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7Z73IU-1 olfactory receptors, adenosine receptors
77 3 —II biogenic amine receptors

7 7 I —III neuropeptide receptors

7 7 ) =1V invertebrate opsins

7 7 3V —V chemokine receptors

7 7 3 Y —VI melatonin receptors

2 5 AB: calcitonin and related receptors

77 3IU—1 calcitonin receptors
773V —I1 PTH receptors

7 7 3 —III glucagon receptors
7 7 3 Y —IV latroxin receptors

7 5 AC: metabolic glutamate receptors

77 3I—] metabolic glutamate receptors
773V —I calcium receptors
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7 5 A F : cAMP receptors

K1 BETRANCKOSHLEGY VA7 BEGHZAK
(GPCR) 4%

GPCRIZMALTWAGY ¥ 37 &L, K-tk
TiEGae ¥ 72= v M ABGDPEFEEL, GBS, Gy
72y PEEDBITIRFEBELTHS, VF
v FHAGPCRICKHAEL, WEM kT 5L, 3 RHERG
5 ¥ 37 HiZGDP-GTPRI U IZ X - TGTPH &
BIZEBREh, B, y¥H 722y M2 OMEET 5.

OB ESTTFVBY 7 5—¥, 7=
NVBY Y 5—E8, FAKYN—FAz ChEDOHT
ZIWEHAEL, cAMP, ¢cGMP, Y7 YV ¥ ) o —
Wy A7V b=NV3FAT7x2—blDtHh 2
vy Yy —AEAEER, —EOMBAY 7 F IV

NI | -El ectronic Library Service



Uni versity Medical Association

764 I IBE SR50%

Biogenic amines

Adorenaline, Dopamine, Histamine, Acetylcholine,

Noradrenaline

Peptide and proteins
Angiotensin, Bradykinine, Bombesin, Cba, Calcitonin.
Chemokines, Interleukin 8, Diuretic hormone, Growth
hormone, fMLP, Vasopressin, Enkephalins, Neuropeptide
Y, Neurotensin., Opioids, Endothelin,

Lipids
Anandamide, Cannabinods, Leukotrienes, Lysophosphatidic
acid, Platelet-activating factor

Eicosanoids
Prostacyclins, Prostaglandins, Thromboxanes

Purines and nucleotides
Adenosine, cAMP, ATP, UTP, ADP, UDP
Excitatory amino acid and ions

Glutamate, Calcium, GABA
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Antenolol [32 antagonist

Buspirone 5-HT. agonist

Cetiizine Antihistamine Hi antagonist
Cimetidine H: antagonist

Cisapride 5-HT ligand

Doxazosin a1 antagonist

Famotidine H: antagonist

LH-RH agonist
AT antagosint

Leuprorelin
Losartan

Leuprolide LH-RH agonist

Nizatidine H: antigonist

Metoprolol [ antigonist

Olanzapine Mixed D2/D1/5-HT: antagonist
Ranitidine H: antagonist

Risperidone Mixed D2/5-HT2 antagonist
Salmeterol [» antagonist

Terazosine a1 antagonist
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Color blindness Red and green opsins X-linked X chrmosome rearrangements

Stationary night blindness Rhodopsin AR Missense mutations

Retinitis pigmentosa Rhodpsin AD Apoptosis of rod cells

Nephrogenic DI V2 receptor X-linked Loss of function

Isolated glucocorticoid deficiency ACTH receptor AR Loss of function

Hyperfunctioning tyroid adenomas TSH receptor Somatic mutation Missense

Familial precocious puberty LH receptor AD male limited Missense

Familial hypocalciuric hypercalcaemia Ca*-senseing receptor AD Missense

T4 BEMRBICEELZGY v 8 HEEGRZ %A (GPCR) !

