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INTRODUCTION
The knowledge and understanding of regulatory
mechanisms involved in neurohormonal and neuromodulatory action may lead us to the solving of
fundamental processes in their full complexity in
growth, reproduction and vertebrate sex differentiation. The study of these processes in humans
and mammals is relatively well advanced, but
the research concerning the specific pathways in
teleost and bony fish organisms offers the possibil-

ity to touch the inside of the fundamental mechanisms of endocrine regulation [3].
The two principal gonadotropins in the fish
anterior pituitary are released from the proximal
pars distalis, GTH-1 is structurally similar to follicle stimulating hormone (FSH), and GTH-2 is
similar to luteinizing hormone (LH) [30]. There
are only several publications on the neuroendocrine regulation of GTH-1, while the understanding of the secretion and action of GTH-2 is
much greater [3]. It should also be mentioned that
growth hormone (GH) in fish not only stimulates
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A R T I C L E

OBJECTIVES : Receptor binding of GnRH is connected with the stimulation
of pituitary gonadotropic cells leading to both the release and biosynthesis of
gonadotropins. The binding is connected with the conformational changes in the
receptor which induce the specific intracellular signalisation. The study of fish
GnRHs and their receptors may give us new knowledge of the complex interplay
of different mechanisms involved in neuroendocrine regulation of reproduction.
METHODS: Receptor binding of both mGnRH and sGnRH were compared by the
study utilizing the displacement method with mGnRH or sGnRH as radioactive
tracers. Incubation was performed at 2°C to avoid ligand degradation.
RESULTS: The comparative binding of mGnRH and sGnRH with GnRH receptors
from the female rat pituitary and female carp pituitary was studied. At the 50% of
displacement, the binding of sGnRH to the rat pituitary receptor was very small
and in comparison to the binding of mGnRH (100%) was in the range 2–15%.
However, the binding of mGnRH to carp pituitary receptors is small in comparison with the binding of sGnRH (100%) and was in the range 5–20%.
CONCLUSION: The results demonstrated the differences in binding of different
GnRHs to the receptor in rats and carp. This suggests that the structures of GnRH
and its receptor undergo co-evolution in different classes of animals.
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somatic growth [25] but also release of gonadotropins
[25, 34, 39].
Gonadotropin releasing hormone (GnRH) is the key
stimulatory neuropeptide, while the neurotransmitter
dopamine (DA) inhibits the release of GTH-2 [39].
GnRH in vertebrates and protochordates exists in
eleven forms [29]. The most widely present form is
chicken GnRH-II, which coexists with the other molecular form in teleost fish [17, 23].
Recently, it was proven that three different forms of
GnRH coexist in the brain of several fish species [6, 17,
23] and it remains unknown how gonadotropes are able
to recognize and specifically respond to similar forms
of GnRH.
The aim of this study was to compare the binding
potency of salmon GnRH (sGnRH) to the GnRH receptor from the anterior pituitary of the female rat and the
binding of the mammalian GnRH (mGnRH, GnRH)
to the receptor from the pituitary of the adult female
carp.

GnRH-R samples in aliquot (100 μL) of pituitary
hemi-purified homogenates from the same weight of
tissue by equilibration at 4°C (100 μg of tissue per tube)
were taken to incubation. Incubation was performed
during 16 h at 2°C in total volume 500 μL in phosphate
buffered saline, pH 7.4 (PBS) containing 0.1% BSA and
specific binding was measured in the presence of 1000fold excess of unlabelled GnRH. At the end of incubation, 50 μL of 0.3% bovine gamma-globulin was added
to each tube, followed immediately by 1.0 mL of 25%
polyethylene glycol 6000 (PEG 6000) dissolved in PBS,
pH 7.4, vortex mixed, and the mixture was left standing for 15 min at 2°C. Then 4.5 mL of 16% PEG was
added. The mixture was then applied to GFC filters presoaked in 2% BSA and retained in a multi-place holder
and filtered. The filters were washed four times. The
radioactivity retained on the filter was measured in a
gamma-spectrometer with a counting efficiency 60%
for I125. The separation and washing procedure of filters
took less than 15s/tube.

