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c o n t e n t  a re  e v a l u a t e d  in  t h e  B e c k m a n  s p e c t r o p h o t o -  
m e t e r  a t  t h e i r  r e s p e c t i v e l y  m a x i m a l  a b s o r p t i o n .  T h e  
t r a n s f e r  of t h e  m o n o - l a y e r  m a k e s  i t  imposs ib l e  t h a t  
p r o t e i n  w h i c h  is d i s so lved  in  t h e  s u b s t r a t e  d u r i n g  t h e  
p rocess  of s p r e a d i n g ,  is m e a s u r e d  a d d i t i o n a l l y .  T h i s  
c o n s t i t u t e s  t h e  f i r s t  a p p l i a n c e  for  s e p a r a t i n g  t h e  su r f ace  
for  s p r e a d i n g  a n d  t h e  su r face  w h e r e  r e a c t i o n s  of t h e  
s u r f a c e - c h e m i c a l  t y p e  t a k e  place.  F r o m  t h e  e x t e n t  of 
b i n d i n g  of t h e  d i f f e r e n t  d y e s t u f f s  b y  s e r u m  a l b u m i n  a n d  
f ib r inogen ,  i t  can  be  d e d u c e d  t h a t  t h e i r  d i spe r s ion  is t h e  
d e t e r m i n i n g  fac tor ,  so t h a t  i t  is a co l lo id -chemica l  reac-  
t ion  w h i c h  g o v e r n s  t h e  a f f i n i t y  b e t w e e n  p r o t e i n  m o n o -  
l aye r  a n d  azodyes tu f f .  

Model Experiments for the Production 
of Gastric Hydrochloric Acid 

R e c e n t  e x p e r i m e n t a l  i n v e s t i g a t i o n s  c o n c e r n i n g  t h e  
s ec r e t i on  of h y d r o c h l o r i c  ac id  b y  ga s t r i c  m ucos a ,  
e spec ia l ly  t h o s e  of DAVIES et al .L h a v e  m a d e  i m p o r t a n t  
s t a t e m e n t s  w i t h  r e s p e c t  to  t h i s  process .  R e l a t i o n s  h a v e  
b e e n  e s t a b l i s h e d  b e t w e e n  Qo, ,  Qco,  a n d  QHCl r e spec t ive -  
ly.  T h e  q u a n t i t a t i v e  d a t a  of t he se  i n v e s t i g a t i o n s ,  
howeve r ,  c h a r a c t e r i z e  o n l y  t h e  i n i t i a l  a n d  f ina l  s t a t e  a n d  
do n o t  i n t e r p r e t  t h e  more  d e t a i l e d  m e c h a n i s m  of t h i s  
process .  

U n d o u b t e d l y ,  t h e  h y d r o l y s i s  of t h e  s o d i u m  ch lor ide ,  
or  t h e  l i b e r a t i o n  of h y d r o c h l o r i c  ac id  b y  m e a n s  of a 
w e a k e r  acid,  c a n  o n l y  t a k e  p lace  a t  o r d i n a r y  t e m p e r a -  
t u r e s  b y  m e a n s  of s u b s t a n c e s  w h i c h  h a v e  speci f ic  af- 
f i n i t y  for  c e r t a i n  ions.  These  s u b s t a n c e s  m u s t  b e - t o  
p u t  i t  p e r h a p s  m o r e  c o m p r e h e n s i b l y  if no t  v e r y  pre-  
c i s e l y - p e r m e a b l e  for  c e r t a i n  ions a n d  n o t  for o t he r s .  
F o r  t h e  r e a c t i o n  c o n c e r n e d  we be l i eve  t h a t  i t  is poss ib le  
to  f ind  s u c h  a mode l  in  t h e  ion  e x c h a n g e  s u b s t a n c e s .  
I o n  e x c h a n g e  res ins  were  e m p l o y e d .  

T h e  p r o d u c t i o n  of h y d r o c h l o r i c  ac id  f r o m  s o d i u m  
ch lor ide  a n d  a w e a k  ac id  c a n  be  w r i t t e n  as fo l lows:  
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(1) U s i n g  c a t i o n  e x c h a n g e  r e s i n : - -  

(a) R . H +  N a  + +  e l - =  R . N a +  H + +  C1-.  

