%036 & 4 1 S
20174 1 A

RS NI

Journal of Huazhong Agricultural University

Vol.36 No.l
Jan. 2017,76~85

T REMEBRIESBRESAER
AL 5 7= 40 e EL R 1 P 3R

%‘E ﬁ%l,Z,S

/

B &

%!

WHAR R R

LLEERFARZFR,EN 361021; 2.8 mMARF LERKFIHRIAEFL P, AT 361021;
SEERFARREIAIELE B LFRBM PO, BT 361021; 4. E N EF AT RIFLA R BRI P, 817 361021

WE R B0 S M 1 BOW ) 5 AN AR ) B Z 80 06 &L A A PCRLSDS-PAGE,
SRR IS g3 A AR DT R 7 bk B T B0 M A B ) R T R AT LU R Y . SR B L% T BRBUR T T
AR M AN S I (hly caer wast vact valt vahp Asepr Flexw) TEFPZR A E L2 F 83, i hly W HEE 8RS
BRI B R P BO B 5 A (R B0 I A AR R A S RO B AR AR 22 S O Ay TRl 50.7 ku (AR
P HL 73 o R L 4 B R SO TR PP AR S 5 3% T BR B0 T I A0 5 W X B I L T A 1 R B R G
P AR =6 5 5 S S o A — B RSN EE R I hly T ahp A LA B0 0 LR M T e WA 55

Ly ) Fof 18] e S 1

SEA I B R B
XEHS

MESES S917.1  XEKARIZE A

KM E R (Aermonas) i e M IR & 1 H: 22 1K
BPEAT B8 )2 A AE TIROK B JBUOK T Bk i,
H Aj 2438 A W KRR (AL hydrophila) J4E
QAT (AL veronii) KBTI (A, cavi-
ae) JRMA B (A, sobria) RS MR (A.
salmonicida) P I8 T B M (A, jandaei) 55 30
it K AR B M T A U R R B R
RS R A UL A 7 ™ A - R O R
TS AT 51 R K Sl W R L R L 2R AL
A RS Gl A0 1M DM R B 2 7K SRR R ELR
2R e SRR A 1P SN SO R E R R TP N
4% L I i A e R g W] S SR AT
TR P N DS i AR

O R SCR R BRI R AN R
AN 2 RN B T AR AN L AN R R —
28 Fh SO T 2 I VA PR L W R AL R TR
M2 LGRS EE I hiy) KB R (RIS IE Aer) Fl
Jir 75 3 CRL 48 PRSI 4 M % Ay 1k i 75 R (i R A
ast) RN E P A M A PE I B 3R (G 5L TH ale)

W F 459 :2016-03-07

1000-2421(2017)01-0076-10

Lo M M 7 R (RS aco) 000 MR
]S B L35 I R0 IR FE A5 i B AR AL L e R
PR WA 5 A R R A M G R T R
BAWME AR s o s R
515 FU MR AR A AL S RK TS
R JTE IS EUE AT AN A RE G R
AL LA I A0 T A T A
HHMMRE WA EA . H LA 222 REA
it (i 2 I ah p A L PIBURN A1 3 P T (25 05 2 I
epr) MUHAL AN E 450, 2 ZMREAMAA A
HEREE L BENS T e 1 1 1 SR B B EN AL ] L 51 ke 2H 45
3 3 AT B T 40 TR ) SR M R A T 20 i R R L
(1188 37 BIRCIF oV L 8 O Y P s SN
WL epr) AT 03 [6) 26 A 25 T3 DA 5 36 [ A T T fid
E HAb A A EE e A AR o R AR
AT I A% D BE 2R TR AL CRAT T PR Y SN R R LA
WY . BB AR s — KA B L &
LA A AL R 1 (i B R evwe ) VIR IR TR C 2 B S 1)
Lip). WM BTG HALBORE, HEHZS 5T ILP

