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BRI ECE ssrAB. hilA. hilD EE A EHKWERH
ey be b =k

EERE" BHZ° %W B8 FRE 24
LA R YRHEERE 28 AL 230036

B ZE:. [#x]1 PNKEGalmonella) 2 ELHWAFTEERERE, dTHABRG B ER, HAE
B 7kt At ia £ B e, [ B &1 48K ssrAB. hilA. hilD 2B 3t/ £ 30 17 K 8 2wk R 49 %0k,
ihik AT ITRKEAREZTRAGREARA DR [FEIRA A FHERAENFE R ETAEK,
2 A M3 ssrAB. hilA. hilD ¥ 2 B 4t & 4k (4sSrAB. AhilA. AhilD). ik B 4 % #k (4ssrABhilA.
AssrABhiID. AhilAhilD)F= = 3k [ 4 % #k (4ssrABhilAhiIID), F ik bid 4k % Bk S £ A E AR A 4%
e £, [4R] ARBLSARGEREEL R FE TWP>0.05); R 4hilD £ 4R R AEH &K
BBAL, Hp A B K A AR A M RS ) AL R 2 2 (P>0.05); AssrABhilAhilD F= AssrABhilA 9 LDs
A3k &, AsSrAB. AhilA. 4hilD RZ; FARBEMI|I AL R+ =180 69 A RAR LR PTA B K AR
BEE; EFAHRAEBKRTY, AsstABhilAhiID 2t Hela fm /et 561 /1 4K, AhilD £ /s SAK A 64 774
ER &5 mAURSBE IL-1. IL-18. IFN-y #9664 5 1T IKHE ssrAB. hilA. hilD 3L FE L 2 48 X4
(P>0.05). [46) M6y 7THRINE B kAR F, AssrAB. AhilA. AhilD. AssrABhilA F= AssrABhilAhilD
HEA A& ARRE RS, AR R @R T A, BEEAYITREA RFERE XK
GBI .
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Construction and characterization of ssrAB, hilA, hilD-deficient
mutants of Salmonella enteritidis

TANG Zhenglu® CAO Kun® ZHANG LI HAN Minmin LUO Congyu
College of Animal Science and Technology, Anhui Agriculture University, Hefei, Anhui 230036, China

LIvyu'

Abstract: [Background] Salmonella is an important zoonotic pathogen, due to the continuous emergence
of drug-resistant strains, research on new prevention methods is imminent. [Objective] In order to
investigate the effect of ssrAB, hilA, hilD genes on the pathogenicity of Salmonella enteritidis and screen
safe and reliable strains for Salmonella live attenuated vaccines or vectors. [Methods] Using suicide
plasmid-mediated homologous recombination technology to construct the single (4ssrAB, 4hilA, 4hilD),
double (4ssrABhilA, A4ssrABhilD, 4hilAhilD) and triple (4ssrABhilAhilD) gene deletion strains, then
comparing the differences in biological characteristics between the above-mentioned deletion strains and
the parent strain. [Results] The growth rate of the mutant strains was not significantly different from the
parent strains (P>0.05). The biofilm formation ability of 4hilD was the strongest, and the other gene
deletion strains had no significant changes (P>0.05). The LDso of AssrABhilAhilD and AssrABhilA were
the highest, 4ssrAB, 4hilA and 4hilD were the second, and the degree of duodenal lesions in mice caused
by the parent strain is significantly more serious than deleted strains. Among all the deleted strains, the
adhesion of 4ssrABhilAhilD to HeLa cells was the lowest, while the colonization rate of 4hilD in mice was
the highest. Besides, the body’s ability to secrete IL-1, IL-18 and IFN-y has no significant correlation with
ssrAB, hilA and hilD genes of Salmonella (P>0.05). [Conclusion] Among the 7 gene deletion strains
constructed in this study, 4ssrAB, 4hilA, 4hilD, AssrABhilA and 4ssrABhilAhilD had the characteristics of
low pathogenicity, well growth rate, and they could effectively stimulate cytokine production, which had
the potential to be Salmonella live attenuated vaccines or vectors.

