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2108 A W A R, E N A 3 0 M S O A b O .
LT 40 B R I ActA BEER 18 4 ML3h & A,
i LM 76 M8 5% 38 30 9F 1) I 3 40 B 5™ i 58
BCIAR Qe g HO R .

LM AN %3 J) 56 R Ak 2, 15 HL I R W 2
R EHEELZ R RMBERG . PR EWY, LM K& T
FEZ B OE W R (PefA) VN & B P
(VieR) "' i 2R 55 W B T SigmaB [ T 1
5o H o SigmaB [K 7%} PrfA.inlA.inlB il LLO 4§
TS E TR AW EENT Y. SigmaB
K 47 T SigmaB £ 4L 1 I, SigmaB [K 1 #1375 1 52
PR T EARZ 1 Rsb K& K 4 65 1K) Rsb 22 111
W o R BRI Y & Y RsbV ORI RsbWo
RsbW M Fx “#i SigmaB K| T8 (1”7, RsbV K “Fi 4t
SigmaB P T & (17" . Ak, o TR
RsbV Ji PR ) G 25 60 LM 7 ) (1) 56 Wi » W FH 48 187 [+
BEA AR E T LM RsbV K B k2 ¥k (LM-
XS5-ARsbV) , 3 #f 35 7 RsbV % A # 2% 5 LM
PR BE ) I 5 .

1 PRIk

1.1 ##

1.1.1 7 A NGR TN /W o ( Escherichia coli)
DHS o [ A SEEG 5 R 17 s LM 98 B¢ Fk LMXS5 70 2 |
BT 9L g SR A AT TR R 40 H A S G 3 A
JEARAT S T B N 172a AL R B4k pKSVT th M
K2R o 205 Dl TR 4tk pMDI8-T i [
TaKaRa 2\ ] o

1.1.2 FEKF|:Tag plus DNA 5 & ANTPs. B
JI B S R vk [l W R S 0 B e AR TR s
2 T B DK 4 DNA $2 000 &5 0 1 48 4k 2R o 5 B
PEAZ R A VI (Xbal FI Pstl) « AMV 3 % 5% Jig Al
SYBR Premix Ex Tag"™ (TaKaRa Code: DRR420A) iy
K3 5 £ (TaKaRa) 24w ; T4 DNA T B2 i )l 1
Promega A7) ; % R G M % R W A b 54 FH 4k
Py ARAT 5T AE 2 7] 5 B0 BHI B 77 4k ( BactoT™M
Brain Heart Infusion) 4 [ BD 2]

1.1.3  SCagahty:8 Jaud mf B W &/ B B il A
RPN -2 4 K7/ L LRVE R

L1.4 31481 AR P MEK 519, bt
AR BRI 2 W) B o

#z1 WA PCR Y

Table 1 PCR primers used in this study
Primer Sequence (5 —3")
RsbV-SOEA GCTCTAGAATGGAAGAGCGAGTATCA
TTGTCATGCATTGTAGCCATCACTTCACCCCA
RsbV-SOEB TCTAAT
. ATTAGATGGGGTGAAGTGATGGCTACAATGCA
RsbV-SOEC TGACAA
RsbV-SOED CCACTGCAGATCTTCTGTTCTCGCTCATC
ropB-sense AGAACCGTGATGCAAACTAT

GAACGTACCCATTTCAGTCA
ATGGAAAATCAACGACTCAAGCA
TTTGCGGAAGGTGGTGTAGTATT

ropB-antisense
inlA-sense

inlA-anti-sense

LLO-sense ACTCTGGAGGATACGTTGCT
LLO-anti-sense ATGGACGATGTGAAATGAGC
PlcA-sense ATACCAGGGACGCACGAT

