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The murine NPY-1 receptor gene

Structure and delineation of tissue-specific expression
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The murine gene for the NPY-1 receptor subtype for neuropeptide Y was characterized by DNA sequencing and expression studies. 1t comprises
three exons with a 6,400 bp 5-untranslated and a 80 bp internal intronic sequence. The 5-flanking region of this gene lacks TATA or CCAAT
consensus sequences in the proximity to the multiple transcription initiation sites. A 1,300 bp genomic fragment of the 5-flanking region drives
the expression of the lacZ reporter gene in NG108-15 cells and primary cultured neurons but not in glial and human embryonic kidney cells. In
addition, it contains consensus sequences for various transcription faciors including cAMP- and glucocorticoid-responsive elements,
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1. INTRODUCTION

Neuropeptide Y is an amidated 36 amino acid peptide
that belongs together with the pancreatic polypeptide
and peptide Y'Y to a family of structurally related pep-
tide neurotransmitters [1]. NPY is the most abundant
and widely distributed neuropeptide within the central
nervous system where it participates in the control of a
large number of functions, including neuroendocrine
functions, stress responses, circadian rhythms, central
autonomic functions, eating and drinking behavior, and
sexual and motor behavior [2]. NPY is believed to exert
its physiological effects by activating specific pre- and
post-synaptic receptors [3]. Different orders of potency
for NPY analogs in various model systems indicate that
there are at least two distinct recognition sites, termed
Y-1and Y-2[4-6). We have recently reported the cDNA
and the deduced amino acid sequences for the rat NPY-
1 receptor subtype for NPY [7,8]; its primary structure
shows that it belongs to the superfamily of the G pro-
tein-coupled receptors. Here we describe the molecular
organization of the gene for the mouse NPY-1 receptor
subtype and the functional and tissue-specific expres-
sion of the isolated promoter region of this gene.
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2. MATERIALS AND METHODS

NPY-1 rcceptor genomic clones wzre isolated from a mouse
genomic library constructed in lambda-fix [9] using a 900-bp cDNA
probe covering 240 bp of the 5%-untranslated sequence of the rat
NPY-1 receptor cDNA [7] (hybridization at 509 formamide, 5 x S8C,
42°C). Filters were washed a1 65°C (0.5 x SSC) and exposed to Kodak
XAR-3 films at ~80°C. The cloned DNA was digested with Sa/l and
subclened in the plasmid vecior pBluescript SK™ to be analyzed by
dual digestion using several restriction endonucleases. Appropriale
DNA restriction fragments were then subcloned into M13mpl8 and
mpl9 RF-DNA for DNA sequence analysis {10].

For primer extension analysis total RNA (20 ug) or polyA* RNA
(5 ug) from mouse cerebral cortex was hybridized for 16 h at 30°C or
35°C with 2 x 10° ¢pm of a 3*P-end-labelled oligonucleotide corre-
sponding to nuclectides =57 (o =73 in the 5’-flanking region of the
gene (Fig. 2), The annealed RNA/primer mixture was recovered by
ethanol precipitation and extended by resuspending the precipitate in
20 wl of reaction mixture containing 50 mM Tris-HCl buffer, pH 7.6,
60 mM KCl, 10 mM MgCl,, | mM dithiothreiiol, 50 #g/ml actinomy-
cin D, 4 mm dNTP, 200 units of MMLY reverse transcriptase
(GIBCO, BRL). Reaclions were incubated at 37°C for 120 min. Sam-
ples were denatured and analyzed on a 6% polyaerylamide sequencing
gel.

