AP~k

Acta Microbiologica Sinica

2024, 64(5): 1506-1520
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20230709

{iKim T FRIE & 83 MogR i B8 2= B B ¥ E 712 B HY

Al

AERY BE' ELE, X\E

el R B2 Be, 1 :I 430070

TEER, X8, A3, XA, (R TRHEE T MogR I Hub4 2= 74 [ HE B P BUIMZ A [1]. A4, 2024, 64(5):
1506-1520.

WANG Guojun, DENG Xia, LI Shaowen, LIU Mei. Role of repressor MogR in flagellar biosynthesis of Listeria monocytogenes
at low temperatures[J]. Acta Microbiologica Sinica, 2024, 64(5): 1506-1520.

B E: [86] £mied s 2R (RAREE S 045 H8) (Listeria monocytogenes, Lm)Z & /R
MR RE , T OAG| R 4 A s (listeriosis). Lm g AIKE T A K, ATARR L2 4MR" E R
M, FATARMERERBENLE. LmEIREA KSR IEA R R AR MBS A X
MogR & Lm#e £ F 4 R ag (LB &K G, EHVIRE R 37 °CIHRE T LA MEER, Lm &= 4L,
R, H LmAF 20-30 °CBf MogR LA, Lm ZA L, KNARLINAE 4°CEKEHT
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Role of repressor MogR in flagellar biosynthesis of Listeria
monocytogenes at low temperatures

WANG Guojun”, DENG Xia”, LI Shaowen, LIU Mei"

College of Veterinary Medicine, Huazhong Agricultural University, Wuhan 430070, Hubei, China

Abstract: [Objective] Listeria monocytogenes (Lm) is a ubiquitous foodborne pathogen
causing listeriosis. Lm can grow at low temperatures and thus may cause safety problems of
refrigerated food and threaten the public health. The growth of Lm at low temperatures involves
the inhibition of flagellar gene expression, which restricts flagellar biosynthesis. MogR is a
transcriptional repressor which represses the expression of flagellar genes during intracellular
infection and during extracellular growth of Lm at 37 °C, resulting in no biosynthesis of
flagella. Whereas MogR is deprived of repression function and the bacteria produce flagella
during growth at 20-30 °C. Our studies demonstrated that Lm significantly reduced the flagellar
production at 4 °C, but the molecular mechanism of which remained unclear. This study aims to
reveal the relationship between the reduction of flagella and MogR repression at 4 °C.
[Methods] We constructed the mogR-deleted mutant AmogR and the flagellin gene flaA-deleted
mutant AflaA (as the control strain with no flagella), and their complementary strains cAMogR
and cAflaA with the Lm strain ATCC 19115 as the parental strain. Then, we analyzed the
swarming motility, flagellar biosynthesis, and transcriptional levels of flagellar genes in above
five strains at 4 °C, 28 °C, and 37 °C, respectively. The growth curves of these strains were
determined at 4 °C, 28 °C, and 37 °C, respectively. [Results] Compared with the parental
strain, AmMOgR showed significantly increased in motility, flagellar biosynthesis, and
transcriptional levels of flagellar genes (P<0.01, 0.001, and 0.001, respectively) at 4 °C. The
growth of AmogR markedly decreased compared with the parental strain (P<0.05) at 4 °C. The
data of motility, flagellar biosynthesis, and transcriptional levels of flagellar genes in cAmMogR
had no significant differences compared with the parental strain. [Conclusion] The reduction in
flagellar biosynthesis was associated with the repression function of MogR in Lmat 4 °C. The
reduction in flagellar biosynthesis was of benefit to Lm proliferation at low temperatures. This
study enriched our understanding of the mechanism of Lm growth at low temperatures.
Keywords: Listeria monocytogenes; MogR; flagella; growth at low temperatures

