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- : INTRODUCCION

En el Sistema Nervioso Central (SNC) de lo; vertebrados, la canti-
dad de sinapsis excitadoras excede con mucho a la de éinapsis inhibido-
ras. A pesar de ello, se conoce poco acerca de los neurotransmisores
excitadores, sus receptores, las vias que se sirven de estos compuestos
como transmisores o su mecanismo de accidn, si se comparan con los
heurotransmisores inhibidores. Dentro de los compﬁestos considerados: co
mo posibles neurotransmisores excitadores, se encuentran la acetilcoldi-
na y los dcidos glutdmico y aspirtico. Dado gque la transmisidn ionotrd—
pica en las neuronas del SNC parece estar mediada principalmente por
aminoacidos, el glutamato y el aspartato aparecen como los candidatos
mis viables para llevar a cabo dicha funcidn, ya que ambos se encuen-
tran en alta concentracidn en el tejido nervioso y llenan gran parte
de los criterios fisiol§gicos (5,6,7,8,18,22,32,42), anatdmicos (1,4,9,
12,16,26,39,40,41), bioquimicos (2,3,19,23,24,33,44,45) y farmacoldgi—
cos (13,14) para ser considerados como neurotransmisores.

Puesto que el fendmeno de la neurotransmisidn de tipo quimico im-
plica 1la interaccidn de la mol&cula neurotransmisora con su receptor
postsindptico en la membrana, la presenci; de receptores postsinApticos
para un compuesto determinado se ha considerado como un criterio comple

mentario para postular a dicho compuesto como neurotransmisor.

Receptores a glutamato y aspartato en el SNC:

Numerosos estudios indican que el efecto excitador que el L-gluta-—

mato y el L-aspartato ejercen sobre la mayor parte de las meuronas del




SNC estd@ relacionado con diferentes tipos de recéétorés membranales.
Las datos que apoyan la existencia de estos receptores provienen tan-
to de estudios in vivo mediante la aplicacidn iontoforétic; de agonis
tas y antagonistas de la accidn de estos aminodcidos excitadores, co-—
mo de estudios in vitro en los que se ha caracterizado la interaccidn
del glutamato y el aspartato con receptores aislados. La correlacidn
entre estos dos tipos de estudios es importante, ya que en los estu-—
dios in vivo es diffcil deslindar la interaccidn con receptores sindp
ticos de otros fendmenos simultineos, mientras que los estudios in
vitro no permiten discriminar claramente entre los diversos tipos de
receptores sindpticos que pueden distinguirse en preparaciones Ffisio-—
1l6gicas (como seria el caso para los receptores extrasinidpticos).

Tanto la caracterizacidn de los receptores a glutamato y asparta
to como la identificacidn de las vias nerviosas que puedieran emplear
a estos compuestos como mneurotransmisores se facilitaria ampliamente
con el descubrimiento de antagonistas especificos de la reépuesta
postsiniptica producida por glutamato o aspartato, ya que los compues
tos hasta ahora empleados son en mayor o menor grado inespecificos ¥y
por tanto ineficientes para distinguir entre receptores a glutamato o
a aspartato.

Los antagonistas que han resultado m&s eficaces para bloquear el
efecto de estos dos aminodcidos in vivo son el glutamato dietil @ster
(GDEE) para el &cido glutimico y el D-ol—amino adipato (D—4 AA) para el
dcido aspidrtico aunque existe el problema de que su accidn no es gene—

'ral sino especifica para cierxrtas dAreas del SNC (32).



a), Estudios invivo: - Basi@ndose fundamentalmente en la sensibili-
dad de los receptores al GDEE o bien al DAAA ¥y en la sensibilidad de
la intera;ciSn farmécolégica a la presencia de Mg++ b otr&s cationes
divalentes, se ha clasificado a los receptores a aminoBcidos acidicos
en tres grupos (4 6): 1) Los que son activados por N-metil-D-asparta—
to (NMDA); ibotenato, D-glutamato y L-homocisteato. La accidn excita-
dora de estos agonistas es antagonizada por De/ AA y se inhibe en pre-
séncia de concentraciones relativamente bajas de magnesio; 2) los re-—
‘ceptores activados por qﬁiscualato cuya respuesta es blogqueada por el
GDEE. La excitacidn provoéada por esta interaccidn no es sensible a —
los bloqueadores de los receptores a NMDA ni se inhibe por Mg++. Se
considera que el L-glutamato y el L-aspartato interactiian respectiva-
mente con los receptores a quiscualato y NMDA, dado que su accidn fi-
sioldgica es bloqueada por el GDEE y el DX AA resgectivamente. 3) La
tercera clase de receptores a aminodcidos acidicos la constituyen
aquellos activados por el kainato; no son sensibles al maénesio ni a
los bloqueadores de la acciﬁn del'NMDA, o a la accidn del GDEE.

Recientemente se ha descrito una nueva clase de aminoZcidos exci-
tadores heterociclicos derivados del Acido iboté&nico, que interactﬁan
especificamente con los receptores de glutamato y aspartato en el
SNC (17). EL écido oL —amino—-5-metil—3~hidroxi-4—isoxasolpropidnico
(AMPA) funge como agonista del glutamato y su accidn es sensible ‘a1
GDEE, y el Acido & —amino-5-metil-3-hidroxi-4—-isoxazolac&tico (AMAA)
cuya accidn excitadora se bloquea por D— AA el cual actGa como agonista

especifico del aspartato. Estos compuestos pueden ser de utilidad en las



futuras investigaciones relacionadas con el papel fisioldgico y el me—
caﬁismo de accidn del éspartaco y el glutamato en el sistema nervioso
" central. V :
b) "Estudios in vitro: La presencia de receptores sinipticos

para los &Acidos glugémico y aspirtico en regiones especificas del SNC
se ha considerado como prueba de su papel como neurotransmisores. Asi,
en afios recientes se ha desarrollado una t&cnica que permite medir la
interaccidn de los aminoicidos (posibles transmisores) con sus recepto-—
resAespecificos en las membranas (11). Esta t&cnica permite distinguir
a los receptores de captacidn de alta afinidad de los feceptores sinap-
ticos, por la dependencia de sodio de los primeros. Sin embargo, esta
técnica no permite distinguir entre los receptores postsindpticos y

los extrasinﬁéticos. Para que la interaceidn de un compuesto con Su
receptor pueda considerarse fisiolﬁgicamente significativa debe carac—
terizarse desde el punto de vista cinético y farmacoldgico. El1 proce-—
so de interaccidn ligando—receptor debe ser saturable, con una constan
te de afinidad aparente (KB) en la gama de nmM (alta afinidad). Desde

el punto de vista farmacolSgico, la interacci§n debe ser estereoespe—
cifica § los compuestos agonistas y antagonistas deben modificar la-
interaccisn ligando—receptor en la misma forma en la que modifican la
respuesta fisiongica; Aunque se ha descrito receptores de alta afini-—-
dad y estereoespecificos para glutamato y aspartato en diversas areas
del sistema nervioso central, las constantes cinéticas difieren amplia-

mente como puede observarse en la Tabla I.

La farmacologia de estas interacciones corresponde con los estu—



dios electrofisioldgicos. Tomando en cuenta los resultados de compe—
tencia a nivel del receptor asi como la estereoespecificidad de los
mismos en este sistema in vitro, se ha clasificado a los receptores
de glut;mato y aspartato en cuatro clases (20): 1) Los que unen pre-—
ferentemente &cido glutdmico en configuracidn extendida y que pueden
estudiarse usando kainato como ligando. 2) Los gqde unen preferente—

mente Acido glutimico en configuracidn parcialmente plegada, y pueden

estudiarse usando L-glutamato como 1igaﬁdd.53) Los que interactian

principalmente con Acido L—aspértico,'y'se:estudian empleando L—aspar—
tato como ligando. 4) Los que aceptah indistintamente L-aspartato o
L-glutamato, pero no interactiian con el kainato; &stos pueden estudiar—
se empleando D—aspartato como ligando.

Como puede concluirse de los datos expuéstos, el Ecido glutémico
y el écido aspértico reunen muchas de las carécter;sticas anatOmicas,
qu?micas, fisioldgicas y farmacol§gicas para ser considerados como -
transmisores ionotrdpicos excitadores en el sistema nerviéso central.
Sin embargo, la comprobacidn absoluta de esta funci§n as® como la dis-—
tincidn entre las vias glutamat@rgias y las aspartat@rgicas probable—
mente tendrid gue esperar al descubrimiento de antagonistas especificos

de su accidn post—sindptica.
IT. Receptores a glutamato y aspartato en la retina:

La retina de los vertebrados estd constituida por cinco diferen—
tes tipos de neuronas dispuestas en tres capas celulares. En la prime

ra se ericuentran los fotorreceptores, en la segunda los somas de las



célplas4bipolares, horizontales y aﬁacrinas, Yy en la tercera las c&lu-—
las ganglionares. Incerc?ladas entre estas capas celulares, se encuen-—
tran dos zonas sindpticas. En la zona plexiforme externa, éstablecen
contacté las terminales de las c&lulas bipolares y horizontales (diri-—
gidas hacia el exterior) con las terminaciones procedentes de los foto
rreceptores. En la zona plexiforme interna, establecen-contacto sindp-
tico las células bipoiares y amacrinas con las c&lulas ganglionares,
cuyas terminaciones eferentes forman el nervio &Sptico. Las c&lulas
gliales o de Miiller, atraviesan la retina verticalmente en todo su es—
pesér 10).

