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The thioredoxin Lmo1903 contributes to oxidative stress
tolerance of Listeria monocytogenes
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Abstract: [Objective] The thioredoxin family plays a key role in the oxidative stress response
of the foodborne bacterial pathogen Listeria monocytogenes (LM) during environmental
adaptation. Here, we studied the biological role of the thioredoxin Lmo1903 in oxidative stress
tolerance. [Methods] The phylogenetic relationship and key active sites of Lmol1903 were
analyzed by bioinformatics tools. The recombinant Lmol903 protein was expressed and
purified. The oxidoreductase activity of the recombination protein was determined with insulin
as the substrate and the cellular localization was predicted after preparation of mouse
polyclonal antibody with the recombinant protein. The oligonucleotide-directed site-specific
deletion of cysteine from Lmo1903 protein was carried out to analyze the key sites of enzyme
activity. The Imo1903-deleted strain Almo1903 was constructed by homologous recombination,
and the complementation strain CAlmol903 was constructed with the integrated complement
plasmid pIMK2. The growth, motility, and oxidative stress tolerance of the strains were
examined in vitro. [Results] Lmo1903 had a classical CX;X,C motif and was close related to
the thioredoxin family member TrxA from Bacillus subtilis. It was mainly located in the
cytoplasm of bacteria and possessed strong reductase activity. Cysteine was the key site for the
enzymatic activity of Lmo1903. Deletion of /mo/903 did not affect bacterial growth, while it
significantly weakened the tolerance to oxidative stress in Cu®" stress environment.
Furthermore, the deletion of this gene affected the transcriptional levels of the genes involved
in bacterial flagellar formation and reduced the swimming motility. [Conclusion] The
thioredoxin family member Lmol1903 exhibiting the reductase activity contributes to the
oxidative stress tolerance and motility of L. monocytogenes.
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PAREAS U TR (Listeria monocytogenes, LM)
—RITRAAETHRK, L BT,
REO% V5 e B I TR, BB TR B A
AL FL A R R B IR RO Y, E RS

BRI RAE, PRI 20%!17, &k
R A R R A o B B I PR, I, X

2 RPN 3 P2 D RE o8 B A EE B A 3
PAzEE S,

i S0 I 112 A T A N B 2 AR AR R
i MBI N EES 5%, EdNFE
IR R AETE A5 4T AR R I P BB R S
JfL P 2R 1 B AR R R TR B —E g T, AR Ak
K AR A A S, A-150--200 mV, &
125 S B 48k, T L A4 i R 240 i ) o 2 2 1
J R AT R B Yt 4 R A A
W JE HL A7 (Eh) H—280— —298 mV, & — AN IE
JREIIREE, A58 1 R A D B A AR B
LR A F e Wi R 26 (1 Trx A7 T 40 5
b, R A T T AL T AL B Dsb
EAW, Wik, EANAREN AR, HEE
) Sy R AN AR TR B

WFFEAkIE , Lmol1903 HA CX X,C HIEAT
ZEREL, B TR AR R A Z R (HE
TE 2 J v A7 B RN AR D RE M ANV R . SR
i 2o [ PR A T RS Imo 1903 JER Rk
mIkhbE, MAEK . i23h. PrEfbiae . &
HEN S LA XS Imo1903 I A ¥y 5
REHEAT T WI935 47

1 AR5

1.1 Ef. BEREFREYT

AWIFFEAL A TR AR LA - SR 2 S 1 BT
¥k L. monocyogenes EGD-e . Escherichia coli
DH50 Hl Rosetta; ASHIFFE I HIHBORIA - TR
Jki pKSV7. #4& kL pIMK2 13 ik 4% {4

pET30a, I NAI % 0RAF . KIAHFH#HHA
R IR AR (LB)RE %, B 2 30 o 1 PR A0 i
W& (brain heart infusion, BHD)E: 5%, BRZEAE bR
LT EHF] 30 °CHl 42 °C, WiFe&iEn
37°C; W NH R R . AR MRIPER M
W40 100, 30, 50 pg/mL!),
1.2 iRk

