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Effects of outer membrane protein AhCirA on antibiotic
resistance of Aeromonas hydrophila under quinolone and
aminoglycoside stress

ZHAO Xinrui">¥, XIE Yuyue"*** HUANG Yawen"*?, LIU Yankai"**, LIN Xiangmin"**"

1 College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou, Fujian, China

2 Key Provincial Key Laboratory of Agroecological Processing and Safety Monitoring, Fujian Agriculture and Forestry
University, Fuzhou, Fujian, China

3 Key Laboratory of Crop Ecology and Molecular Physiology, Fujian Agriculture and Forestry University, Fuzhou,

Fujian, China

Abstract: [Objective] The outer membrane protein CirA serves as a specific transporter for
catecholate-type siderophores and is involved in the uptake of siderophores and other nutrients,
playing a crucial role in bacterial physiology. However, its impact on bacterial antibiotic resistance
remains unclear. This study aimed to investigate the role of akcir4 in the antibiotic resistance of
Aeromonas hydrophila ATCC 7966 under antibiotic stress, thereby providing a theoretical basis for
elucidating the molecular mechanism by which ahcird regulates bacterial resistance. [Methods]
With 4. hydrophila ATCC 7966 as the model organism, an ahcirA knockout strain (Aahcird) was
constructed, and its susceptibility to multiple quinolones and aminoglycosides was assessed.
Quantitative proteomics was further employed to compare protein expression profiles of Aahcird
with and without antibiotic stress. Bioinformatic approaches were adopted for the functional
analysis of differentially expressed proteins. [Results] In the media containing enrofloxacin and
norfloxacin, the growth of Aahcir4A was significantly impaired compared with that of the wild-type
strain. In contrast, AahcirA exhibited enhanced growth in the media supplemented with kanamycin
and streptomycin. Proteomic and bioinformatic analyses revealed that the deletion of ahcirA may
alter bacterial antibiotic resistance by affecting the expression of proteins involved in multiple
biological processes, such as small molecule metabolism, and by modulating the expression of
antibiotic resistance genes. [Conclusion] CirA plays a significant role in the antibiotic resistance of
A. hydrophila. 1ts absence influences bacterial susceptibility to different classes of antibiotics by
regulating the expression of diverse functional proteins and antibiotic resistance genes.

Keywords: Aeromonas  hydrophila; outer membrane protein AhCirA; quinolones;
aminoglycosides; antibiotic resistance

& 7K S 5B i (Aeromonas hydrophila)f&:— Ye N2 S s 2 R 0. A
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W, YRR EARN IR R AR RZIAE BHEARIE TSP BT, PR NERL
A AT 51 e a2 B I AL, IR RERIEER R 2R T A T A Y R, Rt
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HMIAR P LR AN R AR R AT

Colicin I receptor (CirA) & " /K < il i p
) —FP AR T, (R 2 — Y R AR A
Az AN, BB TEAMNEIY BURE S E ,
TR LS 1 IR h 28 R AR IR Ah e 15 28 J] o s
], ZI RIS TonB RGfEfiiaes; BEfS, £
R — 25 imad NE E ABC Fiz 8 ik A
P, IS5 4ERR A i kRSl Brikakik
HnIiaedh, CirA TEMWETE 1. AEWIEIE LA
KA E R M5 R E A mEEH .
wn, BBV TIRE T cird FER M ER & F8UE
Y EIE B fie ) 2T B, ORI sS b AR R it 24
PO ZI IR R, fediAE Ebha . BRER
il A A I A R R N AR AN AR ST
ZPANE b CirA [FIEY) k& 3 LAt

JUE T A ST 87 W 7K PRI R 14 T 24 1
[l 1 ™R, Ho RS 25 LA BT i B,
SR NTE D FHLRIAI AR 2 Kz ik, A
i — B RAR RV HA R, BiE
] 248 R 2 B W T 20 A6 2% AT 3 o e AT R a7
SO A 2 1, RS H A B P 25t
ACirA R 7K SR T OCHE ) kg A f e iz
HEMEZIMEREE A, AU AR T
AR 2 S RE T, AT RES S 2 Mt
E e

