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1 -

Gram p o s i t i v e  cocci  were f i r s t  d e s c r ib e d  by Goodsir  ( I 842) 
when he wa.s examining stomach co n sen ts .  Cocca.l organisms ire re  
found in  pus by Von Heohl ingliausen (1871) and by Ualdeyer  (1B7 1 ) 
from r e n a l  a b s ce s se s  and th e  p e r i t o n e a l  pus i n  p u e rp e ra l  fever* 
Klebs i n  I 872 was th e  f i r s t  t o  suggest  t h a t  th e  cocca l  o]y;anism. 
which he c a l l e d  r i c r o s p o r o n  oep t icum, was the  cause of  the  
morbid changes observed .  He d e s c r ib ed  th o s e  as n e c r o s i s  of 
th e  c e l l s  and m ig ra t io n  of  le u c o c y te s  fro:;, th e  v e s s e l s .  This 
view, however, was opposed by B i l l r o t h  (1874) who thought t h a t  
c e r t a i n  e x i s t i n g  infla.j;:L.atory p ro c e s s e s ,  CcVased by a f e im e n t -  
l i k e  ’• p h l o g i s t i c  z^n.'soidh, were e s s e n t i a l  f o r  th e  occurence of 
cocci  end put%'cfact ion. He c l a s s i f i e d  th e  cocca l  organisms
i n to  honoCOcous, D iploooccus ,  S t re p to co c c u s ,  and Gliaoocccs  
based  on t h e i r  m ic roscop ic  appearance .

C la s s i c a l^  experiments  by Koch (1876) sliowed t h a t  in fec b iv o  
wound p ro c e s se s  were due t o  th e  act:ion of  b a c te r ia ,  and t h a t  
t h e r e  were b a c t e r i a  of  a s p e c i a l  form f o r  each d i s e a s e ,  Ogston 
(1881) i n v e s t i g a t e d  e igh ty - tw o  ab sces ses  and was ab le  to  
dem ons tra te  th e  p resence  of cocci  in  a l l  o.r them. His 
i l l u s t r a t i o n s  c l e a r l y  show t l ia t  he d i f f e r e n t i a t e d  between 
s t r e p t o c o c c i  which he c a l l e d  '• cha in -m io rococc i '• and s ta p h y lc o c c i  
which he c a l l e d  "group-miorooocci*’, The term s t r e p to c o c c u s  was 
f i r s t  c l e a r l y  d e f in e d  by Rosenbaoh ( I 884) when he was d e s c r ib in g  
ch a in - fo rm in g  cocci  which he had i s o l a t e d  from su p p u ra t iv e  
l e s i o n s  i n  maui. To t h i s  organism he gave th e  name S t rep to co ccus 
pyogene s .

The f i r s t  r e p o r t  of  en exper im en ta l  s tudy  of  a s t r e p t o c o c c a l  
i n f e c t i o n  was made by Nocard and Maller e au (1887) who demonstra ted  
th e  p resence  of long  cha ins  of s t r e p t o c c i  i n  m ilk  from cows 
s u f f e r i n g  from m a s t i t i s .  By i n o c u l a t i n g  i n f e c t e d  milk in to  
meat e x t r a c t  b r o t h  c o n ta in in g  g lucose o r  l a c t o s e ,  and b ic a rb o n a te



t h e y  were ab le  t o  grow th e  orgar:  cm and ''‘. a in ta in e d  i t  f o r  s i x  
months by r e g u l a r  s u b c u l tu r iu g ,  .liey wore a l s o  ab le  t o  grow 
t h e  s t r e p to c o c c u s  on s o l i d  L.edj o c o n t a i n i n g  g e la t in ^ p e p to n e  
and serum. On i n j e c t i n g  the  o r - h cu l t i r re  i n t o  th e  udder  of  
cows and g o a t s  th e y  produced r . r ; ri s in. u n in f e c te d  p.nirned.o 
onid thu.s proved c o n c lu s iv e ly  th-r. b bho s t r e p to c o c c u s  was th e  
c a u s a t iv e  organism of th e  d i s e a s e .  Mils was th e  f i r s t  time 
t h a t  Koch’ s p o s t u l a t e s  were f u l i r l l e d  u s in g  a s t r e p to c o c c u s  
s p e c i e s .  Chain-forming cocci  were i s o l a t e d  subsequen t ly  
from a v a r i e t y  of  p a t h o lo g ic a l  c o n t i e n s  i n  man and an im als ,  
from th e  leouth-or f  c%3es of lieaj.t' iy sub jo a t  s ,  from milk and 
milk p ro d u c ts  and f r o m  numerous o th e r  so u rce s ,

A pr imary  sub-d iv is ion ,  of ‘tV.f s t r e p t o c o c c i  by th e  type  of
UotsC.

haemolysis  t liey cause on^bi ood a. v.r ua.o f i r s t  d e s c r ib e d  by 
Schott  mull e:c (1983)® Three gr .uv.s emerged from t h i s  
c l a s s i f i c a t i o n : -  a lpha-haomolj  t i c ,  beta .-haemolyti  c and 
gamma or  non-haem oly t ic  s t r e p i o c o c c i , Species  i n  th e s e  t h r e e
groups a re  c h a r a c t e r i s e d  by a wide orazm e ty  of  s e r o l o g i c a l  and 
p h y s io l o g ic a l  t e s t s ,  whose re le v an ce  i s  reviewed by Sherman 
(1937)» The type s p e c ie s  of  the  menus, 01 rep tocoecus  pyogene s , 
i s  th e  main human pathogen and i s  th e  s u b je c t  of s tudy  i n  t h i s  
T h es i s ,  I t  causes b e ta -h aem o ly s is  on. b lood  avid can be 
d i f f e r e n t i a t e d  from o th e r  s t r e p t o c o c c a l  s p e c ie s  p o s s e s s in g  
t h i s  p ro p e r ty  by th e  s p e c i f i c  so lu b le  ca rbohydra te  a n t ig e n  
■which can be e x t r a c t e d  froiJi i t s  c e l l  w all  i , e , by Lancef i e l d  
g roup ing .  S evjimteen d i s t i n c t  L an c e f ie ld  groups have now been 
d i f f e r e n t i a t e d ;  s t r e p t o c o c c i  i s o l a t e d  from one animal sp e c ie s  
u s u a l l y  be long  to  th e  sane Lance.fie ld  group (Table l ) .  The 
c u r r e n t  d e f i n i t i o n  of t h e  s t r e p to c o c c u s  i s  t h a t  g iven  by 
Topley and Nil  son (1964).



TABLE 1

The Main L a n c e f i e ld  Grouns of S t r e o fo cocons pyogenes

GROUP HAEMOLYSIS
Î

USUAL HABITAT j PATHOGGB'XCTTT

A 4- r a n Many human d i s e a s e s .

B C a t t l e H a s t i t i s o

C ± Many animals Kany ani. mal d i  s e as e s ,
D D a.i r y  prodnct  s U rina ry  t r a c t  & wound

i n t e s t i n a l i n f e c t i o n s , endo­
of t r a c t  of man c a r d i t i s  *
& an im als .

E T Milk, swine. Pha^pgeal abccocoes of
swine.

F i Kan ? r e s p i r a t o r y  t r a c t .
G 4- Kan Re s p i  r a t  o ry  i  T)f o c t  i  on ,

Dogs G e n i t a l  t r a c t  i n f e c t i o n s .
H *f Kan ? r e s p i r a t  ory t r a c t ,
K 4- Kan ? r e s p i r a t o r y  t r a c t .
L 4- Dogs G e n i t a l  t r a c t

i n f e c t i o n s .
M "h Dogs G e n i t a l  t r a c t

i n f e c t i o n s .
N - D airy  p roduc ts Hone,
0 ± Man Undocardit  i  s .

A f t e r  D avies ,  DnlLecco, E isen ,  GinsLurg & Wood. "M icrobio logy” .



The r e s p e c t i v e  r o l e s  p layed hp the Oc'Oterjal c e l l  and 
i t s  e x t r a c e l l u l a r  I ' roduots  i n  the  pa tho^pn iic i ty  of th e  organism 
a re  corr.plex. The s t r e p to c o c c u s  l i e s  i n t e rm e d ia t e  between those  
organisms such as CJ.os t r i  d i ' b o t s j  i n u r , C los tr id iun!  t  e t  ami 
and Corynebaco erii!:.! l l 'p ^ h e r iac '  uh ich  e:-..ch produce extreme] y 
p o te n t  e x o - to x in s  hut; have l i t t l e  o:r no in v a s iv e  c a p a c i ty  aaid 
th o se  organisms whi(ta do not cause dea th  u n t i l  t h e r e  has been 
enormous sys tem ic  nul t i p i  i  cad io n  e mp, Baci 1 l u s  ant  h r a c i  s , 
S t r e p to c o c c i  are  bo th  in v a s iv e  and to.xin producing .  S t re p to co c ca l  
t o x in s  appear  to  p lay  v a ry in g  r o l e s  i n  th e  course  of i n f e c t i o n  
bu t  th e  h a rn fu l  e f f e c t s  of  the  orpxmisr: cannot be wholl.y 
a t t r i b u t e d  to  any s in g l e  t o x in  or  e x t r a c e l l u l a r  p roduc t .

The c l a s s i f i c a t i o n ,  s t r u c t u r e  and phys io logy  of the  
s t r e p to c o c c u s  and th e  d e t a i l e d  p r o p e r t i e s  of  a few of i t s  
i n d i v i d u a l  e x t r a c e l l u l a r  p roduc ts  harve been reviewed, e x t e n s i v e l y  
by s e v e r a l  a u th o r s .  However, to  iry knowledge, t h e r e  has  been 
no comprehensive account of a l l  the  s t r e p t o c o c c a l  p roduc ts  
im p l i c a te d  i n d i v i d u a l l y  in  th e  patJiOp;enicity o.t the  organism. 
Although th e  experim en ta l  s e c t io n  of t h i s  Thes is  i s  concerned 
p r i m a i l l y  w i th  th e  a c t i o n  of S t r e p t o l y s i n  S, I  f e e l  i t  i s  
n e c e s s a ry ,  i n  t h i s  i n t r o d u c t i o n ,  t o  d e s c r ib e  th e  i n d iv i d u a l  
components of th e  t o x i c  armouiyof t h i s  im por tan t  pathogen in  
o rd e r  t o  a p p r e c i a t e  t h e  complexity of th e  o v e r a l l  p i c t u r e .
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GENERAL GONE;: 31 EPAT IO N S ,

I n f e c t i o n s  i n  man one t o  Group A s t r e p t o c o c c i  e x h i b i t  a 
wide v a r i e t y  o f  c l i n i c ;  .1 syi. n:;:\::c cnch as r o ? i c : i l l i t i c  and 

p h a r y n g i t i s ,  s c a r l e t  f e v e r ,  o s t e o m y e l i t i s  in fa n c y ,  c e l l u l i t i s ,  
e r y s i p e l a s ,  nnerperaj .  r .eps is ,  nneuMîsoi a ,  n e n i r n y t i s  and 

e n d o c a r d i t i s  i n  a d d i t i o n  to 1c c a l l s o d  s u p e r f i c i a l  l e s io n s ^
With th e  e x c e p t io n  of  s c a r l e t  f e v e r  a.nl p o s s i b ly  e r y s i p e l a s ,  
d i a g n o s t i c  te rm in o lo g y  i s  dependent " ' r i n c i p a l i y  on th e  s i t e  
of  l o c a l i s a t i o n  of t h e  c r g v r v i s a n d  not  on a.ny fundamental  
d i f f e r e n c e s  i n  th e  p a th o lo g ic a l  ph.ysiology of  th e  i n f e c t i v e  
p ro c e s s .  The p o r t a l  of e n t ry  of tiiC i n f e c t i n g  s t r e p t o c o c c u s ,  
t h e r e f o r e ,  appeal 's  t o  p re -d e te rm in e  t o  a c o n s id e r a b le  e x te n t  

th e  c l i n i c a l  syndrome w/rich w i l l  deve lop .  Moreover t l ie ro  can 
be l i t t l e  doubt t h a t  th e  va r ia l ,  io n  i n  c l i n i c a l  p a t t e r n  of 
s t r e p t o c o c c a l  i n f e c t i o n s  CfUi bo accounted  f o r  i n  p a r t ,  a t  
l e a s t ,  i n  te rms of th e  h o s t c ‘ imi.rinological r e sp o n se .  I t  
has  been proposed t h a t  th e  su p p u ra t iv e  l e s i o n s  a re  a t t r i b u t a b l e  
p r i m a r i l y  to  th e  in v a s iv e  and pyogenic p r o p e r t i e s  of  th e  
i n f e c t i n g  s t r a i n  and only  s e c o n d a r i l y  t o  th e  immune s t a t u s  of  
th e  h o s t ,  whereas th e  n o n - s u p ru r a t iv e  c o m p l ic a t io n s ,  such â s 
g lo m e ru la r  n e p h r i t i s  and rheum atic  f e v e r  i n  which th e  p resence  
of the  organism i s  ne t  alwrays d e m o n s t r a b le ,a r e  p r i n c i p a l l y  th e  
e x p re s s io n  of  an unusua l  hos t  re sp o n se .  The o v e r a l l  pa thogen ic  
r e s u l t  t h u s  appears  t o  depend b o th  on th e  in v a s iv e n e s s  of th e  
s t r e p to c o c c u s  and th e  immune s t a t u s  of th e  h o s t ,  (Keefer ,  194d)*

In  e v a l u a t i n g  th e  in v a s iv e  and p a thogen ic  p r o p e r t i e s  of  
i n f e c t i n g  s t r e p t o c o c c a l  s t r a i n s ,  a m u l t i p l i c i t y  of  i n t r a c e l l u l a r  
and e x t r a c e l l u l a r  p ro d u c ts  have been i s o l a t e d  and im p l i c a te d  i n  
c o n t r i b u t i n g  t o  t h e  p a th o g en ic  p ro c e s s .  The components and 
p ro d u c ts  o f  Group A s t r e p t o c o c c i  which have been r e l a t e d  t o  th e  
c l i n i c a l  p a t t e r n  can be c o n v e n ie n t ly  d iv id e d  i n t o  t h r e e  groups
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( i , )  c e l l u l a r  c o n s t i t u e n t s  ( 2 . )  e x t r a c e l l u l a r  enzymes 
and (3*) e x t r a c e l l u l a r  t o x i n s ,  1 s h a l l  review th e  n a tu re  
and p r o p e r t i e s  of th e s e  f a c t o r s  i n  t h r e e  s e c t i o n s  under  the  
above h ead ings  and d i s c u s s  t} :e i r  r e l a t i v e  involvement i n  the  
p a t h o g e n i c i t y  of  th e  s t r e p t o c o c c i ,  1 u i s  n e c e s s a ry ,  however, 
t o  b e a r  i n  mind t h a t  d e s p i t e  th e  f a c t  t h a t  many of th e s e  f a c t o r s  

have been  o b ta in e d  i n  h i g h l y  p u r i f i e d  or  even c r y s t a l l i n e  form, 
t h e i r  i n t e r a c t i o n  w i th  each o th e r  and t h e i r  c o n t r i b u t i o n  to  th e  
p a th o g e n ic  p ro ce s s  remains h i g h ly  s p e c u l a t i v e .

— o —
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CETHiULAR G OîTSTITUSNTS.

Group S p e c i f i c  R o ly s a c c h a r id e .

S e r o l o g i c a l l y  s p e c i f i c  and d i s t i n c t  p o ly s a c c h a r id e s  have 
se rved  as  an a c c u r a te  means of c l a s s i f y i n g  h e t a - h a e n o l y t i c  
s t r e p t o c o c c i  from v a r io u s  sou rces  i n t o  numerous groups 
(L a n c e f i e ld  1933)# These s o lu b le  ca rbohydra te  a n t ig e n s  are  
l o c a t e d  i n  th e  c e l l  w a l l  and are  e x t r a c t e d  from th e  organism 
by b o i l i n g  a t  pH 2, th e  method used  f o r  r o u t i n g  ty p in g  o f  
s t r e p t o c o c c i  (L a n c e f i e ld  1942),  Hot formamide can a l s o  be used 
f o r  e x t r a c t i o n  ( P u l l e r  1938) of  th e  ca rb o h y d ra te  a n t ig e n s  which 
can a l s o  be  o b ta in ed  i n  s o l u t i o n  by t r e a t i n g  th e  c e l l s  w i th  a 
c e l l  w a l l - d i s s o l v i n g  enzyme i s o l a t e d  from c u l t u r e  f i l t r a t e s  of  
S treptomyces  a lb u s  ( i laxted I 948) . The p o ly s a c c h a r id e  o b ta in ed  
by 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  of t h i s  enz^ir.e (McCarty 1952) was 
composed p r i m a r i l y  o f  G ro u p - s p e c i f i c  c a rb o h y d ra te  b u t  con ta ined  
some mucepeptide c e l l  w a l l  m a t e r i a l  (Krause & McCarty I 96I ) .

Group A ca rb o h y d ra te  c o n ta in s  60^ rhamnose and 30^ g lucosamine,  
th e  t e rm i n a l  P-lT-aoetylgluoosamine r e s i d u e s  b e i n g  th e  a n t i g e n i c  
d e t e r m in a n t s  o f  th e  molecule (Krause I 963) # Immunity and 
p r o t e c t i o n  to  s t r e p t o c o c c a l  i n f e c t i o n  a re  not r e l a t e d  to  the  
ca rb o h y d ra te  an t igen ' ,  however i t  was sh o ra  t h a t  a mucopeptide-  
C -p o ly sa c c h a r id e  complex of the  c e l l  w a l l  caused ch ro n ic  
r e l a p s i n g  l e s i o n s  i n  r a b b i t s  (Schwab & Crom art ie  19f^0)* Hhen 
s e p a r a t e d ,  n e i t h e r  th e  mucopeptide no r  th e  C -p o ly sacc h a r id e  a lone  
produced th e  ch ro n ic  r e l a p s i n g  l e s i o n  (Krause & McCarty I 96I ) .
C e l l  w a l l  a n t i g e n  was l o c a l i s e d  i n  th e  a r e a s  of  ch ro n ic  in f lam m ation  
and l e s i o n s  c o r r e l a t e d  w i th  th e  p e r s i s t e n c e  of th e  a n t ig e n  (Ohanian 
& Schwab 1967) .  ■ From th e s e  r e s u l t s  i t  has  been  proposed bhat
ch ro n ic  in f lam m atory  s t r e p t o c o c c a l  d i s e a s e s  a re  th e  d i r e c t  r e s u l t  
o f  th e  p e r s i s t e n c e  i n  t i s s u e s  o f  the  m ucopep t ide -C -po lysaccha r ide
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complex of Group A s t r e p t o c o c c a l  c e l l  w a l l s .  The mucopeptide 
i s  c o n s id e re d  t o  he bho " t o x i c "  moiety w hile  th e  C -p o ly sacch a r id e  
i a s k s ^ t h c  i ruoopep t ide , th e r o h y e n a h l in g  th e  p e r s i s t e n c e  of the  

i r r i t a t i n g  a g e n t .  (Schwab 0; Ohaniah i 960).

'ypo s p e c i f i c  T-: -  Antigen*

By so./ewhat s imila-r  methods to  th o se  used i n  L a n c e f i e ld  
g ro u p in g , Grcup  u s t  r e p t  ococci  have hocn suh«'].ivided :i nt o over  
t h i r t y  s e r o l o g i c a l  ty p e s  based  on t y p e - s p e c i f i c  p r o t e i n s , the  
V -  antigenSfr The type  s%:)ecific K -  a n t i g e n  i s  an a l c o h o l -  
s o lu b le  i r r o t e in ,  r e s i s t a n t  t o  b o i l i n g  a t  pïï 2 .for .20 to  
30 m inutes  (L a n c e f i e ld  I 928; L an c e f ie ld  & Ferlnian 1992).  
r e c e n t l y  h ig h ly  p u r i f i e d  p r e p a r a t i o n s  of L :-p ro te ins  were o b ta in ed  
by Fox & h i t t n e r  (1965)6 D e ta i l e d  p h y s ic a l  chemical 
i n v e s t i  .nat ions showed i t  t o  be an e lo n g a te d  molecule w i th  an 
average  a x i a l  r a t i o  of 15:1  hav ing  a m o lecu la r  weight o f  
40 , 000. T h is  a n t i g e n  i s  c l o s e l y  a s s o c i a t e d  w i th  th e  c e l l  w al l  
and can be e x t r a c t e d  fro:;; whole c e l l s  o r  i s o l a t e d  c e l l  w a l l s  by 
ac id  h y d r o l y s i s  o r  by th e  a c t i o n  of  a p h a g e -a s s o c ia t e d  l y s i n  

(S a l to n  1952? Krause 1957; Kanter  & Cole I 96O). The K -p r o te in  
can be d e s t ro y e d  by t r e a t i n g  th e  c e l l s  with p r o t e o l y t i c  " enzymes 
The. organism s remain  v i a b l e  ' a f t e r  such t r e a tm e n t  and a,re capable  
of  r e s y n t h e s i s i n g  th e  11 -  a n t i g e n  when th e  enzymes a re  removed 
(L a n c e f ie ld  1943) .  Fak ing  use  of t h i s  system, Fox & Krampitz 
(1956) s t u d i e d  th e  s y n t h e s i s  of  K -p r o te in  by n o n - p r o l i f e r a t i n g  
s t r e p t o c o c c i  and found t h a t  e i g h t  amino a c id s  were e s s e n t i a l  

f  o r  synt  he's i  s .



TliG l o s s  of th e  r - a n t i g e n  from a p a r t i c u l a r  s t r a i n  r e s u l t s  
i n  th e  l o s s  of  v i r u l e n c e  (L a n c e f ie ld  IgSo) h u t  tins p u r i f i e d  
p r o t e i n  i s  not t o x i c ,  15 iras shown t h a t  th e  p resence  of the  
M-antigon in  th e  s t r e p t o c o c c u s  h in d e re d  p h a g o c y to s i s  (H irsh  
& 0.b.urch 1960)5 S t r a i n s  of s t r e p t o c o c c i  c o n ta in in g  l i t t l e  o r  no 

r t-anbigen if e re  r e a d i l y  phagocytoscd (L a n c e f i e ld  1958, 1959) hu t  
the  a d d i t i o n  of  homologous I ' - p r o t e i n  e x t r a c t  enhanced the  
r o s i s  bance of th e  organisms to  p h ag o c y to s is  (iCrashor, Young & 
Heitmann. 1964)0 The h o s t  s p e c i f i c i t y  o f  v i r u lo n c o  was i l l u s t r a t e d  
hy th e  f a c t  t h a t  d e s p i t e  th e  p resence  of K -a n t ig e n ,  s t r o p to c o c c i  
i s o l a t e d  from acu te  i n f e c t i o n s  i n  man were u s u a l l y  a v i r u l o n t  i n  
mice, ( Do chez ,  A y o x j  & L a n c e f i e ld  I 9I 9 )

Tyr>e s p e c i f i c  a n t i b o d i e s  can be dem ons tra ted  in  th e  s e r a  of  
p a t i e n t s  fo].lowing Group A s t r e p t o c o c c a l  i n f e c t i o n s  (L a n ce f ie ld  
& le r lm an n  1952),  I n j e c t i o n s  of K -a n t ig e n  s o l u t i o n s  induced 
a r a p id  r i s e  i n  type  s p e c i f i c  a n t i b o d i e s  i n  i n d i v i d u a l s  who had 
a p rec e d in g  i n f e c t i o n  i r i th  th e  same type  of  s t r e p t o c o c c u s  
( S t o l l e r n a n  & fTksted 1957) bu t  i n  th e  absence o f  such a p rev io u s  

en c o u n te r ,  th e  an t ib o d y  response  was poor (Schmit 1957? I 96O;
P o t t e r ,  S to l le rm an  8: S iege l  1962) , O b se rv a t io n s  by h 'annarxker,  
Denny, P e r ry ,  S iege l  c: Rammelkam.p (1953) i n d i c a t e d  bhat im;;:unity 
i n  ma.n was type  s p e c i f i c  and t h a t  t h e r e  was l i t t l e  h e t e ro lo g o u s  
immunity.

T and R iVnti g e n s ,

During th e  course  of  experim en ts  d es igned  to  c o r r e l a t e  the 
r e s u l t s  o b ta in ed  by means of type s p e c i f i c  a g g l u t i n a t i o n  w i th  
th e  r e s u l t s  of  a c t i v e  o r  p a s s iv e  p r o t e c t i o n  i n  m ice , a n o th e r  p r o t e i n  
a n t i g e n  a s s o c i a t e d  w i th  a g g l u t i n a t i o n  was en c o u n te red  (L a n c e f ie ld  
1940)# This  a n t ig e n  was named th e  T -a n t ig e n  and was d i s t r i b u t e d  
among th e  Group A s t r e p t o c o c c i  in d e p e n d e n t ly  of
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th e  ¥  -  a n t i g e n .  I t  i s  not type s p e c i f i c  hu t  i s  common to  
s e v e r a l  t y p e s .  Although the  T -  a n t ig e n  s t i m u l a t e s  an t ibody  
p ro d u c t io n  d u r in g  sk re p to c o c c a l  i n f e c t i o n s ,  i t  has no 
dem ons trab le  ; r e l a t i o n s h i p  t o  the  v i r u l e n c e  of the  organism, 
nor  does i t s  a n t i b o d i e s  p a r t i c i p a t e  i n  p r o t e c t i o n .  A few 
s t r a i n s  of s t r e p t o c o c c i  have been shown to  p o s se s s  a t h i r d  c e l l  
w a l l  p r o t e i n  a n t ig e n ,  th e  R -  a n t ig e n .  Like th e  T -  a n t ig e n  
t h i s  does not appear  t o  be r e l a t e d  t o  th e  v i r u l e n c e  of th e  organism.

H yalu ron ic  A cid .

H y a lu r o n ic . a c id  i s  l o c a t e d  i n  a v i s c o u s  o u t e r  capsu le  round 
th e  organism and»sthe on ly  known s u r f a c e  c o n s t i t u e n t  of  Group A 
s t r e p t o c o c c i  which i s  n o n - a n t ig e n ic .  I t  i s  composed of 
equ im ola r  q u a n t i t i e s  of  H -a ce ty l  glucosamine and g lu c u ro n ic  ac id  
and i s  i n d i s t i n g u i s h a b l e  from mammalian h y a lu ro n a te .  Only some 

s t r a i n s  produce c a p su le s  which, i f  p r e s e n t ,  can on ly  be dem onstra ted  
i n  v i t r o  i n  young c u l t u r e s  (2 to  4 h o u r s ) .  By means of p h ag o c y t ic ,  
b a c t e r i o s t a t i c  and mouse p r o t e c t i o n  t e s t s  Rothbard (1948) concluded 
t h a t  h y a l u ro n ic  a c id  had a s l i g h t  bu t  d e f i n i t e  i n f lu e n c e  on th e  
v i r u l e n c e  o f  Group A s t r e p t o c o c c i .  On the  o t h e r  hand, th e  
M -  a n t i g e n  had an e f f e c t  1,000 to  10,000 t im es  as  g r e a t  under  
s i m i l a r  ex p e r im en ta l  c o n d i t i o n s .  Many v i r u l e n t  s t r a i n s  of  
s t r e p t o c o c c i  produced e x t r a c e l l u l a r  h y a lu ro n id a se  (see  page 15) 
which d e s t ro y e d  any c ap su le  produced.  Since such organisms were 
s t i l l  capab le  of e s t a b l i s h i n g  an i n f e c t i o n ,  capsu le  fo rm a t io n  
ap p e a rs  t o  be of q u e s t io n a b le  s i g n i f i c a n c e  i n  r e l a t i o n  t o  th e  
p a t h o g e n i c i t y  o f  th e  s t r e p t o c o c c u s .
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C e l l -Bound Haem olys in .

V iab le  haem o ly t ic  s t r e p t o c o c c i  ly s e  red  b lood  c e l l s ,  tumour 

c e l l s ,  and t i s s u e  c u l t u r e  c a l l s  i n v i t roc The p resen ce  of a 
c e l l - b o u n d  heem olys in  was d e s c r ib e d  by Ginsburg ,  Bentwich 
& H a r r i s  (1965) and i n  t h e  same y e a r ,  Taketo and Taketo showed 
t h a t  Group A s t r e p t o c o c c i  i n  f a c t  con ta in e d  two i n t r a c e l l u l a r  
haem olysinss  These were found t o  be c l o s e l y  r e l a t e d  to  th e  

haem olys ins .  S t r e p t o l y s i n s  S and 0, whicli were 
prod.uced by th e  organism. T h e i r  s i g n i f i c a n c e  w i l l  be d i s c u s s e d  
i n  d e t a i l  i n  t h e  s e c t i o n  of th e  i n t r o d u c t i o n  d e a l i n g  wi 
s t r e p t o c o c c a l  e x o - to x in s  (page 26 )*

Jj -  Forms,

S t r e p to c o c c a l  L ~ forms have been  produced by th e  t r e a tm e n t  
of c e l l s  w i th  p e n i c i l l i n  o r  m u r a ly t i c  enzymes and t h e r e a f t e r ,  
were m a in ta in ed  by growth i n  a h y p e r to n ic  medium (Crawford,

Franlr & S u l l i v a n  1958; Gooder & Kaxted I 96I ) ,  In  c u l t u r e s  
o f  t h e s e  form s,  devoid  of c e l l  w a l l s  and l a c k i n g  i n  Group an t ig en ,  
t h e  M “ a n t i g e n  was s t i l l  produced and d i f f u s e d  i n t o  th e  medium. 
T h is  i n d i c a t e d  t h a t  a l th o u g h  th e  end p roduc t  o f  th e  i n t a c t  c e l l  
was d e p o s i t e d  i n  s e r o l o g i c a l l y  a c t i v e  form i n  t h e  c e l l  w a l l  and 
bound t h e r e ,  t h i s  was no t  th e  s i t e  of  M -p ro te in  p r o d u c t io n .  
H ya lu ron ic  a c id  was found to  be s y n th e s i s e d  by t h e s e  forms 
(H a rk o v i t s  & Borfman 1962; For-uimer & V a s t in e  I 967) which a l s o  
co n ta in e d  haem olys ins  (faruyama, Sugai & Fgami 1959) and produced 

BHA-ase (F re im e r ,  Krause McCarty ' 1959)*
L -  forms of  s t r e p t o c o c c i  have been c u l t u r e d  from blood 

and p e r i t o n e a l  exudate  of  mice i n f e c t e d  w i th  s t r e p t o c o c c i  

(^Mortimer' 1964? I 965) and have a l s o  been  i s o l a t e d  from s c a r l e t  
f e v e r  p a t i e n t s  who had r e c e iv e d  p e n i c i l l i n  thera.py ( K l o d n i s t s a j a

1962) .  These r e s u l t s  show c o n c lu s iv e ly  t h a t  group A
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Schematic  d i a g r a m  of c a p ­
sule, cell wall,  a n d  cytoplasmic m em ­
bran e  of g ro up  A hemolytic s t rep to ­
coccal cell. (From R. M. Krause. Bacf. 
Rev. 27 .369,  1963.)
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s t r e p t o c o c c a l  L -■ forms O cin e x i s t  i n  vivo» They have a l s o  
heen r e p o r t e d  to  have a t o x i c  e f f e c t  on c a rd ia c  muscle 
(Ginshurg 1966)5 to  he derm otoxic ,  and c y t o to x ic  f o r  chichon 
f i b r o b l a s t s  i n  t i s s u e  c u l tu r e  ('Timalcov & Pagan i 960) .

Conclu s i o n s ,

h o s t  of th e  c e l l u l a r  a n t ig e n s  uh ich  g ive  r i s e  to  a n t ib o d ie s  
du r in g  s t r e p t o c o c c a l  i n f e c t i o n s  appear  to  be a s s o c i a t e d  u i t h  
the  c e l l  ircLll and i t s  adheren t  l a y e r s  (FIG» l*)o however, th e  
p a thogen ic  e f f e c t s  of b -  forms i n d i c a t e  t h a t  o th e r  deeper  sea ted  
i n t r a c e l l u l a r  f a c t o r s  may a l s o  c o n t r ib u t e  t o  th e  p a th o g e n ! c i ty  
of Group A s t r e p t o c o c c i .  I t  would, t h e r e f o r e ,  be of i n t e r e s t  
to  s tudy  t o x i c  components s p e c i f i c  t o  t}.ie b a c t e r i a l  cytoplasm 
and plasma membrane.
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EXTRAG'GLIbl^An EiTZYJ.IES,

S t re x to h i nase (F ib r i n o l y s i n ) ,

The low v i s c o s i t y  of  th e  f l u i d ,  so c h a r a c t e r i s t i c  o f  th e  
exudate o b ta in ed  i n  e a r l y  s t a g e s  of s t r e p t o c o c c a l  i n f e c t i o n s ,  
has been a t t r i b u t e d  to  th e  l y t i c  a c t i o n  of. th e  organisms on th e  
f i b r i n o u s  e:n.idate of  th e  h o s t ,  T i l l e t  and Gardner (1933) found 
til a t  c e r t a i n  s t r a i n s  of  s t r e p t o c o c c i ,  mainly Group A, produced 
an e x t r a c e l l u l a r  l y s i n  f o r  th e  c lo t  formed by th e  a c t i o n  of 
thrombin on human f i b r i n *  The plasma of most animals  was not 
s u s c e p t i b l e ,  bu t  t h i s  r e s i s t a n c e  was not a p r o p e r ty  of th e  
f i b r i n  i t s e l f  s in c e  animal f i b r i n  became s u s c e p t i b l e  i f  c l o t t e d  
w ith  human thrombin; co n v e rse ly  human f i b r i n  became s u s c e p t i b l e  
i f  c l o t t e d  w i th  animal thrombin* f i l s t o n e  ( I 941) observed 
t h a t  th e  c l o t  formed by th e  i n t e r a c t i o n  of p u r i f i e d  human 
thrombin and f i b r i n o g e n  was no lo n g e r  ly sed  by s t r e p t o c o c c a l  
f i b r i n o l y s i n *  An e s s e n t i a l  f a c t o r  was removed d u r in g  th e  
p u r i f i c a t i o n  of  th e  thrombin  and the  f ib r in o g en *  This so c a l l e d  
* ' ly t ic -* fac to r"  was found i n  th e  w a te r  -  i n s o l u b l e  g lo b u l i n  
f r a c t i o n  o f  human serum*

In  a s e r i e s  of papers  C h r is te n se n  and co-workers  showed 
t h a t  th e  s t r e p t o c o c c a l  f i b r i n o l y s i n  was not p r o t e o l y t i c  bu t  was 
a k in a se  which c a t a l y s e d  th e  p ro d u c t io n  of an a c t i v e  f i b r i n o l y s i n  
(plasffiin) from an i n a c t i v e  p r e c u r s o r  i n  th e  plasminogen 
(C h r i s te n s e n  1945 & 1946; C h r is te n se n  & Kacleod 1945).  Since
th e  s t r e p t o c o c c a l  f a c t o r  i s  a k in a se  and not a f i b r i n o l y s i n ,  
C h r i s t e n s e n  sugges ted  t h a t  i t  should be c a l l e d  s t r ept o k i n a s e .
The convers ion  o f  th e  i n a c t i v e  zymogen, plasminogen,  to  th e  a c t i v e  
p r o t e o l y t i c  enzyme p lasm in ,  by s t r e p t o k i n a s e  can be compared 
w i th  many s i m i l a r  r e a c t i o n s  e . g . th e  co n v e rs io n  of  cliymotrypsinogen 
to  chymotrypsin .  Kinases  by d e f i n i t i o n  a re  a g e n t s ,  g e n e r a l l y ,  i f
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not  always,  enzymes which modify enzyme p r e c u r s o r s .  Some cro  
known to  he p r o t e o l y t i c  i n  t h a t  t h e i r  a c t i o n  on t h e i r  zy:-ogenic 
s u b s t r a t e s  r e s u l t s  not only  i n  th e  productio '^  c f  a c t i v e  enzyries 
bu t  a l s o  i n  th e  appeai’ance of n o n - p ro te in  n i t i ' c y e n  or  i n  a 
r e d u c t i o n  in  th e  s i z e  of  the  zymogen. They xo::t l:h c],y ac t  by 
unmasking th e  a c t i v e  c e n t r e  of th e  enzyme„ The F:t: i- 'ptolinase 
system i s  a complex one and th e  q u es t io n  of th e  r e o c r io n s  
in vo lved  cannot be answered adeopie/kely u n t i l  plaLr-.iriJgon and 
S t r e p to k in a s e  have been o b ta ined  in  a pure s t a b e ,  The r e a c t i o n s  
known to  occur  in  th e  p ro cess  are  summarised i n  Fig* 2 *

S t re p to k in a s e  i s  a h e a t - s t a b l e  p r o t e i n  amiich i s  des t ro y ed  
by t r y p s i n  ( f i l l e t  1938),  I t  i s  a n t i g e n i c  and i t s  a c t i v i t y  isi 
i n h i b i t e d  by s p e c i f i c  an t ibody  (kap lan  1945) « f b i s  enzyise ]ias 
r e c e n t l y  been  p u r i f i e d  and shown to  be a p r o t e i n  of r c l e c u l a r  
weight 47 9600 and an e m p i r i c a l  form ula  o f t -

g-Try^ -beu^^-Ty r g ^ - P h c ^ . y  s ̂  ̂ -Arg^ ̂

(be Renzo, S u t e r i ,  Hutchings & B e l l  1967) ,  On the  o lh o r  hand 
t h e r e  a re  c o n s id e r a b le  d i f f i c u l t i e s  i n  p u r i f y i n g  plasir inogen 
which , t o  d a t e ,  have not been r e s o lv e d .

One of th e  i n t e r e s t i n g  a s p e c t s  of t h i s  system i s  the  
f i n d i n g  t h a t ,  of  a l l  th e  s p e c ie s  t e s t e d ,  man appeared  to  possess  
th e  h ig h e s t  l e v e l  of plasminogen and Group A s t r e p t o c o c c i  the 
h ig h e s t  l e v e l  of s r r e p t o k i n a s e  (C h r i s te n s e n  1949)* Thus i t '  
seems p o s s i b l e  to  a t t r i b u t e  a s p e c i f i c  r o l e  f o r  t h i s  system in  
s t r e p t o c o c c a l  d i s e a s e s  i n  man. T i l l e t  ( I 938) and P e t e r  (194>) 
made th e  im por tan t  o b s e rv a t io n  t h a t  th e  t h i n  se ro u s  exudate  of  
s t r e p t o c o c c a l  empyema and o th e r  c o n d i t io n s  i s  accompanied by the  
a b i l i t y  of  th e s e  exuda tes  t o  l y s e  f i b r i n  c l o t s .  This lends  
s t ro n g  suppor t  t o  th e  id e a  t h a t  th e  r a p id  sp read  of s t r e p t o c o c c i  
i n  t i s s u e s  may be due, i n  p a r t , to  impairment of  th e  normal 
w a l l in g  o f f  p ro ces s  of  th e  h o s t  animal by th e  a c t i o n  of : 
s t r e p t o k i n a s e .
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S p r e a d i n g  F a c t o r  ( ï ï ^ / a lu r o n id a s e )  „

The p resence  i n  l y s a t e s  and f i l t r a t e s  of in v a s iv e  
s t r e p t o c o c c i  of a s p rea d in g  f a c t o r  “which in c r e a s e d  the  
p e r m i a h i l i t y  of  r a h h i t  s k in  to  suspens ions  of I n d i a  in]c o r  
b a c t e r i a l  c e l l s  uas d e s c r ib e d  by Duran-Reynolds (1933)• A 

s i m i l a r  a . o t i v i t y  was found in  t e s t i c u l a r  e x t r a c t s  (Chain à  Duthie 
1939) which were s^hown t o  hydro lyse  the  mo no po 1 y s a c ch a r  i  d. e

h y a lu ro n ic  acido At l e a s t  t h r e e  su c c e s s iv e  s t a g e s  were observed 
d u r in g  ensymio h y d r o ly s i s  o f  h y a lu ro n ic  a c id  (î'.cGlean 1943) *
The f i r s t  s ta g e  was th e  d e s t r u c t i o n  of th e  a b i i l i t y  of  h y a lu ro n ic  
a c id  t o  c l o t  w i th  a c e t i c  acid* This  was fo l low ed  by 
d e p o ly m e r i s a t io n  which was seen as a f a l l  i n  v i s c o s i t y ,  and 
f i n a l l y  t h e r e  was l i b e r a t i o n  of  red u c in g  sugars  and H -ace ty l  

glucosamineo
Chain and Dut h ie  ( l940)  showed t h a t  a l l  sasnplea of sprec.dJ.ng 

f a c t o r  t e s t e d  by them, whether of animal o r  b a c t e r i a l  o r i g i n  
p o sse ssed  h y a lu ro n id a se  a c t i v i t y  and sugges ted  t h a t  th.e 
s p rea d in g  f a c t o r  of s t r e p t o c o c c i  was a hya lu ron idase*  S im i la r  
r e s u l t s  were found by hobby, Dawson, f e y e r  & Chaffee (194I )  and 
h e y e r ,  Chaffee ,  Hobby & Dawson (194I )  who showed t h a t  c e r t a i n  
o th e r  p o ly s a c c h a r id e s  e . g * o h o n d r o i t in  s u lp h a te  were a l so  
h y d ro ly sed  by sp rea d in g  f a c t o r .  A ll  p r e p a r a t i o n s  co n ta in in g  
h y a lu ro n id a s e  had sp rea d in g  f a c t o r  a c t i v i t y  bu t  th e  converse 
d id  no t  h o ld  i n  a l l  c a se s ,  Whether' o r  not s t r e p t o c o c c i  produce 
sp re a d in g  f a c t o r s  t h a t  a c t  on s u b s t r a t e s  o th e r  th a n  h y a lu ro n ic  
a c i d ,  i t  i s  now accep ted  t h a t  many s t r a i n s  produce hyaluronidase®

Rogers ( l94^)  showed t h a t  s t r e p t o c o c c a l  h y a lu ro n id a se  
co n ta in e d  s e v e r a l  enzymes each r e s p o n s i b l e  f o r  d i f f e r e n t  s ta g e s  
i n  th e  d e g r a d a t io n  of h y a lu ro n ic  a c id .  These were shown to  be 
ad a p t iv e  enzymes whose p ro d u c t io n  was s t i m u la t e d  by th e  presence  
of  h y a lu ro n ic  ac id  o r  c e r t a i n  breakdown p ro d u c ts  i n  the  c u l t u r e
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medium (PcClean & Hale 194.1;; Rogers 1948),  n y a lu ro n id a se  
a c t i v i t y  was n e u t r a l i s e d  in  v i t r o  by s p e c i f i c  an t ib o d y  but 

the  sp rea d in g  a c t i v i t y  i n  r a b b i t  s h in  was not a f i e c t e d  

(Hobby e t  a l  1949)»
C e r t a in  s t r e p t o c o c c a l  b a c te r io p h a g e s  gave r i s e  t o  the  

fo rm a t io n  of hyaluronidase® The s e r o l o g i c a l  type  of t}iis 
h y a lu ro n id a se  was determ ined  bp the g e n e t i c  c o n s t i t u t i o n  of  the  
phage. Thus d i f f e r e n t  phages caused tlje fori:a t io n  of 
a n t i g e n i c a l l y  d i f f e r e n t  h y a lu ro n id a s e s  even when rep ro d u c in g  
i n  c u l t u r e s  of th e  same b a c t e r i a l  s t r a i n *  On th e  o th e r  hand 
the  h y a lu ro n id a s e s  produced by n o n - ly s o g e n io ■Group A s t r e p t o c o c c i  
were found to  be s e r o l o g i c a l l y  i d e n t i c a l  th u s  d i f f e r i n g  from 
tjie phage -  a s s o c i a t e d  h y a lu ro n id a s e s  (hjems 1958 a & b ) *

The p a r t  p layed  by h y a lu ro n id a s e s  i n  s t l ep to c o c ca l .  

i n f e c t i o n ,  in v a s io n  and v i r u l e n c e  has  been  reviewed i n  some 
d e t a i l  by Duran-Reynolds (l94R)« The d e s t r u c t i o n  of the  
h y a lu ro n ic  a c id  capsu le  by sp read in g  f a c t o r  i s  reco g n ised  a l though  
th e  r e l a t i v e  r o l e s  p layed by each i n  th e  p a t h o g e n ic i t y  of the  
organism i s  not c l e a r ,  Hhen r a b b i t s  are  i n j e c t e d  i n t r a d e r n a l l y  
w i th  a g iven  amount of  s t r e p t o c o c c a l  cu l . tu re ,  the  r e s u l t i n g  
dermal l e s i o n  corresponds  i n  d imensions to  th e  a r e a  of spread  
of I n d i a  in k  when i t  i s  i n j e c t e d  w ith  c u l t u r e  s u p e rn a ta n t .
This su g g e s ts  t h a t  th e  in v a s iv e n e s s  of the  organism i s  l a r g e l y  
de te rm ined  by th e  amount o:C sp read in g  f a c t o r  produced, 
n e v e r t h e l e s s  th e  p ro d u c t io n  of  sp rea d in g  f a c t o r  cannot be 
co n s id e red  an a b s o lu te  c r i t e r i o n  of v i r u l e n c e .

