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Effects of /uxS on environmental adaptability of
Listeria monocytogenes
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YANG Kaihui', CHENG Mingxia', WANG Xi', YANG Luogqi', HE Jiabing', XIAO Min®,
WANG Zijian®’, XUE Huiwen'", GOU Huitian""
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2 Jingyuan County Animal Husbandry and Veterinary Technology Service Center, Jingyuan, Gansu, China

3 Gansu Provincial Animal Disease Prevention and Control Center, Lanzhou, Gansu, China

Abstract: [Objective] To investigate the effects of /uxS deletion on the biofilm formation and
stress tolerance of Listeria monocytogenes and to elucidate the role of /uxS in regulating
environmental adaptability of this pathogen. [Methods] With Listeria monocytogenes ATCC 19112
as the parental strain, a /uxS-deleted mutant, a complemented strain, and an empty-vector control
strain were constructed. Growth curve analysis, environmental stress tolerance assays and biofilm
formation assays were performed to comparatively analyze phenotypic differences among the
wild-type, mutant, and complemented strains. [Results] Compared with the wild-type strain, the
luxS-deleted mutant exhibited reduced adaptability under adverse conditions, including low
temperature, high osmotic pressure, oxidative stress, and acid stress. Its biofilm-forming ability
decreased after 24 h and 48 h of incubation (P<0.01), accompanied by a reduction in the production
of extracellular polymeric substances in the biofilm matrix. Further transcriptional analysis
revealed that the expression levels of agrd, agrB, Imo2504, and sigB were downregulated
(P<0.05), whereas that of ladR was upregulated (P<0.05) following /[uxS deletion. Under
disinfectant stress, MTT assay showed that the metabolic activity of the /uxS-deleted strain was
lower than that of the wild-type and complemented strains after 48 h of biofilm cultivation
(P<0.05). After 72 h, no significant differences were observed among the strains. [Conclusion]
These findings demonstrate that /uxS plays a critical role in regulating the environmental
adaptability of L. monocytogenes and provide a novel theoretical basis for the development of
future control and prevention strategies targeting this pathogen.

Keywords: Listeria monocytogenes; luxS; environmental adaptability; biofilm

WO 4R R 7RO R B (Listeria
monocytogenes, LM) ] FR B8 2= W RE s, J&—Fh
HE W EEVEBONTE, BBS 5 i il ik i A A
AL B A LA B BN RE R T R 2 M
(listeriosis), 2B M58 sl LAE , B =
HOERN LM TZ AR T RS . & ik
L@ g i i Mg v, RIS B B, R AR

I T s R AR, A dh i T
Gy e R B O R i S 5 g, R R
AU S B P R R A P 2 — P

200 BT P A5 30 P AR A T 3 e 1 T A R
A NEE N Z IR AR XSSP AR5 L RS AT
HAERKMAES . LM MAA7RE ) 5 P58 N
DIMISR, EHA RS R f BEHIRR =
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BB . AACN R M0 SRR SR, X
U PR 2R AL A G R] 422 52 ) A i B 45 AL o8 M
PO i S 1 B ag, S AR A AR K
SAEERTS LM AT 3 o A SR R e 8 R AR i3 g
X PR W AE AT AR B DL R AR A, i
L TEE = b A RS A A ELXE LA VE BR
i —AEHE N T S G LR B R i KUK

BEARJEV (quorum sensing, QS) F 4t S 4l 14 il
T 53 A B 5 43 LAJE 9 JE R 3R 3k 1) 22
L. 78 AI-2 B QS RGEH, TuxS FEH v g b
N AL2 B4R LuxS, /-S40 40l (55
feish , DT VR4 A W o RO ol JB i) i B A
B8 38 IO S5 M 06 A G A2 Ebenberger 25151 PR
FEFLIKEE (Vibrio cholerae) T i 1t Ffr N 38 TH 3 45
QS R4 5 [N T HapR 5200 A= 9 9 i A9 I h,
N3 A AT 18 M A A e 75 Li 51O
18 1o Bk 2% B BR TR (Streptococcus suis) 2 T
luxS B2, B56 DO 55 sk A o0 Hr &,
FERRACH . 1R SR AN I8 ) A S DR 2 TR A
T PE S A AR R AR E T s A, At
5% 3B Rl 7% 11 9K B (Vibrio parahaemolyticus)
luxS SRR J5 T S 2 F B Rl 1
RS RWT, xS FH DA TE 22 Fh 48 TR 1 2 B 4
P BAREEMEN. E4E%, QS R4 LM
TR E HIE W2 BT, 205 QS
F Al PR LM AW ek Y iCRE ) ANz B
PESFE R Howg A G TN RE R Ik, X 283k
TR 21 X6 5 T 3 1 3 7 RE T %8 WA 5
SR, BT FEAETP T QS RGN H—I 5
R B — KBRS, T luxS K 7E 2 Fb
58 S0 TTAH G PR I e S5 F T R4 LM BRE
TRV A ELRVE AL i oK I R e e 5T . ik
T, AWFFELL LM 1 xS BE P R BFFE 4,
PRUTHAEARIR w998 3% e AR 1o 38 55 1) 0 858
o3 I BE ) S AR I IR S A ) e R
MITERT, BTE it — DT xS JERTE LM 36
S i A R D e SR SRR A