El impulso nervioso que se genera en la capa de 1osvreceptores,
es transmitido en sentido vertical a través de las células bipolares
Yy ganglionares hasta salir por el nervio Sptico hacia centros superxrio—
res de integracidn. El impulso es modulado en sentido horizontal por
las intermeuronas inhibidoras horizontales y amacrinas. Se ha propues—
to que la substancia quimica (neurotransmisor) que transmi&e el impul-—
so nervioso de los fotorreceptores hacia las capas internas de la re-~
tina debe ser un compuesto excitador. Trifonov (43) ha postulado que
en la oscuridad, este compuesto excitador se libera continuamente de
la terminal sinﬁptica del fotorreceptor; al incidir la luz sobre la
retina, los flujos i8nicos en el fotorreceptor se modifican y el neuro-—
transmisor se dejaria de liberar. Esta hip§tesis se apoya principalmen-
te en estudios de tipo fisioldgico, en los que numerosos invescigadorés
han registrado la actividad de células post—sin?éticas a los fotorre-—

ceptores. La identidad del compuesto neurotransmisor en cuestidn se



desconoce aiin, y nosotros tratamos de contribuir informacidén a este
respecto, usando la retina del pollo como modelo.

Se han postulado numerosas sustancias como transmisor.es a nivel
de los f\otofrclaceptores, pero los candidatos m&s viables parecen ser
el dcido glutdmico y el dcido asp@rtico (29). La evidencia mis con-—
sistente que apoya el papel del glutamato y el aspartato como neuro—
transmisores, procede de estudios fisiolSgicos en los que se ha demos-—
trado que I_l.os efectos producidos por estos compuestos cuando son apli-
cados exSgenamente a la retina, semejan en todo los efectos producidos
f:br el transmisor liberado naturalmente por estas células (21,35,47)
tanto en su acci_5n excitadora sobre neuronas determinadas como en ia
modificacidn de su efecto por agonistas y antagonistas farmacolSgicos
(15,35,38).

Desde el punto de vista bioquimico, aunque la evidencia para pos-—
tular al glutamato y al- aspartato como neurotransmisores. en la retina
es m.ES escasa, se ha podido demostrar que existe un sistem'a de capta-—
ci_an especifico, de alta afinidad y dependiente de la presencia de so-
dio en el. medio, en terminales sin?pticas de ambas capas plexiformes
de 1a retina (25,34). Algunos estudios apoyan particularmente al aspar—
tato como el transmisorv de los fotorreceptores, ya que su 1iberaci_6n
continua en la oscuridad disminuye notablemente cuando se ilumina la
retina (31). Otros en cambio, postulan que el glutamato y no el aspar—
tato podria ser el transmisoxr- liberado por el fotorreceptor, pues la
aplicaciﬁn del _Ecido 2—amino-4—fosfonobutirico, andlogo del glutamato,

bloquea la transmisidn sindptica en las vias ON de la retina (38). Por



otra parte, estudios en retinas lesionadas con &cido kainico han lleva-—

do a la proposicidn de que mientras el glutamato podria ser el trans—

‘misor de los bastones, el aspartato podria ser el transmisor utiliza-—

do por los conos 48).

Puesto que la existencia de receptores sindpticos para glutamato
y aspartato en la retina apoyarfa su funcidn como neurotransmisores,
hemosAestudiado ¥ caracterizado los receptores postsinipticos para es—

N tos compuestos en la retina de pollo. Hemos encontrado que estos recep

tores de glutamato y aspartato son muy semejantes entre si pero difie—

ren en algunas de sus propiedades cinéticas y farmacolSgicas lo cual

nos ﬁermite suponer que se trata de dos poblaciones de receptores, ambas

sindpticas.




TABLA I

Comparacidn de las constantes cin&ticas obtemnidas para la uniSn del L-Gluta—

mato con su receptor

Preparacidn Rango de KB (uM) Capacidad del sistema
concentracidn (nmol/mg proteina)
Corteza cerebral de rata* '
(membranas sindpticas) 0.4 -+ 8.7 uM a) 4.0 0.2
b) 8.3 0.028
Cerebroc completo de rata¥*
(membranas sinadpticas) 0.1 - 30 uM a) 0.18 4.44
b) 2.08 - - ;
Glicoproteinas de cerebro i
de rata* 0.85 65.5 !
Proteolipido de membra— a) 0.3 0.53
nas aisladas de corteza 0.06 — 250 uM b) 5.0 32.0 !
cerebral de rata. . e) 55.0 166.0
‘Cerebelo de rata*
(membranas sinipticas) 0.001 — 1.8 uM 0.744 0.073
Cerebelo de gato+ a) 0.33 0.015
(membranas sinipticas 0.023 - 16 uM b) 1.8 0.065
5 apti dede
Complejos sindpticos 0.010 — 1.0 uM 0.453 0.090
de cerebro de rata . . :
Retina de polloH
(membranas sinipticas) - 0.001 - 2.0 WM 0.55 0. 020

* Ref. 13
%** Ref. 14
+ y ++ estos trabajos.
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Apartado Postal 70-600
Atéxico 20, D. F. México

i Accepted

Binding of L-[*H]glutamate to membranes from whole chick retina and from sub-
cellular fractions enriched with photoreceptor terminals (P;). or terminals from
the inner plexiform layer (P3) was studied. Na * -dependent and Na*-independent
binding to these membranes was demonstrated. Na*-independent binding was
stereospecific. Kinetic analysis of the binding process indicated a single high-
affinity system (Kg = 0.55 pM) with a capacity of approximately 20 pmoles/mg
protcin in all the membrane fractions. [*H]Glutamate binding to P, and Pz fractions
was effectively displaced by several structural anatogues of glutamate. Glutamate
diethyl-ester appreciably displaced binding, whercas kainic acid did not displace
bound glutarnate. Data indicate the binding of [*H]glutamate 1o physiologically
relevant receptors in the chick retina.

‘ INTRODUCTION . .

L-Glutamate is likely to be a major cxcitatory transmitter in the mam-
malian central nervous system (1, 2) exerting its actions through specific
membrane receptors (3). In the retina, it has been suggested that glutamate
- and/or aspartate could be the excitatory transmitter substance released
from the photoreceptor terminals (4). It has been postulated that an ex-
citatory neurotransmitter must be released continuously from the pho-
toreceptor terminals in the dark, maintaining bipolur and horizontal cells
depolarized. Upon light stimulation, the inward sodium current would be
blocked, causing the hyperpolarization of photoreceptors and the arrest

1019
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1020 1LOPEZ-COLOME

of the excitatory ncurotransmitter rclease (5). There is inferential evi-
dence, that the hyperpolarizing response of Horizontal Cells to stimula-
tion by light might be due to the decrcase of an excitatory transmitter
substance. The identity of this excitatory transmitter is unknown, but in
the vertebrate retina it is unlikely to be acetylcholine or catecholamines,
since these are not present in the outer retinal layers (6), and acetylcholine
has been shown to be without effect when applied to the Horizontal Cells
of the carp retina (7).

The evidence for postulating glutamate or aspartate as necurotransmitier
candidates in the retina is mainly indirect, and is derived from electro-
physiological studies, which clcarly establish their capacity for depolar-
izing horizontal. bipolar. and amacrine cells (4, 8, 9). On the other hand,
glutamatce and aspartate have been found mainly localized in the external
fayers of the rctina (10). A high-affinity, sodium-dependent uptake mech-
anism shared by glutamate and aspartate has been characterized in the
rat retina (11, 12) as well as in synaptosomal fractions from the chick
retina (13). :

Rccently, Neal ct al. (14) have demonstrated in a superfusion system,
the arrest of aspartate rclease following illumination of the rabbit retina,
which backs up aspartate as the transmitter at this level. Based on studies
of kuinic acid lesions in the Goldfish retina, it has been proposed that
while glutamate could be the transmitter released by rods: cones could
relcasc aspartate as the transmitter (15). Recently, pharmacological ev-
idence has been provided as to propose glutamate as the neurotransmitter
of the ON pathways in the retina (16).