PRGN MO A A TR TR, TR R R 2R JE . DT IRSE, AL (case fatality rate)fs)
#i(Listeria monocytogenes, Lm), ZATEM M ik 20%-30%"7!, Lm REMRIRAE K, HRAR4E KR
M 22 B (GHB AR, HATRIGREIRE  JER5-0.4 °CY, XA & il 12 44 i ™ 5 4,
Ferk, MMM A, ER—M @RI B, IR A @RS AU E R fEE . BT, Lm
(foodborne pathogen) , 7] T 2= W7 #F & #i RIEA K B EARPLEIAN T, 558 L AIRTR A= K AL
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Durack 5@ 1L 43 M Ak FARTE 4 °C&FTF
ARKE) Lm RO SEA R R, SHES
AR G A 6 DR 3 15 W A 1 R O, Ak T bR
A BB RER, 164 CREFAMT
P PRAZ S Bl AR B /N T 25 cCREFR AR
Cordero ZFMHAL T Lm ZEMKIR 8 cCAEK LM
AR PRI RS A KIS E RS s, R
A B B B 2 sh i B S T AR R R TR
PR 5 S AUEE o A PR TR R B R A R
FEFXREE TR B, LmagfRiRA K S5
il ¥ B 2 PR ek LU D MBI A e o, HA
PRBLI R WA IE

Lm #i B 5L K P 1 flad 24 B 1, Hd
T E 2255 1 FlaA, HAHiEILH £ 250 7E
394, 397 1398 iX 3 MERHIC (& D7, Lm
TEMUAIRIEER 37 °CREFRACMET , M B wipE
#E [1 MogR i, A=A i€, Jiz sh ikt
M Lm 4 FANRIREEEL 20-30 °CREFRAAFIT,
MogR ##HiPHiE 5 I GmaR #l17fi], MogR % i & %&
IR AR AERR , Lm A aHEE, feizsh! ",
L, FRATTHERT L R A 4 B i = ek 2D ]
AES5 MogR Ml ¥ BELH FR A XK, N T RIUE
IHERE, ASSCUA LmATCC 19115 R EARR, #)

2 FHIE 1 MogR FEA 8k 2k tk AmogR K& L [l #h
tk cAmogR, [F]Bfis My T #EE 228 1 FlaA J&
IStk AflaA (7 JCHE T X HE AR ) B [T A
Bk caflaA, WE 25 R AEARIR T iz sk .
B CR DU B3 N IR B0, LRI E B
A B TR AR TR AR I T B 2R I L, AR ST MogR
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Table 1 Bacterial strains and plasmids used in this study
Category Name Relevant features Source
Strain ATCC 19115 Listeria monocytogenes, serotype 4b Purchased from Guangdong
Microbial Culture Center
AmogR The mogR deletion strain of ATCC 19115 This study
AflaA The flaA deletion strain of ATCC 19115 This study
cAmogR Complementary strain of AmogR This study
cAflaA Complementary strain of AflaA This study
Plasmid pHT304-ts A thermosensitive suicide vector with erythromycin and ampicillin = Stored in this laboratory
resistance genes
pHT304 A shuttle vector with erythromycin and ampicillin resistance genes Stored in this laboratory
p2102N The upstream and downstream of mogR was cloned into pHT304-ts This study
p2104 The upstream and downstream of flaA was cloned into pHT304-ts  This study
p2201 The gene of mogR including its promoter was cloned into pHT304  This study
p2202 The gene of flaA including its promoter was cloned into pHT304 This study

FOR AR BURF & A Omega Bio-Tek /) ; HL
B 171 YL R B 29 R (phosphotungstic acid, PTA)I
B EREE K DOR R S I T OO &
PCR [#J 2xT5 Fast qQPCR Mix (SYBR Green I)Ily
H R DUERH AR A FR A H
1.3 ERE#FK AmogR #0 AflaA R E [E 4Pk
cAmogR #1 cAflaA B9

PL ATCC 19115 S#it , F514 mogR(L)-F/R
F mogR(R)-F/R (& 2)¥ 4% mogR I T 1% W] 5 fE
(#l 2). Overlap PCR i##% I F i[RI U5, 4[]
U5 fil A ) % ) A S B R AR R
pHT304-ts H1, FR15 %A mogR - T Uit [ Y 5
MR p2102N. %1k p2102N A K #F
DH5a i, MK —MFizd:YRHAERA
FXE p2102N H )[R I e A A I,
GRS T, AL p2102N, HEK(2.4 kV)
F ATCC 19115 Az 54, % RIS PR 4%
fbF 5, A TR 06 A R PR O o, AR AR Bl O bk
AmMogR (& 2). B A5 14 flaA(L)-F/R Fil flaA(R)-F/R
(& 2) 34 flaA B FUERIERF AN, Bkl AflaA
(AL 5 W] AmogR. 1514 mogR-F/R (# 2)

