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Survival Strategy of Legionella pneumophila: Hijacking Small GTPases
to Manipulate Host Vesicle Trafficking

LI Youzhi'?, CHEN Taotao'?, OUYANG Songying'?, ZHANG Dandan'**

(‘College of Life Sciences, Fujian Normal University, Fuzhou 350117, China,
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Abstract L. pneumophila (Legionella pneumophila), as the causative agent of legionellosis, invades host
cells and secretes more than 330 effector proteins to interfere with the life activities of host cells, thereby establish-
ing a niche required for its replication, called the LCV (Legionella-containing vacuole). The formation and matura-
tion of LCV is essential for the survival of L. pneumophila in host cells. The small GTPases, as a molecular switch,
participates in the process of cellular vesicle transport. In the past decade, numerous studies have shown that host
small GTPase proteins play an important role in the recruitment of host vesicles by L. preumophila. L. pneumoph-
ila manipulates host vesicle trafficking by its secreted effector proteins involved in modulating the activity of host
small GTPase, thus hijacking host vesicles. This study focuses on reviewing the small GTPase, L. pneumophila, and
the molecular mechanisms by which L. pneumophila regulates the small GTPase, providing reference for further
understanding of the pathogenesis of L. pneumophila.
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W& i 42 [4] T8 (Legionella pneumophila)&—Fh "2
FEAET H AR TR 1 o 22 IO M SR AR B0 1T, g
B 8 VA IR S N il S e i 5 | A et 42, B
B Mo WG i ZE A B 3\ 40 B S e Vs N
LA — 5 % B A7 WY (Legionella-contain-
ing vacuole, LCV), #bi% 15 5 2 M0 1 G e S P, W fiti
2 A1 R T < 1 S A PR P B TR T BN LCV I
SEFEEFRAEERL . /N GTPE (small GTPase) /&1 1
NN EZER TR, 25 REZ R,
TRl RINIE ., Ik, KERT TR g4 4]
] 1) FH JHG - %) 008 2 AR T 1 3 4 9 AN [ 1)
/NGTPREERAEINTE F A FEE 18P, 2 LCVIY
TER A SRyt —30 T fffi £/ GTPREAERE it 4
PGS R AR, JRAT 0T g il 22 (1280 £
H 3%/ GTPEE . #:9\1iE 32 FeAL 518 1 70 1 ML gk
AT T VR ERSs , DU IR ZE A B s 1) A AL ) 1
fitt, AR i A T SR AL S N TR
JE R AN 3 A AR SR A LA

1 FERE R R

19765F, £ [F R IM2E Ip 1) — UGB E N R 25
TR DNER 28, G458 8 FEOZ 98 19 [ 1R A2 P i 4
BT, Z SN R AR E R E . B, B A5t
WAHARARE | AN [FIRE B 1) 4 [T G ) e R A g
I ZE B AR — RN Z AR B, T AR T E AR KR
e, HORORTE FRRTREE de . il 4 [ e it <
IR XA AT, BTGt At . g
1B g1 A, i DU A A W R 4 (type TV
secretory system, T4SS) 73 WK & RN 8 1 215 40
Mo, EEO\TE E IV ISR, 55 N5 M (endoplasmic
reticulum, ER). /R IKIR IR 2 LCV, AFHH
SR A A L H D,

LCV 2 —FpZALT P9 o X R 20, 2 1 il 4 4]
PRI AE A A N A A7 S BT b 75 B3 B . WE I 22 (4]
TR B A 3 2 6 e W i 30 3 2 Tl L o 4 ) I A o e
AT, WS LCV 5B RS . W W 2 (4] B RN
A SidKAE 15T 1282 I 7.2 VatA i ATPZK i f¢
JRF G ir, S LCVIERIL®. b, BN EH
RavDfE N 20z F AR, w81 256 0 i I W URE -3 - 12
(phosphatidylinositol 3-phosphate, PI3P)4i & 2 LCV
JEE b, et R BRLC VISR T R e 172 3k, 21 417
HILCV 5 B ARl &,

