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Abstract: Attenuated Listeria_monocytogenes (Lm) has the potential to become a live vaccine vector. It can also produce major
histocompatibility complex (MHC).I and MHC II antigen presentation systems, and significantly stimulate immunity in cluster of
differentiation (CD)8* and CD4" cells. The construction of avirulent gene deletion strains and the subsequent evaluation of their biological
activity are crucial for the development of live vaccine vectors. Homologous recombination technology was used to construct Lm-AactA and
Lm-AactA/AinIB strains, and the biological activities of attenuated strains were explored in terms of growth, virulence gene expression, and the
capacity to invade HepG2 cells. The results showed that no difference in growth was found among the attenuated strains Lm-AactA,
Lm-AactA/AinIB, and wild type Lm (EGD-e). Real time quantitative polymerase chain reaction (PCR) results showed that inlA expression was
enhanced two-fold after the actA gene was deleted. The expression of plcB and hly genes was significantly elevated when actA and inIB genes
were simultaneously deleted. The'HepG2 cell invasion assay showed that the invasive capacity was enhanced after the actA gene was deleted
and was weakened after deleting actA and inIB genes. Therefore, the construction of attenuated strains and study of their biological properties is
not only important for understanding the pathogenesis of food-borne Lm, but also lays a foundation for the construction of vaccine vectors for
the prevention of human and animal diseases.
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B2 R I (Listeria monocytogenes, Lm) & —7fik
o 2 (R PHPE eI DR P 27 A 2R A B0 1 o 12 ] 5
FERJAE BRI B ARG AL B, B ARIBI)
B, Wil Mot 2, T Lm SRR 2
RE SRR AT LU BB, BRI 2 A2 AR T AR
W, HEGEEAEERUN T R s izt R Al
e B, AR LRI BN, P
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I, B Lm ASE RN P TAERISER, Lm s
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Lm AP B A AT 72 7 T A 450 . DLe“Listeria
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FUE 200 fio &4 NIEEE Lm iEEAREEH O T
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Lm 1 9% 70 8 AR RE % [ i) 5] 2 MHC T #1
MHC I kHi i 2 241, A REHKLEZI CD8+
1 CDA+ZHE Gy it 78, SRTIEF ALY Lm o1 &
BEMEREE, FUTE Lm (E R A 2 A 75 B TR
H0, BHRTHF AR Lm 105 A R NN R
AL (prfA-plcA-hly-mpl -actA-plcB) 415, plcA Al
pIcB 733l i3 P Bk U L s S PR P (P1-P L.C) A Y
WAEE(PC- PLC), A BhT Lm B EE/IMA; actAs
FTF Lm WIshE&E A2 sh %G 2% hly 5 Lm i34 1
FAKR, S5REAITRE A JORIR AT/ MA ik
B prfA B Lm BUZZEFECE AT, 4 inlA
H1inIB 25 mpl 2 — Mg E1 4 Jm B ke oY,
H AT, actA/plcB. hly. prfA. actA Z5B el 248
FI3E DRl Rk . Lm 208 -FRRE 95 2545 DNA 2%
AR EARE T BAHEN T 1. TR e,

AR S ) R [P 5 B 2L A X B DRI O R AR
Lm-AinIBiEAT WK IrE , K4 )8 22 RF B Lm-AactA/
AinlB. ARJEMNAE KRS . 73 R K AKF F %
HepG2 4HifZ2% /8 7177 TH LU 25 B ik -5 B A 1 B
WRZ AP . S fE W PGIEE Lm AR
BARMIATATYE, FENEEMESURE Lm BURHIET T
PRAIEt .

