o Y i 2 A 2024 42 12 A58 23 45 12 ] Chin ] Infect Control Vol 23 No 12 Dec 2024 * 1463 -

DOI:10. 12138/j. issn. 1671 —9638. 20246296

a5 E & B Rv0037c B 45 #4 F0 T e HF 1iE

HFE R AT XK
Clo PR 2R B A ST B - 1LY K5 0300065 20 PG R AR M EORBEFE BT, 1hp RS 030031)
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FEOR AL 5 H A5 AR B DR Rv0037 ¢ 3 33K X ik 73 B B AR K VT TRE 25 L3 38 0 L AE W IR il A MIC 176 32
Wi, R AT EB 1y SR .
[x # W] Rv0037ciEH; EWEEY: LYFI6E: 45 0BT W3R BT i g 2574
[FESES] R378.91" 1

Characteristics of structure and functions of Rv0037¢ protein of Mycobac-

terium tuberculosis

JING Xue-jiao', SONG Li*, WU Chang-xin' (1. Institute of Biomedical Sciences, Shanxi
University, Taiyuan 030006, China; 2. Institute of Biotechnology . Shanxi University , Taiyuan
030031, China)

[Abstract] Objective To explore the structure and functions of Rv0037¢ protein, a member of major facilitator su-
perfamily (MFS) proteins of Mycobacterium tuberculosis. Methods Bioinformatics analysis on Rv0037¢ protein was
performed with TMHMM Server v. 2. 0, Swiss-model and DNAMAN software. The PMV261-Rv0037¢ overex-
pressed strain was constructed in Mycobacterium smegmatis, pMV261/Msm control strain was obtained, its biolo-
gical function was analyzed. Results Rv0037c protein contained 11 transmembrance domains, the C/N domain con-
sisted of “3 + 2” helical bundles, which was highly conservative in genus Mycobacterium. The growth kinetics
curves of the overexpressed strain and the control strain almost completely overlapped, and there was no statistical
difference in growth between the overexpressed strain and the control strain (P>>0. 05). The ODy,, of the control
strain was 2. 567 £ 0. 162, while that of the overexpressed strain was 2. 419 £ (. 456, there was no statistical diffe-
rence in biofilm growth between the two strains (P>>0. 05). The accumulation of ethidium bromide (EB) in overex-
pressed strain was lower than that in control strain, difference was statistically significant (P<C0. 001). There was
no statistically significant difference in the minimum inhibitory concentration (MIC) of two bacterial strains against
various drugs (both P>>0.05). Conclusion The Rv0037c protein is a special member of the Mycobacterium MFS

family proteins and has a very conserved structure. Overexpression of Rv0037¢ has no effect on the growth, colony
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morphology, sliding ability, biofilm formation, and MIC of Mycobacterium smegmatis, but can significantly reduce

the accumulation of EB.
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smegmatis ; drug resistance

75 ¥ 4y MR W (Mycobacterium tuberculosis ,
MTB) &S B4y T X, HaT, NEZ 7 LU
RBLELERGG LN MTB P24 T2t % . K
22 80 T RT3 o W A | BORL B I - OC R S
KO- SE e 78 3R A5 25 W b b L R H AT JE MTB
i 25 BE K- ¥ % i i i . MTB 25 9 40 14 19 3K 45
SETEDUE 5 R ) N Y Ak e 2B 878 L O BB A Tt 2Y
PEIEAR 1) R B B — 24 W T 24 M 1] 22 24 T 245 1
(multidrug resistance, MDR) .J i} 24 £ (extensive
drug resistance, XDR) #f 1k, fx & 7% K 58 4 i} 24
(total drug resistance, TDRO)™ ., H T H A 1L
MTB 259473 Jo 2 A 2% il XDR F1 TDR , 20575 58 19
TRIT 515 2R N %o T 245 235 4 B A T

SR 6 MTB i 24 14 1 7 A= AL 1 A 58 42 1
L HAETHEE FEOE LT & FALH  (OMTDB 5
250 R Y R B R B e SR R - Y 528 5 (2) MTB 8 i
168 M UL 245 W ) FE AR AR BT 25 9 5 (3) MTB 3 B 3%
BANHER &R G5 (4) MTB 40 Jifg BE 3l 7 1 19 ol 4
(5)MTB {1 22 35 V8 715 48 B N L A FR 455 1) 3 g M 353
HERG . 5P IMHEDLHI Ay 2 3 8 MTB fiif 25
) —A E PR BF 58 MR AE 2R 58X 45 0 1 BT TR
AREEEL.

