
A Novel Form of Gonadotropin-Releasing Hormone
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GnRH forms in one organism is a matter of contro-
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The present study has identified three molecular
orms of gonadotropin-releasing hormone (GnRH) in
he brain of a teleost, the medaka, by isolation of their
DNAs. This species has a novel GnRH, which is here
amed medaka-type GnRH (mdGnRH), in addition
o two characterized forms, chicken-II-type GnRH
cGnRH-II) and salmon-type GnRH (sGnRH). Phyloge-
etic analysis showed that mdGnRH is a medaka ho-
olog of and seabream-type GnRH (sbGnRH) and
ammalian-type GnRH (mGnRH) in other species,

nd suggested that all vertebrates have three distinct
nRHs. Furthermore, in situ hybridization revealed

hat the mdGnRH gene is expressed only in neurons
lustered within the preoptic area as sbGnRH and
GnRH genes in other species are, while the genes for

GnRH-II and sGnRH are only in the midbrain teg-
entum and nucleus olfactoretinalis, respectively.
his result suggested that mdGnRH is a hypophysio-

ropic factor and the other two forms are involved in
ther physiological events as neuromodulators or
eurotransmitters. © 2000 Academic Press

Key Words: gonadotropin-releasing hormone (GnRH);
olecular forms; mdGnRH; cGnRH-II; sGnRH; phylog-

ny; gene expression; medaka.

Gonadotropin-releasing hormone (GnRH) was origi-
ally isolated from mammalian hypothalamus and
amed for its role as the physiologic regulator of go-
adotropin release from the pituitary (1, 2). To date,
leven molecular forms of the neuropeptide have been
dentified in various vertebrates (3, 4). The length of
nRH, however, has been conserved to be 10 amino
cids during evolution, and 4 out of the 10 residues are
dentical among known forms. Although it is accepted
hat at least two molecular forms of GnRH exist within
he brain of a single vertebrate species, the number of
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ressed. Fax: 81-3-5841-5287. E-mail: aida@uf.a.u-tokyo.ac.jp.
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opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
ersy. Moreover, physiological role for each form of
nRH is still unclear.
One teleost species, the medaka Oryzias latipes, was

hosen as an experimental model for elucidation of the
hysiological functions, regulatory mechanisms, and
hylogeny of GnRHs. This fish is an ideal model system
or reproductive, developmental, and genetic studies
ecause of its well-established reproductive biology
nd genetic analysis, its short generation time, and the
vailability of a large number of inbred strains and
utants (5–7). In the medaka brain, two forms of
nRH, chicken-II-type GnRH (cGnRH-II) and salmon-

ype GnRH (sGnRH), have been detected by HPLC,
adioimmunoassay (RIA), and immunocytochemistry
8, 9).

As a first step, this study has identified the molecu-
ar forms of GnRH in the medaka brain. Isolation and
haracterization of their cDNAs revealed the presence
f a novel form of GnRH in addition to two character-
zed forms in the medaka. The transcripts for three
nRHs in the brain were characterized by Northern
lot analysis, and their localizations were examined by
n situ hybridization.

ATERIALS AND METHODS

Animals and sample preparation. The medaka purchased from a
ocal dealer were kept in freshwater under controlled photoperiod (14

of light, 10 h of darkness) with commercial fish chow daily. The
ater temperature was maintained at 25°C. Sexually mature males
nd females, which spawned every morning, were used in this study.
hen sampled, fish were anesthetized in 0.06% 2-phenoxyethanol

nd sacrificed by decapitation. Total RNA was extracted with ISO-
EN (Nippongene, Tokyo, Japan) from the brains of fifty fish. Sub-

equently, poly(A)1 RNA was purified with Oligotex-dT 30 (Takara,
higa, Japan).

Molecular cloning. Rapid amplification of cDNA ends (RACE)
ere carried out to identify molecular forms of GnRH in the medaka
rain using Marathon cDNA amplification kit (Clontech, Palo Alto,
A) (10). Six degenerate sense primers were designed for isolation of
9-ends of the cDNAs encoding three forms of GnRH. MD-F1 (59-
AGGG(A/C)TGCTGTCAGCACTGGTC-39) and MD-F2 (59-CAG-
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equences among mammalian-type GnRH (mGnRH) cDNA of the eel
nguilla japonica, seabream-type GnRH (sbGnRH) cDNA of the
eabream Chrysophrys major, and the sbGnRH cDNA of the cichlid
aplochromis burtoni. CII-F1 (59-CA(A/G)CA(C/T)TGGTCICA(C/
)GG-ITGGTA-39) and CII-F2 (59-TGGTCICA(C/T)GGITGGTA(C/
)CCIGG-39) were based on the amino acid sequence of cGnRH-II.
-F1 (59-CA(A/G)CA(C/T)TGGTCITA(C/T)GGITGGCT-39) and S-F2

