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INHD (808t . 3 — 2B TP 98 & BB 235 Ms3469 REIE R LI 40 BAF 18 19 INH 01 5 2 PR ST 45 44 38 20 A 25 B
Ms3469 it — A~ TetR/AcrR S5 I % s 8 7 B8 11 5 58 5 10 % 2 B ¥F S 56 R 41 1 B 2% 28 S 56IE B Ms3469 e

58 R FHERRESS.
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FEAL Y 24 0 2 24 TR bR 9 AS I
PSR S5 A B 5 T 1 LR B PR AR SR A
3 BT T B B 25 BIL I 8 B A 45 4% 9 B I 400 3 1) e
pNIL

B SR — B R IR G A AT e 4 R A
FIRIBEM R A BT, RS 7 51 B A Bl L 25 A )
RE R AIE S50 J5UR% AR W e S DR 1 43 R A T) 8 R0 e
Hr, TetR ZHE % s R 1 & — 35 ak 776 T 40 i b 1Y
e SR AR L R A 44K TRT R AT T B R i
PEBH 8 25 H (tetracycline repressor, TetR) , J# # U
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A5 Rh A B AL AR AL AE BT R A R AR A i A
A v AH DG il 1 B B LA B A T ) 22 24T 2 1
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JIT A D 6 B ) P A% R 9 T L T4-DNA % 42 1 &
TifE . DNA Marker, $ii 4 & M1 PCR Jx W fT 75 38 71
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BRI 7THI (Difco™ Middlebrook 7H9 Broth) il [#
REEFEHE 7TH10 (Difco™ Middlebrook 7H10) I H BD

L B SRR B 5 KR kR U A B AT . AN

FEMBN R FARFNT I 70 3 W35 1 F3k 2.

x1 AHRABWRK
Table 1 The plasmids used in the study
kL A SRR kI
Plasmid Phenotype or feature Source
pET28a Kan®, T7 lac promoter, N-terminal Hisg Novagen
pET-M;s3469 M;s3469 in EcoRT-Xba 1 of pET28a ARBFFEHIE This study
pBX Chlo, pl5A replicon, lac-UV5 promoter Stratagene
pBX-Rv2031p Rv2031p in EcoR | -Xba | sites of pBXemT [17]

pBX-Ms3469p
pBX-Ms3488p
pTRG
pTRG-Ms3469
pTRG-Ms3488
pTRG-Rv3133¢
pMV261
pMV261-Ms3469

M;s3469p in EcoR 1 -Xba I sites of pBXemT

Ms3488p in EcoR 1 -Xba 1 sites of pBXemT

Tet, ColEl replicon, Ipp/lac-UV5 promoter
M;s3469 in EcoR [ -Xba | sites of pTRG
M;s3488 in EcoR I -Xba | sites of pTRG
Rv3133c in EcoR I -Xba 1 sites of pTRG

Kan", pAL5000 replicon
M;s3469 in EcoR [ -Xba | sites of pMV261

AFFEHI B This study
AW FEHI A This study
Stratagene
ARG E This study
ARG This study
[17]

[18]
ARG E This study

x2 FARABBSY

Table 2 Primers used in this study

EIR/EZ FH1(5'-3") JH %
Primer name Primer sequence Usage

Ms34691 GATCGAATTCTCATGAGTCGTTGGGAGCCCGAT TEFEAIF L Clone and expression
Ms3469r GACTACTCTAGATCACCCGGCAACGAACAGGTT FLl 13 1% Clone and expression
Rv2031cf AGATGAATTCTCGCGTAAAGCACCCGATCC 4l FLZ4 28 Bacteria one-hybrid

