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A n t i g e n - a n t i b o d y  I n t e r a c t i o n  

a t  S p e c i f i c  B i n d i n g  S i t e s :  

a M e c h a n i s m  I n v o l v i n g  I m i n a z o l e  

The  v iew t h a t  a n t i g e n - a n t i b o d y  i n t e r a c t i o n  a t  specif ic  
c o m b i n i n g  si tes is p r i m a r i l y  of t he  ac id -base  t y p e  l, is 
cons i s t en t  w i th  t h e r m o d y n a m i c  d a t a  ~-~, sa l t  effects  ~, a n d  
t he  fac t  t h a t  a n t i g e n - a n t i b o d y  complexes  are  c o m p l e t e l y  
d issocia ted  in s t rong ly  ac id  or  a lka l ine  so lu t ions .  SINGER 
and  CAMV~ELL ~, who  s t ud i ed  t h e  ef fec t  of pFI on  an t i gen -  
a n t i b o d y  equi l ibr ia ,  c o n c l u d e d  t h a t  specif ic  i n t e r a c t i o n  
was occur r ing  b e t w e e n  a n  ion ised  caxboxy l  in  t h e  a n t i -  
b o d y  a n d  a c o m p l e m e n t a r y  p r o t o n a t e d  bas ic  g r o u p  
(BH+) in  t he  an t igen .  S u b s e q u e n t  w o r k  s-s, t h o u g h  
b r o a d l y  c o m p a t i b l e  w i t h  t h i s  p ic tu re ,  impl ies  conve r se ly  
t h a t  t he  basic  g roup  (]3) m a y  b e  a t t a c h e d  to  t h e  a n t i b o d y  
r a t h e r  t h a n  to  t h e  an t igen .  Toz~n ,  CAMMACX, a n d  
SMITH 9 h a v e  r e p o r t e d  t h a t  a n t i g e n - a n t i b o d y  complexes  
unde rgo  revers ib le  d i ssoc ia t ion  in  aqueous  c a r b o n  d ioxide  
a t  p H  5.0. I n  t h e  l igh t  of t h e  foregoing,  t he se  resu l t s  
would  be c o n s i s t e n t  w i t h  specific i n t e r a c t i o n  b e t w e e n  a 
ca rboxy l  a n d  a basic  g roup  (B) t he  n a t u r e  of w h i c h  shou ld  
p e r m i t  i t s  r evers ib le  p r o t o n a t i o n  in t h e  reg ion  of p H  5. 
T h e  bas ic  n i t r o g e n  (pK 5.6--7.0)  of iminazo le  u n i q u e l y  
a p p r o a c h e s  t h i s  r e q u i r e m e n t ,  s ince o t h e r  p r o t e i n  bas ic  
g roups  h a v e  a p p r e c i a b l y  h i g h e r  p K  va lues  ~.  

I f  one as sumes  t h a t  ]3 is t h e  iminazo le  nuc l eus  of a 
h i s t id ine  u n i t  a t  a specif ic  c o m b i n i n g  s i te  in  t he  a n t i b o d y ,  
the  m e c h a n i s m  of p r i m a r y  b i n d i n g  w i t h  a n t i g e n  m a y  be  
depic ted  b y  the  p a r t i a l  s t r u c t u r e  I in  w h i c h  t he  s t r o n g l y  
d o n a t i n g  iminazo le  is c o o r d i n a t e d  to a n  accep to r  c a r b o x y l  
group in t he  an t igen .  
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t o  b e  due  t o  iminazo le -caxboxyI  i n t e r a c t i o n  ~*. Chymo-  
t r y p s i n ,  a n d  c e r t a i n  o t h e r  enzymes ,  a p p e a r  to  b i n d  a n d  
h y d r o l y s e  t h e i r  acy l  s u b s t r a t e s  l~,l* b y  i n t e r a c t i o n  w i t h  
iminazo le  a t  t h e  e n z y m e  ac t ive  site. O n  th i s  bas is  a n  
a n a l o g y  1~ b e t w e e n  a n t i g e n - a n t i b o d y  a n d  s u b s t r a t a -  
e n z y m e  i n t e r a c t i o n  a t  specif ic  s i tes  m a y  be  d r a w n  in 
t e r m s  of t he  s t r u c t u r e s  I a n d  I I  respec t ive ly .  