P r o t e i n a s e ,

S t r e p to c o c c a l  p r o t e in a s e  i s  an e x t r a c e l l u l a r  enzyme and 
resem bles  papa in  i n  c e r t a i n  r e s p e c t s ;  i t  i s  r e v e r s i b l y  a c t i v a t e d  
i n  th e  p resence  of sulphydryX compounds o r  cyanide bu t  i s  not 
a c t i v a t e d  by a s c o r b i c  a c id .  I t  i s  i r r e v e r s i b l y  i n a c t i v a t e d  by
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io d o a c e t a t e ,  i s  a c t i v e  over  a pH range ex ten d in g  i r o n  4= 5 to  
8.5s c l o t s  milk  and d i g e s t s  c a s e in ,  l iaenoglobin ,  and f i b r i n  of 
bo th  r a b b i t  and hi;nien o r i g i n .  The eniy-.e fhrsi ;  a t t r a c t e d  
a t t e n t i o n  as a r e s u l t  of i t s  c a p ac i ty  to  des-moy th e  s e r o l o g i c a l  
r e a c t i v i t y  of th e  type s p e c i f i c  II -  a n t ig e n  of Group A 
s t r e p t o c o c c i  ( F l l i o t  1945)^ With c e r t a i n  s r r a i n s  i t  wo,s
n o t ic e d  t h a t  wherea s th e  1: ™ a n t ig e n  could be id  on I i f  l e d  i n  
c u l t u r e s  groim a t  22^0, t l r i s  was not p o s s ib le  i n  c u l t u r e s  grovrn
a t  37^0* This  apparen t  and temporary l o s s  of thu  tyi;e s p e c i f i c  
K a n t ig e n  was due to  th e  p r o t e o l y t i c  a c t i v i t y  i n  c u l t u r e s  
grown a t  37^C. I t  was found subceqiiently  t,\:;t p r o t e o l y s i s  a l so  
accounted f o r  th e  d e s t r u c t i o n  of s t r e p ‘:o]:inase i n  c u l t u r e  f l u i d s  
and Crowley (I95X) showed t h a t  s t r e p t o c o c c a l  h y a lu ro n id a se  may 
a l s o  be d e s t ro y e d  under  s i m i l a r  cond i t ions*

The s t r e p t o c o c c a l  p r o t e in a s e  i s  d e r iv e d  from an i n a c t i v e  
p r e c u r s o r ,  which l i k e  th e  a c t i v e  enzyme, i s  found e x t r a o e l l u l a r l y  
i n  th e  c u l t u r e  s u p e rn a ta n t s  of most s t r a i n s  nf Group- A 
s t r e p t o c o c c i  i r r e s p e c t i v e  of  s e r o l o g i c a l  t y r e  ( E l l i o t  & Dole 
4947) » Under i n t e n s iv e  reduc ing  c o n d i t io n s  th e  p r e c u r s o r  
p r o t e i n  i s  conver ted  t o  a c t i v e  enzyme by an o u t c o a t a l y t i  o 
r e a c t i o n .  Conversion of th e  p r e c u r s o r  to  f ic t ive  enzyme may 
a l so  be ach ieved  by th e  a c t io n  of t r y p s in *  Doth th e  p r e c u r s o r  
and p r o t e i n a s e  have been c r y s t a l l i s e d  ( E l l i o t  1950) and the  two 
c r y s t a l l i n e  p r o t e i n s  a re  d i s t i n g u i s h a b l e  on the  b a s i s  of 

immunological s p e c i f i c i t y .  The p r e c u r s o r  (m olecu la r  weight 
44 , 000) and th e  enzyme (m olecu la r  weight 32,000) c o n ta in  only  
a s in g l e  h a l f - c y s t e i n e  r e s id u e  p e r  molecule (Liu ,  ITeumann, E l l i o t ,  
tloore & S te in  I 963) .
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There i s  a l o s s  of about 100 anino a c id s  when th e  p r e c u r s o r  
i s  conver ted  to  a c t i v e  enzyr.e. In  the  course  of  t h i s  r e a c t i o n  
an in te rm e d ia te  ' product' ;was •for;:ei which co n ta in ed  only  17 

amino a c id s  l e s s  th an  the  p rec u r  or (T/iu d E l l i o t  1985 a) *
This i n t e rm e d ia te  was immunologiec11y r e l a t e d  t o  b o th  the  
p r e c u r s o r  and th e  enzyme. r .oroovcr,  t}-.o n o d i f i c d  p r e c u r s o r  
was almost as  f u l l  y a c t i  ve a s b ].. 3 r  r  t e ? n a s e a f  t  e r  re  du c t i o  n 
w i th  t h io l s *  These o b s e rv a t io n s  r o t o r  t o  t r y p s i n  convers ion  
bu t  a s i m i l a r  i n t e rm e d ia te  i s  feuroi .  by the  a c t i o n  of th e  
s t r e p t o c o c c a l  p r o t e in a s e  i t s e l f *

In  th e  l a t e r  s t a p e s  of bac her: c l  growth a c t i v e  p r o te in a s e  
was found, t o  accumulate i n  the  o a l tu ro  f l u i d  ( E l l i o t  1945),  and 
from r e s u l t s  d e s c r ib e d  by L iu  a-1  E l l i e i  (1965 b) i t  appeared 
l i k e l y  t h a t  the  t r a n s f o r m a i .o n  to  octi.ve enzyne was i n i t i a t e d  
by the  r ed u c in g  a c t i v i t y  of th e  strexe .ocoucal  c e l l  walls*  by 
i n v e s t i g a t i n g  th e  e f f e c t  of crys: .-a l l ine p r o t e i n a s e  on a 
number of  s y n t h e t i c  s u b s t r a t e s ,  ly o e k ,  E l l i o t  and F ru ton  (1952) 
were ab le  to  show t h a t  th e  enzyi; e hydro lysed  p e p t id e  bonds 
in v o lv in g  th e  carboni"! group of a r r i n i n e ,  l y s i n e ,  g lu tam ic  
a c id ,  a s p a r t i c  ac id  and h i s t i d i n e .  The p resence  i n  th e  s u b s t r a t e  
of an a d ja c e n t  g ly c y l  r e s id u e  oppeared to  i n h i b i t  th e  a c t i o n  of 
th e  enzyme on a s e n s i t i v e  pep t ide  bond* R ecen t ly  B u r s h te in  
and B e le t s ay a  (1968) have shown t l ic t  th e  p r o t e i n a s e  a l s o  
l i b e r a t e d  a c id  m ucopolysaccharides from p r o t e i n  complexes*

There i s ,  however, a l a c k  of expe r im en ta l  evidence f o r  th e  
r o l e  of  t h i s  product  i n  pa th o g en : 'c i ty .  The b road  s u b s t r a t e  
s p e c i f i c t y  of t h i s  enzyme sugges ts  t h a t  i t  may a t t a c k  many hos t  
p r o t e i n s  and p r o t e i n  complexes du r in g  s t r e p t o c o c c a l  i n f e c t i o n s  
th u s  c o n t r i b u t i n g  to  th e  r e s u l t a n t  c l i n i c a l  p i c t u r e .
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Desoxr / r ibonuclease  (DÏTA-ase, S t rep to d o n ia s e  ) ,

The p resence  of DîTA-ase i n  crude c u l t u r e  f i l t r a t e s  of 
Group A s t r e p t o c o c c i  was f i r s t  r ep o r ted  hy I c C a r ty  (1948) 
who a l s o  no ted  th e  p ro d u c t io n  of sinaAlor arou-rfs of HPA-ase*
In  a survey  of n u c lease  p ro d u c t io n  hy s t r e p t o c o c c i  . ,rown 
(1950) found t h a t  lOÔ o of the  Group A s t r e p t o c o c c i  wl.ich he 
t e s t e d  produce both nucleases®

The n u c lease  a c t i v i t y  of c o n c e n t r a te d  c u l t u r e  s u p e rn a ta n t s
from Group A s t r e p t o c o c c i  was markedly in c r e a s e d  i n  th e  presence
of magnesium io n s  ( f i l l e t ,  Sol & C h r i s t e n s e n  1948) and c e r t a i n
s t r a i n s  were shown to  e l a b o r a t e  DÏTA-ase o x t r a c e l l u l a r l y  when
th e  washed cocci  were suspended in  a medium c o n ta in in g  a,n energy
source  (m a l to s e ) ,  phosphate  and magnesium io n s  (Dernhoimer &
R u f f i e r  1951 )* hannamaker ( I 958) found t}iat t h r e e  d i f f e r e n t
DhA-ases were produced by Group A s t r e p t o c o c c i ;  th e se  could be
s e p a ra te d  by s t a r c h  zone e lec t ro p h o res i s®  They were immunology

i n
dead ly  d i s t i n c t  and showed c e r t a i n  d i f f e r o n o e s ^ t h e i r  op tim al pH 
end s u s c e p t i b i l i t y  t o  c i t r a t e  i n h i b i t i o n .  The r e l a t i v e  airiount 
of  each form produced was a f u n c t i o n  of s t r a i n  v a r i a t i o n *
The DlTA-ases were i n h i b i t e d  by a v a r i e t y  of  enzyme po isons  and 

were d e s t ro y e d  by h e a t i n g  a t  58^0 f o r  60 minutes* One of the  
DHA-aseo. i s o l a t e d  by Hannamaker, DHA-ase B, was r e l a t e d  t o  the  
s t r e p t o c o c c a l  e r y th r o g e n ic  t o x in  having  s k in  a c t i v i t y  of  
500,000 u n i t s / m l  (H a lb e r t  I 958) ; t h i s  w i l l  be d i s c u s s e d  l a t e r  
on page a*3 .

The p a th o g en ic  r o l e  of s t r e p t o c o c c a l  DHA-ase has not been 
d e f in e d  bu t  i t  seems f e a s ib l e '  t h a t , - l i k e  f i b r o l y s i n ,  i t  may 
p a r t i c i p a t e  i n  th e  fo rm a t io n  of  th e  t h i n  se ro u s  exudate found 
i n  s t r e p t o c o c c a l  l e s i o n s  s in ce  the  r e l e a s e  of  DHA from damaged 
t i s s u e s  c o n t r i b u t e s  t o  t h e  v i s c o s i t y  of pus i n  o th e r  b a c t e r i a l  
i n f e c t i o n s *  I t  may a l s o  a c t  s y n e r g i s t i c a l l y  w i th  o th e r
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s t r e p t o c o c c a l  t o x i n s  and th u s  c o n t r i b u t e  to  th e  c y t o t o x i c i t y  
of  s t r e p t o c o c c io

S t r e p to c o c c a l  HAD-aso,

This  enzyme was f i r s t  i s o l a t e d  by Gaid son, f e l l n o r , 
Bernheimer and Freeman (1957 ) and shown, to  f a i i f o i t  tlie 
o x id a t io n  of c e r t a i n  Krebs* cyc le  interredioiCGs by th e  
mitochondrion® I t  was o f t e n  p r e se n t  i n  s t r e p t o c o c c a l  p%"e%;ar- 
a t i o n s  c o n ta in in g  s t r e p t o l y s i n  0 and has l.een p u r i f e d  and 
shown to  h y d ro ly se  th e  linJcage between ni c o t i  no mi de and 
r i b o s e  i n  n ic o t in am id e  adenine dinucleobiso®

According to  Bernheimer,  h a z a r id e s  and l i l s o n  (1557) the  
l e u c o t o x i c  a c t i v i t y  of s t r e p t o c o c c i  i s  closelp^ a s s o c i a t e d  with  
th e  fo rm a t io n  of t h i s  enzyme. F a i l u r e  to  produce obse rvab le  
damage to  le u o o cy te 5by the  a d d i t i o n  of p u r i f i e d  BAD-a.se t o  idiole 
b lood  (C a r lso n ,  e t  a l  1957 ) lî' ây have been duo e i t .h e r  bo th e  
i n a b i l i t y  of  t h i s  enzyme to  e n t e r  the  c e l l s  o r  t o  th e  presence  
of an i n h i b i t o r y  subs tance  in  th e  serum. However, i f  r e l e a s e d  
w i th in  th e  l e u c o c y te  from s t r e p t o c o c c i  which have been 
phagocytosed,NAD-as0 might w el l  im pa ir  c e l l u l i r  metabolism. 
A l t e r n a t i v e l y  i t s  access  t o  th e  i n t e r i o r  of bho c e l l  i n  vivo 
might be f a c i l i t a t e d  by th e  d i s r u p t i v e  a c t io n  of tfne c y t o l y t i c  
t o x i n s ,  s t r e p t o l y s i n s  0 and S, on c e l l  membranes *

Some of th e  c h a r a c t e r i s t i c s  of  t h i s  enzyme have been 
s tu d i e d  ( P e t e r s e n ,  Kroger & Rotthauwe I 96I )  and tlie p resence  of 
an i n t r a c e l l u l a r  i n h i b i t o r  w i th in  th e  s t r e p to c o c c u s  has  been 
d e s c r ib e d  (Holm & K a i j s e r  I 965, I 967) ,  A d i r e c t  r e l a t i o n s h i p  
between HAD-ase p ro d u c t io n  and p a t h o g e n ic i t y  has not been 
e s t a b l i s h e d .  But Berniieimer ( I 960) has claimed t h a t  t h i s  enzyme 
might i n f lu e n c e  the  development of  s t r e p t o c o c c a l  n e p h r i t i s  s ince  

r a i s e d  an t ib o d y  l e v e l s  t o  t h i s  enzyme have been observed i n  man
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fo l lo w in g  th e  occurrence  of g lo m eru la r  n e v h r i t i r  ( h e l l n e r ,  Freen.a; 
& C ar lson  1953; Petcw'sen I 962)®

Conel u s i o n s ,

hone of th e s e  e x t r a c e l l u l a r  ensyires m i u c " !  1 /  Group A 
s t r e p t o c o c c i  a re  l e t h a l  and ib  i s  doahtfu.l i f   ̂ ny of hhem.
p la y s  a dominant r o l e  i n  th e  pathogcniciicy  of iM- oi-yanism, The 
oomhined e f f e c t s  of  f i h r i n o l y s i n ,  h y a l u r o n i d ^  p r o t e in a s e  and 
DHA-ase, however, may well  c o n t r ib u t e  bo th e  ex b ju re  in v a s iv e n e s s  
of  t h e  s t rep to co ccu s*  Also, a l though  t r e  i : nor lance  of MAD-ase 
i s  d i f f i c u l t  to  a s s e s s  as a s e p a r a t e  e n t ib y ,  j n  th e  s e c t i o n  of 
t h i s  i n t r o d u c t i o n  d e a l i n g  w ith  streTvtococeal t o x i n s ,  i t  i s  
c l e a r l y  seen  t h a t  i t  may a c t  s y n e r y i s t i c f  11;' w i th  the  c y t o l y t i c  
toxins®
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tren tococc& l Ext rnoelLul a r  Enzy.'.-e

PRODUCT

S t re p to k in a s e

F ro te i  nase

H yaluron idase

Desoxyribon-  
u c l e a s e  ;
DhA-ase j
( St rep todo  rn a s  e )|

M o t in a n ’id e  : 
adenine ;
D in u c le o t id a s e  |i
(iTAD-ase) ;

PROPERTIES

P r o t e i n ,

(AAA 475000) 
Enzyme -  Id nase

rOD3 OF ACTÎOF

0 ony-3rt s v i  asmi nogon t  o 
p l a s rd n  which ly s e s  
f i b r i n  c l o t s .

P r o t e i n  -  
produced a.s 
zymogen 
(l.'.l'f, 44)000) 
Converted to  
enzyme (P:AA 
32,000) by 
au t  o c a.t a l  y s i  s 
a c t i v a t e d  by 
su lphydry l  
compounds.

P r o t e i n  -  
complex of 
enzymes.

P r o t e i n  -  3 
a n t i g e n i c a l l y  
d i s t i n c t  enzymes

S p l i t s  p e p t id e  bonds 
in v o lv in g  oarbony1 
groups of a r g i n i n e ,
l y s i n e y lu to n i o  ac id
a s p a r  t i  c a c id  a rid 
h is t id in e®

-+

Hydrolyses  h y a lu ro n ic  
a c id  w i th  th e  r e l e a s e  of 
24 red u c in g  suga rs  and 
H- a e e t  y l  g lu  c o s p-m i  n e .

Hydrolyses
de soxyribo  n u c l e i c
a c id .

P r o t e i n  -
(K.¥, 2 5 , 000)
Enzyme -*
T ry p s in
s e n s i t i v e *

Cleaves n ico t in a m id e  

r i b  ose 1in k a g e «
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STREPTOC OC CAL TOXIHS ®

E r y t  h ro  g;e n:l c T o x i  n *

p-̂ ’o p e r t i a s  of  e rybhrogen io  toxin®

. Seme s t r a i n s  of  Group A s t r e p t o c o c c i  produce a t o x i n  known 
va r i o u s l y  as s c a r l e t  f e v e r  t o x i n ,  e r y th r o g e n ic  t o x i n  o r  Dick to x in ,  
I b i s  t o x i n  causes  th e  f a m i l i a r  red  r a s h  of s c a r l e t  f e v e r ,  and i s  
a s c a y e l  by i n j e c t i n g  c u l t u r e  f i l t r a t e s  i n t r a d e r m a l l y  to  de te rm ine  
hhe s c a l i e s t  amount o f  t o x i n  which w i l l  cause an e ry thematous  
r e a c t i o n : -  th e  s k in  t e s t  dose (STD)® T h is  s k in  r e a c t i o n  can be 
p rev en ted  by mixing th e  t o x i n  w i th  a n t i t o x i n  p r i o r  to  i n j e c t i o n ,  
l'uü’so n s  who })ave s u f f e r e d  from s c a r l e t  f e v e r  have a n eg a t iv e  sk in  
ixvs.c t ion f o l lo w in g  th e  i n j e c t i o n  o f  e r y th r o g e n ic  t o x i n ,  due to  th e  
p resen ce  of  a n t i b o d i e s  i n  t h e i r  serum (Dick & Dick 192d a  d. b-).

Two d i s t i n c t  e r y th r o g e n ic  t o x i n s ,  A and D, produced by s t r a i n s  
of s t r e p t o c o c c i  were d e s c r ib e d  by Hooker and F o l le n s b y  (1934)*
Doth, we ro  p r o t e i n  i n  n a tu re  bu t  were immi;no l o g i c  a l l y  d i s t i n c t *  
T o x in  A could  be i d e n t i f i e d  by a n e u t r a l i s a t i o n  t e s t  and by a 
f l o c c u l a t i o n  t e s t  w i th  an t ib o d y  whereas t o x i n  B d id  not f l o c c u l a t e  
w i t h  a-ntibody and could  on ly  be i d e n t i f i e d  by n e u t r a l i s a t i o n  

( s to c k  d Lynn 1959)? The two t o x in s  were found to  a l s o  d i f f e r  
i n  t h e i r  s e n s i t i v i t y  t o  enzymic d i g e s t i o n  and could be 
p r e c i p i t a t e d  by d i f f e r e n t  methods. T h is  l a t t e r  te ch n iq u e  was 
used t o  s e p a r a t e  and p u r i f y  them.

Toxin A was p u r i f i e d  by Stock and Verney (1952) and t o x i n  B 

by Stock and Lynn (1959)-  The l a t t e r  p o sse ssed  h igh  DHA-ase 
a c t i v i t y  and was im m u lo lo g ic a l ly  r e l a t e d  t o  th e  DHA-ase B 

p rep a red  by  Hannamaker (H a lb e r t  1953),  Konikov and Krusho (1957) 
o b ta in e d  a c r y s t a l l i n e  p r e p a r a t i o n  of e r y th r o g e n ic  t o x i n  w ith  a 
maximum a c t i v i t y  of 1 , 3  x 10^ S T .D , /m g .  H and a m o lecu la r  weight
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9of  2 9 )000. A c r y s t a l l i n e  product  c o n ta in in g  I .04  x 10 
STf/mg IT was p repa red  by M i t r i c a ,  P leceas  and Aesarobeami( 1965) ; 
th e  c r y s t a l s  were rhombic and melted above 4^0, R ecen t ly  H auc ie l ,  
Raynaud and B i z s i n i  ( I 968) p u r i f i e d  the  e ry th r o g e n ic  t o x in  from 
c u l t u r e  s u p e rn a ta n t s  by column chromatography. T h e i r  product  was 
homogenous i n  th e  u l t r a c e n t r i f u g e ,  i n  po lyacry lam ide  gel  e l e c t r o ­
p h o r e s i s  and Im m unoelec trophores is  and had a m olecu la r  weight of 
30 j 500* I t  was a p r o t e i n  and i t s  amino ac id  con ten t  was 
de te rm in ed .  The p u r i f i e d  t o x i n  w ith s to o d  h e a t i n g  a t  BO^C, f o r  
30 minutes  and was not d es t ro y e d  by t r e a tm e n t  w i th  t r y p s i n  or  
pepsin® This  p roduct  appeared to  be i d e n t i c a l  t o  the  t o x i n  A 
d e s c r ib e d  by Stock and Verney (1952) which causes  b o th  a l o c a l i s e d  
s k in  r é a c t i o n  and g e n e r a l i s e d  s c a r l a t i n a  whereas t o x i n  B causes 
on ly  a l o c a l i s e d  s k in  r e a c t i o n  and th e se  a u th o rs  have suggested  
t h a t . t h e  A - to x in  i s  th e  on ly  t r u e  e ry th ro g e n ic  toxin#

Occurrence of  s c a r l a t i n a l  s t r a i n s  of s t r e p t o c o c c i #

I n *1927 F ro b i s h e r  and Brown dem onstra ted  t h a t  a f i l t r a b l e  
agent  i s o l a t e d  from s c a r l a t i n a l  s t r a i n s  o f  haem oly t ic  
s t r e p t o c o c c i  could  induce th e  fo rm a t io n  of  e ry th r o g e n ic  t o x i n  
by n o n - s c a r l a t i n a l  s t r a i n s #  Krause (1957) &^d Kjems (1960) 
have s in c e  shown t h a t  lysogeny i s  q u i t e  common i n  Group A 
s t r e p t o c o c c i ,  and t h i s  f i n d i n g  sugges ted  th e  p o s s i b i l i t y  t h a t  
t r a n s m i s s i b i l i t y  of  t o x i c i t y  observed by F r o b i s h e r  and Brown 
might depend on th e  r e l a t i o n s h i p  between s t r e p t o c o c c i  and 
b a c te r io p h a g e s  s i m i l a r  t o  t h a t  d e s c r ib e d  i n  th e  Gorynebacteriurn 
diptybheriae complex (Freeman 195^) 1952)# This h y p o th e s is  was 
confirmed by Z a b r i s k i  (1964) who showed t h a t  n o n - ly so g en ic ,  
n o n - to x ig e n ic  Group A s t r e p t o c o c c i  aq u i re d  the  c a p a c i ty  to  
produce e r y th r o g e n ic  t o x i n  when i n f e c t e d  by tem pera te  b a c te r io p h a g e s
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i s o l a t e d  f rom  knoim s c a r l a t i n a l  t o x i n  p r o d u c i n g  s t r a i n s .  The 

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

of m a tu re  phage  p a r t i c l e s ,  s i n c e  tT.V. enhancem ent  r e s u l t e d  i n  

a  c o n c o m i t a n t  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 .

B o le  o f  e r y t h r o g e n i c  t o x i n  i n  p a t h o g e n i c i t y .

Schwab, h a t  son and Croniartie (1953 & 1955) r e p o r t e d  t h a t  a 
r e a c t i o n  resem bling  th e  g e n e r a l i s e d  Schwartzmann phenomenon 
could be produced by th e  i n j e c t i o n  of s o lu b le  p ro d u c ts  of  Group A 

s trep tococc i®  American Dutch r a b b i t s  i n j e c t e d  i n t r a v e n o u s ly  
with  an e x t r a c t  of a s t r e p t o c o c c a l  s k in  l e s i o n  fo l low ed  by a 
second in t r a v e n o u s  i n j e c t i o n  o f ,  e i t h e r  a f i l t r a t e  of  a c u l t u r e  
of  Salmo no11a t  yphi o r  a reduced c u l t u r e  f i l t r a t e  of  s t r e p t o c o c c i  
which had a h igh  t i t r e  of s t r e p t o l y s i n  0, produced th e s e  symptoms. 
The prominent f e a t u r e s  of  th e  r e a c t i o n  were d e a th  and n e c r o s i s  of 
c a rd i a c  muscle. h a t s o n  ( 196O) i d e n t i f i e d  t h r e e  to x in s  i n  
t h e s e  " s t r e p t o c o c c a l  l e s i o n  e x t r a c t s "  which were immunological ly  
r e l a t e d  to  the  e r y th r o g e n ic  t o x in s  a l though  th e  organisms 
i s o l a t e d  from such l e s i o n s  d id  not produce e r y th r o g e n ic  t o x i n  
when grown under  s u i t a b l e  c o n d i t io n s  i n  v i t r o . Two o f  th e s e  
t o x in s  were im m unologica l ly  i d e n t i c a l  t o  the  e r y th r o g e n ic  t o x in s  

A and B of Stock e t  a l  (1952, 1959) ^:ad a new t o x i n ,  d e s ig n a te d  
C, was a l s o  i d e n t i f i e d .  The amounts o f  th e se  t h r e e  to x in s  
p r e s e n t  i n  the  l e s i o n  e x t r a c t s  v a r i e d  a c c o rd in g  t o  the  s t r a i n  
o f  Group A s t r e p to c o c c u s  which had caused th e  l e s i o n .  Thus 
Watson concluded t h a t  a s t r e p t o c o c c a l  s t r a i n  could  not be 

co n s id e red  n o n - to x ig e n ic  on th e  grounds t h a t  i t  f a i l e d  t o  produce 
d e t e c t a b l e  amounts of è r y th r o g e n ic  t o x i n s  i n  v i trp_.

I n  t h e  Am erican  D u tc h  r a b b i t ,  15 Df ( 9 0 0 0 ,0 0 0  STD) o f  

p u r i f i e d  e r y t h r o g e n i c  t o x i n  A gave  no r e a c t i o n  i n  t h e  s k i n .



-  26

I t  was however, l e t h a l  f o r  th e se  animals  and when i n j e c t e d  in  
s u h - ' l e th a l  doses  caused n e c r o s i s  o f  the  h e a r t  and liver®
I n j e c t i o n  of " s t r e p t o c o c c a l  l e s i o n  e x t r a c t "  3 hours  p r i o r  to  th e  
a d m i n i s t r a t i o n  of a s u h - l e t h a l  dose of p u r i f i e d  e ry th ro g e n ic  
t o x i n  A in c r e a s e d  i t s  l e t h a l i t y  s/nd the  amount of r e s u l t a n t  
t i s s u e  damage'' ® E ry th ro g en ic  t o x i n  g iven  i n t o  th e  s k in  of 
s e n s i t i v e  r a b b i t s  a t  24-hour  i n t e r v a l s  markedly enhanced the  
e ry th r o g e n ic  and n ep h ro to x ic  p r o p e r t i e s  of  i t s e l f  (Boroff  I 951)® 
From th e s e  o b s e rv a t io n s  ba t  son sugges ted  thab th e  primary 
a c t i v i t y  of th e  e ry th r o g e n ic  t o x i n  was t o  modify the  h o s t ' s  
response  to  i t s e l f ,  t o  o th e r  t o x in s  and t o  t o x i c  r e a c t i o n s  such 
as h y p e r s e n s i t iv i ty ®  L'oreover, th e  absence o f  av|erytl ie ra teo u s  
r a s h  i n  an i n f e c t e d  in d i v i d u a l  does not p rec lu d e  the  p o s s i b i l i t y  
t h a t  th e  e ry th r o g e n ic  t o x i n  i s  p r e s e n t  and i s  caus ing  damage 
to  t i s s u e s  o th e r  th a n  sk in .

S t r e p t o cocc a l  Haemqly s insa

The haem oly t ic  a c t i v i t y  of s t r e p t o c o c c a l  c u l t u r e  s u p e r n a t a n t ï 

was f i r s t  obsei’ved by yarmorek ( l395)  s and t h i s  was fo l low ed  by 
many pape rs  I-. d e s c r ib in g  the  p ro d u c t io n  end
p r o p e r t i e s  of th e  s o lu b le  e x t r a - c e l l u l a r  haem olysin .  Care fu l  
q u a n t i t a t i v e  s t u d i e s  c a r r i e d  out by K ru if  & I r e l a n d  (192O) on 
the  r a t e  o f  h a e n o ly s in  p ro d u c t io n  enabled  them to  dem onstra te  
a. maximum haemolysin  con ten t  i n  c u l t u r e s  a f t e r  8 hours  a t  37^G.; 
t h i s  r a p i d l y  d e c l in e d  and a f t e r  12 to  24 hours  th e  haemolysin 
was no lo n g e r  dem ons trab le .  The re a so n  f o r  t h i s  d i sappea rance  
was p a r t l y  ex p la in e d  by î î i e l l  and A a l lo ry  ( 1926) who found t h a t  
s t r e p t o l y s i n ,  when exposed to  a i r ,  undergoes an o x id a t io n  irhich 
can be r e v e r s e d  by s u i t a b l e  chemical r e a g e n t s  e «g . sodium 
h y d r o s u lp h i t e .  D esp i te  th e s e  o b s e rv a t io n s  i t  was not u n t i l  
1938 t h a t  Todd dem onstra ted  t h a t  Group A s t r e p t o c o c c i  produce two
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TABLE 3

Some D i f f e r e n c e s  Be oween S t r e p i o l r / i r  0

1 S t r e p t o l y s i n  0® S t r e p f '3l y s i n  S.

D T I A c t iv a te d  by 
SH-compound s

Hot ac t ivc . tod  by ''■:-co\'pounds

2 . ) Ant i  ye n i  c and 
neut  r a l i  s ed by 
s p e c i f i c  an t ib o d y

Api-arently n o n -o ; t ig e n i .c  ;.nid 
not n e u t r a l i s e d  by pjvj '-nom 
an t ibody

3 0 Form ation  i s  not  
markedly i n f lu e n c e d  
by se run  o r  
p o ly r ib o n u c l e o t i d e

Formation i s  gre;..nly enhrnced 
by serum and polyriboicicd.co de

4 0 D es troyed  by 
t r y p s i n

Hot d es t ro y e d  by t r y p s i n

5 0 I n h i b i t e d  by minute 
amounts of  
c h o l e s t e r o l

Hot i n h i b i t e d  by minute amounts 
of  c h o l e s t e r o l

6 . ) Hot i n h i b i t e d  by 
v e ry  low 
c 0 n c e n t  r a t  i  ons. 
of  l e c i t h i n

I n h i b i t e d  by very  low c o n c e n t r a t io n s  
of  l e c i t h i n

7 0 Rate of  l y s i s  i s  a 
f u n c t i o n  of  l y s i n  
c o n c e n t r a t i o n  bu t  
i s  not  d i r e c t l y  
p r o p o r t i o n a l

Rato of  l y s i s  i s  d i r e c t l y  
p r o p o r t i o n a l  to l y s i n  c o n c e n t r a t i o n

8 0 Haemolysis i s  
p receded  by a 
r e l a t i v e l y  s h o r t  
i n d u c t i o n  p e r io d

Haemolysis i s  p receded  by a 
r e l a t i v e l y  long  i n d u c t i o n  p e r io d

9 0 C r i t i c a l  the rm a l  
increm ent  (20 to  
30°C) = 21 ,400;  
i s  h i g h e r  above 
30 C._______________

C r i t i c a l  therm al  increment 
(15° to  30°C) = 14 ,600.

A f t e r  Bernheimer A.b. i n  " S t r e p to c o c c a l  I n f e c t i o n s "  IQp^ 
Ed, KcGarty,
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s e r o l o g i c a l l y  d i s  bine b e x t i u - c e l l u l a r  î iaeinolysins one i s  
oxygen l a b i l e  ana can be r e a c t i v a t e d  by r e d u c t i o n  and i s  known 
as S t r e p t o l y s i n  0; th e  o t h e r ,  S t r e p t o l y s i n  S, i s  more o^rygen 
s t a b l e  and can be e x t r a c t e d  from the  s t r e p t o c o c c a l  c e l l s  by serin: ,  

Modern knowledge of  th e  s u b je c t  can be s a id  to  have commencel 
w i th  t h i s  d iscovery*

- I f Y ^u3 a t o x i c  ;pro te in  found c x t r a - c e l l u l a . r l y  i n  
s t r e p t o c o c c a l  c u l t u r e s ,  and i s  capab le  of  e x i s t i n g  i n  e i t h e r  
o f  two forms ; h aem oly t ic  o r  non-haemolytio® Expo sure  of  th e  

h ae m o ly t ic  form to  oxygen r e s u l t s  i n  i t s  slow conve rs ion  to  th e  
i ion-haem oly t ic  form® The p ro c e s s  can be r e a d i l y  r e v e r s e d  by a 
v a r i e t y  o f  sulphhÿdrj^l compounds * S t r e p t o l y s i n  0 i s  most r e a d i l y  
id e n t - j f i e d  by th e  use  of  s p e c i f i c  antibody®
S t r e p t o l y s i n  S i s  a haemoly bic subs banco found e x t r a * -c e l lu la r ]  y i n  
s t r e p t o c o c c a l  c u l t u r e s  c o n ta in in g  seruj!:. U nlike  s t r e p t o l y s i n  0, 
i t  does not undergo r e v e r s i b l e . o x i d a h i v e  i n a c t i v a t i o n  and cannot 
be i d e n t i f i e d  by any s i n g l e  c h a r a c t e r i s t i c  but  by a s e r i e s  of 

p r o p e r t i e s  th e  most im p o r tan t  of which a re  l i s t e d  i n  IklBLb 3 ®
The f a m i l i a r  be ba-haer: iolysis seen s u r ro u n d in g  c o lo n ie s  of 

8t r e p t 000ccus pyogen es growing on th e  s u r f a c e  of a e r o b i c a l l y  
in c u b a te d  b lood  ag a r  p l a t e s  i s  due e x c lu s i v e l y  to s t r e p t o l y s i n  8 , 
A pp a ren t ly  b o th  s t r e p t o l y s i n s  c o n t r i b u t e  bo th e  haem olys is  around 

sub-surf-ace c o lo n ie s  of  rantîobi o' p l a t e s  p rov ided  th e  blood used i s  
t h a t  o f  an animal s p e c ie s  t h a t  does not c o n t a i n  o u t i s t r e p t o 1y s i n  0 
(H erber t  & Todd 1944)*

St r e p t o l y s i n  0 (SLO).

P ro d u c t io n  of SLO,
Most s t r a i n s  o f  Group Ai haem oly t ic  s t r e p t o c o c c i  produce 

SLO b u t  a few have been  encoun te red  which l a c k  t h i s  p r o p e r ty ,
SLO has been  shown t o  be formed a l s o  by s t r e p t o c o c c i  of  Group G 

and by Group C s t r a i n s  of  human o r i g i n  bu t  not by s t r a i n s  t e s t e d
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which b e lo n g  t o  Groups ?■, C (onii r/al ) ,  H o r  IC (Todd 1939)
SLO i s  formed :i.n viym in  n“ iu j 'ch ly  o c c u r r in g  as well  as  experimenb- 

a l l y  induced  i n i e o t i o n s  an i  i n  j / i g r o  i n  c u l t u r e  s u p e r n a t a n t s  when 
organisjüs a re  grown i n  r^epi onc'-iu.f cr'.i.cn . b r o t h  o r  s imple 
c h em ica l ly  d e f in e d  r u d ie  (tcEd g P c n i t t  1932; Bernheirner & Ganboni 
1945; Alouf & I-aynau'i 1 pop) * Reducing ag e n ts  must be added to  
such c u l t u r e  su p c rn c tau b s  be fcxe  t ' \ e  SLO ha>emoIybic a c t i v i t y  can 
be d e t e c t e d .  In  a simdy oi' h in .e t ic s  of  b a c t e r i a l  growbh and

t o x i n  p r o d u c t io n  i j l  FJb : ro  11 cuf  and Raynaud (iGoÿ) observed a 
diphct.sic d i f f o r o i i t i a l  rabe  of s y n t h e s i s  of  SLO i , e® i n i t i a l l y  th e  
r a t i o  of  t o x i n  produuod to  l a c  jo : r ia l  growbh was low bu t  t h i s  was 
fo l low ed  by a j h a s e  in  whi cl i t 'f i r a t i o  ra r ]  ed ly  in c r e a s e d .  The 
s im ple  che î ' t ica l ly  d e f  i nod ■'.edia used  by th e s e  w o r l e r s  gave t i t r e s  
of  SLO c o n s t a n t l y  g'reai.ur f^LCu 7OO HIUr,/m.l* compared t o  t i t r e s  of  
100 to  256 n .b h /m l ,  i n  t h e  . -'.dia, d e s c r ib e d  by p re v io u s  ifoiliers®

S t r u c t u r e

SLO i s  a p r o t e i n j  b e in g  t h o r / i o l a b i l e , n o n - d i a l y s a b l e , 
a n t i g e n i c  and r e a d i l y  d e s t ro y e d  by p r o t e o l y t i c  enzymes (Smyche 
& H a r r i s  1940) ,  I t  c o n ta in s  d i s u l id i id e  bonds i n  th e  o x id is ed  
s t a t e  which may be reduced bo -SH- by r e d u c in g  a g e n t s ,  i n  the  
a c t i v e ,  h ae m o ly t ic  fora; (Hexberb & Todd 19 4 1 )® Alouf and h i s  

co-w orkers  (1962, 1965? I 966 d 196?) i-'aro d e v i s e d  a p rocedure  to .  
o b t a in  h ig h ly  p u r i f i e d  SLO (10,000 fo ld )*  T h e i r  p r e p a r a t i o n s  

co n ta in e d  4 % 10^ ^ 5 0  HD̂ -Q r e p r e s e n t i n g  ap p ro x im a te ly
5 X 10 ^ ug' p r o t e i n )  Î I t  formed a homogenous peak i n  th e  
u l t r a c e n t r i f u g e ,  could not be f u r t h e r  r e s o lv e d  by  e l e c t r o p h o r e s i s  
and gave a s i n g l e  l i n e  of  p r e c i p i t a t i o n  a g a in s t  homologous an t i se ru m  
i n  imm unodiffus ion  t e s t s .  Tine m o lecu la r  weight  as  de te rm ined  by 
Sephadex g e l  f i l t r a t i o n  and u l t r a c e n t r i f u g a t i o n  was found t o  be
8 0 , 000 .
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A n t i g e n i c i t y  o f  SLO,

SLO e l i c i t s  t h e  fo rm a t io n  of  n e u t r a l i s i n g  a n t i h o i y  in  
r a h h i t s 5 n i c e , h o r s e s  and man® Both the  o x i d j s e i  and reduced 
forms a re  a n t i g e n i c  hu t  the  p o s s i b i l i t y  t h a t  tb.e oxidi^x'd form 
i s  reduced  i n v i v o cannot be excluded® Tt liao a l s o  been 
shown t h a t  o x id i s e d  a-s w e l l  as  reduced 8L0 cor.hi nos w ith  

s p e c i f i c  a n t ib o d y  (Smythe & H a r r i s  1940)® K in e t i c  s t u d i e s  
have shown t h a t  t h e  n e u t r a l i s a t i o n  r e a c t i o n  I s  a f i r s b  o rd e r  
r e a c t i o n  (Vargues 1966)0 SLO i s  a n t i g e n i c a l l y  r e l a b e l  to  
o t h e r  oxygen l a b i l e  haemolycins e . g . th e  thota.  t o x i n  of  
ClosLridium w e l c h i i , th e  t e t a n o l y s i n  of C lo s b r i i iu m  t e t a n i  and 
th e  pneumolysin  of St r e p t  o c o c cu s pn cum o nr  o.e * Any one of th o se  
haer-iolysins i s  n e u t r a l i s e d  by  sTiecif jc  a n t i t o x i n  t o  any other® 

The a n t i s t r e p t o l y s i n  0 (liSLO) t i t r e  of  huvasi s e i ’a cori' .only 
r i s e s  f o l l o w in g  an i n f e c t i o n  ‘srith haem oly t ic  s t r e p t o c o c c i*
Thus crude p r e p a r a t i o n s  of  SLO. a r e  used i n  th e  c l i n i c a l  
s c r e e n in g  o f  sera, i n  which th e  a b i l i t y  of  th e  t e s t  sercum to  
n e u t r a l i s e  th e  h a em o ly t ic  a c t i v i t y  of SJ/0 i s measured (Todd 
1932)® R e c e n t ly  K le in ,  Addison, Boone and Koody ( I 968) have 
shown t h a t  th e  s p e c ie s  o f  i n d i c a t o r  red  c e l l  used  a f f e c t e d  th e  
n e u t r a l i s i n g  t i t r e  o b ta in e d .  iVn a l t e r n a t i v e  method based  on 
th e  a g g l u t i n a t i o n  of  barium s u lp h a te  p a r t i c l e s  coa ted  w i th  SLO 
has  been  used  f o r  t h e  d e t e c t i o n  and q u a n t i t a t i o n  of ASLO i n  
serum (Mosley & P i c k e t t  1965) and t h i s  may p ro v id e  b e t t e r  
s t a n d a r d i s a t i o n .  The ASLO t e s t  i s  w ide ly  used as an index  

f o r  t h e  d e t e c t i o n  of  s t r e p t o c o c c a l  a n t i b o d i e s ;  i t  i s  p a r t i c u l a r l y  
u s e f u l  as  a d i a g n o s t i c  a i d  i n  rheum atic  f e v e r  and g lo m e ru la r  
n e p h r i t i s  where no i n f e c t i n g  organisms can be detected®



J . L

Meoliani sm of haernolysil s by  SI,Q®

SLO I s  h ae m o ly t ic  f o r  a wide range of uainri.cilian, av ian  
and amThibian e r y t h r o c y t e s  (Howard & H a l lace  IgSl)® The t im e -  
p e rc e n ta g e  haei: ;olysis  curve f o r  SLO, l i k e  o t h e r  b a c t e r i a l  
haem olyc ins ,  i s  sigmoid and th e  r a t e  of  haem olys is  i s  
p ro p o r  b i  onal t  o t h e  t  oxin  concent r a t  i  on (Bern]i e imer 1947 ) *
The e l u c i d a t i o n  of t h e  d e t a i l e d  mechanisr/ of  a c t i o n  of SLO. }ias 
been  r e p o r t e d  i n  a. s e r i e s  of jmportar. t  p ap e rs  by  Alouf and 
Ra.ynaud (1965, ].966 & 156B a & b) ® In  i 960 th e s e  workers 
showed t h a t  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  on th e  110 molecule 
a re  in v o lv e d  i n  i t s  l y t i c  ac t iv i ty ®  The f i r s t  s i t o  i s  
r e s p o n s i b l e  f o r  th e  f i x a t i o n  of th e  molecule t o  a. s 'p o c i f ic  
l i p i d  r e c e p t o r  l o c a t e d  in  th e  s u r f a c e  of  th e  c e l l  r .erbrane and 
c o n ta in s  c y s t e t ne r e s i d u e s  which a/re r e q u i r e d  f o r  b in d in g .
These, c y s t e i n e  r e s i d u e s  must be i n  th e  reduced form s in c e  
oxid ised '  SLO does not b ind  to  t h e  c e l l . I t  i s  thoughb t h a t  

th e  l i p i d  r e c e p t o r  on th e  c e l l  moT.ibrane i s  c h o l e s t e r o l  and t h a t  
t h i s  could account f o r  th e  i n h i b i t i o n  of SLO by minute amounts 
of ch o le s te ro l®  L oreover  the  r e s i s t a n c e  to  l y s i s  by SLO. of 
o rgan ism s,  such as ba,cteri£il  p r o t o p l a s t s ,  th e  membranes of  id iich 
l a c k  s t e r o l s ,  (Bernhoi.mer i 960) ,  g iv e s  s t r o n g  suppor t  to  the  
concept t h a t  c h o l e s t e r o l  i s  the  b in d in g  r e c e p t o r  f o r  SLO® The 
average  amount of  SLO. r e q u i r e d  to  induce th e  l y s i s  o f  one r a b b i t  
e r y t h r o c y t e  i s  about I 4O m olecules  (Alouf & Raynaud I 9 6 8 .a ) .

The second s i t e  on th e  SLO. molecule  i s  in v o lv e d  i n  th e  l y t i c  
r e a c t i o n  p ro p e r  and i s  t h i o l - i n d e p e n d e n t  and not i n h i b i t e d  by 
c h o l e s t e r o l ,

Two ty p e s  of  n e u t r a l i s i n g  a n t i b o d i e s  seem t o  be e l i c i t e d  by 
th e  SLO. molecule  each d i r e c t e d  s p e c i f i c a l l y  a g a i n s t  e i t h e r  th e  
f i x a t i o n  o r  th e  l y t i c  s i t e ,  . Rabbit  e r y t h r o c y t e s  were used as a 
model i n  t h e s e  s t u d i e s  bu t  th e  o b s e r v a t io n  t h a t  human, ox, sheep
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and r a t  e r y t h r o c y t e  g h o s t s  i rh i ih i tec l  the  l y t i c  a c t i o n  of  SIX- on 
r h h h i t  e r y t h r o c y t e s  (Brusca & I ' a s t r o n i  I 967) s u g g e s t s  t h a t  th e  
b /rc l ing  s i t e  f o r  SLO a t  l e a s t  i s  common t o  r.ost a n in a l  
c ry ch ro cy to  merhranes* I f  c h o l e s t e r o l  i s  the  r e c e p t o r  s i  be on 

r e X c ra n e s , th e n  i t s  m o le cu la r  arrangement i n  c e l l  membranes must 
d i f h e r  from t h a t  i n  oh o j .e s te ro l  c o n ta in in g  serum l i p o p r o t e i n s  
s ince  th e  l a t t e i '  do not h ind  t o  o r  i n h i b i t  SLO, An e r y th r o c y te  
me/hrane f r a c t i o n  has been i s o l a t e d  by i s o e l e c t r i c  p r e c i p i t a t i o n  
w i th  b a s i c  p r o t e i n  “which w i l l  i r h i i b i t  SI,0 (Brusca & h a s t r o n i  

1767) bu'!: has  not y e t  been id e n t i f ie d ®
fhc b i n d in g  of  SLO . to  th e  ery13irocyte mei-.hrane i s  r a p id  bu t  

subsequent l y s i s  p roceeds  more s l o i d y  and has  been  sugges ted  by 

Alouf and Raynaud t o  in v o lv e  an a c c u r a te  s t e re o c h e m ic a l  o r i e n t a t i o n  
of tJis a t t a c h e d  SLO. so t h a t  i t  can e x e r t  a d i s r u p t i n g  a c t i o n  on 
th e  l i p o p r o t e i n  fra.mework of th e  c e l l  membrane® The m o lecu la r  
moc/ianism f o r  t h i s  s t a g e  has  not ye t '  been de te rm ined  but  k i n e t i c  
ev idence  su g g e s t s  t h a t  i t  ma,y be enzymic i n  n a tu re  s in c e  th e  
r a t e  o f  l y s i s  i s  s t ro n g d y  dep^endent on e r y t h r o c y t e  c o n c e n t r a t i o n  
(Alouf & Raynaud 1968)0 The mode o f  a c t i o n  of  SLO i s  th u s  
ex t rem ely  complex:, in v o lv in g  non-ènsyr;: ic ' a s  w e l l  as  p o s s i b ly  
enzymic stages® The n o n -en sy n ic  b in d in g  s ta g e  ap p ears  dominant 
i n  t h a t  a g iv e n  amount o f  SLO. w i l l  cause a, c e r t a i n  amount of  

haem olysis  i r r e s p e c t i v e  of  the  p e r io d  of  i n c u b a t i o n  w i th  the  red  

b lood cells® There i s  i n c r e a s i n g  evidence  t h a t  o th e r  c y t o l y t i c  
b a c t e r i a l  t o x i n s ,  e . g , s t a p h y lo c o c c a l  a lp h a ^ to x i n ,  a l s o  eichib i t  
ex t rem ely  complex i n t e r a c t i o n s  w ith  c e l l  membranes.

Other  b i o l o gi c a l  a c t i v i t i e s of  SLO.

B es id es  i t s  haem o ly t ic  p r o p e r t i e s ,  reduced SLO e x l i i b i t s  
numerous o t h e r  b i o l o g i c a l  e f f e c t s .  I t  i s  l e t h a l  f o r  many 
l a b o r a t o r y  an im als  and provokes severe  c a r d i a c  d i s o r d e r s  (H a lb e r t ,  

Bàhle,  • K ea t inge ,  & B i r c h e r  I 965) .  I n t r a v a s c u l a r  haem olys is  o c c u rs ,
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bu t  not t o  a degree  s u f f i c i e n t  t o  cause d e a th ,  and i t  i s  the  

c a r d i o t o x i c i t y  of  SLO, which p roves  fa ta l®  T h is  e f f e c t  has a l s o  
been  observed i n  v i t r o  on i n t a c t - i s o l a t e d  amphibian and mammalian 

h e a r t s  (Bernheirr.er & Cantoni-1945 ? K e l ln e r ,  Bernheimer,  Carl son 
& F re e mai: 1956; Baskova 1953) and on c a r d i a c  t i s s u e  f ragm en ts  
(Croüllet ,  Coraboeuf &. B re to n  1963)0 A s i n g l e  dose of  SLO had 
no e f f e c t  on an i s o l a t e d  f r o g  h e a r t  b u t ,  i f  th e  h e a r t  was th e n  
washed a f t e r  th e  f i r s t  dose of t o x i n ,  and a second dose of SLO. 
a p p l i e d ,  th e  h e a r t  went im m edia te ly  i n t o  s y s k o l i c  c o n t r a c t i o n .
I t  i s  though t  t h a t  th e  f i r s t  dose of SLO,. caused th e  l i b e r a t i o n  
of  an i n h i b i t i n g  su b s tan ce  from th e  h e a r t ,  which was removed by 
washing, so t h a t  th e  h e a r t  was th e n  ab le  to  r e a c t  t o  th e  second 
dose of  t o x i n  (van heyningen  1950),  In  c o n t r a s t ,  a minute 
amount of  SLO brough t  about th e  prompt and i r r e v e r s i b l e  l o s s  
o f  m yocard ia l  c o n t r a c t i l i t y  of  i s o l a t e d  g u inea  p ig  o r  r a b b i t  

h ea r t*  Ho o th e r  b a c t e r i a l  t o x i n  i s  known to  p o s s e s s  such 
c a rd o to x ic  p r o p e r t i e s  (Baskova & Vanü,aÈkl564; R e i t z ,  R inger  
& F e igen  I 968) * Subm icroscop ica l  m yocard ia l  changes i n  r a t s  
a/nd gu inea  p ig s  f o l lo w in g  th e  a d m i n i s t r a t i o n  o f  SLO. have been 
observed by  Haldman (1966) ;  t h e r e  was s w e l l i n g  o f  th e  m i tochondr ia  
and oedema of th e  c a p i l l a r y  e n d o t h e l i a l  and parenchymal cells®

Many o t h e r  t i s s u e s  o r  c e l l s  have been r e p o r t e d  to  bo k i l l e d  
o r  damaged by exposure  t o  SLO.. i n  v i t ro  ; t h e s e  in c lu d e  ch ick  
embryo ( O a b r i e l l i ,  S a l e t t i  & R ia z z i  I 960) , l e u c o c y t e s  ( l l i r s h ,  
Bernheimer & Heissmann 1963; Z u c k e r -F ra n k l in  1965)3 macrophages 
(Fauve, A louf ,  Delaunay & Raynaud I 966) ,  E h r l i c h  a s c i t e s  tumour 
c e l l s  (Oinsburg  à  Grossowicz I 96O ); mammalian s k in  c e l l s  

t- Lawrence '*959) a,nd b lood  p l a t e l e t s  (Bernheimer & Schwartz 1965) ,  
M icroscop ic  o b s e rv a t io n  o f  a l l  th e s e  c e l l s  a f t e r  SLO- t r e a tm e n t  
showed s t r i k i n g  c y t o l o g i c a l  a l t e r a t i o n  of th e  c e l l  membrane and 
i n t r a c e l l u l a r  o r g a n e l l e s ,  p a r t i c u l a r l y  m i to ch o n d r ia  and lysosomes.  
Suspens ions  o f  i s o l a t e d  o r g a n e l l e s  were a l s o  d i r e c t l y  damaged bv
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exposure  t o  SLO. and l i b e r a t e d  some of  t h e i r  h y d r o l y t i c  enzymes 

i n t o  th e  suspend ing  medium (Heissmann, K e is e r  & Bernheimer 1963; 
Heissmann, Beecher & Thomas I 964; Bernheimer & Schwartz- 19^4),

Role of  _SLO . iyi p a th o gen! c i t y 0

‘ Most o f  th e  s t u d i e s  of the  b i o l o g i c a l  a c t i o n  of S L O .  have 
been c f i r r i ed  out w i th  crude o r  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 io n s  

and t h i s  has  led t o  a c e r t a i n  amount of  confusion* For i n s t a n c e ,  
i n i t i a l l y  i t  was claimed t h a t  SLO i n h i b i t e d  m i to ch o n d r ia l  
r e s p i r a t i o n  (C ar lson ,  K e l ln e r  & Bernheimer 1956)* Subsequent 
work showed t h i s  ko be a p r o p e r ty  of co n tam in a t in g  amounts of 

FAj>-as0 p r e s e n t  i n  the  p r e p a r a t i o n  of S L O  (C a r lso n  e t  a l  1Q57) » 
n e v e r t h e l e s s  s e v e r a l  l i n o s  of  ev idence  i n d i c a t e  thak most of the  
b i o l o g i c a l  e f f e c t s  which have been  r e p o r t e d  a re  due to  th e  
a c t i v i t y  of  a  s i n g l e  entiky® I t  a%jpears t h a t ,  i n  d i s t i n c t i o n  
to  many o t h e r  b a c t e r i a l  t o x i n s , th e  a c t i o n  of which i s  r e s t r i c t e d  
t o  one 3cind of c e l l  and very  often, t o  a s i n g l e  o r  v e ry  few 
animal s p e c i e s ,  S L O  i s  a payibropMo c y to p a th o g en ic  t o x i c  . .protein 
I t  can be i n f e r r o d  from t h i s  p r o p e r ty  t h a t  t h i s  t o x i n  :.:ust 

damage a b a s i c  c e l l u l f i r  s t r u c t u r e  common t o  a l l  s e n s i t i v e  animal 
c e l l s *  Recent ev idence  ( k a s t r o e n i ,  F i s f a r i  & ‘Hacci 1969) showed 
t h a t  an e r y t h r o c y t e  membrane f r a c t i o n  i n h i b i t e d  b o th  the  c y to to x ic  
and h aem o ly t ic  a c t i v i t y  of  SLO* Given i t s  d i s r u p t i v e  p r o p e r t i e s  
and i t s  r a p i d i t y  of  a c t i o n  an obvious p o s s i b i l i t y  i s  t h a t  the  
l i p o p r o t e i n  membranes bounding bo th  the  c e l l  i t s e l f  and 
i n t r a c e l l u l a r  o r g a n e l l e s  must be th e  pr im ary  t a r g e t  of a t t a c k  
of  SLO.
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sb r e p t o l y s i n 8 ( 3LS).

