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B OE: AFAHRTARFRMSGEVITE DIRFELGEAAR, KT A pYA3493 Fiaah Aak, A KM ED
H sopExaoo ABAE BT HREAE P, BET, MEDITHAZA K EBAR pYA-sopExne; B4
PYA-s0pEniio0 BE N TTH AcrpAasdSL1344, M M2 R A5 iV ITH AcrpAasdSL1344 (pYA-sopEnaoo) =B o
W R KRG, TR LA F RN, 3 — P HIRE LR egfp L SN sopE £ B T, MAEE M E AR AcrpAasdSL1344
(pYA-sopExuo-egfp), 2% Vero #afih, A Western blotting 5-#7 1% % 4aik 24N R IR 98 /1. PCR. Bady Zoml
SRR, BERMEYDITHE AcrpAasdSL1344 (pYA-sopExine) = 2k kK 2 GMERY;, AW FHFHELT
LR R, HEfiEA 5 FE KM Acrp SL1344 B EF A Hk SL1344 1R FF—2; HAfEFR LS A ARARML, {25
FHEMRAE AR R T AKREEEAHER; TLUEHM AcrpAasdSL1344 (pYA-sopExaeo) 9 LDso 32 57 4 #k
SL1344 M%7 7.0x10* 4%; Western blotting 25 R A I, TLLH3E R L& 46460 2] SopEnio-egfp #4% &
(37 kDa); ZLH ¥R 4 Vero 40J8L)E , =T vA ) B 400 )] SopEygo0-egfp #%&% @ (37 kDa) #= EGFP & @ (27 kDa).
A ESERAESR, KRR RAMET #FERF R ZV 1TH AcrpAasd (pYA-sopExuo) =B ik ik &%, Hik
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Abstract: In order to develop a recombinant attenuated Salmomnella typhimurium as oral live vaccine vector, we
constructed recombinant plasmid pYA-sopEn:io0 by replacing the trc promoter with the sopE promoter and secretion signal
sequence sopEyiigo of Salmonella typhimurium on the basis of plasmid pYA3493. Then, the complementary plasmid
pYA-sopEn;090 was transformed into AcrpAasdSL1344 by electroporation to generate attenuated Salmonella typhimurium
type III secretion system AcrpAasdSL1344 (pY A-sopEnioo).- We further characterized AcrpAasdSL1344 (pY A-sopExiioo)-
We also constructed a recombinant strain AcrpAasdSL1344 (pY A-sopEx0-egfp) that harbored the reporter gene-enhanced
green fluorescent protein (egfp) gene. Vero cells were infected with AcrpAasdSL1344 (pY A-sopEn00-egfp) and the ability
of delivery foreign antigens was tested via Western blotting analysis. The results of PCR, enzyme digestion and sequencing
showed that the AcrpAasdSL1344 (pY A-sopExt0o) type 111 secretion system was constructed successfully. The serotype of
AcrpAasdSL1344 (pY A-sopEni00) Was identical to AcrpAasdSL1344 and SL1344. Compared with wild strain SL.1344, the
biochemical characteristics of AcrpAasdSL1344 (pYA-sopEnuoo) had obvious change, but it was basically the same with
AcrpAasdSL1344. The growth speed was much slower than that of the wild strain SL1344. The chicken virulence test
(LDsg) showed that the virulence of AcrpAasdSL1344 (pY A-sopExii00) Was 7%10* times lower than SL1344. In addition, we
observed the 37 kDa SopEnq100-€gfp protein in the cultured supernatant of AcrpAasdSL1344 (pY A-sopEni00-€gfp) strain by
Western blotting analysis. However, both the 37 kDa SopExigo-egfp protein and 27 kDa EGFP protein were detected in
AcrpAasdSL1344 (pY A-sopExtoo-egfp)-infected Vero cells. These results demonstrated that the recombinant Salmonella
typhimurium type Il secretion system AcrpAasdSL1344 (pY A-sopEnioo) was successfully constructed, and it should be
used as a live vaccine vector for expressing foreign genes.

