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1. # 3wt A7 A=E wj

A7 efotoll A frefid simbAl Bl AlESF (HI19-7)= 33TelA 7]
A o® dAol FAHIA 9TAM = EAdo] AAHE 2= Uz
3k SV-40 T antigene &3} retroviral vector® A¥E U
transduction S ZMA THEATE HI19-7 M EFE T-antigen 7|5 ©]
2gd3stE = 33Tl = EGFel tiafl whg-sto] Al o] o] FolA
¥, T-antigen 7]s°] HI&AG3}H = 39T A= FGFol o

o MAME AxA ABANER st 5SS e 2384

S

g AAsteE AXEE 10% FBS9 50 pM/ml streptomycin, 50

M

U/ml peniciling 3¥3%3}+= Dulbecco’s modified eagle’s medium
(DMEM, Life Technologies Inc., Grand Island, NY, USA)el| 200 u
g/ml geneticin (Life Technologies Inc. Grand Island, NY, USA)&
selective antibiotics® A3l AEXE 37171 A= 2
mM9] glutamine®] X3FE No vl 48A)1%F wj%sle] = 3 10
ng/ml¢] bFGFE A gl sf&=t}.

2. Transfection

Transfectione LipofecAMINE Plus reagent kit (Invitrogen)Z ©]-&
sttt dAH o]l 5o YA F2 wiFdel 7z Eekawl= DNAE
2a, Plus AlefS H7bste] Ad2eA 158 wlgsich o] widd

DNA &35 HI9-7TAIEe ¥o] 3A3HEe mjddt & dHo] &
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3. 993 A3 Western blot £4
H19-7 M¥XFE 8143 5 phosphate-buffered saline® = A2 3}

t}. 2 % 1 mM PMSF, 50 upg aprotinin, 50 uM leupeptin, 1 mM

Ot
2

NaF, 1 mM NasVO,Z& #7}3F RIPA lysis buffer® AXHS F&

Ak @ H S Bradford S ol &, FEFstda Fe] whulof A

il

Yol  4TColA  overnight WFSAlZ]:Z  10%  Protein-A  bead
(Amersham Pharmacia Biotech, UK)E 30 pl %o 4TColA 2A%F
ot WA AT 1§ bead® RIPA lysis buffer® F#3] Aol
T A7 Jes T3 @ ES e 8kaL, nitrocellulose membraned]
g AdS o]F A 71ttt 5% non-fat dry milke]l membranes 1A]7Hs
b WESAIA B[ Sol Al wide] A wjAlAZl & Flstart
3t 1238 A S 4Tl A4 overnight WHSA] 71T}, Tris-buffered saline
(0.1% tween20) .2 A3k 3 12 A 2] F Fo wel wAuES

g doslt mart BFHo) Q= AAH 24 FAF 4CAA 243

FoF ¥bS-A]7] 31 Tris-buffered saline (0.1% Tween20)2.2 A &3}
t} @AE2-S Ephanced Chemiluminescence kit  (Amersham

Pharm-acia Biotech, UK)S ©] &3 & X-ray Zgol| &3t &<l

& ek

4. Glutathione-S-Transferase(GST) Pull down assay
gaet 71del Ag 8 E o] 83} glutathione beadd] GSTE
ASAZl 3 glutathioneS A glste] GSTE £435HA 5=, 4 3l

2lth. RhoA+ Rho kinase®}, Racl¥ Cdc42%= Paklel ZA3Hsh



o] downstream cascade &7J°¢] ¥oJdth Rho kinase®l Rho binding
domain (RBD)¥} Pakl9] Racl¥ Cdc427} ZA¥ste= F91¢ cDNAE
GST 2d ®Eof subcloningdle] GST-fusion constructE WHeE &
bacteria®] IPTG FEZ Ea GST-fusion @S Ao} glutatione
bead®} binding buffer (25 mM Tris-HCIl, pH7.5, 1 mM DTT, 30
mM MgCl,, 40 mM NaCl, 0.5% Nonidet P-40)E 23o] 4Tl A 30%&
P REEAIZL F cell lysateE: WOl 4TolA 1A17F &<t A Azt
o]2 A WA wash buffer (25 mM Tris-HCl, pH7.5, 1 mM DTT,
30 mM MgCl,, 40 mM NaCl, 1% Nonidet P-40)& A% 3 & 5
HA wash buffer (25 mM Tris-HCl, pH75, 1 mM DTT, 30 mM
MgCly, 40 mM NaCD= S8 A% g $ Western blots 433
t}.

