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ARTICLE INFO ABSTRACT

A relaxin-like gonad-stimulating peptide (RGP) of starfish Patiria (Asterina) pectinifera is the first identified in-
vertebrate gonadotropin for final gamete maturation. Recently, we found three orthologs of RGP in the class
Asteroida; PpeRGP in P. pectinifera, AamRGP in Asterias amurensis, and AjaRGP in Aphelasterias japonica. In this
study, nine kinds of RGP derivatives with exchanged each A- and B-chain were synthesized chemically to analyze
the interaction of RGP with its receptor. Among these RGP derivatives, PpeRGP and its chimeric RGPs with B-
chains from AamRGP or AjaRGP could induce oocyte maturation and ovulation in P. pectinifera ovaries. In
contrast, other RGP derivatives were failed to induce spawning in P. pectinifera ovaries. Circular dichroism
spectra of PpeRGP were similar to those of chimeric RGPs with the B-chains from AamRGP or AjaRGP.
Furthermore, the predicted three-dimensional structure models of the B-chains from RGP derivatives have al-
most the same conformation. These findings suggest that the B-chain of PpeRGP is involved in binding to its
receptor. Thus, it is likely that the A-chain of AamRGP or AjaRGP disturbs the binding of the PpeRGP B-chain to
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its receptor.

1. Introduction

In most starfish, oocytes in a ripe ovary remain arrested at the end
of the first prophase stage of meiosis. Resumption of meiosis is con-
trolled by hormonal action. Chaet and McConnaughy (1959) first re-
ported that a hot water extract of Asterias forbesi nerves could induce
the shedding of gametes when injected into the coelomic cavity of ripe
animals. The active substance contained in the nerve extract was named
gonad-stimulating substance (GSS) (Kanatani and Shirai, 1967, 1969).
Because GSS is detectable in the coelomic fluid of starfish only when
they are undergoing natural spawning, and not in the coelomic fluid of
animals not discharging gametes, GSS was concluded to be a hormone
(Kanatani and Ohguri, 1966; Kanatani and Shirai, 1970). GSS is the
primary mediator of oocyte maturation in starfish, but the effect on
oocyte maturation is indirect. This hormone acts on the ovary to pro-
duce a second mediator, 1-methyladenine (1-MeAde) which is the
maturation-inducing hormone (MIH) of starfish (Kanatani et al., 1969;
Kanatani, 1985). 1-MeAde is produced by ovarian follicle cells around
oocytes upon stimulation with GSS (Hirai and Kanatani, 1971; Hirai
et al., 1973), and this action of GSS is mediated through the activation

* Corresponding author.
E-mail address: bio-mita@aoni.waseda.jp (M. Mita).

https://doi.org/10.1016/j.ygcen.2019.02.019

of its receptor, G-protein and adenylyl cyclase (Mita et al., 1987, 1989;
Mita and Nagahama, 1991). Subsequently, 1-MeAde acts on the oocyte
surface to activate a third mediator M-phase- or maturation-promoting
factor (MPF) (Kishimoto and Kanatani, 1976; Kishimoto et al., 1984).
MPF was identified as a complex of cyclin B and Cdkl with Greatwall
(Gautier et al., 1988, 1990; Okumura et al., 2014; Hiraoka et al., 2016).

When the process of oocyte maturation in starfish is compared with
that of various vertebrates (Kanatani, 1979, 1985), GSS seemed to
correspond to the pituitary gonadotropin of vertebrates. However, GSS
is not a pituitary glycoprotein hormone but a neuroendocrine peptide
hormone (Kanatani et al., 1971). Fifty years after the initial finding of
Chaet and McConnaughy (1959), GSS was finally purified from the
radial nerve cords of starfish Patiria (Asterina) pectinifera and its che-
mical structure identified (Mita et al., 2009). The purified hormone is a
heterodimer composed of two different peptides, A- and B-chains with
two inter-chain and one intra-chain disulfide bonds. Based on its cy-
steine motif, starfish GSS is classified as a member of the insulin/in-
sulin-like growth factor (IGF)/relaxin superfamily and, more precisely,
it belongs to a relaxin-like peptide family (Mita et al., 2009; Mita,
2013). Therefore, GSS in starfish is designated as relaxin-like gonad-
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stimulating peptide (RGP) (Mita, 2016).

