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RhoA = A X512 AT E 1R ZE AS494M B A 520l

mE E#tg' fEm' K B BAHE
CIBTPH Y 272 5 122 2 e 0 397 S256 5, 1M 313000 25 58 28 (X g 5T A 22 B g I &L, B 5T 210002)

WE AR 4 AT (mycobacterium tuberculosis, MTB)1% 2 A54948 212 42 F RhoA & @ o
b, ME¥G RhoAX A ¢ FHRNA(sIRNA) & X #H Aksi-RhoA, ¥ £ A5494m)2, 36 h/g #4TMTB
FEM Fol2 22 0 R 52 05, B @) PP i & (Western blot)#& MRhoA % & £ A K-, ML A dm AR 45 M)
A, BT AR LR ek 4 B 2R ALt A F-actin® HE45 4k, & FPCRIE N & 20 i 56T
Fa N BBMTBH Z. %R 2T, si-RhoA%: F A549%0 /%)%, RhoAK & K ik T 484.7%, s MTB
P FEM AL ) R ICE . MTBAZ £ 4 i 52 3 B 7, si-RhoA%% 4 20 40 i F-actin® HE45 2 Ao R A f0 1) 4%
F A 2(63.0£3.1)%F2(3.19+0.26)x 10°4% 1, F % siRNAZL 53 2 (84.5+1.8)%F(4.45+0.29)x10° 4%
W, 774 ¥ Y TEH(P<0.01), @ L, 44T H 1R ZAS49@ILTE ZRhoAR A A5, THLE L 42
WA NFEBAT AR RIESE ML,

KIS, (R2%; RhoAFE; AS497H i

The Effect of RhoA Protein on Mycobacterium tuberculosis Invasion of A549 Cells

Shao Shengwen', Zhou Hongchang', Xu Baiying', Zhang Hui', Xue Lijun®*

('Laboratory of Innovation, Medical School of Huzhou Teachers College, Huzhou 313000, China; *Department of Medical Oncology,
Nanjing General Hospital of Nanjing Military Command, Nanjing 210002, China)

Abstract  This paper was to investigate the role of RhoA protein in the process of Mycobacterium tuberculo-
sis (MTB) invasion of A549 cell line (human lung adenocarcinoma cells). Small intefering RNA (siRNA) expressing
vector targetting RhoA gene (si-RhoA) was constructed and transfered to A549 cells. MTB adhesion and invasion of
A549 cells assays were performed 36 hours post transfection; The level of RhoA protein was determined by Western
blot; The ultrastructural changes of cells were observed by electron microscope; Changes of filaments actin (F-actin)
cytoskeleton were detected by laser scanning confocal microscope (LSCM), and the number of MTB adhering to cell
and internalized by cell were measured by quantitative polymerase chain reaction (PCR). These results showed that the
level of RhoA protein decreased by 84.7% after A549 cells transfered by si-RhoA, with the capacity of MTB adhering
to cell no change. The test of MTB invasion of cells showed that the index of F-actin rearrangement and the number of
MTB internalized by cell were (63.0+3.1)% and (3.19+0.26)x10° copies for A549 cells transfered by si-RhoA, while
they were (84.5+1.8)% and (4.45+0.29)x10° copies for A549 cells transfered by scramble siRNA, and the former was
significantly less than the latter (P<0.01). All these results indicate that the protein of RhoA has a role on MTB inva-
sion of A549 cells, which may mediate MTB invasion of non phagocytic cells by zipper mechanism.

Key words  Mycobacterium tuberculosis; invasion; RhoA gene; A549 cell
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ZE R B 45T B (mycobacterium tuberculosis,
MTB)5| 2. K13 N 32 25 45 A% 0T e, 2
15075 NFET- 45420 B 9/ i) A2, IR b H B
[ 22 i 245 (multi-drug resistant, MDR). 72 [ 2 (exten-
sively drug resistant, XDR) /7 % 4= i #j(totally drug
resistant, TDR)Z5 A% AT 1 B Ak, 48 S5 A% B A Wk 1
PR PR AR E, 38 ) 7R SR R B TR 25 R T T
MTB 15 40 i iR 22 L i AN+ 23 B, FEAS 1
W S5 IR 12 W SR T 18 ) R R, e P4 120w
T B W Ao ok T e . A 4R E, RhoZK
WG A2 5 R R R 2 Ry w1 22 40 9. Rho
KGR A 2 — I RhoASR [, 18I T 15 4 B fik 22
B, Z 5 3UR KWt % (enteropathogenic escheri-
chia coli, EPEC){% 28 4E A3 W P 4 . 1M H Al 5¢ T
FEMTB 5 2% JF 7 Wi 4 240 Jif 1) o 2 o /2 75 75 22RhoA
HERZ 5IRERD, AR SCR LB TIR T

