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A 4 KA H (Aeromonas veronii); B ¥k ZJS18004 49 ik & KR & 4 30 °C, it pH A A 8.0,
RIELE A 5%0; £ 30°CHMGAEARBERT 0-1h £REH, 1-5h ZF#H; FHH Z2IS18004
A sdtk. EOBAIEEE, 5% aer. act. fla. ahyB. exu A= lip 5 6 # & A B, BREX
I2E B Ak ZJS18004 £ 23, 28 A= 33 °C Al KA v ZoF ¥ A A BRM A, 5 A RELRER
AL, Hm A 5RE5E mB R E AR F A X, Bk ZIS18004 B F i A K 1 B 8F LA L LRI AR
FF . BREZLLR 3R A R ARG H AR ZIS18004 2 B % HIA K. MBI FEE. TR

EEWA: FEZELAIITRI(2019YFD0900103); H [ K 7= RE27 A5 B b s 220 4 YERHIT B B SE ARl 55 2 4 1
(2021SJ-XT3, 2020TD45); | 4 HAFI#H4:(2020A1515011584)
Supported by: National Key Research and Development Program of China (2019YFD0900103); Central Public-Interest Scientific
Institution Basal Research Fund, CAFS (2021SJ-XT3, 2020TD45); Natural Science Foundation of Guangdong
Province (2020A1515011584)
*Corresponding author: E-mail: zhaofei@prfri.ac.cn
Received: 2021-09-19; Accepted: 2021-10-27; Published online: 2022-02-23



1742 (/ST Microbiol. China

FHE. ARREF 4 M E B Z A FURBR Atk ZIS18004 894k sham X i A R 47, £
RAFRIBZE, [F£])] ERALRARAKR T DGO LR T E2RAH, BIS5HZRAGEK
MM BOR . AR RIEF SR AW TH IR, At —F AT % KA IO 69 BURALE Fe T Bt
WA RAT T B %6 I ah,

KHEIW: Ko 29, LRALENE; AKkFH;, FHLRE; HHhHan

Isolation, identification, and antimicrobial susceptibility test
of the pathogen from largemouth bass (Micropterus salmoides)
with white skin disease

TAN Aiping', ZHAO Fei ', GUO Zhongbao®, DENG Yuting', ZHANG Ruiquan’,

LAI Yingtiao', HUANG Zhibin', JIANG Lan'
1 Key Laboratory of Fishery Drug Development, Ministry of Agriculture and Rural Affairs; Guangdong Provincial

Key Laboratory of Aquatic Animal Immune Technology; Pearl River Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Guangzhou 510380, Guangdong, China

2 Guangxi Academy of Fishery Sciences, Nanning 530021, Guangxi, China

Abstract: [Background] In recent years, largemouth bass (Micropterus salmoides) has been prone to
white skin disease during seed stage in Guangdong, Guangxi, and other places, with the symptoms
obviously different from those reported clinically, which seriously endangers the production of
largemouth bass seeds. [Objective] To provide scientific reference for the research and treatment of
white skin disease of largemouth bass, we identified the pathogen and analyzed its growth
characteristics, virulence factors, pathogenicity, and antibiotic susceptibility as well as the fish
histopathological changes caused by it. [Methods] The pathogen was isolated from the focus of
largemouth bass suffering from white skin disease and identified based on the morphological
characteristics, physiological and biochemical indexes, and 16S rRNA and gyrB gene sequence analysis.
Further, the growth curve of the strain was established, and the effects of temperature, pH, and salinity
on the growth were analyzed. The activities of virulence factors were detected by plate method, and the
virulence genes were screened out by PCR method. The pathogenicity of the strain and histopathological
changes caused by it were confirmed by immersion challenge experiments. The susceptibility of strain to
10 antibiotics and 6 disinfectants commonly used in aquaculture was determined with microdilution
method. [Results] The dominant strain ZJS18004 was isolated from the largemouth bass with white skin
disease, which was identified as Aeromonas veronii. The optimum growth conditions of ZJS18004 were
30 °C, pH 8.0, and salinity 5%o. The growth curve at 30 °C showed that 0—1 h and 1-5 h were the
retardation phase and logarithmic phase, respectively. Strain ZJS18004 caused hemolysis, had protease
and lipase activities, and carried six virulence genes including aer, act, fla, ahyB, exu, and lip. The
results of challenge experiments showed that ZJS18004 had strong pathogenicity to healthy largemouth
bass at 23 °C, 28 °C, and 33 °C. The tested fish exhibited disease signs similar to those in natural
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infections. The pathogenicity was closely correlated with the bacterial concentration and water
temperature. The infection of ZJS18004 caused obvious pathological damage such as muscle tissue lysis
and necrosis of the liver, spleen, and kidney. The antimicrobial susceptibility assay revealed that
7JS18004 was susceptible to doxycycline hyclate, neomycin sulphate, thiamphenicol, and florfenicol.
Six commonly used aquatic disinfectants had certain bactericidal effects on ZJS18004 in vitro, among
which trichloroisocyanuric acid ranked first, followed by benzalkonium bromide. [Conclusion]
A. veronii was the major pathogen of white skin disease attacking largemouth bass. The results of the
present study will build a solid foundation for further analyzing the pathogenic mechanism of A. veronii

and carrying out the research on accurate prevention and control.
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FPomES . Bk . R A5y =R e 0 Jt ek g
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B U PR ZE FR R ATCC 51208 Al
ATCC 49904 Ity H WA DI AP ORI Lo 5
PEHE MR K545 B (Escherichia coli) ATCC 25922
AR A R B o 2 AR Y
112 EEZLFFNER

