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Ric-8B Modulates the Function of Alpha Subunit of Go

Seung-Hyun Kim and Sung-Ho Ghil'

Department of Biology, Kyonggi University, Suwon 442-760, Korea

Heterotrimeric GTP binding proteins (G proteins) mediate signal generated by neurotransmitter and hormones.
Among all G proteins, Go is the most abundant in brain but its role in brain is not clearly understood. To determine the
function of the alpha subunit of Go (Gow), we search for the interacting partner of Goo. in brain using yeast two-hybrid
system. A resistant to inhibitor of cholinesterase (Ric-8B) was identified as a Goo, interacting protein. We confirmed
interaction between Goa and Ric-8b employing in vitro affinity binding assay and showed that the Ric-8b increased the
function of Goo. Our findings indicate that Ric-8b is possible guanine nucleotide exchange factor for Goo.
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AZE 7o) AR S AELR S AGEH 0] 5ol
A FgAo o) JAAE o|He dHY NEHGT
74 (Signal transduction)& F38}e] AXE o AGgoZH
o] Fo| Xt} o3t AT HG AL FrHAte] @dHAEQ]
SHAES FA mEA, )5 B EFEC] ofd
HE2 Azzge] BAE A5 AsHERAH L
Al "k

A5G YEYI gloAM HER £E8A= g 5
& A8k 9JF Aol Gprotein-coupled receptor (GPCR)
o]}, GPCR Heterotrimeric GTP A a4 A (G v d)e
24S B34 AE AsHERAE FL81A He, G
G2 onanine nucleotide 3HQIA} (guanine nucleotide
exchange factor, GEF)E°) &3 GTPS} 23] fr=go=mm
A3, gA%tE G DAEL AEUlY ookt 3k
AE AL EAA] (effector molecule)E2] BA4-S FE3to =X
A E e wiZlsHA o} Liu and Anand, 2001). B4
w12 G @A gald 27} 7EA|SL 4 GTPase =M
el &3 GTPY] #HA= QlAk717h #8= o] GDPE vHAH
=2493Em oA x5 GPCRI} F¥ete] T 1E 9
54 AsE 7| A "ok

G OHAL o, B, vyt A TF9 HTHAR FAAH
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Bom o AGAA Y opv| At M Ee] Holo] mEl G, G,
G, G 528 EFIh 2 F Got oAt Mdo) Gi
o} FASES Gi familyell &3 o, Hz2ZF D ABAE
oA 2 w&Fo] Erl (Huff et al, 1985). L3 AANE ]
3745 (growth cone)®] TS T3 A F9 U E
2HA o (Strittmatter et al., 1990), 2F ATE0)A Go
7} AZRAES] 3 JA TR qTS T Aol
2 B3%o) o} (Ghil et al, 2000; He et al., 2005; Jordan et al.,
2005).

£ d7edMe obd gsiA A 94 Goad] FHNEA
GAE ZALS7] $18He] Yeast two hybrid =229 +3)
3, 1 A7) Ric-8BE TEsIHT) o)W B oA
Ric-8BE YH G vhiide] o 2|9} A5 aH8-3le] GEF
2 28T bl itk 48zl @l oA God o
AGHA (Goo)ote] F32HEE deAA &t B AF
| X Goa:Ric-8BY] 7322 GSTpull down assayS
Bate] A58 0, co-immunoprecipitationS E3+e] Az}
AZslodrh =3 Ric-8B7F Goad] GEF2A Y 7154 43
] RS AT

R
1.4 =

Mouse brain ¢cDNA library$} herring testis DNAT Clontech
(Palo Alto, CA, USA), Yeast A<= Biol0l (Vista, CA,
USA), Goo®] &)= Santacruz (Santacruz, CA, USA), Flag®]
&HA|, 3-amino-1, 2, 4-triazole, X-gal- Sigma-Aldrich (St.Louis,
MO, USA), TA cloning #E}9} Luciferase assay system< Pro-
mega (Madison, MI, USA), glutathione sepharose 4B bead, 2]
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3 protein A sepharose CL4B bead™ Amersham Biosciences
(Uppsla, Sweden) 278} -7}3tef AH8-3t3ict.