MTB 4 A+ 5 AN ER RS
ATP 45 & & # % i (ATP-binding cassette trans-
porter superfamily, ABC). % fk ¥ # & j% (major
facilitator superfamily, MFS) ., /N1 £ 25 M K &
(small multidrug resistance, SMR) /N 24 285 5 b
20 M 4 fb K % (resistance nodulation division,
RND) . £ ifif 2§ 71 5 PE 4k & ¥ & % (multidrug and
toxic compound extrusion, MATE)™* | MFS J& —
ML A A 6 J3E 4 A R 5 0 i i ) 1 R 2
FGE L 5 2 T8 bR 8 U DA O . 2
MR FF 40 L X e B MTB 3845 31 4> MFS i K 1%
EH. A B RALBEILFSE T —EREN
Whoe, b Tap™l, Tet (V)OI EfpA~, P55M |
LIrA™Hl Rv163411" %) Hofl MFS 25 (4 B BF 5 4 Ja
ZH.

Rv0037c & MFS IE R E AWM Z — . 7
MTB Je A 41 b T 8 o 22 245 S0 HE L (A IS 9 AL
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WA= RE B R A KB AT 5. . A SR
Rv0037¢ g [ #y3k A, Xof JH: 45 A4 A1) 8 4 ik 1 47 8
b A AT AR W) AR R 5 0 A i 2R Al L A
W3 73 ACFF B P A PMIV261-Rv0037¢ i 35 B
B » DE T 28 R348 78 Rv0037¢ 2 [ I E W4 Th g .

1 #¥5EFE

1.1 At

L BEREAR TR R R A BEIG RO i be
HERR (M. smegmatis mc® 155, Msm) Wy B 77 [E fif 4=
Py B O s o0 . KW 3R %5 W (Escherichia coli)
DHS5 o B2 25 40 i #0 BB pMV261 i A 52 55 %8 (1L
PR 2F A My BE A B 5T e 302 %) 424t . BEIR 20 AT
PR 3% I M 85 9% 2k O THO WA 8 R 3k Gl
ADC, % 1% HihAn 0. 05% Tween 80) fil 7H10
PR F2 3 (I OADC, %5 0. 05% Tween 80),
112 EZNEMRA RGN (PCR)
ICCABD  BE B8 AR 53 BT {X (Gene) , BIO-RAD Hi 3k
¢ (Bio-Rad) , 752 48 Abnl UL 435t 't B 4 C | i 95 ¢
FHECA BR 2 WD, %5t 2 PCR X (Roche) , ECM
399 LA (BTX) . BRI N Y18 Hind 111, Bam
HI. T4 DNA % $: i (Takara) , PrimerSTAR Max
DNA Polymerase, Trizol i& 7. PrimeScript RT
Master Mix 8 st il & (2 & E Y EAR G RA
F)),2 X Realtime PCR super SYBR green mix, M5
HiClear DL5000 DNA marker (1t 5% 8 4 3 4 W B
FHBRAF) , I8 K (kanamycin) \ J#l % & B(hy-
gromycin B, FI#EAE T AR W) TR A7 IR 22 ®)) L 5%
2% & (streptomycin) . & % & (chloramphenicol) . it
B2k % (pyrazinamide) | %f 2 % /K 4% BR 4 (sodium
amimosalicylate, H1 [E 24 i A= 9 i i 42 & Fr ) | 5
Wk (isoniazid, Sigma) .| $&F (rifampin, Sigma) . 7K
PR S PN TG /K B ki 80 H il (A st fe ).
1.2 F&k

1.2.1 Rv0037c Z Aty £ 4 & ¥ 00 HEA
F Mycobrowser (http://mycobrowser. epfl. cn/)
AT Rv0037c 935 H 7 41 IF % H ik 47 90 20 25 .
e LA bl ik KEGG B 22 . 4R B0 AT R
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FAE 4 B FF 3 8 o Rv0037¢ 14 w6 35 B L 9
DNAMAN #4347 2 77 5 L X, R J FIH TM-
HMM R % 28 2. 0Chttp://www. cbs. dtu. dk/serv-
ices/ TMHMM/) HiI Swiss-model ( https://swiss-
model. expasy. org/) X} Rv0037c 1Y ¥ J% X Fll 25 [7] 45
AT SR 0 434

1.2.2 dk*@EHmyREIEE HEU MTB
SS9 EERE (M. tuberculosis H37Ra, H37Ra) 4 % [H £H
DNA F 8k, #] A Rv0037c-F F1 Rv0037¢-R %f H
B Rv0037c BEATH 3G . AR5 T RR i ¥ 4 U0 il
Bam HI 1 Hind [l B Y14 5 7= ¥ F1 pMV261 ik ,
IR L 5 pMV261 £V 5T R AH 3% . A4 8@ pMV261-
Rv0037c A kL, 76 ML mb b A i 3% fh vk 7
2.5 kv,700 Q.50 pF Z&4F T .28 7TH10 SFAR (CRAR SR
50 pg/mL) i &, K45 pMV261/Msm Xt B B #k &
pMV261-Rv0037c/Msm & F ik FHHk .

