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The murinc gene for the NPY-I receptor subtype for ncuropcptidc Y was characterized by DNA sequencing and expression studies. It comprises 
three exons with a 6,400 bp S-untranslated and a 80 bp internal intronic sequence. The 5’-flanking region of this ~enc lacks TATA or CCAAT 
consensus sequences in the proximity IO the multiple transcription initiation sites. A 1,300 bp gcnomic fratmxnt of the S-flanking region drives 
the expression of the trccZ reporter gene in NGl08-15 cells and primary cultured neurons but not in glial and human embryonic kidney cells. In 

addition, it contains consensus sequc~~ccs for various transcription factors including CAMP- and glucocorticoid-responsive elements. 
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1. INTRODUCTION 2. MATERIALS AND METHODS 

Ncuropeptide Y is an amidated 36 amino acid peptide 
that belongs together with the pancreatic polypeptide 
and peptide YY to a family of structurally related pep- 
tide neurotransmitters [l]. NPY is the most abundant 
and widely distributed neuropeptidc 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-l and Y-2 [4-61. We have recently reported theeDNA 
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-I receptor 
subtype and the functional and tissue-specific expres- 
sion of the isolated promoter region of this gene. 

NPY-I receptor gcnomic clones were isolated from n mouse 
gcnomic library constructed in lambda-fix [9] using a 900.bp cDNA 
probe covering 240 bp of the 5’.untranslated sequence of the rat 
NW-1 receptor cDNA [7] (hybridization at 50% formamide, 5 x SSC, 
42’C). Filters were washed at 65°C (0.5 x SSC) and exposed to Kodak 
XAR-5 films at -80°C. The cloned DNA was digested with Sull nnd 
subcloned in the plasmid vector pBIucscript SK- to be analyzed by 
dual digestion using several restriction cndonucleases. Appropriate 
DNA restriction fragments were then subcloncd into M l3mpl8 and 
mp19 RF-DNA for DNA sequence analysis [IO]. 

For primer extension analysis total RNA (20 ,UE) or polyA’ RNA 
(5 ~(6) from mouse cerebral cortex was hybridized for I6 h at 30°C or 
35°C with 2 x IO5 cpm of a 3zP-cnd-labelled oligonucleotidc corre- 
sponding to nucleotides -57 to -73 in the 5’-flanking retion of the 
gene (Fig. 2). The annealed RNA/primer mixture was recovered by 
ethanol precipitation and extended by rcsuspcndint: the precipitate in 
20 ~1 of reaction mixture containing 50 mM Tris-HCI buffer, pH 7.6, 
GO mM KCI, IO mM M@,, I mM dithiothreitol, 50ydml actinomy- 
tin D, 4 mM diWP, 200 units of MMLV rcvcrse transcriptase 
(GIDCO, BRL). Reactions were incubated at 37°C for 120 min. Sam- 
ples were denatured and analyzed on a 6% polyacrylamide sequencing 
&?I. 

The promoter& vector pp-Gal for I&?! expression was con- 
structed by subcloning the Hi,ldllllB~~~~HJ IurZ fr;l&ment from 
pCH I IO (Phnrmacia LKB Biotcc.) into the polylinkcr of pBlucscript 
SK. A Srr/I-Bgg[lI l’ragmcnt of ths murine NPY-I receptor gene from 
nucleotides -1486 to -210 relative to the initiator ATG was isolated 
by gel elcctrophorcsis. The &:IIl~di~csted end was IWU in with the 
Klcnow fragment of DNA polymcrase 1 (Boehringcr Mannheim) and 
excess of dNTPs. The resulting S&blunt fragment was ligated into 
the Sufl/Clrrl site of pb-Gal, after filling the Clnl site of the phsmid 
to obtain a blunt end. Primary cultures of cortical neurons were 

Prepared from I-day-old ml brain following the dissociation proce- 
dure previously described [I I] and used for transfection cxprimcnts 
after IO days in vitro. Cells were transfected by calcium/phosphate 
PreciPitation [I21 using 4 ~16 of plusmid DNA per dish. Forty-eight 
hours after transfection, cells were lixcd in 1.25% Blutanldchyde and 
incubated overnifit al 37°C with 50 mM Tris-MCI, PH 7.5. 1.25 mM 
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Fig. I. Sm.~cn.~re of the murinc NDY-I receptor gene. Upper part: murine NIV-1 receptor gene. Lowerparr: won assignmenr to the coding region 
of the rat cDNA. Exons are indicated on the gene by solid boxes and numbers. Codons for putative membrane-spanning peptide segments are 
highlighted oa the cDNA by solid boxes and initiation and stop codons are marked by stars. Restriction endonuclcase sites are: B, &lrI; X, X/IOI; 

E, flcoR1; P, WI; H, Ffi!ldIII. 

ferrocyanide, 1.25 mM ferricyanide, I5 mM NaCI, 1 mM M&l2 and 
0.5 mg/ml X-gal (Promcga). 

