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p21-activated kinase 1 is allostericallylnhibited by naphthoquinone (NQ)

derivatives.
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The p21-activated kinases (PAKSs) are a family of
serine/threonine protein kinases and activated by
binding with activated Rho GTPases such as Rac or
Cdc42. PAKSs regulate actin cytoskeletal remodeling,
cell motility, cell survival, and apoptosis. Also, PAKSs
are involved in several diseases such as cancer, virus
infectious diseases, mental retardation, Alzheimer and
Parkinson's diseases. Therefore, the substances that
are able to inhibit PAK activation can be used as pow-
erful tools and medicines for PAK relative diseases or
specific inhibitors for study of PAK signaling path-
way. In this study, we investigated and characterized
the 5 compounds of 4-benzene-1, 2-naphthoquinone
(NQ) family as candidate substances to inhibit the
PAKT1 activation in vitro and in cells. Binding between
p21-binding domain (PBD) of PAK1 and Cdc42 was
blocked by 5 NQ-compounds in ELISA assay. Myelin
basic protein (MBP) phosphorylation was dramati-
cally reduced by treatment of these compounds in
vitro Kkinase assay for Cdc42-induced or constitutive
active PAK1 mutant. Also, phosphorylation at Thr
423 of transfected PAK1 was inhibited by treatment of
5 NQ-compounds in 293T cells, respectively. Finally,
NQ-5 inhibited strongly the PAK1 activation by PDGF
stimulation and cell motility in PDGF-induced wound
migration assay in NIH 3T3 cells. Therefore, these
NQ compounds will be good candidates as target mol-
ecules to regulate PAK1-related diseases or inhibitors
to study PAK1 signaling pathway.
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Introduction

p21—activated kinase (PAK)< A#&/2Adgod
Q143 & 4~ 24 Rho GTPase$! Cdc42/Racl®} 2 g3}
dAdstEi[1]. PAKS I8 -1 (PAK1~3)Y% 18-
11 (PAK4~6)E /3% 6719 olo]aFo] EA|gt}[2].
PAKY FQ 752 AxE49 A5 F4, Ax9
=354, Hl?t“’l F71, xS AE W AE AES
ZA3[3]. FFRHOo 2 PAKS N-Zd 2o x4
Euﬂ‘ﬂ(regulatory domain) ¥} C—ek F9°0] aA3Ad S
Ad i‘3H =l (catalytic domain) & & T4 5 o]
ATh[4]. PAKL1S N—2tt 9 oi= Rho GTPase
T O] Cdc429} Raco] A3ék= p21—binding domain
(PBD)©] ltH[2]. PAK12] PBD (67—113 oFv]=Ah) &=
Cdc429 Racol Agtsts #HAw] 2] <l Cde42 and
Rac Interactive Binding (CRIB, 75—90 o}n]x=Ah) o] gh=
ofF e AES zka dth[5]. PAK1e] #4do] gl
o= PAKLY =48 WAz Fr ZwQlo] Jo=
Agsta d= FHY homodimerE o] F1 U= Ao R
FHH(5, 6]. W44 PAK19l Rho GTPase”}
A3 homodimer’} monomer® #8511, 22g e
423 (T423) F99] Qitste] o] N-adt F2]9 &
QlAbslel ol8] PAK1> ¢+313] &/d3ts el npah(7

Lo

WRE oby gt PAKS & A, Az AE B AbE
%Hjt:fl TAE zZka Sith[9, 10]. 53], PAK1&
2 (breast cancer), 2% (colon cancer),
X}%Ol(ovarlan cancer) ¥ W3t (bladder cancer) ¢l 4]
(9], Zh&el ok PAK1S &4 F7H7t
Fpal HaEATH11]. wEhA
A= FQ FHOE AAHY I,
A

o) )
N
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I -1 PAKS] o2l A&l IPA-3% PAK29] Al
192/197 #719] Qlabsls As|gdozm PAK22S &4
QAo Ao 2 HaEgtH[15]. IPA-3+ PAK 1
w19 24 Zvlef] d3tste] PAK 2w —Tef sl 5ol
ARl et AsjadsE Blk PAK1el tial 95%, PAKZ
off thahl 70% = PAK3el thafl 60%2 &4 oj# a3& o}
= A ¥4 &4 (small molecule) 2, 715 —II PAKo] &=
BFE A A= Aoz dH AT [13]. T3 PAK18] g
= PAK19] Q14b8tE JAsta, Rasell 9 & oF A8 oA
g Sl HErOl = AAIZE Bars o] Qleh[16].

