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| solation, identification and biofilm for ming char acteristics of
pathogen causing fulminant hemorrhagic disease in yellow catfish
(Pelteobagrus fulvidraco)
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XU Zhong-Qiang LI Jin-Nian’
College of Animal Science and Technology, Anhui Agricultural University, Hefei, Anhui 230036, China

Abstract: [Background] The disease, causing fulminant hemorrhagic of yellow catfish (Pelteobagrus
fulvidraco), occurred in a pond in Dangtu County, Anhui Province, and the pathogen is controversial
currently. [Objective] Investigate the pathogen causing outbreak hemorrhagic disease of yellow catfish
(Pelteobagrus fulvidraco) and the biofilm formation characteristics of the isolated strain, to provide a
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reference for the prevention and treatment of A. jandael infection. [Methods| The organs with obvious
pathological changes in dying yellow catfish were inoculated on the EPC cell and media (TSB agar plate and
blood agar plate) to isolate the pathogen, and the pathogenicity of the isolate was detected by artificial
infection test. The isolated strain was identified by phenotypic identification and 16S rRNA gene sequence
anaysis. Then, the optimal conditions for biofilm formation, biofilm forming ability of the isolated strain and
biofilm-forming genes carried by the strain were detected. [Results] A dominant isolated strain named
HSY-2 was recovered and purified from organs with obvious pathological changes. In the artificia infection
trail, the bacteria isolate HSY-2 exhibited virulence to yellow catfish with an LDs, value of 1.05x10° CFU/mL.
The bacterial isolate was identified as Aeromonas jandael according to morphology, biochemical
characteristics and phylogenetic analysis derived from 16S rRNA gene. The optimum condition for forming
biofilm was to inoculated on the TSB medium for 96 h at 30 °C, at which the isolated strain might form a
moderate intensity biofilm. Three biofilm formation related genes, including glycerol-3-phosphate
dehydrogenase D gene glpD, S-ribosylhomocysteine lyase gene luxS and LuxI family protein homolog gene
ahyl were detected in the isolated strain, whereas the mannose-sensitive hemagglutinin pili biosynthesis
protein Q gene was not detected. [Conclusion] This experiment provides a basis for further study on the
regulation mechanism of A. jandael biofilm formation and a reference for the prevention and treatment of A.
jandael infection from the perspective of anti-biofilm formation.

Keywords. Aeromonas jandael, Isolation, ldentification, Biofilm formation ability, Biofilm formation
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Tablel Factorsand levelsof orthogonal experiment Lo(3%)
A% Factors

K- A FiFRiR BRI CHEFRATIH]
Levels A Incubation B Medium  CIncubation
temperature (°C) types time (h)
1 25 LB 48
2 30 BHI 72
3 35 TSB 96
152 S EERRIEMIERZ R RE RN

TE R LA 1T R UL AR 45 it 55 e 1k A
I3 BRI A IO e 1 . 275 SCHR[ 23] 25 I RE
ZH 34 ODagp fE N FH: 365 br v 22 (SDWE M A B A= 4
JETE i B4 (Cutoff value, ODc), ODggr {H<ODc
FIRTCHEYIEIE BEE )] ; ODc<ODgg, fH<2 ODc HI 4
A= WIS ALRE 714055 ; 2 ODc<ODgp <4 ODc Fil A E
VI LRE J1 55 ODago fH>4 ODc HI N AEIEIE
JRETT5
1.6 D BEEKIES S YRR BB S E E AN

s GenBank HHSCR AT HMIE Luxl KikHE
H 7] #&%7(Homolog of LuxI-type protein family)Zfi%
FEH ahyl | H-il-3- B2 i D (Glycerol-3-phosphate
dehydrogenase D)4ufidElN glpD . SAZHE R L
1R 24 7 T (S-ribosylhomocysteine lyase) i fith 35k [A]
luxS DA R HE B BUR R IMBE R W ESMEN Q
(Mannose-sensitive  hemagglutinin  pili  biogenesis
protein Q)ZwtH LA mshQ J¥ 41, &iTG L 4 X
PGV (ER 2). PCR K 3 B R RS A4 X 4 Fh
HEIRRTE A G LR, PCR WA R [FIFTIA 16S
rRNA JERY AR ; PCR S i Z514:: 94 °C 5 min;
94°C30s, 52-57 °C (A~ [A] & [H 1R R EE WL 3% 2)

