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We have cloned and sequenced a cDNA (RPR4) encoding a new member of the secrstin/calcitonin/parathyroid hormone (PTH) receptor family.

RPR4 was identified by PCR of rat pituitary cDNA, and a full-length clone was isolated from a rart olfactory bulb ¢cDNA library. When RPR4

was functionally expressed in COS 7 cells, cyclic adenosine monophosphate (cAMP) production was stimulated by vasoactive intestinal peptide

(VIP), pituitary adenylate cyclase activating peptides (PACAP-38 and PACAP-27) and helodermin, with equal potency. Peptide histidine isoleucine

(PHI) and rat growth hormone releasing hormone (rGHRH) also stimulated cAMP praduction at lower potency. This suggests that RPR4 encodes

a novel VIP receptor which we have designated the VIP, receptor. In situ hybridisation showed that mRNA for this receptor was present mainly
in the thalamus, hippocampus and in the suprachiasmatic nucleus.

Vasoactive intestinal peptide (VIP); G protein-linked receptor; Rat pituitary; Rat olfactory bulb; cDNA cloning

1. INTRODUCTION

Vasoactive intestinal peptide (VIP) is an amidated 28
amino acid peptide which belongs to a family of regula-
tory peptides including secretin, glucagon and growth
hormone-releasing hormone (GHRH). It functions as a
neuroendocrine hormone and neurotransmitter, acti-
vating adenylate cyclase [1,2] through a G protein-cou-
pled receptor [3]. VIP has a number of actions in the
periphery, including vasodilatation, stimulation of elec-
trolyte secretion and smooth muscle relaxation [4]. The
presence of specific VIP binding sites in defined path-
ways in the brain indicates that it may play an impor-
tant role in CNS function [5,6). VIP may also regulate
cerebral energy metabolism [7] and ncuronal survival
[8]. VIP stimulates prolactin secretion from the pituitary
[9] and catecholamine release from the adrenal medulla
[10]; in the immune system it inhibits mitogen-activated
proliferation of T cells by inhibiting interleukin-2 pro-
duction [11].
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Recently, cDNAs encoding rat [12] and human [13]
forms of a VIP receptor have been cloned. This receptor
is present in lung, liver and intestine, as well as several
regions of the brain (e.g. cerebral cortex and hippocam-
pus [5,6]) which contain high densitics of specific bind-
ing sites for VIP. Here we report the cloning and expres-
sion of a second, high affinity, VIP receptor. The recep-
tor was identified by PCR of rat pituitary cDNA using
degenerate oligonucleotide primers corresponding to
the third and seventh transmembrane domains of the
secretin/calcitonin/parathyroid hormone family of G
protein-linked receptors. A full-length ¢DNA was iso-
lated from an olfactory bulb cDNA library. We propose
that the VIP receptor cloned by Ishihara et al. [12] and
by Sreedharan et al. [13] should be designated the VIP,
receptor and that the second, high affinity VIP receptor
identified here be designated the VIP, receptor.

2. EXPERIMENTAL

2.1. Cloning and sequence analvsis of rat VIP, receptor

Methods were essentially as described by Morrow ct al. [14). Ante-
rior pituitary glands from male rats (Cob Wistar, 250 g) were removed
and total RNA was isolated by the method of Chomczynski and
Sacchi [15]. Single-stranded ¢cDNA synthesis and PCR were carried
out using a commercial kit {Perkin Elmer Cetus). PCR was performed
using the pair of degenerate 32-mer oligonucleotide primers corre-
sponding to conserved regions in the third and seventh transmem-
brane domains of the rat secretin [16], pig calcitonin [17] and opossum
PTH [18] receptors [14]. Amplified DNA was digested with EcoR1 and
BamH], ligated into pBluescript (Stratagene) and used to transform
competent E. coli DS941. Clones with inserts of the expected size were
sequenced on both strands (Sequenase 2.0 kit; USB).

