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Construction of haeSR gene knock-out in Salmonella typhimurium
and analysis of its sensitivity to antibiotics
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Abstract: [Background] The multi-drug resistance of Salmonella is becoming more and more serious. It is
particularly urgent to study the mechanism of antibiotic resistance in Sa/monella. The two-component system
(TCS) is closely related to bacterial antibiotic resistance. [Objective] The baeSR gene deletion and

complementary strains of Sa/monella typhimurium were carried out to study the effect of BaeSR on antibiotic
resistance in S. typhimurium. [Methods] S. typhimurium selected in vitro to obtain ciprofloxacin-resistant
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strain CR, and take it as the study object, deleted mutants CRAbaeSR were obtained by homologous
recombination mediated by suicide plasmid pLP12. And we used chloramphenicol and arabinose-induced
vmt toxicity gene for selecting. In addition, the complemental strains of CR CAbaeSR were generated
through transformation of a recombinant expression plasmid of pBAD-baeSR into CRAbaeSR. And
minimum inhibitory concentration (MIC) of 11 antibiotics against CR, CRAbaeSR and CR CAbaeSR strains
was determined by broth microdilution method. Growth curve, migration ability and biofilm formation
ability of three strains were also measured. [Results] The results showed that the MICs of CIP, ENR, SAR,
CEF, GEN, AMK, APR were lower than those of wild strains; The growth rate of CRAbaeSR was slightly
slower than CR, and the final concentration was relatively low, but there was no significant difference
(P>0.05). The migration ability (P<0.05) and biofilm formation ability (P<0.01) of CRAbaeSR decreased
significantly. [Conclusion] The deletion of baeSR gene in S. typhimurium can affect the ability of migration
and biofilm-forming to affect the sensitivity to antibiotics.

Keywords: Salmonella typhimurium, Two-component system BaeSR, Gene knock-out, Antibiotic resistance

V1T B (Salmonella) & 5 2L /) N & e HO i i
W, TEHRRT A, B THAERNAEHEH]
o 2 2% iy i 25 ML, 22 i 24 (Multidrug
resistanc, MDR)E{IG H ¥/ . B s £,
W MG 55 5 R 45 (Two-component system, TCS)
SR ABORTE . TG UIAOC, BA R ER
ATy AT AT 24 14 1R ) AT AR
FE P FEVD T TR R, PRI 257 9 TCS 45 CpxAR |
PhoPQ H1 BaeSRP™!, Tii BaeSR 7E R AG5E70 1 ] 14
W58/ BaeSR & (i AEARMIAR [ 2 2 i
PR (Histidine kinase, HK) BaeS Flffid¢ h 5 DNA
254 10 [ W R 15 A7 (Response regulator, RR) BaeR
P, FEEE IVERE, 15 4LE) BaeS $ BaeR
WAL, DT P M S B PR ey 53 1),

52 W], BaeSR REHSIHTTAMER S AcrD il
MJtABC #d ik M invb ']/ 9 MDR, 1
mdt-bae FE)TFH acrD T RIS baeR ELAHLLM)
J¥3, baeR HEAT LLSZIFHN GG, KW baeR B
BT mdt-bae BT K acrD BFK7 AN, baeR
REVIE Z D ReiEE 8 L 10lC 13I8, [HFE tolC
FEPR U XA KA baeR WIFEATFH], 3R
B baeR AT REMIIEBLTS t0lC HIFRXE, Bt 4,
BaeSR 1l i X AMERE LN aded 1 adeB HIIEJETI R
W AN SHATF TR X IR R R YED . 7E AcrAB
BRAHITE LT, BaeSR #i% YegMNOB (MdtABCD)

i 1 28, 1 DR S AE R A T v 1 7 s I 1 m EExek
B 2 I EUIE R (Deoxycholate) T M (H7E R
BFEVPT TR, BaeSR HAAX B Lt 24 56 R HAT I
FEAE R RN B A T B, e —2 YT
it 24 4% HH %t BaeSR FAIFFE i A WL HAE