The presence of specific postsynaplic receptors for a substance par-
alleling the distribution of its physiological effects, has been considered
as cvidence for the compound to play a ncurotransmitter role. Binding
of highly labeled ligands to membrance preparations is now a well cstab-
lished technique for the direct study of drug-receptor interactions, and
has been applied extensively to thé study of ncurotransmitters and their
physiological receptors. The binding of amino acids to synaptic mem-
branes has been largely studied for GABA (17-21) and glycine (22, 23),
which are considered as major neurotransmitter candidates in the CNS.
In these studies, it has been established that the binding of amino acids
to synaptic membrancs in the absence of sodium involves an interaction
with postsynaptic receptor sites, while binding to pre and postsynaptic
uptake sites is a temperature and sodium-dependent phenomenon (17-23).
Using these techniques, postsynaptic receptors for .-glutamate have been
characterized in brain homogenates (24), synaptic membranes (25), iso-
lated membrane glycoproteins (26), and proteolipid membrane fractions
(27), as well as, in cercbellar membranes (28, 29).
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We have, therefore, investigated the binding of vu-[*H]glutamate to
membranes from the whole chick retina, as well as, from subcellular
fractions cnriched with photoreceptor terminals (P,) and conventional
synaptosomeces from the inner plexiform layer (P2) (30), in an attempt to
demonstrate the interaction of glutamate with its postsynaptic receptor
in the retina.

b EXPERIMENTAL. PROCEDURE

Membrane Preparation. Retinas free fiom pigment epithelivm, were obuined from 4-6
week old chicks snd osmatically shocked by homogenization in 20 volumes (w/v) of dJouble
distilled water in a plass-glass homogenizer. The homogenate was placed on ice for 15 min
and the membranes were pelicted by centrifugation at 45.000g a1 4°C for 20 min., washed
twice with the same volume of water itnd recentrifuged. The final pellet was resuspended
by homogenization in Krebs Tris buffur pH 7.4, without glucose for hinding assays. Primary
subcellular fractions were isolated as previously doscribed (31) fiom retinas homogenized
in 0.32 M sucrese containing 107 ' M ~1zSO0s. The crude nuclear fraction (P) and the crude
synaptosomal fraction (Pz) were asmotically distupted by homogenization in 20 vol of water,’
and membranes were obtained as described for whole retina.

Binding Assay. Esscntizlly, binding assays were carried out following the procedure
described by FEnna & Snyder (21), encept that Kreebs Tris buffeor wis uved instead of Krebs
Citratte buffer. Na * - dopendent binding wis miciasured in fieshly prepared membranes; the
membrane pellet fo: these a<cays was resuspended in Kie Tris buffer (118 inM NaCl 1,2
mM KHPOL: 4.7 1aM KO 2.5 mM ¢ 1.17 mM MgeSOa: 26 mM Tris-HCl} at pH 7.4
without glucose. Assays for - odium-i- sendent binding were carried out in membranes
frozen at —20°C for a period k. and two weeks. Frozen manmbiianes, unless stated
ain at 37°C in 50 volumes (w/v) of Krebs Tris buffer pld 7.4

foy

een o

atherwise, were incubated 20
without NaClin the prescnace of 0.05%7 Triton-X-100 (fina} concentration) prior to the binding
assay. Membranes were recovered by centrifugation and resuspended in Kiebs-Tris bufTer
in which NuaCl was omitted or substituted by sucrose.

For the binding uassay, 2 ml of the membrane suspension (0.5-1.0 mg protein) were
incubated on ice for 10 min in the presence of 20 nM -1 “Hlglutamate or 40 nM [*H]kainic
acid in the absence (coatrol) or the presence of unlubeled -glutinnate (1 mM final concen-
tration), or an equivalent concentration of the compaiind vnder test. The reaction was
stopped by centrifugation at 45,000 at 4°C for 20 min

After decanting the supcrnatant, the membr cts containing bound radiouctivity
were supetficially rinced twice with S o of & tilled waster #nd solubilized in 0.2 m)
of NCS (Tissue solubilizer, Amersham). Bound rudioactivity was deterinined by the addition
of 10 ml of Tritosol (32) followed by liquid scintillation spectromeiry. All samples were kept
12 hrin the dark before counting. Rodioacil s corrected for guenching, backgiound,
d counting efficicncy. Caleulation of the sprecific binding was made by subtraction of the
non-specific binding component. which persisted in the presence of 1 1M unlabeled com-
pound, from the total binding in the absence of unlabeled glutamute. Protein was mensured
by the method of Lowry ct al. (33),

Marterials. L-|*Hlglutumate (43--46 Ci/m inoD) und [*Hlkainic acid (7.8 Ci/m mol) were
obtuined from New England Nuclear Corp., Boston, Massachusetts. NCS (Tissue Solubi-
lizer) was from Amersham-Scarle Corp., Arlington Hills, Illinois. All common analytical
agents and drugs were from Sigma Chemical Co., St. Louis, Missouri.
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Fii. 1. Sodinm-dependence of 1] *Histotomate binding 1o fresh and flozen membranes from
wlhiole retina. Membrenes were abinined as desceribed in the text, Accays were conducted
i3 the presence o the absence of P18 mA NaClh Monbicnes swere incnbated in the presence
of 20 n)M {Hptitamate, snd specific binding w casured by displacement of bound
LTutamuate with cold gluticnaie (1 mhl i ation). Valucs e thic ipvins = SEM
of the number of separste exporirnents included in parentheses. Al eaperiinents were per-
formed in uiplicate.

Covme

RESULTS

Rinding of L-1MI1NGlitanare 1o Whole Retinal Afembran Fhe pres-
ence of specific receptors for re-glutamnte w assayed o wcinbranes
obtained from whole retina homaogenates. Rinding 1o {ireshly prepared
membranes in the presence of 118 mil NaCl, which represcents mainly
an interaction with transport sites was determined (20, 34) Specific bind-
irz under this condition was 0.75 pmoles/ing protein. which represents
56% of total binding, which was 1.33 pmoles/mg protein (Figure 1).

In frozen and thawed membranes in the absence of sodium, in which
internction with postsynaptic sites should be more apparent (17--21), total
hinding to the maml ses wias 0.78 piaoles/mg protein, and specific kind-
fng was 0.32 5 i Lranes were previoesly in-

noles/mg protein. These mient
cubated with Triton-X-100. which slightly enhances Pinding (sce below).

Na*-Dependence of 1-glutarnic Acid Binding. Rinding to uptake sites,
which is prior to transport itsclf, secms 1o be absolutely sodium-depend-
ent, while binding 1o postsynaplic receptors shows no requirement for
sodium, and in the casc of glutamate, is even inhibited by the presence
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of sodivm (35). In an attamnmpt to clurify the nature of binding 1o retinal
membranes, the Na ~-dependence of binding to h and frozen meme
branes from whole retina was messured, Whereas, binding 1o freshinem-
Lrances wis almost sibolishied in the absence of sodiunm, binding 10 frozen
mentbranes was even slightly enhanced in the absence of this a0 (Figure
1).

Bineding to Subcellular Fracrions. Subecellular distribution of -pgluta-
mate binding (20 nm) as displaced by 1 mM cold glutiinnate was determiined
in the prescence and ab<ence of physiological saodium concentration. Bind-
ing to fresh membran. in the presence of = dinm was equndly distribuoted
D the csembaanes N the IPp fiaction, whis- h contains the photoreceptor
serminals and very e conventional narve cndings, and the Py Daction,
which contiins only conventional synaptosontes from the innar plexiform
layer.

Binding to frozen @ cnebranes in

Bighor inthe PLDoction as connpar

k]

Prence of ~o-dhnm waos slightly
e Py Oection (Tehle D).
foor of Triten X760, Uriton trentiment has been reporied to errhinnnee
specific Linding in some preparations (00), prabably due to vnnasting of
receptor sites, or ramoval of inhibitory cleinents (36). However, in other
cusc Triton has beon roported to deeresce spocifTe o toe of gloting: se
srinine the sensitivity of vetinal ghrtainate recep-
tors, we meusured inding to fresh and frosen mombaaacs Gom suboeel-
Jutar fractions in the prescoce ond absence of Thiton. In fresh membirances
(with Na*) Triton decrensed binding, whereas, in ftosen membrunes
(without Na *) it cven enhanced specific wlutamnate Fiading (Figave 2).
inding of VK cinic Acid, Kinic acid hns beon considered by some
authors a possible (ool for miepping glutiinaner pic pothrenys (39, 210).
Aldthough ¢ cracteristics of hudnic acid ¢ ctor binding were studied by
Coyle ct ol in the whole seting (1), we tricd to Jdeterniaine if kainate
receptors could be restricted 10, vy concentriied in, ancinbivanes from the

inner or the onter plexiform luyer, aud if this distribution jaralicled glu-
tamate receptors distribution.
Kainic acid binds specifically to frechly obtained retinal meinbranes in
the presence of sodium, as well as. 1o frozen membrances in the absence
nes obtained were with 0,05 pmoles/ing protein, which are
o

of sodinm. V

about 10 times lower 1 those obinined for glutaanic
scne conditiens, Althensh non-spoditic binding was 5 in the mes-
¢ivee of <edium, spocific binding ramained unchuanged in Loth conditions.
In all c.ses, 1 mM ghutemate displaced [P ]kainate bound 100%%.
Kincries of L-l 1 11Glutamare Binding to Membranes From Whole Retina
and Subcellielar Fracrions. The saturation curve for t-ghitamate binding
was studied incubating the membranes from cither whole retina or sub-

oid under the




TABLE |

SUBCELLULAR DiSTRIBUTION oF Na*-DEPENDENT AND NA* - INDEFENDENT BINDING OF L-[*H ]GLUTAMATE

!"H]gluxummc binding (pmoles/mg protcin)

