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F1ECDC, 2017 4g)A,

PCAER, BiE K ZE 2SI 25 R A L, R
T4 R R S 772 it A 0 7 R4 ) 200 T 1y T
SR B H IR FL7E 2005 4, 5
— P AR S, B Omnilytics 23 Wl A= 7 1Y
AgriPhage™ , J&rH & E ER R4 R 1E 2CHE e T
2 1] It R B et e M TR A T A R R T S
R T ST MBSO R BRE RS 5205 . 2006 48, 38 [ BT
HEMET Intralytix 28 &) 4= 7= B 56 —Fh 52 5 26 44
KBy mEE AR EIF ListShield™ (LMP-102™), HF
F 1l PR S RN S8 ™ il A RIES £ v 1 BRLAZ A 1
AR TR, S RS M TR A I s
il — A~ E 2 B X — AR B A2
IR B AR RS 4 o LA, MR
PRIE T B 55 T 46 159 30 & A ] 5 BUSR 1Y) S 5 st
Jil, WEBEAAREIF O Sk A& BT,

W AR A R K i E e, W
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I IZAEAE DI DAARPTPE L o 22 Wk D AR SR e 2 1
YR, BT I E — RS A EPTELS], 40
T X S P A P70 L A D A 2 T o e T AR 1 5
B, DRG0 A0 TR Wk R AR 2 ) P Bl AP
MR A P ERLN A TP D AR R i
FHIEEDEIA DNA T BRI RS0 | Ik
HEJR . CRISPR R4, 2% T I A e a5,
Wi AR R, AR AR 25 S W e A4 7 A= it
PEPT, LR VR I AT A L v AN P 2 g R A
R Z 0™, SR, SR AT Bt
PRIRTE T 2 AT R 1 2 e/ i R DL SCHR R

actamicro@im.ac.cn
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111 Bk, SRS EHRRHTIRE
VB2 BEAR 77 i BT A SR SRR T & 7
15 Y W) 5 ST AT 5 2 ORI i R YD) T 1 A
Pk ATCC 13076 K H: I {4 PA13076.

SEREhY . 5 FIRIEIEH ICR /ML, 1AH
20-22 g, WEEER2E, W H MR A BE Al
ANEGE W ARISR 1R e AT SRR

gip . /U IE bR 4 (MODE-K), A#iF5T
A TIARE T
1.1.2 FEERHF|: Luria-Bertani 5 ##3E(LB K%
), AR AR Ry SR, Wadt
S RARG BRTAE A F] s 1 mol/L Tris-HCI (pH
7.5). 2xTaq Master Mix, DL2000. Bifig#s. Bifis
WESF S0 B A T AR TR (R0 ) e A R A
DMEM #5570 s B4k I ; #4% GenBank
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*1 TEFSNHEAPCRIIYFT
Table 1. PCR amplification primers

