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HESZES: R378.91+1 SCERFRIZED: A XEHS: 2096-5087 (2025) 06-0644-05

Sigma factor expression in drug resistance gene mutations

of Mycobacterium tuberculosis
JIANG Lina, GAO Li, WANG Zhirui, WANG Xiuyue, DAI Wenxi
Tianjin Center for Tuberculosis Control, Tianjin 300011, China

Abstract: Objective To analyze the expression of sigma factor in drug resistance gene mutations of Mycobacterium tuberculosis
(MTB), so as to provide a reference for the drug resistance mechanism of tuberculosis. Methods Clinical sputum specimens of
outpatients at Tianjin Center for Tuberculosis from 2018 to 2022 were collected. A total of 899 MTB~positive strains were obtained
by culture, and 492 phenotypically sensitive strains and 407 phenotypically resistant strains were identified by an in vitro pheno-
typic drug susceptibility test. Thirty drug—sensitive strains of MTB were randomly selected, and 98 drug—resistant strains with spe-
cific resistance phenotypes were chosen; all were subjected to melting curve analysis for detection of drug-resistance gene muta-
tions. The strains were divided into sensitive strains without gene mutation, isoniazid—resistant strains with inhA mutation or katG
mutation, rifampicin—resistant strains with rpoB mutation, and multigene mutation—resistant strains with inhA+rpoB mutation or
katG+rpoB mutation. The mRNA relative expression of sigma factor was detected by fluorescence quantitative PCR, and the ratio of
sigma factor mRNA relative expression between the experimental strain and the standard strain >2 was used to screen for highly ex-

pressed sigma factor. The differences in sigma factor mRNA relative expression and high expression rate between drug-resistant
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gene mutant strains and sensitive strains were analyzed. Results

Thirty sensitive strains and 90 drug-resistant strains were in-

cluded. Among them, there were 16 strains with inhA mutation, 22 strains with katG mutation, 13 strains with rpoB mutation, 15

strains with inhA+rpoB mutation, and 24 strains with katG+rpoB mutation. Compared to the sigma factors of the sensitive strains,

the mRNA expression levels of sigG and sigl in inhA-mutated strains, sigF, sigG, sigH, sigl, sig), and sigl. in katG-mutated

strains, and sigF, sigG, sigH, sigJ, and sigl. in rpoB—mutated, inhA+rpoB—mutated, and katG+rpoB—mutated strains were signifi-

cantly higher (all P<0.05). Additionally, the high—expression rates of sigl in inhA—mutated strains, sigk, sigG, sigl, sigJ, and sigl.

in katG-—mutated and inhA+rpoB—-mutated strains, and sigl’, sigG, sigH, sigl, and sigl. in rpoB—mutated and katG+rpoB—mutated

strains were also higher (all P<0.05). Conclusion Compared to sensitive MTB strains, sigl showed higher relative expression of

mRNA and high—expression rate in inhA-mutated strains, and sigF, sigG, sigJ, and sigl. had higher mRNA relative expression and

high—expression rates in katG—mutated, rpoB—mutated, and multi—drug-resistant strains.
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RN 50 e X BRI 25 32 33Kk, T 37 C
Bigg, WZEAE (%) = (FRIBARMEESUNT
MEEE R IEA KRR x100%, > 1% NiHzy., 4%
LR L ST R S EE 0.2 mg/L. FIART- 40 mg/L.
HRHR 4 mg/L. LHETEE 2 mg/L, RABEEZE 30 mg/L
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M ZEAR s (2) PAILPR AR SRR, hatG 5378
5 inhA 5755 (3) HILRGARTHFE TR, poB %
A5y (4) ZILHRAM Z AR, katG+rpoB 878 5%
inhA+rpoB 7%,

1.2.3  RNA BRI i 5%

FIE IR Trizol (Jbat RARAEACBHEARA ) 1LH
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sigG . sigH. sig]. sigl. -F mRNA FHX A w45
(Z=-4.070, -5.177. -4.877. —4480. -2.059,
-4910, -6.128., —-5.841, -5.832 F1-4.092, ¥ P<
0.05), W 1,
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T 245 PR 575 TR R ANEURS T Bk sigma [T~ mRNA AR R IA S LA (M (Qr) ]

Table 1 Comparison of mRNA relative expression of sigma factor between drug-resistant gene mutation strains

and sensitive strains [M (Qx)]

215 sigh sigG sigH sigl sig) sigl,
TR 0.405 (0.417) 0.060 (0.130) 0.505 (0.525) 0.160 (0.170) 0.520 (0.470) 0.405 (0.417)
B DR 28 AT S AR

Tk

1.140 (0.697)
3710 (3.012) ©

0.340 (0.198)
1.515 (1.075) @

inhA 7%

katG 7%

KR S AR AT
G173
rpoB R7E 2611 (3.568) @ 4.720 (3.690)
E2 T PUNIEZAN L
inhA+rpoB 2% 1780 (2.045) ©  5.600 (8.475) ©
katG+rpoB 5% 1705 (1.695) ¥ 5680 (5.693) ©

0.360 (0.190)

