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ABSTRACT

Complementary DNA (cDNA) of prolactin (PRL) and vasoactive intestinal polypeptide (VIP) of the Java sparrow were cloned

and sequenced. The proximal region of the PRL promoter was also identified. Java sparrow PRL was found to have 88.3,

88.3, and 89.1% sequence identity at the cDNA level to PRL of chicken, turkey, and duck, respectively. The predicted amino

acid sequence had an overall similarity with a comparable region of chicken (91.4%), turkey (88.9%) and duck (92.0%)

PRL. Based on the cDNA sequence and genomic structure of the chicken PRL gene, the proximal promoter was

characterized. Sequence analysis of the proximal region of Java sparrow PRL promoter revealed a high degree of similarity

to that of chicken, turkey and duck PRL promoters. Moreover, cDNA of prepro-VIP was also cloned and sequenced. Java

sparrow prepro-VIP shows high similarity to chicken and turkey prepro-VIP. However, the region upstream of the 5′
untranslated region of Java sparrow prepro-VIP did not show similarity to that of chicken. These results suggest that the

mechanisms, which regulate expression of the VIP gene, may be different between precocial and altricial birds, but

expression of the PRL gene may be widely conserved in avian species.
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INTRODUCTION

Broody behavior occurs during the breeding season in
many avian species. Broody behavior consists of two
phases: the incubation of eggs and raising of young.
Many studies have indicated the relation between
increase of plasma prolactin (PRL) levels and expres-
sion of broodiness. In general, birds can be classified
into precocial species and altricial species. The words
‘precocial’ and ‘altricial’ describe the degree of devel-
opment in young birds at hatching. In the precocial
species, chicks are hatched with eyes open and
covered with down. These chicks leave the nest within
two days. Chickens, turkeys, ducks and geese are
precocial. Altricial chicks are hatched with their eyes
closed, they are not feathered, they are unable to walk,
and they are unable to feed themselves. Songbirds,
crows, pigeons and raptors are altricial. In altricial
species, the parents feed to young in the nest and
remove fecal sacs containing their eliminations.

In many precocial species, anterior pituitary content
and plasma levels of PRL increase as egg laying pro-
ceeds, reaches and is maintained at maximum levels
during incubation and decreases after hatching of
young (Sharp et al. 1979; Goldsmith & Williams 1980;
Lea et al. 1981; Lea & Sharp 1982; Bluhm et al. 1983;
Hall & Goldsmith 1983; Sharp et al. 1989). Levels of
PRL mRNA in the anterior pituitary gland correlate
with the plasma levels of PRL (Shimada et al. 1991;
Talbot et al. 1991; Wong et al. 1991; Kansaku et al.
1994). On the other hand, plasma PRL levels increase
at late stages of incubation and are maintained at high
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levels until the middle stage of raising of young in
altricial species (Goldsmith et al. 1981; Ramsey et al.
1985; Kikuchi et al. 1999; Lormée et al. 2000).

Vasoactive intestinal polypeptide (VIP), a hypotha-
lamic peptide, is considered to be the main physiologi-
cal releasing factor of PRL in birds. VIP stimulates PRL
release in vitro (Knapp et al. 1988; El Halawani et al.
1990a,b; Kansaku et al. 1995) and in vivo (Opel &
Proudman 1988; Pitts et al. 1994a,b; Maney et al. 1999;
Vleck & Patrick 1999). In addition, both passive- and
active-immunization against VIP have been shown to
induce various physiological responses including dis-
ruption of incubation behavior, suppression of plasma
PRL and pituitary PRL mRNA levels, disruption of crop
sac development, and increased egg production (Sharp
et al. 1989; Lea et al. 1991; Talbot et al. 1991; Youngren
et al. 1994; El Halawani et al. 1995; Kulick et al. 2005).
Moreover, the number of immunoreactive VIP
neurons and content and/or mRNA levels of VIP in the
hypothalamus are highly correlated to changes of
plasma PRL levels in both precocial and altricial birds
(Macnamee et al. 1986; Mauro et al. 1989; Sharp et al.
1989; Cloues et al. 1990; Mauro et al. 1992; Rozenboim
et al. 1993; Chaiseha et al. 1998).