PR O AR IR Al A 10 Fib
P 25 AT U NS, 29 e R D &
(enrofloxacin, ENR) . JR N D B (ciprofloxacin, CIP) |
itk iz [71] FY 42055 I (sulfamonomethoxine, SMM) .,
27 s fie — W 1B BE (sulfadimethoxypyrimidine/
trimethoprim , SM2/TMP) . 4 J5 fith fiz HY Vi e
(sulfamethoxazole/trimethoprim, SXT), £hfRZ P4
#1 2 (doxycycline hyclate, DOX). iR H & &
(neomycin sulfate, NEO) , il Z (thiamphenicol ,
THI) . 9 7 Jé % (florfenicol , FFC)Fl & I i
(flumequine, FLU). #2458 A FP0E 2590 1) H #L
i e 32 5 2 IR S [ i A R 552 36 3 s o ) 2%
(Clinical and Laboratory Standards Institute,
CLSDARE" BT AN [l (0 25 v BE B B, BRAER
LT 48 TR R AT RS i R T B 25 W)
MIC Wik, & T-20 °C {RAER . 4% 6 Fi
K7 H I 250 A T 25 W UM, T 2 5
LG = AR EURR (AR 30%) . ARALIR
BV M (45%) « N0 T R L TR BV R (N T
10%, ZRFLEE 10%) . L BEREHB(20%) . &
A A R VR (T ROCR ZE R Ty 20%) 2 2 R il
WA, 5.0%), T MNCBEMEARA R
NI

[k 2 A PR K 5B R (tryptose soya agar,
TSA). LB A7 . 7K fi# ¥ 25 11 I (Mueller-Hinton ,

MH)R ), 7 & HEHEEYHEARARA A RS
(Rimler-Shotts agar)}{i 52 3, Oxoid A H; 5%%4
FA-FAR, TARUHE R A R A E]; 8
FARI A AU W, s R R A R AT FR
Al AP LR 20 DNA #2800 &, RRA LR
FALF)A PR H 3 2xTag Master Mix, Bl
YA PR F) ; DNA Marker 73 FEARE, 5
Y TROGE)ERAF; BB, Biowest 23
Al o MBS T . A S e . F IR
Py A, AEW-M RS w] E G B,
H A iR tt,
1.2 HENBEE
1.2.1 HEDBEF

FH0.65% 11 JC B A= B ER 7KK £ K 11 2R By
R A v T3, TR S T R R )Z L
PURAE, HMTE TSA V- b, T 30 °C fH iR E;
7% 18 h, PRBULHGE T, 2R 1 bRk,
iR ZIS18004, I HIBLAG A= WhfE LRI 7 .25
BURTHE, B-80 °C f-1E# .
1.2.2 HEFSHFE

KR ZIS18004 43Rk #F+ RS A
TSA A F, F 30 °CfHIRKGFE 18 h, WA
HAERAE L AEEIEA ; [ TSA AR Bk
PRSI ROR B, 2R AR, ¥R
T ™ LB AN TR AT S e e i vk 5 Tl
W, 28 3%BEES IR 01 YL 5 T 5 W 0 R I 8%
P RNES
1.23 SEEHRAE

HFikk 21S18004 T 30 °C HE A} 18 h, S
WEAEFTEIH, AT AST-GN 65 4il 1 % 2 i 57
2, A0 FH 20 TR 2 0 B 4SO A B AE AR AR AR
1.2.4 16S rRNA 70 gyrB R F5| 4

F TRK ZIS18004 40 2 LB A 1,30 °C
180 r/min#E % 3% 3% 18 h, 10 000 r/min &5 .[> 2 min
AR TR A, = BRI TH JE R 2 DNA $RBGR5 £ il
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B -BILEU T S DNA, £% Borrell ZU8HI
Yafiez Z£"N% 4 16S rRNA KK 519
27F F1 1492R At Jig Jifg IV B HE [H] (gyrase subunit
B, gyrB)5|%y, VA4 S DNA Rtk , 450k
7 PCR Y73, 5IWFEWE 1. PCR Pk
3T AE P H AR A B2 BIEF I < 32 A NCBI
(http://www.ncbi.nlm.nih.gov)fy) BLAST #& /7 it
A R R 500 s FIFH MEGA 7.0 3
K FH 4B $ (neighbor-joining , NI (1 000 X
bootstrap 2 )HHERFL LB .
1.3 HEEKRFES
1.3.1 FEKhzk

