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INTRODUCCION 

En e1 Sistema Nervioso Central (SNC) de 1os vertebrados, 1a canti

dad de sinapsis excitadoras excede con mucho a la de sinapsis inhibido

ras. A pesar de e11o •. se conoce poco acerca de los neurotransmisores 

excitadores. sus receptores. las vías que se sirven de estos compuestos 

como tran·smisores o su mecanismo de acción. si se comparan con los 

neurotransmisores inhibidores. Dentro de los compuestos considerados· CE,. 

mo posib1es neurotransmisores excitadores. se encuentran la acetilco~i

na y los ácidos glutámico y aspártico. Dado que la transmisión ionotró

pica en las neuronas del SNC parece estar mediada principalmente por 

aminoácidos. el glutamato y el aspartato aparecen como los candidatos 

más viables para llevar a cabo dicha función. ya que ambos se encuen

tran en alta concentración en e1 tejido nervioso y llenan gran parte 

de los criterios fisiológicos (5,6,7,8,18,22,32,42). anatómicos (1,4,9. 

12,16,26,39,40,41), bioquímicos (2,3,19,23,24,33,44,45) y farmacológi

cos (13.14) para ser considerados como neurotransmisores. 

Puesto que el fenómeno de la neurotransmisión de tipo químico im

plica 1a interacción de la molécula neurotransmisora con su receptor 

postsináptico en la membrana~ la presencia de receptores postsinápticos 

para un compuesto determinado se ha considerado como un criterio comp1...!::_ 

mentaría para postular a dicho compuesto como neurotransmisor. 

Receptores a g1utamato y aspa"rtato en el SNC: 

Numerosos estudios indican que el efecto excitador que e1 L-g1uta

mato y el L-aspartato ejercen sobre la mayor parte de 1as neuronas de1 



SNC est~ re1acionado con diferentes tipos de receptores membrana1es. 

Los datos q~e apoyan la existencia de estos receptores provienen tan

to de estudios in v"ivo mediante 1a aplicación iontoforética de agoni~ 

tas y antagonistas de 1a acción de· estos aminoácidos ~xcitadores~ ca-

mo de estudios in vitro en 1os que se ha caracterizado 1a interacción 

de1 g1utamato y el aspartato con receptores aislados. La correlación 

entre estos dos tipos de estudios es importante, ya que en los es tu-

dios in vJvo es dif~ci1 deslindar 1a interacci6n con receptores siná_E. 

tices de otros fenómenos simultáneos, mientras que 1os estudios in 

vitre no permiten discriminar claramente entre los diversos tipos de 

receptores sinápticos que pueden distinguirse en preparaciones fisio-

16gicas (como sería e1 caso para los receptores extrasinápticos). 

Tanto la caracterización de los receptores a g1utamato y aspart.!!. 

to como la identificac~ón de las vías nerviosas que puedieran emplear 

a estos compuestos como neurotransmisores se facilitaría ampliamente 

con e1 descubrimiento de antagonistas específicos de 1a reSpuesta 

postsináptica producida por g1utamato o aspartato, ya que los compue~ 

tos hasta ahora empleados son en maYor o menor grado inespecíficos y 

por tanto ineficientes para distinguir entre receptores a g1utamato o 

a aspartato. 

Los antagonistas que han resultado más eficaces para b1oquear e1 

efecto de estos dos aminoácidos in vivo son e1 g1utamato dieti1 éster 

(GDEE) para e1 ácido g1utámico y e1 D-.,,.l.-amino adipa to (D-..,.( AA) para e1 

ácido aspártíco aunque existe e1 problema de que su acción no es gene-

·ra1 sino específica para ciertas áreas de1 SNC (32). 



a). Estudios in:· vivo: Basándose fundamentalmente en 1a sensibi1i-

dad de 1os receptores a1 GDEE o bien a1 Dol.AA y en 1a sensibi1idad de 

1a interacción farmaco16gica a 1a presencia de Mg++ y otros cationes 

diva1entes. se ha c1asificado a 1os receptores a aminoácidos acídicos 

en tres grupos (4 6): 1) Los que son activados por N-meti1-D-asparta

to (NMDA), ibotenato, D-g1utamato y L-homocisteato. La acción excita

dora de estos agonistas es antagonizada por Do( AA y se inhibe en pre

sencia de concentraciones re1ativamente bajas de magnesio; 2) 1os re

ceptores activados por quiscualato cuya respuesta es bloqueada por e1 

GDEE. La excitaci6n provocada por esta interacción no es sensib1e a 

1os b1oqueadores de 1os receptores a NMDA ni se inhibe por Mg++. Se 

considera que el L-glutamato y el L-aspartato interactúan respectiva

mente con los receptores a quiscualato y NMDA, dado que su acción fi

sio16gica es b1oqueada por e1 GDEE y e1 D-,:>'(.AA res~ectivamente. 3) La 

tercera clase de receptores a aminoácidos acíclicos la constituyen 

aquellos activados por el kainato; no son sensibles al magnesio ni a 

1os b1oqueadores de 1a acción de1 ·NMDA~ o a 1a acción de1 GDEE. 

Recientemente se ha descrito una nueva clase de aminoácidos exci-

tadores heterocíc1icos derivados del ácido iboténico. que interactúan 

específicamente con los receptores de glutamato y aspartato en el 

SNC (17). E1 ácido ...{.-amino-5-meti1-3-hidroxi-4-isoxaso1propi6nico 

(AMPA) funge como agonista de1 g1utamato y su acción es sensib1e a1 

GDEE, y e1 ácido -<. -amino-5-meti1-3-hidroxi-4-isoxazo1acético (AMAA) 

cuya acción excitadora se bloquea por D- AA e1 cual actúa como agonista 

específico del aspartato. Estos compuestos pueden ser de utilidad en 1as 



futura~ investigaciones re1acionadas con e1 pape1 fisio1ógico y e1 me

canismo de acción de1 aspartato y e1 g1utamato en e1 sistema nervioso 

central. 

b).Estudios in vitre: La presencia de receptores sinápticos 

para 1os ácidos g1utámico y aspártico en regiones específicas de1 SNC 

se ha considerado como prueba de su pape1 como neurotransmisores. Así. 

en años recientes se ha desarro11ado una técnica que permite medir 1a 

interacción de 1os aminoácidos (posibles transmisores) con sus recepto-

res específicos en 1as membranas (11). Esta técnica permite distinguir 

a 1os receptores de captación de alta afinidad de los receptores sináp

ticos. por 1a dependencia de sodio de 1os primeros. Sin embargo. esta 

técnica no Permite distinguir entre los receptores postsinápticos y 

los extrasinápticos. Para que 1a interacción de un compuesto con su 

receptor pueda considerarse f·isio10gicamente significativa debe carac

terizarse desde e1 punto de vista cinético y farm_aco16gico. El proce

so de interacción ligando-receptor debe ser saturable, con una constaE; 

te de afinidad aparente (~) en la gama de nM (a1ta afinidad). Desde 

el punto de vista farmacológico, 1a interacción debe ser estereoespe

cífica y los compuestos agonistas y antag?nistas deben modificar 1a 

interacción ligando-receptor en la misma forma en 1a que modifican la 

respuesta fisio16gica. Aunque se ha descrito receptores de alta afini

dad y estereoespecíficos para glutamato y aspartato en diversas áreas 

de1 sistema nervioso centra1, 1as constantes cinéticas difieren amplia

mente como puede observarse en la Tabla I-

La farmacología de estas interacciones corresponde con los estu-

' 



dios e1ectrofisio16gicos. Tomando en cuenta· 1os resu1tados de compe

tencia a nive1 de1 receptor así como 1a estereoe~pecificidad de 1os 

mismos en e·ste sistema in vitre, se ha c1asificado a 1os receptores 

de g1utamato y aspartato en cuatro c1ases (20): 1) Los que unen pre

ferentemente ácido g1utámico en configuración extendida y que pueden 

estudiarse usando kainato como 1igando. 2) Los q~e unen preferente

mente ácido g1utámico en configuración parcia1mente p1egada, y pu~den 

estudiarse usando L-g1utamato como 1igando. 3) Los que interactúan 

principa1mente con ácido L-aspártico, y··~se estudian empleando L-aspa·r

tato como ligando. 4) Los que aceptan indistintamente L-aspartato o 

L-g1utamato, pero no interactúan con e1 kainato; éstos pueden estudiar

se emp1eando D-aspartato como ligando. 

Como puede conc1uirse de los datos expuestos, el ácido g1utámico 

y el ácido aspártico reunen muchas de 1as características anatómicas, 

químicas, fisiológicas y farmacológicas para ser considerados como -

transmisores ionotrópicos excitadores en e1 sistema nervioso centra1. 

Sin embargo, 1a comprobación absoluta de esta funciOn así como 1a dis

tinción entre 1as vías glutamatérgias y las aspartatérgicas probable

mente tendrá que esperar al descubrimiento de antagonistas específicos 

de su acción post-sináptica. 

II. Receptores a g1utamato y aspartato en 1a retina: 

La retina de 1os vertebrados está constituida por cinco diferen

tes tipos de neuronas dispuestas en tres capas ce1u1ares. En 1a prim~ 

ra se ericuentran los fotorreceptores, en la segunda 1~s somas de las 

··e 



cé1~1as. bipo1ares. horizonta1es y amacrinas. y en 1a tercera 1as cé1u-

1as gang1ionares. Interca1adas entre estas capas ce1u1ares. se encuen-. , 
tran dos zonas sinápticas. En 1a zona p1exiforme externa. estab1ecen 

contacto las terminales de las células bipolares y horizontales (diri-

gidas hacia el exterior) con las terminaciones procedentes de 1os fot~ 

rreceptores. En 1a zona p1exiforme interna. estab1ecen·contacto sináp-

tico 1as cé1u1as bipo1ares y amacrinas con 1as cé1u1as ganglionares, 

cuyas terminaciones eferentes forman el nervio óptico. Las cé1u1as 

g1ia1es o de Mü11er, atraviesan 1a retina vertica1mente en todo su es-

pesar (10). 

El impu1so nervioso que se genera en 1a capa de 1os receptores. 

es transmitido en sentido vertical a través de las cé1u1as bipo1ares 

y ganglionares hasta salir por e1 nervio óptico hacia centros superio-

res de integración. E1 impulso es modulado en sentido horizontal por 

1as interneuronas inhibidoras horizontales y amacrinas. Se ha propues-

to que la substancia química (neurotransmisor) que transmite e1 impu1-

so nervioso de 1os fotorreceptores hacia las capas internas de 1a re-

tina debe ser un compuesto excitador. Trifonov (43) ha postulado que 

en la oscuridad, este compuesto excitador .se 1ibera continuamente de 

la terminal sináptica de1 fotorreceptor; a1 incidir 1a 1uz sobre 1a 

retin_a. 1os f1ujos iónicos en el fotorreceptor se modifican y e1 neuro-

transmisor se dejaría de 1iberar. Esta hip_6tesis se apoya principa1men

te en estudio"s de tipo fisio1ógic~. en 1os que nt.mlerosos investigador~s 

han registrado 1a actividad de cé1u1as post-sinápticas a los fo.torre-

ceptores. La identidad de1 compuesto neurot.ransmisor en cuesti6n se 
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descono~e aún. y nosotros tratamos de contribuir información a este 

respecto. usando 1a retina de1 po11o como mode1o. 

Se han postu1ado ·numerosas sustancias como transmisores a nive1 

de 1os f~torrfceptores., pero 1os candidatos más viab1es parecen ser· 

e1 ácido g1utámico y e1 ácido aspartico (29). La evidencia mas con

sistente que apoya e1 pape1 de1 g1utamato y e1 aspartato como neuro

transmisores, procede de estudios fisio1ógicos en 1os que se ha demos

trado q~e 1os efectos producidos por estos compuestos cuando son ap1i

cados exógenamente a 1a retina., semejan en todo 1os efectos producidos 

por e1 transmisor 1iberado natura1mente por estas cé1ulas (21.35.47) 

tanto en su acci6n excitadora sobre neuronas determinadas como en 1a 

modificación de su efecto por agonistas y antagonistas farmaco1ógicos 

(15.35~38). 

