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ABsTRACT. GPR39 is an orphan G protein-coupled receptor that is thought to be involved in gastrointestinal and metabolic function. In
this study, we cloned bovine GPR39 cDNA that encoded 462 amino acids showing high sequence homology to other mammalian GPR39
proteins. Real-time PCR showed expression of GPR39 mRNA in the liver, kidney, abomasums, small intestine, colon, rectum and uterus,
with the highest level in the abomasums. Significant promoter activity was observed within the —2.3 kb 5’-upstream region of bovine
GPR39 gene with human colon carcinoma-derived CACO-2 cells. These findings suggest that GPR39 may have important roles in gas-

trointestinal and metabolic functions in bovines as in other mammals.
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GPR39 and GPR38 were initially identified as members
of the orphan G protein-coupled receptor, which is sequen-
tially related the to GH secretagogue receptor (GHS-R) and
neurotensin receptor [12, 7]. GPR38 has been found to be
the receptor for motilin [4], and recently, a 23-amino acid
peptide named obestatin has been postulated to be a specific
ligand of GPR39 [21]. Obestatin is considered to be gener-
ated by posttranslational cleavage of proghrelin and shows
effects opposite to those of ghrelin, such as suppression of
food intake, reduction of body weight gain and decrease of
gastric emptying [21]. However, it has recently been
reported that obestatin has no effect on the activation of
GPR39, food intake or body weight gain [1, 5, 6, 10, 14, 16].
Therefore, obestatin is currently not considered a ligand for
GPR39. GPR39 constitutively activates intracellular signal-
ing through G protein pathways, resulting in increased inos-
itol phosphate turnover and activation of the cAMP and
serum response elements [7]. These GPR39-mediated sig-
nals are further simulated by zinc ion [7, 17, 20]; however,
the specific endogenous ligand for GPR39 is not yet known.

GPR39 mRNA has been shown to be expressed in a wide
range of tissues in humans, rats, mice and chickens, with rel-
atively higher levels in the liver, kidney, pancreas and gas-
trointestinal (GI) tract [3, 12, 13, 19, 21]. In GPR39-
deficient mice, accelerated gastric emptying of a solid meal,
body weight gain and high body fat composition have been
observed, which suggests that GPR39 plays important roles
in digestive and metabolic functions [13]. In mammals,
ghrelin, a specific ligand for GHS-R, stimulates GI motility
as well as GH secretion and food intake [9, 11, 18]. The
motilin-GPR38 system is also involved in the motility of the
Gl tract [4, 15], although this ligand-receptor system has not
been identified in rodent species. In cows, motilin and ghre-
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lin have been identified by cDNA cloning [2, 8]; however,
their receptors and GPR39 have not yet been identified.
Herein, we report the cDNA sequence, tissue mMRNA
expression profile and results of promoter analysis of the
bovine GPR39 gene.

The cDNA of bovine GPR39 was cloned by a PCR-based
method. Total RNA was extracted from the duodenum
(Funakoshi Tokyo, Japan) of a 2-year-old Holstein cow with
TRIzol (Invitrogen, Carlsbad, CA, U.S.A.), and poly A*
RNA was prepared from the total RNA with Oligotex-dT
Super (Takara, Shiga, Japan). A cDNA library was pre-
pared from the poly A* RNA by using a Marathon cDNA
amplification kit (Clontech Laboratories, Mountain View,
CA, U.S.A). The 5’-and 3’- ends of the cDNA were ampli-
fied by using antisense (primer 1) and sense (primer 2) prim-
ers designed from a putative bovine GPR39 cDNA sequence
predicted from the cow genome sequence (GenBank acces-
sion number XM_589836). The full-ORF region of bovine
GPR39 cDNA fragment was amplified with another pair of
sense (primer 3) and antisense (primer 4) primers. The
sequences and positions of the primers are indicated in
Table 1. The complete sequence data of bovine GPR39
cDNA has been submitted to the DDBJ/EMBL/GenBank
databases under accession number EU031892. The Bovine
GPR39 cDNA consisted of 137 bp of the 5’-untranslated
region (UTR), 1365 bp of the coding region and 944 bp of
the 3’-UTR. The 5’-region sequence of the putative GPR39
cDNA sequence predicted from the cow genome differed
from that of the cloned GPR39 cDNA and shoed no signifi-
cant homology with those of other mammalian GPR39
cDNA s (data not shown). Therefore, the 5’-region sequence
of the putative GPR39 cDNA is considered to have been
incorrectly predicted. A computer-assisted search of the
bovine GPR39 cDNA sequence in the cow genome
(www.ncbi.nlm.nih. gov/BLAST) showed the presence of
an approximately 17.8 kb intron between positions 994 and
995 in the GPR39 cDNA, which indicates that the bovine
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Table 1. Sequences and positions of the primers used for PCR