P4 actamicro@im.ac.cn, 7 010-64807516

1 AR5

L1 =i BRI E

B AN M AR 2 R TR S 8 W bR ATCC
19112, JFEH KI5 H Ak pET-32a(+) . FF 1R 4014
pKSV7 K pSET2 i Hlt gl KA e a3t T AR
PO AR s KR A WA DHSo B2 25410
L 8 AL R A YR A AT BR S
1.2 EZEHFIFNEE

] P54 % W . BRI A R N D)
EcoR 1, TaKaRa /A #); 474 K41 DNA/RNA
g aon & . ok s R BOLH & . DNA K
M &, Omega 2~ Hl; Green Tag Mix . X
3350 & . qPCR MasterMix . DNA Marker,
P v MR A W BB B A PR A 5 kO
RIWAGR#RE, ERER. @5 K,
b R EFRHEL AR A v 5 BCA 45 H ¥k B2
BN &, RIS KRB A PR A
3-(4,5- 7 W KL mk -2) -2, 5- — 2K 5L Y R W R R
[3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide, MTT], TCI A H; BZ2ME& RMLE,
IR YR TR A

AR IR B L, HITACHI A Al 5 BRI AL
% %450, B, Bio-Rad AF]; BERERY
44X, Eppendorf AWl AW EEE TAES,
DN 22 28 23 SPORAT BRA WD 5 75 e 40 gy o
B, THCHZ AR R A
1.3 SI¥EIT5E&K

I 2 2% # bk ATCC 19112 3 R 41 ¥ 41l
(https://genomes.atcc. org/genomes/dalbf206779541b2),
{#i Ff] Primer Premier 5.0 #4158 114 K Bl 2 A ]
WSy, JEXTE SRS 1 W 5 i v 0 VAL A
(FRIZpniE), JIFIIER IR 1. Wit 7rLk
T.H Primer Quest-design qPCR assays (https://sg.
idtdna.com/pages/tools/primerquest) 5 11 5% i ¢ 't
T PCR51Y, 1P 3IE R 2, Frasl
Y3y el AU TR AR WA PR 75 8
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%1 PCR3|#ER

Table 1 Information of PCR primers

Primer names Primer sequences (5'—3")

Amplicon size/bp

AluxS luxS-1 CTATGACATGATTACGAATTCATTGGCGGTATAGTCCTT 453
luxS-2 GCTTTCATTAGCGTATCCCTCCTCTTAT
luxS-3 AGGGATACGCTAATGAAAGCATCTACCTCT 518
luxS-4 CCGGGTACCGAGCTCGAATTCTTCCGCTTGATTCAGATA
pKSV7-F CGGCTCGTATGTTGTGT 200
pKSV7-R GAAGCATTTATCAGGGTTAT

CAluxS CluxS-F AAAACGACGGCCAGTGAATTCATGGCAGAAAAAATGAATGT 468
CluxS-R CCGAGTACCGAGCTCGAATTCTTATTCACCAAACACATTTTT
pSET2-F GCGAAAGGGGGATGTG 214
pSET2-R GGCTCGTATGTTGTGTGG

%2 RT-qPCR3|¥E82
Table 2 Information on RT-qPCR primers

Primer names Primer sequences (5'—3")