S 50 4 NP 5k K B bR 2IS18004

*1 AWHRFFASY
Table 1 Primers used in this study

BRI ZE LB W%, 30°C. 180 r/min £55% 8 h,
DL 0.65% JG B A B 3 AKCOK: TR T e R T g &
3.0x10° CFU/mL fE MR F B, 4. 43 31H
20 mL Fp PR EFF 180 mL LB Y, %
3 AL, F 30 °C. 180 r/min }i3%, AR
0.5-2.0 h Bt 5 mL 8557, MI%E ODgooo VA [H]
FEARR, ODgoo AP ALFRZ: T TR ZIS18004
SOER NS
1.3.2 REXMEKFIN

£:% Zhao P, HE 1:10 AL
F PR ZIS18004 Fl 7 HW A T LB W+,
fE 5 mL, RAREER 3 ET, 40T 5.
10, 15, 20, 25, 30, 35, 40, 45 fl 50 °C &

EIk/ B ElkZ gl

Primer name Primer sequence (5'—3")

K
Product length (bp)

16S rRNA-27F AGAGTTTGATCATGGCTCAG 1 500
16S rRNA-1492R GGTTACCTTGTTACG ACTT

gyrB-F TCCGGCGGTCTGCACGGCGT 1130
gyrB-R TTGTCCGGGTTGTACTCGTC

aer-F CCTATGGCCTGAGCGAGAAG 431
aer-R CCAGTTCCAGTCCCACCACT

act-F AGAAGGTGACCACCACCAAGAACA 232
act-R AACTGACATCGGCCTTGAACTC

ast-F TCTCCATGCTTCCCTTCCACT 331
ast-R GTGTAGGGATTGAAGAAGCCG

alt-F TGACCCAGTCCTGGCACGGC 442
alt-R GGTGATCGATCACCACCAGC

fla-F TCCAACCGTYTGACCTC 608
fla-R GMYTGGTTGCGRATGGT

exu-F (A/G)GACATGCACAACCTCTTCC 323
exu-R GATTGGTATTGCC(C/T)TGCAA(C/G)

lip-F CA(C/T)CTGGT(T/G)CCGCTCAAG 247
lip-R GT(A/G)CCGAACCAGTCGGAGAA

ahyB-F ACACGGTCAAGGAGATCAAC 513
ahyB-R CGCTGGTGTTGGCCAGCAGG

ser-F CACCGAAGTATTGGGTCAGG 350
ser-R GGCTCATGCGTAACTCTGGT

gacT-F CTCCTGGAATCCCAAGTATCAG 237
gacT-R GGCAGGTTGAACAGCAGTATCT
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BSR4 h JE 22 B R SO R A 1 TRV R
FEo [, 7EFFEREFRRS, 43 H 100 uL 2
R SRR SR TE TSA i b, T 30°CHE
Big% 24 h, WLEIC SR AN P A7 T 1 O
1.3.3 pH FEAKHIE N

Ay B pH {E M 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.0, 11.0 fil 13.0 i LB W7, ARG IR
1:10 B LI R B Bk ZIS18004 Fh T Wk , H78
SmL, &4~ pH{H% 3 P47, T 30 °C #aE i
7%, 4h e S B RBORE .. R, FEfE
B FRR G , 40 B 100 pL 20 B 3% 3R WX 5181
TSA AR I, F 30 °C #EHFF 24 h, WL
AN AT T O o
1.3.4 HEMERBZIN

A3 N BCHER A 0%0. 5%0. 10%0. 15%o.
20%o0. 25%0. 30%o. 35%0. 40%o. 45%0. 50%o
) LB W, RIGHIE 1:10 Y oo bk
ZJS18004 M ¥R, T4 5 mL, PR
34T, F 30 °CHERTE, 4 hJ5lE&E
POTRIRCOH BE o (R, FEFFE S IRATS , 23 i
100 uL MEEEEFWHSIIRTE TSA P b, T
30 °C fE 3 24 h, WEGC AN RIS DL .
14 MESFSHEFHH
141 A%, EEESEMEELED T

ZRATINEP 2, D 0.65%M TR L
PRI ACK T FR ZIS18004 A b1 T T e 5 1 2%
F 1.5x10° CFU/mL 1£ J SCI0 T, 43 B 1 pL
LI TR RIAE 5%40 F AR . E 1% IR 2R
Wil TSA M A 1% 7-80 ) TSA F#,
B3 AFAT, 30 °C HHE B35 36 h, I E V4 1L P
AR I 7K A B Y ELAR
142 SHEERSH

Z: B Nawaz SV B2 FQ A< I B 1Y
SR I (aer) . NIRRT R I (act)
PR E TR RN (ast) . IATRENHER

FEH (alt) ¥ B M FEH (fla) A% R B FE A (exu) |
BERGBEE K (lip) . 31 A BN (ahyB) . 2272
it 5 16 3 D9 (ser) FREL [ S PG 66 5 5 il 22 )
(gacT)%F 10 Fhag )L PCR 5191(FE 1), VU
Pk ZJS18004 A FE[H 4] DNA A it4T PCR
P31, PCR =44 1 %5 g A BaE e i PR R  J 26
TN SETEAE e AR AT B2 ) SEA 70 36
1.5 BHRIER D9
1.5.1 BHRERERENOBRE S