The  iminazo le  h y p o t h e s i s  a ccoun t s  p a r t i c u l a r l y  well for  
t h e  ease w i t h  w h i c h  aqueous  c a r b o n  d ioxide  effects  dis- 
soc ia t ion  of a n t i g e n - a n t i b o d y  complexes .  Th i s  m a y  now 
be  asc r ibed  to  t h e  c o m b i n e d  effects  of f a v o u r a b l e  pH ,  low 
ionic s t r e n g t h ,  a n d  f o r m a t i o n  of a c o m p l e x  be tween  
iminazo le  a n d  c a r b o n  d iox ide  w h i c h  displaces  t h e  c a r b o x y t  
g r o u p  f rom t h e  b i n d i n g  site.  T h e  f o r m a t i o n  of iminazo le -  
c a r b o n  d iox ide  complexes  h a s  b e e n  p roposed  b y  ROUGttTO~¢ 
a n d  BOOTER ~s to  a c c o u n t  for t h e  pecu l i a r  c a t a l y t i c  effect  
w h i c h  iminazo les  e x e r t  on  t h e  c a r b o n  d i o x i d e - w a t e r  
equ i l ib r ium.  The  role of c o m b i n e d  h i s t id ine  in  t h e  ab -  
s o r p t i o n  of c a r b o n  d ioxide  b y  h e m o g l o b i n  a t  phys io logica l  
p H  (Bohr  effect),  a p p e a r s  to  be  a s imi la r  p h e n o m e n o n  ~. 
B o n d i n g  b e t w e e n  iminazole ,  a t  t he  specific s i te  of t he  
a n t i b o d y ,  a n d  a c a r b o x y l  g roup  would  a c c o u n t  for  t he  
h a p t e n i c  p rope r t i e s  of m a n y  a r o m a t i c  ca rboxy l i c  acidsS. 
A n t i g e n - a n t i b o d y  complexes  h a v e  been  found  to  unde rgo  
d i ssoc ia t ion  in t h e  p resence  of a q u e o u s  ca rboxy l i c  
ac ids  ~o-~e. ISLIKER h a s  sugges t ed  ~-~, in  t h e  case of p h t h a l i c  
acid,  t h a t  d i s soc ia t ion  m a y  be  t h e  r e su l t  of i n t e r a c t i o n  
b e t w e e n  t h e  c a r b o x y l  a n d  t h e  a n t i b o d y  c o m b i n i n g  site. 

~X~ISONOFF a n d  PRESSMAN 2~ h a v e  found  t h a t  a c e t y l a t i o n  
of  a n t i b o d y  w i t h  ace t ic  a n h y d r i d e  does n o t  m a r k e d l y  
a f fec t  t h e  specific c o m b i n i n g  region.  These  fac t s  are  con-  
s i s t en t  w i t h  t he  i m p l i c a t i o n  of iminazole ,  s ince t he  
iminazo le  nucleus ,  un l ike  o t h e r  p r o t e i n  bas ic  g roups  
would  n o t  y ie ld  a s t ab l e  aee ty l  d e r i v a t i v e  u n d e r  these  
cond i t ions  ~, ~.  