Desde e1 punto de vista bioquímico. aunque 1a evidencia para pos

tular a1 g.1utamato y a1··aspartato como neurotransmisores en 1a retina 

es más escasa., se ha podido demostrar que existe un sistema de capta

ción específico., de a1ta afinidad y dependiente de 1a presencia de so

dio en el medio., en termina1es sinápticas de ambas capas plexiformes 

de 1a retina (25. 34). Alguno,- estudios apoyan particularmente a1 aspar

tato como e1 transmisor de 1os fotorreceptores, ya que su liberación 

continua en 1a oscuridad dism1nuye notab1emente cuando se i1umina 1a 

retina' (31). Otros en cambio. postu1an que el g1utamato y no e1 aspar

tato podría ser e1 transmisor·1iberado por e1 fotorreceptor> pues 1a 

ap1icaci6n del ácido 2-amino-4-fosfonobutírico, análogo de1 glutamato. 

bloquea 1a transmisi6n sinaptica en 1as vías ON de la retina (38). Por 



otra p~rte. estudios en retinas lesionadas con ácido kaínico han 11eva

do a 1a proposición de que mientras e1 g1utamato podr~a ser e1 trans-

· misor de 1os bastones. e1 aspartato podría ser el transmisor utiliza

do por ios conos (48). 

Puesto que 1a existencia de receptores sinápticos para g1utamato 

y aspartato en la retina apoyaría su función como neurot~ansmisores. 

hemos estudiado y caracterizado los receptores póstsinápticos para es

tos compuestos en 1a retina de po11o. Hemos encontrado que estos rece.E_ 

tares de g1utamato y aspartato son muy semejantes entre sí pero dif~e

ren en algunas de sus propiedades cinéticas y farmacológicas 1o cual 

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

sinápticas. 



TABLA I 

Comparación de 1as constantes cinéticas obtenidas para 1a unión.de1 L-G1uta-

Preparación 

Corteza cerebra1 de rata* 
(membranas sinapticas) 

Cerebro comp1eto de rata* 
(membranas sinápticas) 

G1icoproteínas de cerebro 
de rata* 

Proteolípido de membra- * 
nas aisladas de corteza 
cerebral de rata. 

Cerebelo de rata* 
(membranas sinápticas) 

Cerebe1o de gato+ 
(membranas sinápticas 

Complejos sinápticos** 
de cerebro de rata 

mato con su receptor 

Rango de 
concentración. 

0.4 - . s. 7 uM 

0.1 - 30 uM 

0.06 - 250 uM 

0.001 - 1.8 uM 

0.023 - "16 uM 

0.010 - 1.0 uM 

a) 
b)" 

a) 
b) 

a) 
b) 
c) 

a) 
b) 

4.0 
8.3 

0.18 
2.08 

0.85 

0.3 
5.0 

55.0 

0.744 

0.33 
1.8 

0.453 

0.55 

.. 

Capacidad de1 sistema 
(nmo1/mg proteína) 

0.2 
0.028 

4.44 

65.5 

0.53 
32.0 

166.0 

0.073 

0.015 
0.065 

0.090 
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Binding of L-r'H]glutumate to mcmbranes from wholc chick retina and from sub
ccllular fractions cnriched with photo1"cccptor tcrminals (P1 ). or tcnninals from 
thc inner plcxiform laycr (P:l wus Mudicd. Na• -dcpendcnt and Na• ·indepcndcnt 
binding to these mcmbrunes was demonstrated. Na• -indcpcndent binding w¡is 
slereo!<opecific. Kinctic anal)•sis of the hinding process indicnted a ~ingle high
affinity systcm ( Kn = 0.55 µ.M) with a capacity of appro,imatcly 20 pmoles/mg 
protcin in all thc membrane fructions. 1 ~H]Glutamate binding to P1 and P.: fractions 
was effcctively di!-.p1aced by severa! structural am.1logucs of glu1ama1e. Glulamatc 
diclhyJ.ester appreciably di!.ph1ccd binding. whcrcas kainic acid did not di!:>placc 
bound glutariiatc. Data indicatc thc binding of J·'J-f}glutamoitc to physiologically 
rclevant receptors in thc chick retina. 

INTRODUCTION 

L-Glutarnate is likely to be a major cxcitatory transmittcr in the mam
malian central ncrvous system (1 .. 2) cxcrting its actions through specific 
mcmbranc rcccptors (3). In thc retina .. it has bccn suggcstc<.I that glutamate 
and/or aspartate cou1d be thc cxcitatory transrnittcr substance rclcased 
from the photorcccptor tcrminals (4). It has bccn postulatcd that an cx
citatory neurotransmittcr must be rclcascd continuously from thc pho
toreceptor tcnninals in thc dark .. maintaining bipolar and horizontal cclls 
depolarizcd. Upan light stimulation .. thc in,vard sodium current would be 
blocked .. causing thc hypcrpolarization of photoreccptors and thc arrest 
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0364-319018J/0900-1019S03.00/0 C) 1981 Plc:num Publishing Coi-porntion 
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of thc cxcitatory ncurotransmittcr rclcasc (5). Thcrc is ·infercntial evi
dence, that the hyperpolarizing response of Horizontal Cells to stimula
tion by light might be due to the decrcasc of an excitatory transmitter 
substance. Thc idcntity of this cxcitatory transmittcr is unknown. but in 
the vcrtcbrate retina it is unlikely to be acetylcholine ar catccholamines, 
sincc thcsc are not prcsent in thc outcr rctinal tayers (6). and acctylcholine 
has bcen shown to be without cffect whcn applied to the Horizontal Cells 
of the carp retina (7). 

Thc cvidcnce for post ulating glutamatc or aspartatc as ncurotransmitter 
candidatcs in thc retina is n1ainly indircct. and is dcrivcd from e)cctro
physiological studics, which clcarly establish thcir capncity far depolar
izing horizontal_ bipolar. and amacrinc cclls (4, 8, 9). On the othcr hand, 
glutamate and aspartate havc bccn found rnainly localized in thc externa! 
layers of the retina (10). A high··affinity. sodium-dependcnt uptake mcch
anism sharcd by glutamatc and aspartate has bccn charactcrized in the 
rat retina ( 11. 12) as \.VC1t as in synaptosomal fractions from the chick 
retina (13)-

Recently. Nea! et al. (14) havc demonstrated in a supcñusion system. 
thc arrest of aspartatc rclcusc follff\Ving illurnination of thc rabbit retina. 
v-.•hich backs up aspartatc as thc trans111ittcr at this lcvcl. Bascd on studies 
of kainic acid lcsions in thc Goldfish retina .. it has beco proposcd that 
\vhilc glutamatc could be thc transmitter rclcascd by rods: eones could 
relcasc aspartatc as thc transmittcr (15). Rcccntly .. pharn1acological ev
idcncc has bccn providcd as to proposc gluta1natc as thc neurotransn1itter 
of the ON pathways in the retina ( 16). 

The prcscncc of spccific postsynaptié rcccptors for a substancc par
allcling the distribution of its physiological cffccts .. has bccn considcred 
as cvidcncc for thc con1pound to play a ncurotransmittcr role. Binding 
of highly labclcd ligands to mcmbranc prcparations is no\V a \Vcll cstab
lishcd tcchniquc for thc dircct study of drug-rcccptor intcractions. and 
has bcen app1icd cxtcnsivcly to thC. study of ncurotranstnittcrs and thcir 
physiologicat rcccptors. The binding of amino acids to synaptic mem
branes has been largely studied far GABA (17-21) and glycine (22. 23). 
v-.•hich are considcrcd as major ncurotransmittcr can<lidates in the CNS. 
In thcse studies .. it has bccn cstab1ish~d that thc binding of amino acids 
to synaptic mcmhrnncs in thc abscnce of sodium invoJvcs an intcraction 
with postsynaptic receptor sitcs. \\.'hile binding to pre and postsynaptic 
uptake sitcs is a tcn1pcraturc and sodium-dcpcndcnt phcnorncnon (17-23). 
Using thcsc: tcchniqucs .. postsynaptic rcccptors for L-glut:Jmatc havc bccn 
charactcrizcd in brain hornogcnatcs (24) .. synaptic mc1nbranes l25). iso
lated mcmbrane glycoproteins (26), and proteolipid mcmbranc fractions 
(27). as well as. in cerebcllar mcmbranes (28, 29). 
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\Ve havc. thcrcforc. investigatcd thc binding of L-l 'H]glutamatc to 
mc1nbrancs from thc \vholc chick retina. as \vcll as. from subccllular 
fractions cnrichcd with photo1·cccptor tcrn1inals (P 1 ) und convcntional 
synaptosomcs from thc inncr plcxiform !ayer (P,) (30). in an attcmpt to 
dcn1onstratc thc intcraction of glul:..tmatc \\.'ith its pust!iyn:.1ptic receptor 
in thc retina. 

EXPERIMENTAL PROCEDURE 

,\lcnrhrane I'n•paration. Rctinois frc~ f10111 ¡"'i¡,;m..:nt l"f•ithcli11n1, \\Crc obt:dnc<l fro1n 4-6 
wcek old chicks .and o~nH .. 1ti1,:;11ly ~hockl.·d 1~~ hrnill\,;c11in1tirn1 in ~O \dlumcs (w/v) ufJoublc 
distillcd v..·atcr in u gluss-g.Ja.,,s humogcni.1.cr. Thc homog..:natc was placed on ice for 15 min 
;.ind thc mcinbrane~ "'ere pclktcd by C(.•ntrifugation at 4:"\,000g :.1t 4cc for ~O min, w;1!<.hcd 
twicc whh thc ~ame volume of .. ,.·atcr 01nd n:c..:n1rif1J_¡;l"d. Tlu: final p.:11ct ''"'ªs rc<.;11spcn<kd 
by homogcni¡:ution in Krcbs Tri~ bufT,_ 1 pH 7.4. "\\ i!J,.1ut glucc1• e for hinding as-.;ay?-.. P1 imary 
'ubcclJutur fractions '"ere ho1a1cd a~ ¡•1cvio11!--ly ,1 ... ,c1ibcd l31) ftorn retina<.; h,-.rnngcniLed 
in 0.32 ~t ~UCH"•C cuntainin.:.; 10 · "':'\1 ·.:;;SO ... Thc (.;rudc nuck:.lr fro11..·til•n lP1) and thc c1·udc 
synapto~oma1 f'ractic.1n (P::) \\.ere o~mo1ic1tly .Ji~1uph:d by th•mc1gcni.1atil•n in :!O vo1 of\\.'a1cr. 
and mc1nbr~nc~ \1.•crc obtaincd a~ dc!-crihc.:d for '"' holc retina. 

Bindin¡:: ..-\.'-"ª-"· E ...... ...,n1i:il1y. hin.Jing :1~-,ay!-> "l.\crc co11-i-icd out follo\\.ing thc pn .. 1n:durc 
l.k!-l:Til..,l.·d bv Fnn:i ,i:_- ~nvdcr C:! 1 J. i: ... 1..-~Tt n~oit Krchs Tri!-> bufTcr wa~ 1?-..cd ino..;tcad of Krchs 
Cit1·.atc buff::r. ~a· d .. 110::n1..knt bindi11g ":! ... nica: url.·d in f1 ..:~hly p1cp;.1.1"cd n11.:n1l"ra11c~; the 
rnc1ub1.11u.: pc11ct fv: tl•t:"1..' a ..... •.;,y~ \\";1.., ,,,,_. .. ll ... pl.·ndcd in K1ehs Tri!<. buff..:r ll 18 111~1 ~:~CI; t.2 
mM KH::PO.i: 4.7 1!1!\1 KCI; ~.!i m~1 <~;\CI::; 1.17 m!\.1 ~lgSO.i; :'(1 mM Tris.J-lCI) al pH 7.4 
with1.1ut g1uco..,c. A ... sa)'S f0r ·, 1dium ;.,,!,:p..:rllknt l-<i11ding \\.ere c:irricd 1..1u1 in mcn1branes 
frtl./CTI at - 2üºC for :.i pc1 il•d 1-. : ·.1. l"O:n • ,;·,:..· ~ind t \' 1..1 h cck~. Fn.1.1,cn 1nl.·1nbr.111cs. unlc"><> statcd 
othcrwise. \\ere incubatt.·d ~O inin i..11 37-l- in .:"iO "l.l•lumi:~ (w/v) uf K1~b::, Tl"is hufTcr pH 7.4 
without Nó"1CI in thc pl"c ... cncc uf O.ll.:"i".:f Tritnn-X-100 Cfinal cunccntl"~ttion) pi-ior to the binding 
as~ay. ?>.1cmhranc:s. ''ere n•ccn·cn·d by ccntrifug;1tion ;lnd rl~~u~r·1..~Pdcd in K1cbs-Tris buffer 
in v. hich N~CI ''"'ª~ (l1ni111.:d o.- -..ub"1itutcd by ... ucrO!'>C. 