AR MR AE 37CIHIRE FAE TR R
ODgyyy } 0.8, #E 4CH1 6 500 r/min &b T, &0
10 min WO 40 & . B S 09 BRI A R TR
2 min, ZE & 3 min, JL Z %R 3 K. WA 1 mL Tr-
izol, HEW IR A1 » 32 BUE RNA, I FH Bl W 5 e
VKL A B B A i . ARG K RNA R SR 15
cDNA, 3 L it A # #, YA Rv0037c-qPCR-F il
Rv0037c-qPCR-R K817, W3 1. L) SigA JLH B
Z AT i G S - RA W EE X R N (RT-PCR) L DLk
I Rv0037c 28 mRNA FiE 807281k,

®1 O BMEZT R Y

Table 1 Oligonucleotide primers in the testing

519 BHRRIF S5 ~37)
Rv0037c¢-F GATTACAAGGATGAVGACGATAAG
CACGGGGTGGACCGAACCTTGCCT
Rv0037¢-R AAGCTTCAGTTCGTCGGGAAAG-
GCATGTTTGTACC
Rv0037c-qPCR-F GTGCGGGTTGCGAGTCAGTTC

Rv0037¢-gPCR-F  AGCAGCGAATAGGGCAGAAACAG

SigA-aPCR-F TGCCGATCTGCTTGAGGTAGG
SigA-qPCR-R TTCGTGTGGGACGAGGAAGAG
1.2.3 AKkd &z R PeBCrR B r

pMV261/Msm X} B #k 1 pMV261-Rv0037¢/Msm
I FRIRAR TR B IR A T B IR BB K AR
R~ 1 2 REAS E 1Y P TR Bk . )80 o 109 b 7 K
U BE 2 — B R 5 ODo {8 3 1) o il 18 Fl 1

DL 1Y% B S, R0 F 100 mL 7HO 4 85 5%
FH,37°C,180 r/min % 10 h, L 2 h Ky 8] FE 0
ODy o BEAFEAIAR 3 U KR 56 25 R 47 58 11 %
IR HIAE K.
1.2.4 HEBARBEHEHAN Bk E—B00
XF HE T BE pMV261/Msm Hil 3 2 35 B bk pMV261-
Rv0037¢/Msm Fl T3 - #1210 mL 7HY 15 35 5
H1,37°C,180 r/min, 55 F% & ODq,, 55T 0. 8, 5 1L
B2 10°, 0 100 pL %45 T 7H10 [ 4K A4z E
37 ClafEBEFR 5 d AR K S I

) B PRI L3R B s BE TR 95 L B T A A 300 Bl
B 7HOCR & 126 H AL 0. 05% Tween 80) i {4
S .37 CIEIRES IR 6 d. WL B 9% 1 W B2 BE
1.2.5 AMBERBREEGECVLE HIKE
— B0 T R B pMV261/Msm J% it 7 35 bk
pMV261-Rv0037¢/Msm Fft W, #¢ 1 % 35 F Lk 2%,
PR E A4 2 mL/FL 7HO B3R 0000 40 M 1 72 3 p
37 C i i i B B 3% 3 L LI A= 2 B 1 T A 10 i
SR o BN Y A B BT A R 5 AR
W 0. 1% SRR CEH 100 HED KRR 0
5 min, YO AR KR EZRBRWEERNTAH
ST T8 S 0 B S I PR AR SO0 s o
. MIAEE 3 K,
1.2.6 HMZ%EB RRE AKX SHFCHE
JE Yk T EB BB K . B K B RR R 8 R
FON RO A O 38 A 4 O O BE A T L8 TR v
BER AT B — 20, B ODgoy 58 F 0.8, fE 4 C KT,
L6500 r/min B0 10 min WEE R, H-HFH 1 X
PBS(% 4 0. 05% Tween 80) Pk & i 14 3 ik, ¥
200 pL/FLFF R 535 2 96 FL AR G EEAR AR L JF ek
TN EBCAHREE N 1 pg/mL) G FR A0 2 H 28k
SR G A I SR A 43 3l R 545,590 nm) . % 5 min
W5 — v, FEM 12 B 60 min) . MR EE 3 K.
1.2.7 BARME R EMION £ B0k B B bk st
IR RN 100 pL B %2 10 mL 7HY HiR 5],
B J5 e 48 FL 20 M 1% 57 AR 0 5 — A7 25 L b 4 il A
1 mLB L HAREATRALINA 0.5 mL k. 7E5—
&AL I AGLEE 259 - = MR (64 pg/ml) |
FIAEF- (16 pg/mL) (BE 5 R (128 pg/ml) | ik B
i (512 pg/mL) KR I KR (512 pg/mL) (&
3 (256 pg/mL) R FEMKIKE 0.5 mL IR G W E
AT —47 G A 4L FEER 4745 FLW 0.5 mL
TR AR UCE A S =47 &1L MR 8 B 25 T
Ry Ak A 50 25 W e R SR AR AR R . T SRR R
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B 37 CHEFR4 v 36 h, WLEE T 1A 1 2B KR B »
& MIC. == 3 K.

