
Cloning and Expression of a cDNA Encoding a Prolactin
Receptor of the Japanese Red-Bellied Newt, Cynops
pyrrhogaster

Authors: Yamamoto, Takashi, Nakayama, Yuki, Matsuda, Yoshiko, and
Abé, Shin-Ichi

Source: Zoological Science, 15(5) : 741-747

Published By: Zoological Society of Japan

URL: https://doi.org/10.2108/zsj.15.741

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Zoological-Science on 23 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



ZOOLOGICAL SCIENCE 15: 741–747 (1998) © 1998 Zoological Society of Japan

* Corresponding author: Tel. +81-96-342-3430;
FAX. +81-96-342-3431.

Cloning and Expression of a cDNA Encoding a Prolactin
Receptor of the Japanese Red-Bellied Newt,

Cynops pyrrhogaster

Takashi Yamamoto1*, Yuki Nakayama2, Yoshiko Matsuda1

and Shin-Ichi Abé2

1Department of Biological Science, Faculty of Science, Kumamoto University,
Kumamoto 860-8555, Japan

2Department of Materials and Life Science, Graduate School of Science and Technology,
Kumamoto University, Kumamoto 860-8555, Japan

ABSTRACT—Primary structure of a newt prolactin receptor (nPRL-R) was deduced from a cDNA clone
isolated from a kidney cDNA library as well as from a polymerase chain reaction (PCR) product. The pre-
dicted nPRL-R protein was composed of 626 amino acids (aa), and contained a signal sequence and a
transmembrane region. The extracellular domain had two pairs of cysteine residues and a WSXWS motif.
The cytoplasmic domain comprised 368 residues and contained both box 1 and box 2 sequences which are
considered to be required for the signal transduction of the cytokine/growth hormone (GH)/PRL-R family in
mammals. The nPRL-R shares 50-52% protein sequence identity with mammalian PRL-Rs. When nPRL-R
was expressed in COS-7 cells, specific binding of [125I] rat prolactin (PRL) was observed. Northern blot
analysis revealed the existence of a single transcript, more than 10 kb in length, which was expressed in the
kidney and brain. Reverse transcription-polymerase chain reaction (RT-PCR) analysis revealed the expres-
sion of PRL-R mRNA in the testis, ovary, liver and bladder of the newt. This is, as far as we know, the first
report of cloning on amphibian PRL-R.

INTRODUCTION

Prolactin (PRL) is a pituitary polypeptide hormone that
has diverse functions in vertebrates (Nicoll and Bern, 1972).
In amphibians, PRL is involved in development (Kikuyama et
al., 1980), metamorphosis (Kikuyama et al., 1993), osmoregu-
lation (Nicoll, 1982) and reproduction (Mazzi et al., 1967).
Amphibian PRLs have been purified and characterized in the
bull frog (Yasuda et al., 1991), the Japanese toad (Yamamoto
et al., 1986), Xenopus (Yamashita et al., 1993) and the newt
(Matsuda et al., 1990).

The physiological effects of PRL are mediated by the
specific cell surface receptor. Prolactin receptor (PRL-R)
cDNAs have been cloned in several mammalians (Boutin et
al., 1988, 1989; Davis and Linzer, 1989; Edery et al., 1989;
Shirota et al., 1990), avians (Tanaka et al., 1992; Chen and
Horseman, 1994; Zhou et al., 1996) and fish (Sandra et al.,
1995). The PRL-Rs belong to the cytokine/ growth hormone
(GH)/PRL receptor superfamily and have common structural
features such as two pairs of cysteine residues (Bazan, 1989),
a WSXWS motif (Baumgartner et al., 1994) in the extracellu-
lar domain and a proline-rich sequence, box 1 (Murakami et

al., 1991), in the cytoplasmic domain. Binding analysis using
ovine PRL as a ligand showed that kidney and bladder are
major target organs of PRL in amphibians (White, 1981; Tarpey
and Nicoll, 1987). However, no PRL-R cDNA has been cloned
in amphibians. Thus, the molecular mechanism of PRL action
in amphibians is still unclarified.

In this study, as a first step to investigate the function of
PRL in amphibian tissues, we isolated a cDNA for newt PRL-
R (nPRL-R) and demonstrated that nPRL-R expressed in
COS-7 cells bound specifically to [125I] rat PRL. Moreover, we
examined the tissue distribution of the mRNA by Northern blot
and reverse transcription-polymerase chain reaction (RT-PCR)
analysis.

