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#WE  RhoGE & Kk ARasH Rk R N L —, AXRho | GE & @420 R A, FFR K
7 2 89 ARhoA. Racl##Cdcd2. RhoGEA AL T i@ RIAT. @micthsh. @mie
. MR PRAEFETZHAY TR, AXEANFERGAT T, RhoGE G 8 T i 2L
E 8 S =& & $ B (p21-activated kinase, PAK). ROCK(Rho-kinase). PKN(protein kinase novel)#=
MRCK (myotonin-related Cdc42-binding kinase) X 4% 7 7] X691 F . £ 5FFR A I, PAKT AT
L R 3 ) F A e iE 3), 7 41, PAKE i MAPK (mitogen-activated protein kinases) 5545 3. 4m
LB = Fo 3 A58 BA B m fieL B it A2 ; ROCK S WU3)h & & B ) 45 4525 T o 69 T B 4a it
B Bt A2 693 A K vH FL3h 4 69 PKN S RhoA/B/CAB LA B A~ fm JoL 7 4298 ; MRCK 5 4m it &
REHE. WM. MEAR T CERIL. @A IR @R ZFR K. X E/%Rho
GE G T ##EPAK. ROCK. PKNAMRCK#) 4 4 B 3 & e f KRBT F a9 2hhe, £EE4E
N AE BAz tm B JB) B4 0946 ), 3 R AR & 4m e ) BREAR P T R AR 69 VE R, 2 F RSB JE06 77 69 %7
Yo 5 RAL I AR IE .
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The Structure and Functions of Small Rho GTPase Associated Kinases

Yan Huijuan, Wunier, Morigen, Fan Lifei*
(School of Life Sciences, Inner Mongolia University, Hohhot 010021, China)

Abstract Small Rho GTPase protein family is a member of the Ras superfamily. The human Rho family of
small GTPase is comprised of 20 members, of which RhoA, Racl and Cdc42 are best-studied. Small Rho GTPases are
involved in many important biological processes, such as cell cytoskeleton regulation, cell migration, cell proliferation
and cell cycle regulation. The downstream effectors (PAK, ROCK, PKN and MRCK) of small Rho GTPases play
indispensible roles during the regulation of these biological processes. PAK regulates actin cytoskeleton dynamics and
cell movement, and aslo is involved in MAPK mediated transcription, apoptosis and cell cycle progression; ROCK ind-
uces actin stress fiber and focal adhesion formation, and is a regulator of cell cycle progression as well; PKN regulates
cell cytoskeleton rearrangement downstream of RhoA/B/C; MRCK is a central regulator in several physiological
processes, like cell cytoskeleton rearrangement, nuclei rotation, microtubule organizing center relocation, cell

movement and cancer cell invasion. Here, we summarize the current understanding of the structure information and
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functions of small Rho GTPase associated kinases in cell cytoskeleton rearrangement, highlighting the contribution

of these kinases on the eukaryotic cell cycle regulation, especially the roles in cancer cell cycle progression. We are

hoping to shed light on the cancer treatment via identifying some new therapeutic targets.
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Rho/NGHT 1 5 JeRasill 5 11— 51, A2
Rho/NGHT A 55 HH20/> 5 3 41 1, 73 7] /& RhoA |
RhoB. RhoC. Racl. Rac2. Rac3. Cdc42.
RhoD. Rndl. Rnd2. RhoE/Rnd3. RhoG. TCI10.
TCL. RhoH/TTF. Chp. Wrch-1. Rif. RhoBTBI
HMRhoBTB2M". Rho/NGHHZ 5 4 figrh £ Fh 4%
RERR R, RN e ). AR S, il
WEBA S A0 R SRR T BT AR R

Rho/NGH H & — R B R MKW AL 73 1 IF K,
E BE T — i ] S A B ok 425 1 52 2% 1) 4 i A B
. Rho/NGHE I H A PIM & ERAS, — Mt 45

<—
(i=(E

=g
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Rho/NGHE I B AT WU JE UR HE 30 JE 50 Rho/MG 2R [ HIGEFs.
GAPsHIGDIs =i 15 X I 15 G o WG I Rho/ NG ER Il I
LRSS LA 5 1 S

Rho GTPases cycle between an active GTP-bound form and an inactive
GDP-bound form.There are three factors (GEFs, GAPs and GDIs) to
regulate activity of Rho GTPases. Active GTPases interact with effector
proteins and induce downstream responses.

El1 GTPasefEBIN(RIES % X ik[4]1520)
Fig.1 The GTPase cycle (modified from reference [4])

small Rho GTPase; kinases; cell cycle regulation; cancer

HGTPHIBITIRAS, J5— M 455 GDPIF AR TR
Ao EWIH RS, GTPasefig U H br i 11, BIL
AR BT, A SO N T 4 GTPIK fiff i A% 4y GDP
AR XUV 5 S R R R Y T
(guanine nucleotide exchange factors, GEFs)#% il £
WEE I % 7 I e 48 DX 1M AL GDP A% 4% A GTP AT S
¥ K. GTPaseid 1t &5 [1(GTPase activating proteins,
GAPs) JI BT M GTPase’ 4k Jy FEFLTE IR A, By
WS AZ FF IR iRt 25 40561177 (guanine nucleotide dissociation
inhibitors, GDIs)#I iGTPasell) [1 & W%, ik,
X =R Ok I 1 Rho/NG R R, LR R
R DI
1.2 Rho/NGEBEMNEBRRDZE

