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Modulation of Rit Activation by the Alpha Subunit of Go

Chul-Min Yang and Sung-Ho Ghil'

Department of Life Science, Kyonggi University, Suwon 443-760, Korea

Heterotrimeric GTP binding proteins, G-proteins, mediate signal transduction generated by neurotransmitters and
hormones. Among G-proteins, Go proteins are the most abundant in brain and classified as a member of Gi family.
Ras-like protein in all tissues (Rit), one of the small GTPases, is a member of a Ras superfamily and identified as an
important regulator of neuronal differentiation and cell transformation. Recently, we have reported that Rit functioned
as a candidate downstream effector for alpha subunit of Go proteins (Goo) and regulated neurite outgrowth triggered by
Gou activation. In this study, we showed that the GTPase domain of Goa contributed to the direct interaction with Rit.
We also demonstrated that Goa could lead to an increase of Rit activity suggesting that Rit play a role as a downstream

effector of Goa.
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Heterotrimeric GTP binding protein (G-t &)
gedoly 22Fd gsia AAEHE o
AZHRE SNt AEe @33, 3719
(o, B, = TAEE] Yok AFHGER T
G- AN AZd" 83 (G-protein coupled receptor,
GPCR)9} 235t =W, GPCRY| A= Jd G-oh
A9 o ATAAE py 2UAAERZRY FelEHo] 24
ste deilz Ak ojw) o A9 A=A
Y GDP:= GTPZ X|gho] o]Fo] Xt} G-ehwjze] 1 &
e "I o 2TAS} py ATAAES A HEH

o]Fil o 2THA S GTPE A GDPE AHE &
148 AXA B} (Coleman et al, 1994). G-t =&
2EAY BA whet Gs, Gi, Gq, G12 family® 25
™, & AT FAE HE Gow A HE fA}
ol oAStA Gi familyol] 73 1TH (Bimbaumer, 1992).
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(Stemweis et al., 1984; Strathmann et al, 1990). B 572
ZAAZANAN Go BHE o ATAA (Gow)e] FHHE
AZAAEY NAEA (newite)] S F7HA7IH, A
AE3E At B uF At (Stittmatter et al, 1994;
Ghil et al., 2000; Jordan et al., 2005). WE}x] = A173 A F 2]
g3 v 8% 95 st 7
olu}, ofA7FA] HlwA W A77F FEEe A= &
gtk 2 ol @AY 77 Goost Gifl e
2GHA Gt @id qEd FAF (oF 8% st
ti= Holl 29tk Goast adenylyl cyclase (AC)S] &4
S 24 FolZtawt 7437 wWEolth. 28y Goa
7t Aold A= AAAF L vluEiEs W Gpyell o
3l phospholipase C2| &Aou} ACS] &A= Walr}
go] B ® v} (Jiang et al, 1998; Mende et al.,
1998). b4 Goa™ Gia R Gsoob= €] ACE a7
A2 ARgEhA] ko, ACe EA4¥E FasiteE As
o4 & ot HZ B AFAELS Goodl MEAISHG
AL B384 Goodl EHAE B4 9 dadhs
T& 13§38l Ras-like protein in all tissues (Rit)°]THe=
ldo] 1 gHAR 4TS & el d5s B
v} 2t} (Kim et al., 2008).

Rit &322 19963 Montell? 12| FEE°| Ras-

related protein which interacted with calmodulin (RIC) 22}
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¥-435= o)A Ras-like protein in neuron (Rin)}
37 E2dEA oA, Rin BlldAE 27 BE 23
I A Aol A dRE T B3k (Wes et al,
1996). Rit ©¥A & Ras A} vl 2 A ER}
GTPase= A, goanine nucleotides] &3] T &Ado] =H
) oA A go] Ras BHAH 48%2] AEAE 7
7] wE-oll Ras S92 9] superfamilys] &3] St} (Lee et
al., 1996; Shao et al,, 1999). FA7}x] L&7 Rit ¢z
o 7% F e ABAZY B3E 4E3dE Aol
t}. Pheochromocytoma A4 L@ Rit gL
mitogen-activated protein kinase/ERK1 (MEK)-2}&H o2
NAEZIY BFE FESSIS™ (Spencer et al., 2002),
Azt AARMEFAEN = MEK-RlEH o2 A7
E719] 7}A¥7) (branching)S L3I TH (Hynds et al,,
2003). 4Eid E T 715 Rit 9HAL A Eo) ¥R
Age FEFTE Aotk oA FFFANE 2 &
HZl Ras A 753 2AT, A5 HL7) 22 Ras
Sl = 27 ERK, INK, p38 MAPK, PI3K/Akt 52
A= FHE T Rusyn et al, 2000), Rit o)
AL HYAHEE Fslhe AT AL p3sye] A
GES FA (Sakabe et al., 2002), cell polarity-regulating
protein 6 (PAR6)2] PDZ =7} Agste] dode= A
o2 <z} (Hoshino et al,, 2005).

