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WmAEMERE, THTFEASMS2EZ B, [B 6] 3725 FA2 & Ar 9% It & ot 28 b m) X
ANZABEH S ERAEZTH N, FATAR IR, FLEL LY A YL RESZELENR,
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Antibiotic resistance of next-generation microbial workhorses:
a case of Vibrio sp. FA2

WANG Jing, PENG Yuan, XU Ping, TAO Fei’
State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong

University, Shanghai 200240, China

Abstract: [Background] Antibiotic resistance in bacteria is one of the current challenges, and the study of
antibiotic resistance is therefore a critical way to address this challenge. Vibrio sp. FA2, a new strain isolated
from the environment, has fast growth, and its growth rate is even faster than that of the reported
fast-growing strain Vibrio natriegens 14048. Vibrio sp. FA2 can use a variety of carbon sources, showing
great potential to serve as the next-generation biotechnological workhorse and can be used to develop
efficient strains for compound production. [Objective] We have found that FA2 has multiple antibiotic
resistance, which is not conducive to genetic engineering operation and will bring ecological risks in
industrial application. Therefore, it is essential to study the antibiotic resistance and knock out the resistance
genes from this strain. [Methods] We profiled the antibiotic resistance of FA2 by susceptibility experiments
with multiple antibiotics such as B-lactams (represented by ampicillin) and aminoglycosides, and then mined
the genes related to the resistance by genome annotation. The mutants were constructed through knockout of
the target genes related to ampicillin resistance. Finally, the resistance to ampicillin and the growth were
compared between the knockout mutants and FA2. [Results] FA2 had strong resistance to several B-lactam
antibiotics and carried three possible ampicillin resistance genes: carB6, ampC2, and ampC1. The resistance
changes of the mutants indicated that the genes knockout increased the strain susceptibility to ampicillin.
[Conclusion] This study clarifies the antibiotic resistance of FA2 and eliminates the resistance of FA2 to
ampicillin, laying a foundation for the development and transformation of FA2 as a microbial workhorse.

Keywords: Vibrio; ampicillin; antibiotic resistance

Vibrio sp. FA2 (VsFA2), 7Ep2K% EIAJE  Hoo BIIOTSOR VSFA2 WA RFFRL . AERAL

TR E (Vibrio), f&—JEFFIR. &l B AT #k4 7
b DA 2 IR, VR TE SRR
W, BRI s k. IR
AT DL AE B il A 5 0 Tl B R SRk #E BRI
o B, IMEARKEENR, TFE5KE (Vibrio
natriegens) Ak F X B A K W B 4 435 44 15 18] /N F
10 min H P45 84 A 6] A7(15.61+0.18) min, R
T H Hir A d PR K AT B AR (] 25 4 191
Py RE Rt ) B0 Hoyk, AR R B 1 O bl il
AR 5T AW 1 R S R R R,
A R R B PR AR T — B A R N AR

il 5 DR ZH 43 A R A I 2% 25 T W) 75 AR e
ATCC 14048 (Vn14048)#t47 T FLX}, VsFA2
RTEA W B (12 KBRS F Vn14048P), VsFA2
5 BIPRSEAEOCHE A T V14048 Hrpy gk
FEHEZ ., 534b, 78 VSFA2 17 2 DNA B2
L8 DA BRVE S5 asi vk DL R R
IR P DB 2, A VSFA2 bt A K 4
T 3 2 T AR RO P A K R E IR
PTE DNA i LA 8 1 B4 B T A AR b
R YR E RO AP VSFA2 Al LU
ZRRIE, BARTER . Hh . TR, RERE . A
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EERILT BT R SR i kA 2
BT B ARSI Tl Ll . eah, I m kR
HAETE., 2R . TR T i 5e%iR
7, Mk A SRS PRI T R A Y 2
fitho P, VSFA2 HA W 7 BCh B BIC &5 24
M, ATAFFEEAMAE T, A EA
F. LR AFE LR EEMEREY -