Keywords: attenuated Salmonella typhimurium, type 111 secretion system, sopE gene, balance-lethal system, live vaccine vector
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( 1
1.4 b
sopE
Ptrc

pYA-sopEniioo ( 1)

) &1 PCRYIEFAMSIYFTI
Table 1 The primer sets for PCR in this study
ME=ZESDRERRIWERERE Primer name Primer sequence (5'-3")
pYA3493 Fw-PsopE CCGGAATTAATTCTTCAATGCCAGAA
CGGCAAGGCTC

Rw-PsopE  CCGGAATTCCGCACTACCTCTAATATC
Fw-egfp CGGAATTCATGGTGAGCAAGGGCG
egfp Rw-egfp CCCAAGCTTTTACTTGTACAGCTC

(15) Xmn | lac operator
EcoR 1 (217)
BamH | (234)

tre promofgp&

SD

PYA3493
3113 bp

(1973) Xba |

Xba 1 +EcoR 1

Xmn 1
|

1 Xmn 1 (28)

rrnB T2 terminator

(2 290) Xba | Xmn 1 (1091)

E1 ZTHEK pYA-sopEnue HETEE

Fig. 1

Construction of the recombinant plasmid pYA-sopEx:igo-
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pYA-sopEniioo

pYA-sopExi00-eg/p PYA-sopEntioo

pYA-sopExtioo-egfp ¥6097
100 pL LB 15-18 h
LB
PCR

1.5 FEHEMHUERLETE
10 uL pYA-sopEnioo  pYA-sopEniioo-egfp
100 pL AcrpAasdSL1344

30 min
400 pL LB 37 C
180xg 3h 100 pL
DAP LB 15-24h
LB
PCR

1.6 EHFR AcrpAasdSL1344 (pYA-sopExaw-
egfp) EMFHFMN

1.6.1
AcrpAasdSL1344 (pYA-sopEntioo-
egfp) AcrpSL1344
AcrpAasdS1L1344 SL1344
1% LB
I15h O H
1.6.2
AcrpAasdS1L1344 (pYA-sopEntioo-
egfp) LB
LB 1 100
LB+DAP 50

http://journals.im.ac.cn/cjben

10 50
PCR (201
1.6.3
AcrpAasdSL1344
(pYA-sopEnti00-€2fp) AcrpSL1344
AcrpAasdSL1344 SL1344
PBS 10

1x10° CFU/mL

18 h lh 600 nm
(ODe0o) 4
1.6.4
AcrpAasdSL1344
(pYA-sopEnt100-€2fp) AcrpSL1344
SL1344
10
200 puL PBS 30d
(Bliss)

LDs

1.7 SopEnno-egfp B e EEEEHE KT RY
RiEBREE

AcrpAasdSL1344
(pYA-sopEnt100-€2fD) LB
37°C 12 h 1 100
LB 8 h 8 000xg
10 min
0.22 ym
20% 20 min 8 000xg
30 min I mL
12 000xg 5 min 2
5xSDS
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SDS-PAGE Western blotting
EGFP (1 1000

) HPR IgG (1 3000

) AcrpAasdS1.1344

(pY A-sopEnii00)

1.8 EHBFDITERRE Vero MK FTIA
£ H &Y Western blotting 43
Vero 80%—90%
/ 500 1
AcrpAasdSL1344 (pYA-sopEnti00-€2fD)
AcrpAasdS1L1344 (pYA-sopEnti00)

4 h PBS 3
10% 50 pg/mL
DMEM 24 h
4 °C 12 000xg
5 min 2xSDS

5 min SDS-PAGE
Western blotting
EGFP (1 1000 ) HPR
IgG (1 3000 )

2 BREM
21 WIEZRASRRAHENNERETE

pPYA-sopEnti100 PCR
PCR 500 bp ( 2A)
Ace Il EcoR 1
500 bp 2 900 bp ( 2B)
pYA-sopEnuo-egfp 800bp egfp
( 20 EcoR1 HindIII
800bp 3 400 bp ( 2D)
Psope-sopEntioo  egfp
100%

x6097 (asd)
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£30
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B2 HHRRNHETE

