. HOKKAIDO UNIVERSITY

Title DBICE T 2CTPRAEARY 712y NDBTAY 7+ —LDBEMRIRE BE
Author (s) T, BN

Description

KEiEEG: DROCERERY 71y PORHEMAER

Degree Grantor biEERE
Degree Name B (EZ)
Dissertation Number 5533465
Issue Date 1994-03-25
DOI https://doi.org/10.11501/3095145
Doc URL https://hdl. handle.net/2115/51189
Type doctoral thesis

File Information

000000272650. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




LEICBE T B2CTPREAZAE R Y 7
A=y POBETA YT T L0OH =
MaARBHEBRE

5| AT BT M N o Ve o T o i e

ME R LA

oA E 4
LDIEBEOGCERE B Y71 =y POBREMRAE
15




GTPH#HAEZHE (GEBHEH) B o« py == Leae b o N, o B oS s A g T
KEEPLZLIEERECT, MREBKXE KL F — ~OBEEEHZA LS TRUE>Z B BE
T 7227 % —-—0HId > THEHROZE BRIEIREA S Twa, BERBoOEAR FHEHBIZEERIESB
+ & L THEET &, GEHH G« 7T L2 v b | T - - S TR e G o G S el e e
2 77 =272V FFEEBH EGTPKEN STE4-STEIS @ HE R E S -7 0 7 F =k
Mr BT 5. AVEVRUREZEEYWEZH MEERT AL THREIRTWw A, A
RicHe T st e 7= vbEFEaE L TW HTWE, gyt Ty pBETTFT=NVY 47
HAGDPHP B ESNGTPHEEHD o« ¥ 7 2 = v | L AEBHCEEBIVCHEBEN CEE 2 R IT
P (BEHE) gy T2y PICEEL, e &N BB ol R e E W s T Z O,
L e Ty Y B 2T 7 F—~2 LOKF ¥ 2 Vo EHREMAL, & XK1Y N
WA F b e o HE IR EAEE T S - AR A e TR R 2 Cp g R
GTPase{EMHIC X VGTPIEGDPIZ KB X R, i Sl TR SR LSRR SR o - SRR
«a & 72 = v PIGDPH EH (AEHEHE) & | X D EBEEBEILSIRN L EHE ST W
AV By H Ty P LBEBUTAALEZERLC ' % .

Poait o j R EE T4 BHo % 3=y B T8
kI bw DhO I er T—=HaeWT == AR BT B TR ke LN s R
e Rl R A e U i T R R B 4 ¥ - R RN e T L e i B S
by T o S SR e e 0 B B L a3 T b s P75 7 A U 9 g~ A
—y b HBEICEEDODXTERE OERR T K OB ZEWVWIZIOWTRIZEALHL NT
o E EH- TWWB EEZLNRTE 2., LD Ve R O e S S T T - S e G e T B




Wo 7 I/ BREOMEEBEMDIERICEW

ZFOBRBICEKELZEZERBR 2 wE 22z 6T

e, A0 T EREEMBRZ Hwv 2 EER

oty @ O A N R B R T2

7 5 — DO ERFORKEENM TR D DL T EMEDIFR

e

AWz o BB, LKRICBITASAG6HEBHHE

;| Sy s o NS e i P (R e T

mRNAB IV EHE LNV THK

BB A8 74 7 % — 45O

— L O K H

AL, B,

9
3
A
T

S

P
&

i

g Al S N

5HFE LY, LIBECBUTLZ2BFEHREERDOFE

e orlily 42 2 Kd 5,

[ 5 & ]

15 cBRABEOMBY T I 2 il

g 1, B3, f 4DcDNAII,

A

oy,

Dr.A.M.Spiegel (NIH,USA)

F o grol e A4 Hl B

S

pCDMS8 7
R Kl

b, W 2

DN AR R By 2l S e

i AA TR TCERRBEAMNBALEE (KK

I

Bk

KFEHRH) L VEYZT L.

', Beziie PoOREE!