MATERIALS AND METHODS

Animals and reagents
Adult newts (Cynops pyrrhogaster) collected during winter and

early spring, were purchased from Hamamatsu Seibutsu Kyozai Ltd,
Hamamatsu, Japan. All chemicals were obtained from Nacalai Tesque,
Inc., Kyoto, Japan, unless otherwise stated.

Degenerate polymerase chain reaction
Degenerate primer 1 (5'-ATGGATCCTTYWSNTGYTGGTG-3')

containing BamHI site at the 5' end and primer 2 (5'-ATGAATTC-
GNRTYTCCCAYTC-3') containing EcoRI at the 5' end were synthe-
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sized corresponding to peptide sequences (FT/SCWW and EWET/I)
conserved among mammalian PRL-Rs. Total RNA was prepared from
newt kidney by acid guanidinium thiocyanate-phenol-chloroform
method (Chomczynski and Sacchi, 1987). Poly(A)+-RNA was frac-
tionated from the total RNA by chromatography on oligo(dT)-cellu-
lose (type 7, Pharmacia Biotech, Piscataway, NJ, USA). Double-strand
cDNA was synthesized from newt kidney poly(A)+-RNA by oligo(dT)
priming with a cDNA synthesis kit (Amersham, Arlington Heights, IL,
USA) and amplified with Taq DNA polymerase (Takara Shuzo Co.
Ltd, Kyoto, Japan) by 40 cycles of PCR, using primer 1 and primer 2.
PCR cycle consisted of 30 sec of denaturing at 94∞C, 30 sec of an-
nealing at 55∞C, and 3 min of extension at 72∞C. PCR product was
analyzed on 2% agarose gel. The PCR product was then extracted
from the agarose gel, treated with both BamHI and EcoRI, and then
subcloned into pBluescript II SK (–) (Stratagene, La Jolla, CA, USA).

cDNA cloning
Double-strand cDNA was synthesized from newt kidney poly(A)+-

RNA by using oligo(dT) and random hexanucleotide priming with a
cDNA synthesis kit (Amersham) as described above and cloned into
lgt11 vector using lgt11 cDNA cloning kit (Amersham). A nPRL-R
cDNA was obtained by screening the lgt11 cDNA library with a 420
bp fragment of nPRL-R cDNA labeled with [a-32P]dCTP by the
Megaprime DNA labeling system (Amersham). The insert cDNA was
cleaved from the lgt11 and subcloned into EcoRI site of pBluescript
II SK(–).

DNA sequencing
Cloned DNA was sequenced by ABI PRISM dye primer cycle

sequencing ready reaction kit (Perkin Elmer, Norwalk, CT, USA) us-
ing DNA sequencer (model 373S, Applied Biosystems, Foster, CA,
USA). All sequence data were obtained for both strands.

Amplification of 3' region of nPRL-R cDNA
3' RACE (rapid amplification of cDNA ends) method was per-

formed according to the procedure of Frohman et al.(1988). First strand
cDNA was synthesized from poly(A)+-RNA from kidney by using
oligo(dT)-adaptor primer (5'-CTACGAATTCGATCGGATCCTTTTT-
TTTTTTTTTT-3') with a cDNA synthesis kit (Amersham). The cDNA
was amplified by 20 cycles of PCR with Pfu DNA polymerase
(Stratagene) using nPRL-R specific-primers 3 (5'-GACTGTGCAG-
ATCTTCTGGT-3') and adaptor primer (5'-CTACGAATTCGATC-
GGATCC-3'). A PCR cycle consisted of 1 min of denaturing at 94∞C,
1 min of annealing at 55∞C, and 3 min of extension at 72∞C. Second
round of amplification was then performed under the same condi-
tions described above using a second nested nPRL-R-specific primer
4 (5'-CTCGAGGTAGATGACAGTA-3') and adaptor primer. PCR prod-
ucts were subcloned into pT7blue T-vector (Novagen, Madison, WI,
USA). Three independent clones were sequenced to determine
whether PCR-induced errors had occurred in the cDNA sequences.

Expression of nPRL-R cDNA and binding experiments
A nPRL-R cDNA containing the entire coding region was ampli-

fied from newt kidney cDNA using primer 5 (5'-TCTAGAATGCG-
GCAAACCTGAAATA-3') containing XbaI cleavage site and primer 6
(5'-GAGCTCGTGGCTTTACCCGAACAAGTA-3') containing SacI
cleavage site. Forty cycles of PCR amplification was performed with
Pfu DNA polymerase and the cycle consisted of 30 sec of denaturing
at 94∞C, 30 sec of annealing at 55∞C, and 5 min of extension at 72∞C.
The 1.9 kb amplified cDNA was subcloned into pT7blue T-vector.
Authenticity of this cDNA was confirmed by sequencing three inde-
pendent clones. The 1.9 kb cDNA was cleaved with Sac I and Xba I,
and was inserted into the pSVL expression vector (Pharmacia Biotech,
Piscataway, NJ, USA). The resultant recombinant, pnPRL-R, was
purified by an alkaline method, followed by CsCl ultracentrifugation to
obtain a supercoiled circular recombinant (Maniatis et al., 1989).
pnPRL-R or pSVL vector was transfected into COS-7 cells by the

