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PER I 2 H 2

& K RN B TR 25 ML I R 2, T —
AT A RIS —Fh AR 25 5 5 DR T PR R 25 1473
THLHI S T o0, AEXHASIE DU ER 2R 26254775
S0 A R T 24 I ) TS 245 AL ) ) A9F 5 U AR DL 4
1o ARG S5 G 7K R TR T 24 Y S
WAL, AR S T R I 25— 1 3 R AR
U FR YRR LY, DURSNESHE 1Y
Jr AT BEM 25T, SRR ME K T
PUPRZRIELG W TR 2RI , Ay I A g 7 <P
M 245 B 735 BIL S AR 3

1 AR %

1.1 R

L11 EBRRIR: J5S il itk o b EK R
WFF e 8 VLK P 5 I 9 9 28 A 20 0 85 IR AT
R R K M, S5 Wkt BRVK - DR 58 B
XS 2 Jo oA

1.1.2 B . 9 )15 R (Doxycycline, DO,
98.7%, C13084280). # % b & (Norfloxacin, NF,
99.1%, C15648000)F1& i) 2 (Enrofloxacin, EN,
98.5%, C13170000)M H Dr. Ehrenstorfer GmbH-
Bgm.-Schlosser-Str.6A-86199 Augsburg-Germany;
e B IP B (Levofloxacin, LE, 98.5%, 130455-
201005). AN E(Ciprofloxacin, CP, 99.0%,
1134313-201405)5 %A # > £ (Ofloxacin, OFL,
99.5%, 130454-201206)1 FI 1 [E 25 ity 45 5 B 5%
BE; PRK%EZ (Gentamicin, GM, 63.0%, 130326-
201015)0 [ B i 25 SR E W B s 5 R
(Streptomycin, SM, 72.9%, 130308-200713), 7
#F % (Kanamycin, KM, 66.5%, 130556-200501), [
K+~ A (Amikacin, AM, 65.5%, 130335-200204) .
#7175 % (Neomycin, NEO, 64.5%, 130309-200811) .
+ % % (Oxytetracycline, OTC, 88.8%, 130487-
200703)., PU¥f &K (Tetracycline, TET, 97.5%,
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130488-200403) . 5 5 Z (Chloramphenicol, 99% ,
CH, 130303-200614). % 4 JE% (Florfenicol,
98.2%, FFC, C13665000-200205). HKE X
(Thiamphenicol, 99.5%, THI, 130433-200502) 17
#53F-(Rifampicin, RIF, 99.9%, 130496-200702) 1
FI v B 24 AR W G T s N - B e e
(1-Methyl-2-pyrrolidinone, NMP)l H 3 [£Sigma
/I

SRy e e RE R RPN T R 7w K]
BRAF], 472595 i (ug) 08 . LE-5, CP-
5. NF-10, EN-5, OFL-5, SM-10, KM-30,
AM-30, GM-120, NEO-30., OTC-30, TET-30,
DO-30, CH-30, FFC-30. THI-30, RIF-5,

SEI PR R R I iE B SR AE(TSA) . ek
K S A (TSB). MHA . Mueller-HintonJit
R IR I A 5 R bl T A M BRATBR A
A5 2R L P 4 DNASR BRI 3 RAR A= 1L R
TA R T 5256 B 51 096 R 2k A H R
J BUF F1I0 E i IR I AL AR W BOR A BRA W
e
1.2 AYERAEINE R

KHIK-BALA I AL AT 25 0%, LIATCC
79669 G A IR AR A T 25805, e ) TRE
VU BR 2R 26 24 ) BURR Y VB K A BRI 00 e
ST,

KA R 2 i R 1 DM 7 T R R 17 32 3
2590 ) B /N B W B (Minimum inhibitory
concentration, MIC), ¥ R 24 P U ML LS 2R
K 32T RS S TR A 5T 1/4xMICHY SR ) % R
MITSARIARIEFREE T, 28 °CIEFRILIN, A5 LL2f%
& e 5 245 W) o e Y B N A2 R R A T 3 A% AR
I, VIR m s E, 254~ D1-D7, Jf
PRI AR TR IR

i S I B SRR T I S T R
MICTEH AL AL 5 DU TEMHB AR B = B P A
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50 pg/mL % AMEZE 0 FINMPIE T 5 & ik 1)
MIC,, AFIRG I B A X R (B 5% A0 7 80 F FA
PEXTRR(SUINEFRAL) o
1.3 RXHZHRR