I firl 2 141 BT 57 32 4 L PN e TP A 3 P o A
TR BRI 0 WA, 5 N 5T I R e 2R FE AR SRR
& 2 LCV, {21 LCVIE LA S 1 2N H
SidCHE— g iz ZESRNE , W H C-om 4l & Wi e
Pk LI -4~ 1% (phosphatidylinositol 4-phosphate, PI4P)
i€ AE LCVIBER I M, 2 A AfifE 3/ GTPRE &
ALV N- B T R 19t . Ji RS IR 1 B 3 o 1 52 A4
(N-ethylmaleimide-sensitive factor attachment protein
receptors, SNAREs), ik Py it A7 42 (1 i 5 LCV
R aR A U, R R RIdL S 16 F B R A4 AR A
29(vacuolar protein-associated protein 29, Vps29)4i &,
A A5 I — s R S AR RO BV e I A R T i 4 1
R AR A U S A, i s S A N GTP
BEAESE IR RS R B, #R e TR s . 1
I 22 A B R0 B 1 Leg A 15 CL IR SE L AT GTPREE
P, A A AT N-uii R 2 8 8 51 5 (ankyrin repeat,
ANK)ZE #4358 K GTPRRSE MK . LegAl15iHit ANKZE
R A T4 MR, JE¥ 18 F B ISR 1 pl1s
HEZRARH . plISA T R/RIEE, Z 5N &
IRFER BN IS TR ), T LegA 1544 pl15HH5EE
JE U 32 9 o X — ey R A B is i, (2 E
JoE PR PR ) LCV e 18 . BRIE T BT Ab, Le-
gionella longbeachaett, GE 17115 3= 4H Ml B il /)N GTPH
FERIRN Bk 5 RN i e ia i 120

AR IR 15 - B & A AN R AR BT R,
A 1A (early endosome) & 7 PI3P!T, Py i o 5K
VR HE I 5 W NE e LS (phosphatidylinositol, PI)Fll
PI4P!S) DL K e R SRR YR FE I i 5 PIAPUISE . I
Jiti AT R LC'V A ) 22 By 25 2 IR JoT 4 B H PI3P
AR N PIAP . W i 22 [ T 41 53 i 1 A AN R SR U5 )
WS LCVR G Ja , AR E 2 LCV R 5
70, AR LCV Gt il 2 1] B i o 9 5 g o
AR AH I RN B [ 2 LV AR R . 2N B
1 MavQH A i AR L LEE -3- B4 (phosphatidylinositol
3-kinase, PI3K)VE P, BEWE K PLFZ AL PI3P, 2
I LepB R A BENEME VLIRS -4-Bligin 1t , A4k PI3PH:
At R R LEE -3,4- 1858 [phosphatidylinositol-3,4-
bisphosphate, PI(3,4)P,]%". PI(3,4)P, |3 — L4 B g
UL 1% PR I Sid F /K i = AE PIAPY . S, W fili 72 4]
PR AH S5 T2 5 R PO SR AR BER R LCV
(PIRE R R W1 7 T LCV RN & [ LpnEif it J
Sell B 5 5 751 (Sell-like repeats, SLRs)%% #3847 3%
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1 25 IR i 9t UL - 5- % 2 1 OCRL(oculocerebrorenal
syndrome of Lowe)Z LCV, ¥ LCVE _L [P 5 PI(4,5)
Po/Kfift 9 PI4PR . R385 H RalF{E Jy ADPRZBEHEAL,
“F 1(ADP ribosylation factor 1, Arfl)[] 5 HF LA
[A-F(guanine exchange factor, GEF), J#id % Arf144
SENE (B AR IEULEE 438 111B(phosphatidylinositol
4-kinase I1IB, PI4KIIIB) % LCV, 4k P/ i PI4PRY,
g b, I AN [F 8N A AR A S 4R LC VIR [
NI e A B, AR IFELCV IR R

