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Identification of Gene Mutation Sites of Mycobacterium Tuberculosis and the Relationship Between
Isoniazid and Rifampicin Resistance in Ningbo

XU Feng', RAO Yuefeng?*, ZHANG Xingguo®*, ZHU Yuyin*, CHE Yang>(I.College of Pharmaceutical Sciences,
Zhejiang University, Hangzhou 310058, China; 2.Department of Pharmacy, the First Affiliated Hospital, Zhejiang University
School of Medicine, Hangzhou 310003, China; 3.Beilun Branch of the First Affiliated Hospital, Zhejiang University School of
Medicine, Ningbo 315800, China; 4.Lung Department, Hwa Mei Hospital, University of Chinese Academy of Sciences, Ningbo
315010, China; 5.Ningbo Municipal Center for Disease Control and Prevention, Ningbo 315010, China)

ABSTRACT: OBJECTIVE To eclucidate the mutation characteristics of rpoB, katG and inhA genes of Mycobacterium
tuberculosis in newly treated pulmonary tuberculosis patients in Ningbo, and to analyze the relationship between gene mutation
and drug resistance to isoniazid and rifampicin, so as to provide scientific basis for clinical anti-tuberculosis treatment.
METHODS Drug susceptibility of 2 455 clinical isolates of Mycobacterium tuberculosis was detected by 1% ratio method.
DNA was extracted from drug-resistant strains and amplified by PCR. The katG, inh4 and rpoB genes of drug-resistant strains
were sequenced. The three gene characteristics and the association of gene mutations with single drug resistance and multi-drug
resistance were analyzed. RESULTS Among 2 455 clinical isolates of Mycobacterium tuberculosis, 108 cases were found to be
resistant to Mycobacterium tuberculosis, including 75 cases of single drug resistance (inh 51 cases, rfp 24 cases), the single drug
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resistance rate was 3.05%; 33 cases of multi-drug resistance, the multi-drug resistance rate was 1.34%. Among the 33 multi-drug
resistance strains, 5 of them had mutations of inhA4 gene, the mutation rate was 15.15%(5/33). The mutation rate of 7poB gene at
450 locus(ser450leu) was 51.52%(17/33), the mutation rate of katG gene 315 locus(ser315thr) was 87.88%(29/33), the mutation
rate of 463 locus(arg463leu) was 78.79%(26/33). Among the 24 rifampicin resistant strains, 17 of them had mutations in rpoB
gene, the mutation rate was 70.83%(17/24), mainly at the 446 locus(lys446lysarg), the mutation rate was 45.83%(11/24). Among
51 isoniazid-resistant strains, 45 cases had missense mutation of katG gene, the mutation rate was 88.23%(45/51), the mutation
rate of 315 locus(ser315thr) was 72.55%(37/51), the mutation rate of 463 locus(arg463leu) was 64.71%(33/51), 22 cases had
inhA gene missense mutation, the mutation rate was 43.14%(22/51), the mutation rate of 145 locus(vall45valgly) was
27.45%(14/51), 5 cases had rpoB gene missense, the mutation rate was 9.80%(5/51). In addition, 11 of 108 drug-resistant strains
had combined mutations of rpoB, katG and inhA genes, and missense mutations occurred at most sites, the mutation rate was
10.18%(11/108). CONCLUSION The mutations of rpoB, katG and inhA genes at 450 locus(ser450leu), 315 locus(ser315thr),
446 locus(lys446lysarg), 463 locus(arg463leu), 145 locus(vall4Svalgly) are closely related to the resistance of Mycobacterium
tuberculosis to isoniazid and rifampicin in Ningbo. The main mutation sites and mutation frequencies of 7poB and inhA genes are

significantly different.