Keywords: Salmonella enteritidis, ssrAB, hilA, hilD, deletions strains, construct, biological characteristic

V01T G B (Salmonella) 2 — 34 4 g 1y 75 A
NIRRT, ATk, SYEEA N
ShlaiEN, SLEEE . 5%, RIGIE . BUmE
SR, R ARSI RS L E K fEE, HA
Iz B BB AE AL T A 2 . Bl
GV TR AW BB, Lt ZI7 ke
TR FIGI T VD 1T FQ T SR AN, 1 HL AR B Y
PUAE TN S A, R L T S X T
ARV T IR IR 2 A 50, HAh b TIk
PR DR TR Ol 0 S T P AT KU P A
fiX, CRECHTBIYT TR E 2T,

VI IR A Y 0w 7 1 5 H 85 7 & (Salmonella
Pathogenicity Island, SP1)JE [ it ik B HIAH X,
SIod I VA R W DSCR S BPAR SN N iyl o 3 R )
FH 9% 7 AH DG I P A e X, b, SPIL
1 SPI2 53 B4Rt —& 50T T IR AR 240 B A i

P9 A2 A 54 B T3 23 00 2 48 (T3SS)M . wF ot &
], ssrAB HA#4I% SPI2-T3SS AyiE/E, hilA
Z:55 SPI1 3%k, hilD WX hilA F1 ssrAB 1Y
JEFESCIILR SPIL A SPI2 i 0, SR 6
SPI ssrAB. hilA F1 hilD J&# R 7E VDT ] G B e
B R PE AL M ARA, T TR
sSrAB. hilA. hilD &[5tk B PR 1 2 ) 2 R Pk K
FEXF /)N BR800 1 BRI SR A AR

BT % ssrAB. hilA, hilD LR XV R R 2k
W ST HPERT, TR B Ry G A B I R R, A
SR T TR GO Wk WX 4, il H A&
JFCRE A S 0 R R R, kI ssrAB
hilA . hilD B JE P 6l 2% Pk (4ssrAB . 4hilA |
ANilD), RUHE [H Bl 4 Bk (AssrABhilA . AssrABhiID
AhilAhiID) A =2 A il 25 # (4ssrABhilAhiID),  F-%f
HAEY AR A TR Y AR A TR Y AR R
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FAYIETY BRE ST . XF/INEU) LDso S FE/INERIAR N
FRIETLRE ST, LA Hela 410 it 785 A1tk B LA
YeS A 7 IL-1. 1L-18 . IFN-y F9 43 W 7K °F
S, DUIAYD T PG R PR TR B T 92 T kAR A
AR i 25 5 LA

1 MBS
1.1 BE¥k. FRRIFNZEAE

AW LA Fitk GO™™ g 4 Vb1 TG G9
PRS- AG,  FAT 5l B 2% (Str) Btk i [a] iy X 22
HEEAMP)IR, GO Wtk LR KB
Qe SEaG 25 AR A7, pWMOL A ATk . KIBF B
SM10Apir 4HAfE . Hela 2 i3y i 2 gl K54
e Yo S B B AR AT
1.2 EFERFIFMLF R KWz

H2H Taq DNA 4. Not | #1 Xho I BRI
Mg N YIEE . T4 EH:0E . &R H PrimeSTAR
DNA AW, AW TROGE)ARAR; Bl
WEEERE DNA IR &, RARA YR )
AR W] BRI . BEE AR, OXID A H];