2 INGTPESHRA

/N GTP B S 0% ) Rl 02 2 5 — B % (guano-
sine diphosphate, GDP)/ % =g (guanosine tri-
phosphate, GTP)Z5 & 8 H, HA T XBILIRE,
i ME S MG 5% 5P X GTPE T
JE AN SG P Rl I 25 A A AL B BRI AT R ) A
GDPI &b T JiE PEARAS | 11 456 GTPI I 4b 3% 14
ARZAS B2, /N GTPR & MR A 18 i P S R A I
R IUFTF R I X WAL s s A AR R, XA
A T DX 3R V1 R R PR S TR R A R R
LA 20, i GDPHI GTPLE & 1 32 18] ) M
B M 7 U R (1 GEFAI GTPRE IO & 11 (GTPase-
activating protein, GAP)[{| 2 5: GEF = £/ LGTP
5 GDPIAZHe, BEMEGE /N GTPH ; GAPIE I 0T
GTPEGFH) GTP/K ARG TE , K GTPIK fif Bl GDPRE ] 2%
1EE 5 B2, R B B HEE RS .

/N GTPE 5 i i 72 045 Ras(rat sarcoma). Rho.
Ran. Arf/SarfllRabTi KFEPY, SR F RS H5AFE K
YU N5 T IER, 40 Rasy 240 734k B, Rholf%4
M A E AP, RanZ 5% BN P, Arf/Sarfz il I
FEYOTE 5 B 2 RabPh R FEY %02 5, (HG—1IAE,
RabZ %) L2 5 (N3 1 . tiRabli4% N i
W] — e R AR TR BT 512 B9, Rab17. Rab20%5 AETE
TSR R AEAE IR, Rabs X Rab77E A T4 L
VBRI S ol R R PR IR, Rab102 5 R AR
KPR 324 1) 538,

FEILAE 4 B P ) o 3 i T A2 H ) LA
AR E R M LR IR AR R
LI AR A AR FHEEAR o 3 JEAAR I s B D R
iR F IR, R HAEE TN A ERE
HFRZ—

ERL A BUFF B (Mycobacterium tuberculosis) &

— M EORE PN N AR TR, R R R B A E
NFET o S5t 0 BOA TR LE L I R 68 T8 il 2 46 4%
B B B (My cobacterium-containing vacuole,
MCV), R Mg 1, &% MCV#TE 1
A B fide, (2EH B S ETS RN AETS . WNEE )
Pl¥~ SapM {1 Dy — il 9 i 1 7K Ak PI3 P MCV
I PI3PHA B, 2k 17 BELAG 7 W v 5 I S A A
(late endosome)FIfl & 0, Ptp AfE N —Fh iR 1L
fitg, 45615 10128 v-ATPase HAV 3 X6 i i A 1
7K FVPS33B(vacuolar protein sorting 33B)2: i g
b, A 7 RV IR AL Y, B A R R U I NV Bl A i
PR RRfEE s A5 IRIA (Brucella) & —Fi: = KA
PETE , G NI BN ) 5 22 51 7™ B 0 A% Bt 00
RGNS, A S QB AE A5 X AL ST A
KB ) %836 (Brucella-containing vacuole, BCV) 4%
16 F Y0 AN B A, A I 5 3 B A Rl
BN H BspBidiid 5 COG(conserved oligomeric
Golg)TEH, F#15 £ m /R EAR Iz 4, 1 5 & /K
FEAORIE 260 2 BCV, (A & K = . v
(TR 2 —RE = RPIMEE, B E 3 et 8UmE
T iEGR . G R, WITIRES#E N GTP
B RabS AT Rab7, WA T LRSI RE, @5
WK E AW (Salmonella-containing vacuole,
SCV). SseK3/& MR M0, AL 121015
/NGTPH§Rabl. RabSH1Rabl1, {270 [T K1/
%[46]0

M2, /N GTPEE/E N E B 7 1 T RAE R I
IR AN AT Bk B o TR D B P R A
W fiti 22 [ BT £ J% et A% vl o A [F) SR M B 4 1
(1)/NGTPEE S5, FHi1E I FEHIEIE, [RHFLCVL
2 AT )T i [ R IR 5 AR

