

(Brown, I 9 6 4 ) .  I t  i s  q u .i te  c o n c e iv a b l e  t h a t  such  c h an g e s  may a f f e c t  t h e  

r e l e a s e  o f  t h e  t o x i n  o r  i t s  b i o s y n t h e s i s ,  s i n c e  r ib o so m e s  have  b e e n  shown 

t o  be  a s s o c i a t e d  w i th  membranes i n  b a c t e r i a  ( K e l le y  an d  S c h a e c h te r ,  I 96 8 ) ,
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F a r th e rm o i 'e  t h e  a s s e s s m e n t  o f  t h e  r o l e  o f  t r a c e  e le m e n ts  

i n  t o x i n  " b io s y n th e s i s  i s  d i f f i c u l t  "because o f  t h e  p ro b lem s  a s s o c i a t e d  

w i th  o b t a i n i n g  p u re  sam p les  o f  i n o r g a n i c  s a l t s .  An a p p a r e n t  

r e q u i r e m e n t  f o r  a  s p e c i f i c  i o n  may b e  th e  r e s u l t  o f  an  im b a lan c e  i n  

t h e  p r o p o r t i o n  o f  o t h e r  io n s  i n  t h e  medium o r  o f  t h e  p r e s e n c e  o f  t o x i c  . 

io n s  o r  c h e l a t i n g  a g e n t s  such  a s  amino a c i d s .

2 .  Growth and  B i o s y n t h e s i s .

G a le  and van  H eyningen  (1942) c l e a r l y  showed t h a t  « - t o x i n ,  

0 - t o x i n  and  h y a l u r o n i d a s e  w ere p ro d u c e d  d u r in g  th e  l o g a r i t h m i c  p h a s e  o f  

g ro w th ,  a  f i n d i n g  c o n f i rm e d  by  Raynaud e t  a l . , (1955)*  B o th  g ro u p s  

showed t h a t  t o x i n o g e n e s i s  c e a s e d  when g row th  c e a s e d ,  and  t h a t  « - t o x i n  

d i d  n o t  a p p e a r  i n  t h e  medium iraraedia.tely  a f t e r  i n i t i a t i o n  o f  t h e  

l o g a r i t h m i c  p h a s e  o f  g ro w th ,  b u t  a f t e r  a  l a g  e q u . iv a le n t  t o  a  d o u b l in g  

o f  c e l l  num bers .  Raynaud e t  a l . ,  (1955) a rg u e d  t h a t  t h e  l a g  was 

a s s o c i a t e d  w i th  de novo s y n t h e s i s  and  n o t  s im p ly  s e c r e t i o n  o f  p re fo rm e d  

t o x i n  a c c u m u la te d  w i t h i n  t h e  c e l l s ;  th e y  w ere u n a b le  t o  d e t e c t  

l e c i t h i n a s e  a c t i v i t y  ( s e e  page  28 ) i n  w ashed  c e l l s  from t h i s  p h a s e  o f  

t h e  g ro w th  c y c l e  u s i n g  a  v a r i e t y  o f  e x t r a c t i o n  p r o c e d u r e s .  N e i t h e r  

w ere th e y  a b l e  t o  d e t e c t  t o x i n  i n s i d e  c e l l s  d u r in g  t h e  lo g  o r  s t a t i o n a i y  

p h a s e s  o f  t h e  g ro w th  c y c l e .  T h ree  h y p o th e s e s  a r e  s u g g e s t e d  by t h e s e  d a ta :

i .  T h a t  t h e  l a g  i n  « - t o x i n  p r o d u c t i o n  a t  t h e  commencement 

o f  l o g a r i t h m i c  g row th  r e p r e s e n t s  t h e  p e r i o d  o f  i n d u c t i o n  

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

t o x i n  b i o s y n t h e s i s ,  o r

i i .  T h a t  de novo s y n t h e s i s  o f  t o x i n  o n ly  o c c u r s  a t  t h e  t im e  

o f  c e l l  d i v i s i o n ,  o r
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i i i .  T h a t  to r . in  i s  c o n t i n u a l l y  s y n t h e s i s e d ,  h u t  i s  m asked

su ch  as  t o  r e n d e r  i t  i n d é t e c t a b l e ,  r e l e a s e  o f  a c t i v e

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

a .  Enzyme I n d u c t i o n ;

Adams e t  a l . ,  (1947) found  t h a t  l e c i t h i n  and  g ly o e r o p h o s p h o r y l -  

c h o l i n e  s t i m u l a t e d  l e o i t h i n a s e  p r o d u c t i o n  i n  com plex media,. A lso  

ïïakamura e t  a l . ,  ( 1969) fo u n d  t h a t  L - a - l e c i t h i n  s t i m u l a t e d  l e o i t h i n a s e  

p r o d u c t i o n  i n  c h e m ic a l ly  d e f i n e d  m ed ia  i n  t h e  p r e s e n c e  o f  g l y c y l - g l y c i n e .  

However, a - t o x i n  h a s  b e e n  p ro d u c e d  i n  t h e  co m p le te  a b s e n c e  o f  added

l e c i t h i n  i n  c h e m ic a l ly  d e f i n e d  m ed ia  by o t h e r  a u t h o r s  ( H u r a ta  e t  a l . ,

195^) 1968 ; 1 9 6 9 ; Tsukamoto e t  a l . ,  1963; Nakamura e t  a l . ,  I 9 6 8 ) .

M oreover T u rn e r  e t  a l . ,  (1942) d id  n o t  o b s e rv e  i n c r e a s e d  « - t o x i n  

p r o d u c t i o n  by  a d d in g  l e c i t h i n  t o  t h e i r  medium. Thus w h e th e r  « - t o x i n  

can  b e  in d u c e d  r e m a in s  t o  b e  answ ered  c o n c l u s i v e l y .

b .  I n t r a c e l l u l a r  T o x in :

S in c e  t h e  s t u d i e s  o f  Raynaud e t  a l . ,  ( 1 9 5 5 ) r o t h e r  w o rk e rs  

h av e  c o n f i rm e d  t h e  r e l e a s e  o f  t o x i n s  and  enzymes from ty p e  A s t r a i n s  

d u r in g  t h e  l o g a r i t h m i c  p h a s e  o f  g ro w th .  Hhat appea .rs  t o  be  more i n  

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

t o x i n  a t  v a r io u s  s t a g e s  i n  t h e  g row th  c y c l e .  Shernanova e t  a l . ,  ( I 9 6 7 ; 

1968a; 1970) l i k e  Raynaud e t  a . i . ,  (1955) a%d Rusinlco e t  a l . ,  ( I 9 6 5 ) vrere

u n a b le  t o  d e t e c t  a - t o x i n  by i t s  l e t h a l ,  enzymic o r  a n t i g e n i c  a c t i v i t i e s  

i n  d i s i n t e g r a t e d  c e l l  p r e p a r a t i o n s .  However, t h e  e x t r a c t i o n  p ro c e d u re  o f  

Shema,nova e t  a l . ,  (1970)» s o n i c a t i o n  f o r  30 h o u rs  a t  30°G, was h a r d l y  

c o n d u c iv e  t o  t h e  p r e s e r v a t i o n  o f  a c t i v i t y .  C o n v e r s e ly ,  M e is e l  e t  a l . ,  

( 1959&; 19591») and I s p o l a t o v s k a y a  e t  a l . ,  ( 1965) r e p o r t e d  t h e  d e t e c t i o n  o f

l e c i t h i n a . s e  i n  hom ogenates  o f  m e c h a n ic a l ly  d i s i n t e g r a t e d  c e l l s .
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The work o f  M e is e l  e t  a l . ,  ( I 96O; 19591») t who o b s e rv e d  t h a t  

an  a b s e n c e  o f  g lu c o s e  i n  th e  c u l t u r e  medium f a v o u re d  t h e  d e t e c t i o n  o f  

i n t r a c e l l u l a r  t o x i n ,  d e m o n s t r a te d  t h a t  medium c o m p o s i t io n  cou ld  a f f e c t  

t h e  l e v e l  o f  a - t o x i n  i n  c e l l s .  The i n v e s t i g a t i o n  o f  G ross  and  Nakamura 

( 1968) r e v e a l e d  a  c o n s t a n t  i n t r a c e l l u l a r  l e v e l  o f  a - t o x i n  i n  two s t r a i n s '  

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

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

b e tw ee n  v a r io u s  g r o u p s .

O th e r  f a c t o r s  i n c l u d i n g  t h e  m ethod o f  c e l l  d i s i n t e g r a t i o n ,  t h e  

number o f  w ashes g iv e n  t o  t h e  c e l l s  p r i o r  t o  d i s i n t e g r a t i o n ,  t h e  d u r a t i o n  

and t e m p e r a t u r e  o f  d i s i n t e g r a t i o n ,  t h e  s t a g e  i n  t h e  g ro w th  c y c l e ,  t h e  

age  o f  t h e  c e l l s ,  and  t h e  q u a n t i t y  o f  m a t e r i a l  exam ined  may h ave  

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

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

o r  a b s e n c e  o f  o t h e r  ty p e  A t o x i n s  w i t h i n  v e g e t a t i v e  c e l l s .  M e is e l  

e t  a l . ,  ( 1959c) and I s p o l a t o v s k a y a  e t  a l . ,  ( I 9 6 9 ) fo u n d  c o l l a g e n a s e  i n  

m e c h a n ic a l ly  d i s r u p t e d  v e g e t a t i v e  c e l l s ,  w hereas  Shernanova e t  a l . ( l 9 7 0 )  

f a i l e d  t o  d e t e c t  t h i s  enzyme. M e is e l  e t  a l . ,  ( I 9 6 3 ) and  I s p o l a t o v s k a y a  

e t  a l », ( 1965) d e t e c t e d  i n t r a c e l l u l a r  h y a l u r o n i d a s e  by  m e c h a n ic a l  

d i s i n t e g r a t i o n  o f  c e l l s .  By c o n t r a s t  Meyer e t  a l , ,  ( l9 4 0 a )v re re  u n a b le  

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

n e u r a m in id a s e  was d e t e c t e d  by Moss e t  a l . ,  ( I 9 6 7 ) i n  g a s  g a n g re n e  s t r a i n s  

o f  C l .  D e r f r i n g e n s ,  b u t  n o t  i n  fo o d  p o i s o n in g  s t r a i n s .  No d a t a  a r e  

a v a i l a b l e  on t h e  i n t r a c e l l u l a r  d e t e c t i o n  o f  0 - t o x i n  and  d e o x y r ib o n u c le a s e .  

However, Shamanova e t  a l . ,  ( l9 7 0 )  showed t h e  a c c u m u la t io n  o f  an  a l k a l i n e  

p r o t e i n a s e  i n t r a c e l l u l a . r l y  d u r in g  g ro w th .
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G. LIecha.nism o f  B i o s y n t h e s i s  and  R e le a s e  o f  « -T o x in :

T h is  a s p e c t  o f  t o x i n o g e n e s i s  i n  ty p e  A c e l l s  has  o n ly  

r e c e n t l y  b e e n  i n v e s t i g a t e d .  The l i t e r a t u r e  on t h e  s u b j e c t  i s  a lm o s t  

e n t i r e l y  r e s t r i c t e d  to  th a .t  o f  R u s s ia n  w o rk e r s .  E v a l u a t i o n  o f  t h e i r  

r e s u l t s  i s  d e p e n d e n t  on t h e  a v a i l a b i l i t y  and a c c u ra c y  o f  t r a n s l a t i o n s  

and some r e s e r v a t i o n s  o f  t h e  f i n d i n g s  so f a r  w i l l  b e  i n d i c a t e d .

i . I n a c t i v e  p r e c u r s o r s : Z a i ( n ) c h e v s k a y a  ( I 963) i s  c i t e d  by Shernanova 

e t  a l . ,  ( 1968a) as  p o s t u l a t i n g  t h e  e x i s t e n c e  o f  l e o i t h i n a s e  i n  t h e  form 

o f  an  i n a c t i v e  p r e c u r s o r  o r  p r o t o x i n  w i t h i n  0 1 .  p e r f r i n g e n s  v e g e t a t i v e  

c e l l s .  To t e s t  t h i s  h y p o t h e s i s  Shernanova and  h e r  cow o rk ers  l a b e l l e d  

c e l l u l a r  p r o t e i n s  w i th  ^"^0 by grow ing  t h e  o rgan ism  i n  medium c o n t a i n i n g  

^ ^ G -g lu ta m ic  a c i d .  A f t e r  h a r v e s t i n g  and  w ash in g ,  o rg a n ism s  t r a n s f e r r e d  

t o  u n l a b e l l e d  medium c o n t in u e d  to  form a - t o x i n ,  b u t  t h i s  was u n l a b e l l e d  

a s  d e t e c t e d  by im m u n o ab so rp tio n  and  im m u n o a u to ra d io g ra p h y • I d e n t i t y

o f  t h e  a - t o x i n  r e l e a s e d  was made by s e r o l o g i c a l  c o m p a r iso n  w i th  h ig h l y  

p u r i f i e d  ^ ^ G - l a b e l l e d  l e o i t h i n a s e  and s p e c i f i c  a n t ib o d y  r a i s e d  t o  t h i s  

l e o i t h i n a s e  p r e p a r a t i o n  i n  r a b b i t s .  T h e i r  e x p e r im e n ts  i n d i c a t e d  t h a t  

t h e  a - t o x i n  was s y n t h e s i s e d  de novo w i th o u t  t h e  i n t r a c e l l u l a r  a c c u m u la t io n  

o f  a  h ig h  m o l e c u l a r  w e ig h t  p r e c u r s o r .

i i .  Ma sk e d  t o x i n ; I n  none o f  t h e i r  e x p e r im e n ts  w ere  Shernanova e t  a l . ,  

( l 968â ) a b l e  t o  d e t e c t  a - t o x i n  i n  hom ogenates  o f  d i s i n t e g r a t e d  c e l l s ,  

e i t h e r  by i t s  enzym ic o r  by i t s  l e t h a l  a c t i v i t y ,  even  a f t e r  c o n c e n t r a t i o n  

o f  hom ogenates  t o  c o n t a i n  20-30  mg p r o t e i n / m l .  Such hom ogena tes  had  no 

a n t ib o d y -c o m b in in g  c a p a c i t y .  However, im m u n is a t io n  o f  r a b b i t s  w i th  t h e  

s o l u b l e  p r o t e i n  f r a c t i o n ,  f r e e  o f  r ib o s o m e s ,  r a i s e d  a n t ib o d y  w hich  

n e u t r a l i s e d  p u r i f i e d  l e o i t h i n a s e .  As t h e  s e n s i t i v i t y  o f  t h e i r  l e o i t h i n a s e  

a s s a y  was such  a s  t o  d e t e c t  5 ug o f  h i g h l y  p u r i f i e d  t o x i n  (v a n  H eyningen
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and B id w e l l ,  1 9 4 3 ) ,  th e y  a rg u e d  t h a t  q u a n t i t i e s  o f  p r o t e i n  l e s s  t h a n  

t h i s  c o u ld  n o t  p o s s i b l y  e l i c i t  an  immune r e s p o n s e ,  p a r t i c u l a r l y  o f  

t h e  same m a g n itu d e  a s  t h a t  o c c u r iû n g  on a d m i n i s t r a t i o n  o f  175 hg o f  

t o x o i d e d  h ig h l y  p u r i f i e d  l e o i t h i n a s e .  They th u s  p ro p o s e d  t h a t  c e l l  

sap  c o n t a in e d  a  p r o t e i n  i n  w hich b o th  t h e  s i t e s  r e s p o n s i b l e  f o r  t h e  

c a t a l y t i c  and  a n t i g e n i c  s p e c i f i c i t i e s  o f  a - t o x i n  w ere masked and  t h a t  

i n  t h e  im munised r a b b i t  a n t i g e n i c  d e t e r m in a n t s  w ere unm asked l e a d i n g  to  

an a n t ib o d y  r e s p o n s e .

C u r r e n t l y  i t  i s  b e l i e v e d  t h a t  an  enzyme’ s a c t i v i t y  i s  

n e u t r a l i s e d  by i t s  c o r r e s p o n d in g  a n t ib o d y  by c o m b in a t io n  a t  a  s i t e  

s e p a r a t e  from t h e  a c t i v e  s i t e  o f  t h e  enzyme (A rnon, 1971)» t h i s  

i n t e r a c t i o n  o f  enzyme w i th  a n t ib o d y  r e s u l t s  i n  an  a l t e r a t i o n  i n  t h e  

s t e r i c  c o n f i g u r a t i o n  o f  t h e  enzyme’ s a c t i v e  s i t e .  F u r th e rm o re ,  

I s p o l a t o v s k a y a  ( I 9 6 7 ) showed t h a t  a - t o x i n  t r e a t e d  w i th  c h e l a t i n g  a g e n t s  

l o s t  i t s  enzymic a c t i v i t y ,  b u t  r e t a i n e d  i t s  s e r o l o g i c a l  s p e c i f i c i t y .

T h is  i n a c t i v a t i o n  was a s s o c i a t e d  w i th  t h e  l o s s  o f  a  m e ta l  io n  ( s e e  

page  43 ) ,  Thus l e o i t h i n a s e ,  l i k e  o t h e r  enzymes, a p p e a r s  t o  h av e  

s e p a r a t e  c a t a l y t i c  and  n e u t r a l i s a t i o n  s i t e s .  M asking o f  b i o l o g i c a l  

a c t i v i t y  c o u ld  o c c u r  i n  t h e  c e l l  by t h e  n o n - i n c o r p o r a t i o n  o f  t h e  m e ta l  

i o n .  Shernanova e t  a l . ,  ( 1968a)  c i t e d  t h e  f i n d i n g s  o f  Gemykina. and  

C hernikova. ( 1960) t o  s u p p o r t  t h e i r  h y p o t h e s i s .  However, I  h ave  b e e n  

u n a b le  t o  o b t a i n  an  E n g l i s h  t r a n s l a t i o n  o f  t h i s  w ork .

I t  i s  i n t e r e s t i n g  t o  n o te  a t  t h i s  p o i n t  t h a t  M on tie  and. A j l  

( 197c )  h ave  shown t h a t  t h e  m u rin e  t o x i n  o f  P a s t e u r e l l a .  p e s t i s  i s  membrane 

bound , and  can  be  r e l e a s e d  by p r o c e d u r e s  w hich c a u se  membrane d i s r u p t i o n .  

Thus, t h e  d e t e c t i o n  o f  c e l l  a s s o c i a t e d  t o x i n  i n  C l .  n e r f r i n g e n s  may
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d e p e n d  on t h e  m e th o d  o f  d i s r u p t i o n  u s e d .  S i n c e  b a c t e r i a l  m em branes 

h a v e  b e e n  shown t o  b e  s e n s i t i v e  t o  t h e  a c t i v e  f o m  o f  a - t o x i n ,  t h e  

e x i s t e n c e  o f  a n  i n a c t i v e  'm a s k e d ’ form  o f  a - t o x i n  may b e  a  p r o t e c t i v e  

m echan ism  w i t h i n  C l .  p e r f r i n g e n s  t y p e  A c e l l s .  Shernanova e t  a . i . ,

( 1968a .)p roposed  t h a t  b i o s y n t h e s i s  o c c u r r e d  i n  a s s o c i a t i o n  w i th  t h e  

b a c t e r i a l  membrane, w i th  i n c o r p o r a t i o n  i n t o  o r  b in d i n g  t o  t h e  membrane 

o f  t h e  a - t o x i n  a s  an  i n a c t i v e  form ; r e l e a s e  and  a c t i v a t i o n  o f  t h e  

t o x i n  w ould  t h e n  o c c u r  l y  s t r e t c h i n g  o f  t h e  membrane th ro u g h  g ro w th  

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

i i i .  S i t e  o f  s y n t h e s i s  and r e l e a s e s E l e c t r o n - m i c r o s c o p i c  s t u d i e s  

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

o f  s t r a i n  BP6K a t  v a .r io u s  s t a g e s  i n  t h e  g ro w th  c y c l e  d u r in g  t o x i n o g e n e s i s  

f a i l e d  t o  r e v e a l  t h e  p r e s e n c e  o f  t o x i n  i n  a s s o c i a t i o n  w i th  t h e  c y to p la s m ic  

membrane o r  mesosomes (K u sh n a re v  e t  a l . ,  I 9 6 8 ; 1969% • Smirnova e t  a l . , 1971)*

H ow ever, t h e s e  i n v e s t i g a t i o n s  d i d  n o t  t a k e  a c c o u n t  o f  t h e  

p o s s i b i l i t y  t h a t  c e l l - a s s o c i a t e d  t o x i n  i s  i m m u n o lo g i c a l l y  m ask e d .

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

Shernanova’ s  h y p o t h e s i s  ( v i d e  s u p r a ) .

V lasenko  e t  a l . ,  ( 1970) d e m o n s t r a te d  t h a t  i n h i b i t i o n  o f  c e l l  

d i v i s i o n  o f  C l .  p e r f r i n g e n s  ty p e  A by a m p i o i l l i n  and g l y o o g l y c in e  was 

accom pan ied  by  s u p p r e s s i o n  o f  t o x i n  p r o d u c t i o n .  E l e c t r o n  m ic ro sc o p y  

showed t h a t  a m p i o i l l i n  in d u c e d  th e  f o r m a t io n  o f  f i l a m e n t o u s  form s w i th  

im p a i r e d  and in c o m p le te  c r o s s  w a l l s .  T h is  f i n d i n g  f a v o u r s  t h e  h y p o th e s i s  

o f  Raynaud et  a l . ,  ( l9 5 5 )  t h a t  t o x i n  s y n t h e s i s ,  a n d / o r  r e l e a s e  i s  r e l a t e d  

t o  c e l l  d i v i s i o n ,  a  f a c t  t h a t  m ig h t be  v e r i f i e d  by s t u d y in g  t o x i n o g e n e s i s  

i n  sy n ch ro n o u s  c u l t u r e .  A l t e r a t i o n s  i n  t h e  c e l l  w a l l  w hich  may a l lo w  

r e l e a s e  o f  a - t o x i n  th ro u g h  t h i s  m e c h a n ic a l  b a r r i e r  w ere  d e s c r i b e d  by 

K u sh n a rev  e t  a l . , ( I 9 6 8 ) .
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i v .  C o n t ro l  o f  t o x i n  s y n t h e s i s ; T here  i s  a  p a u c i t y  o f  g e n e t i c  

s t u d i e s  w i th  a n a e r o b ic  b a c t e r i a .  T here  have  b e e n  b u t  two s t u d i e s  on 

th e  e f f e c t  o f  m u ta g e n ic  a g e n t s  on ty p e  A c e l l s .  P a q u e t t e  and P r e d e t t e  

( 1967 ) r e p o r t e d  t h a t  e u f l a v i n e  t r e a t m e n t  o f  v e g e t a t i v e  c e l l s  in d u c e d  

m u ta n ts  w h ich  h a d  l o s t  t h e  c a p a c i t y  t o  p ro d u ce  l e c i t h i n a s e  a s  w e l l  a s  

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

t h a t  a c r i d i n e  d e r i v a t i v e s  e l i m i n a t e  ep iso m es ,  e . g .  F f a c t o r  from E. o o l i , 

K-12 ( H i r o t a  and  l i j i m a ,  1 9 5 ? )•  B ecause  o f  t h e  h ig h  f re q u e n c y  o f  

m u t a t i o n ,  up t o  8/0 o f  t h e  t o t a l  v i a b l e  b a c t e r i a  a t  3 Pg e u f l a v i n e / m l ,  

P a q u e t t e  and  P r e d e t t e  s u g g e s te d  t h a t  i t  was n o t  im p ro b a b le  t h a t  an  

ep isom e o r  b a c t e r i o p h a g e  m ig h t  b e  i n v o lv e d .  In d e e d ,  Mahony and K alz  

( 196$) d e m o n s t r a te d  t h a t  a  t e m p e r a t e  b a c t e r i o p h a g e  c o u ld  b e  i s o l a t e d  

from C l .  p e r f r i n g e n s  s t r a i n  L e c h ie n ,  one o f  t h e  s t r a i n s  r e n d e r e d  no n -  

t o x i n o g e n i c  by e u f l a v i n e  t r e a t m e n t .

S c h u lz e  e t  a l . ,  ( I 9 6 8 ) n o te d  t h e  w ide  v a r i a t i o n  i n  t h e  

l e c i t h i n a s e  p r o d u c t i o n  o f  s t r a i n s  o f  ty p e  A ( s e e  a l s o  R o b e r t so n  and 

K ep p ie ,  1941? K ep p ie  and  R o b e r t so n ,  1944? Evans, 1945a? Dolby and  

M a c fa r l a n e ,  1 9 5 6 ) .  T hese  a u t h o r s  i n v e s t i g a t e d  t h e  e f f e c t  o f  n i t r o g u a n i d i n e  

( N - m e th y l - I i 'n i t r o - l T - n i t r o g u a n i d i n e )  on t o x i n o g e n e s i s . M u tan ts  p ro d u c in g  

l a r g e r  co lo n y  d ia m e te r s  t h a n  t h e  w i ld  t y p e ,  a l s o  p ro d u c e d  more a - t o x i n ,  

w h e reas  t h o s e  m u ta n ts  t h a t  p o s s e s s e d  s m a l l  c o l o n i e s  o r  c o l o n i e s  w i th  

i r r e g u . l a r  m a rg in s  p ro d u c e d  l e s s  l e c i t h i n a s e  th a n  t h e  p a r e n t .  I r r e g u l a r  

m a rg in e d  c o l o n i e s  h av e  b e e n  p ro d u c e d  by U Y - i r r a d i a t i o n  o f  C l .  p e r f r i n g e n s  

c e l l s .  M oreover c e l l s  from t h e s e  c o l o n i e s  w ere m o r p h o l o g ic a l ly  

f i l a m e n t o u s ,  ( S h a ik h ,  1969)* T h e r e f o r e  i t  w ould  seem d e s i r a b l e  t h a t  

t h e  s t u d i e s  o f  S c h u lz e  e t  a l . ,  b e  e x te n d e d  to  d e t e r m in e  w h e th e r  d e c r e a s e d  

t o x i n o g e n e s i s  i s  a s s o c i a t e d  w i t h  m o rp h o lo g ic a l  change  o f  t h e  c e l l  t y p e .
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SECTION I I I  ; THE EXTRACELLULAR PRODUCTS OP

CLOSTRIDIUM PERPRIHCENS TYPE A

A. g-TOXIN

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

o f  f i l t r a t e s  o f  W ilsd o n  ty p e  A c u l t u r e s  o f  C l ,  n e r f r i n g e n s  i s  t h a t  o f  

G lenny e t  a l , , (1-933) and  i s  e q u i v a l e n t  t o  Wilsdon* s 'X ' f a c t o r .

A lth o u g h  G lenny and  h i s  oow orkers  u s e d  t h i s  t e rm in o lo g y  i n  t h e  b e l i e f  

t h a t  i t  was t h e  s o l e  t o x i n  i n  su ch  f i l t r a t e s ,  t h i s  name now r e f e r s  t o  

one s p e c i f i c  p r o t e i n  component o f  such  f i l t r a t e s .

I n  t h e  1 930 ' s  i n c r e a s i n g  i n t e r e s t  c e n t r e d  on t h e  c h e m ic a l  

n a t u r e  and  mode o f  a c t i o n  o f  b a c t e r i a l  t o x i n s ,  a s  a  r e s u l t  o f  t h e  

d e m o n s t r a t io n  t h a t  t o x i c  p r o d u c t s  e l a b o r a t e d  by b a c t e r i a  w ere  r e s p o n s i b l e  

f o r  t h e  m a n i f e s t a t i o n s  o f  c e r t a i n  d i s e a s e s  (T e ta n u s  — von B e h r in g  and  

K i t a s a t o ,  1890» D i p h t h e r i a  -  Roux and  Y e r s in ,  1888; B o tu l is m  -  van 

Ermengem, I 8 9 6 ; Gas ga.ngrene -  B u l l  and  P r i t c h e t t ,  1917a; 1 9 1 7 b ) . Tifo

h y p o th e s e s  w ere common -  ( a)  t h a t  a  t o x i n  a c t e d  by c a u s in g  a  m e ta b o l i c  

b lo c k  i n  t h e  h o s t  by com pe ting  w i th  t h e  no rm al s u b s t r a t e  f o r  t h e  enzyme 

c a t a l y s i n g  a. s p e c i f i c  r e a c t i o n  and  (b )  t h a t  th e  t o x i n  was i t s e l f  an  enzyme 

a t t a c k i n g  one o r  more norm al com ponents  o f  t h e  h o s t ' s  c e l l s ,  M a c fa r la n e  

and  K n ig h t  (1 9 4 l )  p o i n t e d  o u t  ' t h a t  t h e  b a s i s  o f  b o th  o f  t h e s e  h y p o th e s e s  

i s  t h a t  t h e  i n i t i a l  l e s i o n  i n  t h e  h o s t  c e l l  i s  one o f  m o l e c u la r  d im e n s io n s  

and h ig h  c h e m ic a l  s p e c i f i c i t y ’ . 0 1 . p e r f r i n g e n s  a - t o x i n ,  h i s t o r i c a l l y ,

o c c u p ie s  a  c e n t r a l  p o s i t i o n  i n  t h e  a t t e n t i o n  o f  t o x i n o l o g i s t s ,  b e i n g  t h e  

f i r s t  t o x i n  t o  have  i t s  mode o f  a c t i o n  d e f in e d  b io c h e m ic a l l y  ( v id e  i n f r a ) .  

The d e m o n s t r a t i o n  o f  i t s  enzymic .n a t u r e  h a s  l e d  w o rk e rs  on a lm o s t  a l l  

e x o to x in s  known t o  d a t e  t o  a t t e m p t  t o  d e m o n s t r a te  some enzym ic s p e c i f i c i t y  

i n  t h e i r  p r e p a r a t i o n s  t h a t  m igh t e x p l a i n  t h e i r  a c t i o n s  i n  v iv o .
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U n f o r t u n a t e l y , t h i s  a p p ro ac h  h a s  met w i th  l i t t l e  s u c c e s s ,  a s  y e t .

P h o s p h o l ip a s o  C a c t i v i t y  was e s t a b l i s h e d  t o  be  i d e n t i c a l  w i th  s p e c i f i c  

com ponents  i n  c u l t u r e  f i l t r a t e s  o f  o t h e r  c l o s t r i d i a ,  nam ely 01 . o e d e m a tie n s  

8 -  and Y“ t o x i n s ,  0 1 .  h aem oly ticum  «—t o x i n ,  and  to  b e  p ro d u c e d  by  

0 1 ,  b i f e r m e n t a n s . N e v e r t h e l e s s ,  i t  was n o t  u n t i l  I 963 t h a t  Doery e t  a l . , 

d e m o n s t r a te d  a  c l e a r  a s s o c i a t i o n  b e tw ee n  enzymic a c t i v i t y  and  t h e  t o x i n  

o f  a n o t h e r  m a jo r -g ro u p  o f  p a th o g e n s ,  nam ely th e  ,8 - to x in  o f  Stanhy-lo c o  ecus  

a u r e u s . C u r io u s ly ,  t h i s  to o  p ro v e d  t o  b e  a  p h o s p h o lip a .se  0 , b u t  s p e c i f i c  

f o r  s p h in g o m y e l in .  To d a t e  0 1 . p e r f r i n g e n s  a - t o x i n  and  s t a p h y l o c o c c a l  

f3 - tox in  rem a in  t h e  o n ly  two ma.j o r  t o x i n s  t o  have  t h e i r  b io c h e m ic a l  mode 

o f  a c t i o n  d e f i n e d  u n e q u i v o c a l l y . E q u iv o c a l  r e s u l t s  h av e  i n d i c a t e d  th a .t  

s t a p l iy lo c o c c a l  6 - t o x i n  may b e  a s s o c i a t e d  w i th  a p h o s p h o l ip a s o  s p e c i f i c  

f o r  p h o s p h a t i d y l  i n o s i t o l  (D oery  e t  a l . . 1963; 1965; Wiseman and  O a ird ,

1968) ,  and  i n t e n s i v e  v/ork on t h e  mode o f  a c t i o n  o f  d i p h t h e r i a  t o x i n  i n  

r e c e n t  y e a r s  h a s  i n d i c a t e d  t h a t  t h i s  t o x i n  may be  an  NADase (Pappenlaeim er,

1970) .

1. The Enzymic Na.ture o f  a -T o x in .

P ro b a b ly  t h e  m ost im p o r ta n t  s i n g l e  o b s e r v a t i o n  c o n t r i b u t i n g  

t o  t h e  d eve lopm en t o f  know ledge o f  t h e  mode o f  a c t i o n  o f  a - t o x i n  was t h a t  

o f  N a g le r  (1939) and S e i f f e r t  (1939) who b o th  showed in d e p e n d e n t ly  t h a t  

when 01 . p e r f r i n g e n s  was grown i n  human serum, an  o p a l e s c e n c e  d e v e lo p e d  

i n  t h e  medium and e v e n t u a l l y  a  l a y e r  o f  f a t  r o s e  t o  t h e  s u r f a c e .  T h is  

uhenomenon o c c u r r e d  w i th  t h e  c u l t u r e  f i l t r a t e s  o f  a l l  t y p e s  o f  0 1 .  p e r f r i n g e n s  

i d e n t i f i e d  a t  th a . t  t im e  ( ty p e s  A, B, 0 a.nd D) , Pu .rtherrnore t h e  

o p a l e s c e n c e  r e a c t i o n  c o u ld  be  i n h i b i t e d  by a n t i t o x i n .  N a g le r  a l s o  

d e m o n s t r a te d  t h a t  t h e  a c t i v i t y  o f  h i s  ty p e  A f i l t r a t e s  a s  q u a n t i t a t e d  by 

p r o d u c t i o n  o f  o p a l e s c e n c e ,  p a r a l l e l e d  t h e  l e t h a l  a c t i o n  o f  t h e s e  f i l t r a t e s
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and tha . t  a . n t i s e r a  c o u l d  h e  t i t r a t e d  i n v i t r o  u s i n g  an  end p o i n t  a s s a y

f o r  o p a l e s c e n c e .  Tha t  a  s i m i l a r  r e a c t i o n ,  t h e  s o - c a l l e d  l e c i t h o v i t e l l i n

r e a c t i o n  o r  L.V. r e a . o t i o n ,  t o o k  p l a c e  be tw e e n  t o x i n  and  a c l e a r  e m u ls io n

o f  e g g - y o l k ,  o b t a i n e d  by f i l t e r i n g  a s a l i n e  s u s p e n s i o n  o f  y o l k ,  was

shown by H a c fa r l a .n e  e t  a l . , ( 194 I )  * T h i s  a l t e r n a t i v e  s u b s t r a t e  had  t h e

d e c i d e d  a d v a n t a g e  t h a t  a  more d i s t i n c t  o p a l e s c e n c e  was p ro d u c e d .  By

n e u t r a l i s a t i o n  t e c h n iq u . e s  t h e s e  a u t h o r s  showed t h a t  t h e  r e a .o t i o n  was due

s o l e l y  t o  a - t o x i n ,  t h e  o t h e r  t h e n  i d e n t i f i e d  t o x i n s  B, y and  <5

h a v i n g  no e f f e c t .  They a l s o  d e m o n s t r a t e d  t h a t  b o t h  h a e m o ly s i s  p ro d u c e d

2+by a - t o x i n  and  t h e  l e c i t h o v i t e l l i n  r e a c t i o n  were  a c t i v a t e d  by Ga and 

p a r a l l e l e d  each  o t h e r  i n  f i l t r a t e s ,  l e  adding them t o  c o n s i d e r  t h a t  ' b o t h  

t h e s e  a c t i v i t i e s  m igh t  be  m a n i f e s t a t i o n s  o f  t h e  same enzyme r e a c t i o n * .

M a c f a r l a n e  and K n ig h t  ( 1941) i n v e s t i g a t e d  t h e  b i o c h e m i c a l  

n a t u r e  o f  t h e  mode o f  a c t i o n  o f  a - t o x i n  on e g g - y o l k  e m u l s io n .  They 

showed t h a t  t h e  t o x i n  r e n d e r e d  a l m o s t  a l l  o f  t h e  l i p i d  phosphoru,s  w a t e r -  

s o l u b l e  and  tha . t  f o r m a t i o n  o f  w a t e r - s o l u b l e  p h o s p h o ru s  p a r a l l e l e d  t h e  

deve lopm en t  o f  t u r b i d i t y  i n  e g g - y o l k  e x t r a c t .  U s in g  p a r t i a l l y  p u r i f i e d  

l e c i t h i n  from e g g - y o l k  t h e y  were  a.ble t o  d e m o n s t r a t e  i t s  h y d r o l y s i s  t o  

p h o s p h o c h o l i n e  a.nd a d i g l y o e r i d e  ( s e e  F i g u r e  1 ) •

Enzymes h y d r o l y s i n g  l e c i t h i n s  a.re c l a s s i f i e d  i n  a  b r o a d e r  

g roup  o f  enzymes c a l l e d  p h o s p h o l i p a s e s ,  t h o s e  oa.pable o f  c a t a l y s i n g  t h e  

b reakdown o f  p h o s p h o l i p i d s ,  p r i n c i p a l l y  b e c a u s e  such  enzymes can  b e  

ca.pa.ble o f  a t t a c k i n g  more t h a n  one p h o s p h o l i p i d .  T h e re  a r e  f o u r  t y p e s  

o f  p h o s p h o l i p a s e  w hich  a c t  on l e c i t h i n ,  d e s c r i b e d  by  t h e i r  p o i n t  o f  a t t a c k  

on t h e  s u b s t r a t e  m o l e c u le  ( F i g u r e  1 ) .  C l .  p e r f r i n g e n s  l e c i t h i n a s e  i s  

a  p h o s p h o l i p a s e  C and  i s  l i s t e d  by  t h e  Enzyme Commission as  E C .3*1*4*3», 

phospha. t i d y l  c h o l i n e  c h o l i n e p h o s p h o h y d r o l a s e  ( P l o r k i n  and  S t o t z ,  I 9 6 4 )*
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F i g u r e  1 : H y d r o l y s i s  o f  L e c i t h i n  by P h o s p h o l i p a s e s

P h o s p h o l i p a s e  A -  fo u n d  i n  snake  venoms and  t h e

p o i s o n  o f  b e e s

P h o s p h o l i p a s e  B -  f ound  i n  e x t r a c t s  o f  P é n i c i l l i u m

no ta tum

P h o s p h o l i p a s e  0 -  fo u n d  i n  c u l t u r e  f i l t r a t e s  o f

b a . c t e r i a

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

P o i n t s  o f  a t t a c k  by each  p h o s p h o l i p a s e  d e n o t e d  by

open  ar row h e a d s  l a b e l l e d  w i t h  an  a p p r o p r i a t e  i n d e x  l e t t e



II
e t
oÜ

e t

fO

Ë>;

(/)
(/)
b

§
û
>-
X

UJ
(/}

I
- j
O
%a
coo
%a

X
H
5
LU



31

The n a t u r e  o f  t h e  o p a l e s c e n t  m a t e r i a l  fo rmed  i n  t h e  l e c i t h o v i t e l l i n  

r e a c t i o n  h a s  b e e n  d i s c u s s e d  by v a r i o u s  a u t h o r s .  M a c f a r l a n e  e t  a l . ,

( 1941) c o n s i d e r e d  t h a t  d e c o m p o s i t i o n  o f  an  aqueous  e g g - y o l k  e m u ls io n  

t o  form a cream o f  f a t  g l o b u l e s  was due t o  t h e  d e s t r u c t i o n  o f  t h e  

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

The cream o r  t h i c k  scum g a v e  a f r e e  f a t  r e a c t i o n .  Crook ( I 9 4 2 ) ,  however ,  

showed t h a t  t h e  c u rd  c o n t a i n e d  a l l  t y p e s  o f  f a t  and  some p r o t e i n .  The 

s t u d i e s  o f  W i l l i s  and  Cowland ( I 9 6 2 ) have  c l a r i f i e d  t h e  p o s i t i o n  somewhat .

They d e m o n s t r a t e d  t h a t  much o f  t h e  o p a l e s c e n t  m a t e r i a . l  was p r o t e i n ,  a s  

t r y p s i n  r e d u c e d  t h e  o p a l e s c e n c e  p ro d u c e d  i n  e g g - y o lk  a g a r  p l a t e s  by 

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

was much l e s s  t h a n  t h a t  on c o n t r o l  e g g - y o l k  a g a r  p l a t e s .  They c o n c l u d e d  

t h a t  t h e  o p a l e s c e n c e  was due t o  f a t  from f r e e  l e c i t h i n ,  t o  f r e e  f a t s  i n  

t h e  e m u ls io n  c o a . l e s c i n g  a f t e r  s p l i t t i n g  o f  t h e  e m u l s io n ,  and t o  c u r d i n g  

o f  w a t e r —i n s o l u b l e  p r o t e i n s ,  v i t e l l i n  and  v i t e l l e n i n ,  a l o n g  w i t h  i n s o l u b l e  

f r e e  f a t s .

2 .  P u r i f i c a t i o n .

T a b le  5 l i s t s  t h o s e  a t t e m p t s  a t  p u r i f i c a t i o n  o f  a - t o x i n  which  

h a v e  o c c u r i ' e d  s i n c e  i t s  mode o f  a c t i o n  on l e c i t h i n  was e l u c i d a t e d .  P r i o r  

t o  t h e  l a t e  195 0 ’ s v a r i o u s  p r e c i p i t a t i o n  techn iqu .e s  w ere  employed,  

i n c l u d i n g  s a l t i n g  o u t  w i t h  ammonium s u l p h a t e ,  p r e c i p i t a t i o n  w i t h  m e th a n o l  

a t  a c i d  pH and  low t e m p e r a t u r e ,  a c e t o n e  p r e c i p i t a t i o n ,  a c i d  p r e c i p i t a t i o n  

and  p r o t a m i n e  p r e c i p i t a t i o n .  The r a p i d  deve lopm en t  o f  p r o t e i n  p u r i f i c a t i o n  

p r o c e d u r e s  i n  t h e  l a t e  1950’ s and  I 96O’ s l e d  a u t h o r s  t o  i n c l u d e  io n - e x c h a n g e  

c h r o m a to g r a p h y , g e l  f i l t r a t i o n  ch rom a tog raphy  and  v a r i o u s  e l e c t r o p h o r e t i c  

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

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



T a b le  5 P u r i f i c a t io n  s tu d ie s  on C l .  p e r f r in g e n s  a - to x in »

A u th ors Y ear S t r a in P u r i f i c a t i o n  P ro ced u re P u r i t y t  Comments

v a n  H eyn in gen  1941b S 10? 1 .A d s o r p t io n  o n to  c a lc iu m  p h o sp h a te  
i n  th e  p r e s e n c e  o f  4-0/" A ceto n e;  
- 10=0 .

2 . E lu t io n  o f  p r e c i p i t a t e  ( p p t . )  
w it h  20^ ( m  )gSO, .

3*R epeat S ta g e s  ( l )  and ( 2 ) .

P u r i f i c a t i o n  = 38 f o l d  
r e l a t i v e  t o  c u ltu r e  
f i l t r a t e .
O v e r a l l  Y ie ld  =
M ain drawback t o  m ethod  
was t h e  la r g e  v o lu m es  
o f  A c e to n e  in v o lv e d .

v a n  H eyn in gen  and 194-8 S IO7 
B id w e ll

1 . 90^ (wn  ̂ )p80, s a t u r a t io n  p u t .
2 . 68/0 (M lT gSO . s a t u r a t io n  p p t .
3 « N u c le ic  a c id  p r e c i p i t a t i o n  a t  

pH=4.5
4-.P rotam in e s u lp h a t e  p r e c i p i t a t i o n  

a t  pH = 6.0 .
5 . A b so r p t io n  o f  t o x i n  w ith  a lu m in a  

cream  ( 3 *3 ")*

P u r i f i c a t i o n  = 2 5 0  f o l d  
r e l a t i v e  t o  S ta g e  1 .  
O v e r a ll  Y ie ld  = 20^ 
a -  and 0- t o x i n s  n o t  
s e p a r a te d .
S ta g e  5 t o x in  a l s o  
c o n ta in e d  k -  and p -  
t o x i n s .

R oth  and 
P il le m e r

1 9 5 3  BP6K 1 . A cid /i^ Iethanol ( 35/") p r e c i p i t a t i o n
. pH=4 . 6 ; - 5 =0 .
2 .25/0  M eth an ol p p t .  ; -5 = 0 ;  pH=5. 7 ; 

p r o t e in  c o n c e n t r a t io n  = 1 /h  io n ic  
s t r e n g t h  = 0 . 1 .

3 . 50/" M eth a n o l p p t .  ; pH = 9.0j io n io  
s t r e n g t h  = O .3OJ p p t .  d i s c a r d e d . ; 

4 * S u p ern a ta n t -f - b o ld , d i s t i l l e d  -w a ter  
l l d l —oH -4.6 5 ;  -5 = 0 , pn^. h a r v e s te d .

P u r i f i c a t i o n  = I 5 OO f  
r e l a t i v e  t o  c u l t u r e  
f i l t r a t e .
O v e r a l l  Y ie ld  = 3q2. 

W.T. S ta g e  4- t o x in  was n ot 
h om ogeneous, and 
c o n ta in e d  0.6^^ o f  

•.......  - o r ig in a l '" 0 - t b x in .

■old

M eduski and  
V o lk o v a

1957 SR12 1 . F r e e z e  d r ie d  c u l t u r e  f i l t r a t e .
2 . 60/2 (nh , ) 2S0 i s a t u r a t io n  p p t .  
3*h2/c (nH, ) ^ 0 , s a t u r a t io n  p p t .  
4 . 45/" ( N H j ^ ) s a t u r a t i o n  p p t .

N .T .

P r o c e d u r e  1 .

Habermann 1959 BP6K 1*35/2 M ethanol p p t .  ; -5 = 0 ; pH=4*7“4-*£
2.20^" M eth an o l p p t .  ; -5  =0; p H = 6 .0 . 
3*5072 M ethanol p p t .  ; p H = 8.0; p p t .

d is c a r d e d .
4 . S u p e r n a ta n t + c o ld  d i s t i l l e d  w a te r  

1 :1 ;  pH=4*6; p p t .  h a r v e s te d .  
5 .A m b e r lite  IRC 50  ch rom atograph y .

P u r i f i c a t i o n  ^ 7̂ 1 f o ld  
r e l a t i v e  t o  S ta g e  1 .
O v e r a l l  Y ie ld  = 2672*
S ta g s  5 t o x i n  c o n ta in e d  
0.0572 0 - t o x i n ,  0.2/Ü k - t o x i n  
and 0.472 p - t o x in  r e l a t i v e  
t o  S ta g e  1 .

P r o c e d u r e  2*

1 . S ta g e  1 a s  a b o v e .
2 . Zone e le c t r o p h o r e s i s  i n  s t a r c h  

. co lu m n s.
3 .H y d r o x y a p a t i t e - o e l i t e  chrom atograph y.

P u r i f i c a t i o n  = 75 f o ld  
r e l a t i v e  to  S ta g e  1 .
O v e r a l l  Y ie ld  = 4^2  
0 - t o x i n  c o n te n t  o f  S ta g e  3 
a - t o x i n  was 0 .0033  r e l a t i v e  
t o  S ta g e  1 .

S te p h e n 1961  CNI49I  l . U l t r f i l t r a t i o n  th r o u g h  8^ c o l l o d i o n
W ellcom e m embranes.
R e s e a r c h  2 .F r e e z e  d r i e d .
L a b o ra - 3*Zone e l e c t r o p h o r e s i s  i n  e th a n o ly s e d
t o r i e s .  c e l l u l o s e  co lu m ns; b o r a te  b u f f e r

p H = 7*l.
4*F lu L io n  o f  colum n w it h  b o r a te -N a C l 

b u f f e r .

P u r i f i c a t i o n  = 6 f o l d  
r e l a t i v e  to  S ta g e  1 .  
O v e r a l l  Y ie ld  = BO/o 
Q u a n t i t a t iv e  s e p a r a t io n  o f  
a -  from  0 - ,  k~ and p -  
t o x i n s .



A u th o rs Y ear S t r a in P u r i f i c a t i o n  P ro ced u re P u r i t y t Comments

Bangham and  
D awson

1962  s  107  1.7572 (BH JpSO, s a t u r a t io n  p p t .
2.4072 (im , 7pS0, s a t u r a t io n  p p t .
3 . A c id  p r e c i p i t a t i o n  a t  pH =4.9
4 . Zone e l e c t r o p h o r e s i s  i n  g l y c e r o l  

d e n s i t y  g r a d ie n t .

P u r i f i c a t i o n  -  no d a ta  
a v a i l a b l e .
O v e r a l l  i i e l d  -  "low" -  
Bangham ( 196 8 ) p e r s o n a l  
co m m u n ica tio n .

I s p o la to v s k a y a  1 9 6 2  BP6K-28 1 . A b so r p t io n  w it h  D E A S -c e l lu lo s e .
and 2 .3 0 3  (nh, )gSO, s a t u r a t io n  p p t .
L evd ilcova  3* 36/2 M etîian o l p o t .

4 . R ep ea t S ta g e  3*
5.5072 A c e to n e  p p t .
6 .R ep ea t S ta g e  5*
7 . C K - o e l lu lo se  ch rom atograph y  w i t h  

g r a d ie n t  e l u t io n ;  A c e t a t e  b u f f e r  
pH = 5 .6 .

P u r i f i c a t i o n  -  no d a ta  
a v a i l a b l e .
O v e r a l l  Y ie ld  — no d a ta  
a v a i l a b l e .
H o m ogen eity  n o t  a t t a i n e d ,  
a s  e v id e n c e d  b y  u l t r a -  
c e n t r i f i g a t i o n  and  
im m u n o d iffu s io n .

Ik ezaw a  e t  a l . 1 9 64  BP6K 1 .1 0 0 ^  ( Hit )250^  s a t u r a t io n  p p t .
2 .R e p e a t S x a g e  1 .
3 .S e n h a d e x  G-lOO chrom atography.

P u r i f i c a t i o n  = 4 * 4  f o l d  
r e l a t i v e  to  S ta g e  1 .  
O v e r a ll  Y ie ld  = 67>t.

Shernanova 
e t  a l .

1965  BP6K-28 l .A c i d  p p t .  a t  pH=4«0 -  4 * 3
2.25/2  (KH,^)pSO, s a t u r a t io n  p p t .
3 .S e p h a d e x  G--100 ch rom atograp h y .
4 . 35/" M eth an o l p p t .  ; -5=C .
5 . A b s o r p t io n  w it h  D E A F -c e llu lo se ;  

pH=5 ° 6
6 . R ep ea t S ta g e  5»
7 . 307s (NH, )pSO, s a t u r a t io n  p p t .
8 . S ep h ad e±  G—75  ch ro m a tb grap h y .
9 .C M - c e l lu lo s e ' ch ro m a to g r a p h y )

- pH=5.6  g r a d ie n t 'le lu t io n ;7 .^ « ,......
a c e t a t e  b u f f e r .

..@#uratipn_ppt. ^
l l .S e p h a d e k  &~75 ch roroatograp h y.
1 2 . A d so r p t io n  o n to  c a lc iu m  p h o sp h a te  

i n  th e  p r e s e n c e  o f  6 0 -7 ^ 2  A ceto n e  
a t  -  20=C.

1 3 . R ep ea t S ta g e  1 1 .
1 4 . L y o p h i l i s â t io n .

1

P u r i f i c a t i o n  -  no d a ta  
a v a i l a b l e .
O v e r a l l  Y ie ld  -  no d a ta  
a v a i l a b l e .
S ta g e  13 v/as hom ogeneous, 
b u t lo v / m o le c u la r  v /e ig h t  
c o n ta m in a n ts  w ere  o b ser v e  
b y  u l t r a c e n t r i f u g a t i o n .

7.'

g l t o 1968  BP6K-N5 1 .1 /2  Z in c  c t i lo r id e  p p t .
2 .8 0 /7  (N f-^ b so , s a t u r a t io n  p p t .  
3 .S e p h a d e x  G-lOO ch ro m atograp h y . 
4 . 807s (N I^)pSQ  s a t u r a t i o n  p p t .  
5 .S e p h a d e x  G -lt)0  ch ro m atograp h y  

o f  p o o le d  f r a c t i o n s .

P u r i f i c a t i o n  = 1 6  f o l d  
r e l a t i v e  t o  S ta g e  2* 
O v e r a l l  Y ie ld  = 31/2'« 
S ta g e  5 c o n t a i œ d  2.37= 
o f  8- t o x i n  and 0 .02/3  
kappa r e l a t i v e  t o  S ta g e  3 
m a t e r ia l .

g Shernanova 
e t  a l

1968b BP6K-28 1 .1 0 0 3  (n h  )2 S0  s a t u r a t io n  p o t .
2 . F r a c t io n a l  p p t .  1 8 -2 5 3  (NH )g S q  

s a t u r a t io n .
3 . A b s o r p t io n  w it h  D S A E -G ellu lo se ,p H = 4 .5
4 . A b so r p t io n  v i t h  D E A S -c e llu lo se ,p H = 5 *6 
5 .3 5 3  M ethanol p p t . ; ~ 5 °0 ;  pH=4*6- 4 .8  
6 .S e p h a d e x  G-lOO ch ro m atograp h y .
7 . 60-6573 A ce to n e  p p t .  ; -2 0 = 0 .
8.4073 A c e to n e  p p t .
9 .S e p h a d e x  G-lOO ch ro m atograp h y .

1 0 . L y o p h i l i s a t io n .

P u r i f i c a t i o n  -  no d a ta  
a v a i l a b l e .
O v e r a l l  Y ie ld  = 0 .0 5 /3 . 
W eight o f  p r o t e i n  
o b ta in e d  = 12rag/80 l i t r e :  
o f  s t a r t i n g  n n t e r i a l .

gT h ese  p u r i f i c a t i o n  s t u d i e s  w ere  p u b li s h e d  a f t e r  w ork on  t h i s  t h e s i s  had com m enced. 
fP u r ity  = N o. o f  p r e c i p i t i n  l i n e s  o b se r v e d  by im m u n o d iffu s io n  o r  ir a m u n o e le c tr o p h o r e s is  a g a in s t  

sta n d a r d  a n tis e r u m .
® P u r i f i c a t i o n  p u b lis h e d  p r io r  t o  th e  d ev e lo p m en t o f  g e l  d o u b le  d i f f u s i o n  t e c h n iq u e  o f  O u c h te r lo n y .  

N .T .N o t  t e s t e d .
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I s p o l a t o v s k a y a  ( I 9 6 2 ) u s e d  D E A S -c e l lu lo se  i n  t h e  l a t t e r  manner t o  a d s o rb  

c ru d e  c u l t u r e  s u p e r n a t a n t s ,  Shernanova*s p r o c e d u r e s  ( I 9 6 5 ; 1968b)seem  

u n d u ly  complex .  I t  i s  d i f f i c u l t  t o  j u s t i f y  t h e  u s e  o f  Sephadex G-75 

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

G-lOOwas u s e d  a t  an  e a r l i e r  s t a g e .

P r e p a r a t i v e  e l e c t r o p h o r e t i c  p r o c e d u r e s  u s e d  i n c l u d e  column 

e l e c t r o p h o r e s i s  i n  p o t a t o  s t a r c h  (Habermann,  1959) and  i n  e t h a n o l y s e d  

c e l l u l o s e  columns ( S t e p h e n ,  I 9 6 I )  and d e n s i t y  g r a d i e n t  e l e c t r o p h o r e s i s  

i n  g l y c e r o l  (Bangham and Dawson, I 962) ,  P rob lems su ch  a s  low y i e l d s ,  

t h e  expense  o f  equ ipment  and t h e  amount o f  m a t e r i a l  t h a t  c o u l d  be  

p r o c e s s e d  have  l i m i t e d  t h e  u s e  o f  e l e c t r o p h o r e t i c  m e th o d s .

A l th o u g h  a  number o f  t h e  p u r i f i c a t i o n s  i n  r e c e n t  y e a r s  have  

r e s u l t e d  i n  h i g h l y  p u r i f i e d  t o x i n  p r e p a r a t i o n s  as  g au g ed  by im m u n o d i f fu s io n  

o r  immune e l e c t r o p h o r e t i c  t e c h n i q u e s ,  no one ha.s a s  y e t  s u c c e e d e d  i n  

c r y s t a l l i s i n g  a - t o x i n .  No c o m p a r i s o n  o f  h i g h l y  p u r i f i e d  p r e p a r a t i o n s  

from a  number o f  d i f f e r e n t  l a b o r a t o r i e s  h a s  b e e n  a t t e m p t e d  a s  i t  ha.s w i t h  

s t a p h y l o c o c c a l  d e l t a  t o x i n  ( K r e g e r  e t  a l . ,  1971) o r  01 .  b o t u l i n um t y p e  B 

t o x i n  ( B o r o f f  e t  a l . ,  I 9 6 8 ) .  I t  i s  d i f f i c u l t  t o  be  c a t e g o r i c a l  a b o u t  

t h e  f reedom o f  v a r i o u s  p r e p a r a t i o n s  from o t h e r  t y p e  A t o x i n s  and enzymes, 

a s  a u t h o r s  have  b e e n  r e l u c t a n t  t o  p r o v i d e  t h i s  i n f o r m a t i o n  o r  have  n o t  

a s s a y e d  f o r  them.  Shernanova e t  a l . ,  ( 1965) p o i n t e d  o u t  t h a t  a l t h o u g h  

t h e i r  p r e p a r a t i o n  was homogeneous by im r n u n o e le c t r o p h o r e s i s  i t  c o n t a i n e d  

low m o l e c u l a r  w e ig h t  components o f  u n s p e c i f i e d  n a t u r e ,  a s  o b s e r v e d  i n  t h e  

u l t r a c e n t r i f u g e .  With t h e  e x c e p t i o n  o f  Habermann (1959)  who u s e d  

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

no u s e  has  b e e n  made o f  g e l  e l e c t r o p h o r e s i s  o r  membrane e l e c t r o p h o r e s i s
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by  o t h e r  a u t h o r s  t o  check  f o r  t h e  p r e s e n c e  o f  m in o r  p r o t e i n  components 

n o t  d e t e c t e d  by im m u n o d i f fu s io n  t e c h n i q u e s ,

A c h a r a c t e r i s t i c  o f  most  o f  t h o s e  p u r i f i c a t i o n  p r o c e d u r e s  was 

t h e  u s e  o f  l a r g e  volumes o f  s t a r t i n g  m a t e r i a l ,  50--200 l i t r e s  b e i n g  worked 

up  a t  any one t i m e ,  b e c a u s e  o f  low y i e l d s  a t  t h e  end o f  a  m u l t i - s t a g e  

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

p o s s i b i l i t y  t h a t  t h e  t o x i n  may u n d e rg o  s t r u c t u r a l  a l t e r a t i o n ,  such  a s  

ch an g e s  i n  c o n f o r m a t i o n  o r  a g g r e g a t i o n .  Such ch an g e s  may o r  may n o t  

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

o f  t h e  o b j e c t i v e s  o f  t h i s  t h e s i s  was t o  d e v e lo p  a p r o c e d u r e  whereby h i g h l y  

p u r i f i e d  t o x i n  c o u l d  b e  p r e p a r e d  i n  c o n d i t i o n s  w hich  would  b e  u n l i k e l y  t o  

a l t e r  i t s  n a t i v e  s t r u c t u r e .  Such a method would  a l s o  o b v i a t e  t h e  need  

f o r  s p e c i f i c  p r e c a u t i o n s  a t t e n d a n t  on t h e  p r e s e r v a t i o n  and  s t o r a g e  o f  

p u r i f i e d  m a t e r i a l  p r e p a r e d  from a l a r g e  voliune o f  s t a r t i n g  m a t e r i a l  by a 

complex  and  t e d i o u s  s e r i e s  o f  s t a g e s .

3.  P r o p e r t i e s  o f  « - T o x i n , 

a , P h y s i c a l  P r o p e r t i e s  ;

i .  P h y s i c a l  c h a r a c t e r i s t i c s :  C o m p a r a t iv e ly  l i t t l e  i s  known o f  t h e

p h y s i c a l  c h a r a c t e r s  o f  a - t o x i n ,  p r e s e n t  knowledge  h a v i n g  a c c u m u la t e d  

s lo w l y  o v e r  t h e  p a s t  10 y e a r s .  T h i s  i s  s u r p r i s i n g  when one c o n s i d e r s  

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

r e a s o n s .  The l i t e r a t u r e  on m o l e c u l a r  p a r a m e t e r s  foz'  t h i s  t o x i n  i s  

summar ised  i n  T a b l e  6 •

I t  c an  r e a d i l y  be  s e e n  t h a t  t h e r e  i s  a  c o n s i d e r a b l e  d i s c r e p a n c y  

b e tw e e n  t h e  m o l e c u l a r  w e i g h t s  d e t e r m i n e d  by t h r e e  g r o u p s ,  a l b e i t  t h a t  

d i f f e r e n t  methods  were  u s e d  i n  t h e s e  d e t e r m i n a . t i o n s . The method  u s e d



T able 6 P h y s ic a l  C h a r a c te r is t ic s  o f  C l. psrfrinp;ens a-T oxin .

M o le c u la r  P a ra m eter V alu e M ethod  
o f  D e te r m in a tio n .

A u th o rs

M o le c u la r  W eight 1 0 6 ,0 0 0 - 3 ,0 0 0 G-amma r a y  i n a c t iv a t i o n M eduski and V o lk ova  (1 9 5 7 ;1 9 5 8 )

31 ,000 G e l f i l t r a t i o n B ern heim er and G ru sh o ff  (1 9  67 )

5 1 ,2 0 0 U lt r a c  e n tr  i f u g a t  io n Shernanova e t  a l  (1 9  68 b )

§ S e d im e n ta t io n  C o e f f i c i e n t  ( s ) 7 -9  

3 .8  

3 .8 - 3 .9

M eduski and V o lk o v a  (1 9 5 7 ;1 9 5 8 )  

Shernanova e t  a l  (1 9 6 5 )  

Shernanova e t  a l  ( 1 9 68 b )

I s o e l e c t r i c  P o in t  ( p i ) 5 .0 M easurem ent o f  
e l e c t r o p h o r e t i c  m o b i l i t y  

•ad so rb ed  t o  l i q u i d  
p a r a f f i n  e m u ls io n

Bangham and Dawson ( 1962 )

5 . 8  U  . Coluinn e l e c t r o p h o r e s is  
a t  v a r y in g  pH

Bangham a n d . Dawson (19  62-)

5 .5 Dawson (1 9 6 8 )

F r i c t i o n a l  R a t io  ( f / f o ) 0 .9 3 Method o f  G reenberg
( 1951 )

M eduski and V o lk o v a  (1 9 5 7 )1 9 5 8 )

M o le c u la r  D iam eter 69A M eduski and V o lk ova  (1 9 5 7 )

t D i f f u s i o n  C o e f f i c ie n t  (O^g^) 7 .4 1 M ethod o f  N orthrop , 
and A nson ( l 9 2 9 )

va n  H ey n in gen  and B id w e ll  
(1 9 4 8 )

7 .2 6 M ethod o f  A l l i s o n  and 
Humphrey (1 9 5 9 )

Shernanova e t  a l  ( 1 9 68b )

/ E le c t r o p h o r e t i c  M o b i l i t y c i r c a  0 .0 B o r a te  b u f f e r  pH = 8.6 
C on d u ctan ce =
0 . 0020 /ohm /cm

U spensk aya  and M eduski ( l9 5 7 )

- 1 .2  t o  - 1 .6 B o r a te  b u f f e r  pH=8 .6  
C onductance = 
0 . 0 0 ^  /ohm /cm

I s p o la to v s k a y a  and L a r in a
( 1959 )

- 1 .0 B o r a te  b u f f e r  pH=8 . 6 
C onductance = 
0 . 0035/ olvn/cm

I s p o la to v s k a y a  e t  a l  ( 1 9 6l )

§ S e d im e n ta t io n  C o e f f i c i e n t  -  g iv e n  i n  S ved b erg  u n i t s ,  
t D i f f u s i o n  C o e f f i c i e n t  -  g iv e n  i n  P ic k  u n i t s  ( l0 " 7 /c m 2 /s e c o n d )  
/ E l e c t r o p h o r e t i c  M o b i l i t y  -  g iv e n  f o r  in d ic a t e d  pH v a lu e s  i n  u n i t s  o f

1 0 “5 c m ^ /v o lt /s e c o n d .
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by Meduski  and  Volkova i s  uniqnj.G i n  t h e  s t u d y  o f  b a c t e r i a l  t o x i n s ,  and  

depends  on a l i n e a r  r e l a t i o n s h i p  b e tw e e n  - I n  ( i n i t i a l  enzyme a . c t i v i t y -  

i n a o t i v e  enzyme) and  t h e  r a d i a t i o n  d o s e .  The t e s t  m a t e r i a l  was gamrna.- 

i r r a d i a t e d  i n  t h e  d ry  s t a t e .

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

so f a r  d e t e r m i n e d  s u g g e s t s  t h a t  t h e  t o x i n  can  a g g r e g a t e  o r  p o l y m e r i z e .

F o r  example ,  d e h y d r a t i o n  o f  p r o t e i n s  i s  known t o  c a u s e  t h e  f o r m a t i o n  o f  

c r o s s - l i n k i n g  b o n d s .  T h i s  c o u l d  c o n c e i v a b l y  have  c o n t r i b u t e d  t o  t h e  

h i g h  m o l e c u l a r  w e i g h t  fo u n d  by Meduski  and  Volkova,

F r e s h l y  p r e p a r e d  a - t o x i n  was shown t o  b e  e l e c t r o p h o r e t i c a l l y  

homogeneous a t  pH 8 , 6  by b o t h  I s p o l a t o v s k a y a  and  U s p e n s k a y a ' s  g r o u p s ,  

w i t h  a  m o b i l i t y  c l o s e  t o  z e r o .  Bangham and  Dawson d e t e r m i n e d  t h e  p i  o f  

o ^ t o x i n .  They d i d  n o t  r e p o r t  o b s e r v i n g  h e t e r o g e n e i t y  i n  t h e i r  h i g h l y  

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

p e r t i n e n t  t o  t h e  d i s c u s s i o n  on ' M u l t i p l e  Forms o f  c&-Toxin' (S ee  page  46 )

Thus i t  c a n  b e  s e e n  t h a t  t h e r e  i s  scope  f o r  i n t e n s i v e  

i n v e s t i g a t i o n  on t h e  p h y s i c a l  p r o p e r t i e s  o f  t h i s  p r o t e i n .  The i n f o r m a t i o n  

BO g a i n e d  may go some way t o  e x p l a i n i n g  some o f  i t s  b i o l o g i c a l  c h a r a c t e r s ,

i i .  H ea t  s t a b i l i t y  -  t h e  A r r h e n i u s  phenomenon: Ea.r ly work e s t a b l i s h e d

t h a t  a - t o x i n ,  l i k e  o t h e r  p r o t e i n s ,  i s  d e n a t u r e d  by h e a t .  B u l l  and 

P r i t c h e t t  ( 1917a) found  t h e i r  l e t h a l  t o x i n  ( a - t o x i n )  t o  b e  h e a t  l a b i l e .  

H e a t i n g  a t  60^C r e d u c e d  a c t i v i t y ,  w h i l s t  h e a t i n g  a t  70^0 t o t a l l y  

i n a c t i v a t e d  t h e  t o x i n .  M a c f a r l a n e  and K n ig h t  ( 1 9 4 l ) » however ,  r e p o r t e d  

t h a t  t h e i r  a - t o x i n  was h e a t  s t a b l e ,  45/^ o f  t h e  o r i g i n a l  a c t i v i t y  r e m a in in g  

a f t e r  h e a t i n g  a t  lOO^C/lO m i n u t e s ,  a  f i n d i n g  more r e c e n t l y  c o r r o b o r a t e d  by 

Weiss and  S t r o n g  (19^7)»  who r e p o r t e d  t h a t  l e c i t h i n a s e  i n  c u l t u r e  f i l t r a t e s
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r e t a i n e d  more o f  i t s  a c t i v i t y  a f t e r  h e a t i n g  a t  lOO^G t h a n  a t  75^8,  and  

t h a t  t h e  h e a t  r e s i s t a n c e  o f  l e o i t h i n a s e  was somewha.t s t r a i n  d e p e n d e n t ,

, A r r h e n i u s  ( 1907) s t a t e d  t h a t  s t a p l i y l o c o c c a l  h a e m o ly s in  was 

i n a c t i v a t e d  t o  a g r e a t e r  e x t e n t  a t  t h a n  a t  100*^0, a  phenomenon

which  he  t e rm e d  'an o m a lo u s  h e a t  i n a c t i v a t i o n ' , F u r t h e r m o r e  t o x i n  

i n a c t i v a t e d  hy h e a t i n g  a t  t h e  lo w e r  t e m p e r a t u r e  c o u l d  h e  p a r t i a . l l y  

r e a c t i v a t e d  hy b r i e f  h e a t i n g  a t  lOO^C. T h i s  e f f e c t  o f  h e a t  r e a c t i v a t i o n  

h a s  s i n c e  b e e n  c a l l e d  ' The A r r h e n i u s  Phenomenon*.  G u i l l a m i e  e t  a l . ,

( 1944) were  t h e  f i r s t  t o  r e c o r d  t h i s  e f f e c t  w i t h  Gl« p e r f r i n g e n s  a - t o x i n .

Some o f  t h e  pa,r e m e t e r s  a f f e c t i n g  t h i s  i n a c t i v a t i o n / r e a c t i v a t i o n  

phenomenon w i t h  Cl* p e r f r i n g e n s  l e c i t h i n a s e .  were i n v e s t i g a t e d  by Smith  

and  G a rd n e r  ( l 9 3 0 ) *  T h e i r  s i g n i f i c a n t  o b s e r v a t i o n s  w ere  t h a t  l e c i t h i n a s e  

e l e c t r o d i a l y s e d  f r e e  o f  e a s i l y  d i s s o c i a b l e  i o n s  d i d  n o t  e x h i b i t  anomalous  

hea. t i n a c t i v a t i o n ;  t h a t  ' p a r t i a l l y  p u r i f i e d *  l e c i t h i n a s e  d i d  n o t  e x h i b i t  

t h e  phenomenon o f  anomalous  h e a t  i n a c t i v a t i o n ;  and t h a t  t h e  g r e a t e r  t h e  

d i l u t i o n  o f  t h e  p r e p a r a t i o n  t h e  g r e a t e r  t h e  i n a c t i v a t i o n .  K u sh n e r  ( 1957) 

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

a c t i v i t y  o f  c ru d e  c u l t u r e  f i l t r a t e s  was h e a t  r e s i s t a n t .  Thus anomalous  

h e a t  i n a c t i v a t i o n  was due t o  t h e  p r o t e c t i v e  a c t i o n  o f  components o f  t h e  

c u l t u r e  medium. The r e a s o n  f o r  t h i s  i s  s t i l l  o b s c u r e ,  b u t  i t  may b e  

t h a t  m e t a l  i o n s  b i n d  more s t r o n g l y  a.t t h e  h i g h e r  t e m p e r a t u r e  making t h e  

p r o t e i n  l e s s  s u s c e p t i b l e  t o  hea. t  d e n a t u y a t i o n .

Smith  and  G a r d n e r  a l s o  n o t e d  t h a t  a  p e r c e p t i b l e  o p a l e s c e n c e

a p p e a r e d  i n  t h e  l e c i t h i n a . s e  on h e a t i n g  and t h a t  i n a c t i v a t i o n  p a r a l l e l e d

i t s  a p p e a r a n c e .  H e a t i p g  o f  ' p a r t i a l l y  p u r i f i e d '  l e c i t h i n a s e  i n  t h e  

2 - 1-p r e s e n c e  o f  Ga r e s u l t e d  i n  t h e  form a.t i o n  o f  o p a l e s c e n c e  and' a  s e d i m e n t a b l e
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p r e c i p i t a t e ,  w i t h  l o s s  o f  a c t i v i t y .  When t h e  p r e c i p i t a t e  was h a r v e s t e d ,

r e s u s p e n d e d  and b r i e f l y  h e a t e d  a t  100^0,  a c t i v i t y  was r e c o v e r e d .  They

t h e o r i s e d  t h a t  t h e  ' A r r h e n i u s  phenomenon'  c o u l d  be  e x p l a i n e d  i n  t e rm s

2+o f  t h e  f o r m a t i o n  o f  r e v e r s i b l e  bonds  b e tw e e n  t h e  l e c i t h i n a s e  and Ga o r  

and t h a t  t h e  complex  so fo rm ed  was d i s a g g r e g a t e d  on h e a t i n g  a t  lOO^C 

by t h e  f o r m a t i o n  o f  an i n s o l u b l e  c a l c iu m  o r  magnesium compound. Thus 

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

and  c o n f i rm  t h e  p r o p o s a l  o f  L a n d s t e i n e r  and von R a u c h e n b i c h i e r  (1909)  

t h a t  i n a c t i v a t i o n  was due t o  t h e  f o r m a t i o n  o f  an  i n a c t i v e  complex be tw e e n  

t o x i n  and  a  component  o f  t h e  c u l t u r e  f i l t r a t e s .

A d i f f e r e n t  mechanism t o  e x p l a i n  'The  A r r h e n i u s  Phenomenon'  i n  

r e l a t i o n  t o  s t a p h y l o c o c c a l  a - t o x i n  h a s  b e e n  p r o p o s e d  by  A r b u t h n o t t  e t  a l , ,  

( 1967)* They n o t e d  t h a t  8m u r e a  c o u l d  d i s a g g r e g a t e  t h e  i n s o l u b l e

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

h e a t e d  a t  60^C. These  s t u d i e s  s u g g e s t e d  t h a t  t h e  p r e c i p i t a t e  was fo rmed  

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

t h a t  t h e  b r i e f  h e a d i n g  a t  lOO^G r e l e a s e d  a c t i v e  t o x i n  by a r e v e r s a l  o f

t h i s  r e a c t i o n .  I n d e e d ,  t h e  e x p e r i m e n t s  o f  Smith and  G a rd n e r  w i t h  

01 .  p e r f r i n g e n s  a - t o x i n  c l e a r l y  m e r i t  r e i n v e s t i g a t i o n  w i t h  p r e p a r a t i o n s  

o f  t o x i n  t h a t  a.re r e l a t i v e l y  homogeneous.

i i i .  pH s t a b i l i t y : G a le  and  van H eyningen  (1942)  s t u d i e d  t h e  s t a b i l i t y

o f  cru.de b a c t e r i a l  f i l t r a t e s . At pHs be low  4 and above  9 r a p i d  

i n a c t i v a t i o n  o c c u r r e d  a t  room t e m p e r a t u r e .  These  r e s u l t s  a r e  i n  good 

ag reem en t  w i t h  t h o s e  o f  Nakamura and Gross  ( I 968) who found  t h a t  l e o i t h i n a s e  

a c t i v i t y  was c o m p l e t e l y  i n a c t i v a t e d  a f t e r  one h o u r  a t  pH 1 -3 ,  was 

u n a f f e c t e d  a t  pH 6-9» and  was i n a c t i v a t e d  a t  h i g h e r  pH v a l u e s .  Thus 

ex t re m e  a c i d  and  a l k a l i n e  c o n d i t i o n s  a r e  i n i m i c a l  t o  a - t o x i n  as  w i t h  most  

o t h e r  p r o t e i n s .
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b .  Chem ica l  P r o p e r t i e s ;

i , A n a l y s i s  ; The p r o t e i n  na . tu re  o f  p u r i f i e d  a - t o x i n  i s  e s t a .b l i s h e d  by 

i t s  u l t r a v i o l e t  a b s o r p t i o n  s p e c t ru m  and i t s  r e a c t i o n  w i t h  s p e c i f i c  

r e a g e n t s  u s e d  f o r  t h e  d e t e c t i o n  o f  p r o t e i n s  o r  t h e i r  q u a n t i t a t i v e  

e s t i m a t i o n ,  B a i l i n g  and  Ross (1938)  a r e  c i t e d  by O ak ley  (1943)  as  

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

s t r a i n s  w i t h  t r y p s i n .  No s t u d i e s  on t h e  e f f e c t  o f  s p e c i f i c  enzymic 

h y d r o l y s i s  by w e l l  c h a r a c t e r i s e d  p r o t e o l y t i c  enzymes ha.ve b e e n  u n d e r t a k e n  

vfi th ' h i g h l y  p u r i f i e d  a - t o x i n ,  e i t h e r  as  a. means o f  secfu.ence a n a l y s i s  o r  

i n  an  a t t e m p t  t o  i s o l a t e  t o x i c  f r a g m e n t s  o f  t h e  t o x i n .  No d a t a  a r e  

a v a i l a . b l e  on w h e t h e r  t h e  t o x i n  c o n t a i n s  a.ny c a r b o h y d r a t e  m o ie ty  a s  an  

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

i o n s  w i l l  b e  d e a l t  w i t h  l a t e r  ( s e e  page  4 3 ) .  An amino . a c id  a n a l y s i s  o f  

h i g h l y  p u r i f i e d  t o x i n  h a s  b e e n  r e p o r t e d  by Shernanova e t  a l , ,  ( 1968b),

i i .  E f f e c t  o f  i n h i b i t o r s  and  a c t i v a . t o r s : M a c f a r l a n e  and  K n ig h t  ( 1941)

2+c l e a r l y  showed tha . t  t h e  p r e s e n c e  o f  Ga. g r e a t l y  a f f e c t e d  t h e  l e c i t h i n a s e

a c t i v i t y  o f  a - t o x i n ,  a c t i v a t i o n  b e i n g  most  ma.rkod w i t h  low c o n c e n t r o . t i o n s

o f  t o x i n ,  when any a c t i v a t i n g  i o n s  i n  t h e  cru.de c u l t u r e  f i l t r a . t e  would

hav e  b e e n  d i l u t e d  o u t .  Macfa rl a .no  e t  a l . ,  ( I 94 I )  h a d  p r e v i o u s l y  shovm.
2+

t h a t  Ga enhanc ed  t h e  h a e m o l y t i c  a c t i v i t y  o f  a - t o x i n .  Bangham and 

Dawson ( 1962) d e m o n s t r a t e d  t h a t  h i g h l y  p u r i f i e d  a - t o x i n  would  o n ly  b r e a k  

down l e c i t h i n  i n  t h e  p r e s e n c e  o f  Ga^^ o r  Mg^"^. C e r t a i n  l o n g  c h a i n  

a m p h i p a t h i c  c a t i o n s  such  as  s t e a r y l a m i n e  c o u l d  a l s o  a c t  as  a c t i v a t o r s  f o r  

t h e  breakdown o f  l e c i t h i n  ( s e e  p a g e s  45 and  5 I  ) •  By c o n t r a s t ,  S a i t o  

and Hukoyama ( I 9 6 8 ) r e p o r t e d  h y d r o l y s i s  o f  l e c i t h i n  i n  t h e  a b s e n c e  o f  Ga^"^(cf  

^ P a s t a n  e t  a l . ,  1 9 6 3 ) .
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I s p o l a t o v s k a y a  and  Kliraa.oheva ( 1966) have  i n v e s t i g a t e d  t h e  

e f f e c t s  o f  known enzyme i n h i b i t o r s  ( s e e  T a b le  7 ) on a - t o x i n .  They 

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

h y a l u r o n i d a s e ,  d e o x y r i b o n u c l e a s e ,  p r o t e i n a s e  and D - h a e m o l y s i n ,  The 

p a r t i a l  i n i i i b i t o r y  a c t i o n  o f  Cu^^ and Pe^ c o u l d  n o t  be  r e v e r s e d  by 

d i a l y s i s ,  Sephadex  G—25 g e l  f i l t r a t i o n ,  o r  t h e  a d d i t i o n  o f  e t h y l e n e d i a m i n e  

t e t r a - a c e t a . t e  (EDTA) . H ig h e r  c o n c e n t r a t i o n s  o f  t h e s e  m e t a l  i o n s  c a u s e d  

r a p i d  l o s s  o f  a c t i v i t y  and  p r e c i p i t a t i o n  o f  t h e  p r o t e i n  w i t h  c o m p le te  

l o s s  o f  a c t i v i t y 0 The c o m p a r a t i v e  s t a b i l i t y  o f  t h e  enzyme t o  t h e  a c t i o n  

o f  p a r a c h l o r o m e r c u r i b e n z 0a t e  ( p-GMB) ,  which  combines s p e c i f i c a l l y  w i t h  

s u l p h y d r y l  g ro u p s  (-SH g ro u p s )  fo rm in g  m e rc ap t id .e s ,  and  t o  m o n o i o d o a c e t a t e  

s u g g e s t e d  t h a t  t h e  heavy  m e t a l s  do n o t  r e a c t  by  a d d i t i o n  t o  -SH g r o u p s ,  

}3ubbling h y d ro g e n  s u l p h i d e  from a K i p p ’ s a p p a r a t u s  t h r o u g h  s o l u t i o n s  o f  

t h e  enzyme a l s o  r e s u l t e d  i n  r a p i d  i n a c t i v a t i o n .  Hydrogen s u l p h i d e  i s  

known t o  ’ p o i s o n ’ m e t e l l o p r o t e i n s  o r  m e ta l l o e n z y m e s  by t h e  f o r m a t i o n  o f  

t h e  s u l p h i d e  o f  t h e  p a r t i c u l a r  m e t a l  i o n  i n v o l v e d .  However, l e o i t h i n a s e  

a c t i v i t y  wa.s a l s o  i n h i b i t e d  r a p i d d y  by b u b b l i n g  a i r  o r  n i t r o g e n  t h r o u g h  

s o l u t i o n s  o f  t h e  enzyme ( M a c f a r l a n e  and K n ig h t ,  1941) •  These  a u t h o r s  

s u g g e s t e d  t h a t  t h i s  wa.s due t o  s u r f a c e  d é n a t u r a t i o n  r a t h e r  t h a n  o x i d a t i o n  

a s  t h e  enzyme was u n a f f e c t e d  by a  1 :1 0 0  d i l u t i o n  o f  ’ 30 v o l . ’ h y d ro g e n  

p e r o x i d e ,  a f i n d i n g  c o n f i r m e d  by I s p o l a t o v s k a y a  and Klima.cheva. ( I 9 6 6 ) .

I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  p h y s i c a l  d é n a t u r a t i o n  due t o  b u b b l i n g  c o u ld  

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

I n a c t i v a t i o n  by t h e  c h e l a t i n g  a g e n t ,  EDTA p r o v e d  i r r e v e r s i b l e  

even  a f t e r  p r o l o n g e d  d i a l y s i s  o r  t h e  a d d i t i o n  o f  d i v a l e n t  c a t i o n s  p r i o r  

t o  o r  a f t e r  t h e  a d d i t i o n  o f  EDTA. T h i s  s u p p o r t s  t h e  v iew t h a t  a - t o x i n  

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

r e s i d u e s ,  c a u s e d  a  n e g l i g i b l e  d rop  i n  a c t i v i t y ,  i n d i c a t i n g  t h a t  i t  i s



T a b le  7 E f f e c t s  o f  Enzyme In h ib i t o r s  o f  C l« -p e rfr in g e n s  a - t o x in .

T e s t  C hem ica l C o n c e n tr a t io n Time o f  E xp osu re  
(h o u r s )

% I n h i b i t i o n

Copper S u lp h a te O.OOIM 12 9P7b
0.02M 0 lOC^

F e r r o u s  S u lp h a te o .o o m 1 2 9(92
0.02M  . 0 lopgS

p-CMB ' . . O.OOIM 4 8 ,9(92

M o n o lo a o a o eta te 0 . 0 0 ^ -y . ' . . . g  , y - : 4 8 .  - ,

H ydrogen S u lp h id e - 0 .2 5 lOCgg

H ydrogen P e r o x id e O.IM 24 100^

EOTA 0.002M 4 8 9(92
0.02M 0 1 0 0 /

DPFP IM 4 8 N e g l i g i b l e
2M 4 8 N e g l i g i b l e
4M 48 N e g l i g i b l e

P o ta s s iu m  F e r r o c y a n id e 0.02M 2 lo q g

C y s te in e 0.02M 2 1 0 0 /

T h io g y c o l l i c  A cid 0.02M 2 1 0 0 /

U rea 8M 24 9(9:

Io d in e O.OIM 1 4 4 9 0 /
O.IM 0 1 0 0 /

A f t e r  I s p o la to v s lc a y a  and IQ im achova (1 9 6 6 )
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u n l i k e l y  t h a t  s e r i n e  i s  i n v o l v e d  i n  t h e  a c t i v e  s i t e  o f  t h e  m o l e c u l e .

Of t h e  o t h e r  a g e n t s  t e s t e d  u r e a  and  low c o n c e n t r a t i o n s  o f  i o d i n e  were  

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

a c i d  and h i g h e r  c o n c e n t r a t i o n s  o f  i o d i n e  were  i n l i i h i t o r y #

c .  The Meta l l o p r o t e i n  N a t u r e  o f  « - T o x i n :

From t h e i r  e x p e r i m e n t s  on t h e  i n h i b i t i o n  o f  t h e  L.V. r e a c t i o n  

by EDTA u s i n g  h i g h l y  p u r i f i e d  t o x i n ,  I s p o l a t o v s k a y a  and  K l im acheva  ( I 9 6 6 ) 

c o n c l u d e d  t h a t  i n h i b i t i o n  o f  t h i s  enzyme was n o t  s o l e l y  due t o  c h e l a t i o n  

o f  a c t i v a t i n g  i o n s  by t h e  EDTA, b u t t o  a  d i r e c t  e f f e c t  on t h e  l e c i t h i n a s e  

m o l e c u l e  i t s e l f .  The f o l l o w i n g  p o i n t s  s u p p o r t  t h i s  v iew (a.) t h e  k i n e t i c s  

o f  a c t i o n  o f  EDTA on l e c i t h i n a s e ,  (b )  i n a c t i v a t i o n  o f  t h e  enzyme by H^S,

( c )  f a i l u r e  t o  r e s t o r e  enzyme a c t i v i t y  by t h e  a d d i t i o n  o f  e x c e s s  c a l c iu m  

i o n s  b e f o r e  o r  a f t e r  EDTA t r e a t m e n t ,  (d )  f a i l u r e  t o  r e v e r s e  t h e  i n h i b i t i o n  

by d i a l y s i s  o r  g e l  f i l t r a t i o n  w i t h  o r  v f i th o u t  t h e  s u b s e q u e n t  a d d i t i o n  o f  

a  m e t a l  i o n  a c t i v a t o r ,  ( e )  t h e  l o s s  o f  t o x i c  p r o p e r t i e s .  C o l l e c t i v e l y  

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

change  i n  t h e  m o l e c u l e  a s s o c i a t e d  w i t h  t h e  l o s s  o r  rem ova l  o f  a  m e t a l  i o n  

fo rm in g  an  i n t e g r a l  p a r t  o f  i t .

I s p o l a t o v s k a y a  ( 1967 ; 1 9 ?0) u s i n g  e x t e n s i v e l y  p u r i f i e d  a - t o x i n
2+p r e p a r a t i o n s  h a s  p r o v i d e d  e v i d e n c e  t h a t  Zn i s  t h e  m e t a l  i o n  i n v o l v e d .  

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

and s p e c i f i c  a c t i v i t y  showed t h e  p r e s e n c e  o f  z i n c  from s p e c t r a l  l i n e s  a t

334*5 nm and 3 30 .2  niTi. A lso  t h e  enzyme was i n a c t i v a t e d  by o - p h e n a t h r o l i n e

( o p ) ,  a  c h e l a t i n g  a g e n t  known t o  ha.ve a h i g h  a f f i n i t y  f o r  Zn ; and

r e s t o r a t i o n  o f  a c t i v i t y  c o u l d  be  a c h i e v e d  by t h e  a d d i t i o n  o f  Zn t o  enzyme
p ,

d i a l y s e d  f r e e  o f  EDTA o r  OP. No r e a c t i v a t i o n  was o b s e r v e d  w i t h  Ca ,

Mg^ ** o r  Hn̂ **" b u t  Co^^ c a u s e d  r e a c t i v a t i o n  t o  a l e s s e r  d e g r e e .
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A s i m i l a r  c o n c l u s i o n  h a d  b e e n  cached  by Moskowitz  e t  a l . ,

( 1956) and  Moskowitz (1958)  who, from t h e i r  p r o t e c t i o n  s t u d i e s  u s i n g

c h e l a t i n g  ag’e n t s ,  s u g g e s t e d  t h a t  a  m e t a l  i o n  was i n t i m a t e l y  a s s o c i a t e d

2. - ’w i t h  t h e  t o x i n .  I t  was p r o p o s e d  t h a t  t h i s  migh t  b e  Zn M oreover ,

2+e \ d d e n c e  o f  a  r o l e  f o r  Zn i n  a - t o x i n  p r o d u c t i o n  h a s  b e e n  f u r n i s h e d

by M u ra ta  e t  a l . ,  (1956;  I 9 6 5 ) .  S t u d i e s  i n  complex m e d ia  w i t h  a  l a r g e

number o f  c u l t u r e s  w i t h  v a r y i n g  n i t r o g e n  s o u r c e s  s u g g e s t e d  t h a t  h a d

a  p r o m o t in g  e f f e c t  on a - t o x i n  p r o d u c t i o n .  I n  t h e i r  c h e m i c a l l y  d e f i n e d

medium Zn^^ d i s p l a y e d  a  d e c i s i v e  e f f e c t  on t o x i n  p r o d u c t i o n ,  a l t h o u g h

i n e f f e c t i v e  f o r  g ro w th  ( s e e  page  19 ) .  M u r a t a ’ s  s t u d i e s  d i d  n o t ,
2 - 1-however,  c l a r i f y  w h e t h e r  t h e  Zn was e s s e n t i a l  f o r  i n t e g r a t i o n  i n t o  t h e  

t o x i n  m o l e c u l e  o r  a  r e q u i s i t e  c o f a c t o r  f o r  enzyme a c t i v i t y  i n  b i o s y n t h e s i s  

o f  t h e  t o x i n  m o l e c u l e .  A lso  S h e ld o n  ( I 9 6 0 ) showed t h a t  Zn^"  ̂ was a  p o t e n t  

a c t i v a t o r  o f  a - t o x i n .

E v id e n c e  from r e s e a r c h  on o t h e r  b a c t e r i a l  exoenzymes s u g g e s t s
2+

t h a t  Zn can  b e  an  i n t e g r a l  p a r t  o f  t h e i r  m o l e c u l a r  s t r u , c t u r e o  O t t o l e n g h i

( 1965) showed t h a t  t h e  p h o s p h o l i p a s e  G of. B a c i l l u s  c e r e u s  was a  m e ta l l o e n s y m e  
2 -}-

c o n t a i n i n g  Zn . A l s o ,  t h r o u g h  s t u d i e s  on t h e  i n h i b i t i o n  o f  C l .  h i s t o l y t i c u m

c o l l a g e n a s e  by c y s t e i n e ,  S e i f t e r  e t  a l . , (19 59) and H a r p e r  and S e i f t e r

( 1969) s u g g e s t e d  tha . t  i n a c t i v a t i o n  o c c u r r e d  t h r o u g h  c h e l a t i o n  o f  an

2h-i n t r i n s i c  m e t a l  component and t h a t  t h i s  raeta.l was p r o b a b l y  Zn . T h i s

6swas v e r i f i e d  by g row ing  Gl.  h i s t o l y t i c u m  i n  Z n - l a . b e l l e d  medium and

65s u b s e q u e n t l y  p u r i f y i n g  Z n - l a b e l l e d  c o l l a g e n a . s e  ( H a r p e r ,  1965, c i t e d  by 

S e i f t e r  e t  a l . ,  ( 1 9 7 0 ) ) .  F u r t h e r m o r e ,  t h e s e  two b a c t e r i a ,  b e l o n g  t o  t h e  

same f a m i l y  as  G l ,  p e r f r i n g e n s  b u t  i t  i s  t o o  e a r l y  t o  say  w h e th o r  t h e s e  

a r e  chance  f i n d i n g s  o r  r e p r e s e n t a . t i v e  o f  a  c h a . r a . c t e r i s t i c  f e a . t u r e  o f  

m e ta l lo e n z y m e s  w i t h i n  t h i s  f a m i l y .
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i .  The poBGi'ble r o l e  o f  z i n c  and
c a l c iu m  i n  p h o s p l i o l i p a s e  a c t i v i t y :  I n  a s s o c i a t i o n  w i t h  p r o t e i n

m o l e c u l e s  m e t a l  i o n s  may f u n c t i o n  i n  one o f  s e v e r a l  ways .  The m e t a l

i o n  may be  c o n t a i n e d  i n  t h e  c a t a l y t i c  c e n t r e  o f  t h e  m o l e c u l e  and  p l a y

some r o l e  i n  t h e  a c t i o n  o f  t h e  enzyme. I t  may a.ot i n  b i n d i n g  t h e

s u b s t r a t e  t o  t h e  enzyme, b u t  h a v e  no d i r e c t  f u n c t i o n  i n  t h e  enzymic

a c t i v i t y .  I t  may b e  e s s e n t i a l  o n ly  f o r  t h e  m a in t e n a n c e  o f  enzyme

c o n f o r m a t i o n .  F i n a l l y  t h e  i o n  may a.ot as  a, b r i d g e  b e tw e e n  enzyme and

s u b s t r a t e  c r e a t i n g  e l e c t r o s t a t i c  c o n d i t i o n s  a t  t h e  sub s t r i a t e - w a t e r

i n t e r f a c e  s u i t a b l e  f o r  enzyme—s u b s t r a t e  i n t e r a c t i o n .

2+W hile  i t  seems t h a t  Zn i s  bound  t o  t h e  apoenzyme ( i s p o l a t o v s k a y a ,
2-f

1 9 6 7 *, 1970) f Oa a c t i v a t e  a - t o x i n  w i t h o u t  b i n d i n g  i r r e v e r s i b l y  t o  t h e

m o l e c u l e .  With t h e  e x c e p t i o n  o f  t h e  s t u d i e s  o f  Bangham and Dawson ( I 9 6 2 )

l i t t l e  i s  known o f  t h e  mechanism o f  m e t a l  i o n  a c t i v a t i o n  f o r  t h i s  enzyme.

These  w o rk e r s  e s t a b l i s h e d  t h a t  a  p o s i t i v e  z e t a  p o t e n t i a l  had  t o  p r e v a i l

a t  t h e  l e c i t h i n - w a . t e r  i n t e r f a c e  b e f o r e  01 .  p e r f r i n g e n s  a - t o x i n  would

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

2+Ga , maximum l i y d r o l y s i s  o c c u r r i n g  when t h e  m o b i l i t y  o f  t h e  l e c i t h i n  

p a r t i c l e s  was a b o u t  -K).9/ s e c / v o l t / c m .  With i n c r e a s i n g  v a l u e s  o f  z e t a  

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

was d e t e c t e d  o n ly  above  pH 5»5 ieC* when t h e  p r o t e i n  h a d  a n e t  n e g a t i v e  

c h a r g e  (Dawson, I 9 6 8 ) .

Thus t h e  r o l e s  o f  t h e s e  two m e t a l  i o n s  a r e  c l e a r l y  d i s t i n c t .

Y e t ,  a  number o f  q u e s t i o n s  r e m a in  u n a n s w e re d .  H o th in g  i s  known ( i )  o f

t h e  n a t u r e  o f  t h e  enzym e-subs t r a t e  bond  and  t h e  f u n c t i o n  o f  Ca i n  t h i s ,

( i i )  t h e  m o l e c u l a r  a r r a n g e m e n t s  o f  t h e  Ga^*^ and Zn^  ̂ durin^g s u b s t r a t e -

2+enzyme i n t e r a c t i o n  ( i i i )  t h e  f u n c t i o n  o f  t h e  Zn" i n  enzymic a c t i v i t y  and
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2+ 2+( i v )  t h e  s t o i c h i o m e t r i c  r a t i o  o f  Zn t o  a.poenaymo, o r  o f  Ca t o

enzyme-sub  s t r a t e  bond  a-t maximal v e l o c i t y  o f  t h e  r e a c t i o n .  These

p ro b lem s  can  o n ly  be  s a t i s f a c t o r a l l y  t a c k l e d  and a n s w e r e d  w i t h  t h e

p r o v i s i o n  o f  cc - toxin  o f  h i g h  s p e c i f i c  a c t i v i t y .

d .  M u l t i n l e  Forms o f  a - T o x i n :

I s p o l a t o v s k a y a  and  L ev d ik o v a  ( 1962) r e p o r t e d  t h a t  when t h e y  

f r a c t i o n a t e d  t h e i r  s t a g e  3 t o x i n  ( s e e  T a b l e  5 ) on G M - c e l l n l o s e  u s i n g  

g r a d i e n t  e l u t i o n  w i t h  a c e t a t e  b u f f e r  pH 9*6,  t h e  a—t o x i n  wa.s e l u t e d  a s  

a  s i n g l e  peak  o f  l e c i t h i n a s e  a c t i v i t y .  However, when s t a g e  6 t o x i n  was 

c h ro m a to g ra p h e d  s i m i l a r l y  i . e .  t o x i n  p u r i f i e d  by a  complex  s e r i e s  o f  ■ 

s t a g e s  and l y o e h i l i s e d ,  t h e  a c t i v i t y  o f  t h e  enzyme was e l u t e d  a s  two w e l l  

d e f i n e d  p e a k s  o f  a c t i v i t y .  I n  r e p o r t i n g  t h i s  o b s e r v a t i o n ,  t h e s e  a u t h o r s  

were u n a b l e  t o  d e t e r m i n e  w h e t h e r  t h e  p r e s e n c e  o f  two a c t i v e  components 

i n  t h e  a - t o x i n  p r e p a r a t i o n  was due t o  t h e  r e s o l u t i o n  o f  i s o e n z y m ic  fo rms  

o f  t h e  l e c i t h i n a . s e  o r  t h e  r e s u l t  o f  s l i g h t  changes  i n  t h e  s t r u c t u r e  o f  

t h e  enzyme c a u s e d  by t h e  p u r i f i c a t i o n  methods  u s e d ,  w h ich  c o u l d  have  

c a u s e d  a  m o d i f i c a t i o n  o f  t h e  c h a r g e  on i n d i v i d u a l  p a r t s  o f  t h e  m oleca . le .

I n  r e i n v e s t i g a t i n g  t h i s  a s p e c t ,  ( i s p o l a t o v s k a y a ,  I 9 6 4 ) , t h e  

l e c i t h i n a s e  wa.s p u r i f i e d  a,s p r e v i o u s l y  d e s c r i b e d  ( i s p o l a . t o v s k a y a  and 

L evd ikova ,  I 9 6 2 ) e x c e p t  t h a t  'S ta .ge  6 t o x i n ’ was s u b j e c t e d  t o  a f u r t h e r  

p u r i f i c a t i o n  on Sephadex  0-79* P a r t  o f  t h i s  m a t e r i a l  was c o n c e n t r a t e d  

w i t h  ammonium s u l p h a t e  and p a s s e d  th r o u g h  Sephadex  G-79 a g a i n .  A l l  

t h r e e  p u r i f i e d  p r e p a r a t i o n s  were  l y o u h i l i s e d  and t h e n  a n a l y s e d  by s t a r c h  

g e l  e l e c t r o p h o r e s i s .  G e l s  were  s e c t i o n e d  and s t a i n e d  f o r  p r o t e i n .  