B Agate 15 -1 PAKY 22 Wl & Cded2/
Raco] A%st= PBD §-91ol A3jtsto] PAKSY a484 S
oA sk o2 H-9 A& Al (allosteric inhibitor) & 2= 3}
+ ELISA WH& 129319111, 1,4—naphthoquinone Z1<€
9 35S Ao PAK1F PAK3el tisl] Sold oz
2y g-3hi= A A E e uh[17]. ¥ A4 1,2—naph—
thoquinone (1,2-NQ) AlQ2] g3H&ES o] 43t PAKS
st A8 a9 dSsstaAk skl 1,2-NQ =245 &
rhinacanthone, beta—lapachone % mansonones 5= At
AANME A= EAE0lT AXEHES 7ML Q&
EAE GHAT[18-20]. HHELE Fol= Al $1 54
235 9y QY 53], F 1,2-NQ F=AE°] Hep—
G2, MG—63 ¥ MCF—7%9] thaFst ehAls5=¢f o8l Al
598 7Y o] A HA Az s 7k
< AFs] e AP MaAE T geh[21]. # AFAM =
1,4=NQ =l st A8 AFd2E vg ez, 552
1,2-NQ A4 3= PAKLl 3t A &35 A3
a1, oo W AESA A4 x4 g3E Ao 7ZH NQ
s}ehE o] PAKL A8 a%E HS5skaAt sk

M

1 o

I

Materials and Methods

Materials

5%°] 4—benzene—1,2—-NQ 3}3HE2 =73}t A ¢
A F-oF ol AFE-EFATE Carbonate—bicarbonate buf—
fer, phosphate—citrate buffer with sodium perborate,
bovine serum albumin (BSA), bicarbonate buffer,
2,2'—azino—bis (3—ethylben zthiazoline—6—sulphon—
ic acid (ABTS), anti—GST-—horseradish peroxidase
(HRP) conjugated antibody, XTT kit % myelin basic
protein (MBP)+ Sigma Aldrich A%& AFE3F3ATE Al
kel AR wjeFe 9 fetal bovine serum (FBS)
2 Thermo Fisher Scientific A%< AFE-SFA T Myc3
GFPel tfdt &A= Santa Cruz BiotechnologylAl 1l
k. AAl¥ GST-PAKI-wild type (WT) @A
AbcamellAl T3kl AL, 4% GST-PAK1 (T423E)
S A oA ] G A Bt AR [y—3P)
ATP% Perkin—Elmer A% & A48t}

GST-Cdc429t PBD-His THHE! gtad S M|
LB ufeFofA] njekdt GST—-Cdc42+
YW1 6A1ZE F7F vjoFste] T d e S

ImM IPTGE

e
FESAT. B

Z5 k7] el A ste] gl gt e
EHEE dWds &350 59 G A S glutathione
affinity chromatography & 2 A|8e] GST—-Cdc42 w94
WS F&lgith PBD-His #% 98 2 342 S5 o
g S W A7) & NTA-Ni affinity chromatography =
A Al8to PBD—His WA S A sttt A st v
Lowry W& o] &8 @il d-& g o}l a, A whul 4
< SDS—PAGEE AAlste] &elshgitt.

it

MITEHH

293T M3+ Dulbecco's Modified Eagle's Medium
(DMEM) (Thermo Fisher Scientific, USA)°ll 10% FBS
9} 1 X antibiotic—antimycotic solution®] 41<1 HlJ =] el A]
Hlekatlal, NIH3T3 AlE£& DMEM wiFdtel 10% calf
serum¥ 1 X antibiotic—antimycotic solution®] 41¢1
Ao A v k3l th Hela Al £+ minimum essential me—
dium (MEM) #ieFl el 10% calf serum ¥ 1 X antibiot—
ic—antimycotic solution®] 41Q1 WA A wjFslA Tt A+
7] A= B5 37T, 5% CO, 5%2] MEZujek7]olA] uj
okttt

