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The Development of Pyruvate Kinase, Glycerol 
Activities in Liver and Adipose Tissue of the Rat 

B i r t h  in  t h e  r a t ,  as  in  o t h e r  m a m m a l i a n  species, 
i n v o h ,  es a s u d d e n  c h a n g e  in  t h e  diet ,  m i lk  b e i n g  a h i g h  
f a t  d i e t  1. I n  t h e  suck l ing  pe r iod  c a r b o h y d r a t e s  a re  in  
s h o r t  s u p p l y  a n d  a n u m b e r  of changes  in e n z y m e  ac t iv i t i e s  
o b s e r v e d  in  t h a t  pe r iod  m a y  be  e x p l a i n e d  b y  t h a t  fac t  ~,3. 
T h e  3 e n z y m e s  e x a m i n e d  in  t h i s  w o r k  were  chosen  for t h e  
fol lowing reasons .  

(1) P h o s p h o e n o l p y r u v a t e  c a r b o x y k i n a s e  (E.C. 4.1.1.32) 
is decis ive  for  g luconeogenes is  f r o m  p y r u v a t e  a n d  K r e b s  
cycle i n t e r m e d i a t e s  f o r m i ng  p h o s p h o e n o l p y r u v a t e  ( P E P )  
a n d  CO~ f rom oxa loace ta t e .  I t  was  to  be  expec t ed  t h a t  
t h e  h i g h  fa t  m i lk  d ie t  wou ld  induce  f o r m a t i o n  or ac t iva -  
t i on  of t h i s  enzyme .  

(2) P y r u v a t e  k inase  (E.C. 2.7,1.40) serves  t h e  oppos i te  
purpose ,  b e i n g  one  of t he  r a t e - l i m i t i n g  enzymes  of glycoly-  
sis a n d  b r e a k i n g  d o w n  P E P  to  p y r u v a t e ,  W e  e x p e c t e d  
low a c t i v i t y  in  t h e  suck l ing  per iod.  

(3) Glycero lk inase  (E.C. 2.7.1.30) fo rms  g l y c e r o p h o s p h a t e  
f r o m  glycerol  a n d  A T P  a n d  is i m p o r t a n t  for t h e  f u r t h e r  
m e t a b o l i c  fa te  of glycerol  w h i c h  shows a h i g h  level  in  t he  
b lood  of suck l ing  an im a l s  ~. H i g h  a c t i v i t y  in  t h e  suckl ing  
pe r iod  was  expec ted .  

M a t e r i a l  a n d  method .  All 3 e n z y m e  ac t iv i t i e s  were  de ter -  
m i n e d  in  t h e  h i g h  speed s u p e r n a t a n t  (75,000 g, M S E  
cent r i fuge)  of t h e  l iver  a n d  b r o w n  a n d  w h i t e  ad ipose  
t issues.  P E P  caxboxyk inase  was  d e t e r m i n e d  accord ing  
to  4 p y r u v a t e  k inase  acco rd ing  to  5 a n d  glycerol  k inase  
acco rd ing  to  6. The  o x i d a t i o n  or  r e d u c t i o n  of N A D  was 
m e a s u r e d  w i t h  a Ca lb i om e t e r  i n s t r u m e n t  (Ca lb iochem 
California) .  P r o t e i n  c o n t e n t  was  d e t e r m i n e d  acco rd ing  
to  ~ 

Resu l t s .  P E P  c a r b o x y k i n a s e  a c t i v i t y  was no t  found  in  
w h i t e  ad ipose  t issue.  Th i s  is in  a g r e e m e n t  w i t h  o t h e r  
work  s & N e v e r t h e l e s s  we agree  w i t h  t he  conc lus ion  of 
LEVEILLE 9 t h a t  p r o b a b l y  t h e  a s say  cond i t i ons  a re  n o t  
o p t i m a l  a n d  t h a t  in  all  p r o b a b i l i t y  t h i s  e n z y m e  is p r e s e n t  
in  w h i t e  ad ipose  t issue,  as  follows also f rom t h e  incorpora -  
t i on  of l abe l led  p y r u v a t e  i n t o  g lycer ide  glycerol  9 a n d  our  
u n p u b l i s h e d  work.  

T h e  e n z y m e  was  found  to  be  p r e s e n t  in  b r o w n  ad ipose  
t i ssue  a n d  a c t i v i t y  is s o m e w h a t  h i g h e r  in t h e  suck l ing  
pe r iod  t h a n  l a t e r  in  l ife (Table) .  

I n  t h e  l iver  P E P  c a r b o x y k i n a s e ,  a c t i v i t y  is v e r y  low 
before  b i r t h  a n d  rises r a p i d l y  a f t e r  b i r t h ,  dec reas ing  a g a i n  

Kinase and Phosphoenolpyruvate Carboxykinase 

a f t e r  w e a n i n g  (day  30). T h e  r ise a f t e r  b i r t h  h a s  b e e n  
desc r ibed  p rev ious ly  (GREENBERG a n d  CHRISTIANSEr¢, n o t  
pub l i shed) .  

