
Review

Is GPR39 the natural receptor of obestatin?

Dong Xiao-Yinga, He Jin-Minga, Tang Sheng-Qiua,*, Li Hai-Yunb,
Jiang Qing-Yanb, Zou Xiao-Tingc

a College of Yingdong Bioengineering, Shaoguan University, Daxue Avenue, Zhenjiang District, Shaoguan 512005, China
b Laboratory of Animal Physiology and Biochemistry, College of Animal Science, South China Agriculture University, Guangzhou 510642, China
c College of Animal Science, Zhejiang University, Hangzhou 310029, China

p e p t i d e s 3 0 ( 2 0 0 9 ) 4 3 1 – 4 3 8

a r t i c l e i n f o

Article history:

Received 28 June 2008

Received in revised form

25 August 2008

Accepted 25 September 2008

Published on line 10 October 2008

Keywords:

Distribution

Function

GPR39

Receptor family

Structure

Obestatin

a b s t r a c t

GPR39, an orphan receptor belonging to the family of G protein-coupled receptors, was

originally reported to be the receptor of obestatin. However recently, numerous reports have

questioned this conclusion. In mammals, GPR39 was reported to be involved in the regula-

tion of gastrointestinal and the metabolic functions. In this article, a latest and brief review

on the receptor family, structure, distribution and physiological functions of GPR39 has been

reported.

# 2008 Elsevier Inc. All rights reserved.

avai lab le at www.sc iencedi rec t .com

journal homepage: www.elsev ier .com/ locate /pept ides
Contents
1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432

2. Receptor family of GPR39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432

3. Structure and distribution of GPR39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434

3.1. Structure of the GPR39 receptor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434

3.2. Distribution of GPR39 receptor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434

4. Endogenous ligand for GPR39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435

4.1. Obestatin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435

4.2. Zinc ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436

5. Functions of GPR39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436

5.1. Food intake and gastrointestinal activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436

5.2. Inhibition of cell apoptosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436
* Corresponding author. Tel.: +86 751 8620272.
E-mail address: sunofsun@msn.com (S.-Q. Tang).

0196-9781/$ – see front matter #

mailto:sunofsun@msn.com
http://dx.doi.org/10.1016/j.peptides.2008.09.022


p e p t i d e s 3 0 ( 2 0 0 9 ) 4 3 1 – 4 3 8432
6. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437
1. Introduction

The G protein-coupled receptor 39 (GPR39) is an orphan

member of a family including the receptors for ghrelin and

motilin [30]. GPR39 shows a high degree of constitutive

signaling through the serum response element (SRE) pathway

[20]. In 2005, GPR39 was first reported to be the receptor for a

peptide fragment from the ghrelin precursor named obestatin,

which was proposed to be a gut hormone having the opposite

effects on food intake and GI-tract function to ghrelin [52].

Thereafter, the GPR39 signaling was activated by zinc ions
Fig. 1 – The receptor family of GPR39. (A) Schematic phylogenic t

receptors are highlighted with red color. (B) A model of human

receptor, and GPR39-1b is a truncated form of GPR39-1a lacking

color in this figure legend, the reader is referred to the web ver
(Zn2+) through the Gqa-PLC pathway [48]. However, Chartrel

et al. [8] suggested that obestatin did not activate GPR39;

therefore, the natural ligand for GPR39 is uncertain so far. In

this article, we summarized the receptor family, structure,

distribution and physiological functions of GPR39.
2. Receptor family of GPR39

In 1996, the growth hormone secretagogues-receptor (GHS-R)

gene was cloned and shown to encode a unique G protein-
ree of the receptor family of GPR39. The constitutively active

GPR39. GPR39-1a is the full length 7-transmenbrane (TM)

after 5-TM [12,41]. (For interpretation of the references to

sion of the article.)
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coupled receptor with a deduced protein sequence that was

96% identical in human and rats [22]. Because of the

physiological importance of the GHS-R, a search for family

members was then initiated and its molecular evolution was

investigated. McKee et al. originally indicated that GPR38 and

GPR39 shared a significant amino acid sequence identical with

the GHS-R, two neuromedin U receptors and the two

neurotensin receptors (Fig. 1A). Fluorescence in situ hybridiza-

tion demonstrated that GPR38 and GPR39 localized at separate
Fig. 2 – Alignment of amino acid sequences of human, mouse,

were represented as red letters; the gene sequences are quoted

ENSRNOG00000021586, NM001080105, EF375709, and EU669821

legend, the reader is referred to the web version of the article.)
chromosomes and were distinct from the gene encoding the

GHS-R and NT-R type 1 [30].