H R 21S18004 #:F1 T LB WA, 30 °C.
180 r/min #R¥FHEEFE 20 h, MEFERHKE, £
1.0 mx1.0 mx0.5 m [ 7K WA H b 7R i ek e 51
¥, JKIRESHIFE 23 °C. LK Ah 6 4, FRALSK
Bufh 30 &, Hir 5 AN ERYL ALK R 1 R G 5y I E
TN W SE A 6.00x107, 3.00x107, 1.50x107,
7.50x10°, 3.75x10° CFU/mL A4 7K {4 i 474 1
BRI, X HRAH B KR AW, B E
HEESR 9d, BREKEAN 10%, ML, id
SRS I () R RE R BB T B B, JF WAL
g kb Ah R AT A TR T S RN, [ [ e X R
E e b SN I SN U281 = S e A
WHWES . AL, FEIRR AR, PR T
YeJa 3 Rt BUREAR (9 £ 5 30 R Al fa R IR 7
—iE, HLESE 9 d, WER . 0 SR SL G iR
R FIE IR LT B
1.5.2 HEHREARLRE BB

3l E 3 RO E] Y /K IRL(23 .28 i1 33 °C),
K FH R[] B9 40 T 96 B2 (3.75% 10° CFU/mL) JEf 735
ALY, [R) B A AN TR KR T B X R A
TSI 0 30 F&, AR 9 d, M. il
S A R IE T I I o
1.6 YRR
1.6.1 MEHYHEE MR

SR H, FH 0.65%JC 1 A= FRER K # TR Ak
ZJS18004 ) T He FE R4l 1.5x10° CFU/mL,
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W 10 L fifA 12 mL MH A% F 18 59 ) i
PR, SR R R i R T 7 96 FLZS i,
100 pL/AL, [FIB AR A0 TR /Y MH R 7 5 1
Xt HEFITC 258 B B BHPERTREAS 2 9L FlKIG
AW ATCC 25922 fE RS bk, Wil % il
R BE AT AR B o MR AT i 2 T
BAY, 35°CHFH 24 h, MEICHLE R, B
5 [ I PR AN SE 6 = bR fE B2 (CLSDARE! T, A
W B ik ZIS 18004 X 45 Fl 25 ) iy Sk .
1.6.2 HEF ISR MEIRE

K AER R, L 0.65%J0 B A FEER K
W 3212 04 K T 1 R B A [ vk B2 (B A A
ROM oty WAHEE 96 fLbk, BB A
100 puL ELF BEAT B AS [V FE R TH B RV T, 79
JIA 100 L 85 4 0 TR AR, o e 2 43 P ik
4(0.5-1.0)x10° CFU/mL; [R] s 158 AN $22 il 40 541 114
MH A7 BF P X BECRTIC 245 48 B A9 B 1 X R 4%
20FLo BRI 2 E TR, 35 °C i
A 24 h, WEE A WA LA ERK 5L
HA3 A 100 pL, ¥RAG T TSA Ptk b, 30 °C
TR BRI 24 h, MRS A BTG, 2
PEXT REFLAH TR AR R A7, B BRFLC AR K
W) TG A4t T A A L PN T B B I 24 4 e By e
RN R B (MIC), ~F-Hi b JC B AR K W B IR
70 e A e AR R TR MR (minimum  bactericidal

concentration, MBC),

2 BER504

21 WESELETE
2.1.1 AEMESSEEE LY

IAER L B B R 11 A B 1 B2 B R LI 43
BRI MR 2IS18004, HiZ A, 7E
RS VA 22w, £ TSA i F 2R A6,
PR PE IR IEDEIE . IS o iy, il adiE

S FEL B L TR AR L A TR (1 720 nmx900 nm)
BRI . PRI B (B 1) SR FH A0 TR % 5E 23 i
XF PR AR ZIS18004 1 2 k4 PG/ PR B P A5 =X B e
PEAT 47 WA A AL AR AR BT, S5 BOR, TARE
ZJS18004 5 2 tRBIATR PR Y 42 1 AR FA: A48 5
SRR (R 2), WA HO 4 AR
2.1.2 16S rRNA #A gyrB EE F 524

PCR ¥ 34 3R15 ik ZIS18004 ) 16S rRNA
1 gyrB BB B R /N33 1 453 bp (GenBank
535 OK036711)A1 1 073 bp (GenBank & 53
5}y OK044148), BLAST 253 578 16S rRNA
Fl gyrB FERF 4 5 2 QA5 B TR %) AR R A
=, Ak E] 99.72%F1 99.81%. 43 HIAR G 16S
rRNA Fl gyrB FERF I R G R BN, 454
WIREE 2JS18004 54k G B I B N —F%
(F 2), dE—FHiE Fk 2IS18004 4k [G/<
JL TR
22 HEEKRFESHT

