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vo lume  of 0.5 ml :  60 mM tris-HC1 (pH 7.4), 1 mM di th io-  
thre i to l ,  50 mM KC1, 4 mM MgC12, 0.3 mM GTP,  1 mM 
ATP,  5 m M  p h o s p h o e n o l p y r u v a t e ,  10 ~zg p y r u v a t e  kinase,  
p H  5 enzyme  (600 ~xg prote in) ,  amino  acyl  t r ans fe rases  
[200 p.g p ro t e in  of 3 5 - 6 5 %  (NH4) ~ SO 4 f rac t ionl ,  2 tzmoles 
of 14C-L-lencine (sp. act .  280 mCi /mmole ,  New E n g l a n d  
Nucl.  Corp.) and  4 mM of each  of 19 L - am i no  acids 
excep t  !eucine. The  r eac t ion  was s t a r t e d  b y  r ibosomes  
(10A260n m units)  and  r u n  for 15 m i n  a t  37~ (l inear for 
th i s  t ime).  P o l y p e p t i d e  syn thes i zed  was measu red  b y  t he  
r a d i o a c t i v i t y  i nco r po r a t ed  in to  t r i ch lo race t i c  acid-insol.  
ma te r i a l  as descr ibed  before  8. F r a c t i o n s  of mic rosomal  
ex t rac t s ,  t e s t ed  in t he  a b o v e  sys tem,  were o b t a i n e d  as 
follows: Microsomes were sonica ted  (M.S.E. sonicator ,  
2 amp.  c u r r e n t  ou t pu t ,  1 m i n  a t  0~ in a m e d i u m  
(microsomes e q u i v a l e n t  to  1 g l iver/0.6 ml  of 5 t imes  
d i lu ted  buffer ,  p H  7.4 c o n t a i n i n g  20 mM tris-HC1, 1 mM 
di th io th re i to t ,  50 mM KC1 a n d  4 m M  MgC12). An  a l iquo t  
(20 mg  prote in)  of t he  c lear  son ica te  (ob ta ined  b y  cen- 
t r i fug ing  a t  1 0 5 , 0 0 0 •  for 90 m i n  a t  4~ was t h a n  
c h r o m a t o g r a p h e d  on a s ephadex  G-200 (Pharmac ia )  gel 
co lumn  (20 • 1.8 cm) a n d  e lu t ion  of f rac t ions  be ing  done  
b y  t he  same buffer .  40 d rops  were collected per  f rac t ion  
and  0.2 ml  of su i t ab le  f rac t ions  t e s t ed  for t he i r  effects in 
the  cell-free sys tem.  The  ages of t he  ' young '  and  ' aged '  
r a t s  were 3 weeks a nd  1 yea r  respect ively .  
Results and discussion. Figure  1 compares  b e t w e e n  y o u n g  
and  aged ra t s  the  r a t e s  of laC-leucine i nco rpo ra t i on  b y  the  
l iver  microsomes  as well  as r ibosomes.  E a c h  po in t  gives 
the  ra t io  of t he  va lues  for r a d i o a c t i v i t y  i nco r po r a t ed  b y  
the  s ample  f rom the  y o u n g  r a t  to t h a t  b y  t he  sample  
f rom the  aged an im a l ;  a va lue  g rea te r  t h a n  t signifies a n  
ac t i v i t y  h igher  for t he  t e s t  ma te r i a l  f rom the  young  as 
compared  to t h a t  f rom t he  aged. I t  is seen t h a t  a t  all 
concen t r a t i ons  tes ted ,  t he  young  microsomes  have  a 
h igher  capac i t y  for po l ypep t i de  syn thes i s  t h a n  the  aged 
microsomes,  the  dif ference be ing  special ly m a r k e d  a t  the  
lower concen t ra t ions .  T he  r ibosomal  ac t iv i t i es  in t he  2 
age-groups  are, however ,  comparab le .  F igure  2 shows t he  
effects of f rac t ions  f rom t he  e x t r a c t s  of microsomes  of 
young  a n d  aged ra ts ,  on  cell-free po lypep t ide  synthes is .  
I t  is obse rved  t h a t  t he  microsomes  of b o t h  young  and  
aged ra t s  con t a in  a n  a c t i v a t o r  as well as an  inh ib i to r .  
B u t  in the  young,  t he  level  of the  a c t i v a t o r  is conspicu-  
ously  h igher  and  t h a t  of the  i n h i b i t o r  lower t h a n  the  
co r respond ing  tevels in t h e  aged.  
