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b) Une  d i m i n u t i o n  n e t t e  de la cha rge  p a r  u n i t 6  de 
su r face  des  m~mes  bac t6 r i e s  i r radi6es,  ma i s  conse rv6es  
d a n s  leur  mi l ieu  ~ l ' a b r i  de la lumi~re  d u r a n t  24 h.  

L ' a n a l y s e  s p e c t r o p h o t o m 6 t r i q u e  des  m i l i e u x  t a m p o n s  
ac6 t iques  d a n s  lesquels  les bac t~r ies ,  Escherichia  coli, o n t  
6t6 soumises  k F a c t i o n  des  r a y o n s  u l t r a - v i o l e t s  m o n t r e :  

a) U n  m~me  n i v e a u  de s u b s t a n c e s  a b s o r b a n t  la  
lumi~re  d a n s  la  r6g ion  du  spec t r e  c o r r e s p o n d a n t  A l ' ab -  
s o r p t i o n  des ac ides  nucl6 iques ,  p o u r  les l iqu ides  p r o v e -  
n a n t  des  baci l les  i m m 6 d i a t e m e n t  apr~s  l ' i r r a d i a t i o n .  

b) u n  e n r i c h i s s e m e n t  de ces m i l i e u x  t a m p o n s  en  
s u b s t a n c e s  a b s o r b a n t  la lumi~re  d a n s  la  r6g ion  du  spec t r e  
c o r r e s p o n d a n t  ~ l ' a b s o r p t i o n  des ac ides  nuc l6 iques ,  des  
l iqu ides  darts  lesquels  les bac i l l es  i r rad i6s  p a r  les r a y o n s  
UV.  o n t  s6 journ6  24 h ~ l ' a b r i  de la lumi~re  (Courbe  2). 

L ' a n a l y s e  61ec t rophor6 t ique  de la  s u b s t a n c e  bac t6 -  
r i e n n e  m e t  en  relief le d6pa r t ,  ap r~s  u n  c e r t a i n  t e m p s  de 
s6 jour  ~ l ' a b r i  de la  lumi~re ,  des  s u b s t a n c e s  qu i  * t a i e n t  
r e s p o n s a b l e s  de l ' a c c r o i s s e m e n t  de  la dens i t6  de c h a r g e  
p a r  u n i t 6  de sur face  d a n s  les p r e m i e r s  m o m e n t s  qu i  
s u i v e n t  l ' i r r a d i a t i o n  p a r  r a y o n s  UV.  L ' a n a l y s e  spec t ro -  
p h o t o m ~ t r i q u e  des  l iqu ides  a y a n t  c o n t e n u s  ces bac i l les  
p r o u v e  en  mSme  t e m p s  la d i f fus ion  de ces s u b s t a n c e s  de  
la  celhfle b a c t 6 r i e n n e  ve r s  la  p h a s e  a q u e u s e  e t  r6v~le l eu r  
n a t u r e .  L a  p h o t o r ~ a c t i v a t i o n  poss ib le  d a n s  les p r e m i e r s  
m o m e n t s  qu i  s u i v e n t  l ' i r r a d i a t i o n  UV. des  bac i l l es  du  
fa i r  de  la  p r6sence  d a n s  la s u b s t a n c e  b a c t 6 r i e n n e  des  
f r a g m e n t s  de d 6 p o l y m ~ r i s a t i o n  de la m a c r o m o l 6 c u l e  de 
l ' ac ide  nuc l6 ique ,  es t  r e n d u  imposs ib l e  lors  du  d ~ p a r t  
(diffusion)  de ces f r a g m e n t s  ve r s  la p h a s e  aqueuse .  Ces 
o b s e r v a t i o n s  s e m b l e n t  i n d i q u e r  que  le p h 6 n o m ~ n e  de  la 
p h o t o r 6 a c t i v a t i o n  s e r a i t  li6 ~ la r d p o l y m 6 r i s a t i o n  de  la 
m a c r o m o l 6 c u l e  de l ' ac ide  d 6 s o x y r i b o n u c l 6 i q u e  p r i m i -  
t i v e m e n t  sc ind6e.  