EAWH EEARF 54 B H (31172438 A1 U1205123); @4 BT 8 A 5 H (2013Y0089); @4 # & T H (JA12195;
JA15260); JE 1T B8 R I H (35027220133015) 5 88 fif B AT 7= b £ A 20 & &6 T F BF 58 v 0 JF il 36 4 0 B (ZK2013004 5
RE201304;RE201306; RE201307) ; A& Wit 2 24 11 H (ZQ2012007)

fE L L BT S 01 WESEJ5 )  AK G B B IR . E-mail : xiongjing@jmu.edu.cn

SEAEVER B SO LR, BEIE 5 1 K PR3 9% E B iR, E-mail: wshuang@jum. edu.cn



51 fig

WA« 7 R B O 1 B R g DR M S 5 ) B HG R 1 LR 77

JI A RE 3 R T B 3 A R S o B R R
(200 R 1N~ o & S W S S R i = BN
B IR B IR 45 R 200 JHL , AN 7 35 I 3R Y R AR
ke BV R AR

B R (Anguilla spp.) /&t F B B4 5 2k,
o [ 68 i 5 B 7 2 A BRI 70 %6, H R IR E Fh
K5 H AR 886 (Anguilla japonica) . BRI #5 i
(A. anguilla) F1 388 6 (A. rostrata)™°", 3T
30 4R, 7 B 08 B A T PR % e 0 B R AL il 2y T
V] 168 g 7 I %) e R T R 282 M kL L U MR
BB SRR UL — R BUR Y B E TR
I 300 DN EL A A (D R 1% 58 S P 43 S M T T B
ST S N TR e BIAS [R) T R () B0 M 25 7 K
R R L D PR N 48 7 T R SO0 1 5 R D R R T A 0%
FRLEEH ML R A P A T TR X 7Rk
SR HATOIIE . B TE A 58 5 1 S T Y BUR

B AT 5 S 4 2 2%, I Dy 8 i 5 g 1) s 455 15 22 4 it
ERAE &

1 MHERE

7N

1) B ML TR Bk - 28 8 T A DR 3 B R O 6
g, 28 N TGS IR 56 80 A BRI (R D, 1 7 Bk
B T 280 A A S E T R B (gyrB) 227 51 3
B, 5658 45 5 . B09 . B69 F1 B79 g 4 [T AL H 1
(Aeromonas veronii) ; B11.B48 fl B52 MK B
HER (A, hydrophila);Bl4 KU/ HML(A. cavi-
ae)(F 1),

2) oAt AF PR B B BR . B8 3R 4l o 4 AR G TR
(Edwardsiella tarda ). B88 Al #5 9K & (Vibrio
vulnificus) \B1002 ¥ ¥ E (V. alginolyticus) N
AU 2H Wi B T bR 5 4 B (0 8 A BRI (Staphoylo-

11

*x1 SEEEE&AKRE
Table 1  Sources of the 7 Aeromonas strains isolated from eels
Gl T PR [ ETES s At F B R NTIEGIER ) %
Genus Strains Species Lesions Symptoms Lethallty rates
2 QA T K Y 5% i Jo 3B 7K iy Bz BBk L AR
B09 - Li 7(1/15)
A .veronii A. anguilla HFRE Liver Intestinal swelling & dermorrhagia /15
. O - R B 30 AL, 4% L T R
2 [/ B i 7 ERNE , . o . )
- B69 . ) Bt Kidney Fins dermorrhagia,rotten gill, 100(7/7)
A . veronii A. japonica . X X
swelling of liver &. kidney
He 5 = 45 fai Jil S, BE2E
BCCRRE F 4 FERE Liver B gE L 100(15/15)
A .veronii A. japonica Septicemia, liver perforation
oK i A L
kL B11 Wi 4 £ Gl FERESR JUMAE 100(15/15)
A. hydrophila A. anguilla Rotten gill, septicemia
B K= i) H A 6t fi B A N BV
FK LI Bas 7 S 6 i Gill i PR . B ALK 85(6/7)
A. hydrophila A. japonica Swelling of liver &. kidney
IR 7K SR 2 Y 5 fi 2 L UL AL R
B52 i Kid 100(7/7)
A. hydrophila 7 A. rostrata FE Kidney Rotten gill, septicemia /
LS ] R 1 45 i P e L U I
TR BB T Bl4 DR P A i WA Liver L S DAl 53(8/15)