YN AP R 2 —Fh A A
Wit & ISR P AR 2R 09 3 T, AR i 24 Y
W95 B LB B A ST 3 )32 S e 1 ) it
XTI N 25 R, 7E2 M EE X A A
(] B A DGR, (AN [ L A (]t DX ) SR
PRAE TR 251 7 1123 SR AR TR R B iy 22 S 122
HIHAXS VSFA2 i JLFP & LA T 24518 LR 5%
PRHAE ZENBIAE R, (HX TR A
FFRIM T, VsFA2 MZEbi AR ZHEAR T
SRR T AR Ry, B, B TR
B IR BORLAE Sy 2R R R A7 2 IR v e ek
w324 R T I BT AR R P 3 R R A
R AR EAR D, (H1E 8 SPie s
P17 T8 23 56 e B AR S8 BB 34 1) O e b i o % T
VsFA2 5, MFHGZRbA: Rz,
FHUEE A FE VsFA2 kAT ook A i ok 24
TR /DN, AR R M T A A B SR BR A
Hwk, T, KRitdud: R sz 25 0
F7FE A 23 ok — 8 B R 0] 3 ) A 3 i e R
Koo Tolbfb R AR b, 5F ZEpidk AL
DXL B b g fiff P AT fig S ok 2 Fp o A A 4R
IREE T I DR A KO S TR A RS R T
A= W TAE AR, B B A A5 IR 1 T B IR
75 Y201

AR ETEIRSE VSFA2 IHTA: B 243, 45
B R 2 s A I PU RS R, #8878 VSFA2 11
PUAERBUME, JFXTRE OGN 25 2L R A T BR , A
T A G B T i B4 7 Al

WL

1.1 E#. R 5514

AWFFE P PR TR R SOR RS T35 1
VsFA2 VE W KB ; Escherichia coli S17-1
Apir FHT H A BUkL pKR6K (9 i, 315 VsFA2
A, BARENERA AR S, HTEHM
DR A B
1.2 FERAF. UHEFEFE

FALEN . ek, i SEARAE LR A R
owls BRI R . BERHREY, Jb R AR
HARA WA A wewl, E25 R A R A
Al s ARERDL AR PTAE R W BURAC R, B
WA RS |) 3 Master Mix [ . J04% va [
ity , P AL IAMEREAE IR BR A ] 5 BRI E AR
WUIEE, ISR A R

PCR ¥ . NanoDrop i 284N e e i,
FERR O RBHE w5 KA, AR A AR
P (EEDAERA T AL, Rif
FE RN PR A

LB i fef(g/L): BRI R 10.0, FEREFRHL
Y 5.0, AALEN 10.0, JE75 pH 2 7.0 (A FR AL
71 15.0 g/L BEH), 1x10° Pa i 5K 20 min,
RHEHM . LB3 i35 LB A R aE ik
BIERTE R 30.0 g/L. LBS #350E. LB AN FiR
TNEERE 150.0 g/L. MKO 3535509 e il 0 =
% SCHR[9]
1.3 A&
1.3.1 THZAIEHINE

P BEBREAC R B R0k B e 20
VsFA2 4271 2 LB3 #5557 4L, 37 °C. 200 r/min
B2 ZE ODgoo M 0.6-0.8 i FFI G S AR 45 1
WS MR AT T LB3 -l b, FHilCE 25840,
37 °C $55% 16 ho fift 1 B RGN 400 747 P8 ELAR K/
3 W, BOV- A AR N S5 240 B Bl 45 SR 1 5 A
W2
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Table 1

Strains, plasmids and primers

Wbk, BRSS9

BEH/IF A1

Strains, plasmids and primers Description/Sequence (5'—3’)

