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Partial Sequence of a cDNA encoding the a—Subunit
of the Inhibin Hormone in Japanese Quail
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ABSTRACT An experiment was conducted to sequence a portion of a cDNA encoding the
a-subunit of the inhibin hormone in Japanese quail for the purpose of comparison with the
chicken sequence. Messenger RNA was isolated from granulosa tissue and RT-PCR was
used to convert it into cDNA. A Psfl fragment was selectively amplified by PCR using
primers developed from the chicken sequence.

Results indicate almost perfect conservation with the chicken fragment. The one
difference between the two sequences lies in the 3* UTR and, along with other evidence,
lends support to the likelihood that the published chicken sequence is incorrect at one base

pair.

INTRODUCTION

Inhibin and activin are dimeric
glycoprotein hormones that are produced by
the ovary and testis. Inhibin is composed of
an o— and B-subunit, the latter of which can
be found in two forms, Ba and B, for which
it is named inhibin-A or inhibin-B. Activin,
in contrast, is a homo- or heterodimer of 8-
subunits. In both inhibin and activin, the
subunits are linked via disulfide bonds (Ling
et al., 1986; Rivier et al., 1987; Ying, 1987;
de Jong, 1988; Ling et al., 1988; Vale et al.,
1988; Ying, 1988; Risbridger ef al., 1990).
Though they share subunits, inhibin and
activin have opposite effects on the secretion
of follicle-stimulating hormone (FSH) from
the pituitary. As the names of the hormones
suggest, inhibin has been implicated in the
depression of FSH secretion, whereas
activin elevates FSH secretion (Vale ef al.,
1988).

Inhibin regulates FSH secretion via
negative feedback (Johnson er al., 1993a;
Vanmontfort et al., 1994; Johnson and
Brooks, 1996), but also seems to have local

effects (Woodruffet al., 1990; Baly et al.,
1993; Findlay1993; Vanmontfort, 1996). In
addition, the free a-subunit may act as a
competitor for FSH receptor binding,
thereby modulating its activity (Schneyer et
al., 1991). Although there is a correlation
between avian laying rate and the expression
of the inhibin «-subunit (Wang

and Johnson, 1993a), it remains unknown
whether or not the observed control over
ovulation occurs by regulation of FSH
secretion (Akashiba et al., 1988; Tsonis et
al., 1988; Johnson et al., 1993; Wang and
Johnson, 1993a).

Research has shown inhibin to be
produced in large amounts by the granulosa
cell layer of the developing follicle
(Akashiba et al., 1988; Tsonis et al., 1988).
However, results vary as to whether inhibin
production is highest in the most or the least
developed follicles (Akashiba et al., 1988;
Vanmontfort et al., 1992; Johnson et al.,
1993b), perhaps due to different
experimental approaches.




Additionally, in the chick embryo, it
has been suggested that inhibin plays a
differential role in sexual development
through local control over androgen
secretion (Rombauts et al., 1992; Rombauts
et al., 1996). There is also evidence that the
a-subunit may play a role in gonadal tumor
suppression (Matzuk et al., 1992).

The ¢DNA coding for the a-subunit
of chicken inhibin has been sequenced
(Wang and Johnson, 1993b). Among
mammals the «-subunit cDNA sequence is
highly conserved (80%). The chicken
sequence shares about 48% homology with
pig and rat sequences. Most notable among
conserved features are the number and
position of cystein residues, believed to be
involved in the disulfide bonds that are
thought to play a role within the subunit, as
well as in linking it to a B-subunit (Ying,
1987; Johnson and Wang, 1993; Wang and
Johnson, 1993b). Sequencing revealed that
the subunit is synthesized as a precursor and
is subsequently processed. The cDNA
sequence (GenBank Accession #U42377)
begins with a ~ 35 bp signal sequence for
secretion and is followed by another
sequence (~ 200 bp) of unknown function.
This Pro sequence is followed, in turn, by a
region coding for an «-N peptide that is not
part of the mature a-subunit. «-N is about
500 bp long and precedes the a-C peptide,
which is 350 bp. «-C is the peptide that
makes up the mature a-subunit. The entire
¢DNA, including the untranslated region
(UTR), is approximately 1600 bp. The
portions of the cDNA delineated above are
separated within the macromolecule by
double arginine residues, recognition cut
sites, except for the a-C, which is separated
from the UTR by a stop codon.

