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W SEBH 550025
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# . [%%] SigmaB (SigB)& RNA RABOME T, AZAFIER, EFRATEHEHE
FIIT A AR AR . BFR R IV A% 5 84T B (Bacillus safensis) ST7 sigB)leEéiﬂi}iéﬂaLiiii
LR, THALGYEEIE, Ao TR AERE—S AL, [Ae] BT sigB £i)ia e
A e AR AN a9 IR AR A . [ ik ] vA A8 3 JeAT ) STT AR E K, m)ﬂ{%i,}?ééﬂﬁi;}g’zﬁ
EA SR REARASIGB, HATR LR Al B AR AT A A o O AR R
TG, R RT-qPCR 4547 R K B #hASigB 4 4 4= 3 Jo48 % &L B spoOA. #r£.48% LB flgD #94%
FKF, [4RY ENAFEH, V4@ F A E ST7 R EARASIOB F sigB 2 R 695 F Fak T %+ AR
FHERBARRK, sigB AR EH 0, FAFEMF BT, AMRTHFALRK, TEHASOB
FHBENE S . AWBET R Ao F T R E K, ML RA XA flgD #9 KA E LA, mA
W)L A8 K AL spo0A 49 & X2 Tifl. [4£ ] sigB 2B T A42 7048 F FoAf B L. F Fat mpe
AYEAXR AR LA, BB RGEs MR, EapaiadE Y ZFEETZER.
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Effects of sigma B on the manganese stress response, motility, and
sporulation of Bacillus safensis

FU Yuting', WEI Yongqin', NIU Xi', HUANG Shihui’, WANG Jiafu"!, RAN Xueqin"?

1 Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of
Education), Institute of Agro-bioengineering, College of Life Sciences, Guizhou University, Guiyang 550025,
Guizhou, China

2 College of Animal Science, Guizhou University, Guiyang 550025, Guizhou, China

Abstract: [Background] Sigma B (SigB) is an RNA polymerase cofactor that determines specific
transcription, playing a role in the responses of Bacillus to environmental stress conditions such as
high temperatures. Studies have shown that SigB in B. safensis ST7 is upregulated under manganese
stress, which indicated that SigB may be involved in the manganese response. However, its
molecular regulatory mechanism needs further investigation. [Objective] To reveal the regulatory
role of SIgB in the response of B. safensis ST7 to manganese stress. [Methods] A sigB-deleted
mutant ASIgB was constructed by homologous recombination (single-switching method) with
B. safensis ST7 as the starting strain. Changes in tolerance to manganese, motility, biofilm
formation, and sporulation rate of the mutant were analyzed, and the transcript levels of the biofilm-
and spore-associated gene SPOOA and the flagellum-associated gene flgD in ASigB were determined
by RT-qPCR. [Results| The sequencing results demonstrated that the last part of SigB was replaced
by a kanamycin resistance gene in AsigB without SigB expression. Compared with the wild type,
ASigB showed decreases in the tolerance to manganese, swimming motility, biofilm formation, and
sporulation rate. In addition, the deletion of SigB up-regulated the expression of flgD while
down-regulating the expression of SPpOOA. [Conclusion] The results suggest that SigB changes the
motility and manganese sensitivity of B. safensis by regulating the expression of genes associated
with flagellum, sporulation, and biofilm formation to participate in the response to manganese stress.
Keywords: Bacillus safensis; sigB deletion; biofilm; motility; sporulation