GAGTTGGTGCATCGGTAGTT

gryB gryB-F

gryB-R TCGCCTTGTTCTTCCATATCC
luxS luxS-F GGCGTCCATGGAGATGAAATA
luxS-R CAAGTTCTGCCATCAAATGTTCT

GATCCGCGTGGTTTCATTATTT
TCAAGCGCTTCCACCTTATAC
agrB agrB-F CGAAAGACCGCTGGAAAGA
agrB-R CCGTATACGAGAGCAAACTTCA
Imo2504 Imo2504-F ACAGCGACAGGGATTGATTTA
Imo2504-R CTGCAATTGCTTGTCCGTATC
CGCGCCGAATCAAAGAATTAG

agrAd agr4-F
agrd-R

sigB sigB-F

sigB-R TCCGTGACACCGATGAAATC
ladR ladR-F CTGGCTTAGACTCTTTGCTTGA
ladR-R GTCCCTTGGTTCTGGCATTAT

1.4 IuxS EREFREKIIIEREE

S HRAN B 4 5L K 2H DNA S & vt
FEHU LM ATCC 19112 J£H2H DNA . DIFEHUAY
K2l DNA S5t , i FH & ff B DNA R4 i 55
L5 8% (luxS-1/TuxS-2) F1 (luxS-3/luxS-4) #E 17
PCR ¥ 18, R4S luxS &R Y bR UiF [A) 5
PCR JZ W {& % (15 uL): Green Taug Mix 7.5 pL,
. F#ESI(10 pmol/L) £ 1 pL, DNA HEHx
1 uL, ddH,0 4.5 uL. PCR L Z514: 95 °CHi

AP 5 ming 95 °CAZ P 30 s, 55 °CiR K 30 s,
72 °CHEfH 1 min, 3L 30 PDHER; 72 °CL4E fii
10 min, ¥ Z888 e HL DK A 25+ K/INER )
i R & A bl Il e gifk . BEFS, LL4k
b J5 B b i AR U TR R R R B R B AR AT
SOE-PCR ¥ ¥4, [ AR R B &AFA |, 58
Wasalifh . B EOR 2 K BB pKSVT T 37 °C
ZAFT EcoR 1§V 2 h, J R 7= 9 A BE 45 &
o B LR 2 Fhatifb = 4 o (W] U5 R 41 % 1 il
HE, ER AR AL R DHSa R A
R, WA T AR R A BUPE T AR O % PH
TalE ., WREUAETVE, LU pKSV7-F Fll pKSV7-R 7]
Pk T PCR %58, WY A K/ 1171 bp
(1) 7 21 R 6 A 5 R A MR A A BR A
P SIE . LEXS Toi e, K i) i al D i) o 20 o
HBifr 44 pKSV7-AluxsS.,

¥ pKSV7-AluxS B4k 2 C il 45 47 19 LM
EZ RN, T 42 cCHEBER MW E L
N ESERIATFEEEL . 256 R
2 30 cCTht A REEFR AP ESAL L 10 1R,
iR B . SR PCR % 5E 4541 R/NE R H.
AR E BRI, 4 MEIHE AluxS.
1.5 IuxS EEEAMAREREE

LI ATCC 19112 J&[K 20 DNA AR, ffiH
CluxS-F 1 CluxS-R 51447 PCR 915, JOWwi{4
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R REAER 1.4 75, 8 PCR =¥ 5 4 BiEDI i 2
W AEAK pSET2 4%, Ji-4% 1t % DH50 B2 A4
i, 28 PCR 485 I 30 ik oo A4 B R A
000 > T 1) T2 SRR R A R A T B i AR R
AluxS JBZ A . YRR RV, DL pSET2-F
1 pSET2-R #FATIA M PCR BIE . W5 5 K/ IE
B AR A 44 A LM CATuxS
1.6 [EI4MKAVIEIE
1.6.1 [uxS £FEFERKIH RT-qPCR ¥iE

i F 32t ) &5 32 L ATCC 19112, AluxS Fil
CAIuxS 1950 RNA, 5 W B i 2 IR G idd I
B 5k h cDNAL LU grB WS, K
RT-qPCR #5i # R #k H H A9 3E ) luxS 1% 5K
P54k . RT-qPCR JZ WA %2 (20 uL): 2xSYBR
Green Pro Taug HS Premix 10 pL, . TiF5|%9)
(10 umol/L)%% 0.4 pL, cDNA #if 1 uL, ddH,0
8.2 pL. RT-qPCR KM 45f4F: 95°C 100s; 95 °C
10s, 60 °C 30 s, 340 PEFR; 95 °C 90 s;
60 °C 60 s; LA 0.5 °C/s R ZH THE E 95 °C,
FREREEDOLAF Z sl it 2, 37 °Cl i
10s, MiMIRREEER. BOWEEHHNSE
PRUFN H (AL R Y15 3 A EeF R
1.6.2 LuxS & H %k 1& 7K £ B9 Western
blotting 5 iF