SLS was f i r s t  i d e n t i f i e d  by Todd (3.938) and was so named 
because be thought  t h a t  i t  was produced on ly  i n  th e  presence of 
serum® This oxygen s t a b l e  haemolysin,  s p e c i f i c  f o r  Group A 
s t r e p t o c o c c i ,  i s  a he terogenous  product and i t s  p ro d u c t io n  can be 
induced by albumin, adTha-d i p o p r o t e i n , r i b o n u c l e i c  a c id  and 
RlTA-ase d ig e s te d  o l ig o r ib o n u c le o t i c i e , Tweon or  T r i t o n  d e t e r g e n t s  
and serunn. Two e x te n s iv e  reviews have been wxdtten  on the  
su b je c t  of SLS (Okamoto 1962; Ginshurg & H a r r i s  1964)? and. I  
therefo3ne, in t e n d  to  review b r i e f l y  those  asjieco^- r e l e v a n t  to  
t h i s  T h e s i s ,  c o n c e n t r a t i n g  on more r e c e n t  o b s e rv a t io n s  »

n 93- of SLS®

S u p e rn a ta n ts  from c u l t u r e s  grovm i n  th e  p resen ce  of  serum 
were th e  f i r s t  source  of SLS u n t i l  Held (1934, 1935) found 

t h a t ' i  G could be e x t r a c t e d  by  shak ing  " r e s t i n g "  s t r e p t o c o c c i  
w ith  serum® At f i r s t  t h i s  p ro p e r ty  of serum appeared  t o  be 
a s s o c i a t e d  w ith  th e  l i p o p r o t e i n  f r a c t i o n  (H erber t  <?; Todd 1944)* 
However, " r e s t i n g "  s t r e p t o c o c c i  inc u b a ted  w i th  albumin i n  the  
p resence  of  an energy source e * g > m a l to se ,  and a reduc ing  agent 
have a l s o  been shown to  e l a b o r a t e  haemolysin .

Subsequen t ly ,  Okamoto (1939) d is c o v e red  t h a t  y e a s t  n u c l e i c  
ac id  induced th e  fo rm a t io n  of a  p o ten t  haem olys in  i n  growing 
c u l t u r e s  and f u r t h e r  work ( i t o ,  Okani & Toshimura I 948; Bernheimer 

1949; Hoysoya,, H ayasn i , Mori, Eomma, Eg and , Shimamura, Yagi 
& Suzulci 1949) showed t h a t  y e a s t  n u c l e i c  a c id  promoted haemolysin
p ro d u c t io n  i n  " r e s t i n g "  suspens ions  of  Group A s t r e p t o c o c c i  i n  the

s o u r c e   ̂  ̂ ^p r e s e n c e  01 an  e n e r g y  e . g .  m a l t o s e  o r  g l u c o s a m i n e ,  and rna-gnesium

and phosphate  ions* D ig e s t io n  o f  y e a s t  RHA w i th  p a n c r e a t i c
r ib o n u c le a s e  markedly in c r e a s e d  i t s  haem o ly s in - in d u c in g  c a p a c i ty
(Bernheimer & Rothbard 1943, Bernheimer 1949; Hoysoya e t  a l
1949; Tanaka 1953).  The a c t i v e  f r a c t i o n  (AF) a s s o c i a t e d  w ith
t h e  r i b o n i . i c l e a s e - r e s i s t a n t  c o r e  o f  RHA h ad  a p p r o x i m a t e l y  100 t i m e s
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th e  a c t i v i t y  of  -undigested RdA. haximal haemolysin  pnod-uction 

under  t h e s e  c o n d i t io n s  was ob ta in ed  i f  th e  c e l l s  were h a rv e s ted  
from th e  beginning: of th e  s t a t i o n a r y  phase o f  growthc

C o n s id e rab le  confus ion  has  a r i s e n  as a r e s u l t  of  th e
d i f f e r e n t  ex t rac t io n :  p rocedures  employed f o r  th e  p ro d u c t io n  of
o x y g en -s ta b le  haer ' .o lysin f:co?r Group A s t r e p t o c o c c i*  In  195^
Ginsburg and Grossowics sho-;red t h a t  varrious s t r a i n s  o f  Group A
s t r e p t o c o c c i  p o ssessed  a c o l l  bound h a e n o ly t i c  f a c t o r  uh ich  could
be der jonstraded by th e  a d d i t io n  of red  b lood  c e l l s  t o  wa.shed
s t r e p t o c o c c i  in cu b a te d  with g lu co se ,  magnesium io n s  and
Gulpdrydryl compounds* ITnd-er th e s e  c o n d i t i o n s ,  ha^e^rolj/'sis of
th e  red  b lood  c e l l s  occurred  bu t  no e x t r a c e l l u l a r  h a e n o ly s in  aas
:foundc h o reo v e r ,  th e  haem oly t ic  f a c t o r  was not  r e l e a s e d  from tho

w ith
c e l l s  by so n ic  o s c i l l a t i o n  o r  by g r in ih n g :^ g : la sb e a d s  but ' could be 
e x t r a c t e d  by serum alburijin, Tween 40, 60, o r  80, o r  T r i t o n  %-209* 
f o r e  r e c e n t l y  i t  has  been shown t h a t . t h o  haem o ly t ic  moiety  of 
serum o r  albumin SLS can be t r a n s f e r r e d  to  the  Rî”A a c t i v e  f a c t o r  
r e s u l t in g :  i n  th e  fo rm a t io n  o:t ïd[A-SLS ('Taketo & Taketo I 964 b ) . 
Converse ly  t r a n s f e r  o f  SIS from Rb'A to  se run  or albumin has a l s o  
been  sho- f̂n* 'The many h i t h e r t o  confused r e p o r t s  o f  the  n a tu re  of 
th e  oxygen s t a b l e  s t r e p t o c o c c a l  haemolysin can be exp la in ed  6n 
th e  b a s i s  of  th e s e  f i n d i n g s .  In  b r i e f ,  th e  s i m i l a r i t i e s -  of 
t h e s e  ha,emolysins a re  a r e f l e c t i o n  of  a s i n g l e  b i o l o g i c a l l y  
a c t i v e  p r o s t h e t i c  group of p o ly p e p t id e  n a t u r e ,  while  the  v a r io u s  
d i s c r e p a n c i e s  a re  due t o  th e  d i f f e r e n t  c a r r i e r  s u b s ta n c e s .

Two d i s t i n c t  i n t r a c e l l u l a r  haemolysins  have been o b ta ined  
by d i s r u p t i n g  s t r e p t o c o c c a l  c e l l s  (Taketo & Taketo I 969)* One, 
termed i n t r a c e l l u l a r  s t r e p t o l y s i n  0 (iGH-O) was n e u t r a l i s e d  by 
ASLO serum and had no r e l a t i o n  to  th e  fo rm a t io n  of  PITA-SLS, The 
o t h e r ,  i n t r a c e l l u l a r  s t r e p t o l y s i n  S (lGH“ S) was oxygen s t a b l e  and 
was not a f f e c t e d  by ASLO. These two i n t r a c e l l u l a r  haemolysins  
were s e p a r a te d  by g e l  f i l t r a t i o n  on Sephadex G 200, The p ro d u c t io n
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of  PiTA-3LS by stx^T'r hococoal p r o t o p l a s t s  has been dem onstra ted  
(itarnyama, Snpai g- 1' xn:i lp l9 )o  The t o x i n  can a l s o  be produced 
by p r o t o p l a s !: ( tugoi  Ô: %aa.i I 96O; foyama, Sokawa
& bcaî.al 1963) and 1:' a d is rupbod  c o l l - f r e e  system in  th e  p resence  
of All", (Take to 6 lo'- oto lyo4 a) * Toxin p ro d u c t io n  i n  th e  c e l l -  
free- system r a s  i n s x n s i  At ve to  v a r io u s  ag e n ts  known to  i n h i b i t  
p r o t e i n  s y n th e s i s  c.v I t h i s  su g g e s ts  t h a t  th e  haemolysin  was not 
formed by de novo sy .c thes is .  I t  has been  p o s t u l a t e d  by Taketo 
and Tadceto t h a t  rC7A-'''ht i s  formed i n  the  c e l l - f r e e  system by 
the  t r a n s f e r  of t l i /  h a e r .c ly t i c  moiety  or  the  p r o s t h e t i c  group of 
ICH-S from a c a l l i f . c r  cmrrrder p r o t e i n  to  liT, RkA i t s e l f  i s  not 
a c t i v e  i n  the ce l l  ti 'oe syoton. and i n  the  whole c e l l  system, 
presumably f u n c t i o n s  af*;e.r i t s  convers ion  to  Ak* by s t r e p t o c o c c a l  
n u c le a s e .

Thus d u r in g  Lh? g ro i ' ih  o t  s t r e p t o c o c c i  i n  media devoid of 
any o f  the  cax'Tiers normally  used,  th e  haem olys in  presumably 
remains a s s o c i a t e d  -s' th  Ghe b a c t e r i a l  c e l l .  Upon a d d i t i o n  of a 
subs tance  which hex g r e a t e r  a f f i n i t y  f o r  th e  h aem oly t ic  moiety 
th a n  does the  s t r e p t o c o c c a l  c e l l u l a r  c a r r i e r ,  t h e  hcLexsoly'g i c moiety 

i s  t r a n s f e r r e d  to th e  e x t r a c e l l u l a r  c a r r i e r *  The c e l l  membrane 
appears  to  be th e  most l i k e l y  s i t e  of  bind-ing f o r  th e  haemolysin 
w i th in  th e  c e l l  s in ce  p r o t o p l a s t s  and ’'g h o s t s ” have been shown to  
y i e l d  haemolysin  under  s u i t a b l e  c o n d i t io n s .

S t ru c tu r e  of  SLS,

h o s t  s t u d i e s  of th e  s t r u c t u r e  of  SLS have been c a r r i e d  out 
u s in g  th e  RITA-SLS form. As commonly p repa red  by th e  method of  
Bernheimer (1949) SI'S e x i s t s  as a p o ly p e p t id e  a t t a c h e d  to  an 
o l i g o r i b o n u c l e o t i d e  (iCoyama & kgami I 963, 1964; Koyama I 963) .
As mentioned e a r l i e r  the  haem oly t ic  moiety appears  t o  be th e  
p o ly p e p t id e  and th e  o l ig o r ib o n u o l e o t id e  f u n c t i o n s  only as a 
c a r r i e r *  This  c a r r i e r ,  however, co n fe r s  s t a b i l i t y  on the
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p o ly p e p t id e  moiety which i s  incu.pahle of e x i s t i n g  a lone i n  an 

a c t iv e  s t a t e .  The m olecu lar  weight of p u r i f i e d  p r e p a r a t io n s  
of  th e  PITA-SLS complex es t im a ted  by ge l  f i l t r a t i o n  was 12,000 
and a va lue  of 20,000 wa,s ob ta ined  by u l t r a c e n t r i f u g a t i o n  i n  
a suc rose  g r a d i e n t  (Lernheime^ 1067)  ̂ This  d i s c re p a n c y  may he 
d u e ’to  p o ly m e r i s a t io n  of the  .olecud.es under  th e  c o n d i t io n s  of 
u l t  rao  e n t r i f u g a t  ion*

According to  Koyana (1963) tiia molar r a t i o  of  p o ly p e p t id e  
t o  o l i g o r i h o n u c l e o t i d e  If: 0 .3 ,  Accepting th e  m olecu la r  weight 
of th e  c a r r i e r - p r o t e i n  complex o b ta in ed  from g e l  f i l t r a t i o n  as 
being; the  most a c c u r a t e ,  i t  con be c a l c u l a t e d  t h a t  the  m olecu la r  
weight of  th e  p o ly p e p t id e  porb ion  i s  2,800* This  would suggest  
a p o ly p e p t id e  c o n s i s t i n g  of 23 amino ac id  r e s i d u e s .  Glutamic 
ac id  o r  g lu tam ine  and s e r i n e  have been shown to  be the  most 
abundant b u t  a s p a r t i c  a.cid, t h r e o n i n e , p r o l i n e ,  a l a n i n e ,  v a l i n e ,  
i s o - l e u c i n e j  l e u c i n e ,  l y s i n e  and h i s t i d i n e  were a l s o  d e t e c t e d  
(Koyama 1963)® The o l i g o r ih o n u c l e o t i d e  p o r t i o n  of  th e  molecule 
was composed of  agg rega ted  hetercgeRSous o i l g o r i b o n u c l e o t i d e s  
r i c h  i n  guanine which d i s s o c i a t e d  i n  8K u r e a  and could be 
s e p a ra te d  on LUAB c e l l u l o s e  (Koyaixa 1984).

I n h i b i t i on of SLS.

Agents known to  i n l i i b i t  the  haem oly t ic  a c t i v i t y  of  SLS 
i n  v i t r o  in c lu d e  l e c i t h i n  and to  a l e s s e r  e x t e n t  o th e r  

p h o sp h o l ip id s  (Hewitt  & Todd 1939? Cinader  & P i l l  erne r  1990; 
Humphrey 1949; S to l le rraan ,  Bernheimer d kacLeod 1990)? a n a l in e  
dyes ,  t r y p a n  b lu e  and congo red  ( i t o  1940: Rosendal & Bernheimer 
1992) ,  e x t r a c t s  of  c e r t a i n  p la n t  and animal t i s s u e s  (S to l le rm an  
e t  a l  1990) and th e  s e r a  of nan and animals  (Todd 1939; Humphrey’’ 
1949? S to l le rm an  e t  a l  1990), Papain  and chymo t r y p s i n  d e s t ro y  
th e  t o x i n  bu t  i t  i s  u n a f f e c t e d  by t r y p s i n ,  p e p s in  o r  c h o l e s t e r o l  
(Bernheimer 1949)*
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Ho 11- a n t i g e n i c i t y

SLS. i n  any of i t  s e x t r a c e l l u l a r  forms Las neve r  been shown 
to  be a n t i g e n i c  and t h i s  i s  one of  the  major  d i f f e r e n c e s  between i t  
and- ÏGIÎ-S* The low m olecu la r  weight o f  ïïlTil-SLS alone could accouni 
f o r  i t s  l a c k  of a n t i g e n i c i t y *  Toxin n e u t r a l i s i n g  a c t i v i t y  has 
been  shown i n  th e  s e ra  of  some p a t i e n t s  r e c o v e r in g  from 
s t r e p t o c o c c a l  i n f e c t i o n s  u s in g  e x t r a c e l l u l a r  SLS f o r  the  assay*
This  n e u t r a l i s i n g  a c t i v i t y  was not p redom inan t ly  a s s o c i a t e d  with 
the  b e t a  o r  gamma-globulin f r a c t i o n s  i n  which a n t ib o d ie s  a re  found 
(Humphrey 1949)* Also t r e a tm e n t  of  i n h i b i t o r y  s e r a  w ith  e t h e r  o r  
e t h e r / a l c o h o l , i n  such a manner a.s to  cause on ly  minor changes i n  
the  t i t r e s  of known a n t i b o d i e s ,  caused major r e d u c t io n s  i n  th e  
a b i l i t y  t o  n e u t r a l i s e  SLS. The degree of i n h i b i t i o n  of SLS was 
r e l a t e d  t o  th e  t o t a l  p h o sp h o l ip id  con ten t  of  th e  s e r a  (S to l le rm an ,  
Brodie A S te e l  1952),  and i t  appeared t h a t  the  p h o sp h o l ip id s ,  in  
the  form of l i p o p r o t e i n  complexes,  p layed  a. major r o l e  i n  SLS. 
i n h i b i t i o n  by such sera* '

A t a b u l a r  comparison of some of th e  s i m i l a r i t i e s  and 
d i f f e r e n c e s  r e p o r t e d  f o r  th e  d i f f e r e n t  forms of SLS a re  g iven  
i n  TABLE 4 .
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Kechanism _of^ haemolys is  ~by SLS.

The t i n e  haem olys is  curve s f o r  Si/-', a re  sigmoid i n  shape
c o n s i s t i n g  of th r o e  p h a s e s ; -  (a)  th e  l a g  time (phase l ) ,  

of
(h) th e  period/maxiraui-Q r a t e  of  haem olys is  (phase 2 ) and (c) the  
p e r iod  o f  d e c r e a s i n g  r a t e  of haem olysis  (phase 3)* (Bernheimer 

19495 C inader  <h P i . l l e n e r  1950; Koyajna 1965)0 During phase 1 
t h e r e  i s  always a l a r g e  p r o p o r t i o n  o f  SLS i n  th e  superna tan t*
For i n s t a n c e ,  e r y th r o c y te s  t r e a t e d  w ith  SLS fox' 10 minutes a t  
10^00 and th e n  removed p r i o r  to  th e  onse t  of haem olys is ,  washed, 
resuspended  i n  b u f f e r  and in c u b a te d  a t  37^C. f o r  30 minutes were 
found t o  haemolyse a l though  9O/0 of the  SLS was recovered  from 
the  s u p e rn a ta n t  (foyama 1965)* These r e s u l t s  suggest  t h a t , 
d u r in g  phase 1, t h e r e  i s  a p r o g r e s s iv e ,  i r r e v e r s i b l e  m o d i f i c a t i o n  
of the  e r y th r o c y te  membranie, which, a f t e r  r e a c h in g  a c r i t i c a l  
p o i n t ,  r e s u l t s  i n  haemolysis*

In  phase 2 th e  xv te  of haemolysis  i s  p r o p o r t i o n a l  to  the  
c o n c e n t r a t i o n  o f  SLS. p r e s e n t .  However, an i n c r e a s e  i n  the  
i n i t i a l  e r y th r o c y te  c o n c e n t r a t io n  r e s u l t s  i n  a d ec re ase  i n  the  
r a t e  of  h a e m o ly s i s* In  such an experiment the  degree of 
m o d i f i c a t i o n  of each e r y th r o c y te  membrane p robab ly  d e c re a se s  as 
th e  i n i t i a l  c o n c e n t r a t i o n  of  e ry tb ro ca d es  i n c r e a s e s  and, t h e r e f o r e ,  
haemolysis  occurs  more s low ly .  Phase 3 i s  p r i m a r i l y  due to  th e  
d ec rease  i n  th e  numbers o f  xmhaemolysed e r y t h r o c y t e s .

E ry th ro c y te  g h o s ts  i n h i b i t e d  haemolysis  by the  t o x i n  
su g g e s t in g  t h a t  a t  some s tag e  i n  the  haem oly t ic  r e a c t i o n  th e  SLS 
i s  bound t o  or  i n a c t i v a t e d  by e r y th r o c y te  membrane. The r e c e p t o r  
o r  s u b s t r a t e  o f  SLS. d i f f e r s  from t h a t  o f  SLO, C h o le s t e ro l  does 
not i n h i b i t  SLS. and t h i s  t o x i n  l y s e s  membranes which la c k  
c h o l e s t e r o l  i n c lu d in g  th e  p r o t o p l a s t s  of  B a c i l l u s  megaterium, 
S a rc in a  l u t e a  and E s c h e r i c h i a  o o l i  and t h r e e  s p e c ie s  of 

k ic ro o o ccu s  ly s o d e ik t i c u Æ e rn l i e im e r  & Schwartz 1965; Davie 
& Brock 1966) .  Also Bangham, S tand ish  and Weissman ( I 965) have



shown t h a t  SLS, caused leak ag e  o f  po tass ium  and sodium from 
a r t i f i c i a l  l i p i d  s p h e ru le s  a,nd t h a t  i t s  a c t i o n  resem bled  l y s o -  
l e c i t h i n *  I f  l e c i t h i n  o r  p h o sp h o l ip id  a re  th e  r e c e p t o r s  f o r  

SLS* on th e  e r y t h r o c y t e  t h i s  would e x p la in  th e  i n l i i b i t i o n  of 
haem olys is  by minute amounts of  l e c i t h i n *

Other  b i o l o g i c a l  act:lyi"hies of  SLS*

SLS* i s  c y to p a th i e  f o r  a number of mammalian c e l l  ty p e s  
an v i t r o . The ty p e s  of c e l l  which have been shown to  be 

s u s c e p t i b l e  in c lu d e  l e u c o c y te s  (he ld  1934j Bernheimer & Schwarts  
i 960'5 Ginsburfp; GrossowiCs I 96O), ï ï h r l i c h  a s c i t e s  tumour c e l l s  

(Oinsburg 1959? Ginsburg & Grossowics I 96O5 Symington &
A rbu thno t t  1969)5 v a r i o u s  t i s s u e  c u l tu re ;  c e l l s  ( Snyder cc Hamilton 
1963; k a r c u s , Davies & Ginsburg I 964) ai-d b lood  p l a t e l e t s  
(Bernheimer & Schwartz 1965)0 The changes induced  by th e  
h a e n o ly s in  were c h a r a c t e r i s e d  by swell:] ng^ the  appearance  of 
b l e b s ,  cy to p la sm ic  v a c u o l a t i o n  and reduced v i a b i l i t y  of  the  c e l l s *  
S u b c e l l u l a r  membrane-bound o r g a n e l l e s  such as mitochondria,  and 
lysosoraes were a l s o  a f f e c t e d  by SL3. r e s u l t i n g  i n  enzyme leakage  
(heissmann e t  a l  1963; Bernheimer & Schwartz 1964; R e i s e r  
e t  a l  1964)0 .The v i s i b l e  c y t o p a th i c  chaniges i n  mammalian c e l l s  
caused by SLS. were a lmost  i d e n t i c a l  to  th o s e  caused by l i v i n g  
s t r e p t o c o c c i  (Havas, D onne l l i  à  P o r re c a  1963; Taketo & Taketo 
1966; Phovanova I 967 a & b ; Quinn and Lowery I 967) .

These changes d e s c r ib e d  above a re  i n  agreement w i th  the  

membrane b e in g  th e  s i t e  of  a t t a c k  and Taketo and A kira  ( I 967) 
have sugges ted  t h a t  th e  o n c o l y t i c  a c t i v i t y  o f  Group A s t r e p t o c o c c i  
i s  due to  th e  a c t i o n  of  c e l l -b o u n d  SLS, ( iG H-S) , The c y t o p a th i c  
e f f e c t  o f  SLS, can be a b o l i s h e d  by l e c i t h i n  (k a rcu s  e t  a l  I 964) 

and i t  has  been- p o s tu l a t e d '  t h a t  p h o s p h o l ip id s  may be th e  membrane 

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



43

Hole of  SLS i n  p a t h o g e n i c i t y .

D e s p i te  i t s  obvious t o x i c i t y  th e  r o l e  of  SLS i n  s t r e p t o c o c c a l  

i n f e c t i o n s  rem ains  u n c l e a r .  b h e th e r  SLS i s  produced in_vivo  

remains  t o  be shown. The l a c k  o f  demonsorable a n t i g e n i c i t y  of 
t h i s  haem olys in  has  hampered a t t e m p ts  to  f o l lo w  i t s  p ro d u c t io n  
i n  v i v o . There i s  a major  d i s c re p a n c y  co n ce rn in g  th e  l e t h a l i t y  

o f  SLSo The i n j e c t i o n  of serum e x t r a c t s  c o n t a i n i n g  15 to  30ILIJ. 
k i l l e d  mice w i t h i n  24 h ou rs  cau s in g  p a t h o lo g ic a l  ohaaiges i n  sp le e n ,  

l i v e r  and k idney  (Held 1933? 1935; Haro 1937? Barnard  & Todd I 940) » 
On th e  o t h e r  hand 300jug* of  (eequivalent t o  12 ^OOOH^D.)
was n e c e s s a r y  to  k i l l  mice (Rosendal à  Bernheimer 1 9 5 2 )« I t  i s  
ha rd  to  conce ive  of such la,rgo amounts of  81,8 b e in g  produced 

i n  v iv o ,  t h e r e f o r e ,  i t  seems u n l i k e l y  t h a t  t h i s  t o x i n  a lone  i s  
l e t h a l .

81,85 l i k e  SLO, i s  a pantx 'opit  cy to p a th o g e n ic  agen t  bu t  i t s  
s t a b i l i t y  i n  th e  p resen ce  o f  oxygen irould p o s s i b l y  extend the  
range o f  s u s c e p t i b l e  c e l l s  and th e  c o n d i t io n s  under  which i t  could 
a c t .  The d i v e r s i t y  of  c a r r i e r s  which can be a t t a c h e d  to  the  
hae m o ly t ic  moiety  of SL8 makes i t  see: f e a s i b l e  t h a t  e x t r a c e l l u l a r  
SLS could  be formed in  v i vo by th e  t r a n s f e r  o f  SLi from th6 
s t r e p t o c o c c a l  c e l l s  to  Vcirious c a r r i e r s  i n  the  bod;^ Since a 

l a r g e  p r o p o r t i o n  of  th e  r e s u l t a n t  e x t r a c e l l u l a r  haem olysin  would 
be h o s t  m a t e r i a l ,  i t  p ro b ab ly  would not s t i m u l a t e  an t ib o d y
p r o d u c t io n .  __  Such ' a -p ro d u c t  would th u s  be ab le  t o  p e r s i s t  i n
th e  body f o r  lo n g  p e r io d s  and might c o n t r i b u t e  s i g n i f i c a n t l y  to  th e  
ch ro n ic  s t r e p t o c o c c a l  d i s e a s e s .

The c o n t r i b u t i o n  o f  SLS- to  th e  p a t h o g e n i c i t y  of  Group A 
s t r e p t o c o c c i  i s  a complex one which i s  s t i l l  not  u n d e rs to o d  and 

•there i s  a l o t  o f  scope f o r  fu r t h e r ' in v e s t ig a t io n  in'-'this f i e l d .
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The p a n t ro p h ic  c y t o l o g i o a l  e f f e c t s  of  s t r e p t o l y s i n s  0 and S 

a re  now w e l l  documented and i t  i s  g e n e r a l l y  a c cep ted  t h a t  tlie 
p r im ary  a c t i o n  of th e s e  t o x i n s  i s  on c e l l u l a r  membranes caus ing  
d i s o r g a n i s a t i o n .  These t o x in s  a l s o  appear  to  p e n e t r a t e  to  th e  
i n t e r i o r  of  c e l l s  and d i s r u p t  th e  membranes bounding 
i n t r a c e l l u l a r  o r g a n e l l e s  such as  lysosomes,  n u c l e i  and mitochondria*

The c y t o l y t i c  a c t i v i t y  of l i v i n g  s t r e p t o c o c c i  on ma:ninalian 
c e l l s  c l o s e l y  resem bles  th e  e f f e c t  of SLS i t s e l f 5 This  su g g e s ts  
a  du a l  r o l e  f o r  SLS i n  v ivo  * I t  may p la y  a r o l e  i n  p a t h o g e n ic i t y  
b o th  as a c e l l - b o u n d  t o x i n  and as  an e x t r a c e l l u l a r  d i f f u s i b l e  

p ro d u c t ;  th e  a c t i o n  of th e  l a t t e r  could r e s u l t  i n  an e x te n s iv e  

i n c r e a s e  i n  th e  a r e a  of  h o s t  t i s s u e s  b e ing  damaged d u r in g  a 
s t r e p t o c o c c a l  i n f e c t i o n .  At th e  c e l l u l a r  l e v e l ,  th e  a c t i o n  of 
t h i s  t o x i n  on th e  c e l l ’ s meiibrane systems must r e s u l t  i n  secondary  
changes which presumably cause c e l l  death*

The o b je c t  of t h i s  T h e s i s  wa.s to  d e te rm in e  what m e tabo l ic  

changes occu r  w i t h i n  th e  c e l l  as  a r e s u l t  of th e  c j^koxic  a c t i o n  
o f  SLS. To s tu d y  t h i s  th e  r e s p i r a t o r y ‘ c e n t r e  o f  th e  c e l l ,  th e  
m i to ch o n d r io n ,  was used  as  a model s in ce  i t  m anufac tu res  a l l  th e  
ene rgy ,  s t o r e d  in  th e  form of  adenosine  t r i p h o s p h a t e  (ATP), which 
i s  n e c e s s a r y  f o r  th e  d i v e r s e  s y n t h e t i c  p r o c e s s e s  c a r r i e d  out i n  
th e  c e l l , The ad0equate f u n c t i o n i n g  of , m i to c h o n d r ia  i s ,  
t h e r e f o r e ,  e s s e n t i a l  f o r  c e l l u l a r  s u r v i v a l .  The f i r s t  s e c t i o n  
of t h e  r e s u l t s  in.11 d e a l  w i th  th e  a c t i o n  o f  SLS on i s o l a t e d  
m i to ch o n d r ia .

The e f f e c t  of SLS on th e  r e s p i r a t i o n  of  whole c e l l s  was a l so  
i n v e s t i g a t e d  i n  o r d e r  t o  f i n d  out whether  i t s  c y t o t o x i c i t y  can be 

e x p la in e d  s o l e l y  by an e f f e c t  on m i to ch o n d r ia  o r  whether  more 
complex changes a re  involved* Krebs 2 a s c i t e s  tumour c e l l s  were 
s e l e c t e d  as  a  model f o r  th e  s tudy  of c e l l u l a r  r e t i r a t i o n  and th e  
second p a r t  of  th e  r e s u l t s  s e c t i o n  d e a l s  w i th  t h i s  asuect*
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A study  of a n o th e r  o y t o l y t i o  t o x i n ,  s t a p h y lo c o c c a l  a l p h a -  

t o x i n ,  on Krebs 2 a s c i t e s  tumour c e l l s  was a l s o  c a r r i e d  out and 
the  f i n d i n g s  a re  in c lu d e d  i n  th e  t h i r d  r e s u l t s  s e c t i o n .  I t  i s  
now g e n e r a l l y  accep ted  t h a t  b o th  SLS and s t a p h y lo c o c c a l  a l p h a -  
t o x in  ac t  on th e  l i m i t i n g  c e l l  membrane cau s in g  th e  l o s s  o f  i t s  
normal semi-permeable p r o p e r t i e s .  T h e re fo re ,  a comparison of  
th e se  t o x in s  in  t h i s  phase of  th e  work seemed l i k e l y  t o  y i e l d  
r e s u l t s  v.hich would f a c i l i t a t e  th e  u n d e r s ta n d in g  o f  th e  mode of  
a c t i o n  of SLS, The v a lu e  of  u s in g  s ta p h y lo c o c c a l  a l p h a - t o x i n  f o r  
comparison was erdianced by the  f a c t  t h a t  i t  i s  known not t o  im p a ir  
m i to c h o n d r ia l  r e s p i r a t i o n .  (Lominski,  A rb u th n o t t ,  Gemmell, Gray 
& M arsha l l  1$64; Lominski,  Gemmell & A rbu thno t t  I 968)* This  to  
some e x t e n t  a l lowed d i s t i n c t i o n  to  be made between e f f e c t s  
r e s u l t i n g  from an a c t i o n  on th e  l i m i t i n g  c e l l  membrane from, th o se  
on mit oohondri a ,

The d e t a i l e d  p r o p e r t i e s  of  s t a p h y lo c o c c a l  a l p h a - t o x i n  a re  
well  documented (Bernheimer I 9685 A rbu thno t t  I 969) and i t  i s  
cons idered  u n n ec e s s a ry  t o  review s ta p h y lo c o c c a l  a l p h a - t o x i n  a t  
l e n g th  h e re .  S taphy lococca l  a l p h a - to x i n  i s  an o x y g e n - s ta b le ,  
e x t r a c e l l u l a r  p r o t e i n  e x c re te d  by S taphylococcus  au reus  d u r in g  
the  l o g a r i t h m ic  phase of  growth and u n l i k e  SLS, i t  does not have 

to  be e x t r a c t e d  from th e  c e l l s  by a c a r r i e r .  This  t o x i c  p r o t e i n  
i s  h aem oly t ic  i n  th e  p resence  of m o lecu la r  oxygen a l th o u g h  th e  
range of  e r y th r o c y te  s p e c ie s  s u s c e p t i b l e  to  l y s i s  by  s ta p h y lo c o c c a l  
a l p h a - t o x i n  i s  somewhat narrow er  th a n  t h a t  ly s e d  by SLS. For  
i n s t a n c e  th e  s p e c ie s  of  e r y th r o c y te  most s e n s i t i v e  t o  s ta p h y lo c o c c a l  
a l p h a - t o x i n  i s  r a b b i t  w h i le  human e r y t h r o c y t e s  a re  100 t im es  more 
r e s i s t a n t  t o  the  t o x i n ;  SLS ly s e s  bo th  human and r a b b i t  e r y t h r o c y t e s  
to  the  same e x t e n t .  Like SLS, i n  a d d i t i o n  to  b e in g  h ae m o ly t ic ,  
s ta p h y lo c o c c a l  a l p h a - t o x i n  demiages th e  membranes of  s e v e r a l  o th e r  
b i o l o g i c a l  s t r u c t u r e s ,  (TABLE 5)*



TABLE 5 .

In  A^itro S e n s i t i v i t y  (-f) and I n s e n s i t i v i t y  ( - )

Of Van io n s  Biol o g i c a l  S tm o t u t e ^

.?£- S t r e p t o l y s i n  S and Stapliyl ococcal^ Alpha-Toxin*

T es t  B i o lo g i c a l  M a te r i a l  S t r e p t o l y s i n  S S taphy lococca l

AlpLa-Toxin

Rabbit  e r y t h r o c y t e s  4 +
Rabbit  po lym orphonuclear  l e u c o c y te s  + +
Rabbit  p i a t e l e t s p p
T issue  C u l tu re  c e l l s  ( v a r io u s )  p p
M itochondr ia  ( r a b b i t  o r  mouse) p
Rabbit  lysosomes p p
Whole b a c t e r i a  -  -
S taphy lococcus  p r o t o p l a s t s  p

Eo c o l i  S p h p ro p la s t s  p ~
1 iycop la s n a  neuroly t icu j ; i  p

C i l i a t e d  p ro to z o a  -  -

M odif ied  from Bernlieimer A.W. (1968) Sc ience ,  159? 847»
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Of p a r t i c u l a r  r e le v a n c e  t o  t h i s  work i s  th e  f a c t  t h a t  

s t a p h y lo c o c c a l  a l p h a - t o x i n  has  been  r e p o r t e d  to  cause g ro s s  

m orpho log ica l  damage to  E h r l i c h  a s c i t e s  tumour c e l l s  which 
r e s u l t e d  i n  th e  leak ag e  o f  small  and l a r g e  m o le cu la r  weight 
compounds from th e  c e l l s .  Such t r e a tm en t  a l s o  ren d e red  the  
c e l l s  i n c a p a b le  of  p r o l i f e r a t i n g  when i n j e c t e d  i  n t  rape  r  i  t  o ne a l 1y 
i n t o  mice (n a d o f f ,  A r t e n s t e i n  & W eins te in  l g 6 2 ) »

Having reviewed th e  t o x i c  armoury of th e  Group A s t r e p t o c o c c u s  
and h av in g  o u t l i n e d  th e  b road  aims of t h i s  T h es is  i t  i s  now 
n e c e s s a ry  t o  g ive  a b r i e f  account  of the  b i o l o g i c a l  models 
employed, namely th e  m i tochondr ion  and ICrebs 2 a s c i t e s  tumour c e l l s

— o
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The m ito ch o n d r io n  i s  th e  "powezhonse" of  th e  c e l l .  I t  
c o n t a in s  th e  enzymes of  th e  T r i - c a r h o x y l i c  a c id  cy c le  anO th e  
complex enzyme system wdiich t r a n s m i t s  to  oxygen th e  e l e c t r o n s  
removed from th e  v a r io u s  i n t e r m e d i a t e s  d u r in g  metaholism and tramps 
pa3: t  of  th e  energy  so r e l e a s e d  i n  th e  form of h.igh energy  phosphafe 
(ATP) which i s  t h e n  u t i l i s e d  hy th e  c e l l s  i n  b i o s y n t h e t i c  r e a c t io n s *  
Comprehensive rev iew s of th e  i s o l a t i o n ,  s t r u c t u r e  and m e tabo l ic  
a c t i v i t i e s  as  so c i  cited w i th  the  m itochondr ion  have been made by 
L ehn inger  (1964) and Gemmell ( I 968) .  I  s h a l l ,  t h e r e f o r e ,  only 
o u t l i n e  th e  p r o p e r t i e s  of  th e  m itochondr ion  which a rc  p e r t i n e n t  
to  i t s  use  as  a model f o r  th e  a c t i o n  of SL3.

S t r u c t u r e  o f  tho  Mitochondrion*

An e l e c t r o n  m icrograph  of  c ro s s  s e c t i o n s  o f  mitoohondr:i a i s  

shown i n  PIG* 3 . The m itochondr ion  i s  bounded by a double
membrane, th e  i n n e r  l a y e r  of  which i s  in v a g in a t e d  to  form 
c h a r a c t e r i s t i c  c r i s t a e  which v a ry  i n  confo rm at ion  from 
m i to c h o n d r ia  from d i f f e r e n t  sources* The i n t e r i o r  o f  the  

m itochondr ion  c o n ta in s  a "m atr ix"  of  dense g r a n u l e s .  The g e n e r a l i s e d  
s t r u c t u r e  of  th e  mammalian m itochondr ion  i s  r e p r e s e n te d  
d ia g ra m m a t ic a l ly  i n  EIG. 4 . The number of  m i to ch o n d r ia  i n  any
one c e l l  v a r i e s  a c c o rd in g  t o  the  f u n c t i o n  of  th e  c e l l ;  r a t  l i v e r  
c e l l s  c o n t a in  as  many as  2 ,500  m i to ch o n d r ia  whereas sperm c e l l s  
c o n t a i n  on ly  about 20,

Ahien m i to ch o n d r ia  a re  i s o l a t e d  from d i s r u p t e d  t i s s u e s  th e y  
a re  v e ry  s e n s i t i v e  to  changes i n  osmotic p r e s s u r e  and th e  
co m p o s i t io n  o f  th e  f l u i d  used  t o  suspend them i s  c r i t i c a l .  Sucrose 
s o l u t i o n s  (Eogeboom, Schne ide r  & Palade  1948) a r e  p a r t i c u l a r l y  
v a l u a b le  because  th e y  p rev en t  a g g r e g a t io n  and a l lo w  p r e s e r v a t i o n  
o f  th e  c y t o l o g i o a l  p r o p e r t i e s  of  th e  m i to ch o n d r ia .  M itochondr ia  
i s o l a t e d  i n  suc rose  show c lo s e  m orpholog ica l  resem blance  to  th o se
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F i a .  5. Electron Micrograph of sectioned Mouse Liver Mitochondria.

( X 50,000 )

This section was prepared for me by Dr.P.G.Toner,
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found i n  i n t a c t  t i s s u e s  idien examined in  i i l t n - ' - t h i n  s e c t io n s  under  
th e  e l e c t r o n  microscope ( ï ï i t te r - j  h'a-son 6 lof- .on 1955; î a n f ,  
Hogohoom à  D a l ton  195'3; h a t  son d S i c k e r i t s  k e ip le r^
Dinnamie'^ Greeny Das g & Biss  I 958 ) « : od:i 11 c:-jiovr: to  t h i s
suspending' medium ho,ve heen  made hy ad-' in y  -ci: I jor  cd d i f f e r e n t  
suhsta.nc9s p a r t i  cuJ.a,rly h u f f e r s  ^

l i e t a h o l i A c t i v i t i es  j\ssocicsbed \ / i t h __t'ie? h i  '.o ^ o r '6 r r : n «

Although the  e n t i r e  coriplex of on ay mes o.i'i c o - f a c t o r s  
n e c e s s a ry  f o r  th e  fr-i s-carhoxylic ■'aid cyclM is- p re se n t  i n  the 
Kiitochondr:) on (Schne ide r  & Hogohooio 195-3) a-, no 11 cs the  f a t t y  
ac id  o x id a t io n  enzymes (Greeiiy 1952 Kennedy f. j.<c>ini*?iyer ] 948-' 
1949)? th e  r e s p i r a t o r y  a c t i v i t y  of  th e  m i to c h o n l r io n  i s  g e n e ra l ly  
rega rded  as i t s  c e n t r a l  p roper ty»  All  c e l l o l a j '  oxldc.t ions do 
not occur  i n  th e  m itochondr ion  hu t  th e  t o r r . i n a l  en5;7r.es of the  

're s p i  r a t  o r y  '"A a in  have heen e s t a h l i s h e d j  in th o u t  fi douhty to  he 
l o c a l i s e d  i n  th e  m itochondr ion  (Schneider  I f 46  ̂ Schne ider  d 

Hogehoom 1950)*
F o l low ing  th e  d i s c o v e ry  of dehydroyenasos hy Thunhury (1909)5 

th e  r e d i s c o v e r y  o f  cytochromes hy K e i l in  ( iG l f )  and th e  flavo™ 
p r o t e i n s  hy Warhurg and T h e o re l l  ( l9 3 9 ) j  K e i l in  formed h i s  f i r s t  
r e c o n s t r u c t i o n  of  th e  e l e c t r o n  t r a n s p o r t  sysuom u s in g  h e a r t  
p a r t i c l e s .  This  was as f o l l o w s : -

dehydrogenases  ^  i l a v o p r o t e i n s  — c y t o c h r o m e s  4̂ oxygen.

The h a s i c  concept t h a t  th e  e l e c t r o n  c a r r i e r s  a re  a r ran g ed  i n  a 

c h a in  of  i n c r e a s i n g  o x y g en - reduc t ion  p c t e n t i o l . s , w i th  e l e c t r o n s  
f lo w in g  from th e  r e l a t i v e l y  e l e c t r o n e g a t i v e  .f )s t r a t e s  v i a  the  

p y r id in e  n u c l e o t i d e s  and the  f l a v o p r o t e i n s  to  th e  i n c r e a s i n g l y  
e l e c t r o p o s i t i v e  cytochromes and f i n a l l y  to  oxygenj s t i l l  s tan d s  
to d a y .  Since th e n  Chance and h i s  c o l le a g u e s  u s in g  sp ec t ro sco p y  
to  examine th e  r e s p i r a t o r y  c a r r i e r s  i n  th e  i n t a c t  m itochondrion .



54 -

have p rov ided  a p r e c i s e  p ic tv ire  o f  the  composition,,  sequence and 
dynamics o f  t h e  r e s p i r a t o r y  chalîîw FIG. 5 shows how v a r io u s  
s u b s t r a t e s  a re  o x id i s e d  w i t h in  the  mitochondrion*

The c o n s t i t u e n t s  of  th e  r e s p i r a t o r y  s i n  a re  c l o s e l y  
i n t e g r a t e d  w ith  th e  m i to ch o n d r ia l  membrane * T h is  c o n ta in s  30 
to  40;i l i p i d s ,  l a r g e l y  p h o s p h a t id e s , and 60 to  69^  p r o t e i n  o f  
two ty p e s ,  s t i ' u c t u r a l  and enzymic, Undoubtedly,  th e  g r e a t  b u lk  
of th e  TTiembrano l i p i d s  se rve  a p u re ly  s t r u c t u r a l  func t ion*
However, c e r t a i n  l i p i d s  i n  th e  membranes have been  i d e n t i f i e d  as 
hav ing  q u i t e  s p e c i f i c  f u n c t i o n s  i n  e l e c t r o n  t r a n s p o r t ,  
t r a n s l o c a t i o n  mechanisms, and. s w e l l in g  and c o n t r a c t i o n ,  h o s t  
of  th e  m i to c h o n d r ia l  ph o sp h o l ip id  can be e x t r a c t e d  w ith  90f'o 
ace tone  i n  H^O ( L e s t e r  & F l e i s h o r  I 96I ) , Ouch a procedure  
l e a d s  t o  l o s s  of th e  a b i l i t y  to  c a r r y  out e l e c t r o n  t r a n s f e r  bu t  
t h i s  c a p a c i t y  can be r e s t o r e d  by adding  m i to c h o n d r ia l  p h o sp h o l ip id  
and u b iq u in o n e , Host of th e  p r o t e i n s  i n  th e  m itochondr ion ,  with  
the  e x c e p t io n  o f  th e  pr im ary  dehydrogenase complexes, a r e  q u i t e  
hydrophob ic ,  fo rming w a t e r - i n s o l u b l e  polymeric  a r r a y s  i n  the  
absence o f  l i p i d s  (Green & F l e i s h n o r  I 963) .  I t  has  been 
su g g es ted  t h a t  th e  hydrophobic  p r o t e i n s  o f  th e  e l e c t r o n  t r a n s f e r  
c h a in  r e q u i r e  p h o sp h o l ip id  as a b r id g e  to  t h e  aqueous phase.

On th e  b a s i s  of  k i n e t i c  s t u d i e s  Chance, Bs tabrook and Lee 
(1963) concluded t h a t  th e  c a t a l y s t s  o f  tho  r e s p i r a t o r y  cha in  a re  
d i s t r i b u t e d  w i th in  o r  over  th e  s u r fa c e  of th e  m i to ch o n d r ia l  
membrane system. I t  i s  though t  t h a t  th e  primary^ dehydrogenase 
complexes a r e  a s s o c i a t e d  w i th  th e  o u t e r  membrane w hile  th e  
e l e c t r o n  t r a n s p o r t  ch a in  f o r  s u c c in i c  o x id a t io n  i s  l o c a t e d  i n  the  
c r i s b a e .  P u r i f i e d  p r e p a r a t i o n s  of  r a t  l i v e r  m i to ch o n d r ia  have 
been  p rep a red  by s w e l l in g  fo l low ed  by d i f f e r e n t i a l  c e n t r i f u g a t i o n  
(P a rso n s ,  W ill iam s à  Chance I 966) and appeared  as  t h i n  b a g - l i k e  
s t r u c t u r e s  under  th e  e l e c t r o n  microscope.  The s p e c i f i c  a c t i v i t y  o f  
cytochrome ox idase  i n  th e s e  o u t e r  membrane p r e p a r a t i o n s  was l e s s  

t h a n  104  o f  t h a t  found i n  the  i n n e r  membranes. Chance and h i s
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co-workers  p o s t u l a t e d  t h a t  each corponent of  th e  r e s p i r a t o r y  cha in  
possessed  some i n d i v i d u a l  mohi l i t  y hu t  t o g e t h e r  th e y  forj ied a 
macromolecular  assembly o f  enzymes capable  of  c a r r y in g  o u b a l l  
th e  f u n c t i o n s  of  e l e c t r o n  t r a n s p o r t  and o x id a t iv e  ptio spho iy l  a t  io n .