A. caviae A. anguilla

Rotten gill, septicemia

coccus aureus) ATCC6583 ., #i &4 R H i B ( Pseudo-
monas aeruginosa ) ATCC9027 ., iti % 7 & 1A K &
(Klebsiella pneumoniae) ATCC13883 Wy B ™ &
A A PR PG 5 i il T P TS (Pasteurella
pneumotropica) ATCC12555, K H [H £ /b 24 & K
SE W ST Be S5 5 g W) BEUR OF 5 B RS 3k R 6 5T
g,
12 EHEFENTEESELTE

A C B R 2 A KN (gyrB
DnaK)5 8 A~Mabh# J1 3 (hly .aer .ahpA .ast .
alt act vepr cexu) SRR 195197, 45 5 LA 7 B
SUER TR A 7 Rk A T B Sk ) A BEAR £ 4T PCR 97

B, PCRFERFEZSH HN:94 C 3 min; 94 C 30 s,
58 °C 30 5,72 “C 1 min, 30 ¥ ;72 °C 10 min,
PCR e WA A B AR 0.2 pL, EFiETI 945
0.4 pL (10 pmol/L),2 X HS™ Reaction Mix 12.5
pL,Tag DNA BEWE(2.5 U/pl)0.1 pL, 8 4K hn
% 25 pL, PCR ¥ 34455, FH 1.5 %0 i B i W 6k e v
VKT S8 | A BE I BB A T UL 5T 40 B, PCR 7
Wy alifb | 3% 422 B AR T Y 55 S BEAS PREEZ 1) B 53 4
B P AN ) B Gel Extraction Kit i A1 it
fl & (OMEGA A w)) s 76 1 5% 4 30 B 248 9 BHCA IR
E . 7E B M R B, PCROFH 4 285 1 H
CHTRIRBATES RC—ROR
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Table 2 Sequences and sources of the primers used for amplification of the different virulence genes
LuE- a7 SlYF51(5"-3D) P KN/ bp EE PN
Target gene Primer sequence Sequence size Reference
TCCGGCGGTCTGCACGGCGT
gyrB O A 1124 [35]
TTGTCCGGGTTGTACTCGTC
ATGAAGAAGACCGCCGAAG
DnaK A AT e 816 [36]
TGCAGCACGTGAATGGTC
Iy GGCGTGATTCGACAAGGAGA ) K5 TH d
hly 120 5% This s
ACATCCAGATTCGGCACGA ’ JE RIS study
CCTATGGCCTGAGCGAGAAG
aer A A AN A A 431 [37]
CCAGTTCCAGTCCCACCACT
ATCGTCAGCGACAGCTTCTT
U 504 (58]
CTCATCCCTTGGCTTGTTGT
TGACCCAGTCCTGGCACGGC
alt T AT A A (A 442 [39]
GGTGATCGATCACCACCAGC
GAGAAGGTGACCACCAAGAACA
act A AT T A A (T 232 [39]
AACTGACATCGGCCTTGAACTC
hpA TGCCCATCGCTTCAGTTCA KB Th q
an 719 7% is s
GTGCGGCTGAACATGTAGTCA b Lhis study
; CTAGGAGGCGGGCA
epr <
ATGACACTCTTGCTCACCACCC 132 [40]
GGACATGCACAACCTCTTCC

GATTGGTATTGCCTTGCAAG

1.3 MM EAMFERSM

A3 BRI V% 2 10 mL LB KBS 5% 3 (5
EEMR0.1 g BER RN . 0.05 g, L8N 0.1 @
H, F 28 °C,100 r/min ¥ 3% 36 h J5, BUS 7 W T
4°C 5000 r/min B.0 10 min B EVE . &1L N
0.22 pm JEME L IEJT .4 °C 3 318 r/min B0 I
(F 7R~ 10 ku, Pierce/ Thermo Scientific,
Rock-ford, 1L, USA)60 min, KBk 4l 50 pL(Hk
ARl 200 /%) . BL 10 pL W4 95 5 X
SDS #E & Jin ¥ 98 vh W # 4 ¢ 1 IR A1, 98 °C i A
5 min, #17 SDS-PAGE, R 5% W4 e, 15% 4%
B, Tris-H & #2-SDS 28 # i (250 mmol/L H &
72,25 mmol/L Tris,0.1% SDS,pH 8.3),120 V i
KZy 2.5 h, LB 55353 05000 % B
14 MSMEAFHENE

