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The Effect of Alpha Subunit of Go on Cell Growth

Jung Hee Won and Sung-Ho Ghil

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

Heterotrimeric GTP binding proteins (G proteins) mediate signals generated by neurotransmitters and hormones.

Among G proteins, Go is found in a large quantity in brain and growth cone membranes of neurons. In spite of its

abundance in neurons, the role of Go is not fully understood. In our previous study, we identified promyelocytic leukemia

zinc finger protein (PLZF) as an interacting partner of alpha subunit of Go (Goa) and confirmed their interaction

employing several biochemical assays. To date, it is reported that PLZF functioned as a cell growth suppressor and a

transcription repressor. To determine effect of Goa and PLZF interaction on the cellular function of PLZF, we performed

luciferase reporter gene assay and BrdU incorporation assay. Co-expression of Goa and PLZF synergistically increased

the effect of PLZF alone. These results suggest that Goo may act as cellular activator of PLZF. This novel feature of Go

may provide insights into understanding diverse role of Go-coupled receptor as well as its cellular actions.
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ceptor (GPCR)%t AA =] glo] AE 9% 4157 GPCRE
Agso] E4sd G- U] GDPYE GTPE |3y
I o AEHAZEEY gy 2GHAV} FEl=Ho] 42ty a7
2} (effectors)oll BeS PRI o] %, G-diAo] &4 & v}
A HH, o 2AA] A= e GTP HAT <t
717} &&= GDP7} HHA G-HHAL A EBASE
R Wslste o2 #8435 A58 7ve A "ok

G-EHAE L o A9A 546 wet T 5/do] 2 Y
o 37 Gs, Gi, ZLBXL Gq 5.2 BFIT 4= ) 2 A+
o FA7E He Goe FAAe] MY Gigt FAKs] WE
o Gigl & FFEZ EFA Gor HERANAM LHE= G-
Gl 7 ko] 7P WA (Huff et al, 1985), £3] 4l

Azl HAAZF (growth cone)oll Al 2 T o] v-g- =

Soon

"= 2 A 52006 109 129

FARAANH S 2000 119 259

TRAAR: BAE, ($) 442760 HIVE S04 GET o|9E,
A7Ieta AJEsta)

Tel: 031-249-9646, Fax: 031-249-9646

e-mail: shghil@kyonggi.ac.kr

=
o
7} B Fdh g 84, Al
A Go9l a 29HA (Gom)2] TH-2
A3l o, o= PKAS} CREBY] ATy °
24 7FssAcl (Ghil et al, 2000). EEH M2Ed 2 =
o9& GPCR 2H&-3le] GoE 843t A171M, AAA X
ANAE7] AAE 24319t} (Haydon et al., 1984; Lankford et
al., 1988; Rodrigues et al., 1990; Suidan et al., 1992). Go2] GTP-
ase XS F71A171E GAP43= PCI12 AlEZNA] A3 437491
Aol e =" A78E71Y A4S S7HIZ (Yankner
et al, 1990). PC12 Al X0 Gooo] EAJ8He Hefje] Sl
S EE SHAMRE DY, ABEVY BEd Hol
o] 3 jlo] AAEVIES A Sk (Strittmatter
et al, 1994). L3 Go7} Zod AHE oz HAANg 5
EPTHA FrlIME &89, WAE AAske 5, Al
Zhe] g4, A4 e Soll A Aske BT (Jiang
et al., 1998; Tanaka et al., 1999; Luo et al,, 2002). o]d3} 7S
HilolA Goe AEAIE 2L ¥e] wAe] A4l JEe
FPPtE S & o, ofA7A AHAE
2o e} Q&g 7)oy AsdE WFUE & ¥
Al gt

oldel e & A7) HePAtelA] Goa: PLZF
(promyelocytic leukemia zinc finger)9} ‘& 232 yeast two
hybrid 7|'%HE& A8t T35k a, 2R et Vge
ARgsto] ool AgE Ak Uit (Ghil, 2004). PLZF
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£ 673709 olH|:Ato 2 o]FojH glom, Ar|ME 5o
A JAARIAIZA cEeko] ok& 7He] Cy-H, zinc finger =4
1€ 7HA 3L ST} (Chen et al., 1993; Chen et al,, 1994; He et
al, 1998). Nzl 9IX|a] = POZ =912 PLZFS] ©]8
R TIAAEE AT ¥t ol N-CoR, SMRT, Sin3A,
histone deacetylases 52} corepressors} &7 32835l §
A2 cyclin A29} interleukin-3 receptor o chain (IL3Rw)
9 FAt FEE JATRL LelA QY (Lin et al, 1998;
Wong and Privalsky, 1998). 53], cyclin A2 A3 ol A A
IF7NE SHANA AXe] 4FE FAA7)= gdE o
A 7] dFel PLZFY] #HLH-2 HAFHR] cyclin A29]
ddS 2o AE AHS A ST} (Yeyatietal, 1999).

