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LisK/R plays a role in Listeria monocytogenes growth at low
temperatures by regulating the expression of flagellar genes

WANG Guojun, HUANG Jinmei, LI Shaowen, LIU Mei"

College of Veterinary Medicine, Huazhong Agricultural University, Wuhan, Hubei, China

Abstract: [Objective] Listeria monocytogenes (Lm) is a Gram-positive foodborne pathogen
causing human and animal listeriosis with high case fatality rates (20%-30%). Lm can grow at low
temperatures, which brings great risks to food safety and human health. Exploring the mechanism
of Lm growth at low temperatures will provide a theoretical basis for the formulation of measures
to control Lm growth at low temperatures and the development of low-temperature growth
inhibitors. Studies have shown that LisK/R, a two-component signal transduction system (TCS) in
Lm, plays a role in regulating the growth of Lm at low temperatures, while the specific mechanism
remains unclear. This study aims to reveal the mechanism of LisK/R in regulating the growth of Lm
at low temperatures. [Methods] With the Lm strain LM201 isolated from foodstuff as the parental
strain, we constructed three strains: AlisR (RR-deleted mutant of LisK/R), AlisRc (complementary
strain of AlisR), and AlisKc (complementary strain of AlisK, which was constructed before this
study in our laboratory). The growth curves of these strains were determined at 4 °C. RNA-Seq was
performed for AlisK and the parental strain growing at 4 °C, and the obtained data were analyzed.
We assayed the swarming area diameter on soft agar plate, flagellar biosynthesis by transmission
electron microscopy, and transcriptional levels of flagellar genes by RT-qPCR for all the strains at
4 °C.[Results] The growth of deletion mutants was slower than that of the parental strain (P<0.05),
and the growth of complementary strains was consistent with that of the parental strain at 4 °C. The
RNA-Seq data showed that compared with that in the parental strain, the expression of flagellar
genes in AlisK was up-regulated (P<0.05). At 4 °C, the swarming area diameters of deletion
mutants on soft agar plates were bigger than those of the parental strain and complementary strains
(P<0.05); the deletion mutants had more flagella, while the parental and complementary strains
had fewer flagella; the expression of flagellar genes in the deletion mutants was higher than that in
the parental and complementary strains (P<0.05).[Conclusion] At 4 °C, the LisK/R mutants with
slow growth had more flagella, while the parental strain with rapid growth had fewer flagella. The
results indicate that LisK/R inhibits the expression of flagellar genes in Lm to reduce flagellar
production, and the energy is used to promote Lm growth at low temperatures. The specific
molecular regulatory mechanism of LisK/R needs further study. This study provides new
information for elucidating the mechanism of Lm growth at low temperatures.

Keywords: Listeria monocytogenes; growth at low temperatures; two-component system LisK/R;
flagellum
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#4t, Bio-Rad AH]; #ERHLIKAL, dbnis—4

http://journals.im.ac.cn/actamicrocn



2892

WANG Guojun et al. | Acta Microbiologica Sinica, 2025, 65(7)

w1 AW ET R E AR BTRL

Table 1  Strains and plasmids used in this study

Strain or plasmid Genotype or relevant characteristic Source

Strains
LM201 Lm strain isolated from foodstuff'" This laboratory
S0192(AlisK) In-frame deletion of the /isK gene with 1 452 bp in LM201 This laboratory
S2001(AlisR) In-frame deletion of the /isR gene with 681 bp in LM201 This study
S0192¢(AlisKc) Complementary strain of S0192(AlisK) This study
S2001c(AlisRc) Complementary strain of S2001(AlisR) This study
DH5a/p1001 p1001 in Escherichia coli DHS5a. This study

Plasmids
pHT304-ts Temperature-sensitive shuttle plasmid This laboratory
pHT304 The shuttle vector plasmid This laboratory
p1001 pHT304-ts containing /isR up- and downstream homologous region of LM201 This study
plisKc pHT304 containing 1 452 bp coding sequence of /isK gene This study
plisRc pHT304 containing 681 bp coding sequence of /isR gene This study