1 8 )

& ZLIT ek

TILAY T Uy DRI

K.-K.Fung (UCLA,

B 11T 7 ¥ D E

B 3lx b b DK

TR RO B Y o e e

X, Dr. Bernard

USA) L 0z E X

Rl 7=y b RY 2080 —F K

(p-636, B-637, B-638) *2 )% H L

. et O mEZEFET T3 a v P g

’

B2, B3RXHTAVI7+—LBTHEDHEHRAM

BEW26~39F 0 7 I /7 BB &I
R 7F FLAP-636 (ADATLSQITNNIDP) |

(GDSTLTQITAGLDP), LAP- 638

HEd 246
LAP-637

(ADVTLAELVSGLEV)

2O FICEELEONLDDOTH B,

2. EBEY

™ Wistar Kyoto
S N NI
3. HEHEREFDORAH

ooyt b (WKY : 10

K26 5.8 w0 bt

7 v FRELPEFES TR ETRE L B

TR S IR G O - R D A

GRS A e = G S G




REBZLCTHEREL-B0CKERAEL L. M
wE I VEEEXZE, AECESRFLL. &
Mk % 4 C STE#® B #® (0.25M Sucrose,
10mM Tris-HCI1, Il mM EDT A, 33 o B .
S50KIU/ml Aprotinin) KL, &A1Y B T
xE Yz F A XL (speed 6, 60 ) . & F
k= FE1,000XgTC1040 M &ELLMDL
n7 kEiE2105,000XgTC 1HRARELL, =
BB E>EELTCRERE, Ry b
STERHBBMW B &L, BE105,000XgT1
MR LML, @ E OTER H#W (10mM
Tris-HCl, 1mM EDTA, pH7.5, 50KIU/ml
Aprotinin) BB LMAEEZARE L. &H
BEOoEEBICRe -y B2 FHL L. BB
EHHE L L CldBovine Serum Albumin (Sigma,USA)
ol = KR e
4. Total RNA D # H

& M #F £ U AGPCUE (acid guanidium thiocyanate

27){("

phenol chloroform extraction ) Z T total

RNAZHHE L7Z. OD260m3B £ & OD280nm%

£,

R HEFCTEHE L, MHFBE DL HP1.9-2.0
TH 5502 FEHL .
5§ . DNA7 o~ %8

B4, B %, A &DocPNALE, pCDMSE T 2

b FXR 2 & — 2 BeoRIT HI L £ Fh

741

\/

1381 by, 10580y, 1A38beD 7 T 7 A

b LT, BRePhNATZ I 7 3 ¥ b B &

%]l

KT TH ~RFPECRESE LR, 7=
J— /7007 + VA EBICTESNL L.

B 2 @chbNAK Bll~Beregy = & 4 F X2

\/

Fo= e Sacil, Smal T H I L., &= 7 4
gV Va Y5 01169bpDc¢cDNAT 5 7 4
vhPeRHB, EBHKRICHBEBER L. £ Fho
cPDNATZF 2 & 0 b g V% b od bt
2T 50 uC® «°°P-dCTP (Amersham, England)
FE T ICEBRL 2%, SephadexG50
( Stratagene, USA) IZ TR K D « °*P-dCTP %
o S e A o R % B S T

6§ . 4R bR

% #M # D total RNA 304 g% 1.2% 7 H O —




ALBFPIVK TNV TR FETS VIS CHRES 8L 72
%, Hybond-N+ F+ 4 T > X Y7 (Amersham,
England) 408 i mdk T i % e %D
Ceydlmasd s v EvEHE LEa1XswT
LY@ NA 754 E¥—-3 Y (0.75M NacCl,

20mM Tris-HCI pH7.5, 2.5mM EDTA, 1% SDS,
20mg/ml Ficoll 400, 20mg/ml polyvinylpyrrolidone

b

20mg/ml bovine serum albumin , 50% deionized

Formamide, 100 # g/ml denatured sperm salmon

DNA) T42TC, 24~48BKH 7L A 7Y ¥4 X L
ok, B#& 70— 78X M10% dextran sulfate
MR TN T A B g W E42T,

12 ~24 B4 T 7 A4 KL 32, o8,
0.3M NaCl, 0.3M Na,citrate:-2H,0, pH7.0,
0.1% SDST42C, 154 (2[) , 15mM NacCl
1.5mM Na,citrate-2H,0, pH7.0, 0.1% SDS
CBST - 302 OB B O, T SR D
Ny ZJICEHLXE 7414 V2 (Hyperfilm-MP,

