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SHIMIZU s ha s  r epo r t ed  t h e  occur rence  of va r i ab l e  
q u a n t i t i e s  of glycogen in t h e  a rea  p o s t r e m a  of t h e  m a m -  
m a l i a n  b r a i n  loca ted  in t h e  in te rce l lu la r  f ibr i l la r  s t r u c t u r e s  
a r o u n d  smal l  vessels.  

KAPPERS 9 descr ibes  in  A m b l y s t o m a  m e x i c a n u m  t h e  
presence  of g lycogen in t he  c y t o p l a s m  and  in  t h e  long 
t h i n  processes  of t he  e p e n d y m a t  gl iocytes  of t h e  ven t r i c -  
u la r  wall,  especial ly  in  t h e  l a t e ra l  vent r ic le .  T he  end ings  of 
these  processes,  w h i c h  m a k e  up  t he  e x t e r n a l  l i m i t i n g  
m e m b r a n e ,  also con t a i n  glycogen.  He  t h i n k s  t h a t  t h e  
p a r a p h y s i s  cerebr i  secretes  g lycogen in t he  v e n t r i c u l a r  
c a v i t y  in  A m b l y s t o m a .  Such  glycogen would  t h e n  be  
adso rbed  b y  t he  e p e n d y m a l  gl iocytes  a n d  car r ied  a long  
the i r  processes  in to  t h e  ne r vous  p a r e n c h y m a .  

The  t r a n s p o r t i n g  capac i t y  of e p e n d y m a l  gl iocytes  of 
A m b l y s t o m a  9 a n d  of guinea-pigs  ~~ has  been  d e m o n -  
s t r a t e d  b y  inocu la t ing  I n d i a  i nk  in to  t he  ventr ic les .  

The  glycogen depos i t ed  in t h e  ne r vous  p a r e n c h y m a  
would  h a v e  b o t h  a me tabo l i c  (as a n  energy  source) and  a 
p las t ic  func t ion .  

The  ev idence  r epo r t ed  for a m p h i b i a n s  and  m a m m a l s  
suggests  t h a t  t he  a c c u m u l a t i o n  of glycogen in t he  epen-  
d y m a l  cells and  in t i le s u r r o u n d i n g  neurop i le  of t he  bud ,  of 
t he  medu l l a  o b l o n g a t a  a n d  pons  in b i rds  can  be  cor re la ted  
w i t h  t he  t r a n s p o r t  of glycogen,  fo rmed  e i the r  b y  d i rec t  
p r o d u c t i o n  by  these  cells or b y  adsorp t ion .  

This  t r a n s p o r t  can  be cons idered  as a t r o p h i c  func t i on  
w i t h  r ega rd  to  t h e  ne r vous  p a r e n c h y m a .  The re  is expres-  

s ion of a p r eva l ence  of anae rob i c  m e t a b o l i s m  1~ in t h i s  
a rea  a t  t h e  t i m e  of n e u r o n  d i f fe ren t i a t ion ,  w h e n  a large  
ene rgy  supp ly  is needed.  Since anae rob i c  glycolysis  con-  
t r i b u t e s  a low energy  yield,  a large  glycogen rese rve  is 
r equ i red  to  sa t i s fy  t he  energe t ic  needs.  

Riassunto. Viene  c o n d o t t o  uno  s tud io  sulla d i s t r ibu -  
zione del  gl icogeno nel romboence fa lo  de l l ' embr ione  di 
pollo d u r a n t e  lo svi luppo.  I r i s u l t a t i  delle indag in i  con- 
d o t t e  h a n n o  messo in ev idenza  u n a  ca r a t t e r i s t i c a  loca- 
l izzazione del gl icogeno ne l l ' abbozzo  del  p o n t e  e del b u l b o  
p ih  ev iden t e  in  e m b r i o n i  da l  7 ~ al 13 ~ g iorno d i  incuba-  
zione. Ta le  r epe r to  v iene  discusso nel  suo s ignif icato .  
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Intracellular Localization of Glutamine-Aminohydrolase in Normal and Malignant Tissues 

