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[Abstract] Objective To detect the changes on the expression of putative drug efflux genes
caused by isoniazid-inducement in single resistance to the isoniazid Mycobacterium tuberculosis
(M. tuberculosis) clinical isolates, for exploring the putative efflux genes which causing M. tuberculosis
isoniazid resistance as well as the mechanism related to high expression of the putative efflux genes.
Methods We selected 35 M. tuberculosis clinical isolates which were only resistant to isoniazid as
well as 10 sensitive M. tuberculosis clinical isolates and using H37Rv as control. Each strain was
cultured in 7H9 liquid medium without isoniazid and with subinhibitory isoniazid concentration
(1/4 MIC) induction. After RNA extraction and reverse transcription, real-time PCR was conducted to
assess the expression changes of 27 putative drug efflux pump genes with formula 2 " to calculate
the expression of each putative drug efflux pump genes. Results Of the 27 putative genes, 13 of
them were expressed at high level. High expression of Rv/258¢ gene had the maximum number of 6
strains, followed by high expression of Rv0849 and Rv2265 which both had 5 strains. Fourteen strains
(40.00% ) out of the 35 strains had high expression pump genes. Six strains (17.14% ) had only one

DOI: 10.3760/cma j.issn.0254-6450.2013.04.016

ELUWH  BRFE AR IR (2008ZX10003-003) ; FF E K £ 5054 Ti5E (20082X10003-010)

fe& #45:325035 MM EXRRBREYREREYHEHEATRE GREE  BEF); ERBBPHE S b oS mTpH AT 5105%
B E RS LR GRAGE HE BE TR

M RN E

WIEEH . AEH, Email:jxlu313@163.com



- 380 - PEERITR A S

2013454 83443 48] Chin J Epidemiol, April 2013, Vol. 34, No. 4

highly expressed putative efflux pump gene. Eight strains {22.86% ) had two or more highly expressed
putative efflux pump genes, including two, four, five, seven genes that highly expressed in 4,2, 1, 1
strains respectively. For the 27 putative genes, ten sensitive strains and H37Rv did not show highly
expressed genes. Conclusion Rv/258c, Rv2265, Rv0849, etc. genes might be the putative efflux
pumps genes of M. tuberculosis resistant to isoniazid. Isoniazid might serve as the inducer of
M. tuberculosis part putative efflux pump genes, inducing activation and causing high expression of

these putative efflux pump genes.
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NCBI-BLAST -0 U 4 54 , 5149 5L 2% 30K
[8J(AHFTTEIN RuI877)FIFK 1,

x1 REHWIMNEREEMGIE 51975 Ry A B

=]

R R Bk KiF

(bp)

Rv0037: MSF F;5'-GCGAAGAACAGCAGTGCGGTA-3' 105
R:5'-GCATCGGATGGTGGTCGGTATC-3’

Ru0191 MSF F:5' -GCTGCCATGAGCCTGATGTG-3' 164

R:5' -CGAGGATTACGGTGGTGACGAG-3’
Rv1672¢ MSF F:5'-CCGTTGTTGGCAGTGTGATATGG-3' 189
R:5'-CGCTGTATGCGTTGCAGTTCTT-3'
Rv0842 MSF F:5'-GCCGCTGTATACCTGCCGATGT-3' 100
R:5' -TTGTCCGAGAGTGCCTGCCGATA-3’
Rv0876 MSF F:5'-GGACCGATGAGTGGAGCGATCA-3’ 133
R:5' -ACTCGGCAATGGCGGTAGCA-3’

Rv2265 MSF F:5'-CGGTTGTCCTCGGTAATCCT-3' 112
R.5' -ATGTGGATGGCGGTGTGTT-3'

Rv2456 MSF F:5'-CAGCGAACCCCACCAAA-3’ 140
R:5 -GCACAATCGAGACGAAGGAA-3'

Rv3239 MSF F:5'-GCCGATTCCTGGCACTTTT-3' 146

R:5' -ATGTGGATGGCGGTGTGTT-3’

secAl  AE L, .
g F:5 -AGAGGTGTTCACGCCACTTACG-3 146

R:5' -GCTGGAGGCACTACTCAAGGAC-3'
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(3) £Bx DNA {544 2P DNA A A & b2
E AR EUR S RNA, K % 24 20 pl: 100 X DNase |
Reaction Buffer 2 pl.0.5 ul DNase I (Amp Grade,
1 U/ul) ,0.5 ul RNase Inhibitor, & RNA 1500 ng, fill
Rnase-Free Water 3 20 pl, Z B & 15 min, fil 1 pul
i EDTA(25 mmol/L) % 1L [, 65 C 10 min Ki& .