T r a n s v e r s e  s t r i p s  were  e l u t e d  by a  v a r i e t y  o f  p r o c e d u r e s  and a.ssayed f o r  

l e c i t h i n a s e  a c t i ' v i t y  by p h o s p h o ru s  r e l e a s e  from an  e g g - y o l k  e m u l s io n .
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A number o f  a c t i v e  componentfî p o s s e s s i n g  l e c i t h i n a . s e  a c t i v i t y  were  

r e v e a l e d ,  i n  each  p r e p a r a t i o n ,  a . l though t h e  number o f  a c t i v e  components 

v a r i e d  w i t h  t h e  p r e p a r a t i o n .  However,  c r u d e  o r  p u r i f i e d  m a t e r i a . l  t h a t  

h a d  n o t  b e e n  l y o p h i l i s e d  was n o t  a n a l y s e d .  A lso  I s p o l a t o v s k a y a .  f a i l e d  

t o  e s t a b l i s h  w h e t h e r  t h e  s e v e r a l  components were  p r o d u c e d  by a g g r e g a t i o n  

o r  p o l y m e r i s a . t i o n .  I s p o l a t o v s k a y a  and K l im acheva  ( I 9 6 6 ) r e p o r t e d  t h a t  

l e c i t h i n a s e  was r e l a t i v e l y  s t a b l e  t o  u r e a ,  b u t  d i d  n o t  d e t e r m i n e  w h e t h e r  

t h i s  t r e a t m e n t  a l t e r e d  t h e  e l e c t r o p h o r e t i c  p a t t e r n .

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

g e l  h a s  r e v e a l e d  h e t e r o g e n e i t y  i n  o t h e r  b a c t e r i a l  t o x i n s .  Habeeb ( 1964? 

1969) showed t h a t  01 .  p e r f r i n g e n s  e - p r o t o t o x i n  p u r i f i e d  t o  im m uno log ica l  

h om oge ne i ty  d i s p l a y e d  e l e c t r o p h o r e t i c  h e t e r o g e n e i t y  i n  s t a r c h  g e l  

e l e c t r o p h o r e s i s .  The 4 - 5  components  d e t e c t e d  were s e r o l o g i c a l l y  

i d e n t i c a l .  A ga in  t h i s  t o x i n  was f r e e z e - d r i e d  b e f o r e  a n a l y s i s .

H ere  t h e  o b s e r v a t i o n s  o f  U spe nska ya  and H ed u s k i  (1997)  a r e  

w or thy  o f  m e n t io n ,  a s  t h e y  may p r o v i d e  a  p a r t i a l  e x p l a n a t i o n  o f  t h e  

m u l t i p l e  fo rms  o b s e r v e d  by I s p o l a . t o v s k a y a  ( I 9 6 4 ) .  B o th  t h e s e  a u t h o r s  

and I s p o l a t o v s k a y a  and  L a r i n a  (1999)  r e p o r t e d  t h a t  f r e s h l y  p r e p a r e d  a - t o x i n  

was e l e c t r o p h o r e t i c a l l y  homogeneous.  However, Uspenska.ya a.nd Me du s k i  

o b s e r v e d  t h a t  when a s e v e n - y e a r  o l d  spec im en  o f  a - t o x i n ,  o b t a i n e d  from 

t h e  C e n t r a l  I n s t i t u t e  o f  E p idem io logy  and B a c t e r i o l o g y ,  Moscow, and 

t h e r e f o r e  p re s u m a b ly  f r e e z e - d r i e d ,  was s u b j e c t e d  t o  e l e c t r o p h o r e s i s ,  i t  

o c c u p i e d  a b r o a d  zone o f  e l e c t r o p h o r e t i c  m o b i l i t y .  T h e i r  work c l e a r l y  

d e m o n s t r a t e d  t h a t  s t o r a g e  o r  a g e i n g  o f  t h e  t o x i n  c a u s e d  c e r t a i n  changes  

i n  t h e  t o x i n  m o l e c u l e .  I s p o l a t o v s k a y a  and Larina,  i n v e s t i g a t e d  

d e t o x i f i c a t i o n  o f  c ru d e  a - t o x i n  w i t h  f o r m a l i n .  G r a d u a l  m o d i f i c a t i o n  o f
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a - t o x i n  by fo rm a . l in  made t h e  p r o t e i n  more a c i d i c  b u t  t h e  i n i t i a l  changes  

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

a c t i v i t y .  These  a u t h o r s  i n t e r p r e t e d  t h i s  as  a  g r a d u a l  b l o c k i n g  o r  

d é n a t u r a t i o n  o f  t h e  a c t i v e  c e n t r e  o f  t h e  enzyme m o l e c u l e  n o t  i n v o l v i n g  

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

s u g g e s t e d  t h a t  t h e  r e s u l t  o f  U spe nska ya  and Medus k i  m i g h t  have  b e e n  due 

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

I n  t h e  l i g h t  o f  t h e  f o r e g o i n g  d i s c u s s i o n ,  some a c c o u n t  o f  t h e  

e f f e c t s  o f  f r e e z e - d i y i n g  on p r o t e i n s  i s  n e c e s s a . ry .  The rem ova l  o f  w a t e r  

c a u s e s  an  i n c r e a . s e  i n  t h e  c o n c e n t r a t i o n  o f  s a l t s  p r e s e n t  i n  t h e  p r o t e i n  

s o l u t i o n .  I n c r e a s e d  s a l t  c o n c e n t r a t i o n  may c a u s e  d i s s o c i a t i o n  i n t o  

s u b - u n i t s  o r  m e t a l  i o n s  may b i n d  t o  s p e c i f i c  amino a c id ,  r e s i d u e s  i n  t h e  

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

s t r u c t u r e .  Changes i n  pH may o c c u r  w i t h  i n c r e a s i n g  h y d ro g e n  i o n  

c o n c e n t r a t i o n  a s  i c e  i s  removed,  o r  a l t e r n a t i v e l y  w i t h  changes  i n  s a l t  

c o n c e n t r a t i o n  (L ea  a.nd Ha.vj’k e ,  1 9 5 2 ) .  P r o t e i n  s o l u t i o n s  w i t h  an  i s o e l e c t r i c  

p o i n t  be low  pH 7 t e n d  t o  become more a c i d  w i t h  i n c r e a . s i n g  sa . l t  

c o n c e n t r a t i o n .  W ater  m o l e c u l e s  can  be  i m p o r t a n t  f o r  t h e  s t r u c t u r a l  

i n t e g r i t y  o f  some p r o t e i n s  e . g .  p - l i p o p r o t e i n  o f  p l a s m a  ( One l e y  e t  _a.l., 1950) 

The removal  o f  w a t e r  m o l e c u l e s  necessa . ry  f o r  s t r u c t u r a l  i n t e g r i t y  may 

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

m o l e c u l e s  i n t o  p h y s i c a l  con ta .c t  ca.us ing  t h e  f o r m a t i o n  o f  new c r o s s - 1  inlying 

b o n d s .  I f  t h e s e  bonds  a,re s t r o n g e r  t h a n  t h e  normal h y d ro g e n  bonds  and 

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

t h e  p r o t e i n  c o u l d  o c c u r .
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Thus a number o f  i m p o r t a n t  q u e s t i o n s  have  t o  b e  answ ered :

1.  Are  t h e  o b s e r v e d  m u l t i p l e  forms  o f  a—t o x i n  n a t i v e  p r o t e i n  fo rms o r  

a r t e f a c t s  c a u s e d  by p u r i f i c a t i o n  and f r e e z e - d r y i n g ?

2* Do t h e s e  m u l t i p l e  fo rm s ,  a l b e i t ,  i f  t h e y  a r e  a r t e f a c t s ,  d i f f e r  i n  

o t h e r  r e s p e c t s  a p a r t  from c h a rg e ?

3.  Assuming t h a t  a - t o x i n  i s  a. z i n c  m e t a l l o p r o t e i n ,  do t h e s e  forms a l l  

p o s s e s s  z i n c  a s  an  i n t e g r a l  p a r t  o f  t h e i r  s t r u c t u r e ?

4 .  Do t h e y  d i f f e r  b i o l o g i c a l l y  o r  b i o c h e m i c a l l y  i n  any r e s p e c t s ?

Work u n d e r t a k e n  i n  t h i s  t h e s i s  goes  some way t o  a n s w e r in g  some 

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

t o  d e t e r m i n e  w h e t h e r  m u l t i p l e  forms e x i s t  i n  c ru d e  a - t o x i n .  T h i s  method 

o f  e l e c t r o p h o r e s i s  a l l o w s  t h e  q u a n t i t a t i v e  s e p a r a t i o n  o f  i s o e n z y m ic  forms 

o f  p r o t e i n  i n  pH g r a d i e n t s .  I t  h a s  r e v e a l e d  m u l t i p l e  fo rms i n  o t h e r  

b a c t e r i a l  t o x i n s  and enzymes e . g .  s tap l iy  l o c o  c o a l  h y a l u r o n i d a s e ,  

d e o x y r i b o n u c l e a s e ,  a - t o x i n ,  <5 - h a e m o l y s i n ,  6 - t o x i n  and  e n t e r o t o x i n
M

( V e s t e r b e r g  e t  a l . , 19 c 7 ! Wads trom, 196 7 ; V e s t e r b o r g ,  1968a ;  Wadstrom,
u

1 96 8 ; K ro g e r  e t  a l . , 1 9 7 1 î Wa d s trom and Mol lby,  1971;  Chang and D ic k i e ,  

1971) '  The method was a l s o  c h o s e n  w i t h  o t h e r  p o i n t s  i n  mind.  F i r s t l y ,  

i t  m igh t  p ro v e  a. c o n v e n i e n t  and e f f i c i e n t  method f o r  t h e  p r e p a r a t i o n  o f  

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

i n t r i n s i c  a d v a n t a g e  o f  c o n c e n t r a t i n g  p r o t e i n s  a s  w e l l  a s  p u r i f y i n g  them, 

a c o n s i d e r a t i o n  o f  pa ram ount  im p o r t a n c e  i n  t h e  c a s e  o f  b a c t e r i a l  t o x i n s  

as  q u a n t i t a t i v e l y  i n  c rude  m a t e r i a l  t h e y  r e p r e s e n t  b u t  a  s m a l l  p e r c e n t a g e  

o f  t h e  t o t a l  p r o t e i n  p r e s e n t ;  t h i r d l y ,  t h i s  method  m ig h t  a v o i d  t h e  

n e c e s s i t y  o f  s t a r t i n g  w i t h  l a r g e  volu-mes o f  s t a r t i n g  m a t e r i a l  and  lo n g  

t e d i o u s  p u r i f i c a t i o n  p r o c e d u r e  w i t h  low y i e l d ;  f o u r t h l y ,  t h e  method migh t
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a l s o  p r o v i d e  a  m eans o f  o b t a i n i n g  a. num ber o f  h i g h l y  p u r i f i e d ,  t o x i n s  

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

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

4* B i o l o g i c a l  Char  a,ct e r i s t i c s  o f  u -T o x in .

a .  Su b s t r a t e  S p e c i f i c i t y :

The l i t e r a t u r e  on t h i s  a s p e c t  o f  a - t o x i n  i s  e x t e n s i v e  and  

o o n t r a d i c t o i y . S e v e r a l  p o i n t s  have  t o  be  t a k e n  i n t o  a c c o u n t  i n  an 

a t t e m p t  t o  r e s o l v e  t h e s e  d i s c r e p a n c i e s .  F i r s t l y ,  n o t  a l l  a u t h o r s  have  

u s e d  h i g h l y  p u r i f i e d  l e c i t h i n a . s e .  0 1 . p e r f r i n g e n s  a - t o x i n  ( p h o s p h o l i p a s e  C) 

i s  r e a d i l y  a v a i l a b l e  from s e v e r a l  commercia.l s o u r c e s  a s  a  f r e e z e - d r i e d  

c u l t u r e  f i l t r a t e  o r  p a r t i a l l y  p u r i f i e d  d e r i v a t i v e ,  u s u a l l y  an  ammoniuan 

s u l p h a t e  p r e c i p i t a t e .  The v a l u e  o f  s t u d i e s  on t h e  h y d r o l y s i s  o f  p u r e  

p h o s p h o l i p i d s  u n d e r  a  v a . r i e t y  o f  c o n d i t i o n s  i s  r e n d e r e d  qu .es t iona .b le  by 

t h e  u s e  o f  r e a g e n t s  o f  low p u r i t y .  The o n ly  a u t h o r s  t o  a v o i d  t h i s  

c r i t i c i s m  have  b e e n  Bangham and Dawson ( 1962) ,  S e c o n d l y , i t  h a s  b e e n  

assumed by many a u t h o r s  t h a t  t h e  enzyme ha.s t h e  same a v i d i t y  f o r  p u r e  

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

s u b s t a n t i a t e  t h i s  a s s u m p t i o n .  T h i r d l y ,  work c a r r i e d  o u t  w i t h  p u r e  

p h o s p h o l i p i d s  does  n o t  c o r r e l a t e  w i t h  tha . t  c a r r i e d  o u t  w i t h  m i x t u r e s  o f  

p h o s p h o l i p i d s ,  a  f a c t  t h a t  i s  p r o b a b l y  e x p l a i n e d  by e f f e c t s  on t h e  z e t a  

p o t e n t i a l  by i n d i v i d u a l  p h o s p h o l i p i d s  i n  a  m i x t u r e .  F i n a l l y ,  t h e  c r i t e r i a  

o f  p u r i t y  o f  p h o s p h o l i p i d s  u s e d  by e a r l i e r  w o rk e r s  a r e  now known t o  b e  

ina deq rua te .

Tha t  l e c i t h i n  was s p l i t  t o  d i g l y c e r i d e  and  p h o s p h o c h o l i n e  

was f i r s t  e s t a b l i s h e d  by M a.c fa rlane  and  K n ig h t  ( 1941 ) u s i n g  cru.de l e c i t h i n .  

T h i s  f i n d i n g  ha.s b e e n  c o n f i r m e d  many t i m e s  s i n c e  w i t h  p u r e  s u b s t r a t e s
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(Zam ecnik  e t  a l . ,  1947; Bangham and Bawson, 1962; H atsum oto ,  1961 

and o t h e r s ) .  M a o fa r l a n e  and  K n i g h t ’ s l e c i t h i n ,  p h o s p h a t i d y l  c h o l i n e  

(PTC), c o n t a i n e d  o t h e r  p h o s p h o l i p i d s  ( c i r c a  30/o) p r i n c i p a l l y  c e p h a l i n s  

and s p h i n g o m y e l i n .  The b e s t  c h a r a . c t e r i s e d  c e p h a l i n s  a r e  p h o s p h a t i d y l  

e t h a n o la r a in e  (PTE) and p h o s p h a t i d y l  s e r i n e  (P T3) .  U n l i k e  PTC, PTE and 

PTS, s p h in g o m y e l in  does  n o t  c o n t a i n  a. g l y c e r o l  b a c k b o n e .  The s t r u . c t u r e s  

o f  t h e s e  p h o s p h o l i p i d s  a r e  shown i n  F i g u r e  2 .

S i n c e  1941» a - t o x i n  h a s  b e e n  shown t o  h y d r o l y s e  o t h e r

p h o s p h o l i p i d s .  These  f i n d i n g s  a r e  summarised  i n  T a b l e  8 . H y d r o l y s i s

o f  s p h in g o m y e l i n  h a s  b e e n  d e m o n s t r a t e d  i n  p h o s p h o l i p i d  m i x t u r e s  o r  w i t h

t h e  p u r e  p h o s p h o l i p i d  by a . l l  a u t h o r s  e x c e p t  Zamecnik o t  a l . , ( 1947) «

S a i t o  and Mulcoyajna ( 1968) d .em ons t ra ted  t h a t  two o t h e r  p h o s p h o s p h i n g o l i p i d s ,

ce r a m id e  a m in o e th y l p h o s p h o n a t e  and ce ra m id e  p h o s p h o r y l e t h a n o l a m i n e

( s p h i n g o e t h a n o l a m i n e ) , were  h y d r o l y s e d  by a - t o x i n  and  t h a t  Ca ' i n c r e a s e d

t h e i r  r a t e s ' o f  h y d r o l y s i s .  The i n v e s t i g a t i o n s  c a r r i e d  o u t  on PTE

h y d r o l y s i s  r e q u i r e  q u a l i f i c a t i o n .  I n  t h e  s t u d i e s  o f  Zamecnik e t  a l . ,

( 1947) and  M a.c fa r lane  (1945)  a—t o x i n  n e i t h e r  a t t a c k e d  c e p h a l i n  m i x t u r e s

(PTS + PTS) n o r  t h e  i n d i v i d u a l  p h o s p h o l i p i d s .  H y d r o l y s i s  o f  p u r e  PTE

2*hi n  t h e  p r e s e n c e  o f  Ca was d e m o n s t r a t e d  by Hatsumoto  ( I 96 I )  and van 

Deenen e t  a l . ,  ( 196I )  and,  t o  a  l e s s e r  e x t e n t ,  by Bangham and Dawson ( 1962) ,  

w hereas  S a i t o  and  LIukoyama ( i 9 6 0 ) r e p o r t e d  i t s  h y d r o l y s i s  i n  t h e  a b s e n c e
2

o f  a c t i v a t i n g  i o n s ,  a.nd by a t  1 o v i  t  skay  a  e t  a l . ,  ( 1967a)  found  t h a t  o n ly  Zn 

would  p o t e n t i a t e  i t s  h y d r o l y s i s .  Enzymatic  l i y d r o l y s i s  o f  PTE i n  

p h o s p h o l i p i d  m i x t u r e s  was shown by de G i e r  e t  a l . , ( I 9 6 I ) ,  Ma.tsumoto ( I 96 I )  

and Ba.ngham and  Dawson ( I 9 6 2 ) ,  a.nd i n  t h r o m b o p l a s t i n  from b r a i n  by 

K ushne r  and  Feldman ( 1958) .  Moreover ,  de G i e r  e t  a l . , '  and Bangham and 

Dawson o b s e r v e d  a s t i m u l a . t i o n  o f  PTE h y d r o l y s i s  by  t h e  a d d i t i o n  o f  PTC'.
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F i g u r e  2 : S t r u c t u r e  o f  P h o s p h o l i p i d s  oommonly found

i n  Membranes i n  conm ar i son  w i t h  L e c i t h i n
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Ta-TDle 8 H y d r o l y s i s  o f  P h o s p h o l i p i d s  o t h e r  t h a n

L e c i t h i n  by  C l ,  o e r f r i i p y e n s  a - t o x i n ,               - -_

r"" ----------------  —...— ’* —

A u t h o r Y e a r 8 p h .
P h o s p h o l i p i d  
PTE PTS

' " " 1 

LysoPTG

M a c fa r la .n e 1942 + ND ND ND

Z am ec n ik  e t  a l . 1947 — — — —

M a c f a r l a n e 1948 4- - — ND

K u s h n e r  an d  F e ld m a n 1958 HD 4' ND ND

S r i b n e y  a n d  K ennedy 1958 + ND ND ND

Go w la n d  an d  W i l l i s 1961 ND ND ND -

de G i e r  e t  a l . 1961 + 4* 4- ND

M atsnm oto 1961 + + “ -

v a n  D eenen  e t  a l , 1961 ND 4- ND ND

Dangham a n d  Dawson 1962 - 4- ND ND

I ^ a t l o v i t s k a y a 1967a ND -J- ND ND

S a i t o  and  LIukoyama 1968 •f 4* ND ND

R osenbe rg ' a n d  C o n d re a 1968 + 4- ND ND

+ = h y d r o l y s e d  

-  •= n o t  l i y d r o l y s e d  

ÎJD -  N ot D e te r m in e d
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Only de G i e r  e t  a l . , ( I 96 I )  have  r e p o r t e d  t h a t  a - t o x i n  

l i y d r o l y s e d  PTS, a l t h o u g h  o n ly  t o  a. m in o r  e x t e n t  i n  p h o s p h o l i p i d  m i x t u r e s  

from e r y t h r o c y t e  s t r o m a .  a - t o x i n  a. lso a. tta.cked c h o l i n e  p l a s r a a lo g e n  -  

a  p h ospho . t ide  w i t h  t h e  f a t t y  a c i d  i n  t h e  a ’ p o s i t i o n  r e p l a c e d  w i t h  an  

a p - u n s a t u r a t e d  e t h e r  ( K iy a s u  and Kennedy,  I 96O; G o t t f r i e d  and R a p p o r t ,  

1962 ; N o r to n  e t  a l . ,  1962; A n s e l l  and S panner ,  I 9 6 5 ) h u t  n o t  e t h a n o l -  

amine plasma.logen  ( A n s e l l  and S p a n n e r ,  1965)7 o r  l y s o l e c i t h i n  ( Zamecnik 

e t  a l . ,  1947 T Matsiunoto,  I 96 I ;  Gowland and  W i l l i s ,  I 96 I )  o r  l y s o c e p h a l i n  

(Matsurnoto,  I 96 I ) . I n  a d d i t i o n  c e r e h r o s i d e ,  mono- and  d i -  

p h e n y l g l y c e r o p h o s p h a t e ,  c c -g ly c e ro p h o s p h a te  and  g l y c e r y l p h o s p h o r y l c h o l i n e  

were  n o t  h y d r o l y s e d  by a - t o x i n  (M a.c far lane  and K n ig h t ,  1941 j M a.c far lane ,  

1942 , 1948 ; Zamecnik  e t  a l . , 1 9 4 7 ) »

S t u d i e s  i n  r e c e n t  y e a r s  on t h e  hom ogene i ty  o f  p h o s p h o l i p i d s  

from a  s i n g l e  s o u r c e  have  r e v e a l e d  t h a t  t h e y  e x i s t  a s  a. h e t e r o g e n e o u s  

m i x t u r e .  F o r  i n s t a n c e ,  l e c i t h i n  from human r e d  c e l l s  membranes a p p e a r s  

t o  c o n s i s t  o f  some tw e n ty  d i f f e r e n t  m o l e c u l a r  s p e c i e s ,  d i f f e r i n g  i n  

s u b s t i t u ' . ^ n t s  on t h e  cĉ  and p c a r b o n s  o f  t h e  g l y c e r o l  ( v a n  Golde et  a l . ,  

1967) .  I t  h a s  b e e n  c a l c u l a t e d  by van Deenen ( I 9 6 9 ) t h a t  t h e  t o t a l  

number o f  m o l e c u l a r  s p e c i e s  o f  p h o s p h o l i p i d  i n  a human r e d  c e l l  membrane 

may b e  as h i g h  a s  150—200. What e f f e c t  t h i s  h e t e r o g e n e i t y  ha.s on t h e  

a v i d i t y  o f  ensyme f o r  s u b s t r a t e  i s  i m p o s s i b l e  t o  gauge  a t  t h e  moment,

b .  The E f f e c t  o f  a - T o x i n  on Membrane f o u n d  S t r u c t u r e s  i n  v i t r o :

The mos t  i m p o r t a n t  c o n s i d e r a t i o n  i n  r e v i e w i n g  t h i s  a s p e c t  o f  

s t u d i e s  c a r r i e d  o u t  w i t h  a - t o x i n  h a s  b e e n  t h e  n a t u r e  and  p u r i t y  o f  t h e  

m a t e r i a l  u s e d  by v a r i o u s  a u t h o r s .  The v a s t  m a j o r i t y  o f  work h a s  b e e n  

a t t e m p t e d  w i t h  c r u d e  o r  ammonium s u l p h a t e  p r e c i p i t a t e d  t o x i n  and w i t h
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c o m m e rc i a l ly  a v a i l a b l e  phospb .o l ipa. se  0  d e r i v e d  from C l .  p e r f r i n g e n s .

Most a u t h o r s  have  u s e d  t h e s e  r e a g e n t s  w i t h o u t  due c o n s i d e r a t i o n  o f  t h e  

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

b e s t  q u a l i t a t i v e  a n a . ly s i s  f o r  o t h e r  t o x i n s  o r  enzymes was s t a t e d  o r  

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

e x am p le .b y  t h e  u s e  o f  C l ,  h i s t o l y t i c u m  c o l l a .g e n a s e  o r  V i b r i o  c h o l e r a e  

n e u r a m i n i d a s e .  The t y p e  o f  a - t o x i n  p r e p a r a t i o n  u s e d  i s  i n d i c a t e d  i n  

each  o f  t h e  f o l l o w i n g  s e c t i o n s .  These s t u d i e s  a r e  r e v i e w e d  i n  f i v e  

s e c t i o n s  ( i )  t h e  e r y t h r o c y t e ,  beca .use  i t  h a s  b e e n  s t u d i e d  most  e x t e n s i v e l y  

and b e c a u s e  i t  p r e s e n t s  t h e  i n t r i g u i n g  prob lem o f  t h e  mechanism o f  

h o t - c o l d  h a e m o l y s i s ;  ( i i )  p r o c a r y o t i c  c e l l s ,  p r o t o p l a s t s  and s p h e r o p l a s t s ,  

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

from t h a t  o f  mammalian c e l l s ;  ( i i i )  mammalian c e l l s  i n  s u s p e n s i o n  and 

m o n o la y e r ;  ( i v )  membrane bound o r g a n e l l e s  from mamma,l i a , n c e l l s  and

(v )  membranes i s o l a t e d  from mammalian c e l l s  o r  c e l l - a s s o c i a t e d  s t r u c t u r e s *  

i .  The e r y t h r o c y t e : When s u s c e p t i b l e  e r y t h r o c y t e s  a r e  exposed  t o  a - t o x i n

th e y  do n o t  l y s e  im m e d i a t e l y ,  b u t  do so when t h e  t o x i n - e r y t h r o c y t e  m i x t u r e  

i s  c o o l e d  t o  0*^0 — 4^C. T h i s  t y p e  o f  r e a c t i o n  was f i r s t  d e s c r i b e d  f o r  

s t a p h y l o c o c c u s  p - t o x i n  by Glenny  and S te v e n s  (1935)  uud i s  t e rm e d  h o t -  

c o l d  h a e m o l y s i s .  I t  was van  H eyningen  ( 1941b)who f i r s t  n o t e d  t h i s  

phenomenon i n  r e l a t i o n  t o  C l .  p e r f r i n g e n s  a - t o x i n .  However, he  a l s o  

showed t h a t  h i g h  c o n c e n t r a t i o n s  o f  a - t o x i n  c a u s e d  l y s i s  a,t 37^0,  and 

M a c f a r l a n e  (1950) d e m o n s t r a t e d  t h a t  b o t h  h o t  and h o t - c o l d  h a e m o ly s i s  

were t h e  r e s u l t  o f  p h o s p h o l i p i d  h y d r o l y s i s  i n  t h e  e r y t h r o c y t e  membrane.

H er  s t u d i e s  showed t h a t  e r y t h r o c y t e s  o f  d i f f e r e n t  s p e c i e s  v a r i e d  i n  t h e i r  

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

sequ.ence s h e e p > h o r s e > ra b b i t> h u m a n .  The r a t e  a t  w h ich  haem o g lo b in  l e a k e d
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o u t  was n o t  j u s t  a  f u n c t i o n  o f  t h e  r a t e  o f  h y d r o l y s i s  o f  p h o s p h o l i p i d  

b u t  o f  damage t o  t h e  m o l e c u l a r  a r c h i t e c t u r e  o f  t h e  membrane.  The 

l e v e l  o f  c r i t i c a l  damage was d i f f e r e n t  i n  sheep  and h o r s e  c e l l s ;  h o r s e  

e r y t h r o c y t e s  t e n d e d  t o  l y s e  c o m p l e t e l y  when o v e r  o f  t h e  h y d r o l y s a b l e  

p h o s p h o l i p i d  h a d  b e e n  a t t a c k e d ,  w hereas  sheep  e r y t h r o c y t e s  c o u l d  have  up 

t o  70-75/^ h y d r o l y s e d  b e f o r e  c o m p le te  h a e m o ly s i s  o c c u r r e d .  However, 

p h o s p h o l i p i d  e x t r a c t e d  from sh eep  e r y t h r o c y t e s  was more r e a d i l y  a t t a c k e d  

by a - t o x i n  t h a n  t h a t  from h o r s e  e r y t h r o c y t e s ,  l e a d i n g  M a c f a r l a n e  t o  

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

i n t a c t  c e l l s  m ig h t  be  due t o  d i f f e r e n c e s  i n  t h e  r e l a . t i v e  p r o p o r t i o n s  o f  

s p h in g o m y e l in  and  PTC i n  t h e  membranes.  The s u s c e p t i b i l i t y  o f  

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

d e t a i l  be low  (p a g e  number 57 ) •

D e t a i l e d  k i n e t i c  s t u d i e s  o f  h a e m o l y s i s  h a v e  b e e n  c a r r i e d  ou t  

by Burrows ( 1 9 5 d ) ,  I k eza w a  (1963)  and  Ikozaw a and M u ra ta  ( I 9 6 4 ) .  Burrows 

u s e d  d ia . l y s e d  c u l t u r e  f i l t r a t e  s t a t e d  t o  g i v e  * no h a e m o l y s i s  i n  i s o t o n i c  

p h o s p h a t e  b u f f e r ’ , and t h u s  assumed  t o  b e  f r e e  o f  6 - t o x i n .  U s ing  r a b b i t  

e r y t h r o c y t e s ,  he  fo u n d  a  l i n e a r  r e l a t i o n s h i p  be tw een  70 h o t - c o l d  h a e m o ly s i s  

and  t h e  l o g a r i t h m  o f  t h e  a - t o x i n  c o n c e n t r a t i o n  o v e r  t h e  r a n g e  20—70;o 

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

M a c f a r l a n e ’ s o b s e r v a t i o n s  t h a t  t h e s e  were i n s e n s i t i v e  t o  h o t - c o l d  

h a e m o l y s i s .  N e v e r t h e l e s s ,  B u r ro w ’ s s t u d i e s  c l e a r l y  showed t h a t  t h e  

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

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

Ikeza w a  u s e d  p a r t i a l l y  p u r i f i e d  t o x i n  w hich  a p p e a r s  from h i s  

r i g o r o u s  c o n t r o l s  t o  have  b e e n  f r e e  o f  6 - t o x i n .  He found  t h a t  h o t - c o l d
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h a e m o l y s i s  by h i s  a - t o x i n  p r e p a r a t i o n  obeyed f i r s t  o r d e r  k i n e t i c s  w i t h  

r e s p e c t  t o  e r y t h r o c y t e  c o n c e n t r a t i o n ,  and deduced  from k i n e t i c  d a t a  

t h a t  t h e  amount o f  s u b s t r a t e  wa.s r e d u c e d  t o  a. c r i t i c a l  l e v e l  i n  t h e  

e r y t h r o c y t e  membrane ( c f .  M a c f a r l a n e ,  1950» v i d e  s u p r a ) . The l o g  p e r i o d  

t o  h a e m o l y s i s  c o n s i s t e d  o f  two p h a s e s .  The f i r s t ,  d e f i n e d  a s  l a t e n t  

p e r i o d  t ^ ,  was in d e p e n d e n t  o f  enzyme c o n c e n t r a t i o n  and  i n h i b i t e d  by 

a n t i t o x i n .  The a u t h o r s  c o n c l u d e d  t h a t  t h i s  r e p r e s e n t e d  t h e  t im e  t a k e n  

f o r  a c t i v a t i o n  o f  t h e  enzyme by t h e  c a . l c i u m - s u b s t r a . t e  complex.  The 

second ,  d e s i g n a t e d  l a t e n t  p e r i o d  t ^ ,  was i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  

enzyme c o n c e n t r a t i o n  and a d d i t i o n  o f  a n t i t o x i n  c a u s e d  o n ly  p a r t i a l  

i n h i b i t i o n .  T h i s  was t h o u g h t  t o  r e p r e s e n t  t h e  i n t e r v a l  b e tw e e n  breakdown 

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

Ho a u t h o r  h a s  so f a r  a s s e s s e d  t h e  h a e m o l y t i c  spec t rum  o f  

C l .  n e r f r i n g e n s  a - t o x i n  by c o m p a r a t i v e  d o u b l i n g  d i l u t i o n  t i t r a t i o n s  i n  

t h e  manner  o f  Wiseman ( I 9 6 5 ) i n  h i s  s t u d y  o f  s t a p h y l o c o c c a l  p - h a e m o ly s in .  

Burrows ( I 9 5 1 ) n o t e d  tha . t  t h e  f r a g i l i t y  o f  r a b b i t  e i y t h r o c y t e s  i n  t h e

p r e s e n c e  o f  a - t o x i n  v a r i e d  from an im a l  t o  an im a l  and  from t im e  t o  t im e  i n

t h e  same an im a l ,  b u t  t h i s  v a r i a t i o n  ’was o f  a  r e l a t i v e l y  low o r d e r ’ .

I k eza w a  and  M u ra ta  ( I 9 6 4 ) i n c l u d e d  an  a n o d y s i s  o f  t h e  k i n e t i c s  

o f  h a e m o l y s i s  o f  f o u r  s p e c i e s  o f  mammalian e r y t h r o c y t e s .  v a l u e s  f o r

Ca^^ f o r  t h e  s u b s t r a t e  on each  t y p e  o f  e r y t h r o c y t e  w ere  o b t a i n e d  ( T a b l e  9 ) .

2 - 1-These  f ig u . r e s  demons t r a d e  a 100 f o l d  v a r i a t i o n  i n  t h e  a f f i n i t y  o f  Ca

f o r  t.he s u b s t r a t e  on each c e l l ,  and  r e f l e c t  d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y

o f  each  t y p e  o f  c e l l  t o  enzymic a t t a c k .  The s u s c e p t i b i l i t y  o f  v a r i o u s  

s p e c i e s  o f  e r y t h r o c y t e s  t o  a h a e m o ly s in  i s  u s u a l l y  examined  u n d e r

2 -t-s t a n d a r d i s e d  c o n d i t i o n s .  I n  t h i s  ca.se a  c o n s t a n t  c o n c e n t r a t i o n  o f  Oa
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T ab le  9 • K i n e t i c s  of Haemolysis  o f  Mammalian E r y t h r o c y t e s  by C l,  p e r f r i r r ^ e n s
a -T o x in  -  v a l u e s  o f  Calcium io n s  t o  E r y t h r o c y t e  S u b s t r a t e s *

S p e c i e s  o f  E r y t h r o c y t e K v a lu e  f o r  Calcium ions  m .

R abb i t  

Human (o) 

Sheep 

Horse

1.25 % 10"^  M

1 . 5 4  X 10“ ^ M

1.23  X 10"^ M

Compiled from t h e  d a t a  o f  Ikezawa and Murata ( l 9 6 è
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w i l l  r e f l e c t  i n  d i f f e r e n t  r a t e s  o f  p h o s p h o l i p i d  h y d r o l y s i s  a c c o r d i n g  

t o  e r y t h r o c y t e  s p e c i e s .  T h e i r  f i n d i n g s  can  he i n t e r p r e t e d  i n  t e rm s  

o f  Bangham and Dawson’ s model  ( I 9 6 2 ) a s  b e i n g  t h e  c o n c e n t r a t i o n s  o f  

c a l c iu m  n e c e s s a r y  t o  c r e a t e  t h e  ze ta .  p o t e n t i a l  on t h e  e r y t h r o c y t e  

membrane r e q u i r e d  f o r  ( i . e .  -g- maximal v e l o c i t y  o f  h a e m o l y s i s ) . I t  

must  be  p o i n t e d  o u t  t h a t  t h e s e  d a t a  b e a r  no s t r i c t  r e l a t i o n s h i p  t o  

s u s c e p t i b i l i t y  t o  c o l d  sh o ck .  I n d e e d  r a b b i t  and human e r y t h r o c y t e s ,  

a l t h o u g h  showing lo w e r  v a l u e s ,  were s t a b l e  t o  c o l d  shock  w hereas  

t h o s e  o f  h o r s e  and  sh eep  were  n o t  ( M a c f a r l a n e ,  1950)*

I n  h o t - c o l d  h a e m o l y s i s ,  l y s i s  i n  t h e  ’ c o l d ’ p h a s e  was 

i n d e p e n d e n t  o f  t h e  a.ot i o n  o f  t h e  t o x i n  f o r  van H eyn ingen  ( 1941b) showed 

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

f a i l e d  t o  p r e v e n t  h a e m o l y s i s .  From t h e i r  k i n e t i c  s t u d i e s ,  Ikezaw a  and 

M u ra ta  a r g u e d  t h a t  s i n c e  c o l d  l y s i s  t o o k  p l a c e  i n s t a n t a n e o u s l y ,  i t  was 

n o t  r a t e  l i m i t i n g  i n  t h e  o v e r a l l  r e a c t i o n  sequ.ence a.nd t h e r e f o r e  

n on-enzym ic  i n  n a t u r e ;  r a t h e r  i t  i n v o l v e d  c o l d  shook  t o  t h e  c e l l s .  

A d d i t i o n  o f  Gâ *** a t  t h i s  s t a g e  d i d  n o t  a f f e c t  t h e  h a e m o l y t i c  p r o c e s s .

As i s  a r g u e d  above ,  r e s i s t a n c e  o f  e r y t h r o c y t e s  t o  c o l d  shock  must  be  an 

i m p o r t a n t  f a c t o r  i n  s e n s i t i v i t y  d i f f e r e n c e s  b e tw ee n  e r y t h r o c y t e s ;  b u t  

t o  i n v o k e  t h i s  t h e o r y  c o u l d  b e  an  o v e r s i m p l i f i c a t i o n  a s  sheep  e r y t h r o c y t e s  

do n o t  und e rg o  a p p r e c i a b l e  h a e m o l y s i s  a f t e r  t r e a t m e n t  w i t h  B a c i l l u s  c e r e u s  

p h o s p h o l i p a s e  G (Zwaal e t  a l . , 1 971 )«

F o r  t h e  o t h e r  h o t - c o l d  h a e m o ly s in ,  s t a p h y l o c o c c u s  |3 - to x in ,  

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

p h o s p h o l i p i d  c o m p o s i t i o n .  T a b l e  10 g i v e s  t h e  p h o s p h o l i p i d  d i s t r i b u t i o n  

i n  e r y t h r o c y t e s  from v a r i o u s  mammalian s p e c i e s  a.nd t h e  s p ec t ru m  o f



T a b le  10 R e la t io n s h ip  b e tw een  S p e c t r m  o f  E r y th r o c y te  S e n s i t i v i t y  t o  P a r t i a l l y  P u r i f i e d  S ta p h y lo c o c c a l  
P -h a e m o ly s in s  and t o  t h e  P h o s n h o lip id  D i s t r i b u t i o n  w i t M n  th e  E r y th r o c y te  M em branes.___________

E r y th r o c y te
S p e c ie s

H a e m o ly tic  T i t r e s  
o f  3 -h a e m o ly s in s .

P h o s p h o lip id  O o iip o s it io n  o f  E r y th r o c y te s  
a s  p e r c e n ta g e  o f  th e  p h o s p h o l ip id  present® ®

S t r a in  R -1 s t r a i n  252-P Sph PTC PTE PTS PTI PTA LPG X

Sheep 2048 512 5 1 .0 HD 2 6 .2 1 4 .1 2 .9 0 .3 HD 4 .8

Oz 512 512 4 6 .2 HD 2 9 .1 1 9 .3 3 .7 0 .3 ND 1 .7

Man 256 128 2 6 .9 2 8 .9 2 7 .2 1 3 .0 1 -3 2 .2 - -

C at 64 64 2 6 .1 30.3 2 2 .2 1 3 .2 7 .4 0 .8 0 .3 -

R a b b it 64 32 1 9 .0 3 3 .9 3 1 .9 1 2 .2 1 .6 1 . 6 0 .3 -

lU g  . 26 .5 2 3 .3 29 .7 1 7 .8 1 .6 0 .3 0 .9 -

* F o w i....................... - -  - 52" "- ‘ 32  ' .....  2 1 .4 4 2 .0 25 .5 4 .8  " ' ' 2 .0 - 1 .0 2 .6 2 .7

R at 4 . ; : % J. 1 2 .8 4 7 .5 2 1 .5 3 .5

Mouse 4 4

P rog 4 4

Dog 4 4 1 0 .8 4 6 .9 2 2 .4 1 5 .4 2 .2 0 .5 1 . 8 -

G u in ea  P ig 4 4 1 1 .1 4 1 .1 2 4 .6 1 6 . 8 2 .4 4 .2 0 .3 -

H orse 4 4 1 3 .5 4 2 .4 2 4 .3 1 8 .0 0 .3 0 .3 1 .7 -

Sph “ sp h in g o m y e lin .
PTC -  p h o s : )h a t id y l c h o l in e  
PTE -  p h o s p h a t id y l  e th a n o la m in e  
PTS -  p h o s p h a t id y l  s e r in e  
PTI -  p h o s p h a t id y l  i n o s i t o l  
PTA -  p h o s p lia t id ic  a c id  
LPG -  ly s o p h o s p h a t id y l  c h o l in e  
X -  u n id e n t i f i e d  p h o s p h o lip id ;  
ND -  n o t  d e t e c t e d .

f  D a ta  o f  '.Yiseman ( 1 9 6 5 )
*D ata  o f  K a te s  and Jam es ( l 9 é l )  

®‘’A f t e r  R ou ser  e t  a l , 1 9 68»
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é r y t h r o c y t e  s e n s i t i v i t y  t o  p a r t i a l l y  p u r i f i e d  s t a p h y l o c o c c u s  ,6 - to x in  

from s t r a i n s  R-1 and 252 -P ,  Prom t h i s  t a b l e  i t  c a n  b e  s e e n  tha/fc 

s u s c e p t i b i l i t y  t o  h o t - c o l d  h a e m o l y s i s  can  be c o r r e l a . t e d  w i t h  t h e  

s p h in g o m y e l in  c o n t e n t  o f  t h e  e r y t h r o c y t e  membranes ( Wiseman and C a i r d ,  

1967) .  The s t a p h y l o c o c c a l  enzyme was, however ,  w i t h o u t  e f f e c t  on p u r e  

PTO and  PTS (Wiseman and  C a i r d ,  I 9 6 7 ) .  S in c e  de G i e r  e t  a , l . ,  ( 196I ) ,  

Matsurnoto ( I 96I )  and Bangham and Dawson ( 1962) have  shown t h a t  

01 ,  p e r f r i n g e n s  a - t o x i n  can  b reakdown a v a r i e t y  o f  p h o s p h o l i p i d s  i n  a  

m i x t u r e  i t  i s  d i f f i c u l t  t o  draw c l e a r  ou t  c o r r e l a t i o n s  f o r  01 ,  p e r f r i n g e n s  

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

and t h e  r e l a t i v e  im p o r t a n c e  o f  i n d i v i d u a l  p h o s p h o l i p i d s  i n  membrane 

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

t h a t  sheep  e r y t h r o c y t e s ,  w hich  a r e  t h e  most  s u s c e p t i b l e  s p e c i e s  t o  a - t o x i n ,  

have  t h e  h i g h e s t  s p h in g o m y e l in  c o n t e n t  ( s e e  page  60 ) .

Lucy ( 1964) p r o p o s e d  t h a t  p h a s e  changes  b e tw e e n  a, g l o b u l a r  

s t r u c t u r e  and a  c o n t i n u o u s  b i m o l e o u l a r  l e a f l e t  o r g a n i s a t i o n  ( l a m e l l a r )  

m igh t  b e  o f  p h y s i o l o g i c a l  s i g n i f i c a n c e  i n  a l l o w i n g  dynamic changes  i n  

t h e  p e r m e a b i l i t y  o f  membranes.  I t  i s  p o s s i b l e  t h a t  a - t o x i n  may c a u s e  

t h e  t r a n s f o r m a t i o n  o f  membrane l i p i d s  from t h e  l a m e l l a r  t o  a  g l o b u l a r  

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

membrane o f  t h e  e r y t h r o c y t e .  Such a. t r a n s f o r m a t i o n  would  r e s u l t  i n  t h e  

f o r m a t i o n  o f  c h a n n e l s  t h r o u g h  w hich  d i f f u s i o n  o f  s o l u t e s  migh t  be  

f a c i l i t a t e d .  S u b s e q u e n t  c o l d  shook m igh t  e x a g g e ra g e  t h i s  e f f e c t .  Thus

s u s c e p t i b i l i t y  t o  l y s i s  m ig h t  depend  on w h e t h e r  t h e  p h o s p h o l i p i d s  

h y d r o l y s e d  were  i n v o l v e d  i n  t h e  m a in t e n a n c e  o f  t h e  l a m e l l a r  s t a t e ,  

i i .  M i c r o b i a l  c e l l s ,  p r o t o p l a s t s  and s p h e r o p l a s t s :  Davie  and  Brock

( 1966) ,  u s i n g  t h e  u p t a k e  o f  ^"^C-glycine by t h e  c e l l s  as  a m easu re  o f
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membrane damage, fo u n d  t h a t  I n t a c t  b a c t e r i a  were  r e s i c h a n t  t o  a - t o x i n .

T a b l e  11 shows tha . t  p r o t o p l a . s t s  o f  M ic ro co c cu s  l y s e  d e l i c t i  cue were  

more s e n s i t i v e  t o  l y s i s  by a - t o x i n  t h a n  t h e  s p h e r o o l a . s t s  p r e p a r e d  from 

S t r c n t o c o c c u s  f a e o o . l i s .  B ern h e i in e r  e t  a l , , ( 1968b) fo u n d  p r o t o p l a . s t s  

o f  S t r e p ,  fa .eco . l i s  a l o n g  w i t h  t h o s e  o f  S a r c i n a  l u t e  a  and  s p h e r o p l a . s t s  

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

M, l y s o d e i k t i c u s  membranes have  b e e n  shown t o  c o n t a i n  l i t t l e  

n i t r o g e n - c o n t a i n i n g  p h o s p h o l i p i d ,  wherea.s F r e i m e r  ( 1963 ) showed t h a t  

Group A s t r e p t o c o c c i  had  some c h o l i n e  c o n t a i n i n g  p h o s p h o l i p i d  i n  t h e i r  

membranes.  Y e t  t h o  former- membi'a.nes were more s e n s i t i v e  t h a n  Group D 

s t r e p t o c o c c i  membranes.  T h i s  o b s e r v a t i o n  can n o t  be  e x p l a i n e d ,  b u t  t h e  

t r e a t m e n t  u s e d  i n  t h e  p r e p a r a t i o n  o f  p r o t o p l a s t s  o r  s p h e r o p l a . s t s  may be  

an i m p o r t a n t  c o n s i d e r a . t i o n .

I t  wow.ld b e  i n t e r e s t i n g  t o  d e t e r m i n e  w h e t h e r  s p h e r o p l a s t s  

and p r o t o p l a s t s  o f  c l o s t r i d i a l  s p e c i e s  a r e  s e n s i t i v e  t o  a - t o x i n  ( s e e  page  25 )

i i i ,  Mamma. l i a n  c e l l s  i n  s u s n e n s i o n  a.nd m o n o l a y e r : The a p p l i c a t i o n  o f

t i s s u e  c u l t u r e  t o  t h e  s t u d y  o f  c l o s t r i d i a l  t o x i n s  was i n i t i a t e d  by 

Barg  ( 1932) .  I n  1933 he  showed t h a t  c u l t u r e  f i l t r a t e s  o f  01 ,  p e r f r i n g e n s  

wore c y t o t o x i c .  01 .  p e r f r i n g e n s  f i l t r a t e s  were shown by  L a s f a r g u e s  and 

Belauna.y ( 1946) t o  b e  t o x i c  t o  g u i n e a  p i g  s p l e e n  e x p l a n t s . Chick  embryo 

c e l l s  i n  t i s s u e  cw.l tu re  have  b e e n  u s e d  a.s a  t i t r a . t i o n  sy s tem  f o r  t h e  

a - t o x i n  o f  01,  p e r f r i n g e n s  (H o rv a th ,  1959 ; Zemskov, 1963; Shemanova 

e t  a l . , 1965) ,  Shamraeva and Volkova  ( I 9 6 6 ) i n v e s t i g a t e d  e v i d e n c e  i n  

f a  vow. r  o f  t h e  u s e  o f  t i s s u . e  c u . l t u r e s  o f  c h i c k  f i b r o b l a s t s  f o r  t h e  

d e t e r m i n a t i o n  o f  t o x i c  a c t i v i t y  and a n t i t o x i n  com bin ing  power .  I t  was 

a s s e r t e d  t h a t  t o x i c i t y  can  b e  d e t e c t e d  more r a p i d l y  and  i n e x p e n s i v e l y  by



'T a b le  11 E f f e c t  o f  01» p e r f r in g e n s  a - t o x in  on M ic r o b ia l  C e l l s ,  P r o to p la s ts  and S p h e ro p la s ts .

O rganism S tx 'a in S t r u c t u r e  T e s te d P r e p a r a t io n  T e ch n iq u e S o u r c e  o f  a - t o x i n D o sa g e S e n s i t i v i t y

( 1 )M ic r o c o c c u s  l y s o d e i k t i c u s IVhole v i a b l e  c e l l s C om m ercial 
(W o r th in g to n  
B io c h e m ic a l s )

50pg + ve

S tr e p to c o c c u s  f a e c a l i s  
van zym ogenes

X14S A s ab ove - v e

S t r e p ,  f a e c a l i s X46S As a b ove ++ve

S t r e p .  fa e c a J - is  (m u ta n t) X 46S-R1 As a b ove - v e

M. l y s o d e i k t i c u s

S tr e n .,  f a e c a l i s  
v a r  zym ogenes

X14S

. P r o t o p l a s t s  

S p h e r o p la s t s

L ysozym e

Lysozym e + T r y p s in

C om m ercial 
(V to r th in g to n  
B io c h e m ic a ls )

50|ig +++-Î*

S tr o  . f a e c a l i s X46s S p h e r o p la s t s L ysozym e + T r y p s in

S t r e n .  f a e c a l i s X46S-R1 S p h e r o p la s t s Lysozym e -!- T r y p s in

( 2 ) S a j-c in a  l u t e a

S t r e p ,  f a e c a l i s  

E s c h e r ic h ia  c o l i

P r o t o p l a s t s

P r o t o p l a s t s  

S p h e r o p la s t  s

Lysozym e

L ysozym e

L ysozym e + P e n i c i l l i n

V fellcom e la b o r  a t -  200|_ig
o r i e s .
Crude c u l t u r e  
f i l t r a t e  c o n c e n ­
t r a t e .

( 1 )  D a v ie  and B rock  (1 9 6 6 )
( 2 ) B e rn h e iin er  e t  a l  ( 1 9 68b)

14-
S ym b o ls: Im pairm ent o f  u p ta k e  o f  G- g l y c i n e  b y  w h o le  c e l l s : 

'“v e j  r e s i s t a n t ;
+ v e , f a i r l y  r e s i s t a n t ;
+ + v e , s e n s i t i v e

-  no l y s i s ;
+ r e s i s t a n t  t o  l y s i s ;
++ m o d e r a te ly  s e n s i t i v e  t o  l y s i s ;
+-H-+ s e n s i t i v e  t o  l y s i s

® P u r i t y  o f  a - t o x i n  n o t  r e c o r d e d .
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t h i s  method t h a n  by t i t r a t i o n  o f  t h e  l e t h a l  e f f e c t  i n  m i c e .  S a l t y k o v  

e t  3-1 . ,  ( 1961) d e m o n s t r a t e d  t h a t  t h e  t o x i n s  o f  0 1 . p e r f r i n ^ ens were  

t o x i c  t o  c h i c k  embryo and H e la  c e l l s ,  b u t  n o t  t o  monkey f i b r o b l a s t  

c e l l s ,  HL3, D e t r o i t  6 (hivnan s t e r n a l  bone  marrow),  and  human embryo 

m u s c le  c e l l s .  Althou.gh t h e y  do n o t  s p e c i f y  t h e  p r e c i s e  n a t u r e  o f  t h e  

’ to x in *  u s e d  t h e  l a t t e r  f i n d i n g  on m usc le  c e l l s  i s  i n t e r e s t i n g  i n  t h e  

l i g h t  o f  G r o s s m a n ' s  work ( 1967) ( s e e  p a g e s  65 and 66 ) .  These  s t u d i e s

w ere ,  however ,  l i m i t e d  t o  d e s c r i p t i o n s  o f  m o r p h o l o g i c a l  damage t o  t h e  c e l l s .

R o d b e l l  ( 1966) and R o d b e l l  and J o n e s  ( 1966) h a v e  s t u d i e d  t h e  

e f f e c t s  o f  a~toidLn on f r e e  f a t  c e l l s  i s o l a t e d  from r a t  e p i d id y m a l  

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

w h e reas  low c o n c e n t r a t i o n s  o f  a - t o x i n  s t i m u l a t e d  g l u c o s e  and amino a c i d  

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

b o t h  g l u c o s e  u p t a k e  and  c e l l u l a r  i n t e g r i t y  were  m a n i f e s t a t i o n s  o f  t h e  

amount o f  p h o s p h o l i p i d  h y d r o l y s e d  by a - t o x i n  ( o f .  s e c t i o n  ( i )  ’ The 

e r y t h r o c y t e ’ , pag e  55 ) .  B o th  f a t  c e l l s  i n  a d i p o s e  t i s s u e  and m usc le  

c e l l s  n o r m a l ly  p o s s e s s  a  basem e n t  membrane.  R o d b e l l  ( 1964? 1966) 

p r e p a r e d  f r e e  f a t  c e l l s  by t r e a t i n g  a d i p o s e  t i s s u e  w i t h  01 .  h i s t o l y t icum 

c o l l a g e n a s e  and showed t h a t  t h i s  removed t h e  basem en t  membrane.  Thus 

’n a k e d ’ f a t  c e l l s  were s e n s i t i v e  t o  a—t o x i n .  The r e l e v a n c e  o f  t h i s  

f i n d i n g  t o  t h e  o b s e r v a t i o n s  o f  S a l t y k o v  e t  a l . ,  ( 196I )  and t o  t h e  p o s s i b l e  

p e n e t r a t i o n  o f  a - t o } û n  t o  t h e  m i t o c h o n d r i a  o f  m usc le  c e l l s  r e q u i r e s  

i n v e s t i g a t i o n .

P l a t e l e t s  have  b e e n  u s e d  as  a model  sys tem  by B e rn h e im e r  and 

S ch w ar tz  ( I 9 6 5 ) f o r  s t u d y i n g  t h e  i n t e r a c t i o n  o f  a  b a c t e r i a l  t o x i n  w i t h  

membranes.  A cru.de p r e p a r a t i o n  o f  a - t o x i n ,  s t a t e d  t o  c o n t a i n  no 0 —t o x i n ,
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b u t  n o t  t e s t e d ,  t o  p r o v e  o r  d i s p r o v e  t h i s ,  d e s t r o y e d  r a b b i t  b l o o d  

p l a t e l e t s .  These  a u t h o r s  p r e s e n t e d  e v id e n c e  t o  show t h a t  t h e  e f f e c t s  

t h a t  t h e y  h a d  o b s e r v e d  w i t h  t h e  e . - p r o t o t o x i n  o f  C l .  p e r f r i n g e n s  t y p e  D 

vrere due t o  c o n t a m i n a t i n g  G- t o x i n .  Moreover  s t r e p t o l y s i n  0 (SLO)^ 

a n o t h e r  oxygen l a b i l e  h a e m o ly s in ,  d e s t r o y e d  p l a t e l e t s  r a p i d l y .  Thus 

t h e  m o r p h o l o g i c a l  damage a t t r i b u t e d  t o  a - t o x i n  r e m a in s  i n  d o u b t .

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

i n t e r a c t i o n  o f  a - t o x i n  w i t h  mammalian c e l l s ,  u s i n g  homogeneous p r e p a r a t i o n s ^  

a r e  r e q u i r e d .  T h i s  would  p r o v i d e  r e s u l t s  h a v i n g  im m ed ia te  s i g n i f i c a n c e  

and  would  e l i m i n a t e  t h e  n e e d  f o r  n e g a t i v e  c o n t r o l s  u s i n g  r e a g e n t s  o f  

d o u b t f u l  h om oge ne i ty  e . g .  01 .  h i s t o l y t i c u m  c o l l a g e n a s e .  

i v .  Membrane-bound o r g a n e l l e s  from mammalian c e l l s ;  Such s t r u . c t u r e s  

from mammalian c e l l s  hav e  b e e n  t r e a t e d  w i t h  a - t o x i n  f o r  two p u r p o s e s ;

( a )  a s  a  means o f  d e t e r m i n i n g  a  p o s s i b l e  i n t r a c e l l u l a r  t a r g e t  s i t e  f o r  

t o x i c  a c t i o n  t h a t  m ig h t  a c c o u n t  f o r  c e l l  d e a t h  and (b )  a s  a  means o f  

i n v e s t i g a t i n g  t h e  rnecha.nism o f  a c t i o n  o f  o t h e r  c y t o l y t i c  a g e n t s  by 

co m p a r i s o n  w i t h  t h e  e f f e c t  o f  an  a g e n t  o f  "known" s u b s t r a t e  s p e c i f i c i t y .

The s e n s i t i v i t y  o f  m i t o c h o n d r i a  and ly sosom es  t o  a - t o x i n  h a s  

b e e n  t e s t e d .  M a .c fa r lane  and D a t t a  (1954) s t u d i e d  t h e  a c t i o n  o f  cru.de 

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

' and enzymes,  on m i to c h o n d r i a ,  i s o l a t e d  from t h e  l i v e r  o f  v a r i o u s  mammalian 

s p e c i e s  ; a l l  p r e p a r a t i o n s  o f  m i t o c h o n d r i a  were  s e n s i t i v e .  I n  c o n t r a s t  

t o  t h e  f i n d i n g s  o f  M a c f a r l a n o  (1950)  w i t h  e r y t h r o c y t e s  o f  d i f f e r e n t  

s p e c i e s ,  t h e r e  was a com p le te  a b s e n c e  o f  any marked s p e c i e s  d i f f e r e n c e  

i n  t h e  s u s c e p t i b i l i t y  o f  m i t o c h o n d r i a l  p h o s p h o l i p i d  t o  a t t a c k  by a - t o x i n .  

S u c c i n i c  o x i d a s e  a c t i v i t y  was t h e  most  s e n s i t i v e  enzyme t e s t e d .
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Cytochrome o x i d a s e  and  B u o c in ic  d e h y d ro g e n a s e  a c t i v i t i e s  were a l s o  

i m p a i r e d  a l t h o u g h  t o  a  l e s s e r  e x t e n t ,  Grossman e t  a l », ( I 96 7 ) showed 

t h e  same enzymic d e f e c t s  i n  m i t o c h o n d r i a  i s o l a , t e d  from m u s c l e  c e l l s  

t r e a t e d  i n  v i t r o  w i t h  a - t o x i n  and were a b l e  t o  c o r r e l a t e  m o r p h o l o g i c a l  

damage o f  i n  v i t r o  t r e a t e d  m i t o c h o n d r i a  w i t h  t h a t  o b s e r v e d  i n  i n t o x i c a t e d  

m u s c l e  t i s s u e .  C u r i o u s l y ,  t h e y  a l s o  o b s e r v e d  t h a t  t h e  o x i d a t i o n  o f  

a - g l y c e r o p h o s p h a t e  a s s o c i a t e d  w i t h  t h e  i n n e r  m i t o c h o n d r i a l  membrane 

was more i n h i b i t e d  t h a n  t h e  o x i d a t i o n  o f  p y r u v a t e  o r  mal a t e  a s s o c i a t e d  

w i t h  t h e  o u t e r  m i t o c h o n d r i a l  membrane.  I t  r e m a in s  t o  b e  shown, 

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

m u s c l e  c e l l s  t o  i m p a i r  m i t o c h o n d r i a l  r e s p i r a t i o n  o r  w h e t h e r  o t h e r  t o x i n s  

and enzymes fo u n d  i n  c ru d e  t o x i n  c o n t r i b u t e  t o  t h i s .  I t  i s  p o s s i b l e  

t h a t  damage t o  m u s c l e  t i s s u e  c a u s e d  by i n j u r y  o r  i n o c u l a t i o n  c o u l d  p r o v i d e  

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

m u s c l e  c e l l s .

Lysosomes from r a b b i t  b l o o d  l e u c o c y t e s  were  l y s e d  by a - t o x i n  

a s  e v i d e n c e d  s p e c t r o p h o t o m e t r i c a l l y  and by t h e  r e l e a s e  o f  p-gluou .ro n i  das  e , 

a  ly sosom e—bound enzyme ( B e rn h e i m e r  and S c h w a r tz ,  I 9 6 5 ) ■> The t o x i n  

u s e d  was f r e e  o f  0 —t o x i n  and I i y a l u r o n i d a s e ,  b u t  c o n t a i n e d  c o l l a g e n a s e  

a , c t i v i t y . Ho c o m p a r a t i v e  s t u d i e s  on t h e  r e s i s t a n c e  o r  s e n s i t i v i t y  o f  

ly sosom es  p r e p a r e d  from o t h e r  t i s s u e s  o r  from o t h e r  s p e c i e s  have  a.s y e t  

b e e n  c a r r i e d  o u t . Aga in  t h e  q u e s t i o n  o f  a c c e s s  o f  a - t o x i n  t o  t h e s e  

s t r u c t u r e s  r e m a in s  u n a n s w e re d .  However, from t h e  o b s e r v a t i o n s  o f  B u t l e r  

( 1942 ; 1943) and Robb-Srnith (1945)  i t  i s  known t h a t  t h e  n u c l e i  o f  t o x i n -  

t r e a t e d  p o ly m o r p h o n u c le a r  l e u c o c y t e s  un  de rtf en t  m o r p h o l o g i c a l  damage.  

Whether  t h i s  was due t o  t h e  u p t a k e  o f  t h e  a - t o x i n  by t h e  l e u c o c y t e s ,  

f o l l o w e d  by l y s i s  o f  t h e  ly sosom es  and  a u t o d i g e s t i o n  by ly s o s o m a l  enzymes, 

i s  an  u n r e s o l v e d  p rob lem  ( s e e  page  97 ) .
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Vo I s o l a t e d  membranes:  I n  r e c e n t  y e a r s  i n c r e a s i n g  u s e  h a s  b e e n  made

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

o f  membranes.  L e n a rd  and  S i n g e r  ( 1968) ,  t r e a t e d  human e r y t h r o c y t e  

g h o s t s  w i t h  a  com merc ia l  p r e p a r a t i o n  o f  a - t o x i n .  Under  t h e  c o n d i t i o n s  

o f  t h e i r  e x p e r i m e n t s  6 8 - Y 4 / ^  o f  t h e  t o t a l  membrane phosphoru.s  was 

r e l e a s e d  r a p i d l y .  E x a m in a t io n  o f  t h e  a - t o x i n  t r e a t e d  membranes by 

c i r c u l a r  d i c h ro i s r a  r e v e a l e d  t h a t  t h e y  were  i n d i s t i n g u i s h a b l e  from 

u n t r e a t e d  c o n t r o l s . Such t r e a t m e n t  d i d  n o t ,  as  ju d g e d  by p h a s e  c o n t r a s t  

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

c o n f o r m a t i o n  o f  t h e  p r o t e i n  i n  t h e  membrane.  By c o n t r a s t ,  Gordon e t  a l . ,  

( 1969 ) d e m o n s t r a t e d  s l i g h t  ch an g e s  b o t h  i n  t h e  c i r c u l a r  d i c h ro i s m  and  

o p t i c a l  r o t a t o r y  d i s p e r s i o n  s p e c t r a  o f  a - t o x i n - t r e a t e d  e r y t h r o c y t e  membranes.  

These  r e s u l t s  were  i n t e r p r e t e d  a s  i n d i c a t i n g  t h a t  h y d r o p h o b ic  i n t e r a c t i o n s  

s t a b i l i s e  t h e  membrane s t r u . c t u r e ,  w h ereas  p o l a r  and i o n i c  g r o u p i n g s  on 

l i p i d s  i n  c o n t a c t  w i t h  t h e  b u l k  aqu.eous p h a s e  a r e  ex p o s e d  t o  t h e  a c t i o n  

o f  t h e  enzyme.

P in o a n  and  M a r t o n o s i  ( 1965) t r e a t e d  m usc le  microsomes w i t h  

a - t o x i n  from 01.  p e r f r i n g e n s .  T h i s  membrane i s  d e r i v e d  from t h e  

endopla ,smic  r e t i c u l u m .  These  membranes s h r a n k  t o  45/o o f  t h e i r  o r i g i n a l  

s u r f a c e  a r e a  a f t e r  h y d r o l y s i s  o f  70g  o f  t h e  p h o s p h o l i p i d  i n  t h e  membrane.  

These  a u t h o r s  c o n c l u d e d  t h a t  l i p i d  o c c u p i e s  a p p r 6x i m a t e l y  80/6 o f  t h e  

a r e a  o f  m u s c l e  m ic ro s o m a l  membranes .  I t  i s  o f  i n t e r e s t  t h a t  p h o s p h o l i p i d  

h y d r o l y s i s  was accom pan ied  by membrane s h r i n k a g e .  As d i s c u s s e d  e a r l i e r ,  

t h i s  may t o  some e x t e n t  c o n t r i b u t e  t o  t h e  phenomenon o f  h o t - c o l d  

h a e m o l y s i s  ( s e e  page  6 l  ) .

P h o s p h o l ip a . s e  G from 01 .  p e r f r i n g e n s  h a s  a l s o  b e e n  u s e d  t o  

i d e n t i f y  t h e  c h e m ic a l  n a t u r e  o f  f e a t u r e s  o b s e r v e d  i n  t h e  e l e c t r o n
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m i c r o s c o p e .  L e s s o p s  ( I 9 6 7 ) u s e d  t h i s  enzyme t o  show t h a t  t h e  l a n th a n u m -  

s t a i n i n g  m a t e r i a l ,  o b s e r v e d  i n  t h e  p r e s e n c e  o f  l a n thanum  i o n s  as  an 

e l e c t r o n  opaqu.e l a y e r  e x t e r n a l  t o  t h e  c e l l  membrane o f  em bryonic  c h i  ok 

c e l l s ,  c an  b e  removed from t h e  c e l l  s u r f a c e  and m igh t  t h e r e f o r e  be  

composed o f  p h o s p h o l i p i d *

The L i m i t a t i o n s  o f  u s i n g  cru.de cc—t o x i n  t o  t r e a t  membranous 

s t r u c t u r e s  h a v e  b e e n  a d m i r a b ly  e x e m p l i f i e d  by e l e c t r o n - m i c r o s c o p i c  s t u d i e s  

o f  a - t o x i n  t r e a t e d  e r y t h r o c y t e  g h o s t s ,  p l a sm a  membranes and  membrane bound  

vi ru .s  p a r t i c l e s .  The l a t t e r  a r e  c o n s i d e r e d  u n d e r  t h i s  s e c t i o n  f o r  two 

r e a s o n s

( 1) t h e  o u t e r  membrane c o a t s  o f  t h e s e  v i r i o n s  were h o s t  - c e l l  d e r i v e d

and t h e r e f o r e  r e p r e s e n t  a  form o f  i s o l a t e d  mammalian membrane

( 2 ) t h e  e f f e c t s  o b s e r v e d  upon a - t o x i n  t r e a t m e n t  had  f e a t u r e s  i n  common

w i t h  t h e  e f f e c t s  d e m o n s t r a t e d  on membranes i s o l a t e d  from mammalian 

c e l l s  p e r  s e .

With t h e  e x c e p t i o n  o f  t h e  s t u d i e s  o f  Habermann and  Polilmann 

( 1959)» F i n e a n  and  M a r t o n o s i  ( I 9 6 5 ) and B e n e d e t t i  and  Emmelot ( 1966) an 

i g n o r a n c e  o f  t h e  Ga depende nce  o f  a - t o x i n  i s  e v i d e n t ,  a  f a c t  t h a t  h a s  

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

w i t h  a  l a c k  o f  a p p r e c i a . t i o n  o f  t h e  c ru d e  n a t u r e  o f  t h e  com merc ia l  

p r e p a r a t i o n s  o f  a - t o x i n  employed .  U n l e s s  o t h e r w i s e  s t a t e d  a l l  a u t h o r s  

u s e d  Sigma t y p e  1 p h o s p h o l i p a s e  G from G l . - p e r f r i n g e n s  ( a - t o x i n ) .

M oreover  w i t h  t h e  above  e x c e p t i o n s  t h e y  u s e d  p h o s p h a t e  b u f f e r e d  s a l i n e  (PBS) 

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

p h o s p h a t e  on a - t o x i n  was d e m o n s t r a t e d  by M a c f a r l a n e  and  K n ig h t  (1941)*

I n d e e d  t h i s  i s  t h e  p r i m a r y  r e a s o n  f o r  u s i n g  PBS as  t h e  s u s p e n d in g  b u f f e r  

f o r  0 - t o x i n  t i t r a t i o n .
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F o l lo w in g  tp o a t m e n t  w i t h  oi 'ude cc—t o x i n ,  r i n g  l i k e  s t r u . c t u r e s  

were  r e v e a l e d  hy n e g a t i v e  s t a i n i n g  t e c h n i q u e s  on R a u s c h e r  l e u k a e m i a  

v i r u s  (P a .dge t t  and  L e v i n e ,  1965;  Kemp and Howatson,  I 9 6 6 ) ,  t h e  VJSÎÎ 

s t r a i n  o f  i n f l u e n z a  A v i r u s  (S impson  and H au s e r ,  I 9 6 5 ) ,  v e s i c u l a r  

s t o m a t i t i s  v i r u s  (S im pson  and  H a u s e r ,  1966a ) ,  liujnan e r y t h r o c y t e  g h o s t s  

(Dourraashk in  and  Rosse ,  I 9 6 6 ) hujnaii, b o v i n e ,  r a b b i t ,  sh eep  and g o a t  

e r y t h r o c y t e  g h o s t s  (Kemp and Howatson ,  I 9 6 6 ) ,  c h i c k  embryo f i b r o b l a s t  

c e l l  membranes (S impson  and  H a u s e r ,  1966a ) ,  r a t  l i v e r  p la sm a  membranes 

( b e n e d e t t i  and  Emrnelot, I 9 6 6 ; I 9 6 8 ) .  These  had  a d i a m e t e r  o f  280-500A 

and a b o r d e r  60-70%. w ide .  I n  some c a s e s  t h e y  were  o n ly  fo u n d  i n  t h e  

p l a n e  o f  t h e  membrane,  i n  o t h e r s  d i s p e r s e d  as  f r e e  r i n g s  o r  a r c s  which  

were  a r r a n g e d  i n  r i b b o n s ,  f i l a m e n t s  o r  complex c o i l e d  a g g r e g a t e s .  I n  

a l l  c a s e s  t h e s e  s t r u c t u r e s  h a d  a  g l o b u l a r  s u b s t r u o t u i ' e .  P a d g e t t  and  

Lev ine  ( I 9 6 5 ) and Simpson and  H a u s e r  ( I 9 6 5 ) i n i t i a l l y  s u g g e s t e d  t h a t  

t h e s e  s t r u c t u r e s  r e p r e s e n t e d  n u o l e o p r o t e i n  e l e m e n t s  r e l e a s e d  from t h e  

v i r a l  n u c l e o i d  by a - t o x i n ,  a  c o n c l u s i o n  l a t e r  shown t o  b e  e r r o n e o u s  by 

t h e  mommalian membrane s t u d i e s .

The in v o l v e m e n t  o f  l i p i d  components o f  v i r a l  and mammalian 

c e l l  membranes i n  t h e  f o r m a t i o n  o f  t h o s e  r i n g s  wa.s f i r s t  d e m o n s t r a t e d  by 

Simpson and H a u s e r  ( 1966b ) ,  R e c o n s t r u c t i o n  e x p e r i m e n t s  i n v o l v i n g  

t r e a t m e n t  o f  a r t i f i c i a l  m i x t u r e s  o f  m a jo r  l i p i d  components  o f  membranes 

e s t a b l i s h e d  t h a t  c h o l e s t e r o l  was e s s e n t i a l  (S impson and  H ause r ,  1966b;

Kemp and  Howatson,  I 96 6 ) .  I n d e e d ,  cc-toxin  t r e a t m e n t  o f  c h o l e s t e r o l  a l o n e  

c a u s e d  r i n g  f o r m a t i o n .  Simpson and H a u s e r  went on t o  d e m o n s t r a t e  t h a t  

t h e  a g e n t  i n  c ru d e  oc- toxin  r e s p o n s i b l e  f o r  t h i s  phenomenon v;as n o t  a - t o x i n  

p e r  s e,  b u t  a h e a t  l a b i l e  f a c t o r  i n  t h e  c ru d e  m i x t u r e .
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By c o n t r a s t  Habermann and. Pohlmann (1959)  and  Pinea.n and 

M a r t o n o s i  ( 1965) d i d  n o t  o b s e r v e  t h e  f o r m a t i o n  o f  su ch  s t r u c t u r e s  on 

a - t o x i n  t r e a t e d  human e r y t h r o c y t e  g h o s t s  and r a t  and  r a b b i t  m usc le  

m ic ro so m a l  membranes r e s p e c t i v e l y .  I n s t e a d  b o t h  g r o u p s  o b s e r v e d  t h e  

a p p e a r a n c e  o f  d e n s e  d r o p l e t s  o r  g l o b u l e s  i n  OsO^ f i x e d  spec im ens  

e i t h e r  i n  a s s o c i a t i o n  w i t h  t h e  t r e a t e d  membranes o r  f r e e  i n  t h e  

s u r r o u n d i n g  m i l i e u .  The f a c t  t h a t  m u sc le  microsomes  c o n t a i n  v e ry  l i t t l e  

c h o l e s t e r o l  ( M a r t o n o s i ,  I 9 6 8 ) i n  com p ar i so n  w i t h  o t h e r  membranes and 

t h e  u s e  o f  h i g h l y  p u r i f i e d  u - t o z i n  by Habermann and  Pohlmann may have  

c o n t r i b u t e d  t o  t h e s e  f i n d i n g s .  Habermann and Pohlmann were u n a b l e  t o  

i d e n t i f y  t h e  n a t u r e  o f  t h e s e  g l o b u l e s  by a c e t o n e  o r  e t h a n o l  e x t r a c t i o n  

o r  by t r e a t m e n t  w i t h  l i p a . s e ,  w he reas  P i n e a n  and Coleman i d e n t i f i e d  

d i g l y c e r i d e  as  a component .

A l th o u g h  i t  must  b e  b o r n e  i n  mind t h a t  u - t o x i n / s u b s t r a t e

2 - 1-i n t e r a c t i o n  c o u l d  o c c u r  i n  t h e  ab s e n c e  o f  Ga and  t h a t  t h e  

s p h i n g o m y e l in a s e  o f  Pas ta .n  e t  a l . ,  ( I 9 6 8 ) ( s e e  page 74 ) d i d  n o t  r e q u i r e  

Ca f o r  a c t i v i t y ,  t h e  r o l e  o f  u - t o z i n ,  i f  any ,  i n  t h e  f o r m a t i o n  o f  t h e  

r i n g - l i k e  s t r u c t u r e s  i s  d o u b t f u l .  S t u d i e s  u n d e r t a k e n  to w a rd s  t h e  end 

o f  work f o r  t h i s  t h e s i s  s o u g h t  t o  c l a r i f y  t h e  e f f e c t  o f  h i g h l y  p u r i f i e d  

u - t o z i n  on membranes ( s e e  page  8 7 ) .

0 . Minimum E f f e c t i v e  Doses i n  B i o l o g i c a l  A ss a y s ;

The q u a n t i t i e s  o f  p r o t e i n  o f  p u r i f i e d  u - t o } û n  p r e p a r a t i o n s  

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

u - t o z i n  a c t i v i t y  a r e  summarised  i n  T a b le  12 . I n  mos t  c a s e s  t h e s e  

v a l u e s  were  c a l c u l a t e d  from t h e  s p e c i f i c  a c t i v i t i e s  p r o v i d e d  by t h e  

a u t h o r s  c o n c e rn e d .
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5* B i o l o g i c a l  A c t i v i t y - U n i t a r i a n  H y p o th es i s *

T hree  b i o l o g i c a l  a c t i v i t i e s  have  b e e n  a s s o c i a t e d  w i t h  a - t o x i n  -  

l e t h a l i t y ,  h o t - c o l d  h a e m o l y s i s  and  l e c i t h i n a s e  a c t i v i t y .  The q u e s t i o n  

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

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

i n v e s t i g a t o r s  s i n c e  t h e  o b s e r v a t i o n s  o f  M a c f a r l a n e  and  K n ig h t  (1941)*

Roth and  P i l l e m e r  (1 953)  found  t h a t  a t  a l l  s t a g e s  o f  t h e i r  130 f o l d  

p u r i f i c a t i o n ,  t h e  l e c i t h i n a s e  a c t i v i t y ,  l e t h a l  a c t i v i t y  and  h o t - c o l d  

h a e m o l y t i c  a c t i v i t y  r e m a in e d  p r o p o r t i o n a l .  However, s i n c e  t h e y  d i d  n o t  

o b t a i n  a  homogeneous p r o t e i n  t h e y  added  t h a t  * c o n c l u s i v e  p r o o f  t h a t  t h e s e  

t h r e e  a c t i v i t i e s  a r e  f u n c t i o n s  o f  a  s i n g l e  a g e n t  i s  l a c k i n g * . The 

p u r i f i e d  p r e p a r a t i o n s  o f  Habermann (1959)  o b t a i n e d  by two d i s t i n c t  

p u r i f i c a t i o n  p r o c e d u r e s  had  t h e  same r a t i o s  o f  h a e m o l y s i n / l e c i t h i n a s e /  

l e t h a l  t o x i n  w i t h i n  t h e  l i m i t s  o f  t h e i r  e x p e r i m e n t a l  e r r o r .  L e t h a l  and 

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

o f  Shemanova e t  a l . ,  ( I 9 6 5 ) and  I s p o l a t o v s k a y a  and  L ev d ik o v a  ( 1962) ,  

a l t h o u g h  t h e s e  w o r k e r s  d i d  n o t  a s s e s s  t h e  r a t i o s  o f  t h e s e  b i o l o g i c a l  

a c t i v i t i e s  t h r o u g h o u t  t h e  p u r i f i c a t i o n ,  p r o c e d u r e s .  Ho i n f o r m a t i o n  wa.s 

a v a i l a b l e  from I s p o l a t o v s k a y a  ( 1964) as  t o  w h e th e r  t h e  m u l t i p l e  forms 

o f  l e c i t h i n a . s e  s h e  o b s e r v e d  p o s s e s s e d  o t h e r  a c t i v i t i e s  ( s e e  page  )»

A c t i v a t i o n  and i n h i b i t i o n  s t u d i e s  have  a l s o  c o n t r i b u t e d  t o  

t h e  U n i t a r i a n  v iew .  I s p o l a t o v s k a y a  e t  a l . ,  ( I 96 I )  showed t h a t  

c o n c e n t r a t i o n s  o f  EBTA g r e a t e r  t h a n  2̂ o (0.06m) i r r e v e r s i b l y  i n a c t i v a t e d  

t h e  l e c i t h i n a s e  and  h o t - c o l d  h a e m o l y t i c  a c t i v i t i e s  o f  a - t o x i n .  A lso  

l o s s  o f  l e c i t h i n a s e  a c t i v i t y  t h r o u g h  t o x o i d i n g  w i t h  f o r m a l i n  was 

a s s o c i a t e d  w i t h  a g r a d u a l  d e c r e a s e  i n  t o x i c i t y  f o r  m ice  ( i s p o l a t o v s k a y a  

and L a r i n a ,  1959)* N a g l e r  ( I 9 4 I )  found  t h a t  t h e  i n h i b i t i n g  e f f e c t  o f
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a - a n t i t o x i n  on l e o i t h i n a . s e  a c t i v i t y  p a r a l l e l e d  i t s  p r o t e c t i v e  a c t i o n  

a g a i n s t  t h e  l e t h a l  a c t i v i t y  o f  t h e  t o x i n .  Both l e c i t h i n a s e  a c t i v i t y  

and  h o t - c o l d  h a e m o l y t i c  a c t i v i t y  r e q u i r e  f o r  a c t i v a t i o n .  T re a tm e n t

o f  a—t o x i n  w i t h  l e c i t h i n  a b o l i s h e d  i t s  l e t h a l  and  h a e m o l y t i c  e f f e c t s  

(Zamecnilc e t  a l . ,  1945)*

C o n v e r s e l y ,  Dolby and M a.c far lane  (195&) fo u n d  t h a t  t h e  enzymic 

a c t i v i t y  o f  u - t o x i n  t o w a rd s  acjueous l e c i t h i n  was n o t  d i r e c t l y  r e l a t e d  t o  

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

s t r a i n s  o f  t y p e  A exam ined .  The v a r i a n c e  i n  t h e  t o x i c i t y  o f  cc - toxin  

from d i f f e r e n t  s t r a i n s  was a t t r i b u t e d  t o  c o n f o r m a t i o n a l  d i f f e r e n c e s  i n  

t h e  «—t o x i n s  e l a b o r a t e d .  More r e c e n t l y ,  Lynch and  Moskowitz ( I 9 6 8 ) found  

t h a t  two p r e p a r a t i o n s  o f  « - t o x i n  o f  d i f f e r i n g  p u r i t y  d i d  n o t  p o s s e s s  t h e  

same r a t i o  o f  l e c i t h i n a s e  t o  l e t h a l  a c t i v i t y .  They,  however ,  t h o u g h t  

t h a t  t h i s  m igh t  b e  e x p l a i n e d  i n  t e rm s  o f  d e g ra d e d  l e c i t h i n a s e  h a v i n g  t h e  

a b i l i t y  t o  combine w i t h  s u b s t r a t e  b u t  l a c k i n g  t o x i c i t y  i n  v i v o * As 

t h e  l e c i t h i n a . s e  was p u r i f i e d  t h e  amount o f  d e g ra d e d  t o x i n  would  d e c r e a s e ,  

and t h u s  t h e  t o x i c  dose  i n  v iv o  would  a p p a r e n t l y  d e c r e a s e .

Thus ,  a l t h o u g h  t h e  c o n c e n su s  o f  o p i n i o n  a t  t h e  moment s t i l l  

s u p p o r t s  t h e  view e l a b o r a t e d  by M a c f a r l a n e  and K n ig h t  o v e r  30 y e a r s  ago,  

i t  s t i l l  r e m a in s  c o n c e i v a b l e  t h a t  t h e  h a e m o l y t i c ,  l e t h a l  and l e c i t h i n a s e  

a c t i v i t i e s  a r e  m a n i f e s t a t i o n s  o f  s e p a r a t e  g r o u p i n g s  on t h e  one m o l e c u le  

o r  a r e  due t o  i n d i v i d u a l  s p e c i e s  o f  « - t o x i n ,  as  y e t  u n r e s o l v e d  by 

b i o c h e m i c a l  t e c h n i q u e s .  I t  i s  p e r t i n e n t  t h a t  t h e  same a rgum en ts  were  

advanc ed  i n  t h e  c a s e  o f  B . c e r e u s  t o x i n ,  t h a t  i t s  h a e m o l y t i c ,  p h o s p h o l i p a s e  

0 and  l e t h a l  a c t i v i t i e s  were p r o p e r t i e s  o f  a  s i n g l e  m o l e c u l e .  N e v e r t h e l e s s ,  

J o h n s o n  and  B o n v e n t r e  ( I 967 ) e s t a b l i s h e d  by a  v a r i e t y  o f  methods  t h a t  

t h r e e  d i s t i n c t  e x t r a c e l l u l a r  p r o d u c t s  were  i n v o l v e d .
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F u r t h e r m o r e ,  t h e  h y d r o l y s e s  o f  l e c i t h i n  and  s p h in g o m y e l in  

have  l o n g  b e e n  assumed t o  be  a m a n i f e s t a t i o n  o f  a  s i n g l e  enzyme p ro d u c e d  

by C l .  p e r f r i n g e n s , v i z .  « - t o x i n ,  (M a.c fa r lane ,  1942, 1948;  Matsumoto,  

I 96I ;  S a i t o  and  Mukoya.ma, I 9 6 8 ) ,

S l e i n  and  Logan ( 1 963 ; I 9 8 5 ) showed t h a t  B a c i l l u s  c e r e u s

c u l t u r e  f i l t r a t e s  c o n t a i n e d  a. number o f  p h o s p h o l i p a s e s . One o f  t h e s e  

s p l i t  PTE and PTC, w h e reas  o t h e r s  had  a  d e f i n i t e  s p e c i f i c i t y  f o r  

s p h in g o m y e l in  and  p h o s p h a t i d y l  i n o s i t o l .  An enzyme was a l s o  i s o l a t e d  

from e x t r a c t s  o f  r a t  l i v e r  and b r a i n  t h a t  h y d r o l y s e d  s p h i i igom ye l in ,  b u t  

n o t  l e c i t h i n  ( iCanfer  e t  a l . ,  I 9 6 6 ; Barnhol 'z  e t  a l . ,  I 9 6 6 ) .  The p - t o x i n  

o f  S t a p h y l o c o c c u s  a u r e u s  i s  a l s o  a  h o t - c o l d  h a e m o ly s in ,  b u t  does  n o t  

h y d r o l y s e  l e c i t h i n ,  o n ly  s p h in g o m y e l in  and l y s o l e c i t h i n  (Doery  e t  a l . ,  

1965 ; Maheswaran and  L i n d o r f e r ,  I 9 6 7 ; Wiseman and C a i r d ,  I 9 6 7 ) .  Thus 

t h e r e  i s  e v i d e n c e  from o t h e r  f i e l d s  t h a t  p h o s p h o l i p a s e s  can  h y d r o l y s e  

s p h in g o m y e l in  s e l e c t i v e l y .

I n  1967 M acch ia  and P a s t a n ,  w h i l s t  i n v e s t i g a t i n g  t h e  e f f e c t  

o f  t h y r o i d  s t i m u l a t i n g  hormone on dog t h y r o i d  s l i c e s ,  s o u g h t  t o  d e t e r m i n e  

i t s  mechanism and  s i t e  o f  i n t e r a c t i o n  on t h e  t l i y r o i d  by t r e a t i n g  t lo y ro id  

s l i c e s  w i t h  s p e c i f i c  enzymes p r i o r  t o  ex p o s u re  t o  TSH. An enzyme i n  

c u l t u r e  f i l t r a t e s  o f  C l .  p e r f r i n g e n s  s t r a i n  BP6K was fo u n d  t o  r e n d e r  t h e  

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

( l -^ '^C)  g l u c o s e  t o  and  s t i m u l a t i n g  t h e  i n c o r p o r a t i o n  o f  ^^Pi i n t o

p h o s p h o l i p i d .  I n i t i a l l y  t h e y  i d e n t i f i e d  t h i s  component o f  c u l t u r e  

f i l t r a t e s  a s  l e c i t h i n a s e  G on t h e  g ro u n d  t h a t  t h e  l e c i t h i n a s e  and  t h y r o i d  

s t i m u l a t i n g  a c t i v i t i e s  were i n s e p a r a b l e  o v e r  a. 240 f o l d  p u r i f i c a t i o n .  

However,  i n  a  s u b s e q u e n t  p a p e r ,  t h e s e  same a.u thors  (M acch ia  e t  a l . ,

1967) r e p o r t e d  t h e  s e p a r a t i o n  o f  t h i s  t h y r o i d  f a c t o r  from p r o t e o l y t i c
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a c t i v i t y ,  G-ha .emolys in ,  n e u r a m i n i d a s e  and  I e c i t h i n a s 0 G. T h y r o i d

f a c t o r  was d e s t r o y e d  by p r o n a s e  and t r y p s i n  and h a d  an  e s t i m a t e d

m o l e c u l a r  w e ig h t  by  g e l  f i l t r a t i o n  on Sephadex  G-lOO o f  3 0 ,0 0 0 .  I t

was l a t e r  i d e n t i f i e d  as  a  s p h i n g o m y e l i n a s e  by P a s t a n  e t  a l . ,  ( 1968) ,

2-f* 2+which  was n o t  a c t i v a t e d  by  Ga o r  Mg . I n d e e d  Matsumoto ( I 96 I )  

p r o p o s e d  t h a t  « - t o x i n  p r e p a r a t i o n s  m igh t  c o n t a i n  d i f f e r e n t  enzymes f o r  

PTC, s p h in g o m y e l in  and  PTE.

The f i n d i n g s  o f  P a s t a n  e t  a l  », ( 1968) a w a i t  c o n f i r m a t i o n  by 

o t h e r  a u t h o r s  and  p o s e  some i n t e r e s t i n g  q u e s t i o n s  : -

(a.) I f  s p h i n g o m y e l i n a s e  i s  t r u l y  a  un iqu .o  m o l e c u l a r  s p e c i e s  i n

c u l t u r e  f i l t r a t e s  o f  01 .  p e r f r i n g e n s ,  i t s  a c t i v i t y ,  by i m p l i c a t i o n  

and a n a l o g y  w i t h  s t a p h y l o c o c c u s  p - t o x i n ,  may e x p l a i n  t h e  phenomenon 

o f  h o t - c o l d  ha .em o lys i s .

(b )  T h i s  f a c t o r  h a s  t h e  same m o l e c u l a r  w e ig h t  a s  t h a t  d e t e r m i n e d  f o r  

l e c i t h i n a s e  by B e r n h e i m e r  and  G r u s h o f f  ( I 967 ) ,  a g a i n  u s i n g  

Sephadex  G-lOO g e l  f i l t r a t i o n .  Tims i s  s p h i n g o m y e l i n a s e  one o f  

t h e  m u l t i p l e  forms o f  « - t o x i n ?

( c )  Does t h i s  f a c t o r  c r o s s - r e a c t  im m u n o lo g i c a l l y  w i t h  l e c i t h i n a s e  i n  

g e l  d i f f u . s i o n  and  does  i t  p o s s e s s  l e t h a l  a c t i v i t y ?

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

an  a t t e m p t  h a s  b e e n  made t o  p r o v i d e  some answ ers  t o  t h e s e  q u e s t i o n s ,

B . THETA TOXIN (e-TO X Ih)

The p r o d u c t i o n  o f  an o x y g e n - l a b i l e  h a e m o l y s i n  by  C l .  p e r f r in g e n s  

was f i r s t  d e s c r i b e d  by Wuth ( 1923) and N e i l l  ( I 9 2 6 ) .  F i l t r a t e s  exposed  

as  t h i n  l a y e r s  t o  t h e  a i r  e x h i b i t e d  r e d u c e d  h a e m o l y t i c  a c t i v i t y ,  b u t  t h e
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a c t i v i t y  c o u l d  be  r e s t o r e d  by t r e a t m e n t  o f  t h e  f i l t r a t e s  w i t h  sodium 

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

The c l e a r  d e f i n i t i o n  o f  two h a e m o ly s in s  i n  t y p e  A f i l t r a t e s ,

0 and a,  was a c h i e v e d  th r o u g h  t h e  work o f  S c h n a y e r s o n  and  Samuels ( 1 9 3 0 ) ,  

P r i g g e  ( 1936 ) ,  van  Heyn ingen  (1 9 4 1 b )a n d  G a le  and van Heyn ingen  ( 1942) .

A r e v i e w  o f  t h i s  e a r l y  work h a s  b e e n  g i v e n  by Oalcley (1943)  and  t h e  

r e a d e r  i s  r e f e r r e d  t o  t h i s  v a l u a b l e  c o n t r i b u t i o n  f o r  a  d e t a i l e d  

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

T h a t  t h i s  h a e m o ly s in  was s e r o l o g i c a l l y  r e l a t e d  t o  t h e  oxygen-  

l a b i l e  ha.eraolysins p ro d u c e d  by S t r e p t o c o c c u s  oneumoniae ,  S t r e p t o c o c c u s  

uyogenes  and C l o s t r i d i u m  t e t a n i ,  a l l  o f  w hich  h a d  p r e v i o u s l y  b e e n  shovra 

t o  c r o s s  r e a c t  s e r o l o g i c a l l y ,  was f i r s t  d e m o n s t r a t e d  by  Todd ( I 94 I ;  s e e  

a l s o  Todd 1934; 1 9 3 8 ) .

I n v e s t i g a t i o n s  i n t o  t h e  mode o f  a c t i o n  o f  t h i s  t o x i n ,  i t s  

c h e m ic a l  n a t u r e ,  and i t s  p u r i f i c a t i o n  have  r a r e l y  b e e n  u n d e r t a k e n ,  

p r o b a b l y  b e c a u s e  o f  t h e  f i n d i n g s  o f  Evans ( l 9 4 3 a ; l 9 4 5 a ;  1945b) t h a t  

v i r u l e n c e  was n o t  c o r r e l a t e d  w i t h  t h e  p r o d u c t i o n  o f  0 - t o x i n  and 8 - a n t i t o x i n  

n e i t h e r  p r o t e c t e d  g u i n e a  p i g s  a g a i n s t  t y p e  A i n f e c t i o n s  n o r  i n c r e a s e d  t h e  

p r o t e c t i v e  power  o f  « - a n t i t o x i n .  F u r t h e r m o re ,  N e i l l  ( 1926) had  shovm 

t h a t  normal serum i n h i b i t e d  t h e  h a e m o l y t i c  a c t i v i t y  o f  6 - t o x i n  and 

O akley  and  N a r r a c k  ( I 94I )  s u g g e s t e d  t h a t  t h e  o c c u r r e n c e  o f  n a t u r a l  

a n t i b o d y  n e u t r a l i s e d  t h i s  t o x i n  i n  v i v o .

1.  P u r i f i c a t i on .

P r i g g e  ( 1937) was t h e  f i r s t  t o  a c h i e v e  a p a r t i a l  s e p a r a t i o n  

o f  t h e  0 -  and  « - t o x i n s  by p r e c i p i t a t i o n  w i t h  a/nmonium and sodium s u l p h a t e .
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I n  1941 van H eyn ingen  s e p a r a t e d  G- from « - t o x i n ,  by a d s o r p t i o n  on to  

e r y t h r o c y t e s ,  b u t  u n f o r t u n a t e l y  t h e  G- t o x i n  was i r r e v e r s i b l y  bound  t o  

t h e s e  c e l l s .  The o n ly  c o m p re h en s iv e  a t t e m p t  a t  p u r i f y i n g  G - t o x i n  h a s  

b e e n  t h a t  o f  Roth  and P i l l e m e r  (1955)*  T a b l e  13 s u m m a r i s e s , t h e i r  

method  a l o n g  w i t h  t h o s e  o f  o t h e r  a u t h o r s .  The p r e p a r a t i o n  o f  Roth  and 

P i l l e m e r  was shown t o  c o n t a i n  two components by T i s e l i u s  e l e c t r o p h o r e s i s ,  

t h e  G - t o x i n  a c c o u n t i n g  f o r  o f  t h e  t o t a l  p r o t e i n .  Habermann*s

p r e p a r a t i o n  was i m m u n o lo g i c a l l y  homogeneous,  Heithe:"'  o f  t h e s e  two 

a u t h o r s  e s t i m a t e d  t h e  m o l e c u l a r  w e ig h t  o f  t h e i r  p u r i f i e d  t o x i n ,

S t e p h e n  ( I 96I )  found  t h a t  h i s  p r e p a r a t i o n  c o n t a i n e d  a  m i x t u r e  o f  a n t i g e n s  

on i m m u n o e l e c t r o p h o r e s i s , A l th o u g h  c a r r i e d  o u t  w i t h  t y p e  D c u l t u r e  

f i l t r a t e s ,  H a u s c h i l d * s  p u r i f i c a t i o n  h a s  b e e n  i n c l u d e d  b e c a u s e  o f  t h e  

s e p a r a t i o n  and  r e c o v e r y  a c h i e v e d  by h i s  p r o c e d u r e .

2 ,  P h y s i c a l  and  Chemica l  P r o p e r t i e s .

Most o f  o u r  p r e s e n t  i n f o r m o t i o n  on 0 - t o x i n  i s  d e r i v e d  from 

t h e  s t u d i e s  o f  Roth and  P i l l e m e r  (1955) sn d  Habermann (1959)  and i t s  

p r o p e r t i e s  a r e  summar ised  i n  T a b l e  I 4 •

P u r i f i e d  t o x i n  was s t a b l e  t o  l y o p h i l i s a t i o n  and f r e e z i n g  a t  

- 35^0 , b u t  d i l u t e  s o l u t i o n s  o f  t o x i n  l o s t  t h e i r  a c t i v i t y  q u i c k l y  when 

f r o z e n  and t h e  t o x i n  was r e a d i l y  i n a c t i v a t e d  by b o i l i n g  f o r  5 m i n u t e s .

The t o x i n  a p p e a r s  t o  be  a p r o t e i n  as  i t  r e a c t s  w i t h  p r o t e i n  s t a i n s ,  b u t  

no i n f o r m a t i o n  i s  a v a i l a b l e  on w h e t h e r  i t  c o n t a i n s  c a r b o h y d r a t e  o r  m e t a l  

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

3.  B i o l o g i c a l  Ohar a c t c r i s t i e s .

a .  H a e m o ly s i s :

Roth  and  P i l l e m e r  examined t h e  d e g r e e  o f  h a e m o l y s i s  p ro d u c e d



T a b la  1 3  P u r i f i c a t i o n  s tu d ie s  on C l .  p e r f r in g e n s  6 - t o x in .

A u th o rs Y ear S t r a in P u r i f i c a t i o n  P ro ced u re P u r i t y t Comments

R o th  and 
P il l e m e r

1955 BP6K 1.35/Ü M eth an ol p p t .  a t  pH=4«é -5®G;
r e d is s o lT e d  a t  pH=é.O i n  d i s t i l l e d
w a te r  a t  I 7 O t im e s  th e  o r i g i n a l  N .T .
p r o t e i n  c o n c e n t r a t io n .

2 .2 0 k  M ethanol p p t .  pH=5.7>  
i o n i c  s t r e n g t h  = 2M N aC l.

3 . 50k  M eth an ol p p t . ;  i o n i c  s t r e n g t h  
= 0 . 3 ; p r o t e i n  = 0 .3rag /m l; pH =
6 .9 5 ;  -5 °G .

4*pH=7 p h o sp h a te  b u f f e r  added t o  p r o t e i n  
= 0 .25m g/n il;  pH=4*7>G°C/2 h r ; d is c a r d  p p t;  
a d ju s t  pH =6.0; 20/L M eth an ol p p t .  -5 °C ;  
p p t .  e x t r a c t e d  w i t h  s u c c in a t e  b u f f e r  
p H = é.0 .

5 . 10k  M eth an ol p p t;  p H = 4.8; ~5°C; d i s c a r d  
p p t;  a d ju s t  pH=5. 25 ; in c r e a s e  M eth an ol 
t o  30k ; e x t r a c t  p p t .  w it h  s u c c in a t e  
b u f f e r  pH =é.O .

