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The Mechanisms and Functions of Ubiquitin-mediated RhoA Degradation
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Abstract The GTP-binding active form and GDP-binding inactive form can be transformed each other
by RhoG (Rho small GTPases) family. And RhoG acts as the molecular switches to regulate multiple celullar
processes, the cellular RhoG can be degradedby UPS (ubiquitin-proteasome system). RhoA is a classical member
of Rho small GTPases, which plays important roles in controlling cell polarity, migration, cell cycle and nervous
system development. The UPS mediated regulations of RhoA ubiquitination guarantee the normal cellular function.
Distinct E3 types play an important role during the UPS mediated degradation of RhoA. This review will give
an outline of the UPS and the structure and function of RhoA, summarize the current understanding about the
molecular mechanisms and physiological functions of UPS-mediated RhoA degradation.
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fif#(ubiquitin activating enzyme, E1). 2 & 45 A
(ubiquintin conjugating enzyme, E2). 2 & &
(ubiquintin ligase, E3)[{) 2 5, fEATPH) ¥r B T ¥ £
Mz RIELDEY L, Z =R R i & B A
TR ARIEEIMEAL R Z AL KA F], B3
A] LA &I 43 4 DU A 2K 71 HECT(homologous to E6AP
C-terminus) ! E3. RING-finger#!E3. U-box ! E3 !l
PHD-fingerE3, HH, HECTAIE3MIRING-finger!
E3 75 2 R 57 1) 24 IDE S R B 5 7 41 e S L 3% 4 Bl v
PE; 2 AR R e P R B TE3RI R B, A
[Fl S (32 SRR LR B A AR Rz R AL

FEUPSIE 42 1, RhoZ< ik il 72 RhoAfE #¢HECT
B E3 smadiz &L AT 1(smad ubiquitylation
regulatory factor 1, Smurfl) fl Ring-finger 7 E3
Cullin-RING % $22 i} (Cullin-Ring ligases, CRLs)%F 5+
PR, BEMAZ R TR, FTRERY, £
FHE3S 3 I Rho A P fiff, 15 14235 40 A Ak T B
T A EHEBEOE T 2URhoA ) 5 &, fRIERhoA7E 4 il
S 0 B B AR A R RS IR R T R
R, FEARZRAR T, 15 S 1 2/ ZHRho A ¥ 45 14 Al 1))
BE, SR JE VEAN 12 I8 Smurfl . CRLs/) 3 FIRhoA [% fi#
BIBL S A2 D RE, a0 ik N B BEAT B4 Y
[F, 32 ARk 9E T-UPSHT 3 (I Rho A R i@ it 5T J7 7]
%,

1 RhoARILEIFNINEE
1.1 RhoARy%E#H)

RhoA /1 £z - N =5 Qe tu ik b (KIARHAZRE X %
fith, J&—Ff K /N2 H21~25 kDalfiRho/NGE A 5 1k
B AU, RhoA G4 #438(G domain). = JE W] 4%
[X (hypervariable region). % JT [X (polybasic region)
FCAAXE T(CAAX Box)H B (K 1A).

RhoA G #4387 1) 1 2% [X $5](switch region 1,
SRI)FI JF 5% [X 3kII(switch region II, SRIT)Z: 7ERhoA
WOE AR BOE RS R R Hod R v, KA B 1
FARA; AR F) TR R AR S 5 R, SRI
ANSRIN & 4% %5 2 AF fIU57, Rho AR 556+ 7.
13507 2 TR Wk A 7 H R A2 2 A AZ 55, Rho AT
FHPE JE B0 LA P2 D et A B A N,

1.2 RhoARYIHEE

Rho/NGHEE AR K e —HK 7 TIFREH, Eid
TEA L A PRI AEAE TE U GTPS & LS TR . GDP
g B ARBOE T 20) e ok K 3 L AE ) 22 DB M
EUSEAK RS AT, MR, 40
IR 20 JR SO0 B A L A 5 B R e 4
ML A AR A2,

& ARho/NGE H 5K ¥ )i 51, RhoAJd 1T i
P55 N 77 21 4 1) T8 ORI M-85 86 2 11 110 V2 T A o A ok
P2, £ 40 0B 28 1 R E 40 R AR O 7% R R ) O3
2 ¥ L /R U4 RhoARE 8 7 A Rho
AH 9% & H ¥ M (the Rho-associated protein kinases,
ROCK), %tk MIROCKI#E i ¥ b LIM¥K B (LIM
kinase, LIMK), {3 H %12 1k 22 Y] & H (cofilin) K £&
7€ F-WL3) & H (F-actin), e 240 i & 58 B Ry >,
Rho A% e % i 1 1 72 F Y LR 25 3 0 i 10 B R AL
(the phosphorylation of myosin light chain, MLCP)
2 1) g 40 P AT 2B S 32 Y (tumor cell-derived mi-
crovesicles, TMV) 7= A= FURE B, AT AR 32E i 988 4
MO R, Ak, RhoAn] DL i i 44 41 M 58 H
Yi(cell protrusion, CP)I 77 [a] A% &, 5 Wi 40 i 1)
LS T R,