Fresh menibranes + NaCl

Frozen menibranes — NaCi
Membranc
preparation Total Nonspecific Specilic Total Nonaspecific Speciific
‘Whole retina 1.33 = 0.085 (%) 0.58 = G.051 (<) 0.75 - 0776 = 6G.09%0 (D 2= 0.074 (7)  0.320 = 0.035(7)
Py G.627 = 0.011 (3) 247 = 0.016 (3;  0.329 0.452 = U.G5 (5 = (.047 (5) G.226 = 0.026(5)
P2 0.449 = 0.033 (3) 0.i71 = 0.6i0 (3 L2410 0.448 = 0.025.3) = 0.041 (3) 0.196 =

.35 (3)

Membrancs were prepared as described in Eaperimentai Procedure. UHIGiuamate (200N was displaced with 1 mM cold glutamate. Results
are expressed as the means = SEM of the number of experiments indicated in parentheses.
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Fio. 2. Effect of Triton-X-100 on v-[*H]glutamate binding 1o membranes from subcellular
fractions. Subcellular retinal fractions and membranes from these fractions were obtained
as described in Experimental Procedure. With fresh membrancs, assays were conducted in
the presence of 118 mM NaCl and with frozen membranes, in the absence of this ion. Prior
1o the assay, membranes were incubated 30 min at 37°C in the presence or absence of 0.05%
Triton-X-100. Membranes were recovered by centrifugation, washed once and then resus-
pended in Krebs Tris medium for the binding assay. Resulls are the means = SEM of 3-5
separate experiments performed in duplicate.

ccellular fractions in the presence of increasing concentrations of [*H]
glutamate from 0.001 to 2.0 1M. In all three cases, binding showed sat-
uration kinetics with a K4 of 0.555 1M. Maximum capacity of the system
varied between 19 pmoles/mg protein for membranes from whole retina
(Figure 3), and 15—-22 pmoles/mg protcin for membranes from P, and Po
fractions, respectively (Figure 4). Double reciprocal plots (Figures 3, 4),
as well as, Scatchard analysis (not shown), revealed a single component
of the binding system, (sce Figure 5).
Displacement of -1 HGlictamate Rinding by Structirally Related
. Compoiunds. The specificity of L-glutamate binding to membranes from
retinal subcellular fractions was tested using I mM concentration of dif-
ferent analogues as displacers in the binding assay. Table 11 shows that
L-glutamic acid was the most polent displacer of bound glutamate. L-
aspartate, L-cysteic acid, and L-cysteine sulfinic acid displaced about 90%
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Fia. 3. Smuration of specific Na ' -independent [*H)glutamate binding to membranes from
whole chick reting. Frozen membranes preincubated with Triton were resuspended in Krebs

is mediom without NaCl. Membrunes were incubated in the presence of increasing con-
centrations of | *Hglutamate. Linear plot (left) and Double Reciprocal plot (right) revealed
s single high affinity companent. Each point represents the mean = SEM of 3-5 cxperiments
performed in triplicate.
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FiG. 4. Saturability of specific Na * -independent [*Hlglutamate binding to retinal subcellular
fractions. Experiments were performed as described in Figure 3. [YH)Glutamate binding
was investigated over a glutamate concentration range of 0.001-2.0 uM. Results are means
of 3-6 separate cxperiments performed in triplicate. which varied less than 10%. @, P,
fraction: A. Pz fraction.
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Fig. 5. Lineweaver—Burk plot ol' specific Na ' -independent | *Hglutamate bmdung 10 rehndl
subcelivlar fractions. Experimental conditions and direct plot are shown in Figure 4. Each

point is mean of 3-6 sep-:ra\e cxpcrlmenls performed in |r|plu:.:le . P, fraction: O, P;
fmcllon.
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TABLE 1
DISPLACEMF_NT ofF L-[PHJGLUTAMATE 8BY STRUCTURALLY ReELATED COMPOUNDS.

%% Displacement

. Compound (1 mM)

Py Membranes P2 Membranes

L-Glutamate . - 100 100

L-Aspartate : " 89.0 98.9
LCyslcic acid -~ ot 95.8 84.3
L-Cysteine sulfinic acid 93.7 88.5
pL-a Amino adipic acid 60.0 73.4
o-Glutamate 45.5 95.0
D-Aspartate 47.5 70.5
N-Mcthyl-pDL-glutamate 65.35 91.2
B-Methyl-pL-aspartate 62.2 739
L-Glutamate dimethyl ester 60.0 89.6
r-Glutamate- dnelhyl ester 77.0 85.2
Kainic acid [} (4]

GABA 14.7 - 30.0
Glycine . 20.0 11.0

Specific [*Hlglutamate binding was determined as described in the text at a final {*H]lglu.
tamate concentration of 20 nM. Displacers were added 10 a final concentration of § mM
Results are expressed as means of 5-10 experiments which varied less than 15%.
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bound glutamate in both P, and Pax fractions. a-amino adipic acid and B-
methyl-plL-aspartate produced in both fractions similar displacement
(60—-70%%). Binding to the P, fraction showed some stereospecificity; b-
glutamate and p-aspartate displaced only 509 bound glutamate at I mM
concentration. In contrast, binding to the P, fraction proved less specific;
both p-compounds displaced binding to the same extent as rL-glutamate
or L-aspartate (90—-1009). L-Glutamate dimethyl and L-glutamate diethyl
esters (GDEE), displaced glutamate about 709 in the P, fraction and 80%
in the P- fraction. Other compounds. as GABA and glycine did not con-
siderably displace binding. Kainic acid, considered as a glutamate ana-
logue. did not displace binding to any extent.

DISCUSSION

One of the main criteria to be fulfilled by a neurotransmitter candidate,
is its specific interaction with postsynaptic receptors. In the case of the
amino acids GABA and glycine. which have been postulated as trans-
mitters, binding studies have successfully correlated the physiological

. effects of the compounds with the distribution of postsynaptic receptors
assayed through the radiolabeled ligand binding techniques (17-23). For
these amino acids, specific modifications of the assay conditions have
made it possible to distinguish between binding to uptake sites and to
postsynaptic receptor sites in the membranes (20, 34). In these cases, the
use of labeled agonists or antagonists of high specific radioactivity have
been helpful in labeling postsynaptic receptors (42, 43). L-Glutamate
binding sites have been characterized in different preparations of nervous
tissue (24—29, 37, 38). In these studies, {*H]glutamate was used as a ligand
and the evidence for decaling with postsynaptic receptors comes mainly
from pharmacological interactions and kinetic constants, although there
is great divergence in reported data (24, 25, 27). In spite of the publication
of specific reports on the methodology (37), the conditions in which these
receptors should be assayed remains a matter of discussion, due to the
tack of specific postsynaptic antagonists for glutamate. As glutamate itsclf
is to be used as a ligand, difficulties arise in distinguishing binding to pre-
or postsynaptic uptake sites, orto enzyme active sites for which glutamate
is a substrate, and binding to postsynaptic receptors.

We have tried to characterize glutamate receptors by means of the
method which has successfully been used for identifying other transmitter
amino acid receptors (21). It has been accepted that binding measured at
high temperature in the presence of sodium corresponds to an interaction
with transport sites mainly, whereas, binding mecasured at low tempera-
ture and in the absence of sodium is mainly to postsynaptic sites (20).
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Our results seem to agree with this criterion, for wherceis, binding to fresh
membranes in the presence of sodium was almost abolished in the absence
of this ion, binding to frozen membranes at 4°C in a sodium-free medium
was cven slightly enhanced (IFigure I). These data closcly agree with
those obtained for GABA in cortical synaptic membranes (19, 20).

Endogenous inhibitors of glutamate (37) and GABA binding (36, 44)
have been reported recently. These compounds dre said 1o be removed
from the membranes through repeated washing, preincubation at high
" temperature, or detergent treatment. Under our conditions, Triton treat-
ment depressed binding to fresh membrancs in the presence of sodium
(uptake sites), while binding to frozen and thawed membrancs in the
absence of sodium was enhanced (Table 1). These resulls are also in
agrecment with previous reports for GABA. Foster and Roberts (28) and
Sharif and Roberts (37) have reported Triton treatment and freezing of
the membranes 1o depress glutamate rceceptor binding in cerebellur and
brain membranes, however, this discrepancy could be duc to differences
in the membranec preparations and the assay conditions used.

