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Abstract

At present, the incidence and mortality of tuberculosis are increasing in many areas, but the pro-
liferation and unreasonable application of anti-tuberculosis drugs have led to the emergence of
drug-resistant Mycobacterium tuberculosis, which has hindered the diagnosis and treatment of
tuberculosis. Therefore, understanding the molecular mechanism of drug resistance and common
drug resistance of Mycobacterium tuberculosis is of great significance for formulating effective
treatment programs, timely diagnosis and effective treatment of tuberculosis, and improving the
prognosis of tuberculosis patients. This article summarizes the drug-resistant molecular mechan-
ism of Mycobacterium tuberculosis and the drug-resistant molecular mechanisms of commonly used
anti-tuberculosis drugs, so as to provide clinical reference.
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1. 51§

4517 (Tuberculosis, TB) & H 45 4% 7 B AT B (Mycobacterium  tuberculosis, MTB) 5| A2 ™ 5 & 5 AR
R EBOEEALE e, IHEBREK . R HEGR . AMARKRBLKR, MCAREROGER AL A
At 2 i, R BE T E AR 2 —[1]. HTRSEZAMRZERAGEMER, Bardem
i 245155 I & R R, BT 22 24 45 4% % (multidrug-resistant  tuberculosis, MDR-TB) ) V2 ffif 24 45 #% 9
(extensively drug-resistant tuberculosis, XDR-TB) [2] [3]o [RIULIRN T f# 45 A% 43 W AT B K B sh 4 2540 1 it 25
BIL], o) 38 i i 24 25 4% 3 & 9 B B3 S o AR SO S5 4% 3 ROAF B J R B2 B 24 0 AL SRR W F o

2. ZGRSBATERERER S FHH

Ik PR R R A % 3 BT W R AT 245 00 70 WL o LSS A% 2504 P 2 SR AR il 11 22 P R A8 3 5
L% BORT X B — 2907 AR 52 1, 22 b 24 35 D) SR A 1) SR80 U A 3 B804 A% 20 BOAT IR T 22 267 2R 1)
JER 4], HAF 25000 25 RAR B LR AR, RE S ATEE AR5 A 2F P iR
WY, HERE T E R T BUR S R R, T RER G5 7 BT T 25 Wi 32 1k P 2 ) R B R A 6] HEG %
T3 BT B 2L (A% SE AR : SR BT T 25 MR TR RAEBER AR AR, JF AR KA AT HR
LRZ Y BT B PR 2572 5 8 BT WA IR 2 WA K. RS —Z9WEHTIRYT, T 29850% 70 BT 1 2
RERGF AN S0, SR ONEE R BOFF T 25 B bk, DRSS A% 0 BOFF B L 2R B IR9T (7] (8] ARSI SR
WA 2 S 25 AL OB S i6T 7 58, S (K 25 AT S0 AN AR A8 > e A G5 A% 20 T 1 e % 2 T
5, HHRAZERRA9]. HEEE ABERAKIBTT, ZBERBLEER ™ R, TR & A
ZMEAE[10]. A F IR RS ARG, A A IR G U R S AR AN B 2R 2R S
F, 45 53U o AT R R IRT ) P DR RATH 240 (9] [11]. XA 250 JR R 1. Z9MI R Re J). &5
AT B A 245 5 2 DU ELVR EE LU i 2R AU S U AR S, 29Ik B IR A BB R i &
PROGUBOR A B FO 251, TR 25 R AR I 2. FEARPEMN 24500, BRAE RG], 4580 BT 4%
HREMSNER, SHER AT LRI S5 % 70 BT WAL 2 N BRI A E 2008, BERIME R AR OgR
AR5 BA RN 2 PE[11] [12]0 BRILZ AN, s ap i RO U aE AR, (677 AR 23Rk B dn 24 4
FHEBIRKIRES, 2B SER BT HEIMER TIE, RERMAERERE, RGLMWE1E13].