2. waHE(o| X%

Yeast two hydrid 23230 AMLH bait Telrm|si=
phybTrp/Zeo-Goa@*to]m, o] Bwo] AFH Qlr} (Park
and Ghil,, 2006). Ric-8B9] 2dZ 2P| =<1 peFlag-Ric-8B+=
¢DNA library Ee}21] =91 pACT2-Ric-8BE FFH 02 3}
PCRE 83t A|2tst5it) ol AM8-gh primer= 5-CAT
GGATGAAGAGCGCGCCC-3'% 5-TGCTCGAGCAGGTGAT-
GATG-3'0]1, PCR AH}ES pGEMT/easy ZetAm)|=o) 4
d& ¥, EcoRIFH Xhol A|EAT A3} peFlag Sk
v|=of 4)Ete] A2}t peFlag-Ric-8B E#}An|EE 1
N-Ztel| Flag epitope©] tagging™®©] 31o], AEellr] ©
Az W3 =Y, Flag-Ric-8B7} 88 ez 2d@3A
g}

3. Yeast two hybrid A32|d

Yeast tow hybrid 232d& o]d Busel 7 whoz
=} (Park and Ghil, 2006). ©|E 7eFs] AwslH, 140
FRAET bait ZTAVEE FAAR A7 F, EHE
o] Z4E (T) TAZuA A 34z viekslEc) v
Z2YUE T QAGGuRA 16417 vt &, A
33t competent MEZ A 252k A2 competent
A 3ol cDNA library S FAAZ A7) F, 3| 2Ed, {4,
EYET] AN9E (HLT) ZAAAZA A AUz o
35t A F2UES HLT 1A ZuiR] o) 3-AT (3
amino-1, 2, 4-triazole)’} H7FE WA] (HLT + 3-AT)¢} 741,
EYEF0] Aog (LT) LA uiR ol X-galo] H7}e uy
Al (LT + X-gaholl FFste F2Y AR e} MA{RTE
Zyz} BRIt o B M false-positive E2-2 AA 5 g
Z2YEA library ZE}20|= DNATHS F£317] 93]
A A€ (L) AAGFMAR 1:4000.2 8510 244
ZF wiEsE 3 ohA) 1:10000.8 3)A st L A A AR of]
Al st 43e 22YER HE DNAE FE3)19
DHSa HHeljo} Ao HAAS A7 F, §-42} A
233k & NCBI®] Blast search TZ 78 ALgale] 249
AR HEE FAHAT

1)

o B
=08

4. N ZH|Y¥F L transfection

293T A 10% fetal bovine serum™} 1% penicillin, 100 pg/
ml streptomycin®] Z 3 DMEMOA 37T, 5% CO, A0
2 ujgatlon, 2, 39 FHA HBSSZ Rojdl F 025%
trypsin-EDTA §4-& AME3le] AXE wdg7)9) vigdo=
8 B o Al d3ksith. Transfectione B 44

7] (100 mm)F 1.5%10°70¢) A EE 18~24A17F wljFd &
calcium-phosphate*} S A5+ DNAS transfectiondH1TH
Calcium-phosphatedH-& Zg=fe] W EZetAnmeg 62 uel
2 M CaCL%}t 37 £33 &, 5%<] 2X HBS (50 mM Hepes
pH 7.1, 280 mM NaCl, 1.5 mM Na,HPO)E 4]o1F ¢t} o]
DNA E3-89L 3087 20 AXe Z, A Lujokolo]
Eg5t ¥HEAIR Y. Transfectiondt ThS 40417t o] Al
£ PBS (10 mM Na,HPO,, 2 mM KH,PO,, 137 mM NaCl, 2.7
mMKCDZ 23] HojE £ o A g4 M3tk