(4) K3 4 B cDNA: 5%k DNA 15 4§45 9 8
RNA R SRR b A7 R etk LB L —
4 DNA (B[l cDNA), [ Jii #& % 50 pl: 7.5 pl NTP
Mix (2.5 mmol/L Each) .4.5 pl Primer Mix. 10 pl
5 X RT Buffer, 4.5 u1 DTT (0.1 mol/L) 2.5 ul
HiFi-MMLV (200 U/pl) .21 ul 2 Bk DNA f7 #9 &
RNA(3£ 1500 ng) R SHIRGIRS), HEE L, 1®
42 °C 50 min,70 °C 15 min B %14 T & cDNA. H
EASY Dilution # cDNA 7 # & % 10 ng/pl,-20 °C
RFEH.

(5)real-time PCR: % F] SYBR ¥ real-time PCR
EH &, IR ZE R 20 pl: 10 pl 2 X UltraSYBR
Mixture . 0.3 pl Forward Primer (10 pmol/L) . 0.3 ul
Reverse Primer (10 pumoV/L) .1 pl cDNA (10 ng/ul)
Rnase-Free water 8.4 pl, B2 EASH (P L &
PCR):95 CHIZEM: 10 min, 885 95 CEM 155,38
K/EEMH 60 °C 1 min, 40 MEF . HWSERE HsecAl,
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1. B KR8 MIC K katG . inhA F oxyR-ahpC %&£
ZE% ;35 R LT S 0 B 5 X 0 BRI 24 B
(68.60% ) B MIC 4 2 pg/ml, H 1 22 #k K 4 katG
315 AGC-ACC (Ser-Thr) R4 , 2 Bk K & A 58748 5 5 #k
BEIMIC A 1 pg/ml, Hr 2 ¥k & A katG 315AGC-ACC
(Ser-Thr) %75 , 3 ¥k K A inhA(-15)C-T 2745 ; 5 ¥R B
MIC 4 4 pg/ml, H o 3 Bk & 4 katG 315AGC-ACC
(Ser-Thr) 2&7E , 1 Bk k4= ahpC(-88)G-A ZEAE 1 B K
KA AR UA 1 BRIE R ¥R MIC 5 H37Rv AR, ¥4
025 pg/ml, iZ G KAk N katG 261GAA-GAC (Glu-
Asp)FlinhA-15C-TERERAE, 2EEMKBHTCRE,H
w6 Bk bk MIC 49 0.25 pg/ml, 3 #R 5 49 0.125 pg/ml,
1 BRI BRI K 0.04 pg/mli(FR2),

2. Spoligotyping & B 43 BU 455 - 35 R IR K 73 4
¥k Beijing BRI #R B 2 A 158k, HIR M U RIS £R,
H3 AT BY%% 48K, T2 BRI 28K, T4 2 1 Bk, 73 4 4R 8K
$i5 i P ASAF A 1 8 2 B A B B (000203004103771
TI7737776720771 | T77157637760631 | T77737477760771) ;
10 Bk 480l PR Bk 0 Beijing B 4 8k, T1 BY 2 8%, 4 %k
B EEFRAEENFENRBEK
(577777403760731 . 577400000000000 , 577400000000000 ,
000000034103771)
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x2 L8 AT SRS A AR E I H3 7R B MIC S 2k i F LR ge An 2 B

