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An Act ion  of A d e n o s i n e  3",5"-Monophosphate  on G l u c o s e  M e t a b o l i s m  of Rabbi t  Bra in  S l i ce s  

A d e n o s i n e  Y, 5 ' - m o n o p h o s p h a t e  (AMP)  is k n o w n  to  
a c t i v a t e  p h o s p h o r y l a s e  ~, w h i c h  a c t i v a t e s  g l y c o g e n o l y s i s  2. 
A M P  a lso  a c t i v a t e s  l ipase ,  t h u s  i n d u c i n g  a l i p o l y s i s  a. 
T h e s e  m e c h a n i s m s  c a u s e  a t r a n s i e n t  h y p e r g l y c e m i a  4 a n d  
a l o n g e r  l a s t i n g  r e d u c t i o n  of  f a t t y  a c i d s  in  t h e  p l a s m a  5. 
I n  v i t r o ,  A M P  w a s  f o u n d  t o  i n h i b i t  t h e  g r o w t h  of  H e L a  
a n d  s t r a i n  L cel ls  in  c u l t u r e  a. 

S ince  t h e  b r a i n  is t h e  m a m m a l i a n  t i s s u e  w i t h  t h e  
h i g h e s t  a b i l i t y  to  s y n t h e s i z e  A M P  7, we  h a v e  s t u d i e d  t h e  
i n f l u e n c e  of  A M P  on  t h e  g l u c o s e  m e t a b o l i s m  of r a b b i t  
b r a i n  s l ices .  

Method. T h e  d e t a i l e d  m e t h o d  is d e s c r i b e d  in  a p r e v i o u s  
p a p e r  8. Sl ices  f r o m  t h e  r a b b i t  f o r e b r a i n  of  a t h i c k n e s s  o f  
l ess  t h a n  0.3 m m  were  p r e p a r e d  a t  a t e m p e r a t u r e  n e a r  
0~  T h e  m e t a b o l i s m  w a s  m e a s u r e d  u s i n g  W a r b u r g ' s  ~ 
n e w  m a n o m e t r i c  t w o - v e s s e l  m e t h o d .  T h e  t e m p e r a t u r e  
w a s  38 ~ t h e  a t m o s p h e r e  w i t h i n  t h e  v e s s e l s  c o n s i s t e d  o f  
N 2 - O 2 - C O  2 (75 20-5) ,  t h e  CO2 p a r t i a l  p r e s s u r e  w a s  k e p t  
c o n s t a n t  o v e r  t h e  p e r i o d  of  t h e  e x p e r i m e n t .  T h e  f i r s t  
m a n o m e t e r  r e a d i n g s  were  t a k e n  b e t w e e n  95 a n d  105 m i n  
a f t e r  t h e  d e a t h  o f  t h e  a n i m a l s .  T h e  c o m p o s i t i o n  o f  t h e  
i n c u b a t i o n  m e d i u s  w a s :  NaC1 (106 m2P/), KC1 (4.7 m3I) ,  

The influence of adenosine 3' ,5 '-monophosphate (AMP) on aerobic 
glyeolysis and respiration of rabbit-brain Miees 
(a) Glycolysis. QM ~[• COo from glycolysis/mg dry weight/h~ ~ 

Experiment Before After addition 
addition 

0-30 inin 30 70 inin 71) 120 rain 

(1) Control +2.6  +1.6 +1.4  +2.1 
1.0 m~I AI\IP I-8.0 q 0.3 0.2 

(2) Control +3.1 +2.4 q 1.8 q 2.3 
1.0 TnAI AMP +8.6 +2.4 +0.5 

(3) Control +2.2 +2.0  +2.7 +2.5 
0.5 mM AMP +9.5 +0.8 0.3 

(4) Control +1.7 + 2 . 2  +0.8 q 1.1 
0.1 m~l  AMP -I-1.4 +0.5 +0.3 

(5) Control + 3.9 + 3.4 + 3.5 + 3.1 
0.0l m M  AMP +3.0 +3.3 +3.0 
0.1 m M  AMP +2.4  +1.8 ~2.2 
1.0 mM AMP + 7.8 +1.2 +0.4 

CaC1 e (2.5 mM) ,  MgSO4 (0.8 raM), K H 2 P O  4 (0.3 m M ) ,  
N a 2 H P O  4 (1.2 m M ) ,  N a H C O  a (25 m M ) ,  a n d  g l u c o s e  
(2 m g / m l ,  1 m g / m l ,  0.5 m g / m l ,  r e s p e c t i v e l y ) .  A s  a c o n t r o l ,  
t h e  p r o d u c t i o n  of  l a c t i c  a c i d  a n d  t h e  c o n s u m p t i o n  o f  
g l u c o s e  w e r e  d e t e r m i n e d  b y  a n a l y s i s  o f  t h e  i n c u b a t i o n  
s o l u t i o n s  w i t h  t h e  spec i f i c  l a c t a t e  d e h y d r o g e n a s e  a n d  
h e x o k i n a s e / g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  o p t i c a l  
m e t h o d s .  