K5/

Source/Application

Hikk Strains
VsFA2

AampC2
AampC2AcarB6

AampC2AcarB6AampCl

S17-1 Apir

JiokE Plasmids
pKR6K

pKR6K-ampC2

pPKR6K-carB6

pKRO6K-ampCl

5|47 Primers
pKROK-F
pKRO6K-R
ampC2-up-F
ampC2-up-R
ampC2-down-F
ampC2-down-R
carB6-up-F
carB6-up-R
carB6-down-F
carB6-down-R
ampC1-up-F
ampC1l-up-R
ampC1l-down-F
ampCIl-down-R
carB6-F
carB6-R
ampC1-F
ampCI1-R
ampC2-F
ampC2-R

$74: Wild type

FA2 (ampC2)iilEtk FA2 (ampC2) knockout strain
FA2 (ampC2carB6)i5ilEkk FA2 (ampC2carB6) knockout strain
FA2 (ampC2carB6ampCI)EiEkk FA2 (ampC2carB6ampCl) knockout strain

E. coli F—, RP4-2 (Km::Tn7, Tc::Mu-1), pro-82, Apir, recAl, endAl, thiEl,
hsdR17, creC510

AR TC, R R P

Mobile genetic elements, carrying chloramphenicol resistance

B ampC2 FR G pKROK HE2H ik

PKR6K recombinant plasmid inserted the ampC2 knockout cassette
A carB6 R G pKROK EALTTR:

pKR6K recombinant plasmid inserted the carB6 knockout cassette
A ampCl iR ) pKROK H2H FvkL

pKRO6K recombinant plasmid inserted the ampC1 knockout cassette

TAGCTCACTCATTAGGCACCCC

GCGGGCCTCTTCGCTATTA
TATGACATGATTACGTTCATCAACTCGTAGTCACGCC
AAATATATCCTTAATTACCGTGGTATACGAGCAGCCT
TCGTATACCACGGTAAAATATATCCTTAATAATTTCTTATAGAACCTC
CGACTCTAGAGGATCAATCACCAATGAAACATTTGATCAT
TATGACATGATTACGTTTTGAACACTCGGCCAACAA
TGAAGAACACGATCCGTCACCACTCACCTGACCCTATTT
CAGGTGAGTGGTGACGGATCGTCTTCTTCAATTTTAGTTTT
CGACTCTAGAGGATCCAGTTTGTAGTCATGAACACCGGTA
TATGACATGATTACGCGAGAAAAGCGATATTTGACATG
TGAACCCTCAATTTTATTTTAGTGGTAATAGGAACTACGTAATTAGA
TATTACCACTAAAATTGAACCCTCAATTTTTTAATTTTAACT
CGACTCTAGAGGATCAGACCCTGCCTTTTTTACTATCCA
TGAAAAAGTTATTTTTGTTGGCTGG
TAAAATCAACTGACTTATCTGCGCA
ATGAAGTTAAACAATGCCTTGCTGG
AGCCTCTACTCTTTCGGCATTAGGG
CTTTTCAGTGCTTCGTCTTTTGCTT
TTAAGGAACATGAAGAAGTTTGCCT

St
Lab stock
AWF5E This study

ARMWF5T This study
AMF5T This study
SLIG 2 SRR

Lab stock

Lab stock
AHF5Y This study

AMF5E This study

AT This study

pKR6K

ampC2

carB6

ampCl

FE R R BRI UE
Gene knockout

verification
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1.3.2 HHEERRTAN

AR A 52562 %) VSFA2 FI| ] PROKKA 1
BRI AF R, JF8 5% RAST FEZ M 1L
(https://rast.nmpdr.org/)fELE & FH VsFA2 HJSEH
REE RN . W SN E RS R F R AR
T 37 P A OGS A
1.3.3 EEHRRK

(1) B B w54

fE HFREE AP . T EZY 500-800 bp 435
WItEI9 . LA VSFA2 JERZH iR . PCR
K& (100 pL): 2xPhanta Max Master Mix 50 pL,
b RS20 pmol/L)4% 2 uL, AR 1 pL,
ddH,0 #M5F % 100 puL. PCR I 2kf4: 95 °C
5 min; 95 °C 30s, 60 °C30s, 72 °C 30 s,
30 MEHR; 72°C 10 min, DL 1.2%3 IS HHEE S e,
VKA PCR ) o #4565 —4%8 PCR ™ Wi o il &
PCR #17HlA o