Previous studies have shown that RGP is produced as a prohormone
like insulin (Mita et al., 2009). The signal peptide is followed by the B-
chain, and the A-chain is located at the C-terminus. There is an inter-
mediate sequence (C-peptide) between the B- and A-chains, which have
typical proteolytic cleavage sites, Lys and Arg, at the ends. Thus, after
the formation of three disulfide cross-linkages between the A- and B-
chains and within the A-chain, mature RGP is produced by elimination
of the signal and C-peptides.

Furthermore, cross-experiments using different species of starfish
have shown that GSS generally acts non-species specifically, with some
exceptions (Noumura and Kanatani, 1962; Chaet, 1966a,b). For ex-
ample, radial nerve extracts (crude GSS) of P. pectinifera induce oocyte
maturation and ovulation in the ovaries of Asterias amurensis. In con-
trast, GSS of A. amurensis is inactive in P. pectinifera ovaries. This sug-
gested that the chemical structure of A. amurensis RGP (AamRGP) was
different from that of P. pectinifera RGP (PpeRGP). Recently, the che-
mical structures of RGPs were identified in several species of starfish
(Ikeda et al., 2015; Mita et al., 2015a,b; Lin et al., 2016; Mita and
Katayama, 2016; Smith et al., 2017). There were three kinds of RGP
orthologs, PpeRGP, AamRGP, and Aphelasterias japonica RGP (AjaRGP),
among the class Asteroidea (Mita, 2016). Although the amino acid se-
quences of AamRGP and AjaRGP are similar to each other, their amino
acid identity levels are quite different from that of PpeRGP (Mita et al.,
2015a; Mita and Katayama, 2016). Neither AamRGP nor AjaRGP in-
duces spawning in ovarian fragments of P. pectinifera (Mita et al.,
2015a; Mita and Katayama, 2016). In contrast, PpeRGP is active in A.
amurensis and A. japonica ovaries (Mita and Katayama, 2016). Thus, it is
considered that partial species-specificity observed in AamRGP and
AjaRGP is caused by interaction with the receptor. Because RGP is a
heterodimeric peptide, either the A- or B-chain of RGP should be able to
bind with its receptor.

In this study, chimeric RGP derivatives with exchanged A- and B-
chains were synthesized chemically, and we examined the effect on
spawning activity. The ovaries of P. pectinifera were used for spawning
assays, because AamRGP and AjaRGP are inactive in P. pectinifera
ovaries (Mita et al., 2015a, Mita and Katayama, 2016).

2. Materials and methods
2.1. Animals

Starfish, P. pectinifera, were collected from Yokosuka (Kanagawa,
Japan), Choshi (Chiba, Japan), Ushimado (Okayama, Japan), and
Asamushi (Aomori, Japan). Animals were kept in circulating artificial
seawater at 15 °C and used within 2 months after collection.

2.2. Peptide synthesis

RGP and chimeric derivatives were synthesized essentially in ac-
cordance with the method for synthesizing insulin-like peptides as de-
scribed previously (Katayama et al., 2014) (Katayama and Mita, 2016).
In brief, the A- and B-chains were prepared by the ordinary 9-fluor-
enylmethoxycarbonyl (Fmoc)-based solid-phase peptide synthesis.
Three disulfide bonds were regioselectively formed by dimethyl sulf-
oxide (DMSO) oxidation, S-pyridylsulfenyl-directed thiolysis, and io-
dine oxidation reactions. Matrix-assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF MS) was performed using
an Autoflex spectrometer (Brucker). Amino acid composition was de-
termined using a LaChrom amino acid analyzer (Hitachi, Tokyo, Japan)
after hydrolysis with a 6 M HCI solution at 150 °C for 2h in a vacuum-
sealed tube. Further chemical synthesis methods and analytical data for
each synthetic peptide consisting of RGP A- and B-chain (RGP-A/RGP-
B) were described in supporting information.
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2.3. Induction of oocyte maturation and ovulation

The bioactivities of the synthetic RGPs were assayed using ovarian
fragments from P. pectinifera as described previously (Shirai, 1986).
Modified van’t Hoff’s artificial seawater (ASW) adjusted to pH 8.2 with
0.02 M borate buffer was prepared (Kanatani and Shirai, 1970), and the
ovaries of mature female starfish were excised and cut using scissors
into small fragments containing only a few lobes. The ovarian frag-
ments were then incubated in ASW containing peptides at a range of
concentrations (0.4-50nM) for 1h. The samples were examined to
determine whether or not spawning had occurred and were scored
(Shirai, 1986) as follows: (+ + +) spawning occurred and most oocytes
had matured; (+ +) about 50% of oocytes had matured, (+) a few
oocytes had matured, and (—): no spawning occurred. The scores were
converted to numerical values (+ + + =100; + + = 67; + = 33;
— = 0) so that the effective dose for inducing gamete spawning in 50%
of ovarian fragments (ECso) could be determined graphically.
Means + SEM were determined from four separate assays using
ovaries from different animals.