The  n a t u r e  of the  2 ' f ac to r s '  is ye t  to  be clarified. B u t  a 
role in  physiological  r egu la t ion  is expected ,  in v iew of the  
fac t  t h a t  these  are assoc ia ted  w i th  microsomes  which  are  
the  si tes of cel lular  p r o t e i n  synthes is .  W e  3 found  t he  

specific a c t i v i t y  (per 100 ~zg prote in)  of t he  a c t i v a t o r  to  
t h a t  of the  i nh ib i t o r  to  be  5-10 in the  y o u n g  microsomes  
as aga in s t  on ly  1 in  t h e  aged.  The  h igher  r a t io  in t h e  
young  is in  keep ing  w i th  t he i r  h igher  c a p a c i t y  to  syn-  
thes ize  pro te in .  
H o a g l a n d  et  al. 9 found  in l iver  mic rosomes  a hea t - lab i le  
i nh ib i t o r  whose  effect  was an t agon i zed  b y  GTP.  The  
inh ib i to r ,  descr ibed  here;  is h e a t - s t a b l e  (90 ~ for 5 min)  
a n d  its ac t iv i ty ,  in our  hands ,  is no t  c o u n t e r a c t e d  even  
b y  a 5fold increase  of GTP.  The  i nh ib i t o r  was  t es ted  in 
th i s  s t u d y  b y  us ing  the  r a t  l iver  sys t em requ i r ing  4 m M  
Mg+2. I t  has  since been  revea led  10 t h a t  t he  same  inh ib i to r  
is twice  as effect ive in i n h i b i t i n g  14C-phenylalanine incor-  
po ra t i on  in a po lyur idy l ic  acid (poly U ) - d e p e n d e n t  poly- 
p h e n y l a l a n i n e  syn thes i z ing  s y s t e m  w i t h  10 mM Mg +~. 
Us ing  th i s  sys tem,  we found11 t h a t  t he  si te  of ac t ion  of 
t he  i nh ib i t o r  lies in t he  s tep  lead ing  to a m i n o a c y l a t i o n  of 
t R N A ,  a r eac t ion  p re requ i s i t e  for p ro t e in  synthes is .  The  
ac t iva to r ,  on t he  o the r  hand ,  was  found  to be  hea t - lab i le  
and  lost  50 60% of i ts s t i m u l a t o r y  a c t i v i t y  in  72 h even  
w h e n  k e p t  frozen a t  - 2 0  ~ 12. I t  showed  m a x i m u m  effect  
in  t he  r a t  l iver  sys t em a t  4 mM Mg+2, be ing  to t a l l y  inef- 
fect ive in the  po ly  U-d i rec ted  p o l y p h e n y l a l a n i n e  syn the -  
sizing s y s t e m  u n d e r  o p t i m a l  cond i t ion  (10 mM Mg+~). 
In te res t ing ly ,  these  cha rac te r i s t i c s  are r emin i scen t  of 
those  ascr ibed  or ig ina l ly  b y  Miller and  Schweet  la to  
r e t i cu locy te  r i bosoma l  e x t r a c t  k n o w n  to c o n t a i n  p ro t e in  
in i t i a t ion  factors.  W o r k  is u n d e r w a y  to de l inea te  the  site 
of ac t ion  of the  ac t iva to r .  This  is of p a r t i c u l a r  in teres t ,  
since the  same a c t i v a t o r  appea r s  also to be impl i ca ted  in 
changes  associa ted  w i t h  o the r  phys io logica l  condi t ions ,  
such  as h o r m o n e  act ion.  Thus ,  a d m i n i s t r a t i o n  of gluco- 
cor t icoids  to  ad rena l ec tomized  r a t s  induced  a n  increase in 
the  level of the  a c t i v a t o r  in t he  l iver  microsomes  and  
c o n c o m i t t a n t l y  led to an  increased  ab i l i ty  for protein" 
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Light  e v o k e d  re l ease  of rad ioac t iv i ty  f r o m  rabbi t  re t inas  p r e l o a d e d  wi th  ( 3 H ) - G A B A  1 
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Summary. L i g h t  f lashes  evoke  a n  increased  release of r a d i o a c t i v i t y  in v i t ro  f rom r a b b i t  r e t inas  p re loaded  w i t h  (3 H)-  
G A B A  in vivo.  C o n s t a n t  l igh t  does no t  af fec t  t he  release. No l igh t  evoked  release can  be d e m o n s t r a t e d  f rom the  glia. 

P e n t o b a r b i t o n e  and  A O A A  depress  the  evoked  release. The  r e su l t s  are cons i s t en t  w i t h  G A B A  be ing  a r e t ina l  neuro-  
t r a n s m i t t e r ,  mos t  l ikely in a class of amacr ines .  

