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Inactivation of fIiY attenuates the manganese-oxidizing
capacity of Bacillus safensis ST'7
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Abstract: [Background] Bacillus safensis ST7 has strong ability of oxidizing manganese, the
molecular mechanism of which, however, remains unclear. [Objective] The aim is to study the
effect of the flagellar motor switch protein FIiY on the manganese-oxidizing ability of B.
safensis. [Methods] Based on the principle of homologous recombination, a f/iY-deleted mutant
(AfliY) was constructed using B. safensis ST7 as the starting strain. The changes in mobility,
biofilm formation, and manganese-oxidizing capacity of AfliY were evaluated based on colony
migration, biofilm production, and Mn(Il)-oxidizing rate. [Results] After cloning and
sequencing, it was confirmed that fliY was inactivated with the last part replaced by kanamycin
resistance gene in AfliY. The growth of AfliY in LB medium was similar to that of the starting
strain. However, AfliY showed retarded logarithmic growth, small colonies, and reduced
biofilm production in the PYCM medium containing Mn(II). The motility and Mn(II)-oxidizing
rate of AfliY decreased by about 65% and 20%, respectively. [Conclusion] The gene fIiY not
only affects the growth and motility but also participates in biological processes such as
chemotaxis and manganese oxidation of B. safensis.

Keywords: Bacillus safensis; fliY; biofilm; flagellum; manganese oxidation

BTSRRI | RS
BOTEMW TIEE SRS, W X
B AR, BEEEZWAEDAERK,
EWEEZ I AR ' ME A, BT, %GRy
A TUNE By 1 ac e R 5 A R A
Hrb gAY ST RTER DT S, AR
I FTE SN YRR ZE AT IR (Bacillus safensis)
JBTIERERE], /i T HIEEEh, 2R
A B R FR AR A AR IR R, A
PR AN RE ™ A= Z MM, KA S RS (D4R
AR (/IV)TTTE , DN A BR A (LD X A= A 1y
A A iUk R o S U= k= =R f e |k =

7 RS AR M AR AR, BIEE AT 5 Ak
S BA 43 IR RE 1 AL A AR (DY . 4 Ll
F B 24 E AL I (multicopper oxidase, MCO) .

ki 32k B AL P i (manganese peroxidases, MnPs)"!
3t %A 1k A B (manganese catalase, MnC)%, 2
SNZEAFFET PL-12 F1 SG-1 47 MCO™; MnPs
WP BA I A, FEAE TN . LR AR
2R AR KA, M Pediococei il
Lactobacillit" {83 BRIFR HH 43S AN & LT 2 A
WEILEEE, RERSILAER R AL SRR
SEFE AN TRTE 1 AT 2 ko2 oA BE % pH 1 Eh
1B, SR Z ™ A R (D SNSRI B &
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TR AL AT Fad P
MHMEENBRK S TFEEY, ARG,
PR 22 RAR =3B LR 40 /1Y FE
AL HEE SR R, TS R LR
FU R B SE AT B 0 71 Y BE RS FLIMC F FLiIN
SEE RN, AR REZERAT AN Y EOS
FliG. FIiM 3:[R# LR IAR C 26, 437X
R GFF R ADT TR C EREE AT fliY
FEAH 1A OIN FEZEEE 1 N5 CheY 456 1)
N 3 K1 1 CheC/CheX/FLIY (CXY)FE ) v [a]
SEMIRAL R, AT TP fliY B 5 7 SpoA
SEFBY, 5 FLIN F FIiM JEIhRENESE 59,
RH T 0 L 2R R AT B g 0
FFETH Y 52 CheY-P 45507 4., H fliY J&iX
PR 2 TR () # B3z S AR T ) b B A R T80
AT A AT AT R B, VDA fRF
(Bacillus safensis) ST7 WAk HA 5 B9 %G i 52 BE
F119 ) AT TE 2 200 mg/L % (D)3 75 2 th A7
A 3 7 S 4 0 e % B T 8 T VD A ZE TR T A
Y FERAEST A K A SFE T, e
AiY B R FIA AT R HE QDA A R TR
AR ZE AT LYy R (B HERNE SN
BSL056_RS07925) 74k Mrie Hr (VE T, A58 R