I .  GRUNDLAND, 
H. KRZYWlCKA et  
M. CH0ffNACKI 

I n s t i t u t  de B i o c h i m i e  et B i o p h y s i q u e  P . A  .N. ,  Universi td  
de Varsovie, le 24 avri l  1957. 

S u m m a r y  

E l c c t r o p h o r e t i c  ana ly s i s  of b a c t e r i a l  s u b s t a n c e  p r o v e s  
t h e  d e p a r t u r e ,  f r o m  U V  i r r a d i a t e d  m i c r o b e s  s c r eened  
f r o m  l i gh t  for  a c e r t a i n  t ime ,  of s u b s t a n c e s  w h i c h  were  
r e spons ib l e  for  i n c r e a s i n g  t h e  c h a r g e  d e n s i t y  b y  sur face  
u n i t  d u r i n g  t h e  f i r s t  m o m e n t s  w h i c h  fol low t h e  i r r ad i a -  
t i o n  b y  U V  rays .  S p e c t r o p h o t o m e t r i c  ana ly s i s  of l iqu ids  
h a v i n g  c o n t a i n e d  t h e s e  baci l l i  p r o v e s  c o n c o m m i t a n t l y  
t h e  d i f fus ion  of t hose  s u b s t a n c e s  f r o m  t h e  b a c t e r i a l  
s u b s t a n c e  to  t h e  a q u e o u s  p h a s e  a n d  revea l s  t h e i r  n a t u r e .  
T h e  p h o t o r e a c t i v i t y  w h i c h  is poss ib le  d u r i n g  t h e  f i r s t  
m o m e n t s  fo l lowing t h e  U V  i r r a d i a t i o n  of baci l l i ,  d u e  to  
t he  p r e sence  of t h e  f r a g m e n t s  of d e p o l y m e r i s a t i o n  of 
nuc le ic  ac id  m a c r o m o l e c u l e  in  t h e  b a c t e r i a l  s u b s t a n c e ,  
b e c o m e s  i m p o s s i b l e  a f t e r  t h e  d e p a r t u r e  (diffusion) of 
t h o s e  f r a g m e n t s  to  t h e  a q u e o u s  phase .  These  o b s e r v a -  
t i ons  s eem to  show t h a t  t h e  p h e n o m e n o n  of p h o t o -  
r e a c t i v i t y  is c o n n e c t e d  w i t h  t h e  r e p o l y m e r i s a t i o n  of t h e  
m a c r o m o l e c u l e  p r i m i t i v e l y  d i v i ded  of d e s o x y r i b o n u c l e i c  
acid.  

Pro Memoria Carl Neuberg 

Editorial Note. The Nestor of biochemistry, 14 days before his 
death, had worked out the following lecture experiments on the 
ehemismus of certain fundamental biochemical processes of 
intermediary metabolism. We publish this original idea, which 
is of general and didactic interest, in memory of the great 
research worker and teacher, CARL NEUBERG. 

L e c t u r e - D e m o n s t r a t i o  n 

by 

CARL NEUBERG* 

E x p e r i m e n t a l  D e m o n s t r a t i o n  of some  f u n d a m e n t a l  
b i o c h e m i c a l  r eac t i ons** .  

(1) P h o s p h o r y l a t i o n  ; 
(2) E n z y m a t i c d e p h o s p h o r y l a t i o n ;  s i m u l t a n e o u s  f o r m a -  

t i o n  of i n so lub le  b o n e  sa l t s ;  
(3) New f o r m  of t r a p p i n g  m e t h o d  for  f i x a t i o n  of m e t a -  

bol ic  i n t e r m e d i a t e s ;  
(4) So lub i l i z a t i on  of t h e  i no rgan i c  p o r t i o n  of bones  a n d  

t e e t h  in  a n e u t r a l  m e d i u m :  
(5) H y d r o t r o p i c  so lub i l i z a t i on  of i n so lub le  m a t t e r ;  
(6) I n s t a n t a n e o u s  f o r m a t i o n  of free m i n e r a l  ac id  b y  

i n t e r a c t i o n  of two  n e u t r a l  s u b s t a n c e s :  
(7) I n s t a n t a n e o u s  o c c u r r e n c e  of t h e  c a r b a m a t e  r eac t i on .  