R, ARG 53 2 4t BaeSR X FRAGFEVDT]
P AT 25 PRI, ABTSER T A 2R BORA Y [A]
BEAFEARMN, WHIEKINES CIP i 25 FR(CR)AY
baeSR FER A MR, JFHEE RIkb I A TR, #5G
FN R P FE B EME CR CAbaeSR. ¥4 5t
baeSR TR IG BAHFEVD T T X BT 254 1) BUSNE
Al AARERE . BRI YIEIE REE T, it
— 9T BaeSR XVDT T TR 25 1 0 PR A L £ 4t
I
1 bR T3
1.1 ##Y
1.1.1  EHRR R

H AR pLP12 ., [I4pRIE Bk pBAD . E. coli
DHS50 Apir, E. coli 2163 JE&Z AN H )Mt
anE IR IR A W] s A FEWDT A CIP T 2k
(CR). E. coli ATCC 25922 PAR S 2 RAF o
112 EFERAFIFLERIERE

PrimeSTAR Max DNA Polymerase, DNA marker
W A A TRRCORIE VA BRA F] 5 2,6- —F P IR
(DAP), D-Glucose ., L-FiHi{AHI4 H Sigma-Aldrich

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FICHAE: BALTEVDT I TH baeSR FE R B AR AR EE N2 A RABUENE b 3015

o]y ok NEFRBGA G . DNA SE ot £
T4 AT A RRERID A RAF; 11 FhtE 2
Yo R 2 0 SR IT . PCR U H Bio-Rad
o] RREAR T B UK AW B b st S — AR
] BERBUR RS A i REERH A IRA R
TSR AN AT WA T A Quawell /AF], LB
WARRE TR A AL R E R A TR A AL
1.2 A%
1.2.1 51¥&it

HeHE GenBank FP/A AT BY FRAGFEVS | T baeSR F
HEF, it baeSR B b . T RIS 9
baeSR-MF1/MR1 F baeSR-MF2/MR2 (baeSR-MF1
Sl A R BRL pLp12 JEH P55 baeSR-MR2
S'URHERT F R BURL pLpl2 ELPR R HANTE A
baeSR-MR1 il baeSR-MF2 JZ i H4b), [REFiT
JERE5 14 pLP-UF/UR JH 44 2 55 241 R AG I, AR
P baeSR I, TUEFEH T baeSR-TF/TR H Tt

F1 KHRFAASIHFT

Table 1 The primers sequence used in this study

JREI ;A Rk RN I 519 RP4-F2/R2 .
baeSR-RF/RR . pBAD-ZF/ZR } pBAD-mcf-TF/TR,
ST HILE 1,
1.2.2 baeSR t. TisRIRERIY 18
LR FEVS TR CR MR BN, F51
baeSR-MF1/MR1 Fll baeSR-MF2/MR2 43 |i}E4 7 PCR
Y1, A% baeSR LA N UE R A BL. PCR
I AKZ (50 uL): PrimeSTAR Max Premix (2x) 25 uL,
5|9 F/R (10 umol/L)4% 1 pL, #i#y 1 pL, ddH,O
22 uL. PCR JJW4fF: 98 °C 1 min; 98 °C 10s,
56°C20s, 72°C 1 min, 30 ME¥; 72 °C 7 min,
PCR J7W)%8 1% BENEEA FEEIE Ha vk s Tl 2tk
Db TR R BOARAR , baeSR-MF1/MR2
HE T Overlap PCR ¥ #E(H4 50-100 ng),
Overlap PCR JZW A& (50 puL): PrimeSTAR Max
Premix (2x) 25 uL, 5[4 F/R (10 umol/L)4% 1 puL, I
TR A 0.5 ul (50-100 ng), FIEFEIJEREE B 0.5 L

5191 51911751

Primers name

Primers sequence (5'—3')

PR
Product size (bp)

baeSR-MF1 GGAATCTAGACCTTGAGTCGGAATGAAGCGGATTGTGGTGC (suicide plasmid pLpl2 gene sequence) 527
baeSR-MR1 GCGTATAAATGACTGTTCGGCATCGATCGCCAGAAACAGCTTGCC
baeSR-MF2 GGCAAGCTGTTTCTGGCGATCGATGCCGAACAGTCATTTATACGC 527
baeSR-MR2 ACAGCTAGCGACGATATGTCAGCGCACAGGATAAACATGAGGA (reverse sequence of suicide

