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Abstract: [Objective] To investigate the biological roles of the disulfide bond formation
protein DsbG in the acid tolerance and flagella-mediated motility of Listeria monocytogenes by
constructing the dsbG-deleted and complemented strains. [Methods] The dsbG-deleted and
complemented strains were constructed via the homologous recombination method. The growth
and survival rates of the strains in the media at different pH gradients were analyzed. The
transcriptional levels of the genes involved in acid tolerance were determined by real-time
quantitative PCR and compared between the wild-type and mutant strains exposed to acid
stress. The motility, transcriptional levels of flagella-associated genes, and flagellar
morphology were compared between wild-type and mutant strains by semi-solid culture,
real-time quantitative PCR, and transmission electron microscopy, respectively. [Results] The
deletion of dsbG did not affect the growth of the bacteria in a medium with neutral pH.
However, it significantly reduced the survival rate of bacteria in the media with hydrochloric
acid and citric acid (pH 3.5). It down-regulated the transcriptional levels of the genes (argD
and argF) in the arginine pathway by 2.4 and 3.7 times, respectively. Moreover, the lack of
dsbG impaired the flagellum formation and bacterial motility and down-regulated the
transcriptional levels of flagella-associated genes flad, flgB, and flgD by 29.7, 6.7, and 6.9
times, respectively, compared with the wild-type strain. [Conclusion] This study for the first
time, demonstrated that DsbG could sense low pH stress, play a role in the development of acid
tolerance, and more importantly, contribute to the flagella-mediated motility of L.
monocytogenes via regulating the transcription of flagella-associated genes. This study helps to
understand the roles of the disulfide bond formation protein family in the environmental
adaptation of L. monocytogenes and provides a theoretical basis for the prevention and control
of foodborne pathogens.
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O U M XSG A A B R I (Listeria
monocytogenes), TEFRPIGBEIIRERE, E—ME
SRRV A, AR T 2 MR
il eGSR . BE NS RIE R EON 1T
A A5 B R S AT ARG R B AR R g Y R
PR RGN E MG, S SEENRR
R, I R b FR BRI R R IURE . i AR 4% LA
LA LG B S IR, T E ] R EUE
T, FETTRE A 20%-30%7,

B 2 R T R A AR R A PR 3 P, T LA
fLPTE Al . BIEE . RS IR . A0 R A
B s ) A A R . EAIC pH S5 F, BR
BRI T PRI T L1 SR
R ER | B8 IR A U A SR, R i A i
JI T T O B AR TR TR I N R U 2
PR AN TR R T, 51 S R A AR XU . HEB RO
h R A TR I R TR R T A
2 R AR AT 1 I R DG 2 1) 2 A AR B A
st rh, B A4 2 1 FIiE  FliG  FIiM  F1iH |
FIR 45121, SB 254 o3 1 2685 58 BUAE W
AR A G B I, T A Ry
TR ML AN B P A A1) T X HZ R B4

0T AT LU RS 25 1) AL e R R S B i &
g8, NOTARSNFIA N Z R A, TSR
4 18 25 [ (thioredoxin, Trx) R4 . &AL EH
(glutaredoxin, Grx) &4t LL N —Hi TP s A K
J#% (disulfide bond formation protein, Dsb)!"*!, H i
BRI C OB 5 Trx REEH Grx BRS¢,
[P B ORISR -4 & Do Yt ik 2. o T 1 =)
AN AP EE B OY A A S B Sk A=Al
GSSG/GSH Z [aJ A7 3 bk/ Bt Y T i 52 ik,
NIOR YAk - S W5 e S - NI U = 2
WU T Dsb B AL R A AL, X A0 R
H BT S B OCE S, MG EER | il
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DH50 il Rosetta, #1735 B0k pET-30a. i
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Ik,
1.2 EERF

BHI 1555 5L0 F Oxoid /Al ; LB 537 5EA0
R RNA $BGAR &M A4 TAY TR
) ey A BR 2wl 3 KOD plus Neo PCR iff
Ligation high Ver.2.0 4 § TOYOBO A #; FRifl
PERZER I DI . ok P $ U & BCA 21
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Table 1

Primers used in this study

Primers

Sequences (5'—3")

AdsbG-up-BamH 1 -fwd
AdsbG-up-rev
AdsbG-down-fwd
AdsbG-HindllI-down-rev
CAdsbG_Py,-Nco 1 -fwd
CAdsbG_Pheip-BamH T -rev
CAdsbG P uve-up-Sacl-fwd
CAdsbG_Puve-up-rev
CAdsbG_P,ive-down-fwd
CAdsbG P uive-down-BamH [ -rev
M13-fwd