(2) TR R IR 2 A P A

B pKROK ik 5 A A BLE 3 G
BE e M A R, B AR EE S17-1
BT S, HYE PCR Tk BHE vEkE, LU
pKR6K-F/pKR6K-R F 514, HEHCEH M: v B I
J¥, X4

(3) R BRI AR A 1y ) 7

PO ¥ VSFA2 5 A RIBREIA E. coli
S17-1 $32 & ODeoo Al ik 0.6-0.8 I VSFA2
M S17-1 LA 1:5-1:6 IAFRILIR G . A B K
Ve 2K, FFHZ 100 pL A= SR K F AR, TR HL
PR TR ) LB3 WA I, 37 °C Kyl ik .

AR . /D AR R K PR R
M AR, PEV 2 k. A 1 mL AEFEERKEE
B, WZHL 100 pL RV BEIR AT RIS 25 ng/mL
A ZE(Ch)H 50 pg/mL RARE % (Kan) Y [F 14
MKO FiF 5t |, 37 °C #5357k . PRI TR
F LB3 #5535, F4H: A% Chl Ml Kan ) LB3

BigR, BEBCEIZ S SR AL A K B R R TR 75
PCR %k, FHPEFE b+ F LB3 ok 2 )5 $eFh
FI| LB3 S rh g AL

RS W b — 2 B %) TR T 1 T
JERR RS, WIBGE 245500 Bk A F LBS [
I b, iR R RSB HAET- . PCR
5 UF J5 9 PE A 5% AL PRS0 IE AR 25 pg/mL S %
Ehih A RKIEN . B HREHE R B
A R S T 5 | ) A 7 B o
1.3.4  BEFRERATHE MR

W FA2 7 AR K RSl 1 3 Rk i bR ik 16
a3 25 pg/mL 2R PUAK(Amp) Y 30 mL
LB3 % 3:3 ., 37°C, 200 r/min 1537 48 h, %t
A RS ST 12 h fR% 2 h BORE, J5 4 12 h
HURERIN . F 5650 4 66 EE TIN5 ODgoo 1H.,
ALIE CYARRE, (I AR 5 A e T 4R
PR FE N o AR B A 38 T B s A 2 10 5
P& ODgoo fE.o LABFTEIFIXT N, ODgoo 1B AL b5 )
] GraphPad Prism 5.0 {42 il A= K HH 26 .

2 BER504

2.1 TZE S SHUEE E

XHIE B EAR A I, REWE 2 Fos
PUERBUEMES R . K2t = B- ATk
B2 . R HEMETTIE . RIA AR 28 B e e il 258 DY
R, HARPUAERNG — 1 HANIE R

1E B-IERERPUE R, VSFA2 X H R R
R 2 PR o, oF B T B M IS B BB, X
KRR WA — LR Z 0, X LR A
P e A1 S 57 0 2 B e B R AR A o A A
PR, VsFA2 X RO E MR KA
M Az, WX RAREE R T R IR A8 A U R AR
o ERIFHERIBTAER P, VSFAZRILIER
BLRER . SOPiRE R WU E R R, i A
K. HER. SRR KW AR e
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*2 VsFA2 S ARMERERMNERERZX/
Table 2 The diameter of bacteriostatic circle of VsFA2 against different kinds of antibiotics

A R AN SR EE () e B ER

Type and concentration of antibiotics (per tablet) Zone of inhibition Diameter of inhibition zone (cm)