G l u t a m i n e  a m i n o h y d r o l a s e  ha s  been  r epo r t ed  to be  a 
m i t o c h o n d r i a l  e n z y m e  in n o r m a l  t i ssues  ~-4 and  is p r e sen t  
in  var ious  o rgans  of t he  a n i m a l  b o d y  5. G l u t a m i n a s e  in t he  
t u m o u r  t i ssue  has  been  found  to  be a d ia lysab le  enzyme  6, 7 
and  a possible  leakage  of t h i s  e n z y m e  f rom t h e  t r a n s p l a n t -  
ed t u m o u r  in to  t h e  b lood s t r e a m  of t he  a n i m a l  has  also 
been  p o s t u l a t e d  8. This  lead us to  i nves t i ga t e  t h e  in t r a -  
cel lular  loca l iza t ion  of th i s  e n z y m e  in t u r n o u t  and  t he  
hos t  t i ssues  of t he  t u m o u r  t r a n s p l a n t e d  animals .  

Materials and methods. A mouse  f ib ro - sa rcoma  (MFS) 9, 
E h r l i c h ' s  asci tes  t u r n o u t  and  Sa r com a  180 s t r a ins  used, 
were m a i n t a i n e d  in Swiss mice in our  labora tor ies .  A 10% 
(w/v) t i ssue  h o m o g e n a t e  was p r e p a r e d  in 0.25 M sucrose 
in cold a n d  cen t r i fuged  a t  3000 g for 10 ra in  us ing  Sorva l l  
RC-2B centr i fuge.  The  s u p e r n a t a n t  t h u s  o b t a i n e d  was 
recen t r i fuged  a t  12,000 g for 15 ra in  to  o b t a i n  ini to-  
chondr i a l  a n d  s u p e r n a t a n t  f rac t ions .  T he  s u p e r n a t a n t  
was  col lected a n d  m i t o c h o n d r i a l  pe l le t  was  r e suspended  
in 0.25 M sucrose a n d  cen t r i fuged  a t  t h e  same  speed for  
10 ra in  to  get  a washed  m i t o c h o n d r i a l  p r epa r a t i on .  
G l n t a m i n a s e  assays  were done,  as descr ibed b y  BI~AGANCA 
et  al. 10. I n c u b a t i o n  m i x t u r e s  used were as descr ibed b y  
HoRowlTz  a n d  Kx~ox 1~ for  t h e  l iver  and  k i d n e y  s 
g lu taminases .  The  i n c u b a t i o n  m i x t u r e  used for t u m o u r  

Table I. Distribution of glutaminase activity in tmnour cell-fractions 

Turnout type Homogenate Mitoehondria Supernatant 

MFS 3.0 0.0 3.3 
Ehrlich's 4.5 1.0 3.8 
solid turnout 

All values expressed as [zmoles ammorxia produced/mg protein/rain 
and are an average of 4 experiments. 

e n z y m e  assay  was as used for t h e  k i d n e y  11. P r o t e i n  
e s t ima t i ons  were car r ied  ou t  accord ing  to  t h e  m e t h o d  of 
LOWRY et  al. x~. Succinic  d e h y d r o g e n a s e  was a s sayed  a t  
400 n m  b y  t h e  m e t h o d  of SLATER and  BON~ER 1., us ing  a 
Zeiss s p e c t r o p h o t o m e t e r .  S.c. i n j ec t ion  of A c t i n o m y c i n - D  
(100 7/kg b o d y  wt.)  was  s t a r t e d  30 mil l  a f te r  t h e  t r a n s -  
p l a n t a t i o n  of t u m o u r  a n d  was c o n t i n u e d  on  eve ry  
a l t e r n a t e  d a y  u n t i l  t h e  t u m o u r  a t t a i n e d  m a x i m u m  size. 
The  an ima l s  were sacr i f iced 24 h a f te r  eve ry  in jec t ion  of 
Ac t inomyc in -D .  