Primer Sequence (5-3’) Position GenBank Accession No.

Primer 1 CTCCTTCTGCAGGTAGCCTTTCTTC 391 to 367 XM_589836

Primer 2 CTTTGTGGTCTACCTTGTGGTCCTG 871 to 895 XM_589836

Primer 3 TCATGGCTTCCCCAAGCCAC 136 to 155 EU031892

Primer 4 TCACACTTCGTGCTCCTGAAA 1502 to 1482 EU031892

Primer 5 TGCAGGTGCTTAGGAGGAGT 874 to 893 EU031892

Primer 6 AGGATCATGTATGCTCGGAAGT 1111 to 1090 EU031892

Primer 7 GTAACCCGTTGAACCCCATT 326 to 345 XR_027844

Primer 8 CCATCCAATCGGTAGTAGCG 476 to 457 XR_027844

Primer 9 ACGCGTCTTATGGCCTTGAGGGGAAG —23231t0-2303 NW_930904.1

Primer 10 CTCGAGAGCTCACCTGGAAAAAGCAA -138to -119 NW_930904.1

I II
bGPR39 1 MASPSHPSRDCSQVIDHSHVPEFEVATWIKITLILVYLVIFVVGILGNSVTIRVTQVLQKKGYLQKEVTDHMVSLACSDILVFLIGMPME 920
hGPR39 1 *****L*GS****I************************I***MGL****A**************************************** 9@
mGPR39 1 ***S*GSNHI**R***************************************************************************** 9@
PGPR39 1 ***S*GS*NI**R********************T****IV********************************I***************** 9@
CGPR39 1 **_GQTS*S***HL*****IS****SP******A*LDIC***A******I**KA*RI**********************L**I*L***V* 89
111 IV
bGPR39 91 |FYSIIWNPLTTPSYTVSCKVHTFLFEACSYATLLHVLTLSFERYIAICHPFRYKAMSGPCQVKLULIGFVWVTSALVALPLLEAMGVEYPL 180
hGPR39 91 *~*********S***L***L***********************************V*****************************T**** 18@
mGPR39 91 *~************AL***L******T************************K***V***R*************************I**** 18@
PGPR39 91 *~************AL***L******T***************************DV*****************************I**** 18@
CGPR39 9@ *F*A**K*FA**NGN*A**LYY**********V***A*******V******KF**V***RK**I**A***G**VI**********T**** 179
v