Using* a d i f f e r e n t  approach,  Green (1962) was ab le  to  isolate 
f o u r  complexes from m itochondr ia  (TABLE 6 ) ,  These f o u r  
complexes could be recombined i n  a I s l s l s l  molar re  hi o to  form 
a u n i t  which. e x h i b i t e d  i n t e g r a t e d  e l e c t r o n  t r a n s p o r t  a c t i v i t y  
p rov ided  t h a t  two mobile components, ub iqu inone  and cytochrome c 
were p r e s e n t .  L ip id s  were a l s o  e s s e n t i a l  f o r  recom bina t ion .
In  t h i s  h:odel a l l  th e  components appeared  to  be r j .g id ly  a l ig n e d  
except  f o r  ub iqu inone and cytochrome c*

A t h i r d  type  of  s t r u c t u r a l  subun i t  has been i s o l a t e d  from 
m i to ch o n d r ia  more r e c e n t l y  by B l a i r ,  Oda, Green, S i l v e r  and 
Fernandes-Uoran  (1963) ,  th e  e lem entary  p a r t i c l e ,  Negative  
s t a i n i n g  w ith  ph o sp h o tu n g s t io  ac id  has shown t h a t  th e s e  elemenbaig 
p a r t i c l e s ,  w h i l s t  s t i l l  p r e s e n t  i n  th e  m itochondr ion ,  c o n s i s t  of 
a s p h e r i c a l  head -p ieoe  (80 to  100 % i n  d ia m e te r )  and a 
c y l i n d r i c a l  s t a l k  (30 to  50 &) which i s  a t t a c h e d  a t  one end to  th e  
h ea d -p iece  and the  o t h e r  end to  t h e  c r i s t a è  ( B l a i r  e t  a l  1963; 
F ernandez -ho ran  I 963) .  The e lem en ta ry  p a r t i c l e s  have been 
shown to  c o n ta in  the  complete e l e c t r o n  t r a n s p o r t  cha in  f o r  th e  
o x id a t io n  of  s u c c i n a t e o r  NAUH by m o lecu la r  oxygen. The in t e r n e !  
arrangement of  th e  enzym.es i n  m i tochondr ia  i s ,  t h e r e f o r e ,  a 
m a t t e r  o f  co n t ro v e rs y  a l th o u g h  a f a i r l y  r i g i d  s p a t i a l  arrangement 
o f  most o f  th e  r e s p i r a t o r y  enzymes i s  suppor ted  by th e  most r e c e n t  
work,

E f f e c t  o f  S t r e p to c o c c a l  Produ c t s  on l ü to c h o n d r i a l  F u n c t ion ,

SLS has been  dem onstra ted  to  cause s t r u c t u r a l  a l t e r a t i o n s  in  
c e l l u l a r  membranes i n c lu d i n g  th o se  of m i to ch o n d r ia  which r e s u l t  i n  

.pe rm eab i l i ty  changes (K e is e r  e t  a l  I 964) . I t  seems p o s s i b l e  t h a t  
such s t r u c t u r a l  d i s o r g a n i s a t i o n  of  m i to ch o n d r ia  would r e s u l t  i n  
impairment of  re sp ib a tb ry -  f u n c t io n .  To my knowledge t h i s  ha,s
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TABLE 6

The F o u r  C o m d e x e s  o f  blis E l e c t r o n  T r a n s f e r  C hain ,

Complex D e s ig n a t io n  E le c t r o n  t r a n s f e r  Reac t ion
c a t a l y s e d

1 îIAT)II“iihiquinone ( q) RAIDH —̂  Q
reduc base

11 Sue c i  na t  e-uh i  qui none (Q) S ucc ina te  —̂  Q
r e d u c ta s e

111 QHg -  cytochrome o QJî  ̂ cytochrome c
r e d u c ta s e

IV Cytochrome oxidase  Reduced cytochrome c —ÿ  0,
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not been  d em ons tra ted  n o r  has  a p o s s i b l e  s i t e  o f  t o x in  atbaob.: on 
th e  e l e c t r o n  t r a n s p o r t  ch a in  been de te rm ined .

S t r e p to c o c c a l  HAD-ase has  been shown t o  s p l i t  the  n icobinam ido-  
r ib o s e  l in l iago  of  HAD and t h e r e f o r e  i n h i b i t s  th e  n bi! i  sa bien by 
m i to c h o n d r ia  o f  i n t e r m e d i a t e s  of  th e  T r i - x a r b o x y l i c  sci- l cyc le  
which r e q u i r e  IhlD as a co-enzymc (FIG ,  5 ) , I t  wc-; dec ided  to
i n v e s t i g a t e  t h e  a c t i o n  of  SLS on th e  f u n c t i o n i n g  of ttio e l e c t r o n  
t ranspo r t ;  ch a in  beyond ITAD* F a c i l i t i e s  a v a i l a b l e  i n  t h i s  
depar tm ent  a l lo ired  th e  a s s a y  of s u c c i n i c  o x id a se  end cytochrome 
ox idase  to  be ce /r r ied  o u t .  S u cc in ic  ox idase  a c t i v i t y  w3;s assayed  
s in c e  i t  n e c e s s i t a t e d  th e  f u n c t i o n i n g  of a l l  th e  in-;err-odio,te 
components of  t h e  e l e c t r o n  t r a n s p o r t  ch a in  beyond LAD ^ d f i e  bho 
a s say  of cytochrome c r e f l e c t e d  th e  f u n c t io n  of tl'.c t e r îü in a l  po rb ion  
o f  th e  ch a in .  These enzyme complexes were a l s o  c l o s e n  because 

th ey  were known to  c o n t a in  componenbs which functi03icd  only  when 
l i p i d  b??idg03 were p r e s e n t  to  m e in ta in  t h e i 3? s p a t i a l  a rrangem ent ,

IŒF3S 2 ASCITES TUFOUR CELLS*

Much of th e  work on th e  a c t i o n  of c y t o l y t i c  t o x i n s  has been  
done u s in g  e r y t h r o c y t e s  as c e l l u l a r  mod e l s .  However, s in c e  tho  
e ry th ro c y b e s  l a c k  most f e a t u r e s  of  i n t r a c e l l u l a r  o r g a n i s a t i o n  
( e . g . nucleus ,  and m i to c h o n d r ia ) ,  haem olys is  r e f l e c t s  th e  a c t i o n  
of  c y t o l y t i c  t o x i n s  on th e  l i m i t i n g  c e l l  membrane* I t  seemed 
d e s i r a b l e  t o  s e l e c t  a t^^pe o f  c e l l  which p o sse sse d  a f u l l  
complement of  i n t r a c e l l u l a r  ' o r g a n e l l e s  . i n  orde3* bo a s s e s s  th e  
o v e r a l l  a c t i o n  o f  c y t o l y t i c  t o x in s  on c e l l u l a r  i n t e g r i t y *  For  
s e v e r a l  r e a s o n s  a s c i t e s  tumour c e l l s  were chosen as a. modal f o r  
t h i s  s tu d y .  These c e l l s  p o s se s s  a s u b c e l l u l a r  o r g a n i s a t i o n  
which i s  a b sen t  i n  e r y t h r o c y t e s  and th e  ease  w i th  which th e y  can 
be p ro p a g a te d ,  by i n t r a p e r i t o n e a l  passage  i n  mice, p r e s e n t s  a 
d i s t i n c t  p r a c t i c a l  advantage  over  t i s s u e  c u l t u r e  c e l l s .
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FIG. 6. Electron Micrograph of a cross section of a ICrehs 2

Ascites Tumour cell ( x 20,000 ).

This section was prepared for me by Dr. P.G.Toner, Dept. Pathology
Glasgow University.
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The term " a s c i t e s  tumour" r e f e r s  to  neoplasms growing in  

the  form of  su spens ions  of  f r e e  and honoga|gpusly d i s c r i h u t e d  l i v i n g  
tumour c e l l s  i n  the  a s o ix e s  f l u i d ,  i n  ca ses  where the  po r t  ion  of  
t u r o u r  c e l l s  ( a f t e r  a c e r t a i n  s t a g e  i n  development)  i s  very  h igh  
r e p r e s e n t i n g  almost  a pure c u l t u r e .  The metaholism of a s c i t e s  
tumour c e l l s  has  heen  e x t e n s i v e l y  s tu d ie d  and th e  enzymes of 
G ly co ly s i s  and th e  T r l - c a r h o x y l i c  * c,cid cyc le  havo heen iso la / ted  

f3?orn them. T h e i r  m itochondr ia  appear  t o  r e s p i r e "  i n  the  same way as 
th o se  fi'om normal maznnalian c e l l s *

The Krehs 2 l i n e  of  a s c i t e s  tixmour c e l l s  o r i g i n a t e d  froî7 
a s o l i d  carcinoma which a ro se  spon taneous ly  i n  th e  in g u in a l  
r e g io n  o f  a hy"brid male mouse and th e  c e l l s  i,-ere conver ted  to  the  

a s c i t i c  form "by K le in  and K le in  ( l9 5 l )*  Mice c o n ta in in g  Krehs 
2 a s c i t e s  tumour c e l l s  were k in d ly  donated to  me hy 
Hiss  J a n e t  S m i l l ie  and Dr. RcH, Burden of th e  B iochem is t ry  
Department,  U n i v e r s i t y  of Glasgow* Ah example o f  the  I'Crehs 2 
c e l l s  used i n  t h i s  work i s  i l l u s t r a t e d  i n  FIG. 6

I t  i s  n e c e s s a ry  to  h e a r  i n  mind t h a t ,  b e in g  tumour c e l l s ,  
the  Klrebs 2 c e l l s  a re  abnormal bu t  perhaps  not more so th an  o th e r  
c e l l s  grown in  v i t r o  e.g* t i s s u e  c u l t u r e  c e l l s *  These c e l l s  
have been e x t e n s i v e l y  used as models f o r  th e  s tu d y  of  c e l l u l a r  
metabolism because  of  th e  ease of  p roducing  l a r g e  i m b e r s .  For 

the  purpose o f  t h i s  T h e s i s ,  Krebs 2 a s c i t e s  tumour c e l l s  were 
t h e r e f o r e ,  used to  s tudy  the  e f f e c t s  of  SLS and s ta p h y lo c o c ca l  
a l p h a - t o x i n  on t h e i r  r e s p i r a t i o n  u s in g  exogenous s.ub'stratas' '-Tich 
were known t o  be i n t e r m e d i a t e s  of  G ly c o ly s i s  and th e  T r i - c a r b o x p y l i c  
a c id  cycle*

-  o -
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PREPARATION OF S'f’REPTOLYSIlT S

Test  organism

Lost  p r e p a r a t i o n s  of  S t r e p t o l y s i n  S mere made u s in g  

S t r e p to c c u s  pyogenes s t r a i n  G 203S which was k in d ly  sen t  to  

me hy Dr* N. Eeiniheimero A Fiuta?it o f  t h i s  s t r a i n  g G 203U3 
known not to  produce S t r e p t o l y s i n  S was a l s o  used f o r  comparison. 
Four s t r a i n s  of Group A s t r e p t o c o c c i  ^rom the  N a t io n a l  C o l l e c t i o n  
of 'Type C u l tu r e s ,  NCTG 3359? 5163, 9994 E,nd 8I 98 were a l s o  
used in  th e  p r e p a r a t i o n  of serum S t r e p t o l y s i n  S. All  c u l t u r e s  
were m a in ta ined  i n  f r e e z e  d r i e d  ampoules which irere opened 
when req u ired *

E xtrac t ion ,  procedures*

Serum S t r e p t o l y s i n  S was p repared  hy tho method of  Todd 
(1938) ,  The organisms were grown o v e rn ig h t  a t  37°G i n  

T ra in  Hear t  I n f u s i o n  h r o th  (P ifco )  c o n ta in in g  h o rse  serum 

(Wellcome L a b o r a to r i e s  L t d . )  and h a r v e s te d  hy c e n t r i f u g a t i o n  
a t  1 0 g000 rpm f o r  10 minutes  a t  4^C. The cocc i  from 5C0 ml 
of  c u l t u r e  were suspended in  8 ml i n a c t i v a t e d  h o rse  searum 
( 56^0 f o r  30 minutes)  and shaken w ith  l a r g e  g l a s s  heads 
(5 mm d ia m e te r )  i n  a F i c k l e  d i s i n t e g r a t o r  u s in g  th e  s low est  
speed of  shak ing  f o r  60 m inu tes .  The l i q u i d  was decan ted  and 
th e  co cc i  removed hy c e n t r i f u g a t i o n ;  t h e s e  c e l l s  were resuspended  
i n  8 ml of  h o r se  serum and e x t r a c t e d  i n  th e  same way. The 
serum e x t r a c t s  were hu lked  and S e i t z  f i l t e r e d .  The r e s u l t i n g  

haem olysin  was s to r e d  a t  -20^C.



R'.N.A» S t r e p t o l y s i n  S was p rep a red  by a m o d i f i c a t i o n  of 

t h e  method d e s c r ib e d  by Bernheimer (IQA?)* A f r e s h  f r e e z e -  
d r i e d  ampoule of th e  organism was i n o c u l a t e d  i n t o  200 ml of 
B ra in  Heart  I n f u s i o n  h r o t h  (B ifcc )  c o n ta in in g  0,1^, m altose  and 
in c u b a te d  o v e rn ig h t  a t  37^0. 20 ml of t h i s  o v e rn ig h t  c u l t u r e
was i n o c u la t e d  i n t o  180 ml of  the  same medium,, vdnich had been 
p r e -h o a te d  to  37^8, and incu b a te d  f o r  5 hours  u n t i l  tho  end of 
th e  l o g a r i t h m ic  phase of  growth was reac h e d .  The c e l l 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  and washed once i n  50 ml of 
phosphate  b u f f e r e d  s a l i n e ,  c o n ta in in g  O.Qd, HaCl, and 0 . 15K 
sodium phosphate  hav ing  a pH of 7»0; t ] iese  r o o t i n g  c e l l s  
were th e n  in cu b a ted  f o r  3 hours  i n  3 ml of  suspending  medium 
p rep a re d  ac co rd in g  t o  th e  method of Bernheimer (1949)" This  
co n ta in ed  0.02M m a l to se ,  O .l lH  KH^PO^, 0*121' LggSO^flH^O and 
0 .6  mg/ml "A ct ive  F a c to r"  ( a r i h o n u c le a s e  r e s i s t a n t  B.N.A. 
core  commercially  p repared  hy Worthington Biochem ioals  Ltd*)* 

A f t e r  s t a n d in g  o v e rn ig h t  a t  4^0 th e  c e l l s  were removed hy 
c e n t r i f u g a t i o n  and th e  su p e rn a ta n t  f l u i d  assayed f o r  haem oly t ic  

. a c t i v i t y *  This  was th e n  s to r e d  a t  -20^0 i n  small  volumes (2 ml) .  

A l iq u o ts  of  t o x i n  were thawed when r e q u i r e d  and used  imm ediately;  
r e p e a t e d  f r e e z i n g  and thawing was found to  i n a c t i v a t e  t h e  toxin*  

Albumin S t r e p t o l y s i n  S R es t in g  c e l l s  wore prepared  as f o r  
R.l'T.A. S t r e p t o l y s i n  S and suspended i n  3 ml of  a medium 
c o n t a in i n g  5mM g lu c o se ,  6ral: c y s t e in e  HCl, 5mH 80^, 7HgO and 
120 mg/ml bov ine  serum albumin, and in c u b a te d  f o r  20 minutes  a t  
3 7 Af t e r  c e n t r i f u g a t i o n  th e  s u p e rn a ta n t  f l u i d  was assayed 
f o r  haem o ly t ic  a c t i v i t y .

- Tween S t r e p t o l y s i n  S Again c e l l s  were p rep a red  as f o r  
R.N.A. S t r e p t o l y s i n  8 and suspended i n  a s o l u t i o n  c o n ta in in g
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4 ing/rnl Tween 40 o r  80* An in c u b a t io n  p e r io d  of  20 minutes  

a t  37^0 W3S al lowed p r i o r  t o  c e n t r i f u g i n g  th e  c o l l s  and 

a s s a y in g  th e  su p e rn a ta n t  f l u i d  f o r  h aem oly t ic  a c t i v i t y *

TREPANATION OF KREBS 2 ASCITES TÜLOUR CELLS*

These c e l l s  were p ropaga ted  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  

of  0* 3nl o f  f r e s h l y  a s p i r a t e d  a s c i t i c  f l u i d  i n t o  Por t  on 
w h i te  n ic e  (weighing 25 t o  35 ) « C e l l s  f o r  a l l  experiments
were h a r v e s t e d  by need le  a s p i r a t i o n  from mice 7 to  10 days 
a f t e r  th e  an imals  were inocu la ted*  Only c l e a n  p r e p a r a t i o n s  
f r e e  o f  b lood  were used* A s e r i e s  of  p i i  ot exper im ents  
showed t h a t  t h e  fo l lo w in g  washing procedure  gave c e l l  
s u sp e n s io n s  s u i t a b l e  f o r  r e s p i r a u i c u  s tu d ie s*  The f r e s h l y  
a s p i r a t e d  a s c i t i c  f l u i d  was d i l u t e d  w i th  an equal  volume of 
7*̂  p o ly v in y l  p y r ro l id o n e  (PYP) b u f f e r e d  w i th  0.02L t r i s / H C l  
pH 7»3? and the  c e l l s  \rere sedimented by c e n t r i f u g i n g  a t  
2 ,000 lup .nu  i n  a bench c e n t r i f u g o * The c e l l s  were th en  
washed once in  R ingers  s o l u t i o n  and resuspended  i n  t h e i r  
o r i g i n a l  volume i n  P V P / t r i s  bu f fe r*

This  washing procedure  p reven ted  th e  spontaneous 
a g g r e g a t io n  of  th e  c e l l s  which occurs  r a p i d l y  i n  normal a s c i t i c  
f l u i d ;  such ag g reg a ted  c e l l s  d id  not r e s p i r e  w e l l ,  t h e r e f o r e ,  
washing was n e c e s s a ry  to  make th e  c e l l s  s u i t a b l e  f o r  manometric 
s t u d i e s .  Moreover th e  h igh  v i s c o s i t y  of  the  b u f f e r ,  due to  
th e  l a r g e  m o lecu la r  weight of th e  PVP, he lped  t o  p re se rv e  the  
s t r u c t u r a l  i n t e g r i t y  of th e  a s c i t e s  c e l l s .  The f i n a l  

c o n c e n t r a t i o n  o f  c e l l s  i n  washed p r e p a r a t i o n s  v a r i e d  between 

1 and 2 x 10^/ml when measured by co u n t in g  an a p p r o p r i a t e  d i l u t i o n  
of  c e l l  su sp en s io n  i n  a haemocytometer.  The Krebs 2 c e l l s  were 
used  f o r  manometric s t u d i e s  w i th in  an h o u r  of  a s p i r a t i o n .
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D i s i n t e g r a t e d  p r e p a r a t io n s  of  Krebs 2 c e l l s  were made by 
s o n i c a t i n g  a washed c e l l  suspens ion  i n  R ingers  s o l u t i o n ,  u s in g  
an FSE u l t r a s o n i c  probe f o r  43 seconds a f t e r  which 90?̂  of  the  
c e l l s  were d i s i n t e g r a t e d  as a s s e s s e d  m ic ro sco p ic a l ly *  These 
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  were s t i l l , capab le  of  o x id i s in g  
s u c c in a t e  i n d i c a t i n g  t h a t  m i to ch o n d r ia l  f u n c t i o n  had been preserved*

TREPARATION OF 1SOLATED MITOCHONDRIA.

Mito c h o n d r i a  from mou se t i s s u es .

M itochondr ia  were p rep a red  f r e s h l y  eve ry  day by th e  method 
of  Loïïîinski, Gemmell and Arbuthnott  ( I 968) ,  F o r to n  white  mice 

(35 to  45 g#) were k i l l e d  by c e r v i c a l  d i s l o c a t i o n  and 
ex s a n g u in a te d .  Mouse l i v e r  was u s u a l l y  used  as  a source*’ of 
m i to ch o n d r ia  a l though  m i to ch o n d r ia  from o t h e r  organs of the  
mouse, k idney  and h e a r t ,  were used i n  a few expe r im en ts .  The 
methods employed were b a s i c a l l y  th e  same f o r  a l l  t i s s u e s .  Three 
mouse l i v e r s  were e x c is e d  and p laced  i n  i c e - c o l d  suspending f l u i d ;  
a f t e r  removal of  connec t ive  t i s s u e  by g e n t l e  t e a s i n g  o u t ,  th e y  
were homogenised i n  a b o r o s i l i c a t e  g l a s s  g r i n d e r  (Baird  and 
T a t lo o k  L t d . )  by ap p ly in g  10 s t r o k e s  of  th e  matching g l a s s  
p lu n g e r .  The homogenate was suspended i n  th e  a p p r o p r i a t e  f l u i d  
i n  th e  p r o p o r t i o n s  of  1 g. p e r  10 ml and f i r s t  spun a t  600 g. 
f o r  10 m inu tes ;  i n  o rd e r  t o  remove n u c l e i  and unbroken c e l l s  
th e  sediment was d i s c a r d e d  and th e  su p e rn a ta n t  f l u i d  spun a t  

8 ,500  g .  f o r  10 m inu tes .  This  sediment was washed w ith  20 ml 
of  suspend ing  f l u i d ,  spun aga in  a t  8 ,500 g, f o r  10 minutes and was 
f i n a l l y  resuspended  i n  4 ml. M i tochondr ia l  p r e p a r a t i o n s  were 
s t o r e d  f o r  2 hours  b e fo re  u sa .  The e n t i r e  p ro ce s s  was c a r r i e d  
out a t  4^8 , Immediate ly  p r i o r  t o  use  i n  Marburg experim ents  
th e  m i to c h o n d r ia l  su sp en s io n  was d i l u t e d  1 :3  w i th  suspending 
f l u i d .  klien th e  oxygen e l e c t r o d e  was used m i to ch o n d r ia l  samples 
were not d i l u t e d .



As a inile th e  same suspending f l u i d  was used  f o r  tho  

p r e p a r a t i o n  of m ito ch o n d r ia ,  f o r  subsequent  d i l u t i o n  and assay  

and f o r  d i s s o l v i n g  clII reagen ts*  I n  most exper im en ts  t h i s  
was 0 . 25M sucrose  c o n ta in in g  0.023L sodium phosphate  b u f f e r  

(henry  194-8) pH 7*3» However, i n  some exper im ents  m i tochondr ia  
were p repa red  and assayed i n  0 . 25M suc rose  c o n ta in in g  
0.033M t r i s / H C l .

L i t e  oho ncl r  i  a from Hrebs 2 A sc i te  s _t umour c e l l s .

These were p repared  by th e  method of Hu and Sauer (1967)0 
The a s c i t e s  tumour c e l l s  were h a rv e s te d  from 4 “■ 6 mice (7-9 
days tumour)* The a s c i t i c  f l u i d  was imm edia te ly  d i l u t e d  i n  
two voluijies o f  i c e  co ld  suc rose  (0 *25L) s o l u t i o n  c o n ta in in g  
EDTA (2iïiM) , pH7»5 Eind th e  c e l l s  cen tr i fuged ,  a t  6OO g. f o r  5 
m in u te s .  The packed c e l l s  were washed tw ice  by re su sp en d in g  
th e  c e l l s  i n  app rox im ate ly  10 volumes of th e  same s o l u t i o n  and 
c e n t r i f u g e d  as  above* For  hom ogenisa t ion ,  th e  packed tumour 
c e l l s  ( app rox im ate ly  9 ^̂ il) were mixed w ith  sucrose-FDTA s o l u t i o n  
and 0 .1  ml of  IM t r i e t h a n o l a m i ne b u f f e r ,  pH 7*4* The m ix ture  
was poured in t o  a p r e —cooled m or ta r  (7 cm d ia m e te r ) ;  3 g» of 
a c id  washed g l a s s  beads  ( B a l l o t i n i )  were added and th e  mixture  
ground fo rc e f u ] . ly  w ith  a p e s t l e  f o r  6 minutes  a t  4^0. Then 
25 ml of  sucrose-SDTA s o l u t i o n  was added to  th e  m orta r  and the  

m ix tu re  ground f o r  20 seconds t o  g ive  an even su sp e n s io n .  The 
m ix tu re  was poured i n t o  a 40 ml p o ly e th y le n e  tube  and c e n t r i f u g e d  
a t  600 g. f o r  10 m inu tes .  The s u p e rn a ta n t  s o l u t i o n  was 
d ecan ted  and s to r e d  a t  4°0. The p e l l e t  was mixed w i th  2 ml of  
th e  sucrose-FDTA s o l u t i o n  and 0 ,1  ml of  IM t r i e t h a n o la m in e  b u f f e r ,  
2 g. o f  washed g l a s s  beads and ground f o r  a n o th e r  4 m inutes .
25 ml o f  sucrose-EDTA s o l u t i o n  was added and th e  m ix ture  was 
c e n t r i f u g e d  as p r e v io u s l y .  The two s u p e rn a ta n t  f l u i d s  were 

poo led  .and spmn a t  B^^OO g^ f o r  10 m inutes  a t  4^C; th e  p e l l e t
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was washed tw ice  w ith  26 ml sucrose-EDTA s o l u t i o n  and f i n a l l y  
suspended i n  2 ml of  t h i s  so lu t io n *

PREPARATION OF ERYTHROCYTE GHOSTS,
(Human 'O ’ Blood)*

The packed red  Blood c e l l s  from 20 ml of Blood were 
washed t h r e e  t im es  w i th  phosphate  B uf fe red  s a l i n e .  The 
washed c e l l s  were t r a n s f e r r e d  to  a Beaker  i n  an i c e  h a th  and 
ly s e d  hy th e  r a p id  a d d i t i o n  of  200 ml of  i c e  cold  O.OIL t r i s /  

HCl* The l y s a t e  was spun a t  5?000 r .p .m ,  t o  remove any
un lysed  c e l l s  and t h e  r e s u l t i n g  f l u i d  was spun a t  38,000 ,
f o r  30 m inutes  t o  d e p o s i t  th e  e r y th r o c y te  ghosts* This  p e l l e t  
was th e n  washed t h r e e  t im e s  w i th  200 ml 0*0111 t r is / lT G l  and 
f i n a l l y  once w i th  200 ml d i s t i l l e d  w ate r  s a t u r a t e d  w ith  carbon
d io x id e  to  remove most of  th e  bound haemoglobin. Again th e
p ro ces s  was c a r r i e d  out a t  Â G* A f te r  th e  f i n a l  washing the  
p e l l e t  was w hite  o r  p a le  pinlc and th e  sup^einatant f l u i d  
c o lo u r le s s *  The e r y t h r o c y t e  g h o s ts  were suspended i n  2*5 ml 
O.OIM t r i s / ï î G l  pH 7*3 and used immedia te ly ;  o c c a s i o n a l ly  
ghost  p r e p a r a t i o n s  were s to r e d  a t  -20^0 u n t i l  required*
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ASSAY OF IliUjKOLY'-PIC ACTIVITY Or' STRSP'rOLYSIH S.

Doub l i ng d i l u t i ons *

S e r i a l  d o u b l in g  d i l u t i o n s  of  S t r e p t o l y s i n  S were made 
i n  0*5 I' l̂ amounts o f  i s o t o n i e  s a l i n e  changing p i p e t t e s  every  
t h i r d  tu b e ,  0*5 amounts of  a 2^ v /v  su sp e n s io n  of washed, 
packed human group 'O' wore added bo each tube
(3” X p-" o r  4" X p" ) o Tubes w ithou t  haem olysin  served as 
co n t ro l s *  haem oly t ic  a c t i v i t y  was a s s e s s e d  v i s u a l l y ,  th e  
d i l u t i o n  c a u s in g  50/̂  haem olys is  a f t e r  30 minutes  in c u b a t io n  a t  
37^Cc b e in g  accep ted  as c o n ta in in g  1 Minimal haemolybic Dose 
(ïhîI.D*)* This  method was used f o r  th e  d e t e r m in a t io n  of the  
approximate  po tency  of S t r e p t o l y s i n  S p r e p a r a t i o n s .

C-radien ip  d id u t  io n s  *

This  method was a m o d i f i c a t i o n  of th e  method d e s c r ib e d  by 
Bernheimer and Schwartz (1963)? f o r  measuring th e  haem oly t ic  
a c t i v i t y  of  s t a p h y lo c o c c a l  a l p h a - t o x in .  P r e p a r a t i o n s  of 

S t r e p t o l y s i n  S were d i l u t e d  i n  i s o t o n i c  s a l i n e ,  ( TyiBBE 7) .
1 ml o f  a t h r i c e  washed suspens ion  of human *0* R.B.C. 

was added to  each tu b e .  The c o n c e n t r a t i o n  of th e  red  c e l l  
s u s p e n s io n  used  was a d ju s te d  so t h a t  th e  sample, a f t e r  haemolysis  
w i th  sap o n in  and adding  an equal volume o f  s a l i n e  gave an 

absorbance  a t  545 i^ f o f  0*8 ( read  i n  a Rye Unicam SP6OO
s p e c t ro p h o to m e te r ) .  Each s e r i e s  of  tu b e s  was in cu b a ted  i n  a

o ^37 8. w a te r  b a t h  f o r  30 minutes  and th e n  o e t r i f u g e d  a t  4 ,500  r .p .m .
f o r  2 m inutes  i n  an USE swing-oufc head c e n t r i f u g e .  A s ta n d a rd
f o r  haem olys is  was p rep a red  by adding  1 ml of  red  b lood  c e l l
s u sp en s io n  to  3 ml of  d i s t i l l e d  w a te r .  The haemoglobin i n  th e
s u p e rn a ta n t  f l u i d  was assayed  by r e a d in g  th e  e x t i n c t i o n  va lu e



a t  545 The haemoglobin co n ten t  i n  th e  s u p e rn a ta n t
f l u i d  o f  each tube  i n  th e  s e r i e s  which showed haem olysis  was
assayed i n  t h i s  way* The f o r  each d i l u t i o n  was c l o t t e d54o
and th e  d i l u t i o n  of t o x i n  haersolysing 509  ̂ o f  bhe red  c e l l s  i n  
the  su sp en s io n  was de term ined  by i n t e r p o l a t i o n  (FIG. 7 )«
k  u n i t  of  haem olysin  (iTJ) i s  d e f in e d  as  t h a t  amounb which 

l i b e r a t e s  50/t of  th e  haemoglobin i n  the  t e s t  red  c e l l  suspension  
under  th e  c o n d i t io n s  s t a t e d .  Four haem oly t ic  u n i t s  d.etermined 
i n  t h i s  way a re  app rox im ate ly  equivd'Lenb to  1 Mïï .D. de termined 
by s e r i a l  d o u b l in g  d i l u t i o n s *

P r e u a r a t i o n  of  G radien t  d i l u t i o n s .

Tube h i l u t  i  on Fac t  o r Toxin (ml) S a l in e
1 1 .0 1,00 0
2

\
0,67 0,33

3 \ 2 .0 0 .50 0 ,50

4 0 .40 0 .6 0

5 ! 3 .3 0 .30 0 ,70
6 5 .0 0 ,2 0 0 ,80

7 6.7 0 .15 0 .8 5

8 10 .0 0 .10 0 ,90

9 15,0 0.067 0 ,93
10 20o0 0.005 0 .9 5
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FIGo 1  0 T i t r a t i o n  oi the  haemolytic a c t i v i t y  of SLSo
S t a r t i n g  d i l u t i o n  of tox in  = l/lOOOo Standard 50̂  ̂ haemolysis FU,^=0.195
This i s  equ iva len t  to  adding 0o335 ml, I / I 6ÔO to x in ,  ^

'T itre = 1000/0.335 H,U./al = 2,985 H.H./ml,
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MSASURBIIENT OF H3SFÎFATÏ0Î:

The r e s p i r a t i o n  of a s c i t e s  tu n o u r  c o l l s  and i s o l a t e d  
m i tochondr ia  was fo l low ed  u s in g  two m e thods ; -

(1) m anoine tr ioa l ly  u s in g  th e  harhu.rg a p p a ra tu s  

to  measure th e  oxygen u p ta k e ,

( 2 ) hy u s in g  th e  oxygen e l e c t r o d e  to  measure the  
oxygen u p t a k e 0

Most of th e  work was done u s in g  tho h a rh u rg  a p p a ra tu s  because  
an oxygen e l e c t r o d e  became a v a i l a b l e  on ly  i n  th e  l a t e r  s t a g e s  
of  th e  work,

Apparatus used ,

(a)  Fanomet  r i  o as  s a y s .

The h a rb u rg  ap p a ra tu s  used was manufaotured by Tova^en and 
Keroer  L t d , 5 Croydon, England and i s  i l l u s t r a t e d  i n  EIG. 8 •
I t  c o n s i s t s  o f  a d e ta c h a b le  f l a s k  ( e ) ,  hav ing  an approximate 
volume of 25 m l, equipped w ith  e i t h e r  one o r  two s id e  arms 
(s), a t t a c h e d  to  a nanometer (k) c o n ta in in g  a l i q u i d  of 
known d e n s i t y .  The f l a s k  i s  immersed i n  a w a te r  b a th  a t  a 
co n s ta n t  te m p e ra tu r e ,  and between r e a d in g s  i s  shaken to  promote 
r a p id  gas exchange between th e  l i q u i d  and gas ph ases .

The manometer shown i n  EIG* 8 has an open and a c lo sed  
end, A r e f e r e n c e  p o in t  on th e  c lo sed  s id e  of t h e  manometer 
( u s u a l l y  150 mm) i s  chosen and th e  l i q u i d  i n  th e  c lo sed  arm of 
th e  manometer i s  always a d j u s t e d  to  t h i s  p o in t  b e fo re  r e c o rd in g
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G

F = F lask  

S Side arm

G- “ Side azmi s topper  v/ith 

gas vente 

C " Centre w ell  ( fo r  a l k a l i )  

M = Manometer 

E -  F ln id  r e s e r v o i r  

T = Three-way stopcock

FIG* 8 * AVarbui'g Apparatus,  (Umhrèit, B u r r is  & S ta u f fe r  1959)



p r e s s u r e  changes* During th e  consuijption of oxygen hy a
b i o l o g i c a l  system th e  l e v e l  of  f l u i d  i n  th e  c lo sed  lirnh w i l l  
r i s e *  By a d j u s t i n g  th e  l e v e l  i n  thd s arm once aga in  t;o I 50 mzg, 

a- r e a d in g  of th e  'almount of  oxygen ta k e n  up can he c a l c u l a t e d  
i f  one knows tn e  gas volume of  th e  f l a s k 5 th e  volume of l i q u i d  
i n  th e  f l a s k ,  th e  te m p era tu re  of  o p e r a t io n ,  t h e  ga,s b e in g  
exchanged and th e  d e n s i t y  of th e  f l u i d  I n  th e  manoz-eteri. These 
f a c t o r s  a,re r e l a t e d  hy a co n s tan t  f o r  a matched f l a s k  and 
manometer* F la s k  c o n s t a n t s  were de te rm ined  u s in g  th e  mercury 

method d e s c r ib e d  hy timbrér t  e t  a l  (1959)  ̂ I f  th e  up take  of 
oxygen by a b i o l o g i c a l  system i s  accompanied by th e  fo rm a t io n  
of carbon  d io x id e ,  20'-;̂  FaOH must bo p laced  i n  th e  c e n t r e  well  
of  t h e  f l a s k  t o  absorb  th e  carbon d io x id e  so t h a t  th e  change 
i n  oxygen t e n s i o n  can be reco rd ed ,
(b) Oxygen e lec t ro d e *

The oxygen e l e c t r o d e  i s  a f i x e d  v o l t a g e  p a l a r o g ra p h ic  
probe which measures th e  p a z d ia l  p r e s s u re  of  ox;y von* I t  
has  been  made p a r t  of  an in teg ra ted ,  automated system capable  
of  p l o t t i n g  oxygen up take  o r  e v o l u t io n  cu rves  r e p r e s e n t i n g  th e  
a c t i v i t y  of  c e l l s ,  t i s s u e s  and hoinogenatos suspended i n  
p h y s io l o g ic a l  media. The system o p e r a t e s  a t  app rox im a te ly  t e n  
t im es  th e  speed of  co n v en t io n a l  manometric t e c h n iq u e s  and 
u s e f u l  i n fo rm a t io n  becomes a v a i l a b l e  seconds a f t e r  i n s e r t i o n  
of th e  probe in t o  th e  r e a c t i o n  v e s s e l .  This  p ro v id e s  s i g n i ­
f i c a n t  in fo rm a t io n  d u r in g  th e  p e r io d  u s u a l l y  r e q u i r e d  f o r  
e q u i l i b r a t i o n  t ime i n  th e  s ta n d a rd  klarburg t e c h n iq u e .

The B i o l o g i c a l  Oxygen Monitor c o n s i s t s  of  a s t a b l e  
oxygen e l e c t r o d e  ( s e n s o r ) ,  an e l e c t r o n i c  a m p l i f i e r ,  a b a th  
s t i r r e r  assembly ,  and a co n s tan t  te m p e ra tu re  c i r c u l a t o r .
Although th e  change i n  oxygen t e n s io n  can be read  d i r e c t l y  from 
th e  m eter  on th e  a m p l i f i e r ,  i n  p r a c t i c e  th e  s ig n a l  i s  f ed  t o  
a r e c o r d e r  which i s  o p e r a t e d . a t  a speed com patib le  w i th  th e
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r e a c t i o n  r a t e  o f  th e  b i o l o g i c a l  s y s t e n ,  A b lock  diagram of 
th e  system i s  g iv e n  i n  PIG, 9 «

The oxygen se n s o r  c o n s i s t s  of  a 0 ,025" d ia r - e t e r  platinimi 
ca thode  and a U-shaped s i l v e r  anode encased in  an epoxy b lo ck  
except  f o r  t h e  exposed s u r f a c e s  of the  anode and ca thode ,  A 
t h i n  (0 , 001") t e f l o n  membrane s t r e t c h e d  over  th e  end of th e  
s e n so r  e f f e c t i v e l y  i s o l a t e s  th e  sen so r  e lem en ts  from th e  
ex p e r im en ta l  s o l u t i o n  b u t  a . l lous d i f f u s i o n  of  oxygen in t o  
th e  s e n s o r ,  When a p o l a r i s i n g  c u r r e n t  of  0 ,8 v  i s  ap p l ied  
a c ro s s  th e  c e l l , oxygen w i l l  r e a c t  w ith  the cathode caus ing  
a c u r r e n t  t o  f l o u  th ro u g h  th e  c e l l , The c u r r e n t  u h ich  f lows 
i s  p r o p o r t i o n a l  to  th e  amount o f  oxygen d i f f u s i n g  a c ro s s  th e  

membrane' .
The ozyĉ '̂-gen e l e c t r o d e  i s  not asi a b s o lu te  d e v ic e ,  i t  r e q u i r e s  

t o  be c a l i b r a t e d  a t  a known b a ro m e t r i c  p r e s s u r e  i n  a s o l u t i o n
w ith  a knowQoxygen c o n te n t .  Although th e  oxygen e l e c t r o d e

re c o r d s  oxygen t e n s i o n  (pO^) r a t h e r  thaui v o lu m e t r ic  changes 
(as  o b ta in e d  by manometric methods) ,  r e l a t i v e l y  simple c a l c u l a t i o n s  

a r e  r e q u i r e d  to  t r a n s fo rm  th e  d a t a  i n t o  com patib le  v o lu m e tr ic  

v a l u e s .  This  i s  i l l u s t r a t e d  i n  th e  f o l lo w in g  exam ple t-

Assume a change of 82 to  64^  s a t u r a t i o n  in  5 m inu tes ,  
t h i s  means t h a t  l8jo o f  th e  oxygen i n  s o l u t i o n  was consumed in  
5 m inu tes .  Assume a l s o  t h a t  th e  r e a c t i o n  m ix ture  c o n s i s t e d  
of  3 ml o f  R ingers  s o l u t i o n  a t  37^8, I f  R ingers  s o l u t i o n
s a t u r a t e d  w ith  a i r  a t  37^G and ambient baroKietr ic  p r e s s u r e
c o n ta in s  5 y i l  oxygen/ml of  s o l u t i o n ,  th e n  a 3 ml sample w i l l  
c o n t a in  15yiO- oxygen. A change of iS^o i n  s a t u r a t i o n  means 
t h a t  15 X 18^̂  = 2 .7  yul oxygen was consumed i n  5 m inu tes .
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Glucose u t i l i s a t i o n  was e s t im a te d  m.anometrically  a t  

37^0, The c o n te n t s  of  tn e  Warburg f l a s k s  were as  f o l l o w s t -

f a i n  w ells  0 ,5  rnl a s c i t e s  c e l l  su sp en s io n
1.7  PV 'P /tr is  n C l 'b u f fe r  pH 7-3
Oo5 S t r e p t o l y s i n  3 o r  c o n t r o l  f l u i d

Centre  w el ls  0 ,2  ml 2 0 /  ITaOH
Side arms 0 ,3  ml 0,21i g lucose

T o ta l  Volume = 3 ml.
A f t e r  th e  reoui.red  p r e - in o u h a t i o n  p e r io d  ( u s u a l l y  

30 m inu tes )  w i th  a shak ing  speed of 80 to  100 c y c le s  p e r  minute 
a t  37^0 th e  manometer was c lo sed ,  a base  r e a d in g  ta k e n ,  th e n  
th e  c o n te n t s  o f  th e  s id e  arm were t i p p e d  i n t o  t h e  main w ell  
and th e  change i n  p r e s s u r e  r e s u l t i n g  from oxygen u p ta k e  read  
a t  10 o r  IS minute i n t e r v a l s .  A ll  Warburg a s say s  wore done 

i n  d u p l i c a t e ;  i f  v a lu e s  i n  a  p a i r  d i f f e r e d  by more th a n  5 /  th e  
experiment was d i s c a r d e d .  An impairment o r  s t i m u l a t i o n  of 1 0 /  
o r  more was t a k e n  as  s i g n i f i c a n t .

Sueo ina t e  o x id a t i o n , was a l so  e s t im a te d  m an o m etr ic a l ly  

a t  37^0* The c o n te n t s  o f  t h e  Warburg f l a s k s  were as f o l l o w s : -
f a i n  w e l l ;  0 ,5  ml a s c i t e s  c e l l  su sp en s io n

1 .7  ml P ? p / ' t r i s  HCl b u f f e r  pH 7 .3
0 ,5  ml S t r e p t o l y s i n  S o r  c o n t r o l  f l u i d

Side arm; 0 ,3  ml 0 .2 k  sodium s u c c in a t e
T o ta l  Volume -  3 ml.

The method was as d e s c r ib e d  above f o r  g lucose  o x id a t i o n .  
Glucose a n d ‘s u c c in a t e  o x id a t io n  by 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  was measured i n  th e  same way, s u b s t i t u t i n g  th e  

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  f o r  th e  a s c i t e s  c e l l  su sp e n s io n .
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The s u c c in i c  ox idase  a c t i o n  of  th e  a s c i t e s  c e l l  m i tochondr ia  
was assayed  u s in g  th e  oxygen e l e c t r o d e  and th e  method w i l l  he 
d e s c r ib e d  l a t e r .

ASSAY OY ISOLATSh kITOGHOIlDHIAL EITZlfE ACTIVITY.

S u e c in ic  dehydrogenase  was measured by th e  r e d u c t io n  of 

methylene b lu e  by m i to ch o n d r ia  employing sodium s u c c in a te  as 
s u b s t r a t e  i n  a Thunberg tu b e .  The Thunberg tu b e  had the  
f o l lo w in g  c o n te n t s

Main v e s s e l ;  0 ,5  ml m i to c h o n d r ia l  su sp en s io n
0 ,5  ml S t r e p t o l y s i n  S o r  c o n t r o l  f l u i d
1 ,4  ml suc rose  jTiosphate b u f f e r  pH 7 ,3 .

Side arm: 0 ,3  ml sodium s u c c in a te
0 ,3  ml 0 ,1  mf methylene b lu e  dye.

The tu b e s  were evacua ted  f o r  5 minutes  w i th  an 
Edward 's  High VacuuLi Pump (Model 2SC 50) w i th  co n s ta n t  she.king 
to  remove a i r  b u b b le s ,  ' The Thunberg tu b e s  were th e n  c lo sed  
and th e  c o n t e n t s  of  th e  s id e  arm t ip p e d  i n t o  th e  main w e l l .
The t ime t a k e n  to  d e c o lo u r i s e  9 0 /  of th e  dye ( v i s u a l l y  a s se s s e d )  
a t  37°0 was t a k e n  as  a measure o f  dehydrogenase a c t i v i t y .

S u cc in ic  ox idase  was measured e i t h e r  m anom etr ica l ly  a t
o37 0 o r  u s i n g  th e  oxygen e l e c t r o d e ,

(a )  Harbur^ Assay
The c o n te n t s  o f  th e  Harburg f l a s k s  were as f o l l o w s : -

Main w e l l :  0 ,5  ml m i to c h o n d r ia l  su sp en s io n
0 ,5  ml S t r e p t o l y s i n  S o r  c o n t r o l  f l u i d
1,7  ml suc rose  phosphate  b u f f e r  o r  
suc rose  t r i s / H C l  b u f f e r  b o th  pH 7*3.

Side arm; 0 .3  ml 0,211 sodium s u c c in a t e  
T o ta l  volume = 3 ml.



F ol low ing  a p p r o p r i a t e  p r e - i n c u b a t i o n  a t  37^0 th e  manometer

was c lo s e d ,  a h ase  r e a d in g  was t a k e n  and th e  c o n t e n t s  of  th e
s id e  arm were t i p p e d  i n t o  th e  main w e l l .  Headings of the  

change i n  p r e s s u r e  which r e s u l t e d  from oxygen up take  were ta k e n  
a t  10 or  15 minute i n t e r v a l s .
(h) Oxygen E le c t r o d e ,

The c o n te n t s  of  th e  c e l l  were as f o l l o w s : -
0 ,2  ml m i to c h o n d r ia l  su sp e n s io n  
0*5 S t r e p t o l y s i n  S o r  c o n t r o l  f l u i d
2c0 ml suc rose  phosphate  b u f f e r  o r
su c ro se  t r i s / H C l  b u f f e r  b o th  a t  pH 7.3*

The r e a c t i o n  m ix tu re  was s t i r r e d  w i th  t h e  magnetic  s t i r r e r  
a t  30^C f o r  th e  r e q u i r e d  p r e - i n c u b a t i o n  t i n e  ( u s u a l l y  I 5 minutes)  

The s t i r r e r  was s topped  and 0 ,3  ml of  0 , 2IJ sodium s u c c in a t e  
added, making th e  t o t a l  r e a c t i o n  volume 3 ml® The se n so r  probe 
was i n s e r t e d ,  t h e  s t i r r e r  r e s t a r t e d  im m edia te ly  and th e  change 
i n  oxygen t e n s i o n  reco rd ed  a u t o m a t i c a l l y ,  A lo i re r  i n c u b a t io n  
te m p e ra tu re  was used  i n  t h e s e  exper im en ts  i n  o rd e r  t o  ensure  
t h a t  th e  r a t e  of  oxygen up teke  was not to o  r a p id  to  be reco rded  

by th e  v e ry  s e n s i t i v e  e l e c t r o d e .
Cytochrome ox idase ,  a c t i v i t y  wa,s measured i n  th e  same way 

as  s u c c i n i c  ox idase  ac t i .v i t y  except t h a t  pa rapheny lene  diamine 
(PPHDl, Koch-Light L t d . )  was used as  s u b s t r a t e  (FIG, 10 ) by
th e  method of S l a t e r  (1949)* The mouse l i v e r  m i to c h o n d r ia l  
su sp e n s io n  o x id i s e d  t h i s  s u b s t r a t e  i n  th e  absence of  added 

cytochrome c .
Employing th e s e  methods th e  e f f e c t  of  S t r e p t o l y s i n  S on 

th e  v a r io u s  p a r t s  o f  th e  s u c c i n i c  ox idase  ch a in  of  m i to ch o n d r ia  

could  be a s s e s s e d .  (FIG. 10 ) .
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Addi-fcion of >]xo£^enous f i t o c b o n d r i a l  Corn-ponentso

I n  a t tem p t  G to  p in p o in t  t h e  s i t e  of a c t i o n  of  S t r e p t o l y s i n  S 
on m i to c h o n d r ia ,  i n t e r m e d i a t e s  of  th e  ch a in  ve re  added to  t o x i n -  
t r e a t©  d m i  t  o ch o nd r i  a *

B f f e c t  o f  cytochxome o .
E i t h e r  a t  ze ro  t ime o r  d u r in g  th e  a s sa y  of  s u c c i n i c  ox idase  

o r  cytochrome o x id a s e ,  Oo3 ml of  an aqueous s o l u t i o n  of 

cytochrome c ( c r y s t a l l i n e ,  i r o n  co n ten t  0*43^ Koch-hight  I t d p ) 
c o n t a in i n g  2 .4  mg/ml uas  added t o  h o th  c o n t ro l  and S t r e p t o l y s i n  S 
t r e a t e d  m i to c h o n d r ia  from th e  second s id e  arm of  th e  ha rh u rg  

f l a s k .  A l t e r n a t i v e l y  0 .1  ml of  th e  same cytochrome c s o l u t i o n  

uas  i n j e c t e d  i n t o  t h e  oxygen e l e c t r o d e  c e l l  u s in g  a. micro syr inge^
E f f o f  u h iq u inone .