Enzyme-Linked Immunosorbent Assay [ELISA) #i& 0|88t &
o My

96 well plate®] 30 ng PBD—HisE carbonate—bicar—
bonate buffer9t 7 41> § 7} wellell 50 uL# €1 4C
oA 16 AIRF EF Az Th A7 A7 & PBS-T (0.1%
Tween20 in PBS) 200 pLE ¥ ol 3¥ AlH stk 527
& 98l 1.5% BSA €& Wil 37CelA 1417 whgA17
%200 uL PBS—T= 3W A1 ¥ 3}tk GST—-Cdc42 &9 4
< Tris—HCl (pH7.4) &Nl 1 pg/mL F==Z 84 ste] &
vl &tk o] 27l 100 M e NQ 3t =S £33 5 7
welloll &5k o, Wh§-2 37°C k7] Al 1A1ZE 52k &
Tkl RS & PBS—T €9 200 uL= 3¥ A& kit
Anti—GST—HRP conjugated antibody (Sigma—Aldrich,
St. Louis, USA) & 1:50002.2 3|43t 5o 7} wellel 50
puLA g@ar 37 CelA 1 AIRE WEEAI T WS § PBS-T
FHoR 39 AT, TAAF 2,2 ~azino—bis(3—
ethylben zthiazoline—6—sulphonic acid (ABTS) (Sig—
ma—Aldrich, St. Louis, USA) & Z welldl]l ¥ % 37TCe]
A 2043 A ste] A S 2SI A 3= Microplate
reader (SpectraMax M2, Molecular Devices, Sunyvale,
USA) & 405 nmelA FZEE F7 ko] azsiqlvt.

In vitro A9 g A M =X

AAE GST-Cdcd2 M A (2 pug) 2 GTPyS (100 uM)
= vlg A3¢A7 F GST-PAK1-WT 9 T423E ©W
A 7} 200 ng?, 714 % AFE-== MBP 2.5 g 3l 1 X
kinase buffer, 1 X ATP, [y=*P]ATP (5 uCi) & F7}a}
o skt o] =AM 72 NQ g8 E 20 uME Ao+
F 30CelA 30 &2t QUAks; v =353l QlAks)
HE-&-2 SDS loading 42 H 71t & 100 ColA 583 #
o Hk-g-& WA vk WA 55 12% sodium dodecyl

sulfated—polyacrylamide gel electrophoresis (SDS—
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PAGE)E A3 % polyvinylidene fluoride (PVDF)
membrane ©. & O] At} <Akl wul g 25| &
3 PVDF membrane X—ray Z&% o83 —70TCA
16A1RF o)k A & dstalv. A7k d9AdE GST 3
MBP @A & o] &3] "&£ AAI5H T

SAUII EAHABAM
293T Axz ETAAAE k7 Aol sjFxdrlel Zot 5
Stk EtAag Aol AFE-8k= plasmid DNA 1 pg® 500
puL  OPTI-MEM "% (Thermo Fisher Scientif—
ic, Waltham, USA)& 411, 4 puL Lipofectamine 2000
(Thermo Fisher Scientific, Waltham, USA) ¥} 500 uL
OPTI-MEM #jFel & A2 2709 Fu5 242 &
2 FEE O] A1o)A] 2ol 2083 WA st 0] 3 Al
e FEAH WMARE 13 A3 § Fh)s A S
F7hato] 4417 mieksk Tt 4AIZF = A2
OF WASkAL, 24413 F7} vl ok stod
Ao A A ® e
At FAE o) gt ¥

19 i
e bl
i Jf
o
ot i
%
N
0
5&
2
iv)

MZ 0ISA =3

NIH3T3 Al ¥+ 6 well plateoll %3] ZSk
(6 X 105/well). vloFst AlE= vellow tipE< ©] &3l
A5 Yo gA¢l HERE] AEZE AAs] W F3H
S WeEd, AXE F8A wiXE 13 AlFHe $ 0.5% calf
serum= X33 DMEME 7}kl o] 2714 25 ng/
mL PDGF9} NQ 33&& %90, 5, 10, 20 pM) Z 3
7het - 24417 S AlEa) k7 oA wlj ks Mol A
sl azhE AEEdTh NQ SES 717} 3 well®d 1] 381
At ML olF fF %

_)
)

B
A5 W 7o Pol Mg

Relative Cdc42 binding

10 100

1
Compounds (uM)

Fig. 1. Inhibitory effect of Cdc42-PBD interaction by NQ
compounds. PBD-His (1 pg/mL) coated microplates were
incubated with 5 compounds (0, 0.032, 0.16, 0.8, 4, 20, 100
puM) and GTP bound GST-Cdc42 (100 ng/mL) for 1 hr at room
temperature (RT). Then ELISA reaction was performed with
HRP-conjugated anti-GST antibody. The relative Cdc42 binding
to PBD was calculated from ELISA data. Each experiment was
carried out in triplicates and the data are a representative of
three independent experiments. The value is expressed as mean
+ SD (the value obtained from DMSO treatment as a control
was arbitrarily set to 1)

