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Abstract: [Objective] Listeria monocytogenes 1is an important zoonotic foodborne
intracellular pathogen. Here, we aimed to explore the biological functions of cytochrome aa3
terminal oxidase subunit QoxB in L. monocytogenes during bacterial growth and infection.
[Methods] We constructed a goxB deletion mutant AgoxB based on the wild-type strain
EGD-e¢ via homologous recombination. The differences regarding bacterial growth and
intracellular infection were analyzed between the wild-type and the mutant strains. In
addition, changes in the transcription of flagella-associated genes induced by the deletion of
goxB were determined by real-time quantitative reverse-transcription PCR (qRT-PCR).
[Results] The deletion of goxB did not affect the bacterial growth ability in vitro. However,
the motility of AgoxB was significantly decreased compared with that of EGD-e. After
incubation at 30 ‘C for 24 h and 48 h, the diameter of motility halos of AgoxB decreased by
35.86% and 34.2%, respectively, compared with that of EGD-e. The expression abundance of
22 flagella-associated genes reduced significantly in AgoxB. Moreover, compared with
EGD-e, AgoxB showed significantly reduced abilities of cell adhesion, invasion, proliferation,
and intracellular spread. [Conclusion] We demonstrated for the first time that QoxB played a
critical role in the motility and infection of L. monocytogenes. The findings lay an important
basis for elucidating the role of cytochrome terminal oxidase in the pathogenesis of bacterial
pathogens.
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T PR A HTRR T goxB (BEH Imo0014)
AL ANt % aa3 AL L QoxB, QoxB i
heme a fil CuB 2 W% &)@ id M bty , 4 g
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1.1.1 &k, B EREZERS
AR S 2% AR EGD-e. Ahly . Kl
FE DHS5a AR BN EFR TR pKSV7, DL EJi
B AR B AR LIS E A . EGD-e I kT 42
AT 4= k0 3= WA 7 1 5% B (brain heart
infusion, BHI), DHS5a KR R T 755 F7 5
(Luria Bertani, LB) . AR5 BT 5 bR 5 35 544
37 CHRZ B 30 CHEE R IR . AT I 1%
AR A SR = i o W A T . AW
R Caco-2. /NREWEA RAW264.7 Fi
INFRURCET 4R 1L929, Caco-2 4HfiEEFH 10% 474
IML3% (FBS) 1640 175, RAW264.7 i Fl L929
A4 10% FBS DMEM ¥ 58, 78 37 C.
5% CO, MM FRA N F B IR . AR5
IR 1,



TLICHEE | fUE W24, 2023, 63(2)

659

*1 AMRFAERSY

Table 1 Primers used in this study

Primers

Sequences (5'—3")

pSL-2886-BamH I-fwd-a
pSL-2886-rev-b
pSL-2886-fwd-c
pSL-2886-Pst I-rev-d
pSL-2886-a-front
pSL-2886-In-fwd
pSL-2886-In-rev
pKSV7-M13-fwd
pKSV7-M13-rev
mogR-RT-fwd
mogR-RT-rev
gmaR-RT-fwd
gmaR-RT-rev
motB-RT-fwd
motB-RT-rev
fliF-RT-fwd
fliF-RT-rev
fliG-RT-fwd
fliG-RT-rev
fliM-RT-fwd
fliM-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
fliD-RT-fwd
fliD-RT-rev
fliE-RT-fwd
fliE-RT-rev
fliH-RT-fwd
fliH-RT-rev
flil-RT-fwd
flil-RT-rev
fliP-RT-fwd
fliP-RT-rev
fliQ-RT-fwd
fliQ-RT-rev
fliR-RT-fwd
fliR-RT-rev
flhA-RT-fwd
flhA-RT-rev
flhB-RT-fwd
flhB-RT-rev
flaA-RT-fwd
flaA-RT-rev