Genes Primers Sequences Annealing temperature/°C Product size/bp

invA invA-F GTGAAATTATCGCCACGTTCGGGCAA 57 284
invA-R TCATCGCACCGTCAAAGGAACC

invH invH-F AGCAACTGGCCAACGCAAAT 56 153
invH-R TGCAGTCTTTCATGGGCAGCAA

SSCA SSCA-F ATGAAAAAAGACCCGACCTA 46 474
SSCA-2 TTAGCTCCTGTCAGAAAGTT

sseC sseC-F ATGAATCGAATTCACATGAA 46 1455
sseC-R TTAAGCGCGATAGCCAGCTA

sseD sseD-F ATGGAAGCGAGTAACGTAGC 50 588
sseD-R TTACCTCGTTAATGCCCGGA

sseE sseE-F ATGGTGCAAGAAATAGAGCA 46 417
sseE-R TTAAAAACGTCGCTGGATAA

mgtC mgtC-F AAAGACAATGGCGTCAACGTATGG 52 500
mgtC-2 TTCTTTATAGCCCTGTTCCTGAGC

sopB sopB-F TCAGAAGRCGTCTAACCACTC 52 517
sopB-R TACCGTCCTCATGCACACTC

fimA fimA-F AGACCGCCAGCAAATTAGTGT 48 341
fimA-R TGACCTCTACTATTGCGAGTCTG

SpvA spvA-F GCTAACTGTCGGGCAAAG 50 432
SpvA-R GGACAATGGCACGAACCT

spvB SpvB-F CCTGATGTTCCACCACTTTC 50 590
spvB-R ATGCCTTATCTGGCGATGT

spvC spvC-F AAGGTCGTTCAACAAGCC 50 252
spvC-R CATTTCACCACCATCACG

spvD spvD-F CCCCTGATGATGAGAAGT 45 316
spvD-R ACAGTGGGATTAGACAGC

SpVR SpvR-F AGGAAATCGGACCTACGG 50 473
spvR-R TAACATCGCCAGCCCTTG

rfaQ rfaQ-F ATGCGTTTTCATGGAGACAT 48 1014
rfaQ-R ATAGCAGGCTGTCCAAATCTA

rfbA rfbA-F ATGGAAATGAAAACGCGTAAG 48 885
rfbA-R TTATAAACCTTTCACCATCTTCA

rfal rfalJ-F ATGGATTCATTTCCTGAGATAGA 48 1006
rfaJ-R GGAAAAGTTTACGATAAAGATAT

rfaG rfaG-F ATTTTCCTTTTGGCGGTCTGC 48 1125
rfaG-R CAACCATCTAAATCACCTGT

rfaF rfaF-F TTAAACGCCCTCTTCCGACAACA 52 1047
rfaF-R ATGAAAATTTTGGTCATTGGCCC

113 FEUgS: HRRGHMHYL-C), K
SRR A PR A 5 A48 44 (BHC-1000HA/B)
LR A RA R 2O0PL(5424R), 18
Eppendorf 2] #EH AR 411 (Gel Doc™
XR+), 3£ Bio-Rad A F]; A bkt FE4H (BPN-

80CW), ZE[E Thermo /2] ; PCR 4%(C1000 Touch™),
S5[H Bio-Rad 245 HIVKAU(DYY-8C), Jbmi/s—{X&%
73 AR AREREEF 4R (BPN-80CW),, 25 % Thermo A ] .
1.2 BTV R R AR B I i

Z B SCHR[10] A IR GRG0, i 78 T 528 7
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VERIR AR B VD T R A R ST 1 7

HURMAN R I & 01178 ATCC 13076 7 LB
BERF-Hr FRIZE, 37 °C K53 24 h, PRICATE TR
FliF 5 mL LB WA FR 3, 37 °C. 200 r/min 4
DB SR B RO L 1:100 A RP RN 2
BHEER) LB B R R 7R & ODgoo=0.5; LAY 5
(MOI)Wy 1.0 #: A ML K PA13076, 37 °C 5%
BRI R ZUR (LI 5 h), dRSLE T 37 °C KR
24 h, RHEL 100 pL Z4AE WA LB Bg -4,
37 °C }57% 24 h, FRHUAETEIER 2 LB A
B, BIEIRRGE SR 3 RAAL AN, ARATAE
AP T T TR W T A R
1.3 VIR E R R E

JSRESEEG . HU 100 ub BRIV ATCC
13076 Jevb 1 T Wik R AT TR VR0 7T, FH K
PRV AT PR L S IR AT P AR TR, R P A T4
TN 10 pL AL A 10° PRUML Y07 o s i 1
PA13076, FfdLHABIT G, #I'E T 37 °C fHiR K
FAR ISR 12 h, WS BEIEL.