2xPhana Master Mix g H g 5L i MEHE A=)
BHEA A A Bl pise e I oR & | E
MR AR ARA R, REER Y B
NEB (dt30); LB il BHI #3550 H Oxoid
YNGR
1.3 5|4

M NCBI ['F#; L. monocytogenes EGD-e
FENZH(NC-003210.1) Imo1903, 43 51i%3tT514
Imo1903-UF/UR Hl Imol903-DF/DR , 3~ 14
Imo1903 4wt ¥ % (coding sequence, CDS)X Iz
HIJS 1000 bp Ay b FUEER P, &itHT
YA Imol903 FEERRMRATIY): Imo1903-a
front-UF/Imo1903-DR (F 1),
1.4 £MERESHS Lmol1903 SR Tk
pEAFES

FIFH Uniport 25 11450 2 35, R IBCA 7] Fof
JE Wi E R R Trx [FIURE A Z R IT 5. ff
FH#E A CLC sequence viewer #14F, W2 R
Lmo1903 5 HAth e 5 i [R5 2 1 361 7 24 SR 7
X, PL43HT Lmo1903 5HAth Trx 57 5 A i
ML &R o

RGP (5 B2 25 R, & Lmo1903
B i AR & SRR Y CXXoCo i, R
RILPRE R GTEHANE CX XoC HEFFHYER 70 f2 A
55 73 AP R R A i 22 2 R (H) C70S .C73S),
DI Bt R FRFEXT Lmo1903 25 [ 1) 5
i, ZRESCHR[ 700 A T s AR B AL,
g6, Wit 1 R R8RS 9. DL Lmo1903
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Table 1 Primers used in this study

Primers

Sequences (5'—3")

Imo1903-UF
Imo1903-UR
Imo1903-DF
Imo1903-DR
Imo1903-a front-UF
pSL2156-Fwd-Sac 1
pSL2156-Rev-BamH 1
pKSV7-M13-Fwd
pKSV7-M13-Rev
pSL1607-Fwd

CAATGTCAATCAACAGGAATTCCCAG

ATCAAAACAACTCCTTCGTGCTTATTGTAC
GATCTCTCTTCAATTTACATACTTTAAGTAA

GCATGAGCGCCACTTTCTTGAAT
GCTCGAACCAAAAATCAAATGGC
CGCGGATCCAATCACTTTTTCGAGTT
CGAGCTCATAATAACATAAATGGATGC
GCGATTAAGTTGGGTAACGCC
GCGGATAACAATTTCACACAGGA
CGCGGATCCAATCACTTTTTCGAGTT

pSL1607-Rev

Lmo1903-C70S-F
Lmo1903-C70S-R
Lmo1903-C73S-F
Lmo1903-C73S-R

CGAGCTCATAATAACATAAATGGATGC
TCCGACCTCTGAAGATTGCCAAGCATTTCAGC
AATCTTAGAAGGTCGGACGCCCAA
GACCTGTGAAGATTCTCAAGCATTTCAGCCTATT
GCTTGAGAATCTTCACAGGTCGGAC

0 IR SRS E 2 OB AR, iE4T PCR S 4
#, gk BRI Dpn 1 AL BRI ; B
J ¥ R P W R A B DHS o RS2 25 AR A v
B FRIE PRBCRR T R, 0 36 Tk 28 72 2 15 4
AR s R R B U Y TR AR A R R,
PR, PR LB Rosetta RS2 AL
PCR B kB i 58 £ 1 3R I8 T A2 A A i
1.5 Lmo1903 B ARIAN % e & IAH &
WITEARETIY, MR 1 P, 71
Lmol903 #J CDS ¥4, il i B U i & =
pET30a, HAALZERIIHFFH DHS0 Bz &,
PEAT PCR B IE K7 510 5 , ARAG BH P 238 Jook
HAHE S RIBIES Ok [613: 7. ]
LN 1 mmol/L Y5718 J-B-D-Hif - FL b
F (isopropyl-beta-D-thiogalactopyranoside, IPTG)
755 Lmol903 FE ARk, .0l EA, PBS
e IA% T B P 7S AR S B, B0 I B
B RENafEREEMED, FH]
SDS-PAGE ik 5 41 8 H i 8 F 2L 15 O
Z e YU 45 2 BOCHER[7-81i 47 . 1EHX
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AR BCARRLA 3 HUEPE ICR /N RO B BT B=
SBe), AN IREE 7 d P T e R il A
i #B [ e R S E IR G, G A G T
ANEREE B M R AT 2 A, RN R R
100 pgo R 4 WHLEE, 2 e Z A E]FE 14 d
(G SRS R A T O o NS fs 7 d R
M, 37 °CH¢%H 1 h 50U EmdE, By
Lmo1903 /£ safEdiiA . LA Lmo1903 £
SLREBUIA —HT, B L P R AR i Y
BRI 1gG R n REWHARA /) P, ff
FH Western blotting Jy 7 X il % 1) £ v B b AR it
TR E
1.6 EBHBEENE

