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Physiological regulation of G protein signaling by RGS proteins
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regulate the intracellular effectors.
closely links to the cellular responses.

Trimeric G proteins transmit extracellular signals to
The spatiotemporal regulation of this signal
In this study, we addressed the regulation

of G protein signaling by RGS proteins, the mathematical models of G protein signaling
and the structure—function relationship of K' channel to analyze the physiological

regulation of G protein signaling.

AR TE R
(SHHEAL - M)
[ERES SN R g & i

2005 4F % 8, 900, 000 0 8,900, 000
2006 4F % 23, 100, 000 0 23, 100, 000
2007 4E i 16, 000, 000 0 16, 000, 000
2008 4F i 16, 000, 000 0 16, 000, 000
2009 4FJE 8,900, 000 0 8,900, 000
ot 72, 900, 000 0 72, 900, 000

WFFesy B« [ k=2
BHFE O4FL « fE « JRAgEES: - KPR

F—U— R :GEHAE, RGSEHE., MlaN 7 I, I UL TF v, AU T LT v 3

. FHEET L

1. WFZEBIAE S D =

—EK G BEREIE, ATV -
RIREWE I EORESZRIKE T T =iy
7T —BRA T Ty I EDFEA DY)
REZEB L, MDD 7L E i
AT 5, 8K GEAEIZa, B, YD 3

DOV T =y MR EINTED, XK
KRR IS L2 Go o> GDP-GTP A8#a A
Go & GRyIZfREfEZ e L, Kk & 7o sh Beas 2 15k
v45, 20, Gatr 7= hOFF>HIA
M GTP MK FRIEMEC L 0 . GTP 23K 4y
fitsndEREHbEND, RICGEAE



T FVBEEAL STV S REIE GTP 23
WSR3 fif S 5 MTIRAF L T
WD, Gatr 7=y FONKEME GTP Ak
DIHEMEIIARTER2 O THY | ENHMT
IR IRZAT O DICE Gy 2 ET D, Ll
IR D EEEOAEMIIZ BN T, MK
ot —¥—TiTohTWnWbd, Zhix
RGS(Regulators of G protein signaling)&
FVE &R L HER 28 Goar 7=y b
0)?\?.@ GTP HKHEMEZRE L TV D
N5 Th D, BUER 20 FEFEIC b K& 5 RGS &
HENFESNTEY, £ 6 OBEEMENR
2 I TV 525, RGS 2 FVE S BARBY I anfar
LT G BEREY 7T NAVOATRRRE 217
STWADPIZOWTITEANLHLMNZE
NTZ ol HlxiX, RGS EAE % B
ﬁ%fﬁ*ﬁ kb\fﬂﬁ%fﬁéﬁék GHEH

By 7T Nemgellffil LT LE 22, Zh
i RGS EH'H @1@% (GTP hnzk4 \ﬁm%u
EEZHEHATH D, 1> T, RGSEHE
I2&kd G BERHE /7‘%/»@%5@%%%’%&%@
OREFNZIL. RGS & HEOERRER (207
HilkF & &te) ZBFET 5 2 ENRBERFR
Th s,

2. WFEOHBY

T, Frex IO BT 5 G & BAE
WhY oy AFrrN (LT Ko F v L) O
AP MEE 2 FEICRETT 2 L B RO AR
ARV UVIBED1DOTHLIERAT 7 FINA
)Y k=3 /E&(PI(S 4,5)P3) & I NET
=YY (CaM) iéRGS%E T DAEFERY
7oA A R TR T BN Lz, T
2B, PIPsIZ L% RGS & HE OREREDOM
fll &, Ca2t/CaM OBEEHIRAEEIZ L 5 RGS

EHEOEREOHMEITH D, LrLRins,

RGS & FVE 2T~ OFE - et BV T 2
DT BR & 70 Az B RO TE P il 480 B 4 23 A7 AE
THLENTRENDN, ZOBLENLDT
7°B—%6i:ﬂif“§é57iﬁéhf:iﬁfpo
. Fex 1% PI(3,4,5)Ps/CaM = k. 5 RGS &
EI A OREREFIENZ DWW T OFEM 2 7
b e, MENR ATV —= 7KV HT
Ho RGS B HEHEE - ZFE L, RGS &
HEIC X 24N =8k G BEAEY 7T
JREEIZ DWW T O ER R %Z B9,