2 RhoAHISE Z Mk FEMRHLEI R M2 TS

RhoA )72 240 B g, — 75 T 38 o s A A 92
RhoA )& &, 53— 77 [H 2 WERhoA N i ¥ {7 5 il %,
AT S B A0 I VF 22 A I R K I #09, fERhoA
Rz RAC BRI AR T, E3TE R I £, Z R
R HENER. E4 K, STHECTALES.
RING-finger 2! E3/E H T-Rho A FIHLHI| LA & RhoAVZ 2
MR AR I A 2 D REA BN PRER T 7T
2.1 Smurf-1/7 S #IRhoAZ FLPERRHLHI R E4)
I8

Smurf-1 & HECT i E3 NEDD4(neural precursor
cell expressed developmentally down regulated protein
4, NEDD4)ZZ % () i 2™ Smurf-1 HH C24% #4) 48(C2
domain). WW45 #) #8(WW domain). HECTZ #4 15
F (B 1B). C2.45 ¥4 35K 1A 2 Smurf- 1 £ 41 i 52 57 Al
JEVIRIRS 71k, WWES RS AE N R0 45 & B %y
FPEERIL BRI B M Fe e R A AR Y) 2, HECT
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A: RhoAHGEE IR, FE X ZITXMCAAXTE TH . fEGHMIHATIANTTRIX, 7T LIS GTPEIGDPES & R TERho ARG 1 125
AAEX . 2t X FICAAX G T 5 RhoARIEI R JE B 1 AH 5%, CAAXE T [ 57 R AL B A Rho A TG . B: Smurf-1HI—AMC245 M3, HA-WwW
SERIIB(WW1. WW2)RI— ANHECTZ MM o C245 A4 450X Smurf-1 (14 201 i 5 457 A0 Th g AT EZLR2 M0 WWEE A3k e (i Smurf- 185 A 36 B O
KA, HECTREHHZ K MELERE R L. C: CRLsHICullinSZ 288 H . 455 7ECullin C-AR 3 NE2 4 it bl 1 IURING-finger R . 45 & 7L
Cullin N-A 3 (e 24 F AR S S AR iR B R RS R A M

A: RhoA is composed of G domain, hypervariable region, polybasic region and CAAX box. There are two switch region in the G domain, which
mediate the interaction with GDP or GTP to regulate the activity of RhoA. The hypervariable region, polybasic region and CAAX box all play key
roles in the post-translational modifications of RhoA, especially the prenylation in the CAAX box has an important influence on theRhoA activity. B:
Smurf-1 is composed of C2 domain, two WW domain (WW1, WW2) and HECT domain. The C2 domain has significant influence on both subcellular
localization andfunction of Smurfl. The WW domains can help Smurf-1 to interact with adaptor proteins or substrates. The HECT domin can transfer
the ubiquitin from E2 to the substrate. C: CRLs is composed of the scaffold protein Cullin and the RING-finger protein which binds the C terminal of
the Cullin protein and provides the landing point for E2. In addition, the ligase contains the adaptor protein binding to the N terminal of the Cullin and
the substrate recognition protein binding to the adaptor protein.

Ell RhoA. Smurf-1§89£5#FCRLsHIMIAL
Fig.1 The structures of RhoA, Smurf-1 and the general composition of CRLs

SR 52 RS A, AR ILEERKY L. F142(cell division control protein 42 homolog, Cdc42).

Smurf- 13 i 142 GTPase & 15 >k 1 42 40 M 1 AR 4
WAL FE#%, X 5 Smurf-168 9% 12 51 JE 0% 72 201
Rho A 1R R I FR 5122520
2.1.1 Smurf-14~F#9RhoAZ ZALMAFAH]  Smurf-1
5 1 AE 0TS T ARho AR 12 2 AL B4 fi@ ML i1l 4l
2AFT 7R: {E % R 1k fIPar6(partitioning defective 6
protein, Par6) 3Bl T, Smurf- 1% 81 T HC24%5 #4411
Al 256 RhoA, HECTZ: Mol #5417z &, DAEAR
B A OEHBIRho AN S 6B TR R IR Tk At I, 2 &
A FRic I RhoA H 2 AR 3 B4,
2.1.2 Smurf- 1/~ #9RhoAZ F AL IAAE 64 A 4 5 T 4E
Smurf-1/1F [JRhoATZ 2 A IE M, — M2 i i 20 5
JTAHER TR R AR A ) 22 D e fry 12428290
TECPE B BR BB, 375 14 0 248 i 73 2L e B 2

