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T.-B. Le, F.-L. Huang, C.-S. Liu, Y.-S. Chang, G.-D. Chang and
C.-J. Huang (1991) Studies on piscine gonadotropins—Structure,
function, molecular cloning, expression and gene structure. Bull
Inst. Zool., Academia Sinica, Monograph 16: 37-59. Five piscine
gonadotropins were isolated and purified from pituitaries of five
species of fish (carp, silver carp, bighead carp, grass carp and
pike eel). They are all composed of two non-identical (« and 8),
non-covalently linked subunits. FEach subunit is a glycoprotein and
the complete amino acid sequences were determined either by the
conventional chemical method or by deduction from the nucleotide
sequence of the corresponding ¢DNA. The amino acid sequences
of a-subunit of fresh water fishes are almost identical, but show
only 75% and 70% homology to marine fish and human lutropin,
respectively. In B-subunit, the similar situation are observed, i.e.
almost identical between fresh water fishes, and only 80% and 46%
homology to marine fish and human lutropin, respectively.

The biological activity as tested both in tests of rat and carp
for steroidogenesis showed distinct species specificity between mam-
malian lutropins and piscine gonadotropins, and f-subunit was shown
as the hormone specific subunit as tested by reassociated hybrid
molecules. The immunological cross-reactivities of piscine and mam-
malian gonatropins were also corresponded to the above-mentioned
species specificity. The cDNA library was constructed from corres-
ponding mRNA and screened either by synthetic oligonucleotide or
known piscine ¢cDNA. The nucleotide sequence of each cDNA was
determined by the dideoxy nucleotide chain termination method.
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The expression of carp gonadotropin subunit (a«) was proceeded
in insect cell line (Sf21-AE) by using a transfer plasmid (pAV6) as
vector. One expressed subunit (re;) was immunologically identical
with native subunit, and the biological activity was also almost the
same potency as tested by steroidogenesis after association with
native B subunit. However, another recombinant «, was not hormon-
ally active, and seemed to be a competitive inhibitor of «; subunit.

For determination of carp gonadotropin « subunit genes, the
PCR amplified products were prepared from genomic DNA (obtained
from carp erythrocytes) as template and synthetic oligonucleotides
as primers. The subunit gene was shown as multigene family and
was composed of four exons and three introns. The size was rather
small (1.2kb). For g subunit genes, genomic DNA was directly
partially digested and screened with ¢cDNA encoding 8 subunit. It
was also smaller in size, and composed of three exons and two

introns.

Key words: Piscine gonadotropins, Amino acid sequence, Hormonal
function, Molecular cloning, Gene structure, Gene ex-

pression.

The chemical structure, hor-

monal function and immunological
properties of mammalian gonado-
(GTHs) been well

characterized, however not

tropins have
much
work has been undertaken on piscine
GTHs.
piscine pituitary hormones have been
proceeded in our laboratory for more
This
paper is the summarization of a part
of this series of work on GTHs,
including chemical structure, hor-
monal activity, immunological pro
perty, molecular of five
species of fish, carp (Cyprinus carpio),
carp (Hypophthalmichthys
molitrix), bighead carp (Hypophth-
almichthys nobilis), grass carp (Cteno-
pharyngodon idellus), and pike eel

than ten vyears since 1980.

cloning

silver

THe comparative studies "on .~

(Muraenesox cinereus), and expres-

sion and gene structure of carp
GTH.

ISOLATION AND CHEMICAL
CHARACTERIZATION

Piscine pituitary glands of both
sexes, either freshly collected or
preserved in acetone at —20°C, were
homogenized and extracted with 6%
ammonium acetate (pH 5.1) in 40%
ethanol at 4°C, and crude glycoprotein
fraction was recovered by alcohol
precipitation (Huang et «l., 1981).
After dialysis against 5mM am-
monium bicarbonate and lyophiliza-
tion, GTH was purified by DEAE-
cellulose chromatography and. fol-
lowed by gel filtration (Chang et al.,
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Fig. 1. Comparison of the amino acid sequence of « subunit. c, carp (Chang
et al., 1988Db); sc, silver carp (Chang et al, 1990); bc, bighead carp (Huang
et al, 1990); gc, grass carp (Unpublished data); pe, pike eel (Liu ef al,
1989); e, eel (Querat et al, 1990a); s, salmon (Swanson et al., 1989); hLH,
human LH (Sairam, 1983); —, residue identical to that of ¢cGTH; X, gap

insertion for half cystine alignment.
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Comparison of -the amino acid sequence of § subunit‘. ¢, carp (Chang et
al., 1988b); sc, silver carp (Chang et al., 1990); bc,blghead‘carg (Huang
et al., 1990); gc, grass carp (Unpublished data); pe, pike eel (Liu et al,
1989); e, eel (Querat ef al, 1990b); s, salmon (Swanson ef al., 1989); hFSH,
human FSH (Shome ef al., 1988); hLH, human LH (Shome and Parlow,
1973); —, residue identical to that of ¢GTH; X, gap insertion for half

cystine alignment. -
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1988a). For further purification of
GTH or dissociation of subunits,
HPLC method was employed (Chang
et al., 1988b).
acid sequence of each subunit was

The complete amino

determined either by conventional

chemical method (Edman degrada-

tion) or by deduction from the
nucleotide sequence of the cor-
responding c¢DNA. The complete

amino acid sequences of five piscine
GTH-« and -8 subunits are listed with
those of some other known GT Hsin
1 and 2, The

Figs. respectively.