AHFSE B IEARSE AhCirA 5 I 7EVE K L
R 245 P 98 B R VR AL o 3 e o 2 1
WM Aahcird TEZ R0 T4 R A T RO
FERINE, RS B R R 5 B AR AR
PRI IR W 25 5 o i — 225 G LEUE B T,
AU TR 2 R R INE AT XA SRS
FIIRE, MM R B AhCirA J& 153 o s 4h
B 38 375 P S ML 52 ) 240 D 2 PR R R L X
A AT SR TR A FHLfi7E 8 7K A BRI TR 7 T 245 L 1 2
BERTILAR , JF R 5 2B 45 SR s SR BB R 25 )
Y RIF 2 B BRI LA

1 AR5

1.1 #gd

B 5 T FH TR £ 475 1 7K AR R B A Y
ATCC 7966 . BREZH G HT 58 A 1Y ahcird
JE R Bl 2k B BR (Aahcird) " VR Aahcird 221 8] %b
HARUS BTN Aahcird 9878 Bk F0E] Rk Y
FERl A R AT T R UE, LR R T
7N Aahcird T PR AR J5 H A= B 1) BB A5 2
P,
1.2 IERMNE

SR 2 P2 R (IR A
WA E)F 2 PR R AER(RIREER .
HERE Z) AT ahcird FER M BT AR 2 BUBPEREI
Be ] & A AN R LR EDTA E 1Y LB iR E: 55,
W 4 FhEFI B MREER S, T30 °CL 200 r/min 2%
HTFEFRE ODeoo M 1.00 FERTRIEAT 10 5601
FiRe(AL 8 INBEEE), i 2l 1B R W s 45 TR I
A [ B R (A i A 538 LB P Al |, 30 °C
BB R 12 h Je i,
1.3 SIRIEREEKEZNE

KA AERRRE, A LB BRIt Z it
TR BERR RS o BT A I W RV B L Iy
BIIMA S A AEZN LB ekt , UAEHA
K LB 83 AE BTN IR, S8R5, F37°C
FfE B IR 16 h, 10 3 B A0 B ¥ B (minimum
inhibitory concentration, MIC){H . #3 #i& I 15 )
Aahcird WX R 8% & (kanamycin, KAN), fif
%5 2 (streptomycin, SM), B> &2 (enrofloxacin,
ENR) F1i# 58 70 & (norfloxacin, NOR) i) MIC fH,
F LB R stnt iR R r b R RS, W
BN 1/8. 1/4, 12 MIC, ¥ IEFHZEREERS
() Aahcird BERELL 1:100 (0 HGAG1 235056 A G
WHHTA R LB 855, iR AR I
M, BAHESERE 3R, &EHH2A4E
KL AT 30 °C R IEZE M 16 h, F/INif
1858 1 IR ODgoo fH.o
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1.4 FEBRMHGHE

PR LA 1:100 Ho 55425 50 mL (1 LB
WARIEFR AL, 30 °C. 200 r/min $535 % ODgoo=
1.0 B}, 4°C., 12000 t/min 5.{> 2 min YA
PR, BT PBS UL 2 Ik, 5T 4 °C.
8 000 r/min & .0> 10 min, FEF M A 1 mL iy
Lysis buffer [6 mol/L JRZK Fl 2 mol/L Hit K% fift T
0.1 mol/L [ Tris-HCI (pH 7.6)I5W, M AE
BRI RIS, BTk, 7RSI (30%
IR BEE 15 min 2RSS E, 4 °C,
8 000 r/min B5.0> 15 min, K55 i85 W 7% 5|
BT B I R . LYY S0 g B
A, 7E 56 °C T 10 mmol/L — &% 7 b
[ (dithiothreitol, DTT) A J&L 40 min, #RJ5 7%=
WM PR OBE b i A 50 mmol/L it 2, Pk ik
(iodoacetamide, IAA)KE3EAL 30 min, #2345 N AR
T HBE(1:50), £ 37 °CF i 1% Bk L R A5 2 ik
FeEdh o SRJE H C18 AEXIAF B M ARIEAT L, If:
AT BIE A E
1.5 JRIEEE