0.960 (0.435) ©

1.210 (1.800) ©

1.440 (1.025) ©
1.485 (0.780) ©

2.865 (3.295) ?
4430 (2.542) ©

0.715 (0.660)
3.880 (2.230) ¥

0.255 (0.372)
4.160 (3.975) ©

0.620 (2.490) 2.890 (3.000) ©  1.260 (2.500) @
1.160 (1.950) ©

1.895 (2.520) @

2520 (2.075) @
3.670 (4.122) ©

4.960 (6.230)
1.490 (1.705)

. YN P<0.001, 2%y P<0.05,

2.3 @A H R T A MABE H AR sigma B F 3 &
ik Rk

SR E RS sigma P HUES, BAIEIR 2 AR T 5
A Bk B AR inhA 27 sigl T Fl katG 98 7E sigF
sigG . sigl. sigl. siglh NFRFIBERE T (¥=7.623,
12,938, 36.903. 24.347. 40.563 Fl 48.035, ¥ P<
0.05) ; L K& A 28 A% i K] 48 °F- TR AR rpoB 5875 sigF .

sigG . sigH. sig] Al sigl. 7 RIEREE (¢=
34111, 34782, — . 15301 1 10.178, ¥ P<
0.05); ZHPHRARM Z LK inhA+rpoB 7% sigF
sigG. sigl. sigl. siglh B FH1 katG+rpoB 57% sigF .

sigG. sigH, sigl. sigh Wl FmREFEm (Y=
36.563, 28.800. — . 18.409. 11.250., 15.314,

42.638, —. 35.630 1 19.286, 4 P<0.05), W% 2.
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Table 2 Comparison of the high expression rate of sigma factor
between drug-resistant gene mutation strains and

sensitive strains (%)

215 sigP sigG  sigH  sigl  sig]  sigL
TR IR 0 667 0 2667 667 0
PASE R SR i 540

R IR

inhA 2875 0 0 0 6875 0 0
katG 378 27.27%  90.91Y 0 95.46" 95.46" 95.46"
BB DR S AR AR

SRR

poB R 84.62V 100.00” 30.77% 38.46 61.54" 30.77°
ZHEIN G i 225

LS

inhA+rpoB 7% 40.00"  86.67 13.33  60.00% 66.67" 33.34%

katG+rpoB 2878 41.67" 95.83" 16.67% 41.67 87.50" 50.00"

. U P<0.001, 2% P<0.05,

3 W

MTB i jef B R G A8 | s o 4 A A3 8] 5 55
ZoFRHILHE N 25 ), HiP sigma IF-E RNA
RGeS AR IR, I 07 N 24 P8 4
RIERHAER W AR T 112 BB R A 3 5 1Y
MTB BRI IR katG . inhA Fl rpoB F& K 58 A8 2 H 3
M, 4rHr sigma I sigh. sigG. sigH. sigl. sigl #
sigl, 1) mRNA AR Rk s dih®, 42RER, 5
HURERS sigma NTAHLL, sigl {0FE BAIEDR 582 i S+
JHPF B AR P mRINA AR XS 28 35 5 F i Rk R
sigh | sigG. sigl. sigl 7F katG RAZFE . rpoB KA
BRI 22 BE DR AT 22 25 B Pk Y mRNA AR 5k &
I RIB R o

MTB A i BE 3 W P I, REAS 761 T2 40 i
ATRONT PREE N Rk, G W AL E 455 1o U
N s AR AR A Y RS A R
IR, sigF 7E katG Z7EHN rpoB 578 B KR T A 30
) mRNA ARk AR R IA A A WS HGE 7R
P EIHEET, sigh #F SRk B, ATReS
sigh REME 42 200 M 5 Bk P B 3 g PR 93 AR DGk
PRI 3, 5 B T O A b 5 107 24 ) 0 o
ALRERE T AT P hatG 525 B R . rpoB 5875 T
RN ZBE R S A2 T 22 25 TR R D sigh RIBAKFTHE Y
558 sigH TF rpoB RAZR MR R 255, WS4
FINE A G, BRI R, sigH 25 4 i & AL

WL, 5 MTB P2 AR 254 56 ), sigl 78
inhA Ml katG S&7E TRk R 2RI, W RS AR 25
G, HZHREIEM 2k h RN RZE, ThE
5 mpoB 7L | K A IAEXT sigl 5~ E IS ROHETH
A, e 24 B [B) W] BEAFZE RS DU R B R0 1
sig] 1 sigl 7EFR inhA S7BTRBRZ SN H A 4 Fhoe s
PRI A B mRNA AHXS Rk 5 Fm R IA %, 42
ARFLES TR 25 L Iz AR, (H R R AR TR
inhA RAZEMEP AR . AFRIER sigma K35
KI5 MTB i 25 5L R 58 A A0 i A G, o sigh
il sigH FIREE T mpoB EAERH M2, sigl nfigS
Y inhA G878 SRR 25, 22 BEPR 978 P B 2L sig-
ma KT PR M2 RS 20, 5 OCTEBE A BAEASUN
ABFFEAFAELL T JR R . TRRRAEAR S 2 R dk
TGS, TR BN AR EAEEXS sigma PR
I s WFFETEE T katG . inhA Fl rpoB 2875, AR
AU AT REM 25 2L A8 s BIARECE B, Al e
Gt 1 s AT sigma BIF mRNA AHXT 35
RIIEAR I RIBECT LR AR 2% . 45 mT LA
Tk ST PR R S R 4 5 R A P AR 4 T 3
RN ZEAE , JT AR IR A — D IR 545 R
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