Both the gene encoding PRL and its cDNA had been
cloned in chickens, turkeys and domestic ducks
(Hanks et al. 1989; Watahiki et al. 1989; Karatzas et al.
1990; Wong et al. 1991; Kansaku et al. 2005). In
galliforms, the regulatory region controlling PRL gene
expression is highly conserved (Kurima et al. 1995;
Ohkubo et al. 2000) and a VIP response element (VRE)
is located within the proximal promoter region (Kang
et al. 2004). Interestingly, the proximal region includ-
ing a VRE is also conserved in the galloanserae
(Kansaku et al. 2005). These results may indicate the
conservation of the proximal PRL promoter structure
in precocial and perhaps in altricial species. However,
there is little information concerning the sequence of
PRL cDNA or its structure of regulatory region in the
altricial birds. Moreover, a comparison of the pattern
of VIP mRNA expression in the hypothalamus during
reproductive cycles between precocial and altricial
species has not been well documented. Thus, it is
unknown whether expression of PRL mRNA in altri-
cial species is regulated in a similar manner as in the
precocial species.

In many avian species that breed at middle to high
latitudes, exposure to long day photoperiods stimulate
the hypothalamus-pituitary-gonadal axis, increasing
the secretion of LH. Recently, the regulatory mecha-
nism controlling photoperiodic stimulation of gonadal

activity was identified. Photoperiodic type 2 deiodi-
nase gene expression in the hypothalamus of Japanese
quail regulates activity of the gonad via GnRH neurons
and GnRH secretion (Yoshimura et al. 2003; Yama-
mura et al. 2006). Conversely, some species breed on
the short day photoperiod. For example, reproductive
activity of the Java sparrow is stimulated by a decrease
in day length (Saito et al. 1992). A possible interaction
between GnRH and VIP secreting neurons has been
suggested (Teruyama & Beck 2001). However, to date
a mechanism regulating reciprocal immunoreactivity
and/or mRNA expression between GnRH and VIP has
not been identified. In addition, very little is known
regarding the regulation of VIP and PRL in altricial
and/or short day breeding species.

Accordingly, this study was conducted to clone and
ultimately, to investigate the regulatory mechanisms
controlling gene expression of PRL and VIP in the Java
sparrow (Padda oryzivora).

MATERIALS AND METHODS

Tissue sampling and RNA isolation
The anterior pituitary glands and hypothalamus of 2-year-
old non-laying Java sparrows (n = 5) obtained from the local
breeder were collected after decapitation. These were then
snap frozen by liquid nitrogen and stored at -80°C until total
RNA extraction. The total RNA was extracted using an RNA
isolation reagent (TRIzol; Invitrogen, San Diego, CA, USA)
according to the method described by Chomczynski (1993).
The amount of total RNA was estimated by spectrophotom-
etry (GeneQuant; GE Healthcare UK, Little Chalfont,
England). Handling of Java sparrows and sampling of tissues
were conducted according to the guidelines for animal
experimentation at Azabu University.

PCR cloning of Java sparrow PRL cDNA
Total RNA (1 mg) isolated from the anterior pituitary gland
was denatured at 70°C for 10 min with random hexamer
primers and reverse-transcribed with 200 units of SuperScript
II (Invitrogen) in a 20 mL mixture. Based on the sequences of
chicken, turkey and duck PRL cDNA, primers (PRL-S1:
TTCTGGTAGAGCAAGTCATC, PRL-A1: TGAAAAGTGGC
AAAGCAACA) were designed. The location of the primers
and the sequencing strategy are indicated in Figure 1. The
reverse-transcribed product was subjected to 35 cycles of PCR
amplification using Z-Taq polymerase (Takara, Shiga, Japan)
in a total volume of 25 mL. The amplification profile consisted
of 2 min of denaturation at 94°C for the first cycle and 30 s
per cycle thereafter, 15 s annealing at 55°C, and 20 s exten-
sion at 72°C for the first 34 cycles and 10 min extension on
the final cycle. PCR products were directly sequenced on both
strands after purification (Rapid PCR Purification system;
Marligen Biosciences, Ijamsville, MD, USA). Based on the
sequence cloned in this study, primer (PRL-3R: GATGAG
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GACTCCAGGCTCTT) was designed for cloning of 3′ region.
The 3′ region was cloned by rapid amplification cDNA end
(RACE) using Takara-3′-RACE kit (Takara, Shiga, Japan)
according to the manufacturer’s protocol. Amplified 3′-RACE
PCR products were purified and sequenced. DNA sequencing
was performed using an Applied Biosystems Model 310
sequencer and the dideoxy-mediated chain-termination
method (Sanger et al. 1977). The cloned sequence was ana-
lyzed by using FASTA and PHYLIP.