The promoterless veclor pf-Gal for lacZ expression was con-
strucied by subcloning the Hindlll/BumHl lacZ fragmen from
pCH110 (Pharmacia LKB Biotec.) into the polylinker of pBluescript
SK. A Sall-BgllI fragment of the murine NPY-1 receplor gene from
nucleotides ~1486 (o ~210 relative to the initiator ATG was isolated
by gel electrophoresis. The Bglll-digested end was filled in with the
Klenow [ragment of DNA polymerase 1 (Boehringer Mannheim) and
excess of ANTPs. The resulting Se/l/blunt fragment was ligated into
the Sall/Clal site of pS-Gal, after filling the Clal site of the plasmid
to obtain a blunt end. Primary cultures of cortical neurons were
prepared from 1-day-old rat brain following the dissociation proce-
dure previously described [11] and used for lransfeclion experiments
after 10 days in vitro. Cells were transfected by caleium/phosphate
precipitation [12] using 4 ug of plusmid DNA per dish. Forty-eighi
hours after transfection, cells were fixed in 1.25% glutaraldehyde and
incubated overnight at 37°C with $0 mM Tris-HCI, pH 7.5, 1.25 mM
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Fig. 1. Structure of the murine NPY-] receptor gene. Upper part: murine NPY-1 receptor gene. Lower part: exon assignment to the coding region

of the rat cDNA. Exons are indicaled on the gene by solid boxes and numbers. Codons for putative membrane-spanning peptide segments are

highlighted on the cDNA by solid boxes and initiation and stop cedons are marked by stars. Restriction endonuclease sites are: B, Bg/II; X, Xhol;
E, £coRl; P, Pstl; H, HindIIlL

ferrocyanide, 1.25 mM ferricyanide, 15 mM NaCl, | mM MgCl, and
0.5 mg/ml X-gal (Promega).

3. RESULTS AND DISCUSSION

Out of three genomic clones analyzed, one, approxi-
mately 18 kb long, was subjected to extensive character-
ization (Fig. 1). The DNA and the deduced amino acid
sequences of the gene are shown in Fig. 2. The align-
ment of the mouse and rat complete amino acid se-
quence for the NPY-1 receptor subtype indicates an
overall homology of 98%. The coding sequence of the
gene is interrupted by one intron, of approximately 80
bp in length, that starts immediately after transmem-
brane region 5. Sequence comparison of the mouse gene
and the rat cDNA 5’ to the initiator ATG indicates that
they diverge upstream of base —147 (numbering from
the first base of the coding sequence). The gene se-
quence at this point matches the consensus splice accep-
tor sequence, indicating the presence of an intron in the
5-untranslated region. This intron, approximately 6.4
kb long, is flanked at the 5’ by 84 bp matching the rat
cDNA sequence from bp —148 to bp —232.