KEYWORDS: Mycobacterium tuberculosis; gene; mutation site; drug resistance mechanism
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1 #MREREE
1.1 FEHORIE
2017 4 1 H—2018 4 12 A 7l migs i

B e 52 9 = A I A 45 A% 43 BORT T I IR 43 25 bk
2455 B, TRARIST B R SR R (S5 S
TR ) UOREOCZER AT, 3SR
SR A DA A 4 [ B B R B RS B A 2
(WHO/IUATLD) (it 25 Wi F5 5 ) HEFER) 1% L
EEAT, XSO E T 2 B bR, LT R Rk
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1.2 {55

EDC-810 %1353 PCR {3 (S5 M A i 240l B2 4%
A RN F]); NanoDrop 5 000 fifim 4] W43
J6:FEH(36 [ Thermo Fisher); DYY-2C %I H KA (b
AN —AEWRHEA PR/ F]); Labnet Sub System 70
F, Uk R (26 I 2EAA HR) s ABI3730x1 I A% (35 [
Thermo Fisher); BD-IIIEEZh B AL (AL 303 56
ERHEA R AT,

DNA #2£BURH] & (TIANGEN A d], H#it5 .
S7828); PCR 7] Boost #ri 3)j taq BF(BXEILAE 2
A, #it5 . M106S2); i3] BigDye Terminator
Vv3.1(ABI & ), #it%5 . 4337458); ¥k it 5
B548101-0500(4: T AEH/3 ], it : E927KA9715)
o 51Wh iR A Y TRARA R A M.
1.3 Jrik
1.3.1 DNAZRFOGEEIE K DP348 JH
21 DNA #2000 &, HOL Ui B e T DNA $2
B, Ba I e R &0 20 °CRRFE& H .
SRR 2R A1 AT LA G BE T I S I B 25 4% 4%
FFFIR DNA YGEFE(E, R REERRRE 10 55,
132 PCR UG  F¥FH :rpoB HEH 43 7 B I .
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TUBIY, katG FEH S 4 Be b, FUHi51Y, inhd
B2 Bl RS, SRR 1-3.

PCR WA Z : IRA SR 30 L, HEHLUY
DNA 2 uL, PCR Mix(# taq . buffer. dntp,
Mg>)15 uL, FI¥(10 umol)fF4% 1 uL, JNZEREK
% 30 pl.

PCR S 254 FilAE 14 94 °C 4 min; 481 94 °C
15s, Bk 55°C 15, #Eff 72°C 30 s, HE 354
PEFR; ARIEEH 72 °C 3 min,

FT1 rpoB HHYT HER
Tab.1 Amplification results of rpoB gene

EIRZELL ElEZL2] SR K bp

rpoB_1_2F GTTTAGTTGCGTGCGTGAG 65
rpoB_1_2R  CAATGGTCTCGTCGAAGTACA 755
rpoB_2_1F GACGAGTGCAAAGACAAGG 539
rpoB_2 IR  AGCGGACCAGATATTCGAT 1223
rpoB_3_1F CGTCGGTCGCTATAAGGTCAA 1111

691

685

tpoB 3 IR GGCGGTCAGGTACACGATCT 1780 670
poB_4 IF CCAGAACAACCCGCTGTCG 1504 .
rpoB 4 IR GCAAGTGCCGTGGTTGGAC 2230
tpoB_5_IF GAAGAAAGCGGCGTCATCG 2114
rpoB_5 IR GGCAACTCGTCCTCGTCCTC 2766 653
tpoB_6_IF GCGTGCCATCTTCGGTGAG 2644
tpoB 6 IR GAGCGGGCGTGGATCTTGT 3315 7
tpoB_7 IF  AGCCGAACGCCATTGTGT 3081

688
rpoB_7_IR  GAGCACGTAACTCCCTTTCCC 3768

R2 katG HEETHER
Tab.2 Amplification results of katG gene

519 g

GIE/E2 GlL/E2 ) .
VA= bp

katG_1_IF GGTCTATGTCCTGATTGTTCG 112
katG_1 IR TTCTCCAGATCCCGCTTAC 852 s

katG 2 IF CAAGAAGAAGTACGGCAAGAAG 652
katG_2 1R GCGTGATCCGCTCATAGAT 1382 Nl
katG_3_1F GGCAATACACCGCCAAGGA 1251 112

katG_3_ IR TCCAGCACGGCAAAGGATT 1962

katG_4 1F AAGTCGGGTGGGAGGTCA 1704
katG_4_ IR GGCGGGTTGTGGTTGATC 2465 762

#z3 inhd £HT ¥
Tab.3 Amplification results of inh4 gene

345K Sl A %bf;’x/
inhA 1 1F TCCGAGGATGCGAGCTATA 113 607
inhA_ 1 IR ACCTGTTGACCGACTCCAA 719

inhA 2 1F TCCAAGGGCATCCACATCTC 548 501
inhA_ 2 1R CGAACGACAGCAGCAGGAC 1048
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%, IR,
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N33 B, G 1~33; PR AR S5 % A R AT TR
24 B, Yn's 34~57; PATHSEARPEEEAZ BT 51
B, 4’5 58~108, AEMT245(&HOE5 BT 10
B, w5 109~118,
2.2 DNA LEEH

