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Construction and biological characteristics of Salmonella
enteritidis with r fbG gene deletion
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Abstract: The aim was to explore the effect of rf0G on the virulence of Salmonella Enteritidis and evaluate its potential as
a live attenuated vaccine. Salmonella Enteritidis Z11Ar fbG was constructed using a homologous recombination technique me-
diated by the suicide plasmid, and its biological characteristics were analyzed. Z11ArfbG was successfully constructed, and
there was no difference in biochemical characteristics between Z11Ar fbG and the wild strain. The growth rate of Z11Ar f0G
was slower in LB liquid medium. The ability of the deletion strain to form biofilm was significantly weaker than that of the wild
strain. The cytotoxicity of the deletion strain after infection of J774A.1 cells was significantly lower than that of the wild strain.
In addition, the deletion strain could agglutinate with acridine orange solution but not with Q9 serum. The r f0G deletion signif-
icantly reduced the virulence of Salmonella enteritidis 711, and the deletion strain had the characteristics of rough strains.
Z11Ar fbG not only has potential as a live attenuated vaccine or carrier of Salmonella . but also as a DIVA vaccine, which lays
the foundation for research on live attenuated vaccines for Salmonella enteritidis.
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P ITE % (Salmonellosis) & VP T 51 3 )
NS St A2 M 0 B9 B FR . TP 1T (Salmonel -
la) J— T =2 (B PE B (] Aol 2 22 ) R N
PRI fE Rz Bfadk e E . K g
HRYP TR AT 5 | B AT X Bk SRk g, I 38 ok 25 {88 ] o
SRS HE TR T B0 I TR e DA 5 52 R 114 X D)
TR A B R R AT R R AR LA
B8 L B R UD T T E B A B FE YD T
oAy 5 LB B R VD D B L R DR i
R TR B R WF T AL AT . BEE & Ol i)
RJEPUER MM S B0 T T 2 V3G 5 it 24
TENNFE » 25 V0 1) TR 14 By 45 3 B RGE . 5 I A
R I S22 VT AF LU o U80S 1% 2 1 H 2 D L i T B
o BRI I BB

g Z % (Lipopolysaccharide, LPS) /E S &1 2% [K
I 4 T A A D IS 45 g 1) S 2 R 43 s R SR e v

25 LPS W& MM AH G K £ rfa HH
8 r fb BEIFE AN rfe RS . O SR A&
JHT rfb HE R AR o feGOEE PR BR ST g 1
CDP-glucose 4, 6-dehydratase fii /K f§-" . #F 57 %
W .r foG BB R 36 2 28U R TTE LPS 1 6k
& HorfoG LR R R 2R 2 B AR T AR 19 7 0, R
57 55, A AE A 20 B % ) 9% 17 (Differentiation of Infec-
ted and Vaccinated Animals, DIVA) B 78 7£ 0 45,

KRR TTE 211 A5 4. il T
PRICRASTE I R TTHE Z11Ar f0G SRR IF
WFFE L BEA Y LE W 2= e 1 L6 TR R i 2B 2 2R
PR A P IETE B BE 7 DA K 40 i w5 5 L O i e v
I TR 25 0 2 ) T 5 B8 E A

1 MBREFE
11 OB R AR S R Ok K 4R i £5 R L

VB 2R BB BT BR TR B A s U BT, R
LPS FZ W O HUl A0 20K A Hal™ .
R1 REFTRABEK. R AR
Tab.1 Bacterial strains, plasmids and cells used in this study
R ik K &
711 Joa 5 U T B B A R AL oy L
E. coli DH5« K FF B AR S 0 3 R A Cm®
E. coli %7213 KIAHT B 1A B RS % R A HR#i DAP
pbM4 S EiE A AL EARAT SacBR, Cm"
J774A.1 T 40 i 2 R i 1 A0 AL 8 B ARAF /IN BB I 4 i

1.2 EZGH DNA K BRG] & Xoa T BR 4 1
A DD o s 4 A 1 R & L AN Tk PR A B &
A EH £ (Cm),DNA Marker, Primestar max DNA
Polymerase ¥l H E AW T8 (RKiE) A B2 Al
ClonExpress One Step Cloning — 5 ¥: #% #i 7f &
12X Taq Master mix W B it Vazyme £ YR
AR A APT 20E Ji 38 1/ % & KW A ¥ B Bio
Meérieux 27 ; DMEM 8535 36 6 45 M iE . 0.25 % K
B B 3€ [# ThermoFisher 23 &l 5 B 5 7 /) $2