P y r u v a t e  k inase  a c t i v i t y  in  w h i t e  ad ipose  t i ssue  shows  
n o  d e v e l o p m e n t a I  changes .  Su rp r i s ing ly  enough ,  in  b r o w n  
ad ipose  t i s sue  a c t i v i t y  inc reases  to  a p e a k  in  t h e  suck l ing  
pe r iod  a n d  t h e n  falls off again .  

I n  t he  l iver,  a c t i v i t y  is low in t h e  suck l ing  pe r iod  a n d  
rises in o lder  an imals ,  as desc r ibed  b y  WEBER x°. W e  f ind,  
however ,  t h a t  p r e n a t a l l y  a c t i v i t y  is r e l a t ive ly  h igh ,  h i g h e r  
t h a n  soon a f t e r  b i r t h .  

Glycerol  k inase  a c t i v i t y  in  w h i t e  a n d  b r o w n  ad ipose  
t i s sue  ha s  b e e n  desc r ibed  p rev ious ly  n .  I n  fe tM liver,  
a c t i v i t y  is v e r y  low a n d  a r e l a t i ve ly  r ap id  rise is obse rved  
a f t e r  b i r t h  u p  to  d a y  10. Af t e r  w e a n i n g  a f u r t h e r  increase  
in a c t i v i t y  is found.  

D i s c u s s i o n .  The  resu l t s  descr ibed  here  can  be  f i t t ed  
in to  t h e  genera l  p i c tu r e  of m e t a b o l i c  d e v e l o p m e n t  in  
r e l a t i on  to  food compos i t ion .  T h e  liver,  b e i n g  t h e  m a i n  
source of b lood  glucose, is forced to  p roduce  r e l a t i ve ly  
more  of t h a t  s u b s t a n c e  a f t e r  b i r th ,  s ince l i t t l e  ca rbo-  
h y d r a t e  is suppl ied  in t h e  milk.  Glucose" p r o d u c t i o n  f rom 
g lycogen  is l im i t ed  a f t e r  b i r t h  because  l iver  g lycogen 
s tores  are  soon e x h a u s t e d  I a n d  so g luconeogenes is  re- 
m a i n s  as t he  m a i n  m e c h a n i s m  for  glucose fo rma t ion .  I n  
a g r e e m e n t  w i t h  this ,  glucose b r e a k d o w n  in  t h e  l iver  
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Enzyme activities in liver and adipose tissue of the rat during development 

No, of days PEP kinase/Jmol P/mg 
protein]6 min 

Liver Brown fat 

Pyruvate kinase #tool NAG/rag protein/min 

Liver Brown fat White fat 

Glycerol kinase 
/*molNAD/mg 
protein]20min 

Liver 

19 (fetus) 0.06 q- 0.02 7.02 4. 1.2 
21 (fetus) 0.15 -4- 0.014 0.5 4. 0.12 1.9 4. 0.4 6 4- 1.7 

1 0.22 4- 0,021 0.5 q- 0.10 1 :J: 0.1 7 4. 1.3 
3 0.37 -t- 0.041 0.5 -t- 0,11 1 d: 0.05 10 :t: 0.7 
6 0.57 4. 0.05 0.5 -4- 0.12 1.3 4. 0.06 10 4. 0.6 

10 0.31 4. 0.05 0.5 4- 0,04 1.0 4. 0.05 14 4- 0.8 
18 0.12 4- 0.02 0.4 4. 0.09 3.1 4. 0.3 11 -t- 1.0 
30 0.12 4. 0.03 0.5 ! 0,08 3.2 4. 0.2 8 4. 0.5 
40 0.12 4- 0.02 0.2 :t: 0.08 3,0 4- 0.3 8 4. 0.5 
90 0.12 4. 0.04 - 3.0 4. 0.2 - 

3.6 4. 0.9 

3.8 4- 1.1 

3.3 ]_ 0.5 

3.4 4. 0.4 

0.04 ~ 0.003 

0.04 4- 0.001 
0.14 4- 0.015 
0.16 4- 0.012 
0.28 4. 0.011 
0.26 4. 0.013 
0.24 4. 0.030 
0.38 4. 0.018 
0.34 4. 0.012 

4-10 determinations were made for each result shown. 
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(pyruvate kinase) is decreased after birth. I t  must be 
pointed out  in this connection tha t  WEBER'S hypothesis 
of the genetic control of key glycolytic enzymes does not  
hold in the case of pyruvate  kinase, since act ivi ty  of this 
enzyme is high before birth. Hence i t  is unlikely tha t  
glucokinase, phosphofructokinase and pyruvatkinase are 
all controlled by the same gene. 