Amersham,England) (2—80C CT10H ~14H &

L7, MBI NZmRNADH A4 X 13 F B2 5k 8

LIERNAR — & — (0.24-9,.5kb BRNA Ladder,

BRL, USA) X h ko,

7 . B HH mMmRNAE O F B
ZmMRNADE EICIFZFUJIXN A F - 4 X

- VY7 7+ 54 F —BAS2000 (E +

dnf
m

P24 ey BB LR, UG F AT A
ool e O - ¢ W e SR R TR0 B R e EEE 46 R

PRl L I S SR St RS T

[N

B ELHEIN7ZmRNAD N Y FOEKD®L K
5w E TR E L. MEHREOHEMA.U.
(arbitrary unit) HEETHY F — 7 +4
V2 —FLDONY FORBIZDOABWI/,

8. UIR#4# 7oy b@&gRH
FHMOMBEBB I VHEREKRKL2 21 &1
50ug2211%SDSAK YT 773 FEXR
K By I T o ML K, PVDFX ¥ 7 L
¥ (ProBlott, Applied Biosystems, USA)
CERWICTyas a7 L7k (85V, 8KE)
Ao o BB I R e K T TBS

( 20mM Tris.HCl, 0.5M NaCl, pH7.5,

e e e e = = B e e e



0.05%v/v Tween20) \CC7 01 v * ¥ 7L, & EOMNBEIBELLMRBEORFSEEoME B v,
TA T2 =2 EHFREBNE XN BEE24TC , 8 EH 1l pghb ) OBRFMECA.U./ ug)xll
RIS E2LH, 1lpyCino!'?’1-7 10 5 4 ol P < B A - R el - 8 Sl i R
A (DuPont, USA) ZZERIC T3KHK D 5 H B L CMBETEH DM %2 BT
I R AT e X 2 A ‘ LHlzoll, TEEERED»SH LN TZEEH
( Amersham,England) 2 2 ~ 4 H & % =, MiE&EHE (mg)z [/ — M@K O 5 #H
LFEEN 2NN Y FerEBLLZ, R L2~ BT AEH]Ll pugdblh)oBEHEE(A.U./
FOY A X, ARECKEB LT FEY—F — ‘ vg)t BT ADLDEBEIETHRELZERD,F N
( Rainbow Marker, Amersham, FHRhooEOEDDLEE BRI L .
England) X Dk, £/, HKERESHEI 1 0. &®euwE

B S g T as v FOFEREREWNRE L oS i mean 8. D.CERL ., BEEB D
- By o CRIRES S AR R el R e S R 7T — 7 O ®IT F testB X Wunpaired
Centriconl100 (Amicon, USA) & T i | t test® AWV T o> 7. p<0.05% b o TH
ZOMMBESEZ X Lo L, BMEKEEH - s O

Mz, ThEfhogBEHIZO>DWTY X ¥ ¥

Foy Fe BT LE. [ & R ]

9. RHERBRHEODE E ‘ RS - - o 2

el o 6 o, b AOVAL S ol 8 R gt VR R SRR | WTFNRORBEBFICBWYWTS 81, B2, B30
R o A T SRR T 4 e e mRNADH £ X FNFN3.3kb, 1.6kb,

L., RO T 72 =y boRH e e Rl U R L i e B R e




2. 9kb T B o B 1 .85 I8 byl BFEIYD DB Po N, 30BBIRFLEDF
T HEBADPEDP o2, B3 LETHOREIHR B XD b o, (B1 B 22.6+2.86
i, BB THh-72. (L1 ; B 886 AU /pg, LE 50x1.08 AU./ug. B2 ;
o . 51T OO 0 RS 0 - SRR B L8 e O O B S | A S0l 8B AT Fals, 5 R TR .
B2 ;M 476+38A.U., LZE 241£28A.0., AU.fpg. p3i 6.1x0.59 A.U./ug,
p<0.01. Bog—5 B FE 2R R YLl aleE L% 9.8+1.45 A.U./ug, n=3) (Fig.3,4)
1 A3 B36A U ped. b1, n=5% (Figtia) | BBILUMBEICBT S g% 72 =9y b o
F, VIYVOMBEBLCICBWTIE R 1DEBREMDN | T I ERFEENTDH VDO T A VT 4 —
oA & HEXEELLEMDP>A., Tl BE, AXHENTH o7, WTirp1, p2itE
KBROLDMAZEBELAZEIB, B 1, B 2D TORHBRAEN S o7, B3z MBEE 2%
FH MK, WTmE, MoRZHFICHL % oz, LETIELI, B2, F3DFT TP
ZE3RB O dPo . 3OEHBLET —F MBEECIIVSICEHAL TR, (g4 7
M, RELETEBHADPMDP>7% (n=3) . =Yy PORICBTBEZHERK. WM g1 Y7 2k
PR B SR N N S S e T | 3.6 %, B3 SEElesn s Fr R R,
— WXL boTEZHO)NY FAEHBEL, g5 fol s PR e R
mRNAODFEEIPHNH#TH o /2. g% 122 6.0% ) hEh 5
I e i R e ol By bEF T F EN 10H DCentriconl 00
Eothd g i)l S e 3 s ) T (Amicon, USA) 2 Hv /R RE2r o, L&
SekDia, BT lee S K DAY - F PHBEDFL, s T ESY PRSP TE