F—7 7 YREE WEVERDEIE  RSRICH V2o VAR Ry 301 RRA
ORL-1 cAMP#ll g i Nociceptin AN, G 1995
HFGAN72 AN Caz il ik Orexins TR, EIR 1998
GPR10 7 7% N VERE Wik Prolactin-releasing peptide TG F 5w 1998
GHS-R Mk M Caz il & ¥ Ghrelin Sl i 1999
SLC-1 RN N Caz il & i Melanin-concentrating hormone & 17H) 1999
GPR14 BN Caz il € i Urotennsin II IR E T 1999
FM-3/4 ARLIN Caz il N Neuromedin U T PLn 2000

RS A—T77 VZREKALT P V=M TREShANNEY 7 ko

GPCRC& # R4k EB

GPCRO HEEIZEW MR IE 2 0 Tld e < B iEdE
HEDEZLHWHELTVWDBIEIZHD ) (F4).
Blio L2 A, BEICBVT, MERKERE &
Bt R AR &\ o 729 B TGPCRDZ AR iy
SNTwD, F72, WRERREIZMEMES 2GPCRIZ
20000 FAAET 2 L EbRTH Y, RE, B4R
DA DA ER T 5 0 BEVED B 5. GPCRIZH
RAORE ZTMEZHRTHLIENHIIH L
T RICERICHELTWA I d oM 2 s
LR TES.

F72, RVEVHUWIIBOTGPCROER I M1
DL SINTED, ERNREICBT B BEEMAR
BEhTna,

*—=7 7 REGOHEH

CNETIEHOD > TVBGPCROFED ¥V —H
—F RSN FIN D 5 DPCRIZE - TAFZY
Y FBAULRGPCRY A% & H 140 HEAEL T
WBHZEDVH SN ST,

LD F Y FRUDGPCRE AL LT OZ%H
HKEVIERDPSF -7 7 V2 HRKEIEATHS

(F =7 7 Y ZHEEDO LRI BRI RE
LbHEINDZLHEW),

INLDF =T 7 Y ZEERPOI T FEASY
==Y HEEE =T 7 VRBEERRA LT P YL
W, 3§ TRErRDDY Y FEZOHETRY %
WDTW5B (#£5).

o), BARMISIEN RN & o8 2 kR
W& BIZFRBMBONAL 7 v 24 A E DY
2HDTHB. 7Ty Af HEe LTHEICKEDOY
T WALEADT R RN Car il ER T T % F v
DREZHMAEDLETV S,

CDNEDEI O T I b ERR 2 s & 17
L2DIEA L XY VORBRRBTELWES S B,

F—=V Ry 7 AR =T 7 VZHEEAIT bV —
CEoTHUVLF I UPRREINLDEN, FLxY
&7y MG LSRR BN O BB 5,
MONIERER D=2 -0 TV RAI vy ¥ =22 &
ZHN T,

L2L, D% 92777 <9 AOEEL EH
LFALVFR Y UEZHERNPF VALY —HRBETT
HBIEBHLIIR ST,

FEFICFNV AL 7Y —DBENLDFLF Y U2
BEROERDBHEODY, FLaL Ty —DER»H)
DTHEHEFLNVTHHS R,

NI | -El ectronic Library Service



Yamaguchi University Medical Association

766 WOE# #8508 5% (2001)

A D
GPR4I -

% control

ischemic hypoxia 2 2 2 2 (br)  (GPRaT WGIPDH)

0
0

reoxygenation 0 i 2 3 (hr)
200
B
G3PDH
ischemic hypoxia 0 2 2 2 2 (hr}
reoxy genation "] 0 1 2 3 ()
100
C
¢ -fos
¢ -jun
. . . i ischemic hypoxia 0
ischemic hypoxia 0 2 2 2 2 (b)) reoxygenation g
FeOXygenation 1] 0 1 2 3 (hn)
GFP
Hoechst
Overlay

- COMROBRZ, -7 7 v EZBEEORICIEE
Zx7, AELBETFIRESIR-TVWBEILEHR
CRBLTWS, ,

COMEZWICA—7 7 Y 2REICHT %I
—RICmESh, FLY YO RonFry e n
DIl a— O PGV AI v I —REFNEIRH
BRENWLTHWS 2,

BRI EF -7 7 o RE S

DR EHFICMBELELI R TORBER-LT
W5, RRZOCEBARICOEEZ RS TWERERITTIdR
CEHFOREE S Y 270s8EE0DY T VES
oTWVEDTREVHILEZ .