M, 118 MyFESTE 260 nm &b, SEHE(H
JE R 0.208~1.894; 7F 280 nm Ak, 2% 3 {1 Y0 [F]
A 0.119~1.149; 78 230 nm A4b, SEEEE(EIGE K

0.02~ 0.90, Azs0/A2s0 FLIETEFE 1.59~1.91, DNA #2
WEL, FAR T RNA QEED&E?%, Az60/A230

FCIAVE R 1.99~80.45, Jel/KIL A9 . B LA
155, KW DNA 2GI R AT, WREEIEH, W
TS
2.3 FEDK B4 K B b M FL UK

bk rpoB. katG. inhA 3:F4 DNA % PCR
YU, KUY WA R RIS, P
WS 38 W) 460, RUIY W R4, WA 1,

katG
2 2 3 3 4 4

2000 bp
1 000 bp

2000 bp

1000 bp

rpoB
1 1 2 2 3 3

44556677

2000 bp
1 000 bp

100 bp

1 rpoB. katG. inhA % [H 4 PCR 7= 4y & ik &
Fig. 1 Electrophoresis map of PCR products of rpoB, katG
and inhA genomes
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2.4 FEDRI AR R B R I A3 Br

2.4.1 rpoB 3 33 filfit L2tk 17 Bl
Bk rpoB PR SUSAR K HEAE 450 137 5 (ser4501eu),
RAFHN 51.52%(17/33)0 24 F] it A 4 B R AT
17 Bl KL rpoB FEDES URAE, AR N
70.83%(17/24), FHEAE 446 v 5 (lysd46lysarg) &k
e, TR R 45.83%(11/24), WK 4. 51
5] PR S R E R AR A S B RIAR & 2E rpoB 3k Rl

XRAF, GEAREN 9.80%(5/51), i B 15

BB ERTE 1075 137 15 (alal075ala) & 2E rpoB A [F]
NRAE, 2 GIERTE 441 3 5 (serdd1#) K rpoB
B TC LA, EER A 4 Gl rpoB HEH
RS, Horp 1 B RE 257 430(leud30pro) |
445(his445gIn){vi 55 5 1 rpoB FERAEE X RAE, 3 14
ERRTE 1075 1 /5 (alal075ala) & A 7] L 57A%

242 katG FEH 33 B 2250k HA 29 FH
Pk katG FEH 5 LA KR AETE 315 i i (ser315thr),
RN 87.88%(29/33), 26 HlKETE 463 ik
(argd63leu), RAFZN 78.79%(26/33). 24 BT
FItRF R EA 3 BIRE katG FEFTE 463 75
(argd63leu) &AL L RAS AR 12.50%(3/24)
S1 o S AR BE B AR P 45 Bl &L katG BEH 4
SRS GRAFHN 88.23%(45/51), Hih 37 fil Kk
TE 315 i s (ser315thr), ALK A 72.55%(37/51),
33 M| ke A= AE 463 1 15 (arg4631en), A5 %N 64.71%
(33/51), EHER A 3 BIFRTE 463(argd63leu)
PR katG FEREE X EAE, W3 4,

2.43 inhA 3£ 33 Bl 225wk A 5 B kAL
inhA JENEE SLRAS, AR RN 15.15%(5/33), 45 X
RASL LS, 400 & A AE 194(11e194thr) |
268(leu268trp)Fil 145 (vall45valgly)fii i, 24 i 5
Tt A T B R R IR inhA LRI 9875, 51 161 BT S
HH AR A 22 B A inhA FEREE SURAR  R7AF

x4 EFREAEKRKIRAL

A 43.14% (22/51), Hrr 14 W& AAE 145 i s
(vall45valgly), ZE7A5%N 27.45% (14/51), W3 4,
SRR 5 BIKE inhd FEDREE CRAS, s
L/