PlcA -anti-sense GTTAAGATCCTCTTTAGCTCTGA
PrfA-sense TTCAAGCGGAATAGCACATA

ACCATTCGTCAATCTTAGGG
TGAGTTGCATGATGACTTTACGC
TTTCTAAGTCGAAGCTTGTTCCA

PrfA-anti-sense
RsbVHiancel
RsbV-iance2

1.2 RsbV EF &K #% LMXS5-ARsbV gy#yiE

1.2.1 RsbV EFRRERFBEHRESEMFREHLER
L B MY B - FH 40 B 5 DR 2 DNA 42 B0 7 & B i LM -
XS5 [ LI 41 DNA, X 5 A AR DT 240 DNA R B4, H
214 RsbV-SOEA 1 RshV-SOEB 4 14 73 %1 |- Jif [ Ji
B, H 5149 RsbV-SOEC F1 RsbV-SOED #4453 | ~
W RIS o FF L b ulfe [ 5B S i [R) U AR
514 RsbV-SOEA 1 RsbV-SOED i jof & K i & &
it PCR (SOE-PCR) ¥] J7 % 3k 3 RsbV 3 [H 6l 2k
Bto # RsbV J P gk 2k v B $5 3) pMDI18-T 2§ 1k
b SRR G B DHS o s, 326 B AR B DRI .
Xbal F1 Pscl i R BRI M 9 1) 16 8 D1 00 e &5 3 E
(1A RsbV e PR i 2K v B ¥ 32 2 ks, AR 5 [l i
Wi V) J5 1F) RsbV K& DR i 2K Fr B[R] P H Xbal Al Pstl
WU ) ik pKSVT, f J5 H T4 3% 2 W ¥ 1 V) J5 1)
RsbV J PR 6k 2% Jv BOAIN G V) J5 1) pKSVT 804k v Bt
B AR A3 HURE K F 20 7 AR JURE pKSVT-A RsbV .

1.2.2 BH#AFMERES:H BHI 7L (SHH
F 3 G) Ki 9 LMXS5, il % & 52 & 4 i, 48 J5 F v %%
(#1751 (2.5 KV, 5 ms) ¥4 pKSV7-ARsbV # N\ LM /&
A IS PCR (1) J7 L AT %08 IR A5 BH P 5
7o B BEIPEREAL 1 AE 42°C RVAUEE 2 I0OWE R S 3T
PE N AT A5 AQHE IR R AT 5 AT i (1 B Ak AR S TR AE
42°C T AW H R P A T AL AR 15 ARZE A A XA
e B R R AR S AT i S5 B R R Rk K T R R R pUE
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TEAAR IS FE TP H PCR 1 5 3R AT 46 2 Al o
1.3 %ksk#k LMXS5-ARsbV B % E
A0 5147 RsbV<iancel A1 RsbViance2 34T

SigmaB Operon

RsbV-jiancel
—>

PCR 48 4 s (18 1) o 7 85 4k U0 4 0 0 44 B
807 b G2 BR TN 916 5 Bk 479 bpe KLY
BB PCR 7 130 7 W07 25

RsbU I RsbV I RsbW I SigmaB I RsbX I

1
< 2833
200bp RsbV-jiance2
L 1
1 RsbV EEGREFBRTEE
Fig.1  Arrangement diagram of the delection of RsbV gene. The missing part is marked with red color. RsbV - jiancel and

RsbViance2 are the primers used to detect the delection of RsbV gene.

1.4 55 3 LM-XS5 #0 %t 5%k #f LM-XS5-A RsbV
8 LD, 893 E

¥ BF 95 Bk LM-XS5 5t & fk LM—-XS5-A RsbV
e 37°C 250 r/min & FE 3 3] OD, %10 0.7
IS 43 53 5 0 S B2 4l 1R FH PBS S5 Uk 2 i, AR 5 H
PBS K 41 B s M AT A B2 MR o 0k 90 SI2 56 1 o B
BE AR LM-XS5 Fll i 25 £k LM-XS5-A RsbV # 44 %} %
JE %42 (Absolute lethal dose, LD ) Fl & /) 351 4F 1) &
(Minimal lethal dose, MLD) o ¥ %% B J5 11 B8 Wk I 15
At 8 FES B W] & /N B, BB Z 10 2L, 4 K100
pl, B 14 d, e ik 58 T 8 A A & I T SR
/N LDy WHHE AKX LD, =1g -1 Xm -i(XP
-0.5) Jo 2 : Xm 2y dge K7 3 R 560 40 p O % 41
AT (LLNEURIR) s X P oA K A B W e T
T AFN (P14 P2 4+ P3eeees ) i Ay TR R A P 41
o B0 1 22D .
1.5 JEIFEMEEZHEENE