Binding of ncurotransmitter amino acids to frozen membrances in the
absecnce of sodium has been shown to concentrate in synaptic membranes
as compared to whole homogenate membranes. Glutamate binding in our
system did not concentrate in cither subeellular frauction: this could be
due to the existence of different synapses in the retina using glutamate
as a transmitter. .

Kinetics of ghitamate binding revealed a single companent of the bind-
ing system in whole retina, and consequently in both subcellular fractions
(Figures 3, 4). The same K, was obtained (0.555 pM) with a slightdy
higher number of binding sites in the P; fraction membrancs. The con-
stants obtained are in agreement with those reported by Enna and Snyder
for the GABA rcceptor in rat brain (20), by Foster and Roberts (28) for
glutamate receptors in rat cerebellum (0.7 wM), and more recently, by
Head et al. (29) in cat cerebellar membranes (0.33 M), The last authors
find a second component of lower affinity (1.8 M), which was not re-
portied by the former authors, nor detected by us in the rctina, probuably
because of the differences in the concentration range explored. The di-
mensions of the Ky obilained, makes it unprobable that binding is to an
cnzyme, for K, for cnzymes are much closer to the millimolur range.
Although binding constants are not nccessarily in agreement with the
transport constants, they generully are in the same runge. Thomas and
Redburn have recently reported in the chick retina, uptake constants for
glutamate and aspartate, which are 1-2 pM for synaptosomal fractions
(13). The constant we report for binding is of higher affinity, which would
be in agreement with postsynaptic receptor binding.
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The pharmacologicnl specificity of plutaminte hinding was also inves-
tigated in order to support plutamnte interaction with physiologically rel-
cvant receptors, and if possible, to Jictinguish betweon glutamate recep-
rers, Glutarsate elf was the
most potent Jdisplscer of [M11) srnate binding. Othier acidic 10 acids
which have closce structurad relation to glutinnate were almost. as jpotent
as, aspartate, cysteic acid. and cvsteine sulfinic acid, which displaced 90
1o 100%% bound gliataminte from both subecellular fractions. Both aspartate
(14) and glutainate (1.;) Lave heen propased as the excitatory ncuiotrans-
mitter releaso ! from phaotorcec s tor e ainals, 1., \\pul!-.h_ s well as the
aspartate ants Joaist co oo G acid and 2oancthyl-m Ltlate which
is 2 potent aspartite aganist L the spinal cord (216, 17). dv; Ln cd Vif-
icantly less ghitamate from ithe P, than from the Pa fraction, which could
indicate a highcer number of glutimate over aspartste receptors at the
outer plexiform layer. There data wonld he in agre: sent with those of
Yazulla and Kleinschinidt (15), who have proposcd that aspartate could
be the transmitter released by cones, whereas, zlutamate could be re-
lcased by rods.

L-Glutamate dimethyl ester and L-glutamate dicthyl ester (GDLEEE),
which act as glutamate posisynaptic antagenists in some preparations
(48), displaced glutamate binding in both P, and P fractions.

L-Glutamate binding to the Py fraction showed 1o be stercospecifice; D-
isomers of glutinmate and aspartate displaced binding only 509 in this
fraction, cven at a 10* fuld excess over the ligand concaentration. Other
neurotransmitter cindidates, as GABA | or glycine hid non-significant
displacing effects.

Kainic acid. the restricted zlutumate anidogoue, which has been con-
sidered to act via glutiunatc receptors (39, 40), had no displacing effect
on glutamate binding to any of the fractions (Table 11). These results agree
with those of Simon et al. (52), Foster and Roberts (28), and Head et al.
(29), whom in diffcrent preparations did not find displacement of bound
glutamate by Kuinate. and suggest that in the retina, as has been shown
in other CNS regions (49-51). kainic acid interacts with a different kind
of receptors than glutamate.

This study demonstrates the presence in the retina of high affinity
glutamate receptors, which show certain degree of pharmacological spec-
ificity. Conditions in which binding was assayed have been shown to
evidence mainly synaptic receptors, thercfore, supporting the possibility
for glutamate subscrving a ncurotransmitier role in this organ. Since it
has been proposcd to act aut the photoreceptor level, an attempt was made
to find some differences in glutamate receptors at the outer (P)) and the
inner (P;) plexiform layers. Although membranes from the P, fractions,

tors at the outer and 1the incer plexiform !
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which is enriched with photoreceptor terminals, and the P, fiaction, which
is enriched with nerve endings from the inner plexiform layer (30), both
s o slightly
higher degree of pharmacological speciticity. This m’ ht surgest that al-
though glutamante could be vsed in more than one Kind of synapses in the
retina, as proposced by Murakami et al. (53), it could have a more specific
receptor at the outer plexiform layer. However, as aspurtate and its an-
alogues are also efficient in displacing bound glutamate, we cannot rule
out the possibility of aspartite being nilso a transmitter at the photore-
ceptor termiinals, and exp. cnits are now in progress to clarify this
point.

show high affinity glutamate binding: the Py fraction show
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CHARACTERIZATION OF [L->H]JASPARTATE BINDING TO
'~ "“CHICK RETINAL SUBCELLULAR FRACTIONS
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Abstract—Binding of {L-*HJaspartate 1o synaptic receptors was examined in membranes from whole
chick retina and subcellular fractions enriched with photoreceptor terminals (P;) or terminals from the
inner plexiform layer (Pz). Na *-independent, stereospecifie, high affinity binding was concentrated in the

P, fraction (K,

40 nM). P, fraction also showed a high affinity binding system (Ky = 11.8 nM) with

lower capacity than in the P, fraction. Comparative studies with [L-H?3]-asparate, [L-H*]-glutamate and
{H?*)-kainate showed that L-aspartate and L-glutamate are the most potent inhibitors of the binding of
the three ligands. Aspartate and glutamate binding were effectively displaced by N-methyl-pL-aspartate
and x-amino adipate, whercas only [H?*]-glutumate binding was significantly inhibited by glutamate-
dicthyl-ester. Kainic acid exhibited negligible affinity for aspartate and glutamate binding sites. Results
indicate the presence of different receptors for glutamate and aspartate in both plexiform layers of the

retina.

INTRODUCTION

Considerable neurophysiologic cvidence supports the
concept that the neurotransmitter released in the dark
from the photoreceptor cells in the vertebrate retina
must be an excitatory compound. Light stimulation
would produce the arrest of this neurotransmitter
release through hyperpolarization of the photorecep-
tor cells (Trifonov, 1968). The chemical nature of this
neurotransmitter is as yet unknown, although physio-
logic and biochemical studies have suggested that the
excitatory amino acids glutamate (Glu) or aspartate
(Asp) are rcleased at the photoreceptor synaptic end-
ings (Dowling and Ripps, 1973). Although clecctro-
physiological experimients have shown the presence of
Glu und/or Asp receptors at the cxternal plexiform
layer of the retina (Dowling and Ripps, 1973: Murak-
ami er al, 1972; Cervetto and Piccolino, 1974; NMur-
akami et al., 1975; Gershenfeld and Picollino, 1979),
biochemical cvidence on this point is more restricted.
Both amino acids appcar to be concentrated in the
external layers of the retina (Neal, 1976; Kennedy and
Voaden, 1974), and a high-affinity, Na~"-dcpendent
uptake mechanism shared by glutamate and aspartate
has becen characterized in the rat retina (Neal and
White, 1971; White and Necal, 1976) as well as in
synaptosomal fractions from the rabbit retina
{Thomas and Redburn, 1978). If a compound is to
serve a neurotransmitter role, specific synaptic recep-
1ors should be present at the restricted arcas in which
the compound should act. Specific, high affinity recep-
tors for [?’H]Glu have been found in both plexiform
layers of the chick retina, which satisfy some of the
criteria to be met by physiological synaptic receptors
for this compound (Lépez-Colomé, 1981). However,
the possibility of Glu or Asp interacting with a com-

*To whom correspondence should be sent.

mon receptor or being both retinal neurotransmitiers
has not yet been discarded. In this study, we have
dcmonstrated the presence of high affinity aspartate
receptors in the rctina, and we have tried to establish
some differences with receptors for Glu and Kainic
acid (Ka) from the distribution, the kinetic and the
pharmacological point of view, which could be of help
in determining the nature of the excitatory amino acid
transmitiers in the retina.