3. WD HiE
(1) DMHIZEIIT D RGS && A O A FRATE M
TSR D iR IA PI(3,4,5)Ps/CaM = & %
m%%a @% ﬁﬁ@ > HAE A 5
W2 D720l T - 5 FAEMTFRIFIEC
iofRGS%EE b“k@ﬁﬁ@%%u
DRIEZITV., 51T NMR < CD 72 & D4y
Mrb R TEIC X 0 FEAEAE R O & ERfiE
A=k = I8

(2) IEE T 7 MIT X D RGS & V' DHERE I 1E)
PI1(3,4,5)Ps |3 AMARIR I SIS AFAE
THDOITTIERL., BT 7 K EMIND R
EOEAIZERB L TWASZ LB 5 T
b5, it~> T, RGSERYE -GEREY 7TV
FRONEE T 7 b iéﬁmwﬁuowfﬁ
MEITO, BERIICIIAEE 7 7 b ORI
C- = VRTD—/V%W%‘L Hb’?’?'\m’ﬁu
R A A > &4 2 MBCD ALEE D > 7 ) v
FRETZ 3T DR, RM&%%wT%E7
7 MERSTFO GERE Y ST MCHT S

YER % 3Hli9 %,
(3) RGSEHEIZ LD CERE YA 7 LHH
DHEFEET L DL =B cEAE

DR T D Ko T ¥ RV OME % 53
HZEICE-T, GEBEBEYA 7V E SRR
SDRRETHRT DA LN TE S, D720,
RGS EHE -G EHEY A 7V ROKELET
NABFNC LTI R T A — e i@ ks CRlE
THZENHRETH D, ZOET NVELHIE
FYENLE T VEOMER - LT T VT AGA
D lickoT, GEBHEY VDA
HOBEREHAMI BB 70 75,
(@I@?#ZW®F%%%K%6<?¥*
JVRERE R HIRAR O fiR B BIAGCERYE
1T KeF v LDl /HW*PIPQ WZxb9 % s
Ham I35 LIl TTF v RV ENE
MAESETWDE, 2FD ., F¥ 1A FHIC
F ¥ R OIEMAL Z 0] 3 2 B 03 i 1o -
Twék%ﬁéhéo:@%%%%%ﬁmﬁ
DI, PRESHARNIC R E A U v 7 ITIFELE
#5&%2@%% 5 eIk DG A A A T
{EIRFHHET., IEFETTHLMNITHZ &
ko T, 2O T ERAT 5,

4. WFIERRSE
(1) I8EZ 7 MIT X 5 RGS & [V DOHERE 18
JEE 2 B RIS, IREZ 7 N EMER D 2
AT D»—/Wﬁh%iﬁ L7ZEREE nm LT~
A 780 RAALUPEETD, ZORET 7 b
IR, G BAE., 14T vy 3%
% EEHE @ﬁ&%?‘)/%”MPbiﬁ
T 5, AR, Fix L PIP, & RGS & H'E DE
EW%@%% WZHESE, Em% BT 5 RGS
EAELRE T 7 b BRIV TG
L7z, EEJ‘I:%EI ECFP O#z e 1%, Venus
@%E&Ekﬁﬁétw [EAR R R
ECFP Z a4 5 Z £ 12Xk V., Venus DA
oINS Bl2E S5 (FRET (fluorescent
resonance energy transfer)), % Z C. ECFP
L Venus ZFNF CaM & RGS4 |ZRE X4,
IS DORMEERE 2 HEK293 A g E
SH, WEOMEGEZEMETBELZ(X),
ZTORER, WHEELBRLEZMBEL D
ionomycin IZ & A FRET D 7 F L 23 & H & 1
%A%, CaM =2 PIP, IZHEA T & 72\ RGS Z8 LK
TIX T T ARKE I ol FTDO8H,