RN R O R E R A7 (Bacillus). %% B3k 4 J& (Staphyl ococcus) F1 4% i
SRR, HOCHP IRTET RNA REWAN 20 FFIREE (Listeria)8 I G+C & 1 A9 4 2% [CRH
SR B ZEER D EE(a2, B, B o)L R AR AEAERY YA B A TR TR A
LA, B o WA Y o WAk, XAk FRPEBRMIET, WIS sigB B a4 A i e s Al
o -, J& RNA RO R SIERNCH, & ®IEEILH, SR B T RS mEN R, B
WL DNA B FRR SR OB s P s, BIBE7EES R T A, ZER s 2R
P IR R AR MMEIESZL  F SigB BB e 5 PE U510 3 0 4R <7 5 51
Fh o A7, BT LRSS RNA &Z 0SS (KTTTW-N12-17-GGGWAW, K #/R G/T, W
A, TBEFORFE M 2E, JFRIRASRAFR FoR A/T, N FRR ACTG EEmL), MimjEes
B s 7402, Sigma B (SigB)IK T sigB  HiE JE I A HE ), R ZF AUFF (B, subtilis)
FEH Py, S X CHMTRERXNEE A REE RN RE, i A S 5 (katB,
TR FEE R N, BEEFATERE katX) . BE S IEE (ohrB) . BE ST
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#H 2 35 [H (opuD, opuE, yerD) . i #4 18 5t A
(cIpC, clpP) . i ¥ i B EE K (gsiB) . i JBAH 5 2
Kl (cte) . ZEARIE S 2 K (spo0E) %5, A B T
R ZE AT RN G pH, EBEE . Fil. K
T SAAEIRET | LT AT R AR S R s 1401
A ZEHIFF B (B. licheniformis) SigB jifia 45 H
B RIR N VIEEEPER) L merA, Na/is i A 1) 5%
iaHE bli02212., A2 R [R5 LA blio0198 45
FIFE, WX 2 BE e AN PN 378 AR 2o
FFHE (B. cereus) SigB R VAT gmfithitA A AL W51k
fil 5PN sodA2 ., gt At Ahoe LA gerQ. Hfih 4
WERE N orfd, BRlERAEYE LN thiG
DX 2T R . B AN R A B LR,
IR KB, SigB [ F1E M 5% 0 4 Ry i 4%
., BENSIETT RN ERIE, DUV X EREE
BRI INELL, B AR AN AE AR 24 T 1R
FEIE I

VO AR 2E AT 1 (B. safensis) ST7 & —FhfER
TE o R B A A W A B T AR AR e, LT

* 1 BUERFI BT
Table 1  Strains and plasmids used in this study

AeiE ot e AR . Al s nyis e .
ZEHUE B DL SO B A iR O s Y b, R
SELHFIER , 7E 250 me/L 4 ME T, ZHikE
() sigB JEN ik B % FiR, X HER sigB LK AT
RELERR M 2 il Fe v R AR M, Hoar+
WL T2 — B9 . 8 T H#E7s sigB LA
FE VDR 2 FFF TR 26 1 R VR, AR
WS A R IR R, @R VAR 2R AT A
sigB H:[H, W5 sigB e K f b I 40 T A A K

I e T . s sh P E R R A AR AL, K
DS . 2R A ) IBETE WA DG SE R Y 2Rk

VBRI B SigB PR 76 Vb f 25 AT P KPR
Jiir3E o AR AL 249 B e LA

1 M55
1.1 &
AHFSE T B AR TR S T3 1, Hohvbig

SFAUATTIE ST7 738 A SHMARYE B ZE S B i

Strain and plasmid Relevant phenotypes and characteristic Source
ST7 Wild-type of Bacillus safensis strain [13]
AsigB sigB gene mutant strain of B. safensis This study
Escherichia coli DH5a Host for plasmids [14]
pPIC9K Shuttle vector contains the kanamycin resistance gene [14]

x2 AARFASY
Table 2 Primers used in this study

Primer name Primer sequence (5'—3")

Product size (bp)

sigB-up-F CGGGATCCCCGCTCGTCGGTAAATCAT 350
sigB-up-R CGTTCGTAGCCCTCTTCCTG

sigB-down-F CAGGAAGAGGGCTACGAACGGAGCTGCATGTGTC 2183
sigB-down-R CGGGATCCGTAGGTGGACCAGTTGG

SigB-F3 CGGGATCCCCGCTCGTCGGTAAATCAT 970
SigB-R3 AGACTATCTCGGTTATGACAG

sigB-qF CAACAGAGACACAGAAATCACC 149
sigB-qR ACTTCCTTCAGAATCAGCCT

flgD-qF ACAGGCGAAATGGATGCAGA 162
flgD-qR CGCTGAAAAATGCGTGGTGA

Spo0A-qF GCGTGGCGTATAATGGTCAGGAAT 117
spo0A-qR GGAGGCGTTCTAGTACAGCAAGAC

GGATCC 2y BamH I I {45
GGATCC is the digested site of BamH 1.
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1.2 ERE. TERFIFNE

LB Hidrdk | HH B EE ¢ 2 kIR ik
(peptone yeast extract complete medium, PYCM)Z:
FICER13TRCH] s A A HIAIRAY LB 5557 55(LB
glycerol MnCl,, LBGM) (g/L): LB} A
1%l AT 0.1 mmol MnSOu; &2 F 55 #7322 3¢
R 14]HCL ] o