The distribution and characteristics of L-Asp recep-
tors were studied in membruanes from the whole chick
retina, as well as from the P, fraction (cnriched with
synaptic endings from the outer plexiform layer) and
the P, fraction enriched with conventional nerve end-
ings, mainly from the inner plexiform layer (Neal and
Atterwill, 1974), and compared to those previously
reported for L-Glu receptors (Lopez-Colomé, 1981).
Specific interactions of Glu and Asp with physiologi-
cal receptors have been examined in several central
nervous system preparatians following the radio-
labelled ligand technique (Roberts, 1974 Michaclis er
al,, 1974; Michaelis, 1975; Dec Robertis and Fiszer de
Plazas, 1976; Foster and Roberts, 1978; Head et al.,
1980, Roberts er al,, 1980; Foster et al.,, 1981; Sharif
and Roberts, 1981). In order to eliminate the possi-
bility of [*H]Glu or [*H]Asp intcracting with uptake

" as well as synaptic receptor sites, we have studied

binding in the conditions rcported by Enna and
Snyder (1976a. b) for the GABA (x-aminobutyric acid)
receptor, and tested by us for retinal Glu receptors
(Lépez-Colomé, 1981).

MATERIALS AND METHODS

Membrane preparation

Retinas free from pigment cpithelium were
obtained from 4—6 weck old chicks and were osmoti-
cally shocked by homogenization in 20 vol. (w/v) of
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double distilled water in a glass-glass homogenizer.
The homogenate was placed on ice for 15 min and
membranes  were  pelleted by centrifugation  at
45,000 g at 4°C for 20 min, washed twice with the
same volume of water and recentrifuged. The final
pellet was resuspended by homogeniziation in Krebs—
Tris buffer pH 7.4, without glucose for binding assays.
Primary subcellular fractions were isolated as pre-
viously described (L.épecz-Colomé er al., 1978) from
retinas homogenized in 0.32 M sucrose containing
107 % M MgSO,. The crude nuclear fraction (P,) and
the crude synaptosomal fraction (P,) were osmotically
disrupted by homogenization in 20 vol. of water, and
membranes were obtained as described for the whole
retina.

Binding assay

Esscntially, binding assays were carried out follow-
ing the procedure described by Enna and Snyder
{1976a) except that Krebs-Tris buffer was used
instead of Krebs-Citrate buffer. Na™* -dependent bind-
ing was measurcd in freshly prepared membranes; the
membrane pellet for these assays was resuspended in
Krebs-Tris buffer (118 mM NaCl; 1.2 mM KH,PO,;
47 mM KCl; 2.5mM CaCl,; 1.17mM MgSOy,;
26 mM Tris-HCl) at pH 7.4 without glucose. Assays
for sodium-independent binding were carried out in
membranes frozen for a period between one and two
weeks., These membranes were incubated 30 min at
37°C in 50 vol. (w/v) of Krebs-Tris buffer pH 7.4 with-
out NaCl in the presence of 0.0594 Triton-X-100 (final
concentration) prior to the binding assay. Membranes
were recovered by centrifugation and resuspended in
Krebs-Tris buffer from which NaCl had been omitted
or substituted by sucrose. .

For the binding assay, 1 ml of the m¢mbrane sus-
pension (0.5 mg protein, approx.) was incubated on
ice for 10 min in the presence of 20 1M [L-*H]gluta-
mate, the same concentration of [L-*HJaspartate or
40 nM [*HJkainic acid in the absence (control) or the
presence of the unlabelled compound at the indicated
excess concentration. The rcaction was stopped by
centrifugation at 45,000y at 4°C for 20 min. After

A M. Léprz-Corosmt and F. SomonaNo

decanting the supernatant, the membrane pellets con-
taining bound radioactivity were superficially rinsed
twice with 5 ml of double distilled water and solubil-
ized in 0.1 ml of NCS (Tissuc solubilizer, Amcrsham).
Bound radioactivity was determined after the ad-
dition of 10 ml of Tritosol (Fricke, 1975) followed by
liquid scintillation spectrometry. All samples were
kept 12 hr in the dark before caunting. Radioactivity
was corrected for quenching, background, and count-
ing efficiency. Calculation of the specific binding was
made by subtraction of the non-specific binding com-
ponent which persisted in the abscnce of the un-
labelled ligand. Protein was measured by the mcthod
of Lowry et al. (1951).

M aterials

[I-3H]glutamate (43—46 Ci/m mol), [L-*H]aspariate
(10-17.3 Ci/m mol), and [*H]kainic acid (7.8 Ci/m
mol) were obtained from WNew England Nuclear
Corp., Boston. Massachusctts. NCS (Tissue Solubil-
izer) was from Amersham-Searle Corp.,, Arlington
Hills, JL.. All common analytical agents and drugs
were from Sigma Chemical Co., St Louis, MO.

RESULTS

Na*-Dependence of ghiamate and aspartate binding
The presence of sodium-dependent and sodium-
independent binding sites was assayed in membranes
obtained from the whole retina (Table 1). Binding of
aspartate 1o freshly prepared membranes was higher
than for glutamate and in both cases, was consider-
ably reduced in the abscnce of sodium. In contrast,
binding of asparatie and glutamate to frozen and
thawed membranes, did not vary in the presence or
absence of sodium, although a slight tendency 1o in-
crecase was observed in the absence of this ion.
Although aspartate specific binding to fresh mem-
branes was greater than ghitamate binding in the
presence of sodium, binding of Glu 10 membranes
that hagd been frozen was 3 times greater thun Asp
binding (Fig. 1). As shown previously for Glu binding
(Lopez-Colomé, 1981), Triton treutment  slightly

Table 1. Na“-dependence of specific [*H]glutamate and [*HJaspartate binding to
membranes from whole retina

(L-*H]glutamate binding
{(pmol/mg protein)

L-3HJaspartate binding
D !
(pmol/mg protein}

Membrane

preparation Fresh " Frozen Fresh Frozen

4+118mM NaCl 075 % 0.120 0.292 + 0.009 1.33 & 0.182 0.088 + 0.010
4

) 3) 3) (&)
- —NaCl 0.059 + 0.008 032 + 0035  0.160 + 0.041  0.095 + 0.007
3) @ ( 4

Membranes were prepared as described in experimental procedure. [*H]glutamate and
{*H]aspartate (20 nM) were displaced with 1 mM cold glutamate or aspariate.
Results are the means + SEM of the number of experiments indicated in parcne

theses.
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Aspartate binding 10 chick retina
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Fig. 1. Subcellular distribution of Na*-independent binding of [L-*HJaspuartate and [L-*H]glutamate.

Subcellular fractions and membranes from these fructions were obtained as described in the Methods

section. Frozen-thawed membranes preincubated with Triton were used, and the binding assay was

conducted as described in the text. Results are the means + SEM of the number of experiments included
in parentheses. All experiments were performed in duplicate.

enhanced [3H]Asp binding to membranes that had
been frozen.

Subcellular distribution of aspartate and gletamate
Na™-independent binding

The concentrations of specific sodium-independent
Asp and Glu binding sites in mcmbranes from the P,
fraction (enriched with synaptic terminals from the
outer plexiform layer) and the P, fraction (enrichced
with synaptic terminals from the inner plexiform
layer) were compared (Fig. 1). Whereas binding of Glu
did not concentrate in any of the fractions as related
to whole retinal membranes, Asp binding did concen-
trate 7 times in the P, fraction #nd 4 timues in the P,
fraction compared with the mombranes from whole
retina (Table 1 and Fig. 1). Glu-specific binding in this
condition was 549 of total binding
(0.452 & 0.05 pmol/mg protcin) in Py and 42% of
total (0.448 x 0.025 pmol/mg protein) in the P, frac-
tion. Aspartate-specific binding was 71% of 1otal

(0.94 pmol/protein) in the P, and 60%; of total
(0.60 pmol/mg protein) in the P, fraction.

Kainic acid binding

Specific binding of {*HJkainic acid.1o whole retinal
membranes and mcmbranes from subcecllular frac-
tions wis compared in the presence and absence of a
physiological sodium  conccntration (118 mM).
Results in Table 2, show that although total binding
was slightly increased in the presence of sodium,
specific binding was not significantly changed in the
presence of this ion. Ka binding did not concentrate
(in the presence or absence of sodium) in any of the
subccllular fractions.