1.3 %t s %% N SPSS 26. 0 #4475 5811
ST R BORR R R+ bR E 22 A R ¢ K
AT L P<<0. 05 AR AT FE L.

2 H#R

2.1 Rv0037c & & 09 4 sk b Fo ff 7 1 L0381 X
Mycobrowser ${ 4 JE £ R 15 3] MTB Rv0037¢ & H
M Z IR T 9 2 )5 » 77 %kl TMHMM Server v.
2.0 fil Swiss-model 7E£k T. H. % Rv0037¢ 7E [ /Y 5

IR 25 K I T AT 20 A AN = A 5 R TR . 45 R WK,
Rv0037c 5 1A 11 4> 85 I8 45 #) 3, ( TMDs, W &
la), JF B MFS # 5% & 1 3 A 19 % 0 R 4%
(MFS #4%. WK 1b), H C/N 1“3 + 2" TMDs 24
B LR 2 MES 205 R ik i A, 7T R LA
ARk Thie . S Ee A KEGG ¥ ks
FRATAFE & F1AE 3 BOFF B R Rv0037¢ (1 [ 8 2R
H . I DNAMAN #0547 Z A7 5 Hext . 45251
7R Rv0037¢ 75 43 B A & b s B AR <7 (0L A
To) ABAEE Zr BT B & v A JLAS DR ST Y 2 B 1R 0f
HOLE 1d) . Rv0037¢ 8 H A 43 BT I MES FK
EHENUESS7 SiWANE Y E[ RS R

a 12 b ,
I _——_ e | (5 <
10 )
0.8
gg()ﬁ
0.4
Ll L
0 11119 ‘lul!l | ‘IMHHH'H\ w .\I\HHHHY\\!L wh! “\an Ll ‘\L!\ i

50 100 150 200 250

c Rv0037c MERVEVGLVIHSEHHAREEVD
BCG_0068c u RY

MMARE1L 00510 .
MSMEG_6922
0CU_00450
MLM_0036
MAV_0051

Rv0037c
BCG_0068c
MMARE11 00510
MSMEG_6322
0CU_00450
MLM_0036
MAV_0051
Consensus

43 KEAT B
Rv0037¢ K H: [ Y5 5k K

Rv0037c

300 350 400

G
ta

. .Bopvic 440

. .BOFVIG 440

|SSAANVEG 429

SB. .RRA. .. 431

o a1

B % 428

428

d sree TR
R
R “atr £ S
i fiesvvees e riovieA  1s2
 aciee ce: 126
siia B . 133
it Mo = 128
® s a
. i aERMEINSELIIELVEE 202
. .. SCARVVLEGAAL . TAVILMRECY@ALINTVIMLCRY 264
] o | AZGBDTVDERSE. . .AVLAVARCLVDGAKARLGABSVVAGE (VALLARASYGISLLITVELIRE 263
W iiaco. . rorsToL AR e |STUALHRFVYGMELITWILTARN 267
[Ef ¢ = ... JrEorveaiciTvazssre. .. TBELCEETHRG. .. ..QFL 250
i . 254
Fic iy F Nl =
H :m/
= srzcumasc. zivew T T
X Bviveatcil vigeysTTTET riBecRs. | ALVIGAT 404
et i ires. .. veiLvaTAL 410
R o a3
AN AzeiGve....wRyIcoIr e
4 CEALFWVEETCGYARCSTINGOVASSTRIE | TALTARAIGAL 351
Q AGCVLIRTAGAG TAFVNIGNTVGIL 423
<
Q: K 441

1us_polymyxa LAGELL L TEQNADLA. .