M13-rev

AdsbG-a-front
gmaR-RT-fwd
gmaR-RT-rev
mogR-RT-fwd
mogR-RT-rev
motB-RT-fwd
motB-RT-rev

fliR-RT-fwd

fliR-RT-rev

fliP-RT-fwd

fliP-RT-rev

fliG-RT-fwd

fliG-RT-rev

fliH-RT-fwd

fliH-RT-rev

fliD-RT-fwd

fliD-RT-rev

flil-RT-fwd

flil-RT-rev

fliF-RT-fwd

fliF-RT-rev

flgB-RT-fwd

flgB-RT-rev

flgC-RT-fwd

flgC-RT-rev

flgD-RT-fwd

flgD-RT-rev

flgE-RT-fwd

flgE-RT-rev

flgG-RT-fwd

flgG-RT-rev

flgK-RT-fwd

flgK-RT-rev

flgL-RT-fwd

flgL-RT-rev

TTGGGATCCAAGTGAAAGAAGCATACGGTTTAGA
CATCATCAAGTAGCGAACGTAACTCTACTTCTGCTTTAATTTGACTAATATCCA
TTAAAGCAGAAGTAGAGTTACGTTCGCTACTTGATGATGAATTAGCTAAATA
TTCAAGCTTTCATCTTCTTCAGAGAGCGCCGTCA
CATGCATGGATATTAGTCAAATTAAAGCA
CGCGGATCCTTAGGCGTAGTCCGGCACGT
GCGAGCTCAGTTATGTACTACCAATCTTCTTCTGTTTT
TGACTAATATCCATATGCGTCTCCTCCTCATCAA
GGAGGAGACGCATATGGATATTAGTCAAATTAAAGCAGAAGTAGT
CGGGATCCTTATTTAGCTAATTCATCATCAAGTAGCGAACG
GTTTCCCAGTCACGAC
AGCGGATAACAATTTTCACACAGGA
ATCAAATTATTACGCTTGGCACCATG
AGCAAGTTCCATCAACCAAAAG
GTTGAGTTGTCATCGAAAGTAAGC
TCGGAATATCTTCTACTTGGA
TCTGAAATGCTCAGCCTAAA
AAGCGTCGCAAGAAACCG
GAGGCAAACAGAACGATAAATAGAG
GAACATTCCGAACAGTGTCAAGG
AGCGTCGTAATACCAGAAACATCCA
TACGGTTCTTTCTTTGTCTGCA
CCAAGACCCTGCCTCGTTA
CGCTTATTATTTGGAGCCTTGA
CGCCGTCCATTTCTTTCATT
ACGTCACCACCCACCCAGAA
CGCCGTAATCCAGTCGCATAT
AAGGTGATTCGGCTGTTCTCG
CACGCCTGGGATGTAGTTGG
CGTAACGCCAAAGCAGACAT
TCCGAGGTAGCAGCAACAAT
TCACCATCATGCCTATCCAGTT
GATGACGGCGAAGAGTAAACC
TTTGCGAGCATCCGGTCAG
GTTTCGTCTATGTCGGTTCCAG
ACAAGCGGCTCTGCGTTAA
GGCGTGATTTCGGATAGGAC
ATTAGTAGTTTATCAGGAGCGAGTCAG
AGTCATCTTTGCCAAGGGTTT
GCCAATGCCAACACGACA
CGAACCGGAACCGAAACT
CCAGTTTCATTCCGATCAGTTT
TTGAATCGCTTCTCCAGTCG
TTACGGTGACGGTGGTCTACTTG
GCGGATTGTTTGGCGATTT
TTCGGTTGTCCCGTTATAGATG
TAACTCAGAAGACGATGGCAGAT

(F52%)
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(E= 3

Primers

Sequences (5'—3")

Imo0708-RT-fwd
Imo0708-RT-rev
flhB-RT-fwd
flhB-RT-rev
fliM-RT-fwd
fliM-RT-rev
flaA-RT-fwd
flaA-RT-rev
rpoB-RT-fwd
rpoB-RT-rev
sigB-RT-fwd
sigB-RT-rev
sigH-RT-fwd
sigH-RT-rev
gadD1-RT-fwd
gadD1-RT-rev
gadD2-RT-fwd
gadD2-RT-rev
gadD3-RT-fwd
gadD3-RT-rev
gadT1-RT-fwd
gadTI-RT-rev
gadT2-RT-fwd
gadT2-RT-rev
argR-RT-fwd
argR-RT-rev
arcA-RT-fwd
arcA-RT-rev
arcB-RT-fwd
arcB-RT-rev
arcD-RT-fwd
arcD-RT-rev
arcC-RT-fwd
arcC-RT-rev
argB-RT-fwd
argB-RT-rev
argS-RT-fwd
argS-RT-rev
argC-RT-fwd
argC-RT-rev
argH-RT-fwd
argH-RT-rev
argD-RT-fwd
argD -RT-rev
argF-RT-fwd
argF-RT-rev
argG-RT-fwd
argG-RT-rev