bGPR39 181 VNVPSHRGLI-CNRSRTRHQEQPESSNMSICTNLSSRWTVIFQSSIFSAFVVYLVVLVSVAFMCWSMMQVLRRSKQGTLA---AQGQQLQ- 265
hGPR39 181 **********_****S***H****T*********************G*********L*******N*****MK*QK*S**___GGTRPP*_ 265
mGPR39 181 ****T*K**N_**L*****HDE*GN**********N**E*******G**A******A*******N**K**MK*******___GT*P***_ 265
PGPR39 181 A***T*K**N_**L*****HDH*GD*************E*******G**A**************N**K**MK**R****___GT*P***_ 265
CGPR39  18@ EITENYQ*VTA*AKATA**HLPELKQ**TH**SH&K[CRPHEKAF Kk kK AKKTTh* Ghk kX KER*FXKKTHMIH*¥K*FVFVKGEP***EXY 269
bGPR39 266 LRKLESQESRSARRQTIIFLELIVVTLAVCWMPNQVRRIMAAAKPKHDWTKSYFRAYMILLPFSDTFFYLSSVVNPLLYNVSSQQFRSVF 355
hGPR39 DEG KA GHKE R AT ok sk Ko ok QUK K oK O Ko Ko T Ok SR KR SRR R R R O 3k Kk Sk KK ok R KR SRR Ok T R oKk R T KRk KRk 355
mGPR39 DEG KA GH KR AT ok sk Ko ok QUK oK ok R o K ko T Ok SR KR SRR SR R R K ok K S KK SR KR SRS KR RSOk kKRS R [ 355
rGPR39 DEG KA GH KR AT ok sk Ko ok QUK oK oK R o Ko T O SR K SRR SR Ko OR[GOk kKRS K [ 355
cGPR39 270 ***S**S*GK*S*****L**G***A***I******I**********Q***VP*****I****IA*I**************I********* 359
bGPR39 356 GQVLRCQLTLPHANQEKHLRAHVASTMDSTRSACRPLIFPASQR-SSSSARANMVFLSTFHSEAKP-ESKPQELSCESPEPNSERKPANP 443
hGPR39 356 V***C*R*S*Q***H**R**V*AH**T**A*FVQ***L*—**R*—Q**AR*TEKI*****Q*****—Q**S*S**L**L****GA****S 442
mGPR39 356 W***C*R***Q******RQ**RFI**K***S**RS****L**R*SN***R*T*K******QT****G*A***P**P***QTG**T***GS 445
rGPR39 356 W***C*R***Q******QQ**YFS**KN*S***RS****L**R*SN***R*T*K******QA****L*GEH*P**P***QTG**T***GS 445
CGPR39  36@ **¥¥**¥[E*TERFHCRIEFRFEN] SKRAR*SHH - F*¥ | FTSHR¥ —_*¥*THSISKGF*¥F*¥QN**N*NC*LQKPGLELQEPSLE*VPLEMS 446
bGPR39 444 ATRNGFQEH----- EV 454
hGPR39 443 *Ap***¥¥¥_____ ** 453
MGPR39 446 T*E*SL**Q----- ** 456
rGPR39 446 *¥E¥SL**Q----- ** 456
CGPR39 447 SKPRPDAQNGLCER** 462
Fig. 1.  Alignment of the amino acid sequences of bovine, human, mouse, rat, and chicken GPR39. The amino acid sequences of

bovine GPR39 are aligned with those of human (AF034633), mouse (BC085285), rat (XM_222578), and chicken (DQ768750)
GPR39. The seven TM regions are boxed. Asterisks indicate amino acid residues matched to the bovine GPR39 sequence.

GPR39 gene consists of 2 exons. Recently, the human
GPR39 gene was shown to have a similar exon / intron
structure [3].

The predicted sequence of 454 amino acids for bovine
GPR39 showed high overall homology with human (82.8%),
mouse (82.0%) and rat (81.6%) GPR39 and relatively low
homology with chicken GPR39 (63.8%; Fig. 1). The seven
transmembrane (TM) regions were conserved in bovine

GPR39 with relatively high homology to the corresponding
regions in mammalian and chicken GPR39. The two cyto-
plasmic loop regions between TMs | and Il and between
TMs Il and IV (amino acid positions 57-71 and 130-154,
respectively) and an extracellular loop region between TMs
VI and VII (positions 302-322) were highly conserved. The
cytoplasmic C-terminal region of bovine GPR39 (amino
acid positions 353-454) showed relatively low homology
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Fig. 2.  Tissue distribution of bovine GPR39 mRNA. Expres-

sion levels of GPR39 mRNA in the tissues of a 2-year-old
cow were determined by Q-PCR. Each value for GPR39 is
normalized to that of 18S ribosomal RNA.

with the corresponding region in human (65.5%), mouse
(67.0%), rat (65.2%) and chicken (53.3%) GPR39. The two
conserved cytoplasmic loop regions are considered to be
interaction sites with G protein. Mutagenesis study of
human GPR39 demonstrated that Zn?* stimulates inositol
phosphate accumulation through His'?, His!® and Asp®®
located in the N-terminal extracellular and 3rd extracellular
loop regions [17]. These three amino acid residues are con-
served at the corresponding positions in bovine GPR39.