BEREIAE , SR 2 ML R ) 38 — it ids )i ik
BAIN Lmo1903 20 £ [ A3 B il 410,
(1) AR, 5. 10 Fl 30 pmol/L)AY &
R AL U EE S 120 pmol/L MRS K, At
1B BH PR X B (Trx A) R BA PR XS BR, #0241 5K 25
. BESERUEY). 1 mmol/L & 75 B %
(dithiothreitol, DTT) Hi, F fit f& I 2 mmol/L
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EDTA R 7E 10 mmol/L PBS Z& i, 25 °C
SN 150 min, 4ERS 10 min 1 5E SV IRAE 650 nm
AL AL (ODsso) » B 5E fEAL AR e Y 2 1 U
B (2) Bk th B kR SR R 2k
FIEE ZE (15, 30, 60, 90 Al 120 umol/L), Hi¥
ftf& 1 mmol/L DTT VR-A (M 10 mmol/L
PBS Al 2 mmol/L EDTA), 25 °CizJ¥ 150 min,
B3P 10 min i FIE W AATE 650 nm Ab AT OE
{8 (ODgso), FF1#i il Graphpad Prism {44 i i
TG Bsf 1] i e 5
1.7 |EHEM

Z BTk 7 il 25 B 2E Mk EGD-e 2 &
I 05 = I 1 0 % S 1 R 4 = N i
D 25 20 A3 FE L R 2 TR BE {17 PBS B ZAH

pSLO36
8 064 bp

Insert fReplace Insert

fragment IBUI"H I = Kpnl(15) ]BumH 1| —|Kpnl(1008)

()
[ BamH 1 || Kpn 1

(4)

BamH 1 Kpn1

 IN— —
Imo1903up Imo1903down

Imo1903up+down

2
pKSV7 1012 bp
7073 bp
Overlap 1
extension [()vcrlap and amplify Overlap and amplify
PCR 1..517 1..515
——— - =
Imo1903upstream Imo1903downstream
517bp 515 bp

)4 B J b4 7 SDS-PAGE i3k, [RIHEF 1.5 H
il 5 Lmo1903 M2 e SRR Lmo1903 7E
20 L H R R AV
1.8 Almol903 TREFRHIE

P e 2 484K . LA EGD-e 42 PR 4 R Kbz
H 1 RS9 Imol903-UF/UR F Imol903-
DF/DR 4509 4 Rz i Br. i E & PCR
R U RRE AL B, & BRI
i Kpn 1 Fl BamH 1 BV 5 7% 8 A 42 kL
pKSV7 1, %4k % DH50 B2 S0 d, PREL
SELBHPE RV, 4 PCR Kk M Sanger M ¥ )5 ,
PAFBAEE L TR, H SRS & 1A FR .

2 WA SCHR PR T IR S AN R i o 450 o B
WA R A EGD-e Bz, ik 4s

pSL2156
6 369 bp
[lls?l‘l Replace Insert
fragment|sae 1 (5 751)~ [ BamH 1 (5 957) Sac 1(6) = | BamH 1 (620)
Sac 1 BamH 1

Sac1 BamH 1

[ mo1903 4
Regulatory region
P+lmo1903
628 bp
pIMK2
5961 bp

1 Imol903 EEMELAFRL KL pSL056 5 @AM RKL pSL2156 I E KK

Figure 1

Construction strategy of the plasmids pSL056 and pSL2156 for /mol903 gene deletion and

complementation. A: Construction of pSL056 for /mol/903 gene deletion. B: Construction of pSL2156 for