W 8 JHW I B WY AR e /N SR e e P AL, AL S
Ho %% LMXS5 fl LM-XS5-A RsbV 43 51| 4 % £ BHI
B e rp ik BB 9%, ARG 1% 10100 43 i 42 B 2 H
BHI 1% 9% 3 85 9%, 244 0D 6 0 0.3 B, 4 i 45
A It A S BB I 0. ImL 1y B (O 8028
i) o T BRI %) ¢ =0 (day) » 43 AE t =2,4,6,
8,10d BFAFAHH 1 H /N B 7E T B 45 1 T U e AT
) JFE I HE B 3415 96 43 O BEAT R AR RS SRS WA
F| BHI [ 445 773 I 37°C 41 F 15 7% 48h, ME4T 41 1
TG IR TS 3 UG WO B AR ) LR R
1.6 TH=4HE LMXS5-ARsbV 3/ B 89 % & {F 37
A

K 8 WS H W & AN BUBE ML 2 Be A R B

A, 10 Ho A4Sl ik % h i
HUNB B RS 0. 1mL (5 1 x 10* CFU /mL ff
LM XS5-ARsbV W& ¥, 1 K % 5 % 7 K H
AR AT % B A IR, HEET
PBS MEAT IR S . ARG T KX A 48 B
21 /N BT I AT Beag s B H N BUIE VR4 0.1
mL ) 1 x10'CFU/mL [f) LMXS5 B . W&HJE
() 14 d I, 90 3% A 4 B 4/ BLAE T
1 L o

1.7 SAEERIEKFENEN (QRTPCR)

FAE GenBank | % 5% )3 51 % oF 48 9 ropB (4
FKIEA) | inlA. actA. PleA. PrfA. LLO 75 /> 3% [H (1)
qRT-PCR 5| #) (% 1). ¥ LMXS5 Fl LM-XS5-
ARsbV F BHI J; 72 3L 5 95 48 0D fE 4 0. 6 I ]
TrizoL 2 HE U0 BH 5 (1) 20 38 25 )] 32 HC4H B ¥ 52 RNA,
XI5 FBEAL G )l TaKaRa 23w ] AMV 300 55 il
BEAT 0 % 5 S Ne f RT 7= 4 % B 10 %, K H]
SYBR Premix Ex Taq" X #] £i (TaKaRa Code:
DRR420A) , # BioRad Chromo 4 {{ #% F it 4T RT-
PCR Kr il o Sz VA& 22 24 20 wL, HAk 256 20 3% 42 i
VOB P AT, AR E S 3 R. B LMXS5-
ARsbV Sz 41, LM-XS5 y % B 40, 4% | 2-
A ACT (#7505 o8 58 AN BE DR IR AR 6 208 6 AR 5 gk
AT 845 73 M o

2 4R
2.1 RsbV EFBHEFBRME

PCR ¥ 14 J5 FiI 1. 0% 5t JIg B gt Jig oL k> 20 791 3K
31K 0 1052 bp A1 1089 bp [I4E 551 v B, 5 WUl 45
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R—3 BXWA BRI, B AT o B AR AT
JE R S 4L {h PCR (SOE-PCR) § 4, F 1.0 % i Jig
WL VK 15 B K 2141 bp 19 B, 5 WA 45
2 R KT T RsbV JE .
2.2 FHHFHRKRMN pKSV7-ARsbV £7F

XU V) % e o B3 W, T 41 AR R pKSVT -

2.3 HR5%k¥k LMXS5-ARsbV B9 FE

HL A Ji 15 2 1R BH R e A6 3 1T [ I 1 45 31 807
bp A1479 bp 1 )7 B X T 4% ACE #5321 (0 542 e i)
B MR AT S R HUE X T AR AR AR AT #e 1 ik
Kk LMXS5-ARsbV, K 2 & % Z P, PCR ¥ 4
i R4 479 bp MR Bro W45 R EW], B2

