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~ber  die Farbstoffbindung durch mono-  
molekulare Proteinschichten 

U m  die F a r b s t o f f b i n d u n g  d u r c h  m o n o m o l e k u l a r e  
P r o t e i n s c h i c h t e n  in de r  L a n g m u i r - W a n n e  b e s t i m m e n  zu 
k S n n e n ,  w a r  es n o t w e n d i g ,  die Messung  in 2 S t u f e n  vor -  
z u n e h m e n .  D a z u  w u r d e  die b e n u t z t e  L a n g m u i r - W a n n e  
aus  Spiegelglas ,  m i t  den  A b m e s s u n g e n  13 × 49 × 0,4 c m  ~, 
d u r c h  e inen  e i n g e k i t t e t e n  G l a s s t r e i f e n  g in  2 gleichgrol3e 
R i i u m e  bzw.  Oberf l~ichen ge te i l t ,  D iese r  G l a s s t r e i f e n  i s t  
ge rade  so hoch ,  d a b  er  b e i m  geff i l l ten  T rog  e b e n  n o c h  
t iberspf i l t  w i rd ;  es geni ig t ,  i h m  e inen  e n t s p r e c h e n d  
s c h m a l  g e s c h n i t t e n e n  S t r e i f en  aus  G u m m i t u c h  au fzu -  
legen,  u m  eine  w a s s e r d i c h t e  T r e n n u n g  d e r  b e i d e n  Trog -  
h~ilften A u n d  B zu e r r e i chen .  Ff i r  den  V e r s u c h  w i rd  A 
m i t  0,85 NaC1 angef i i l l t ,  das  m i t  A z e t a t - P u f f e r  (MICHAE- 
LIS) Yon mol /500  au f  e in  p H  v o n  4,7 g e b r a c h t  w u r d e ;  
n a c h  sorgf i t l t iger  R e i n i g u n g  de r  Ober f l i t che  wi rd  in  
f ib l icher  Weise  m i t  de r  ,Ag la , ) -Mik rop ipe t t e  35 y P r o t e i n  
ge sp re i z t  (0 ,2% I s o a m y t a t k o h o l  zugemisch t )* .  N u n  
wi rd  B ( i m m e r  bei  g e s p e r r t e m  g) m i t  d e r  eben fa l l s  ge-  
p u f f e r t e n  F a r b s t o f f l 6 s u n g  angeff i l l t  u n d  die OberflS~che 
gere in ig t .  N a c h  10 M i n u t e n  wi rd  de r  G u m m i s t r e i f e n  bei  g 
v o r s i c h t i g  a b g e h o b e n  u n d  m i t  e i n e m  Gla s s t r e i f en  de r  
P r o t e i n f i l m  l a n g s a m  v o n  A n a c h  B v e r s c h o b e n .  N a c h  
20 M i n u t e n  w i rd  de r  P r o t e i n f i l m  i iber  B zwischen  zwei 
G la s s t r e i f en  a u f  e ine  F1/iche k o m p r i m i e r t  (siehe A b b . 2  a), 
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Abb. 1. In zwei gleiche Hglften unterteilte Langmuir-Wanne 
g eingekitteter Glasstreifen . . . . . .  gespreiteter Film 

die n u r  1 c m  b r e i t  u n d  13 c m  l ang  (Trogbre i t e )  is t .  I n  
d ie sem s c h m a l e n  Z w i s c h e n r a u m  wi rd  u n t e r  s t u m p f e m  

a Abb. 2. b 
Rand gestauchter Fibrinogenfihn, 
des Fibrinogenfilm, ungeffirbt, auf 
Glas- der mit Evans- Glasstreifen 
streifens Blue geffirbt ist. deponiert. 

VergrSBerung: 120fach VergrSgerung: 68faeh 

1 CH. WUNDERLV, Research 3, 531 (1950). 
2 A. E. ALEXANDER, SurJace Chemistry (London, 1949), p. 1~23. 

W i n k e l  e in  G l a s s t r e i f e n  v o n  1 cm B r e i t e  l a n g s a m  fiber 
d e n  T r o g r a n d  u n d  u n t e r  d en  k o m p r i m i e r t e n  F i l m  ge- 
s c h o b e n ;  al tm~ihlich b e w e g t  m a n  d e n  G l a s s t r e i f e n  quer  
f iber d e n  Trog ,  so d a b  de r  gefArbte  F i l m  q u a n t i t a t i v  yon  
de r  Obe r f l~che  a b g e h o b e n  u n d  in f e inen  FAden  au f  dem 
G l a s s t r e i f e n  s i c h t b a r  wi rd  (siehe A b b .  2b). 

A m  G l a s s t r e i f e n  n o c h  h a f t e n d e  Fl f i ss igkei t  w i rd  mi t  
F i l t r i e r p a p i e r  a b g e t u p f t  u n d  d e r  k o n d e n s i e r t e  F i l m  in 
3 c m  3 0 , 1 - n - N a O H  gel6st .  Dieses  gef~trbte P ro t e in so l  
v e r b r i n g t  m a n  in  die Q u a r z k i i v e t t e  des  B e c k m a n -  
S p e k t r o p h o t o m e t e r s  Model l  D U ;  d o r t  w i rd  die Absorp-  
t i o n  des  P r o t e i n s  a u f  Wellenl~tnge 282 m/ ,  u n d  die jenige 
des  F a r b s t o f f e s  a u f  de r  Wel len lAnge  se ine r  m a x i m a l e n  
A b s o r p t i o n  b e s t i m m t .  Die  G e h a l t e  w e r d e n  au s  E ich-  
k u r v e n  e n t n o m m e n ;  d a b e i  h a t  s ich  als  g f ins t ig  erwiesen,  
jeweils  4 P r o t e i n f i l m e  y o n  je  30 y in d e n s e l b e n  3 cm 3 
0 , 1 - n - N a O H  zu 16sen u n d  zur  M e s s u n g  zu b r i n g e n .  