PORTER 2~ ea r ly  s h o w e d  t h a t  t he  iminazo le  g roups  were  
c h e m i c a l l y  r e a c t i v e  in  a n t i b o d y  globul ins ,  b u t  n o t  in  t he  
c o r r e s p o n d i n g  complexes  w i t h  an t igen .  IminazoM groups  
a re  also p a r t i c u l a r l y  suscep t ib l e  to  t he  effects  of i r ra-  
d ia t ion~L ~s. A n t i b o d y  molecules  a re  i n a c t i v a t e d  b y  such  
t r e a t m e n t  ~-~% t h o u g h  t h e y  a p p e a r  to  be  p r o t e c t e d  b y  the  

The  iminazole  nuc leus  ha s  a cha r ac t e r i s t i c  t e n d e n c y  to  
i n t e r ac t  w i t h  acyl  g roups  in such  a m a n n e r ,  as is e v i d e n t  in  
the  faci l i ty  w i t h  w h i c h  s imple  iminazo les  p r o m o t e  aeyl  
t r ans f e r  n ,  a n d  ca ta lyse  t h e  hyd ro lys i s  of ca rboxy l i c  
es ters  ~,~*. The  d imer i s a t i on  of c h y m o t r y p s i n  is be l i eved  
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p resence  of an t igen .  The  r ap id  loss of a n a p h y l a c t i e  
p rope r t i e s  w h i c h  a c c o m p a n i e s  i r r ad i a t i on  i n a c t i v a t i o n  is 
in t e res t ingaL  I n  t h e  l igh t  of t h e  iminazo le  hypo thes i s ,  
t h i s  sugges t s  t h a t  i n t e r a c t i o n  of a n t i g e n  w i t h  h i s t id ine  
iminazo le  a t  a specif ic  c o m b i n i n g  s i te  in  t h e  a n t i b o d y ,  a n d  
release of p r o t e i n - b o u n d  h i s t a m i n e  b y  a n t i g e n  35-a~ m a y  
h a v e  a c o m m o n  origin.  

I am most grateful to Drs. H. SMITH and B. T. TOZER for helpful 
discussions. 

J .  H .  TURNBULL 

Microbiological  Research Establ ishment ,  Porton, Wil ts ,  
and  The Universi ty ,  Edgbaston, B i r m i n g h a m ,  A p r i l  7, 1959. 

Rdsumd 

L ' a n t e u r  p ropose  u n  m o d e  de l ia ison en t r e  les mol6cules 
d ' a n t i g ~ n e  et  d ' a n t i c o r p s  au  m o y e n  d ' u n  cen t re  r6ac t i f  
spdcif ique r 6 s u l t a n t  de  l ' i n t e r a c t i o n  d ' u n  g roupe  r6cep teu r  
c a r b o x y l i q u e  de l 'ant ig&ne avec  le g r o n p e  iminazole  d ' u n e  
u n i t e  par t icu l i~re  h i s t id ine  de l ' an t i co rps ,  P lus ieurs  fa i ts  
v i e n n e n t  done  corff i rmer l ' h y p o t h ~ s e  se lon laquel le  nous  
sugg6rons  une  ana logie  en t r e  les i n t e r ac t i ons  an t ig~ne-  
a n t i c o r p s  e t  les i n t e r a c t i o n s  de  ce r t a in s  enzymes  e t  de  
t ea rs  s u b s t r a t s .  

a~ H. H. DALE, Proc. R. Soc. [B] 91, 126 (1920). 
aa G. U~GAR, in Histamine, Ciba Foundation Symposium 

(Churchill, London 1956), p. 431. 
:~7 M. ROCHA E SILVA, Brit. reed. J. 1, 779 (1952). 

o f  

F i x a t i o n  
Cer ta in  H e t e r o g e n o u s  A n t i g e n i c  S u b s t a n c e s  

on  B a c t e r i a l  Cel ls  and  E n d o s p o r e s  

The  GLADSTONE a n d  FILDES m e d i u m  (G.F.)1 h a s  been  
wide ly  used  for  m a n y  yea r s  for  t h e  cu l tu re  of va r ious  
bac te r i a .  No r e p o r t  ha s  been  m a d e  o n  d i s a d v a n t a g e s  due  
to t h e  f ac t  t h a t  i t  c o n t a i n s  a case in  d e r i v a t i v e  a n d  a 
y e a s t - e x t r a c t ,  b o t h  of w h i c h  are  an t igen ic  subs tances .  