For thc binüing H~""ªY· 2 mi uf thc 1ncrnbn-111c su~pcn ... inn (0.5~1.0 mg protcin) werc 
incubatcd on ice for 10 min in thc prc ... cncc 1..lf ~O n!\.1 L-l 11-l]ghl1;1matc or 40 nl'\1. ('H]kainic 
add in thc ab ... cncc (conHol) ur thc prc~encc of unh1bckd L-glutarnatc ( 1 m!\1 final conccn
tration). oran cquivalcnt cnncc11tnition of thc con1p._1.;nd undcr test. Thc rci1ction \Vas 
Mopped by centrifugation ut 45.000¡; at 4'""C fol" :!O inin. 

Aftcr dccantlng thc .... up.:rnatant, 1hc n11.·1r1hro111c p.:llcts containing b1..11ind r•1dio;.ictivity 
\\.ere supcrliciully rin,..:d 1'-":icc \\ith S mi 1..1f,~.-u~.k distilkd water· ;mÜ ~nlubili.-:cd in 0.2 1nl 
of NCS (Tissuc solubili .. cr. Amcr~harn). nl~11nü 1"adin;1cti" ity ,,.a~ dclcnnincd by thc- addition 
of tO mi ofTrito!<.ol (3:!) fotlo, ... ·cd by liquid ~cinti11ath)n .,pcctrnlllt..'try. A11 ~amples \o,.crc kcpt 
1 ::! hr in thc dark b..:fo1-c Cl1::11~iilg. H;il!iu,,._¡¡.. it:- ·::;1~ o.:u1 rl·ctcd fnr 1;1:~·ncliing. b .. ~ ti;i uund. 
;ind Cl)11n1ing ..:ffickncy. C"::1c11J;1til•n l,f1t1c -.¡ • .:cifíc hin..ling wa.,.111.1dc by ~libtrac-tion ofthc 
nc,n-::.p'""·cific binding l.·n1nptnu:nl. which rer-..i ... 1.:d in tho.: prc: ... 1..·ncc of 1 1n!\.t unlabc:lcd com
pound. fl"om thc tnta1 bi01di11~ in thc :.11:-- ... .:no: uf unl:.ihcll.·d glu1:.1111atc. f'1·\.)1cin wa~ rnca~urcd 
by thc mcthod of Lowry et al. (33). 

,\f<11t..'rial.'i. L-l'H]gluta1m1tc (.43--46 Ci.'m mol) and l'l-l]k:.i.inic acid (7.8 Ci/m mol) wcrc 
obtaincd from Ncw Engl:md Nuclear Cnrp .• Boc;ton, !\.1:.i.~:-.achu~ctts. NCS (Tissuc Solubi
JiLcr) was frum Amcrsham-Sc.arlc Corp .• Arlini:;ton Hi11s. 111inois. Ali common ana1ytica1 
;:sgcnts and drugs wcre from Sigma Chcmical Co .• St. Louis. ?\ti~~ouri. 
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r1 t!5t1 r-~cmtn anes 
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:l To1ol Blnding 

'J siwclflc Blnd:ng 

F1G. 1. Sodium-d..:p.:nd.:n .... ·<..· uf 1.-l -..l l].:_:lui.iJJ:«IC hin,ling 1•1 f,., ... h ;..iid fllJL<.:n n1.:1nbrane"' Íf\.">m 

v. J1(lfc n.:::tina. :-.1,~n1!:ir:ones ''ere ot~r:dn ...... d a ... .!e·<.:r ih .. ·d in thc 10:-..1. ·'-"""'ªY"' ,._ere conductcd 
iu tite prc..;cncc l\f 1!11: ab-,.,.;:n,,:c uf 118 111:0.1 :""-!aCI. ~.:..:111b1 •. n..:-~ \1...:r..: i;1..:11ba11..·.t in thc p1c:-cnce 
t...,f 70 11:'\1 l"l-f1.!.•1111:1m.11e. ;.nd ... r<.-·dlic bi1i.fing ''::: ... mc-;1 .... ~'l··d !:-y di-.rtacenH"nt ,)f h0und 
.t.. '11:.:n~arc ~· ith 1.:old f.ll1l: .. ; ••. i..; ( 1 :i1~.t fín:~T r (•1~·-·.·:1:1 •• 1iun). Val u...:~ ;,1 c :he- 1111.:;ius :!:::. .SE~1 

,,[ th..: 11111nhcr l'lf ..,, .. r;·1·;,t-." .._-,r~ 1 i•nt.•111.,, in,·11:,t..:d in ;·:\r,·n!hc-..1.~'i. . .-\11 ,_·,p.:ri1ncntc;; \\'ere pcr
f._u·n1ed in u iplicalc. 

RlcSULTS 

'-finding of L-l "'Jf]C:.':a,11,;.;te !v \~'lroh" Retina/ .\lc1nbrunes. fhc p1cs
cn~·c of ~p..:cific rcccptnn.; for L··glut:u11atc \'.".í!S as~:1y..:::J in 11·1L'111bí1111cs 
obtaincd f1·on1 \\'hule retina !JornC;I;Cnatco.;;. P.inding to fi"c'-hly prcpa1·cd 
mcn1bn1ncs in thc prcscncc of 118 rnhl N;1CI. \vhich reprC"~cnts n1ainly 
an intcraction \VÍth transport sitcs .'\vas Uctcnnincd (2.0~ 34). Spccific bind
Íl"i,'.l. undcr this condition ,~·as O. 75 pn1c1Jcs/ing protcin. \\ hich 1·1..~¡Jr~-~~cnts 
~ú'7o of totul binding. \vhich \vas 1.33 p1nolcs/n1~ prott.:in (Fig11rc 1 ). 

In frozen and th~l\Vcd n1cmhnincs in thc abscncc of !:d ... HJiu1n. in ·which 
intcr:u;tion \Vith po<.:t~ynaptic ~i1 i..:s ~hnuhJ he 111nrc appnrcnt ( 17-"21 ). total 
binding to thc 1nc111b:·:"ncs '\\:l~ 0.73 r'i1h•lc".>/ing pn,t..:in. ;1nd ~-pci.:ific bind
ing '\v;is 0.3::!. ¡;:t',('!~:-../111g pr·c:cin. ·r·!)c~c ;~~-~::.t·;··~pcs -.-.· ... ·1·~ ¡~1t..\·io1!<...ly in
cub:ttcd \vith ·r1·itc111-X- lGO. \\ Jiich slightly ..:nhani.;cs 1 ... inding (!--..:C bch)\V). 

1'Va +-Dt•pendcncc of 1.-glutu11lic ./\cid RÍllfÍing. Hinding tn 11pt;ikc :-:;itcs. 
\vhich is prior to t1·ansport it~clf. ~cc1ns tu he abs0hJ1t.::ly sodiun1-dcpend
cnt .. \vhilc binding to postsynaptic l°l!Ccptors ~ho\vs no n~quircmcnt for 
sodium, and in the ct-tsc of glutamate. is cvcn inhibitcd by thc prc~encc 
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of ~:odiu1n (35). In an :it1l:1npt to clarify thc n:ilt1rc t.Jf binding to r~tinal 
111crnbra11cs. thc Na - d~:- 1 h.:11dcnct.: nf hinding to f;-. .. ·,~h :~ilu fn.)/1~11 :11.:::111-

hrancs frn111 •.vholc retina''-';!~ 1nc:i.~1111..·d. \Vhc.:1-cas. bin!tin.¡,; ti._) frc-.h 11i..:-1n
brancs "vas ~1Trno...,t ;,bl1li-..hcU in thc ;1b..;.cnLC uf :-;odii111i. ~'indin.i.: ~o fr'o:/.i:n 
1ncn1b1·anes •.vus c\'Cll ~tith1ty e11h;1nc1.:d in thc ab:-.,:ncc uf this ; ... 1 (Figure 
1). 

flindin~ ro .\~uhce/111/t1r Frncrionx. Sl1bccl1uJar dist1·it:-11tion nf L·.:_duta-
1natc hinding (~0 nin) as displaced by 1 111~·1 cold gluta1nate """:..., l!ctcrntiní."d 
in thc prc"'c111..·c and ~1b .. :i>1u;c uf pliy .... iolnl,'.ic:il ~odiu111 C<1111..·cntr~11inn. Bi11d
i11g to f:L'..;h 111cn1bra11, in thc prt...:~1..·ncc nf ... ,finm .... ·a:-. cqu:d!y di~~trilll1tcd 
;:,, 1h1:: l.IL'J1i.l-.1,t1H.:S fi' :lic..: P, f¡ :ictic.n. \\ hi· h L'1::1t:1ill .... 1!1c- rhnton~c..::ptor 

'1l:::r111i11::1s :1nd Y..;1·y fe-.·. Cl':1vc111fl>n~d 1i. . .:1,·c ....:1;dings. a11cl tf1c P:? fraction. 
\.\'hich .-.,_,nt::ins 0n1y cl1n'-·,~ntinn:d :--y11;1 1-.ti 1:--.1n1l!s frcqn thc in11t:i- ptc:xifonn 
Javcr. 
~Binding 11..i Íti._l/• n 1•·1.d-..r:1iH.;•, in :he: ::t·-.cnce nf "-c'·ii1;~n ·.v;_is ..;,li.t_~htly 

hig!10..T ¡11 lh.: P.: f·1.: .. :ti(•ll . .lS <.:(.li,T· ... ·d ~,, ;~¡~ P1 f1·;.¡_-titlll (T:•:'k 1). 
1-._ . .:f-,_TT (~{T1i:on .\·.¡ou. Crittin t1·.:;~i1P1.·;11 !1a..;, h.....:•:n 1··r-v:·<ul to •.:1·~1:!ln.:c 

"-pccific l1;r:ding in ... or.1c ¡-rc:_·-r1;11·a1iuns C'O). ¡•ru~~:tbly 1_!11c In 1 1 ll:1-1a~!-..ing of 
rc<.:Cf)tor ~itcs. 1.JI" rcinuv~d ofj1,hihit1.1ry .... ~cjnc;11s <36). IJ1.)'.»L''-'cf". in t)n.,cr 
...:~:.;;•_· ·rdit-•11 !-,;:~~ 1 .. _'cn :-... ;~n1·1c.l 11~ ;~.- ......... , ... e .... , .. ,,·t.:in...: ~--·., ~: 1-.! PfL~~1it;n~- 'C 

(37. :.::s,. In t'rdcr !\..l .. kterinint.." 1h..: ~..:n ... iti\·ity t.lf rcti11;il :;l1it::;i:atc 1·cccp-
turs~ \Ve 1nc:~ .... urcd bi:;l;;ng tu frc~h :111d fr1.."··cn illo..'n1l,;·:,_1.;~, ;,L.,!11 -:.ut•1..·c;l
lular fr;1c1ions in tl1c (1rc~1..·11ct: :.1nd :1b-.. ... ·11...:c t.1fTIÍ1tll1. In frc ... h n1emhr<1ncs 
(\\'ith Na•-) ·rriton dcc11..:.~-cd hiri(li;1g. "'"~1L'1·e¡p;., in íro/cn 111c;:nhr~~ni.::s 

(without Na ... ) it c:vcn ..:nh;111...:t:t..I :-.rn·cilic L:.h:t;1·l1atc l·l;;di11g <Fi¿;.111·c :?). 
FJlnding uj.[ '/i]l-.:,;;·nic .-,cid. K;.i11ic :1cid h~!..::. l••-·cn C11n..,idcr•.:d by ~l"~nc 

a11thors ::s a pn~ .... ihh; !l1l11fur111:·,·ipin¡.~ glu~;1;n;1!~ .. 1::ic p:1tl1"':ays (39. ·'O). 
A1tho1H!h \..-~ ·:1·:1c'•.'ri-.:¡!c~ cif h:tinic :1....:iU i·.._:1_··. ,-t...:1r bi111:ing ""'-~re •:tudicd by 
CoyJe ~ta). in thc '.',J1otc 1ctl11a (·~IJ • .,,,~ lrkd to tk:..:1111in\.! if k:1inatc 
1·t..'i..·cptu1·s could l-ic rc:~trit.:tcd 10. u1· t.:l·:..-:l_1111·::í..:J in. lilc1nl-.:,;;1..;s í1·u1n thc 
inncr u1· thc u11tc::r plcxiro1111 t!ycr~ <111d if t!ii~ di:-.<1 ¡:_1utill11 ¡ ::rcilh:Jcd glu
tan1a!c rcc.:cptu1·s <list rib1Jtion. 

