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Mammalian brain expresses receptors which bind the potent neurotoxins, kainate and domoate, with high affinity, and which form a subclass of 
ionotropie glutamate receptors, A new member of these receptors, expressed in both adult and embryonic CNS is compared in its ligand binding 

properties to its closely sequence-related homeless. 
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1. INTRODUCTION 

In the mammalian brain, excitatory amino acid 
(EAA) transmitters, such as glutamate, act on ion- 
otropic receptors encoded by a superfamily of sequence- 
related genes [1-3]. Thus within the non-NMDA recep. 
tot grouping, both AMPA and kainate can act on the 
same receptor class (a 'high affinity AMPA/Iow affinity 
kainate' type) encoded by the GIuR-A to -D (GIuRI-4) 
series [4-8], The affinity o f  this class of receptors for 
kainate is in the aM range but kaic, atc ac,tiwtion of 
GluR-A to -D channels produces large non-desensitiz- 
ing current responses resembling those found in vivo [9]. 
The distribution of high-affinity kainate sites (dissocia- 
tion constants (Kd's) of 5 and 50 nM) in rodent brain 
does not resemble that of the AMPA/iow affinity kai- 
nate class [10]. Such observations have been resolved by 
the discovery of the KA-1 and -2 [l l - l  3], and the GluR- 
5 and -6 [14-16] subfamily of genes. These encode sub- 
types of high-affinity kainate receptors, with a ten- fold 
higher affinity shown by KA-1 and -2 (Kd --5 nM) than 
by GIuR-5 and -6 (Kd --50 nM). However, GIuR- 5 and 
-6 exhibit a higher affinity for the agonist, domoate, 
than KA-1 and -2. 

We now report the characterization of GluR-7, a pol- 
ypeptide that is closely related in sequence to the GIuR- 
5 and -6 subunits. The expression pattern of GIuR-7 
mRNA in the brain matches in part the distribution of 
high-affinity [3H]kainic acid sites. Furtherlnore, GIuR.7 
exhibits a unique excitatory amino acid pharmacology 
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which sets it apart from the GluR-5 and -6 receptor 
subunits. 

2. MATERIALS AND METHODS 
2.1, Isolation of clotted GfuR.7 eDNA 

A partial GlaR-7 sequence was obtained from rat brain eDNA 
using the polymerase chain reaction (PCR). Oligonucleotide primer~ 
and reaction conditions for PCR were as described [51. A 1.9 kb eDNA 
clone was isolated from a rat brain cerebellum library constructed in 
Agtl0, using lhe cloned PCR fragment as a probe. This clone encoded 
4330 amino acids of the carboxy.terminal half of the GluR.7 subunit. 
To obtain the amino-terminal sequence, three oligonuck'otides: 5'- 
GCCAATGATGCGGGTAGACAGA-3", complementary to a re- 
gion that encodes LSTRIIG (subunit residues 633-639): 5'- 
GCGGTACCCACATCTTCTCAAAGGTGGAG-3', complemen- 
tary to a region encoding STFEKMWA (residues 702-709}; and 5'- 
G CGGTACCTGG AGATOI'TGGATI~CTTG-3', complementary 
to a sequence encoding KKSKIST (residues 696-703) were used to 
prime eDNA from rat cortical mRNA. This eDNA was then used to 
construct a Agtl 0 library which was ~recned with a synthetic 46met 
oligonucleotidc (5'-ACTGGGGTTGGTGCCATTGGGTI'TTCGA- 
TATAAGATGC'rCACTCCG-3'), complementary to GlaR-7 ¢odons 
for subunit residues 539-553, A full 5' end-containing clone w,as iso- 
lated. A 2.9 kb EcoRI-Accl fragment encoding the 634 amino-termi- 
nal residues of GIuR-7 and a 1.3 kb Aecl-H#tdlli fragment encoding 
the remaining 249 carboxy.terminal residues were ligated into a eukar- 
yotie expression vector [17]. 

