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Placental leucine aminopeptidase (P-LAP) which is
dentical with cystine aminopeptidase as oxytocinase
as found to be a homologue of rat insulin-regulated
embrane aminopeptidase (IRAP) by cDNA cloning.

n this study, we confirmed 5*-end cDNA sequence of
-LAP and isolated genomic clones containing the up-
tream region of human P-LAP gene. The transcrip-
ion initiation sites determined by primer extension
ocated 478 and 480 bp upstream of the initiation me-
hionine codon, 38 bp downstream of TATA box-like
otif. The 5*-flanking region of human P-LAP gene

ontained DNA-binding motifs for several ubiquitous
ranscription factors such as SP1 and AP2. Chromo-
omal localization by fluorescence in situ hybridiza-
ion showed that the gene was assigned to 5q14.2-q15
f the human chromosome. This study establishes the
enetic basis for P-LAP gene research, thereby leading
o better understanding of the molecular mechanism
nderlying the P-LAP gene. © 1999 Academic Press

Human placenta and maternal serum contain sev-
ral aminopeptidases which regulate the concentra-
ions and activity of peptide hormones such as oxyto-
ine and angiotensine (1, 2). We have purified placental
eucine aminopeptidase (P-LAP) from retroplacental
erum and found that P-LAP is identical with cystine
minopeptidase (CAP) which is regarded as oxytoci-
ase (EC 3.4.11.3) (3). The determination of the partial
mino acids sequence of this purified protein enabled
s to isolate human P-LAP cDNA clone from human

1 To whom correspondence should be addressed. Fax: 181-52-744-
268. E-mail: snomura@tsuru.med.nagoya-u.ac.jp.
Sequence data from this article have been deposited with EMBL/
enbank Data Libraries under Accession No. AF145455.
269
omparison, human P-LAP shares 85% identity with
at insulin-regulated membrane aminopeptidase (IRAP)
5) which is present in glucose transporter isotype
LUT4 vesicles of rat adipocytes (6–8). This sequence

onservation indicates that IRAP is a rat homologue
f human P-LAP. Human P-LAP cDNA cloning was
erformed later by Laustsen also (9), but the 59-cDNA
nd of P-LAP/IRAP has not been clearly determined up
o now.

P-LAP tissue distribution was extensively investi-
ated by immunohistochemistry (10) and Northern
lot analysis (4, 9), which demonstrated the wide-
pread tissue distribution besides placenta. P-LAP
RNA is expressed in placenta, brain, heart and skel-

tal muscle, while little or no mRNA of P-LAP can be
etected in lung, liver and kidney. Gene expression in
issue specific manner is generally regulated at tran-
cription levels. To give an example, aminopeptidase N
ene expression is regulated highly in the small intes-
ine, moderately in the liver and low in the spleen by
pstream promoter region and tissue specific nuclear
roteins (11, 12). Although it is quite important to
lucidate the molecular mechanism underlying this
issue specific expression of P-LAP, molecular charac-
erization of the P-LAP gene from any species has not
een reported so far.
In maternal serum P-LAP activity is increased with

estational age just before onset of labor (13), which
uggests that P-LAP may play an important role in
uppressing labor pain through hydrolyzing oxytocin.
oncerning the factors involved in the regulation of
-LAP levels during pregnancy, we have reported that
everal hormones such as estrogen and cortisol induced
-LAP activity in the organ culture of placenta (14).
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.
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ince these hormones affect gene expression through
heir response element on the genome (15–18), analyz-
ng the promoter or enhancer region of P-LAP is essen-
ial to study the hormone regulation.

These observations prompted us to investigate and
nalyze the P-LAP gene, which is helpful in under-
tanding the physiological and pathophysiological
oles of P-LAP in human. We report here the confirma-
ion of cDNA sequence of P-LAP, the isolation of the
romoter region of the human P-LAP gene and also
hromosomal assignment of the gene using fluores-
ence in situ hybridization technique.