5. GST—pulldown assay

BL21 drelglo} AZEFo| GSTS GST-Goo STtz
T3l RS YAPSAA wgsiinh g st
g Fxsh7] Asl) wdd AEF] 05 mM IPTGE 37}
st 44 FRtF F71 uidet 3, MEE SR AL
£ PBTX €% (1% Triton X-1003} SHARSFE A A|A|
7} 748 PBS)SE F-HA17) ¥, 2SuEYVE 28k
o B AXE 9AEE] (12,000 pm, 108, 4C)3k] A
N-& glutathione sepharose 4B beads$t 4 Coll A 14)7F 308
SAIZ] thE PBTXE 338] S-AI319Th BeadsE 293T Al ¥
o pcFlag-Ric-8B LAFZTEAHEE HAAAZ AE 325
7} 37°CoA A 2A17F 308 ¥HSAIF)aL PBTXE 53] $A181
th Al &, A H beadsoll 1XSDS loading dyeS 3 7}atod]
SDS-PAGES A A3} Flag ¥4 AF23}) Western blot

#HE S

=
o

H
A

6. Co—immunoprecipitation

293T AEE 100 mm BlFE7])o] 1.5x10° A FE5 wHF
2447t BleF3t ¥, peFlag-Ric-8B (10 pg)™ Goa (10 pg) &
UL EES A SHAIZT 4847 ¥, AIXES PBS
2 23] FAS F3, 500 W] PBTXE HEE $3381 3
ZNg 223 ¥ 20 uo Protein A-Sepharose CL-4B beads
(10% slurry)S E38}o] preclearing (1217}, 4C)S 3t4ith
Precelaring®] €% H¥E FZ N 1 pg] Goa FHAEZ £
3t 37°CollA] 4413t WH-EA1Z) ) beads (40 u)E H7}aked
G2 A 2AZF Bt FUME BEEAIFT whgo] B F,
PBTXZ 53] A8k 2718 beadso] 1XSDS loading dye
€ #7138t SDS-PAGEE AAI8laL Flag FAE A}-8-3}o
Western blot £-43-8 4=883}93ch.

7. Luciferase Assay

293T AEE 6 well WlF-E7]00 3x10%wello] HA 53
T3 24417 vl FE % calcium phosphate™)H © & Luciferase

reporter gene (IL3Ra-tk-luc) (0.3 pg)™ peFlagRic-8B (1 pg),
pcFlag-PLZF (1 pg), pRC/CMV-Goa. (1 pg)2] TS ef2m=
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& A EE AL Transfection F-8-8 normalizations]

7] 18] B-galactosidase (B-gal) LHZ &AM =21 pCMV-
B-gal (03 pg)g & A 7 LHA AT Transfection 24
AZE Zo)] A Ee)ordlS 0.5% FBSYY X3E wix 2 wgks)
T3 16A3t 3of| Luciferase Assay systems AR5} Luci-

ferase®] &4 A=g SAsITH

o =a=1

= }

1. Yeast two hybrid 232|H S E8F

Goas} 3283 SMAES SAs] st A9
ol A 23t cDNA library S AF2-81od yeast two hybrid 2

=l

Ric—8B2| &=

Ade FAsdch 232d A3 & 2810719 &
A3ldon, I % 3709 Ric-8B FAAES LAk
Hio 93, Ric-8BE G wiljdol dB o 2 A|
Gao 2 Gsw)®} H3 383 A2 I H o (Gregrory
et al,, 2003), Goooll ¥ AF-2 gtk 2], £ AFoA
= Goaots 43 #-8319th Ric-8BY) FHAHE 560719 o}
v=ihe FHYS (Fig. 1), 7180 €@ Ric-8A/synembryn
3 Sl MG 40%2) FEAAE 7HR 2L 3Tk Ric-8BY)
AR F2E 10719 exon A G 9719 intron A=
7450 A, ©] F exon 9 A YL Ric-8B7} F4A7AA)
-0l Gl Golfas} Hzzrgst=d] glo] o3
Aoz Hislo} It} (Dannecker et al., 2005).