L a d i e s  a n d  G e n t l e m e n ,  

You  all  k n o w  well  t he  fac t s  a b o u t  w h i c h  I will s p e a k  
to  you,  b u t  n o t  all  of you  m a y  h a v e  seen  t h e  corro-  
b o r a t i n g  e x p e r i m e n t s .  

(1) P h o s p h o r y l a t i o n  was  d i s c o v e r e d  in  1905 b y  t h e  
f a m o u s  R u s s i a n  p l a n t  p h y s i o l o g i s t  LEONID IWANOFF 
a n d  desc r ibed  b y  h i m  in  F r e n c h  a n d  G e r m a n  j o u r n a l s  1. 
IWANOFF a l r e a d y  s h o w e d  t h a t  in  m a n y  cases  e spec ia l ly  
t he  b i o s y n t h e t i c a l l y  f a m e d  p h o s p h o o r g a n i c  c o m p o u n d s  
cons i s t  of p h o s p h o r i c  ac id  es te r s  of c a r b o h y d r a t e s .  
F u r t h e r  w o r k  on  t h i s  p r o b l e m  was done  b y  HARDEN 2. 
IWANOFF n e v e r  r ece ived  due  c r e d i t  for h is  i m p o r t a n t  
d i s c o v e r y  s ince h c  d id  t h e  w o r s t  t h i n g  t h a t  a r e s e a r c h e r  
c a n  do  in such  a s i t u a t i o n :  he  died.  

i w a n t  to  s h o w  you t he  f u n d a m e n t a l  p r inc ip l e  of t h e  
d i s c o v e r y  in  a n  e x t r e m e l y  s imp le  e x p e r i m e n t  as we c a n  
d e m o n s t r a t e  i t  t o - d a y  b a s e d  on  t h e  e x p e r i e n c e  of 5 de-  
cades.  

W e  s t a r t  w i t h  a 20% s o l u t i o n  of glucose,  f ruc tose  or 
sucrose.  To 100 ml  of t h i s  s u g a r  so lu t i on  we a d d  a 
f r e sh ly  p r e p a r e d ,  t h e r e f o r e  well  b u f f e r e d  so lu t i on  of 4.2 g 
s o d i u m  d i h y d r o g e n  p h o s p h a t e  d i h y d r a t e  a n d  1.1 g of 
s o d i u m  b i c a r b o n a t e  in  25 ml  wa te r .  T h e  r e s u l t i n g  125 ml  
of l iqu id  a re  s h a k e n  a t  37 ° w i t h  10 g of one  of t h e  d r i ed  
y e a s t s  n o w  c o m m e r c i a l l y  a v a i l a b l e  p lus  20 ml  c a r b o n -  

* Two weeks before he died Prof. NEUBERG gave this lecture-de- 
monstration at the New York Medical College. He spoke the intro- 
ductory and the closing remarks, his daughter I. S. FORREST read 
the lecture, his co-worker A. L. GRAUER carried out the experiments 
which she had adapted for lecture demonstration. After the lecture, 
tributes to Dr. NEUBERG were made by Dr. F. F. NORD of Fordham 
University and Dr. SEVERO OCHOA of New York University. 

** Supported by a contract of the US Atomic Energy Commis- 
sion with the New York Medical College. 

1 I. IWANOFF, Trav. Soc. Nat. St.-P6tersb. (L6ningr.) 34 (1905); 
Ber. dtsch, bot. Ges. 20, 366 (1902); Z. physiol. Chem. 39, 31 (1903); 
42, 464 (1904). 

o. A. HARDE.n, Alcoholic [ermentation (Longmans, Green & Co., 
London-New York 1032). 
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t e t r a c h l o r i d e  to  effect  p lasmolys is .  A f t e r  20 m i n  t he  c lea r  
f i l t r a t e  no  longer  r eac t s  w i t h  m a g n e s i a  m i x t u r e ,  s h o w i n g  
t he  absence  of i no rgan ic  p h o s p h a t e ,  whi le  t h e  c o n t r o l  
s a m p l e  to  w h i c h  t h e  p h o s p h o r y l a t i n g  agen t ,  dr ied  yeas t ,  
has  n o t  been  a d d e d  st i l l  g ives  a s t r o n g  M g - r e a e t i o n  for  
ino rgan ic  p h o s p h a t e .  

