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Abstract Gonadotropin (GTH) is a pituitary glycoprotein
hormone that regulates gonadal development in vertebrates.
In teleosts, two types of gonadotropins, GTH-1 and GTH-Ii,
are produced in the pituitary, and they comprised of common
o and distinct 3 subunits. In the present study, the cDNAs
encoding GTH o and GTH-IIB subunits were cloned and
sequenced from flounder (Paralichthys olivaceus) pituitary
c¢DNA library. The nucleotide sequence of the & subunit was
619 bp long, encoding 124 amino acids, and that of the GTH-
11 subunit was 538 bp long, encoding 145 amino acids. GTH
subunits had well conserved cysteines, when aligned with
other members of the glycoprotein family. The f subunit of
gonadotropin T (GTH-TIB) had a different N-linked glycosylation
site. RT-PCR analysis showed an increase of GTH II mRNA
levels in association with gonadal development, and also
showed that the mRNA expression of the o subunit was
detected only in tissues from pituitary glands.

Key words: Gonadotropin, pituitary glycoprotein, teleosts,
cDNA library, flounder, expression, RT-PCR

Gonadotropins (GTH) are pituitary glycoproteins that play
a central role in vertebrate reproduction. The vertebrate
pituitary produces two forms of gonadotropins that are
structurally related glycoproteins: the luteinizing hormone
(LH) and the follicle-stimulating hormone (FSH) in tetrapods,
and GTH-I and -II in fish [19]. All of these glycoproteins
are non-covalently bound dimers of o and P subunits, as
are other members of the vertebrate glycoprotein hormone
families, including the thyroid-stimulating hormone (TSH)
and inhibin. In teleosts GTH is required for the seasonal
reproductive development of gonads [34]. GTH-1 is expressed
first in ontogeny, whereas GTH-II appears in the later
stages of the reproductive cycle [33].
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Two forms of gonadotropins, GTH-1 and GTH-II, have
been isolated in a variety of species [12, 36]. In teleosts,
GTH cDNAs have been cloned and sequenced from
Chinook salmon Oncorhynchus tschawytscha [34), common
carp Cyprinus carpio (1, 3], chum salmon Oncorhynchus
keta [31], pike eel Muraenesox cinereus [24], silver carp
Hypophthalmichthys molitrix 2], European eel Anguilla
anguilla [30], African catfish Clarias gariepinus [20],
killifish Fundulus heteroclitus {23}, tuna Thunnus obesus
[271, striped bass Morone saxatilis [8], Japanese eel
Anguilla japonica [25], Pacific herring Clupea pallasi
[29], and red seabream Pagrus major [7]. It appears that, at
Jeast in the salmonid species, gonadotropin I is associated
with the early stages of spermatogenesis and vitellogenesis
[35], while GTH-II is associated with oocyte maturation,
ovulation and spermiation [26, 32). However, knowledge
of the molecular structure of GTH in the marine fishes is
limited. Furthermore, the nature of the two GTHs in these
fishes and their roles in the control of reproduction are still
unclear.

The o subunit is common to GTH-I and -1I, while the B-
subunit is hormone specific [28). The B-subunit is of
considerable interest in research on the evolution of
glycoprotein hormones because it is divergent during the
evolution of vertebrate GTH [3]. Both the - and B-
subunits of GTH contain cross-linked disulfide bonds and
are glycosylated in specific asparagine residues [8].

The flounder (Paralichthys olivaceus) is a commercially
important marine aquaculture species in Korea, one of the
most evolved teleosts, and has been the object of studies
on various functional genes at the molecular level [4, 13,
22]. In addition, the flounders gonadal maturation is easily
induced by long-term photoperiod and low-water-temperature
treatment. Therefore, the flounder is a unique and crucial
model for fish reproduction research. In the present study,
we initially focused on the isolation of cDNAs encoding
the o and B subunits of flounder GTH-II and characterized
their expressions in adult tissues. Herein, we provide the



raclecular characteristics and tissue expressions of our
newly identified o subunit (GenBank accession number,
Al268692) and GTH-IIB subunit (GenBank accession
nunber, AF268694) ¢cDNAs from adult flounder. These
daia will provide a base of knowledge for the primary
stacture of GTH at the molecular level and the functional
diversity of pituitary glycoprotein hormones.

