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G l u t a m i n a s e  a c t i v i t y  in  ra t  s k e l e t a l  m u s c l e  m i t o c h o n d r i a  ~ 
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Summary .  I so la ted  r a t  ske le ta l  musc le  m i t o c h o n d r i a  took  up  a b o u t  4 0 - n g - a t o m s  O per  m i n  per  m g  prote in ,  w i t h  g lu t a -  
m i n e  as t h e  on ly  r e sp i r a to ry  s u b s t r a t e .  The  m i t o c h o n d r i a  i n c u b a t e d  in t he  p resence  of g l u t a m i n e  a n d  K C N  fo rme d  b o t h  
a m m o n i a  a n d  g l u t a m a t e  in e q u i v a l e n t  a m o u n t s .  The  e x p e r i m e n t s  r epo r t ed  here  p rov ide  sugges t i ve  ev idence  t h a t  r a t  
ske le ta l  musc le  m i t o c h o n d r i a  c o n t a i n  g l u t a m i n a s e  (L -g lu t a mine  a m i d o h y d r o l a s e  EC 3.5.1.2.) ac t iv i ty .  

I t  h a s  been  k n o w n  for a v e r y  long t ime  t h a t  m u s c u l a r  
work  is a c c o m p a n i e d  by  a m m o n i a  p roduc t ion2 .  Expe r i -  
m e n t a l  ev idence  was  p r e s e n t e d  i nd i ca t i ng  t h a t  pu r ine  
nuc leo t ide  cycle is the  m a i n  process  l ead ing  to t he  release 
of a m m o n i a  3. Mu ch  less is k n o w n  a b o u t  o the r  e n z y m e s  
s u c h  as g l u t a m a t e  d e h y d r o g e n a s e  and  g l u t a m i n a s e ,  wh ich  
could  p rov ide  a m m o n i a  f rom a m i n o  acids.  T h e  g l u t a m a t e  
d e h y d r o g e n a s e  a c t i v i t y  in ske le ta l  musc le  is v e r y  low, 
a n d  it is gene ra l ly  a s s u m e d  t h a t  th i s  e n z y m e  does  no t  p l a y  
a n y  role in the  release of a m m o n i a  in ske le ta l  muscle3.  
Skeletal  m u sc l e  con t a in s  ac t ive  g l u t a m i n e  s y n t h e t h a s e  4 
and  is k n o w n  to release cons iderab le  a m o u n t s  of g l u t a m i n e  
in to  the  circulat ionS.  I t  h a s  also been  s h o w n  t h a t  acu te  
exercise lowered the  levels of g l u t a m i n e  in p l a s m a  a nd  in 
s om e  t i s sues  as liver, k i d n e y  and  g a s t r o c n e m i u s  musc le  6. 
G l u t a m i n a s e  a c t i v i t y  ha s  been  d e m o n s t r a t e d  in m a n y  r a t  
t i s sues  7, s ; however ,  to our  knowledge ,  the  a c t i v i t y  of th i s  
e n z y m e  in ske le ta l  musc le  ha s  no t  ye t  been  descr ibed.  
Therefore  t h e  pu rpose  of th i s  s t u d y  was  to d e t e r m i n e  t he  
a c t i v i t y  of g l u t a m i n a s e  in ske le ta l  muscle .  T a k i n g  into 

Oxidation of glutamine and glutamate by rat skeletal muscle mito- 
chondria 

Substrate Respiration rate 
(ng-atoms of 0/rain per mg of 
protein) 

20 mM L-glutamine 42.5 
20 mM L-glutamate 150.0 

Oxygen uptake was measured in the conditions outlined in 'materials 
and methods'. 
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The formation of ammonia (O) and glutamate (0) from glutamine by 
rat skeletal muscle mitochondria. Experimental conditions as out- 
lined in 'materials and methods'. 

