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The  ques t ion  w h e t h e r  the  f o r m a t i o n  of oximes  b y  E.  
lipolytica is on ly  a way  of d e t o x i c a t i o n  or cons t i t u t e s  a 
rou te  for d i rec t  u t i l i za t ion  of no t  ful ly r educed  n i t rogen ,  
r ep resen t s  po in t s  of in te res t .  I f  t he  l a t t e r  is of s ignif icance 
2 -ox iminopropano ic  acid could be expec t ed  to be  p re sen t  
as a m e t a b o l i t e  in  cells g rown on more  oxid ized  n i t r ogen  
sources. E x p e r i m e n t s  were the re fore  r u n  w i t h  some re- 
p r e s e n t a t i v e  p roca ryo t i c  a n d  eucaryo t ic  mic roorgan i sms ,  
wh ich  un l ike  E. lipolytica are able  to  ass imi la te  n i t r a t e .  
N i t r a t e  was s u b s t i t u t e d  for H A  a n d  glucose for glycerol  in 
the  cu l tu re  media .  Cells f rom t h e  midd le  log phase  were 
ana lysed  for ox ime c o n t e n t  us ing  t he  ace ton i t r i l e  m e t hod .  
2 -ox iminopropano ic  acid was found  in  all  m ic roo rgan i sms  
tes ted ,  a l t h o u g h  in v a r y i n g  a m o u n t s  (Table).  

Ana lys i s  of t he  l i s ted  cells g rown on a m m o n i u m  sul- 
p h a t e  a lways  gave  n e g a t i v e  resul ts .  No ox imes  could be 
t r a c e d  in ch lo rop las t s  f rom e t io la t ed  or non -e t i o l a t ed  
w h e a t  seedl ings g rown on n i t r a t e .  

The  ox ime  c o n t e n t  as a f unc t i on  of g r o w t h  was s tud ied  
in cells of Cryptococcus albidus grown on n i t r a t e  m e d i u m  
(Figure  2). I t  is obv ious  t h a t  m a x i m u m  ox ime  c o n t e n t  was 
r eached  to  in  midd le  log phase  of g r o w t h  (A6:0 a b o u t  0.8). 
A t  l a t e r  s tages  t he  a m o u n t  of ox i m i no - ac i d  decreased  ra-  
p id ly  a n d  b e c a m e  negl igible  w h e n  g r o w t h  en t e red  s t a t ion -  
a ry  phase  (A~I 0 a b o u t  1.7). The  f ind ings  s u p p o r t  t he  sug- 
ges t ion  t t l a t  t he  ox imino-ac id  is used as a source of no t  
ful ly r educed  n i t r ogen  in t he  me tabo l i sm.  

The  f u r t h e r  me tabo l i c  t r a n s f o r m a t i o n  of 2-oximino-  
p ropano ic  acid is no t  known.  I t  has  been  shown  t h a t  ox imes  
m a y  become  e n z y m a t i c a l l y  r educed  to a m i n o - c o m p o u n d s  7. 
T r a n s o x i m a s e s  s p r e s u m a b l y  p l ay  an  i m p o r t a n t  role. 

I t  appea r s  i m p o r t a n t  to  decide w h e t h e r  t h e  f o r m a t i o n  
of ox iminoac ids  r ep resen t s  a b y p a s s  of m i n o r  i m p o r t a n c e  
or an  ind i spensab le  p a t h w a y  in t he  regu la r  me tabo l i c  re- 
duc t i on  of n i t rogen .  W o r k  in t he  field is be ing  c o n t i n u e d  a t  
t h i s  i n s t i t u t e .  

Zusammen/assung. Es wird  gezeigt,  dass  in Zel len yon  
Cryptococcus albidus u n d  in K u l t u r l 6 s u n g  yon  Endomy- 
copsis lipolylica die Ox ime  bis  zur  lVlitte der  exponen t i e l l en  
Z u w a c h s p h a s e  in s t e igenden  K o n z e n t r a t i o n e n  v o r k o m -  
men,  w~Lhrend sie in  A m m o n i u m - k u l t i v i e r t e n  Zellen fehlen.  
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G l u t a m i n e  S y n t h e t a s e ,  an E n z y m e  C h a r a c t e r i s t i c  of  V e r t e b r a t e  S y s t e m s  in Inver tebra te  T i s s u e s  