P itE B B a8 1 mogR, % TRk ik
pHT304, K45 B4 Tk p2201, X} p2201 H)
H A R B b ATy, B B e 1E A 1 B 4
SR AR A B BR AmogR B2 S 4
PCR %7, K45 MIAME cAmogR. B H 5
flaA-F/R (3 2)¥ W 646 B B 3 sh 11 flaA 4b,
kMR cAflaA B4 7[R cAmogR.
1.4 a4l

PREUEARR ATCC 19115, B2 bk AmogR
Al AflaA, DK [BIMg cAmogR il cAflaA AR V&%
FhF BHI ks 323E4, 37 °C. 200 r/min 1535
12h, BJE 1:100 #4223t BHI ARSI,
37 °C. 200 r/min 3555 % ODgpo A 1.0, HL 5 uL
R VR 2RI T BHI 4KE0E (0.375%) -4, 4351l
T4 °CH555 20 .28 °CH; 3% 48 h 137 °CH; 57 48 h,
W P A BT 3 AN, IR T 2 1K,
FH GraphPad Prism 8 #1740 i+ AT Ak .
1.5 iE5TEE R (transmission electron microscope,
TEM)I) 22

B ATCC 19115, AmogR. AflaA,
cAmogR Fl cAflaA 735 F 4. 28, 37 °CTFHiF%
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x2 KARFASY
Table 2 Primers used in this study

Primer name Oligonucleotide sequence (5'—3")

Restriction site

mogR(L)-F GCTCTAGATGACACCGTTCGAATATCATTATTGG Xba I
mogR(L)-R CACCCCTTCTAAAACAATCACATACCTCTCTATCC

MOgR(R)-F TATGTGATTGTTTTAGAAGGGGTGGCACGAT

MogR(R)-R GGGGTACCTTTCAGCTATTATGGAAGCAGCTA Kpn I
flaA(L)-F CGGTCTAGACCAGAAAAACTATCGATTGGTT Xba I
flaA(L)-R GAATTTGATATGTTGTGTTTCCCTCCTACATTCG

flaA(R)-F GGGAAACACAACATATCAAATTCATTTATCGAACA

flaA(R)-R TGCGGTACCATTTTCCATTGCATGCGTTAAATC Kpn I
mogR-F CGGGATCCCACCTTTCACTCCCTTCATCAGATTAC BamH I
mogR-R GGGGTACCGGTATAAATTTCGATATACATCGTGCCACC Kpn I
flaA-F CGGGATCCACATAAAGGCGCAGGTGTTG BamH I
flaA-R GGGGTACCGGCTAAGGGTAAACAATGTTCGAT Kpn I
pHT304-F CAGGAAACAGCTATGACC

pHT304-R TGTAAAACGACGGCCAGT

16S rRNA-F GATGCATAGCCGACCTGAGA

16S rRNA-R CTCCGTCAGACTTTCGTCCA

fliN-gF TCGCACGAGAAAAAGCGAAA

fliN-qR CGGAAAAGTGCTTCATTTTGGTC

flhB-qF CTTGCGGATGTCGAAGCAAG

flhB-qR TGTCGGGTTGTTCACCACAA

flaA-qF TCGTGCACTTCTAGGTGCTG

flaA -qR GCGGTGTTTGGTTTGCTTGA

flgE-qF GCGGTGGCTACTTTCTCCAA

flgE-qR ATTCGCGGGACAAGTCTACG

fliM-qF TGAGCGAGCGCAGACTTTTA

fliM-gR CAACACTGACAAGCGCCATC

flgk-qF ACAAGCTGTGGATCAGACGG

flgk-qR AACGAAGCGGATTGTTTGGC

fliF-qF TCGAAGGGACACTTTCCAGC

fliF-qR TTGAGGCGGTTCCTGATTCC

flil-qF AAAACGGCTCGATCACTGGT

flil-qgR CTAACGGAGCCGAGGACATC

The underline represents the restriction enzyme cleavage site.