1 MR5REE
1.1 w5

MTBARAEFRH3 TR FH#TL R 28 24 K 5 2 B A 2
2%, HRhoAPL IR H 3% [EHSanta CruzA w]; /)
S\ GAPDHHLAR I H it e s A=) w5 IR B A& Lipo-
fectamine 2000(Lip2000). FITC-Phalloidin. DMEM
ELFREEANGA M3 0 H 2 H Invitrogen 2 7 .
1.2 #J3EsiRNAFRIEFRipGCsi-RhoA

Xt RhoAFE TR [fnt 710~728 F BX % i1siRNA %)
T H AL IL TR, M RsiRNAZS T H 5 25 DNARR KR
H: IE X BES-GAT CCC CAG AGA TAT GGC AAA
CAG GAT TTC AAG AGA ATC CTG TTT GCC ATA
TCT CTG TTT TTG GAT-3', Jx X §%5'-AGC TAT CCA
AAA ACA GAG ATA TGG CAA ACA GGA TTC TCT
TGA AAT CCT GTT TGC CAT ATC TCT GGG-3'.
KAk 225 A B _E IRDNAREAR, ¥ M T 28 vh i,
iB K J5 15 3 WEEDNASY 15 N F BamH 11 Hind 111
XFpGCsi-U6FE A4 #E AT XU, RIS B V) F B, # H
L XUEEDNA > T 3&E 7, #7652 2 DH5a,
100 pg/mLE K5 8 R IE T, PCRIEVID &
A, Pk BH M v B 3 AT DNAM 7, 43 2pGCsi-
RhoA JFi ki, fE M52 IARE 1] RhoAKE [Fint 710~728 F B
HIsiRNAZ> T
1.3 4HpEE

AS494H fiig LLS><10%/4L # P T 20 35 7= AR, i

N 10%16 4 137 MDMEME 35 %, 37 °C. 5% CO,
R F£16~18 h, 4l A K ZE60%m A B i, 1% 08 k5%
Beyi BT i gy, S50 FH AS494H A 73340 AZH N
N4 pLR o AR (2 76 R 2H), BEH #% %20 nmol/LJE 2%
SIRNA 7> FFRIEFAR(TE I HRAL), CLLE %420 nmol/L
pGCsi-RhoA %) T-(si-RhoAZH). #4412 h)E, 5645
6 15 10% 16 25 1L 75 A DMEMRS 77 S 4k 4L 15 9724 h,
HEATMTBAZ 2241 i S5
1.4 HERZEHAM

HMR 135 R AT B s, SR TG In) % 220 AL
M ATAMTBE (MOI920:1), 37 °C. 5% COE & 54
7%2 h, DMEM#5 78 FE BE3 IR, A 100 pg/mL-K B
R EEDMEME; 77 35, 4k 5215972 h, DMEME;
FREEVEIK, M 10% 6 2 L35 B B DMEMES 77
Sk 485976 h, ARG AL AN i AT DL RS A
RhoAT FIRIAKF. 4ifg N FMTBEL R 41 i
22 EHE, MMEEAE . S E E 3R

K I Western blotiZ 6 il 1 il Rho A 55 [ K 1A 7K
Fo — PN RRhoAFTAR(1:200% B), — P HAPHR
11 2E T %lgG(1:1 000F% ), BCIP/NBTE t4 )5 41
M8, 2 K FEMACERAE AR EE. RIEAR
O A FLAK B A LR AR e FL K FEAE, T
HRhoAR FIMIXTRIZ K. A PAT3FLIINE,
Bl DA (xts) R

4 fd 4 FFMTBRE 77 I 7€ : MTB1R 28 A54941
J&, EBE AL ST, BX10 pLERAT g4, L
SR 20 P PRI 2 Y R AR, R P AR S = ST S
I 2 5 AN EMTBYE D4, PCRY 14 S5 24T 141
16S IDNAZE A v B, 1E[7] 51 YIPEFF 31 N5'-AAG GCG
ACG ACG GGT AGC-3', % [f] 5| #IPr/T 51 N5'-GAA
GGC CGT CAT CCC CCA-3'(F4l 77155 WCHR[T])-
POPAT3FLINE, 51 00041 il Y M TBH 1%L,
SE R Pixss R, REANIITMTBHI N e

o D Aok 22 B HERS ) A 2R3.7% TR S = IR
5E 10 min, JIA0.1% Triton X100FPBSALFE10 min,
JIN10 pug/mL FITC-Phalloidin[{IPBSAEW, = ik 4Lt
40 min, Leica TCS SPSRIBOE ISR AL A L 4%, B
K495 nm, KHHE515 nm. 1+ H F-actin®E HEFR 7
FEHC A0 I I Foactin BB A 1 (S . F
ROGE S 22RD5 2, HI2~3T LA _E ek 7E), Ak iy 5%
0.5 (MBI AR), LR L 1H04y, 1HE 2001
Y H, F-actinEE HF AR 43 45 £i=(FR 73 £ 1E/200)x100%
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IR -