HiFk ZIS18004 £ 30 °C I iy A= K i<k (K 3)
B8 01 h BREW, 1-5 h 25U . Fkk
ZJS18004 A= <tk il kil 25 R B ow 7RI E
10-45 °C Ju N AT AR, Fad A KIS 30 °C

: 7 ks |

1 pm

1 ESRETHEK 2IJS18004 275
Figure 1 Morphology of strain ZJS18004 observed
by transmission electron microscopy.
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2 FHk 2IJS18004 BUER 4 IF A (L 4HE

Table 2 Some physiological and biochemical characteristic of strain ZJS18004

Test item ATCC ATCC ZIJS Test item ATCC ATCC ZIS
51208 49904 18004 ! 51208 49904 18004

NEIR-FR N AR Ml A M7 el + - + M 4> AL - - -

Ala-Phe-Pro-arylamidase ' Adonitol

O 5 5 35 M il + - - CETRE - - -

L-pyrrolydonyl-arylamidase ' L-arabitol

21 4 — it D-cellobiose + - - B-2FFL Kl F i B-galactosidase + + +

H,S 7/ - - - + B-N- £ T 5 6 1 16

H,S production Acetyl-p-glucosaminidase

AR I e - - - | + + +

Glutamyl arylamidase pNA D-glucose

V- A R - - + | 2 K I + + +

Glutamyl-y-transferase Glucose fermentation

-7 Z i 7l B-glucosidase - - - ' D-7 Zi B D-maltose

D-1 # ¥ D-mannitol + + + D-H ### D-mannose + + +

B- AT iy - - - | B-P R Y M i - - -

B-xylosidase . B-alanine arylamidase

L-Jifi 28 2 55 1 i + + + | G + + +

L-proline arylamidase i Lipase

EEZ - - - | S PR e i + + +

Palatinose Tyrosine arylamidase

JR 2 [} Urease - - - ' D-1L13LEE D-sorbitol - - -

WEME Sucrose + + + D-¥5# B D-tagatose - - -

D-7 34 D-trehalose + + + FrEE IR £ (89) Citrate (sodium) — - +

N kR - - - + 5-1iF-D -7 45 B - - -

Malonate 5-keto-D-gluconate

FLEREL P2 B L-lactate alkalinization — - - L o-H I BE a-glucosidase - - -

BRHRR AL + + + | N-Z - T - - -

Succinate alkalinization B-N-acetyl-galactosaminidase

o- P FLE T a-galactosidase - - - W R i Phosphatase - + -

QI LT TT I T + + + 5 S R R Tty - - -

Glycine arylamidase + Ornithine decarboxylase

51 2 R PR Tt - - - | 4R [ AL - - -

Lysine decarboxylase E L-histidine assimilation

COURMARATE + + + | - 2 T il - - -

B-glucuronidase

0/129 ifit % + + + DA UL - H R RS SRR Y MR + + +

0/129 resistance Glu-Gly-Arg-arylamidase

L-3E SRR R b - - - ' ELLMAN + + +

L-malate assimilation

L-FLAR kL - - -

L-lactate assimilation

W o+ M - A

Note: +: Positive; —: Negative.
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A 99 | Aeromonas schubertii (JQ303345)
93 Aeromonas schubertii (JQ319029)
-Aeromonas diversa (NR117303)
36 Aeromonas lacus (NR136831)
Aeromonas sobria (GQ205446)
87! Aeromonas sobria (HM358836)
ZIS18004 (OK036711)
Aeromonas veronii (KF413415)
= Aeromonas veronii (MT384380)
Aeromonas veronii (MN753978)
Aeromonas veronii (MK 182893)

100 |Aeromonas hydrophila (KC202278)
]Aeromonas hydrophila (KT380830)
100 Aeromonas encheleia (NR041962)
Aeromonas caviae (AB034760)
Aeromonas piscicola (NR118044)
99 | Aderomonas bestiarum (AB034759)
0.002 ‘Aeromonas salmonicida (HQ283362)

52

B 06 1 ZJS18004 (OK044148)
]9 Aeromonas veronii (JX025914)
Aeromonas veronii (JX025949)
7T — Aeromonas veronii (KX953880)
—— Aeromonas sobria (JX025820)
— Aeromonas sobria (AB473048)
Aeromonas allosaccharophila (F1238491)
— Aeromonas jandaei (AY987511)
49 Aeromonas rivipollensis (HG799676)
Aeromonas bestiarum (AY987523)
52 85 Aeromonas encheleia (AY101809)
Wl Aeromonas eucrenophila (AF417629)
100 |Aeromonas schubertii (HQ731454)
1001 geromonas schubertii (JQ319030)
Aeromonas enteropelogenes (AY987508)
Aeromonas caviae (MG751859)
L{ Aeromonas punctata (AY987546)

44
99

48

Aeromonas hydrophila (AB473177)
96 | deromonas hydrophila (LC012325)