6 J5 ) AL &8 B EASY-nano-LC &%,
PL 600 nL/min 1Y 3 i 47 00 B o 43 B BR IR
Bl 0-12 min, 10%-14% B A B (2
& 0.1% 1) FA); 12-57 min, 14%-26% Y% 3h
AH B, Ffif57E 10 min PR SIAH B 1Y B A A
26% L F+ & 42%. FIH Q Exactive HF Jit i X
(ThermoFisher Scientific /A 7)) JEA 78 ALK A 14
% #E (data-independent aquisition, DIA) %% & 72 #)
#S5r. SERBEE N 350-1 500 m/z G,
5B 60 000; DIA 49453 1L Eh 30 000;
NCE: 28%; AGC HAx: 3x10°, f K AT
7 auto, A DIA R E T 45 148 DIA
F1 o 2k o 3 e 45 1) JL iy DIA cds 5 (8 H
Maxquant ZAF RS v.1.6.3.4 HBGRE AT LA
R AL W K SR T ATCC 7966 85
N A 1| B € 00 1 I e i N I = a e
(false discovery rate, FDR)IX# A 1%.
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1.6 £MMEEESH

A5 B 2 3 BT {8 FH David (https://david.
nciferf. gov/) 7E £& B4 i X 22 5+ 45 H (differentially
expressed proteins, DEPs) i 17 & [K A {& i (gene
ontology, GO) & fE 0 #1 . BLAh, AWF5E i fi
TBtools 4 k47 A1 56 M 20 B & UpSet 4347,
ZEA YU E i 25505 72 CARD 784k W 3 (https:/
card. memaster. ca/) Fil Ml it 25 5E K, 4R )5 fi
Cytoscape 3.9.1 #17A] Fi1k .
1.7 RNA 12El

R R L K 92 2 ODeoo=1.0, T B0
ML, LL5000xg 5.0 10 min WCAE K, finA
1 mL TRIzol, F/rWKFTIRA), ' 2-3 min, 5
it . A 200 uL S5 0T A a0 4 4 A T
%), WIEIR 1 min T8 W IR 05
F, EiE#EE 5min, 4°C. 10 000 r/min 5.0
15 min, B3 IFR 28 RNA free 1.5 mL EP
(L 600 uL), IIAKRFECH 60% FvA Y
SENER(Z9 480 ul), WWHERY 1 min 7843,
R FFE 5-10 min; PR : 4 °C. 10 000 r/min
B0 15 min, 717, BUTESEW DINA 75%
Z 15 1 mL (JE7/K & 750 mL+DEPC 7K 250 pL,
A, FHREWITIRS], 4°C. 7500 r/min
B0 15min, HE 1K, 4°C. 7500 t/min B0
15 min, 3 V&, BUCTECK 5% 8RR gy, T
B E MW 3-5min £ LEEK; A 30 pL )
DEPC /K, MEDIVE, BT ok be H ks, #&
R 2 5 5370 & i B -5 (TaKaRa 28 m)) 4T S 5%
SE3RTS cDNA
1.8 SEAfRNEE PCR

K H TRIzol- & 15 ¥ 42 HU 40 74 5. RNA,
JF 1% %% 5 B cDNA AF 2 52 i) 2% Ot 5 & PCR
(quantitative real-time PCR, qPCR) #& #ix . fifi FH
SYBR Premix Ex Tag 11 (TaKaRa 23 ®))id 5, 7E
CFX96 Touch Deep Well 3L 565 it PCR R4E
(Bio-Rad 24 F)) Al HFRFEER (R 1)AYFHXT IR
KA. LA 16S rRNA JEFAE AN S, WK %R
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Tl RKIAEEEPCRS|H)

Table 1  The fluorescence quantitative primers of

PCR

Gene names

Sequences (5'—3")

ppsA-F

ppsA-R

AHA_1804-F
AHA_1804-R
AHA_3092-F
AHA 3092-R
AHA 2989-F
AHA 2989-R
AHA_1647-F
AHA_1647-R
AHA 4253-F
AHA 4253-R
cysA-F

cysA-R

AHA 4258-F
AHA_4258-R
AHA_0854-F
AHA_0854-R

GTGGTGGGTTGTGGTGATGC
GGCGAAGTCGAACGCTCTGT
GGGGAAGAGTTCAGCAAGCG
CAGCCAGATGACGAGAGGCA
CTGGTTTCCGTTCGCAACAT
TGCACCCGGCCATACATCTC
CGCTGATCGCCCAGAACAAC
CGCCTCCTGCCTGAACATCT
GGCGTCCCCCGACTATTTGC
AAAGCGGTCCCCCTGCTCCT
CCGTTTGCTGATTATTTTCC
GAGTCGCAGTCGAGCTTGTT
TCGGGTGGTGCTGATGAACG
TGGGTAGCAGGCGGGTGATG
CGGCTGCTTTCTCTATGCTG
GACCACCGAGTAGGTTTCCC
CCCCACTTCTTGGACAAAAG
CTTCGTAGCCATCCATCTTC