Der  B e r e c h n u n g  w u r d e  ffir A l b u m i n  e in  Te i l chen-  
g e w i c h t  y o n  69000  u n d  fiir F i b r i n o g e n  e in  so lches  von  
4000001 z u g r u n d e  gelegt .  Aus  d e r  R e i h e n f o l g e  der  
F a r b s t o f f b i n d u n g  g e h t  h e r v o r ,  d a b  daf f i r  n i c h t  sosehr  
die c h e m i s c h e  S t r u k t u r  des  F a r b s t o f f e s  (Zahl  de r  Sulfo- 
g r u p p e n  usw.) fiir die A f f i n i t g t  v e r a n t w o r t l i c h  is t  als 
die D i spe r s ion  des Fa rbs to f f so l e s .  So w i r d  das  grob-  
d i sperse  K o n g o r o t  a m  s t ~ r k s t e n  g e b u n d e n ,  das  rein- 
d i sperse  E v a n s - B l a u  n u r  m i t t e l s t a r k  u n d  d a s  m o l e k u l a r -  
d i sperse  N a p h t h o l g e l b  i i b e r h a u p t  n i c h t  mel3bar .  Die  
F a r b s t o f f b i n d u n g  is t  s o m i t  in  e r s t e r  L in ie  ko l lo idche-  
m i s c h  b e d i n g t .  W i r d  das  p H  in B so ve r i i nde r t ,  d a b  eine 
D i s p e r s i o n s a b n a h m e  des F a r b s t o f f s o l e s  e i n t r i t t ,  so 
s i n k t  a u c h  die g e b u n d e n e  F a r b s t o f f m e n g e ,  die s ich  fiir 
E v a n s - B l u e  bei  d en  p H  7 - 4 , 7 -  2 wie 0,5 zu 1,2 zu 2 ver-  
hg l t .  Als  Verg le i ch  sei an g e f i i h r t ,  d a b  das  u n g e s p r e i t e t e  
A l b u m i n  bei  p H 7  8 -14  Moleki i le  E v a n s - B l u e  b i n d e t  
(RAWSON 2) u n d  be i  p H  2 d e r e n  70 (LEVEEN u n d  FISH- 

MAN3) " CH. WUNDERLY 

Mediz in i sche  Un ive r s i t~ i t sk l i n ik  Zfir ich,  d e n  18. M~irz 
1951. 

S u m m a r y  

A n  o r d i n a r y  L a n g m u i r - t r o u g h  for t h e  s p r e a d i n g  of 
p r o t e i n s  is d i v i d e d  i n t o  t w o  e q u a l  s p h e re s  b y  a glass 
b a r r i e r  (see fig. 1). P r o t e i n  m o n o - l a y e r s  c a n  eas i ly  be 
t r a n s f e r e d  f r o m  t h e  su r face  w h e r e  t h e y  a re  s p r e a d  t o  t h e  
a d j a c e n t  sur face ,  w h e r e  t h e  b i n d i n g  of d y e s t u f f s  ( E v a n s -  
blue ,  T r y p a n  red,  T r y p a n  blue ,  Congo  red,  N a p h t h o l  
yel low) t a k e s  place.  T h e  co lou red  p r o t e i n  m o n o - l a y e r  
is b r o u g h t  i n to  t h e  c o n d e n s e d  s t a t e  (see f igure  l a), 
d e p o s i t e d  u p o n  a glass  sl ide (see f igure  I b) a n d  d i sso lved  
in 3 c m  ~ of 0 . 1 - n - N a O H .  P r o t e i n  as  well  as  dyes tu f f -  

1 j .  L. ONCLEV, Plasma Proteins (Springfield, I11., U.S.A., 195(0, 
p. 8. 

2 R. A. RAWSON, Amer. J. Physiol. 1,78, 708 (1943). 
a H. LE VEEN und W. H. FISHMAN, Amer. J. Physiol. 151, ~6 

(1947). 

Farbstoff 

Evans-Blue,  Tolidinfarbstoff 
Trypanrot ,  Benzidinfarbstoff  . 
Trypanblau,  Totidinfarbstoff.  . 
Kongorot, Benzidinfarbstoff .  . 

Mole- Messung 
auf kular- Wellen- 

gewieh fringe 

948 
980 
948 
656 

121,8 "y Albumin 
binden 

Mole- 
~' kfile 

m/~ × 101~ 

600 2,0 1,3 
500 4,2 2,5 
590 6,7 4.2 
490 5,5 5,0 

1 Molekfil 
Albunfin 
bindet 

Molekfile 
Farbstoff  

1,2 
2,4 
4,0 
4,7 

117,67 Fibrinogen 1 Molekfit 
binden Fibrinogen 

bindet 
Mole- Molektile 

)' ktile Farbstoff 

× 101~ 

3,1 1,9 
6,0 3.7 
8,4 5,3 
7,4 6,7 

11 
21 
30 
38 
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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:  

1 R. E. DAVIES, Bioehem. J. 42, 609; 43, 321,336 (1948). 

(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  