M BRI - KE 1S VP TTH ATCC 13076
o E PR RS BIFEFI T LB AR FE, XUk
1 151 (ODeoo=0.5) I A B K5 SR WU B it LB A7
#% % 10° CFU/mML, 433l 10° PFU/ML A0 ]
WEER & PAL3076, 5], BT 37 °C W& i,
F 0. 5. 10, 15, 20. 25 F1 30 min Z3:5HL 1 mL
W TE KBS R AR Y, LB (15000%g, 1 min,
4 °C), WIZE 1 v AW B AW P AR . SEER TR
53 UKo VAR AN IR B[] 18 AR R o i o A )
ko

WAL R EE BT TR R I TR R R e B

F LB WA, FFiEeitibisr 20 Ik, ME bt

>

actamicro@im.ac.cn

PRRR IR AR AR O o AT B R SR AR A U v 7 1
() LB B Fe sk rh o B, B IR IR L 20 OBUZ
SRR A I M DA A SR . TEWE TR R AR AE R
PRIV 2200, Ul R AR X W T AR P e 2k
14 18 EW RHIEERA KL E

BUS R IR0 T TH ATCC 13076 itk
R3, D) 1:100 By LLBil#eRNT LB imth, gk
g 3 MR, ERRIKRHLL 37 °C. 200 r/min
iR, B L h E 1K ODggofl, Fl%E 10 h,
HR A I 7 5 A il AR i 4k o
1.5 FEFIER KM

B E AT 3 mL LB 1, 37 °C.
200 r/min iSRG FR . EREAREUS DNA, A
F2 BRI ER] £ U BB BUTORL, F T spy
FERAGI . PCR §74# . 2xPCR mix 125 uL, .
TS 19(10 pmol/L)%& 1 pL, #idk DNA 1 ulL,
ddH,0 8.5 pL. PCR £5f4:: 94 °C 2 min; 94 °C 30 s,
Bk 30s, 72°C35s, 35 Mf¥; 72 °C 2 min,
¥ PCR 7= 1% e tica vk, HE &AM
OIS R
1.6 /MR LDso By

¥ ATCC 13076 sl & itk i R3 X/l 716
WEBCRE, I FSEES, e LDo. LDioo S ZHIM]
FlH ., BOTREWE 2 mL, 1:10 #8 T LB iz,
1L ODeoo fHIA ! 1.0 B, S5 SCHR[L1]0] £ % 18
W 5 MREREEE, JFo02%EAE 10 mL L&,
4 °C. 8000 r/min &.0> 10 min, 3% B, FvKHA
PBS ¥t 3 Ik, %M PBS ik, FEXF ANk
WA T AR T

T2 10 HUNRL, b s 4L, A RU/NRUE R
TEST 200 pL ARV BRI TR, X HEZLRE fis 1 5
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200 pL PBS. HERMEZI IR/ MRILT RO, &
SR 7 do PR LV 1T R bk
PRI B30T i (L Dso)
1.7 ZHMORSE e

xR KA 20, PBS U 3 Ik, A
& 10% M2 LT ) DMEM 20 35 35 i i Ak, %
TR BE I AR, LU F(MOI1)=100, AP
10" CFU/ L Y B 2 i U 10° cell/ fL Ml B
MODE-K #4Hfifl. HA A& 5, 4 M s 554 = i
800xg E5.0> 5 min 41 5 A A /4%, 24 L
M 'E 37 °C, 5% CO, HEFAfilEg: 2 h, FEEFRW,
PBS Pk 5 K. AFLAINA 100 pL f 0.25%/ i
A& 1 min, FLAN 800 pL 7% 10%A5 4 L7 ) DMEM
Ze kAR, R S5 AT A 100 pL 1% Triton
X100 ZFRANAL 1 min, SC&MAT AN 240, 24
PR B S AR, LA PRMETR R ATCC 13076
FHIEE AT MODE-K il iRRs Bt S22 51, A4~
B AR 5 AR AL, IR ER 3K,