ATERIALS AND METHODS

Rapid amplification of 59-cDNA ends (59-RACE). The 59-end of
he cDNA was obtained by 59-RACE technique with modification as
reviously described (19). Briefly, poly(A)1 RNA purified from hu-
an placenta was used as a template to synthesize the first cDNA

trand, and the second cDNA complementary to the poly-d(T)1 se-
uence and flanked on its 59-end by an EcoRI site (59-
CAACAGAATTC(A)18-39). The sequence between the anchor oligo-
er and the human P-LAP specific oligomer complementary to res-

dues 210 to 119 in the cDNA sequence was synthesized by PCR
ith a GeneAmp PCR system 2400 (Perkin Elmer). Nucleotide se-

FIG. 1. Nucleotide sequence of the 59-region of human P-LAP cDN
austsen (Acc. No. u62768) shows a complete similarity up to 261. T

ndicated in bold face. The translation start site is indicated by an a
n-2 used in PCR in Fig. 2, jh-1 and sn-2 used in primer extension a
270
uences were determined by the cycle sequencing method using
igDye terminators (ABI-Perkin Elmer).

PCR amplification. Reverse transcribed cDNA and genomic DNA
rom human placenta were prepared as described in our previous
tudy (20, 21) and used for PCR. PCR was performed using sense
sn-1, 2471 to 2441) and antisense (sn-2, 210 to 119) oligomers
hown in Fig. 1 under the thermal cycle profile consisting of 94°C for
5 s, 68°C for 30 s for 30 cycles.

Screening of human genomic library. The P-LAP cDNA sequence
2471 to 1147) in Fig. 1 was labeled by random priming and used as
probe to screen three haploid genome equivalents (106 plaques) of
human genomic library (CLONTECH) as previously described (22).

Primer extension analysis. The primer extension was performed
s previously (19) using the synthetic oligonucleotides jh-1 and sn-2
omplementary to the sequence from 2419 to 2392 and 210 to 119,
espectively in the P-LAP cDNA shown in Fig. 1. These primers were
abeled with 32P-ATP and hybridized to 50 mg of total RNA from
uman placenta and choriocarcinoma cell line NaUCC-4 (20) in 30 ml
f 0.4 M NaCl, 10 mM Pipes (pH 6.5), 1 mM EDTA and 80% form-
mide at 42°C overnight. After phenol/chloroform extraction and
thanol precipitation, the oligonucleotides were extended and the
xtended fragments were analyzed on 6% polyacrylamide denatur-
ting gel.

Fluorescence in situ hybridization (FISH). We used a genomic
osmid clone as a probe for chromosomal assignment. Direct
-banding FISH based on FISH combined with replicated prometa-
hase R-bands was applied (23, 24). To suppress repetitive se-

(upper line). Alignment of this sequence to the cDNA determined by
additional nucleotide sequence obtained by 59-RACE experiments is
isk and numbered as 11. The sequences of the oligomers, sn-1 and
lysis in Fig. 4, are underlined.
A
he
ster
na
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uences contained in this clone, we used 20-fold excess of human
ot1 DNA (Gibco BRL) according to the method of Lichter et al. (25).
abeling, hybridization, rinsing and detection were carried out in a
outine manner. Provia 400 (Fuji, ISO 400) was used for the micro-
hotography (filter:Nikon B-2A).

ESULTS

Previously, human P-LAP cDNA cloning was per-
ormed by us (Acc. No. D50810) (4) and Laustsen et al.
Acc. No. u62768) (9). Alignment of our sequence to that
f Laustsen’s revealed a 100% similarity up to 261
alculated from the initiation methionin codon. On the
ther hand, our isolated cDNA clone extended further
pstream to 2471, although the other one ended at
61 (Fig. 1). For determining the complete 59-sequence

f P-LAP, we performed 59-RACE experiments. To ex-
lude the misincorporation and incomplete elongation
uring PCR, several clones were sequenced and ana-
yzed. The 59-RACE products extended to 470–476 bp
pstream of the initiation methionin codon, which was
ompatible with the result of our cDNA cloning and
uggested our clone carried nearly full length of 59-
equence. The 59-end of the longest 59-RACE products
ocated 5 bp upstream from that determined by cDNA
ibrary screening (Fig. 1).