Kainic acid bira.!s spccificaily tLi fr1~·,hly \,_;biai11cd 11...·:i1;¡i1 n1..:-¡nbr;!ncs in 
thc ¡--:.rc~·..;ncc of ~odiu1n. as \.,,c11 as. lo frn;;cn mcn~bn:nc<.; in thc abscncc 
of s0dinn1. \';d11cs obtaincd \\'ere\'. ith 0.05 pn1l1lc".'n1g. pro1cin. \vliich are 
about !O ti11:es Tt1\\«.:1· ?:-.:~;1 tlH.> ... c c1ht:1incd fnr !.!lut: 1 1nic :··:id u111..!l..!r the: 
s.!:~t~ .:1··:;diti1·n~ .. ·'\ lt!·1-11.::h ·~•~ll-.'-.f'l· .... ·ific.: l•i11dint!- \Vas ~;i.:_:L·..:r in !~,e r·i·~s
e; .e or -:0tliu1n~ ~r·::cific bi;1ding. rc11J<1i11cd 11nch:.i1L:.,i.:d in Loíh conditions. 
ln ;.lll ' ..... es~ 1 rn~.1 ~luL!111~1t<.: cJi'.'--p!ac'-.-d I 'l l ]kainatc bo:1nd 100%. 

J:in.:ric:s of¡_-[ ~1l]Glura11u1r,, Bi111li11g tu ,\fc111brcu1es F·ro111 \Vilo/e Rt•fina 
and Subc:ellular Fracriuns. Thc ~aluration curve for L-glut:nnatc binding 
\Vas studied incubating thc mcn1brancs from cither 

0

wholc retina or sub-



Mcmbrnnc 
prcparation 

Whole retina 
P1 
P2 

TABLEl 
SuuCELL.UÍ..AK. D1sTR1UUTtON or- Na .... -DEPHNl>ENT A:--1> Na ... -l:-0:0Ei'ilN1>1::.r-:T B1:-:01NG or- L-[:-H}Gt.uTAMATI~ 

~-1H}glut¡1matc binding Cpmolc~/mg protcinl 

Frcsh mcmbranc!oo + :-.:aCI Frozcn r1.cn1br~1nc!'t - ~aCi 

Total Non~¡iccific Spccific Total 

L33 = 0.085 (4) 0.5!:\ = 0.051 c..:¡ 0.75 = º-::o (4) 0.776 ::: 0.0')0 (7) o.~:'(1 0.074 C7) ü.3:D ::= D.>•7<'i (7) 
0.527 = 0.011 (3) 0.:!.47 = O.Oi6 (3i 0 . .:.:9 = O.G~l5 (~) 0.45: ::: \J.115 l5l 0.2:;:; fl.0.J.7 (:") G.:.;.6 =: O.i):<i (5J 
0.449 = 0.033 (3) 0.171 = O.GiG í3} 0.24i = 0.038 (.'.'J 0.44¡.; =::: 0.0::5 13) 0.:25;-.. :::t: 0.04 t (3) O. l'JG n.1..)3,5 (3) 

l\.1cmbrnncs wcrc prcparcü as dcscribcd in Ex¡icrimc11t;1i l'rn::cdurc. i.'HlGiuta1natc <:0;1~!·1 V•º•\~ dü.plilCCd \.Vith 1 mM cold glutamatc. H.c~ull!<> 
are cxprcsscd as thc mcans ::: SEM of thc numbcr of cxpcrimcnts intlicatcd in p¡1rcnthcse~. 
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F10. 2. Effcct of Triton-X-100 on L-( ~H]glutamatc binding to mcmbrnnes from ~ubcclJular 
fractions. Subcel1ular retina) fractions and mernbrancs frorn thcsc fractions werc obtained 
as dcscribed in Experimental Procedure. With frcsh membri'.incs. assays wcrc conductcd in 
the prescncc of J J 8 m,._1 NaCI and with frozcn mcmbr..ines. in the ab~cnce of this ion. Prior 
to thc assay. mcmbrnnes '""ere incubated 30 min at 37ºC in thc prcscnce or ab!'-cncc of0.05% 
Triton-X-1 OO. ~tcmbrancs wcrc recove red by ccntrifugation. washcd once and thcn rcsus
pcndcd in Krcbs Tris mC'dium far thc binding a~~ay. Rc~Uh!'.. are the meaos :::!::: SEM of 3-5 
scparate expcrimcnts pcñormcd in dupticate. 

ccllular fractions in the prcscncc of incrcasing conccntrations of L3 H] 
glutamate from 0.001 to 2.0 µM. In ali thrce cases. binding showcd sat
uration kinetics with a K 8 of 0.555 µM. Maximum capacity of thc systcm 
varicd bctwccn 19 pmolcs/mg protcin for mcn1brancs from '\Vholc retina 
(Figure 3). and 15-22 pmolcs/mg protcin for mcmbrancs from p,· and P 2 

fractions. rcspcctively (Figure 4). Doublc rcciprocal plots (Figures 3. 4), 
as '\VCIJ as. Scatchard nnalysis (not shov.•n)9 rcvcaled a single componcnt 
of thc binding systcm. (scc Figure 5). 

Displac..:e111e11t of L-[ ="JJ]Glutanulte Rindlng by Structuru/ly Related 
Conzpounds. Thc specificity of L-glutan1atc binding to n1cn1brancs from 
retina} subccllular fractions was tcstcd using 1 ml\1 conccntration of dif
fcrcnt analogucs as displaccrs in the bindiñg assay. Table lI shows that 
L-glutan1ic acid '\vas the most potent displacer of bound gluta1nate. L
aspartate, L-cysteic acid, and L-cystcinc sulfínic acid displaced about 90% 
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o ... 

0.6 1.0 .. 
[Glulomole] yM 11 .. - 3 H-Glutomote. CyMl 

Fu:. 3. Saturatinn uf specil1c N.a• -inJcpendent 1 :'IH]glutamate binding to mcmbrancs from 
whoh: chick n:tina. Fn.ucn me~"lhnmes prcincubatcd with Triton werc rcsuspendcd in Kr-cbs 
Tris me..tium "'ilhuut NnCI. f\.1embranes wcrc incubated in thc presencc of incrcasing con
centn1tions of ( ·'H lglut;.1mnte. Linear plot Ocft) o..tnd Double Reciproca) plot (right) revcalcd 
a singk hi~h :1ffinity cumpnnent. Each puim represcnts the mean :: SEM of3-S cxpc.-imcnts 
peñc.1rmeJ in t.-iplicute. 

0.2 º·" 
[Glutomate] yM 

F10. 4. Saturahility of o;pccific Na .. -independcnt l "HJglutamate binding to rctinal subccllular 
fractions. Expcriments wcrc peñormcd as dcscribcd in Figure 3. r'H]Glutamatc binding 
'\Vas invcstigatcd ovcr a gJuto.tmatc conccntration r;inge of 0.001-2.0 µM. Rcsults are mcans 
of 3-6 scparatc cxpcrimcots pcñormcd in triplicate. which varied le~s than 10%. e. P, 
fraction: &. P= fr;¡ction. 
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F10. S. Lincwcavcr- Burk plot of spccific Na• -indcpcndcnt 1 :\H)glutumatc binc.Jing to retina) 
subccllutar fractions. Experimental conditions Hnd dircct plot are shown in Figu.-c 4. Each 
point is mean of 3-6 scpardtc cxpcrimcnts pcñormcd in triplica.te. •. P 1 fr.t.ction: o. P:! 
fraction. · · 

TABLE 11 
DISPLACEMENT OF L-(3 H]GLUTAMATE ~y STRUCTURALLY RELATEl> COMPOUNllS. 

Compound (1 mM) 

L-Glutamatc 
L·Aspartatc 
LCystcic acid 
L-Cystcine sulfinic acid 
DL-a Amino adipic acid 
o--Glutamatc 
o-Aspartatc 
N-Methyl-oL·glutamate 
13-Mcthyl-oi.·aspartatc 
L-Glutamatc dimethyl ester 
L-Glutamatc-dicthyl ester 
Kainic acid ' 
GABA 
Glycinc 

% Displaccmcnt 

P 1 Mcmbr..tncs 

100 
89.0 
9S.8 
93.7 
60.0 
45.S 
47.S 
65.35 
62.2 
60.0 
77.0 
o 

14.7 
20.0 

P2 Mcmbrancs 

100 
98.9 
84.3 
88.5 
73.4 
95.0 
70.5 
91.2 
73.9 
89.6 
85.2 
o 

30.0 
11.0 

Specific [ 3 H]g1utamatc binding was detcrmincd as dcsc.-ibcd in lhc tcxt at a final [ 3 H]glu
tamatc conccntration of 20 nM. Displaccrs wcrc addcd to a final conccntralion of 1 mM. 
Rcsults are cxprcsscd as meaos of 5-10 cxrc.-imcnts which varicd lcss than 15%. 
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bound glutamate in both P 1 and P,, fraetions. a-amino adipie acid and 13-
mcthyl-DL-aspartatc produced in both fractions similar displacemcnt 
(60-70%). Binding to thc P 1 fraction showcd sorne stcreospccificity; o
glÚtamatc and n-aspartatc displaced only 50% bound glutamate al 1 mM 
concentration. In contrast., binding to the P~ fraction proved less specific~ 
both n-compounds displaced binding to the same extent as L-glutama)e 
or L-aspartate (90-100%). L-Glutamate dimethyl and L-glutamate diethyl 
esters (GDEE). displaced glutamate about 70% in the P 1 fraction and 80% 
in thc P, fraction. Othcr compounds. as GABA and glycine did not con
siderably displace binding. Kainic acid. considcrcd as a glutamate ana
logue. did not displace binding to any extent. 

DISCUSSION 

One of thc main critcria to be fulfillcd by a neurotransn1ittcr Candidate. 
is its specific intcraction \.vith postsynaptic rcccptors. In the case of the 
amino acids GABA and glycine. which have bccn postulatcd as trans
mitters. binding studies have succcssfully corrclated the physiological 

. effects of the compounds with the distribution of postsynaptic reccptors 
assaycd through the radiolabcled 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 siles in the membranes (20, 34). In these cases, the 
use of labcled agonists or antagonists of high specific radioactivity have 
been hclpful in labeling postsynaptic reccptors (42, 43). L-Glutamate 
binding sitcs have becn characterizcd in diffcrcnt preparations ofncrvous 
tissue (24-29, 37, 38). Jn these studies. [ 'H]glutamate was u sed as a ligand 
and the evidcnce for dcaling with postsynaptic rcccptors comes mainly 
from pharmacological intcractions and kinctic constants. although there 
is great divcrgence in rcportcd data (24, 25, 27). In spite ofthc publication 
of spccific rcports on the mcthodology (37), the conditions in which these 
reccptors should be assaycd rcmains a mattcr of discussion. due to the 
Jack of spccific postsynaptic antagonists for glutarnate. As glutamatc itsclf 
is to be uscd as a ligand. difficuhics arisc in distinguishing binding to pre
or postsynaptic uptakc sitcs. orto cnzymc active sitcs for v•hich glutamate 
is a substratc. and binding to postsynaptic rcccptors. 

Wc havc tricd to charactcrizc glutan1atc rcccptors by rncans of the 
method which has successfully bccn uscd for idcntifying othcr transmitter 
amino acid reccptors (21). Jt has becn acccptcd that binding mcasured al 
high tcmperaturc in thc prcscnce of sodium co1-rcsponds toan intcraction 
with transport sites mainly._ whcrcas. binding n1casurcd at low tcmpera
ture and in thc abscncc of sodium is mainly to postsynaptic sitcs (20) .. 
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Our rcsults sccm to agrcc \Vith this critcrion._ for ~·hcrcas. hinding to frcsh 
mc1nbrancs in thc prcscncc ofsodiu1n \.vas al1nost abolishcd in thc ahscncc 
.of this ion. binding to fro:..rcn n1c1nbrancs at 4ºC in a sodiun1-frcc 111cdil1n1 
was cvcn slightly cnhanccd (l 7igurc 1). ·rhcsc data closcly ;1grcc \1o.•ith 
thosc obtaincd for GABA in cortical synaptic 1ncn1brancs ( 19. 20). 