45

0.02

B2 EFE# 2IS18004 FIH S B RE AY 16S rRNA EE F5(A)F gyrB ERFIIBHENRFK L
BRI R RIECT N bootstrap B 55 N BT N GenBank Bk bR R Jr BT AR EL R RS
Figure 2 Phylogenetic trees based on 16S rRNA and gyrB gene sequences of strain ZJS18004 and other
Aeromonas strains. The numbers at the branch points represent the bootstrap values. The numbers in
parentheses are GenBank accession numbers. The number under the scale bar indicates the genetic distance.
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Figure 3  Growth curve of strain ZJS18004 at
30 °C.
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23 HESBSHEFSH
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4 REXEHK 2JS18004 £ KHIEMW A
/NG PR R A ) HAT 25 M 22 5 (P<0.05)

Figure 4 Effect of temperature on growth of strain
7JS18004. Different lowercase letters indicated

significant differences among different groups
(P<0.05).
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/NG TR AL HA B 25 7 (P<0.05)
Figure 5 Effect of pH on growth of strain ZJS18004.

Different lowercase letters indicated significant
differences among different groups (P<0.05).
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L
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6 HEXMEH 2JS18004 £ KHIEM A
INE RN AL A B 5 22 57 (P<0.05)
Figure 6 Effect of salinity on growth of strain

ZJS18004. Different lowercase letters indicated

significant differences among different groups
(P<0.05).
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B 7 ®%k ZJS18004 5 H A FREMFME A HIMWEME; B: EABEME; C. BB

Figure 7 Phenotypic characteristics of virulence factors for strain ZJS18004. A: Hemolytic activity; B:

Protease activity; C: Lipase activity.

iR B (fla) . RS FI R (ahyB) . A% TR T
HE [ (exu) G T 5L K] (Tip) o
24 BEHRBURMS

R R (| 9) s, fE 23 °C B, 7E
JBRYLEH 1 K, 6.00x10" CFU/mL ZHAY K 112
fip R IR EFE T, RICAIR RS, 2z
MR 2, 5 R k1 Hph s A i £
TESS 4 RIFUG B Bk & T RIBET S, 2565 9 K,
Ji A G B FE T 2 345K 5 100% . =216 GL 1Y
KEABOTEFOR L R A AR ZEEZR, 58
SRR WERARZE LB 10), FFRE M BABE £ 1)
RIZWUA A B R AR A0 o R P fa 5 fd Bl
RSB ARG, SR AR5 4 K

bp M 1 2 3 4 5 6 7 8 9 10
2000

1000
750
500

250

100

E 8 E#k 2JS18004 5 1 EE PCR # &4 R
Figure 8 PCR amplification results of virulence
genes in strain ZJS18004. M: DNA Marker; 1: act;
2: alt; 3: ahyB; 4: gacT; 5: aer; 6: fla; 7: ser; 8: exu;
9: ast; 10: lip.

W B IR A FISET- B G:, 2 7 RILT- Rk
100%, FEFEASLEG Rl FEHr, X BE ALK 11 2R fof
KRB AIREAR , AR HBIET

AL R (E 1D)ER, SXIEE RN
AR P, R AL U B R TR R
(K1 11B) 5 JHJIE A 20 A M R sovE IR 38, A%
RlZg Ry, DR RPN E (& 11D); WA
ZUN R HE SRR XT B , FETER R B IRBELL
RBE A0 A A% [ 4 TR G sl 24 A (] 11F) 3 5

100 - *

0T |a6.00x10" CFUML / /

80 |3.00x10" CFU/mL
2oL [ +1.50x10" CFU/mL /

I ¥7.50x10° CFU/mL

60 ~3.75%10° CFU/m
--Control

50+
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30F

20 +

Cumulative mortality rates (%)

1(d)

B9 7£23°CFE#k ZJS18004 A TREF AR
RTE

Figure 9 Cumulative mortality rates of largemouth
bass artificial infected with strain ZJS18004 at 23 °C.
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10 KRAOBESARFER A EHRERKOERS; B: AKRKRRORS; C: N TG M R
Figure 10 Clinical signs of largemouth bass with white skin disease. A: The healthy largemouth bass; B:
The natural infected largemouth bass; C: The artificial infected largemouth bass.

B 11 FE#k 2JS18004 Bt KO EeARYALNRIETY A, C. EMG: XBAULA . . MAE;

B. D. FAIH: BYAMMLA ., FF. MFE
Figure 11 Histopathological changes in largemouth bass infected with strain ZJS18004. A, C, E and G: Muscle,
liver, spleen, and kidney from control group; B, D, F and H: Muscle, liver, spleen, and kidney from infected group.
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INETTIZ U, BN R 20 R R L
HeZalL, A B R IRSE(E 11H),

AT 5 P R IR TR 5 2R (K 12) 80K,
YL EHE 7 RITUR, SR EWRIET, 25
9 RIET KK 100%, F+EKEE KIRIERE, FET-
FHXTREPR,  HBLAREIR 5 A SRR AR, tihE
MRFE A0 1435 JZ LA 4385 S [RIRE (R 4 T
2.5 RN

PR ZIS18004 X} 10 Ff =l bRt 1] e 24 i)
ML R (R 3) B, Wk ZIS18004 Xf#:
iz 2 T3 £ (DOX) . iR 18 K (NEO), HI IR E
ZR(THI), A JEH (FFC)X 4 Fhh¥yiusk, *I
RNV (CIP) P25 TR 24, %t 4 1D B (ENR)
itk Jiz [va) B 420 1% I (SMIML) L &2 ) i Jiig — P o5 e
(SM2/TMP) . & J5 fisf i B W& me (SXT) . 98 HH 1
(FLU)IX 5 R 23y R BN it 24 .

