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Construction and Biological Characterization of 4y Gene Knockout Listeria monocytogenes Mutant Strains

XIE Manman, LIU Wukang, DING Chengchao, DONG Qingli, CHEN Guowei, ZENG Haijuan, GUO Liang, LIU Qing>l<
(School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: This study aimed to elucidate the effect of 4/y gene on the virulence of Listeria monocytogenes. We constructed
a hly gene knockout mutant strain EGD-eAhly from wild-type L. monocytogenes EGD-e by using a shuttle vector through
homologous recombination. Biological characterization showed that there was no difference between the growth status of
the mutant and parent strains. However, the mutant strain lost hemolytic activity, the cell invasion ability was decreased
and there was no toxicity observed in animals receiving intraperitoneal injection at a concentration of 107 cells/mL. At the
transcriptional level, the knockout of Ay gene down-regulated the expression levels of virulence genes in/C and prfA by 81%
and 76% respectively and up-regulated the expression levels of act4 and plcB genes by 2.7 and 1.8 times, respectively. This
paper may provide a basis for the study of the pathogenic mechanism of Lm.
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1.1 MRS
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Wi B (Listeria innocua, Li) . Caco-245 i i Je 40 Al
AR S B ARG AR FURLpK S V7 BURE i 8 rh i K 27
B L5 KA R DHS W& 2 4. pMD19-T
Vector#) T~ H ATaKaRaA ] 6~8 Jal /)N iU T 55 — %
FYNC»
112 B3R

0o (brain heart infusion, BHD %353 Jbig
REMFEAR B A IR A AL 2 B 52 iR & IR
BRSO S RIRA R (dbat) AR A A
Taqh. ¥ x5  HATaKaRaA@; DMEM
(Dulbecco’s modified Eagle medium) 4l 73t EH
SigmaA ] HARAZERT I R o Hrat
L1359

A S A 1 51 905 I GenBank H A A (1 7 41
(ID: 986837) ¥#it, MATAMTE (L) KHH
BRAF G RG BARDI T AN R UAL s iR 17N

1 51HF5
Table1 Primer sequences used in this study
SRR JPH (5'=3") B UIAL
hly S'F ATTCCCGGGCCGCGGACATCTTTTAATGT Smal 1
hly 5’R ATTTCTAGATTTGTTGCGCAATTGGTAGA Xbal 1
hly 3'F ATTTCTAGACACCACGCTTTATCCGAAAT Xbal 1
hly3'R ATTGTCGACAAGCTGTCCTTGCTGCAAAT Sal 1
hly KO F TGACGAAATGGCTTACAGTG
hly KOR AATGGGAACTCCTGGTGTT

Vs hly 5'FL hly 5'R. hIy3EEE iR BESIY: hly 3'F. hly 3'R. hIyEH T
W Beslv: T RIBR R DI s 5 .

12 S5

9500 %Y % 3 5K & M 5% X S B2 (polymerase chain
reaction, PCR) {¥. 750085z} 5¢ ¥ 58 & (quantitative
real-time, qRT) -PCR{x  SEEMNHAEMAF; DYCP-
3ICNA B KA. MicroPulser fREEAL  SEEAH R A A5
SpectraMax M2HYRFRAY  SRE & A .
1.3 &
13,1 hlyii bR s R gEar

EGD-eAhly BRI, R B GNFEL.

Sma 1 P2 hly P3 Sal T
L] | S——

Amp Pl Xba 1 Xbal P4

Sma 1

Smal Xba I Sal T
Sal 1 Pl P4
Cam

PKSV7-hly P1/P4

A
Cam

h,.
b3
I<§ Setofh (LmEGD-e)
H z

— x  E—
Jetafk (Lm EGD-eAhly)

E1 EGD-eAhlyBitkigEa
Fig.1  Schematic illustration of the principle for EGD-eAhly mutant

construction
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B vk E B B, A g Xbal T % BodhAT B mg v,
H KBRS P18 T4 DNAGERERGER:, ik

Jgz
13.1.2  [AJEEEHpMDI19-T VectorJf5 ADHSaB 32 25
4l

R LN ERER R pMD19-T Vector J AL 52
DHS g5z 4 b, 75 2 (9 B =R A6 T35 100 pL/mL
Amp PR £, 37 CHRAFTHIR. SRBURRVEY KK IR )A
BEATPCREEE , X B AR BF 1 o e T A P 0l i 177
SAMFRBURL, [N — 80 CfRAT
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1.3.1.3  pKSV7EL K H & 5 EfE1L

BiER [FRE FpMD19-T Vector 5pKSV 7 ki #E 4T
MUY, IR HEAT 35 RE W B AR F kO R [RT s, = A A
T4 DNAEHIE16 C % MF Nk BOEEIFE T ANLmBESZ 2540
JL o e H A o B 1 S5 ek 2 S5 3R AT R0 D) 4 e IR
D7 I 2 AR R A W S8 R, R e 51 BT T 1 it 2k
JFRRE S L& A58 5], 4200 uL Lm (1X10" CFU/mL)
SR PR EAL pg, BEMAZAF2.25 kV/em,
4ms, HEEEBSZ SN N3~5 mLEFBHIE; 73 A
PRGEEFRZ2 h, BSOS BAR G AT T & 10 pg/mLyehi
# % (clarithromycin, Cam) FJBHIHR, 30 ‘CZ&AF T H;
F5, BRECRVE AT S0, R T R I B VR AT
1.3.1.4  hlyHERB R T BRIV % 5 45 8