3. ML 25415
RITE ORI A F AV — R, R4 Wi % 259 DA R T8 € 77 &
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M=,

RAKGE

RIS TT . H AR ZER B R R X RIS 2R 52 1
3.1. MEBRSBITE—&EAY

PUAEZ T BT B I — R 2502 H RTAIT SR M e I8 200, 20 FIAEF-(RFP). S FANH). it
WEMERZ(PZA) FERF R (SM)M 2 T BE(EMB) . Bidhitz — 2254 3 2l T30, M A skt i b e
A B B EE S LR IR A L, THRREE BB . — &S 23 BAG ARG, RER K PR
TBE I Pl TR A R o RO B, TRTT AR, BRI ARX UL, PURNE TEROR SR s [14]. TR
katG. inhA. pnc A, rps L. emb B RAL 2 FHAE /P HAFBX RFP. INH. PZA. SM Al EMB =4
i 25 ff) E B R R [15] [16] [17].

katG. inhA R /& RFP FEM 2 HE N, 38 B PR AR K A A AE T 24 B PR vh 5 A EUAE 90% bA F[17]
[18]e FRMEMFENBA)E, R E ARG - AR E R T, SR B A Bk T T R ie SR Y
G Jie R PEE NS —AZ B ER(NADH), 570 A B AL W) O A% b G 4L IR i - NADH E &R 454,
TP LR BRI G K[ 19] [20]0 katG F&id EACE RG-S E A VB miD RE R, s (11 A 00 -1 6 AE
VI G R 2T RS e katG FEDH s 9878 . SRR BRIEXT 4 AN 38 T B0 A AU L
VISP PR R, 400 i) S BEL T S5 R A e R i PR TE 3, BIRIN 2 [21]0 inhd BE R Gm Al I IE 25040 )5
BERBEDR, E T B R AR BT R AU AT B AE A, 1R R A m i S MR 5 NADH SR A1
NTRBEMBNY o 5 katG FEFAFE, inhd HeF AR AP EAKCE I SN 25, HRBRKT katG
HH[22].

WHERM, S50 BT AR EMB 5 emb JEN RN 1R K Hd SR IEH K[23]. emb FEDIEERI T H
emb A, emb B emb CHLRR, TS HATHT EMB 4> Bk T emb BIEAF HAT A 24w E[23], HE) 2
emb BRI 306 A FER IR R B NMEATR . Fomll RERINE W KA %8 V0K emb B3
YEJ PRI €T EMB BEFRFRAE[24]. S5ZAT BT SM T 24 11 5 9w A AZ 4 30S EEE S 12 R rps L&
K F1ZmAS 16S r RNA [ rrs FER AR X [25], Mif SM 43 BS R Z) 80% vl Al H rps LA rrs FER SRAR,
1M rps LR 13 E BT 88 Al 43 AL AS ¥, H ALK AR R & T res 2E[K[26] AW 527N, PAZ it
255y BRI A (EH pne AFERIRAZATE R P Zase AL, T SEUNZ[27]. pnc ARAET 245
i A 2 F X IR AN GE M SR &7 05, B AT R I 20 24N RN, Hd R AR E 2 47 (LT R R
BHCNNERE, 85 ez E i NI .

3.2. MG ABATE &Y

FEE U TR 2 P AN S SR R R WE B R AW R BT G5 A% O R ) 2258, 22 MDR-TB 897 7 5
I o AHBEAE X IR WIAEHUR G S R RIa T )2 A, T 25 3 R30S PR 2R 25400 (1) T
A EME IS IR RORAME, EWE KB NTE 21 XDR-TB. XDR-TB &K [Hillh sk ik
TRATIEHES.