x1 KHRETASY

FAFE R AR, FERVDAE ZE AT ST7
FRIG 1Y Fe[H, BFST /1Y FE Bk 5 RS R I8
8. R LIAREALRE B A Ak

1 S

1.1 #&
1.1.1  E#RKIRE

BT G R RLCR A ST M AR B SR AR
RERIX, 2% IR ZF AT ST7,
1.1.2 EHEE. FERFIFLE

SEALER ) LB, PYCM WK 5 552
BRI2IBCH] s B Rk di(g/L): BRI 10.0,
P REEE ) 5.0, E kAN 10.0, IHFLEE 91.0, H
FEME 69.0, FIREEFRILLL 121 CKE 20 min,

J5i# pPICOK F KB #T I DHSa AR SE5G =
DB BRI 5IE GEER 1) T IRIT )
W% . Pfu DNA RAWARIRE R, & TAYT
R AR A F]; BEAERHEER DNA [H]1L
A AN B4 DNA $RBGRH &, KA
RS A BR AR ; CCK-8 it &, sl FE4E/R
IR A BRA ] . PCR X . 9¢)65E 7 PCR 1L,
HLZE LY, Bio-Rad A Fl; 2 K Z DI RERGRY
AT R HAA PR A

Table 1 Primers used in this study

FlE BN 1975 YK
Primer name Primer sequence (5'—3") Product size (bp)
fliY-F1 CGGGATCCCGTTCCTCATCCGTATGTCGCTAT 682
fliY-R1 GTTCTTCCAAGTTCCACCGTAA

fliY-F2 TTACGGTGGAACTTGGAAGAACGGGAGCTGCATGTGTC 2217
fliY-R2 CGGGATCCCGGTAGGTGGACCAGTTGG

fliY-F3 ATACGGAAGGTTTCAGCGCA 1327
fliY-R3 TCAGCATTTGTCCCGTCTCC

fliY-qF ATACGGAAGGTTTCAGCGCA 100
fliY-gR TCAGCATTTGTCCCGTCTCC

GGATCC Jj BamH 1 FiFHI {7 5
GGATCC is the digested site of BamH 1.
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1.2 DRERFBAE Y EEFTEERN
PRBCD AR 2E AT ST7 BEE T LB i
Ferr, 28 'C . 180 r/min F5FEd B, LA 1:100 (f&
FRHOER FARHE N 0. 250 1 500 mg/L 1
PYCM #5554, 28 ‘CH:3% 16, 32 h, F TRIzol
RARIUR R B B RNA I g 5835459 cDNA
Mo LLS FAE MR cDNA s, 24l
RT-qPCR 1Y b o Ml 4 3t 55 97 15 20 . FH]
Applied Biosystems 7500 ¥ 5 #£417 RT-qPCR J%
N, SR RSS9 fliY-qF/qR (3% 1), L) 16S rRNA
FEP NS LR PY RT-gPCR W AR £ (20 pL):
cDNA (100 ng/uL) 0.5 pL, 2xTalent qPCR
PreMix 10.0 pL (ZWREH 1x), . FE51Y
(fliY-qF/fliY-qR, 10 umol/L)4% 0.6 uL, 8.3 uL
ddH,0., qPCR JZ i £f4: 95 'C 2 min; 95 C
15 s; 56 'C 40 s, 40 ME¥H. RNV ER
3K, SR 27T R T B A A
1.3 fliy EFEE bR E ARG E
1.3.1 EFBATE ST7 EEHRRE
PR/ R ZE AT ST7 BAR T T LB B 573k
Wi, 28 'C. 180 r/min ¥577id %, i AN 3L A
20 DNA $EHGRH G P A MR IE A, #fE 2
R e R AT T
1.3.2 iy ZEF L. TiiRIEE RER Y 1E
PIVDAE ZF AT ST7 JEN 4 WA, KA
1% fUY-F1/R1 P35 /iy B8 b [R5 A
B, VBt fliY-F2/R2 34 T e [ U5 A B o
PCR WA (20 uL): H:[K4H DNA (50 ng/uL)
1 uL,2xPCR Mix 10 puL, |, M#514(10 pmol/L)
% 0.5 uL, ddH,O 8 pL. PCR Je i Z&fF: 95 C
10 min; 94 °C 30s, 57-58 “C 30s, 72 C 30s,
34 MEHR; 72 °C 10 min, {# FEEIEFHEE L DNA
DR & e iy SRR B TR A
B, T-20 CIRfF