3 FERZEREX/NGTPEEREIZ{ER
B 54 A 0F 7R B g I E R LCV B 1 (1)
T EFES60Z FiTE FEA, K Ea KER/D
GTPHGEE 1 S HAH DG EE A, X R 15 /NG TP 1
7 W fili 2 B4 1) 009 3 R R B B A R T
W it 7 [ 1 3 3 R TR 2 o 2K R B 1 AR T R A R A
FAF16 3/ GTPRE , i 3k W8 i 22 [4] b 75 1 = 48
(R BETE . W I 2 A B U G T S A RS e aE s 2 b
HUHI N E S B B/ N GTPEE ) T RE B 78 247
GTPREG I 9 8 1 56 ) A4 18 £ 00/ GTPEg, LA
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15 WIS, ek LOCVIE U . IEE IR
R ZAE I A0 A B 2 5 1%/ GTPRE ™,
WEAFR. SFZEX/N GTPES & [ RhoZ % 14
TR JE A AN () 1490, it 22 [T 1 0] 3= 20 KF ArfAll Rab
FIRE A, S LIS, 0T g 2 4] 18
SELCVIHAEAM M N AR A7 2 O 2, an P s
3.1 XEEAfIEARIEE
ADPHZHEIEAL IR T (ADP ribosylation factor, Arf)
A FIREIE Arfl~Arfo, VA5 20 i A8 15 16 i
PIEHi LA BV AN T Y o, ArfLx g il ZE
LCVIHITE AR . 1 fili 2 [ b PR A= G T 148
BEAfI ELCVIRRM . ArfirIZH i i 7 4 #5 T 1 il 22
[T Dot/Iem )3 Z2 8570 WA 20 5 4 RalF®", RalF
A5 N-3it A GEFIE ¥ Sec 45 #4358 S C-%ii (1 0 i
SERI Y, RalFidad Hnie 25 84 € T LCVITH
2 Arf1 2 LCV, H Sec745 /38U 41 57 & Arfl, 21
FH5505 1 PI4KIIIBZE LCV, £ PI4P LA HE LC VI %,
B TR B I ArfIERE T ZE BB LC VI R
FHAM BE R AE LCV b, (HAE R GYf5 K20 107N

2K, FEoRTT e HoAh K15 32 AcfGAP(EK P it 722 [ B
5 ArfGAPY Arfl N LCVZ
3.2 WEERabZEALRIAE

Rab# [ Z AL AL A A 602 AR5, 2/
GTPHEGH e KW K. 1B NEIELIE 1 2 s
[A 7, Rabf [ #%i FAZ 40 M Y ZEV0 55128 (1 5714
Tl A R B R PR, ZEVETEIRZAS N, RabsBENS
GEEE Pl Rab R RS R T (37 Sik . AR 4577
55), A R . PR E RabBs 1 (1 2 £ A1
TE A AL 1S9 R A B e s K e I B G is 1 7R, DA
PRI A = 20 R R B AL S SRS FR i B8, 1E
SR ), Vg it 22 ] T A 1 22 P 250087 B 1 R % 1
“TRabH HEYE. Rabl Kk fL$ERab1A. RablBAF
Rab1C(FR Rab35), <&M ifi 2 [41 B 250 5 2 1 14 7
B R, 75 LCVIE RIS [F] B Bk 285 7 2 1 s sl
fil. RablAMIRabIBEARLINIIEE, 25 4% MR
I — e ZR S Ak () FE VL % 32 ), T Rab1 CIUJ 52 67 1 WA
AT, AR IE . FELCVIE
RS 1 3 P AT AR R L e 08 e v it 7 (4]

*1 25/ GTPEEIENEREREINES

Table 1 L. pneumophila effectors involved in regulation of small GTPases

BN A /NGTPHf

Legionella effectors Small GTPases

Thek
Function

Lpg0234 (SidE) Rabl, Rab6A, Rab30, Rab33b, Rab10

Lpg0393 Rab5, Rab21 and Rab22
Lpg0695 (AnkX) Rab1 and/or Rab35
Lpg0696 (Lem3) Rabl

Lpg1950 (RalF) ARF1

Lpp1959 (PieG) Ran

Lpg2224 (PpgA) Ran

Lpgl976 (LegGl) Ran

Lpg2153 (SdeC)

