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Abstract: To analyze the impact of the fliE gene on the persistence of Listeria monocytogenes, a fliE deletion mutant was
successfully constructed using homologous recombination technology. Growth capacity assays demonstrated that the AffiE strain
reached the stationary phase at an ODg,, of 0.64, whereas the parental strain reached the stationary phase at an OD, of 0.66.
No significant difference in growth capability was observed between the parental and AfliE strains (P>0.05). Motility assays
demonstrated that the migration diameters of the parental and AffiE strains in a semi-solid agar medium were 6.00 = 0.05 mm
and 6.03 £ 0.05 mm, respectively, suggesting no significant difference in motility (#>0.05). The biofilm formation capability of
the AffiE strain was assessed using the crystal violet staining method. Compared with the parental strain, the ability of the AfliE
strain to form mixed biofilms with Weissella confusa W4-1 and WL5-1 decreased to 71.55% and 74.77% (P<0.01), respectively.
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Disinfectant tolerance assays and analysis based on confocal laser scanning microscopy (CLSM) suggested that the survival ability

of L. monocytogenes in mixed biofilms formed by co-culturing the AffiE strain with Weissella confusa was significantly reduced.

These results demonstrated that deletion of the fliE gene not only affected the biofilm formation ability of L. monocytogenes but also

reduced its tolerance to quaternary ammonium disinfectants. The findings of this study provide a theoretical foundation for further

understanding the molecular mechanisms underlying the persistence of hypervirulent, persistent-genotype L. monocytogenes strains.
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Table 1 The primer sequences in this study
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fliE-down-F  AGAAATTGGCAAAGTATAAAGGAGTGTTTTAAGAACGGTTAGACTAGTCGGGGGA 59
fliE-down-R CGGCCAGTGAATTCGAGCTCGGTACCCCGAGACATTTGTATTCACGCGG 60 o8
fE-F ATGGCAATTGAAAGTATTAATGCAGCAAG 60
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PR PH 1 7 B 7 47 B 7% PCR %55, 45 R B oRPH
STy E) 652 bp M H MR B (B 1e), HAR
$i pKSVT-AE 1% 315 N 1031-1FLM & 52 25 41 g o
AR B AL AR5 7% PCR BE 45 R Ex (B 1d), #-
RN 1709 bp Y H BB RWIK/N A 297 bp
() fiE ) EE R R D sk 2%, BRI AL 3 flE s DRI R K ik
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Fig.1 Construction and identification of the fliE gene deletion mutant
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Ab T RHAEKIA . BRBRAE ODggo 1H 9 0.64 B ik F|F2
SEW, SEARKRAE ODgy, fH 4 0.66 BIEFIF . A&
e )W e 45 FAR W, R PR 1031-1FLM-AE 5564
Pk 1031-1FLM £ BHI ¥ = e i AL Kla 5 0 B 35 % &
(P>0.05), fiE FEFMERRAZHEREK. HE 2b
AHL, AE 30 CIEFRFZM T, SRAMRAE [ A B s 77
FAEBEAAN (6.0010.05) mm, B FRAE - F 4
REE R ER EAE N (6.03£0.05) mm. E5)HE

J1I5E G5 H DA 5] R R AE 2 [ AR B g 15 TR B b #
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J%F 1031-1FLM B PRIV IS 31 14 TG Y 25 5l
PR R — R SRR, MEERLE
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BT ECHE P, 2 R TR A R R R S A A A
394, 397, 398 #EH\T b, 2 LA A v Ty = AR
HEE" . ¥R T 00 iE Bl S R B 2 S T SO
MR ERZ " A AET R, MEERASS
Hvb 1 R B R AL EE, 1T Cheng 25" FH %
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89