B IR A AFE AR E . WAV R, YR RSP R, XL 6 40w
DNA JRfEEHEYE, T4 E DNA M S E R, BT KB o S0 T A 2R 25 W0k N TRAA, e 14 i
KW 5 DNA Jigkc i) Gyr A fl Gyr B W e4i &, THRAZIEHPMRGL T 1) DNA 8, TEs—4
DNA FEFEBERE 1 = R A2 5 (DNA JEFHE-DNA-FUE ), (4015 DNA S #3520, M E R K
M I PE 28] BWHFREGE RIER gr A R, gr B I A 3% B it 25 Yt € [X (quinolone resis-
tance-determining region, QRDR) K4 R4%, SEHIEHFENSSZY) 5 DNA el Gyr A f1 Gyr B WA 045
G TR, AR BENH DNA Bkl ig 1, 5804050 JE E B S 291 %2 [29]. B & R
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M, RIKGE

¥ DNA BEFEEER gyr A VB TCOmALIE R 25 94 K 90 A7 %05 7 (28738, /™ B T4 5 i i B 25 2 4t
T B AZ S B B i 26301 Kandler 55 (R FIAH gyrd BRI R SHa % 250K FEM S5 kAR, 5
B RS2 ) b A B 25 T grB BRI RN R A N B R, RIS Z[31].

GRS KP4 R IEIT MDR-TB %0 26259, REAFEFCRRE . RIFER L EIfTAEY
TR R . AN E AP ol THE A R BN RS REE T fEE AR T, 2k
BERR I — N R R TR E AL KA . AT P BT ST 16STRNA X /M
i, Re A SPHAS EIER AL, AT 8 S A A R (25]. ORI FUIE R, SN 2R 2 i 2
LR ) 16SIRNA ZRid L [H] rrs RRAFEEFR, HZ SBER/KPZi[26]. REFERAMNE S eis
BR R BT AR B B AR [32], eis FER BB T RABREIR S T eis 2 F A5 AN Eis B 3R
Ko M eis £ AW MERIEREH K2 LWL, 299055 145 W R AR o038, AT 2 2 B i 1 [ 331

3.3. BMEREY

DGR SE [ FDA it by i E - NaIr i 2 2945 % M A % 244, BRI 50 S5 — LUK
VEFIBUH LT BT ai % 2934 ] DLIAWERR 3= Z0HIL 5 458% 70 BT B ATP S BRI MIAIIE R A2 ¢
iy, MRS BT ATP (E M, BRI, KBTS MIEM[35]. SOANEILY)
PR, DUAMEMRAT I TIA L], SEA ST R IC A S 2. X T 25 IR T 245 1A 45 4% 70 BT
PR ESIAT B IR T BOR[36] 0 PRANAAT — L8 R GTL5 A% 2900 Sk Tl PR IAR i B o SX S5 (A T 24 15 DL 4 &

b
3.4. EFmEZEIR

I AL IR LR — LR HT A A% 2534 B 5 R LA ) — P R A 1Rl 7R . H AT S AR A0
(WHO) At FHTLAE %I I il 5% 5 2 ((UATLD) #3248 458 F R J7 BLasi il U N @G T I ATk
[37]. ZRTR I PUaiizilin 32 243 —BREIRICRIAR T - Mt =IREIFICRIARE T - SARDE - iRt PA
L DRI CRIAR T - S E - BRI - Z8E T W9) [38].

BTS2, PUETHZ AR FIHE R RO S A ik X R 2 3 B8 A% 73 BT T T 245 (AR A B A, 3
M SETTEAL LW TEA BOR KGR RN o B I ARB R ST S5 % 0 BT 8 29 A S A, R
BB I 25 % 73 BT W 2 ML o S o7 A0 M 4 25 A% 0 AT B BRI 24 15 00224k, T DAAT R0CHR 3 I R 1 2
FEFPUR 25, S0 A 1) 25 % 0 AT T 245 P P A A AT 1

BE 3k

(11 Jolgig, {EMSY, BRAR. V7RG 1% 4e i IR Bt 2 25 45 4% 00 B3 fa B IR 25 0 i [J]. T Fg R 22 95, 2020, 29(12):
2122-2124.

