AP~k

Acta Microbiologica Sinica

2023, 63(12): 47264737
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20230308

Research Article Bkt

DegU E1% B 4% MBS 4 2= B4 B B T8 = AR K
18 M = im R AL S A 51

EHA, AR, BRE, XA, ok, 2%E, 4%k, kX8,
/J\F]%, 71‘);7]55? XB‘\P%& % %%

WM 2E BB 27 Bt - S 2 B WA & & S04 S @R IR 5 N B R WF Y 8 S SL 0 = sh W fadt e
IR RN AR AT ARG ol WiV A8 shi s 2 5 (R4S BRI PRk B AR SE M v R 3h i it Bl R8s 40
Mrige A 5282, Wil Bl 311300

BN, FRE, BRE, 230K, WA, &M, SXiE, KRE&, I, RIEE, PRE, BT, DegU JHTERZANNE
i‘ﬁz*ﬂ;ﬁ%%f%’éfﬁifﬂiﬂﬁﬁk i i A AL AT FE[J]. AR PI2A4R, 2023, 63(12): 4726-4737.

MAO Minjie, ZHOU Si, LIAO Junhui, LI Haojie, XU Jiali, JIN Haobo, JIN Gexuan, ZHU Fuxin, SUN Jing, SONG Houhui,
DENG Simin, CHENG Changyong. The orphan response regulator DegU regulates host cell infection and high-temperature
adaptation of Listeria monocytogenes|J]. Acta Microbiologica Sinica, 2023, 63(12): 4726-4737.

WOE: (8] AL EAEERTIVUAS BT DegU A5 H 4 mindg & 2 4745 4 (Listeria
monocytogenes)fa £ & 4 fn 2R IR ILIE A @ e EAEAE. (5] AR L EMBFH AL
#k EGD-e. degU A 4k % # & AdegU frn@%mﬁi CAdegU A A5 4, @it amfesdiAl . S2at s b
TR A Bk X B AR L XI5 7 iR 3R R DegU AT 3838 2045 B B 15 . m oot fL 508 49
FEAH. [4R] AREREAYN: Kk degU B, L EHHBFE A Caco-2 LA MR 2M N B H
AR, 12 RAW264.7 P o938 7068 H R & 40K, 12 1929 ¥ 89 Z 52T R A N B (K, st— @ id s
B R T B R A B X R LA degU A B 4k K5 5| A2 69 338 2745 W & ) B T4 KT B0, KL
SNEZHENRATHIRKEHNRETRA, ZRBLERLLANESFHMEG#EHERE cpE (£ CtsR
4l ey ATP ﬁi%ﬁé7Kﬁ¥ﬁééﬁaz%%l)$%%7k%i%f+%, e 43°CEH B EMH T, CIpE #FKF2
EK #— BB PRI 5 R DegU #4955 ClpE ¢ B b T H4EL A, [4#])] G LA

VT H . Wi B R R A3 4(LQ21C180001, LY23C180002); [ H 4R Fl2E3E 4:(32002317, 32172849, 31972648);
4 [ R AR DI 2RI H (202010341043); WL AR MK 22 A A 8 shRHIE R fE 245 (2019FR035)
This work was supported by the Natural Science Foundation of Zhejiang Province (LQ21C180001, LY23C180002), the
National Natural Science Foundation of China (32002317, 32172849, 31972648), the Scientific Research Training Program for
National Undergraduate (202010341043), and the Zhejiang A&F University Talents Starting Program (2019FR035).
*These authors contributed equally to this work.
*Corresponding authors. CHENG Changyong, Tel: +86-571-63745865, E-mail: lamge@zatu.edu.cn;

DENG Simin, E-mail: dengsm@zafu.edu.cn
Received: 2023-04-29; Accepted: 2023-07-17; Published online: 2023-08-02



ERURSE | AW, 2023, 63(12) 4727

7, degU Bk AL AR 3E 20 W 278 £ R I P Y mRL W . 2%, JoN 3G I i8] iE
#4h; DegU #e% 5 ClpE B3hF 454, H4A4% clpE LB e FoK-FRE N SRR, ZARH
it — B IRNSFAT LG FATAFE 6918 LR P A IRIE S AH] T K50 ek,