T h e  r e g e n e r a t i o n  of t h e  s o d i u m  res in  b y  m e a n s  of a 
w e a k  acid,  e. g. w i t h  succ in ic  acid,  p r o c e e d s :  

(b) R . N a  + H + + ( s u c c i n a t e ) -  
= R . H  + N a  + + ( s u c c i n a t e ) - .  

(2) Us ing  a n i o n  e x c h a n g e  r e s in :  

(a) R.C1 -7 H + + ( s u c c i n a t e ) -  
= R . s u c c i n a t e  + H + + CI- .  

T h e  res in  s u c c i n a t e  will  be  t r e a t e d :  

(b) R . s u c c i n a t e  + N a  + + CI-  
= R.C1 + N a  + + ( s u c c i n a t e ) - .  

As t h e  processes  (a) a n d  (b) c an  be  ca r r i ed  o u t  s e p a r a t e -  
ly  one  a f t e r  a n o t h e r ,  we can  see t h a t  t h e r e  is a pos s ib i l i t y  
for t h e  p r o d u c t i o n  of h y d r o c h l o r i c  ac id  f r o m  s o d i u m  
ch lo r ide  b y  m e a n s  of w e a k  acids .  

I n  o u r  e x p e r i m e n t s  t h e  c a t i o n  e x c h a n g e  res in  was  
b r o u g h t  i n to  t h e  fo rm R .  H,  t he  a n i o n  e x c h a n g e  res in  i n to  
R.C1 a n d  w a s h e d  u n t i l  of n e u t r a l  r e a c t i o n .  T h e n  t h e  
s o l u t i o n  c o n t a i n i n g  t h e  ion to  be  e x c h a n g e d  was p o u r e d  
i n t o  t h e  c o l u m n .  I n  t h e  case of c a t i o n  e x c h a n g e  t h i s  was  
a s o d i u m  ch lo r ide  s o l u t i o n ;  in  t h e  case  of a n i o n  ex-  
c h a n g e  i t  was  succ in ic  acid .  T h e  e x t e n t  of t h e  e x c h a n g e  
was  m e a s u r e d  b y  t i t r a t i o n  of t h e  h y d r o g e n  ions  in  t h e  
d r o p p i n g  d o w n  l iqu id .  I n d i c a t i o n  was  m a d e  e i t h e r  w i t h  
m e t h y l - o r a n g e ,  or b y  p H - m e a s u r e m e n t s .  

O u r  e x p e c t a t i o n  was fulf i l led in b o t h  cases.  The  ca t -  
ion e x c h a n g e  resin ,  t r e a t e d  w i t h  succ in ic  acid,  g a v e  w i t h  
s o d i u m  ch lo r ide  s o l u t i o n  h y d r o c h l o r i c  ac id ;  o n  t h e  o t h e r  
h a n d ,  t h e  a n i o n  e x c h a n g e  res in  r e g e n e r a t e d  b y  s o d i u m  
ch lo r ide  b r o u g h t  a c o n s i d e r a b l e  a m o u n t  of h y d r o c h l o r i c  
ac id  i n to  t h e  succ in ic  ac id  so lu t ion .  

Af t e r  t h e s e  e x p e r i m e n t s  t h e  r e g e n e r a t i o n  of t h e  
c a t i o n  e x c h a n g e ,  as well as  t h e  t r e a t m e n t  of t h e  a n i o n  
e x c h a n g e  res ins  b y  m e a n s  of a s t i l l  w e a k e r  acid,  c a r b o n i c  
acid ,  was  a t t e m p t e d .  As t h e  fo l lowing  t a b l e s  s h o w  i t  
was  success fu l :  

Table I 

A n i o n  exchange 

E x p e r i m e n t s  w i t h  CO,  

A mberlite I R - 4 B  t r a n s f e r r e d  w i t h  HCI i n t o  R .CI ,  w a s h e d  w i t h  d i s t i l l ed  w a t e r  u n t i l  of n e u t r a l  r e a c t i o n :  