TGAACAAATTCGCCAAATGC
TGTTTCATCACTCCCTCGTAGC
GAGGTCGTGAAAGCGTTATTGT
CGGTGTAACTAATGAGCGTATCTAA
CACTCAAAGGCTATGTCACCG
TGCTCTGTCCGCCCTGTAT
CTTGATGACGCTGCTGGTCT
AGCTGAATCCGCTGTTTGTA
CTACACTTAGGTATGGCTGCTCG
GGCTTCTTCCACTGTGCTCC
TATTTGGATTGCCGCTTACC
TTCGGGCGATGGACTCTAC
GGCTGAGGATGATGTGGACTG
CGCTTGTGACTTGTTCTAGTTGAC
ATCGACTTGACCGAGAAGATGC
CTTGTTCAGAAACAGCCTTATCCA
ATGGATAAAGAGCACATGCAACTC
ATACCGAGGATGCCGACCA
TAGTGAAGACGACAAGCGAAAA
AGTTGATAAGCAATGCGAGGTT
TTTTATTCGCTCCGGCAGAC
CGTCCCTATCATCGCTTTTCT
GGGAAATACACTCGGGGAACG
GAGTGCGGGAAAATCAAATACATAG
CCGATAATAGTTTCAACCCACATC
TGCACCAACCGAGTTTCCAT
CTAGAAGGCGAGAGTCAATA
ACGGTCTCTTCATTCAGAA
ATTGACACGCAAGAAGATT
ATTATCGGCAGGTAGACTAT
CCGAAGAAGAGCGAATGA
TATGGAGCATCAAGCACTT
GGACAACCTATGATGATGAAG
TTCTACAAACAATACCGCTAAA
CAACCTGATGCTACAACAA
TTAATGAAACCGCTACTTTATCTA
TGGAAGCAGATAGGTTAAGT
GCCAATCGTGTTCACTATT
ACCGTATTGTCCGTTACT
GTGCTGTCTTAATAAGTGCTA
CGAATCCAACCAGAGAATG
ATCAATCACAGAAACGATAGTAAT
ATCAAGTTGCGACAGACA
GAGCGTGTTGTAAATGTGTA
GGAGGGTTTCTGATAGGTAT
AAGATTCGTAGCACATTCG
GCCTGATTACCACTTCTTAC
CCTATTTCCCGCTTGTTG

The restriction enzyme sites are underlined.

<l actamicro@im.ac.cn, & 010-64807516
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1.4 dsbG TRIHRE R BRI B E A 5 ik

M NCBI R 8L dshG R Horiffe 3t
5 AFEHFFS, 4] Snapgene BFLETF L SEHE
N R 43 535 T H 519 AdsbG-up-BamH  1-fwd/
AdsbG-up-rev F AdsbG-down-fwd/AdsbG-Hind II1-
down-rev, DABMGZHTRFEPRMER L EGD-e B
ZH(GenBank %%%- NC_003210.1) At , § 4

BEPASEA B, WEE pKSVT #Hilk, FAGEH
Bk pSLO21 (] 1), Z80 7 IEAf J5 Ak 2 DHSa H.
1.5 dsbG [EI4MKE2H By B2 Fn ik
EXF dsbG FERI ARG 9 CAdsbG P
Nco | -fwd Fl CAdsbG_Pjep-BamH 1 -rev. 9 3415
I H W R B AU VI 5 7% e 28 A R[] Rh TR
pIMK2, #A53 E4L 5k pSL074 (& 2), & )F56

R, fiEid Overlap PCR ikisdZFIE  WEIER 55416 % DHSa .
BamH 1
Hind 111 ’
pSLO21
8 000 bp
1
Insert | Replace Flip and insert
Fragment | Hind 111 (7 045) — BamH 1 (2) BamH 1 (4) — Hind 111 (961)
BamH 1 Hind 111
Hind I BamH 1

Up homoarm |

969 bp

Down homoarm
pSLO021 overlap fragment

Overlap
Extension
PCR

1...548

pKSV7
7073 bp

Fragment 1
548 bp

PCR |AdsbG-up-BamH I-fwd
AdsbG-up-rev

e —
1084 855

[Amplify 1085616 ...

]
Imol056 | | Imol061 |

Imol057 dsbG

dsbG gemomic region

5950 bp

1 dsbG TREFVRELRFA pSL021 BIFIIEERE
Figure 1

Overlap and amplify

1 548

Imo1062

Overlap and amplify
1...460

T 0

Fragment 2
460 bp

1 086 130 using: Amplify 1 086 591 ... 1 087 028 using:
PCR |AdsbG-down-fwd

AdsbG-down-Hind Ill-rev
——
1 08‘855
{
| Imol061 |
Imol1062

Imol056 |
Imol1057 dsbG

dsbG gemomic region
5950 bp

Construction strategy of the recombinant plasmid pSL021 for dsbG gene deletion.

http://journals.im.ac.cn/actamicrocn
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M1 pIMK2 5ok A S5l 1 35 TR 3 1
help (Prer), 75 JEF| 235200 [ #h H 1 7F 91 7E R A
H R AHL sk KF, i Softberry AEH A 5+
wi(linux 1.softberry.com) il dsb G KA 45N F-1X