XA R AEMEE; ILATET DegU; BEMBAL;, FHRTF; HRER

The orphan response regulator DegU regulates host cell
infection and high-temperature adaptation of Listeria
monocytogenes

MAO Minjie*, ZHOU Si*, LIAO Junhui, LI Haojie, XU Jiali, JIN Haobo, JIN Gexuan,
ZHU Fuxin, SUN Jing, SONG Houhui, DENG Simin’, CHENG Changyong

Key Laboratory of Applied Technology on Green-Eco-Healthy Animal Husbandry of Zhejiang Province, Zhejiang
Provincial Engineering Research Center for Animal Health Diagnostics & Advanced Technology, Zhejiang
International Science and Technology Cooperation Base for Veterinary Medicine and Health Management,
China-Australia Joint Laboratory for Animal Health Big Data Analytics, College of Animal Science and
Technology-College of Veterinary Medicine, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China

Abstract: [Objective] Listeria monocytogenes is a food-borne bacterial pathogen that is
widely distributed in the environment. This study aims to investigate the regulatory role of the
orphan response regulator DegU in the infection and high-temperature adaptation of L.
monocytogenes. [Methods] The regulatory roles of DegU in three strains including wild-type
EGD-¢, AdegU, and CAdegU of L. monocytogenes were studied. The infection models
established with human epithelial cell line Caco-2, mouse RAW264.7 macrophages, and
murine fibroblast 1929, real time quantitative polymerase chain reaction (RT-qPCR), and
electrophoretic mobility shift assay (EMSA) were employed to investigate the roles of DegU in
the infection and high-temperature adaptation. [Results] Compared with wild-type EGD-e,
AdegU showed weakened abilities to adhere, invade, proliferate, and migrate between host
cells. The RT-qPCR results revealed that the transcription levels of the multiple virulence
factors were down-regulated while that of clpE was up-regulated in AdegU. However, the
transcription level of CIpE was down-regulated at 43 °C. Moreover, EMSA demonstrated that
DegU bound directly with the promoter of ClpE. [Conclusion] DegU plays a vital role in
adhesion, invasion, proliferation, and migration of L. monocytogenes. Additionally, DegU
directly binds with the promoter and regulates the transcriptional level of CIpE to adapt to the
high-temperature environment. The findings provide a basis for probing into the infection and
environmental adaptation mechanisms of L. monocytogenes.

Keywords: Listeria monocytogenes; orphan response regulator DegU; infection in host cells;
virulence factors; high-temperature adaptation
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T A L H G P MR ARSI B YIS,
FAYA AR Tl ) KRR EE N F T Ak
% A (internalin A, InlA)FI B (internalin B, InIB) .
2RI Z O (listeriolysin O, LLO). ALEh5E
1 A (actin assembly-inducing protein, ActA). fif
IR Wig i C [phospholipase A (PlcA)# phospholipase
B (PlcB) 14 & & M SF - SRR 40 9 ZG R . Y
Ak, 4 BTN E A A LR SRR )
G0k B A 57 I i Bt IbR LRI ML A T U R L
JUE, 2 o ik B DG BB R, TS A&
i BB 98« DS IILRE R 00 7 L 3 B BE 7 A —
FHNREIRS, Z E S B IR AE S RS
Y EE s — RBE TR IN . HAA YRR, St
TORESRHE, HAET R 20%-30%"".