Western blot analysis
Anterior pituitary glands from male and female non-laying
Java sparrows were homogenized individually in 10 mL of
10 mmpl/L Tris-HCl (pH 8.0), 1 mmol/L EDTA, and 0.5%
Tween 20 using a microhomogenizer (Wheaton Science,
Millville, NJ, USA). After centrifugation, an aliquot of the
extract was mixed with an equal volume of 10 mmol/L Tris–
HCl, 1 mmol/L EDTA, 0.1 mmol/L PMSF, 1 mmol/L pepsta-
tin, and 1 mmol/L leupeptin and used for immunoblotting.
Pituitary homogenates were adjusted to 500 ng protein/mL
and separated on a 13.5% SDS-PAGE gel. After electrophore-
sis, the proteins were electrotransferred onto Hybond-ECL
(GE Healthcare UK) at constant voltage of 30 V for 1 h using
Trans-Blot SD Semi-Dry Transfer Cell (Bio-Rad Laboratories,
Hercules, CA, USA). The membrane was incubated for 1 h
with rabbit anti chicken PRL antibody at a 1/100 000 dilution
in TBS-0.5% Tween 20. The membrane was washed three
times with TBS-0.5% Tween 20 and incubated with HRP-
linked goat anti rabbit IgG antibody (GE Healthcare UK) at
room temperature for 1 h. The membrane was washed four
times (5 min each) before addition of detection reagents (GE
Healthcare UK). Luminescence was assessed by exposure to
instant film (FP-3000B; Fujifilm, Tokyo, Japan) using ECL
mini-camera (GE Healthcare UK) at room temperature for
1 h.

PCR cloning of Java sparrow PRL
regulatory region
Genomic DNA was obtained from red blood cells of Java
sparrows. In short, 20 mL of blood was taken and centrifuged
at 3000 rpm for 10 min. Precipitated blood cells were washed
2 times with saline (0.935% NaCl, 0.5 mmol/L EDTA). After
aspiration of supernatant, cells were lyzed by 500 mL of lysis
solution (0.5% TritonX-100, 50 mmol/L MgCl, 100 mmol/L
Tris (pH 8.0), 5.48% sucrose). The solution was spun at
3000 rpm and the supernatant was removed. Precipitates
were dispersed by 50 mL of saline. Proteinase K solution
(500 mL) (0.1% Proteinase K, 10 mmol/L Tris HCl-
10 mmol/L EDTA-0.5%SDS) was added into the nuclear
dispersion solution and incubated for 12 h at 37°C. After
proteinase K treatment, residual protein was removed by
phenol-chloroform and chloroform extraction twice. After
chloroform extraction, 2.5 volumes of ethanol and 1/10
volume of 5 mol/L NaCl were added. After 1 h rotation at
room temperature, genomic DNA was precipitated by cen-
trifugation (12 000 rpm for 10 min at 4°C). Genomic DNA
was washed by 70% ethanol, dried and dissolved in 200 mL
of TE buffer. Based on the nucleotide sequence of the
chicken, turkey and duck genomic DNA, and the Java
Sparrow PRL cDNA obtained in this study, primer pairs were
designed to amplify the regulatory region of the Java
Sparrow PRL gene. PCR was conducted using newly
designed primers, Prom-S (TGAATATGAATGTGGAAGAA)
designed based on a highly conserved region of the proximal
promoter and Prom-A (CTTGGTGCTCATGGTAGAGA)
which had complementary sequence to putative Exon1 of
the Java sparrow PRL cDNA.