FEGTPL AR T, Rho/NGEE A DL A LT
WO O EOS S A, LR TS S e
IRV H g0 E 2 B H ok, R
HAE AR, S5 B REXU AT 2R 46 L %€ H1302 FlRho
ANGEHEE N R A BT IR L8 AR 1 AR A R S Y
GTPZE & HE 7 ] 73 ) = 2K, X LEfR T I GTP4, 1 2
¥ 53 i) & Cded2/Ract HAE H 45 & 5 ¥ (Cded2/Rac
interactive binding motif, CRIB). ROCK-I/Kinectin|]
W 45 #4355 (ROCK-I/Kinectin homology region, RKH)
FIRhoRU W 4 [ 5 )7 (Rho effector motif, REM),

CRIB&S #4358 A7 45 T 5 RacHICded2 45 45 1) 34 B
BB B, A X Cded 2 M 56 i 2 R i (activated
Cdc42-associated tyrosine kinase, ACK). Wiskott-
AldrichZ £ 81 1 (Wiskott-Aldrich syndrome protein,
WASP). N-WASP(neuronal Wiskott—Aldrich
syndrome protein) FIp21 ¥ 7% ¥ B (p-21 activated
kinases, PAKs). 5T EK I, CRIBZ, F4 382 20V
H 5t 5 GTPase 4l 5 44 5 Y, fHIL 5 GTPaselt) 455 )
AEEHS, BEXT S Cded2 R A W ACK B WASP
HI &5 M 9T BH, A7 4E T Rac ACdcd2 =1+ (Bl ¥4
WOIR A T MIRacFICded2 ) [ Asp* X} 5 CRIBIH) 4%
F TS — D ANF D G R R ik . 7R T
“CRIBI{ 2 W 8 17, P AN OR 5T [ His & 2k 5 Rac/
Cded42/NGHE E I RIT MAsp™ HH EAEH o X FhRr ik
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(6 TR ) B Rac ) 45 “CRIBIH %5 W 4 117 5 Cded2
()2 “CRIBII R d I LA X 43 o Jd sk ORI B
TR R S R R R A, A A IR N B 1 i AN T
[JRho/NGHEE 1454

% — JERho/NGHE 11 &% W A% A& L T ROCK/
Kinectin [ Y5 25 B 0 8 1 0. X RN 4% 5 A 1
C-Ufi B e L ¥, fEROCK . Fr A A I it (citron-kinase)
X 5y 4 42 B 1 (kinectin) 1 )45 R B, ROCKH —
ANN-3ii 22, 28 1R/ I 2 FR R 25 K 1. — AN T
() K ol e X 3. — ANCutPH &S A4 S8 R — A2 b
TR w S X I DL AL T Comi I BE R 934~1 01555 L1
Rho% & S5 i 34 il o

1 1 ¥ ¥ N(protein kinase N, PKN) & it 714 [f]
55— ERho/NGHT 10N 8, 7Tl i NI Rho sk
N A U P (Rho effector motif, REM)5 RhoA 45
o PKNIREMZ; & 4 f 455 1 28 AL 2 R o ik ik
JF 1 = AN EE R R % [HR 1athomology region 1a).
HRIbATHR1c]. HRI1afTHRI1bHSHE M AL 1) 45 4 Rho,
{2 T HR1aMIRhoAZ [H] [ AH . 1F H /& GTPAK 46t
HI", Rho%¥ W 2K Firhotekin5rhophilind — NN-Zi
HR145 4 38(HLfTRho AL, 5 68 1)), BRI JE T REM
25 R [F Rho W 28 25 15 X RhoA-GTP5PKN N-
Uity I 2 A I S5 M 7R R W, 24HR1a5RhoA
(AR 5 DXk 45 25 N, HR 1alX 380 Bl — > S [l P47 12
Ji#(an antiparallel coiled-coil finger fold, ACC)fgHRHT
%[810
1.3 Rho/NGEBMLHERY S E AR5
1.3.1 PAK  PAKs:zZ % — M K HLIRho/ NG
1 B, B T STE2042 2 1R/ 9 52, I s 5% I
B . PAKSTEIR 2 A #84 R K, 7 2 T 40 1l
iyt R IA . PAKsH] 20 AL, 55— 4l (group 1)
£, % PAK1. PAK2HIPAK3; % — 4 (group I)fL &
PAK4. PAKSHIPAKG6. 25— 41PAKsii ik GTPasefk
H R IE GTPase M 1) 1 X052 40 W A 5 0, 55 —
A PAK S5 & FREIE I

Rac. Cdc42ff)GTP4S & ¥ X 25 5 PAKAH H 1
F(E2). A ZEIHPAKAEL 64 W 54 4y 1] HPAKI .
PAK2. PAK3[!'“'| PAK4., PAKSMIPAK6. 7 14
4h, PAK14> 52 Racl' GTPHICdc42 GTPHI %, Jf #k
FRAL BT o TG FRIPAK ] i R AL UL ER B 1 0
(myosin light chain kinase, MLCK) M 1fi #1 2L %} AL
BR A [ % B (myosin light chain, MLC) 135 %, 5 2

I T EF eI o Ty Ak, BN R A RLIMIEE(LIM
domain kinase, LIMK){\7 T-PAK[¥) T i, PAKJE i
PR AL LIMK [ 3 35 58 P 0 Thr-508 2 5 R 4% J 3 i
LIMK, 3% FILIMK R R A0 22 ) 8 1 (— R L3 & 1
g G ), FHIF-ILSh 8 g S0 1k, A I 5L
S DAL R TR Al B