Results and discussion. A s  p r e s e n t e d  in  t h e  T a b l e  (a) 
a n d  (b), t h e  i n f l u e n c e  of  A M P  o n  t h e  g l u c o s e  m e t a b o l i s m  
of  r a b b i t  b r a i n  s l ices  w a s  i n v e s t i g a t e d  b y  m e a s u r i n g  t h e  
a e r o b i c  g l y c o l y s i s  a n d  r e s p i r a t i o n  in  v i t r o .  T h e  i n f l u e n c e  
o f  A M P  o n  t h e  g l u c o s e  m e t a b o l i s m  d e p e n d s  u p o n  t h e  c o n -  
c e n t r a t i o n  of  A M P  w i t h i n  t h e  i n c u b a t i o n  m e d i u m .  

(1) I) .5-1.0 m M  A M P  ( e x p e r i m e n t s  1, 2, 3 a n d  5, p r e -  
s e n t e d  in  t h e  T a b l e ) .  D u r i n g  t h e  f i r s t  30 r a in  a f t e r  t h e  
a d d i t i o n  o f  A M P  t h e  ae rob i c  g l y c o l y s i s  i n c r e a s e d  s t r o n g l y  
a n d  t h e  r e s p i r a t i o n  i n c r e a s e d  s l i g h t l y .  L a t e r  o n  t h e  
g l y c o l y s i s  c o m p l e t e l y  s u b s i d e d ,  w h e r e a s  t h e  r e s p i r a t i o n  
w a s  f u r t h e r  s t i m u l a t e d .  

(2) 0.1 m 3 I  A M P  ( e x p e r i m e n t s  4 a n d  5). I m m e d i a t e l y  
a f t e r  t h e  a d d i t i o n  o f  A M P  no  i n c r e a s e  of  t h e  a e r o b i c  
g l y c o l y s i s  c o u l d  be  f o u n d  ( p e r h a p s  t h e  s t i m u l a t i o n  p e r i o d  
is t o o  s h o r t  to  be  o b s e r v e d  b y  a c o n v e n t i o n a l  m a n o m e t r i c  
m e t h o d ) .  T o w a r d s  t h e  e n d  of  t h e  e x p e r i m e n t  a n  i n h i b i t i o n  
of  t h e  g l y c o l y s i s  t o o k  p lace .  I n  o n e  e x p e r i m e n t  t h i s  i n h i -  
b i t i o n  w a s  c o m p l e t e ,  in  a n o t h e r  i t  w a s  o n l y  p a r t i a l .  T h e  
r e s p i r a t i o n  w a s  a l w a y s  e n h a n c e d .  

(3) 0.01 m M  A M P  ( e x p e r i m e n t  5). A t  t h i s  c o n c e n t r a -  
t icm t h e r e  o n l y  s e e m e d  to  be  a s l i g h t  s t i m u l a t i o n  of  t h e  
r e s p i r a t i o n .  T h e  g l y c o l y s i s  w a s  n o t  i n f l u e n c e d .  

F i g u r e s  1 (a a n d  b) a n d  2 (a a n d  b) d e m o n s t r a t e  t h e  
i n f l u e n c e  of  1.0 m 3 ' /  a n d  0.1 m M  A M P  o n  t h e  in  v i t r o  
m e t a b o l i s m  of  r a b b i t  b r a i n  s l ices .  T h e  t i m e  c o u r s e  of  t h e  
a c t i o n  of  A M P  is n o t  e x a c t l y  t h e  s a m e  in  all e x p e r i m e n t s ,  
b u t  t h e  e f f e c t s  a r e  wel l  r e p r o d u c i b l e .  A n  e x p l a n a t i o n  of  
t h e  e f f e c t s  is n o t  y e t  pos s ib l e ,  b u t  o u r  o b s e r v a t i o n s  
e x p l a i n  t h e  i n h i b i t o r y  a c t i o n  of  A M P  on  cell  g r o w t h  in  
v i t r o :  i t  is t h e  i n h i b i t i o n  of  a e r o b i c  g l y c o l y s i s  t h a t  in -  
h i b i t s  cell m u l t i p l i c a t i o n  v i a  a de f i c i t  of  e n e r g y .  T h i s  
e x p l a n a t i o n  is s u p p o r t e d  b y  t h e  g o o d  a g r e e m e n t  b e t w e e n  
t h e  m i n i m m n  c o n c e n t r a t i o n s  n e c e s s a r y  for  i n h i b i t i o n  : t h e  
l e a s t  c o n c e n t r a t i o n  r e q u i r e d  for  a n  i n h i b i t i o n  of  cel l  
g r o w t h  is 0.12 m 3 l  A M P  p e r  l i t r e  a n d  t h e  m i n i l n u m  c o n -  
c e n t r a t i o n  for  t h e  i n h i b i t i o n  of  t h e  g l y c o l y s i s  of  r a b b i t  
b r a i n  s l ices  is a l so  n e a r  0.1 m l l J  A M P  p e r  l i t re .  

