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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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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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cleaning the  t issues,  a 20% (w/v) h o m o g e n a t e  of each 
t issue was p repa red  in iso-osmotic  sucrose wi th  the  help  
of P o t t e r - E l v e h j e m  homogenizer .  The f reshly  p repa red  
homogena te s  were used in the  exper iments .  The assay of 
choline and e than01amine kinase was as descr ibed earlier v. 
Results and discussion. The resul ts  ob ta ined  for the  l iver 
and  bra in  kinase act ivi t ies  in the  adul t  male and  female 
mouse,  and in the  gravid  animal ,  are given in the  table.  
There  was no sex-associa ted  difference in kinase act ivi t ies ,  
choline kinase and e thano lamine  kinase hav ing  near ly  the  
same ac t iv i ty  in the  male  and virgin mouse.  These  
f indings s tood out  in con t r a s t  to  the  obse rva t ion  t h a t  
hepa t ic  se r ine / th reonine  dehyd ra t a se  ac t iv i ty  in female 
ra t s  was 1/2 t h a t  in males s. P r egnancy  induced  a differen-  
t ial  effect  in t he  phosphory l a t i ng  ac t iv i ty  towards  choline 
and  e thanolamine .  E t h a n o l a m i n e  kinase was 117~o and 
80% higher  in the  liver and brain,  respect ively ,  of the  
p r e g n a n t  mouse  t h a n  in the  virgin, while the  choline 
kinase ac t iv i ty  was unal tered.  As a result ,  the  rat io of 
e thano lamine  kinase to choline kinase was a lmost  doubled  
in the  p r e g n a n t  animal.  Surpris ingly there  were no sex- 
associated differences and ges ta t ion- induced  changes  in 
choline and e thano l amine  phosphory l a t i ng  act ivi t ies  in 
the  male, virgin female and gravid  mouse k idney tissues. 
Solyom and Lau te r  9 found t h a t  the  specific ac t iv i ty  and 
en r i chmen t  of several  hepa t ic  p lasma m e m b r a n e  marke r  
enzymes  were s ignif icant ly  lower in the  female t h a n  male 

Choline and ethanolamine kinase activities in liver and brain of 
gravid- and virgin mice 

Choline kinase Ethanolamine Ratio (ethanol- 
kinase amine kinase/ 

units/mg protein choline kinase) 

Male Liver 0.032• 0.54=[_0.04 16.5 
Brain 0.043• 0.81• 18.8 

Virgin Liver 0.032• 0.60• 18.7 
Brain 0.041 ~0.003 0.86~0.08 21.0 

Gravid Liver 0.035-t-0.001 1.29i0.04 38.0 
Brain 0.044• 1.54• 35.0 

All animals were about 4-month-old. The gravid animals had con- 
ceived for the first time. The values reported are the mean of 8 
estimations with SD. 

rats .  The lipid compos i t ion  showed no comparab le  sex 
differences.  In  bra in  m e m b r a n e  fractions,  s imilar  sex 
difference in enzymat i c  ac t iv i t ies  did no t  exist .  P r e g n a n c y  
is a t t e n d e d  by  changes  in the  act ivi t ies  of a n u m b e r  of 
enzymes .  These are no t  Confined to the  p lacen ta  and  the  
m a m m a r y  gland bu t  ex t en d  to  o the r  t issues. D i a m a n t  and 
Shafr i r  x0 found ges ta t ion- induced  changes  in the  act ivi t ies  
of a n u m b e r  of hepa t ic  enzymes  of c a r b o h y d r a t e  and  lipid 
metabol i sm.  The p resen t  s tudies  suggest  t h a t  e thano lamine  
kinase, b u t  no t  choline kinase,  can be induced  by  the  
act ion of female sex hormones .  F u r t h e r  work  regard ing  
the  effect  of s teroid h o rmo n es  etc. is under  progress.  The 
increased e thano lamine  kinase ac t iv i ty  in the  p r e g n a n t  
an imal  m a y  be due to  increased ra te  of syn thes i s  of the  
enzyme or to a decreased ra te  of degrada t ion  or bo th .  
The increase in ac t iv i ty  under  the  stress of p r e g n a n c y  
suggested t h a t  phosphory la t ion  of e thano lamine  was a 
ra te - l imi t ing  action.  Assuming  t h a t  the  relat ive co n t en t  
of choline- and e thano lamine  phosphol ip ids  did no t  a l ter  
in pregnancy ,  it  would appea r  t h a t  e thano lamine  phospho-  
l ipids were b iosynthes ized  de novo, and choline phospho-  
lipids der ived the re f rom by  t r ansme thy la t i on .  The prefer-  
ent ia l  increase which occurred in e thano lamine  phos-  
phory la t ing  ac t iv i ty  in the  p r e g n a n t  an imal  also sug- 
gested,  as well as lent  s u p p o r t  to the  previous  f indings ~, 11 
t h a t  d i f ferent  pro te ins  ca ta lyzed  the  phosphory la t ion  of 
choline and e thanolamine ,  or t h a t  a co mmo n  enzyme 
ca ta lyzed  the  phosphory l a t i on  of the  2 bases in the  virgin, 
bu t  t h a t  a specific enzyme ca ta lyz ing  the  phosphory la t ion  
of e thano lamine  was induced under  the  physiological  s tress 
of pregnancy ,  i t  has long been a m a t t e r  of con t roversy  
whe the r  ' e thano lamine  kinase '  is a separa te  enzyme or 
choline kinase acts  on bo th  chol ine as well as e thanolamine .  
Now it seems qui te  convincing  f rom previous  ~,n and 
p resen t  f indings t h a t  ' e t hano l amine  kinase '  is a separa te  
enzyme,  and it can be l isted in the  official list as an en- 
zyme of its own. 
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Summary. The anomer ic  composi t ions  of D-glucose in the  liver, k idney,  hear t ,  blood and p lasma  of ra t  were de t e rmined  
by  our m e t h o d  for the  assay of D-glucose anomers  and the  percentages  of the  f l-anomer were found to be 61.8, 61.0, 
62.4, 62.7 and  62.9, respect ively.  

D-Glucose is known to exist  as an equi l ibr ium mix tu re  of 
its 2 anomers  in aqueous  solut ion;  36~o e-D-glucose and  
64% ~-D-glucose 2,3. Almos t  the  same anomer ic  com- 
posi t ion is also found in blood 4. The percen tages  of the  
e- and /%anomers of intracel lular  D-glucose, however ,  
could not  ye t  be de te rmined ,  main ly  due to technica l  
difficulties, inspi te  of its necess i ty  for the  s tudy  of the  
physiological  funct ion of D-glucose anomers .  

This paper  describes the  m e t h o d  for de te rmin ing  the  
anomer ic  composi t ions  of D-glucose in t issues and  blood 
samples,  and the  resul ts  ob ta ined  on the  liver, kidney,  
hear t ,  brain,  adipose tissue, blood and p lasma of rat .  
Materials and methods. Male Wis t a r  s t ra in  ra ts  weighing 
200 250 g were given free access to s t an d a rd  ra t  chow and 
t ap  water .  Ra t s  fas ted for 24 h before use were decapi-  
t a t e d  to bleed out  of t issues as much  as possible.  Blood 


