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FRA3 R SO AR SRR I e . 534 e B R
i& SigF B BIPRS00 s 1 5 1 T A PR AR
FEY 41 0 B AT 6 2R 1 R 3 R ) AR T

Sik% o BORT B 1K) Sigh A5 45 A% W10 25 4k 5 10 A7
TEHIVERL, Sigh 2 i I\ 52 A5 S5 4% W s b 18 58
ERVEBUR R PR A LR o BT IFAFAET
A FIOR P PO A K BT R e (R A
Yo fe 8 00 A B DLHIE 5 20 BORT W17 A5 45 8% 23 BT

W SigF i 2 [ % & ([ Y 83% MSMEG _

1804) o 5341, SigF 5 ™ 8 2F {8 FF 1 Wb 38 A ™ 98 AH
K o ¥ (SigB) J¥ 1 AR > WoR Sigh v
REZ 55 kY5 73 BORT T O T 30 2 255 o 5 4% 70 BT 1T 45
BUR T sigF 15 Ja W358, (B LG 23 Fl R 1 A1 4
AN IR CEAC B Be A R ik, R IA B AR Ll T
AT 130 4 1 S B Y R, 5 AR BOW 45
W L B0 T e A D6 AN [R5 8 BR AR K AR BUW 2> BT
P Sig T E S A AR A ke 3 R SR AR Y

A ST T T B DAL g A b AR RN R O a2 A5
W, ki Sigh 72 kY5 73 B R 1A K §T 4 AL = aa
HORAE EEAEM . T g R 2y 5 S e A A
KA FATHE 2B T sigF w B WK (1 P25 3 5K
B Wi sigh i bR T 025 3 L B 2R BRI T 25 3 K
gk B 25 Sy hh, i K BL Sigh 7640 i (0 3%
A peh A MR . R SigF W1
7% P4 (reactive oxygen species, ROS) ¥ & i 142 56
AL 38 S N A O AT T S R E AR LR RO R
PR RE BR g AR

1 BB 77k

1.1 ##

L1 B ¥k BRRAA 8 35 2 0E 5 4 B AT 1 me?
155, Jii K. p0004S, phA159 FI pMV361 1 W. R.
Jacobs #¥F 324t . KW AT (Escherichia coli) DHS«
HIAS S 06 S DR A7 AE DD BRI se B 4 E 4 Lo LB 55 5%
ST KA B s 9% o BIE3G 23 ROAF T8 15 97 1 G 97 2k
4y Middlebrook 7H9 (& 44) F17H10 ([i {4) (Becton
Dickinson) o $ F% Hik- 3 73 & FF 1 ¥ 25 32 A0 R B %5 3%
200 2 50 M25 mg/Lo K i kT i 15 57 B 25
R IBE R M N R &2 150,50 AN
100 mg/L.

1.1.2 FEKFFLE:BCL LWy TES (b

SR8 e ) » DK-8D AL Wy S fE i /K i A (B — 18
FHECA R AR IR TR A (R 2 S & A
FE 2> ® ), MicroCL17R & .0 Hl ( Thermo Electron
Corporation) , PCR 4% (b 5 4 JiE 61 38 4= 9 %} 4 A7 R
2AH])  ECM399 Hi%% {3 (BTX) , HEH20 £ I it /K °F
HL Yk A (B3 R RE R A R 2 W) » EPS-300 Hi ¥k X
(LR AR R A WA R, BEIRE &SI &S
(DNR Bio-imaging System 2\ 7)) , HZQ-X160 4= #&
G IR (LA R M 923 8% ) ) » Millipore %t 4L
A3 g€ 2% (0.22 wm) (Millipore) , — & M 4 H ¥ 5
5 CEMg R 7 28k B2 7)) > Nanodrop ND-00
spectrophotometer ( NanoDrop Technologies) . 7H9.
7THI10 %% 3% 2 . Top Agar (Becton Dickinson) , 7 IfiL 7§
F18 11 (BSA) 3] % % (GenView A #) , FM . &
I T W FUHRE T (AMRESCO) , 88 % R F 5 H %
I8 FF 2~ Van911. AlwNI. Mfel. Pacl ( Fermentas) ,
Tween-80 ( Sigma), T4 DNA & % fili. RNase-free
DNase I (New England BioLabs) , Hind Il - SYBR ®
Premix Ex Taq'" II (TaKaRa Biotechlogy) , TransTaq
HiFi DNA #§ (& dNTPS) (TransGen) , id %8 16 & i
i Wl CIR 25 4 Mk 2% 8 70 47 B \)) , Trizol
Superscript first strand synthesis system (Invitrogen) .
1.2 EFE®KRSEANEHREE