Racl(Ras-related C3 botulinum toxin substrate 1), i
12#PAR6-PKCLHE A 1A (partitioning defective 6 protein
kinase CC complex, PPC)#E [r] 52 A7 | 4 i £ & X
1, PKCE5 4 Smurfl [% fiECPH [f)RhoA, 1 1fij 1 5
RhoA-ROCK-MLCP{5 5 3@ #%, #ll#|CPA N /) £F 4
T 1, DRAECPAIASCIR Oy 2 BT B T 9 Bl A
i{@[Z,M,ZS] .

£ 2 48 Jfl(podocyte)H, 2K filh 4% #5 M (synapto-
podin)E % 5 Smurf-13¢ 4+ P 45 & AF Wil B A 1
RhoA, $#HiSmurf-1/15: ) RhoAVZ F AL AR, (224
WL TR T . AT, Al i B ik
n] LA #1 #l] c-Cbl(c-casitas B-lineage lymphom, c-Cbl)
A3 B XNk 1 (non-catalytic region of tryrosine kinase

adaptor protein 1)[7Z 2 6B fif . Nek1 G285 18 it 5%
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@S» smurf-1 LR> RhoA ® Wb

IRE| RING-  <N» Nedd8  (R) RhoA @ Ub (Gl Cullin 3

finger protein

A: Smurf-17EPar6 (¥ Hr 81 1 K RhoA-GDPiZ AL bric, JFilid 8 (B A& A2 0 JL B %, SRIECPIIER R . A0MINIZ3D; B: Cullin 37ENedd8 (1)
T =R Ak, 0 HC-i 45 & IRING -finger4t £7E2, RING-finge /it FE2_F 1192 Fi%E#: $IRhoA-GDP L, 3T 1 £ 11 Bl 1A P4 A «
A: Smurf-1 marks the RhoA-GDP with the ubiquitin by the help of Par6 protein, and the RhoA-GDP can be degraded through the UPS, ensuring the
CP forming as well as cell movement; B: Cullin 3 can be dimerized by the help of Nedd8, the RING-finger in the C terminal of Cullin 3 bind E2 and
conjugates the ubiquitin to RhoA-GDP, followed by the proteasomemiadeated degradation.
E2 Smurf-1F1CRL37" SHIRhoA R
Fig.2 The mechanism of Smurf-1and CRL3 mediated RhoA degradation

e M 0 1 Smurf-14 5 1 X RhoA ) V2 2 AL B i, 3F
1M A% 5 RhoA, {2 3t I J7 45 4 (T i, PRI AL 20 i 1F
R R TR RRRE AT
2.2 Cullin/T SHIRhoAZ E RN R E 4%
IngE

fE & H B E 2 i)z RS, Cullin
AR KA R 73R R AE EEAEH, Cullink
5 WA B B Cully Cul2. Cul3. Culd.
Cul5. Cul6. Cul7. Culoffifi — & {f 5F 1) 25 #4:
CHZ5 #448 (Cullin homology domain). CR1(Cullin
repeat 1), ZR7Z & A& i fi7 s (neddylation site)?”
(B1C). Cullini® i H:CHEE ¥ 12 45 ARINGE A
Fi. B CRIGE G ERAMKYSEEERA, L
% CRLs K #£ Uy fe: 72 3 FF 81 H JiiNedd82K iz &
fkCullin, M35 4LCRLs, RINGZE [ i /i S E2_E 1)
ZRFER PR b, 2 R R A A
FEE031 A O IR B 7 3K B, CRLsT] LA A F:RhoA 1)
2 RAIEM, I IRATLL R A 414 Cullin 1H1
Cullin 3/JCRLs/ 5 [IRho A 172 & 1k P& i AL 1| K
AW )RR,
22.1 CRL3A~$#9RhoAZ F AL fRALE] B A M 5
e PlCullin3 N3 28 M L HICRLS, B3 T
Cullin 3. RBXI(RING-box protein 1, RBX1). Ef

PR e RS A DR & A BTBEE H 5
K H Fi(BTB domain containing protein, BDCP)ZH %7,
BDCP 5 PID(protein-protein interaction domain, PID)
1 EAE AR NP A Cullin 35K & 117 4, CRL3TE
Nedd8 4 Bl N BE8 TE B — SRR K452 RE AL IR
D) HEP(E2B), B 5T 4 WA, CRL3H 8 FE R <% (1
£ & BTB M 3 [FIBACURD# #5285 %, Refig 45
T RhoA, Rho AR &2 2 A7 F]F-Cullin 3%} E )
Z R AR,