[2] TKEEAT, AW, Z5/NEE, S5 ASA BIREUATT it % i 2 R A SR IR i [I]. iR £ 2, 2019, 31(12):
1015-1019.

[3] Hawn, T.R., Day, T.A., Scriba, T.J., et al. (2014) Tuberculosis Vaccines and Prevention of Infection. Microbiology and
Molecular Biology Reviews, 78, 650-671. https://doi.org/10.1128/MMBR.00021-14

[4] FEEE, BN, B, & PSR AWTT R P EZARIREEAER, 2020, 51(2): 231-239.

[5] Schito, M., Migliori, G.B., Fletcher, H.A., et al. (2015) Perspectives on Advances in Tuberculosis Diagnostics, Drugs,
and Vaccines. Clinical Infectious Diseases, 61, S102-S118. https://doi.org/10.1093/cid/civ609

[6] Dheda, K., Gumbo, T., Gandhi, N.R., ef al. (2014) Global Control of Tuberculosis: From Extensively Drug-Resistant
to Untreatable Tuberculosis. The Lancet Respiratory Medicine, 2, 321-338.
https://doi.org/10.1016/S2213-2600(14)70031-1

(71  EF, SARVE, BFEAVE, 45 2018 SR 24515 00 SR IR 2 A HT (], PR SEa8 2 72, 2020, 24(4): 539-542.

DOI: 10.12677/acm.2020.107196 1295 I IR = =23t e


https://doi.org/10.12677/acm.2020.107196
https://doi.org/10.1128/MMBR.00021-14
https://doi.org/10.1093/cid/civ609
https://doi.org/10.1016/S2213-2600(14)70031-1

M, RIKGE

(8]

(9]
(10]

[11]
[12]

[13]

(23]

[26]

(27]

(28]

[29]
[30]

TS /NG 7 B R 2 vy 3 0 e 5 R R A 48 R G IR G R 2 W (L 72 [D]: (L2 ie =] dbst: FEAR
AT B 2B, 2019,
Z. TSRSt B, REA T2, 2019, 17(4): 21-22.

Churchyard, G., Kim, P., Shah, N.S., ef al. (2017) What We Know about Tuberculosis Transmission: An Overview.
The Journal of Infectious Diseases, 216, S629-S635. https://doi.org/10.1093/infdis/jix362

Efpoe. 2S5 AR [T]. Y995 R, 2018, 31(1): 19-23.

TUME K. LR BE S FdxA-Hrpl IR 5 FO0 5K S fiiiffs = A g AR e B R 97 AR A 8 [D): [ 2
PLR ). 2= MK 2014,

Mathema, B., Andrews, J.R., Cohen, T., et al. (2017) Drivers of Tuberculosis Transmission. The Journal of Infectious
Diseases, 216, S644-S653. https://doi.org/10.1093/infdis/jix354

IR, BREAE, SCAEVR, SF. G0 BOFF R — BT A R IR 251 S A D). E SIS A, 2020, 24(3):
381-384.

Nahid, P., Dorman, S.E., Alipanah, N., et al. (2016) Official American Thoracic Society/Centers for Disease Control
and Prevention/Infectious Diseases Society of America Clinical Practice Guidelines: Treatment of Drug-Susceptible
Tuberculosis. Clinical Infectious Diseases, 63, €147-¢195. https://doi.org/10.1093/cid/ciw376

Zhu, C., Liu, Y., Hu, L., et al. (2018) Molecular Mechanism of the Synergistic Activity of Ethambutol and Isoniazid
against Mycobacterium tuberculosis. The Journal of Biological Chemistry, 293, 16741-16750.
https://doi.org/10.1074/ibc.RA118.002693

KEF, /N — R BUEAZ IR IT VAT 2 2322 I BOR S e VAT]. IR RS 245 3CHR fE 125 35, 2020, 7(13):
174.