WE DA B D TR RENICHEAS L T
DL ENHSTZ, EHIZ, BET 7 FEET
AFNVPB-HVA7a0TFARNY SBELO,
RGS4 DL F U AL EL BAR T FRET
DO T F VIR SN o T-, 2SI F
R LI EA AR, IFE T 7 MM TE R

NWZ EG, UL F UMb RGSA DIEE
FT7 R~OERBICEETHDZ EDHL M
ot
a b c
Control 3; FP %
d em velangth [nm] f
_ g . o
oy ISR <=
£ T Venus

hength

1 ZE#IETF o RGS BHEE RGS4 & CaM
L O EANEH O FRET 17 X 51 H

(2) RGS EH'E - G EREY A 7 VRO
7 )L

GEAE DRI TH LKeT ¥ 1 /L DALY
e BT HGERET A 7 VOBEET
NVEREE LT, AEERET VT, meT BTV
) UK EGEAEMOHEESEN L GE
FHEGRy &£ KaF ¥ RV OFEAMER D 2 S>Dil
BErrhZhEe7 /UL, iH L, AiElx
ThomsenZDET NV ZWE L, RGSEHEIZ
X D IR EENL K A ME O GER BV TS ME TR Sk
a7 WA AN, %EIT
Monod-Wyman-Changeux® 7 @ A7 U v 7
ETNVEHWZ, 512, Corey & Clapham
(2 & DGRy & KaT v VD EAL ARG G Rk
R, BrOMRETHMLIZY 77— 3
VEDT v 2VEIRORFRKAAENE, GTPREE
Az, 7Tl SRERM, BEEN
A7 & D F 7 2 B AP R & R RF
Wi 7o IR E R A A b LT, ORER
T 72 5 RAMEAFE D F v R E D
EXAEHER CBEINLIEREZHHRT LG
BEEYA 7 VROBHET L OVERIZ D)
L7,

(3) Ka7 v /L DA - 15 MEFH BY

O Ko T v FZIEEERNCHER T 5 0
G DRE

IEMEACLIR 7 OFET ., FEFE FICB T 5Ke T
¥ L4y F-Kir3. 200l e B ek 0> X 87 (A
WA DN Lz, WE O O 22 A2 Rt
T5 & IEHALRFIEFE P\, o1
WIZA AU FEENEET D2 o7z, =

DFEA Z O 2 2 BT PIP x5 s 1
EHMESEZZ LD, D THESIET v
NOEHALEZIHI L b EEZ BN (K
2) . EIBIZ, TOAFUREEEFEKT DT
2/ BRIENaHE A, GEA-—IKGFEOEE
BIZBEE L TWA Z ERmbnTn5, £0
72, T NEE S OYIRT 325D H e HIEMEAL
K L DT v RIEMHE LR IV T HE
LCWb EHEE SN,

Closed Open
o
°

o

RO gt Vi
SRS

=
Na* Gpy PIP, ° o
ionic bond e K

X2 Kir3.2 OIEMELEREICKT 501N
HEA DOLE

@ Ko T ¥ xVEBA A O EER

KT % RV EEIZ 361 2K &89 R 7 T
bb, DD, A A BEREOHIEILZ
DF X FNVDEREEEDOARE TH 5, KirF ¥
DA A B BT Mg <2
polyaminelZ X 2 EAKFIED T 1 v 7 oW
PR BRI L - CHI S N5, KirTF v v
T4 oDV T a=y "SR SH. &7 2
= MRS, KERERNIC B2 520D R A A
v (BEEEEk, MREER) KT 5,
A A BRI ITE SR O S ITATE L
20D RALUEBNTWS, TNET, #
BOKirT v RV ORR EOEEN IS S
TW5, ZhoofETIE, HEEER DA
FUBBRKITH L TWA DT, A 43
FEAROGE R KM LTWD EHEE STV
b, —F, MREEEICIRIT DA A iEilE R
# (cytoplasmic pore) IF/KFnL7-A A 08
FANEEELTWAHATD, BRETH D
ETRRINTWD N, HERRIREE & DX SIEAR
BHCH -7,