PAK14% Racl. Rac2. Rac3F1Cdc42, Jf i1t
BT, fHPAK 1 A4 5 RhoA. RhoB. RhoC. RhoE.
RifflIRas45 4. 7 TPAK1 Niitip2 145 & 4 ) 8 (p21-
binding domain, PBD) A [ £ ~F 5% 3 n] il i 5 Rho
GTPase4; 4 I 1% PAK 1. PAK W] LA iF CRIB 5 Rac
FICded245 &, PAK I 1) 3% il #00 fh1 45 #4 45 (kinase
inhibition, KI)XJPAKHL A7 5 ZL {146 i, /ECRIB
3 R R R W Rac GTPase 4t 7143 FZEO, I
FLBh W) FIPAK 1-PAK3 C-Jii (1) {4 14 45 ¥4 35k /3 51 AR B
PEAL Fre PAKSIE & 24 f/ 55 [ PXXP SH345 & 2
FP A e — AN ST AR L R SH3SE A 5. SR — Rl iR
SFIRISH34E 75 8 (1 A Nck, 25 —FSH3 454 Grb2, PAK
A DAIE SNk AN Grb2 1y 4 & 4 21 E AT v 1 52
SR, 2 5 IR BRI A BAE &, HhRE
MALULE, =MPAKSTE 2 FiE 5 i Sl % h R 35 AH
[ R4 I (B2) -

PAK S 7KV 117 CF 70 15 5 48 . PAKI
TE AN AN B A BLAT RIS SR AR G ), A7 A I a3
AL %, PAKLIRKIZ, Fa 3ok m] 6047 o5 — NPAKT ) 4
A g e sk, M0 i Ak 5 A 3. e X P 76
1, PAK KIS M3k 3 e 4545 LA N, &5
R BT RV 2 T R W, GTPase4h 5 PAK 1 S 2L
KI5 355 (1) 1 5 e A B AR 4K, SX Bl AR A6 2 B AKT
SE RIS A S5 R AR B, S BUA SRR AL
AR o AT UOE B P R Ak 5 A S TR B A B
(PAK 11 Thr-423) 1) H s BERR AL, X 4ERR 2l B B 3
P LA B AN SE R A T B AT EEAE R . 5
Ak, PAK1[FSer-14411] H 20 ik 12 6 A7 B) T B B0,
M T PAK 1 (1) Ser-198/203 1) H 2 i 2 4k 2 '~ YR PIX-
PAK(PAK-interacting exchange factor)f¥] A & 1f Hi,
1 PR PIX-PAK/ECded2 1 5 A 1k 11 41 i 7 7] Je
HUR A S, PIX& —FPCdcd2/Racl & 4 A% 17
PR i ¥ K1 (GEF), 5 &i45 Bt K, PIX-PAK T AH A
Y F 45 i T Rac GTPELCdcd2 GTP ) J= 5 85 3 11y
TS PAK .

1.32 ROCK  ROCK#Z & — /4 & 31 iy RhoA
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N i B B . ROCK S5 RhoAM % M A B # X &
(K2). ROCKAG2F T #: ROCKa(ROCKII) Fll
ROCKB(ROCKI/p160ROCK). ROCKIFIROCKII (¥
I REAN ], ROCKI = B 71 28 0 4l Jfa b & #4E4E H, 1
ROCKIT == 22 75 1M 8 -3 WL M b & #5847
O34T b, ROCKIEZARLE Tl . . B Ao,
ROCKITF= ZEAE KM LA RO k22, ZE
RN, BIAFAEPIFROCKSEE N, ROCKIL T-18
FHAOAR b, ROCKIDERAL T2 5 g (o fk B2, Fir A
WF57 2 9], ROCKo/ROCKITE — /M [ Rho4h 45 1
1. RhoA. RhoBAfIRhoCH] PL#i% H R FIROCK
5> F o ROCK W] LSRR A — ZR 5 LAN B 1 40 i 42
WA (8 FEMLCK FILIMK), #05 IMLIMK 2 5
22 ) H IR A R Y, AT T A i SR AN 4
W45, Ji4h, ROCKSTEA 22 0 34t AT Z AR A,

WIROCKIB MR 4k TP A 2 8 1B T R 1 A 4T 4
P T A 1 R 8 22 2 1 ORI 3, A 38 1 o ] 224K
A3 R, X AEAT 2253 5 S 20 0 53 25 1) e b
o

ROCKs/ & — K HA ZA 4 M 22 5 1/ 77 3
P& B, 431 R 160 kDa.o  7F HINSHAEAE 22 2 0%/ I
RS . PRI ROCK Y 7Y (1) 38 i 46 K bl AT
FIE92% A PERSY . ZEROCKsH, H—MEK
IEELE R . ROCKITH AL K o, [RIYR - ZR AR 11
JEZ5 A RhoAGTP, MEBEIERT T-Cuiig (1) 10/134™ 2 M 12
BRILH X 4K, ERac1 f1ICde424H H, ROCKsRho
(F) A0 H.AF FH 5 RhoA [fJPhe-39. Tyr-66. Leu-69%% 3k
A 5. ROCKIWPHEZ: # S8l 4 — A& 75 - Dk 22 (1)
Shkrh . ROCKI®) [ A ) 25 46 5 A7 - P ity 1) C-
Uig, 7E 45t Rho'GTP 5 & R BRml . B B i 2

— | MRCK
() .