CGCGGATCCCAAAAATATGCGATGTCTGGCATGAC
CAGATTCCATGGGTTCTCATTCCATTTCATGCCTTATGTCCC
ATGAAATGGAATGAGAACCCATGGAATCTGTAGAAACAAA
AAAACTGCAGGCAAATAGACACCGGTGAAAATGAAAATCC
TGATTCCAGTTGCTATCGTTATTG
TCGAGGAAAAAATTATTCGGTTATCCGGC
AGCCATCACCTTGTACGTAAGTGTAAATAC
GCGATTAAGTTGGGTAACGCC
GCGGATAACAATTTCACACAGGA
TCTGAAATGCTCAGCCTAAA
TCGGAATATCTTCTACTTGGA
AGCAAGTTCCATCAACCAAAAG
GTTGAGTTGTCATCGAAAGTAAGC
AAGCGTCGCAAGAAACCG
GAGGCAAACAGAACGATAAATAGAG
TCACCATCATGCCTATCCAGTT
GATGACGGCGAAGAGTAAACC
CGCTTATTATTTGGAGCCTTGA
CGCCGTCCATTTCTTTCATT
CACTCAAAGGCTATGTCACCG
TGCTCTGTCCGCCCTGTAT
TTTGCGAGCATCCGGTCAG
GTTTCGTCTATGTCGGTTCCAG
ACAAGCGGCTCTGCGTTAA
GGCGTGATTTCGGATAGGAC
ATTAGTAGTTTATCAGGAGCGAGTCAG
AGTCATCTTTGCCAAGGGTTT
GCCAATGCCAACACGACA
CGAACCGGAACCGAAACT
CCAGTTTCATTCCGATCAGTTT
TTGAATCGCTTCTCCAGTCG
TTACGGTGACGGTGGTCTACTTG
GCGGATTGTTTGGCGATTT
TAACTCAGAAGACGATGGCAGAT
TTCGGTTGTCCCGTTATAGATG
AAGGTGATTCGGCTGTTCTCG
CACGCCTGGGATGTAGTTGG
ATGCAGCCAGCGTCTTACC
CTATCCAGCATTTGCGTGAAG
ACGTCACCACCCACCCAGAA
CGCCGTAATCCAGTCGCATAT
CGTAACGCCAAAGCAGACAT
TCCGAGGTAGCAGCAACAAT
TACGGTTCTTTCTTTGTCTGCA
CCAAGACCCTGCCTCGTTA
TGGTAGTGATTGTGGTTGCGATTT
ATCCACGGTCCAAGAATAAAGA
GAACATTCCGAACAGTGTCAAGG
AGCGTCGTAATACCAGAAACATCCA
CAGCGGAGGTAGCAGCAAGA
GGTTTCCATATTCAAGTAAGCACGT
GAGGTCGTGAAAGCGTTATTGT
CGGTGTAACTAATGAGCGTATCTAA
CTTGATGACGCTGCTGGTCT
AGCTGAATCCGCTGTTTGTA

The restriction sites are underlined.
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Al

KOD plus Neo PCR fif. Ligation high Ver.2
4% . SYBR qPCR mix fll Real-time PCR j¥i%%
kiR &, Toyobo ZAw]; FRHIMAZER NI,
NEB Al Bk Bl & 2L & PCR P #yalifl/
MR, E iR AR BRA R G4F 1
1% (fetal bovine serum, FBS). dulbecco’s modified
cagle 3557 54(DMEM) | Jikif(0.25% Trypsin-EDTA)
F1 roswell park memorial institute 1640 1%55FHE
(RPMI 1640)4 H Thermo Fisher Scientific; BHI
Figidk, OXOID A w]; LB 555k MA: U p &L
RNA fli#galifbiin &, A TAY TR Rig)Bhy
AFRZsH]; Trizol Reagent, Invitrogen 23],
1.2 qoxB EFE LM ERFRANAIEEFE
ElFR Sk AgoxB HIHEE