.2y TMHMM Server v. 2. 0 & Fi i (15 Rv0037¢ B B 11 ANES X ;b oy Swiss-model & ¢4 #i3 iy Rv0037¢ & 1
“MFS B4 s 0 6 BUR Rv0037c 25 1 SRR 414640 O s T4 B FF BT Rv0037c LR 426 40 HE
1 MTB Rv0037¢ 3 100 903 K% 0 67

Figure 1 Bioinformatic analysis of Mycobacterium tuberculosis Rv0037¢ protein
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2.2 BESHHALRZARGRGHE U
H37Ra JL R 41 DNA S #54 , F H % ff 7L Primer-
STAR DNA 49 1 Rv0037¢ 3 H , ff 183 PCR
PR S W A BEC1 034 bp) K/AM—E LK 22), i
iR Rv0037¢ FEP Fy 45 R 5 H37Ra J 5 20 B4
PE#AT BLAST [ X 43 #7 . 45 SR R W], 5 B 45 21 1Y
Rv0037¢ KL A5 H37Ra K& P4 %088 2 b 1y 52 )
G — 3, Ul BB 3K 15 Rv0037¢ A, i — 251
@ pMV261-Rv0037¢ i ki, 3 F| qRT-PCR #f &
Rv0037c 3 [ mRNA fy % & &#. 45 % 2 K.
pMV261-Rv0037¢c/Msm 15 & ik B AR 7 Rv0037¢ 3t
mRNA 35 & & pMV261/Msm X%} BB & 19 48
B ok IR TR I I8 5w T B AR 2 R A ST
ZE X (P<C0. 00D, WL 2b, pMV261-Rv0037¢/
Msm jof 3% 7K T AR A 2

_1=795.543(P<0.001)
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B2 M Rv0037c i %35 k35 43 B0 4T B bk
Figure 2 Construction of overexpressed strain of Rv0037¢ in

Mycobacterium smegmatis

2.3 Rv0037c A B iE A A *F ALY 5 HOAFH A K 4
Hom o I pMV261/Msm Xf B #k Al pMV261-
Rv0037c/Msm i ik tk i £ K i 46, 25 R BoR 75
12 h J5 s Msm B2 5 98 AR S0 i A0 B0 A= K389 78 22 h
KB E M ODg ZF 1.8, 2 J5 i A& ;3 %
kM pMV261-Rv0037¢/Msm  F1 %t B B
pMV261/Msm A K 8 i &KL P22 EA .
b 35 TR RR S 0 B bR B AR K R LA, 2 R B S T
2R L (P>0.05) . WA 3, i3 # ik Rv0037c JE K %t
Y A K IA RS

2.0
== xif i ik

e aBUE SN /S

—_
=)}
1

J (ODeo)
8
1

ks 0.8
s
0.4+
0 1 1 1 1 1 1 1 1
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1] (h)
B 3 BEYEA>H AT B X B8 bk A Rv0037¢ 3 2k H bk aY 24k K

il £&
Figure 3 Growth curves of control strain of Mycobacterium

smegmatis and Rv0037c overexpressed strain

2.4 Rv0037c & B it & ik sP AL 36 o AT A @ 4F
W% Kl pMV261-Rv0037¢/Msm 31 35 35 B
FEA pMV261/Msm X BB AR 1) 16 7% T8 25 F0 1 3 g
T3 B R R R THI0 8537 58 R FR 5 d G, Bk
WREEAEAK TR, 2R EA 6 F% EA BT
o 2 BT BURCAR (UL 4a) , B B AR 6 P V8 TR 25
BEA — 2 R i AR TE [EVA RS 2 B B 9R 6 d )
W S B g (1.6 £ 0. 2) em, B i % 5k
Rv0037¢ K& PRIUAS 23 5 1 20 11 19 1 2l RE ) (LA 4b)
Rl 5L P Rv0037 ¢ 3k 2 3K Xf ik 35 73 A5 A T A=
YRR 52 e, 25 R s PO RR B AR 37 C fE IR B R A
T E R L d T B R AR T % IR Y AR
PIREEs 555% 3 d g AW TR B B 1 5 FR
RSN IR BE T BT 24 S0 i s AR 2L 35 5% 2 d,
AW BT B B IR R AR . 5 0 B Ak pMV261/
Msm fH I, 33 F ik AR pMV261-Rv0037¢/Msm 4=
YNGR TE I 8] S 24 20 3% I8 AR 0 TR B2 35 A 22 9]
(LK 40, HUTIEAEDE G CV @it e =
AT, X BB B pMV261/Msm ) ODy, 5 2. 567 £
0. 162, 3 F X F . pMV261-Rv0037¢c/Msm ] ODy,
K 2.41910. 456, ZHF I EY ALK E R, 25
TG # 5 L (P>0.05) (WL 4d) . Rv0037c¢ 3K
ik R 3R R Wik 3 43 ST TR 4 A ) BV R
2.5 Rv0037c A Bit K ik st EB R ey %ok M Fh
TR X RE L 1) 5% A EBL{XAE 5 min N E A B 1Y
WS 75 15 min BFEEEASIR B R, pMV261/Msm X} HR
AR AR 38 BRI IR Y 2 Ry (107, 25 £ 10, 30)a. u.
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a X IRk