%1 ssrAB. hilA. hilD £EE SIS

J2E MG . BERGAN S L . DMEM X535, it
MU EEAY TRMEARAR; A FTEER
(Amp) . HE%EF (Str), Biosharp 2l . PCR 1,
Biometra /A F]; EESE SRR G Ay . FAIVE IR KA,
IR TR A R CO, KEFRAE, TR
BRORHRBH ARl 920 HURE S 18-20 g iHIEHH
KM ZBEH/INR, LRI RS sl
1.3 3|t
4 GenBank /A% ssrAB. hilA, hilD %k
KFg0&tt 7 55149, 43T ssrAB. hilA,
hilD BB AR 5 563E, 51F5 3%k 1. 519
b4 W A A R A Fl A
1.4 BF&RIGITRE GO9SR HEkk ssrAB. hilA.
hilD £2EHRAERIMEREE
1.4.1 ssrAB. hilA. hilD L TitREIRE /Y 12
SDS AR H GO™'R LK 41 DNA 1 Ay tbifi ,
FIF 54 pssrAB-1/2 . pssrAB-3/4 . philA-1/2
philA-3/4 . philD-1/2 1 philD-3/4 /3 %34T PCR 4"
M8, 345 ssrAB. hilA. hilD | R EE F B
I 0.8%EE UK S R, PCR WA Z (50 pL):

Table 1 Primer information for ssrAB, hilA, hilD gene knockout

Gk B 74 i

Primers name Sequences (5'—3') Usage

pssrAB-1 ATAGCGGCCGCCGCTGAGCGAGCTAACAAAC SSrAB I [Hl ik . IeE

pssrAB-2 TATCCAGGCCCAACTGCCAGGGTGGTAACA ssrAB gene knockout and verification
pssrAB-3 CTGGCAGTTGGGCCTGGATATCATTCCTCA

pssrAB-4 GCGCTCGAGAGCGCTTGTCGAATATCGTC

pssrAB-5 GCGGAATTCCGCCGTTTGCTTGCGTATAG

pssrAB-6 ATACTGCAGACGCCGCTGTTTGCAATGAG

philA-1 ATAGCGGCCGCTAGCTTTCTGCCAGGCATAC hilA ELR FERe . BSE

philA-2 TCGGTAAGGCTTCGAGCAGGATGACCAGAA hilA gene knockout and verification
philA-3 CCTGCTCGAAGCCTTACCGACGATAAGAGA

philA-4 GCGCTCGAGCGGGATTCACGGAACAATAG

philD-1 ATAGCGGCCGCTCCGGGCGAATCAGGATAAG hilD JE A /s . IE

philD-2 AAGCTTCCACTTGCTGCCGGGTATTTGTCA hilD gene knockout and verification
philD-3 CCGGCAGCAATGGAAGCTTACGGATGTTGC

philD-4 GCGCTCGAGAAAGGCAGGAGGGTTATGAG

T8 RIS BRI A DT 5

Note: The underline indicates the restriction endonuclease site
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10xPCR Buffer 5 uL, MgCl, (25 mmol/L) 3 uL,
dNTP Mix 4 pL, ZZH Taq DNA E4THH(5 U/pL)
0.2 uL, PrimeSTAR = {* FLif DNA RAHH(L U/uL)
0.8 uL, b. Fi#514(10 mmol/L)4% 1 uL, DNA
AR 1 pl, ddH,O 34 uL. PCR Jeiizkfd: 95 °C
5min; 94°C30s, 55°C30s, 72°C1min, 30
fiE¥R; 72 °C5min,