V175 T 015 Hh 1 T 24 TR PR AE TS A [ 1A b 5 ik
BRI, PR AR B DU B R XT R S 25 1
MIC, I A SHIEMICHAEL . Z2YiES
J& EAT S S 259 FIMIC i ST s 465 s LA
S5 B E
14 BEREHRE

W5 T 5 MR MRTE AR & 259 () TS A [ {5 57
B PSRRI FR200k, B2 dEMER LR,
WIEEES . 10, 15, 20/UERERRIIMIC, LA
LCH i 5 I B R T 245 11 a8 A R e 2 o

1.5 TZHEREREY

B 5 5 B AR 43 5 B Y SRR V5 1280 T3 mL
TSBEFRRZIREH, 28 cCoREHHFF, T
B4 FEUE W AE 1.5 mLAYEP4E H112000 r/min
AR TRUTDE , Fe BN TR SE PR 2 DN A SR G ) &
VA P AN LR 41 DNA

I UK T 25 A0 SEFE R BT FH S 197 U
1, PCRIZMAKZ NDNAKIHR1.0 pL, dNTPs
(10 mmol/L) 1.0 uL, 10xPCR buffer 5.0 pL,
MgCl, (25 mmol/L) 3.0 uL, | FiiF514(10 pmol/L)
%2 uL, Tag DNARAREF(MBI) 4 U, HddH,O0%k
FEES0 plo K281 Y% Bht IR W B I F Dk ke 0 Sy BH 4
(I PCR ™ W) g 2l 4k 5 M0 o )7 45 S 3 o
NCBIFBLASTn R T/FFIAH MR %, &
J&i i FHDNAMAN 251775 AR LA 5347

1. tetEFEMENSIHFS
Table 1. Primers for amplifying the fef genes

Primers Sequences (5'—3') Product length/bp Annealing temperature/°C
tetA F: GTAATTCTGAGCACTGTCGC / R: CTGCCTGGACAACATTGCTT 956 55
tetB. F: TCATTGCCGATACCACCTCAG /R: CCAACCATCATGCTATTCCATCC 391 55
tetC F: CTGCTCGCTTCGCTACTTG / R: GCCTACAATCCATGCCAACC 897 55
tetD  F: TGTGCTGTGGATGTTGTATCTC / R: CAGTGCCGTGCCAATCAG 844 53
tetE F: ATGAACCGCACTGTGATGATG / R: ACCGACCATTACGCCATCC 744 57
2 R FuioHr TR T 5 S BT AR5 S 1 16 25 ) O MIC A )

2.1 HEIMNBEFERRMICHIZS L K32 it 2515 5L

ZARF B S5 DO M 1/4AxMICTH R, 18
RSN L 5 AR 7 RS T DO R T 5 S
Ho it S E X DOMMICSE SR, w5
%S HEXDOMMICHEF 1 6.4-102.41%, I ASMIE
FANHIFINMP (50 ug/mL))5, Eiitis S H X DO/
MIC Eb AR WA Y A B35 T 0, BEARIE & i
4-164% . T 75 T Ao 2 Pt b i 2 AU
7220105, XDOMMICHAEA 3, KNEAR
IF AR R E R (3R2)

A2k, XTRMEIEEZE P LE. CP. NF,
ENFIOFLI|MICH I 175 5 R 34 0 T 8—6414% .
1-6415% . 5-25601% . 2-64f5HI1-641%; XU £
KGPMICHE M1 -324%; X EBHER LAY
MICHE I 1-641% ; X2 ST 2259 I MICKE IR
1-16£%; XFRIFHIMICA /)N il Y B AR (2-8£%)
(#3).

DO S5 HMRD1-7xF 16F AR A S 259 Y
WA T AR XM 2, EARTE B R 4.

Y R4 RT UL, Ry IR 75 A 0 i1k oM s i 2K
(LE. CP. NF. ENMIOFL). DU Z2(OTCHI
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R2. BERIERMANMPENESEERIRETERITENERZHMICEL
Table 2. MICs of doxycycline before and after induction as well as NMP added and after induction sub-cultured

Strains Before selection After selection NMP added 5 generation 10 generation 15 generation 20 generation
1 2.50 64 16 64 64 64 32

2 5.00 128 32 128 128 128 64

3 1.25 64 32 64 64 64 64

4 1.25 128 16 128 128 128 128

5 2.50 128 8 64 64 64 64

6 5.00 128 16 128 128 128 64

7 5.00 32 4 32 16 16 16

3. BEAEERMIESSHYIMICH L

Table 3. MICs of non-induced antibiotics before and after induction

Strains LE CP NF EN OFL SM KM AM GM NEO OTC TET CH FFC THI RIF
1 0.625 2.500 0.500 1.250 250 >128 >128 32 16 >64 >64 40 2 2 8 40
D1 5 20 80 40 20 >128 >128 8 2 32 >64 >80 4 32 8 10
2 0.625 2500 1 1.250 2500 >128 16 32 2 2 64 20 0.500 1 2 10
D2 20 40 160 40 40 128 8 8 2 4 64 80 32 64 2 5