One of the clones we identified, RPR4, included a 500 bp insert
encoding a new member of the receptor family. It was subsequently
used to screen a commercial cDNA library in the AZapl! vector pre-
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pared from rat olfactory bulb (Stratagene) in order Lo obtain a full-
length cDNA for sequence and functional analysis. Screcning and
plague purification were performed using standard methods [19]. Pos-
itive clones were excised with ExAssist helper phage (Stratagenc) and
re-circularised to generate subclones in the pBluescript SK— vector
prior to sequencing on both strands.

2.2. Northern analysis

Approximately 20 yg total RNA from each tissue was separated by
electrophoresis on denaturing 1.2% agarose/formaldehyde gels, trans-
ferred to a nitrocellulose membrane (Hybond-C, Amersham) and
baked for 2 h at 80°C. The membrane was then hybridised with the
500 bp FeoRI- BamHI fragment from RPR4 that had been labelled
with [PPJdCTP using random hexanucleotide primers (Pharmacia)
and the Klenow fragment of E. cofi DNA polymerase [20]. Hybridisa-
tion was performed overnight in 50% formamide, 25 mM KPO,, pH
7.4, 5% S8C (1 x SSC=10.15 M NaCl, 0.015 M sodium citrate, pH
7.0), 5% Denhardt’s solution, 50 gg/ml salmon sperm DNA. The
membranes were subsequently washed twice for 20 min in 1% SSC plus
0.1% SDS at 50°C, then rwice more in 0.5% SSC plus 0.1% SDS at
50°C, and exposed to Fuji RX film.

2.3. Functional expression of RPR4/6.3 in COS 7 cells

For expression in transfected COS 7 cells, the insert from the full-
length clone (RPR4/6.3) was excised as an FeaR1 fragment and ligated
into the EcoRI site of the eukaryotic expression vector, pcDNA-I
(Tnvitrogen). Details of transfection and cAMP assay are described by
Morrow et al. [14]. COS 7 cells (gift of Dr. Janet Allen) were grown
in DMEM supplemented with 10% new-born calf serum and 100 Ufml
each of penicillin and streptomycin, in a humidified atmosphere of
95% atr/5% CO, at 4 conslant temperature of 37°C, and were passaged
every 3-4 days. Cells for transfection were trypsinised the day before
the experiment and plated al a densily of approximately 40-30%
confluency in 75 cm? flasks.

2.4. In situ hybridisation

Male Wistar Cob rats {200-250 g b.wt.} were anaesthetised with
pentobarbitone (Sagatal, 40-50 mg/kg b.wt., 1.p.) and perfused by way
of the ascending aorta with 20-50 ml of 0.9% (w/v) saline followed by
approximately 500 ml of an ice-cold solution of 4% paraformaldehyde,
0.05% glutaraldehyde in (.1 M borate buffer, pH 9.5. After perfusion,
the brain and pituitary gland were removed and post-fixed in fixative
without glytaraldehyde, but with the addition of sucrose (30% w/v).
10 um sections of tissue were prepared using a sliding microtonme and
mounted onto poly-L-lysine- and gelatine-coated microscope slides.
For riboprobe synthesis, the pBluescript plasmid containing RPR4
was digested with EcoRT and *S- or *P-labelled antisense strand
riboprobe synthesised using the T7 RNA polymerase promater; for
a control, the plasmid was linearised with BamHI and transcribed with
T3 RNA polymerase 1o generate the sense strand probe. The methods
used for prehybridisation, hybridisation and post-hybridisation were
as described by Simmons et al. [21], but with the addition of an extra
pre-hybridisation step in which, after dehydration in ethanol, sections
were de-lipidised by immersion in 100% chloroform for 3 min. Hybri-
disation was for 18-20 h at 50°C with hybridisation solutions contain-
ing 5 % 107 cpm/ml. After post-hybridisation treatments, slides were
dip-coated in lford K-5 nuclear emulsion (diluted 1:1 with distilled
water) and exposed for 5 or 10 weeks (for ¥P- and **S-labelled probes,
respectively) at 4°C after which slides were developed, fixed and
stained with 1% agueous pyronin [22].