é .P r e p a r a t iv e  c e n t r i f u g a t i o n  a t  7 5 0 ,  OOOg/ . 
/ :  1 h r . k:':' \

P u r i f i c a t i o n  = 4 2 4 0  f o l d  
r e l a t i v e  t o  c u l t u r e  f i l t r a t e .  
O v e r a l l  Y ie ld  = 8 -2 lk *
P in a l  p r o d u c t  82>- p u r e .
F r e e  o f  h y a lu r o n id a s e  and  
c o l la g e n a s e .
C o n ta in e d  l e s s  th a n  0 .0 1 k  
o r i g i n a l  l e c i t h i n a s e  c o n te n t  
o f  p a r e n t  f i l t r a t e .
S ta g e  1 o f  t h i s  p u r i f i c a t i o n  
g i v e s  a  265 f o l d  p u r i f i c a t i o n  
r e l a t i v e  t o  c u l t u r e  f i l t r a t e .

;'Habermann ' ;il959 BP6E k f  A n ,S1:^ep(l)kpf Ebth.
2 .E le c t r o p h o r e s i s  i n  s t a r c h  colum n a t  

p H = 9 .0 . ' '  ̂ ' '
3 . D E A E -c e llu lo se  c lir o r a a to g r a p h y -e lu t io n  

w ith  K a C l-p h o sp h a te  b u f f e r  g r a d ie n t  
p li= 6 .8

P ü f i f i c à t i d n  = 2 2  f o l d  • 
f d l a t i y é  t o  S ta g s  1 
O v e r a l l  Y ie ld  = 49k  
F a i l s  t o  s e p a r a te  0:-t o x i n  
from  0- t o x i n  ( c o n t a in s  12/'c 
o f  a - t o x i n  r e l a t i v e  t o '  
S ta g e  1 ) .

. 1 . S ta g e  ( 1 ) o f  R o th  and P i l l e m e r  (l955)*  
2 .2 0 k  M eth an ol p p t . ; -5"C ; p H = 6 .0 .
3 .5 « k  M eth an ol p p t . ; pH =8.0  
4 »C hrom atography on  h y d r o x y la p a t i t  e ; 

g r a d ie n t  e lu t io n  w it h  p h o sp h a te  
b u f f e r .

P u r i f i c a t i o n  = 27 f o l d  
r e l a t i v e  t o  S ta g e  1 .  
O v e r a l l  Y ie ld  = 144k  
C o n ta in e d  0 .0 3 k  a - t o x i n ,  
4k  K - to x in  and 0 .07 /»  
h y a lu r o n id a s e  r e l a t i v e  t o  
S ta g e  1 .

S te p h e n 1961 CN 1491 1.Concentration by ultrafiltration Complex
on 8% collodion membranes. of

2 .Zone eleotrophoresxs in  etlianolysed Antigens 
ce llu lo se  columns; borate buffer
pH= 7 .1 .

Purification-insufficient da"
separate

H a u sc h ild 1965 D7 1 . 60k  (NH )„S0, s a t u r a t io n  o f
• c u l t u i ' e ^ f i l t Y a t e s .
2 . D E A R -c e llu lo se  ch ro m atograp h -  

s t e p w is e  e l u t i o n  (O.O5M 
p h o s p h a te -  pH=7*0 f r a c t i o n . )

0 - t o x i n  c o n ta in e d  - t o x i n  
N .T . S ta g e  2 Y ie ld  94k  r e l a t i v e

t o  S ta g e  1 .

Symbol a s  in  T a b le  5 «
N .T . -  n o t  t e s t e d .



T a b le  14 P r o p e r t ie s  o f  C l .  p e r f r in g e n s  G -T o x in .

M o le c u la r  'ffeigh t  

tS e d im e n ta t io n  C o e f f i c i e n t  

Optimum pH 

Optimum T em p eratu re  

A c t iv a t o r s

I n e f f e c t i v e  A c t iv a t o r s  

I n h ib i t o r s :

( i )  O x id is in g  a g e n ts

( i i )  T h io l  a c t i v e  a g e n t s

. o V  A tîÆ rA A J jw m .s ' ---  -

P rod uced  b y  0 - t o x i h  

E r y th r o c y te s :

( i )  A d s o r p t io n  a t  0"0

( i i )  A d d it io n  o f  Strom a

No d a ta  a v a i l a b l e  from  l i t e r a t u r e  

6 .5  ( a )

6 .7 5  -  6 .8  ( a )

(a )

C y s te in e ,  sodium  s u l p h i t e ,  sodium  h y d r o s u lp h ite  ( a )  

A s c o r b ic  a c id ,  p o ta s s iu m  c y a n id e  ( a )

H ydrogen  p e r o x id e ,  p o ta ss iu r a  f e r r i c y a n id e  ( a )  

p - c h lo r o m e r c u r ib e n a o a t e ,  lo d o a c e t a t e .

Amntfcu:- jyi d-A-vJO-rjccmcix a dxo X xxaoj ju lja  jixx y tCy—

+ ve ( b ) ;  - v e  ( a )

I n a c t i v a t e s  h a e m o ly t ic  a c t i v i t y  (8 .5 n g /t [U )  ( a )

S e r o l o g i c a l  C h a r a c t e r i s t i c s  

B i o l o g i c a l  A c t i v i t i e s

N e u t r a l i s a b le  b y  a n t i-p n e u ia o ly s in ,  a n ti-S L O , 
a n t i - t e t a n o l y s i n ,  a n t i - c e r e o l y s i n  ( c )

O x y g e n - la b i le  h a e m o ly s in  ( b j c )
C a r d io to x ic  ( e )
L e th a l ( a ; b )
D e rm o n ecro tic  ( o )

B i o l o g i c a l  P o te n c y

( i )  H a em o ly tic  U n it  ( l  HU)

( j i )  L e th a l d o se  (SOgm .m ouse)

O .A lng ( 2 .45  X 10 HU/mg) ( a )
2 . 2 5 ng ( 4 .4 5  X ICr HU/mg) ( f )  (M ethod A o f  T a b le  
1 .8 5  ng ( 5 .4 4  X l ( y  liU/mg) ( f )  (M ethod B o f  T a b le

0 .1 2 p g  ( 300 A c t iv a te d  h a e m o ly tic  u n i t s )  ( a )
1 .0 2 |ig  ( 2 ,5 0 0  U n a c t iv a te d  h a e m o ly t ic  u n i t s )  ( a )

A u th o r s:  ( a )  R oth  and P i l l e m e r ,  1955*
(b )  v a n  R e y n in g e n , 1941^*
( c )  T odd, 1 9 4 1 .
(d )  B e rn lie im er , 1947»
( e )  B ern heim er and C an ton i ,  1945'
( f )  Habermann, 1 9 5 9 .

t  U n ita g e  a s  i n  T a b le  6
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by G - t o x i n  as  a  f u n c t i o n  o f  t im e  and found  t h a t  ha .emolys i s  c u r v e s  a t  

d i f f e r e n t  ha.emolysin  c o n c e n t r a t i o n s  a.Il  showed an i n i t i a l  l i n e a r  p h a s e .

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

c o n f i r m in g  t h e  f i n d i n g  o f  B e rn h e i m e r  (194?)  u s i n g  c r u d e  c u l t u r e  

s u p e r n a t a n t .  T h i s  f i n d i n g  s u g g e s t e d  tha-t  0 ~ t o x i n  may be  enzymic i n  

n a t u r e ,  b u t  t h i s  h a s  n e v e r  b e e n  s u b s t a n t i a t e d  by t h e  d e m o n s t r a t i o n  o f  a, 

s p e c i f i c  s u b s t r a t e ,  ( s e e  page  83 )•  Bern l ie im er  ( 1947)  showed t h a t  an  

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

l o g a r i t h m  o f  t h e  a b s o l u t e  t e m p e r a t u r e  was l i n e a r  f o r  t h e t a .  t o x i n  be tw een  

O^C t o  31^0,  t h e  c r i t i c a l  thermo,! i n c r e m e n t  b e i n g  19 ,580* S im i la . r  

s t u d i e s  w i t h  SLO and t e t a n o l y s i n  r e v e a l e d  t h a t  t h e r e  were  two p h a s e s  o f  

t h e r m a l  i n c r e m e n t ,  be tw ee n  0-15°C and 2 0 -3 0 °C , An e x p l a n a t i o n  o f  t h e s e  

f i n d i n g s  i s  e l u s i v e .  B e rn h e im e r  t h e o r i s e d  t h a t  such  cha.nges may have  

b e e n  du.e t o  a  s h i f t  i n  t h e  r a t e - d e t e r m i n i n g  r e a c t i o n  i n  t h e  s e r i e s  o f  

r e a c t i o n s  le a .d ing  t o  l y s i s .  T h i s  f i n d i n g  f o r  G - t o x i n  a g a i n  i s  n o t  

i n c o n s i s t e n t  v i i th  t h e  view t h a t  i t  may be  an enzyme. T a b l e  14 g i v e s  

d a t a  on t h e  h a e m o l y t i c  p o t e n c y  o f  t h e  p repa . ra . t ions  o f  0—t o x i n  t o  d a t e .

No h a e m o l y t i c  s p e c t ru m  i s  a v a i l a b l e  from t h e  c u r r e n t  l i t e r a t u r e .

b .  L e t h a l i t y  and  D e r m o n e c r o s i s ;

0 - t o x i n  was l e t h a l  t o  mice on i n t r a v e n o u s  i n j e c t i o n  (Todd,  1941; 

Roth and P i l l e m e r ,  1955; Habermann,  1959)* L e t h a l  d o s e s  a r e  shown i n  

T a b le  14 • Death  wa.s sudden  w i t l i  no haem og lob inu r ia . ,  a s  o c c u r r e d  w i t h  

« - t o x i n .  B e r n h e i m e r  and C a n t o n i  (1945)  showed t h a t  G—t o x i n  was 

c a r d i o t o x i c ,  h a v i n g  a  s i m i l a r  a c t i o n  t o  SLO on f rog*  s h e a r t .  The r a p i d  

d e a t h  o f  anima.ls  on i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  G—t o x i n  would s u g g e s t  

t h a t  t h i s  wa.s t h e  p r i n c i p a l  s i t e  o f  a t t a c k ,  a l t h o u g h  n o t h i n g  i s  known o f  

t h e  mode o f  a c t i o n  o f  t h i s  t o x i n  on t h e  h e a . r t ,  Habermann ( 1960) a l s o
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showed t h a t  G - t o x i n  c a u s e d  oedema, i n  t h e  lu n g s  o f  r a t s  i n j e c t e d

i n t r a v e n o u s l y . The f i n d i n g  o f  Todd ( I 94 I )  t h a t  G - t o x i n  was d e r m o n e c r o t i c

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

c . A d s o r p t i o n  o f  G- H a e m o ly s in  by E r y t h r o c y t e s :

I n  1941 van  H eyningen  r e p o r t e d  c o m p le te  a d s o r p t i o n  o f  

G “ h a e m o ly s in  a t  O^C from f r e s h  c u l t u r e  f i l t r a t e s  and p a r t i a . l l y  p u r i f i e d  

p r e p o , r a t i o n s . Y e t ,  u s i n g  aged  c u l t u r e  f i l t r a , t e s  o n l y  70y o f  t h e

ha .em oly t ic  a c t i v i t y  c o u l d  b e  a d s o r b e d  o n to  e 'Q^' throcy tes  a f t e r  a c t i v a t i o n ,  

even  when t h e  q u a n t i t y  o f  e%-ythrocyt e s  o r  t h e  t i m e  o f  a d s o r p t i o n  was 

i n c r e a s e d .  N e i t h e r  t o x o i d i n g  n o r  r e v e r s i b l e  i n a c t i v a t i o n  was r e s p o n s i b l e  

f o r  t h i s  observa , t i o n  ( v a n  H eyn ingen ,  1941h) and no e x p l a n a . t i o n  o f  t h i s  

phenomenon h a s  a.s y e t  b e e n  o f f e r e d .  Moreover ,  Ho.usohild  c o n f i r m e d  t h a t  

0—t o x i n  was a d s o r b e d  o n to  sheep  e r y t h r o c y t e s  from c u l t u r e  f i l t r a t e s  o f  

t y p e  D,

By co m p a r i s o n  Roth and  P i l l e m e r  r e p o r t e d  t h a t  t h e i r  h i g h l y  

p u r i f i e d  0 —t o x i n  was n o t  a t  a l l  a ,dsorbed a.t 0*^C, b u t  i n  t h e  p r e s e n c e  o f  

l a r g e  amounts o f  h a e m o ly s in  t h e  e r y t h r o c y t e s  wore a . l t e r e d  a t  0°G and  l y s e d  

when washed and  r e s u s p e n d e d  i n  f r e s h  b u f f e r  a t  37^0.  They c o n c l u d e d  t h a t  

i f  a d s o r p t i o n  t o o k  p l a c e ,  t h e i r  a s s a y  p r o c e d u r e s  were n o t  s e n s i t i v e  enough 

t o  d e t e c t  t h e  l o s s  o f  a - c t i v i t y .  However, o c c l u s i o n  o f  a  l y t i c  amount o f  

t o x i n  by t h e  e r y t h r o c y t e s  on c e n t r i f u g a t i o n  c o u l d  hav e  o c c u r r e d .  T h e i r  

r e s u l t s  c o u l d  be  i n t e r p r e t e d  as  d em ons t r a . t ing  t h a t  t h e  l y t i c  p r o c e s s  d i d  

n o t  i n v o l v e  p l i y s i c a l  a d s o r p t i o n  o f  t h e  t o x i n  and  was e s s e n t i a l l y  enzymic 

i n  n a t u r e .

L ike  p n e u m o ly s in  ( Cohen _et _^al@, 1942) and SLO (A lo u f  and  Raynaud,  

19680) 6 - t o x i n  i s  ’ i n a c t i v a t e d *  by e r y t h r o c y t e  stroma,  ( s e e  T a b le  14 ) • I n  

t h o i r  s t u d y  Roth and  P i l l e m e r  (1955)  c o u l d  no t  d e t e c t  h a e m o l y t i c  a c t i v i t y  

i n  t h e /
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s u p e r n a t a n t  o f  t h e i r  e r y t h r o c y t e  s t r o m a / 0—t o x i n  m i x t u r e  a f t e r  i n c u b a t i o n  

f o r  one h o u r  a/b 37^8 ; b u t  t h e s e  w o rk e r s  p r o v i d e d  no e v i d e n c e  t h a t  t h e  

t o x i n  wa.s n o t  a d s o r b e d  o n to  t h e  s t ro m a ,  and  t h e r e f o r e  a.ssumed i n a c t i v a t i o n .  

’ I n a c t i v a t i o n ’ wa.s n o t  o b s e r v e d  w i t h  o x i d i s e d  0 - t o x i n .  A lo u f  and 

Raynaud ( I 9 680) c l e a r l y  showed tha . t  SLO b i n d s  t o  e r y t h r o c y t e  s t ro m a .

These  a u t h o r s  a l s o  d e m o n s t r a t e d  t h a t  t h e  a d s o r p t i o n  o f  SLO o n to  r a b b i t  

e r y t h r o c y t e s  which  t o o k  p l a c e  a t  0 ° 0 , was ra.pid and  n o t  o b s e r v e d  w i t h  t h e  

o x i d i s e d  SLO. F u r t h e r m o r e  t h e  a d s o r p t i o n  s t e p  was t e m p e r a t u r e  i n d e p e n d e n t ,  

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

S i m i l a r  s t u d i e s  w i t h  h i g h l y  p u r i f i e d  0 - t o x i n  may c l a r i f y  t h e  

above d i s c r e p a n c i e s .

d.  I n h i b i t i o n  and  I n a c t i v a t i o n  o f  0 - T o x i n ;

T h i o l  b l o c k i n g  a.gents  i n i i i b i t e d  0 - t o x i n ,  b u t  t h i s  i n h i b i t i o n  

c o u l d  be  overcome by an e x c e s s  o f  c y s t e i n e  ( Roth a.nd P i l l e m e r ,  1955) *

These  e x p e r i m e n t s  were c a r r i e d  o u t  i n  a  sys tem i n  w h ich  u n a n t i v a t e d  0—t o x i n  

was f i r s t  t r e a t e d  w i t h  i n h i b i t o r ,  r e a c t i v a t e d  w i t h  c y s t e i n e  and t h e n  

t e s t e d  f o r  h a e m o l y t i c  p o t e n c y .  By c o n t r a s t  A lo u f  and  Raynaud ( 1968c) 

showed t h a t  a c t i v a t e d  SLO wa.s i n h i b i t e d  by p - c h l o r o m e r c u r i b e n z o a t e  b u t  t h e  

l y t i c  a c t i v i t y  o f  SLO was n o t  i n l i i b i t e d  by t h i s  a g e n t  when SLO was bound  

t o  e r y t h r o c y t e s .  S i m i l a r  e x p e r i m e n t s  w i t h  0 - t o x i n  w ould  c o n f i rm  w h e t h e r  

i t  b i n d s  t o  e r y t h r o c y t e s  o r  n o t .

0 - t o x i n  was s e n s i t i v e  t o  o x i d i s i n g  a g e n t s  ( T a b l e  I 4 ) a s  migh t  

b e  e x p e c t e d  from i t s  s e n s i t i v i t y  t o  e x p o s u re  t o  a i r .  Gordon (1931)  

r e p o r t e d  t h a t  6- t o x i n  was i n l i i b i t e d  by congo r e d ,  b u t  t h i s  i n h i b i t i o n  was 

r e v e r s i b l e ,  a  f a c t  tha . t  r e q u i r e s  c o n f i r m a t i o n  w i t h  h i g h l y  p u r i f i e d  G - t o x i n .  

T here  h a s  b e e n  b u t  one r e p o r t  on t h e  i n h i b i t i o n  o f  G - t o x i n  by l e c i t h i n
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(Gordon  e t  a l . ,  1954)* These  w o rk e r s  a l s o  found  t h a t  when 0 - t o x i n  

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

r e c o v e r e d .  The e x p l a n a t i o n  o f  t h i s  i s  o b s c u r e ,  s i n c e  G - t o x i n  does  n o t  

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

The e f f e c t  may h a v e  b e e n  due t o  ' n o n - s p e c i f i c ’ p r o t e i n - l i p i d  i n t e r a c t i o n  

i n v o l v i n g  e l e c t r o s t a t i c  b i n d i n g ,  d i s p e r s i o n  b i n d i n g  o r  l iyd rophob ic  b i n d i n g .

A n t i s e r a  t o  o t h e r  oxygen—l a b i l e  h a e m o ly s in s  a l l  n e u t r a l i s e d  

t h e  h a e m o l y t i c  a c t i v i t y  o f  G - t o x i n ,  a l t h o u g h  t h e  a v i d i t y  o f  a n t i s e r u m  

f o r  G - t o x i n  was l o w e r  i n  t h e  h e t e r o l o g o u s  sys tem (Todd,  1941)*

e .  C h o l e s t e r o l  I n h i b i t i o n :

H e w i t t  and  Todd ( l 9 3 9 )  d e m o n s t r a t e d  t h a t  SLO was i n h i b i t e d  by 

c h o l e s t e r o l ,  and  t h e  work o f  Cohen and Shwachman (1937)  e s t a b l i s h e d  t h i s  

f o r  p n e u m o ly s in .  T h i s  i n h i b i t i o n  was d e m o n s t r a t e d  f o r  G - t o x i n  by Howard 

e t  a l . ,  (1953)* Prom t h e  work o f  Cohen e t  a l . ,  (1937)  and Howard e t  a l . ,  

i t  a p p e a r s  t h a t  a l l  s t e r o l s  t e s t e d  p o s s e s s i n g  a  p - l i y d ro x y l  g roup  a t  

p o s i t i o n  3 o f  t h e  s t e r o l  n u c l e u s  and a l iyd rophob ic  g ro u p  a t t a c h e d  t o  

p o s i t i o n  17 e x e r t  an i n h i b i t i o n  e f f e c t  on o x y g e n - l a b i l e  h a e m o ly s in s  

( s e e  F i g u r e  3 ) .  D e s p i t e  t h i s  t h e  n a t u r e  o f  t h e  c h o l e s t e r o l / G - t o x i n  

i n t e r a c t i o n  i s  n o t  u n d e r s t o o d .  High r e s o l u t i o n  p r o t o n  m a g n e t i c  r e s o n a n c e  

may h e l p  t o  r e s o l v e  t h i s  p ro b lem .

Mason ( 1947) fo u n d  tha . t  mouse e r y t h r o c y t e s  were r é s i s t a , n t  t o  

G - t o x i n ,  a  f i n d i n g  which  Howard and  W a l la c e  (1953) c o n f i r m e d  f o r  SLO,

They c o u l d  n o t  e x p l a i n  t h e  o b s e r v e d  r e s i s t a n c e  o f  t h e s e  e r y t h r o c y t e s  i n  

t e rm s  o f  a  s i g n i f i c a n t  d i f f e r e n c e  i n  c h o l e s t e r o l  c o n t e n t .
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F i g u r e  3 : I n l i i b i t i o n  o f  C l .  p e r f r i n g e n s  0—t o x i n

St r u . o t u r e  o f  C h o l e s t e r o l

I n h i b i t i o n  o f  G - t o x i n  i s  a s s o c i a t e d  w i t h  t h e  P* 

h y d r o x y l  g ro u p  on c a r b o n  3 and  t h e  l iyd ro p h o b ic  

s i d e  c h a i n  a t t a c h e d  t o  c a rb o n  1 7 *
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I n l i i b i t i o n  o f  G - t o x i n  by normal s e r a  i s  due t o  t h e  serum 

c h o l e s t e r o l  c o n t e n t ,  d e l i p i d o t e d  serum b e i n g  n o n - i n h i b i t o r y « T u r n e r  

e t  a l  c , ( 1942) showed t h a t  i f  t y p e  A s t r a i n s  were po .ssaged t h r o u g h  

c o o k e d - b r a i n  medium t h e  o rg a n i s m s  l o s t  t h e i r  c a p a c i t y  t o  p ro d u c e  G - t o x i n ,  

T h i s  was due t o  t h e  a d s o r p t i o n  o f  t h e  t o x i n  on to  t h e  meat  p a r t i c l e s .

I t  seems h i g h l y  p r o b a b l e  t h a t  t h e  c h o l e s t e r o l  i n  t h e  meat  p a r t i c l e s  was 

r e s p o n s i b l e  f o r  t h i s .

f , C y t o t o x i c i t y  o f  0 - T o x i n:

There  i s  a  d e a r t h  o f  knowledge  c o n c e r n i n g  any e f f e c t s  0—t o x i n  

may have  on c e l l s  and  membrane-bound o r g a n e l l e s .  By co m p ar i s o n ,  t h e  

c y t o t o x i c i t y  o f  SLO f o r  a. w ide  r a n g e  o f  c e l l  t y p e s  i n  v i t ro  h a s  b e e n  

e x t e n s i v e l y  s t u d i e d .  T here  a p p e a r s  t o  be  a c o r r e l a t i o n  be tw ee n  t h e  

s e n s i t i v i t y  o f  c e l l s  t o  SLO and  t h e  p r e s e n c e  o f  c h o l e s t e r o l  i n  t h e i r  

c e l l u l a r  membranes.  By a n a l o g y ,  i t  would  be  e x p e c t e d  t h a t  o t h e r  oxygen-  

l a b i l e  h a e m o ly s in s  m ig h t  have  s i m i l a r  e f f e c t s .  I t  i s  c o n c e i v a b l e ,  

however ,  t h a t  a l t h o u g h  t h e s e  t o x i n s  d i s p l a y  g r e a t  s i m i l a r i t i e s ,  summarised  

i n  T a b le  15 , t h e r e  may b e  d i f f e r e n c e s  i n  t h e i r  a f f i n i t y  f o r  some membrane- 

bound s t r u c t u r e s .

B e rn h e im e r  and  S chw ar tz  ( I 965) c o n c l u d e d  t h a t  G - t o x i n  

c o n t a m i n a t i n g  a, p r e p a r a t i o n  o f  e - p r o t o x i n  had  b e e n  r e s p o n s i b l e  f o r  t h e  

c y t o l y t i c  a c t i v i t y  o f  t h e  p r e p a r a t i o n  to w a rd s  r a b b i t  b l o o d  p l a t e l e t s ,  

G - t o x i n  a l s o  d e s t r o y e d  mast  c e l l s  o f  t h e  r a t  m e s e n t e r y  (Habermann,  i 9 6 0 ) .  

What c o n t r i b u t i o n s  t h i s  t o x i n  may have  p l a y e d  i n  t h e  o b s e r v e d  e f f e c t s  o f  

c ru d e  a - t o x i n  p r e p a r a t i o n s  on o t h e r  c e l l s  and o r g a n e l l e s  in__yij^o c a n n o t  

be  answ ered  d e f i n i t i v e l y .
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T a b l e  15 : P r o p e r t i e s  o f  B a c t e r i a l  O x y g e n -L a b i l e  H aem olys ins

1 .  R e v e r s i b l y  a c t i v a t e d  by sii/phyd.ryl r e d u c i n g  a g e n t s .

2 .  I r r e v e r s i b l y  i n a c t i v a t e d  t y  c h o l e s t e r o l .

3.  L e t h a l  and  c a r d i o t o x i c .

4« S i m i l a r  pH and t e m p e r a t u r e  op t im a .

5* Mice i n j e c t e d  w i t h  s u b l e t h a l  d o ses  o f  0—l a b i l e  h a e m o ly s in s

r a p i d l y  d e v e l o p  a t e m p o r a r y  r e s i s t a n c e  s p e c i f i c a l l y  t o  

l e t h a l  d o s e s  o f  t h e s e  t o x i n s .

6.  Mouse e r y t h r o c y t e s  a r e  i n s e n s i t i v e  t o  t h e s e  h a e m o l y s i n s .

7- C ro s s  n e u t r a l i s e d  by hyperimmune h o r s e  a n t i s e r u m  t o  e ac h ,

8 .  I n a c t i v a t e d  by e r y t h r o c y t e  s t r o m a .
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Todd ( 1941) r e f e r r e d  b r i e f l y  t o  some s t u d i e s  on t h e  e f f e c t  o f  

SLO and 0 - t o x i n  on l e u c o c y t e s .  He s t a t e d  t h a t  b o t h  o f  t h e s e  o x y g e n  

l a b i l e  h a e m o ly s in s  ’ a p p e a r  t o  be  d e f i n i t e  l e u c o c i d i n s  when t e s t e d  on 

l e u c o c y t e s  f r e e  from r e d  c e l l s ’ . R e g r e t t a b l y  t h e s e  s t u d i e s  were  n o t  

s u b s e q u e n t l y  p u b l i s h e d  i n  d e t a i l . These  o b s e r v a t i o n s  may be  i m p o r t a n t  

i n  c o n s i d e r i n g  t h e  work o f  Robb-Smith  (1945)  and  S y t n i k  ( I 9 6 0 ) on 

d e o x y r i b o n u c l e a s e  and  l e u c o t o x i n  r e s p e c t i v e l y  ( s e e  p a g e s  97 and 98 ) ,

The o n ly  i n v e s t i g a t i o n  t o  d a t e  on t h e  e f f e c t  o f  6- t o x i n  on

i s o l a t e d  membranes h a s  b e e n  t h a t  o f  Habermann and Pohlma.nn ( 1959) * H ig h ly

p u r i f i e d  0 - t o x i n  (Habermann,  1959 — s e e  T a b le  13 ) p r o d u c e d  morphologica .1

changes  i n  human e r y t h r o c y t e  g h o s t s ,  which  were d e p e n d e n t  on t h e

c o n c e n t r a t i o n  o f  t o x i n  employed,  and  t h e  i o n i c  e n v i ro n m e n t  o f  t h e  t r e a t e d

g h o s t .  The t o x i n  was n o t  how ever  f r e e  o f  a - t o x i n .  I n d e e d  a d d i t i o n  o f  

2+Ga enhanced  t h e  e f f e c t  p r o d u c e d .

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

s t r u . c t u r e s  p r o d u c e d  on t r e a t m e n t  o f  membranes w i t h  c r u d e  a - t o x i n ,  t o g e t h e r  

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

in v o lv e m e n t  o f  0—t o x i n  i n  t h e s e  o b s e r v a t i o n s .  M oreover ,  Dourmashkin  and  

Rosse  ( 1966) r e p o r t e d  t h e  f o r m a t i o n  o f  i d e n t i c a l  s t r u c t u r e s  a f t e r  t r e a t m e n t  

o f  e r y t h r o c y t e  g h o s t s  w i t h  SLO. I n  a d d i t i o n ,  n o t  a l l  p repa . ra . t ions  o f  

a - t o x i n  c a u s e d  f o r m a t i o n  o f  t h e s e  r i n g s ,  which  c o u l d  have  b e e n  due t o  

o x i d a t i o n  o f  t h e  0 - t o x i n .  They t h u s  c o n c l u d e d  t h a t  " w h e t h e r  o r  n o t  t h e s e  

d e f e c t s  m igh t  b e  due t o  a c o n t a m i n a t i n g  enzyme i s  n o t  c l e a r " .

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

p u r i f i e d  G - t o x i n  w i t h  n a t u r a l  membranes and  c h o l e s t e r o l  was d e t e r m i n e d .
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0 .  COLLAGEMSE (KAPPA TOXIN)

B a c t e r i a l  c o l l a g e n a s e  i s  a  s p e c i f i c  p r o t e i n a s e  a c t i n g  o n ly  

on n a t i v e  and d e n a t u r e d  c o l l a g e n .  U n t i l  r e c e n t l y ,  0 1 .  p e r f r i n g e n s  and 

01 ,  h i s t o l y t i c u j n  were  t h e  o n ly  m i c r o - o r g a n i s m s  shown t o  p ro d u c e  tru .e  

c o l l a g e n a s e s *  However,  i t s  p r o d u c t i o n  h a s  now b e e n  d e m o n s t r a t e d  i n  

S t r e u t o m y c e s  madurae  (R ippon ,  1968; Rippon and L o r i n c z ,  I 9 6 4 ) ,

Pseudomonas a e r u g i n o s a  (S choe l l raann  and F i s h e r ,  I 966 ) and  T r i c h o p h y t o n  

s c h o e n l e i n i i  (R ippon  and L o r i n c z ,  I 9 6 4 ) .

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

Maschmann ( 1937;  1938a;  1938b) . M a.c far lane  a-nd MacLennan ( 1945) 

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

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

o f  Robb-Smith  (1945)  t h a t  ’ • • •  t h e r e  i s  p s . r t i a l  t o  c o m p le te  d e s t r u c t i o n  

o f  t h e  r e t i c u l i n  f i b r i l s  and c o l l a g e n  f i b r e s ’ o f  i n f e c t e d  m u s c l e .  Y e t ,  

i t  was l e f t  t o  O akley  e t  a l . ,  (1946)  t o  p r o v i d e  im m u n o lo g ic a l  e v i d e n c e  

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

Most s t u d i e s  on t h e  p u r i f i c a t i o n  and mechanism o f  a c t i o n  o f  

c o l l a g e n a s e  h a v e  b e e n  o a . r r i e d  o u t  w i t h  01 .  h i s t o l y t i c u m  c o l l a g e n a s e ,  

b e c a u s e  f e w e r  e x t r a c e l l u l . a r  f a c t o r s  a r e  e l a b o r a t e d  by t h i s  o rg an is m .

Also  t h e  8 - t o x i n  o f  01 .  h i s t o l y t icum i s  t h e  most  p o w e r f u l  c o l l a g e n a s e  

known t o  d a t e .

1.  P u r i f i c a t i o n •

A few i s o l a t e d  a t t e m p t s  t o  p u r i f y  t h e  c o l l a g e n a s e  o f  01 .  p e r f r i n g e n s  

have  b e e n  made ( s e e  T a b l e  1 6 ) .  L e v d i k o v a ’ s p r e p a r a t i o n  i s  p r o b a b l y  t h e  

p u r e s t  y e t  o b t a i n e d .  I t  wa.s c o m p l e t e l y  f r e e  from l e c i t h i n a s e ,  h y a l u r o n i d a s e



T a b le  l6 P u r i f i c a t io n  s tu d ie s  on C l .  n e rfr in % e n s  C o lla g e n a s e  ( Kappa T o x in ) .

A u th o rs Y ear S t r a i n P u r i f i c a t i o n  P ro ced u re P u r it y t Comments

B id w e ll  and  
van  H eyn in gen

1948  8 107  1 . 90k  (iTĤ )̂ ^0^^ s a t u r a t io n  p p t .
2 . A d so r p t io n  o n to  c a lc iu m  p h o sp h a te

g e l  in 3 . 75k
3 . E lu t io n  from  g e l  w it h  10k

4 . A b so r p t io n  w ith  Ik  (w /v )  C h a r c o a l.
5 . R ep ea t s t a g e s  ( 2 ) and ( 3 ) .
6 . 35k  ÿ ^ 4  s a t u r a t io n  p p t .
7«A cid  d isu L ysis a g a in s t  b o r a t e -

sodiura c a r b o n a te  b u f f e r  pH = 10.2 .

P u r i f i c a t io n - 2 0 3  £>]d (o-iLturefllta 
O v e r a l l  Y ie ld  
P u r if i e d  c o l la g e n a s e  
c o n ta in e d  d e t e c t a b le  
a - t o x i n ,  b u t no d e t e c t a b le  
0 - t o x in .

B oyer e t  a l 1958 Type A t o x i n  from  V /ellcom e 
R e s e a r c h  L a b o r a to r ie s  a s  f r e e z e  
d r ie d  c u l t u r e  f i l t r a t e .
P u r i f i e d  b y  c o n t in u o u s  f lo w  
p a p er  e l e c t r o p h o r e s i s

N .T . P u r i f i e d  c o l la g e n a s e  
c o n ta in e d  h y a lu r o n id a s e .  
O v e r a l l  Y ie ld  -  
no d a ta  a v a i l a b l e .

Habermann 1959 BP6K 1 . 35k m ethanol: p p t j )  pH=2|.,i8.
2 . Zone e l e c t r o p h o r e s i s  i n  s ta r c h  

-.colum ns; -pH=9.0-» ....... ....................
3 , H ydroxylap  i t  i t  e  ch rom atograph y .

'w i t h  ;g r a d ip n t  e lu t a o n  a t  u H = 6 .8 .

P u r i f i c a t i o n -  60 f o l d  (S ta g e
O v e r a l l  Y ie ld :\=  5Pk / I "HomogQnooun “by moiabrane 
e l e c t r o p h o r e s i s .  ^ :

L evd ik ova 1966  BP6K 1 . 65k  (NH^) s a t u r a t io n  p p t .
2 .2 5 k  (EH, ) ^ 0 ,  s a t u r a t io n  p p t .
3 . F r a c t io n a l  o p t .  2 0 - 2 8 /

(NH SO s a t u r a t io n .
4 . A b s o r p t io n  w it h  D E A E -c e llu lo s e ,  

pH=5.6
5 . F r a c t io n a l  e l u t i o n  o f  DSAE- 

c e l l u l o s e  w i t h  b u f f e r  pH=5. 6  ( 0 . 4M 
a c e t a t e  e l u t i o n ) .

6 . 40k  (NH2^^2^®4 p p t '
7 . L y o p h i l i s a t io n .
8 . F r a c t io n a l  p p t .  29k“5Pk A ceto n e;  

- 1 0 °C; p r o t e i n  c o n c e n t r a t io n  
=0.5/*»

9 . L y o p h i l i s a t io n .
1 0 .S ep h ad ex  G-75 g e l  f i l t r a t i o n .
11.R ep ea t S ta g e  (lO )«

P u r i f i c a t i o n  I 3O f o l d  
r e l a t i v e  to  S ta g e  1 .  
O v e r a l l  Y ie ld  -  no d a ta  
a v a i l a b l e .
P u r i f i e d  m a te r ia l  w as  
f r e e  o f  d e t e c t a b le  a - t o x i n  
and h y a lu r o n id a s e .

t)̂
 Sym bols a s  i n  T a b le  5

N .T . -  n o t  t e s t e d .
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and G - t o x i n ,  a.nd a.ppeared t o  b e  homogeneous i n  t h e  u l t r a c e n t r i f u g e .

The p r e p a r a t i o n  o f  B i d w e l l  and van Heyningen  was f o u n d  t o  be  h e t e r o g e n e o u s  

when exam ined  by T i s e l i u s  f r e e  zone e l e c t r o p h o r e s i s  (Char lw ood ,  1943) ,  

c o n f i r m i n g  t h e i r  f i n d i n g  o f  s m a l l  amounts o f  a -  and  0 - t o x i n s  i n  t h e i r  

p r e p a r a t i o n s •

2 .  P h y s ica . l  and  Ohomical  P r o p e r t i e s .

P l i y s i c a l  pa . ram ete rs  f o r  C l .  p e r f r i n g e n s  c o l l a g e n a s e  a r e  

a v a i l a . b l e  s o l e l y  from t h e  d a t a  o f  L evd ikova  ( I 9 6 6 ) .  These  a r e  summarised  

i n  T a b l e  I 7 ,

2+
Ga h a v e  b e e n  shown t o  a c t i v a t e  b o t h  c l o s t r i d i a l  c o l l a . g e n a s e s ,  

( B i d w e l l  and  van Heyn ingen ,  1943;  Mandl e t  a l . , 1958;  S e i f t e r  e t  a l . , 

1959; Levdikova. ,  I 9 6 6 ) ,  y e t  many a u t h o r s  have  u s e d  e i t h e r  h i d e  powder 

( a z o c o l l )  o r  t e n d o n  as  s u b s t r a t e s  w i t h o u t  exogenous a d d i t i o n  o f  Ca^"^,

I t  a p p e a r e d  tha . t  t h e s e  two s u b s t r a t e s  c o n t a i n e d  s u f f i c i e n t  ca l c iu m  s a l t s  

f o r  a c t i v a t i o n  o f  t h e  enzyme ( G a l l o p  e t  a l . ,  1957) * The Ga^"^ a r e

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

a d s o r p t i o n  o f  t h e  enzyme t o  t h e  s u b s t r a t e .

As w i t h  a - t o x i n  t h e  m e t a l  c h e l a t i n g  a g e n t s  OP and 8 -h y d ro x y  q u i n o l i n e

i n a c t i v a t e  t h e  enzyme i r r e v e r s i b l y  ( S e i f t e r  e t  a l . , 1959;  Levd ikova ,  1966}.

A d d i t i o n  o f  Ga^^ d i d  n o t  r e s t o r e  a c t i v i t y .  L ik e w is e  Hg^^,  Ag^^ and  Gu^^

were i r r e v e r s i b l y  i n h i b i t o r y  ( S e i f t e r  e t  a l . ,  1959; Levd ikova ,  I 9 6 6 ) ,

2 +G y s t e i n e  and SDTA i n h i b i t i o n  c o u l d  be  r e v e r s e d  by t h e  a d d i t i o n  o f  Ga,

I t  a p p e a r s  from c u r r e n t  work on 01 .  h i s t o l y t i c u m  c o l l a g e n a s e  t h a t  i t  i s  a 

z i n c  rne ta l lo -e n z y m e  ( s e e  page  44 )•  Work w i t h  Gl.  p e r f r i n g e n s  c o l l a g e n a s e  

ha.s n o t  y e t  p r o g r e s s e d  t o  t h e  s t a g e  where  t h i s  h a s  b e e n  d e t e r m i n e d .
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T a b l e  17 : P h y s i c a l  and  Chomica.l O h a r a c t e r i s t i c s  o f  Gl .  p e r f r i n g e n s
Tyne A G o i l a g e n a s e

M o l e c u l a r  P a r a m e t e r  f

M o l e c u l a r  Weight  

S e d i m e n t a t i o n  C o e f f i c i e n t  

I s o e l e c t r i c  p o i n t  

M f f t j i s i o n  C o e f f i c i e n t  

E l e c t r o p h o r e t i c  M o b i l i t y

Value

, 113,000  

5*3

c i r c a  pH 5*0 

4*23 

5*0

t  U n i t a g e  a s  i n  T a b le  6 From Levdikova.  ( I 9 6 6 )

T a b l e  18 P r o p e r t i e s  o f  p u r i f i e d  c o l l a g e n a s e

Amino a,oid a n a l y s i s s e e  L e vd ikova  ( I 9 6 6 )

pH optimum 6*5 -  7 .5

H ea t  s e n s i t i v i t y I n a c t i v a t e d  by h e a d i n g  
a t  6 0 ° C / l 0  min.

I n a c t i v a t e d  b y ; 0 - p h e n a n t h r o l i n e ;  
8 -h y d ro x y  q u i n o l i n e .

I n h i b i t e d  b y : C y s t e i n e ;  EDTA.

E f f e c t  o f  D i v a l e n t  
C a t i o n s  on a c t i v i t y ;

A c t i v a t i o n : Oa®'''

I n l i i b i t i o n : Hg2+,

Ho o b s e r v e d  i n c r e a s e  
Or d e c r e a s e  i n  
a c t i v i t y Oo^+.
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C o l l a g e n a s e  vras s e n s i t i v e  t o  h e a t  ( s e e  T a b le  18) and t o  

ex t r e m e s  o f  pH, a l t h o u g h  i t  was more s t a b l e  t o  a,oid pll t h a n  t o  a l k a l i n e  pH. 

L y o p h i l i s e d  p r e p a r a t i o n s  l o s t  a c t i v i t y  on s t o r a g e  (L e v d ik o v a ,  I 9 6 6 ) .

3 . S u b s t r a t e  S p e c i f i c i t y .

B i d w e l l  and  van H eyn ingen  ( 1948) showed t h a t  C l .  p e r f r i ngens  

c o l l a g e n a s e  had  no p r o t e o l y t i c  a c t i o n  on ca,s e i n ,  u r e a - d e n a t u r e d  haem og lob in ,  

human serum,  u r e a  d e n a t u r e d  human serum, h o r s e  serum o r  c l u p e i n  s u l p h a t e  

( a  b a s i c  p r o t e i n  from h e r r i n g  sp e rm ) ,  e i t h e r  i n  t h e  p r e s e n c e  o r  a b s e n c e  

o f  c y s t e i n e .  L e vd ikova  ( I 9 6 6 ) c o n f i r m e d  t h i s  f i n d i n g  w i t h  c a s e i n  and

h ae m o g lo b in .  F u r t h e r ,  homogeneous p r e p a r a t i o n s  o f  c o l l a g e n a s e  c o n t a i n e d

no p e p t i d a s e  a c t i v i t y  on t h e  s y n t h e t i c  p e p t i d e s  l e u - g l y - g l y ,  g l y - p r o - a l a  

o r  l e u - g l y .  Thus t h e  enzyme a p p e a r s  t o  b e  s p e c i f i c  f o r  n a t i v e  and 

d e n a t u r e d  c o l l a g e n s  from a  v a r i e t y  o f  s o u r c e s .

4 . Mechanism o f  A c t i o n  o f  C o l l a g e n a s e .

I n i t i a l  s t u d i e s  on t h e  mode o f  a c t i o n  o f  c o l l a g e n a s e  were  

c a r r i e d  o u t  u s i n g  p u r i f i e d  p r e p a r a t i o n s  from 01.  h i s t o l y t i c u m  and t h e  

r e s u l t s  o b t a i n e d  i n  such  s t u d i e s  have  b e e n  a p p l i e d  t o  C l .  p e r f r i n g e n s  

c o l l a g e n a s e  by d i r e c t  c o m p a r i s o n .  C o l l a g e n  i s  u n i  cue  amongst  p r o t e i n s  

fo u n d  i n  an im a l  t i s s u e s  i n  t h a t  i t  c o n t a i n s  a h i g h  p e r c e n t a g e  o f  p r o l i n e

a.nd h y d r o x y p r o l i n e  ( 14- 15/0 o f  each )  and î i y d r o x y l y s i n e  ( 1 - 2 / )  ( F r u t o n  and 

Simmonds, 1 9 5 8 ) .  The s t u d i e s  o f  M ic h a e l s  e t  a l . , ( 1 9 5 8 ) ,  S e i f t e r  e t  a l . ,  

( 1959) and  Mandl ( 196I )  showed t h a t  C l .  h i s t o l y t i c u m  c o l l a g e n a s e  was 

s p e c i f i c  f o r  p e p t i d e  u n i t s  i n  t h e  c o l l a g e n  m o l e c u le  h a v i n g  t h e  s eq u en ce  

shown i n  F i g u r e  4 *

Levdikova.  ( 1966) compared  i n  d e t a . i l  t h e  mechanism o f  a t t a c k  

o f  C l .  h i s t o l y t i c u m  c o l l a g e n a s e  and  01 .  p e r f r i n g e n s  c o l l a g e n a s e  on na . t ive
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c o l l a g e n  and s y n t h e t i c  h e : c a p e p t i d e s , T h i s  r e v e a l e d  t h a t  a l t h o u g h  t h e  

p o i n t  o f  a t t a c k  o f  b o t h  enzymes was i d e n t i c a l ,  t h e  c o m p o s i t i o n  o f  

r e s i d u e  R ^ (see  F i g u r e  4 ) i n f l u e n c e d  t h e  r a t e  o f  h y d r o l y s i s  by

C l .  p e r f r i n g ens c o l l a g e n a s e .  C o n f i r m a t i o n  o f  t h i s  h a s  come from f u r t h e r  

s t u d i o s  w i t h  s y n t h e t i c  h e x a p e p t i d e s  (O rekhov ich  e t  a l . ,  1 9 ? 0 ) .

D. OTHER EXTRACELLULAR FACTORS

1, H y a lu ro n id a . s e  ( p - A n t i ^ e n ) .

H y a lu ro n id a . s e  h y d r o l y s e s  t h e  i n t e r c e l l u l a r  ce m e n t in g  s u b s t a n c e ,  

h y a l u r o n a t e .  The d i f f e r e n c e s  be tw e e n  b a c f e r i a . l  and mammalian 

h y a l u r o n i d a s e s  h a v e  b e e n  r e v i e w e d  by Walker ( I 9 6 1 ) .

The p r o d u c t i o n  o f  a  s p r e a d i n g  f a c t o r  by 01 .  p e r f r i n g e n s  

was e s t a b l i s h e d  by  U u ra n -R e y n a l s  (1933)  and  HcClean ( 1 9 3 6 ) ,  and  t h e  

i d e n t i f i c a t i o n  o f  t h i s  f a c t o r  w i t h  l i y a l u r o n i d a s e  was shown by Cha in  and  

D u th i e  ( 1940) and  Meyer e t  a l . ,  ( 1 9 4 0 b ) .  I t s  s e r o l o g i c a l  i d e n t i t y  was 

e s t a b l i s h e d  by O akley  and  Warrack  ( l 9 5 l ) »

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

summar ised  i n  Ta.ble 1 9 ,  b u t  p h y s i c a l  c h a r a c t e r i s a t i o n  o f  t h i s  p r o t e i n  

h a s  n o t  y e t  b e e n  u n d e r t a k e n .  C u r r e n t  i n f o r m a t i o n  on t h i s  enzyme i s  

shown i n  T a b le  2 0 ,  summar ised  from t h e  work o f  R o b e r t s o n  e t  a l . ,  ( 194O),  

Rogers  ( 1 9 4 8 ) ,  McGlean (1 9 4 3 ) ;  H a le  (1944)  and W e b s te r  e t  a l » , (1934)»

A r i c h  s u p p ly  o f  n i t r o g e n o u s  n u t r i e n t s  was r e q u i r e d  f o r  good y i e l d s .

The enzyme a p p e a r e d  t o  be  s t a b l e  t o  s t o r a g e  (B yers  e t  a l . ,  1949)»

S t u d i e s  have  i n d i c a t e d  t h a t  t h e  enzyme i s  i n d u c i b l e .  The 

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



Table 19 P u r i f ic a t io n  S tu d ie s  on C lo s tr id iu m  p e rfr in g e n s  type A liy a lu ro n id a s e

A uthors Y e a r S t r a in Method P u r i t y t Comments

R o b ertso n  e t  a l . 1940 L a b o ra to ry
i s o l a t e

1 . A ceto n e  p r e c i p i t a t i o n
50^ v /v ;  -10*C.

2 . C alcium  p h osp h ate  a d so r p t io n

3 . D i s s o lu t io n  o f  a d so r b e n t  
w ith  3N a c e t i c  a c id

D i a l y s i s  a g a in s t  c o ld  d i s t i l l e d  
w a ter  and c l a r i f i c a t i o n  by 
c e n t r i f u g a t io n .

P u r i f i c a t i o n  = 900 f o ld

R eco v ery  — n o t  s t a t e d

S u b s tr a te  u sed  in  a s s a y  
was h o rse  s y n o v ia l  
f l u i d  m ucin .

R ogers 1946 S 107 70^ (Nil ) SO s a t u r a t io n  o f  
c u lt u r e  f i l t r a t e  a t  p ll= 4 .6 ;  
p r e c i p i t a t e  h a r v e s te d .

Chrom atography on Al^O colum n  
e lu t e d  w ith  O.IM p h o sp h a te  b u ff e i  
pH = 7 . 0 .

P u r i f i c a t io n  = l6  f o l d

R eco v ery  = 50^ w ith  
r e s p e c t  to  c u ltu r e  
f i l t r a t e ,

M ethod d i f f i c u l t  to  
r e p r o d u c e .

B aker e t  a l , 1956  2278 1 . C u ltu re  f i l t r a t e s  a d ju s te d  
to  pH = 9 .0 ;  30^ (Nil ) SO Q 
s a t u r a t io n ;  24 h ou rs a t  4 C; 
p r e c i p i t a t e  d is c a r d e d .

2. (NH )̂gSO^  ̂ s a tu r a t io n  in crea sed

t o  70/^; 24 h o u rs a t  4*^C;
p r e c i p i t a t e  h a r v e s te d  and 
d i s s o lv e d  in  0.02M  v e r o n a l b u f f e r  
pH = 9 .0  c o n ta in in g  0 .4 3 ^  N aC l.

3 . O.IM -  0.2M f r a c t io n a l  e th a n o l  
p r e c i p i t a t e  pH = 9 .0 .

4 .  O.O5M -  O.IM f r a c t io n a l  e th a n o l  
p r e c i p i t a t e  a t  pH «= 6 .8 ;  p r o t e in  
c o n c e n tr a t io n  1 m g/m l.

5 . O.O5M -  O.IM f r a c t io n a l  e th a n o l  
p r e c i p i t a t e  a t  pH = 7 .5 ;  p r o t e in  
c o n c e n t r a t io n  1 m g/m l.

P u r i f i c a t i o n  = 1200 f o l i  

O v e r a ll  R eco v ery  = 45^
w i t h  r e s p e c t  to oultmre
f i l t r a t e .

S p e c i f i c  A c t i v i t y  *= : 
55 ,9 0 0  lU /m g p r o t e in .

llabermann 1959  BP6K 1 . 35^ M ethanol p r e c i p i t a t e  a t  pH = 4 ,6 5 .

2 .  E le c t r o p h o r e s i s  in  s ta r c h  colum n  
a t  pH = 9 .0 ;  a n o d ic  f r a c t io n  
h a r v e s te d .

3 . D i a l y s i s  a g a in s t  O.IM p h osp h ate  
b u f f e r  pH = 6 .8 .

4 . H y d r o x y la p a tite  chrom atography; 
g r a d ie n t  e l u t io n  a t  pH = 6 . 8 .

P u r i f i c a t i o n  = 35 f o l d  

O v e r a ll  R eco v ery  =• 82^

S p e c i f i c  A c t i v i t y  = 
6560 lU/m g p r o t e in .

N ot s e p a r a te d  from  
n e u r a m in id a se .

t P u r i t y  = N o. o f  p r e c i p i t in  l i n e s  o b se r v e d  by im m u n o d iffu sio n  or  im m u n o e le c tr o p h o r e s is  a g a in s t  s ta n d a r d  a n tis e r u m .
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T a b l e  20 „ P r o p e r t i e s  of  r^ya lu ron idase  of  01» p e r f r i n g e n s  ty p e  A.

P h y s i c a l  p a r a m e te r s No d a t a  a v a i l a b l e  from l i t e r a t u r e .

pH optimum 6*0

pH r a n g e  o f  a c t i v i t y 3*9 ~ 8*3

S t a b i l i t y :

( a )  t o  Heat I n a c t i v a t e d  r a p i d l y  above 30°C,

( b )  t o  Oxygen Not i n a c t i v a t e d  by oxygen.

A c t i v a t o r s P h o s p h a te ,  c i t r a t e ,  su lpha . te ,  c h l o r i d e .

I n h i b i t o r s I r r e v e r s i b l y  i n h i b i t e d  by cyan ide .

I n h i b i t e d  by ch lo ro fo rm ,  h e p a r i n ,  b i l e  
s a l t s ,  c o r t i s o n e ,  d e t e r g e n t s  and haemin.

E f f e c t  of  io n s  on A c t i v i t y I n a c t i v e  i n  th e  absence  of e l e c t r o l y t e s ,  

io n s  do not  i n h i b i t .

S u b s t r a t e  s p e c i f i d t y Enzyme h y d r o ly s e s  m uc opo lysacchar ides  
p r e s e n t  i n  ho rse  s y n o v ia l  f l u i d ,  v i t r e o u s  
humour, u m b i l i c a l  c o rd ,  A c h i l l e s  t e ndon  
c o n n e c t iv e  t i s s u e  and g a s t r i c  mucosa.
Does not  h y d ro ly s e  g l a n d u l a r  mucin. 
Hydro lyses  c h o n d ro i t in *
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p r o d u c t i o n  ( R o g e r s ,  1946;  McGlea.n and H a le ,  1941; H a le ,  1944) ,  t h e r e  

b e i n g  a  d i r e c t  r e l a t i o n s h i p  b e tw e e n  h y o l u r o n i d a s e  p r o d u c t i o n  and 

h y a l u r o n a t e  c o n c e n t r a t i o n s  up t o  0,3.4*

Lack o f  work on t h i s  enzyme p r o b a b l y  s tem s  from t h e  f i n d i n g s  

o f  Evans ( l943b ;1943& )  t h a t  a,n t i h y a l u r o n i d a . s e  d i d  n o t  i n c r e a s e  t h e  

p r o t e c t i v e  power o f  o c - a n t i t o x i n  and  t h a t  s t r a i n s  which  d i d  n o t  p ro d u c e  

h y a l u r o n i d a s e  were  e q u a l l y  v i r u l e n t  f o r  g u i n e a  p i g s  a s  t h o s e  t h a t  d i d  

p r o d u c e  t h i s  enzyme.

2 ,  Deox y r ib o n u c l e a . s e  ( v - A n t i g e n ) .

D e o x y r i b o n u c l e a s e  (DHase) r e m a in s  u n c h a r a c t e r i s e d  p h y s i c a l l y  

and  c h e m i c a l l y .  I t s  d e s c r i p t i o n  and d i s t r i b u t i o n  have  b e e n  d e a l t  w i t h  

e l s e w h e r e  i n  t h i s  t h e s i s  ( s e e  page  1 2 ) ,  I t  was f i r s t  a s s a y e d  by t h e  

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

l e u c o c y t e s  ( M a c f a r l a n e ,  c i t e d  by Warrack e t  a l . ,  1951)* Here  t h e  

o b s e r v a t i o n s  o f  S y t n i k  ( i 960 ) a r e  r e l e v a n t .  He d e s c r i b e d  a l e u c o t o x i n  

i n  c u l t u r e  f i l t r a t e s  which  a p p e a r e d  t o  b e  d i s t i n c t  from cx-toxin.  However 

t h i s  a u t h o r  d i d  n o t  d e s c r i b e  m o r p h o l o g i c a l  damage c a u s e d  by t h e  l e u c o t o x i n  

and  d i d  n o t  t e s t  f o r  t h e  p r e s e n c e  o f  DNase i n  t h e  c u l t u r e  f i l t r a t e s .

Thus t h e  r e l a t i o n s h i p  o f  l e u c o t o x i n  t o  DNase i s  u n c e r t a i n  ( s e e  page  8 7 ) .

W hether  t h e  DNase o f  01 .  p e r f r i n g e n s  can  b e  r e g a r d e d  as  a. 

l e u c o c i d i n  i s  d e b a t a b l e ,  L e u c o c i d i n  p ro d u c e d  by S t a p hy l o c o c c u s  a.ureus 

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

o n ly  ( G l a d s t o n e ,  I 9 6 6 ) , By c o n t r a s t ,  damage t o  t h e  n u c l e i  o f  r e n a l  t u b u l e  

e p i t h e l i a l  c e l l s ,  l i v e r  c e l l s ,  c o n n e c t i v e  t i s s u e  c e l l s  and  m usc le  c e l l s  

h a s  b e e n  a t t r i b u t e d  t o  DNase ( iFe inberg  and Oorabiesco,  1930; Robb-Smith,  1945)
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i n  a d d i t i o n  t o  i t s  e f f e c t s  on l e u c o c y t e  n u c l e i  ( B u t l e r ,  1942; 1943;

Robb-Smith ,  1945;  Wo,rrack e t  a l . , 1951) * W hether  DNase r e q u . i r e s  t h e  

s y n e r g i s t i c  a c t i o n  o f  a— o r  G- t o x i n  t o  p e n e t r a t e  s u s c e p t i b l e  c e l l s  o r  

w h e t h e r  i t  p e n e t r a t e s  by d i f f u s i o n  o r  p i n o c y t o s i s  r e m a in s  t o  be  e l u c i d a t e d .  

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

damage by a -  o r  8 - t o x i n ,  p a r t i c u l a r l y  i n  l i v e r  c e l l s  and  l e u c o c y t e s ,  

r e q u i r e s  i n v e s t i g a t i o n .  I n d e e d  Oakley and Warrack (1951) showed t h a t  

DNase was n o n - h a e m o l y t i c  and  p o s s e s s e d  no n e c r o t i s i n g  a c t i v i t y . . .  Thus,» 

i n  t h e  meantime,  DNase s h o u l d  b e  r e g a r d e d  as  p o t e n t i a l l y  l e u c o t o x i c  

r a t h e r  t h a n  l e u c o c i d a . l .

Oakley  and  Wa.rrack ( 1951) d e v i s e d  t h e  s o - c a l l e d  A.G.R.A.  ( a c i d -  

congo r e d - a l c o h o l )  t e s t  f o r  t h e  q u . a n t i t a t i o n  o f  t h i s  enzyme. No a.u thors  

h a v e  r e p o r t e d  i t s  a s s a y  by methods  i n v o l v i n g  l i y p e r c h r o m i c i t y  a t  260 nm o r  

t h e  d e t e r m i n a t i o n  o f  n u c l e o t i d e s  r e l e a . s e d  by DNase as  d e o x y r i b o s e  

( B u r t o n ,  1 9 5 6 ) .

3. B u r s t i n g  F a c t o r .

A f a c t o r  e x e r t i n g  an ’ a g g r e s s i n - l i k e  o r  i n f e c t i o n  p ro m o t in g  

a c t i v i t y '  on C l .  p e r f r i n g e n s  was d e s c r i b e d  by F r e d e t t e  e t  a l . ,  (1946;

1962) .  Most o f  t h e i r  s t u d i e s  were c a r r i e d  o u t  w i t h  s t r a i n  S'WG 121,  T h i s

f a c t o r  was n e i t h e r  l e t h a l  n o r  h a e m o l y t i c  and d i d  n o t  p ro d u c e  any o f  t h e  

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

G u l t u r e s  i n  which  none o f  t h e  known t o x i c  o r  enzymic a c t i v i t i e s  c o u l d  be  

d e t e c t e d  e i t h e r  i n v iv o  o r  i n  v i t r o , b u t  p r o d u c i n g  s o - c a l l e d  ' b u r s t i n g '  

f a c t o r ,  were v i r n . l e n t .  The f a c t o r  was s t a t e d  t o  be  immunogenic i n  g u i n e a  

p i g s  and p i g e o n s ,  b u t  n o t  r a . b b i t s .  I t  was h e a t  l a b i l e  and n o n - f i l t r a b l e ,  

and was n o t  n e u t r a l i s e d  by s t a n d a . rd  a n t i t o x i n .
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F r e d e t t e  a.nd h e r  covrorkers m a i n t a i n e d  t h a t  t h i s  f a c t o r  a c t e d  

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

ga s  g a n g r e n e ,  a l t h o u g h  th e y  p r e s e n t  no e v i d e n c e  t o  s u b s t a n t i a . t e  t h i s  

c l a i m .  They s a i d  o f  t h e i r  f a c t o r :  ' F i l t r a t i o n  t h r o u g h  B e r k e f e l d  c a n d l e s ,  

however ,  removes  t h i s  i m p o r t a n t  p a t h o g e n e t i c  a g e n t ,  a l t h o u g h  a l l o w i n g  

s o - c a l l e d  t o x i n  t o  f lo w  t h r o u g h .  Thus i t  would  a p p e a r  t h a t  fua idamental  

r e s e a r c h  c o n c e r n i n g  t h e  mechanism o f  Cl ,  p o r f r i n g e n s  g a s  g a n g re n e  h a s  

b e e n  s i d e t r a c k e d  s i n c e  t h i s  e r a  (World  War I I )  T h e i r  work may

s e r v e  t o  a c c o u n t  f o r  some o f  t h e  d i s c r e p a n c i e s  o f  E v a n ' s  work ( 1945a,) 

on v l r u l e n o e .

4* n-T o z in .

T h i s  t o x i n  i s  one o f  t h e  m in o r  a n t i g e n s  p r o d u c e d  by some

01.  p e r f r i n g e n s  t y p e  A s t r a i n s  and  was f i r s t  d e s c r i b e d  by  I p s e n  and Da.voli 

( 1939) 0.S b e i n g  p r o d u c e d  by t h e  L e c h ie n  s t r a i n .  I t  was r e p o r t e d  t o  be 

l e t h a l ,  b u t  v e ry  l i t t l e  i s  known a b o u t  t h i s  a g e n t .  In d e e d ,  b u t  f o r  

m e n t io n s  i n  r e s e a r c h  on t o x i n o l o g i c a l  t y p i n g ,  t h e  te rm  would  p r o b a b l y  

have  f a l l e n  o u t  o f  u s e .  I t s  p r e s e n c e  h a s  so f a r  b e e n  d e t e c t e d  o n ly  by 

t h e  u s e  o f  im m u n o lo g ic a l  n e u t r a l i s a t i o n  t e s t s  on c u l t u r e  f i l t r a t e s ,

No e x t e n s i v e  s t u d y  ha.s b e e n  u n d e r t a k e n  t o  c h a r a c t e r i s e  n - t o x i n ,  b u t  

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

i n v e s t i g a t i o n .

5.  H eurami n i  de s e .

McCrea (1947)  d e m o n s t r a t e d  t h a t  c u l t u r e  f i l t r a t e s  o f  

C l .  p e r f r i n g e n s  c o n t a i n e d  an  enzyme t h a t  d e s t r o y e d  e r y t h r o c y t e  r e c e o t o r  

s i t e s  r e n d e r i n g  them i n a g g l u t i n a b  1 e by myxoviru.ses,  s i m i l a r  t o  t h e  e f f e c t
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t h a t  h a d  hoen  o b s e r v e d  by S tono  (1947)  w i t h  c u l t u r e s  o f  Vi b r i o  c h o l o r a e , 

E v id e n c e  h a s  a c c u m u la t e d  from s e v e r a l  w o rk e r s  t h a t  ' r e c e p t o r  d e s t r o y i n g  

enzyme'  i s  a. l iydro la .se  c l e a v i n g  g l y c o s i d i c a l l y  bound s i a l i c  a.cid,  such  

enzymes b e i n g  c a l l e d  s i a l i d o s e s  o r  n e u r a m i n i d a s e s  when t h e  s i a l i c  a.cid. 

r e l e a s e d  i s  n e u r a m i n i c  a c i d  (H eimer  and l l e y e r ,  1956; Popenoe and Drew,

1957; C a s s id y  e t  a l . ,  1965; C o l l e e ,  1965b ) ,  Tha t  t h i s  enzyme vras 

d i s t i n c t  from t h e  h s .e r a a g g lu t in in  and t h e  b l o o d  g ro u p  A d e s t r o y i n g  enzyme 

was c l e a r l y  d e m o n s t r a t e d  by C o l l e e  ( 1965a ;  1965b ) ,

The non—i d e n t i t y  o f  t h i s  enzyme w i t h  n - t o x i n  was e v i d e n c e d  by 

t h e  l a c k  o f  r e q u i r e m e n t  f o r  d i v a l e n t  c a t i o n s ,  i t s  d i f f e r e n t  optimum pH 

and t h e  f a c t  t h a t  t h e  p e a k s  o f  n e u r a m i n i d a s e  a c t i v i t y  and  l e c i t h i n a . s e  

a c t i v i t y  d i d  n o t  c o - i n c i d e  on g e l  f i l t r a l i o n  ( O o l l o e ,  1965b )  S & t t e r l e e  and 

W alker ,  I 9 69)*

A l th o u g h  t h i s  enzyme was e x t e n s i v e l y  p u r i f i e d  by C a s s id y  o t  a 1 , ,  

( 1965) ,  no p h y s i c a l  c h a r a c t e r i s t i c s  were r e p o r t e d .  Gel  f i l t r a t i o n  

s t u d i e s  s u g g e s t e d  tho. t  i t  h a d  a  h i g h e r  m o l e c u l a r  w e i g h t  t h a n  a - t o x i n  

( S a t t e r l e e  a.nd W alke r ,  I 9 6 5 )* Known p r o p e r t i e s  a.re summarised  i n  T a b le  21,

C o l l e e  ( 1965b ) f o u n d  t h a t  t h e  Hobbs f o o d - p o i s o n i n g  s t r a i n s  he  

examined  d i d  n o t  p r o d u c e  neuraminid.a.se .  I n  a  more c o m p re h en s iv e  s tu d y  

o f  i t s  d i s t r i b u t i o n  among t y p e  A s t r a i n s ,  Moss e t  a . l . ,  ( 1967) were  u n a b l e  

t o  d e t e c t  n e u r a m i n i d a s e  p r o d u c t i o n  i n  a l l  o f  t h e  Hobbs s e ro typed .  s t r a i n s  

t e s t e d  ( t y p e s  1 -3  and 5*"13), b u t  found  no such  c o n s i s t e n t  c o r r e l a t i o n  

b e tw e e n  n e u r a m i n i d a s e  p r o d u c t i o n  and f o o d - p o i s o n i n g  s t r a d n s  o f  Amer ican  

o r i g i n .  Of t h e  Amer ic an  s t r a i n s  s e r o l o g i c a l l y  r e l a t e d  t o  Hobbs t y p e s ,

45h p r o d u c e d  n e u r a m i n i d a s e ,  w h ereas  73;6 o f  t h e  n o n - ty p a .b lo  s t r a i n s  p ro d u c e d  

t h i s  enzyme. Moreover ,  t h e s e  a u t h o r s  showed t h a t  85,6 o f  c l a s s i c a l  t y p e  A 

s t r a i n s  p r o d u c e d  t h e  enzyme.



T a b le  21 P r o p e r t ie s  o f  C l» p e r f r l i k e n s  ty p e  A n e u ra m in id a s e » t

P aram eter A u th ors

P openoe & Drew
( 1957 )

B u rto n
( 19 6 3 )

C a s s id y  e t  a l
( 196 5 )

pH Optimum 5 ,0  -  5*5 ( a ) 5 .0  -  5 .1  ( p ) ; ( a ) 5 .2  -  5 .5  ( p ) ; ( c )

4 ,4  — 4 * 6  ( a )

T Sffoct o f  d i v a le i ï t  
c a t io n s  o n  a c t i v i t y :

, 2 + , 2+ ,  Mn , Mg 
P e i n h i b i t o r y

“  no e f f e c t  — A l l  i o n s  t e s t e d  had no  
e f f e c t  on  a c t i v i t y

E f f e c t  o f  EETA on  
a c t i v i t y ?

None - None

S t a b i l i t y ?

( a )  t o  H eat I n a c t iv a t e d  b y
- xxoating a t  m ill

a t  pH 3-"9

( b )  t o  S to r a g e
, _

.........  ' ' A c t iv a te d

( c )  t o  D i l u t i o n - - R a p id ly  in a c t iv a t e d

Km -
-3

0 . 4  X 10  M 2 ,4  X 10  \ l

S u b s tr a te  S p e c i f i c i t y ? O rosom ucoid K A N A -lactose
- g a n g l i o s i d e

B o v in e  s i a l y l  l a c t o s e ;  
Human s i a l y l  l a c t o s e .

S u b s tr a te s  n o t  r e a jd ily  
a t ta c k e d

■

K len lc 's  f a s t  
g a n g l io s id e

C o lo m in ic  a c id

t  S t r a in  ATCC IO543  w as u se d  t o  p r e p a r e  t h i s  enzym e b y  e a c h  group o f  a u th o r s

( a ) : i n  a c e t a t e  b u ffe r »
( p ) :  i n  p h o sp h a te  b u f f e r ,
( c ) :  i n  c i t r a t e - p h o s p h a t e  b u f f e r .
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ï lGuraminida.Ge was r e p o r t e d  t o  b e  i n d u c i b l e  i n  V i b r i o  c h o l e r a . e  

( F r e n c h  a nd  Ada.., 1959) a n d  i n  t y p o  I I  p n e u m o c o c c i  ( K e l l y  e t  a l . ,  I 9 6 6 ) .  

However ,  a t t e m p t s  t o  i n d u c e  n e u r a m i n i d a s e  p r o d u c t i o n  i n  Hobbs t y p e  s t r a i n s  

a n d  c l a s s i c a l  t y p e  A s t r a . i n s  w i t h  N - a . c e t y l n e u r a m i n - l a . c t o s e ,  N- 

a c e t y l n e u r a m i n i c  ac id ,  a n d  H - a c o ty I m a .n n o s a m ine p r o v e d  n e g a . t i v e  (Moss e t  a l . ,

1957) .

W ith  t h e  e x c e p t i o n  o f  S t e p h e n  ( I 96 I )  no a u t h o r  h a s  commented

on  t h e  p r e s e n c e  o r  a b s e n c e  o f  n e u r a m i n i d a s e  i n  p u r i f i e d  p r e p a r a t i o n s  o f  

o c - t o x i n .  As g l y c o l i p i d s  a.nd g l y c o p r o t e i n s  w i t h  t e r m i n a l  s i a l i c  a c i d  

r e s i d u e s  a r e  c o m p o n e n t s , o f  bod;}'' f l u i d s  a.nd t i s s u e s ,  i t  seems n e c e s s a r y  t o  

t e s t  f o r  t h e  p r e s e n c e  o f  n e u r a m i n i d a s e  i n  p r e p a r a t i o n s  o f  c c - to x in  u s e d  i n  

b i o l o g i c a l  s t u d i e s .  N e u r a m i n i d a s e  c o n ta i n in ^ q  c u l t u r e  f i l t r a . t e s  h a v e  b e e n  

shown t o  oa.use p r o f o u n d  c h a n g e s  i n  t h e  s u r f a c e  o f  human e r y t h r o c y t e s , ’

The n o n - g r o u p  s p e c i f i c  T a n t i g e n ,  w h i c h  i s  t h o u g h t  t o  b e  s i t u a t e d  n e a r  

t h e  s u r f a c e  o f  human e r y t h r o c y t e s ,  was e x p o s e d .  E r y t h r o c y t e s  so  t r e a t e d  

w e r e  r e n d e r e d  a g g l u t i n a b l e  b y  s e r a  c o n t a i n i n g  T - a n t i s e r u m .  T h i s  

phenomenon  i s  t e r m e d  p a n a g g l u t i n a t i o ' n .  However ,  t h e  r e l a t i o n s h i p  o f  

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

e s t a . b l i s h e d .  The r e l e a s e  o f  n e u r a m i n i c  ac id ,  r e s i d u e s  w i l l  a l t e r  t h e  ' 

s u r f a c e  c h a r g e  on  c e l l s  w h i c h  may o r  ma.y n o t  a s s i s t  i n  'bhe a p p r o a c h  o f  

oc - to x in ,  q u . i t e  a p a . r t  f rom e l i m i n a t i n g  p o s s i b l e  s t e r i c  h i n d r a n c e  a n d  

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

i n t e r a c t i o n  o f  p u r i f i e d  a - t o x i n  a n d  n e u r a m i n i d a s e  r e q u i r e  t o  b e  c a r r i e d  o u t .

6 .  Hon Alpha.,  T h e t a  De l ta .  H a c m o l y s i n s ,

These  were  d e s c r i b e d  by Brooks  e t  a l . ,  ( 1957) 3.s h a c m o ly s in s  

which  were n o n - n e u t r a l i s a b l e  by a n t i s e r a  t o  t h e  ex-, 0 -  and  ^ -haem olys ins  o f
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C I .  p e r f r i n g e n s .  They were  o n ly  produced,  hy a v e r y  few s t r a i n s  o f  

C l .  o e r f r i n g e n s  t y p e  A ( s e e  " T o x i n o l o g i c a l  t y p i n g " ,  pa^ges 13 and  16 ) ,

and were  d e t e c t e d  on h o r s e  and ox b l o o d  a g a r  p l a t e s  by  means o f  

n e u t r a l i s a t i o n  t e c h n iq u . e s .  S t r a i n s  o f  t y p o  A p r o d u c i n g  t h e s e  f a c t o r s  

p ro d u c e d  zones  o f  h a e m o l y s i s  a ro u n d  t h e i r  c o l o n i e s  i n  t h e  p r e s e n c e  o f  

a n t i t o x i c  s e r a .  T h e i r  p r e s e n c e  i n  c u l t u r e  s u p e r n a t a n t s  and c u l t u r e  

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

i n  v iv o  and w h e t h e r  t h e y  p l a y  any s i g n i f i c a n t  r o l e  i n  p a t h o g e n e s i s  i s  a n  

open q u e s t i o n *

I t  i s  w o r th  r e c o r d i n g  h e r e ,  however ,  t h a t  van  ï l eyn ingen  ( 1941b)

p r e d i c t e d  t h e  e x i s t e n c e  o f  two f u r t h e r  h a c m o l y s i n s ,  X and  Y, t o  e x p l a i n

some o b s e r v a t i o n s  on t h e  a d d i t i v i t y  o f  h a e m o l y t i c  a c t i v i t i e s  i n  c u l t u r e

f i l t r a t e s .  These  f a c t o r s  were  d e t e c t e d  i n  one b a t c h  o f  f r e s h  c u l t u r e

f i l t r a t e  from s t r a i n  S I 07 a s  b e i n g  u n a b s o r b e d  by s.heep e r y t h r o c y t e s .

The a c t i v i t y  o f  f a c t o r  X was u n s t a b l e ,  c o u l d  n o t  b e  r e a c t i v a t e d  by  r e d u c i n g

a g e n t s ,  and d i d  n o t  r p q u i r e  Ca^^.  F a c t o r  Y was more s t a b l e  t h a n  X and

2+seemed t o  r e q u i r e  Co, . The h a e m o l y t i c  a c t i v i t i e s  o f  a ,  X and Y were  

a d d i t i v e  u n l i k e  t h o s e  o f  oc and 0 .

These  h a c m o ly s in s  were  n o t  f u r t h e r  r e p o r t e d  on by van  H eyn ingen  

and t h e i r  na . tu re  r e m a in s  u n r e s o l v e d .  W hether  t h e s e  f i n d i n g s  c a n  be- 

a c c o u n t e d  f o r  i n  t e rm s  o f  m u l t i o l e  forms o f  t o x i n s  o r  i n  t e rm s  o f  m u t a n t  

forms o f  t h e  a— and G -h a e m o ly s in s  o r  t o  one c o n t a m i n a t e d  b a t c h  o f  c u l t u r e  

i s  d i f f i c u l t  t o  a s s e s s ,

7• F i b r i n o l y s i n .

I n  1941 Heed e t  a l . ,  r e p o r t e d  t h a t  s t r a i n s  o f  C l ,  o e r f r i n g e n s  

o f  u n d e f i n e d  t y p e ,  b u t  p r o b a b l y  t y p e  A, p ro d u c e d  a f a c t o r  t h a t  b r o k e  down
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c o a g u l a t e d  p la s m a .  C o a g u l a t e d  plasma, from d i f f e r e n t  s p e c i e s  v a r i e d  i n  

s e n s i t i v i t y  t o  l i q u e f a c t i o n  ( f a b l e  22 ) ,  T i l l e t t  ( 1937 ) bad  o b s e r v e d  

t h a t  s t r e p t o c o c c i  c o u l d  c a u s e  s i m i l a r  d i s s o l u t i o n  o f  plasma, c l o t s .  He 

p r o p o s e d  t h a t  a .cid p r o d u c t i o n  o r  t h e  p r o d u c t i o n  o f  a  f a t t y  a c i d  c a u s e d  

t h i s .  Reed et  a l . ,  a rg u e d  t h a t  t h i s  was n o t  t h e  c a s e  i n  c l o s t r i d i a  a,s 

b o t h  s a o c h a r o l y t i c  and  p r o t e o l y t i c  s p e c i e s  e x h i b i t e d  c l o t  l y s i s .  Reed 

and O r r  (1942)  and Reed e t  a l . ,  (1942) were  u n a b l e  t o  r a i s e  a n t i b o d i e s  

t o  t h i s  f a c t o r  i n  r a b b i t s .  N e i t h e r  was t h e  f i b r i n o l y t i c  a c t i v i t y  

n e u t r e l i s a b l e  by  com m erc ia l  a n t i t o x i n .  The f i b r i n o l y t i c  f a c t o r  was hea, t 

s t a .b l e ,  50;4 o f  t h e  o r i g i n a l  a . c t i v i t y  r e m a in in g  a f t e r  b o i l i n g  f o r  80 m inu tes ,  

They t h u s  p r o p o s e d  t h a t  t h i s  f a c t o r  wa.s n o t  p r o t e i n  i n  n a t u r e .

A l th o u g h  c o l l a .g e n a s e  has  a  s t r i c t  s u b s t r a t e  s p e c i f i c i t y ,  no 

one y e t  ' ha.s t e s t e d  i t  o u t  i n  t h i s  s y s t e m .  The p o s s i b l e  r e l a t i o n s h i p  

b e tw e e n  cdLlagena.se o r  t h e  a l k a l i n e  p r o t e i n a s e  o f  Shemanova e t  a . l■, ( 1970) 

and f i b r i n o l y t i c  a . c t i v i t y  i s  n o t  c l e a r .  Ho s . t tempt h a s  b e e n  made t o  

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

8 . Ha. em a.pg l u t i n i n s .

The p r o d u c t i o n  o f  ha. em a g g l u t i n i n s  h a s  b e e n  r e p o r t e d  i n  a  number 

o f  b a c t e r i a  a.nd v i r u . s e s .  A l l  t y p e s  o f  C l .  p e r f r i ngens  p ro d u ce  

ha.emag’r g l u t i n i n .  Tha t  t h i s  was i n t i m a t e l y  a s s o c i a t e d  w i t h  t h e  b a c t e r i a l  

bod^r was shown by G u r tu c k  (1952)  and  D a f a l l o  and S o l t y s  ( 1 9 5 3 ) ,  who found  

t h a t  h a e m a g g l u t i n s t i n g  a c t i v i t y  c o u l d  n o t  be  S e i t z  f i l t e r e d ,  Hicldiam 

( 1956) on t h e  o t h e r  hand,  fo u n d  t h a t  a t  l e a s t  p a r t  o f  t h e  h a e m a g g l u t i n i n  

c o u ld  be  f i l t e r e d .  P r o d u c t i o n  o f  t h i s  f a c t o r  was a s s o c i a t e d  w i t h  a g e i n g  

o r  s p o r u l a t i n g  c u l t u r e s  ( C o l l e e ,  I 96 I ) .  Wickham (1956)  p ro p o s e d  t h a t



Table  22 * F i b r i n o l y t i c  A c t i v i t y  o f  Cl .  p e r f r i n g e n s  ty p e  A.

No. o f  s t r a i n s  t e s t e d Plasma of  c u l t u r e s  p roduc ing  
s o l u t i o n  o f  f i b r i n  c l o t

i n

105

7 hours  o r  l e s s  24 hours  o r  l e s s

26

33

5

3

Human 

R abb i t  

Guinea p i g  

Sheep

17

62

80

0

83

67

100

0

Adapted from Reed,  Orr  and Smith ( l 9 4 l ) '
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h o e n a g g l u t i n â t i o n  and  t h e  d e s t r u c t i o n  o f  b l o o d  Group A s u b s t a n c e  and  

v i r u s  r e c e p t o r  s u b s t a n c e  o f  r e d  c e l l s  were m a n i f e s t a t i o n s  o f  t h e  same 

enzyme ( s e e  p a g e s  100 a n d ' b e l o w ) .  Most o f  ou r  i n f o r m a t i o n  on t h e  

h a em agg l u t  i  n i n o f  0 1 .  n e r f r i n g e n s  comes from t h e  work o f  C o l l e e  ( l 9 6 l :

1965a;  1965b ) . I t  had  a broa.d t e m p e r a t u r e  optimum, and a pH optimum

o f  6 . 8 .  A l l  aBO g ro u p s  o f  human r e d  c e l l s  were a g g l u t i n a t e d .  House 

and h o r s e  r e d  c e l l s  were  r e l a t i v e l y  i n s e n s i t i v e ;  g u i n e a  p i g  l e u c o c y t e s  

were a l s o  a g g l u t i n a t e d .  HaemUigglutinin was r e l a t i v e l y  t h e r m o s t a b l e  and

was i n s e n s i t i v e  t o  o x y g e n a t i o n  and  r e d u c t i o n .  T r e a tm e n t  w i t h  l i p a . s e  

and lysosy ine had  no e f f e c t ,  b u t  p a n c r e a t i n  c a u s e d  p a r t i a l  i n a c t i v a t i o n .

Char G 00.1 , c a l c iu m  p h o s p h a t e  g e l ,  k i e s e l g u . h r  and S e i t z  a s b e s t o s  a d s o r b e d  

a c t i v i t y .  I t  vjas n o t  i n h i b i t e d  by 0. wide s e l e c t i o n  o f  c a r b o h y d r a t e s  

d i s t i n . g u i s l i i n g  i t  from f i m b r i a l  a g g l u t i n a t i o n  (Duguid ,  1957; 1959) *

B e c a u se ,  c h a r a c t e r i s t i c a l l y ,  h a e m a g g l u t i n i n  was n o t  p ro d u c e d  

by f r e s h l y  i s o l a t e d  s t r a . i n s ,  C o l l e e  ( I 96 I )  p r o p o s e d  t h a t  t h o  h a o m a g g l u t i n i n  

was a  deg ra.ded form o f  one o r  more enzymes a c t i v e  on c e l l - s u r f a o e  

p o l y s a c c h a r i d e s .  I t  would  n o t  a p p e a r  t o  p l a y  a s i g n i f i c a n t  r o l e ,  i f  any 

a t  a l l ,  i n  g a s  g a n g r e n e  as  i t  i s  n o t  d e t e c t e d  i n  f r e s h  i s o l a t e s .

9 .  Enzymes Pe s t r o . y in g  B lood  G roup Subs ta .nc e s .

Two such  enzymes have  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  b u t  have  

n o t  b e e n  w e l l  c h a r a c t e r i s e d ,  o r  p u r i f i e d . .  S c h i f f  (1939)  d e s c r i b e d  an 

exoenayme p r o d u c e d  by C l .  p e r f r i n g e n s  t y p e  A which d e s t r o y e d  b l o o d  g rouo  A 

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

Tho enzyme was h e a t  l a b i l e  and  n e u t r a l i s a b l e  by s t a n d a r d  a n t i t o x i n .  I t  

was d i s t i n c t  from t h e  a -  and 0 —t o x i n s ,  n e i t h e r  o f  whic.h a f f e c t  b l o o d  g roup  A 

s u b s t a n c e .  M oreover ,  s e l e c t i v e  n e u t r a l i s a t i o n  o f  t h e  a -  a.nd G - t o x i n s  i n
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c u l t u r e  f i l t r a t e s  f a . i l e d  t o  n e u t r a l i s e  t h i s  a c t i v i t y .  There  a r e  no 

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

on t h i s  s u b s t r a t e .  C o l l e e  ( 1965b)showed t h a t  t h i s  enzyme was s e p a r a b l e  

from t h e  h a e m a g g l u t i n i n  and n e u r a m i n i d a s e  o f  t y p e  A s t r a i n s .

'H '  enzyme was d e s c r i b e d  i n  c u l t u r e  f i l t r a t e s  as  d e s t r o y i n g  

t h e  H - s u b s t a n c e  o f  human b l o o d  g ro u p  0 e r y t h r o c y t e s  (Morgan,  I 9 4 6 ) .  I t  

was r e p o r t e d  t o  b e  t h e r m o s t a b l e  and n o n - n e u t r a l i s a b l e  by  s t a n d a r d  a n t i t o x i n .

I t  t h e r e f o r e  a p p e a r s  t o  be  d i s t i n c t  from o th e i '  tozcins and  enzymes i n  t y p e

A f i l t r a t e s .

10.  H i s t i d i n e  Deca,rbo:qylase and  H i s t a m i n e  P r o d u c t i o n .

G a le  ( 1941) i n  a  s t u d y  o f  amino a c i d  d e c a rb o ^ y la . s e s  p ro d u c e d  

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

C l .  p e r f r i n g e n s  t y p e  A. T h i s  enzyme c o n v e r t s  h i s t i d i n e  t o  h i s t a m i n e .

The enzyme was o n ly  p ro d u c e d ,  however ,  when t h e  pH o f  t h e  medium d ro p p ed  

be low pH 5*0 and t h e  enzyme h a d  an  o b s e r v e d  pH optimum o f  b e tw ee n  pH 

2 ,5  •” 3 . 0 . The p r o d u c t i o n  o f  h i s t a m i n e  had  b e e n  d e s c r i b e d  by K e n d a l l  

and G ebauer  ( l 9 3 0 )  and  E g g e r t h  (1939)*  The p h a r m a c o l o g i c a l  a c t i o n  o f

h i s t a m i n e  was e l u c i d a t e d  by D ale  and  H a r t l e y  ( I 9 I 6 ) . I n  an  a p p e n d i x  t o  

G a l e ’ s p a p e r  Brown e t  a l . , ( I 9 4 I )  s o u g h t  t o  d e t e r m i n e  w h e t h e r  t h e  p r o d u c t i o n

o f  h i s t a m i n e  c o u l d  p l a y  some p a r t  i n  t h e  p a t h o g e n e s i s  o f  C l .  p e r f r i n g e n s

ga.s g a n g r e n e .  T h e i r  d a t a  showed tha. t  t h e  pH o f  i n f e c t e d  t i s s u e  c o u l d  be  

l o w e r e d  s u f f i c i e n t l y  b o t h  f o r  t h e  p r o d u c t i o n  o f  enzyme and i t s  a c t i v i t y .  

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

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

t h e  b l o o d  seldom r e a c h e d  t w i c e  t h e  normal l e v e l .  Thus t h e s e  a u t h o r s  

a s s e r t e d  t h a t  t h e  a b s o r p t i o n  o f  h i s t a m i n e  i n t o  t h e  b l o o d  from i n f e c t e d
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t i s s u e s  was i n s u f f i c i e n t  t o  p ro d u c e  any p r o f o u n d  s y s t e m i c  e f f e c t s  

a l t h o u g h  t h e  l o c a l  a c t i o n  o f  h i s t a m i n e  cou ld  n o t  he exc luded ,

11.  L i p a s e .

Matsumoto ( I 96 I )  o b s e r v e d  t h a t  d i g l y c e r i d e  r e l e a s e d  from e g g  . 

y o l k  PTE hy « - t o x i n  underw en t  f u r t h e r  d e g r a d a t i o n  w i t h  t h e  l i b e r a l  i o n  o f  

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

« - t o x i n  p r e p a r a t i o n  ( a n  ammonium s u l p l m t e  p r e c i p i t a t e  o f  c u l t u r e  f i l t r a t e s  

o f  s t r a i n  BPoK). He f u r t h e r  showed t h a t  h i s  t o x i n  p r e p a r a . t i o n  h y d r o l y s e d  

Tween 80 ( s o r b i t a n  m o n o - o l e a t e  p o l y o x y e t h y l e n e )  a.t t h e  e s t e r  l i n l c a g e .

To ray knowledge  t h i s  r e p o r t  r e p r e s e n t s  t h e  o n ly  de rnons t ra . t ion  o f  e x t r a ­

c e l l u l a r  l i p a s e  from 01 ,  o e r f r i n c e n s ,  a l t h o u g h  F lem in g  and N e i l  ( I 9 2 7 ) 

d e m o n s t r a t e d  a t r ü b u t y r i n a s e  i n  c e l l u l a r  e x t r a c t s  o f  t h i s  o rgan ism  and 

G onza lez  and S i e r r a  ( I 96 I )  showed t h a t  t y p e  A s t r a i n s  p ro d u c e d  l i p o l y s i s  

a f t e r  p r o l o n g e d  g row th  on n u t r i e n t  a g a r  c o n t a i n i n g  Tween 40 and Tween 60 , 

b u t  n o t  on Tween 8 0 . L i p o l y s i s  c o u l d  t h e r e f o r e  b e  i m p o r t a n t  i n  membrane 

damage as  a  s e c o n d a r y  e v e n t  t o  t h e  r e l e a s e  o f  d i g l y c e r i d e  by  « - t o x i n .  

I n d e e d ,  A i k a t  and  D ib le  ( I 9 5 6 ) r e p o r t e d  t h e  a p p e a r a n c e  o f  f a t t y  a c i d  i n  

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

c u l t u r e  f i l t r a t e s  o f  0 1 , n e r f r i n g e n s ,

12. C i r c u l a t i o n  F a c t o r ,

Ganley  e t  a l , ,  ( 1955) o b s e r v e d  a f a c t o r  i n  cru.de c u l t u r e  

f i l t r a t e s  t h a t  was a n t i g e n i o a l l y  d i s t i n c t  from « - t o x i n ,  8- t o x i n ,  

c o l l a g e n a s e  and  l i y a l u r o n i d a s e  b u t  vdiicli was i n l i i b i t e d  by s t a n d a r d  t y p e  A 

a n t i t o x i n .  I t  was r e p o r t e d  t o  i n l i i b i t  p h a g o c y t o s i s  and  t o  c a u s e  an 

i n c r e a s e  i n  t h e  s e n s i t i v i t y  o f  c a p i l l a r i e s  o f  t h e  r a t  t o  a d r e n a l i n .
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However,  HacLennan (1962)  c o n s i d e r e d  t h a t  t h e  e x i s t e n c e  o f  t h i s  a g e n t  

had  n o t  b e e n  e s t a b l i s h e d .  IJo f u r t h e r  s t u d i e s  on t h i s  f a c t o r  have  

b e e n  r e p o r t e d  and i t s  n a t u r e  and  e x i s t e n c e  r e m a in  u n c o n f i r m e d .



MATERIALS AND METHODS
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SECTION I  : PREPARATION AND ASSAY OF TOXINS AND ENZYMES

A. TOXIN PRODUCTION

1.  S t r a i n s  o f  O rg an is m .

Only two s t r a i n s  o f  C l .  o e r f r i n g e n s  t y p e  A were  u s e d  d u r i n g  

t h i s  s t u d y  f o r  t h e  p r o d u c t i o n  o f  t o x i n .  S t r a i n  8107 we.s o h t s i n e d  from 

t h e  N a t i o n a l  C o l l e c t i o n  o f  Type C u l t u r e s ,  C o l i n d a l e ,  London (lICTC 8237) 

which ,  a c c o r d i n g  t o  ICeppie and  R o b e r t s o n  (1944)» was i s o l a t e d  from t h e  

i n t e s t i n e  o f  a c h e e p .  However, NGTG s t a t e s  tha. t  t h e i r  s t r a i n  o r i g i n a t e d  

from t h e  L i s t e r  I n s t i t u t e  i n  1941 end was o r i g i n a l l y  d e s i g n a t e d  (NGTC 612$) 

M oreover ,  t h e  A m er ican  Type C u l t u r e  C o l l e c t i o n  Cata . logue  ( 1968) l i s t e d  

s t r a i n  NCTC 8237 a s  Wellcome L a b o r a t o r y  S t r a i n  CN 1491 *

S t r a i n  BP6K w h i c h  h a s  m os t  commonly b e e n  u s e d  by  A m e r i c a n ,  

J a p a n e s e  a.nd R u s s i a n  v jo rk e r s  was o b t a i n e d ,  f rom t h e  N a t i o n a l  C o l l e c t i o n  o f  

I n d u s t r i a l  D o - c t e r i a ,  A b e r d e e n  (NCIB 8 875) -  T h i s  c u l t u r e  o r i g i n a t e d  from 

t h o  A m e r i c a n  Type C u l t u r e  C o l l e c t i o n  (ATCC 10543) .  I t  was d o n a t e d  t o  

ATCC b y  M . J ,  Boyd .  T h i s  s t r a i n  r e q u i r e d  L - h i s t i d . i n e  a n d  a  t e m p e r a t u r e  

o f  4 5 f o r  g r o w t h  i n  t h e  d e f i n e d  medium o f  Boyd e t  a . i . ,  ( 1948) .

2 . Media .

a .  Medium o f  Adams e t  a l , ,  ( 1947 ) M o d i f i e d  by Bsngham a n d  Dawson ( I 962) :

D e t a i l s  o f  t h e  p r e p a r a t i o n  o f  t h i s  medium a r e  g i v e n  i n  

A p p e n d i x  I .  The medium w h ic h  I  u s e d  d i f f e r e d  i n  c e r t a i n  r e s p e c t s  f rom 

t h a t  o f  t h e  ab o v e  a u t h o r s
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(a.) DL-trypboph.a.n and I r - c y s t i n e  l i y d r o c l i l o r id o  wore u s e d  i n  t h e  b a s a l  s a l t s  

s o l u t i o n .  N e i t h e r  o f  t h e  above  s p e c i f i e d  t h e  D o r  L s t e r e o i s o m e r  o r  

r a c e m ic  m i x t u r e  o f  t h e s e  amino a c i d s .

(b)  Bangham and  Dawson s u b s t i t u t e d  " T r y p to n e "  (Oxo L t d . ,  London) f o r  t h e

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

g a s t r i c  mucosa added  by Adams e t  a l . I n  t h i s  s t u d y  T ry p to n e  (O xo id

L i m i t e d ,  London) was s u b s t i t u t e d .

( c) The t h i o g l y c o l l i c  a c i d  wa.s a d . ju s te d  t o  n e u t r a l i t y  p r i o r  t o  f i l t r a t i o n

and s u b s e q u e n t  a d d i t i o n  t o  t h e  medium, a  s t e p  s p e c i f i e d  by n e i t h e r

a u t h o r s .

(d)  The pH o f  t h e  medium.was a d j u s t e d  t o  pH 7*5 p r i o r  t o  a u t o c l a v i n g .

H e r e i n a f t e r  t h i s  medium i s  r e f e r r e d  t o  a s  H - I .

b .  Medium o f  I Ju ra t  a e t  a l . ,  ( 1956) M o d i f i e d  by IJuz''ata e t  a l , ,  ( I 9 6 5 ) :

D e ta i l s ;  o f  t h e  p r e p a r a t i o n  o f  t h i s  medium a.re g i v e n  i n  

A ppendix  I .  The f o l l o w i n g  d i f f e r e n c e s  i n  p r e p a r a t i o n  were  f o l l o w e d :

( a) P ru .c to s e ,  t h e  c a r b o h y d r a t e  s o u r c e ,  was ’î î i l l i p o r e *  f i l t e r e d  an d

added  t o  t h e  autocla.ved.  medium.

(b)  The b a s a l  medium was s t e r i l i s e d  by a u t o c l a v i n g  a t  I 5 I b / i n ^ ,

( c )  The t h i o g l y c o l l i c  a c i d  was p r e p a r e d  as  f o r  M-I and  add.ed t o  t h e

au to c la .v ed  b a s a l  medium.

H e r e i n a f t e r  t h i s  medium i s  r e f e r r e d  t o  a s  M—I I .

c .  A d d i t i o n  o f  A n t i foam  t o  Media,:

Growth o f  s t r a . i n s  8107 and DPoIC i n  b o t h  M -I  and IJ~ II  r e s u l t e d

i n  v i g o r o u s  foaming  o f  t h e s e  m e d ia  d.ue t o  p r o l i f i c  g a s  p r o d u c t i o n .  The

a d d i t i o n  o f  an  a n t i f o a m  ( S i l c o l a p s e  500C, I . C . I ,  L t d . , )  t o  e i t h e r  medium
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p r e v e n t e d  t h i s ,  e n a b l i n g  e a s i e r  s am p l in g  o f  c u l t u r e  b o t t l e s  w i t h o u t  

a f f e c t i n g  t o x i n  y i e l d s .  Some p o i n t s  o f  c a u t i o n  r e q u i r e  t o  be  g i v e n  

w i t h  r e g a r d  t o  t h e  u s e  o f  a n t i f o a m  i n  t h e s e  media  f o r  t o x i n  p r o d u c t i o n  

by e i t h e r  s t r a i n  o f  01 ,  p e r f r i n g e n s t y p e  A :

i )  Gaps o f  c u l t u r e  b o t t l e s  mu.st n o t  b e  sc rew ed  down t i g h t l y  d u r i n g  

g row th  a s  b o t t l e s  can  e x p lo d e  i n  t h e  i n c u b a t o r ,

i i )  U nsc rew ing  t i g h t  caps  c a u s e s  a, sudden r e l e a s e  o f  g a s  p r e s s u r e  

r e s u l t i n g  i n  a v i o l e n t  a e r o s o l  o f  b a c t e r i a  and  a n  im m edia te  

e x c e s s i v e  foaming  o f  t h e  c u l t u r e  medium o u t  o f  t h e  neck  o f  t h e  

b o t t l e .

i i i )  Care  must  b e  t a k e n  when o b s e r v i n g  a . s e p t i c  technicju.e,  a s  f l a m in g  

t h e  neck  o f  t h e  c u l t u r e  b o t t l e  can  o f t e n  i g n i t e  t h e  hyd ro g en  i n  

t h e  b o t t l e  w i t h  a  v i o l e n t  e x p l o s i o n  which  can  c r a c k  t h e  b o t t l e  

o r  f r i g h t e n  t h e  e x p e r i m e n t e r  i n t o  d r o p p in g  i t .  S am pl ing  a t  

f r e q u e n t  i n t e r v a l s  h e l p s  t o  p r e v e n t  l a r g e  p o c k e t s  o f  h yd rogen  

a c c u m u l a t i n g .