DEAE-dextran method as described by Ausubel et al. (1987). Cells
(5 ¥ 105) were plated on a 10-cm culture dish and transfected with 10
mg of each plasmid. Three days after transfection, cell membranes
were prepared according to Boutin et al. (1988). Cells were scraped
with 25 mM Tris-HCl (pH7.5) containing 10 mM MgCl2, and lysed by 2
freeze-thaw cycles. Membranes were collected by centrifugation for
5 min and the pellet was resuspended in 25 mM Tris-HCl (pH7.5)
containing 10 mM MgCl2 and 1 mM PMSF. Binding experiment was
performed according to Sandra et al. (1995). One hundred micro-
gram of the membrane preparation in 25 mM Tris-HCl (pH 7.5) con-
taining 10 mM MgCl2 and 0.1% BSA was incubated for 12 hr at 20∞C
in the presence of 30,000 cpm of [125I] rat PRL (NEN, Boston, MA,
USA) and various concentrations of unlabeled rat PRL (Biogenesis,
Poole, England), ovine PRL (Sigma Chemical Co.), rat GH (Biogen-
esis, Poole, England) or ovine GH (Biogenesis, Poole, England). The
reactions were stopped by the addition of 2 ml of ice-cold 25 mM Tris-
HCl (pH 7.5) containing 10 mM MgCl2. Bound hormone was sepa-
rated from unbound hormone by centrifugation at 10,000 ¥ g for 10
min. The radioactivity of the pellets were counted using an automatic
gamma counter.

Northern blot analysis
Poly(A)+-RNA was prepared from various tissues of adult newts

as described above. Northern blot analysis was done as described
previously (Yamamoto et al., 1996). Five microgram of poly(A)+-RNA
was electrophoresed in a 1% formaldehyde agarose gel and blotted
to a nylon-membrane, Hybond(N)+ (Amersham). Membranes were
prehybridized at 42∞C for 2 hr in the hybridization buffer [5 ¥ standard
saline phosphate ethylenediaminetetra-acetate (SSPE), 50%
formamide, 0.5% sodium dodecyl sulfate (SDS), 5 ¥ Denhart’s and
20 mg/ml salmon sperm DNA]. The 1.1 kb of nPRL-R cDNA isolated
from cDNA library was labeled with [a-32P]dCTP by the Megaprime
DNA labeling system (Amersham), added to the hybridization buffer
and hybridized at 42∞C for 16 hr. After hybridization, membranes were
washed successively in 2 ¥ SSPE containing 0.1% SDS at 65∞C for
30 min, 1 ¥ SSPE containing 0.1% SDS at 65∞C for 30 min and 0.1 ¥
SSPE containing 0.1% SDS at 65∞C for 30 min.

Reverse transcription-polymerase chain reaction (RT-PCR) and
Southern blot analysis

Two microgram of total RNA from various tissues which had been
treated with DNase I (Gibco-BRL, Tokyo, Japan) was reverse-tran-
scribed using a random hexanucleotide primer with a cDNA synthe-
sis kit (Amersham). The cDNAs were amplified by 40 cycles of PCR
using nPRL-R cDNA-specific primer 7 (5'-CAGAGGGAAAAAAC-
ACTTACTC-3') and 8 (5'-GATGTGGAGGCTCATAGATTA-3'). A PCR
cycle consisted of 30 sec of denaturing at 94∞C, 30 sec of annealing
at 55∞C, and 2 min of extension at 72∞C. The amplified products were
separated on agarose gel and transferred to Hybond(N)+. The 185
bp of nPRL-R cDNA, which does not contain the regions of primer 6
and 7, was amplified with Pfu DNA polymerase using nPRL-R cDNA-
specific primer 9 (5'-TCCAGACTACAAAACCTCT-3') and primer 10
(5'-AGTCACGTTCAACGGGGGA-3'), and subcloned into pT7blue T-
vector. Authenticity of this cDNA was confirmed by sequencing. The
185 bp of cDNA labeled with [g-32P]ATP by the MEGALABEL (Takara)
was used as hybridization probe. Hybridization was performed as
described in Northern blot analysis. To control for potential contami-
nation of the PCR reactions, reactions were performed with RNA that
had not been reverse-transcribed or with samples lacking RNA in the
reverse transcription. Each of these control reactions yielded nega-
tive results.
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Fig. 1. (A) Schematic representation of the full length nPRL-R, and cDNA library and 3' RACE clones. The boxes indicate sequences of the
coding region. The black and dotted areas are the putative signal peptides and the predicted transmembrane regions, respectively. Untranslated
regions are given as lines. (B) Nucleotide and the deduced amino acid sequence of nPRL-R. The transmembrane region is underlined with a
solid line. Two pairs of cysteine residues in the extracellular domain are circled. Potential N-linked glycosylation sites are underlined with dashed
lines. A WSMWS sequence is surrounded by a stippled box. Box 1 is indicated by an open box and box 2 is double-underlined. A C-terminus
tyrosine residue is surrounded by a slashed box. An asterisk indicates the termination codon. The nucleotide sequences here will appear in the
DDBJ, EMBL and GenBank nucleotide sequence databases with the accession number AB005045.
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RESULTS