Table 1
Homology analysis of amino acid sequences

a subunit homology (%)
¢GTH Vs scGTH 98
scGTH ’ Vs bcGTH 100
scGTH Vs gcGTH 99
scGTH Vs peGTH 74
peGTH Vs eGTH 91
¢GTH vs sGTH(I) 75
cGTH Vs sGTH(II) 73
sGTH(I) Vs sGTH(I) 72
peGTH vs sGTH(I) 67
scGTH : vs hLH - ; 70
scGTH vs bLH 72
hLH Vs bLH 74

8 subunit homology (%)
¢GTH Vs scGTH 97
scGTH Vs bcGTH 99
scGTH - Vs gcGTH 99
cGTH VE peGTH 80
peGTH Vs eGTH 94
scGTH Vs sGTH(I) 34
scGTH Vs sGTH(I) 75
peGTH Vs sGTHI) 71
sGTH(I) Vs sGTH(I) 31
peGTH Vs hLH 45
peGTH Vs bLH 38
scGTH Vs hLH 46
scGTH Vs bLH 41
scGTH Vs hFSH 41
scGTH 'S bFSH 41
hLH Vs bLH 66
hLH Vs hFSH 36
hFSH ' Vs bFSH 91
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homology analysis of amino acid
sequences of a and B subunits are
shown in Table 1. The « subunits
of four fresh water fishes (carp,
silver carp, bighead carp and grass
carp, all Family Cyprinidae) are
almost identical (98-100% ), and show
about 75% and 70% homology to
marine fishes (pike eel and salmon)
and human (hLH), respectively. As
Fig. 1, the

regions are rather concentrated on

shown in variable
two regions, 1-10 and 68-79 (less
than 30% homology), and the homo-
logy of other regions, 11-67 and 80-
96, is very high, 80% and 88%,
Moreover, about 64%

of the differences

respectively.
in amino acid
residues at various position can be
explained by a single base mutation
in the codon. The heterogeneity at
the N-terminus of the « subunit is
also observed in bcGTHa (Huang
et al., 1990). It is obvious that the
a« subunit is quite conserved during
the evolution from fish to higher
The g subunits of four
fresh water fishes are again almost
(97-99%). About 80%
homology is kept between fresh
and marine fish, however not more

vertebrate.

identical

than 50% homology exists between
piscine and mammalian hormone. In
contrast with a subunit, the variable
regions are rather scattered all over

the polypeptide chain of g subunit,b
12  half-cystine
occupy identical positions.
that the hormone specific g subunit
evolved from a common ancestral

however residues

It implies

molecule.

HORMONAL ACTIVITY AND
IMMUNOLOGICAL
PROPERTIES

The isolated GTH preparation
was first assayed by steroidogenesis
Leydig usually
employed for mammalian LH (Moyle
and Ramachandran, 1973), however
it showed extremely low potency .

in rat cells as

(Huang et al., 1981). When carp
testes as well as carp ovarian
follicles instead of rat Leydig

cells were wused, it showed very

good response, while mammalian
LH was not active in this system
al., 1981; Chang et al,
The quite obvious species
They

VIvOo

(Huang et
1988a).
specificities were observed.
were also characterized in
system either by the stimulation of
ovulation in loach or by P32-phosph-
ate uptake in chick testes, and of
course the RIA method was routinely
used for convenience (Huang et al.,
1981; Chang et al., 1988a). The
typical relative potency of GTHs as
steroidogensis

assayed by in carp



Studies on Piscine Gonadotropins 43

testes system is shown in Table 2.
Four fresh water piscine GTHs show
but

marine fish, peGTH, shows rather

practically identical potency,
lower potency and ovine LH shows
almost no response in this system.
However in rat Leydig cell assay,
the results were compietely reversed,
all GTHs

response.

piscine showed no

Table 2
The relative biological activity of
various gonadotropins in stimula-
tion of androgen production
by carp testis in vitro

Relative potency

The immunological
also support the species specificity
as shown in Table 3. Fresh water
piscine GTHs were immunologically
and with marine

p;operties

almost identical,
fish, peGTH, the displacement curve
is not parallel, they did cross react
but not It means their
epitopes are not identical but some
of them must be the same, as the
polyclonal antibodies were used in
Mammalian hor-

identical.