5. Chlorampenicol Acetyl Transferase(CAT) assay
Bacterial enzyme<®! Chrolorampenicol acetyl transferase(CAT)=
FAR ] A2 = FAAY] promoterES fusion A7 EE M
HE G533, transient transfection®] <3 mammaliam A3 A]
HHE Td AlA dABAR A F O AEES lysis 8o, CAT
=E5 WYAA, ELISAS &
3l CAT &4 @458 7t AHo=2 A /42 promotere] &4

2 =AH3FdE "ottt CAT @A EE  Roche Molecular

H
i

Biochemicals®] CAT assay kit ¥ I protocols ©]-&3dle] =433

.

6. In vitro kinase assay



ArbEHAL Elklol &3t 7] 98] 2o &9 ikstEs =
Aat7] 918l in vitro AellA A4St E4AE WHAHHAWHS o8, B
F 714S [v-PPIATPH Egste] wjgal7IH, 71do] <laksl = o
autoradiograph® <143} o5 & 4 <t} o]zl Y& o] &3,
Paklell 93 Elkl &A3stE <olr 7] 913l in vitro kinase +A W&
F3ed T} transfection T 32 AoA AleF A7l 3 T AAGA
ZF ket e @S FE5¢ T Al ES %712 phophate-buffered
saline(PBS) &0z AMe & puffer A (20 mM Tris, pH 7.9, 137
mM NaCl, 5 mM NaEDTA, 2 mM EDTA, 1.0% Triton X-100, 0.1
mM PMSF, ImM NasVO, 1 pg/ml aprotinin, 1 pg/ml leupeptin)
=S Y dSYolA 1087 wxskde. 28l 4T A 13,000 rpm
zHog 1587 44 #83d ¥ A5 ds 9ol Blo-Rad protein

assay kitE Ab&3ste] ©@¥ AHFE SEFT o] anti-Pakl AE

o

AT A Protein A-sepharose bead (Pharmacia)®} 2A13F A A

5, 200-300 pg TS x3ete AE FEES S 4TelA

o

overnight ®¥F&A] 71 , Aol FRY. W9 HdES recombinant
GST-Elkl¢} &ste] whg &4 (20 mM HEPES, pH 74, 02 mM
sodium orthovanadate, 2 mM DTT, 10 mM MgCl, 10 pCil¥
-PPJATP, 10 M ATP)A 30CToIA  30%7+ sigsba 5X
SDS-PAGE sample bufferE 37tste] <Ql4iksl Hbg-S FAAIZ &,
Gl S SDS-PAGEZ #3835t A2kste 712 & autoradiography =

=335k,



1. H19-7 M =ZolM bFGFol2lst M =ZW Rho family GTPase2l &

FGFol 2]3 Rho family w¥e] A3 FF = dolnr] 98]
H19-7 AIXE N2 E3tx74 wjxd 29 &

DFGFE 974 A7t Ao Adste] AX 42ES A F Fel
AE 4222 GST pull down BAWE Faste] st Aws &

Akl Z4d3te RhoA®l A% 7|d=+= GST-Rho binding
domain (RBD), Racl® Cdc42¢] 7%l downstream effector$!
GST-PaklS ©]&, pull down =4 HE APttt 2 A3 RhoA]
49 H19-7 Ax9o &EstxdoAs SA43tE4] E55 &< A
(9 1A), Racl® %+ 2AZFH HAp F7hsto] 4A] kel A iz
ol vlE] Fu) b Z=7F &9 u (28 1B). Cded2s )z o] v )
e S7HE #EEA Xdu (2710). o] Z23E Sl bFGFe