2HE (n=10) BB (n=35)
MIC  Hitk BRRE RE MIC  Hitk  EREE AT
(ng/ml) B (ugmb) XM (ugm) K (ng/ml)
0.04 1 0.001 WT 025 1 0.0625 1 #kkatG 261 GAA-GAC+inhA(-15)C-T
0.125 3003125 WT 1 5 025  2#kkatG315 AGC-ACC,3 Bk inhA(-15)C-T
025 6 00625  WT 2 24 05  22#kkaG 315 AGC-ACC,2#RK %R
025(H37Rv) 1 00625  WT 4 5 1 34k katG 315 AGC-ACC (Ser-Thr), | bk ahpC(-88)G-A F | AR

% : WT(wild type, FAE EDIFR R £ X BERRE



-382- PERITRERSE

2013464 A 34 %58 4% Chin J Epidemiol, April 2013, Vol. 34,No. 4

R3 SRR R 2EEK 27
BRESMHEREN RSB EREH

T2 E Bk (n=35) 2HER(r=10)
HE  ARENREEERSR ARMNREEERERK
0~ 1~ 2~ 3~ >4 0~ 1~ 2~ 3~ >4

Rv2936° 9 12 2 1 5 1 0

Rv2937° 17 13
Rv2846¢ © 17 6
Rv3065° 16 12
Rv0783¢ 17 14
Rv0849 * 12 13
Rv1145 14 15
Rvll46° 15 16
Rv1250 20 14
Rvi258° 18 7
Rv1410c 16 15
Rvi634 15 17
Rvi819c* 4 17
Rv2209° 12 17
Rv2294 16 17
Rv2333c 15 10
Rv2459 19 16
Rv0933 15 18
Rv2456 14 19
Rv2265° 14 10
Rv3239c° 19 13
Rv2938° 16 14
Rv1672 15 18
Rv0842 17 12
Rv0876¢ 20 13
Rv0037¢ 14 16
Rv0191° 14 11 4
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FH (Rv1258¢ . Rvl819c . Ru3239c . Rv2846¢ . Ru0191 .
Rv2265 ., Rv0849 ., Rv2209 ., Rv2936 . Ru2937 ., Rul146.
Rv2938c 1 Ru3065) M5t # ik B Z R ERAERL S HE
B >4 (RIS RIK) , H A R 2R ik Rul258c HIBEHREK
BEH 64k, BFiARv2265 I RvOS49 IR B SHE, 55
7235 Ru2846¢ 1 Rv0191 94578 4%k , /283X Ro1819¢
1 Rv3239c W9 45 H 2 ¥k , ¥ 15 Ru2209. Rv2936
Rv2937 . Rvl 146 . Rv2938c Fl Ru3065 B % 1 #k (£
3)o 3SERET 148k (40.00% ) B Fik &R, K8
¥ (22.86% )8 =2 A FEREE(FHEREK2.4.5.741
EESHFE42.1.185) 6 KEH REmFRL1ME
ESMHERER., 4HE T 11 EE W hac 315
AGC-ACC(Ser-Thr) 545 2 ¥R¥EHT inhA(~15)C-T Al
1 Bk #5 7 ahpC(-88) G-A 275 ; Beijing B A 74k, T1
RO U B & 2 8k, T2, H3 Al 7 2 H A
(777737776720771) % 1 ¥k . 18 R ik ABC RIE K
Rv2936 . Rv2937 F Rv2938 (B RR Y Ry T1 &Y, HAHR

RREEREHGEL. MRERE | thEE LR
[ Ru3065 BIHEXT RA R EZRMEH R R 13.15; 5 &
K Ru0I9] RYTERRA 44k, FHIRZX R EFMERIRZ
(12.05) ; Rv2209 ik B2 RAGEEAR R 4.10(K4)