MATERIALS AND METHODS

RNA [solation and ¢cDNA Library Construction

Maturz flounders (P. olivaceus) were purchased from a
azarby fish market, and thirty pituitary glands from both
sexes were collected. Total RNA was isolated with a
TRIzcl reagent (Invitrogen, Carlsbad, U.S.A.). The RNA
pellet was washed with 70% ethanol, dried, and dissolved
in DEPC-treated water. Poly(A) RNA was isolated with a
N icre-FastTrack™ 2.0 Kit (Invitrogen, Carlsbad, U.S.A.).
T1e quantity of RNA was determined by measuring O.D.
vilue at 260 nm. The construction of the pituitary cDNA
1 brary was performed using a ZAP-cDNA® Synthesis Kit
(Stratagene, La Jolla, U.S.A.). The resulting library contained
approximately 1x10° clones. The library was then amplified
L) to 3x10°/mi.

Sereening of GTH ¢cDNA and DNA Sequencing

Conserved nucleotide sequences of GTH subunits among
fish species were searched using the NCBI (National
(enter for Biotechnology Information) nucleotide and protein
sequence database. Oligonucleotide degeneracy primers
("Tablz 1) for screening gonadotropins were synthesized
f1om GenoTech (Taejeon, Korea) and labeled with a DIG
(digoxigenin) oligonucleotide 3' end labeling kit (Roche,
M anrtheim, Germany). Approximately, 1x10° plaques from
the cDNA library were screened with the above probe.
~osit.ve plaques recovered from the first screening were
“arther confirmed by the second screening [14, 15, 16, 17,
18]. Positive plaques were recovered from the second
screexing, and the phagemid containing the insert was excised
zccording to the manufacturers instructions (Stratagene, La

Table 1. Oligonucleotide primers used for this study.
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Jolla, U.S.A.). DNA sequencing of the excised phagemid
was performed using the ABI PRISM™ DNA sequencing kit
(Applied Biosystems, Foster, U.S.A.) and determined with
ABI 377 Genetic Analyzer according to the manufacturer’s
instructions (Applied Biosystems, Foster, U.S.A.).

Comparative Sequence Analysis of Fish GTH Subunits
To define the molecular evolution of GTH o subunit,
several fish GTH o subunit sequences were imported from
the SwissPort data bank/GenBank as follows: Hippoglossus
hippoglossus (Atlantic halibut, CAD10503), Pagrus major
(red sea bream, BAB18562), Morone saxatilis (striped
bass, Q91119), Acanthopagrus latus (yellowfin seabream,
P30970), Cyprinus carpio 1 (common carp 1, X56497),
Cyprinus carpio 2 (common carp 2, M37380), Katsuwonus
pelamis (bonito, AAB25414), Anguilla anguilla (European
eel, A37198), Muraenesox cinereus (pike eel, SO07091),
Oncorhynchus masou 1 (cherry salmon 1, AAB30422),
Oncorhynchus masou 2 (cherry salmon 2, AAB30422),
Clarias gariepinus (catfish, AAB24036), and the Thunnus
obesus (tuna, P37204) GTH o subunit sequence. Also, to
define the molecular evolution of the GTH-IIf subunit, the
sequences of Morone saxatilis (striped bass, Q91121) and
Thunnus obesus (tuna, P37206) GTH-IIf subunit were
imported from the SwissPort data bank/GenBank. Finally,
all the DNA sequence data were analyzed, using Internet-
based programs such as ClustalW, MAP, and FASTA
through the ExPASy tools (Geneva, Switzerland).