this experiment.
mone, oLH, shows no cross reactivity
to any piscine GTH. Both immuno-
hormonal

logical property and

activity are very well coincided with

Gonadotropin o (%) their structural homology.
Carp GTH 100 v
Silver carp GTH 108
Bighead carp GTH 10 MOLECULAR CLONING
Grass carp GTH 94
Pike eel GTH 56 In recent years, the determina-
Ovine LH 0 tion of nucleotide sequence of a
Table 3
Immunological cross-reactivities of piscine and
mammalian gonadotropins
Cross-reactivity (%)
Antiserum

Antigen Anti-cGTH Anti-scGTH Anti-peGTH Anti-oLH

cGTH 100 136 np* 0
scGTH 89 100 np 0
beGTH 81 125 np 0
peGTH np np 100 0

oLH 0 0 0 100

*: not parallel

c: carp; sc: silver carp; bc: bighead carp; pe: pike eel;

o: ovine
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gene or cDNA has been used for con-
firmation or prediction of the amino
acid sequence of the corresponding
protein. For example, as described
before, the amino acid sequences of

many piscine GTHs were established

by this method.

GGA
Gly

cca
Pro

Asn

TGT
Cys

GTT
Val

AAG
Lys

10
TGC
Cys

TTCAAGATTTGCTTGTGTTGGCCTAAAACTAGTTATATTCCCATCTACCTGTCATTTTACGCCACTT
ATTAGTTTTGTTAGCTGTGCATATTTACTTTTCTACCATGCAAATTATTCCCTAAATTGTCAATGCT
GGGTGTTTTTTCCACAACTTCTTTTCCAAAAGGTTGCCATCATTATTGCAACCAACATTTTAAGAGC
AAATAATGTGATATTTTATCATTAATAAAATGCAAGAAAACATCATCACTGCACTCTGTTTGTTATT
AGTTTAAGCCCTCTTTTGCTGGTAATTGCCCATTTATTTTGTCATCTTACTTATGTAAGATTGTTCA

GATCCATATATTAAATTAAAAATATGATTGCTTGTG-Poly A

GATCACATCTCGCAGGAAGTCAAGAACAAAGCAATC

GCA
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AGA
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AAC
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20
TTT
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CGG
Arg

AGC
Ser

AGT
Ser

Asn

ATT
Ile

TCT
Ser

AAA
Lys

GTG

Val

ACC

Thr

ATA
Ile

GAT
Asp

TTC
Phe

AGG
Arg

AAT
Asn

CTT
Leu

TGC
Cys
90

Furthermore also
for the study of biosynthesis of GTH,

TTA
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the molecular cloning of GTH was
For
the molecular cloning, the correspond-

proceeded in our laboratory.

ing cDNAs were prepared by mRNA
approach. Pitutary polyadenylated
mRNA was prepared from freshly
collected pituitaries by

CsCl method (Ulrich

guanidinium/
et al., 1977)

AGA
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ATG 57
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-23
ATT
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-20
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CAA 108
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Fig. 3. The nucleotide sequence of cDNA encoding ¢GTH-« and its deduced
amino acid sequence.



followed by oligo-dT cellulose column
chromatography.

cDNA,
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Double

synthesized by

TTTTAACAGCCTGCTGAGCA
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TAG
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of Gubler and Hoffman (1983), was
ligated with EcoRI site of pUC9.
The E. coli strain JM101 was used

CCT
Pro

GTC
Val

GTT
Val

GTG
Val

GTA
Val

CGG
Arg
GTG
Val

CTG
Leu

GAC
Asp

GTC AAG
Val Lys

CTA CTA
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10

TTA CAG
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GAT GTG
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90
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GTT
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110

GTT
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CAA
Gln

GTG
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TGC
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ACC
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TAC
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TCC
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AGA
Arg

CGA
Arg

AGC
Ser

-1
GAA
Glu

AGC
Ser

ACT
Thr

GTC
Val

CCG
Pro

80
GAC
Asp

GAG
Glu

CCCCTTTTGGTCCCAAAACTACTATCCTGTGTTTAGCAC

ATCAAACCAAAGTGTACACAAACTGATAAACTCTCACTCTAAATCAGATAAATGTTGTGTAGA

TGTATATCAATAAAAAGTGCATACTTCTTAAATTCATTTTCTACGCTAAAGCCAAACACATTT

TATTCTAGTAATGTAAATGGGCAGTTGGCGTGGATATTGAGCTGAAGCATATAGTTGTAAGTG

ATCATTAGAAAATCCAGGGCCAATGACCAGAAAGAAAAACAACAAGAGTTTAATTGATACAAA

AGTACAAATGCCAAATGAAAATCAGTTGTACTCTGTATACGGAGAAGCTTGTTAATTAAATTG

CAAAACTTTGATCATGGTATTCATCCATCACCATGATGAATTTAAATAACACTGTGCCACTTT

TTGAAATATGAAATAAAACACAAAAT—Poly A

Fig. 4. The nucleotide sequence of cDNA encodlng cGTH-8 and its deduced

amino acid Sequence
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Thus constructed cDNA
library was then screened either by