DXy, OHEELRELHICEALPOERNAL

B ML~V Co R i ik
Wi B 5GPRUADBETRHA
H9c2# Mg % B I 75 o o 5 3 %,
mRNA% $ili #f L, GPR41 (A),
G3PDH (B), c-fos (C), cjun (C) i<
w$ BS54 =—%HVTRT-PCR
%47 72. GPR41izxt3 ART-PCR
DRHEREFVYY AN —THEL,
75 712K R L7=D).

2 {hn}

3 ()

-t g

B2 GPR4AIDMBARIEDEAL
GFPH(A)$ X UFGFP-GPR41(B, C,
D)2 RHEL, GPR4AIDKMBARER
BH%, 128 (B and F), 24BE[
(C and G), 360 (D and H)THE
L7z, %72, $IlRE~AFX MEHT
2EFEBEN, ThoogzER
&bei(IL).

L7356, ThifoBSRcas e sRE, #ic,
DM (B 5V LMES) TRESREL S
B, ThERATH5BENLRICEELTVEDT
B PHELE.

22T, ¥, KEOLGHBREZEMIZESL,
EDOXRRLEHBLHED, B EiTo%. ZORER, L
WA & 13 10kDaf2 E D53 F DM E A 5 70kDask
BAFDF 732 BT TCI0EELNRTF FHFA8
MBS ENT VA LA PIC R o7, X
HIZ, ThHDLENTIE, VU VYBIERIE % ¥ DMK
WY 7 F VBB E GRS 23T RS BB S h -,
COWMRLEETLT, ThooMBEMny 7+ iz
ZERTFOZTFMTHI2ZHBICOVTHIRFL
2. 2%, MRS Y 7 FNMEERFVSEBELEL
TVARHFT TR, ZUHFHTHIZEEOEES

NI | -El ectronic Library Service



i University Medical Association

=77 PEHERREOY Y ? 767

Luciferase activity / f§-gal
activity (control %)
250 -

® *®
| R | B

200 -|

150 -

100 ~|

50 -

0 -
pcDNA3-GPR41 () (<) (-) (+) (+)
pcDNA3 (+) (-) (+) (=) (-)
pFC-p53 (=) (+) ) (-) (-)
pS53-Luc () {+) (+) (+) (+)
pS3DN (=) () (=) (-) (+)

3 GPRALIZ & % p53# 3 iGTE o M s
ENZERONT 5 —HMBNICEAL, Vo729 —¥
WPEAZ NS 2 2 & Tpo3Di 1 G ke A e L7z, %
72, VI T 25 —EiiE AT 7 b YA — ViV CH
EZE17 -7,

HLELTHWDEDOTREEVNEEZ LIS THD
ZERAOPTH ) F Y FRMOF—7 7 25k
WCF =7y PEOIBEMICBIT DB EZBI%L /-,
BRA LA —7 7 V2RO RIIGVE & B Lok
A, GPRALASHE Mt 153 0 72 \ s 100G VE o A7 35 70 B 5
ZRLTOVDIENH LN (IM1)
DofiElE, GPR4IZIZIEAERBIL TV WS k?f)‘
5, ZOMRICGPRALZ REIRBL X8, /LPEBE %
B L7z, ToME, BERILMBoEEAY
BTHRP=VAZRI LA B> THRLTLE
72 (KW2)., 22T, BbidZ oMz 2 8B
HHET R M= Z2Z%HIK (Hypoxia-induced
apoptosis receptor; HIA-R) LRI 2121 7=,
BERD 5 2 L IZT CTICHIA-RD BB S B
CHOMINL TIIAMIRIIE 2 8T & vy, 2R
BTIREH L T4 vD i< I T IR HIA-R
DBFEBIC X of%%%%ﬁf TENTE.
MFHKLICITHIA-RIZ T TS0 2 D 3B L Tw
5% ZOX) LMRICIEHIA-RIZ X 2 HI5E % 5
W2 AHZZLDPEAELTVDD0E LRk,
F7z, MRIELIANZ S 5 H DB 8 A5 L
TWbD7s Lk,