cons ide ra t ion  t h a t  in m a n y  t i s sues  p h o s p h a t e - d e p e n d e n t  
g l u t a m i n a s e  i so -enzyme  ha s  m a i n l y  m i t o c h o n d r i a l  local- 
izat ion9 it, we looked for the  a c t i v i t y  of th i s  e n z y m e  in 
m i t o c h o n d r i a .  
Materials and methods. L - g l u t a m i n e ,  L - g l u t a m a t e ,  L- 
ma la te ,  f u m a r a t e ,  m a l o n a t e ,  a m i n o - o x y a c e t a t e ,  cy to -  
c h r o m e  c a nd  g l u t a m a t e  d e h y d r o g e n a s e  were f rom S igma  
Chemica l  Co., A D P  was  f rom L6dz,  Po land .  All o the r  
chemica l s  were of the  p u r e s t  g rade  ava i lab le  a n d  m a d e  up  
in twice quar t z -d i s t i l l ed  a nd  deionized water .  
Mi tochondr i a  were p r e pa re d  as descr ibed  p r e v i o u s l y  12. 
Mi tochondr ia l  p ro te in  c o n c e n t r a t i o n  was  d e t e r m i n e d  b y  
u l t r av io l e t  a b s o r p t i o n  as descr ibed  p rev ious ly~3  Resp i r a -  
t ion  was  m e a s u r e d  wi th  a Clark  o x y g e n  e lect rode a t  25 ~ 
in 2.5 ml  m e d i u m  c o n t a i n i n g :  50 m M  p o t a s s i u m  p h o s p h a t e  
buffer ,  p H  8.0, 1 m M  A D P ,  1 m M  MgSO4, 10 ~zM cy to -  
c h r o m e  c a nd  2 m g  of m i t o c h o n d r i a l  pro te in .  
G l u t a m i n a s e  a c t i v i t y  was  a s s a y e d  b y  m e a s u r i n g  the  r a t e  
of a m m o n i a  a nd  g l u t a m a t e  f o r m a t i o n  a t  30 ~ The  in- 
c u b a t i o n  m i x t u r e  c o n t a i n e d  : 50 mM p o t a s s i u m  p h o s p h a t e  
buffer ,  p H  8.2, 1 m M  KCN,  20 m M  L - g l u t a m i n e  a n d  
3.2 m g  of m i t o c h o n d r i a l  pro te in .  F ina l  v o l u m e  was  1 ml.  
The  r eac t ion  was  s t a r t e d  by  the  add i t i on  of m i t o c h o n d r i a  
a nd  s t oppe d  by  t he  a dd i t i on  of 0.25 ml  10% HC10 a. The  
s a mp le s  were cen t r i fuged ,  t he  s u p e r n a t a n t  f luid n e u t r a l -  
ized wi th  K O H  a nd  a na lyz e d  for g l u t a m a t e  a nd  a m m o n i a .  
The  e n z y m i c  d e t e r m i n a t i o n  of g l u t a m a t e  was  done  as 
descr ibed by  B e r n t  a nd  B e r g m e y e r  14. A m m o n i a  was  de- 
t e r m i n e d  as descr ibed  b y  C h a n c y  a nd  M a r b a c h  ~5. 
Results and discussion. I t  m a y  be seen from t h e  t ab le  t h a t  
r a t  ske le ta l  musc le  m i t o c h o n d r i a  are able to oxidize L- 
g l u t a m i n e .  W i t h  L - g l u t a m a t e  as s u b s t r a t e  for resp i ra t ion ,  
the  m i t o c h o n d r i a  took  up  o x y g e n  3 4 t i m e s  fas te r  t h a n  
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w i t h  L - g l u t a m i n e  as s u b s t r a t e  assayed  u n d e r  t he  same  
condi t ions .  However ,  t h e  a p p a r e n t  Km for g l u t a m i n e  as 
m e a s u r e d  b y  t he  r e sp i r a t ion  r a t e  was  severa l  t imes  lower  
t h a n  for g l u t a m a t e  (1.4 m M  a n d  16.6 mM for g l u t a m i n e  
and  g l u t a m a t e  respect ively) .  To inves t i ga t e  w h e t h e r  glu- 
t a m i n e  o x i d a t i o n  is t a k i n g  place  t h r o u g h  g l u t a m i n a s e  
p a t h w a y  (L-g lu t amine  a m i d o h y d r o l a s e  EC 3.5.1.2.) b u t  
no t  t h r o u g h  t r a n s a m i n a t i o n  w i t h  ke to  acids ca t a lyzed  b y  
g l u t a m i n e  t r a n s a m i n a s e  (L -g lu t amine :  2 oxoacid  amino-  
t ransferase ,  EC 2.6.1.15), t he  f o r m a t i o n  of t he  r eac t ion  
p r o d u c t s  was  de t e r m i ned .  The  f igure  shows t he  depen-  
dence  on  t i m e  of a m m o n i a  and  g l u t a m a t e  fo rmed  in t he  
presence  of a n  i n h i b i t o r  of r e s p i r a t o r y  cha in .  I t  appea r s  
t h a t  the  f i rs t  s tep  of g l u t a m i n e  ox ida t i on  b y  r a t  ske le ta l  
musc le  m i t o c h o n d r i a  is t h e  hydro lys i s  of g l u t a m i n e  b y  
g l u t a m i n a s e  (L-g lu t amine  a m i d o h y d r o l a s e  EC 3.5.1.2). 
A m m o n i a  p r o d u c t i o n  f rom g l u t a m a t e  was v e r y  low u n d e r  
these  cond i t ions :  a t  t he  end  of t he  e x p e r i m e n t a l  period,  
less t h a n  0.2 ~moles f rom g l u t a m a t e  was formed.  I n h i b i -  
t i on  of g l u t a m i n e  and  g l u t a m a t e  ox ida t i on  b y  m a l o n a t e  
a n d  a m i n o - o x y a c e t a t e  (not  shown) suggests  t h a t  these  
a m i n o  acids are oxid ized  m a i n l y  t h r o u g h  the  t r a n s a m i n a -  
t i on  p a t h w a y  s imi la r ly  as in  m i t o c h o n d r i a  f rom o the r  
tissuesl~-ag. G l u t a m a t e  added  or fo rmed  b y  hydro lys i s  of 
g l u t a m i n e  would  u nde r go  t r a n s a m i n a t i o n  w i t h  oxalo-  
ace ta te ,  to  form a s p a r t a t e  and  2-oxoglu ta ra te .  The  l a t t e r  