B A M R TR EL A A 5 ) PR 3 DV RE
REM 32 IR . TGRSR . SB35
FREE I 2 TR X B AR b 1 B T B
FIxF A RSO B E L 4 WA 5
VE¥E R Gi(two-component regulatory system, TCS)
SR 2 AETE AR S R AL,
b B PR RIBE H B ot I R 4 0 A b E G AR
Yrag el 4 2 BRI B (degradative enzyme
synthesis, DegS)/[F]Jf i #75F DegU JEAEL
FHRTFE T —F 2RO S RS, S 5E
RN oo i N 1 TR SR B2 S S VA o2
At AR FE B A R B v e 2 (R
Bl A DegS, HIt DegU #iA K& LI
WA, R = AR5 24 DegS, I
JLIETT I DegU 7 I8 45 B 1% 2% 17 A T 1) A=
K. @tk HEERIE . PN 52 R ) S
J5 TR AE BRI 24 20 B 2 R TR AR g
[y o = BN e A R D DRy T
P LA, IR BESE T At s B
1755 #UAK 78 8 F (heat shock proteins, HSPs)& i,
g LIRS B 2 Ve, JFTEE A RS . 4
%6 . BE B LT B IE T A PR AR R
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TE W 1hl % 4% R B A A AU

REARFIE R B, degU M Hiak fifi A A=ty
RIS 52 BE ) i 25 0 L~ R0 E B (lethal
dose, LDso) FTF 11 /57 DegU S Unfarifa1s
SR RSN BE T RWE? TERI AR
Z B T Rl F(class three stress gene repressor,
CtsR) T AHEINES 3 JEHRTEE 1 ATP AR 1K
fi# i (caseinolytic protease, Clp), fI#h ClpC. ClpP
I CIpE, ik A:AF R P A K T i i,
R, ABHFFE L) SIS A TR EGD-e. degU B&[A]
Bl R ok R [ AR B AR A BRI AR, UL S 4 i A
RIS 5O E B R A I BE 2 (real time
quantitative polymerase chain reaction, RT-qPCR)#!I
Bt I i A% BH 7 338 35 (electrophoretic mobility  shift
assay, EMSAYKRIRSY DegU 7E HLH Ak e B e
T2 A 0 i PR P AR R AL

R

1.1 Bk, @RERIEFREN

ARG i P 04 TR bR B 4 B R T 2 5 TR Pk
EGD-e. degU FEHHULFHEAIEANARE, K
FFi#i(Escherichia coli) DH5a F1 E. coli BL21 #4174
SCEARAT . ARSI AN . AW b R 40
Caco-2. /N MELNAE RAW264.7 FlI/NERBGET 24
Jil 1929 YA SIS S ORAT . BRI 2RI B (A
Jixi. (o H 9% (brain heart infusion, BHI) V1535 5EAE
37 CHHTH MR F: . E coli iRz
(Luria-Bertani, LB)#17 37 °CH#Ri%155%, Caco-2 4
MREFE T 15%6 4 113 (fetal bovine serum,
FBS)I¥) 1640 55775641, RAW264.7 411l A1 1.929 41
M5 T 10% FBS # DMEM (Dulbecco’s
modified eagle medium)}53R3EH, iR 7E
A 5% CO, 11 37 CHIEIR R FA Thf B R
1.2 {5

BHI il LB 1 [ ZEBR KR B2 (b ) A B
oy wRIAR AR TR () B A R W
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Trizol Reagent i H Thermo Fisher /3wl ;
2xTaq Pro Universal SYBR qPCR Master Mix 4
HAETAY TR R M A FRA R ; EMSAR
FAmRRCER & b kokik EMSA G
IR AT JE R B F IR B KA RO
FRZ\F] 5 HiScript IT Q RT SuperMix for qRT-PCR
(+gDNA wiper)ly A 1 5 i MERE AR W RHE A AT
R H
1.3 54