Imo1903 gene complementation.
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TLEEFE 2 pKSVT Jiikr, 455 R yihE ik 3k48
SERLUFA MR, 5191 (Imo1903-a front-UF/
Imo1903-DR)Xf H:ii 47 PCR BailE, 7 1EHG)5
PAT Imo1903 TSIRBR R, TRAFE .
1.9 CAlmol903 B4k

M Biocyc B if) E] Imo1903 Fy BARL A, i
1 Promoter3.0 W3k 43 Briz L K 4 )3 81+ 41
i1t Snapgene Wit 5|4 1S Imo1903 BLHIH)
Wea shF X f CDS X, f#if Sac 1 Fll BamH 1
BEUIGERE 2 pIMK2 K, K a2 FokifE b 2k
JAtF R DHSa H, 345 PHME vekE, F4E R g an
B 1B TR o 45 S0 E B 2 1 R0 ook H 3 Ak 25
BRI Almo 1903 SRR RIRSZ A, Al =
BHI (% Kana 50 pg/mL)[& &8 5% 5k, PrIH
TEREIEAT PCR B B 3IE
1.10 ZAE4E KLk Hl

225 SCHR 9] J7 1 47 400 7 A 1 R
o BAEIRE 3 AT, 37 CCAMF T HE b
7%, B 1 hIE 1R ODgooo 345 11 ODgoo
BAE IR 2R
1.11 AR

NP Iz B I E 2 BESCHR (91 Ty kAT
BEAbPRIFH) EGD-e. Almol903 F1 CAlmol903
TRV 43 00 P A 25 e B 8 L A A 5 5
(0.25%33E . 2% LI K 1.5% 8 1) -,
T30 °CUA M 37 °CHfrE 5% . MELIT L e 4 TR
f£ 24 h il 48 h B iz s B AR, MM,
1.12  Imol1903 REHRFEHE R EREEERK
Sorh

Z: BESCHR[ 10109 7 A Imo 1903 LA Gk
I A BRSPS o AT A G
FH flhB . motB. Imo0685. Imo0698. mogR .
gmaR . fliF. Imo0695. fliL. flgD. Imo0675 .
fliQ . Imo0708. flgL. Imo0435. fliG Fl 16S iy
tE R PCR 514, b 16S rRNA NS5k
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L BIIF NG 2 Bt o B SR sk I 1) cDNA
Fie B Il Lo A9 8 Je FHAE A AR iE 4T RT-PCR,,
FE Imo1903 e PR 2R Xof BB AR S HE D e S5t oKk
)52 W o W 25 R TR P8O AR S B
GraphPad 8.0 JKPFHEATGE 2440 b . il 2744
JIETE Imo 1903 BRIR Je X HE B AT G K A Y
Bk AR, HA AC wa=C, amwn—C mzum;
—AACE= —(ACwa—ACxim) o

Fz2 AMRPRAEERNFERANSID
Table 2 Primers used for RT-PCR

Primers Sequences (5'—3")

RT-mogR-F TCTGAAATGCTCAGCCTAAA
RT-mogR-R TCGGAATATCTTCTACTTGGA
RT-motB-F GAGGCAAACAGAACGATAAATAGAG
RT-motB-R GAGGCAAACAGAACGATAAATAGAG
RT-gmaR-F AGCAAGTTCCATCAACCAAAAG
RT-gmaR-R GTTGAGTTGTCATCGAAAGTAAGC
RT-fIhB-F GAGGTCGTGAAAGCGTTATTGT
RT-flhB-R CGGTGTAACTAATGAGCGTATCTAA
RT-fliF-F GATGACGGCGAAGAGTAAACC
RT-fliF-R TCACCATCATGCCTATCCAGTT
RT-flil-F CGTAACGCCAAAGCAGACAT
RT-flil-R TCCGAGGTAGCAGCAACAAT
RT-fliG-F CGCCGTCCATTTCTTTCATT
RT-fliG-R CGCTTATTATTTGGAGCCTTGA
RT-fliQ-F TGGTAGTGATTGTGGTTGCGATTT
RT-fliQ-R ATCCACGGTCCAAGAATAAAGA
RT-figL-F TTCGGTTGTCCCGTTATAGATG
RT-flgL-R TAACTCAGAAGACGATGGCAGAT
RT-Imo0435-F  GATGAGGCTGGAAACACCG
RT-Imo0435-R  TTGCTTCCGTACTATTCACTTCTG
RT-Imo0675-F  AAGCGAATCGCACGAGAAA