1 ATG GAT GAA GAG CGC GCC CTC TAC ATC GTC CGG GGC GAG GCG GGG GCT ATC GAG CGG GTC CTG 66
M D E E R A L Y I v R A G E A G A I E RV L
67 AGG GAT TAC AGC GAC AAG CAT AGG GCT ACT TTC AAA TTT GAA TCA GCA GAT GAA GAT AAA AGA BAAG L1232
R D Y S D K H R A T F K F E N A D E D K R K
133  AAMA CTC TGT GAA GGC ATA TTT RAG GTC CTT GTC AAG GAG GTC CCA ACG ACA TGC CAA GTG TCC TGC 198
K L C E G 1 F K Vv L v K E v P T T C Q / 3 C
199 CTG GAA GTA CTC CGC ATT CTC TCC AGA GAC AAA AAG ATC TTA GTT CCT GTA ACA ACT AAG GAA AAT 264
L B v L R I L S R D K K I L v P v T T K E N
265 ATG CRA ATA CTG CTG AGA CTA GCC AAG CTC CAC GAG TCA GAC GAT TCT TTG GAG ARG GTG TCA GAG 330
M Q I L L R L A X L H E 8 D D S L E X v S E )
331 TTC CCA GTT ATT GTG GAAR TCA TTG AAG TGT CTG TGT AAC ATC GTG TTC AAC AGT CAG ATG GCA CAG 1396
F P v 1 v E S L K C L C N I A2 E N S Q M A Q
397 CAG CTT AGC CTG GAA CTG AAT CTC GCT GCA AAG CTC TGT AAC CTC CTA AGG AAG TGC AAG GAC CGA 462
Q L 8 L E L N L A A K L C N L L R K c K D R
463 AAA TTT ATC AAT GAC ATA AAG IGC TTT GAC TTG CGC TTG CTC TTC GIC TTG TCA CTT TTG CAC ACT 528
K F I N D I K C F D L R L L F N L S L L H T
529 GAC ATC AGG TCA CAA TTG CGC TAT GAG CTC CAG GGA CTC CCG CTG CTA ACC CAG ATC TTG GAA AGT 494
D I R s Q L R Y E L Q G L P L L T Q I L E S
595 GCC TTT AGU ATC AAG TGG ACC GAT GAG TAT GAG TCG GCT ATA GAC CAT AAT GGA CCT CCT CTC TCA ©60
A F S I K W T D E T E S A I D H 2] G P )4 L S
66l  CCT CAG GAG ACA GAC TGT GCC ATT GAG GCC CTC AAA GCT CTG TTC AAT GTG ACG GTA GAC AGT TGG 726
3 Q E T D C A I E A L K A L F N v T v I3 S W
727 AAG GIG CAT AAA GAG AGC GAT TCT CAT CAG TTT CGT GTC ATG GCA GCT GTC CIT CGC CAT TGT TTA 792
K v H K E S D S H Q F R v M A A \4 L R H c L
793 CTA ATT GTA GGT CCA ACT GAA GAC AAA ACC GAA GAG CTG CAC AGT AAT GCC GTC AAC CTT TTA AGC 858
L I v G P T E D K T E E L H S I A v N L L s
859 AAT GIT CCA GIC TCT TGT TTG GAT GTT CTC ATT TGT CCA TTA ACC CAT GAA GAA ACA GCC CAA GAG 924
N \ P Y S C L D v L I C P L T H E E T A Q E
925 GCA GCA ACT CTA GAT GAA CTG CCC AGT GAT AAA ACA ACG GAG AAA GAC ACA GCT TTG ARA AAC AGT 990
A A T L D E L b4 S D S T T E K D T A L K N S
991 ACC ATG GTA TAC AAT GGC ATG AAT ATG GAG GCC ATT CAC GTT TTA CTC AAT TTT ATG GAG AAG AGA 1056
T M v Y N G M N M E A I H \% L L N F M E K R
1657 ATT GAT AAG GGA AGC AGC TAT AGA GAG GGT CTA ACT CCA GTT CTC AGC TTA TTA ACA GAA TGT TCC 122
I 8] K G S s Y R E G L T E v L S L L T E C K]
1123 CGA GCC CAT CGG AAC ATC CGA AAA TTT CTC AAA GAT CAG GTT TTA CCG CCT TTG AGA GAT GTG ACA 188
R A H R N I R K F L K b Q v L P P L R D v T
1189 AAT CGA CCA GAA GTC GGC TCA ACC GTG AGA AAT BAG CTG GTT CGT CTC ATG ACA CAT GIT GAC CTC 1254
N R P E v G S T Y R N K L 4 R L M T H v D L
1255 GGA GTC AAG CAG ATT GCT GCT GAG TTC CTT TTT GTC CIT TGC ARA GAG AGA GTG GAT AGC CTG CTG 320
G vV ¥ Q 1 28 A E F L F v L C X B RV Iy) S L L
1321 AAa TAC ACT GGC TAT GGG C GCT GCA GGA CTC TTG GCG GCC AGG GGC CTC TTG GCT GGA GGA AGA 386
K Y T G Y G N A A G L L A A R G L L A G G R
1387 GGA GAT AAT TGG TAC TCA GAG GAC GAG GAC ACG GAC ACT GAA GAA TAC AAA AAC GCA ARA CCA AAC 1452
G D N W Y S E D E D T L T E E Y K ) A K P N
1453 ATT RAT CTT ATC ACT GGT CAT TTA GAG GAA CCA ATG CCA AAC CCT ATA GAT GAA ATG ACA GRA GAA 518
I N L I T G H L E E P M 3 N P I D E M T E E
1519  CAA ARA GAR TAT GAAR GCCT ATG BAA CTT GTC AAC ATG CTT GAT AARA CTT TCC AGA GAG GAG TTG CTT .584
Q K E Y E A M K L v N M L D K L S R E E L L
1585 AAA CCA ATG GGA CTA RRA CCT GAC GGG ACA ATA ACG CCT TTG GAG GAA GCE CTC AGC CAG TAT TCT 1650
K P MG L K P D G T I T P L E E A L S Q Y S
1651 GTC ATC GAA GAG ACC AGC TCG GAC ACA GAC TGA 1683