T h e  s imple  process  of w a s h i n g  t h e  cells of B.  megaterium 
grown  o n  G . F . - a g a r  twice  was  suff ic ient  to  e l im ina t e  ad -  
h e r i n g  y e a s t  a n d  casein f rom the  cells a n d  no  y e a s t  a n t i -  
bodies  were  f o u n d  in  a n y  of t he  40 sera  p r e p a r e d  in 
r a b b i t s  for  t h e  purpose  of t y p i n g  *. TOMCSlK AND BAV- 
MAN~-GRACE 3, however ,  o b s e r v e d  d i s t u r b i n g  cross- 
r eac t ions  w i t h  B.  cereus in  t h e  p r e c i p i t a t i o n  r e a c t i o n  
w h e n  t h e  s u p e r n a t a n t  f luid f rom a 24-tl b r o t h  c u l t u r e  in  
G .F . - ca se in -yeas t  m e d i u m  was used. A s t u d y  of t h e  cross 
r eac t ions  o b t a i n e d  w i t h  cu l tu re  f luids  a n d  w i t h  va r ious  
f rac t ions  of t h e  m e d i u m  a lone  r evea l ed  t h a t  some of t he  
B.  cereus i m m u n e  sera  c o n t a i n e d  y e a s t  a n t i b o d i e s  as  
shown  in Tab le  I. 

I t  c an  be  seen t h a t  3 sera  (C2, C3, C14) cross r e ac t ed  
w i th  s u p e r n a t a n t  of t he  C3 s t r a i n  of B.  cereus a n d  t h a t  
4 se ra  (C3, C14, C21, C27) c o n t a i n e d  y e a s t  an t ibod ie s .  I n  
t he  c o m p l e t e  case in -yeas t  m e d i u m ,  there fore ,  t h e  s u m  of 
t he  specific c ross - reac t ions  a n d  those  due  on ly  to  p resence  
of y e a s t  a n t i b o d i e s  was obse rved .  A l t h o u g h  he t e rogenous  

G. P. GLADSTONE and P. F1LDES, Brit. J. exp. Path. ~I, 161 
(t940). 

J. B. BAVMAZCN-GRAcE and J. ToMes[g, J. gem Microbiol. 17, 
~27 (1957). 

a j .  TOMCSIK and J. B. BAUMANN-GRAcE, Schweiz. Z. Path. Bakt. 
g2, 144 (1959a). 

Table I 
Precipitin reactions with sera of rabbits immunized with shaken 

cultures of several B. cereus strains in casein-yeast medium 

Culture 

C 3  
C3  

| 

Antigen [ Immune sera 

Medium I C 2 [  C 3 1 C 9  C I 4 [ C ' 2 I [ C g 7  

Casein-yeast* +++ ++++ ± +++ +++ +++ 
Casein* +++ ++++ - ++++ - - 
Yeast-extract** - ++++ - +++++++~ "++4 
Casein** - - - 

* Undiluted supernatants from fluid cultures. 
** Same concentration as that recommended for the Gladstone- 

Fildes medimn. 