Z:M8 15 WOINEEB AT A His br%E Y [H]
FNER B B R uxS-pET-32a(+) B 2H 5 [ 614 %,
T, LSk IS B VE N B XF R, JE4T Western
blotting HiiE o K¢ A 3 REE 43 B B 1A 4b
PEFES,, £ SDS-PAGE J5#%% % PVDF i, =i
£ 1 h J5HWK LAY His Fr%8—31 % HRP FRid
THiWEE, RA ECL k2 Reik i, BB
BE WS H W 5%
1.7 ZEHXTERKAADE

W23 3R ZE M TR pSET2 43 W L 28 ATCC
19112 1 AluxS J& 32 25 4 Mg, 30 °C 8% 3%
24-48 h, TEFHEULEE B9 BHI V- Lo e 345

P4 actamicro@im.ac.cn, 7 010-64807516

r pSET2 25 2R TR I TRIBR o FL 27 Al oy 1) B2 e
R 53 ) i 44 R Bm HE R 25 20T I LM19112-pSET2
FIER IR ZS 206 B AluxS-pSET2,  J& 2243 7l fai #%
y LM19112-pSET2 1 AluxS-pSET2,
1.8 ARLIEE TEKHZAINE

¥ LM19112-pSET2., AluxS-pSET2 I [f] b
PR CAluxS 7F & H W8 2 19 BHI F #1446
B, PREURE VKR BRI, 37 °C
200 r/min fHRIR G IR . (5500
JEE 1R 45 TR AR BB ODgoo (E VAL 0.5, #%
1:100 Hb 9045 B8 T B AP 2 30 mL &b W8 K Y
BHI MR K FR 56, 4k4EF 37 °C. 200 r/min 5%
R IRGEE IR SIR T 4 °CAM T i B
Ffo 37 CCHAFFHEFRN 3 h J5 LRI E ODgoo 1H.,
PCERER 1 h U2 1k, EEMEAERKIEIEA
FHEM; 4°CHMHTN AR RE MY 12h
ME 1R ODgoo 0, HZ ML ASEG 10,
Hik 3 A PATHEA, M EE 3 K.
1.9 =MINE NS TR 2N E
1.9.1 ERIHFNER B I

PEEL LM19112-pSET2.,  AluxS-pSET2 FiI [H]
AR CALuxS B VEHE RN 2 St ULAE R W BHI W
EEFEIEF ) 37 °C, 200 t/min 5535 6 h & ODgyo
{H°4 0.6-0.8, 8 000 r/min .{> 2 min Y& 5 FFH K
DLVE, LATCTE 1xPBS 2% wh i i 8 B R J1 e 4%
3K, HHHEEETT ODeoo (2% 0.5, HX 100 pL 4
T 23 I 900 uL 5 10 mmol/L H,0,
15973k BHI (pH 3.0), 1RSI T 37 °CIF &
30 min, ARG HEA T AR IR A, IR B
DAL R, it vE s, I EE 3R,
BTG R A (D) PR

s e I TRAL PR VR AL

B = S T8
1.9.2 EEREIRLE

% 2 s B A e AT B B D R G
# LMI19112-pSET2. AluxS-pSET2 F [nl %b #k
CAluxS T 37 °C. 200 r/min &1 F 55 35 7%,

x 100% (1)
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R H B 45 AR TR A ODgoo (A EE 2 0.5, %
1:100 HUBHERN 2 & 5% NaCl ) BHI WA 55 55 35k
i, T 37°C. 200 r/min &0F FIRZHFE, HR
1hE 1K ODgpo 18, HERWEKIARTFG
W, Bk 3AFEATREA, M EE 3 IR

1.10 EHREBNEE TN

R FH 2 [ AR B0 SF- B v 0 o Ak 32 Bl 1
# 37 °C . 200 r/min K% F i3 W B9 LMI19112-
pSET2. AluxS-pSET2 #1 [a] % #k CAluxS W WK
ODgoo THIHTTE 0.5, B2 pL AT 0.3%
Bl BHI AR I g, F 30 °CEFE R
F% 24 he KiFREEHE, Lk i Y5 n AN R
e Rk s AR M bkiE shie )1, Rdlik
3ATATHEA, IhSrERE 3K,