Results. I t  c an  be  obse rved  f rom T a b l e  I t h a t  t h e  
g l u t a m i n a s e  a c t i v i t y  was m a i n l y  found  to  be  p r e s e n t  in  
t h e  s u p e r n a t a n t  f r ac t ion  in b o t h  t y p e s  of t u m o u r s  
s tudied .  The re  was, however ,  some di f ference in  t h e  
2 t umour s ,  in  t h a t  t h e  e n z y m e  a c t i v i t y  was  comple t e ly  
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Table l I .  DistNbution of g tu taminaseac t iv i ty in  cdl-ffaetions ofliver 
and kidney 

Tissue Animal type Homogenate Mitochondria Snpernatant  

Liver Control 0.32 0.34 0.0 
MFS-bearing 0.6 0.0 0 . 7  
Mice 
EAC-bearing 1.6 0.43 1.2 
mice 
Sarcoma-180 1.75 0.32 1.2 
bearing mice 

Kidney 

Table III. Succinie dehydrogenase activity in cellfractions of liver, 
kidney and tumour  tissues 

Fractions Mitochondria Supernatant  
(A OD/min/mg) (AOD/min/mg) 

Liver Normal 0.034 ~- 0.006 0.007 ~- 0.002 p < 0.05 
EAC-bearing 0.052 j_ 0.015 0.003 ~- 0.005 p < 0.30 
mice p % 0.4 p < 0.02 

Kidney 

Control 0.18 0.14 0.0 
MFS-bearing 2.2 0.25 1.8 
mice Tumour  Ehrlich 0.015" 0.002 �9 
EAC-bearing 1.1 0.05 0.8 (solid) 
mice MFS 0.012 ~ 0.001" 

All values expressed as ~moles ammonia produced/mg protein/rain 
and are an average of 4 experiments. 

Normal 0.045 zt_ 0.01 0.0076 =t2 0.0014 p < 0.1 
EAC-bearing 0.19 =E: 0.024 0.017 ~ 0.0038 p < 0.05 
mice p < 0.02 p < 0.1 

Values are not significant. 

Table IV. Effect of Actinomycin-D on the glutaminase activity in liver cell-fractions of EAC-transplanted mice 

Glutaminase activity (~moles NH4+/mg/min) 

Before After 1st inj. After 2nd inj. After 3rd inj. After 4th inj. After 5th inj. 7 days after last 
injeetion injection 

Homogenate 0.096 0.1 0.012 0.007 0.09 0.001 0.011 
Mitochondria 0.29 0.003 0.02 0.006 0.008 0.001 0.5 
Superna tant  0.0 0.0 0.002 0.0 0.0 0.0 0.016 

absent in the mitochondrial fraction of the MFS, but the 
Ehrlich's solid tumour showed about 25% of the holnog- 
enate activity in the mitochondrial fraction. 

Having obtained the above results, it was of interest to 
see whether there was any change in the intracellular 
localization of this enzyme in the host tissues of tumour- 
bearing animals. The results obtained show that, like 
in tumours, the host liver and kidney also show a maxi- 
mum activity in the supernatant fraction (Table If), 
whereas nlitochondria contain most of the enzyme 
activity in control animals. 

Since, a shift was obtained in the host liver and kidney, 
the question naturally arose whether, during the process 
of isolation of mitochondria from tumour or host tissues, 
there was either a breakage or leakage of glutaminase 
into the supernatant fraction. With this idea, another 
mitochondrial enzyme, viz. succinic dehydrogenase, was 
also estimated as a marker enzyme. The results obtained 
show that, like the normal tissues, the tumour as well as 
host liver and kidney show the presence ol this enzyme 
only in the mitochondria (Table III). Experiments were 
t h e n  c a r r i e d  o u t  t o  see  if  t h e r e  w a s  a s y n t h e s i s  or  p r e f e r -  
e n t i a l  l e a k a g e  of  g l u t a m i n a s e  i n t o  t h e  s u p e r n a t a n t  
f r a c t i o n .  H e n c e ,  a n i m a l s  w e r e  i n j e c t e d  w i t h  a c t i n o m y c i n -  
D.  I t  m a y  b e  o b s e r v e d  f r o m  T a b l e  I V  t h a t  t h e  a p p e a r a n c e  
of  t h i s  e n z y m e  in  t h e  s u p e r n a t a n t  f r a c t i o n  is  c o m p l e t e l y  
i n h i b i t e d .  