2.4. Circular dichroism spectral analysis

Circular dichroism (CD) spectra of the synthetic RGPs including
chimeric derivatives were measured with a Jasco J-820 spectro-
polarimeter (JASCO, Tokyo, Japan) at room temperature with a 2-mm
path length cell using phosphate buffer (50 mM, pH 7.0) as a solvent.
The a-helical content (fy) of each synthetic peptide was calculated by
molar ellipticity ([6]) at 222nm wusing the following formula:
fiy = —([6]222 + 2340)/30300 (Chen and Yang, 1971; Chen et al.,
1972).

2.5. Three-dimensional structure models

Three-dimensional (3D) structure models of synthetic PGPs in-
cluding chimeric derivatives were predicted using SWISS-MODEL
(https://swissmodel.expasy.org/, Guex et al., 2009; Benkert et al.,
2011) with default setting. The structural template consisting of se-
quences combined with the signal peptide to B-chain and the C-peptide
to A-chain among three kinds of pre-proRGPs (Fig. 1A) was auto-
matically set by the software to the solution structure of human insulin
or IGF (PDB code, 2GF1). The modeled structures were visualized with
Pymol (http://www.pymol.org), then the signal and C-peptides were
eliminated.

3. Results

Because hormonal action is transmitted through receptors, the
partial species-specificity observed in some RGPs should be caused by
the interaction with the receptor. Previous studies have shown that
three kinds of RGP orthologs, PpeRGP, AamRGP, and AjaRGP, are
identified in this class Asteroidea (Mita, 2016). To examine the inter-
action between RGP and its receptor, nine kinds of peptides including
chimeric RGP derivatives with replaced A- (RGP-A) and B-chain (RGP-
B) from these RGPs were synthesized chemically (Fig. 1B).

When ovarian fragments from P. pectinifera were incubated in ASW
containing these peptides, spawning was observed with PpeRGP,
PpeRGP-A/AamRGP-B, and PpeRGP-A/AjaRGP-B after 60 min of in-
cubation. The spawning activity was retained in chimeric PpeRGP de-
rivatives, replaced the B-chain with that of AamRGP or AjaRGP. ECs,
values were obtained of approximately 1.1 nM for PpeRGP, 13.9 nM for
PpeRGP-A/AamRGP-B, and 9.8 nM for PpeRGP-A/AjaRGP-B (Table 1).
In contrast, spawning did not occur in RGP derivatives containing the
A-chain of AamRGP or AjaRGP (Table 1).

To understand molecular character of peptides in detail, CD spectra
from PpeRGP, AamRGP, AjaRGP, and their chimeric derivatives were
examined (Fig. 2). Compared with the CD spectra of peptides involving
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(A)
P Signal peptide o B-chain o
PpeRGP 1 MTSNNRELFQATCLVLLLLHAAFHGGALG-EKYCDDDFHMAVERTCAVSKRS-QPGMSLSD 59
AamRGP 1 MA-NYRLILEATCLIVLLINTALYAEA--AEKYCDEDFHMAVYRTCTEHKRSGRSAFSLND 58
AjaRGP 1 MA-NHRLILEATCLLVLLINTALYAEA--APKYCDEDFHMAVYRTCSEHKRSGRSTYSLND 58
C-peptide _ A-chain _
PpeRGP 60 VLTMNRFRCHNIKRSIDSTLEDNAFFMSCLEKRSE-YSCIASYCCLHCCTPSELSVVC 116
AamRGP 59 FFem=== R-SNSKRTACSPRQDDDFFLT-MQKRPETYVC MGSYCCLVGCTRDQLSQVC 109
AjaRGP 59 LLTLNRLR-SNPKRTV S-LEDDDLYLT-MQKRTETYVOMCSYCCTVCCTREELSQVC 113
(B)