v I E E T S S D T D

Fig. 1. Gene and amino acid sequence of the Ric-8B. The Ric-8B is 1683 bp long and encodes a protein of 560 amino acids.
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GsT GST-Gou

Coomassie

- 4 GST

Fig. 2. Goo interacts with Ric-8B by GST-pulldown assay.
Gluthathion beads charged with GST alone and GST-Goa were
incubated with 500 pg of 293T extracts transfected with Ric-8B.
Bound proteins were subjected to Western analysis using anti-Flag
antibody. Input was loaded with 10% of the extract used for pull-
down. Coomassie staining represents the amount of bacterially
expressed GST alone and GST-Goa.

2. Goo2t Ric—-8B2| &&= A

ol

Yeast two hybrid screening®l ] “EFE Goa9} Ric-8BS]
388 25317] 98 GSTpulldown assayE F3}ich
BL21 ¥regjo} ME o] GSTS GST-Goa 2L 7}
Zt BYAANA B2 FZFES glutathione sepharose 4B bead
o §h&A)7]51, 293T M EN pcFlag-Ric-8BE LA =
AT FESE2E TP F, lF A795S AAE)
& Flag AZ Western £41& AASSY} (Fig. 2). 1 A
GST-Goa$} Flag-Ric-8BE= A& Agslg or), GST 9502
+ Flag-Ric-8BS} B34 2Uth GST-pull down assayel] A}
$¥ Ric-8B9] LY BF FUa3 2, GST % GST-
Goo®] WA o] HHYL HA FU3II.