Rv2031cr GCGCTCTAGATTGATGCCTCCTAATCGATG I 7 2% 22 Bacteria one-hybrid

Rv3133f TATAGCGGCCGCAATGGACTACGCGTTCTTACC 4 1 2% 58 Bacteria one-hybrid

Rv3133r ACCCTCTAGAACTCAAGGTGGAGTGCCAGCGG YA B 74 28 Bacteria one-hybrid

Ms3469pf ATATGAATTCTTCCGACAGGCGTGGGAACC 4l FLZ% 28 Bacteria one-hybrid

Ms3469pr AGACTCTAGAGTGCCGATCGTAGGGGAATA 4T B 42 28 Bacteria one-hybrid

Ms3488f GCTCGAATTCGTATGGCACATGCTCCGAACCGG YA 4 B 74 58 Bacteria one-hybrid

Ms3488r GTATTCTAGATCAGTTCCTGGCCGCGGTGCGGA Yl FLZ4 28 Bacteria one-hybrid

Ms3488pf GATCGAATTCTATCGACCTCGAAACGCAACGCC Al HLZ2 28 Bacteria one-hybrid

Ms3488pr GCAGTCTAGATCGCCCATTGTGTCGCTTCTTGT 4 4 B 72 5 Bacteria one-hybrid

VL R s Yl s AR IE T SI W, “r AR E LA 51 . Notes: Restriction enzyme sites are underlined. f: Forward

primer; r: Reverse primer.

12 @AEEKMENE

V5 A - 0 1 T T e R 1 06 0 o ek A 2 = O
e THO Ky 3R b, A 22 A0 0 6 I 600 nm
A AL T B i A A D BRI R R O B B Do =

1,485 37 °C .180 r/min $%5 3% % 4 1 4= K4 805

Wi, WIE AR 3 h HR 3 AN A BRI A SRR
D oo fH » 2 i A2 4 22
1.3 EBARGRTEAESH

B T T e 45 M O S M 43 B R FH BLAST #k
P Z LR P 51 HR 43 # 2k T BioEdit 4
14 BMEEMRE.ZEAREMAK

LI M. smegmatis mc* 155 F [ 41 DNA b A&
B, L Ms3469f/Ms3469r N 45 F 1E 59 PCR § 1
Ms3469 5K 7 B, 7= 1) 28 By B W B R PR K A I IF

WG . 5 £k B Ak pET28a 43 ] i 17 EcoR 1 Al
Xba 1 XYL, 240 J5 AT i % 4% A g His AR
1) E 4B R Gk Bk pET-Ms3469, ¥ pET-
M 3469 ¥4k i A K #F 7 2 35 8 #k BL21 (DE3)
i 8 E B B e Ak T, T LB OB SR WO Ak B AR
(37 °C 180 r/min) & Dy, # 3T 1.2, R J5 Jm A
1 mmol/L IPTG (isopropyl B-D-1-thiogalactopyr-
anoside,IPTG)16 °C ,180 r/min ¥ F45 3% 8 h, .0
W AE T A, B )5 A Binding buffer(5 mmol/L Bk,
0.5 mol/LL NaCl,20 mmol/L Tris-base,pH 7.5)
RN B PSR B BRI A CCR .
H 4tk 2L B B GE A H] Ni*' -nitrilotriacetate 22
a4l i B F AR 8 FBURE i 28 SDS-PAGE BE K
FL KA I 4 AT
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156 BERIBEEGLR
HE A 7% 2 BHL i 52 55 (electrophoretic mobility
shift assay, EMSA) B AL $8 2 % Scik [19 ] 47 .
TE 10 pL R R 8 5" FITC ARic i Ms3469p (10
ng) MAEFRIT Ms3469p 5 Ms3488p (20 ~100 ng)
Sk BERREE 1Y H AR 2 Ms3469 (0~ 6 pmol/L) 7E
2% W (50 mmol/L Tris-HCI, 10 mmol/L MgCl,,
1 mmol/L DTT,50 mmol/L NaCl,pH 7.5) HyKk I
JWEE 20 min, FflJ5FE A 28 4 00 DN I 0 e A A2 M B G
HLPK 4385 (150 V,1~2 h, B4R ] B DNA F Bt i
KNP ED 50t | B (80 EB 3 ) W %2
R
16 HEPEHRZXE