LIMK2

GO—[m

—frn]

CORRED

NO%

LIMK1

@[

MRCK

RhoA . Rac 1 FICdc42 A7 HUP MM AN 2 715 . RhoABFIR (L MBS, PP 152 241, e R-MLCHEIR 1L, 4R1f7, ROCKHI W] LUHPP 1852 1| B13 o

ROCK. ROCK. MRCKHIPAKIH T LIMK 3L, R L M cofilin G . cofilinffi FR AL 5 5 AN 14 5 F-actin, X L85 (4 i il f /L F-actin
PR AR SRERE AT K o MLCKE — P s 13, LT 4EFFMLCE & Wi T 30m IR A, (BPAK AT LUGMLCK I S il 456 FH . PAK Uit i 1 HIMLCK
KIS PE AT R-MCL, 3 4h, PAK1 A LAGE & R FTLIMK L. S5 PAKAHM EL, RhoflCdcd2 5 LIMK2 IS MESG 72 5 5% . [A 1, RhoAFICde42: i I 45

A ) R P ) R R FEAE T

RhoA, Racl and Cdc42 have several kinase effectors. RhoA phosphorylates MBS and leads to inhibition of PP1, increasing R-MLC phosphorylation,
however, PP13 is blocked by ROCK. ROCK, MRCK and PAK regulate LIMK activity, which inactivates cofilin by phosphorylation. Once
phosphorylated, cofilin no longer binds to F-actin, and the ability of these proteins to catalyse both F-actin depolymerization and severing is inhibited.

Myosin light chain kinase (MLCK) is a calcium/calmodulin-responsive enzyme that maintains the myosin heavy chain (MLC) complex in an active
state, but is negatively regulated by PAK. PAK1 regulates R-MLC by inhibition of MLCK activity and also PAK1 can bind to and regulate LIMK1
activation loop downstream of Racl. Rho and Cdc42 are more closely linked to the effects of LIMK2. Thus the Rac and Cdc42 signalling pathways,

acting via PAKs, can function either co-operatively with or antagonistically to Rho/ROCK.
[E2 Rho/\GE B XHESTEIRA AR A E 2218 T Fh RO 1E A (IR1E 5% ST 5112 20)

Fig.2 Rho-associated kinases in non-muscle cell cytoskeletal regulation (modified from reference [5])
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Nck CRIB/KI PIX binding Catalytic domain
PARIZE I ] || I
ic Coiled-coil
ROCK Kinase Hydﬁggg?bw domain RBD PH CRD
Rho-binding
N
PKN1/2/3 ACCl1 ACC2 ACC3 Kinase PIF
i Hydrophobic  Coiled-coil
MRCKa Kinase motif domain KIM CR PH CH CRIB

MRCKB/y

PAK. ROCK. PKNAIMRCK/ERho/NGHT AR PN ST . EATHA LB R A S5 R, XL My A LA TR DhRg. [Nt A,
AR SR K, A LT LGS AR [ IR ho NG R 11 (G 22 45 Ky dsk iy, CRIB A& Cded2/RacHH B4 i 45 545 )%, KLE A s (1 2 B, PIX/ZPAK
AHH A HIAS#eAE 7, RBDJRho & 5 4 F s, CRDJE Ve 20 M2 s AR 4 K 3ll, PHA RPHE IR, ACCHE S ) AT IRTEIX 3, il 5 Rho/ NG ER 14545,
PIF/E Tl /K7, CRAE VWL 2R B A2 45 Ik, CHA R 77 AR R IR 45 A4 42h) o

PAK, ROCK, PKN and MRCK are downstream effectors of small Rho GTPases.They have some conservative domains, which associate with their

similar function. And they also contain some various domain structures through which they can bind to different small Rho GTPases (CRIB: Cdc42/Rac

interactive binding motif. KI: kinase inhibition; PIX: PAK-interacting exchange factor; RBD: Rho-binding domain; CRD: cysteine-rich region/domain;

PH: PH domain; ACC: anti-parallel coiled-coil; PIF: a hydrophobic motif; CR: cysteine-rich domain; CH: citron homology domain).
B3 PAK. ROCK. PKNFIMRCK#IEHI(IRIES % SCRR[S|HER)
Fig.3 Domain structures of PAK, ROCK, PKN and MRCK (modified from reference [5])

PH/- Db 2018 & 4R &5 W35k, e T DLIOTE N - 3l X
P, T-ROCKITFIN-it — 58 A4 25 # 338 6) L 3 g
WEPE R OCHE T, IO O 45 M 3 SR AR ) X H
G ERAL U ANT] 2. ROCK I C-iit 1 2 2 S 8040 Fl
RIS (K13).
133 PKN  PKN X PKCHK#i A (PKC-related
kinase, PRK), H A7 = AN Z & Bk G2, 43 7l A&PKNI .
PKN2FIPKN3. i 3. 3/ #) FIPKNsEE 1] B 5 RhoA/
B/CAI H A, v LL 5 Racl 41 I AFE F®, PKNAI
PR CA# Ak 45 14 30 11 25 R AR AL PR3O, PKINREAT 25
1l 12 AL 4 % 12 JEE M) PXS/TXR/K . RhoAIPKN1 1) A1
HAE AT A TPDKIA T PKN TG A6 2 (1) B R 1L -
PKN 1V A FAR (1) 12 A0 (¢ A= AEPKIN ) Thr-774%% JE
FIPKN2(#) Thr-8165% )% PKN 11135 1 2 06 75 1
PKN 1) C- iy Y80 il 45 £ 355 15 P Cs 1) T8 il 45 ) 358
FALL, A Ser/Thrig g 45 #4350, N-3iii 2 47 H RhoAH H.
A FH ) 5 5 R 3, A9 T B AR 1K — A S 1) P AT B e
(anti-parallel coiled-coil, ACC), A i INACC H SN
EjRhol 454, Hilik A, ACCIRIACC2AEIE i AN [H]
()45 415 R HRhoAE{Rac1 45 & (&12). {EPKN{iE AL,
SE IR 29130 2 AL IR (1 A7 B, S PKCIC245 14 1k