1.2.1 FiEAMBEMEE KT & @i PCR ¥~
W osigh [f) 26 A5 B, A2 8 5 ) & MSMEG _1804LF:
TTTTTTTTCAGAAACTGAAGACGACCCGTGAGGGTA
M MEMEG _1804LR: TTTTTTTTCAGTTCCTGATGTC
GAGAACGTCTGCGT; A1 514 ) MSMEG_1804RF:
TTTTTTTTCAGAGACTGTGCTGGCCAAGTCGCT
MSMEG _1804RR: TTTTTTTTCAGCTTCTGTGGGAAC
ACGATGGAACCT (R R £k & 7R ALwNT ) 1 Y47 )
(& TA) o BRI 9 D) G ALoNT B 9] 4 36 7 )
1804 L (/2 ) 1 1804R (A7 ) , [nl g g U Jv Bt -
Van911 i P) % 4% p0004S, [0 11ic3. 6 kb FiIl. 6 kb K/
) Bro W] v Br1804 L1804 R.3. 6 0, F 1.6 0,
I AN DHS os B8 5 B V& £ JFURE I 5 5 38 E
1804 LAN1804 R 1L 1 A p0004S 3k ifij 3 113 4 4
p0004-1804 . Pacl fig ] p0004-1804 F1 phA159, [H[ly
IFIEFRAN N B 22 AR A A 2 3k 73 phasmid phA159-
1804 . 4 phA159-1804 Hi i % {1k Hl 35 2 B¢ AT
30°C 8% 7 3k 15 W W BE, 97 19 phage, $2 i i i 2
10" /mL.
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1.2.2  FERBRR AU FR 25 500 (0D, 75 0.6 -
0.8) ) mc* 155, A} MP Buffer 3t 2 VX J5 A 7TH9 £z 3
JEHLE ARJE 5 i 5 phage SEARBUR A, B 37°C
FLHE I 3h, e Jo R L RE IR WA A U A 7 B W R
THI0 “FAR b, 37°C 55 5. Bhik i i 7%, S 2L DA 4,
PCR 56 Uk 5 PA] 2 75 B il 5k

1.2.3 EHHAKRWE PCR § 1 HWIER, 5194
pMV3614804F: CCCGGGCAATTGCGGTGACGTCGG
AATACGCAGA F1 pMV361-4804R: CCCGGGAAGCT
TCTACTGCAGCTGGTCGCG. Mfel F1 Hind III /i 7] [
WA 1 P A0k pMV361 MY L E B ) B, OF
Ak N DHS oo $k 228 B0 V& WU 35, W0 1 1F 4 1K) 5T R
ML i N sigF SRAZ BR o Bk B w7 i 4 IR R 4
PCR %6 14 /5 DR 1A

1.3 SEASHBERE

M~ 80°C UK AH ¥ A7 4 vh 5 IR B 1 W A7 T

Co % 1:100 £ Fp &R, B I8 &2 0Dy, =0.8 -
1.0, B b3 B P42 12100 35 5432 R 1 38 6 1) 3%
Fehe, B 9E A ODg, 0.3 KA. B2 mLE W T
50 mL B0 T, 0k A S B . RO 2 RN Ak
P2 ASOBG B AR ORE > S BB LR WL KPR e 37°C BS
I8 3 RIa .
1.4 EEESHMEEYR

IRRP T 3% 1 100 % FhOR B REL B9 &
0D, =0.8-1.0. HEMAFTZHZL LB “F#,37C
Bigr 4 Ra e
1.5 254 & /) #] &) ;% & (minimum inhibitory
concentration, MIC) | &

EFRARF W % 1100 B2 R B B R R
0D, =0.15. Fi % 100 £i5 5 40 pwLjn A 96 L 41
IR S T | AN N 7 - 1 B 71 W SO S -
(Isoniazid, INH) « Z iz T (ethambutol, EMB) . F]
#8 °F ( Rifamycin, RIF) .
STR) « & ¥ % % (Ampicillin, AMP) fil & 8 %
(Kanamycin, KAN) , Z4A&F1 4580 L. 37°C JLR5 9% 3
K5 S A1 T A KGR B 6 T AR KA R T B A E
WREE N MIC. SR 25 RER 3 L E.