A Primer Premier 5.0 Wit & E &5 5149
(£ 2), A M. smegmatis mc*155 £ 4H DNA K
M 58 H i B, 7 W) 22 B IR W S5 5 P, Uk R T A
Ja 5 A R S B pBX A pTRG 43 il B AT
EcoR 1 1 Xba 1 X1, alifbJ5 ¥ H 19 5L K 1 5 20
T o B B 4 5 AR pBX H HIS3- aadA 1 L
Ui - E % 55 DAL 1) G 05 0 37 e I 3 SC PR 48k p TRG
A EEAHIE ST BT I UBRL A G B RURT R A A

A

I E E. coli XR B2 ZS 400, Pk 1F 5 1Y
A7, 5 e LB B RS 57 3 (15 pg/mL Tet,
34 pg/mL Chlo,30 pg/mL Kan, fij 5-3AT-Str")
BALZR 3 % 1k 85 9% 3£ (20 mmol/L 3AT, 16 pg/mL
Str, 15 pg/mL Tet, 34 pg/mL Chlo, 30 pg/mL
Kan, &5 +3AT+Str) H 30 CHiFF 2~3 d. WL
TR AE2 FhE IR A B A RKORL

2 ERG55MH

21 Ms3469 B RIEFE R INH 57

T 20 BEAT B 24 4 AR M A S IR T 1) O S F
UL R TR R HE R I T Bk A K R B
58, 1A X L Y A S T 02 Ms3469, O B0 F i 5%
ST INAE A H T Ms3469 M3 1K B #k Msm/
pMV261-Ms3469, 45K KM, 7E 15 pg/mL INH Y
THI10 [&A 5 35 22 i, Msm/pMV261-Ms 3469 B #k
KW B AL T Msm/pMV261 (& 1A A5, 1 &
THN i 7H10 K7 77 3o — 3 09 A4 K F 1 L (&
IAK), #E—HWF5 XM, 7E 8 pg/mL THN (¥
THO WA R SR 56 . Msm/pMV261-Ms3469 ()4 K
HE BB Msm/ pMV 26 14 CEI1BA ) 1 R i

Msm/
pMV261-Ms3469

Msm/
pMV261
JC INH
No INH
——Msm/pMV261
8.81 o Msm/pMV261-Ms3469
8.4

JEINH

7.6
B NoINH
—-172
685 12 24
At 18] /h Time

£415 wg/mLINH

15 pg/mLINH

——Msm/pMV261
—o—Msm/pMV261-Ms3469

48 weg/mLINH
8 wg/mLINH

Logefu/mL

0 12 24 36 48 60
At 8] /h Time

A:Ms3469 8 I5 WA= A A BRI . Msm/pMV261 Al Msm/pMV261-Ms3469 B Ak LLE R BE 2 A% 86 BEAG B 3 AR ) i vk
BERRFRAETC (L) BUH (£)15 pg/mL INH 9 7H10 BlA B SR £ iAKW AL, B: Msm/pMV261 Fl Msm/pMV261-Ms3469 I # £ G
(A ()8 pg/mL INH B 7THO WA F2 3 op A K 2. AL INH resistance of the Ms3469-overexpressing strain. Freshly grown
recombinant strains of M. smegmatis Msm /pMV261 and M. smegmatis Msm /pMV261-Ms3469 were two-fold diluted to three differ-

ent concentrations, and equal amounts of culture were spotted on 7H10 plates with Kan (30 pg/mL) in the absence (left panel) or pres-

ence of 15 pg/mL INH (right panel). B: Growth curves of the Msm/pMV261 and Msm/pMV261-Ms3469 in 7H9 medium in the ab-

sence (left panel) or presence (right panel) of 8 pg/mL INH.
B 1
Fig.1

Ms3469 ¥ 3K 1% B ¥k B9 5 1 Bt bt 4 47

Assays for the INH sensitivity of the M. smegmatis strain overexpressing Ms3469
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INH ¥y 7H9 #5358 Heh — 38 W K # 5E A — 5
(B 1B 25 LA B85 Ui W], H 3 3k Ms3469 fig fiff it
o oy BOAF 7 2R — 2 19 INH bk,
2.2 Ms3469 &g R =T