PCR cloning of Java sparrow VIP cDNA
Based on the sequences of chicken and turkey VIP cDNA
(McFarlin et al. 1995; Talbot et al. 1995; You et al. 1995) and
human genomic DNA structure (Linder et al. 1987), primers
were designed (VIP-S1: AGGACAGTCCTGTCAAACG, VIP-
A1: GGAAGGTTCAAGAATTTCTGC) to amplify a partial frag-
ment of the Java sparrow VIP gene (Fig. 2). Genomic DNA
was subjected to 35 cycles of PCR amplification using Z-Taq
polymerase in a total volume of 25 mL. The amplification
profile consisted of 2 min of denaturation at 94°C for the first
cycle and 30 s per cycle thereafter, 20 s annealing at 55°C,
and 45 s extension at 72°C for the first 34 cycles and 10 min
extension on the final cycle. PCR products were sequenced
as previously described. Based on the obtained sequence of
the VIP gene, primers (VIP5R1: CATCTGCTTTCGAAAGCG
GCTG, VIP5R2: GTGAAGACAGCATCAGAGTG, VIP3R1:
CGCCACTCTGATGCTGTCTT, VIP3R2: CAGCCGCTTTC-
GAAAGCAGATG) were designed to amplify the 5′ and 3′
regions (Fig. 2). The 5′ and 3′ regions were cloned using total
RNA isolated from the hypothalamus and a 5′-RACE (Invit-
rogen) or 3- RACE kit (Takara) according to the manufactur-
er’s protocol. To investigate the possibility of expression of
the long form of prepro-VIP mRNA containing PHI, primers
(VIPE3S: GATTGGGAAACAGAATGC, VIPE4S: CATGCT
GATGGAATTTTCAC, VIPE4A: TTCTAATAAGCGAATG
CAGA) were designed based on the sequence of the PHI/
PHM coding region of chicken, turkey, rat, mouse, dog and

Figure 1 Primer location and cloning strategy of Java
sparrow PRL cDNA and 5′ flanking region. The open box
represents open reading frame.
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human. PCR amplification was conducted between VIPE3S
and VIPE4A, and VIPE4S and VIP5R1, respectively. Since
3′-UTR amplification produces two different sizes of products
due to the two alternative polyadenylation-sites, VIP3RA
(TACAGCATATGGACTCACAG) was designed to sequence
the 3′-UTR region. Products obtained were sequenced as
previously described.

RESULTS

PCR cloning of Java sparrow PRL cDNA
Approximately 700 bp of cDNA encoding the putative
PRL in Java sparrow was obtained by PCR amplifica-
tion between primers PRL-S1 and PRL-A1. The up-
and down-stream sequences containing untranslated
regions were cloned by RACE. The sequence of
5′-RACE contained the sequence ACCATGA similar to
the consensus sequence (5′-ACCATGG-3′) for the
initiation site of eukaryotic ribosomes (Kozak 1986)
and the translation initiating methionine codon was
detected in almost the same position as in chickens
and turkeys. Thus, it is likely that this ATG codon is the
translation initiation site. The highly conserved
AATAAA hexanucleotide polyadenylation signal
(Proudfoot & Brownlee 1976) was detected 13 nucle-
otides from the poly dA tract. Of the 983 nucleotides
that were sequenced, 16, 280 and 687 bases repre-

sented the 5′-UTR, 3′-UTR and open reading frame
which predicted a peptide of 229 amino acids (Fig. 3).
Comparison of the predicted amino acid sequence of
Java sparrow PRL with other species and hydropho-
bicity analysis was done. The prepeptide consists of a
30-amino acid signal peptide and 199-amino acid
mature PRL. Java sparrow PRL was found to have
88.3, 88.3, and 89.1% sequence identity at the cDNA
level compared to PRL of chickens, turkeys, and ducks,
respectively. The mature Java sparrow PRL had an
overall similarity with a comparable region of chicken
(91.0%), turkey (88.9%) and duck (92.0%) PRL
(Table 1).

Western blot analysis
Two bands corresponding to approximately 23 and
25 kDa of signal were detected in the anterior pituitary
gland of male and female Java sparrow by Western
blotting (Fig. 4). The intensity of the signal in the male
was almost equal of that observed in the female.