R4 BEOBITRRREBEZEYINERER

HERL BB A ARE
HXRXE REE MIC  ®7%E
B wwon zrem TR Ggm) ik
Rv2209  1(2.90) 410 H3 2 katG315
Rv2936  1(2.90) 430 Ti 2 katG315
Rv2937  1(2.90) 502 T1 2 katG3l15
Rvlil46 1(2.90) 5.50 Beijing 2 katG315
Rv2938¢  1(2.90) 689 TI 2 katG3l15
Rv3065  1(2.90) 1315 T1 2 katG315
Rvl819¢ 2(5.71) 5.08-£0.80 H3 2 katG315
Beijing 1 inhA-15
Rv3239¢° 2(5.71) 11.021+9.84 H3 2 katG315
Beijing 2 katG 315
Rv2846¢° 4(11.43) 9391476 TI 2 katG315
T1 2 katG315
Beijing 2 katG315
Beijing 2 katG315
Ru0I9I"  4(11.43) 12.05+6.77 Tl 2 katG315
Tl 2 katG315
Beijing 2 katG31S
T2 2 katG315
Rv2265*  5(14.29) 6.07t1.79 H3 2 katG315
Beijing 2 katG 315
Beijing 1 inhA-15
0) 2 katG315
U 4 ahpC-88
Rv0849"  5(14.29) 8.82+4.92 Beijing 2 katG315
Beijing 2 katG315
Beijing 2 katG315
T1 2 katG315
T2 2 katG 315
Rvi258 6(17.14) 5.21£0.80 Beijing 2 katG315
Beijing 2 katG315
Beijing 2 katG 315
Beijing 1 inhA-15
H3 2 katG315
777737776720771 1 katG 315
Hetats
Wi

S AR R BE T SR G5 4% A B T A BRI B
katG E:H BB K I TR E , REHER 2544t
HER TGRSR ™, BB TER TSR R
MR 2550, SRS 9 30 B B B R BT 25 19 55
— L. XS 35 VR B 5 AR AT 10 BR 2 ek %
YA HR RS S 3RS 27 B A HE
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FHEMAE (54 ABCHE M 211 MFS #l | MRBE HFR
J6)RIXBHITHRF , 7 b H0F S0 B 25 p & 45 2
YA HEE R R R T R SO SRR R R,
it —1 T R B T 25 S HE R LI 2E e Ea

AR R BRIEAE 14 BR T (40.00% ) H &K B
B MEFERE(EREH>4),1X 5 DeMarco %
MREECHEGRESNHERERFEH 49.14%(114/
232) M bR 5 BB SME R 8858, (B 5 F Gupta
PRI 8.33%(5/60) Y B bR B R AMER B .
A B = R a5 13 A FE K B B 3 B karG315
AGC-ACC (Ser-Thr) % %8 , H o & £ 1k Rv2265.
Rv0849 F1 Rv1258c B H W AR DB B inhAd (-15)
C-T HlahpC(-88)G-A AL,

1. MFS Kk : REKMEHEREZ ", &
WHR BT MFS KK & RE W EKEF Ru2846¢ .
Rv0849. Rvi258¢. Rv0191. Rv2265 #1 Rvw3239c,
Sharma 25" 18 Ru1258¢ 457 M BFF i B BRE Sb
HEF W, 55— 5T IR — MR 25 245k IR o B B
HERAE s R B2 E R T Rol258c B BLm &
K, AHFSY Hh i Ik Rul 258 BB AR BN 6 8k, F
HFRAMER R 5.21, R A T8 Ru1258c R IR R
Y AMEE R R, BLASTP 2 HHBE SR 2
B Rv3239c #1 Ru0849 EL7 Hi 7 i) MFS #% 35 B H %
W73 A FI B K 4RI 25475 14 18 5 2 3 RS F 51
Cc"!, Balganesh 25"} 8 Rv0849 BT 4 i 19 S HE 3R
BN SIYHEE BRHBERE. AR
ik Ro0849 VKA SHR, T I REZRBEECH
8.82, M WiZZEFEFMBFE R T AT B25Y)
SMHEVE R . #R1E H37Rv B2 4 751, Wilson
ST R E R A B A SR ERRA T,
£SO TR A N epA
(Rv2846c) BH Bk, = S EH A 2.5, w4
PRI B 4 bR R IR B > 51, B Al ik 16.24
% s ILAMNE % B Ru2846¢ B K ik 22 F A5 (9.3 6%)
& T Fu #1 Shinnick " 48 (43 B N 4 ~ 5 F13.2
%), HLHERT Ru2846c Tl BE RS BE B E
of S A TR 25 R LR o AR5 89 Ru3239¢ 18 2 BR BA
Rk, E R 11.20, AR R A
YANERRERE, Rt AE i L UESE Ru2265 78 5 %
B R RS, EFHEECEE N 6.07, 1278 Ru2265
B SMEVER . De Rossi B RESMER £
B Ru0191 J& T MFS F & , {8 i oA BB IE S HAE
ZERETRENGYINEER. AR ERIKET
FikizEE, BP0 12.05, FIHE KIE Y