HRE SN, B, B2 BT ORENL 10T U EDOMAEKREBE L T2 HHPREE K




g AP O L2 I

[ £ & ]

AR ICBEBVWTLEBICBY 2GEHE BV
T a2 e 8 B R e
Bl THH, MEEIEBERBMWREICERL T
o el R SR C O
e B aivpb o8

/PR B Tl TS g TR R S R T . 8

(v

v T2y b LT TRBEOCEE B T —

v ERT WD PR EKRNICRHEET
58y 7Ty PITEBEBHSLEHBT TS HE
TAHA LB R, BEBELLY T 22y MBS
y _EBRE L TOAHFRINT W B2 77

1B g7 2oy FiEERERIGOBP D
7T I/ BArLY, £ Ty bEOMEM

BizHsortBODTH W, —FK, THED 4

/

7 SRRSO T S B T e

Gl BRI e Rl S R S - S el

b ks RS S S S G e 8 vy e S e D e i e e PR

Y

il G BN I Bl i i e . O %

[

DR E, B¥ Ty bEHERSE R

%
R e e S S - 2 A Pl i s
Q

A R A S S e i AR T i
S el B Bl A R

R TN, B p YT IE e B D
AAXAYFERL 2 v FTF Fuesg v bDF
M (GH3) KHVWEE®O B ¥+ 7 2
FH z2zHPH T H2ERBR» L, g 72

et e G SR R i L sl i
Vo hFxYy A NLV) OEBOEERE
TwsamgEhdsrrn ah il & A 5
AR L AV YT AF xRV EH
HDWXWERB3sHBPLETHY, Vb R
AEE 2R BLINVYY AF ¥ v R L
5720131 BLETH - "),
[ i P S T B RIS T g e

WL b, REdHE- AR ICERM

Fn

BHRIZERONT VADPEBE ST W3

TE®2z2ZsnL TwWw5,




2. LECRANAGZ LY T2y DO RER
iz

J W r 7 a vy PEHNH»LLEICBIT S B3
mRNA®ZRHIMEHEL KD T < 4FRERPY
el B G IR IR S R SR R LT
EA2BRFCTCHIRAMBFLECLBTDO g1, B 2D
EHEN L 2L, B3sOEHEIEITSZ VEDNR
3 ¢ W e e O R IR AR IZ B 1 B EW
WHEET A EDRbdIr > TWwWDH P — i

W B T2 =y PidE DO TEERMNI

Ei

FAET A EEZ LN TBY I LR
NREWNLZ Y T a2y POEBREEBEBAITRZD L
i/ & ik BB E W

3. bEBOoOMBEICEITSBY T2y b
DFRMNRERR

KR IICBWVWT, LEBIEBWYW TE, 7T
B 72y FPAFAHABECINSZSFRET
et s ST g DA i e Ce S e A S W e

FOSHKEIERZY) 2B ICOIRAEEREA

TN - AR SRR

A, Bi1, B3lEMRERETOEAIMDP o

. B E I TR, MREREICBT S =Z2HKGE
HE DS O 2 REHICHETLI2MAEIDL 2w, &
M TG, , , DI VIICHEELEH®K®ICHE
b5 HEEPHRE I N, Fung®E 3 4 0 @
o H#EERMBIZL sPEFEEHWICEHRL, »
DZDRBEAEDTHMREEIHFLET A I & 2 #
ELAPY, MRERETCOZ0EBW L KEEC
DOWTIEBEL PR TWwhWw., #EREIR
K BEBICEHEENZ 1L y _EMKEL TT 4
AT L= e T rEHREH EHF &L TH
REICHFEFAEL TV O EHEBIZ, B3d 7 %
AFa—-— VYUV REBELLEALLZECTCERET
herHmEINLTwE?, LHBoMBEICHERE
R ol e e R S T e B S © SR e 0 S O
YERVWEER»SL, FEIOFR U LELEDOE &
TEzRERLTWwWS 2 HEHNINE., B tb,
& § p D EFROR IS a0 T o R
ERXILE3py ZERBERCTCFAEL TW BT
I, WOEBHEIHEEL T 5 P9,