T | 1 BB 25 A T ) % 3 7 A B G At B K5
W F A T A TR CR) B A BRAE T THE R
12T I3 R 0 BT R A W 2 A BR A F
L2 Mot S0t 240 2 M A DU R & A R s R AR
WHARABR AT,

1.3 Slost 56 M WIEm R TR 211 09 r /-
bG FEH T iz 5P Primer 5.0 Bi14F
SV SR 2 Fos . 5190 iRt R AE Y R
AR A A L.
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&2 PCRYESIMWFT
Tab.2 Primers used for PCR in this study

Primes Sequence(5'-3") Size/bp
i GAGCTCAGGTTACCCGCATGCAAGATCTATTTGGTTGATACGGGTGA-
rfbG-UP-F . . 490
TTCTTC
rfbG-UP-R ACTTATTTTCCTACTTACTCCCAGGTTTTCCACGG
rfbG-DOWN-F GAGTAAGTAGGAAAATAAGTTTAAGGAATCAAAGT 560
i CCCTCGAGTACGCGTCACTAGTGGGGCCCTACGAACTT-CACTCAGGTTA-
r fbG-DOWN-R o
AATG
rfbG-OUT-F TGAAAATGTATTCTGTGCATGGTAT 1 343
rfbG-OUT-R ATAAAAACTAACGGTTCCGATGTCA
r fbG-IN-F CCAAGTTTATTTGAGATAGTGCGTC 437
rfbG-IN-R CTCACAGACGCCAAACCAACGCCAT
pDM4-F GAGCGGATAACAATTTGTGGAATCCCGGGA 160
pDM4-R AGCGGAGTGTATATCAAGCTTATCGATACC

T B ORI R 5 pDM4 Bk B Xoa 1 REYIL 53 037 51 B AMNRE X 5 B, /6G-UP-R #l /bG-DOWN-F Ny B AT 51,

1.4 WBRIWITE Z11Ar f6G 5 bk i 4
1.4.1 HHE E. coli X7213(pDM4-Ar f6G) 1 ¥
#OUBRITE 211 LW B . 43 2L rf-
bG-UP-F/R # rfbG-DOWN-F/R H 5| ¥, # H
PCR ¥ ¥4 r oG H W LR e R A7 B, B~ f0G-U
M rfoG-D K B, Bl Xbal BRI PE P BT B Xt
pDM4 #AKIEAT BT C115 3% 82 8 0 90K r oG-
U Ml rf0G-D Bt 5 pDMA 344 % £ , 38 3o 8 vk
BB P A E. coli X7213 pir JEZ S,
LA pDM4-F/R b 5| ¥ %} BH P B 14 9% #F 17 PCR %
S ITIR R A YRR R B AT I 4R
B4 FOR pDM4-Ar £0G , B4R 15 A & 41 1 E.
coli X7213(pDM4-ArfbG)
1.4.2 BAHBY Z11Ar G B2 Bk 1Y 5 6 % &
PLE. coli X7213(pDM4-Ar f6G) W1 T, I 4
WITH Z11 R Z W AT 4 5 5 7% . PRI P
7% . L pDM4-F/r f6G-OUT-F Fl pDM4-R/r fbG-
OUT-F WXt 51943 5 #647 PCR %28 . FF 50 1F 1F
(B PR B 78 4 R T Cm (9 LB WK B 3% 2L
37 CHiFR. LA 1508 REFR T &4 1500 MR
LB AR B 723,37 CHE 3R . PRECEE I . = X Kk
T&A 15X FEMR LB B 1,37 CHege.
i BH M e e ) 2 AR L LA fG-OUT-F/R 5] 9 it
17 PCR %5 . B B0 F 1F 8 1) 18 K LA r f0G-IN-F/R
R B AT PCR Y 44 50 UE 1E 8 1) B bk 2% 2
SR YR BR A W AT
1.5 RIS ITTE Z11Ar f6G i 26 K 19 242 4 2 15 1k