RT-Imo0675-R
RT-Imo0685-F
RT-Imo0685-R
RT-Imo0695-F
RT-Imo0695-R
RT-Imo0698-F
RT-Imo0698-R
RT-Imo0708-F
RT-Imo0708-R

CCAGAAGAACTGCACGTAACTGAT
AACTTAGCGAAGCAATAGCCG
CAAATGGTGTCCAAAGCACGT
CTCATAAAGGGAGAAGCGGATAA
TTGGCTGAAACGAGTGATGGT
CACTCAAAGGCTATGTCACCG
TGCTCTGTCCGCCCTGTAT
TGAACAAATTCGCCAAATGC
TGTTTCATCACTCCCTCGTAGC
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113 HAEHmE R SN E

FRRESCHR[10] 7P 1 D7 1k EA 7 20 T B0 A B
BE T E o R MARERIK . HFLL B H (copper,
Cu). %H(cadmium chloride, Cd)%¢ — M4 )@ & 110
BHI B D A AL R0 . XK . F. 58
BRI T R VR B 235100 10.00, 2,00
0.25, 0.50 mmol/L. H§ 10 F%4% HoHi & A4 7 1
(10710 EFh 2 BRIk, 37 °CHE IR
W WSS AR E RGO, JH AL
FfY BHI 25 FAL#EA T HOXT, s Arbi s Ak B Re )
eyt
1.14 HEHRIT

ARWEFE AT £ L2 SD JEAFoR,
fdi 1 Graphpad Prism H [ -4 50 RIS 7 22 50 #r
(two way analysis of variance, two way ANOVA)
T oy 22 ek . B (E£SD KoK, ns
FORLESR, *FR P<0.05, **F|R P<0.01,

***+ 80K P<0.001, {#i ] Adobe Illustrator 2021
PEAT 800 A0 BRI B HE R

2 ZRESN

2.1 Lmol903 S EMFINEMERFETH
MEBENE

ST B REASH AR Lmo1903 1Y LR 7
H1, FATA B Lmo1903 & 1 HA B 480k 5 A 4
A1) CXi XoC IETEET , WKl 2A FR . e
A RO 2 A2 R 2 A5 Sy SRS G
AL, RATE Lmol903 HEEME 70 £ A
73 L EIR R AE N T 2418, 155 Lmo1903
MRAEM Lmol903crs 5 Lmol903crso X
Lmo1903 20 25 [ 1 i 98 28 25 1 kA 7 il D) o
JafSEI K 2B FraRgE R, & Lmol1903cqes 5
Lmo1903¢73s MG RE S TR, FHIEE 70 A2F1 73 fi
2 e 2 R (8] 2C) 2 Lmo1903 1 S5 % 67 15,

B. subtilis TrxA Glﬁ Mkmg 49
Lm TrxA G 48
E. coli TrxA Glg Mk- .:‘gl 53
E. coli TrxC G N 84
Lmo1903 EDCOABCPIL KKELKKROPD 59
Lmo1609 GBCHEVEPVM PEIEAE-NER 47
Consensus FD FETIKSEGX+ «eccvweenas VXXDFWA GPCKMIAPXL EEIAQERXXK
100%
Conservatlog = nmnrnl_ﬂ_— . |'||'|_r|n-|”|'” ﬂ il I'In'lnrJ Irlmﬂ
B C
E. coli TrxC 0.8r - TrxA
68 Lmol609 0.6 -+ L.mol1903
— s Lmol903 = =~ Lmo1903;4¢
Q 04r —+ Lmo1903.5;
87 Lm TrxA Q ~ Blank
B. subtilis TrxA 0.2
E. coli TrxA (1Y e S A R O e
° OO O OO DO OO OO

