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A C o m p a r a t i v e  S t u d y  o f  t h e  R e g i o n a l  

D i s t r i b u t i o n  a n d  S t r u c t u r a l  A t t a c h m e n t  o f  

C e r e b r a l  G l u t a m i n e  S y n t h e t a s e  

The int racel lular  d is t r ibut ion  of g lu t amine  syn the tase  
has  recent ly  been  examined  in cort ical  t issue of ra t  b ra in  1 
and in r a t  l iver  2 and,  in b o t h  instances,  i t  was found to  be 
p redominan t ly  microsomal .  I n  cerebral  t issue, however ,  i t  
was necessary to use wa te r  8 in lieu of 0 .25M sucrose as 
the  homogeniz ing med ium in order  to achieve m a x i m a l  
re ten t ion  of the  enzyme  in the  microsomal  pellet.  These 
studies, as well  as those of W u  2 on the  hepa t ic  enzyme,  
have  revealed t h a t  g lu tamine  syn the tase  is membrane -  
associated and, more  precisely~ t h a t  i ts  a t t a c h m e n t  to  
the  ou te r  surface of t he  microsomal  m e m b r a n e  sys tem 
m a y  be  easi ly d i s rup ted  wi th  resul t ing solubi l izat ion of 
t he  enzyme.  The  differences in the  na tu re  of t he  s t ruc-  
tura l  a t t a c h m e n t  to the  microsomal  membranes  of ra t  
cerebral  cor tex  of g lu tamine  syn the tase  and  of ATP-ase  
and esterase (substrate:  o-ni t rophenyl  acetate)  4 have  been 
recent ly  examined  and  the  resul ts  fo rm par t  of a separa te  
co m mun ica t i on  ~. 

I n  pursuance  of th is  work, we h a v e  'de termined the  
degree of a t t a c h m e n t  to  pa r t i cu la te  s t ruc tures  of  gluta-  
mine syn the tase  in var ious  regions of the  bra in  of the  
r abb i t  and the  ca t  and have  br ief ly  examined,  in the  l a t t e r  
species, the  effect  on the  locahza t ion  of the  enzyme,  of 
se izure4nducing  doses 0 of in t r aven t r i cu la r  sodium. 

Cats were killed wi th  an  in t raper i tonea l  in jec t ion  of 
pen tobarb i t a l  sod ium 125 mg/kg.  The  bra in  was excised 
a t  4 ° C and weighed por t ions  of cerebral  cortex,  cerebet lar  
cortex,  h ippocampus ,  tha lamus ,  and hypo tha l amus  
placed in 1 ml  of ice-cold water .  The  homogeniza t ion ,  the  
cent r i fugat ion  of a su i tab ly  d i lu ted  homogena te  (about  
1:30, w/v)  and the  de te rmina t ion  of enzyme ac t iv i ty  in 
t h e  pos t -mi tochondr ia l  supe rna t an t  (Fract ions  PS),  the  
microsomal  suspension (Fract ion  P) and the  high-speed 
soluble supe rna t an t  (Fract ion  S) were carr ied out,  as pre- 
v ious ly  descr ibed 1,s E x c e p t  for t he  manne r  in which  the  
animals  were sacrificed (air in ject ion into the  ear  ve in  and 
sacrifice wi th in  10 rain for t he  rabb i t ;  decapi ta t ion  of 
the  pen toba rb i t a l  anes the t ized  rat) all procedures  were 
ident ical  to those  used for the  cats. A uni t  of g lu tamii le  
syn the tase  ac t iv i ty  refers to  the  n u m b e r  of / ,moles of 
g l u t a m o h y d r o x a m a t e  formed/30 min.  Specific a c t i v i t y  is 
in un i t s /mg  of protein.  

The  results  of de te rmina t ions  of enzyme  ac t i v i t y  and 
enzyme a t t a c h m e n t  are seen in Table  I. Highes t  overal l  
ac t iv i ty  was found in the  rabb i t  b ra in  and, wi th in  the  
bra in  regions of this  species, ac t iv i ty  was ra ther  un i formly  
elevated.  I n  agreement  wi th  the  observa t ion  t h a t  cerebral  
g lu tamine  syn the tase  ac t iv i ty  of m a m m a l s  is general ly  
h igher  t h a n  t h e  corresponding cerebel lar  a c t i v i t y  7, this  
was found to  be t rue  for the  ca t  as well, a l though  i t  was 
somewha t  less apparen t  in the  r a b b i t t  

Of par t i cu la r  interest ,  however ,  are the  differences 
found to  exis t  be tween  the  s t ruc tura l  a t t a c h m e n t  of 
g lu tamine  syn the tase  in the  cerebral  cor tex  of the  rat ,  
where,  upon  fract ionat ion,  abou t  70% of the  a c t i v i t y  
present  in the  pos t -mi tochondr ia l  supe rna t an t  s was found 
to  be associated wi th  the  microsomal  pellet,  and  t h e  cor- 
responding a t t a c h m e n t  in t he  r abb i t  (12% microsomal)  
and the  ca t  (50% microsomal) .  Since all of the  examined  
bra in  regions of the  ca t  and  the  rabb i t  e x h i b i t e d  a uni-  
fo rmly  low degree of s t ruc tura l  a t t a c h m e n t  to  micro-  
somal  s t ructure,  the  present  findings are t aken  to  denote  
and,  perhaps,  to  be  due to,  differences in t he  p resumab ly  
species-specific s t ruc tu ra l  composi t ion  of  the  microsomal  
membranes  g -zx. 