WEHEARAT; AR WA BT, 100 kV
75 LB A VR M AL, Hitachi A7) L
PR A, TR KSR A A 4
IR G AR GRIR), NI S B A
BRATD; KEE DAL, B2 SRR
s 3 B .0 L, Eppendorf 2 &) ;4 °C Al
-30 °CVK4H, Haier AH],
1.3  GREEFRFNEI4MRRYIIE

WRBRVE B R EP W Ik, DL Lm B AR
LM201 i) DNA A #itr, FIHE 2 59
lisR(L)-F/R F1 lisR(R)-F/R XF lisR 8 . Fii[d]
JE R 54T PCR 9734 . A Overlap PCR #4714
PAFW L T URFIRE ST, Y
o A IR A [ R ARAK pHT304-ts, M5 51 4
A5 lisR [RIRRE A B2 Fokr p1001 . Kz d 2 ok
Ak & Escherichia coli DH5a 2540, R4S
2 Bk DHSo/p1001. XF p1001 H iy [] Y i )y
) EAT 58 UE P (T R — W A W 4 R A
Al), WP RAFA . K2tk iy p1oot ok
i AL (B4 2.4 kKV) A LM201 J857 25
Yifa, SRR MR IE, AR E
BRI EE lisR HR AR S2001(AlisR). FH4
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A EANERR, TS lisKe-F/R (32 2)9 34 lisK 3
U B, K Hm A ZE M ik pHT304, RS
Lk plisKeo 800755 UEIEHA B plisKe k7 i
b oL S AT R S0192 (AlisK) I S2 25 40 i
B 08 i PCR 48 72 4k 15 [l b & Bk S0192¢
(AlisKe)o {EAFIE IR, BT plisRe 0]
#ME S2001c(AlisRe) IR EE R 5 _F ik i B A
—5, KRS 1R lisRe-F/R (3% 2).
1.4 S KphZNE

MR TE R P e, P LM201
S0192(AlisK). S2001(AlisR). S0192c(AlisKc) il
S2001c(AlisRe) SL T #% , 470 T BHI & 14 3% 57
JE, £ 37 °C. 200 r/min 5 FiGfLE53% 12 h,
SR 5 H 1:100 F £ 2 i BHI, 7E 37 °C .
200 r/min £51F R 2 ODeoo fH N 1.0, FHK LU
AH IR P i i 42 250 ik BHI FHT 4 °CHFI 37 °C 4%
EF MR R M E . Fl T 4 °CHEIRA
HRhEE ISR, B 1 d DE ODeo (8, HZLHG
F£15d; HWT 37 °C. 200 r/min JR3% 55 5%E,
Fa 1 h M5E ODgoo (B, HEZEREFE 12 he B
W3IANER, LRWER 3K, i H GraphPad
Prism 8 X EHE T Al AR th 2215
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Table 2  Primers used in this study

Primers name Oligonucleotide sequences (3 —5') Restriction site
Mutant strain construction