i

1.5.1 AERKHEENE 5 5P BCE A 211 Rk
Kbk Z11Ar fOG 4570 F LB WK SR He b, 37 C 1
It WCH K& TR AR LB WA RE 372 56 h, 9F
PR S B A 2 ODgo =0.05GEAE 0 h 2%,
4354 ODgoo 24 0.05 BT FE A 96 fLAR . HIB#bR
UK ODso, » & 0.5 h lI5E 1 K H KL,
1.5.2 A AeAEtEE 43 B HREUET A fk 211 Rk
KBk Z11Ar f6G FEFT LB FEAEM 1,37 CHi 3%,
WH PR AR A & o DI PEIR A 2 0.45 %02
BRER K 0 Lo A8 b O B L M EE R = 0.6~0.8,
R A FH U8 B A5 1) A Ak 48 R PO A B R AP
20E A% E R BT 37 CHFRM . 24 h 5 M
4k

1.5.3 LW Bk IR B0 E 43 Pk BUET A Bk 211
Gk & Bk Z11Ar f0G 42 50 T LB WK 85 55 H v,
37 CHiFE . K H KSR ODsoo (AN 1 )5 . MA
2 96 FLAR 1,37 CHFERESFE 48 h, MR W41, H
R 2 7KV A% 5 I A [T S8 — 2 N [R] 34 R e
T P GE G, Y o — G INFA], FE 45 T 28 FEB Al
IR BT 5 A 95 V0TS W i 5 4 1 Sl i BR )
Kl OD595 , 28 Tt 43 BT A8 1 9 B LI 100

1.5.4 MRERMYTE FEHI A LRI 20 pL
O, PAFT RN WE RS, 322 Fh IR P BOD VR 3 bR 20 5O,
BRI BE AR A TR R 3 AT LR S DL .
1.5.5 BRI ITHE Z11Ar f0G B2 Bk 7Y 40 i 75 v
WK J774AL1 AN R FR & 48 FLAR, LN A
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1.5X10° A4 AE, 1597 2 R H (H 40 il 5 55 588 80 %
~90% . PRHCEFA KR 211 R BR Z11Ar f0G H2F
T LB WARRE SR B, 37 “CHige, MW 4 500 v/
min F.0 5 min, 3 % [F . A JoW PBS vh ik, 51
TorE PBS &, 6 H ODg, R 1. 735 40 i 55 37
W« 30 6 1 ToHT DMEM 85 3% 3, ) MOI=100 J&
YLZEA, 1 000 r/min B> 10 min, 37 CEYL 1 h,
Ffi IR ] PBS YE# . IMAE A 20 pg/mL IR
KREZEM Opti-MEM ki 323,37 CHi 5% 3 h, FIH
L T2 ot S0 Tt 200 L 3 e A DO 4 ) ) B A bk A e R
BRXF J774A1 40 B e

1.5.6  Giit# ot A S i A B s X il
GraphPad Prism 5 b i Sit %2 5% . &
KK #E «=0.05,

2 # B

2.1 BRWITTHE Z11Ar f0G B4 FR %8

2.1.1 EHE E. coli L7213 (pDM4-Ar fbG) 1 H4
@ %E Ll fbG-UP-F/R #l r f6G-DOWN-F/R
J 514 PCR ¥ 34 oG JE R LR UiF RN IR B BE Grf-
bG-U M r f6G-D K BRI C115 #8184  f6G-
U M rfoG-D Fr BOZEHAE pDMA 84K | 5 A E.
coli X7213 Apir BAZ M A, W LA E 4R E.
coli X7213(pDM4-ArfbG) ., LA pDM4-F/R K514
4T PCR Y"1, 50 3E M 9 i IR AL E. coli
X7213(pDM4-Ar fbG) , 554 K/NIEHfi . 29 1 450 bp
(1D,

Size/bp

2000
1450
1000
750
500

250

M:DL2000 Maker;1:rf6G HF 1 F i[5 I8 B

B 1 EZHBRAHA PCR WiE
PCR identification of E. coli X7213 ( pDM4-
ArfbG)

Fig. 1

2.1.2 ELEERS Arf0G BRI LE L
PR 211 E N ZIRE, HA W E. coli X7213
(pDM4-Ar fOGOVE W AR R AT 8 B O H
Cm F1 DAP 4 LB B R4 I, Bk ECHPE S5 % L L
pDM4-F/r fbG-OUT-F 1 pDM4-R/r fbG-OUT-F