AT 5| W) 34 A R A YR R A A
BRAFG R, SIS 1,
1.4 BIBTHTHEEFETE Caco-2 R0 EAIRAME
FRZRIE

BT mL i B85 57 1 B3 2 7 1/ EGD-e
AdegU 1 CAdegU T 1:100 %3231 BHI #1555

x1 5MFIIER
Table 1 Primers used in this study

BEHEFRZE ODgoo M 0.6 A7, S8 10 mmol/L
TR 2% L %5 Wi (phosphate buffer saline, PBS)t
% 2 Wi RPMI (Roswell Park Memorial
Institute) 1640 ZHAEIGFRIEAL UGB, m&
PR 42 K (multiplicity of infection, MOI)=10:1
TG N\ b 2 0l Caco-2 (41 bt b 28 i 24 Ry
2x10°4~mL), Zhfff: 37°C, 5% CO, /2% 30 min,
UEEHEAE 0 h, Ji 10 mmol/L PBS %4k 3 U4
JfL, AL AV 1 i AR 1 T 4K T (trypsin-
ethylene diamine tetraacetie acid, trypsin-EDTA,
0.25%) %4 10 min, FEHRATIR S ZHRANMLSH1 T
MRG58 HAfL4kessss 15 h, AR
LWL 50 pg/mL PJOREE R 1 RPMI 1640 il S7
B, 37°C, 5% CO,YEFH 30 min AFEMISMH )
Y aniEm R A, ABTVER B

Primers Sequence (5'—3")

16S rRNA-RT-fwd
16S rRNA-RT-rev

TGAAATGCGTAGATATGTGGAGG
ATCGTTTACGGCGTGGACTA

pICA-RT-F CGAGCAAAACAGCAACGATAG

pIcA-RT-R CGTGTCAGTTCTGGGAGTAGTGTAA

plcB-RT-F ATCATACCCTCCAGGCTACCA

plcB-RT-R CGCCCTTTTCGCATTTTC

inlA-RT-F GGTCTCACAAACAGATCTAGACCAAGT
inlA-RT-R GTTGATTATTGCTGAAATTTATTTGTG

inIB-RT-F GAGACTATCACCGTGCCAACG

inIB-RT-R TTTGTGTCACTGCATCTGTCACAC

actA-RT-F CAGCAGATGAGTCTTCACCACA

actA-RT-R CCATTTCCCCGCATCTTTTA

hly-RT-F TCACATCGTCCATCTATTTGCC

hly-RT-R ATTACCGTTCTCCACCATTCC

mpl-RT-F CAGCAAGGACAGCTTAGGATTAC

mpl-RT-R CTTTCACTGGGTTTCCGACATA

CIpE-RT-F ACGGCAGTTTTACCAACACC

CIpE-RT-R AACCAAGCAAACCGTGAACA

prfA-RT-F AGCTTGGCTCTATTTGCGGT

prfA-RT-R GCTATGTGCGATGCCACTTG

CIpE-QDZ-F CTAGTCTAGAATATAATTTCCTCCTTTTAAAAATG
clpE-QDZ-R CGGGAATTCAAATAGCACAAAAACGTTCCTTTAT

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

B 1 mL 335 57 W B 2 i FE T EGD-e
AdegU Fll CAdegU B 1:100 #5325 )# 6 BHI
BRIk PER 2 ODgoo M 0.6 2547, SR 10 mmol/L
PBS ¥k 2 5] DMEM 1555343 L B
W, LI MOI=10:1 & e /N 5L E W 40 i
RAW264.7 (ALl 2x10° 4A~/mL). 1
YL SE 30 min AT 50 pg/mL RREHERM
DMEM K5 37 °CAEFEZHAE 30 min LA K
SNTE . ACFRJS ] 10 mmol/L PBS ¥k 4H il
30, MEHCCVAENIGESE 0 h, RS U
5 ug/mL PEREE E HY DMEM 5355481 10% FBS)
URSEEESR 2. 5 R 8 ho BRI 1B 1 4
M A TR
1.6 ZHEZHHA