HHbWVWIITEREEICESELTWVWSE Lo L E DL




5., MME ECHEEIC, gy _EMXRKEL THEL,
IR e e B o e L e s i
EdI S, S4B, RBURBREEEZH W
EEBHHEOFNENPLEL I NS, Z2RKGHE
HEREBEREZNANTLEIBHREELITTE Z £, K
FSFEGEH' LEEKRICHMEB oS, BEIC
FEBLLPEELTWwWREEZZbhTBY T, W
MECB T L2RE PMEANTCO £EHEH % @

Hy 2025050 07%w,

[ ¥ & ]

S S I L Y Bl AT Sl O S il e OSSR
DmRNALVAN VOFEHRIIFT, KEHEEL T, F
BlEd, BEHLARLVIEBWTORAKETDH -
e s

2. LRBRIECBUTBpY T2 =v b+ (1, B2,
B3) ODFEBBEIINTCHBEE B LY LMK
ERBEICEZEIXOA L TWwi,

3. LEBOMRBRETHEHICBIT S 3% 72 =Y

PR ITFE LI OB IIDVREIZEESEHKREL TH

e i gy B A

[ 3 &% ]

MEZ#®ZDICH-)BHEE, BRHEZB D
h T Lot EREZEZHBRZFN B 57 EE,
tE BEBECEEZLIHFELTXRLFTT. Z
o, EEWHEEHEZEILLNLE &L E,
BEELZEBES2HEEZITLAZINDO FHEH4E,
m oA w Ak, WIR — kA, HHH T HE
SF LA EBEBERFBERFZABDFSZHFEHE B
DEMN, EEREBDFHHEH HKHFIALELLH
)l P N e s




99)
e

9)

10) Logothetis DE, Kurachi Y, Galper J, Neer EJ, Clapham DE (1987) :The

Bourne HR, Sanders DA, McCormick F (1991) :The GTPase

Superfamily: Conserved Structure and Molecular Mechanism. Nature

349: 117-127.

Gilman AG (1987) : G proteins: Transducers of Receptor-Generated
Signals. Ann Rev Biochem 56: 615-649.

Neer EJ, Clapham DE (1988) : Roles of G protein subunits in
transmembrane signaling. Nature 333: 129-134.

Simon MI, Strathmann MP, Gautam N (1991) : Diversity of G Proteins
in Signal Transduction. Science 252: 802-808.

Spiegel AM, Shenker A, Weinstein LS (1992) : Receptor-Effector

Coupling by G Proteins: Implications for Normal and Abnormal Signal

Transduction. Endocrine Rev 13: 536-565.
Kaziro Y, Itoh H, Kozasa T, Nakafuyu M, Satoh T (1991) :

Structure and Function of Signal-Transducing . Annu Rev Biochem 60:

349-400.
Helper JR, Gilman AG (1992) : G proteins. Trends Biochem Sci 17 :
383-387

Whiteway M, Hougan L, Dignard D, Thomas DY, Bell L, Saari GC,
Grant FJ, O'Hara P, Mackey VL (1989) : The STE4 and STE18 Genes
of Yeast Encode Potential 3 and y Subunits of the Mating Factor
Receptor-Coupled G Protein. Cell 56 : 467-477.

Tang W-J, Gilman AG (1991) : Type-specific Regulation of Adenylyl
Cyclase by G Protein By Subunits. Science 254 : 1500-1503.

By subunits of GTP-binding proteins activate the muscarinic K"
channel in heart. Nature 325 :321-326.

11) Jelsema CL, Axelrod J (1987) : Stimulation of phospholipase A,

activity in bovine rod outer segments by the By subunits of transducin
and its inhibition by the o subunit. Proc Natl Acad Sci USA 84
:3623-3627.

12) Camps M, Carozzi A, Schnable P, Scheer A, Parker PJ, Gierschik P

(1992) : Isozyme-selective stimulation of phosphlipase C-32 by G
protein By—subunits. Nature 360 : 684-686.