1.11 RS9 BR A2 Ak BE 1N ZE

# LM19112-pSET2. AluxS-pSET2 Il [A] b
R CAluxS 73 %1 37 °C. 200 r/min 535 %,
WOH F 1:100 4 = i s 52 b, 37 °C
200 r/min 3% 5 h & ODeoo {5 0.5, LLEH M
521 BHI 5 95 35 4% 1:100 FeOIRG B4 H . 78
96 FLANME B FEH P BEFLANA 200 L 5 B 1 TR
BT 37 °CHfE i Ky 57 46 vh B B R 24, 48,
72 h,

A= I IR R R G AR e gk B R
SR, MO EANRESRE LSRR, DGR
1xPBS 28 MR IR R BRI 3 WK, I 25 B R B )
Y 77 AR . B FLm A 200 pL H O R a2
15 min, 38 XALT4E 10 min, A 0.5% %5 i 48
Je e 10 min, WY, DIZEIHKRE
RBORIT A T o BALIMA 200 uL 90% 2,
Pt V5 TR VS 4 A R, DAL AR A e e T T
ODsos AN B WOCFEME . R 3 A FATHEAR,
IS EE 3K,

112 luxS BEENEYHERINEEY

oAl

1.12.1 Y ERINZES 20N E
SR AL, ¥ LM19112-pSET2

AluxS-pSET2 Fllal Mk CAluxS KI5 L BB 7%
37 °C. 200 r/min ¥i3% 5 h & ODgo fHH 0.5, %
1:100 5 Beas o BERUAE 12 FLAN A RS 75 4 ik
BEIXWAEER, BFLMA 1 mL # R, I
WERAEXT IR . 37 °CH55% 48 h 1 72 h J&, W I
HW, DAJCHE 1xPBS Zupy vk 3 vk, HUH 41
JIE F & T4 3 mL 1xPBS 2 il iy 550045
VKBS 40 W 7% 3 min, 4 °C. 8 000 r/min
B0 30 min, K FIHRZE 0.45 pm BRI E, i
EHSMRE YIRS

SR 22 W ) s ) I E M A 2
i, PR tAR Rl L. MR 200 pL R
100 pL 3551 —F1 500 pL WERARIE ST, 90 °CIKIR
20 min, ¥ 15 H 200 pL A 96 fLtk, T
OD oo AN E W S FEAE, MRHEFRE M2 T3 5
W (ng/ml). B 3 A FATREA, Jhsr &
23K,
1.12.2 £¥HERIINER S EHINE

K BCA YA E MR H &, Filsees il
FrufE £ . T HL 20 uL BE4L 5 200 L BCA TAF
WIRAT, A 96 fLAl, 37 °CH#HE 30 min, T
ODsey A0 W NG REAE , AR BRI il 2 H A b
W (pg/mL), R 3 A PATHEA, B 3K,
1.13 RT-qPCR JE luxS EFEFREITE
IR B R R ERIARE M

il i 7E 28 1. 2. Primer Quest-design qPCR
assays & 11 55 B 2¢O 3 7 PCR 519 . 42 B
LM19112-pSET2. AluxS-pSET2 H1 8l ¥k CALuxS
(A RNA, 5 ik % I 2 BRG] d B 5 J
SEN cDNA. DL gyrB HINS LR, A Y9k A
FeF K (agrd. agrB. Imo2504). NN & A
(sigB) M PadR F k% s 5 8 1 5L (ladR) i H
IFE, SR RT-qPCR A6 0 45 Jk [R5 5% 7K SF- A8
fbo RT-qPCR J Wik Z K & AF] 1.6.1 15, B4~
FRRR G N 2 3L R H 3L R 3535 3 AN 2e
i, AT EE 3,

http://journals.im.ac.cn/actamicrocn
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1.14 FEKX 3 HESTNREINE
#K £ (minimum inhibitory concentration,
MIC);E