3. RESULTS

3.1 Isolation and aralysis of receptor cDNA clones
With the cloning of the secretin, calcitonin and PTH
receptors, a new family of G protein-linked seven trans-
membrane peptide receptors was identified, which show
strong homology in their transmembrane regions but
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Fig. 1. Northern blot analysis of receptor mRNA in rat tissues. 20 ug
of total RNA from the indicated tissues were probed with the cDNA
cione, RPR4. A single transcript of approximately 3.5 kb was ob-
served in each of the tissues shown, but not in COS 7 cells. The
positions of the 28 S and 18 S ribosomal RNAs are indicated.

which are quite distinet from the rhodopsin superfamily
of receptor proteins [23]. To isclate members of this
family which are involved in CNS and pituitary func-
ticn, we designed oligonucleotide primers correspond-
ing to the conserved regions of the third and seventh
transmembrane regions. Amplified fragments were sub-
cloned and sequenced. One of the cloned PCR frag-
ments, RPR4, contained a 500 bp inscrt which encoded
a new member of this family. Northern blot analysis
using RPR4 as a hybridisation probe (Fig. 1) revealed
a transcript of approximately 3.5 kb expressed in the
pituitary and regions of the brain, with the highest levels
being observed in the olfactory bulb. Accordingly, we
screened a rat olfactory bulb cDNA library with probes
for RPR4 and. from a total of 400,000 clones, six clones
were found to hybridize with RPR4. Three of these were
isolaled and characteriscd by restriction mapping and
sequencing. All three had sequences corresponding to
RPR4 but only one cDNA, RPR4/6.3, containing an
insert of 3.3 kb, encoded a complcte open reading
frame, encoding a protein of 437 amino acids with a
predicted molecular mass of 49,519 (Fig. 2). A 22 amino
acid hydrophobic signal scquence is found at the amino-
terminal end, with a predicted signal cleavage site be-
tween Pro® and Glu® [24]. A hydropathy plot shows
seven hydrophobic, putative membrane-spanning do-
mains (Fig. 2). Comparison with other members of the
sceretin/ealcitomn/PTH  receptor family (Fig. 3) re-
vealed that the predicted protein encoded by RPR4/6.3
has greatest similarity with the rat VIP, and PACAP
type 1 receptors (50% identity). The highest amino acid
sequence identity is found in the putative lransmem-
brane regions, whereas the sequences of the amino-ter-
minal extracellular domains and the carboxyl-ierminal
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GUGCTEGCAGGCCCCGAGCTGGCETTACTEC TGAGRGLGCCAAGIACCGAGGCGGCALTCGAGCCCAGE ATG AGS GCG TCG GTG GTG OTG ACC TGC TAC TGC TGG 104
Met Arg Ala Ser Val Val Leu Thr Cvs Tyr Cys Trp 12

TTG CTG GTG CGG GTG AGC AGC ATC CAC CCA GAA TGC €GG TTT CAT CTG GAA ATA CAG GAR GAG GAG ACA AMA TGT CCA GAG CTG CTA AGC 194
Leu Leu val arg Val Ser Ser Ile His Pro Glu Cys Arg Fhe His Leu Glu Ile Gln Glu Glu Glu Thr Lys Cys Ala Glu Leu Leu Ser 42

AGC CAA ATG GAG AAT CAC AGA GCT TGC AGC GGT GTC TGG GAC AAC ATC MCA TGC TGG CGC CCT GCA GAC ATT GGG GAA ACT GTC ACA GTG 284
Ser Gln Met Glu Asn His Arg Ala Cys Ser Gly Val Trp asp Asn Ile Thr Cys Trp Arg Pro &la asp Ile Gly Glu Thr Vval Thr Val 7