Kinetics of uspurtate hinding to membranes from sub-
cellular fractions

Binding of Asp was e¢xamined through a concen-
tration range from 1.0 to 30nM, in frozen-thawed
membranes from P; and P; fractions (Fig. 2). Binding

Table 2. Subcellular distribution of [*HJkainic acid binding to retinal membranes

Membrane [*H]kainic acid binding (p mol/mg protcin)
preparation Fresh membranes + NaCl Frozen membranes — NaCl
Tot1al Specific Total Specific
‘Whole retina 0.209 *+ 0.008 0.054 + 0.007 0.160 + 0.011 0.048 + 0.011
P, 0.175 4 0.024 0.062 + 0.012 0.127 + 0.036 0.041 £ 0.004
Py 0.129 =+ 0.040 0.040 + 0.004 0.116 + 0.040 0.058 + 0.020

Membranes were prepared as described in

Experimental Procedures. Kainic acid bind-

ing (40 nM) was measured in the presence or absence of 118 mM NaCl. Binding
was displaced by 1 mM cold kainic acid. Results arc the mcan + SEM of 4-6

experiments.
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Fig. 2. Lineweaver-Burk plot of specific, Na*-independent L-aspartate binding 10 membrances from

subcellular fractions. Membranes were prepared as described in the text. Frozen membranes preincu-

bated with Triton were resuspended in Krebs-Tris medium without NaCl. Membranes were incubated

in the presence of increasing concentrations of [*H]aspartate. Each point is the mean of 3-8 experiments
performed in triplicate, O, P, [raction; 03, P, fraction.

to both fractions (in the absence of sodium) was found
to be saturable. Scatchard analysis (not shown) as
well as Lineweaver-Burk plots showed a Ky = 40nM
and a B,,, = 0.666 pmol/mg protcin for the P, frac-
tion and a Ky = 11.8 nM and B,,. = 04 pmol/mg
protein for the P, fraction. Further analysis of bind-
ing up to 1000 nM Asp, revealed the exisience in the
P, fraction of a second component of the binding
system with K, = 291 nM and B_,. = 4.8 pmol/mg
protcin. A second component of lower affinity which
was not saturated at 1 puM concentration was also
observed in the P, fraction. In contrast, binding of
Glu, showed a single component in both fractions,
through a concentration rinpe 1-2000nM, with a
Kp = 555 n0M, and B,,,, valuc slightly higher in the
2 than in the P, fraction (I.épcz-Colomé, 1981).

Displacement [TH)Asp specific binding by some struc-
turally reluted compounds

Some pharmuacological characteristics of Asp bind-
ing to membranes from subcellular fractions were
examined in order to assess an interaction with
physiologically relevant receptors. Displacement of
[®*H]Ka specific binding was also investigated and
characteristics compared with Asp and Glu binding.
Initially, the cffcct of a single concentration (100 uM)
of displacing compounds was tested (Table 3), fol-
lowed by the dctermination of 1C,, for active com-
pounds at [*HJAsp and [*H]Glu concentrations of
20 nM and 40 nM{*H]Ka (Tuble4). Table 3 shows
that in both fractions, L-Asp is preferentially displaced
by its correspondent structural analogues. While
[*H]Asp is more effectively displuced by DL- x-amino-
adipate (x-AA) and N-methyl-pL-asparaic (NMDLA)
[®H1Glu is preferentially displaced by glutamate

diethyl ester (GDEE), although xz-aminoadipate and
NMDLA also showed significant displacing effects.
Noticeably, although [*H]Ka is 100% displaced by
both, Glu and Asp, cold kainate up to 1.0mM con-
centration did not displauce Glu, whercas it did dis-
place bound Asp by about 50% at a 100 #M concen-
tration. Binding of all three ligands 1o P; fraction
membranes showed only 50% displacenient by the
p-isomers of Glu and Asp.

DISCUSSION

Glutamate (Glu) and aspartate (Asp) have been
proposed as photorcceptor transmitters in the verte-
brite retina (Neal, 1976). Evidence in support of this
assumption derives mainly from clectrophysiological
studies which have demonstriated that cither of these
amino acids mimics the cffects of the natural trans-
mitter released from the photorcceptor cell (Dowling
and Ripps, 1973; Cervetto and Piccolino, 1974; Ger-
shenfeld and Piccolino, 1979). Further studies (Wu
and Dowling, 1978) support Asp as the cone-transmit-
ter in the carp retina, and Slaughter and Miller (1981)
have proposed Glu as the transmitter of the On path-
ways in the mudpuppy rectina. Biochemical studies
have demonstrated that Glu and Asp share a high-
affinity uptake mechanism (Neal and White, 1971 and
1976; Thomas and Redburn, 1978) and are mainly
concentrated in the outer layers of the retina (Neal,
1976). Studies in an eye-cup preparation have demon-
strated a decrcase of Asp relecase following light
stimulation of thec rabbit retina (INeal ez al., 1979) and
cleciron microscopy studies following kainic acid
lesions in the goldfish retina, suggest that while Asp
could be the cone-transmitter, Glu could function as
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Table 3. Displuccment of specific [L-3HJuspiartate binding by some
rclated compounds at 100 M concentration

Y Displacement
P, fraction P, fraction

Compound membranes membranes

L-aspurtate 100 100
L-glutamate 100 100
D-aspartate 47 45 -
p-glutamate 48 40
r-glutamate-diethyl ester 48 50

. DL-x-amino-adipate 71 71
BA-methyl-pL-aspartate 79 63
2-amino-4-phosphonobutyrate 40 27
Kainate 48 33

Results are expressed as %, of maximal dlspl.u:cmcnl of [*H]ASP by
1 mM cold Asp. Final [*HJAsp concentration was 20nM, and dis-
pl.n:crs were udded to 100 uM final concentration. Data arc the mean

of 6-10 experiments performed in duplicate, which varied less than

15%.

the rod-transmitter (Yazulla and Klcinschmidt, 1980).
Glutamate and aspartate receptor binding to central
nervous system membranes has been extensively stud-
ied, and the correlation of synaptic pharmacology and
binding data support the suggestion that Glu and Asp
are involved in synaptic transmission in the central
nervous system (Watkins, 1978; Johnston, 1979; Fos-
ter et al., 1981; Foster and Roberts, 1978 Roberts er
al., 1980; Sharif and Roberts. 1981 : Fabb er al., 1981).
In the retina, binding of [*11]Glu has been churacter-
ized in both plexiform layers. in conditions belicved
10 cxposc synaptic receptors Lopez-Colomé (1981),
and Mitchell er al. (1981) have reported the presence
of high affinity receptlors for [*11]Glu (K = 12nM,
72nM and 800 nN) and for Asp assayed through
(*IHINMDA binding Ky = 8.4 nM and 82 nM) at the
inner plexiform layer of the bovine retina.

In the present work we have demonstrated the
presence of high-affinity, saturable binding sites for
[*HJasparaie at the outer and inner plexiform luyers
of the chick retina with Ky = 20 nM and 12 0M re-

spectively, ioge(hcr with a lower affinity system with a
Ky in the uM range (Fig. 2). These values are of
higher affinity than those reported by us for Glu bind-
ing site (555 nM) in the same preparation; however
they are in the sume range as the kinetic constants
reported for [3H3Glu and {*HIJNMDA binding in the
bovine retina (Mitchell et al., 1981). The binding con-
stants for [*H]Asp are also in close correspondence
with those reported by Enna and Snyder (1976b) for
the GABA recceptor in the bovine retina.

The conditions in which [*TH]Asp binding was con-
ducted were the same as we used for studying
{*H]Gu receptors (Lépez-Colomé, 1981). Because no
specific antagonist of the synaptic action of Glu and
Asp has been demonstrated under conditions where
physiological actions and cffects on binding are
parallel, the use of the same compound as a ligand
raises the possibility of un interaction with uptake
sites, or enzymes for which the compound is a sub-
strate (Foster and Roberts, 1978; Roberts, 1981;
Sharif and Roburts, 1981). In order to climinate these

Table 4. ]nhlblllon of the specific binding of [YHIGIu, [*i{]JAsp and
[*H]Ka in membranes from whole retina

ICsg (M)

Compound [L-*HJaspartate [i-*H]glutamate  [*HJkainate
L-aspartate 1.5 10.0 6.0
L-glutamate 0.6 0.35 0.15
NMDLA 0.8 6.0 > 100
GDEE >100 300.0 >100
2-APB =>100 > 100 >100
DL-x AA 7.0 5.0 —

NMDLA-—N-methyl-pL-aspartate;
-2-amino-4-phosphonobutyric aci

2-APB—

GDEE--glutamate dicthyl cster:

2-AA—a-amino adipic

acid. Binding was performed as described in mecthods. Final Glu and
Asp concentration was 20 nM; final Ka concentration was 40 nM.
Compounds were added over a concentration range 0.0i1-100 pM,
and 5 different concentrations werce tested. except for GDEE, in
which a range of 0.01-1000 M was tested. 1C,, were deiermined by
log dosc/percentage plots of 3 sets of data (duplicate determinations)

which varicd by less than 2092,
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possibilitics, we have conducted our assays under
conditions known to diminish thesc interactions by at
least 809 (Schwarcz, 1981). Sharif and Roberts (1980)
have reporied the loss of Glu and Asp specific binding
upon freezing and a deleterious effect of Triton treat-
ment in cercbellar and brain mcmbranes, and have
chosen to use fresh preparations for their assays.
However, in our hands, freczing for more than a week

does not significantly affect Na*-independent binding

of either ligand, although it greatly diminishes Na~*-
dependent one. Similar to Glu, Triton slightly in-
crecased Na*-independent Asp binding.