B AFAEL ojdR oA Rit BHEL Goooll &
oo AEFFF e, Goool A3t NAEZ A B
ofatar qlohi ®aslsdvt. 3 Goool 28 Erkel 84
3t Bl Rit DdHHo) FAAF L Y-S A3 £
AFNME Goost Rit T ] Ago] T gz

2 2ARI. wA T o 2 Gogel BAisle) ¢
walo] g4 Wal S zA o 24 Rit @Eo
AL Goodl N EAG aHEA Y 7)15S 588
=78 g8k

ME A U
E2tan|E ®

Glutathione-s-transferase (GST)7} N-2gboll €% Rit
HE] (pGEX-5X-2-Ri)E A|2517] #138] pcDNA3.1-Rit
(Kim et al, 2008) HE{E F3H o2 PCRE F 33Tt
ojuf A3 primere 27t §-GTC-CCG-GGA-TGG-

ATT-CTG-3'3} 5-TAT-TTA-GGT-GAC-ACT-ATA-G-3'0| 3]
t}. PCR BAES pGEMT 9 (Promega, Madison, WI)
of F2493% T, ATEAY Smald} Xholo 2 Hstdd
pGEX-5X-2 ¥E] (Amersham Biosciences, Piscataway, NJ)
o] A1ttt GST-Goud deletion ST} HE & Won
5 (2009)2] W& AHE-ste] A 2SI

MEZ HiF 2 transfection

29379} Newro2a AEE 10% FEjolEA (fetal bovine
serum, FBS)3} 1% penicillin, 100 pg/ml streptomycin®] ¥
¥ Dulbecco's modified Eagle's medium (DMEM; Hyclone,
South Logan, UT)o1 4] 37°C, 5% CO, 0.2 g3t
o, 2~3Ue] H4 HBSS (Hyclone)Z Aol & 025%
trypsin-EDTA €9 (Hyclone)& AHE3t HEE wY8§
719} vpge 2 RE BAL ok Al wjdstlch (Ghil
et al,, 2006). 293T M| Z2] transfection> 100 mm Hj -]
T 1510709 AEE BFSe] 18~24417 WY F,
calcium-phosphate H'E-S AR&-381] AAISFSITH (Ghil et al,
2006). ©] HHE 2rehs) dusii, M) AHAHE
62 plel 2 M CaClLo} 37 £33 5, %< 2X HBS (50
mM Hepes pH 7.1, 280 mM NaCl, 1.5 mM Na,HPO) S =%
315t} o] DNA EF8HE 3087 420 BAF
AE wFdel Fryste] w-gAFAT. wansfectiondt CH
4017 Fol AEE AikE S A (10 mM Na,HPO,, 2
mM KH,PO,, 137 mM NaCl, 2.7 mM KCDE 23] Hoj&E &
NEE F33te] o Agol ARE-sFITE Neuro2a A%
¢} transfection 100 mm ¥j%&7] F 1.5x10°70¢] Al
£ 18~2447F W3 &, polyethyleneimine (PEI) 3
Apg-8te] AAEHAT) (Ghil et al, 2006). ©) WS 7F
3] dwsid, e 38 WeE DMEMHY 38t
800 pi7t EA & %, 20 pge] PEIE H7H3Ich o] 84
3087 Ao A A B A wfjgelo] Hrlstar
At Sl AEE JIFGFTHE St AEE

Hated thE A3l AHgsgiTh

ot

L2

o

£

0
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GST—-pulldown 24 & Rit A2l &y 53

BL21 He|gjol M EFo] GSTY GST-Goa, GST-Goa
deletion B o] Wi GST-RalGDS-RBDE Zd 3l
FAAE FAARAA st (Ghil et al, 2006).
gl AAdAS FE5h] A wigE AEF 05
mM IPTGE HE7leted 30TolA 441 Bt F7} v
3 &, AEE HEAT. AEE PBTX €9 (1% Triton

-328 -



Q GST GST-Gou GST-Rit

IP:Goa IP:Rit
GST + - + -
GST-Gou, - + + +
GST-Rit

BRIt | IB:Goo.