59-TGGTCITA(C/T)GGITGGCTICCIGG-39) were based on sGnRH
equence. First PCRs were carried out with MD-F1, CII-F1, or S-F1
n combination with adaptor primer 1 (AP1) (Clontech). The first
CR solutions with MD-F1, CII-F1, and S-F1 served as templates for
he nested PCRs with MD-F2, CII-F1, and S-F2, respectively, in
ombination with adaptor primer 2 (AP2) (Clontech). After the nu-
leotide sequences of the 39-ends of the cDNAs encoding three GnRH
orms were determined, six gene-specific antisense primers
ere designed for isolation of 59-ends of these cDNAs. MD-R1

59-TAAAGATGACTCCTCCAGGTGGCTC-39) and MD-R2 (59-CTC-
AGTCACTGCAGGGTGTATTGC-39) were based on the sequence of

he obtained cDNA encoding a novel form of GnRH (medaka-type
nRH; mdGnRH). CII-R1 (59-CTCCTCTGAGGTCTCATGTAGC-
GC-39) and CII-R2 (59-TCTGAAACCTCAAAGGAGTCTAGCTCC-
9) were based on the sequence of the cGnRH-II cDNA. S-R1 (59-
GACACCACTCTTCCTGTGCCCATC-39) and S-R2 (59-ATCCTG-
TGGTTGCCTCGAGCTCTC-39) were based on the sequence of the
GnRH cDNA. First PCRs were carried out with MD-R1, CII-R1, or
-R1 in combination with AP1. The first PCR solutions with MD-R1,
II-R1, and S-R1 served as templates for the nested PCRs with
D-R2, CII-R2, and S-R2, respectively, in combination with AP2. An

dditional confirmation was performed by amplification of cDNA
ragments containing full-length open reading frames (data not
hown).

Northern blot analysis. Four micrograms of poly(A)1 RNA from
he brain were subjected to electrophoresis on a 0.9% agarose gel and
ransferred to membranes (Hybond-N1; Amersham Pharmacia Bio-
ech, Buckinghamshire, UK). Plasmid DNAs containing three GnRH
NAs were used as templates to generate probes labeled with

a-32P]dATPs and [a-32P]dTTPs (Amersham Pharmacia Biotech) by
CR amplification. The cDNA probes specific to mdGnRH (225 bp),
GnRH-II (217 bp), and sGnRH (256 bp) were amplified with MD-F4
59-GGGAAGCGAGAACTGAAATAC-39)/MD-R4 (59-AATATCCCA-
ACAGTAGAGACAC-39), CII-F4 (59-AATGCAGCTACATGAGAC-
TC-39)/CII-R4 (59-TTTGCAACAGAACAATATTGCAATG-39), and
-F4 (59-AAGAAGTGTGGGAGAGCTCG-39)/S-R4 (59-AACACATA-
AGCTTTGTTAGTTGTG-39) primer pairs, respectively. After pre-
ybridization in hybridization buffer (PerfecHyb; Toyobo, Tokyo,
apan) at 68°C for 30 min, the membranes were hybridized with
DNA probes for mdGnRH, cGnRH-II, and sGnRH in the hybridiza-
ion buffer at 68°C for 14 h. The membranes were washed twice in
3 SSC containing 0.1% SDS at 68°C for 5 min, and then washed
wice in 13 SSC containing 0.1% SDS at 68°C for 5 min. The
embranes were exposed to Fuji X-ray film (Fuji Film, Tokyo, Ja-

an) at 280°C for 3 days.

Sequence analysis. Amino acid identities between prepro-GnRHs
f the medaka and those of other species were calculated by a Mac
ector version 6.0 (Oxford Molecular, OR) with default setting. Full-

ength prepro-GnRH proteins in the medaka and other species were
ligned to each other by CLUSTAL W (11) with default setting. After
he alignment, a phylogenetic tree was generated by PHYLIP (12)
sing neighbor-joining method (13).