(2) I n  1911, t h e r e  w o r k e d  in  m y  l a b o r a t o r y  in  D a h l e m ,  
KEMAI. DJENAB 3, t h e  b r o t h e r  of ATA TURK, t h e  f i r s t  
p r e s i d e n t  of T u r k e y .  T o g e t h e r  we p u b l i s h e d  t h a t  t h e  
e n z y m e  p h o s p h a t a s e  w h i c h  is p r e s e n t  in  all  cells, in  
p a r t i c u l a r  in  m i c r o o r g a n i s m s ,  p r e c i p i t a t e s  i n so lub le  in-  
organic  c a l c ium p h o s p h a t e  f r o m  so lu t ions  of Ca-sa l t s  of 
suga r  p h o s p h a t e s .  

M a n y  a u t h o r s  soon  c o n f i r m e d  t h i s  f ind ing .  I t  f o r m e d  
t he  basis  of a t h e o r y  of ca lc i f i ca t ion  of ca r t i l age  a n d  
b o n e  f o r m u l a t e d  a few yea r s  l a t e r  b y  ROBISON 4, a n d  also 
for t he  a p p l i c a t i o n  of t h i s  r e a c t i o n  to  t h e  h i s to log ica l  
d e t e r m i n a t i o n  of p h o s p h a t a s e  r e c o m m e n d e d  in  1938 b y  
TAKA~IATSU ~ a n d  in 1939 b y  GOMORI 6. W i t h o u t  d iscus-  
s ing t h e  q u e s t i o n  of t h e  e x i s t e n c e  of v a r i o u s  p h o s p h a t -  
ases w i t h  d i f f e r e n t  p H  o p t i m a  in  t h e  acid,  n e u t r a l  or  
a lka l ine  r a n g e  a n d  d i f f e r en t  t y p e s  of p h o s p h o r y l a t i o n ,  
I wish  to  show you  t h e  bas ic  e x p e r i m e n t  w i t h  a n  e n z y m e  
p r e p a r a t i o n  f r o m  Aspergilh~s oryzae, t h e  so-cal led  T a k a -  
p h o s p h a t a s e .  T h i s  p r e p a r a t i o n  h a s  v a r i o u s  a p p l i c a t i o n s  
in i n d u s t r y  a n d  medic ine .  I t  c o n t a i n s  p h o s p h a t a s e s ,  
ac t ive  a t  v a r i o u s  p H  va lues .  As s u b s t r a t e  we use  c a l c i u m  
g l y c e r o p h o s p h a t e ,  w h i c h  is also c o m m e r c i a l l y  ava i l ab le .  
A s u i t a b l e  so lu t i on  is p r e p a r e d  b y  d i s so lv ing  4-8 g cal-  
c i um g l y c e r o p h o s p h a t e  a n d  3 g a m m o n i u m  ch lor ide  in  
100 m l  wa te r .  O n  s h a k i n g  w i t h  3 g of t h e  e n z y m e  a t  
r o o m  t e m p e r a t u r e ,  m o s t  of t h e  e n z y m e  goes i n t o  solu-  
t ion .  A t  40 ° , sol id c a l c i u m  p h o s p h a t e  s e p a r a t e s  f r o m  t h e  
c lear  f i l t r a t e s  in  a few m i n u t e s .  A t  r o o m  t e m p e r a t u r e ,  
t he  s a m e  p h e n o m e n o n  c a n  be  o b s e r v e d  a f t e r  s o m e w h a t  
longer  s t a n d i n g L  

W h i l e  we r u n  t h i s  e x p e r i m e n t ,  I sha l l  show you  t h e  
effect  in  t e s t s  w h i c h  we se t  u p  a few h o u r s  ago. 

I n s t e a d  of c a l c i u m  g l y c e r o p h o s p h a t e ,  so luble  c a l c i um  
sa l t s  of m a n y  o t h e r  o rgan ic  p h o s p h o r i c  ac id  es te r s  c a n  be  
used. Ca lc ium c a n  be  r ep l aced  b y  a n y  c a t i o n  w h i c h  
forms  inso lub le  i n o r g a n i c  p h o s p h a t e s .  I show you  he re  
the  p r e c i p i t a t i o n  of fe r r ic  p h o s p h a t e  as t h e  r e s u l t  of a n  
ana logous  e x p e r i m e n t  se t  u p  t h i s  m o r n i n g  w i t h  p h a r m a -  
c e u t i c a l l y  i m p o r t a n t  fer r ic  g l y c e r o p h o s p h a t e .  