Reverse Transcription-Polymerase Chain Reaction (RT-
PCR)

In order to perform reverse transcription-polymerase chain
reaction (RT-PCR), total RNA was isolated from pituitary,
liver, kidney, muscle, spleen and testis from mature flounder
(N=10; size: 45 cm =10 cm, body weight: 900 g +300 g; 3
years old) and from the head of immature flounder (N=5;
size: 7 cm +2 cm, body weight: 4 g =1 g; 4 months old).
Titan™ one tube RT-PCR system (Roche, Mannheim,
Germany) was used. Master mix 1 contained 0.2 mM
dNTPs, 5 mM dithiothreitol, 50 pmol upstream (GT-FS:
Table 1) and downstream (GTH-S: Table 1) primers,

Primer Nucleotide sequence Remark

GT-F 5'-G(C/THTGCTTCTCC(A/CY(A/C/G)AGCGTACC-3' Probe for GTH a-subunit, Forward
GT-R §-CA(A/C/IG)TGGC(A/C/G)CT(A/C)YCGTGTGGTTC-3' Probe for GTH a-subunit, Reverse
GT-FS 5-TTCTATCAACATGGTAACTGC-3' GTH o-subunit RT-PCR, Forward
GTH-S 5-TCATATCTTGTGATAATAGC-3' GTH o-subunit RT-PCR, Reverse
GTH-B2F 5-ACCAC(A/T/G/C)ATCTG(C/T)AGTGG(C/T)CACTG-3' Probe for GTH-1IB, Forward
GTH-B2R 5-TGCAGGCTCTC(A/C/G)A(A/T)GGT(A/C/GYCAGTC-3' Probe for GTH-1Ij, Reverse

LT-7 5-TTGTAATACGACTCACTATAGGGC-3'
5-CACACCTTCTACAAGGAGCTG-3

Actin-F

Actin-R 5'-CGGTCAGGATCTTCATGAGG-3'

T7 modified primer
f3-actin, Forward
B-actin, Reverse
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template RNA, and 5U of Rnase inhibitor, Master mix 2
consisted of 5 x RT-PCR buffer and enzyme mix. Mix 1
and mix 2 were added to a 0.2-ml thin-walled PCR tube on
ice. Then, the sample was placed in a thermocycler
(Applied Biosystems, GeneAmp PCR system 2400) and
incubated for 1 h at 50°C for reverse transcription followed
by thermocycling, A temperature profile was on prereaction
at 94°C for 5 min; 30 cycling reactions at 94°C for 30 sec.,
52°C for 30 sec., and 72°C for 1 min; and finally for a
7 min extension at 72°C. To confirm that the absence of a
GTH o subunit ¢cDNA product was not due to any
deficiency of the cDNA preparations, a $-actin gene which
uses a widely expressed control gene was also amplified.
This was done using the conditions described for GTH «
{except for the use of an annealing temperature of 54°C)
and the R-actin primers (Actin-F and Actin-R; Table 1).

RESULTS

Molecular Sequencing of the Pituitary Glycoprotein o
Subunit
Conserved nucleotide sequences of GTH o subunit among
fish species were determined using the NCBI nucleotide
and protein sequence database, and the first round of PCR
was carried out using a pair of the ‘LT7" and ‘GT-F’
primers (Table 1). Consequently, the second round of
amplification was performed with the GT-F and nested
GT-R primers (Table 1) in order to prepare for the probe
of screening ¢ subunit, and this resulted in the 157 bp
fragment whose identity was confirmed by nucleic acid
sequencing (data not shown). The cDNA library was
screened by colony hybridization with the above probe.
The cDNA sequence of the flounder GTH o subunit gene
was determined as shown in Fig. 1, and deposited at
GenBank (AF268692). Also, the deduced amino acid
sequence for the cDNA is shown in Fig. 1. The flounder
GTH a subunit gene has 619 bp, including an open reading
frame, 5'- and 3'-untranslated regions, encoding 124 amino
acid residues. The cDNA consisted of 16bp of 5'-
untranslated region (UTR), 372 bp of coding region and
228 bp of 3-UTR, followed by a poly(A) sequence. The 3'
UTR contained polyadenylation signals (attaaa). There
were two potential translation initiation sites (Fig. 1). The
first ATG (CAACATGG:; with an A in position-3 and a G
in position 4) was the most likely initiator codon [21].
Also, the second ATG (CTCAATGG) might be an initiator
codon, however, the second ATG was not accepted as an
initiator codon on the basis of the “first-AUG-rule” and a
“purine” (most often A) in position-3. It gave a signal
peptide of 30 amino acid residues, followed by a mature
peptide of 94 amino acid residues.