In situ hybridization. In situ hybridization was performed as
escribed by Amano et al. (14). The brains of twelve fish of both sex
ere removed and fixed. Antisense oligonucleotide probes for a novel
nRH (59-GACTCCTCCAGGTGGCTCAAGTCACTGCAGGGTGTA-
TGCTGTT-39), cGnRH-II (59-GTCGCAGTGTAGAAAAGCATGAC-
GGTGAAGGGTCACTTCC-39), and sGnRH (59-TCCATCAGTAG-
299
ith [a- S]dATP (Dupont/NEN, Boston, MA) on their 39-ends. The
issue sections were covered with hybridization buffer with the la-
eled probes. In addition to the labeled probes, excessive unlabeled
robes (200 times as much as the labeled probes) were added to the
ybridization buffer for alternate serial sections in order to validate
he specificities of the probes.

ESULTS AND DISCUSSION

hree GnRHs, Including a Novel Form,
Exist in the Medaka

The present study has identified the molecular forms
f GnRH in the medaka brain by molecular cloning of
heir cDNAs. A 429 bp cDNA isolated encodes a GnRH
hich is different from any other forms of GnRH char-
cterized so far (Fig. 1). Its deduced amino acid se-
uence is pGlu-His-Trp-Ser-Phe-Gly-Leu-Ser-Pro-Gly-
H2. Here this novel form is named medaka-type
nRH (mdGnRH) (Fig. 2). A cDNA of 630 bp encodes a

haracterized form of GnRH, cGnRH-II (Fig. 1).
GnRH is encoded by two cDNAs of 418 and 781 bp,
esulting from alternative polyadenylation-signal us-
ge (Fig. 1). Each form of the three GnRHs is encoded
s part of prepro-GnRH protein, which is composed of
signal peptide, the GnRH decapeptide, a Gly-Lys-Arg
rocessing site, and a GnRH-associated peptide.
orthern blot analysis revealed that the three GnRH
enes are indeed expressed in the brain, and each of
dGnRH and cGnRH-II is encoded by a single gene

ranscript, but two transcripts are present for sGnRH
Fig. 3).

he Number of Molecular Forms of GnRH
in One Organism

It is still a matter of controversy whether the pres-
nce of three distinct forms of GnRH in a single species
s characteristic of limited some teleost groups. In this
ontext, the sequence data of prepro-GnRHs in the
edaka is of some interest. mdGnRH decapeptide has

he highest sequence identities with sbGnRH and
erring-type GnRH (hrGnRH): They differ by one
mino acid in position 5 (Fig. 2). Although mdGnRH
id not show remarkable identities to any other forms
t the prepro-protein level, it also has the highest
dentity with 46% and 49% to prepro-sbGnRHs of the
ichlid and the seabream, respectively (Table 1). Also,
dGnRH differs from catfish-type GnRH (cfGnRH)

nd mGnRH by only two residues in positions 5 and 8
Fig. 2), and shows relatively high identity with 32% to
repro-cfGnRH of the catfish Clarias gariepinus and
repro-mGnRH of the eel (Table 1). These lines of
vidence indicate that mdGnRH is a medaka homolog
f sbGnRH, hrGnRH, cfGnRH, and mGnRH in other
pecies. On the other hand, this also suggests that each
f cGnRH-II and sGnRH have been evolved separately
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rom these forms. In this case, all species in the teleost
ould have three distinct forms of GnRH; cGnRH-II,

GnRH, and a third diversified form (mdGnRH, sb-
nRH, hrGnRH, cfGnRH, or mGnRH). This idea is

upported by the phylogenetic analyses in this and
revious studies (Fig. 4) (15, 16). The phylogenetic tree
ndeed divided multiple molecular forms of GnRH in
ertebrate into three groups as described above. As to
he tetrapod, only two molecular forms of GnRH have
een isolated from one organism: One form is
GnRH-II and the other is mGnRH, guinea pig-type
nRH, or chicken-I type GnRH (17, 18). Although

GnRH has not yet been isolated in the tetrapod, the
ecent studies using HPLC and RIA detected sGnRH-
ike form in the brain of several mammals (19–21).
herefore sGnRH-like form may be a universal form in
ll vertebrates, and it is possible that the existence of
hree forms of GnRH in one organism is a general
ondition of both the teleost and tetrapod.

ene Expression Sites of Three GnRHs in the Brain

The localization of mRNAs for three GnRHs within
he medaka brain was determined by in situ hybrid-
zation (Fig. 5). Each of three GnRH genes had a clear
egion-specific pattern of expression in the brain. Hy-