5 mg'/ ml u h iq u i  none ox h e e f  h e a r t  m i to ch o n d r ia ,
Koch-Light  L t d , )  uas  d i s s o l v e d  i n  1 ml etha/nol and f u r t h e r  

d i l u t e d  1 /5  i n  0 . s uc r os e  phosphate  h u f f e r  pH 7 «3. A d d i t io n  
o f  t h i s  component was made o n ly  i n  Harhurg ex p e r im en ts .  E i t h e r  
a t  zero  t im e o r  d u r in g  th e  a s sa y  of s u c c in i c  o x id a s e ,  0 .3  ml 
of  t h i s  su sp e n s io n  was added from th e  second s id e  arm of the  
r e a c t i o n  v e s s e l  to  h o th  c o n t r o l  and t o x i n  t r e a t e d  m i to ch o n d r ia .

The a d d i t i o n  o f  uh iqu inone  d u r in g  s u c c in a t e  o x i d a t i o n  u p se t  th e  
gaseous  e q u i l ih r iu in  w i t h i n  th e  manometer due to  e v a p o ra t io n  of 
e t h a n o l . This  was c o r r e c t e d  hy opening th e  manometer s to p ­
cock, r e - s e t t i n g  th e  f l u i d  l e v e l  t o  I 50 mm, and a l lo w in g  1 minute 
f o r  r e - e q u i l i h r a t i o n .  The r a t e  o f  oxygen up take  t h e r e a f t e r  
was measured i n  th e  u s u a l  way.
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GIST, F ILTKATIOH.

Sepliadex i s  a m odif ied  d e x t r a n  o b ta in ed  hy ferrre.n!iat.:'0'n 
of  suva r .  I t  i s  manufactured  i n  th e  form of minute heads hy 
Pharmacia ,  U psala ,  Sweden and sw e l l s  when mixed w ith  w ate r  o r  
e l e c t r o l y t e  s o l u t i o n s .  IHien p laced  i n  a chromatographic  

column, i t  a c t s  as a s iev e  f o r  m olecules  of  d i f f e r e n t  s i z e s ,  
s in c e  t h e  p o r o s i t y  of  th e  Sephadex ge l  i s  de te rm ined  hy th e  
amount of  c ro ss  linlcago i n  th e  d e x t r a n  network* I f  an aqueous 
s o l u t i o n  of  l a r g e  and small molecules  i s  p laced  on th e  s u r fa c e  t’he
g e l  hed ,  i t  s t a r t s  t o  p e r c o l a t e  th rough .  As th e  s o l u t i o n  i s  
washed th ro u g h  th e  column w i th  w a te r ,  t h e  small  m olecules  t h a t  
d i f f u s e  i n t o  th e  ge l  g r a in s  are  slowed down. The l a r g e r  
m olecu les  cannot e n t e r  th e  g e l  pores  and move th ro u g h  th e  
column f a s t e r  and thus  become s e p a ra t e d  from th e  s m a l le r  ones.  
V ar ious  g rades  of  sephadex a re  a v a i l a b l e  which exc lude  molecules  
o f  d i f f e r e n t  s i z e s  and i d e a l  s e p a r a t i o n  i s  ach ieved  u s in g  th e  
g rade  of  Sephadex which w i l l  com ple te ly  exclude th e  l a r g e s t  
m o lecu les  and r e t a i n  th e  sm a l le r  ones.

RHA-SIjS was passed  th rough  columns of  G $0, G 75s a-i' d̂ 

G 100 Sephadex,

P r é p a r â t i on of  columns»

The b u f f e r  used f o r  th e  p r e p a r a t i o n  and run n in g  of  a l l  

columns was 0 ,2 5 h  sodium phosphate  pH 6 .0  c o n t a in i n g  5/^
G ly ce ro l  and O.llI  KCl, An a p p r o p r i a t e  amount of  th e  r e q u i r e d  
g rade  of  Sephadex to  g ive  a hed volume of  50 ml was weighed o u t ,  
washed t h r e e  t im es  i n  b u f f e r  th e n  l e f t  o v e rn ig h t  a t  4^0 to  
s w e l l .  The Sephadex was th e n  poured i n t o  a Q u ic k f i t  g l a s s  
column 2 cm i n  d ia m e te r  (CR 32/30) p laced  a t  4^0 and washed
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th o ro u g h ly  w ith  h u f f o r .  The e n d 'o f  th e  column was th e n  

a t t a c h e d  v i a  an LKf 8300 A u v ic o rd  11 r e c o r d in g  spec t ro p h o to m e te r  

t o  an LKB u l t r o r a c l  7OOO f r a c t i o n  c o l l e c t o r  (LI03-PR0I)U]fTER AH,
Stooidholm, Swedon).

Chromatography of  RN A -Strep to lys in  S.

A sample of EITA-SLS was a p p l ie d  to  th e  s u r f a c e  of  th e  
column, a l lowed to  e n t e r  th e  g e l ,  th e n  washed th rough  th e  
column w i th  b u f f e r .  The o p t i c a l  d e n s i t y  of th e  column 
e f f l u e n t  was measured a t  256 1:1̂ 1 , reco rded  by th e  u v ico rd  and 
2 ml f r a c t i o n s  c o l l e c t e d .  These f r a c t i o n s  were th e n  sc reened  
f o r  v a r i o u s  a c t i v i t i e s .  The e x c lu s io n  volume of  each column 
was de te rm ined  by p a s s in g  th rough  a s o l u t i o n  of  b lu e  d e x t r a n  
2000 (Pharmacia)  and measuring th e  amount of  b u f f e r  c o l l e c t e d  
from th e  a p p l i c a t i o n  of  th e  dye to  i t s  r e a c h in g  th e  end of the  
columur

T h is  d e s c r i p t i o n  p r e s e n t s  t h e  ba.sic methods used 
th roughou t  the  study* A number of  experim ents  were c a r r i e d  
out i n  which th e  aims d i c t a t e d  c e r t a i n  m o d i f i c a t i o n s .  The 
d e s ig n  of  exper im en ts  w i l l  t h e r e f o r e  be r e f e r r e d  t o  where n e c e s s a ry  
i n  t h e  R e s u l t s  s e c t i o n .
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As mentioned i n  th e  I n t r o d u c t i o n  to  t h i s  T h e s i s ,  SLS i s  known 

to  d i s r u p t  b o th  the  c e l l  membrane and th o se  membranes bounding 
i n t r a c e l l u l a r  o r g a n e l l e s .  I t s  a t t a c k  on r a b b i t  l i v e r  
m i to ch o n d r ia  has  been r e p o r t e d  to  r e s u l t  i n  s w e l l in g  and r e l e a s e  
o f  madic dehydrogenase (ïïoissmann e t  a l  1963; ICeiser e t  a l  1964) .  
P a r t  of th e  o b je c t  of  t h i s  Thes is  vTas to  i n v e s t i g a t e  whether  the  
d i s r u p t i o n  of th e  m i to c h o n d r ia l  membrane by SLo r e s u l t e d  i n  any 
a l t e r a t i o n s  i n  r e s p i r a t o r y '  f u n c t i o n ,  l-'ost r e c e n t  s t u d i e s  on th e  
c y t o t o x i c i t y  of t h i s  t o x i n  have been made u s in g  th e  Kil/l form 
which i s  p rep a red  i n  a chem ica l ly  d e f in e d  medium and i s  t h e r e f o r e  
almost f r e e  from o t h e r  s t r e p t o c o c c a l  p ro d u c ts ,

EFFECT OF STREFTQI.YSIH 8 _ Oil liITQClIOhDRIAL

SUCGIÎTIC OXIDASE ACTIVITY,

The fundamental  o b s e rv a t io n  which emerged from e a r l y
exper im ents  was t h a t  RHA-SLS from s t r a i n  C203S of S t rep tococcus

-----------------------------
pyogenes d e s c r i b e d  on page 62 . of  th e  M a te r i a l  and Methods 
im paired  th e  r e s p i r a t i o n  of i s o l a t e d  mouse l i v e r  m i tochondr ia  
employing s u c c in a te  as s u b s t r a t e ;  such impairment was found u s in g  
b o th  th e  Warburg and Oxygen E lec t ro d e  t e c h n iq u e s  (FIG, 11 a & b ) , 
P r e p a r a t i o n s  from the  SLS d e f i c i e n t  mutant C2031T d id  not im pa ir  
m i to c h o n d r ia l  r e s p i r a t i o n .  P r i o r  to  d e s c r i b i n g  i n  d e t a i l  a t te m p ts  
to  e l u c i d a t e  th e  mode o f  a c t i o n  of  SLS p r e p a r a t i o n s  on m itochondr ia  
i t  i s  n e c e s s a ry  to  p o in t  out the  i n h e re n t  l i m i t a t i o n s  i n  th e  
methods, to  p r e s e n t  th e  g en e ra l  f e a t u r e s  of  th e  i n h i b i t i o n  and to  
e s t a b l i s h  th e  r e l a t i o n s h i p  between haem o ly t ic  a c t i v i t y  and 
impairment o f  m ito ch o n d r ia .

V a r i a t i o n  i n  Sen s i t i v i t y  of M itochondr ia l  P r e p a r a t i o n s .

I t  soon became c l e a r  t h a t  p r e p a r a t i o n s  o f  m i tochondr ia  v a r i e d  
from day to  day i n  t h e i r  s u s c e p t i b i l i t y  to  th e  same, amount of t o x i n .  

The e x te n t  o f  t h i s  v a r i a t i o n ,  which could be up to  two f o l d ,  i s
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FIG -llo'ao Impairment of su cc in ic  oxidase a c t iv ity  of mouse l iv e r  •' • ' 
mitochondria treated  with IINA-SLS a t a f in a l  concentration  
of 109 HU/ml for 30 rnins, as recorded hy V/arhwrg; Manometry.

••—© resp ira tio n  rate of control mitochondria 
0 — o resp ira tio n  rate of tox in -treated  mitochondria



80

20

64 8

TDÆ IN iHNUIES

FIG 11 *1), Impairment of su ccin ic oxidase a c t iv ity  of mouse l iv e r
mitochondria treated  with 1ÏNA-SLS at a f in a l concentration  

of 109 ïï«U«/ml for  15 minso as recorded in  the Oxygen E lectrode.

A -  resp ira tion  rate of control mitochondria 
B = resp ira tion  rate of tox in -treated  mitochondria
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sîiovm i n  TAiBLÏÏ 80 S im i l a r  o b s e rv a t io n s  have been r e p o r t e d  f o r  

B taphy lococca l  " s u c c i n i c  ox idase  f a c t o r "  (Geinir-ell 1968)^ This  
f ind ing:  imposed c e r t a i n  r e s t r i c t i o n s  on th e  worko F i r s t l y ,  no 
s t a n d a r d i s e d  u n i t  of  n i t o c n o n d r i a l  inpa irrnen t  could  be e s t a b l i s h e d  
and secondardy  i t  ua.s n e c e s s a ry  to  c a r ry  out com parat ive  
expe r im en ts  on tlio sane p r e p a r a t i o n  of m i to c h o n d r ia  on tlie sane 
day* The v a r i a b i l i t y  of n i t o c h o n d r i a l  p r e p a r a t i o n s  made c e r t a i n  
a s p e c t s  of  th e  work d i f f i c u l t  to  q u a n t i t a t e *  , However, i t  should  
be emphasised tha.t the  o v e r a l l  e f f e c t s  d e s c r ib e d  i n  t h i s  s e c t i o n  
were c o n s i s t e n t l y  re p ro d u c ib le *  C r i t i c a l  exper im en ts  wore 
r e p e a t e d  a t  l e a s t  th^'ee times*

I  noub a t  i  on j?i ip e *

Impairment of  s u c c i n i c  ox idase  was only  observed  when 
m i to ch o n d r ia  were in c u b a te d  w i th  SLS p r i o r  t o  t h e  addition of 
su c c in a te *  A d d i t io n  of SJhi t o  m i to ch o n d r ia  which were a c t i v e l y  
m e ta b o l i s in y  s u c c in a t e  d id  not cause any a l t e r a t i o n  i n  th e  r a t e  
o f  oxygen upta.ke (FIG. 12)* I n i t i a l l y  an a r b i t r a r y  i n c u b a t io n  time 
of  30 m inutes  was used  i n  Warburg experiments* The Oxygen 
E le c t ro d e  a l lowed a d e t a i l e d  i n v e s t i g a t i o n  of  th e  i n f lu e n c e  of 
i n c u b a t i o n  t ime on th e  degree  of impairment (TABLE 9)» Over 
th e  f i r s t  two minutes  s i g n i f i c a n t  s t i m u l a t i o n  rms observed 
fo l lo w ed  by i n c r e a s i n g  impairment* The most r a p id  r i s e  i n  the  
r a t e  of  impairment was between 2 and 5 m inu tes ,  t h e r e a f t e r  i t  
r o se  s lowly to  a ma.ximuin a t  20 minutes* As a r e s u l t  o f  t h i s  
f i n d i n g  a p r e - i n c u b a t i o n  per iod  of I 5 m inu tes  was al lowed i n  a l l  
expe r im en ts  u s in g  th e  oxygen e lec t ro d e *

E f f e c t  o f  A1 1 e r i ng th e  Coricen t r a t i o n  of  S M *

In  o r d e r  to  de te rm ine  whether  th e  amount o f  impairment 
caused by SLS was p r o p o r t i o n a l  to  th e  dose o f  t o x i n  p r e s e n t ,  
d i l u t i o n s  of  t o x i n  p r e p a r a t i o n s  were made and t e s t e d  f o r  a c t i v i t y  

on m i to ch o n d r ia .  The v a r i a b i l i t y  of  d i f f e r e n t  m i to ch o n d r ia l  

p r e p a r a t i o n s  made i t  im p o ss ib le  t o  a t t r i b u t e  an  a b s o lu te  impairment
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TABLE 8,

V a r i a t i o n  i n  tLe S e n s i t i v i t y  of  T ' i tochondria ,

C o n c en t r a t io n  of  SLS^ 
(h .E . /m l)

Bate of  Experiment I n h i b i t i o n  of
Ei 10 oho nd r i a l  0_ XL l a k e2

167 l c l l , 6 7 45
167 28 . 11,67 71
16? 29 . 11.67 60
167 2 5 , 1 .68 89

417 11. 4 .69 76
417 14o 4 ,69 52

417 240 4 .69 74
417 5c 5*69 65

417 23 . 5 .69 32

All  llxiperiinent s c a r r i e d  out By Warburg Lanonetry  
+ This  r e p r e s e n t s  th e  f i n a l  c o n c e n t r a t i o n  of  SLS i n  the  Warburg 
F la s k s ,  and h o ld s  f o r  a l l  the  r e s u l t s  p r e s e n te d ,

TABLE 9*

E f f e c t  of  In c u b a t io n  Time on_ Iu p a i ru en t  of S ucc in ic  Oxidase,

Incub a.t i  on Ti me 
i n  K in u te s ,

1  Change

E

i n  k i t 0chon 
Uptake.

0 16 s t i m u l a t i o n
1 20 It

2 55 i n h i b i t i o n

5 64 It

10 71 It

20 78 It

30 74 II

A f i n a l  c o n c e n t r a t i o n  of  SLS of  209 E . E . / x l  was p r e s e n t  i n  each 
a s sa y .  A ll  exper im ents  c a r r i e d  out i n  Oxygen E le c t ro d e .
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FIGfo 12, The E f f e c t  of Adding SLS to  raitochondria v/hich are a c t iv e ly  
m etaho l is ing  succ ina te  « The f i n a l  concen tra t ion  of tox in  in  
the  V/arhug f l a s k  ^vas 30 H.Uo/mlo 

e — □ R esp i ra t io n  r a t e  of mitochondria t r e a t e d  v/ith SLS fo r  30 
minutes p r i o r  to  the  add i t ion  of su cc in a te .
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v a lu e  t o  a -given c o n c e n t r a t i o n  of t o x i n ,  N e v e r th e le s s  c e r t a i n  
im por tan t  p o i n t s  a ro se  and the  r e s u l t s  of a t y p i c a l  experiment 
a r e  g iven  i n  FIG, 13o The p e rcen tag e  i n h i b i t i o n s  of  oxygen 
up take  reco rded  i n  t h i s  FIG, are  expressed  r e l a t i v e  to  th e  
co r re sp o n d in g  d i l u t i o n  of  c o n t ro l  f lu id *  This  uas n ec e s s a ry  
s in c e  th e  r a t e  of  oxygen uptake of  m itochondr ia  in c re a s e d  w ith  
i n c r e a s i n g  c o n c e n t r a t i o n s  of c o n t ro l  f l u i d .  In  view of t h i s ,  
the  d i l u t i o n  of suspending medium o r  h ea ted  SLS used as c o n t r o l s  
th roughout  th e  work was always e q u iv a le n t  to  t h a t  o f  th e  t e s t  
m a te r ia l c  The minimum ajnount of  t o x i n  r e q u i r e d  to  cause 
obse rvab le  impairment was a f u n c t io n  of th e  m i to ch o n d r ia l  
p r e p a r a t i o n  used .  Above t h i s  th r e s h o l d  l e v e l ,  th e  p e rcen tage  
i n h i b i t i o n  of oxygen uptake  was dependant on th e  c o n c e n t r a t io n  
of  SLS p re s e n t  u n t i l  a maximum was reached above which in c r e a s e s  
i n  the  amount of  t o x i n  d id  not cause any s i g n i f i c a n t  r i s e  i n  
i n h i b i t i o n .  This  maximupi l e v e l  of i n h i b i t i o n  a l s o  appeared to  
vary  i n  d i f f e r e n t  m i to ch o n d r ia l  p r e p a r a t i o n s  bu t  lOOJc i n h i b i t i o n  
was never  observed even when v e ry  h igh  doses  of  SLS (30,000 HoUl/rrl) 
were used* The maximum i n h i b i t i o n  observed w ith  most m i to ch o n d r ia l  
p r e p a r a t i o n s  was between 70 and 80Jc.

Rtf e e t  o f  b i f f e r e n t  Buff e r s .

As mentioned p r e v io u s ly  (page 50 ) the  p r o p e r t i e s  of  i s o l a t e d  
m i tochondr ia  depend on th e  n a tu re  of  th e  f l u i d  i n  which th e y  
a re  suspended. I n  e a r l y  experiments  0,2511 suc rose  b u f f e r e d  w ith  

0 , 0251! sodium phosphate pH 7*3 was used f o r  m i to ch o n d r ia l  p r e p a r a t i o n .  
I n  th e  course  of  th e  work i t  was p o in te d  out t h a t  small amounts of 
phosphate may cause some m i to ch o n d r ia l  s w e l l in g .  T h e re fo re ,  th e  
r e s u l t s  o b ta in ed  u s in g  t h i s  b u f f e r  were compared w ith  th o se  ob ta in ed  
u s in g  0,2511 suc rose  b u f f e r e d  w i th  0 , 0551- t r i^KpE 7*3 a. g e n e r a l l y  
accep ted  suspended medium f o r  m i tochondr ia ,  R e s u l t s  showed t h a t  
the  ex p e r im en ta l  o b s e rv a t io n s  u s in g  b o th  suspend ing  media were 
i d e n t i c a l ,  N e v e r th e le s s ,  a l l  r e c e n t  exper im ents  have been  c a r r i e d  
out i n  s u c r o s e / t r i s  b u f f e r .
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. In f luence  of SLS concentra t ion  on Imnaiirient of 
mitochondria l  succ in ic  oxidase a c t i v i t y .  The tox in  
and mitochondria were incubated to g e th e r  foi'  15 minSo 
p r i o r  to  the  add i t ion  of succinate»and the experiment 
was c a r r ie d  out in  the oxj’-gen e l e c t ro d e .
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S u s c e p t i b i l i t y  of  I-;itochond?_ûa from Other  Organ;

The a c t i o n  of ThA-SLS on the  s u c c in ic  ox idase  a c t i v i t y  of  
mouse k idney  and h e a r t  mitochondria, was a l s o  t e s t e d , Kidney 
m i to ch o n d r ia  were prepared  as d e s c r ib e d  i n  th e  I ' a t e r i a l s  and 
Kethods (page 64 ) and suspended i n  a volume of b u f f e r  
p r o p o r t i o n a l  to  th e  weight of  th e  k idneys  ( th e  r a t i o  of k idney  
weight to  f i n a l  volume of m i to c h o n d r ia l  su sp e n s io n  b e in g  the  

same as f o r  l i v e r ) .  However, on ly  h a l f  th e  amount of  k idney 
m i to ch o n d r ia l  suspens ion  was r e q u i r e d  to  o b t a in  th e  sane 
r e s p i r a t i o n  r a t e  as  l i v e r  m ito ch o n d r ia ,  When equal  q u a n t i t i e s  
of  SLS were t e s t e d  on k idney  and l i v e r  m i to ch o n d r ia  r e s p i r i n g  
a t  th e  same r a t e  th e  observed pe rcen tag e  impairment of  s u c c in i c  
ox idase  a c t i v i t y  was almost the  same i n  b o th  p r e p a r a t i o n s  
(TABLS 10) ,  On th e  o th e r  hand, h e a r t  m i to ch o n d r ia  appeared to  
be r e s i s t a n t  to  th e  a c t i o n  of SLS, A l l  f u r t h e r  exper im en ts  were 
c a r r i e d  out u s in g  mouse l i v e r  m itochondr ia  u n l e s s  s p e c i f i c a l l y  
s t a t e d  o th e rw ise .

A ction  o f  SLS Prepared  by D i f f e r e n t  k e th o d s ,

Serum-SLS, Albumin-SLS and Tween-SLS were p rep ared  as 
d e s c r ib e d  p r e v io u s l y  (page 6l  ) from s t r a i n  C203S, Such t o x in  
p r e p a r a t i o n s  were t e s t e d  on the  s u c c in ic  ox idase  a c t i v i t y  of  
mouse l i v e r  m itochondr ia  u s in g  th e  Oxygen S l e e t r o d e .  F i f t e e n
minutes  i n t e r a c t i o n  between t o x i n  and m i to ch o n d r ia  was al lowed 
p r i o r  to  th e  a d d i t i o n  of s u c c i n a t e .  The reco rd ed  v a lu e s  f o r  
pe rce n tag e  i n h i b i t i o n  of oxygen up take  (TdBLS 11) were c a l c u l a t e d  
by'-'comparison w i th  th e  r e s p i r a t i o n  r a t e s  o f  th e  c o n t r o l s  i n  
which m i tochondr ia  were t r e a t e d  w i th  co r re sp o n d in g  amounts o f  the  
suspending  f l u i d s  used f o r  t o x i n  p r e p a r a t i o n .  I t  can be seen 
from the  r e s u l t s  i n  TABL3 11. t h a t  th e  amount of  m i to ch o n d r ia l  
impairment by the  d i f f e r e n t  t o x i n  p r e p a r a t i o n s  d id  not correspond 
to  th e  amount of  haem o ly t ic  a c t i v i t y  p r e s e n t .
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'MBLF 10

S e n s i t i v i b v  ox T i to c h o n d r i a  from o th e r  Organs,

Source of a i t e c h o n d r i a C0n0e n t r a t i o n  of 
SLS (iL’C./ml)

fc I n l i i h i t i o n  of 
k i t o c h o n d r i a l  0^ Uptake

l i v e r 249 40
kidney 249 50

l i v e r 167 81

h e a r t 167 10

TABLE 11,

E f f e c t  of  V ar ious  SI.8 P r e p a r a t io n s  on S u c c in ic  Oxidase

Toxin P r é p a r a bion H,Uo/ml I n h i b i t i o n  of 
k i t o c h o n d r i a l  0^ Uptake

PDA-SLS 53 50
Tween 4O-SLS 13 37
Tween 8O-SLS 3 22

Albumin-SLS 11 49
Serun-SLS 213 50

All  ’Experiments  C a r r ie d  Out i n  Oxygen E le c t ro d e
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These r e u l t s  sugges ted  e i b h e r ,  t h a t  th e  n a tu re  of th e  

c a r r i e r  su b s tan ce  d e te rm in es  the  degree of m i to ch o n d r ia l  
impairment o r  t h a t  a, f a c t o r  o t h e r  than  SLS was r e s p o n s ib le  f o r  
m i to c h o n d r ia l  damage, In  o rd e r  to  i n v e s t i g a t e  bhis f u r  b hi or- the  
e f f e c t  of d i f f e r e n t  chemical and p h y s ic a l  t roa tm enbs  on the  
haem oly t ic  and m i to c h o n d r ia l  damaging a c t i v i t i e s  of PflA-SLS 
p r e p a r a t i o n s  were s t u d i e d ,

CO?:?AHISOh OF THE TIAELOLYTIG AilD r i T OCHQj'hDHIAJj 

DALAGIhG EFFECTS OF STREFT0LY5I1T S PBEPAHATIQL8,

E ff  e c t  o_f

The t o x i n  was hea ted  a t  v a ry in g  t e m p e ra tu re s  f o r  30 irfnubes,  
t i t r a t e d  a g a in s t  huir.an e r y t h r o c y t e s  th e n  t e s t e d  on m i to ch o n d r ia l  

s u c c in i c  a c t i v i t y  (TABLE 12) ,  At th e  haem oly t ic  a c t i v i t y  of
the  t o x i n  was c o n s id e r a b ly  reduced by t h i s  t r e a tm e n t  bu t  the  
i n h i b i t i o n  of ip.ito ch o n d r ia l  oxygen up take  was not s i g n i f i c a n b l y  
a l t e r e d .  At h ig h e r  te m p e ra tu re s  b o th  a c t i v i t i e s  wore d e s t ro y e d .  

The tem pera tu re  chosen to  i n v e s t i g a t e  th e  r a t e  of  h ea t  
i n a c t i v a t i o n  o f  t o x i n  was oO^C s ince  b o th  a c t i v i t i e s  were 
s i g n i f i c a n t l y  reduced bu t  not com ple te ly  d e s t ro y e d  by h e a t in g  
f o r  30 m inutes  a t  t h i s  t e m p e r a tu r e , The t o x i n  was hea ted  a t  
60^G f o r  v a ry in g  p e r io d s  of time th en  t e s t e d  f o r  haem oly t ic  and 
m i to c h o n d r ia l  damaging a c t i v i t y .  The r e s u l t s  o f  t h i s  experiment 
a re  i l l u s t r a t e d  i n  FIG. 14* The m i to ch o n d r ia l  i n h i b i t i n g  a c t i v i t y  
o f  th e  t o x i n  was d e s t ro y e d  more s lowly  th a n  the  haem oly t ic  a c t i v i t y  
bu t  t h i s  may have been due to  the  f a c t  t h a t  th e  amount of  t o x i n  
rem ain ing ,  a l though  d im in ish ed ,  was s t i l l  s u f f i c i e n t  to  cause 
maximum impairment o f  s u c c in i c  ox idase  a c t i v i t y .  Once th e  t o x i n  
l e v e l  f e l l  below t h a t  g iv in g  maximum impairment ,  i t  could be seen 
to  be i n a c t i v a t e d  by in c r e a s e d  p e r io d s  o f  h e a t i n g .



TABLE 12

E f f e c t  of H ea t ing  ST.S P re p a ra t io n s ,

Temperature of h e a t i n g  
(30 m inutes)

C o n c e n t r a t io n  of 
SLS (H.U./ml)

I n h i b i t i o n  of 
k i t o c h o n d r i a l  0^ Uptake

Unheated 700 53
40°G 267 47
60°G 67 30
70°G 1 0
80°C 1 0

10G°G 1 0

A ll  Experiments  C a r r ie d  Out by Warburg Panonietry.
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Efi eo t  of  ‘Trypan B lu e ,

Tryimn b lu e  has been r e p o r t e d  to  i n h i b i t  th e  h aem o ly t ic ,  l o t h e l  
and c y t o t o x i c  a c t i v i t i e s  of  SLS ( i t o  1940; Rosendal & Bernheimer 

1952; Taheto & Taketo I 966)* In  my ex p e r ien ce  i f  SLS i s  
al lowed to  r e a c t  w i th  t r y p a n  b lu e  a t  a c o n c e n t r a t i o n  of 100 ^ g /m l  
anid th e  m ix tu re  t i t r a t e d  i n  t h e  u su a l  way a haem o ly t ic  p a t t e r n  of 
the  type  shown i n  th e  f i r s t  l i n e  of  TABLE 13o was seen^ 'This 
i n d i c a t e d  t h a t  th e  i n h i b i t i o n  e f f e c t  of  t r y p a n  b lu e  was r e v e r s e d  
by d i l u t i o n »  On th e  o t h e r  hand, i f  the  c o n c e n t r a t i o n  of t r y p a n  
b lu e  was m a in ta ined  a t  100 juig/ml i n  each tube  th e  p a t t e r n  i n  
l i n e  2 of  TABLE 13 was observed» Trypan b lu e  may a c t  as  a 
b lo c k in g  agent  o r  c o m p e t i t iv e  i n h i b i t o r  of SLS, th e  c o n s ta n t  
p resence  o f  th e  i n h i b i t o r  b e in g  a requ irem en t  of  i n h i b i t i o n .

In  o rd e r  t o  a s s e s s  th e  e f f e c t  of t r y p a n  b lu e  on SLS 
impairment of  m i to c h o n d r ia l  s u c c in i c  ox idase  a c t i v i t y ,  ha rbu rg  
exper im en ts  f o r  th e  a s sa y  of s u c c in i c  ox idase  were s e t  up as 

d e s c r ib e d  i n  th e  m a t e r i a l s  and he thods  (page 76 ) and t ry p a n  b lue  
was added to  g ive  a f i n a l  c o n c e n t r a t io n  of  100yug/md» The r a t e  
of oxygen up take  of m i to ch o n d r ia  was not a d v e r s e ly  a f f e c t e d  by 
the  p resen ce  o f  t h i s  c o n c e n t r a t i o n  of  t r y p a n  b lu e  n o r  d id  i t  
a f f e c t  th e  degree  of  impairment of  s u c c i n i c  ox idase  a c t i v i t y  by 
SLS ( t a b l e  14 )# Thus a t  a c o n c e n t r a t i o n  s u f f i c i e n t  to  cause 
marked i n h i b i t i o n  o f  haem olys is  t r y p a n  b lu e  d id  not a l t e r  th e  
c a p a c i ty  of  th e  t o x i n  t o  im p a i r  m i to ch o n d r ia l  r e s p i r a t i o n .

E f f e c t  o f  L e c i t h i n . _

L e c i t h i n  i s  a w e l l  documented i n h i b i t o r  o f  SLS (Hewitt  & Todd 

1939; Humphrey 1949j C inader  & P i l l e m e r  1950; S to l le rm an  e t  a l  
1950) bu t  th e  q u a n t i t i e s  o f  l e c i t h i n  r e p o r t e d  t o  cause i n h i b i t i o n  
v a ry  c o n s id e r a b ly .  Humphrey (1949) found t h a t  0 , l 8  mg o f  l e c i t h i n  
was n e c e s s a r y  t o  i n l i i b i t  1 H.U. of  SLS. Using p u r e r  p r e p a r a t i o n s  
of  b e e f  h e a r t  l e c i t h i n ,  C inader  & P i l l e m e r  (1950) found t h a t  on ly

1 .4  X 10 ^mg. o f  l e c i t h i n  n e u t r a l i s e d  1 H.U. of  SLS. Yet a n o th e r  
va lue  was r e p o r t e d  by  S to l le rm an  e t  a l  ( l950)  who found t h a t
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2 o09 % lO’"^ Rg, of  purâf iec l  egçp yo lk  l e c i f h i n  in h ik i te c t  1 F , IT.

SLSo These d isc repp /no ies  oen he Gxplcoined t o  sope ex t  eo t  hy 

ti ie f a c t  t h a t  t h e s e  ivorkers used d i f f e r e n t  h a e n c l y t i c  i n i i t s ;  
t h e r e f o r e 5 th e  cUTiovintc o f  l e c i t h i n  r e u u i r e i  t o  cause i n h i h i t i o r i  
u e re  not h e in g  compared >rith a s ta n d a rd  an-.ount of  Shk, i 'ore
r e c e n t l y  l e c i t h i n  has heen  used e x t e n s i v e l y  t o  i^ ih ih i t  t  ani
va.ry in ,<5 a r h i t r a r y  c o n c e n t r a t i o n s  lia,ve heen used hy d i f f e r e n t  
u o rk e r s  »

P re l im in a r y  exper im en ts  were c a r r i e d  out u s in g  l e c i t h i n  
p rep a re d  hy th e  .method o f  Hannahan^ Turner  and Jahyo ( l 9 3 l )  frow 
egg yolk.. T h is  p r e p a r a t i o n  iras kind] j g iv e n  t o  me hy 
h r .  CcJo Snytho The e s t imated p u r i t y  of  t h i s  p r e p a r a t i o n  ws,s 
80^  l e c i t h i n  h u t  t h r e e  components .were, found t o  he i^resent when 
i t  was an a ly se d  hy t h i n  lawyer chromatography, A 8 mg/ml d i s p e r s i  or 
of  l e c i t h i n  i n  d i s t i l l e d  w a te r  was p repa red  hy s o n i c a t i o n  and 
d i l u t i o n s  of  t h i s  were made to  g ive  c o n c e n t r a t i o n s  of  1 ri;g/inl and 

2*5 î!ig/mle Equal volumes of SLS and l e c i t h i n  were mixed and 
al lowed t o  i n t e r a c t  f o r  30 minutes  a t  37^0, A l iq u o ts  of  the 
m ix tu re  were th e n  t i t r a t e d  f o r  haem oly t ic  a c t i v i t y  and t e s t e d  f o r  
impairment of m i to c h o n d r ia l  s u c c in i c  ox idase  a c t i v i t y *  The

r e s u l t s  o f  such exper im en ts  a re  g iven  i n  T/fBLE 15«
In  o r d e r  t o  ooni'irm t h a t  th e  observed e f f e c t s  were due to  

l e c i t h i n ,  a  c h ro m a to g ra p h ic a l ly  pure p r e p a r a t i o n  of L -a lpha  
l e c i t h i n  was purchased  from General B iochem ica ls  L t d , . SLS was 
t i t r a t e d  a g a i n s t  human e r y t h r o c y t e s  hy d o u b l in g  d i l u t i o n s  u s in g  

phosphate  b u f f e r e d  s a l i n e  c o n t a in i n g  5 0 l e c i t h i n / m l ,  as  d e s c r ib e d  
hy Koya.ma ( 1965) .  A f t e r  making th e  t o x i n  d i l u t i o n s ,  10 minutes 
i n c u b a t i o n  a t  room te m p e ra tu re  was al lowed p r i o r  t o  adding the  
e r y t h r o c y t e s .  The same p r e p a r a t i o n  of t o x i n  t i t r a t e d  i n  th e  
absence o f  l e c i t h i n  had a t i t r e  of  5*000 H.U./ml h u t  i n  th e  p resence  
of l e c i t h i n  t h i s  f e l l  t o  I 6O H.U./ml,  L e c i t h i n  a t  th e  same f i n a l  
c o n c e n t r a t i o n  o f  50^ .g /m l  was added to  th e  r e a c t i o n  m ixture  when 

t e s t i n g  th e  m i to c h o n d r ia l  damaging e f f e c t  of  SLS, Again 10 minutes



TABLE 15o

E f f e c t  of  L ec i th ' in  on STjS ,

T e s t  1 Ilk e r i a l G o no 0 n t  r a t i o n  
SLS (lîolT./rcl)

I n h i b i t i o n  of 
T. ' i toohondrial 0^ Uptake,

SLS 5,000 65
SLS + l e o i t L i n  (lmg/n:l) 830 66

SLS 10,000 63
SLS -1- l e c i t h i n  (2 ,5  mg/ml) 3,300 57
SLS + l e c i t h i n  (5*0 mg/ml) 3,300 61

.

All Ex:qerinents  C a r r ie d  Out Ly UarLurg Lanometry,



l U U

i n t e r a c t i o n  tween th e  t o x i n  and locikh.i:  was a l lowed b e fo re  th e

a d d i t i o n  o f  mi kochondria which was fo-Vio.red by I 5 rpinntec 
in cn b ak io n  prio:c t o  th e  e d d i t i o n  of so.c'-.i aabo and q.easnrement of 
m i to c h o n d r ia l  oioygen n o ta i  e , ITntroabvd toodn oaoased 55/'

i n h i b i t i o n  of s u c c in i c  ox idase  a c t i v t  iy and i n  th e  presence  of 
l e c i t h i n  i n h i b i t i o n  was observed* ]n  o r d e r  to  e s t o b l i s h
w hether  th e  im u a iz m n t  of  s u c c in i c  oui iase  obs-crvod i n  tiie 
p resence  of  l e c i t h i n  was perhaps  due is.' r o r i d u a l  t o r i  n , a l / f O  
d i l u t i o n  o f  th e  o r g in a l  t o x i n  prop; are s i  0:0 ;ras rjade c o n ta in in g  
167 H.U./ml and t e s t e d  on the  sar.e prop:-no kion of  mi kochondrici.
This  an:ount of t o x i n  caused no ii?T.aj.r''oni; of  s u c c in i c  ox idase  
a c t i v i t y .  These r e s u l t s  sugges ted  the  k l e c i t h i n  s e l e c t i v e l y  
b locked  th e  haem oly t ic  a c t i v i t y  of  but  d id  not i n t e r f e r e

w i th  the  a b i l i t y  of  th e  t o x i n  to  in l i ib j  t r i t o c i i o n d r i a l  s u c c in ic  
ox idase  a c t i v i t y .

The r e s u l t s  from exper im en ts  with' tr.ypan bli^e and. l e c i t h i n  
showed t h a t  th e  two b i o t o g i c a l  a c t i v i t i e s  of  HhUVSLo p r e p a r a t i o n s  
were not i d e n t i c a l  i n  a l l  r e s p e c t s .  Tiiis r a i s e d  th e  p o s s i b i l i t y  

t h a t  each, a c t i v i t y  r e s u l t e d  fro;;: th e  a c t i o n  c:. s e p a r a t e  e n t i t i e s  
i n  th e  t o x i n  p r e p a r a t i o n s .

EFEECT OF HHA-A3E PIT hIT0CiiCf3HT.AU 

SÏÏCCINXG QXIUASE AC r iY lT T .

I t  wa.s shown by Bernheinier and Ruff 1e r  (19.8I )  t h a t  ’’r e s t i n g ” 
s t r e p t o c o c c i  e l a b o r a t e d  e x t r a c e l l u l a r  .‘OHA-ase idien suspended i n  a 
medium c o n t a in i n g  m a l to s e , phosphate  and magnesium io n s .  Since 
a l l  t h e s e  c o n s t i t u e n t s  a re  p r e s e n t  i n  the  suspend ing  medium used to  

■prepare RHA-SLS, th e s e  t o x i n  p r e p a r a t i o n s  w i l l  c o n ta in  BHA-ase.

In  o rd e r  to  t e s t  whether  th e  observed i n h i b i t i o n  of  m i to ch o n d r ia l  
r e s p i r a t i o n  was due t o  th e  a c t i o n  of  -SLS o r  c o n tam in a t in g  amounts 
of  DHA-ase th e  fo l lo w in g  experiment was c a r r i e d  o u t ,  " R e s t in g ” 

s t r e u t o c o c c i  were p rep a red  as d e s c r ib e d  i n  th e  M a te r i a l s  and methods
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TABl'E 16

E f f e c t  of  BlTA-a-se on S ucc in ic  Oxidase

.
Test  Ï - a t e r i a l P a t 0 of P i t o c h o n d r i a l  

Og Uptake ^ i l  i t  r e  s /m l)
E f f e c t

Com p i G t  e Sus pending 2 .75
hedium

. mA-SL8 (2560 H . ü . / n l ) 1 ,35 40^  i n h i b i t i o n

Suspending I'edium 1.09
w ithou t  A.E,
S t r e p to c o c c a l  DHA-ase

pro pa ra t  i  on ( 80 ILU./ml) 2 ,3 14^ s t  i  mill a t  i  o n

8ucrose/pO, b u f f e r  
d

2 ,15

P ancrea t  i  o BlTA-ase, 2 .5 12^ s t i m u l a t i o n
(200 tig/ml)

This  experiment was c a r r i e d  out u s in g  th e  Oxygen E le c t r o d e .  Each 
c e l l  c o n ta in e d  2,0ml sucrose/pO^ b u f f e r ,  O.^ml t e s t  m a t e r i a l ,
0.2ml m i to ch o n d r ia  and 0 . 3ml s u c c in a t e .
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and th e s e  were incu b a ted  f o r  3 hours  a t  37^8 i n  an incomplete  

suspend ing  rnediu.n l a d  in g  "Active f a c t o r ” . The r e s u l t a n t  
s u p e rn a ta n t  co n ta in ed  oO H.U,/ml co:r.pared to  25^0 H J J , / u l  
e l  ah o r a te d  hy L]\e same c o l l s  when in c u h a te d  i n  a coij.plete 
suspend ing  medium The fdT/'-BLS caused dOf? impairment of s u c c in i c  
ox idase  wiiile th e  supornata.nk from the  c e l l s  in c u h a te d  i n  
incom ple te  suspend ing  .medium caused no s i g n i f i c a n t  a l t e r a t i o n  in  
the  r a t e  of  oo:ygen uptadre hy the  m ito ch o n d r ia ,  (TABLE 16) ,

Although s t r ep k o c o o ca l  LIh/i-ase has heen  shown to  he 
immunologil co.l ly d i s t i n c t  from p a n c r e a t i c  BhA-ase (iJcCa/rty 1949) 
a p r e p a r a t i o n  of  tdiis l a  k te r  m a te r i a l  w i th  a known amount of 
BlTA-aso a c t i v i t y  was a l s o  t e s t e d  on m i t o c h o n d r i a .P a n c re a t i c  BhA-ase 
(Koch-Light BKA-ase 1 ex bovine p an c reas .  A c t i v i t y  450 u n i t s /m g )  
was added to  g ive  a f i n a l  c o n c e n t r a t i o n  of 33 /og/ml (15 u n i t s / m l ) ,  
and in c u b a te d  w i th  m i tochondr ia  f o r  15 m inu tes .  Agadn such 
t r e a tm e n t  d id  not cause any s i g n i f i c a n t  a l t e r a t i o n  i n  th e  
r e s p i r a t i o n  r a t e  of  th e  m itochondr ia .

I t  was, t h e r e f o r e ,  concluded t h a t  th e  observed  e f f e c t  was not 
due to  a co n tam in â t ing; amount of  BrTA-ase on the  RBA-SL8 p r e p a r a t i o n s .  
In  an a t tem p t  t o  s e p a r a t e  th e  n i i to ch o n d r ia l  damaging and haem oly t ic  
a c t i v i t i e s ,  HKA-SLS p r e p a r a t i o n s  were s u b je c te d  to  Gel F i l t r a t i o n  
on Sephadex,

GEL FILTBATIOh,

S e p a ra t io n  of  th e  haem oly t ic  moie ty  froîa t h e  b u lk  of th e  
o l i g o r i b o n u o l e o t i d e s  i n  RKA-SL3 p r e p a r a t i o n s  by g e l  f i l t r a t i o n  

on G 75 Sephadex has been  r e p o r t e d  by Bernheimer ( I 967) ,  He 
r e p o r t e d  t h a t  t h e  e l u t i o n  p r o f i l e  o b ta in ed  was a peak c o n ta in in g  
a l a r g e  amount of  o p t i c a l l y  dense m a t e r i a l  ( read  a t  256 i^u) which 
co n ta in ed  haem oly t ic  m a te r i a l  fo l low ed  by a s m a l l e r  peak of  
o p t i c a l l y  dense m a te r i a l  which had no h aem oly t ic  a c t i v i t y .  By 

c a l i b r a t i n g  t h i s  column w ith  p r o t e i n s  of  known m olecu la r  weight he



was ab le  t o  c a l c u l a t e  a uo lecu lcT  weigbu oi 12,000 f o r  SLS* .

I n  an  a t tem p t  t o  s e p a r a t e  th e  haomolybic and m i to c h o n d r ia l  
da,maging a c t i v i t i e s  o f  R1TA-3LS p r e p a r a t i o n s  the  t o x i n  was passed  
th rough  G 75 Sephadex col u rn ,  The colui.n m s  p rep ared  as 
d e s c r ib e d  i n  th e  h a t e  r i a l s  and To k hods (pn.ge 30 ) .  San p i  e s of  
t o x i n  were c o n c e n t r a t e d  by p e r - e v a p o r a t io n  p r i o r  t o  g e l  f i I t r a t i o n  
i n  o r d e r  t o  avoid  th e  jqrobler. of e x c e s s iv e  d i l u t i o n  of b i o l o g i c a l  
a c t i v i t y  i n  th e  course  of  runn ing  th e  colu!;:ru.

A 2 ml sa-rrple of  c o n c e n t r a t e d  KïTA-SLS c o n t a in i n g  50,000 E.U* 
was passed  th rough  th e  column, The oyf ica . l  d e n s i t y  o f  th e  
e f f l u e n t  was m onitored  co n t in u o u s ly  a t  256190 and th e  e l u t i o n  
p r o f i l e  o b ta in ed  i s  i l l u s t r a t e d  i n  FIG, 15^ The main peal;: 
p o sse sse d  a marked s h o u ld e r  s u g g e s t in g  th e  p resence  of two 
components which were in c o m p le te ly  r e so lv e d  on t h i s  grade o:[' 
Sephadex, T h is  p i c t u r e  d i f f e r s  markedly from t h a t  o b ta ined  by 
Bernheimer ( I 967) bu t  was c o n s i s t e n t l y  r e p r o d u c ib l e  i n  t h r e e  
ex p e r im en ts .

Two ml, f r a c t i o n s  wore c o l l e c t e d  and sc reened  f o r  haem oly t ic  
a c t i v i t y  a t  d i l u t i o n s  of  l / l O ,  l / lOO and l/lOOO and bliose hav ing  
a t i t r e  g r e a t e r  t h a t  10 were t i t r a t e d  a c c u r a t e l y .  The 
haemoljrbic p r o f i l e  i s  shown i n  FIG, 15 and can be seen  to  bo 
a s s o c i a t e d  w i th  th e  s h o u ld e r  of th e  main yoak. Because of  
t e c h n i c a l  l i m i t â t  ions  i t  was not p o s s i b l e  t o  t e s t  i n d iv i  dua l  
f r a c t i o n s  f o r  impairment of  m i to ch o n d r ia l  s u c c i n i c  ox idase  
a c t i v i t y .  So f r a c t i o n s  from d i f f e r e n t  r e g io n s  of  th e  e l u t i o n  
p r o f i l e  were bu lked  as fo l lo w s  :

F r a c t i o n s  12 to  I 5 bu lked  to  form Sample 1 
" 16 to  18 " " " 2
" 19 t o  22 " " " " 3
" 24 to  30 " " " »' 4

These f o u r  samples were t i t r a t e d  f o r  haem o ly t ic  a c t i v i t y  and 
t e s t e d  on m i to ch o n d r ia .  The r e s u l t s  o b ta in e d  a re  g iven  i n  TABLE 17*
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FIGo 1^0 E lution  x^rotile of SLS from G-75 Sephadex, 

o 0 Haemolytic A ctiv ity*
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17.

I r \pa i ri:.ent o f  i-rlc_ Ao ^Z[_

F r a c t i o n  a fro:;: 0*75 3c ph ad ex Coluriii

Sainpl G T i t r e  (E ,U ./m l) fo In - l ib i t  io n  Of
F i t 0 chord r i a l  0^ Uptake

PJTA--3LS^ 12,500 82
1 830 48
2 585 36

3 290 20

4 0 0

X “ S t a r t i n g  n a t e r i a l  p r i o r  t o  ge l  f i l t r a t i o n *

TiiFLF 1 8 .

jpciirîr.en t  of  inic_ Oxide.so by
F r a c t i o n s  f r o n  0 ,30  Se^iiadex Coliuin,

Sample T i t r e  ( î l .ü . /m l) 0̂ I n h i b i t i o n  Of
h i t o c h o n d r i a l  0^ Uptake

1 0 8

2 320 12

3 640 52

4 320 28

5 80 4
6 10 20 s t i m u l a t i o n

7 0 12 "
8 0 8

All  Experiments  C a r r ie d  Ont Using The Oxygen E le c t r o d e .
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From t h e s e  i t  can  be  s e e n  t h a t  t h e  im p a i rm e n t  o f  m i t o c h o n d r i a l  

s u c c i n i c  o x i d a s e  a c t i v i t y  p a re d  l e i l e d  t h e  h a e m o l y t i c  a c t i v i t y ,  

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

t h e  main  peal:  o f  a b s o r b a n c e  a t  256

I n  am a t t e m p t  t o  r e s o l v e  t h e  t e s t  m a t e r i a l  i n t o  t h r e e  d i s t i n c t  

p e a k s ,  i t  u a s  p a s s e d  t / i r o u g h  a  G-50 Sephadex  c o lu m n . G 50 

S ep h a d ex  v a s  c h o s e n  b e c a u s e  i t  p o s s e s s  a  l o n e r  e x c l u s i o n  l i m i t  

( 10 ,00 0  M o l e c u l a r  h e i g h t )  t h a n  G 75 ( 5 0 ;0 0 0  M o l e c u l a r  h e i g h t ) and 

i t  was hoped  t h a t  some o f  t h e  h i g h e r  m o l e c u l a r  w e i g h t  m a t e r i a l  

i n  t h e  BIT A- Oh 3 p r e p a r a t i o n  would b e  e x c l u d e d  f ro : ' ,  t h i s  g e l  g i v i n g  

b e t t e r  r e s o l u t i o r u

A 1 ml,  sam ple  o f  c o n c e n t r a t e d  t e s t  m a t e r i a l  c o n t a i n i n g  

585824  H.U. was p a s s e d  t h r o u g j i  a  G 50 Sep^hadex colujTin and t h r e e  

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

i l l u s t r a t e d  i n  FIG * 1 6 ,  The f r a c t i o n s  c o l l e c t e d  were  s c r e e n e d  

f o r  h a e m o l y t i c  a c t i v i t y  and t h o s e  c o n t a i n i n g  more t h a n  10 H.II, 

we r e  t i t r a t e d  a c c u r a t e l y .  The h a e m o l y t i c  p r o f i l e  i s  shown i n  

FIG ,  16 and  i t  c a n  be  s e e n  t o  be  a s s o c i a t e d  w i t h  p e a k  2 ,  S i g h t  

s a m p le s  were  p r e p a r e d  by  b u l k i n g  f r a c t i o n s  a s  f o l l o w s : -

P r a c t i o n s 11 to 13 b u l k e d to form Sample 1

14 to 16 II II II ” 2
ti 17 to 19 II II 11 3
It 20 to 21 II It II 4
It 22 to 24 II II II 5
It 25 t o 30 It II 11 " 6

ti 31 t o 36 It II II 7
II 37 to 42 II II II »' 8

When t h e s e  were  now t e s t e d  on m i t o c h o n d r i a  i t  was fo u n d  tha . t  

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

t h e  s e c o n d  peak , .  (TABLE l 8 ) .