1B:Gou 1B:Rit
'npﬁt |nwt
IB:Ri#t 1B:Gorx

Fig. 1. Goa interacts directly with Rit. (A) The expression
levels of purified GST fusion protein (GST, GST-Goa and GST-
Rit) were represented. (B) Each of GST fusion protein (0.5 pg)
was mixed, as indicated, and the mixtures were subjected to
co-immunoprecipitation assay. Input loaded with 10% of purified
protein used for immunoprecipitation.

AAA7L B Qlate kel

o2 H{A F 29BN 2 Bstgich Bast
AZE AEE (12,000 ipm, 105, 4C)ste] AN

glutathione sepharose 4B beads (Amersham Biosciences)2t
4Toll A 24131 304 §E-EA17) T PBTX $0 = 33
TS TE BeadsE 293T 4+ Neuro2a A Eol] AAH
FHAUES FPRAAT)AY AAE SEEE S A
3 MEFS AT 37CAHA 1417 A7 3 PBTX &
How 53 AU M %, I AE beadsoll SDS
#7Fste] SDS-PAGES HAl&I3itE A7)
T8 @A S poly-vinyl difluoride membranel) %71 5
hemagglutinin (HA) &# (Roche, Mannheim, Germany)Z
AL23l immunoblotS A A 8H )

loading dyeZ

Co—immunoprecipitation &4

GST, GST-Goo, GST-Rit w29 BL21 ®He g o}

Ty
AT LAAZL F, Ak el el o8 ¢F 2

2] 3} T) (Ghil et al,, 2006). ZH2te] == g oA
(0.5 ug)S 0.1 % bovine serum albuming X35 PBTX
gl Z3kek 2 20 ul] Protein A-Sepharose CL-4B beads
(10% slurry; Amersham Biosciences) 715} preclearing &
AAET AAE A 1 pgs T 37CAA 4
AZE HREAIZL T, 50 ple] beadsE H7bshe] Ao A
2A17F F=7F HESAIF T BeadsE PBTX £ o] &3}
o] 58 =A% T, 2HE beads] SDS loading dyeZ
A715e] SDS-PAGE®} transferE A A13}3L, Goa (Santa
Cruz Biotechnology, Santa Cruz, CA) ¥+ Rit (Chmicon
international, Temecula, CAY3HA| & A48l immunoblot=-
A8
232 1
2 A o] "B A Goar Rit T} s
& &3 Bk @& 2AGoH, olx Al
At} (Kim et al,, 2008). ¥ <3704
t\i}—tﬂy}?ﬂ_,] /\]—EX]—,Q.O] x]x%x% 1_7(] o}-
& tildo] o5 F5aLd BAs=AE &9
317] 98), GSTS GST-Goa, GST-Rit §EENHAES 2
7} abe|glol Mo LEHAA A s

|3 gRlstlth (Fig 1B).

Heterotrimeric G-5r¥ 2 9] g- AT A= Yutz oz A
Mol =riol (N-Tg =d|Cl o-helical =9 %], GTPase
wrgho 2 FAEo] 2t (Won et al, 2009). o] F=H¢l
52 % 709 linker =¥ (L1} L2)ES o8] M=
AE o] o”jr (Fig. 2A). Good] oJ® ZujQle] Rit Tz
o] Ao argd 7ldste=AE Eatr] A Goad
=] %"% AH AAAZ = N-Zdol GST epitopes
tagging A1Z1 HEE AZEACE (Fig. 24). ©] HEHES
areg]otof] WAAA A& FE47 HARit WEE 293T

o}

1

1

A Eol| SHAA B2 FE5HE 0] 83| GST-pulldown
B8 ANEth 1 AT Goal] GTPase =rlgle] 2
¥ ©lA [GST-GooAG (lane 5)$} GST-GoeAHL2G

(lane 6)]2 HA-Ritz} Z33HA] &= 9HH GTPase &9l
S Z3hatar gl= w3 [GST-Goa (lane 2), GST-GooaAN
(lane 3)9} GST-GooANH (lane 4)]-2 /44 S22 HA-Rit
7 Aot (Fig. 2B). ©l¢t &2 A& T3 Goa
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(A Rit
interaction
1.GST GST -
1 5663 177 187 35
2. GST-Gou GsT G +
3. GST-Goo AN GsT +
4, GST-Goo ANH GSTwed +
5. GST-GouAG GST R

6. GST-GowAHL2G  GST

(B

G8T GST-Goo AN ANH AG

AMLZG

{ Input
HIBHA

°| GTPase =H|e] Rit o] Ao} 7]of3c}
© A& ¢ T AT B A7 o)A TFAAN Goo
©] GTPase =492 cAMP-dependent protein kinase 2
promyelocytic leukemia zinc finger protein}2] A} 3 2h-g-of
LA B9 w3 vl Qo) (Ghil et al, 2006; Won
et al, 2009). WA Goa®] GTPase TH|91S G-vHZ 9]