HIA-RIZ & 2 /0EEHIRRSED X 11 = X L

HIA-RIZ X BHIBISED X = X 2213 4 > Bl
B THEp530 WG LTWBE)ITHDE, hiF
TOMBETIZ, HIA-RZBEFEH L 22 TIE, p53
DOmRNALV NNVIZELL L LW, #1378 LR
NOYWFERITEN RO SNz, ChE TORE T,
L9 e RECIEps3idwicomE sy, 7R
— VAR L TR EEZ LN TWAS, HIAR
I DOpS3NMRBEMRHLTCVWE LS TH S,
SR 72pb33MICBITL, 7R -V RFYIZHY
F LT 2baxDiHEAIGEHALL TE D, Thiril
MR E7 R —Y 22BN TCWBEITHD
(43).

% { DGPCRHPMAPK ZifELTE B2 L5 5,
MAPK superfamily DFEEIGYE S MG L7228, #7:
LOREBRTRIMELENEZBHT LI LNTE L
NSPAR

IS DO EH S HIA-RIZp53ZIGMEALT 5 =
BTELELSHLOHEOZEARTSHY, EmEIC
LW T R D=3 22 FHT 528 EKTHB
AR N,

HIA-RO/EME SR 2 M L, OB H#IC
T 2720121%, VA Y FogEzird L& i
27T M AR EIII R 5 TLBE
WD LWEZATHS.

SHROMEICONT

i, o6 ER, LEBEMIBNS 7 F M sE
N1 & DBFRICIENZRKY, MIEELIT-> TELD,
TRIEY T FMEEOMES LR, -7 7 V%
HRICHEOHLEZRT FETH L. SOOI
RpORERENPBALTBY, BLOYBERYH S
CEIFPHENDA, WVIFER, Bre B L
CHASIATZHG, HBZLOMT2L6T2
ENTEDLLEZTVAD,

WITKRFEFASPHNEOZHHNAEZ, 3 TI2,
NUTTPRZ] (50, 563-568, 2001) IZ#MALTHDY
9. T0O0, BEOWMENTL -SBIHA X
TW/=72% % L7,

NI | -El ectronic Library Service



Yamaguchi

768

1)

2)

3)

4)

(2]
~—

6)

7)

8)

Uni versity Medical Association

I TR

X 73

Flower D R. Modelling G-protein-coupled
receptors for drug design. Biochim Biophys
Acta 1999 ; 1422 : 207-234.

Hertzberg R P, Pope A J. High-throughput
screening: new technologh for the 21st
century, Current Opinion in Chem. Biol 2000 ;
4 : 445-451.

Civelli O, Nothacker H-P, Saito Y, Wang Z, Lin
S H S, Reinscheid R K. Novel neurtransmitters
as natural ligands of orphan G-protein-coupled
receptors. Trends in Neuroscience 2001 ; 24 :
230-237.

Sakurai T, Amemiya A, Ishii M, Matsuzaki I,
Chemelli RM, Tanaka H, Williams SC,
Richardson JA, Kozlowski GP, Wilson S, Arch
JR, Buckingham RE, Haynes AC, Carr SA,
Annan RS, McNulty DE, Liu WS, Terrett JA,
Elshourbagy NA, Bergsma DJ, Yanagisawa M.
Orexins and orexin receptors: a family of
hypothalamic neuropeptides and G protein-
coupled receptors that regulate feeding
behavior. Cell. 1998 ; 92 : 573-585.