(0) 100 m l  w a t e r  s a t u r a t e d  w i t h  CO,  p H  ~ 4.20 
R .C1 (I) 10 × 10 ml w a t e r  s a t u r a t e d  w i t h  CO,  u n t i l  p H  = 3-52 c o n s u m e d  12.2 ml  0-1 n N a O H  

(II)  5 × 10 ml  w a t e r  s a t u r a t e d  w i t h  CO,  u n t i l  p H  = 3.50 c o n s u m e d  4.5 ml  0-1 n N a O H  
( I I I )  5 × 10 m l  w a t e r  s a t u r a t e d  w i t h  CO,  u n t i l  p H  = 3-78 c o n s u m e d  3.9 ml  0-1 n N a O H  

L i b e r a t e d  HC1 : 

Table I I  

Cat ion exchange 

20.6 ml  0-1 n N a O H  

Amber l i t e  I R - 1 0 5  ( commerc i a l  form) t r a n s f e r r e d  w i t h  30 × 10 
w i t h  5 × 10 ml  d i s t i l l ed  w a t e r  u n t i l  of n e u t r a l  r e a c t i o n :  

H '  R 10 m l  2 %  NaCI c o n s u m e d  (unt i l  3.60 p H )  1.38 ml 0.1 n N a O H  
10 ml  2 %  NaCI c o n s u m e d  (un t i l  3.60 p H )  1-76 ml  0-1 n N a O H  
10 ml  2 %  NaC1 c o n s u m e d  (unt i l  3.60 p H )  0-88 ml  0.1 n N a O H  
10 ml  2 %  NaCI c o n s u m e d  (un t i l  3.60 pH)  0.40 ml  0.1 n N a O H  
10 ml  2 %  NaC1 c o n s u m e d  (unt i l  3-60 pH)  0-12 ml  0-1 n N a O H  R .  Na  

L i b e r a t e d  HCI:  4.56 ml 0-1 n N a O H  

ml  w a t e r  s a t u r a t e d  w i t h  CO., i n t o  R . H ,  w a s h e d  
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Table I I I  

The  R - N a  fo rm of t he  res in  is t r e a t e d  w i t h  20 × 10 ml  0.1 n succ in ic  acid,  w a s h e d  w i t h  10 × 10 ml  dis t i l led 
w a t e r  u n t i l  of n e u t r a l  r e a c t i o n  : I n i t i a l  p H  

H . R  10 ml  2 % NaCI c o n s u m e d  (un t i l  3.60 p H )  4.23 ml  0.1 n N a O H  1,54 
10 ml  2 %  NaCI c o n s u m e d  (un t i l  3-60 p H )  6-63 ml  0-1 n N a O H  1,23 
10 ml  2 %  NaC1 c o n s u m e d  (un t i l  3.60 pI-I) 4-60 ml  0-1 n N a O H  1,30 
10 mt  2 %  NaC1 c o n s u m e d  (unt i l  3.60 p H )  2.20 ml  0-1 n N a O H  1.60 
10 ml  2 % NaC1 c o n s u m e d  (un t i l  3.60 p H )  0.81 ml  0.1 n N a O H  2.00 
1 0 m 1 2 %  N a C l c o n s u m e d ( u n t i 1 3 . 6 0 p H )  0 . 3 8 m l  0 - 1 n  N a O H  2.45 R . N a  