Ms3469 K 4ih%— 4~ il 195 4~ 2 3L B2 41 A Y
BB, BLAST 2549 5050 #r & BLH 5~ 195 & 5
R Ak S AcrR ZE45 Mg duk , N 3 2 — B i %Y (%) 12 e - 5
£-12€ (helix-turn-helix, HTH) i) TetR 2§45 {4 15
PF00440 ( TetR _ N), Ms3469 5 W (0 4 % 4

Ms3469 N-terminal

PDARG RL
SC_TetR N-terminal M PGA EQ RL

Ms3469 N-terminal
SC_TetR N-terminal

ERGFELTTV
EHG|YDINVTV

(Streptomyces coelicolor) B TetR 3& K SCO0337
(SC_TetR) i = 4 &5 14 fg AR L) & 1 0 510 % 432 7
Bi T s Ms3469 5 SC_TetR L2 — B i B 5 5F 19
N Ui DNA 45 & 2550, A 66 %0 i — Bk i 85 % 11
AL 2) . T TetR ZEF sk N+ HA N I
PR 57 R AE PR 09 B8 -5 fA-12 € Chelix-turn-helix,
HTH)DNA 255 250 3 H1 C 3 55 B A2 1 1 FC 4K 45
B AT HET Ms3469 it TetR/AcrR KK I 5%
KW E

A
RAAL
RAAL

30 40
N T

AIAERAGLT
TIDJI AERAGLT

2|0
ELY
ELY

50
Ms3469 N-terminal ER|ITFIFRIHYJAD KREVLFGG
SC_TetR N-terminal RR|S Y|[FR[Y FJPD KREVLFGG

SC_TetR., i (055 5
B 2

WY TetR # K SCO0337 A TetR family transcription regulator SCO0337 in Streptomyces coelicolor.
Ms3469 B9 P 51 35 i 5 #7

Fig.2 Sequence alignment analysis of Ms3469

2.3 Ms3469 E BRI AL

J T HE— 98 Ms3469 B 3 RE. %)
Ms3469 A7 FEpE RSN RN . B 3A 2 Ms3469
R s, A M. smegmatis mc*155 F[H 4 DNA
AR HEAT PCR 434 J5 0 B s e 1 v vk 1S 7 B
X N Marker 58 10 4575 (421 bp) fI4E 9 47
(925 bp) Z[8], 5 WU EY Fr Bt K /N (609 bp) — 2, %
W] Ms3469 JEDRIY™ 1Y B2l . S #e) 3 3k 24 O 4l
1@ 40 % H. K 3B & 7E BL21 (DE3)/pET28a-
Ms3469 (1 40 L b W bR B g ARy R
Ms3469 & FIXT R )4 itk 21.22 ku, RikJG 1Y
A EAHEE 6 NMHAMRM Tag M — B 75,
it L Bm s+ BiE N 23.22 ku,
24 Ms3469 EHHK) DNA & & &S

G3HT Ms3469 78 H R 24H Hh i AL & B Ms3469
5 hb TR — B T 00 Ms 3467 (TR A BAE 25 1) &
B4 NBREE, 5B Ms3470 (NAD-K 1 #Y 22 i)

SEAR /B K T T B 103 AN BRE o B 3 S 3k 3t
H—BJa 2 + 77 5, 5 107 91 a5 24 S8 Ms3469p
(B AA) A T 2558 5 S T Ms3469 (¥ H 3+,
FATH FH EMSA & T Ms3469 254 Ms3469p 1)
ATRETE . BFST R B, % Sk I F Ms3469 1 5 % St bn
ICHY Ms3469p JE R A PR A i I 451 (18] 4B,

B 2) WA Ms3469 1 57wk B2 3G I, 44 5 b i s
) DNA JE 4 Okt /0, [Rl i) DNA-2 1 i 2 & WK
B T i e B S TG K (B 4B K IE 3~4) , KW
Ms3469 REARAFHLZE G H A B 5 8+ Ms3469p . Uik
Ah,AE 92 6 AR 0 B Ms3469p T 5 3% 56 % i 1
Ms3469p 3a4PE4E & Ms3469 & H i (K 4B, 3k 8
5~8) , M HoAth A& K 1 J7 3 F 1 Ms3488p WA RE &
Ms3469p 354 PE 45 & Ms3469 (& 4B, JkiE 9-11),
VI Egs Ui B Ms3469 R H 4GS B & )8 s 7
Ms3469p HA R 1.
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100~250 mmol/L B M4 J32 156 1

