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REENAEEHRESBEERMBFRERTFEL

HER, Z4#&', x W, MZA, 4 A,
IT4E, REE, ITAR", B4
(1. IR B K =R AT, IR Y 410153;
2. IR IS R 2= AR R 2B, RS K¥Y 410081)

WE: TRREITRYSFTEATRER) WPKETRMN. LILFER, BERTERE
FRAEK, BHEREALNYT K, FEFEHEH, EHFERAK. VRAGEFHA
TREENATHRERE, SRRARRTEFMFARATRETSE, HEZELLR.
16SrDNA XA FFIME 5 ARtk o SRR HW; AEPRRMGRLRITINEIE
FATGHERYE, BRI hFEAEMBEETMCRARIENRANE. ERET, o
BRAE L AR %W PCW-01, [l TR @R T REEI, WIE B R KRR ITAE B Bk
W, EHTH, BHARE, FHAEL 0.60<10° CFU/g, ZEM AT o F %% 4% K
REREW, dRlxE. ZTHER. LBARTTAGWEE. ATRREEW T KFEEIT,
PR L A T B B (ALT) fuig B 8 (LZM) & R B % E7F, RALAE 7 (T-AOC). &
A8 E L4 B L Be (T-SOD) An &t # R A b B8 (GSH-PX) E UM E X T, W -8
(MDA) & &m4H L. AR EN, %@ PCW-0l A BRE, TRERANMET, #AH
MFEEM, RERMRE. AR ERET H T T KR 20 40 W MR o9 %% AL,
7 H 2 T RO B B R A T B R

REW: L KEEIS; ARAENE; o8 EE; 2RET

hESES: S945.172

55 IR RS (Procambarus clarkii) J& 5 [ sh W)
I'] (Arthropoda) %% ! 44 (Malacostraca), i T H B
HEEE BRER, SHBRSNARNEY, ®
TR RAEERR, CBUh T E SR )T IR
IKEEHR EL R, RV R D R R A A
IR i o SR G o [ A MR SR Al SR 1 e
FRHHAEE S5 H 25008 Ak, v IR 2 R 35 n) R
ARA, RKHIZ)4E va IR E R 7l i T 2Lk
Ji& o E I Ah A R B TG S MR T 7 T 04 BF
FEGE, FEEEPEAKLEAIERNEE (white spot
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XHERARERD: A

syndrome virus, WSSV BB 5 AP S P fifg B )
SR IR G R ARG, RN R, FET Rk,
Al RS K AET .
2018—2020 4, IR A K= BHEWF ST R
b QR B R AS R S 0, RIEAE 5—T HH
KRBT G, TR R AR, FpZfa,
FETHIK 50%~70%. I 5o IG5 B AR AR T /K 1434
%, BRI, BANY, AiFE, KRR
o BRARRIE , T DL P SRR IR AR R A, I
JERRREE IS, MpiE R, T E, A (& 1),
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N B Lk B S AT ST B AE v FG SR R AT
P JEU T 73 M 2GS, IR IR e
JEUBE WL S B IR T AR AL, 7 o TG B R 44

BRI PR 1) S I A5 WL, D o PR D B 4 e 1
P Bl S R A o

B 1 s 5 R RN A B AR IR AR K

1 BA, 2. BRI OR, 3. AR .

Fig. 1 Visceral symptoms of diseased P. clarkii

1. gastric effusion, 2. hepatopancreas swelling, 3. blue gut.
IR

L1 SERedfst

el ANk L R i T Ea R iy S R 2 1
FREzIFEH, BA% R (15~22) g/, filt e v [G 5 %
W RVR T 90 5 A K = Bl ST Tk U8 st R A
(12.30+2.08) g/f& . 4 I K 41 DNA 42 B &
W A RAA AR dbat) ABRA R, R
W A R R Y TREF ST, b e 2 AR
W A AT AR P A PR D
1.2 XWHE

Y ) 75% < BEIH B UM 5 [C R 2
WRARR G, FEJCHE AT B BUR A TE 4140
FE A T3 0 SR O M b, 28 °C fH R B IR
18~24 h, FPkLEHLAL | o] BE 0 S B T 2l ik
Rigk, —60 °C vKAIRAF 4 o

B EALE TR RFH KN

{5 v FQ R B IR T/ K e i 8 977 4, BETGHi
i AT ERIEAT SRS, A3k 1241, 2 4R
M, 104 hsemmdl, mdl 20k, BdE1F
11, BB EGIEG . ¥ 28°CHiFE 2401
435 B FH G B A B AR KR B 5.0x10%, 1.0x10°,
1.0x107, 1.0x10° F1 1.0x10° CFU/mL By ik, T
HRER — 20 2 SEFR G 1 AL 4F 0.1 mL, X HR4H
AR FE AR TR A BRER K, HEELUEE 7d, eIt
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JRESUR T R IAIET R, THHAET % . 48 h
FOCHR BRSO . S R P AR B ™
& ST S5 B A OCAS B .