®2 AMRPETANGIY
Table2 Primersused in thisstudy
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PIPR HSY-2. 4 B PRTE TSB Zis Pk F i
Tofa . REDEHEMEER ., %K. LEY ., HE
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Gene Primer sequence (5'—3) Size (bp) Annesling temperature (°C)
ahyl F: CCTCGGCTGGGATGTGGAAT 308 57
R: CCCTGGCGAAGGCATAGACC
glpD F: TTCCGGTTGGTGAAAGAG 896 53
R: TTGCGATAGGTGGTGAGC
luxs F: ATGCCGTTATTGGACAGTTTTAC 510 52
R: TTAGAGGCTTTTGAGCTTCTCTT
mshQ F: CACCTCGGCGACTTTCCA 1670 53

R: CGCTGACGCTCTGTTCCAT
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Figurel Appearanceand anatomical changes of artificially infected yellow catfish

e A MEESERMI; B: EFHIM; C. M, D: AMRSE B, E: JAEH M.

Notes: A: Pectora fin and eye hemorrhage; B: Tail hemorrhage; C: Gill hemorrhage; D: Gonad and stomach hemorrhage; E: Splenic
hemorrhage.
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Table3 ThelL Dy, of theisolated strain to experimental yellow catfish

L HEES TR EERK FIT4AL Cumulative results
il Biilb=: : :
Group Dose (CFU/mL) Numbersof ~ Numbersof  Numbers of E 74 ﬁEE el _ ﬁEE$
injected fish  dead fish aivefish  Alive Dead Mortdity ratio Mortality rate (%)
1 2x10° 10 10 0 0 28 28/28 100
2 2x10" 10 10 0 0 18 18/18 100
3 2x10° 10 5 5 5 8 8/13 61.54
4 2x10° 10 8 7 12 8 3/15 20
5 0.2 mL Physiological saline 10 0 10 10 0 0/10 0

L Dso=1.05x10° CFU/mL

: :.;m‘;.f%"'; e v
b gt Lo
\ ‘&&h“’l“"f}#‘ MELER !
4% Ja,’ "‘.‘ _‘?\' 5 ,.‘f ‘:1
*@;‘M% e S Y
“‘*'E‘p J'z 5‘, [

13 L A
L T PR S

2 HEBEE HSY-2 BIEFIEST i E

Figure2 Light and transmission electron microscopic pictures of the strain HSY-2 isolated from diseased yellow catfish

TE: A: JeBEl A (1000x); B: i#STHIBEIR (6 000%, MEAHRTLRHEE).

Notes: A: Light microscopic picture of strain HSY-2 (1 000x); B: Transmission electron microscopic picture of strain HSY-2 (6 000x), white
arrows show flagella.
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T4 HNEEEHSY-2 B9
Table4 Biochemical characteristics of theisolated strain HSY -2

WS I3 E R ] it’iiﬂ@% WA I3 AR ] iﬂj’ﬁﬁﬂﬂ% .
Test items HSY _—2 Isolated ATCCA49568T A. jandaei | Testitems HSY_—2 Isolated ATCCA49568T A. jandaei
strain HSY -2 ATCC49568T ! strain HSY -2 ATCC49568T

AR + + iR ee - -
Gas from Glucose 'H2S
WA - - LS + +
Amygcldin Indol
D-8 + + R - -
D-Melibiose iUrease
D-HFR + * kbt - S
D-Mannitol iSalicin
iR - - AR R 5 it >
Sucrose INitrate

e - - IR ERFT + +
D-Sorbl tol iCi trate
LR IEL - - IV-P I8 + +
L-Arabinose 1V-P test
L - - AL > >
Rhamnose iOxidase
Lt - - O R R i i
Esculin ILysine decarboxylase
LTYE M - - 5 SR R - +
Cellobiose iOrnithine decarboxylase
L - - R UK * +
Inositol 1Arginine dihydrolase

e o+ B — B

Notes: +: Positive; —: Negative.