Primer extension analysis indicate the presence of
several closely spaced sites for transcription initiation
(Fig. 3). Major transcripts seem to begin at nucleotides
-167, —182, —=238, —247, —263 and the initiation sites
are all localed close to the end of the 5'-untranslated
region of the cDNA (Fig. 1). The presence of multiple
transcription initiation sites is further confirmed by the
analysis of the 5’-flanking sequence of the mouse NPY-
1 receptor gene, indicating that no canonical promoter
elements, e.g. TATA or CAAT-boxes, were found in the
ctose proximity of the sites of initiation of transcription.
However, the promoter contains the hexamer
GGGGCG at position —272 which may constitute the
binding site for the Spl transcription factor [13]. Se-
quence analysis of the 5’-flanking sequence of the mur-
ine gene reveals a genomic fragment by approximately
1,250 bp with several notable features. The putative
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promoter region of the murine NPY-1 receptor gene
contains two sequences at position ~849 and —478 re-
lated to the AP-1 motif, which is known to bind mem-
bers of the c-fos and c-jun family [14,15]. The sequence
CGTCA at position —699 was also found in the vasoac-
tive intestinal peptide gene, where it is essential for bio-
logical activity of the cAMP-regulating enhancer [16].
Furthermore several reverse complement consensus se-
quences for the steroid receptor binding were found at
position —1027, ~858, =769, —570 and —471 [17] and,
finally, at position —1,287 there is the consensus se-
quence GGGATTTCAC that has been shown to bind
the transcription factor NF-¢B [18]. To determine
whether the genomic fragment 5° to the transcription
initiation sites contains promoter sequences we per-
formed transfection experiments by using a construct in
which the 5-flanking 1.3 kb fragment of the mouse
NPY-1 receptor gene was introduced immediately up-
stream of the reporter gene /acZ. In NG108-15 cells, a
mouse-rat hybrid neuroblastoma glioma cell line that
expresses the endogenous NPY-1 receptor gene, a sig-
nificant /acZ expression was driven by the 1.3 kb frag-
ment, while the promoterless vector pfGal was inactive
(Fig. 4A). The murine NPY-1 receptor promoter did
not drive the expression of /acZ in human embryonic
kidney 293 cells (Fig. 4C), that lack the NPY-1 receptor
mRNA, while the SV40 promoter was functional (Fig.
4D), suggesting a restricted tissue-specificity of the iso-
lated promoter sequence. Transfection of primary cul-
tures of cortical neurons from newborn rat brain also
results in the staining for §-galactosidase of several cell
bodies and neurites from cultured neurons (Fig. 4B).
Moreover the expression of the NPY-1 receptor gene in
primary cultures of cortical cells seems to be neuron-
specific. Indeed, the NPY-1 receptor promoter region
induced the /acZ expression only in neurons and not in
glial cells, which constitute 4-6% of the total number of
cultured cells [11] whereas the SV40 promoter drove the
expression of the reporter gene in both neurons and glia
(data not shown),
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-1519 GTCGACTCGATCAT AATCOTCTTCCAATCA TAGAAMATCTCOCCACTTACARTATGTT
-1459 AGCTTTCCCACARNACAARTCCCAGATATCATAT CARCTACATCTE TATG TATGARTCCA