T h ese  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  h a e m o l y t i c  and 

m i t o c h o n d r i a l  d a m a g in g  a c t i v i t i e s  o f  RITA.-SLS p r e p a r a t i o n s  c a n n o t  be  

r e s o l v e d  on t h e  b a s i s  o f  m o l e c u l a r  w e i g h t .
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ABSORPTION OF STREPTOLYSIN S,

A f u r t h e r  a t t e m p t  was made t o  d i s t i n g u i s h  b e tw e e n  t h e  

h a e m o l y t i c  and m i to c h o n d r ia X d a m a g in g  a c t i v i t i e s  o f  t h e  RNA-SLS 

p r e p a r a t i o n s  by  s e l e c t i v e  a b s o i \ p t i o n  o f  t h e  a c t i v i t i e s  on 

n o t o c h o n d r i a  and  e r y t h r o c y t e  membranes,  E l i a s , H e l l e r  and

G i n s b u r g  ( I 966 ) h ave  shown t h a t  e r y t h r o c y t e  g h o s t s  f rom  humian 

e r y t h r o c y t e s  b i n d  SLS i r r e v e r s i b l y .

Human e r y t h r o c y t e  g h o s t s  were p r e p a r e d  a s  d e s c r i b e d  i n  t h e  

M a t e r i a l s  cxnd I b t h o d s  (page  66 ) .  An e q u a l  volume o f  t h e  

r e s u l t i n g  g h o s t  p r e i . u r a t i o n  was i n c u b a t e d  w i t h  SLS f o r  30 m in u te s  

a t  37^ 0 , The g h o s t s  we'ie removed by  c e n t r i f u g i n g  e t  1 8 ,0 0 0  r p n  

f o r  30 m i n u t e s .  The r e s u l t i n g  s u p e r n a t a n t  f l u i d  was t i t r a t e d  

f o r  h a e m o l y t i c  a c t i v i t y  and t e s t e d  f o r  im p a i rm e n t  o f  m i t o c h o nd r i  a l  

s u c c i n i c  o x i d a s e  a c t i v i t y *  T h i s  e x p e r i m e n t  was r e p e a t e d  s e v e r a l  

t i m e s  u s i n g  d i f f e r e n t  g h o s t  and GL3 p r e p a r a t i o n s  (TABLE 19)® I t  

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

su ch  t r e o t ’̂ sent,

The c o n v e r s e  e x p e r i m e n t  wos c a r r i e d  o u t  t o  i n v e s t i g a t e  how 

i n t e r a c t i o n  w i t h  m i t o c h o n d r i a  a f f e c t e d  t h e  two t o x i c  a c t i v i t i e s ,  

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

e x p e r i m e n t s  and an  e q u a l  volume o f  m i t o c h o n d r i a  and SLS were 

i n c u b a t e d  t o g e t h e r  a t  37^8 f o r  30 m i n u t e s ;  m i t o c h o n d r i a  were  

removed b y  c e n t r i f u g i n g  a t  8 ,5 0 0  rpm f o r  10 m i n u t e s .  The 

8 line m a t  a n t  f l u i d  f ro m  t h i s  r e a c t i o n  p’i x t u r e  was t i t r a t e d  f o r  

h a e m o l ^ f i c  a c t i v i t y  and t e s t e d  f o r  im p a i rm e n t  o f  s u c c i n i c  o x i d a s e  

a c t i v i t y ;  b o t h  a c t i v i t i e s  were  d i m i n i s h e d  compared  t o  t h e  o r i g i n a l  

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

TABLE 20,

P o s s i b l e  e x p l a n a t i o n s  o f  t h e  r e l a t i o n s h i p  b e tw e e n  t h e  two 

b i o l o g i c a l  a c t i v i t i e s  o f  RNA-SLS p r e p a r a t i o n s  w i l l  be d i s c u s s e d  

l a t e r .

-  o
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LOCUS OP ACTION OP STPPPTOLYSIl’T S

ON TÏÏ3 ELECTRON TRANSPORT CHAIN,

R e s u l t s  clescriLed th u s  f a r  r e f e r  t o  bhe g e n e ra l  f e a t u r e s  
of  impairment of  m itochondr ia l  s u c c in i c  o r id a s e  a c t i v i t y « I t
was co n s id e red  im por tan t  t o  ex tend  t h i s  uor]: and to  a t  e rp t  t.o 
p in  p o in t  th e  s i t e  of a c t i o n  of SLS u i t h i n  th e  e lec t ron ,  t r a n s p o r t  
cha in ,  A d e t a i l e d  knowledge o f  th e  i n t e r a c t i o n  Letueon 3LS and 
components o f  th e  e l e c t r o n  t r a n s p o r t  ch a in  might u e l l  y i e l d  

in fo rm a t io n  r e l a t i n g  to  th e  mode of a c t i o n  o f  SLS a,t th e  r :o le c u lc r  
l e v e le  For  rea so n s  mentioned e a r l i e r ,  page 58 ? i t  uas 
n e c e s s a ry  to  l o c a t e  the  r e g io n  of  th e  s u c c i n i c  ox idase  cha in  
a f f e c t e d  hy SLS and t o  do t h i s  th e  a c t i o n  of th e  t o x i n  on 
s u c c in i c  dehydrogenase and cytochrome ox idase  was assessed*

S ucc in ic  dehydrogenase .

Using methylene h lu e  as  hydrogen a c c e p to r  t o  a s say  s u c c in i c  
dehydrogenase a c t i v i t y  (p a g e '  7 6 ) i t  was found t h a t  i n  t h r e e  
exper im en ts  I 67 H,U./ml of  LLS caused no i n c r e a s e  i n  tho  t ime 
ta k e n  to  cause 9̂ !;  ̂ d e c o l o u r i s a t i o n  of th e  dye* Thus i t  was 
concluded t h a t  SLS had no d e t e c t a b l e  e f f e c t  on s u c c i n i c  
dehydrogenase a c t i v i t y  of  m i tochondr ia .

Cytochrome O xidase*

Host of  th e  o r i g i n a l  exper im ents  u s in g  cytochrome oxidase  
were c a r r i e d  o’ub u s in g  serurr.-SLS p repared  from s t r a i n  IJGTC 9163,
I t  must be emphasised t h a t  th e  f i n d i n g s  r e p o r t e d  he re  have been 
f u l l y  confirmed u s in g  RITA-SLS and a re  e s s e n t i a l l y  s i m i l a r  f o r  
b o th  SLS p r e p a r a t i o n s .  In  experim ents  th e  e f f e c t  of SLS on 
s u c c in i c  and cytochrome oxidase  a c t i v i t i e s  were compared (TAHLE 21) .  
Cytochrome ox idase  was im paired  by SLS and i n  each case th e  
degree  of  impairment was l e s s  t h a n  t h a t  o f  s u c c i n i c  oxidase  
(on average  cytochrome ox idase  was 30^ l e s s  im pa ired  th a n  s u c c in ic  
oxidase)*  These r e s u l t s  sugges ted  t h a t  SLS a c te d  on th e  t e rm in a l



I l l  -

TABLE 21,

Impairment of S ucc in ic  and Cytochrome Oxidase by 91,S,

Experiment
number

C o n c e n t r a t io n  of 
SLS (n .I I . / ra l)

^  Impairment of 
Succ in ic  Oxidase

fc Impa,irmen t of 
Cytochrome Oxidas

267® 56 31
2 '̂f I t 58 90
3'' t t 56 25
f u 50 45
f -  I I 44 27
6® 249^ 50 40

7® 416^ 49 44
8® 207^ 49 22

w -  Experiment c a r r i e d  out by Warburg Lanor.ietry, 
e =: " " ” i n  Oxygen E lec trode*
s = Serum-SLS, 
r  RNA-SLS,
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p a r t  of  th e  r e s p i r a t o r y  oliain 'between cytochrome c and oxygen.
In o rd e r  t o  s p e c i f y  th e  s i t e  of  a c t i o n  more- i r e c i s o l y  i t  was 
dec ided  to  attcn?pt a ro o t  o r a t i o n  of normal f u n c t i o n  hy adding  
c o n s t i t u e n t s  of th e  e l e c t r o n  t r a n s p o r t  ch a in .  The two 

components of  th e  r e s p i r a t o r y  cha in  most l i k e l y  to  he a f f e c t e d  hy 
d i s o r g a n i s a t i o n  of th e  ■ ; i to c j io n d r ia l  memhrane a re  the  mobile ■ 
components, ub iquinone oss.l cytochrome c.

Rest  or  a t io n  Exiger i  r e  nh y.

The eddi b : on of ubicui ;iione to  a f i n a l  c o n c e n t r a t i o n  of 
lOOyig/ml f a i l e d  to  s i g n i f i o a n t l y  r e s t o r e  th e  a c t i v i t y  of  s u c c in i c  
ox idase  impairment by FJfih (TABl.E 22)» Since ub iqu inone  i s  
invo lved  only i n  c a r r y in g  e l e c t r o n s  between s u c c in i c  dehydrogenase 
and th e  cytochrome c comidox, i t  was t e s t e d  on impaired  s u c c in i c  
oxidase  a c t i v i t y  and not on cytochro;re ox idase  a c t i v i t y .  F u r th e r  
more th e  in c u b a t io n  of  iïrJ to o h o n d r ia  a t  a c o n c e n t r a t i o n  of  
100 ^ig ubiquinone/ml p r i o r  to  th e  a d d i t i o n  of  SLS d id  not p reven t  
impairment of  s u c c in i c  o x i ia s o  a c t i v i t y .

A d d i t io n  of  ITbiqinlnone to  Impaired S u cc in ic  Oxidase.

Experiment C o n c en t ra t io n  of I n h i b i t i o n  b e fo r e 9b R e s to r a t i o n  a f t e r
number SLS (H.TJo/ml) adding ub iqu inone add i  ng ub i  qui none

1 100 42 9
2 100 55 9

A ll  Experiments  c a r r i e d  out by Warburg Kanometry.
In  c o n t r a s t ,  s t r o n g  evidence was o b ta in ed  to  i n d i c a t e  

r e s t o r a t i o n  of  r e s p i r a t i o n  of SLS im paired  m i tochondr ia  fo l lo w in g  
th e  a d d i t i o n  o f  cytochrome c,  A t y p i c a l  experiment showing th e  
e f f e c t  o f  th e  a d d i t i o n  of cytochrome c a t  a c o n c e n t r a t i o n  of 
80 p-ig/ml t o  m i to c h o n d r ia l  s u c c in i c  ox idase  and cytochrome oxidase  
a c t i v i t i e s  im pa ired  by SLS i s  shown i n  FIG, 17 a & b .  The r e s u l t s  
of s e v e r a l  such experim ents  on s u c c in i c  ox idase  a c t i v i t y  a re  shown
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FIGol7ao Stim ulation of su cc in ic  oxidase a c t iv ity  of mitochondria
' impaired by treatment with ilMA-SLS (70HaUo/mlo) for 30 mins

by the addition  of cytochrome c (2*1 mg/ml«)
0 0 Toxin treated  mitochondria,
©-—  © Control mitochondria.
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PIG*17 bo Stim ulation of mitochondrial cytochrome oxidase 
a c t iv ity  impaired by treatment with Bd'JA«SLS 
(535 HoUo/ml) for 30 minutes by the addition of 
cytochrome c ( 2 .4mg/ml)*

0 —' o Toxin treated  mitochondria 
O-—  Q Control mitochondriao
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i n  TABLlî 2 3 o Althongli t îie p e rc e n ta g e  impairment and r e s t o r a t i o n  
v a r i e d  from one experir. ient t o  a n o th e r ,  i n  a l l  expe r im en ts  i t  can 
he seen  t h a t  s t r i k i n g  r e s t o r a t i o n  was observed* The p e rce n tag e  
r e s t o r a t i o n  was d e te rn àn ed  hy comparing th e  r a t e  of oxygen uptake  

i n  c o n t r o l s  w i th  t h a t  of  the  t e s t  a f t e r  th e  a d d i t i o n  of  cytochrome 
I t  i s  im p o r tan t  to  no te  t h a t  i n  many expe r im en ts  th e  r a t e  of 
oxygen up tak e  of r e s t o r e d  m i to ch o n d r ia  was equa l  t o  o r  h ig h e r  
th a n  t h a t  of  th e  c o n t r o l s .  Thus th e  e f f i c i e n c y  o f  cytochrome c 
r e s t o r a t i o n  of s u c c in i c  ox idase  im pa ired  a c t i v i t y  i s  ex t rem ely  
h ig h .

The e f f e c t  of  cytochrome c a d d i t i o n  t o  cytochrome ox idase  

impai?ncent was even more d r a m a t i c .  The r e s u l t s  o f  f o u r  s i m i l a r  

exper im en ts  on cytochrome ox idase  a re  shown i n  TABLE 24- Hero 
th e  deg ree  of  s t i m u l a t i o n  f o l lo w in g  th e  a d d i t i o n  of cytochrome c 
i s  even g r e a t e r .  Also i t  i s  im por tan t  t o  no te  t h a t  i n c u b a t i o n  
of m i to c h o n d r ia  w ith  cytochrome c a t  a c o n c e n t r a t i o n  o f  
24 yug/ml p r i o r  t o  th e  a d d i t i o n  of  SI.S c o m p le t ley  a b o l i s h e d  any 
o b se rv a b le  i n h i b i t i o n  of s u c c i n i c  ox idase  o r  cytochrome ox idase  
a c t i v i t i e s .

These expe r im en ts  i n d i c a t e  t h a t  u b iq u in o n e ,  as  ex p ec ted ,  
f a i l e d  t o  r e s t o r e  s u c c i n i c  ox idase  a c t i v i t y  i n  m i to ch o n d r ia  
im pa ired  by  SLS, On th e  o t h e r  hand th e  s t r i k i n g  r e s t o r a t i o n  of  
s u c c i n i c  o x id a se  and cytochrome ox idase  a c t i v i t i e s  by th e  a d d i t i o n  
of cytochrome c t o  t o x i n  im pa ired  m i to ch o n d r ia  r e i n f o r c e s  the  

o p in io n  t h a t  SL3 a c t s  on cytochrome ox idase  and t h a t  th e  observed 

impairment o f  s u c c i n i c  ox idase  a c t i v i t y  i s  a r e f l e c t i o n  o f  t h i s .  
K i to c h o n d r i a l  damage by t h i s  t o x i n  appea rs  t o  cause d i s l o c a t i o n  of  
th e  e l e c t r o n  t r a n s p o r t  c h a in  a t  th e  cytochrome c lo c u s  and t h a t  
t h i s  can be masked by th e  p resence  of  exogenous cytochrome c,  
ab i n i t i o . . ,• This  r a i s e d  th e  q u e s t io n  o f  w hether  such d i s l o c a t i o n
o f  t h e  e l e c t r o n  t r a n s p o r t  c h a in  would r e s u l t  i n  le a k a g e  of  
cytochrome c from th e  m i to c h o n d r ia .
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Leakage E xper im ents ,

I n  o r d e r  t o  f i n d  i f  t h e r e  was a d e t e c t a b l e  i n c r e a s e  i n  th e  
anoimt o f  cy tochrone  c i n  tho  onpo r n a t a n t  f l u i d  of  i s o l a t e d  

m i to c h o n d r ia  t r e a t e d  w i th  SLS the  f o l lo w in g  experim ent was 
c a r r i e d  o u t ,  Ihro r e a c t i o n  m ix tu re s  i-rere s e t  up as  f o l l o w s : -

Tub G 1 c G 0 5 ml ir. i t o c  h o nd r i  a 4- 1 i: ;1, he o/t o d SL S ( C H, IJ. /ml )

Tube 2e 0 ,5  ml m i to ch o n d r ia  -f 1 m l , SLS (65667 l iJJc/ml)

A f t e r  i n c u b a t i o n  a t  37^0 f o r  3G m inu tes ,  bhe m i to ch o n d r ia  W'erc 
removed by c e n t r i f u g i n g  a t  8 ,500 rpin. The r e s u l t i n g  s u p e rn a ta n t  
f l u i d s  were t i t r a t e d  ag a in s t  human e r y t h r o c y t e s  to  d e t e c t  r e s i d u a l  
SLS a c t i v i t y  a l s o  p r o t e i n  c o n c e n t r a t i o n s  were t i t r a t e d  by th e  

Lowry met}\od (Lowry, hosenrogh ,  F a r r  arid hand a l l  1951)» There 
was no h ae m o ly t ic  a c t i v i t y  i n  th e  s u p e rn a ta n t  o f  tube  1 and tube  2 
co n ta in e d  on ly  40 H,U,/inl compared to  th e  6,667 H.Uo/ml o r i g i n a l l y  
p r e s e n t .  There was 0 ,9 8 4  mg, r r o t e i n / m l  i n  tube  1 and 1,250 mg 
p r o t e in / m l  i n  tube  2 i n d i c a t i n g  t h a t  t r e a tm e n t  of m i to ch o n d r ia  

w ith  SLS r e s u l t s  i n  leakage  of  p r o t e i n .  An a b s o r p t i o n  spectr irn  
of  t h e  s u p e r n a t a n t s  i s  i l l u s t r a t e d  i n  1110. I 8 , and froin t h i s  
i t  cau be seen  t h a t  t h e r e  i s  a ru rked  in c r e a s e  i n  m a t e r i a l  

ab s o rb in g  a t  4IO r^u i n  th e  s u p e rn a ta n t  f l u i d  from m ito ch o n d r ia  
t r e a t e d  w i th  SLS, Cytochrome c c h a r a c t e r i s t i c a l l y  has an 
a b s o r p t i o n  maximum a t  415 bji o,nd t h i s  s t r o n g l y  s u g g e s ts  t h a t  
th e  le ak ag e  of p r o t e i n  from S L S - t re a te d  m i to c h o n d r ia  can be 
p a r t l y  accoun ted  f o r  i n  te rm s  of cytochrome o. The s u c c in i c  
ox idase  a c t i v i t y  of  m i to ch o n d r ia  a f t e r  such t r e a tm e n t  was a l s o  
t e s t e d  and th o s e  t r e a t e d  w i th  urdieated SLS showed 47^ impairment 
o f  oxygen uptake*

o
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EFFECT OF STEEFTOLYSIH S OÎT 
KREBS 2 ASCITES TUKOUB CEI,1,8,



The c y t o t o x i c i t y  o f  SLS f o r  E h r l i c h  A s c i t e s  Toj.-.oiu'’ c e l l s  iras 

f i r s t  r e p o r t e d  hy Ginshizrg (1959) when he observed t h a t  t r e a tm e n t  

o f  t h e s e  c e l l s  w i th  SL8 o r  SLO r e s u l t e d  i n  s w e l l i n g  and l o s s  o f  

t h e i r  a b i l i t y  t o  s t a i n  w i th  v i t a l  s t a i n s  so ch. a s  tryp:.in b l u e  *

F u r t h e r  work  b y  G i n s b u r g  and G r o s s o w ic s  ( i 9 6 0 )  e x t e n d e d  t h e s e  

f i n d i n g ' s  and  siiowed t h a t  F h r l i c h  A s c i t e s  T u r o u r  c e l l s  i n j u r e d  by  

SLS o r  SLO were  no l o n g e r  a b l e  t o  p r o l i f e r a t e  i n  r i c e »

To my kn ow led ge  t h e r e  h a s  b e e n  no r e p o r t s  on t h e  a c t i o n  o f  

s t r e p t o c o c c a l  t o x i n s  on K reb s  2 A s c i t e s  Tumour c e l l s .  L av as  

e t  a l  ( 1963 ) r e p o r t e d  t h a t  l i v i n g  h a e m o l y t i c  s t r e p t o c o c c i  had  a 

c y t o t o x i c  e f f e c t  on  t h e s e  c e l l s .  T h i s  g r o u p  f o u n d  t h a L r e b s  2 

c e l l s  i n c u b a t e d  w i t h  S t r e p t o c o c c u s  pyogene ':  became e n l a r g e d ,  showed 

s w e l l i n g ,  e x t e n s i v e  g r a n u l a t i o n  o f  t h e  n u o le u c  , e m i s s i o n  o f  s ru a l l  

and  l a r g e  b l e b s  and c y t o p l a s m i c  v a o u o l a t i o n ,  T;.r.e l a p s e  

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

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

c e l l s .  I n  t h e  same p a p e r  i t  was s t a t e d  b r i e f l y  t h a t  p u r i f i e d  

SLS was a l s o  c y t o t o x i c  b u t  no e x p e r i m e n t a l  d e t a i l s  vevo  g iv en »

I n  v ie w  o f  t h e s e  f i n d i n g s  b y  p r e v i o u s  w o r k e r s  i t  was d e c i d e d  

t o  r e c o r d  t h e  v i s i b l e  c h a n g e s  w h ich  o c c u r r e d  i n  K rebs  2 c e l l s  troaubed 

w i t h  SLo b e f o r e  i n v e s t i g a t i n g  any r e s u l t a n t  m e t a b o l i c  d e r a n g e m e n t .

PLAS3 GOitrPAST LICROSCOPY OF KR33G 2 

AGCITFc TULOITR CFLLS TRFATLI) LJTH STRFPfOLYSIL S.

Krebs 2 A s c i t e s  Tumour c e l l s  were a s p i r a t e d  from, mice and 
washed as  d e s c r i b e d  i n  th e  K a t e r i a l s  and Lethods  (page 63 ) .  Test  

tu b e s  were s e t  up c o n t a in i n g  1 rnl. P V P / t r i s  b u f f e r  pH 7*3, 0 .2 b  ml. 
SLS o r  c o n t r o l  f l u i d  and 0 .2 5  ml. washed a s c i t e s  c e l l s .  These 
tu b e s  were th e n  in c u b a te d  a t  37^0 i n  a shak ing  w a te r  b a t h .  Samples 
o f  t h e  m ix ture  were removed a t  v a ry in g  t im es  and examined by phase 
c o n t r a s t  m icroscopy.

The a s c i t e s  c e l l s  t r e a t e d  w i t h  c o n t r o l  f l u i d  were  h i g h l y  

r e f r a c t i l e j  t h e  n u c l e i  were  c l e a r l y  v i s i b l e  and  a  few  c y t o p l a s m i c
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v ac u o le s  were always p resen t»  There were no v i s i b l e  changes i n  

th e s e  c e l l s  a f t e r  30 m inutes  i n c u b a bion cib 37^0, and when i n j e c t e d  
i n t o  mice th e y  produced tirr:ours i n  7 to  9 d ays .  On tho  o t h e r  hand 
i n  th e  p re se n ce  o f  3L3 (2,fOO L . u , ) ,  marled chaniges i n  the  

morphology of th e  a s c i t e s  c e l l s  wore observed (?TG, 19 a & b , c à  c 
A f t e r  10 m inutes  i n c u b a t i o n ,  n u c l e i  appeared  to  become i r r e g u l a r  ar 
t h e r e  was i n c r e a s e d  v a c u o l a t i o n  of bhe cy toplasm . This  became rue 
more marked a f t e r  20 minutes  in c u b a t i o n  when the  e n t i r e  c e l l s  were 
meshworks of  small  v a c u o le s  and small  b l e b s  formed on o u t e r  
membraneso At 30 m inutes  n u c l e i  were h a r d l y  v i s i b l e ,  many of th e  
v ac u o le s  appeared  to  liave fu sed  to g e t i i c r  to  form l a r g e  r e f r a c t i l e  

a r e a s  occupying up to  pO;5 of some c e l l s .  Also t h e r e  were many 

more b l e b s  round th e  o u t s i d e  of  th e  c e l l s  a t  t h i s  t im e ,  OLS~treat 

Krebs 2 A s c i t e s  Tumour c e l l s  f a i l e d  to  cause tumours i n  mice even 
up t o  2 weeks a f t e r  i n j e c t i o n  when tho experiment  was t e r m i n a t e d .

I t  i s  im p o r tan t  to  no te  however t h a t ,  d e s p i t e  th e  f a c t  t h a t  
30 m inutes  t r e a tm e n t  w i th  SLO r e s u l t e d  i n  i r r e i u ' a b l e  damage to  the  
a s c i t e s  c e l l s ,  100}o of th e  o r i g i n a l  h aem o ly t ic  a c t i v i t y  could be 

reco v e red  from th e  s u p e rn a ta n t  f l u i d  a f t e r  removing th e  a s c i t e s  ce l l  

by c e n t r i f u g a t i o n .
These r e s u l t s  c l e a r l y  de mon s t i r ,  to  t h a t  SI, 3 i s  c y t o l y t i c  f o r  

Krebs 2 A s c i t e s  Tumour c e l l s ,  and th e  changes which were observed 
a re  c o n s i s t e n t  w i th  th e  t o x i n  a c t i n g  on th e  c e l l u l a r  membranes 
caus ing  g ro s s  d i s o r g a n i s a t i o n  of  th e  c e l l s .  I t  t h e r e f o r e ,  seemed 
r e l e v a n t  t o  de te rm ine  what secondary  m e ta b o l ic  changes occu r  w i t h i n  
th e  c e l l s  as  a  r e s u l t  o f  th e  a c t i o n  of 3LS,
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19. Phase contrast micrographs of Krebs 2 Ascites Tia:ioar cells 

treated vith Streptolysin S at a final concentration of

417 U .U . /n l .  ( % 1,600 ) .

FIG. 19ae Cells incubated v/ith control fluid for 20 ninutcs

■

FIG. 19b, Cells treated with SLS for lo minutes
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FIG. 19c. C ells trcaooC with GLS for 20 i.iinutes.

FIG, IQcl. C ells treated with GLS for pO minutes.
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EFFECT 0 ?  P ilH irrO L Y S II?  S OIT ?Kÿ  OXIDATIOÏT

0?  SIT0CI;:At 3  by KP-EBS 2 a s c i t e s  TU:'00H c e l l s .

S ucc ina te  uaa ohoeen ue cub e t  r a t  e f o r  th e s e  s t u d i e s  'because
i t  iî? o x id i s e d  by on  enayiie complex ( s u c c i n i c  ox idase)  7rhich forms 
an i n t e g r a l  p a r t  of th e  m itochondr ion ,  shown in  the  f i r s t  p a r t  of
t h i s  T h e s i s ,  t o  be i n h i b i t e d  by 31,3» Unlike o th e r  p o s s ib le
s u b s t r a t e s  metabolism of s u c c in a te  does not r e q u i r e  cytcT-lasr.ic 
ensjrjes  o r  c o - f a c t o r s  which might l e a k  out of th e  c e l l  fo l lo w in g  
membrane damage* F o r  th e s e  reaso n s  i t  seemed l i k e l y  t h a t  succina.to 
o x id a t io n  o f f e r e d  a s imple and r ieaningful system f o r  s tudy .

K rebs  2 A s c i t e s  Tumour c e l l s  showed i n c r e a s e d  oxygen  u p t a k e  on 

a d d i t i o n  o f  exogen o us  s u c c i n a t e ,  i n d i c a t i n g  t h a t  t h e y  a r e  p e rm e a b le  

t o  t h i s  s u b s t r a t e .  I t  was n o t i c e d  i n  e a r l y  e x p e r i m e n t s  t h a t  

uiurashod K rebs  2 A s c i t e s  Tumour cel'J s a g g r e g a t e d  d u r i n g  U a rb u rg  

manometry* Thus t h e  w a sh in g  p r o c e d u r e  d e s c r i b e d  on page 63 . o f  

t h e  be r i a l s  a,nd L e t  h od s  was d e v i s e d  t o  r e n d e r  t h e  c e l l s  s u i t a b l e  

f o r  t h i s  t e c h n i q u e *  Uhen m e a s u r in g  t h e  o x i d a t i o n  o f  s u c c i n a t e  

by  t h e s e  c e l l s  no ITeX)H was p u t  i n  t h e  c e n t r e  w e l l  o f  t h e  U a rb u rg  

f l a s k s  s i n c e  c a r b o n  d i o x i d e  i s  n o t  e v o lv e d  i n  t h e  o x i d a t i o n  o f  

s u c c i n a t e  o r  o t h e r  s u b s e q u e n t  i n t e r m e d i a t e s  o f  t h e  T r i -  c a r b o x y l i c  

a c i d  c y c le*  The e n do g eno u s  r a t e  o f  oxygon u p t a k e  v/as a lw ay s  

s u b t r a c t e d  t h e  r a t e  i n  t h e  p r e s e n c e  o f  ex o g en o u s  s u b s t r a t e

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

Uhen Krebs  2 A s c i t e s  Tumour c e l l s  were t r e a t e d  w i t h  SLS f o r  

30 m i n u t e s  p r i o r  t o  t h e  a d d i t i o n  o f  sodium s u c c i n a t e  t h e r e  was a 

marked i n c r e a s e  i n  t h e  r a t e  o f  oxygen  u p t a k e  b y  t h e s e  c e l l s  compared 

t o  c e l l s  t r e a t e d  w i t h  s u s p e n d i n g  mediuji) (FIG .  2 0 ) ,  That  t h i s  vras 

n o t  a  n o n - s p e c i f i c  e f f e c t  was shown b y  t h e  f a c t  t h a t  SLS 

p r e p a r a t i o n s  when h e a t e d  f o r  15 m in u t e s  a t  lOO^C l o s t  b o t h  t h e i r  

h a e m o l y t i c  a c t i v i t y  and  t h e  a b i l i t y  t o  s t i m u l a t e  t h e  r a t e  o f ' 

oxygen u p t a k e  b y  a s c i t e s  c e l l s  ('TALLF 2 5 ) .  SLS had no e f f e c t  on 

a c t i v e l y  r e s p i r i n g  c e l l s ,  a  minimum p e r i o d  o f  c o n t a c t  o f  10 m in u t e s  

b e tw e e n  washed c e l l s  and 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 c c i n a t e
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T i m  IN 1HNUÏBS,

FICt, 20^ Increased  oxygen uptake by a s c i t e s  c e l l s  u t i l i s i n g  succina te
following 30 EÛnutes trea tm ent  with SLS.at a f i n a l  concentra t ion  
of 2,300 H.U./mlc

O — O T ox in - t rea ted  c e l l  suspension,
0 — 0 Control c e l l  suspension*
A— A Endogenous r e sp i r a t io n *
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TABLE 25 . 

E f f e c t  of  ?Ieatin^: SLS

Sample» HcUo/r.l* in  
Warburg Flask*

Change i n  a s c i t e s
c e l l  0„ Uptalre*

- ...................  ^  .......................

R Ï Ï A - S L S 801 1 ]. 6y  s t  im ula t  i  0n

K L A - S L S  

h ea ted  a t  100^ 

f o r  15 m inu tes .

0 15/c d.nhibit  ion

TABLE 26

E f f e c t  of  Age on S e n s i t i v i t y  of  A s c i te s  C e l l s  to  SItS,

Age o f  C e l l s  i n  days* ^  S t im u la t io n  of 0^ Uptake*

6 88

7 151
8 136

9 116
10 173

A f i n a l  c o n c e n t r a t i o n  of  193 H.IT* SLS/ml, was p r e s e n t  i n  each 
assay* A ll  experim ents  u s in g  a s c i t e s  c e l l s  were reco rded  hy 
Warburg fanom etry .
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WB.S necessary to induce sti::nlation* Tre-incubation for longer 
than 10 minutes did not significantly Influence the degree of 
stimulation ohtained *(FIG, 21)^

The Ascites Tumour cell ureuBrat ions varied in their 
susceptibility to SX,S, i ndeed in 3 out of 13 experiments, no 
stimulation was observed, e;-en vrhen v/ny high concentrations of 
oLo were employed* The reason for this variation is not ^nown hut 
it is^simply due to minor differences in the age of the cells*
(t a b l e 26^. Bocause of this variability in response, a detailed 
study ox the effect of va?gving concent:ra i;io-:s of 31,S was not 
practical * However, in preparations of sensitive cells,
200 EfUb/mlo or more, of SLO were required to cause observable 
stimulation*

Treatment of Krebs 2 Ascites fir::our cells with SLS for 
30 minutes has been shown p'reviouslp" to cause i rroversibl.e 
lethal changes in the cells* That, tlie effect on succinate 
oxidation is also irreversible was ail so shorcc bp' tlie fact that cells 
pre-treated with 1,000 H*U./rl. of vlf for 30 minutes and xrashed 
free of toxin prior bo the assay exhihi ted 9 %  stimulation of 
o x j g e n uprfc ah e *

It has been shown previously in this Thesis that SIS impairs 
the succinic oxidase activity of isolated mouse liver mitochondria» 
However, the results with Krebs 2 Ascites I’umoiir cells, namely 
stimulation of oxygen.uptake, suggests that the oxidative capacity 
of the mitochondria remains intact and. is indeed increased.
Therefore, SLS probably does not penetrate to the mitochondria of 
these cells. Indeed the fact that SLS does not bind to Krebs 
2 Ascites Tumour cells suggests the.t the metabolic disturbance 
described above probably results from the action of the toxin on 
the Cell  membrane in such a way as to cause an increase in its 
permeability to succinate.

In order to confirm this hypothesis it was necessary to examine 
the effect of SLS on the succinic oxidase activity of Krebs 2 Ascite;
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FIGtq 21 o Increased  oxygen uptake "by a s c i t e s  c e l l s  u t i l i s i n g  succ ina te  
folloiving varying  periods of t rea tm en t  v/ith SLS a t  a f i n a l  
concen tra t ion  of SOI Il.Uo/inlo

o — 0 T ox in - t rea ted  c e l l  suspensions 
© — © Control c e l l  suspension.
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Tumour c e l l  m i to c h o n d r ia .  I n i t i a l l y , 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 ,  p rep a red  as  d e s c r ib e d  on page 64 o of th e  f a t e r i i l s  
and I 'e thods ,  ue re  employed. C e l l s  >:ere d i s r u p t e d  by sozii ca t  ion  
s u f f i c i e n t  to  d e s t r o y  tho  l i m i t i n g  c e l l  nem.brcne uiWjout dr-.:.^yi/y: 
th e  m i to ch o n d r ia :  t h i s  t r e a t ment exposed th e s e  i n t r a c e l l u l a r
o r g a n e l l e s  t o  SX.-f and i n  th e s e  p r e p a r a t i o n s  the  r a t e  of  o x y r o n  

uptake  uas  im pa ired  by SLo ( P I - .  2 2 ) ,  F u r t h e r  c o n f i rm a t io n  t h a t  
the  s u c c i n i c  ox idase  a c t i v i t y  of  A s c i t e s  c e l l  m i tochondr ia  iras 
im pa ired  by SLS U8,s made when i s o l a t e d  mitochondria,  u e re  p repared  
from th e s e  c e l l s  by th e  method of hu and Sauer ( I 967) and t e s t e d  
vd th  SLSj ( f i g .  23) ,  From PIG, 23 i t  can be seen  t h a t  t h e s e  
m i to ch o n d r ia  ve re  indeed  i inpaired by the  t o x i n .

These f i n d i n g s  suppor t  th e  id e a  t l ia t  th e  secondary  m e tabo l ic  
changes u h ic h  occur  i n  Krebs 2 A s c i te s  Tumour c e l l s  f o i l 017izip: 
t r e a tm e n t  w i th  SLS r e s u l t ,  not from an a c t i o n  on i n t r a c e l l u l a r  
o r g a n e l l e s ,  bu t  from tho d i s o r g a n i s a t i o n  of  th e  l i m i t i n g  c e l l  
membrane,

— o
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TIM3 IN iHNUXES .

iFIGq 22c Impairment of succinate oxidation by ultrasonical3,y d is in tigrated  
a sc ite s  c e l l s  by 30 minutes treatment y/ith SLS at a f in a l  
concentration of 1,600  IÏ,U./ml *

0 — 0 Toxin-treated c e l l  suspension 
O — o Control c e l l  suspension*
A — A Endogenous respiration*
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TIMB IN MINUTES,

ETG* 23 o Imi)aiment of succin ic oxidase a c t iv i ty  of a s c ite s  c e l l  
mitochondria treated for 15 minutes vath SLS at a f in a l  
concentration of 41? ILUo/nlo

A -  Toxin-treated mitochondria,
B = Control mitochondria.

This experiment v / a s  recorded in the Oxygen Electrode,
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EFF5CT OF STAPHYLOCOCCAL AlPHA- TOXCT 

OH KHHBS 2 ASCITHS TO’.'OUR GET,IS.



As mentioned p r e v io u s l y  (page 46 ) s t a p h y lo c o c c a l  a l p h a - t o x in
has heen  r e p o r t e d  to  cause g ro s s  morphologica l  damage to

E h r l i c h  A s c i t e s  tumour c e l l s  (l-iadoif e t  a l  I 962) ,  Kadoff r e p o r t e d
e x te n s iv e  i n t e r n a l  d i s o r g a n i s a t i o n ,  the  most s t r i k i n g  changes
b e ing  th e  appea^unce of l a r g e  b le b s  round th e  p e r im e te r  of the  c e l l s .
These appeared  t o  be s w e l l in g s  of  the  o u t e r  c e l l  membrane and uere

on o cc a s io n s  as l a r g e  as th e  c e l l  i t s e l f .  These workers a l s o
showed t h a t  th e  c y t o p a th i c  changes i n  th e s e  c e l l s  caused by the  ac t io ;
of t h i s  t o x i n  r e s u l t e d  i n  th e  r a p id  r e l e a s e  of  f r e e  amino a c id s
fo l low ed  by th e  r e l e a s e  o f  t r i c h l o r o a c e t i c  a c i d - p r e c i p i t a b l e  

35S ■■-L -m e th ion ine  i n d i c a t i n g  t h a t  l a r g e r  m o lecu la r  weight p o ly p e p t id e s  
were a l s o  e s c a p in g  from th e  c e l l s .  Such g ro s s  a l t e r a t i o n s  i n  
s t r u c t u r e  r e n d e re d  the  c e l l s  in c a p a b le  o f  p r o l i f e r a t i n g  i n  mice.

B efore  comparing the  e f f e c t  on metabolism of  Krebs 2 c e l l s  of  
s t a p h y lo c o c c a l  a l p h a - t o x i n  w ith  t h a t  of SLi, th e  v i s i b l e  c y to p a th i c  
changes caused were viewed under  th e  phase c o n t r a s t  microscope to  
f i n d  out whether  th e y  resembled th o se  d e s c r ib e d  by Kadoff f o r  
E h r l i c h  a s c i t e s  tumour c e l l s .

The s ta p h y lo c o c c a l  a l p h a - t o x i n  used  i n  t h i s  s tudy  was k in d ly  
p repa red  f o r  me by K iss  C h r i s t i n e  KcITiven from S taphy 1 ococcus 
aureus  ( s t r a i n  hood 46 ITCTC 7121) by the  method of KcITiven and 
A rbu thno t t  ( I 968) ,  These t o x i n  p r e p a r a t i o n s  had a po tency  of 
ap p ro x im a te ly  8,000 H ,U,/ml,  when t i t r a t e d  a g a i n s t  r a b b i t  
e r y t h r o c y t e s  by th e  method of  Bernheimer and Schwarts ( I 963) .
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PHASE CONTRAST MICROSCOPY OP KREBS 2 ASCITES TmOUB 

CELLS TREATED HITH ST^miYlOC PC GAL-AIPHA POXTH.

Tifo r e a c t i o n  r.ioitvires ne re  s e t  u p s -

(1 ) .  co n ta in ed  1 r : l « F Y p / t r i s  o u f f e r  pH 7 ,3 ,  0*25 nil* 
washed ICrehs 2 A s c i t e s  Tu^-iour c e l l s  and 0 ,2$  ml* s ta p h y lo c o c ca l  
alpha-to%:in,  'The f i n a l  c o n c e n t r a t i o n  of a l p h a - t o x i n  presen.’; was 

120 E.TJ./inl.

( 2 ) ,  co n ta in ed  1 ral, I V ï / t r i s  'bu f fe r  pH '7.3, 0 .25  El .
washed h reh s  2 A s c i t e s  Tumour c e l l s  and 0 ,2$  ml. L o l le d  t o x in .
B o i l in g  t o t a l l y  i n a c t i v a t e d  th e  a l p h a - t o x i n  and t h i s  r e a c t i o n  
m ix ture  served  as  c o n t r o l .  Samples of th o se  m ix tu re s  were ta h e n  
a t  10 minute i n t e r v a l s  w h ile  i-ncuLating i n  a shak ing  w a te r  Leith a t  
37^G and viewed Ly phase c o n t r a s t  microscopy.

The Krebs 2 A s c i te s  Tpr'Ctir c e l l s  which were t r e a t e d  w ith
h ea ted  t o x i n  remained u n a l t e r e d  d u r in g  30 m inutes  of in c u L a t io n j  
t h e i r  ^Kd'^esrance was th e  same as t h a t  d e s c r ib e d  f o r  l;he -asc i tes  
c e l l s  t r e a t e d  wibh 01,8 c o n t r o l  f l u i d  and i s  i l l u s t r a t e d  i n  
EIC-, 24 a .  By c o n t r a s t ,  a f t e r  b e in g  i n  c o n ta c t  w i th  a c t i v e  a lp h a  — 
t o x i n  f o r  10 m inu tes ,  th e  o u t e r  membrane of  th e  c e l l s  appeared 
more i r r e g u l a r  and b l e b s  could be seen on a few c e l l s ;  the  
cytoplasm of  th e s e  c e l l s  was l e s s  dense th a n  t l i a t  o f  the  c o n t r o l s ,  
(EIG, 24 b ) , The fo rm a t io n  of b l e b s  was much more marked a f t e r  
th e  c e l l s  had Leon i n  c o n ta c t  w i th  a c t i v e  a l p h a - t o x i n  f o r  20 minutes 
and some c e l l s  appeared  to  be undergo ing  l y s i s ,  (EIG, 24 c ) .
C e l l s  which were t r e a t e d  w i th  a l p h a - t o x i n  f o r  30 m inutes  showed 
marked a g g r e g a t io n  and th e  cytoplasm, of  s e v e r a l  c e l l s  seemed to  have 
fu sed  t o g e t h e r  ail though some n u c l e i  i n  th e s e  c e l l s  remained v i s i b l e .  

B l o b b i n g e v e n  more e x t e n s iv e  a t  t h i s  t ime and b le b s  were l a r g e r  
th an  th o se  seen on c e l l s  which had been t r e a t e d  w i th  t o x i n  f o r
s h o r t e r  p e r io d s  (PIG, 24 d ) ,

A f t e r  30 minutes  t r e a tm e n t  w i th  a l p h a - t o x i n  t h e  c e l l s  were no 
lo n g e r  ab le  to  p r o l i f e r a t e  when i n j e c t e d  i n t o  mice and when th e  c e l l s
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FIG. 2d, Ilia so contrast uicrograplis of jh'obs 2 A sc ites  Tumour c o l ls  

treated v/ith staphylococcal alpha-toxin at a f in a l  

concentration of 120 H.U./ml, ( X 1.600 ) ,

G
o

FIG. 2 ta . C ells incubated with control f lu id  for 20 Minutes.

FIG. 2tb. C ells treated with c-tox in  for 10 minutes.
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FIG. 24c0 Cells treated v/ith c.-toxin for 20 minutes.

V

FIG. 24do Cells treated with c-toxin for jO Minutes.
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were  removed b y  c e n t r i f u g a t i o n ,  o n l y  a  s m a l l  p r o p o r t i o n  o f  t h e  

a d d ed  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  i n  t h e  s u p e r n a t a n t  f l u i d ,

EFFECT OE STAFHYT.OCOCGAL-ALhHA TOXld On THE 0;CT)AId0d 

OF ' . ' SIJCCIITATE BY fKEBS 2 A8CTTE8 TUi.’GUf CdJJfh

F d r i f i e d  s t a p h y l o c o c c a l  a lp h .a - to ic in  had a n  immediabe effeofc 

on t h e  r e s p i r a t i o n  o f  K rebs  2 A s c i t e s  Tumour c e l l s  when s u c c i n a t e  

was p r e s e n t  a s  s u b s t r a t e .  I n  o a ch  o f  12 e x p e r i m e n t s  t l je  a d d i t i o n  

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

u p t a k e  by  t h e  c e l l s  (F IG ,  2 $ ) ,  The d e g r e e  o f  s t i m u l a t i o n  o b s e r v e d  

was n o t  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  a l p h a - t o x i n .  

Above a  t h r e s h o l d  l e v e l  o f  6 t o  12 l U J e / m l ,  ir;aximum s t i m u l a t i o n  was 

o b s e r v e d  ( F i G . ’ t h e  e x t e n t  o f  w h ich  was f a i r l y  c o n s t a n t ,  u n t i l

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

200 h V U i /m l , ) *  At s u c h  h i g h  c o n c e n t r a t i o n s  t h e ' d e g r e e  o f  s t im u la /k io n  

was r e d u c e d  i n  some e x p e r i m e n t s .  The f a c t  t h a t  t h e  daî-age t o  t h e  

a s c i t e s  c e l l s  was i r r e v e r s i b l e  wax; d e m o n s t r a t e d  b y  t r e a t i n g  a 

s u s p e n s i o n  o f  c e l l s  w i t h  a l p h a - t o x i n  f o r  30 m i n u t e s  and w a sh in g  

them f r e e  o f  t o x i n  p r i o r  t o  a s s a y i n g  s u c c i n a t e  o x i d a t i o n .  T h ere  was 

145^, s t i m u l a t i o n  o f  oxygen  u p t a k e  b y  t h e  c e l l s  f o l l o w i n g  su ch  

t r e a t m e n t ,

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

s t a p h y l o c o c c a l  a l p h a - t o x i n ,  K rebs  2 c e l l s  were  t r e a t e d  w i t h  an  

amount o f  a l p h a - t o x i n  w h ic h  had b e e n  j u s t  n e u t r a l i s e d  w i t h  an  

a p p r o p r i a t e  amount o f  c o m m e r c i a l l y  p r e p a r e d  a l p h a  a n t i t o x i n ,

( f i g .  2 7 ) .  N e u t r a l i s a t i o n  o f  t h e  a l p h a - t o x i n  a l s o  r e s u l t e d  i n  

n e u t r a l i s a t i o n  o f  t h e  s t i m u l a t i o n  e f f e c t .  I n  v i e w  o f  t h e  r e c e n t  

work o f  B e r n h e i m e r ,  Avigad  and G r u s h o f f  ( 1968) i t  was n e c e s s a r y  t o  

e s t a b l i s h  i f  t r a c e s  o f  s t a p h y l o c o c c a l  d e l t a - t o x i n  were r e s p o n s i b l e  

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

i n  am oun ts  known t o  i n a c t i v a t e  t h e  h a e m o l y t i c  a c t i v i t y  o f  d e l t a - t o x i n ,
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FIGq2 3 o Dnriediate increase in the rate of oxygen uptake by a sc ite s  
c e l l s  u t i l i s i n g  succinate on the addition of staphylococcal 
alpha-toxin at a f in a l  concentration of 135^IoUo/mlo The 
endogenous resp iration  of these c e l l s  was inhib ited  by the 
to x in 0

0 — 0 Toxin-treated c e l l  suspension* 
O — O Control c e l l  suspension

A —.AEndogenous resp iration  with toxii 
A  — A Control endogenous resp iration
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FIG, 2 6 , E ffec t  of the concentration of alpha-toxin present on
the stim ulation of succinate oxidation hy a sc ite s  c e l l s .  
The c e l l s  and toxin and c e l l s  were incubated together for  
50 minutes prior to the addition of su cc inate ,
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FIGq 2 7 q N eu tra lisa tion  of staphylococcal alpha-toxin with sp e c if ic
antisernm. The a sc ite s  c e l l s  were treated with toxin (l33  H.U,/i:d 
or neutralised  toxin  for 30 minutes prior to the addition  
of succinate

o o Toxin-treated c e l l  suspension* □—- □ Cell suspension treated with
neutralised  toxin

O — © Control c e l l  . suspension* q— h Control c e l l  suspension v/ith
antiserum*
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had no e f f e c t  on s t ih iu la t io n *  Also s ta p h y lo c o c c a l  d c l t a - t o x i n  
was p repared  from a s t r a i n  of  Staphy1ococcns anrous  i s o l a t e d  
from a case of t o x i c  e pi  d e n i a l  n e c r o l y s i s  (Arhntl inott  j G e m e l l j  
Kent & L y e l l  1^6^) which produced d e l t a - t o x j n  and no d e t e c t a h l e  
a l p h a - t oxiliic P a r t i a l l y  p u r i f i e d  d e l b a - t o x i n j  p rep ared  hy the  
f i r s t  s ta g e  of the  method of ïïiseman & Caird  (1^68) ,  and 
c o n ta in in g  160 F.XTe/ml* was used^ The a d d i t i o n  of  t h i s  t o x i n  
t o  th e  Krehs 2 c e l l s  d id  not cause s t im u la t io n *  These 
o b s e rv a t io n s  would seem t o  exc lude  th e  p o s s i h i l i t y  of  th e  e f f e c t  
b e in g  due to  small con tam in a t in g  amounts of  de l ta -b o x . in  in  the  
a l p h a - t o x i n  prepa/rahion and s t r o n g l y  sugges ts  t h a t  the  p .b i l i ty  
to  s t i m u la t e  r e s p i r a t i o n  was a s p e c i f i c  p r o p e r ty  of the  
staphyloCOccal a l p h a - t o x i n .