ARsbV ¥ 2t ik 3 . B T LMXS5-ARsbV #t 2 bk (| 2) «

LM=XS5  TGAGTTGCAT GATGACTTTA CGCTTATTTG TATTAAGCGA ACTAAATAAG AAGAAGTGAA GACGTACCTC ATTCTTTAGA GAGCATTTAC TGGTTGGTGA
LW-XS5-ARSbY  1gaGTTGGAT GATGACTTTA CGCTTATTTG TATTAAGCGA ACTAAATAAG AAGAAGTGAA GACGTACCTC ATTCTTTAGA GAGCATTTAG TGGTTGGTGA

LM-XS5  GTAAACGTAT TTAAAGAGTG GAGCGTTTTT ATTTTTGAAT GTTTTAATTT TATTAGTTAG GGTAAAATCG ACAGTATACT TAAAATTAGA TGGGGTGAAG
LM-XS5-/\RsbV GTAAACGTAT TTAAAGAGTG GAGCGTTTTT ATTTTTGAAT GTTTTAATTT TATTAGTTAG GGTAAAATCG ACAGTATACT TAAAATTAGA TGGGGTGAAC

LM-XS5  GATGAATAT TAGTATAGAA ATAAAAGAAC GTGATACTGA CCACATAGAC ATATTTGTTG CTGGGGAGAT CGATGCTTAT ACAGCGCCAA AGGTAAAAGA
LM-XS5-/\RsbV ~ GATG

LM-XS5 AGCACTTGAA GTATATCAAG TAAAAGAGGG TATAGTACTT CGAATCGATT TAACAGAAGT AAGTTATATG GATAGTACCG GATTAGGCGT ATTTGTAGGA
LM-XS5-/ARsbV

LM-XS5 GCGTTTAAAA GCTTACGTCA ACGCCAAAGT GAACTTGTCT TGTTTGGTTT AAGCGACOGA CTTTTCCGAT TGTTTGAAAT CACAGGATTG TCAGATATCA
LM-XS5-/ARsbV

LM-XS5 TTGTAATCAA AAATGTAGAG GGTGAAATGA ATGGCTACAA TGCATGACAA AATTACATTA CAACTTCCTG CCAAGCCTGA ATATGTTAGT TTAGGTAGAC
LM-XS5-/A\RsbV ——GCTACAA TGCATGACAA AATTACATTA CAACTTCCTG CCAAGCCTGA ATATGTTAGT TTAGGTAGAC

LM-XS5 TTTCATTATC AGGAATTGCA AGTCGCGCAG GATTTTCTTA TGAAGCAATT GAAGATTTGA AAATAGCCGT AAGTGAAGCC ATCACTAATT CTGTAAAGCA
LM-XS5-/A\RsbV TTTCATTATC AGGAATTGCA AGTCGCGCAG GATTTTCTTA TGAAGCAATT GAAGATTTGA AAATAGCCGT AAGTGAAGCC ATCACTAATT CTGTAAAGCA

LM-XS5  CGCATTTAAA GGAGAAGATG ATGGTGAGAT TACAGTAGAA TATCTTATTT ATGAAGACAA ATTAGAAGTT CGTGTTTCTG ATAATGGAAG AAGCTTCGAC
LM-XS5-/\RsbV CGCATTTAAA GGAGAAGATG ATGGTGAGAT TACAGTAGAA TATCTTATTT ATGAAGACAA ATTAGAAGTT CGTGTTTCTG ATAATGGAAC AAGCTTCGAC

LM-XS5 TTAGAAA
LM-XS5-/A\RsbV  TTAGAAA

2 LM-XS5-ARsbV 5 LM-XS5 &l ¥
Fig.2 Comparison diagram of Sequencing results between LM-XS5-A RsbV and LM-XS5.

2.4 % F ¥k LM-XS5 15 %k #k LM-XS5-ARsbV
8 LD, 8930 7E

BF bk LM-XS5 (] LDy, 2524 10 CFU, # K bk
LMXS5-ARsbV (] LD, 4 10™* CFU (£ 2) . &5 %

%2 LM-=XS5 1 LM-XS5-A RsbV /s

F W, RsbV JE [ ) i R AH A5 LM 25 g 9 86k 1 B (P <
0.01) , $27% RsbV [K 7 xf LM 5 J H A7 5 2 10 1 42
YERT