L i b e r a t e d  HC1 20-82 ml  0.1 n N a O I t  

T h e  r e su l t s  of o u r  e x p e r i m e n t s  do  n o t  c o n t r a d i c t  t hose  
of DAVIES; ou r  d a t a  e v e n  e x p l a i n  a n d  c o m p l e t e  t h e m  in 
deta i l ,  T h u s  t h e y  e luc ida t e  t h e  r e m a r k  of DAVIES 
c o n c e r n i n g  t h e  process  of H C O ~  f o r m a t i o n - -  O H -  + CO s 
= HCO~-. W e  be l ieve  t h a t  t h i s  p i c t u r e  c an  he lp  to  
t h r o w  l i gh t  on  some  o b s e r v a t i o n s  of DAVENPORT 1 w h i c h  
cou ld  n o t  be  b r o u g h t  i n t o  a g r e e m e n t  w i t h  h is  gene ra l  
c o n s i d e r a t i o n s ,  e. g. t h e  a b s e n c e  of t h e  e f fec t  on  t h e  ac id  
p r o d u c t i o n  of some  s u b s t a n c e s  i n h i b i t i n g  t h e  a c t i o n  of 
c a r b o a n h y d r a s e .  I f  t h e  s t eps  of t h e  whole  p rocess  a re  
s e p a r a t e d ,  as t h e y  m u s t  be  s e p a r a t e d ,  t h e n  t h e s e  con-  
t r a d i c t i o n s  do n o t  ex i s t  a n y  more .  

T h e  q u e s t i o n  m i g h t  s t i l l  a r i se  w h e t h e r  o u r  mode l  
cou ld  be  app l i ed  t o  gas t r i c  sec re t ion .  T h e  l i t e r a t u r e  refer -  
r ing  t o  t h e  ion  e x c h a n g e  s u b s t a n c e s  does  n o t  m e n t i o n  
u n t i l  1949 t h a t  s u b s t a n c e s  of s imi l a r  f u n c t i o n  occu r  in  
h u m a n  organs .  This ,  howeve r ,  does  n o t  seem i m p r o b a b l e .  
T h e  a n i o n  e x c h a n g e  res ins  a re  a m i n e s  of h i g h  m o l e c u l a r  
w e i g h t  a n d  i t  is p r o b a b l e  t h a t  o t h e r  a m i n o  g r o u p s  c a n  
also e x e r t  s im i l a r  f u n c t i o n s .  I n  o u r  l a b o r a t o r y  expe r i -  
m e n t s  a re  in  p rog res s  for  t h e  s t u d y  of ion  e x c h a n g e  
f u n c t i o n s  of some  p r o t e i n s .  A c c o r d i n g  to  t h e  d a t a  
h i t h e r t o  ava i l ab le ,  t he se  p r o c e s s e s - - c o r r e s p o n d i n g  to  
t h e  m a n i f o l d  f u n c t i o n s  of t h e  p r o t e i n s - - a r e  v e r y  c o m p l e x  
a n d  t h e  o b s e r v e d  e x c h a n g e s  m u s t  be  p r o v e d  in long  
series  of e x p e r i m e n t s .  

W e  be l ieve  t h a t  t h e  p e r m e a b i l i t i e s  in  t h e  o r g a n  c a n  
o n l y  be  o b s e r v e d  if  a pecu l i a r  a f f i n i t y  ex i s t s  b e t w e e n  t h e  
t r a n s f e r r i n g  a n d  t h e  t r a n s f e r r e d  s u b s t a n c e s  w h e n  t h e  
p e r m e a b i l i t y  c a n  be  r e d u c e d  to  a c o n t i n u o u s  ion ex-  
change .  
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D e p a r t m e n t  of C h e m i s t r y  U n i v e r s i t y  of Szeged,  
H u n g a r y ,  M a r c h  1, 1951. 

Zusammen /as sung  

Da e inerse i t s  K a t i o n a u s t a u s c h h a r z e ,  die m i t  s c h w a c h e n  
S/ iuren  in die F o r m  H . R  i ibe rge f i ih r t  w o r d e n  waren ,  m i t  
K o c h s a l z l 6 s u n g  SalzsAure e r g a b e n ;  u n d  a n d e r e r s e i t s  
A n i o n a u s t a u s c h h a r z e ,  die m i t  K o c h s a l z l 6 s u n g  b e h a n d e l t  
w o r d e n  w a r e n  (R-CI) ,  Salzs / iure  in  den  Z u s t a n d  e ine r  
L 6 s u n g  e ine r  s c h w a c h e n  Siiure i i be r f i i h r t en ,  so g l a u b e n  
die A u t o r e n ,  d a b  de r  I o n e n a u s t a u s c h  a n  H a r z e n  als 
Model l  fiir die M a g e n s / i u r e s e k r e t i o n  ge l t en  k6nne .  Die  
P e r m e a b i l i t / i t e n  k 6 n n e n  a u c h  als fo r tw~ihrende  I o n e n -  
a u s t a u s c h v o r g / i n g e  be t e i l i g t  sein.  