13)

14)

15)

16)

17)

18)

19)

20)

Kats A, Wu D, Simon MI (1992) : Subunits By of heterotrimeric G
protein activate (32 isoform of phospholipase C. Nature 360 :

686-689.

Haga K, Haga T (1992) : Activation by G protein By Subunits of
Agonist-or Light-dependent Phosphrylation of Muscarinic
Acetylcholine Receptors and Rhodopsin. J Biol Chem 267 :
2222-2227 .

Pitcher JA, Inglese J, Higgins JB, Arriza JL, Casey PJ, Kim C, Benovic
JL, Kwatra MM, Caron MG, Lefkowitz RJ (1992) : Role of By Subunits
of G proteins in Targeting the B-Adrenergic Receptor Kinase to
Membrane-Bound Receptors. Science 257 : 1264-1267.

Sugimoto K, Nukada T, Tanabe T, Takahashi H, Noda M, Minamino
N, Kangawa K, Matsuo H, Hirose T, Inayama S, Numa S (1985) :

Primary structure of the B-subunit of bovine transducin deduced
from the cDNA sequence. FEBS lett 197 : 305-310.

Gao B, Gilman A G, Robishaw J D (1987) : A second form of the 8
subunit of signal-transducing G proteins. Proc Natl Acad Sci USA
84 : 6122-6125.

Levine M A, Smallwood P M, Moen P T Jr, Helman L J, Ahn T G
(1990) : Molecular cloning of B3 subunit, a third form of the G protein

B-subunit polypeptide. Proc Natl Acad Sci USA 87 : 2329-2333.

von Weizsacker E, Strathmann M P, and Simon M | (1992) :
Diversity among the beta subunits of heterotrimetric GTP-binding
proteins :Charactarization of a novel beta-subunit cDNA. Biochem
Biophys Res Commun 183 : 350-356.

Amatruda T T lll, Gautam N, Fong H KW, Northup J K, Simon M |
(1988) : The 35- and 36-kDa B Subunits of GTP-binding Regulatory
Proteins Are products of Separate Genes. J Biol Chem 263 :
5008-5011.

21) Gao B, Mumby S, Gilman AG (1987) : The G protein 3,

22)

Complementary DNA Encodes the B, Subunit. J Biol Chem 26 2:
17254-17257.
Lee R H, Lieberman B S, Yamane H K, Bok D, Fung B K-K (1992) : A




23

N

24

S

25)

26)

27)

28)

29)

30)

31)

32)

33)

third form of the G protein 3 subunit: Immunochemical
identification and localization to cone photoreceptors. J Biol Chem
267 . 24776-24781.

Fung B K-K, Lieberman B S, Lee R H, (1992) : A third form of the
G protein B Subunit: Purification and biochemical properties. J
Biol Chem 267 : 24782-24788.

Kleuss C, Schertbl H, Hescheler J, Schultz G, Wittig B (1992) :
Different B—subunits determine G -protein interaction with
tansmembrane receptors. Nature 358 : 424-426.

B )I[/ABR(1985) : EYMLFERERD TUE. 1 EYEHRARIE, RE

8, BIIAB, =Wwa&Xis CFEEA, =E, 57-75 B.

Lowry O H, Rosebrough N J, Farr A L, Randall R J (1951) : Protein
Measurement with the Folin Phenol Reagent. J Biolo Chem 193 :
265-275.

Chomczynski P, Sacchi N (1987) : Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem 162 : 156-159 .

Feinberg A P, Vogelstein B (1983) : A techunique for radiolabeling
DNA restriction endonuclease fragments to high specific activity. Anal
Biochem 132 :6-13.

Laemmli VK (1970) : Cleavage of structural proteins during the

assembly of the head of bacteriophage T4. Nature 227 : 680-685.

Hurley JB, Fong HK, Teplow DB, Dreyer WJ, Simon MI (1984) :
Isolation and characterization of a cDNA clone for the y subunit of
bovine retinal transducin. Proc Natl Acad Sci USA 81: 6948-6952.
Robishaw JD, Kalman VK, Moomaw CR, Slaughter CA (1989) :
Existence of two y subunits of the G proteins in brain. J Biol Chem 264
: 15758-15761

Gautam N, Northup J, Tamir H, Simon MI (1990) : G protein diversity
IS increased by associations with a variety of y subunits. Proc Natl
Acad Sci USA 87 : 7973-7977.