as host,

the corresponding synthetic oligonu-
cleotide or known cDNA as probe.
Bacteria containing  recombinant
plasmids were first grown on nitro-
cellulose filters, lyzed with NaOH,
and baked for colony hybridization
by the method of Grunstein and
Hogness (1975). For further con-
firmation, the plasmid DNAs of
positive clones were extracted and
digested with FEcoRI followed by in
situ hybridization to agarose gel
with labelled probes (Kidd et al.,
1983). For tucleotide sequence ana-

lysis, the cDNAs encoding GTH-«

and GTH-g were cleaved with PstI

After
electrophoresis in

Avall,

separation by
agarose and
resulted DNA fragment were sub-
cloned into pUCY9. The nucleotide
sequences were determined by the

and respectively.

electroelution, the

dideoxynucleotide chain termination
method (Sanger et al., 1977). The
results of the nucleotide
sequences and the deduced amino
acid sequences of cDNAs encoding
cGTH-« and cGTH-8 are shown
in Figs. 3 and 4,
It also* becomes

typical

respectively.

clear that all

subunits are synthesized as prohor-

mone with different size of signal
peptide at N-terminus as shown in

3 and 4, and in B subunit,
C-terminal two amino acid residues

Figs.

in prohormone are removed during
processing as
shown in Fig. 4. By this method,
the complete amino acid sequences
of cGTH-«, -8 (Chang et al., 1988b),
scGTH-«, - (Chang ef al, 1990),
bcGTH-a, - (Huang et al, 1990)
and gcGTH-a, -8 (unpublished data)
were determined as shown in Figs.
1 and 2.

post-translational

EXPRESSION OF TWO FORMS
OF ¢GTH-« SUBUNIT

In the study of carp c¢cDNA,.
from 1,286 clones, we obtained six
positive clones for «, and five clones
for g subunit. All clones for g were
almost the same size and showed
identical base sequences in the region
of reading frame, however among
six a clones, four clones showed the
same sequence as the subunit we
isolated from pituitary gland while
another two clones showed slightly
They differ in
seven amino acid residues, three in

different sequences.

signal peptide region and four in

mature protein region as shown
in Fig. 5a. They were designated
as a1 and az and a; is not vyet

isolated from pituitary extract

(Chang ef al., 1988b). Because of
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a
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Fig. 5. (5a) Structural differences between a; and a, cDNAs. Both «; and a,
cDNAs of ¢GTH have an internal Pst¢l site located at codon 86.
Unusual A-T repeat sequences with varied length found only in
the a; cDNA are indicated as (AT);s.3. Amino acid differences
are shown in single letter code.

(5b) Construction of transfer vectors. P, promoter of the polyhedrin
gene. The upstream and downstream regions of the polyhedrin
gene are shown by light and dark shading, respectively. ATG,
start codon; TAA, stop codon; Ap’, ampicillin-resistance gene.
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the curiosity to know the properties
of a, subunit as well as like to
prepare various subunits with differ-
ently  glycosylated forms, the
expression study was proceeded by
using a transfer plasmid (pAV6) as
vector and Sf21-AE insect cells as
host. In the vector pAV6, a part of
polyhedrin gene was deleted and
multiple cloning site (MCS) was
inserted as shown in Fig. bb. The
filled region contains 0.6kb of the
downstream with polyadenylylation
signal. The insert encoding the ay
or ay subunit was cleaved by EcoRI
and the 0.8kb filled-in EcoRI frag-
ment was isolated by agarose gel

electrophoresis. This frament was

ligated to the Smal site of pAVe.
Thus prepared transfer plasmids,
pAV6-a; and pAV6-ay,
stream and downstream regions of
the polyhedrin gene that allowed

for homologous recombination with

had up-

the same regions in the. genome

of the wild-type baculovirus. The
expression of both ¢DNAs was
controlled by the promoter from

the polyhedrin gene. Each transfer
plasmid DNA was cotransfected
with the wild-type AcNPV viral
DNA into insect cells, Sf21-AE
(Summers and Smith, 1987). After
transfection, pure recombinant vir-
uses, VAV6-a; and vAV6-a, were
screened by dot blot hybridization

S o
5 50 \ \\A
R 40 + (@]
30 \ ®
B \6\
20 o)
RN
0 r O—0._"%e @
O—L_
0 s 1 1 o s
0.01 0.1 1 10 100
GTH « Standard (ng)
¢ | |
512x Dilution 1x

Fig. 6. Displacement of I'*-labelled native c¢GTH-a subunit from anti-cGTH-«
by 0.01--100 ng of wunlabelled native a (o) or various dilution of recom-

binant a; (&) or a; (a).
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(Pen et al., 1989), using either «; were infected with recombinant
or a; cDNA as probe. For expres- viruses. The kinetics of synthesis
sion, monolayers of Sf21-AE cells and secretion, and molecular weights