Chemelli RM, Willie JT, Sinton CM, Elmquist
JK, Scammell T, Lee C, Richardson JA,
Williams SC, Xiong Y, Kisanuki Y, Fitch TE,
Nakazato M, Hammer RE, Saper CB,
Yanagisawa M. Narcolepsy in orexin knockout
mice; molecular genetics of sleep regulation.
Cell 1999 ; 98 : 437-451.

Lin L, Faraco J, Li R, Kadotani H, Rogers W,
Lin X, Qiu X, de Jong PJ, Nishino S, Mignot E.
The sleep disorder canine narcolepsy is
caused by a mutation in the hypocretin
(orexin) receptor 2 gene. Cell 1999 ; 98 : 365-
376.

Kojima M, Hosoda H, Date Y, Nakazato M,
Matsuo H, Kangawa K. Ghrelin is a growth-
hormone-releasing acylated peptide from
stomach. Nature 1999 ; 402 : 656-60.

Nothacker HP, Wang Z, McNeill AM, Saito Y,
Merten S, O'Dowd B, Duckles SP, Civelli O.

#50%

5% (2001)

Identification of the natural ligand of an
orphan G-protein-coupled receptor involved in
the regulation of vasoconstriction. Nature Cell
Biol 1999 ; 1 : 383-385.

Kimura M, Mizukami Y, Miura T, Fujimoto K,
Kobayashi S, Matsuzaki M. G-protein-coupled
receptor, GPR41, induces apoptosis via a
p53/Bax pathway during ischemic hypoxia
and reoxygenation. J Biol Chem 2001 ; 276 :
26453-26460.

NI | -El ectronic Library Service



Yamaguchi University Medical Association

F—7 7 YEEEKTEOY < ? 769

Orphan G-protein Coupled Receptors are Fruitful Sources for
Drug Discovery

Yoichi MIZUKAMI

Dept of Physiology I.and. Organ Pathophysiology,
Yamaguchi University School of Medicine,
1-1-1, Minami-kogushi, Ube, Yamaguchi 755-8505, Japan

SUMMARY

Functional genomics can be defined as the seach for the physiological role of a gene for which its primary
sequence is known. Most of the gene encoding proteins containing seven hydrophobic regions code for G
protein-coupled receptors (GPCRs). GPCRs from a large and multi-gene superfamily with many important
physiological functions, and have become to important targets in pharmaceutical reseach. Although many
of GPCRs have been identified the natural ligands, the ligands for the other GPCRs are presently
unknown. These GPCRs are called orphan receptors. Here, we examine the expression of various orphan
receptors in H9c2 cells during ischemic hypoxia and reoxygenation. Among orphan receptors examined,
the level of G protein-coupled receptor 41 (GPR11) mRNA increases significantly with a peak at 2 hrs after
reoxygenation, and recovers to the control level by 3 hrs after reoxygenation. The transfection of GPR41
into H9c2 cells results in a significant decrease in cell number, with DNA fragmentation observed by in
vitro and in situ assay. The amount of p53 protein increases significantly in the nuclei of cells expressing
GPR41, accompanying an increase in the transcriptional activity of p53. Consistent with the activation of
p53. the level of bax mRNA is significantly increased, which leads to an increase in Bax protein.
Furthermore, the expression of a deletion mutant of a GPR41, which lacks the G protein binding site and
shows an attenuation of intracellular phosphorylation signals to H9¢2 cells, inhibits cell death and the
increase in p53 protein within 24 hrs after reoxygenation. These observations demonstrate that GPR41 is a
novel receptor that activates p53, leading to apoptosis during reoxygenation after ischemic hypoxia in H9¢2

cells. We have designated GPR41 as hypoxia-induced apoptosis receptor, HIA-R.
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