3.  H a r v e s t i n g  o f  T o x i n .

F o r  t h e  p r o d u c t i o n  o f  a, b a t c h  o f  t o x i n  a f r e e z e * * d r ie d  ampoule 

o f  S107 o r  33P6K was opened  and s u b c u l t u r e d  t w i c e  t h r o u g h  R o b e r t s o n ’ s 

meat  medium w i t h  added  d e x t r i n  o r  f r u . c t o s e  f o r  LI—I  and  LI-II  r e s p e c t i v e l y  

(A ppendix  I  ) f o r  16-24  h o u r s  a,t 37°0 .  A s t a r t e r  c u l t u r e  o f  M-I o r  

I I - I I  was i n o c u l a t e d  f o r  each  500 ml o f  com p le te  medium. These were 

i n c u b  a.t ed f o r  6-3  h o u r s  t o g e t h e r  w i t h  c u l t u r e  b o t t l e s  o f  com p le te  medium 

a t  37*^0, The s t a r t e r  c u l t u r e s  were s e d im e n te d  i n  an  LISE " S u p e r  Minor" 

c e n t r i f u g e  w i t h  swing  o u t  h e a d  a t  2750g f o r  10 min,  t h e  s u p e r n a t a n t  f l u i d  

d i s c a r d e d ,  t h e  b a c t e r i a l  p e l l e t s  r e s u s o e n d e d  i n  5 volumes o f  f r e s h
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medium and added  t o  t h e  c u l t u r e  b o t t l e s .  I n c u b a t i o n  was c a r r i e d  o u t  

f o r  4—5 h o u r s  a t  37^0.  The c u l t u r e s  were  t h e n  c o o l e d  i n  an  i c e - b a . t h  

f o r  10 min and c e n t r i f u g e d  a t  l 3 , 0 0 0 g  f o r  15 min i n  an  LISE 25 . r e f r i g e r a t e d  

c e n t r i f u g e .  S u p e r n a t a n t  f l u i d s  were  p o o l e d  t o  4^0*

4 .  Measurement o f  B a c t e r i a l  Growth.

B a c t e r i a l  g row th  was m o n i t o r e d  as  t h e  o f  samples  o f  t h e

c u l t u r e  medium w i thd raw n  a.t -4 h o u r  o r  one h o u r  i n t e r v a l s .  Where t h e  

e x ce ed ed  0 . 4 0 0  t h e  c u l t u r e  was d i l u t e d  w i t h  normal s a l i n e  u n t i l  a650
r e a d i n g  w i t h i n  t h e  r a n g e  0 .0 0 0  -  O .4OO was o b t a i n e d .  Measurements  were  

ma.de i n  an  SPoOO s p e c t r o p h o t o m e t e r  (Pye Unicam, Cambridge ,  E ng land)  i n  

c e l l s  o f  1 cm l i g .h t  p a t h .  U n i n o o u l a t e d  medium o r  an  a . p p r o p r i a t e  d i l u t i o n  

t h e r e o f  s e r v e d  as  a  b l a n k .  Growth was r e c o r d e d  as  t h e  x t h e  d i l u t i o n .

5 . C o n c e n t r a t i o n  o f  Toxin  P r e n a r a . t i o n s .

S e v e r a l  methods  were  u s e d  t o  o b t a i n  c o n c e n t r a t e d  t o x i n  

p repo,ra.t  i o n s ,

a.. A ce tone  P r e c i p i t a t i o n  a f t e r  yon H eyn ingen  ( 1941b) :

C u l t u r e  s u p e r n a t a .n t  f l u i d  1000 ml

O.SLI Sodium p h o s p h a t e  b u f f e r ,  pH 6 .5  75 ml

A ce tone  ( A n a l a r )  65O ml

1ÏI Calcium a c e t a t e  15 ml

The c u l t u r e  s u p e r n a t a n t  was c o o l e d  i n  a r e f r i g e r a t e d  w a t e r —b a t h  

a t  -5°C and t h e  p h o s p h a t e  b u f f e r  added .  When t h e  t e m p e r a t u r e  f e l l  t o  

j u s t  below 0°C, t h e  a c e to n e  which  had  b e e n  c o o l e d  t o  -20^C i n  a  deep  

f r e e z e  was added  s lo w ly  w i t h  c o n s t a n t  s t i r r i n g ,  such  t h a t  t h e  t e m p e r a t u r e  

o f  t h e  m i x t u r e  r e m a in e d  ab o u t  - 5 ^ 0 ,  The c a l c iu m  a c e t a t e  was t h e n  added
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w i th  s t i r r i n g  o f  t h e  m i x t u r e .  The r e s u l t i n g  c a l c iu m  p h o s p h a te  

p r e c i p i t a t e  t o  w hich  th o  t o x i n s  a d s o rb  wa.s h a r v e s t e d  by c e n t r i f u g a t i o n  

i n  an  LISE IS c e n t r i f u g e  a t  23 ,000  g f o r  15 min a f t e r  t h e  m i x t u r e  had  

s t o o d  a t  -5 ^ 0  f o r  30 min .  The p r e c i p i t a t e  wa.s e l u t e d  t w i c e  w i t h  

s u c c e s s i v e  50 ml volumes o f  i c e - c o l d  20h s a t u r a t e d  ammonium s u l p h a t e .  

A f t e r  d i a l y s i s  o v e r n i g h t  a t  4*^0 i n  5 /8 "  wide  V is k in g  t u b i n g  a g a i n s t  

d i s t i l l e d  w a t e r ,  t h e  above  p r o c e d u r e  wa.s r e p e a t e d .

b .  Ammonium s u l p h a t e  c r e c i p i t a t i o n  a t  7 5 S a t u r a t i o n  ( a f t e r  Bangham 
and Dawson, 1 962 ) :

P r e c i p i t a t i o n  was c a r r i e d  ou t  a.t 4*^0, To c u l t u r e  s u p e r n a t a n t  

f l u i d s  470g o f  ammoniua ' s u l p h a t e  was added  g r a d u a l l y  p e r  l i t r e .  The 

m i x t u r e  was a g i t a t e d  by means o f  a  m a g n e t i c  s t i r r e r .  When t h e  ammonium 

s u l p h a t e  had  d i s s o l v e d ,  t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  a t  4^0 o v e r n i g h t  

p r i o r  t o  h a r v e s t i n g  t h e  p r e c i p i t a t e  by c e n t r i f u g a t i o n  a t  23 ,000  g i n  an 

KBE 18 r e f r i g e r a t e d  c e n t r i f u g e  f o r  20 min .  Th is  p r e c i p i t a t e  was 

d i s s o l v e d  i n  i c e - c o l d  d i s t i l l e d  w a t e r  and  d i a l y s e d  o v e r n i g h t  i n  5 /8 "  wide  

V i s k in g  t u b i n g  a g a i n s t  s e v e r a l  changes  o f  s t i r r e d  d i a l y s a t e .  The 

m a t e r i a l  was t h e n  c l a r i f i e d  i f  n e c e s s a r y  by  c e n t r i f u g a t i o n  a t  23 ,000  g 

f o r  15 min.

c .  M ethano l  P i ' c o i p i t a t i o n  ( a f t e r  Roth and P i l l e m e r ,  1 953 ) :

C u l t u r e  s u p e r n a t a n t  wa.s c o o l e d  t o  0*̂ C and  t h e  pH a d j u s t e d  t o  

4 .6  i f i t h  IH a c e t i c  a c i d .  M ethano l  was added  s lo w ly  t o  a. f i n a l

c o n c e n t r a t i o n  o f  35pvy|V/»During t h i s  p e r i o d  t h e  m i x t u r e  wa.s f u r t h e r  c o o l e d  

t o  "5^0  i n  a r e f r i g e r a t e d  w a t e r  b a t h .  The r e s u l t i n g  n r e c i p i t a t e  was 

h a r v e s t e d  a f t e r  24 h o u r s  by c e n t r i f u g a t i o n  a t  23 ,000  g f o r  20 min.  

P r e c i p i t a t e s  were d i s s o l v e d  i n  i c e - c o l d  d i s t i l l e d  wa.ter ,  d i a l y s e d  

o v e r n i g h t  a g a i n s t  s e v e r a l  changes  o f  d i s t i l l e d  w a t e r  and c l a r i f i e d  by 

c e n t r i f u . g a . t i o n  i f  r e q u i r e d .
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d.  Sodium C h l o r i d e  S a t u r a t i o n  (Shenanova  e,t a l . , I 9 6 5 ) :

C u l t u r e  £!upcrnata.nt  f l u i d  wa.s c o o l e d  t o  0*̂ C and  s a t u r a t e d  

w i t h  sodium c h l o r i d e  ( 3 5 7 g / l i t r e )  . The t e m p e r a t u r e  was lo w e re d  t o  —5 '^G 

and t h e  pH o f  t h e  m i x t u r e  a d j u s t e d  t o  4*3 -  4*4* The p r e c i p i t a t e  was 

h a r v e s t e d  a f t e r  24 h o u r s  hy c e n t r i f u g a t i o n  a t  23 ,000  g  f o r  I 5 min,  

d i s s o l v e d  i n  d i s t i l l e d  w a t e r  hy a d d i t i o n  o f  O.IH HaOH and d i a l y s e d  a g a i n s t  

d i s t i l l e d  w a t e r  o v e r n i g h t  a t  4 ° 0 .

e.  F r a c t i o n a l  Ammonium Suluha . te  P r e c i D i t a t i o n :

C u l t u r e  s u p e r n a t a n t  f l u i d s  were c o o l e d  t o  4^0 and  s t i r r e d  

hy means o f  a  m a g n e t i c  s t i r r e r .  S o l i d  ammonium s u l p h a t e  was added  t o  

g i v e  an i n i t i a l  20>J s a t u r a t i o n .  No p r e c i p i t a t e  u s u a l l y  fo rmed .

S a t u r a t i o n  wa.s i n c r e a s e d  hy 1 0 /  s a t u r a t i o n  s t e p s  t o  70, j s a t u r a t i o n  

( Dawson e t  a l . , I 9 6 9 ) .  . The r e s u l t i n g  f r a c t i o n a l  p r e c i p i t a t e s  were

h a r v e s t e d  hy c e n t r i f u g a t i o n  i n  an  HSE 25 r e f r i g e r a t e d  c e n t r i f u g e  a t

38 ,000  g f o r  20 min .  At each  s t a g e  t h e  m i x t u r e  was s t i r r e d  a t  4^0 f o r  

2 h o u r s  p r i o r  t o  h a r v e s t i n g  o f  t h e  p r e c i p i t a t e .  P r e c i p i t a t e s  were 

d i s s o l v e d  i n  i c e - c o l d  d i s t i l l e d  w a t e r  and  d i a l y s e d  o v e r n i g h t  a g a i n s t  

s e v e r a l  changes  o f  d i s t i l l e d  w a t e r ,  t h e  d i a l y s a t e  b e i n g  s t i r r e d  by a  

m a g n e t i c  s t i r r e r .  A f t e r  d i a l y s i s  s o l u t i o n s  were c e n t r i f u g e d  t o  c l a . r i f y  

them, i f  n e c e s s a r y .

f . 01 .  p e r f r i n g e n s  Tyne A Tox in  (W e l lco m e) :

L a b o r a t o r y  s t a n d a r d  t y p e  A t e s t  t o x i n ,  ba . tch  No. AGX I 846 , was 

k i n d l y  s u p p l i e d  by I .  B a t t y  o f  Wellcome R e s e a rc h  L a b o r a t o r i e s ,  Becicenham, 

K e n t .  The t o x i n  was f r e e z e * d r i e d  i n  s e a l e d  ampoules  each  c o n t a i n i n g  10 mg, 

T h i s  m a t e r i a l  when r e c o n s t i t u t e d  i n  10 ml was s t a t e d  t o  c o n t a i n  4 u n i t s  o f  

« - t o x i n  p e r  0 . 2 3  ml (mouse t e s t ) .  One LV u n i t  was c o n t a i n e d  i n  0 .5 2  ml
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( 1 LV u n i t  i s  t h e  amount o f  t o x i n  t h a t  r e l e o . s e s  100 pg o f  a o l d - s o l u b l e  

p h o s p h o ru s  from a l e c i t h i n  e m u ls io n  i n  15 min a t  37°G ( M a c f a r l a n e  and 

K n ig h t ,  1941))* By t h e  p h o s p h o l i p a s e  a s s a y  u s e d  i n  t h i s  t h e s i s  5 LV 

u n i t s  were  a p p r o x i m a t e l y  e q u a l  t o  1 PGU o f  oc-toxin ( s e e  page  1 2 3 ) .

B.  ASSAYS

1. « - T o x i n .

a .  Egg Yolk  T u r b i d i t y  Method:

i .  P r e p a r a t i o n  o f  egg y o l k  e x t r a , c t :  (a.) The method o f  K ushner  (1957) -  

The y o l k  o f  an  egg was s e p a r a t e d  from t h e  w h i t e ,  washed  w i t h  i s o t o n i c  

s a l i n e  t o  remove as  much o f  t h e  w h i t e  a s  p o s s i b l e  and t h e n  b e a t e n  w i t h  

500 ml 0 . 85, ' (w/v )  sodium c h l o r i d e  (lIa.Gl). K a o l i n  (2 0 g )  was added  and 

s t i r r e d  t h o r o u g h l y  i n t o  t h e  m i x t u r e .  A f t e r  10 min t h e  s o l u t i o n  was 

c l a r i f i e d  by c e n t r i f u g a t i o n  a t  18 ,000  g f o r  30 min.  The pH o f  t h e  

s a l i n e  e x t r a c t  was a d j u s t e d  t o  pll 7*0 and th o  p r e p a r a t i o n  S e i t z  f i l t e r e d .

(b )  Method I I  — I t  was fo u n d  t h a t  a more c o n v e n i e n t  s u b s t i t u t e  c o u l d

b e  employed i n  t h e  p r e p a r a t i o n  o f  s a l i n e  egg y o l k  e x t r a c t .  Egg y o l k  

e m u ls io n  (O xoid  L i m i t e d ,  London -  Code Ho. SR 47) was d i l u t e d  1 :1 0  w i t h  

0 .8 5 4  HaCl and s t i r r e d  v i g o r o u s l y .  The pH was a d j u s t e d  t o  n e u t r a l i t y  

and  t h e  s o l u t i o n  c l a r i f i e d  by S e i t z  f i l t r a t i o n .  B o th  o f  t h e s e  p r e p a r a t i o n s  

were  made on t h e  day o f  u s e  and  were  s t o r e d  a.t 4^0 u n t i l  r e q u i r e d ,  ,

i i .  Sno t  t e s t s ; The f o l l o w i n g  i n c u b a t i o n  m i x t u r e  was u s e d  i n  a l l  c a s e s  -

0 . 1  ml T e s t  f r a c t i o n

0 .9  ml BICaB ( s e e  A ppendix  I I )

1 o0 ml Egg y o Ik  e x t r a c t .
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This  was i n c u b a t e d  a t  37^0' f o r  up t o  an h o u r  and t h e  p r e s e n c e  o r  ab sen ce  

o f  o p a c i t y  r e c o r d e d .  Only t h o s e  f r a c t i o n s  showing d i s t i n c t  t u r b i d i t y  

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

i i i .  Doubl i n g  d i l u t i o n  t i t r a t i o n s : S e r i a l  d o u b l i n g  d i l u t i o n s  o f  (x-toxin

were made i n  1 .0  ml volumes o f  DICaS i n  4" % if '  t e s t  t u b e s .  P i p e t t e s  

were changed  ever^r t h i r d  t u b e .  Tubes w i t h o u t  a - t o x i n  a c t e d  as  n e g a t i v e  

c o n t r o l  t u b e s .  To each  tu b e  1 . 0  ml o f  egg y o l k  e x t r a c t  was added.  

I n c u b a t i o n  was c a r r i e d  o u t  i n  a. w a t e r —b a t h  a t  37^0 f o r  30 min .  The 

h i g h e s t  d i l u t i o n  c a u s i n g  d i s t i n c t  t u r b i d i t y  was t a k e n  as  t h e  end p o i n t

o f  t h e  t i t r a t i o n  and t h e  i n v e r s e  o f  t h i s  d i l u t i o n  r e c o r d e d  as  t h e  t i t r e  

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

i v .  G r a d i e n t  d i l u t i o n  t i t r a t i o n s :  On t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d  

by d o u b l i n g  d i l u t i o n  t i t r a t i o n s ,  t e s t  samples  were s u i t a b l y  d i l u t e d  i n  

BIGaB, The g r a d i e n t  d i l u t i o n  was s e t  up as  shown i n  T a b le  23 .

Tubes 1-11  were  p r e - i n c u b a t e d  a t  37°0 f o r  2 min b e f o r e  

a d d i t i o n  o f  1 ml o f  egg y o l k  e x t r a c t  t o  e a c h .  Each s e r i e s  o f  t u b e s  was 

i n c u b a t e d  a.t 37^G f o r  30 min,  a f t e r  which  t im e  t h e  t u b e s  were  im m e d ia te ly  

p l a c e d  i n  an i c e - b a t h .  The o f  each  d i l u t i o n  i-jos r o a d  i n  0 . 5  cm

g l a s s  c e l l s  a g a i n s t  t h e  c o n t r o l  t u b e  ( t u b e  11) i n  an  SP 600 S e r i e s  2 

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

t o x i n  i n  each t u b e .  One U n i t  o f  Egg Yolk T u r b i d i t y  A c t i v i t y  (STtJ) was 

d e f i n e d  as  t h a t  d i l u t i o n  o f  cx-toxin w hich  p ro d u ced  on o p t i c a l  d e n s i t y  o f

0 .5 0 0  a t  520 nm i n  a l i g h t  p a t h  o f  0 , 5  cm, 30 min a f t e r  m ix in g  1 ml o f  

d i l u t e d ,  t o x i n  w i t h  1 ml o f  egg y o l k  e x t r a c t  a t  37°0 .

b .  H o t-G o ld  K a e m o ly t ic  A c t i v i t y :

1,  P r e n a r a t i o n  o f  s t a n d a r d i s e d  sheeo  e r y t h r o c y t e  s u s u o n s i o n  (SSES): Sheep 

e r y t h r o c y t e s  were o b t a i n e d  from Oxoid L i m i t e d ,  London,  i n  A l s e v e r ’ s
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T a b l e  23 : G r a d i e n t  D i l u t i o n  T i t r a t i o n  o f  a -  and  6—T oxins

Tube lio.

11*

Volume o f  D i l u e n t  Volume o f
(ml) D i l u t e d  Toxin  

(nil)

1 0 . 0 1 . 0

2 0 . 1 0 . 9

3 0 . 2 0 . 3

4 0 . 3 0 . 7

5 0 . 4 0 . 6

6 0*5 0 . 5

7 0 . 6 0 . 4

8 0 . 7 0 . 3

9 0 . 8 0 . 2

10 0 . 9 0 . 1

1.0 0 . 0

* C o n t r o l  t u b e



S o l u t i o n  (code  No. SR 53) and s t o r e d  r e f r i g e r a t e d  a.t 4-^0  u n t i l  u s e d .

Blood  more tlia.n t h r e e  weeks o l d  ( a c c o r d i n g  t o  t h e  h a t c h  p r e p a r a t i o n  

d a t e  on t h e  l a b e l )  o r  b l o o d  showing c o n s i d e r a b l e  h a e m o l y s i s  on t h e  

f i r s t  s e d i m e n t a t i o n  by c e n t r i f u g i n g  was d i s c a r d e d .

E r y t h r o c y t e s  were washed  t h r e e  t im e s  w i t h  0 . 8 5 y  NaCl and 

t h e  p ack e d  e r y t h r o c y t e s  r e s u s p e n d e d  as  a  1' j s u s p e n s i o n  ( v / v )  i n  0 . 8 5 >

NaCl,  The c o n c e n t r a t i o n  o f  e r y t h r o c y t e s  was t h e n  a d j u s t e d  as  f o l l o w s .

To 3 ml o f  DICaB, 1 ml o f  I;-.' sheep  e r y t h r o c y t e  s u s p e n s i o n  was added  and 

t h e  r e s u l t i n g  s u s p e n s i o n  h aem olysed  by t h e  a d d i t i o n  o f  s a p o n i n  powder 

(BBII C hem ica ls  L t d . ) .  A f t e r  c e n t r i f u g a t i o n  a t  2100 g i n  t h e  swing ou t  

h e a d  o f  an  LISE " S u p e r  H in o r"  c e n t r i f u g e  t h e  o f  t h e  s u p e r n a t a n t  f l u i d

was r e a d  i n  an  SP 600 s p e c t r o p h o t o m e t e r  i n  g l a s s  c o l l s  o f  0 . 5  cm l i g h t  

p a t h .  T h i s  was e q u i v a l e n t  t o  t h e  upon  50/- l y s i s  i n  t i t r a t i o n s .

The e r y t h r o c y t e  s u s p e n s i o n  was t h e n  a d j u s t e d  w i t h  0 . 8 5 k  NaCl such  t h a t  

t h e  -  50^  h a e m o l y s i s  ^ 0 . 2 5 0 .

i i .  D oub l ing  d i l u t i o n  t i t r a t i o n s ;  S e r i a l  d o u b l i n g  d i l u t i o n s  o f  o : - tox in  

were  made as  p r e v i o u s l y  d e s c r i b e d  f o r  t h e  egg y o l k  t u r b i d i t y  a s s a y .  To 

each t u b e  1 ml o f  SSE3 wa.s a.dded. Tubes w i t h o u t  u—t o x i n  s e r v e d  as  

c o n t r o l s .  B e t s  o f  t u b e s  were  f i r s t  i n c u b a t e d  a t  37^0 f o r  30 min,  t h e n  

a t  0^0 i n  an  i c e - b a t h  f o r  a. f u r t h e r  30 min .  S e t t l e d  e r y t h r o c y t e s  wore 

r e s u s p e n d e d  ev e ry  10 min d u r i n g  b o t h  p h a s e s  o f  t h e  t i t r a t i o n .  The t i t r e  

was r e a d  v i s u a l l y  by co m p ar i s o n  o f  t u b e s  showing h a e m o l y s i s  w i t h  t h e  c o n t r o l  

t u b e  (Of. h a e m o l y s i s ) .  The d i l u t i o n  c a u s i n g  a v i s u a l  50y  h a e m o l y s i s  a f t e r  

t h e s e  i n c u b a t i o n  p e r i o d s  wa-s d e s i g n a t e d  t o  c o n t a i n  one h o t - c o l d  h a e m o l y t i c  

u n i t  o f  o : - to x in .

A l t e r n a t i v e l y  t h e  50y end p o i n t  was d e t e r m i n e d  by c e n t r i f u g i n g
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t e s t  t u b e s  a t  2100 g  f o r  5 and comparing  t h e  h a em o g lo b in  r e l e a s e d

i n t o  t h e  s u p e r n a t a n t  w i t h  40/y 50g and 60k h a e m o ly s i s  s t a n d a r d s  p r e p a r e d  

by d i l u t i o n  o f  a  100>j haem olysed  s u s p e n s i o n .

i i i .  G r a d i e n t  d i l u t i o n  t i t r a t i o n s ; These  were c a r r i e d  ou t  i n  t h e  

manner  o f  T ab le  23 , e x c e p t  t h a t  1 .0  ml volumes o f  S3ES were added  t o  

each  t u b e .  Each s e t  o f  t u b e s  was incuba, t e d  as  d e s c r i b e d  f o r  d o u b l i n g  

d i l u t i o n  t i t r a t i o n s .  The t u b e s  were  t h e n  spun  a t  2100 g and t h e  

haem og lob in  r e l e a s e d  measured  as  t h e  o f  s u p e r n a t a n t  f l u i d s  i n  an

SP 600 i n  0 . 5  cm c e l l s ,  was p l o t t e d  a g a i n s t  t h e  volume o f

d i l u t e d  t o x i n  i n  each  t u b e  a.nd t h e  d i l u t i o n  c a u s i n g  50%' h a e m o ly s i s  

d e t e r m i n e d  by i n t e r p o l a t i o n  o f  t h e  g r a p h .  One H a e m o l y t i c  U n i t  (HU) o f  

a - t o x i n  was d e f i n e d  as  t h e  d i l u t i o n  o f  a - t o x i n  c a u s i n g  haem olys is  of  50% of 

t h e  e r y t h r o c y t e s  i n  1 . 0  ml o f  SSBS a f t e r  i n c u b a t i o n  a.t 37^G f o r  30 min,  

f o l l o w e d  by 30 min a t  0°C.

c .  Le t h a l i t y  Ti t r a t i o n  i n H i c e ;

T r a c t i o n s  o f  a - t o x i n  were d i l u t e d  t o  c o n t a i n  1 STU p e r  ml i n  

DXGaB, Th i s  was found  by p r e l i m i n a r y  exp e r im e n t  t o  p r o v i d e  a, s u i t a b l e  

s t a r t i n g  d i l u t i o n  f o r  such  t i t r a t i o n s .  Bach t e s t  was p e r fo rm e d  w i t h  t e n  

male  m ic e .  P a i r s  o f  mice (Tuck,  R a y l e ig h ,  E ssex ,  w e ig h in g  20-22 g)  were  

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

0 . 2 ,  0 . 2 5 , 0 . 3 , 0 ,4  and 0 . 5  ml volumes o f  d i l u t e d  t o x i n .  I n j e c t i o n s  were  

made u s i n g  a 23 gauge  I . I / 4" n e e d l e  from a 2 . 5  ml s t e r i l e  p o l y p r o p y l e n e  

s y r i n g e  (Boc ton  and D ic k i n s o n ,  Drogheda,  I r e l a n d ) .  D i l u t i o n s  o f  t o x i n  

p r e p a r a t i o n s  were made j u s t  p r i o r  t o  i n j e c t i o n .  D i l u t e d  t o x i n  was 

m a i n t a i n e d  i n  an i c e - b a t h  d u r i n g  t h e  p e r i o d  o f  i n j e c t i o n .

1.  C o n t r o l  f l u i d s ;  I n  a l l  c a s e s ,  p a i r s  o f  mice were  g i v e n  0 . 5  ml o f  c o n t r o l
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f l u i d .  I n  t h e  e l e c t r o f o c u s i n g  e x p e r i m e n t s  t h e  c o n t r o l s  were a s  f o l l o w s ; —

F or  t h e  t i t r a t i o n s  i n  F i g u r e  15 —

a .  60%!) s u c r o s e  c o n t a i n i n g  1% arnpholine pH 5“*8 i n  d i s t i l l e d  w a t e r ,

h .  As i n  ( a )  d i l u t e d  1 : 4  w i t h  DIOaH.

F o r  t h e  t i t r a t i o n s  i n  F i g u r e  16 -

a .  60% s u c r o s e  c o n t a i n i n g  1% arnpholine pH 5"8 ,  6l-I w i t h  r e s p e c t  t o  

u r e a  i n  d i s t i l l e d  w a t e r .

b .  As i n  ( a )  d i l u t e d  1 : 4  w i t h  DICaB.

On o t h e r  o c c a s i o n s  t h e  c o n t r o l  f l u i d  f o r  i n j e c t i o n s  was DICaB.

The volume o f  i n j e c t e d  p r e p a r a t i o n  k i l l i n g  b o t h  o r  one o f  t h e  

mice  i n  24 h o u r s  was t a k e n  t o  c o n t a i n  one L e t h a l  U n i t  (LU) o f  a—t o x i n ,

i i .  Comments on method:  I t  i s  normal  u r a c t i c e  when t e s t i n g  t h e  l e t h a l

a c t i o n  o f  t o x i n  p r e p a r a t i o n s  t o  u s e  g ro u p s  o f  4 ~ 10 m ice  p e r  dose  

a d m i n i s t e r e d  t o  m in im i se  t h e  e f f e c t  o f  d i f f e r e n c e s  i n  i n d i v i d u a l  

r e s i s t a n c e  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  Minimal  L e t h a l  Dose (MLD) o r  LD^^, 

t h e  dose  k i l l i n g  50% o f  a  g ro u p  o f  t e s t  a n i m a l s .  The above me thod  o f  

t i t r a t i o n  was d e v i s e d  b e c a u s e  t h e  an im a l  h o u s e  f a c i l i t i e s  d i d  n o t  p e r m i t  

t h e  b r e e d i n g  o f  l a r g e  numbers o f  m ic e .  The r e s u l t a n t  expense  o f  b u y i n g  

i n  mice n e c e s s i t a t e d  economy i n  t h e  number o f  mice u s e d  i n  t h e  t i t r a t i o n  

o f  a. s i n g l e  f r a c t i o n .  Even so a p p r o x i m a t e l y  200 m ice  were r e q u i r e d  t o  

s c r e e n  each  e l e c t r o f o o u s i n g  column ( s e e  p a g e s  l 8 l  and  1 8 6 ) ,

d.  R e l e a s e  o f  H a t e r - S o l u b l o  P h o s n h a te  from a P h o s n h o l i c i d  E m u ls io n :

i .  P r e p a r a t i o n  o f  egg y o l k  n h o s n h o l i o i d :  Egg y o l k  n h o s o h o l i p i d  was

p r e p a r e d  a f t e r  t h e  method o f  Hanahan e t  a l  », (1 9 5 1 ) -  Y o lks  from f r e s h  

eggs were s e p a r a t e d  and mixed  i n  a  H a r in g  b l e n d e r  w i t h  two volumes o f



1 2 2

a c e t o n e .  A f t e r  s t a n d i n g  f o r  3 h o u r s  a t  room t e m p e r a t u r e ,  t h e  m i x t u r e  

was c e n t r i f u g e d  a t  23 ,000  g i n  an  MSB l 8  r e f r i g e r a t e d  c e n t r i f u g e  and t h e  

s u p e r n a t a n t  f l u i d  r e t a i n e d .  The r e s i d u e  was s i m i l a r l y  e x t r a c t e d  w i t h  

2 volumes o f  95% e t h y l  a l c o h o l  and t h e n  1 volume o f  95>- e t h y l  a l c o h o l ,  

and  t h e  r e s i d u e  d i s c a r d e d .

E x t r a c t s  were combined and c o n c e n t r a t e d  t o  a  s m a l l  volume a t  

45^0 u n d e r  r e d u c e d  p r e s s u r e  i n  a n i t r o g e n  a tm osphere  i n  a  t h e r m o s t a t i c a l l y  

c o n t r o l l e d  vaccuum ch rom a tog raphy  oven .  The c o n c e n t r a t e  was e x t r a c t e d  

w i t h  2 volumes o f  p e t ro l e u m  e t h e r  ( b . p .  30-60°C) and  t h e  e x t r a c t  r e t a i n e d .  

The aqueous  l a y e r  was r e - e x t r a c t e d  t w i c e  w i th  p e t r o l e u m  e t h e r .  P e t ro leu m  

e t h e r  e x t r a c t s  were  combined,  c o n c e n t r a t e d  t o  a  s m a l l  volume u n d e r  

r e d u c e d  p r e s s u r e  u n d e r  n i t r o g e n  gas  and  4 volumes o f  a c e t o n e  added .  The 

p r e c i p i t a t e  was removed by c e n t r i f u g a t i o n  a t  23 ,000 g i n  an MSE 18 

c e n t r i f u g e  and t h e  s u p e r n a t a n t  f l u i d  d i s c a r d e d .  The p r e c i p i t a t e  was 

su sp e n d e d  i n  a c e t o n e  and c e n t r i f u g e d .  A ga in  t h e  s u p e r n a t a n t  f l u i d  was 

d i s c a r d e d .  T h i s  a c e t o n e  w ash ing  p r o c e d u r e  was r e p e a t e d  6 t i m e s .  The 

p r e c i p i t a t e  was t h e n  d i s s o l v e d  i n  p e t ro l e u m  e t h e r  and  any i n s o l u b l e  

m a t e r i a l  removed by c e n t r i f u g a t i o n .  P o u r  volumes o f  a c e t o n e  were  added  

t o  t h e  p e t ro l e u m  e t h e r  s o l u b l e  f r a c t i o n  and t h e  above  w ash ing  p r o c e d u r e  

r e p e a t e d .  A f t e r  t h e  f i n a l  wash t h e  p h o s p h o l i p i d  was s t o r e d  as  a 

p r e c i p i t a t e  u n d e r  n i t r o g e n  i n  a -Y0°0 d e e p - f r e e z e .  A l l  s o l v e n t s  us.ed 

were  ' A n a l a r '  g r a d e .

i i .  A n a l y s i s  o f  p h o s p h o l i p i d  s u b s t r a t e :  T h in  l a y e r  ch rom atography  wa.s

c a r r i e d  ou t  a s  d e s c r i b e d  on page  I 58 . A f t e r  deve lopm en t  o f  t h e  s p o t s

( s e e  a l s o  page 159 ) t h i s  s u b s t r a t e  was shown t o  c o n t a i n  i n  a d d i t i o n  t o  

l e c i t h i n ,  p h o s p h a t i d y l  e t h a n o la m in e ,  s p h in g o m y e l in  and l y s o l e c i t h i n .

i i i .  P r e p a r a t i o n  o f  t h e  p h o n o h o l i n i d  e m u ls io n  s u b s t r a t e :  120 mg o f  egg

y o l k  p h o s p h o l i p i d  p r e p a r e d  a.s a b o v e  were e m u l s i f i e d  i n  20 ml o f  0,02M
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D im o th y lg u l t a r i e  a c i d  -  ITaOH buffer*  pH 7*2 which  was 0.0025LI w i t h  

r e s p e c t  t o  c a l c iu m  a c e t a t e  a.nd c o n t a i n e d  1 mg/ml b o v i n e  serum a lb u m in  

f r a c t i o n  V (BSA) (Armour P h a r m a c e u t i c a l s ,  E a s t b o u rn e ,  E n g la n d ) ,  by 

G o n i c a t i o n  i n  a  ^ 0  ml r o u n d - b o t t o m e d  q u . i c k f i t  f l a s k  u s i n g  an  u l t r a s o n i c  

c l e a n e r  ( A l l a n  and Hanbury -  S u r g i c a l  I n s t r u m e n t s ,  London,  Model No* I 5 0 ) .

i v .  Assay  p r o c e d u r e ; A l l  a s s a y s  were c a r r i e d ,  o u t  i n  t r i p l i c a t e  and  t h e  

r e s u l t s  o b t a i n e d  a v e r a g e d .  I n t o  c h r o m e - c l e a n e d  4 3: t e s t  t u b e s ,  O.5  ml

volumes o f  t.he p h o s p h o l i p i d  e m u ls io n  were p i p e t t e d  and  t h e  t u b e s  i n c u b a t e d  

a t  37*^0 f o r  5 min ,  0 . 1  ml volumes o f  t e s t  f r a c t i o n s  were  added a t  min  

i n t e r v a l s *  The a s s a y s  wore i n c u b a t e d  a t  37^3 f o r  30 min w i t h o u t  s h a k i n g .  

C o n t r o l  t u b e s  c o n t a i n e d  0 , 1  ml volumes o f  b u f f e r  o r  s u s p e n d i n g  f l u i d .

The t u b e s  were  t h e n  removed a.t min i n t e r v a l s ;  0 . 2  ml 5% BSA i n  d i s t i l l e d  

w a t e r  and 1 ml o f  10% t r i c h l o r o a c e t i c  a c i d  were t h e n  a.dded. The t u b e s  

were p l a c e d  i n  an  i c e - b a t h  u n t i l  c e n t r i f u g e d  a t  4°C i n  a  s w i n g - o u t  h e a d  

o f  an  MSE * S upe r  M ino r '  c e n t r i f u g e  a t  2 ,1 0 0  g f o r  5 niin t o  s e d im e n t  t h e  

p r e c i p i t a t e d  p r o t e i n .  Th i s  p r e c i p i t a t i o n / c e n t r i f u g a t i o n  p r o c e d u r e  

g r e a t l y  a i d e d  removal  o f  t h e  d i g l y c e r i d e  and u n l i y d ro ly s e d  p h o s p h o l i p i d  

e m u ls io n .  S u p e r n a t a n t  f l u i d s  were  d e c a n t e d  i n t o  l a b e l l e d  m ic ro —K j e l d a h l  

d i g e s t i o n  f l a s k s  (30 ml) and t h e  p r e c i p i t a t e s  washed by r e s u s p e n s i o n  i n

1 .0  ml volumes o f  i c e - c o l d  10% TOA* A f t e r  c e n t r i f u g a t i o n ,  t h e  w ashes  

were combined w i t h  t h e  p a r e n t  s u p e r n a t a n t  f l u i d s .  The necks  o f  the.  

f l a s k s  were  washed  down w i t h  d i s t i l l e d  w a t e r ,  t h r e e  g l a s s  b e a d s  added  t o  

each f l a s k  and p h o s p h a te  a n a l y s e s  c a r r i e d  o u t  by a m o d i f i e d  j r  A l l e n  

p r o c e d u r e  ( s e e  b e l o w ) .  One P h o s p h o l i p a s e  G U n i t  (PGU) was d e f i n e d , a s  

th*: t  volume o r  d i l u t i o n  o f  a - t o n  i n  t h a t  r e l e a s e d  1 p # o le  o f  p h o s p h a t e  

( 3 0 .2  i-ig) from a  p h o s p h o l i p i d  em u ls io n  p e r  m i n u t e .  T h i s  wa.s i n  a c c o r d a n c e  

w i t h  t h e  u n i t a g e  s u p p l i e d  w i t h  a l l  commercia l  p r e p a r a t i o n s  o f  p h o s p h o l i p a s e  0 .
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V .  D e t e r m i n a t i o n  o f  p h o s p h a te  hy m o d i f i e d  A l l e n  method  ( l 9 4 0 ) î  

P r i n c i p l e : The d e t e r m i n a t i o n  depends  on t h e  c o n v e r s i o n  o f  a l l  t h e

p h o s p h o ru s  i n t o  i n o r g a n i c  o r t h o p h o s p h a t e  by d i g e s t i o n  w i t h  s u l p h u r i c  

a c i d  and h yd rogen  p e r o x i d e .  I n  t h i s  c a s e  t h e  p h o s p h o o h o l in e  r e l e a s e d  

from t h e  p h o s p h o l i p i d  e m u ls io n  by a - t o x i n  i s  c o n v e r t e d  t o  i n o r g a n i c  

n h o s p h a t e .  The o r t h o p h o s p h a t e  forms a. phosphom olybda te  complex w i t h  

ammonium m o ly b d a te  which i s  r e d u c e d  t o  a  b l u e  chromogen w i th  t h e  r e d u c i n g  

a g e n t  am ido l  ( 2 : 4  d i s m in o p h e n o l  h y d r o c h l o r i d e ) .  The i n t e n s i t y  o f  t h e  

b l u e  c o l o u r  i s  m e asu re d  s p e c t r o p l i o t o r n e t r i c a l l y  os t h e  o p t i c a l  d e n s i t y  a t  

640 nm. The A l l e n  p r o c e d u r e  a l l o w s  d e t e r m i n a t i o n  o f  q u a n t i t i e s  o f  

p h o s p h a te  be tw ee n  O - I 5O pg.

R ea g e n t s  :
o r o S

S t a n d a r d  Phosphp tu  S o l u t i o n

-  2 ,1 9 3  g o f  KHgPO^( Anhydrous ) d i s s o l v e d  i n  5OO ml d i s t i l l e d  

w a t e r  (1  m g/m l) .

10ÎT HgSO^ -  280 ml c o n c e n t r a t e d  (MAR Grade)  t o  720 ml d i s t i l l e d

w a t e r .

1% Amidol i n  20); sodium m e t a b i s u l p h i t e

-  I g  o f  am ido l  d i s s o l v e d  i n  100 ml o f  20% (vj/v) sodium 

me t a . b i s u l p h i t e  and f i l t e r e d ;  s t o r e  i n  d o rk  b o t t l e ;  

p r e p a r e  d a i l y  as  r e q u i r e d .

8.3% ( w/v) Ammonium m o ly b d a te .

HgO -  IQO v o l  MAR G r a d e .

P r o c e d u r e :  To each  f l a s k  1 ml IPWH^SO, was added and  t h e  f la . s k s  h e a t e d~— —------   2 4

g e n t l y  on a d i g e s t i o n  r a c k  u n t i l  t h e  g l a s s  beads  s t a r t e d  v i b r a t i n g ,  a t  

which p o i n t  v i g o r o u s  h e a t i n g  c o u l d  be  a p p l i e d .  H e a t i n g  wa.s c o n t i n u e d  

u n t i l  a l l  t h e  w a t e r  had  e v a p o r a t e d  and t h e  s u l p h u r i c  a c i d  s t a r t e d  t o  fume. 

When a,n a p p r e c i a b l e  q u a n t i t y  o f  o r g a n i c  m a t t e r  was p r e s e n t ,  t h e  c o n t e n t s
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o f  t h e  f l a s k  ' b l a c k e n e d .  A f t e r  c o o l i n g ,  a few d ro p s  o f  H^O^were added .

The f l a . s k s  were r e h e a t e d  u n t i l  b u b b l i n g  s t o p p e d  and s u l p h u r i c  a.oid 

s t a . r t e d  t o  fume a g a i n .  I f  t h e  c o n t e n t s  o f  a  f l a s k  were  s t i l l  d i s c o l o u r e d  

t h e  p r o c e d u r e  was r e p e a t e d  u n t i l  t h e  c o n t e n t s  were c l e a r .

To each  f la . sk  t h e  f o l l o w i n g  were a.dded and  mixed t h o r o u g h l y ;

1 0 .8  ml D i s t i l l e d  w a t e r

1 . 0  ml Amidol r e a g e n t

0 . 5  ml Ammonium m o l y b d a te .

The t u b e s  were a l l o w e d  to  s t a n d  f o r  10 rain,  b u t  n o t  more t h a n  30 min 

b e f o r e  t h e  o p t i c a l  d e n s i t i e s  a t  64O nmi were  r e a d  a g a i n s t  d i s t i l l e d  w a t e r  

i n  g la .s s  c e l l s  o f  1 era l i g h t  p a t h .  A f t e r  c o r r e c t i o n  f o r  t h e  c o n t r o l  

b l a n k  v a l u e ,  t h e  pg p h o s p h a te  i n  each t u b e  was o b t a i n e d  from a s t a n d a r d  

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

2 .  6 - T o x i n .

A h a e m o l y t i c  a s s a y  b a s e d  on t h e  method o f  Roth and P i l l e m e r  

( 1955) was u s e d  t h r o u g h o u t  t h i s  t h e s i s .  A s t a n d a r d i s e d  sheep  

e r y t h r o c y t e  s u s p e n s i o n  wa.s p r e p a r e d  a s  d esc r ibe d ,  p r e v i o u s l y  f o r  cc—t o x i n  

( s e e  page 116 ) .

a .  A c t i v a t i o n  o f  6 - t o x i n ;

F r a c t i o n s  o r  p r o p e r  a.t i o n s  a s s a y e d  f o r  G - t o x i n  were  f i r s t  

r e a c t i v a t e d  as  f o l l o w s ;

0 . 1  ml T e s t  m a t e r i a l

0 .9  ml 0 - d i l u e n t  ( s e e  Apoendix  I I )

0 . 25ml 0.1ÎÎ C y s t e i n e  h y d r o c h l o r i d e  ( n e u t r a l i s e d . )

( s e e  Appendix  I I )
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T h is  m i x t u r e  was l i e e t e d  i n  a w a t e r - b a t h  a t  37*^6 f o r  15 min 

and t h e n  d i l u t e d  w i t h  d i l u e n t  t o  a. f i n a l  volume o f  2 ml .

b .  D o u b l i n g  D i l u t i o n  T i t r a t i o n s ;

S e r i a l  d o u b l i n g  d i l u t i o n s  o f  a c t i v a t e d  t o x i n  ( s t a r t i n g  a t  a  

d i l u t i o n  o f  1 :2 0 )  were  s e t  up i n  1 , 0  ml volumes o f  d i l u e n t  i n  a  manner  

s i m i l a r  t o  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  cc- toxin  ( s e e  page 1 1 9 ) .  To 

each  tu b e  1 ml o f  SSES was a.dded and t h e  t u b e s  i n c u b a t e d  a t  37^0 f o r  

30 min .  The h i g h e s t  d i l u t i o n  ca.using 50% h a e m o l y s i s  v i s u a l l y  was 

r e c o r d e d  as  t h e  t i t r e .  Two c o n t r o l s  were i n c l u d e d  w i t h  each  s e t  o f  

t i t r a t i o n s

( a,) c o n t a i n e d  d i l u e n t  and  e r y t h r o c y t e s

(b )  c o n t a i n e d  d i l u e n t  t r e a t e d  a s  f o r  t o x i n  a c t i v a , t i o n  and 

e r y t h r o c y t e s .

0 .  O r a d i e n t  D i % u t i o n Ti t r â t  i o n s  :

A c t i v a t e d  t o x i n  was d i l u t e d  a p p r o p r i â t e l y  i n  6—d i l u e n t . 

G r a d i e n t  d i l u t i o n s  were s e t  up a.s d e s c r i b e d  f o r  a - t o x i n  ( s e e  page  1 1 8 )  

u s i n g  0 - d i l u e n t  i n s t e a d  o f  DXGaB. Tubes were  i n c u b a t e d  a t  37°0 f o r  

30 min,  c o o l e d  i n  an i c e - b a t h  t o  s t o p  t h e  r e a c t i o n  and  t h e  e r y t h r o c y t e s  

s e d i m e n t e d  a t  2100 g f o r  5 min i n  an  MSB 'S u p e r  M in o r '  c e n t r i f u g e  w i t h

a. swing o u t  h e a d .  The o f  each  s u p e r n a t a n t  f l u i d  was m e asu re d  i n

0 . 5  cm g l a s s  c e l l s  i n  an  SP 600 s p e c t r o p h o t o m e t e r .  These v a l u e s  were  

p l o t t e d  a g a i n s t  t h e  volume o f  d i l u t e d  t o x i n  i n  ea.ch a s s a y .  The volume 

o f  d i l u t e d  t o x i n  c a u s i n g  50% h a e m o l y s i s  was t h e n  d e t e r m i n e d  by 

i n t e r p o l a t i o n  o f  t h e  g r a p h .  One I la .emolytic  U n i t  (hU) o f  G - t o x i n  was 

d e f i n e d  a s  t h a t  d i l u t i o n  o f  a c t i v a t e d  t o x i n  ca ,using h a e m o l y s i s  o f  50% 

o f  t h e  e r y t h r o c y t e s  i n  1 ml o f  SSES.
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3. Rye luroni da.s e .

TIyalu.ronida.se wa.s a s s a y e d  by t h e  method  o f  Dorfmann (195 5) 

a s  d e s c r i b e d  by Serva.c L a b o r a t o r i e s  i n  t h e i r  p a m p h le t  'Enzymes and 

R e l a t e d  B i o c h e m i c a l s '  m o d i f i e d  i n  t e rm s  o f  t h e  f i n a . l  volumes i n  t h e  

a s s a y .  The b a c t e r i a l  enzyme was compared a g a i n s t  an  I n t e r n a t i o n a l  

S t a n d a r d  p r e p a r a t i o n  o f  t e s t i c u l a r  liyo lu ro n id a . s e  s t a n d a . r d i s e d  by t h e  

method o f  Humphrey ( 1957) *

a,. Ba.sis  of  t h e  A s s a y :

H y a l u r o n i c  a c i d  c o n s i s t s  o f  H - a c e t y l - g l u c o s o m i n e  and g l u c u r o n i c  

a c i d  d i s a c c h a r i d e  u n i t s  l i ideed  Gf 1 “  4 ,  p o l y m e r i s e d  th r o u g h  p, 1 -  3 

bonds  ( s e e  F i g u r e  5 ) .  H y d r o l y s i s  o f  t h i s  m uc opo lys s .ocho r ide  o c c u r s

a t  t h e  P, 1 - 4  linLl.eo.geS; r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  d i  sa echo r i d e  

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

The h y a l u r o n i c  a c i d  m o l e c u le  i s  n e g a t i v e l y  c h a r g e d .  Th is  

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

such  a.s a lb u m in  a t  a c i d  pH. Under  t h e s e  c o n d i t i o n s  t h e  s o l u t i o n  o f  

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

t h e  h y a l u r o n i c  a c i d  i s  d i g e s t e d  by l i y a l u r o n i d a s e .

b . ^ub s t r a t  e P r  epa.r a t  i o n  :

H ig h ly  p o l y m e r i s e d  h y a l u r o n i c  a c i d  (B a tc h  Ho, 47)  was o b t a i n e d  

from l ï i l e s - S e r o . v a c ,  I l a id en h ead ,  E n g la n d .  I t  was p r e p a r e d  from human 

u m b i l i c a l  c o r d  and. was s u p p l i e d  as  a, p o t a s s iu m  s a l t .  I t  c o n t a i n e d  l e s s  

t h a n  2'j p r o t e i n  and l e s s  t h a n  3% c h o n d r o i t i n  s u l p h a t e .

H y a l u r o n i c  a c i d  was d i s s o l v e d  a t  a  c o n c e n t r a t i o n  o f  4 mg/ral i n

0 . 3 0  ÎÎ p h o s p h a t e  b u f f e r  pH 5* 30.  A 1 :10  d i l u t i o n  was made i n
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F i g u r e  5 : S t r u c t u r e  o f  H y a l u r o n i c  A c id
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hyp lu.ro n i  de s e  d i l n e n i  ( e g g  Appendix  I I )  ; t o  0 . 5  ml o f  t h i s  v;as 

a.dded 0 . 5  ml o f  d i l u e n t  and t h i s  m i x t u r e  incuba ted ,  a.t 37°C f o r  5 min.  

A f t e r  inc uba . t io i i j  5 ml o f  a c i d  a lbum in  s o l u t i o n  ( s e e  A ppendix  I I )  u e r o  

added  and  t h e  t u r b i d i t y  which  d e v e l o p e d  a f t e r  e x a c t l y  5 min f u . r t h e r  

i n c u b a t i o n  was m e asu re d  as  "3^^^ i n  an SP oOO s n e c t r o p h o t o m e t e r  i n  a  

g l a s s  c e l l  o f  1 cm l i g h t  p a t h .  The p a r e n t  s o l u t i o n  o f  h y a l u r o n i c  a.oid 

was t h e n  d i l u t e d  f u r b h e r  such  t h a t  a. s t a n d a r d i s e d  s o l u t i o n  gave an 

EgOo “ 0 .2 5 0  when 0 , 5  ml o f  t h i s  s o l u t i o n  wa.s t r e a t e d  a.s d e s c r i b e d  above .

c . P r oc edur  e :

S u i t a b l e  d i l u t i o n s  o f  t e s t  m a t e r i a l  were  made i n  h y a l u r o n i d a s e  

d i l u e n t .  To 0 , 5  ml volumes o f  s t a n d a r d i s e d  h y a l u r o n i c  a c i d  s o l u t i o n  

d i s p e n s e d  i n  6" x 5 /0 "  t e s t - t u b e s ,  0 , 5  ml volumes o f  t e s t  s o l u t i o n s  

were  added  a t  -y min i n t e r v a l s .  Tubes were i n c u b a t e d  a t  37^0 f o r  45 min^ 

a t  t h e  end o f  which, p e r i o d  5 ml o f  a c i d  a lbum in  ' s o l u t i o n  were  added t o  

ea.ch t u b e  a t  j r  min i n t e r v a . l s .  The o f  each  s o l u t i o n  was r o a d  i n

an  SP 600 s p e c t r o p h o t o m e t e r  a g a i n s t  an a p p r o p r i a t e  d i l u e n t / a c i d  a lbumin  

b l a n k .  A s u b s t r a t e  c o n t r o l  was i n c l u d e d  wit.h each  s e t  o f  t i t r a t i o n s .

A s t a n d a r d  c u rv e  was o b t a i n e d  by p l o t t i n g  o p t i c a l  d e n s i t y  

a g a û n s t  enzyme c o n c e n t r a t i o n ,  u s i n g  a.n I n t e r : n a . t i o n a l  S t a n d a r d  p r e p a r a t i o n  

o f  o v in e  h y a l u r o n i d a s e  ( s e c  A ppendix  I I I )  and unknovnn samples  r e a d  

3gab.nst  t h i s  c u r v e  ( F i g u r e  6 ) .  T e s t  samples  g i v i n g  an ;>0.200

were  r e p e a t e d  u s i n g  h i g h e r  c o n c e n t r a t i o n s  o f  t e s t  m a t e r i a l .  S i m i l a r l y  

t h o s e  g i v i n g  an -‘-'gQQ < 0 ,0 5 0  wore r e p e a t e d  a t  a. l o w e r  c o n c e n t r a t i o n ,  

h c s u l t s  were  o x x r e s s e d  i n  I n t e r n a t i o n a l  U n i t s  ( l U ) .
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Pigru.re 6 ; Assay f o r  I l y a l u r o n i d a a e  A c t i v i t y  by t h e

T u r b i d i t y  R e d u c t io n  Method o f  D orf^a ,]̂

D e t e r m i n a t i o n  o f  H y a l u r o n i d a s e  A c t i v i t y  

w i t h  r e f e r e n c e  t o  S t a n d a r d  Hyalu.ro n i  da, se  P r e p a r a t i o n

The r e s u l t a n t  o f  a  s t a n d a r d i s e d  l i y a l u r o n i o  a c i d

s o l u t i o n  a f t e r  d i g e s t i o n  w i t h  i n c r e a s i n g  amounts o f  

o v in e  t e s t i c u l a r  h y a l u r o n i d a s e  a r e  shoivn i n  F i g u r e  o p p o s f  

ITote t h e  d e c r e a s e  i n  w i t h  i n c r e a s i n g  h y a l u r o n i d a s e

a c t i v i t y .

A 1 :50  d i l u t i o n  o f  a  t o x i n  p r e p a r a t i o n  o f  unknown 

h y a l u r o n i d a s e  a c t i v i t y  a s s a y e d  as  d e s c r i b e d  on page  IJLI 

r e d u c e d  t h e  t u r b i d i t y  o f  t h e  iTyaluro.nic a c i d  t o  an 

^600 "  0 . 1 2 .  As shown i n  t h e  f i g u r e ,  t h i s  c o r r e s p o n d s  

t o  t h e  a c t i v i t y  o f  6 .5  lU o f  liy a l u r o n i  das  e .  The 

p r e p a r a t i o n  t h u s  c o n t a i n s  6 .5  % 50 % 2 lU/ml ~ 65O lU /m l .
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4 .  Col lgf?en?se. 

a .  A z o c o l l  Dia’G st io i i  Method.:

i . Ba.si8 o f  m e th o d : Golla.f.'^enase v/as a s s a y e d  q u a n t i t a t i v e l y  u s i n g  

a a o o o l l  powder ,  and t h e  s n e o i f i c i t y  o f  t h i s  r e a c t i o n  was checked  hy 

t e s t i n . q  f r a c t i o n s  q u a l i t a t i v e l y  on c o l l a g e n  p a p e r  d i s c s ,  A z o o o l l  i s  

a h i d e  c o l l a g e n  powder  c o n j u g a t e d  w i th  a. r e d  a.izo-dye, p r e p a r e d  from 

t e t r a - a z o t i s e d  h e n s i d i n e  and ” R s a l t ” , sodium 2 - n a p h t h o l - 3  Î 6  d i s u l p h o n i c  

a,c id.  When mixed  w i t h  p r o t e i n s  d i a z o  compounds r e a c t  w i th  t h e  p h e n o l i c  

r i n g  o f  t y r o s i n e ,  w i t h  t h e  i m i d a z o l e  r i n g  o f  h i s t i d i n e  and t h e  -IÎH

group  o f  p r o l i n e  and hy dro:qr p r o 1i  n e . A z o o o l l  powder i s  i n s o l u b l e  and

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

i s  r e l e a s e d  i n t o  s o l u t i o n  and t h i s  can  b e  me a. c u r e d  s p e c t r o p h o t o m e t r i c a l l y ,

i i . P r o c e dur e : f e n  m i l l i g r a m  samples  o f  a s o c o l l  powder (Wellcome 

R e a g e n t s ,  Beckenham, Angland) were weighed  o u t  i n t o  4" % t e s t - t u b e s  

and 1*9 nil o f  c o l l o g e n a s e  d i l u e n t  A ( s e e  Appendix  I I )  added .  These 

t u b e s  were i n c u b a t e d  a t  37^0 f o r  5 min i n  a w a t e r - b a t h  and 0 . 1  ml 

sam ples  o f  t e s t  s o l u t i o n s  o f  c o l l a g e n a . s e  added .  A ssays  v;ore c . a r r i e d  

o u t  i n  d u p l i c a t e .  Incub  a.t i o n  was c o n t i n u e d  f o r  1 h o u r  a t  37^0.  The 

t u b e s  w e r e , a g i t a t e d  eve ry  10 min t o  r e s u s p e n d  t h e  s e t t l e d  a z o c o l l  powder .  

At t h e  end o f  t h e  i n c u b a . t i o n  p e r i o d  t h e  t u b e s  were c e n t r i f u g e d  i n  an

I'lSW " S u p e r  M inor” c e n t r i f u g e  a t  2100 g f o r  2 min t o  s ed im en t  t h e  a z o c o l l  

powder .  The va. luos o f  s u p e rn a . t a n t  f l u i d s  were  m easured  i n  0*5 cm

g l a s s  c e l l s  i n  an SP 600 s p e c t r o p h o t o m e t e r  a g a i n s t  a  wa.ter  b l a n k .  The 

a v e r a g e  o f  c o n t r o l  t u b e s  c o m p r i s in g  10 mg a z o c o l l  powder + 2 ml o f

d i l u e n t  A, i n c u b a t e d  u n d e r  t h e  above c o n d i t i o n s ,  wa.s s u b t r a c t e d  from t h e  

v a l u e s  o b t a i n e d  w i t h  t e s t  s o l u t i o n s  o f  enzyme. The r e l a t i o n s h i p  be tw een  

dye r e l e a s e  ( e ^^^)  and c o l l a g e n a s e  c o n c e n t r a t i o n ,  u s i n g  a s tanda . rd
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p r e p a r a t i o n  o f  Gl,  h i s t o l y t i c u m  c o l l a g e n a s e ,  was l i n e a r  f o r  .  

v a l u e s  be tw ee n  0 . 0 0 0  onrl 0 . 2 5 0 .  T e s t  samples  g i v i n g  r e a d i n g s  h i g h e r  

t h a n  an  OD - 0 .2 p 0  were  f u r t h e r  d i l u t e d  and r e p e a . t e d .  One A z o c o l l  

D i g e s t i n g  U n i t  (AU) was d e f i n e d  as  t h a t  amount o f  enzyme which c a u s e d

a.n i n c r e a s e  i n  t h e  o f  s u p e r n a t a n t  f l u i d s  o f  0 . 0 1 0  p e r  h o u r  u n d e r  

t h e  above c o n d i t i o n s .

i i i .  S u b s t r a t e  s n e o i f i c i t y :  A l though  n r o v i d i n g  a. q u i c k  and c o n v e n i e n t

s u b s t r a t e  f o r  a s s a y ,  a .zoco l l  i s  n o t  a. s p e c i f i c  s u b s t r a t e  f o r  c o l l a g e n a s e .  

S reebny  y ( 1955) r e p o r t e d  t h a t  i t  was r e a d i l y  a t t a c k e d  by t r y p s i n ,

oh y m o t ry p s in ,  p a p a i n  and p e p s i n .  T a b le  24 d e m o n s t r a t e s  t h e  r e l a t i v e  

s u s c e p t i b i l i t y  t o  a t t a c k  o f  a z o c o l l  by  a, number o f  p r o t e o l y t i c  enzymes 

t i t r a t e d  as above  from s t o c k  s o l u t i o n s  o f  1 mg/ml,  c o n f i r m i n g  t h e  

f i n d i n g s  o f  S reebny  e t  a l . ( s e e  Appendix  I I I ) ,

b ,  O o l l a g e n  D isc  l i e t l io d :

To c o n f i rm  t h e  i d e n t i t y  o f  t h e  enzyme w hich  had  been  p u r i f i e d  

by i s o e l e c t r i c  f o c u s i n g  and c h a r a c t e r i s e d  a.s d i g e s t i n g  a z o c o l l  powder,  

as  a  t r u e  c o l l a g e n a s e ,  a c i d  s o l u b l e  c o l l a g e n  was p r e p a r e d  from r a t  t a n  1 

t e n d o n s .

i .  P r e n a r a t i o n  o f  a c i d  s o l u b l e  c o l l a g e n  and c o l l a g e n  u a n e r  d i s c s  ( A f t e r
I .  B a t t y ,  P e r s o n a l  com m unica t ion ,  c f .  Delaunay e t  a l . ,  1949) :

T w e n t y - e i g h t  r a t  t a i l s  ( k i n d l y  s u p p l i e d  by W. M elv in  o f  t h e

B i o c h e m i s t r y  D epar tm en t ,  U n i v e r s i t y  o f  Glasgow) o f  v a r y i n g  s i z e s  and

from a n im a ls  o f  d i f f e r e n t  ages  were s k i n n e d  and t h e  f o u r  t e n d o n s  i n

ea.ch d i s s e c t e d  o u t .  Th i s  was most  e a . s i ly  a c c o m p l i s h e d  by one p e r s o n

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

Musc le  and c a r t  i l  eg e were removed a.s f a r  as  p o s s i b l e  from t h e  s t r i p p e d
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T a b l e  24 : S u s c e p t i b i l i t y  o f  A z o c o l l  Powder t o  A t t a c k  by

P r o t e o l y t i c  Enzymes^

Enzyme # AU/mg P r o t e i n

P r o t e a s e 1 7 ,7 6 0

T r y p s i n 15 ,3 0 0

P r o t e i n a s e 1 4 ,4 6 0

P ro n a s e 3 ,4 2 0

P a p a i n 1 ,6 9 0

F i o i n 1 ,3 5 0

a-Glyra o t  r y p s i n 770

C o l l a g e n a s e 210

See A p p en d ix  I I I ,

A l l  a s s a y s  were c a r r i e d  o u t  on s t o c k  s o l u t i o n s  

c o n t a i n i n g  1 mg/ml o f  each  enzyme i n  c o l l a g e n a s e  

d i l u e n t  A.
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t e n d o n s  whioli v/ere t h e n  immersed  i n  2 l i t r e s  o f  i o e - c o l d  1 : 1 0 , 0 0 0  ( v / v )  

a c e t i c  a c i d  ( l,75t^^O and a l l o w e d  t o  s w e l l  a t  4°0  f o r  48 h o u r s  w i t h  

o c c a s i o n a l  s t i r r i n g .  The t e n d o n s  became g e l a t i n o u s ,  wherea.s any 

m u s c le  o r  c a r t i l a g e  t i s s u e  r e m a in e d  i n s o l u b l e .

The v i s c o u s  s o l u t i o n  was t h e n  p a s s e d  th r o u g h  s e v e r a l  l a y e r s  o f  

b u t t e r  m u s l i n  and  s t o r e d  o v e r n i g h t  a t  4 ° 0 .  200 ml o f  t h i s  f i l t r a t e

mixed w i t h  60 ml o f  10b (w /v)  ITaOl. A w h i t e  f l o c c u l a r  p r e c i p i t a t e  

a p p e a r e d .  T h i s  s o l u t i o n  was p o u re d  i n t o  a. 13 cm B u ch n e r  fu.nnel  f i t t e d  

w i t h  a 14*2 cm c e l l u l o s e  a c e t a t e  membrane cu t  t o  s i z e  ( i l i l l i p o r e  (UK), 

London,  P o re  S i z e  1 .2p), .  S u c t i o n  was a p p l i e d  a t  10 I b / s q  i n  and  t h e  

f i l t r a t e  d i s c a r d e d .  A g e l a t i n o u s  l a y e r  o f  o o l l a g e n  fo rmed  on t h e  

membrane a.s i t  d r i e d .  The c o l l a g e n  p a p e r  cou.ld be  s t r i p p e d  o f f  t h e  

membrane when c o m p l e t e l y  d r y .  I t  was s t o r e d  b e tw e e n  t h e  p r o t e c t i v e  

s h e e t s  s u p p l i e d  w i t h  t h e  M i l l i p o r e  f i l t e r  membranes.  D is c s  o f  c o l l a g e n  

p a p e r  were  c u t  u s i n g  a  lio.  5 o o rk  b o r e r  ( P i s o n s ,  Loughborough ,  E n g la n d  -  

8 mm d ia ra . )  a g a i n s t  a  g l a s s  s u r f a c e .

A d i s t r i b u . t i o n  a n a . l y s i s  by w e ig h t  o f  100 su.oh d i s c s  gav e  t h e  

p a t t e r n  shown i n  Pigu.re 7 • As a  r e s u l t  o f  t h i s  f i n d i n g  o n ly  d i s c s  

w i t h i n  t h e  w e i g h t  r a n g e  90- l 40 pg were u s e d  and  w i t h i n  any g ro u p  o f  

t e s t s  a l l  t h e  d i s c s  u s e d  f e l l  w i t h i n  a  10 t-ig r a n g e .

i i . P r o c e d u r e : Spo t  t e s t s  were  c a r r i e d  o u t  i n  I'LIO complement t i t r a t i o n

t r a y s .  Each w e l l  c o n t a i n e d  0 . 1  ml o f  t e s t  p r e p a r a t i o n  and 0*9 ml o f  

c o l l a g e n a s e  d i l u e n t  B ( s e e  Aopendix  I I ) .  The sodium c h l o r i d e  i n

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

c o l l a g e n  d i s c  was added  t o  each  w e l l  and  t h e  w e l l s  s ea . led  w i th  s e l l o t a p e .  

I n c u b a t i o n  was c a r r i e d  o u t  i n  an i n c u b a t o r  a.t 37^0 and  t h e  n l a t e  examined  

ever: /  h o u r  f o r  d i s s o l u t i o n  o f  t h e  d i s c s .
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Pigu.re 7 Distribution Analysis of Collagen Discs by Weight

Discs were prepared by the method described on 
page 132 * Each disc was weighed on a five 
place single pan balance (Sartorius), Discs 
were grouped according to 10 ranges from 
50-59  (J-g, 60-69 P-g, 70-79  l̂ g inclusive and so on. 
The number of discs in ea.ch weight grouping is 
shown for a weight analysis of 100 collagen discs 
picked at random. The average weight of discs 
was 117 -  33 Pg.
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i i i .  S u b s t r a t e  c o e c i f i c i t y : Co l lagenasG  ex  C l .  h i s t o l y t i c u m ,  p a p a i n ,

t ïpypsi i i ,  c l iym ot rypa in ,  f i o i n ,  p r o n a s e ,  p r o t e i n a s e  and  s u b t i l i s i n  ( s e e  

Appendix  I I I )  were each  d i s s o l v e d  i n  c o l l a g e n a s e  d i l u e n t  B a t  a 

c o n c e n t r a t i o n  o f  1 mg/ml.  Volumes o f  1 ml were p i p e t t e d  i n t o  t h e  w e l l s  

o f  a VhiO complement f i x a t i o n  t r a y  and c o l l a g e n  d i s c s  (100-110  pg) 

added  t o  e a c h .  I n c u b a t i o n  was c a r r i e d  o u t  as  d e s c r i b e d  above .  A 

c o n t r o l  d i s c  was su sp e n d e d  i n  b u f f e r  a l o n e .  The o p a c i t y  o f  d i s c s  

was compared w i t h  t h a t  o f  t h e  c o n t r o l  a f t e r  1 -  48 h o u r s  i n c u b a . t i o n .

The d i s c s  were  r e a d i l y  a t t a . c k e d  by pronsE'e and col la .gena. se ,  and more 

s lo w ly  by f i o i n  w i t h i n  t h e  f i r s t  8 h o u r s .  A f t e r  24 h o u r s  p a p a i n  was 

a l s o  a c t i v e .  A f t e r  p r o l o n g e d  in c u b a . t io n  (48 -  60 h o u r s )  o t h e r  

p r o t e o l y t i c  enzymes a p p e a r e d  e f f e c t i v e ,  b u t  s i n c e  c o n t r o l  d i s c s  i n c u b a t e d  

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

f i n d i n g s  was d o u b t f u l .  I n  view o f  t h i s ,  a l l  t e s t s  were  r e c o r d e d  as  

p o s i t i v e  o r  n e g a t i v e  o n ly  up t o  8 h o u r s  o f  i n c u b a t i o n  a t  37^8.

5 . h e u r a m i n i d a s e . 

a,. Basirü o f  J^^jt hod ;

H e u ra m in id a s e  c l e a v e s  t e r m i n a l  n e u r a m in ic  a c i d  r e s i d u e s  from 

g l y c o p r o t e i n s ,  g l y c o p e p t i d e s  and  g l y c o l i p i d s .  The s u r f a c e  c h a rg e  o f  

t h e s e  s u b s t a n c e s  i s  a . s s o c i a t e d  w i t h  t h e  c a rb o x y l  g roup  o f  n e u r a m in ic

a.oid.  Orosoniucoid,  a. g l y c o p r o t e i n  o c c u r r i n g  i n  no rm al  human plasma, 

h a s  a. m o l e c u l a r  w e ig h t  o f  a b o u t  44? 100 (Sm ith  , 1930) and

c o n t a i n s  some 11 -  12/, s i a l i c  a c i d  (Poponoe and Drew, 1 9 3 7 ) » T h i s  

r e n r e s e i rb s  E<ome 13 o r  16 r e s i d u e s  p e r  m o le c u le  w hich  a c c o u n t  f o r  i t s  

a c i d  p i  2„7 (Popeiioe and Drew, 1957)» N euram in ic  a c i d  h a s  b e e n  

shown t o  be t h e  t e r m i n a l  component  i n  t h e  g l y c o p e p t i d e  o f  human
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F i g u r e  8 : A c t i o n  o f  01 ,  o e r f r i n g e n s  n e u r a m i n i d a s e

S t r u c t u r e  o f  Human E r y t h r o c y t e  G l y c o p e p t i d e

ÎÎANA = N -ace ty l - l ' I eu ra j i î in ic  a c i d

Gal  = G a l a c t o s e

GalNAo -  N - a c e t y l - g a l a c t o s a m i n e

G l y c o p e p t i d e  i s  a s s o c i a t e d  w i t h  t h e  c a r b o h y d r a t e  

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

c o n t r i b u t i n g  M, N o r  MH s p e c i f i c i t y  t o  t h e  

b l o o d  group  o f  a  d o n o r .  H y d r o l y s i s  o f  NANA 

by n e u r a m i n i d a s e  a t  t h e  p o i n t s  shown by c l o s e d  

a r row  h e a d s  i s  a s s o c i a t e d  w i t h  a  r e d u c t i o n  i n  

n e g a t i v e  c h a r g e  and  l o s s  o f  M, N o r  MN s p e c i f i c i t y  

and r e n d e r s  e r y t h r o c y t e s  n o n - a g g l u . t i n a b l e  by 

m y x o v i ru s e s .
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e r y t h r o c y t e s  p o s s e s s i n g  ÎÎ, H o r  IhT b l o o d  yroup  s p e c i f i c i t y .

C le av ag e  o f  t h i s  s u g a r  from t h e  g l y c o p r o t e i n  by n e u r a m i n i d a s e  d e s t r o y s  

t h e  Llii g roup  s p e c i f i c i t y .  The s p e c i f i c i t y  l i m i t s  o f  t h e  g l y c o s i d i o  

l i n k a g e s  a r e  a t  p r e s e n t  unknown ( s e e  F i g u r e  8 ) .

b .  Method o f  G o l l e e  ( 1963b ) :

io S u b s t r a t e  o r e o a r a t i o n :  The w h i t e s  o f  f r e s h  h e n s ’ eggs were

s e p a r a t e d  from t h e  y o l k s .  To 100 ml o f  s e p a r a t e d  egg w h i t e  4OO ml 

o f  0 . 833, IJaGl b u f f e r e d  a t  pK 7*2 by 0.003M p h o s p h a t e  b u f f e r  were  

a dded .  The m i x t u r e  was homogenised  i n  a, Waring b l e n d e r  and c e n t r i f u g e d  

i n  an  LISE 18 r e f r i g e r a t e d  c e n t r i f u g e  a t  18 ,000 g f o r  I 3 min t o  remove 

p a r t i c u l a t e  d e b r i s .  The c l e a r  s o l u t i o n  was s t o r e d  i n  b i j o u x  b o t t l e s

a.t - 70°G\

i i .  Assay  p rocedu r e :  Each r e a c t i o n  m i x t u r e  c o n t a i n e d  t h e  f o l l o w i n g :

0 . 1  rnl Enzyme p r e p a r a t i o n

0 .4  ml n e u r a m i n i d a s e  d i l u e n t  A o r  33 ( s e e  A ppendix  Xl)

1 . 0 m l  S u b s t r a t e  

Tubes were i n c u b a t e d  a t  37^0 f o r  30 min.  A s u b s t r a t e  c o n t r o l

w i t h o u t  enzyme and a w a t e r  b l a n k  were i n c l u d e d  i n  each  s e r i e s  o f  t e s t s .

The r e a c t i o n  was s t o p p e d  by t h e  a d d i t i o n  o f  0 . 2  ml W ar ren ’ s R eagen t  A 

( v i d e  i n f r a ) .  A ssays  were  c a r r i e d  o u t  i n  d u p l i c a t e .

i i i .  D e t e r m i n a t i o n  o f  n e u r a m i n i c  a c i d  ( b a r r e n ,  1 9 5 9 ) :

P r i n c i p l e :  P e r i o d a t e  o x i d a t i o n  o f  b—a c e t y l  n e u r a m i n i c  a c i d  r e s u l t s  i n

t h e  f o r m a t i o n  o f  6 - f o r m y l  p y r u v i c  a c i d .  O x i d a t i o n  by p e r i o d a t e  s p l i t s  

G -  G bo n d s  h a v i n g  a .d jacen t  OH g ro u p s  o r  an  HK^ iTroup a d j a c e n t  t o  an  

OH g r o u p .  B -F orny l  pyru .v ic a c i d  i s  t h e n  c o u p l e d  t o  2 - t h i o b a r b i t u r i o  

a c i d  t o  form a p i n k  chromogen w i t h  a maximum a b s o r p t i o n  a t  549 nm ( s e e  

F i g u r e  9 ) ,
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F i g u r e  9 • Assay  f o r  N e u ra m in id a s e  A c t i v i t y

S t ru -o tu r e  o f  N - a c e t y l - N e u r a m i n i o  Acii

P o i n t s  o f  p e r i o d a t e  c l e a v a g e

Note  t h e  c a r b o x y l  g roup  on c a r b o n  1 

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

g l y c o p r o t e i n s  c o n t a i n i n g  NANA and  t h e  

f o r m a t i o n  o f  p - f o r m y l  pyru.vio a c i d  from 

Carbons  1, 2 and 3 o f  t h e  h e m i a c e t a l  r i n g .
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R e a g e n t s ;

A. Sodium m e t a p e r i o d a t e  (0,2M) i n  9M p h o s p h o r i c  a c i d  (53m w / v ) .

B. Sodium a r s e n i t e  ( 10m w/v) i n  0*5M sodium s u l p h a t e  s o l u t i o n .

C. 2 - T h i o h a r b i t u r i c  a c i d  (0.6>i w/v)  i n  0.5M sodium s u l p h a t e  s o l u t i o n .

D. ’’A n a l a r ” C yc lohexanone .

A l l  s o l u t i o n s  a r e  s t a b l e  a t  room t e m p e r a t u r e  f o r  s e v e r a l  m onths .

P r o c e d u r e ; The t u b e s  were a l l o w e d  t o  s t a n d  f o r  20 min a t  room 

t e m p e r a t u r e  a f t e r  a d d i t i o n  o f  t h e  p e r i o d a t e .  1 . 0  ml o f  r e a g e n t  B was 

t h e n  added  t o  each  a s s a y  and t h e  c o n t e n t s  o f  each  t u b e  mixed t h o r o u g h l y .  

A f t e r  2 min t h e  y e l lo w -b ro w n  c o l o u r  was u s u a l l y  c o m p l e t e l y  d i s c h a r g e d .

To each  tu b e  3 ml o f  r e a g e n t  G t h e n  a.dded, mixed  by i n v e r s i o n  and 

t h e  t u b e s  p l a c e d  i n  a b o i l i n g  w e t e r - b a t h  f o r  15 m in .  A f t e r  c o o l i n g  t o  

room t e m p e r a t u r e ,  4 ml o f  r e a g e n t  D were added  t o  each  tu b e  and  t h e  

c o n t e n t s  mixed by a g i t a t i o n  w i t h  a  " b h i r l i m i x "  (Oallenkamp L i m i t e d ,  

b i d n e s ,  E n g l a n d ) .  The t u b e s  were  t h e n  c e n t r i f u g e d  a t  3000 rpm f o r  

5 min t o  s e p a r a t e  t h e  p h a s e s .  The o f  t h e  c y c lo h e x a n o n e  e x t r a c t s

W8;S measured  i n  1 cm c u v e t t e s  a g a i n s t  t h e  w a t e r  b l a n k  e x t r a . c t e d  as  

above  i n  an  S?600 s p e c t r o p h o t o m e t e r .  S p e c t r o p h o t o m e t e r  c e l l s  were 

r i n s e d  w i t h  a b s o l u t e  a l c o h o l  be tw ee n  r e a d i n g s ,  A s t a n d a r d  c u r v e  f o r  

n - a c e t y l n o u r a m i n i c  a c i d  (NANA) -  (L .  L i g h t ,  C o ln b ro o k ,  England)  was 

p r e p a r e d  by t h i s  p r o c e d u r e  (0 -1 0 0  pg) and  t h e  ÎTAITA i n  t e s t  samples  

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

v a l u e s .  One U n i t  o f  U eu r  am i  n i  das  e was d e f i n e d  a.s t h e  amount o f  enzyme 

r e l e a s i n g  1 pm o l e  (309 hg) o f  ITAITA p e r  30 min from t h e  egg w h i t e  

s u b s t r a . t e  ( G o l l e e ,  1965b) .  A c t i v i t y  was e x p r e s s e d  i n  n i i l l i u n i t s  o f  

enzyme^
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b .  Method o f  I loldine:  a.nd C o l l o e  ( l 9 Y l )  :

i .  S u b s t r a t o :  Hunan serum g l y c o p r o t e i n ,  p a s t e u r i s e d  t o  d e s t r o y  any

A u s t r a l i a  a n t i g e n  p r e s e n t , a c t e d  a s  s u b s t r a t e .  The p r e p a r a t i o n  

d e s i g n a t e d  vras k i n d l y  s u p p l i e d  by Dr. J . G .  G o l l e e ,  Depar tm ent

o f  B a c t e r i o l o g y ,  U n i v e r s i t y  I l e d i c a l  S c h o o l ,  U n i v e r s i t y  o f  E d i n b u r g h ,

i i .  A s s a y ; Each a s s a y  m i x t u r e  c o n t a i n e d  t h e  f o l l o w i n g :

0 . 1  ml Enzyme p r e p a r a t i o n

0 , 15ml N e u ra m in id a s e  d i l u e n t  B ( s e e  A ppendix  I I )

0 . 25ml S u b s t r a t e .

A l l  a s s a y s  i n c l u d e d  t h r e e  c o n t r o l s  -  a  s u b s t r a t e  c o n t r o l  w i t h  

no added  enzyme, an  enzyme c o n t r o l  w i t h  no s u b s t r a t e  a.nd a b u f f e r  

c o n t r o l .  The a s s a y s  were i n c u b a t e d  a t  37^G f o r  30 min a.nd t h e  

r e a c t i o n s  s t o p p e d  by t h e  a d d i t i o n  o f  A m in o f f ’ s R eagen t  A ( v i d e  i n f r a ) .  

A ssays  were  c a r r i e d  o u t  i n  d u p l i c a t e .

i i i .  D e te rm in a t i o n  o f  bAITA_J)y m o d i f i e d  Amino f f  ' s metjiod (H o ld i iu" ^,nd
GoiTee, 19711 : Ts'ee a 1 sô lJaTsfdy'TFla'l., To65" a.nd AÎoinoffh ™196l) :

R e a g e n t s  :

A. 0.02511 P e r i o d i c  a c i d  i n  O . I 25IÎ H^SO^ .

B. 2b (w/v)  Sodium a r s e n i t e  i n  O .5N îîGl,

G. O.ILI 2—t h i o b a r b i t u r i c  a c i d  a d j u s t e d  t o  pH 9*0 w i t h  IN NaOH.

D, n - B u t a n o l  c o n t a i n i n g  5, '  ( v / v )  c o n c e n t r a t e d  HGl.

P r o c e d u r e ;  A f t e r  a d d i t i o n  o f  r e a g e n t  A t u b e s  l e f t  t o  s t a n d  a t  room 

t e m p e r a t u r e  f o r  30 min;  0 . 2  ml o f  r e a g e n t  B was t h e n  added t o  each  t u b e .  

I f  t h e  yel low-brow3i c o l o u r  ws.s n o t  d i s c h a r g e d  i n  2 rain,  a  f u r t h e r  0 . 2  ml 

o f  r e a g e n t  B was a dded .  To each  t u b e  2 . 0  ml o f  r e a g e n t  C wetc. t h e n  

added  and  t h e  t u b e s  p l a c e d  i n  a- b o i l i n g  w o t e r - b o t h  f o r  7a' m in .  A f t e r  

c o o l i n g  t h e  p i n k  chromogen was e x t r a c t e d  i n t o  4 ml o f  r e a g e n t  D by
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v i g o r o u s  m i x i n g .  The p h a s e s  w e re  s e p a r a t e d  by  c e n t r i f u g a t i o n  a t  

2100 g i n  a n  LISE " S u p e r  M ino r"  c e n t r i f u g e  i n  a. s w in g  o u t  h e a d .  The 

o f  s u p e r n a t a n t  p h a s e s  were r e a d  i n  1 cm c u v e t t e s .  A s t a n d a r d  

c u r v e  was p r e p a r e d  u s i n g  t h e  a b o v e  p r o c e d u r e  w i t h  s o l u t i o n s  c o n t a i n i n g  

0 - 3 0  pg IT ANA. T h i s  m e th o d  f o r  t h e  d e t e r m i n a t i o n  o f  NANA was f a r  more  

s e n s i t i v e  t h a n  t h a t  o f  W a r r e n .  One U n i t  o f  N e u r a m i n i d a s e  a c t i v i t y  

was d e f i n e d  a s  u n d e r  m e th o d  1 .
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SECTION I I  PURITY^

A. ISOELEOTHI0_ FOCUSING

A l th o u g h  t h e  t h e o r y  and  t e c h n i q u e  o f  i s o e l e c t r i c  f o c u s i n g  

have  "been t h e  s u b j e c t  o f  t h r e e  r e c e n t  r e v ie w s  ( P e e t e r s ,  1970; Haglund,  

1970 ; V e s t e r b è r g ,  1971) ,  t h e  e s s e n t i a l  f e a t u r e s  o f  t h i s  method w i l l  be  

summar ised .

The method o f  e l o c t r o f o c u s i n g  i n  i t s  p r e s e n t  f o m  owes much 

t o  t h e  t h e o r e t i c a l  t r e a t m e n t  o f  S vensson  ( 196I ,  1962a ,  1962b) ,  a l t h o u g h  

t h e  b a s i c  p r i n c i p l e s  o f  t h e  te chn iqu ,e  have  b e e n  t r a c e d  back  t o  1912 t o  

two J a p a n e s e  c h e m i s t s ,  I k o d a  and  S u zu k i ,  by V e s t e r b e r g  ( 1960b ) .  The 

s u c c e s s e s  and f a i l u r e s  o f  t h e  t e c h n i q u e  up to  1946 hav e  b e e n  re v ie w e d  

by S vensson  ( 1948)*

1.  P r i n c i p l e  o f  E l e c t r e f ocu s i n g .

Amino a c i d s  a r e  ezaraples  o f  a m p h o ly te s ,  compounds which  behave  

as  a c i d s  and b a n e s ,  s i n c e  t h e y  ea,ch c o n t a i n  a t  l e a s t  one c a r b o x y l  g roup  

and one amino g r o u p .  These  become nega/b ive ly  and  p o s i t i v e l y  c h a r g e d  

r e s p e c t i v e l y  on d i s s o c i a t i o n .  P r o t e i n s  and p o l y p e p t i d e s  a r e  t.hn.s a l s o  

a m p h o ly t e s .  The n e t  c h a r g e  on an  amnpholyte i s  d e p e n d e n t  on t h e  number 

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

g r o u p i n g s  and t h e  pH o f  t h e  s u s p e n d in g  l i q u i d .  The pH a.t which  t h e  

number o f  p o s i t i v e  cha.rges i s  equ.a.l t o  t h e  number o f  n e g a t i v e  c h a r g e s  i s  

c a l l e d  t h e  i s o e l e c t r i c  p o i n t  ( p i )  i . e .  t h e  pH a t  w h ich  t h e  m o l e c u le  i s  

e l e c t r i c a l l y  n e u t r a l .
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LKB P r o d u k t e r ,  Bromma 1, Sweden have  s y n t h e s i s e d  a s p e c i a l  

c l a s s  o f  am p h o ly te s  h a v i n g  good c o n d u c ta n c e  a t  t h e  p i s .  These a r e  

c a l l e d  ’ c a r r i e r  a m p h o l y t e s ’ . These c a r r i e r  a m p h o ly te s  a r e  a. lso 

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

p o i n t s .  I f  t h e y  a r e  e l e c t r o l y s e d  b e tw ee n  an a c i d  anode  and a l k a l i n e  

c a t h o d e  t h e y  m i g r a t e  t o  t h e i r  r e s p e c t i v e  p i s ,  where  t h e y  d e t e r m in e  t h e  

pil by t h e i r  b u f f e r i n g  c a p a c i t y  and a pH g r a d i e n t  i s  t h e r e b y  s e t  up

e x t e n d i n g  from anode t o  c a t h o d e .  S e p a r a t i o n  o f  t h e s e  am pho ly tes  i s

m a i n t a i n e d  i f  m ix in g  i s  p r e v e n t e d  on t e r m i n a t i o n  o f  e l e c t r o l y s i s .

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

a  h i g h l y  w a t e r - s o l u b l e  n o n e l e c t r o l y t e  such  a s  s u c r o s e .  A pH g r a d i e n t  

s e t  up i n  such  a  c o n v e c t i o n  f r e e  e n v i ro n m en t  i s  t e rm e d  a ’ n a t u r a l  pH 

g r a d i e n t ’ . I f  p r o t e i n s  a r c  a l s o  p r e s e n t  i n  such  a  sys tem th e y  

c o n c e n t r a t e  o r  f o c u s  a t  t h e i r  r e s p e c t i v e  p i s  i n  t h e  pH g r a d i e n t  s e t  up 

by t h e  c a r r i e r  a m p h o ly t e s .  Hence t h e  name g i v e n  t o  t h i s  t e c h n i q u e  — 

i s o e l e c t r i c  f o c u s i n g .

The method  d i f f e r s  from c o n v e n t i o n a l  zone e l e c t r o p h o r e s i s  i n  

two r e s p e c t s  i n  t h a t  e l e c t r o p h o r e s i s  t a k e s  p l a c e  ( a )  i n  a, b u f f e r  w i t h  

v a r y i n g  pH, t h i s  i n c r e a . s i n g  from anode  t o  c a t h o d e ,  i n  c o n t r a s t  t o  

e l e c t r o p h o r e s i s  a t  c o n s t a n t  pH (b )  i n  t h e  a b s e n c e  o f  s a l t s  which 

c o u l d  o t h e r w i s e  a f f e c t  t h e  i o n i s a t i o n  o f  t h e  p r o t e i n  one w is h es  t o  

s e p a r a . t e .

2 .  C a r r i e r  A m pholy tes .

LÎCB c a r r i e r  a m p h o ly te s  a r e  m a rk e t e d  u n d e r  t h e  t r a d e  name o f  

’A m phol ine ’ . Ampholines  a r e  a .va . i lab le  f o r  t h e  f o r m a t i o n  o f  pH g r a d i e n t s
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be tw ee n  plï 3—10 and  f r a c t i o n s  t h e r e o f .  These c a r r i e r  am pho ly tes  a r e  

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

t h e i r  p i s ,  have  good c o n d u c t a n c e  a t  t h e i r  p i s  and form a smooth pH 

g r a d i e n t .  P u r t h e i n io r e ,  t h e y  have  a low e s s e n t i a l  when m o n i t o r i n g

p r o t e i n  e l u t i o n .

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

polyaminopolyca.rbo.-x;; ' ' lic a c i d s  o b t a i n e d  by c o u p l i n g  a c r y l i c  a c i d  t o  a  

m i x t u r e  o f  p o l y a l k a l e n e - p o l y a m i n e s  u n d e r  c o n d i t i o n s  i n  which  no amide 

bonds  ( i n c l u d i n g  p e p t i d e  bon d s )  a r e  fo rm ed .  The s y n t h e t i c  r e a c t i o n  

l e a d s  t o  t h e  f o r m a t i o n  o f  a  s e r i e s  o f  a t  l e a s t  300 homologues  and 

i s o m e r s  o f  am p h o ly te s  w i t h  d i f f e r i n g  p i s  i n  t h e  pH r a n g e  3—10. These 

a r e  s e p a r a t e d  i n t o  n a r row  pH r a n g e s  u s i n g  an e l e c t r o l y s i s  a p p a r a t u s .

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

a r g i n i n e  t o  e x t e n d  t h e  pH r a n g e s  c o v e r i n g  pH3 end  pH 10 r e s p e c t i v e l y  

h a s  now b e e n  d i s c o n t i n u e d »

The g e n e r a l i s e d  f o r m u l a  o f  c a r r i e r  a m p h o ly te s  i s  g i v e n  i n  

Figu.re 10 . The r e a d e r  i s  r e f e r r e d  t o  Da.vies ( 1970) f o r  d i s c u s s i o n  o f  

t h e  p h y s i c a l  and chemica.l  P r o p e r t i e s  o f  Ampholine c h e m i c a l s .

3.  A n o a r a tu s  Used .

The s p e c i a l l y  d e s i g n e d  columns s u p p l i e d  by LICB-Produkter AB 

were  u s e d  t h r o u g h o u t  t h e  e l e c t r o i o c u s i n g  s t u d i e s  i n  t h i s  t h e s i s .  Both  

t h e  110 ml (LÎC3 8 l 0 l )  a.nd 440 ml (LKB 8 l0 2 )  were u s e d .  F i g u r e  11 i s  

a  s c h e m a t i c  d iag ram  o f  t h e  a p p a r a t u s .  Compartment (17 )  which i s  

a n n u l a r  i s  c r o s s  s e c t i o n ,  i s  t h e  e l o c t r o f o c u s i n g  com par tm en t .  Shaded 

a r e a s  r e p r e s e n t  t h e  c o o l i n g  w a t e r  c o m n o r tm en t s . I t  s h o u ld  be  n o t e d
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Figure 10 : Generalised Formula for the Stru.oture o f

Carrier Ampholytes; Aliphatic Polyamino- 
■ic Acids

( D a v ie s ,  1970)



CHz-NHCHJ.-N-CCHP.-NRz
I I

(CH,). R

NR

X =  2 or 3

R =  H or -CH,-CH,-COOH
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F i g u r e  11 : A S k e t c h  o f  t h e  LKB H i e o t r o f o c u s i n g  Columns

Note  t h e  a n n u l a r  c r o s s - s e c t i o n  o f  t h e  

e l e c t r o f o c u s i n g  conipai’traent  th e rm o s  t a t t e d  

from b o t h  s i d e s  by  c o o l i n g  w a t e r  compar tments  

( s h a d e d  a r e a s ) *
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t l i31  t h e  s e p a r a t i o n  c o n p a r t n e n t  i s  t h u s  c o o l e d  on  h o t h  s i d e s .  Power 

was s u p n l i e d  hy  means o f  an  LIQ3 33710 pow er  p a c k  "which g i v e s  t h e  

v o l t a g e  r a n g e  0 -  1200V, v a r i a i l e  i n  two r a n g e s  0 -  600V a n d  0 -  1200V 

DO. A t h e r m o s t a t i c a l l y  c o n t r o l l e d  wa . t .e rha th ( G r a n t  I n s t r u m e n t s ,  

C a m b r id g e ,  E n g l a n d ,  o r  Teohne ,  D a n f o r d ,  E n g l a n d )  h a v i n g  a  c i r c u l a t i n g  

pump was c o o l e d  hy  means o f  a  c o o l i n g  c o i l  ( G r a n t  I n s t r u m e n t s  o r  

Townson a n d  M e r c e r ,  C ro y d o n ,  E n g l a n d ) ,  and  t h e  t h e r m o s t a t  o f  t h e  

w a- te rha t l i  a d j u s t e d  s u c h  t h a t  w a t e r  was m a i n t a i n e d  a t  4*^0 w i t h  m i n i m a l  

a c c u m u l a t i o n  o f  i c e  on t h e  ooo l i ipg  c o i l . W a te r  was pumped from t h i s  

r e s e r v o i r  a r o u n d  t h e  co lu m n hy  means o f  a. w a t e r  pump ( T e o h n e ) .  W a te r  

c i r c u l a t e d  t h r o u g h  t h e  co lu m n hy e n t e r i n g  t h e  c o lum n  a t  n i p p l e  ( 2 1 )  o f  

t h e  o u t e r  c o o l i n g  j a c k e t  l e a v i n g  vi,a n i p p l e  ( 23 ) a n d  e n t e r i n g  t h e  i n n e r  

c o o l i n g  j a c k e t  v i a  n i p p l e  ( 2 3 )  r e t u r n i n g  t o  t h e  r e s e r v o i r  v i a  n i p p l e  ( 2 4 ) 

-  s e e  P ign . re  1 1 .

A l l  pH m e a s u r e m e n t s  w e r e  made u s i n g  V i h r e t  Model  4 6 a  e^manded  

s c a l e  pH m e t e r  ( e . I . L . ,  R ichmond,  S u r r e y )  f i t t e d  w i t h  a  c om h ino , t ion  

g l a s s  m i c r o - e l e c t r o d e  ( A c t i v i o n  G l a s s  L i m i t e d ,  I C i n g l a s s i e ,  S c o t l a n d  -  

Typo Ho. M.27DP) a nd  a  pH t e m p e r a t u r e  c o m p e n s a t o r  im m erse d  i n  t h e  

w s t e r h a . t h  a t  4*^0.

A l t h o u g h  d e n s i t y  g r a d i e n t s  f o r  t h e  c o lum ns  w e r e  ma.de u p  ’ 

m a n u a l l y  d u r i n g  p r e l i m i n a r y  s t u d i e s  a s  d e s c r i b e d  i n  t h e  'LIG3 olOO 

Am pho l ine  E l e c t r o f o c u s i n g  E q u ip m e n t  I n s t r u c t i o n  M a n u a l * ,  t h e  r e s t  o f  

t h e  co lumn g r a d i e n t s  d e s c r i b e d  i n  t h i s  t h e s i s  w e r e  made u s i n g  t h e  LIQ3 

8121  ( 110 ml)  a.nd LKB 8122 (440  ml)  g r a d i e n t  m i r . e r s  w i t h  co lum ns  o f  

t h e  a p p r o p r i a . t e  c a p a c i t y .  The m i n e r s  w e re  d r i v e n  hy  a. s t i i ^ r e r  m o t o r  

(LKB 8121 ) .  T h o s e  m i x e r s  w ore  s p e c i a l l y  de s i .g n e d  t o  g i v e  r e p r o d u c i b l e  

c o n t i n u o u s l y  l i n e a r  g r a d i e n t s .
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The 110 ml column was l o a d e d  a.nd d r a i n e d  hy t h e  u s e  o f  an 

LK3 10200 p e r s p e x  pump f i t t e d  w i t h  a  9 :100  r a t i o  g e a r  hox  (LICB 10233) 

g i v i n g  a  f low  r a t e  o f  oO m l / h o u r .  With t h e  440 ml column an  LKB 

4912a  p e r i s t a l t i c  pump, a d j u s t e d  t o  g i v e  a f low  ra . t e  o f  180 m l / h o u r ,  

was u s e d  f o r  loading:  and d r a i n i n g .  A l l  f r a c t i o n s  were c o l l e c t e d  hy 

t h e  u s e  o f  an LKB:7000 U l t r o R a c  f r a c t i o n  c o l l e c t o r .

4 . P r e p a r a t i o n  o f  M a- te r ia l  f o r  E l e c t r o f o c u s i n g .

Only low c o n c e n t r a t i o n s  o f  s a l t  a r e  p e r m i s s i h l e  i n  t h e  p r o t e i n  

s o l u t i o n s  a p p l i e d  t o  e l e c t r o f o c u s i n g  co lumns.  I f  t h e  s a l t  i s  n o t  

removed t h e  pH g r a d i e n t '  i s  d i s t u r b e d .  I n  t h e  c a s e  o f  t h e  110 ml 

column t h e  maximum p e r m i s s i h l e  s a l t  c o n c e n t r a t i o n  i n  t h e  sample  l o a d e d

i s  O.^i^M, and  f o r  t h e  440 ml column, l«5mH. A l l  t o x i n  f r a c t i o n s  were

d i a l y s e d  a g a i n s t  a  l a r g e  e x c e s s  o f  d i s t i l l e d  w a t e r  o r  a  l y  (w /v)  

s o l u t i o n  o f  g l y c i n e  (BBH *Aiiala,r*) -  employing  s e v e r a l  changes  o f  

d i a l y s a . t e  which  was s t i r r e d .  T h i s  wa.s c a r r i e d  o u t  o v e r n i g h t  a t  4°0  ' 

p r i o r  t o  l o a d i n g  o f  t h e  m a t e r i a l  on to  t h e  column.

5« P r e p a r a t i o n  o f  D e n s i t y  G r a d i e n t s .

The d en se  and  l i g h t  s o l u t i o n s  u s e d  t o  make up t h e  s u c r o s e  

d e n s i t y  g r a d i e n t  were  p r e p a r e d  a f t e r  t h e  method  o f  Bern i ie im er  e t  a l . ,

( 1968a) a s  t h e  volumes u s e d  hy t h e s e  a u t h o r s  e n s u r e d  l o a d i n g  o f  t h e  t o t a l  

s am p le .  Some m a t e r i a l  wa.s a lw ays  l e f t  i n  t h e  m i x e r  u s i n g  t h e  volumes  

o u t l i n e d  hy LKB-Produkto r  AB i n  t h e i r  e l e c t r o f o c u s i n g  ma.nual. P r e p a r a t i o n  

o f  t h e  s u c r o s e  g r a d i e n t  s o l u t i o n s  i s  o u t l i n e d  i n  A ppend ix  IV. 

E l e c t r o f o c u s i n g  e x p e r i m e n t s  i n  u r e a  were  o n ly  c a r r i e d  o u t  i n  t h e  110 ml 

column.  Both  t h e  dense  and t h e  l i . g h t  s o l u t i o n s  if e r e  made 6li w i t h  r e s p e c t  

t o  u r e a .  P r e u a r a . t i o n  o f  t h e s e  s o l u t i o n s  i s  d e a l t  w i t h  i n  A enend ix  IV.
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S o l u t i o n s  o f  sample  were  added t o  t h e  l i g h t  a n d / o r  dense  

s o l u t i o n s .  I n i t i a l l y  t h e  t o x i n  p r e p a r a t i o n s  vrere a p p l i e d  i n  t h e  

l i g h t  s o l u t i o n s  a.s recommended i n  t h e  LICB e l e c t r o f o c u s i n g  m anua l .