would  be  oxid ized  t h r o u g h  t h e  K r e b s  cycle supp ly ing  
f u r t h e r  oxa loace t a t e  for t r a n s a m i n a t i o n .  I n h i b i t i o n  b y  
m a l o n a t e  of g l u t a m i n e  and  g l u t a m a t e  ox ida t i on  could h a v e  
been  comple t e ly  reversed  b y  a low c o n c e n t r a t i o n  of e i the r  
L - m a l a t e  or f u m a r a t e  (not  shown) .  These  resu l t s  also in- 
d ica te  t h a t  these  a m i n o  acids  are  oxid ized  m a i n l y  t h r o u g h  
t h e  t r a n s a m i n a t i o n  p a t h w a y .  I n  th i s  case oxa loace t a t e  
m a y  be  f o r m e d  on ly  f rom the  m a l a t e  or f u m a r a t e  added ,  
as m a l o n a t e  p r e v e n t s  t he  conve r s ion  of 2 -oxog lu ta ra te  to  
oxa loace t a t e  b y  i n h i b i t i n g  succ ina te  dehydrogenase .  
The  resu l t s  o b t a i n e d  in t h i s  s t u d y  ind ica te  t h a t  i sola ted 
r a t  ske le ta l  m u s c l e  m i t o c h o n d r i a  are able  to  oxidize glu- 
t a m i n e  a n d  t h a t  t he  f i rs t  s tep  of t h i s  process  is d e a m i n a -  
t ion  of g l u t a m i n e  v ia  t he  p a t h w a y  ca t a lysed  b y  g lu ta-  
minase .  I t  seem reasonab le  to  p o s t u l a t e  t h a t  in t he  muscle  
of t he  exerc is ing ra t ,  g l u t a m i n e  m a y  be  oxidized as one of 
t h e  ene rgy  sources.  The  o b s e r v a t i o n  t h a t  in t he  exerc is ing 
r a t  a s ign i f i can t  decrease  in p l a s m a  a n d  t i ssues  g l u t a m i n e  
c o n c e n t r a t i o n  occurs  6, m a y  be p e r t i n e n t  in th i s  respect .  
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Search for sex-dependent  and gestation-induced changes in choline and ethanolamine 
phosphorylating activities 
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Summary. Choline  k inase  a n d  e t h a n o l a m i n e  k inase  of l iver,  b r a in  and  k i d n e y  h a d  nea r ly  t h e  same  ac f iy i ty  in  4 -mon th -  
old male  a n d  v i rg in  female  mice. E t h a n o l a m i n e  k inase  a c t i v i t y  was a l m o s t  doub led  in t he  l iver  and  b r a i n  of mice in 
a d v a n c e d  p r e g n a n c y  c o m p a r e d  wi th  t he  vi rgin ,  whi le  chol ine  k inase  a c t i v i t y  was una l t e red .  