& Racl ¥ae] @487 o] Fohe & + AUt

i

FGF (10ng/ml)
Time (min) 0 30 60120 240

RhoA V12

©
ht
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FGF (10ng/ml)
Time (min) 0 30 60 120 240

Blot : anti-Rac] s s c== sssams < GTP-Ract

1 0907 14 21

C FGF (10ng/ml)
Time (min) 0 30 60 120240

Blot : anti-Cdc42 * i ¥ < GTP-Cdcaz
- = 4

29 1. bFGF A g 93 Rho family GTPase ©#d 43 &%,

H19-7 MXE 247 N2 #3271 wixdA wl$$F bFGF 10ng/ml= A 7HE
2 Agste HNE HEES 4L F, GST-Pakl (B, C) =& GST-RBD
(A)E WA GST-glutathione 4 bead®] €<% F AXFEES 718t pull

down B4 RS 5333}

2. bFGFol 2| st ERK, JNK, p38 kinase &ML &4

bFGFel ©]g+ MAP kinase® 2743} of 75 <olr 7] ¢ HI19-7
M ¥ 10 ng/ml bFGFE A g3t z+7te] &4 3lEl MAP kinase &
AE ©]& Western blot +4-& Aldstdtt. 1 A3 bFGFl <3
p38 kinasex UAbs} HA| kA wk (19 2), ERKE= bFGF A& $ 15
ol A 7h wel &A43 Hom INKE 15&elA o), o] % 14
kA &g Hdnt o] AE F3 bFGFE MAP kinase 74 ¢

% p38 kinase2 #|9]% ERKe} INKS &4 3 A7S #&3

o2
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FGF (10ng/ml)
Time (min) 0 15 30 60 120 240

WB : p-JNK —— > |
WB : p-ERK ===
WB : p-p38

a3 2. bFGF9l 93 ERK, JNK, p38 kinase A %X #4].

H19-7 Al3o] N2 &8tz sjdae] 297 wi¥$ 10 ng/ml bFGFE A €]
stal 30 pg ME HE dNAS 12% gel®] SDS-PAGEC] o3& F23%
t}. phospho-ERK, phospho-JNK, phospho—p38 kinase 3 #Z o]&3d}]

Western 4 & AA]5FA -

3. Rho family GTPaseol|l 2| &t pip92 promoter &M E =4

A8 Ao g3 H19-7 MEFNA bFGF & 93 IEG pip92
7} e 7 @y 7] dd= MEK-ERK 74 29 MEK-ERK 9]¢

=2 3Pt B AFol = bFGFY 93 pipd2 +%=A Rho
family GTPase #&43 a3E Lolr7] 98] -1281 bp2l pip92

H
rlr

promoter”} reporter CATel fusion® construct®}, A &4 3}
H &4 3t ¥ Racl? Cded2E 212t &d ™ol dils ¢t slasle &

W E 9} co-transfectiondt AW, bFGF (10 ng/mD¥HS 23k =

—

¢

M
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Sl

o=
Aok (2" 3A), Wril= @Al &4d38tE Racl (VI2)S A3 Al
CAT @A =+ izl Hlal 358 F7H7F Cded2 (V12)= 2v) 4=
S7Hs St (" 3B). o] ZA#E FalA, pipd2 E&Hl Rho

family & Racl¥ Cdc42 &35 T3 o]FAFdS & & AT

ke

b wiale] CAT BAES ZAasich 1 2% gjzwo] v

&g st # Racl (N1I7)& A3 AlEeMe] CAT k=

>

aoll wlEl 75% AE FFAekal, Cded2 (N17)+= 40% A= fHA-sh

120
100 +
R ot
2>
G
E
= O
S
Z) 7 .
ol NN . .
NoT Control Rac/N17 Cdc42Nt7
-1281pip92/CAT + bFGF (10 ng/ml)
B
450
40 -
350
T |
2050
2
S 200 |
(o]
180 f
3}
100 |
w 7 .
0 . .
NoT Control Rac/N 12 Cdc42N 12
-1281pip92/CAT
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I93. bFGFAl 9% pip92 =@ f = "X = Rho, Rac, Cdc42¢]
.