)P 5 48 2 0 R A R R M 5 AR L
pKSV7 #47 goxB KL K B AR ELH Bk pSL2886,
B AR AL 1 R, BT R IR 2 2 R A
L EERFILR LY, L EGD-e Mtk eK A
ZH(GenBank *#35:5 NC_003210.1) M4k, M
NCBI |- F#k goxB ZEH 741, FIF Snapgene #f4:
1E goxB | R4 %9 600 bp 435315 | 41(pSL2886-
BamH 1-fwd-a/pSL2886-rev-b F pSL2886-fwd-c/
pSL2886-rev-Pst 1-d). FFHHEZ PCR J5ik3k15[A]
IREZH B, BEVIGHEA pKSVT 8k, J545HE
A R BOR I Y 56 I 3R A 1 20 5k
pSL2886. #f pSL2886 ik A EGD-e J&Z A,
AER Aok Yl R S B 2R O s g A ] 05 R 2 v R O
e, FHFEES B EIRE 200 bp Abiit 1 45519
(pSL2886-a-front), JF7E qoxB FEIH k4K 24 500
bp i1 1 XS |4 (pSL-2886-In-fwd/pSL-2886-
In-rev) i A B2 so i T PCR BrlF, %
30 0 B R AL R BBk AgoxB .
1.3 A KphZeaNE
PREL EGD-e. AqoxB P wi[ivE R T 1 5

1.1.2
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120 J5, % 1:100 S e kb, 300 &
T30 °C. 37 CRIFRAEIRZ IR . BEfA 1 h BURE
FFMRE ODgoo, FELERTIZE 12 he
1.4 EEIMIRLE

WA IR L B A A 1.00% 5628 11K |
0.25%Z AR F1 2.00% NaCl = [ {4 i i 77 %
[soft (0.25%) tryptone soya agar, TSA], FH A %F
PBS 41 EGD-e. AgoxB (8% ODg=0.6)3
HAERN B E AR IR A 30 CFI 37 ClE
IR, EEIE 24 h T 48 h 5 MBI s
HARTFH IR
1.5 WHXE= PCR 754N EGD-e.
AqoxB ¥ E E R pFE R IKF

PEHL EGD-e. AgoxB MoK R ARG IF
12h )i, ¥ 1:100 564 2R b, B T30 C
B RN IR G 1597 o MW ODeoo 1 0.6 ZE A1,
BUS mL BRSO JE 3 B A T 000 uL Trizol
J5 R BT A, Wtk B . AT T
& RNA Pl i8] & 52 EGD-e. AgoxB Y
& RNA, LI EGD-e. AgoxB A/ RNA MR,
S SEASFIMR B cDNA, SRAZOEE = PCR
Ti 5T qoxB HE DR N #E T ik [ 1) e SR P 52
e, R PTG 1 an e 1 R o Al i F 21
HEBAHICHEE N . mogR (Gene ID: 985015) . flip
(Gene ID: 985021)., fliQ (Gene ID: 985022). fliR
(Gene ID: 985024). flhB (Gene ID: 986322). flhA
(Gene ID: 986323). flgG (Gene ID: 985030) ., motB
(Gene ID: 986861).gmaR (Gene ID: 986281) . flaAd
(Gene ID: 987167). flgD (Gene ID: 985038). fIgE
(Gene ID: 985043) . fliM (Gene ID: 987173). flgK
(Gene ID: 985054). figL (Gene ID: 985052). fliD
(Gene ID: 985053). fIigB (Gene ID: 985059). figC
(Gene ID: 984818) . fliE (Gene ID: 985062) . fliF
(Gene ID: 985064). fliG (Gene ID: 985067). fliH
(Gene ID: 985068)#1 fIil (Gene ID: 985071).
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BamH 1

Pst 1

pSL2886
8261 bp
1
Insert | Replace Flip and insert
fragment | Pst1(7 061)-BamH 1 (2) ] BamH 1 (4)-Pst 1 (1 214)
Pst1 BamH 1 BamlH : Ps|tI

pSL2886 overlap PCR fragment

1219 bp
A
Overlap
extension Ove?g}a i‘md 624 Ove?ap imd .
amplify 1 ...
pcr | P amplify
1 624 1 625
pKSV7 Fragment 1 Fragment 2
7073 bp 624 bp 625 bp
Amplify 16 759 ... 17 358 Amplify 19 306 ... 19 905
PCR using: PCR using:
pSL2886-BamH I-fwd-a pSL2886-fwd-c pSL.2886-
pSL2886-rev-b rev-Pst I-d
roT17358 " 119306
) Bz e ) )
Imo0012  goxA | Imo0017  Imo0012 qoxA | Imo0017
qoxD qoxD
qoxABCD qoxABCD
5201 bp 5201 bp