£ AToAE Goadt PLZFY] A5 2H-go] AX W A%
Aol vX & dgFS A8t d9lch 53], Goud] &}
A=A PLZF7F 288 715A4S ZAbstzAt kit PLZ
22 el fAzxte] HEg AAE ] wE e, Gondl
gol o3 PLZFS 80| ZrlstER et g5Rg &
el WEg IdFo N AFSIGITE B3 PLZFE o
AR AEZAGGAA AAZ 2Z-gslr] WEell Goadll of g
PLZF9| #49] Z7tef e AZQgdAs dasteny
Sk o=

S
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1.2 &

Goa2] k3 (pRC/CMV-Goa™) (GenBank accession num-
ber: M17526) Z2t2m] =& R Iyengar (Mt. Sinai School of
Medicine, NY)® -, FLAG epitope©] <2 % o] 9+ PLZF
(FLAG-PLZF) 8 Ze}2~u| = (pRSV-FLAG-PLZF) (GenBank
accession number: NM_006006)} IL3Ra-tk-Luc Z&hv]=
T aHSh Hejd WALEFE, 21231 HA epitope®]
ZA=)o] Q)= type I angiotensin receptor (HA-AT2R) 4 Ze}
20| = (pcHA-AT2R)= UMR cDNA resource centerZ.4-Ef
A Zokeh. pEGFP W3 Z2}An| == Clonetech (Palo Alto,
CA), Goo2] &A= Santacruz biotechnology (Santacruz, CA),
HA2| 3= Roche (Mannheim, Germany), FLAGS] 34| ¢}
BrdU2] &= Sigma-Aldrich (St.Louis, MO), GFP &4+
molecular probe (Invitrogen, Carlsbad, CA), Luciferase Assay
system-< Promega (Madison, MI), ~Z&] 31
CL-4B bead= Amersham Biosciences (Uppsla, Sweden) 24 E

Qsto] Agal3ch

2. M Eejet

Protein A sepharcse

gl transfection

293T AZEX= 37T, 5% CO, F7A A 10% FBSS} 100 units/
ml penicillin, 100 pg/ml streptomycin®] ¥3H€ DMEM] A

wjoFslelonl, 3, 42o] @4 HBSSZ HolWl F 025%
trypsin-EDTA £-H& Ag3lo] AEE v|%E7]9 wgtoz
FH A7 oS Al gsioicl Transfection 23S 9
& 2937 AEXE WjFE71el] AFH BFE F, 18~242]7)
Foff <k 70~80% confluentdt A =T, calcium-phosphate I
€ A3} transfectiond3Ath 7FeEFs) A ahd, A Fey
YHEZGHATZE 2 M CaCl, 62 et 3 238k &
o} 2X HBS (50 mM Hepes pH 7.1, 280 mM NaCl, 1.5 mM
Na,HPO)E 41053tk ©] DNA &8 3087 AR W
A &, Aot E3ste] Whg-AIZAT) Transfection $,
4077t Sl MEZS AMESte] thekst Aol AMg-Elsich

3. Luciferase Assay

&770 3x10%wello] Al 25

© & Luciferase reporter gene

293T HIEE 6 well Bl
gt . calcium phosphate ¥
(IL3Ra-tk-luc3} cyclinA2-Luc)¥} L ZefA0| =58 37
WA}, Transfection®] &S £33817) 18+ transfec
tionA] PB-galactosidase (B-gal) L3 Zep2M| =<1 pCMV-p-gal
S A FHAFT 24417 Fofl wlFNE 0.5% FBS7F 3
B iR =2 w3 3L 16A17F Fol| Luciferase Assay system