'T&F- ANOYRRERENE . L-BTRIAR . B, 2P 4R RIS T B RERAY 16S rRNA JEINFS1, 45
IASmE, WUEE . WA Bk, A KRBZZERN K ESY 1 508 bp (MK743938), 15

Fﬁiﬁﬂcg PREZEFHRA N S BRI GenBank HISCSR 1 1] 15 AL i 1 275 1k (Aeromonas

Mo 2 BESCHR[24] 41 18 Y ] 15 I TR R BURHAIE jandael strain LC208) A BIE ik 99%, TEAGHER)

VI WA B RIR HSY -2 RIS . s —4  RGlb hmi& tR h—4 3 (E 3).

Aeromonas jandaei (DQ837028.1)

30— Aeromonas veronii strain WE12 (II:U770308.I)
Aeromonas veronii strain CIAVO01 (JX413114.1)
61 Aeromonas veroniistrain CYJ102 (FJ940846.1)

Aeromonas veronii strain HLY (KR094131.1)

‘i Aeromonas veronii strain I'Y3 (KR094128.1)
54 65 Aeromonas veronii strain MW 17 (EU77034.1)

Aeromonas veronii strain SCB1 (F1966347.1)

Aeromonas jandei strain AN-51 (AY987745.1)

Y1 E—— Aeromonas jandei strain LC208 (FJ40816.1)
N5 HSY-2 (MK743938)

0.000 5
3 EFHEE HSY-2 5HXSE#KA 16SrRNA EEFIIMEMN RS L B Li
Figure 3 Phylogenetic tree was constructed based on 16S rRNA gene of the bacterial isolatein this study (HY S-2) and their
related reference strains
T S5 RRARE R 16S rRNA JEH GenBank %5355 4330 EMEIFIIR R 1000 A, TERUZ T simH 4
s #3/2 0.000 5 184 0.05%F) 165 rRNA HE[K 24 i) i1k 72 5.

Note: The number in the bracket means the GenBank accession number of the strain’s 16S rRNA gene; The number on branch means
percentage bootstrap values were calculated from 1 000 replications; The scale bar 0.000 5 means 0.5% 16S rRNA gene sequence difference.
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LEA Y B RRR HSY-2 [ 2 RURR: 1 16S rRNA
LR P as A, o DU Hok Rk S e
23 D EERBEYIER BT

XPIEAS IR0 285 R (R B) A Tk 22 70 Hr, il 3 LA
SRR R, R4 2 WPk HSY-2 £
JEETE A ) F2 IR 6 FR ARG R IR (A)>HE R[] (C)>

HIRHFIE(B). FHEFEA AL ABCe MifE,
R 23 B TR R A 0 BT oS 1 o 25 2 e 200 T e o
TSB Ji555L, 30 °C & 1597 96 h,

e RS (AT B o 45 58 g e i P 4
FELBEAGIN 2 B RTAR HSY-2 A A MR G RE T . 4%
WKl 4A (B R, R or B R AR Y 3 DM FLEHE TR .
g5 SR SO VeI, AL EE 5 IR A 55 € FfT
F, Mz A RALCR N E , 2EW6, ST
HEFLAY ODgg “F¥I{E M 0.067+0.002, IIfi {H ODc
A 0.073, XEFL ODag “FH{EH N 0.247+0.009,
20Dc<itI L ODggp<4 ODc, ViEHIZr B Hikk HSY-2
TERE YIRS RE b AE . 38 T A T OISR 2 43
BITAPE HSY-2 7E 35 3% Fr R A K TR S8 B —,
AU N EFEYIE
24 N EEKIETEYIERREXER