Fig. 2 Identification of the recombinant plasmid. (A)
PCR  identification of recombinant plasmid
pYA-sopExi00. M: DNA marker ladder (DL 5 000); 1:
recombinant plasmid pY A-sopEnii00; 2: ddH,O control.
(B) Restriction endonuclease digestion of recombinant
plasmid pYA-sopExo- M: DNA marker ladder (DL
5 000); 1: pYA-sopExue- (C) PCR identification of
recombinant plasmid pYA-sopEnuoo-egfp. M: DNA
marker ladder (DL 2 000); 1: pYA-sopExuoo-€gfp; 2:
ddH,0 control. (D) Restriction endonuclease digestion
of recombinant plasmid pYA-sopEne0-egfp. M: DNA
marker ladder (DL 5 000); 1: recombinant plasmid

pYA-sopEn00-egfp-

pYA-sopExtioo pYA-sopEnti00-egfp

22 EHEREHKHWERERE
AcrpAasdSL1344 (pYA-sopExiio0)
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AcrpAasdS1.1344 (pYA-sopEncoo-egfp)
DAP LB

pYA-sopEniioo  pYA-sopExiioo-egfp

AcrpAasdSL1344
pYA-sopExioo  PCR 500 bp
Acc Il EcoR 1
500 bp 2900 bp

pYA-sopEnt00-egfp PCR 800 bp

EcoR 1  Hind IlI

800 bp 3 400 bp

pYA-sopEntioo pYA-

sopEnt100-egfp AcrpAasd

SL1344

2.3 AcrpAasdSL1344 (pYA-sopEnuoo-egfp)
EERERBEF T
2.3.1
AcrpAasdS1.1344
(PYA-sopEntio0-eg/p)
O145,12:Hip»
SL1344

AcrpAasdS1.1344 (pYA-sopEncoo-€2fp)

AcrpSL1344
SL1344
H,S
AcrpSL1344
2.3.2
AcrpAasdSL1344 (pYA-sopEntio0-
egfp)  LB+DAP 50
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10 50 PCR
50 LB
800bp  egfp ( 3)
100%  LB+DAP
48% ( 4)

B3 ZJHDITEAKIMEEN PCREEEFR

Fig. 3 PCR identification of the stabilities of
recombinant plasmid in recombinant strains. M: DNA
marker ladder (DL 2 000); 1: ddH,O control; 2—6: the
10th, 20th, 30th, 40th and 50th generation of
AcrpAasdSL1344 (pY A-sopEx00-€2fP)-

—e— AcrpAasdSL1344 (pY A-sopEy,e-egfp) (tDAP)

—a— AcrpAasdSL1344 (pY A-sopEy,-egfp) (-DAP)
100 = . . = .

S 90t
2
g sof
<
=
2
£ 0
<
2
O 60r
50 1 1 1 1 1 1
0 10 20 30 40 50
Generations

4 EARNAEDITEPHREEEELR

Fig. 4 The plasmid stabilities in recombinant strains.
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2.3.3 *2 FXRWHOMRBREER
AcrpAasdSL1344 (pYA-sopExtioo- Table 2 Oral infection results of each experimental
group
egfp) AcrpAasdSL1344 Acrp . Death No./
Strains Inoculating Total LDso
SL1344 SL1344 dose (CFU) ) (CFU)
chickens
0.39 0.36
mm mm Ac;;;AasdzL1344 4.8%10'° 6/10
0.42mm  0.79 mm (PYA-s0pEniioo) .
ODsoo 4 4810 3/10 2.28x10'°
4.8x10° 0/10
( 5 ;
4.8x10 0/10
AcrpSL1344 5.4x10'° 8/10 1.14x10"°
5.4x10° 3/10
2.34 8
5.4x10 0/10
1 30d ,
5.4x10 0/10
LD 2
(LDso) SL1344 5.1x10° 10/10  3.25x10°
AcrpA L1344 (pYA-sopE; -
crpAasdSL1344 (pYA-sopExuoo 5.1x107 10/10
egfp)  LDsy 2.28x10'°CFU AcrpSL1344 5 X106 9/10
LDs, 1.14x10"° CFU SL1344  LDs, 5 1x10° 610
5
3.25x10° CFU AcrpAasdSL1344 PBS 500 UL 0/10 /
025
-o AcrpAasdSL1344 (pY A-sopEye-egfp) - -
= AcrpAasdSL1344 es (PYA-sopExuoo-egfp)  LDso SL1344
20t 7.0x10* AcrpSL1344
S AcrpAasdS1L1344
S 15¢
2 (pYA-sopEntioo-egfp)
5 1.0}
o
o
© o5t 24 FHEMKBFREFYEE
00 AcrpAasdSL1344
' 10 15 20 (pYA-sopExuo0-egfp) Western blotting