H19-7 A2 Z+Z+ 1lug pip92 promoter plasmid DNA$ 1lpgel Racl,
Cdc429] A &Ads =+ v &3 E construct® 27 co-transfection 3}
of &3t N2 w4 stF mY & (B)oll= bFGFE 10ng/mle] &
2 1AZF AHEste] CAT 84S #4359 Y. -1281pip92/CAT promoter?]
CAT &4 ¥&& 100% 7|22 stof zH7be] CAT €45 %=E % Bk
o7 Yehlt

4. Rac1zl MAP kinase?2| &AM3l 22 &4

Raclell 93t pip92 HdAA=ZE EA317] ¢98] Racle A H|EA
st¥l Racl (N17)®% 3+ ZA43td  Racl (V12)& transient
transfection 3}¢] bFGF (10 ng/ml) A& 3s-AY A2 skA &2 A3}

Alatsked ERKSF JNKeO| @73t o5& Htrh A a9l
g Racloell dis] &4 sl ERKSF INKO| &3 2 A sto] ®srt
Aes FFT 5 UdAY (29 4A). =3 ERKQ] chemical inhibitor
¢l U0126 (10 nM)#} JNK upstream$! MEKK®Y] A4S gl 59
o] MEKK 2&d ®WHE AHglste] bFGF (10 ng/ml) *2] 443+ 39
23 vl aldte] GST-Pakl pull down assayS %3 GTP-Racl
g3 U A7 =AWl MEKKY #d Al Racle]l #aste

A & AT (2™ 4B). °] 2¥3E 3 bFGFe| Ao=

.

(2
=

<

i

Kol
=

i

INKS AA Racl &A43tE f2shS g9l sk 4 Atk
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N~ al
A z =
(@] (@]
c & &
FGF(10Ong/ml) - + - + -
Blot:p-ERK = &= &= 3
Blot : p-JNK = = 9
B =
S
= X
8 5
c S T
FGF(10ng/ml) - + - + - +
-

Blot : antiRac1 @ == = &&= == <« GTP-Rac1

I3 4. Racl®} MAP kinased 43 22 £4

H19-7 A3z 2 pgel &A] H|&AsE Racl (N17)Z A &4 3tE Racl
(V12) #&dWEH E transient transfectiond}o] 24A17F & N2 #3271 ul =]
A 2477 wFsk ofg 15%7F bFGF (10 ng/mDS A 2ld A3t A2t
%& AL anti-phospho ERK$} anti-phospho JNKZ Western blotS %3
AT (A). AIEE N2 w3t 270 wjAfel A 48A1%F wi¥$ U0126 (10
nM)¥} bFGF (10 ng/ml) 83}, 4 pgel A wj@Adsty MEKK @
AWE S At N2 &3 =1 wjAolA 24A%F wi¥ F bFGF (10
ng/mhE 4417t A2 st ME HEES GTP-PaklSZ pull down assay
= Y3t @A H RaclS FAZ o]&, Western blotS & #<ls}

Atk (B).
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5. p21-activated kinase1l (Paki1)2l Elk-1 =&

bFGFol] <93fA pip927F w&= u] pipd2 promoter? upstream
-1281 bpell #1#g Ets Z&Ate]ol dAtz=412}F Elkle] &4 stol 9
d Agto] FubES g ul g’ old Ay AS nigow I
A7FA AL bFGFel 98 JNK-Racl-Pakl €43t 4= 3sho] Elkl
o] A3l H+ A AFE Lolr 7] 8, 3 =X 10 ng/ml
bFGF & A& ¥ AX HAZFES Pakl IAE o] &3t A s}
a1, 714 % GST-Ekl1S o] &3le] in vitro kinase assayS 33
o (29 5). 23 A3 Raclol &35 % bFGE A& § 4]k A
Pakloll Al Elkle] ZatAl Ql4tst &= AS &< & 5+ Ak o]y
st A3t JNK-Racl-Paklo = Alsdg £ &dstel Pakle] #H
A Elkl1E Q1A4ks) o 24 pip92 F%7F o] Fold 4