There  is now increas ing  ev idence  t h a t  y - a m i n o b u t y r i c  
acid (GABA) func t ions  as a n e u r o t r a n s m i t t e r  in the  ver te -  
b r a t e  re t inas .  I t  occurs  n a t u r a l l y  in r e t ina l  t issue 2 4 and  a 
h igh  a f f in i ty  u p t a k e  s y s t e m  5 v and  e n z y m e  sys tems  for 
i ts  f o r m a t i o n  and  m e t a b o l i s m  h a v e  also been  d e m o n -  
s t r a f ed  4, 8-1o. I n  r a b b i t  re t ina ,  exogenous  G A B A  is t a k e n  

up  in v ivo  in cells t h a t  have ,  in t he  ma in ,  t he  locat ion 
and  d i s t r i b u t i o n  of amac r ine  cells, b u t  also in some 
gangl ion  cells n,12. Moreover  G A B A  has  a n  i n h i b i t o r y  
effect  on  t he  f i r ing of r e t ina l  gang l ion  cells 13-16, a n d  t he  
G A B A  inh ib i to r s  p ic ro toxin ,  b icucul l ine  a n d  N - m e t h y l  
b~cuculline af fec t  r e t ina l  f unc t i on  14,17,18. 
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Elec t r ica l  s t i m u l a t i o n  and  h igh  p o t a s s i u m  c o n c e n t r a t i o n  
increase  the  s p o n t a n e o u s  release of labelled G A B A  f rom 
the  re t ina~L However ,  b o t h  t he se  s t i m u l a t i o n  m e t h o d s  
are c rude  an d  can  release G A B A  f rom t i s sue  where  it  is 
un l ike ly  to  be a n e u r o t r a n s m i t t e r  ~~ The  r e t i na  offers the  
a d v a n t a g e  of r e sp ond ing  to  l igh t  s t i m u l a t i o n  also w h e n  
isolated in vi t ro.  We  h a v e  there fore  s tud ied  the  possi-  
bili t ies of re leas ing  G A B A  f rom r abb i t  r e t i na  in v i t ro  by  
f l ash ing  l igh t  s t imu la t i on .  
(3H)-GABA was  in jec ted  i n t r av i t r e a l l y  in to  the  eye wi th  
topica l  a n a e s t h e s i a  only.  2 or 4 h a f te r  the  in jec t ion  t he  
r abb i t  was  killed b y  air i.v. and  the  eye enuc lea ted .  The  
an te r io r  s e g m e n t  and  v i t r eous  were careful ly  r emoved .  
The  eye cup  was  t u r n e d  inside ou t  and  p laced in a wa te r -  
j acke t ed  supe r fus ion  c h a m b e r  specia l ly  des igned  to mini -  
mize d i lu t ion  effects.  This ,  t o g e t h e r  wi th  t he  choice of 
species, m a y  in p a r t  exp la in  w h y  in p rev ious  s tud ies  a 
l igh t -evoked  release of labelled G A B A  was  no t  seen ~9, a~. 
The  r e t i n a  was  su pe r fu sed  a t  a ra te  of 1 m l / m i n  wi th  t he  
so lu t ion  descr ibed  by  A m e s  22. i m M  unlabe l led  G A B A  
was ad d ed  and,  in some  expe r imen t s ,  0.1 m M  A O A A  was  
also p resen t .  Th e  so lu t ion  was  gassed  w i th  a 95% O 2 a nd  
5% CO 2 gas  m i x t u r e  and  was  m a i n t a i n e d  a t  37~ Af te r  
30 m i n  supe r fus ion  in the  dark ,  t he  re t ina  was  s t i m u l a t e d  
b y  l igh t  f lashes  for a period of 8 m i n  a t  2 f lashes /sec  t r om 
a x e n o n  f lash  tube .  The  ave rage  i l l umina t ion  on the  
r e t i na  was  1.75 lux,  b u t  the  peak  of the  f lash  began  w i th  
an  i l l u m in a t i o n  of 2175 lux  and  decreased  exponen t i a l l y  
wi th  a t i m e  c o n s t a n t  of 0.4 msec.  
The  r a d i o a c t i v i t y  of the  s u p e r f u s a t e  was  m o n i t o r e d  by  
l iquid sc in t i l la t ion  s p e c t r o m e t r y .  The  site of u p t a k e  of 
r a d i o a c t i v i t y  in r e t i na  was  s tud ied  by  a u t o r a d i o g r a p h y  
and,  4 h a f te r  the  in ject ion,  was  found  m a i n l y  in cells 
w i th  t h e  loca t ion  of amacr ines ,  in good a g r e e m e n t  w i th  
p rev ious  resu l t s  12, and  2 h a f te r  the  in jec t ion  m a i n l y  in 
glia. The re  was also r ad ioac t i v i t y  in ne rve  cells b u t  these  
were la rge ly  d isguised  by  the  glial r ad ioac t iv i ty .  