BB AEEAMNET  PREUGHE 18~24h
o3 B P T L Qe e, AR T AR I (T
BARE . By BRI T AR T, 2% (W
WA RS FM D) 7 AR 4w F M
GEIU) ) M A TR 4 o

S BB 16S rDNA B9\ o4t W
MUDNA, P4 16S rDNA i 15| #3847 PCR 3"
W, I 27F: 5-AGAGTTTGATCCTGGCT
CAG-3', 5%k 1492R: 5-TACGGTTACCTT
GTTACGACTT-3', 4lifb [l 3 =it 1y
FI Clustalw #1 DNAstar 2425435 %7 43 55 & 17 31|
5 NCBIFF 24 oI #E AT [REME LT, 3 Mega 4
A 415 32 72 (Neighbour-Joining method) 14 #HE & 4
KA

J0 KR AR T dn 7 95 AR K B E M4 AT
U B 7 QRS IR, 431 3 S50 d] . AP a
ek FE 4 B 4 (LDs, group, 5 LG). HHA4
PHER KA (saline group, A5 SG) FITCATAul Ab 21
25 141 (control group, 5 CG)., BHEAE 1F
7, M 202, TH—2REMES, dFitE
0.1 mL, 48 h 5 HBURIEIRAIML I, A I 56 2 41
KRS

BB AMEREEE  RA KB
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AR, R A3 B RO 25 Y U, A R
FA 3R, BRAR AR N RITHE TR (4
BHUE 2 BUBAR B AR (WS/T 125—1999) ) i
TTHI0T

1.3 HESH

B4 R LA B AR 2 (meantSD) R,
K FH SPSS 19.0 % 4 1 17 % [ 2 5 22 43 B (One-
Way ANOVA), %4 2 % M P<0.05, N>R H
Duncan G728 HE,

2 4R

21 SEEAIELHHE

MBI 7 FQ R B R I T8 7 A5 3 1 RROL AR,
v PCW-01, EEFHE FR2IRA6E, NG
B, AR/, RmeiE, g0, A%, §
MR R, I, ARIR, KA
A— (E2), RIorffmens . b, ANofArE. 3L
B DIBESE, MR RERE, HEILRRETE WL 1,

22 SEEHATRESIBLER

WS> B PCW-01, 77 G J5 B MR 1% 4 B i
TR, 5x10° CFU/mL 41 2 d W4#5ET, 1.0x10°
CFU/mL 21 2 d WNAET-%IA 85%, 1.0x10° 1 1.0x10°
CFUmML 8 MIGER, AR EME, TR
Ik (36 2). FEHFARTCH] BARBRARAE, fiREs, nf
UL E A R, B I8 A SRR TR R
Al 3RS 50 B PCW-01 12 85 ML R — 20y

50 pm <

2 E=ZRAEEMARMSHFE (1000x)
Fig.2 Morphological characteristics of
isolate bacteria with Gram stain (1 000x%)

Fitk. XTHRZHTCALT- IS .

HRAJE 3 FC R MR TS S B0 i SE T35 5 43
BTE PCW-01 1 5 77 & 44X [1g(CFU)] IR R, 43
J7 2 y=28.25x—144.00, 153 v [CJRASAF 48 h (1)
IC R B R P B8 543 5 R 7.37%10° CFU/mL Fi
0.60x10° CFU/g.