K SRR VAT AL 43 ) FH i 4l K B )
TCHA 1K 2 1 (0.4 %60) VR B8 (2.5 00) TERY (0.226) .
B JRE (0.4 %) ik 80 (1.0%) J JR % (2.0%) LB
BV (1.5 %6 B iR B i - #l (% 5 96 JBE &F 4 = 1fi)
W RIS A YRR BRA | W2 % 7 Rl 3O
PSR R T ) 1 AR T B R T T D A T L T R
JOR it K 5 L6 1 o R AH L A FL o 2 L &b T X8
A KB B E LB 85 5 3 (FI X D L 28 C R 5%
10 h(ZER ) (18 h(XFE ) (24 hCF-H W) Al 48 h

CET D, W E 4

SERHE T . IR TS P DU A DT 1R
(HgCl,15 g, ¥ E R 20 mL, NZE M7k & 100 mL)
Jei o O B M 1 5 75 5 3 W B 5 R O . A
AP R ICHLR (5.88 ¢ L AT 1,18 g KI & T 100 mL
ZMRAO TG o B UE By 1Y B 5% 5L D IS TR 5 0 Ik - il
S B T BB 5 R AR TS M LA 1026 Y
SRR G B R AN s W] B 5 9N A
T . A BB 8 R 5 BN OB W B R . R R
BRI AR LT, A BRI G, N SR, A
“HrERN . MRS R —TFROR,
1.5 FILEX5EIREYESH

FIHH NCBI ¥4 2 A= ) 22 B Clustalx1.83 F
MEGA5.05, % 7 B Jit 8 4 3G 2R A5 09 35 43 25 77 HE
FP 94T B R P 5 HEA T X R RIS 434 o 5 1
ARHETE (N-J B M 5 TR R T 91 1) R G AL

2 #RE5HMH

21 BHAERNERSW

FIH PCR FAR A7 T 2 A0 0 4 K EE A
(gyrB fl DnaK) } 8 8 WA E A& S FEHA
(2 MHEAME L5 AN R e 1 AR IE D 1
14 BRI T (7 BRI A 7 BRI ED o)
ARG A . SR WK - 7 R AR SRR M B 24 oK R ) F)
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FE o 2 QPR B (1/3) B2 BHE 5 ase 76 2 QAR
BRI (3/3) FR 7 W K ML B8 (2/3) BB s hily TE
43 WE K AL TR (2/3) AR 23 4 IO I I (2/3)
S PHPE sace TEFR WK AN TE (1/3) S 43 4 [G

AR (1/3) 5 P s ale {UTE 3R Ay W8 /K < A M TS
(2/3) BV s exu 7645 QMR (3/3) 2 FH PRI
J BB TR (1 /1) 552 PH P L 57 g 7K AP TR (3
R IIPE 3 A T R R K BV ML A
SEFAME . AN TR PR B R T G Al 9 75 0 BRI A A4
ANTE L B BIA AL B A 3 AT S S Ah, HoAx 6 dR T Y
R0 215~ 64> 75 ) BE B, B AR A TR T A 2 1Y) 7
JIHE R 2t & R AR (3R 3) .
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Table 3 Distribution of the two house-keeping genes and the eight virulence genes in 14 strains
G MRS A TORE ey ERIER M RN Housckeeping genes and virulence genes
Species Strains number  Lethallty rates  o\.B DpaK epr  aer  hly aphA ast  act  alt  exu
WK SHME A, hydrophila B52 100 + + + + 4+ + + + - =
WK A, hydrophila BI1 100 + + + + + + — — + _
HECTRME A, veronii B69 100 + + + + + + + - -  +
YRR AL veronii B79 100 + + + + 4+ - 4+ = = 4+
EKSEME A, hydrophila B48 85 + + + + - + + - + =
HEICSPIETE AL veronii B09 53 + + 4+ 4+ - - + + =  +
R AL caviae Bl14 7 + + + + - - - - = 4+
REE IR E. tarda B81 / - — — — - — _ _ _ _
BIGIIRE V. vulni ficus B8S / — — — — - - _ _ _ _
WHINTE V. alginolyticus B1002 / — — — — — . — _ _ _
SWOHEERE S. aureus ATCC6583 / — — — — — — _ _ _ _
HISE A P. aeruginosa  ATCC9027 / — — — — . — _ _ _ _
P
LT RR M = RORFAYE /RN AR, F#EIE . Note: “+” denotes positive result,“—" denotes negative result,“/” de-
notes no detection. The same as below.
22 RAMFYHIEBIKS
O T 28 CHEFE 36 h, B 95 R 48 8 A Ve 4 8