¥ LM19112-pSET2., AluxS-pSET2 Fll [A] #bp
Bk CAluxS 4390 F 37 °CH5 38 %, YK H$% 1:100
ik e R IR SR, FF ODgoo (HIHHE 2
1.0 J5, DAEOHWE 2R 09 BHI B3 57 4% 1:1 000
Fe R B T . #F 0.2% HCHO I8 . 0.5% 1, 7%
WA 2% NaOH ¥ L ddH,0 #EFTIELE 2 IR A
PR RE, ASEUWIEINTR 3 PR, AR AT
507 96 FLAR 45 m 10 L, AEFLANA 100 pL
Tl AR PR, RAIIE T 37 CCIE TR 774 h 3%
F% 24 h JE MELLE R
1.15 MTT RFEEEMNESTMERTE
YN RE L BRI IR M

SHEBRAM D, R MTT R Jile 1
BEAAL IS A YRR ARG . LM19112-
pSET2. AluxS-pSET2 il %Mk CAluxS 7 96 fL
M b 2 555 48 h A1 72 h DIE A Wit , 3¢
FREFRWIT VL PBS PRIk 3 k. RS /3l A&
MIC F11 5xMIC ¥ HCHO. I, #1 NaOH f#) BHI
WA FREL, T 37 CCHPE KT 24 h, AbFRZS
PR A BRI RN, BALINA MTT
(0.5 mg/mL)BOEHFE 3 h, FFL LHERALINA
DMSO ¥ fift A= W 1 H B 45 i, T ODs A0 T 5
WEOAR o Aol 2 M AR S P S A 2K (2)

IR
wtopp  AHEEMIAEIEZH OD sy
Al iai e = RALFEEH ) ODs70

R HETESALLRRERRERE

x 100% (2)

1.16 %ito#h

Fr A 16 K5 24 R FH GraphPad Prism 8.0 %X
PRHEAT AR B SRR . SR ¢ R g o i . Seit
2R FMOKEREWT . P<0.05 Fn2ZF i3,
Frid A%, P<0.01 RNZEREERE, fridh
#%: P<0.001 R 22 F W B E, bRIC 5 ns
FRTC & 22 57(P>0.05),

2 ER5997

2.1 luxS BREBRFNE ARV EFILEE

PAFRUERR ATCC 19112, HlIHR AluxS Filnl
R CAluxS TR M BEAR , #3519 fuxS-1 Al
luxS-4 XTH3E4T PCR #7488, FryfEkk ATCC 19112
PCR j=# 44 K/ K 1439 bp, BAERE AluxS 4%
WR/ANK 971 bp, BEAREMEIE > 468 bp (K] 1A,
VKB 1 FKIE 2), [IRME SR KNS Bk itk —
H(E 1A, VKB 2 fNkiE 3); 51 CluxS-F
FI CluxS-R X HA HIm, 15 BIFRMERR S IR S
W RNl 468 bp (K 1B, TkiE 1 AIlkiE 3),
R TGS (B 1B, KB 2).

[ BF, 2% F RT-qPCR K& il TuxS 3 [H 5 5%
KA, GERWIRGR PRI IBE T 0, [FIAME
FIRIK- I TARERE, 20 RAnifERRRY 12 £
(B 10, LR B5 R R WIB R AluxS 1 R Kp B
CAluxS ¥4 2 1 2) . Western blotting 45 5 .7,
HEAHEIR ST =28 18 kDa, FIPEXT R
TE 18 kDa AR KN 2| B 5 H A& 11 25447, T PH
PEXT BEFIA A His bR i M %MK TE 18 kDa Aby
o 00 1) B . ()R S v 25 (18] 1D), SR fuxS K&
KO AE IR P T ik, AMRA A ) .

Table 3 Concentrations of disinfectant after two-fold serial dilution

Disinfectant 1 2 3 4 5 6 7 8 9 10 11 12
0.2% HCHO 2000 1 000 500 250 125.00  62.50 31.25 15.63 7.81 391+ -
0.5%1, 5000 2500 1250 625 312.50 156.25 78.13 39.06 19.53 977 + -
2.0%NaOH 20000 10000 5000 2500 1250.00 625.00 312.50 156.25 78.13 39.06 + -

The concentration unit is pg/mL; Well 11 serves as the positive control; Well 12 serves as the negative control.
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Identification results of /uxS gene deletion and complementation strains. A: PCR amplification of the

three strains using primers /uxS-1 and /uxS-4; B: PCR amplification of the three strains using primers CluxS-F

and CluxS-R; C: Identification of gene edited strains using RT-qPCR; D: Identification of complemented strains
using Western blotting method. In A and B, Lane: M: DL2000 DNA marker; Lane 1: ATCC 19112; Lane 2:

AluxS; Lane 3: CAluxS; Lane 4: negative control. In D, Lane: M: Protein molecular weight marker; Lane 1:

Negative control; Lane 2: Positive control; 3: His-tagged complemented strain. ***: P<(.001.