1 MREEE
11 FERXFAME
PRI VIEE (Smal. Xbal #1Sall). Tag DNA

R 4H. dNTPs. DNA Ladder Marker. T4 DNA %4
g5 H Takara A ] SE8e 5| st BilgA TAYA
BRAE A BHI 5%52%E( Brain Heart Infusion)i [t
HEMRARARITEA R Ml FREE L a 4 i
H EREF A TRARA R RKHREH#E
Biosharp A #]; PCR . BEMGAUEIL (FiB Gene
Company Limited G FRAF]D; MicroPulser FLZE£L
1 (3£ BIO-RAD A ]); SpectraMax M2 ifFhriX (32
Molecular Devices A F]); S & PCR X (EHE
Applied Biosystems 22 7]); TS100 & Sis: (HA
Nikon A ],

12 WHk. Fn XL

AR Lm(EGD-e) FNEF A AR Lm-AinlB ¥4
SIS ARAT RIS A4 DHSo [ Takara
ANFE]; pKSV 7 BERURIE R, S H &R PUE
FARIC) B A PSR A R R B . N
HepG2 2 ik Fh A% S48 = O A7

1.3 W gk o8 Ak (Lm-AactA/AinIB) #y 4 22

131 54
LG PTH 51 1 B
Z=1 LmAactA/Ain|B i R EEMES(Y)
Table 1 Construction of Lm-4actA/4inIB and primers used in

this study
Primer Sequence(5 —3)
inlB-F TGGGAGAGTAACCCAACCA
inIB-R AGCTTTATTGGCGCTGACAT

actA-P1  ATTCCCGGGATACGAAGGGCAATCAGGTG
actA-P2  ATTTCTAGACATCATCGCACGCATAAATC
actA-P3  ATTTCTAGAGAAGGAAGAACCAGGGAACC

actA-P4  ATTCTGCAGTATTGGCGTGCATAGGTTGA
actA-F ATAGCGCAGCGGAAATTAAA
actA-R CCCGCATTTCTTGAGTGTTT

1.3.2 Lm-AinIB 4k inlB 2 F 42 X 69 30E
F514 inlB-F/inIB-R (& 1) 73 71%F Lm (EGD-e).
Lm-4inIB 147 inlB v B4 14, PCR 4554 1.5%3%x
JEAR B LKA o
133 F/7# pKSVT-actA(PL/PA) ey #y i
SR BIY) actA-Pl/actA-P2 F actA-P3/actA-P4
(F D) § 1 actA LM B B PUP2. R B
P3/P4; Smal #1Xbal. Xbal 1 Sall X1 actA F:A]
) R A BOEAE T, DNA SEEERES: BN
Bt 3Rf9 R B PL/P4; %] Smal A1 Sall [FIR %} P1/P4
BRI EZEARTURL pKSV7 AT WUEFY); T, DNA I

67



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.7

VNG =), 32 EATR; KRS R EH
AL DHSaH,  [AJET 5N 2S8R pKSVT 1EXT IR,
PCR %52 341 /] Smal Al Sall X7 1445 51 (1) 5 20 J5ki
AT . % e N BHPE I v b i iR KRR R
BHEAPRA T, K7 BRI BH Y s b dy 2 o
ZH Uk pKSV7-actA(P1/P4).
1.34 BMAFHk Lm-AactA/AINnIB 49 #2E
4 Park 255794 4% Lm-AinlB B2 25401,

i #% A6 vE % & 4 5 ORD pKSV7-actA(P1/P4) S A
Lm-AinIB B2 25400 . i B A B R ik it
1TIERE L . FIF 514 actA-F/ actA-R. actAP1/actAP4

(R D KBTI AT S8, $2
SERONBHMER E R A 48 Lm-dactA/AinIB . ik 5 ik
Lm-dactA/AinIB R 1 Frrs.

Smal P2 Xbal
Pl I actA | I P4

Xbal P3 Sall
Smal

p| I P4
Sall

Smal

pKSV7-actAP] / P4 Transformation

C——— Lm-dinlB

Allelic exchange

Lm-AactA/AinlB

& 1 Lm-AactA/Ain|BHIERIE
Fig.1 Schematic diagram for the construction of
Lm-AdactA/AinIB

14 W EH Lm-dactAldinlB 4+ Hp o &

141 Lm(EGD-e). Lm-AactA. Lm-AactA/
AInIB 94 K 5L

fi FH B bR ACI%E  Lm (CEGD-e) . Lm-AactA .
Lm-AactA/AinIB 7 ODeggo FHIAEK 2R, LL#s actA i
inlB LB S I E RS Lm (EGD-e) [iE /12 1547
TER R IANH o
14.2 RT-PCR 42 Lm-AactA . Lm-AactA/AinlB
EX =3P QF &Y ol