1.3.3 EELEH PCR EEZ MY EF L. TR
RERE

W LY R b R Bz ATt
HHAMIFEZX, PCR E K BT A o
AP Fr Boki %42  PCR LW AR 2 (25 pL):fliY
FEH | FUFFEVEE DNA (75 ng/uL)4% 2 uL,
2xPCR Mix 12.5 pL, Pfu DNA Polymerase
(5U/uL) 0.5 uL, ddH,0 8 pL. 5 1 X PCR J )i}
2142 95 °C 5min; 94 °C 30s, 57 °C 30s, 72 C
1.5 min, 5 KAE¥; 72 'C 10 min. 5% 2 X PCR
RVRZR : 55 1 R B ImAB 1Y) fliY-F1/
fliY-R2 (10 pmol/L)#& 2 pL,2xPCR Mix 12.5 uL,
Pfit DNA Polymerase (5 U/uL) 0.5 uL, fill ddH,O
% 25 puL, PCR JZhi454: 95 C 5 min; 94 C
30s, 57°C30s, 72 °C 4min30s, 34 MEIH;
72 °C 10 min, %5 2 ¥k PCR [ 5¢ e, {4 I3
EWHEERS DNA [0 & e 7 Il S gtk 15
F iy UERERE R BE(623 bp) Al A1y T ER]
B B2 217 bp). W 1 Fis, SRAESEMM
PCR Hi A& iy b TUHEFIIEE , RAGRE
B% pPICIK-ATLiY (% 2 818 bp).
1.3.4 {8

fill & A Bt pPICOK-AfY 1Y) W 3% 1 & A
BamH 13 5., 4 BamH 1 FY)E| 5 T a2 4850 101
P REVEAR S, BT AR i A B S e 91 AR
1y, H % JE A RO RS R B pPICI9K-
AfiY . IR R (40 uL): 20 pL 4k il & B
pPIC9K-AfliY (100 ng/uL), 10xBuffer K 4 uL,
BamH 1 (20 U/uL) 4 uL, ddH,0 12 pL, 37 CH§YI
4 h, JA 4 uL 3 mol/L [ NaAc 5 100 uL Jo7K Z,
figt, B —20 ‘CYULLE 20 min, 12 000 r/min &5.[> 5 min
B2 BiE, A 300 pl 75%2 B E R T,
12 000 r/min .0 5 min [FELEE, 37 CRT
20 min, fIA 10 uL ddH,0, F-20 CIR-FE.
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F1 i F2
' N E——-=
‘ R2 3 AC 5/ ' : . 3
\ IRll }irﬂﬁ%l\ / " ) 3’ g' :53' 3!
Reverse complement & 3 - SDLS’-SI
—_—g 3’
* 3 A 5! 3 /\5,
lE%PCR
Overlap PCR I
. . 5
Restriction endonuclease, 37 ‘C ' 3 > 3
estriction endonuclease 2; AB 3: == 5 /\'

AC

e BamH 1EYIA 5. The restriction site of BamH 1
e Single cross —//0 L LY | The target gene of filY
e filY FIEREREY The upstream homologous arm of filY
| Y e fi1Y FFEEE The downstream homologous arm of £ilY