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 
S-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 nucieotides 
- 167, - 182, -238, -247, -263 and the initiation sites 
are all located close to the end of the S-untranslated 
region of the cDNA (Fig. 1). The presence of multiple 
transcription initiation sites is further confirmed by the 
analysis of the S-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 
close 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 S-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-I receptor gene 
contains two sequences at position -849 and -47’8 re- 
lated to the AP-1 motif, which is known to bind mem- 
bers of the c-fos and c-jun family [14, IS]. 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 1173 and, 
finally, at position -1,287 there is the consensus se- 
quence GGGATTKAC that has been shown to bind 
the transcription factor NF-,B [18]. To determine 
whether the genomic fragment 5’ to the transcription 
iiiitiation sites contains promoter sequences we per- 
formed transfection experiments by using a construct in 
which the S-flanking 1.3 kb fragment of the mouse 
NPY-1 receptor gene was introduced immediately up- 
stream of the reporter gene !a&. In NG108-15 cells, a 
mouse-rat hybrid neuroblastoma glioma cell line that 
expresses the endogenous NPY-1 receptor gene, a sig- 
nificant IacZ expression was driven by the 1.3 kb frag- 
ment, while the promoterless vector p,@Gal was inactive 
(Fig. 4A). The murine NPY-1 receptor promoter did 
not drive the expression of is& in human embryonic 
kidney 293 cells (Fig. 4C), that lack the NPY-1 receptor 
mRNA, while the SV40 promoier 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 b-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 1acZ expression only in neurons and not in 
glial cells, which constitute 46% of the total number of 
cultured cells [l l] whereas the SV40 promoter drove the 
expression of the reporter gene in both neurons and glia 
(data not shown), 
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Fig. 2. Nucleotidn sequence OC the mouse NPY-1 rccrptor gcnc an-: 
deduced amino acid sequence (GENBANK accession numbers: (1.) 
NPY mouse cDNA (coding region), 218280; (2.) NPY-1 mouse gene 
exon 1,218?81; (3.) NPY-1 mouse gene u.ron 2,218282; (4.) NPY-I 
mouse gene coon 3,Zl8283). Amino acids that are different in the rat 
reccplor arc underiincd, Potcntiai sitrs r”or initiation of transciipiion 
are indicated by solid squares below the scqucncc und the 5 end of 
the rat cDNA clone is indicated by an open circle. AP-I sites are 
underlined, the CRE site is double undrrlincd and the potential steroid 

Fig. 3. Primer extension analysis. An antiscnse oligonuclcotidc c~rrc- 
sponding to nuclcotidcs -57 to -73 wa5 hybridiid whh 20 pg of 
transfer RNA (A), or or total RNA at 35’C (B) and 30% (C). then 
cxtendcd with M-MLV reverse tranxriptase. A didcoxy squcncing 
ladder from the human genomic clone primed at bp -149 and cxtend- 
ing 5’ is shown in the lanes under (D). The positions of the most 
prominent sites of initiation of transcription arc indicated at the side. 

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

receptor binding hexamcrs arc highlighted by shadow characters. 
Consensus squcnccs for the t~nscripdon kctors SF-.5 and Spl AW 
indicated by a stippled box and a clear box, rcspxliuely. The arrow 
indicates the rcvcrsc sequence of the primer used for primer extension 

experiments. 
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Fig. 4. Expression of NPY-l/hZ in cultured cells. The mouse NPY-I promoter region drives the expression of IucZ in NGlOB-15 cells (A) and 
in primary cultures of corlical neurons at the 10th day in vitro (B), but not in 293 cells (C). Transfection of 293 cells with the pCHll0 plasmid 

~cctor, containing the SV40 promoter/fucZ fusion gene, induces a high efficiency expression of l&Z (D). 

In conchsion, in the pre!;enr study we report the no- 
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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