S5t AlxolEAgE F418H%laL, AEolE Cooled
CCD Zl™2}(Cascade 512B, Photometrics, Tucson,
USA)7F -2 o 914ak @w| 7 (Olympus 1X81-ZDC,
Japan) < o] &3l &9kl ar, o] 58 +41 MetaMorph
software, version 7.1.7 (Molecular Devices, Sunyvale,
USA) & o] &3t

UM & HA
2}7h AESZE N (50 mM HEPES, pH 7.5; 150 mM

NaCl, 10% glycerol, 1% Triton X—100, 500 uM EDTA,
200 puM sodium—pyruvate, and 50 mM B—glycerol—
phosphate) ol A g|ate] ALE &A1 & G g
FH kT MR AE fEA gl &2 1 mgs
ARt nA sk UAFA 1 ugs 91 4CollA] 164
<+ WA F protein G—agarose (GE Healthcare,
Little Chalfont Bucks, UK) ¢ A&A # ), A eb 4 g3t
@S PBS®E 33 AAE § SDS-PAGEE AAk3
oh A7 %F T @ A2 PVDF membrane &2 ©]5A]71
T A ERS HAAETE Wl 5% PVDF membrane
3% FAE S Fq 303 A2 ste] E=A s8I

bl

N
o

AR e

A gska 33 MFskolth Wl 8% ¢ A= enhanced
chemiluminescence (ECL) Al¢f& Ao W55 F=3
< Luminescent 97 4] 1] (LAS-3000, Fuji Photo
Film Co., Tokyo, Japan) & ©] &3] 3233t}

) oop G PAKI(TAZZE)
& Oogoe P §89¢¢
- = = |%MBP ® = e [P
-rﬂ---_.‘GST.CdMQ @ = w0 o | T0laIMBP
-9 "g-?imamsp

Fig. 2. Inhibitory effect for PAKI activation by NQ-5
compounds in vitro kinase assay. (A) Inhibition of Cdc42-de-
pendent PAK 1 activation by 5 compounds in vitro kinase assay.
GTP-Cdc42, PAK1 (200 ng), MBP (2.5 ug), and [y—?P]-ATP
were incubated with each 20 pM compound for 30 min at 30C
and resolved in SDS-PAGE. MBP phosphorylation was ana-
lyzed by autoradiography. GST-Cdc42 and MBP proteins were
analyzed by Western blotting with anti-GST or MBP antibody.
(B) Direct inhibitory effect on active PAK1 in vitro kinase as-
say. Active PAK1(T423E), MBP, and [y—**P]-ATP were in-
cubated with each 20 uM compound for 30 min at 30°C and
MBP phosphorylation was analyzed by autoradiography. MBP
protein was analyzed by Western blotting using anti- MBP an-
tibody.
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Results

NQ 3HSHE0]| OI8H PAK12] PBDQI Cdcd2 ALOIC] 2 oiX

PAK19 PBDel 43 GTP-Cdc427t AEstd
PAKlS QlabslEw | ol & PAK19 &35 o|m| it}
ol 54 S o] g8lo] PBDS} Cdc427te] AdHe A 4=
e EAS I omm PAKLS &4 AdAE TEst
1A} ST AFEHS A AT o9t B2 o
1,4-NQ F A5 o] &3lo] PAK1 2 AsiAE 7Hdsle] 1
I ERTH17]. & AT ol E Wy 5719 1,2-NQ 1=
A ggES o] &3tof PAKH PBDS} Cdc42 Abole] At
< AAT F A= s BEEATH(Fig. 1), vrel g ofellA
el 4l A% PBD-His®F GST—Cdc42 @2 o] &
sted NQ shghEo] 7 @ Azke] A3hs A 4 od=A
ELISA W o= 2483t 559 NQ 3% 5+ PBD¢}
Cdc42 AFo] 9] A& Agld F52(0, 0.032, 0.16, 0.8, 4,
20, 100 pM) el Bl sko] AIghe ##E 5 AT (Fig.
1 & Table 1).

