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P r e -  and Postreaction p H  of  t w o  Specifically 
Interacting Large-Molecule Systems* 

LANDSTEINER 1 be l i eved  t h a t  t h e  a t t r a c t i o n  b e t w e e n  
o p p o s i t e l y  c h a r g e d  g roups ,  s u c h  as - C O 0 -  a n d  - N H 3  +, 
c o n t r i b u t e d  i m p o r t a n t l y  t o  t h e  f o r m a t i o n  of t h e  a n t i -  
b o d y - a n t i g e n  b o n d .  I f  a n u m b e r  of s u c h  g r o u p s  fo rm 
p a r t  of e a c h  specif ic  c o m b i n i n g  site,  as s u g g e s t e d  b y  
LANDSTEINER a n d  l a t e r  a u t h o r s  ~, i t  m i g h t  well  b e  
t h o u g h t  t h a t  some  n e t  l i b e r a t i o n  or  a b s o r p t i o n  of h y d r o -  
gen  ions  wou ld  a c c o m p a n y  sero logica l  r eac t i ons ,  a pos-  
s ib i l i ty  n o t  e n t i r e l y  ru l ed  o u t  b y  t h e  e x p e r i m e n t s  of 
SMITH a n d  MARRACK 3, for  t h e  a n t i b o d y  a n d  a n t i g e n  
s o l u t i o n s  u s e d  b y  t h e m  were  no t ,  b y  m o d e r n  s t a n d a r d s ,  
v e r y  c o n c e n t r g t e d .  

SINGER a n d  CAMPBELL 4 h o w e v e r ,  h a v e  s u g g e s t e d  
t h a t  in  s o m e  a n t i b o d y - a n t i g e n  s y s t e m s ,  a t  leas t ,  o n l y  a 
s ingle  ion ized  c a r b o x y l  g r o u p  (in a n t i b o d y  or  an t i gen )  
w i t h  p r e s u m a b l y  a c o m p l e m e n t a r y  - N H a +  in  t h e  cor-  
r e s p o n d i n g  s i te  of t h e  o t h e r  r e a g e n t ,  is i n v o l v e d  in e a c h  
b o n d .  S ince  we be l ieve  a n t i b o d y  to  be  b i v a l e n t ,  t h i s  
wou ld  m e a n  t h e  l i b e r a t i o n  o r  a b s o r p t i o n  of a t  t h e  m o s t  
2 moles  of H + p e r  mole  of a n t i b o d y ,  a n d  un less  t h e  p K  
of t h e  - N H ~  + is c o n s i d e r a b l y  c h a n g e d  b y  t h e  c o m b i n a -  
t ion ,  p r o b a b l y  m u c h  less. F u r t h e r m o r e ,  t h e  d e m o n s t r a -  
t i o n  t h a t  t h e  Specific p o r t i o n s  of t h e  b l o o d  g r o u p  sub -  
s t a n c e s  5 do  n o t  c o n t a i n  a n y  ion ized  g r o u p s  seems  to  show 
t h a t  some  a n t i b o d y - a n t i g e n  b o n d s  do  n o t  i n v o l v e  t h e  
m u t u a l  a t t r a c t i o n  of - C O O -  a n d  - N H s +  a t  all. 

I n  v i ew  of t h e  d i v e r g e n c e  b e t w e e n  t h e s e  m o r e  r e c e n t  
v iews  a n d  t h e  conc lus ions  to  w h i c h  LANDSTEINER 1 was  
led b y  h is  c lass ical  work ,  we fe l t  i t  w o r t h  wh i l e  to  re- 
e x a m i n e  t h e  q u e s t i o n  w i t h  use  of m o d e r n  c o n c e n t r a t e d  
r e a g e n t s  a n d  m o d e r n  e q u i p m e n t .  T h e  n e g a t i v e  r e s u l t s  
a re  p r e s e n t e d  b r i e f ly  he re  as  s e t t i n g  a n  u p p e r  l i m i t  t o  t h e  
a m o u n t  of H + l i b e r a t e d  or  a b s o r b e d  in  t w o  t y p i c a l  
r e a c t i o n s  i n v o l v i n g  a n t i g e n s .  