cDNA cloning and structure of nPRL-R
A cDNA fragment of 420 bp was amplified from newt kid-

ney cDNA using RT-PCR with degenerate primers, based on
the sequences in the conserved extracellular domain of mam-
malian PRL-Rs. The amplified DNA showed 54% identity with
human PRL-R and was used as a probe to screen a newt
kidney cDNA library. Consequently, one positive clone was
isolated by screening 5 ¥ 105 phage clones. Sequence analy-
sis revealed that this clone contained 1108 bp cDNA insert
which, however, did not cover the entire coding sequence of
nPRL-R cDNA. The missing 3' region of nPRL-R cDNA was
amplified by RACE-PCR method (Fig. 1A).

The nucleotide sequences of nPRL-R cDNA and the de-
duced amino acid (aa) sequences are shown in Fig. 1B. The
cDNA is 2058 bp in length and contains an open reading frame
of 1878 bp. The open reading frame encodes 626-aa resi-
dues; there is a putative 26-aa signal peptide at the N-termi-
nal region and a single transmembrane domain between resi-
dues 235 and 258. Thus, the mature protein is predicted to be
a 600-aa protein with a 208-aa extracellular domain, a 24-aa
transmembrane domain, and a 368-aa cytoplasmic domain.
The predicted molecular mass is 67.1 KDa with an isoelectric
point of 5.41. The extracellular domain of nPRL-R contains a
WSXWS motif and two pairs of cysteine residues which are
conserved in cytokine/GH/PRL receptor family. In addition,
three potential N-glycosylation sites (Asn-62, Asn-107 and
Asn-135) are present in the extracellular domain. The cyto-
plasmic domain of nPRL-R contains both a box 1 and a box 2
sequences, which are conserved in cytokine/GH/PRL recep-
tor family (Murakami et al., 1991). In addition, the C-terminal
region of nPRL-R contains a tyrosine residue which is required
for signal transduction of mammalian PRL-R (Lebrum et al.,
1995). These structural features of extracellular and cytoplas-
mic domains indicate that nPRL-R is similar to the mamma-
lian long form of PRL-Rs.

Comparison of aa sequence
The aa sequence of nPRL-R is compared with those of

various vertebrates (Table 1). The extracellular domain of
nPRL-R shows 52-62% sequence identities with those of
mammalians, chicken and fish PRL receptors. However, the
cytoplasmic domain of nPRL-R shows lower sequence iden-
tity with other PRL receptors although the box 1 and box 2 are
conserved; there is 30-48% identity between nPRL-R and other
PRL-Rs. Therefore, overall identity between nPRL-R and
mammalian or chicken PRL-Rs is 50-52%. This value is the
same level of identity as that between mammalian and chicken
PRL-Rs. On the other hand, overall identity between newt and
fish PRL-R is significantly low (38%), the same level as that
found between mammalian PRL-Rs and fish PRL-R (35-38%).
In addition, overall identity between nPRL-R and other verte-
brate growth hormone receptors (GH-Rs) is less than 25%.

COS-7 cell expression and binding experiment
To express the nPRL-R in COS-7 cells, we cloned by

RT-PCR a 1.9 kb of nPRL-R cDNA containing the entire cod-
ing region of nPRL-R and transfected into COS-7 cells. Mem-
branes were prepared from COS-7 cells transfected with
pnPRL-R (containing the 1.9 kb cDNA) and used for binding
experiments. The various concentrations of unlabeled rat PRL
competed with [125 I] rat PRL bound to the membranes (Fig.
2). In addition, ovine PRL competed with [125 I] rat PRL in the
same range of concentrations as unlabeled rat PRL. A slight
displacement of [125 I] rat PRL was observed with rat GH or
ovine GH. From these results it is indicated that the cloned
cDNA encodes functional nPRL-R. As a negative control, us-
ing the membranes from COS-7 cells transfected with pSVL
(no insert), no specific binding was observed (data not shown).