B-IN B2 Beta-lactam
Frl & P AR Azlocillin (75 pg) - 0.50+0.000
Pl 2L P5 Ak Amoxicillin (20 pg) - 0.50+0.000
E VAR Ampicillin (10 pg) - 0.50+0.000
SR T/ L3 Ampicillin-sulbactam (10 pg/10 pg) - 0.50+0.000
Z MR Aztreonam (30 pg) + 0.68+0.005
HA% 1T Augmentin (20 pg/10 pg) - 0.50+0.000
ZEMEPE K Oxacillin (1 pg) - 0.50+0.000
148 3k 7 Moxalactam (30 pg) + 1.28+0.005
%% HiH Meropenem (10ug) + 1.37+0.005
SEUE PE AR Mezlocillin (75pg) - 0.500.000
WR A P4 Ak /Ath e L3 Piperacillin-tazobactam (100 pg/10 pg) + 1.33+0.021
FH %5 & Penicillin (10 U) - 0.50+0.000
B R PG AR-FE L 4ERR Ticarcillin-clavulanic acid (75 pg/10 pg) — — 0.50+0.000
L AEF Cephalexin (30 pg) - 0.50+0.000
S5 Cefepime (30 pg) + 0.88+0.005
S5 Cefuroxime (30 pg) + 1.10+0.012
S AAMENS /iR Cefotaxime/clavulanic acid (30 pg/10 pg) + 0.68+0.000
AT Cefaclor (30 pg) + 1.28+0.000
oAl 75 Cefixime (5 pg) + 0.88+0.000
L AHIE Cefradine (30 pg) - 0.50+0.000
Sk i35 M Cefmetazole (30 ng) - 0.50+0.000
3L # £ Cefamandole (30 pg) - 0.50+0.000
Sk 7R R i /4 EL4H Cefperazone/sulbactam (75 pg/75 pg) + 1.43+0.005
L fINRER Cefperazone (75 pg) - 0.50+0.000
kLAY Ceftriaxone (30 ug) + 1.78+0.014
3L BEW) Cephalothin (30 pg) + 1.50+0.005
Sk fiE5 Cefotaxime (30 pg) + 0.63+0.005
L AMBE Ceftazidime (30 pg) + 0.58+0.005
S Ab I /HEBR Ceftazidime/ clavulanic acid (30 ug/10 pg) + 0.68+0.000
SALPG T (34l Cefoxitin (30 pg) + 0.82+0.008
SRR Cefazolin (30 ug) + 1.20+0.012
A5 Ceftizoxime (30 pg) + 2.05+0.014
W B% 5575 Imipenem (10 pg) + 1.73+£0.014

S HHEFH S Amnioglycosides
KIMBEZE Spectinomycin (100 pg) - 0.50+0.000

T RAR (BT K+ &) Amikacin (30 pg) + 1.18+0.005
K I8H E Kanamycin (30 ug) + 1.10+0.031
£ RF 2% Streptomycin (10 pg) + 0.68+0.029
KK FEZE Gentamicin (120 pg) + 0.95+0.005
ZAji % % Tobramycin (10 pg) + 1.00+0.016
45 % Neomycin (30 pg) + 1.07+0.017
Ze B K 2 Netilmicin (30 pg) - 0.50+0.000

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



FEaE: N AUREILAA) Vibrio sp. FA2 T4 =ik 867

(i3 2)
KK % ZE Gentamicin (10 pg) + 0.88+0.000
KIF N ERZE Macrolides
fnj 257 & Azithromycin (15 pg) - 0.50+0.000
21 2% % Erythromycin (15 pg) + 1.34+0.012
T fih 55 £ Kitasamycin (15 pg) - 0.50+0.000
WwHi B2 Clarithromycin (15 pg) + 1.13+£0.014
%418 % Roxithromycin (15 pg) + 1.25+0.005
Z2 il % & Midecamycin (30 ug) + 0.62+0.005