Studies  on the  cerebral  5 and  the  hepa t ic  ~ microsomal  
g lu tamine  syn the tase  of t he  r a t  have  shown t h a t  NaC1 
( >  0.10M) causes a release of enzymic  ac t iv i ty  f rom the  
microsomal  pel le t  in to  t he  supe rna t an t  fluid. I n  an  at-  
t e m p t  to corre la te  these  in vitro findings wi th  a possible 
in  rive role of Na  + in the  regula t ion  of the  in t racel lu lar  
locat ion of g lu tamine  synthetase ,  cats  were anes the t ized  
(35 mg/kg,  N a  pentobarbi tM),  15 rain la te r  a Collison 
cannuIa  ~2 was imp lan t ed  in the  la tera l  ven t r ic le  and  0.2 ml  
of a 3% (w/v) NaC1 was injected.  Cannu la ted  controls  
received an equal  v o l u m e  of 0.9% NaC1 (w/v). The  
animals  were kil led in the  cold room (4 ° ) by  decapi ta t ion  
exac t ly  2 rain later,  t he  cerebral  cor tex  excised and the  3 
subcellular  fract ions,  descr ibed above,  were isolated. In  
these  exper iments ,  homogena tes  which  were  prepared  
f rom the  brains of two  an imals  and  were  m a d e  up  in cold 
wa te r  to three  di f ferent  d i lut ions  were centr i fuged.  This  
was done to  min imize  the  effect of d i lu t ion on the  enzyme  
ac t i v i t y  and on its par t i t ion ing  be tween  Frac t ions  P 
and S. 

Table I. Glutamine synthetase: regional distribution and structural 
attachment in the brain of the rat, the rabbit, and the cat 

Species Rat (6) Rabbit (3) Cat (4) 

Brain Sum, % Sum, % Sum, % 
region frac- Activity frac- Activity frac- Activity 

tions ~ in tions ~ in tions" in 
P + S fraction P + S fraction P + S fraction 

S S S 
(P+S (P+S (p+S 
= 100) = 100) -- 100) 

Cerebral 53.0 29.5 89.4 88.8 42.9 49.2 
cortex 
Cerebellar - - 78.3 74.3 ~25.5 69.0 
cortex 
Hippo- - - 94.6 81.4 ~9.8 65.7 
campus 
Thalamus - - 7~.7 86.4 24.4 65.5 
Hypo- - - 84.2 75.7 20.4 68.0 
thalamus 
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The  resu l t s  of a t y p i c a l  e x p e r i m e n t  (Table  I I )  i nd i ca t e  
t h a t  t h e  i n t r a v e n t r i c u l a r  i n j e c t i o n  of h y p e r t o n i e  NaC1 
fai led to  in f luence  t h e  degree  of a s soc ia t ion  of g l u t a m i n e  
s y n t h e t a s e  w i t h  t h e  m i c r o s o m a l  c o m p o n e n t s  of c a t  cere-  
b r a l  c o r t e x  o v e r  a n d  a b o v e  t h e  levels  n o t e d  in  t h e  con t ro l  
an ima l s  i n j e c t e d  w i t h  0 .9% NaC1. Yet ,  b y  c o m p a r i s o n  
w i t h  va lues  o b t a i n e d  f r o m  non- in j  ec ted  con t ro l s  (Table  I), 
i t  wou ld  a p p e a r  t h a t  a n  app rec i ab l e  re lease  of m i c r o s o m a l  

Table II. Effect of intraventricular administration of the NaC1 on 
the structural attachment of glutamine synthetase of cat cerebral 

cortex 

NaC1 Homogenate dilution 
administered 

~°/o Activity in fraction Pa 

% 1:10 1:30 1:50 

g l u t a m i n e  s y n t h e t a s e  occu r red  as a r e su l t  of t h e  i n t r a -  
v e n t r i c u l a r  a d m i n i s t r a t i o n  of a n o n - c o n v u l s a n t  dose of 
NaC1 la, 1~. 