FIG. 1. Nucleotide and deduced amino acid sequences of the
cGnRH-II), and salmon-type GnRH (sGnRH) in the medaka. Each o
GnRH is encoded by two transcripts, which are generated throu
nRH-associated peptide regions are boxed and single underlined, r

ignals (AATAAA) are double underlined. The last nucleotide of the s
educed proteins for mdGnRH, cGnRH-II, and sGnRH (short and
ucleotide sequence databases with the Accession Nos. AB041333, A
300
ridization signals for mdGnRH mRNA were observed
nly in the cell bodies of several neurons within the
reoptic area (POA). These neurons form a cluster.
ignals for cGnRH-II mRNA were present only in the
ell bodies of a cluster of neurons found in the midbrain

FIG. 2. Comparison of mdGnRH with eleven GnRHs identified
rom vertebrates so far. Shaded areas indicate the regions of identity
ith mdGnRH. mdGnRH, medaka-type GnRH; sbGnRH, seabream-

ype GnRH; hrGnRH, herring-type GnRH; mGnRH, mammalian-
ype GnRH; cfGnRH, catfish-type GnRH; cGnRH-I, chicken-I-type
nRH; gpGnRH, guinea pig-type GnRH; sGnRH, salmon-type GnRH;
fGnRH, dogfish-type GnRH; cGnRH-II, chicken-II-type GnRH;
GnRH-I, lamprey-I-type GnRH; lGnRH-III, lamprey-III-type GnRH.

NAs for medaka-type GnRH (mdGnRH), chicken-II-type GnRH
dGnRH and cGnRH-II is encoded by a single type of transcript, but
alternative polyadenylation-signal usage. GnRH decapeptide and
ectively. Stop codons are denoted by asterisks and polyadenylation
ter sGnRH cDNA is in black box. The sequences of cDNAs and their
g transcripts) have been deposited in the DDBJ/EMBL/GenBank
41330, AB041331, and AB041332, respectively.
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egmentum (MT). sGnRH mRNA signals were present
nly in the nucleus olfactoretinalis (NOR) neuron cell
odies which formed a dense cluster. In contrast, ab-
orption experiments by addition of excessive unla-
eled probes revealed no hybridization signals. Cross-
eaction of the probes is unlikely, because signals
btained showed very high region specificity.
This result supports the hypothesis that mdGnRH is
medaka homolog of sbGnRH and mGnRH, the genes

f which are also detected in the POA (22). In the

TABLE 1

Amino Acid Identity (%) between Prepro-GnRHs
of the Medaka and Those of Other Teleosts

Medaka

mdGnRH cGnRH-II sGnRH

ichlid sbGnRH 49 28 25
eabream sbGnRH 46 24 24
atfish cfGnRH 1/2 32/33 28/31 25/25
el mGnRH 32 26 30

ichlid sGnRH 25 28 77
eabream sGnRH 21 26 82
oldfish sGnRH 1/2 23/26 33/30 41/47
almon sGnRH 1/2 25/23 27/28 63/69

ichlid cGnRH-II 29 81 29
eabream cGnRH-II 28 80 30
atfish cGnRH-II 27 58 31
oldfish cGnRH-II 1/2 21/30 60/56 25/30
el cGnRH-II 30 71 29

Note. For abbreviations, see the legend to Fig. 2.

FIG. 3. Northern analysis of three GnRHs in the medaka brain.
our micrograms of poly(A)1 RNA from the brain were hybridized
ith labeled probes specific for the cDNAs encoding mdGnRH (lane
), cGnRH-II (lane 2), and sGnRH (lane 3). Single transcripts of
pproximately 550 and 700 bases were obtained in lanes 1 and 2,
espectively. Two transcripts of approximately 500 and 850 bases
ere detected in lane 3. The positions of RNA size markers are

hown on the left.
301
erring, the content of hrGnRH is much higher than
he other forms in the pituitary, suggesting that
rGnRH is produced in the POA (4), suggesting that
dGnRH and hrGnRH are homologous.
Additionally, this result indicates that respective

orms play distinct roles within the organism and their
ene expressions are differentially regulated. GnRH-
roducing neurons in the POA are known to project to
he pituitary, and responsible for regulation of repro-
uctive endocrine system through acting on the pitu-
tary to stimulate the synthesis and release of gonad-
tropins. In the medaka, therefore, mdGnRH would be
he molecular form playing the role as a hypophysio-
ropic factor, while the other two GnRHs produced in
he MT and NOR would function as neuromodulators
r neurotransmitters.