Flowthrough
ULIE Pellet

Supernatant

T

i
4

His ,-Ms3469

| — e e
(23.22 kw)

A:Ms3469 FEK B PCR ¥ %58 . B: Hisg-Ms3469 A 4lifk. A:PCR amplification of Ms3469 gene and the PCR products was

separated by agarose gel electrophoresis. B:Purification of Hiss-Ms3469.

B3 Ms3469 EEM PCRYy EMEAZHNMAL
Fig.3 PCR amplification of Ms3469 gene and the purification of Ms3469 protein

Overlap 4 bp
EE4 bp

Ms3467

10
0.1

Pt bR id I Ms3469p/ng Labeled Ms3469p 10
Ms3469/(nmol/L)

VKiE Lanes 1 2

T

DNA-# 152 77 &
DNA-Protein complex

DNAJE Y
DNA substrate

Y' b (

3

Interval 103 bp
kG 103 bp

Ms3470

A9 e b id FIMs3469p  AE %6 brid IMs3488p
Non-labeled Non-labeled

Ms3469p Ms3488p
20~100ng 20~100ng
10 10 10 10 10 10 10 10 10
0.2 04 0.1 01 0.1 0.1 0.1 0.1 0.1

9 11

A:Ms3469 BRI H E 7, B: EMSA K1 Ms3469 ) DNA 5476, A:Genomic location of Ms3469. B: EMSA for detection of

DNA-binding activity of Ms3469.

Bl 4 Ms3469 B9EEHE ML K Ms3469 B DNA £ & & M5 1
Fig.4 Analysis of genomic location of Ms3469 and DNA-binding activity of Ms3469

25 Ms3469 5B S B FHEENEFERES W

I A0 B B 2% 28 S g ik — 2P BN Ms3469 5 H
B8 B AHEAE TR S M . A IR 9 e IR 55 6 TR R
(pTRG-Ms3469/pBX-Ms3469p ) 5 1E X} M 1 £k
(pTRG-Rv3133¢/pBX-Rv2031p ) {E B 4% 3¢ §ifi 1%k S
M (H3ATHStr) b [ FE AR R4, 5 HAH X 5 A

B W Bk (pTRG-Ms3469/pBXp I TRG/pBX-
Ms3469p) DL K 1 %5 BE B Bk (pTRG-Ms3469/pBX-
M;s3488p Ml pTRG-Ms3488/pBX-Ms3469p ) 5 25
BMTE K (pPTRG/pBX) ¥ oL Kb 4 (& 4B) . LU
g5 R FE I, Ms3469 W 5 H [ &5 81 F Ms3469p

R tEai & .
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—-3AT-Str
+3AT+Str'

TEX R A
The positive control strain
S AR

The experimental strain

_ pTRG-Rv3133c/
pBX-Rv2031p

pTRG-Ms3469/
pBX-Ms3469p

_ pTRG-Ms3469/
' pBX-Ms3488p }

~ pTRG-Ms3488/
pBX-Ms3469p

Guoxt R Bk

The negative control strain

F i bk

pBX
The self-activated control strain

_ pTRG-Ms3469/
pTRG/ }

pBX-Ms3469p

BN pTRG/
- BX

YAE B F T SEI A T Ms3469
585RBTFHHEEAER

Bacterial one-hybrid assays for detection of

ZZ B AKERE The empty vector strain

)