2.2. Ligand bitMing studies 
Subcreoiled plasmid DNA of the GIuR-7 expre~ion vector was 

used to transfeet human embryonic kidney 293 cells, and membrane 
was prepared for binding as described previously [16]. Binding as~ys 
using [~Hlkainate (58 Ci retool-', NEN) were carried out in a total 
volume of 0.5 nal far 60 rain at 0*C with non-specific binding defined 
in the presence of I mM L-~latamate, Competition studies were per- 
formed in the presence of 50 nM [3H]kainate. 

2.3, In sittt hybrldi-ation 
Oiigonuclcotidgs (45m¢~) were 3' end.labelled with [~S]dATP 

(I,200 Ci/mmol). In .:.itu hybridization was performed as described 
[18], The atlas~gs of Paxinos and Watson [191 and r~axinos et al. [20] 
were used to identify and confirm rat brain straetures. For GluR-7, 
two oligonucleotides were u.~'.d; (i) u 46met. identical to the probe used 

Published by Elsevier Science Publisher~' B, V, ! 39 



Volume 307, number 2 FEBS LETTERS July 1992 

GIuR-5 
GIuR-6 
GIuR-7 
Co~e~s~s 

GIuR-5 
GIuR-6 
GIuR-7 
Cons~neus 

GIuR-5 
GIuR-S 
~luR-7 
Consonsua 

GIuR-5 
GIuR-6 
OluR-7 
Consensus 

SluR-5 
SluR-S 
GIuR-7 
C~nsenaua 

GIuR-5 
GIuR-6 
GIuR-7 
eo~s@ns~s 

GIuR-5 
GIuR-6 
GIuR-7 
Consensus 

SluR-5 
GIuR-6 
GIuR-7 

SluR-5 
GIuR-6 
GluR-7 

GIuR-5 
GIuR-S 
GluR-? 

M~RSTV IQPGLWTRDTSWTLLYLLCYIL~QTS~Q L I ~4 NEPVN'V... L K AVTS M I R NLF SR 64 
M~S~V S.gL%~SRSIK~LLWIGYS~ TTH L F YV SG~...MGA L R AVNT L T K NLY SK ~2 
MTAPNIAR RSLVWEI'WAGFLVCAFWI~DSRq M~H I I YA GI~I~AQVMNA H R SANZ L , T R H~H T~ ~5 
....... L ...................... ~ ..... V.R.~'tFE..E ......... E~.AF.F .... INRNRTL.PN%~fL~YD.Q. I...DSFEA.. 

• • 

R A A L HS SWS Y~ T PSV SIC L IN Y/~AZ R V LY N KTVT ~ K 164 
K S 7'. I MS SAN G T ~VS NK S VS FSSL R I QF K KTVT D K 162 
K A v I QG CTN • L HBL NE T VN YASL 1'I I QS K RSAH D M 165 
• ACDQL. LGV. A. F~K~S. • S... AVQSI CNAL. VPHIQ. R~... D.. D. FY.. LYPD .... S. A. LDLV .... W .... %D4Y. DSTGLIRL~LI. APS 

IKI PANKDAK KSK YV ET E ILF %'F F L L M ~ "rD ~H S I 964 
IRL ADTKDAN RG~ HV E~M ~ ALA ~I Y V P M I TE TQ S Z 262 
TRL ISSSSSR RGR RI TM Q AMA ~I Y L P L T VD All A V ~65 

RYN... ~ IRQL~ ....... PLLK~... "F.. I FDCSH.. AA. ILKQ... MGMMT~YYH.. ~'~TLDL. ALD. E. YRYSGVN. TGFR. LN.. N.. VS. I. 
e 

RPET M T E M YM AIASI~%AS L S H CAL P NL R D T D ~ ~ 364 
P I¢~DS F T D M I-IV SVA%/QQ,~I ~ M S N WBF T SL H E T N T V 362 
A RAES V M D L HI SVCYQRAS M N H ~ G NF Q E V S T I 365 

F./(WSME~. P .... GLLDG. M. T. AAL. YDAV.. V ........ Q. TV. SL~. B~I ~ ... O. F/M.. XKEA. W. ~LTGB/. FNKT. GLR. DFDLD. IS 
@ 