& AFE-3Y] luciferased] B4 F=E SAH S

4. BrdU incorporation assay

293T AEE ZE}A O Z coatingdt coverslipell 5x10°0]
HA £3 &, calcium-phosphate W o2 Z}zto] w32
gtan =g JA|AH o2 WS AIZlch pEGFP Hd Eekv|
=+ GFP (Green Fluorescent Protein)2 U sh= S&}An|=
A transfection®] EAAR ARE-S)r] 8] o2 ¥ 2}
3 A BAAZT 4047 &, wikelol B
oxyuridine (BrdU)Z- 10 FLZ 4~5A17F AE]3laL PBS
(10 mM Na,HPOy,, 2 mM KH,PO,, 137 mM NaCl, 2.7 mM KCI)
2 F ¥ FA3t 4% paraformaldehyde® A3 Th 1A
o] € M3EELE BrdU A9 GFP A& ARg-38te] W
ZAHAAAS AT T, FFA A0 DA

|
hnba B I =lae|

Ea sl p= Bromode-

o ml

5. Co—immunoprecipitation

293T A|EZ 100 mm ¥iSF87]0 1.5%10° A|FEF7) &5
£ B3 5 HA-AT2R (10 pg), Goo (3 pg), 223l FLAG-
PLZF (10 pg)9l T&AZekav|=e 7 Sy 40
A7 F AEZES S48 PBTX (1% TritonX-100°1 &7}
¥ PBS)Z AX FEIE g T 20 w9 Protein A-
Sepharose CL-4B beads (10% shurry)S £3881e] 4°ColA] 14
7t 59t preclearing® 3Tk Precelaring®] B¢ A ¥ 52
Aol 1 e Goo FAZ &85t 37T A 4X7F HJ% 1z
A7hste] 2ol 2417 ¥EEAZ T jEgo]
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Fig. 1. Effect of Goo expression on PLZF-mediated gene transcription. Schematic representation of the luciferase reporter plasmid,
IL3Ro-tk-Luc (A). 293T cells were transfected with the expression plasmids for indicated amount of wild type of Goa, FLAG-PLZF (1 png),
IL3R-tk-Luc (0.3 ug), and B-gal (0.3 ug). Then, the extracts were subjected to the luciferase reporter gene assay. The transfection efficiency
was adjusted with B-galactosidase activity. Data are shown as the average + S.E. of at least three independent experiments. *, P<0.05; **, P<
0.01 compared to control (B). Schematic representation of the luciferase reporter plasmid, CyclinA2-Luc (C). 293T cells were transfected
with the expression plasmids for wild type of Gou (0.3 pg), FLAG-PLZF (0.01 pg), cyclinA2-Luc (0.3 pg), and B-gal (0.3 pg), as indicated.
Data are shown as the average * S.E. of at least three independent experiments. *, P<0.001 compared to control; **, P<0.05 (D).

W WA EIAE PBTXE 53] A8t SDS loading dyes
H7lskel 2719% & F, HA 2 FLAG ZAE A&3}o]

Western 43}t
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1. Goo® PLZFO| ME&E0| PLZFQ AR OjX|
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oo

Goa$} PLZF9] /45 2hgo] 2t Aeldhs oloE F4s
7] 918l, vA PLZF7} Goa®l stAlEde A4 (down-
stream effecton)® 223 7FsAlo el ZALsH8IT) PLZF=
IL3Ra%} cyclin A2Z T35 o] thd F3159 L2 REH
of Zgste] AALE AAgT) of9} & PLZFY HAMA
Aol Goao} PLZFS azbgo] uAE & BAst
2} huciferase reporter assayE 3 8FSATE Reporter Fk20
T2 [L3Re-tk-Lucs AME3ISITE o] Sehav| == 4749
PLZF ZAZH-9E 2+ IL3Re FAAY Z2EHE 23
8, luciferase F212}e] 9] 2ol Herpes simplex virus
HSV)ZHE #213 thymidine kinase (TK)2] F-2x7} I
EgE] FHAte] Bdl-E FUAH (Hoatlin et al., 1999;

Kang et al., 2003) (Fig. 1A). 293T 4|3 IL3Ra-tk-LucS Goa
9} FLAG-PLZF9} $7 HEA7|1 1 FE5AE A8t
luciferase®] 48 SAsth o 23, PLZFS] @528
of o] Z7+E luciferase] LHUAE Good ¥
712 B Z71E9 0 (Fig. 1B). &, Goad] 2
60&

FAAY] T2 R Iyciferase AR AEE
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WF=x] 2 2ALEFSITE Reporter Z8FAF| =5 cyclin A22]
d o™
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(Fig. 1C), 293T Al¥o) Gow, FLAG-PLZF9} &7
luciferase TAl-S- FA3lE ey 2 A3 PLZF 23] nize
HAFRZAA7Y Good] el 93] vS S7HE S BRG]
o} (Fig. 1D). o}9} 22 A¥E 53 Goool ©H-2 PLZFY]
A W 7159 AARARESE d7AE o Ao,
olg]gh Abd& PLZF7} Goad] St Y itz 28
& 7Fede ZE s AlAbEh