Although binding sites for both Glu and Asp were
found in membranes from both plexiform layers of
the retina, important differences were determined
which suggest different specific sites for these two
compounds. Asp receptors show higher affinity than
Glu receptors. Glu receptors do not concentrate in
any of the fractions, whercas Asp binding concen-
trates scven times in the P, fraction and four times in
the P; fraction, compared with the membranes from
whole retina (Table 1, Fig. 1). As in the case of brain
membranes, (Foster ¢t al.,, 1981), the number of Glu
receplors cxcecded that of Asp receptors. Pharmaco-
logically, the binding of [*HJ]Asp exhibited higher
specificity than [*HJGlu binding. L-Glu and r-Asp
were the most potent inhibitors of binding, perhaps
due 10 the fact that 1L-Glu is in a flexible conformation
and might interact with Asp receptors as well as Glu
receptors. a-Amino-adipate and NMDLA ceffectively
displaced Asp binding. which would be in agreement
with their physiological actions as Asp antagonist and
agonist respectively in other nervous tissue prep-
arations (Padjen and Smith, 1980; McCullock, John-
ston et al., 1974), whereas GDEE, considered as a Gla
antagonist in some central nervous system areas, is a
very weak displicer of Asp binding. p-isomers of Asp
and Glu at 100 x#M concentration displaced less than
50%, Asp binding, indicating the stereospecificity of
Asp receptor. p-Asp is also considered as an uptake
inhibitor, and 1his result would suggest that we are
not dealing with uptake receptors. Although clectro-
physiologically - and L- isomers of aspartate show
similar potencies, the fact that they have different
effects on binding is interesting, and has also been
reporied  for cercbellar membranes  (Sharif and
Roberts, 1981). Similarly to 1-Glu binding. L-Asp
binding is not significantly affected by kainate nor by
the Glu analogue 2-amino-4-phosphonobutyric acid
(Tables 3 and 4).

Although kinetic consitants for [>H]Asp binding
are close 10 those reported for [*H]kainate binding in
thc same tissuc (Bizicre and Coyle, 1979), the fact that
kainate receptors do not concentrate in the inner
plexiform layer and its lack of effect as a Asp or Glu
displacer, suggests that, as reported in other prep-
arations (Hall et al., 1978; Michaclis et al., 1980; Sle-
vin and Coyle, 1981) the receptors for this compound
are different from those for Glu or Asp.

In conclusion, we have demonstrated the presence

A. M. Lé6rE2-CoLomg and F. SOMOHANOG

of high-affinity, specific binding sites for [*HJAsp in
both plexiform layers of the retina. IJowever, a more
profound characterization of Glu and Asp receptors is
needed in order to establish definitely their role as
transmitters at precise synapses in this organ.
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J DISCUSION

Existen dos problemas principales involucrados en el estudio de los

receptores a glutamato y a aspartato que aqul se presenta:

1) ¢(Existen receptores postsindpticos para estos compuestos en la
retina? (Pueden distinguirse los receptores de glutamato de los de

aspartato?

2) A qu& células corresponden estos receptores y por lo tanto, qui@é

células podrian usar estos compuestos como neurotransmisores?.

Respecto al primer punto, el mayor problema para la identificacidn
de estos receptores consiste en que no existen antagonistas especifi-—-
cos de la accidn postsindptica de los aminod@cidos excitadores, lo cual
hace diffcil diferenciar los receptores sindpticos a estos cémpuestos
de otros tipos de recegtores para los mismos como serian los recepto-—
res presinapticos de captacidn de alta afinidad. Como consecuencia,
los receptores deben medirse empleando como radioligandoes al 3H—gluta—
mato o al 3H—aspartato; dado que estos compuestos se encuentran en
concentracidn elevada en las cé&lulas nérviosas en las que'desempeﬁan
diversas funciones, es necesario eliminar de la preparacidn membranal
todo rastro del compuesto endSgeno. Asimismo, se hace necesario el tra-—
tamiento de las membranas con un detergente ya que se ha descrito la
existencia de inhibidores enéégenos de la unidn de estos compuestos
con el receptor, los cuaies deben ser excra;dos cuando se desea medir

los receptores sindpticos y determinar sus caracteristicas cin@ticas

s



y farmacoldgicas. .

Otro problema.derivado del uso del glutamato o &l aspartato como
ligandos delAreceptor consiste en poder distinguir-la_unién con los
receptofes sindpticos, de la unidn con los receptores presindpticos
de captacidn o con enzimas que pudieran usar estos compuestos como
sustrato. Para obviar este problema, las determinaciones se llevan a
cabo a bajas temperaturas (0-4°C) y en ausencia de sodio y de glucosa
en el medio de incubacidn, ya que estas condiciones impiden la reali-
zaciﬁn de procésostque, como la unidn al receptor de captéciﬁn, requie
ren tanto de la presencia de s&dio como de una fuente de energia. Una
forma alternativa de impedir la participaci§n de los receptores de
captaci§n dejando intactos a los receptores sindpticos es la congela-
cidn de las membranas durante un minimo de 24 horas antes de medir en
ellas los receptores (36). Como puede observarse en los articulos pre—
sentados, las condiciones experimentales empleadas bermiten afirmar
que los receptores estudiados son §nicamente receptores sinépticoé.

Para que la interacciﬁn de un compuesto con sSu receptor tenga sig—A
nificacidn fisiol§gica, debe presentar una cin?tica de saturaci§n con
una constante de disociaciﬁn en el rango de nM. Los receptores a -glu—
tamato y a aspartato en la retina presentan respectivamente una KB de
550 mM y 40 nM, lo cual nos permite afirmar por este criterio también,
que se trata de receptores sin?pticos.

Desde el punto de Qiéta farmacol§gico, la interacci§n de un trans—
misor con su receptor postsinéptico debe presentar estereocespecificidad

y modificarse en presencia de agonistas y antagonistas de la acci®n



fisiolSgica del compuesto. En el caso de los receptores a glutamato

y aspartato en la retiﬁa, la fotencia relativa de algunés anidlogos
estructurales paraAinhibir 13 unidén con el recep;or (ICSO{ parece ser
paralelé a la accién activadora o inhibidora que estos compuestos pre
sentan sobre la accidn de los aminodcidos excitadores en diversas pre-
paraciones del sistena nervioso central. Asi, encontramos que en la
retina el dietil-&ster del Acido glutidmico (GDEE) que es un antagonista
de la accidn fisioldgica del glutamato (32), ‘es un bloqueador maAs po—
tente de la unidn del glutaqato qué del aspartato, mientras que el

8 —metil-DL aspartato que es un potente agonista del aspartato en la
médula espinal (46), desplaza preferentemente al aspartato de su re—
ceptor. Dado que los D-isBmeros de ambos compuestos inhiben la unidn
con el receptor en un 50% mientras que los L-isSmeros inhiben total-—
mente la interaccidn a las mismas concentraciones, podemos conclulr
que se trata de receptores que desde el punto de vista farmacolSgico,
llenan los requisitos para ser considerados como receptoreé sinépti— -
cos.

En conclusién, se han identificado y caracterizado receptores a
glutamato y a aspartato en la retina de pollo, los cuales por la meto-
dologia empleada, por sus constantes cinéticas vy por sus propiedades
farmacol§gicas, parecen ser receptores sin?pticos.

Respecto a la localizacidn de las célul%s de la retina que poseen
estos receptores, se ha postulado que la transmisi§n entre los fotorre—
ceptores y las c@&lulas bipolares (43), as; como entre las células bi-~

polares y las ganglionaresi(ZS) estd mediada por un transmisor de

tipo excitador que podria ser el Hcido glut@mico y/o el Acido aspirtico.



La estructura laminar de la retina permite el aislamiento de.fracciones
enriquecidas en terminales sindpticas de los fotorreceptores o bien de-
la capa plexiforme interna conteniendo entre otras, las te;minales de
las céluias bipolares (30); 1la prgsenqié de receptores a glutamato o a
aspartato en las membranas de una u otra capa, o en forma alternativa,
su mayor concentracidn en una de éllas permitiria sugerir el tipo de
cZlula que posee estos receptores. Los dos tipos de receptores, a glu
\tamato v a aspartato, se localizaron en ambas capas sinApticas de la
retina, lo cual apoya la posibilidad de que la transmisidn entre las
células bipolares y las ganglionares podr;a estar mediada por los mis
mos transmisores que la del fotorreceptor a las células bipolares, .y
que Este podria ser cualquiera o ambos aminoZcidos, excitadores.
Recientemente se ha descrito una t&cnica (27) que permite dege-—
nerar selectivamente los diferentes tipos de neuronas en la retina me
diante la inyeccidn intraocular de dosis crecientes de Ecido kainico,
cuya toxicidad en la retina esté bien demostrada (37). Dadé que las
neuronas de la retina poseen diferente scensibilidad a este compuesto
(amacrinasy horizontales“ybipolares > ganglionares y fotorreceptores),
podemos éliminar de la retina uno o varios.de estos tipos celulares.
Esperamos poder determinar mediante esta t&cnica a qué células perte—
necen los receptores a glutamato y a aspartato que hemos caracteriza-—
do, y consecuentemente a qué& nivel de la retina podr;an actuar --como

neurotransmisores. - -
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