Fisher KJ, Aronson NN (1992) : Charactelization of the cDNA and

Genomic Sequence of a G protein y Subunit(y:). Mol Cell Biol 12 :

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

1585-1591.

Cali JJ, Balcueva EA, Rybalkin |,Robishaw JD (1992) : Selective tissue
Distribution of G Protein y Subunits, Including a New Form of the y
Subunits Identified by cDNA Cloning. J Biol Chem 267 : 24023-24027.
Hekman M, Holzhéfer A, Gierschik P, Im M-J, Jakobs K-H, Pfeuffer T,

Helmreich EJM (1987) : Regulation of signal transfer from 3,
-adrenoceptor to adenylate cyclase by [y subunits in a reconstituted
system. Eur JBiochem 169 :431-439.
Simonds WF, Butrynski JE, Gautum N, Unson CG, Spiegel AM (1991)
: G-protein By Dimers. J Biol Chem 266 : 5363-5366.
Cerione RA, Gierschik P, Staniszewski C, Benovic JL, Codina J,
Somers R, Birnbaumer L, Spiegel AM, Lefkowitz RJ, Caron MG
(1987) :Functional Differences in the By complexes of Transducin
and Inhibitory Guanine Nucleotide Regulatory protein. Biochemistry
26 : 1485-1491.
Fawzi AB, Fay DS, Murphy EA, Tamir H,Erdos JJ, Northup JK
(1991) : Rhodopsin and the Retinal G-protein Distinguish Among
G-protein By Subunits Forms. J Biol Chem 266 : 12194-12200.
Kanaho Y, Tsai S-C, Adamik R, Hewlett EL, Moss J,Vaughan M (1984)
: Rhodopsin-enhanced GTPase Activity of the ilnhibitory GTP binding
Protein of adenylate Cyclase. J Biol Chem 259 :7378-7381.
Clapham DE, Neer EJ (1993) : New roles for G-protein y-dimers in
transmembrane signalling. Nature 365 : 403-406.
Iniguez-Lluhi JA, Simon MI, RobishawdD, Gilman AG (1992) : G protein
By Subunits Synthesized in Sf9 Cells. J Biol Chem 267 : 23409-23417.
Tamir H, Fawzi AB, Tamir A, Evans T, Northup JK (1991) : G-protein
By Forms : Identity of 3 and Diversity of y Subunits. Biochemistry 30 :
3929-3936.
Peng YW, Robishaw JD, Levine MA, Yau K-W (1992) : Retinal rods
and cones have distinct G protein 3 and y subunits. Proc Natl Acad
Sci USA 89 : 10882-10886.
Stow JL, de Almeida JB, Narula N, Holtzman EJ, Ercolani L, Ausiello DA
(1991) : A Heterotrimric G Protein , Go, ;,on Golgi Membranes




Regurates the Secretion of a Heparan SulfateProteoglycan in
LLC-PK1 Epithelial Cells. JCell Blol114 :1113-1124.

45) Kuo C-H, Taira E, Takaha N, Sohma H, Akino T, Fukada Y, Sanada K,
Miki N (1993) : Purification and charactarization of MEKA-like proteins
in liver : Association of a 94 protein with By subunits of G-proteins.
Biochem Biophys Res Commun 191: 1097-1104.

46) Hall A (1990) : The Cellular Functions of Small GTP-Binding Proteins.
Science 249 : 635

47) Craig CM, Erikson R L (1993) : Extracellular Signals and Reversible
Protein Phosphlylation: What to Mek of It All. Cell 74 : 215-217.

Specific expression and distribution of the isoforms of GTP

binding protein 3 subunits in Hearts

Shinnosuke Muramoto

Department of Cardiovascular Medicine

Hokkaido University School of Medicine

Sapporo 060, Japan

key words

GTP binding protein, 3 subunit, Subcellular distribution




A growing body of evidence now supports the idea that free By subunits of
GTP binding proteins (G proteins) can themselves interact functionally with
effector proteins. Recent results suggest that  subunits might be playing a
key role to specify the receptor-effector coupling in various transmembrane
signaling systems. The purpose of this study is to examine the expression
level and distribution of G protein 3 subunits in rat hearts.