1 H. W. DAVENPORT, Physiol. Rev. 36, 560 (t946). 

Poss ib l e  I m m a t u r e  F o r m s  of B a c t e r i o p h a g e  

T h o u g h  i t  h a s  n o t  b e e n  h a r d  to  o b t a i n  e l e c t r o n  mic ro -  
g r a p h s  s h o w i n g  b a c t e r i a  in  m a n y  s t ages  of t h e  tysis  t h e y  
u n d e r g o  w h e n  a t t a c k e d  b y  b a c t e r i o p h a g e ,  t h e s e  p h o t o -  
g r a p h s  h a v e  c o n t a i n e d  s u r p r i s i n g l y  l i t t l e  u n e q u i v o c a l  

e v i d e n c e  as  t o  h o w  n e w  b a c t e r i o p h a g e  pa r t i c l e s  are 
p r o d u c e d  d u r i n g  t h i s  process .  I n  t h e  u sua l  p r epa ra t i ons~  
n ew  pa r t i c l e s  are  c o m m o n l y  seen in c l u m p s  a n d  s t r ings  
d i s t r i b u t e d  t h r o u g h  t h e  r e m a i n s  of a b a c t e r i u m ;  and  
o f t en  t h e s e  g roups ,  e spec ia l ly  in  t h e  case  of s u c h  tai l less 
b a c t e r i o p h a g e s  as  T s or  T~ a g a i n s t  Escherichia coli, have  
h a d  t h e  a p p e a r a n c e  of mic roco lon ie s  2. N e v e r t h e l e s s ,  t hey  
h a v e  n o t  c o n t a i n e d  p a r t i c l e s  w h i c h  cou ld  be  recognized  
as b e i n g  in course  of d iv i s ion .  T h i s  h a s  s t i m u l a t e d  a 
c o n t i n u i n g  s e a r c h  for  o b j e c t s  t h a t  m a y  be  i n c o m p l e t e l y  
fo rmed ,  or  i m m a t u r e ,  pa r t i c l e s  of b a c t e r i o p h a g e .  A yea r  
ago H E I ~ i K  s a n d  t h e .  w r i t e r  4 i n d e p e n d e n t l y  found 
s e g m e n t e d  f i l a m e n t s  h a v i n g  t h e  d i a m e t e r  of bac te r io -  
p h a g e  h e a d s  in  c e r t a i n  l y s a t e s  of Escherichia coli; b u t  
t h e  c o n d i t i o n s  u n d e r  w h i c h  t h e s e  h a v e  a p p e a r e d  sugges t  
t h a t  t h e y  are  n o t  s t eps  in  t h e  u sua l  p rocess  of bac t e r io -  
p h a g e  p ro l i f e r a t i o n .  T h i s  n o t e  desc r ibes  o t h e r  o b j ec t s  in 
cu l t u r e s  of Escherichia coli i n f e c t e d  w i t h  T ,  a n d  T 4 
b a c t e r i o p h a g e s  w h i c h  a re  c o n n e c t e d  w i t h  t h e  lyr ic  pro- 
cess a n d  m a y  be  fo rms  of  b a c t e r i o p h a g e  in course  of 
d e v e l o p m e n t .  

Fig. 1 . - T h e  protoplasmic remains of a bacterium lysed by 1" 2 
bacteriophage. Distributed throughout it are some granules and 
many "holes" with the short "tails" referred to in the text. Magni- 

fication = 38,000 x. 

M a n y  " h o l e s "  h a v i n g  t h e  d i a m e t e r  of b a c t e r i o p h a g e  
h e a d s  (fig. 1) h a v e  a l r e a d y  1 b e e n  seen in lysed  bac te r i a .  
A t  f i r s t  t h e s e  were  t h o u g h t  to  be  p r o t o p l a s m i c  s i tes  f rom 
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