Expression of PRL-R in newt tissues
Expression of nPRL-R in various tissues was analyzed

by Northern blot analysis. A single mRNA species of more
than 10 kb was identified in the kidney and brain (Fig. 3A). In
the liver, testis and ovary, however, no transcripts were de-

Table 1. Comparison of aa identity of the nPRL-R with PRL-Rs of various
vertebrates

% aa sequence identity of the nPRL-R

Extracellular Cytoplasmic Overall
domain domain identity

Receptor PRL-R GH-R PRL-R GH-R PRL-R GH-R

Human 55 28 48 19 51 22

Rat 60 30 42 21 50 24

Rabbit 62 31 46 22 52 25

Chicken 52/62a 29 43 20 50b 22

Fish 55 — 30 — 38 —

a The first and the second values correspond to the identity with the mem-
brane-distal and -proximal units, respectively.

b Membrane-distal unit was excluded in the comparison.
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DISCUSSION

In this study, we cloned nPRL-R cDNA from newt kidney
and confirmed that the cDNA encodes nPRL-R by binding
experiment. As far as we know, this is the first report on clon-
ing of amphibian PRL-R cDNA.

Comparison of aa sequences shows that nPRL-R has
about 50% identity to mammalian and chicken PRL-Rs, and
38% identity to fish PRL-R. On the other hand, mammalian
PRL-Rs show about 70% identity with each other, about 52%
identity to avian PRL-Rs and 35-38% identity to fish PRL-R.
These relations of identity among vertebrate PRL-Rs are also
found in those of identity among vertebrate PRLs. The mam-
malian PRLs show 60-70% identity with each other, 68% iden-
tity to chicken PRL and about 30% identity to fish PRLs. The
bullfrog (Rana catesbeiana) PRL shows 70% identity to
chicken PRL, 60 and 50% sequence identity to human and
rat PRL, respectively, and about 30% sequence identity to
fish PRLs (Yasuda et al., 1991). These findings may suggest
a coevolution of PRLs and PRL-Rs in vertebrates.

The predicted structure of nPRL-R is similar to that of
mammalian long form of PRL-Rs. The nPRL-R contains a
single unit of extracellular domain and no homologous repeats
as observed in avian PRL-Rs (Tanaka et al., 1992; Chen and
Horseman, 1994; Zhou et al., 1996). In the extracellular do-
main of nPRL-R, conserved are two pairs of cysteine resi-
dues and a WSXWS motif both of which are required for ligand-
receptor interactions in mammalian PRL-Rs (Rozakis-Adcock
and Kelly, 1991; Baumgartner et al., 1994). This suggests that
these motifs play crucial roles in ligand-receptor interaction in
amphibian PRL-Rs as well as in mammalian PRL-Rs. Three
potential N-glycosylation sites of nPRL-R are present in the
same relative position as those of the mammalian PRL-Rs.
Since the N-glycosylation site between the second and the

Fig. 3. Expression of PRL-R mRNA in various newt tissues. (A) Northern blot analysis. Five mg of poly(A)+-RNA was loaded on denaturing
agarose gel, blotted, and hybridized with 1.1 kb of 32P-labeled nPRL-R cDNA. The arrow indicates the position of the nPRL-R mRNA. Same filter
was reprobed with 1 kb of 32P-labeled newt EF1a cDNA (The nucleotide sequence of newt EF1a has been submitted to the DDBJ, EMBL and
GenBank nucleotide sequence databases with the accession number AB005588). (B) RT-PCR analysis. Two mg of total RNA was reverse-
transcribed and amplified by 40 cycles of PCR using primers 5 and 6. The amplified products were loaded on agarose gel and analyzed by
Southern blot analysis. The arrow indicates 234 bp of PCR amplified products.