1 qoxB EFEEREERE AR pSL2886 HIHIE KRG
Figure 1 Construction strategy of the recombinant plasmid pSL2886 for deletion of goxB.
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1.6 AB_ER4ARE Caco-2 FMI AR EIRIE
EGD-e. AgoxB {i3F ODgy=0.6 & H (2
1x10° CFU/mL), Ji§ 10 mmol/L PBS ¥%£% 10 f5#
R 2k, 5 10 EFRET 1640 IR SRtk
Caco-2 At )5 , #% H MOI=10:1 J&Y¢ Caco-2
M. FERE: 37 'C. 5% CO,JE&Y 30 min, I
iC/E 0 h, F 10 mmol/L PBS ¥k 3 k4if, 4
FLIA Trypsin-EDTA (0.25%)%4f# 10 min, 7843
W TIR 5] o 201 T 24 A 200 M 0 A B s bR AR T8
1258 HAFLMER AL R 50 pg/mL K
F K ) DMEM 45373k, 37 C. 5% COfE
FH 30 min ARECMIIMMTR , dRE8% 5% 1.5 h J5 4T
S 20 N A AN PR R AR T
1.7 NEEMEYAE RAW264.7 HE5E I I
EGD-e. AqoxB 337 ODg=0.6 ity , Bhi)a
F 10 mmol/L PBS %% 10 f5Fik 2 K, &G
10 5% BT DMEM 4323, L MOI=10:1
YL AN, S 30 min 5 10 mmol/L PBS %
3K, MMAZMRIE, 50 pg/mL RKE R M
DMEM #iffi 5355, 37 °C . 5% CO, ¥ 30 min
AR S 10 mmol/L PBS YEH 3 ¥k, N
ANLWEH 5 pg/mL R KEZEM DMEM (&
10% FBS)ZH M85 75 3L, e i 31 40 3 i 9 3
56 0 h; FREFRFGGEETEI S50 2. 5 f 8 h
F, R4 T 2 40 B RN 0 B AR BRI AT B, AR
WX BREARR Anly BRI LLO
HRBE, SR LLO J5 B 28 e o a2 2 i 28 1L
gl
1.8 /INERBKAYELRAE 1929 A LS
EGD-e. AqoxB 5i5# & ODg=0.6 £+, H
10 mmol/L PBS 3£ 10 58 2 ¥k, )i 10 fi5
#i BT DMEM Zi il g5k b, DL MOI=1:5 &
YA, e RIS AN R BEKE SR B FR AR
A $5), 4 15 min 52380 1 ¥k, 37 C 5% CO,
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SR R59% 1 h; 10 mmol/L PBS PR A 3 VX,
TIMAZHE R 50 pg/mL R KFEEZE A RPMI 1640
AR FRRE, 37 'C. 5% COZKZEF 1 h XK
MI4h4H T . 10 mmol/L PBS VEAMMIL 3 ¥k, fimA
LR R 0.7% IR0 s BT 10 pg/mL PR
HRMILHL DMEM (% 10% FBS)4Hfiiks 37
B, BUREERS, K 6 FLAREFEIE T 37 C (% 5%
CO)ARME I TR h bk Ee s 3% 3 d HEB P I,
BALIMA 600 pL 40% P, BT 37 CHiff
FERTE 2 h, @EdndaEE, SLMA 600 uL
0.5%IP) 45 S SRV, Y4 10 min J5 FH 10 mmol/L
PBS Mt le,
1.9 #ESI

Adobe Illustrator 2021 FI Adobe Photoshop
CC 2019 #17 F4b®E . A Graphpad Prism 9.0
SHEHE AT 00 . Hodh ns R P>0.05, *3FIR
P<0.05, **F&I/R P<0.01, ***K/K P<0.001, ****
F/R P<0.000 1.