1.6 RNA i2EUF1 qPCR

R W % 10100 2R R B R, B R 2
ODg, = 0.3 2 O W 5 W 4k, # & T Trizol
(Invitrogen) Ff 4% Ui B 15 2 B RNA. RNA 1 1 5 (A
41 DNA F| RNasedree DNase I ( New England

g E( Streptomycin,

BioLabs) [& 25, RNA f) & B ] Nanodrop ND-100
spectrophotometer ( NanoDrop Technologies) & .
cDNA & il #% Superscript first strand synthesis system
(Invitrogen) JIf $2 1 1K) 77 ¥ 3£ 47 - rpoD rRNA 3t
N 34T PCR X Vo SYBR® Premix Ex Taq " II
(Takara Biotechlogy) H T qPCR K N. 5440 T :
katG: TGCCCGCGGAGTTCAAGCTG F1 GTTGACGTC
GAGCACCCGCA; katA: CGCAGGCAGAACCTCGGC
AA F1 GGCCATCACCACGCGTTCGT; mcat: CCG
CTTCCAGAACGTCGCGT Fl TGCGCTTCTCACCACCG
AGC; rpoD: GCGTGTCACGACGGCGATCA F1 TGCA
TGTCGACCGCGACCAC.

2 4R

2.1 BHRSRATE sigF REFEE
AR 3 BCF E R W R A B R Bk
(Mycobacteriophages in specialized transduction) 3k
A5 fik 308 K D] ) R B AT BR o 3l PCR 7 8 O [l e 19
B sighF 1) 7 8 R A (B 1B) o Van911 i 1) 2 1A
p0004S, [B[ W 3.6 kb Fl 1. 6kb K/Nag H B 5 AlwNI
g O] 0] W 1R sigF A0 R R AT OE B 3R 1R T 2k Ak
p00041804 (& 1-C) o Pacl [ ¥] p0004-1804 FiI
phA159 J5 28 3% H MR L 33k 43 T phasmid 4 {4
phA1591804. # phA1594804 Hi 7 % 1k Hik ¥ /> K
FEB30°C $5 5749 21 K& 11wk 5 (& 1-D) il i 4
BEIRAG T BE KT 10" /mL (¥ W . K 0. SmL
Wit B A S G 0. Sl HiEIG 73 BOAT 1, 37 C B R 3Rk 13 T
K25 500 ANl ag mHuhhsd e o BEALBRIL 4 4> se ek
IR IS MUEL K1 41 DNA, PCR B iE 3K A% 1 2 A sigh Gk
R R AR o
2.2 sigF RESHIES ZAFEX S LS HUR
1 SigF Ly ™ 25 £ AT 1 B 30 A0 7 58 A0 5%
(¥ o K7 (SigB) Fr 41 _EARBAE 2 &, HHEW SigF w fig
L NE A OGS BB AR YR sigF AR AR
(Asigh) b 46 A6 S0 %2 J1 10 2% 5« 7 1 15-mmol /L.
A EAE BT h)5 4% 10 65 B 2 B0 B OB 77 1Y
gi 2 (] 2-A) R W) sigF 58748 5 BUIEYG 70 BOAT 1 1L
AAE Y 32 )55 W ak fe XA sigh 3 A
sigF SRR AT B AR W bR (C-Asigh) o 83 L 4 B
PR 5% A2 AR T R PR £ES mmol /L 48 4k & Ak B
3hJE A KOR S (B 2-B) & I H AR B bR R B LG
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AR R T R R e B S AT 2 ) IX R A R R W) sigF R 0 BORT VIR I A A S Y BE D
Msmeg_1806

(A) Msmeg_ 1803 | sighF I o I

> <+ > <+

i
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A\

«—7204bp
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< 1008bp 75

1 sigF B B &0 4 8 F0 0 & R S 0E
Fig. 1 Plasmids construction and phage amplification for sigF knockout. (A) Genomic arrangement of the sigF gene loci.
Genes are shown as large arrows in their native orientation. Small arrows represent the primers used to construct the knockout
sigF (AsigF) strain. (B) PCR amplified upstream (L) and downstream (R) fragments of sigF; (C) The plasmid p0004—
1804 (P); (D) Amplified phage containing the phasmid phA159-4804. M: DI.2000 DNA ladder.