2.3 16S rDNA EREFHNES RZGH#H L7

W 53 B PCW-01 Ml )5 25 2R I 1% GenBank,
PAFEAC 5 N MT975235, ARG L BW, Wl
F 4> B PCW-01 54 [C S B (deromonas
veronii) T —37 (K 3)

2.4 e KSR BN IE S R A8 R B E M HHE

3N, 3T v IR R B R I Y
A (AST), Bl BETR B8 (AKP) Al &1k

®1 HEHEEBEWHIE

Tab.1 Physiological and biochemical characteristics of pathogenic bacterium

it)lgjsrﬁt?iti?mgs PCW-01 ?eusﬁtle?mas PCW-01

WA HS - IR sorbitol -
N5WE  indole + R+ {fkE  arabinose -
FAEEZL methyl red chloride - AWE  xylose -
LI EEHEL  voges—proskauer + HLUEE  inositol -
EALEE  oxidase + JEFT  starch +
WEFE  glucose + Hi¥F#E raffinose -
HREWE  sucrose + M aesculin -
AR catalase + LHpE  galactose

ZZEPE  maltose + HbE fructose +
EAA KRS oxidation/fermentation R 24 rhamnose -
FLBE  lactose - H#EEE  mannitol

E31%  movability + BEIRN NG lysine

e+ PR, L B

Notes: +. positive, —. negative.
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Tab.2 Results of artificial infection test
AR SET 5 R )
A5 BV EE/(CFU/mL) o death number of tested fish at different time FET- /%
groups concentration number 4 2d 3d 2d sd od 7d mortality
PCW-01 5x10° 20 18 2 0 0 0 0 0 100
20 10 10 0 0 0 0 0 100
1x10* 20 6 11 1 0 0 0 0 90
20 8 8 2 2 0 0 0 100
1x107 20 2 9 1 0 0 0 0 60
20 3 7 1 2 1 0 0 70
1x10° 20 0 4 2 0 0 4 0 50
20 0 8 1 1 0 0 0 50
1x10° 20 0 0 4 0 2 2 0 40
20 0 3 2 2 1 0 0 40
i HE 0.85% NaCl 20 0 0 0 0 0 0 0 0
control 20 0 0 0 0 0 0 0 0
s44 APCW-01
1000 YT 4. veronii strain X-1-06909 [F1653620.1]
411 | ISR MI B KR A. veronii strain HL-9 [KF413415.1]
1000 IAVTHME M 4. sobria strain XJJ01 [KF761305.1]
| R AV R A, sobria strain S6 [MF185225.1]
WEKSHMBHE R A. hydrophila strain QSRB5 16S [MK007301.1]
1000 WK CEMIERE A, hydrophila strain M_33 168 [MG428923.1W]
8 % ‘ WEK S BB IR A. hydrophila strain M_13 [MG428903.1]
475 WA BB E A, sobria strain 208 [NR_037012.2]
IRAIS AR A. sobria strain JCM 2139 [AB472942.1]
1 000/ PSR HHAEME A punctate strain 14 H 25 [AB473012.1]

| B S BEEME A. punctate strain TM3 [AB472940.1]

3 SEE PCW-01 RAEXE 16S rDNA EEFFIH ARG 4 B
Fig. 3 Phylogenetic tree of A. veronii (isolated strain PCW-01) and

other related strains based on 16S rDNA gene sequence

2 (CAT) iGPETJC B & 21k (P>0.05), MRYEMERR
fif (ACP) W5 1 K/N K LG 4H>SG H>CG 4, 4HIH]
2253 (P<0.01), {453 B PCW-01, FLlt
Ji 2 A L3 S BURARRE T (T-AOC). S ik
Y AL (T-SOD) 143 bk H kit & b ¥ i (GSH-
Px) 76 PE % B KT SG 44 Ml CG 4 (P<0.01), 4+
TR 5% Sl (ALT) RV A (LZM) 36 M B e
SG ZHF1 CG #H (P<0.01), SG #HHI CG 4 [a] 2% %A
¥ (P>0.05), N - (MDA) & & LI /> B i 41
(LG) Mk, WEHEKT CG 4l (P<0.05), 5 SGH
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ESRARFE (P>0.05),
25 NEEMHAHTLINER

K43 25 B PCW-01 X} 13 Ak 254 i fig
R, R ER, HXEHER. LMy . &%
PUMREE 6 PGy r=rt Tt gk, XTI KRER | 5
BHR. WUAREE T FYBUR (& 4).