GEE A K r T v % /L Kir3. 200 HI0/E 58
R ORE G A2 AT 5 &, cytoplasmic
porelZ & FUE 2 13K L7V BB B 3 F
FELTW= (M3), ZOETFEEIIRA A
ThHDHEEZLNTN, TORFREIIAHT
bolo, I T, BT PEFERE O E B
ST OVEEERIAE L, xR GA A s
DRI ST im0 b, s EN o
WA A > D B 58S 7TV DI3AR E R
M U7, ZORR, ZMOBA 4 2 Ba™ 1 3H &
HOFRVE TR L@ Loy, — oA
Z U Rb'SRCs T E L & EHLE T, cytoplasmic
poreNDMDEFNIZRE LTz, ZHbHDZ &
I, SRVE B IR EANC S i ioNg™



ThHhdHIEERBRTHIETTRL,
cytoplasmic poreldfpA A NEBIZEEIT
LR E L CWERNE M2 a3 5Z &
WZEoT, KOEZZHIRTX5ETHD
ZEERRET D,

extracellular side

f > e Met313 Vota1s

N Pt ] ~ r ?
N 2 e Y

" Ny i Mgz ¥ ‘&-..

E | oy i [ Ja ]

FUN Vo Bl Gt

Mo ¢ @ * Glu2se cluzse JJy
» = o

\ e BD strand

X2 Kir3. 20#ifa/E R 7 P RBET 551
F > DA

$D strand
intracellular side

Mg*l34%~7 2= F)Heytoplasmic
porelZ#&H L726G1u236 L Met313(2 & » Tk %
NTU=, Mg¥ &$k A CGlu236 AR I,
Met313IFMlaEMAiE 35, & 2T, SCAM
(substituted cysteine accessibility
method) Z T, 22507 I/ BBloxtd %1k
SPAEAR ) (MTSET) O Fl I A 2> &
accessibilityZ# Mt L7z, 5 & iHMHE(LR
F1ETE RIS 3N T o MTSETVE 7% 251 [RI R BE o
accessibilityZ /R L7=, —J7. I&MAIKFIE
1 FCH-D, Mg”{F1E T CMTSETIEAR2 1T
Met313Z &4 L 7= 25, MTSETIZ X A G1u236 D&
fifilIMg* DA A T, FRRRE CTH -7z,

DL b OIS & ORERERRENT 20 &, BIfEHIE S
nfw@mﬁwzwwﬁ@ ﬁﬁ@%L
AEFRRSRME FICBT 5 F v XV OBIRIE A
ML CTWbEEXHND,

5. E7pFEFKmLE
(WFFEEH . s
(=S

Gy R ONEHERT7EE 12

CdERERm 0] (B 28 14F)
1. Murakami S, Suzuki S, Ishii M, Inanobe A,
Kurachi Y. Cellular modeling: experiments and
simulation to develop a physiological model of
G-protein control of muscarinic K* channels in
mammalian atrial cells. Phil Trans Roy Soc A.
i A, 2010, in press.
2. Ait-Haddou R, Kurachi Y, Nomura T. On
calcium-buffer dynamics within the excess buffer
regime. J. Theor. Biol. ##if Vol 264, 2010,
55-65
3. Suzuki Y, Kurachi Y, Nomura T. (10 £ &#%, 8
#% HB) A platform for in silico modeling of
physiological systems Ill. Conf Proc IEEE Eng
Med Biol Soc. # #i fi Vol 2009, 2009,
2803-2806
4. Yokoe M, Kurachi Y, Sakoda S. (3 44K, 4
7% H) Opening velocity, a novel parameter, for
finger tapping test in patients with Parkinson’s
disease. Parkinsonism Relat. Disord. # it A

Vol 15, 2009, 440-444

5. Ogawa S, Kurachi Y, Mitamura H. (21 4 4 1%,
13 # H) Optimal treatment strategy for patients
with paroxysmal atrial fibrillation: J-RHYTHM
Study. Circ. J. & &EA Vol xxxxxxx, 2009,
242-248.