(A) H,0,(mmol/L) 0 7 15

(B)

3 hours

2 sigF RESBEALRESRFEN T E XS HE
Fig. 2 SigF was involved into H, O, resistance. A: The strains of M. smegmatis mc*155 wild4ype (WT) and knock-out sigF
mutant (AsigF) were grown to an OD of 0. 3 then treated with 0, 7 and 15 mmol/L H, 0, , respectively. The diluted culture of
1 hour post-treatment of M. smegmatis culture was spotted (3 L) onto solid 7HI0 media with 10% ADS. The panel
represented 10-fold dilution series from, 10° to 10 ~* fold. (B) Complementary analysis of AsigF H, O, resistance. H, O,

sensitivity was determined as described in (A) except the H,0, concentration was 5 mmol /L.

T sigF B BR R 25 W) BUIE 0 2022
For, S ME R H TG 9T SR B W I £

23 SigF 253 EEMEBERNES 5B
(INH) 245 &2 803 S B8 /e L F X

LRI 50285 LA A% S8 1K X — 1K) 24 ) ) 0 5
DL AR ORT 82 96 28 5 A 1) 245 400 Tl 200 ) 4 ) 45 3 N7 15 R
W, Ferh 254305 3 A0 B R IS TR AR AE DT 2y VT 2y
WU bR E AR ™ . T R SRR R
Sigh 255 T 1 AL 2l 10 W aa ik 42, AT EE— 20 A

2y FAE D T AR 25 W HEN 73 BRI A0 e > AR 4
ey 1L S A U AR T T T B P 2 2t it 30 A 4y
BB & T e A 5 A A KatG
SRR T AN RN S MR A ORI R R AR
A L WA B . T sigF S84 S Bk
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i 73 BT 1 3L A A ST 52 00 9 55 5 HE I Sigh A7 W fE
S W S O JUF 1) 00 TR R D o 0 W BT A A L SRR
ANEL AN TR AR R 57 00 0 S /0 300 0 9 T R B sigF 58 A%
JF A5 Wi HiE 35 23 BORT R S 0 SRR e (R D) o )
I katG K DR 1 B 3% 7K~ 7 58 A48 A0 B A R rp e AT

B 1 AR Ak (11 3) o 3 2 35 WY BI040 KA B 22 /b
Al L S5 S A S K 1 3 A L B L
AN, BATERI T 55 S Bt (% 1), R
W10 25 5 875 sigF 5875 % A% U 111 25 40 B 45 4T 4

R

*1 SigF MRERSHFEEMAHIR

Table 1 The Minimum inhitbitory concentrations (MIC) (mg/L) of isoniazid, rifampicin, streptomycin,

ethambutol, ampicillin and kanamycin in sigF’ mutant (AsigF) strain and wild strain

strain isoniazid rifampicin streptomycin ethambutol ampicillin kanamycin
wild strain 6.25 0.39 0.05 1.0 39 1.95

AsigF 6.25 0.78 0.05 1.0 20 1.95

1.2

A
L1 AsigF

1.0+ _
: |
5 0.8+
<
Z
Z 0.6+
o
=
S 044
==

0.24

0.0 T T T

katG katA mcat
Genes

B3 SigF 5RMEHEFELEXERMRE
Fig. 3 The strain of sigF mutant (AsigF) was no defect
in Isoniazid (INH) resistanceSigF did not regulate the

expressions of katG, katA and mcat.

2.4 sigF REZTHRERGN

L5 S8 A 30 AN [ B8 A 5 016 AU AL i 38 B30 A T A
BEFY o A BE A AR B AT SR 52 A IR B
A5 5 Oy TS B AR R T B AR . A R AR SR |
sigh SEARAR 5 (i B AR RO R 6 (1 4), X3
W] Sigh 1E i 92 40 M0 0 3% 5 /. T A iR PR 0 AE %
AR AR A R i) (R 4) 53X 0 WY A 1 R 43 [
BT sigh 348 G BN 7224 -

3 e

S5 K% 73 BOAT 1R R SR 0 A 2R TR O T AR AR
KM AL KR T — B N Ah FE IR BT, T U 4%
F 5 B R A M PL e 2 BT WIEFEE o I T
R RN PR R A A AV e S i SRS R (B S

El4 SigFEAEEERMAPEEENER

Fig. 4  SigF played important role in bacterial pigment
formation. The strains of M. smegmatis mc? 155 wild-type
(WT) , sigF mutant (AsigF) and the complementary (C-
AsigF) strains were cultured on LB agar and photographed

after 4 days incubation at 37°C.