However, a  l a r g e  amount o f  t h e  a p p l i e d  m a t e r i a l  i n  t h e  cru.de 

p r e p a r a t i o n s  f o c u s e d  a t  t h e  anode and p r e c i p i t a t e d  o u t  o f  s o l u t i o n .  

T h e r e f o r e  i n  a l l  suhsequ.ent  e x p e r i m e n t s  t o x i n  was a p p l i e d  i n  t h e  dense  

s o l u t i o n  w i t h  t h e  anode p l a c e d  a t  t h e  bo t tom  o f  t h e  c o l u n n .  These 

i n s o l u b l e  p r e c i p i t a t e s  d i d  n o t  ad l ie re  t o  t h e  g l a s s  o r  t r a i l  on 

d r a i n i n g  o f  t h e  co lumns .  I n  p r e p a r a t i v e  e l e c t r o f o c u s i n g  co lumns,  

u s e  was made o f  b o t h  t h e  dense  and t h e  l i g h t  s o l u t i o n s  t o  maximise 

a p p l i c a t i o n  o f  t o x i n  t o  any one column.

Ampholine c a r r i e r  am pho ly tes  ob ta . ined  as  4-Op (w/v) s o l u t i o n s  

were  u s e d  t o  p r e p a r e  pH g r a . d i e n t s  be tw ee n  pH 3 — 1 0 ( LICB 814-1 ) ,  pH 4 

6 (LKB 8152) and pH 5 -  0 (LÎC33 8143)* C o n c e n t r â t ed am phol ine  was 

d i l u t e d  1 : 4  w i t h  d i s t i l l e d  w a t e r  t o  g i v e  a l O /  (vf/v) am phol ine  s o l u t i o n  

f o r  a d d i t i o n  t o  t h e  dense  and  l i g h t  s o l u t i o n s  ( s e e  A ppendix  I V ) , The 

f i n a l  c o n c e n t r a t i o n  o f  t h e  am pho l ines  i n  t h e  d e n s e  s o l u t i o n  was 1 . 5 /  

and i n  t h e  l i g h t  s o l u t i o n  0 . 5 / *  T h i s  i n i t i a l  d i s t r i b u t i o n  o f  t h e  

c a r r i e r  am p h o ly te s  a i d s  c o n d u c ta n c e  i n  t h e  dense  s u c r o s e  and t h u s  r a p i d  

e s t a b l i s h m e n t  o f  t h e  pH g r a d i e n t .

6.  P r e o o r a t i o n  o f  E l e c t r o d e  S o l u t i o n s ,

E l e c t r o d e  s o l u t i o n s  f o r  t h e  110 ml and 440 ml columns were 

p r e p a r e d  a c c o r d i n g  t o  t h e  i n s t r u c t i o n s  i n  t h e  LKB e l e c t r o f o c u s i n g  manual ,  

when t h e  anode was p l a c e d  a t  t h e  b o t tom  o f  t h e  co lumn. The anode 

s o l u t i o n  c o n t a i n e d  s u l p h u r i c  a c i d  a t  a  f ina . I  c o n c e n t r a t i o n  o f  1 /  ( v / v )  ;
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t h e  c a t h o d e  s o l u t i o n  c o n t a i n e d  sodium h y d r o x i d e  a.t a  f i n a l  c o n c e n t r a t i o n  

o f  1 /  ( w / v ) .  F o r  d e t a . i l s  o f  t h e i r  c o m p o s i t i o n  s e e  Appendix  IV. F o r  

’U r e a '  columns  h o t h  t h e  anode  and t h e  c a t h o d e  s o l u t i o n s  were made 6M 

w i t h  r e s p e c t  t o  U re a  ( s e e  A ppendix  I V ) .  I n  t h e  110 ml columns 

a p o r o x i m a t e l y  l 6  ml o f  anode  s o l u t i o n  wa-c; p l a c e d  a t  t h e  b a s e  o f  t h e  

column and 65 ml,  i n  t h e  c a s e  o f  t h e  440 ml column.

7 .  Load ing  o f  Columns.

Columns were  s u p p o r t e d  v e r t i c a l l y  by means o f  t h r e e  o r  f o u r  

p i n c h  clamps t o  l a b - b l o c k  s c a f f o l d i n g  (Gallenlcamp L t d . ) .  The columns 

were  l o a d e d  a.s d e s c r i b e d  i n  t h e  LK3 e l e c t r o f o c u s i n g  manual  w i t h  v a l v e  

( 2 6 ) i n  t h e  open  p o s i t i o n  a.s i n  F i g u r e  11 . The anode  s o l u t i o n  was 

loa.ded th r o u g h  n i p p l e  ( l ) ,  t h e  g r a d i e n t  and  c a t h o d e  s o l u t i c n a ,  t h r o u g h  

n i p p l e  ( 2 ) .

8 .  P lac em en t  oi^ E l e c t r o d e s .

I n  a l l  e l e c t r o f o c u s i n g  e x p e r i m e n t s  t h e  anode  was p l a c e d  a t  

t h e  b o t tom  o f  t h e  column by a t t a c h m e n t  o f  t h e  a p p r o p r i a . t e  l e a d  t o  t h e  

p l u g  ( 2 9 ) g i v i n g  t h e  c e n t r a , 1 e l e c t r o d e  wound round  t h e  t e f l o n  r o d  ( 20) 

a  p o s i t i v e  c h a r g e .  The u p p e r  e l e c t r o d e  (32)  c o n s i s t s  o f  a  lo o p  o f  

pla . t inum w i r e  lo c a . t e d  a t  t h e  t o p  o f  t h e  e l e c t r o f o c u s i n g  com par tm ent ( l ? )  

The c a t h o d e  l e a d  was a t t a c h e d  t o  p l u g  ( 3 0 ) ,

9 . E l e c t r o f o c u s i n . g  Run C o n d i t i o n s .

S l e c t r o f o c u s i n g  wa.s ob toAned u s i n g  a, f in a . I  p o t e n t i a l  o f  SOOV 

i n  a l l  e x p e r i m e n t s .  I n  t h e  c a s e  o f * b r o a d  pH g r a d i e n t  r u n s  o n ly  I 50—200V 

c o u l d  be  a p p l i e d  i n i t i a l l y .  U i t h  nar row  pll g r a d i e n t s  i n  b o t h  t h e  110 ml
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G..ntl 440 rnl co lumns,  i n i t i a l  p o t e n t i a l s  o f  t h e  o r d e r  o f  300-400V 

c o u l d  he  a p p l i e d .  A maximum power o f  0 . 5  1*0W f o r  t h e  LIG3 8 IOI

column and 2 — 4W f o r  t h e  LKj3 3102 column was a p p l i e d  a t  t h e  s t a r t  o f  

any ru.n. As ha.s b e e n  s t a t e d  above,  f o c u s i n g  was c a r r i e d  ou t  a t  4°G.

Only s l i g h t ,  i f  any ,  t e m p e r a t u r e  f l u c t a t i o n s  w ere  n o t e d  d u r i n g  r u n s .

10 .  Dra i n i n g  o f  Columns.

I n i t i a l l y  columns were  d r a i n e d  by g r a v i t y  by open in g  clamp ( 9 ) 

a f t e r  s w i t c h i n g  o f f  t h e  power s u p p ly ,  d i s c o n n e c t i n g  e l e c t r o d e s  from t h e  

s u p p l y ,  c l o s i n g  v a l v e  (26)  and  d r a i n i n g  t h e  c e n t r a l  e l e c t r o d e  compartment  

t u b e  ( 19 ) by pumping o u t  t h r o u g h  n i p p l e  ( l ) .  However,  t h i s  r e s u l t e d  

i n  a  v a r i a b l e  f low  r a t e  d u r i n g  d r a i n i n g ,  t h e  r a . t e  i n c r e a s i i i g  w i t h  t h e  

d e c r e a s i n g  s u c r o s e  d e n s i t y .  A t t e m p t s  a t  d r a i n i n g  t h e  column by f o r c i n g  

o u t  t h e  c o n t e n t s  by pumping w a t e r  i n t o  t h e  t o p  o f  t h e  column th r o u g h  

n i p p l e  ( 2 ) ,  p r o v e d  i n c o n v e n i e n t  a.nd d i d  n o t  r e s u l t  i n  a.n even f lo w  ra . te  

( s e e  F i g u r e  1 1 ) .

I n  most  e x p e r i m e n t s ,  t h e r e f o r e ,  columns were d r a i n e d  by 

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

F r a c t i o n s  o f  2 ml from column o lO l  and o f  4 ml from column 8102 were 

c o l l e c t e d  i n  3" x p l a s t i c  t o s t  t u b e s  o r  2" x g l a s s  t e s t  t u b e s ,

F r a c t i o n s  o f  t h e s e  volumes gave  c o n v e n i e n t  volumes o f  .m a te r i a l  t o  work 

w i t h ,  w h i l s t  ma.in ta . in ing t h e  s o p a r a . t i o n .

11 .  C l e a n i n g o f  Co lu m n s .

The e l e c t r o f o c u s i n g  co lu m n s ,w ere  c l e a n e d  by s o a k in g  o v e r n i g h t  

i n  a, b a t h  o f  p y ro n c g  ( D i v e r s e y  L t d . ,  Ba. rne t ,  H e r t s , ) ,  o r  Decon 90 (Decon
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L a b o r a t o r i e s  L t d . ,  B r i g h t on) f o l l o w e d  by th o ro u g h  r i n s i n g  i n  t a p  

w a t e r  and d i s t i l l e d  w a t e r .  Columns were  n o t  s i l i c o n i s e d  as  h a s  b e e n  

recommended by some a u t h o r s  t o  p r e v e n t  d i s t o r t i o n  o f  b anded  p r o t e i n s  

( F I a t m a r k  and V e s t e r b e r g ,  I 9 6 6 ; U i ,  1 9 7 1 a ) .

12 ,  Measurement o f  pH.

Im m e d ia t e ly  a f t e r  d r a i n i n g  o f  columns f r a c t i o n s  were p l a c e d  

i n  t h e  w a t e r - b a t h  c o n t a i n i n g  t h e  column c o o l a n t  and a l l o w e d  t o  

e q u i l i b r a t e  f o r  10 min .  The pH m e t e r  was c a l i b r a t e d  a g a i n s t  2 ml 

volumes o f  pH 7*0 S t a n d a r d  B u f f e r  p r e p a r e d  from b u f f e r  s a c h e t s  

( E l e c t r o n i c  I n s t r u m e n t s  L t d . , )  on t h e  day o f  u s e  and  c o o l e d  t o  4°C 

w i t h  t h e  f r a c t i o n s  u n d e r  t e s t .  The c a l i b r a t i o n  o f  t h e  pH m e t e r  was 

ch e c k e d  a g a i n s t  t h e  s t a n d a r d  b u f f e r  a f t e r  eve ry  f o u r  pH d e t e r m i n a t i o n s .  

M easurements  o f  pH w ere  made by im m ers ion  o f  t h e  e l e c t r o d e  i n  t h e  

f r a c t i o n s .  A p p ro x im a t e ly  y  min was a l l o w e d  f o r  e q u i l i b r a t i o n  b e f o r e  

t h e  pH wa.s r e a d  o f f  on t h e  a p p r o n r i a t e  expanded r a n g e  s c a l e .  Between 

r e a d i n g s  t h e  e l e c t r o d e  was t h o r o u g h l y  r i n s e d  w i t h  d i s t i l l e d  w a t e r  and 

w iped  dry  w i t h  a b s o r b e n t  c o t t o n  wool o r  t i s s u e ,

a .  The E f f e c t  o f  U rea  on pH and t h e  dH o f  C a r r i e r  A m oholy tes ;

Urea, i s  known t o  r a i s e  t h e  pH o f  s o l u t i o n s  ( Burk and  G re e n b e rg ,  

19 30; Levy,  1958; B u l l  e t  a l . ,  I 9 6 4 ) ,  b u t  i t s  e f f e c t  on t h e  pH o f  

c a r r i e r  a m pho ly te s  u s e d  t o  form t h e  pH g r a d i e n t  f o r  i s o e l e c t r i c  

f o c u s i n g  h a s  o n ly  r e c e n t l y  b e e n  c o n s i d e r e d  i n  t h e  a u t h o r ' s  e x p e r i e n c e .  

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

s o l u t i o n  c o n t a i n i n g  t h e  c o m p le te  m i x t u r e  o f  c a r r i e r  a m p h o ly te s  g i v i n g  

t h e  pH r a n g e  5 "  3 was r a i s e d  by 0 . 3 4  o f  a  pH u n i t  by t h e  a d d i t i o n  o f  

6IÏ urea,  w h e t h e r  t h e  pH was d e t e r m i n e d  a t  4°0  o r  25°C ( s e e  T a b l e  2 5 ) .
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T a b l e  25 : E f f e c t  o f  6M U re a  on t h e  pH o f  C a r r i e r  Ampholytes

M ix t u r e

AS 00

AS + 6H U re a

pH-x-'X- m e a s u re d  a t

4- 4°0 4- 2 5 ° 0

6 .85

7 .1 9

6 .4 8

6 .82

pH m e t e r  c a l i b r a t e d  a g a i n s t  pH 7 .0  s t a n d a r d  B u f f e r  

p r e p a r e d  from E . I . L .  s a c h e t  u s i n g  t h e  m a n u f a c t u r e r ' s  

t e m p e r a t u r e  c o r r e c t i o n .

AS -  Ampholines  pH r a n g e  5 8 ( l}o w /v )  -f 5 0 /

(w/v )  S u c r o s e .



155

î lo re  r e c e n t l y  t h e  e f f e c t  o f  u r e a  on t h e  p i  o f  c a r r i e r  

an ipho ly tes  t h r o u g h o u t  t h e  e n t i r e  pll g r a d i e n t  has  b e e n  i n v e s t i g a t e d  by 

Ui ( l 9 ? l a . ,  1971b ) .  He o b s e r v e d  an i n c r e a s e  o f  0 . 4 2  pH u n i t s  i n  t h e  p l  

o f  c a r r i e r  a m p h o ly te s  i n d e p e n d e n t  o f  t h e  pH r a n g e  u s e d  i n  columns 

c o n t a i n i n g  6M u r e a .  J o s e p h s o n  e t  a l . ,  ( l 9 7 l )  have  r e p o r t e d  a l a r g e r  

i n c r e a s e  o f  0 . 9  pH u n i t s  i n  t h e  p i  o f  c a r r i e r  a m p h o ly te s  t h r o u g h o u t  t h e  

pH r a n g e  3 — 6 i n  7n u r e a .  Thus a l t h o u g h  d i f f e r i n g  by d e g r e e  b o t h  

g ro u p s  have co n f in r i e d  t h a t  u r e a  c a u s e s  an upward s h i f t  i n  t h e  pH o f  

t h e  am pho ly te  g r a d i e n t ,  and t h a t  c o r r e c t i o n  must  be  ma.de f o r  t h e

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

At p r e s e n t  t h e  a .b so lu te  v a l u e  o f  t h e  c o r r e c t i o n  f a c t o r  t o  be  

a p p l i e d  t o  t h e  o b s e r v e d  p i s  i s  f a r  from c l e a r  a.nd t h i s  s u b j e c t  o b v i o u s l y  

m e r i t s  more i n t e n s i v e  i n v e s t i g a . t i o n  i n  a number o f  l a b o r a . t o r i e s . I n  

l i g h t  o f  t h e  above  f i n d i n g s  I  f e e l  i t  i s  more a p p r o p r i a t e  a t  p r e s e n t  

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

b u f f e r  u s e d  t o  c a l i b r a t e  t h e  pH m e t e r .

F o r  t h i s  r e a s o n  t h e  s t a n d a r d  b u f f e r  was raa.de 6II w i t h  r e s p e c t  

t o  urea,  i n  t h e  c a s e  o f  columns c o n t a i n i n g  6H urea. ,  and  t h e  oil m e te r  . 

c a . l i b ra . t o d  a c c o r d i n g  t o  t h e  pH va.lue g i v e n  by t h e  m a n u f a c t u r e r  f o r  t h e  

b u f f e r  i n  t h e  a b s e n c e  o f  u r e a  a.t 4*^8.

13 .  M easurement  o f  UY Absor b a n c e  o f  F r a c t i o n s .

The E^oq o f  3,11 f r a c t i o n s  was m easu red  u s i n g  a.n SP $00 ÜV

s p e c t r o p h o t o m e t e r  (Pye Uni cam, Cambridge,  E i rg land) ,  u s i n g  qua . r ts  

m i c r o c e l l s  o f  1 . 0  cm l i g h t  p a t h .  The lemp h o u s i n g  was a lways  a .d ju s te d
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such  t h a t  t h e  l i g h t  p a s s e d  th r o u g h  t h e  12 x 12 mm s l i t  and t h e  l e n s  

b e f o r e  e n t e r i n g  t h e  c e l l .  I n  a l l  c a s e s  d i s t i l l e d  w a t e r  was u s e d  as  

t h e  b l a n k  s o l u t i o n .

B.  IMUKQLOGICAL METHODS

1.  Immun o e 1 e'o t r opho re  s i  s .

Im m u n o e l e c t r o p h o r e s i s  was c a r r i e d  ou t  by t h e  method  o f  

S t e w a r t - T u l l  ( p e r s o n a l  c o m m u n ic a t io n ) . I n t o  a r e c t a n g u l a r  t r a y  was 

p o u r e d  500 ml o f  5 /  i o n a g a r  Ho. 2 (Oxoid) c o n t a i n i n g  5 /  (w/v)  p h e n o l  

a s  a p r e s e r v a . t i v e  and t h i s  a l l o w e d  t o  s e t  on a Sliandon l e v e l l i n g  

p l a t f o r m  t o  form a  h o r i z o n t a l  t h i c k - b e d  s u r f a c e .  S i l i c o n i s e d  g l a s s  

s h e e t s  20 x 10 cm were  p l a c e d  on t h i s  s u r f a c e  and 1 /  e l e c t r o p h o r e s i s  

a g a r  ( s e e  A ppend ix  V) p o u r e d  o v e r  t h e  p l a t e  t o  form an a g a r  l a y e r  

1 . 0  -  1 .5  mm t h i c k .  T h i s  was a l l o w e d  t o  s e t  and t h e  p l a t e s  t h e n  

r e f r i g e r a t e d  o v e r n i g h t .  Troughs  and w e l l s  were  c u t  o u t  o f  t h e  a g a r  

u s i n g  a Ho. 1 c o r k  b o r e r ,  a  s c a l p e l  and  a r u l e r .  The w e l l s  were  0*4 cm 

i n  d i a m e t e r ,  t h e  t r o u g h s  O.4  cm wide by 7 cm lo n g  and. t h e  d i s t a n c e  ' 

b e tw e e n  t h e  w e l l s  and t h e  t r o u g h s  wa.s O.4  cm.

E l e c t r o p h o r e s i s  was c a r r i e d  o u t  i n  a- Shandon e l e c t r o p h o r e s i s  

t a n k .  L i n t  w icks  were  a p p l i e d  t o  t h e  edges o f  t h e  g e l  and immersed 

i n  0 .0 5  H b a r b i t o n e  b u f f e r  ( s e e  Appendix  7 ) .  A drop  o f  bromothymol 

b l u e  wa.s added  t o  one w e l l  t o  a c t  a s  an  e l e c t r o p h o r e t i c  m a rk e r .  A 

v o l t a g e  o f  IOO-I507 WU-Î.S a p p l i e d  t o  o b t a i n  e l e c t r o p h o r e t i c  s e p a r a t i o n .  

When t h e  dye m a rk e r  h a d  m i g r a t e d  t o  t h e  ends o f  t h e  t rou .ghs ,  e l e c t r o ­

p h o r e s i s  v/ss s t o p p e d ,  t h e  a g a r  removed from t h e  t r o u g h s  and  t h e  t r o u g h s  

f i l l e d  w i th  a n t i  se rum.  D i f f u s i o n  o f  a n t i  serum and a .n t ige ns  t o o k  p l a c e
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o v e r  t h e  c e n t r a l  compar tment o f  t h e  e l e c t r o p h o r e t i c  t a n k  o r  i n  a  

p l a s t i c  food  c o n t a i n e r  l i n e d  w i t h  wet b l o t t i n g  p a p e r  a t  room t e m p e r a t u r e .

2 ,  O u c h te r l o n v  Double  D i f f u s i o n  T e s t s ,

I m m u n o d i f fu s io n  t e s t s  were  c a r r i e d  o u t  on a g a r  p l a t e s  

c o n t a i n i n g  I p  l o n a g a r  (Oxoid  L t d . , )  i n  0.03Ii  b o r a t e / o .  14M sodium 

c h l o r i d e  b u f f e r  pH 8 .3*  The a g a r  l a y e r  was approxirna . to ly  3 -4  mm t h i c k .  

P o r c e l a i n  cups  o f  0 . 0 4  ml volume were  f i l l e d  w i t h  a n t i s e r u m  o r  t e s t  

f r a c t i o n s  and p l a c e d  7 mm a p a r t  on t h e  a g a r  s u r f a c e .  The p l a t e s  were  

i n c u b a t e d  o v e r n i g h t  a t  37^8 and t h e n  a t  room t e m p e r a t u r e  i n  a p l a s t i c  

fo o d  box  l i n e d  w i t h  wet b l o t t i n g  p a p e r .

3. StQ.ndard A n t i s e r u m .

C l o s t r i d i u m  p e r f r i n g e n s  Type A d i a g n o s t i c  sen;m was o b t a i n e d  

from Wellcome L a b o r a t o r i e s ,  Beckenham. The ba. tch n o , u s e d  t h r o u g h o u t  

t h i s  t h e s i s  was K7739» The serum c o n t a i n e d  0 . 3 5 /  c r e s o l  a s  a, 

p r e s e r v a t i v e .  I t  was s t o r e d  a.t 4 ° 0 .

C. DI80-GEL ELECTROPHORESIS

The p r o c e d u r e  u s e d  f o r  e l e c t r o p h o r e s i s  was a  m o d i f i c a t i o n  o f  

t h e  method o f  Davis  ( I 964 ) as  u s e d  by McITiven e t  a l . ,  ( 1972 }, D i s c - g o l

t u b e s  were s o a k e d  i n  p h o to f l o w  (Kodak L t d . ,  London) and  d r i e d .

S e p a r a t i n g  g e l s  c o n t a i n e d  1 1 .7 . '  (w/v )  a c r y l a m i d o  (B .D .H . ,  P o o le )  and

0 . 153/' ( w/v) ÎT lT ' -m e thy leneb i sa c ry la ra ide  (B .D . ï I . ,  P o o l e ) .  Stacking:  

g e l s  were p r e p a r e d  by a. m o d i f i c a t i o n  o f  t h e  method  o f  De V i to  and 

Santome ( I 9 6 5 ) o m i t t i n g  EDTA and c o n t a i n e d  4:-- a .c ry lam ide  and  l /  

rllT’- r a e t b y l e n e b i s a o r y l a m i d e .  Both  t h e  g e l s  and t h e  b u f f e r  were made
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0 .1 ; '  (w/v )  and t h e  t o x i n  samples  0 .2 )j  (w/v)  v.âth r e s p e c t  t o  sodium 

dodeoy l  s u l p h a t e  (SDS). D e t a i l s  o f  t a n k  b u f f e r ,  g e l  b u f f e r s  and 

c a t a l y s t s  a r e  g i v e n  i n  A ppendix  VI.  E l e c t r o p h o r e s i s  was p e r fo rm e d  

a t  1 mamp p e r  g e l  u n t i l  t h e  t r a c k i n g  dye added  t o  t h e  c a t h o d e  

compartment had  m i g r a t e d  t o  w i t h i n  1 cm o f  t h e  b o t tom  o f  t h e  g e l  a.t 

which  t im e  t h e  c u r r e n t  was b o o s t e d  t o  5 niamp p e r  g e l .  G e ls  were  

ext ru ,ded  u s i n g  a. s y r i n g e ,  and were f i x e d  and s t a i n e d  by im mers ion  

o v e r n i g h t  i n  a  s o l u t i o n  c o n t a i n i n g  ami do b l a c k  d i s s o l v e d  i n  a c e t i c  

a c i d / m e t h a n o l .  They were  r e h y d ra . t e d  i n  7 /  a c e t i c  a c i d  p r i o r  t o '

e l e c t r o p h o r e t i c  de s t a i n i n g  i n  7 /  a c e t i c  a c i d  rriTluj'i ,i "Iriiiii'J T'll TTTTiaafc.

'ïïTiinilliaaaaasaaW. a t  6 mamp p e r  column. v a l u e s  were•f

ob ta . ined  by c o m p ar i s o n  w i t h  t h e  t r a c k  dye f r o n t .

M o l e c u l a r  w e ig h t  de te r r a in a - t io n s  were c a r r i e d  by t h e  method o f  

S h a p i r o  e t  a l . ,  ( I 967) from a, s t a n d a r d  c u rv e  o f  t h e  l o g a r i t h m  o f  

m o l e c u l a r  w e i g h t s  o f  s tan d a rd ,  p r o t e i n s  a g a i n s t  v a l u e s  d .etermined  

u n d e r  i d e n t i o a . l  c o n d i t i o n s  ( s e e  Appendix  VI) . Shandon d i s c  

e l e c t r o p h o r e s i s  ta.nks were u s e d  t h r o u g h o u t .

D. THIN LAYER OHROIÎATOGRAPHY OF PHOSPHOLIPIDS'

T h in  l a y e r  chromatograpl iy  p l a t e s  were  p r e p a r e d  u s i n g  a  

Shandon sem i -au to m a . t ic  U noplan  L e v e l l e r .  G la s s  p l a t e s  20 x 20 cm 

were  c l e a n e d  by s o a k i n g  i n  Decon 90 f o l l o w e d  by r i n s i n g  i n  t a p  and 

d i s t i l l e d  w a t e r  a.nd d .r ied  i n  a h o t  a i r  oven .  The p l a t e s  were  a l i g n e d  

i n  t h e  l e v e l l e r  and  t h e  s p r e a d e r  b l a d e  a d j u s t e d  t o  g i v e  a l a y e r  

t h i c k n e s s  o f  0 . 2 5  mm. The s l u r r y  was e v e n ly  mixed by s h a k in g  36 g 

S i l i c a  Gel  G ( l l e r c k ) ,  48 i^l dûs t i l l e d  w a t e r  and  24 ml 'A n s . l a r '  m e th an o l
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i n  a  s t o p p e r e d  b o t t l e  f o r  1 rnin. The s l u r r y  was p o u re d  i n t o  t h e  

s p r e a d e r  and t h e  l a y e r s  s p r e a d  i n  a. smooth sweep o f  t h e  s p r e a d e r#  

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

d e s i c c a t o r  c a b i n e t  u n t i l  r e q u i r e d .  S i l i c a  g e l  G p l a . t e s  were  

a c t i v a t e d  by h e a t i n g  i n  a d tyûng  oven a t  llO^G f o r  20-30 rnin.

Samples were  a p p l i e d  2 cm from t h e  b o t tom  edige o f  t h e  p l a t e .  

P l a t e s  wore d e v e l o p e d  i n  ch romât o g r  apliy ta.nlcs ( Shandon,  London) w i t h  

c h l o r o f o r m : m e t h o n o l ; w a t e r  i n  t h e  r a t i o  1 3 0 : 7 0 : 1 0 .  Development was 

t e r m i n a t e d  I 4 cm from t h e  o r i g i n  a t  a ru d e  a c r o s s  t h e  p l a t e .  A f t e r  

d r y i n g ,  p l a t e s  were  s p r a y e d  w i t h  50V: ( v / v )  s u l p h u r i c  a c i d  and h e a t e d  

a t  llO^G f o r  10 min .  P h o s p h o l i p i d s  were d e t e c t e d  as  c h a r r e d  s p o t s .

E.  PROTEIiT ESTIMATIONS

P r o t e i n  e s t i m a t i o n s  were  c a r r i e d  ou t  by  t h e  method  o f  Lowry 

e t  a l  a, ( 1951) u s i n g  lysozyme o r  b o v i n e  serum a lb u m in  a s  a  s t a n d a r d  

( s e e  page  8A ) .  The p r o t e i n  c o n t e n t  o f  f r a c t i o n s  was m o n i t o r e d  by 

u l t r a v i o l e t  e x t i n c t i o n  m easurem en ts  a t  280 nm u s i n g  an  SP 5OO 

s p e c t r o p h o t o m e t e r  w i t h  q u a r t z  c e l l s  o f  10 mm l i g h t  pa. th.
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A. PHOPAaATIOir A'H TR~lATI.ni;'TT 0^ KREBS 2 ASCI?ES TU::OUR G'SLLS

1.  S ou rce  o f  C e l l s .

Mice c o n t a i n i n g  Krebs  2 a s c i t e s  tumour  c e l l s  were t h e  g i f t  

o f  D rs .  J a n e t  S m i l l i e  and R»H. Surdon  o f  t h e  B i o c h e m i s t r y  D epar tm en t ,  

U n i v e r s i t y  o f  Glasgow, t o  D rs .  Doro thy  A. Symington  and J . P ,  A r h u t h n o t t  

o f  t h i s  Depar tm ent  (Symington ,  1969) .  Th i s  c e l l  l i n e  a r o s e  s p o n t a n e o u s l y  

i n  t h e  i n g u i n a l  r e g i o n  o f  a. l i y b r id  male  mouse from a s o l i d  ca r c in o m a  and 

t h e  c o l l s  were  c o n v e r t e d  t o  t h e  a s c i t i c  form by K l e i n  and K l e i n  (1951)*

As a  c e l l  model  sy s tem  t h e y  have  t h e  d i s t i n c t  advanta^ge o v e r  

normal  t i s s u e  c u l t u r e  t e c h n i q u e s  t h a t  t h e y  can  be  e a s i l y  p r o p a g a t e d  by 

i n t r a p e r i t o n e a . l  i n j e c t i o n  i n  m ic e .  They grow i n  t h e  p e r i t o n e a l  f l u i d  

i n  t h e  form o f  a  homogeneous! s u s p e n s i o n  o f  c e l l s .  A l th o u g h  n e o p l a s t i c ,  

t h e s e  c e l l s  p o s s e s s  t h e  e l e c t r o n  t r a n s p o r t  sys tem o f  normal  mammalian 

c e l l s  (Sym ington ,  I 96 9 ) .

2 .  P r o p a g a t i o n .

P o r t o n  w h i t e  mice w e ig h in g  25- 4O g were i n j e c t e d  i n t r a n e r i t o n e a l l y  

w i t h  0 .3  ml o f  a s c i t e s  f l u i d .  C e l l s  were h a r v e s t e d  from t h e  mice  7 t o  

10 days  l a t e r  by o p e n in g  up t h e  p e r i t o n e a l  ca ,v i ty  and  w i th d ra w in g  t h e  

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

t h a n  n e e d l e  a s p i r a t i o n  o f  t h e  p e r i t o n e u m .  C e l l s  which  were c o n t a m in a te d  

w i t h  e r y t h r o c y t e s  t h r o u g h  h a e m o r rh a g in g  were d i s c a r d e d .

3 . h a s h i n g o f  C e l l s .

C e l l s  were washed by a, m o d i f i c a t i o n  o f  t h e  method o f
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Symington  ( 1969) .  To f r e s h l y  h a r v e s t e d  c e l l s  on eo:ua.l volume o f

7/3 (vr/v) p o l y v i n y l  p y r r o l i d o n e  (PVP) b u f f e r e d  w i t h  0.02LI T r i s / n O l

pE 7 -3  was added ,  and t h e  c e l l s  s e d im e n te d  by c e n t r i f u g a t i o n  i n

a.n HSE " S u p e r  Minor"  c e n t r i f u g e  w i t h  a  swing ou t  h e a d  a t  2100 g f o r

5 min .  The c e l l s  were t h e n  r e s u s p e n d e d  i n  PVP-Tr i s  b u f f e r  and

s e d im e n te d .  On t h e  s eco n d  wash t h e  c e l l s  r e q u i r e d  t o  be  c e n t r i f u g e d

f o r  10 min.  The wash i n  R i n g e r ' s  s o l u t i o n  u s e d  by Symington  ( 1969)

2 +was o m i t t e d  b e c a u s e  o f  t h e  p r e s e n c e  o f  Ca i n  t h i s  s o l u t i o n .  C e l l s  

were  r e s u s p e n d e d  t o  t h e i r  o r i g i n a l  volume i n  b u f f e r e d  PVP. PVP had  

s e v e r a l  a d v a n t a g e s  a s  a  s u s p e n d i n g  f l u i d

( a )  b e c a u s e  o f  i t s  h i g h  m o l e c u l a r  w e ig h t  t h e  s u s p e n d i n g  b u f f e r  had  

a  h i g h  v i s c o s i t y  which  p r e v e n t e d  t h e  c e l l s  from c lu m p in g .

(b )  c e l l s  d i d  n o t  r e a d i l y  s e t t l e  ou t  i n  t h i s  s u s p e n d i n g  medium.

( c )  t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  c e l l s  was m a i n t a i n e d .

(d )  i t  was a l s o  fo u n d  t h a t  c e l l s  were m a i n t a i n e d  i n  a m e t a b o l i c a l l y  

a c t i v e  s t a t e  a t  4°0 f o r  up t o  48 h o u r s  i n  t h i s  s u s p e n d in g  f l u i d ,  

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

s u c c i n a t e  a s  s u b s t r a t e .

E o rm a l ly ,  c e l l s  f o r  manornetr ic  s t u d i e s  and r e s p i r a t i o n  s t u d i e s  w i t h  

t h e  o z : j n o n  e l e c t r o d e  were  u s e d  w i t h i n  2 h o u r s  o f  h a . r v e s t i n g .

4 .  LIec s u r emen t  ,p^f .

R e s p i r a t i o n  o f  Kirebs a s c i t e s  c e l l s  was f o l l o w e d  by two methods ,  

a .  The b a r b u r g  Manornetr ic  T e c h n ie u e :

i .  P r i n c i p l e :  The Warburg a p p a r a t u s  u s e d  was m a n u f a c t u r e d  by Townson

and H e r c e r ,  Croydon ,  bn p i  and .  I t  c o n s i s t s  o f  two p a . r t s ,  a. f l a s k  and  a 

manometer .  The f o r m e r  i s  immersed  i n  a, w a t e r  b o t h  a t  c o n s t a n t
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t e m o e r a t u r o  and  t h e  l a t t e r  c o n t a i n s  Krebs  rno nomet o r  f l u i d  (Urabre i t  

et  a l . ,  1964)* The f l a s k s  were  c a . l i b r a t e d  v.ûth m ercu ry ,  f l a s k  

c o n s t a n t s  b e i n g  c a l c u l a t e d  by t h e  method o f  Umbre i t  o t  a l . , ( 19649 , 

0 : y g e n  u p t a k e  was m o n i t o r e d  by o b s e r v i n g  clia.nges i n  t h e  l e v e l  o f  t h e  

manometer  f l u i d  i n  t h e  c l o s e d  m a n o m e te r - f l o s k  sys tem  and was r e c o r d e d  

as  a  p r e s s u r e  change  w i t h  r e f e r e n c e  t o  a  s e t  p o i n t  on t h e  manometer  

s c a l e  t o  which t h e  l e v e l  o f  t h e  manometer  f l u i d  was a d j u s t e d  b e f o r e  

r e a d i n g s .  As p r e s s u r e  v a r i e s  w i t h  t e m p e r a t u r e  a l l  r e a d i n g s  i n  mm 

were c o r r e c t e d  w i t h  r e f e r e n c e  t o  a th o rm o b a ro m e te r  c o n t r o l .  The 

amount o f  o s ygen  consumed p e r  t i m e  i n t e r v a l  was t h e n  c a l c u l a t e d  by 

m u l t i p l i c a t i o n  o f  t h i s  v a l u e  by  t h e  a p p r o p r i a t e  f l a s k  c o n s t a n t .

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

s t u d i e s  u n d e r t a k e n  i n  t h i s  t h e s i s .  I t s  main d i s a d v a n t a g e s  were  t h e  

t im e  t a k e n  t o  s e t  up t h e  e x p e r i m e n t ,  t h e  l i m i t e d  number o f  e x p e r i m e n t s  

tha . t  c o u l d  be  p e r f o r m e d  on any one b a t c h  o f  a s c i t e s  c e l l s  and  t h a t  one 

was u n a b l e  t o  p e r fo rm  a r e p e a t  c o n f i r m a t o r y  e x p e r i m e n t  i m m e d i a t e l y ,  on 

t h e  same b a t c h  o f  a s c i t e s  c e l l s .

i i .  S t a n d a r d  h a r b u r g  a s s a y ;  Each a s s a y  c o n s i s t e d  o f  s even  f l a s k s  —

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

r e s p i r a t i o n  and  endogenous  r e s p i r a t i o n .  The s e v e n t h  f la . sk  was a

th e rm o b a r o m e te r  c o n t r o l  f o r  changes  i n  a t m o s p h e r i c  p r e s s u r e .  T a b l e  26

g i v e s  t h e  s e t  up o f  e x p e r i m e n t s  i n  which  Krebs  2 a s c i t e s  c e l l s  were

p r e t r e a t e d  w i t h  AS/g100 u - t o x i n  i n  t h e  p r e s e n c e  o f  Ga^^ ( s e e  page  228 )

A f t e r  p r e t r e a t m e n t  t h e  s u b s t r a t e  was t i p p e d  from t h e  s i d e  arm i n t o  t h e

m ain  v e s s e l .  T a b l e  27 g i v e s  t h e  s e t  up o f  e x p e r i m e n t s  i n  which

Krebs  2 a s c i t e s  c e l l s  were p r o t r e a t e d  w i t h  AS/g IOO n - t o x i n  i n  t h e  
24 -

a b s e n c e  o f  Ca . S u b s t r a t e  was t i p p e d  i n t o  t h e  m a in  v e s s e l  a f t e r
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p r e t r e a t m o n t  o f  t h e  c e l l s  f o r  30 n i n *  

h . Po 10 rogra.pl iy  :

T h i s  t e c h n i q u e  h a s  t h e  d e c i d e d  a d v a n t a g e  o v e r  Warburg  

m an o m e t ry  t h a t  i t  a l l o w s  t h e  m e a s u r e m e n t  o f  r e a c t i o n s  o c c u r r i n g  

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

a r e  i m p o s s i b l e  w i t h  t h e  W arbu rg  t e c h n i q u e  b e c a u s e  o f  t h e  l a c k  o f  

s e n s i t i v i t y  o f  t h e  s y s t e m .

The s e n s o r ,  t h e  p o l a r o g r a p h i c  o:cygen e l e c t r o d e ,  i s  a. membrane 

e l e c t r o d e  c o m p r i s i n g  a  0 . 025" d i a m e t e r  p l a t i n u m  c a t h o d e  a n d  a. U—s h a p e d  

s i l v e r  a n o d e  e n c a s e d  i n  a n  epox^'' b l o c k  e x c e p t  a f  t h e  end  o f  t h e  p r o b e ,  

o v e r  w h ic h  a  t h i n  t e f l o n  membrane i s  s t r e t c h e d .  The e l e c t r o d e  i s  

f i l l e d  w i t h  ICGl a n d  t h e  membrane i s  ozqfgen p e r m e a b l e .

When two d i s t i n c t  l i q u i d  s y s t e m s  a r e  s e p a r a t e d  by  a  membrane 

t h a t  i s  p e r m e a b l e  t o  oz^ygen, i n  t h i s  c a s e  t h e  KOI o f  t h e  e l e c t r o d e  a nd  

t h e  t e s t  b u f f e r  s o l u t i o n  i n  whicli. t h e  s e n s o r  i s  im m e r s e d ,  and  o n l y  one 

o f  t h e s e  i s  e x p o s e d  t o  ODcygen -  t h e  t e s t  s o l u t i o n  « t h i s  g a s  w i l l  

d i f f u s e  a c r o s s  t h e  membrane u n t i l  t h e  oxy g e n  c o n t e n t  o f  e a c h  o f  t h e  

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

o x y g e n  a c r o s s  t h e  membrane i s  t h e  d i f f e r e n c e  b e t w e e n  t h e  p a r t i a l  

p r e s s u r e s  o f  o x y g e n  i n  t h e  g a s  p h a s e  w h ic h  w o u ld  b e  i n  e q u . i l i b r i u m  w i t h  

t h e  oxygen  c o n c e n t r a t i o n s  i n  e a c h  o f  t h e  l i q u i d  p h a s e s .  T h i s  , 

d i f f e r e n c e  i s  t e r m e d  o:yg:en t e n s i o n .

The o : y g e n  e l e c t r o d e  i s  a  d e v i c e  w h ic h  m e a s u r e s  t h e  r a t e  o f  

o x y g e n  t r a n s f e r  a c r o s s  t h e  mem brane .  A p p l i c a t i o n  o f  a. p o t e n t i a l  

b e t w e e n  tv/o e l e c t r o d e s  s u b m e r g e d  i n  a  l i q u i d  r e s u l t s  i n  a  f l o w  o f  c u r r e n t
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At c h a r a c t e r i s t i c  p o t e n t i a . l s  t h i s  c u r r e n t  i n c r e a s e s  m a rk e d ly  due to  

r e d u c t i o n  r e a c t i o n s  a.t t h e  c a t h o d e .  At a c o n s t a n t  p o t e n t i a l  o f  0 .8V  

i n  t h e  c o se  o f  t h e  oxygen e l e c t r o d e  th e  c u r r e n t  i s  a  m easure  o f  t h e  

number o f  m o le c u le s  o f  o ;y g e n  b e in g  r e d u c e d  a t  t h e  c a th o d e  p e r  u n i t  

t im e  i . e .  o f  t h e  r a t e  o f  oxygen t r a n s f e r  t o  t h e  c a th o d e ,  r e s u l t i n g  

from t h e  d i f f u s i o n  o f  o iy g o n  a c r o s s  t h e  membrane. S in c e  t h e  r a t e  o f  

d i f f u s i o n  i s  d e p e n d e n t  on t h e  o iy g e n  t e n s i o n  a c r o s s  t h e  membrane, t h e  

m ethod  a c t s  a s  a  m easu re  o f  o ;y g e n  u p ta k e  by c e l l s  b e c a u s e  t h e  oxygen 

t e n s i o n  f a l l s  w i th  i t s  u t i l i s a t i o n  i n  r e s p i r a t i o n .  B ecause  t h e  oxygen 

e l e c t r o d e  i s  consum ing oxygen i n  s o l u t i o n  i t  m ust be  c o n t i n u a l l y  

ex p o sed  to  new s o l u t i o n .  T h is  i s  a c h i e v e d  by s t i r r i n g  o f  t h e  sam ple  

w i th  a  m a g n e t ic  s t i r r i n g  b a r .

The oxygen e l e c t r o d e  r e q u i r e s  to  be  c a l i b r a t e d  w i th  a  

s o l u t i o n  o f  known oxygen c o n t e n t  a t  a  known b a r o m e t r i c  p r e s s u r e .  I t  

was shown by c a l i b r a t i o n  o f  t h e  ap p a .ra lu s  t h a t  t h e  b u f f e fç lsu sp en d in g  

s o l u t i o n  u s e d ,  P V P -T ris /E G l,  h a d  th e  same oxygen c o n t e n t  when s a t u r a t e d  

a.s R i n g e r ' s  s o l u t i o n  a t  3 7 °0 .  R i n g e r ’ s s o l u t i o n  a t  37°G c o n t a i n s  

5 p i  o f  oxygen/m l a t  lOOy s a t u r a t i o n  a/b am b ien t b a r o m e t r i c  p r e s s u r e .

A oha,nge o f  i n  s a t u r a t i o n  i n  a, 3 ml sam ple  t h e r e f o r e  means t h a t

3 X -X 30 - 7 * 5  h i  o f  o :y g e n  was consumed i n  t h e  t im e  i n t e r v a l  s t u d i e d .
100

The b i o l o g i c a l  oxygen m o n i to r  u s e d  was m a n u fa c tu re d  by Y ellow  

S p r in g s  I n s t r u m e n t  Go. I n c . ,  and  c o m n rise d  an oxygen e l e c t r o d e  and  an 

e l e c t r o n i c  s i g n a l  a m p l i f i e r .  The c o n s t a n t  t e m p e r a t u r e  w a te r  b a t h /  

c i r c u l a t i n g  pump a ssem b ly  was m a n u fa c tu re d  by LIG;J LAUDA, West Germany. 

The r a t e  o f  change  o f  oxygen s a t u r a t i o n  was r e c o r d e d  by moans o f  a  

c o n s t a n t  sp e e d  c h a r t  r e c o r d e r  (llo trohm , S w i t z e r l a n d ) ,
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B. PREPARATION OF ERYTHROCYTE GHOSTS

The e r y t h r o c y t e s  w ere s e d im e n te d  hy c e n t r i f u g a t i o n  a t  

3000 g f o r  10 min i n  an I-ISS " S u p e r  M inor" bench c e n t r i f u g e  i n  sw ing  o u t  

b u c k e t s .  The serum was removed w i th  a  P a s t e u r  p i p e t t e  and  th e  b u f f y  

c o a t  removed g e n t l y  w i th  a s p a t u l a .  The e r y t h r o c y t e s  w ere t h e n  

washed t h r e e  t im e s  w i th  0 . 8 3 /  NaCl.

P acked  e r y t h r o c y t e s  w ere l y s e d  i n  200 volum es o f  O.OIH 

S o r e n s e n 's  p h o s p h a te  b u f f e r  pH 7»4 (Documenta G e ig y ,  1 9 6 2 ) .  The 

c e l l s  w ere l y s e d  by  d ro p w ise  a d d i t i o n  t o  s t i r r e d  b u f f e r  a t  room 

t e m p e r a t u r e .  The g h o s t s  w ere  h a r v e s t e d  by c e n t r i f u g a t i o n  a t  4 8 ,0 0 0  g  

f o r  15 m in i n  an  MSS 25 r e f r i g e r a t e d  c e n t r i f u g e .  The p ack e d  g h o s t s  

w ere w ashed tw ic e  w i th  O.OIM Tris-H G 'l b u f f e r  pH 7»4 (Documenta G eigy , 

1962) and h a r v e s t e d  by c e n t r i f u g a t i o n  a t  48 ,0 0 0  g f o r  I 3 m in . T h is  

p ro c e d u re  y i e l d e d  g h o s t s  t h a t  w ere f r e e  o f  h a e m o g lo b in .  The f i n a l  

g h o s t  p e l l e t  was m a in ta in e d  f o r  up t o  2 h r  a t  4*^1 u n t i l  r e q u i r e d .
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SECTION I  : TOXIN PRODUCTION

A. TOXINOGENESIS DURING THE DROUTH CYCLE

E x p e r im e n ts  w ere c a r r i e d  o u t  t o  s tu d y  t h e  r e l a t i o n s h i p  

b e tw e e n  a - t o x i n ,  0 - t o x i n ,  c o l l a g e n a s e  and h y a l u r o n i d a s e  p r o d u c t i o n  and 

t h e  g ro w th  p h a s e  o f  t h e  c u l t u r e .  A t y p i c a l  e x p e r im e n t  i s  sum m arised 

i n  F ig u r e  12. Growth, t o x i n  p r o d u c t i o n  and enzyme p r o d u c t i o n  

w ere m o n i to re d  by m ethods d e s c r i b e d  e a r l i e r  ( s e e  p a g e s  113 and l l 6 ) . 

Sam ples o f  t h e  c u l t u r e  medium (M -I l )  w ere  t a k e n  a t  i n t e r v a l s  o v e r  a  

p e r i o d  o f  5 h o u r s .

I t  can  be  s e e n  from F ig u r e  12 t h a t

i )  e x p o n e n t i a l  g row th  o f  t h e  c u l t u r e  commenced im m e d ia te ly  upon 

i n o c u l a t i o n

i i )  0 - t o x i n  and  h y a l u r o n i d a s e  p r o d u c t i o n  commenced s h o r t l y  a f t e r  

i n i t i a t i o n  o f  l o g a r i t h m i c  g row th

i i i )  t h e r e  was a. s i g n i f i c a n t  l a g  b e f o r e  « - t o x i n  and  c o l l a g e n a s e  w ere 

d e t e c t e d  i n  t h e  c u l t u r e  medium s u p e r n a t a n t  f l u i d s

iv )  p r o d u c t i o n  o f  a l l  f o u r  e x t r a c e l l u l a r  p r o d u c t s  c e a s e d  o r  t a i l e d  

o f f  a s  t h e  c u l t u r e  e n t e r e d  t h e  s t a t i o n a r y  p h a s e  o f  g ro w th .  T h is  

sequ.ence o f  to x in -e n z y m e  p r o d u c t i o n  was o b s e rv e d  i n  t h e  c a s e  o f  

b o th  t h e  S107 and BP61C s t r a i n s .

C o n t in u e d  i n c u b a t i o n  f o r  up to  t e n  h o u rs  r e s u l t e d  i n  l i t t l e  

f u r t h e r  g ro w th .  The t i t r e  o f  « - t o x i n  d e c l in e d ,  b u t  n o t  t h a t  o f  0 - t o x i n ,  

The e f f e c t  o f  p ro lo n g e d  i n c u b a t i o n  on h y a l u r o n i d a s e  and  c o l l a g e n a s e  was



F ig u r e  12 ; T o x in o g e n e s is  o f  C l ,  p e r f r i n g e n s  S t r a i n  BP6K
:.a= B î3 tsS i3 ]:iL

( »  ) Growth a s

( O )  e - T o x in  (îlü)

( □ ) ot-Toxin (ETU)

( @ ) H y a lu ro n id a s e  A c t i v i t y  ( lU )

( A ) C o l l a g e n a s e  A c t i v i t y  (ATj)
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n o t  d e te rm in e d .  A ssay s  f o r  t h e  d e t e r m i n a t i o n  o f  d eo rx y r ib o n u c lea se  

o r  n e u ra m in id a s e  w ere n o t  a v a i l a b l e  a t  t h e  t im e  t h e s e  e x p e r im e n ts  

w ere c a r r i e d  o u t  and  th u s  t h e i r  d i s t r i b u t i o n  w i th  t im e  was n o t  

d e te rm in e d .

I n  c u l t u r e  medium M-»II t h e  was found  t o  i n c r e a s e  t o

1 4 .0  — 15*0 i n  4 — 5 h o u r s  i n  a number o f  e x p e r i m e n t s . T h is  i n c r e a s e d  

g ro w th  d id  n o t  a lw ays  r e s u l t  i n  a  s i m i l a r  i n c r e a s e  i n  t o x i n  p r o d u c t i o n .  

G e n e r a l ly  cc-toxin  y i e l d s  i n  c u l t u r e  medium H - I I  w ere  h i g h e r  by  a  

f a c t o r  o f  2 o r  3 t h a n  th o s e  o b s e rv e d  i n  M—I .

B. COFGSI'TTRATIOIl OF oc-TOXIB

M ethods u s e d  by p r e v io u s  a u t h o r s  f o r  c o n c e n t r a t i n g  a - t o x i n  

from c u l t u r e  s u p e r n a t a n t  f l u i d s  o r  f i l t r a t e s  w ere  com pared t o  d e te rm in e  

w hich w ould  p ro v e  t h e  m ost c o n v e n ie n t  f o r  p r e p a r i n g  t o x i n  f o r  t h e  

i n i t i a l  e l e c t r o f o c u s i n g  e x p e r im e n t s .  A summary o f  one such  s tu d y  on 

c u l t u r e  s u p e r n a t a n t  f l u i d  from s t r a i n  BP6K i s  shown i n  T ab le  28 .

From t h e s e  r e s u l t s  i t  i s  c l e a r  t h a t  m ethods c and d gave  p o o r  

y i e l d s ,  w hereas  m ethods a  and b p r o v id e d  y i e l d s  o f  a p p ro x im a te ly  ^ 0 ^ ,

I n  h a n d l in g  sm a l l  volumes o f  c u l t u r e  s u p e r n a t a n t  up t o  1 l i t r e ,  m ethod a  

had  s e v e r a l  a d v a n ta g e s  o v e r  m ethod b

( a )  f o r  a  m a r g i n a l l y  s m a l l e r  y i e l d  i n  a c t i v i t y ,  an  6  f o l d  i n c r e a s e  

i n  p u r i t y  was o b t a in e d

(b )  t h e  ammonium s u l p h a t e  p r e c i p i t a t e  from m ethod b was d i f f i c u l t  

t o  d i s s o l v e  i n  a. m in im al volume o f  d i s t i l l e d  w a te r ;  m o reove r ,  

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

and tu b e s  making i t  d i f f i c u l t  t o  h a r v e s t
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(o )  t o x i n  was e a s i l y  e l u t e d  from th e  c a lc iu m  p h o s p h a te  p r e c i p i t a t e  

w hich h ad  b e e n  u s e d  t o  ad so rb  t o x i n  i n  t h e  p r e s e n c e  o f  a c e to n e .

B oth  m ethods a  and b w ere ,  how ever, u s e d  t o  h a r v e s t  t o x i n  

f o r  e l e c t r o f o c u s i n g  a s  a  means o f  c h e c k in g  f o r  a l t e r a t i o n s  t h a t  m igh t 

have  o c c u r r e d  i n  t h e  p r o t e i n s  h a r v e s t e d  by one o r  o t h e r  o f  t h e s e  

te c h n iq u .e s .  I n  h a n d l in g  l a r g e  volum es o f  c u l t u r e  s u p e r n a t a n t ,  b o th  

o f  t h e s e  m ethods h ad  d raw b ack s .  On th e  one hand ,  m ethod a  in v o lv e d  

t h e  u s e  o f  l a r g e  volumes o f  a c e to n e  and i n c u r r e d  c o n s i d e r a b l e  c o o l in g  

p ro b lem s  when h a n d l in g  l a r g e  volumes o f  c u l t u r e  s u p e r n a t a n t .  On t h e  

o t h e r  hand ,  m ethod b g ave  m a t e r i a l  o f  low s p e c i f i c  a c t i v i t y .  I d e a l l y  

f o r  e l e c t r o f o c u s i n g  o f  c ru d e  t o x i n ,  t h e  amount o f  c o n ta m in a t in g  

m a t e r i a l  s h o u ld  b e  m in im a l i n  o r d e r  t o  m axim ise  t h e  amount o f  t o x i c  

p r o t e i n  p r o c e s s e d  a t  any one t i m e .

C u l t u r e  s u p e r n a t a n t  f l u i d s  were p r e c i p i t a t e d  by m ethod e ( s e e  

p age  115 ) •  Each o f  t h e  f r a c t i o n a l  p r e c i p i t a t e s  was a s s a y e d  f o r  

oc-tox in , 0 - t o x i n ,  c o l l a g e n a s e  and  h y a l u r o n i d a s e .  The t o t a l  a c t i v i t y  

d e t e c t e d  i n  each  f r a c t i o n  and th e  c o r r e s p o n d in g  ^  r e c o v e r i e s  a r e  g iv e n  

i n  T a b le  29 . W hereas most o f  t h e  a - t o x i n  and c o l l a g e n a s e  w ere 

p r e c i p i t a t e d  b e tw ee n  40" 50,’ s a t u r a t i o n ,  t h e  m a jo r  p o r t i o i i s o f  0—t o x i n  

a c t i v i t y  and  h y a l u r o n i d a s e  were n o t  p r e c i p i t a t e d  u n t i l  a  s a t u r a t i o n  

v a lu e  above $0^,.

F u r t h e r  i n v e s t i g a t i o n s  w ere  c a r r i e d  o u t  t o  d e te rm in e  t h e  % 

s a t u r a t i o n  b e tw een  .5O-5O/0 g i v i n g  t h e  b e s t  c o m b in a t io n  o f  r e c o v e ry  and 

p u r i f i c a t i o n  o f  u - t o x i n .  C u l t u r e  s u p e r n a t a n t  was s a t u r a t e d  to  30%  

by a d d i t i o n  o f  s o l i d  ammonium s u l p h a t e ,  t h e  p r e c i p i t a t e  h a r v e s t e d  and
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d i s c a r d e d .  The s u p e r n a t a n t  f l u i d  was d iv i d e d  i n t o  t h r e e  $00 ml 

vo lum es .  F r a c t i o n a l  p r e c i p i t a t e s  b e tw ee n  30-45/% 35-50/V and 30-50% 

s a t u r a t i o n  w ere  h a r v e s t e d ,  d i a l y s e d  and a s s a y e d  by egg y o lk  t u r b i d i t y  

a c t i v i t y .  The r e s u l t s  a r e  shown i n  T ab le  30 , I t  was d e c id e d  t o

s a c r i f i c e  t h e  m a rg in a l  g a i n  i n  r e c o v e ry  o b s e rv e d  i n  t h e  30-50% 

s a t u r a t i o n  p r e c i p i t a t e  f o r  t h e  s l i g h t l y  h ig h e r  p u r i f i c a t i o n  o b ta in e d  

by  u s in g  35-50% s a t u r a t i o n .  I n  a l l  p r e p a r a t i v e  s c a l e  e l e c t r o f o c u s i n g  

e x p e r im e n ts  t h i s  f r a c t i o n a l  ammonium s u l p h a t e  p r e c i p i t a t e  o f  c u l t u r e  

s u p e r n a t a n t  f l u i d s  was u s e d .
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SECTION I I  : ELECTROPOGUSING STUDIES

A. cc-TOXIN

1 .  I n i t i a l  O l p s e r v a . t i o n s .

I n i t i a l  e l e c t r o f o c u s i n g  s t u d i e s  c e n t r e d  on w h e th e r  t h i s  

t e c h n iq u e  w ould  s e p a r a t e  t h e  oc- and 6 - t o x i n s  o f  C l .  p e r f r i n g e n s  ty p e  A. 

P igu .re  13 shows a  t y p i c a l  e l e c t r o f o c u s i n g  e x p e r im e n t  i n  a  b r o a d  pH 

g r a d i e n t  u s in g  c ru d e  c u l t u r e  s u p e r n a t a n t  c o n c e n t r a t e  from s t r a i n  S107*

I t  c a n  b e  s e e n  from t h i s  f i g u r e  t h a t  t h e  ce— and  G—t o x i n s  w ere  

s e p a r a t e d  by  e l e c t r o f o c u s i n g  i n  su ch  g r a d i e n t s ,  a l t h o u g h  some o v e r l a p  

o f  t h e i r  a c t i v i t i e s  was e v id e n t*  Of t h e  t o t a l  0—t o x i n  r e c o v e re d ,

10% was found  i n  f r a c t i o n s  c o n t a i n i n g  u - t o x i n .  The p i s  o f  t h e  <x- and 

0 - t o x i n s  w ere 5*15 and  6 .3 6  r e s p e c t i v e l y  i n  t h i s  e x p e r im e n t .  I n  

c o n s i d e r i n g  t h i s  t e c h n iq u e  as  a  p r a c t i c a l  method o f  p u r i f i c a t i o n ,  t h e  

p r i n c i p a l  p rob lem  e n c o u n te r e d  i n  t h e s e  e a r l y  s t u d i e s  was t h e  low 

r e c o v e r y  o f  a - t o x i n .  F o r  i n s t a n c e ,  o n ly  13*4% o f  t h e  o r i g i n a l  a - t o x i n  

a c t i v i t y  was r e c o v e r e d  i n  t h e  e x p e r im e n t  shown i n  F i g u r e  13 , b u t ,  

g e n e r a l l y ,  y i e l d s  w ere even lo w e r  th a n  t h i s .  In d e e d  on some o c c a s io n s  

no a - t o x i n  a c t i v i t y  was r e c o v e r e d .  Some i n i t i a l  d a t a  a r e  shown i n  

T a b le  31,

D e s p i t e  low y i e l d s ,  a t t e m p t s  w ere a l s o  made a t  t h i s  s t a g e  i n  

t h e  e l e c t r o f o c u s i n g  s t u d i e s  t o  d e te rm in e  w h e th e r  h e t e r o g e n e i t y  c o u ld  b e  

fo u n d  i n  a - t o x i n  p r e p a r a t i o n s  u s in g  t h e  h i g h e r  r e s o l u t i o n  o f  narrow  pH 

g r a d i e n t s ,  W ith  t h r e e  d i f f e r e n t  p r e p a r a t i o n s  o f  a - t o x i n  i n  e x p e r im e n ts  

i n  w h ich  y i e l d s  w ere o f  t h e  o r d e r  o f  10% o f  i n p u t  a c t i v i t y ,  s e v e r a l
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F ig u r e  13 : S e p a r a t i o n  o f  t h e  a -  and 6 - t o x i n s  o f  C l . p e r f r i n g e n s

ty p e  A by E l e c t r o f o c u s i n g  i n  Broa.d pH g r a d i e n t s .

E l e c t r o f o c u s i n g  o f  c ru d e  ammonium s u l p h a t e  

p r e c i p i t a t e d  t o x i n  p r e p a r e d  from s t r a i n  S 107 

c u l t u r e  s u p e r n a t a n t  f l u i d .  2 0 .2  mg o f  a  JOfo  

(EE^)^SO^ s a t u r a t i o n  p r e c i p i t a t e  w ere  a p p l i e d  t o  

t h e  LKB 8101 colum n. The pH g r a d i e n t  was from 

pH 3—10. E l e c t r o f o c u s i n g  was c a r r i e d  o u t  f o r  

56 h o u r s  a t  4^0' w i th  a  f i n a l  p o t e n t i a l  o f  8OO 7 .  

F r a c t i o n s  o f  2 ml w ere c o l l e c t e d .

(•••) pH g r a d i e n t

( © ) E^Qq

( □ ) cc-Toxin (PCH)

( O ) 8 -T o x in  (HIJ)
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1 8 40

1.6 -  14

1.4 3 0

S  1 .0 -
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02

20 30 40
F r a c t io n  No.

50 60
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T a b le  31 : R e c o v e r ie s  o f  a -T o x in  i n  I n i t i a l  E l e c t r o f o c u s i n g

E x p e r im e n ts

S t r a i n  pH G r a d ie n t A c t i v i t y
A p p l ie d

A c t i v i t y
R eco v e red

fo R ecove iy

— n

5107° 5-8 8,3 PGU 0 . 9 PGU 11
BP6IC* 3-10 305 EOT 22 EOT 7
HP6IC* 3-10 764 EOT 0
3107° 3-10 12.8 PGU 1 . 7 PGU 13

■ 8107° 3-10 2 7 . 8 PGU 0

K o c h -L ig h t
P lio sp h o lip a .se

G 3-10 15 PGU 0

^ Sample p r e p a r e d  by M ethod b p ag e  H 4  o f  ’M a t e r i a l s  & M eth o d s’ 

^  Sample p r e p a r e d  by M ethod a  p ag e  113 o f  ’M a t e r i a l s  & M eth o d s’ 

; (\)o Ck-cAxUx ^  ,
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p e a k s  o f  a c t i v i t y  wore o b s e r v e d  ( s e e  T a b le  32 ) ,  I t  was c l e a r  

t h a t  t h e  m a jo r  p eak  o f  a c t i v i t y  o c c u r r e d  a t  a. pH b e tw e e n  5*40 and  

5 .6 0  i n  t h e s e  p r e p a r a t i o n s .  The o c c u r r e n c e  o f  o t h e r  p eak s  o f  

a c t i v i t y  v a r i e d  from one p r e p a r a t i o n  t o  a n o t h e r .  However, t h e s e  

r e s u l t s  d i d  s u g g e s t  t h e  o c c u r r e n c e  o f  t h r e e  fo rm s o f  a - t o x i n  w i th  

p i s  b e tw e e n  5 ^ 0 0 - 5 «=10, 5 «20—5 *30 und 5 * 4 0 -5 * 6 0 .

2 , E l e c t r o f o c u s i n g  S t u d i e s  w i th  Wellcome T ox in  (AGX I 846 ) .

Du.ring t h e  above p r e l i m i n a r y  s t u d i e s ,  a. s h o r t  n o te  by 

Bernheiiner- e t  a l . , ( l9 6 8 a )  came t o  ray a t t e n t i o n .  T hese  w o rk e rs  

r e p o r t e d  t h e  r e c o v e r y  o f  64./̂  o f  a - t o x i n  a c t i v i t y  a p p l i e d  t o  a.n 

e l e c t r o f o c u s i n g  colum n. T h is  c o n t r a s t e d  w i th  t h e  low y i e l d s  w h i c h .

I  h a d  fo u n d .  I n  t h e i r  s tu d y  B ern l ie im er  and  h i s  covzorkers u s e d  a  

l y o p h i l i s e d  c u l t u r e  f i l t i r a t e  s u p p l i e d  by R.O. Thomson o f  Wellcome 

R e s e a rc h  L a b o r a t o r i e s .  T h is  m a t e r i a l  g av e  two p e a k s  o f  a - t o x i n  

a c t i v i t y  h a v in g  p i s  o f  5«2 and  5*5» B oth  com ponents  p o s s e s s e d  

G gg-yo lk  t u r b i d i t y  a c t i v i t y  and  h o t - c o l d  h a e m o ly t io  a c t i v i t y .

A s i m i l a r  sam ple  o f  f r e e z e - d r i e d  c u l t u r e  f i l t r a t e ,  p r e p a r a t i o n  

AGX 1846 , was s u p p l i e d  t o  me by Wellcome R e s e a rc h  L a .b o r a to r i e s ,  

Beckenham, K e n t .  B eca u se  o f  t h e  l i m i t e d  amount o f  m a t e r i a l  o b t a in e d ,  

o n ly  a  s m a l l  number o f  e s p e r i r a e n t s  c o u ld  b e  c a r r i e d  o u t . A p a r t  from 

one r e f o c u s i n g  e x p e r im e n t  d e s c r i b e d  be low , a l l  f i n d i n g s  w ere v e r i f i e d  

by  d u p l i c a t e  e x p e r im e n t s .

T h is  t o x i n  p r e p a r a . t i o n  was fo c u s e d  u n d e r  c o n d i t i o n s  s i m i l a r  

t o  t h o s e  d e s c r i b e d  by B e rn h e im e r  e t  a l . ,  ( 1968a.) e x c e p t  t h a t  ( a )  t h e  

t o x i n  was a p p l i e d  to  t h e  colum n i n  t h e  heavy  s o l u t i o n ,  (b )  f o c u s in g  was
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c a r r i e d  o u t  f o r  4^ h o u r s ,  ( c )  t h e  f i n a l  p o t e n t i a l  was 800V, and

(d )  f r a c t i o n s  o f  2 ml r a t h e r  t h a n  4 ml w ere  c o l l e c t e d  on d r a i n i n g  

t h e  e l e c t r o f o c u s i n g  colum n. The e l u t i o n  p r o f i l e  i s  shown i n  F i g u r e  14- 

Two p e a k s  o f  a—t o x i n  a c t i v i t y  w ere d e t e c t e d  h a v in g  p i s  o f  $ .2 6  and 

5•55* The r e c o v e r y  o f  a c t i v i t y ,  how ever,  was o n ly  i n  c o n t r a s t  

t o  t h e  r e p o r t e d  f i n d i n g  o f  B e rn h e im e r  e t  a , l ,

A f u r t h e r  e x p e r im e n t  was c a r r i e d  o u t  t o  d e te rm in e  w h e th e r  

t h e s e  two fo rm s o f  a - t o x i n  w ere  r e p r o d u c i b l e  and  w h e th e r  th e y  p o s s e s s e d  

t h e  t h r e e  a c t i v i t i e s  a c c o r d e d  t o  a—t o x i n  by  v an  H ey n in g en  (so© 

‘U n i t a r i a n  H y p o th e s i s * ,  p ag e  72 ) ,  F o c u s in g  was c a r r i e d  o u t  u n d e r  

t h e  same c o n d i t i o n s  ■ d e s c r i b e d  above  e x c e p t  f o r  t h e  amount o f  

m a t e r i a l  a p p l i e d  t o  t h e  colum n and  t h e  d u r a t i o n  o f  t h e  e x p e r im e n t .

F r a ,c t io n s  w ere  a s s a y e d  f o r  b o t h  l e c i t h i n a s e  and  h o t - c o l d  h a e m o ly t io  

a c t i v i t y .  Only t h o s e  f r a c t i o n s  c o n t a i n i n g  t h e s e  a c t i v i t i e s  w ere 

t e s t e d  f o r  l e t h a l  a c t i v i t y  i n  m ice  f o r  r e a s o n s  o u t l i n e d  on page 121 . 

The r e s u l t s  o f  t h e s e  t e s t s  a r e  shown i n  F ig u r e  15 • F o r  c l a r i t y ,  

o n ly  t h o s e  f r a c t i o n s  i n  w h ich  a - t o x i n  a c t i v i t y  was d e t e c t e d  a r e  shovm. 

The r e l a t i o n s h i p  b e tw e e n  t h e  t i t r e s  o f  t h e  t h r e e  a c t i v i t i e s  i s  shown 

i n  Ta.ble 33 and  t h e  t o t a l  a c t i v i t y  r e c o v e r e d  a s  d e t e c t e d  by each  

a s s a y  i n  T a b le  34*

T hese  f i n d i n g s  d e m o n s t r a te  t h e  f o l l o w i n g  p o i n t s  

(a,) t h a t  two p e a k s  o f  a - t o x i n  a c t i v i t y  w ere  fo u n d  on e l e c t r o f o c u s i n g  

o f  Wellcome t o x i n  AGX I 846 by t h e  u s e  o f  ea.ch o f  t h e  t h r e e  

a s s a y s  em ployed

(b )  t h a t  t h e  p e a k s  o f  a c t i v i t y  by each  a s s a y  w ere  c o - i n c i d e n t  -  

f r a c t i o n s  13 and 17 o f  F ig u r e  15 w i th  p i s  o f  5»20 and  5 -59  

r e s p e c t i v e l y
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F ig u r e  I 4 • I d e n t i f i c a t i o n  o f  Two Forms o f  « -T o x in  

i n  Wellcome ty p e  A ‘Toxin  AGX I 846 “by 

B l e o t r o f o c u s i n g  i n  Harrow pH G r a d ie n t s

15 o f  l y o p h i l i s e d  to x x n  was d i s s o l v e d  i n  

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

i f j  g l y c i n e .  The pH g r a d i e n t  was from pH 5 - 8 .  

E l e c t r e f o c u s i n g  was c a r r i e d  o u t  f o r  46  h o u r s  

a t  4°G w i th  a  f i n a l  p o t e n t i a l  o f  8OO V.

2 ml f r a c t i o n s  w ere  c o l l e c t e d .

(•••) pH g r a d i e n t

( ® ) ®280 

( □ ) a -T o x in  (STU)
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F ig u r e  15 : E l u t i on P r o f i l e  o f  t h e  B^ ^ -T o l k  Tu r b i d i t y ,

H o t-G o ld  H a.em olytic  and  L e t h a l  A c t i v i t i e s  

o f  Of—T ox in  on E l e c t r o f o o u s i n ^  o f  Wellcome 

ty p e  A To%in AGX I 846 i n  Ha-rrovr pH G r a d i e n t s .

10 mg o f  AGX 1846 w ere  d i s s o l v e d  i n  1^  g l y c i n e  and 

d i a l y s e d  ag’a i n s t  i f o  g l y c i n e  f o r  24 h o u r s .  The r e s u l t i n g  

5 ml o f  d i a l y s e d  t o x i n  w ere  a p p l i e d  i n  t h e  d e n s e  s o l u t i o n  

t o  t h e  LÎQ3 8 IO I co lum n. E l e c t r o f o c u s i n g  was c a r r i e d  o u t  

f o r  40 h o u r s  a t  4 ^ 0  w i th  a  f i n a l  p o t e n t i a l  o f  8OO IT. 

F r a c t i o n s  o f  2 ml volume w ere  c o l l e c t e d .

(•*•) pH g r a d i e n t

( □ ) oc-Toxin A c t i v i t y  (ETUj HU; LU)

( ® )  ^280

T h e  t h r e e  p a , r ts  o f  t h i s  f i g u r e  r e p r e s e n t  d i f f e r e n t  

m e a su re s  o f  cx-toxin  a c t i v i t y  from one e x p e r im e n t  v i z .  

from to p  t o  b o t to m :  e g g -y o ik  t u r b i d i t y  a c t i v i t y ,

h o t - c o l d  h a e m o ly t i c  a c t i v i t y  and l e t h a l  a c t i v i t y .
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T a b le  33 : I s o e l e c t r i c  Focusin,^: o f  AGX I 846 01 * o e r f r i n ^ e n s

t y p e  A T o x i n

R e l a . t i o n s h i n  b e t w e e n T i t r e s  o f V a r i o u s A c t i v i t i e s

o f « - T o x i n

; i o n No. STU/ml m / m l LU/ml R a t i o  o f  
EIU/lîü/LÜ

10 1 .3 21 m 1 /  12 /  -

11 4 .5 132 1 5 .0 1 /  29 /  3 .3

12 10*9 412 27*2 1 /  38 /  2 .5

13** 1 9 .2 1115 4 4 .5 1 /  53 /  2 . 3

14 1 4 .9 668 3 7 .2 1 /  45 /  2 ,5

15 1 4 .6 472 3 6 ,4 1 /  33 /  2 .5

16 6 .5 526 3 3 .3 1 /  31 /  5 .1

17** 2 8 .8 1004 6 7 .3 1 / 3 5 / 2 .3

18 2 0 .2 900 3 7 .5 1 /  45 /  1 .9

19 6 .2 264 2 0 .6 1 /  43 /  3 .3

20 6 .0 207 1 5 .0 1 /  35 /  2 .5

21 2 .5 68 NO 1 /  27 /  -

P eak s  o f  a c t i v i t y  

ND — Not d e te r m in e d
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I s o e l e c t r i c  F o c u s in g  o f  AGX I 846 C l .  p e r f r i n f e n s  ty p e  A T ox in

T a b le  34 : R ecovery  o f  « -T o x in  from E x p e r im en t shown i n  Figu-re 15

ETUs HUs LUs R a t io  o f  
ETU/HU/LUr

T o t a l  R eco v e red  A c t i v i t y  ^ 270 1 1 ,6 0 0 670 1 /  43 /  2 .5

T o t a l  A c t i v i t y  A p p l ie d 1230 37 ,200 2420 1 /  40 . /  2 .0

R ecovery  o f  A c t i v i t y  % 22 31 28

T a b le  35 : R ecovery  o f  « -T o x in  from E x p e r im en t shoxm i n  F ig u r e

U re a  Column

ETUs IÎÜS LUs etu/HU/LU

T o t a l  R eco v e red  A c t i v i t y  ^ ^60 67»530 205O 1 /  120 /  3.'7

T o t a l  A c t i v i t y  A p p l i e d  1570 1 2 5 ,300  3I 5O 1 /  80 / . 2 . 0

R ecovery  o f  A c t i v i t y  fo 36 54 65

if"

° F r a c t i o n s  o f  2 ml volume
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{ c )  tha .t  r e c o v e r i e s  o f  t h e  t h r e e  a c t i v i t i e s  w ere o f  th e  same 

o r d e r  (T a b le  34 )

(d )  t h a t  t h e  r a t i o s  o f  t h e  t h r e e  a c t i v i t i e s  i n  each  f r a c t i o n  were 

o f  t h e  same o r d e r  w i th  t h e  p o s s i b l e  e x c e a t i o n  o f  f r a c t i o n  I 6

( e )  and  t h a t  t h e s e  r a t i o n  com pared w e l l  w i t h t h o s e  found  f o r  t h e  

t h r e e  a c t i v i t i e s  i n  t h e  m a t e r i a l  a p p l i e d  t o  t h e  column 

i n d i c a t i n g  s im u l ta n e o u s  p u r i f i c a t i o n  o f  each  a c t i v i t y .

T h e s e  o b s e r v a t i o n s  s u p p o r t  t h e  U n i t a r i a n  v i e w  t h a t  l e c i t h i n a s e  

a c t i v i t y ,  h o t - c o l d  h a e m o l y t i c  a c t i v i t y  a n d  l e t h a l  a c t i v i t y  a r e  

m a n i f e s t a t i o n s  o f  t h e  a c t i o n  o f  u - t o x i n .  The a v e r a g e  p i s  o f  t h e  a b o v e  

two  f o r m s  o f  « - t o x i n  w o r e  f o u n d  t o  b e  5»57 ™ O.O4 a n d  5»23 -  0 . 0 9 »

F o r  co n v e n ie n c e  t h e s e  f o r m s  s h a l l  be  d e s i g n a t e d  and  r e s p e c t i v e l y .

The p r e s e n c e  o f  t h e s e  two fo rm s o f  « - t o x i n  r a i s e d  t h e  

q u e s t i o n  o f  t h e  r e l a t i o n s h i p  b e tw e e n  and cc^. I t  seemed p o s s i b l e  

t h a t  th e y  c o u ld  be  r e l a t e d  a s  c o n fo rm e rs  (m o le c u le s  w i th  t h e  same amino 

a c i d  se q u e n c e ,  b u t  d i f f e r e n t  t h r e e  d im e n s io n a l  s t r u c t u r e s  a n d / o r  c h a rg e )  

o r  a s  p o ly m ers  (m o le c u le s  o r  a g g r e g a t e s  form ed from a  d i f f e r e n t  number 

o f  s u b - u n i t s ) . U rea  i s  known to  c a u se  d i s a g g r e g a t i o n  o f  p r o t e i n s  t o  

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

by r u p t u r e  o f  h y d ro g en  b o n d in g .  I t  i s  a l s o  e l o c t r o p h o r e t i c a l l y  n e u t r a l  

w hich a l lo w s  i t s  i n c o r p o r a t i o n  i n t o  s y s te m s  u n d e rg o in g  e l e c t r o p h o r e s i s .  

F u r th e rm o re ,  I s p o l a t o v s k a y a  and  K lim aone va ( I 9 6 6 ) h av e  shown t h a t  u - t o x i n  

a c t i v i t y  i s  n o t  i n a c t i v a t e d  by u rea ..

AGX 1846 t o x i n  was t h u s  fo c u s e d  i n  t h e  some pH g r a d i e n t  u s e d  

to  d e t e c t  and  b u t  i n  t h e  p r e s e n c e  o f  6h u r e a  t o  d e te rm in e  w h e th e r
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any ohauge ocourred in the isoelectric point of one or "both of these 
forms of «-toxin. Again, for clarity, only those fractions in the 
region of the pH gradient in which «-toxin activity was detected are 
shown in Figure 1 6 .  In contrast to the picture obtained in the 
absence of urea (Figure I5 ), only one peak of «-toxin activity was 
detected by assays for the egg yolk turbidity, hot-cold haemolytic and 
lethal activities of this toxin. Table 36 presents the titres of 
each activity per fraction and the ratio of these activities to egg 
yolk turbidity activity.

It can be seen that the pealc of activity for each assay 
occurred in fraction 17 which had a pi of 5«56. Furthermore with the 
exception of fractions I4 and 1 9, comparable ratios were obtained for 
each of these activities in each fraction. However, Table 35 shows 
that in contrast to the experiments carried out in the absence of 
urea (see Table 34 ), the % reooveiy of egg yolk turbidity was 
considerably lower than the recoveries of the hot-cold haemolytic and 
lethal activities of «—toxin.

The m ain  c o n c l u s i o n  o f  t h e s e  e x p e r im e n ts  was t h a t  t h i s  form 

o f  « - t o x i n ,  p o s s e s s e d  a l l  t h r e e  a c t i v i t i e s  a s s o c i a t e d  w i th  « - t o x i n

and c o r r e s p o n d e d  t o  t h e  form «^ fo u n d  by f o c u s in g  e x p e r im e n t s  i n  t h e  

a b s e n c e  o f  u r e a .

It was decided to test whether the «^ component reappeared on 
removal of the urea. Fractions 13-18 inclusive from the experiment 
shown in Figure I7Awere pooled, dialysed exhaustively against several 
changes of I/' glycine for 48 hours at 4°C to remove the urea, and
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Figure : Elution Profile of the Egg-Yolk Turbidity,
Hot-Gold Haemolytic and Lethal Activities 
of «-Toxin on Electrofocusing of Wellcome 

type A Toxin AGX I 846  in Narrow pH Gradients 
in the presence of 6M Urea.

20 mg of AGX I 846  were dissolved in 6H urea and 
dialysed against 1% glycine containing 6H urea for 
24 hours* The resulting 5 ml of toxin were applied 
to the column as 2 ml in the heavy solution and 3 ml 
in the light solution. Electrofocusing was carried 
out for 48 hours at 4°G with a final potential of 8OO V, 
2 ml Fractions were collected.

(•••) pH gradient
(O ) «-Toxin Activity (eTU; HU; LU)

®280

The three parts of this figure represent different 
measures of «-toxin activity from one experiment viz. 
from top to bottom; egg-yolk turbidity activity, 
hot-cold haemolytic activity and lethal activity.
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Table 36 ; Isoelectric Focusing’ of AGX I846 01. perfringens.......

type A Toxin in Urea

Relationship Between Titres of Various Activities of
#"To%in

Fraction No* ETU/ml Ha/ml°^ LU/ml Ratio of 
ETO/Ha/LU

12 HD 160 HD
13 5 .3 610 27 X / 115 / 5 .1

14 2 3 .0 1120 59 1 / 49 / 2.6
15 4 2 .1 3110 105 1 / 74 / 2 .5

16 64 .5 7620 215 1 / 118 / 3 .3

17** 9 1 .2 9600 368 1 / 105 / 4 .0

18 4 5 .5 6480 223 1 / 186 / 4.9
19 5 .5 2260 27 1 / 411 / 4 .9

20 3.0 810 HD 1 / 269 / -

Peak of Activity 
FD ITot determined
0 0 Hot-Gold Haemolytic Titrations carried out with a different 

batch of sheep erythrocytes from that used in the experiment 
described in Table 33 and Figure 15.
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refocused in the same narrow pH gradient. Figure I7B illustrates 
the elution profile of a-toxin as a.ssayed by hot-cold haemolysis.
A major peak corresponding to was detected having a pi of 5«48«
A minor peak with a pi 5*23 appeared corresponding to that observed 
for oig. Thus the component undergoes a reversible change in the 
presence of urea.

Unfortunately, further studies on this interesting observation 
with the Og form of oc-toxin derived from AGX I846 toxin were not 
possible as I was unable to obtain more of the AGX I846 preparation 
from the Wellcome Research Laboratories.

3• Preparative Scale Electrofocusing Experiments.

The results obtained with AGX I846 toxin were more 
encouraging in terms of the u-toxin activity recovered than those 
mentioned earlier. It was decided to reinvestigate the possibility 
of o>-toxin purification on a preparative scale.

In an initial preparative experiment toxin was electrofocused 
in the 110 ml colnmn using a pH 4 - 6 gradient, as experiments in 
broad pH gradients had indicated that such a gradient would provide 
maximum separation of a-toxin both from precipitates foming at the 
anode and other extracellular factors (see * Purity of eleotrofocused 
a-toxin*, pâ ge 194 , for fuller explanation of this point). After 
assay of fractions for hot-cold haemolysis, the elution profile shown 
in Figure 18 was obtained. Host of the recovered activity resided 
in a peak having a pi 5*50 corresponding to the pi of the form 
determined in AGX I846 toxin. A pronounced shoulder on the acid side
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Figure 17 : Refocusing of cc in the Absence of Ureaurea

A. Electrofocusing of AGX 184,6 in 6M Urea:
20 mg of AGX I 846  dissolved in 6M Urea and 
dialysed overnight against 1>  glycine in 6M Urea. 
Of the resulting 8 ml, 5 nil were applied in the 
dense solution and 3 ml in the light. Focusing 
was carried out for 46 hours at 4°G with a final 
potential of 8OO V» Fractions of 2 ml volume 
were collected.

B . Refocusing of peak fractions of «-toxin activity 
in the absence of urea:
Fractions 13-18 inclusive from the experiment
above ( □ ---- □) were pooled and dialysed free of
urea. Of the resulting I5 ml of toxin, 10 ml 
were applied in the dense solution and 5 ml in 
the light solution to the LTCB 8101 column. 
Focusing was carried out for 49 hours at 4*̂ 0 with 
a, final potential of 8OO V. Fractions of 2 ml 
were collected.

(•••) pH Gradient 
( □) cc-Toxin Activity (HU)

( o )  E28O
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F i g u r e  18 : E l e c l r o f o o u . s i u g  o f  cc-Toxin from S t r a i n  BP6K

i n  Narrow pH G r a d i e n t s

A 35 — 50/^ f r a c t i o n a l  s a t u r a t i o n  p r e c i p i t a t e

was p r e p a r e d  from c u l t u r e  s u p e r n a t a n t  f l u i d s  o f  s t r a i n  

BP6K grown i n  H I I  medium.

652 mg o f  c ru d e  t o x i n  w ere a p p l i e d  t o  t h e  LKB 8 IO I 

column a s  g l y c i n e  d i a l y s e d  m a t e r i a l  i n  a m p h o l in e s  

g i v i n g  a  n a rro w  pH g r a d i e n t  from  4 - 8 . E l e c t r o f o c u s i n g  

was c a r r i e d  o u t  a t  4 ^C f o r  70 h o u r s  w i th  a  f i n a l  p o t e n t i a l  

o f  800 Vm F r a c t i o n s  o f  2 ml w ere  c o l l e c t e d .

F i g u r e  19 : R e fo c u s in g  o f  t h e  cc-fox in  o f  S t r a i n  BP6K

F r a c t i o n s  38 — 47 i n c l u s i v e  from  F ig u r e  I 8 w ere  p o o le d ,  

c o n c e n t r a t e d  and  d i a l y s e d  a g a i n s t  1$> g l y c i n e .  15 ml o f  

t h e  g l y c i n e  d i a l y s e d  m a t e r i a l  w ere  a p p l i e d ,  10 ml i n  

heavy  s o l u t i o n ,  5 ml i n  t h e  l i g h t .  The pH g r a d i e n t  

was from 5 “  E l e c t r o f o c u s i n g  was c a r r i e d  o u t  f o r

49 h o u r s  a t  4°0  w i th  a f i n a l  p o t e n t i a l  o f  8OO V.

2 ml f r a c t i o n s  w ere  c o l l e c t e d .

Symbols f o r  b o th  f i ;g u .re s ;

(*••) pH g r a d i e n t  

( D ) owToxin A c t i v i t y  (HU)

( © )  E280
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o f  t h i s  peaic from pH 5 = 11 to  5*42 s h o u ld  h e  n o te d ,  P ra .o t lo n s  38 

t o  47 from F ig u r e  18 wore p o o le d ,  c o n c e n t r a t e d  hy  p r e c i p i t a t i o n  

w i th  70^  s a t u r a t i o n ,  d i a l y s e d  a g a i n s t  l^o g l y c i n e  and

r e f o c u s e d  i n  a  pH 5 — 8 g r a d i e n t .  The e l u t i o n  p r o f i l e  o f  cx-toxin  

i n  t h i s  e x p e r im e n t  i s  shown i n  F ig u r e  19 • A g a in  two p e a k s  o f  

h o t - c o l d  h a e m o ly t i c  a c t i v i t y  w ere  fo u n d  w i th  p i s  o f  5*25 a,nd 5«49 

i n  f r a c t i o n s  I 5 and  iS  r e s p e c t i v e l y .  T hese  c o r r e s p o n d  w i th  t h e  p i s  

fo u n d  f o r  cCq and cĉ  i n  AGX I 8 4 6 , I n  c o n t r a s t  t o  p r e v io u s  e x p e r i e n c e ,  

h ow ever,  y i e l d s  o f  oc-toxin  from h o th  o f  t h e s e  colum ns w ere h ig h ,  80^  

and  84/3 r e s p e c t i v e l y *

T o x in  c o n c e n t r a t e s  p r e p a r e d  hy  f r a c t i o n a l  ammonium s u l p h a t e  

p r e c i p i t a t i o n  ( s e e  p a g e s  I I 5 and  175 )  h av e  s i n c e  b e e n  f o c u s e d  on a  

p r e p a r a t i v e  s c a l e  i n  t h e  440 ml colum n. Up t o  3*87 g o f  such  

p r e p a r a t i o n s  h av e  b e e n  a p p l i e d  w i th  a  r e c o v e ry  o f  60^  o f  a c t i v i t y  t o  

one column u t i l i s i n g  b o th  t h e  heavy  and  l i g h t  s o l u t i o n s  f o r  t h e  

a p p l i c a t i o n  o f  a  l a r g e  volume o f  sam ple  -  312 m l.  D u rin g  t h i s  t y p e  

o f  e l e c t r o f o c u s i n g  e x p e r im e n t ,  a  l a r g e  amount o f  p r e c i p i t a t i o n  o c c u r i 'e d  

a t  t h e  an o d e .  n e v e r t h e l e s s ,  su c h  p r e c i p i t a t e s  n e i t h e r  i n t e r f e r e d  w i th  

d r a in a g e  o f  t h e  co lum ns n o r  c a u s e d  t r a i l i n g  o f  t h i s  a c i d i c  m a t e r i a l .

When s u c h  p r e c i p i t a t e s  w e r e  h a r v e s t e d  f rom  t h e  a n o d i c  r e g i o n  o f  

e l e c t r o f o c u s i n g  c o lum ns  a n d  a n a l y s e d  f o r  p r o t e i n ,  DNA a n d  RITA, o n l y  

p r o t e i n  was d e t e c t e d  i n  s u c h  m a t e r i a l .  The n a t u r e  o f  t h e s e  a c i d i c  

p r o t e i n s  h a s  n o t  b e e n  i n v e s t i g a t e d .

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

i n  t h e  a - t o x i n  o f  C l ,  p e r f r i n g e n s  t y p e  A, The e x i s t e n c e  o f  a  m a j o r  

e l e c t r o p h o r e t i c  com ponen t  h a v i n g  a  p i  5*49 “  0 . 0 6 , t h e  a v e r a g e  o f
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10 d e t e r m i n a t i o n s  i n  n a rro w  plï g r a d i e n t s ,  t o g e t h e r  w i th  a  component

+cCg w i th  a  p i  5*25 -  0 ,0 3 ,  t h e  a v e ra g e  o f  e i g h t  d e t e r m i n a t i o n s ,  h a s  

b e e n  e s t a b l i s h e d .

4 ,  P u .r i ty  o f  E l e o t r o f o c u s e d  a - T o x in ,

a .  S e p a r a t i o n  o f  g -T o x in  from O th e r  T o x in s  an d  Enzymes P ro d u c e d  by
C l o s t r i d iu m  e e r f r i n g e n s  t y p e  A by E l e c t r o f o c u s i n g ;     ,     .

I n  an  a s s e s s m e n t  o f  t h e  p u r i t y  o f  a - t o x i n  p r e p a r e d  by 

i s o e l e c t r i c  f o c u s i n g  i t  was d e c id e d  t o  i n v e s t i g a t e  t h e  d i s t r i b u t i o n  

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

Such i n v e s t i g a t i o n s ,  i n  a d d i t i o n  t o  p r o v i d i n g  i n f o r m a t i o n  a b o u t  t h e  

p u r i t y  o f  u—t o x i n  a l lo w e d  t h e  d e t e r m i n a t i o n  o f  t h e  i s o e l e c t r i c  p o i n t s  

o f  t h e s e  f a c t o r s ,  and  a l s o  an  a s s e s s m e n t  o f  t h e  u s e f u l n e s s  o f  t h i s  

teo h n iq u ,e  i n  t h e  p r e p a r a t i o n  o f  e a c h ,

i ,  0 -T o x in ,  h y a lu . ro n id a s e  and  c o l la g e n a .s e :  The d i s t r i b u t i o n  o f  n - t o x i n ,

0 - t o x i n ,  hy a l u r  o n i  das  e and  c o l l a g e n a s e  i n  a  b r o a d  pH g r a d i e n t  i s  

i l l u s t r a t e d  by t h e  e x p e r im e n t  shown i n  P igu.re  20 . I t  s h o u ld  b e  

n o te d  t h a t

( a )  a l l  f o u r  m a jo r  com ponents  o f  t h e  t o x i n  o f  C l .  p e r f r i n g e n s  t y p e  A 

a r e  a c i d i c  p r o t e i n s  f o c u s i n g  i n  a  n a rro w  r e g i o n  o f  t h e  pH g r a d i e n t  

from pH 4*5 t o  6 .5

(b )  t h a t  s e p a r a t i o n  o f  t h o s e  t o x i n s  i s  in c o m p le te  by  f o c u s in g  i n  

b r o a d  pH g r a d i e n t s  and

(o )  th a . t  m ost o f  t h e  p r o t e i n  i n  such  oru.de p r e p a r a t i o n s  o f  t o x i n  

f o c u s e s  a t  t h e  an o d e .

The p i  and r e c o v e ry  o f  each  component i s  sum m arised  i n  T a b le  37* 

On t h e  b a s i s  o f  such  o b s e r v a t i o n s  w i th  t o x i n  from s t r a i n s  BP6K and SIO7
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F ig u r e  20 • S e p a r a t i o n  o f  oc-Toxin, 6 —T o x in ,  C o l l a g e n a s e  and

H y a lu ro n id a .se  on E l e c t r o f o c u s i n g  i n  B ro ad  pH G r a d ie n t s

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

s u p e r n a t a n t  f l u i d s  o f  s t r a i n  BP6IC grown i n  M I I  medium 

by m ethod a  ( s e e  p ag e  113 ) •

The pH grandie n t  v/as from 3 - 1 0 .  47 mg o f  t o x i n  w ere

a p p l i e d  i n  t h e  l e s s  d e n se  s o l u t i o n .  F o c u s in g  was 

c a r r i e d  o u t  f o r  67 h o u r s  a t  4 °0  i n  t h e  LKB 8101 colum n, 

w i th  a, f i n a l  p o t e n t i a . l  o f  8OO V. F r a c t i o n s  o f  2 ml 

volume w ere  c o l l e c t e d .

(.. .

( © 

( a  

( A

( a  

( o

pH g r a d i e n t  

®280
u -T o x in  A c t i v i t y  (ETU) 

C o l l a g e n a s e  A c t i v i t y  (AU) 

H y a lu r o n id a s e  A c t i v i t y  ( lU )  

8 -T o x in  A c t i v i t y  (HU)

The two p a r t s  o f  t h i s  f i g u r e  i l l u s t r a t e  t h e  e l u t i o n  

p r o f i l e s  o f  t h e s e  f a c t o r s  from one e x p e r im e n t  v i z .  

t o p  p a r t :  c o l l a g e n a s e  and  a - t o x i n ;  b o t to m  p a r t ;

h y  a .luro  n i  das  e a nd  0 - t o x i n .
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and  w i th  Wolloome t o x i n  AGX I 846 a  pH g r a d i e n t  o f  4 -  6 was c h o sen  

a s  t h a t  l i k e l y  t o  a c h ie v e  o p t im a l  s e p a r a t i o n  o f  t h e s e  com ponents  on 

a  p r e p a r a t i v e  s c a l e .

The s u - i t a h i l i t y  o f  such  a g r a d i e n t  h a s  b e e n  j u s t i f i e d  by 

p r e p a r a t i v e  s c a l e  e l e c t r o f o c u s i n g  e x p e r im e n t s .  F i g u r e  21 d e m o n s t r a te s  

t h e  e l u t i o n  p r o f i l e  o f  t h e s e  com ponents  i n  such  an  e x p e r im e n t  u s i n g  

t o x i n  p r e p a r e d  from s t r a i n  HP6K. The h ig h  d e g re e  o f  r e s o l u t i o n  o f  

each  component s h o u ld  h e  n o t e d .  More d e t a i l e d  s t u d i e s  o f  h y a lu ro n id a ,s e ,  

c o l l a g e n a s e  and  G—t o x i n  a r e  d e a l t  w i th  u n d e r  i n d i v i d u a l  s e c t i o n s  ( v id e  

i n f r a ) .

i i . D e o x y r ih o n u c le a s o : A t te m p ts  a t  a s s a y in g  c u l t u r e  s u p e r n a t a n t s  o r

p a r t i a . l l y  p u r i f i e d  t o x i n  f o r  d e o x y r ib o n u c le a s e  a c t i v i t y  by  t h e  m ethods 

o f  K u n i ta  ( 1950 ) , A lexander e t _ a J . , , (I96I) and Ifadstrom  (I9 6 7) p ro v e d  

u n s u c c e s s f u l .  The AGIiA m ethod  o f  a s s a y  o r  a s s a y  by  r a b b i t  l e u c o c y t e  

n u c l e i  d i s i n t e g r a t i o n  w ere  n o t  a t t e m p t e d .  Thus t h e  d i s t r i b u t i o n  o f  

t h i s  enzyme i n  e l e c t r o f o c u s i n g  e x p e r im e n ts  wa.s n o t  d e te rm in e d ,  a l th o u g h  

b o th  s t r a i n s  BP6K and SIO7 a r e  known t o  p ro d u ce  t h i s  f a c t o r  (M asui

e t  a l , ,  1956).
i i i . IT euram i  n i  da s e ; U n l ik e  t h e  o t h e r  f a c t o r s  m e n t io n e d  above ,

n e u ra m in id a s e  fo c u s e d  i n  t h e  n h to z in  r e g i o n  o f  t h e  pK g r a d i e n t  and. f o r

t h i s  r e a s o n  a  summary o f  t h e  c o n t a m in a t io n  o f  a - t o x i n  w i th  n e u ra m in id a s e

must be  c o n s id e r e d  i n  t h i s  s e c t i o n .

I n  view o f  t h e  p o s s i b l e  e f f e c t  o f  n eu ram in id a .se  on t h e  

e r y t h r o c y t e  s u r f a c e  ( s e e  ’I Jeu ram in id ase  ’ , page  102 and  ' IT c u r  a m i  n i  das  e 

A ssay* ,  page  136 ) i t  was c o n s i d e r e d  n e c e s s a r y  t o  d .e te rm ine  t h e  l o c a t i o n  

o f  t h i s  enzyme i n  pH g r a d i e n t s  on e l e c t r o f o c u s i n g .  C u l t u r e  s u p e r n a t a n t s



1 9 8

F ig u r e  21 : S eD a .ra t ion  o f  a—T o x in ,  0 —T o x in ,  C o l l a g e n a s e  

and  H y a lu r o n id a s e  on F l e e t r e f o c u s i n g  i n  

Harrow pH G r a d i e n t s

I s o e l e c t r i c  f o c u s in g  o f  35“ 50f^ f r a c t i o n a l  (NH^)gSO^ 

s a t u r a t i o n  p r e c i p i t a t e  p r e p a r e d  from c u l t u r e  

s u p e r n a t a n t  f l u i d s  o f  s t r a i n  BP6K grown i n  M I I  

medium.

650 mg o f  cru.de t o x i n  w ere  a p p l i e d  t o  t h e  LKB 8 IO I 

colum n a s  54 ml o f  g l y c i n e  d i a l y s e d  m a t e r i a l *  The 

l e s s  d e n s e  s o l u t i o n  c o n t a i n e d  26 ml and  t h e  h eavy  

s o l u t i o n ,  28 ml* A m pholines  g i v i n g  a  n a r ro w  pH 

g ra .d ie n t  from 4 - 6  w ere  u s e d .  E l e c t r o f o c u s i n g  

was o a n r i e d  o u t  f o r  70 h o u r s  a t  w i th  a  f i n a l  

p o t e n t i a l  o f  8OO V. F r a c t i o n s  o f  2 ml volume w ere  

c o l l e c t e d .