Goa} Ric-8B9] A5 2-g0] TEAEY AME FHHelA
= JFeertE 89137 8 co-immunoprecipitations <
g3tict 293T FEAEFO] Goost Ric-8BE ¥ &
AlA @& ME FZ2E Goo FAE A7 F, protein A
sepharose CL4B beadsE £33} immuncomplex& A Al
Zrh. A ¥ immuncomplexol| Ric-8B2] &A= F<l
3l7] $181e] Flag FAE AHE3l] Western 418 A5
o} (Fig. 3). 2 23 Goodt Ric-8BE FEAEL] Axu g
BAXE M2 Feede st

IP:Gox

Goo
Flag-Ric-8B

TF (293T)

IB:Flag

(Ric-8B)

1B:Goo.

10% input
1B:Goo.

Fig. 3. Goa associates with Ric-8B in mammalian cellular
contex. Cells of 293T were transfected with Goa. (10 pg) and Ric-
8B (10 pg). One milligrams of detergent extracts were immuno-
precipitated with anti-Goa antibody and blotted with anti-Flag anti-
body or anti-Goo antibody. Input contain 10% of extract used for
immunoprecipitation.

A7AA 9 Eold G @A Golfud] 4L AT 2H
AEY cAMPS] S F71A17]1E Zolt} (Danecker et al.,
2005). ©]& Ric-8B7} Golfa®] GEFZ 248 7FsAdo] A&
< 97|t Ric-8BS} 1 ofm|iAit A Fo] fALEE Ric-8A/
synembryn SA] B2 HuE £3) Ga® GEFE= o]
31 7] P&l (Gregrory et al, 2003), Ric-8B GA| G Tld
o] GEFEA] 8F& 7 v 7FsAo] S8 o5 =24
3l7] A8, B A= Goodll 93 B3 fEHE
PLZF (promyelocytic leukemia zinc finger)9] &4 ©] Ric-8B9|
o] wi7bE =2 Q455 FA3%TF (Won and Ghil, 2006).
PLZF+= acute promyelocytic leukemia (APL)2] oittala 24
AA ] PLZF 572419} retinoic acid receptor-a (RAR«) -+
A7} translocation®]©} PLZF-RARe ©ld & RARg-
PLZF ©aldo] T EH APLE doZ & Ut Mistry et
al, 2003). ©]¥1 PLZFT interleukin-3-receptor®] a chain (IL-
3Roy9] ZRREA AYd FAE JASH=H old, Goa
7 2 A AT o] Sk 293T Al X Goo,
PLZF, Ric-8B9] @ ZetAn|= 2283l reporter constructs
(L-3Ro-Luc) 5& H@A7|L 1 ZEHAEL dof Luciferase
o] &43& A4S Fig 4). Good] L8 PLZFO &4
< $7M132H, Ric-8B7}F 37 2EEHAS W), PLZF] A
AldAI L O V1S & 4 o oleh 2 A
Ric-8B7} Goa®] GEFZH 248 7F54& 243 AlAleith
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Fig. 4. Ric-8B increases the function of Goo Cells of 293T
were transfected with the expression plasmids for Goa (1 pg),
Flag-PLZF (1 pg) and Ric-8B (1 pg), IL3Ra-tk-Luc (0.3 pg), and
B-gal (0.3 pg). Then the extracts were subjected to the luciferase
reporter gene assay. The trnasfection efficiency was adjusted with
B-galactosidase activity. Data are shown as the average + S.E. of
at least three independent experiments. *, P<0.5.
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Heterotrimeric G &322 A3 9}te] 77] transmembrane
domainS 7}A]+= GPCR (G protein coupled receptor)® A%}s]
o] oA MELR ATE AFXURE Adsls 4TS
F-3gtc}. 1o ¥hal) small G ©¥12 4] Ras, Rho, Rab, Arf 5
2 AEA YollA] ohekst Alsde s ygolA 283k} (Takai
et al, 2001). G ©HAEL GDP 23 Fej2 BEA3E Fo)
EAect7} GEFY] A& & dol GDP7F GTPE A FE WA
243} Hol kst HAEY] A4 FAFoEH A3
& Ade3tA Pt} Bomancin et al,, 1989; Coleman et al., 1994).
G g¥de) #8438 xds= GEF 5 7FE & ded oy
A o] GPCROIT} (Coleman et al,, 1994). GPCROY| A E 95 9]
2 EON} AFAGER Fo| AFA =49, FHNEA
2219l G @A) o 299 A2 GDPE GTPE &3] &
o224 G 9¥E-g 43Utk GPCRY9 GEF 7I5%
Zre A 2 = Ric-8A/synembryn”t B1LE o] 1T} Ric-8A/
synembryn®] -9 Gqu, Gilo 28] Goo2] GEFZ 283}
A=k, Gsod] 4o FHstn B1use] ) (Gregrory
etal., 2003).