b

ra 2y Msm BT A 5 b o Msm 7E 7HO Byt B Bl 58 e 3% 77 Ak
LR Msm AP IRETE s d S Msm A9 I CV e o 58
R AR .
4 TEYE 23 A RT B 20 AR O 2 B A R I B HG AR W TR E
R 45 2R
Figure 4  Characteristics of cell membrane-related pheno-

types and biofilm quantitative detection results of

Mycobacterium smegmatis

pMV261-Rv0037¢/Msm 1 2 ik B Bk i 21 4 A1 i )
PENCAE A (89. 75 £ 9. 46)a. u. . J5 & M9 A B AT &
%, 15~60 min,pMV261-Rv0037c/Msm J 335
i) EB B & ¥ LT pMV261/Msm Xt B8 5 ¥ .
W FIB R EB R B0 B BRAT, 22 5 A 48
2 7 L (P<<0.001) , JLE 5,

1509 o= I

120

=3

&

90 -

=00

e

#

60 = 1=12.655

(P<0.001)

30 I 1 I 1 I 1
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fsf 8] (min)
B 5 Rv0037c J i 2 3k 40 il Bt J5 73 BT i EB g 21
4
Figure 5 Results of overexpression of Rv0037¢ gene inhibits
the accumulation of EB in Mycobacterium smeg-

matis

2.6 Rv0037c & B & & ik *F BE36 9 A AF B & 25
a % K Rv0037c 3 P i % 35 1R R A6 BE bR
X6 F iy MIC, 5 R B Bk 0 S 08 0F L 6 25 R .
ML 8 Bk e XoF 2 6 7K A R B S0 2R I R B

AR o 1717 X6F AR 8 S P BB AR w3 5 (EL 2 T R B AR X 4% Bl
25911 MIC He#8, 2 R G124 5 () P>0.05),

22 PR 2 BOFE O S R B0 259 19 MIC B (pug/mL)
Table 2 MIC of different antimicrobial agents against two

kinds of Mycobacterium smegmatis (pg/mL)

PL 259 it HE T 1o F 3K bk
S0 8 8
i 7 <0. 06 <<0. 06
HHER 8 3
Wik 1R 5t e 256 256
X K A R A 256 256
AR 32 32
3 itig

AR Rv0037c 8 HHA MFS @5 %HE
H A B A% 088 98, LB HE MFS B R i H B
WA Z—, (HEHEA 11 A4S 5 (TMDs) ,
5 MFS # i ic B F R 12 8¢ 14 > TMDs
BTN X AT B Rv0037c 25 1115 DL 5% iz JE
FRoR IRy . JF HH C/N BU& 1“3 + 2”7 TMDs 41
B A MEFS 5816 8 1 R “3 + 37 TMDs,
[] B5F AT RE S TMDs B2 5€ 9B BURR 1l 1Y) 25 Ji o 48 180
T e 32 i

1E MTB . 25 9 1% $8 bR ik PR A 28 748 0 HL i
B, AR, I8 A BT R HL AR 2l R
PRI A B A T M AR 5L H 2848, R W] MTB iy Tiif
2Pk T T RE 5 A% g Y i IR 9 A8 TG % L AR W] BB AF AE
—ANH R 25 L B ANE SR R k. HEZ
Tl DR TR ik Hh RS 3] T 2 F A HE S AE A R R B
e,

PENEH B T R MTB A1 HE 5236 1 1 42
W7, EBAE N —F g T 0 298 Ot gLkt B R
B AR SR 2 4 A0 HE 2 Pk 0 R R
Ht, AW T pMV261-Rv0037¢/Msm 1 32
KRR A pMV261/Msm X} B8 1% #k h EB 2%
M, MDA b B 56 45 SR o] DLE i 15 ~ 60 min,
pMV261-Rv0037c/Msm 1 32 35 B ¥k 1) EB 2 fl &
KT pMV261/Msm X B K, (HA3E 2 EB
MR SHEL XA BRI R . 5X
HRTR R AR L, 2 RO W MR EB R EAICE AT 5
HFHAESK X AR P EL 2, 52,
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Rv0037c JEH 1t 551 EB R A 4 1Y il 2, 7] B
St FHXT EB /9“5 A 32 267 5 A HESE =R
B R, X ERE, L EE MTB B FH 4
Rv0037c 2 9 R B 2 251 25 35 A sk 2 25 A0 HE
B B X 245 4 1 it 52 AL A AR BT R 5 AN AL BR 3 Ah
HEAE & R BV R 2 e N2 M7 SE TiRe .