6. Inanobe A, Kamiya N, Murakami S, Fukunishi
Y, Nakamura H, Kurachi Y. In silico prediction
of the chemical block and human
ether-a-go-go-related gene (hERG) K* current. J
Physiol Sci. ##if Vol 58, 2008, 459-470

7. Asai Y, Kurachi Y, Nomura T. (7 441, 9 %
H) Specifications of insilicoML 1.0: A multilevel
biophysical model description languate. J Physiol
Sci. #&£F¢H Vol 58, 2008, 447-458

8. Kawazu T. Murakami S, Adachi-Akahane S,
Findlay I, Ait-Haddou R, Kurachi Y, Nomura T.
Microstructure-based monte carlo simulation of
Ca2+ dynamics evoking cardiac calcium channel
inactivation. J Physiol Sci. ##:# Vol 58, 2008,
471-480

9. Hunter P, Kurachi Y, Nobel D, Viceconti M.
Meeting report on the 2" MEI international
symposium — the worldwide challenge to
physiome and systems biology and Osaka accord
—. J Physiol Sci. & #tA Vol 58, 2008, 425-431
10. Suzuki Y, Kurachi Y, Nomura T. (6 4441, 8
#% HB) A platform for in silico modeling of
physiological systems Il. CellML compatibility
and other extended capabilities. Conf Proc IEEE
Eng Med Biol Soc. #&#if Vol 2008, 2008,
573-576

11. Hasegawa Y, Kurachi Y, Hatazawa J. (5 4%
W%, 7 7% B) Evaluation of brain and whole-body
pharmacokinetics of 11C-labeled
diphenylhydantoin in rats by means of planar
positron imaging system. Ann Nucl Med. Z#i
A Vol 22, 2008, 301-307

12. Suzuki S, Murakami S, Tsujimae K, Findlay I,
Kurachi Y. In silico risk assessment for
drug-induction of cardiac arrhythmia. Prog
Biophys Mol Biol. &% Vol 98, 2008, 52-60
13. Tsujimae K. Murakami S, Kurachi Y. In
silico study on the effects of IKur block kinetics
on prolongation of human action potential after
atrial fibrillation-induced electrical remodeling.
Am J Physiol Heart Circ Physiol. #&#:A Vol
294, 2008, H793-H800

14. Hosaka Y, Inanobe A, (9 444, 103&FH)
Kurachi Y. (12 % H) Mutational analysis of
block and facilitation of HERG current by a class
Il anti-arrhythmic agent, nifekalant. Channels
#HiAH Vol 1, 2007, 198-208

15. Shieh C-C, Kurachi Y, Gopalakrishnan M.
(11 #4441, 13 7% H) Characterization of a novel
ATP-sensitive K* channel opener,
4-methyl-N-(2,2,2-trichloro-1-(3-pyridin-3-ylthio




ureido)ethyl) benzamide (A-251179) on urinary
bladder relaxation and cystometric parameters.
Br J Pharmacol. & #%tA Vol 151, 2007, 467-475
16. Tsujimae K, Suzuki S, Murakami S, Kurachi
Y. Frequency dependent effects of various IKr
blockers on cardiac action potential duration in a
human atrial model. Am J Physiol Heart Circ
Physiol. #FtA Vol 297, 2007, H660-H669

17. Nakamura K, Kurachi Y, Ohe T. (12 44441,
14 # H) Anti-KCNH2 antibody-induced long
QT syndrome: novel acquired form of long QT
syndrome. J. Am. Coll. Cardiol. & #:A Vol 50,
2007, 1808-1809

18. Inanobe A, Matsuura T, Nakagawa A,
Kurachi Y. Structural diversity in the
cytoplasmic region of G protein-gated inward
rectifier K* channels. Channels ##if Vol 1,
2007, 39-45

19. Iwashita M, Kurachi Y, Kondo S. (5 44 I%,
6 Z# H ) Pigment pattern in jaguar/obelix
zebrafish is caused by a Kir7.1 mutation:
implications for the regulation of melanosome
movement. PLoS Genet. & #:4 Vol 2, 20086,
e197