Fig. 2. Competitive binding of [125I] rat PRL to membranes from COS-
7 cells transfected with the nPRL-R cDNA. Membranes were incu-
bated in the presence of ligand and various concentrations of unla-
beled rat PRL(◯), ovine PRL(□), rat GH(●) or ovine GH(■). The
results are expressed as the percentage of the maximal specific bind-
ing observed in the absence of competitor.

tected. Then, we performed RT-PCR analysis using nPRL-R-
specific primers (Fig. 3B). A strong signal was detected in the
bladder in addition to the kidney and brain. In the testis, ovary
and liver, weak but significant signals were detected.
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third extracellular cysteine residues is absent in fish PRL-R, it
seems that N-glycosylation sites in PRL-Rs are conserved
from amphibians to mammals and some evolutionary changes
occurred between fishes and amphibians. In the cytoplasmic
domain of nPRL-R, box 1 and box 2 sequences, which are
involved in signal transduction of cytokine/GH/PRL receptor
family (Murakami et al., 1991) in mammals, are conserved. In
addition, conserved also is a C-terminal tyrosine residue which
is responsible for activation of lactogenic genes in mammals
(Lebrum et al., 1995a). These structural features in the cyto-
plasmic domain are also observed in avians and fish PRL-Rs.
From these findings it is suggested that vertebrate PRL-Rs
have a common signal transduction pathway mediated by box
1 and box 2 sequences and a C-terminal tyrosine residue.
Recently, Lebrum et al. (1995b) showed that the association
of Jak 2 with box 1 is required for signal transduction of PRL-
R. In amphibians, PCR fragment of a Jak family tyrosine ki-
nase was cloned from newt testis (Takamune et al., unpub-
lished results). It is possible that Jak family kinase is also in-
volved in the signal transduction of amphibian PRL-Rs.

Binding experiments showed specific binding of rat PRL
to COS-7 cell membranes transfected with nPRL-R. In previ-
ous PRL-binding studies for amphibian tissues, ovine prolac-
tin was widely used and served as a ligand for the endog-
enous amphibian PRL-Rs (White, 1981; Tarpey and Nicoll,
1987). Thus, we used ovine PRL as a competitor in our bind-
ing experiments and specific competition was observed. It is
reported that ovine PRL has GH-like activity in amphibians
(Nicoll, 1982) and binds specifically to eel GH-R (Hirano, 1991).
Therefore, the cDNA isolated in the present study could en-
code newt GH-R which binds to mammalian PRL. However,
this possibility is excluded by the result that both rat and ovine
GHs scarcely competed with [125 I] rat PRL bound to the mem-
branes. A slight displacement of [125 I] rat PRL by rat and ovine
GHs may be due to the contamination of PRL in the rat and
ovine GHs. Hence, we concluded that cDNA isolated in the
present study encodes the nPRL-R.

Northern blot analysis revealed a single transcript of more
than 10 kb in the newt kidney and brain. This result is consis-
tent with previous studies that PRL binds strongly to the mi-
crosomal fraction of kidney (White, 1981; Tarpey and Nicoll,
1987) and brain (Lüthy et al., 1985; Muccioli et al., 1990) in
amphibians, suggesting that PRL directly regulates hydro-
mineral balance and its own secretion in the respective or-
gans in the newt. The newt mRNA expression pattern, where
a single transcript encodes a PRL-R, is similar to the pattern
reported in fish (Sandra et al., 1995). In contrast to newt and
fish, several transcripts for PRL-R are expressed in mammals
(Buck et al., 1992). This result suggests that multiple tran-
scripts derived from varied sites of polyadenylation and/or al-
ternative splicing do not exist in the newt and fish PRL-Rs.

RT-PCR analysis showed that nPRL-R was expressed
strongly in the bladder and weakly in liver. The expression in
the bladder agrees with the binding data (White, 1981) and
supports the idea that PRL regulates the hydromineral bal-
ance. Compared to mammals, the level of PRL-R expression

in the liver was lower in the newt. This result is consistent with
the previous studies that PRL binds weakly to the microsomal
fraction of amphibian livers (White, 1981), suggesting that the
liver is not a major target organ of PRL in amphibians and
PRL does not play a major role in the regulation of liver en-
zymes, hepatic water contents or energy substrates in the
amphibian liver. In the reproductive organs of newt, low level
of PRL-R expressions was observed. Mazzi et al. (1967)
showed that PRL induces the degeneration of spermatogo-
nia, suggesting that PRL represses the FSH production in the
hypothalamus. We demonstrated that low temperature caused
elevation of prolactin concentration in the newt blood, which
induced cell death of spermatogonia just before meiosis
(Yazawa et al., submitted). Although the function of PRL in
reproductive organs are still unclear, our results indicate that
PRL acts directly to those organs.

In amphibians, PRL exerts a versatile physiological ac-
tion: It induces larval growth, inhibition of metamorphosis and
regulation of osmorality (Ensor, 1978; Kikuyama et al., 1993).
PRL also plays important roles in reproduction especially in
urodeles (Mazzi and Vellano, 1987; Polzonetti-Magni et al.,
1995). The availability of a nPRL-R cDNA will contribute to a
better understanding of the molecular mechanism of PRL ac-
tions in various tissues of amphibians.