#4095 53U, F-actin B HEFR 70 5 B LAxts R,
] sz W84 2H 241 ff F-actin 25 HE7 I

Y HHB LSS A 2 A £62.5% % 4 °CH
SE16 h, T IE % B FR AR, Hitachi-765024 TEM
P WL 5% 4T 8 R 25 44
1.5 HEFhAHT4HRaRE S

MR FH 1.2 753553 AT e G, T3 1) 5 2HL 4
92 FL A I AMTBTE (MOIN20:1), 4 °CILE2 h, T
FERGFRIL, PBSYE3 K, JHRMEH AL AR 40 A, HX10 pLidk
ATAMM T E . r) HL A A o N 40 P R AR R, SR
S 9% 6 8 A e MTBHE UL, 581 0004 g
FHIH IMTBHE UL, S5 8 23K, 45 F PrtsFOR,
AT J2 WS- 2H 4 B 5 MTB 2 P g
1.6 ZHitrFE9HH

K HISPSS 15.05 34T Gi vt 407, 77 2 ek
FFRS, 4R35 LU ECR F ek 38, P<0.05 9 2 il
GuitsE L.

2 H#R
2.1 siRNAXTAS49ZARfRhoAEE ZR3k B3 NEI/E R
K 1575, 20 nmol/LI¥)si-RhoA%E YA 5494 i 31k
18)36 hJe, RhoAFEF FIA 52 BHNH, X N1 8 R IA
IR %t HEAH (1K) 15.3%, 051126 984.7%
2.2 MTBXTAS494HR0 R RLBT BE
F1EIR, M AZL). TEHKsiRNAZH(BLAL) L
Jesi-RhoAZH (CZH)4H A X MTB I % Bt 68 71 £ 4t it 2#
20, PL g RAROR, JH ASA9Z1 L RhoASE IR 1 %
ik, REZIMTBYT ASA9Z0 i ) 5 B A
2.3 MTB{RZEAS4940 i3} 4R AR L5 44 B9 52 M)
B2 7R, 45 4% AT B H3TRVEE 1) ¥k 12 28 A54941

o h 94 By p—
[ I < - B
o7, N,

Ja, 20 Bt bt B DA SR ) B ZH AN T G siRNAZH
Y MR L . BRTE AT HEFIZEEL, P R 2k
RS2 ™ E L AT, A0 P A A I A AT
(EI2AHI12B); si-RhoAZL 41 ffd 1 i 22 Koo HE 21 & 5%,
VAT I e 2 AR 32 ik 32 41 (B12C)
2.4 MTBIRZEAS49MARS| otz EHE
AS49411 it Zsi-Rho A AL FE36 h, K FH37RVEE /)
PRI Z2AS49H Y, 2 hE WL At ol 22 SR HEIG O, 25
RILE3, B3R R X i 2 A JE SsiRNAZH 40 i ik
o EA, 2 WA S AR R s 2R
JE(E3AFI3B); si-RhoAZH 41 fitd i 22 S HEAR B &, /b

1 2 3

RhoA

GAPDH

1: %A 2: JEKsiRNA; 3: si-RhoA.
1: control; 2: scramble siRNA; 3: si-RhoA.
1 siRNAHFHIAS494HfIRhoATE HRiA
Fig.1 Down-regulated expression of RhoA protein of
A549 cell line by siRNA

&1 MTBXTAS4OMARHIFERIEE T1(< 10 )
Table 1 Adhesion capacity of MTB to A549 cell line (x10* copies)

4] I OMTBE
Group Number of MTB adhesion to cell
A (control) 2.66+0.23
B (scramble siRNA) 2.65+0.21
C (si-RhoA) 2.62+0.16

A: SR (4 000%), M. NERMTB(A); B: TEHsiRNA(10 000x), ZERiA 0. EELAERMLZ . WERIMTB(A); C: si-RhoA(40 000x),

IR E T S LN S N IS T EAVAVE

A: control (4 000x), vacuolar endoplasmic reticulum and internalized MTB(A); B: scramble siRNA (10 000%), vacuolar mitochondria, short and disor-
ganized filaments, and internalized MTB(A); C: si-RhoA (40 000%), slightly damaged mitochondria, and long filaments with good order (A\).
E2 MTBYTAS494HRELEMAISZNE(1RZE2 h)
Fig.2 Effect of MTB invasion on structure of A549 cell line (2 hours post invasion)
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A: XFHE; B: J55KsiRNA; C: si-RhoA.
A: control; B: scramble siRNA; C: si-RhoA.