Exper imen ta l . - -As  a c lass ical  a n t i b o d y - a n t i g e n  s y s t e m  
we se lec ted  horse  a n t i t o x i n  a n d  d i p h t h e r i a  toxo id .  T h e  
c o n c e n t r a t e d  a n t i t o x i n  c o n t a i n e d  4200 s t a n d a r d  u n i t s  
p e r  ml,  n e a r l y  4 t i m e s  t h e  s t r e n g t h  of t h e  p r e p a r a t i o n  
a v a i l a b l e  to  SMITH a n d  MARRACK 3. I t  c o n t a i n e d  6.48 m g  
N p e r  ml.  T h e  t oxo id ,  c o n t a i n i n g  4200 Lf  u n i t s  p e r  ml ,  
was  r e p o r t e d  b y  t h e  M a s s a c h u s e t t s  P u b l i c  H e a l t h  
Biologic  L a b o r a t o r i e s ,  w h i c h  supp l i ed  it,  t o  be  100% 
pure .  I t  c o n t a i n e d  1-85 m g  N p e r  ml.  

I n  o rde r  to  o b t a i n  d a t a  f r o m  a n o t h e r  s y s t e m  as dif-  
f e r e n t  as  poss ib le ,  a n d  a t  t h e  s a m e  t i m e  t o  t a k e  ad -  
v a n t a g e  of o t h e r  a v a i l a b l e  c o n c e n t r a t e d  r e a g e n t s ,  we 
used  b l o o d  g r o u p  A s u b s t a n c e  a n d  t h e  p l a n t  a g g l u t i n i n  
( lect in)  f r o m  l i m a  b e a n s  6. O u r  l ec t in  p r e p a r a t i o n  con-  
t a i n e d  2.06 m g  N p e r  ml,  of w h i c h  a b o u t  30% was  

* The work reported in this paper was made possible by support 
extended to Boston University by the National Science Foundation 
(G-1583) and by research grants (H-1076[C4] and RG 4104 M & G) 
from the National Heart Institute, National Institutes of Health, 
Public Health Service. 

1 K. LANDSTEINER, The Specificity of Serological Reactions, 2nd 
Ed. (Harvard University Press, 1945), 

2 W. C. Born,  Fundamentals o/ immunology, 3rd Ed. (Inter- 
science Publishers, 1956). 

z F. C. SmTH and J. MARRACK, Brit. J. exp. Path. 11,494 (1930), 
4 S. ] .  SINGER and D. H. CAMPBELL, J. Amer. chem. Soe. 77, 

3504 (195s). 
s E. A. KABAT, Blood Group Substances. Their Chemistry and 

Immunochemistry (Academic Press, 1956). 
6 W. C. BOYD, E. SHAPLEIGH, and M. MCMASTER, Arch. Biochem. 

and Biophys. fit, 226 (1955). 

spec i f ica l ly  p rec ip i t ab l e .  T h e  A s u b s t a n c e  was  p repared  
f r o m  c o m m e r c i a l  h o g  gas t r i c  m u c i n  b y  MORGAN'S 
methodT;  one  t h i r d  of i t  was  spec i f ica l ly  precipi table .  
S ince  n o t h i n g  d e r i v e d  f r o m  s e r u m  was  i n v o l v e d  in the 
l ec t in -A  s u b s t a n c e  r eac t ion ,  i t  is n o t  s t r i c t l y  a serological 
sy s t em.  T h e  close s i m i l a r i t y  in  b e h a v i o r  of l ec t ins  and 
an t ibod ies% h o w e v e r  j u s t i f y  i t s  s t u d y  here .  