.

bFGF (10ng/ml)
Time (min) 0 30 240

IP: PAK1 m <«GSTEkip

a9 5. In vitro kinase assayE %3 Pakl®] Elk-1 <143}

H19-7 Al3ell N2 3} 220 wfFHol A 297F wj $ bFGF (10 ng/mD& Al
R AHEsta MY HAEES ddu Pakl 'Jiﬂe Protein A-separose
bead B¢ & AX HEES o] WY HA A7l o]F lysis buffer2 29
AL % kinase bufferE ©|-83l 298t A=t} ©]E kinase buffer 25 pl, 25
ug GST-Elk-1, 10 pCi[v-"PIATP, 10 uM ATP)Z 4jo] 30T+ 3083t
vk &tar SDS-PAGE=Z #2]8}¢] autoradiography S A A sk th.
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6. Rac1oll 2|8t pip92 deletion promoter M T 24

bFGFe| ¢]gt JNK-Racl-Pakl-Elkl &3 A3&E nfgoz A4
st¥ Elklo] pip92 ol #Hofst= AAERA F9<l upstream Ets
F9el AgtstEA 5 A7l $18l SH-SY5Y  human
neuroblastoma®l 27019 Etse} 27019 SRE, SP-1, CREB Z 3597}
=AsH=  -1281pip92/CAT, Ets¢t SREZF #1A4® -1111pip92/CAT,
-287pip92CAT, Ets, SRE, SP-1°] AlA¥  -159pip92/CAT,
-89pip92/CATE] pip92 deletion promotere] CATeo] ZA3% % construct
o} &l &A3t¥ Racl(V12) plasmidZ co-transfection 3}l pip92
promoter A EE 4 vl 1 A3 Ets 919 SRE ¥9E& 7f
71 -1281pip92/CATS transienct transfection Al Z-& @ Raclell <] gt
CAT &4 =7t dA3s F7Fd o, -1281 bpolA -1111 bp Aol
promoter F¥<  AAZ, -1111pip92/CAT, -287pip92/CAT,
-159pip92/CAT, -87pip92/CATE] promoter &4 =7} 50% o] A
skith o] A3E F3 Raclel 9% pip92 FHd= wdel= Elkl¥
2%t Ets 7919 SRF7F Z%st= SRE #9115 *3sh= -1281
bpell A1 -1111 bp Atel ] promoter o] A3t Hof pip92e] W&

ol e =
ZATS &4 5 AATH

o
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238 6. Raclol 93 pip92 deletion promoterd FAE F 4,

SH-SY5Y A=A ZZF 1 pg/ml® Racl(V12) plasmid®t 1 pg/mle] pip92
deletion promoter (-1281pip92/CAT, -1111pip92/CAT, -287pip92/CAT,
-159pip92/CAT, -89pip92/CAT)S transient co-transfection 3+ & CAT &
s BAEA. ZHzEe]l pip92 deletion promoterEo] td A% (A)e}
-1281pip92/CAT promoter®] CAT &4 FR=E 100% 7|Fo=2 sho] Z47he]
CAT &4 v%5 % BEgo=z et (B).
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o AFolM= 25 wotell A FHlE sfvk AAF WG AEF
H19-7 A £ A immediate early gene pip92¢] #3}A] 2d 7 & o
el ZAbskslv 71Ee Gl efivk A 7] AEFolA bFGE A
gol og ANAA #ek FEA pip92 T, bFGE7E FE& A A
atHA &4 3t ¥ GTP-Rase &3l Raf7} @43t ¥ MEKE 7 A
MAP kinases$! ERKel ¢]3] Elklo] <l14ts} =i, o]Zlo] pip92
promoterdl Agsto] A WFo] o] FojX A @GP, ol A=
pip92¢] promoterdl T 7le] Elkle] A& 3= Ets H97F &EAIs+4]