Fig.5
the interaction between Ms3469 and its own promoter
3 it

AHIF T 8 o 25 4 300 M K B, Ms3469 B9 N Jiig
15~55 ZUHE IR Ab 5 A7 M AL i B 8- # - R TE (helix-
turn-helix, HTH) 45 #48 PF00440 (TetR_N), 5
@HERE Y SCO0337 HE K (SC_TetR) #E47 8 11 5
Fe AL o3 A K2 BN i 9 DNA 45 65 4548 30 J2
PRSF AT Ms3469 %E SUA TetR RIGH#KF. H
PR A 8 R TetR KGR T 1Y C 54
SRR AL AR A TR AR LAY 42 207 8 TetR
FIEHE RN Tt — 27336 . X Ms3469 1Y C i &
BRI o3 B K B IZE S A — A AcrR 2845
Fy . A K W FF R JE At 20 B R 2 24 Oh R R
AcrAB-TolC 24", AcrR &7 T AcrAB #: 9\
FUFp R E A AT FEARGE AcrR ] T X AcrAB
e SRl — 8 AR BE MR AE T TR o AT
Ms3469 A TetR/AcrR FGEHIHFH T .

AW 57 K PR 3k Ms3469 fE % (0 Hik- 35 43 B AT
B INH Pk, B Ms3469 J&—4~ 5 INH $uk
HH OGBS A 7 (B I vp i B R HIL ) A 15 itk — 20
PR, fl i 0l T o BT B TetR 580 Y B 3% X 1
Lo A 38 o 30445 i 03z A 55 A AR 5 28 [ A 3R 0K
T BN M BE A 308 3 R G 9 25 W AN AT
B 40 W P25 Y. GneR KR i ok P
Ms0535 i o i 47 e iz 2 1 Mis0534 1Y) 2 15 I T 8
SRR INH A A2 7 0 58 & B Ms0534 fig
e /R A2 AN ERRE INH HEH gl il 4h . A2
(2 AR SE S0 BT Ms 3469 76 3L PR 4 v (9 07 8, 2 B

i

Ms3469 HAb T — #9719 Ms3467 LUK 5 I 1]
1Y Ms3470 3 — B3 3+ 5 81 s I 8 o 40 5 AR A8
I EMSA {IESE Ms3469 848 5 X B a2 7 ¢ 5 4
ghfy . DR, I 5 S 7 Ms3469 1T fig 2 i i i
¥ LIk 2 ASEE A LR, AT S INH ST W
LAY, Ms3467 & — MR E H, H E AT SCHk ik
T 5 Ms3470 J&—4> NAD 4 #1422 1) 55 44 i / i /K
fitg, FLAK ) BB R A1, B b, Ms3469 5 G 1
Ms3467 F Ms3470 76 INH Hi ¥ 22 50 b 14 3 g {5 15
E— BT,

2 % x #
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Regulation of a TetR/AcrR family transcription factor Ms3469

on isoniazid resistance in Mycobacterium smegmatis

LI Lingyan HU Lihua

National Key Laboratory of Agricultural Microbiology/Center for Proteomics Research .
Huazhong Agricultural University , Wuhan 430070,China

Abstract  Mycobacterium tuberculosis is the causative agent of tuberculosis (TB), one of the dead-
liest diseases worldwide. The emergence of multidrug-resistant (MDR) TB and extensive drug-resistant
(XDR) TB is a large challenge to TB treatment. In this study, a transcriptional factor library of Myco-
bacterium smegmatis as a model strain for pathogenic M. tuberculosis was screened on plates containing
15 pg/mL Isoniazid (INH).A novel transcriptional factor encoded by MSMEG _3469 (Ms3469) directly
affecting M. smegmatis INH sensitity was characterized. Over-expression of Ms3469 caused a significant
increase in INH resistance of M. smegmatis. Results of bioinformatics analyses showed that Ms3469 is a
member of the TetR/AcrR family of transcription regulators and forms a homodimer similar to
SO_TetR. The electrophoretic mobility shift assays demonstrated that Ms3469 could bind to its own
promoter. The direct and specific interaction was further confirmed by bacterial one-hybrid assays.It will
provide a clue for studying the regulatory mechanism of bacterial drug resistance in M. smegmatis.

Keywords Mycobacterium smegmatis; TetR transcriptional regulator; Ms3469; drug resistance;
INH
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