Lpg2464 (SidM)
Lpg2465 (SidD)
Lpg2490 (LepB)
Lpg2510 (SdcA)
Lpg2511 (SidC)

Lpg2832 (SulF)
Lpg1909 (DenR)
Lpg2831 (VipD)

Rabl, Rab6A, Rab30
Rab33b, RTN4

Rabl, PtdIns4P

Rabl

GAP, phosphoinositide kinase
Rab7

Rab7, Rab10

Rab7
Nras

Rab5, Rab22

Deubiquitinase; intracellular replication; dynamic regulation of ubiqui-
tin on LCV; recruit endoplasmic reticulum proteins to LCV; endoplas-
mic reticulum rearrangement

Activation of Rab5, Rab21 and Rab22

Rabl and Rab35 activity regulation

Rabl activity regulation

Activation of ARF1; recruit ARF1 to LCV

Stable RanGTP; RanGAP1 inactivation

RanGAP1 inactivation

Activate RanBP10

Regulate intracellular replication; LCV ubiquitin dynamic regulation;
recruit endoplasmic reticulum proteins to LCV; endoplasmic reticulum

rearrangement

Recruit Rabl to LCV; regulate the activity of Rabl
Regulate the activity of Rabl

Regulate the activity of Rabl; generate PtdIns4P
Ubiquitination of Rab7 with SidC

Disrupting the Rab7/RILP axis to inhibit endocytic transport and pro-
mote Rab10 polyubiquitination

Recruit Rab7 to LCV
Downregulate MAPK signaling

Remove PtdIns3P from endoplasmic reticulum membrane
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—l/ 3 Ptdlns3P
Early S3i \

endosome

{5 Ptdlns3P

MAPK signaling \GPP
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GD 1&’ orp_ €D
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Rabl ¢~ AMP
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\ri“ S,

l..
\ "

=

OVipD5Rab5 4l & € A T I A 754, ik VipD ) Hi B 5 PEfF PtdIns3P 2K % o @ AnkXTE M 30— 7R 4 Hp i IR AR B A A2 THRAB 1B, iX
U Lem3 5% . SIAEZ AL 7 RER H] —Fh AR 4 M B2 FALHL A RIZ A6 S ERMISC ) JLAMRABGTPE, f3%Rab6a. Rab30F1Rab33b, Sid)
AE AL XTI RE IS 1B 1. @SidM 5 BEIRBENLEY-4-WERR (PtdIns4P) 25 &, HEMTE AL TLCV. SidDi¥ % SidMXfRabl AMPII 211, fliRabl-GTP
LepB, 30 15 EGAPLE £, fIIRab1 35 1, 58 /%Rab1 FHHERGG . LegGlIiGRanss (A2 3E 5 F R SLCVAHEAEH . SidC/SdcAREISIH 52T
2 Rab7. SulFif 3} JfFsumof&{fiRab7. Ralfifl 55 JF G Arf1ok 8 S0 B IE B # . DenRAE# 411 S NRas K A1 15 1 KIMAPKI& 2. RCCLIE
Ran. LegAlSsE i1 FHEW, 518 LRI Fpl 1545 & I A S 2 .

(D VipD binds to Rab5 and localizes to early endosomes, and inactivates PtdIns3P through its phospholipase activity. @ AnkX phosphorylates and al-

kalizes RAB1B in a cis-Golgi matrix, which is reversed by Lem3. Members of the SidE family are able to ubiquitinate several RABGTPases associated
with ER using a non classical ubiquitination mechanism, including Rab6a, Rab30, and Rab33b, SidJ is able to reverse this post-translational modifica-
tion. 3 SidM is localized to LCV through PtdIns4P (phosphatidylinositol 4-phosphate) binding. SidD reverses the modification of Rabl AMP by SidM,
causing Rab1-GTP to be bound by LepB or host GAP, inhibiting Rab1 activity and completing Rab1 periodic activation. LegG1 activates Ran protein
to promote the interaction between host lipid droplets and LCV. SidC/SdcA can recruit and ubiquitinate Rab7. SulF recruits and sumo modifies Rab7.
Ralf recruits and activates Arfl to initiate phospholipid remodeling. DenR can recruit NRas to inhibit the host’s MAPK pathway. RCC1 activates Ran.
LegA15 is located in the host lipid droplet, binds to the host vesicle transport factor p115, and recruits it to the lipid droplet.
Bl FERERERN R EEXHN/NGTPEER