CoC TG CCC RAA GTG TTC AGC ART TTC TAC AGC AGA CCA GGA AAC ATA AGC Aad AAC TGC ACT AGT GAT GGG TGS TCG GAG ACA TTT CCG 74
Fro Cv& Pro Lys Val Phe Ser Asn Phe Tyr Ser Arg Pro Gly Asn Ile Ser Lys Asn Cys Thr Ser Asp Gly Trp Sar Glu Thr Fhe Pro 102

GAT TTC ATA GAT GCG TGT GGC TAC AAC GAC CCC GAG GAT GAG AGT AAG ATC ACG TTT TAT ATT CTG GTG AAG GCC ATT TAT ACC TTS GGC 464
Asp Phe Ile Asp Ala Cys Gly Tyr Asn Asp Pro Glu Asp Glu Ser Lys Ile Thr Phe Tyr Ile Leu val Lys Ala Ile Tyr Thr Leu Gly 132

TAC AGT GTT TCT CTG ATG TCOT OTT ACA ACA GGA AGC ATA ATT ATC TGC CTC TTC AGG AAG COTG CAC TGC ACA AGG AAC TAC ATC CAC CTG 554
Tyr Ser Val Ser Leu Met Ser Leu Thr Thr Gly Ser Ile fle 1le (ys Leu Phe Avg Lvs Leu His Cys Thr Arg Asn Tyr Ile His Leu 162

AAT CTG TTC CTC TCC TTC ATG CTG AGA GCC ATC 10T GTG CTG GTC AAG GAC AGT GTG CTC TAC TCC AGC TCA GOT ACA CTC CGC 7GC CAC 644
Asn Leu FPhe Leu Ser Phe Met Leu Arg Ala Ile Ser Val Leu Val Lys Asp Ser Val Leu Tyr Ser Ser Ser Gly Thr Leu Arg Cys His 192

GAC CAG €CG GGC TCC TGG GTT GGC TGC AAG CTC AGC CTG GTA TTC TTC CAG TAC TGT ATC ATG GCG AAC TTC TAC TGG CTT CTG GTG GAG 734
Asp Gln Pro Gly Ser Trp val Gly Cys Lys Leu Ser Leu val Phe Phe Gln Tyr Cys Ile Met Ala Asn Phe Tyr Trp Leu Leu Val Glu 222

GGT CTC TAC CTG CAC ACC CTC CTG GTA GCC ATC CTT CCT CCC AGC AGG TGT TTC CTG GCC TAC CTT CTT ATT GGA TGG SGT ATC CCC AGT 824
Gly Leu Tyr Leu His Thr Lev Leu Val Rla Ile Leu Pro Pro Ser Arg Cys Phe Leu Ala Tyr Leu Leu Ile Gly Trp Gly lle Pro Ser 252

GTG TGT ATA GGT GCA TGG ATA GCA ACT CGC CTT TCT TTA GaA GAC ACA GGT TGC TGG GAC ACG AAC GAC CAC AGC ATC CCC TGG TGG GTC 914
Val Cys Ile Gly Ala Trp Tle Ala Thr Arg Leu Ser Leu Glu Asp Thr Gly Cys Trp Asp Thr Asn Asp His Ser Ile Pro Trp Trp val 282

ATT CGG ATG CCC ATT CTA ATT TCT ATT GTA GTC AARC TTT GCC CTC TTC ATC AGC ATT GTA AGG ATC TTA CTT CAG AAG CTA ACT TCT CCA 1004
Ile Arg Met Fro Ile Leu Ile Ser Ile val val Asn Phe aAla Leu Phe Ile Ser 1le Val Arg 1le Leu Leu Gln Lys Leu Thr Ser Pro 312