Endogc::nous inhibitors of g1utan1atc {37) and GABA binding. (36, 44) 
have bccn rcpo1-tcd rcccntly. Thcsc co1npounds are said to he removed 
fron"l thc mc1nbrancs through rcpcatcd \vashing. prcincubation at high 
tc1npcrature. or dct<;!rgcnt trcatmcnt. Undcr our c<..1núitions. Triton trcat
n1cnt dcprcsscd binding to frcsh n1cn1bruncs in thc prcscncc of !->odium 
(uptakc siles). \.Vhilc binding to frozcn and th:nvcd n1c111brancs in thc 
abscncc of sodium '\Vas cnhanccd crab1c 1). Thcsc rcsults étrc also in 
ngrccmcnt '\Vith prcvious rcports far GABA. Fostcr and Robcrts (28) and 
Sharif and Robcrts (37) havc rcportcd .. friton trcatn1cnt and frcczing of 
thc rncn1brancs to dcprcss glutan1atc receptor binding in ccrcbctlar and 
brain n1crnbranes~ ho\.vcvcr. this discrcpancy could be duc to diffcr-cnccs 
in thc n1ernbranc prcparations and thc assay conditions uscd. 

Binding of ncurotransn1ittcr amino acids to frozcn n1cmbrancs in the 
abscnce ofsodium has becn shown to conccntratc in synaptic 111c1nbranes 
as comparcd to '\Vholc hon1ogcnatc n1cn1bra.ncs. Glutan1atc binding in our 
system did not conccntratc in cithcr subccllular fraction: this could be 
duc to thc existencc of diffc1~cnt synapscs in thc retina using gluta1nate 
as a transrnittcr. , 

Kinctics of glutan1atc binding rcvcafcd a single co1nponcnt of thc bind
ing systcrn in '\vholc retina. anci conscqucntly in both subccllular fractions 
(Figures 3, 4). Thc sarne K,, "'ªs obtaincd (0.555 µl\1) with a slightly 
higher nu1nbcr of binding sitcs in thc P 2 fraction mc111brancs. Thc con
stants obtaincd are in <.1grccmcnt with thosc rcportcd by Enna and Snydcr 
for thc GABA receptor in ral brnin {20), by Foster and Roherls (28) for 
glutamatc rcccplors in rat ecrcbcllum (0.7 µM), and more rccently, by 
Head el al. (29) in cal ccrebellar mcmbrancs (0.33 µM). The last authors 
find a second componcnt of lov.•cr affinity (1.8 µ!vt). which \vas not rc
portcd by the formcr authors, nor dctcctcd by us in thc retina, pn>bably 
becausc of thc diffcrcnccs in thc conccntration rungc c.xplored. Thc di
mcnsions of thc Ku ohtaincd. makcs it unprobable that binding is to an 
cnzyn1c. far K,\t far cnzy1nl!s are 1nuch closcr to thc 1nillin1olar rangc. 
Although binding constants are not ncccssarily in agrcc1ncnt v.:ith the 
transport constants. thcy gcnc1·ally are in thc saine r:.1ngc. Thon1as and 
Rcdburn havc rcccntly rcportcd in thc chick retina~ uptakc constants far 
gluta¡natc and aspartatc. \vhich are 1-2 µM for syn.aptoso111al fntctions 
( 13). The constant we rcport for binding is of highcr affinity, which would 
be in agrccn1cnt with postsynaptic receptor binding. 
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Thc pharn1ac0Jngic:-1l sru:-cificity of glt1t:1n1:1tc hinding \';:1s :dso inves
tigatcd in ordcl· to ... 11ppn1·t ,Gl11t:~11~:1tc intcr;1cth-..11 \\·ith 1ihy:--iologi1;:dly rcl
cvant receptor...;~ ;ind if f'Oso....ibh:~ tn ·'i·-:i,¡g11i~h h.....:t\.','L't.::1 gll1íar.1~1tc 1· ... -..ccp
tors at thc ouh:r ;J11d tl1..: in, .. ~.- f1lcxifL)r111 L1ycrs. c;!i;•;: ·:1tc :t~:clf'.Y:t-:;. thc 
111ost potcnt 1li!--.r!··ccr ,,f [ "1;1ll_~1::·~111;11e1'i11din~. OtliL"r •H.:i1lic ;1n1ino ;1t.:ills 
'\Vhich havc CJOSC ._,{¡-tJCt111·;i) 1cf: 1ii1..lll 11l :_Jut;un~ltC \•;crl.! ;1Jn1ost. i:IS f·ü1Cl1\ 

as, ~1sp:11 íatc. cy~tcic :.c;d. ;111d cys1cinc sulfinic ;1cid. \\'hich di~p1:1ccd 90 
to 100% bound B111t;1n1:!lC fn_)~l1 l"tHh '.-lll"'CL"lhilar rr~H:tions. Both :t'.->part<JtC 
(14) and i.:J11t;11 n:i:tc ( 1 :"1) havc h1_•1..·n p1·ni-··, ...... ·d ;1" thc cxi..:it::.tury ncun1T rans-
111ittc:r rcJca ..... t f1•'!H r-!1•1~._,,.:,'"-J ¡..,¡- t~· ~;n;ds. 1.-.\<.:p~irt::te ;ts \'.'ell ;!...; thc 
aspartatc an!;·~'•"·•ist , . ._: '1;ÍíltJ; 'i:-.;c :i,.-;.~ .111.f ~ 1!1L·1Ii;·J-1-:1_. :!· .1 .'.. t.i; •. : -... ·h:l-h 
is a potcnt ª'"'!-';1J't:.t~ : . .;_'.uni .... t i !!u: "i'in~il ~'--11d t--~6. ·17). di~·1·Lll:ed :-:!,e.nif
icantly Jcss glu1:..uuat..: fro111 i.la: P 1 than f1-c-..n1 thc P:: fractic•n. ,._·hich '--nnld 
indicatc a highcr nu1nbl!r ..._..,f r;hH:1i11;-itc ov1..:r :1 .... par!:dc 1-ccL"ptni-s at thc 
outcr plcxifor111 layt.:r. Thc:--c d:ita ''•n11'd he in :1gr'- ;:1cnt ,._·in1 thl''.'C uf 
Yazulla and K lcínsch111idt t 15). \\ ho havc f'i"l"Jll~:-- •• :d that a~p~1flatc ,·uul<l 
be thc trans1nittc:r rck·a-.;i;d by CC'lilCs. \\. h1_·r1..·as. ~lut~~n1;11c cnuld be rc
lcnscd by rods. 

L-Glutan1atc dimL.:thyJ c:-.tcr :iiHJ L-glut:1111atc dicthyl ester (GDE.E) .. 
'\vhich act as .:__;.lutan1atc pn...;! syn:~p!ic ;111t:1.:_.'--·,ni~ts in son1c prc¡"':n-ations 
(48) .. displaced gl11ta1natc binding in hoth P 1 ;ind P:! fractk1ns. 

L-Glutan1att! bin<ling to thc P 1 fraction ~h\..1\\·cd lo he st..:rco~pccific~ D· 
isomcrs of gl11t:11natc and :1..;-p;1rtatc Ubplaccd binding only 50% in this 
fr:tction. cvcn ata 10 1 fuld c:\cc:-.s o\·cr thc li.f._:<!nd conc•.:ntration. 01hcr 
ncurotransn1ittcr c;1ndidatco.:;. as CIABA. or glycinc h~:ll 11011-...:ignificant 
displacing cffccts. 

Kainic acid .. thc 1-c~ti-icted g!ut:.n-:att.: .i11aloguc .. which has bc..;n con
sidered to act '\'ia gluL11natc rcccptl,rs l~;9, --10). h:td no displacing cffect 
on glut-.unatc bint.ling to ;1ny <.)fthc fractions Cfahlc JI). ·rhc..:sc rc~ults agrcc 
\Vith thosc of SiTnon et •ti. t.5:?.). Fo..-.tl!r ancl Roherts (~S). <J.nd 1 Icad et al. 
(29). \Vhom in Uiffc,rcnt prcp3ratinn..; did not find Jispl:1cc1ncnt of bound 
glutamatc by kainatc. and ~uggc~t 1l1at in thc retina. as ha.., b(•cn ~hov.1n 
in othcr CNS rcgions (49-51). k.:1inic acid intcracts \\'ith a diffcrcl1t kind 
of rcccptors than glutamate. 

This study dcn1on .... tratcs thc prc~cncc in thc retina of high <!ffínity 
glutanu.itc rcccptors, ,._.hich ~ho\v ccrtain <lcgrcc of ph;n·n1acol1....,.:.;ka1 spec
ificity. Conditions in \.\·hich t~inding \\·as ;1..,~ayc.J ha'\·c b..::l:n sho\vn to 
cvidcncc 111ainJy synaptic rcccph,rs, thci-cf1.lrc, surporting thc po:--.~ibility 
for gJuta1natc subscrving a ncurotran~1nittcr ro1c in thi'i organ. Sincc it 
has bccn proposi.:d to act at thc photorcccptor Jcvcl~ an attcn1pt \vas n1~de 
to find sorne diffcrcnccs in gluta1natc rcccptors at thc üutcr (P1) and the 
inncr (P2 ) plcxiform laycrs. Although mcmbrancs from thc P 1 fractions. 
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\vhich is cnrichcd '\••ith photurcccptor tcrrninals, and thc P:: f¡ ;i..:tion, \vhich 
is cnrichcd ,,·ith nc1-vc cndings fron1 thc inncr plcxifonn 1ayer (30L both 
shO\V high affínity gl11ta111~1tc bin• li111.'."~ thc P 1 fl·action sho\VS a sli~htly 
highcr dcgrcc nf pl1:1r1n:H .. :uln:_!k;tl ,,rwcifiL·ity. fhis rn·. 1'1t s11b·~c~t tliat al
though glntarna1c t..:l.Hild be :1'.-- 1.?d in 1norc th::n une kin ... ! of syn:ip ... cs in thc 
retina. as pn.1po"iocd hy l\·1u1·;.!k;11ni et al. (53}. it could have a more Spccific 
receptor at thc outcr plcxifo1·m 1aycr. l-Jo\\·cvcr~ as asp:.irtntc and its an
alogucs are also cfficicnt in dbph-:icing hound glutan1ntc, \VC cannot rule 
out thc possibility of asp:11·t:¡tc b~in.!] :iJ..:.o a t1 an~111ittcr at thc photorc
ccpto1· 1Ci·:-1·¡j¡-¡;:}s, alld C'\;r .. ,rin,;,__,:-itS ru·t::: l¡l)\\/ in r•l'll.;_,_!l·(;~S \\..) L·Jadfy this 
point. 
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CHARACTERJZATJON OF [L-3H]ASPARTATE BINDING TO 
-CHICK RETINAL SUBCELLULAR FRACTJONS 

A. 1'-1. Lór•r.z-COLOMÍ• nnd F. SoMOHANO 
Centro de lnvcstjgaciones en Fisiología Celular. Universidad Nacional Aulónoma de México: 

Apartado Postal 70-600. 04510 México. D. F. México· 

Abstract-Binding oí [L-3H]aspartatc to synaptic rcceptors was cxamined in membrancs from whoJe 
chick retina and subcellular ín1ctions cnrichcd with photoh·ccptor tcrminals (P 1 ) or tcrminals from thc 
inncr plcxiform laycr (P2 }. Na ··indcpcndcnt. ~1crc:óspc.·cific. high aflinit;y hinrling was conccntralcd in thc 
Pi fraction (Kb = 40 nl\1). P 2 fraction also showcd a high affinity hinding s)·s1cm (K 11 = 11.S nl\1) with 
lowcr capacity than in thc P 1 fraction. Comparativc studics with (L-H 3 ]-asparate. (L-H 3 ]-glutamatc and 
[H 3 ]-kainatc showed that L-aspartate and L-glutamatc are thc most potcnt inhibitors oí the binding of 
the threc lig:ands. Aspal"latc and slutamate binding ""''ere cffectivcly displaced by N-mcthyl-DL-aspartate 
and rx·amino adipate. whcreas only [11 3 )-.slutamatc binding was significantly inhibitcd by glutamate
dicthyl-cstcr. Kainic ucid exhibitcd ncgligih1c ;tffinity for U!>partatc and glutamate binding sitcs. Rcsults 
indica te the prcsencc of diffcrL~nt reccptors for glutarnate and aspartatc in hoth plcxiíorm laycrs oí thc 
retina. 