Heterotrimeric G @92 4l oy} small G &<
Ras, Rho, Rab, Arf 5 SA] GEFol] 9sliA] EAdo] d=)
Ras®] GEF= ¢& 3] Cell division control protein 25 (CDC25)

9} A5BAIR] Saccharomyces cerevisiae division control protein

25 (SDC25)9] A% Axate EA5HHA RasE A3
7] adenylate cyclase® 2430 2H AHEEG FAdct
(Emmanuelle et al, 1996). ] €27l Rho2 GEF$! Rho
Guanine Nucleotide Exchange Factor 11 (ARHGEF11)2 Q&%
o] FH|9} &5l Tgrha LA Ak (Sabra etal., 2007).

2 dqolA #Z3 Ric-SB FA] FAAHAY] HolH
G-l Golfae] GEFZ &5318A cAMPYS F71
7= AoR etk =3 o] Ric-8B2] 9HA]| Exon #
o] Golfus} A3 &g £8 XYoe=w Wuyx ot
(Dannecker et al, 2005). Tt¥3H FAE A e F8AY
odorant receptors (ORs)E2 T4 7|9} M Roll A Ldshd
A Zzt dElBolA o2 WA HRE dho} Eo|A Hth
(Buck et al,, 1991). ©]¥ ORs®] FAA= ALl A= 38871,
FHoAME= 1,200707F lckar d#dA] g1tk (Ache et al., 2005).
3HA|gE, A g7 307) A= whe] Z4zke] EolF WA & T
Ha = Qloky H3E 3 It} (Malnic et al., 1999; Mombaerts
et al., 2004; Saito et al,, 2004; Shirokova et al., 2005). ORs7} &©]
YA A e olf= FANAATY ofd o] FXA A Aol A
ORs?] 2d EVls T419 B 59 ORse} WAE A-L3)
= A9 olgF wiiLolth. e, HF o|F2AAAANA
ORs®] 2@& F7M71E WEEC] AMHE-Hol ORY XS
Fed 25S F3 3tk 98 £, ORsY] AlEn dE S
Z22A7] g N-Eo] 254 B A28 584
o] N-Zhol A& 207]9] oW it ST EHR WE
& STHI7IE WET 37 Bold #8418 ik v
Z (Olfactory-specific receptor transporting proteins; RTPs)& 7+
o] TAA)7I= Y Soltt (Kajiya et al, 2001; Krautwust et
al., 1998; Wetzel et al.,, 1999; Saito et al., 2004). - B 1] 2
319, Ric-8B 94| Golfa 181 ORsE Zo] WHAL 3%
ORs®| B8 E S7MA Bold =g e A7 Fa
gt Sl 2 B 7% o] 9ltt (Dannecker et al., 2006). ©] G+
o] 23 Ric-8BE Golfad] MXT L&E FE3H, o8
3 ORs9] 7154 S FEFtn 2usisich wetA
Ric-8BE G ©id o] &4& 2AsE Fa3 uzqde
R =