Methods : Brain and ventricle of WKY rats were used to examined the
expression of three different isoforms of 3 subunits in mMBRNA and protein
level by means of Northern blot and Western blot analysis, respectively.

Results : B3 mRBRNA was expressed significantly more in ventricles than in
brains. This result was supported by Western blot analysis showing that 3
was expressed more in ventricles. For all three isoforms (1,32 and 3), the
majority of 3 subunits expressed in rat hearts were detected in cytosolic
fractions. An ultrafiltration and subsequent Western blot analysis revealed
that the 3 subunits in ventricular cytosolic fractions had molecular mass
greater than 100,000 dalton.

Conclusions : In this study, tissue-specific expression of  subunit

isoforms was revealed in rat hearts.
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Fig. 1. Northern blot analysis of 1, 32, and 33 mRNA in bovine
and rat tissues.

Total mMRNAs (30ng) from bovine and rat tissues were resolved on a 1.2%
agarose-formaldehyde gel , blotted onto a nylon membrane, and hybridized
with radiolabelled probes complementary to the mRNAs encoding 31,32,
and 3, respectively. The tissues are as follows : R, bovine retina ; B, rat
brain ; H, rat ventricle ; A, rat atrium ; Ao, rat aorta. Blots were exposed to
x-ray films for 10-14 days. RNA lengths were determined relative to RNA
size markers, as shown to the right of the figure. All the bands of 28S rRNAs
on the gel stained by ethidium bromide were almost equal , as shown at the
bottom line of the figure.

Fig. 2. Expression of (31, 32, and 3 mRNAs in rat tissues.

Northern blots of total RNA isolated from rat brain and ventricle were
probed as described. Values obtained from FUJIX imaging scan of the
probed membrane, as described under " Method" , were analysed. (3
MRNA is expressed significantly more in ventricle than in brain (p<0.01).
Values are described as meants.d. (n=5). A.U.: arbitrary unit.

Fig. 3. Western blot analysis of membrane and cytosolic
proteins resolved on SDS-polyacrylamide gel electrophoresis
(SDS-PAGE).

Samples were prepared as described under "Method" ,subjected to
SDS-PAGE, and transferred to PVDF membrane. 50 ug of each protein was
loaded except for Tm, 50ng . The blots were incubated with the indicated
primary antisera (diluted 1: 250) in TTBS solution as described under
"Method" , with 0.1mCi /ml of "I-labeled Protein A in the same solution.
Each blot was exposed to x-ray film with intensifying screen for 2days at -80
°C. Numbers to the right of the figure indicate the molecular masses (kDa) .
The letters at the top refer to sample preparations: Gt, purified bovine
transducin provided by Dr.A.M.Spiegel (NIH,USA) ; Rm, bovine retina
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membrane ; Rc, bovine retina cytosol ; Bm, rat brain membrane ; Bc, rat
brain cytosol ; Hm, rat ventricular membrane ; Hc, rat ventricular cytosol.

Fig. 4. Quantitative Western blot analysis in bovine and rat
tissues.

Total protein expression of each B subunit ( membrane and cytosolic
fraction were combined) was compaired in three tissues by using Fujix
imaging system. Values obtained from (3 is expressed equally or more in
ventricle than in brain.Values are described as meant s.d.. AU. means
arbitrary unit.

Fig.5. Subcellular distribution of G protein 3 subunits.

This figure shows the distribution ratios of G protein 3 subunit : retina,
brain and heart. Ratio was calculated in cytosol and membrane,
respectively, and expressed as percent of total amount. In brain tissue,
ratios of B1 and 2 subunits are higher in membrane than in cytosol, and 33
subunit is higher in cytosol than in membrane (distribution ratio in
membrane fractions : $1, 77£3.6% ;B2 , 81+0.5% ; 3, 27+10.8%). On the
other hand, in ventricle, all subunits exist more in cytosol than in membrane
(distribution ratio in membrane : 1, 12£3.7% ;2 , 34+£1.0% ; 33, 12+6.0%).

Fig. 6. Size of § subunits in cytosolic fractions.

150ug of ventricular cytosolic fraction was filtrated through Centricon 100
(cut-off m.w. : 100,000 dalton). Entire eluate and retained fractions were
subjected to SDS-PAGE and Western blot analysis. Both anti 1 and anti 33
antiserum detected specific band only in retained fractions indicating that 3
subunits in ventricular cytosolic fractions are composing complex with
molecular mass greater than 100,000.
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