ARG IARRIE, vl e B a0 IER, 0 e B
I, A A DU IR R 1 FLAGTPaseAH G HE T
Wil — ¥, Rho 5 ACC1/2(1) #H H.AE F] 23 it BRPKN )1
PRI B S EIE L, S PKN . RhoASE 4+
1) 45 & ACCLHRR 2 4 50n] LA 25 PKINTR) {4 25 44
B, 5y 4h, PKNIHACCE; A6 35 fE 5 oA 25 11 A
ZE 5, U 55 '1CG-NAPA (centrosome- and Golgi-
localized PKN-associated protein).
134 MRCK  MRCKs/& 5Cded2/Racsh 5 I 22
AR/ R R B, HMRCKa. MRCKBFIMRCKYy
= Fb W M 4 k. MRCKofE 45 & Cded2-GTPFI
Rac-GTP, H: /454 Cded2-GTPINfE /758 T 4 Rac-GTP
& Gro EAE A Cdod2 ¥ 52 A4 A g 33 4 i 28
Her6E 71, 25 WL3h B 2 A 2200k B 2 T8 BB
2). MRCKI¥GTPase4 & & 4 4k L PAKAH B, {H i
TG 25 #) 38k 5 Rho ) 24 V. 5 FIROCK/CRIK (citron
kinase)fH 1. MRCKouH A7 — A~ 1k 3 il 2K 8l 4
PMA (benzenetetracarboxylic acid)(?) 25 &7 i, nf il it
H5Cdea2 K AEM AR,

N K [IMRCKak N A7 T-1q42.1, K JE K 2052
250~300 Kb, HF 57 % W, MRCKyHE P& 5 faj w5,
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774 B MRCK afTMRCK B T A5 45 i o AEMFL3)
YR, MRCK 12 IA & e 1], 76 i o (1 204 e fe
B0 IvanZEB9R) H JE K240 FIcDNA T3, 2859381 T
N FEMRCKa K 85 v [ 5o MRCKalf)CRIBI(H1
Y F36)MICRIB2(AM W 3L T [ — AN s ¥t
7E Yy RE b, CRIB14 L 4% 45 £ Cdc42-GTP, CRIB2 1]
PLIE MR CK 5 Rac-GTPHIAH HAEH . MRCKaff)4h
BF21243R 05—/l AR X, L&A 2 A 1350
Y, A7 T N-ify 707 22 35 PR 5 2 1) £ ~F° X L 445 4
SRR AR WA B L S o F N 1 e SN £
R E 45 R 85, A7 1A T 400 1) 55 )P (kinase inhibition
motif, KIM)®*. PH %k #4) 455 F1CH 45 #4) 355 1) A 49) 27 1)
RE H AT ANE 2, XL Lh M e 7 R IR I, 254
THIMRCK A2 15 1« AN RFROCK, MRCK& M
(TR 15 AN B PHEZS Ak, 1 e KM 3t e 45 AR 40 61
MRCK [ f# 4 45 #4388 45 4 m) 1 45 Dy . MRCKy
FIKIM 3L 26 35 £ 41 MR CK o fTMRCKy 1) 375 1 (
3).

7EHelafIPC1241 it 1, MRCK a2 5 Cded 21 75
(1) L3N B 11 B J R A0 28 58 14 4 . 93 4b, MRCKa
AT DL A0 i B e, O LS s Rk R
1% 1% I 1 (protein phosphatase 1, PP1)A1 JJL Bk 25 11 ¥
BEMLC2)II WLER B (145 & W Aok R 3EAE L Y.
MRCK RJ PR 75 55 48 i 5 fil A7 0% 000 UL 3 2 1 vt ke
MRCKATJJLEK 25 FTAH 5¢ (19 L3k 2 1118 A(myosin
18A, MYO18A), il i #% 3k & [1LRAP35a(leucine-
rich adaptor protein 35a)JE i — L & G W, AR,
LRAP35aifll i H: 5 24 ] 552 1 (leucine Repeat 1, LR1)
EMRCK %54, X LRAP35a_F A% 5 [IPDZ-45 4 J
J¥(PDZ-binding motif) 5MYO18AHH H &% 415, X
AN =T E AV R E E REER . LRAP3Sa
FLIEMRCK, 30k 5MYO18AF B A5 F 1 4 -+ WL
HE A, S8 A TP RMLCEE R 16 FIMY O2(myosin
) i 1 L 2l R (A 4] % . YELRAP3Saii iFMRCK
o R, 3R i 5 MRCK | KIM&S A4 8 AH B
B M R MRCK . H AR A H 23X R 1, KIMJ2
MRCK 73 1~ N (1) E Bl 4] 45 4 5, 8k 5 MRCK
({45 R IR 5 5 ok I HIMRCK K5 1« LRAP35a
HKIM4; & 3 20 A 3l 40§ L6 BRI T MRCKI%
o

MRCK 25 FIR A48, 165 1% 5 s F il
& 211 21 P s (microtubule-organizing center, MTOC)

FREN A Ko AEIT RS 1 40 ), MRCKGH 1S F-IL5)
8 [11% Jit (actomyosin retrograde flow) [ #HG, M 1
P A e B Ak A 21 239 O (microtubule-organizing
center, MTOC) P e A7 o LI H AT —FRFR Ay 5 I NI
I (lysophosphatidic acid, LPA)¥] IfiL i X F-. 7ELPA
(P30 38 40 B Y Cded2 1 7K T iy Cded2 3
{7 (MR CK A1 Par6/PKC I 458 i, 25—, MRCKIJ 17
LK & EINE-L8) & B e A 5, f5 AT
EA AL EORT AT 55, Par6/PKCHMRCKH ]
{#Dynein/Dynactin{t: % 3 [f] 40 Ml i) Zx & 48, & &R 1)
Dynien/Dynactinfff iU 241 23 H 0o A7 - 40 i A0, 3
AR A 2R O E T i o B

