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Average specific activity of glutamine synthetase in invertebrate tissues 

EXPERIENTIA 28/10 

Phylum Animal 

Optic Neural 
ganglia retina 

Brain 

Tissue 

H.P. digestive Digestive Thoracic Gut Skin 
gland gland ganglia 

Mollusca Octopus vulgaris (2) ~ 11.9 5.3. 
Rossia pacificia (3) 6.9 2.3 

Arthropoda Cancer magister (3) 0.066 b 
0.21o 

Eehinodermata S. purpuratus (3) 

5.0 1.24 0.0 

0.14 0.66 

0.16 

~Number of specimens; b6 eyes without stalks; o6 eyes with stalks. 

shows t he  presence  of v e r y  low GS a c t i v i t y  in  t he  gu t  of 
t he  sea urchin .  O t h e r  t issues of th i s  species were n o t  as- 
sayed.  

W e  h a v e  p resen ted  ev idence  here  t h a t  g l u t a m i n e  
s y n t h e t a s e  is p re sen t  in  ce r t a in  a d u l t  t i ssues  of o rgan i sms  
r ep re sen t i ng  3 m a j o r  i n v e r t e b r a t e  phy la .  E n z y m e  specific 
a c t i v i t y  was re la t ive ly  h i g h  in coleoid ne rvous  t i ssue  and  
less so in d iges t ive  t issues.  Levels  of a c t i v i t y  were con- 
s ide rab ly  lower in  t i ssue  f rom func t iona l ly  c o m p a r a b l e  
c rab  organs.  The  h i g h  GS specific a c t i v i t y  in  b o t h  t he  
v e r t e b r a t e  a n d  t h e  coleoid ne r vous  sys t ems  corre la tes  
w i t h  t he  well  k n o w n  convergence  concern ing  t h e i r  
a n a t o m y ,  e lec t rophysiology,  and  behav ior .  I t  is no t  pos- 
sible a t  p r e sen t  to  sugges t  w h a t  func t iona l  s ignif icance 
t h i s  cor re la t ion  m a y  have .  T he  role of large a m o u n t s  of GS 
in v e r t e b r a t e  ne rvous  sys t ems  has  been  a topic  of deba te ,  
b u t  m a y  be  associa ted  w i t h  t h e  pecul ia r  t r a n s p o r t  
p rob l ems  of ne rvous  t issue.  Also, .g lu tamate  has  r ecen t ly  
been  imp l i ca t ed  as a e x c i t a t o r y  n e u r o - t r a n s m i t t e r  in 
ce r t a in  an ima l s  (KRNJXVIC I1). Consequent ly ,  t he  presence  

of GS would be  func t iona l ly  ind i spensab le  in  the  s y n a p t i c  
phys io logy  of a n y  sys tem.  

Zusammen/assung. Nachweis  eines I n v e r t e b r a t e n - E n -  
zyms, das  bet  V e r t e b r a t e n  insbesondere  im Nerven -  
gewebe eine wich t ige  Rol le  spielt .  Diese G l u t a m i n -  
S y n t h e t a s e  wurde  vor  a l lem im op t i schen  Gangl ion  in der  
R e t i n a  u n d  im G e h i r n  zweier  T i n t e n i i s c h a r t e n  ge funden  
u n d  i iberdies  in  sehr  ger inger  Menge bet  Crus taceen  u n d  
E c h i n o d e r m e n .  
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Asymmetrical  Activation by Ca ~+ of the Erythrocyte Membrane K+-Dependent Phosphatase 

I t  is k n o w n  t h a t  in  t he  presence  of Mg ~+ t h e  (Na+ + K+)- 
i n d e p e n d e n t  and  ouaba in - insens i t i ve  f r ac t ion  of t he  red  
cell m e m b r a n e  A T P a s e  a c t i v i t y  is m a r k e d l y  e n h a n c e d  b y  
low concen t r a t i ons  of Ca ~+, Sr ~+ or B a  ~+1-~. W e  h a v e  
shown elsewere t h a t  in  t he  presence,  b u t  no t  in  t he  ab-  
sence, of ATP ,  Ca ~+, Sr ~+ or B a  ~+ are also able  to  a c t i v a t e  
t h e  K + - d e p e n d e n t  f r ac t ion  of t he  red  cell m e m b r a n e  
p h o s p h a t a s e  ac t iv i ty ,  wh ich  u n d e r  these  condi t ions  loses 
i ts  s ens i t i v i ty  to  o u a b a i n  I. Since a c t i v a t i o n  b y  d i v a l e n t  
ca t ions  of t he  m e m b r a n e  p h o s p h a t a s e  and  A T P a s e  
follows v e r y  s imi la r  curves  for  each  cat ion,  i t  has  been  
sugges ted  tha t '  a single m e c h a n i s m  m a y  be  t he  cause  of 
t he  a c t i v a t i o n  of b o t h  enzymes  a. I f  t h i s  were t he  case, 
m e m b r a n e  A T P a s e  a nd  p h o s p h a t a s e  would  share  t he  
s ame  A T P  and  Ca 2+ sites. One of t he  m a i n  p red ic t ions  
t h a i  th i s  a s s u m p t i o n  leads to  is t h a t  a c t i v a t i o n  of t h e  
K + - d e p e n d e n t  p h o s p h a t a s e  b y  Ca ~+ a n d  A T P  should  t a k e  
place, as in  t he  A T P a s e  5, on ly  w h e n  A T P  a n d  Ca 2+ are a t  
t he  i nne r  surface of t he  cell m e m b r a n e .  