— ] EEaa—
Gene inactivation

1 SEFMATE ST7 iy BRI M REE
Figure 1

1.3.5 UEE R BRI R RTHRAMY /L
KE

Zx B SC K [22-231 07 ¥ 1 25 U0 AR 2 L T
ST7 JRAZASANM . 4B DI Rl i SRR Rl 5 R Bt
pPICOK-AflY %% Az ST7 4iiffd, fiA 500 uL
SEIRRESRHE, 37 °C L 180 r/min 1555 4 h; 8 000 r/min
B0 5min, BRE B, R 100 pL B3R K EE
M, SRR R (S ng/mL)AY LB ~FEA itk 5 i
Ve, LIS fliY-F3/fliY-R3 #4TH 75 PCR #&:
DU TR 1 S A S 2R A8 PR ALY o
1.4 ETH AlY £ BENE

PREL A RR ALY FIEF A= MR ST7 BARTE , 4
BT LB W ikEE 323, 28 C. 180 r/min 5
Fed o i 1% T 250 mg/mL 441
LB Fl PYCM #5553, 7EfG4H: PYCM #5575
ZHI, LB R IG TR A B AV 1 Ik, LA
BrZ: LB Kife st s S o . Bl 2 holl e B
FEWI) ODgoo 1, TSI 3 K, 2wtk

Knockout pattern of fliY gene from Bacillus safensis strain ST7.

AR
1.5 ZRTHK ALY £YENE

W 9EAZ R ALY FIEFAERR ST7 $595% 2 ODeoo
7 0.01, ZBIFEFNTE 250 mg/L 45 (1D)AY LB i)
3572396 FLIR), 28 CH» B &1 48, 72.
96 h. 435l E RASKR AfY FIEF A= ¥k ST7 HITh
21 60 B8 B A P A e A B SR 4
ARk P R 96 LA, NOIR A
WIS 20955371, i PBS PEIGFLINAR BB LR
YIBEE 1 U LA 200 pL 78 0.1%25 b 5 (5 &
REUME), EiRGEAEYIEE 30 min; 2L
LR BB T, 1 PBS B30k 3 1K,
LA 200 pL 95% T, #8& 30 min {R5),
B 1 AFIE ODsos (B THANMECEIE . B 96 fL
M, ERFLIERD 200 pL B, 28 ‘CHEFE 48 h,
fLo 20 uL CCK-8 ¥ (5 mg/mL), &%, 37 C
BE 4 h, ME ODssofH-
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1.6  ZIHK AflY BOEEN N E

BB R AERE ALY (16 h)FIEF A= kR ST7
(8 h)REFRI 45 3 uL, FEEH AT T 0.6%M7 LB &
TR AR b, 28 CERERESE, 4 lE 8. 16,
32 h & AR, DI Rk sh ik,
HIRWEL 3K,
1.7 T ALY EELENNE

Fi& 1% LR T BOW S5 0k AflY FEF AR Bk
ST7 43 HHERN T 250 mg/L S AL46ERT PYCM i
AR, 28 °C . 180 r/min K535 7d, BU 1 mL
B 12 000 r/min 2.0 10 min, WEH F3ERANA
100 pL %) 0.04% LBB ¥, ##&E 30 min, ics%
gt Ak, R4 3 AEYEER . R LBB (5
AR )72 T 2 A i 140 (1) 5 200

2 EREM

2.1 $@EAMBTT iy BEE B FRIE

R T B UEER MME PR T VAR SRR AT ST 1
PR iy LR FRik 284k, FIH RT-qPCR 4314
AR E 7 0. 250, 500 mg/L AbFE 16, 32 h Ay
Y FERFRBKE, B2 4550 BoN, TE5 AR
R, ST7 BFERY LY LR Fk T, (kA

0 mg/L Mn*
15 250 mg/L Mn*
| 500 mg/L Mn?
z : i
2
=4
=
5 il
o
=
]
on
o
2
=
L
=2
S
32

Time (h)

2 HBMET ST7 E#k Y EFE R KE
Figure 2 The transcription levels of fliY gene in
strain ST7 under different Mn concentrations. *:
P<0.05.