plasmid pLp12 gene)
pLP-UF GACACAGTTGTAACTGGTCCA 1 304/250°
pLP-UR CAGGAACACTTAACGGCTGAC
baeSR-TF AGCGGTATGCTGCCGTTTATGA 1241/3 238°
baeSR-TR GCTCATCGCCACCCAGCTTT
RP4-F2 CGAATTGGGTACCAGCGCTT 273
RP4-R2 TACCGTCGACGCCGGCCAGC
baeSR-RF TGGGCTAGCGAATTCGAGCTAGGAGGAATTCACCATGAACAAAACC 2177
baeSR-RR TGCCTGCAGGTCGACTCTAGTTAGAAGTAATAAGTTGTGCC
pBAD-ZF CTAGAGTCGACCTGCAGGCA 5529
pBAD-ZR AGCTCGAATTCGCTAGCCCA
PBAD-mcf-TF CCATAAGATTAGCGGATCCTACCT 2281

PBAD-mcf-TR CTTCTCTCATCCGCCAAAACAG

TE: t EAUFCRGIN, PHMETERE 1304 bp, 253k 250 bps 2 BUAKIN, BUACIAERKA 1241 bp, BPAERKA 3 238 bp.
Note: * Primer pLP-UF/UR used to test recombination plasmid, positive clones 1 304 bp and the no-load plasmid 250 bp; Primer
baeSR-TF/TR used to test deletion mutants (1 241 bp) and wild type (3 238 bp).
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(50-100 ng), ddH,0 22 uL. W 244 98 °C 1 min;
98°C10s, 68°C20s, 72°C 30s, 7 MiEH; 98 °C
10s, 56°C20s, 72°C 1 min, 30 ME¥; 72°C
7 min; 4 °C {47, PCR /"W 1%Z R HHEE I f ik
Je mhfieglifl, RISmEA B AB.
1.2.3 pLP12-baeSR ELHFHRNWERLETE

FHEE 40 Exnase™ II (ClonExpress II, Vazyme)
¥ AB Zlifb 7 B 5 H R BORL pLP12 i1 7 Jo4% v b ik
FE, 37 °CHEIE/KIE 30 min, FER N 5EUn, SRR
B SO B B T UK YA 5 min, —20 °C f#fFfF
Ak

KA AL A AL E E. coli
DH5a Apir B2 AL, T4 T35 20 pg/mL H55
Z 1 0.3% D-Glucose ) LB A4z, 37 °C #ik
W MEHLBRBU L F, F 5 mL LB kg7
37 °C. 180 r/min }GFEA, AR AN, L
pLP-UF/pLP-UR i 5| ¥ i#47 PCR ¥ #% , fiii i AB
AR EHTERE pLP12-baeSR-DHSa Apir., PCR
RV AR Z (25 ul): 2xPCR mix 12.5 uL, 5|#) F/R
(10 umol/L)#% 1 L, 4% 1 pL, ddH,O 9.5 uL, PCR
JUR 2644 94 °C 5 min 30 s; 94°C 30s, 54°C 25 s,
72 °C 3 min, 30 ME¥; 72 °C 7 min, PCR “#IH
1% HEREEA T BEC HRL DK (J5 S2 I AT v B A 45 L 3%
TR ZR R S IEAT) , W 2 R AE R ) PR e R AL Jm
KEEFE, FHERBUTORL pLP12-baeSR, —20 °C {#1F
1.2.4 pLP12-baeSR-B2163 BIH| &

¥4 pLP12-baeSR #%4L. 3 E. coli B2163 JEZ A
JL, AR P8 A T8 20 pg/mL 44852 .0.3 mmol/L
DAP #1 0.3% D-Glucose Y LB [H AR 355, HEEL
PRYEsERE, WIZeaifbss s, 440 pLP12-baeSR-
2163,
1.2.5 BREARTHMEREE

PR IGHF I pLP12-baeSR-B2163 5 MG FEVNI ]
[CP CRELIETE, 435I F LB AR FRFEH 37 °C.
180 r/min F5FERIA, AT KT . & H 100 pL
HWIRA, 10 000 r/min 250> 1 min, WCEREATTTE
PI%aE LB HE, FE, 28 1, A 10 L LB

HE B TE 0.3 mmol/L DAP 411 0.3% D-Glucose
) LB [{AEFREL, 37 °C 1535 6 h, PRHCEAR FiY
PABTE T4 5 mL LB WikRE g3ty Kis
7%, 10 000 r/min 2.0 1 min WAEEIATTIE, L) 1 mL
LB #E&., B 100 pL %A F &% 20 pg/mL &E R
0.3% D-Glucose 1 LB BRI, BREifb)s
PR TR KK SR, DI AR A X, D
baeSR-MF1/baeSR-MR2 “A5|#), X wifEdift PCR
R (1 A Z€74E 1054 bp, HFAERK 3 051 bp), - FHYE
A\ GAL A 44 4 pLP12-baeSR-CR .