PCR cloning of Java sparrow PRL
regulatory region
By PCR amplification using genomic DNA as a tem-
plate, approximately 200 bp of regulatory region
including putative 5′-UTR was obtained and

Figure 2 Primer location and
cloning strategy of Java sparrow
prepro-VIP. The open box represents
open reading frame.
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sequenced. The 5′ flanking region of Java sparrow PRL
promoter shows 87.7%, 85.8% and 87.1% sequence
similarity to a comparable region of the chicken,
turkey and duck PRL proximal promoters (Fig. 5).

PCR cloning of Java sparrow VIP cDNA

Approximately 790 bp of gene fragment of Java
sparrow VIP gene representing exon 5–6 and the

Figure 3 Nucleotide and deduced
amino acid sequence of Java
sparrow PRL cDNA. Nucleotides are
numbered on the right side of the
sequence. Untranslated regions of
Java sparrow PRL cDNA are reported
in lowercase letters and the open
reading frame in uppercase letters.
Poly A signal is underlined.

Table 1 Sequence homology and amino acid similarity (%) of mature bird PRLs

J. Sparrow Chicken Turkey J. Quail Duck C. Duck

J. Sparrow 88.3 88.3 88.8 89.1 88.8
Chicken 91.0 95.4 95.5 92.0 91.7
Turkey 88.9 93.0 95.1 91.7 91.6
J. Quail 91.0 96.5 92.5 91.5 91.2
Duck 92.0 96.0 92.5 95.5 99.0
C. Duck 91.0 95.0 92.5 94.5 99.0

Sequences of Japanese quail and comb duck was deduced from DNA databank accession number AB162003 and AM180924, respectively.
Values above and under represent homology of cDNA and amino acids, respectively.
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intervening intron was obtained by PCR amplification
between primers VIP-S1 and VIP-A1. The sequence at
the exon-intron junction in the partial VIP gene is in
agreement with the GT-AG rule (Breathnach &
Chambon 1981). Following amplification from total
hypothalamic RNA, two different sizes of 3′RACE
products were detected using the antisense primer
complementary to downstream of 3′-UTR (VIP3RA:
TACAGCATATGGACTCACAG) to identify the poly-
adenylation sites. To identify the differences, products
were ligated into a TA vector (Invitrogen) and
sequenced. Sequence analysis identified the 2
polyadenylation-sites. By the 5′- and 3′-RACE, 825 bp
of Java sparrow VIP cDNA was characterized. PCR
amplifications between primers VIPE3S and VIPE4A,
and between primers VIPE4S and VIP5R1 result in
240 bp and 171 bp of product, respectively (Fig. 6).

The sequence of these products contained PHI coding
region and partial region of exon-3 or exon-5. Of the
1045 nucleotides that were sequenced, 170, 281 and
594 bases represented the 5′-UTR, 3′-UTR and open
reading frame, which predicted a peptide of 198 amino
acids (Fig. 7). Comparison of the predicted amino acid
sequence of Java sparrow VIP with chicken and turkey
and hydrophobicity analysis was done. The prepeptide

Figure 4 Example of SDS-PAGE followed by Western blot
analyzes of Java sparrow pituitary PRL. Total 5 mg of protein
from male and female extract of pituitary gland was
electrophoresed on 13.5% SDS-PAGE gel, transferred to
membrane and visualized by polyclonal antibody against
chicken PRL. C, chicken (non-laying) pituitary extract; JS �,
Java sparrow male pituitary; and JS �, Java sparrow female
pituitary.

Figure 5 Comparison of Java
sparrow, duck, turkey and chicken
PRL promoter. Potential TATA box
was double underlined. Highly
conserved sequence between birds
and mammalian PRL gene is
underlined. VIP response element
and translation starting codon were
indicated by dashed-underlined and
bold letters, respectively.