(250 mg/L)ZbFR 16 h B}, LY KN TR T 35%,
32 h FLEPFIEMEE FF, T 22%; mSkE
£5(500 mg/L)ALEE 16 h B f7iY T T 90%, 32h
B iy B335 LT 858 e o S0 a8 2 B0k
FES T 7 =X R /1Y R Rk
2.2 HMIERTHR ANY

PIVP AR ZE AT 1 ST7 B AR WL 41 DNA
iR, FRESVES o0 33 iy SRR R
e ) VAR | 5L [ AR 2 A s R g o 1)
AR B BUKRIN /1Y L WERIERE R Bk 620 bp
Ay, Y FERIIEE Bk 2200 0p 2240, 5
T BoAR AT s SR B & A PCR B4 fliY
b R, SRARRELG B pPICIK-ATLY,
£ 2 818 bp. ¥ MVIE AL ELG F B
pPICIK-AfLY WL ALTDAE ZEHIAT R ST7 &2 38
Yiffl, S RIRERIMLE, 9288k AflY, &
7% PCR #:I55 1200 bp /B (& 3), I IESS
HiEB 613 bp SVPRZHFT RS H NN MY
AHI FE 91 B AR g 99% , X I fIiY FE R G |2
By R B S e RS R UM RN AR
PR ALY B9 /1Y 2 R B R R gmis i 204 > 20
iR, B0 Y B IS8 % IE SR AR AfliY
(1) f1iY 55 Rk R o

bp M1 bp

2 000
1000 1200

500
250
100

3 RTHR AMY Ei% PCRA&EN  M: DL2000
DNA Marker; 1: RAZE L AfliY B PCR Al
s’

Figure 3 Dection of fliY insertion in mutant AfliY

by PCR method. M: DL2000 DNA Marker; 1: PCR
products of mutant AfliY.
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2.3 ETHk AMY £ E

RN E Sl SO R N A
TERE RN LB Higidkrh, R AfliY #
BPAE KR ST7 WA K AV LK 4). AHLEE
2T, GRASRRIN AR K 2 5 AR e 22 1) R
XU R, A8 ek 31 X AR KA A s ]
MR AEJS, 7€ LB-Mn B350 il 8 h B K=
10 h, PYCM-Mn 55560y 10 h ZEK 5 14 h

R TWESE iy FEDR R R 2 v [ AR K
A TCRE M, SR FH 4 i 28 Y 07 VA 28 A8 Ak 1 A=
PI A p. RE9R 72 hoih, BRA AR S RASER
A W RRTE R4 R 1.460 F1 1.289, ZRAFkRA:
YIETE B R 12%; 555% 96 h iF, 2 MR
PR LE IR iU 70501 1.490 F1 1.350, 2878

FRAG A WP RETE i B 5 E Tt (AR T B AR bR
(K 5)0 SR CCK-8 a5 Bl 5 45 ek ] 5 0 3 24

KU iy BRI T B AR 28 AT 1 X 8k
RIHERT .

PR RS , I 5 7 INF IR P38 o 5 200 7 50 2 3t Dok
e, SR RRAM 2R AV

A B
= ST7

1.5

—a- AfliY 061 g sT7

- AfliY

Bacterial growth (ODy,)
Bacterial growth (OD)

10 14 20 30 40

Time (h) Time (h)

4 FAERIEK ST7 FARTH AMY BIEKELZ  A: LB-Mn #5373 B: PYCM-Mn 5573k, &l
=R BE D7 D TR X A R P
Figure 4 Growth curves of wild-type strain ST7 and the mutant AfliY. A: LB medium-Mn. B: PYCM

medium-Mn. The midpoint of the logarithmic growth period of the strains were marked in red square or
triangle.
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Figure 5 Comparison of biofilm formation and cellular activity between wild-type strain and mutant AfliY in
LB medium-Mn.
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24 ZETE ALY SR