NFELE Lm (EGD-e) fEfRK actA F inlB ZE[K 5
HE SRR PRI, $2H Lm(EGD-e) . Lm-AactA.
Lm-dactA/AinlB RNA &  # 5% . ¢cDNA, LI Lm

(EGD-e) &% JJHE R 2k /KA Rk, RT-PCR 43

SR Lm-AactA. Lm-AactA/AinlB 7 actA. inlA. inlB.
plcB. hly PRI IAKF
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143 Lm (EGD-e). Lm-AactA. Lm-AinIB.
Lm-AactA/AinIB 4z £ HepG2 4ajie,

XTAH A ANAIEA T VA, TR P A1 40 1 A 4t
Ffa 43519 108 CFU/ML #1105 ANmL, % LA A4
/AR E=100/1 5 AT 4H B R 220 M S0 . 12282 /T
Y AT TR P BN B S A SE Ak 7Rk, HERR
MR 22 TLIG T TN GH R FRAE 701228 5 h
JETERAEE NSRS RAEBLHEMA 0.5 mL
700 pg/mL PR 2R, JHCE T 40 RS 7746 4035 30 min
Foor KIE ARSI ; Al PBS WSV KE RS I
0.5 mL 1% Triton-X-100, =i 4L3 30 min, 787l
AR ERRERAT BHI R, 37 CHEFR kTPt .

15 HIEH 7k
A SIS HHRZE Microsoft Excel 55 SPSS 4bFE .
2 HBR5V

2.1 Lm-AinIB B tRinIB 3t A 5 & 35 3F 45

F1514 inlB-F/inIB-R %t Lm-AinIB #E47 inlB F B
B9 35, LA Lm (EGD-e) 1ENFHPEXTHE, £ 1.5%3%
REMRE R FEVK AN, 25 SR 2 FoR. BT Lm-4inlB
HfY inIB K T4k, 519 inIB-F/inIB-R 5% A
GEEALAT, WKIE 3 PCR S5 TP 461, PHEXTIE
Lm (EGD-e) PCR &35 2| 51K/ (600bp) —
A . 5 RRIH TR Lm-dactA/AinIB [T i
WA Lm-AinlB.

&2 in/BEEFHRKIIELER
Fig.2 Identification of inIB gene deletion by PCR
7£: M: DNA marker; 1: H,0; 2: Lm( EGD-¢ ); 3: Lm-AinIB.

2.2 F 4 ik pKSVT7-actA(PL/P4) ty A 22 4 7

BIRB M EHF NS N DHsa , fif A
actA-P1/actA-P4 5% PCR % 5. K 3a iR, ¥kid 4.
5K actA b %R A B actA(PL/P4) EL & I i
JFRL pKSVT H . ] Smal A1 Sall %4343 E i) E 41
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R T XY %5, 0P 3b BR, BEh M E L TR
L EEYIR A B actA(PL/P4)—F/N K (1500 bp) (I
B. #t—21 DNA P& RERHBAM N BE

Genebank 751 FHALEE Ay 100%.
abpM 1.2 3 4.5 b pp M|
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500 —
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3 EYHFTRI pKSV7-actA (P1/P4) K ELER
Fig.3 Identification of recombinant plasmid pKSV7-actA(P1/P4)
7£: a: PCR analyses M: DNA marker; 1:actA(P1/P4); 2:H,0;
3:empty plasmid;4-5:pKSV7-actA(P1/P4); b:Enzyme-digested M:
DNA marker;1-2: pKSV7-actA(P1/P4).,

2.3 JRE Ak Lm-AactA/AINIB #2245

B AL AL 0 L R pKSV7-actA(PL/P4) 5 A\
Lm-AinIB J&AZ 2540, JERTR A E E R Pk & At
fTEREL . FIF 514 actA-FlactA-R. actAP1/actAP4
J AT TEPUE O SR AT S e e, el da
Fios, 81514 actA-FlactA-R #HT TS 2N, i)
RAFHE 2. 3. 6 VKIEBA Y B 2%417, 7 Vki& Lm (EGD-<e)
VENATIED 36 5 TR/ (750 bp) —3HI4% s
i FH 519 actAP1/actAP4 X SEAUSRAS #R 34T PCR & €,
Kl ab RIIFARRE 7 9KkiE Lm (EGD-e) AHEL, 2. 3.
6 JKIEA H 0 FEE (750 bp) HhJss 454 4a. 4b A,
RARKE 2. 3. 6 Jy actA BEFHRMIPHERAT, W