Figure 6 Detection of presence of long form of Java
sparrow prepro-VIP by PCR. Lane 1: 100 bp ladder,
Lane 2: primer combination VIPE3S and VIPE4A (240 bp),
Lane 3: primer combination VIPE4S and VIP5R1 (171 bp),
Lane 4: primer combination VIPE3S and VIP5R1 (184 bp).
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consists of a 20-amino acid signal peptide and 178-
amino acid mature prepro-VIP. Java sparrow prepro-
VIP was found to have 94.2 and 92.3% sequence
identity at the cDNA level compared to PHI-lacking
alternative splicing form of prepro-VIP of chicken and
turkey, respectively. When compared to chicken and
turkey prepro-VIP, Java sparrow prepro-VIP lacked 2
amino acids. However, the VIP encoding region had
the same amino acid sequence as in chickens and
turkeys. Although 35 bp from the ATG codon had high
similarity, more upstream regions of the 5′-UTR did
not have similarity to chicken 5′-UTR. Sequence
homology and amino acid similarity of VIP in birds are
listed in Table 2.

DISCUSSION

This paper describes nucleotide sequence information
of Java sparrow PRL cDNA and its regulatory region,

and prepro-VIP cDNA. The Java sparrow PRL cDNA
encoded a predicted protein of 229 amino acids. The
predicted protein includes a 30-amino acid signal
peptide followed by the 199-amino acid mature PRL.
Within the signal peptide (30 amino acids), 6, 4, and 5
amino acids were different when compared to chicken,
turkey and duck, whereas within the mature peptide
(199 amino acids), 18, 22 and 16 of amino acids dif-
fered, respectively. However, most of the amino acid

Table 2 Sequence homology and amino acid similarity (%)
of prepro-VIP in bird

J. Sparrow Chicken Turkey

J. Sparrow 94.2 92.3
Chicken 94.5 97.5
Turkey 93.0 97.5

Values above and under represent homology of cDNA and amino
acids, respectively.

Figure 7 Nucleotide and deduced
amino acid sequence of Java
sparrow VIP cDNA. Nucleotides are
numbered on the right side of the
sequence. Untranslated regions of
Java sparrow VIP cDNA are reported
in lowercase letters and the open
reading frame in uppercase letters.
The poly A signal is underlined.
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residues that participate in the formation of disulfide
bonds and folding structure via characteristic second-
ary structure within the mature peptide were fully
conserved when compared to chickens, turkeys and
ducks. Thus, it is considered that structure of Java
sparrow PRL is similar to those of precocial birds pre-
viously cloned.

One of the notable results in this study is the pres-
ence of consensus sequence for N-linked glycosylation
(Asn-X-Ser) in Java sparrow PRL at position 36 as in
pekin duck (Kansaku et al. 2005) and comb duck
(DNA database accession number: AM180924). Since
neither chicken nor turkey PRLs has this sequence,
an alternative glycosylation site (Asn-X-Cys) for
N-glycosylation has been proposed in galliforms (Cor-
coran & Proudman 1991). In chickens, this site is
located at position 56, whereas turkeys have two sites
at positions 56 and 197. Java sparrows have two alter-
native glycosylation sites at positions 56 and 197. To
date, the possibility of glycosylation at position 36 or at
alternative sites of Java sparrow PRL is unknown.
However, the presence of a glycosylated form of PRL in
Java sparrow anterior pituitary gland at least suggests
that position 36 or 56 is glycosylated.

The proximal region of the Java sparrow PRL pro-
moter cloned in this study shows high similarity to
that of turkeys, chickens and ducks (Kurima et al.
1995; Ohkubo et al. 2000; Kansaku et al. 2005). The
mechanisms regulating the expression of PRL have not
been extensively studied in altricial birds. Unlike gal-
liforms, the Java sparrow proximal region of the pro-
moter has no consensus sequence for Pit-1 binding,
but a sequence similar to the VIP response element
(VRE) observed in turkeys was noted. In the turkey,
position -74/-30 of PRL gene is identified as a VIP
cis-acting element (Kang et al. 2004). The homologous
region in the Java sparrow had only 1 base nucleotide
difference to that of turkeys, and thus the PRL gene
may be responsive to VIP as in chickens and turkeys.
In chickens and turkeys, the transcription start site is
located 53 bp upstream of the ATG codon (Kurima
et al. 1995; Ohkubo et al. 2000). The proximal pro-
moter and putative 5′-UTR of Java sparrow cloned in
this study showed high similarity to those of chickens
and turkeys. Although this study did not identify the
transcription start site, sequence similarity may indi-
cate that the transcription starting site and transcrip-
tional regulation of Java sparrow PRL are similar to
those in chickens, turkeys and ducks.