2 Rho. Cdc42F01Rack H ¥ EgiET5 AL EN
EH/MkEBNE N ZE

1E 2 Fh 4l e v, Rhoy Cdcd2FTRacii i H AH 56
T A S LA W i 1 LB B /LR B 4 42
0 M TR (1) A8 T o A9 G, ISP UL AN A o i
e R S e 111 O T 2 U R = e L
e &4 A1 5T 7K B A2 B 08 £ 5 Rho A/ROCK 7, 7E
R0 B b, AL W A v S 2y e LB Al
22 LBk TR E B B, 7 ax A o 78 vh 75 22
WEskE O SR E AEMEE AN S S, JIEkE
1 B TR A AR 8L P T I8 1) 30 2 - T Ca> K 11
T ULEK B 1 3 % U (regulatory myosin light chain
kinase, R-MLCK) 1 5 JJLEK 85 (1 5 8 i (regulatory
myosin light chain phosphatase, R-MLC). /Il 3} &
FIPR-MLCH B 92 16 5 B0 5 L3 2 A0 BAR
H, B U BCE WLER B 11 ATPase, 3 2041 Mg e 46 1
P . R-MLCHE IR B i — 30 7 4 i M 46 I B2 7
(protein phosphatase type 1, PP1). HLERER H 455
% (myosin-binding subunit, MBS)F1—4N /) AR 1L
WP AL . MBSHL DX sk 25 1 A6 25 40 RIPP L, 7] I 19 in
IR AL IFIR-MLC. MBS N A1 Cliig 22 n] HA7 45 &
Wk ER A 145547 f B, Clig A Rho AL 5

FEARSE, ROCK AT LA IR HELR-MLCHSer-19, #fl
%, TR A] LA HIR-MLC it B 2 1t . ROCK %
HEMBS130% £ £ Thr-697. Ser-854F1Thr-855 = 4>
SR AT 2o Thr-855 1) 5 IR A4 175 7 16 1R i M VL3R
BRI R, B, RS B N 255 )
MBS 1301115 > 7 The-697 (1) 240 4% 45 i HEMBS 130
LA AIHPPL. HPAKAHL, ROCKH] LAY,
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LIMKs¥4 i 45 #) 5, WLIMK 2/ Thr-505, #2 = LIMK2
iRtk cofilinffIfE J7. PKNAIPAK ] LU i —FFMBS/
PP 14 46l 1) — 25 19 5 38 ECH) 6 771117 (protein kinase
C-potentiated inhibitor of 17 kDa, CPI-17) , & {tMBS
(A Thr-3847 £ FEHMHIMBS I3EER . WL3h H (1 i
A BEMLCK A — F 85 /45 1 45 11 (calcium/calmodulin)
W B, A2 BCa iR Y R, T AFR-MLCAL F
AR, B AT RS IMLCIE S F- L3 8
1%, TiRac N7 PAK L HoAg ol B . 2 T
Cdc42. RhofllRac I i FIMRCK. ROCK. PAKH]
DL R A0 BOE LIMK, 0 B LIMK % R fh.cofilintk
FIN =A™ 22 28 FR/ 95 28 PR AR A, $ i Ho A SR WLsh i
[ 22140,

3 Rho/N\GEBE MM #EE 5 40 R B B s
3.1 PAKS 400 HA AR

PAK s 41 Jf B L 50 7 27 F0 4 iz 2 (1) 5 22 1
& . S, PAKsIIIMAPK S 5%, AT,
AT % 5 0 i R SRR DA, PAKSTEAR 290
P EE R TR A M AR R EAE A

i B IPAK L& A7 1O 95 R AR Ffc 4
IR, 035m0 40 SO0 R ) A B g R $EAE
PAK1Z: 5 e 1) A2, A0 B8gmhe, Wl i . B
Jrd AN O S 4 i b, PAKTIK 1838 Bl
LEFLIRE AN, i siIRNA T $E 0 HIPAK 1 ik
REPFKeyclinD1 [ ik &, 3B PAK 1 & 2k 41 o 384
B AE W A0 BB o 40 Jia g 40 Jf b, PAK LR IR AL,
L5 40 A7 35 IR () FRAIAT %, Rt SR PAK 25 403 i
T IR AR ZEPE) . PAK ) 60k £ f Bt ST 1k L
g I 98 AR ) 3R R T 38 I, R PR PAK L 5 B B W
Joes (1) AR AT R S L Rg AR, HLHLI2 PAK L T i fig
SEIR A H A 1, I BH 41 M R HTEG 9, AT B &5
i E 19 (colorectal cancer, CRC)4H iU ) 145 fig

PAK 1 A &5 17 1) 4 P () 38 5 fie g 1 L Ak
A HL 2 X A 1, PAKTEE I ficyclinD1:Cdk4/Cdk6
MR IE. 40 M MNGo 2 NG HceyclinD1:Cdk4/
Cdk6[1) % 35 F ¥ 3% A K, cyclinD1:Cdk4/Cdk6
TEG T I B 18 b B0 L0 R I R RE 40 B R AR
(retinoblastoma, Rb). Rb[IR I 0] 5 E2F 4 s K+
ghifr, 0 AN M R A E R K Gy/STE AR JE L T . T
Z Fhdi fo, INK(c-Jun N-terminal kinase)if 4 /& 41
Y6 84 B 0 175 A B A Go S 08 NG U ) o 0 2, IX

510 5 AR T2 O R V), B fieyclinD1/Cdk4
(235 . Rl FRPAK LI 1 INKGHE % 52 21304, 38 i 4
AR 4H i JE) 315 0G0 BEL i T8 28] AR 400 oL P 4 0 1)
R A2 IR FISP600125 ] LU HIINK (1 3% P,
i# 3L PTEN(phosphatase and tensin homolog deleted
on chromosome 10)FFR 2, I I5PAK X} 45 117 H i
HEFH 52 . PTEN AT g2 FHPAK 1/INK I 5 (1) 40
JH B8 BRI AT 22 53 5414,