BamH I FR 14N YIE, New England Biolabs
3] 5 BEIRE phEL M (phosphate buffered saline,
PBS)Fl 4-¥2 £, FEWR B 2 T iR [4-(2-hydroxyethyl)
piperazine-1-ethanesulfonic acid, HEPES] %z i
e, EHEE R RAEVEARB AR A ; RNA
PRGN G L A s LR 4 DNA $#RBGLH £ &
afi i ook /N ER] & RIS AR BHEERE. DNA [l
UG, KRR AERO)A RN A 5 e
G, IR AR AL R BEARA FRA ]
2xUniversal SYBR Green qPCR Master Mix .
DL2000 DNA marker 1 DL5000 DNA marker .
24 FLANMIRE St , DUFRAE R AE BT IR 2
wly RARER A, B#gERRL T AR R A
FRZyH] s DLAREET (leucoberbelin blue 1, LBB),
G A HARA R A A PCR AL, OGE
i PCRAX . LG FUANFNEE R RS, A5RA:
B il (AT FRA B 5 i K 2 I RE AR
1, A KB HARA R A F
1.3 sigB AXFREHRAVHIE

Z: R IO SEU Y Jy 120 ] S AT A PCR
FOR WA i v B, WD) S F 4k VDA 2
JFF R ST7 ez rh, @ d — K R I AR AL
o, AE H AL N BRI A — B A i v bR iC ik
KB5S H SRR AR . |k, i
A SN DNA- $ Bt R) & A e 4l B SOk /)y
RIXAEZSH U BRI A, FH
sigB-up-F/sigB-up-R 5| #J#l sigB-down-F/sigB-
down-R 5 ¥173 5l N VDR ZFAUAT IR ST7 HIBTHL
pPICIK JEPHZH 3 R 7 512 350 bp #HI
2183 bp My L. TFUERIUEE F B, PCR SUMIKR
FAMZIROCIR[15]. HIBUISHEEER: DNA [k

18711 5 O N i B/ e B e R A T s B A |
K= F—20 °CERAF- . FIFHIE 5149 sigB-up-F Fl
J2 1514 sigB-down-R R FHE & A& fft PCRIPIHEA
AT 1, 3715 2 533 bp Y& A B kanR-AsigB.
YA A Brali Ak s BRI 1 VT BamH T
i) 4 h, 2 BamH 1 BgPIHI 5B B 65 V) FT Y
FERus, #EEREBRALGEM S R B
kanR-AsigB. %M SCRR[ 14105 el 45 V048 2 AT
ST7 ZZASHNML, K fbmh & H Bt kan®-AsigB
DIHLZEFLIR SR A ST7 B, JA 500 uL &
TRREFEHE 37 °C 180 r/min 535 4 h J5 8 000 r/min
B0 5 min, BRE LT, R 100 pL R EH
B, FE 5 pg/mL RIFE R LB it
TIvHBEUESE sigB B A T HitE LA, i
P 7% PCR KGN, Phase BHE va b, $5: R R L ]
21, ¥ 514 sigB-F3/sigB-R3 %iiiF PCR - BLiy
KN, W0 TR 0 SEREAE N 978 Bk AsigB.

1.4 EFRIEMKNLEE PCR &

B TR P TR STT DL 2%35 i
T 100 mL LB AR FREEH, 5557 2 ODeoo
R E] 1.0 JEi k55 3 o0 2 Wl T
LU R 250 mg/L 4k (IDIATR AT PYCM K555 56
H1 28 °C. 160 r/min 3555 224 h, HME 4 h B 1k
B, 4°C. 8000 r/min &5.0» 5 min, £ FiF,
JEH AR PBS Z2 vk s B, PEE R
A RNA I 5558 cDNA, K415
Y sigB-qF/sigB-qR (5% 2), LA 16S tRNA A NS
FEH P79 E |t PCR. WK R (20 uL):
2xUniversal SYBR Green qPCR Master Mix 10 puL,
sigB-qF #1 sigB-qR (10 umol/L)#% 0.4 uL, cDNA
1.0 uL, ddH,O #ME 20 pL. S 4cf4: 95 °C 30 s;
95 °C 15s, 60 °C 30's, 45 PMEHRG T EIHEFT#
ff R 20T, B TIE 5 | 09 14 P e Sk o SR Y 2744
Dot A AR KRB E, AR ST7 1Y
sigB FEA[A]BE SR ] ) FIE K5 F B AR RN
FRARKR ASigB G ARG 55 5 4% 2% e i e T
250 mg/L 4E (D) PYCM B ILrp i FE 12 h,
B E ODgoo i —EUE , $EBUE AR RNA,
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PERT; DA AR A SR Bk i R 1, e
AR kR AsigB H spo0A Fil flgD ) F ik 7K - .
1.5 $EEMNEENNE