Fig.1 Manipulation of host small GTPase proteins involved in the vesicular transport by L. pneumophila

WL LCV, 120 AR T 20N 8 14 Rab1 3548
FILCVI,

32.1 #t4 £Rabl#9i84F  RabI{FLCV LHI5E4E
WA T- 18 il 22 [T B8 23 9 TR0 2802 B 1 SidM(Drrr A2
SidM AL = AN [ Dy BRI - A7 T N-ig P Jl 1 R e
T2 M1 (ATase) GEFZ5H 8 A7 T~ C-3i ) PI4P &S &
1k [PI1(4)P binding module, PAM]®*], P4AMX{PI4PE A
IR B SE RN 7, {4 Drr A R 72 67 FLCV.

SidM 1) GEF £ 4 45 F A7 4 Rab 1455 1) GDPAL
e GTPIIE M, X P 14 BR % R 3 14 1 M4 i I
Rab1:GDIE &) 75 4+ M Hhdf 52 F1A Rabl . Rabl
() e G PEFR S ANBGS , 0T A 53 00 N 5 R 1)

TR HEELCVINE LER. EHEERNE,
SidM (1] GEF 45 #445 [1) S 5L 12 7 51 FH 2 1 i 4540
HoAth GEF & HR A B A M ME. 534h, SidMt it
FLRRAT TR B By 45 M Sl IR P RR AL A2 1 Rab 1 (138 7747
% &R (Tyr77), # Rab1 5 HAHKE GAPsI & &, il
Rab 1 4E #5575 B IR A (AMP-Rab1+GTP) 4, X Fifi it
B A AE U 0T LA B A IO R T R v 1 1 RN B
SidDE &M 19, {23k HAT GAPIE P23 85 (4 LepB
5 Rab1454 )% Rab1«GTP#: 45 Rab1«GDP*!, %
N H LidAYE /N GTPEE 45 & & B, il 5 PI3P
ZiEEA T LCVEET, LidAfL 54 & Bum IR A
f\JRabl(Rab1-GTP), S+ S5 A MM EH, W
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GM1305p115, fEdk1E 3 N B N IEHETE R 5 LCVIT
A 0, Sz, WE A A E IS SidM. SidD. LepB
M LidAZEFRF 4% LCVIE E ) Rablidi Ve, H A T-1g
JIs 22 (AT T 3 et A 8 ML P S i D7 2SR ER P g A 9 1
i,