Comparison of the flounder GTH « subunit gene with
other species is shown in Fig. 2. For investigating the

3-UTR 100bp

GT-FS
1 GMWAM&WMMAM&MWGMAGAMGC&G& 60
HVTATTSMNGSARSAG
-30
61  ACTGICTCTTATICICTIGTCTPTITPICTITACATACCTOATTCTTNICCARRCACTRA 120
LSLILLSFFLYIADSYPUNTD
-1 1
121 CTTATCAAACACTGGCTGCGAGGAGTGCACGCTGAAGRGGAACACTTATTTCTCCAGGGA 180
LSY ¥ TGECEECTLERRNTYFSRD
GT-F »
181 TCGGCCAGTCTTCCAGTGCATRGGCTACTGCTTCTCCCARGCATACCORACRCCTCTGAR 240
RPVFQCNGCCFSQAYPTPLEK

241 GGCAATGAAGACGATGGCGACCCCTARGAACATCACCTCGGAGGCARCATGCTETSTCGC 300
AMKTMATPRNITPTSEATYCCVY 2

R
301 ARAGCACAGCTACGAGATCGAGETHGCCRECATCAGETTGANGASCOACACRAATTRCTA 360
KHSYEIEVARGIRLKNYT?TETCH
. TH-§
361 CTGCCACACCTGOTATTATCACARGATATGACCGATGAGAAGTGEABGCCRTCCTOCTGE 420
CHTCYYHET?®
94
421 TCTCAGCTTGCCAACAAATTGTGTTTCTTTTAATAGGCAAAAGCTCGTCATTETAARATG 480
481 CATGTTCTTCAGTIGRAAGATAATATTTIGTAGCAATCCTGTGCCTGTGTTGTGTAATTA 540
341  TCCTICGATTTTOCATTGATAGATGTACTGTATATIGAAAAGCARTTAAAATATGCACCC 600
601  AGGTGTTGATGAACTCATG(polyd) 619

Fig. 1. (A) Structural location of flounder GTH a subunit
c¢DNA.

5'UTR indicates 5'-untranslated region and 3'-UTR, 3-untranslated region.
S.P. indicates signal peptide and M.P., mature protein. (B) The full length
of the nucleotide and deduced amino acid sequences of cDNA encoding
flounder GTH « subunit. The nucleotide numbers are shown on both sides,
and the amino acid residue numbers are shown under the amino acid
sequence. The first amino acid of the putative mature GTH o (Y in bold
type) is numbered as +1. Negative numbers are used to indicate the amino
acids that comprise the signal peptide. An asterisk indicates the stop codon.
The consensus polyadenylation signal is underlined.

similarity of flounder GTH o subunit gene with other
species, the BLAST program was run, The flounder GTH
2 subunit gene has a high similarity in amino acid residues
with other species, greater that 60% sequence identity.
Also, putative N-linked glycosylation sites are located at
positions 55 and 80 (Fig. 2).

Molecular Sequencing of GTH-IIB

Conserved nucleotide sequences of the GTH-IIB subunit
among the fish species were determined using the NCBI
nucleotide and protein sequence database, and the first
round of PCR was carried out using a pair of the ‘LT7” and
‘GTH-B2F’ primers (Table 1). In order to prepare for the
probe of screening GTH-1I8 subunit, the second round of
amplification was consequently performed with the ‘GTH-
B2F and nested ‘GTH-B2R’ (Table 1) and resulted in
the 224 bp fragment. The resulting DNA fragment was
sequenced and identified with a fragment homologous to
the other GTH-IP subunits. Then, ¢cDNA library was
screened by colony hybridization with the above probe.
The cDNA clones of the flounder GTH-II} subunit gene
were isolated and sequenced. The sequences of the
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Flounder
Atlantic halibut
Bod sesbroay
striped bass
Yollowiin ssabrean
Compon carp 1
Coxmon carp 2
Bonite

Buropean esl
Pike sl

Cherry selmon 1
Catfish

Cherry salmon 2
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+ L3 + *r

Tuna YPRYILENNGCEBCTL KK MNVFSR-DRP TYOCWSCCFBRAFP TELY AMKTHT [P ¥R TTER ATOCYAYHE- YETE VAGLRY ENHT ICHCETCYFHES

Fig. 2. Alignment of the deduced amino acid sequence of GTH o subunit from other fishes.