I n  th i s  c o m m u n i c a t i o n  we wish  to  r e p o r t  e x p e r i m e n t s  
des igned to t e s t  t h i s  p red ic t ion  on r e c o n s t i t u t e d  ghosts  of 
h u m a n  red  cells. 

Two k inds  of ghosts  were p r e p a r e d  b y  a modi f i ca t ion  
of t he  p rocedure  of SCI~ATZMANN a n d  VINCXNZlS. Singly  
hemolyzed  ghos ts  were p r epa red  lys ing I vo lume  of p a c k e d  
red  cells in  800 vo lumes  of a n  ice-cold so lu t ion  con ta in ing  
5 m M  MgCI 2, 40 m M  TrisHC1, 0.5 InM e thyleneglycol -  
bis(fi-aminoethyl e t h e r ) - N , N ' - t e t r a a c e t i c  acid (EGTA),  

0.3 m M  A T P  (Tris salt),  p H  7.2 a t  25 ~ D o u b l y  hemol -  
yzed  ghosts  were p r epa red  lys ing one v o l u m e  of s ingly 
hemolyzed  ghosts  in 40 vo lumes  of an  icec-old so lu t ion  
c o n t a i n i n g  5 m M  MgCI,, 10 m2~f Tris-HC1, 2 m M  A T P  
(Tris salt), 0 or 1 m M  CaC12, p H  7.2 a t  25~ Fo r  b o t h  
k inds  of ghosts  t he  h e m o l y s a t e  was a l lowed to  s t a n d  a t  
0 ~ for 10 rain.  Af te r  t h i s  s tep  t he  ghosts  were washed  3 
t imes  a t  5~ w i t h  a b o u t  30 vo lumes  of a so lu t ion  con- 
t a i n i n g  5 m M  MgC12 a n d  150 m M  Tris-HC1, p H  7.4 a t  
25~ The  second hemolys i s  was  found  to be  necessa ry  
because  t he  presence  of Ca ~+ in t he  lys ing  so lu t ion  yie lded 
ghos ts  r e t a in ing  a large a m o u n t  of t h e  in t r ace l lu l a r  
soluble  p h o s p h a t a s e  n o r m a l l y  p r e sen t  in  red cells. The  
v o l u m e  f rac t ion  of ghosts  occupied  b y  ghosts  sealed to 
Ca 2+ or A T P  was e s t i m a t e d  accord ing  to t he  p rocedure  
a l r eady  descr ibed 6. A b o u t  50% of t he  s ingly  h e m o l y z e d  
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Table I. The effect of internal Ca ~+ on K+-dependent phosphatase activity in ATP containing ghosts 
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K+-dependent phosphatase activity (mmole p-NP/I sealed ghosts/h) 

Ca2+-free ghosts 0.24 
Ca2+-containing ghosts 0.82 

Ca2+-free ghosts + ouabain 0.00 
Ca2+-containing ghosts + ouabain 0.67 

For each experiment doubly hemolyzed ghosts (see text) were prepared from the same batch of cells and assayed simultaneously. The final 
incubation medium contained (raM): EGTA, 0.5; p-NPP (Tris salt), 10; KCI, 50; Tris-HC1, 100 (pFI 7.8 at 37 ~ K+-dependent phosphatase 
activity is the difference between the rate in the above-mentioned medium and in a nledium in which all the KC1 was replaced by an equi- 
valent amount of Tris-HC1. Ouabain concentration was 10-SM. 

Table II. The effect of external Ca 2+ and ATP on K+-dependent phosphatase activity of ATP-containing ghosts 

Additions to the external medium 
(raM) 
Ca 2+ ATP 

K+-dependent phosphatase activity 
(mmole p-NP/1 orig. cells/h) 

Intact ghosts - - 0.30 
0.75 - 0.32 

Intact ghosts - 0.25 0.22 
0.75 0.25 0.47 

Disrupted ghosts - 0.25 0.26 
0.75 0.25 0.79 

Singly hemolyzed ghosts (see text) were prepared from the same batch of cells and assayed simultaneously. Disrupted ghosts were obtained 
by freezing and thawing a suspension of intact ghosts. The final incubation medium was similar to that in experiments in Table I except that 
5 mM MgC12 was present. Ca 2+ was added as CaCI 2. For other conditions see Table I. 

and  abou t  20% of t he  doubly  hemolyzed  ghosts  sealed to  
A T P  and  Ca ~+. P h o s p h a t a s e  ac t iv i ty  was measured  
e s t ima t ing  the  release of p -n i t ropheno l  (p-NP) f rom 
p - n i t r o p h e n y l p h o s p h a t e  (p-NPP)  by  the  ghosts  a f te r  a 
15 rain long incuba t ion  a t  37~ following the  procedure  
a l ready  descr ibedL In  all expe r imen t s  the  a m o u n t  of 
ghosts  p resen t  was  t h a t  which  gave a hema toc r i t  of 10% 
calculated on the  original  vo lume of cells. 