2 Lmo1903 |EFFFILLRT . #HAL I Lmo1903 K & B EEIE 747
Figure 2 Amino acid sequence alignment, phylogenetic tree construction and enzymatic activity analysis of
Lmo1903. A: Amino acid sequence alignment of Lmo1903. B: Phylogenetic tree construction of Lmo1903. C:

Enzymatic activity analysis of Lmo1903.
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2.2 BISAHMER Lmol1903 &F H R ik KB
&M E

{6 FH 74 PCR ¥6:31E X Sanger I 56 E R 7 Y
A EYLTRL, 1444 pSL1607, {# i SDS-PAGE
IF4l LAY Lmo1903 ZR AR/ 15.95 kDa, 5
FUR/IMASRF, R A RIERI(E 3A),

T v 0 A 25 R R B Trx A X BRAGfiEAL BE
feod, FHRCOAM 10 pmol/L B9 Lmo1903 £, #P
i T2 W R4 (Blank 41), 4018 3B iRk,
6] I 10 umol/L % Lmo1903 & 144k A [
W R 5 R ATz IS M R B, YR
e BEAZARAT, Lmo1903 AU AL AR 1528 1 %) IR
1AH 22 TC )L, fHJ2 Bl B K 2K B G
Lmo1903 ML B35 25 (X BRAL,

A kDa M
70—
55—
40—
35—
25—

15— S - | 595 kDa

10—

Lmo1903

B < TrxA (10 umol/L)
Lmo1903 (1 umol/L)

+ Lmo1903 (5 pmol/L)

# Lmo1903 (10 umol/L)
1.0 + [.mo1903 (30 umol/L)
# Blank (insulin only)

0.8
= 0.6
2
S
0.4
0.2
o7 4
OO ||||||||||
SO OO OO OO OO OO OO
—ANNTWVNO~N0OANO — AN <t N
t/min

3 Lmol903 EHRIAKEEENE

El 3C fran. 459, Lmol903 HEHE A AJ
DK & s p) AL T S Rk e, UL e
W% 38 1 A I8 e B2 0 1k
2.3 BIBZTHMER Lmol903 EHEL

SDS-PAGE %iIF Lmo1903 & [ ik 20,
R 4A FR, KB 1,203 4 4390000 1,
0.5, 0.25 pg/uL A% Lmol1903 [ AILL K PBS
RN R . JKIE 1. 2 F1 3 FA R —F A 5%
i, VKIE 4 BJCA, RUNZEN S Z kN
A B s 07 iR i B PR R 3 T e, 3R
W 2 1) 2 s BEDUIR R SR, T B s
R LNES LS dy iRl

Lmo1903 & &M 45 LUK 4B i, 4
HEAMBPHREEATLYS Lmol903 ZHix

C + 15 umol/L
- 30 pmol/L
60 umol/L
4 90 pmol/L
1.0 % 120 pmol/L
== Blank (insulin only)

Figure 3 The protein expression and enzymatic activity analysis of Lmo1903. A: Identification of Lmo1903
expression by SDS-PAGE. B: The catalyzation of insulin with Lmo1903 at different concentration. C: The

catalyzation of insulin.
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EGD-e (SP) Almo1903 (SP)

58.7 kDa

4 Lmol1903 % 5 AL iERE B E L
Figure 4

71.1 kDa

EGD-e (MP) Almo1903 (MP)

The specific polyclonal antibodies verification and cellular localization of Lmol1903. A:

Identification of specific polyclonal antibodies against Lmo1903. B: The cellular localization of Lmo1903. C:
Detection of LLO expression in SP, a positive control of secreted protein. D: Detection of InlB expression in
MP, a positive control of membrane protein. WL: Whole cell lysate; CP: Cytoplastic protein; SP: Secreted

protein; MP: Membrane protein.