ﬂHﬁJ

[
-

NQ SHSHE0]| OI8H PAK1O] SASM Ol

5% NQ gF8ES o435+ GTP—Cdc42¢l 23l 1=
= GST-PAK19] &4stel dAste =AMo] GST-
PAK1 (T423E) 9 a4%4 =4 5-E invitro kinase &
JxAE Fal FAATH(Fig. 2). ol PAK12 &3k
[y=2P] ATP7} 3l 23 )A 7142 AFE3F myelin ba—
sic protein (MBP) ] <143} A == autoradiography &
Agto 2 gelatdth Cded2el el B8l GST-
PAK1-WT+ 20 pM 5 5% NQ 3322 AgadS 1
5% L 38 MBPY QA E Ak AS #Rd

Table 1. Structure and ICso (uM) of NQ compounds

Compound Structure Cdc42-PBD
interaction 1Cso(uM)’
O
NQ-I L‘I “u;‘jf'r 0.47 + 0.15
e
X
| S PN
NQ-2 X I\T 0.53 = 0.165
Q
NQ-3 L 0.27 £ 0.097
[V]
Ao
NQ-4 (1 'IT 0.54 + 0.098
Qs
A
NQ-5 0.13+0.028

“means + S.D. NQ = Naphthoquinone
These compounds are modified from NQ.

T AATH(Fig. 2A). 3}§Eo] GTP—-Cdc42% PAKI1
oke]l ¢l PBD #9¢] }01 AFE Solz o7 Ao zH
PAK19 QIAHsl &4 A S o AIsHS ousict Byl oty
2} o] SFEES %‘* 9] GST-PAK1 (T423E)01 MBP
= QlbsiAl 7= A E A St (Fig. 2B). &, NQ 3H3HE
2 o]u] %W,ﬁ}!ﬂ PAKloﬂ s A = Zﬂoﬁﬁﬂr% vrERS
nlgttl, 18k, NQ EEES @432 GST-PAK1
(T423E) £ A 3= 2 BWud GTP-Cdc4 29 & %
= GST-PAK1-WT?9 #4355 A= b wr) a4
S 4 AT (Fig. 2A). o)8d Ar+AnE vigoz
A 552 NQ 3EE Foll F 74 21 BFelA 7)
ot A& a7E deElE NQ-5 g =S Agste 5
& PAK1el dist &4 As|azs Bmo A4 o®
SA=

-

=0

o
=

oﬂl m‘r‘
o

lo

lo,

Jﬂknoﬁrymﬁr

&
|
13

NQ-59| PAK1 &-a X0l 21 EAL
F5o)] W NQ-59 PAK1 4 Al &= in vitro ki—
nase assay = &3l 1399 (Fig. 3). GST-PAK1-WT
dZA ) GTP7F A3 E GST—Cdcd2-GTP &9 Ag o]
43to1 0, 5, 10, 25, 50 uM =2 NQ-55 A2l gt & 7111
Q1 MBP] QI4Fst A =& vl stgith A2l e NQ-59] &=

A B
0 5 10 25 50 NQ-5(uM)
+ 4+ 4+ + + + GST-PAKT(WT)
+ 4+ 4 + GST-Cde42-GTP 0 5 10 25 50 NQ-5(uM)
+ - - - - - GST-Cdc42-GDP

+ + + + + GST-PAKI (T423E)
- - 52p-MBP B ddh pEP

wss o own @ e | GST-Cdca2

B ® W s ot vEP

- e @B &= = | Total MBP

0 & 10 20 40 NQ-5(uM)
b4 4+ 4+ MycPAKI (WT)

-+ + + + + GFP-Cdc42(V12)
-—— P-2AK1 (T423)

3
8
|

100 0
+

— = — — — — | Myc-PAKT (WT)

0 CdrdD (V19

NQ-5 (2 hr) NQ-5 (20 hr)

Relative cell survival (%

Fig. 3. Inhibitory effect for PAK 1 activation of NQ-5 compound.
(A) Inhibition of Cdc42-dependent PAK1 activation by NQ-5
in vitro kinase assay. GTP-Cdc42, PAK1 (200 ng), MBP (2.5
ug) and [y—3?P]-ATP were incubated with NQ-5 compound
(0, 5, 10, 25, and 50 uM) for 30 min at 30C, and MBP
phosphorylation was analyzed by autoradiography. (B) Direct
inhibitory effect on active PAK1 in vitro kinase assay. Active
PAK1(T423E), MBP, and [y—**P]-ATP were incubated with

NQ-5 (0, 5, 10, 25, and 50 pM) for 30 min at 30°C and MBP
phosphorylation was analyzed by autoradiography. (C) 293T
cells in a 96- well plate were incubated with 0, 5, 10, 20, 40
uM NQ-5 for 2 hr (left) or 20 hr (right) and then added to XTT
solution for 4 hr. Cell viability was analyzed to read absorbance
at 450 nm. (D) Inhibition of Cdc42-dependent PAK1 activation
by NQ-5 in 293T cells. Cells were transfected with myc-PAK1
(Wild type) and GFP-Cdc42 (V12). After 24 hr, cells were
treated with 0, 5, 10, 20, and 40 pM NQ-5 for 2 hr. Cell lyates
were analyzed on Western blotting with anti-phospho-PAK1
(T423), Myc or GFP antibody.
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0
2ol mRHow AT 5 Uee o 5 3