l!'OTRODUCTION 

Considerable ncurophysiologic cvidence supports thc 
concept that the neurotransrnittcr rcleased in the dark 
from the photorcccptor cclls in the vcrtcbrate retina 
must be an excitatory compound. Light stimulation 
would produce the anest of this neurotransmitter 
release through hyperpolarization of thc photorcccp
tor cclls (Trifonov. J 968J. Thc chcmica.J naturc of this 
neurotransrnittcr is as yct unknown. although physio
Jogic and biochcmical studics have sug!:csted that the 
cxcit.atory nmino ncids g:lutamate (Glu) or aspartate 
(Asp) are rc1eascd at thc photorcccptor synaptic cnd
ings (Dow1ing and Ripps. 1973) .. Although clcctro
physiological cxpcrin1cnts havc shown thc prescncc of 
G1u and/or Asp rcccptors at thc cxtcrnal plcxiíorm 
)ayer ofthe retina (Dowling and Ripps. 1973; J\.1urak
ami et al .. J972; Cervctto and Piccnlino. 1974; ~fur
akami et al .• 1975; Gcrshcnfcld and Pico1Jino. 1979). 
biochcmical cvidcncc on this point is more rcstrided. 
Both amino acids appcar to he conccntratcd in the 
cxtcrnal Jaycrs of thc retina (Ncal. 1976; Kcnncdy and 
Voaden. 1974). and a high-nffinity. Na• -dcpcndcnt 
uptake n1cchanisrn sharcd by g1utamate and aspartate 
has bccn charactcrizcd in thc rat retina (Neal and 
White. 1971; "Vhite and Ncal. 1976) as weB as in 
synaptusomal fractions frorn the rabbit retina 
(Thomas and Rcdburn. 1978) .. If a compound is to 
serve a neurotransmittcr role. spccific synaptic rccep
tors should he present at thc restrictcd arcas in which 
the compound should act. Specific. high affinity rccep
tors for ( 3 H]Glu havc bccn found in both plcxiform 
laycrs of the chick retina. which satisfy sorne of the 
critcria to be met by physiotogica.l synaptic rcccptors 
for this cornpound (López-Colorné. 1981). Howcver. 
the possibility of Gtu or Asp interacting with a com-

•To whom correspondcnce should he scnt. 

mon receptor or hcing both retina] neurotransmhters 
has not yct becn discarded. In this study. we havc 
dcmonstrated thc prcsence of high affinity aspartate 
receptors in the retina, and we have tried to estab1ish 
sorne differcnces with receptors for Glu and Kainic 
acid (Ka) frorn the distribution. the kinetic and the 
pharrn::icologica1 poínt of vicw. which cou1d be of hclp 
in dctcrmining thc n:iture of thc cxcitatory amino acid 
transrnittcrs in thc retina. 

Thc distribution and charactcristics of L-Asp rcccp
tors \\.'CTC studicd in mcmbranes from thc '"''ho1e chick 
retina. as "'-'C1t as from the Pi fraction (cnrichcd with 
S)'naptic cndings frorn the outer p1cxiform laycr) and 
the P 2 fraction cnrichcd with conventionaJ ncrvc cnd
ings. rnuinly from the inner plcxiform ]ayer (Ncal and 
AtteTwill. 1974). and compared to thosc prcvíousJy 
rcportcd for L-Glu reccptors (Lópcz-Colomé. 1981). 
Spccific intcractions of Glu and Asp with physiologi
ca] r¡:-ccptors hnvc bccn cx:..11nincd in sl."vcraJ central 
ncrvous S)'Stcm prcparations fol1ov1,·ing thc radio
Jabcllcd tigand tcchnique (RobcTts. 1974; J\1ichaclis et 
al .• 1974; ~1ichaelis. 1975; De Robcrtis and Fiszcr de 
Plazas. 1976; Foster and Robcrts, 1978; He.ad et al .• 
1980. Robcrts et al., 1980; Fostcr t•t al .• 1981; Sharif 
and Robcrts. 1981). In order to eJiminatc the possi
bility of [ 3 H]Glu or [ 3 H]Asp interacting with uptake 

· as wcll as synaptic receptor sites. we have studied 
binding in the conditions rcported by Enna and 
Snyder (1976a. b) for thc GABA (:x-arninobutyric acid) 
receptor. and tcstcd by us for retina) Glu rcccptors 
(Lópcz-Colorné. 1981 ) .. 

MATERIAUi A:-.;'0 :\1E'rlf0DS 

..,\f embrane prcparation 

Retinas free from pigmcnt cpithelium were 
obtaincd from 4-6 wcck oJd chicks and were osmoti
catly shockcd by hornogcnization in 20 vol. (w/v) of 
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doublc distillcd \\.':.llcr in a glass-glass homogcni:1cr. 
The homogcnate was p1nccd on ice far 15 min and 
m..:n1branes wcrc pcllc1cd by ccntrifugation at 
45,000 g at 4°C for 20 min, washcd \\vice with the 
samc '\'olume of \vatcr and rcccntrifugcd. The final 
pcllct was resuspciidcd by homogi:niL.011 ion in Krcbs
Tris bufTcr pl-1 7.4, without glucose for binding assays. 
Primary subcctlular fractions wcrc isolatcd ns prc
vious1y described {Lópcz-Colomé et al.~ 1978) fTom 
retinas homogcnized in 0.32 M sucrose containing 
10-' M MgS04 .Thc crudc nuclear fraction {P 1 ) and 
thc crudc syn:.tptosoma} frac1 ion (P 2 ) wcrc 0!-.1notically 
dbruptcd by homogcnizoltion in :?O vol. of .... ·atcr, nnd 
mcmbranes wcrc obt:..iincd as dcscribcd for thc whole 
retina. 

Bindfog assay 

Esscntia11y, binding nssays wcrc carried out foltow
ing the procedurc describcd by Enna and Snyder 
(1976a) except that Krcbs-Tris buffer was used 
instcad of Krebs-Citrate buffer. Na.+ -dcpcndcnt bind
ing was measurcd in freshly prcpared mcmbranes; thc 
membranc pe11ct for these as<.;ays was resuspcndcd in 
Krebs-Tris buffer (118 mM NaCl; 1.2 mM KH 2 PO,; 
4.7 rnM KCJ; 2.5 mM CaCI,; 1.17 mM Mgso.; 
26 mM Tris-HCl) at pH 7.4 without glucose. Assays 
for sodium-indcpcndcnt binding w..:rc carded out in 
n1crnbrancs fro:1cn for a pcriod bct .. vccn onc and two 
wccks. Thesc mc1nbrancs wcre incubated 30 min at 
3T"C in 50 voJ. (w/v) of Krcbs-Tris buffer pl-1 7.4 with
out NnCl in thc prcscncc of 0.05';{. Triton-X-100 (final 
conccntration) prior to thc binding assay. J\1cmbrancs 
wcre rccovcrcd by ccntrifugation and rcsuspcndcd in 
Krcbs-Tris buffer from which NaCJ had bccn omittcd 
or substitutcd by sucrose. 

For the hinding assay. 1 ml of thc me"~branc sus
pcnsion (0.5 mg protcin. approx.) was incubatcd on 
ice far 10 min in thc prcscncc of 20 nM [L-3 H]gluta
matc. the samc conccntrntion of [L-~H]nspartate or 
40 nJ\'1 [ 3 1-l]kainic acid in thc nbscncc (control) or the 
prc!'encc of thc unlabcltcd compound at thc indicatcd 
cxccss conccntration. Thc rcuction was stoppcd by 
ccntrifugation at 45,000 y at 4°C íor 20 min. After 

dcc:.tnting thc supcrnatant, thc 111c111br.;.1nc pcllcts con
taining bound r<-tdioactivity W(!'rc supcrficially rinsed 
twice with 5 m1 of double distillcd water and soJubil
izcd in 0.1 ml of NCS (Tissuc ~olubilizcr, Amcrshnm). 
Bound r.adioa..:tivity v.-as dctcrminc.:d aftcr thc nd
dition of 10 ml of Tritosol (Frickc. 1975) fo11owcd by 
liquid scintillation spcctro1nctry. A11 samplcs wcre 
kcpt 12hr in thc dark befare counting .. Rndioactivity 
was corrccted for qucnchinS. background, and count· 
ing cfficicncy. Ca1cu1ation of the specific binding was 
nutde by subtraction of thc non-specific binding com
poncnt '"'hich pcrsisted in the abscnce of the un· 
labL·Hcd ligan d. P1 otcin was mea su red hy thc rncthod 
of Lowry d al. (1951 ). 

Materials 

[/-3 H]glutamatc (43--46 Ci/m mol). [L- 3 H]aspartate 
(10-17.3 Ci/m mol). and ['H]kainic acid (7.8 Ci/m 
mol) wcre obtained from Ncw Englanci Nucle.ir 
Corp .• Boston. Massachusctts. NCS (Tissue Solubil
izcr) was írom Amersham-Searle Corp.. Arlington 
H.ill~ JL. AJl common analytical agcnts and drugs 
werc from Sigma Cbemical Co .• St Louis, MO. 

H:ESULTS 

Na• -Dependcnce of glutamate and aspurlate bimfing 

TI1c prcscncc of sodium-dcpcndcnt and sodium
indepcndent binding sitcs was assaycd in mc111branes 
ohtained from the wholc retina (Tahle 1). Binding of 
aspartatc to frcshly prcp:.trcd mc111brancs was higher 
than for glut:.1mate and in both cases, was consider
ably rcduccd in thc abscncc of sodium. Jn contrast. 
binding of asparatc and g1utn1natc to frozcn and 
tha .. vcd mcmbranes. did not vary in the prcscncc or 
abscnce of sodiu1n. although a ~light tcndcncy to in
crcase was obscrved in the ahscnce of this ion. 
Although aspartatc spccific binding to frcsh mcm
brancs \Vas grcatcr than ghltan1ate binrling in thc 
prcscncc of sodium. hinding oí CT1u 10 mcr11hrancs 
that had bccn fro¿cn was 3 times grcatcr than Asp 
binding (Fig. 1). As shown prcvit.-...u~ly for Ci1u binding 
{Lópcz-Colome. 1981). Triton trcatmcnt slight1y 

Table 1. Na•-depcndcncc or spccific [ 3 H)glutamot1c :md [ 3 1-f):t5p:trla1c binding to 
mcmbrancs from wholc retina 

[L-3H]glutamatc binding 
(pmolfmg protcin) 

[L-3H]aspartalc binding 
(pmot/mg protcin) 

Mcmbranc 
prcpnration Frcsh Frozcn Frcsh Frozcn 

+llSmM NaO 0.75 ± 0.120 0.292 ± 0.009 1.33 ± 0.182 0.088 ± 0.010 
(4) (3) (3) (3) 

-Nact 0.059 ± 0.008 0.32 ± 0.035 0.160 ± 0.041 0.095 ± 0.007 
(3) (7) (3) (4) 

Mcmbranes wcrc prcpared as dcscribcd in experimental proccdure. [3H]g1utamate and 
[3H]aspartale (20 nM) wcrc displaced with 1 ml\1 cold glutamatc or aspartatc. 
Rcsuhs are thc mcans ± SEM of the number of cxpcrimcnts indicatcd in paren· 
thcscs. 
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Fig. l. Su~c11ular distribution of Na•-indcpi:ndcnt binding of [L- 3 H)aspartatc and [L-3H)glutamatc. 
Subccllular fractions m1d mcmbr:.incs from thcsc fractions wcre obtaincd as dc~cribcd in the ~1cthods 
secHon. Frozcn-thawcd mcmbranes prcincubatcd with Triton werc used. and thc binding assay was 
conductcd as dcscrihed in thc text. Rco;uhs are the mea ns ± SEM of the numhcr of cxpcrimcnts includcd 

in p.arcnthc~cs. Ali cxpcriments '\"c!TC pt:rformed in duplicatc. 
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enbanccd ( 3 H]Asp binding to mcmhranes that had (0.94 pmo1/protein) in the Pi and 60% of total 
been frozen. (0.60 pmo1/1ng protcin) in the P 2 fraction. 