lisR(R)-F AATTCCTTTTACCCGATCAGCAGTAAACCGGATTG

lisR(R)-R CTACTAGGCCGACATGAACTACCCATGGCGT Kpn 1

lisR(L)-F ATCAGGTAAATGGTCAAGGAGATCTGGC Xba 1

lisR(L)-R ACTGGCTTTCTCTCCCAATCCGGTTTACTGCTGAT
Complementary strain construction

lisKc-F CCTTTTACCCGATCAGCAGTAAGATCTGGC Xba 1

lisKc-R GGAATGTAACTTGGTTTTAGGTTTATTCCATGGCGT Kpn'1

lisRc-F GTAGAAGATGCTAATTATAAGATAAGTAAGATCTGGC Xba 1

lisRc-R CCATACACTACGCATGTACTCCATGGCGT Kpn1
Primers for RT-qPCR

16S rRNA-F AGAGTCCAGCCGATACGTAG

16S rRNA-R ACCTGCTTTCAGACTGCCTC

pduB-F GCAGATGTAAGCGTTAGTGATCCG

pduB-R CCACCACTGCTACAAAGTCTACAC

flhA-F GCAATAGTAGACTAGGCAGTT

flhA-R GTAGCCGATAGCATGCGTTA

mngB-F GCGAAGAACGGTAAGAAGACGA

mngB-R GGCTAAATGAGATAGCAGGTCCAGC

flgB-F CGTTTGAGCTCGGTTCACTA

flgB-R CAGTTGCAGTGAAGACTTTAC

inlB-F AGGAACTCGCTTGAATCCAGGA

inlB-R TCACTATAACACGGTGAACGTCC

SliM-F CTAAAGACCACTCTAACCTAC

SIiM-R GAGCCACCTTCTCTAATACTT

motA-F TTTACCACAGGTTTCGTGC

mot4-R CCTTTTCCCTTCTTTTGCTCT

dhaL-F TGGTTAGCGAACCAGCTCTAGTG

dhal-R AGTCGTTTCAACCACCGCGTA

flgC-F CCTCGAATGAAGGTAGGTAAC

flgC-R CAAGCTTTGTCGAAATTGTCC

rpiB-F GTACCAGACTTCGTTACCGTTGA

rpiB-R GGCTCTGAGCGATAATGGCAATCA

manX-F AGTGGCACTCAACGCTCCTA

manX-R ACCTTCGACGTTAACGTAGGAA

fliF-F GCAGTGGTAAAACAAGGC

fliF-R TTTTTGTGGGTCGGGAAC

flgD-F TTCCTTTCAACGCGGT

flgD-R TTTGAGGCGGAACGTTAG

fIhF-F GTCGATAACGGTGAAGTGAG

fIhF-R CCTTGATCGTGTTAGCTGC

fliR-F TTTTGACCGTTGAGCCGA

fliR-R TAAGGTCACCGTTGTACC

motB-F GTAGCGGAAGTTCTGACG

motB-R TCGTCGTCGTCGGAATGAA

http://journals.im.ac.cn/actamicrocn
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1.5 RNA-Seq MIGiE

K TRIzol ZEARHL 4 °CHFE IR 10 d (KR
X ) 1 S0192(AlisK) Fil LM201 it &4 RNA,
RNA {94 i Al i % | NanoDrop 2000c #£4 745
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RN o A 0 5 A% B A Rz T A
H: IR AT BRA W) R4 e 55 40 P (RNA-Seq)
fiiFH Hisat2 BRI F 37517 clean reads X )
7% FL IR 21 (https://www.ncbi.nlm.nih.gov/nuccore/
CP031141.1), Jf{fi ] R i 75 12 DESeq2 43 b 22
SERIRH ik 22 5 3K 5K K (differentially
expressed genes, DEGs) [ [{{E & P-value<0.05 H.
[log, fold change|>1,

L 16S rRNA Py 2 3 P, 2 R SYBR
qPCR Mix BB (RDUERVE Y RHCA PR A7),
X} B HLBE I () RNA-Seq 22 5+ 3 K rpiB . dhal .
pduB. mngB. manX. inlB. flhA Fl motd P17
RT-qPCR $6:3E, SR 2724 AN} i fa v ot 45 SR ik
FraRib 22 R, LIS IE RNA-Seq $od 97T
FEVES
1.6 ERENMENE

