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Enzymes of Carbohydrate and Amino Acid Metabolism in Liver, Brain and Kidney of Macaca mulat ta  

A l t h o u g h  p r i m a t e s  h a v e  b e e n  u t i l i zed  as  e x p e r i m e n t a l  
a n i m a l s  i nc reas ing ly  in  t h e  p a s t  decade,  r e l a t i v e l y  l i t t l e  
is k n o w n  of t h e  q u a n t i t a t i v e  a spec t s  of t h e i r  b i o c h e m i s t r y ,  
p a r t i c u l a r l y  t i s sue  b i o c h e m i s t r y  a n d  enzymology .  T h e  
p r e s e n t  s t u d y  was  i n a u g u r a t e d  a t  t h e  W i s c o n s i n  R e g i o n a l  
P r i m a t e  R e s e a r c h C e n t e r  as  a p a r t  of a l a rger  s t u d y  on  t h e  
e n z y m o l o g y  of t h e  deve lop ing  Macaca mulatta. T he  pre-  
sen t  s t u d y  descr ibes  t h e  levels  of n ine  d i f f e ren t  e n z y m e s  in 
3 t i s sues  of 1-year-old  a n i m a l s  of t h i s  species. 

d a t a  was  t y ro s ine  t r a n s a m i n a s e  9 b u t  t he  a c t i v i t y  was re- 
corded  o n  t h e  bas is  of p r o t e i n  r a t h e r  t h a n  pe r  g r a m  wet  
weight .  

SCHMIDT a n d  SCHMIDT 7 h a v e  rev iewed  t h e  l i t e r a t u r e  
cover ing  e n z y m e  ac t i v i t i e s  in  h u m a n  liver.  E n z y m e  levels  
were r eco rded  o n  a w e i g h t  bas i s  for  4 of t h e  9 e n z y m e s  we 
assayed  in  m o n k e y  liver.  T h e  level  of t y ro s ine  t r a n s a m i -  
nase  was a b o u t  t h e  s a m e  in b o t h  species, a n d  t h e  level  of 
rhesus  h e x o k i n a s e  was  in t he  r a n g e  r epo r t ed  for t he  h u m a n .  

Enzyme activities in liver, brain and kidney from 1-year-old Macaca mulatta 

Enzyme 

~moles substrate metabolized/big tissue 

Liver Brain Kidney 

Malie enzyme (E.C. 1.1.1.38) 34.3 4- 12.3 (4) 
Phosphoglueonie dehydrogenase (E.C. 1.1.1.43) 442.0 4- 26.8 (5) 
Glucose-6-phosphate dehydrogenase (E.C. 1.1.1.49) 233.0 4- 33.2 (5) 
Tyrosine transaminase (E.C. 2.6.1.5) 22.7 4- 3.1 (6) 
Ornithine transaminase (E.C. 2.6.1.13) 43.7 4- 6.7 (4) 
Hexokinase (E.C. 2.7.1.1.) 38.2 4- 6.9 (5) 
Glueokinase (E.C. 2.7.1.2.) 119.0 4- 14.5 (4) 
Serine dehydratase (E.C. 4.2.1.13) 82.9 4- 5.3 (4) 
Histidase (E.C. 4.3.1.3) 10.1 ± 2.6 (5) 

31.1 4- 5.9 (6) 25.5 + 5.8 (5) 
167.0-1- 4.0 (4) 471.0 4- 18.3 (5) 
49.8 4- 11.3 (4) 251.0 4- 64.5 (4) 

1.9 -4- 0.2 (4) 4.8 4- 1.1 (5) 
7.7 -4- 2.4 (4) 22.0 ± 2.0 (4) 

33.5 4- 2.5 (5) 43.6 4- 5.8 (6) 
16.7 4- 3.0 (6) 30.4 4- 7.5 (6) 
10.7 + 3.0 (6) 22.4 4- 2.9 (6) 
0.4 b 4- 0.2 (5) 0.6 b 4- 0.3 (4) 

• + S.E.M. (No. of animals), bvalues not significantly different from zero activity by the method of assay I. 