GAT GTT GGT GGC AAT GAC CAG TCA CAG TAC AAG AGG CTC GCC AAG TCC ACA CTG CTG CTA ATC CCA CTG TTT GGC GTC CAC TAC ATG GTG 1094
Asp Val Gly Gly Asn Asp Gln Ser Gln Tyr Lys Arg Leu ala Lys Ser Thr Leu Leu Leu Ile Pro Leu phe Gly Val His Tyr Met val 342

TTT GCT GCC TTC CCC ATT GGC ATC TCC TCC ACG TAC CAG ATC CTG TTT GAG TTA TGT GTT GST TCC TTC CAG GGC CTG GTG GTC GCA &TT 1184
Phe Ala Ala Phe Pro Ile Gly Tle Ser Ser Thr Tyr Gln Tle Leu Phe Glu Leu Cys Val Gly Ser Phe Gln Gly Leu val Val ala val 372

CTA TAT TGC TTT CTG AAC AGT GAG GTAR CAG TGT GAA (TG AAA AGA AGG TGS AGA GGC CTG 7GC CTG ACC CAG CCT GGG AGC CGG GAC TAC 1274
Leu Tyr Cys Phe Leu Asn Ser Glu val Gln Cys Glu Leu Lys Arg Arg Trp Arg Gly Leu Cys Leu Thr Gln Pro Gly Ser Arg Asp Tvr 402

CGG CTE CAC ACC TGG TCC ATC PCC CGG AAT GGC TCA GAA AGC GCC CTA CAG ATA CaC COGT GGC TCC CGT ACC CAG TCC TTC OTG CAG TCA 1364
Arg Leu His Ser Trp Ser Met Ser Arg Asn Gly Ser Glu Ser Ala Leu 3ln Ile His Arg Gly Ser Arg Thr Gln Ser Phe Leu Gin Ser 432

GAG ACC TCA GTC ATT TAGCTGTGTCCCTCATACRGAGCTUACAGTGCTGC TGGGTTTGALATATGTGT TTGCCAGC TTCCTCTGCTTGCCCCACTGTCTGETGCCTTATTOSGT 1478
Glu Thr Ser Val Ile 437

CAGCCCTGETCCTTARCTCGATTGTAAC TTGATTGAAACACCAGTTAT TG TTGACAGACTCTAGL CTTTAAGCCATCCTC TTCATAATATGGCACAGCCATATTCTAC TTTCARAGAGA 1597
GCAAGGAAACCAGGTGGCCCTGAACATCARAACTGGGTTC TAGAACGTCCGAAMARARACAAGCAGGBAAGATICCAGTTTC TCCACTGCCTO CTETCAGGGAGAACCALGTCCAGAACT 1716
AGCTGAGCATCACCACCOTETEGCCCAGCGCATCCCTATGETTGTC TC TGACATTCCTCTCAATC TATGGCATAC CAGGG AR AGTGGATSARRGC AACCTTC TCATCC TACAAGCTTCS 1835
TGGTGCCCCCGGCCTTGAGTTCTGTCCTGTGGAC TACATC TGGACAGCCACACCCTTGCCATTC CCTGGACC ATC TGO TAGTGACCARAGATAAGTCAGGGAGGATATTCATGGTTCAG 1954
COGCCAAGCCAGCARCTCAT TOCTCCCAGGGLAC TTAGCATCTGC TECTTCCTACARSTGG TG AGCAGCCC TEGGATCCCAGBCCOGCTGC TBGCATGAAGGCCCTCATTCATCGACTTG 2073
TCCATTCAGCCCAAGG TTGTTCTCTAGL TGGTAGAAAAAC T TCGATTITTATT 2126
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Fig. 2. Sequence of the rat VIP, receptor ¢DNA and polypeptide. (2) DNA sequence and predicted amino acid sequence of rat cDNA clone

RPR4/6.3. (b) Hydropathy plot of the rat VIP; receptor protein. The strongly hydrophobic region at the N-terminus corresponds to the signal

sequence. A further seven hydrophobic putative membrane-spanning regions are numbered 1-7. The numbers on the horizontal scale refer to amino
acid positions.