MK E BB

Modern Food Science and Technology

2026, Vol.42, No.4

SY BRI U , 2 sh i FEEE 1 A BE 1 e AT R,
BEHAKRDICEEZR, HAL— S EHCEAT
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Fig.2 Effects of fliE gene deletion on the growth and metility
of L. monocytogenes
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B, B PR A ) B B 9R 48 h B, S AN Bk 1031-
TFLM A= ) 5% 5 I 52 f) ODsos 18 0.50, 171 R 2K ¥k
1031-1FLM-AfIE “E 445 I 7€ [¥) ODsos 54 0.44, 3
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90
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Fig.3 The ability of biofilm formation of different strains
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Fig.4 Analysis of the quaternary ammonium compounds tolerance of dual-species biofilms
E:(A) RS AWMLY &7 BB oA, ¥ ad ALK TREAH 200 pgmL " BB KA K KA (a: 1031-1IFLM+W4-1 ;
b: 1031-IFLM+WL5-1 ; ¢ : 1031-1FLM-AfliE+W4-1 ; d : 1031-1FLM-AlIE+WL5-1) ; e~f h & £ 3 & # 3% % # 3 (e: 1031-1FLM-
AE+W4-1 5 £: 1031-1FLM-AflE+WLS5-1). (B) A& A HisJEat il &7 BC 88 441, -+ a~d AZRERA A 200 pgrmL ' BC 7K &
F 34 %42 (a: 1031-1IFLM+W4-1; b: 1031-IFLM+WL5-1 ; ¢ : 1031-1FLM-AfliIE+W4-1 ; d : 1031-1FLM-AliIE+WL5-1) ; e~f h K &
W AR AL (e 1031-1FLM-AMLE+W4-1 ; f: 1031-1FLM-AfiIE+WL5-1 ).
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Fig.5 Assessment of biofilm cell viability by CLSM
E: SYOY/PI & AH e = A M EAFIL, SYO9 17E MmibAATie A%k e, PlLERMIEHATLALE., SMBEE N A 20< WELT K%k
Fets) R A 50 um. Control 2 R 234 &7 K 2432, BB A2/R ERE A 200 pgmL ' BB 3 &4 A4, BC ALK EREH 200 pgmL '
BC H &R HF4AE, A: 1031-1FLM+W4-1 ; B : 1031-1FLM+WL5-1 ; C: 1031-1FLM-AfliE+W4-1 ; D : 1031-1FLM-AfliE+WL5-1.

3 ZEip

AT 7T LA v B )RR R DR A A AR IR B 1031-
IFLM BRI BN S AS P, 32 i [] 6 8 4 v A e 2 ik 1A
SUE SRR, SRR R AR R B . 45 5R
B[R fiE B R AN 40 R AR K RE I A2 B RE 7, H
SR AR Y e 70, SO S IRIE BT IR
HLREFE Y O G A PR BT i B 35 N R, IR HLAE
TR B Al B 1 B 38 A M A 0 2R SR RV EE R I
My 52 B8 77 535 TR AW 4R IR &A= IR

92

HH R R AR ELAE R 2 5 R 4% 1 B 70 45 B 2k DA 7Y o 2
ST TR T AR R B RE TR ) 2 LA SR AL T K S
X e A 4 B 2 R U R S e R AR A B AT
HEFX

K R

[1] BUCHANAN R L, GORRIS L G M, HAYMAN M M, et al.
A review of Listeria monocytogenes: an update on outbreaks,
virulence, dose-response, ecology, and risk assessments [J]. Food
Control, 2017, 75: 1-13.



MR B R

Modern Food Science and Technology

2026, Vol.42, No.4

(2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

VAZQUEZ-BOLAND J A, KUHN M, BERCHE P, et al. Listeria
pathogenesis and molecular virulence determinants [J]. Clinical
Microbiology Reviews, 2001, 14(3): 584-640.

LOMONACO S, NUCERA D, FILIPELLO V. The evolution and
epidemiology of Listeria monocytogenes in Europe and the United
States [J]. Infection Genetics and Evolution, 2015, 35: 172-183.
PANG X Y, SONG X Y, CHEN M J, et al. Combating biofilms of
foodborne pathogens with bacteriocins by lactic acid bacteria in
the food industry [J]. Comprehensive Reviews in Food Science
and Food Safety, 2022, 21(2): 1657-1676.

ABDALLAH M, BENOLIEL C, DRIDER D, et al. Biofilm
formation and persistence on abiotic surfaces in the context of food
and medical environments [J]. Archives of Microbiology, 2014,
196(7): 453-472.

BARBOSA J, BORGES S, CAMILO R, et al. Biofilm formation
among clinical and food isolates of Listeria monocytogenes [J].
International Journal of Microbiology, 2013, 2013: 524975.
THOMAS J, GOVENDER N, MCCARTHY K M, et al. Outbreak
of listeriosis in South Africa associated with processed meat [J].
New England Journal of Medicine, 2020, 382(7): 632-643.
LEMON K, HIGGINS D, KOLTER R. Flagellar motility is critical
for Listeria monocytogenes biofilm formation [J]. Journal of
Bacteriology, 2007, 189(12): 4418-4424.

W 5 30 5 A 200 1 A 2 B0 R BT 30 A 22 PR 20 R A
TN FL D] AR R EE T oK %,2014.

VE R XS 85 SEAH S, 55 AR IR BELIE 8 I MogRox R 14 2= 407 14
BT AT 5 00 [T 550 591, 2024,64(5):1506-1520.
STERNISA M, GRADISAR C U, DRNOVSEK A, et al.
Pseudomonas fragi biofilm on stainless steel (at low temperatures)
affects the survival of Campylobacter jejuni and Listeria
monocytogenes and their control by a polymer molybdenum
oxide nanocomposite coating [J]. International Journal of Food
Microbiology, 2023, 394: 110159.