ZRE, SR A1 mL #K T 1.5 mL EP %
H1,2 000 r/min 5.0 10 min, FAATIIES S 1 mL
1xPBS ¥E% G FEA 1 mL 1xPBS E&, BRI
TEM B0 FE i o HURE 5 . R 4lKFD PTA YLyl 45
20 pL % TR AR 3 L R A I FAE A
T _E B 1 min, JEACI X 2K S FEA0 T
SliZK W b IS BV AR T, PR AR M

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

PTA Jei E4efa 1 min, FIEARR T, FR4AK B
SRS BV AT F TEM WS B (i B A= KA L
SE it LA A R R D — AR 1 T
B E 43 He , Fl GraphPad Prism 8 #E47 4048 vl 404k,
1.6 RT-qPCR

PREBUNBIAE 4. 28, 37 °CE&AF T H 3R =%t
I ATCC 19115, AmogR. AflaA, cAmogR
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pHT304-mogR (LR)
7 949 bp

Inserting T
fragment | Replace

Insert
Xba1(6774) -Kpn 1 (6 793)

Xbal Kpn1

Xba 1 Kpnl |

mogR-L  mogR-R
mogR-LR

1174 bp

Overlap T

42 °C (Erm)

Homologous
recombination

Xbal(3)-Kpnl (1171) =

ATCC 19115/,

37c ([
(No Erm) ‘

Losing plasmid

\_ AmogR )

PCR

1-629

1 629

mogR-L

pHT304-ts
6 800 bp 629 bp
Amplify
PCR 414-1 022

414 11022
mogR

2 ER%k#R AmogR HERIZEE

Figure 2 Diagram for constructing the mutant AmogR.

1 cAflaA TR RNA, 5 stifn) e b A i %
S, AR cDNA Bl RT-qPCR BYBEAR .
Fit I8 2xT5 Fast qPCR Mix (SYBR Green I)ix
VLB HEE A L flaA, fliN, flnB. fIgE.
fliM, flgK. fliF #1 flil }& 16S rRNA J&[H (1E K
NS DI T RT-qPCR, FH 27 22C AR R 8 ik
XF 45 R AT FR IR 2 R AR T
1.7 E£KHZENE

PEEL ATCC 19115, AmogR. cAmogR. AflaA
il cAflaA TR 7% B2 Fl T BHIR A B 35 56,37 °C,
200 r/min 555 12 h, SRJ5# 1:100 EAhEEH: 2
Brif BHI ARz 2569, 37 °C. 200 r/min 1537
% ODegoo M 1.0 J5#% 1:100 f£Fh & 44T BHI
WAAREE SR I, ARG 43 AT A 4 i R

Overlap and amplify

Overlap and amplify
1-569

1 569
mogR-R

mogR-R
569 bp

Amplify
A 1 944-2 493

194472 493

mogR

(1) 4 °CHAR HIZMIE . BT 4 °CUKFE i
B, S 1 dIE ODgoofH; (2) 28 °CH K
BRI . HO PR 1 2 96 FLIS BT A, Kp ik sy
W B F 4 Heh A K b, BRI
FkE], AEBE 1 h5E ODgoo fH; (3) 37 °CA: K
£ € W] 28 °CAHYMIAE . F GraphPad Prism 8
2l A K 2k

2 HERE4M

2.1 KIRT MogR X Lm =3 5E 11 HI 52
(swarming)

TE 4 °CH1 37 °CREFEAAME T, BBk AmogR
Hiz sl B B B K Foe Atk (& 3. Kl 4), HBEE
BRI SEH , AmogR 5 S5 AR 112 sh PR A7 75 2
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ATCC 19115 AmogR

4°C
20d

28 °C
48 h

37°C
48 h

cAmogR

>
g

cAMflad

3 B # ATCC 19115. AmogR. cAmogR. AflaA # cAflaA 957 4. 28. 37 °C T EIEENRE S
Figure 3 The swarming ability of strain ATCC 19115, AmogR, cAmogR, AflaA and cAflaA at 4 °C, 28 °C

and 37 °C, respectively.