FIH LBB 12l REAF 5 1 255 S (LV) 1 (1)
X, M E AR TP R AR AR () B 1O R
F% 2 ODeoo M 1.0 TR KK ST7 44 1% HL il 53731 2R
FICAEEAE 250 mg/L 45 (1)) PYCM BiAARE 7%
H1, 28 °C. 180 r/min 4> 574535 2 h Ml 24 h, B,
B 1 mL B 12 000 t/min B.0> 10 min, # FJF
W, A HEPES ZmMigvEiIf®HE, FmA
250 uL 0.04% LBB i, 25 °CH% % v 30 min,
BRI E 3R SV Y ODeoo fE, FiC R0
ARk,
1.6 $EAMEBM = M X5 KH LN E

¥ wtk ST7 76 LB [EARsE FRIL R vt f 1k
SRRl 37 cCREFRI, BlJE, PRI TR
B ZE LB W iAEEFREL T 37 °C, 180 r/min ¥5 571
W o KRR 1% B A0 B 43 551 BT 6 1) PYCM I
PRKE R34 1:10 B4R O3 B 30 AN [ 466 2
(107107, 2 BIHL 10 pL VS AEAS N 250 mg/L
(DAY PYCM [E AR IR |, 28 °CHEF% 24 h
Jei . DASER AR BEARAE X B, 5 28 A8 BR X 1)
Mif 2P 4% 1% B ERR ST7 43388 Tt
BRI 250 mg/L 46 (Y LB AR F2 5, F
28 °C. 180 r/min Z5/F FHiFR, &R 4 h W&
ODgoo fH, 2l A HIZE .
1.7 SY9EEF R RE I ZE

Z R =2 EV O RS S ek, B
Sef R A LB Ki e SR g i, 2 1 mL B
72 ODeoo=1.0 MIF BRI, 8 000 r/min E.0»
5 min, 3 FW, 1 mL LBGM #3550k i
2 WA E R B 100 uL BV 515 1900 pL
JoHh . 7 250 mg/L £ (IDAY LBGM i3 R &
JEMA 24 LA FRARE TS 5%, B b B
3AEL . 30 °CH; % 48 h J5 MBS IS Bl , M
FLAR R R R SR, FIRTCEE K bk 2-3 Ik,
DATHVEAR M A R, FEELZER T A AKX
Joi, TN 1%45 e Y], §E 20 min HQ,

B Je, PO G T K R e €0 5 0 A W I ik A 7
ik, EBRZAMGER. FRTE, B2
ARGy, A ZE-PI TR R(80:20) B £4 15 min.
FABEAR{UN E ODsos AR )JE%E M, T EW
FEE ) 7 1 AT
1.8 EEIMNE

2 B8 T AR E ISR Oy i IS M s,
TP N AR T E MR s s, TEEE 0.3%
AR PYCM [EASE IR 5 B0 Fitia 3l 78
A 1.5%BNE A0 PYCM [ 4 1% 55 5L F ) 5 B
iad, BRI IR E ODs0o=0.3, B 1 mL
WL HANA 250 mg/L SEDHE 1 h, K5
8 000 r/min &5.0> 5 min WEERA, FF FIEW,
WA R EET | mL PBS Z i, LIbRvE(L )
URAEFPK, ¥ 5 uL JoHE A 250 mg/L 4% (1)
F BRI E PYCM [E A SR, FE# g T
VEG b4, FFTE 28 °CIE T 1 1% 5 X i A S A
PEATHARE, IFI0 5 A VE B RN A RIZ SRR ) .
1.9 ZFEFARENE