Fig. 7.
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Biological activity of GTH assay by steroidogenesis in carp testes. (a)
Dose-response curve of native a+p subunit (0), ra;+8 (e), and raz+8 (a).
(b) Competition of ra, subunit with ra, subunit for association with
native B subunit: native a+8 (0), ra;+8 (o), ray+p+20%ra;, (&), ray+p+
50%ra, (a), and ra;+p+100%rae; (o). (c) Addition of various amounts of
preformed ra,/p complex to 1pg of ra;/f complex.
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of these two a; and «; subunits were
almost the same, and immunologi-
cally also identical as shown in
Fig. 6 (Huang ef al., 1991a). The
hormonal activity was tested by the
steroidogenesis in carp testes assay
after associated with the native p
cGTH

pituitary gland, and the results are

subunit of isolated from
shown in Fig. 7. As shown in Fig.
7a, recombinant «; subunit (ra;)
shows the same
as native a, however rea; is ineffec-
Fig. 7b shows the effect of
ra; on association of ra; and native
B. The increased amount of ra;
(20%, 50% and 100% of ra;) was

added in the system which contained

almost potency

tive.

equal amount of ra; and native g.
[t is obvious that the presence of
100% ra; completely devoid the
association of ra; and B However
the Fig. 7c shows the preformed
a;/B was not affected by the pre-
formed a/B even at 10 fold higher
concentration (Huang et al., 1991a).
The existence and property of a;
subunit is very fascinating. It is a
competitive inhibitor of «; to associ-
ate with g, thus it may serve as an
regulator for controlling GTH level
in the biological system, or it may
be just one degenerating molecular
process  of

species during the

evolution. They differ only in four

amino acid residues at position 5,
69, 71 and 77. The position 71 has
been indicated to be an essential
residue (Sairam, 1983). It is noticed
that all known active « subunits are
residued either as Arg or Lys at
this position as shown in Fig. 1,
however In «, it is GIn. It is an
interesting observation for further
studies of structure-function relation-

ship of the a subunit.

GENE STRUCTURES OF ¢GTH
« AND g SUBUNITS

For determination of gene struc-
ture, two different approaches were -
The first one is the
(PCR)
DNA as
template and synthetic oligonucleo-

employed.
polymerase chain reaction

method wusing genomic

tides as primers for investigation of
the cGTHe
primers used are shown in Fig. 8.
All PCR amplified DNA fragments
were

gene. Four set of

purified from agarose gel
electrophoresis and were ligated into
Smal site of plasmid vector pUCIS,
then subjected to DNA
analysis by dideoxy chain termina-
tion method. All the PCR amplified

products of each set of primers

sequence

contain two types of DNA sequences;
one corresponds to c¢GTHea; cDNA,
while the other matches with the
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100 by s
5'-Uil' IATG TAA 3T
]
Fl +=R1
F2+--meommma el «R2
| R T SR 4—&
F3+-mmmeacmc e -« R3

Fig. 8.
sequence of cGTHea gene.

The locations of primers and the strategy of using PCR to align the
The sequences of the synthetic forward (F)

and reversed (R) primers are indicated in Fig. 9. 5/-UT, 5/-untranslated
region; 3/-UT, 3’-untranslated region; ATG, start codon; TAA, stop

codon.

cGTHa, ¢cDNA. They were aligned
by using their overlapping regions,
and shown in Fig. 9. Both ¢GTHa,
and cGTHa,
exons and three introns.
I is located in the
regions, and is 177 bp in length for
both genes with 74% homology in
sequence. The other two introns, II
and III, are located in the coding
region and are 80bp and 108 bp in
cGTHa; gene, and 80bp and 101 bp
in c¢cGTHa; gene. The
homology was 94% for intron II and
65% for intron III. An unusal AT-
repeat is only present in the 3’-
untranslated region of cGTHa, gene.
A third ¢GTHa gene, ay-1 (Fig. 10)
with only 460bp in length, was
‘detected in PCR amplified products
by using\primers F3 and R3 (Fig.
8).' Nucleotide sequence analysis of
this fragment indicates that it is

genes comprise four
The intron
5-untranslated

sequence

to part of the cGTHa;
intron III is missing.

identical
gene except
Whether it is a pseudogene or not
is unknown. The. above
indicate that multiple « genes are
present in carp, while only sipgle a
gene has been found in mammals.
The comparison of carp, rat, bovine,

results

human, rhesus and mouse GTHa
gene structures are shown in Fig.
10. The basic organization of all «
genes are the same, consisting of
four exons and three introns, and
the splicing sites of « genes are
very similar. The size of exons are
almost the same, but the size of
introns of cGTHa are much smaller
than those of mammalian « genes
as shown in Fig. 10 (Huang et al,
1992).