~1399 ACCMCHTTAWOF‘TA&ATMTTC‘PTANWMMCEN‘TAMWEAM
-1339 3
-1279 mcmaccmmm-mhwm M"‘GMATGPG!QCATCQ’I‘AWCA’P
-1219 CTGTAGATTC GGTACTTGTTAACACT TTGAATTTAMACAAGTTGTAGTTOCTAGATAAGT
-1159 AAATTCTOTGTCTATCCACCTSTOTATGTC TG CTCTOTACATTACTCACCCTTGACTT
-1099 TTCARMUITGCANTGARACCATC TEAGTTATGAAATCACTGAA TCAATAAT TAGC COThAC
-1039 CATCARATATCAMMMGAACA TTTCCARC W CATG TOTTTTCACTACACCCACAATCTT
- 875 CCATACCOTAGCAGATAAATCACCOGRAARTTGCATTCACTTTTTC TGACCAACACTANR
- 919 TGCTGOCPTCATC G TCrCCCGEGCCCCTTICTGCTCOCTTCAAAAAAGAACTACTCACT
- 859 CAGAMECAAATCTUACTCAAATGCAT PTTC TTAGTGAAGAGNARAAA GGG TCAMAGGE TCT
- 799 CAACTGAGATCCGC TACTTTOCCTTT TTTANSSACETC TTTT TTGATICTCCTAGACT GO
- 735 GCAAAATAACTTCTOCGTACTEOCUTCOGOMATATT TGAGCGTCACAARAGCACCGICER
- 67% COAACCCATTANCCGAGGCTTTCCOA TCAACTCCATCT TTCC CCTTOCCSTAAMATATECT
- 619 CTCCCTOCATTCT TEACTTCACCTTAACCTCGCACTCTCT CACAGGHLANNMMACTICG
- 559 CCACAACATGOCAC TGAC CTCCAGACAAAAGANM TACCCETCGCATTGACTTITAAMCA
- 499 GGCTTATAAATGCSCOTT COTTLGTCANMMNC TAG TGCCOTGAGAGC TCCOTGLOTACG
- 439 GOUTCTGAMACATAGC I TAGSTT AR TGS T TITC T TTCCACAATTCCTAGGCAACCACCT
- 379 CCGACTTCTCCATC CGALCTCTTOSGACGRAGOTUTGOGCCAMMCC TTUGGTGATCCTCS
- 319 TOGOETGCCATCACATUATCCTGHAT GAGC TCCACTTY COCT TTAA R R reTCT T
- 259 CPAT‘.‘I‘TMCNATC'IWAGGQ‘WTGA%CAGGAGMA’MCCNMG&'M TTTCTCCCTC
- 199 CAGTGACACTCGTCCCGETTCEACAGAGGTCA&CAGACGCATTCTTTAAAAGQ:ndu!ta
caagttagtgitttraagqyacttitgagaad. . v orve s wareeranB G Bhe.
..... aatgeaactggteet et ttigtt gacagACTATTCACTTCAACCGAATCANTAAC
- 120 TCAGAATTATCTTOGTCAATCOATTCAAMATATATCCAATAACACTA, &"TOMGATPTGA
- 60 TCCCITlWI\WﬂATM{'“UTFEMT“A“CTM’NGGT AACRACAANNCATARAARR
1 AgaﬂgcTCAACTCEGTTCTCCAAGGTTGRAAATCACTEAATﬂC?CTATAATGFCiﬂASAG
6 ¥ o T ATTC
6l N\'l TEFCMCTTL GGCI"I'E"‘GAN\I\’IM Gﬁ‘ﬂ‘ cc[ccgm E‘(}Gg‘?@sﬂﬁ
121 Agﬂ'J‘GGC‘TC‘ ‘CQC‘I‘TI\TOI"GGCGGI GA']'TA‘I'J’(‘ I'I‘GHCG‘T(."I‘C‘TGGMM‘ETGG:AT‘EG
81 TCATAATCATT! C, CAAGGAGAP A‘GPCACCAACATTCTCI CTGAAC
1 }\ICAIAA Chi CI‘GIM s GAGN\ T Y T WTCCTOAR
241 CTC'PCC’I'PL‘I‘L‘AGI\CFI‘GC‘TCGTPGC‘G(H‘CATGTCTCTCCC‘GWAC’I‘ITTGTATATACA
. 8 F 8 D L L VAV M SLBPFTHFKVYT
CCGACGACT CCAAACTGAATCCCTT TGTACACTGT
301 CEGAECG%CCQET2603CTECGG EahT A;GTC K LN P F ¥V QR C
361 Gl‘f.'l‘ CCA ImgAGI‘AWCATﬁ'IfPC GCTG c‘I'I‘C‘I‘CI\TCGC’l GPGGI“CGOCATCQOCTA
421 ATCARAACECMGMGGTGGAGACCMACM‘M GAEA'NC“I‘TACATAGCCA‘PI‘ACPG‘I‘C
171 N P R G WK R R 1 T
481 I\A ’TOGG'PCC’ITQCAGICGCTTC‘!TC“CI‘GECC’M‘N‘PGATCTATTAMT KTG}\CCGAE
WV L oAV L p F Q
541 GQGC‘PCWGCQN\NKT%‘GWGCWCGFP.MWCMGT&TGTWCNTOACAQA
601 TICCCATCTEACTOTCACACGC TUTE TTAC ACCACTCTCCTCCTGUTGCTGCAGTATTTE
F PSS D3 HRL B Y TTLL Yy L @ ¥ F
661 chcgaczcmm?mmmy{'mcﬂqcmut aagaaaaceatiggeeee.. .,
., .=0.08 Kb-..caccect rc‘cttecttcntaal\GﬁTATACNﬂ'Cf}cﬂhmk mﬂ gﬁ
721 Aﬁﬂ\{\CA‘Pm‘rl“‘W\ CMGATCCGWJBCAWMWQWAENAGACWGMN
101 AACATCATECTGITCTECATTC TUGTCOOCTTOGLCOT CIGC TCUC PGCCCCTTACTATC
N A M L LS T VY AT AV CSW L P LTI
841 TTCN‘ \CAC‘X‘GTGK'PCGI\CTGGI\Q?CACCAGA’{CF x’%'l‘G(?CAgC‘I‘GCAACCﬁCN\TCTGCTO
501 ’l’t; TTCT 'Gl." TCTS I"CF\CC‘LI‘CA%LthATGNI‘CTgCN,[C‘ YGCGVI‘CMECL‘CATL'('I‘TTATGEA
961 ﬁgmmmcemmmmcgmmmmws%cwm
o021 TCT:GAW\CG%MCTAC GE.QI\‘IC\EA‘;‘AG?ATGI‘CM%CATG CA‘I‘M.‘Q:ATGI‘G SCQAAGP
d
1081 nglGTL'FL‘PGN\GCAGGL‘PAGCCCAGTCGCAT'I‘TAAAMM‘{CAG‘MTCNP\ITG%EMNTGQA
1141 MKAGPCMQE!QEE cagagcatatggteccaggecatatctglggaadaacaagraca