(3) F o r  al l  b r a n c h e s  of e x p e r i m e n t a l  b io logy ,  k n o w -  
ledge of i n t e r m e d i a r y  m e t a b o l i s m  is of u t m o s t  i m p o r -  
tance .  To  e s t a b l i s h  t h e  v a r i o u s  s t eps  i n v o l v e d ,  i t  is 
u sua l ly  neces sa ry  t o  d e d u c e  t h e  f u n c t i o n  of a d d e d  com-  
p o u n d s  b y  t he  f ac t  t h a t  t h e y  p r o d u c e  t h e  s a m e  m e t a -  
bol ic  end  p r o d u c t s  as wou ld  be  e x p e c t e d  u n d e r  n o r m a l  
cond i t ions .  A p r o c e d u r e  b y  w h i c h  i n s i g h t  i n t o  m e t a -  
bo l i sm is ga ined  b y  t r a p p i n g  p r e s u m p t i v e  i n t e r m e d i a r y  
p r o d u c t s  w i t h  s u i t a b l e  r eagen t s ,  was  f i r s t  app l i ed  in 1918 
a n d  ha s  since b e e n  u t i l i zed  in  m a n y  cases  s. These  so- 
cal led t r a p p i n g  m e t h o d s  were  espec ia l ly  v a l u a b l e  in  t h e  
e luc ida t i on  of i n t e r m e d i a t e s  in  g lyco ly t i c  processes .  As 
a d e m o n s t r a t i o n  I h a v e  se lec ted  t he  c lass ical  e x a m p l e  of 

3 ,K. DJENAB and C. NEUBERG, Biocheln. Z. 82, 391 (1917). 
4 R. Romsos, Signi]icance o] phosphoric esters in metabolism 

(The New York University Press, 1933). 
5 H. TAKAMATSU, J. orient. Med. 31, 34 (1938); Trans. Soc. path. 

Japan 29, 492 (1939). 
6 G. GOMORI, Proc. Soc. exp. Biol. Med. N. Y. 42, 33 (1939). 
7 I. S. FORREST~ A. GRAUER, M. KREIDL~ and C. NEUBERG~ 

Enzymologia 17, 97 (1954). 
8 C. NEVBERG and E. REINFURTlt, Biochem. Z. 89, 865 (1918). - 

C. NEUBERG and J. HmscH, Bioehem. Z. 98, 141 (1919). - C. NEU- 
BERO, Amer. Brewer 75, 32 (1942). 

t h e  t r a p p i n g  of a c e t a l d e h y d e  w h i c h  occurs  as a n  inter-  
m e d i a r y  p r o d u c t  in  a lcohol ic  f e r m e n t a t i o n  of sugar .  

200 ml  of a 5 %  s u g a r  so lu t i on  are  f e r m e n t e d  w i t h  15 g 
d r i ed  y e a s t  or  t h e  e q u i v a l e n t  a m o u n t  of f resh  yeast .  
A n o t h e r  s a m p l e  is t r e a t e d  in  t h e  s a m e  w a y  b u t  a neu t r a l  
sul f i te  is a d d e d  as t r a p p i n g  agen t .  As soon  as f e r m e n t a -  
t i o n  s t a r t s  a n  a l i q u o t  is w i t h d r a w n  f r o m  b o t h  t e s t s  and  
a few d r o p s  of a s o d i u m  n i t r o p r u s s i d e  so lu t i on  p lus  a few 
ml  of a 5 %  d i e t h y l a m i n e  s o l u t i o n  added .  W i t h o u t  
f i l t e r ing  or  d is t i l l ing ,  i t  c a n  be  seen  t h a t  t h e  sample  
c o n t a i n i n g  sul f i te  b e c o m e s  deep  b lue  whi le  t h e  con t ro l  
so lu t i on  r e m a i n s  colourless .  To a l low us to  c a r r y  o u t  the  
e x p e r i m e n t  in  t h i s  s imple  m a n n e r ,  we use  ca l c ium sulfi te 
as t r a p p i n g  agen t .  I t  is m o r e  s t a b l e  t h a n  t h e  s o d i u m  salt  
a n d  no  a d j u s t m e n t  of p H  is n e e d e d  in  t h i s  case. Die thy l -  
a m i n e ,  l ike  a n y  s e c o n d a r y  a l i p h a t i e  amine ,  decomposes  
t h e  a l d e h y d e  d i su l f i t e  c o m p o u n d .  T h e  s u g a r  is sp l i t  ac- 
c o r d i n g  to  t h e  e q u a t i o n :  