Wit 518143 B % Hegk 45 PCR %58 . X B8 3IF 1F 7 1Y
AR DL & A 1506 1E bR OF M it A7 0, L - foG-
OUT-F/R N5¥ 347 PCR KL , 3k 15 ot 2k Bl 26 #k
251 343 bp(E 2), VA rf0G-IN-F/R, NREY 14 1t
Zl (B 3) . BEEMF SR B E oG B R BLUR PR
A T BRI B R bR Z11Ar 06

Sizel/bp

5000
3000
2000
1500
1000

M:DL5000 Maker; 1-4 ; ¥ 4= ¥k 5 5 . 15 36 Bl 2k bk
2 fEEsR Kk PCR IHE

Fig.2 PCR identification of screening deletion strains

Sizebp M 1 2 3 4 5 6
2000

1000
750
500

250

M:DL2000 Maker;1-5: Z11Ar f6G SR 4% 56 - 7 2E fk
B3 B PCR BIE
Fig.3 PCR identification of deletion strains

2.2 WBRIITE Z11Ar f0G 5255 Bk 0 L W) 2 5 1k
I &35

221 ARKHEE FIHA B ShBEEAR AL 755 E 1
[i) A0 2 4% BRI ODoo L DA 22 1 A2 4 i1 28 (&
4) 5 F R B AR R AR K HOR TR RE

-
(=]
1

_ Logeeee —~ Z11
E 0s i = Z11AfbG
S
€ 06
0 o
e '
& 0.4- /o
e #
o P
2 0.2 iy
< pvs <l

0.0 . g :

0 5 10 15

B4 711 % Z11ArfbG 4 B 2%
Fig.4 Growth curves of Z11 and Z11Ar fbG
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2.2.2 HAbERME BFAERR 211 FIBRKRER Z11Ar F6G
Wid API 20E A bS5 R i A fbdr 0 45 1

LR rfoG FEN MBI I RIS TTH 211 A A1k
() T EIEAR I R (3R 3) .

£ 3 711 Z11ArfbG £ 451
Tab.3 Biochemical characteristics of Z11 and Z11Ar fbG

Witk ONPG HEM #ER SER FERN H.S

Wx  GEm WML WK EEE ER N LR REE WNHE TR R

mo -+ o+ o+ o+ o+ - -
mapc -+ o+ o+ o+ o+ - -

- -+ -+ -+ o+ 4
- -+ -+ -+t 4

2.2.3  EWREEIY B K WE AR AR Z11 Ak R bR
Z11Ar f6G 43 5B F 96 FLAR H 37 ‘CH5 5% 48 h.
45 W HEO0F A W e I AT 0 A T, A5 R o, B
RKrfoG HHNZJG . R TTE 211 I 5 A P #% il
(R RE 7 b 2 AR (18] 5)

Absorbance (595nm)

Z11  ZIArfbG

D P<0.05
B 5 711 # Z11ArfbG 40 % FE &
Fig.5 Biofilm of Z11 and Z11ArfbG

2.2.4 MRERMEE WA Z11 BLR G FRH
JG o AE Oy PP A BELE 5 W 0E R I W & A e 4R
(L 6) A5 A MRS B VD 1] BR A 4 05

SE-WT ArfbG

0,

Acriflavine

Blo MHEBEKERE

Fig.6 Ildentification of rough strains

2.3 M EMERE J774ALT 40 HE 4 SRR e A TR
BOE B AE R Z11 AR AR Z11A7 £0G J5 , FIL A FL
1R 56 0 T 200 I B e G 0 3k 5 T e L R M A T

P, SR TEBR -G R Z G RIS T
Z11 X%F J774A0 4 7 SRR (L 7))