E T ASG~VSKHLYKVWKKI I NSNS M DGNI%DKSN I A T I: Y MYR KP DR A LD K SN L 404 
E L ............... I T DPAS M ESQKGK~A I S S Z Y LFK F,P DR S ID R ST T 448 
D L ............... V V SPAD I EVAI(GRG9 V T S L F t~R RT EA G ~ K AH S 450 

LKE.G. EK ................ G.W .... GI/~ .T ........ N. TDSL.NR.LIVTT. LF,~.V...~SD. • LYGN. • ~"E. ¥C. • LL.EL.. IL43F.Y 
• • • , _~ -- 

DVK ~ N .K E K R T Y V I G 1 C "A'&M~" 5~3 
E~R E D VN Q R K A Y V Z ~ l C 548 
~IR E D .K ~ K K T H A V S I Y 549 
• . . LV. DGKYGAQ. D.. G. WNGMV. ELI DH. ADLAVAPL. IT. VBEK. IDFS~F[4TLG. SILYRKPN~I'HP . ~ / / S F L h ~ P L S P ~  

T ~ D D TM2 vA (R) 

I s ~ D D V a (R) 
|S DA G ~ M S 

~V~RRF 51~YEWY.. H~Ch~. S.VVEI ~TLLNSFW~S ~, LMOOGS 

S YE R~Q A 
E A YD RRQ V 
K A ~'Z K~. A 

| 648 
649 

~r.,t~ru~LST~. ~crw'wr~-~r,r r r.~ ~W;~Lm~LT~.m~S~ ~ DSAD~Lm~T 
o o o 

NSD V T L S YV V I 763 
SN~ V S F T FV V M 748 
~hT~ T A L T ~I I M 748 

K IEYC, AV. D(3. TMTFF/~KSKISoT .. KbfdAFM~S... S. LVK ... EGIQR. LT. DYA. LM~STo. Ira" " ÷T~1%NCNLTQIC4~LI DSKGTG. GTI ~ . OSPYRDI~T 

G t~ t~ t~s vz~l TM4 ~ L SR m~DV QCr~Sr~IV~ ~ I  ~t~ r~ K e63 
G M N ES ~]Q~ F V I L .,K NAQL KRSFCSAMVE ~ KC RR H 848 
D I S ~H IQl~ L V t ~ LR TA~R ~RSFCSTVAD IRP TC RA H 848 

TIA'r LQL~E. ELM. MKEKWWRG. GC~EE,. KEASALQ., .[~GGT~ Ivt/mgLvI~Sv. Va. d~F. YK.. K .... E .......... E... SL.. Q.. LK.K 

SRTt~GKSSFTSIL... CHQ TQR K"FJA 890 
PQj%PVIVETE~VINM~ FND LPG ~TMA 878 
PQP~MMV-:~TDAVINF~ FND LPG DSMSCSTSLAPVFP 888 
................ T...RR...K .............. 

Fi 8. 1, Polypeptide sequence alignment of the rat glutamate receptor suhunits GIuR.5, GIuR-6 and GIuR-7, Sequences are numbered starting with 
their predicted mature N-termini, and signal sequences are shown left of the arrow. A consensus ~equence show~ amino acids identical in the three 
proteins, The putative transmembrane regions, TM 1 to TM4, are bo;~ed, N-Linked glycosylation sites (NxS/T, x = P) in the predicted extracellular 
domain of the three subunits are indicated by filled circles; +, consensus phosphorylation sites for protein kinase C (S/T-(x).R/K); o, consensus 

phosphorylation sites lbr Ca:*-calmodulin-dcpendent protein kinase type II (S/T-(x-x)-D/E). 

to screen the specifically primed library (see above), and (ii) a 45mer, 
5 ' -ATTCTCCACCACCTCAGAGCCGGGGTTGCAGGGGTGG- 
GCATCATA-Y, complementary to eodons for the mature GluR-7 
residues 561-573, The specificity of the OluR-7 signal was confirmed 
with the two independently employed oli8onucleotides and b> compe- 
tition with unlabelled oligonuclcotide. 