1. PpeRGP-A/PpeRGP-B
(PpeRGP)
A-chain
sn:vscnsxcqwcc'rpsuswc
8-chain EKYCDDDFHMAVFRTCAVS

4, AamRGP-A/PpeRGP-B

A-chain —
PBTYVGMSSYCC LVGCTRDQLSQVC

B-chain :ncpnomm'ruvs

7. AjaRGP-A/PpeRGP-B

A-chain 1
TETYVGWSYCCTVGCTREELSQVC

B-chah EKYCDDD!'HMAVE‘RTCAVS

2. PpeRGP-A/AamRGP-B

A-<hain

SEYSGIASYCCLHGCTPSELSVVC
B-chan AEKYCDEDFHMAVYRTCTEH

5. AamRGP-A/AamRGP-B
(AamRGP)

A-chan

PETYVGMGSYCCLVGCTRDQLSQVC

8<han pEKYCDEDFHMAVYRTCTEH

8. AjaRGP-A/A2mRGP-8

A-chain

TETYVGMGSYCCTVGCTREELSQVC
E<hait A PKYCDEDFEMAVYRTCTEH

3. PpeRGP-A/AjaRGP-B

A-<chain
SE\'SGIASYC CLHGC’I’PSILSWC

B-chan ApKyY CDEDB‘MVYRTCSEH

6. AamRGP-A/AjaRGP-B

A-chain —
PETYVGIGSYCCLVGCTRDQLSQVC
B-chaln APKYCDEDFBHAVYRTCSEH

9. AjaRGP-A/AjaRGP-B
(AjaRGP)

A-chain

1
TETYVGMGSYCCTVGCTREELSQVC
B-chain uxzcnxn;mmrcszﬂ

Fig. 1. Amino acid sequences of relaxin-like gonad-stimulating peptides (RGPs) and their chimeric derivatives. (A) Alignment of pre-prohormone sequences of RGP in
the starfish Patiria pectinifera (PpeRGP), Asterias amurensis, (AamRGP), and Aphelasterias japonica (AjaRGP). The signal peptide, B-chain, C-peptide, and A-chain are
indicated. To illustrate the conserved features, the amino acid types are color coded according to their nature with basic residues in blue (Arg, Lys and His), acidic
residues in red (Glu and Asp), hydrophobic residues in green (Ala, Val, Ile, Phe, Trp, Tyr, Pro and Met), hydrophilic in black (Ser, Thr, Asn and GIn) and glycine in
light blue. The cysteine residues are highlighted in yellow. The key residues for receptor binding are underlined. (B) Chemical structures of PpeRGP, AamRGP,
AjaRGP, and their chimeric derivatives. Characters shown in red indicate cysteine residues. The cysteine bridges are shown as red, solid lines. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Effects of chimeric RGP derivatives on the induction of oocyte maturation
and ovulation in ovarian fragments of Patiria pectinifera.

Peptides (A-chain/B-chain) ECso (nM)
1. PpePGP-A/PpeRGP-B (PpeRGP) 1.1 = 0.2
2. PpeRGP-A/AamRGP-B 139 + 2.6
3. PpeRGP-A/AjaRGP-B 9.8 = 1.7
4. AamRGP-A/PpeRGP-B Inactive*
5. AamRGP-A/AamRGP-B (AamRGP) Inactive*
6. AamRGP-A/AjaRGP-B Inactive*
7. AjaRGP-A/PpeRGP-B Inactive*
8. AjaRGP-A/AamRGP-B Inactive*
9. AjaRGP-A/AjaRGP-B (AjaRGP) Inactive*

Ovarian fragments were incubated with various concentrations of chi-
meric RGP derivatives for 1 h. The effective dose for induction of oocyte
spawning in 50% of ovarian fragments (ECso) was determined from four
experiments. Values are means = SEM of four separate assays using dif-
ferent animals.

*Peptides used were examined up to 50 nM.

the PpeRGP A-chain, images of [0] in PpeRGP, PpeRGP-A/AamRGP-B,
and PpeRGP-A/AjaRGP-B were almost the same between 190 and
260 nm. Contents of a-helix in PpeRGP, PpeRGP-A/AamRGP-B, and
PpeRGP-A/AjaRGP-B were estimated between 30.0 and 39.1% (Fig. 2).
In contrast, the CD spectra, particularly around 195 nm, of chimeric
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RGP derivatives such as AamRGP-A/PpeRGP-B, AjaRGP-A/PpeRGP-B,
and AjaRGP-A/AamRGP-B were quite different from those of AamRGP
and AjaRGP. The a-helical contents in AamRGP-A/PpeRGP-B, AjaRGP-
A/PpeRGP-B, and AjaRGP-A/AamRGP-B were less than 25%. Although
AamRGP, AjaRGP, and AamRGP-A/AjaRGP-B could not induce
spawning in P. pectinifera ovaries (Table 1), their CD spectra were
mostly similar to that of PpeRGP (Fig. 2).