WA EMABR N Lm ¥ HFBHI (£10 pg/mL
Cam) WARFRFEd, 41 CHKMFH1:100 (VIV, T
[ ELFEI0 R, AR FEEFZRIZ TBHI (&
10 pg/mL Cam) Vg b, 41 CHKAMA TR REFR; $hlt
BHI (%10 ug/mL Cam) “F-H b f) 84 5 7% T BHIR M4 15 9%
B30 C oA FIELERE IR I 10055528 Ik, HURAES
FERNZ T BHIFAR, 30 Cil i3 PR B IE 3T
PCR“% & K¢ B A 7 A8 k43 39l RV 26 T Hi kP ORI AR~
B, ECamfIPTEBHITFAR EAAK, THitEBHITFAR L
AR K O BEAL S AR R, X B8 AL S AR A iR 1T PCR %5 5 LA
T & KAk
132 KL

PEILEGD-e. EGD-eAhly ¥ ¥ T BHIR AR 17 77 5
REIRIEROG TR, 4211005642 22 52100 mLT i BHIS; 77 5t
(HEE S, 37 “C. 200 /mink3%E, 41 hEX200 pL T/
FRAR A 5E ODgoq w B, FEIC 312 h, 15 31 0 5 2 1l 41
WA 2 .
133 ISR E

W ML P I 2 2 B8 Sivaranjani 2O BT, PhEL
EGD-e. EGD-eAhly. LiltJ5 ¥ T BHIH R 3% Z e R
K (ODgyomnZI80.6) o K LmE537404 'C. 5 500 r/min
£5010 min. HX0.1 mL i RS NN 21 mL I Il 3 2%
M (0.145 mol/L NaCl. 0.02 mol/L CaCl) 1, FfhnA
0.025 mLt T 4EF 1M, B 0.1 mLzE 773 FAE B P61
0.1 mL 1% Triton-100X{E N FHPEXT IR KRAT37 C
B2 7AW F 30 min, 5 500 r/min&.0>10 min. {9606
FEHIE _EE B AIODs g 1"
134 FEJJHEREL R RIEN &

PEHEGD-e MIEGD-eAhly RNAJG, 1% 5 3557
B icDNA, FFqRT-PCRAGI . Frf LLLmI16S
RNANH SR, AR SR EAR R, WERNET

SHCNE Lm 12 235 ) B R e KT 1024, SR RIA4 TR
SRR A A2

#2 qRT-PCRE|H55]
Table2  Primer sequences for qRT-PCR

SR AR Elk 2l Jr BER S /bp
16S F: ACATCCTTTGACCACTCTGGA 93
R: CAACATCTCACGACACGAGC
prfAd F: GGCTCTATTTGCGGTCAACT 128
R: GCTATGTGCGATGCCACTT
hly F: CAGCATTGATTTGCCAGGTAT 179
R: TCACTGTAAGCCATTTCGTCA
inl4 F: TGTGGACGGCAAAGAAACA 96
R: CCAACCAACAAATGTGTGACC
inlB F: GCAGGCATCTACAAACTTCCA 104
R: GCCATTTCGGGCTTCTCTA
plcd F: ACTACAATGGTCCGAGTGTGAA 137
R: CAGCATACTGACGAGGTGTGA
pleB F: GCAAATGCCTGTTGTGATG 112
R: CGTCAGTATTTGTCGGGTTATC
actd F: AGGCGGTAGACCAACATCTG 146
R: CCCGCATTTCTTGAGTGTTT
srtA F: CGCAGTTCCATCTGTAGACG 85
R: AACGCATAGTTGTTGCTCCA
sigB F: TTTGGATTGCCGCTTACC 91

R: TCGGGCGATGGACTCTACTA

1.3.5  Caco-24lifz 285256

JEEEE L T i) Caco-241 L, i FH £ 20% i 4 i %
(fetal bovine serum, FBS) FDMEME &, #ERiH4)5
KI5 PR 12 FLBURHE, 2.0X 10° cells/fL, JAE T2
R (37°C, 2.5% COy) R HUSEAE KA A,
PR P THON100: LA T AL R L35 7%2 he BRALE#H
0.5 mL 200 pug/mL%20% FBSJDMEMIR & 1) 5k K 5
R, T37 CHEFFAAPEIR30 min LIRS E . T
HWIR K ERIEW, (BRI (phosphate buffer
saline, PBS) 2 X, HFLIIAT mL 1% Triton X-10078
SIWAT, BT 1S mLG W B8 T, MRS E100 pL
AT TBHIE AR 72, 37 CREFRAAH G 7724 hiG 4L
Giit.
1.3.6  BULRE