244 ZINEERA 33 FiMtZ2yEkT A 4
Bt Z 25 EAk &K A rpoB. katG . inhA Z3ENKE
e SUTRAS | GRAR RN 12.12%(4/33), FE R .
450(serd450leu) . 315(ser315thr), 463(argd63leu),
24 TR AR ST TR R R A 2 G R4S . 51
151 BTN S AR UE PR AR T 7 R A & 2E rpoB | katG
inhA Z HE N BC G 8 LR, RAZEN 13.73%
(7/51), F AL 315(ser315thr) . 463
(argd63leu). 145(vall45valgly)fvi i, 1 B4tk
RIEZFNIKEG R,

3 g

AT R IR rpoB FE PRI A 5 58748 B
FRIERAS , fii RNA A =5t &R,
T BRI 8 - 55 S5 % 70 BOFF T RNA R A 2%
B T R, S5 2 5 3502 ) R A T i 21120
Hui S0 58 R B, 5% 50 BOFT B X S5 0 e s 245 LA
katG . inhA ZE7EHRE W, >80% MMM 24 Hiix 2 4
FEH R G|,

ABIFGE e R T U Ml DX Il 45 4% R 5 A% 0y
KFFE rpoB FEH EEAE 450 3 14 (serd50leu) & A
i LA RS 446 117 5 (lys446lysarg)Fll 408 17
Ji(pro408proarg), HA 2 HIE R HIFE 531 v A5
(asp531asn)Fll 534 1/ i (val534ala) & AR5 U RAS
FBLGAR A S5 E A SCERGE A — 2, (H)E
T 45 B it 245 A0 OC 3k 58 AR R &2 A 1 BOHE
(www.tbdreamdb.com)icZK AL i . Fi5b, BREL
T 7] A - TR R R 22 25 TR AR A, BT S AR O T A
WAFTE rpoB FER WS LAE, KIZFEHRRED
25 AR R X ) A T i 245 190 45 42 43 BFT 1

Tab. 4 Analysis of the relationship between gene mutation and strains

rpoB % L 7% katG 55 L5R7% inhA i LG
BRI % - - -
FEALA %% FABHE Y FEALH %% AL Y% FEALA g RAERY%

i ) 455 33 ser450leu 17 51.52 ser315thr 29 87.88 57 5,431

A argd63leu 26 78.79

BT T 24 lysad6lysarg 11 45.83 arg463leu 3 12.50 - - -

YT S A 51 fLgisrik ser315thr 37 72.55 vall45valgly 14 27.45
arg463leu 33 64.71

B 10 fsidri arg463leu 3 33.33 DL
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We. S350, katG FEH FEAE 315 {1 5 (ser315thr),
463 fi mi (arg463len) K A LS, AE A5 3
BRI B A —3, HRAPREAIHMIN , inhd B
R A 145 3 5 (val145valgly) K A4 X 5878, 5
SCHRARE B IL-15 . 17 S FEAA—8, S35hE K
A 11 B2 R R4 Bl 228, 7 B S ARk
K rpoB . katG. inhA ZIEHNEEERAE, L2545
W R BB 10.18%(11/108),  Kob-F i ik A H) 4
S 25 PR B SR . LRI, A HE X IR Al 4 A%
HBE S BT E rpoB . katG . inhA FEHAE
450(ser450leu), 315(ser315thr), 446(lys446lysarg).
463(argd63leu). 145(vall4Svalgly)ds Bt 58748
A b DX 235 2% 20 BT B8 X6 S R e« R T 25 2%
PIMSE, HA rpoB. inhA FRRY F B RARN 5 A
GRAFITRAEAE I T X 2 5

BEAh, WFFERIINSI, 2012—2014 4F 77 i X
SR AN S5 i A it 2 25 LT3R 8 T IR 4L
8t FIUL, WA B FIRITRER SRR . it
IR R BB, VAN B E 2 A
P A IRTT SRS A B 0 G . A
FEABEN 118 BIS5 - BFF A IG R s B bkrh, A
105 1] A R I 2 3 P RN 28, SO e A it 24 P vk
Hi BB 88.98%, ¢ HHJL PRI 24 B ik R 289 &
UNTETEE e B aa O o e e~ PRI S 2732 G s 797 N i
FH 0998 15 57+ 24 SR 2L AT SR PRkt | AR
X F IR BRI . 250 4ERITA Bl 25 4% (B 2 A2 8
il 2 AR 2505 %8« Ja I U7 LA R DX st 1
N A% SR A T 2 0 A A T LA R S
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