3 0.300 0.300 0.125 0.300 0.625 64 32 64 1 2 16 2.500 >64 1 >64 80
D3 10 10 80 20 20 32 8 16 2 4 64 80 4 64 8 40
4 0.150 0.300 0.0625 0.150 0.300 64 32 32 4 4 64 10 1 1 2 10
D4 10 20 160 10 20 8 4 4 2 2 >64 >80 2 8 2 10
5 0.625 2500 1 1.250 2500 >128 16 32 2 >64 >64 10 32 64 >64 10
D5 20 20 160 80 40 >128 >128 8 2 64 64 80 64 >64 >64 5

6 0.625 2500 2 1.250 1250 >128 >128 64 64 32 >64 80 >64 64 >64 10
D6 20 80 160 40 40 >128 128 4 8 4 >64 >80 >64 >64 >64 1.25
7 0.300 0.625 0.250 0.625 0.625 32 32 16 2 2 64 20 16 >64 >64 >80
D7 0.150 0.625 1.250 1.250 0.625 16 32 8 2 2 >64 40 16 >64 >64 >80

4. D17 XTHZAIFR
Table 4. Cross-resistance of D1-7

Strains LE CP NF EN OFL OTC TET KM CH FFC
DI + + + + + +
D2 + + + + + + + +
D3 + + + + + + + +
D4 + +
D5 + + + + + + +

D6 + + + + + +

D7
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TET). ZIEMHHIS(KM) M5 ZIS(CHAIFFC)Z
Yire e TR BRI 2 X 2, Hod, XFTKMA
CH™ A XM 25 s AR B /D, ACH12.49% 5 TR
SPh IR ME T IR 2 ) = R A X 25 I AR e 2, &
IK71.43%, TIDT7AXSAEAA] 170 2454 7= A= 58 S 25
M4, {EHD2FID3XHM Y 16705 T 25 k) —
A T AR X 2
22 TNZMHRERY HER

XTI AR -7 A5 5 WARD 1 -7 47 T
PUIR KM 25 5L Fltetd . tetB. tetC. tetDFltetER
R, ZERANEI IR K2 5 A B A TR AR 4
ML, 00 2. 0F12; Hid, retdfUEIHS
JEDTHRT R, terC{AE2FID2EE Y, THitetE
EHEFHEFHIL, 3. 4. 5. 6, 7TSHEkPHE
W, terBRterDYEIITA 2 IR TR BAAG I F]
2.3 THZHHREREFHI T

K0 545 20 FRME B G R B i Do 7
J&, ffi FHIDNAMANF A4 5% 24> ter CRI1 24

(f\% M-12345678 910111213 14

P
2000
1000

500

100

956 bp

03%p M-12345678 91011 12 13 14

2000
1000
500
100

897 bp

(C) M-12345678 91011 1213 14
bp
2000
1000
500
100

744 bp

B 1. FEKSEE tetEAE PCRY 145
Figure 1. PCR amplification of fet genes in Aderomonas
hydrophila. A, B, C: PCR amplification of tetA, tetC,
tetE genes. M: 2000 bp DNA ladder marker; —: negative
control; 1-7: isolates before induction 1-7; 8—14:

isolates after induction D1-7.

tet BRI F Beilb A5 Z2 8 9 LU e b, 45 R s H
—HEEHN100% . # T RF (5 B4 NCBIH
BLASTn RS 78 [FIRIE T, IFERGE LT
W (E12).

GiREBIN, tetdB N S5 T AN E
(Aeromonas) (GenBank’& 55 . EF471998.1), K
MiFF # (Escherichia coli) (GenBank %% .
KP294351.1), V011K E (Salmonella enterica subsp.)
(GenBank &35 : KR091911.1). #I[CAENFFH
(Acinetobacterbaumannii) (GenBank% %5 .
KF483599.2) . Hifi % v B {H i (Klebsiellapneumoniae)
(GenBank % ¢S5 . CP0O11314.1), KRBT
(GenBank& 55 . KMO023153.1)H fJtetA KB Ky
—W% ;s tetCHA 5ok [ g /K S A (GenBank &
S5 : CP010947.1). 5ef%#{ApLG338 (GenBank
BT . KM604642.1), KIFFTFH# (GenBank & 5%
50 EUT751613.1)LA KD T IR TR (GenBank & Sk
IR . AY046276.1. GU987054.1) i tet CRER B8
R tet EFEPRIN 55K F v S RS TR (Aeromonas
media)(GenBank’& 5t . CP007567.1). F&/KAH
M pAHHO1 ki (GenBank & 5 5. IN315882.1),
AR AT (Aderomonassalmonicida subsp.)
(GenBank &35 : CP000645.1), AEEINE (Vibrio
salmonicida) W FiRipRVS1 (GenBank & %5 .
NG_035496.1) HitetE3E IR —H%