41 ffd 1 Cullin 35XBACURDI¥) 6t 2%, 352> 5 5%
RhoAZ 2 Ak B i 52 241 . 41 A 2 ) 21 4 AN I
WA CRL3/T 3 Rho AV 2 A0 9 i 1 45 55 41
JH ¥ S 4 AN AE A, T Rho ARt FE AR B 2 T BUm 5 11 48
IRCrE B i e I = e S IR 2 S U= R /)
P A 184 5 ) W8T 52 AR y(the nuclear hormone receptor
peroxisome proliferator-activated receptor y, PPARY)
fRIZRAZ, 204 CRL3ZH 7} Rho BTBIFKZIL, AT 40
il CRL3XRhoA 1] B A&, 4 A PY 7 i I Rho A2 3 5k
FBKFAAE AT A3 B, 20 s 1) &
4
222 SCFA~F#9RhoAZ FALIEMALE B A F H it
Cullin 1. Skp1(S-phase kinase associated protein 1)+
F-box 2 [ i #4 i T SCF& & #4(Skp1-Cullin-F-box
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complex), Cullin 1/E ASCFE G4 EH, HE
TR G R ASkpl R 4 SRS EE A
F-box, 1M H R A0 45 4 RBX A E245 & A P

F-box & [ 5 Ji% ) B SAFBXL19 7] LA i Racl,
F XS Racl16647 1 4t 2 1R #1772 RALARIE . %
W 5T B, il b 5 48 Mg HFBXL 1@ i 72 2 L RhoA
13507 2R, /i3 iz RAREMEHY . SCF™X-Y?
I3 B JRWZ AR AR AT R B 3 R BEIR AL,
MAPK 1 (mitogen-activated protein kinase 1) X} RhoA
(1) 18 B8 10 7T DA JESCF™X- A 53 [l RhoAVZ 2 4k &
ﬁ£_7{3"_[39—40]O

SCF™ /i 3 [FIRhoA¥Z % 1k [% fif, 5% Wi &
RhoA /™ 3 IIp2 7 (M BE R 40 UL S 40 1) 43 2, 5 i )
idsi . ABIL LRI S e ) A A A 5K, JF HFBXL19
i R = PR ARLER R B R B R BE R AR, BHAS
IVAESR 310575 e

3 INESRE

Rho/NGEE [ 55 i A Rho A, 38 3 2 1) 41 ifg b7
DR ATV RN A B A US4 Pk, 7 0 2 20 P A
B 4UPor 24, 20 B A PR AN 40 i B2 B AR FE R R
P EEERUSS, A RETUPSFE L HIF
ff A 5 Rho A 1) 2 &, AT A% T 200 M 1 4% 0 A 34 1)
RECI, fEUPSF% filRRho AR It F2 1, B3R 15 % &
KEBEREH . HECTHRE3 Smurf-17ECPIX i/ &
RhoA iz A0 M, 1 5 fll bl 2 a7 B il ) 4
77 3, PiSmurf-17E 2 41 fig 7 A F I RhoAVZ % L
B fig2112428 21 Ring-finger M E3 LA CullinJy 3¢ 42 &
H, fECullinff R EE D KW HFEEO M
RING-box#E i 12 5 T, /- FRho Az A4k [%
fift, PFERhoA FIF(E T B M . IX— ML AT LU &
JE Bl Bed e AR A A B B R B — kg B,

HASVER I, 2T RhoAZ HALFEAR T 5T ik
HIRZ BB R, tinSmurf- 15128 filt i 8 14 /2
P I BRI LA BB, PREFRhoA S & 4bF—Ff
BNAS VA, PRAIE S8 40 T R5 58 A2 BRS040 i 1B
A I . % T Smurf- 178 40 il (1935 # 1 #2
() 55 EE ), Smurf-17] AE NIRRT 10— T
BUFR, 275 AT LLE A % Smurt- 176 41 g Y (1) 2 1% 2 DA
T i ) R 4 S LA iR BT B AR . RS

EAFAE HA AL CRLs A URhoAVZ 3 AL B fifk LA %
H R A AU A TR T

2, RhoA )iz Z AL th TE3 /) 2 FEE 201
MR ARG, (EREE T R EEANLS], 255
e HIRIT T T5 1%, STRho ARz FR AL FEME HOHL A S A=
V=2 DI RE M EEAAS IB PR N
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