PLES S ssrAB. hilA, hilD F . T
B R BONASE Y, pssrAB-1/4. philA-1/4 F1 philD-1/4
51953 3 EFT Overlap PCR Juhi. FHiAss 1 %8
PCR JZ W& & (47 uL): 10xPCR Buffer 5 pL,
MgCl, (25 mmol/L) 3 pL, dNTP Mix 4 pL, 4
Tag DNA E 4 HF(( UuL) 03 pL, @& HE
PrimeSTAR fif(1 U/uL)0.7 pL, #i#z 1 pL, ddH,0
33 uL, PCR )i %&f4: 95 °C 5 min; 94 °C 30 s,
60 °C30s, 72°C90s, fE¥ 10 ¥K; 72 °C 5 min,
W2ROVIARR: F LR 8L, b RIS
(10 mmol/L)4% 1 L, H#4H Tag DNA R4S U/uL)
0.1 pL, FESf£E PrimeSTAR DNA HATWHL U/ul)
0.2 uL. PCR J i %f4F: 95°C5min; 94°C30s,
55°C30s, 72°C90s, ¥ 30 ¥k; 72 °C 5 min,
Overlap PCR =22 0.8%5 ISR FL K [BTAC
142 T|EHBERKRH pWMIL-sstAB. pWMI1-
hilA. pWMO91-hilD By#E

CaCl, BVl # KT SM10pir sz 254
M, FH Not | F1 Xho | 3% 2 FhERFI %t Overlap PCR
RIS B SRR pWMOL RIS ALY, 2%
DURERE EIEEYI =, F T4 DNA SRS 2 4
XURETI), 4l YA AKIBAT I SM10Apir
JAZAS UM . BEPLPEEC 10 AT, 43 LA
pssrAB-1/4 . philA-1/4 . philD-1/4 “H51¥)% ] PCR
AL EiR b F . PCR WA Z (20 pL):
2xPCR Mix 10 pL, . FE5[#7(10 mmol/L)4%
0.5 uL, BN 1 L, ddH,O 8 pL. PCR
%M. 95°C5min; 95°C30s, 95°C30s, 72°C
90 s, fEH 25 ¥K; 72 °C 5 min, [A1fi 1 500 bp f¥)
PCR ¥, HAL ARG SM10Apir Bz 754

L, $RBGE AL F B s pE SR, B Not 1 A1 Xho |
X2 FRER G DI IE % &R AR
A BRA FHIIF
143 EHBRRFES GIStrR HikHIES

¥ 1.4.2 UL A R TR ARG 2 2540
s SM10Apir Ht, KREEALF=H A GO Bk 4> B 1E
P Z U N 100 pg/mL (F[E)H LB/Amp., LB/Str
TR SR O X Rk alifh, PhBC TR 75 o B
PR LB/Amp. LB/Str 7%, 37 °C. 180 r/min
B i, RSB AT A, uE G e
WA 3 FES T
1.4.4 ssrAB. hilA, hilD BER. WERFM=F
ESk 7 EL 7 3=k Ak

W 1.4.3 4R1519 3 #5176 LB/Amp  LB/Str
DR R SR At i 2 LB ARG R, BT
37 °CHIREEFA R R, PR Vs e fh 2
25%JEHEY LB [EfARE SR AL, 22 °C #4557 40 h, 5
PR TR 53 0 e e T LB A EE IR EEF LB/Amp
AR FREE, BT 37 °C ISR, ®HE
7 LB [ AR5 373 b IE ¥ AR K fE LB/Amp [ 4k
IR F A KB ETE AR, DL pssrAB-5/6 .
philA-1/4 . philD-1/4 4y 531EHR . FlEsI¥, Xt
R AR T IE Or ik [W 1.4.2), H & 25
FoR ssrAB. hilA .| hilD 3 [ Bl 2 B Ak (4ssrAB
ANilA | AhIID) AR . WL . =R B
R 4353 LA BRLBE DR L OBUSEE DR e 2 TR B O 32 AR TR
DIEEZH [ A0 R SM10Apir KM AT i A A ) ik
PRIV, MENIEH | = H R kIRt
17 PCR B ik (kA 1)
1.5 G9*"RE#k ssrAB. hilA. hilD EEERKE
RV EZ SR

W B AR GOS™ A 7 BRAEDH Bk MR T LB
TR RG AL L U X R T alifl, PRI 4R RV
3T 5 mL LB (s AE, 37 °C. 180 r/min
WA, R TR 8085 .
151 HKMZaNE