2 HERFAH

2.1 Y IT o W TR A T W 7 o S

B FAFHCHTID [T A METR /R PAL3076 Z4f# 1
PiPER 10 ¥k, & A R1-R10. #fEFa e s
T, LAWERIK PAL13076 TS IR 256
20 fGHF, X R3 XFIPT T mE i A A Btk . R3AE
LB Zifs-Pil FAEK RAF, BEREDGH, B30
o, R EPIMAT R . T i — 2 %% R3
MBerE, PEATSRRSCES, WE 1 FoR, VTR
& PA13076 AJ AL Hoqm F VT E ATCC
13076, {HJENRERMPIIER R3. W& A B2
Wi R, 1 B ATCC 13076 #i W %A PA13076

i, TERSBE, BUER R3 NP A& PA13076
MR, B,

0 1) B WE B K PA13076 X f5 32 ATCC
13076 FALPETRE R3 (WL FT25 R ANl 2 fos . FiE
W BB (RT3 0, WA XS 15 £ ATCC 13076
R 1 BFE 2k R B v, 20 min B BFF R B R, N
63.89%+1% , H 2 Mk & X HidE A R3 JC I ft

e

1. WIEREEARXTEERE(ATCC 13076) RinEE
(RI)BIHR AR

Figure 1. Spotting test of Salmonella enteritidis
phage on its host (A) and the resistant bacteria (B). A:
ATCC 13076; B: R3.
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Figure 2. Comparison of adsorption curve of Phage

to its host (ATCC 13076) and the resistant strain (R3).
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22 HERKHiz

15 F & ATCC 13076 FHTik i R3 B4 K i<k
WK 3 fis . 15 F 5 ATCC 13076 APtk @ R3 1
KRR ST, | 7 h, 575 T # ATCC 13076
HIEL, PUPERT R3 (4R Kk

301 o ATCC 13076

-a-R3
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2.0f

8 1.5¢
1.0r

B3 HWEAIEKHZ
Figure 3. Growth curve of the host strain (ATCC
13076) and the resistant strain (R3).

M 19 20 21 22 23 24 25 26 27 28 29 30

4.
PCR amplification of Salmonella strains ATCC 13076 and resistant Strain R3. The odd numbers
represent ATCC 13076, the even numbers represent R3; M: DL2000 DNA marker; 1 and 2: rfaQ; 3 and 4: rfaJ; 5
and 6: fimA; 7 and 8: rfbA; 9 and 10: spvR; 11 and 12: spvA; 13 and 14: sseD; 15 and 16: spvC; 17 and 18: spvB;
19 and 20: invA; 21 and 22: invH; 23 and 24: sopB; 25 and 26: rfaF; 27 and 28: mgtC; 29 and 30: spvD; 31 and 32:
rfaG; 33 and 34: sseC; 35 and 36: sscA; 37 and 38: sseE.

Figure 4.
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F2 TBEERRMMEEAFEIILE(LDs)

Table 2. The LDsg of host strain and mutant strain on
mice
Strains LDsy/ 95% confidential Standard
(CFU/mL) intervals/(CFU/mL) error
ATCC 13076 1.07x10°  7.7x10"-1.48x10° 0.1734
R3 1.87x10®  1.6x10%-2.2x108 0.1359
10r

2

M8

|83

c

s o l

[

o

g 4r

5

2 2

el

<

O |
ATCC 13076 R3
Strains

E5 fEEERREEFE LR MODE-K #MiZ
Figure 5. The adherence rate of the host and the
mutant to the intestinal epithelial cell MODE-K.

XT4H L MODE-K 19Kl it 45 it 4 (6.125+2.0073) %
10° CFU/AL, R, XF4iiffil MODE-K Ak R % A
(4.850+1.8877)x10° CFU/fL; ATCC 13076 fiiff}
%4 6.125%, R3 [URLHTECH 4.850%, 1 FE R
POPE TR RS B 40 Jf 4 B ) 22 54 2.3 (P>0.05) .