WIER PG 8+ RS Fiit5 %) CAdsbG
Paive-uip-Sacl-twd/CAdsb G P,ye-up-rev. CAdsbG

P RKIR)E B+ H1 dsbG FHEIH B, i@ 1 Overlap
PCR FiLiE#PAH R B, lEE pIMK2 %
1k, PRI TR pSL1979 (& 3), FEL&iFIE
A%k 2 DHSo H
1.6  dsbG TR FRFNE] Mk B+ 3 F0iF &

¥ dshbG BURREEA TR pSLO21 HLEEZ

P,uive-down-fwd/CAdsbG P, i-down-BamHI-rev , EGD-e &322, il iR E &S R Prr N E v
BamH 1
pSLO074
6 488 bp
A
Insert
Fragment Replace Insert
Nco 1 (5947) — BamH 1 (5 957) Nco 1(5) — BamH 1 (542)
Nco 1 BamH 1

Neo T BamH 1

pIMK2
5961 bp

dsbG PCR fragment
549 bp

Amplify 1 086 100 ... 1 086 630 using:
CAdsbG_Prep-Nco 1-fwd
CAdsbG_Preip-BamH I-rev

PCR

T 11086 630

» )

Imo1056 | | Imol061 ‘
Imol1057 dsbG Imol1062

dsbG gemomic region
5950 bp

B 2 dshG T RIALHERELRFR pSLO74 FIFIE KR

Figure 2
complementation.

<l actamicro@im.ac.cn, 010-64807516

Construction strategy of the recombinant plasmid pSL074 for dsbG overexpression



XUMNIESE | WA P4, 2023, 63(2)

707

BamH 1 |

pSL1979
6 488 bp
lnserTT
Fragment | Replace Flip and insert
BamH 1 (0) —Sac 1 (214) Sac 1 (7) — BamH 1 (740)
Sac 1 SL‘IC I BchH I
Pl dsvG 4

Regulatory region

pSL1979 overlap fragment

747 bp
OverlapT
Extension | Overlap and amplify Overlap and amplify
PCR |1 ..222 1...552
1 222 1 552
P [ dihG
Fragment 1 Fragment 2
222 bp 552 bp
Amplify 1 084 653 ... 1 084 855 using: Amplify 1 086 100 ... 1 086 630 using:
PCR |CAdsbG Praive-up-Sac 1-twd PCR | CAdsbG Pyive-down-twd
CAdsbG Puive-up-rev CAdsbG Pyive-down-BamH I-rev
"'1 084 855 " 1086 630
|
Imol1056 | | Imol061 | Imol056 | | Imol061 |

Imo1057 dsbG

dsbG gemomic region

5950 bp

3 dsbG RIREIMEKEL R pSL1979 HIHE ERF

Imol062

Imol1057 dsbG  Imol062

dsbG gemomic region
5950 bp

Figure 3 Construction strategy of the recombinant plasmid pSL1979 for dsbG natural complementation.

PRy A7 R U A s PR R A, R E A S
AdsbG-afront/AdsbG-HindIll-down-rev % i & H
P E A e FEVE T PCR B0UF, 4y Rk,

P e % B 3 R 4 O O AR A S A5 #
AdsbG KMk . TE dsbG B FFAE EE B LI (1) S i
I, wil5E AdshG A, BT dsbG 1Al
MR E LR pSLO74 Fl pSL1979 ZrhilHi i &

AdsbG B2, @it Pk P T PCR K
TEARAS BHM: e, e &M 5 B0 F S R Y 1) 45 93
WIAHFF S5 15 8] dsbG I #h ¥k CAdsbG-Pyey, I
CAdsbG-P,ieo
1.7 Western blotting I&F dshbG TR PRFD
EIEIN S

$E L EGD-e . AdsbG . CAdsbG P,y Fll

http://journals.im.ac.cn/actamicrocn
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CAdsbG Py, & W E I E i, BT E
17 SDS-PAGE. #HEM¥EI%E PVDF & E, H
S% MM AE A- W= IR EHA 1 h; 43 B1JiA DsbG £
POl TAEY TRE(E#) RO A IRA A N2
GAPDH ZH4t [ LA WHE AR B A R AT, =
HEIFE 1 h; DA HRP FRICHFHi%R 1gG [EFR
HEYHEARBHNABRAA]], EiRFEF 1 h; #O6
IR, 22 BRI IR A 45 2R
1.8 S KpZaE

37 Cil ¥ ¥ 15 5% EGD-e . AdsbG .
CAdsbG _Puive 1 CAdsbG Py, BFE, JHTT ODgoo
0.6, EIGHBRFRE 100 55, T 37 CH
VG, BN 1 h KRR, LR 12 h IF4:
Ml R M2 . [FIREET T 6 h BB S BR, R BT
FERRRZE 107, SMRE BHI Bk, BF
37 ClERARE R, MEAEKEN
1.9 BRI 2R 46