3 Wi

ACHIFGE PRI FF 3 FiT DU SR 28 K 254 — DOXT I
PR3 185 RV 7K 7 2P 7 43 85 b M 1/4x MIC T
T EAE S, SIS I X DO 251 [ %
B AR S DR K2 — IR R T 2
PEULI G 1 TF, DUSRZRZGHIMIC T IR i
123275, TRE S PR Z R MG KA, 1F
IR SRR 5 s 1 S Bk SRV R 25 )
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Aeromonas hydrophila tetA
Escherichia coli (KM023153.1)
Salmonella enterica sp. (KR091911.1)

Klebsiella pneumoniae sp. (CP011314.1)
Escherichia coli (KP294351.1)
Acinetobacter baumannii (KF483599.2)
Aeromonas sp. (EF471998.1)

Salmonella enterica (KP899803.1)
Escherichia coli (CP009233.1)

tetA

0.05

Salmonella enterica sp. (CP011429.1)
Escherichia coli (CPO11331.1)
Aeromonas salmonicida sp. (KJ909290.1)
Aeromonas hydrophila (JX141473.1)

| Aeromonas hydrophila tetC
Escherichia coli (EU751613.1)
99 | Salmonella enterica sp. (AY046276.1)

Cloning vector pLG338 (KM604642.1)

Salmonella enterica sp. (GU987054.1) tetC

Aeromonas hydrophila (CP010947.1)

98 { Escherichia coli (KM409652.1)

Aeromonas salmonicida plasmid pRAS3.2 (AY043299.1)

0.05

63 | Aeromonas media (CP007567.1)

Shigella flexneri (AF162223.1)

66 Aeromonas hydrop hila plasmid pAHHO1 (JN315882.1)

99

0.001

Aeromonas salmonicida sp. (CP000645.1)
88 Vibrio salmonicida plasmid pRVS1 (NG035496.1)

‘Aeromonas hydrophila tet E

tetE

Aeromonas veronii (EF471995.1)
Escherichia coli (KJ850494.1)
Escherichia coli (Y19116.1)
Aeromonashydrophila (CP007518.1)

Escherichia coli (1.06940.1)

& 2. tetA. tetC. tetERERARZABR

Figure 2. Phylogenetic tree of tetA, tetC, tetE gene. The serial numbers in brackets mean GenBank accession

number; the numbers on branch point mean bootstrap support; the scale means genetic distance.
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PIMICHE = JLBUL T, 5 s i B 28 25 W) 17
TES™H S UM 24515 00 s 5 J5 TR R T 2 S b
IR Y BUBE A AN IR BE 3G i, I
153 L 7 St R r s 78E 1 Gl I U N G S = 9]
5T 32 PR LATE N REE o (075 B RRS 3 =
BRWDTE, K SEATAEG T 259 7 4= 58 X
2, PR A W 7 A A ST 24 19 55 450 T RE 5 1 A
H SRR DG, T2 T — - TR R

SRR S R PR IINMP S, i
55 TR TR0 245 40 1) SRR 34 A AR AN () B ) 34
=, SERIE RSB AR LR A O R R 2E A
HIRP MRS 5 R BEA7 7E Al 28 AU 9 b HE
%, Hernould %" " i YRS T Mg /K < B 777
RN EMEZ EN 2 MR AheABC, J& T2y
1 254 40 B0 43 4k (resistance nodulation division,
RND)Z %, HAEHIRY S/ DA 13F, Hrofhh
PR, EXUHRRETLEN . 2T
PISMHERXT U IR R A2 k4% T LR, Bl
B NIMITEIR R Z T, AR5 it — DX g KR
FAM TR MR BT 25 HLHRI T IE ST T T, 5T
JE AR Z PR TSR RIS 2, HAESMHER
T AFAE R FEARDOMMIC, U5 S 8T Y
ik EAMER R R ERIL, HETE K M
fif PUA R K AGYHLEH T, © K Mretd. tetB.
tetC. tetD. tetE. tetH. tetGHltetM?E, ffiTrHiY
KEF MR E N, (ARSI B i 5%
T 1 B WP I R AT B S AR, % n) A AT
VER AW — A T7 1