N Lm-AactA/AinlB.

a bbp M 1234567

bp M1 23 45 67

800
700

600
500

Bl 4 FEkk LmAactA/Ain|B BV FELE
Fig.4 Identification of Lm-AactA/AinIB by PCR analyses. Fig.4A:
PCR analyses using primer actA-F/actA-R;
7Z:b. PCR analyses using primer actAP1l/actAP4. M:DNA
marker; 1: H,O; 4. 5: negative result; 2. 3. 6: Lm-AactA/AinlB;7:
Lm (EGD-e) .

2.4 Lm (EGD-e). Lm-AactA. Lm-AactA/AinIB

AR &

fd BRI 5E 12 h P9 Lm (EGD-e)+ Lm-AactA.
Lm-AactA/AinIB 7 ODggo N HIAEKMIZE, L actA i
inIB ZEK B JE /RS Lm (EGD-e) KNG J172 4%
FERAR AR . 5 BT Lm-dactA F1 Lm-AactA/4inlB
FEREDRIER AR 5 T A A KBS 5 B4R PR Lm (EGD-e) 58
5

09F o ImEGD-e)

08 = Lm-Aactd
0.7 -4 Lm-AactA/AinlB

0.6
05|
04|
03]
02}

D’li.')123456'."8910]112

Time /h
5 Lm (EGD-e). Lm—AactA. Lm—AactA/Ain|B 4 1<%k
Fig.5 Growth curves of Lm (EGD-e), Lm-4actA, and
LLm-AactA/AinIB based on ODgy,

2.5 Lm-AactA. Lm-AactA/AINIB & & 7 3 F iy

FEAKF

PALm (EGD-e) & /JFEE kKA EIEHE,
RT-PCR 43 HI#:0 Lm-AactA. Lm-AactA/AinlB H actA.
inlA, inIB, plcB. hly ZE:FFIZIANKF. 255w 6
Fi7, Lm (EGD-e) %8 /J5EHMRIAKT 9 1, T
7E actA FEEHARS, inlA FER FIRIE K T2 2 f%
fe, HAhEEIRIAAKPIC B 24 actA F1inlB
FERSLFEIBRAEI, pleB A hly JE[RI K2k K720 51 E
FHEJFEHRI 8 fi5 A 3 fi%

10 - OLm-dactA
9L W Lm-AactAAinlB
S .
7 -
— 6r
o
4 =
3 =
l -
0 1 ’+| 1 1
inlAd inlB pleB hly actA
Gene

[®] 6 Lm—AactA. Lm—AactA/Ain|B & HERRIFRIEKFE
Fig.6 Expression of virulence genes in Lm-actA and
Lm-AactA/AinIB assessed by RT-PCR analyses
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26 Lm (EGD-e). Lm-AactA. Lm-AinIB.

Lm-AactA/AINIB xt HepG2 % il (2 2 4%

20 m CFU/mL 10¢
16+
2 12t
i I
L v
o o w
i W v pot

g
B 7 BERIEESH
Fig.7 Viable colony counts of Lm (EGD-€), Lm-actA, Lm-4inIB, and
Lm-AactA/A4inIB
Lm (EGD-e) :6.60<10°CFU/ML; Lm-actA:1.60<10°CFU/mL;
Lm-AinlB:3.50x<10*CFU/mL; Lm-AactA/AinIB:2.42>10*CFU/mL.