FIG. 4. A phylogenetic tree of prepro-GnRHs in vertebrates.
hylogenetic analysis divided multiple molecular forms of GnRH

nto three groups: the first group including mdGnRH, sbGnRH,
GnRH, gpGnRH, and cGnRH-I; the second contains only cGnRH-

I; the third contains only sGnRH. This unrooted tree was con-
tructed by neighbor-joining method (13) using PHYLIP software
12), based on the alignments of the amino acid sequences of whole
repro-GnRHs using CLUSTAL W (11). The values at the nodes are
ootstrap probabilities (%) estimated by 100 times replications. The
cale bar corresponds to estimated evolutionary distance units. For
bbreviations, see the legend to Fig. 2.
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he Medaka As an Ideal Model System
for Study of GnRH

We have chosen the medaka as a model system, since
his species has a number of useful characteristics. The
tudy presented here strengthens the advantage of this
pecies as a model system for understanding the phys-
ological function, regulatory mechanism, and phylog-
ny of GnRH for the following reasons: (i) The medaka
s one of few species in which three molecular forms of
nRH were determined, while it is possible that all
ertebrates have three molecular forms of GnRH; (ii)
he cDNAs for all three forms of GnRH were charac-
erized; (iii) Different forms of GnRH are uniquely
xpressed by separate neuronal populations; and (iv) The
eural populations producing GnRHs constitute clusters.
he latter two characteristics of the medaka make it easy
o analyze the roles of respective forms of GnRH. This
odel system will provide new insight into the physio-

ogical function and genetic regulation of GnRHs.

EFERENCES

1. Matsuo, H., Baba, Y., Nair, R. M., Arimura, A., and Schally, A. V.
(1971) Structure of the porcine LH- and FSH-releasing hormone.

FIG. 5. Localization of the mRNAs for three GnRHs in the medaka
midsagittal section of the medaka brain showing that the mRNAs for
idbrain tegmentum (MT), and nucleus olfactoretinalis (NOR), resp

esulting from in situ hybridization with the probe specific for three GnR
ithin the POA. (B) Addition of excessive unlabeled probes specific for
RNA in the POA. (C) cGnRH-II mRNA signals over a cluster of neu
RNA gave no signals for cGnRH-II mRNA in the MT. (E) Signals for

xcessive unlabeled probes for sGnRH mRNA gave no signals for sGnR
302
I. The proposed amino acid sequence. Biochem. Biophys. Res.
Commun. 43, 1334–1339.

2. Amoss, M., Burgus, R., Blackwell, R., Vale, W., Fellows, R., and
Guillemin, R. (1971) Purification, amino acid composition and
N-terminus of the hypothalamic luteinizing hormone releasing
factor (LRF) of ovine origin. Biochem. Biophys. Res. Commun.
44, 205–210.

3. Okuzawa, K., and Kobayashi, M. (1999) Gonadotropin-releasing
hormone neuronal systems in the teleostean brain and func-
tional significance. In Neural Regulation in the Vertebrate En-
docrine System (Prasada, R., and Peter, R. E., Eds.), pp. 85–100,
Kluwer Academic/Plenum Publishers, NY.

4. Carolsfeld, J., Powell, J. F., Park, M., Fischer, W. H., Craig,
A. G., Chang, J. P., Rivier, J. E., and Sherwood, N. M. (2000)
Primary structure and function of three gonadotropin-releasing
hormones, including a novel form, from an ancient teleost, her-
ring. Endocrinology 141, 505–512.

5. Yamamoto, T. (1975) Medaka (killifish) Biology and Strains,
Keigaku Publishing, Tokyo.

6. Ozato, K., and Wakamatsu, Y. (1994) Developmental genetics of
medaka. Dev. Growth Differ. 36, 437–443.

7. Ishikawa, Y. (1996) A recessive lethal mutation, tb, that bends
the midbrain region of the neural tube in the early embryo of the
medaka. Neurosci. Res. 24, 313–317.

8. Powell, J. F., Krueckl, S. L., Collins, P. M., and Sherwood, N. M.
(1996) Molecular forms of GnRH in three model fishes: rockfish,
medaka and zebrafish. J. Endocrinol. 150, 17–23.

in, determined by in situ hybridization. (Upper) Schematic drawing of
GnRH, cGnRH-II, and sGnRH are present in the preoptic area (POA),
vely. (Lower) Micrographs of sagittal sections of the medaka brain,
RNAs. (A) Hybridization signals for mdGnRH mRNA over the neurons
nRH mRNA to hybridization buffer revealed no signals for mdGnRH

s in the MT. (D) Addition of excessive unlabeled probes for cGnRH-II
nRH mRNA over the NOR neurons forming a cluster. (F) Addition of
mRNA in the NOR. Scale bars 5 10 mm.
bra
md
ecti
H m
mdG
ron
sG
H



9. Parhar, I. S., Soga, T., Ishikawa, Y., Nagahama, Y., and Sakuma,

1

1

1

1

1

1

1

various tissues of the Japanese eel and evolution of GnRH. Zool.