MORETR® T, SCHIRMER B C T, HEIR E, et al. Tolerance to
quaternary ammonium compound disinfectants may enhance
growth of Listeria monocytogenes in the food industry [J].
International Journal of Food Microbiology, 2017, 241: 215-224.
Wi H Bk SR 2 TR BB A 22 A 1R 23 T A Lad RYE AR P B 1
ZHBE[D].) M AR Ak K 57,2020.

2 it IS D 2 A P A SR T AR T B 2 L
IFIF FEaE R [J]. A9 TR 444K ,2021,37(9):3151-3161.
CORDERO N, MAZA F, HEIR E, et al. Different transcriptional
responses from slow and fast growth rate strains of Listeria
monocytogenes adapted to low temperature [J]. Frontiers in
Microbiology, 2016, 7: 229.

SASIAS S, MARTINEZ-SANGUINE A, BETANCOR L, et al.
A naturally occurring deletion in FliE from Salmonella enterica
serovar dublin results in an aflagellate phenotype and defective
proinflammatory properties [J]. Infection and Immunity, 2018,
86(1): €00517.

CHENG C, WANG H, MA T, et al. Flagellar basal body structural
proteins FIhB, FliM, and FliY are required for flagellar-associated

protein expression in Listeria monocytogenes [J]. Frontiers in

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Microbiology, 2018, 9: 208.

CHO S Y, NA H W, OH H B, et al. Structural basis of flagellar
motility regulation by the MogR repressor and the GmaR
antirepressor in Listeria monocytogenes [J]. Nucleic Acids
Research, 2022, 50(19): 11315-11330.

WANG F, DENG L, HUANG F, et al. Flagellar motility is
critical for Salmonella enterica serovar typhimurium biofilm
development [J]. Frontiers in Microbiology, 2020, 11: 1695.
VALENTIN J D P, STRAUB H, PIETSCH F, et al. Role of
the flagellar hook in the structural development and antibiotic
tolerance of Pseudomonas aeruginosa biofilms [J]. ISME Journal,
2022, 16(4): 1176-1186.

HENDRIKSEN J J, LEE H, BRADSHAW A J, et al. Genetic
analysis of the Sa/monella FIiE protein that forms the base of the
flagellar axial structure [J]. Mbio, 2021, 12(5): ¢0239221.
MINAMINO T, YAMAGUCHI S, MACNAB R. Interaction
between FIiE and FlgB, a proximal rod component of the flagellar
basal body of Salmonella [J]. Journal of Bacteriology, 2000,
182(11): 3029-3036.

COSTERTON J W, CHENG K J, GEESEY G G, et al. Bacterial
biofilms in nature and disease [J]. Annual Review of Microbiology,
1987, 41: 435-464.

INIGUEZ-MORENO M, GUTIERREZ-LOMELI M, Javier
Guerrero-Medina P J, et al. Biofilm formation by Staphylococcus
aureus and Salmonella spp. under mono and dual-species
conditions and their sensitivity to cetrimonium bromide,
peracetic acid and sodium hypochlorite [J]. Brazilian Journal of
Microbiology, 2018, 49(2): 310-319.

KOCOT A M, OLSZEWSKA M A. Interaction of Pseudomonas
aeruginosa and Staphylococcus aureus with Listeria innocua
in dual species biofilms and inactivation following disinfectant
treatments [J]. LWT - Food Science and Technology, 2020, 118:
108736.

THOMASSEN G M B, REICHE T, HHORUNGNES M, et al.
High disinfectant tolerance in Pseudomonas spp. biofilm aids the
survival of Listeria monocytogenes [J]. Microorganisms, 2023,
11(6): 1414.

LUO Y, LAI Y, ZHENG C, et al. Increased expression of
antibiotic-resistance genes in biofilm communities upon exposure
to cetyltrimethylammonium bromide (CTAB) and other stress
conditions [J]. Science of the Total Environment, 2021, 765:
144264.

SLIPSKI C, JAMIESON-DATZKIW T, ZHANEL G, et al.
Characterization of proteobacterial plasmid integron-encoded
qac efflux pump sequence diversity and quaternary ammonium
compound antiseptic selection in Escherichia coli grown
planktonically and as biofilms [J]. Antimicrobial Agents and
Chemotherapy, 2021, 65(10): €0106921.

POIMENIDOU S, CHRYSADAKOU M, TZAKONIATI A, et al.
Variability of Listeria monocytogenes strains in biofilm formation
on stainless steel and polystyrene materials and resistance
to peracetic acid and quaternary ammonium compounds [J].

International Journal of Food Microbiology, 2016, 237: 164-171.

93