AL GBI P, Pidlred i E & AfE 2 H
R AR T ks s g (W I Y 73 N P S TRk e = R
HMIEZE R M, T T T DU BR 22 A T 2 4L
Tl FEA 2R — Tl i A R 1 R
AR G 32 DU B0 22 25 24 W 0 1 FE DA Tt = A i 24
53— PRI AR FT A — i 2L Y, E A

HESR R VO EshHER Mok, BRI A Y 2Y
S N (TR 7S A % 1 N e e e S T P2
PE o AHE ST 755 R T 25 B0 50 T IS TN MP
J& 15O I B 2 ) ) U E Y A AR AN [
FREE R, RN g K SR TR AR AE B AR
VE R —Fiit 25 B o

tetA. tetB. tetC. tetDFtetEHR:R i PUFR K
FIAMHERR 1, AR 2 R R R (Major
facilitato superfamily, MFS)H— 51" #F5EE
AR, PP AA L ESAPEA, H
tet EXE IR % SFhI 25 36 b G R e o5
NawazZ: "5 73 85 [ 5548 14 8 URR TR PO 36 2% 119 4k X
KM AT T ARG, K Btetd. tetB.
tetC. tetDRltet EXE K th #4r 5183.70% .
28.40%. 2.47%. 2.47%#190.12%, HrtetEHH
RS 3 0 3 v TN S, Sy LR AR
DL SR ARSI A R — 3, RN, B
SOV 5 A0 B B R A ) 42 Bk 4 RS N
B, Jacobs”"ZETEXT3TREZMES H B ALK S IR AL FR
B SRR R IE R, AR Kim S 8 Bk 4
5 I P D B 2R R e PR T 0 5 R R
IR ret AL PR TE X e TR AR R ) R b o AR
WA a4k, A 128k HhterEREY, 5
86%; A2tk rerCEEN, H14%; 1RRKG A
tetABE, (57%, HAE T UL BB et B RLEAY
TR A3 B AR XS DUIR 2R 2R W g 24 ) A
I BFFE A58

NawazZ5" " HIHanZ P W58 26 W tetd Fll tet EXE A
JE R B R PUIR R 25 3L . URR A R s A
2R EL 2P DL DU IR R R 2 B s, TR
NawazZ5!"" ) SchmidtZ5!"", CiZekZ5:" D) KX fik
SRR (RS AR A IR, (HASHIF ST B
T~ 7K M TR A3 B bk S S R T S S AR A
D7H I T RN & 20 terii 25 FE R (L, A
WEoE &I, SR rer LS HY 19 22 /0 5 bk
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Tetracyclines-induced phenotype and resistance mechanism in
Aeromonas hydrophila
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Abstract: [Objective] The aim of this study is to explore the changes of sensitivity to tetracyclines and the resistance
mechanism of Aeromonas hydrophila (Ah) after in vitro induction by exposure Ah to the increasing concentration of
Doxycycline (DO). [Methods] The sensitive Ah isolates were first screened from clinical isolates and then incubated
on TSA solid medium containing DO of 1/4xMIC value. The resistant strains were obtained through continuous
subculture by increasing the concentration of DO in the medium for geometric series. The minimal inhibitory
concentrations (MICs) of induced strains to DO and 16 other non-selected antimicrobials were determined.
Meanwhile, MICs were also determined after adding efflux pump inhibitor 1-methyl-2-pyrrolidinone (NMP) to the
medium. The relationship between sensitivity changes and efflux function were analyzed. Then five genes of fef from
induced strains were amplified and sequenced. [Results] The MICs of induced strains to DO increased significantly
after induction, whereas the MICs of strains to those non-selected tetracyclines also increased. The MICs of induced
strains to fluoroquinolone increased much more than that of control. The induced strains exhibited a little higher
sensitivity to aminoglycoside and rifampicin. However, the MICs of all induced strains to DO decreased after adding
NMP to the medium. The detection of et genes indicated that tet4 and tetE were positive in No. 7 after induction and
the tetC gene was positive in No. 2 before and after induction. The zetE gene was detected in strains No. 1, 3,4, 5, 6
and 7 no matter whether it was induced or not. [Conclusion] This study suggested that tetE gene may be the
predominant gene mediating tetracyclines-resistance of Ah, which would provide theoretical basis to clarify the

resistance mechanism of Ah to tetracyclines.
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