This study is the first to report cloning of prepro-VIP
in an altricial bird. In chickens and turkeys, there are

two forms of prepro-VIP (Talbot et al. 1995; You et al.
1995). The long form contains both PHI and VIP,
whereas the short form contains only VIP. Moreover,
the short form is more abundant than the long form.
The sequence cloned in this study is identical to the
short form of chicken and turkey prepro-VIP.
Although PCR amplifications betweens primers
VIPE3S and VIPE4A and primers VIPE4S and VIP5R1
suggest the presence of long form of prepro-VIP
mRNA, a single product was obtained by PCR between
VIPE3S and VIP5R1 (Fig. 6). These results are in accor-
dance with the results of the 5′-RACE PCR and
sequencing, and suggest that the short form of prepro-
VIP mRNA in Java sparrows is much more abundant
than the long form of prepro-VIP as in chickens and
turkeys. When compared to chicken and turkey
prepro-VIP, Java sparrow prepro-VIP has high similar-
ity and the amino acid sequence of mature VIP is
identical. The same amino acid sequence of mature
VIP is also identified in American alligator, African
clawed frog, European green frog, geese and ducks
(Wang & Conlon 1993; Chartrel et al. 1995;
BC043792; DQ023161; DQ200173). These results may
indicate that the amino acid sequence of VIP is con-
served and common in the birds.

Although the end part of putative exon 1 (120–
160) has a similar sequence to chicken prepro-VIP,
the upstream region of 5′-UTR (1–138) of Java
sparrow shows no similarity to that of chickens. This
result indicates the position of splicing is shared
between chickens and Java sparrows. However, no
similarity in more distal regions of the 5′-UTR may
indicate that different regulatory mechanisms control-
ling expression of VIP may exist between precocial
and altricial birds. Cloning and sequencing of the
regulatory region of VIP may clarify this issue. On the
other hand, the 3′-UTR shows very high similarity to
chickens and turkeys. Interestingly, 3′-RACE PCR
produced two different sized bands and sequence
analysis detected two polyadenylation sites at posi-
tions 928 and 1044. Although chickens and turkeys
contain polyadenylation signals at homologous posi-
tions, only the downstream signal is functional in
chickens and turkeys (Talbot et al. 1995; You et al.
1995).

To investigate the relationship between the usage of
polyadenylation sites and alternative splicing, two
sets of PCR (VIPE3S and VIP3RA, and VIPE4S and
VIP3RA) were examined. PCR between VIPE4S and
VIP3RA resulted in no amplification, but PCR between
VIPE3S and VIP3RA amplified a product of 625 bp
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(Fig. 8). This result clearly indicates that polyadenyla-
tion at position 1044 is only used for the PHI lacking
a short form. To date, the function of the upper
polyadenylation signal of chickens and turkeys is
unknown. Two different length mRNA transcripts
(1700 bp and 1000 bp) originating from polyadenyla-
tion signals in different positions were identified in the
rat small intestine and hypothalamus (Lamperti et al.
1991). Interestingly, the amount of short form of rat
VIP mRNA increases after estrogen treatment in the
anterior pituitary gland (Lam et al. 1990). Thus, differ-
ent positions of polyadenylation in the Java sparrow
prepro-VIP may be associated with the ratio of short
and long forms produced by alternative splicing. The
ratio may be altered during a reproductive cycle
and/or different physiological states.

In conclusion, sequence information for Java
sparrow PRL cDNA and its flanking region, and
prepro-VIP cDNA will be useful to investigate the
mechanisms regulating expression of the PRL and VIP
genes, and also as a tool for genomic cloning. The
latter may provide information on both the general
and species specific mechanisms of PRL and VIP
mRNA expression in birds. Moreover, structural con-
servation of amino acids of PRL and VIP in the various
birds provides a good indication of the reliability of a
previous report, which measured plasma PRL levels
using heterologous radioimmunoassay systems, or
immunocytochemical analysis of VIP in altricial
species.
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