LD, Ryl EE R

Table 2 LD,, measurement of LM-XS5 and LM-XS5-A RsbV for mice

Dose LMXS5 (1 x 10%) LM-XS5-ARsbV (1 x10%)
CFU/ mouse 16. 60 8.19 4.05 2.08 1. 04 26. 44 13.20 6.49 3.31 1. 64
Motality 10/10 9/10 6/10 2/10 0/10 10/10 8/10 5/10 2/10 0/10
LD,, 10 CFU 10°* CFU

2.5 /NERBFREFNAR AR BV B E T RS R

Jod B ) R L, vE S B 7 bk LMXSS 411 /) B
(9 BB AT B S b, T LM =XS5-A RsbV i &1 41 /) B i
U 35 A4S L o T IRk A 0 BT R L 1 R Y AR
g Koy, RILAE & AN I ) 20 S LMXSS5 41 1)

ZIN BRI 2 B v T ) LMXS5-ARsbV 4]
JEFI R R o #E 0 & 6 KWt f2Hp, FFAI BN 1Y
90 1 HE R TR A JF ELRE R A B 4 S AT
B 8 KA 10 K if s, P4/ B B i
JHF R0 P 1 A v B i 2 B R R k> (P < 0.05) (&
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Fig. 3 Bacterial count of LM-XS5 and LM-XS5-ARsbV in the
spleens and livers of mice infected by mice Intraperitoneal infection.
A: Liver; B: Spleen. The experiments were repeated for three times.

The error bars indicate standard deviations.

2.6 HREBERIPER

A ZH (B 2k Bk LMXS5-ARsbV) W 7% 4 9% J5 /b
BAETE T 9 HL R4 % 4 90.0% . B A M /DRHA
1 H AW F 52 LMXS5-ARsbV %t /N H A B IF 1
T R R (B 4) o

1.0 4

0.8

0.6

0.4+

Protectiverate

0
A B
Groups

4 F4HE LMXS5-ARsbV /[ 5 Y % E R
Fig.4 The protective efficacy of LM-XS5-A RsbV for mice.

2.7 SHERFEFRKER QRTPCR &N R

5 LM-XS5 # b, LMXS5-ARsbV [f] LLO. PlcA
1 PrfA 3 ANFER LA mH I E N (K 5), 71
W iB 322 5% (P <0.01) ;inlA )R & EH T F % 4
EREMEZER (P <0.05) actA IR A BAELED
FZhER(P>0.05) .

1.0 C

b
b |+‘
=

PlcA PrfA actA

Gene names

0.8 -
0.6 -
0.4 4 b
024 ’—x—‘
0
LLO

inlA

Relative gene expression

BS5 EASHEEMBEMNREE

Fig. 5 Relative expression of five virulence genes. Relative
expression of each gene is calculated By the 2-A A CT method. LM-
XS5-ARsbV is the experimental group and LM-XS5 is the control
group. Error bars represent standard deviations from three

independent experiments. a: significant difference; b: highly

significant difference; c: no significant difference.

3 e

LM Eh — P B2 NS IL BRI AN &
5 QAP N2y 7 N N N = ) S/ S
A hre AR M A A B B B LM ()
O I 4 LD T 0 R B AN T S0 LM g5 5
P AT AR R AT P EE R . B R
B NSO A T RN LM R g AR DR R R
P SR 5 (1) B ) B DR Bl 2 R A7 SR 6E N RN B 4
AR BOR PE . BT X R IUOR B 5 LM B ) [
TR g A R R o AL R T
RsbV 3 [A &k 2k #k LMXS5-ARsbV, & () LD, Lt ¥
AR LMXSS & T 4 N8 9 o W LMXS5-
ARsbV 8 J7 B &5 T B o i i/ B BT 4 T v
O S RIAR 2 AN I 1] 2Bk 2K Bk LMXS5-A RsbhV
A5 I I PN 1) 40 B SRR B ) /b T LM-XSS 1 41 TR
$oi (P <0.05) , iZSE W HE—51F 52 T RsbV JEH 1)
Bl 2R A A5 2 TR R /S B B0 ) B RS o N B A
925 537 S 06 R W, Bl 2R Bk LM-XS5-A RsbV %} [ Ifi. 35
TR 5 B3 bk LM-XS5 [R42 28 B A R 4P 18 %o % R 37 2%
U