I n t e r a c t i o n  between a l p h a - t o x i n  and Krebs 2 c e l l s  a l s o  
r e s u l t e d  i n  a l o s s  i n  th e  haem oly t ic  a c t i v i t y  of  t o x in  
p r e p a r a t i o n ,  th e  drop i n  haem oly t ic  t i t r e  w ith  i n c r e a s i n g  time 
of c o n ta c t  between c e l l s  and t o x i n  b e in g  shown i n  FIG. 28.
However, a t  t h i s  p o in t  the  p o s s i b i l i t y  t h a t  a l p h a - to x i n  was b e in g  
i n a c t i v a t e d  by a p roduct  l e a k in g  from damaged c e l l s  could not be 
ex c lu d ed , A crude washed membrane f r a c t i o n  wa,s t h e r e f o r e  p rep a red  
by u l t r a s o n i c a l l y  d i s r u p t i n g  5 % 10^ Krebs 2 c e l l s ,  removing the  
c e l l  d e b r i s  by c e n t r i f u g i n g  a t  2 ,000 r .p .m .  f o r  10 mi nut e s and 
h a r v e s t i n g  th e  membrane f r a c t i o n  by c e n t r i f u g i n g  a t  18,000 r .p .m ,  
f o r  30 m inutes  fo l low ed  by washing i n  P F p / t r i s  b u f f e r ,  l i f t e r  
30 minutes* i n t e r a c t i o n  between th e  membrane f r a c t i o n  and 
900 H,ll, o f  a l p h a - t o x i n ,  an 80^ drop in  haem oly t ic  a c t i v i t y  was 
observed.  Thus, while  enzymes r e l e a s e d  from, damaged c e l l s  may 
well  be capable  o f  d eg rad in g  t o x i c  p r o t e i n ,  t h i s  experiment su g g e s ts  
t h a t  a lp h a  t o x i n  t r e a t e d  c e l l s  can b ind  to  the  c e l l  membrane w i th  
r e s u l t i n g  i n a c t i v a t i o n .

I t  seems l i k e l y  t h a t  t h i s  observed in c r e a s e  i n  th e  r a t e  of  
s u c c in a te  o x id a t io n  by Krebs 2 A s c i te s  Tumour c e l l s  fo l lo w in g  

t r e a tm e n t  w i th  s ta p h y lo c o c c a l  a l p h a - t o x i n  may be th e  r e s u l t  of
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FIG, 2 8 c Inactivation  os staphylococcal alpha-tozin  hy a sc ite s  c e l l s ,

' " incubation rai^tures in v,hich o^toxin
v̂as m x e d  with PVP/tria buffer showed no drop in haenoiytie activity,
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extra availability of this substrate to the r.itochonrlria iol 1 oifing 
an increase in the rerneability of the cell irembrane * ITnJ.ih.e 
SLS this toxin5 uould not be expected fror provieus work of 
JjOminski et al (1964)? to have a direct action on the ascibes 
cell mitochondria^ Indeed, in contrast to the effect observed 
with SLS, st aphyl o 00 cca.l alidia-toxin did not alter the rate of 
oxygen uptake of disinty.gra.ted cell preparations utilising 
sue c inate (FIG • 29)*

(VsVuci*̂  aŜ 'dthe comparative effects of SLS and staphylococcal alpha-toxin 
on the respiration of ÏCrebs 2 Ascites Tumour cells foim;ed the 
basis of a paper to be published in the neax' future (Symington 
and Arbutlinot t 1969 ) *
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29 o : E ffec t ; ,  on' oxygen uptake by u l t r a s o n i c a l l y  d i s i n t e g r a t e d '  
a s c i t e s  c e l l s  following 30 minutes t rea tm ent  
to x in  a t  a f i n a l  concentra t ion  of 4l6 luUo/mlo

0 0 T ox in - t rea ted  c e l l  suspension
O — G Control c e l l  suspension*
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. The r e s u l t s  p r e s e n te d  i n  t h i s  Thes is  p rov ide  u s e f u l , new 
i n f o r m a t i o n  about c e r t a i n  p r o p e r t i e s  of  SLS and a l s o  extend the  
work of o t h e r  workers* I n  t h i s  d i s c u s s i o n  1 s h a l l  a t tem pt  to  
r e l a t e  my work to  t h a t  of  p rev io u s  workers and to  suggest  i t s  
c o n t r i b u t i o n  to  a f u r t h e r  u n d e r s ta n d in g  of th e  r o l e  of t h i s  
e x t r a c e l l u l a r  t o x i n  i n  the  p a th o g en es is  of  S~brepbocoocus pyogen e s .

ACTION OF STREPTOLYSIN S ON IU.TOCHQFLRI AL PlL-TGTlOF.

The Assay System*

The f i n d i n g  t h a t  p r e p a r a t i o n s  of SLS im p a ir  i s o l a t e d ,  mammalian 

m i to c h o n d r ia l  f u n c t i o n  i s  novel and shows t h a t  th e  a c t i o n  of t h i s  
c y t o l y t i c  agent can r e s u l t  i n  d i s r u p t i o n  of an e s s e n t i a l  c e l l u l a r  
f u n c t i o n ,  namely r e s p i r a t i o n *  The observed v a r i a t i o n  i n  
s e n s i t i v i t y  of  d i f f e r e n t  mouse l i v e r  m i to ch o n d r ia l  p r e p a r a t io n s  
t o  th e  same t o x i n  p r e p a r a t i o n  may r e s u l t  from a number of f a c t o r s .  
These might in c lu d e ,  v a r i a t i o n  i n  s e n s i t i v i t y  o f  i n d i v i d u a l  an im als ,  
minor d i f f e r e n c e s  i n  p r e p a r a t i o n  tech n iq u e  from day t o  day and 
d i f f e r e n c e s ,  i n '  th e  m e tab o l ic  s t a t e  of th e  l i v e r *  I n  a d d i t i o n  
SLS may i n t e r a c t  w i th  con tam in a t in g  amounts of membranous c e l l  d e b r i s  
( e . g . endoplasmic r e t i c u lu m ,  lysosomes o r  c e l l  membrane) which 
e l e c t r o n  m icrographs  have shown to  be p r e s e n t  i n  th e  m i tochondr ia l  
p r e p a r a t i o n s  u sed .

The r e l a t i v e  d i f f e r e n c e s  i n  s e n s i t i v i t y  of  th e  haemolytic,  and 
m i to c h o n d r ia l  a s say s  of  SLS p r e p a r a t io n s  may be due to  t h r e e  f a c t o r s .

■ ( l . )  D i f f e r e n c e s  i n  th e  t o t a l  s u r f a c e  a r e a  of membrane p r e s e n t  
i n  t h e  two systems.

( 2 . )  . D i f f e r e n c e s  i n  th e  number and n a tu re  of  the  SLS 
combining s i t e s  i n  th e  two systems.

(3*) I n t r i n s i c  d i f f e r e n c e s  i n  membrane s t a b i l i t y  r e s u l t i n g  
from d i f f e r e n c e s  i n  l i p i d  and p r o t e i n  com posit ion  
e , g . the  s t r i k i n g  d i f f e r e n c e  i n  c h o l e s t e r o l  con ten t  
between e ry th ro cy b e  and m i to ch o n d r ia l  membranes.
(Pouse r ,  Nelson, P l e i s h n e r  & Simon 1968).
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E s s e n t i a l l y  th e  d i f f i c u l t y  i n  r e l a t i n g  d i f f e r e n t  a s say  

p rocedures  f o r  v a r io u s  c y t o l y t i c  t o x in s  stems from the  l a c k  of 
d i r e c t  t e c h n iq u e s  f o r  measuring the  i n t e r a c t i o n  between th e s e  to x in s  

and t h e i r  s u b s t r a t e s .  This n e c e s s i t a t e s  the  d e t e c t i o n  of t h e i r  
a c t i o n  by i n d i r e c t  means e . g. haemolysis  r e p r e s e n t s  the  end r e s u l t  
of a s e r i e s  of  ev en ts  which. cu lm ina tes  i n  th e  r e l e a s e  of haemoglobin. 
For th e s e  r e a s o n s  r e s u l t s  from such i n d i r e c t  a s say s  must be 
i n t e r p r e t e d  ' w i th  c a u t io n .

The minimum amount of SLS r e q u i r e d  to  cause impairment of 
m i to c h o n d r ia l  s u c c in ic  ox idase  a c t i v i t y  i s  much h ig h e r  th a n  t h a t  
r e q u i r e d  t o  cause haem olys is  under  s ta n d a rd  c o n d i t i o n s .  I t  i s  
d i f f i c u l t  t o  s t a t e  an a b s o lu te  va lue  f o r  th e  amount of  to x in  
r e q u i r e d  to  im p a ir  m i to c h o n d r ia l  a c t i v i t y .  However, t a k in g  in t o  
account the  m a jo r i ty  of  experiments^ 100 E.U./inl c o n s i s t e n t l y  caused 
impairment.  From th e  d a t a  of Koyama and Egami (1963)^who concluded 
t h a t  the  s p e c i f i c  a c t i v i t y  of  SLS was 2 ,000 ,000  t h i s  would
i n d i c a t e  t h a t  app rox im ate ly  0 ,05  /Ug of t o x i n  i s  s u f f i c i e n t  t o  cause 
m i t o c h o n d r i a l ' im pa irm en t•

The I d e n t i t y  of  th e  M ito ch o n d r ia l  Damagin g  F a c t o r  i n  SLS P re p a r a t i o n s

Almost a l l  p rev io u s  d e s c r i p t i o n s  of  th e  c y t o l y t i c  e f f e c t s  of 
SLS have been  made u s in g  SLS p repared  in  washed c e l l  suspens ions  
u s in g  y e a s t  HHA-core as c a r r i e r .  Up to  th e  p r e s e n t  th e  use of  
such p r e p a r a t i o n s  has been  j u s t i f i e d  on th e  b a s i s  t h a t  the  
p r e p a r a t i o n  method i s  f a i r l y  s p e c i f i c  f o r  SLS and on ly  one o th e r  
s t r e p t o c o c c a l  p ro d u c t ,  namely DNA-ase, has been  d e t e c t e d  i n  th e s e  
p r e p a r a t i o n s .  However th e  p o s s i b i l i t y  t h a t  o t h e r  as  ye t  
u n i d e n t i f i e d  p ro d u c ts  may be p r e s e n t  has been  r eco g n ised ,

* There do not e x i s t  s a t i s f a c t o r y  methods f o r  o b ta in in g  SLS in  
pure form, and some of  th e  b i o l o g i c a l  e f f e c t s  a s c r ib e d  to  i t  may 
prove t o  be due to  o t h e r  p roduc ts  of  s t r e p t o c o c c a l  growth.
(Bernheimer I 969)* In  one in s t a n c e  th e  o y t o l ; / t i c  e f f e c t  of  h ig h ly
p u r i f i e d  RUA-3LS has been  examined (Taketo & Taketo I 966) and th e  
p u r i f i e d  p roduct  was b o th  haem oly t ic  and c y t o to x ic  f o r  

E h r l i c h  A s c i t e s  Tumour c e l l s .
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In  th e  p r e s e n t  work, u s in g  St.  pyogenes s t r a i n  C203S and 
RNA-core f o r  p ro d u c t io n ,  a l l  p r e p a r a t i o n s  of t o x i n  which were 
i n h i b i t o r y  f o r  m i tochondr ia  were a l s o  h a e m o ly t ic ,  l u  r e o v e r  th e
S L S -d e f ic ie n t  mutant C203U k in d ly  s u p p l ie d  by Dr. Alan Bernheimer,  
when c u l t u r e d  under  i d e n t i c a l  c o n d i t io n s ,  f a i l e d  t o  impedr 
m i to c h o n d r ia l  r e s p i r a t i o n .  Also no ev idence  was o b ta ined  t h a t  
co n tam in a t in g  amounts of  DNA-ase were r e s p o n s i b l e  f o r  i n h i b i t i o n .
On th e  o t h e r  hand, i t  appeared t h a t  when c a r r i e r s  o th e r  th an  
RNA-core (a lbumin,  serum, Tween 40 and 80) were used ,  the  r a t i o  
of  haem o ly t ic  t o  m i to c h o n d r ia l  i n h i b i t i n g  a c t i v i t y  was not c o n s ta n t .

On th e  b a s i s  of th e  above r e s u l t s ,  i t  was cons idered  t h a t  th e  
two a c t i v i t i e s  were p robab ly  m a n i f e s t a t i o n s  of  th e  SLS moiety  o r  a 
c l o s e l y  r e l a t e d  p ro d u c t .  The f a c t  t h a t  th e  haem oly t ic  and 
m i to c h o n d r ia l  damaging a c t i v i t i e s  of  SLS p r e p a r a t i o n s  from v a r io u s  
c a r r i e r s  d i f f e r e d  from RFA-SLS and from one a n o th e r  was not 
a l t o g e t h e r  unexpected .  I t  i s  conce ivab le  t h a t  th e  n a tu re  of  the  
c a r r i e r  su bs tance  a t t a c h e d  to  th e  SLS p o ly p e p t id e  cha in  might well  
i n f lu e n c e  th e  a f f i n i t y  of  the  p o ly p e p t id e  f o r  membranes of  
d i f f e r e n t  com posit ion .

In  o rd e r  to  i n v e s t i g a t e  f u r t h e r ,  th e  r e l a t i o n s h i p  between 
th e  haem o ly t ic  and m i to ch o n d r ia l  damaging a c t i v i t y  of  SLS, t o x i n  
p r e p a r a t i o n s  were s u b je c te d  to  ge l  f i l t r a t i o n  on G-75 Sephadex. 
Comparison of  th e  e l u t i o n  p a t t e r n  i n  FIG I 5 w i th  t h a t  of 
Bernheimer shown i n  FIG 30 r e v e a l s  a marked d i f f e r e n c e  between 
th e  two p r e p a r a t i o n s .  This d i s s i m i l a r i t y  p robab ly  i s  due to  
d i f f e r e n c e s  i n  th e  o l i g o r i b o n u c l e o t i d e s  p re s e n t  i n  the  RNA-core 
used  f o r  t o x i n  p r e p a r a t i o n .  The r e s i s t a n t  "co re "  r e s u l t i n g  from 
th e  a c t i o n  of RITA-ase on y e a s t  RITA may not  be homogenous and i t  
seems l i k e l y  t h a t  perhaps  on ly  the  t e rm in a l  base  sequence of a 
p a r t i c u l a r  n u c l e o t id e  would de term ine  i t s  s u i t a b i l i t y  to  a c t  as a 
c a r r i e r  f o r  th e  t o x i c  p o ly p e p t id e .
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The most im por tan t  f i n d i n g  u s in g  G-75 Sephadex i^as t h a t
b o th  th e  hae m o ly t ic  and m i to c h o n d r ia l  damaging a c t i v i t i e s  vrere
l o c a t e d  i n  th e  same f r a c t i o n s  and t h a t  th e  f r a c t i o n s  having h igh  

a c t i v i t y
haemolyticy^uere a l s o  th e  most a c t i v e  i n  im p a i r in g  m i tochondr ia l  
s u c c i n i c  ox idase  a c t i v i t y .  C ons ide rab ly  b e t t e r  r e s o l u t i o n  of 
RhA-SLS from th e  r e s i d u a l  i n a c t i v e  o l i g o r i b o n u c l e o t i d e  was achieved 
u s in g  G-50  Sephadex, Again the  two b i o l o g i c a l  a c t i v i t i e s  ran  
p a r a l l e l  to  each o t h e r .  On th e  b a s i s  of g e l - f i l t r a t i o n , t h e r e f o r e ,  
i t  appeared  t h a t  th e  haem oly t ic  and m i to ch o n d r ia l  damaging 
a c t i v i t i e s  were e i t h e r  i d e n t i c a l  o r  had v e ry  s i m i l a r  m olecu la r  
w e ig h t s .  Very r e c e n t l y ,  s in ce  the  w r i t i n g  of  t h i s  Thes is  was 
begun, T ay lo r  ( 1969) has r e p o r t e d  the  i s o l a t i o n  of  a lymphocyte 
t r a n s f o r m in g  f a c t o r  from BhA-SLS p r e p a r a t i o n s  by LEAS c e l l u l o s e  
chromatography. This  f a c t o r  was d i s t i n c t  from t h e  component 
r e s p o n s i b l e  f o r  haem olys is  and r e l e a s e  o f  lysosomal enzymes. I t  

i s  in te n d e d  to  app ly  t h i s  method of T ay lo r  to  f u r t h e r  i n v e s t i g a t e  
the  i d e n t i t y  of  th e  haem oly t ic  and m i to c h o n d r ia l  damaging a c t i v i t i e s  
of SLS.

C o l l a t e r a l  a t te m p ts  were a l s o  made t o  s e l e c t i v e l y  absorb or  
i n h i b i t  e i t h e r  t h e  haem o ly t ic  o r  m i to c h o n d r ia l  damaging a c t i v i t i e s  
of SLS p r e p a r a t i o n s .  From th e  work of  Koyama (19^5) &nd E l i a s ,  
H e l l e r  and Ginsburg ( I 966) SLS was knoim t o  b ind  i r r e v e r s i b l y  to  
e r y t h r o c y t e  g h o s ts  w i th  a complete l o s s  of haem oly t ic  a c t i v i t y , '
I  have found t h a t  b o th  t o x i c  a c t i v i t i e s  were a b o l i s h e d  by n ix in g  
SLS w i th  e r y t h r o c y t e  g h o s ts  o r  w ith  m itochondr ia , .  This  f i n d i n g  
a g a in  s u p p o r t s  th e  id e a  t h a t  th e  haem oly t ic  and m i to ch o n d r ia l  
damaging a c t i v i t i e s  a r e  p r o p e r t i e s  of  th e  same o r  c l o s e l y  r e l a t e d  
m o i e t i e s .  I t  a l s o  i n d i c a t e s  t h a t  th e  t o x i c  agent  i s  e i t h e r  bound 
t o  a  r e c e p t o r  i n  membranes o r  t h a t  i n t e r a c t i o n  w i th  membranes r e s u l t s  
i n  c o n f i g u r a t i o n a l  changes and i n a c t i v a t i o n .

The two b i o l o g i c a l  a c t i v i t i e s  of  SLS p r e p a r a t i o n s  a l so  ran  
p a r a l l e l  i n  h e a t i n g  experim ents  showing s i m i l a r  s e n s i t i v i t y  to  

i n a c t i v a t i o n  a t  60^G. P re l im in a ry  r e s u l t s  o b ta in ed  employing 
t r y p s i n  and chym otrypsin  t o  d i g e s t  SLS (not in c lu d ed  i n  th e  r e s u l t s
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s e c t i o n )  sugges ted  t h a t  t o x i c  a c t i v i t y  a g a in s t  b o th  e r y th r o c y te s  

and m i to ch o n d r ia ,  was d e s t ro y e d  by chymotrypsin  bu t  not by t r y p s i n .
D i s s o c i a t i o n  of haem oly t ic  and mitochondria] ,  damaging a c t i v i t y  

was ach ieved  i n  i n h i b i t i o n  exper im ents  u s in g  l e c i t h i n  and t r y p a n  
b l u e .  Both a re  well  known i n h i b i t o r s  of  SLS (page 38) .  Indeed 
i t  has  been  sugges ted  t h a t  th e  fo rm er ,  which i s  a p r i n c i p l e  

c o n s t i t u e n t  of  mammalian c e l l  membranes, i s ,  i n  f a c t ^ t h o  r e c e p t o r  
f o r  SLS. In  b o th  ca ses  th e s e  su b s tan ces  caused i n h i b i t i o n  of 
haem o ly t ic  a c t i v i t y  bu t  not of  m i to ch o n d r ia l  damaging c i c t i v i ty  of 
SLS p r e p a r a t i o n s .  The i n t r i n s i c  d i f f e r e n c e s  between th e  haem oly t ic  
and m i to c h o n d r ia l  a s say  systems emphasise th e  danger  of p l a c in g  too  
g r e a t  an importance on t h e s e  r e s u l t s .  For  i n s t a n c e ,  the  i n t e r a c t i o n  
between SLS and e i t h e r  l e c i t h i n  o r  t r y p a n  b lu e  might w ell  be 
in f lu e n c e d  by th e  p resence  of  m itochondr ia .  However, a c c e p t in g  
t h a t  th e  r e s u l t s  i n d i c a t e  s e l e c t i v e  i n h i b i t i o n  a g a in s t  

■' h ae ra o iy t i ’c -I a c t i v i t y ,  two e x p la n a t io n s  can be put
f o r w a r d : -

( l . )  That th e  haem oly t ic  and m i to ch o n d r ia l  damaging
a c t i v i t i e s  o f  SLS p r e p a r a t io n s  a r e  indeed  due to  
d i s t i n c t  t o x i c  p ro d u c ts  and t h a t  th e  r e s u l t s  ob ta in ed  
w i th  th e  mutant C203lfj|^'ol f i l t r a t i o n ,  h e a t i n g  exper im ents  
and enzymic d i g e s t i o n  r e f l e c t  th e  d i f f i c u l t i e s  i n  
r e s o l v i n g  two c l o s e l y  r e l a t e d  a c t i v i t i e s .

( 2 . )  That th e  two b i o l o g i c a l  a c t i v i t i e s  r e s i d e  i n  a s in g l e  
m oie ty  hav ing  two a c t i v e  s i t e s ,  one s i t e  be ing  
r e s p o n s i b l e  f o r  haemolysis  and th e  o t h e r  f o r  impairment 
of  m i to ch o n d r ia l  s u c c in ic  ox idase  a c t i v i t y .  These 
s i t e s  d i f f e r  i n  t h e i r  s e n s i t i v i t y  t o  l e c i t h i n  and 
t r y p a n  b lu e .

Hot enough evidence e x i s t s  a t  p r e s e n t  to  d i s t i n g u i s h  between 
th e s e  two p o s s i b i l i t i e s .  In  my view, th e  work of t h i s  T hes is  
t a k e n  o v e ra l l ,  su p p o r t s  th e  i d e n t i t y  of  th e  haem oly t ic  and 

m i to c h o n d r ia l  damaging f a c t o r s  and t h a t  th e s e  a re  p r o p e r t i e s  of an
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e n t i t y  k n o ™  a s  BHA-SLS. BHA-SLS^as p r e p a r e d  b y  most w o r k e r s ^ i s  

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

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

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

t h i s  com plex  p ro b le m  a w a i t s  t h e  a p p l i c a t i o n  o f  r e f i n e d  m ethods  o f  

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

c y t o l y t i c  a c t i v i t i e s  o f  t h i s  i m p o r t a n t  t o x i n .  Thus f a r p s u c h  an  

i n v e s t i g a t i o n  h a s  n o t  b e e n  c a r r i e d  o u t .

The Itode o f  A c t i o n  o f  SLS on M i t o c h o n d r i a .

H a v in g  exam ined  t h e  g e n e r a l  f e a t u r e s  o f  t h e  im p a i rm e n t  o f  

m i t o c h o n d r i a l  s u c c i n i c  o x i d a s e  a c t i v i t y  b y  SLS, i t  was c o n s i d e r e d  

n e c e s s a r y  t o  e x t e n d  t h e  work and a t t e m p t  t o  c h a r a c t e r i s e ,  a s  f a r  s s  

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

By l o c a t i n g  t h e  r e g i o n  o f  t h e  e l e c t r o n  t r a n s p o r t  c h a i n  which  was 

damaged by. SLS, i t  was hoped  t o  g a i n  more i n f o r m a t i o n  a b o u t  t h e  

mode o f  a c t i o n  o f  SLS w i t h i n  t h e  m i t o c h o n d r i o n .

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

o x i d a s e  c h a i n ,  n am e ly  s u c c i n i c  d e h y d r o g e n a s e  and cy toch rom e  o x i d a s e  

( f i g  lO) showed t h a t  t h e  f o r m e r  was r e s i s t a n t  t o  SLS a t t a c k  w h i l e  

c y to c h ro m e  o x i d a s e  a c t i v i t y  was i m p a i r e d .  These  p r e l i m a n a r y  

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

im p a i rm e n t  o f  r e s p i r a t i o n  w i t h i n  t h e  cy to c h ro m e  o x i d a s e  p o r t i o n  o f  

t h e  e l e c t r o n  t r a n s p o r t  s y s t e m ,  i . e . b e tw e e n  cy to c h ro m e  c and 

Og. However ,  t h e  o b s e r v a t i o n  t h a t , o n  a v e r a g e t h e  im p a i rm e n t  o f  

c y to c h ro m e  o x i d a s e ,  a s  a s s a y e d  u s i n g  p a r a p h e n y l e ne d ia m in e  (PPHBI) , 

was 3 0^  l e s s  t h a n  t h a t  c a u s e d  b y  t h e  same t o x i n  on t h e  s u c c i n i c  

o x i d a s e  (w ho le  c h a i n )  a c t i v i t y  o f  t h e  same m i t o c h o n d r i a l  p r e p a r a t i o n  

r e m a in e d  t o  be e x p l a i n e d .  T h i s  o b s e r v e d  d i f f e r e n c e  i n  im p a i rm e n t  

c o u ld  be  . i n t e r p r e t e d  i n  two w a y s ; -

( l . )  D i f f e r e n c e s  i n  t h e  e f f i c i e n c e s  o f  e l e c t r o n  t r a n s f e r  

a t  t h e  cy toch rom e  c l o c u s  o f  t h e  i n t a c t ,  w h o l e - c h a i n ,  

s u c c i n i c  o x i d a s e  and a t  t h e  PPHDI-cytochrome c l i n k  o f  

t h e  cy to c h ro m e  o x i d a s e  c h a i n  c o u ld  e x p l a i n  t h i s  f i n d i n g .
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( 2 . )  A l t e r n a t i v e l y  th e  p o s s i b i l i t y  e x i s t e d  t h a t  the  whole

oha.in s u c c in i c  ox idase  was b e in g  a f f e c t e d  a,t more th a n  
one p o i n t ,

" R e s t o r a t i o n ” and " p r o t e c t i o n "  experim ents  u s in g  the  two 
mobile components of the  e l e c t r o n  t r a n s p o r t  cha in ,  ubiquinone and 
.cytochrome c, c l a r i f i e d  t h i s  problem. The r e s u l t s  i n  FIGS I 7 a and 
b and TABLES 23 and 24 show t h a t  impairment of b o th  s u c c in ic  and 
cytochrome o x id ases  can be com ple te ly  r e s t o r e d  by the  a d d i t i o n  of 
exogenous cytochrome c; no appearance of  t o x i n  impairment remained 
a f t e r  th e  a d d i t i o n  of cytochrome o. Conclus ive evidence h as ,  
t h e r e f o r e  been  ob ta in ed  which i n d i c a t e s  t h a t  SLS causes  the  
d i s l o c a t i o n  of th e  e l e c t r o n  t r a n s p o r t  ch a in  a t  th e  cytochrome c 
l o c u s .  I t  i s  a l s o  im por tan t  to  note  t h a t  t r e a tm e n t  of  m i tochondr ia  
w i th  SLS r e s u l t e d  i n  the  leakage  o f  p r o t e i n  in c lu d in g  a product  
hav ing  an a b s o rp t io n  maximum a t  4IO t h i s  was p robab ly  cytochrome
0. The f a c t  t h a t  cytochrome c i t s e l f  was not th e  s u b s t r a t e  f o r  
SLS was shOTO by t r e a t i n g  cytochrome c w i th  SLS f o r  30 m inu tes ,  
such m a t e r i a l  was s t i l l  capable  of r e s t o r i n g  t o x i n  impaired 
m i to c h o n d r ia l  a c t i v i t y .  I t  must be emphasised t h a t  th e s e  experiments  
p i n - p o i n t  th e  secondary  f u n c t i o n a l  l e s i o n  w i th in  th e  mitochondrion ,  
r e s u l t i n g  from damage by SLS bu t  do not p rov ide  evidence f o r  the  
p r im ary  s i t e  of a c t i o n .

Cytochrome c i s  a prism shaped molecule hav ing  a m o lecu la r  we3 ghi 
of  1200 (Levin  I 962) .  I t  r e a d i l y  combines w i th  l i p i d s  and 
p h o s p h o l ip id s ,  forming complexes knoi-m as l ipocytochrom e c which a r e  
s o lu b le  i n  l i p i d  s o l v e n t s .  In  th e  m itochondr ion ,  cytochrome c a c t s  
as an  o x i d a t i o n - r e d u c t i o n  component i n  th e  e l e c t r o n  t r a n s f e r  p ro ces s  
b u t  i s  no t  a permanent c o n s t i t u e n t  of  any of th e  f o u r  complexes 
( TABLE 6 ) .  I t  i s  thought  t o  be p r e s e n t  as  a mobile molecule i n  a 
l i p i d  m i l i e u  s h u t t l i n g  e l e c t r o n s  between complexes 111 and IV 

(Vidmer & Crane 1958; Ambe & Crane 1959)* Therefore^exogenous 
cytochrome c may e i t h e r  p rov ide  a b y -p ass  around th e  SLS-affec ted  
a r e a s  o r  r e p la c e  cytochrome c leaked  from th e  m itochondr ia  as a
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r e s u l t  of* a l t e r e d  p e r m e a b i l i t y .  The p resum ptive  i d e n t i t y  of 
cytochrome c i n  th e  leaked  p roduc ts  from t o x i n - t r e a t e d  m itochondr ia  
su g g es ts  t h a t  r e s t o r a t i o n  of  e l e c t r o n  t r a n s p o r t  f u n c t i o n  by th e  
a d d i t i o n  of exogenous cytochrome c could be accounted  f o r  i n  p a r t ,  
a t  l e a s t ,  by a r e - e q u i l i b r a t i o n  of  th e  molar ba lance  of r e s p i r a t o r y  
c a r r i e r s  w i t h i n  th e  m itochondr ion .  However th e  f a c t  t h a t  th e  
a d d i t i o n  of  cytochrome c s t i m u la t e s  the cytochrome oxidase  a c t i v i t y  
of  to x in - im p a i r e d  m i tochondr ia  to  a l e v e l  up to  5O/O above t h a t  
of c o n t r o l s  su g g e s ts  t h a t  a b y -p ass  mechanism u t i l i s i n g  the  added 
exogenous cytochrome c was a l s o  o p e r a t in g .  Both mechanisms may 
t h e r e f o r e  c o n t r i b u t e  to  th e  observed e f f e c t  of adding  exogenous 
cytochrome 0 . Whatever th e  mechanism, i t  seems h ig h ly  u n l i k e l y  

t h a t  th e  a d d i t i o n  of  exogenous cytochrome c r e v e r s e s  t h e . a c t i o n  of 
SLS on th e  m itochondr ion .  I t  i s  f a r  more l i k e l y  t h a t  the, p resence  
of cytochrome c masks th e  secondary  e f f e c t s  which a re  b e ing  measured 
i n  th e  a s sa y  system u se d .

The complete r e s i s t a n c e  of  a c t i v e l y  r e s p i r i n g  m itochondr ia  to  
t o x in  a t t a c k ,  su g g e s ts  e i t h e r  t h a t  t h e r e  i s  a  c o n f ig u r a t i o n a l  
change i n  the  m i to ch o n d r ia l  membrane d u r in g  e l e c t r o n  t r a n s p o r t  which 
in v o lv e s  th e  masking of th e  SLS b in d in g  s i t e s ,  o r  t h a t  when the  
r e s p i r a t o r y  c h a in  i s  f u n c t i o n i n g ,  cytochrome c i s  more t i g h t l y  bound. 
Fur therm ore ,  th e  o x id a t io n  r e d u c t io n  s t a t e  of  cytochrome c could 
a l so  i n f lu e n c e  i t s  leakage  from the  m itochondr ion .

The r e s u l t s  o b ta in ed  thus  f a r  p rov ide  evidence of  the  locus  
of  th e  e l e c t r o n  t r a n s p o r t  cha in  a f f e c t e d  by SLS bu t  do not 
c o n c lu s iv e ly  i n d i c a t e  whether  th e  pr im ary  a c t i o n  of th e  t o x in  i s  on 
the  m i to ch o n d r ia l  l i m i t i n g  membrane o"r on th e  i n t e r n a l  s p a t i a l  
arrangement of  e s s e n t i a l  components i n  th e  c r i s t a e .  As w i l l  be 
mentioned l a t e r  t h i s  problem may be c l a r i f i e d  by s tu d y in g  th e  e f f e c t  
of SLS on i s o l a t e d  f ragm en ts  o f  the  r e s p i r a t o r y  ch a in .  A 
d iag ram at ic '  r e p r e s e n t a t i o n  of  th e  p o s s i b l e  changes r e s u l t i n g  from the  
a c t io n  of  3L3 on m itochondr ia  a re  i l l u s t r a t e d  i n  FIG 31,
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General  S ig n i f i c a n c e  to  P rev ious  l lork .

The f i n d i n g  t h a t  S L S  im pa ir s  m i to ch o n d r ia l  r e s p i r a t i o n  
r e p r e s e n t s  a s i g n i f i c a n t  e x te n s io n  of th e  vrork of K e ise r  e t  a l  
(1964)• These a u th o rs  found t h a t  S L S  caused s p e l l i n g  and r e l e a s e  
of p r o t e i n  x h ich  su g g e s ts  t l i a t  th e  t o x i n  causes  a c e r t a i n  degree  of 
i n t e r n a l  d i s o r g a n i s a t i o n  u i t h i n  the  m itochondr ion .  As mentioned 
p r e v io u s ly  (page 5^) any d i s tu rb a n c e  i n  th e  d e l i c a t e  s p a t i a l  
arrangement of th e  e l e c t r o n  t r a n s p o r t  c a r r i e r s  might he expected to  
r e s u l t  i n  impairment o f  r e s p i r a t o r y  f u n c t i o n .

I n i t i a l l y ,  i n  the  course  of  the  p r e s e n t  ^ o rk ,  I  f a i l e d  to
d e t e c t  m i to c h o n d r ia l  s w e l l in g ;  t h i s  was p rohah ly  due to  the  h igh

—2c o n c e n t r a t i o n  of magnesium ions  p r e s e n t  (2 x lO” M) i n  the  
u n d ia ly se d  p r e p a r a t i o n s  of t o x i n  which were u sed .  1/hen d ia ly s e d  
t o x i n  W2,s u sed ,  s w e l l in g  s i m i l a r  to  t h a t  d e s c r ib e d  hy K e ise r  e t  a l  
(1964) was observed (FIG 32) .  The f a c t  t h a t  v e ry  b r i e f  c o n tac t  
between t o x i n  and m i to ch o n d r ia  (page 87) r e s u l t e d  i n  a s t i m u la t io n  
i n  the  oxygen up take  by m itochondr ia  r a t h e r  t h a t  impairment might 
be ex p la in ed  by in c re a s e d  p e r m e a b i l i ty  t o  s u c c i n a t e .  I t  i s  
s i g n i f i c a n t  to  no te  t h a t  th e  maximum r a t e  o f . s w e l l in g  took p lace  
d u r in g  th e  f i r s t  f i v e  minutes  of  c o n tac t  and i t  seems f e a s i b l e  t h a t  
t h i s  could  r e s u l t  i n  an i n f l u x  of exogenous s u b s t r a t e  i n to  the  
m itochondr ion .

The i n h i b i t i o n  of  oxygen uptake which fo l low ed  lo n g e r  p e r io d s  of  
in c u b a t i o n  could l o g i c a l l y  fo l lo w  i f  t h e r e  was a subsequent leakage  of 
e s s e n t i a l  e l e c t r o n  t r a n s p o r t  c a r r i e r s  t o  o s m o t ic a l ly  ba lance  th e  

i n i t i a l  i n f l u x  of exogenous m a t e r i a l .  F u r therm ore ,  t h e  ev en tu a l  
p e n e t r a t i o n  o f  SLS to  th e  i n t e r i o r  of th e  m itochondr ion  w ith  
r e s u l t a n t  s t r u c t u r a l  d i s o r g a n i s a t i o n  of  th e  c r i s t a e  cannot be exc luded .
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C e r t a in  o t h e r  b a c t e r i a l  e x t r a c e l l u l a r  tox in^have  a l s o  been 

shown to  im p a ir  m i to ch o n d r ia l  f u n c t i o n ,  C lo s t r id iu m  w e lc h i i

a l p h a - t o x i n  (Edwards & h a l l  19545 F cF ar lane  & Datba 1954)? 
s ta p h y lo c o c c a l  s u c c in i c  ox idase  f a c t o r  (Lorninski e t  a l  I 964) and 
P as t iu re l l a pes t  i s  murine t o x in  (A j l ,  hoebke and k u s te  I 964) .
With pla.gue murine t o x i n ,  i t  was dem onstra ted  t h a t  th e  s p e c ie s  
s p e c i f i c i t y  of t h i s  agent e x i s t e d  a t  th e  s u b - c e l l u l a r  l e v e l .  By 
s tu d y in g  the  e f f e c t s  o f  t h i s  t o x i n  on th e  a b s o rp t i o n  spectrum of 
m i tochondr ia  to  see i f  any a l t e r a t i o n s  i n  th e  a b s o rp t i o n  peaks 
co r re sp o n d in g  to  s p e c i f i c  cytochrome components were r e v e a le d ,
A j l ’ s group showed t h a t  th e  a d d i t i o n  of  t o x i n  caused th e  
o x id a t io n  of cytochrome a ,  b and c.  This  f i n d i n g  suggested  
t h a t  th e  t o x i n  e x e r t e d  i t s  i n h i b i t o r y  e f f e c t  on m i to ch o n d r ia l  

r e s p i r a t i o n  by a c t i n g  on th e  e l e c t r o n  t r a n s p o r t  cha in  i n  th e  
r e g io n  between ITADĤ  c r  s u c c in a te  and cytochrome b .

F u r t h e r  i n v e s t i g a t i o n  of  the  mode of  a c t i o n  of t h i s  t o x i n  have 
been made u s in g  i s o l a t e d  enzyme complexes d e r iv e d  from b ee f  h e a r t  
m i tochondr ia  by members of  B.E. Green*s lab o ra to ry ^ W isc o n s in  U.S.A. 
and Kadis ,  Konti  and Ajl  ( I 966) were ab le  t o  show t h a t ,  when plague 
murine t o x i n  was in c u b a te d  w ith  p u r i f i e d  ÎTABĤ  “ cytochrome c 
r e d u c t a s e ,  s i g n i f i c a n t  i n h i b i t i o n  of a c t i v i t y  was o b ta in e d .
S im i l a r l y  IT/lDÏÏ  ̂ -  ub iqu inone  red u c ta s e  i s  a l s o  i n h i b i t e d  by t h i s  
t o x i n  ( U a te f i ,  Haavik & G r i f f i t h s  I 962) .  Although th e  p r e c i s e  
manner i n  which th e  t o x i n  i n h i b i t s  HABE  ̂ - u b i q u i n o n e  r e d u c ta s e  has 
not y e t  been e l u c i d a t e d ,  i t  i s  p r o v i s i o n a l l y  sugges ted  t h a t  plague 

murine t o x i n  a c t s  on th e  e l e c t r o n  t r a n s p o r t  system by i n t e r f e r i n g  
w i th  th e  enzymic a c t i v i t y  of  ITABEg -ub i  qui. no ne r e d u c t a s e ;  t h i s  
p re v e n t s  th e  r e d u c t io n  of  ub iquinone and t h e r e f o r e  im pa ir s  an 
e s s e n t i a l  p r e - r e q u i s i t e  f o r  e l e c t r o n  t r a n s p o r t  i n  the  m itochondr ion .

This  approach,which  has  y ie ld e d  im por tan t  r e s u l t s  w i th  r e s p e c t  
to  p lague murine t o x i n ,  could provide  t h e  answer as t o  whether  o r  
not SLS a c t s  d i r e c t l y  on th e  enzymic a c t i v i t y  of  QE  ̂ -  cytochrome c 
r e d u c t a s e  complex ( i l l )  o r  th e  cytochrome oxidase  complex (IV ), and 
may a l s o  g ive  i n s i g h t  i n t o  th e  mode of a c t i o n  o f  v a r io u s  b a c t e r i a l
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’to x in s  a t  th e  suhce l l i . i la r  l e v e l .  The use of t o x i n s  i n  t h i s  uay 
maj a l s o  e l u c i d a t e  sor.e of  th e  cor.plex nechanisms o c c u r r in g  -S'rithin 
th e  m itochondr ion .  B iochem ists  ma,y f i n d  h a c t e r i a l  t o x i n s  u se fu l  
t o o l s  i n  th e  s tudy  of m i to c h o n d r ia l  memhrane s t r u c t u r e ,  u h ic h ,  in  
t u r n ,  may h e lp  to  e l u c i d a t e  the  r o l e  of  th e  neiforane i n  
r e s p i r s  to ry  f u n o t i o n .

This s tudy  has  edded to  th e  u n d e r s ta n d in g  of  th e  chrnyes 
which occur  i n  m i tochondr ia  as  a r e s u l t  of  SLS a t t a c k ;  a d i s c u s s io n  
of th e  i m p l i c a t i o n s  of t h i s  f i n d i n g  i n  t e r r . s  of th e  p a th o g e n ic i t y  
of Group A s t r e p t o c o c c i  w i l l  he p re se n te d  l a t e r  (page I 7I ) .  I t  
has however, emerged t h a t  th e  measurement of  secondary  changes i s  
of  l im i t e d  v a lu e .  F u r th e r  u n d e r s ta n d in g  of  toxin-memhrane 
i n t e r a c t i o n s  remains a b s o l u t e l y  e s s e n t i a l  i f  t h e ’ c y t o l y t i c  
mechanism of SLS i s  to  he f u l l y  u n d e rs to o d .

-  o
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As mentioned i n  th e  i n t r o d u c t i o n  ( rage  45 ) j  the  ohjeot of  t h i s  
a sp ec t  was t o  de te rm ine  th e  m e tabo l ic  changes which occur  w i th in  
th e  c e l l  as  e, r e s u l t  of th e  c y to to x ic  a c t i o n  of SLS. I t  was hoped, 
t h a t  such i n v e s t i g a t i o n s  might throw some l i g h t  on the  r o l e  of  t h i s  
t o x i n  i n  th e  p a th o g en es is  of  the  s t r e p t o c o c c u s .  The reaso n s  f o r  
choosing  Krehs 2 A s c i te s  Tumour c e l l s  as a model f o r  t h i s  s tudy  a re  
ex p la in ed  on page 58 c I t  was a l s o  f e l t  t h a t  th e s e  s t u d i e s  might 
c o n t r i b u t e  to  a f u r t h e r  u n d e r s ta n d in g  of th e  o n c o l y t i c  a c t i v i t y  of  
Group A s t r e p t o c o c c i  and th e  r o l e  of SLS in  t h i s ,

i 'o rp h o lo g ic a l  Changes caused by SLS.

Phase c o n t r a s t  microscopy of  Krebs 2 A s c i t e s  Tumour c e l l s  
showed t h a t  g ro ss  d i s o r g a n i s a t i o n  o ccu rred  i n  th e s e  c e l l s  fo l lo w in g  
t r e a tm e n t  w i th  81, G ; many of th e  observed changes could be ex p la in ed  
by membrane damage. The appearance of numerous b le b s  round th e  edge
of SLS~treated c e l l s  i n d i c a t e d  t h a t  th e  c e l l  s u r f a c e  and p robab ly  
the  c e l l  membrane was d r a m a t i c a l l y  a f f e c t e d .  C e l l  damage was a l s o  
c h a r a c t e r i s e d  by th e  appearance of g ro s s  cy top lasm ic  d i s o r g a n i s a t i o n  
and n u c l e a r  i r r e g u l a r i t y .  In  view of  th e  f a c t  t h a t  such o y to p a th ic  
e f f e c t s  occurred  w i thou t  d e t e c t a b l e  a b s o r p t i o n  o f  SLS, i t  seemed 
l i k e l y  t h a t  th e s e  were secondary  r e s u l t s  of d i s o r g a n i s a t i o n  of th e  
l i m i t i n g  membrane.

E f fe c t  of  SLS on Succinabe O xida t ion ,

To my knowledge th e  f i n d i n g s  r e l a t i n g  to  th e  e f f e c t s  of SLS 
and s ta p h y lo c o c c a l  a l p h a - t o x i n  on s u c c in a te  o x id a t io n  a re  novel and 
c o n t r ib u t e  u s e f u l  knowledge about th e  c y t o l y t i c  e f f e c t s  of  th e s e  
t o x i n s .

The in c re a s e d  r a t e  of oxygen up take  shown by  SL S - trea ted  
Krebs 2 . c e l l s  u t i l i s i n g  exogenous s u c c in a te  sugges ted  t h a t ,  d e s p i t e  
the  apparen t  e x te n s iv e  c e l l u l a r  damage, the  m itochondr ia  of such 

c e l l s  remained f u n c t i o n a l .  The s im p le s t  e x p la n a t io n  of th e  in c r e a s e d
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r a t e  o f  oxygen up take  was t h a t  SLS caused an a l t e r a t i o n  i n  th e  
p e r m e a b i l i t y  of th e  c e l l  membrane which i n  t u r n  removed a 
p e r m e a b i l i t y  b a r r i e r  to  s u c c in a te ;  the  r e s u l t i n g  i n f l u x  of  s u c c in a te  
would l e a d  t o  a s u b s t a n t i a l  i n c r e a s e  i n  th e  i n t r a c e l l u l a r  s u c c in a te  
c o n c e n t r a t io n  w i th  consequent in c re a s e d  a v a i l a b i l i t y  of  s u b s t r a t e  to  
th e  s t i l l  f u n c t i o n i n g  m i to ch o n d r ia .  Such an e x p la n a t io n  p robab ly  
r e p r e s e n t s  an o v e r s i m p l i f i c a t i o n  bu t  s e rv e s  as  a u s e f u l  working 
h y p o th e s i s .

E f f e c t  o f  S taphy lococca l  a l p h a - to x in  on Succ ina te  O x id a t io n .

S taphy lococca l  a l p h a - t o x i n  has been  shoi-m by k ad o f f  e t  a l  (1962) 
to  a l t e r  th e  p e r m e a b i l i t y  of  E h r l i c h  A s c i te s  'Ihrnour c e l l s ,  ■ Also i t  
i s  known from th e  work of  Lomiiiski e t  a l  ( I 964 & I 968) t h a t  
s t a p h y lo c o c c a l  a l p h a - t o x i n  does not damage m i to c h o n d r ia l  f u n c t io n .
This t o x i n ,  t h e r e f o r e ,  p rov ided  a v a lu a b le  comparative  t o o l  f o r  
t e s t i n g  th e  e f f e c t  o f  a l t e r e d  c e l l  p e r m e a b i l i t y  on s u c c in a te  o x id a t io n .  
The appearance of  b le b s  on a s c i t e s  c e l l s  was even more marked 
fo l lo w in g  a l p h a - t o x i n  t r e a tm e n t ;  t h i s  f u r t h e r  i n d i c a t e d  t h a t  the  
c e l l  s u r f a c e  was s u b s t a n t i a l l y  a f f e c t e d  by a l p h a - t o x i n .  The 
c l e a r - c u t  f i n d i n g  t h a t  t r e a tm e n t  of  Krebs 2 A s c i te s  Tumour c e l l s  w ith  
t h i s  c y t o l y t i c  agent a l s o  r e s u l t e d  i n  in c r e a s e d  r a t e  of  oxygen up take  
provided f u r t h e r  evidence f o r  the  h y p o th e s i s  t h a t  th e  observed 
e f f e c t s  were secondary  r e s u l t s  of  tox in-nem brane i n t e r a c t i o n s  
r e s u l t i n g  from th e  breakdown of  normal p e r m e a b i l i t y .  Work i s  
c u r r e n t l y  underway i n  c o l l a b o r a t i o n  w i th  Dr, P.G, Toner to  examine 
the  e f f e c t s  of  b o th  SLS and s ta p h y lo co c ca l  a l p h a - t o x i n  on th e  f i n e  
s t r u c t u r e  of  Krebs 2 c e l l s  u s in g  e l e c t r o n  microscopy.