I, T 43 W 2R AN A ARLFEE R 1 AN 5 Lmo1903
ZHu, KYIRIEERRTE Lmo1903 F 2 E
L TE 4 T A0 ML v A FE I RE o R] s % BT 4 LAY
EGD-e Hl Almol903 43 W e B H #1756
Uk, AR > I H b Rik LLO — i AITE AR
FIhRA R InlB —HUE X &N, 58T K
/NIERA B — 250 (] 4C. 4D), B IREUN B
1 Ay TE A 1) B A IR T 40 W B R AR
2.4 FRINMIE Imo1903 FREHE K B %Mk

FRAE 1.8 rh A BRI AL 5 RIS RNy
1 114 bp AYPHPEFERE(E SA), 5EF4:#k EGD-e
B2 K/ 1585 bp Il 471 bp, NBRAAY
Imo1903 CDS X, FHAZASKRM M. W7
B 5 I B R kA 44 0 Almo1903 .

A 1.9 hE Rk i, S
(pSL2156-Fwd-Sac 1/pSL2156-Rev-BamH 1) 1
7%, 193] CAImo1903 BTk H i Bt 621 bp
(Kl 5B), SHUHAR Imol903 Ja 3+ X [l % i

Imo1903 CDS X K/INHFE, B [l kMAs 2 A
o 2 WY 36 UE I B 5 R 2 n] kb b i 24 R
CAlmol1903,
2.5 BEFHMFERAEKENTH

AR 2 E S5 R AN E 6A TR, £ t-test
GBI, Almol903 iR Ak 1 A 4K 38 55 Y AR A
e, WA W 2 5 (P>0.05), A4k L[] 42 5 B
R R Imo1903 HLPR g N 5% i G
A RR TR I A K TR
2.6 BRIBFHTEREHMES

YR iz S LS R ANEl 6B iR, FE 30 °CHEf
BRFEMT , Almol1903 WK BRAE 24 h 1915 5)
B B 13 mm, BFAEMRRE 23 mm, 1 EURME
AN EIZE S B AR N 22 mm, Beok RASEF ARk T
K% 44%, Almol903 BRRIRTE 48 h 1Yzl HAi%
231 mm, BFAEFRSE 49 mm, [FIRME EAE K 49 mm,
BRI A FR R 36%. 459K Imo1903
A k2R S BRI 2 7 iz 3l BE 1 (P<0.01),
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bp Almo1903 EGD-e
2000
1500 1 585 bp
1000 1114 bp

750
500

200

& 5

bp CAImo1903 EGD-e

2 000
1500
1000
750 621 bp
500
200
100

Rk Almo1903 FEI#Mk CAlmo1903 HJ PCR I51E

Figure 5 Confirmation of /mol903 mutant strain and complementation strain by PCR. A: Confirmation of
Imo 1903 mutant strain by PCR. B: Confirmation of /mo/903 complementation strain by PCR.

A
L5 —e=EGD-e
- Almo1903
== CAlmol1903 _
1.0
Qg
Q
05
0.0

t/h

01 2 3 4 5 6 7 8 9 1011 12

Almo1903 CAlmo1903

B EGD-e

30°C24h

30°C48h

37°C24h

37°C48h

6 EGD-e. Almol903 1 CAlmo1903 B KB L HI RIEBNEE N
Figure 6 Growth and motility detection of EGD-e, Almo1903 and CAlmo1903. A: Bacterial growth curve. B:

Bacterial swimming motility.

2.7 Imol903 RTHKMEEHRKXEFIEFK
SES

2.5 frik, Almol903 B2tk iz 5hRE
WFEWES, AR S B EE T s Y s
, AT 98 62 = PCR 715 X0 343 # B AR
K HE A B e sk AT TR 7). S5
N, Imol903 R7AZJGHEEA MAEN FLUQ. it
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kIR HE T FUG ., #i B3 E & (R 5 1% ATP
4 W) FlL, #iE MS A FIiF, HiEHHHX
HH FlgL. KRS G HEH Lmo0435 ., HiEHE
1 Lmo0708 . #ffi<E3E [R5 L HI N T mogR ¥
A ARIFR B A 5 oK R, o f1io N
3%, AT mogR WM ILFE LI gmaR 1%
SEACOE I & 2 T 5 (P<0.01). B fliQ. Imo0685
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101 ns Il Almol903/CAlmol1903
1 Bl Almol1903/EGD-e
—~ o ok
<! T ok ko
0} pholoR)
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=}
Q
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&
&b
i
Py ssiconocgase
JEESSTESSREaaLL
EE5E5EEESE
7 Imol903 BRkIMEEAREBEE R AT