t(h)
37 kDa SopEnti00-egfp

& 5 AcrpAasdSL.1344  (pYA-sopEx00-egfp) -

AcrpAasdSL1344. AcrpSL1344 F0 SL1344 4 {< 2k ( 6) SopEnt100-egfp

Fig. 5 Growth curves of AcrpAasdSL1344 (pYA-

sopExuoo-egfp), AcrpAasdSL1344, AcrpSL1344 and AcrpAasdSL1344
SL1344.
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—250
— 150
— 100
—75

—350

e — 37

—25

i 188N-

—20

—15

6 ELRFE K AcrpAasdSL1344 (pYA-sopExa-e2fp)

FIEFZ Y H Western blotting 4 E

Fig. 6 Western blotting identification of the expressed
protein from recombinant attenuated strain AcrpAasdSL1344
(pYA-sopEnaoo-egfp). M: protein  marker; 1:
supernatant of AcrpAasdSL1344 (pYA-sopExioo); 2:
supernatant of AcrpAasdSL1344 (pY A-sopExuoo-egfp);
3: precipitation of AcrpAasdSL1344 (pYA-sopEnii0o);
4: precipitation of AcrpAasdSL1344(pY A-sopExoo-

egfp).

25 EHBFIDITERSE Vero HHIK Western
blotting 53 1t
AcrpAasdSL1344 (pYA-
sopEnt100-e2fP) Vero 24 h
Western blotting
37 kDa SopEnti00-egfp
27 kDa EGFP
AcrpAasdSLL1344 (pYA-sopEnti00)

SopEnti00-egfp

Vero SopEnti00-egfp
Vero
SopExtio0 (7
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1 2 M kDa

—250
—150

— 100
—75

-

S . 37

e 25

—20

—15

7 EHBEHRBGE Vero MifE/E EGFP EHHR
Western blotting % E

Fig. 7 Western blotting identification of the expressed
EGFP protein from Vero cells infected by recombinant

attenuated strain. M: protein marker; 1: AcrpAasdSL1344
(PYA-sopEnu); 2: AcrpAasdSL1344 (pY A-sopExuoo-e2fp)-

3 e

[12,17]
1.0x10° CFU
AcrpAasdSL1344 (pYA3493)
[14]

AcrpAasdSL1344
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asd asd
B- DAP
DAP
asd
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[11-12]
pYA-sopExtioo SD-asd asd
(-10
=35 ) SD
pYA—SOpENtl()() pBR ori
Asd
Asd
[21]
50 LB
800 bp egfp
100% LB+DAP
DAP™
MHC
(221 138$
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48%

[23]

SopE
[17] SopE
Chen (24]

81 2011
sopE-Sj23LHD-GST

sopE-Sj23LHD-GST

2012 Juarez ! sopE-ESAT-6

egfp sopE
PYA-sopExioo
AcrpAasdSL1344 (pYA-
SopEnti00-

AcrpAasdSL1344 (pYA-

sopExt00-egfp)
egfp

sopExt00-egfp) Vero Western blotting
37 kDa SopEnt100-egfp
27 kDa EGFP

AcrpAasdSL1344 (pYA-

sopExt100)
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(pYA-sopEnti00-egfp)

sopE

AcrpAasdSL1344
SopEnti00-egfp

AcrpAasdSL1344 (pY A-sopEntioo)
AcrpAasdSL1344 (pYA-sopEnii00-€gfp)
SopEnt100-egfp

Vero EGFP
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