Tie fish GTH « subunit sequences were imported from the SwissPort data bank/GenBank as follows: Hippoglossus hippoglossus (Atlantic halibut,
C.AD1(503), Pagrus major (red seabream, BAB18562), Morone saxatilis (striped bass, Q91119), Acanthopagrus latus (yellowfin seabream, P30970),
C prinus carpio 1 (common carp 1, X56497), Cyprinus carpio 2 (common carp 2, M37380), Katsuwonus pelamis (bonito, AAB25414), Anguilla anguilla
(= aropean eel, A37198), Muraenesox cinereus (pike eel, SO7091), Oncorhynchus masou 1 (cherry salmon 1, AAB30422), Oncorhynchus masou 2 (cherry
s1mon 2, AAB30422), Clarias gariepinus (catfish, AAB24036), and the Thunnus obesus (tuna, P37204) GTH o subunit sequence. The degree of shade
s>ows the identities, which are identical to those of the flounder mature peptide sequence. Asterisks indicate cysteine residues. Putative N-linked

gl/cosy lation sites are indicated by plus (+) signs.

1. iclestide and the deduced amino acids for the cDNA are
shiow1 in Fig. 3, and deposited at GenBank (AF268694).

100bp
3

1 AGCTGTTGAACCGTCGACACAAACACTTCATCTCCTGCAGGATGTCGATGCAGATCAGCC 60

H3S ¥aQgISs
-30

6l  TGAGAGTGAAGGTCCCTCTGACGCTGATTITCTTTCTCTCCTCCATGTGGCCCCTRGCC 120
LRVEVPLTLIFFLSSMWPILA

121  CCGCAGTGGCCTTCCAGCTGCCGACGTGTCTTCTCATCAAGCAAATGGTGTCTCTGGAGA 180
PARAVAFQLPTCLLTIZKQMVSLE

-1 1 GTH-BRF

181  AGGAGGGCTGTCCCAAGTGTCACACCGTGGAAACCACCATCTGCAGTGGACA( 240
EKEGCPEKCHTVETTICSGHTC CEK

241  CCAAGGATCCCGTCGCCAAGATCCCCTTCCTCAACATGTACCAGCACGTOTGCACGTACC 300
TKDPVARKIPFLENYQHVCTY

301  AGGAGCTGTACTACAAGACGTTTGAACTTCCGGACTGTCCTCCAGGCGTGGACCCGACCG 360
QELYYERKTFELPDCPPGVYVDPT

361 TCTCCTACCCTGTGGCOGTGAGCT(?PTACTGCGGCCGCNTGCGCTCMCACGTOCGE 420
VSYPVAVESCYCGRCALVNTSTD

GTH-B2R
421 GCACCTTCCAGAGCCTGCAGCCAGACTTCTGCATGAACGACATCCCCTTCTACGACTGAR 480

CTFQSLQPDFCMUHNENDIPF VYD«
115
481  CGATAARAACACTGGAACCGTCCARATGTTTAAGAARATARAGATCTTTACATICACC(poly A) 838

tig. 3. (A) Structural location of flounder GTH-IIP subunit gene.
5 UTR indicates 5'-untranslated region and 3-UTR, 3"-untranslated region.
* P. indicates signal peptide and M.P,, mature protein. (B) The full length
> the nucleotide and deduced amino acid sequences of cDNA encoding
“ouncer GTH-IIB subunit. The nucleotide numbers are shown on both
5 des, and the amino acid residue numbers are shown under the amino acid
s:quence The first amino acid of the putative mature GTH-IIB (F in bold
. 'pe) is numbered as +1. Negative numbers are used to indicate the amino
12ids that comprise the signal peptide. An asterisk indicates the stop codon.
The consensus polyadenylation signal is underlined.