Fi& 1% 7185 ODgoo=1.0 T ¥k ST7 FIZE A5 TH
Pk AsigB 73 4N T ICHE A% 250 mg/L % (1)
1) PYCM }i 52 33557 3 d, 70 5L 1 mL #1746
FERR(107' 1070 J5 k4 F LB ¥4, 28 °CHi 37
W, DABETEECH 100-300 /AR R iE, THE
S 200 B (TR R O AR A AR s ORI 4 TR T
65 °C/AKI A, 30 min [5WHL 100 pL #4780
JERRRE, T 280 T B0 A 50 A 2 10
TE BCR CEAE B 40 50 .
1.10 Sitoth

i 1f IBM SPSS Statistics 26 geit 3t T.H
YRGS T . FEME B GraphPad Prism # {2
56 B R 4 5 T AT B DL A (R A o 2=
(mean+SD)FR 7~ ; FU4li K A Student’s t-test 7% [
BN TR b B 6] 4 25 5 S 2k

2 HZR50M

2.1 sigB EREREIEFHEMRIEE
N THRIE SigB NFAEA R A K BrBe iy A=
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FRARE, XTEFAERIGE RN sigB SEFES A KE ¥ sigB-down-F & sigB-down-R #£47 PCR #"4%
By SO T E . R AMA G (B 2B), HUKRIH 2 183 bp 454, AT Tl
T, sigB TIXACEAEXEAER I hAXTECRIE  [WIRE 8 R R Z Pk L (kan®), 5 T AH
(20-24 h)Rf Rk Eb e, MAEXECR#I(12h) . /0l sigBl Al kan™ i BEbai, LA
B ) Rk i A(E 1A). #E— 22 FH LBB il  sigB-up-F Fl sigB-down-R A5 |#), K HEHE LA
R AR P AR (DA &, LBB BN AL PCREARMITIER, KSMA R B kanR-AsgB,
—k, KB eI RRE SEMmaE LA N, [ KB 2533 bp (B 20). KU SRR a & A
WA i, WOBIRE R ERAEEE B kan®AsigB UL TP AR ZE AT I ST7 IRZ 3
JisE ., fERFE 2 h B, WA, U 41, K KARE Rk, M5IY sigB-F3 A
AR TR (ID) & A 5 KR 24 h BRI sigB-R3 X P4l B A I TR VR SR T30 UE , A 7%
R(E 1B), UMD S A m e, WiAT 2] 970 bp F Bt(I&l 2D), MlFIE S AT Bt 350 bp
BN R IEAC, ODeo (HAKRHARAILAE T, # SVYRAHIESH IR sigB N T —
FZF, 24 h BHEREACRE S ETHT 62% (A 1C). PN 100%, Xt sigB BRI F2EBE, kB
2.2 AsigB BiFRPRHIMIZE R £ E 5 SE AR AR AR RHOPESEN (18] 2B), KWIFRL
FI R 2 5 A R R B e Bk, DL B9 kan™-AsigB 5B AR R sigB SE K kA T TR A
VAR ZEHAT I ST7 B9 4] DNA 7ENBR, B, KA AsigB 1Y sigB L[N 4 5 X (coding
S5 Y) sigB-up-F #l sigB-up-R "4 sigB ~ region, CDS)A5¢4, B AEAMEEIK, =
FED B B, LUK 350 bp 4545 (1 2A), 3K SigB HEFRIE , SRF SR fk AsigB.RT-qPCR
LIRS sigB 3[R EE bR T 95 09 B R 4R BN, fEREH AsigB HORKRINF] sigB Y
sigBl; FfiJ5, VAR pPICOK Miit, RH5] 15, RS sigB JEH O miBR (&l 2F).

A B C
08 =90 mgL Mn* =250 mg/l. Mn** 150 i ‘ 0.4 *
4 0Dy, @ 0D,-250 mg/L Mn** | 40 g i Control -
- O ! i
0.6 - prE 3 Y e | 0.3
2 130 & | B ) .
Q 04 1 2 P > h Q 02}
Q {90 o ' R S
© P
| = - =
02F 10 "_a' | \':“f Ri 0.1F
| & H 24h
0.0 ] 'alllfl e o=y [ o L L 0 0.0 1 1 1
0 2 4 8 12 16 20 24 Control 2 24
Time (h) Time (h)

1 Bk ST7 B sigB EFFERKERDEANRNMNE A sigB BLPITEA ] 15 S I 8] Y 205 546 D
(PYCM HiFrdk, 28 °CHid®). B: LBB IEME WK ST7 MG AILAES . C: Wtk ST7 MR A ILRETI L
#. Control: JCEEXTHE; 2h, 24 h: FI/REME ST7 76 PYCM B3 S PR (IDKE S 2 hy 24 h BRI
A ALRE T