The  cen t r a l  ne rvous  s y s t e m  a n d  sensory  s t r u c t u r e s  of 
coleoid cepha lopods  (e.g., squid,  cu t t le f i sh ,  octopi)  are  
h igh ly  organized,  a n d  m u c h  has  been  m a d e  of t h e  d r a m a t i c  
c o n v e r g e n t  evo lu t ion  shown  b e t w e e n  these  s t r u c t u r e s  a n d  
those  of h ighe r  v e r t e b r a t e s  (YouNG 1 ; WELLS 2, a ; :BARBER 4). 
I t  was  of cons iderab le  i n t e r e s t  to  us, therefore ,  w h e t h e r  
g l u t a m i n e  s y n t h e t a s e  (GS), w h i c h  is a cha rac t e r i s t i c  
e n z y m e  of v e r t e b r a t e  ne r vous  a n d  d iges t ive  sys t ems  
(WuS), would  also be  p r e s en t  in  large a m o u n t s  in  coleoid 
a n d  o the r  i n v e r t e b r a t e  t issues.  Because  of t he  i n t i m a t e  
r e l a t i onsh ip  b e t w e e n  t he  s t r u c t u r a l  o r gan i za t i on  of cells 
in  t he  ch ick  neu ra l  r e t i n a  a n d  t he  possible  precocious  
i n d u c t i o n  of GS d u r i n g  d e v e l o p m e n t  of th i s  t i s sue  
(PIDDINGTON a n d  MOSCONA6; MORRIS a n d  MOSCONAT), 
we were  p a r t i c u l a r l y  i n t e r e s t e d  in k n o w i n g  w h e t h e r  t he  
coleoid eye, wh ich  is r e m a r k a b l y  h i s t o typ i ca l l y  s imi la r  to  
t he  v e r t e b r a t e  eye, would  also show GS a c t i v i t y  a n d  
w h e t h e r  a n  eye of a n  en t i r e ly  d i f fe ren t  s t r u c t u r a l  t y p e  
such  as t h e  t yp i ca l  c r u s t a c e a n  eye would  lack t h e  enzyme.  

Spec imens  of m a t u r e  Octopus vulgaris a n d  Rossia pa- 
ci/ica were o b t a i n e d  nea r  t h e  Mar ine  Science Cen te r  of 
Oregon  S t a t e  U n i v e r s i t y  a t  Newpor t ,  Oregon.  The  organs  
were d issected  in sea w a t e r  a n d  fol lowing a br ie f  r inse  in  
0.01 M p h o s p h a t e  buf fe r  (pH 7.1) were lyphi l ized  a n d  
s to red  a t  - -20~  u n t i l  assayed.  F o r  compar i son ,  t i ssues  
of a d u l t  spec imens  of t he  commerc i a l  crab,  Cancer 
magister, a n d  t he  pu rp l e  sea urch in ,  Stronglyocentrotus 
purpuratus were p r e p a r e d  in t he  same  m a n n e r .  Crab  eyes 
(6 pe r  assay) w i t h  or  w i t h o u t  eye s ta lks  were homogen ized  
in a porce la in  m o r t a r  a n d  pes t l e ;  all  o the r  t i ssues  were 
homogen i zed  in  a glass t u b e  w i t h  a m o t o r - d r i v e n  Tef lon  
pest le .  Assays  for GS specific a c t i v i t y  d e p e n d e d  on  t he  
y - g l u t a m y l t r a n s f e r a s e  p rope r t i e s  of t h e  e n z y m e  a n d  were 
p e r f o r m e d  accord ing  to  t he  m e t h o d  of RUDNICK et  al. 2, as 
modi f ied  b y  KIRK 2. T he  specific a c t i v i t y  of GS was 
ca lcu la ted  as t h e  n u m b e r  of mic romoles  of y -g lu t amyl -  
h y d r o x a m a t e  p roduced  pe r  h o u r  pe r  m g  p r o t e i n  in  t he  

homogena t e .  P r o t e i n  was d e t e r m i n e d  accord ing  to  LOWRY 
et  al. 1~ 

I t  was  found  (Table) t h a t  coleoid ne rvous  t i ssue  in 
genera l  showed  re l a t ive ly  h igh  GS specific a c t i v i t y  w i t h  
t h e  opt ic  gangl ia  showing  t he  h ighes t  a c t i v i t y  while  non-  
ne rvous  t i ssue  a c t i v i t y  was low a n d  skin  h a d  no a c t i v i t y  
a t  all. Th i s  s i t u a t i o n  was ana l agous  to  t h a t  found  in 
severa l  v e r t e b r a t e s  (WuS). All  t i ssues  e x a m i n e d  in t h e  
c rab  were n o t a b l y  low in GS ac t iv i ty ,  b u t  suff ic ient ly  
large a m o u n t s  of t i ssue  were used in these  assays  to  
d e m o n s t r a t e  t h a t  t he  e n z y m e  was, in  fact ,  p resen t .  The  
neu ra l  ganglia ,  wh ich  l acked  p igmen t s ,  showed  signifi-  
c a n t l y  lower  GS specific a c t i v i t y  in  t he  c rab  t h a n  e i the r  
coleoid species. Also, t he  r e t i n a  of t he  c rab  was seen to  
show m u c h  tess a c t i v i t y  t h a n  t he  neura l  ( thoracic)  gangl ia  
of th i s  an imal .  I t  shou ld  be  noted ,  however ,  t h a t  owing to 
t h e  cons iderab le  a m o u n t  of n o n - n e r v o u s  t i ssue  in t he  c r ab  
c o m p o u n d  eye t he  specific a c t i v i t y  of GS in t he  i n d i v i d u a l  
r e t i nu l a  cells m a y  well  h a v e  been  cons ide rab ly  higher .  
I t  was  also seen t h a t  t h e  c rab  d iges t ive  g l and  revea led  
m u c h  less a c t i v i t y  t h a n  t h e  genera l ized ne rvous  t i ssue  as 
was  t h e  s i t u a t i o n  w i t h  coleoid t issues.  The  Tab le  also 
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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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