3. R E S U L T S  A N D  DISCUSSION 

Subunits of  glutamate-gated cation channels form a 
large gene family within which the three subunits, 
GlaR-5 ,  -6 and -79 comprise a closely sequence-related 
subfamily (Fig. 1). R N A  editing determines the pres- 
ence o f  an arginine residue in a key functional posit ion 

Table I 
Ligand.binding properties of homomerie kainate receptors 

GIuR-5 OluR-6 GIuR-7 

[3H]Kainate 73 ± 19 36 ± 4.7 62,5 ± 18 
Domoate 2.1 + 0.8 8.6 _+ 1 36.6 - 4.7 
Quisqualate 280 _+ 52 403 -+ 38 7,022± 179 
Glutamate 290 _+ 156 1,080 ~ 100 2,194 ± 108 
CNQX 2,000 :t: 500 3,150 _ 510 820 _ 185 
AMPA 3,000 _ 1 , 0 0 0  >10,000 >10,000 

Values represent mean ± $.E.M. of three independent experiments. 
Numbers for [3H]kainate represent Kd values (in nM). all other num- 

bers represent/fi (nM) values. 
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FiB. 2, Distribution of  GlaR-7 transcripts in the adult rat brain as asses..~! by in situ hybridization. (A) X-ray fih'n aatoradLograph ofGluR-7 m R N A  
in saggital section, bar = 2 ram; (B,C) darkfieid and brightfield photomicrographs of  GluR-7 mRNA in neeeortex, bar = 500.urn; (D) darkfield 
view of GluR-7 m R N A  in cerebellum, bar = 500/.tin; (E) GluR-7 m R N A  in the reticular thalamus, bar = 200 #m; (F,G) darkfield and brightfield 
views of occasional cells (arrowheads) in the CAI pyramidal cell layer expressing the GluR-7 gene, bar = 80/zm. AA, anterior amygdaloid ar~a; 
AO, anterior olfactov/nucleus; BS, brainstem; Cb, cerebellum; Cpu, eaudate.putamen; Ctx, neocortex (II, IV, V0 VI, denote conical layers); DC, 
deep cerebellar nuclei; DG, dentate granule cells; GI, glomerular layer of  olfactory bulb; Gr, cerebellar granule cells; ic, internal c~Lpsule; IGr, grantLte 
cell layer of  the olfactory bulb; Mol, molecular layer ofcex'ebellum; OB. olfactory bulb; Rt, reticular thalamic nucleus; WM, wh~.Le matter; VPL. 
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of the putative channel forming segment TMII  of  GluR- 
5, .6 and GIuR-B [21]. The isolated eDNA clones of the 
GluR-7 subunit encoded a glutamine in this region, 
which corresponds to the unedited TMII  form. A PCR 
analysis of adult brain-derived eDNA did not reveal 
OluR-7 sequences with an arginine codon in TMII  (not 
shown), suggesting that GluR-7 mRNA, at least in the 
adult brain, may not undergo editing. 

The properties of the GIuR-7 subunit transiently ex- 
pressed in 293 cells were analyzed. Ligand binding stud- 
ies for kainate showed a single, high-affinity site for this 
ligand with a K~ of 62 nM. Other ligands of  the excita- 
tory amino acid receptor family were used as competi- 
tors for [SH]kainate and exhibited a rank order of po- 
tency of domoate>CNQX>glutamate>quisqualate 
>AMPA. It is of interest to compare the ligand binding 
properties of  GIuR-7 with those of  GluR-5 and -6 
(Table I). All three receptors show similar affinities for 
[~H]kainate (K,t's = 40-70 nM). GluR-5 exhibits a 20- 
fold higher affinity for domoate  than GIuR-7. At GIuR- 
5 and -6, the rank order of competition for [~H]kainate 
is domoate>>quisqualate=glutamate>CNQX~ AMPA, 
which differs from the order established for GIuR-7. 
This difference may reflect the fact that the GIuP,-7 
polypeptide sequence has slightly diverged from the 
closer related GIuR-5 and -6 sequences (see Fig. 1). 
Despite the presence of a functional binding site, no 
glutamate- or kainate-activated currents were observed 
in cells engineered for GIuR-7 expression (data not 
shown). This may indicate that  GIuR-7 does not assem- 
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ble into functional homomeric channels. Alternatively, 
a fast time-course of  desensitization (r<~ 1 ms) may pre- 
clude our registering of channel activity. In the GIuR-5 
to -7 family of  glutamate receptor subunits, GIuR-5 and 
-6 were observed to form functional channels by assem- 
bling with a KA-2 subunit [12]. However, no functional 
channels were found upon coexpression of GluR-7 with 
KA-I or KA-2 (unpublished observations). 