Isakova, J., Sovkhozova, N., Vinnikov, D., ef al. (2018) Mutations of rpoB, katG, inh4 and ahp Genes in Rifampicin

and Isoniazid-Resistant Mycobacterium tuberculosis in Kyrgyz Republic. BMC Microbiology, 18, Article No. 22.
https://doi.org/10.1186/512866-018-1168-x

Torres, J.N., Paul, L.V., Rodwell, T.C., et al. (2015) Novel katG Mutations Causing Isoniazid Resistance in Clinical M.
tuberculosis Isolates. Emerging Microbes & Infections, 4, 1-9. https://doi.org/10.1038/emi.2015.42

ERYE, FRICAE, BB, 5. SR ROT B e O R T S O e i 245 R A8 S 245 AH S LT Tt R 0], R LA
B4t BUR AR, 2020, 36(3): 234-238+260.
Siu, G.K.H., Yam, W.C., Zhang, Y., et al. (2014) An Upstream Truncation of the furA-katG Operon Confers

High-Level Isoniazid Resistance in a Mycobacterium tuberculosis Clinical Isolate with No Known Resistance-Associated
Mutations. Antimicrobial Agents and Chemotherapy, 58, 6093-6100. https://doi.org/10.1128/AAC.03277-14

Bollela, V.R., Namburete, E.I., Feliciano, C.S., et al. (2016) Detection of katG and inhA Mutations to Guide Isoniazid
and Ethionamide Use for Drug-Resistant Tuberculosis. International Journal of Tuberculosis and Lung Disease, 20,
1099-1104. https://doi.org/10.5588/ijtld.15.0864

Richardson, M., Kirkham, J., Dwan, K., Sloan, D.J., ef al. (2019) NAT2 Variants and Toxicity Related to Anti-Tuberculosis
Agents: A Systematic Review and Meta-Analysis. International Journal of Tuberculosis and Lung Disease, 23, 293-316.
https://doi.org/10.5588/ijtld.18.0324

Cao, R., Teskey, G., Islamoglu, H., ef al. (2018) Characterizing the Effects of Glutathione as an Immunoadjuvant in the

Treatment of Tuberculosis. Antimicrobial Agents and Chemotherapy, 62, ¢01132-18.
https://doi.org/10.1128/AAC.01132-18

Wang, Y., Li, Q., Gao, H., ef al. (2019) The Roles of rpsL, rrs, and gidB Mutations in Predicting Streptomycin-Resistant
Drugs Used on Clinical Mycobacterium tuberculosis Isolates from Hebei Province, China. International Journal of
Clinical and Experimental Pathology, 12, 2713-2721.

Hlaing, Y.M., Tongtawe, P., Tapchaisri, P., ef al. (2017) Mutations in Streptomycin Resistance Genes and Their Rela-
tionship to Streptomycin Resistance and Lineage of Mycobacterium tuberculosis Thai Isolates. Tuberculosis and Res-
piratory Diseases (Seoul), 80, 159-168. https://doi.org/10.4046/trd.2017.80.2.159

Zheng, R., Zhu, C., Guo, Q., et al. (2014) Pyrosequencing for Rapid Detection of Tuberculosis Resistance in Clinical
Isolates and Sputum Samples from Re-Treatment Pulmonary Tuberculosis Patients. BMC Infectious Diseases, 14, Ar-
ticle No. 200. https://doi.org/10.1186/1471-2334-14-200

PR, AT, T, % ACsRE RGBT BT AT B 5 2 T 2 PE AR S VELT]. P et A
PR A4 35, 2020, 43(4): 356-361.

TR AR, R 2K 2 IR T 2 2 45w I RYT RO T3], R S A R 24, 2020, 15(11): 125-126.
W WEGEHZS Y T SRR TT BT OMEE[T]. Hh E A X I, 2019, 35(35): 58+60.