ACKNOWLEDGMENTS

We thank Prof. Marie A. DiBerardino for editing this manuscript.
We also express our gratitude to Prof. Y. Nagahama, National Insti-
tute for Basic Biology, Prof. S. Takahashi, Okayama University, for
their encouragement and helpful discussion. This work was supported
by Grants-in-Aid for scientific research (no. 09480206) and priority
areas (no. 07283104) from the Ministry of Education, Science, Sports
and Culture of Japan and grants from Mitsubishi and Sumitomo Sci-
ence Foundations.

REFERENCES

Ausubel FA, Brent R, Kingston RE, Moore DD, Seidman JG, Smith
JA, Struhl K (1987) Current Protocols in Molecular Biology.
Greene and Wiley-Interscience, New York

Baumgartner JW, Wells CA, Chen CM, Waters MJ (1994) The role of
the WSXWS equivalent motif in growth hormone receptor func-
tion. J Biol Chem 269: 29094–29101

Bazan JF (1989) A novel family of growth factors: A common binding
domain in the growth hormone, prolactin, erythropoietin and IL-6
receptors, and the p75 IL-2 receptor b-chain. Biochem Biophys
Res Commun 164: 788–795

Boutin JM, Jolicoeur C, Okamura H, Gagnon J, Edery M, Shirota M,
Banville D, Dusanter-Fourt I, Djiane J, Kelly PA (1988) Cloning
and expression of the rat prolactin receptor, a member of the
growth hormone/prolactin receptor gene family. Cell 53: 69–77

Boutin JM, Edery M, Shirota M, Jolicoeur C, Lesueur L, Ali S, Gould
D, Djiane J, Kelly PA (1989) Identification of a cDNA encoding a
long form of prolactin receptor in human hepatoma and breast
cancer cells. Mol Endocrinol 3: 1455–1461

Buck K, Vanek M, Groner B, Ball RK (1992) Multiple forms of prolac-
tin receptor messenger ribonucleic acid are specifically expressed
and regulated in murine tissues and the mammary cell line HC11.
Endocrinology 130: 1108–1114

Chen X, Horseman ND (1994) Cloning, expression, and mutational

Downloaded From: https://bioone.org/journals/Zoological-Science on 23 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



Newt Prolactin Receptor 747

analysis of the pigeon prolactin receptor. Endocrinology 135: 269–
276

Chomczynski P, Sacchi N (1987) Single-step method of RNA isola-
tion by acid guanidinium thiocyanate-phenol-chloroform extrac-
tion. Anal Biochem 162: 156–159

Davis JA, Linzer DH (1989) Expression of multiple forms of the pro-
lactin receptor in mouse liver. Mol Endocrinol 3: 674–680

Edery M, Jolicoeur C, Levi-Meyrueis C, Dusanter-Fourt I, Pétridou B,
Boutin JM, Lesueur L, Kelly PA, Djiane J (1989) Identification
and sequence analysis of a second form of prolactin receptor by
molecular cloning of complementary DNA from rabbit mammary
gland. Proc Natl Acad Sci USA 86: 2112–2116

Ensor DM (1978) Prolactin in amphibians. In “Comparative Endocri-
nology of Prolactin” Ed by Chapman and Hall, London, pp 45–72

Frohman MA, Dush MK, Martin GR (1988) Rapid production of full-
length cDNA from rare transcripts : amplification using a single
gene-specific oligonucleotide primer. Proc Natl Acad Sci USA
85: 8998–9002

Hirano T (1991) Hepatic receptors for homologous growth hormone
in the eel. Gen Comp Endocrinol 81: 383–390

Kikuyama S, Yamamoto K, Seki T (1980) Prolactin and its role on
growth, metamorphosis and reproduction in amphibians. Gunma
Symp Endocrinol 17: 3–13

Kikuyama S, Kawamura K, Tanaka S, Yamamoto K (1993) Aspects
of amphibian metamorphosis: hormonal control. Int Rev Cytol
145: 105–148

Lebrum JJ, Ali S, Goffin V, Ullrich A, Kelly PA (1995a) A single
phosphotyrosine residue of the prolactin receptor is responsible
for activation of gene transcription. Proc Natl Acad Sci USA 92:
4031–4035

Lebrum JJ, Ali S, Ullrich A, Kelly PA (1995b) Proline-rich sequence-
mediated Jak2 association to the prolactin receptor is required
but not sufficient for signal transduction. J Biol Chem 270: 10664–
10670