22 THNBEHRNWESEE

V423 TORL pSET2 43l L% A ATCC 19112
HI AluxS 2540, L pSET2-F Al pSET2-R
94T PCR %8 , YRI5 29 214 bp 1 5%
M, 4y 9k LM19112-pSET2 (18 2, ki 1
VKIA 2) A1 AluxS-pSET2 (& 2, VKif 3 FIUKIA 4).
LM19112-pSET2 #1 AluxS-pSET2 Yk CAluxS )
25 #oxt Bk, T HEBR pSET2 [T A A% £ Xt
CAluxS FHRH) T,

23 FARIBEFHTSEREKREMN
=5

1E 37 °C %1 F LM19112-pSET2. AluxS-
pSET2 Fl[EI &M CAluxS ¥I7E 7-13 h Ab T-%i %52k
KW, 13hE#EAEEE, ERKEBEICH 2
S (P>0.05, K 3A), fE4°CEITF, 3 MRETE
6-9 d Ab FXIEUER W, 9d I EAFEE; It
A, AluxS-pSET2 4 2E K 3 % 8 LMI19112-
pSET2 I} & [ {% (P<0.01 5{ P<0.001, [K 3B).
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214 bp

E2 ZFHXTRKIPCRETELR

Figure 2 PCR identification of empty vector control
strain. Lane M: DL2000 DNA marker; Lanes 1, 2:
Wild-type empty vector control strain LM19112-
pSET2; Lanes 3, 4: Mutant empty vector control
strain AluxS-pSET2; Lane 5: Negative control.
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(44.77£1.87)% A AL AR CAuxS [1(44.03+3.60)%
(P<0.001, [ 4B), FH oS BB G 2E L
TR BRI T 57 fig
242 EEHEEHTEHHZHESR SR

WK s fias, 1E 5% NaCl 504 F, D
] AluxS-pSET2 1 LM19112-pSET2 X 515 1% &
JoipE AT A2 4 25 SR ik 2 (P>0.05) 5 T 7E X4k AR
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IR AT RE 7E 41 T 25 3 650 v B o) v 98 18 TR 3 83 72 A
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25 EMREmgENREERDH
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B ERIE Haz e g1, K 6 B, £ bk
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Figure 3 Growth curves of the three strains at 37 °C (A) and 4 °C (B). **: P<0.01; ***: P<0.001.
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Figure 4 Determination of survival rates of three strains under oxidative and acid stress conditions. A: Survival
rates after treatment with 10 mmol/L H,O,; B: Survival rates after treatment at pH 3.0. **: P<0.01; ***: P<0.001.
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0123456 78910111213141516
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E5 SEFRHT=RENMEENNE

Figure 5 Determination of stress tolerance of three
strains under hyperosmotic stress. ns: P>0.05; *:
P<0.05.

LT LM19112-pSET2 Flla[#MA(P<0.01); i
iR 72 h 5, 3 HREZ RIZE AN B E(P>0.05),
2.7 luxS EEITEYHIRREINE S 494H
IpA: R kA
2.7.1  luxS EFE XTI S HERI R0

SR FH 24 8 - B 18 125 K 00 A= 0 e PSS 41 22 0 5
S, AR O 2T R A
W 8 iR, Bk luxS FER G, 5% 48 h igdh
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w
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Figure 6 Comparison of motility zone diameters

among three strains. ns: P>0.05.