Comparative Eff e c t s  of  SLS and S taphy lococca l  a l p h a - t o x i n .

P r e d i c t a b ly ,  a l th o u g h  th e  o v e r a l l  e f f e c t :  on the  metabolism of
su c c in a te  by  Krebs 2 c e l l s  was the same f o l lo w in g  t r e a tm e n t  w i th  
SLS or  s ta p h y lo c o c c a l  a l p h a - t o x i n ,  s e v e r a l  d i f f e r e n c e s  were noted  
which in d i c a t e d  t h a t  the  s i t e  and mode o f  a c t i o n  of  th e s e  two 
c y t o l y t i c  agen ts  on th e  c e l l  membrane d i f f e r e d .  S taphy lococca l
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a l p h a - t o x i n  ac ted  much more r a p i d l y  th a n  SLS, caus ing  an immediate 
i n c r e a s e  i n  th e  r a t e  of oxygen uptake even i n  c e l l s  which were 
m e ta b o l i s in g  exogenous s u c c in a t e .  I t  i s  worth s t r e s s i n g  he re  t h a t  
b o th  th e  l i m i t i n g  c e l l  and m i to c h o n d r ia l  membranes appear  to  be 
r e s i s t a n t  t o  SL8-a t tack  i f  th e  c e l l  o r  o rg a n e l l e  i s  a c t i v e l y  r e s p i r i n g ,

Com parative ly ,  Krebs 2 A sc i te s  Tumour c e l l s  a re  l e s s  s e n s i t i v e  
to  s ta p h y lo c o c c a l  a l p h a - t o x i n  th a n  t o  SLS; 200 ÏÏ.U. of  SLS 
(=0 , 0 25pug of to x in )  caused s t i m u l a t i o n ,  whei'eas 20 H.U, ( -2yng) of  
a l p h a - t o x i n  were r e q u i r e d  to  cause in c r e a s e d  oxygen UTptake.
F ur therm ore ,  the  i n t e r a c t i o n  between s ta p h y lo c o c c a l  a l p h a - t o x i n  and 
Krebs 2 c e l l s  invo lved  b in d in g  or  i n a c t i v a t i o n  of  the  t o x i c  p r o t e i n  
while  th e  haernoly tic  a c t i v i t y  of SLS was not a l t e r e d  i n  t h i s  way.

E f fe c t  of  SLS on I s o l a t e d  A s c i t e s 11 r i t o c h o n d r i a .

Although SLS d id  not appear  to  p e n e t r a t e  s u f f i c i e n t l y  to  cause 
impairment of  m i to ch o n d r ia l  f u n c t i o n  i n  th e  w h o le - c e l l  model system, 
i s o l a t e d  m i tochondr ia  p repared  from such c e l l s  resembled l i v e r  
m i tochondr ia  i n  t h a t  t h e i r  s u c c in ic  ox idase  a c t i v i t y  was impaired  
by SLS. These experim ents  r e i n f o r c e  th e  view t h a t  SLS f a i l s  to  
p e n e t r a t e  to  th e  i n t e r i o r  of  i n t a c t  Krebs 2 c e l l s .  A l t e r n a t i v e l y  
th e  f a i l u r e  of  SLS t o  im pa ir  m i to ch o n d r ia l  f u n c t i o n  i n  the  whole 
c e l l s  might be ex p la in ed  i f  t h e s e  o r g a n e l l e s  were under  c e l l u l a r  
c o n t r o l  e . g . i f  th e y  were a c t i v e l y  m e ta b o l i s in g  endogenous s u b s t r a t e .  
As has been shown p r e v io u s l y  i n  t h i s  T h e s i s ,  a c t i v e l y  m e ta b o l i s in g  
l i v e r  m itochondr ia  a re  r e s i s t a n t  to  SLS a t t a c k ,

— o “

Any a l t e r a t i o n  i n  th e  p e r m e a b i l i t y  of  the  a s c i t e s  c e l l  membrane 
as a r e s u l t  of  the  a c t i o n  of SLS, as w el l  as i n c r e a s i n g  the  
p e r m e a b i l i t y  t o  exogenous m a t e r i a l s ,  would a l s o  r e s u l t  i n  d i f f u s i o n  
out o f  i n t r a c e l l u l a r  c o n s t i t u e n t s .  I f  t h i s  in c lu d ed  leakage  of 
s o lu b l e ,  cy top lasm ic  ensymes from th e  c e l l ,  an u p s e t  i n  th e  d e l i c a t e  
b a lan ce  r e q u i r e d  f o r  th e  o p e r a t io n  of  c e r t a i n  m e tab o l ic  pathways such 
as th e  Embden-Keyerhoff Pathway m u l d  occu r .  This  might be



r e f l e c t e d  i n  th e  r a t e  of  r.etahelig::i of  interm-.edii^t .r-: of  tJiis 
pathway. Indeed ,  s ta p h y lo c o c c a l  a lp h a - to x . in ,  a c t i n g  on KB -  

t i s s u e  c u l t u r e  c e l l s ,  has  been shown to  cause a d ec re a se  i n  g lucose  
u t i l i s â t io n  and a co r re sp o n d in g  drop i n  l a c t i c  ac id  p ro d u c t io n  
(iCorbeckvd J e l j a s s e w i c s  1964)*
E f f e c t  o f  8LS on Glucose Ox i d a t i o n^

Although not p r e s e n te d  in  the  r e s u l t s ,  so re  experim ents  irere 
c a r r i e d  out in  which the e f f e c t  of 8LS on th e  metabolism of 
g lucose  was s tu d i e d .  These -proved in c o n c lu s iv e  f o r  reaso n s  
d i s c u s s e d  below bu t  a re  cons idered  to  be r e l e v a n t  t o  t h i s  a s p e c t ,  
and th e  main f i n d i n g s  w i l l  t h e r e f o r e  be mentioned b r i e f l y  a t  t h i s  
p o in t  c

A s c i t e s '  c e l l s  a re  l:nown to  m e tab o l ise  g lucose  by means of th e  
Embden-keyerhoff ?r ' thway, th e  T r i - c a r b o x y l i c  cyc le  end the  P en to se -  
Phosphate c y c le ,  Post of the  enzymes ca/fcalysing th e  v a r io u s  s t e p s  
o f  th e s e  pa/bhways a re  s o lu b le  in  th e  cy top las r . .  I t  was, t h e r e f o r e ,  
thougli t t h a t  th e  a c t i o n  of  SLS or  s ta p h y lo c o c c a l  a l p h a - t o x i n  would 
r e s u l t  i n  a d ec re a se  of g lucose  u t i l i s a t i o n  by th e s e  c e l l s .  In  
p r e l im in a r y  exper im ents  c a r r i e d  out a?j d e s c r ib ed  on page ‘75 of 
th e  I f a t e r i a l s  and Let h o d s , r e s u l t s  i n d i c a t e d  t h a t  b o th  Gl.S and 
s taphy lococca l-  a l p h a - t o x i n  im m edia te ly  i n h i b i t e d  any g lucose  
o x id a t io n  by th e s e  c e l l s  and any measurable endogenous metabolism 
was a l s o  im m edia te ly  h a l t e d  by tlie a d d i t i o n  of e i t h e r  of th e s e  
t o x i n s .  C ons iderab le  t e c h n i c a l  d i f f i c u l t i e s  iTore encoun tered  in  
th e  use  of t h i s  a s say  system. For instanice when exogenous g lucose  
was added as s u b s t r a t e  to  c o n t ro l  c e l l  su sp en s io n > in  Farburg  
expe r im en ts ,  an a p p r e c ia b l e  in c r e a s e  i n  oxygen u p t a i e  above th e  
endogenous l e v e l  was not  c o n s i s t e n t l y  observed .  Such i n c o n s i s t e n t  
r e s u l t s ,  u s in g  g lucose  as  s u b s t r a t e  f o r  tumour c e l l s  ha.ve been 
encoun te red  by many workers and s e v e ra l  p o s s i b l e  e x p la n a t io n s  e x i s t  
t o  account f o r  t h i s .  Thé most im por tan t  i s  probabl.y the  
Crabti?ee E f f e c t  (C rab t ree  I 929) .  I n  t h i s  phenomenon, t h e r e  i s  
i n h i b i t i o n  of  r e s p i r a t i o n  fo l lo w in g  th e  a d d i t i o n  of g lucose  t o  many 
ty p e s  of g lucose  m e ta b o l i s in g  c e l l s .  I t  i s  now reco g n ised  as a 

g e n e r a l i s e d  e f f e c t  and has been reviewed by Ibsen (1961) who made 
s p e c i f i c  re fe rence  to  the  phenomenon in  E hr l ich  A sci tes  Tumour c e l l s .
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This is  summarised as follows

A f t e r  th e  a d d i t i o n  of  g lucose  t o  c e l l s  a s h o r t - l i v e d  (20 to  120
seconds) s t i m u l a t i o n  of r e s p i r a t i o n  i s  fo l low ed  by an i n h i b i t o r y
p e r io d  which reach es  a c o n s tan t  l e v e l  equal  to  approx im ate ly  30fr
of th e  endogenous r a t e  and l a s t s  u n t i l  a l l  th e  g lucose  has been
u t i l i s e d .  About 25 seconds a f t e r  the  g lucose  d i s a p p e a r s  the  c e l l s
are  r e l e a s e d  from such i n h i b i t i o n  and consume oxygen a t  a r a t e  which
can be as g r e a t  as  th e  p r e - i n h i b i t o r y  endogenous r e s p i r a t i o n  r a t e .

These o b s e rv a t io n s  were made u s in g  an oxygen e l e c t r o d e , , In
my exper im ents  t h e  C rab t ree  E f f e c t  would be complete b e fo re  th e
f i r s t  m anonetr ic  r e a d in g  was t a k e n  a t  15 m inu tes .  Thus i t  i s

e x t r e m e ly ■d i f f i c u l t  t o  i n t e r p r e t  bhe c o n t r i b u t i o n  of t h i s  phenomenon
to  th e  o v e r a l l  p i c t u r e  which was observed .  But i t  i s  im uor tan t  to  

5 out of  7
note  t h a t  in j jexperim ents  c a r r i e d  out u s in g  g lucose  as s u b s t r a t e ,  
i n c r e a s e d  oxygen up take  above th e  endogenous l e v e l  was observed .  

C l e a r ly  i t  would be n e c e s s a ry  t o  measure g lu co se  u t i l i s a t i o n  

more d i r e c t l y  i n  o rd e r  t o  o b t a in  co n c lu s iv e  r e s u l t s . Since th e  
experim ents  mentioned he re  were c a r r i e d  out d u r in g  th e  te rm in a l  
s t a g e s  of  th e  work f o r  t h i s  T h e s i s ,  i t  i s  hoped t o  extend them 
f u r t h e r  i n  th e  n e a r  f u t u r e  u s in g  a l t e r n a t i v e  a s sa y  systems.  D esp i te  
th e se  l i m i t a t i o n s  s i g n i f i c a n t  i n d i c a t i o n  t h a t  SLS and s ta p h y lo c o c ca l  
a l p h a - t o x i n  do cause d i s r u p t i o n  of cy top lasm ic  enzymic f u n c t i o n  does 
emerge from th e  f i n d i n g s  t h a t  ( a . ) b o th  t o x in s  imm edia te ly  im paired  
r e s p i r a t i o n  i n  th o se  experim ents  which in c r e a s e d  oxygen uptake  
occu rred  on th e  a d d i t i o n  of  g lucose  and ( b . )  t h a t  th e  endogenous 
oxygen up take  by Krebs 2 A s c i te s  Tumour c e l l s  was a b o l i s h e d .

E x t r a p o l a t i o n  from th e  work w ith  SLS p r e p a r a t i o n s  on Krebs 
2 A s c i te s  Tumour c e l l s  to  th e  p o s s ib le  e f f e c t s  of  t h i s  t o x i n  d u r in g  
i n f e c t i o n  i n  v i v o , roust remain s p e c u la t i v e  a t  t h i s  s t a g e .  However, 
i t  emerges t h a t  SLS i s  a p o te n t  c y t o l y t i c  t o x i n  capab le  of  d i s r u p t i n g  

the  normal p e r m e a b i l i t y  c o n t r o l  of  c e l l s  a t  low c o n c e n t r a t i o n s .

Also t h i s  agent  has the  c a p a c i ty  of p ro fo u n d ly  im p a i r in g  the
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fundam enta l  energy  p roduc ing  system of  the  c e l l  namely the  
m itochondrion* Any agent  having  such p r o p e r t i e s  would he expected  
t o  p la y  an im p o r tan t  r o l e  i n  damaging th e  c e l l s  and t i s s u e s  of th e  
h o s t .  A dm it ted ly ,  doub ts  e x i s t  as to  whether SLS can a c t u a l l y  
p e n e t r a t e  i n t o  th e  c e l l  s u f f i c i e n t l y  to  p a r a ly s e  m i to ch o n d r ia l  
f u n c t i o n .  I t  must be emphasised however, t h a t  i n  p a th o g en es is  
vSLS may a c t  s y n e r g i s t i c a l l y  w ith  o th e r  s t r e p t o c o c c a l  p roduc ts  and 
i n  th o s e  c a se s  where s t r e p t o c o c c i  succeed i n  p e n e t r a t i n g  the  c e l l  
i n t e r i o r ,  SLS e l a b o r a t e d  i n t r a c e l l u l a r l y  would almost c e r t a i n l y  

e x e r t  i t s  t o x i c  a c t i o n  on m i tochondr ia .

MODE OF ACTION OF STHEFTOLYSIH S.

The o b s e rv a t io n s  o f  th e  e f f e c t  of SLS and s ta p h y lo c o c c a l  a lp h a -  
t o x i n  on c e l l u l a r  metabolism a re  i n  agreement w i th  th e  c e l l  membrane 
b e in g  th e  p o in t  of a t t a c k  o f  th e s e  two c y t o l y t i c  a g e n t s .  T h e i r  
a c t i o n  u p s e t s  the  p e r m e a b i l i t y  of th e  c e l l  membrane which r e s u l t s ,  
among o t h e r  changes,  i n  a f a t a l  d i s r u p t i o n  of  metabolism.

The l i m i t a t i o n s  mentioned p re v io u s l y ,  of  hav ing  t o  measure th e  
a c t i o n  of c y t o l y t i c  t o x i n s  i n d i r e c t l y  makes i t  d i f f i c u l t  t o  a s s e s s  
th e  o r d e r  i n  which th e  observed changes occu r .  They a l s o  s e v e re ly  
l i m i t  th e  d e t a i l e d  s tudy  of t o x i n  m em b ra n e - in te ra c t io n .  However, 
c e r t a i n  r e s u l t s  i n d i c a t e  t h a t  the  a c t i o n  of  SLS on th e  c e l l  and 
m i to c h o n d r i a l  membrane i s  fu ndam en ta l ly  d i f f e r e n t .

The a c t i v e  p o ly p e p t id e  p o r t i o n  of th e  SLS molecule c o n s i s t s  of  
on ly  about 28 amino a c i d s ,  y e t  t h i s  molecule i s  capable  of  d i s r u p t i n g  
th e  c e l l u l a r  membranes o f  a wide v a r i e t y  of  c e l l  t y p e s .  This  

su g g e s t s  t h a t  t h e r e  i s  a common r e c e p t o r  f o r  SLS on a l l  s e n s i t i v e  c e l l  
membranes. On account o f  d i f f e r e n c e s  i n  s e n s i t i v i t y  and c o n d i t io n s  
of  a s s a y  sys tem s ,  a d i r e c t  comparison of  th e  a f f i n i t y  of  d i f f e r e n t  
c e l l  ST^ecies f o r  RITA.-SLS seems r a t h e r  d i f f i c u l t .  The i n h i b i t i o n  
of  t h e  haernoly tic  and c y t o l j E i c  a c t i v i t y  by l e c i t h i n  and o th e r  
p h o s p h o l ip id s  has  r a i s e d  th e  p o s s i b i l i t y  t h a t  t h e s e  compounds may
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c o n s t i t u t e  t h e  merohrane b in d in g  s i t e  f o r  SLS, At t h i s  p o i n t ,  
however, i t  should be p o in te d  out t h a t  i n  th e  o p in io n  of  th e  
a u th o r ,  i t  i s  u n l i k e l y  t h a t  l e c i t h i n  a lone  r e p r e s e n t s  t h i s  
u n i v e r s a l  s u b s t r a t e  s in ce  i t s  absence from th e  membranes of 
b a c t e r i a  i s  w e l l  documented; y e t  b a c t e r i a l  p r o t o p l a s t s  have been 
r e p o r t e d  to  be ly s e d  by SLS. E l i a s  e t  a l  ( i 960) found, t h a t  SLS 
was a l s o  i n h i b i t e d  by amounts of  c h o l e s t e r o l  e q u iv a le n t  to  th o se  
p r e s e n t  i n  th e  e r y th r o c y te  membrane and sugges ted  t h a t  the  
e r y t h r o c y t e  membrane SLS-binding s i t e  i s  a combinat ion  of 
c h o l e s t e r o l  and p h o sp h o l ip id .  Bernheimer (1969) r e p o r t e d  t h a t  he 
was unab le  to  r e p e a t  th e  c h o l e s t e r o l  i n h i b i t i o n  o f  SLS* In  
agreement w i th  Elia,s e t  a l  (1966) and Take t o  and 'Take to  ( I 966) ,  I  
have found t h a t  th e  a f f i n i t y  of  A s c i t e s  Turr.our c e l l s  f o r  RHA-SLS, 
as  measured by  a b s o rp t i o n  of haernolytic  a c t i v i t y ,  seems to  be 
c o n s id e r a b ly  l e s s  th a n  t h a t  of  e r y t h r o c y t e s .  Fur the rm ore ,  th e  
m i to ch o n d r ia l  membrane SLS-binding s i t e  may d i f f e r  fror^ th a n  on 
e i t h e r  erythroo^^des o r  Krebs 2 A s c i t e s  Tumour c e l l s  s in ce  l e c i t h i n  
d id  not i n t e r f e r e  w i th  th e  t o x i n  m itochondr ion  i n t e r a c t i o n .
Taketo and Taketo have sugges ted  t h a t  th e  d i f f e r e n c e s  i n  a f f i n i t y  
of  a s c i t e s  c e l l s  and e r y th r o c y te s  f o r  RITA-3LS may be due to  th e  
amount of r e c e p t o r  p h o sp h o l ip id s  p r e s e n t  i n  th e  two membranes o r  to  
th e  p resence  of some unlcnoim masking su bs tance  ( s ) .

C l e a r ly  t h e r e  i s  much to  be ga ined  by s tu d y in g  th e  e f f e c t  of 
t h i s  haemolysin  on v a r io u s  membrane sys tem s,  bu t  such a s tudy  w i l l  
be o f  l i m i t e d  Value u n t i l  t h e r e  i s  a d i r e c t  assa^T system a v a i l a b l e  
f o r  measuring th e  toxin-mem.brane i n t e r a c t i o n s .  At p r e s e n t  th e  
a r t i f i c i a l  l i p i d  s p h e ru le s  used by Bangham, S tan d is h  and Dawson 
( 1965) and F r e e r ,  A rb u : th n o t t  and Bernheimer ( I 968) t o  s tudy  t o x i n -  
membrane i n t e r a c t i o n s  p robab ly  c o n s t i t u e  o r^of  th e  most u s e f u l  model 
systems because  t h e i r  c o n s t i t u e n t  b i l a y e r s  have c e r t a i n  p h y s ic a l  
p r o p e r t i e s  which c l o s e l y  resemble th o se  of  c e l l  membranes, A 
knowledge of th e  mechanism of s p h e ra le  l y s i s  by c y t o l y t i c  t o x in s  
may p rov ide  u s e f u l  in fo rm a t io n  concern ing  i n  v ivo  a c t i v i t y  of  th e s e  

a g e n ts .  Koreover,  an u n d e r s ta n d in g  o f  th e  i n t e r a c t i o n  between 
t o x i c  p r o t e i n s  and o r i e n t a t e d  l i p i d  may be r e l e v a n t  to  th e  g en e ra l  
problem of p r o t e i n - l i p i d  i n t e r a c t i o n s  invo lved  i n  b i o l o g i c a l
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membranes. Knowledge of  t h i s  a sp ec t  i s ,  i n  t u r n ,  dependent on 
advances i n  Knowledge of th e  d e t a i l e d  s t r u c t u r e  o f  a l l  b i o l o g i c a l  
membranes which i s  a t  p r e s e n t ,  h ig h ly  c o n t r o v e r s i a l  and l a c k i n g  i n  
agreement.

-  o

OHCOLTPIG ACTIVITY OF HAEKObYDlC STREPTOCOCC I ; -  

THE HOLE OF STRFPTOLY.SIh S.

In  1868 Busch a t tem p ted  to  t r e a t  a sarcoma p a t i e n t  by 
d e l i b e r a t e l y  in d u c in g  an a t t a c k  of  e r y s i p e l a s  and found a r a p id  
d e c re a se  i n  th e  s i z e  of th e  tumour. Coley (189I )  a l s o  r e p o r t e d  
t h a t  an a t t a c k  of e r y s i p e l a s  i n  an in o p e ra b le  sarcoma p a t i e n t  caused 
complete d i s a p p ea ra n c e  of th e  tumour. Since th e s e  e a r l y  " c l i n i c o ­
exper im en ts"  a g r e a t  d e a l  of  work has  been c a r r i e d  out th roughout  
th e  world t o  i n v e s t i g a t e  th e  a n t i c a n c e r  ( o n c o ly t i c )  a c t i v i t y  of  
haernoly t ic  s t r e p t o c o c c i ,

Up to  t h e  p r e s e n t  t ime twelve d i f f e r e n t  ty p e s  of  t r a n s p l a n t a b l e  
animal tumours i n c lu d in g  carc inomas,  sarcomas, leukecnias and a s c i t e s  
hepatomas have been r e p o r t e d  to  be s e n s i t i v e  to  l i v i n g  haernolytic  
s t r e p t o c o c c i ,  ho o t h e r  b a c t e r i a l  s p e c ie s  has been  dem onstra ted  to  
p o s s e s s  t h i s  a n t i c a n c e r  a c t i v i t y .  Not even a l l  s p e c ie s  of 
haernoly t ic  s t r e p t o c o c c i  have t h i s  a b i l i t y .  Only s t r a i n s  which can 
s y n t h e s i s e  SLS a c t  on a wide range of t r a n s p l a n t a b l e  animal tumours.  
(Koshimra , U ish id a ,  Bando, Shoin, Minami and Kadono I 965) .

D e t a i l e d  s t u d i e s  of  the  c y t o l y t i c  a c t i o n  of SL3~forming 
s t r e p t o c o c c i  on E h r l i c h  A s c i te s  c e l l s  have been r e p o r t e d  i n  a 
comprehensive s e r i e s  of t h i r t y  one pape rs  by Okamoto and h i s  co­
workers  i n  Japan ,  T h e i r  f i n d in g s  a re  summarised i n  a review a r t i c l e  
by  Okamoto, Shoin, Koshimura and Shimizu (1967) .  Although th e s e  
workers  showed t h a t  on ly  s t r e p t o c o c c i  which were capab le  of  
s y n t h e s i s i n g  SLS had o n c o ly t i c  a c t i v i t y - a n d  t h a t  b r i e f  i n c u b a t io n  of
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a suspended m ix ture  of  washed, l i v e ,  haernoly tic  s t r e p t o c o c c i  and 

l i i r l i c h  A s c i t e s  c e l l s  i n  phosphate  b u f f e r e d  R ingers  s o l u t i o n  a t  
37^C r e s u l t e d  i n  th e  p ro d u c t io n  of 8LS (Koshimura, Shimizu, K asusak i ,  
Ohta and K ish i  1958),  th e y  r e p o r t e d  t h a t  p re- fo rm ed  SLS was w i thou t  
obvious e f f e c t  on th e  cance r  c e l l s  (Okamoto, Koshimura, Shoin,
H i r a t a ,  Kurasawa, Bando & Shimizu 1958),  This f i n d i n g  i s  i n  
complete c o n t r a s t  t o  r e s u l t s  r e p o r t e d  by Ginsburg (1959 ) j Gin sb u rg  
and Grossowicz, (1960) and Taketo and Taketo (1966) and th o se  r e p o r t e d  
i n  t h i s  T h e s i s ,  t h a t  SLS i s  h ig h ly  t o x i c  f o r  E h r l i c h  A s c i te s  c e l l s  
and Krebs 2 A s c i t e s  c e l l s .  The r e p o r te d  a n t i tu m o u r  a c t i v i t y  o f  
S t re p to co c cu s  pyogenes and some of i t s  p ro d u c ts  a re  summarised i n  

TABLE 27 .
There a r e  s t r i k i n g  s i m i l a r i t i e s  between th e  r e p o r t e d  e f f e c t s  of 

l i v i n g  haernoly tic  s t r e p t o c o c c i  and SLS on cance r  c e l l s .  The phase 
c o n t r a s t  micrographs i n  t h i s  T hes is  i l l u s t r a t i n g  th e  v i s i b l e  
o y to p a th ic . c h a n g e s  r e s u l t i n g  from the  a c t i o n  of SLS on Krebs 2 
•Ascites c e l l s  show v e ry  s i m i l a r  changes t o  th o se  i n  th e  paper  o f  
Havas e t  a l  (1963) ,  i l l u s t r a t i n g  the  a c t i o n  of th e  l i v e  organisms on 
th e s e  c e l l s .  Shimizu, H ish id a ,  Bando, Koshimura, Hayshi and 
Kobayishi ( I 964) dem onstra ted  th e  r e l e a s e  of  n u c l e i c  a c id  m a te r i a l  
from Elarl ich  A s c i te s  c e l l s  in cu b a ted  w i th  s t r e p t o c o c c i ,  s i m i l a r  
l e ak ag e  was r e p o r t e d  f o l lo w in g  SLS t r e a tm e n t  of  such c e l l s  by 
Taketo and Taketo (1966) .

These r e s u l t s  sugges t  t h a t  the  SLS moiety i s  invo lved  i n  the  
a n t i c a n c e r  a c t i v i t y  of  haernolytic  s t r e p t o c o c c i .  The Japanese  
workers ho ld  t h a t  SLS e x e r t s  i t s  e f f e c t  while  i n  t h e  i n t r a c e l l u l a r  
form ( i . e .  IGH-S see page 36 ) and have proposed t h a t  SLS may be 
formed by a secondary  p ro ces s  d u r in g  i n t e r a c t i o n  between th e  l i v e  
s t r e p t o c o c c i  and th e  RHA which i s  r e l e a s e d  t o g e t h e r  w i th  o th e r  
i n t r a c e l l u l a r  c o n s t i t u e n t s  from d e s t ro y e d  tumour c e l l s .  In  e a r l y  
exper im en ts  th e s e  workers added p e n i c i l l i n  to  t h e i r  s t r e p t o c o c c i /  
tumour c e l l  m ix tu re s ,  p r i o r  to  i n o c u l a t i o n  i n  o r d e r  t o  p reven t  th e  

mice dy ing  from s t r e p t o c o c c a l  s e p t ic a e m ia .  In  more r e c e n t
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TABLE 2 7 .

Antitumour A c t i v i t y  of  S t r e p to c o cous pyogenes and i t s  P ro d u c ts .

M a te r i a l s  T es ted .  Antituroour E f f e c t .

L iv in g  haernolytic  s t r e p t o c o c c i  v i r u l e n t  +

" " " a v i r u l e n t  +

C e l l - f r e e  e x t r a c t s  (ace to n e  powder) of co cc i  +

Phage -  l y s a t e  of  co cc i  +

Heat -  k i l l e d  cocc i  -

Form alin  k i l l e d  cocc i  —

C u l tu re  s u p e rn a ta n t  -

SLS p r e p a r a t i o n s  ^

SLO p r e p a r a t i o n s

Y ar idase  ( s t r e p to d o r n a s e  + s t r e p t o k i n a s e )  -

OTA-ase, DHA-ase, h y a l u r o n id a s e , t r y p s i n  

p r o t e i n a s e ,  p e p s in ,  e r e p s i n ,  d i a s t a s e ,  -

h e m ic e l lu l a s e ,  i n v e r t a s e ,  ^ - g l u c o s i d a s e ,

- g lu c u r o n id a s e ,  papa in  and l i p a s e .

+ = A bolishes  a b i l i t y  of  E h r l i c h  A s c i te s  'Tumour C e l l s  t o  p r o l i f e r a t e  
i n  mice.

-  -  Do not a b o l i s h  a b i l i t y  of  E h r l i c h  A s c i t e s  Tumour C e l l s  to  
p r o l i f e r a t e  i n  mice, 

j- = Doth th e  above a c t i v i t i e s  have been r e p o r t e d  by d i f f e r e n t  workers .  
Modified from Okamota, H . , Shoin, S . ,  Koshimura, S. and Shindzu ( I 967) .  
Jap .  J .  M ic rob io l  11, 323.
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exper im en ts  th e y  have shown t h a t  t h i s  a n t i b i o t i c  had a 
d i f f e r e n t i a l  e f f e c t  on th e  8LS-forroing a b i l i t y  and the  a n t i t u n o u r  
a c t i v i t y  of  s t r e p t o c o c c i .  They found when s t r e p t o c o c c i  were 
in c u b a te d  i n  B e r i f i e in e r ’ s bascil medium ( Bernlieirzer 1949) t h a t  
( l . )  the  a d d i t i o n  of  PlTA-ase core (O.l^Q r e s u l t e d  i n  a decree se. i n  
th e  a n t i c a n c e r  a c t i v i t y  and an in c r e a s e  i n  8LS fo rm a t io n  and 
(2 . )  th e  a d d i t i o n  of p e n i c i l l i n  (40,000 u n i t s / m l )  had the  converse 
e f f e c t  (okamoto, Shoin, Koshimura and Shimizu I 965) . From th e s e  
r e s u l t s  t h i s  group have sugges ted  the  e x i s t e n c e  of a co u n te rp o ise  
between Sb3-forming and a n t i c a n c e r  a c t i v i t i e s  co n ta in ed  i n  
r e s t i n g  s t r e p t o c o c c i .  This  h y p o th e s i s  i s  i l l u s t r a t e d  i n  FIG 33» 
Subsequen t 1y th e s e  workers found t h a t ,  by p r e in c u b a t in g  cocc i  in  
Bernheimer* s b a s a l  medium, c o n ta in in g  2 t o  4 10^ u n i t s  of
p e n i c i l l i n  a t  37^G f o r  20 minutes fo l low ed  by h e a t i n g  f o r  30 
minutes  a t  45^G y ie ld e d  a s t r e p t o c o c c a l  p roduc t  which had h igh  
a n t i c a n c e r  a c t i v i t y  bu t  no SLS a c t i v i t y .

' The r o l e  of  SLS i n  th e  o n c o l y t i c  a c t i o n  of  s t r e p t o c o c c i  
t h e r e f o r e  remains c o n t r o v e r s i a l .  Although th e  l a r g e s t  ainounb of 
work has been  done by Okamoto and h i s  co-w orkers ,  t h e i r  f i n d in g  
t h a t  SLS does not damage cance r  c e l l s  has  been d isp ro v ed  by th r e e  
independen t  grouj^s of  workers (Ginsburg & Grossowicz 1959; I 96O;
Taketo & Taketo I 966 and Symington & A rbu thno t t  1969)* Of g r e a t  
s i g n i f i c a n c e  i s  th e  p r e l im in a r y  r e p o r t  by Taketo and Taketo (1966) 
t h a t  c e r t a i n  ag e n ts  which i n a c t i v a t e  the  a b i l i t y  of  the  cocc i  to  
form e x t r a c e l l u l a r  SLS complexes and ce l l -b o u n d  haemolysin  bu t  not 
i n t r a c e l l u l a r  SLS d e p r iv e  the  co cc i  of  t h e i r  i n  v i t r o  o n c o l y t i c  
a c t i v i t y .

The i d e n t i f i c a t i o n  of the  f a c t o r  w i th in  th e  s t r e p to c o c c u s  
r e s p o n s i b l e  f o r  i t s  a n t i c a n c e r  a c t i v i t y  may co nce ivab ly  p rov ide  a 
new means o f  t r e a t i n g  c e r t a i n  forms of  can ce r .  The p o s s i b i l i t y  • 
t h a t  SLS i s  t h i s  f a c t o r  i s  suppor ted  by th e  work of  t h i s  T h e s i s ,  
The l a c k  o f  a n t i g e n i c i t y  of  SLS makes th e  p o s s i b i l i t y  o f  i t s  use 

as an a n t i c a r c i n o g e n  seem f e a s i b l e  bu t  i t s  c y t o t o x i c i t y  f o r  normal 
c e l l s  would s e v e r e ly  l i m i t  i t s  a p p l i c a t i o n .  However, i t  might be 

p o s s i b l e  t o



170

Lys is  of L oss  of invasion
red blood ceils power in mice

*CRNase-core ,  if added to this medium, -^Streptolys in S
^  ( S L S )

 ̂ RNA
Penicillinl t )

X
PenW llinl ^ )

 ̂ Amin̂
o r n t r g  f a c to r RNA
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R e s t i n g  Cell S y s t e m  Medium (BS M)  y
Probable  effect o f  pen ic i l l in  on anticancer activity  o f  resting S-streptococci,  

( I ) :  In h ib it io n
( I ) :  Prom otion
* A d d it io n  o f  R Xase-corc to this su spen din g  in ixtnre  results in an enhanced  

SLS p ro d u ct ion ,  b u t  a decreased anticancer activity  o f  the streptococci.

FIG. 35. From Okamoto, Shoin, Kosliirmira, and Shimizn, (196?) 

Jap, J , Kiicrohiol. 3L, 523*
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u se  SLS i n  tlie t r e a tm e n t  o f  tumours i f  i t s  spread  to  normal 
t i s s u e s  could be p rev en ted .

The d i s r u p t i o n  of c e l l u l a r  metabolism by SLS r e p o r t e d  i n  t h i s  
T h e s i s p r o v i d e s  a p o s s i b l e  new approach to  th e  s tudy  of i t s  r o l e  
i n  th e  o n c o l y t i c  a c t i v i t y  of  s t r e p t o c o c c i .

-  0

BRIEF EVALUATION OF THE ROLE OF STREPT0LY3IU g IH THE

FATHOGEMCITY OF GROUP A STREPTOCOCCI.

This  T hes is  p r e s e n t s  a comprehensive rev iew  of th e  p ro d u c ts  
e l a b o r a t e d  by Group A s t r e p t o c o c c i  and may h e lp  i n  th e  u n d e r s ta n d in g  
o f  th e  p a t h o g e n i c i t y  of  th e s e  organisms.  The m u l t i p l i c i t y  o f  f a c t o r s  
and t h e i r  c o n t r i b u t i o n  to  th e  p a t h o g e n ic i t y  of  th e  organism are  
summarised i n  FIG 3A and TABLE 28, Such a complex t o x i c  armoury 
endows the  organism w i th  g r e a t  powers o f  a d a p t a b i l i t y .  The 
p r e s e n t  s tudy  c l e a r l y  shows t h a t  SLS i s  an im por tan t  by -p roduc t  
e l a b o r a t e d  by th e  organism. I t  i s  a d m it te d ,  however,  t h a t  

s t r e p t o c o c c a l  d i s e a s e  almost c e r t a i n l y  does not r e s u l t  from th e  
monotoxic a c t i o n  of  t h i s  agen t .  At the  p r e s e n t  s t a t e  of  knowledge 
and w i th  th e  te c h n iq u e s  a v a i l a b l e ,  i t  i s  im poss ib le  t o  p r e d i c t  w ith  
c e r t a i n t y . '  th e  r o l e  o f  i n d i v i d u a l  s t r e p t o c o c c a l  p ro d u c ts  i n  v i v o . 
However, t h i s  T h es is  does emphasise the  t o x i c  a c t i v i t y  of  SLS 
i n  v i t r o  and has added to  the  d e t a i l e d  knowledge of  th e  t o x i c  armoury 
o f  th e  Group A s t r e p t o c o c c u s .

The r e s u l t s  p re s e n te d  c l e a r l y  i n d i c a t e  t h a t  3LS can damage b o th  
th e  l i m i t i n g  c e l l  membrane and th e  m i to ch o n d r ia l  membrane. In  th e  
Krebs 2 A s c i t e s  Tumour c e l l  system, however, th e  t o x i n  does not appear  
t o  g a in  access  t o  th e  i n t r a c e l l u l a r  o r g a n e l l e s  as a r e s u l t  of  i t s  own 
a c t i o n  on th e  c e l l  membrane. In  v i v o , i t  may be t h a t  SLS ga in s  
a c ce ss  to  th e  i n t e r i o r  o f  th e  c e l l  as a r e s u l t  of  membrane damage 

caused by SLO. At p r e s e n t  i t  would be ex t rem ely  d i f f i c u l t ,  i f  not
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im p o s s ib le ,  t o  d i s t i n g u i s h  which of tho  measurable  secondary 

c y t o l y t i c  e f f e c t s  a re  due to  SLO or  SLS i f  b o th  were p r e s e n t  and 
a c t i n g  on th e  same c e l l .  Moreover, the  f a c t  t h a t  RHA-SLS i s  
s y n th e s i s e d  d u r in g  th e  o n c o l y t i c  a t t a c k  of  whole, v i a b l e  s t r e p t o c o c c i  
on A s c i t e s  Tumour c e l l s  (iCoshinura e t  a l  1958),  su g g e s ts  t h a t  SL3 
may be e l a b o r a t e d  in s i d e  t h e  c e l l s  of  th e  h o s t  i . e .  th e  
s t r e p t o c o c c i  may g a in  access  to  the  h o s t  c e l l s  by th e  s y n e r g i s t i c  • 
a c t i o n  of  o t h e r  t o x i c  p ro d u c ts  and the  SLS moiety may th e n  be 
t r a n s f e r r e d  from the  c e l l -b o u n d  form to  th e  RHA of the  hos t  c e l l .
Such i n t r a c e l l u l à r i ÿ r ^ l a b o r a t e d s L S  might th e n  be a b le  to  a c t  
d i r e c t l y  on th e  m i tochondr ia  of  th e  c e l l  and cause impairment of 
e s s e n t i a l  c e l l u l a r  r e s p i r a t i o n .

The f a c t  t h a t  th e  a c t i o n  of SLS can r e s u l t  i n  th e  impairment 
of  b a s i c  f u n c t i o n s  common to  a l l  c e l l s '  p a r t i a l l y  e x p l a i n s . t h e  
d i v e r s i t y  o f  s t r e p t o c o c c a l  i n f e c t i o n s .

— o
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TABLE 28 .

C o n t r ib u t io n  of  V ar ious  Produ c t s  to  t he Pat h o g e n i c i t y  

of  Grouu A S t r e p to c o c c i ,

YIRULSECS OE ORGANISE

SPRE7J) OR ORGARTISM 
WITHIN HOST TISSEES

RERSISTEHCS OF ORGANISE
within  host

PMTROPHIG- CTPOTOXIGITT

IJÊ rOHOL OGI GAL I  PHALANGE

a s s o c i a t e d  w i th  r ^ a h t i g e n  w h ic h .h in d e r s  
p h ag o c y to s i s ,

l a r g e  nunber of c o n t r i b u t a r y  f a c t o r s ,  
P r o t e i n a s e ,  S t r e p to k in a s e ,  H ya lu ron idase ,  
H H A — a s e ,  N A D — a s e  *

Complex o f  Group s p e c i f i c  p o ly sa cc h a r id e  
and c e l l  wall-muoopeptide  a s s o c i a t e d  w ith  
ch ron ic  in f lam m atory  s t r e p t o c o c c a l  
d isease*

SLS and SLO cause w idespread  me!;ibrane 
damage r e s u l t i n g  in  d i s r u p t i o n  of 
c e l l u l a r  p e rm eab i l i ty *  C e l l u l a r  energy 
p ro d u c t io n  im paired  by  SLS and ITAL-ase* 
O vera l l  c y t o t o x i c i t y  i s  p o s s i b ly  th e  r e s u l t  
of  the  s y n e r g i s t i c  a c t i o n  of  SLO, SLS, 
ILAD-ase, LHA-ase and PJTA-ase,

E ry th ro g en ic  t o x i n  induces  h y p e r s e n s i t i v i t y .  
C e l l u l a r  a n t ig e n  s i m i l a r  t o  h e a r t  a n t i g e n  -  
r e s u l t s  i n  auto-im m unity ,  c o n t r i b u t o r y  
f a c t o r  rheumatoid  a r t h r i t i s .  SLO -  
a l s o  ca rd io to x ic*
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; ; Strépfcoîypin s (SLS) i» oite pf tlie éevèral éxt:ràce?.lular 
faptot’s plabôralâêd Uy Otoup A aÉçpptococcüii* I t  ia  a 
pow ttu l cytolytic toxin which ia capable of acting on a wide 
vatiety  oi ce ll types by v ittue of i ts  ab ility  to clistupt 
biological membtaneb#

The aim of th is  Theei* va» to determine whether metabolic 
change» occur within the oéll a» a resu lt of the cytotoxic 
action of $b£3ë Knowledge of the effect of SLS on essentialp 
energy*^producihg| cellu lar metabolism could help in the éluci­
dation of i t s  role in tha pathogenesis of Group A streptococci*
Two - aspect» .of ce llu la r matabpXism;were studied.

(1) The action of SIS on the functioning of the respiratory 
and energy-prbduclng centre of the cell^ the mitochondrion.

(2) The action of 0hS on the respiration; of whole ce lls  using
: Krebs 2 Ascite», Twour cells, as .models.

-/Treatment of isolated mouse liver mitocUohdrià resulted in 
impairment of th e ir succinic and cytochrome oxidase activities#
The toxin had no effect on actively respiring mitochondria; a 
period of interaction between $hB and the mitochondria* prior to 
the addition of substrate* was re # ire d  before inhibition was 
detected# '14 '

The addition of exogenous* soluble* cytochrome c to SL8~ 
impaired mitochondria restored the ir succinic oxidase ac tiv ity  
to that of untreated controls# The cytochrome oxidase activ ity  
of ShS-treated mitochondria was increased by up to 50% above the 
controls following the addition of cytochrome c* The presence of 
exogenous cytochrome c during the interaction between ShO and 
mitochondria masked the Impaiinaent of both succinic and cytochrome 
oxidase#.



81$ caused swelling of ;mitochondria,and.leakage o f , protein 
including a product having an adsorption uiaximum at 410 mp which 
was possibly cytochrome c,

The,, resu lts "praschted; ■ „# ■ th is ■ Thesis : hhye extended s ig n if i­
cantly knowledge of the mode of action of SIS on mitochondria* 
Conclusive evidence has been obtained which indicates that SIS 
causes dislocation of the electron transport chain at the 
cytochrome C locus* I t  i s  recognised that the observed results  
pin-point a secohdary functional lesionü within the mitochondrion 
resulting frosia damage by $18 but do not provide conclusive 
evidence for the primary s i t e  of action# Possible explanations 
of the aequeince of events becurring in  mitochondrial disruption 
by B&8 are discussed* ' 3 ^

In i t s  extracellular form* the b io log ica lly  active poly­
peptide of $1$ requires to be stab ilised  by attachineat of an 
- in e r t , carrier Substance* A variety of carriers \haye .been used 
by different workers for the preparation of SIS* In th is Tïiesis 
an HMA-ase. resistant ‘̂ ^A-core-.was the'Cafrief. used, th is was 
incubated withiwashed ce lls  of Strèptococeus; pypscncs strain  
C2038 to -prepàre^^théltoxin -.according/-to. the method uf/'Bcrnheimer' 
(1949) * The resultant prbduct was designated MA-SlS*

Toxin prepared in  th is was was both haeraolytic and caused 
disruption of mitochondriàl fUhction* Both of these b io logical 
a c t iv it ie s  'in toxin preparations were destroyed by heating at . 
60^0 * Wiien the $hS-deficient mutant C203U was incubated with
F^A-dorc* the resultant supernatant flu id  caused neither mito- 
Condrial damage nor haemolysis* Toxin preparations; incubated 
with either erythrocyte ghosts or mitochondria no longer 
possessed either of the b iological activ ities*  'Furthermore, 
i t  was not possible to physically separate the two a c t iv it ie s  by



g e l f i l t r a t io a  on d ifferen t grades of Sephadex#

ie o ith in  m â  Trypan b lw  in h ib ited  the haem olytic a c t iv ity  
of preparations but did not a f fe c t  th e ir  a b i l i ty  to
daiaage mitochondria# Taken overall* the work o f th is  Thesis 

auggests ‘ that the ̂ .haemoly t i c  and/mitochondrial damaging a c t iv it i* # ' ' 
are proper t i e s  of the e n tity  known as MA-BLS but may be located  
n t  d is t in c t ,  s ite s ,w ith in  th e  BIS ■■molecule#,■

Phase co n tra it microscopy o f Krebs 2 A sc ite s  Tntaoùr c e l l s  
treated  w ith SIS was carried out and showed that th is  toxin  caused 

, ,gros»M d isorgan isation ' o f the ce lla #  , Many o f th e  observed changes 

ëould be explained by membrahe damage# BLB i s  known to  attack the 
lim itin g  c e l l  membrane causing a ltera tio n s in  c e llu la r  perm eability, 

.-The 'effect^ of." such  ̂membrane dmage" on .the resp ira tion  of K rebs '2 - . 
A scites Tumour c e l l s  was investigated#

When exogenous succinate was present as sdb at rate *' Krebs 2 . 
A scites Tumour c e l l s  which had been previously treated  with SIB, 
cjdîibited an increased rate o f oxygen uptake# however,' the addition  
of ,tOxih' .to c a l ls  which were a c t iv e ly  met a b o lis  in g /su cc iM te , did  not 

' cause : any ' a lte r a tio n  in  r.the, ra te  of . Oxygen 'upta îé*" ■ On the Other ■ 
hand, the ox id stion  o f Succinate by mitochondria iso la te d  from 
K rebs-t' A sc ites  Tumour c e lls '  wasiimpaited- by BIS#;, Thus i t  appears 
that the tox in  f a i l s  to  penetrate to  the mitochondria of in ta c t  

■ A scites/ce lls*  Therefore* 'the a lte r a t io n /in . mwbranh perm eability  
caused by BIB appears to  r e su lt  in  extra^availabiX ity of succinate  
to  the a ti11-fu n etion in g  mitochondria and à consequent overa ll

in cr ea se 'in  the ./.rate o f c e llu lo s e  oxygen'-up take -The fa c t  that ..■
ataphylccpccal aipha-feoxin* which la  known to  a c t on 'lim itin g  c e l l  
membranes but noG^mi t  oçhondrial. membranes * had the same e f f e c t  on 
cellular;, succinate ■ oxidation  '.supportA''this,'hypothesis* \  Both - BIS - 
and staphylococcal alpha-toxin  also , aaused in h ib itio n  o f endogenous



\ :'• '̂ ' I t  £». ^cognised" th a t th e m .Ï # ,a '- discrepancy between :# #  ' /- 
:\ iati that ‘SbS. .£»''" capable ài dm agihÿ'I so la te d  mitochondria; end '.
/ / ;itB; In ab ility ; to  . ÿonàërata^. to  ; these ^otganolleA Mmi\ they' are 

..witMh' the ■ éelï»:';;,## ,p ossib iilb ia s . o f BhS. Aotlmg' aynergiatioa lly '  ̂
.w ith-other étreptooôcèai products "or being::eiâhoratàd in t ta -  ;

■ Amoèllû ij^ tÿ /d u rin g ;d isease; d fe dlaeuîsàéd# ’■■ ; - /', 4/

■yro^/tha,;raaultè .preaentad: in.AM#-: TMalA further knowledge 
:,. ot:..tho/aotion’ Of , S # ,In vitro: has.hatn"gained#,;.■/ i t  ■ i», c lea r  that/-;.

the.' a o tioa ;0 f ; 'ShB* in ./addition' to  ; o#ming: momhoiogi.éaî damage# .

::, .may .also' r # u l t  in. the distuptiAh of.: e s s e n t ia l  t e l ih ia r  %mt#oli#m: 
: whith^/.in, turn# /m uld. rèault' in; ç e l l  dtath*; ...The;,rble- o f BI*S itt; /

. ■ ;tte ', antioahter ■ 'a c tiv ity  "and-pachogenicity'' o f . ’ the éroup A- .
; ;:a tt# to ço çcu s';is ''d is# sa