B Pk ZIS18004 X 6 Fi i UL /K™ I #5254 1)
BURPEMNAZE R (R DR, 7 — 2500 1wk
ZJS18004 114 F5z /N1 T Vi 5 1 e /N S TR MR 32 2 A
[Fiy, BF MIC/MBC MI{EF 1, =& 55K

3 EFk ZJS18004 XT 10 i E 259 R BUR T
Table 3

100
—u-23 °C Infection /-/.
= 90 ——28 °C Infection ;F
s g0 L —4—33 °C Infection 1
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E 70 —28 °C Control ‘/}’_‘f
o ——33 °C Control i
= 60 i
E /|
5 50 I/J'JI "#
=) // /
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= //‘ :’
E 20 Ve
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B 12 ETERENEK 2518004 A TRERE
ME R TE

Figure 12 Cumulative mortality rates of largemouth
bass infected with strain ZJS18004 at different
water temperatures.

XT TR R ZIS18004 HIMARSMIN AR AU fe &, MIC
Ml MBC {H#4°% 0.56 mg/L, HR AEFLIREE
(4.23 mg/L), RJE RN FERFLIREL (4.76 mg/L) .
2 BRML(60.00 mg/L), R4ERIHL(240.31 mg/L)
Fe % —#(240.31 mg/L).

Susceptibility of strain ZJS18004 to 10 kinds of antimicrobial agents

ENNEETE Y MIC {H TEURR
Antimicrobial agents MIC value (mg/L) Susceptibility
B 7h & Enrofloxacin 8 R
TP A Ciprofloxacin 2 I

figh &2 [|1] 480 W% ¢ Sulfamonomethoxine >512 R
25 R B ELE Sulfadimethoxypyrimidine/Trimethoprim >20/4 R

5 7 i PR WEmE Sulfamethoxazole/Trimethoprim >76/4 R
iR Z Pi ¥ % Doxycycline hyclate 4 S

i #R H1 % % Neomycin sulphate <1 S

FH I % 2 Thiamphenicol <2 S
A JE % Florfenicol <1 S

R H s Flumequine >32 R

e R: M2y; 1 da; S: MUk
Note: R: Resistant; I: Intermediate; S: Susceptible.

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



1754 TR F Microbiol. China

&4 HE ZJS18004 3F 6 Fk F=iH T BB E
Table 4 Sensitivity of strain ZJS18004 to 6 kinds of aquatic disinfectants

T2 57 MIC {i MBC fH MIC/MBC
Disinfectant MIC value (mg/L) MIC value (mg/L)

A S A IRER Trichloroisocyanuric acid 0.56 0.56 1

T PR FL I £% Glutaraldehyde benzalkonium bromide 4.76 4.76 1
RYEMR L Povidone iodine 240.31 240.31 1

R FLIR 8 Benzalkonium bromide 423 423 1

2 B2 Todine methionine 60.00 60.00 1
&% Glutaraldehyde 240.31 240.31 1

3 iwEE#

AT DA R TR 95 1) R I R B 3 5 381 R A
ZJS18004, AR MES , A LR R . 16S
rRNA il gyrB FE[H 751 53 #r 55 45 S 5 2 T bk
ZJS18004 4k [ TR o 4 ICACHR L 7R 2
— P BN -F -t R Y SR BOR T L )
ZAFTE TR TR h Rl IR K 35 5 it 3
XA FRE ) fE 3 2 B BT, AR,
CL A 4 P BRI T R e R 11 R 5 R RSB T
(10 (L AR R AR T 1 B Y
1IN0 S I EAN N 1 N N N T
OB Z2IS18004 5| e A 11 MG v i ) 32
B RE RN B2 R & sl B 2R, RFR T
B Fe i s i, Pt R L s R
i PR [F) AT B2 T B R 22 [ B AR 2 e M A7
TEZE S, Ak n] 8 5 206 25 9 U R TR
FET I, A E AT TR ZIS18004 AR KA1
B 1 A - O PR S T R A B 40, ]
B EA TP 25 0 i 0 X0, B AR S R 1T P
BRI R IR ARG SR T 24t 2 2% |

55 R IE B R A AR T ) A R
A2, Hkk 21S18004 HAT T AN £h 4%
P, TE 10—45 °C Fll 0-45% 0 B T feA K.
RN TR R e b fa 5 e fa iR 5%, Y6k
SR PR BTG ARG, 5 AR LN