Befo re  t h e  r e a g e n t s  were  mixed ,  t h e y  were  adjus ted  
t o  t h e  s a m e  p H  (s tud ies  were  ca r r i ed  o u t  o v e r  a range 
f r o m  p H  4.00 to  7.50) b y  t h e  a d d i t i o n  of t h e  requisite 
a m o u n t  of 0-05 N HC1 or  N a O H .  T h e  r e a g e n t s  were 
m i x e d  in  o p t i m a l  p r o p o r t i o n s  s a t  room t e m p e r a t u r e  in 
a m o u n t s  t o  give a b o u t  25 ml.  T h e  p H  was  de termined,  
w i t h  t h e  p H  m e t e r  of t h e  C a m b r i d g e  I n s t r u m e n t  C0., 
i m m e d i a t e l y  a f t e r  m ix ing ,  15 ra in  l a te r ,  a n d  a f t e r  24 h 
in  t h e  r e f r ige ra to r .  S ix  success ive  r e a d i n g s  were  made  at 
e a c h  t ime .  I n  t h e  case  of t h e  a n t i t o x i n  a n d  toxo id ,  strict 
aseps is  was  p r e s e r v e d  a l t h o u g h  c o n t r o t  exper iments  
i n d i c a t e d  t h i s  was  n o t  necessa ry .  

No  d e t e c t a b l e  p H  c h a n g e s  fo l lowed m i x i n g  t h e  rea- 
gen t s  a t  a n y  p H  t e s t ed .  

I n  o r d e r  to  d e t e r m i n e  t h e  l i m i t i n g  s e n s i t i v i t y  of the 
e x p e r i m e n t s ,  m i x t u r e s  of t h e  r e a g e n t s  were  t i t r a t e d  with 
0 . t  N HC1 a n d  N a O H ,  a n d  t h e  b u f f e r  c a p a c i t y  of the 
m i x t u r e  c o m p u t e d  a t  t h e  p H  w h e r e  i t  was  a min imum 
(pH 7 for  t h e  f i r s t  s y s t e m  a n d  7.5 for  t h e  second) .  From 
t h e  b u f f e r  c a p a c i t y  of t h e  s y s t e m  a n d  t h e  observed 
v a r i a t i o n s  in  t h e  p H  r ead ings ,  i t  cou ld  b e  determined,  
w i t h  use of FISHER'S t e s t  9 for  t h e  s ign i f i cance  of t h e  diffe- 
r ence  b e t w e e n  t w o  m e a n s ,  h o w  s m a l l  a re lease  or ab- 
s o r p t i o n  of  h y d r o g e n  ions  cou ld  h a v e  b e e n  detected. 
F o r  t h e  a n t i t o x i n - t o x o i d  s y s t e m  t h i s  was  2, 22 equivalents  
of H + p e r  mole  of a n t i t o x i n ,  a n d  for  t h e  l ec t in -A sub- 
s t a n c e  s y s t e m  0.95 Eq .  H +  p e r  mole  of lec t in .  

I t  wou ld  seenl  t h a t  ou r  e x p e r i m e n t s  a re  a further  
i n d i c a t i o n  t h a t  t h e  p H  changes ,  if any ,  accompany ing  
the se  l a rge -mo lecu l e  r e a c t i o n s  a re  s l ight ,  in  l ine with 
r e c e n t  work .  T h e y  p r o b a b l y  do  n o t  e x c l u d e  t he  possi- 
b i l i t y  t h a t  if a n t i g e n s  c o n t a i n i n g  la rge  n u m b e r s  of ioniz- 
ed  g r o u p s  were  used,  a p H  c h a n g e  could  b e  observed .  
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Zusammen /as sung  

D i p h t h e r i e t o x o i d e  u n d  A n t i t o x i n  e inerse i t s ,  gruppen- 
spez i f i sches  P f l a n z e n a g g l u t i n i n  u n d  Btu tg ruppensub-  
s t a n z  ande r se i t s ,  w u r d e n  au f  v e r s c h i e d e n e s  p H  gebracht 
u n d  das  e r s t e  u n d  das  zwe i t e  P a a r  g e m i s c h t ,  ohne  dass 
e ine  p H - ~ n d e r u n g  e i n t r a t ,  E s  w i rd  e ine  Erkllirung 
v e r s u c h t .  
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