Bl FEEMAchcirAERIITE ZHEMENELR

WT
Aahcird

WT
Aahcird
WT+5 pg/mL SM

WT+0.02 pg/mL ENR
Aahcird+0.02 pg/mL ENR

AahcirA+5 pg/mL SM

(25 pL): 2xPhanta Max Mix (p515) 12.5 uL,
. F#SI A0 pmol/L) & 1 pL, DNA ##z
0.5 uL, ddH,O 10 uL. PCR JZJi %44 95 °CHi
AF % S min; 95 °CAE P 30 s, 60 °CiR kK 30 s,
72 °CHEAH 2 min, 3£ 35 NMEH; 72 CCLAE A
Smin, W ESHE, W8 25 i ih 4t
IR PP o JE PR AR X SRk ok 2724 ik
B, Jfd ] TBtools (v2.109) 4% 4 k47 58 43 Mt
IR R

2 ER559

2.1 ahcirA FREERTEXR S BRE
4 EZMZA AR

WA AR LR RV R L I A
R R AR R AR LB Ji9R3E, 1% 1Y
Lb. f51) 422 Ff W AE B B AR (wild-type strain, WT) FlI
Aahcird Fkk, T 30 °CHEF% 3 h, FIHF B SR
B9 R R FR A WT H Aahcird TEREET
10 f5F6RE, JREEFP 2538 LB P o g5 58
B, TEIEH WA LB 55383 p 855 3 h
Ji, WT Fl Aahcird WRRFE A b A KRB TE

WT

Aahcird

WT+0.02 pg/mL NOR
Aahcir4A+0.02 pg/mL NOR

WT

Aahcird

WT+10 pg/mL KAN
AahcirdA+10 pg/mL KAN

Figure 1 Antibiotics sensitivity assays of WT and Aa#cird strains. A—D: Show the spot assay results of WT and

AahcirA strains after 3 h of culture in media supplemented with the following antibiotics at the indicated final
concentrations: 0.02 pg/mL ENR, 0.02 pg/mL NOR, 5 pg/mL SM, and 10 pg/mL KAN, respectively.
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S, BHRDEREFLETERILE,
AahcirA WA RARGH BARTE AR ERE, &
VP BTN b BRI RE TS BB 1AL 1B),
MPERARES 2 MBE R R T FRIL PRG35 3 h B
SR S5 AR L, B B AR 9 AR KR A T
PP R, WE 1C. 1D iR,
2.2 Aahcird E#E X SM. KAN., ENR
#1 NOR Yy MIC {EF04E KBz

R & Aahcird W ¥R 75 AS [F] W B 1 SM,
KAN., ENR F1 NOR T4 KAF AL, 75 HX)
SM. KAN, ENR #l NOR #J MIC {# 43 %14 20,

A -~ AahcirA
== AahcirA+10 pg/mL SM (1/2 MIC)
~*= AahcirA+5 pg/mL SM (1/4 MIC)
- Aahcird+2.5 pg/mL SM (1/8 MIC)

207

15¢

Y10}
S

0.5r

L 7 9 11 13 15 17
t/h

C --AahcirA

= AahcirA+0.015 6 pg/mL ENR (1/2 MIC)
«AahcirA+0.007 8 ng/mL ENR (1/4 MIC)
o AahcirA+0.003 9 pg/mL ENR (1/8 MIC)

201
151

S 1ot
o

051

0.0 -+

7 9 11 13 15 17
t/h

E2 TAEIREIERMIE T AahcirdEHREIE KL

3.12, 0.031 2, 0.05 pg/mL. &4 I & iy MIC
H, FIHA KA & Aahcird TS 0 1E
1/8. 1/4. 1/2 MIC By SM. KAN. ENR A NOR
TR AEKIRZ . E 2A-2D iR, 2 SM,
KAN. ENR F1 NOR HJ¥# /50 5. 0.781 25,
0.007 8. 0.012 5 pg/mL B}, 5A My % b3
X REAH L, A RACBEAY Aahcird BARRRYAE
KAZRNREIE] ., ik, B MBS 5 ng/mL
SM. 0.781 25 ug/mL KAN, 0.007 8 pg/mL ENR
F10.012 5 pg/mL NOR 1k Ay &b B B 0 17 J5 &8
5% .