(...

( ©

( □

( A

( m 

(o

pH g r a d i e n t  

®280
a -T o x in  A c t i v i t y  (HU) 

C o l l a g e n a s e  A c t i v i t y  (AU)

H y a lu ro n id a .se  A c t i v i t y  ( lU )  

8 -T o x in  A c t i v i t y  (HU)
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o f  b o th  s t r a i n s S I O 7 and  BP6K c o n t a i n e d  t h i s  enzyme a s  d id  c o n c e n t r a t e s  

o b t a i n e d  by ammonium s u l p h a t e  p r é c i p i t a , t i o n .  T h is  i s  shown i n  T a b le  38 j 

a l th o u g h  t h e  amount o f  n e u r a m in id a s e  a p p l i e d  i n  t h e  s t a r t i n g  m a t e r i a l  

t o  a  foousiriig column may n o t  be  v e ry  l a r g e ,  i t  m ust be  b o rn e  i n  m ind 

t h a t  t h e  v e ry  n a t u r e  o f  t h e  i s o e l e c t r i c  f o c u s in g  te c h n iq u .e  w i l l  

c o n c e n t r a t e  t h i s  a . o t i v i t y  i n t o  a  n a r ro w  zone o f  t h e  pH g r a d i e n t .

I n i t i a l  a t t e m p t s  a t  a s s a y in g  f r a c t i o n s  from  p r e p a . r a t i v e  

f o c u s i n g  colum ns f o r  n e u r a m in id a s e  p ro v e d  f r u i t l e s s .  I n s t e a d  o f  

o b t a i n i n g  t h e  c h a r a c t e r i s t i c  H - a c e t y l - n e u u a m in ic  a c i d  chrom ogen w i th  

I^ a r re n ^ s  a s s a y  p r o c e d u r e ,  b r i g h t  o ra n g e  chroraogens w ere  p ro d u c e d  w hich  

som etim es  p r e c i p i t a t e d  o u t  o f  s o l u t i o n .  A b s o r p t io n  s p e c t r a  o f  su c h  

chromogens r e v e a l e d  a b s o r b a n c e  pea,ks a t  450 rm an d  524 nm ma.sking t h e  

p r o d u c t i o n  o f  t h e  ÎIANA chrom ogen a t  549 um ( s e e  F i g u r e  22 ) .  I t  was 

s u b s e q u e n t l y  shown th a .t  t h e s e  chrom ogens w ere c a u s e d  by p e r i o d a t e  

c l e a v a g e  o f  t h e  s u c r o s e  fo rm in g  t h e  d e n s i t y  g r a d i e n t  i n  colum ns and  

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

Thus a l l  f r a c t i o n s  from e l e c t r o f o c u s i n g  columns h a d  t o  b e  d i a l y s e d  

f r e e  o f  s u c r o s e  p r i o r  t o  a s s a y .  P e r s o n a l  co m m u n ica tio n  w i th  D r. J .G .  

O o l l e e ,  B a c t e r i o l o g y  D e p a r tm e n t ,  U n i v e r s i t y  M e d ic a l  S c h o o l ,  U n i v e r s i t y  

o f  E d in b u rg h ,  l e d  t o  t h e  u s e  o f  a  more s e n s i t i v e  a s s a y  system  t h a t  he  

and  h i s  c o l l e a g u e s  h av e  d e v e lo p e d .  A g a in ,  how ever ,  s u c r o s e  i n t e r f e r e d  

w i th  t h e  c h e m ic a l  d e te r m in a . t i o n  o f  NAHA by A m inoff* s  m e thod . In d e e d ,  

c 0 no e n t  r a t  i o n s  o f  s u c r o s e  a.s low a s  0 . 05/9 c a u s e d  a p p r e c i a b l e  

c h r o m o g e n ic i ty  a t  450 nm swamping t h e  r e a c t i o n  o f  t h i o b a r b i t u r i c  a c i d  

w i th  NAHA. Thus a l t h o u g h  t h i s  a s s a y  f o r  n e u r a m in id a s e  was more 

s e n s i t i v e  i n  d e t e c t i n g  HAITA i t  d i d  n o t  o b v i a t e  t h e  n e c e s s i t y  t o  

d i a l y s e  a l l  f r a c t i o n s  f r e e  o f  s u c r o s e .
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T a b le  38 : D e te c t i o n  by th e  Li e t  hod. o f  O o l le e  ( I 9 6 5 ) o f  

lTeuraminida.se A c t i v i t y  p ro d u c e d  by S t r a i n s  

EP6K and S 107

T a b le  39 :

S t r a i n M a t e r i a l  A ssayed M i l l i u n i t s  o f  

N eu ram in i d a s  e /m l

BP6K M il C u l t u r e  S u p e r n a t a n t  
F l u i d 35

BP6IC 35- 5G/0 S a t u r a t i o n  F r a c t i o n a l  
(NH^)^SO^ P r e c i p i t a t e 113

SIO7 M-I C u l t u r e  S u p e r n a t a n t  
F l u i d 40

3107 7O/0 S a t u r a t i o n  (NH*)pSO. 
P r e c i p i t a t e  4 4 56

: A ssay o f  F r a c t i o n s  f o r  N e u ra m in id a s e  A c t i v i t y

F r a c t i o n  No. M a t e r i a l  A ssayed M i l l i u n i t s  o f  
IT euram i  n i  da s e/m 1

83 “ b
104

88 I n t e r m e d i a t e  h o t “ Cold 

h a e m o ly s i s  pealc
498

93 “a <35
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F i g u r e  22 : A ssay  f o r  H euram in ida .se  A c t i v i t y  -

E f f e c t  o f  S u c ro s e  on Ghromogen D evelopm ent i n  NANA A ssay

Normal A b s o r p t io n  Spectrum  o f  NANA a s  

a s s a y e d  by b a r r e n ' s  P ro c e d u re  show ing 

a b s o r p t i o n  maximum a t  549 rm

A b s o r p t io n  S pec trum  o f  S u c ro s e  a f t e r  

a s s a y  by Warren* s p r o c e d u r e  f o r  NAITA 

show ing a b s o r p t i o n  p e a k s  a t  450 um 

and 524 nm
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A ssay  o f  d i a l y s e d  f r a c t i o n s  d e m o n s t r a te d  t h a t  n e u ra m in id a s e

f o c u s e d  i n  t h e  same a r e a  o f  t h e  pH g r a d i e n t  a s  oc- to x in .  At t h e  same

t im e  p r e p a r a t i v e  e l e c t r o f o c u s i n g  e x p e r im e n ts  i n  pH 4 -  6 g r a d i e n t s

r e v e a l e d  t h e  a p p e a ra n c e  o f  an  i n t e r m e d i a t e  p eak  o f  u - t o x i n  a c t i v i t y

(b e tw e e n  and  cCg) a s  d e t e c t e d  by h o t - c o l d  h a e m o ly s i s .  The

e x p e r im e n t  shown i n  F i g u r e  23 e p i to m i s e s  such  o b s e r v a t i o n s .  Only

t h a t  a r e a  o f  t h e  pH g r a d i e n t  i n  w hich  n - t o x i n  was d e t e c t e d  i s  shown

and  t h e  and  i n t e r m e d i a t e  p e a k s  o f  a c t i v i t y  a r e  em p h a s ise d  by

p l o t t i n g  t h e s e  t i t r e s  on an  expanded  s c a l e .  F r a c t i o n s  83, 88 and  93 ,

t h e  t h r e e  p e a k  a c t i v i t y  f r a c t i o n s ,  w ere  c o n c e n t r a t e d  by  d i a l y s i s

a g a i n s t  70/3 ammonium s u l p h a t e  a t  4 0 .  The h a r v e s t e d  p r e c i p i t a t e s

w ere  d i s s o l v e d  i n  I  ml volum es o f  d i s t i l l e d  w a t e r ,  d i a l y s e d  o v e r n ig h t

a g a i n s t  s e v e r a l  c h an g e s  o f  d i s t i l l e d  w a te r  and a s s a y e d  f o r  n e u ra m in id a s e  
lio(ch .v \.^  O-wcL

by  t h e  m ethod o f ^ C o l lo e  ( l 9 ? l ) *  The r e s u l t s  o f  t h e s e  a s s a y s  a r e  

shown i n  T a b le  39 . Thus i t  a p p e a re d  t h a t  c o n t a i n e d  a n e g l i g i b l e  

amount of. n e u r a m in id a s e ,  whei'oas ct  ̂ c o n t a in e d  an  a p p r e c i a b l e  q u a n t i t y .  

S i g n i f i c a n t l y ,  how ever,  t h e  i n t e r m e d i a t e  form o f  a - t o x i n  i s  a s s o c i a t e d  

w i th  4 t im e s  t h e  q u a n t i t y  o f  n e u ra m in id a s e  fo u n d  i n  f r a c t i o n  8 3 .  Thus 

th e  p i  o f  n e u r a m in id a s e  l a y  b e tw e e n  pH 5 .2 0  t o  5*50 . U n f o r t u n a t e l y  I  

was u n a b le  t o  d e t e r m in e  t h e  p i  more a c c u r a t e l y  b e c a u s e  o f  t h e  l a c k  o f  

s u b s t r a t e .

T h is  i n i t i a l  o b s e r v a t i o n  h a s  s i n c e  b e e n  c o n f i rm e d  d u r in g  a  

c o l l a b o r a t i v e  s tu d y  on 0 1 ,  o e r f r i n g e n s  n e u ra m in id a s e  i n  c o n j u n c t i o n  

w i th  D r, O o l le e  and  Dr. F r a s e r  o f  E d in b u rg h  U n i v e r s i t y  and  Dr. A r b u th n o t t  

o f  t h i s  d e p a r t m e n t .  C u l t u r e  f i l t r a t e  o f  s t r a i n  L2A s u p p l i e d  by t h e  

E d in b u rg h  g ro u p  was d i a l y s e d ,  f r e e z e - d r i e d  and e l e c t r o f o c u s e d ,  i n  a b r o a d
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F ig u r e  23 : O b s e r v a t io n  o f  a Pea.k o f  Hot-Cold. H aem o ly tio

A c t i v i t y  b e tw e e n  cx̂  and  d u r in g  P r e p a r a t i v e

S c a l e  B l e c t r o f o c u s i n g  E x p e r im e n ts

3 .8 ?  g o f  a. 35-50/3 f r a c t i o n a l  (HH^^^SO^ s a t u r a t i o n  

p r e c i p i t a t e  o f  c u l t u r e  s u p e r n a t a n t  f l u i d s  o f  s t r a i n  

BP6K w ere  a p p l i e d  i n  170 ml o f  d i a l y s e d  t o x i n  t o  t h e  

LKB 8102 column* 100 ml o f  t h i s  w ere  p l a c e d  i n  t h e  

d en se  s o l u t i o n .  F o c u s in g  was c a r r i e d  o u t  f o r  67

h o u r s  a t  4^0 w i th  a  f i n a l  p o t e n t i a l  o f  800 V.

F r a c t i o n s  o f  4 f^l volume w ere  c o l l e c t e d .

(•••) pH g r a d i e n t  

( * )  %280

( H ) o^T ox in  A c t i v i t y  (HU x 10^)

( □ ) a -T o x in  A c t i v i t y  (HU x  10^)
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pH g r a d i e n t  3 -  10, t h e  m a t e r i a l  b e in g  a p p l i e d  t o  t h e  110 ml column 

i n  t h e  heavy  s o l u t i o n .  The d e n s i t y  g r a d i e n t  was o f  g l y c e r o l  i n s t e a d  

o f  s u c r o s e ,  from ( v / v )  t o  Ch3. F r a c t i o n s  a g a i n  h a d  t o  he  d i a l y s e d

f r e e  o f  g l y c e r o l ,  f o r  a l th o u g h  g l y c e r o l  does  n o t  p ro d u c e  t h e  i n t e n s e  

o ra n g e  chromogens a s s o c i a t e d  w i th  s u c r o s e ,  i t  r e a c t s  r e a d i l y  w i th  

p e r i o d a t e  p r e v e n t i n g  t h e  c l e a v a g e  o f  NAHA ( s e e  page  1 3 8 ) .  N eu ra m in id a se  

from s t r a i n  L2A h ad  a. p i  o f  5«27.

I n  summary t h i s  m ethod  o f  p u r i f i c a t i o n  o f  a - t o x i n  e n a b le s  i t s  

q u a n t i t a t i v e  s e p a r a t i o n  from  6—t o x i n ,  b y a l u r o n i d a s e ,  c o l l a g e n a s e  and  a t  

l e a s t  I n  t h e  c a s e  o f  t h e  m a jo r  e l e c t r o p h o r e t i c  com ponent o f  c u l t u r e  

c o n c e n t r a t e s  t e s t e d  i n  t h i s  t h e s i s ,  from  n e u r a m in id a s e .

b .  Im m u n o lo g ic a l  H om o g en e i ty ; I m m u n o e le c t ro p h o re s i s  o f  and  oCg 

p r e p a r a t i o n s  from p r e p a r a t i v e  e l e c t r o f o c u s i n g  e x p e r im e n t s  w i th  t o x i n  

p r e p a r e d  from s t r a i n  BP6K h a s  r e v e a l e d  t h a t  such  p r e p a r a t i o n s  a r e  

hom ogeneous. P l a t e  2 shows Im m u n o e le c t ro p h o re s i s  o f  f r a c t i o n  83 

and  f r a c t i o n  93 ( » Only one p r e c i p i t i n  a r c  was o b s e rv e d  a n o d ic  t o  

t h e  o r i g i n  ( P l a t e  2 ) .  A n t i s t r e p t o l y s i n  0 d i d  n o t  g iv e  r i s e  t o  a

p r e c i p i t i n  a r c  i n  e i t h e r  o f  t h e s e  sy s te m s  i n d i c a t i n g  t h e  absence- o f  

0 - t o x i n .

I n  im m u n o d if fu s io n  s t u d i e s  i n  O u c h te r lo n y  d o u b le  d i f f u s i o n  

t e s t s  0̂  and  showed a r e a c t i o n  o f  i d e n t i t y  w i th  o n ly  one l i n e  o f  

p r e c i p i t a t i o n .

By c o n t r a s t  immunoe1e c t r o p h o r e s i s  o f  f r a c t i o n  88, t h e  

i n t e r m e d i a t e  p eak  o f  oc-toxin  a c t i v i t y  d e t e c t e d  d u r in g  p r e p a r a t i v e  

e l e c t r o f o c u s i n g  e x p e r im e n t  a s  shown i n  F ig u r e  23 , r e v e a l e d  t h e
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P l a t e  2 : I rn m m io e le o tro p h o re s ig  o f  E l e c t r o f o c u s e d  a— a.nd

8—T ox ins  o f  C l .  n e r f r i n g e n s  Type A

W ell c o n t e n t s  1 .  ^  ”  F r a c t i o n  83 o f  F ig u r e  23

2 .  I n t e r m e d i a t e  « - t o x i n  p eak  d e t e c t e d  by 

h o t - c o l d  h a e m o ly s i s  -  F r a c t i o n  88 o f  

F ig u r e  23

3 . c(  ̂ -  F r a c t i o n  93 o f  F ig u r e  23

4* 0—t o x i n

The p r e c i p i t i n  a r c s  w ere  d e v e lo p e d  w i th  C l .  p e r f r i n g e n s  t y p e  A

a n t i s e r u m  K7739 i n  t r o u g h s  ( a ) .

Anode t o  t h e  l e f t  o f  p h o to g r a p h .

P l a t e  3 : S D S -P o ly a c ry la ra id e  E l e c t r o p h o r e s i s  o f  C l .  p e r f r i n g e n s

oc-Toxin F r a c t i o n s  p u r i f i e d  by E l e c t r o f o c u s i n g

G e ls :  A, S ta n d a rd  r e f e r e n c e  p r o t e i n  m ix tu r e  -  (o )  t r a c k

dye f r o n t  ( l ^ )  BSA d im er  ( l ^ )  BSA (2 )  ova lbum in

(3 )  C hym otryps inogen  ( 4 ) A r t e f a c t  band

B. «g -  F r a c t i o n  83 o f  F ig u r e  23 (40 W-g)

C & B. I n t e r m e d i a t e  « - t o x i n  p eak  d e t e c t e d  by h o t - c o l d

h a e m o ly s is  -  F r a c t i o n s  88 and 89 r e s p e c t i v e l y  

o f  F ig u r e  23 (72 and 84 M-g r e s p e c t i v e l y ) .

E. cc^ -  F r a c t i o n  93 o f  F i g u r e  23 (9 8  M-g)

F . B lank  c o n t r o l  g e l  w i th  a r t e f a c t  band  ( 4 )

G. Crude BP6IC « - t o x i n  ( l 0 3  Pg) -  35-40^' (NH^)gSO^ 

s a t u r a t i o n  p r e c i p i t a t e .
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p r e s e n c e  o f  two p r e c i p i t i n  a r c s  one o f  w hich  c o r r e s p o n d e d  t o  t h a t  

o b s e rv e d  w i th  cc^ and  otg p r e p a r a t i o n s  ( P l a t e  2 ) •

o .  P o ly a o ry la m id e  G el E l e c t r o p h o r e s i s  i n  t h e  P r e s e n c e  o f  SDS.

D isc  g e l  e l e c t r o p h o r e s i s  o f  oĉ  i n  11/5 p o ly a c r y la m id e  

c o n t a i n i n g  SDS showed one m a jo r  p r o t e i n  b an d  w i th  two m in o r  b an d s  

( P l a t e  3 ) ,  Som etf .ies  w i th  more p r o t e i n  on a  g e l  o t h e r  m in o r  b an d s  

w ere  d e t e c t e d .  The m o l e c u l a r  w e ig h t  o f  was e s t i m a t e d  by r e f e r e n c e  

t o  t h r e e  s t a n d a r d  p ro te in s -B S A ,  ova lbum in  and c h y m o try p s in o g e n .  I t s  

m o le o u la r  w e ig h t  was d e t e r m in e d  a s  53»800 i  1 ,4 0 0 .

Hhen f r a c t i o n s  an d  f r a c t i o n s  from t h e  i n t e r m e d i a t e  p eak  

o f  o - t o x i n  a c t i v i t y  w ere  e l e c t r o p h o r e s e d  s i m i l a r l y ,  two m a jo r  b a n d s  

( i  and  i i )  w ere  o b s e rv e d  ( s e e  P l a t e  2 f r a c t i o n s  63 , 86 and  89 from 

F ig u r e  23 ) •  T hese  b an d s  l a y  c l o s e  t o g e t h e r ,  t h e  lo w er  o f  t h e  two

b an d s  c o r r e s p o n d in g  t o  t h a t  s e e n  i n  <x  ̂ g e l s .  The se c o n d  b an d  h ad  a  

s l i g h t l y  h i g h e r  m o le c u la r  w e ig h t  d e te rm in e d  a s  6 0 ,4 0 0  — 1 ,0 0 0 .  A g e l  

show ing e l e c t r o p h o r e s i s  o f  c ru d e  t o x i n  i s  g iv e n  f o r  c o m p a r iso n .  A 

t o t a l  o f  12 com ponents  can  b e  s e e n  a l th o u g h  many more m in o r  b an d s  w ere 

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

5* S u b s t r a t e  S p e c i f i c i t y  o f  t h e  and  oĉ  Forms o f  « -T o x in

The a b i l i t y  o f  and  t o  h y d r o ly s e  l e c i t h i n  and s p h in g o m y e l in  

wan t e s t e d .  L - u - L e c i t h i n  (G e n e ra l  B io c h e m ic a l s ,  L o t Ho. 8478I )  and 

s p h in g o m y e l in  (L .  L ig h t  & Go. L t d . ,  G o lnb rook )  w ere  e m u l s i f i e d  by 

s o n i c a t i o n  i n  an  i d e n t i c a l  m anner t o  t h a t  u s e d  i n  t h e  p r e p a r a t i o n  o f  

t h e  p h o s p h o l i p i d  e m u ls io n  f o r  t h e  a s s a y  o f  « - t o x i n .  TLG o f  t h e s e  

s u b s t r a t e s  a s  o u t l i n e d  on p age  158 r e v e a l e d  a  s i n g l e  c h a r r e d  s p o t  i n



207

t h e  c a s e  o f  t h e  L - a - L e o i t h i n ,  h u t  two a d d i t i o n a l  s p o t s  a t  t h e  s o l v e n t  

f r o n t  w ere  p r e s e n t  i n  t h e  s p h in g o m y e l in .  The n a t u r e  o f  t h e s e  s p o t s  

was n o t  r e s o l v e d ,  h u t  th e y  w ere  n o t  due t o  c o n t a m in a t in g  am ounts o f  

PTC, PTE, PTI, PTS o r  l y s o l e o i t h i n .  A ssays  c o n t a i n e d  1 mg o f  

l e c i t h i n  ( 4 2 .6  pg p h o sp h o ru s )  o r  1 .3 2  mg o f  s p h in g o m y e l in  ( 5 I.Oymg 

p h o s p h o ru s )  ( T a t t r i e ,  1959» Dawson e t  a l . , 1969) i n  a  f i n a l  volume 

o f  1 .0  m l.  The f o l l o w i n g  r e a c t i o n  m i x tu r e  was u s e d  

0 .5  ml P h o s p h o l ip i d  e m u ls io n  

0 .4  ml E m u ls io n  b u f f e r  (Ca^^ -  2 .5  mil) .

0 . 1  ml « -T o x in  f r a c t i o n .

T e s t s  w ere  s e t  up i n  d u p l i c a t e .  C o n t r o l s  c o n t a i n e d  s u b s t r a t e  -f- 

d l s t i l l e d  w a t e r  i n s t e a d  o f  « - t o x i n .  Tubes w ere  i n c u b a t e d  a t  37*^C/30 rain. 

One tu b e  o f  each  p a i r  was a s s a y e d  f o r  p h o s p h o l i p i d  breakdow n by 

d e t e r m i n a t i o n  o f  w a t e r - s o l u b l e  phosphoru.s by A l l e n  p r o c e d u r e .  To t h e  

d u p l i c a t e  t u b e  10 ml o f  c h lo ro fo rm  (A nala .r )w ere  ad d ed ,  t h e  c o n t e n t s  

t h o r o u g h l y  m ixed , and t h e  p h a s e s  a l lo w e d  to  s e p a r a t e .  The c h lo ro fo rm  

e x t r a c t s  w ere e v a p o r a te d  t o  d ry n e s s  on a. r o t a r y  e v a p o r a t o r  u n d e r  

n i t r o g e n  and  r e d i s s o l v e d  i n  0 ,2  ml c h lo ro fo rm .  TLG o f  50 p l  volum es 

o f  each  o f  t h e s e  e x t r a c t s  was c a r r i e d  o u t .

The r e s u l t s  o b t a i n e d  f o r  p h o s p h a te  r e l e a s e  by two p r e p a r a t i o n s  

o f  and  o b t a i n e d  by e l e c t r o f o c u s i n g  o f  AGX I 846 t o x i n  a r e  shown 

i n  T a b le  4 0 ,  I t  can  be s e e n  t h a t  b o th  form s o f  « - t o x i n  h y d r o ly s e d  

l e c i t h i n  and  s p h in g o m y e l in  a s  d i d  t h e  s t a r t i n g  m a t e r i a l ,  AGX I 8 4 6 . 

M oreover  t h e s e  r e s u l t s  c o u ld  b e  c o r r e l a t e d  w i th  t h e  p i c t u r e  o b t a i n e d  by  

TLG o f  c h lo ro fo rm  e x t r a c t s  o f  t h e i r  d u p l i c a t e  a s s a y s .  T h is  i s  

d e m o n s t r a te d  i n  P l a t e  4»



T a b le  40 : R e le a s e  o f  H a t e r - S o l u b l e  P h o sp h o ru s  from L e c i t h i n

and S p h in g o m y e lin  E m u ls io n s  by and
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05-Toxin^'

pg P hosphorus r e l e a s e d  from

L e c i t h i n S p h in g  omy e 1i n

4 14

13 23

“«a 6 19

12 21

AGX 1846 34 49
(1  mg/ml)

T o t a l  Phosphoru.8
i n  C o n t r o l  E m u ls io n  43 51

S u b s c r i p t  n um bering  r e f e r s  t o  p r e p a r a t i o n s  o f  

« -T o x in  from d i f f e r e n t  e l e c t r o f o c u s i n g  e x p e r im e n t s
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P l a t e  4 : T h in  L a y e r  G hrom etography o f  C h lo ro fo rm  E x t r a o t s

o f  L e c i t h i n  a.nd S p h in g o m y e lin  E m u ls io n s  t r e a t e d  

w i th  and cĉ  P r e p a r a t i o n s  o f  G l,  p e r f r i n g e n s

2 -1-oc-Toxin i n  t h e  p r e s e n c e  o f  Ga

P l a t e s  s p r e a d  w i th  s i l i c a  g e l  G.

50 p i  sam p les  a p p l i e d  a t  t h e  o r i g i n

Chromatogram d e v e lo p e d  w i th  Ghloi'oform iM ethanolzIlgO  ■= 65 : 35z4f 

P h o s p h o l ip i d  s p o t s  d e v e lo p e d  by  c h a r r i n g  w i t h  c o n c e n t r a t e d

H2SO4 .

A -  C o n t r o l  s p h in g o m y e l in

B -  C o n t r o l  l e c i t h i n

C =5 S p h in g o m y e lin  t r e a t e d  w i th  AGX I 846 ( im g /m l)

D “=: L e c i t h i n  t r e a t e d  w i th  AGX I 846 ( im g /m l)

E = S p h in g o m y e lin  t r e a t e d  w i th  cl
1 .

P -  L e c i t h i n  t r e a t e d  w i th  cc
1

G -  S p h in g o m y e lin  t r e a t e d  w i th  «.
2

II -=5 L e c i t h i n  t r e a t e d  w i th  a .
2
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6, Z i no C o n te n t  o f  « -T o x in  P r e n e r a t i o n s .

Specim ens f o r  Zn a n a l y s i s  w ere c o n c e n t r a t e d  by d i a l y s i s  

a ,g a in s t  70/5 ammonium s u l p h a t e  a.t 4 0» t h e  p r e c i p i t a t e s  w ere h a r v e s t e d  

by c e n t r i f u g a t i o n  a t  2 5 ,0 0 0  g f o r  15 min a t  4°C and  r e d i s s o l v e d  i n  

d i s t i l l e d  w a t e r .  Sam ples w ere  t h e n  d i a l y s e d  e x h a u s t i v e l y  a g a i n s t  

d e i o n i s e d  w a te r  f o r  48 h o u rs  w i th  s e v e r a l  changes  o f  t h e  s t i r r e d  

d i a l y s a t e .  A l l  g l a s s w a r e  u s e d  h ad  b e e n  c l e a n e d  w i th  Decon 90 (D econ 

L a b o r a t o r i e s  L t d . ,  B r ig h t o n ,  E ng lan d )  and r i n s e d  th o r o u g h l y  w i th  g l a s s  

d i s t i l l e d  w a te r  and  t h e n  d e i o n i s e d  w a t e r  ( c o n d u c t i v i t y  l e s s  t h a n  0*1 

m ic ro m h o s ) .

Z in c  was d e te rm in e d  by  a to m ic  e m is s io n  s p e c t r o s c o p y  by  

Mr. ]). M i l l e r  o f  t h e  G eology D e p a r tm e n t ,  U n i v e r s i t y  o f  G lasgow, u s i n g  

a  H i l g e r  L arge  Q u a r t z / G l a s s  E742 S p e c t r o g r a p h ,  E l e c t r o d e s  w ere  made 

o f  g r a p h i t e .  The d i a l y s e d  sam p les  w ere  lo a d e d  i n t o  w e l l s  d r i l l e d  i n  

t h e  ends o f  t h e s e  e l e c t r o d e s  (Volume 0 .1  ml) and  d r i e d  i n t o  t h e  w e l l s  

u s i n g  a  c h ro m â tograpliy  sam ple  d r i e r .  P r o t e i n  a p p l i e d  to  each  e l e c t r o d e  

was e s t i m a t e d  by t h e  Lowry m e thod .  Specim ens wore e x c i t e d  i n  t h e  

c a rb o n  a r c  a t  5 amp DC w i th  an  e l e c t r o d e  gap o f  4 mm. The UV s p e c t r a  

w ere  r e c o r d e d  b e tw e e n  370 -  240 nm u s i n g  qu .artz  o p t i c s .

T a b le  41 l i s t s  t h e  sam p le s  a n a l y s e d .  I n  none o f  t h e s e  

sam p le s  we<6 t h e  c h a r a c t e r i s t i c  e m is s io n  l i n e s  o f  z i n c  d e t e c t e d .
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2 1 2

B. e-TOXgT

R e s u l t s  u n d e r  * I n i t i a l  S t u d i e s ’ ( s e e  p ag e  1?6 ) h ave  a l r e a d y  

i n d i c a t e d  t h a t  t h e  te c h n iq u .e  o f  e l e c t r o f o c u s i n g  can  s e p a r a t e  t h e  two 

c y t o l y t i c  a g e n t s  p ro d u c e d  hy  C l .  p e r f r i n g e n s  v i z ,  t h e  a -  and  G - t o x i n s .  

The y i e l d  o f  G—t o x i n  from s t r a i n  S107 i n  t h a t  e x p e r im e n t  was 67*5/^ o f  

t h a t  a p p l i e d  ( s e e  F ig u r e  13 ) ,  S i m i l a r  y i e l d s  h av e  b e e n  o b ta in e d  

w i th  t h e  G- t o x i n  o f  s t r a i n  BP6K i l l u s t r a t e d  i n  F igure*  20 and T a b le  37* 

E l e c t r o f o c u s i n g  s t u d i e s  w i th  9 - t o x i n  i n  b ro a d  pH g r a d i e n t s  3 *- 10 a r e  

su jnm arised  i n  T a b le  42 , T hese  s t u d i e s  h ave  r e v e a l e d  t h a t  8 - t o x i n  h a s  

a  p i  o f  6 ,5 6  -  0 , 1 3 » t h e  a v e ra g e  o f  8 d e t e r m i n a t i o n s  c o m p r i s in g  

e x p e r im e n ts  w i th  p r e p a r a t i o n s  from s t r a i n s  BP6K and  8107 an d  Wellcome 

p r e p a r a t i o n  AGX I 8 4 6 , The p i ;  o f  8 - t o x i n  c o u ld  n o t  b e  d e te rm in e d  

a c c u r a t e l y  i n  pH 4 *“ 6'-g r a d i e n t s  b e c a u s e  o f  t h e  l o s s  o f  l i n e a r i t y  i n  

su ch  pH g r a d i e n t s  i n  t h e  r e g i o n  o f  t h e  p i  o f  G - t o x i n  ( s e e  F ig u r e  21 ) .

F u r th e rm o re ,  i t  h a s  b e e n  shown t h a t  8 - t o x i n  can  b e  r e f o c u s e d  

i n  b r o a d  pH g r a d i e n t s  o f  3 -  10 w i th  good r e c o v e ry  o f  a c t i v i t y .

F i g u r e s  24 and  25 show t h e  e l u t i o n  p r o f i l e s  o f  8—t o x i n  on p r im a ry  

e l e c t r o f o c u s i n g  and  on r e f o c u s i n g  o f  t h e  pealc f r a c t i o n s  r e s p e c t i v e l y .  

The r e c o v e r i e s  a r e  g iv e n  i n  T a b le  42 (E x p e r im e n t  No. 2 and  No. 3 

r e s p e c t i v e l y ) .

I t  s h o u ld  b e  n o te d  t h a t  t h e  e l u t i o n  p r o f i l e s  o f  G - to x in  i n  

F i g u r e s  13 and  20 e ^ d i ib i t  " s h o u l d e r s "  on t h e  a c i d  s i d e  o f  t h e i r  

e l u t i o n  p r o f i l e s .  The pH a t  w hich  t h e s e  " s h o u l d e r s "  o c c u r r e d  a r e  

sum m arised  i n  T a b le  43 and  a r e  d e s i g n a t e d  I  and  I I .

A t te m p ts  t o  r e s o l v e  G - to x in  by r e f o c u s i n g  on a  narrow  pH
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F i g u r e  24 : I s o e l e c t r i c  F o c u s in g  o f  6 - t o x i n  i n  B ro ad

pH G r a d ie n t s

The pH g r a d i e n t  was from 3 - 1 0 .  1 2 .7  mg o f  G - to x in

p r e p a r e d  from c u l t u r e  s u p e r n a t a n t  f l u i d  o f  s t r a i n  BP6K 

grown i n  M I I  medium hy t h e  a c e t o n e / c a l c i u m  p h o s p h a te  

p r o c e d u r e  o f  van  H eyn ingen  w ere  a p p l i e d  i n  t h e  d e n se  

s o l u t i o n  t o  t h e  LKB 8101 co lum n. F o c u s in g  was 

c a r r i e d  o u t  f o r  4 ^  h o u r s  a t  4 °0  w i th  a  f i n a l  p o t e n t i a l  

o f  800 V. F r a c t i o n s  o f  2 ml volume w ere  o o l l e o t e d .

F ig u r e  23 : R e fo c u s in g  o f  G—T oxin  i n  B ro ad  pH G r a d i e n t s

F r a c t i o n s  29 -  36 i n c l u s i v e  from F ig u r e  24 ( 0 --------------0 )

w ere p o o le d ,  d i a l y s e d  o v e r n i g h t  a g a i n s t  I/o g l y c i n e  

and  a p p l i e d  t o  colum n LKB 8 IOI i n  t h e  l i g h t  s o l u t i o n  

(13  m l ) .  F o c u s in g  wa.s c a r r i e d  o u t  f o r  37 h o u r s  a t  

4^0 w i th  a  f i n a l  p o t e n t i a l  o f  8OO V. F r a c t i o n s  o f  

2 ml w ere c o l l e c t e d .

Symbols f o r  B o th  F i g u r e s ;

(*••) pH g r a d i e n t  

( O )  0 “ Toxin A c t i v i t y  (HU)

®280



1.6

1.2

LU

a s

0 4

ooi
20 3 0  4 0  50

f r a c t i o n  N o .

6 0

1.0

LU

0 8

0.6

0 2

OO
20 30 4 0  50

F R A C T I O N  No.

60
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T a b l e  43  : ■ G le c tro fo c u s in /x  S t u d i e s  on C l .  p e r f r i n ^ ^ e n s  0 - T o x i n

O b s e r v a t i o n  o f  ’^S h o u ld ers* ’ i n  B r o a d  oH G r a d i e n t s  o f  3—10

' E x p e r im e n t  
No . t S t r a i n

pH R ange 
I

o f  ” Shoulders**  
I I

4 SIO7 - 5 . 40 - 5 .6 0

5 S I 07 4 . 95- 5-05 5 . 50- 5 .7 0

7 b p 6k 5 . 00- 5 .3 0 5 . 60- 5 .9 0

6 BP6IC 5 . 25- 5 .3 0 5 . 50- 5 .9 0

t S e e  T a b l e  42.
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g r a d i e n t  o f  pH 5 -  G, ' a l l  f r a . c t i o n s  from a. b r o a d  g r a d i e n t  o f  pH 3 - 1 0  

c o n t a i n i n g  d e t e c t  a b l e  G - to x in ,  p ro v e d  u n s u c c e s s f u l .  The h a e ra o ly t io  

a c t i v i t y  u a s  d i s t r i b u t e d  th r o u g h o u t  t h e  pH r a n g e  5 .9  -  7 «0 w i th  no 

c l e a r  p eak  o r  p e a k s  o f  a c t i v i t y ,

1 , P u r i t y  o f  E X e o tro fo o u s e d  8 - T o x in .

I n s u f f i c i e n t  m a t e r i a l  was r e c o v e re d  i n  t h e  p eak  f r a c t i o n s  

o f  G - to x in  from a n a l y t i c a l  column e x p e r im e n ts  i n  pH 3 - 1 0  g r a d i e n t s  

f o r  t h e  p u r i t y  o f  su ch  p r e p a r a t i o n s  t o  be s t u d i e d .  However, G - to x in  

from peak  f r a c t i o n s  i n  p r e p a r a t i v e  column e x p e r im e n ts  i n  pH 4 - 6  

g r a d i e n t s  h a s  p r o v id e d  e v id e n o e  t h a t  t h i s  t o x i n  i s  o b t a i n e d  i n  a  

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

a .  P o ly a c ry la m id e  G el E l e c t r o p h o r e s i s  i n  t h e  P r e s e n c e  o f  BBS:

The G - t o x i n  peak  f r a c t i o n s  from F ig u r e  21 ( f r a c t i o n s  69 and 

7 0 ) w ere  p o o le d  and  t h e  t o x i n  h a r v e s t e d  by th e  m ethod  d e s c r i b e d  on 

page  202 f o r  u - t o x i n .  S le c t ro p h o i - 'e s i s  i n  11/: p o ly a c r y la m id e  d i s c  

g e l s  i n  t h e  p r e s e n c e  o f  SDS r e v e a l e d  two b ands  o f  p r o t e i n  -  a  m a jo r  

component w i th  a m o l e c u l a r  w e ig h t  o f  61 ,500  and a m in o r  b an d  w i th  a  

m o l e c u l a r  w e ig h t  o f  36 ,300  ( s e e  P l a t e  5 ) •

b .  Im rn u n o e lc c t ro o h o re s i s  Î

I m m u n o e le c t ro p h o re s i s  o f  0—t o x i n  from pH 4 ~ 6 g r a d i e n t s  h a s  

r e v e a l e d  t h a t  s u ch  p r e p a r a t i o n s  w ere  hom ogeneous. F o r  exam ple , 

im rn u n o e le c t ro p h o re s is  o f  f r a c t i o n s  69 and  70 from FigTj.re 21 g ave  o n ly  

one p r e c i o i t i n  a r c  a g a i n s t  s t a n d a r d  C l .  n e r f r i n g e n s  t y p e  A a n t i s o ru m  

( s e e  P l a t e  2 ) ,  I t  can  be  s e e n  t h a t  u n d e r  th e  e l e c t z 'c p h o r e t i o  

c o n d i t i o n s  u s e d  G - to x in  h a r d l y  m i g r a t e d  from t h e  o r i g i n .
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P l a t e  5 : S D S - P o ly a o r y la m id e  E l e c t r o p h o r e s i s  o f  C l . p e r f r i n g e ^

T o x in s  a.nd Enzymes o b ta in e d  hy  E l e c t r o f o c u s i n g

G e l s :  ü ,  ct^ (3 0  \J.g)

\ I ,  G - t o x i n  (55 Hs)

X. C o l l a g e n a s e  p e a k  F r a c t i o n  I  (82  p.g)

Y. C o l l a g e n a s e  p e a k  F r a c t i o n  I I  ( i l l  | ig )

Z ,  S t a n d a r d  P r o t e i n  M ix t u r e

B . B l a n k  g e l

BP6K. 35-50%  ( 1111̂ ) 280^  s a t u r a t i o n  p r e c i p i t a t e d

t o x i n  (9 0  tig)

S t a n d a r d  P r o t e i n s :  Ife -  BSA 16. = BSA d im e r  2 ■= O va lbum in

3 -  C h y m o t ïy p s in o g e n  4  "  A r t e f a c t  b a n d

P l a t e  6 ; I m m u n o e l e c t r o p h o r e s i s  o f  E l e c t r o f o c u s e d  C l ,  p e r f r i n g e n s

C o l l a g e n a s e

W e l l s  X a n d  Y c o n t a i n  c o l l a g e n a s e  f r a c t i o n s  I  a n d  I I  

r e s p e c t i v e l y  a s  a b o v e ,

A -  S t a n d a r d  d i a g n o s t i c  C l ,  p e r f r i n g e n s  t y p e  A 

a n t i s e r u m  K7739»

Anode t o  l e f t  o f  p h o t o g r a p h .
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G, COLLAGENASE

I t  h a s  a l r e a d y  b e e n  shown i n  Pi,gu.res 20 and 21 t h a t  an  

enzyme c a p a b le  o f  d i g e s t i n g  a s o c o l l  pow der was fo u n d  i n  t o x i n  o b t a i n e d  

from c u l t u r e  s u p e r n a t a n t s  o f  s t r a i n  BP6% and  f o c u s e d  a t  p i s  o f  4*61 

and  4*65 r e s p e c t i v e l y ,  T h a t  t h i s  enzyme was in d e e d  a  t r u e  c o l l a g e n a s e ,  

nam ely t h e  k a p p a  t o x i n  o f  0 1 .  p e r f r i n g e n s , was shown by i t s  a b i l i t y  

t o  d i g e s t  n a t i v e  c o l l a g e n  by u s e  o f  t h e  c o l l a g e n  d i s c  t e c h n iq u e  ( s e e  

p ag e  1 3 2 ) .

T e s t s  c a r r i e d  o u t  on f r a c t i o n s  13 t o  26 o f  t h e  e l e c t r o f o c u s i n g  

o 'xperim ent shown i n  F ig u r e  20 a r e  shown i n  P l a t e  7 * A f t e r  two 

Iiouï's* i n c u b a t i o n  a t  37^0 f r a c t i o n s  20, 21 and  22 h a d  c a u s e d  d i s s o l u t i o n  

o f  t h e  oolla^gen d i s c s .  T hese  t h r e e  f r a c t i o n s  c o n t a i n e d  maximum a z o o o l l  

d i g e s t i n g  a c t i v i t y  w i th  t h e  p eak  i n  f r a c t i o n  2 1 ,  By 4 h o u r s  t h e  d i s c  

t r e a t e d  w i th  f r a c t i o n  21 was c o m p le te ly  d e g ra d e d  an d  d i s c s  i n  w e l l s  

w i th  m a t e r i a l  from f r a c t i o n s  18, I 9 and  23 w ere  becom ing  d i g e s t e d .

A f t e r  8 h o u rs  d i s c s  o f  c o l l a g e n  t e s t e d  w i th  f r a c t i o n s  18 — 23 i n c l u s i v e  

h ad  b e e n  c o m p le te ly  o r  a lm o s t  c o m p le te ly  d i g e s t e d .  Those i n c u b a t e d  

w i th  f r a c t i o n s  24 -  26 h ad  a l s o  become t h i n n e r .  Thus a l l  f r a c t i o n s  

c o n t a i n i n g  40 AU o f  c o l l a g e n a s e  p e r  ml o r  above d i g e s t e d  110 -  120 pg 

o f  c o l l a g e n  i n  8 h o u r s .  S i m i l a r  s t u d i e s  w i th  f r a c t i o n s  from o t h e r  

e l e c t r o f o c u s i n g  e x p e r im e n ts  c o n f i rm e d  i n  a l l  c a s e s  t h a t  o n ly  t h o s e  

f r a c t i o n s  c o n t a i n i n g  a z o o o l l  d i g e s t i n g  a c t i v i t y  c a u s e d  d i s s o l u t i o n  o f  

c o l l a g e n  d i s c s .  M oreover,  f r a c t i o n s  w i th  peak  a z o o o l l  d i g e s t i n g  

a . c t i v i t y  c o r r e s p o n d e d  w i th  t h e  f r a c t i o n s  i n  w hich  d i s s o l u t i o n  o f  t h e  

c o l l a g e n  d i s c s  f i r s t  became e v i d e n t .  Thus t h e  p i  o f  t h e  a z o o o l l  

d i g e s t i n g  enzyme was a .lso  t h a t  f o r  t h e  c o l la g e n a se .
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P l a t e  7 : A ssay  o f  F r a c t i o n s  o f  F o cu sed  BP6K T o x in

. f o r  C o l la a 'e n a s e  b y  t h e  C o l l a g e n  Pi  so  M ethod

F r a c t i o n s  1 3 -26  i n c l u s i v e  from th e  e x p e r im e n t  shown 

i n  F i g u r e  20 i n  w hich  a z o c o l l - d i g e s t i n g  a c t i v i t y  

was d e te r m in e d .  VJHO p l a t e  i n c u b a t e d  a t  37^0 .

0 -  c o n t r o l  c o l l a g e n  d i s c  su sp e n d e d  i n  b u f f e r  a l o n e .



TIME
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2 2 0

T a b le  44 swnma.rises t h o s e  e l e c t r o f o o u s i n g  e x p e r im e n ts  i n

w hich  t h e  p i  and  r e c o v e ry  o f  c o l l a g e n a s e  w ere  d e t e r m in e d .  The

t-a v e ra g e  p i  from 7 d e t e r m i n a t i o n s  was 4*54 -  0 .1 4  w i t h  a. r e c o v e ry  o f  57/^*

I n  none o f  t h e  e l e c t r o f o c u s i n g  e x p e r im e n ts  c a r r i e d  o u t  i n  

e i t h e r  b r o a d  r a n g e  o%' narrow  r a n g e  pîl g r a d i e n t s  w ere  m u l t i p l e  p eak s  

o f  a c t i v i t y  o b s e r v e d .  I n  m ost e x p e r im e n ts  t h e  o o l l a g e im s e  p eak  was 

a s s o c i a t e d  w i th  a  d e f i n i t e  p r o t e i n  p eak  as  m o n i to r e d  by  Egyg ( s e e  

F i g u r e s  20 and  21 ) ,

I n  view  o f  t h e  f i n d i n g s  o f  Levdikova. [ 1 S } 6 6 )  t h a t  t h e  

o o l l a g e n a s e s  o f  0 1 .  p e r f r i n g e n s  and  01 . h i s t o l y t i c u m  h a d  a lm o s t  

i d e n t i c a l  m o l e c u l a r  w e ig h t s  a s  d e te rm in e d  by s e d i m e n t a t i o n  v e l o c i t y  on 

u l t r a c e n t r i f u g a t i o n ,  b u t  d i f f e r e n t  amino a c i d  c o m p o s i t io n s  and  i s o e l e c t r i c  

p o i n t s  a.s d e te rm in e d  by e l e c t r o p h o r e s i s  w i th  a  f r e e  b o u n d a ry  a p p a r a tu s  

( E n t v e i l e r ) ,• t h e  i s o e l e c t r i c  p o i n t  o f  01 .  h i s t o l y t i c u m  c o l l a g e n a s e  

was i n v e s t i g a t e d  by  i s o e l e c t r i c  f o c u s i n g .

F i g u r e s  26 and  27 show e x p e r im e n ts  i n  which. 0 1 .  h i s t o l y t i c u m

c o l l a g e n a s e  ( s e e  A ppend ix  I I I )  was f i r s t  e l e c t r o f o c u s e d  i n  a  pH 3 -  10

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

r e f o c u s e d  i n  a. pH 5 "* 8 g r a d i e n t .  The p i s  d e t e r m in e d  w ere  r e s p e c t i v e l y  

5*55 &ud 5 *5 8 ? w i th  r e c o v e r i e s  o f  t h e  o r d e r  o f  80^  o f  t h e  a p p l i e d  

a c t i v i t y  i n  b o t h  c a s e s .  A g a in  p eak  a z o c o l l  d i g e s t i n g  a c t i v i t y  c o i n c i d e d

w i th  t h e  p eak  o f  c o l l a g e n  d i s s o l u t i o n  a c t i v i t y .

1 .  P u r i t y  o f  E l e c t r o f o c u s e d  C o l l a g e n a s e .

Peak  f r a c t i o n s  o f  c o l l a g e n a s e  a c t i v i t y  from p r e p a r a t i v e  

e l e c t r o f o c u s i n g  e x p e r im e n t s  w ere  exam ined  by d i s c  e l e c t r o p h o r e s i s  and  

immuno e 1e c t  ro  oho r e  s i  s .
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F ig u r e  26 : I s o e l e c t r i c  F o c u s in g  o f  0 1 . h i s t o l y t i c u m  c o l l a g e n a s e

12 rag o f  f r e e z e - d r i e d  c o l l a g e n a s e  (A p p en d ix  I I I )  

a p p l i e d  i n  t h e  heavjr s o l u t i o n .  The pH g r a d i e n t  

was from  pH 3 -  1 0 .  F o c u s in g  was c a r r i e d  o u t  

a t  4^0 f o r  48 h o u r s ,  w i th  a  f i n a l  p o t e n t i a l  o f  

800 V. 2 ml f r a c t i o n s  w ere  c o l l e c t e d *

(•••) pH G r a d ie n t  

%280

( A ) C ollagena.se-azoG oll d i g e s t i n g  a c t i v i t y
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F i g u r e  27 : R e fo c u s in g  o f  C l .  h i s t o l y t i c u m  c o l l a g e n a s e.m r- - r— ■ — m r r   — . ..   -,

F r a c t i o n s  20-28  i n c l u s i v e  from t h e  e x p e r im e n t  shown 

i n  F ig u r e  26 w ere  r e f o c u s e d  i n  a  n a rrow  pH g r a d i e n t ,  

pH 5 — Ô- E l e c t r o f o c u s i n g  was c a r r i e d  o u t  a t  4*^0 

f o r  38 h o u rs  w i th  a  f i n a l . p o t e n t i a l  o f  1200 V.

2 ml f r a c t i o n s  w ere  c o l l e c t e d .

(•••) pH G r a d ie n t  

( ® ) ®280

( a ) C o l l a g e n a s e - a z o c o l l  d i g e s t i n g  a c t i v i t y
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a .  P o L y ao ^ /la ra id e  G el E l e c t r o p h o r e s i s  i n  t h e  P r e s e n c e  o f  SDS:

D is c  e l e c t r o p h o r e s i s  i n  t h e  p r e s e n c e  o f  SDS o f  two 

p r e p a r a t i o n s  o f  c o l l a g o n a s e  from d i f f e r e n t  e l e o t r o f o c n s i n g  e x p e r im e n ts  

t o g e t h e r  w i th  a  g e l  c o n t a i n i n g  t h e  DP6îC t o x i n  a p p l i e d  t o  t h e s e  colum ns 

i s  .shown i n  P l a t e  5 • I t  c a n  h e  s e e n  t h a t  b o th  p r e p a r a t i o n s

c o n t a i n e d  6 co m ponen ts .  T hese  had  m o l e c u l a r  w e ig h t s  ra-n^ging from

1 0 7 ,0 0 0  -  1 4 4 ,0 0 0  a s  i n d i c a t e d  on P l a t e  5 • The i d e n t i t y  o f  one o r  

more o f  t h e s e  h a n d s  w i th  c o l l a g e n a s e  h a s  n o t  y e t  b e e n  e s t a b l i s h e d .

h . I m m u n o e le c t r o p h o r e s i s ;

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

a  s i n g l e  p r e c i p i t i n  l i n e  i n  b o t h  c a s e s  a.s i s  shown i n  P l a t e  6 . Of t h e  

p u r i f i e d  t o x i n s  exam ined  by i r a m u n o e le c t ro p h o re s i s  i t  was t h e  m ost a n o d ic  

o f  t h e  p r o t e i n s .  The o b s e r v a t i o n  o f  one p r e c i p i t i n  l i n e  w arns  a g a i n s t  

u s i n g  t h i s  c r i t e r i o n  a lo n e  a.s a  gauge  o f  h o m o g e n e ity  o f  p r e p a r a t i o n s .

D. HYALUR0ITIDASI5

E l e c t r o f o c u s i n g  o f  h y a lu ro n id a . s e  h a s  b e e n  r e f e r r e d  t o  

p r e v i o u s l y  ( F i g u r e s  20 an d  21 ) .  Those e x p e r im e n ts  i n  w hich  t h e  p i  

o f  h y a .lu ro n id a .se  was d e t e r m in e d  by e l e c t r o f o c u s i n g  on an a n a l y t i c a l  

soa .le  ai’e sum m arised  i n  T a b le  45 • The a v e ra g e  p i  from 7 d e t e r m i n a t i o n s  

was 4 .7 3  -  0 .0 5  w i th  an  a v e r a g e  r e c o v e r y  o f  66%.

H y a lu ro n id a .se  t h u s  a p p e a r e d  t o  be  hom ogeneous, h u t  l a t e r  

e x p e r im e n t s  on a  p r e p a r a t i v e  s c a l e  i n  narrow  pH g r a d i e n t s  w i th  t o x i n  

p r e p a r e d  from s t r a i n  BP6% h a v e  l e d  t o  t h e  o b s e r v a t i o n  o f  m u l t i p l e  fo rm s .  

F o r  exam ple i n  t h e  e x p e r im e n t  shown i n  F ig u r e  21 two p eak s  o f  a c t i v i t y
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wore d e t e o ’bed h a v in g  p I s  o f  4*86 aaid 4 -9S -  M oreover ,  i n  a n o t h e r  

e x p e r im e n t  i n  a  pH 4 “• 6 g r a d i e n t ,  3 peaces o f  a c t i v i t y  w ere o b s e rv e d  

( s e e  F ig u r e  28 ) .  The p eak  f r a c t i o n s  63» 68 and  75 h ad  p i s  o f  4*83» 

4*94 and  5*07 r e s p e c t i v e l y .

1 .  P u r i t y  o f  F l e c t r o f o c u s e d  By a lu r o  n i  das  e .

A t te m p ts  t o  a s s e s s  t h e  p u r i t y  o f  h y a l u r o n i d a s e  by 

im m u n o e le c t r o p h o r e s i s  and SDS g e l  e l e c t r o p h o r e s i s  p ro v e d  u n s u c c e s s f u l .

Hb p r e c i p i t i n  l i n e s  w ere  o b t a i n e d  when c o n c e n t r a t e d  h y a l u r o n i d a s e  

f r a c t i o n s  w ere  im m u n o e le c t ro p h o re s e d  a g a i n s t  s t a n d a r d  ty p e  A a n t i s e r u m .  

H or w ere  d i s t i n c t  p r o t e i n  s t a i n i n g  b an d s  o b s e rv e d  on g e l  e l e c t r o p h o r e s i s  

I n  t h e  p r e s e n c e  o f  SDS.
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F i g u r e  2 8 :  Ob s e r v a t i o n  o f  Mul t i p l e  Forms o f  h y a l u r o n i d a s e

i n  P r e p a r a t i v e  S c a l e  E l e c t r o f o o u s i n g  E x p e r im e n ts .

I s o e l e c t r i c  f o c u s i n g  o f  35"505^ f r a c t i o n a l  ( 115̂ ) 280^ 

s a t u r a t i o n  p r e c i p i t a t e  p r e p a r e d  from c u l t u r e  

s u p e r n a t a n t  f l u i d s  o f  s t r a i n  BP6K grow n i n  M I I  

medium*

The pH g r a d i e n t  was from 4  — 6* 2 ,9 5  S' o f  t o x i n

w ere  a p p l i e d  t o  t h e  LICB 8102 p r e p a r a t i v e  e l e o t r o -  

f o c u s in g  oolumn i n  312 ml o f  d i a l y s e d  m a t e r i a l »

152 ml o f  w h ich  w ere  a p p l i e d  i n  t h e  d e n se  s o l u t i o n .  

F o c u s in g  was c a r r i e d  o u t  f o r  80 h o u r s  a,t 4 ^ 0  w i th  a  

f i n a l  p o t e n t i a l  o f  8OO 7 . F r a c t i o n s  o f  4 nil w ere  

c o l l e c t e d ,

(•••) pH g r a d i e n t

( O )  Eggg

(  E3 ) H y a lu r o n id a s e  A c t i v i t y
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SSGTIQIT I I I  : EFFECTS OF PURIFIED TOXIUS ON MAMIJALIAH CELLS

AND CELL MEMBRANES

A. TK3 EFF5QT OF (X-TQXIN THE OXIDATIOÏÏ OP SUCCIMTE 

BY KREBS 2 ASOITaS TUMOUR CELLS

1 .  ]'! a r b u r g  Exp e r im  e n t  s .

ct-Toxin p u r i f i e d  By m ethod a ( s e e  113 ) and  S ephadex

G-lOO g e l  f i l t r a t i o n  c h ro m a to g rap h y  ( h e r e i n a f t e r  r e f e r r e d  t o  a s

AS/CIOO oc-tox in )  had  two d i s t i n c t  e f f e c t s  on t h e  o x i d a t i o n  o f  s u c c i n a t e

by K rebs  2 a s c i t e s  tum our c e l l s ,  a c c o r d in g  t o  w h e th e r  t h e s e  e x p e r im e n ts

2+w ere  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o r  t h e  a b se n c e  o f  Ga «

2+a .  E x p e r im e n ts  i n  t h e  P r e s e n c e  o f  Ca :

A s c i t e s  c e l l s  w ere  p r e - i n c u b a t e d  w i th  p u r i f i e d  a - t o x i n  o r  

c o n t r o l  f l u i d  f o r  30 min a t  37^0 i n  t h e  Warburg f l a s k s .  I n  each  o f  

f o u r  e x p e r im e n ts  ( T a b le  4^  ) s u c c i n a t e  o x i d a t i o n  by t o x i n  t r e a t e d  c e l l s  

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

r e s p i r i n g  e n d o g e n o u s ly , T h is  i s  d e m o n s t r a te d  i n  F ig u r e  2$A.

2+b , Ex p e r im e n ts  i n  t h e  Absenoo o f  Qa. :

K rebs  2 a s c i t e s  tum our c e l l s  w ere p r e t r e a t e d  w i th  a - t o x i n  i n  

t h e  same way a s  a b o v e .  However, a d d i t i o n  o f  exogenous  s u b s t r a t e  t o  

t h e s e  c e l l s  c a u s e d  a  m arked  i n c r e a s e  i n  t h e  r a t e  o f  oxygen u p ta k e  

com pared  w i th  a . s c i t e s  c e l l s  t r e a t e d  w i th  c o n t r o l  f l u i d .  T h is  e f f e c t  

i s  shown i n  F ig u r e  2$B and  a  summa.ry o f  t h o s e  e x p e r im e n ts  i s  p r e s e n t e d  

i n  T a b le  4<S.

Thus t h i s  p r e p a r a t i o n  o f  u - t o x i n  c a u s e d  i n h i b i t i o n  o f  s u c c i n a t e
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Figure 29 : Effect of AS/g 100 g-Toxin on Sucoinate
Respiration of Krebs 2 Ascites Cells

A« Ascites cells preincubated with 35 Pg (3.3 PGU) of
u-toxin for 30 min at 37^0 with Ga^^ « 2.8 mM before 
adding 60 pmoles of substrate.

B. Ascites cells preincubated with 35 Bg (3.3 PGTJ) of
o 2 "t"oc-toxin for 30 min at 37 0 in the absence of Ga

before adding 60 pmoles substrate.

Symbols for both A and B:

(O ) Respiration of Control cells
( □ ) Respiration of toxin trea.ted cells
(©) Endogenous respiration of ascites cells

N.B. Experiments A and B were performed on different 
batches of ascites cells.
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2-i-respiration in the presence of Ga , hut appeared to stimulate 
sucoinate respiration in their ahsenoe.

The AS/g 100 preparation used in these experiments was 
titrated for the presence of 0-toxin, hyaluronidase and collagenase.
The titres of each product are shown in Tahle 47 • From this table 
it is evident that the observed effects on the respiration of Krebs 2 
ascites cells could have been due to a-toxin or 0-toxin or the 
synergistic action of both cytolytic agents. The possible 
participation of hyalui’onidase or collagenase seemed unlikely because 
of the low titres.

2@ Oxygen Slectrode Experiments,

The oxygon electrode was used to monitor the respiration of 
ascites cells treated with toxin preparations obtained by preparative 
electrofocusing. In all experiments the final volume was 3*0 ml.
As in Warburg experiments the amounts of ascites cells and sucoinate 
were adjusted depending on the required composition of the reaction 
mixture. The cells were always pre-inoubated at 37^0 for'30 min with 
the test toxin before addition of substrate. The control cells were 
similarly pre-incubated,

Figu.re 30 illustrates the results obtained when Krebs 2
ascites cells were treated with a- and 0—toxin. The presence or 

2 -1-absence of Ga neither affected the rate of succinate respiration nor 
the rate of oxygen uptake due to endogenous metabolism. It can be 

seen that whereas caused complete inhibition of succinate respiration,
0-toxin, by contrast, stimulated the respiration rate.
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Table 47 : Titres of Toxins and Enzymes in AS/Q100 
«-Toxin Prepo.rations

Toxin or Bnayme Titre per ml

«—Toxin 6.6 PGU
0-Toxin 1710 HU
Collagenase 9 .5  AU
Hyaluronidase 4.0 IU
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Figu.re 30 : Effect of Electrofocused ct-Toxin and G-Toxln:
on Succinate Respiration of Krebs 2 Ascites Tumour Cells

Oxygen uptake measured in the oxygen electrode.

(1) Endogenous respiration of ascites cells,
(2) «-Toxin treated ascites cells — pretreatment with

20 pg of for 30 min at 37^0 before addition of 
substrate. Ga^^ ■= 2.8 mM.

(3) Control respiration of ascites cells.on sucoinate.
(4 ) 6—toxin treated ascites cells — pretreatment with

242 HU/ml for 30 min at 37°G before addition of
substrate.
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Ta'ble 48 (A) s Ii o w k  t h a t  i n i i i h i t e d  r e s p i r a t i o n  o n ly  i n  

2+t h e  p r e s e n c e  o f  Ga . Fu.rtliertnore, oc-toxin f a i l e d  t o  s t i m u l a t e  i n  

2+t h e  absenoo  o f  Ca , a  f i n d i n g  w hich c o n t r a s t e d  w i th  e a r l i e r  e x p e r im e n ts  

i n  w hich  AS/GIOO p r e p a r a t i o n s  w ere em ployed. A lso ,  t h e  amounts o f  

u s e d  i n  t h e s e  e x p e r im e n ts  c o n t a in e d  no d e t e c t a b l e  o o l l a g ’e n a s e ,  

h y a l u r o n i d a s e  o r  6 - t o x i n .

I n  t h e  e a r l i e r  e x p e r im e n t s ,  0*5 ml o f  t h e  AS/GIOO p r e p a r a t i o n  

u s e d  c o n t a in e d  855 Sd o f  0 - t o x i n .  I n  o r d e r  to  i n v e s t i g a t e  t h e  

p o s s i b l e  r o l e  o f  G—t o x i n  i n  th e s e  e x p e r im e n ts ,  e l e c t r o f o c u s e d  0 - t o x i n  

was a c t i v a t e d ,  t i t r a t e d  and  d i l u t e d  su ch  t h a t  7OO-8OO Hds o f  0 - t o x i n  

w ere  ad d ed  i n  0 . 1  ml o f  b u f f e r .  I t  i s  o bv ious  from  T a b le  4^ (b )  t h a t  

e x p o s u re  o f  K rebs  2 a s c i t e s  c e l l s  t o  such  q u a n t i t i e s  o f  t o x i n  p r i o r  t o  

t h e  a d d i t i o n  o f  s u b s t r a t e  r e s u l t e d  i n  a m arked i n c r e a s e  i n  t h e  

r e s p i r a t i o n  o f  t h e s e  c e l l s  on s u c c i n a t e .

A d i s p a r i t y  b e tw ee n  t h e  a .c tu a l  p e r c e n ta g e  s t i m u l a t i o n  o b s e rv e d  

i n  i n d i v i d u a l  e x p e r im e n ts  w i l l  be  n o te d .

The p o s s i b i l i t y  t h a t  t h i s  e f f e c t  was c a u s e d  by a  v a r i a t i o n  i n  

c e l l  numbers b e tw ee n  e x p e r im e n ts  was t e s t e d .  S ym ington  ( I 9 6 9 ) showed 

t h a t  t h e  number o f  c e l l s  i n  p r e p a r a . t i o n s  o f  a s c i t e s  c e l l s  o b t a in e d  by 

t h e  method d e s c r i b e d  on page  160 was o f  t h e  o r d e r  o f  1-2  x 1 0^ /ra l .  No 

s i g n i f i c a n t  change  i n  t h e  d e g re e  o f  s t i m u l a t i o n  o f  s u c o i n a t e  r e s p i r a t i o n  

was o b s e rv e d  o v e r  a  10 f o l d  i n c r e a s e  i n  c e l l  numbers w i th  a  f i x e d  

c o n c e n t r a t i o n  o f  0 - t o x i n / e x p e r i m e n t  ( s e e  T ab le  49 ) ,  M oreover,  

f o l l o w in g  p r e - t r e a t m e n t  o f  a s c i t e s  c e l l s  w i th  e q u a l  am ounts o f  0 - t o x i n  

f o r  v a ry in g  p e r i o d s  b e tw ee n  1-30  min, t h e  Co s t i m u l a t i o n  o f  Og u p ta k e  

i n c r e a s e d  w i th  t im e  to  r e a c h  a  p l a t e a u  i n  15 rain.
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T a b le  49 : E f f e c t  o f  C e l l  Numbers on t h e  S t i m u l a t i o n  o f

S u c c i n a t e  R e s n i r a t i o n  o f  K rebs 2 A s c i t e s  C e l l s

by  01 . n e r f r i n g e n s  Type A 0 - T o x i n

No. o f  A s c i t e s u l i t r e s  o f  0 ^ u p t a l e e / h o u r  t /j S t i m u l a t i o n

C e l l s / E x p e r i m e n t T o x in  §
mil ' 1 »« . #.1 # IN'»! M

o f  S u c o i n a t e

X 10 *̂ T r e a t e d C o n t r o l E n d ogenous R e s p i r a t i o n

1 . 3 1 5 .4 5 . 1 0 . 7 234

2 .0 3 2 .8 1 1 .4 1 .5 216

5 . 6 1 0 0 .1 3 3 .5 3 .1 219

1 2 .8 1 8 3 .8 6 0 .6 5 .7 234

tAverUige o f  d u p l i c a t e  d e t e r m i n a t i o n s

§ 0 -T o x in  c o n c e n t r a t i o n  = 520 H U /Experim ent -  f i n a l  volum e 3 m l.  

C e l l s  t r e a t e d  w i th  0 - t o x i n  f o r  30 m in a t  37°G p r i o r  t o  t h e  

a d d i t i o n  o f  s u c c in a . t e
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The e f f e c t  o f  c o l l a g e n a s e  on s u c c i n a t e  r e s p i r a t i o n  wa.s a l s o  

t e s t e d .  A p r e p a r a t i o n  c o n t a . i n i n g  3000 ATI o f  c o l l a g e n a s e / m g  was 

e m p lo y e d .  I n  e x p e r i m e n t s  t h e  p r o t o c o l  was d e v i s e d  s u c h  t h a t  4 8 00 AÜ 

o f  c o l l a g e n a s e  w e r e  a d d e d  i n  0 .1  m l .  C a lc iu m  a c e t a t e  wa.s a d d e d  t o  a. 

f i n a l  c o n c e n t r a t i o n  o f  1 ml I « The r e s u l t s  o b t a i n e d  a.re  shown i n  T a b le  58 .* 

C l e a r l y  c o l l a g e n a s e  c a u s e d  no s i g n i f i c a n t  c h a n g e  i n  t h e  r a t e  o f  

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

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

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

B . EFFECT OF ELECTROFOCUSED a -  AND 8-TOXINS OK ERYTHROCYTES 

AND ERYTHROCYTE GHOSTS

1 , I n t e r a c t i o n  o f  a -T o x in  w i th  Mammalia.n E r y t h r o c y t e s ,

a .  H a e m o ly t ic  S p ec tru m :

oc-Toxin p u r i f i e d  b y  i s o e l e c t r i c  f o c u s i n g  was t e s t e d  f o r  i t s  

a b i l i t y  t o  h a e m o ly s e  some s p e c i e s  o f  m am m alian  e r y t h r o c y t e s .  D o u b l in g  

d i l u t i o n  t i t r a . t i o n s  w e re  c a r r i e d  o u t  a.s d e s c r i b e d  on p a g e  I I 7 .

E r y t h r o c y t e  s u s p e n s i o n s  o f  e a c h  s p e c i e s  w e re  p r e p a r e d  a.s f o r  t h e  SSES 

u s e d  f o r  h o t - c o l d  h a e m o l y t i c  t i t r a t i o n s  ( s e e  p a g e  1 1 7 ) .

i .  a - T o x i n  p u r i f i e d  by  e l e c t r o f o c u s i n g  i n  6M u r e a : The p e a k  f r a c t i o n  o f

a - t o x i n  a c t i v i t y  f ro m  t h e  ' e x p e r i m e n t  shown i n  F i g u r e  I 6  was d i a . l y s e d  o v e r ­

n i g h t  a g a i n s t  s e v e r a l  c h a n g e s  o f  s a l i n e  t o  rem ove  t h e  u r e a .  T h i s  p r e p a r a ­

t i o n  was r e f e r r e d  t o  a s  ol , I t  was d i l u t e d  1 :20  w i t h  DICaB t o  p r o v i d eU rea

t h e  s t a r t i n g  d i l u t i o n  f o r  e a c h  t i t r a t i o n .  C o n t r o l  t i t r a t i o n s  w e re  s e t  up

2 'hu s i n g  s i m i l a r l y  d i l u t e d  i n  a - t o x i n  d i l u e n t  l a c k i n g  Ca . T i t r a t i o n s

w e re  c a r r i e d  o u t  i n  0 .5  ml v o lu m e s .  An e q u a l  v o lum e  o f  e a c h  o f  t h e



T a b le  3O : The E f f e c t  o f  C l .  D erfr irv ^e n s  C o l l a g e n a s e  on
'SnK ;.-ssiB :sîsaüiT 33î3:=s—

t h e  R e s e i r a t i o n  o f  K rebs 2 A s c i t e s  C e l l s

238

R e s p i r a t i o n

EndOi?enou£

C onsum ption  o f  Og Mean R a te  o f
l -x l i t e s /h o n r  R e s p i r a t i o n

(±  ISD )

24

24
24

C o n t r o l  c e l l s 93

103

98

98

92

97 -  4

T r e a t e d  c e l l s * 100

93

108

112

103 i  7

* 4 .2 6  X 10 c e l l s / m l  t r e a t e d  w i th  I 6OO AU co lla -gena .se /m l 

SU -  S ta n d a rd  d e v i a t i o n
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e r y t h r o c y t e  s u s p e n s io n s  was a.clded t o  each s e t  o f  t u b e s , H o rse  b lo o d  

was d e f i b r i n a t e d  and  c o n t a in e d  no p r e s e r v a t i v e  (O xo id  L td » ) ;  t h e  

sh eep  b lo o d  wa.s i n  A l s e v e r ’ s s o l u t i o n  ( O xoid  L t d , ) ;  r a b b i t  b lo o d  was 

o b t a i n e d  on t h e  day o f  t h e  e x p e r im e n t  from t h e  a n im a l  h o u se ;  human 

b lo o d  was o u t d a t e d  b lo o d  g ro u p  0 o b t a i n e d  from t h e  b lo o d  bank o f  t h e  

W es te rn  I n f i r m a r y ,  Glasgow, o r  b lo o d  g roup  0 f r e s h l y  w ith d raw n  from m y se l f ,

A f t e r  h o t - c o l d  h a e m o ly s is  t h e  t i t r e s  o f  on each  s p e c i e s

o f  e r y t h r o c y t e  w ere  r e a d  a s  v i s u a l  '^0% h a e m o ly s is  end p o i n t s .  None 

o f  t h e  c o n t r o l  t i t r a t i o n s  showed h a e m o ly s is  a t  t h e  i n i t i a l  d i l u t i o n  o f  

1 :2 0 ,  A l l  o f  t h e  t e s t  t i t r a t i o n s  showed h a e m o ly s is  i n  t h e  f i r s t  tu b e s  

o f  each  t i t r a t i o n  a f t e r  incuba,t i o n  a t  37°0* The r e s u l t s  a r e  shown i n  

T a b le  5 1 ,

i i .  from p r e p a r a t i v e  e l e o t r o f o o u s i n g  e x p e r im e n t s ;  The t i t r a t i o n s  

w ere  c a r r i e d  o u t  a.s u n d e r  . The s t a r t i n g  d i l u t i o n  i n  t h i s  c a s e  was 

a  1 :5 0  d i l u t i o n  o f  cc^. B ov ine  e r y t h r o c y t e s  w ere  u s e d  i n s t e a d  o f  human 

e r y t h r o c y t e s  and  w ere  o b t a i n e d  from t h e  V e t e r i n a r y  S c h o o l ,  U n i v e r s i t y  o f  

G lasgow . ■ The t i t r e s  w ere  r e c o r d e d  a f t e r  t h e  " H o t - c o ld "  p h a se  o f  t h e  

t i t r a t i o n s  and  a r e  shown i n  T a b le  51»

From T a b le  51 i t  a p p e a r s  t h a t  b o v in e  and  huxnan e r y t h r o c y t e s  

a r e  equa .l ly  s u s c e p t i b l e  t o  l y s i s  by a - t o x i n  p r e p a r a t i o n s  a l t h o u g h  from 

o t h e r  e x p e r im e n ts  i t  h a s  b e e n  shown t h a t  human e r y t h r o c y t e s  l y s e  

p r i n c i p a l l y  d u r in g  t h e ”hot" p h a s e  o f  i n c u b a t i o n .  H o rse  and  r a b b i t  

e r y t h r o c y t e s  w ere  l e s s  s u s c e p t i b l e  t o  h a e m o ly s i s ,  l y s i s  o c c u r r i n g  

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

b .  K i n e t i c s  o f  Hot H aem o ly s is  by u - T o x in :

A l l  t h e  e x p e r im e n t s  i n  t h i s  s e c t i o n  u t i l i s e d  t h e
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T a b le  51 * H a e rao ly t ic  S pec trum  o f  E l e c t r o f o c u s e d  a -T o x in

On Mammalian E r y t h r o c y t e  S p e c i e s

E r y t h r o c y t e
S p e c i e s

H o t-G o ld  H aerno ly t ic  T i t r e  (HU/ml)

% r e a aA

B o v in e ND 6400

H o r s e 80 400

Human 2560 ND

R a b b i t 320 1600

S h e e p 2560 6400

HD ~ Not d e te rm in e d
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p r e p a r a t i o n  from AGX I 846 Wellcome to x in #  The e x p e r im e n ts  w ere 

p e r fo rm e d  i n  s t o p p e r e d  s p e c t r o p h o t o m e t e r  c u v e t t e s  o f  1 cm l i g h t  p a t h  

p l a c e d  i n  t h e  c o n s t a n t  t e m p e r a t u r e  h o u s in g  (SP 8 7 4 ) o f  an  SP 8OO 

r e c o r d i n g  s p e c t r o p h o t o m e t e r  (P ye  Unicam) f i t t e d  w i th  a s c a l e  e x p a n s io n  

a c c e s s o r y  (SP 85O) and programme c o n t r o l l e r ,  s e r i e s  2 (SP 8 2 $ ) .  L y s is  

o f  t h e  e r y t h r o c y t e  s u s p e n s i o n  was f o l l o w e d  as  a. d e c r e a s e  i n  o f

t h e  s u s p e n s io n ,  and  t h e  r a t e  o f  change  r e c o r d e d  on a  p o t e n t i o m e t r i o  

s l a v e  r e c o r d e r  (SP 22) u s i n g  a  s c a l e  e x p a n s io n  f a c t o r  s e t  a t  X 2 .

W ate r  was c i r c u l a t e d  th ro u g h  t h e  c o n s t a n t  t e m p e r a t u r e  h o u s in g  from a, 

t h e r m o s t a t i c a l l y  c o n t r o l l e d  w a te r —h a t h  a t  37^0.

i .  O b s e r v a t io n s  on " h o t "  h a e m o ly s i s ;  The f o l l o w i n g  r e a c t i o n  m ix tu r e  

was u s e d  :

2#5 ml B u f f e r

0#2 ml o f  S t a n d a r d i s e d  e r y t h r o c y t e  s u s p e n s io n

20 p i  o f  o r  Normal s a l i n e  ( C o n t r o l  f l u i d ) .

The r e s u l t s  a r e  shown i n  F ig u r e  31 . Only when sh e e p  e r y t h r o c y t e s

2 -1-w ere t r e a t e d  i n  t h e  p r e s e n c e  o f  Ga was h o t  h a e m o ly s i s  o b s e rv e d .

M oreover ,  t h e  r a t e  o f  h a e m o ly s is  was l i n e a r  w i th  t i m e .  I n  t h e  a b s e n c e  

2 - 1-o f  Ga , i n  p h o s p h a te  b u f f e r  o r  i n  b o r a t e  b u f f e r ,  no s i g n i f i c a n t  change  

i n  was o b s e r v e d .  H o rse  e r y t h r o c y t e s  s i m i l a r l y  t r e a t e d  i n  t h e

p r e s e n c e  o f  Ga^^ d i d  n o t  l y s e  a t  t h e  c o n c e n t r a t i o n  o f  oc—t o x i n  u s e d .  

M oreover ,  r e a c t i v a t e d  w i th  0 .1  M c y s te in e -H G l  d i d  n o t  c a u s e  l y s i s

2-f-o f  sh eep  e r y t h r o c y t e s  i n  t h e  a b s e n c e  o f  Ga . I t  c an  b e  c o n c lu d e d  

t h e r e f o r e ,  t h a t  h o t  l y s i s  was due t o  a - t o x i n  and  n o t  due t o  c o n ta m in a t in g  

am ounts  o f  0 - t o x i n .

i i .  E v id e n c e  f o r  a l t é r a t i o n s  i n  t h e  s e n s i t i v i t y  o f  sh e e p  e r y t h r o c y t e s  
d u r in g  t h e  i n i t i a l  p r e - l y t i c  p h a s e  o f  h o t  l y s i s ;

O b s e r v a t io n s  on h o t  l y s i s  o f  sh eep  e r y t h r o c y t e s  by  G l.  p e r f r i n g e n s
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F i g u r e  31 : H ot H a e m o ly s i s  o f  S h eep  E r y t h r o c y t e s

by E l e c t r o f o c u s e d  g -T o x in

T o x in :  

Volume ad d ed :  

B u f f e r  u s e d :

2+

a f ro m  AGX I 8 4 6  u r e a

20 {xl « 5 1  HU 

(  0 )  DIGaB

( 0 )  P h o s p h a te  B u f f e r  ( 6 - t o x i n  d i l u e n t )  

Ho added  Oa'^

( V ) P h o s p h a te  B u f f e r  -  Ho added  Ga"^^. 

g -T o x in  r e a c t i v a t e d  w i th  c y s t e i n e  

h y d r o c h l o r i d e .

( □ ) B o r a t e  B u f f e r  — Ho ad d ed  Ca^*^.

( O )  C o n t r o l s  sh e e p  c e l l s  i n  DIGaB — 

no t o x i n  a d d e d .
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o:-'boxin showed a  p r e - l y t i c  l a g  p h a se  o f  t h e  o r d e r  o f  3 -  4 niin w i th  

t h e  q u a n t i t y  o f  a - t o x i n  u s e d .  I t  w ould  h e  d i f f i c u l t  t o  o b s e rv e  

q u a n t i t a t i v e  ch an g e s  i n  t h e  p h o s p h o l i p i d  c o m p o s i t io n  o c c u r r i n g  i n  

t h e  q u a n t i t y  o f  e r y t h r o c y t e s  p r e s e n t  i n  t h e  r e a c t i o n  m ix tu r e ,  e x c e p t  

p e rh a p s  hy  t h e  u se  o f  r a d i o - a c t i v e  t r a c e r  t e c h n i q u e s .  T h e r e f o r e  an  

i n d i r e c t  a p p ro a c h  was u s e d  t o  i n v e s t i g a t e  p o s s i b l e  a l t e r a t i o n s  

o c c u r r i n g  i n  sh eep  e r y t h r o c y t e s  d u r in g  t h e  l a g  p h a s e .  These  w ere  

m o n i to r e d  by a d d in g  a  c o n s t a n t  amount o f  c ru d e  s t a p h y l o c o c c u s  a - t o x i n  

from s t r a i n  Wood 46 (V/46- t o x i n )  a t  d i f f e r e n t  t im e s  durin<g t h e  l a g .  

A l th o u g h  t h i s  p r e p a r a t i o n  o f  s t a p h y lo c o c c u s  a - t o x i n  p r o b a b ly  c o n t a i n e d  

6- h a e m o ly s in  i t  p ro v e d  s a t i s f a c t o r y  u n d e r  t h e  c o n d i t i o n s  o f  t h e  

e x p e r im e n t .  S ta p h y lo c o c c u s  a - t o x i n  was s e l e c t e d  b e c a u s e  i t  seemed 

l i k e l y  t o  r e a c t  s y n e r g i s t i o a l l y  w i th  0 1 . p e r f r i n g e n s  a - t o x i n ,  t h u s  

i n c r e a s i n g  t h e  s e n s i t i v i t y  o f  t h e  h a e rn o ly t ic  a s s a y .

The SSES u s e d  i n  t h e s e  e x p e r im e n ts  was t h e  same as  t h a t  u s e d  

i n  t h e  e x p e r im e n ts  i l l u s t r a t e d  i n  F ig u r e  31 • A l l  s u s p e n s io n s  w ere 

e q u i l i b r a t e d  f o r  2 min i n  t h e  c e l l  h o u s in g  p r i o r  t o  t h e  a d d i t i o n  o f  

t o x i n  and  gave  t h e  r e s u l t s  shown i n  F ig u r e  32 , H ae rn o ly t ic  c u r v e s  

w ere  s u p e r im p o se d  a s  t r a c e s  from d a t a  o b ta in e d  from t h e  p o t e n t i o m e t r i o

c h a r t  r e c o r d e r .  The c h a r t  s p e e d  was 3 .5  om/min. Only t h e  i n i t i a l

p o r t i o n  o f  t h e  0 1 . p e r f r i n g e n s  a - t o x i n  h a e rn o ly t ic  c u rv e  i s  shown and  

t h i s  f o l lo w e d  t h e  t im e  c o u r s e  o f  t h a t  i n  F ig u r e  31.

I t  i s  o b v io u s  t h a t  t h e  p r e p a r a t i o n  c a u s e d  p ro fo u n d

ch an g es  i n  t h e  s u s c e p t i b i l i t y  o f  t h e  sh eep  e i y t h r o c y t e s  d u r in g  t h e  

f i r s t  t h r e e  m in u te s  o f  i n c u b a t i o n .  The r a t e  o f  h a e m o ly s i s  o f  t h e  

e r y t h r o c y t e s  by W46- t o x i n  i n c r e a s e d  a s  a  f u n c t i o n  o f  t h e  p e r i o d  o f
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F ig u r e  32 : A l t e r a t i o n  i n  t h e  S e n s i t i v i t y  o f  Sheep E r y t h r o c y t e s

t o  W46 T ox in  a f t e r  p r e t r e a t m e n t  w i th  0 1 .  p e r f r i n g e n s
■ ,    . --------------------------- ■■       - -I............................................

a - t o x i n

1 .  L y s i s  o f  sh eep  e r y t h r o c y t e s  hy  W46 t o x i n .

Ho a - t o x i n  t r e a t m e n t .

2 - 6 .  Sheep e r y t h r o c y t e s  p r e t r e a t e d  w i th

(20 p i  « 51 HU) f o r  v a r y in g  p e r i o d s  p r i o r  

t o  t h e  a d d i t i o n  o f  U46 t o x i n .

Arrows mark p o i n t s  o f  a d d i t i o n  o f  U46 t o x i n .
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p r e - t r e a t m e n t  o f  t h e s e  c e l l s  w i th  a s  i n d i c a t e d  hy  a  s t e e p e n i n g

o f  t h e  W46 c u r v e s .  M oreover  once t h e  e r y t h r o c y t e s  h e g a n  t o  l y s e  u n d e r  

t h e  a c t i o n  o f  i t s e l f  ( a f t e r  3*5 n^in i n  F ig u r e  3 2 )  suhsecp ien t

a d d i t i o n  o f  W46 - t o x i n  c a u s e d  f l a s h  l y s i s  o f  t h e  e r y t h r o c y t e  s u s p e n s i o n ,

c . Changes i n  t h e  P h o s p h o l ip i d  and  P r o t e i n  C o m p o s i t io n  o f  
E r y t h r o c y t e  G h o s ts  T r e a t e d  w i th  a -T o x in :

R a b b i t  e r y t h r o c y t e  g h o s t s  w ere  p r e p a r e d  from b lo o d  f r e s h l y  

drawn by  e a r  p u n c t u r e .  The a - t o x i n  u s e d  was an  p e a k  f r a c t i o n .

The e x p e r i m e n t a l  p r o t o c o l  i s  shown i n  T a b le  52A , The t e s t - t u b e s

were in c u b a .te d  i n  a  w a t e r - b a t h  a t  37°0 f o r  45 m in .  At t h e  end  o f  t h e  . 

i n c u b a t i o n  p e r i o d  ^ o r  8 ml o f  O.OIH T r is -H G l b u f f e r ,  pH 7*4were added  

t o  each  t u b e ,  t h e  c o n t e n t s  c e n t r i f u g e d  a t  48»000 g f o r  15 m in an d  t h e  

s u p e r n a t a n t  f l u i d s  removed and  f r o z e n  u n t i l  a s s a y e d .  The g h o s t  p e l l e t s  

w ere  r e s u s p e n d e d  i n  3 o r  5 ml o f  b u f f e r  and f r o z e n .  P r o t e i n  was 

d e te r m in e d  by t h e  m ethod o f  Lowry e t  a l . ,  (1954) an d  p h o s p h a te  by t h e  

m ethod o f  A l l e n  - ( 194O).

From T a b le  52B i t  c a n  b e  s e e n  t h a t  su ch  t r e a t m e n t  o f  r a b b i t  

e r y t h r o c y t e  g h o s t s  r e l e a s e d  some 'JO-QO'fo o f  t h e  t o t a l  membrane bound  

p h o s p h o ru s  i n t o  t h e  s u p e r n a t a n t  f l u i d  i n d i c a t i n g  an  e q u i v a l e n t  h y d r o l y s i s  

o f  p h o s p h o l i p i d .  By c o m p a r is o n ,  no change  o c c u r r e d  i n  t h e  p r o t e i n  

c o n t e n t  o f  t h e  g h o s t s  a s  a  r e s u l t  o f  t r e a t m e n t  w i th  a - t o x i n .

d . M o rp h o lo g ic a l  S t u d i e s  o f  g -T o x in  T r e a t e d  Mamma l i a n  E r y t h r o c y t e  G h o s ts  :

G h o s ts  wore p r e p a r e d  from r a b b i t ,  human, sh e e p  and  h o r s e  

e r y t h r o c y t e s  ( s o u r c e s  a s  g iv e n  on p age  2 3 9 )*  A l l  g h o s t  p e l l e t s  w ere  

w h i t e .  S D S -p o ly a c ry la m id e  e l e c t r o p h o r e s i s  o f  100 pg o f  s o l u b i l i s e d
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52 î P r o t e i n  and  P h o sp h o ru s A n a ly s i s  o f  cc T r e a t e d  U r e a

R a b b i t  E r y t h r o c y t e  G h o s ts and G host S u p e r n a t a n t  F l u i d s

E x p e r im e n ta l  P r o t o c o l

Component

1

G host
C o n t r o l

2 3

T ox in  T ox in  
T r e a t e d  C o n t r o l

O.OIM T r is -H G l B u f f e r ,  pH 7*4 0 .1 0 . 1  0 .2

0,0511 C alc ium  A c e t a t e 0 .0 2 0 ,0 2  0 ,0 2

D i s t i l l e d  H a t e r 0 . 1 -  -

R a b b i t  E r y t h r o c y t e  G h o s ts 0 .2 0 .2

% r e a - 0 . 1  0 ,1

R e s u l t s

E x p e r im e n ta l  Sample P r o t e i n [Lg P h o s p h a te  \xg

( S u p e r n a t a n t  f l u i d  
1 (

0 6 .7

( G host P e l l e t 480 1 2 .6

( S u p e r n a t a n t  F l u i d  
2 (

146 1 7 .2

( G host P e l l e t 450 4 .8

( S u p e r n a t a n t  F l u i d
3 (

166 0

( G host P e l l e t 0 0
i

— 1
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g h o s t  p r o t e i n  re v e a le d ,  t h e  p r e s e n c e  o f  o n ly  a  v e ry  f a i n t  h a e m o g lo b in  

b and  n e a r  t h e  t r a c k  dye f r o n t  d u r in g  e l e c t r o p h o r e s i s  ( A r b u th n o t t ,  

u n p u b l i s h e d  r e s u l t s ) .  They w ere t r e a t e d  w i th  20 pg o f  a - t o x i n  ( n^) 

i n  t h e  manner o f  t h e  p r o t o c o l  o f  T a b le  52A , and i n c u b a t e d  a t  37^0 f o r  

45 m in . G host p r e p a r a t i o n s  f o r  e l e c t r o n  m ic ro s c o p y  w ere  m ixed w i th  

n e g a t i v e  s t a i n  and  d r i e d  on t o  t h e  s u p p o r t  sp ec im en  g r id s *

A l l  t h e  e l e c t r o n  m ic ro g ra p h s  shown w ere  k i n d l y  s u p p l i e d  by 

Dr. J.H* F r e e r  o f  t h i s  d e p a r tm e n t .  C o n t r o l  g h o s t s  p o s s e s s e d  common 

m o r p h o lo g ic a l  f e a t u r e s .  They a l l  h a d  a f i n e  g r a n u l a r  a p p e a ra n c e  

a l t h o u g h  t h e  sh eep  g h o s t s  w ere  more complex th a n  t h e  o t h e r  e r y t h r o c y t e  

g h o s t s  exam ined  (com pare  P l a t e s  8 and  10 ) .  I n  a d d i t i o n ,  t h e  sheep  

e r y t h r o c y t e  g h o s t s  a p p e a re d  t o  h av e  fragm en ted , more t h a n  t h e  o t h e r  

e r y t h r o c y t e  g h o s t s  u s in g  t h e  m ethod o f  p r e p a r a t i o n  em ployed . The 

human and  h o r s e  e r y t h r o c y t e  g h o s t s  c o n t a i n e d  many e l e c t r o n  t r a n s p a r e n t  

r i n g s  (30—47 nm i n  d ia m e te r )  i n t o  w hich t h e  n e g a t i v e  s t a i n  had  

p e n e t r a t e d  ( s e e  P l a t e  8 ) .  T hese  f e a t u r e s  a r e  s i m i l a r  to  t h o s e  

d e s c r i b e d  by  H a .r r i s  and  A g u t t e r  (1970) i n  human e r y t h r o c y t e  g h o s t s .

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

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

(1 )  The g h o s t s  a p p e a re d  l e s s  g r a n u l a r  t h a n  c o n t r o l s .

(2 )  E l e c t r o n  t r a n s p a r e n t  g l o b u l e s  w ere fo rm ed  w h ich  e i t h e r  re m a in e d  

a s s o c i a t e d  w i th  t h e  r e s i d u a l  g h o s t  ( P l a t e s  9 and  11 ) o r  w ere 

r e l e a s e d  from t h e  g h o s t  ( P l a t e  12 ) .

( 3 ) No f u r t h e r  f r a g m e n t a t i o n  o f  t h e  r e s i d u a l  e r y t h r o c y t e  g h o s t s  o c c u r r e d .

(4 ) None o f  t h e  g h o s t  p r e p a r a t i o n s  exam ined  showed any a r c s  o r  r i n g - l i k e  

s t r u . c t u r e s  s i m i l a r  t o  t h o s e  d e s c r i b e d  on p ag e  67 »
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P l a t e s  8 - 1 5  : A l l  p r e p a r a t i o n s  w ere  n e g a t i v e l y  s t a i n e d

w i th  2/0 ammonium m o ly b d a te ,  pH 6 *8 .

P l a t e  3 : E l e c t r o n  m ic ro g ra p h  o f  t h e  s u r f a c e  s t r u c t u r e  o f  a

c o n t r o l  human e r y t h r o c y t e  g h o s t .  The a rro w s  

i n d i c a t e  e l e c t r o n  t r a n s p a r e n t  r i n g s  o r  p i t l i k e  

i n f o l d i n g s  i n t o  w hich  t h e  n e g a t i v e  s t a i n  h as  

p e n e t r a t e d .  T hese  m easu re  31-46  nm i n  o u t e r  

d i a m e te r  and  13—24 nm i n  i n t e r n a l  d i a m e t e r .  X 2 7 , 7 2 0 . 

D im ension  m a rk e r  •= 500nm

P l a t e  9' : E l e c t r o n  m ic ro g ra p h  o f  a  human e r y t h r o c y t e  g h o s t

t r e a t e d  w i th  a - t o x i n  (20  pg o f  a^ t o  0 .2  ml o f  g h o s t s ) .  

I n c u b a t e d  a t  37^0 f o r  45 m in .  -  2*5 mM.

Arrows i n d i c a t e  r in g s  d e s c r i b e d  i u  c o n t r o l  g h o s t s  (C ) .  

E l e c t r o n  t r a n s p a r e n t  g l o b u l e s  o r  v e s i c l e s  a r e  s e e n  (O)

-  200—300 nm i n  d i a m e te r .  X 3 4 ,5 0 0 .

D im ension  m a rk e r  = 500nm.
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P l a t e  10 : E l e c t r o n  m ic ro g ra p h  o f  t h e  s u r f a c e  s t r u c t u r e  o f

a  c o n t r o l  sh eep  e i y t h r o c y t e  g h o s t .  N ote  t h e  

c o m p le x i ty  o f  t h i s  s u r f a c e  s t r u c t u r e  i n  co m p ar iso n  

w i th  t h a t  o f  t h e  human e i y t h r o c y t e  g h o s t  ( s e e  

P l a t e  8 ) .  X 4 7 ,7 0 0 .

D im ension  m a rk e r  ■= 500nm

P l a t e  11 ; E l e c t r o n  m ic ro g ra p h  o f  a sh eep  e r y t h r o c y t e  g h o s t

t r e a t e d  w i th  a—t o x i n  (20 pg o f  t o  0 .2  ml g h o s t s )  

I n c u b a t i o n  a t  37°0 f o r  45 m in .  Ca^^ = 2 ,5  m&I.

N ote  e l e c t r o n  t r a n s p a r e n t  g l o b u l e s  o r  v e s i c l e s  

i n  a s s o c i a t i o n  w i th  membrane o r  f r e e d  from g h o s t  

s u r f a c e  (O ) .  X 4 7 ,7 0 0 .

D im ension  m a rk e r  = 500nm
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P l a t e  12 : E l e c t r o n  m ic ro g ra p h  o f  h o r s e  e r y t h r o c y t e  g h o s t-

t r e a t e d  w i th  a - t o x i n  (20  pg + 0 .2  ml g h o s t s ) .  

I n c u b a t i o n  a t  37^0 f o r  45 m in ,  = 2 .5  mM.

N ote t h e  r e l e a s e  o f  e l e c t r o n  t r a n s p a r e n t  g l o b u l e s  

(G) from t h e  e r y t h r o c y t e  g h o s t s  ( E ) ,  X 1 8 ,8 7 0 .  

D im ension  m a rk e r  = 500nm

P l a t e  13 : E l e c t r o n  m ic ro g ra p h  o f  a  human e r y t h r o c y t e  g h o s t

t r e a t e d  w i th  0 - t o x i n  (520 HD t o  0 .2  ml g h o s t s . )  

C o n t r o l  g h o s t s  a s  i n  P l a t e  8 • E l e c t r o n

t r a n s p a r e n t  r i n g  s t r u . c t u r e s  o f  d i a m e t e r  50—70 nm 

w i th  a. b o r d e r  3 — 5 nm w ide  w ere  fo rm ed  ( r ) .

T hese  r i n g —l i k e  s t r u c t u r e s  w ere  n o t  o b s e rv e d  on 

c o n t r o l  p r e p a r a t i o n s .  The r in g s  o r  p i t l i k e  

i n f o l d i n g s  a s  fo u n d  on c o n t r o l  g h o s t s  a r e  a r r o w e d . ( O )  

X 153,900.

D im ension m a rk e r  = lOOnm
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(5 )  The e l e c t r o n  t r a n s p a r e n t  r i n g s  t h a t  w ere i d e n t i f i e d  on c o n t r o l  

human and h o r s e  g h o s t s  w ere s t i l l  r e a d i l y  v i s i b l e  a f t e r  a - t o x i n  t r e a tm e n t ,

2 .  I n t e r a . c t i on o f  E l e c t r o f o c u s e d  0 -T o x in  w i th  G h o s ts  and C h o l e s t e r o l .

G h o s ts  w ere  p r e p a r e d  from human ” 0” e r y t h r o c y t e s  a s  p r e v i o u s l y  

d e s c r i b e d .  0 . 2  ml o f  p a c k e d  g h o s t s  was i n c u b a t e d  w i th  0 . 2  ml o f  

0 —t o x i n  (520 HU) w hich had  b e e n  r e a c t i v a t e d  a s  d e s c r i b e d  on p age  I 25 

and  d i a l y s e d  o v e r n i g h t  a g a i n s t  d i s t i l l e d  w a te r  t o  remove t h e  c y s t e i n e  

h y d r o c h l o r i d e .  C o n t r o l  g h o s t s  w ere  t r e a t e d  w i th  0 . 2  ml o f  d i a l y s e d  

r e a c t i v a t i o n  m i x tu r e  w i th o u t  t o x i n .

E x a m in a t io n  o f  n e g a t i v e l y  s t a i n e d  p r e p a r a t i o n s  r e v e a l e d  t h e  

p r e s e n c e  o f  r i n g —l i k e  s t r u c t u r e s  o f  d i a m e te r  5 0 -7 0  nm s i m i l a r  t o  

t h o s e  d e s c r i b e d  by  a u t h o r s  t r e a t i n g  membranes w i th  c ru.de a - t o x i n  ( s e e  

p ag e  2 5 0 ) ,  T h is  o b s e r v a t i o n  p rom pted  an  i n v e s t i g a t i o n  o f  t h e  

i n t e r a c t i o n  o f  0 —t o x i n  w i th  c h o l e s t e r o l .  C h o l e s t e r o l  (0*5 g)-BDH 

r e a g e n t  g r a d e -  was d i s s o l v e d  i n  10 ml a c e to n e  w i th  g e n t l e  h e a t i n g  and 

p o u re d  i n t o  50 ml o f  b o i l i n g  w a t e r .  The r e s u l t a n t  e m u ls io n  was 

f i l t e r e d  t o  remove n o n - e m u l s i f i e d  c h o l e s t e r o l ;  0 . 1  ml o f  t h i s  e m u ls io n  

was t r e a t e d  w i th  0 . 1  ml o f  0—t o x i n  (260  HU) and t h e  m ix tu r e  i n c u b a t e d  

a t  37^0 f o r  10 ra in .  E l e c t r o n  m ic ro s c o p y  o f  t h i s  m i x tu r e  r e v e a l e d  t h e  

p r e s e n c e  o f  r i b b o n s  o r  g ro u p s  o f  a r c  s h ap ed  s t r u . c t u r e s  p o s s e s s i n g  an 

a p p a r e n t  s u b s t r u c t u r e .  The a r c s  w ere  5*5-10  nm w ide  ( P l a t e  14 )•

The c o n t r o l  c h o l e s t e r o l  e m u ls io n  c o m p rise d  d r o p l e t s  o r  m i c e l l e s  5 -1 3  nm 

i n  d i a m e te r  s i m i l a r  t o  t h e  s u b s t r u . c t u r a l  u n i t s  ( P l a t e  I 5 ) .
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P l a t e  14 : E l e c t r o n  m ic ro g ra p h  o f  a c h o l e s t e r o l  em u ls io n

show ing t h e  f o r m a t io n  o f  v e ry  s m a l l  c h o l e s t e r o l  

m i c e l l e s  (M) some o f  w hich  show an  e l e c t r o n  d en se  

c e n t r e ^ D )  D ia m e te r  o f  m i c e l l e s  •= 5—13 nm* X 153 ,900,

D im ension  m a rk e r  = lOOnm

P l a t e  15 : E l e c t r o n  m ic ro g ra p h  o f  a  c h o l e s t e r o l  em u ls io n

t r e a t e d  w i th  0—t o x i n  (520 HQ t o  0 .1  m l ) .  A rc—l i k e  

s t r u c t u r e s  h ave  fo rm ed  w hich  a r e  5*5-10  nm w id e .