37 Cil ¥k ¥ 15 5% EGD-e . AdsbG .
CAdsbG_Pyive F1 CAdsbG Py, BHE, VT ODsgoo
0.6, 1:50 FH: 2 WiscRLF pH ifRYE BHI 85
FRIEP(HERER HA . LR AA FIFFIETR CA %
BHI ) pH % 4.5, 5.5 F1 6.5), It &TF 96 LAk
T 37 CEFERFE 14 h, & 1 h KIS
ODy, F| il Excel &% GraphPad Prism 8 #X {4117
Bdls o pr
1.10 BRRHfFIESLLE

37 Cil ¥ ¥ 15 5% EGD-e . AdsbG .
CAdsbG P uive 1 CAdsbG Py, BFE, T ODgoo
0.6, 1:50 ¥ Z S LF pH FIERTE BHI 55
FEHR P (HA . AA fll CA % BHI £ pH 3.5),
37 CHPERSR 1 h Ja WIBOUAS AR R B2 1 B At
M, 37 CRiz% 16 h e vEfranEit 5. A
GraphPad Prism 8 #4254 1404 707
1.11 &M EEhELie

il £ 0.25% Agar. 2% NaCl fl 1.5%

<l actamicro@im.ac.cn, & 010-64807516

Tryptone [FF A IR, Wil %5551 EGD-e
AdsbG . CAdsbG_Pyive Fl CAdsbG_Pheip HITHHE I
ODsoo TZE 0.6, FHICTR 1) 2 25l Ui i AT 2
e 2T AR g, 4050 37 CHI30 C
EREREFE, 1624 h, 48 h G WA EizshiE, F
H GraphPad Prism 8 #4478 734
1.12 IMNBERSUE

¥ EGD-e . AdsbG . CAdsbG Pume Hl
CAdsbG_Pje;, WK HIXI 2T BHI [ 1ASE 57 5L
30 CEHERFE 16 h, B FIBHF 75T 10 mmol/L
PBS, #ZMEPEZ, 5000 r/min .0 5 min I
SRR B REGRIB A 2.5% 5 RV T I8 22
TR, SRAERE D BARWTH)AT R A JEATHEE
YL 0375 I LR LS
1.13 REEE PCR FEKMN EGD-e,
AdsbG THER R K $E E B E 5 R KT

AT B RNA Psth il &4 TR
Wy T AR () ey A B2 w1 143 501l 4 HRUBOBE 1R
WA T 30 CEfrE 3R 551 EGD-e. AdshG
)4 RNA, SRR SIMN ) cDNA. T ER )
PORHE BB A DGR DO E 7 PCR B LK 1,
EESKSEAE A A FH 2724 J5 943 #r , Bl GraphPad
Prism 8 BRAFXF Fr A5 B3 4 1 AR B Hr

2 BER540

2.1 HIEE dsbG EREFRFNE 1Mk

LL EGD-e KEDKIZH Asit 43 4" 38 oK/ A
514 bp 1 L iEIRI G (] 4A, B19KIE 1)1 437 bp
B A U5 (] 4A, TKGE 2), SRR Overlap
PCR #"34 H K/NA 965 bp #9 H B B 4C,
VKi 1); £ PCR BiE AT Huxt, FBH i3k
128 dshbG 4L TR pSLO21, [FAE LA EGD-e
FERZH TR 43 3 HE K 2R 221 bp dsbG )i
B XI(E 4B, 3kiE 1)1 551 bp HAYFEHE F
Bt(Kl 4B, ¥KiB 2), #RJ5i# 1 Overlap PCR ¥
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HR/NR 745 bp W H B R BL(E 4C, TKIE 2),
Z& PCR B UFFIIN 3 X, 2 RIS R AR [T 4 2]
JECRE pSL1979 4455 4 CAdsbG _Pj,,-Neol-fwd
CAdsbG_Pjp-BamHl-rev {3 K /NA 565 bp 1Y
HE R Be(® 4D, K& 1), #47 PCR Bk A0
FE LR, HOXT S5 R R, FRWIIRIG F 0k Bl &
20 JFRE pSLO74.