cytoplasmic ends are highly divergent. Certain specific encoded by RPR4/6.3. For instance, there are eight con-
amino acid residues found to be conserved in other served cysteine residues in the extracellular domains of
members of this family are also present in the protein the VIP,, secretin, GHRH and PACAP type I receptors
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Fig. 3. Alignment of the rat VIP,, VIP, , PACAP, secretin, GHRH, GLP, and glucagon rcceptors. Amino acids identical in all seven receptors
are indicated with an asterisk. Putative transmembrane regions are indicated by lines above the sequence.

(Fig. 3), which are also present in the receptor encoded
by RPR4/6.3. These probably maintain the tertiary
structure of the exiracellular ligand-binding domain.
Potential sites of N-linked glycosylation are found in
the amino-tarminal extracellular domain at residues 57,
87 and 91 (Fig. 2).

3.2. Functional expression of RPR4/6.3 in transfected
COS 7 cells

All members of the secretin/calcitonin/PTH receptor
family which have been identified to date are associated
with activation of adenylyl cyclase. In order to identify
the ligands which activate this novel receptor, the EcoR1
fragment of the RPR4/6.3 ¢cDNA was cloned into the
mammalian cell expression vector, pcDNA-1 (Invitro-
gen), and used to transfect COS 7 cells. Transfected cells
were challenged with several potential ligands to deter-
mine their ability to increase intracellular cAMP levels,
as measured by radioimmunoassay. The peptide
hormones, VIP, PHI, helodermin, rtGHRH, PACAP-38
and PACAP-27, evoked a marked dose-dependent ele-
vation of cAMP levels, while CRF, CGRP, secretin and
glucagon had negligible effects (Fig. 4). PHI, VIP and
PACAP-38 failed to elevate cAMP levels in COS 7 cells
transfected with the SHT,, receptor (data not shown).
The EC,, for cAMP accumulation was approximately
0.18 nM for PACAP-38, 0.43 nM for PACAP-27, 0.25
nM for helodermin, 0.17 nM for VIP and 2.14 nM for
PHI. The maximal stimulation of cAMP accumulation
by rGHRH {(400nM) was only 60% of that found for
VIP (data not shown). We therefare conclude that the
order of potency of these ligands is VIP ~ PACAP-
27 ~ PACAP-38 ~ helodermin > PHI > > rGHRH, and
that accordingly, RPR4/6.3 encodes a VIP receptor.
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Fig. 4. Measurement of cAMP production in COS 7 cells trunsfected
with RPR4/6.3. (a) Cells translected with RPR4/6.3 were stimulated
with the ligands indicated, each at a concentration of 100M. Values
of cCAMP are expressed (mean = S.E.M., » = 3) as a percentage of the
stimulation evoked by 100 oM VIP. (b) cAMP accumulation in COS
7 cells in response to VIP (a), PACAP 38 (0), PACAP 27 (O), helod-
ermin (s}, and PHI (@). The values represent the mean (n = 3). The
basal cAMP level was measured at 0.8 * 0.15 pmoliwell.
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Fig. 5. In situ hybridisation of YIP, receptor mRNA in rat brain. Dark-field photomicrographs of VIP, receptor mRNA expression in suprachi-

asmatic nucleus (upper left}, hippocampus (upper right), dorsomedial thalamic nucleus (lower left) and ventromedial thalamic nucleus {lower right}.

Large white arrow indicates the CA1-3 subfields of the hippecampus; CI, internal capsule; OC, optic chiasma; DG, granule cells of the dentate
gyrus; SCN, suprachiasmatic nucleus; VE, ventromedial nucleus of the thalamus; 3V, third ventricle. Bar = 100 zm.