A8 5490 GTPase®] 71%5& 33 Al @&
# A sste] 458 dofshe 2o &
011;}

A

¥ AT o] HATNA Good) YN EAL A
ZkzA41 Rit HHdo] #HAT 7HeAdS AA s on, 2l
BAIES FEgolA olEe] AT AEA 2} HAF el
Ad&g TP Bt (Kim et al, 2008). A2
Goo®| &A43te] 9J35) Rit TGHde] o] F7h3te=7}
lstr] 30 Rit A FAHS AH 4 5

+ WPHol B seit) Shao 5 (1999)0] B3t Aujo
it FHEL AE oA AER} GTPase=A <]

ha H
e Bolt amdolet 2 BT 58] GTPase
% b3 % 2eix Ras WA B4 ve) 9

Fig. 2. The GTPase domain of Goa contributes
to Rit interactions. (A) A schematic diagram of the
structures of GST fusion proteins. N, N-terminus;
L1, linker 1; L2, linker 2; H, helical domain; G,
GTPase domain. (B) 293T cell extracts expressing
10 pg of plasmid encoding HA-Rit were incubated
with GST fusion proteins and immunoblotted
against HA. Input was loaded with 10% of 293T
cell extracts used for the GST pull-down assays.
Coomassie blue staining was used to show GST
fusion protein levels.

IB.HA

Coomassie
blue

8l 732t yeast-two hybrid A F o)A Rit THfAe] &4
3} 9ol @] Ral guanine nucleotide dissociation
stimulator-Ras/Rap binding domain (RalGDS-RBD)$} &<
A EE B0vha 233tk RalGDSE Ras T2 9]
A5t dEUZE 4¥A 9Jo™ (Hofer et al, 1994), Ras
@A Rapld 3HYAEHY GHREA AL
olEo| &43 A e W, & GTP7F ZFHAUES
v RalGDS®] RBD =2l Afshs E4& Ko7l
&l o]5 S S =72 AMHI Y
(Bivona et al,, 2004; Ferro et al., 2008). & A-TolX = o8
3 HuES vl o2 RaGDS7} Rit BBA e 3AE
AR 2488 7S 95l i RaGDS-RBDE
Rit @A AL FAshe =72 A7 o

22 244 9,

ool LA E2 FEAE 0|83 GST-pulldown &

AE A8kl 29379 #2942 GSTpulldown £4&



A

GST (GST-RalGDS-RBD
HA-Rap1 - - + + - - + +
T (298T)| HA-Rit + 4 - - + o+ - -
Pretreat ~ GDP GTPS GDP GTPY  GDP GTPYS GDP GTPS
IB:HA
Input
IB:HA

Fig. 3. Activation of Goa leads an
increases of Rit activity. (A) 293T cell
extracts expressing 10 pg of plasmid
encoding HA-Rit or HA-Rapl were
incubated for 20 min with 200 WM GDP
or 100 uM GDPyS. Mixtures were

GST-RalGDS-RBD
HA-Rit + + +
T (Neuro-2a) | gg 2051 - - - +
Hu-201 - + -

IB:HA

2} o] Rapl 9] GTPyS7} A& = 20S Wl RalGDS-

RBD%H] 2 A4S Hth GST AAE ojwd 73

% Rapl  Rit B ARE= ororrh whabA

RalGDS= ¢ Bare} vlib7kA| 2 Rit @l o] &19jal
ko)

AgsA

AR =4 7hs/do] 9lem, RaGDS-RBDE Rit
o] s FAHT ¢ s ETE AR s shte
A& FRIstith o)gfd Axns

3h ENE Goa2] &4
oJ& Rit ©¥jdo] HAA2 FA3} He=Xg F1E7] ¢
3 Neuro2a AXENA Goao] E481E th2 F 7Hx] b
FESAT A HAE Goas] 43 Eddoe] &
WS HARit] e L&A 7 o0 5 A= Neurola
AE AR oz B U GooE B3I 717
Al HA-Rite] HdH A Eol Go7l A24E GPCRY ¥
2 Fhre]= 849 agonist (Hu-21002 28}
Atk o] T 29| Ax FEME F75le] GST-
RalGDS-RBS7} ¥l whe|e]o} Alxo] &3 g7
GST-pulldown #41& Fa3t3itt. 1 A7 Gowo] 4
3} Jeje] Edolt wEHE A9-9F Hu2108 A2dh
A7 28X 4L 79 Bu Rit GiEe] g4do)
7Fhe AS @Y (Fig 3B). o9k 3+ ZAx)
Goa®] B3}l ofsiA AA = Rit A e] o]