I FH ) 05 4 B B AL dsb G Bl R AR AT LR B
¥R, 30 CELERE, F51¥ AdsbG-a-front/
AdsbG-HindllI-down-rev § MW IGF, &tk dsbG
Jii, PCR FBEK/INA 957 bp (K 4E, ¥kl 1. 2),
1ML EGD-e 1A BT REY™ 38 (1) F By K /N oAy
1 412 bp B BL(E 4E, TKiE PC); 27K
GEIRIEHG, R dsbG BLISKRANEERL LD, M4

4  dsbG TRISHRFNE MR A A FNEIE

AdsbG . i it 51 ¥ CAdsbG_Pje-Neol-fwd |
CAdsbG_Pjej-BamHI-rev 414 12 25 [AUAM H 1 50
F&, PCR B K/NA 565 bp (& 4F, Kif 1),
PRI B0 E, WP LSRR, R dsbG
1 RIB EFMATY NS, 444 CAdsbG_Phepyo
PAG ¥ CAdsbG P, uie-up-Sacl-fwd Fll CAdsbG Pyive
down-BamHI-rev § 1 dsbG 13 FikFHTETERE, ¥
=R /NR 1978 bp (& 4F, YkiE 2), H UL
PRIEIN T, Z5RIERH, R dsbG KR BIAMAAL
BN, 540 CAdsbG_P e Western blotting
Ko 25 8 B /S B9 A= #k EGD-e. [l4bk CAdshG
Py 1 CAdsbG_Puive ' DsbG FRIBIKV-TC %
%5, AdsbG ' DsbG AEIK(E 4G), EH dsbG
MR R B MR A 1

bp
2000

1000
750

500

250
100

Gg \\L‘we GR w?
©° baS“G UM

GAPDH

Anti-DsbG

Figure 4 Verification of the AdsbG, CAdsbG P4 and CAdsbG_Pj.;, by PCR. A: Lane 1 and 2 are the
up/downstream homologous arm PCR bands of dsbG respectively. B: Lane 1 is the natural promoter of dsbG,
and lane 2 is the dsbG gene fragment. C: Lane 1 is up/down homologous arm overlap PCR band; Lane 2 is
dsbG natural promoter and dsbG gene fragment overlap PCR band. D: Lane 1 is dsbG gene fragment. E: Lane 1
and 2 are the PCR verification of AdsbG strains. F: Lane 1 is the CAdsbG_P,, strain verification; Lane 2 is the
CAdsbG P,y strain validation. G: Western blotting analysis of DsbG protein expression levels in wild-type,
dsbG deletion and complement strains. M: DL 2000 DNA marker; PC: Positive control.
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2.2 dsbG BRAEAFMERAINE K BE

Kl 5 & EGD-e. AdshbG. CAdsbG P,
CAdsbG P, 1E 37 CEEFRBIIE K AhL . 255
RIL dsbG [R1 %Mk BRI (i 41 P 1) A= K< RE 19 52 3|
HPEMR EGD-e /K, [HBFEE dsbG 5 HFHE R
EGD-e AR BH—F(E 5A), T ABRIEH
dsbG A0 BN AT R A AR R, XHAE K
6 h IRV TH RE AR, K IMAdshbG 5 EGD-e
TE[F—BT AR CFU AR (B 5B), 453k
Wt R B [K] dsb G N5 Wi BASG Z= JrRe BRAAC AP AR
i
2.3 dshG TR RIETETFEEBLEL K
BT EEBE SIS

PSR EGD-e . AdshbG . CAdshG P e
I CAdsbG Py, 7 pH 6.5, pH 5.5, pH 4.5 MR
BN T AR &kl 6 s, 55 A
HA (K 6A). AA (Kl 6B). CA (& 6C)i% BHI %
FIE, AdsbG 5 EGD-e AL, BIMASHRRRR
T AA N AU, X HA FBURFERE S CA
MY, ARl T8 450K, iy
AW B B BE N dsbG 1E LR HA . CA FiIfg
LR AA BBSRIF T AERKRE I TR E 2R

1.6 -
12 |
S 08 F
S
-8 AdsbG
04 —h— CAdSbG?Pmn‘iw
¥ CAdsbG_P,,,
0.0 s & 15 T

0 2 4 6 8 10 12
t/h

76 pH 3.5 1) HA. AA Fil CA BBEEMT,
60 min Ji5 K A0 & AT E, SRANE 7 fs, R
IR X AA B DA RE ) 4555 , A0
WRAEE s R R B, 76 pH 3.5 1) HA I CA i
T, AdsbG B BUOFCAF I A 85 % T B AR bk
(P<0.05), FAHEM dshG ZHBRBEAY, 5
PR PRI IO AH G o
2.4 dshG TRIRFFBIBFHFEIRIY Z EE
¥R

N Tk 20 TR ST B IR I AR A kR
dsbG F& MM PR TN 52 KL PR e 5k, i e ¢
ot w5 E R AR A R R W (glutamate
decarboxylase, GAD) R G gadD1I | gadD?2 .
gadD3 . gadTI M gadT2, &% 2 i %4 i (arginine
deiminase, ADI)Z Fukh 2 B2 70 i A Qi ig 42 ) 3
arcA. arcB. arcC. arcD Fl argR, FERARE
BIRAE R argB . argC. argD. argH. argG. argF
1 argS, NIRRT sigB F1 sigH &R #1758
T GRER, TEERTE BHI (CA /% % pH
3.5 1h )5, AdsbG YW argB. argD. argH .
argF 1 argS ik & N, o B[ argD il argF
SRR 2.4 F103.7 £5(F 8).