3.3. Distribution of VIP, mRNA as assessed by in situ
hybridisation

In situ hybridisation showed that VIP, receptor
mRNA was present chiefly in the suprachiasmatic nu-
cleus, paraventricular nucleus of the thalamus, medio-
dorsal and ventral thalamus, in cells of the CA1-CA3
subfields of the hippocampus and in the dentate gyrus
(Fig. 5). In the olfactory bulb, receptor mRNA was
present in all layers, albeit at lower levels, with the
exception of the external plexiform layer. Some labelled
cells were present in the paraventricular nucleus of the
hypothalamus and supraoptic nucleus. Pituitary cells
also appeared to contain low levels of receptor mRNA.
Labelled cells were not found in the cerebral cortex or
cerchellum. No labelled cells were present in control
sections probed with the labelled sense strand ribo-
probe.

4. DISCUSSION

This is the first report of the existence in rat of a novel
VIP, receptor. The receptor belongs to a new sub-class of
G protein-linked peptide receptors which includes re-

ceptors for caleitonin, PTH, glucagon, secretin, GHRH
and PACAP. Northern blot analysis and iz situ hybri-
chisation histochemistry indicated that the receptor had a
distribution in brain distinct from that of other members
of this receptor family, with high levels in the olfactory
bulb, thalamus, hippocampus and suprachiasmatic nuclei.

A number of lines of evidence suggest that VIP recep-
tors in the brain and periphery may be heterogeneous
[25]. Cross-linking studies have been used lo idenlily
VIP-binding proteins in tissues with molecular weights
ranging from 46,000 to 73,000 Da. depending on the
tissue and species [26]. Studies with peptide analogs also
suggest the existence of more than one pharmacologi-
cally distinct class of VIP receptor [27-31]. At least two
types of membrane receptor capable of specific binding
of VIP have been distinguished. One of these, also
known as the PACAP Type II receptor [32], recognises
VIP, PACAP-27 and PACAP-38 with very similar affin-
ities. This receptor is present in a variety of peripheral
tissues, including rat liver, rat lung, mouse splenocytes
and human small intestinal epithelium [32-36], as well
as certain areas of the CNS, such as the cortex, hypo-
thalamus, hippocampus and cerebellum [37]. A second
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VIP receptor, for which helodermin is the most potent
ligand, has been identified in certain human cell lines,
including the lymphoblastic cell line, SUP-T1[38, 39,
th¢ THP-1 monocyte/macrophage cell line [40], and
NCI-H345 lung carcinoma cells [41].

Hill et al. [42] have distinguished two subtypes (or
different functional states of a single subtype) of VIP
receptor which differ in their sensitivity to GTP analogs.
In some brain regions, guanylyl-imidodiphosphate
(GMPPNP) substantially inhibited VIP binding. In
other regions, VIP binding was insensitive to
GMPPNP. Both types of receptor are present in the
mouse embryo [43], where they are differentially regu-
lated by treatment with a VIP antagonist. Several of the
tissues which contain GTP-insensitive VIP receptors
(olfactory bulb, pituitary and ventral thalamic nuclei)
are regions in which the VIP, receptor 1s present.

The present study provides the first evidence for VIP
receptor heterogeneity at the molecular level. VIP, and
VIP, receptors have distinct distributions in the CNS,
with high levels of VIP, receptor mRNA in cortex, hip-
pocampus, hypothalamus and cerebellum [12] and VIP,
receptors in hippocampus, thalamus and suprachias-
matic nucleus. The distribution of VIP-binding sites in
the CNS, determined by autoradiography, is consistent
with the combined distributions of the VIP, and VIP,
receptor mRNAs,

In conclusion, we have identified a novel VIP recep-
tor which is distinct in sequence and distribution from
the VIP, reccptor. The characterisation of the VIP, re-
ceptor will permit the identification of selective
VIP, agonists and antagonists and will lead to
a better understanding of the physiological role of VIP
in the central nervous system and in the periphery.
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