2|

o] zle] pip92 ALl

e

i

o FRW A2 APl 4FHeE F

p S

FE AT AFdAE E=UE pipd2 EA43t A2 dide= Rho
GTPaseE pip92 promoter CAT-reporterE ©|8, &3ttt 4,

H19-7 A3EFo A Rho family GTPase® #3A @43 =& Uo}
2 A3, RhoAs #stxziolA &3t A ¢Fskal, Cded2+ bFGF
of ofs feolUA wel Frhetl &=t olo uka] Racle]l bFGFe
s 71 =A A3 H A, CAT-reporterd A% pip922] & o
7 AA #AFE HojFErh Cded29] 75, bFGFE A& shA &
S AT E AdAI B3I FAFHER bFGE #Agle] i3}
pip92 Hdol o] sta s Aom FAWAM, pip92 Tl 7]
o] gk Cded29] A& disiAe o AAIE A57F dojo & Aotk
(19 1, 3). ®3F Racl® downstream®|™, serine/threonine kinase¢!,
Pakle] Elkl= <QI4bstehs <kof Wivh (2 5). Elkle] d4hsl =<

pip92 promoter®] ZAHF9] A3 T HAALE EQlstr] f&E AN

ol



9] deletion pip92 promoter constructE A Z, AlddFATt 1 A
-1281 bp¥ -1111 bpW el pip92 promoter F¢ = Racle] &4d3t Al
&7 AgEt -1281 bpet -1111 bp Atolell&= F 719 Ets 9 1
Mel CArG F91= o] Fo{zl SRE A7 @Al o3t pip92 ZAlel
S g9et=d gel shift &2 2lsto] Ets H9+=
EIkl/TCFe} Agstnl CArG ¥ SRFe Agscta def g
2 A3 A¥, Paklel 9§ Elkl Q143 EtsH9E &

F4 HAXY (29 6), I ¢ SRF, £ o2 dHx IdA & A
Atz H9le] EA of = o FALs|Eolof ¢ Zlo]th Racle FF
pip92 fr=ol MAP kinase €43 35 A R7] 98] bFGF ¢
3k MAP kinase @435 A H oyt 1 A3 =2 p38 kinaseE A<
g ERKeF JNK7F bFGEel <& &4gst= vt (g 2). 7[EA
Al ERKE #3A] pip92 2o #Hoslar, JNKeF p38 kinases™
anisomycin®| 2%k A X AFEA] pipd2 FEol #Ast= How Iy
HTH*, Raclel o3k pip92 F=ol #olsh= MAP kinase 243 &
s Felstr] fs FA A3t e v &AdstE Racl plasmidE
transient transfection &}¢] phospho-ERK<®} phospho-JNKE &9l3}
of BH (2" 4A), A3 T+ v & A3t Racl plasmidol 2] &l
MAP kinase &Al3lol= < 3Fo] ¢la, ERK chemical inhibitor®},

10

e

JNK upstream®! MEKKE #®] 273} Azl mutant MEKKE A 2] s}
ol Racl® A3t FIFS U ZA=+= JNK inhibitor2 A €]
mutant MEKKoel| ¢]3] Racle] <Al®l ZHo= Hol JNKY
downstreame] Racl®] W&ol ZdEth= S <A HIAH (29
4B). o]+ 7]Ed ¢y IL-13 UV A=2 = Racl, Cdc429} Pakl

o] &A3te] 23 JNK, p38 kinase?] 43} Cdcd2e] n|&A 3=
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of B3 A7l Ao ¥R INK B8 Frse wze 2
B2 AR 84 ek 07 AzEAZANE e FPL BT A

23 E 7SS Stk ol ES AX typedd uwel Alxe] Ry &
s Hojste= AeRE ®a HYth Swiss 3T3  fibroblastell A]
Racl& lammellipodiaZ, Cdc42% filopodiad HAHS HE=38FAvH
RhoAE A EZ3l A& #dojats Aoz ZAH AT, o) g
St Rho family GTPases® GTP A% ¥ A3 el @2 Ao A
97 A4S GaerpY wel Al A A XEo) A, Rho family GTPases® 2l
spine @Aol| oI TpEE g3}
Alsta, g4 stE Racl® Cded2+= 4l
de7] @A o 94¥s FIFI EF Racld Cded29
downstream$! Pakl%® A7ZE7] Ao #olFdt}’. bFGFel 2] g
F3FA] pip92 wE o] AlA