C6H120~+ CH a ' C H O  + CO 2 + CH 2 O H '  C H O H "  CH2OH 

a n d  in t h e  p r e s e n c e  of sul f i te  t h e  i n t e r m e d i a r y  acetal-  
d e h y d e  is a c c u m u l a t e d :  

C~H1206 + Na iSOa  + H20--~ C H 3 . C H O H .  SOaNa + 
N a H C O  a + CH2OH • C H O H  • CH2OH. 

I n c i d e n t a l l y  t h i s  is t h e  p rocess  b y  which ,  d u r i n g  the  
f i r s t  W o r l d  W a r ,  g lycerol  was  p r o d u c e d  b i o s y n t h e t i c a l l y  
in  c o n s i d e r a b l e  a m o u n t s  in  i n d u s t r y .  

(4) N e x t  I w a n t  to  show you  t h e  so lub i l i z a t i on  of in- 
so lub le  s u b s t a n c e s  in  a q u e o u s  so lu t ions  a t  n e u t r a l  or 
w e a k l y  a lka l ine  pH% I m a k e  a f resh  p r e c i p i t a t e  of in- 
o rgan i c  c a l c i u m  p h o s p h a t e  a n d  you  will  see t h a t  i t  
d i sso lves  in  a 5 %  so lu t i on  of s o d i u m  n u c l e a t e  while  it 
o b v i o u s l y  r e m a i n s  in so lub le  in  wa te r .  I n  a n  ar t ic le  in  the  
Advances in  Enzymology ,  I h a v e  desc r ibed  9 di f ferent  
m e c h a n i s m s  b y  w h i c h  v a r i o u s  n a t u r a l l y  occurr ing 
s u b s t a n c e s  c a n  be  b r o u g h t  i n to  so lu t i on  a t  n e u t r a l  or 
w e a k l y  a lka l ine  pHl° .  T h e  t h e o r e t i c a l  bas is  for  these 
so lub i l i z a t i on  p h e n o m e n a  is n o t  qu i t e  s imple .  I n  general  
t e rms ,  i t  is a q u e s t i o n  of f o r m a t i o n  of m o l e c u l a r  complexes  
of h i g h e r  o rde r  b u t  n o t  necessa r i ly  a lways  che la tes .  

To  30 m l  of a 0.1 M s o l u t i o n  of CaCI 2, I add  20 
m l  0.1 M d i s o d i u m h y d r o g e n  p h o s p h a t e .  To one half 
of t h e  r e s u l t i n g  s u s p e n s i o n  of t r i c a l c i u m  p h o s p h a t e ,  I 
a d d  75 m l  w a t e r  a n d  to  t h e  o t h e r  ha l f  75 ml  of 5% 
s o d i u m  n u c l e a t e  so lu t ion .  T h e  s a m p l e  w h i c h  con ta ins  
t h e  n u c l e a t e  b e c o m e s  p e r f e c t l y  clear .  Sa l t s  of A T P  and  
o t h e r  n u c l e o t i d e s  show t h e  s a m e  b e h a v i o u r .  The 
n u m b e r  of poss ib le  ' s o l v e n t s '  w h i c h  ef fec t  t h e  solubil iza- 
t i on  of such  p r e c i p i t a t e s  is e n o r m o u s .  