B 1 mL S S SR BRI 4R T RE T EGD-e
AdegU il CAdegU Tk 1:100 Hez81 4 BHI #5557
FEHPREFE S ODgoo 0.6 ZE47, LA MOI=1:5 JEGL/ MR,
BETHEANN 1929 (AN L 1x10°4~/mL),
Y B, AR B KO S s A,
SAREIE], B 15 min %8 1R, 37°C, 5% CO,
M FREFE 1 h; 10 mmol/L PBS YE4IMI 3 1K,
IMASLHRPE 50 pg/mL PR ZEA DMEM 4
M FEHE, 37 °C, 5% CO, #kZER: 5% 1 h 22Kl
SRATE ; 3 BUIE:10 mmol/L PBS VI 4 i
3, A 3 mL EFAURER 0.7%M R i B
FEF 10 pg/mL IRRERMWICHZL DMEM (%
10% FBS)4ififukss=3k, BilREER)S, F 6 LR
B8 T 37 °C (% 5% CO,)ANMusE FR46 h ak s
It 3 d HERINZEHE, WE S5k BLmA
600 pL 40% H EEEI E T 37 °C KiFRAH & 2 h,
BN EEEE, SEFLIA 600 pL 0.5%M)45 b4
VW, Yt 10 min 5 ddH,O Mk iE .
1.7 RT-qPCR

M SE F W R AF B 0 (National

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

Center of Biotechnology Information, NCBI)Z& [A
B TP TS A 2 R O ) I G R R
actA, hly, plcA. plcB. inlA, inlIB, mpl, prfA.
RO Wit 57 A E LA el pE F 2 5L 16S rRNA
(ImorOL) WY 741, MRHEZOEE R PCR 5141t
FEIUE F Primer 3 Plus W3l 31SE ) 96 Y6 8
PCR 51531750 1), BRECEHr gt
PSRRI, F54% % 5 mL B BHI
WARREFRHE, ££37 °Cal43 °C4 R, 200 t/min,
P HEFE 10 he S BOSCHRIET T 20 R RNA (421
DA K B 5P, Jf s it EGD-e. AdegU Al
CAdegU )45 LK mRNA 5 57K
1.8 EMSA

i 12 BioCyc i 2 ] cl pE J [H] by 55 5%
A, Snapgene #4154 clpE-QDZ-F/R,
DL BA S AR T B 4 Fk EGD-e K£[K4H (GenBank
ID: NC_003210.1) A4k, § 5 clpE (Gene
ID: 986780)f4 4% ¥4 (coding sequence, CDS)[X.
NI IR EhF X3, O EMSA #REHEYE bR
IR &R IC DNA MRS, BlJS L 4%AE28 1R
TR e T P 5 G PR VKR AT A0 AT, PR BE IR e B
NI JEIRRR b, SRIGITERIMEACHR, )R
i FHAL2: &6 EMSA R ST R 451
1.9 Zitoth

iR R A CoreDRAW X8 HE47 &l |4k
FHFI GraphpadPrism 8.0 XJE i1 7o #5447 22
Str. HA*EI/R 0.01<P<0.05; **F/R 0.001<
P<0.01; ***3/R P<0.001; ns %7~ P>0.05,

2 EREM

2.1 BRIBFHMFEERK degU B EFFAMAD
RERESIRLSS

BRSNS IR TR TE I 18 F B 20 2k B R 28
9 RE 7 2 AL S5 PR 7 1 ) — S E R AR,
AL, degU e BN FIA 215 = 4 i e b R 4%
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BIVERT, AIRIG4K 9T EGD-e. AdegU Hil CAdegU
TE Caco-2 HZEM AR ZERE 1. 45 REW], 16
PA PO AS UL A B Y Caco-2 48 0.5 h i,
EGD-e. AdegU Hl CAdegU Y%l [ 43 51 Ky
3.02% . 2.03%F1 2.59%. degU Ik [H Gk )5,
AdegU # EGD-e #H FL BT 4T [ 32.78% (0.001<
P<0.01) (&l 1A). &4t Caco-2 4fifl 1.5h J5,

s B B B

EGD-e Adegl CAdegl

5 EGD-e fil CAdegU #tt, AdegU [H{R78% )
BT FE 54.23% (0.001<P<0.01) 1 54.67%
(0.001<P<0.01) (& 1B). EGD-e 5 CAdegU [#7%
MR FZ BRI BENES . &5 ANk,
R degU B PR feff LG 2 3R 1 19 b R A 28
F0E, iR degU FERAEWEIKE AdegU 7E
Caco-2 4 g B ZE I AR 22 RE T o

EGD-e AdegU CAdeglU

1 EGD-e. degU HRoctkFnE MK B Caco-2 HAEERIFAMI(A)FIRZEEE I(B)EL 3

Figure 1

Comparison of adhesion (A) and invasion (B) ability among Listeria monocytogenes EGD-e, degU

gene deletion and complementary strains in Caco-2 cells. **: 0.001<P<0.01; ns: P>0.05.