The effects  of in t racel lular  Ca ~+ on K+-dependen t  phos-  
pha t a se  ac t iv i ty  are shown in Table  I. I t  is clear t h a t  
add i t ion  of in t racel lular  Ca 2+ to  ATP-con ta in ing  ghosts  
resul ts  in a more  t h a n  3-fold increase ill K+-dependen t  
phospha t a se  ac t iv i ty .  If  th i s  increase were due to t he  
A T P - d e p e n d e n t  effect  of Ca 2+, i t  should be associa ted 
wi th  the  loss of ouabain  sens i t iv i ty  of the  K+-dependen t  
phospha t a se  act iv i ty .  This  pred ic t ion  was tes ted  in the  
second expe r imen t  of Table  I in which  the  effect  of 
in te rna l  Ca 2+ on K+-dependen t  phospha t a se  ac t iv i ty  was 
assayed in med ia  conta in ing  ouabain.  D a t a  clearly show 
tha t ,  in con t ras t  w i th  the  lack of effect  of K+ in Cae+-free 
ghosts,  a large K+-dependen t  phospha t a se  ac t iv i ty  is 
measurable  when  Ca~+-containing ghosts  are assayed  in 
the  presence of ouabain.  

Al though  results  in Table  I show t h a t  in te rna l  Ca ~+ 
and  A T P  are suff ic ient  for phospha t a se  act ivat ion,  t h e y  
do no t  rule out  the  poss ib i l i ty  t h a t  Ca ~+ and  A T P  are also 
effect ive f rom the  outer  surface of t he  cell membrane .  To 
tes t  th is  point ,  Ca,+2-free r econs t i tu t ed  ghosts  were 
assayed for K+-dependen t  phospha t a se  ac t iv i ty  in media  
wi th  and  w i thou t  Ca 2+ and  ATP.  Resul ts  in Table  I I  
show t h a t :  1. add i t ion  of Ca ~+ to  the  suspending  media  of 
ATP-con ta in ing  ghosts  has ve ry  l i t t le  effect  on K+- 
d e p e n d e n t  phospha t a se  act iv i ty ,  and  2. if ex te rna l  Ca 2+ 
is added  toge the r  wi th  A T P  K + - d e p e n d e n t  p h o s p h a t a s e  
ac t iv i ty  is increased,  b u t  th is  increase is a lmos t  doubled  
af ter  d i s rup t ion  of the  pe rmeab i l i t y  barr ier  of the  ghosts  
which  allows Ca ~+ to  have  access to  bo th  sides of the  mem-  

brane.  The ac t iva t ing  .effect of ex te rna l  A T P  and  Ca ~+ 
can therefore  be fully accounted  for by  the  pene t r a t i on  
of A T P  and  Ca 2+ into the  popu la t ion  of ghosts  which  do 
no t  regain the i r  low pe rmeab i l i t y  af ter  hemolysis .  

A s y m m e t r i c a l  ac t iva t ion  of the  m e m b r a n e  phospha t a se  
by  in te rna l  A T P  and  Ca ~+ suggests  t h a t  the  sys t em 
responsible  for th is  effect  has  a def ini te  o r ien ta t ion  wi th in  
the  membrane .  P r e s u m a b l y  as a resul t  of th is  or ienta t ion ,  
A T P  and  Ca "+ can only  have  access to  the i r  specific si tes 
f rom the  inner  surface of the  cell membrane .  The s imi la r i ty  
of these  a symmet r i ca l  r equ i remen t s  w i th  those  of t he  
Ca2+-activated ATPase  ac t iv i ty  of the  red cell m e m -  
b rane  5 is cons i s ten t  w i th  t he  idea t h a t  ac t iva t ion  by  Ca 2+ 
of the  ATPase  and  of the  K+-dependen t  p h o s p h a t a s e  of 
red cell m e m b r a n e s  m a y  be re la ted  phenomena .  

Resumen. Los sit ios con los cuales se combinan  el ion Ca 
y el A T P  para  ac t ivar  la fraeci6n depend ien te  ce K+ de la 
fosfa tasa  de la m e m b r a n a  del gl6bulo rojo, est~n ubicados  
en la superficie in te rna  de d icha  m e m b r a n a .  E s t a  caracte-  
r l s t ica  de as imetr la ,  favorece la idea de la relaci6n de es ta  
enz ima con la ATPase  ac t ivada  por  Ca ~+ de la m e m b r a n a  
del gl6bulo rojo. 
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