EGD-e
AdsbG
CAdS bG_Pnan’ve

CAdsbG P,

Dilution ratio 10! 10°

5 EGD-e\ dsbG SRAEFRR BIAMERRIE KB (A)FNE R HRE 2 (B)
Figure 5 Growth curves of EGD-e, dsbG deletion and complement strains in BHI medium (A) and plate
culture after 6 h growth in liquid medium (B). Data are expressed as means=SD of three independent

experiments.
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A HA pH 6.5 HA pH 5.5 HA pH 4.5
1.5 r 1.5 ¢ 0.5 —e EGD-e
0.4 - AdsbG
: " |-~ CAdsbG P,,,.,
§ 1.0 _ '0 B 03 ~ CAdSbG7P/1el[)
S
0.5 05 + 02T
0.1 +
0.0 : : ' 1 0.0 ' L L 1 0.0 - eeetsesesssssse3
0 4 8 12 16 0 4 8 12 16 0 4 8 12 16
t/h t/h t/h
B AA pH 6.5 AA pH 5.5 AA pH4.5
1.5 1.5 0.5 —e-EGD-e
0.4 |- AdsbG
" |-a- CAdsbG P,
1.0 - 03 |-¥ CAdsbG P,
02
0.5 -
0.1 -
0.0 L L I 0.0 n-a--0-0-2-0-0-0-0-0-0-0-0-0-8-§
0 4 8 12 16 0 4 8 12 16
t/h t/h
CAPpHS5.5 CApH 4.5
1.5 0.5 ~e- EGD-¢
0.4 - AdsbG
" |-~ CAdsbG P

native

0.3 ¥ CAdsbG P

help

02}
0.1 |-
. . 1 I . L L L | OOW
0 4 8 12 16 0 4 8 12 16 0 4 8 12 16
t/h t/h t/h

6 EF4HK EGD-e. dshG TR #R KX EI4MAK7E pH 6.5. pH 5.5 1 pH 4.5 B HA (A). AA (B)#1 CA (C)

Y E K EEER

Figure 6 Changes in growth capacity of EGD-e and dsbG deletion and complement strains under stress in HA
(A), AA (B) and CA (C) at pH 6.5, pH 5.5 and pH 4.5. Data are expressed as means+SD of three independent

experiments.

2.5 dshG EREK[E B IEAHTEE R IME B e
JIFNEEE T Y BE J1R 55

W & EGD-e . AdsbG . CAdsbG P Hl
CAdsbG Py, £ 37 “CHI1 30 CH}HIASNE FhRE
NEERME TR (E 9A. 9B). £ 30 CHKAMFT,
TIE RIS 24 h b2 48 h, AdsbG (izEhES
EGD-e. [Al#Mk CAdsbG_Pae FHL BAR i 575

/NP<0.05, B 9C). MKiFA&MHN 37 CHE, K
Ko Bz sh k(K 9B, 9D), 45 H A g JL A
dsbG HIGA IR RSN S Bhae ks . BT
1 F IR EAME T CAdSDG Py, BIEE 537K -0 755
FHF AR, AN E P dshbG 1361832 31 5
1o K T R AL S R 0 A1 TR RS A 1) 4R Ak D
A5 T T 55 M 2 T ) A 2 D B
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60 min acid stress

S — EGD-e
e = AdsbG
g = CAdsbG-P, ..
= == CAdsbG-Phdﬂ
=
2
2
)
A ND
AA

7 FFHEHK EGD-e. dsbG R HE R E 4K pH
3.5 ) HA\ AA 1 CA IR THREFIERE IR
>4

Figure 7 Comparison of survivability of EGD-e,
dsbG deletion and complement strains under HA, AA
and CA stress of pH 3.5. ND: Not detectable; *:
P<0.05.

A 30 C
EGD-e AdsbG CAdsbG P

CAdsbG P

native

help

Stress in pH 3.5 BHI for 1 h
[ == qRT-PCR

[}

N
T

w
T

\]
T

—
1
H

Fold change (EGD-e/AdsbG)

0

LR T ER T
YUY
8 dsbG TRISIEFMN BIBFHTFFEBLNT A H
HIRE R

Figure 8 Effects of dsbG on transcriptional changes
of the acid tolerance genes. Data are expressed as

means+SD of three independent experiments.

B 37 C
EGD-e AdsbG ~ CAdsbG P, CAdsbG P,

Ip

C Swimming size 30 'C
50 rem= EGD-e L

AdsbG
40 | =Y CAdSbG_anive
== CAdsbG P,

I A
20 -

Swimmingsize (mm)

—
o
T

24 h 48 h

D Swimming size 37 ‘C
10 fe= EGD-e

AdsbG

g [== CAdshG P

m=m CAdshG P

native

help

Swimmingsize (mm)

9 BF4EHKk EGD-e. dshG TR KR EIXMRTE 30 T (A 1 C)FA 37 C (B # D)EH THBEEE N F
Figure 9 Motility assay of the EGD-e, dsbG deletion and complement strains at 30 ‘C (A and C) and 37 C (B

and D). *: P<0.05; **: P<0.01; ***: P<0.001.