2. Goa%t PLZF2| &5 2-Z0]| 2|5 203T M Z2| M=
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Fig. 2. Effect of Gou expression on growth suppression. 2937 cells were transfected with expression plasmids for empty vector
{pcDNA3), wild type of Goa (1 pg), HA-PLZF (3 pg), and pEGFP (0.5 g), as indicated. Then the cells were pulsed with BrdU and labeled
with antibody against BrdU and GFP. Green and red fluorescence represented GFP and BrdU-positive cell, respectively. GFP*/BrdU*
(arrow); GFP"/BrdU" (arrow head). Scale bar: 100 um (A). The extent of BrdU incorporation was assessed in the GFP-positive cells. Data

are shown as the average T S.E. of at least three independent experiments. *, P<0.001 compared to control. **, P<0.01 (B).

zke] L2 9E el PLZF7} A4 ZAgste] fdxke] AA1E o
Astal 27 QA MEF7I7F Koz HsHA] £}
2ol 7Hs3te} (Yeyati et al,, 1999). Fig. 1914 Goao] 2
o o3} cyclin A29] FA/L Zadhs A9E Bttt o]
gk Aol AA AEN AEGFAAIFCR ojox]e=
A& &lslr] $8H9], BrdU-incorporation #-21 kit
o}l 293T Al Goot PLZFE Z4zt = 3 LR el
o}k ol transfection®® AETHS AWslr]) $13) TARZA
pEGFPE EE 7oA &7 THAA AT (Fig. 2A). izt
2 Goo’} BEHHE AL 742 47.1%9F 39.8%2) A Lol A
BrdU-%&4 9H$-g BSitl o] vl&), PLZF7} 9523 s
ol 22.5%] AEJA FANEE BRow, Goust
PLZF7} 37 @€ 79, S-S Hols M 3=
A5 st 9.7%2] HEvke] FAurSS

2B). °]¢} Z %3 PLZFE 95dduozy A
xo s A Goa 2] F7}
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3. X 2BIY MEHSO|A Go2t PLZFO Y

# - yeast two hybrid screeningS E3|4 PLZF%} Gofi-
coupled GPCR®] Y2 typell angiotensin receptor (AT2R)S]
C-geho] AEg 7hsA o] AAHAT (senbonmatsu et al,
2003). 1 Bae) ot kA ulalng] Ao o]dA
AT2R®| WA)z7} F7kshm, PLZF] o 2o A= A
o] #AHA. £ & s EAFHAR] psse PI3K
9] FRA] HEHE FIMAF oM, o) s AGRE
Zgshs oy dlde) 48 FIMAFL 53 oFh

AT2R¥} PLZFS] 213422 Goiel JAxFS] PTX 23]

BT (Fig,
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Fig. 3. Co-immunoprecipitation results showing complex bet-
ween Goo, PLZF and AT2R. Five-hundred micrograms of extracts
of 293T cells co-transfected with expression plasmids for wild
type of Goa (3 pg), FLAG-PLZF (10 pg) and HA-AT2R (10 pg)
were immunoprecipitated with preimmune serum (PI) or Goa-
antibody, as indicated. Immunoprecipitates were immunoblotted
with antibody against HA or FLAG, as indicated. Input was loaded
with 10% of 293T cell extracts used for immunoprecipitation.

Al §3] AAEG e, ol AT2R¥} PLZF Aloldl] Go
< GiZt #AE 7FedS 73] AAbe) Fa 9ok st
o 2% A7l RN L) Al o) AlEe] AJate]
A7y F7r8the Bavh EAE) o] 5o dFo] mEw,
A HERE 4L AT AR LS Ashd
MAPK7} &A4stEo] AT Aol JAHIL (Lu et al,
1996), CHO A Z o} HE8-ZA)F A AT2R0] WIEH M E
2ol Fr=EN2™ (Miura and Karnik, 2000), &4
of A LRAE Mt MEZALY)Zo] RFEFHATH (L et