Figure 1 Determination of the transcriptional level of the sigB gene and manganese oxidation capacity of
strain ST7. A: Detection of SigB gene expression at different culture times (PYCM medium, culture at 28 °C). B:
Determination of the manganese oxidation capacity of strain ST7 by LBB method. C: Comparison of

manganese oxidation ability of strain ST7. Control: No manganese control; 2 h, 24 h: Detection of the
manganese oxidation capacity strain ST7 with manganese in PYCM for 2 h and 24 h. **: P<0.01.
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B C
bp bp M 1 2 3 bp

bp bp M | 2 bp

2533

970

F
1.5~
o, e f\ J\ Sl tal | s % Lo L
A LA ) A«[\ AM A f\!‘,\A %
M NULAMJ\ e, M sl
/\f\; Jj‘\/\ AN\I\ ‘f\__j\’\ /} A A A /\ M ‘ 'A kan® 0.0 _
(o N A st s o s AN

im

E2 FEIREARMBRICEFEFESTIASioBERE A LIEFRVEE sigB 3 H i B iy 4 4% (M: DL2000
DNA marker; 1-3: sigB JE[FE ). B: TFUFFEEE RARE ZPUESERA kanR 9 #%(M: DL5000 DNA
marker; 1-3: RAREERPIMESLN B, C: AL PCR ¥, RAFRLE T BL kan™-AsigB (M: DL5000
DNA marker; 1-3: B&IEf PCR ;=4 kanR-AsigB). D: Z7FEFk AsigB %5 (M: DL2000 DNA marker;
1-2: &% PCR™¥)). E: RZAHk AsigB Ml ¥l . F: 7k AsigB H sigB HI3R ik .

Figure 2 Homologous recombination deletion of the sigB gene from B. safensis ST7. A: Amplification of
the homology arm of sigB first part (M: DL2000 DNA marker; 1-3: sigB gene fragments). B: Amplification
of kanamycin resistance gene (M: DL5000 DNA marker; 1-3: Kanamycin gene regions). C: The fusion
fragment kan®-AsigB of overlapping extension PCR amplification (M: DL5000 DNA marker; 1-3: The
overlapped PCR products of kan®-AsigB). D: Identification of mutant AsigB (M: DL2000 DNA marker; 1-2:

The colony PCR products). E: Sequencing peak plot of mutant strain AsigB. F: The sigB expression detection
of mutant strain AsigB.

2.3 sSigB NP EFATREISEMNZM  LBB MRS @R 3A, 3B), MK

PR R B P A bk ST7 FIZEZ8 bk AsigB AsigB A K AR, I H LBB KilE A= #
S B BT ) PYCM ARG FRHEAE 1:10 Fflfk FR& RN (BGR(51 3C 3D), R W] L 1k AsigB
BRI FBEEE107'-107), MR 1070 XERH A2 TS, IF B SRR I RRAR; 1ET0H:
o, P AR MR ST7 ARKAA T WA RAFROTE I A 7%, PYCM B5 3R JE P B 3R A 7 AR AR R R R A A K
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MR 322 SR 3E), FWI ki it 44
SigB LR T bR ST7 A K LT s ;
2 250 mg/L FG(IDHI PYCM Hie 5 A7 1 3%,
7 36 h ATZE7EHR AsigB ) ODeoo ft i3 1K T 15
HebR ST7 (1 3F), RHIEMHAT sigB 3K Gk
% ST7 A AT AR AR, T 36 h /7 %75 bk AsigB
FEF AR ST7 1) ODgoo (B2 8] 22 A3, 25
WAL SigB W O S AR STT A8

24 sigB AL RERFETEEIERN
2 A%

A= W AT DL LR A ) e 2 W ity T 5 1)
M, AT AR A 0 4 B TSN BRI
Mif 32 . LR VD AR ZF AT BR B AR LR AsigB 28
AR A A N, B CEE R R AR T
WPAE AR ST7 RN IR EAYINL, TE IR
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Figure 3 Manganese tolerance test and growth curve determination of strain ST7 and mutant AsigB. A:
Detection of tolerance of wild strain ST7 cultured in PYCM solid medium at 28 °C for 24 h under 250 mg/L
manganese condition. B: Determination of Color response of manganese oxidation capacity of wild ST7 by
LBB method. C: Manganese tolerance test of mutant strain AsigB. D: Determination of color response of

manganese oxidation capacity of mutant strain AsigB by LBB method. E: Growth curves of strains under
non-manganese stress conditions. F: Growth curves of strains under manganese stress.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3092 A 2 AR