HMHESE RE S K 2 PR (45 259 DA 40 1t ot
Bl 2 40 A ER L 2 MTB i 25 1k 77 A= i 5
JAHZ— . L A8 K Rv0037¢ 2 K i ik
PR A BERR X 6 Bl 25 i MIC, AMHESE | A7
MTB $ il i 18 259 J5 Rk 8 IE A — & Bk & X
e B 245 4 S A SN HE S R LRI . TR Ry AR
PR A8 5 T BB & MTB X4 i 2590 T e VE i) —
iR R o AN HE S B 1 2 3k KT Y B i v R 2
R T HE i MTB 75 8Uam H0 R 25 90 vk BE N A7 05 . M
B8 s 24 B R 98 AR A ML 2x o X P B B RR Ol 2
PRt 2w . A L E e m RN BRIk
T ANHERE AT T SRR T 2 B R R R T katG
BRI AR 5 P 3O S i S B BT 2P 5 A AR
FER I Rv0037c JEH i FB T e FHC AP 5 A
ZANT I G R WS HESE B 7 A S Rk i 24
M RAEw 2 2.

By 5 DR B 45 T B S A HE R I T g2 L 3K
WM. SR, T MTB 3t K4 h 77 78 U AT
AN AR B 3 AN 2 DA R H 7R B AR
MVER . th FAEBA 24P e 1 i 00 F . b HEZR K
ZAERE S LU . I, R Y A HE S TE 4
1 B IR A RE W T Al H X i 2 ) sk
XA Ty — >0 T i R T R AT A AR B R B AE AR A
B H A 2 pMV261-Rv0037¢ i3 %35 76 bk 3 1M
X Rv0037¢ W AE Y DI R AT 5T .
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Rv1410c 1 RvO191 T & » 28 4% 25 % SCHk & B, Tt

Z 25 NHE T RE 5 2 PR IR 00 45 R A I RS A A .
Z . BHEXF MTB () MES SMEZR AF 58 K £ 455 88 7 4K
AT 2 T R L A O s ML K A W 2 ) R Y F
FEAREL D, B IR X MTB A% & A
(45 Rv0037¢ B D AP D) RE AT IR AL L
PR35 BF 5

iR B R AR E R AR RN
o

MEN R A RXEHFRARELEF SR,

(& % xx #)]

[1] Perdigao J. Portugal 1. Genetics and roadblocks of drug resis-
tant tuberculosis[J]. Infect Genet Evol, 2019, 72: 113 — 130.

[2] Miotto P, Zhang Y, Cirillo DM, et al. Drug resistance mecha-
nisms and drug susceptibility testing for tuberculosis[J]. Re-
spirology. 2018, 23(12): 1098 — 1113,

(3] Bpdeid, XUMEAL. AN AR T 458 5 P i MEFS #%i8

ARG oe R LT B B2 2 B = 3R, 2018, 38(5): 520 —
522,
Yang SH, Liu WY. Research status of efflux pump inhibitors
on the MFS transport system in Mycobacterium tuberculosis
[J]. Journal of Gannan Medical University, 2018, 38(5); 520 —
522,

[4] Laws M, Jin PQ, Rahman KM. Efflux pumps in Mycobacte
rium tuberculosis and their inhibition to tackle antimicrobial
resistance[ J]. Trends Microbiol, 2022, 30(1); 57 — 68.

[5] Cloete R, Kapp E, Joubert J, et al. Molecular modelling and
simulation studies of the Mycobacterium tuberculosis multidrug
efflux pump protein Rv1258c[J]. PLoS One, 2018, 13(11);
e0207605.

[6] Balakrishnan K, Mohareer K, Banerjee S. Mycobacterium tu-
berculosis Rv1474c is a TetR-like transcriptional repressor that
regulates aconitase, an essential enzyme and RNA-binding
protein, in an iron-responsive manner[J]. Tuberculosis (Ed-
inb), 2017, 103: 71 — 82.