PAKATEA MY T, 40 i ZR B 4t i o] 0
Y ETE S T R FE TR BT e, 2 R s 4
HJA T3 715 55 [ (apoptotic regulatory protein, BAD)«
i B E 420N ) & FILIMK. Rho GTPase. 1% %
IR ¥ 4 [X1--H1(activator guanine nucleotide, GEF-
HE R IUFORRIEVER . A W90 76 9256 Ik B,
FE A 5L 2 2K O PAK AT B0 AR, 40 41 i
JHT, (R IR 40 R G, R PR PAK AN = R A & (1)
AW F N . {EHeLadil M, PAK4Y ik 25 FH 1k
TNFaifs T 040 J 8 1290 554 WF 90k I, PAKSIH)
FILREW Y B 4 R I . 8, (R E
g e 1. PAK6AE 5 — ANl R LI e VR I 3 52
P(AR)AH ELAE AR 115, 78 5 ST 4 e 40 i A A
R MERG 71 B 40, PAK 643 1 R IR,

1 HIAIE 5T & B, PAKA [ ATP S 4+ M4 11 1] 1 PF-
3758309 REFI il 41 M e 7 A e A K AN B, 75 3 40
PHT RN Mo B 22 EHE . Rk, PF-37583091% 4 — i
FEEIT NISIRE I 29, BRIk 2 Ab, 55—
ZHPAKK A, A2 i F7ITIPA -3 1] A HIPAK 1 (¥ 35 7,
— 28Ny 7RI (AICEP-1347,  SRC)AI % 44 1
fifi(tyrosine kinase, ETK)# il FI(U1AG879. FK228)#f
BEAT M BIPAK S Ik o 1106 T R 1k 3% 1 28
2 PAKCK U, 3 3 AE R 21 HAT 214l 77
3.2 ROCK5 4 E HA AR

ROCKSs5 £k 2 1599 & AEAT 0%, W0y I A ¢
Wi ARG e LSRR R I R E S . 7
VF 2 098 40 Jf of, RhoAFIRhoC 2K 11 1) 655 B s
TR SeT 1 b, o frIE SR b R 4 e S2ALAE
T 240 97 R 98 2%, Rho A MTRhoC 26 i & 1 L T
¥ T ROCKIA (i) ROCKII [ % ik & /K. IMiRho
FIROCK s 2 1 1Y 0 ) -1 4l B 1 4% B, (e
Jeit 0 U PR A AEE0 . A WFITER B, 7ESwiss3 T340 i,
1 7K F FIRho A FGy/SHA 3 FE.  7ENTH3T341 Hiu
0TS TROCK-ME ¥ %5 52 14 £ 11 (ROCK -estrogen
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o) Quantum dots
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Ras LIMK

MAPK

N\

c-Myc-dependent

. t t
CyelinD1 p27 CyclinA AIgels
: : - Cell survival
Cell cycle progression and proliferation

ROCK M Ik AN [ {47 5 00 46 4 710 4 e B2 . & PR S AN 4 A7 . ROCKILIT Ras FIMAPK, # FieyclinD 113 1% . ROCKHHLIMK?2, $2
freyclinAfIRIA . 34k, ROCK BT nl {fip2 75 (R /KT FAI% . ODsIl it I HIROCK [ 3 1 B A e-Myc & [ AU B 2 Pk, #5211 X e-Myc 2k (A i

PRAR A, AT 5% 60 2 1 A S0 AR 4

ROCK can regulate cell cycle progression, proliferation and cell survival through different signaling pathways. ROCK activates Ras and MAPK, which

along with an additional independent pathway, leading to elevation of cyclinD1 expression. CyclinA is independently elevated in response to ROCK

activation via LIMK2. Reduced p27 protein levels were observed following ROCK activation, independent of the effect on cyclinD1, cyclinA. ODs

can reduce c-Myc protein stability through inhibiting ROCK activity and impose inhibition on the phosphorylation of c-Myc that takes the principle

responsibility for cell cycle progression and proliferation.

El4 ROCKFNZH A E B AR (1R 18 5 % STk [52-53] 12 %)
Fig.4 ROCK and cell cycle regulation (modified from references [52-53])

receptor, ROCK-ER) F] 1| G /SAH g i S k2. oKk
1 #F0 25 ()R ho ] A NTH3 T340 g AL B A8, 53 41,
ROCK I i RasFIMAPK 1] ¥ iif oK $& FHicyclinD 1A
p21 112k /KF, i LIMKAE HeyclinA ) 2 15 K,
0] PR p27 1 I8 /KPP, ROCKIE v] BAH it
A T B0 5 DS e-My e JiE 1 Sk VR 15 e A0 i R R
It, ROCKRE I i 22 e AL 1l 8 15 4 e Jo] 00 00 4 o
RAEK .