4 pLP12-baeSR-CR ##FF 7 0.3% D-Glucose
) LB iR S5, 37 °C. 180 r/min B5Rid L,
R T 0.4% L-BHi Ay LB [EARE 54,37 °C
KR, PRBOFAR I e By KRG 57 5 e BOR AR
P AL A 2] DNA $2BULH G 42 H DNA, DIBEFA:pR
%t B8, FH5 14 baeSR-TF/baeSR-TR #4 T PCR G ,
JE¥ PCR =W alifbmis 248 T A Y TRECEIE) B
A BRAA A T
1.2.6 E*MRIIEEREE

Z 8 1.2.5, B8 PR 5 5 A mIAMNTURL pBAD 1Y
E. coli p2163 #1145, Lh RP4-F2/RP4-R2 15 |¥)
X} E FEEA TR, 8 02 [R1 6235 UKL pBAD (273 bp)
Al F o MR R rh A s AR FETPT T CR 1Y
FERZH R, LA baeSR-RF/baeSR-RR N5 | Y ¥
baeSR K:RN 23k HBL(2 177 bp); LA pBAD JTiki M
¥e, A5 1# pBAD-ZF/pBAD-ZR #H174 143K15 pBAD
AR F B (5 529 bp); MGLlAL) baeSR SR 14 Fr Bt
55 pBAD ZAky 3 i Bt AT Jose so bRk e, MR
5k pBAD-baeSR; 44440 T E. coli DH5a J2%
ZAUNML, FEALYITRAR Y 20 pg/mL HE A LB
Tt ,37 °C HiFRdK , LA5 4 pBAD-mcf-TF/pBAD-
mcf-TR i 5 2 ve fE 4T PCR %22 (2 281 bp);
PBUTREEALE] E. coli B2163 Y, etk =ik &
20 pg/mL %75 Z 1 0.3 mmol/L DAP 114 LB [il{ARE5;
I, 5HLHR CRAbaeSR 1 14, LI 20 pg/mL
AE RN LB Hrtk P ik 5k, UL pBAD-mef-TF/
pBAD-mcf-TR J5|#it11 PCR Kiill(2 281 bp), Ff:
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£ PCR =W alifbfa ot 248 TAY TR B A
PR RIEA T
127 s/MIEREIRE

CIP ZEHUH 2541 MIC {H /0 %E S 18 35 [ I TR
SC Oy % bR #E 4k 22 51 25 (Clinical and  Laboratory
Standards Institute, CLSI)HT B 258U 50 E1E
P! e P AR BRI E 11 MR 2581 MIC
fH, E.coli ATCC 25922 NJE#H, K EE 31K,
5RO A .
1.2.8 HKHZRINE

PRHUEF A= bk . B RR K BRI PR VR, T
2 mL LB 557751 37 °C 180 r/min JRi% 1555 1214 h,
DAMAE R B o 4B R %% 220 [F]1% ODgoo 1, 535
HX 100 pL $FhF 5 mL LB £5##3,37 °C 180 t/min
PR BEg% , HIEB O 2L oh/a] DL 66 R0 i 2
RFE0.1.2.3.4,.5,6,7.8.9,.10, 11, 12h
A TE) S PR Y ODgoo 1B HRHE ODgoo (ELZ2 i H 3 Ak
HA KL, AR IR,
1.2.9 EFMHERINE

A LB e [ R EE 2 3001132 2 i I ik
6 o PRI A= PR | BRI PR B MR I BRI 75, T S mL
LB 533k 37 °C. 180 r/min F5FE R B H T
ODqoo 7 1.0, BEEURVRFLAE LB~ EARE 72 5£(0.3%
HE) L, IEE TS T 37 °C [HIRKE S 16 h,
W EAR, tizEst . 717 3 ¥k, A SPSS
RSB T ¢ 1656, P<0.05 RIS X,
1.2.10 SRR B RE 1 RO E