(5) A l t h o u g h  h y d r o t r o p y  m a y  b e  cons ide red  as one 
specia l  p h e n o m e n o n  of t h e  gene ra l  p r o b l e m  of solubil iza- 
t i o n  of i n so lub le  m a t t e r  in  n a t u r e ,  I s t i l l  w a n t  to  expla in  
t h e . r e a c t i o n  b y  s h o w i n g  you  a n  e x a m p l e .  W h e n  aqueous 
so lu t ions  of a lka l i  sa l t s  of m a n y  a l i pha t i c ,  a r o m a t i c  and 
h y d r o a r o m a t i c  ac ids  are  a d d e d  to  wa te r ,  insoluble  
s u b s t a n c e s  a re  b r o u g h t  i n t o  t h e  a q u e o u s  phase .  This 
g r o u p  of so lub i l i z ing  a g e n t s  inc Iudes  t h e  n i t r o g e n  free 
ac ids  f o r m e d  on p u t r e f a c t i o n  of a m i n o  acids.  Syn the t i c  
c o m p o u n d s  in w h i c h  t h e  c a r b o x y l i c  ac id  g roup  has  been 
r ep l aced  b y  a su l fon ic  ac id  g r o u p  show t h e  s a m e  effect. 

9 C. NEUBERG and I. ROBERTS, Arch. Biochem. S0, 185 (1949). - 
I. MANDL, A. GRAUER, and C. NEUBERO, Bioehim. biophys. Aeta S, 
654 (1953) and 10, 540 (1953). 

lo I. MANDL and C. NEUBEFtO, Advanc. Enzymol. 17, 135 (1956). 
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This proper ty  described in detail in 1916 n led to the 
development  of modern detergents when the technical 
production of higher aliphatie alcohols was perfected in 
the United States. 

For the demonstra t ion I chose instead of Na-benzoate,  
which is a common product  of metabolism, the related 
sodium salt of the medically impor tan t  or tho-hydroxy- 
benzoic acid, sodium salicylate. To 10 ml isoamyl alcohol, 
i add 10 ml of a 25o/o sodium salicylate solution. As you 
see, a clear solution is obtained immediately.  The same 
is true when aniline and sodium salicylate are mixed. If 
I now add water  to these clear solutions, separation into 
the components takes place. 

(6) Back in 1825, W6HLER 12 made a fundamental  
discovery. He showed tha t  in living organisms .the neu- 
t ral  alkali salts of hydroxy  acids ingested with vegetable 
intake are converted into alkali carbonates. Interpreted 
on the basis of modern concepts, this would mean tha t  
successively liberated CO s, first emerging in the form of 
alkalibicarbonate,  is converted into carbonate by 
enzymatic  action of carbonic anhydrase. Through this 
conversion of salts of hydroxy acids, such as lactic, 
citric, tartaric,  malic acids etc. into alkalicarbonates, the 
organism has a means of regulating the pH in the cells. 
On the other hand, hardly any reactions in which neutral  
substances are converted into acidic ones have been 
known. Recent ly  we described a large number  of me- 
chanisms for the simple formation of strong mineral 
acids on mixing two neutral  substances. This can be 
demonstrated for all thiol compounds, dicarbonyl 
compounds, salts of keto acids etc. tS. 

Mercapto compounds, such as cysteine or glutathione 
in the form of their neutral salts, when mixed with cupric 
chloride at  almost neutral  pH immediate ly  produce flee 
HCI. Vv'ithout presuming tha t  this might  explain the 
mechanism of HC1 production in the stomach, we be- 
lieve tha t  this reaction provides the ce l lwi th  a universal 
means of procuring H-ions instantaneously.  

In the exper iment  tha t  I shall show you, sodium as- 
corbate is mixed with CuC1 v Free HC1 and cuprous 
chloride form according to the equat ion:  2 CuC12 + H 2 
2 CuC1 + 2 HC1. Cuprous chloride as such is insoluble 
in water. If  sodium chloride is added a water-soluble 
NaC1-CuCI complex forms and the mixture  remains 
clear. The reaction mixture  contains free HC1 which can 
be determined electrometricai ly or simply with congo 
paper. 