M8 Cheng ZEBM R 7%, TH 0.25% B
Ji& & £ 1Y BHI CF b A7 Btk iz sh D e o ok
BB R LM201, S0192(AlisK). S2001(AlisR) .
S0192¢(AlisKc)Fl S2001c(AlisRe) M4, Hefh T
BHIRIASFREAE iR, 37°C. 200 r/min £
F¢ 12 h )i, LA 1:100 FEm 5 12 2 i BHI By
TR SR, H R W ODgoo (HILF] 1.0, 3k
P18 BRI E Y AR . S pL R, SR
FERDT 0.25% Bils & B 19 BHI HCEA, o3l
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A AR AR B EAR . B EkiE 3 A ER
SCUS TS 2 K. SEEEL YRR & GraphPad Prism 8
BT geit o e EKEAL
1.7 BEHBEFEHEWER
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S2001(AlisR). SO0192(AlisK). S2001c(AlisRc) Fl
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1.9 #HIEGitoth
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1 S2001c(AlisRe)]) 5 HITE 4 °CHI 37 °C R H5 %,
FH 5 (4 BRI ODeoo 1225 ) 3 R4S B 1) AR K il
R TE4°CHEREMNT, 2 MICHRAERT BN X
Fe o 9 A K ol R I 2 I T SR A PR (P<0.05 B
P<0.01), 1 2 A~ [IRME ARG S5 B AR AR
Fr—2(® 1A). 76 37 CHER M, FEAMK.
BRI RN I R MR I A K AR DL o 2522 (B 1B).
GERRM], WS> RS LisK/R Xt Lm AR LA
KA TEEER.

—e—[LM201
-8-S0192(AlisK)  —e—S2001(AlisR)
——S0192¢(AlisKc) ——S2001c(AlisRc)

1

LM201.
S0192¢(AlisKc) F1S2001c(AlisRe) 7E4 °C (A)F137 °C
B)FHTHE KL

Growth curves of LM201, S0192(AlisK),
S2001(AlisR), S0192c(AlisKc), and S2001c(AlisRc)
at 4 °C (A) and 37 °C (B). *: P<0.05; **: P<0.01.

S0192(AlisK).  S2001(AlisR).

Figure 1

2.2 R 5k K S0192(AlisK) 5 3E AN th
LM201 7£ 4 °"C N E KBV RENF 54

J T HRBRIR 4 °CTF Bl R AR K R g 3
TREREEH, REFTEXT 4 CCH&MF T AR B
BE S0192(AlisK) FIEA KR LM201 #5147 T 4% 5641
I ¥ (RNA-Seq), I X /¥ 45 5% 38 #F RT-qPCR
TR, 45 R BN, WP RS RT-gPCR K
M5 AR 2B 0.816 7 (8 2), FHIFE R4
WP 45 H AT 5

S HT RNA-Seq &5 &M, SaEARMRHL,
iR PR Y HE R S R IR 2R G 0 i 2E 1A
(P<0.05) (K1 3. 3£ 3), XI/RFEMRIR 4 °CH&MF
T, LisK/R 3X % XUZH 53 5 G % B 6 R 1) 4 o
Fk HA R REER
23 KR 4°CTREKNEINERL.
ERRIBFAFMFEERREFNR

J T BAUELE 4 CAERK M T WA D RS
LisK/R X i 7 A il ik PR 6 3k ELAT £ ) 98 42 4
T — 2 S 2 5 L A B AN, AR S
TOEAMRLM201), 2 5K R [S0192(AlisK) Fil

6

y=0.861 6x+0.250 7
R=0.8167

4 |

log, ratio of RT-qPCR

log, ratio of RNA-Seq

E2 RNA-Seq##ERIRT-qPCRIEIE
Figure 2
(RT-qPCR) validation of the RNA-Seq data.

Reverse transcription quantitative PCR
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Figure 3  Outline of flagellar genes up-regulated (red color) in mutant S0192(AlisK) compared with the parental

strain LM201 from RNA-Seq.
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3 RNA-Seq#iEHEREFRS0192(AlisK) 5 FEAMRLM201 8L ZE R RIENBEERE
Table 3 Differentially expressed genes of flagellum in mutant S0192(AlisK) compared with the parental strain