ZHSCHR[13], TEJCHE 96 FLANMEER F=Am A
ODgoo E 1 0.2 BYHFAERR | B2 PR 2[RI R MR TR 45
200 pL, FEERE 3 AEAT, SR LB A5
SRR RE, B TIRA 37 °C B35 36 h, FE LM
MIEFRWE, M E 15 min, JOE PBSPE3 K, H
SRIT 3 A4LIN 200 pL 0.5%%5 ik 284444, 30 min,
PBS ¥t 3 Ik, HANKT, Bl 200 uL LERE %
30 min, FFFRUNE ODsyofH . B AT 3 1K,
JH SPSS B4 RHEHR AT ¢ K056, P<0.05 BiAS5i

YRESSEN
==

2 ZR545H0

2.1 baeSR FEE L. TiisRIRE &S R BRI 18
PLEGZEYDT TR CR ) DNA A, 54

baeSR-MF1/MR1 #l baeSR-MF2/MR2 43 5|47 PCR

Y1, RIS baeSR SN B BL A, 527 bp) I

it Bt B, 527 bp)[RIJEM: DNA KB, #kalifk

PCR “¥JJ5%: Overlap PCR ¥"H, FRIGENG B

AB (1054 bp), WK 1.

22 HHBRRNHHERERE
pLP-UF/pLP-UR i AB 1 AR E A TakE, BH

PESERE N 1304 bp, 453K 250 bp, WLKE 2.

bp M 1 2 3

2 000

1 000
750

500

250
100

1 L. T%REEE Overlap PCR #1845 R

Figure 1 Gene knock-out target fragment synthetized by

fusion PCR

7£: M: DL2000 DNA marker; 1: [Fiflé HB AB; 2: I

Tl A 3. TERIEE B.

Note: M: DL2000 DNA marker; 1: Homologous arm AB; 2:

Upstream homologous arm A; 3: Downstream homologous arm B.
bp M 1 2 3

2000
1 000
750
500

250

100

2 pLP12-baeSR E4H FhitiE 0 45 R

Figure 2 PCR using primers pLP-UF/UR to test the
recombination plasmid pLP12-baeSR

1:: M: DL2000 DNA marker; 1. 2: PFHYEEEAITOME; 3. 2%
JAL.

Note: M: DL2000 DNA marker; 1, 2: pLP12-baeSR; 3: pLP12.
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23 BRERHHIMERETE
PRE2lifb o5 B e B AR R %, SR ICE R AL,
LL51#) baeSR-TF/baeSR-TR AT, DLEFA= Rk
Xt R TR R R S AR SRS IS 7 BRI
1241 bp, AP R BER/NA 3 238 bp, L
K 3,
2.4 [EFMRBIHERETE
H4 baeSR FENY Y45 valE T 4K pBAD H, fyg
T FGRTRL pBAD-baeSR, ¥ HE41LTF CRAbaeSR
JE AR IR FE R CR CAbaeSR., VUBge bk hxf B

bp M I 2 3 4 5 6

3 baeSR SRRFTIRIGTEER

Figure 3 PCR using primers baeSR-TF/baeSR-TR to test
deletion mutants and wild type

T£: M: DL2000 DNA marker; 1-4: Bt 25 4k; 5.
pLP12-baeSR-B2163; 6: FFAEHE.

Note: M: DL2000 DNA marker; 1-4: Deletion mutants; 5:
pLP12-baeSR-B2163; 6: Wild type.

Ll pBAD-mcf-TF/pBAD-mcf-TR N5 #3147 PCR £
W, PR FERER/NA 2 281 bp, LK 4,
25 sMIEKEREELER

LA E. coli ATCC 25922 hpJ5i#a i A 1 245 1 sk
PRI, 5N, ERTIER 11 Fhgidrh, Gk
Pk CRAbaeSR 5 ¥4k CR AHEL , RN TP £ (CIP).,
BT BL(ENR) , ViV (SAR) . KK 2 (GEN),
Bk B (AMK) ., 23858 % (APR)Y MIC {53 511F%
AR AR 172, SLAUWEVK(CEF)) MIC {HFFK R
PPAERRI 1/4, HABZGHIH MIC (5K H AR 0 (3 2).

bp M 1 2 3 4 5 6

2000 —
1 000 —
750 —
500 —

250 —

100 —

4  baeSR EIFMERNEER

Figure 4 PCR using primers pBAD-mcf-TF/TR to test
complementary strains

¥: M: DL2000 DNA marker; 1-5: [FI¥MA; 6. HEHk.
Note: M: DL2000 DNA marker; 1-5: Complementary strains; 6:
Deletion strain.