Some p o s s e s s  a  m i o e l l a r  s u h s t r u - c tu r e  ( m) . X 1 5 3 ,9 0 0 .

D im ension m a rk e r  ^  lOOnm
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SECTION I  : GROWTH AND TOXIN PRODUCTION:

The g ro w th  c o n d i t i o n s  u s e d  i n  t h i s  i n v e s t i g a t i o n  w ere  

d e v e lo p e d  t o  g iv e  maximal r a t e  o f  g ro w th  i n  b a t c h  c u l t u r e  w i th o u t  

im p a i r i n g  t o x i n  y i e l d s .  The maximum p e r i o d  o f  i n c u b a t i o n  was th u s  

o n ly  4 -  5 h o u r s .  The s h o r t  i n c u b a t i o n  p e r i o d  h ad  two o t h e r  

a d v a n ta g e s

( a )  A l a r g e  number o f  sam p les  c o u ld  be t a k e n  o v e r  a  s h o r t  p e r i o d  

o f  t im e  t o  s tu d y  t o x i n o g e n e s i s  w i th  g ro w th ,  e n a b l in g  one t o  

s e t  up s e v e r a l  a s s a y s  s i m u l t a n e o u s l y  f o r  t h e  same t o x i n .

(b )  The h a r v e s t i n g  o f  a - t o x i n  from c u l t u r e  s u p e r n a t a n t  f l u i d s  by  

f rac t io n a l* am m o n iu m  s u l p h a t e  p r e c i p i t a t i o n  c o u ld  b e  e x e c u te d  

e a s i l y  w i t h i n  a  p ro lo n g e d  w ork ing  day and t h e  r e s u l t a n t  

h a r v e s t e d  m a t e r i a l  r e d i s s o l v e d  and  d i a l y s e d  o v e r n ig h t  t o  e n a b le  

e l e c t r o f o c u s i n g  o f  t h e  t o x i n  t o  b e g i n  t h e  f o l l o w i n g  m o rn in g .

The o b s e r v a t i o n  o f  a  l a g  b e tw e e n  th e  s t a r t  o f  g row th  and  . 

a - t o x i n  p r o d u c t i o n  i n  my system  a g r e e s  w i th  t h e  f i n d i n g s  o f  p r e v io u s  

a u t h o r s  ( s e e  p ag e  20 ) .  I t  i s  n o te w o r th y  t h a t  t h e r e  h a s  b e e n  b u t  one 

p r e v io u s  r e p o r t  i n  w hich t h e  p r o d u c t i o n  o f  more t h a n  one f a c t o r  by 

ty p e  A c e l l s  was s t u d i e d  s im u l t a n e o u s l y  d u r in g  t h e  g ro w th  c y c l e  (G a le  

and  van H eyn ingen , 1942 ) ,  a l th o u g h  Shamanova e t  a l . ,  ( l9 7 0 )  s t u d i e d  

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

o f  t h e  same o rg a n is m .  G ale  and  van H eyningen  grew s t r a i n  S 107 i n  

m eat b r o t h .  No m e n t io n  was made i n  t h i s  p a p e r  o f  t h e  m a in te n a n c e  o f  

t h i s  c u l t u r e  o r  t h e  n a t u r e  o f  t h e  in o c u lu m . They o b s e rv e d  t h a t  6 - t o x i n  

a p p e a re d  i n  t h e  medium a  s h o r t  t im e  b e f o r e  a - t o x i n  and  t h a t  b o th  th e
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c£- a.nd t i le  0 - t o x i n  t i t r e s  i n c r e a s e d  d u r in g  g row th  u n t i l  a c t i v e  c e l l  

d i v i s i o n  c e a s e d .  Thus a l th o u g h  t h e  c u l t u r a l  c o n d i t i o n s  a r e  d i f f e r e n t  

my f i n d i n g s  p a r a l l e l  t h e s e  o b s e r v a t i o n s .  However, by c o n t r a s t  w i th  

my f i n d i n g s ,  th e y  o b s e rv e d  an  even  l o n g e r  l a g  i n  h y a l u r o n i d a s e  

p r o d u c t i o n  com pared to  a -  and 0 —t o x i n ,  a l th o u g h  t h e  l a c k  o f  a s s a y s  a t  

r e g u l a r  t im e  i n t e r v a l s  a s  f o r  a— and 6 —t o x i n  may o b v ia . te  t h i s  c o n c l u s i o n .  

C o l l a g e n a s e  h ad  n o t  b e e n  d i f f e r e n t i a t e d  as  a  d i s t i n c t  component o f  

c u l t u r e  f i l t r a t e s  o f  0 1 .  p e r f r i n g ens ty p e  A i n  1942 (O ak ley  e t  a l . ,

1946).

The d i s c r e p a n c y  b e tw e e n  my r e s u l t s  and t h o s e  o f  G ale  and van 

H eyn ingen  on  h y a . lu ro n id a s e  p r o d u c t i o n  may b e  a  r e f l e c t i o n  o f  i n s u f f i c i e n t  

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

n o te d  t h a t  s e v e r a l  w o rk e rs  h av e  shown t h a t  h y a l u r o n i d a s e  was i n d u c i b l e

( s e e  page  94 ) •  Thus i t  i s  p o s s i b l e  t h a t  t h e  p r e s e n c e  o f  an

e f f e c t i v e  i n d u c e r  i n  my medium h a s  i n f l u e n c e d  th e  t im e  s c a l e  o f  p r o d u c t i o n .

I s p o l a t o v s k a y a  (1 9 7 1 )  s t a t e d  t h a t  Mukhin r e p o r t e d  i n  h i s  

d i s s e r t a t i o n  t h e s i s  t h a t  d e o x y r ib o n u c le a s e  p r o d u c t i o n  p a r a l l e l e d  t h a t  

o f  l e c i t h i n a s e  and  t h a t  t h e r e  was a c o r r e l a t i o n  b e tw e e n  t h e  a c t i v i t i e s  

o f  b o th  enzymes ( s e e  a l s o  Mukhin e t  a . i . ,  I 9 6 6 ) .  F u r th e rm o re  t h e  work 

o f  Moss e t  a l . ,  ( I 9 6 7 ) showed t h a t  n e u ra m in id a s e  was p ro d u c e d  d u r in g  

t h e  l o g a r i t h m i c  g ro w th  o f  ty p e  A c e l l s .  I t  w ould  t h u s  a p p e a r  t h a t  more 

i n t e n s i v e  i n v e s t i g a t i o n  o f  t o x i n o g e n e s i s  o f  t h i s  o rg a n ism  w i th  t im e  may

r e v e a l  t h e  s i g n i f i c a n c e  o f  t h e s e  f a c t o r s  i n  t h e  p h y s io lo g y  o f

C l ,  p e r f r i n g e n s .
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SECTION I I  : ELSGTROFQCüSING STUDIES

A. CJjlNERAL CONCLUSIONS

B e fo re  d e a l i n g  w i th  a s p e c t s  o f  e l e c t r o f o c u s i n g  as  th e y  a p p ly

t o  t h e  r e s u l t s  o b t a i n e d  w i th  i n d i v i d u a l  com ponents  o f  t h e  t o x i c  arm oury

o f  0 1 .  p e r f r i n g e n s  t y p e  A i t  i s  p o s s i b l e  t o  draw some g e n e r a l

c o n c l u s i o n s  a b o u t  t h e  s u i t a b i l i t y  and a p p l i c a b i l i t y  o f  t h i s  t e c h n iq u e  

t o  t h e  p u r i f i c a t i o n  and p r e p a r a t i o n  o f  i n d i v i d u a l  com ponents  o f  t h e  

t o x i n  com plex .

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

f a c t o r s  h av e  t o  b e  b o rn e  i n  m ind

( a

(b

(o

(d

(e

( f

( s

C a p i t a l  c o s t s  

Running  c o s t s

Y ie l d s  o f  i n d i v i d u a l  com ponents  

P u r i t y  o f  i n d i v i d u a l  com ponents  

R e c o v e r ie s  o f  i n d i v i d u a l  com ponents  

E ase  o f  o p e r a t i o n  

Speed  o f  o p e r a t i o n .

F o r  a  p u r i f i c a t i o n  m ethod to  r e c e i v e  w id e s p r e a d  u s a g e  and t o  

be  e f f e c t i v e ,  f a c t o r s  ( c )  ~ (g )  m ust in '  t h e  end j u s t i f y  f a c t o r s  ( a )  and

( b ) .  I n  t h e s e  r e s p e c t s  t h i s  t e c h n iq u e  h a s  c l e a r l y  j u s t i f i e d  i t s  

a p p l i c a t i o n  t o  t h e  p rob lem  o f  t o x i n  p u r i f i c a t i o n  and  h a s  d e m o n s t r a te d  

t h e  b e n e f i t s  t o  be  g a i n e d  from i t  i n  co m p ar iso n  w i th  o t h e r  t e c h n iq u e s  

u s e d  by p r e v io u s  a u t h o r s .

The i s o e l e c t r i c  p o i n t s  and a v e ra g e  r e c o v e r i e s  o f  t h o s e  

com ponents  so f a r  exam ined a r e  sum m arised  on T a b le  53 . I t  can  b e
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r e a d i l y  s e e n  t h a t  t h e s e  p r i n c i p a l  e x t r a c e l l u l a r  p r o d u c t s  o f  

C l .  D e r f r i i i a ’ens  t y r e  A a r e  a l l  a c i d i c  p r o t e i n s  w i th  n l s  "between 

4 ,5 0  -  6 . 5 0 . T h is  o b s e r v a t i o n  i n  no sm a l l  way a c c o u n t s  f o r  t h e  

d i f f i c u l t i e s  e x p e r i e n c e d  by p r e v io u s  a u t h o r s  i n  a p p l y in g  more 

c o n v e n t io n a l  e l e c t r o p h o r e t i c  t e c h n iq u e s  t o  t h e  p u r i f i c a t i o n  o f  t h e s e  

p r o d u c t s .  The m a jo r  p ro b lem s  h ave  a lw ays  b een  in c o m p le te  s e p a r a t i o n  

o f  com ponents  and  t h e  r e l a t i v e l y  s m a l l  am ounts o f  m a t e r i a l  t h a t  c o u ld  

b e  p r o c e s s e d  a t  any one t i m e .  On t h e  l a t t e r  s c o r e  e l e c t r o f o c u s i n g  

g a i n s  a p p r e c i a b l y  o v e r  o t h e r  t e c h n i q u e s .  I t  n o t  o n ly  a l lo w s  t h e  

p r o c e s s i n g  o f  gram q u a n t i t i e s  o f  m a t e r i a l  a t  a  t i m e ,  b u t  a l s o  g u a r a n t e e s  

a  100% r e c o v e ry  o f  t o t a l  m a t e r i a l  a p p l i e d .  Maximum s e p a r a t i o n  o f  t h e  

com ponents  i n  T a b le  53 was o b t a i n e d  u s i n g  a  pH g r a d i e n t  from 4 ~  6 

g i v i n g  optimum e x p a n s io n  o f  t h e  pH s c a l e  r a n g e  i n  w h ich  t h e s e  

i n t e r e s t i n g  f a c t o r s  w ere  fo u n d  ( s e e  F ig u r e  21 } .

I t  m ust b e  em p h a s ise d  t h a t  a l th o u g h  t o t a l  r e c o v e r i e s  o f  

each  t o x i n  o r  enzym e. s t u d i e d  w ere  good, t h e  m a t e r i a l  a p p l i e d  t o  

e l e c t r o f o c u s i n g  colum ns h a d  b e e n  p r o c e s s e d  to  o b t a i n  maximum y i e l d s  

o f  a - t o x i n .  As c a n  b e  s e e n  from T a b le s  2-9 and 30 t h e  f r a c t i o n a l  

ajnmonium s u l p h a t e  p r e c i p i t a t e  c h o se n  r e s u l t e d  i n  h ig h  y i e l d s  o f  « - t o x i n  

from t h e  c u l t u r e  medium s u p e r n a t a n t  f l u i d s  a t  t h e  e x p en se  o f  r e c o v e ry  

o f  o t h e r  com ponen ts .  Thus t h e  t o t a l  o v e r a l l  r e c o v e r i e s  o f  o t h e r  

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

o f  t h e  optimum y ie ld .s  t h a t  c o u ld  h av e  b e e n  a c h ie v e d  u t i l i s i n g  s u i t a b l y  

s e l e c t e d  c o n c e n t r a t e s  f o r  o t h e r  i n d i v i d u a l  com ponen ts .  U nder 

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

p o s s i b l e  by t h i s  one s t e p  p r o c e s s .  Only 4 - 5  days  w ere r e q u i r e d  t o
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p r e p a r e  h i g h l y  p u r i f i e d  « - t o x i n  from th e  t im e  o f  i n o c u l a t i o n  o f  t h e  

c u l t u r e  medium.

The r e s u l t s  h av e  shown t h a t  t h e  m a jo r  « - t o x i n  component was 

im ra u n o lo g lc a l ly  hom ogeneous. S h S -p o ly a c ry la m id e  d i s c  g e l  e l e c t r o ­

p h o r e s i s  a l s o  i n d i c a t e d  a  h ig h  d e g re e  o f  p u r i t y  a l t h o u g h  when 100 |ig 

am ounts  o f  p u r i f i e d  t o x i n  w ere  a p p l i e d  m in o r  c o n ta m in a n ts  w ere  

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

e l u c i d a t e d .  W ith  6 - t o x i n  a  h i g h e r  d e g re e  o f  h o m o g e n e ity  was o b t a i n e d .  

The o b s e r v a t i o n  o f  m u l t i p l e  b an d s  i n  i r a ra u n o lo g ic a l ly  homogeneous 

c o l l a g e n a s e  i s  d i s c u s s e d  l a t e r .

h o t  o n ly  w ere  good r e c o v e r i e s  o f  h i g h l y  p u r i f i e d  i n d i v i d u a l  

com ponents  o b t a i n e d ,  b u t  a  number o f  t h e s e  com ponents  c o u ld  b e  

p r o c e s s e d  t o  a  s i m i l a r  d e g re e  o f  p u r i t y  s i m u l t a n e o u s l y . Only Habe.rmann 

(19581 1959) h a s  p r e v i o u s l y  a t t e m p t e d  su ch  s im u l t a n e o u s  p u r i f i c a t i o n

s t u d i e s ,  w hich  i n v o l v e d  a  number o f  s t e p s  s p e c i f i c  f o r  c e r t a i n  t o x i n s  

o r  enzym es. By c o m p a r is o n ,  e l e c t r o f o c u s i n g  a l lo w s  f r a c t i o n a t i o n  o f  

s e v e r a l  f a c t o r s  by  a, s i n g l e  p r o c e s s .

A p a r t  from p u r i f i c a t i o n  t h e s e  s t u d i e s  h av e  a l lo w e d  t h e  

d e t e r m i n a t i o n  o f  a.n im p o r ta n t  p h y s i c a l  c h a r a c t e r i s t i c  o f  each  o f  t h e  

p r o d u c t s ,  v i z . t h e i r  p i s  ( s e e  T a b le  53 ) •  The a c c u r a c y  o f  t h e  

i s o e l e c t r i c  p o i n t s  o f  0 - t o x i n  i n  p r e p a r a t i v e  ru n s  was d im in is h e d  by t h e  

f a c t  t h a t  i n  pH 4 “  6 g r a d i e n t s  i t  f o c u s e d  w here t h e  pH g r a d i e n t  was 

f a i r l y  s t e e p .  I s o e l e c t r i c  p o i n t s  s h o u ld  o n ly  be  d e te rm in e d ,  w here 

p o s s i b l e ,  from v a l u e s  o b t a i n e d  i n  t h e  l i n e a r  p o r t i o n  o f  t h e  g r a d i e n t .

The a c c u ra c y  o f  t h e  r e s u l t  i s  i n c r e a s e d  on narrow  pH ra n g e  g r a d i e n t s .
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One draw back o f  t h e  t e c h n iq u e  i s  th e  d i f f i c u l t y  o f  rem oving

t h e  c a r r i e r  a m p h o ly te s  a f t e r  e l e c t r o f o c u s i n g .  V e s t e r b e r g  ( 1969)

c la im e d  t h a t  l e s s  t h a n  0*5^  o f  t h e  i n i t i a l  c a r r i e r  a m p h o ly te s  rem a in

i n  a  no rm al d i a l y s i s  tu b e  a f t e r  48 h o u r s  o f  s t i r r e d  d i a l y s i s  a t  4 ^ 0 .

T h is  h a s  n o t  b e e n  t h e  e x p e r i e n c e  i n  t h i s  l a b o r a t o r y .  A lth o u g h  th e

c o n c e n t r a t i o n  o f  a m p h o ly te s  f e l l  t o  6 — 8% o f  t h e  o r i g i n a l  c o n c e n t r a t i o n

i n  t h e  f i r s t  24 h o u r s  o f  d i a l y s i s ,  f u . r t h e r  rem ova l o f  c a r r i e r  am p h o ly te s

was s lo w . P r o lo n g e d  d i a l y s i s  i s  n o t  c o n d u c iv e  t o  t h e  m a in te n a n c e  o f

b i o l o g i c a l  a c t i v i t y  b u t  i s  n e c e s s a r y  b e c a u s e  t h e  c a r r i e r  am p h o ly tes

r e a c t  r e a d i l y  w i th  Lowry r e a g e n t s  i n  t h e  d e t e r m i n a t i o n  o f  p r o t e i n .

I t  was fo u n d  t h a t  d i a l y s i s  a g a i n s t  80% d i d  n o t  p r e c i p i t a t e

t h e  c a r r i e r  a m p h o ly te s ,  b u t  g a v e  good r e c o v e r y  o f  t o x i n ,  F u r th e rm o re
tidviochid.

i t  was p o s s i b l e  t o  wash t h e  p r e c i p i t a t e  w i th  80% ammonium s u lp h a te *

T h is  h a s  p ro v e d  t o  b e  t h e  m ost s a t i s f a c t o r y  way o f  s e p a r a t i n g  t h e  . 

d e s i r e d  p r o d u c t  from th e  a m p h o ly te s .

I n  summary t h e r e f o r e  i t  can  b e  s a i d  t h a t  e l e c t r o f o c u s i n g .  

a l lo w s  t h e  p r e p a r a t i o n  o f  h i g h l y  p u r i f i e d  homogeneous t o x i c  com ponents  

o f  0 1 . p e r f r i n g e n s  t y p e  A i n  h ig h  y i e l d ,  w hich  a r e  s u i t a b l e  f o r  

d e t a i l e d  b i o l o g i c a l  s t u d i e s .  I n  t h e  a u t h o r ’ s v iew , t h i s  a p p ro a c h  to  

t h e  p rob lem  o f  t h e  f r a c t i o n a t i n g  cru.de t o x i n  p r e p a r a t i o n s  more th a n  

j u s t i f i e s  t h e  e x p e n se  o f  t h e  a p p a r a t u s  and a m p h o l in e s .

B7. MULTIPLE FORMS OF PROTEINS

B e fo re  d e a l i n g  w i th  t h e  f i n d i n g  o f  m u l t i p l e  fo rm s o f  

C l .  p e r f r i n g e n s  «—t o x i n ,  I  i n t e n d  to  d i s c u s s  p o s s i b l e  e x p l a n a t i o n s  o r  

c a u s e s  o f  m o l e c u l a r  h e t e r o g e n e i t y  i n  p r o t e i n s  and  t h e  e f f e c t  u r e a  c o u ld
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have  on t h e i r  o b s e r v a t i o n .

H e t e r o g e n e i t y  o r  t h e  o c c u r r e n c e  o f  m u l t i p l e  form s h a s  b een  

o b s e rv e d  i n  enzymes and  p r o t e i n s  w i th  w id e ly  d i f f e r i n g  f u n c t i o n s .

By 1961 more th a n  30 enzymes h ad  b e e n  shown t o  e x i s t  i n  m u l t i p l e  

fo rm s w i t h i n  i n d i v i d u a l  o rg a n ism s  (G reg o ry ,  I 96 I ) , The e x i s t e n c e  

o f  m u l t i p l e  fo rm s o f  enzymes p o s e s  many q u e s t i o n s ,  su ch  a s  t h e  

p o s s i b l e  a d v a n ta g e  th e y  may c o n f e r  on an o rg an ism , and  t h e i r  r o l e  

i n  t h e  l i f e  o f  t h e  c e l l  p ro d u c in g  them . T h is  phenomenon could, be 

due t o

( a )  p r o t e i n s  p o s s e s s i n g  i d e n t i c a l  s u b s t r a t e  s p e c i f i c i t y  and 

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

p re su m ab ly  w i th  s e p a r a t e  g en es  d e t e r m in in g  t h e  p r im a ry  

s t r u c t u r e  o f  each  form

(b )  i d e n t i c a l  m o l e c u la r  r e p l i c a s  o f  t h e  same p r o t e i n  e x i s t i n g  

i n  d i f f e r e n t  form s due to  b i n d i n g  to  o t h e r  m o le c u le s ,  

s g g re g a . t io n  o r  c o n f o r m a t io n a l  changes

( c )  a r t e f a c t s  o f  p r e p a r a t i o n  a n d / o r  p u r i f i c a t i o n ,  su ch  a s  

a l t e r e d ,  d e g ra d e d  o r  d e n a t u r e d  form s o f  t h e  same p r o t e i n ,  

r e t a i n i n g  c e r t a i n  p r o p e r t i e s  o f  t h e  p a r e n t  o r  n a t i v e  fo rm .

Some a s p e c t s  o f  t h e s e  p o s s i b i l i t i e s  a r e  now d e a l t  w i th  i n  

g r e a t e r  d e t a i l ,  w i th  p a r t i c u l a r  em phasis  on p o i n t s  b e a r i n g  on t h e  

o b s e rv a . t io n  o f  m u l t i p l e  form s by t h e  u s e  o f  i s o e l e c t r i c  f o c u s i n g .  

A lth o u g h  t h e r e  h ave  b e e n  t h r e e  r e c e n t  re v ie w s  on t h e  th e o r y  and  

a p p l i c a . t i o n  o f  t h e  t e c h n iq u e  o f  e l e c t r o f o c u s i n g ,  no a u t h o r  h a s  so 

f a r  a t t e m p t e d  t o  re v ie w  t h e  p ro b lem s a s s o c i a t e d  w i th  i t s  u s e .  Most 

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

fo rm s .



2 6 1

1. Conformational Olianqes a.nd Polymer Formation.

E x a m in a t io n  o f  the amino a c i d  c o m p o s i t io n  o f  b a c t e r i a l  

exoenzymes and  e x o to x in s  h a s  r e v e a l e d  c h a r a c t e r i s t i c  f e a t u r e s .  These  

p r o t e i n s  have

(a) a high content of aspartic and glutamic acids (aspartic acid +
asparagine; glutamic acid -f glutamine) and

(b) an exceptionally low cyst(e)ine content, with the exception
of diphtheria, toxin and possibly tetanus toxin (Raynaud, I9 6 8),

Moreover, cell bound proteins of organisms producing extracellular 
proteins possess a cyst(e)ine content of the order of 3 times greater 
than that found in exoenzymes or exotoxins (Pollock and Richmond, I9 6 2), 
Pollock (1962) supposed that exoenzymes would have a low molecular 
weight (MVÎ < 80,000) and that possessing little or no cysteine and few 
or no disulphide cross-linkages, would have poor rigidity. He also 
proposed that the flexible structure of these molecules a.llowed them 
to diffuse relatively easily through biological membranes.

This suggests that the native conformation of exoenzymes tends 
towards a.n open rather than a, compa.ct three dimensional structure.
Since they lack disulphide bridges, the principal forces responsible 
for protein conformation will be hydrogen bonding, coulorabio forces and 
hydrophobic interactions. These may possibly result in a nujnber of 
preferred stable configurations for a particular protein. Such 
molecular species a.re termed conformers.

Susor et al., (I9 6 9) concluded that the molecular heterogeneity 
of crystalline preparations of glyoera,ldehyde“3-phosphate dehydrogenase,
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r a b b i t  m u sc le  a l d o l a s e  A and  y e a s t  a l d o l a s e  r e v e a l e d  by i s o e l e c t r i c  

f o c u s i n g  was c o n s i s t e n t  w i th  t h e  random f o r m a t io n  o f  t e t r a m e r i c  o r  

d im e r ic  m o le c u le s  from two s i m i l a r ,  b u t  n o n - i d e n t i c a l  s u b - u n i t s  i n  

each  c a s e .  However, t h e y  w ere  n o t  a b l e  t o  r e l a t e  h e t e r o g e n e i t y  to  

s u b - u n i t  c o m p o s i t io n  i n  t h e  c a s e  o f  a l l  p r o t e i n s  exam ined . T h e i r  

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

homogeneous by  a c c e p t e d  c r i t e r i a  (SHS d i s c  g e l  e l e c t r o p h o r e s i s ,  

u l t r a c e n t r i f u g a t i o n ,  im rau n o e le c tro p h o r e s i s )  c o u ld  e x h i b i t  h e t e r o g e n e i t y  

on i s o e l e c t r i c  f o c u s i n g .  However, t h e s e  a u t h o r s  w ere  o a re fu . l  t o  p o i n t  

o u t  t h a t  some o f  t h e  h e t e r o g e n e i t y  d e t e c t e d  c o u ld  h a v e  b e e n  due t o  

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

p u r i f i c a t i o n  ( v id e  i n f r a ) .

At t h i s  s t a g e  i t  i s  r e q u i s i t e  t o  c o n s i d e r  t h e  e f f e c t  o f  u r e a  

on p r o t e i n  s t r u . c t u r e  i n  r e l a t i o n  t o  t h e s e  p o s s i b l e  m o l e c u la r  i n t e r ­

p r e t a t i o n s  o f  m u l t i p l e  fo rm s o f  an  enzyme. H igh c o n c e n t r a t i o n s  o f  

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

m a in te n a n c e  o f  t h e  t h r e e  d im e n s io n a l  c o n f i g u r a t i o n  o f  t h e  m o le c u le ,  

v i z .  h y d ro g e n  b o n d in g ,  cou lornb ic  f o r c e s  and t o  some e f f e c t  h y d ro p h o b ic  

i n t e r a c t i o n s .  T h is  r e s u l t s  i n  u n f o l d i n g  o f  t h e  m o le c u le  o r  

d i s a g g r e g a t i o n  ( R e i t l i e l ,  I 9 6 3 ) .

Ui ( 197I&; 1971b) h a s  p o i n t e d  o u t  t h a t  su ch  changes  i n  t h e

t h r e e  d im e n s io n a l  c o n f i g u r a t i o n  o f  a  n a t i v e  p r o t e i n  c o u ld  a l t e r  i t s  

i s o e l e c t r i c  p o i n t  p r o v id e d  t h a t  t h e  n a t i v e  c o n f i g u r a t i o n  o b s c u re d  some 

d i s s o c i a b l e  g ro u p s  w i t h i n  t h e  i n t e r i o r  o f  t h e  m o le c u le  w hich  became 

e x p o sed  i n  t h e  u n f o l d e d  m o le c u le .  He s t u d i e d  n a t i v e  and u r e a  " d e n a t u r e d ”
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p r o t e i n s  a s  a means o f  a s s e s s i n g  t h e  s t a t e  o f  d i s s o c i a b l e  g ro u p s  i n  

n a t i v e  p r o t e i n s .  No c h an g e s  w ere  o b s e rv e d  i n  t h e  p i  o f  human 

h a e m o g lo b in  o r  b o v in e  i n s u l i n  on i s o e l e c t r i c  f o c u s i n g  i n  t h e  p r e s e n c e  

o f  6M u r e a ,  w h e reas  exi^osure o f  human serum a lb u m in  i n  a  s i m i l a r  

m anner r e d u c e d  t h e  h e t e r o g e n e i t y  o b s e rv e d .  He p r o p o s e d  t h a t  " i f  t h e  

d e g r e e  o f  h e t e r o g e n e i t y  i s  a lm o s t  t h e  same w h e th e r  6I-I u r e a  i s  p r e s e n t  

o r  a b s e n t ,  i t  i s  c o n c e iv a b l e  t h a t  h e t e r o g e n e i t y  i s  due t o  v a r i a t i o n  i n

c h e m ic a l  s t r u . c t u r e " ,  w h e re a s  " i f  h e t e r o g e n e i t y  i s  r e d u c e d ...............  t h e

p a r t i c i p a t i o n  o f  c o n f o r m a t io n a l  h e t e r o g e n e i t y  m ig h t  h a v e  t o  b e  

c o n s i d e r e d " .

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

i n  h e t e r o g e n e i t y  by d i s a g g r e g a t i o n  o f  t h e  m u l t i p l e  m o l e c u la r  fo rm s o f  

an  enzyme t o  a  s m a l l e r  number o f  u n i t  m o l e c u la r  s p e c i e s  c a n n o t  be  

e x c lu d e d .  I n  t h i s  r e s p e c t  i t  i s  u n f o r t u n a t e  t h a t  S u s o r  e t  a l . ,  ( I 9 6 9 ) 

d i d  n o t  t e s t  t h e i r  a g g r e g a t e  h y p o t h e s i s  t o  e x p l a i n  m u l t i p l e  form s by 

c a r r y i n g  o u t  i s o e l e c t r i c  f o c u s i n g  e x p e r im e n ts  i n  t h e  p r e s e n c e  o f  6M u r e a .

F u r th e rm o re  t h e  p o s s i b i l i t y  o f  a c t i v a t i o n  o f  s o l u b l e  i n a c t i v e  

a g g r e g a t e s  by u r e a  m ust n o t  b e  o v e r lo o k e d .  A r b u t h n o t t  e t  a l . ,  ( 1967) 

h av e  d e m o n s t r a t e d  t h i s  phenomenon w i th  s t a p h y l o c o c c u s  « - t o x i n .  S o lu b le  

i n a c t i v e  a g g r e g a t e  c o u ld  be  d i s a g g r e g a t e d  by  u r e a  t o  y i e l d

a c t i v e  « - t o x i n

2 ,  F a c t o r s  R e s p o n s ib le  f o r  t h e  F o rm a t io n  o f  A r t e f a c t u a l  
I l u l t i n l e  Forms o f  P r o t e i n s ,

W hereas c o n f o r m a t io n a l  ch an g e s  and a g g r e g a t i o n  may b e  

r e s p o n s i b l e  f o r  t h e  o c c u r r e n c e  o f  " n a tu r a l *  m u l t i p l e  fo rm s o f  a  p r o t e i n ,
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c e r t a i n  t r e a t m e n t s  g iv e  r i s e  t o  a r t e f a o t u a l  m u l t i p l e  fo rm s .  I n  

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

a .  C a rb a m y la t io n  o f  P r o t e i n s  "by G y a n a te 
Formed i n  U re a  S o l u t i o n s :

The "A nalar*  u r e a  u s e d  i n  e l e c t r o f o c u s i n g  e x p e r im e n t s  was 

s t a t e d  t o  c o n t a i n  n o t  l e s s  t h a n  99*5% u r e a .  N e v e r t h e l e s s ,  c y a n a te  

i s  fo rm ed  i n  c o n c e n t r a t e d  u r e a  s o l u t i o n s  by t h e  r e a c t i o n  A shown i n  

T a b le  54 , I t  c a n  b e  rem oved s lo w ly  by t h e  o t h e r  r e a c t i o n s  shown i n  

t h e  same t a b l e .  T h e re  i s  a  l i n e a r  r e l a t i o n s h i p  b e tw e e n  cya.nate  

f o r m a t io n  and u r e a  c o n c e n t r a t i o n  and  t h e  r e a c t i o n  i s  t e m p e r a t u r e  

d e p e n d e n t .  Hence t h e  n e e d  f o r  c a r e  i n  t h e  p r e p a r a t i o n  o f  u r e a  

s o l u t i o n s  f o r  e l e c t r o f o c u s i n g  e x p e r im e n ts  ( s e e  A ppend ix  IV ) .

C y a n a te  i s  known t o  r e a c t  r e a d i l y  w i th  f r e e  amino g ro u p s  i n  

p r o t e i n s  a s  i s  shown i n  F ig u r e  33 . C a rb a m y la t io n  c a u s e s  a  d e c r e a s e d  

p o s i t i v e  c h a rg e  on p r o t e i n s ,  b e c a u s e  t h e  r e a c t i o n  p r o d u c t  i s  e s s e n t i a l l y  

a  s u b s t i t u t e d  u r e a ,  t h e  amino g ro u p s  o f  w hich do n o t  d i s s o c i a t e .  Thus 

c a rb a m y la te d  p r o t e i n s  h av e  a  p i  lo w e r  t h a n  t h a t  o f  t h e  c o r r e s p o n d in g  

n a t i v e  p r o t e i n s  a s  t h e  pH w ou ld  h ave  t o  b e  lo w e re d  t o  p r o t o n a t e  f r e e  ■ 

c a r b o x y l  g ro u p s  t o  r e d u c e  t h e  n e t  n e g a t i v e  c h a rg e  on t h e  p r o t e i n  t o  z e r o .

b .  D e a m id a t io n :

The amino a c i d  am ides  g lu t a m in e  and a s p a r a g i n e  a r e  w id e ly  

d i s t r i b u t e d  i n  p r o t e i n s .  The am ide amino g ro u p s  o f  t h e s e  m o le c u le s  

a r e  more s u s c e p t i b l e  t o  h y d r o l y s i s  t h a n  o t h e r  amino g r o u p s .  F o r  

exam ple , a.s a r e s u l t  o f  t h i s  l a b i l i t y  t h e s e  amino a c i d s  c a n n o t  be  

d e te rm in e d  d i r e c t l y  i n  a c i d  o r  a l k a l i  h y d r o l y s a t e s  o f  p r o t e i n s ,  b u t  a r e  

r e c o r d e d  as  t o t a l  g lu t a m i c  and  a s p a r t i c  a c i d  r e s p e c t i v e l y .
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T a b le  54 F o rm a t io n  and  h y d r o l y s i s  o f  G yana te  i n  U rea  S o l u t i o n s

A. F o rm a t io n

00   > im'2 /2

u r e a
4

ammonium G yana te  
i o n

33 e H y d r o ly s i

HUGO +  > + GOg

m JG O  +  H g O   > IT H ^  +  G O g

UCO + 2ÏÏ2O  > M ^  + HGO^
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D e a m id a t io n  may a r i s e  th ro u g h  i s o l a t i o n  and  p u r i f i c a t i o n  o f  

p r o t e i n s  and even  by s t o r a g e  i n  t h e  f r o z e n  s t a t e ,  e . g .  by s t o r a g e  o f  

i n s u l i n  a.t —15^0 f o r  2 t o  3 day s  (D erso n  and Y alow , I 96 6 ) . I t  can  

a l s o  o c c u r  th ro u g h  l y o p h i l i s a t i o n  (Lew in , I 969 ) .  F r e e z i n g  and 

th a w in g  o f  t h e  m ain  component o f  l a c t a t e  d e h y d ro g e n a se  (LDH) gave  r i s e  

t o  p r o t e i n s  h a v in g  t h e  same e l e c t r o p h o r e t i c  m o b i l i t y  a s  t h e  isozym es  o f  

LDH ( C h i l s o n  e t  a l . ,  I 9 6 5 ) .  G a r ls t ro m  ( I 96 6 } an d  G a r ls t ro m  and 

V e s t e r b e r g  ( I 9 6 7 ) p ro p o s e d  t h a t  t h e  h e t e r o g e n e i t y  o b t a i n e d  w i th  cow’ s 

m i lk  l a c t o p e r o x i d a s e  (LPO) on i s o e l e c t r i c  f o c u s in g  c o u ld  b e  e x p l a in e d  

by  d e a m id a t io n  o f  g lu t a m in e  an d  a s p e r a g in e  r e s i d u e s .  They s u g g e s te d  

t h a t  LPO 1 c o r r e s p o n d e d  t o  t h e  " f u l l y  a m id a te d "  m o le c u le  and  t h a t  by 

t h e  l o s s  o f  one o r  b o th  o f  two l a b i l e  amide amino g r o u p s ,  LPO 2 o r  

LPO 3 r e s p e c t i v e l y  w ere  fo rm ed .  LPO 4 and LPO 5 a r o s e  by su b s e q u e n t  

h y d r o l y s i s  o f  a  t h i r d  and  f o u r t h  amide r e s i d u e .  The d i f f e r e n c e  i n  p i  

b e tw ee n  t h e s e  fo rm s o f  LPO was o f  t h e  o r d e r  o f  0 . 1  ->  0 .2  pH u n i t s  

and  c o u ld  i n  t h e  o p in i o n  o f  G a r ls t ro m  and  V e s t e r b e r g  r e f l e c t  d i f f e r e n c e s  

o f  one u n i t  o f  c h a rg e  b e tw ee n  each  s u b - f r a c t i o n  o f  LPO. S i m i l a r  

o b s e r v a t i o n s  h a v e  b e e n  made w i th  cy to ch ro m es  (F I  a.t mark and  V e s te r b e r g ,  

1966 ) .  G a r ls t ro m  c o n s i d e r e d  t h a t  h i s  m u l t i p l e  fo rm s o f  LPO r e s u l t e d  

from s t o r a g e  o f  m i lk  i n  t h e  u d d e r  above 35^0 f o r  many h o u r s  i n  t h e  

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

d u r in g  p r e p a r a t i v e  m a n ip u la t i o n s  a t  4-^G u n d e r  m i ld  c o n d i t i o n s .

Thus d e a m id a t io n s  can  c a u s e  a  d e c r e a s e d  p o s i t i v e  c h a rg e  and  

a  lo w e r in g  o f  t h e  i s o e l e c t r i c  p o i n t  o f  t h e  p r o t e i n .  The change  i n  

t h e  i s o e l e c t r i c  p o i n t  w i l l  depend  on th e  p o s i t i o n i n g  o f  t h e  am ide g ro u p  

w i t h i n  t h e  n r o t e i n  m o le c u le  and  i t s  f u n c t i o n .  I f  i t  i s  b u r i e d  w i t h i n
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t h e  i n t e r i o r  o f  t h e  n a t i v e  p r o t e i n ,  h y d r o l y s i s  w i l l  m ost l i k e l y  n o t  

c a u s e  a  c o n f o r m a t io n a l  chan^go; h u t  a s  amide g ro u p s  can  form s t r o n g  

bonds w i th  o t h e r  g ro u p s  i n  a p r o t e i n  m o le c u le  (T o n fo rd ,  1962) h y d r o l y s i s  

o f  r e a d i l y  a c c e s s i b l e  amide g ro u p s  c o u ld  c a u s e  su ch  c h a n g e s ,

c .  Loss o f  a. C a rb o h y d ra te  M o ie ty :

G a r ls t ro m  ( I 96 9 ) h a s  p r e s e n t e d  e v id e n c e  w hich  s u g g e s te d  t h a t  

t h e  c o n v e r s io n  o f  t h e  m a jo r  s u b f r a c t i o n s  o f  t h e  LPO B -g roup*#  t o  t h e  

c o r r e s p o n d in g  sub f r a c t i o n s  o f  t h e  LPO A—group#*  o f  l a c to p e r o x id a . s e  

i n v o l v e d  a  ch ange  i n  t h e  c a r b o h y d r a t e  c o n t e n t  o f  e a c h .  The LPO A -group

c o n t a i n e d  l e s s  m annose, g lu c o s a m in e  and  g a l a c t o s a m i n e .  The a u t h o r

p ro p o s e d  t h a t  t h e s e  s u g a r s  c o m p rise d  a  h e t e r o s a c c h a r i d e  r e s i d u e  w hich  

was bound t o  t h e  p r o t e i n  m o ie ty  by a  p - a s p a r t y l - g l y c o s y l a m i n e  l i n k a g e  

i n v o l v i n g  th e  am ide g ro u p  o f  a s p a r a g i n e  (N e u b e rg e r  and  M a r s h a l l ,  I 9 6 6 ) .  

H y d r o ly s i s  o f  t h e  am ide g ro u p  o f  t h e  a s p a r a g i n e  bound  t o  t h e  h e t e r o ­

s a c c h a r i d e  w ould  c a u s e  a  c o n v e r s io n  o f  t h e  ty p e  LPO B  >LPO A w h i l s t

h y d r o l y s i s  o f  am ide g ro u p s  n o t  l i n k e d  to  any c a r b o h y d r a t e  w ould  c a u s e

c o n v e r s io n  w i t h i n  t h e  LPO B -g ro u p  ( v id e  s u p r a ) .  T h is  LPO B  > LPO A

c o n v e r s io n  c o u ld  b e  o b t a i n e d  by d i a l y s i s  a g a i n s t  c o l d  d i s t i l l e d  w a te r  

f o r  s e v e r a l  days  o r  i n c u b a t i o n  u n d e r  a l k a l i n e  c o n d i t i o n s  a.t room 

t e m p e r a t u r e .  The LPO A com ponents  h ad  lo w e r  i s o e l e c t r i c  p o i n t s  th a n  

t h e i r  c o r r e s p o n d in g  LPO B -g ro u p  s u b f r a c t i o n s .

** The h e t e r o g e n e i t y  o f  LPO o r i g i n a l l y  d e s c r i b e d  by P o l i s  and  S chm ukler  

( 1953) by moving bounds.rj'’ e l e c t r o p h o r e s i s  i n  a c e t a t e  b u f f e r  pH ^ • O j  

p = 0 * 1 .  LPO was s e p a r a t e d  i n t o  two m ain  com ponents  LPO A and LPO B 

w i th  m o b i l i t i e s  e q u a l  t o  3*94 and 2 .8 5  % 10” ^ cm LPO B

c o m p r is e d  LPO I  -  LPO 5*
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d • Chanf:es i n  t h e  C harge o f  M e t a l l i c  I o n s  
A s s o c i a t e d  w i th  P r o t e i n s ;

Many p r o t e i n s  c o n t a i n  m e ta l  i o n s  w hich a r e  e s s e n t i a l  f o r  t h e  

■ b io lo g ic a l  f u n c t i o n  o f  t h e  ma.cromolecu.les e . g ,  a l k a l i n e  p h o s p h a ta s e ,  

ca .rb o x y p ep tid a .se ,  i n s u l i n  and  m yo g lo b in  (Mb).

V e s te r b e r g  ( I 9 6 7 ) c a r r i e d  o u t  e l e c t r o f o c u s in g "  e x p e r im e n ts  on 

b o th  t h e  f e r r i - M b  and  fe r ro -M b  from h o r s e  s k e l e t a l  m u s c le .  The l a t t e r  

was l e s s  s t a b l e  t h a n  t h e  f e r r i  form and s u s c e p t i b l e  t o  o x i d a t i o n  to  

t h e  f e r r i  fo rm . The d i f f e r e n c e  i n  p i  b e tw ee n  t h e  f e r r i c  and f e r r o u s  

fo rm s was o f  t h e  o r d e r  o f  O.5  pH u n i t s .  The c h e m ic a l  a g e n t s  em ployed 

t o  r e d u c e  f e r r i —Mb t o  f e r r o —Mb d i d  n o t  c a u s e  d e t e c t a b l e  cha.nges i n  t h e  

p r o t e i n  m o ie ty  o f  t h e  m o le c u le ,  b u t  o n ly  a  s h i f t  i n  t h e  v a le n c y  o f  t h e  

i r o n  from 3 t o  2 .  V e s te r b e r g  c o n c lu d e d  t h a t  t h e  ch an g e  i n  p i  was 

r e f l e c t i v e  s o l e l y  o f  t h e  change  i n  t h e  c h a rg e  on t h e  m e ta l  i o n  o f  i r o n  

i n  m y o g lo b in .

e .  Ly o p h i l i s a t i o n ;

F o r  a  summary o f  t h e  p o s s i b l e  co n se q u e n c e s  o f  f r e e z e - d r y i n g  

t h e  r e a d e r  i s  r e f e r r e d  t o  " M u l t i p l e  fo rm s o f  « - t o x i n " ,  page  46 o f  t h i s  

t h e s i s .

f « E l e c t r o l y s i s :

F re n c h  w o rk e rs  h av e  r e c e n t l y  made o b s e r v a t i o n s  w i th  t h e  c o p p e r -  

c o n t a i n i n g  p r o t e i n  c e r u l o p l a s m i n  t h a t  h av e  l e d  them t o  p ro p o s e  t h a t  

t h e  t e c h n iq u e  o f  e l e c t r o f o c u s i n g  p e r  s e  can  g iv e  r i s e  t o  th e  f o r m a t io n  

o f  m u l t i p l e  fo rm s ( P e j a u d i e r  e t  a . l , , I 9 7 I )»  T h is  r e p r e s e n t s  an i s o l a t e d  

o b s e r v a t i o n  w hich  may be  e x t r e m e ly  im p o r t a n t  b u t  i t s  g e n e r a l  a p p l i c a b i l i t y  

c a n n o t  y e t  be  a s s e s s e d .
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3• The E f f e c t  o f  S u c ro s e  on P r o t e i n s  and t h e i r  I s o e l e c t r i c  P o i n t s •

I t  m ig h t  be  a s s e r t e d  t h a t  h ig h  c o n c e n t r a t i o n s  o f  s u c r o s e  

c o u ld  c a u se  c o n f o r m a t io n a l  change  i n  a p r o t e i n  by d e h y d r a t i o n .  T here  

i s  no e v id e n c e  i n  t h e  l i t e r a t u r e  f o r  such  an e f f e c t .  V e s te r b e r g  ( I 9 6 7 ) 

e l e o t r o f o c u s e d  m y o g lo b in  t o  exam ine t h e  p o s s i b l e  d ep en d e n ce  o f  o b s e rv e d  

p i  v a l u e s  on sucroEie c o n c e n t r a t i o n .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

p i  o f  m yo g lo b in  com ponents  w ere  o b s e rv e d ,  w h e th e r  th e y  fo c u s e d  i n  a r e a s  

o f  t h e  pH g r a d i e n t  w i th  h ig h  o r  low s u c r o s e  c o n c e n t r a t i o n s .  However, 

a l t h o u g h  t h e  i n f l u e n c e  o f  s u c r o s e  c o n c e n t r a t i o n  can  be  n e g l e c t e d  i n  t h e  

c a s e  o f  m y o g lo b in ,  i t  may be  d a n g e ro u s  t o  e x t r a p o l a t e  t h e s e  d a t a  t o  

o t h e r  p r o t e i n s  a s  h a s  b e e n  done by  m ost w o rk e rs  i n  t h e  f i e l d .

V e s te r b e r g  h a s  p ro p o s e d  t h a t  a l l  p i s  s h o u ld  b e  c h ec k ed  by e l e c t r o f o c u s i n g  

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

from t h e  p r e s e n c e  o f  s u c r o s e .

G. MULTIPLE P0RM8 OP «-TOXIN

R e s u l t s  r e p o r t e d  i n  t h i s  t h e s i s  i n d i c a t e  t h e  p r e s e n c e  o f  two 

fo rm s o f  t h e  « - t o x i n  o f  G l .  p e r f r i n g e n s  ty p e  A w hich  h av e  b e e n  te rm ed

«^ and On i s o e l e c t r i c  f o c u s in g  t h e s e  form s h a d  p i s  o f  5*49 "  O.O6

and 5»2-5 ”  0 .0 3  r e s p e c t i v e l y .  At no t im e  was h e t e r o g e n e i t y  o b s e rv e d  

i n  b r o a d  pH g r a d i e n t s  e i t h e r  w i th  p r e p a r a t i o n s  from s t r a i n s  S 107 o r  

EP6K ( s e e  F ig u r e s  13 and 20 and  T a b le  3 7 ) ,  o r  Wellcome t o x i n  AGX I 8 4 6 . 

I n  t h e s e  b r o a d  g r a d i e n t s  t h e  « - t o x i n  fo c u s e d  a.s a s i n g l e  peak  o f  a c t i v i t y  

w i th  a  p i  b e tw ee n  5 -10  an d  5*50 . The two form s d e s c r i b e d  w ould  n o t  b e  

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

a s  t h e  pH o f  t h e  g r a d i e n t  r i s e s  by a p p ro x im a te ly  0 .2  pH u n i t s / 2  ml 

f r a c t i o n  c o l l e c t e d .  Even u n d e r  o p t im a l  s e p a r a t i o n  c o n d i t i o n s  t h i s  w ould
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mean t h a t  and  (Xg would a p p e a r  i n  n e ig h b o u r in g  f r a c t i o n s  from such  

g r a d i e n t s .  S i m i l a r  r e s u l t s  h a v e  b e e n  o b ta in e d  w i th  t h e  s t a p h y lo c o c c u s  

e n t e r o t o s i n  by Chang and  D ic k ie  ( l 9 7 l ) *  The two ma.jor com ponents  h ad  

i s o e l e c t r i c  p o i n t s  o f  8 .5 5  an d  8 .2 5  on n a rro w  pH g r a d i e n t s  w i th  t h e  

same pH d i f f e r e n c e  as  o b s e rv e d  w i th  t h e  oĉ  and cy fo rm s o f  C l .  p e r f r i n g e n s , 

b u t  w ere  n o t  r e s o l v e d  on a  b r o a d  pH g r a d i e n t .  I n  t h e  AGX I 846 

p r e p a r a t i o n s  o f  « - t o x i n  o b t a i n e d  from Wellcome L a b o r a t o r i e s  t h e s e  two 

fo rm s  w ere  shown t o  b e  a s s o c i a t e d  w i th  e g g -y o lk  t u r b i d i t y ,  h o t - c o l d  

h a e m o ly t io  and  l e t h a l  a c t i v i t i e s ,  t h e r e b y  c o n f i r m in g  an d  e x t e n d in g  t h e  

o b s e r v a t i o n  o f  B e rn h e im e r  e t  a l . ,  ( 1968a) u s in g  a  v i r t u a l l y  i d e n t i c a l  

p r e p a r a t i o n .  F u .r th e rm o re ,  t h e s e  r e s u l t s  p r o v id e  s t r o n g  e v id e n c e  i n  

f a v o u r  o f  t h e  U n i t a r i a n  h y p o t h e s i s  o f  van H eyn ingen  ( s e e  page  72 ) •

M oreover ,  t h e  p r e s e n c e  o f  b o th  o f  t h e s e  com ponents  h a s  b e e n  

d e m o n s t r a te d  i n  f r e s h l y  p r e p a r e d  t o x i n  d e r i v e d  from s t r a i n s  S 107 and

BP6K. T ha t t h e  form p o s s e s s i n g  t h e  h i g h e r  p i  was t h e  m ain  component

o f  « - t o x i n  was e v id e n c e d  by

( a )  t h e  o b s e r v a t i o n  t h a t  i n  f r e s h l y  p r e p a r e d  t o x i n  t h i s  form 

c o n s t i t u t e d  some 80- 90% o f  t h e  t o t a l  « - t o x i n  a c t i v i t y  r e c o v e r e d ,  

w i th  c . 20-30% o f  t h i s  a p p e a r in g  i n  t h e  p eak  f r a c t i o n  o f  «^

(b )  i t  was t h e  o n ly  form o b s e rv e d  i n  f o c u s in g  e x p e r im e n t s  c a r r i e d

o u t  i n  t h e  p r e s e n c e  o f  6M u r e a .

F o r  t h e s e  r e a s o n s  t h i s  form was g iv e n  a l p h a b e t i c a l  p r e c e d e n c e  and  

d e s i g n a t e d  «^ .  T h is  i s  a l s o  c o n s i s t e n t  w i th  t h e  n o m e n c la tu r e  a d o p te d  

by MacMiven e t  a l . ,  (1972) f o r  m u l t i p l e  fo rm s o f  s t a p h y l o c o c c u s  « - t o x i n .  

T hese  o b s e r v a t i o n s  im m e d ia te ly  p o se  t h e  q u e s t i o n  o f  t h e  n a t u r e  o f  «^ 

and i t s  r e l a t i o n s h i p ,  i f  any, t o  «^ .  I s  «^ a  m ere  a r t e f a c t  o f
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p r e p a r a t i o n ?  I f  s o ,  how does  i t  a r i s e ?  Or i s  i t  a  u n iq u e  m o l e c u l a r  

s p e c i e s  o f  « - t o x i n ,  an  isozym e o f  p h o s p h o l ip a s e  G?

The lo w e r  p i  o f  c o u ld  h e  c o n s i s t e n t  w i th  i t s  f o r m a t io n  from 

by ( i )  d e a m id a t io n  ( i i )  l o s s  o f  a  c a r b o h y d r a t e  m o ie ty  o r  ( i i i )  

r e d u c t i o n  o f  a  m e ta l  io n  a s s o c i a t e d  w i th  t h e  p r o t e i n .  L y o p h i l i s a t i o n  

i s  known t o  c a u s e  d e a m id a t io n  a s  i s  p u r i f i c a t i o n  o r  a g e i n g .  In d e e d  oĉ  

h a s  b e e n  i d e n t i f i e d  i n  p r e p a r a t i o n s  t h a t  h ave  u n d e rg o n e  su ch  t r e a t m e n t s .  

I t  i s  a l s o  p o s s i b l e  t h a t  c o u ld  a r i s e  i n  t h e  c u l t u r e  medium by th e  

a c t i o n  o f  h y d r o l y t i c  enzymes a c t i n g  on by  a n a lo g y  w i th  t h e  e f f e c t  o f  

s t o r a g e  o f  LPO i n  t h e  u d d e r  o f  t h e  cow p r i o r  t o  h a r v e s t i n g .  No m e ta l  

io n  was i d e n t i f i e d  i n  « - t o x i n  p r e p a r a t i o n s  exam ined  by  a to m ic  e m is s io n  

s p e c t r o s c o p y ,  so  t h a t  ch an g e s  a s s o c i a t e d  w i th  r e d u c t i o n  o f  m e ta l  i o n s  

a r e  im p ro b a b le  on t h e  b a s i s  o f  r e s u l t s  i n  t h i s  i n v e s t i g a t i o n .  A n a ly s i s  

f o r  t h e  p r e s e n c e  o f  h e x o s e  s u g a r  by t h e  e n th ro n e  m e thod  p ro v e d  n e g a t i v e .  

N e v e r t h e l e s s ,  much a s  t h e s e  p o s s i b i l i t i e s  c o u ld  a c c o u n t  f o r  e x p e r im e n ta l  

r e s u l t s ,  ( i )  and  ( i i )  w ould  r e s u l t  i n  a  p e rm anen t change  i n  t h e  o v e r a l l  

c h a rg e  o f  t h e  m o le c u le .

I n  t h e  p r e s e n c e  o f  u r e a  t h e  form d i s a p p e a r e d .  T h e re  a r e  

two p o s s i b l e  e x p la n a . t io n s  o f  t h i s  e f f e c t

( a )  t h a t  «g wa.s more s u s c e p t i b l e  t o  t h e  a c t i o n  o f  u r e a  t h a n  «^ and  

was c o m p le te ly  i n a c t i v a t e d  by su ch  t r e a t m e n t ,  t h e r e b y  l e a v i n g  

o n ly  d e t e c t a b l e  «^ a c t i v i t y

(b )  t h a t  «^ was c o n v e r t e d  by u r e a  i n t o  t h e  «^ fo rm .

I s p o l a t o v s k a y a  and K lim ach eva  ( I 9 6 6 ) showed t h a t  « - t o x i n  was s t a b l e  t o  

t h e  a c t i o n  o f  u r e a .  A ls o ,  i t  i s  d o u b t f u l  t h a t  t h e  i d e n t i c a l  r e c o v e r i e s  

■of e g g -y o lk  a c t i v i t y  o f  « - t o x i n  i n  t h e  p r e s e n c e  and  a b s e n c e  o f  u r e a  w ere
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p ro d u c e d  by t h e  u r e a  s t a b i l i s i n g  t h e  form w h i l s t  i n a c t i v a t i n g  t h e

fo rm . The f a c t  t h a t  d i a l y s i s  o f  to  remove t h e  u r e a  r e s u l t e dJ3 U re a

i n  t h e  re a p p e a .ra n c e  o f  i s  o r im a  f a c i e  e v id e n c e  o f  t h e  c o n v e r t i b i l i t y  

o f  <x̂  and  ctg. I t  m ust b e  c o n c lu d e d  t h e r e f o r e  t h a t  i s  r e l a t e d  to  

o t h e r  th a n  a s  an  a r t e f a c t  s i n c e  t h e  c o n v e r t i b i l i t y  o f  t h e s e  form s ca n n o t  

b e  r e c o n c i l e d  w i th  p o s s i b i l i t i e s  ( i )  and  ( i i )  ( v id e  s u p r a ) .

C a rb a m y la t io n  i n  t h e  p r e s e n c e  o f  u r e a  c a n  be  e x c lu d e d  on th e  

g ro u n d s  t h a t  i t  w ould  h ave  c a u s e d  a. d e c r e a s e  i n  t h e  o b s e rv e d  p i  t o  a  

v a l u e  l e s s  t h a n  t h a t  o f

Thus i n  r e c o n s i d e r i n g  t h e  r e l a t i o n s h i p  b e tw e e n  and  two 

d i s t i n c t  p o s s i b i l i t i e s  r e m a in  2—

( i )  «Q i s  an  a g g r e g a t e  o f

o r  ( i i )  oCg i s  a  c o n fo rm e r  o f

I n  t h e  fo rm e r  i t  m ust b e  assum ed t h a t  p o s i t i v e  c h a r g e s  would  b e  b lo c k e d  

o r  o b s c u re d  i n  some way a s  a  r e s u l t  o f  p r o t e i n - p r o t e i n  a s s o c i a t i o n .  

D e c re a s e d  p o s i t i v e  c h a rg e  w ou ld  b e  a c c o m p li s h e d  i n  t h e  l a t t e r  c a s e  by 

s h i e l d i n g  o f  d i s s o c i a t i n g  g ro u p s  a s  a  r e s u l t  o f  f o l d i n g  o f  t h e  m o le c u le .  

The s h i e l d e d  g ro u p in g s  w ould  t h e n  be  r e - e x p o s e d  by d i s a g g r e g a t i o n  o r  

u n f o l d i n g  r e s p e c t i v e l y .  N e i t h e r  t h e  im m u n o lo g ica l  n o r  t h e  m o l e c u la r  

w e ig h t  s t u d i e s  p r o v id e  c o n c l u s i v e  e v id e n c e  to  f a v o u r  e i t h e r  h y p o t h e s i s .

The t o t a l  r e c o v e iy  o f  h a e m o ly t io  and l e t h a l  a c t i v i t i e s  was 

i n c r e a s e d  i n  e x p e r im e n t s  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  6M u r e a ;  no 

co m p arab le  i n c r e a s e  was n o te d  f o r  e g g -y o lk  a c t i v i t y .  A lth o u g h  c a u s in g  

no a p p a r e n t  change  i n  o v e r a l l  c h a rg e ,  i t  i s  c o n c e iv a b l e  t h a t  t h e  u r e a  

c o u ld  s t i l l  h av e  u n f o ld e d  t h e  form by d i s r u p t i n g  h y d ro g e n  b o n d in g .
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I n  t h i s  c o n d i t i o n  t h e  m o le c u le  i n  u r e a  may h av e  i n c r e a s e d  membrane 

p e n e t r a t i o n  p r o p e r t i e s  w hich  w ould  o n ly  show up i n  t h e  h a e m o ly t io  and 

l e t h a l  a s s a y s .  T h is  h y p o t h e s i s  i s  c o n s i s t e n t  w i th  t h e  p r o p o s a l s  o f  

P o l l o c k  ( 1961) on exoenzyme s t r u c t u r e  and  c o u ld  e x p l a i n  t h e  o b s e rv e d  

d i s c r e p a n c i e s  i n  y i e l d .

1 ,  O b s e r v a t io n s  made d u r in g  P r e l i m i n a r y  S t u d i e s .

R e fe r e n c e  t o  T ab le  32 r e v e a l s  t h a t  t h o s e  p r e p a r a t i o n s  exam ined 

d u r in g  p r e l i m i n a r y  s t u d i e s  w h ich  had  u n d e rg o n e  a  f a i r  d e g re e  o f  

p u r i f i c a t i o n  p r i o r  t o  e l e c t r o f o c u s i n g ,  i . e .  (B) and  (G ),  e x h i b i t e d  an  

« « to x in  p eak  a t  a  p i  b e tw ee n  5*00 = 5 . 1 0 .  I t  now seems h ig h l y  p r o b a b le  

t h a t  t h i s  a r o s e  a s  a  r e s u l t  o f  d e a m id a t io n  o f  t h e  «—t o x i n  p r e p a r a t i o n s  

e i t h e r  by p r o lo n g e d  e x p o s u re  t o  70% m e th a n o l  o r  d i l u t i o n  on S ephadex  G-lOO; 

m o reo v e r ,  i n  t h e s e  p u r i f i e d  s t a t e s  t h e  p r o t e i n  may h av e  b e e n  more 

s u s c e p t i b l e  t o  d e a m id a t io n  by d i a l y s i s .  The a b s e n c e  o f  t h i s  form i n  

e x p e r im e n t  ( a ) o f  t h e  same T a b le  32 w i th  t o x i n  from s t r a i n  S 107 t h a t  

h ad  m e re ly  b e e n  p r e c i p i t a t e d  w i th  ammonium s u l p h a t e  adds  w e ig h t  t o  t h i s  

c o n c l u s i o n .

2 .  The R e l a t i o n s h i p  o f  C u r r e n t  O b s e r v a t io n s  on M u l t i p l e  Forms 
t o  t h o s e  P r e v i o u s l y  D e s c r ib e d .

My f i n d i n g s  c o n c u r  w i th  t h e  o b s e r v a t i o n s  o f  R u s s ia n  and  P o l i s h  

w o rk e rs  re v ie w e d  on p a g e s  46 -  50 i n  t h a t

( a )  f r e e z e  d r i e d  t o x i n  c o n t a i n e d  two p eak s  o f  « - t o x i n  a c t i v i t y  

( I s p o l a t o v s k a y a  and L ev d ik o v a ,  I 9 6 2 )

(b )  m u l t i p l e  s t e p  p u r i f i c a t i o n  o r  s t o r a g e  l e d  t o  t h e  o b s e r v a t i o n  o f  

m u l t i p l e  fo rm s w h ereas  f r e s h  p r e p a r a t i o n s  w ere  homogeneous 

( I s p o l a t o v s k a y a ,  1964? Uspenskaya, and  H e d u s k i ,  1957)*



275

The o b s e r v a t i o n  o f  i n  f r e s h  p r e p a r a t i o n s  i n  t h i s  t h e s i s  can  p e rh a p s  

b e  e x p l a in e d  by t h e  l a r g e  q u a n t i t y  o f  m a t e r i a l  exam ined  i n  p r e p a r a t i v e  

s c a l e  work ( s e e  F ig u r e  23 ) w h e reas  U spenskaya  and  Medus k i  and 

I s p o la to v s k a y a ,  and  La.rina, (1959 )  o o u ld  o n ly  exam ine m i l l i g r a m  q u a n t i t i e s  

o f  oru.de t o x i n  by  t h e  t e c h n i q u e s  u s e d .  The com plex  h e t e r o g e n e i t y  

o b s e rv e d  by I s p o l a t o v s k a y a  ( I 9 6 4 ) and  U spenskaya  an d  M eduski (1957)  

c o u ld  i n  t h e  l i g h t  o f  my re v ie w  on p o s s i b l e  c a u s e s  o f  m u l t i p l e  form s 

h av e  b e e n  c a u s e d  by d e a m id a t io n  due t o  l y o p h i l i s a t i o n ,  s t o r a g e  and 

com plex p u r i f i c a t i o n  p r o c e d u r e s .

I n  summary, r e s u l t s  h av e  shown t h a t  « - t o x i n  can  e x i s t  i n  

two fo rm s ,  b u t  o n ly  f u r t h e r  w ork on p r e p a r a t i v e  q u a n t i t i e s  o f  t h e s e  

i n d i v i d u a l  fo rm s w i l l  r e s o l v e  t h e  q u e s t i o n  o f  t h e i r  m o l e c u la r  r e l a t i o n ­

s h i p .  O p t i c a l  r o ta , ty  d i s p e r s i o n  and  e l e c t r o r a e t r i c  h y d ro g en  io n  

t i t r a t i o n  c u rv e  a n a l y s i s  may r e v e a l  d a t a  r e l e v a n t  t o  c o n fo rm a t io n  o f  

t h e s e  fo rm s ,  w h i l s t  amino a c i d  a n a l y s i s ,  u l t r a c e n t r i f u g a t i o n  i n  t h e  

p r e s e n c e  and  a b s e n c e  o f  u r e a ,  and  Sephadex  g e l  f i l t r a t i o n  ch rom a to g rap h y  

may c o n f irm  o r  d i s p r o v e  a g g r e g a t e  f o r m a t i o n .

3 . SPS-Pol y a .cry 1 am ide D isc  G el E l e c t r o p h o r e s i s  o f  « -T o x in .

I t  was shown by P i t t s - R i v e r s  and  Irapiom bato ( I 9 6 8 ) and  R eyno lds  

and  T a n fo rd  (1970 )  t h a t  f o r  t h o s e  p r o t e i n s  so f a n  s t u d i e d  i n  d e t a i l  

i d e n t i c a l  am ounts o f  SDS w ere bound on a  g / g  b a s i s  w i th  p r o t e i n ,  u n d e r  

t h e  c o n d i t i o n s  u s e d  f o r  3 D S -d iso  g e l  e l e c t r o p h o r e s i s .  I t  h a s  b e e n  

assum ed t h a t  t h e  SDS a n io n s  swamped a l l  c h a rg e  e f f e c t s  on p r o t e i n s  so 

th a . t  t h e  p r o t e i n s  m i g r a t e d  a c c o r d in g  t o  t h e  e l e c t r o p h o r e t i c  c h a rg e  

d e te rm in e d  by t h e  SDS bound t o  t h e  p r o t e i n .  U nder t h e s e  c o n d i t i o n s  o f
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e l e c t r o p h o r e s i s  t h e  u n iq u e  s t r u c t u r a l  c o n f i g u r a t i o n  o f  p r o t e i n s  was 

l o s t  a s  t h e  SDS in d u c e d  a c o n f o r m a t io n a l  change  i n  t h e  p r o t e i n  w hich  

r e s u l t e d  i n  a  u n i f o r m i t y  o f  liydrodynam ic s h a p e .  M o b i l i t y  i n  t h e  

p o ly a c r y la m id e  g e l  was t h e r e f o r e  d e te rm in e d  by  t h e  m o l e c u la r  w e ig h t  (M l) .  

P r e p a r a t i o n s  o f  Ug w ere shown t o  c o n t a i n  a  component w i th  an MVf i d e n t i c a l  

t o  t h a t  o b t a i n e d  w i th  p r e p a r a t i o n s .  However, t h a t  and <Xg may be  

r e l a t e d  as  c o n fo rm e rs  r a t h e r  t h a n  by a g g r e g a t i o n  o f  ct  ̂ c a n n o t  b e  

c o n c lu d e d  from t h e  u s e  o f  t h i s  t e c h n iq u e  a lo n e  a s  SDS i s  a l s o  known t o  

d i s s o c i a t e  h y d ro p h o b ic  b o n d in g  b e tw ee n  p r o t e i n  m o l e c u l e s .  Thus t h e  MW 

o f  a  p r o t e i n  d e te r m in e d  by SD S-gel e l e c t r o p h o r e s i s  may b e  t h e  monomeric 

MW o f  s u b - u n i t  p r o t e i n s  o r  t h e  u n i t  p r o t e i n  Wd o f  a g g r e g a t e d  p r o t e i n s *  

T h e r e f o r e  a l th o u g h  t h e  ctg com ponent h a d  a  m o l e c u l a r  w e ig h t  i d e n t i c a l  t o  

t h a t  o f  o£̂  t h e  m ethod does  n o t  c l e a r l y  d i f f e r e n t i a t e  b e tw ee n  a  

c o n f o r m a t io n a l  o r  p o ly m e r ic  r e l a t i o n s h i p .

The i d e n t i c a l  p i  o b t a i n e d  f o r  on i s o e l e c t r i c  f o c u s in g  i n  

t h e  p r e s e n c e  and  a b s e n c e  o f  u r e a  i n t e r p r e t e d  i n  te rm s  o f  t h e  p r o p o s a l s  

o f  Ui ( I 97 IUÎ 1971b )  w ould  i n d i c a t e  t h a t  t h i s  m o le c u le  had  n o t  u n d e rg o n e  

a  change  i n  c o n fo rm a .t io n  by  e x p o su re  o f  m asked d i s s o c i a . t i n g  g ro u p s  

w i t h i n  t h e  m o le c u le  and t h a t  t h e  m o le c u le  had  a  f a i r l y  open s t r u c t u r e  

c o n s i s t e n t  w i th  t h e  v iew  o f  P o l lo c k  ( I 96 I ) .  The MW o f  oc^ d e te rm in e d  i n  

t h i s  t h e s i s  ( 5 3 ,8 0 0  -  1 , 300) i s  i n  good ag reem en t w i th  t h a t  d e te rm in e d  

by Shemanova. e t  a l . , ( 1968) o f  51 ,2 0 0  by u l t r a c e n t r i f u g a t i o n .  T hese  

MW8 r a i s e  t h e  p o s s i b i l i t y  t h a t  cCg c o u ld  b e  a  d im e r  o f  oĉ  w i th  an MW 

c l o s e  t o  t h a t  d e te r m in e d  by M eduski and  Volkova (19 5 8 )  w i th  f r e e z e - d r i e d  

p r e p a r a t i o n s  ( 1 0 7 ,0 0 0 ) .  Y e t ,  i n  t h e i r  r e p o r t ,  B e rn h e im e r  e t  a l . .  ( 1968a) 

s t a t e d  t h a t  t h e i r  two form s o f  « - t o x i n  had  i d e n t i c a . l  e f f l u e n t  volum es
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on S ephadex  G~75 g e l  f i l t r a t i o n  ch rom a tog raphy  i n d i c a t i n g  t h a t  t h e i r  

MW8 w ere  s i m i l a r ;  t h i s  l e n d s  s u p p o r t  t o  t h e  p o s s i b i l i t y  t h a t  cx̂  i s  a  

c o n fo rm e r  o f  cc^. U n f o r t u n a t e l y  no m e n t io n  was ma.de o f  t h e  a c t u a l  MW 

o f  t h e i r  m u l t i p l e  form s w hich  i s  im p o r ta n t  i n  v iew  o f  t h e  e a r l i e r  

f i n d i n g  o f  B e rn h e im e r  and G r u s h o f f  ( I 967 ) o f  a lo w e r  MW th a n  t h a t  

d e te rm in e d  i n  t h i s  i n v e s t i g a t i o n .  S u g a h a ra  and  O hsaka ( I 970 ) a l s o  

f a i l e d  t o  r e p o r t  on t h e  HW o f  t h e  two f o r n s  o f  « - t o x i n  th e y  o b s e rv e d  

d u r in g  t h e i r  e l e c t r o f o c u s i n g  s tu d y .

4 , S e r o l o g i c a l  R e l a t i o n s h i p  o f  t o  «g.

Both  and  «^ g av e  o n ly  one p r e c i p i t i n  l i n e  on immuno- 

e l o c t r o p h o r e s i s  a g a i n s t  s t a n d a r d  a n t i s e r u m .  F u r th e rm o re ,  th e y  p ro d u c e d  

a  l i n e  o f  i d e n t i t y  i n  O u o h te r lo n y  d o u b le  d i f f u s i o n  g e l  t e s t s .  T h is  

i n d i c a t e s  t h a t  t h e s e  m o l e c u la r  s p e c i e s  p o s s e s s e d  common a n t i g e n i c  

d e t e r m i n a n t s ,  b u t  does n o t  e x c lu d e  t h e  p o s s i b i l i t y  t h a t  t h e  m o le c u le s  

w ere  d i s s i m i l a i '  i n  o t h e r  r e s p e c t s .  F u r t h e r  s t u d i e s  w i th  m o n o s p e c i f ic  

a n t i s e r a  r a i s e d  t o  homogeneous p r e p a r a t i o n s  o f  b o th  o f  t h e s e  form s o f  

« - t o x i n  c o u ld  r e v e a l  d i f f e r e n c e s  i n  s t r u c t u r a l  f e a . tu r e s  w hich  m ig h t a c t  

as  a n t i g e n i c  d e t e r m i n a n t s , These  c o u ld  be r e v e a l e d  by c r o s s  a b s o r p t i o n  

n e u t r a l i s a t i o n  s t u d i e s .  S u g a h a ra  and  O hsaka (1 9 7 0 )  p ro p o se d  t h a t  

f a i l u r e  o f  some a n t i s e r a  t o  n e u t r a l i s e  « - t o x i n  as  e f f e c t i v e l y  a s  o t h e r s  

may b e  e x p l a in e d  by t h e  p r e s e n c e  o f  t h e s e  two fo rm s o f  « - t o x i n .  ■

5 . S u b s t r a t e  S p e c i f i c i t y  o f  «̂  ̂ and o^ .

W i th in  t h e  l i m i t s  o f  t h e  m ethod u s e d  i t  does  n o t  a.ppear t h a t

t h e  and oĉ  fo rm s p o s s e s s e d  d i f f e r i n g  s u b s t r a . t e  s p e c i f i c i t y  o r  t h a t

e i t h e r  o f  them was a  s p e c i f i c  s p h in g o m y e l in a s e .  B o th  form s h y d r o ly s e d
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2 +s p h in g o m y e l in  and  l e c i t h i n  i n  t h e  p r e s e n c e  o f  Ga * T hese  f i n d i n g s  

a g r e e  w i th  t h e  r e c e n t  e l e c t r o f o c u s i n g  s t u d i e s  o f  Sugahara. and O hsaka 

( 1970 ) c o n f i r m in g  th e  e x i s t e n c e  o f  two m o le c u la r  fo rm s o f  « - t o x i n .

I n  t h e i r  s tu d y  b o t h  form s p o s s e s s e d  t h e  a b i l i t y  t o  h y d r o ly s e  t h e s e  

s u b s t r a . t e 8 and p e a k s  o f  l e c i t h i n  a.nd s p h in g o m y e l in  h y d r o ly s in g  a c t i v i t y  

c o i n c i d e d . .

I t  i s  d i f f i c u l t  t o  r e c o n c i l e  my f i n d i n g s  a.nd th o s e  o f  S u g a h a ra  

and  O hsaka w i th  t h e  o b s e r v a t i o n s  o f  Mac c h i  a. and  Pas  t a n  ( 1967) ,  Mac c h i  a  

e t  a l *T ( 1967) and  P a s t a n  e t  a l ô  (1968)& S u b s t r a t e  s p e c i f i c i t y  t e s t s  

w ere  o n ly  c a r r i e d  o u t  i n  my e x p e r im e n ts  on f r a c t i o n s  w i th  pealc «—t o x i n  

a c t i v i t y .  Only t h o s e  f r a c t i o n s  w hich  p o s s e s s e d  « - t o x i n  a c t i v i t y  w ere  

s c r e e n e d  by S u g a h a ra  and  O hsaka (1970)  f o r  t h e  a b i l i t y  t o  h y d r o ly s e  

s p h in g o m y e l in  and  l e c i t h i n  i n  t h e  p r e s e n c e  o f  Ga . Thus b o th  o f  t h e s e  

a p p ro a c h e s  h av e  p r e c l u d e d  t h e  p o s s i b i l i t y  t h a t  h ad  e v e ry  f r a c t i o n  from 

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

2"Hh y d r o l y s i n g  a c t i v i t y  i n  t.he p r e s e n c e  and a.bsence o f  Ga such  a c t i v i t y  

m ig h t h av e  b e e n  d e t e c t e d  e l s e w h e re  i n  t h e  plï g r a d i e n t s .

I f  t h i s  p o s s i b i l i t y  i s  n o t  s u b s t a . n t i a t e d  by e x p e r im e n t ,  

s e v e r a l  o t h e r  p o s s i b i l i t i e s  re m a in .  M aochia and P a s t a n ,  S u g a h a ra  and 

Ohsaka. and m y s e l f  h av e  a l l  b e e n  w ork ing  w ith  t h e  same s t r a i n ,  BP6K, 

a l th o u g h  i t  i s  p o s s i b l e  th a . t  m u ta n ts  may h av e  b e e n  s e l e c t e d  by s u b -  

c u l t u r i n g .  I f  one c o n s i d e r s  t h e  p o s s i b i l i t y  t h a t  p h o s p h o l ip a s e  0 

p o s s e s s e s  d i f f e r e n t  a t t a c h m e n t  s i t e s  f o r  l e c i t h i n  a.nd sp h in g o m y e l in ,  

a  mut a.t i o n  l e a d i n g  to  t h e  i n c o r p o r a t i o n  o f  a  "wrong" amino a c i d  m ig h t 

c a u s e  a. c o n f o r m a t io n a l  change  i n  t h e  t e r t i a r y  s t r u c t u r e  o f  t h e  enzyme 

su ch  t h a t  o n ly  t h e  s i t e  o f  a t t a c h m e n t  o f  l e c i t h i n  w ould  be  a l t e r e d  

l e a d i n g  t o  i n a c t i v i t y  on t h a t  s u b s t r a t e .
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B oth  fo rm s o f  a - t o x i n  r e q u i r e  t o  ‘bo t o s t o d  f o r  t h e i r  a b i l i t y  

t o  s t i m u l a t e  t h e  o x i d a t i o n  o f  g lu c o s e  by t h y r o i d  s l i c e s  and  t h e  

i n c o r p o r a t i o n  o f  i n o r g a n i c  p h o s p h a te  i n t o  them « A c c o rd in g  t o  t h e  

e x p e r i m e n t a l  r e s u l t s  o f  Maochia, and P a s t a n  (1967) n e i t h e r  o:  ̂ n o r  on, 

s h o u ld  a f f e c t  t h y r o i d  s l i c e s  «

The s t u d i o s  o f  Zamecnilc o t  a l o ,  (1947) showed t h a t  « - t o x i n  

d i d  n o t  h y d r o ly s e  gU-ycers^l-phosphoi'yl. c h o l i n e ,  i n d i c a t i n g  t h a t  t h e  

n o n - p o l a r  s u b s t i t u t i o n s  on  t h e  a ’ a.nd p c a rb o n s  o f  t h e  l e c i t h i n  

m o le c u le  ( s e e  F i g u r e  1 ) p l a y e d  somo r o l e  i n  d e t e r m in i n g  s u b s t r a t e  -  

enzyme i n t o r a . c t i o n ,  a l th o u g h  t h e  i o n i c  end g ro u p  p r o v id e d  t h e  m a jo r  

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

o f  t h e  f a t t y  a c i d  s u b s t i t u e n t s  have  b e e n  i m p l i c a t e d  by G ra f  and  S t e i n  

( 1966) ,  They showed t h a t  «—t o x i n  p r e f e r e n t i a l l y  a t t a c k e d  l e c i t h i n  

m o le c u le s  c o n t a i n i n g  l i n o l e i c  a c i d  r a t h e r  th a n  a r a c h i d o n i o  a c i d .

M oreover  i t  a t t a c k e d  p - o l e o y l  l e c i t h i n  p r e f e r e n t i a l l y  t o  ( 3 - l i n o l e o y l  

( s e e  a l s o  Coleman e t  a l . , 1 9 7 0 ) .  P a s t a n  e t  a l . ,  ( I 9 6 8 ) d e m o n s t r a te d  

t h a t  « - t o x i n  h y d r o ly s e d  e g g - y o lk  l e c i t h i n  more r e a d i l y  t h a n  d i p a l m i t o y l  

l e c i t h i n .  F u .r th e n n o re  t h e  s t u d i e s  o f  van G olde  e t  a l . , ( I 9 6 7 ) h av e  

shown t h a t  i n d i v i d u a l  p h o s p h o l i p i d s  w i t h i n  a  s i n g l e  s p e c i e s  c a n  e x l i i b i t  

a  h ig h  d e g re e  o f  h e t e r o g e n e i t y .  (S ee  a l s o  M eduski e t  a l . ,  1956; Gray 

and  M a c f a r l a n e ,  1 9 5 9 î de Haas and van  Beenen, 1963; G lende  and  

G o r n a tz o r ,  I 9 6 6 ; b y a t l o v i t s k a y a  e t  a l . , 1967b ;  R o sen b e rg  and G ondrea , 

1968) .  Thus i n  a s s e s s i n g  t h e  s u b s t r a . t e  r a n g e  o f  «—t o x i n  I  f e e l  t h a t  a  

m ore g u a rd e d  a p p r a i s a l  o f  s u b s t r a t e  r a n g e  i s  r e q u . i r e d .

M atsumoto ( I 9 6 I )  n o t e d  th a . t  h i g h e r  c o n c e n t r a t i o n s  o f  s u b s t r a . t e  

w ere  r e q u i r e d  i n  t h e  ca.se o f  sp h in g o m y e l in  and  o o p h a l i n  b e f o r e  h y d r o l y s i s
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by  « - t o x i n  was m arked .  I n  a d d i t i o n  P a s t a n  o t  a . l . ,  ( I 9 6 8 ) w ere 

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

varyiziig c o n d i t i o n s ,  a  more a c c u r a t e  means o f  a s s e s s i n g  s u b s t r a t e  

s p e c i f i c i t y .  However, even  k i n e t i c  m easurem onts  o f  l i y d r o l y s i s  

p r e s e n t e d  p ro b lem s  a s  s p h in g o m y e l in  h y d r o l y s i s  t a i l e d  o f f  v e ry  

q u i c k l y  a f t e r  an  i n i t i a l  l i n e a r  p h a se  w h ereas  l e c i t h i n  h y d r o l y s i s  

re m a in e d  l i n e a r  o v e r  much lo n g e r  p e r i o d s  (Ma.tsujnoto, I 9 6 I ;  P a s t a n  

e t  a l . ,  1968}•

A much more i n t e n s i v e  i n v e s t i g a t i o n  o f  t h e  s u b s t r a t e —enzyme 

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

s t u d i e s ,  b e f o r e  i t  c an  b e  e s t a b l i s h e d  c o n c l u s i v e l y  t h a t  one o r  o t h e r  

o f  t h e s e  fo rm s i s  o r  i s  n o t  r e l a t e d  t o  t h e  s p h in g o m y e l in a s e  o f  M aochia  

and  P a s t a n .

F i n a l l y  i t  i s  n o t  i m p o s s ib l e  t h a t  t h e  s p h in g o m y e l in a s e  o f  

t h e s e  a .u tho rs  i s  o n ly  p ro d u c e d  u n d e r  c e r t a i n  c u l t u r a l  c o n d i t i o n s  and  

t h a t  i t s  i d e n t i f i c a t i o n  i n  c ru d e  c o n c e n t r a t e s  may t h e r e f o r e  depend  on 

t h e  p a r t i c u l a . r  medium u s e d .  I n  t h i s  r e s p e c t  i t  m ust b e  n o te d  t h a t  

t h e  medium o f  M aochia  and P a s t a n  ( I 9 6 7 ) d i f f e r e d  from  t h a t  u s e d  by 

Su.gahara and. O hsaka (1970)  and  m y s e l f .  In d e e d  P a s t a n  e t  a . l . ,  ( 1968) 

i n d i c a t e d  t h a t  p r e l i m i n a r y  s t u d i e s  h ad  d e m o n s t r a te d  t h a t  g ro w th  o f  

C l .  p e r f r i n g e n s BP6K on a  medium e n r i c h e d  w i th  s p h in g o m y e l in  i n c r e a s e d  

t h e  a c t i v i . t y  o f  s p h in g o m y e l in a s e .  I  h av e  b e e n  una .b le  t o  t r a c e  any 

s u b s e q u e n t  r e p o r t  on t h i s  i n t e r e s t i n g  f o o t n o t e .

N e u ra m in id a s e  i n  « -T o x in  P re o a ro d  i o n s .

The d e t e c t i o n  o f  a. s e c o n d  p r e c i p i t i n  l i n e  on im m u n o e le o tro -  

p h o r e s i s  o f  f r a . c t i o n s  a s s o c i a t e d  w i th  n e u r a m in id a s e  a c t i v i t y  o c c u r r i n g
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b e tw e e n  t h e  pea.ks o f  and  ct  ̂ a c t i v i t y  ( s e e  p a^ e  203 ) c o n f i rm s

t h a t  some ma.jor a n t i g e n  o f  C l .  p e r f r i n g e n s  ty p e  A o t h e r  t h a n

c o l l a g e n a s e ,  hya .lu .ron id a s e  and  0 - t o x i n  f o c u s e s  i n  t h i s  r e g i o n  o f

pH g r a d i e n t s .  Tims f a r  i t  h a s  n o t  b e e n  p o s s i b l e  t o  c o n c lu d e  w i th

c e r t a i n t y  t h a t  t h i s  s e c o n d  p r e c i p i t i n  l i n e  i s  a s s o c i a t e d  w i th

n e u r a m in id a s e . Nor can  i t  b e  a s s e r t e d  t h a t  t h e  p r o t e i n  b and  w i th

+a m o l e c u l a r  w e ig h t  o f  60 ,400  “  1 ,1 0 0  o b s e rv e d  d u r in g  S D S -p o ly ao ry lam id e  

d i s c  g e l  e l e c t r o p h o r e s i s  o f  oĉ  and  i n t e r m e d i a t e  a - t o x i n  peahis o b s e rv e d  

i n  p r e p a r a t i v e  e l e c t r o f o c u s i n g  e x p e r im e n ts  i s  n e u r a m in id a s e  a l th o u g h  

t h e  h i g h e r  m o l e c u l a r  w e ig h t  t h a n  u - t o x i n  i s  i n  a g re e m e n t  w i th  o t h e r  

o b s e r v a t i o n s  ( S a t t e r l e e  and  W alk e r ,  I 9 6 9 )*

However i t  i s  hoped  th a .t  c o l l a b o r a t i v e  s t u d i e s  a t  p r e s e n t  

u n d e r  way w i th  D rs ,  G o l l e e  and  F r a s e r  o f  E d in b u rg h  U n i v e r s i t y  w i l l  

e v e n t u a l l y  l e a d  t o  an  a p p r o p r i a t e  c o n c l u s i o n  a s  t o  t h e  n a t u r e  o f  t h e s e  

o b s e r v e d  co m ponen ts .

The im p o r ta n c e  o f  a s s e s s i n g  t h e  p r e s e n c e  o f  n e u r a m in id a s e  i n  

a - t o x i n  p r e p a r a t i o n s  i s  e m p h as ised  by t h e  o b s e r v a t i o n  o f  n e u ra m in id a s e  

i n  a s s o c i a t i o n  w i th  a  p eak  o f  a - t o x i n  a c t i v i t y  i n  p r e p a r a t i v e  e l e c t r o -  

f o c u s i n g  ex%3er i m e n t 8 ( s e e  F i g u r e  ^3 ) ,  T h is  enayme h a s  o n ly  b e e n

p r e v i o u s l y  t e s t e d  f o r  i n  a - t o x i n  p r e p a r a t i o n s  by S te p h e n  ( I 9 6 1 ) ,  

a l t h o u g h  Habermann ( I 9 5 8 ) r e p o r t e d  i t s  n o n - s e p a r a b i l i t y  from h y a l u r o n i d a s e .  

The r e l e a s e  o f  NANA from t h e  s u r f a c e  o f  e r y t h r o c y t e s  r e d u c e s  t h e  n e t  

n e g a t i v e  c h a rg e  on t h e  c e l l  su rfacee .  T h is  c o u ld  c o n c e iv a b l y  a l lo w  

t h e  a - t o x i n  t o  a p p ro a c h  i t s  t a r g e t  a r e a s  more r e a d i l y .  Thus n e u r a m in id a s e  

c o u ld  a c c e n t u a t e  t h e  e f f e c t  o f  p h o s p h o l ip a s e  0 on t h e  e r y t h r o c y t e  

membrane. A l t e r n a t i v e l y  t h e  n e u ra m in id a s e  c o u ld  w eaken t h e  e r y t h r o c y t e
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membrane i n  su ch  a. way th a . t  l y s i s  o f  t h e  c e l l  o c c u r s  when a  s m a l l e r  

p e r c e n t a g e  o f  t h e  t o t a l  membra.ne p h o s p h o l ip i d  h a s  b e e n  l i y d r o ly s e d .

T h is  may p r o v id e  a  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  o c c u r r e n c e  o f  t h i s  

p ro m in e n t  i n t e r m e d i a t e  p eak  o f  a - t o x i n  a c t i v i t y  d e t e c t e d  by h o t - c o l d  

h a e m o ly s i s .  T hese  f in d in ,g s  j u s t i f y  t h e  a s s e r t i o n  th a . t  sy n e rg ism  may 

o c c u r  b e tw e e n  n e u r a m in id a s e  and  p h o s p h o l ip a s e  C, Of n o te  i n  t h i s  

r e s p e c t  a r e  t h e  o b s e r v a t i o n s  o f  R o d b e l l  ( I 9 6 6 ) and  R o d b e l l  and  Jo n e s  

( 1966} who o b s e rv e d  t h a t  v jhereas  n eu ra a n in id a se  h a d  no e f f e c t  p e r  s e  

on *naiced* i s o l a t e d  f a t  c e l l s  ( s e e  p age  64 )» t h e i r  a - t o x i n  p r e p a r a t i o n  

s t i m u l a t e d  g lu c o s e  and  amino a c i d  m e ta b o l i s m .  T h e i r  s t u d i e s  w ere  n o t  

how ever  e x te n d e d  t o  i n c l u d e  t h e  e f f e c t  o f  b o th  a g e n t s  t o g e t h e r  on s u ch  

c e l l  p r e p a r a t i o n s .

2+
1  * 2n  C o n te n t  o f  a - T o x i n ,

I n  c o n t r a s t  t o  t h e  o b s e r v a t i o n s  o f  I s p o l a t o v s k a y a  and

K lim a c h e v a  ( I 9 6 6 ) and  I s p o l a t o v s k a y a  ( I 9 6 7 ) ,  a to m ic  e m is s io n

s p e c t r o s c o p y  o f  a—t o x i n  p r e p a r e d  i n  t h i s  l a b o r a t o r y  f a i l e d  to  r e v e a l

2 “1̂t h e  p r e s e n c e  o f  s p e c t r a l  l i n e s  c h a r a c t e r i s t i c  o f  ^ n  o r  t h e  p r e s e n c e  

o f  any o t h e r  m e t a l l i c  i o n .

No o b v io u s  e x p l a n a t i o n  o f  t h i s  d i s c r e p a n c y  b e tw e e n  ray

f i n d i n g s  and  t h o s e  o f  t h e  R u s s ia n  w o rk e rs  can  b e  o f f e r e d  a t  p r e s e n t

e x c e p t  t o  say  t h a t  my p r e c a u t i o n s  a g a i n s t  e x t r a n e o u s  c o n t a m in a t io n  o f

sam p les  w i th  m e t a l l i c  i o n s  w ere  more r i g o r o u s  t h a n  t h e  p r o c e d u r e s  u s e d

by I s p o l a t o v s k a y a  ( I 9 6 7 ) .  I n  view  o f  t h e  l a c k  o f  e v id e n c e  f o r  t h e  

2 +p r e s e n c e  o f  Zn i n  my s t u d i e s  i t  w ould  b e  i n t e r e s t i n g  t o  t e s t  t h e  

e f f e c t  o f  OP and  EDTA on t h e  a c t i v i t y  o f  a—t o x i n  p r o v id e d  by i s o e l e c t r i c  

f o c u s i n g .
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I s p o l a t o v s k a y a  ( I 9 6 7 ) p r o v id e d  no q u a n t i t a t i v e  d a t a  on

t h e  w e ig h t  o f  each  sam ple  exam ined  w hich  l e d  t o  t h e  o b s e r v a t i o n  o f

s p e c t r a l  l i n e s .  I n  a  s tu d y  o f  B . o o re u s  p h o s p h o l ip a s e  C, O t t o l e n g h i

( 1964) was a b l e  t o  d e t e c t  a s  l i t t l e  a s  0 . 6  \ i g  o f  Zn^ * i n  450 M-g o f

p r o t e i n  ( l  p a r t  i n  7^0 i . e .  1 ,3  Pg/mg p r o t e i n ) .  From h i s  d a t a  and

t h a t  o f  J o h n so n  and  B o n v e n t re  ( I 9 6 7 ) t h e  m o l e c u l a r  w e ig h t  o f  B. o e re u s

p h o s p h o l ip a s e  G a p p e a r s  t o  l i e  b e tw ee n  4 0 ,0 0 0  -  7 0 ,0 0 0 ,  a p p r o x im a te ly

i n  t h e  same MW ra n g e  a s  G l .  p e r f r i n g e n s  a - t o x i n .  On t h e  b a s i s  o f  t h e

m o l e c u l a r  w e ig h t  f o r  a—t o x i n  d e te rm in e d  i n  t h i s  t h e s i s  ( 53 , 8 0 0 ) and

a ssu m in g  100;^ p u r i t y  an d  1 Sn^^  p e r  p r o t e i n  m o le c u le ,  one w ould  h av e

2*he x p e c te d  t o  f i n d  1 ,2  pg Zn /m g p r o t e i n .  Thus a l t h o u g h  t h e  q u a n t i t i e s

o f  p r o t e i n  exam ined  i n  t h e  c a s e  o f  AGX I 846 p r e p a r a t i o n s  w ould  p l a c e

2+t h e  t h e o r e t i c a l  q u a n t i t y  o f  Zn n e a r  t h e  l i m i t  o f  s e n s i t i v i t y  o f  t h e  

t e c h n i q u e  ( O . l  — 0 ,2  pg) t h e  BP6K and S 107 p r e p a r a t i o n s  exam ined  

s h o u ld  h a v e  c o n t a i n e d  q u a n t i t i e s  w e l l  above t h i s  l i m i t i n g  v a lu e  i . e .  

a p p r o x im a te ly  4*2 pg and  1 .0  pg r e s p e c t i v e l y  ( s e e  T a b le  4 I  ) •

D. G-TOXIN

The p i  o f  6 - t o x i n  d e te r m in e d  h e r e  was 6 ,5 6  — 0 .13*  T h is  i s  c lo s e  

t o  t h e  v a lu e  o f  6 . 3O o b t a i n e d  by B ern i ie im er  e t  a l . ,  ( 1968a) f o r  t h e  p i  

o f  c e r e o l y s i n ,  t h e  oxygen l a b i l e  h a e m o ly s in  p ro d u c e d  by B. c e r e u s .

The r e c o v e iy  o f  JOfo o f  c e r e o l y s i n  a c t i v i t y  by t h e s e  a u t h o r s  i s  

c o m p arab le  w i th  t h a t  fo u n d  f o r  0 - t o x i n .  M oreover ,  c e r e o l y s i n  c o u ld  b e  

r e f o c u s e d  w i th  good r e c o v e ry  i n  b r o a d  pH g r a d i e n t s ,  b u t  n o t  i n  n a rro w  

pH g r a d i e n t s  c f .  0 - t o x i n  p ag e  212 .  Somewhat more com plex  r e s u l t s  

w ere  o b t a i n e d  w i th  SLO (B ern i ie im er  e t  a l . ,  1968a ) .  A g a in  h a e m o ly t i c  

a c t i v i t y  was a s s o c i a t e d  w i th  a  p r o t e i n  p eak  a t  pH 6 . 5O, b u t  t h e  b u l k
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o f  t h e  h a e m o ly t i c  a c t i v i t y  m i g r a t e d  c l o s e  t o  t h e  anode  i n  a  pH 6 t o  

8 g r a d i e n t .  Of s i g n i f i c a n c e  i n  t h i s  r e s p e c t  may h e  t h e  o b s e r v a t i o n  

o f  H a l b e r t  (1970)  t h a t  SLO h ad  a  p i  o f  9 .8  a f t e r  d i s s o l u t i o n  i n  o r  

d i a l y s i s  a g a i n s t  g l y c i n e .  U n f o r t u n a t e l y  B ern i ie im er  e t  a l . ,  d i d  n o t  

e x te n d  t h e i r  s t u d i e s  t o  i n c l u d e  e l e c t r o f o c u s i n g  o f  SLO i n  b ro a d  pH 

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

N e v e r t h e l e s s ,  t h e r e  i s  s u f f i c i e n t  e v id e n c e  from my work and  

t h e i r s  t o  p ro p o s e  t h a t  ozygen l a b i l e  h a e in o ly s in s  may h ave  p l i y s i c a l  

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

l i s t e d  i n  T a b le  1 5 .  T h e i r  common p i  may i n  some way e x p l a i n  some o f  

t h e s e  common f e a t u r e s .  An e x c e p t i o n  t o  t h i s  p r o p o s a l  h a s ,  h ow ever ,  

a l re a .d y  b e e n  d e m o n s t r a t e d .  K ro g e r  and  B ern i ie im er  ( I 969 ) d e m o n s t r a te d  

t h a t  p n e u m o ly s in  h a d  a  p i  o f  4*58 on e l e c t r o f o c u s i n g  i n  a  b r o a d  pH 

g r a d i e n t ,  b u t  t h e  p n e u m o ly s in  u s e d  was o b t a i n e d  from w hole  b a c t e r i a  

by t h e  l e a d  a c e t a t e  e x t r a c t i o n  t e c h n iq u e  o f  Cohen e t  a l . ,  (1942)  a s  

opposed  to  h a r v e s t i n g  from c u l t u r e  s u p e r n a t a n t s  a s  i n  t h e  c a s e  o f  SLO, 

c e r e o l y s i n  and 9 - t o x i n .  T h is  c e l l - a s s o c i a t e d  form may d i f f e r  from 

e x t r a o e 1l u l a r  p n e u m o ly s in .

B ern i ie im er  ej^_al *, and  K ro g e r  and B e rn h e im e r  d id  n o t  r e p o r t  

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

G- T o x in  o b t a i n e d  i n  t h e  c u r r e n t  s tu d y  was s e r o l o g i c a l l y  homogeneous 

a l th o u g h  c o n t a i n i n g  a  m in o r  a d d i t i o n a l  p r o t e i n  b a n d  when exam ined  by 

SDS p o ly a c r y la m id e  d i s c  e l e c t r o p h o r e s i s .  The o f  61 ,500  i s  s i m i l a r  

t o  t h o s e  e s t i m a t e d  f o r  o t h e r  oxygen l a b i l e  h a e m o ly s in s  ( s e e  T a b le  5 5 ) « 

Thus i n  a d d i t i o n  t o  h a v in g  s i m i l a r  p i s  t h e s e  h a e m o ly s in s  a p p e a r  t o  f a l l
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w i t h i n  a  n a rro w  m o l e c u l a r  w e ig h t  r a n g e .  As a  g ro u p  th e y  m e r i t  

f u r t h e r  c o m p a ra t iv e  s t u d i e s .