B -e AahcirA

—=- Aahcird+1.56 pg/mL KAN (1/2 MIC)

—+ Aahcir4+0.78 pg/mL KAN (1/4 MIC)
= AahcirA+0.39 pg/mL KAN (1/8 MIC)

207
1.5¢
S 1.0
3
0.5
WO 35 7 911 131517
t/h
D -o-AahcirA
- Aahcir4+0.025 pg/mL NOR (1/2 MIC)
« AahcirA+0.012 5 pg/mL NOR (1/4 MIC)
o AdhcirA+0.006 25 pg/mL NOR (1/8 MIC)
207
1.5
S 10
3
0.5
0.0 L«

7 9 11 13 15 17
t/h

T 3 5

Figure 2 Growth curves of Aahcir4 under different concentrations of antibiotics stress. A—D represent SM,

KAN, ENR, and NOR, respectively.

P4 actamicro@im.ac.cn, 7 010-64807516



OB S | UEYER, 2026, 66(5)

2345

23 AahcirA EINEZMETHEBRR
b%:ﬂ-

KA T fEUAE B Aahcird HEREAEBI)RE
B2, AHESE 4300 H SM. KAN, ENR Fl
NOR #b3 Aahcird ARG #EAT8E H BT 387
WL PCA ERG i (B 3A) R o, il —4b
FANAEY) ¢ EE SR RE, RWLHRAEA
RAEFAEEYE, R, RhiA R B RSk
FEAY] Aahcird #5477 He T2 [a] & B0 B R 43
sk, B KPR amtEE, RU
FRBGIAERGAE - ERE LN RGEEZER,

AN, HEE R RPUAE RS EARY
Aahcird TR Z A B8 BT LG 38000 T i 35 25 5
(&l 3B). Ffif5, R P{H<0.05, HAZILAEE>
1.5 f5RbRER S E 22 7 . 5 Aahcird ML,
AahcirA 1£ SM AL HRF L35 Y 522 22 R4
M, Hr 209 MEARE LR, 313 MEARK
T [FIFE, Aahcird 78 KAN AbHF 05 H
678 2 RINE, AL 251 A EIHE A A
427 A FWE A ; Aahcird 15 ENR 4 FE T 5%
GE 480 N ESFEE, Hrh 125 M@ A B,
355 NEFTFE; Aahcird 7 NOR AMBE A 614 4>

A B
L i W L
205 g . i 8
- i Group
1 ﬁ —~
0______________'_ _____________ ® Aahcird %6-
S i A AahcirA+ENR 2
< | W Aghcird+KAN £
<20 ; +AahcirA+NOR ~ E 41
2 E AahcirA+SM
) E 2
oo O& X<‘$\ Q»é% %OQ' ~
X
: ht : ; NS SUSIU S 4 ¥
~40 =20 0 20 40 W ¢
PC1 (34.6%) LA N
C D o Up
Y DOWH AHA_1316
—q 7‘ 10 AHA 1223 . 5y A1 “QOAHA 1834
A Eﬂ“ écy,. AHA 1834 m.x o n)-2 AH:Algg:‘ llg;iwx 1921
Up reglﬂated AHA 0’35‘4‘)-"“8 e iHA 1316 v 365:HA 3232"gFAH'A ::uz (:21:2 /2734
5t AHA, u;“;A i ::.:: “1070 8 AHA 2477 *
DOWU-I‘C%}{]?.E{?? iivi s AHA 07?‘:“0‘: 52277"75% pf':‘ zoaz'z JS;N .__ .::'. - .:-‘-"-.