¥ 3k 1.5 (E5 39195 5%0 FL B354 % LB A
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wiEFREE, 37 °C. 180 r/min K538, 2 WIGE RS
#:0. 2. 4. 6, 8, 10 h B34 ODgoo . LA
B A AR . OGRS AARFR, 23 8 BRANEA Y
AR k.
1.5.2 HHYIBER AL EE S B9 E

Wi bk 1.5 9B SR 5% FL 51 2 800 ul
LB WAk, 37 °C. 180 r/min 1555, 454
ey ON e 8 MRANBIFERG IR 24, 48, T2, 96,
120 h B RIERE J1 . AR IR] AR AL AR . ODsgo fE
FIPAER, 2] 8 RN B AR IR 2
153 /INRBIBUR DNE

¥ Bk 1.5 MR 5% 1S LB
Rz, 37 °C. 180 r/min ¥53% 8 h Zfa &
(FlE). HARAEBEE 5 MRBE®ER 1. 4. 16,
64 1 256 135), 450 LA 11 R s e St i oy =kt
SEW AP TICEE(L0 H/4H, 0.2 mL/KH), XTRE4LLL
Al RE Jr e S S50 e i K AR PR K (B 6 H). 4t
TR e — S N NRAET R oL, R & ek
RLTH5E 8 BRAH X /N EU LDsoo
154 NRIBBHELAYFBIFIE

fif) 1.5.3 A ABET /MR, T 35
SERAA BT R B HIVE . HE Y5 s/ NN |
B 9076 iy 5 BRZH 4254k
155 TENRIARNETARNENE

¥ Bk 1.5 M IRYIHE 5% LBl E LB
Wizmsssidt, BR2aEM. ¥ 45 H/NREEHL >
99 2H(8 4IRS AN 1 4IXF BE4H), SR IR
KR, KA /N 0.5 mL ER, SIRAST
[ S5 500 1 PR A B AR K . TR 48 h /N, HR
/NHBIEE HEA T 10 F ELARRE(L0. 100 £i5), FRHL
100 pL fYJ5E . 10 F5H B S 100 576 B 43 5l
VAT LB/Str [EAR SR, 37 cCHi IR, A
AR/ DN RIR N E % . B R =55
B T B ST T 7 S
1.5.6 *F HelLa Z8AE%: BT 1% R E

¥ Bk 1.5 MEERYIE 5% Bk S LB
MR EL, R aREl, FEESE Hela 40

il ZE G REIRAS . Fi B MOI Sy 100:1 % 8 #RTE 4351
FERDE Hela 400, 37 °C#%# 30 min, FE@EKITF
FH PBS P, 0.2%%5 iR IA WU 5 min, FiH
10% SDS ¥4 inse, MIE ODsso fH, DAL/ Mt
FRRRYNBE YT Hela 20 i (i 286 FHE AT o
157 BEEG/NRIEHEEMAMmEF RN E

¥ ik 1.5 MR 5% L filciE 2 LB
AR R, B ERvE . % 45 HUNRBENLY
99 ZH(8 AL 1 4IXF AL, SREUIT I
H, R RN 0.5 mL EW, WIRAST
[ S5 K A A B K, 0 TS 24, 48,
72 h IFIRERR M. FH% ELISA R Sk £idi i 4
SN E 85 AN XN IL-1. 1L-18 LA K. IFN-y 43
WA BRI o
158 HFEHItHHA