Rv0191 AT REAAMHEFR FE R

2. ABC KK : 43 ABC K IE I B K 2 15 £54%
SEATREERAKN 2.5% ., AHRFEFABCK
E E ik H WA R2936, Rv2937. Rv2938 Hl
Rvi1819, ZE¥Z4y AT R FF IR EEHE drrA (Rv2936)
1 drrB (Rv2937) %R % ABC RUHEE |, BF 5% & 3R dirAB
TEREIG 7 BOFF o P R A BT R B X R (UMK
ABRFINKE A EZEMW S, 8RB S %
STHEMEPCERWA P EREM . 2R+ Rv2936
M R2937 AN HEE &L, BREXEFEHHE
T, [ B A 17 Y B Ak MIC 2954 2 pg/ml, 35 43 R 2y
R T1 R B 2872500 S 30 kat G315, /M AT WS 4~ 3
PR 22 [ SEAFAE — R A G . Ru2938(drrC) R
T ABC R #4315 % A dueABC B9\ T4H R, &
N ERE K TERR TREAREFFEN
4.09%  ABFE 7 R EMHE S T HFH R RE(6.89
&), B ERARNRNERIKY . WA, 23lE
2235 Ru2936 . Ru2937 #1 Rv2938 3 [H Y 3 Bk 1 2 (X
U4 T1 #3680 drABC R W R RIAATRE S B
BERME X, RESMHEFRER RvI8I9 HIFEXT R
B ZEREHCH 5.08 4%, 5 Gupta TV HUER 4.14 4%
Bl o

3. SMR Z J#% HI RND FK % : AW 5 & T SMR
RIGH B FAERA Ru3065, )8 T RND KRR &
KRB A Rvl 146, Rv3065 2 SMR KR I SMHER 2
[, AT 4N HEZ R R, Rodrigues % 4 H 2 Bk 7
HBHE S W ERR AR ZRMEET I 3.1 31,
AT 5% 6 BRI B LA HEFE (22 A 80k 13.15) 6
G5 A% 43 B FF B B S AH 48 ) IR R 5 B Rol145 F1
Rul146 , 7EBEYR S R AT 8 o & BT B — 1~ B — 1Y)
TF R e AR 4R, I B LB UE BB i P B B A
LRI R BUR B MR 25 ) W USRI R R E
B2 KK A —HRE, Rul 145 R K IR 25351 Rol 146
FEIRETBEE. WA, Rv2209 N HE &R FHEA
FW%, Gupta % B Z4EH Rv2209 TEGS A RAT R
STERYBERSMEMER, AR L RET X
e X R SIS MENE R RA B EREEC
4.10,

g LR, AR R RIS R BE 2 WM
F R 5 R LR R 55 R LB, REAN S
FHEEFIE (N drABC EH) Al R S R H R H A
£ ANFH—FRIUE, A R RER— LB
EANER B A B &L, W Ru2459 F Ro1410c 4%
{H Gupta F B FE F HMBHE T T Ru2459 22 RAEEL
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A 5.15, Rodrigues 38 Rv1410c TE 2 R E P R E
B INEE 518 12.4 F112.5, 53X °] G2 B T E I
AL ZEARFFBEE ST, B R &
KX FHid RN FHREAEG KRB PR — R
BRI, T A 2 A4 B S HE R M B R B
I, 7B S KR35 5 T AMHE SR R I 9 0 AT R B ok
FRHHERE, MHEE M2 B TTRER R
FRMA SR, (X R0 R A —3K,
FECHSMER R R W BIEEE AR,

EPRIE KA WA ERFEESN5F
MRS MER SR, 5 RE S 2 SN ER SR B
EHEREMEE A  — R SMER LR A
B0 A S BOLEIE TS R ik ; AR
ERBRBPCARZREE, B katCRAE R E, NG
RBRESMHERERE AR EE R BT, 3
K 275 0] BB 525 WS NHER BT — A e T
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