RS

Figure 3  Analysis of quantitative proteomics data. A: Principal component analysis (PCA) plot (Each color

E3 EEEHREF

AHA_ msa o oll 23;‘.'.' ot
AHA_O171 +AHA_2528HA 0205 AHA 067
QA 1544 AHA 2551  AHA 120
AHA_2687 AHA_SRHA 2360, 1112, AHA osa:;\HA 11128HA_3947

AHA 0551

—5tmD AHA 0171

Averaged log, fold change
[w]

AHA 0551

AHA_ 1112 gya 2167 R Wl A OWAHA 2687

AHA_3568HA 1420, 27AHA 12004 0197 \AHA_ I;QAA\M,,MA 0977 , miD
AHA 3335 AHA_0977 AHA_0977 AHA_3565

L
°

AHA 2615

represents a distinct sample, with triplicate data points of the same color indicating three biological replicates); B:

Density plot showing the distribution of protein expression ratios across different groups; C: Statistical summary

of the number of DEPs in each group compared to the control; D: Distribution of differential proteins across

groups.
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ZSEA, R 235 A LB A 379 AT
HEF(E 3C). sk, st kil Bl (& 3D) A LA
WL T i e 22 S AR I A A B L
24 ERREEEANKEERSH

AWFRIEE GO WA T fPUERINE T
ZRFRRE AT SN EEEN . 4588
N, TERE W EAERET 10 MEYd S, IR
R MEERS R A A A 8 R e MR m A
Y, Bl - BRI R . NV
W A B AR AR (AR
R e, L2 M R e . A 2
A VLRI B FR A 7 s VD B A
IR B MRE A A 6 M EsEeMIE, 45
SRR AT R . N R L dE A
ATt R . A LIRS A et AR L Y A
iR R 0 o F AR e R AN T3 AR B 2
A UL AR AR R 28 BB A= R Whaa F 22 R 3Rk iR H
rE SN AEY SRS EES, rEERn s
TINREM A N Besh, FExsedid: K hb o
2 rh DEPs [ 2R Wy aod 7 8 SRR e A AR 02/
SRR, HEERERE, PAERK. [
L= SN € 157 R 3 1= AV NS R R AW B e U AN
HOKHEE AN DEPs (F 4), BAEDL, PiER
8RR T AahcirA TERR DS REAIS R
HETE .
25 ERRTEEBSH

R 5 25 1 J50 20 27 25 S L 5 Ak 20 R vt iR 4
ZHPZEREA. K S PRHESEET, KAN
FINOR AHEF S EAKERE . WL, 1E
ANFEPUERMNE T, &4 IE 25855 EEA
TFURB A A 12 SR 126 4, X 12 Ak
/] 25 5 F ik IR0 8 1535 )& SecD-2. RpoH .,
TrmA. AHA 0044, AHA 3652, AHA 4271,
AHA 0458, TrpS-1. AHA 3005, AHA 0035,
DeoD-2., Tpx, iXZFRIAPUARIMNE T iRk
HAG 2 AR
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2.6 MZHEE

AWE G I8 B 2 S R = LR A S
CARD %4 FE#EAT HoxF, AW E A BF 58 h 2
A4 4t Pk 2L [ (antibiotic resistance gene, ARGs) £
Fo W6 s, L4 93 4> ARGs, Hrp
30 AN 245 B PRl RIS R 4 B o R A AT
19 AN 245 56 A O R v b B 2H R S b B 2 i
A, M6 NIHLGIERY RIRE R . i R4
B BRI B EEA, X 6 ke
47 ] & ppsA (phosphoenolpyruvate synthase).
AHA 1804 (major facilitator family transporter).
AHA 3092  (histidine AHA 1684
(histidine ABC transporter, ATP-binding protein).
AHA 3291 (DNA-binding response regulator) I
AHA 3230 (glycerate dehydrogenase).
2.7 qPCR WX EE

RESUEHTA R INA T Aahcird Wtk 2E 73R
AR TE, APFETE 4 FiPiA R e
T 22 R GA P BEALA PR 6 AN 2 L
I qPCR BRI R A7 . Z5 R 7 fir
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Figure 5 The upset plot illustrating the overlap of differentially expressed proteins among different groups.

Bottom yellow bars: Total differential proteins per comparison; Top green bars: Group intersections (Numbers

show overlap count). Central matrix: Single points denote group-unique elements; Connecting lines indicate

shared elements.
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Figure 6 Screening of antibiotic resistance genes.
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Figure 7 qPCR verification results of differentially expressed genes of AahcirA strains under different antibiotic

stresses. A—D: Show the up- and down-regulation of six randomly selected drug-resistance genes under treatment

with streptomycin, kanamycin, enrofloxacin, and norfloxacin, respectively.
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