20. Ishii M, Kurachi Y. Muscarinic acetylcholine
receptors. Curr Pharm Des. & #t A Vol 12,
2006, 3573-3581

21. Yamashita T, Kurachi Y, Watanabe E. (21 4
E&, 12 3 H) Randomized study of angiotensin
Il type 1 receptor blocker vs dihydropiridine
calcium antagonist for the treatment of
paroxysmal atrial fibrillation in patients with
hypertension. Circ J. & #if Vol 70, 2006,
1318-1321

22. Watanabe M, Iwashita M, Ishii M, Kurachi Y,
Kawakami A, Kondo A, Okada N. Spot pattern
of leopard Danio is caused by mutation in the
zebrafish connexin41.8 gene. EMBO Rep. #7it
A Vol 7,2006, 893-897

23. Kikuta J, Ishii M, Kishimoto K, Kurachi Y.
Carvedilol blocks cardiac Karp and Kg but not Ik,
channels by acting at the bundle-crossing regions.
Eur J Pharmacol. & &i#A Vol 529, 2006, 47-54
24. Koyrakh 1, Kurachi Y, Wickman K. (4 44
%, 5% H) Molecular and cellular diversity of
neuronal G-protein-gated potassium channels. J
Neurosci. #HiA Vol 25, 2005, 11468-11478
25. lshii M, lkushima M, Kurachi Y. In vivo
interaction between RGS4 and calmodulin
visualized with FRET techniques: possible
involvement of lipid raft. Biochem Biophys Res
Commun. ##¢A Vol 338, 2005, 839-846

26. Sawada K, Kurachi Y. (54 &, 7%H)
Gestational change of K* channel opener effect is
correlated with the expression of uterine Karp
channel subunits. Eur J Obstet Gynecol Reprod
Biol. A Vol 122, 2005, 49-56

27. Yamada M, Kurachi Y. A functional role of
the C-terminal 42 amino acids of SUR2A and
SUR2B in the physiology and pharmacology of
cardiovascular ATP-sensitive K* channels. J Mol
Cell Cardiol. & #iA Vol 39, 2005, 1-6

28. Ishii M, Fujita S, Yamada M, Hosaka Y,
Kurachi Y. Phosphatidylinositol
3,4,5-trisphosphate and Ca**/calmodulin
competitively bind to the regulators of
G-protein-signalling (RGS) domain of RGS4 and
reciprocally regulate its action. Biochem J. Z£#t
A Vol 385, 2005, 65-73

ra¥EL) G144
1. Inanobe A. Structural Insights into the
Function of Cytoplasmic Region of G
Protein-Gated Inward Rectifier K" channel.
International Congress of Physiological Sciences.
2009 £ 7 H 30 B HAR

(M) Gt4a1)

1. fE¥0 2, B FA EWEHR, B
- BB (A F v 2L ORE &
AE). 2005 4, 13-26

2. R E=H, B A EWIEKHA. B
- BB ([ F 0 F v R ORE &
AE). 2005 4, 82-87

3. A B BF A EWIEHK. B
it - EF% oSk A (HERG F ¥ %L &
KCNQ1/KCNE1 7 ¥ 3/V) , 2005 4, 94-100
4. FaED JE FHiEe. Mk T (NMDA
ZRIROEIIREEZAL « fE ST I L D
7 a—F), 2006 F, 242-246

6. WFIEHLR

(1) WFzefRE
B8 F/AN (KURACHI  YOSHIHISA)
KRR - B2 RFIER - %
WF9EE %5« 30142011

(2) o5y
FhWr7) 5 (INANOBE ATSUSHI)
KRR « RS RAFSERL - HEHd
s 5 : 00270851
b B (MURAKAMI - SHINGO)
KRR - 720508 - Bh#
WFoeEF 5 40437314
(2006-2009)
4 fnd: (FURUTANI  KAZUHARU)
KRR - EFRAFZERL - B
s 40452437
(2008-2009)
FiH #E  (ISHII MASARU)
KIKFEEREE % — (FRIRBFZRED) - s
FLE R BAFIERT - 9T R



WrgeE#5 : 10324758
(2005)

(3) HHENT T