In vitro kinase assay°lA NQ-5+ & <oEHo=
PAK1® &4 @42 oAlskdnt. 1822 NQ-57F 4
AHoZE AX Yo% PAKLIS 4% AT 4= lert
= dolR T NQ-59 A Weld Hedt 5w &g o
F PAK1O G4 S AT 5 A7t gotrr] flal WA
NQ-59 A3 54 o] & 1Fstolok 3k3lth NQ-5% 0,
5, 10, 20, 40 pM == 247 2417+ (Fig. 3C, left) ¥ 20
AlZF A2 (Fig. 3C, right) 3 AlZel tjst 54& XTT 24
S Mo R ISttt 1 A% NQ-55 2417 A3t =

BE FEolA AE5AE vhebbA] ekokar, 20413 A 7
Al A Eol M AL Al RS o] VEREA] ekgtett 20 uM
740 pM FEoNA oF 10~20%2] AIE7F Fi= o] #ZE
Atk (Fig. 3C). 293T AlEe] pCMV-Myc—PAK1 (WT)

0 40 NQ-5 (uM)

0
+ + PDGF (25 ngimi)
+ 4+ MycPAKI(WT)

()PDGFOhr  ()PDGF24hr  (+)PDGF/24 hr
NQ-5 (0 M) g

0 0 20 40 NO5(M)
-+ 4+ PDGF(25ngimi)

Endogenous-PAK 1

o
< - : N NS
= - | H I

+) PDGF/24 hr

Relative cell migration
o

o
=

+

+

- + 7+ PDGF (25 nglmi)
0 0 1 5 10 NOS(M)

Fig. 4. Inhibitory effect for PDGF-induced PAKI1 activation
and cell migration by NQ-5 in NIH3T3 cells. (A) Inhibitory
effect for PDGF-stimulated PAK1 activation by NQ-5. NIH3T3
cells were transfected with myc-PAK1 (wild type). Serum
starved cells were pretreated with 0 or 40 uM NQ-5 for 2 hr
and stimulated with 25 ng/mL PDGF for 30 min. Cell lysates
were immunoblotted with indicated antibodies. (B) Inhibitory
effect for PDGF-induced endogenous PAK1 activation by NQ-
5. Serum starved NIH3T3 cells were pretreated with 0, 20, or
40 pM NQ-5 for 2 hr and stimulated with 25 ng/ml PDGF for
30 min. Cell lysates were immunoblotted with indicated anti-
bodies. (C) Photograph for PDGF-induced wound migration in
NIH3T3 cells. Wounded NIH3T3 cells were stimulated with 25
ng/ml PDGF with NQ-5 (0, 1, 5, and 10 uM) for 24 hr. Then
migrating areas were imaged by Olympus IX81-ZDC inverted
microscope equipped with a cooled CCD camera. (D) Migra-
tion activity was analyzed using MetaMorph software.

¥ 84480l GFP-Cdc42(V12) FAAE EdAd A5}
24X F < BA A7 § NQ-5%F 0, 5, 10, 20, 40 pM 5
EE 2A1%F A gstgitt. o] RYE Tl 42 AE FENE
A7 53 F DA Myc—PAK19] 228 2 4324 o}
w2 AH(T423) 4719 14bsHE PAKLS] T423¢] {143}
Eold el &A [P-PAKI(T423)]1E o]&d ddEES 4
A8ttt (Fig. 3D). PAK1S] T423 <QlAiksh= & PAK1Y
A shE Flshe diamaQl Welrh NQ-59 A &
oJEH o7 AE U PAKLY 435 dAA3HA o A8t
A& BAF v (Fig. 3D). 1822 NQ-57F A% U
oA % PAKL 848 A3l e 5 vkes A5 & 5 ASUTh