O METERE 25 Acetylspiramycin (30 pg) - 0.50+0.000
M Al 2S 4-quinolones

MEWEAR Pipemidic acid (30 pg) + 1.52+0.149
Rt b B Enrofloxacin (10 pg) + 1.90+0.005
S E VP AL Fleroxacin (5 ug) + 1.93+0.005
AV R Ciprofloxacin (5 pg) + 2.37+0.005
T B Gatifloxacin (5 pg) + 1.45+0.005
% E VP Lomefloxacin (10 pg) + 1.37+0.012
ZENEMR Nalidixic acid (30 pg) + 2.12+0.022
R P B Norfloxacin (10 pg) + 2.1540.005
AR B Ofloxacin (5 pg) + 0.70+0.005
75 B Enoxacin (10 pg) + 1.85+0.005
eI B Levofloxacin (5 pg) + 2.35+0.017

HAhZJE Others
Z ¥ & Doxycycline (30 pg) - 0.50+0.000

ZHKiH % B Polymyxin B (300 IU) + 0.61+0.008
I % A Nitrofurantoin (300 pg) + 1.2540.005
1k g 1A i (147 R ) Furazolidone (300 pg) + 0.80+0.005
WA Furazolidone (100 pg) + 0.74+0.005
A JEFH Florfenicol (30 pg) - 0.50+0.000
7 # W] Compound sulfamethoxazole (23.75/1.25 ug) + 1.76+0.005
ik Bacitracin (0.04 U) - 0.50+0.000
T e S V&M Sulfafurazole (300 pg) - 0.50+0.000
FH T Metronidazole (5 pg) - 0.50+0.000
FH 4 R W8 IE Trimethoprim (5 ug) - 0.50+0.000
M EE K Clindamycin (2 pg) + 0.95+0.005
K FR R Minocycline (30 pg) + 1.100.000
PUFFEK Tetracycline (30 pg) + 1.38+0.005

B2 Hi T Teicoplanin (30 pg) - 0.50+0.000

175 % & Vancomycin (30 pg) + 0.56+0.005
Hr4: % & Novobiocin (30 pg) + 0.70+0.013
B2 &K Novobiocin (5 pg) + 0.55+0.014
il % 7 % Nystatin (100 pg) + 1.03+0.005
WitE % % B Amphotericin B (30 pg) - 0.50+0.000
MATEE #E Lincomycin (2 pg) - 0.50+0.000
W% & Fosfomycin (200 ug) + 1.66+0.005
% & Chloramphenicol (30 pg) + 2.45+0.005
F4EF- Rifampin (5 pg) + 1.20+0.012

T+ PEMERE, - ATAEMERE . 405 HAR 0.50 cm

Note: +: A bacteriostatic circle is produced, —: No bacteriostatic circle is produced. The diameter of paper is 0.50 cm.
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EEEYAE BT, VsFA2 SHERIDE . 2248
VORI B T R A S . e H A S B
AZEH, VsFA2 XTZHRiEE B BUSHEIRL,
VsFA2 FJ AT 52 ZPH A5, (BXFIUIRER | KR
FARRI AR & S . BRI BAER
VSFA2 X} 52 J5 i B ) SRR AR 3, e i e 5
WEME I AU, BRICZ AN, VSFA2 XTAEE 2
B R P BUSMEAE R =, XSGR . AR
R IBURIERAR . TLAE T VSFA2 Mdid &

M 32 A

MG LN A E R AT 46 2R (R 3), FEINA
G 18 AN GPER N, fE 10 2
2yt 24 S HESE BE IR S DUBR R . ETATRE L Pk
FeISHUESER, X5 VSFA2 RILH I 2R
K TEAYI5

ML i 25 3 Y K% s 24 i DX 300 Ok
VSFA2 XFJLFH B- PR Tt 2 Bt A 2 H0A 0oit 1) it
k. ERPTUMEE—F) IR E R R, TEIRIKER