Rdsumd. Des diff6rences  sp6cif iques  de  loca l i sa t ion  r6- 
g ionale  e t  d ' a t t a c h e m e n t  a u x  s t r u c t u r e s  mic rosomia les  de  
la  g l u t a m i n e - s y n t h e t a s e  c6r6bra le  son t  d6cri tes .  L ' a d -  
m i n i s t r a t i o n  i n t r a v e n t r i c u l a i r e  de  doses  non-convu l s i -  
v a n t e s  de NaCI p r o v o q u e  chez  le c h a t  des  mod i f i ca t ions  
d a n s  l a  f i xa t i on  pa r t i cu l a i r e  de  l ' e n z y m e  a u x  s t r u c t u r e s  
cort icales.  
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0 - 50.8 b - 
0.9 14.0 23.6 24.4 
3.0 18.5 18.2 23.0 

a Activity in fraction PS ~ 100%. ~ Calculated from value in Table I. 
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O b e r  d ie  H e r k u n f t  der  au f  der  B a s a l p l a t t e  
l i e g e n d e n ,  d e n  i n t e r v i l l 6 s e n  R a u m  b e g r e n z e n d e n  

Z e l l e n  b e i  de r  G e b u r t s p l a c e n t a  d e s  M e n s c h e n  

I n  se iner  z u s a m m e n f a s s e n d e n  A r b e i t  f iber die A n a t o -  
mie  de r  m e n s c h l i c h e n  P l a c e n t a  s c h r e i b t  STI~VE 1 (p. 
133): ¢~Dagegen f i n d e t  m a n  in d e n  l e t z t en  M o n a t e n  de r  
S c h w a n g e r s c h a f t  sehr  h~uf ig  Stel len,  a n  d e n e n  die  Basa l -  
p l a t t e  gegen d e n  in te rv i l lSsen  R a u m  zu y o n  e iner  gleich-  
m~tssig z u s a m m e n h ~ n g e n d e n  Lage  a b g e p l a t t e t e r  Zel len 
f iberzogen wird. Diese Gebi lde  lassen ke ine  Zel lgrenzen  
e r k e n n e n ,  es h a n d e l t  s ich o f f e n k u n d i g  u m  eine be sonde re  
F o r m  des  Syncytiums,~.  Diese  Zellage (vgl. F i g u r  1) wi rd  
y o n  d e n  A n h ~ n g e r n  de r  T r o p h o b l a s t s c h a l e  als l e t z t e r  R e s t  
des s e ro t i na l en  (basalen)  E k t o d e r m s  * ode r  de r  T r o p h o -  
b l a s t s cha l e  3 aufgefass t .  

I n  U n t e r s u c h u n g e n  fiber die A u s g e s t a l t u n g  de r  P la -  
c e n t a  h a t  LUDWIG 4 in  ] ~ b e r e i n s t i m m u n g  re_it HEINZ ~ fes t -  
ges te l l t ,  dass  die Dec idua  basa l i s  m i t  A u s n a h m e  de r j en i -  
gen  Stel len,  a n  we lchen  H a f t z o t t e n  v e r a n k e r t  s ind,  o h n e  
i rgende ine  B e k l e i d u n g  a n  d e n  in te rv i l l6sen  R a u m  an-  
s t6ss t .  Auf  d ieser  Ober f l~che  sch l~gt  s ich  a l lmgh l i ch  au s  
d e m  in te rv i l l6sen  R a u m  eine F i b r i n s c h i c h t  n ieder ,  d ie  
zue r s t  yon  ROHR s b e s c h r i e b e n  w o r d e n  ist .  E igen t i iml i -  
cherweise  f i n d e t  s ich die Lage  y o n  a b g e p l a t t e t e n  Zellen 
i m m e r  f iber  d e m  R o h r s c h e n  F i b r i n  gegen den  in te rv i l l6sen  
R a u m  b i n  (F igur  1). 

M a n  n i m m t  h e u t e  an,  dass  die Ar te r iosk le rose  m i t  e iner  
A b s c h e i d u n g  v o n  F i b r i n  au f  de r  geschAdigten  Gef~isswand 
b e g i n n t  7. S e k u n d ~ r  w e r d e n  diese w a n d s t X n d i g e n  k le inen  
T h r o m b e n  v o n  d e n  a n s t o s s e n d e n  E n d o t h e l z e l l e n  i iber-  
w a c h s e n  ~. E s  s te l l t  s ich  d a h e r  die Frage ,  o b  die a b g e p l a t -  
t e t e n  Zel len au f  de r  B a~a lp l a t t e  de r  G e b u r t s p l a c e n t a  wi rk-  
l ich als O b e r r e s t e  de r  T r o p h o b l a s t s c h a l e  1-s a n z u s e h e n  
s ind  oder  ob  sie, Rhnl ich wie bei  de r  Arter iosklerose ,  

s e k u n d a r  aus  d en  mf i t t e r l i chen  U t e r o p l a c e n t a r g e f ~ s s e n  
f iber  das  R o h r s c h e  F i b r i n  h in i ibe rwachsen .  

Fig. 1. Basalplatte der Placenta eines m~innlichen Neugeoorenen. 
Fixation: Davidson. F~hrbung: Thionin nach KLINGER-LuDwIO s. 
Das Rohrsche Fibrin ist dunkel angef~rbt. Dariiber liegt als Grenz- 
schicht gegen den intervilliisen Raum die Endothellage. Vergr. 130 ×. 
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