a n t i b o d i e s  were n o t  f o u n d  in a n y  of 40 r a b b i t  sera  pre-  
p a r e d  w i t h  B.  megaterium cells g rown  o n  G.F .  agar ,  6 o u t  
of 13 s e r a  p r e p a r e d  f rom B. cereus p r e p a r e d  in  s h a k e n  
b r o t h  cu l tu re s  were f o u n d  to  c o n t a i n  a n t i b o d i e s  a g a i n s t  
t h e  y e a s t  in  t h e  med i u m.  Since b o t h  t h e  cells of B .  mega- 
ter ium a n d  those  of B.  cereus were w a s h e d  twice  a f t e r  
h a r v e s t i n g ,  i t  m u s t  be  a s s u m e d  t h a t  t h e  yeas t  a n t i g e n  
f rom t h e  m e d i u m  is f ixed more  f i rmly  to  t h e  bac te r i a l  
cells in  l iqu id  s h a k e n  cu l t u r e s  t h a n  on  a g a r  m e d i u m .  T h e  
a m o u n t  of y e a s t  f ixed,  however ,  was  n o t  suff ic ient  to  
in te r fe re  w i t h  or to  be  d e m o n s t r a b l e  b y  t h e  a g g l u t i n a t i o n  
r eac t i on  a n d  t h e  specific cell wal l  reac t ion .  

I t  occu r red  to  us  t h a t  fa i lure  to  recognise  t h e  p resence  of 
y e a s t  a n t i b o d i e s  in  t h e i r  r a b b i t  sera,  p r o b a b l y  led CAVE- 
BROWN-CAvE el al.4 to  t h e  e r roneous  p o s t u l a t i o n  of two 
po lysacchar ides  in  a n t h r a x .  O u r  o w n  e x p e r i m e n t s  5 
showed  t h a t ,  p rov ided  yeas t  is o m i t t e d  f rom t h e  m e d i u m ,  
on ly  one  po lysacchar ide ,  t h e  one  w h i c h  we de f ined  as  
cel l-wall  po lysaccha r ide ,  cou ld  b e  i so la t ed  f r o m  t h e  G.F.  
cu l tu re  fluid.  Th i s  po lysaccha r ide  co r r e sponded  to  t h a t  
descr ibed  b y  o t h e r  workers ,  be ing  a ga lac tose-glucos-  
a l rdne -pep t ide  c o m p l e x  w h i c h  gave  a specific p r e c i p i t a t i o n  
r eac t i on  o n l y  w i t h  a n t h r a x  p o l y s acch a r i d e  se ra  a n d  a few 
r e l a t ed  se ra  f rom B .  cereus s t ra ins .  I f  yeas t  e x t r a c t  was  
p r e s e n t  in  t h e  m e d i u m ,  however ,  t h e  i m p u r e  p o l y s acch a -  
r ide  f r ac t ion  r eac t ed  n o t  on ly  w i t h  t h e  a n t h r a x  sera  b u t  
also w i t h  a n  u n r e l a t e d  s e r u m  of B.  cereus (C27) k n o w n  to  
h a v e  a h i g h  c o n t e n t  of y e a s t  an t ibod ie s .  B y  p r e c i p i t a t i o n  
w i t h  B a ( O H ) v  as desc r ibed  b y  CAVE-BROWN-CAvE et al., 
two  po lysaccha r ides  cou ld  be  isolated,  one  a m a n n a n ,  
serological ly  iden t i ca l  w i t h  t h e  yeas t  po lysacchar ide ,  a n d  
t h e  o t h e r  t h e  t y p i ca l  a n t h r a x  po lysacchar ide .  

Table I I  
Precipitin reactions of a pure and of an impure anthrax polysaccharide 

contaminated with yeast gum 

Polysaccharide-an tigens 
1 : 10,000 dilution 

1 Pure an thrax  polysaccharide 
from yeast  free medium.  . . 

2 Impure  an th rax  poly- 
saccharide from yeast con- 
taining medium 

3 Ba(OH) 2 insoluble par t  of 2 • 
4 Yeast  gum 

Sera 

++++ 

++++ 

± 
++++ 
+++ 
++++ 

4 j .  E. CAVE-BROwN-CAVE, E. S. J. FRY, H. S. EL CADEM, and 
H. N. RYDo~, J.  chem. Soc. 195~, 3866. 

J. B. BAUMANN-GRACE, H. KOVACS, and J. TOMCSIK, Schweiz. Z. 
Path. Bakt. 2- °, 158 (1959b). 
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