WO 34 KA EGD-eARly 6 000 r/min g5 024 min,
i FH JC R PBS H 8 e B Kk % M 107 cells/mLE B 3 41
6~8 /N, B8 N, HHIEREN200 pLF &
Wi, FHorbou B ZHYEHE200 uL PBS, 4 KICIE/NRAETS
R
1.4 HaEguhair

AW TCHE B [ A R S B AR K 2 e b, 3
WHE3 AT, EE3 R P 8dE {4 F GraphPad B 4t
T, SR /N R 2 AT LU
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subE: 5~8. hly FUif v B ibE: B. hly 5" BUS3 v Bk
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Fig.2  Cloning of hly up-stream and down-stream sequence
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Fr B skt i B AETO0 bp e f . FZHENCBI E#2 4L 751,
2 NS I N880. 724 bp, SR AT . E2BA
hly 5'Fhly 3" Fr BOER: R pMD-19T 5 S KT B i B 7%
PCREEZR, JLBkEe MEE, b4, SykiE s IR
iy, AL E S U H AR 1 604 bpAH AT
2,12 PKSVT7HH RS L

M. Marker; 1~10.%5E Wbk
E3 pKSVIEARNEE
Fig.3  Identification of pKSV7 recombinant plasmid by restriction

enzyme digestion

P 4T ()pMD-19T 5 PKSV 7 i KL 14 4 i BR 1 4 A
VIlGSal 1 MSam 1 BEATXEGY], fd H T4 RN ER D) IT
IPKSVTEhly I Nl E M BAF R HA A S hy I E

H B KiPKSVT7-Ahly, %2 B PKSVT-AhlyEiik SN
B FAAZ I A R B B SN, B S, PR
P 7EBEATPCREE ST, FHAE v & B 1 2ty /N BR A
1 604 bp, %ELERAIE3, %5E S fEH 51 ¥hly 5 FA
hly 3'R, BREL10 NEEA6 NMHBLA S &4, &rir
BEEL1 600 bpZidi, FFE T,

2.1.3 [ E H B 1 0 i

M 1 2 3 4 5 6 7 8 9 10

700 bp
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M. Marker; 1~9.%5ERFk; 10.FHEX .
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Fig.4 Identification of EGD-eAhly by PCR

WAHPKSVT-Ahly R K (JEGD-e W tk, 2HEE =X
PUIE AU B2 07 126 15 ZIEGD-e ARy B R, BRRAN S hiyF:
N, BEithlyF I E51#hly KO F5hly KO R, ZPCR
T, BE, BRBEMGKN, MRAERAEREANE
PREY 1 B HL vk 2 G B Y B R {E SN 535 bpl
. BRELO N VR, HBHATPCRY MG % E, 45w
B4, HATOWKE AP R, 1. 5. 9UkiE XS B 1) &
R B AR bk
22  EGD-eAhly K h4;

08r . EGDe
06k ™ EGD-eAhly
g
g L
s 0.4
o
0.2}
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It /b
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Fig.5  Growth curve of EGD-eAhly

wWESAT7~, EGD-eAhly 5SEGD-efEil £ 7%, 1:100
FLBH37 C 200 r/minfRRIGFRIFA T, AR M2 A A
A, B3 RAAEKYIN, FEEEOH, JF7E10 hEE
FaE W, BEIFODgg I N0.61, £ I3 i A K i 26 3 A
— o VLI ALy HE R 1) R XTEGD-e ) A K AN R FE 0 o
23 EGD-eAhlyvi LG

hly BRI VE I K HLLO, &% 5EGD-el& I
ROBLI R IR, A P I S B 36, S 56 i AR v v B ) B
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B, K x AR B IR R ST, 5 B AR
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K, SXRAGEEEER (P<0.001) , KiFhlykt
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Wi T 75 00 R K BRAK, e A 40 i 452 2% S 36 whoA il 21 11 240
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MR ES AT AER BB S . H "2
A8 WL SE A N 4 B I Lm b B R Ly B DR R R TR bR, 45 R
o 5 B AR R LU R R PR IR B EUE R (LD M
1.47X 10" cells/mL b7} £2.15X 10° cells/mL, # JJ[£1IK,
EARSZIGMRF . SR B R EE I T BRI e AR B
(VB0 1 AR, ATk ) 92 v LA 0B 25 30745 32 o 0 s 2 1
R RSB FE LR

LmfG 28 R T ILE R Lm G, HA Hal g
IBLLOZ —MRFLEE R, 5 A A 3k 3 2 76 14\
A%, RN UALE I P B ) e e Y. AR
Xof 5 DR i 3k i G Ath 32 B2 25 77 5 D] 9 2 SR 7K S 1R AR A A
THIRZE . HAinlCRprfAZE KRBT, actd. plcB
RN L. PrARLm4 K 2405 S5 CaFEprfA AR
B MR RIERAFIE A, R R AT Rext
FoAth B 7 B R ) 5 SRR e o ARSI Hp H Blinl %
I R inlCHfis 2 A InlCJE AL = KR, fetsiE
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