We also performed PCR amplification to verify the
resence of the sequence from 2471 to 262 in human
lacental mRNA and human genomic DNA (Fig. 2).
oth PCR experiments using reverse transcribed DNA

rom placenta and genomic DNA as a template yielded
he same product with expected size, which confirmed
he presence of the sequence in the exon region of
uman genome and suggested no introns in the se-
uence.
Using the fragment of the 59-portion of P-LAP cDNA

2471 to 1147) as a probe, we isolated three indepen-
ent clones from a human placental genomic DNA
ibrary. Compared with the sequence of P-LAP cDNA,

FIG. 2. PCR products from human genomic DNA (lane 1) and
everse transcribed placental RNA (lane 2). The primers using for
CR are shown in Fig. 1. M, 1 kb DNA ladder as molecular size
arker.
271
hile the remainder was separate from those and car-
ied an upstream sequence of cDNA and exon 1. Figure
shows the nucleotide sequence of P-LAP gene (Acc.
o. AF145455). Since we were unable to obtain some
art of the first intron by genomic library screening, we
ried to isolate the missing fragment by PCR, which
esulted in failure probably because the size of the
ragment was too large to be amplified by PCR (data
ot shown). Sequence analysis of the full length of the
loned phage DNA indicated the size of the first intron
as at least 15 kb. The splice donor and acceptor

equence of the first intron was gtgag and tttag, respec-
ively. The splice donor sequence of the second intron
as gtagg.
In order to determine the transcription initiation

ites, we performed primer extension analysis using
wo different primers jh-1 and sn-2 with the total RNA
xtracted from human placenta and NaUCC-4 cells
Fig. 4). Primer jh-1 with either of RNA indicated the
wo nucleotide residues at 2478 and 2480 calculated
rom the adenosine of the initiation codon, which were
and 4 bp upstream from the 59-cDNA end obtained by
9-RACE. We concluded that the g at 2480 is the main
ranscription initiation site for the human P-LAP gene.
he numbering of the nucleotide residues in Fig. 3 has
een determined starting from the transcription initi-
tion site g numbered as 11. No specific signals were
btained with tRNA (Fig. 4, lane tRNA). Primer sn-2
ielded no significant signals (data not shown), which
hould be due to the long distance between the primer
nd the transcription start sites.
As shown in Fig. 3, upstream region from the exon 1

ontained a GC rich sequence (about 63%), a TATA
ox-like motif (26) (ATTTAATT; 238 to 231), four GC
oxes of GGGCGG or CCGCCC (27) (2789 to 2794,
406 to 2401, 2328 to 2323, 2302 to 2297) and an
P-2 binding site (CCCAGGGC) (28) at position 2357

o 2350. We could not find the estrogen responsive
lement (ERE) consensus sequence (15) in this region,
hile there were one 59 half palindrome-like motif

AGGTCC; 2334 to 2329) and two 39 half palindrome-
ike motif (CGACCT; 2164 to 2159, TGACTT; 217 to
12).
The human chromosomal localization of P-LAP gene
as determined by FISH. A total of 50 metaphase cells
ere examined. Of these, 21 cells exhibited twin-spot

ignals on both homologs, 26 had incomplete signals on
ither or both homologs, and no specific signals were
etected in 6 cells. By high-resolution banding analy-
is, the specific signals were localized to q14.2-q15 re-
ion of chromosome 5. No signals were observed on the
ther chromosomes. This accumulation of the signals
ndicated that human P-LAP is located on chromo-
omes 5q14.2-q15 (Fig. 5).
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ISCUSSION

The rat homologue of human P-LAP is generally
eferred as IRAP, which was found at first as a major
omponent of GLUT4-containing vesicles. The protein
ossesses aminopeptidase activity and redistributes to
lasma membrane in response to insulin (6–8). Keller
solated the cDNA clone of rat IRAP (5) almost the
ame time as we did that of human P-LAP (4). Align-
ent of P-LAP cDNA (Acc. No. D50810) from 271 to
3126 with IRAP (Acc. No. U76997) demonstrated

hat they are 85.4% identical at the nucleotide level.
he sequence conservation exhibited they were homol-
gous in different spieces, which was supported by the
imilar tissue distribution of the mRNAs (4, 5). In
ontrast with human P-LAP, however, 59-end of rat
RAP cDNA locates 71 bp upstream from the ATG
odon. The longer 59-untranslated region of human
-LAP cDNA was verified by 59-RACE experiment,
CR amplification and primer extension in this study.