W it 22 (4] B 388 0 A [) AL ) (a3 3 12
JE A& )& 1L BN Rabl %1k 2508 85 (4 AnkXCF
FH P % 1 EL sk, (CDP- FIELAE )k 1 L s [ 6
%% 2 Rab1 B 76/ 22 % 2 (Ser76), [y e IS
FARERR (cytidine monophosphate, CMP)?*, Rab 147
P& IR AAS 1 i v PR R SR, 5 S50 3 40 R 1 43 ih
A2 FNINH] S, 1T Ank XA BIHIE FH REAS 1
RN 1 Lem3 kR . Lem3 B A 25 W2 IH AL 1) il
TEPE, I 25 B AnkX S 516 Rab 1 BERR ARG A0 121 1F
M A% Rab 1 A MEIAE FH ). Rabl (1) BREF R b A%
PR RRBRACAZ R CE Th R b B AL, AnkX e85 1211
BOE A AR BOR RS Rab 1, 17 DrrA U 56 2k A5 i
BOFIRA Rabl . WF 58 R, AnkX L E AL TLCVY,
I AnkX 5 SidMH Rab 17 55 22 7] — X 370, s H B 25
ZitiLem3 X GEFBLIG . Ab, 7Y HATE], g it 22 4]
BRI NN A, SetA, B2 — & A DXD
FE 7 (D134 XD 36) I HEIE AL FE I, HEWS X Rab1 156575
B3 Z R (The7 5)HEAT R BE IS AL AS 1, $ ) H 5
i 1 GTPA# 44157 1(GDP dissociation inhibitor 1,
GDIN)WAHEAE R, A HitE £ a0,
322 sfHteRabEk@agifis IEHAREE IR,
IR fifi 22 [2] 1 2% M 2K 1 SIdE R R RS B 32 AL 1B M
2575 2 A AR S RabE 1, SidES AL AR
2 iz F 4k, FIFINAD GHZ K 1 2B 42005 2R (R42)
HEAT ADP-AZ W B A AS M i A B0 380 1 ADPR-
Ubl J5 4% E A B R B8 (phosphodiesterase, PDE)
15 14 1) PDE 25 A4 335 1) 1 7 25 B R A% B 92 3R (phos-
pho-ribosylated ubiquitin, PR-Ub), [7]f 38 i iR — fig
R HILO % 2 Rab e [ W1 Rab33b. Rab6A
FIRab30%5 ) 22 ARV F: L iAYE GTPEHEYE, 25 W
JoE X RS R 45 U2, g i 22 A e R B 1 VipD R A
RERE ALVEME, 7T 18 = 4 1) 5 N B4R 73, I
i i H: C-%if 15 Rab5/Rab22.45 A M % 7. VipD5
TE AL Rab5EL Rab22 58 P 254, AT BH T Rab5EX,
Rab22 N5 54, THME 1 50N A4 g A
BRI, FmH e S EBER RS, (2tE
T 41t P I i A T B (A T T2 BB RabT

A 35 Bl il 22 (A1 1 R 4 1 2 10 B 5538 DL Rk R I
Bk iE R, A7 R B, SulFil i # 55 sumofb 1
Rab7Z|LCV, J:BHKT Rab75 GAP A B A FH R
H.GTPaselF ", SidC/SdcA A E3 &L IR, At
5 FR 52 F Ak Rab7, 5 S0 1T P4 754 1] 5 1 7 1)
Rl o FE B F R, TR HELCV ) A

W fiti 25 A B P 0 B AN T ELEEAE T
Rabs, 1480518 1o 1 4% 5 Rabs 2G5 (10 DI BE>
SN RabsI/E A . OCRLELAT ULEE S- B FR BT PE, 2
— Pl N RS O R, Y RN
T AAIEER A AR IR 31 77 2 DA S [ W Ak 5 5 g A 11
& . OCRLE4HAEAN 5/NGTPEGEAH HAEH, tRabs
F1Rab6, i#z A A& TGN(trans-Golgi network).
IR fifs 22 [2] T F 2508 2K 11 SAhABE [A]JOCRL, (54 OCRL
5/ GTPHg FAE ) S5 K938, BH L N ARG N A
WS LCVRlE ", w2, BImERFEH —NS
T EAH B A B 0 s A AR /) GTPRE &K ik
(R o
3.3 WMEERanFEHRIAE

RanF RIELILEAL . A 2250 345 R BT i AN
A 2257 RY R L3 DL S N A 32 AR IS S5V 22 40 i
AR VRS, Ranfgg iR A (At
ZE AT AT~ (regulator of chromosome condensation 1,
RCC1)I¥) RanGEFUE ™, 1105 i) Ran(Ran*GTP) ]
i RanGAP1F1E 45 RaneGTPZE & 45 )15 ) RanBP 1 2%
TEE . W it A [ B 5 1) 2808 R ] LegG 1 (Legionella
eukaryotic gene G1)-5 EAZ 4l fuRanGEF RCC1 ]34
B = B AR AL B8 BE S I0E Ranti . 51
RCCIA[AZ, LegG1 A i 5Ran(Ran*GTP) 4 &, J
FaE JLm vk , s M RanGAP KR IFEAE T, 2k %
RanKi% ™, LegG i it H C-tig Y CAAXEE 7 45 7 =
IR B 2 AL T LOV BB, X RS — Ak
PR I0OE Ranth [ N 88 1, RERS (L ik i 22 [4] 1R
LCVI AN LA fE FA )i . shah, Sl it
TR W LegG X 15 FRank [ G vl (e ik 15 3 He
(lipid droplet, LD)5 LCVIIAHHAEH , AR T- W&l %
BB 5 1E FNRTHE.
3.4 FEERhoZEBRIIFIE