I H W S LA AT e AT
5K BLELI 53 B AT & 60 o 7 SigF 2 5 41 i
[T 48 S X 20 B A 1A 35 P 4R P A A Y
TS A T G B k5 A0 i e o 4R A A I e
(B2) o H R 5025 HLER K BF 500 0 - 3% T 48 1 3
G 5 0025 P R B B 6 e« sigF X T 254 10 3
RE IR £, Singh 25 (KR 57 K L) 6 1 25 25 ) 4b B
J& FLAE T S A AT o5 MY sy TR O L R 4 1
PR B B R I e 3 AL AU KatG,
T AT L T A TR sigF 58 AR AR katG 3k
IKF, 45 R R SigF I AW katG 1 5 (K] 3) .
T KatG & CLATK 5 15 53 00 I 900 181 16 I 10 6 4 2%
U R IR LR T A R sigF AR 4K 1
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MR 52 3 5 2 RAR W Sigh AN 52 W 40 1 S 40 DF 80Uk
P, X5 A hartG B st — B0 . B4k, Sigh
AN 42 05 P 26005 B AT O B katA T meat 1) 85 5%
(I&3) o S34b, ATER I T H e S M9 52y
W, sigF (R 5 A2 W Rk 15 Y AR AR et B L
(1 22 30 5 BRI kG > FRATT 0 DU ik 35 2 B AT B R AR AE 2 40 0
FACEE BRgte. Sigh Z2H AL EFEREREY
249 1 30 75 1S PR T P A 3k A A U 48 i 3 R B A 3 AT
RETH e M R o FRATT D S G I, L 4R A
R R (B 4) o A7 8F 70 & W L5 5 &% FF 3
ATCC 607 B # Sigh @ i 5wy = # & b
(isorenieratene) £ B 3 DA f 5 [R] (1) 2 1 ok i 45 248
B |~ 2 (carotenoid) & /%" , {H Gebbard 7£ 2008 4
(K3 38 35 me® 155w IF AT Kk B0 A ABL i B
20 o RFRAT A 45 R BT Sigh W S B W) me® 155
L ZR T e IX TP 22 S0l W] it BT AN () B AR O 1l £
3R PR I 3 sl AN [ 3 B S AR SE KB IR 3 4 R
R A B EE R, FUR T2 S O 2 A0 20 06 11 )5 1
A A EE AN R NEENRTY
SR A0 2 A i s e Y L g k]
(i O DL v G SRR =S g iy | S
o DB Sig A G 41 2 S
i o

A FeAT] 3 ek 5 A 2 RS B 45 T ik IR
B Sigh 78 ik 3 73 BT 1 10 Bt I 260 A0 00 1 R
HERAE S JF HLIZ R 4 Ak 1938 55 5 0 ik 45 25 ) 15
SR AR A R . T Sigh E 41 AR 1
R PR A I R AR T Sig £ D S A I8 J
Wb A B . B, BE— B I AIEST Sig
FE GG P38 T I AE HT S EE 8. Sig 75 2500 1 5 JF 3
T3 T PR AN [ 2 25 B 125 o DA IR N B S A B 38 A AN
[ A 355 mh R A L A 02 A3 B 9 R it
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Sigma factor F regulates Mycobacterium smegmatis
hydrogen peroxide resistance

Hanyu Wu'?*, Xinling Hu*, Jing Xiao’, Jingyang Zhang’, Jun Tao’, Honglan

Huang', Kaixia Mi*

' Norman Bethune Medical College, Jilin University, Changchun 130021, China

> CAS Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of
Sciences, Beijing 100190, China

*School of Life Science, Beijing Institute of Technology, Beijing, 100081, China

Abstract: [Objective] A sigma factor is an important component of RNA polymerase complex and is essential for
initiation of RNA synthesis. The sigma factors fall into 2 categories: primary sigma factor is essential for bacterial growth
and the alterative sigma factor is activated under different environmental conditions. Sigma F (SigF) is one of the sigma
factors of Mycobacterium tuberculosis, affecting its virulence and pathogenesis. In contrast, the ortholog of the non-
virulent, fast growing strain Mycobacterium smegmatis has been suggested without similar physiology roles. Here, we
studied the functions of M. smegmatis SigF. [Methods] sigF knockout Mycobacterium smegmatis strain was constructed
by specialized transduction. The wild type, knockout and complementary stains were challenged by oxidative stress and
antibiotics. [Results] The knockout sigh stain was susceptible oxidative stress, compared to wild type. Furthermore,
there was no defect in resistance to antibiotics including isoniazid between the knockout sigF strain and wild type strain. In
addition, SigF is required for carotenoid pigment production in M. smegmatis. [Conclusion] Our data suggested that
SigF is important to detoxify the reactive oxygen species, probably through photo-oxidative stress response pathway, which
is independent on the pathway that is required for the isoniazid activation.
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