&3 VsFA2 EREPMZEEXTNIESR

Table 3  Predictive information related to drug resistance in VsFA2 genome

SEH A ID BN I fiedi b
Gene Gene ID Gene function description
mepA_1 fig|691.73.peg.222  H 5 R ABURAY I EE N Ik Penicillin-insensitive murein endopeptidase
mepA_2 fig|691.73.peg.2061 ZZjMZiSMEE . 2 MBI &P IMEMATE) R K

Multi antimicrobial extrusion protein: MATE family of MDR efflux pumps
mepA_3 fig|691.73.peg.4720 £ Tt 254MEZE : MATE ZKik

Multi antimicrobial extrusion protein: MATE family of MDR efflux pumps
mdiK 1 fig|691.73.peg.2476 £yt 25 MESE . MATE FKik

Multi antimicrobial extrusion protein: MATE family of MDR efflux pumps
emrE fig|691.73.peg.980  Z ML AMHEA . /NEZE it 25 (SMR) K Tk

Multi antimicrobial extrusion protein: small multidrug resistance family (SMR) protein
sugFE fig|691.73.peg.4449 Z AT 25 /MER : SMR Kk

Multi antimicrobial extrusion protein: small multidrug resistance family (SMR) protein
czcA_1 fig|691.73.peg.785 W BEE RPutH [ Acriflavin resistance protein
czed 2 fig|691.73.peg.3183 ML 4L (RND)ZK R, M IEd Ehitk&EN

RND Multidrug efflux transporter, acriflavin resistance protein
czcA 3 fig|691.73.peg.4397 WV WE# EPTPES [ Acriflavin resistance protein
mdtB fig|691.73.peg.2084 RND FKi%, M BE# ZHiEE I RND

Multidrug efflux transporter, acriflavin resistance protein
gyrd fig|691.73.peg.1541  FETHEHZEMT 251 . DNA {2 HERF I EE A (EC 5.99.1.3)

Fluoroquinolone resistance: DNA gyrase subunit A (EC 5.99.1.3)
gyrB fig|691.73.peg.2697  FIMEH AT 2514 . DNA & ief i 3L B (EC 5.99.1.3)

Fluoroquinolone resistance: DNA gyrase subunit B (EC 5.99.1.3)
tet figl691.73.peg.743 WA RBM:, FibH T A HEMFS)IMER

Tetracycline resistance, MFS efflux pump
ber fig|691.73.peg.814 X IF%: K i 258K [1 Bicyclomycin resistance protein Ber
arnC fig|691.73.peg. 1593 LA W RPIMEER, HREEBE

Polymyxin resistance protein ArnC, glycosyl transferase
carB6 fig|691.73.peg.3930 A 2& B-INEERLEE (EC 3.5.2.6) Class A beta-lactamase (EC 3.5.2.6)
ampC2 fig|691.73.peg.4407 B3 .2 B-HIEEREZAF(EC 3.5.2.6) Subclass B3 beta-lactamase (EC 3.5.2.6)
ampCl fig|691.73.peg.4639 C 2 B-N LR (EC 3.5.2.6) Class C beta-lactamase (EC 3.5.2.6)
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SREHEREE T NP, R S
WEGUER, J—Jrm, ANVIRSEUAERD
Tiif 52 B PR B KR HE i, o Je 2 3 aak e DR AP B
A3 20 s sk NS BOR B B, i A A fe
1253 910 [0 S 1 = N iC % N (250 i YAl o £
PUAE R e ARiCis AT 25 Bl T R R ek
T, IS BT W A8 A 2 B R TR 2 g e R
VETEA AT M . MRS A0 S R 1 e 4
B- N Ik i g AH G B E R E carB6. ampC2 Fi
ampCl, HAEFHFA FrMEmE 1 FiR, W
RS PO 42, LR carB6 .
ampC2 F ampC1 &N, VUMW B VSFA2 B4R
PRI 2
2.2 TZAEEBIER

WP carB6 . ampCl ., ampC2 FEH )
b R BOF#E TR, 5 P0R pKROK it
JC 5% 5 B i 2 # # pKR6K-carB6 . pKR6K-
ampC1 Fil pKR6K-ampC2 3 3 FiICIR REBRER M