RhofFE HXR A —METHFEA, £kZ
i hRe i EEEH, S 58 Ma 328 7%,
21 1R A 1 DA B B 9% A4 R D 3 A R 3 B IR R T 18O
W I 2 [ T %o i = 400 L ) B S AR T LB 2 AN
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E-$5 5 F ORI T iF(E 5, 7 F I Rho-GTPases
WA 1R 41 UL 3D 2 A 9K 5 E 2/3(actin-related
protein 2/3, Arp2/3)#lmDia(mammalian diaphanous-
related) S , BEMEM R IT N SEELIRE
A LCVIRITE . 5, W I 245 [ B 11 25 £
H VipA FAIHILCV I P B, (et il 22 Bz 40 i
7y WG i 22 1] 7 B2

Cdc4272 RhoX ki H 2 —. WaiEAz) %
SR T A, RGN AL A2 ), Cded2iE i
WASP(Wiskott-Aldrich syndrome protein) )2 . 25 [
FITOCA(transducer of Cdc42-dependent actin assem-
bly) FKIREEW K 2 Fi 5 5 HALEh R A RSB REK.
Ak, WASPERIE HEW EHCR Cded2 5 LB F Bk
% Arp2 3SR EY . BRI, Wl
HIFE AR IR B [K]F 1(Legionella autoinducer-1, LAI-1)
RESSHMBIXFIE . LAI-1@ 1 F# Ik ARHGEFO /¥
PEAHIGTP 5 Cded24h &, MM FEARCdea2 T 1, B
R B SR ARSI 1 T 4E TR
3.5 AT RasEH

Ras i F ZRAE Z MM b s BEOR ST, A IR
Y AR B 3G 5 A A S B R AR . Ras
FE AT m /R EEAA MMM, )22 5 N
HTME S, NRas&Z RasKIKHIIK Az —, FEAF
FE T R FEAR AN GE f i JE oy, P AR 2 TR 5,
UNZZ B (1) MAPKASE 5 I8 26 . W8 fili % [4] B R v a1
DenR(Lpg1909)E A, T LCVZH, FH % NRasZ LCV.
DenR¥f NRas# 57 25 LC VA MAPKAF 51l #% [ %
T, MR HEE T ZE H B AE A7) . Rapl)& T Rasf R
B, Z5H A LG 55 @A, BEVE TN % Fh
JL P AME S TR o W4 [ TR R et Rk A v,
TH 5% Rap1 2 LCV, MM 3EE filf 22 4] B 75 20 12 P9 1)
Az A7 5 S O, SR T W i 4 T e ey Ay 2G4 5
Rap1 i AT Al

4 BREERE

/N GTPHE A 5 110 B8 90 5 12 7 0 Il 25 ] 1 ok o
AR AT BB . VI T 1R N G R
RO R V% NG TPRE, TH7s = B s4E, {2
HEE SRR . SRR IS . L
LRI (R 45 AT EAT B, A4 T M DA TR i
7 AR AL S IR SR . WA 1 40 22 3
3302 Pl RE 26 11, BRSO i 72 [ T 1 = 4

Ji A A7 S R I AR B R R AR R R SE e 4R
HEEE B AR, RS EE A ) Th R IR #TIGE M. 78
AR BRATT L R Y T OC T i ZE [ R B R R
/NGTPEFS 515 LIEE R, #ikis, R LCVIE
B AR DG A, R IR B R 1A 1 3 /)N GT P
IEEIE SR . B R A B S 32/ GTPRE 1)
hie KA 1E £ RIS, XN T FATTN wg it
T BEBURMUE] AR, BT S5 B 258
HESE R EEHRET S5, KK, M
W AR ER 5 A S T TH BSR4
B 2 P MR T B 202 1) BH g it [ B S
GTPEFAH BAE 7 2, 8 BA i 32 59 5L 1 A B
B ML, o B i e 7 S B AR 5% .
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