YA
AEZo] A FFE nAACR dAsy, olo] i AF7t A3

o
iy
)
)
>
o,
o3
M
N
4
i)
2

BodAyds Fdel BW bFGFel  9df HI19-7 AE 23
immediage early gene%l pip92¢] #&d= uw] MAP kinase 52 JNK
g4 3}¢} Racl, Pakl 18]a1 AALERA 2% Elk-1°] #ost= Alad

271de S d ¢ dae o AgE (2" ).
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FGF

M I
pip92 promoter —.—l—'—l . )

Ets SRE Ets SRE SP-1 CREB

Differentiation

29 7. FGFol 9% pip92 ¢ ¢d EH4 =,

10 ng/ml bFGFE A &3t JNK} Racl &43 2 #AE Western blot¥}
GST pull down assayE ©]-&3to] &<l Racl®] downstream effector
©] Pakle] Elklol #rgsl=x] dolxm 7] 98 kinase assayE F3shs L,
pip92¢] Ets Aol W&o Fa3t &S st AS CAT assay=

Sate] & & glglon, A7 AX Bdo] wpeld oz FAH
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bFGFE dln} 217 Mz AE<Q H19-79] 10 ng/ml A &ste] AZ &
stAl =%+ immediate early gene pip92¢] Als W ARE A+
stef okt 2 Ads ATh

1. Rho GTPase family?l RaclS transient transfection 3}
pip92 promoter7} €4 8 & At}

2. bFGFE A AL w pip92 & FAJol #olst= Racl &4
Gdol T7F 8k

3. pip92 promoter &Adol] ¥ Racl> bFGFO 2gk INKe &
ol oaf &3t A

4. Raclel 9]¢t Elkl9] &4 Racl®l downstream$l Paklel] <3|
AAFs} wof pipd2 AL Aol e FTh

5. Raclel ©@ pip92 #AF &AL Elkle] Asls Ets #91¢ SRF

7} Agse SRES e AL LTS STk
S ATANE FFA B 9 HIOT AZeIM bEGF] o

immediate early gene pip92¢] %% JNK, Racl®} Pakl, #AALxA
o1z} Elklo] #sls= AsHIAHAZE Edle] § 298 a9k},
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Abstract

Signal transduction pathway for induction of immediate early
gene pip92 during the neuronal development in immortalized

hippocampal progenitor cells

Park, Jung Bum

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Ja-Hyun Baik)

Immediate early gene pip92 is rapidly and transiently induced by
serum, FGF, phorbol ester, and NGF during cell growth and
differentiation as well as by various toxic stimuli during cell death.
Although bFGF and active Raf were shown to activate the
expression of pip92 via ERK-independent as well as -dependent
signaling pathways, the functional role of pip92 has not been
clarified yet. Rho family GTPases are known to be closely related
to cell motility and the formation of cell shape. Among of them,
the activation of Racl and Cdc42 contribute to the neurite
outgrowth in many types of neuronal cells, and their downstream

effector Pakl is highly enriched in neurons. In the present, the

_27_



functional roles of Rho family GTPases has been investigated in
the induction of IEG pip92 by FGF. Our data showed that the
activation of Racl appears to be important for the expression of
pip92 in repsonse to bFGF. In addition, transient transfection of
kinase-inactive MEKK significantly decreased the activation of
Racl induced by FGF, whereas ERK inhibitor did not affect on
Racl. Furthermore, Elkl was phosphorylated by active Pakl
induced by bFGF. These data suggest that the activation of JNK,
but not ERK, is the upstreawm of Racl, and Racl-mediated active
Pakl directly phosphorylates Elk-1, which appears to be activation

critical for pip92 induction and subsequent neuronal differentiation.

Key Words : pip92, Racl, JNK, H19-7 cells, Elk-1
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