Sex- l inked dif ferences  in  e n z y m e  ac t iv i t i es  a n d  sex-specific 
e n z y m e  ac t iv i t i es  a n d  p r e g n a n c y - i n d u c e d  changes  in en- 
zyme  ac t iv i t i e s  h a v e  b e e n  d o c u m e n t e d  3. Gu lono lac tonase  
in a d u l t  r a t  k idney ,  b u t  n o t  l iver,  exh ib i t s  sex d e p e n d e n c e  
in  a c t i v i t y  a n d  is con t ro l l ed  b y  androgens .  T he  rena l  level  
of t he  e n z y m e  in t he  ma le  was 10-15-fold  t h a t  in  t he  
female  2. The  ac t iv i t i e s  of enzym es  i nvo lved  in t h e  me-  
t a b o l i s m  of s te ro id  h o r m o n e s  in r a t  l iver  e x h i b i t  d i s t i nc t  
sexua l  differences  3-5. T h e r e  is a s t r i k ing  sex-difference in 
t he  a c t i v i t y  of l iver  h i s t i d ine  a m m o n i a l y a s e  wh ich  was 
asc r ibed  to  i n d u c t i o n  of t h e  e n z y m e  fo rming  s y s t e m  b y  
oes t rogen  d u r i n g  p u b e r t a l  deve lopmen t% 
Severa l  of t he  enzym es  showing  s e x - d e p e n d e n t  changes  
in a c t i v i t y  are m e m b r a n e - a s s o c i a t e d .  Phospho l ip id s  are 
k n o w n  to  in f luence  t h e  a c t i v i t y  of a n u m b e r  of m e m -  
b r a n e - b o u n d  enzymes ,  a n d  in m a n y  of these  cases t h e  
r e q u i r e m e n t  is for a specific phosphol ip id .  I t  was, t he re -  
fore, of i n t e r e s t  to  e x a m i n e  w h e t h e r  s e x - d e p e n d e n t  c h a n g e  
ex is ted  in chol ine-  a n d  e t h a n o l a m i n e  k inase  a c t i v i t y  in 
l iver,  b r a i n  a n d  k i d n e y  t issues,  wh ich  are t he  ac t ive  t i ssues  
i nvo lved  in t he  p h o s p h o l i p i d  syn thes i s .  D u r i n g  t h e  gesta-  
t i on  per iod  t he re  is a d d i t i o n a l  r e q u i r e m e n t  for p h o s p h o -  
l ipids,  a n d  i t  is poss ible  t h a t  t he re  are  differences  in  t he  
r e q u i r e m e n t  for chol ine  phospho l ip id s  and  e t h a n o l a m i n e  
phosphol ip ids .  The  fo l lowing s t u d y  is a search for a pos-  
sible sex -dependence  in t he  p h o s p h o r y l a t i v e  a c t i v i t y  
t o w a r d s  chol ine  and  e t h a n o l a m i n e ,  and  for a n y  changes  in 

t he  a c t i v i t y  in  t he  p r e g n a n t  an ima l .  A difference in t he  
ra t io  of e t h a n o l a m i n e  k inase  to  chol ine  k inase  be tween  
t he  male  a n d  t he  female  adu l t ,  a n d  be tween  the  v i rg in  
and  g rav id  female,  would  be  i nd i ca t i ve  of sepa ra te  
p ro t e in s  ca t a lyz ing  the  p h o s p h o r y l a t i o n  of chol ine a n d  
e t h a n o l a m i n e .  
Materials and methods. The  mice  used were 4 -month-o ld .  
The  17-20 days  p r e g n a n t  a n i m a l s  used in t h e  s t u d y  h a d  
conce ived  for t h e  1st t ime.  T h e  an ima l s  were housed  
u n d e r  s t a n d a r d  cond i t ions  and  fed t he  s t a n d a r d  co lony 
diet .  The  an ima l s  were sacr i f iced b y  cerv ica l  d is loca t ion  
and  decap i t a t i on .  The  liver,  b r a i n  a n d  t he  pa i r  of k idneys  
were excised r ap id ly  a n d  k e p t  chil led.  The  gall  b l adde r  
f rom the  l iver  was  cu t  a n d  d iscarded.  Af te r  chil l ing a n d  
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