H
2
I

I o

0

Ol

il
o)
T
3l
2]

ofN rlr ofN

incubated with GST-RalGDS-RBD and
immunoblotted against HA. Input was
+ loaded with 10% of Neuro2a cell extracts
used for the GST pull-down assays. (B)
Neuro2a cells extracts either expressing
- 10 pg of plasmid encoding activated
Gou (Goa®@%Ly or treated with 5 uM
Hu-210 for 30 min were incubated with
GST-RalGDS-RBD and immunoblotted
against HA.

ZT Goad] EHWO]
B Hole]

3 F Tt (Strittmatter

et al, 1994). 22 AxA ANAE79 P42 AAES
212} (neurotrophic factor) T} NCAM (neural cell adhesion
molecule)®} N-cadherinol] ]3] o #a] F=F =4 o
HAE GUGod &7 AAIAI] sl =il oM o
A=A}t (Doherty et al, 1991). Gou7} Aold A= =
BgeAon &5, $4%5E, A4 ¥4, 44 9
5 i Sol 433 ASE 2T (Jiang et al, 1998;
Tanaka et al., 1999; Luo et al., 2002). Goo®] &43}d FHe|
o] ool WE2 AARAEFR] F11 AZollA 417
E3l2 221020t} (Ghil et al, 2000). < Baro] oshd
Fhp o) =0l o] Neuro2a A 7823530 Goa”} &
ofala det ATk Ut (He et al, 2005; Jordan et
al,, 2005). A7 E3}te} BHA Good FFANZTALEAZ
B AT 2 AT o3 AgtE Rit RAS x3H3t
o] Rapl GTPase activating protein 1 (RaplGAP)Z+ G-protein-
regulated inducer of neurite outgrowth 1 (GRIN1) 5-¢] 231
w]o] It} (He et al, 2006). GRIN1Y A ZE= cded2 59
ke thl o] &S T ARl SESE fAREe
2 AREHE FJdva BaEo] vt Ed Goo
= RaplGAPT}S] 45288 53] RaplGAPS E4&
A3 go 2R Raple] B4E F7FA]7|H o]& Ral @
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& skl AAREAEIAR] STAT3Y) Q1AketE &%
AA NAREE FEGTI ALEAD. B ATE B
MA G

olojA = AR} EAQF 7hsAdo] AH, Rit P
STAT3 % Erk®] NZHBHZ9 crosstalks E3h4 A7
e FRAE 5 g Aol
htH ol =% dinte] AR o2 AT T A
2] B oFEjahy gyl BaEi 9ok A B9, A
A AAHOFE FHEE Fhuu] o] =) AT
Hmol=E Al 22U ¥ F743] F7)8)
™ (Labar et al,, 2007), 7hH] 0] =9] agoniste] Foi=
AT 3 EFA T5E 43R (Beltramo et al,
2006; Liu and Walker, 2006; Sanson et al., 2006). <1471
H|:20] = in vitrool A pheochromocytoma, neuroblastoma,
AP, Ay D BEAGA T AL AT
APES 3R (Sarker et al., 2000; Velasco et al., 2004;
Sarfaraz et al., 2005). B3t 7hH| o= 8471 Aod
AH = ANARATFHEY 54, self-renewal, neurosphere?]
Aol @A) AstEAL, AETARAY 27l W
A2e 278 A¥he BT (Jiang et al, 2005). ¥ <
T2 olH3 R o] =7t Kol Tkt Al 2 o
2ekd g3 7k A7 Ese AhE AsHEr) e
A FEAA ol = A slFe NxAEE A
3T F UE Ao Algdth
2 AT e Goo2t Rit ©ide) Agte] vl il
2o EF Qo] AxHolg= RS HHEF e, Goa
©] GTPase &=[Qlo] Rit Tl A zto] A5 2-gof| 7]ojs}
© 2& FAFAT =3 Goad] 4317} Rit iiE o)
S AAE TS FRlEglen, o] AEE Rit
9ds Afste] EkE 243 Al7le A olgdx=
g 243 A TFs S ANEISI o#d 2
Iz A7 &5l A GPCR, Goo Z Rit Wd 9] o
HE 4 e S8 A5t @ Ao Algd

aAe 2
2 d7E 2008HAE Ay e w shedTy]) (guk
AT2AY) Kl 2t} FHE IS
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