The  ac tu a l  level of r ad ioac t i v i t y  in the  s u p e r f u s a t e  var ied  
b e t w e e n  d i f fe ren t  expe r imen t s ,  no d o u b t  because  of var i -  
a t ions  in the  ini t ial  in vivo label l ing of the  re t ina .  There -  
fore t h e  ef f lux  cu rves  were c o m p u t e r  f i t ted  to each  o the r  
so t h a t  t h e  5 m in  p reced ing  the  l ight  s t i m u l a t i o n  would 
a t t a i n  a f ixed pos i t ion  on the  plot.  
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Efflux of radioactivity from 5 rabbit retinas in vitro preIoaded with 
(aH)-GABA stimulated with light flashes. The broken line is the 
spontaneous efflux of radioactivity when retinas are kept in the 
dark. The deviation caused by the light stimulation is highly signif- 
icant (p < 0.005). SE of mean are indicated by vertical bars. 

S t i m u l a t i o n  of t he  4 h p re loaded  r e t i na s  w i t h  l igh t  f lashes  
increased  the  release of r a d i o a c t i v i t y  s ign i f i can t ly  (figure) 
(p < 0.005 w h e n  t he  slope was  c o m p a r e d  wi th  the  slope 
of the  release cu rve  in the  da rk  b y  t - t e s t  on l inear  regres-  
sion for the  i n t e rva l  30-38 min) .  F r o m  u p t a k e  s tud ies  in 
b o t h  r a b b i t s  ~3 a nd  o the r  species ~, ~, =a, i t  is k n o w n  t h a t  m o s t  
of the  s to red  r a d i o a c t i v i t y  r ep re sen t s  u n c h a n g e d  GABA.  
A n y  r a d i o a c t i w t y  re leased is t h u s  l ikely to o r ig ina te  f r om 
s tored  aH-GABA,  b u t  since G A B A  is fair ly r ap id ly  
metabol ized ,  it  is l ikely t h a t  m o s t  of the  r a d i o a c t i v i t y  in 
the  s u p e r f u s a t e  cons i s ted  of me t a bo l i t e s  of G A B A  5, ag, 25. 
W h e n  the  m e t a b o l i s m  of G A B A  was  inh ib i t ed  by  0.1 mM 
A O A A  in t he  supe r fu s ion  m e d i u m ,  the re  was  on t he  
ave rage  a decrease  in the  level of e f f lux  of r a d ioa c t i v i t y  
f r o m  the  r e t i na  as h a s  been  no t e d  p r e v ious ly  5, ~9, ~, b u t  
f l a sh ing  l igh t  still increased  t he  ef f lux  of r a d ioa c t i v i t y  
s l ight ly ,  a lbei t  n o t  s igni f icant ly .  A n a e s t h e t i z i n g  the  a n i m a l  
wi th  p e n t o b a r b i t o n e  in s t ead  of kill ing it  wi th  air i.v. 
b locked the  release of r ad ioac t iv i ty .  P e n t o b a r b i t o n e  ha s  
been  d e m o n s t r a t e d  to inh ib i t  G A B A  u p t a k e  and  reduce  
G A B A  eff lux 2~ 
If the  supe r fus ion  was  s t a r t e d  2 h a f te r  the  i n t r a v i t r e a l  
in jec t ion  of aH-GA]3A w he n  m o s t  of the  r a d ioa c t i v i t y  in 
the  r e t i na  was found  in glia, no l i gh t - i nduced  release of 
r a d i o a c t i v i t y  was  observed .  A smal l  n e u r o n a l  release in 
these  e x p e r i m e n t s  is l ikely to be concealed  b y  the  domi-  
n a t i n g  s p o n t a n e o u s  glial eff lux.  Since ne u rona l l y  evoked  
release of a s u b s t a n c e  is one of the  m a i n  cr i ter ia  for a 
n e u r o t r a n s m i t t e r = L  our  p r e s e n t  r e su l t s  offer ev idence  
c ompa t ib l e  wi th  G A B A  being  a re t ina l  n e u r o t r a n s m i t t e r .  
I t  is i m p o r t a n t  t h a t  the  release can  be ach ieved  wi th  a 
phys io log ica l  s t i m u l u s ,  as it  s u g g e s t s  t h a t  it  is the  resu l t  
of n o r m a l  ne rve  ac t iv i ty .  
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