Lüthy IA, Segura ET, Lüthy VI, Charreau EH, Calandra RS (1985)
Prolactin binding sites in the brain and kidneys of the toad, Bufo
arenarum Hensel. J Comp Physiol 155: 611–614

Maniatis T, Fritsch EF, Sambrook J (1989) Molecular Cloning: A Labo-
ratory Manual. 2nd Ed, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor

Matsuda K, Yamamoto K, Kikuyama S (1990) Purification and prop-
erties of newt prolactin. Gen Comp Endocrinol 77: 63–69

Mazzi V, Vellano C, Toscano C (1967) Antigonadal effects of prolac-
tin in adult male crested newt (Triturus cristatus carnifex Laur.).
Gen Comp Endocrinol 8: 320–324

Mazzi V, Vellano C (1987) Prolactin and reproduction. In “Hormones
and Reproduction in Fishes, Amphibian and Reptiles” Ed by DO
Norris and RE Jones, Academic Press, New York/London, pp
87–115

Muccioli G, Guardabassi A, Pattono P (1990) Biochemical study of
prolactin binding sites in Xenopus laevis brain and choroid plexus.
J Exp Zool 253: 311–318

Murakami M, Narazaki M, Hibi M, Yawata H, Yasukawa K, Hamaguchi
M, Taga T, Kishimoto Y (1991) Critical cytoplasmic region of the
interleukin 6 signal transducer gp130 is conserved in the cytokine
receptor family. Proc Natl Acad Sci USA 88: 11349–11353

Nicoll CS (1982) Prolactin and growth hormone: specialists on one
hand and mutual mimics on the other. Perspect Biol Med 25:
369–381

Nicoll CS, Bern HA (1972) On the action of prolactin among the ver-
tebrates: Is there a common denominator? In “Lactogenic Hor-
mones” Ciba Found Symp, Ed by GE Wolstenholm and J Knight,
Churchill Liningstone, London, pp 299–317

Polzonetti-Magni A, Carnevali O, Yamamoto K, Kikuyama S (1995)
Growth hormone and prolactin in amphibian reproduction. Zool
Sci 12: 683–694

Rozakis-Adcock M, Kelly PA (1991) Mutational analysis of the ligand-
binding domain of the prolactin receptor. J Biol Chem 266: 16472–
16477

Sandra O, Sohm F, de Luze A, Prunet P, Edery M, Kelly PA (1995)
Expression cloning of a cDNA encoding a fish prolactin receptor.
Proc Natl Acad Sci USA 92: 6037–6041

Shirota M, Banville D, Ali S, Jolicoeur C, Boutin JM, Edery M, Djiane
J, Kelly PA (1990) Expression of two forms of prolactin receptor
in rat ovary and liver. Mol Endocrinol 4: 1136–1143

Tanaka M, Maeda K, Okubo T, Nakashima K (1992) Double antenna
structure of chicken prolactin receptor deduced from the cDNA
sequence. Biochem Biophys Res Commun 188: 490–496

Tarpey JF, Nicoll CS (1987) Characterization of renal prolactin-bind-
ing sites of two amphibians (Ambystoma tigrinum and Rana
catesbeiana) and a reptile (Pseudemys scripta elegans). J Exp
Zool 241: 317–325

White BA (1981) Occurrence and binding affinity of prolactin recep-
tors in amphibian tissues. Gen Comp Endocrinol 45: 153–161

Yamamoto K, Kobayashi T, Kikuyama S (1986) Purification and char-
acterization of toad prolactin. Gen Comp Endocrinol 63: 104–
109

Yamamoto T, Hikino T, Abé SI (1996) Differential expression of
annexin V during spermatogenesis in the newt Cynops
pyrrhogaster. Dev Genes Evol 206: 64–71

Yamashita K, Matsuda K, Hayashi H, Hanaoka Y, Tanaka S,
Yamamoto K, Kikuyama S (1993) Isolation and characterization
of two forms of Xenopus prolactin. Gen Comp Endocrinol 91:
307–317

Yasuda A, Yamaguchi K, Kobayashi T, Yamamoto K, Kikuyama S,
Kawauchi H (1991) The complete amino acid sequence of pro-
lactin from the bullfrog Rana catesbeiana. Gen Comp Endocrinol
83: 218–226

Zhou JF, Zadworny D, Guemene D, Kuhnlein U (1996) Molecular
cloning, tissue distribution, and expression of the prolactin re-
ceptor during various reproductive states in Meleagris gallopavo.
Biol Reprod 55: 1081–1090

(Received September 22, 1997 / Accepted May 15, 1998)

Downloaded From: https://bioone.org/journals/Zoological-Science on 23 Nov 2024
Terms of Use: https://bioone.org/terms-of-use