The flounder GTH-IIB subunit gene consists of 41 bp of 5'-
UTR, 435 bp of coding, and 59 bp of 3' UTR, foliowed by
a poly(A) sequence. The coding region encodes a 30
amino acid signal peptide and a 115 amino acid mature
beta-subunit. The 3' UTR contained polyadenylation signals
(aataaa).

Comparison of the flounder GTH-IIP} subunit gene with
striped bass (Morone saxatilis) and tuna (Thunnus obesus)
shows them to be aligned (Fig. 4). From the comparison
data, it is noteworthy that the putative site of N-linked
glycosylation is located at position 93.

Tissue Expressions for GTH

The gonadotropin requires both the o- and the B-subunits
heterodimeric subunits for its regulatory function. The
GTH o subunit is common to two forms of gonadotropins,
GTH-I and -II. Therefore, understanding of the nature of

flomder FQLRTCLLIKGHVSLEKEGCRRCHTVETTICSGHCKTRDRYARIPELUNYGHVCTROELY 60

striped bass  ——P-Q—4-T p [--—T-—§-¥——F-H 60

tuta e o e I [—-[-—§k¥-—-F- 60
* ® » * *

+

flomder YKTFELDDCRPGVIRTYSYRVAVSCYCGRCALNTSOCTEGSLDDECHRDIREYD 115

striped bass = e Tl 11§

e U s e S BT
* x & * *

Fig. 4. Alignment of the deduced amino acid sequence of GTH-
TIB subunit from other fishes.

The sequences of Morone saxatilis (striped bass, Q91121) and Thunnus
obesus (tuna, P37206) GTH-IIB subunit were imported from the SwissPort
data bank/GenBank. Dashes indicate amino acid residues, which are
identical to those of the flounder mature peptide sequence. Dashes indicate
amino acid residues, which are identical to those of the flounder mature
peptide sequence. Asterisks indicate cysteine residues. Putative N-linked
glycosylation sites are indicated by plus (+) signs.
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GTH « subunit B —actin

M PLLL KL SPMUTE AM Pl LI KI SP MUTE 4M M

Fig. 5. Patterns of the expression of GTH o subunit and B-actin
gene detected by RT-PCR.
Lane “M” indicates a molecular marker. “PI” indicates pituitary; “LI"
(liver); “KI” (kidney); “SP” (spleen); “MU” (muscle); “TE” (testis) and
“4M” (4 months old flounder).

gonadotropins and their roles in the control of reproduction
in teleosts is important. The GTH o subunit gene will be
used as a critical probe for the evaluation of the tissue
expressions of GTH. To characterize the tissue expressions
of gonadotropins, the reverse transcription-polymerase chain
reaction (RT-PCR) was performed with primers specific
for the GTH o subunit gene using total RNAs isolated
from flounder tissues as a template. As shown in Fig. 5, the
patterns of DNA fragments amplified from RT-PCR
provided evidence for the expressions of the GTH genes.
The expression of the GTH « subunit gene was detected
only from the pituitary tissues isolated from both adult and
four-month-old immature flounder, but not in the liver,
kidney, muscle, spleen and testis among the tissues
investigated. Also, we used -actin gene as a control gene
to confirming that the absence of the GTH. o subunit
c¢DNA product was not due to any deficiency in the cDNA
preparations. The message of both the - and the B-
subunits flounder B-actin gene was ubiquitously expressed
in the tissues investigated as shown in Fig. 5. Thus,
flounder gonadotropin gene is likely to be expressed only
in pituitary glands in the developmental stages.