3 Wit

ARSI R FH IR BB 15 NI NE AE TP T)
PRI AR e 2 e b oy 25 1) 1 bk B R PEEAR
SE WAL I WE R IARBUE B . A SR 2878 T 2 DA B 1A
PR D), RN PR B, R Rk
JEARAF PG T IR S AR MR B 8 k02 A e
TP R3 515 218 ATCC 13076 1414 74 45 J2 51
BT, WE AR 2 R PEATR, WV
EAMERIESH LB ITHE X5, TERE

(2018) IR RER R G ik, ikt [ & 5748
F14 T B PL AT TR I TR AR PO TR, K R AP T
Pk BIM FERERAAAFTESRAT T, L% 10 3 Iy he
IEEAK, mHEEES . WA AR,
ERIC-PCR %5F . 16S rDNA X E 45 515 FH Y
g2, PUPER BIM 5RURE L. casei M%EE
CER R AR TR LB . (U, E4IE%
(2010)M 22 [ % 5 A5 16 T 4 G 27U AT T e T Ak
PER M B IIE S 500 EEA -3 ARV ik
10 BRIE AR BUR TR, (HIE7E Rl S i L F
FEMESII PRI, LY 9 AR TA T DA I P AR Y
fift, XFHUEATE NG FIFE & AAE Cluzel 55
(1987) VSB[ % 278 BB E A R I LA B
H, HPIMERCATRE,, 1ERR 3 UG ORI Xt
Wi TR AR SRR B R o TSI E 1) 1 AR VDT T
Wi 1A R3 AT 58 AP R 1A PA13076 &L, Bt
PEEA SRR EE . 20 TE 5 W TR A B R
TSR 56 T I DR AR 8 22 32 IR 5 6 B T RN B TR 2 A4
A AR S P TR S8 R, W TR AR S8 BB AN T e R 51
— R LB PR RE 1 S8 R W B
WA 2 MRARER.: WRKRZZRE G EN
T T2 2T A 324 . 40 TR 40 6 1T 2 AR B 35 B
Z W (LPSs) . 13 X 2 Wi (CPSs) . 3% 1 Kt J& ¥
(Fagella. Fmbriae 1 Pili). Mg & [1(OMPs)ZE 18],
AT B BT S IR 25 R, WA A PAL13076 Xt
Uk R3 TCHR B DIBE, X UL AHAE v] REHTME T e T
(2 A R AR T AR, DTS 380 T Wk T 4 X HL e
BT RE . 20 TR HE 1 22 SR ke BHL L I3k BT 4% F i
B, o B DR SR A AR A7 AR B, ml e SZ AR b
T 2ok 0 PP o B B 2 1A 5 . X — 25 iR T A
Marti 25(2013) A58 FriE sz, SN OmpC
SEVPT T MR AR S16 1Y k32, S5EF A RUAH L,
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Abstract: [Objective] To screen and identify resistant strains of Salmonella phage in the process of lysis, the
differences of biological characteristics and the pathogenicity between resistant strains and the host strains were
studied, to provide theoretical basis for solving the problem of presence of resistant bacteria in the phage therapy.
[Methods] Salmonella phage-resistant bacteria were screened by secondary infection method and double-layer
plate method. The differences between host strain ATCC 13076 and its phage-resistant strain R3 were compared by
biological characteristics and virulence genes detection. The virulence of the bacteria was compared using mice
challenge test and cell adhesion test. [Results] The growth curve of phage-resistant strain R3 was slightly slower
than that of host strain; biochemical and virulent genetic tests showed that there was no difference between the
resistant strain and host strain; compared to the host strain, the pathogenicity of the resistant strain to mice (Lethal
Dose, 50%, LDsg) increased by 74.8% (P>0.05); and the adhesion ability to MODE-K cells were slightly weaker,
but the difference was not significant. [Conclusion] Compared with the host strain, the biological characteristics
and virulence genes of the bacteriophage-resistant strains did not change, and the pathogenicity of the strains was
weakened in mice, but the adhesion ability to MODE-K cells was not significantly different.
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