H A% T RsbV B 1~ Dy fig K 2 0 BLE 2% [ BH
T — i 2 T 1 Sk B SR B AT Y B A R B
TR, RSN FOIRE N, RsbV Al 778 LM A i)
BTG N AR T R T E R E Y . o
FOR B, AE & 5 4 AF T Al 52 A T RsbV
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RsbW 8% 1% 4k J5 K% » RsbW & SigmaB ] 1~ &5 & 75
—RIEHE G, i SigmaB K105 ) B
RsbV R 16 )5 5 RsbW 454, fiff RsbW 2K 3%, I
1M A SigmaB K~ B B I HH oK k#5238 . A1 54 38 55 1)
AR AR R o SR A6k 2 AT 1R % A B0 P T LM
HASU% M, LM ¥ RsbV K1 1) I fig LL & sigmaB
1) FF 5 T AL 2 A 5 A 2 AT B g A AR TR H AT
WA o AE O 2 Ry e b ME — B S0 M
LM, JFJ# LM RsbV [A 7 Fl SigmaB [X 7 7% J7 i # W
FE ] Ay LA B A B0 PRI A S TGP R AR T R A
MBS o FEACSE 56, LD, IR 5 25 S0 I I 28 v
45 B 52 RsbV 356 K] Bl 2k #k (LMXS5-A RsbV)
) B B A T 0P B bk LMXS5, $2 78 RsbV R 1 %)
LM A& N 2o gt [a) FE BA7 S 5 4 . qRT-
PCR £l 45 S % 8], RsbV [k 2K J5 2 30 LM ) 3=
B 7R inlAVLLO.PlcA I PrfA [ KA MG
JT RN B, 3278 RsbV (R xf LA 1 4 i ) IR 7P ik
B BA A, %45 R 5/ Bk g4 R —
o T RsbV K 7%} SigmaB [ 7 H A7 H 4% 0 Y
YEHTS PIUE A RsbV PR 700 LM 32 2235 J 5 PRI i
P 0] GE & E i SigmaB K7 oK (0] 82 52 L

BN ARG W G A LM ) Rsb V- R 25 B
UEBE T RsbV FERXF LM 2 ) HA7 S 2 MW = 1EH
LM-XS5-ARsbV #k#5 7 B W 9d 55, (R A7 AR ¥ T 8 4f
(1) G 5 S > 3X g LM PRI 2 2 i RV 52 W 480 44
IWF R BEE T R AF Al

Z 2 3LHR
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Abstract: [Objective] To study the effect of RsbV gene deletion on the virulence of Listeria monocytogenes. [Methods]

The fragment with RsbV deletion was generated by gene overlap extension PCR (SOE-PCR) and the mutant with RsbV
deletion was obtained by homologous recombination based on the wild strain LM-XS5. The differences in virulence between
the two strains were determined by LD,,, bacterial counts in liver and spleen, and qRT-PCR experiments. [Results] LD,,
of the RsbV gene-deleted strain was 10*higher than that of the wild strain. The numbers of gene-deleted strain in the mouse’s
liver and spleen were significantly fewer than that of the wild strain (P <0.05). Results of qRT-PCR show that four virulence
factors” expression levels of the RshV gene-deleted strain were significantly lower than that of the wild strain (P <0.05). The
RsbV gene-deleted strain induced a strong immune response in mice against the wild strain. [Conclusion] RsbV regulates the
expression of four virulence gene (inlA, LLO, PlcA and PrfA) of Listeria monocytogenes; The virulence of the RsbV gene—
deleted strain is significantly reduced, but it still has good immunogenicity.
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(AR SCDE % T8 05)

Supported by the National Natural Science Foundation of China ( 30960274) , by the Open Fund of State Key Laboratory of Livestock Pathogenic
Biology (KEYLAB200908) and by the Talent Foundation of Shihezi University (RCZX200801)

" Corresponding authors. Tel: +86-993-2055036; E-mail: xjmqlqj@ sina. com; qj710625@ yahoo. com. cn

Received : 4 August 2012/ Revised:22 October 2012