Sub<:cl/ular distribution vf aspurtate and !}l11tamate 
Na-+ -indepcntli:nt l>inding 

The conccntrations of spccific sodium-indcpcndent 
Asp and Glu binding sites in incmbrancs from thc P 1 
fraction (cnriched ·with synaptic 1crminals from the 
outcr plcxiform la.ycr) and thc P 2 fraction (enriclwd 
\VÍth synaptic lcrminals from the inncr plcxiform 
laycr) wcrc comparcd (Fig. 1). \Vhcrc;.ts binding of Glu 
did not concentra.te in any of thc fractions as rclatcd 
to "Y."hoJe rctinal mcmhrancs. Asp binding <lid conccn
tratc 7 times in thc Pi fraction :1nd 4 timL"S in thc P: 
fn:tction compnrcd with thc rn.:mhrancs frcun \vhnlc 

_ retina (.Table 1 and Fig. 1 ). Glu-spccific bindin; in this 
condition ""ªs 54% of total binding 
(0.45:?. ± 0.05 pmol/mg protcin) in Pi and 42% of 
total {0.448 ± 0.025 pmol¡'mg protcin) in the P 2 frac
tion. Aspartatc-specific binding was 71% of total 

K ainic acid bindi11g 

Spccific binding of ["'H]kainic acid.to wholc rctinal 
mcmbrnnes and mcn1brancs from subccllular frac
tions was c01npared in the pr~--scncc and ab~encc of a 
physiologicaJ sodium conccntration (118 mM). 
Rcsults in Table 2~ show that although tot:1l binding 
,,.·as slightly increnscd in thc prcscncc of sndium. 
spccific binding was not significant1y changcd in thc 
prcscncc uf this ion. Ka hinding did not conccntrate 
(in the prcscncc or abscncc of !'odium) in any of the 
suhccllular fractions. 

K inetirs of a.-.purtatt! l•i11diny to 1n. .. •1J1!Jr1llH'.'> froJIJ .-.ub
ccllulur fruc:tivns 

Binding of Asp wns c.xa111incd through a conccn
tration range from 1.0 to 30 nM~ in frozcn-thawed 
mcn1brancs from P 1 and P 2 fractions (Fig. 2). Binding 

Table 2. Subccllular distribution of [ 3 H]kainic ncid bincHng to rctinal mcmbrnncs 

Mcmbranc 
prcparation 

Wholc retina 
P, 
P, 

[ 3 H]kainic acid binding (p mol/mg protcin) 
Frcsh mcmbrancs + NaCl Frozcn rncmbrnncs - NaCl 

Total 

0.209 ± 0.008 
0.175 ± 0.024 
0.129 ± 0.040 

~pccific 

0.054 ± 0.007 
0.062 ± 0.012 
0.040 ± 0.004 

Total 

0.160 ± 0.011 
0.127 ± 0.036 
0.116 ± 0.040 

Spccific 

0.048 ± 0.011 
0.041 ± 0.004 
0,058 ± 0.020 

Mcmbrancs wcrc prcpared as dcscrihcd in Experimental Proccdurcs. Kainic acid bind
ing (40 nM) was mcasurcd in thc prcscncc or abscncc of 118 mM NaCI. Binding 
was displaced by 1 rnM cold kainic acid. Rcsuhs are thc mean ± SEJ\.1 of 4-6 
cxpcrimcnts. 
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Vmáa • 0.666 pmolirs /mv pfot. 

1< 8 • 40 nM 

0.25 O.SO 0.75 l.O 

1/[L- ~H-Aspor101e] nM 

Fig. 2. Lincweavcr-Burk plot of spccifi~ Na•-indcpcndcnt L-aspartatc binding to membranccs from 
subccllular íractions. Mcmbrancs wcre prcparcd as dcscribcd in thc tcxt. Frozcn mcmbrancs prcincu
batcd with Triton wcrc rcsusrendcd in Krcbs-Tris mcdium without NaCI. J\.1cmbranes wcre incubated 
in thc prcscncc of increasing conccntrations oí CH]aspartate. Each point is thc mean of 3-8 cxpcriments 

pcrformcd in trip1icate, o. P 1 frnction; O. P 2 frnction. 

to both fractions (in thc abscnce of sodium) was found 
to be saturable. Scatchard nnalysis (not shown) as 
well as Lincwcaver-Burk plots showcd a K 8 = 40nM 
and a Bma• = 0.666 prnol/mg protcin for the P 1 frac
tion and a K 8 = 11.8 nM and Bm .... = 0.4 pmol/mg 
protcin for thc P 2 fraction. Furthcr analysis of bind
ing up to 1000 nM Asp. rcvcakd thc cxistcnce in the 
P 1 fraction of a ~ccond cotnponcnt of thc binding 
systcm with Kb =- 291 nM and Bm .. = 4.Spmol/mg 
protcin. A sc:cond cornponcnt of lower affinity which 
was not snturatcd at l ¡iM conccntration was also 
obscn•cd in thc P 2 fraction. ln contr.ast. binding of 
Glu. sho,,·ed a single co1npc•ncnt in both fractions .. 
tbrough a concentra tion r: "lC,C 1-:'.:!000 nM. with a 
K 8 = 555 n!'V1. and Bm-.. val:ic ..,Jightly highcr in thc 
P 2 than in thc P 1 fraction (Lópcz-Cnlonié. l'JSl). 

Displacement [ 3 H]A.··•P spL'c:ific bi1tdi119 by some srruc
turatly rclatcd compounds 

Sorne phm·macological charactcristics of Asp bind
ing to n1c111hruncs fr01n suhcc1h1lar fractions wcrc 
cxnmincd in ordcr to asscss nn interaction with 
physiologically rclcvant rcccptors. Displaccmcnt of 
[ 3 H]Ka spedfic binding was also invcstigated and 
charactedstics compared with Asp and Glu binding. 
1nitially. thc cffcct of a !'ingle conccntration (100 µM) 
of displacing compounds was tcstt!d (Table 3). fol
lowed by thc dctcrmination of JC~ 0 for active com
pounds at [;o.H]Asp and [ 3 1-l]Glu conccntrations of 
20nM and 40n1'.1[:"H]Ka (Tablc4). Table 3 shows 
that in both fractions. L-Asp is prcfcrcntially displaced 
by its corrcspondcnt structural analngues. '\Vhilc 
[lH]Asp is more cffcctivcly displaced by DL- :x-amino
adipate (o:-AAl and .l\.t-rncthyl-oL-asparatc (NMDLAl 
[

3 H]Glu is prcfcrcntially displaced by glutamate 

diethyl ester (GDEE). although o:-aminoadipate and 
NMDLA also showed significant displacing effccts. 
Noticcably. although [ 3 H]Ka is 100% displaced by 
both, Glu and Asp. cold kainate up to l.Om?v1 con
ccntration did not displace Glu. v.:hcrcas it did dis
place bound Asp by about 50% at a 100 ¡irv1 concen
tration. Binding of alJ thrcc ligands to P 1 fraction 
membrancs showcd only 50% displaccmcnt by the 
o-isomcrs of Glu and Asp. 

lllSCL:s~.ION 

Glut:.nnatc (Glu) and ;u;partatc (Asp) huve bccn 
proposcd as photorcccptor transmittcrs in the vcrte
hratc retina (Ncal, 1976). Evidcncc in !>Upport of this 
assu111ption derives mainly from clcctrophysiological 
studics which havc dc1nonstratcd that cithcr of thcse 
amino acids n1imics the cffccts of the natural trans
mittcr relea.sed from thc photoreccptor ccll (Oo\vling 
and Ripps. 1973; Ccrvctto and Piccolino. 1974; Gcr
shcnfcld and Picco1ino. 1979). Furthcr studics (\Vu 
and ºº'"':ling, 1978) support Aspas the conc-transmit· 
ter in the carp retina. and S1nughtcr and ~1illcr (1981) 
havc proposcd Glu as the transmittcr oí thc On path
ways in the mudpuppy retina. Biochcmical studics 
have dcrnonstratcd that Glu and Asp share a high· 
affinity uptakc mcchanisrn (Ncal and Whitc. 1971 and 
1976; Thomas and Rcdburn. 1978) and are mainly 
conccntrated in the outer laycrs of thc retina (Ncal. 
1976). Studics in an eye-cup preparation havc dcmon
stratcd a decrcasc of Asp release following light 
stimulation of the rabbit retina {Ncal et al., 1979) and 
clectron rnicroscopy studies following kainic acid 
lesions in the goldfish retina.. suggcst that whilc Asp 
could be the cone-transmittcr. GJu could function as 

j. 
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T<1hlc 3. Disph1ccmcn1 of spccHic [L-3H]aspar1atc binding by somc 
rcl:tled cnmpounds ~lt 100 11.f\.1 conccntration 

Compound 

L·ar.parta le 
L·glutamatc 
D·aspartatc 
1>-glutama1c 
L·g.1utamatc·dicthyl ester 
DL·:x·amino-adipatc 
fl-mcthyJ.oL-:tsparlatc 
:?·amino-4-phosphonobut)'ratc 
Kainatc 

% Displncement 
P 1 fraction P.2 frnction 
tncmbrancs mcmbrancs 

100 
100 
47 

. 48 
48 
71 
79 
40 
48 

100 
100 
45 
40 
so 
71 
63 
27 
33 

Rcsults are cxprcssc:d as % of maxima1 displaccmcnt of [ 3 H]ASP by 
1 ml\.1 cold Asp. Final· [ 3 H)Asp conccntration was 20 nM. and dis
placcrs wcrc addcd to J 00 11.M final conccntration. Data are thc mean 
of 6-10 expcrimcnts p~ríormcd in duplicatc. which varicd lcss than 
lSY-

the rod-transmitter (Yazutla and Klcinschrnidt. 1980). 
Glutamate and aspartate receptor binding to central 
ncrvous systcm mcmbranes has bi:cn cxtensiveJy stud
ied. and the correla.tion of synaptic pharn"lacology and 
binding data suppon the suggestion that Glu and Asp 
are involved in synaptic transmission in the central 
nervous systcrn C,,Vatkins. 1978: Johnston .. 1979; Fos
ter et al .• 1981 ; Fostcr :tnd Rohcrts. 1978; Roherts er 
al.. 1980; Sharif and Rohcrts. 1981; Fahb et al .• 1981 }. 
In thc retina. binding of [~H]Glu has bccn charactcr
i7ed in both plcxlform layc..-n •. in conditions bclic,cd 
to cxposc synaptic rcccptors L'-lpcz·Colomé (1981 l. 
and 1\-litchcll et al. (1981) havc rc:portcd thc prcscncc 
of high affinity n:ccptors for [ 3 H]Glu (Ka= 12 nM. 
72 nM and 800 n1\1} and for Asp assayed through 
[

3 H]N1\1DA binding Ka= 8.4 n!\.1 and 82 nl\1) ::it thc 
inner plc."ifonn Io:iycr of thc bovinc retina. 

In the prcs.i:nt ''ork wc havc dcn;onstn.1tcd thc 
prcscncc of high-affinity. satural--le hinding sitcs for 
[ 3 H]asparntc at thc outcr and inncr plc-:xifc•rn1 laycrs 
of thc chick retina "' ith K" = 40 n'.\1 and 12 n!\1 r(.:-

spectivcly. iogethcr with a lower affinity systcm with a 
Ka in thc J.tM range (Fig. 2). Thcse values are of 
higher affinity than those rcported by us for Glu bind
ing site (555 nM) in thc sarne prcparation; however 
thcy are in the sume range as the kinetic constants 
rcportcd for [ 3 1-l]Glu and [ 3 H]NJ\..1DA binding in the 
bovine retina (~1itchcll et al .• 1981). Thc binding con
stants íor [ 3 H]Asp :irc also in clo~c corrcspondcncc 
with thosc rcportcd by Enna and Snydcr (l 976b) for 
thc GASA receptor in thc hovinc retina. 