Lm (EGD-e) Lm-AactA

Lm-AinIB Lm-AactA/Ain IB
E 8 RERMAHS
Fig.8 Cellular morphologies after invasion
533 H Lm (EGD-e). Lm-dactA. Lm-AinlB,
Lm-AactA/AinIB 1272 HepG2 40U 5 h, BURE4NML)GE %
i BHI AR, THE R SE HERmE 7 ios, 5§
Lm (EGD-e) A\fZ%} 6.6x<10°CFU/ML L, actA JE[H
FEGRKR G HepG2 4l NMZRE 958 2.5 {5 /244,
A 1.6>X10°CFU/ML . JX 3 322 1 T actA FERI B e 3L
inlA JER I 2E KT T 2 55 580 A4 Dramsi 2504
IBEFE, Lm AR5 EEn B Je 2 WAL R R 2
WALER: actA il inIB JERIL[FIB RIS, BT 325
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JIHERERR, HARZERE T T AR 37%, 2284
HoA 2.42X10°CFUIML. 122845 RS 8
JI7, HepG2 ZHfiiZ: Lm-AactA/AinIB 12 28 5 44 K
oA RGBT, 4 Lm-dactA R, HTRA
M, MiAEKIRE HEARRMAEERZ . 40/
T MG 45 RBEANF A A AR 22 5 IR AT 45
(Fig.7),

3 Zhig

3.1 M H 2 4 AT DA 207 T % LB RE T 1)
TR, TR T BRI 2 K E
IEEE, 145 Lm-dactA. Lm-4hly. Lm-4plcB 4%,
UHATAE R 7 S 35 PR R ™ 79 AT LACRIIE FEREAT 40 4F
(175 3 e N2 e ) RIZ AU AU i EAR Lm
o R RIS B /K KRB a2 590
N IR RE S sz BV IREEA . 451140 Glomski 1
2t TSVIE 7 U BILAE hly Ja BRI 5k 56 /N BRI LDso B2 |
Tty RIS S A IR IR . R A2
hly FEPRIER R RIS Lm PR3 My ik a2k 7, b
Lm L MHC 128017 R S HUR I AE /st
B, TR I R ) B S S R S R R ) e
JIRAFICNE L
32 NSRS S AT AT ORI A R B Ak Lm-AiniB,
AHFFAE Lm-AinlB FEAtk T — Yl B 44 B UK B ik
Lm-AdactA/AinIB. @it [FYREH T, IR T
FE PR Lm-AactA A1 Lm-AactA/AinIB, 7 H & 554
B Lm (EGD-e) AHELA KRBTSR ARAL, 151 actA
A1 inIB = PR F R 2R 0 T Ak 1 A2 K 52 e 1 ol
(Fig.5); 7£ Lm %5 /K fa ) Ho e 2 75 R 2 e
FHURI, actA FERIERA S, inlA ZERIZRIE K
FosE BFNIESRM 2 5. BT ORI Lm [ actA Al
inlA ZEFEAFEREFOCR, XFXCRATRESRZ Lm H M
SRR 35, HERRLE actA F inlB
FERILFEGRRIT, hly (B EFHEAERT) 3 £%
(Fig.6). 7E Lm {E g Al , 4 5-10%fF) Lm 7]
N HAS A 5 /R A LLO MARIAREA 5 kit , 15
T H SRV AH TRT 43 00 FR 2 1 B A T R A o L i
MHC T i# 45 CD8+T 4ijfst™ ™™, hly ik /KT L7t
M Lm-dactA/AinIB AF g3 1 2k AR AT XK $ Tt
MHC T 4377 b B PR MR 1, X 780 K4 T Lm
VE P T ARAR AT H;Lm-AactA/AinIB Xf HepG2 4l
[fZZ2845 % (Fig.7; Fig.8) Ik, actA FERIEGRK)S
NIZBES M358, X 32 H T actA FEF R I
inlA ZERIRIAKT EF-SEL XS Lm NMR1EE
2 R 1 e AL BRI B AL PERT s tbSh, 5 Lm
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(EGD-e) #tt, Lm-AactA/AinIB X HepG2 4fiif)12
22he 10 LT PR IF HARBIRS R (Fig.7; Fig.8).
Rk, 4540l T8 Lm-dactA/AinIB % A N—AN %
HEPRMRTHE, BT S 2 707K P BB A (Rl £
EHAS 3 5 N A I RE

3.3 AR A—AFEIESE Lm-dactA/AinIB BA{E
BRI, RIS PR A R R R Rt B A
SRR RN B RE 1. AL, 2T R AR
HADEPER T S IEMEBUR A Lm 51E &
LA BEA ERE S, AR Lm 8 71K PR
ST R FLR MR AL T 2515
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