DOI: 10.12677/acm.2020.107196 1296 I IR = =23t e


https://doi.org/10.12677/acm.2020.107196
https://doi.org/10.1093/infdis/jix362
https://doi.org/10.1093/infdis/jix354
https://doi.org/10.1093/cid/ciw376
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1186/s12866-018-1168-x
https://doi.org/10.1038/emi.2015.42
https://doi.org/10.1128/AAC.03277-14
https://doi.org/10.5588/ijtld.15.0864
https://doi.org/10.5588/ijtld.18.0324
https://doi.org/10.1128/AAC.01132-18
https://doi.org/10.4046/trd.2017.80.2.159
https://doi.org/10.1186/1471-2334-14-200

M, RIKGE

[31]

(32]

[33]

[34]
[33]

[36]

Kandler, J.L., Mercante, A.D., Dalton, T.L., et al. (2018) Validation of Novel Mycobacterium tuberculosis Isoniazid
Resistance Mutations Not Detectable by Common Molecular Tests. Antimicrobial Agents and Chemotherapy, 62,
€00974-18. https://doi.org/10.1101/322750

Vilchéze, C. and Jacobs Jr., W.R. (2014) Resistance to Isoniazid and Ethionamide in Mycobacterium tuberculosis:
Genes, Mutations, and Causalities. In: Hatfull, G.F. and Jacobs Jr., W.R., Eds., Molecular Genetics of Mycobacteria,
2nd Edition, John Wiley & Sons, Inc., Hoboken, 431-453. https://doi.org/10.1128/9781555818845.ch22

Cliff, J.M., Kaufmann, S.H.E., McShane, H., et al. (2015) The Human Immune Response to Tuberculosis and Its
Treatment: A View from the Blood. Immunological Reviews, 264, 88-102. https://doi.org/10.1111/imr.12269

EF, kg VUSEMCE R HIEROL T[], R EHTZZE, 2020, 29(4): 367-371.

Calvert, M.B., Furkert, D.P., Cooper, C.B., et al. (2020) Synthetic Approaches towards Bedaquiline and Its Derivatives.
Bioorganic & Medicinal Chemistry Letters, 30, Article ID: 127172. https://doi.org/10.1016/j.bmcl.2020.127172

Turner, J. and Torrelles, J.B. (2018) Mannose-Capped Lipoarabinomannan in Mycobacterium tuberculosis Pathogene-
sis. Pathogens and Disease, 76, fty026. https://doi.org/10.1093/femspd/fty026

Amicosante, M., D’Ambrosio, L., Munoz, M., ef al. (2017) Current Use and Acceptability of Novel Diagnostic Tests
for Active Tuberculosis: A Worldwide Survey. Jornal Brasileiro de Pneumologia, 43, 380-392.
https://doi.org/10.1590/s1806-37562017000000219

Gong, W., Liang, Y. and Wu, X. (2018) The Current Status, Challenges, and Future Developments of New Tuberculo-
sis Vaccines. Human Vaccines & Immunotherapeutics, 14, 1697-1716.
https://doi.org/10.1080/21645515.2018.1458806

DOI: 10.12677/acm.2020.107196 1297 I IR = =23t e


https://doi.org/10.12677/acm.2020.107196
https://doi.org/10.1101/322750
https://doi.org/10.1128/9781555818845.ch22
https://doi.org/10.1111/imr.12269
https://doi.org/10.1016/j.bmcl.2020.127172
https://doi.org/10.1093/femspd/fty026
https://doi.org/10.1590/s1806-37562017000000219
https://doi.org/10.1080/21645515.2018.1458806

	Research Progress on Molecular Mechanism of Drug Resistance of Mycobacterium tuberculosis
	Abstract
	Keywords
	结核分枝杆菌耐药分子机制的研究进展
	摘  要
	关键词
	1. 引言
	2. 结核分枝杆菌发生耐药的分子机制
	3. 抗结核药物的耐药机制
	3.1. 抗结核分枝杆菌一线药物
	3.2. 抗结核分枝杆菌二线药物
	3.3. 新型抗结核药物
	3.4. 复方抗结核制剂

	参考文献