2.2 ERIEZHRMEEEL degU EFE fFREALE
SE BE 11755

Ry it — R B AR R TR AE 1A AR N T
32 4 LV BR LT A BE A ok R, R
RAW264.7 555 DegU 7E 4T il P 4 5 o () A
Mo &5REY], HIGZITERE EGD-e. AdegU
Fl CAdegU 7EIRLAIUfS 0.5-8 h, M4 =
I R A, (B RKOBEHRS A 5
EGD-e #{tt, AdegU RUBEINANRE =AE 0.5, 2. 5
A8 h 435 F k% 63.41% (0.001<P<0.01), 86.84%
(0.001<P<0.01), 96.92% (0.01<P<0.05)#1 95.24%
(0.01<P<0.05); EGD-e Fil CAdegU ) il [ 14 4
WA BEEERE 2). LR, G55 FERN,
2 degU B PR SRR IE 2= s 1R e /)N UL R 4
Jl RAW264.7 H (1) i P 34 58 fig 7 i 2 REAIR

10'r _o- EGD-e
:g ()_._Ad(-?gU
2 = 10°" —a CAdegU ]ns
4’8
S 10
_723104— *
3
= . *
£§ 10°F * %

- ek

2 | | | 1 | | | I

1T 2 3 4 s 6 7 38

t/h

2  EGD-e. degU &t %k # #0 [E] &b £k &% 3

RAW264.7 R[5 HO1ETE RE S EL AL

Figure 2 Comparison of proliferation ability of
Listeria monocytogenes EGD-e, degU gene deletion
and complementary strains in RAW264.7 cells. *:
0.01<P<0.05; **: 0.001<P<0.01; ns: P>0.05.
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2.3 ERIEFHTFREIEL degU EFE fFREEITE
FEREJIR 55

MG AT RR TR AE N — R N AF AR TR, TR R
Yt B rp AR MR T AA RE ) 2 R OCE LY .
1 P 2 BER G — P AR5E DegU X B 4= ke
PR FEAN LRI AE s m . S50, AdegU 4
PRELIE Y 25 BE H 425 EGD-e Al CAdegU A E
435045718 30.67% (P<0.001)F1 26.16% (P<0.001),
1M EGD-e Fil CAdegU J¥ ml 1178 B B4 T i 2 1 22
5:(K3A. 3B); EGD-e. AdegU Fll CAdegU Jak¥
TRz SR E 27 (B 3A. 30). 4L
PR, BARAEHTRE R ER degU SEIR S AR 4 i A]
RS E 7 2 a5

2.4 degU EEHK M ABEHISEE 1
S B T4 Rk FIEE

MESTIIIEG T DegU 7E b2 4514 15
FIREGL RGBT . 228 . PN S A R [R] G RS
PP ER . 78 bk g, AHRENE N
F InlA, InIB, PlcA., PlcB. LLO. ActA .
PrfA Fl Mpl %25 . AWFFEH ] RT-gPCR 451
AN BE S BE D B 3 s Ko, 25 R 3RWT, 5 by
ZEWr R EGD-e AL, AdegU [ actA. plcA.
plcB Fl inlA 3L R 5% Stk 34 825 R, 20 5]
T 2.7, 1.6, 4.9 Fl 2.4 15 4). % LRk,
PAYEASHTRER B degU JEIH 5 EEEE EE TR
actA. plcA. plcBHlinlARYE: KT B

R

un

=]
1

of o i i

wn
<
I

Plaque size (relative to EGD-e) (%) @

<

EGD-e  AdeglU CAdegU

200 -

150

100

50

Plaque numbers (relative to EGD-e) (%)