DISCUSSION

In the present study, the cDNA encoding flounder pituitary
glycoprotein gonadotropin o subunit was cloned and its
nucleotide sequence was determined. We also isolated the
GTH-IIP subunit gene, because the sequence of the GTH-

Flounder ~MSMQISLRVEVP]
Japanese flounder -MSMQISLI
Atlantic halibut METEQISVRVEL

Flounder PFLNM!Q}W

Japanese flounder PFLNMY

Atlantic halibut PFLNVYGHVCTY
45

IIB subunit gene has unique characteristics in its nucleotide
sequences. Therefore, we report here the complete forms
of the gonadotropins, since GTHs require the o subunit as
a common subunit for their function. The sequence of the
flounder GTH « subunit gene is reported for the first time
in this paper. Comparison of the deduced amino acid
sequence of the o-subunit of flounder with those of other
teleost species shows greater than 60% sequence identities.
The ten half-cystines and the two potential N-linked
glycosylation sites are completely conserved. The presence
of two types of o-subunit in several teleost species was
reported [6, 10]. However, we were unable to find different
types of cDNA encoding o subunit, suggesting that flounder
possesses only a single type of alpha form subunit.
Furthermore, the GTH-IIP subunit isolated in this study
had nucleotide sequences and N-linked glycosylation sites
(N-X-S/T) different from those reported previously [11}.
N-linked glycosylation is important for it’s function: A
primary function of N-linked glycosylation is to ensure
proper folding of glycoprotein [5] and also important for
stability of the glycoprotein [9]. As shown in Fig. 6, the
flounder GTH-IIf} had a N-linked glycosylation site (93
position) different from the site (10 position) determined by
Kajimura et al. [11]. These differences are also shown in
recently isolated Atlantic halibut (Hippoglossus hippoglossus)
at a GenBank (accession number; AJ417769). The N-
linked glycosylation site of GTH-IIf in Hippoglossus
hippoglossus was identical to the GTH-IIJ in this study.
Hippoglossus hippoglossus and Paralichthys olivaceus are
identical with suborder “Pleuronectoidei”. We attribute
these differences to the fact that the flounder may differ in
character from the salmonid and mammalian species. In
addition, the flounder GTH-IIP had well conserved cysteines,
when aligned with other members of the glycoprotein
families (Fig. 4). Other conserved features, that are thought
to be important in binding to the o subunit and shared with
the GTH-IIf} subunits in other fishes included a teleost-
specific Cys-Ser-Gly-His (CSGH) amino acid sequence
(positions: 31~ 34) between the fourth and fifth cysteines
and a Pro-Val-Ala (PVA) sequence before cysteine 8 [29].
In order to determine the expression of gonadotropins in
flounder tissues, RT-PCR was used, and the expression

CLLIKQMYSLEREGCPRCHTVETTICSGHCRTRDPVAKT
QTVSLE CHIVETTICSGHCRTKDPVART

APAVAFQLPKCQLIRQMVSLEKEGCPRCHTVETTICSGHCNTKDPVIKT

1 10 44
+
SCYCGRCALNTSDCTFQSTQPDFCHNDIPEYD
CYCGRCALNTSDCTFQSIQPDFCHNDIPFYD
AVSCYCGRCALNTSDCTFESLQPDFCHNDIPFYD
93

Fig. 6. Alignment of deduced amino acid sequence of the flounder GTHIIf subunit.
An asterisk indicates the distinct amino acids. Putative N-linked glycosylation sites are indicated by plus (+) signs.



wis detected only in the pituitary glands, but not in the
liver, kidney, muscle, spleen and testis among the tissues
investizated. In the case of flounder, it usually takes adult
spucies 3 years to spawn. We also investigated whether the
GTH hormone, expressed using 4 months old immature
tish, and the result of RT-PCR shows that flounder at least
4 1aonhs old expressed GTH hormones. A comparison of
adalt to immature flounder showed that the expression of
G™"H hormones increased as the gonadal developmental
steges progressed.

[n conclusion, these comparative data of the amino acid
sexjuerces of vertebrate GTHs indicate that the o subunit
g21e is highly conserved, similar to the GTH o subunit
az1es of other species, while the B subunit is diversified
d.ring the molecular evolution of vertebrate GTH. This
recult suggests that gonadotropin protein may function similarly
“0 the way it functions in other species in vertebrate
~eorocuction. Therefore, the present study conducted on
fich contributes to deeper understanding of the mechanisms
m/olved in gonadotropins regulated reproduction.
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