MATERIAL AND METHODS

RESULTS

Animals
Adult female carps (n=6) weighing 7000–9000 grams
with regular reproductive potency were from the Institute of Inland Fisheries in Żabieniec. Pituitaries were
prepared by Dr. Zygmunt Okoniewski and they were
instantly frozen in –80°C till experiment.
Randomly cycling female rats (n=25) were the source
of pituitaries, which were kindly donated by different
laboratories, were collected during four months, frozen
immediately and kept at –80°C till the experiment.

The results of binding of mGnRH and sGnRH with
GnRH receptor in the female rat pituitary and their
competition with radioactive mGnRH as a radioactive
tracer is shown in Figure 1.
The 50% of displacement of mGnRH was approximately at the concentration of cold mGnRH 10–8 M
while sGnRH at 10–6 M. The binding of sGnRH to rat
pituitary receptors is very small and comparable to the
binding of mGnRH (100%) and is in the range 2–15%.
The results of binding of sGnRH and mGnRH with
the GnRH receptor in the female carp pituitary and
their competition with radioactive sGnRH as a radioactive tracer is shown in Figure 2.
The 50% of displacement of sGnRH was approximately at the concentration of cold sGnRH 10–6 M
while mGnRH at 10–4 M. The binding of mGnRH to
carp pituitary receptors is small in comparison with the
binding of sGnRH (100%) and is in the range 5–20%.

Chemicals and peptides
Mammalian GnRH (mGnRH, GnRH, pGlu1-His- TrpSer-Tyr- Gly-Leu-Arg- Pro-Gly10-NH2) and salmon
GnRH (sGnRH, pGlu1-His-Trp-Ser-Tyr-Gly-Trp-LeuPro-Gly10-NH2) were purchased by Sigma-Aldrich (St.
Louis, MO, USA).
Bovine serum albumin (BSA) and bovine gammaglobulin were from Sigma, polyethylene glycol 6000
(PEG 6000) was the product of Merck, and GFC filter
(2.5 inches in diameter) were from Whatman (Clifton,
NJ, USA).
Radioactive iodide I125 for iodination was purchased
from Amersham.
Other chemicals and products of the highest purity
were obtained from Merck or Sigma-Aldrich.
Pituitary receptor binding assays
The method was generally the same as it was described
earlier [18, 20]. The GnRH or sGnRH was used as a
radioactive tracer for the assay of GnRH-R binding
and was iodinated by the modification of the iodogen
method (specific radioactivity: mGnRH: 207 mCi/mg,
sGnRH: 219 mCi/mg.
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DISCUSSION
GnRH molecules exert a stimulatory action on the pituitary gonadotropes cells leading to the release and biosynthesis of gonadotropins (LH and FSH in mammals
or GTH-I and GTH-II in fish). GnRH-R activates several distinct signaling pathways by binding multiple G
proteins (Gq/G11, Gs and Gi). The activation of Gs and
Gi proteins was not found in all experimental systems
and their importance is not known [31]. Recent results
have proved that the formed complex activates the
enzyme phospholipase Cβ (PLCβ) [2, 13]. The physiological consequence of this stimulation is the synthesis
of several second messengers such as inositol 1,4,5-trisphosphate (IP3) or diacylglycerol (DG). IP3 activates
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Figure 1. Competitive binding of mGnRH and sGnRH with the
GnRH receptor in the female rat pituitary . The radioactive tracer
was mGnRH. Significance at the 50% of displacement: P≤0.05.

Figure 2. Competitive binding of sGnRH and mGnRH with the
GnRH receptor in the female carp pituitary. The radioactive
tracer was sGnRH. Significance at the 50% displacement: P≤0.05.