EGD-e

Adegl  CAdegU

3 EGD-e. degU GRICFRFEIAMARLZ: 1929 4RAE/EHIBRIEIT 5 8E I ELER

Figure 3 Comparison of intercellular migration ability in L929 cells infected with Listeria monocytogenes
EGD-e¢, degU gene deletion and complementary strains. A: Plaque formation in 1929 cells after infected with L.
monocytogenes. B: Plaque size. C: Plaque numbers. ***: P<0.001; ns: P>0.05.
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actA plecA plcB
1.5~ *® * 1.5 * ok 1.5 - * stk
—— ’ —— — —
(]
Q (5] =l
2100 2 1.0F g 101
3 E £
E 0.5L E 0.5 S 051
00 § & L S0 00 S0
& k2 &
&y b Py b F y°
< bvd C/V % vy CV <& hvg CP
pri hly inid
1.5 ns ns - * sk 15
5 1.5 5 B
% % G
£ 10 g 1.0 EREUS
S S =
= b —
S 05¢ S 0.5F 205
0.0 0.0 S 0.0 s 3
) <
Q’ (g @qﬁ Q' 0 QRD Q' qf’o @d\o
SR Q\:? & W Cpé " ¥ Qvt”
inlB mpl
20 * ok 2.0~ ns ns
— —
% 5k % 1.5F
= s
S 1 5 1.0F
— -
05k 2 05}
0.0 0.0
o 2
OQ b.qf’vg \Qﬁ\} 00 \Q,Q;B h@";)
< hvg Qb\' < vd (/V

B4 EGD-e. AdegU 71 CAdegU hENHEXEREMERKEER
Figure 4 The transcription level of virulence factors in Listeria monocytogenes EGD-e, degU gene deletion
and complementary strains. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001; ns: P>0.05.

2.5 DegU HIELS clpE BT HIETHE
EEIRIENEES

HOIOESE R, 76 43 °CRplaciF T, fk
degU JE Al B2 T Re T 14 AR 52 31 i 5 1 5
DegU Jif hrcA, grpE. dnak, dnal™'fil ctsR™
TRV JOAH DGR DR, DT 9080 7 B 4 T R TR T v
TSN RE ST o b TR DegU 532 CtsR 411
1) clpE JER Z IR R, A58 R AT EMSA
DAl DegU & FIRER HA% clpE RS 3+
X454, LL0-16 pmol/L BE 5 M FER DegU 2
54 EARCH clpE 2L G sh FIX 456 . 45

T, 7F cpE JEHJE 8T XOWEL S i Y 45 i
B, HBEEEEAENAT B LR, 10 DegU
IR T clpE JEHE 3 F X455 (& SA).
i —2LFI FH RT-qPCR J5 724500 degU 5 DRI il 28 Xof B
BEASHTRE CIpE IR SR 52
M), S5, TE 43 CCHOTRAE T, Adegu Hr
clpE Y 5K 4 EGD-e Fil CAdegU i 2 F4I%(&
5B); TIfE 37 °CAHZAE T, clpE 7E AdegU Hif#)
55KV EGD-e #HEL B 64.4 £5(1&] 5C). 25 I
IR, DegU fEf% 5N clpE B 8 T IX 454, M
T B H2E I pE TEANRIELE T A% sk -
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A B
Probe (1 pmol/L) clpE
DegU (pmol/L) 0 2 4 8§ 16 1.5
(]
DegU-DNA J 210
complex : 5
=
= 0.5
=5

s
Free probe [ > ==t et

EGD-¢ AdegU CAdegU
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Figure 5 DegU directly regulates the high-temperature adaption by binding with the promoter of clpE. A: The
binding ability between DegU and promoter region of CIpE analyzed by EMSA. B, C: The transcription level of
clpE in Listeria monocytogenes EGD-¢, degU gene deletion and complementary strains at 43 °C and 37 °C. ***;

P<0.001.
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