For the determination of the g
subunit gene, the second approach,

the carp genomic DNA library was
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directly used for screening of ¢cGTHp
gene. The carp genomic DNA was
partially digested with Sau3Al, and
15-20kb  DNA
isolated by agarose gel electrophores-

fragments were

is, and ligated into BamHI site of
EMBL 3, then after

in vitro packaging, transfected into

E. coli KW251 strain.
genomic library was then screened

phage vector,

Constructed

F1 1 2
-~ o 1
al ATCTCGCAGGAAGTCAAGAACAAAGgtaattttttataattaaatatttatgagcttaaagaa 63
@2 =T e Y e ca-=--g-————-—— g-----—- ———————
1 3 3 3
al tacacttaggétgtacaaatgtagcaaactgtacaaaxgaatggtctgtgtgtgtacaxtatt 126
@2 oo Xmemmmm e mm e m s XX x-tctg-g-at--~--a-——----- g-—————- g——--
4 2 4
ol taatqtaEtttgaaaatatgagtgxcagttgtgtagcctaatgtatgtacagxtttttagctt 189
a2 ————— C~——=—-= g-—m—=—=—- aaagta-gt-c--ttt--g---t-tg-ttca--g--tt---
=23 F2 -
MetPheTrpThrArgTyrArgGlyAlaSerIleLeul.eu
al tttttcttctattatagCAATCATGTITTGGACAAGATATGCTGGAGCAAGTATATTATTG" 250
€2 -—-cc-—-——- === =CCACC - — = = — = m e e e
. h R1 Val
' -1 +1 5 8
PhePheMetLeuIleArgLeuGlyGlnLeuTerroArgASnAspMetAsnAsnP
al TTTTTTATGCTTATTCGTCTTGGACAACTGTATCCAAGAAATGATATGAATAACTgtaagttg 313
a2 ——-—-- A-—m—mm——— A e Te—————— ;
A T T T T T T T T e e e e e e e e e e a
Leu His TYr
al ctaaccaatgactaaattttgatacttcatatgggaccatttcctttactattatatttttta 376
B AT e Clmmm e gRX==———=
heGlycyscl n
) NeGlyCysGluGluCysLysLeulysGluAsnAsnIlePheSerLysProGl :
a; ttttatacaaqTTGGATGTGAGGAGTGCAAACTCAAGGAGAACAACATTTTCTCAAXACCgGGX 440
Q2 e e Te=—————- A e e e o
30 40
AlaProValTyrGlnCysMetGlyCysCysPheSerArgAlaTerroThrProLeuArgSer i
al GCTCCTGTCTATCAGTGTATGGGATGCTGTTTTTCTAGGGCTTACCCCACGCCCCTGAGGTCC 503
Q2 e e e e e e
e e e e o Am—mm e
50 F3 . 60
LysLysThrMetLeuVa1ProLy§AsnI1eTh?SerGluAlaThrCysCysVa1AlaLysGlu
al  AAGAAAACCATGCTTGTTCCAAARAATATCACATCAGAAGCTACATGCTGTGTAGCCAAAGAA 566
Q2 e e O e e e e o
69 71
ValLysArg
al GTQAAGCGthaaaatgtgcattaataatgctattgctgtaaatttatgtttcattatgtttt 629
a2 T----A-A----——--a--t-c-—--XXX—-—----- axXXXX==—X-a=-tg-—m——————o a-—-a-
Phe Gln
72
ValLeu
al tatgtxxattttacttttgagtatgtaacaaatattgcttttgtttttatttgtagGTGCTT 691
a2 —---t-tgc-caa-tg-a-atdggcce-—-—---- gom—Xm————— A== e m e
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77 80 90 ’