To examine the expression level of GPR39 mRNA in
bovine tissues, we performed RT-PCR (real-time PCR) with
a pair of sense (primer 5) and antisense (primer 6) primers.
Total RNA samples from the liver, kidney, abomasums,
small intestine, colon, rectum and uterus of a 2-year-old
Holstein cow were purchased from BioChain Institute, Inc.
(Hayward, CA, U.S.A.). Quantitative measurement was

performed by establishing a linear amplification curve from
serial dilutions of cDNAs for bovine GPR39 and 18S ribo-
somal RNA (Primers 7 and 8). As shown in Fig. 2, GPR39
mRNA was detected in all tissues, with the highest level in
the abomasums, which implies the involvement of GPR39
in Gl functions. In humans and rats, GPR39 mRNA is
expressed in a wide range of tissues, with the highest levels
in the GI tract [21, 12], and regression of gastric emptying
activity has been observed in GPR39 deficient mice [13].
Interestingly, relatively high expression of GPR39 mRNA is
observed in the bovine uterus. We recently showed that
GPR39 mRNA is abundantly expressed in the chicken ovi-
duct, including the uterus, as well as in the digestive tract
[19]. These results suggest that GPR39 may play a role in
peristaltic action in the reproductive tract as well as in the GI
tract.

Finally, we examined the promoter activity of the 5’-
upstream regions of the bovine GPR39 gene in human
colon carcinoma-derived CACO-2 cells. A genomic DNA
fragment spanning from —2323 to —138 (+1: A in the initia-
tion codon) in the upstream region of the bovine GPR39
gene was amplified by PCR using a pair of sense (primer 9)
and antisense (primer 10) primers and was subcloned into
the Mlul and Xhol sites in the pGL3-Basic luciferase vector
(Promega, Madison, WI, U.S.A.). Serial deletions were
introduced into the 5’-region of the gene fragment in the
pGL3 vector using a 5’-Deletion Kit (Nippon Gene,
Toyama, Japan), and the positions of the 5’- end were deter-
mined by sequencing. The pGL3 vector DNAs (200 ng
each) were transfected into CACO-2 cells with Lipo-
fectAMINE 2000 Reagent (Invitrogen). Four ng of pRL-
CMV plasmid (Promega) was co-transfected as an internal
control for transfection efficiency. Forty-eight hours after
transfection, luciferase activity was determined using the
Dual-Glo Luciferase Assay System (Promega). The fire fly
luciferase activity derived from the pGL3 vectors was nor-
malized to the renilla luciferase activity derived from the
pRL-CMV vector. Transcription factor binding sites in the
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Fig. 3. Promoter activity of the 5°-flanking region of the bovine GPR39 gene. CACO-2 cells were

transfected with luciferase gene constructs containing serially deleted 5’-flanking regions of the
bovine GPR39 gene. Values are means + SEM of 4 experiments. Statistical comparisons were made

using Student’s t tests (* P<0.05).
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upstream region were predicted using TFSEARCH
(www.cbrc.jp/research/db/TFSEARCH.html). As shown in
Fig. 3, the highest activity was observed in the region from
—2323 to —138, and the deletion from —2323 to —1836 sig-
nificantly decreased the activity. Further deletion (-2323 to
—1311) recovered the activity, but deletion up to -791
resulted in a significant decrease in activity compared with
deletion up to —1311. Basal promoter activity was detected
in the region between -138 and —791, which contains an
SP1 site (—640) and an HNF-1a site (—462); this suggests
the involvement of these two transcription factors in activa-
tion of the bovine GPR39 gene. It has recently been shown
that HNF-1o and SP1 are involved in activation of the pro-
moter of the human GPR39 gene in human glioblastoma-
derived U138 cells and human hepatocarcinoma-derived
HepG2 cells. In addition to the SP1 and HNF-1a sites,
transcription factor elements for NF-E2 (-515), Oct-1
(-1230), c-Myb (-1450), NF-kappaB (-1620, —1670) and
Oct-1 (-2237) are present within the —2323 upstream
region, the region in which significantly higher promoter
activity was observed. Further analysis is required to deter-
mine the transcription factors involved in regulation of the
bovine GPR39 gene.
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