22 Hiso] osiA Gort AAA FAIAANA Fag
S Gl S dAlskeE A B A
M Eel| Go/Gi®] EAIAQ mastoparans 2|3} o, A7
H59] 57 SAHAL, o) 82 Go/Giel oAA
¢l purtussis toxin (PTX)ll o 8jA ThA] A =T} (Igarashi
et al, 1993). =9RIE AT FEAH ANEET Y A%
< ZAAFT (Lankford et al., 1998; Rodrigues et al.,, 1990).
EWE G ©@AF dFdE FEA ZLete AABEAE
o] ARE71Y] S AT (Suidan et al, 1992). Go
GTPase &4 & F71A1715 GAP43% PC12A XA A

l..

rr

o
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7373747 i e AAE7Y e TR
™ (Yankner et al, 1990), GAP432 Eo]# 02 QA% 4 gl
= FAE AEZUF 4IRS W, AEEAES (neuro-
blastoma)ol| X AFE7]¢] HAS JA 8T} (Shea et al,
1995). Pheochromocytoma A|3ES] PC12 A|Fo &AL Y
Go Ed¥o] HEE LHAANAS A, AFEYY BF4H
¢ ol S glo] AAEVEY A} Frtsin
(Strittmatter et al., 1994). PC12 A olX AIHE7]e] AL
21739 %A (neurotrophic factor)®. T} NCAM (neural cell
adhension molecule)™} N-cadherin®ll ¢]3] ©] Wa] FE% =4
o] @42 PTX Y& AAEUD (Doherty et al, 1991).
b‘“@%‘ﬂ 7o o FEFoU FH FHNEAY Fxoud

EL Go, GiY #4& Z7M7)= mastoparans ZH7F ©9
AZAZE Ae3HE 34D F7F 2 AHATH (Higashijima et
al, 1990). Goo’} ¥ AF= FEPETHoZ $E5H,
WAE sk 58, A7l 34, 44 3% L Sl A
Fe A3E BT (Jiang et al, 1998; Tanakn et al., 1999; Luo
et al, 2002). F11 AZZAEZ GoaE YA o2 B33}
RE B, ABEZ S FL3TH (Ghil et al, 2000).
Go-44¥ GPCRY! cannabinoid &A]9] agoniste] A&l
Goa2] B S Z7IXF o™, o]E neuro2a M E o AAHRS
& =3 ]-‘”E} (He et al,, 2005; Jordan et al., 2000).

E dA1E E3) Goodt Ric-8B7} A5 AMEdl= AL o 5
AR om, Goag} Ric-8B7} A3 ol o] &A% wj, PLZF
o AAFAAI 5] FHE AL HAHOZH Ric8B7}
Gou®} GEFZ 5% 7}54E AASAh sAe, ofF
Ric-8B9] oj= A|¥o] Goud} 432§ dte T8 <A
S} Goooll ZF3He ¥ IA] FelakA] £ Sk ojn
dogo] ATE FA A & Aol

olxte}l AL Eil Good] ANEAY

ol
%H”E%i‘é‘i/ﬂ«] AEE Fdst e AL ¢ F 4
Aom, F Wil BF o] AAANA Fa dEE 5
g 5}37- 9\1% %02 Goad] 7]

Ao uuslol g 43
5% BAsed glojd o ¥ vz ¥

8271 2 & gleg Atgsdd
@A 2
£ A7 20001 A87)ER HAE AES ARl A
el ofal FYHAL-
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