RIS K FH SAS 9.0 FLH K )7 224538 (Anova)
T BT, P<0.05 A Git2#E L,

2 HR545
21 BRIPIIRE G R E#kssrAB. hilA. hilD
EFRSEAEKRNMEREEER

A 3 XA G BAEL IR (ssrAB L hilA | hilD), XX
JE 5] (ssrABhIIA . ssrABhIID . hilAhilD) F1 = 3 [X]
(ssrABhilAhiID) Bl 45 bk E 1T PCR B iiE, LA GO
BRRRVE T BE, 4303845 T HU 38 A BE R/
(B 1), FBHR AR BRI .
2.2 GO E#k ssrAB. hilA. hilD £EHEHE
REVEFRED ISR
221 HKHEMNELER

eI 8 MRANFAERK ML, KAk
LRIEARMRFE—2, IR Bl R TR PR AR R B B R AR
PRI G 2R (F 2),
222 HEYBRRBEHNRMELSR

16 8 MRANTE . BR AnhilD F1 AssrABhilAhilD
TERTSR 48 h I AR W Y i BE T fem ok, Hodk 6 B
PR BITE RS 3% 96 h J5 A= W IETE iR ik, T ELE
BHERERFRG 120 h W RIE e 135 T %
# (A 3).
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A bp - M+ I 2 3 4 5 6 7 bp

2 000 2 090
1 000 1509
750
500
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100
. bp bp
3039
Sk 1713
1 000
750
500
250
100
C bp - M + 1 2 3 4 5 6 7 bp

2000

1 000
750
500

250
100

1562

1 FHHREEKAPCRETEER

Figure 1 PCR identification result of each deletion strain
F: A 510 philA-1/4 51%); B: 51#2% philD-1/4 514
Xts C: 591K pssrAB-5/6 5| ¥1%t . —: BHPEXTHE; M: DL2000
DNA Marker; +: GO iikk; 1. AhilA Fitk; 2. 4hilD Bitk;
3. AsSrAB [FFk; 4: AhilAhilD Efk; 5: AssrABhilA [F¥k; 6.
AssrABhiID E#fk; 7: 4ssrABhilAhilD Bk

Note: The primers in Figure A are philA-1/4 primer pairs; the
primers in Figure B are philD-1/4 primer pairs; The primers in
Figure C are pssrAB-5/6 primer pairs. —: Negative control; M:
DL2000 DNA Marker; +: G9%® strain; 1: 4hilA strain; 2: 4hilD
strain; 3: AssrAB strain; 4: 4hilA hilD strain; 5: AssrABhilA strain;
6: 4ssrABhilD strain; 7: AssrABhilAhilD strain

223 FPRBBOHMNESER

8 BRAHTA X/ INRUY LDso (H WL 2. 3, JEFEI
FEAT AssrABhilAhIID Fil AhilA /Y LDsq {H %58 35 AN
PR 22 5 8 % (P<0.05), I #EHHY AssrABhilD |
AhilAhilD % LDso {6 5 2% A WAk L B % 2 &
(P>0.05), T H. 2 #IdE )y 2 AssrABhilAhilD Fl
AhilA %) LDso {H 34 12 2 &5 T 3E A Bk (P<0.05) .

1.5F
1.0+
Qe
Q
05F - AssrABhilA
-o- AssrABhilD
= AhilAhilD
@z -& AssrABhilAhilD
0.0 ! ' : ; ;
0 2 4 6 8 10

t(h)

2 8 HRUAE RIIKRINE K 2

Figure 2 The growth curve of 8 strains in vitro

-+ WT - AssrABhilA

& AssrAB  -e- AssrABhilD

-« AhilA B AhilAhilD

-+ AhilD =& AssrABhilAhilD

—— 8 =
—— _“'\-\(\_ A / = "\\ g
"‘“—-—._.*f’/_/’:‘\ A
4I8 712 9I6 l.';_CI
t (h)

3 BHKMERIEYMIRTL AL RE

Figure 3 The biofilm formation ability of 8 strains

*2 SHRMAEMEIEIENRAEY LDs
Table 2 The LDg, of 8 strains intraperitoneally challenged
mice