K PCR 5 2 K il a7 15 =50 M 781 43 25 #k

B4 SREFEZ5HAMBIRMNENK HSY-2 BIEYE

HSY-2 #5474 FAE PRI UG EE R L, 4520
K 5 s, 7E 308, 510 F1 896 bp Fftifr ¥ 3 4kih
BT DNA 457, 2351 ahyl . glpD il luxS 3
R BR/MESE, TARY W mshQ JLH B, 45

®5 EXRREER
Table5 Theresult of orthogonal test

sl s ODaga i
Experimental Factor ODuep valUie
groups A B C
1 1 1 1 0.099
2 1 2 2 0.101
3 1 3 3 0.133
4 2 1 2 0.126
5 2 2 3 0.214
6 2 3 1 0.225
7 3 1 3 0.101
8 3 2 1 0.083
9 3 3 2 0.081
K1 0.111 0.109 0.135
K2 0.188 0.133 0.103
K3 0.088 0.146 0.149
R 0.100 0.037 0.046

e KL, K2 fl K3 43 3I3R 311" 2" 13" AP TRt L)
IRIGHEARPIOME, R FRMZE(KL, K2, K3 i KAt/ IMHE).
Note: K1, K2 and K3 represent the average of the test index
corresponding to “1”, “2" and “3" levels in each column,
respectively. R means extreme difference (The maximum value in
K1, K2 and K3 minus the minimum value).

5.00 um

Figure4 Detection of the strain HSY-2 biofilm by crystal violet dyeing and scanning electron microscope
TE: A: SRR OB BERAE I B BRSSO I o S BEVIEEAY > B R R AR P (8 000).
Note: A: Biofilm of the isolated strain stained with crystal violet; B: Blank control of culture medium; C: Biofilm of the isolated strain

observed by scanning electron microscope (8 000x).

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



3342 A 2 A

Microbiol. China

bp M 1 2 3 4 5  bp

896

510
308

5 SHBEEK HSY-2 EHFREMRKMEXEREN
PCR #&il|

Figure 5 PCR detection of the biofilm formation related
genescarried by the strain HSY-2

TE: M: DNA 3T Rufbnifi; 1 BIHEXTIR: 2. Ry14 W mshQ
M ; 3: ahyl B:A 5 Bei) PCR 75 4: glpD &8 By PCR
7o¥; 50 luxSEEE A Beiy PCR =4

Note: M: DNA Marker; 1: Negative control; 2: Unamplified mshQ

gene; 3: PCR product of ahyl gene fragment; 4: PCR product of
glpD gene fragment; 5: PCR product of luxS gene fragment.

RRINL R R T 9nis Luxl FEE A &R
Y. Hh-3-WRe i S D A SRR R b R
SRR 3 Fh A=Y BOAH G R, R A I 2] H
S W RBURR Y 1M 5 2 T B B AR 1T Q SRS SEAL
3 WikE4%ie

B 75 PR TR R R R, FRAEIAEE H 25
WAk, SRR EA R . o, BRI R
WATHER R L AT R . AR R &
PEAEY, FF I 0 R HGE A —2 i, M
N2V 308 T ph R AR T S A £
o s W2k T3 25 PG T AR L 0 N R AN
BRI ; PRt RS T — ] 4 RS R A
SR R G o ASBIF DA AR H I 114 5 80 £
WA R —RROE B B, 83 R Y0 E 5
Ry v Rt R R AR I SR TR . AR AR
HE . AEAREELL B2 16S rRNA JEFEFFIHr, HiE
TR R Ry TR M B . X et R B RS U
BAAERARL, (A FHUIR SR 0 25 52,