A LB Boieh o8tk ALY FEFAE bR
ST7 Wiz ghtk(&l 6), 35F% 16, 32 h i), 87484k
ALY PV BRI /N T B AR b 3555 32 h i,
HFAE bR ST7 VR B30 1.53 cm, MRAS
PR ALY PIRETEEAE TN 1.00 em. RAERR
AfY Wiz BhRE ) AR 65%.
2.5 T ANY ZELEEHNE

W SRR ATY HAD T 5 250 mg/mL A b4
) PYCM Kigrdbr, Kigk 7 d MERRASMRI AL
EBRBCR(E 7). HEAERIBE M STT AL, RAE

6
3B RIS EAS. AR T em. *: P<0.05

FR ALY BYBR4GR RI855 T 20% (P<0.05), 4 LBB
S5 I V1) € BH S AR TR
3 it
MiERMEE R EEN TN —, TERS
B\ 2B TR SR PR A 7 DG BRE o A
B LRI rp AL 1 AT g AL, il
VANEF LA IR, 1AM ERY 12 45
TR KRN, iy HEANEEER
25 T B A T 1] o A B AT 1Y AR
SHEEEEL, [FE, @SR C AEA

200 amgT7 mafY

1.5}

Bacterial diameter (cm) @

16 32
Time (h)

RTHK ALY BEENE  A: ALY S5HPAK ST7 A B E R 150, B: AfliY 5HFAERE

Figure 6 The motility assay of mutant AfliY. A: Movement of AfliY and wild strain ST7 at different times of
cultivation. B: Colonial diameters of AfliY and wild strain at three time periods. Bar: 1 cm. *: P<0.05.

ST7 AfliY

B 7 T ANY BIESE L EE
AL ODgoo [EFERE. *: P<0.05

B

- ST7 AfliY
’Q% 03, %
S
g o2l
g
o
[}
% 01k
g
on
g
S 0.0

ST7 AfliY

T A: LBBEME R ALY AERAILRE T UBIE SN, B: %

Figure 7 Changes of manganese oxidation capacity in the mutant AfliY. A: Color response of the AfliY for the
determination of manganese oxidation capacity by the LBB method. B: Manganese oxidation ODg value bar

chart. *: P<0.05.
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B FLY, H C Az sk i bRy, ¥
BCATE Sl (HRER N I i M B 45 A 2
P, K Y B C SRR TR A
TROL . VAR ZFAAT IR ST7 HoA RIF M 4f AL e
71, FLY MMM EMACE NS T Hid
o 3o AR

VAR ZENRT I 1Y SEPR 28 AR MR B I 5
WA BREG , SEFAERR STT AHEL, 2845 Hk AfliY
iz sV AR, RABMRETE ARG/, |
TR ASHUN Hih 2% HBURE 45 29748 RR ALY 1Y
A Y RTE ILRE sy . BRAAALRE ) R R ]
CCK-8 Mg T IH AN B, $&n R
FEETES S ik /0 B9 = 2 D DR R E A 2 13 4 o 45 o
(R R o AR IOE B fn ) B A
SN Rz sh v S AL, 00 AH T R LT
B, BRRT iy SER AR AEBR ALY LIS Sk
WA, T ELXE LR BUAE PR, Al 25 F AT 7 1Y
T2 sl 1 T R I s AR IR L (5 52
W5 2 A T s s o R 1 A Y IR I 2 BHL
A RE 5 MG B R BB AR T i sh M . AR ok
W& T BREA G, A, EVERIE R
IR RE5 B A ML AMC I T A DG . SR RLIR
PRAE R I 2 A s B, AR RS A
HEAPIBER I B BE H A, vk AT T
R A= 0 55 e SRR ) 1 O R R DL . il % 4
T AR W) IR TR I R JE e e 1, il (e R S TR
BRUA . AT o AR 98 1 3B 11 9 A= W e
B, AELA ) B HIS 7% AR FR T A0 SR A B T 7Y
A RETE L ol i S TR A R R LA B
MR (Pseudomonas putida) MnB1 IS IER]
B (I0) b R B IR — Ml AL A Rk, il AR W e
B T ELAR A T A RE 2 e, Y
AT RE S T R X 4 ka1 P
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