Immunoneutralization of inhibin is
correlated with increased rate of ovulation in
many mammalian species (Forage et al.,
1987; Findlay et al., 1989; Rivier and Vale,
1989; Brown et al., 1990; King ef al., 1990;

Mizumachi et al., 1990; Wrathall et al.,
1990; Glencross ef al., 1992; Scanlon ef al.,
1993). This is likely the consequence of
increase in the level of plasma FSH (Culler
and Negro-Villar, 1988; Rivier ef al., 1988;
Vale ef al., 1988; Martin et al., 1991).
Because of its associated increase in
ovulation rate, immunoneuralization of
avian inhibin has been a goal of the Applied
Animal Biotechnology Laboratories under
Dr. Cadd and Dr. Satterlee in the
Department of Poultry Science. They have
utilized a fusion protein, made of bacterial
maltose binding protein (MBP) and a
truncated form of chicken a-inhibin
(cINAsy,) to actively immunize poultry
against native inhibin. This portion of the
a-subunit is a 521 bp Psi1 fragment of the
c¢DNA. It was cloned into the pMAL-c2
vector and expressed as the MBP fusion
protein in Escherichia coli.

Because the immune response is
dependent upon antigenicity, the question of
sequence similarity of the coding region for
a-inhibin in Japanese quail is of practical
concern to this project. For, if there are
sequence differences between the two
species, which result in amino acid changes,
these differences could be exploited to
increase the antigenicity of the fusion
protein. However, the knowledge has value
in its own right as part of the further
elucidation of the evolutionary relationship
among avians.

Therefore, herein the Pstl fragment
of the cDNA from Japanese quail was
amplified using reverse transcription and the
polymerase chain reaction (RT-PCR) of the
messenger RNA isolated from the granulosa
cells of developing ova.

MATERIALS AND METHODS
Granulosa tissue was isolated from
the primary and secondary follicles of
female Japanese quail (Coturnix japonica) at
roughly six months of age. Granulosa tissue




was chosen due to the high level of a-
subunit expression. The ova were removed
and cut along the stigma, allowing the yolks
to drop into deionized water. Then, the
granulosa tissue was manually teased away
from the yolk transferred to a metal block
cooled by dry ice and stored at —80°C.

The messenger RNA was isolated
using Stratagene’s Messenger RINA
Isolation Kit (Catalog #200347). The tissue
was denatured and homogenized by
sonication with a Branson Sonifier 450 in
buffered B-mercaptoethanol solution. The
proteins were precipitated from the solution
by centrifugation. An oligo(dT) cellulose
slurry was used to selectively bind the
poly(A) RNA through several high and low
salt washes. Finally, the mRNA was eluted
through a filtered syringe.

The messenger RNA was
concentrated to approximately 0.15pg/pl
using an Eppendorf Vacufuge. Messenger
RNA was reverse transcribed into cDNA
with Stratagene’s cDNA Synthesis Kit
(Catalog #200400). The cDNA encodes the
same information as the mRNA, from which
it is made, in a more stable form. First the
mRNA was converted to a DNA-RNA
heteroduplex using Moloney murine
Jeukemia virus reverse transcriptase
(MMLV-RT) in the presence of
deoxyribonucleotide triphosphates (ANTP’s)
of adenine, cytosine, guanine, and thymine,
and primers at 37°C. The primers were
designed with poly(dT) tails, so as to prime
the first strand synthesis from the poly(A)
tails of the mRNA molecules. RNAse-H
was used to nick the RNA of the
heteroduplex, creating fragments to prime
DNA polymerase I for the synthesis of the
second strands at 16°C.