Microbiol. China

HRAZ PR AsigB A WA BT 43 R 1.64 F111.20,
RARKR AsigB AEYIRA B TR T 27% (& 4B);
AL IR B AR RN AR MR AsigB AP A
WA 1.50 F1 0.65, ZRASKKASIgB A= ¥y fik
R R RET 57% (B 4B) . B4R a1 F
RAFRAE WA AR TR, #2278 sigB AT E =
VDR ZE AR TR AR 0 B T
2.5 sigB IR E L ST7 RUE 4
FHRHEEAWE, RAEh880. MW
iz s F ZEALHE 172 3 (swimming motility)
FEESE iz 8l (swarming motility)iX 2 Fh 7 20,
TETCHE A B AR R b, BP ARk ST7 MR AR
Pk AsigB I HESE 2 3l Bl Y B AR 22 AN R (B SA
5B). RAEKR AsigB PRI IE sl kA B AR
(&l 5C). TETCERSE TR, BPAERR STT FIZRAR
Pk AsigB 1Rz ShTEFN EAR T34 1.90 em Al
1.30 cm, Mk AsigB TFifisshfE I FIE T
32% (& SD); 7E IR INGR P R F2 2L h , BF A= #k ST7
I AsigB 28 A8 bR IF it iz 2l B 34 2.30 cm FlI
1.20 cm, 75 fk ASigB IFIHESRE T FRE T 48%
(&l 5D). M sigB FEHEK G ANFEME K ST7
HRESR 2 3hRETT, (B4 A9 T liFiz sfiE ) P 1%

A

sT7|RE
AsigB
ST7+Mn?>|

AsigB+Mn® | [[REEE T

4 EFHEHRR ST7 MRELHRAsgB £VIELE R E
AR O (R) . B AEYIBUE MG T AL

Fan. 4 05
g [ > 0.0 — —
@/ Control Mn?*

A: LBGM }5FREE A A= Wy 5 AR K D0 (20 R4

2.6 sigB EEEMK ST7 ZFAR K

MUE SR FE PR, 20 v TR R A A
FeAfir. BRR ST7 FIZAE (K AsigB 78 TG A
TNEE(DA PYCM KRS 535, B 2 B
90% M ZEA(Z 3 d), SRIE AT 2RI AT .
TE B BT, it 65 °CoK I HAL B 30 min
SR BRE RGN, R B 4 M EE SR
YU, AL B S A S A 4 AR O N ZE A
B SR BRI TR T R AsigB FEAUE
MRS EP AR STT AL IR T 88%, 1A At ks
F* T RAEKE AsigB Y R 5 B AR ST7 A
FERBET 99%, 3 H Ak (D)X BF A Bk ST7 19284
W IC & 52, TR ()X 2828 bk AsigB /Y2
HUE A B 6), VL 245516 sigB
LR 2RI A S, (G IE T sigB L
B2 X 2 F T B 114 5 0 O R 2
2.7 KT#k AsigB B9 flgD. spoOA E[H
FTIET

J T AT sigB JEIR T HER . AR W R 2
R ML, RAZEEE R PCR Jy kA il
AsigB ZEAF KR E A B G HE A flgD FAE YRR |
ZEHUIE A X 5L spoOA 163k, TE4E A

B
B ST7 [ AsigB
2.0
* *ok
1.5+ —— T

Figure 4 Biofilm formation of wild strain ST7 and mutant strain AsigB. A: Biofilm growth measured in
LBGM medium (left) and crystal violet stained biofilm (right). B: Comparison of biofilm formation capacity.

t-test. *: P<0.05; **: P<0.01.
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Figure 5 Motility detection of wild strain ST7 and mutant strains AsigB. A: Swarming motility of strains on
PYCM soft agar plates. B: Comparison of swarming motility. C: Swimming motility of strains on PYCM soft
agar plates. D: Comparison of swimming motility. t-test. ns: P>0.05; *: P<0.05; **: P<0.01.
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Figure 6 Sporulation rate of wild strain ST7 and
mutant AsigB. ns: P>0.05; **: P<0.01.
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Figure 7 The expression levels of genes flgD and
spoOA in mutant strain AsigB. *: P<0.05; **:
P<0.01.
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