[7] Doran JL, Pang Y, Mdluli KE, et al. Mycobacterium tubercu-
losis efpA encodes an efflux protein of the QacA transporter
family[J]. Clin Diagn Lab Immunol, 1997, 4(1): 23 —32.

[8] Viale MN, Colombatti Olivieri MA, Alonso N, et al. Effect of
the deletion of lprG and p55 genes in the K10 strain of Myco-
bacterium avium subspecies paratuberculosis[J]. Res Vet Sci,
2021, 138: 1-10.

[9] Sander P. De Rossi E, Boddinghaus B, et al. Contribution of
the multidrug efflux pump LIrA to innate mycobacterial drug
resistance[J]. FEMS Microbiol Lett, 2000, 193(1): 19 - 23,

[10] Singh G, Akhter Y. Molecular insights into the differential ef-



[11]

[12]

[13]

[14]

[15]

[16]

1470 -

g

A R e P A A A 2024 4F 12 5 23 5 12

Chin J Infect Control Vol 23 No 12 Dec 2024

flux mechanism of Rv1634 protein, a multidrug transporter of
major facilitator superfamily in Mycobacterium tuberculosis
[J]. Proteins, 2022, 90(2): 566~ 578.

Demitto FDO, do Amaral RCR, Maltempe FG, et al. In vitro
activity of rifampicin and verapamil combination in multidrug-
resistant Mycobacterium tuberculosis[J]. PLoS One, 2015, 10
(2): e0116545.

IR, T, BT, MFS MR IRH B EALSHW S 5 Tl
FIEBEFET]. ARz, 2011, 23(11): 1052 = 1056.

Sun LF, Wang JW, Yan N. Molecular mechanisms of the ma-
jor facilitator superfamily transporters[J]. Chinese Bulletin of
Life Sciences, 2011, 23(11): 1052 — 1056.

Kardan Yamchi J, Haeili M, Gizaw Feyisa S, et al. Evaluation
of efflux pump gene expression among drug susceptible and
drug resistant strains of Mycobacterium tuberculosis from Iran
[J1. Infect Genet Evol, 2015, 36: 23 = 26.

Oh TS, Kim YJ., Kang HY, et al. RNA expression analysis of
efflux pump genes in clinical isolates of multidrug-resistant and
extensively drug-resistant Mycobacterium tuberculosis in South
Korea[ J]. Infect Genet Evol, 2017, 49, 111 — 115.

Goossens SN, Sampson SL, Van Rie A. Mechanisms of drug-
induced tolerance in Mycobacterium tuberculosis[ J]. Clin Mi-
crobiol Rev, 2020, 34(1): 00141 — 20.

Dos Santos SC, Teixeira MC, Dias PJ, et al. MFS transport-
ers required for multidrug/multixenobiotic (MD/MX) resis-
tance in the model yeast: understanding their physiological
function through post-genomic approaches[]J]. Front Physiol,
2014, 5. 180.

[17]

(18]

[19]

[20]

[21]

Machado D, Couto I, Perdigao J, et al. Contribution of efflux
to the emergence of isoniazid and multidrug resistance in My-
cobacterium tuberculosis[ ]J]. PLoS One, 2012, 7(4): e34538.
Li XZ, Zhang L, Nikaido H. Efflux pump-mediated intrinsic
drug resistance in Mycobacterium smegmatis[J]. Antimicrob
Agents Chemother, 2004, 48(7) . 2415 — 2423,

Balganesh M, Dinesh N, Sharma S, et al. Efflux pumps of
Mycobacterium tuberculosis play a significant role in antituber-
culosis activity of potential drug candidates[]J]. Antimicrob
Agents Chemother, 2012, 56(5); 2643 — 2651.

Nguyen L. Antibiotic resistance mechanisms in M. tuberculo-
sis: an update[J]. Arch Toxicol, 2016, 90(7): 1585 — 1604.
Marger MD, Saier MH Jr. A major superfamily of transmem-
brane facilitators that catalyse uniport, symport and antiport

[J]. Trends Biochem Sci, 1993, 18(1): 13— 20.

RS iH- R 48

A3 5| AR IR RA RAHT. 45 B T H Rv0037¢

45

FIFI D REASAELT ] v [ R 3 2 ) % 75 . 2024, 23 (12) : 1463 —

1470. DOI: 10. 12138/j. issn. 1671 — 9638. 20246296.
Cite this article as: JING Xue-jiao, SONG Li, WU Chang-xin.

Characteristics of structure and functions of Rv0037c¢ protein of

Mycobacterium tuberculosis[ J]. Chin J Infect Control, 2024, 23

(12);

1463 — 1470. DOI. 10. 12138/j. issn. 1671 — 9638.

20246296.