FIG. 3. Nucleotide sequence of the gene around the human P-LAP
etters and 59-flanking region and intron sequences are shown in l
etermined by primer extension (nucleotide numbered 11 in the sequ
dentification.
272
hese results suggested that the 59-end of rat IRAP is
istinct due to the difference of the species or may be
ncomplete.

Then we isolated the upstream genomic DNA of the
uman P-LAP gene using 618 bp 59-end fragment as
he probe. Three positive clones were identified and
nalyzed by DNA sequence. A partial genomic map
as constructed based on these three clones in sum

hat contained exon 1 and exon 2. We were unable to
etermine precisely the size of the first intron which
hould be too large to be contained in the single phage
average insert size, 16 kb). Within a sequence exam-
ned, splicing donor and acceptor consensus sequences
ere located at the putative exon/intron borders (26).
he exon 1 was composed of large untranslated region
nd 19 bp translated region. The exon 2 spanned 844
p translated region which included the transmem-
rane domain and the N-terminal sequence of soluble
-LAP in maternal serum (3). Concerning soluble

anscription initiation sites. Exon sequences are shown in upper-case
er case letters. The arrow maps major transcriptational start site
ce). Putative response elements are underlined with their respective
tr
ow
en
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-LAP, little is known how it is produced, but genomic
nalysis in the current study gave a clue to resolve the
uestion. In case of vascular endothelial growth factor
VEGF), soluble, intermediate and membrane-bound
orms of VEGF are regulated by alternative splicing
29). Contrary to this, absence of the splicing site
round the N-terminus of soluble P-LAP and trans-
embrane domain suggested that P-LAP in the serum
ust be produced not at transcription levels, but at

ost-translation levels as the cleavage by secretases.
The 59-flanking region of the human P-LAP gene

ontained a TATA box-like motif and several cis-acting
egulatory elements. In the placental organ culture
-LAP activity is up-regulated by estrogen (14). Within
he upstream region of human P-LAP gene examined,
e found three half palindromic ERE-like motif. The
romoter region of cathepsin D gene which is induced

FIG. 4. Primer extension analysis to identify the transcription
nitiation sites. Total RNA from human placenta and choriocarci-
oma cell line NaUCC-4, and tRNA control were hybridized with an
nd-labeled primer jh-1 and extended with reverse transcriptase.
he extended products were analyzed on 7% urea/6% polyacrylamide
el. Sizes of products were determined by comparison with phaiX174
inf I marker (M).
273
mperfect ERE, SP1-ERE halfsite (30, 31). The se-
uence 59-GCGGGGCACTGACTT-39 (226 to 212) lo-
ated just near the transcription initiation site in
-LAP gene is quite similar to the SP1-ERE halfsite
equence. Further studies such as measuring promoter
ctivity and gel shift assay are on the way to evaluate
he estrogen effects on P-LAP gene expression.

We demonstrated by FISH that the P-LAP gene is
apped on human chromosome 5q14.2-q15. To our

nowledge, this area is not associated with known
enetic disorders.
In conclusion, we succeeded in the isolation and

haracterization of the 59-region of human P-LAP gene.
e also determined the chromosomal assignment by

ISH. This study helps to establish the genetic basis of
-LAP gene research in humans, leading to better un-
erstanding of the physiological role of P-LAP in reg-
lating labor pain and probably glucose transport.

FIG. 5. R-banding metaphases after in situ hybridization with
iotinylated human P-LAP gene. An arrow indicates signals on
q14.2-q15.
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