[E3 MTBXTAS4940 A1 22 B ZRENZZ N (400%)
Fig.3 Effect of MTB invasion on actin cytoskeleton of A549 cell line (400%)

2 MTBIRZAS49MAEHIF-actinE HEHE H (%)
Table 2 Index of F-actin rearrangement by MTB invasion

R3 ASA9ARFTMTBRIRFRESI(x10° #£)
Table 3 The capacity of A549 cell internalization MTB

A549 cell line (%) (x10° copies)
415 HHHEHU(%) iRl W IIMTBECR:
Group Index of rearrangement (%) Group Number of MTB internalized
A (control) 85.7+1.5 A (control) 4.49+0.34
B (scramble siRNA) 84.5+1.8 B (scramble siRNA) 4.45+0.29
C (si-RhoA) 63.0+3.14 C (si-RhoA) 3.19+0.264

4 P<0.01, 5BALLH.
4 P<0.01 vs B group.

LA TSRS PR O 2 322 R O 2 (B3C).

T 20 M O F-actin B HEFE 3, 45 5 382,
240 7R, si-RhoAZH 41 ffd (1) F-actin B HE 5 20 2 35 (1K
T TR siRNAZH(P<0.01), HoAh 2% 20 40 i fI F-actin
Hee B B LS 2478 .

2.5 AS49ZHRAXTMTBAYA & BE

AS54941 i si-RhoA KL BE36 h, S HIH37RvVEE /)
PRAZ Z2ASA941 L, 2 hig f 4l ie BB 4 H, &5
FWFE3. F3LoR, si-RhoAZL4H L A 40 % H
FRT L IsiRNAZL(P<0.01), HoAtZH 4038 P 75 41 54
B H Z TG

3 1ie

R T RMEBUREM EE R R —. X
TN BT A BB, AR N TE 3 A0 I8 RTE E k
PR — NI M A A BN E E A 1R 28 R
71, LR BE 7 () E B R R B, B R e 4 B BUR
PEGRSS . FHE M N 27 AR AR\ 20 B e % PHLE IR gL
Ao TR, AR AT AR LS B
P “Hi B (zipper) ML i Ffil & (trigger)” HL P10
A TR 2R 10 1 BCAAR 705 1 32 A M 2% 10 1) 52 Ak L fe 5
&, BG5S TR, 51 AL, TR

4 P<0.01, 5BALLH.
4 P<0.01 vs B group.

Tl /N, CLEGRAN TR A 2 AL, IR R HL S,
HRR AR B B 2= s o 22 AR ALAIIR N0 AR . ““fih
ML Z WV T TR

RhoATE HJE TRhoEAFIEM 2 —, FEHS
SN R A0 IS B DA R 4 28 A
i 12, ARG R B, RhoAJE it “fi &ML =
HR AR R T R . BREREER I 2\
HeLa4l 0Bl N JZ 41 fu B, RhoA TR H &% | GTPREE/E
F. — HRhoAZE [ [JGTPEG 1% M 45 14 55 Kk 42 RAS,
12 NG M B 5 3K B 40 H B 2 b0 S
B BRI 42 22 i S 41 B, Rho AR 5615 5 %
g, MTBA] LUz 28 JE B R 40 iU AS4940 i, FF
HAEW e 4N B A, {H S, fEMTB/R B3k &
I FE P, RhoAZR A ZHRE M A W

P L e 1 S AN R T TR VA OG . 7R
] 152 2% 4 i D<Ak L T, U A AR 2R A L e
JIR/NBI B R 2 AU R R BE 7T . fEAN R 1R 22 4
J FRg R BE R LR, ok E 40 1R 22 4N RE RN
AR R A WA, BRI R P A ) AI4H B 1= N BE
JH lf Yo 4 T 1) PN A R S A T RN RE T . AR SR
FIRNAT-HH A AN HIAS4940 fu RhoAFRE K 21k, SR 5
% FHMTBAR{HE RH3 TRV 2 B 12 22 AS49 20 Jfd, WK %% ]
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PATR B3 2 Jif 06 MTBFK & B BE 0 o 2038, 40 i ik
2 FEAHERE T B, AU MTBI N & Re S FFE. LA
E SRR, AR W A0 1 RhoAHE TR 3R 3E T i )&,
SERZAT TR 2 PR A L BE 0T S B W S R, (B
BATHE R AR ) TR Bt A0 745
MR R R T, FERhAEAZ S,
RhoA i [ W] A & Il hr BEHL i R A HE ThRE. #£
S BRI A= 22 20 M (1 T P2, Rho B 1 5K 1 T e 5 4 1
LARRARRA Ko ARKWEFCH, X FRhod A FIRAE
SERZAT T AR 2R A0 M A A5 5 T RO 1 A 5 I
e, [EARAWT T .
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