ol et

PDGFOIl I0H S=EI= PAK12] ZASH0)l CHEH NQ-52] XioH &t

QI 2= 2% PAKLS EASHE o] sEEe] AAT
I E=7F dolr 7] 93] platelet—derived growth factor
(PDGF) el &8t PAK1 9] &/ 3t& =33 Th NIH3T3 Al
o] PDGFE A glatd PAK1 A 39 3], PDGFEel 9
d &4 3t = PAKLY 3 Az d g o] NQ-59 238
ZAE=x #2eATH(Fig. 4). NIH3T3 AlEe] pCMV -
Myc—PAK1 (wild type) FAAE EFAH XS] Myc—
PAK1S #2d A7 % 40 yM NQ—-55 2417+ A3 &
PDGFE 3047 2] &tk (Fig. 4A). o] A 2
@ Myc—PAK19 Q4317 @A 3] sk 2S a2s)
itk Wk olu gl NIH3T3 Al2Eel NQ—5%& 2H7F 20 pM T}
40 pME 47} 2417 2§ § PDGFE 3043 A g 38heq,
PDGF A=l that NQ-57F Al o] £A4138H= endog—
enous PAK19] T423 o}u]Ak2] 014k3}E 581514 A
3l A S BEE T (Fig. 4B). o1& NQ-57F Al Ulof| A
PDGF #=tof] 2]8 PAK19] 43 7| 1S axd o= A3
e oS AAFeHE Aol

PDGFOIl 2100 S =5I= MIEOIS0IAM NQ-521 XoHZ ot

NQ-5 3}ghEo] PAK1S 4 oAgHe Fsigion
2 PAK1el o8 24y = B4 Ves 2dsteEA &
o}® 12} 3tttk PDGF= PAK1S &4 31417] 4L o]+ Al
Fo] o] EAE FH3I[22]. B PR o] HAEE] A8
NQ-5% °©]§3+ PDGFel| 9&] f%E %= wound migra—
tion assayE AAEA T NIH3T3 Al EE vellow tipl &
A4 (wound) = WHE ¥ 25 ng/mL PDGFZ 24A17F F9oF
A sto] AlarolEwS FEstt) ojw] 742t 0, 1, 5, 10 uM 2]
NQ—-5% &7 A glste] o] 3g&o] Mxolsol vx= o
F& AFSESITE PDGFE A ElekA] &2 2719 PDGFRFS
A s 2718 vlwshd PDGFol 28] ok 2 ul A3 o]%o]
=7t sF9 ok (Fig. 40). Z81vk NQ-55 Al st 49 A3t
Lo ulEste] Axolsol AMAORE st A4S A
& Uth(Fig. 4D). o149 A ¥ Z5FE NQ-5% PDGFel
918t PAK19 &4 & Asfgto 2 PDGF &l AlEols=

A

A& 5 gdrhs 22 BAHAT

sk

Discussion

Sl Qlabsl a4 Wby £ EQdwo] T 9% &
do] Wghs vhokst Any) Qo] Qlu, 53] delA T2
st kg shr) 1990 d ) $RE-E /1 E Trastuzumab,
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Gefitinib, Cetuximab 5= A% X%

o] 24 (tyrosine) AAF3ta 42 B S JA = & A 5A4
olth[23]. ¥4 WEHW X = A9 Imatinibe] & o] F,
Al EAS T2 07 sk Aok to] HAsl ¥ Qlrh[24,
25]. QUAbsE A A Aol st #de AER BA A
o] Wkt QIAbstE A EA A AlE A e A
2 olojx|al QU it 5ol Au|Eo R U gojuy
5 A&t AgetA Ak W] AL ok At
off oo sl Adalof g Fash vA Fo| shteta & 4 9t
<ol Adabsta el tist A S o)) §J5ked, ATP A
2] 7t obd 71 9] AgkAlev 24 Tl Aty
o ZrEal= vFEAY (allosteric) #8] &29] wk=kof 724
o] AFH 1 Jvh(24].

PAK12 PAK family ZelAl 7Hg @ol AF=glon,
PAK19 & 9 &4 577 di s, f4<h Abssk 5 o
oFgk eroll A B Fo] Qluh(2, 11]. 6719 ofaAYd & 714
= PAKsS C—2idof ofu]ialt A Go] mj§- ALk ¢14k3}
B4 WAL 7HAY 53] 1F <roll A dAaksta 4 wel
ik olugl N—ghedk 299 x4 EuQl % u$ FALE
Z5 71X ATP 23 795 2802 AFEE 49, A3
B AR QxS E A o] FxE FAM R Qb
EolAo] BE£3 A7 Wk e QAsas Trelo)
obd 72 Zudle] Zg-sle AshAES st skt
AR ot} I A ®, PAKLY &4 AsiAlZ e [PA-3
+ PAK19 =4 Tdle] Akt thExteg] AsjAo)r,
ko]l gA S AAetE Ao RuEr[26]. [IPA-3E
PAK19 th&xte] AjA= /s A vk PAKT# Y oy
2} 71 19 438 PAK2$F PAK3l a4 = AR A8
BIE Hole Zlo R dEAtH14]. o]yt o= FolA
PAK &4 A allA| 7)ol o gt A& AlALstt
2 AT A= PAKLC dial] So] Al &4 AsAlE 7 aet
7] 98l PAK12] N—ak F-9lof 9113t 24 =l 5 &