From this cDNA, a portion of the «-
subunit of inhibin was selectively amplified
by polymerase chain reaction (PCR). The
DNA polymerase from Thermus aquaticus
is heat stable, allowing it to perform under

the stressful conditions of thermal cycling.
Thermal cycling is the alternate melting and
reannealing of nucleic acid strands through
raising and lowering of temperature,
respectively. PCR is the process by which
DNA is amplified by Tag polymerase
through thermal cycling with an abundance
of primers and dNTP’s. On each cycle, each
DNA strand is separated from its
complementary strand, reannealed to a
primer, and converted into a duplex. Thus,
PCR is a way to amplify DNA
exponentially. Using a Stratagene
Robocycler and primers developed from a
Pstl fragment internal to the domestic
chicken (Gallus domesticus) a-subunit
cDNA, the analogous fragment in Japanese
quail (Coturnix japonica) was amplified.
The amount of starting material and of
MgCl (50mM) was varied so as to optimize
amplification (Table 1).

Table 1: PCR Variations

10X Primers | DNTP® | MgCl | cDNA | H20
Buffer s

1 S5\ 4n 1A 1A 1A 38A
2| 5A 4\ 1A 2\ 1A 37\
31 SA 41 X 3A 1A 36\
41 5) 4x 1A 1A 2A 37A
S| 5h 4 |¥8 2A 2\ 36
6| 5A 4 1A 3N 2\ 350
FAREYS 4\ 1A 1A 3\ 36\
81 5\ 4\ 1A 2A 3\ 35M
91 5. 4 1A 3N 3\ 34N

The amount of MgCl proved to be
crucial, as amplification did not occur in
tubes one, four, and seven. The samples
were run on a 1.1% agarose electrophoretic
gel. The agarose in the gel impedes the
progress of the negatively charged DNA
fragments towards the positively charged
cathode in an electric field. Larger
molecules take longer to migrate




proportional to the log of their molecular
weight. Thus, gel electrophoresis is
essentially a type of chromatography useful
for separating DNA by size. The DNA on
the electrophoresed gel was stained and
visualized with ethidium bromide. an
intercalating agent that fluoresces under
ultraviolet (UV) radiation. The DNA was
run with 1kb ladders as referential size
markers.

Figure 1: Gel Electrophoresis of PCR

c¢DNA from tube three was digested
with PstI restriction enzyme and
electrophoresed in NuSieve GTG agarose,
stained and visualized, and then destained.
The gel band containing the correct size
fragment was excised and remelted. The
¢DNA was inserted into a PGEM3Z vector
(Promega), using T4 ligase.

The sequence of the fragment was
determined via fluorescent dideoxy
sequencing. in which dNTP's are
supplemented with ddNTP’s, which lead to
a termination of synthesis due to the lack of
a 3~ hydroxyl for phosphoesterification. The
ddNTP’s each fluoresce at a difterent
wavelength. Since termination of synthesis
occurs with a fluorescing ddNTP, the
sequence can be constructed by placing the
synthesized fragments in order by size and
measuring fluorescence.

RESULTS AND DISCUSSION

Although both strands of the cloned
c¢DNA were sequenced, only one had good
fidelity. Alignment showed the good strand
to be identical to the sequence in the chicken
a-subunit, except in two base pairs (Figure
3).The first difference is residue 1094 in the
chicken sequence, ten base pairs prior to the
stop codon. The quail sequence appears to
lack a corresponding cytosine. However,
upon inspection of the fluorescence signal,
between the peaks at 299 for a guanine and
at 300 for an adenine, there is a small-
undetected peak for a cytosine residue
(Figure 2). The quail sequence is therefore
most likely identical to the chicken sequence
at that base pair, especially since the
deletion of this base pair would cause a
frameshift in the coding region for «-C. The
conservation of this portion of the coding
region implies that the amino acid sequence
of the a-subunit is also conserved between
the species.