A f t e r  c o m p l e t i o n  of  o u r  e x p e r i m e n t s  a n  i n t e r e s t i n g  
b i o c h e m i c a l  a c t i o n  of  A M P  w a s  r e p o r t e d  b y  MIYAMOTO, 

(b) Respiration. Qo 2 [[• dry weight/h i 

(1) Control --4.7 --3.9 --4.1 3.6 
1.0 m M  AM P --3,8 --5.5 --5.3 

(2) Control 3.8 --3.2 5.3 --4.1 
1.0 m M  AMP --4.0 -6.4 6.4 

{3) Control --4.4 --3,2 --2.9 --4.3 
0.5 m M  AMP 4.0 --6.4 5.6 

(4) Control 4.7 ---3.9 - 4.3 4.2 
0.1 m M  AMP 4.4 4.2 -4.3 

(5} Control 5.0 3.8 4.2 --4.0 
0.0l n~]lI AMP - -4,8 4.5 --4,1 
0.1 m M  AMP --5.4 - -5.1 - -4.8 
1.0 m M  AMP --4.4 6.0 4.7 

Calculated from tim total COe and the ().a amounta with the assump- 
tion of a respiratory quotient of 1,0. For experimental conditions see 
text. 
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Fig. 1. T ime course of (a) aerobic glycolysis and (b) respirat ion of 
rabbit-brain slices. ~, addition of adenosine 3',5'-monophosphate 
(AMP), final concentration 1 raM; �9169 control; � 9 1 6 9  presence 
of AMP. 
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Fig. 2. Time course of (a) aerobic glycolysis and (b) respiration of 
rabbit-brain slices in the presence of 0.1 mM AMP. For symbols see 
Figure 1. 

Kuo ,  and GREENGARD 10. They  found t h a t  b ra in  p ro te in  
kinase was still  s t imu la t ed  by  a concen t ra t ion  of 0.0005 
m M  AMP per  l i tre incuba t ion  solution.  

Zusammen]assung. Der Einf luss  yon  Adenos in -3 ' , 5 ' -  
m o n o p h o s p h a t  (AMP) auf  den  Glukosestoffwechsel  yon 
Grossh i rn r indenschn i t t en  des Kan inchens  wurde  unter -  
sucht .  0.1 bis 1 m M  A M P  pro  Li ter  Incuba t ions l6sung  
s t imul ieren  die A t m u n g  der  Schni t te .  Die aerobe Glyko-  
lyse der  Schn i t t e  wird  du rch  0,5 bis 1 m M  AMP anf~ng- 

lich s ta rk  geste iger t  und  nach  ca. 30 min  v611ig gehemmt .  
0.1 m M  AMP h e m m t  die Glykolyse lediglich. 

J. DITTMANN and  H.-D. HERRMANN 11 

Neurochirurgische Universitiitsklinik, 
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The Properties of Neuraminidase-Treated Crystalline Ceruloplasmin 

Although  the  g lycopro te in  na tu re  of ceruloplasmin has  
been  descr ibed 1, 2, l i t t le is known  of the  signif icance of the  
c a r b o h y d r a t e  mo ie ty  for t he  func t ion  of th is  copper-  
con ta in ing  prote in .  In  a recen t  repor t  by  MORELL et al.~, 
it  has  been shown t h a t  sialic-acid residues of cerulo- 
p l a smin  p ro t ec t  t he  p ro te in  f rom being rap id ly  incor- 
po ra t ed  in to  t he  liver. In  t he  p resen t  inves t iga t ion  the  
impor t ance  of sialic-acid res idues  of ceruloplasmin for its 
oxidase  act iv i ty ,  phys ica l  proper t ies  and inhib i t ion  of 
viral  hemagg lu t ina t ion  has  been studied.  

Ceruloplasmin was ob ta ined  in a par t ia l ly  purif ied form 
f rom AB Kabi ,  S tockholm (re t roplacenta l  source) and  re- 
crysta l l ized 3 t imes  according to the  m e t h o d  of DEUTSCH 4. 
I t  had  absorbance  ra t io  (A2s0:Asl0) of 23.2 and appeared  
as one single p ro te in  band  upon  electrophoresis  and  ul t ra-  
cent r i fugat ion .  L ibera t ion  of sialic-acid residues was ob- 
t a ined  by  t r e a t m e n t  of ceru loplasmin  wi th  neuramin idase  
e i ther  f rom Cl. per/ringens (Type V enzyme  f rom Sigma) 
or f rom V. cholerae (General Biochemicals) .  Sialic acid 
was de t e rmined  by  the  t h i o b a r b i t u r a t e  m e t h o d  of 
WARREN 5. The to ta l  sialic acid de t e rmined  by  hydro lys is  

in 0 .1N H2SO 4 (Figure 1) a m o u n t e d  to 13 moles per  mole 
ceru loplasmin  (according to M.W. of 160,0006) while 9 
moles sialic acid per  mole cru loplasmin was r emoved  en- 
zymat ica l ly  by  t r e a t m e n t  w i th  neuraminidase .  This 
value for sialic acid as well as the  co n t en t  of glucosamine~ 
(23 moles), hexose s (26 moles) and  fucose 9 (4 moles) in 
th is  p repa ra t ion  of crysta l l ine  ceruloplasmin are of the  
same order  of magn i tude  as r epor ted  for ceruloplasmin 
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