HORE A AR, L2 R A E TR G

PAER, O SCHRR SR E Z R i 5 TR A S
AN, AR YRR AR A R . AN
55 1 AT S BT T8 R T 1 A e kit . i T
AN AP EAR R SRR, LA Rh 40 G AN R 5544
TRV RE 1A AR, AT B RS AR
MU B AR HSY -2 TR YR e A 45k S L
FRIERE ), Fefl IRAAIEACIRI B Lo(3Y) g, il
T A WIS AR ODagp [ELAT BT REFRILRN | K5
I NG SR [0 A ST s e . 45 SR 3
S ) S B TR 2R 1) 2 IR 06 3 2 35 SR > 35 SR B ] >
FEFRIERNIS, et A WY B o AR S A2
Sy E RN TSB BigR3k, 30 °C #E K57 96 h,
It BAE R AR T 20 8 R R R BN A= W TR 1
REJIH AR, IX SEZh BRI A B 10 2R O
TE ML RN B HLEE B T SEh

YR A P Y U — s S R, SIS
B, BERARK . WEAFBEE 4 OB, BF kR
AH R 45 4 AR 0 TR B 1 5 RO T A R ) e
P Eshtt . BRI 258 (Quorum sensing, QS).
IR 5 . 20 B BE A 1 DA R N R N B 2 A T
TP, Qin 21U G H E MR Mk K B
AR Q (Mannose-sensitive hemagglutinin pili
biogenesis protein Q)fY 2w i F A mshQ &g /K <
B TR A ) BT R DG R TR, 92 5 DR o R4 T
B4 BT 52 00 2 W S TR R ) . kot A PRI
& BLUH 0 -3-BE R I A8 D (Glycerol-3-phosphate
dehydrogenase D)% i Jk [R] 2 2 FG A5 T A 47
TE A CEEIR . GlpD SR WERE IR AR H A DG HE G
MMUS 5 52 SERE , A AE AR H Y GlpD
I ELA A I 400 A 8 B 1 TR A I E A . QS
RY A6 N DA A0 A B — 2 A S, Refs IR
H &0 A5 S5 50 TR T T AnMa i 22 i, A
T2 ) 240 DR 8 (A A AL o A B TR A A
R, i QS RGN, AP RE UK Rl
2 DNA R AP B AL, deR e i 2
Mf9% . Kozlova 2R 5¢ kK BIRE K AT QS
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ARG (uxS BEPR G ABPR ™ Az 10 A5 ) B A B A R I 5
Lynch 21300 F Hi g8 a2 rg K I QS R 4%
ahyl FEPH(Lux! ZE1 2R 11 [R] 32 4 ity B R ) il 2R kA
RRIE UV AR B AE DR, BB luxS JEIFT ahyl
FE R 2 g KSR TR AE BT AR DG SE IR . At
FE R PCR 5 kAl 1 fi 18 A R JHO T 40 15 T Pk
HSY-2 & A 457 b A =S M 18 AE W BT U G 2
B, 45251 BoRiZ B Wik Rl B glpD. luxS #
ahyl JEH, (HARKE] mshQ FE, X 5B 5 HLEE
TR W BB AR B AL R—3, %, Ganesh
S BRI % LT R MG A (Terminalia bellerica)
SR A BT QS YRR, i 4 i B9
PR X —BF 58 45 SR R FRATT L SR 2R g HR
PR U 20 Al sohn TAGA fa rT A R 5
AL, FATA AT DGE 5T ik 3 R AR
AR g & ) 7 F45 0, 4R S HEA
RUZE Fa) 1 5 4 245 W R 6 A T 5 G P 100 3 2400 T A 0
PIER, MR EHTH H 5.

g5 BT, WA MR S B bk HSY -2 25
AL 2R T B R e A R R M M 1 T2
g IR RRT, AT TR R S R A R, EL ] R A
glpD. luxSHil ahyl =i AE P RRIE BAH C LA
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