04
Z11 Z11ArfbG PBS

OP<0.05
B7 @RaEEen
Fig.7 Cytotoxicity test of Z11 and Z11Ar fbG

3 4t i

VDT ) T 0T 15 928 ELAT B 028 i e A B 9 O X
AL SRR SR B M, T DL b IR AR A i
H T B HLAR R I i, AT 75 MUK 7 A DR 4
B S48 0] 25 S X B o SR AR A Rk gt RV T L G et
Py BE A~ S5 07 VR SR AS I EE VD 1) 1 L AE L I A5 2 B AT
TET SO T SRS BB T AEY
PRI A ) AR DY T AR T Bl o B B
2> HE DR TR AR V0 ) TR T LA B AR B T 1 [
B AT DR B e B e R BTSRRI T
B 108055 00 DY) A A EE A S TR L A A
B B IR LA B i B A W 1% VR A B PR 0 cya verp
steA \spiC . yieA  aceE 55 % ES IR S A ]
it Red BHRG I EIGRIPTTE yjeA FeH G
KR WETEER R, GOEARR L, yjeA FENBR
PRAE AR L 35 7 BEAIK . HLAE 8% 3 O 7 A A S
Yok, FRBEAEIIRRGT A I X 15 FE Y 1 T ] B
spiC 5 orp FH G, B BR AR K 3R, 5B AR
PRAR LG IR XS 1 LDs s 107 £%, 2 3 FIH
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B SRR H AR (STM A 20 95 % 5] » £6G
5orH JER, B FEE R R » f0G HE P B 1 AR
Xf /N B AR AL O R0 S g R P 30T 2 BAR Y 2
B TERR

25 L RTR AR SEAE R IA T AR 3L AE L, LU %
YITH 211 AR, LA r (oG 15 B B3R, F)
B AU pDM4 A 3 19 [ 5 5 20 BR , #4284
WITH Z11Ar f0G SR BE . TR f0G 55 Bl
PR 5 B AR AR A B, R A LR A A R L (ERAE
Az 2R 0 AR A B Y 2 R R oG SR
BRI RYPITRE 211 K ERE — 2., 4
TR A 0 B A AT L B A U Y, AN 2B SR IR T
AN LA 22 B B A0 T D% I 8 B T ) — Fh A2
e AR Y AN A TE T AR W B v i, X
Pod: BB 251 S35 10~1 000 1%, 4k 4y ol JIE XF
PSR E TS AHE 5 A W 5 &
IR f0G FEHF R BRRE R RID T Z11
TR e B RE . B KA R VT
GIAhILA H: Wy w58 B BE J) o, Wt 25 M s i
G9AssrAB A=Wy 9 B8 i RE J1 55 . UL HEN »~ £6G
B DR 2R R T 8 2 o AV HG X e A 3R A TS 24 1k 3
gy TAE(EAS i — B0 5%

20 TR JR G AN B S AN R A TR R T 1 A0 i
JIE 235 4y B 1 K 2 S B0 m B 2% P9 A9 LDH R 1 K5 57
T FRL 3 3 A A4 L R v P i LDH B 1 AT LA
XF 20 T PR R AT B0 LDH T6 P 8GR L IR AR Y
20 MR 22, U] A TR R R S, UL A TR T R
L RN NS I O o W T AT A Sl 7 5
J7T7T4A1 # AR5 . LDH A9 3% v . i 5 85 A vk A
oo r oG FER A B R BEAR T AR 9 75 7

AT S5 50 1 B DIVA 8 1 a7 R 3 58 1 i 38
o - Be PR O S s ) 5 R ARG sh ), DI-
VA S 1 T 00 U 75 bk 22 R R B CAn B 22 0 b
20 BRI ) B O B AR, L LPS &M DIVA R
G if kAR SRR BRI L fal S
W4t O-$i &0, 25 LPS & . 8k J5 B
MR LPS 45 M, X | W T
S06004AspiCAr fal. 5 O, PR KA BEAE , 50T i
B R R REE LS, A W3 1 DIVA FRE, A&
IR L 5 HAF L5 AL i R TTE 211 k2K
rfoG B G, Oy B5T 3 AR EE S 50 5 B, 0 BERF
BEAE RIS P YE Z11Ar FOG £5 4 HLBE BV 1T 1Y
FEmi B0 - f0G FEDI R BR 2352 LPS (6 1. 1R
W r oG R BRI —FF 8, r /oG FE R B AE R
DIVA B HLGRE. B2 MR ITH 211 &

F A S 505 28 XS PR 43 25 I 45 38 T 4 1Bl K &
ST TR R 1Y) D EE S P R BR L T Z11Ar f0G
HA DIVA B IIEE, TR RS [,
FlzmmspzR: L
SIAARXER : EH . KW, E2%, 5. R
ITH rfbG R E S R ARy M B R £ F BT R
[J]. % B A& 4 B R 4%.2021,37(11):971-976,
984. DOI:10.3969/].issn.1002-2694.2021.00.137
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