Z W bR E AR 0 0 0 (P<0.01, [&] 8B); M
g 72 h Ja, 3 BREE Z R M AN S e
B2EFP>0.05, K 8B),
2.7.2  luxS EFE XTI EBRIFND

SR BCA JERTMERIS huxeS F PR 5 %= Wk
I A2 A s, R b A A
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PO SmAWSISET2 e T L MR BRI B SR (P<0.01, [ 9B);

20 T CARaS B 72 h 5 3 R 9 ISR 1o R E
5 1.5 ZE5(P>0.05, [ 9B), Wil 7-9 fias, Kigeni
S 10 481, TuxS ek B AR bk 5 ) Hh bR B4 240
0s BN N 116 ] A TR 72 h R 2
o SR, S LE S B, &

24 48 72
t/h

E7 Z=HREEWIRT R EEDNE
Figure 7 Determination of biofilm formation ability
of the three strains. ns: P>0.05; **: P<0.01.
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Figure 8 Determination  of  extracellular

polysaccharide content by phenol-sulfuric acid
method. A: Glucose standard curve; B: Determination
of extracellular polysaccharide content of three

strains. ns: P>0.05; **: P<0.01.
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Figure 9  Determination of extracellular protein
content by BCA assay. A: Protein standard curve; B:
Determination of extracellular protein content in the

three strains. ns: P>0.05; *: P<0.05; **: P<0.01.
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Figure 10 Effects of /uxS gene deletion on the expression of biofilm-related genes. ns: P>0.05; *: P<0.05; **:

P<0.01.

B agrd F agrB WK1 2T 4(P<0.05),
A W IR G LR Imo2504 11428 3K 7K -t B B
FEAR(P<0.05). 45 A AW 2558, AluxS-
pSET2 /L ¥4 Y i BE 71 8 55, —H 484k
B — BAh, NP sigB FE AluxS-
pSET2 Hf1 {1 2 35 7K - [ A AR s o A R ] b Ao
(P<0.05), X5 Nt 52 Pl g o AluxS-pSET2
TEAACRLIL . BRIEN A M i W3l 2500 T A5 %
Y0 WA . ladR FERNTE AluxS-pSET2
FhACOE B2 1 (P<0.05), LadR 4 PadR 5t
PR, S5 R AR KR M
FOEFE R A IR TS, XSRS B A IRIE P xS B
RIG ladR Feik/KF LRI G —5, Fikgs
R, fuxS BEPR R AT 945 agrd . agrB.
Imo2504 ., sigB F ladR WA A Y5 B R TE
LB A R RN
29 FEHXT 3 MIEETE MIC E
&M 0.2% HCHO. 0.5% I, Fil 2% NaOH 3 fif
THEEFIE 3 BRI MIC (5. 1055 4 i, 34k
B X [F) b1 B2 70 A9 MIC (EARIT, FRIIERK fuxS
FEPIXHS TR MIC 47 525200

T4 ZHHBFI R ERAIMIC
Table 4 Minimum inhibitory concentration of three

disinfectants against different strains

Disinfectant ~ Strain MIC value/(pg/mL)
0.2% HCHO LM19112-pSET2 62.5
AluxS-pSET2 62.5
CAluxS 62.5
0.5% 1, LM19112-pSET2 312.5
AluxS-pSET2 312.5
CAluxS 312.5
2.0% NaOH LMI19112-pSET2 625.0
AluxS-pSET2 625.0
CAluxS 625.0
210 GHEFME T ZSEREDWIEA

i iEERNESR

K H MTT 2005 AS [FTE R A B AR T A
Y w S A A A . AR 11 BeR, ARk
SR 48 h J, 48 3 P BRI MIC Y JEAb 35
BI KR AluxS-pSET2 (1) 40 oA i 1% M 72 MIC F
5xMIC &4 5 ¥ T #r #E bk LM19112-pSET2
(B 11A, 11C, 11E); HFE 5xMIC &1FF, 3 #
P WD A LA M 380 — 25 TR, AduxS-
pSET2 A hn 1 bk 5 B #h bk 22 57 I 35 (P<0.05 1}
P<0.001), ¥53#E 72h )5, 3 MREEARIE
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Figure 11  Effects of three disinfectants on the metabolic activity of biofilm cells in different strains. A, B:
Effects of HCHO on 48 h and 72 h biofilms; C, D: Effects of I, on 48 h and 72 h biofilms; E, F: Effects of
NaOH on 48 h and 72 h biofilms. MIC indicates the minimum inhibitory concentration, and 5xMIC indicates
five times the minimum inhibitory concentration. In A-B, the MIC and 5xMIC concentrations of HCHO were
62.5 pg/mL and 312.5 pg/mL, respectively. In C-D, the MIC and 5xMIC concentrations of I, were 312.5 pg/mL
and 1 562.5 pg/mL, respectively. In E-F, the MIC and 5xMIC concentrations of NaOH were 625 pg/mL and
3 125 pg/mL, respectively. ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001.
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