
Gonadotropin-releasing hormone (GnRH) is a ten-amino acid peptide hormone that plays pivotal roles

in reproduction in vertebrates and octopus. Recently, six GnRH forms (t-GnRH-3-8) and four GnRH

receptor subtypes (Ci-GnRHR-1-4) were identified in the protochordate, Ciona intestinalis. In this study,

we show the functional modulation of Ci-GnRHR-1 via heterodimerization with the orphan receptor sub-

type, Ci-GnRHR-4. The dimerization between Ci-GnRHR-1 and R-4 was detected by co-immunopre-

cipitation and immunoblot analysis. Binding assays confirmed the binding of t-GnRHs to Ci-GnRHR-1

but not to R-4, and verified no alternation in ligand-binding affinity between Ci-GnRHR-1 homodimer

and Ci-GnRHR1&4 heterodimer. The heterodimer was found to stimulate the elevation of intracellular

calcium, time-extension of ERK phosphorylation, and up-regulation of cell proliferation, all in a ligand

specific manner, compared with the Ci-GnRHR-1 homodimer. In combination, these results indicated

that Ci-GnRHR-4 is not an inactive receptor, but a modulatory factor for Ci-GnRHR-1 in C. intestinalis.
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Gonadotropin-releasing hormone (GnRH) is a hypothalamic decapeptide that regu-

lates reproduction in vertebrates. The hypothalamic-pituitary-gonadal axis controls

the reproductive activity in vertebrates through secretion of GnRH into the hypo-

thalamic-hypophysial portal system which stimulates the release of follicle-stimulat-

ing hormone (FSH) and leutenizing hormone (LH). The GnRH receptors (GnRHR)

are localized in gonadotrope membranes of the anterior pituitary and peripheral tis-

sues in vertebrates. GnRHRs are rhodopsin-like heptahelical G protein-coupled
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receptors (GPCR), and are coupled to phospholipase C (PLC) activation via the Gq/11

family G-proteins [1].

Recently, six GnRH forms (t-GnRH-3-8) and four GnRH receptor subtypes (Ci-

GnRHR-1-4) were identified in the protochordate, Ciona intestinalis. In COS-7 cells,

Ci-GnRHR-1, -2, and -3 responded to t-GnRHs and stimulate intracellular cAMP

accumulation. Moreover, only Ci-GnRHR-1 also activated the inositol phosphate

turnover in response to t-GnRH6. The Ci-GnRHR-1 and -4 transcripts were widely

distributed, while Ci-GnRHR-2 and -3 were expressed in only a few tissues in adult

Ciona [3].

Over the past decade, there has been a growing body of evidence that GPCRs in

native tissue in vivo form heterodimers acquiring ligand-binding affinity or selectiv-

ity, signal transduction, and internalization kinetics which are distinct from those of

the corresponding monomers or homodimers [2]. In this study, we show the func-

tional modulation of Ci-GnRHR-1 via heterodimerization with the orphan receptor

subtype, Ci-GnRHR-4. The dimerization between Ci-GnRHR-1 and R-4 in the mem-

branes of the transfected HEK293 cells was detected by co-immunoprecipitation and

immunoblot analysis. Binding assays using the membranes of the transfected

HEK293 cells confirmed the binding of t-GnRHs to Ci-GnRHR-1 but not to R-4, and

verified no alternation in ligand-binding affinity between Ci-GnRHR-1 homodimer

and Ci-GnRHR1&4 heterodimer. Moreover, the heterodimer was found to elicit the

elevation of intracellular calcium, time-extension of ERK phosphorylation, and up-

regulation of cell proliferation, all in a ligand specific manner, compared with the Ci-

GnRHR-1 homodimer. In combination, these results indicated that Ci-GnRHR-4 is

Fig. 1. Effects of Ci-GnRHR1&4 heterodimer. The heterodimer was found to elicit the elevation of intra-

cellular calcium, time-extension of ERK phosphorylation, and up-regulation of cell proliferation, all in

a ligand specific manner, compared with the Ci-GnRHR-1 homodimer



not an inactive receptor, but a modulatory factor for Ci-GnRHR-1 in C. intestinalis
(Fig. 1). Considering the phylogenetic position of ascidians as basal chordates, our

present study suggests that the fine-tuning of functions of GPCRs via heterodimer-

ization with orphan GPCRs is involved in evolution and species-specific behaviors. 
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