The other difterence in the sequences
appears at residue 1316 in the chicken
sequence, one base pair prior to the distal
Pst1 site within the 3° UTR. The chicken o-
subunit cDNA reportedly has an adenine at
that site, whereas the quail sequence shows a
guanine. Interestingly, there had been
previous evidence that the published chicken
sequence may be incorrect at that base pair
(G. Cadd, unpublished data). Specifically, it
was questioned whether the residue might
not in fact be a guanine. This difference
with the published chicken sequence of the
otherwise perfectly conserved Pstl fragment
in quail provides further evidence that the
published sequence for chicken may be
flawed.

Thus, the Pstl fragments of cDNAs
encoding the ¢-subunit in chicken and quail,
as well as ostrich (G. Kousoulas, personal
communication) probably have been
perfectly conserved through the evolution of
the species.
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Figure 3. DNA sequence comparison of chicken and Japanese quail inhibin a-subunit
Pstl fragments.

Chicken: 801 ctgcagcgcccatcggaggacgtggecgeccacaccaactgeegecgggegteecctcaac 860
R R R RN RN R R RN R RN AR AR

Quail: 7 ctgcagcgcccatcggaggacgtggecgeccacaccaactgececgecgggegteccctcaac 66

Chicken: 861 atctctttcgaggagctgggctgggacaattggatcgtgcacceccagcagettegtttte 920
R R R R R R RN AR RN R NN A RN R R R RRRRRE B
Quail: 67 atctctttcgaggagetgggctgggacaattggategtgecaccccagecagettegtttte 126

Chicken: 921 cactactgccacgggaactgtgccgaaggccacgggctgagecaceggetgggggtgecag 980
EREEEER RN AN R R R N R R R R R RN NN R R R RN R R R R RN
Quail: 127 cactactgccacgggaactgtgccgaaggcecacgggctgageccaccggetgggggtgcag 186

Chicken: 981 ctgtgctgcgecgegetgececeggeaccatgegetcactgegtgtecgeaccacctetgat 1040
RN RN AR R R RN A R R R R AR R R R R R R R NN AR RN R R
Quail: 187 ctgtgctgcgecgegetgeccggecaccatgegetcactgegtgtecegeaccacctctgat 246

Chicken: 1041 ggtggctactccttcaagtacgagacggtgcecaacatcctggegecaggactgcacetgt 1100

AR RN R AR R AR AR R AR R R AR RN R RN R RN RE R R R R R B
Quail: 247 ggtggctactccttcaagtacgagacggtgeccaacatcctggegecaggactg-acctgt 305

Chicken: 1101 gtctagcagctggcatggcacggeccagacccgegtggatetcecegttgectetggactg 1160
AR RN A RN R RN R R RN R R A RN N R AR R R R AR RN RN A R R RN
Quail: 306 gtectagcagctggcatggcacggccagaceegegtggatcteccegttgectetggactg 365

Chicken: 1161 ccccagtgccagatgatgagcccatcccagggatggaggagtcactcacacgggecactge 1220

ERERRE RN AR AR E RN R R RN R R AR R AR R AR AR R RRR R R RN R RE
Quail: 366 ccccagtgccagatgatgagcccatcccagggatggaggagtecactcacacgggeactge 425

Chicken: 1121 gcagcccggagcagggagagggacccaggtggaagttttggtggtgecacccteectttg 1280
AR RN AR RN RN R R RN AR RN R RN R AR A R R R AR R R RN R RE R R AN
Quail: 426 gcagcccggagcagggagagggacecaggtggaagttttggtggtgecaccctecctttg 485

Chicken: 1281 actgccagggtttcatggtttcaggttgegtgggtactgcag 1322

NERRRER RN R R RN NN RN R RN AR R RN R R AR RN R R
Quail: 486 actgccagggtttcatggtttcaggttgegtgggtgetgeag 527
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