ValAsnAspVallysLeuValAsnHisThrAspCysHisCysSerThrCysTyrTyrHisLys
754

vl  GTCAATGATGTCAAACTAGTGAACCACACAGACTGCCACTGCAGCACCTGCTACTATCATAAG
Q2 —m—mm———— A e I
Ile
Ser

al TCTTAAACAAACAACAACAAAAACATTGTGACATTCAAGATTTGCTTGTGTTGGCCTAAAACT 817
Q2 mmeee—— XXX RXRKKKKX KKK~ == m e A-mmm e éim———T ——————————
@l AGTTATATTCCCATCTACCTGTCATTTTACGCCACTTATTAGXXTTTTGTTAGCTGTGCATAT 880
@2  ——————eee G==G-Gmm—mmmmm T—=—=A=—————— AA-G--——-T-T~=~—-—=C—~
al TTACTTTTCTACCATGCAAATTATTCCCTAAATTGTCAATGCTGGGTGTTTTTTCCACAACTT 943
Q2 e~ TA~———~ T--==GA=mm=m=m=mm Gmm—mmm e C——--
al  CTTTTCCAAAAGGTTGCCATCATTATTGCAACCAACATTTTAAGAGCAAATAATGTGATATTT 1006
Q2 —————— A e A--T--T==-wm- XXXXKKXK==GHK~—=—=— XX~—=—=
al - T (ATC) ATTAATAAAATGCAAGAAAACATCATCACTGCACTCTGTTTGTTATTAGTTTAA 1064
a2 = (AT)33 ===----- Commmm e TXXX====———m C-C-=--G--T—=---- 1127
@l GCCCTCTTTTGCTGGTAATTGCCCATTTATTTTGTCATCTTACTTATGTAAGATTGTTCAGAT 1127
a2 Tem———m——e AT-T~-=m e T--C-Cr=mmmmmmo oo G=-GT==m=m—mmmmmme A-- 1190
a; CCATATATTAAATTAAAAATATGATTGCTTGTG 1160
a2 = A A e e e

R3 1223

Fig. 9. The nucleotide sequences of ¢cGTHea; and ¢cGTHea, genes. —, in ¢GTHa,

gene indicates nucleotides identical to those of ¢cGTHe; gene; X, denotes
deletions used for maximal alignment of sequence. Exons are shown by
capitals and introns by small letters. The unusual AT-repeat sequences in
cGTHa, gene are represented as (AT);; with repeat number denoted by

the subscript.

Locations and sequences of PCR primers are also shown.

Several direct repeats are shown and numbered 1 to 5.

TAA, stop

codon; AATAA, polyadenylation signal.

with ¢cDNA of ¢cGTHSg as probe. The
screened B gene was further sub-
jected to restriction enzyme mapping,
Southern hybridization, then subclon-
ing and finally sequenced. The base
sequence of ¢cGTHp gene is shown in
Fig. 11. The size is also about
1.2 kb, and composed of three exons
and two introns. The schematic
drawing for comparison with some
other GTHp genes are shown in

Fig. 12. They are not like a genes,

almost the same in size, and consist
of three exons and two introns.
Mature protein regions are located
in exons 2 and 3 (Chang et al., 1992).

CONCLUDING REMARKS

It took us almost ten years to
establish the most basic knowledges
of piscine GTHs including chemical
action, gene
Although

structure, hormone

structure and expression.
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w2
carp a2-] L -—
(AT)24
carp a2
(AD)as
carp al HHE- ]
rat [b—~/——i ———q]
556 kb
bovine O—/ ! 3 [
13.5 b
human O0——/—n B
6.4kb
rhesus O—/— @ -
14.7 kb
mouse [—/—% —m |

8.8kb

Fig. 10. Comparison of « gene structures of carp, rat (Burnside et al, 1988),
bovine (Goodwin et al., 1983), human (Boothby ef al., 1981), rhesus (Golos

et al., 1991) and mouse (Gordon et al., 1988).

Boxes and lines represent

exons and introns, respectively. Coding regions are shown as solid and
noncoding regions as open boxes.

it is not complete, however based
on those descriptive informations
obtained, several comments should
be mentioned. All mammalian pitui-
tary gonadotropic hormones have
been known to exist in two distinct
molecular species, lutropin (LH) and
follitropin (FSH), however we found
only one type of GTH during our
isolation procedures as described
earlier. These GTHs isolated seem
rather similar to LH as compared
the sequence homology of the

hormone specific g subunit, 1. e.

homology of scGTH-8 to hLH-g and
hFSH-g is 46% and 41%, respectively
(Table 1). Recently, two types of
GTH, GTHI and GTHII, have been
isolated from chum salmon (Suzuki

et al., 1988a; Suzuki et al., 1988b;
Ito et al., 1988) and coho salmon
(Swanson et al., 1989, 1991), and

GTHI and GTHII are structurally
homologous to mammalian FSH and
LH, respectively. However only one
GTH (type II) has been found in
chinook salmon (Trinh et al., 1986).
Chum salmon GTHI-g and GTHII-g
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gattagataatctactgtatataatatatgtgcactgaacgaacagcaggtgtcttttat,