BB LDso 95% I FR 95% I FR
Strains 95% upper 95% lower
limit limit
WT 5.466x10%cd  1.45x10° 2.07x10°
ASSIAB 5.507x10%cd  1.14x10° 2.66x10°
4hilD 7.75x10°%c  1.68x10° 3.57x10°
AssrABhilD 4.10x10% 7.39x10° 2.28x10°
AhilA 1.07x10%ab  1.07x10° 1.07x10°
AssrABhilA 8.17x10°%c  1.58x10° 4.22x10°
AhilAhilD 5.50x10%cd  1.26x10° 2.34x108
AssrABhilAhIID  1.34x10% 2.60x10° 6.92x10°

i RS R R B2 A B ) 25 558 B35 (P>0.05), FHEEA
[F] 2% BH 4 7] 85 J) 2% 5 {8 3% (P<0.05)

Note: The same letter in the table indicates that the difference in
virulence between the groups is not significant (P>0.05), the
different letter indicates that is significant (P<0.05)
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%3 8HRME ORRIE/NRAT LDs
Table 3 The LD, of 8 strains orally challenge mice

[E:E7S LDso 95%_|- fR 95% I R
Strains 95% upper  95% lower
limit limit
WT 6.51x10"%  1.27x10"  5.07x10%
AsSrAB 3.27x10"b  5.77x10"  1.21x10™
AhilD 2.99x10"b  6.77x10"  9.57x10°
AssrABhilD 9.10x10%%d  1.84x10™  4.67x10%
AhilA 1.22x10%c  2.97x10"  5.73x10"
AssrABhilA 5.87x10Ma  1.73x10%  2.99x10M
AhilAhilD 8.92x10%%d  2.87x10™  2.43x10%
AssrABhilAhIID  5.32x10™a  1.89x10%  2.14x10"

T BRI RN R R R 4R 3 ) 22 5 B35 (P>0.05), P&k
AR Fe B 4[] 4 77 25 5 42 % (P<0.05)

Note: The same letter in the above table indicates that the
difference in virulence between the groups is not significant
(P>0.05), the different letter indicates that is significant (P<0.05)

224 BFNRBIBALYIFMELER

HOR Yegg /N B -+ 36 W AR 2R T A R
2RI, X 8 RN/ N B D) e A T
Mg, H, EARRME ) &R, BYYNR
WBMBCAMEL, RBA M. A BES
VOI T FC TR SR () LR BRAR AL ;. AssrAB g4 1
WRFM L. B, AnilD WEHEH MR EINENR
BRRE MO, TR AL Lh R A TR AR 0B 4 AR R
%% AssrABhIlA T3 2H 718 90 B A AT DL 42 B H 1t
FIFE B RS, %5 AssrAB il AhilD T 40 i As
TRBESS; AssrABhIlD Yrag 2l /Mo BRI R B
WA, R FEE . PSR AR L, B
ASSrABhIIA ILE:4155; AhilA. AhilAhilD 54
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4 NRTZIRBRIET] R A R IR 2R LS R (40x)

Figure 4 Microscopic observation results of murine duodenal pathological sections (40x)

e A FESTRA; B: EARWRMAL; C: AssrAB B#4l; D: 4hilA BF4; E: 4hilD WH4L; F: AssrABhilD H#:4 ;
G: AssrABhilA I #41; H: AhilAhilD #FE41; 1. AssrABhilAhIID, i34 18] Fp i3k T i R 4 SR AR R

Note: A: Control group; B: Wild type challenge group; C: 4ssrAB challenge group; D: 4hilA challenge group; E: 4hilD challenge group;
F: AssrABhilD challenge group; G: 4ssrABhilA challenge group; H: 4hilAhilD challenge group; I: 4ssrABhilhilD challenge group. The
arrow in the figure above points to the tissue lesion
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Figure 5 The colonization rate of 8 strains in mice Figure 6 The adhesion ability of 8 strains to HeLa cells
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Figure 7 The IL-1 level of murine blood after challenged
by parent strain and deleted strains
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Figure 8 The IL-18 level of murine blood after

challenged by parent strain and deleted strains
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Figure 9  The IFN-y level of murine blood after

challenged by parent strain and deleted strains
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