A mixture  of 20 mt 0.1 M Na-ascorbate,  10 ml saturat-  
ed sodium chloride solution and 40 ml 0.1 ~I  cupric 
chloride solution immediate ly  changes congo paper to 
a deep blue. I t  is well known tha t  cupric ions are cell 
consti tuents of biological significance. Actual ly the salt  
of any metal  with various states of oxidat ion can be 
used. Since in air the cuprous salt  becomes reoxidized 
this reaction represents a continuous system. By the 
same principal all acids of physiological significance, 
hydrochloric, sulfuric, nitric, phosphoric, thiocyanic, 
may become available to the cell by this instantaneous 
reaction. 

(7) ERLENMEYER 1~ in 1875 made an observation the 
importance of which was not recognized by his con- 

11 C. NEUBERG, Biochem. Z. Z6, 107 (1916). 
12 F. W6HLER, Z. Physiol, 1, 305 (1825). 
13 I. S. FORREST, A. GRAUER, M. KREIDL, and C. NEUBERG, Arch. 

Biochcm. Biophys. 55, 555 (t955). 
14 E. ERLENMEVER. and O. SmOEL, Liebigs Ann. 177, 1o8 (1875). 

temporaries or later workers in this field. ERLENMEYER 
found that alkaiiearbouate can add on to the or-amino 
group of synthet ic  e-amino caprylic acid forming the 
salt of a carbamino carboxylic acid. La ter  workers prepar- 
ed alkaline ear th  salts of N-earboxy amino acids by 
bubbIing CO s for hours or days into mixtures  of amino 
acids and alkaline ear th  hydroxides a t  pH  13.5 with 
thorough ice cooling. For  analytical  purposes, NEUBERG 
and ISmDA 15 had published in 1911 tha t  instantaneous 
precipitat ion of e-amino acids at room tempera ture  can 
be accomplished with a mixture  of mercuric acetate  and 
sodium carbonate.  The reaction results in the formation 
of a basic mercuric carbamate,  which, in the case of 
alanine, may be formulated 

CHa • CH-CO2.~ . • O. 

N~H_COs/ Hg Hg 

Wi th  the aid of this reaction, we can show the instantane- 
ous precipitat ion of carbamates  which are present in 
urine and blood. The reaction takes place at  neutral  pH 
under physiological conditions at room temperature.  

I shall showyou the experiment.  To 10 ml o f M  alanine 
solution we add 10 ml potassium carbonate solution. If 
we now add 30 ml of a solution containing 160 g mercuric 
acetate per li ter of methanol,  a precipitate immediate ly  
separates. The amino acid itself is not precipitated by the 
reagent. If, however, any soluble carbonate is added, a 
dense precipitate of pure white flakes immediate ly  
separates. In the absence of the amino acid, the alkali- 
carbonate solution forms a yellowish-red basic mercuric 
acetate  precipitate is. 

Ladies and Gent lemen-- this  is the end. I hope to 
have demonstra ted to you tha t  impor tan t  biochemical 
reactions take place a t  great  speed. Under  physiological 
conditions, such reactions undoubtedly proceed mo- 
mentarily.  This s t a tement  by LIEBIG ahvays remains 
valid:  ' In  a comprehensive view of the phenomenon of 
nature, we have no scale for tha t  which we are accustom- 
ed to name small or grea t . . .  Tha t  which is scarcely 
observable in a confined district appears inconceivably 
large when regarded in its extension through unlimited 
space'. The sentence refers to the continuous solution of 
phosphates by the cataracts  of the River  Nile to which 
the almost legendary fert i l i ty of the Nile Valley is 
ascribed. 

Zusammenfassung 

Es werden einfache Vorlesungsversuche beschrieben 
ftir Phosphorylierung. Dephosphorylierung,  Abfang- 
methode, Aufl~Ssung des anorganischen Bestandteils  yon 
Knochen und ZAhnen in neutra lem Medium, Hydrot ro-  
pie, momentane  Bildung freier S~ure beim Zusammen- 
bringen yon zwei neutralen Substanzen, momentanen  
Ein t r i t t  der Carbamatreaktion.  Die einzelnen Reakt io-  
hen wurden derart  modifiziert, dass sic in einer etwa 
einstiindigen Vorlesung vorgefiihrt  werden kSnnen. 

Is C. NEUBER~ and M. ISHIDA, Biochem. Z. 37, 142 (1911). 
16 C. NEUBERG, A. GRAUER, and M. KREIDL~ Arch. Biochem. 

Biophys. 58, 169 (1955). 