geetfecgeatget et ttadctataot ¢k gygguaacggaat gagycgeger tggaaa
geocaggacatetgtgtt aaat tegactgettttgatggttgecctigattacttagaaat
ctagattacttigtaatctarctetggoaacagtittgactagatgtectgtgigtgtgt
gratgtgtgtetgtgtygtgtatatatatargtatgtgtgratgtgtglgeg. ooy

Fig. 2. Nucleotide sequence of the mouse NPY-1 receptor genc an.
deduced amino acid sequence (GENBANK accession numbers: (1.)
NPY mouse ¢cDNA (coding region), Z18280, (2.) NPY-1 mouse gene
exon 1, 218281; (3.) NPY-1 mouse gene exon 2, Z18282; (4.) NPY-1
mouse gene exon 3, Z18283). Amino acids that are different in the rat
receplor are underiined, Polenilal siles for initiation of transcription
are indicated by solid squares below the sequence and the 5 end of
the rat ¢DNA clone is indicated by an open circle. AP-] sites are
underlined, the CRE site is double underlined and the potential steroid
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Fig. 3. Primer extension analysis. An antisense oligonucleotide corre-
sponding to nucleotides —57 10 -73 was hybridized with 20 ug of
transfer RNA (A), or of total RNA at 35°C (B) and 30°C (C), then
extended with M-MLYV reverse transcriptase. A dideoxy sequencing
ladder from the human genomic clone primed at bp —149 and extend-
ing & is shown in the lanes under (D). The positions of the most
prominent sites of initiation of transcription are indicated al the side.

Previous results obtained by Northern blot analysis
and in situ hybridization suggest that the NPY-1 recep-
tor mRINA is specifically expressed in brain and prom-
inently localized in specific nuclei of the rat forebrain
[7]. We now report that the NPY-] receptor putative
promoter region drives the expression of the lucZ re-
porter gene only in neurons but not in glial celis, sug-
gesting that the expression of this gene in brain might
be neuron specific.

G

receptor binding hexamers are highlighlcd by shadow characters.

Conisensus sequences for the transcription factors NF-, B and Spl are

indicated by a stippled box and a clear box, respecuvely The arrow

indicates the reverse sequence of the primer used for primer ¢xtension
experiments.
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Fig. 4. Expression of NPY-1/lacZ in cultured cells. The mouse NPY-1 promoter region drives the expression of lucZ in NG108-15 cells (A) and
in primary cultures of cortical neurons at the 10th day in vitro (B), but not in 293 cells (C), Transfection of 293 cells with the pCHI110 plasmid
vector, containing the SV40 promoter//acZ fusion gene, induces a high efficiency expression of lecZ (D).

In conclusion, in the present study we report the mo-
lecular cloning of the murine NPY-1 receptor gene and
the tissue-specific expression of its promoter region.
These data provide new insights for the characterization
of the structure of neuropeptide receptors and to eluci-
date the mechanisms controlling the expression of these
genes in brain.
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