B
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al,, 2006). 7 ol g} AAHBAEF ol AX) S elAlS H]st
W PKCoE JAMEte AL S4E AAANZ ™ neurite
outgrowths =3}t Beaudry et al., 2006). WEkA QX)L
diale] o] ek M EAFAA ] AT2R-Go-PLZFAFO] <)
A Agel 93 Ve d@4de FE5] A8 co-
immunoprecipitation A 8-& PR TE 293T A|Eo HA-
AT2R, Goo 18|31 FLAG-PLZF 23 ZH2u=8 @7 &
A7l &, 558 9o Goo FA| T preimmune serum
(PIyS A3} immunoprecipitationS 3+ ¥ HA % FLAG
A E ALE-3e] Western E431G9 0 2 23 Goedl HY
B3t4lo)l AT2RT} PLZF7} &7 £A)3He #2319} (Fig.
3). Bb pro] HAESA = ofd IR HEHA A3
o} upgbA] ole} 22 A= AE WellA] AT2R-Goo-PLZF

o 2T YT 7Psol 92e P Ak

i
—

a

Il

2 PLZF @] Tojlel]l thdt 7]5o] WX wA
PLZFE AAAAE H8st) NMEF71e) A, AZES}
W M EAS 8 Aol Ba H T (Shaknovich et
al, 1998; Yeyati et al,, 1999). & A7-e|*= PLZF7} Goa®l
s EHAEA AEE x| E dof
B &glck o] & 931, Goa] el o34 PLZF
FE 715 AAGAY) T2 AZAGFAA 75 v A o
FE AT 2=, Goa®t PLZFO] 35 %1-8-2 PLZFY
AZU 715E S7M017)e WEke g Zasglon, o7
PLZF7} Gou®] 3Rl xE E3AE 2H88E ofnsich

Sk @ didiE renin/angiotensin system®] # HAl &3}
2A "ot Ao e by 18, A Y
%, 223 TANES T AGuA Y] T 4
S g} X QEA 8 EF-FolA ATIRT AT2RS
F FH7F 4 FH AT (Sasaki et al., 1991; Murphy et al., 1991;
Kambayashi et al., 1993; Mukoyama et al.,, 1993). AT2R¢] Hd
G ATIRT = B2 N2 4%, 44, 23 5 <>ﬂ o]
sh:]. AT2RES E_g] ﬁw\gjr,].ﬂ %oﬂ 1 Hel-silalzo] = /ﬂ iﬂ

WL A7y, ¥ T3 2L 7)TA % ‘:‘Lﬁ%ﬂr (Hem et

. 1998). AT2R0] BA3} =ldl AEAAS A sbd, AEAt
e}—"— F 8t} (Matsubara et al,, 1998). ﬂlt}ﬂ AT2RLS A7
3t 2 AT F238 43S FT (Stroth et al, 1998).
3], AT2RZ Go/i¢t coupling=l o] 9lo], sfiolald A £tk
Puol T AFEojA PTXS) o) 8] AT2RS) &3}
w3 vhs Ao w &4 4 9lu} (Kang et al, 1994; Ozawa et al,
1996; Hayashida et al, 1996). 3}x]%}F Al oA AT2R
stz Gz ofx] HWEsiA dHAA ¥R Uth

Senbonmatsu et al., 20032] R Ilo)A] 2]-8-0 2 AT2RY PLZF

_xlm

o] #¥go] RuEglom, o2 gt 9A] PTX o&E4]
otk 12y o]Ee] AR Go Ei Givt AFAHLE H
ofsh=Al] ek F7F Aote oA AAHA H3qinh B

L

ATo)A 0|2 B3t A3} AT2R:Go:PLZF7} M E AFE 2t
45 3l e e RIS (Fig. 3). ©JE4 GPCRY
32 A

@FeE AL

F = 9)dr) 122 Gov AT2RE] Ao
4z} NZF Rolm @Ashd PLZF= &9
FAY ARG o] Frkste oY
= f W}-"J @& 248 Aotk
olde] 2752 Goudl PLZFS] “3&2h8o] PLZFS] AE
Y 7158 £7MA)7]1 2, o] PLZF7} Good] 3HAlS. A
21 Alabghe) g AT2R31]- Goua, PLZF9] 45 2kg-2 of
X]szﬁiﬂ?% Ao g AxAAFAA ) 3t BAH %
< A7 F UE EYE AlFe B AT AIELS Goo
of o) wiAEE AR AsHLEr)=2e] 71EdE At
jon, o] EE GPCR ¥ G-@¥de] 2 715
g 5 S Folg} VogiEnh

A

APz ¢IA}) PLZFR FAI3Hs 988 GoZl B
d
(o)

Al 2
B A3E 2006d H3reR HAA AR Alduat
2006\ 7|tistal 52 shate] Aol osf FAHAS
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