W O TR R BR 2R ARG S17-1 BBk S VsFA2
WA AR AT E AR 5 VsFA2 I, 7]
VsFA2 Qeta iR AERIEEL, Sals . g
33T VSFA2 XF 3 ML R bR Ak, oy
A2 h FA2AampC2 . FA2AampC2AcarB6 Fll
FA2AampC2AcarB6AampCl, 5 5 E 25 5 0L
Kl 2,
2.3 B-AEtRREME R MIIEER

4 BRTEXS AN [R50 AR 2R 7 A n 40 T e AR
i 3 fios

(1) #E ampC2 F carB6 ] VSFA2 Xf T4
TR B R T W B A RS, TR BR ampCl
Ji5 VSFA2 X T2 PR B BB E A — e $2 Tt

(2) ampC2 X T2 Mg . KAIGENG/FEm |
S AL WR P /& ELAH | R 7 75 A/l e £ L f i JR
MR e A —EMER, carB6 XTF & EVEA/AEE

W BT, B REM-ERER . LA
L SkAamkE | kA ve g L SR Y R
R —EMH, ampCI W2 500 B Rk B i
POAR . BTEEPEAR . P REm . &% PO AR/&F B
H | SEIETUAR . R PEAR- v R GERR D M Sk
L kAT . SkATE . SkEE L SR
Fil Sk ADMENG FRRR . Sk A i BB (4

(3) FA2AampC2 ¥R PU AR/t s EL3H | Sk
T6L 068 Ji /R R . Sk AR AL /&P T 3H A SRR B
B, XTFRERTIA . P TEAR . PTSPEAR . &
RPGAR/EF LI CRBRPEAR . SEVR PR . B R
PObR-sEhr iR . ke . AR . FE
KLY E RN AR, FA2AampC2AcarB6
JEXTURPL PG AR/ AR BV AE | Sk ARG R . Sk
T6LWR AL /&5 O 3H 9 S8k B R, TR TR P
AR BTVEPEAR . BTSEPUAR . DRMEPE AR Skl
E L SRR . R DA R WA U
FA2AampC2AcarB6AampC1 1,52 X WR H7 78 A/
by R Sk FRLE flg AR R L Sk AR AL /AT B
L SLAIRER | Sk A i R SE T P AR YRR
fermy, X FORME AR kAR DR E R R
SEHU A R WA U

PRI, FEBRARIY B- A Tt e S i 243 K A=
5 LU FA2AampC2AcarB6AampC1 E AT E.
AR VIMPUTE, P TS LUK PE AR R i
VERRIC AR 841 A TF %
24 HERKMRAER

X} 4 BETE 0-48 h NI ODgoo fELFIET H] 22 il
AR HhLk, 25 4 R, T FA2 19 4 B
HAEA R P AERKB SR T2 5%: 2-12 h
N, FA2 WT. FA2AampC2 4 K # i 35—
, FA2AampC2 1) ODgo (H— E W= T FA2
WT, 1 FA2AampC2AcarB6 1E 12 h ZHiH)
ODgoo fHTE 1.0 LI'F, REIERRAA KB B2 5
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Figure 2 Gene knockout verification of knockout
mutant strains. M: Marker III; 1, 3, 5: FA2 WT; 2, 4,
6: FA2AampC2AcarB6AampCl; 1-2 primers:
carB6-F & carB6-R; 3-4 primers: ampCIl-F &
ampC1l-R; 5-6 primers: ampC2-F & ampC2-R.
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SRR 24 BE R e N 3R M T 27 . Hohr, VsFA2
BERAPEA 34 B-INBERE ST AR R i 24 2k [
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Figure 3 B-lactam antibiotic susceptibility of FA2 wild type and knockout strains. The diameter of the paper

is 0.50 cm.
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Figure 4 The growth of FA2 wild type and knockout
strains under ampicillin condition.
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