Because the interaction with the receptor is related to the 3D
structure of the ligand, 3D structure models of the RGPs and their
chimeric derivatives were built using SWISS-MODEL https://
swissmodel.expasy.org/ (Guex et al., 2009; Benkert et al., 2011). The
predicted 3D structure models showed three disulfide cross-linkages;
two interchain between the A- and B-chains, and an intrachain within
the A-chain (Fig. 3A). It is considered that the 3D models are close to
the native structures. The 3D structures of the B-chains in PpeRGP,
AamRGP, AjaRGP and their chimeric derivatives showed almost the
same conformation (Fig. 3A). This suggests that the structure of the B-
chain is almost consistent with each other. In contrast, the 3D structures
of the A-chains seemed to be quite different among RGP derivatives.
Therefore, it is possible that the B-chain of RGP is involved in binding to
the receptor.

4. Discussion

Oocyte maturation in starfish is induced by 1-MeAde produced in
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https://swissmodel.expasy.org/
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Fig. 2. Circular dichroism (CD) spectra of relaxin-like gonad-stimulating peptides (RGPs) and their chimeric derivatives. The spectra are derived from nine kinds of
RGP derivatives with exchanged each A- and B-chain of P. pectinifera (PpeRGP), A. amurensis, (AamRGP), and A. japonica (AjaRGP). Lines shown in blue, red, and
green indicate the spectra of peptides composed of the PpeRGP A-chain (-A), AamRGP-A, and AjaRGP-A, respectively. Solid, dashed, and dotted lines show the
peptide spectra composed of the PpeRGP B-chain (-B), AamRGP-B, and AjaRGP-B. The a-herical content (fy) of RGP derivatives was calculated as follows: fy; = —
([0]222 + 2340)/30300 (Chen and Yang, 1971; Chen et al., 1972). (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

ovarian follicle cells under the influence of RGP released from the
nervous tissue. Though 1-MeAde is a common MIH in the class
Asteroidea (Kanatani, 1985), RGP acts partially species-specifically
(Noumura and Kanatani, 1962; Chaet, 1966a,b). Previous studies have
reported that AamRGP and AjaRGP fail to induce oocyte maturation
and ovulation in P. pectinifera ovaries (Mita et al., 2015a; Mita and
Katayama, 2016). In this study, similar to PpeRGP, its chimeric deri-
vatives with B-chain from AamRGP or AjaRGP could induce spawning
(Table 1). In contrast, spawning activity was not observed in peptides
involving the AamRGP A-chain and AjaRGP A-chain. These results may
suggest that the A-chain of PpeRGP is important for inducing spawning
in P. pectinifera ovaries.

This study showed that the CD spectra of PpeRGP-A/AamRGP-B and
PpeRGP-A/AjaRGP-B were similar to that of PpeRGP (Fig. 2). In con-
trast, the CD spectra of AamRGP and AjaRGP changed drastically when
their B-chains were replaced by the PpeRGP B-chain. The a-helical
contents of PpeRGP, PpeRGP-A/AamRGP-B, and PpeRGP-A/AjaRGP-B
were relatively higher than those of AamRGP-A/PpeRGP-B and
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AjaRGP-A/PpeRGP-B. In this study, spawning activity was observed in
PpeRGP derivatives with high a-helical contents. This strongly suggests
that a conformation of RGP molecule is important for binding to the
receptor.

The predicted 3D structure models of the A-chain seemed to be quite
different among RGP derivatives (Fig. 3A). In contrast, the 3D structure
models of the B-chains seemed to have the same conformation. Prob-
ably, replacing the B-chain of PpeRGP with another RGP type has little
effect on binding to the receptor. It is thus considered that PpeRGP, its
chimeric derivatives with B-chain from AamRGP or AjaRGP could in-
duce spawning in P. pectinifera ovaries. Previous studies have also
showed that PpeRGP can induce spawning in ovaries of A. amurensis
(Mita et al., 2015a) and A. japonica (Mita and Katayama, 2016). This
suggests that the B-chain of RGP is more important than the A-chain for
binding to the receptor.