the release of Ca2+ ions from intracellular pools while
DG activates the protein kinase C [24].
Studies on the structure and spatial arrangements
of GnRH molecules enable us to understand more and
more precisely the physiological consequences of its
action on the pituitary gonadotropic cells [31].
GnRH is classified as a member of the rhodopsinlike G-protein-coupled receptor superfamily (GPCR)
which consists of the N-terminal extracellular domain,
seven α-helical transmembrane domains (TMD) connected by hydrophilic intra- and extracellular loops [28,
33] and the C-terminal intracellular domain [31]. The
C-terminal domain mediates the binding of effectors,
propagation of signaling in the cell, desensitization and
internalization [19, 21].
The sequence of GnRH-Rs receptors was determined
in human and several mammalian species [14, 15, 4, 5,
7, 43]. In mammalian GnRH-R the intracellular carboxyl-terminal tail is absent [37, 38]. Using the original methodology of structure research it was possible
to predict the spatial structure of GnRH-R including
the way how GnRH and a G protein interact with the
receptor molecule [40, 41]. GnRH and agonists bind to
the extracellular part of GnRH-R changing its conformation into its active state. Active conformation creates
favorable conditions for transmitting the signal into the
cell through associated G-proteins [8, 10, 31].
Flanagan et al. [9] established that Asp98 and Lys121
in the receptor specifically interact with His2 of mammalian GnRH. The replacement of Asp98 residue with
positively charged amino acid residue causes an obstacle
which prevents the formation of a hydrogen bond with
His2 but does not abolish all mGnRH interactions with
receptor [9, 31]. It was also demonstrated that the presence of Trp7 and Leu8 residues in the salmon GnRH

molecule, a native peptide in goldfish, are important for
the recognition of the ligand by the GnRH receptors in
the goldfish pituitary. The high-affinity GnRH receptors recognize the native neurohormone sGnRH better
than mGnRH [11].
Studies have shown that certain GnRH receptors
other than mGnRH receptors are not selective for Arg8
containing ligands [36, 42, 27].
When GnRH interact with the receptor it stabilizes
the extracellular loop 3 which goes consequently to
the changes of conformation in the transmembrane
domains which encourage G-protein activation, subsequent signal induction and propagation in the cell
[26].
Our present results are in agreement with previous
publications by other authors mentioned above and
indicate that the binding of sGnRH to the rat GnRH
receptor is very small and in comparison to the binding of mGnRH (100%) is in the range of 2–15%. The
binding of mGnRH to the carp pituitaty receptor, when
the sGnRH was used as a radioactive tracer, was in the
range of 5–20% in comparision with the displacement
of the radioactive tracer by sGnRH.
GnRH stimulates the release of GTHs from the cells
of the fish pituitary gland which subsequently induces
the synthesis of steroids in the gonads [1]. Rodriguez et
al. [32] detected certain concentrations of three forms
of GnRH in the pituitary of the male European Sea
Bass (Dicentrarchus labrax, L.) during sex differentiation and the first spawning season: sea-bream GnRH
(sbGnRH), chicken GnRH-II (cGnRH-II), and salmon
GnRH (sGnRH). The highest levels of these peptides
were found when the gonads started to differentiate
and decrease during the first spawning season, with
the exception of sbGnRH which was still in a high con-
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centration. The concentration of sbGnRH were nine
times higher than cGnRH and 17 times higher than
sGnRH. The highest levels of these peptides were found
when the gonads started to differentiate and decrease
during the first spawning season, with the exception of
sbGnRH which remained in a high concentration [32].
It remains unclear what role the several forms of GnRH
present in fish brain have in reproductive regulation
[32]. Holland et al. [12] reported that only sbGnRH,
mostly present in a high concentration in the pituitary
of the gilthead seabream, is responsible for GTH-2 regulation but Sorbera et al. [35] showed the higher potency
of sGnRH than sbGnRH in the release of GTH-2 from
the sea bass pituitary.
The presence of two or more different GnRH within
the same organism raises the probability that GnRH
receptors (GnRH-R) may co-evolue simultaneously
with their ligands [16, 22].
The study of the multiple and complex regulatory
mechanisms and processes in the neuroendocrine
regulation of gonadotropin release and biosynthesis
in different fish species remains challenge for physiologists, biochemists, endocrinologists and genetics.
The results will be important not only for fish meat production but above all for new knowledge on the variety
of possible mechanisms causing similar physiological
effects. The development and maturation of neuroendocrine control mechanisms can be considered as a
continuum in life of an individual organism [3].
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