A& Cdc429F Racol Agsh= #9191 PBD H-&& o] 83}
t}. Z, PBD 99} 84319 Cdcd29 AES AAA T
© 24& ELISAWH o2 ANER 1, F dalde] A49-S

A7 =] PAKLY] #4S AsE 5 l=rks o
gk o wAste] Bauskivk(17]. PAK1®] PBD
o
<

(

)

40 02 12 ¥2

| E43te Cdca29] Adko] dojuba] PAKLS] 14ks}
HA B[] T2} wigtEo]of PAKLO] WA w &
A3 = 5 Q7] witel] £ whuld Alol o] AS oA}
£ 32 PAK19 84 & AalT 774 S st Alaksks
Zolt}, B Aol A AFE-3F 4—benzene—1,2—-NQ 3}+3H&
5% Cdc420l 28t PAK1S] 43} 9 &4d3t¥ PAKI1
of thall a8 S AR 53], NQ—5+ NIH3T3 Al
Zo X PDGE A=l 2]8t PAK19] &4 4 PDGF Aol
o8 fFrEE AEolss avygor Attt PDGF
= PAK1S 43121713, PAK1S %2 =re19 NCK
domain®ll 435 Uo7 PAK1S AF3AI 7] 3L Cde4d?2
o] BA o= JEFE Fo] AEY SHAL 2ETE B
7} ek [22, 27]. NQ—-5% PDGFel 98] S7tshe AlE =
534 Asllst71el PDGF AF=rell €]k NCK$} Cdc429] &
g A JFE v A= Flolgt {58 2 4 vk NQ-5
o] PAKIl th3t A ayts mof A8 oz gty ¢
S A= PAK S 6% ofolztqlell ti st A s &35 vl et

¢

U 71E9 g aatstasse] thet Aelans dolot
W PAK1e| dial] Sold o= g get=AEs 728 & A
Zolth £ 7= NQ 3% 5%50] §AFH PAK1l o3l
A ads velya, NQ-57F NIH3T3 Al*EelA PDGF
k=] o&l PAK1S] QU4atstr) #hAaste] E4do] gAgS
ghelatlal, 3 PDGE AF=roll 93t A Fol5S AAES
w23 5 9l

2 A= 5 FNQ FEE F5407F PAK1S] PBD #9
2} GTP—Cdc42 AFel9] A JASOZM in vitrool A
PAK1el gt 1absta s Aslayrt g gelshsich
1 Fo] NQ-5 322 AlE YolH % PAKLS E42 9
A ok ofy g} PDGF Aol 98 PAK19] &3} oA
gl Aol ofAlel anH e gkt 28 NQ-5
S PAK1el dist a4 AsAlZ Aaetr] flsiAe ¢
A F7A o7 gqls) ok & A7l dokolth &, NQ-59)
PAK1 Asll&#e] Sol/d& #zatr] 98 2+# 19 PAK
ofo]aAFd 9l PAKL, PAK2 Y9 PAK3el djdh A& axts
vl #asjol & Zlolth, w3 NQ-55 o] 43lo] 71E9]
o ArstE A E g A avE dotry] Hste]
Q xtsta sl digt 2 As) aE vlusol & 0]
th, Wk ofyel B Ao s NQ-55 £33 5709
NQ stg=Eo] PBD #9el Agst= 31014, &2 Cdcd2¢]
AR Ashe ZAA BYsA elshA E A F &
wn g xlol o] AdtS A &|eta, A3 A 7F PAKL1Y) &4 &
S AT 218 gl Zlojt) o] & PAK1 | Hlgh A
3 =R ety Yaldes NQ SEEY F oAz
A B gt A7t g dag oz Azt o]
3} e o4 slAdslof & HAlE0] dol A & @A
AENQ-55 2388 5 £2 NQ 33 2852 PAKI
o] 29 As A= 7ed S sl 7EA AL 9] Wil A
£7¢) A #=8o] Q3 PAK] B4 A FHEAR B
e
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