2 BER54

2.1 MERIEFHIEE qoxB ERE KK
AqoxB

I [R5 E 20 0 7 EERE N R goxB KL T
BB MR Aqox B, Fil PCR 73 Al DNA il
JF 00 7 6 BE R B R AR A TR . A 2 R,
FHNTES 14 pSL-2886-In-fwd/pSL-2886-In-rev LA
Hf2E bk EGD-e SRR 3G 19 2547 K/N R 559 bp
(B 2A VKIE 1), LhAgoxB SR HE A 25 (18
2A VKiE 2); HAMEG1Y pSL-2886-a-front/pSL-
2886-Pst I-rev-d LA EGD-e S HEAY 1 i) 45417 K
/IR 3410 bp (Bl 2B ki 1), LhAqoxB AEARY"
14 1430 bp (K 2B Vkif 2). Ffi i DNA W57
RIGE, WSS R IER(E 2C), R qoxB A
R AL BT o
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A bp M 1 2

2000

1000
750

500 < 559 bp

250
100

B bp
5000
3410 bp
2500
1430 b,
1000 P
250

(—

Regulatory region Regulatory region

2 qoxB ERFETRKIEAY PCR £ EFIMFLER I

18 000

| 17 000 | 19 000 |
\ \

20 000

Regulatory region

Regulatory region

Figure 2 Confirmation of goxB deletion mutant AgoxB by PCR and sequencing analysis. A: PCR confirmation
of the wild-type EGD-e and AgoxB strains by using internal primes. M: DL2000 DNA marker; lane 1: EGD-e;
lane 2: AgoxB. B: PCR confirmation of the wild-type EGD-e and AgoxB strains by using external primes. M:
DL2000 DNA marker; lane 1: EGD-¢; lane 2: AgoxB. C: Sequencing analysis of AgoxB.

2.2 EREK qoxB EEFEAF M 218 2 H 4R
RShE K RE

Fo 4 EGD-e Fl AgoxB 43 9I7E 30 C (& 3A)
137 °C (K 3B)AMF T BHI AR =3 551
ARG, SR EN, TEXPEU AR E B AgoxB
A K FAFIAR T4 4= Bk EGD-e, {HEAE K
5 EGD-e M 2ZEFIARE, BB qoxB %
PRI AN 5 i) LS 2 R T () AR A AE K R
2.3 Rk qoxB EEE RIEFHHIERIE R
BENEZE T

RERTE qoxB FHE TR & 75 HE 52 M 2 1] 132 3
P, dE LR EAER RS TSA X EGD-e. AqoxB
iz Bae I AT AE . W 4A . 4B iR, £E 30 C

BT, AqoxB MITRSMNZ BhBE J1% EGD-e
B ERR, TERSR 24 h J5 AqoxB iz shlE HAE N
15.48 mm, /T EGD-e iz /8 H 4% 24.13 mm,
L s T 35.86%; TEFE 48 h )&, AqoxBin
B EHAN 3559 mm, A EGD-e 1
54.10 mm % 34.2% (& 4B). 5045 R 8w,
PRI R R goxB R i shie B
WS, R goxB FEIN 5 BG4 Wi RR I8 e
FHK

itk — SRR qoxB Fk [ AE B A W 4 1A 12
Se 1 RAEAERT, RIAPEO6E & PCR Jrik
X} EGD-e il AgoxB 114§ 75 AH G KL PR e s /K -3k
Ik, aniEl 4C FioR, 5 EGD-e ML, HiED
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REE IS motB fliM, #f B 3k )3 85 (1 3L A flgB
figD. flgG. fliE. flhd. flil. fliP. fliQ. fliG.
fAigC. fliF. fliH. fliR, MEEAE LN fiD.
fIgE . figK . flgL, $iE i AFEH LA gmaR

Ao~
0.8

0.6

OD, 600

0.4

0.2

0.0 L | L | L | L | L | L |

t/h

il mogR, WiTE 22 KN flad I 22 DFEH
SEACEH i 2 N, B IE RS (LA fIhB 5k
KT, R qoxB FER R E i 52l B L
DKL F4) 2t sk T S i) BRI A= i RR TR 138 30 BB T

1.0 -
0.8 _
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