J& il it SDS-PAGE Wik /- #r H A F . AE H ..
o AR BT 43 F BT i 6 85 HAE SDS-PAGE HL
SRE T B 2 1 0 2 1 75 08 5 Uy 8
B y=—0.0232 +2.148,R*=0.992, &I A& 1 41.2

30.0

rhE Sk T dE 1Y HE BT BT 43 0 Dy 50.7.48.3,
41.2 F130.0 ku, 255 BN, B 2 bR4E A A
(B69 F1 B79) Mi 445 11 43 W i s AR A, HoAx 5 3R
M Y M AR (L W R 2 R o F R
Sk 30~70 ku, AS[A] P& Bk 8] #L vk 4% B H R4 Y
W B 25 SR AR L 43 F LR 50.7 1 30.0 ku 1)
AR 5 BRI B LA A&, H50.7 ku Sl
e (B D, HAh, o F i 48.3 A 41.2 ku
[ 45 S 3 R I 7K BRI T T R

VKl M ARUERR [ AR I Pk 1~7. 40 B9 . B11,B14,
B48.B52.B69 Ml B79; ¥k i 8: LB &5 3% 3 (FI#E X ) . Lane M:
Protein marker;Lane 1-7:Extracellular proteins of B09,B11,B14,
B48,B52,B69 & B79,respectively; Lane 8:LB medium (negative
control).

1

Fig.1

7 RS BHE S E A K SDS-PAGE ik B if
SDS-PAGE electrophoresis profile for extracellular

proteins from seven Aeromonas strains
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FEIZ A A~ B R] S H4 K D0 380 W 58 0 0 oM % 2 1 Tl R
B A it 0% 4 TR0 B, 389 T vk K HE DK i R U A G O
PE, 2 BRIE/KA AR (B11 A BAS) 7E 4 AN i [A] i
Yol BH R B S ML 91 Bk (B52) X EE S &
(24 D) FIEETI (48 b A6 0 31 BH Jie it 05 1 5 4 (RS
B P T R U R AP R X A T ) O G O

7 ¥R9R IR TR R [B) 35 5 1R B A R A R M E 45 R

Table 4 Extracellular protein biological activities of 7 Aeromonas strains from eels at different cultural times

M4 A W6 P Extracellular protein bioactivities
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B 6] /h
i b
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BeEEEE O ERISEE P J JUR B
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FoAl e 5 B AL TS [ 19 43 3 (R 3)

BRI eau 2 7 51 L X 25 2 B ow A BT
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KT 9900 LR 5 SR 25 R A0 — B 200 BLR

100 B. thuringiensi [ C3FN49]
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Phylogenetic trees based on hly sequences showing the relationships of Aeromonas species
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Fig.3 Phylogenetic trees based on ahpA sequences showing the relationships of Aeromonas species
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Fig.4 Phylogenetic trees based on exu sequences showing the relationships of Aeromonas species
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Abstract

To clarify the roles of virulence genes and extracellular products played in the pathogenic-

ity of Aeromonas ,PCR amplification,SDS-PAGE electrophoresis,plate diffusion and phylogenetic analy-

sis were used in this study to investigate into the differences of extracellular virulence factors from 7

trains of pathogenic Aeromonas isolated from diseased eels. The results showed that these 7 strains were

significantly different in the amount and types of virulence genes (hly,aer ,ast ,act salt sahp A,epr and

exu) ,of which hly may be mainly responsible for the pathogenicity of Aeromonas. The extracellular

products of the 7 Aeromonas strains were different in both the amount and types,but 5 strains contained

an~50.7 ku protein which might be the product of aer gene. All the 7 Aeromonas strains exhibited he-

molytic activity, protease activity of casein and lecithin in all the different growth phases tested,and their

detectable activities were consistent with expression of virulence genes. Genes hly and ahp were highly

conserved between genus,while exu was specific even within species.
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