GIuR-7 transcripts are present in restricted cell popu- 
lations throughout the neuroaxis. The confined expres- 
sion of the GluR-7 gene to the inner cortical layers (IX/', 
V, VI) is a striking feature. Expression in layers II/III 
is minimal (Fig. 2A-C), however, parts of the cortex 
show a thin sublayer of cortical expression, possibly in 
layer III (indicated by arrowheads in Fig. 2A). The 
GIuR-7 m R N A  is found in the dentate granule cells of 
the hippocampus, anterior olfactory nucleus, caudate 
putamen, anterior amygdaloid area, reticular thalamic 
nucleus (Fig. 2A,E), and in putative stellate/basket ceils 
of the ¢erebellar molecular layer (Fig. 2A,D). The 
globus pallidus contains relatively few hybridizing cells. 
In the olfactory bulb, the granule cell and external plex- 
iform layers are also clearly labeled. In the hippocampal 
complex, labeling essentially stops at the subiculum, 
and at the level of  X-ray film autoradiography, the 
pyramidal cell layers of the hippocampus carry no au- 
toradiographic signal (Fig. 2A). Occasional scattered 
cells in the pyramidal cell layer contain GIuR-7 tran- 
scripts (Fig. 2F,G). Cell populations that contain no 
detectable GhtR-7 mRNA are the cerebellar granule 
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Fig. 3. Distribution of GIuR-7 mRNA in th, embryonic El 5 (A) and El'/(B) rat brain as assessed by in situ hybridization. Cb, ccrcl~llum; D, 
dieneephalon; DRG, dorsal root ganglia; Hy, hypothalamus; M, mesencephalon; OB, olfactory bulb; Po, pon~; $C, spinal cord; St, ~triatum; T, 

telencephalon. The positions of jaw and liver are marked. These areas contain no specific hybridization signal. Bar = 2 ram. 
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and Purkinje cells. OluR-7 transcripts were detected 
throughout the embryonic CNS including the spinal 
cord, from the earliest time point examined (El 5) (Fig. 
3A). There was considerable heterogeneity of GhtR-7 
expression in the El7 brain, with many small nuclei, 
particularly in caudal areas, containing heightened lev- 
els of Glug.7 mRNA. Expression was highest in puta- 
tive thalamic structures, and in the striatum and 
telencephalon. There was low expression in El7 dorsal 
root ganglia (Fig. 3B). Around birth (postnatal day 1) 
the qualitative pattern of GIuR-7 expression was that of 
the adult brain (not shown). 

Key components of high.affinity [3H]kainate binding 
are layer I and the inner laminae of the neo- and cingu- 
late cortex, the superficial layers of the pyriform cortex, 
eaudate putamen, external plexiform and granule cell 
layers of the olfactory bulb, CA3 sector of the hip- 
poeampus, reticular thalamic nucleus, hypothalamic 
median eminence and the granule cell layer of the cere- 
bellum [23,25]. Clearly, the GIuR-7 gene expression pat- 
tern corresponds with a subset of the autoradiographic 
patterns observed for high-affinity ['~H]kainate sites in 
tl~e rat brain. This new member extends the family of 
those subunits which exhibit sites of approximate Kd'S 
of 50 nM for [3H]kainate. Another family, presently 
consisting of subunits KA-I and KA-2 binds [3H]kai- 
natc with a K,j of ~5-10 nM [11,12]. Sites with compa- 
rable affinities for kainate have been described in brain 
membranes [10,22-24]. Whilst this mannscript was in 
preparation a similar report appeared elsewhere [26]. 
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