1

1

1

2

2

2

Vol. 276, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
Y. (1998) Neurons synthesizing gonadotropin-releasing hormone
mRNA subtypes have multiple developmental origins in the
medaka. J. Comp. Neurol. 401, 217–226.

0. Okubo, K., Suetake, H., Usami, T., and Aida, K. (2000) Molecular
cloning and tissue-specific expression of a gonadotropin-
releasing hormone receptor in the Japanese eel. Gen. Comp.
Endocrinol., in press.

1. Thompson, J. D., Higgins, D. G., and Gibson, T. J. (1994)
CLUSTAL W: Improving the sensitivity of progressive multiple
sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic Acids
Res. 22, 4673–4680.

2. Felsenstein, J. (1989) PHYLIP (Phylogeny inference package)
version 3.5c, distributed by the author, Department of Genetics,
University of Washington, Seattle, WA.

3. Saito, N., and Nei, W. (1987) The neighbor-joining method: A
new method for reconstructing phylogenetic trees. Mol. Biol.
Evol. 4, 406–425.

4. Amano, M., Hyodo, S., Urano, A., Okumoto, N., Kitamura, S.,
Ikuta, K., Suzuki, Y., and Aida, K. (1994) Activation of salmon
gonadotropin-releasing hormone synthesis by 17a-methyltes-
tosterone administration in female masu salmon. Gen. Comp.
Endocrinol. 95, 374–380.

5. White, R. B., Eisen, J. A., Kasten, T. L., and Fernald, R. D. (1998)
Second gene for gonadotropin-releasing hormone in humans.
Proc. Natl. Acad. Sci. USA 95, 305–309.

6. Okubo, K., Suetake, H., and Aida, K. (1999) Expression of two
gonadotropin-releasing hormone (GnRH) precursor genes in
303
Sci. 16, 471–478.
7. King, J. A., and Millar, R. P. (1997) Coordinated evolution of

GnRHs and their receptors. In GnRH Neurons: Gene to Behavior
(Parhar, I. S., and Sakuma, Y., Eds.), pp. 51–77, Brain Shuppan,
Tokyo, Japan.

8. Jimenez-Linan, M., Rubin, B. S., and King, J. C. (1997) Exami-
nation of guinea pig luteinizing hormone-releasing hormone
gene reveals a unique decapeptide and existence of two tran-
scripts in the brain. Endocrinology 138, 4123–4130.

9. Montaner, A. D., Somoza, G. M., King, J. A., Bianchini, J. J.,
Bolis, C. G., and Affanni, J. M. (1998) Chromatographic and
immunological identification of GnRH (gonadotropin-releasing
hormone) variants. Occurrence of mammalian and a salmon-like
GnRH in the forebrain of an eutherian mammal: Hydrochaeris
hydrochaeris (Mammalia, Rodentia). Regul. Pept. 73, 197–204.

0. Montaner, A. D., Affanni, J. M., King, J. A., Bianchini, J. J.,
Tonarelli, G., and Somoza, G. M. (1999) Differential distribution
of gonadotropin-releasing hormone variants in the brain of Hy-
drochaeris hydrochaeris (Mammalia, Rodentia). Cell. Mol. Neu-
robiol. 19, 635–651.

1. Yahalom, D., Chen, A., Ben-Aroya, N., Rahimipour, S., Ka-
ganovsky, E., Okon, E., Fridkin, M., and Koch, Y. (1999) The
gonadotropin-releasing hormone family of neuropeptides in the
brain of human, bovine and rat: identification of a third isoform.
FEBS Lett. 463, 289–294.

2. Sherwood, N. M., von Schalburg, K., and Lescheid, D. W. (1997)
Origin and evolution of GnRH in vertebrates and invertebrates.
In GnRH Neurons: Gene to Behavior (Parhar, I. S., and Sakuma,
Y., Eds.), pp. 3–25, Brain Shuppan, Tokyo, Japan.


	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	FIG. 1
	FIG. 2
	FIG. 3
	TABLE 1
	FIG. 4
	FIG. 5

	REFERENCES