td

A o ATCC 19115 B o ATCC 19115 C o ATCC 19115
s B AmogR = m AmogR = . m AmogR

[ . E . g 20

§20 & cAmogR o 530 B cAmogR E 0 8 cAmogR

5 o] ® Aflad . B = Aflad 8 5L = Aad xk
2 2 cAflad 3 £ 20p @ ead ;£ 7 cAflad "
= o 7 =

S 10} .2 P B

2 = ;2

S S ‘-

N 8 N 7 i

o Y

= 7 7 gl = 7 =

£ st thig CHEid kD £

= 5 10 15 = =

t'h

B4 =¥ ATCC 19115. AmogR. cAmogR. AflaA 0 cAflaA 4 5I7E 4 °C (A). 28 °C (B)FA 37 °C (C) T HY

EEEEEK/

Figure 4 The motility zone diameters of strain ATCC 19115, AmogR, cAmogR, AflaA and cAflaA at 4 °C
(A), 28 °C (B) and 37 °C (C), respectively. **: P<0.01; *: P<0.05.

FMEEF(P<0.01) (K 4). cAmogR. AflaA #i
cAflaATE 4 °CHI1 37 °CAF T ¥ 58 AR —H TG
HH 32 Sl el (81 3 181 4)  7E 28 °CA- 1T, [ AflaA
Teiz sk, HAL R R I B2 sh R (K 3.1 4).
LEHLH], MogR 1E 4 °CH X #i & 5L £k A
IIER, MRS T Lm iz 3tk
2.2 BT MogR 3 Lm¥#E & B AIZIE(TEM)
TEM 25BN, 16 4 °CHRUETF, Btk

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

AmogR 5 #EE kK HL il = T 2R AR ATCC 19115
(1 5). BEitsrirai g, £ 4 °CHI 37 °C4&1F
T, AmogR#f B A I B3 B T aRAE(P<0.001),
MK cAmogR #iE it 5 SR AR TG B 2
(K1 6A .6C); 7£ 28 °C4M4 T, AmogR il cAmogR
MR 5 REAM TR 12 5 (Kl 6B). 7E 4.
28, 37 CCEAREERMET, Bbk AflaA Bk
PRI, [ERMEK cAflaA B E B 5 R AR TG
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ATCC 19115 AmogR cAmogR Aflad cAflad
—i »
— 0.5 um f/' 0.5um 0.5 pm 0.5 um : 0.5 um
20.55%+2.16% 45.31%=£5.48% 12.66%=1.00% 0.00% 18.24%+3.84%
- P =" %
h 0.5 pm QS wm 0.5 pm 0 5 um
37.65%+4.79% 38.99%=+5.81% 39.53%=+2.17% 0.00% 48.80%+7.64%
S e -
Q9 A R
05um | 0.5pm ! ;'\ s um 0.5 .5 pm ~ 05um
1.90%%1.39% 35.26%+5.38% 1.87%+2.48% 0.00% 2.24%+1.83%

B 5 ESHEE(TEM) TMER A E# ATCC 19115. AmogR. cAmogR. AflaA F1 cAflaA 4 3 7E 4. 28.

37°CRMEELKIER  B/R7EREG T 7 B BE S AR

bR PR A IRHEE AR A 0 E

Figure 5 Production of flagella in strain ATCC 19115, AmogR, cAmogR, AflaA and cAflaA at 4 °C, 28 °C
and 37 °C, respectively, by transmission electron microscopy (TEM). The percentage (%) of bacterial amount
within a population that produced at least one visible flagellum was shown at the bottom of each image.

BEZERIE S5, B 6). EAKLE 4 °Ciff b
R, H R BT 28 CCRT K
H(P<0.001) (& 6D). AmogR #f & & 7E 3 i
JETF LR EMZF(E 6D). TEM 457K,
16 4 °CEMF, MogR X Lm i iY77 4 A )
Hil7EH

2.3 K& T MogR X Lm #fEEFEFTKiEH
£ MI(RT-qPCR)

HRMET 4. 28, 37 °CHKMATF ATCC
19115, AmogR. AflaA. cAmogR Fl cAflaA (1) Hf
EB2EAEN flaA 1 RZRBEKEE 7). T8
4 °CH}, H3EARLE ATCC 19115 #HIL, HAtk
AmogR 1Y flaA Fik il 3 Fi#(P<0.001),