LM201 from RNA-Seq

Gene ID Gene Gene description log, fold P-value Regulate
name change
gene0738  motd  Flagellar motor stator protein MotA 4365318  2.38x107"  Up
gene0743  flad  MULTISPECIES: FliC/F1jB family flagellin 4.144 634  7.50x10°  Up
gene0761  fliS MULTISPECIES: flagellar protein FliS 4139050 2.22x107"°  Up
gene0742  cheV  MULTISPECIES: chemotaxis protein 4100357 2.43x10%7  Up
gene0739  motB  Flagellar motor protein MotB 3.809 529 5.06x107"°  Up
gene0744  cheY  MULTISPECIES: response regulator 3751984  1.45x107'"  Up
gene0748 - Flagellar hook-length control protein FliK 3729361 5.26x107%  Up
gene0753  fliN  Flagellar motor switch protein 3.537165  4.45x107'°  Up
gene0749  flgD  MULTISPECIES: flagellar basal body rod modification protein FlgD 3.394 462  2.41x107"*  Up
gene0760  fliD Flagellar hook-associated protein 2 3373229  251x1077  Up
gene0750  flgE  Flagellar hook protein FIgE 3358998  2.67x1077  Up
gene0767  fliG ~ Flagellar motor switch protein FliG 3325708  4.46x107°  Up
gene0759  flgL  Flagellar hook-associated protein 3 3300846  2.72x107%  Up
gene0768  fliH  FliH/SctL family protein 3271808 1.22x107*  Up
gene0765  fliE MULTISPECIES: flagellar hook-basal body complex protein FIiE 3271007  230x107°%  Up
gene0752  fliM  MULTISPECIES: flagellar motor switch protein FIiM 3.162440  2.96x107"°  Up
gene0766  fliF Flagellar basal-body MS-ring/collar protein FIiF 3151362  3.41x107%°  Up
gene0763  flgB  Flagellar basal body rod protein FlgB 3.074 186  7.43x10%  Up
gene0758  flgK  Flagellar hook-associated protein FlgK 3.042255  232x107'%  Up
gene0764  flgC ~ MULTISPECIES: flagellar basal body rod protein FigC 3.021742 197107  Up
gene0735  flgG  Flagellar basal-body rod protein FlgG 3.011324  3.16x10°  Up
gene0769  flil Flagellar protein export ATPase Flil 2750155 1.74x10™  Up
gene0745  ched  Chemotaxis protein CheA 2697812  1.65x10*  Up
gene0734  fIhFF  Flagellar biosynthesis protein FIhF 2.690537  5.29x10°°  Up
gene0733  flhA  Flagellar biosynthesis protein FIhA 2.142607  7.07x10°  Up
232 EHERTEMRAREIHREEME AR Z TR,
1B 2.3.3 RTI-qPCRINEMEEFEFTILE
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FW, TEARIR 4 °CHY, LisK/R Bl bk iy #i £9E
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motB LA 2% FIH(P<0.05); HERRHRAHLL,
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(KL 7. Bl 8)., A5 REN], TEfliR 4 °CH,
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Figure 4 Swarming motility of strain LM201, S0192(AlisK), S2001(AlisR), S0192c(AlisKc), and S2001c

(AlisRc) at 37 °C and 4 °C, respectively.
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Figure 5 The motility zone diameters of strain
LM201, S0192(AlisK), S2001(AlisR), S0192c
(AlisKc), and S2001c(AlisRc) at 37 °C (48 h) and 4 °C
(8 d), respectively. *: P<0.05.
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Figure 6

Production of flagella in strain LM201, S0192(AlisK), S2001(AlisR), S0192c(AlisKc), and

S2001c(AlisRc) at 37 °C and 4 °C, respectively, by transmission electron microscopy (TEM).
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Figure 7 Relative transcriptional expression levels
of flagellar genes flgB, flgC, flgD, fliF, fliM, fliR,
flhA, fIhF, motA, and motB in SO0192(AlisK) and
S0192¢(AlisKc) in the logarithmic growth phase at
4 °C, compared with the parental strain LM201. *:
P<0.05; **: P<0.01; ***: P<0.001.
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Figure 8 Relative transcriptional expression levels
of flagellar genes fIgB, flgC, flgD, fliF; fliM, fliR, flhA,
fIhF,  motA, in  S2001(AlisR) and
S2001c(AlisRc) in the logarithmic growth phase at
4 °C, compared with the parental strain LM201. *:
P<0.05; **: P<0.01; ***: P<0.001.
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