The C(1nditions in 'vhich C'H]A!.p binding ,..-as con
ductcd wcrc thc sarnc as wc u~cd for studying 
[:;\ll]Glu reci:ptors (Lópcz·C'nln1né. t9Sl}. Bccau~c no 
spccific antagonist of thc synaptic action of GJu and 
Asp has bcen dcmonstratcd undcr conditions whcre 
physiological actions :ind cfTccts on binding are 
parallcl. the use of the same con1pound as a ligand 
rniscs thc po~sibility of an intcr:.ictfon 'vith uptakc 
sitcs. or enzymcs for which thc compound is a sub
str:Hc (r-ostcr ;ind Robcrts, J97R; Rohcrts. 1981; 
Sharif and Robt:1t<;. J9Sl). In ("lrdcr 10 climinatc th~se 

T:.1btc 4. Jnhibition of thc sp~cific hinding of C'l l]Glu, [ ~H]Asp and 
[~1-J]Ka in 1ncmhr;incc; freom \\h~..,lc retina 

Con1pound 

L·asp:t rtatc 
L-glutamatc 
NT'\1DLA 
GDEE 
2-APB 
DL-:r: AA 

(L·~l l]:1<>p:1rt:l1C 

1.5 
0.6 
0.8 

>100 
>100 

7.0 

IC, 0 (11.M). 
(1.-~l l]_glutamale 

10.0 
0.35 
6.0 

300.0 
>100 

5.0 

6.0 
O.IS 
>100 
>100 
>100 

N?\.1DLA--N·mcthy1-nt.-as¡lar1ate; GDEE-·- glutamate dicthyl c~acr: 
2-APB--2-amino-..;·phosphonohutyric acid; :z-AA-:c-;amino adipic 
acid. Bindins was pcrformcd as dcscribcd in mcthods. Final Glu and 
Asp conccntration was 20 nM: final Ka conccn1ration was 40 nM. 
Compounds wcre uddcd ovcr a conccntration range 0.01-IOOµM. 
and 5 diffcrcnt concentr:ttions wcrc tcstcd. cxccpt for GDEE. in 
which a rornge of 0.01-1000 ¡1.!\.i -.. ... ·as tcslcd. JC~0 wcrc dctcrmined by 
Jog dosc/pcrccntagc plots of 3 sets of data (duplicatc: dctcrminations) 
which v~1ric-d by lcss than .:!O':{.. 
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possibilitit..-s. we have conducted our assays under 
conditions known to dirninish thcsc intcractions by nt 
least 80% (Sch·wa.-c~ 1981). Sharif and Roherts (1980) 
ha ve rcportcd the loss of Glu nnd Asp spccific binding 
upon frcczing and a dclc1crious cffcct of Triton trcat
mcnt in ccrcbcllar :ind bra.in mcmbranes, and havc 
choscn to use fresh prcparations for their assays. 
However, in our hands. frcczing for more than a week 
does not significantly affect Na ..... -indcpcndcnt bindíng 
·ar cithcr ligand. although it greatly diminishes Na•
dependent onc. Similar to Glu. Triton slightly in
crcased Na+ -indcpcndent Asp binding. 

Although binding sites for hoth Glu and Asp were 
found in mcmbranes from both p1cxiform 1a;ycrs of 
the retina. important difTcrences wcre determined 
which suggcst diffcrcnt spccific sites for these two 
compounds. Asp rcccptors show highcr affinity than 
G1u receptors. Glu receptors do not conccntrate in 
any of the fractions. whercas Asp binding conccn
trates scven times in the P 1 fraction and four times in 
the P 2 frnction. comparcd with thc mcmbrancs from 
who]c retina (Table 1, Fig. 1). As in the case of brain 
mc1nbranes. (Fostcr t!l al .• 1981). thc numbcr of Glu 
rcccptors cxcccdcd that of Asp 1 cccptors. Pharm;1co
Jogical1y. thc binding of ['.'\H]Asp cxhihitcd higher 
specificity tho.n ['.'\H]Glu binding. L-Glu and L-Asp 
'vcrc the most potcnt inhibitors of binding, pcrhaps 
dueto thc fact that L-Glu is in a flexible l.::Onformation 
and might intcract ''-'ith ..-\sp rc¡;,;cptors as wc11 as Glu 
rcccptors. :x-Amino-adipate and N?\1DLA c!Tcctivcly 
displaced /\sp binding. which ""ould be in ¡1grccmcnt 
·with thcir physi0logical actions as Asp antag0nist and 
agonist rcspccth•cly in othcr rn:rvous tissuc prcp
arations (Padjcn and Smith, 1980; ?vfcCu11ock, John
ston eral .• 1974), \.vhcrcac; GDEE. considcrcd as a Glu 
antagonist in ~01ne central ncr,,ous systcm arcas. is a 
vcry '\vcak <.li,.placcr of Asp hinrling. o-is0n1crs of 1\sp 
and Glu at 100 ¡1~1 conccntration di~pL:ic<.•d lcss tlrnn 
50% Asp hinding, indicating thc stcrcospccificity oí 
Asp rcccr-:.0r. D-Asp is ;_¡J~o c0n!"idcrcd as an uptakc 
inhibitor. and this rcsult \.\.nu1d Sll:.!!!C::.t that ''e ;1re 
not dealing \~ it!1 uptakc ri:c~ . .-ptors. -:\lth,"lugh clcctro
physiologicall~· o- and L- isomcrs of aspartate show 
similar potencies. thc íact t hnt thcy havc diffcrcnt 
cffccts on binding is intt:rcsting. and has also bccn 
reponed for ccrcbcllar 1ncmbrancs (Sharif and 
Robcrts, 1981). Sin1ilarly to L-Glu binding. L-Asp 
binding is not significantly afTccted by kain<ltC nor by 
the Glu analogue 2-amino-4-phosphonobutyric acid 
(Tables 3 and 4). 

Although kinctk constants for C"'H]Asp binding 
are closc to thosc rcportcd for ( 3 H]kainatc binding in 
thc same tissuc (Bizicrc and Coyle. 1979). thc fact that 
kainatc reccptors do not conccntrate in the inner 
plcxiforrn layer and its lack of cffect as a Asp or Glu 
displacer~ suggcsts that, as rcportcd in other prep
arations (Hall eral.. 1978; Michaelis cr al .• 1980; Sle
vin and CoyJe. 1981) the rcceptors for this compound 
are diffcrcnt frorn those íor Glu or Asp. 

ln conclusion. wc havc dcmonstrated the prcscnce 

of high-affinity9 specific binding sitcs for [:'1-J.j]Ai:tp in 
both plcxiform layers of thc retina. Bo"vcvcr~ a more 
profound charactcrization of Glu and Asp reccptors is 
nccdcd in ordc::r to establish dcfinitcly thcir role 03:s 
transrnittcrs at preci~c synapscs in this organ. 
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DISCUSION 

Existen dos problemas principales involucrados en el estudio de los 

receptores a g1utamato y a aspartato que aquí se presenta: 

1) ¿Existen receptores postsinápticos para estos compuestos en 1a 

retina? ¿Pueden distinguirse los receptores de g1utamato de los de 

aspartato? 

2) A qué cé1u1as corresponden estos receptores y por lo tanto, qtié 

cé1u1as podrían usar estos compuestos como neurotransmisores?. 

Respecto al primer punto, el mayor problema para la identificación 

de estos receptores consiste en que no existen antagonistas específi

cos de la acción postsináptica de los aminoácidos excitadores. lo cual 

hace difícil diferenciar los receptores sinápticos a estos compuestos 

de otros tipos de receptores para los mismos como serían los recepto

res presinápticos de captación de alta afinidad. Como consecuencia. 

los receptores deben medirse emp1cando como radio1igandos al 3 H-gluta

mato o al 3 H-aspartato; dado que estos compuestos se encuentran en 

concentración elevada en las células nerviosas en las que desempeñan 

diversas funciones. es necesario eliminar de la preparación membranai 

todo rastro del compuesto endógeno. Asimismo. se hace necesario el tra

tamiento de las membranas con un detergente ya que se ha descrito la 

existencia de inhibidores endógenos de 1a unión de estos compuestos 

con e1 receptor. los cuales deben ser extraídos cuando se desea medir 

los receptores sinápticos y determinar sus características cinéticas 
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y farm~co16gicas. 

Otro problema.derivado del uso del g1utamato o el aspartato como 

1igandos del receptor consiste en poder distinguir·la unión con los 

recepto~es sinápticos. de 1a unión con 1os receptores presinápticos 

de captación o con enzimas que pudieran usar estos compuestos como 

sustrat~. Para obviar este prob1ema. 1as determinaciones se 11evan a 

cabo a bajas temperaturas (0-4ºC) y en ausencia de sodio y de glucosa 

en e1 medio de incubación. ya que estas condiciones impiden 1a rea1i

zaci6n de procesos 1 que. como 1a unión a1 receptor de captaci6n. requi~ 

ren tanto de la presencia de sodio como de una fuente de energía. Una 

forma alternativa de impedir 1a participación de ·1os receptores de 

captación dejando intactos a los receptores sinápticos es 1a congela

ción de las membranas durante un mínimo de 24 horas antes de medir en 

e11as 1os receptores (36)·. Como puede observarse en los artículos pre

sentados. 1as condiciones experimentales empleadas Permiten afirmar 

que 1os receptores estudiados son únicamente receptores sinápticoS. 

Para que la interacción de un compuesto con su receptor tenga sig

nificación fisiológica. debe presentar una cinética de saturación con 

una constante de disociaci6n en el rango ~e nM. Los receptores a ·glu

tamato y a aspartato en 1a retina presentan respectivamente ~na ~ de 

550 nM y 40 nM. 1o cual nos permite afirmar por este criterio también. 

que se trata de receptores sinápticos. 

Desde e1 punto de vista farmacológico. la interacción de un trans

misor con su receptor postsináptico debe presentar estereoespecificidad 

y modificarse en presencia de agonistas y antagonistas de la acción 

\. 



fisio1ógica de1 compuesto. En e1 caso de 1os receptores a g1utamato 

y aspartato en 1a retina, la potencia relativa de algunos análogos 

estructura1es para inhibir 1~ unión con e1 receptor (Ic50) parece ser 

para1e1a a 1a acción activadora º· inhibidora qUe estos compuestos pr~ 

sentan sobre 1a acción de 1os aminoácidos excitadores en diversas pr~~ 

paraciones del sistena nervioso central. Así. encontramos que en 1a 

retina e1 dietil-éster de1 ácido g1utámico (GDEE) que es un antagonista 

de 1a acción fisiológica de1 glutamato (32), es un b1oqueador más po-

tente de la unión de1 glutam.ato que de1 aspartato, mientras que el 

@ -meti1-DL_aspartato que es un potente agonista de1 aspartato en la 

médula esPina1 (46), desplaza preferentemente al aspartato de su re-

ceptor. Dado que los D-is6meros de ambos compuestos inhiben la unión 

con el receptor en un 50% mientras que los L-isómeros inhiben total-

mente la interacción a las mismas concentraciones. podemos concluir 

que se trata de receptores que desde el punto de vista farmacológico. 

llenan los requisitos para ser considerados como receptores sinápti- _ 

cos. 

En conclusión. se han identificado y caracterizado receptores a 

glutamato y a aspartato en la retina de pollo. 1os cuales por la meto-

dología empleada. por sus constantes cinéticas y por sus propiedades 

farmacológicas. parecen ser receptores sinápticos. 

Respecto a la localización de las células de la retina que poseen 

estos receptores. se ha postulado ·que 1a transmisión entre ~os fotorre-

ceptores y 1as células bipolares (43). así como entre las células bi

polares y las ganglionares. (28) est~ mediada por un transmisor de 

tipo excitador que podría ser el ácido glutámico y/o el ácido aspártico. 
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La estructura 1aminar de 1a retina permite e1 ais1amiento de.fracciones 

enriquecidas en termina1es sinapticas de 1os fotorreceptores o bien de 

1a capa p1exiforme interna conteniendo entre otras. 1as terminales de 

1as cé1u1as bipo1ares (30); 1a presencia de receptores a g1utamato o a 

aspartato en las membranas de una u otra capa. o en forma a1ternativa 

su mayor concentración en una de é11as permitiría sugerir el tipo de 

cé1u1a que posee estos receptores. Los dos tipos de receptores, a gl~ 

tamato y a aspartata. se localizaron en ambas capas sinápticas de 1a 

retina, lo cual apoya 1a posibilidad de que la transmisión entre las 

células bipolares y las ganglionares podría estar mediada por los mi~ 

mas transmisores que la del fotorreceptor a las células bipolares, .Y 

que éste podría ser cualquiera o ambos aminoácidos. excitadores. 

Recientemente se ha descrito una técnica (27) que permite dege

nerar selectivamente 1os diferentes tipos de neuronas en 1a retina m~ 

diante la inyección intraocular de dosis crecientes de ácido kaínico> 

cuya toxicidad en la retina está bien demostrada (37). Dado que las 

neuronas de la retina poseen diferente sensibilidad a este compuesto 

(amacrinas ';>' horizontales 7 bi.polares >ganglionares y fotorreceptores) • 

podemos e1iminar de 1a retina uno o varios.de estos tipos celulares. 

Esperamos poder determinar mediante esta técnica a qué células perte

necen los receptores a glutamato y a aspartato que hemos caracteriza

d~~ y consecuentemente a ·qué nivel de la retina podrían actuar ·como 

neurotransmisores. 
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