[F] %Mk cAmogR AY flaA &3k ) TG g 5 P 2 5
(F 7A); Btk AflaA 1) flaA i8R 0, H
kM cAflaA 5 flaA Fik (& 7A), F BB kR
LR AS E BT o T RE 2 18] () LA 25 SR s
B2 ¥k AmogR 1E 4 °CHl 37 °CH 1) flaA FEik =
5 28 °CHFHyAH L i E 2= % (1| 7B), B
mogR Bt J5 , TARFEA AR MY flaA ik
WAETEZE 5 JEAPR ATCC 19115 Flalfp
Pk cAMOgR7E 4 °CH1 37 °CIi} flaA 353k f 14 i 3%
KT 28 °CIf Y Rk F CEASIERY 4 °CH 28 °CH
b P<0.01, HA4¥% P<0.001) (K 7B)., %%
W, TEMRIR 4 °CHY, MogR #1171 Lm#fiF 24
EARA flaA B RIE
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= 60 err sk = 60 . = U B
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= = se §
= = = < 90
=
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Cc\q\\ % 08 7 e . LI NGRS < ¥ 0B BB
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D 80r
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::; 60 - . . '& [ i |
Eﬁ ek kAR 'é_l wEk Rk
& L ; " X —r
£ 401 £ . {4 & .
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E = AlA
8 £
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8 208 Tii
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Ay 3 i1 i
= o} A — Lotsl
ATCC 19115 AmogR  cAmogR AflaA cAflad
Bl 6 B3 TEM WEHEH ATCC 19115. AmogR. cAmogR. AflaA # cAflaA 435I 7 4 °C (A). 28 °C

(B)f 37 °C (OMMBNHREEFELSE—RFEEVWERMNE D LERERE —BREFRRRE

THIEHAE 7 LLAEIRE (D)

Figure 6 The graphs of the percentage of strain ATCC 19115, AmogR, cAmogR, AflaA and cAflaA at 4 °C
(A), 28 °C (B) and 37 °C (C), respectively, within a population that produced at least one visible flagellum,
and the graph of the percentage of each strain at three temperatures (D) by TEM. ***: P<0.001; *: P<0.05;

ns: No significant.

i flaA ob, ABFSEARE Lm B & 820
AE S RN T L (& 1), ks
fliN, flhB. flgE. fliM. flgK. fliF F flil X 7 4>
BB IR (3R 3)EAT TAE 4. 28, 37 °CAKMF T
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Figure 7 Relative transcriptional expression levels of flagellin gene flaA. A: Relative transcriptional
expression levels of flaA in AmogR, cAmogR, AflaA and cAflaA at 4 °C, compared with the parental strain
ATCC 19115. B: Relative transcriptional expression levels of flaA in ATCC 19115, AmogR and cAmogR at
4 °C and 37 °C, compared with at 28 °C, respectively. ***: P<(0.001; **: P<0.01; ns: No significant.

RI3 AMREZEMN SN ABTIHBEEEERMNER
Table 3 The information of 8 Listeria monocytogenes flagellar genes involved in this study

Gene name Operon No. Function References
flaA Monocistronic Flagellin protein [12]
fliN 394 Flagellar motility switch protein FIiN [13]
flhB 394 Flagellar type III secretion system protein FIhB [14]
flgE 397 Flagellar hook protein FIgE [13]
flimM 397 Flagellar motility switch protein FIiM [14]
flgK 398 Flagellar hook-related protein FlgK [13]
fliF 398 Flagellar basal body M-ring protein FIiF [15]
flil 398 Flagellin export ATPase Flil [15]
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Figure 8 Relative transcriptional expression levels of flagellar genes fliN, flhB, fIgE, fliM, flgK, fliF and flil
in AmogR and cAmogR at 4 °C (A), 28 °C (B) and 37 °C (C), compared with the parental strain ATCC 19115,
respectively. ***: P<0.001; **: P<0.01.
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Figure 9 Growth curves of ATCC 19115, AmogR, cAmogR, AflaA and cAflaA at 4 °C (A and B), 28 °C (C)
and 37 °C (D).
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