&2 baeSR ER TR 11 MllGKE AR RGBT
Table 2 The susceptibilities of baeSR deleted strain to 11 antibiotics (MIC, pg/mL)

173

. CIP ENR SAR CEF CRO AMP AMX GEN AMK APR FFC
ATCC 25922 0.01 0.01 0.01 0.25 0.10 2.00 1.00 0.25 0.50 2.00 2.00
CR 32.00 32.00 16.00 4.00 <0.25 4.00 2.00 4.00 1.00 4.00 2.00
CRAbaeSR 16.00 16.00 8.00 1.00 <0.25 4.00 2.00 2.00 0.50 2.00 2.00
CR CAbaeSR 32.00 32.00 16.00 4.00 <0.25 2.00 2.00 4.00 1.00 4.00 2.00

[E: CIP: RNVPAE; ENR: BiVPAL; SAR: WHiVbAL; CEF: SKJEBERL; CRO: KIEMiFA; AMP: ZURVUAK; AMX: FUEEPGHK;
GEN: JRR#ER; AMK: PDRRA; APR: Z¥E#E; FFC: BAEH.

Note: CIP: Ciprofloxacin; ENR: Enrofloxacin; SAR: Sarafloxacin; CEF: Ceftiofur; CRO: Ceftriaxone sodium; AMP: Ampicillin; AMX:
Amoxicillin; GEN: Gentamicin; AMK: Amikacin; APR: Apramycin sulfate; FFC: Florfenicol.
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2.6 HKMENELER

FEARIR] S50 T RE SRR, AR B AAR . Bk
R S Ik () AE K BERTNTE] 5 s, &5 SR BoR Bl
PRACHT A R0 A KRR RS, SOk A X
B, BRI BRI 2R (P>0.05),
27 EBEHHENESER

XA AR L B e AR K [ kMR 2 B R A
i, HEg EAE TR K’ 6 45 R, Bk
PR32 20 Pk 5 35 A Bk R[] b Bk AH B 34 0 R [
(P<0.05); [lxbpkiz she 1 dci gtk Bl g, {3
5 HF A A EE G 35 25 5:(P>0.05)
2.8 HYBRFAMEENNELER

X T A AR . BRI L TR A B 1 R
AP, 7 S5 HREOR, BRASRRA A P R aE
15 55 A R A B ARMR AR L2 58 25 F B (P<0.01) 5 [1]
FMRAE VIR BRI R ARG P Il -, A SR
PRAH EL TG 3% 22 55(P>0.05)

3

-o- CR
—- CRAbaeSR
—4— CR CAbaeSR

1g(ODgy<1 000)

0 5 lIO ll5
t(h)

B 5 FFAEK. SRAPRREIFMARYE S 2N ELE R

Figure S5 The growth curve of CR, CRAbaeSR and CR CAbaeSR

4 - *
~ 3r
g
2
§ 2|
Q — I
g
=
a
1k
O 1
CR CRAbaeSR CR CAbaeSR

Bl 6 EFFEHK. SREKKEFIMREEHENELS R
Figure 6 The migration assay of CR, CRAbaeSR and CR
CAbaeSR

&%k

0.6 -

HHHE
CR CRAbaeSR CR CAbaeSR

B 7 EFEAR. BREWRK EIFMKRTE MR AL EE i E
#R

Figure 7 The biofilm forming ability of CR, CRAbaeSR
and CR CAbaeSR

3 WiRE5®

i DA g 3% DA 5 PRI K SPF 9 35 R T i LAY
Jrik, Red [IFEAI RS . CRISPR-Cas9 J [ A5
R AT 1 [ 50 2 A D P R IR B B, I
H1, Red [RIVEEEA BRI, (ATRE 3 Fisok:
PRI Red ALY 3 MR, HEL
FEBRE RN ZM R DNA IR A2, e S
AN K HEESETS . CRISPR-Cas9 HAT HIVERIBA . K,
AL, VERRACEERES, (A TR 5% 20 ik
ZAERIEASE B R 250, B T REESN
A TORAR R, BRI T i AR TE A
() N I A R Bk A T IR 5 R 2 AN
Al PeE A SR H RS, T H AT AN S AR AN R
B, hEGR T AN D GBI R AR