1E AX % 9 41 9 T, Rho/ROCK [ #4075 FTIROCK
(13 e Rk S R A R BRI RS . DAL,
il ROCK [ P4 T LAl 4 it 1 i B A . -
FROCKWHMBIF], X HBEAT IO ek T 977 X 4
PRI IR J5 ). HATEFZE R L, &7 AU (Quantum
dots, QDs)it ik BHL 1598 3 D] - My ) 4 1 5 5 1) 1
F L 35 23000 bR i A A K, (H R 2 il 4 i AE
T-. 1M H, QDIE I I ROCKIE M, B c-Myc &
FIRAZSEPE, TS o-Myc o H 8 3 R 11 B ) B

(Kl 4). Nakabayashi®PY% B, Fasudilii i Rho-
ROCK ML 73 25t 3% A 1 WM /40 L A5 - 3 4
U4 (mitogen-activated protein kinase/extracellular
signal-regulated kinase, MEK/ERK){i5 = il i I il 1f
2R S LA 57, Al Fasudil i — Mgy
PR R VS (E 259 53 A WF SR B, Fasudil
A BEL /N 400 Rl 96 40 JINCTHA46 1) 38 FE AN 5 F 1%
BRILZ A, IR & R T 1R 2 FIROCK s
7, Wy-27632, ‘€2 Fld i 5 ATP5E $ROCKI
AMROCKIIAEA AL 8 A AR Al 7], o] LA i
BT LR . AT — 2E05]M:2E (UISR-1459
SR-899)HIRL 1A B4 il 77 B A AEBEAT I A7
3.3 MRCK5 4 fE #iE4z

AR W, MRCKS 5 i 41 L 4= 2. 41
= 22 i / B ULBh & Wi ) 1 7 AR AT Cded2-
MRCKAE 58, 53 4b, 76 0] H- 41 f 42 28 1 7%,
ROCKAMIMRCK 4t 5 By [7] 2 45 i 47 i 72, Jf H.
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ROCKHIMRCK G 5 4t 5 1 7] 12 128 9 4l i 1) 432 28
I, B30 SHIROCK AT MRCK Y [7] I 411 fH/ROCK
FIMRCK ) G 00 )3 41 i (1) 42 2%, 3 208 2o, W)
i 170 ] ROCK R MR C KA 100 il s 201 Jf 452 2% 1) 285 L B
Ufo SR 07 R I, 43R M FI(Y-27632. Fasudil.
TPCA-1)%f MRCKaAIMRCKB ) 1 1§l % 5B & %,
Y-27632F1Fasudil [F] i 18, A= ROCK 4 il 717, [Al i,
XMRCK 2 5 98 4 M 42 225 F2 (MBI 5, 58 Ak JF
RARTT B 20— AT 1

4 PERE

H A7, 4T Rho/b GE [ R (PAKs
ROCKs. PKNsHIMRCKs) W57 2 5 7r 1X 46
BRI ERE T OR S aS R R FE M Dhfe (in 2
B E A AR Bl 4 G JE TR 88 4 55 7 T A
JRho/NGHEE 1R U 0 3 70 R 55 7 T

T Ik TS 2H, X e A I R R AR AL
PR AT 72 Sk, I I 0 25K IR ARABL R 0 22 Sk
8 T HIh e B ARALYE RN 22 S k. 9] fu1, ROCK N
MRCKTE HN-iiy 30 45 1) 35 P9 47745%~50% ) AH 2L
PE, TR FCC-3 AT R K 1 22 S P XSS IR AN
[ V. 250 5 A 5 v PR AH ARLRE, 481 t ROCKIRIROCKIT
(1) i T 55 ) 35 AR AL 155 1892%, MRCKaFIMRCK
75 SLW 25 M I A A TR 7 7% o X e YRl 45 1 358
(9 AH LA CRAIE S B8 5 AH [R) AR AR, (9 i 4 & AEAE
NI EE AT AH [ AR ABL 2E 4 25 8 H, 91 WIROCK
MRCK H A A [7] 1) i 2 A4 i 4, i LK 2 B 6 4
(myosin light chain, MLC)F1WLER 2 [ i FR i 11 LBk
1 45 & W 5 myosin-binding subunit of myosin
phosphatase, MYPT 1)} i /£ JE i F-Nlsh ik (142 2 5
A e SR RS AR R o X e I 22 e
WA A HAT 2RI B, B ATMRCK ok fEiH
TV ERRER 1520, B/ P AR e (A8 T4
B S 5B (IR RN, MRCK o 14 5241
LN AT RS, TR o St L

X} T Rho/INGEE [ A He 250 W B 11 A 4 i i 48
L HE 7 AR BIFSE AR 243N, DA R 5T
U 1) T Rho/NGHE 11 B 80N B 1 A S E 1)
RAFR SRR ER . B, ¥k
(280 S M 282 J1 2% A0 M R I ERR . 4 ek
WA H AR, Rho/NGER [ S LAk N 2R (1 A 8
20 1t S SR R R D H 2 2, JE A& Rho NG iR

180N B 53 K 2 A2 U IR, SO oy 1 1) i B
R ) B8 AT 50 00 1 A L ) S B RN e B o DRI,
17 0 VLl 23— A R R A ) R RT3 S BF
SYAE B, PAKAF0HI7PE-3758309 % 1115 41 i b 37
SE A KA B, 55 40 MU TR R 4 b
AN RISP600125 ] LA ] £2 4 59 PAK 1A &5 )17 EL )W
g B8 B ) 52 W Fasudil. Y-27632. Quantum dots%%
ROCKH il 71 W] LA i 1 RO CK (1) A5 H i 47 a1
Jih R 4l B AE K B i FH Fasudil R Y-27632 1] DL [A] s
FIHIROCKAIMRCK, M iy 48 5if 6} i 40 g 4= 28 1 1)
HIEH

24 U & Rho /NG R 1R $5AE H AN Rl a2 1)
oy, RN W ITAL # B Rho/ NG AR 5 5 10
() B Bk 42, 1 A% TPAK. ROCK i 1 #F 57 &
Z RN, (HIEXFMRCK WA AN, filtn
MRCK 7T 4 Jfa J& B 1 2 o (1) B AR5 5l % . MRCK
FEAN RN E e A R P sk i P FR A FH L S MR C ATl
TR 55 0T S I AR AR R PRI AR 2% i i
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