GPR38 was encoded by a single gene expressed in the

thyroid gland, stomach, and bone marrow, and it is now

known to be the receptor for motilin, which mainly regulates

gastrointestinal (GI) contractions and gut motility [13]. GPR39

was expressed in the brain and other peripheral tissues [30].

The GHS-R gene was later indicated to be the receptor for the

GI-tract hormone ghrelin involved in a large array of
rat, chicken, quail and pig GPR39. Transmembrane regions

from GenBank accession (nos. NM001508, NM001114392,

). (For interpretation of the references to color in this figure



physiological functions including the regulation of food

intake, body weight, GI motility and hypothalamic and

hypophyseal hormone secretion [18,27,33,49]. Other members

of the GPR39 receptor family are neuromedin U receptors and

neurotensin receptors. Neuromedin U and neurotensin both

have been implicated in the control of food intake and GI

functions [21,54].
3. Structure and distribution of GPR39

3.1. Structure of the GPR39 receptor

The GRP39 receptor belongs to the class of rhodopsin-like

receptor family including GHS-R and motilin receptor (GPR38)

[20,30]. The amino acid sequences of GPR39 in human, rat,

mouse, quail, chicken and pig are shown in Fig. 2.

The molecular weight of human GPR39 is 52 kDa [14]. The

human GPR39 gene consists of two exons separated by a very

large intron of approximately 200 kb [36]. PCR analysis

verified the notion that GPR39 was expressed by two splice

variants, namely GPR39-1a, corresponding to the full length 7-

transmenbrane (TM) receptor, and GPR39-1b, corresponding

to a truncated form of GPR39-1a lacking after 5-TM (Fig. 1B)

[12]. Yamamoto et al. [46,47] reported the amino acid

sequences and gene structures of chicken and quail GPR39.

Chicken and quail GPR39 both encode a 462-amino acid

protein, with high sequence homology to human, rat and

mouse GPR39. The quail GPR39 cDNA consisted of 354 bp of 50-

UTR, 1484 bp of 30-UTR and 1389 bp of coding region [47]. The

chicken GPR39 gene is composed of two exons separated by an

intron, HNF-1, GC box and CCAAT box, but no canonical TATA

box was found in the chicken GPR39 gene [46]. Recently, we

determined the pig GPR39 cDNA encoding a 465-amino acid

protein (Fig. 2).



functional analysis of the GPR39 promoter region identified

that HNF-1a, HNF-4a, and SP1 were involved in the control of

GPR39 expression [12].

In mice, GPR39 mRNA expression was detected in septum-

amygdala, parietal cells, enterocytes, neurons and pancreas

[31], in peripheral organs such as the duodenum and kidney

but not in the pituitary and hypothalamus by Q-PCR [19] and in

various brain regions except the hypothalamus by in situ

hybridization [24]. By RT-PCR and immunocytochemistry,

Iglesias et al. [23] reported that GPR39 mRNA was expressed in

murine cardiomyocytes cultured in vitro.

In birds, Yamamoto et al. reported a detail distribution of

GPR39 mRNA in chickens, where a wide range of tissues

distribution was observed with the highest level in the

duodenum, and moderate levels in the liver, kidney, stomach

and oviduct. The expression levels were low in the brain

pituitary, thymus, bursa of fabricius, bone marrow, ovary and

testis. Expression levels of GPR39 mRNA were also measured

by Q-PCR in digestive and reproductive tissues in 1-year-old



GPR39 [52]. Moechars et al. [31] and Zhang et al. [50] suggested

that obestatin was a hormone capable of binding to GPR39 to

regulate the functions of diverse gastrointestinal and adipose

tissues. Further studies indicated that obestatin was involved

in inhibiting thirst and anxiety [37], improving memory [6],

affecting cell proliferation [5,53], controlling fluid homeostasis

[38] and increasing the secretion of pancreatic juice enzymes

[25]
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