AMFFT I R pLP12 [ &SR T A AN A 5
I IZAFFER) RecBCD RGN ME DNA E4 7 [RIJE
WM, AT BRI BRI E o, SEBE AR R A 45
A, (A E AR T R O B i,
DU F 2 R i B R P B I 6 1Y) sacB FEIAE
I V58 F 2 P R R SRR R B B A ORAK, T
pLP12 5 EEMESE DN vime BAT R AR TR,
FE L-FIRCArop s S T T3R8, S s 4 R i 1A
TRFET, K> T 45 IR 41 Bl A8 TR )
e TAEM, WA, E. coli 2163 HAT EskffibiAk
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WS RS, B2, AR A
A I R LB A i T ol E AL TR A H TR
W, AR, M T AN R T B
KALFET W, AR 45 R R W B 2 Bk
pLP12 Fl E. coli B2163 R BRI S %N RAFEVDT ]
P SER B, e S sz i i S R T s e it T
R HEA

TEVDT T, WU 5 22 58 BaeSR i 21 515 SodA
4 37 D 35 ot CIP 2™, 24 baeR it
FAmE, Xt CIP TR ZE{E_E T ; Nishino Z57HF5Y %
B, baeR 3 Fik 2GRV T TRXT B-INBEREZR AT
Ps Hu ZEETR 25701 118 baeSR JER Bt g bk U
25|, CEF. CRO f MIC {H/3 5 F BN EFAERR
1/32 F1 1/1 024, TEAMIEH, baeSR LRI,
XTSRS CIP. ENR. SAR FUTH 25 F RN
HEAERRAY 172, XF B-NIEREZS CEF M 25 (8 T R
AR BRI 1/4, (FJEXTRIZE CRO Wi 245 {H JGRH .48
fb, XARE S AERRIIN 2T 5o 5. BRIL=Z4h,
R A X T 3k B T S 2 W T 2 (B R B
FFAERRIG 172, 16 baeSR FERFIANG , XSHTHEZS
P11 MIC {ELSEAR [m] 2 %HEF AR RR I KSF-, {H AMP (1)
MIC B R [ 567K, 3X AT g2 T 7R 2 [T b
PRI R pBAD [EI#MNERE, 1T baeSR FH f ik
BRI ESIY T

Y LE Wyl (Bacterial biofilm, BF)2: 1415 H
oW HATRGEAE R ALk, R R IA S
HNEBAFIRBER L, (AN 2P sm " Aoy
Wi, baeSR FERIEI G A WY B RE J1 8% T R,
AR R EOLPUAE RN Z B8 I IR A F 2 A it
Ab, FTFFEARAE R A AR PR TR B HAT &2 2%
YEFBLG], #7E A2 shitk A YA T8 R AT (i it
A AR AR AP AR R BN, baeSR
LK G BUGFEVDT 2 shRe ) BB RRAIG, BiH
baeSR AT JH¥EA YIRS Wit 1 Saz slifg Ik s L
i 257k

FEVPT TR B 9 D INREMEZy AN T, acrB
MDR JE i fie 2 AN, HIFEHRE acrB BT

TE 2t e AN HER O 1 P AR IR, haeSR
X ZEM 2T ATBER acrB HIFELEMI R SE R
ko R, e85 hIRATEXS acrB JE17 R,
HE—EBFFE AU 3 2 58 BaeSR T 245 P A 520

AHFFE UG FEY TR baeSR FERBRIS G, T)
M2 CIP. ENR. SAR, B-INMBEREZS CEF, LU
R FEBETEZE GEN, AMK., APR [ MIC {H R ;
S S RVAEYIEIE BAE 134 B2 TR . baeSR M
WM , FrEHTE 25 MIC 14 | s sk M A= Wi
T RRE S35 if BT, 26 baeSR W] 3 4 50 FR A%
FEVD 11T 1932 sl B A W BT i R i s i) JEC i
2y, BOMIR A WAL 5 R 58 BaeSR X0 TP i
PR T B I
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