Methods and materials. T h e  a n i m a l s  u t i l i zed  in  t he se  s tu -  
dies were one-year -o ld  Macaca mulatta m o n k e y s  ra i sed  a t  
the  Wiscons in  Reg iona l  P r i m a t e  R e s e a r c h  Cen te r  a n d  fed 
a s t a n d a r d  d i e tL  A n i m a l s  were  sacr i f iced b y  exsangu ina -  
t ion.  Bra in ,  l iver  a n d  k i d n e y  t i s sues  were r e m o v e d  i m m e -  
d i a t e ly  a f t e r  d e a t h  a n d  p laced  on  ice. 20% h o m o g e n a t e s  
were p r e p a r e d  u t i l i z ing  a P o l y t r o n  homogenize r .  H o m o -  
gena te s  were p r e p a r e d  in  0 . 0 5 M  Tris buffer ,  p H  8.2, 
0 . 1 4 M  KCI w i t h  10 -4M d i th io th re i t o l .  H i g h  speed  super-  
n a t a n t  so lu t ions  were  p r e p a r e d  b y  cen t r i fuga t ion .  All  enzy-  
m e  assays  w i t h  t h e  e x c e p t i o n  of o r n i t h i n e  t r a n s a m i n a s e  were 
car r ied  o u t  o n  t h i s  h i g h  speed  s u p e r n a t a n t  f rac t ion .  
Assays  for  o r n i t h i n e  t r a n s a m i n a s e  were  ca r r ied  o u t  on 
whole  h o m o g e n a t e s .  

Assays  of ser ine d e h y d r a t a s e ,  t y ro s ine  t r a n s a m i n a s e ,  
ma l i c  enzyme,  phosphog lucon ic  dehydrogenase ,  glucose- 
6 - p h o s p h a t e  dehydrogenase ,  h i s t idase ,  g lucok inase  a n d  
h e x o k i n a s e  were  al l  car r ied  ou t  b y  a u t o m a t e d  p rocedures  
p r e v i o u s l y  desc r ibed  ~,z. T h e  assay  of o r n i t h i n e  t r a n s -  
a m i n a s e  was  ca r r ied  o u t  b y  t h e  p r o c e d u r e  desc r ibed  b y  
PERAINO a n d  I)ITOT 4. 

Results and discussion. As seen f rom t h e  d a t a  of t h e  
T a b l e  t h e  ac t iv i t i e s  of a l l  e n z y m e s  t e s t e d  were  a t  a rea-  
sonab le  leve l  of s igni f icance  w i t h  t h e  e x c e p t i o n  of h i s t i dase  
in  t h e  b r a i n  a n d  k idney .  These  ac t iv i t i e s  are s o m e w h a t  
s imi la r  to  those  descr ibed  in r oden t s  in  t h e  s ame  t issues  
w i t h  t h e  poss ib le  e x c e p t i o n  of ser ine  d e h y d r a t a s e  a c t i v i t y  
in k i d n e y  w h i c h  does no t  occur  in t h e  r a t  5. T h e  h i g h  level  
of g lucokinase  in t he  l iver  is s imi la r  to  o t h e r  an imals ,  in- 
c lud ing  h u m a n s  G, 7. T h e  a c t i v i t y  l i s ted  as g lucok inase  for 
b r a i n  a n d  k i d n e y  is p r o b a b l y  hexok inase ,  t y p e  I I ,  w h i c h  
has  a s o m e w h a t  lower  a f f i n i t y  for  t he  s u b s t r a t e  t h a n  t ypes  
I and ,  therefore ,  b y  t he  a s say  p rocedu re  would  show as 
g lucok inase  s. T h e  d a t a  of o r n i t h i n e  t r a n s a m i n a s e  is q u i t e  
s imi l a r  t o  t h a t  seen  in  t h e  r a t  e x c e p t  t h a t  in  t h e  r o d e n t  t h e  
specif ic  a c t i v i t y  in  t h e  k i d n e y  is cons i de r ab l y  h i g h e r  t h a n  
t h a t  in  t h e  l iver  4. 

D a t a  on  e n z y m e  levels  of m o n k e y s  is scarce. T h e  on ly  
one  of t h e  9 enzymes  as sayed  b y  us for w h i c h  we found  

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  a n d  g lucok inase  ac- 
t i v i t i e s  were  cons ide r ab ly  h ighe r  in  rhesus  t h a n  in  h u m a n  
l iver  wh ich  m a y  ref lec t  d i e t a r y  d i f ferences  in  t he  2 
species 10. 

Rdsumd. Les ac t iv i t6s  de 9 e n z y m e s  o n t  6t6 d6finies  dans  
le foie, le c e rveau  e t  le r e in  du  rh6sus.  L ' a c t i v i t 6  de la s6- 
r ine  d6hydrase ,  qu i  ne  se m a n i f e s t  pa s  d a n s  le re in  du  ra t ,  
a 6t6 obse rv6e  d a n s  le re in  du  singe.  Les  ac t iv i t6s  de  la 
t y r o s i n e  t r a n s a m i n a s e  e t  de  l ' exok ina se  d a n s  le foie du  
rh6sus  se m o n t r ~ r e n t  s e m b l a b l e s  A celtes d u  foie h u m a i n ,  
m a i s  les ac t iv i t6s  d u  g lucose -6 -phospha t e  d6hydrog6nase  
e t  de  la  g lucok inase  f u r e n t  p lus  61ev6es que  d a n s  le foie 
h u m a i n .  
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