Discussion. T h e  r e s u l t s  p r e s e n t e d  h e r e  i n d i c a t e  t h a t  t h e  
i n t r a c e l l u l a r  l o c a l i z a t i o n  of  g l u t a m i n a s e  in  t u m o u r s  is  
d i f f e r e n t  f r o m  t h a t  r e p o r t e d  ea r l i e r  f r o m  n o r m a l  t i s -  
s u e s  3,14,15. I t  s e e m s  q u i t e  e v i d e n t  f r o m  t h e  d a t a  o b t a i n e d  
t h a t  t h e r e  is  a l so  a s h i f t  o f  g l u t a m i n a s e  a c t i v i t y  f r o m  
m i t o c h o n d r i a  t o  t h e  s u p e r n a t a n t  f r a c t i o n  of  t h e  h o s t  l i v e r  
a n d  k i d n e y ,  d u e  t o  t h e  p r e s e n c e  o f  t u r n o u t  in  t h e  b o d y  of  
t h e  a n i m a l .  T h a t  t h e  d i f f e r e n c e  in  t h e  l o c a t i o n  of  g l u t -  
a m i n a s e  in  e i t h e r  t h e  t u m o u r  o r  h o s t  l i ve r  a n d  k i d n e y ,  as  
c o m p a r e d  w i t h  t h e  n o r m a l  t i s s u e s ,  is  n o t  d u e  t o  t h e  
f r a g i l i t y  o f  m i t o c h o n d r i a ,  b u t  is  i n d i c a t e d  b y  t h e  r e s u l t s  

obtained for the succinic dehydrogenase, if there was a 
rupture of mitochondria, then the succinic dehydrogenase 
also would have been obtained in supernatant fraction, 
but the results indicate otherwise. The problem then 
arises whether this may be due to a preferential leakage 
of glutaminase from the Initochondria to the supernatant 
or a new enzyme is being synthesized, with the develop- 
ment of the turnout. The results obtained with actino- 
mycin-D experiments indicate that there is no appear- 
ance of glutaminase in supernatant fraction of the liver 
obtained from the turnout-bearing host. The reason for the 
Actinomycin-D not having any effect on the growth of 
tumour could be due to the fact that a much higher dose 
of the antibiotic is needed for the inhibition of tumour 
growth 16. 

Rdsumd. O n  a c o m p a r 6  l ' a c t i v i t 6  de  la  g l u t a m i n e -  
a m i n o h y d r o l a s e  d a n s  les  f r a c t i o n s  de  d i v e r s  t i s s u s  ce l lu -  
l a i r e s  de  s o u r i s  n o r m a l e s  a v e c  ce l les  d e s  t i s s u s  ~ p a r t i r  de  
s o u r i s  a y a n t  d e s  t u m e n r s .  O n  a c o n s t a t 6  c e t t e  a c t i v i t 6  
s u r t o u t  d a n s  la f r a c t i o n  s u r n a g e a n t e  de s  t i s s u s  de  I ' h6 t e ,  
t a n d i s  q u e  d a n s  les  t i s s u e s  d e s  a n i m a u x  n o r m a u x  elle se 
m a n i f e s t e  en  m a j e u r e  p a r t i e  d a n s  la  m i t o c h o n d r i e .  D a n s  
les tissus mtme de la tumeur, toute l'activit6 est limit6e 
la  f r a c t i o n  s u r n a g e a n t e .  
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