ctgttcattctgacctgatgaatttggagagttgttacgtgagaatggaaacacataatce
ctcttgagatcagtgtgattaatttaaggtcagattttagtttaattgttggtttcatge
cactatataaatctacccagatgccgtgtgacTGTACACATAGAGCCACTTTTAACAGCC
-27
M G T P V K
TGCTGAGCAATGGGGACACCTGTCAAgtaagtctaataaataattaatgcagtaatattg
ttcacagtttttttttectttttecttttgettetttgetgtttcaatggggettcacgtta
-20
I L VvV Vv R N H I L
aatggaattgctctecttecttttccatectacagGATTTTAGTTGTTCGAAACCACATCCT
-10 -1 1
F S vV v VL L AV A @ $S S Y L T T C E P
ATTCTCTGTAGTTGTCCTACTAGCTGTTGCTCAAAGCTCTTATCTTCCACCCTGTGAGCC
10 20 ‘
V N E T V AV E K E G C P K C L V L QT
AGTTAATGAGACTGTAGCTGTGGAAAAGGAGGGCTGTCCAAAATGTCTGGTGTTACAGAC
30
T I € S G H €C L T K
CACCATCTGCAGCGGTCACTGCCTGACAAAGgtgcttactttecttgtcagtgtctttttt
ttgtttgttttttacctgttcatttgeatgggaacatttttcagcaacattaatttgaat
tcagattaatatacaagcatcattatttccagtggtgatgacagtgtattatcttacatt
40 50
E P V.Y K 8§ P F 8 T V Y Q@ H VvV C T Y
tctagGAGCCTGTATACAAGAGCCCATTTTCCACTGTCTACCAACACGTGTGCACTTACC
60 70
R D V R Y E T V R L P D C P P G V D P H
GGGATGTGCGTTACGAGACCGTCCGCTTGCCAGATTGTCCTCCAGGGGTGGACCCCCATA
80 ' 90
I T Y P V A L 8 ¢ D C 8§ L C T M b H S D
TCACCTACCCGGTGGCTCTCAGCTGCGACTGCAGCCTGTGCACCATGGACACGTCCGACT
100 110
¢Cc T I E S L @ P D F C M S Q R E D F L V
GTACGATTGAAAGCCTGCAGCCTGACTTTTGCATGTCTCAGAGAGAGGATTTCCTTGTAT
117
Y .
ACTAGCCCCTTTTGGTCCCAAAACTACTATCCTGTGTTTAGCACATCAAACCAAAGTGTA
CACAAACTGATAAATTCTCACTCTAAATCAGATAAATGTTGTGTAGATGTATATCAATAA
AAAGTGCATACTTCTTAAATTCATTTTCTACGCTAAAGCCAAACACATTTTATTCTAGTA
ATGTAAATGGGCAGTTGGCGTGGATATTGAGCTGAAGACATATAGTTGTAAGTGATCATT
AGAAAATCCAGGGCCAATGACCAGAAAGAAAAACAACAAGAGTTTAATTGATACAAAAGT
ACAAATGCCAAATGAAAATCAGTTGTACTCTGTATACGGAGAAGCTTGTTAATTAAATTG
CAAAACTTTGATCATGGTATTCATCCATCACCATGATGAATTTAAATAACACTGTGCCAC
TTTTTGAAATATGAAATAAAACACAAAATAAATAAAATTAAAACAAATGaattaatgcat
tccgcaggcaaaagttattgttctecctitgaagatcactcagaggagaacatgcattctyg

-153
- 93
- 33

28

88
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208

268

328

388
448
508

568

628

688

748

808
868
928
- 988
1048
1108
1168
1228
1288

Fig. 11. The nucleotide sequence of cGTH-8 gene. Exons are shown by capital

and introns by small letters.
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Fig. 12. Comparison of cGTH-8 gene with s: salmon (Xiong and Hew, 1991), r:
rat (Jameson et al., 1984), b: bovine (Virgin et al, 1985), h: human LH-8

and CG-f (Talmadge ef al., 1984) genes.

Boxes and lines represent

exons (E) and intron (IVS: intervening sequences), respectively. Coding
regions are shown as solid and noncoding regions as open boxes. The
asterisk (*) indicates the polyadenylation site of the gene.

have only about 31%
sequence identity to each other, and

amino acid
both « subunits are unexpectedly
not identical but show only 72%
sequence homology (Itoh et al., 1990).
GTHI and GTHII

could not be differentiated by in

However both

vitro steroidogenesis assay, both were
almost equally active in these as-
sayes. Based on the limited observa-
tion obtained, Swanson ef al. (1991)
suggest relationships of GTHI with
growth and GTHII with
maturation of the

gonadal

final gonads

"mammals.

similar to those of FSH and LH in
Apparéntly more direct
and further verifications are neces-
sary. Based on structural homology,
GTHs we isolated are apparently
belong to the type of GTHII isolated
from salmon. As mentioned before,
we did not find other type of GTH,
however we are not sure whether
type I GTH exists in Cyprinidae fish
or not.
The
ineffective @, subunit in carp ¢DNA

Further study is in progress.

discovery of hormonally

library is very interesting. Again
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we do not know whether it is really
expressed or exists in pitutitary
extract or not. The more extensive
search of this fraction in pituitary
extract is now in progress. Three
other fresh water fish cDNA libraries
were constructed under the same
way as in carp, however we could
not screened any clone equivalent
to 1ineffective a3 of carp. It is
interesting to know whether it is
happened only in carp or not.
Moreover the structure-function re-
lationship between a; (active) and
ay (inactive) subunits, including both
protein and oligosaccharide moieties,
and the

moiety during receptor binding and

role of oligosaccharide

signal transduction, remain subjects
for our further investigations.
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