The low act ivi ty of glycerol kinase in the livers of fetal 
and new-born rats explains our previous finding tha t  
glycerol is a poor precursor of liver glycogen in very 
young rats L 

Zusammen/assung. Es wird gezeigt, dass in der Leber 
die Akt iv i ta t  der PEP-Kinase  und tier Glycerolkinase 

nachgeburtlich ansteigt. Im braunen Fettgewebe f~tllt die 
l~EP-Kinaseaktivit~t naeh dem 40. Tag ab. Sie fehlt im 
weissen Fettgewebe. Die Pyruvatkinaseaktivi t l i t  fltllt in 
der Leber nach der Geburt ab, w~ihrend sie im braunen 
Fettgewebe ansteigt. 

PH. HAHN and R. GREENBERG 
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I n h i b i t i o n  of T y r o s i n e  D e g r a d a t i o n  in v i v o  b y  the  

NSD-1034 (N-methyl-N- (3-hydroxybenzyl) hydrazine 
dihydrogen phosphate) x belongs to the most potent inhibi- 
tots of the aromatic L-amino acid decarboxylase ~-~. I t  al- 
most completely inhibits the decarboxylation of dopa but  
does not  influence hydroxylation of tyrosine. NSD-1034 
was therefore used in demonstrating dopa formation in 
vitro ~,~ and in our own experiments in vivoS, L Besides 
this we found tha t  tyrosine catabolism is extensively in- 
hibited by, this substance. 

Experiments  were performed with 4 cocks (weight 
approx. 1 kg) and 6 cats (weight 1.6-3.2 kg). The animals 
were injected i.p. (cock) or i.v. (cat) with NSD-1034 
(100 mg/kg), which was dissolved in 2 ml 0.9% NaCl-solu- 
tion. 20 rain later 50 mc/kg H~-3,5-L-tyrosine (spec. 
ac t iv i ty  > t5,000 mc/mMole, dissolved in 10 ml saline) 
was injected i.v. The radioactive tyrosine was synthetized 
according to BIRKOFER and HEMPEL l°. 20--30 rain after 
administration of the labelled tyrosine the animals were 
sacrificed and varibus organs (suprarenals, brain stem, 
cortex, heart, liver and blood) were removed. In addition, 
samples of venou~ blood were taken a t  different t imes 
after H~-tyrosine injection. The cocks were anaesthetized 
with urethane (1 g/kg), the cats with ether. The controls 
were injected with HS-tyrosine only. 

The compounds soluble in 10% trichloroacetic acid 
(= acid-soluble fraction) were isolated and fractionated. 
In the following tex t  the main steps of fractionation are 
summarized; details of the method are given elsewhereL 
Firstly by extraction with ethyl acetate, compounds solu- 
ble in the organic phase were removed (ester fraction). 
Presumably this fraction included catabolites of H a- 
tyrosine, such as p-OH-phenylpyruvic acid and homogent- 
isic acid. No a t tempt  was made £o identify the individual 
compounds in this mixture. By evaporation to dryness 
the aqueous phase was divided into volatile (volatile 
fraction) and non-volatile compounds (non-volatile frac- 
tion). The volatile fraction consisted above all of water, 
including tr i t iated water derived from tyrosine catabolism. 
The non-volatile fraction contained nearly all H*-tyrosine 
present in the original acid-soluble fraction and HS-ty - 
rosine metabolites, such as catechotamines, aspartic, 
glutamic and y-aminobutyric acid. The compounds of the 
non-volatile fraction were separated by paper high voltage 
electrophoresis. Radioact ivi ty  was measured by liquid 
scintillation countingL 

Figure 1 demonstrates the radioact ivi ty of Ha-tyrosine 
degradation products in the acid-solublc fraction from 
venous blood at  different times after i.v. injection of radio- 

D o p a  D e c a r b o x y l a s e  B l o c k i n g  A g e n t  N S D - 1 0 3 4  

active tyrosine. The total radioactivi ty of the acid soluble 
fraction was taken as 100%. There was no measurable 
difference in the total  radioact ivi ty of this fraction be- 
tween untreated and NSD-1034 treated animals up to 30 
rain after HZ-tyrosine injection. At the end of the experi- 
ments, in untreated animals the major part  of the radio- 
act ivi ty  (90%) was represented in the form of products 
from tyrosine catabolism, above all t r i t ia ted water;  only 
small amounts  of these compounds (20%) were formed 
after NSD-1034 treatment .  

Figure 2 shows the radioactive compounds of the non- 
volatile fraction, which are formed in the brain of cat 
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rain afier H3-1yrosine i~jection 

Fig. 1. Radioactivity of aU H~-tyrosine degradation products present 
in the acid-soluble fraction of venous blood (cat) after i.v. injection of 

3 H~-3, 5-L-tyrosine. The totalradioactivity of the acid-soluble fraction 
was taken as 100%. 

x NSD-1034 was kindly donated by Smith & Nephew Research Ltd., 
HarloW (England). 
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