AERAAL, HE— B I bR ZJS18004 2K 111 7k
B e TP PR ) 2 i o M T Y
JRGEHUKIRF VIO, R RO A A AE R TR
W, FEFAEN R -9 AL FEARRKB A,
AR K23, 28 Fl 33 °O)KIMFTF, HEk
ZJS18004 T Jy 5 55 5 K ML A ARAH G o TRk 25
DRSS SN DS &SP S E S = AISE v S SN
R ZIS18004 7E v il I 2 11 A5 A TR 40 HL
Ve — 2B WF 58

N IES TN St SR i i R 4 N
S5 e B R O AR, AR EE SRS S
Z R EE ST o W . RS R 1 4 KA
Ko WILER . A S e =R T
WEFE AT, TEREREE. BT R
R R SR EAER . PRSP g K
K MM (deromonas  hydrophlia)i 5k HA 1
AR RGP, TS s I . NIRRT
BE X R W (ctalurus  punctatus)®™ | #
(Ctenopharyngodon idella)™ F1i& XN (Macrobrachium
nipponense) 5 B SO P 4k FCA L B A 41
Y A I 2R RIS DS I, 2P
B3 e PR R RE 5k 55 5 I I A T R 1R
IR, HULEARFRESRAL, #idk ZJS18004
W BA W M B AR R, O HAR
PR BRI B0 ) o X SR SERIT, L
T T R i P T T e A 2 P R S 1ot A
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TR EOCHEVE T . R TR B0 ) P RE S 4
5 1 S R A R RSO, 2 — i A DG
Nawaz SEPVEN TAHMER 10 FhEZEE )
LN PCR KGNk, /BB 81 MRIER X
B (Ictalurus punctatus) 5 0 4 &S BRI B 45
i BE )k N R ECR MR R A TE ] B 22 5, Hih
i lip, geaT. ser. fla. aer Fl act FE A
PRI B R, IAE] 78%-97%, HIRKME] exu
1 ahyB F:H . M Nawaz 251k, —t
WFFE o3 A 1 H U5 B0 P 4 TG CER I T X IX
10 A g e A5 00, 45 R B R DY
PR EU PR PN B 5 6 Fhas J1 3£ (act |
aer. lip. exu . fla. ser), W§(Aristichthys nobilis)>*
TR R T 5 Fhae S8 H (act. aer.
lip. fla. ahyB), W HI R BWARIE 07 1 5L
P AR B PRIP A S — . JiAh—SEpsE R
i1 i = A B S B | SRR i -2 1
(Carassius gibelio)?®' | Bt 55 X B il (Ictalurus
punctatus)P I H4: 1 (Carassius  auratus)? 5 1
HO PE i FC M T A B ) R I S A A 2
o BRI, ABEFER FAHTE R PCR J5 46 00 T4
PR ZIS18004 #54H AHCHE: T I RIS 0L, 25 R B
N BE 2JS18004 #5747 aer. act . fla . ahyB . exu .
lip 55 6 FhaE I BEIN, LB Al RE 2 2 AhaE ) 2k A
HATE P3[RV R AR 7 7 o BRTbR Z7S18004 1Y
BRI R I 25 R S BAA e . AR FAR
U5 Tl 1 i 3 R Y 2 B A A AN TR
G —2, RYIAABRNEORTE. TER
EARME FEF IR T, B oaer FEH Y,
HATRSRAA mrE  aisgtefin s, o
it AN ORI RN aer JEH
[ HE ik 90% Lk BBV, i it 1 B K g
% 508 32 b R A AR T 5 A ad ) — Ak
SRS RS, U FE A AECT . R R
AT R AR, (RN RIS B, R R

e gEtY . W AME (i 32 B IR A i S R
4, AUTHREMEERT, WAHENAERK
BRPRVE IR, WRBUR P, XS NI
UL T4 FC AR A I BOR T S 2 R
PP R FAR OG , (RN ) b 3 a8 1 ok R
PR T RE ST 1 ) SE R AP S | B ek a3t
KRBT FHAAAEEF . X TR
B0 M 5 ) SRR A DM MR TE M, AT T
ik — T ST -

H B A SRV T B 259 £ A
Tl Jiie — PPV | R () P SR L e R R
L EOREE . RIRT A B e FIER.
TR AT 25 25 MR TR Z PU A R 5 12 . A5l
E T PR ZIS18004 X 10 F [ ARHT B 25 W i i
B, RERMEREE . FIRER. HhR
ZVUARFGLIR B 5 R iX 4 Fh2y Py igusk, HXT
ik il — R W | ) R AU E BT RS R L B
g | RV G e Y R BN 2y, 5
HAARF 5T 3 MK 1T 2 B U T A £ 2 D115
5 B B0 T 4 FCAH I B 1 2 O B 25 R S
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RGP R HIbE 21S18004 HAT — & ARSI
REWROR, IF HLIR — 259 ) doe /N 727 ¥ B i e
ANRBE M, o = AR R RO b
HRERFLIRS . VL R4 RO, e
MEAEE . HIER . SRR AR
B 5 2R S DU 20 M = S R SRR L R AL IR
I R PR FL IR AT BE AN B AR ZIS 18004
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