The ’*s h o u l d e r s ” on t h e  a c i d  s i d e  o f  t h e  e l u t i o n  p r o f i l e  o f  

0 - t o x i n  i n v i t e  comment. They c o u ld  i n d i c a t e  h e t e r o g e n e i t y  b u t  t h i s  

a s p e c t  would form t h e  E;ubject o f  a s e p a r a t e  s t u d y .

F i n a l l y ,  perha.ps t h e  one q u e s t i o n  t h a t  c a n n o t  b e  an sw ered  

d e f i n i t e l y  from t h e  e l e c t r o f o c u s i n g  s t u d i e s  on o sy g en  l a b i l e  

h a e m o ly s in s  so f a r  i s  w h e th e r  t h e  p i s  d e te rm in e d  r e p r e s e n t  t h e  p i s  o f  

t h e  o x i d i s e d  o r  r e d u c e d  form o f  t h e s e  h a e m o ly s in s  o r  w h e th e r  b o th  

fo rm s  h ave  t h e  same p i .  N o th in g  i s  y e t  known a b o u t  p o s s i b l e  changes  

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

w i th  r e d u c in g  a g e n t s .  I n  ray s t u d i e s  I  was a b l e  t o  d e t e c t  0 - t o x i n  

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

p e a k  f r a c t i o n s  on a c t i v a t i o n .  I t  w ould  t h e r e f o r e  a p p e a r  t h a t  t h e  

re d u c e d  and  o x i d i s e d  fo rm s o f  0 - t o x i n  c o u ld  have  i d e n t i c a l  p i s .  I t  

c o u ld  how ever b e  a rg u e d  t h a t  t h e  s h o u ld e r s  r e f e r r e d  to  above r e p r e s e n t  

0 - t o x i n  i n  s t a g e s  o f  o x i d a t i o n  as  th e y  w ere  d e t e c t e d  by r e a c t i v a t i o n  o f  

t h e  t o x i n .  The o b s e r v a t i o n s  o f  B e rn h e im e r  e t  a l . ,  ( 1968a) on SLO a r e  

r e l e v a n t .  The form o f  SLO h a v in g  a  p i  o f  6 .5  may b e  t h e  f u l l y  r e d u c e d  

form , w h ereas  t h e  a c t i v i t y  t h a t  was more a n o d ic  may r e p r e s e n t  t h e  f u l l y  

o x i d i s e d  form d e t e c t e d  by s u b s e q u e n t  r e a c t i v a t i o n .  However, i t  must 

b e  remembered t h a t  SLO i s  fo u n d  p r i n c i p a l l y  i n  t h e  i n a c t i v e  o r  o x i d i s e d  

form i n  c u l t u r e  s u p e r n a t a n t  f l u i d s ,  w h i l e  t h e  r e v e r s e  i s  t ru .e  i n  t h e  

c a s e  o f  0 —t o x i n  and  c e r e o ly s in *  The i n c o r p o r a t i o n  o f  r e d u c in g  a g e n t s  

su ch  a s  d i t h i o e r y t h r i t o l  and  r a e ro a p to e th a n o l  i n t o  t h e  e l e c t r o d e  and  

g r a d i e n t  s o l u t i o n s  s h o u ld  e n a b le  t h i s  p rob lem  t o  b e  i n v e s t i g a t e d .
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E. COLMGENASE

No e v id e n c e  was o b t a i n e d  i n  my e l e c t r o f o c u s i n g  s t u d i e s  t o  

s u g g e s t  t h e  e x i s t e n c e  o f  h e t e r o g e n e i t y  i n  01 . p e r f r i u g e n s  c o l l a g e n a s e .

I n  c o n t r a s t  su ch  h e t e r o g e n e i t y  h a s  b e e n  shown i n  o t h e r  p r o t e o l y t i c  

enzymes o f  b a c t e r i a l  and  f u n g a l  o r i g i n  ( R e b e y r o t t e  and  Labbe, I 9 6 9 ) ,  

a l t h o u g h  t h e  c o n t r i b u t i o n  o f  l y o p h i l i s a t i o n  t o  su ch  o b s e r v a t i o n s  

c an n o t  be  e x c lu d e d .

The c o l l a g e n  d i s c  a s s a y  was i n t r o d u c e d  t o  c o n f i rm  t h a t  t h e  

e l u t i o n  p r o f i l e  o f  a z o c o l l  d i g e s t i n g  a c t i v i t y  was a s s o c i a t e d  w i th  t r u e  

c o l l a g e n a s e  a . c t i v i t y .  However t h i s  a s s a y  h a s  s i n c e  p ro v e d  u s e f u l  a s  

a  q u ic k  s p o t - t e s t  s c r e e n i n g  m ethod . The a z o c o l l  m e thod  c a n  t h e n  b e  

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

s e r o l o g i c a l l y  homogeneous b u t  w ere n o ta b ly  h e te r o g e n e o u s  when exam ined 

by  SHS d i s o  g e l  e l e c t r o p h o r e s i s  ( s e e  page  217 ) •  T hese  r e s u l t s  may b e  

e x p l a i n e d  i n  two ways

( i )  A l l  t h e  o b s e rv e d  com ponents  i n  t h e  p eak  f r a c t i o n s  o f  c o l l a g e n a s e  

a c t i v i t y  w ere  d i s t i n c t  h ig h  m o l e c u l a r  w e ig h t  p r o t e i n s  p ro d u c e d  

by  t h e  b a c t e r iu m ,  p o s s e s s i n g  p i s  so c l o s e  a s  t o  r e n d e r  them 

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

w e ig h t s ,  making' them s e p a r a b l e  by SHS d i s c  g e l  e l e c t r o p h o r e s i s .

( i i )  A l l  6 com ponents  w ere  m o l e c u la r  s p e c i e s  o f  c o l l a g e n a s e  w i th  

v a r y in g  m o l e c u la r  w e ig h t s  w h ich  h ad  a r i s e n  a f t e r  e l e c t r o f o c u s i n g  

by  " a u t o - d i g e s t i o n ” o f  a, common p a r e n t  m o le c u le .

P o s s i b i l i t y  ( i )  seems im p ro b a b le  b e c a u s e  o f  t h e  h ig h  r e s o l u t i o n  

o f  e l e c t r o f o c u s i n g  and t h e  u n l i k e l i h o o d  o f  one o rg an ism  p ro d u c in g  s i x  

e x t r a c e l l u l a r  p r o t e i n s  w i th  i d e n t i c a l  p i s ,  a l l  p o s s e s s i n g  h ig h  m o l e c u la r  

w e i g h t s .
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On t h e  o t h e r  h an d  p o s s i b i l i t y  ( i i )  i s  s u p p o r t e d  by c e r t a i n  

d a t a .  C h y m o try p s in  i s  known t o  c l e a v e  c l iy m o try p s in o g en  A and  

c h y m o try p s in  t o  form a  f a m i ly  o f  c l o s e l y  r e l a t e d  a c t i v e  c l iy m o try p s in s  

( R e i t h e l ,  I 9 6 3 ) . M oreover  t h e  amino a c i d  a n a l y s i s  d a t a  o f  L ev d ik o v a  

( 1966) showed t h a t  0 1 . p e r f r i n g e n s  c o l l a g e n a s e  c o n t a i n e d  some 7 m oles  % 

g l y c i n e  and  2 m o les  ^  p r o l i n e .  I t  i s  t h e r e f o r e  c o n c e iv a b l e  t h a t  t h e  

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

c o l l a g e n a s e  m o le c u le  i t s e l f  ( s e e  F ig u r e  4 ) •  E l e c t r o f o c u s i n g  w ould

f a v o u r  a u t o d i g e s t i o n ,  i f  i t  do es  o c c u r ,  s i n c e  t h e  t e c h n i q u e  c o n c e n t r a t e s  

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

i n t e r a c t i o n .  ■ A s tu d y  o f  a c t i v i t y  d ecay  on s t o r a g e  a t  4°G an d  r e f o c u s i n g  

o f  s t o r e d  p e a k  f r a c t i o n s  r e q u i r e s  t o  b e  done b e f o r e  t h e s e  s u g g e s t i o n s  

can  b e  d i s c a r d e d  o r  v e r i f i e d .  The m o l e c u la r  w e ig h t  ra n g e  o f  t h e s e  6 

com ponents  ( 1 0 7 ,0 0 0  -  1 3 2 ,0 0 0 )  i s  o f  t h e  same o r d e r  a s  t h e  Md d e te rm in e d  

by L ev d ik o v a  (1 1 3 ,0 0 0 )»  However, Kameyaraa and Akama (1970)  

r e p o r t e d  t h a t  t h e i r  p u r i f i e d  c o l l a g e n a s e  h ad  an  W/J o f  8 0 ,0 0 0  by 

S ep h ad ex  g e l  f i l t r a t i o n .  C l e a r l y  f u r t h e r  s t u d i e s  a r e  r e q u i r e d  to  

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

The e l u t i o n  p r o f i l e  f o r  b o th  a .zo o o ll  and  c o l l a g e n  d i g e s t i n g  

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

i n  t h e  m a t e r i a l  exam ined . I f  p r e s e n t ,  such  an enzyme must h av e  a  p i  

i d e n t i c a l  t o  t h a t  o f  c o l l a g e n a s e .  T h is  p o s s i b i l i t y  seems l e s s  l i k e l y  

i n  vievf o f  d a t a  a v a i l a b l e  f o r  0 1 .  h i s t o l y t i c u m  p r o t e o l y t i c  enzymes; 

t h e  c o l l a g e n a s e  h ad  a. p i  o f  5 «57 w h ereas  t h e  y - t o x i n  ( n o n - s p e c i f i c  

p r o t e i n a s e ,  o y s t e i n e - a o t i v a t e d  p r o t e a s e ,  c l o s t r i p a i n ,  c l o s t r i d i o -  

p e p t i d a c e  B) was i s o e l e c t r i c  a t  a  pH b e tw e e n  4*80 -  4=90 ( M i t c h e l l ,  I 96 9 )
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A n t i s e r a  r a i s e d  a g a i n s t  p eak  f r a c t i o n s  o f  c o l l a g e n a s e  s h o u ld  f a c i l i t a , t e  

t h e  i n v e s t i g a t i o n  o f  t h i s  p ro b lem .

R e g a rd in g  t h e  co m p ar iso n  o f  01 « h i s t o l y t i c u m  a,nd 01 . p e r f r i n g e n s  

c o l l a g e n a s e  i t  m ust b e  n o te d  t h a t  t h e  d i f f e r e n c e  i n  i s o e l e c t r i c  p o i n t s  

can  b e  e x p l a in e d  on t h e  b a s i s  o f  t h e  amino a c i d  a n a l y s e s  o f  L evd ik o v a  

( 1966 ) on t h e s e  two c o l l a g e n a s e s .  0 1 .  h i s t o l y t i c u m  c o l l a g e n a s e  h ad  a 

lo w e r  a s p a r t i c  a c i d  and  h i g h e r  l y s i n e  c o n t e n t  w h ich  vjould make i t  t h e  

more c a t h o d i o .

F .  ITTALURONIDASB

I n  my e x p e r i e n c e  i t  i s  o f t e n  d i f f i c u l t  t o  a s s e s s  t h e  p u r i t y  

o f  m a t e r i a l  p r e p a r e d  by  e l e c t r o f o c u s i n g  u n l e s s  i t  i s  p ro d u c e d  on a  

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

k i n d  o f  c o n c e n t r a t e  from c u l t u r e  s u p e r n a t a n t  f l u i d s  u s e d  f o r  

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

enzyme ( s e e  T a b le  2 9 ) .  I t  can  be  s e e n  t h a t  o n ly  a b o u t  6^ o f  t h e  

t o t a l  h y a lu ro n id a .s e  a c t i v i t y  i n  c u l t u r e  s u p e r n a t a n t  f l u i d s  was a p p l i e d  

t o  p r e p a r a t i v e  columns when 35- 50^  (NH^)g80^ s a t u r a t i o n  p r e c i p i t a t e s  

were em ployed. The s m a l l  am ounts o f  l i y a lu r o n i d a s e  o b t a in e d  u n d e r  

t h e s e  c o n d i t i o n s  w ere in a d e q u a t e  f o r  s t u d i e s  on p u r i t y .

H e te r o g e n e i ty  o f  h y a lu ro n id a .s e  was o b s e rv e d  i n  p r e p a r a t i v e  

s c a l e  e x p e r im e n t s .  Ho s a t i s f a c t o r y  e x p l a n a t i o n  ca-n b e  o f f e r e d  f o r  

t h e  d i f f e r e n c e  b e tw e e n  i s o e l e c t r i c  p o i n t s  o b s e rv e d  i n  b r o a d  and  n a r ro w  

pH g r a d i e n t s ,  b u t  t h e s e  f i n d i n g s  r e q u i r e  c o n f i r m a t i o n .
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G. PROBLEMS OF TERMINOLOGY AND NOMENCLATURE 

IN ELECTROFOCUSING

Sam uels  ( 196I )  p ro p o s e d  t h a t  t h e  te rm  " is o e n z y m e ” o r  " iso zy m e "  

s h o u ld  o n ly  he  a p p l i e d  t o  enzymes p o s s e s s i n g  i d e n t i c a l  s u b s t r a t e  

s p e c i f i c i t y ,  b u t  d i f f e r e n t  p r im a ry  s t r u c t u r e s ,  w h e re a s  m u l t i p l e  fo rm s 

a r i s i n g  th r o u g h  c o n f o r m a t io n a l  o r  " n o n - n u c l e i o  a c i d  m e d ia te d "  changes  

w hich  r e s u l t  i n  t h e  f o im a t i o n  o f  m e t a s t a b l e  s t a t e s  t h a t  can  b e  changed  

b a c k  i n t o  t h e  o r i g i n a l  form by v a r y in g  c o n d i t i o n s ,  s h o u ld  n o t  b e  

c o n s i d e r e d  is o z y m e s .  Thus t h e  p r i n c i p a l  d i f f e r e n c e  b e tw ee n  an  isozym e 

a,nd a  c o n fo rm e r  i s  t h a t  t h e  fo rm e r  terra  i s  a p p l i e d  to  m o l e c u l a r  s p e c i e s  

p o s s e s s i n g  d i f f e r i n g  p r im a ry  s t r u c t u r e s ,  w i th  t h e  l a t t e r  b e i n g  a p p l i e d  

i n  t h e  c a s e  o f  t h o s e  w i th  d i f f e r i n g  t e r t i a r y  s t r u . o t u r e s .

More r e c e n t l y  t h e  I n t e r n a t i o n a l  U nion  o f  B io c h e m is t r y  Commission 

on B io c h e m ic a l  N o m e n c la tu re  h a s  made reco m m en d a tio n s  on t h e  n o m e n c la tu re  

o f  m u l t i p l e  fo rm s o f  enzymes (lUPAC -  lUB Com m ission, 1971)» M u l t i p l e  

fo rm s o f  enzymes w ere  g ro u p e d  a s  shown i n  T ab le  58 , G e n e t i c a l l y  

d e te r m in e d  d i f f e r e n c e s  i n  p r im a ry  s t r u c t u r e  a r e  r e s p o n s i b l e  f o r  t h e  

m u l t i p l i c i t y  o f  g ro u p s  1 - 3 ,  b u t  n o t  g ro u p s  4 - 7 . They recommended 

t h a t  t h e  terra  'm u l t i p l e  fo rm s o f  an  enzyme* s h o u ld  b e  u s e d  as  a  b r o a d  

te rm  c o v e r in g  a l l  p r o t e i n s  p o s s e s s i n g  t h e  same enzym ic a c t i v i t y  and 

o c c u r r i n g  n a t u r a l l y  i n  a  s i n g l e  s p e c i e s ;  t h e  te rm  " iso en zy m e"  o r  " isozym e"  

s h o u ld  a p p ly  o n ly  t o  t h o s e  m u l t i p l e  form s a r i s i n g  from g e n e t i c a l l y  

d e te r m in e d  d i f f e r e n c e s  i n  p r im a ry  s t r u c t u r e ,  and n o t  t o  t h o s e  d e r i v e d  

by m o d i f i c a t i o n  o f  t h e  same p r im a ry  se q u e n c e  ( i . e .  G roups 1 -  3 o f  

T a b le  58 ) .
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One o f  t h e  c r i t e r i a  u s e d  t o  d e m o n s t r a te  w h e th e r  m u l t i p l e  

form s o f  an enzyme r e p r e s e n t  d i f f e r e n t  m o le c u le s  i s  n o n - c o n v e r t i b i l i t y  

i n t o  o t h e r  form s on r e c y c l i n g  th r o u g h  t h e  same p u r i f i c a t i o n  p r o c e d u r e .  

R e s u l t s  p r e s e n t e d  h e r e  i n d i c a t e  t h a t  t h e  and <Xg form s o f  cc-tox in  

c a n n o t  y e t  be r e g a r d e d  as  tru ,e  is o z y m e s ,  Hov/ever, e x p e r im e n ts  w ere 

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

s i n g l e  p eak  f r a c t i o n s  o f  b o th  fo rm s ,  a s  h a s  b een  done by MacNiven 

e t  a l  «, ( 1972) w i th  m u l t i p l e  fo rm s o f  s t a p h y lo c o c c u s  a - t o x i n ,  and  w i th  

s ta p h y lo c o c c u s  e n t e r o t o x i n  B ( Chang and D ic k ie ,  I 9 7 1 ) = Whereas t h e  

and cCg form s o f  s t a p h y l o c o c c u s  a - t o x i n  and  t h e  p i  8*55 and p i  8 .2 5  

form s o f  e n t e r o t o x i n  B h a d  i d e n t i c a l  m o le c u la r  w e ig h t s  and  w ere 

s e r o l o g i c a l l y  i d e n t i c a l  i n  each  c a s e ,  t h e s e  s p e c i e s  o f  t o x i n  d i f f e r e d  

i n  t h e i r  c o n v e r t i b i l i t y .  The a - t o x i n  fo rm s w ere  i n t e r c o n v e r t i b l e ,  

w h e reas  r e f o c u s i n g  o f  t h e  p i  8 ,5 5  form o f  e n t e r o t o x i n  B gave  r i s e  t o  

t h e  p i  8 .2 5  form , b u t  r e f o c u s i n g  o f  t h e  l a t t e r  d id  n o t  y i e l d  t h e  

fo rm e r ;  i n  f a c t  r e f o c u s i n g  r e s u l t e d  in  t h e  f o r m a t io n  o f  form s o f  lo w e r  

p i  b e tw ee n  7*80 and  8 , 2 0 .  M oreover,  b o th  t h e  a^ and  a^ form s o f  

s t a p h y lo c o c c u s  a - t o x i n  w ere s t a b l e  t o  r e f o c u s i n g  i n  6M u r e a .

S t a b i l i t y  o f  fo rm s i n  6M u r e a  was n o t  t e s t e d  o u t  i n  t h e  c a s e  o f  

e n t e r o t o x i n  B. Thus c a r e f u l  i n t e r o o n v e r t i b i l i t y  s t u d i e s  r e q u i r e  t o  be  

u n d e r t a k e n  to  f u r t h e r  o u r  u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p  b e tw ee n  

t h e  and  cCg form s o f  01 ,  p e r f r i n g e n s  a - t o x i n .

Some d i f f e r e n t i a t i o n  o f  n o m e n c la tu re  h a s  b e e n  u s e d  by a u t h o r s  

t o  d e s i g n a t e  t h e  p a r t i c u l a r  h e t e r o g e n e i t y  o b s e rv e d .  F o r  example 

e l e c t r o f o c u s i n g  o f  s t a p h y l o c o c c u s  6 -ha .em olysin  (WadstrBra and K 8 l lb y ,  

1971) and  6 - h a e m o ly s in  (K re g e r  e t  a , l . ,  19? l )  r e v e a l e d  i n  b o th  c a s e s
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an  a .n ion ic  and  a  c a t i o n i c  component w i th  p i s  o f  3 .0  and 9*4 and 5*0 

and  9*5 r e s p e c t i v e l y .  However, by r e f o c u s i n g  o f  p -h a e m o ly s in ,  t h e  

c a t i o n i c  s p e c i e s  was f u r t h e r  r e s o l v e d  by t h e  u s e  o f  n a rro w  pH g r a d i e n t s  

i n t o  a  number o f  m u l t i p l e  fo rm s w hich  w ere r e p r o d u c i b l e  and  h ad  p i s  o f  

8 . 8 ,  9 "0 ,  9 «4 and 9*8* T h is  ty p e  o f  h e t e r o g e n e i t y  was te rm ed  

" m i c r o h e t e r o g e n e i t y "  w hich a c c o r d s  w i th  t h e  u s a g e  o f  C ar ls trÔ m  and 

V e s t e r b e r g  ( 1 9 67) and  O a r ls t rb m  ( I 9 69) * C a re ,  h ow ever ,  must b e  ta lcen

i n  i n t e r p r e t i n g  su ch  r e s u l t s  a s  n a t u r a l  o r  a r t e f a . o t u a l  h e t e r o g e n e i t y  

e s p e c i a l l y  w i th  p r e p u r i f i e d  o r  p r e - e l e c t r o f o c u s e d  m a t e r i a l .  N e v e r t h e l e s s ,  

t h e  te rm  " m i c r o h e t e r o g e n e i t y "  do es  s e r v e  a  u se fu . l  f u n c t i o n  i n  

d e s c r i b i n g  m u l t i p l e  fo rm s t h a t  a r e  o n ly  r e v e a l e d  on e l e c t r o f o c u s i n g  i n  

n a r ro w  pH g r a d i e n t s  and  a s  s u c h  s h o u ld  be  a p p l i e d  i n  t h e  o p in io n  o f  

t h i s  a u t h o r  t o  t h e  and cCg fo rm s d e s c r i b e d  f o r  C l .  p e r f r i n g e n s  a - t o x i n .

F i n a l l y  t h e  lUB ( 1964) p ro p o s e d  t h a t  isozym es  be  d i s t i n g u i s h e d  

and  num bered 011 t h e  b a s i s  o f  e l e c t r o p h o r e t i c  m o b i l i t y ,  w i th  t h e  number 1 

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

to w a rd s  t h e  an o d e .  At p r e s e n t  i n s u f f i c i e n t  e v id e n c e  i s  a v a i l a b l e  t o  

j u s t i f y  t h e  a d o p t io n  o f  t h i s  n o m e n c la tu re  i n  t h e  c a s e  o f  a - t o x i n  and 

t h i s  a u t h o r  f e e l s  t h a t  t h e  sy s tem  a d o p te d  a s s i g n s  p r im a ry  im p o r ta n c e  t o  

t h e  p i  5*49 form i n s t e a d  o f  t h e  more a n o d ic  fo rm .
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SECTION I I I  Î STUDIES PIT MAMLIALIAIT CELLS AND MET-IBRAIIBS

B e fo re  d i s c u s s i n g  t h e  r e s u l t s  p r e s e n t e d  a s  p a r t  o f  t h i s  

t h e s i s  I  f e e l  i t  i s  n e c e s s a r y  t o  e x p r e s s  t h e  im m ed ia te  p u rp o s e  o f  t h e  

i n v e s t i g a t i o n s  c a r r i e d  o u t .  T h ere  w ere  t h r e e  d i s t i n c t  a im s :

1 .  To c l a r i f y ,  c o n f i rm  and e x te n d  c e r t a i n  o b s e r v a t i o n s  r e g a r d i n g  t h e  

i n t e r a c t i o n  o f  a - t o x i n  w i th  membranes t h a t  h a v e  b e e n  r e v ie w e d  

e a r l i e r *

2 .  To i n i t i a t e  r e s e a r c h  i n t o  t h e  i n t e r a c t i o n  o f  G—t o x i n  w i th  

m em branes, a s  t h e  m a jo r  p o r t i o n  o f  o u r  c u r r e n t  know ledge  o f  t h e  

mechanism o f  a c t i o n  o f  ooygen l a b i l e  h a e m o ly s in s  i s  r e s t r i c t e d  

t o  s t u d i e s  c a r r i e d  o u t  w i th  s t r e p t o l y s i n  0 .

3 .  To i d e n t i f y  a r e a s  o f  r e s e a r c h  w hich  m ig h t c o n t r i b u t e  u s e fu . l  

i n f o r m a t i o n  on t h e  c y t o l y t i c  a c t i o n  o f  t h e s e  t o x i n s .

Thus a l t h o u g h  ray s t u d i e s  a r e  in c o m p le te ,  t h e y  do f u l f i l  

t h e s e  c r i t e r i a  and  do r e p r e s e n t  s i g n i f i c a n t  s t a r t i n g  p o i n t s  f o r  a  

number o f  i n v e s t i g a t i o n s .  M oreover  t h e  u s e  o f  h i g h l y  p u r i f i e d  a -  

and  6 - t o x i n s  o b t a i n e d  by i s o e l e c t r i c  f o c u s in g  h a s  s i m p l i f i e d  t h e  

e x p e r im e n ta l  a p p ro a c h  t o  t h e s e  p ro b le m s .

A. ACTION OF a -  AND G-TOXINS ON CELLULAR METABOLISM

The o b j e c t  o f  t h e s e  s t u d i e s  was t o  d e te r m in e  vzhether t h e s e  

to ^ d n s  c a u s e d  m e ta b o l i c  c h an g e s  i n  w hole c e l l s .  I n  t h e  c a s e  o f  a - t o x i n  

i t  was p o i n t e d  o u t  i n  t h e  i n t r o d u c t i o n  t h a t  s t u d i e s  on w hole  c e l l s  w ere  

r e s t r i c t e d  to  m o r p h o lo g ic a l  changes  in d u c e d  by  i t s  a c t i o n ,  and  t h a t  i t s  

e f f e c t  on c e l l u l a r  m e ta b o l i sm  had  b e e n  s o l e l y  c o n s id .e re d  w i th  i s o l a t e d  

m i to c h o n d r ia ,  ( s e e  page  65 ) » On t h e  o t h e r  hand  s u ch  s t u d i e s  w i th
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G—t o x i n  h a d  n e v e r  b e e n  c a r r i e d  o u t .  Even i n v e s t i g a t i o n s  w i th  SLO 

h ave  b e e n  r e s t r i c t e d  l a r g e l y  t o  an  e x a m in a t io n  o f  m o rp h o lo g ic a l  

ch an g e s  r e s u l t i n g  from i t s  i n t e r a - c t i o n  w i th  t i s s u e s ,  c e l l s  and 

m ito c h o n d r ia ,  ( H a l b e r t ,  1970) .

1 .  E f f e c t  o f  a -T o x in  on S u c c i n a t e  O x id a t io n  by 
K rebs  2 Mouse A s c i t e s  Tumour C e l l s .

E x p e r im e n ts  w i th  h i g h l y  p u r i f i e d  « - t o x i n  p r e p a r e d  by 

e l e  c t r o f o c u s i n g  and  f r e e  o f  d e te o ta b le G - to x in ,  c o l l a g e n a s e ,  h y a l u r o n i d a s e  

and  n e u ra m in id a s e  have  d e m o n s t r a te d  t h a t  a - t o x i n  i s  c y t o t o x i c  an d  t h a t  

c y t o t o x i c i t y  i s  a s s o c i a t e d  w i th  m e ta b o l i c  changes  w i t h i n  t h e  c e l l ,  i n  

t h i s  c a s e  i n  s u c c i n a t e  o x id a t io n *  A lth o u g h  t h e  s e n s i t i v i t y  o f  s u c c i n i c  

o x id a s e  a c t i v i t y  o f  i s o l a t e d  m i to c h o n d r i a  has  b e e n  known f o r  some y e a r s  

( M a c fa r la n e  and  D a t t a ,  1954) t h i s  i s ,  t o  t h i s  a u th o r*  s know ledge , t h e  

f i r s t  r e p o r t  o f  im p a irm en t  o f  s u c c i n a t e  o x i d a t i o n  a f t e r  « - t o x i n  

t r e a t m e n t  o f  w hole c e l l s .

T h ree  p o s s i b l e  m echanism s c o u ld  a c c o u n t  f o r  t h e  a c t i o n  o f  

« - t o x i n  on s u c c i n a t e  o x i d a t i o n  ( a )  damage to  t h e  m i to c h o n d r i a  o f  t h e  

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

t h e  c e l l s  (b )  a  l o s s  o f  p e r m e a b i l i t y  o f  t h e  c e l l s  t o  s u c c i n a t e  a s  a  

r e s u l t  o f  t h e  h y d r o l y s i s  o f  p h o s p h o l i p i d  com ponents  o f  t h e  c y to p la s m ic  

membrane ( c )  an  i n d i r e c t  e f f e c t  on m i to c h o n d r i a  r e s u l t i n g  from membi'ane 

damage. I t  w ould  seem d e s i r a b l e  t h a t  t h e  o b s e rv e d  m e ta b o l i c  changes

o f  t h e  a s c i t e s  c e l l s  be  c o r r e l a t e d  w i th  p o s s i b l e  m o r p h o lo g ic a l  changes* 

H ere  t h e  o b s e rv a . t io n s  o f  R o d b e l l  and J o n e s  ( 1966) on t h e  a c t i o n  o f  

a - t o x i n  w i th  f r e e  f a t  c e l l s  a r e  r e l e v a n t  ( s e e  p age  6 4 ) .  H igh 

c o n c e n t r a t i o n s  o f  « - t o x i n  w ere shown to  cau se  c e l l  l y s i s  w h ereas  lo w e r
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c o n c e n t r a t i o n s  c a u s e d  i n c r e a s e d  c e l l  p e r m e a b i l i t y .  I n  a d d i t i o n  

a - t o x i n  t r e a t m e n t  o f  m u sc le  c e l l s  c a u s e d  i n c r e a s e d  p e r m e a b i l i t y  o f  

t h e  membrane t o  p o ta s s iu m  (H e r . to n o s i ,  I 9 6 8 ) . On t h e  o t h e r  h and  

e x p o s u re  o f  g i a n t  s q u id  axons  t o  h ig h  c o n c e n t r a t i o n s  o f  t o x i n  (20 rag/ral) 

d i d  n o t  im p a i r  n o rm al p e r m e a b i l i t y ,  b u t  d i d  r e n d e r  t h e i r  membranes 

more s u s c e p t i b l e  t o  r u p t u r e  (R o se n b e rg ,  1970)» E v id e n c e  was a l s o  

p r e s e n t e d  by R o sen b e rg  and  C ondrea  ( I 9 6 8 ) and  R o se n b e rg  ( 197O) t h a t  

a - t o x i n  c o u ld  p e n e t r a t e  t h e  membrane o f  t h e  Schwann c e l l  and  axolemma 

w i th o u t  c a u s in g  membrane r u p t u r e  o r  l o s s  o f  p e r m e a b i l i t y .

I t  seems l i k e l y  t h a t  a s c i t e s  c e l l s  would  p r o v id e  a  u s e f u l  

m odel f o r  s t u d y i n g  t h e  e f f e c t  o f  a—t o x i n  on c e l l u l a r  m e ta b o l i s m .

2 ,  E f f e c t  o f  G- T o x i n 'o n  S u c c i n a t e  O x id a t io n  by 
Ei^ebs 2 Mouse A s c i t e s  Tumour C e l l s ,

I n  e a r l y  s t u d i e s  AS/OlOO p r e p a r a t i o n s  o f  a - t o x i n  w ere  shown 

t o  c a u s e  a  s t i m u l a t i o n  i n  t h e  r a t e  o f  Og u p ta k e  by  a s c i t e s  c e l l s  

r e s p i r i n g  on s u c c i n a t e  i n  t h e  a b se n c e  o f  t h e  exogenous a d d i t i o n  o f  Oa "̂**. 

T h is  was l a t e r  shown t o  b e  c a u s e d  by c o n ta m in a t in g  am ounts o f  6 - t o x i n ,  

a s  0 - t o x i n  p u r i f i e d  by i s o e l e c t r i c  f o c u s i n g , i n  i d e n t i c a l  am ounts t o  t h a t  

fo u n d  i n  AS/CIOO a - t o x i n , c a u s e d  s t i m u l a t i o n .  The in v o lv e m e n t  o f  

G - t o x i n  was s u p p o r t e d  by t h e  o b s e r v a t i o n s  t h a t  t o x i n  w hich  had  n o t 'b e e n  

r e a c t i v a t e d  and  d i a l y s e d  o r  r e a c t i v a t e d  t o x i n  w hich  h a d  b e e n  l e f t  

e x p o sed  t o  t h e  a . i r  f o r  s e v e r a l  days  a t  4-^0 f a i l e d  t o  c a u s e  s t i m u l a t i o n  

o f  s u c c i n a t e  o x i d a t i o n .

The s i m p l e s t  h y p o t h e s i s  t o  e x p l a i n  t h i s  o b s e r v a t i o n  i s  t h a t  

G—t o x i n  c a u s e s  an  a l t e r a t i o n  i n  t h e  p e r m e a b i l i t y  o f  t h e  c y to p la s m ic
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membrane t o  s u c c i n a t e  r e s u l t i n g  i n  an  i n f l u x  o f  s u c c i n a t e  t o  i n t a c t  

m i t o c h o n d r i a .  I t  c o u ld  e q u a l l y  w e l l  be  s u g g e s te d  t h a t  i n  a d d i t i o n  

to  h a v in g  an  e f f e c t  on t h e  c y to p la s m ic  membrane 8—t o x i n  c o u ld  a l s o  

h av e  a  d i r e c t  e f f e c t  on t h e  m i to c h o n d r i a  assum ing  t h a t  i t  w ere  a b l e  

t o  p e n e t r a t e  t o  t h e  i n t e r i o r  o f  t h e  c e l l .

I n  view  o f  t h e  s i m i l a r i t i e s  b e tw ee n  0 1 .  p e r f r i n g e ns  0 —t o x i n  

and  SLO, t h e r e  f o l l o w s  a, b r i e f  d i s c u s s i o n  o f  t h e  a c t i o n  o f  SLO. A l l  

c e l l s  so f a r  t e s t e d  t h a t  p o s s e s s  c h o l e s t e r o l  a s  a  c o n s t i t u e n t  o f  

c e l l u l a r  membranes a r e  s e n s i t i v e  t o  SLO ( H a l b e r t ,  1 9 7 0 ) « By c o n t r a s t ,  

b a c t e r i a l  p r o t o p l a s t s  and s p h e r o p l a s t s  w hich  l a c k  c h o l e s t e r o l  a r e  

i n s e n s i t i v e .  T o g e th e r  w i th  t h e  f a c t  t h a t  SLO i s  i n h i b i t e d  by 

c h o l e s t e r o l ,  t h e s e  f i n d i n g s  s u g g e s t  t h a t  t h e  c y t o t o x i c i t y  o f  SLO 

depends  on i t s  c a p a c i t y  t o  i n t e r a c t  w i th  membrane c h o l e s t e r o l .  T ha t 

i t s  c y t o t o x i c i t y  an d  h a e m o ly t i c  a c t i v i t y  a r e  p r o p e r t i e s  o f  t h e  same 

m o ie ty  was i n d i c a t e d  by t h e  f i n d i n g  t h a t  an  e x t r a c t  o f  e r y t h r o c y t e  

stroma, n e u t r a l i s e d  b o th  a c t i v i t i e s  (M a s t ro e n i  e t  a l . ,  I 9 6 9 ) .  The 

a v a i l a b l e  i n f o r m a t i o n  on l i p i d  a n a l y s e s  o f  m i to c h o n d r ia ,  i s o l a t e d  from 

a l i m i t e d  number o f  t i s s u e s  i n d i c a t e s  t h a t  i t  fo rm s by l - 5 g  o f  t h e  

t o t a l  l i p i d  (R o u s e r  e t  a l . ,  I 9 6 8 ) .  By c o m p ar iso n  c h o l e s t e r o l  

c o m p r i s e s  some 25-30/6 o f  t h e  t o t a l  l i p i d  o f  mamraa.lian e r y t h r o c y t e s  

(R o u s e r  e t  a l . ,  I 9 6 8 ) .  K e i s e r  e t  a l . ,  ( 1964) r e p o r t e d  th a . t  SLO 

c a u s e d  s w e l l i n g  o f  r a .b b i t  l i v e r  m i to c h o n d r i a ,  b u t  t h e s e  a .u th o rs  d id  

n o t  go on t o  s tu d y  m e ta b o l i c  changes  i n  t h e  i s o l a t e d  m i to c h o n d r i a  

a s s o c i a t e d  w i th  t h i s  m o r p h o lo g ic a l  c h an g e .  A lo u f  and  Raynaud ( 1968c) 

a l s o  p o i n t e d  o u t  t h a t  m i c r o s c o p ic  e x a m in a t io n  o f  t i s s u e  c u l t u r e  c e l l s  

t r e a t e d  w i th  SLO r e v e a l e d  c y t o l o g i c a l  ch an g es  i n  t h e  m i to c h o n d r i a .
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A ls o ,  G in s b u rg  and  G rossov /icz  ( I 9 6 0 ) h av e  shown t h a t  SLO c a u s e d  

E h r l i c h  a . s c i t e s  tum our c e l l s  t o  s w e l l . These  c e l l s  a l s o  p ro d u ced  

" p s e u d o p o d iu m - l ik e ” s t r u c t u r e s  from t h e  c y to p la s m ic  membranes. I t  i s  

hoped  t o  c a r r y  o u t  ex t)o r im en ts  i n  t h e  n e a r  f u t u r e  t o  i n v e s t i g a t e  t h e s e  

a s p e c t s  i n  r e l a t i o n  t o  0 - t o z i i i  i n t e r a c t i o n  w i th  a s c i t e s  c e l l s .

I t  was n o te d  t h a t  t h e  p e r c e n ta g e  s t i m u l a t i o n  i n  s u c c i n a t e  

o x i d a t i o n  by a s c i t e s  c e l l s  v a r i e d  o v e r  a  w ide r a n g e .  The re a .so n (s )  

f o r  t h i s  i s / a r e  n o t  y e t  c l e a r ,  a l th o u g h  s e v e r a l  i n t e r - r e l a t e d  

p o s s i b i l i t i e s  e x i s t ;  t h e s e  o b s e r v a t i o n s  c o u ld  h a v e  b e e n  due t o  :■=

1. D i f f e r e n c e s  i n  t h e  s u s c e p t i b i l i t y  o f  t h e  SSES u s e d  to  t i t r a t e

t h e  G - to x in  on  s e p a r a t e  days  p r i o r  t o  d i l u t i o n  f o r  a d d i t i o n

t o  t h e  a s c i t e s  c e l l s .

2 .  D i f f e r e n c e s  i n  t h e  number o f  a s c i t e s  c e l l s  added  t o  i n d i v i d u a l  

e x p e r i m e n t s ,

3 . D i f f e r e n c e s  i n  t h e  s u s c e p t i b i l i t y  o f  b a t c h e s  o f  a s c i t e s  c e l l s  

t o  0 - t o x i n .

A lth o u g h  c o m p re h en s iv e  s t u d i e s  on i n t r a s p e c i e s  v a r i a t i o n  i n •

t h e  s e n s i t i v i t y  o f  e r y t h r o c y t e s  t o  0 - t o x i n  h av e  n o t  y e t  b e e n  c a r r i e d

o u t ,  t h e  d a t a  a v a i l a b l e  f o r  SLO i n d i c a t e  t h a t  such  v a r i a t i o n  i s  m in im a l 

( H e r b e r t ,  1941; A lo u f  and  Raynaud, 19680) .  I n d e e d  m ost s p e c i e s  o f  

mammalian e r y t h r o c y t e  a p p e a r  t o  b e  e q u a l l y  s u s c e p t i b l e  (B ern iie im er ,  

1970) • A lth o u g h  t h e  c h o l e s t e i 'o l  c o n t e n t  o f  an  i n d i v i d u a l  e r y t h r o c y t e  

s p e c i e s  can  v a ry  w i t h i n  w ide l i m i t s  ( -  30g) and  h a s  b e e n  shown t o  

f l u c t u a t e  even o v e r  a s  s h o r t  a p e r i o d  as  8 - 1 2  h o u r s ,  t h i s  would  n o t  

a p p e a r  from t h e  above d a t a  t o  c a u s e  a. s i g n i f i c a n t  change  i n  i t s  

s u s c e p t i b i l i t y  t o  SLO (C o o p er ,  I 9 6 9 ) .
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On t h e  s e c o n d  p o i n t ,  i t  w ould  appear* from my s t u d i e s  t h a t  

t h e  s t i m u l e t i o n  i n  s u c c i n a t e  r e s p i r a t i o n  was n o t  j u s t  a  f u n c t i o n  o f  

t h e  number o f  c e l l s ,  b u t  due to  an i n t e r p l a y  b e tw e e n  8 —t o x i n  

c o n c e n t r a t i o n ,  n o .  o f  c e l l s  and  t im e  o f  i n t e r a c t i o n .

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

i n  t h e  c h o l e s t e r o l  c o n t e n t  o f  a s c i t e s  c e l l  membranes t o  t h a t  o b s e rv e d  

i n  human e r y t h r o c y t e  membranes c o u ld  o c c u r  w i th  d i s t u r b a n c e s  i n  t h e  

m e ta b o l i sm  o f  t h e  i n j e c t e d  mouse c a u s e d  by t h e i r  i n t r a p e r i t o n e a l  g ro w th .  

D ie t  and  m eal t i m e s  a r e  Icnowni t o  a f f e c t  serum c h o l e s t e r o l  l e v e l s  i n  man. 

I t  i s  t h e r e f o r e  c o n c e iv a b l e  t h a t  t h e  t im e  o f  h a r v e s t i n g  o f  a s c i t e s  c e l l s  

i n  r e l a t i o n  t o  fo o d  c o n su m p tio n  by  t h e  mouse c o u ld  a l s o  a f f e c t  t h e  

membrane c h o l e s t e r o l  l e v e l .  S ym ington  and A r b u th n o t t  ( 1 9 69) o b s e rv e d

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

s t r e p t o l y s i n  S w hich  c o u ld  n o t  b e  a c c o u n te d  f o r  s im p ly  i n  te rm s  o f  

m in o r  d i f f e r e n c e s  i n  t h e  ag es  o f  c e l l s .  However t h i s  does  n o t  e x c lu d e  

age as  an im p o r ta n t  f a c t o r  i n  t h e  c a s e  o f  0 - t o x i n .

B , MAMMALIAN ERYTHROCYTE AND ERYTHROCYTE GHOST STUDIES

1 .  H o t-C o ld  H a.em olytic  S pec trum  o f  « -T o x in .

The s p e c tn u n  o f  s e n s i t i v i t y  o f  e l e c t r o f o c u s e d  a - t o x i n  m i r r o r e d  

t h a t  p r e v i o u s l y  r e p o r t e d . b y  M a c fa r l a n e  (1950)*  I n  a d d i t i o n  t h e  

h a e m o ly t i c  s p e c tru m  o f  was i d e n t i c a l  t o  th a . t  o f  a  p r e p a r a t i o n s

i n d i e a . t i n g  t h a t  t h e s e  fo rm s o f  a - t o x i n  o b s e rv e d  by  i s o e l e c t r i c  f o c u s in g  

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

t o  common p h y s i c a l  p r o p e r t i e s  s i m i l a r  b i o l o g i c a l  p r o p e r t i e s .
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2 ,  Q u a n t i t a t i v e  Changes i n  t h e  P h o s p h o l ip i d  C o m p o s i t io n  
o f  « -T o x in  T r e a t e d  E r y t h r o c y t e  G h o s t s .

The o b s e rv e d  o v e r a l l  d e c r e a s e  i n  t h e  p h o s p h o l i p i d  c o n t e n t  

o f  r a b b i t  e r y t h r o c y t e  g h o s t s  c a u s e d  by t r e a t m e n t  w i t h  « - t o x i n  a c c o rd s  

w i th  t h e  f i n d i n g s  o f  Coleman e t  a l . ,  ( l 9 ? 0 )  f o r  r a t  and  human 

e r y t h r o c y t e  g h o s t s ,  v i z .  70p I r y d r o ly s i s  o f  p h o s p h o l i p i d .  However, 

my s t u d i e s  r e q u i r e  t o  b e  e x te n d e d  to  a  q u a n t i t a t i v e  e s t i m a t i o n  o f  th e  

e x t e n t  o f  h y d r o l y s i s  o f  i n d i v i d u a l  p h o s p h o l i p i d  co m ponen ts .  T h is  

i n f o r m a t i o n  m ig h t  e x p l a i n  wliy some e r y t h r o c y t e s  u n d e rg o  c o l d  h a e m o ly s i s  

more r e a d i l y  t h a n  o t h e r s  a f t e r  « - t o x i n  t r e a t m e n t .  B eca u se  o f  t h e  

h e t e r o g e n e i t y  t h a t  h a s  b e e n  shown t o  e x i s t  w i t h i n  one s p e c i e s  o f  

p h o s p h o l i p i d  w i t h i n  one s p e c i e s  o f  membrane i t  may p ro v e  p o s s i b l e  t o  

d e t e r m in e  t h e  im p o r ta n c e  on n o n - p o l a r  s u b s t i t u e n t s  i n  t h e  i n t e r a c t i o n  

o f  « - t o x i n  w i th  m em branes. T h e r e in  may l i e  t h e  s o l u t i o n  t o  t h e  

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

3 . E l e c t r o n  M ic r o s c o p ic  O b s e r v a t io n s  on t h e  
E f f e c t  o f  « "T ox in  on E r y t h r o c y t e  M embranes•

The c h a r a c t e r i s t i c  o b s e r v a t i o n  o f  t h e  f o r m a t io n  o f  d r o p l e t s  

o r  g l o b u l e s  a f t e r  t r e a t m e n t  o f  e r y t h r o c y t e  g h o s t s  w i th  a - t o x i n  a g r e e s  

w i th  t h e  e a r l i e r  work o f  H ab em a n n  and  Pohlraann (1959)»  E in e a n  and 

Coleman ( I 9 6 5 ) and  t h e  more r e c e n t  s t u d i e s  o f  F in e a n  and  Coleman (1970) 

and  Coleman e t  a l . ,  (IQTO)* The s t r u . c t u r e s  o b s e r v e d  by t h e s e  a u t h o r s  

w ere  how ever e l e c t r o n  d en se  i n  t h e i r  p r e p a r a t i o n s  b e c a u s e  o f  f i x a t i o n  

w i th  OsO^ w i th  o r  w i th o u t  subsequ .en t s t a i n i n g  w i t h  u ra .n y l a c e t a t e .  

A l th o u g h  Habermann and  Pohlraann f a i l e d  t o  r e v e a l  t h e i r  c o m p o s i t io n  

( s e e  page  78 ) ,  t h e  d r o p l e t s  r e l e a s e d  from m u sc le  m icrosom es  ( F in e a n
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and  Coleman, I 9 6 5 ) and  from r a t  and human e r y t h r o c y t e  g h o s t s  by 

s o n i c a t i o n  (C olem an e t  a l . ,  1970) w ere  shown by X -ray  d i f f r a c t i o n  

and  t h i n  l a y e r  chroma.togra.pliy t o  c o n t a i n  d i g l y c e r i d e *  These d r o p l e t s  

a l s o  p o s s e s s e d  a  f i n e  s t r u c t u r e  c o m p r i s in g  r e g u la . r  l a y e r s  o f  p e r i o d i c i t y  

6 nm an d  i n  some i n s t a n c e s  a  h e x a g o n a l  d i s t r i b u t i o n  o f  d en se  s p o t s  a t  

a b o u t  7 nm c e n t r e - t o - c e n t r e  s e p a . r a t io n *  F in e a n  and Coleman ( 1970 ) 

r e p o r t e d  t h a t  t h e s e  l i p i d  d r o p l e t s  a l s o  c o n t a in e d  c h o l e s t e r o l .

A lth o u g h  I  h av e  n o t  a t t e m p t e d  t o  i s o l a t e  t h e  e l e c t r o n  

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

p o s s e s s e d  d im e n s io n s  and  a. d i s t r i b u t i o n  s i m i l a r  t o  t h a t  d e s c r i b e d  by 

Coleman e t  a l . , ( l 9 7 0 ) .  However i n  t h e  c a s e  o f  sh eep  e r y t h r o c y t e s  i t  

m ust b e  assum ed a t  p r e s e n t  t h a t  t h e s e  d r o p l e t s  c o n t a i n  c e ra m id e ,  r a t h e r  

t h a n  d i g l y c e r i d e ,  due t o  t h e  h y d r o l y s i s  o f  sp h in g o m y e lin *

F u r t h e r  e v id e n c e  f o r  t h e i r  c o n t a i n i n g  d i g l y c e r i d e  ( c e ra m id e )  

h a s  come from t h e  r e c e n t  s t u d i e s  o f  Drs * J .P *  A r b u th n o t t  and  J .H .  F r e e r  

( u n p u b l i s h e d  r e s u l t s )  o f  t h i s  d ep a r tm e n t*  T re a tm e n t  o f  l ip o so m e s  

(Ba,ngham and H orne , 1964 ? F r e e r  e t  a l  *, I 967) o r  l e c i t h i n  e m u ls io n  

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

s i m i l a r  t o  t h o s e  d e s c r i b e d  a.bove. F u r th e rm o re ,  d i g l y c e r i d e  i s o l a t e d  

from a - t o x i n  t r e a t e d  l e c i t h i n  and  e m u l s i f i e d  by  s o n i c a t i o n  fo rm ed  

i d e n t i c a l  s t r u c t u r e s ,

F in e a n  and Coleman ( I 9 6 3 ) , Coleman e t  a l . , ( I 9 7 0 ) and F in e a n  

e t  a l  *, ( 1971) h ave  r e p o r t e d  t h a t  t h e  s u r f a c e  a r e a  o f  membranes was 

d e c r e a s e d  by some 45 55g by  a—t o x i n  t r e a t m e n t  a s  c a l c u l a t e d  from

d ia m e te r  m easu rem en ts  on t h e  s p h e r i c a l  g h o s t s  u s i n g  p h a s e  c o n t r a c t
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m ic ro s c o p y ,  e l e c t r o n  m ic ro sc o p y  and g h o s t  volume m easurem ent by 

e x c l u s i o n  o f  ^ ^ 0 - s u o r o s e .  I  h ave  b e e n  u n a b le  t o  e i t h e r  c o n f irm  o r  

d i s p u t e  t h e s e  o b s e r v a t i o n s  from my e l e c t r o n  m ic ro g ra p h s  o f  g h o s t  

p r e p a r a t i o n s .

4* K i n e t i c s o f  « -T o x in  H a e m o ly s i s .

The k i n e t i c  s t u d i e s  d e m o n s t r a te d  t h a t  « - t o x i n  c a u s e d  h o t  

l y s i s  o f  sh eep  e r y t h r o c y t e s .  T h is  o b s e r v a t i o n  h a s  n o t  y e t  b e e n  

e x te n d e d  t o  d e t e r m in e  w h e th e r  i t  i s  c o n c e n t r a t i o n  d e p e n d e n t .  I t  was 

shown by  t h e  u s e  o f  s ta p h y lo c o c c u s  « - t o x i n  t h a t  d u r in g  th e  p r e l y t i o  

p h a s e  o f  t h e  h a e m o ly s i s  c u rv e ,  changes  o c c u r r e d  i n  t h e  membrane w hich 

a f f e c t e d  i t s  s e n s i t i v i t y  t o  s t a p h y lo c o c c u s  «—t o x i n .  As h a s  b e e n  

d i s c u s s e d  G l.  p e r f r i n g en s  «—t o x i n  c a u s e d  t h e  f o r m a t io n  o f  n e u t r a l  

l i p i d  d r o p l e t s  w h ich ,  i n  t h e  c a s e  o f  sheep  e r y t h r o c y t e  g h o s t s ,  were 

p r i n c i p a l l y  a s s o c i a t e d  w i th  t h e  r e s i d u a l  g h o s t .  R ece n t  s t u d i e s  by 

A r b u th n o t t  and  F r e e r  ( u n p u b l i s h e d  r e s u l t s )  have  shown t h a t  s taphy locoocuE  

a - t o x i n  i n t e r a c t s  w i th  d i g l y o e r i d e  i s o l a t e d  from e g g -y o lk  l e c i t h i n .

T h is  i s  c o n s i s t e n t  w i th  i t s  p ro p o s e d  h y d ro p h o b ic  mechanism, o f  a c t i o n  

( A r b u th n o t t ,  I 97O ). F l a s h  l y s i s  was th u s  p r o b a b ly  a s s o c i a t e d  w i th  

t h e  i n t e r a c t i o n  o f  s ta p l iy lo c o c c u s  « - t o x i n  w i th  n e u t r a l  l i p i d  d r o p l e t s  

i n  a s s o c i a t i o n  w i th  t h e  i n t a c t  e r y t h r o c y t e  membrane fo rm ed  as  a- r e s u l t  

o f  p h o s p h o l ip a s e  a c t i v i t y .  T h is  t h e o r y  would a l s o  accommodate t h e  

o b s e r v a t i o n  t h a t  G l .  p e r f r i n g e n s  a - t o x i n  d id  n o t  s e n s i t i s e  h o r s e  

e r y t h r o c y t e s  t o  t h e  a c t i o n  o f  s tap l i jn lo co ccu s  « - t o x i n ,  a s  i n  t h i s  c a s e  

m ost o f  t h e  n e u t r a l  l i p i d  d r o p l e t s  fo rm ed  d id  n o t  r e m a in  a s s o c i a t e d  

w i th  t h e  membrane ( s e e  P l a t e  1 2 ) .
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One o t h e r  o b s e r v a t i o n  r e q u i r e s  comment. A d d i t i o n  o f  a - t o x i n  

t o  sh eep  er^ '- th rocy t e s  c a u s e d  a  r i s e  i n  OD d u r in g  t h e  p r e - l y t i o  p h a s e  

o f  h o t  h a e m o ly s i s .  T h is  c o u ld  p o s s i b l y  b e  a c c o u n te d  f o r  i n  te rm s  

o f  membrane s h r i n k a g e  th ro u g h  p h o s p h o l i p i d  h y d r o l y s i s  a s  a  d e c r e a s e d  

c e l l  s i z e  w ould  lea .d  t o  an  i n c r e a s e  i n  c e l l u l a r  o p a .c i ty .  M oreover,  

i t  seems l i k e l y  t h a t  c e l l  sh r in lc ag e  i s  p o s s i b l y  one c a u s e  o f  s t r e s s  

l e a d i n g  t o  h a e m o ly s i s .

F i n a l l y ,  t h e  d i g l y c e r i d e  o r  n e u t r a l  l i p i d  d r o p l e t s  fo rm ed  

by a - t o x i n  a c t i v i t y  may p r o v id e  i n f o r m a t i o n  a b o u t  t h e  mechanism o f  h o t  

and  h o t —c o l d  h a e m o ly s i s .  I t  w ould  b e  i n t e r e s t i n g  t o  d e te rm in e  w h e th e r  

t h e  n e u t r a l  l i p i d  d r o p l e t s  u n d e rw e n t  a  change from a ‘l a m e l l a r  p h a s e  

s t r u . c t u r e  t o  a  h e x a g o n a l  p h a s e  s t r u c t u r e  on c o o l i n g  from 37^0 t o  4*^6. 

H ere  t h e  o b s e r v a t i o n s  o f  Coleman e t  a l . ,  (1970) may b e  i m p o r t a n t .

The f i n e  s t r u c t u r e  i n  t h e  d r o p l e t s  was more p ro n o u n c e d  i n  t h e  r a t  

e r y t h r o c y t e  g h o s t  p r e p a r a t i o n  t h a n  i n  t h e  human* Gas c h ro m a to g ra p h ic  

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

a p p r e c i a b l y  l e s s  p o l y u n s a t u r a t e d  f a t t y  a c i d  I’e s id .u e s ,  n o t a b ly  o f  t h e  

G l8 :2  t y p e .  They p r o p o s e d  t h a t  r a t  n e u t r a l  l i p i d s  w ere  more o r d e r e d  

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

t e m p e r a t u r e .  I t  may t h e r e f o r e  be  t h a t  t h e  t e m p e r a t u r e  a t  w hich t h e  

p h a s e  change  t o  t h e  h e x a g o n a l  p h a s e  o c c u r s  c o u ld  d e t e r m in e  w h e th e r  t h e  

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

t h e  c o l d  p h a s e  ( s e e  p ag e  6 l ) .

5* E l e c t r o n  M ic ro s c o u ic  O b s e r v a t io n s  on t h e  I n t e r a . c t i o n  o f  
G-T o x in  w i th  E r y t h r o c y t e  G h o s ts  and C h o l e s t e r o l .

By t r e a t m e n t  o f  human e r y t h r o c y t e  g h o s t s  w i th  0—t o x i n  r i n g - l i k e
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s t r u c t u r e s  w ere  fo rm ed  p o s s e s s i n g  s i m i l a r  d im e n s io n s  t o  t h o s e  

d e s c r i b e d  by  e a r l i e r  a u t h o r s  who t r e a t e d  e r y t h r o c y t e  g h o s t s  w i th  

cru.de a - t o x i n  e i t h e r  i n  t h e  p r e s e n c e  o r  a b se n c e  o f  M oreover

a r c - l i k e  s t r u c t u r e s  i d e n t i c a l  w i th  t h o s e  forriied on n a t u r a l  membranes 

w ere o b t a i n e d  when a  c h o l e s t e r o l  e m u ls io n  was t r e a t e d  w i th  8 - to x i n #

Thus i t  seems l i k e l y  t h a t  t h e  o b s e r v a t i o n s  o f  S im pson and  H a u se r  ( 1966b)

w ere  due t o  8—t o x i n  c o n ta m in a t in g  t h e i r  a - t o x i n  p r e p a r a t i o n s .

The im m ed ia te  q u e s t i o n  r a i s e d  by  t h e s e  o b s e r v a t i o n s  i s  t h e  

c o m p o s i t io n  o f  t h e s e  s t r u c t u r e s .  T h re e  p o s s i b i l i t i e s  e x i s t

1 .  They a r e  p o ly m e rs  o f  6 - t o x i n #

2 .  They a r e  com plexes  o f  c h o l e s t e r o l .

3 . They c o n s i s t  o f  c h o l e s t e r o l  and  8—t o x i n .

I t  i s  a l s o  p o s s i b l e  t h a t  t h e  s t r u c t u r e s  f o r a e d  on n a t u r a l  membranes 

c o u l d  c o n t a i n  o t h e r  com ponents  su ch  a s  p h o s p h o l i p i d  o r  n e u t r a l  l i p i d .

I n  t h e  c a s e  o f  SLO two c y s t e i n e  r e s i d u e s  h a v e  b e e n  i d e n t i f i e d  

as  b e i n g  s e n s i t i v e  t o  c h o l e s t e r o l  and  b e i n g  in v o l v e d  i n  f i x a t i o n  o f  t h e  

SLO m o le c u le  t o  t h e  e r y t h r o c y t e  membrane (A lo u f  and  Raynaud, 1968c ) .

The c h o l e s t e r o l  d r o p l e t s  i n  t h e  c h o l e s t e r o l  e m u ls io n  h a d  t h e  same 

d i a m e te r  a s  t h e  a r c s  and  r i n g s .  I n  a d d i t i o n ,  u s i n g  t h e  same m o le c u le s  

o f  known m o l e c u l a r  d im e n s io n s  a s  u s e d  by A lo u f  and  Raynaud ( 1968c)' and  

assu m in g  a  s p h e r i c a l  s h a p e ,  0—t o x i n  c o u ld  h av e  a  d i a m e te r  a ro u n d  6 .0  —

6 .5  nm. T ha t p o ly m e r i s e d  t o x i n  can  be  s e e n  i n  t h e  e l e c t r o n  m ic ro s c o p e  

ha.s b e e n  c l e a r l y  d e m o n s t r a t e d  i n  t h e  c a s e  o f  s t a p l iy lo c o c c u s  a - t o x i n  

( A r b u th n o t t  e t  a l . ,  I 9 6 7 ) .  Thus a l l  t h r e e  p o s s i b i l i t i e s  a r e  v i a b l e  

a t  p r e s e n t .
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F i n a l l y  w hat r e l a t i o n ,  c o u ld  t h e s e  s t r u c t u r e s  h ave  to

membrane p e r m e a b i l i t y ?  D ourm ashkin  and Rosse ( I 9 6 6 ) p ro p o se d  t h a t

t h e  r i n g  s t r u c t u r e s  i n  t h e  p la n e  o f  t h e  membrane c a u s e d  by SLO and 

c ru.de « - t o x i n  w ere i n  f a c t  50 nm h o l e s .  I f  t h i s  i s  t h e  c a s e ,  how 

a r e  th e y  form ed? A lo u f  and Raynaud ( 1968a, 1968b )  h ave  p r e s e n t e d  

e v id e n c e  i n  f a v o u r  o f  t h e  i n t e r a c t i o n  o f  SLO w itl i  membranes b e i n g  a  

two s t a g e  p r o c e s s  i n v o l v i n g  two * t o p o l o g i c a l l y  d i s t i n c t  s i t e s * .

The f i r s t  s t a g e  i n v o l v e d  a d s o r p t i o n  o n to  t h e  c e l l  s u r f a c e  and b in d i n g ,  

a  s t e p  t h a t  was t e m p e r a t u r e  in d e p e n d e n t .  I t  was p ro p o s e d  t h a t  th e  

s u b s e q u e n t  s t a g e  in v o l v e d  a c c u r a t e  o r i e n t a t i o n  o f  t h e  SLO so t h a t  i t  

c o u ld  e x e r t  i t s  d i s r u p t i n g  a c t i o n  on t h e  membrane, an d  wa,s shown t o  

p o s s e s s  c e r t a i n  enzym ic c h a r a c t e r i s t i c s .  What p o s s i b l e  r e l a t i o n s h i p  

does  t h e  f o r m a t io n  o f  r i n g  o r  a r c - l i k e  s t r u . c t u r e s  h av e  i n  r e l a t i o n  

t o  t h e s e  p ro p o s e d  s t a g e s ?

The f i n d i n g  t h a t  G - to x in  i s  c l e a r l y  in v o l v e d  i n  t h e  f o r m a t io n

o f  t h e s e  s t r u c t u r e s  p r e s e n t s  many av en u es  o f  r e s e a r c h  w hich  c o u ld

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

h a e m o ly s in s  a t  t h e  e l e c t r o n - m i c r o s c o p i c  and  m o l e c u l a r  l e v e l .
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SUMMARY

« -T o x in  i s  t h e  ma j o r  e x t r a o e l l u l a . r  p r o d u c t  p ro d u c e d  by 

t y p e  A s t r a i n s  o f  C lo s t r i d iu m  p e r f r i n g e n s .  The p r im a ry  aim o f  t h i s  

t h e s i s  was i t s  p u r i f i c a t i o n  a.nd c h a r a c t e r i s a t i o n .  U s in g  t h e  t e c h n iq u e  

o f  i s o e l e c t r i c  f o c u s in g  i t  h a s  b e e n  p o s s i b l e  t o  a c h ie v e  h ig h  r e s o l u t i o n  

o f  t h i s  f a c t o r  from t h e  o t h e r  p r o d u c t s  e l a .b o ra te d  by t h i s  o rg a n ism .

A ra .p id  m ethod p r o v i d i n g  q u a n t i t a t i v e  y i e l d s  o f  « - t o x i n  p o s s e s s i n g  th e  

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

xe-Toxin was most c o n v e n i e n t l y  h a r v e s t e d  f o r  p r e p a r a t i v e  s c a l e  

p u r i f i c a t i o n  by f r a c t i o n a l  ammonium s u l p h a t e  p r e c i p i t a t i o n  o f  c u l t u r e  

s u p e r n a t a n t  f l u i d s  o f  s t r a i n s  8107 and BP6K; 35'"50g s a t u r a t i o n  gave  

o p t im a l  y i e l d s .  A pH g ra .d ie n t  from 4 - 6  gave  o p t im a l  s e p a . r a t io n  o f  

t h e  c o l l a g e n a s e ,  h y a lu ro n id a . s e ,  « - t o x i n ,  0—t o x i n  and  n e u ra m in id a s e ,  and  

w i th  h ig h  p r o t e i n  lo a d s  o f  up t o  3*9 g ,  60- 80*y o f  t h e  « - t o x i n  was 

r e c o v e r e d  w i th  some 2 0 -3 0 p  o f  t h e  r e c o v e r e d  a c t i v i t y  i n  a  s i n g l e  p eak  

f r a c t i o n .

The m a jo r  peaJc o f  « - t o x i n  h ad  a. p i  o f  5 «50 and was d e s i g n a t e d  

«^ . I n  a d d i t i o n  t o  «^, a  s h o u ld e r  o r  a  m ino r  p e a k  o f  a c t i v i t y  was 

o b s e rv e d  w i th  a. p i  o f  5«25« L y o p h i l i s e d  « - t o x i n  p r e p a r a t i o n s  p r o v id e d  

by Wellcome Resea.rch L a b o r a t o r i e s  gave  two d i s t i n c t  p eak s  o f  « - t o x i n  

a c t i v i t y .  M oreover r e f o c u s i n g  o f  « - t o x i n  from p r e p a . r a t i v e  s c a l e  

e l e c t r o f o c u s i n g  columns y i e l d e d  i d e n t i c a l  r e s u l t s .  U sing  th e  Wellcome 

p r e p a r a t i o n s  i t  was shown t h a t  2 p eak s  o f  a c t i v i t y  w ere  o b ta .ined  w h e th e r  

t h e  « - t o x i n  was a .ssayed by h o t - c o l d  h a e m o ly s is  o f  s h e e p  e z y t h r o c y t e s ,  

o p a c i f i c a t i o n  o f  a  s a l i n e  e x t r a c t  o f  egg y o lk ,  r e l e a s e  o f  p h o s p h o c h o l in e  

from a  l e c i t h i n  o r  a sp h in g o m y e l in  e m u ls io n  and l e t h a l i t y  i n  m ic e .



These o b s e r v a t i o n s  c o n f i rm  and e x te n d  t h e  f i n d i n g s  o f  o t h e r  w o rk e rs  

r e p o r t e d  d u r in g  t h e  c u r r e n t  i n v e s t i g a t i o n .  However, y i e l d s  i n  t h i s  

i n v e s t ig a t io n w ^ e r e  much im p ro v ed .  M oreover,  an  a t t e m p t  was made t o  a s s e s s  

t h e  r e l a t i o n s h i p  o f  (Xg t o  oc .̂ The a s s o c i a t i o n  o f  w i th  e x b e n s iv e ly  

p u r i f i e d  t o x i n  o r  l y o p h i l i s e d  n r e p a r a t i o n s  su-ggested  t h a t  i t  m ig h t be  

a  c o n fo rm e r  o r  an a g g r e g a te d  form o f  o r  an a r t e f a c t  c r e a t e d  i n  t h e  

i s o e l e c t r i c  f o c u s i n g .  To i n v e s t i g a t e  t h e s e  p o s s i b i l i t i e s  Wellcome t o x i n  

was e l e c t r o f o c u s e d  i n  t h e  p r e s e n c e  o f  6H u r e a  i n  n a rro w  pH g r a d i e n t s .

Only one pealc o f  a c t i v i t y  was d e t e c t e d  by each  o f  t h e  « - t o x i n  a s s a y s  

em ployed h a v in g  a  p i  o f  5 .5 0 .  Thus 00̂  c o r r e s p o n d e d  t o  « , a  f a c t
U O cîr A,

f u . r t h e r  c o r r o b o r a t e d  by  t h e i r  s i m i l a r  h a .em o ly tic  spectrcx, f o r  mammalian 

e r y t h r o c y t e s .  Removal o f  u r e a  l e d  t o  t h e  r e a p p e a r a n c e  o f  «^.

P o s s i b l e  c a u s e s  o f  m u l t i p l e  fo rm s o f  p r o t e i n s  w ere r e v ie w e d  

and  i t  was c o n c lu d e d  t h a t  t h e  two form s o f  « - t o x i n  w ere  r e l a t e d  o t h e r  

t h a n  a s  a r t e f a c t s .  However t h e  e v id e n c e  p r e s e n t e d  d i d  n o t  d i s t i n g u i s h  

be tw ee n  c o n fo rm e r  fo rm s and  a g g r e g a t i o n .  By SBS p o ly a c r y la m id e  d i s c  

g e l  e l e c t r o p h o r e s i s  t h e  p u r i f i e d  «^ had  a  m o le c u la r  w e ig h t  o f  5 3 ,8 0 0  

and c o n t a in e d  two m in o r  p r o t e i n  c o n ta m in a n ts  a . l though  i t  a p p e a re d  

s e r o l o g i c a l l y  hom ogeneous. M oreover i t  wa,s f r e e  from d e t e c t a b l e  

c o l l a g e n a s e  a c t i v i t y  ( p i  4 * 5 4 ) » h y a l u r o n i d a s e  a c t i v i t y  ( p i  4*73) 0 - t o x i n  

( p i  6 . 5 6 ) and n e u ra m in id a s e  ( p i  5*27)•  E v id en ce  was p r e s e n t e d  s u g g e s t in g  

t h a t  «—t o x i n  and  n e u ra m in id a s e  can  a c t  s y n e r g i s t i c a l l y  i n  c a u s in g  

h a e m o ly s is  o f  sh eep  e r y t h r o c y t e s .

The y i e l d s  o f  0 - t o x i n  w ere  h ig h  on e l e c t r o f o c u s i n g  i n  b ro a d  

pH g r a d i e n t s  (72/5) and i t  c o u ld  be  r e f o c u s e d  i n  broa.d pH g r a d i e n t s  w i th  

good r e c o v e ry ,  b u t  n o t  i n  n a rro w  pH g r a d i e n t s .  I t  h ad  a  IPW o f  6 l , 5 0 0 ,



was s e r o l o g i c a l l y  ho m o g en e o u s ,  h u t  c o n t a i n e d  an  a d d i t i o n a l  p r o t e i n  h a n d  

on SDS—d i s c  g e l  e l e c t r o p h o r e s i s .  I n  many r e s p e c t s  i t  r e s e m b l e d  o t h e r  

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

f o c u s i n g .

A l t h o u g h  s e r o l o g i c a l l y  hom ogeneous  on i m m u n o e l e c t r o p h o r e s i s ,

SDS d i s c  g e l  e l e c t r o p h o r e s i s  o f  c o l l a g e n a s e  p r e p a r a t i o n s  r e v e a l e d  6 o r  7 

p r o t e i n  b a n d s  r a n g i n g  i n  MW from 107»000 -  1 3 0 , 0 0 0 ,  I t  was p r o p o s e d  

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

s t u d i e s  t h e m s e l v e s  r e v e a l e d  no d i s t i n c t  h e t e r o g e n e i t y  o f  c o l l a g e n a s e .  

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

a z o c o l l  a s  s u b s t r a t e .  Y i e l d s  w e r e  o f  t h e  o r d e r  o f  60-o, The i n i t i a l  

c o n c e n t r a t i o n  p r o c e d u r e  f o r  «—t o x i n  p r e c l u d e d  q u a n t i t a t i v e  y i e l d s  o f  

l i y a l u r o n i d a . s e  a l l o w i n g  an a s s e s s m e n t  o f  p u r i t y .

The e f f e c t s  o f  « -  a n d  G - t o x i n  on t h e  r e s p i r a t i o n  o f  a s c i t e s

t u m o u r  c e l l s  wcU e x a m i n e d .  W hereas  p r e t r e a t m e n t  o f  t h e  c e l l s  w i t h

2 -1-« - t o x i n  i n  t h e  p r e s e n c e  o f  Ca a b o l i s h e d  r e s p i r a t i o n  on s u c c i n a t e ,  i t  

h a d  no e f f e c t  i n  t h e i r  a b s e n c e ,  0 —T o x i n  on t h e  o t h e r  h a n d  c a u s e d  a  

p r o n o u n c e d  s t i m u l a t i o n  i n  r e s p i r a t i o n  on s u c c i n a t e .  T h e s e  e x p e r i m e n t s  

r e p r e s e n t  t h e  f i r s t  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  t h e s e  t o x i n s  on t h e  

r e s p i r a t i o n  on i n t a c t  c e l l s .

I t  was shown t h a t  « - t o x i n  c a u s e d  h o t  h a e m o l y s i s  i n  t h e  

p r e s e n c e  o f  Ca a n d  t h a t  t h i s  phenomenon was a s s o c i a t e d  w i t h  a  p r e l y t i c  

plia.se d u r i n g  w h i c h  cha.nges i n  t h e  p h o s p h o l i p i d  o f  t h e  membrane ifiere 

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

« - t o x i n .  T r e a t m e n t  o f  e i ^ ^ t h r o c y t e  g h o s t s  f rom r a . b b i t ,  s h e e p ,  h o r s e  and



human e r y t h r o c y t e s  r e s u l t e d  i n  th e  f o r m a t io n  o f  e l e c t r o n  t r a n s p a r e n t  

s t r u c t u r e s  i n  a s s o c i a t i o n  w i th  t h e  membranes. E v id e n c e  from o t h e r  

i n v e s t i g a t i o n s  s u g g e s te d  t h a t  t h e s e  w ere n e u t r a l  l i p i d  d r o p l e t s  

r e l e a s e d  as  a  r e s u l t  o f  th e  h y d r o l y s i s  o f  l e c i t h i n ,  sp h in g o m y e l in  and  

ph o s ph a.t i d y l  e th a n o  la m in e .

When human e r y t h r o c y t e  g h o s t s  w ere t r e a t e d  w i th  e l e c t r o f o c u s e d  

0 - t o x i n ,  r i n g - l i k e  s t r u c t u r e s  were fo rm ed  on th e  g h o s t  s u r f a c e  w hich  

p o s s e s s e d  a  d i s t i n c t  b o r d e r .  M oreover i d e n t i c a l  s t r u . c t u r e s  w ere  form ed 

when a  c h o l e s t e r o l  e m u ls io n  was t r e a t e d  w i th  0—t o x i n .  These s t r u . c t u r e s  

w ere s i m i l a r  t o  t h o s e  a t t r i b u t e d  by o t h e r  w o rk e rs  to  t h e  a c t i o n  o f  

« - t o x i n  on membranes o r  membrane-bound v iru .s  p a r t i c l e s  t r e a t e d  w i th  

com m ercia l p h o s p h o l ip a s e  C p r e p a r a t i o n s .  These o b s e r v a t i o n s  may p r o v id e  

a  u s e f u l  system  a i d i n g  t h e  u n d e r s t a n d i n g  o f  t h e  mechanism o f  a .c t io n  o f  

oxygen—1 a b i l e  h a .e rn o ly s in s .
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A p p e n d i x  I  

M e d ia

H -I  ; Medium o f  Adams e t  a l  o, (1947)  a s  m o d i f ie d  by Bangham
—M ^r»TTt ». |-fc H1I--H iiriim i—iM • III I I I, I I mirrr--T- r -| -  - i  1̂ 311 . LT .~Jg t . . ^      * - -------    ^---- ^ -------—---------- —.K. -■■■

a n d  Dawson ( 1 9 o 2 ) .

( i )  B a s a l  S a l t s  S o l u t i o n

NagHP0..12Hg0 11.5 g

KHgPO^ ( a n h y d r o u s )  1 . 0  g

MgSO .̂lHgO 0 .4  g

L - C y s t i n e  h y d r o c h l o r i d e  40 mg

BL T r y t o p h a n  50 mg

Grow th  F a c t o r  M i x t u r e  2 ml
( y j .de i n f r a )

■ D i s t i l l e d  w a t e r  1000 ml

A d j u s t  pH t o  7*6

( i i )  G row th  F a c t o r  M i x t u r e

C a l c iu m  p a n t o t h e n a t e  

N i c o t i n i c  a c i d  

P y r i d o x a m i n e  h y d r o c h l o r i d e  

T h i a m i n e  ( a n e n . r i n e  h y d r o c h '  

R i b o f l a v i n  

B i o t i n

D i s t i l l e d  w a t e r

B i o t i n  was a d d e d  t o  t h e  g r o w t h  f a c t o r  m i x t u r e  a s  25 p l  o f  a  

1 mg/ml s o l u t i o n  o f  t h e  v i t a m i n *  The g r o w t h  f a c t o r  m i x t u r e  was s t o r e d  

a t  —20*^0 i n  10 ml a l i q u o t s  a n d  t h a w e d  a s  r e q u i r e d  t o  make u p  t h e  B a s a l  

s a l t  s o l u t i o n  ( v i d e  s u p r a ) .

150 rag

100 mg

100 rag

50 rag

25 rag

25 hg

100 ml
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( i i i )  B a s a l  Iledium

B a s a l  s a l t s  s o l u t i o n  225 ral

'T iyp tone  (O xo id  L t d . )  15 g

F e r r o u s  s u l p h a t e  (O.Ol/o) 10 ml

D i s t i l l e d  w a te r  250 ml

The b a s a l  medium (485 ml) was d i s p e n s e d  i n t o  5OO ml s c re w -c a p p e d  

b o t t l e s  and  a u . to c la v e d  a t  15 l b / i n ^  f o r  15 m in.

( i v )  D e x t r in  S u s p e n s io n

D e x t r in  (H opkins  and U i l l i a m s )  20 g

D i s t i l l e d  w a te r  100 ml

2
A u to o la v e d  a t  I 5 l b / i n  f o r  I 5 m in.

(v )  lyo T h i o g l y c o l l i c  a c i d

T h i o g l y o o l l i c  a c i d  1 ml

D i s t i l l e d  w a te r  50 ml

The pH was a d j u s t e d  t o  7 .0  w i th  llT HaOH a,nd d i s t i l l e d  w a t e r  

added  t o  a  f i n a l  volume o f  100 m l.  The s o l u t i o n  was S e i t z  f i l t e r e d .

T h is  s o l u t i o n  was a lw ays  p r e p a r e d  im m e d ia te ly  p r i o r  t o  u s e .

( vi. ) A n t i  foam

S i l c o l a p s e  5OOO ( 1 . 0 . I . )  1 ml

D i s t i l l e d  w a te r  9 ml

2A u to o la v e d  a t  I 5 l b / i n  f o r  I 5 m in .
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( v i  i ) C om plete  Medium

B a s a l  Medium 485 ml

20)j S t e r i l e  aqueous
s u s p e n s io n  o f  d e x t r i n  10 ml

1% T î i i o g l y o o l l i o  a c i d  5 ml

S i l c o l a p s e  5OOO ( 1 /1 0 )  2 ml

( v i i i )  S t a r t e r  C u l t u r e

B a s a l  Medium 20 ml

20;p D e x t r i n  0*4 ml

l]b  T h i o g l y o o l l i o  a c i d  0 .2  ml

A n tifo am  0 .1  ml

M -IÎ  ; Medium o f  M urat a  o t  a . i . ,  (1956) a s  m o d i f ie d  by 
M urat a e t  a . l . , ( I 965 ) .

( a )  Growth F a c t o r  Complex

C alcium  p a n t o t h e n a t e  20 mg

N i c o t i n i c  a c i d  20 mg

T h iam ine  20 mg

P y r id o x a m in e  10 mg

U r a c i l  25O mg

A den ine  250 mg'

B i o t i n  100 Hg

D i s t i l l e d  w a te r  100 ml

( b ) F r u c t o s e

S o %  s o l u t i o n  ’H i l l i p o r e '  f i l t e r e d
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( c j

( d )

( e j

( f )

T h i o g l y c o l l i o  A cid  and A n tifoam  

P r e p a r e d  a s  d e s c r i b e d  f o r  M-I

B a s a l  Medium

Na^HPO^ (an l iy d ro u s) 5 .7 g

KH^PO^ 1 .4 g

MgSO .7HgO 0 .2 g

ZnSO^. 4H^0 6 rag

MnOl2.4%20 4 mg

FeSO^.TEgO 7 mg

P r o t e o s e  p e p to n e  (D ifo o ) 50 g

Growth F a c t o r  Complex 5 ml

D i s t i l l e d  w a te r 1000 ml

A d ju s t  pH t o  7*5* D isp e llse  a s  f o r  M - I .
2

A u to c la v e  a t  15 l b / i n  f o r  15 m in . 

Com plete  Medium

B a s a l  Medium 

SiOfo P ru .c to se  

I/o T h i o g l y c o l l i c  a c i d  

S i l c o l a p s e  5000 ( 1 /1 0 )

S t a r t e r  C u l t u r e

B a s a l  Medium 

10^5 F r u c t o s e  

1/0 T h i o g l y o o l l i o  a c i d  

A n tifo am

490 ml 

fO ml

5 ml 

2 ml

20 ml 

0 . 4  ml

0 .2  ml 

0 . 1  ml
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A ppendix  I I  

A ssay  o f  T ox ins  and Enzymes

B u f f e r s

DIOaB -  «“ T ox in  D i lu e n t

0.02H 3 ,3  ( Pf P)  D i r n e th y l g lu t a r i c  a c i d  3 .2 0 4  g
( Ko cb.“ L ig h t  “ P u r i  s s )

O.OO5M C alcium  a c e t a t e  (H & B) 0 .8 8 2  g

B ovine  serum a lb u m in  F r a c t i o n  V (Armour) 1 .0 0 0  g

0 . I 45H Sodium c h l o r i d e  8 . 5OO g

IN Sodium Iiy d r  o x id e  c .  1$ ml

D i s t i l l e d  w a te r  t o  1 l i t r e

pH a d j u s t e d  t o  7 .2  p r i o r  t o  making volume up t o  1 l i t r e

6 “ T ox in  D i lu e n t  ( a f t e r  Roth  and P i l l e m e r ,  1955)

0.038M MugHPO. . 12HgO 13 .6 0 9  g

0.032M NaHgPO^ . 2HgO 4*992 g

O.O78H H a d  4 .5 5 8  g

A d ju s t  pH to  6 .8  i f  n e c e s s a r y  w i th  HI HaOH o r  IH HGl 

D i s t i l l e d  w a te r  to  1 l i t r e

H y a lu r o n id a s e  D i lu e n t

O .llM  HagHPO^ o 12HgO 3 .940  g

0 . 09M HaHgPO^ » 2HgO I .404  g

.O77M HaCl 4 .5 0 0  g

B ov ine  serum a lb u m in  F r a c t i o n  V 0 .1 0 0  g

A d ju s t  pH to  6 ,9 0  i f  n e c e s s a r y  w i th  IH HaOH o r  IH HGl 

D i s t i l l e d  w a te r  t o  1 l i t r e
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C o l l a g e n a s e  D i l u e n t  A

O.O5M T r i s  ( t r i s ~ ( l iy d ro . 'x y m e th y l j -m e t i iy la m in e )  6 .05  g
P u r i 8s A .R. K oc li-L igh t

O.O5M M a le ic  A c id  5 .8 0  g

IN HaOH 0 .4 8  ml

A djus t.  pH t o  7*0 w i th  IN NaOH

D i s t i l l e d  w a te r  to  1 l i t r e

C o l l a g e n a s e  D i l u e n t  B

0.05H  T r i s  6 .O5 g

O.O5M M a le ic  A c id  5 .8 0  g

0 .1 4 5  Sodium c h l o r i d e  8 . 5O g

0 . 0 0 IM C alc ium  a c e t a t e  O . I 76

IN NaOH C .48  ml

A d ju s t  pH t o  6 .5  w i th  IN NaOH 

D i s t i l l e d  w a t e r  t o  1 l i t r e

N e u ra m in id a s e  D i l u e n t  A

O.IM T r i s  1 2 .1 1  g

O.IM H a .le ic  A c id  1 1 . 6 l  g

IN NaOH 6 ml

A d ju s t  pH t o  5*1 w i th  IN NaOH 

D i s t i l l e d  w a te r  t o  1 l i t r e

N e u ra m in id a se  D i lu e n t  B

0*02511 A c e t i c  A c id  1*524 g

O.O75M Sodium a c e t a t e  ( a n h y d ro u s )  6 .O4 g

D i s t i l l e d  w a t e r  t o  1 l i t r e  

. pH ■ 5*d



o t h e r  S o l u t i o n s  and  B u f f e r s  r e q u i r e d  f o r  A ssays

7A

a lu ro n id a . s e  A ssay :

0 , 3H So d i  urn Pho s p h a t  e B u f f e r ,  pH 5•40

0 . 0 3 #  Na,gHP0..12Hg0

O.276M HaHgPO^. 2HgO 

D i s t i l l e d  w a t e r  t o  1 l i t r e

0 . 5 3 7  g  

4 .4 4 6  g

A c id  Albumin S o l u t i o n

G l a o i a l  A c e t i c  A c id  4*56 ml

Sodium a c e t a t e  3 .2 6  g

B o v in e  Serum Albumin (Armour) 1 .0 0  g

D i s t i l l e d  w a te r  t o  1 l i t r e  

A d ju s t  pH t o  3 .7 5  w i th  g l a c i a l  a c e t i c  a c i d

0 -T o x in  As s a y :

A c t i v a t o r

OolM C y s te in e  h y d r o c h l o r i d e  1 .5 7 1  g

a) D i s s o l v e  i n  40 ml d i s t i l l e d  w a te r

b )  Add IH HaOH t o  a d j u s t  pH t o  n e u t r a l i t y

c) A d ju s t  volume to  100 ml w i th  d i s t i l l e d  w a te r

d) Check pH
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A ppendix  I I I  

Enzyme L i s t

G h y m o tiy p s in Sigma, London -  Type I I  from b o v in e  p a n c r e a s j  
3 X c r y s t a l l i s e d  from 4% c r y s t a . l l i s e d  cxiyraotrypsinogen; 
d i a l y s e d ,  s a l t - f r e e  and l y o p h i l i s e d ;  b a t c h  no . 
86B-O47O,

C o l l a g e n a s e K o c h -L ig h t  L a b o r a t o r i e s ,  C o ln b ro o k  -  Form I I  ex 
C lo s t r i d iu m  h i s t o l y t i o u m ;  c l o s t r i d i o o e p t i d a s e  A; 
s a l t - f r e e  and  l y o p h i l i s e d ;  b a t c h  no . 43 3 4 8 .

F i c i n : Sigma — from f i g  t r e e  l a t e x ;  2x  c r y s t a l l i s e d ;
c y s t e i n e  s u s p e n s io n :  b a t c h  n o ,  119B -4 7 5 0 *

H y a lu r o n id a s e M i le s —SeraV 3.C L t d . , M aidenhead  — G rade lA o v in e  
h y a l u r o n i d a s e  from ovj.ne t e s t e s ;  s a l t - f r e e  and  
l y o p h i l i s e d .

Lysozyme Sigma -  G rade  I  from egg w h i te ;  3% c r y s t a l l i s e d ;  
d i a l y s e d  and  l y o p h i l i s e d ;  b a t c h  n o ,  88B -8 0 5 0 ,

P a p a in Î Sigma -  ex  P apaya  l a t e x ;  2x c r y s t a l l i s e d ;  sodium 
a c e t a t e  s u s p e n s io n ;  b a t c h  n o ,  7 9 ^ -0 0 3 0 .

P h o s p h o l ip a s e  C K o c h -L ig h t  -  ex C lo s t r i d iu m  p e r f r i n g e n s ,  a s  p a r t i a l l y  
p u r i f i e d  p r e p a r a t i o n ;  l y o p h i l i s e d .

P ro n a s  0 : K o c h -L ig h t  -  ex S t re p to m y c c s  g r i s e u s  a s  a uow der;
b a t c h  n o .  O48985O.

P r o t e a s e Sigma -  Type VII s u b t i l i s i n  from B a c i l l u s  s u b t i l i s  
c r y s t a l l i s e d  and  l y o p h i l i s e d ;  b a t c h  no , 598- 0 0 2 0 .

P r o t e i n a s e K o c h -L ig h t  -  ex B a .c i l lu s  s u b t i l i s  a s  a  pow der; 
c r y s t a l l i s e d .
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E l e c t r o f o c u s i n g  S o l u t i o n

S u c ro s e  Columns:

9A

E l e c t r o d e  S o l u t i o n  (Anode) LKB 8101 LKB 8102

(110 ml) (440 ml)

S u c ro s e  'Ana,lar* 12 g 48 g

D i s t i l l e d  w a te r 14 ml 56 ml

S u lp h u r i c  A c id  (Hopki 
Hi H i  am s -  99L ( v / v )  
N i t r o g e n  f r e e )

ns  and  0 .2  ml 0 .8  ml

The s u lp h u r ic ,  a.c i d  i s added  a f t e r  t h e  s u c r o s e h a s  d i s s o l v e d

The s o l u t i o n  m ust be s t i r r e d  to  a v o id  c a . r m e l i s a t i o n  o f  t h e

s u c r o s e .

S o l u t i o n  f o r  G r a d ie n t LICB 8101 LKB 8102

S u c ro s e  'A n a la r* 25 g 100 g

T ox in X ml X ml

D i s t i l l e d  w a te r 38 -  Xml 152 -  Xml

A m pholine ( l o /  w /v) 7 .5  ml 30 ml

T o t a l  Volume 55 ml 220 ml

S o l u t i o n  f o r  G r a d ie n t LÏCB 8101 LKB 8102

D i s t i l l e d  w a te r 5 2 .5  -  X ml 210 -  X ml

T ox in X ml X ml

Ampholine ( 10/'? w /v) 

T o t a l  Volume

2 ,5  ml

55 ml

10 ml

220 ml
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L ig h t  E l e c t r o d e  S o l u t i o n  ( C athode)  LKB 8101 LKB 8 102

D i s t i l l e d  w a te r  20 ml 80 ml

Sodium l iy d ro x id e  0 .2  g  0 .8  g

S u c ro s e  -f Ur e a. Columns -  (LKB 8101, 110 ml)

Dense E l e c t r o d e  S o l u t i o n  (Anode)

S u c ro s e  'A n a la r*  12 g

Urea. 'A n a l a r '  7*93 g

D i s t i l l e d  w a te r  t o  22 ml

Add 0 .2  ml H^SO^ ( 9 9 /  v /v )  w i th  s t i r r i n g .

Dense S o l u t i on f o r  G r a d ie n t

S u c ro s e  'A n a l a r '  2 5 .0  g

U re a  'A n a la r*  1 9 .82  g

D i s t i l l e d  w a te r  19 -  X ml

T ox in  X ml

A m pholine (lO-B w /v) 7 .5  ml

T o t a l  v o lu n e  55 ml

L ig h t  S o l u t i o n  f o r  G r a d ie n t

U rea  'A n a l a r '  19 .82  g

Am pholine ( 10)5 w /v) 2 .5  ml

T ox in  X ml

D i s t i l l e d  w a te r  t o  55 ml

L ig h t  E l e c t r o d e  S o l u t i o n  (C a th o d e )

U rea  'A n a la r*  7 .21  g

Sodium h y d r o x id e  0 .2  g

D i s t i l l e d  w a te r  t o  20 ml 

A l l  s o l u t i o n s  w ere  made up j u s t  p r i o r  t o  e l e c t r o f o c u s i n g .  C are  was 

t a k e n  n o t  t o  r a i s e  t h e  t e m p e r a t u r e  o f  t h e  u r e a  s o l u t i o n s  above 20^C 

t o  p r e v e n t  t h e  f o r m a t io n  o f  cya .na te .
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A pnend ix  V'

Im m u n o e le c t ro p h o re s is

E l e c t r o p h o r e s i s  Tank  B u f f e r

0.051'î B a r b i to n e  B u f f e r ,  pH 8 «4

Sodiujn b a r b i t o n e  1 0 .3  g

B a r b i to n e  I .8 4  g

D i s t i l l e d  w a te r  1000 ml

E l e c t r o p h o r e s i s  A gar

l o n a g a r  Ho. 2  (O xo id )  1 0 .0  g

M e r t h i o l a t e  ( i f j  w /v) 1 0 .0  ml

B a r b i to n e  b u f f e r  t o  1000 ml

The a g a r  i s  b o i l e d  u n t i l  c o m p le te ly  d i s s o l v e d  and  t h e  m e r t h i o l a t e  

th e n  added .  The a g a r  can  th e n  be  s t o r e d  i n  100 ml volum es a t  4 ^ 0 .  

I t  s h o u ld  o n ly  b e  m e l te d  once f o r  u s e .

Dye M arker

1/b bromothyrnol b l u e  i n  d i s t i l l e d  w a te r .
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A nuend ix  VI

SD3 D i s c - g e l  E l e c t r o p h o r e s i s

S to c k  S o l u t i o n s :

A. SeD o.ra tion  g e l  b u f f e r

111 lîCl 48 ml

T r i s  3 6 .6  g

TEÎ-IED 0 .2 3  ml

D i s t i l l e d  w a te r  t o  100 ml 

pH 8 .3

D. S ta c k in g  g e l  b u f f e r

IH HOI 48 ml

T r i s  5 -98  g

TEMED 0 .4 6  ml

D i s t i l l e d  w a.ter t o  100 ml 

pH 6 .7

G. S e p a r a t i o n  g e l

A c ry la m id e  4 6 .6 7  g

BIS 0 .6 1 2  g

D i s t i l l e d  w a te r  t o  100 ml

D. S t a c k in g  g e l

A cr;ylamide 16 g

BIS 4 g

D i s t i l l e d  w a te r  t o  100 ml



13A

E. S ta c k in g  g e l  c a t a l y s t

R i b o f l a v i n  4 mg

D i s t i l l e d  w a te r  t o  100 ml

P . S e o a r a t i o n  g e l  c a t a l y s t

Ammoniiim p e r s u l p h a t e  0 ,1 4  g

D i s t i l l e d  w a te r  to  100 ml

G. 40g  S u c ro s e  i n  d i s t i l l e d  w a t e r .

H. 20>o Sodium dodec.yl s u l p h a t e  (SDS) (K o c h -L ig h t )  i n  d i s t i l l e d  w a te r .

P r e p a r a t i o n  o f  s e p a r a t i n g  g e l

S o l u t i o n  A 2 .5  ml

S o l u t i o n  G 5*0 ml

D i s t i l l e d  w a te r  2 .4  ml

S o l u t i o n  P 10 ml

S o l u t i o n  ÏÏ 0 .1  ml

Mix w e l l .  P i p e t t e  1 .0  ml volumes i n t o  d i s o - g e l  tu b e s  w hich  h av e  one 

end c o v e re d  w i th  p a r a f i l m .  C a r e f u l l y  l a y e r  each  column w i th  w a t e r .

P l a c e  g e l s  i n  d a rk  to  s e t  ( a p p r o x im a te ly  30 m i n ) ,

Pr e p a r a t i o n  o f  s t a c k i n g  g e l

S o l u t i o n  B 1 ml

S o l u t i o n  D 2 ml

S o l u t i o n  E 1 ml

S o l u t i o n  G 4 ml

S o l u t i o n  H 0 ,0 5  ml

Mix w e l l .  P i p e t t e  0 ,2  ml o n to  t h e  to p  o f  each  s e p a r a t i n g  g e l .  C a r e f u l l y

l a y e r  each  w i th  w a te r  t o  p r o v id e  a f l a t  s u r f a c e  a t  t h e  to p  o f  t h e  g e l  on

s e t t i n g .  P h o to p o ly m e r i s e  t h e  g e l s  f o r  15 m in . S t a c k in g  g e l s  a r e  m ilk y

i n  c o l o u r  when s e t .
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e l e c t r o p h o r e s i s  B u f f e r  f o r  Tanks

O.O5M T r i s / g l y c i n e  b u f f e r ,  pH 8 .3

T r i s  6 g

G ly c in e  2 8 .8  g

D i s t i l l e d  w a te r  1000 ml

D i l u t e  1 i n  10 f o r  u s e ,  making i t  O.lf? w i th  r e s p e c t  t o  SDS.

F i x a t i v e  and S t a i n

Amido B la c k  (G urr^  London) 1 g

A c e t i c  a c i d  *Analar* 10 ml

M eth an o l LAnalar* 50 ml

D i s t i l l e d  w a te r  40 ml

The s o l u t i o n  was f i l t e r e d  and s t o r e d  i n  a  cap p e d  b o t t l e .

D e s t a in i n g  g e l

As f o r  s t a c k i n g  g e l  w i th  t h e  o m is s io n  o f  SDS. L ay e r  0 . 5  ml 

o f  g e l  i n  t h e  b o t to m  o f  d e s t a i n i n g  tu b e s  and p h o to p o ly m e r i s e .

App1i c a t i o n  o f  Sam ples

Sam ples a r e  made 0 .2^, w i th  r e s p e c t  t o  SDS. They a r e  made more 

d e n se  by t h e  a d d i t i o n  o f  3 d ro p s  o f  g l y c e r o l  p e r  ml o f  sam p le .  L a y e r in g  

o f  t h e  sam p les  o n to  t h e  to p  o f  t h e  s t a c k i n g  g e l  i s  m ost c o n v e n i e n t l y  done 

w i th  t h e  b u f f e r  r e s e r v o i r  f i l l e d .  D is p o s a b le  p o ly p r o p y le n e  s y r i n g e s  ( l  m l) 

a r e  s u i t a b l e  f o r  t h i s  p u r p o s e .

T ra c k in g  dye

E l e c t r o p h o r e s i s  i s  f o l l o w e d  by th e  a d d i t i o n  o f  5 d ro p s  o f  1/i 

bromothyrnol b l u e  t o  t h e  u p p e r  r e s e r v o i r .
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E l e c t r o d e s

I n  a l l  o a s e s  t h e  anode i s  p l a c e d  i n  t h e  b o tto m  r e s e r v o i r  

and  t h e  c a th o d e  i n  t h e  u p p e r  r e s e r v o i r .

S ta n d a rd  P r o t e i n s  f o r  M o le c u la r  W eight D e te r m in a t io n ;

G hym otrypsinogen  A : î- î i le s—Serava.c L td .  ex  B o v in e  p a n c r e a s .

6 X c r y s t a l l i s e d  Gra.de lA . B a tc h  No. 448* 

MW. = 2 5 , 0 0 0 .

Ovalbum in

B ov ine  Serum A lbum in

M yoglobin

H ex o k in ase

Sigm a. C r y s t a l l i s e d  and  l y o p h i l i s e d .  

E l e c t r o p h o r e t i c  p u r i t y  •= 99/i* G rade  V.

B a tc h  No. IO8B -8O9 0 . MW. = 4 5 ,0 0 0 .

Sigma.. Type P . E s s e n t i a l l y  f a t t y  a c i d  f r e e .  

B a tc h  No. 89B -7220 . I.IW. ;= 6 7 ,0 0 0 .

K o c h -L ig h t .  ex Sperm w h a le .  C r y s t a l l i s e d ,  

s a l t - f r e e  l y o p h i l i s e d ,  Fe -  0 , 3/o.

B a tc h  No. 4 7 1 5 8 . MW. = 1 7 ,8 0 0 .  '

S igm a. ex Y e a s t . Type I I I .  B a tch  No. 

37B-7210. MW. = 4 5 ,0 0 0 .  T e t ra ra e r  MW = '9 6 ,0 0 0