A

Figure 7 Effects of /mol/903 on transcriptional
level of flagella-associated genes. ns: P>0.05; *:
P<0.05; **: P<0.01; ***: P<0.001

M Imo0708 A, R ¥ AH I HE I ) e oK
AE R TSR] TR . R Imo1903 JEA
R 2 38 1ok 5 W) s A O B DR e SOk A S B
2 3 TR B B RE T8

0.5 mmol/L Cu*

EGD-e

Almo1903

CAlmo1903

2 mmol/L diamide

EGD-e

Almol1903

CAImol1903

107" 1

10

2.8 Imol903 EFEF N HINEEM R

A A 8 1 S FE 45 2 7R, Lmo1903
LT b, HAT i IR 6, 34 Lmo1903
ST RE RS AP AR 1 AR N e 7 FRATT LA H
DL 445 0.5 mmol/L 15 AL4R . 0.25 mmol/L
RO LEE . 2 mmol/L Hk(diamine)F 10 mmol/L
SEIK AT, 23 HF Lmo1903 1EHT A ALV 5
B MVER . g5 R BoR (& 8), Btk Almol1903
Xof Al 15 1 O HRT 0 I T B AR R A DR AR, T
FRET . ERBUEUK 1 R 3 B AR AR (] D e
M, WA RBEZES . £ Lmol1903 2 541K
FEHUH B T 3 1 AR

3 W54 ®

AW R R E AR T
Imol1903 I FERBICHE | [FIAME, PA S Lmo1903
H & R IB W AR A S A 1, i

0.25 mmol/L Cd**

10 mmol/L H,0,

10" 1

8 EGD-e. Almo1903 #1 CAlmo1903 3$AEF. BT BFFAXNE 7K B9 R 52460

Figure 8
concentrations of Cu2+, Cd2+, diamide and H,0,.

Oxidative resistance of wild-type EGD-e, Almol903 and CAlmol903 mutant to different
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IR IR X Lmo1903 2 [ A3 I g 2 0 M AT T
oM, ERIE T RAEMAEAEK . B8, Eh.
PP AT A ¥ Thae . 2SR BoR,
Lmo1903 J& T Fid KM, HALM
B CXiXoC iy, T2 TAiMmt, Mt
I B AR A AR IR S A, T DA AR R
SR, HA B M (ER AR S
EFE, W 30 umol/L AY Lmo1903 & [
it 1 i AL RCR AR T B2 10 pmol/L ()
Lmo1903 & [, #EW AT AEZ H T Lmo1903 & 11
VA 358 0 38— 5 R B 2 0 ) 2 A A AR
PEXE L. R, A CX XoC B g i
GAPRYRHE S SR B VA T RS W, R B
RIRRAZ N2 Z R 5, HAERIR S =& 5 iR
J1 % Lmol903 5% #% & 11 W # P& AL, RV
Lmo1903 {3 J i 6 M 52 B 5 CX,XoC 5
e o FRATT LA T 500 e A ) B 2 R XA o iR A T
wric, ] HyO, Fil DTT XFFE S F 5 A [ AL FE
ffi FH Lmo1903 Hi & fE Ky —HT 1T Western
blotting 44T, [FIAFIEN] Lmol1903 (1)} bk &z
I F IR JFOR A (R AR R X ey R
Lmo1903 H.A5 i Jt i i 4 .

ARSI AR LY, 5 Lmo1903 [A]J&
i E A B R W) Grx . TrxA . yjbH LI}
Lmo1609 &5 3P 1y il SR &R /s 1 X 4 14752 5
REJTHYSE I o S5 G AT Imo1903 B K [R]FE
54N TR ShBE TS, 2B o AU B S A
PRI B L 22 1) — a2 B R 110 B A A TR
B A A F B PR [ F MogR Fl GmaR f#:
WY ik, TP E R PCR J7 ik A
Lmo1903 /& A& 5 §ff B iz Sh A B A5 5. 45
RN, Imo1903 FEHERK G gamR B %% 5% K-
WA MR R E T, GamR & —FhEE st A
+, AP G AT HI I MogR, i
Ja 8 TR s B AH I R 5 5, B ECIE
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