T8 35 S 8O 5 T PCR 7 EHFSE dsb G itk
Ja MR A R Rk m AN, g5 WE 10A
iR Bk dsbG FER )5, T 34T 28 1 3L 1A
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A log, (EGD-¢/AdsbG) (30 ‘C BHI)

6 [ e— qRT-PCR

log, (fold change) (EGD-e/AdsbG)

T Pt ODO VLD LD DO TIPS PP dE D>
@\@@@@@@@@@@@@@&§@@®@®@
N\
B EGD-e AdsbG CAdsbG_P,, CAdshG ¥,
* |

‘ 1 pm { 1 pm
L e

> N

0.5 um

0.5 pm|

0.5 um

0. ‘).5 pm

Bl 10 dshG ERKFXTHEEME X E R R A MBEERSB)RIFNT
Figure 10 Effects of dsbG on transcriptional changes of the flagella-associated genes (A) and the flagella
morphology (B). Data are expressed as means£SD of three independent experiments.

B329.7 fi5); MiBREMEEAKLRE gmaR,

B IE R S N T mogR, #iTE ik 15k
motB Fl fliF 555 55K b Fb; e i A ]
flgG . fIgE R fliM 53K V-2 3R B3 . FIHE
ST A LR 30 CHKAMT EGD-e VU
K dsbG FRAEMRIHEBIEAS , 45 R WKl 10B i .
AdsbG R E FEI#ETE 5 EGD-e S CAdsbG _Puive

M LB, S5 RARI dsbG HIBRHEEIE
R L
3 WwhEE®

4 AT A AL, 5 0l

PE B AR, TR 2 AT N R T

e FE O 2R 55 (GAD Hl ADD B iE P2 A 5
1 dsbG SRR TR THALYE pH /Y HA Fil CA
WEi, dsbG BRRPRIAETE 2] WAL, Ry
ZHRR R ADI 48 0 0 R A gt 2 R (L 3
arcA Fl arcC)FIAE 2 IR G I K (R arg FE1R 4ifitd)
P A P A AR S DT IS N MY Ak B 4R Y AR
R34 PR A B RRME 2 1 R AE TG 2 . AR
FUESE, dsbG R I BRIGE A BT R DS 2 R 5 il
WIRIEEN argD Ml argF %5 5% K- F AL,
B DsbG AJ GEE 1 5 argD F1 argF &R 1 5%
FIREHAE ARG BN ADI R488, 2
A
B AR T

HATARR AP FAAEE ST, Al LA
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FERTEREY . MK pH (. IR . A LR 3O
GRS IS A RSN T IREE R
SRAEAER 20, 24 A B A R B N AR 3 S0 S
NPT, RGBSR, O I SR R
+ SigB #FATEE P, FEXPH IR AR
Y NPT R R, B A TR R 1
T — R PE N T SigH, 7EME pH 418 T %34
AR, SRMABE AR B OR, BRI A
PFF, 8K DsbG BRI ITRF R, A1
PR IR sigB/sigH FER 50535 N JH 1.4 70 1.6 4%,
ZRANRF, #R DsbG 5 SigB/SigH 1E L W 1
HANEETTE KRR, IR4 DsbG J& 155 5 HAb)Y
A 0 I BRI 52 SN, 2 LA ) R SR B o
SigB/SigH /&M AFTEIFE R, HARNE O o+
BURLE A RFIRAIRSE

21 T T A 1R8BS N S TR I 55
SRATF IS A LFA, 300 3 80 45 s e PR 3k LA i ) A
TS SRIEA , bk B Ay 3 2% T o) A3 R PR B A ) m] i 24
R A2 350, ARBFIEUESCAEMARSD 30 CEREE TR, Gk
PN dsbG 2 flgB | flad S5 #E G I N (55 5%,
B ATE R, I 2 dshG B R AR
TRKE R iz B B g 2 A/, R AMZ )R
WSS o AR R B R B dsbG I flad ikt
T 29.7 4%, A #E &3 FIhB ., FliM A1 FIiY
MU SRR EZ3, MHES 5 THES
BAGTET, TRIEHBLRIER 1B )5, #EEIEN flad
B E T, 78 30 T T, DegU 5
fliN-gmaR JE 3+ XIEEG, BGEIFRIE GmaR
FE, IS MogR 456, MHIHEERIERL, [
i DegU i idh % g e PR FE ML — 254757 FlaA
RRAEPY, Ak, fEHpb—seqnpgh, Kk
Dsb ZG5 1t IEH5 1 A i, b4 @i
EAEWH LTS, B DsbA Fil DsbB J5#f
T SHE B M 3 238 s g S0, AT
dsbG T fig /218 i) B AL B B 8 0 IR AT S
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