In this study, although the CD spectra of AamRGP, AjaRGP, and
AamRGP-A/AjaRGP-B were mostly similar to that of PpeRGP (Fig. 2),
those RGP derivatives failed to induce spawning in P. pectinifera ovaries
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3. PpeRGP-A/AjaRGP-B

B-chain
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Fig. 3. Three-dimensional (3D) structure models of relaxin-like gonad-stimulating peptides (RGPs) and their chimeric derivatives. (A) 3D structure models of nine
kinds of RGP derivatives with exchanged each A- and B-chain of P. pectinifera (PpeRGP), A. amurensis, (AamRGP), and A. japonica (AjaRGP). Each 3D structure model
was built using SWISS-MODEL as described in Section 2. (B) Predicted amino acid residues of PpeRGP, AamRGP and AjaRGP to interact with a receptor protein.

(Table 1). It is possible that the A-chain of AamRGP and AjaRGP dis-
turbs the binding between the B-chain of PpeRGP and the receptor.
Otherwise, even though a peptide binds to its receptor, the receptor
may not activate the process of signal transduction.

In the breeding season, RGP secreted from the radial nerve cords
reaches the ovary through the sinus system (Kanatani, 1979, 1985) and
binds to the receptor on the surface of ovarian follicle cells. The results
obtained in this study support that the B-chain of RGP plays an im-
portant role in the interaction with the receptor. Previous studies have
shown that receptors for the relaxin family peptides (RXFPs) belong to
the superfamily of rhodopsin-like G-protein-coupled receptors (GPCRs)
(Bathgate et al., 2006; Alexander et al., 2015). In humans, the relaxin
superfamily consists of relaxin 1 (H1 relaxin), relaxin 2 (H2 relaxin),
relaxin 3 (H3 relaxin), insulin-like peptide 3 (INSL3 also known as re-
laxin-like factor or Leydig insulin-like peptide), insulin-like peptide 4
(INSL4 or placetin), insulin-like peptide 5 (INSL5), and insulin-like
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peptide 6 (INSL6) (Hudson et al., 1983; Crawford et al., 1984; Adham
et al., 1993; Chassin et al., 1995; Conklin et al., 1999; Chang et al.,
2000; Bathgate et al., 2002; Alexander et al.,2015). H2 relaxin, INSL3,
H3 relaxin, and INSL5 signal through RXFP1 (Hsu et al., 2002), RXFP2
(Kumagai et al., 2002), RXFP3 (Liu et al., 2003) and RXFP4 (Liu et al.,
2005) receptors, respectively. Although it is considered that H1 relaxin
is a ligand of the RXFP1 (Bathgate et al., 2013; Patil et al., 2017,
Bathgate et al., 2018), the native receptors for INSL4 and INSL6 are yet
to be identified (Halls et al., 2007). All the family members of relaxin
peptides and their targets receptors have broad physiological roles
(Bathgate et al., 2013; Patil et al., 2017; Bathgate et al., 2018). The
activation of adenylyl cyclase by RXFP1 is complex and involves the
interaction with several G-proteins, resulting in a biphasic pattern of
cAMP accumulation (Bathgate et al., 2013). RXFP2 activates adenylyl
cyclase in vitro but some physiological responses are sensitive to per-
tussis toxin (Bathgate et al., 2013). The signaling pathways activated by
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RXFP3 or RXFP4 result in the inhibition of adenylyl cyclase and a de-
crease in cAMP accumulation. This suggests that RGP receptor belongs
to RXFP1/RXFP2 rather than RXFP3/RXFP4, although the receptor has
not been identified yet.

Previous studies have shown in vertebrates that a ‘relaxin-specific
receptor-binding cassette’ (Arg XXX Arg XX Ile/Val) in the B-chain of
relaxin is important to bind to the receptor (Biillesbach and Schwabe,
2000). Despite its similarity with relaxins, however, the RGP sequence
does not possess the vertebrate ‘relaxin-specific receptor-binding cas-
sette’ in the B-chain (Fig. 1A). A comparison of amino acid sequences of
middle region of B-chains indicates that residues of the ‘receptor-
binding cassette’ correspond to Asp®®, Met®!® and F&'® for PpeRGP and
Glu®, Met®'!, and Tyr®* for AamRGP and AjaRGP, respectively
(Fig. 1A). Observing with 3D structure models, the key residues are
predicted to be located helical turn away in B-chains of PpeRGP,
AamRGP, and AjaRGP (Fig. 3B). Although it is an excessive speculation,
it may be possible that the key residues in B-chain of RGP are important
for binding to the receptor. Starfish RGP and vertebrate relaxin are
probably derived from the same ancestral peptide. Further studies on
the receptor protein for RGP could provide useful insights into the
hormonal action and evolution of species differentiation in the class
Asteroidea.
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