3 i

ABIEFE I SE 7 I i B A fg i e 23 B AR L
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Tab.3 Activity of immune-related enzymes in serum

T B0
Eizan S E A LG) HES A H AR K 4H(SG) 2 H41(CG)

index

injection isolated bacteria group with
half lethal concentration

injection saline group

control group

BWHEM/(U/mL) ALT 144.21£12.31* 4.66+0.23" 4.40+0.08"
BEEERE/(U/mL)  AST 0.50+0.12° 0.32+0.12° 0.50+0.12°
BPUERESI/(U/mL)  T-AOC 0.41+0.03" 15.13+0.70® 15.66+0.70"
T EREE/(U/100 mL)  AKP 0.91+0.10° 0.97+0.05° 1.11+0.07*
FR 1k AR Bl§/(U/100 mL)  ACP 1.34+0.11* 0.86:£0.07° 0.54+0.05°¢
P ZF%/(mmol/mL) MDA 2.93+0.17* 2.730.14* 2.42+0.11°
BRI E/(U/mL)  T-SOD 54.50+1.37* 75.61+1.69° 68.53+1.54®
A S E/(U/mL) - GSH-Px 81.08+3.84* 153.14+5.61° 162.35+7.81°
M EE/(U/mL)  CAT 2.97+0.13° 3.34+0.21° 2.84+0.20°

WHR/(UmL) LZM

240.07+23.23"

155.17+18.07°

174.05+9.11°

e AT ERARRNG 7R R 2 7 B 3 (P<0.05), AFRIKE 7 REER R 2 70 5 #(P<0.01).
Notes: The means with different lowercase letters within the same line have significant differences (P<0.05), the means with different capital letters

within the same line have extremely significant differences (P<0.01).

x4 HPPRMAIBER

Tab. 4 Results of drug sensitive test

T Pl A% Wb v /mm

24, YR/ (ug/ ) judgment standard of inhibition zone diameter V7 B B 4% /mm R
drug dose R o i Al Rk AR inhibition zone diameter  sensitivity
resistant intermediate sensitivity ~ high sensitivity

FHHEZE  penicillin 10 TU/J <14 — =15 0 R
SLTMEY;  cephalothin 30 <14 15~17 =18 0 R
ZEPIM  ampicillin 10 <13 14~16 =17 0 R
R KEZ gentamicin 10 <12 13~14 =15 20.33+0.58 S
FIFEF  rifampicin 5 <16 17~19 =20 0 R
TAE R clindamycin 2 <14 15~20 =71 0 R
BRI F  furantoin 300 <14 15~16 =17 18.33+0.58 S
ZAiE#  tobramycin 10 <12 13~14 =15 19.00+1.00 S
B F  streptomycin 10 <l11 12~14 =15 17.67+0.58 S
HEZER  neomycin 30 <12 13~16 =17 17.33+0.58 S
SkftihiE  cefadroxil 30 <14 15~17 =18 0 R
kAtfhiE  ceftazidime 30 <14 15~17 =18 26.33+0.58 S
PU¥F &  tetracycline 30 <14 15~18 =19 21.000.00 S
e ROAEURG S BUR: — BURSABURIIZE X .
Notes: R. resistant; S. sensitive; —. the intersection of resistant and sensitivity.

P PCW-01, & N T IalHEGy, SCidr s
B R KB RE R, 48 h2E HIE &y 0.60x10°
CFU/g, RIMHKEBOR T, R EHE PCW-01
R 7 G R B RO T ol 5 TP A A AR R HL Ry
PEMIGE , 43 BS B PCW-01 54 R A —
H, PE—E it 16S rDNA F5) A 20T, 54
ARG ILE TN, LSRR RN

R E K7 2: 2 E /) sponsored by China Society of Fisheries

— . ML, T EMA T PCW-01 A 4 G B

JHERT

24 QAN R K A Sh W i A [ AR 5
Tl AP AE AN, SRS, KESI
EIIREERAL, HE QAU R w2, gk
JERGL A O R RGO AL . AR i
SIS ARAILE, KRB B B D, Ko A
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FETRAK . A5 (48 SR o [ i 28 W 7
RAEAE 5—T7 A, EIR I E AR, R AR
FL, ZE 25 ek, R L2 R AT,
55 H At 27 35 4 T 1 A PGB R B0 I 5 e [
R UR 2 R AT LG A T AR, X ] fig
SEAN ) B B 4 QR o 3, AT SR
fE . BURMEE T AR —E 2 SN, SRR
[ SR TR 7K SR BT 3K

v QRSN 8 52 sh Y, B =M a e,
A 4 7 R AR YA A R S i A TR ok
HEBR S, 8 LR S e B AT S Ah S I o
NG IR RS = WA G AR e R €2
K, rHEBAET . SEAREEEEAY T,
XPAILAA 85 11 507 AR AR A 01 [ BT AL A 25
PR PERGF RN, F=4: CAT, SOD, GSH-Px %
AL R R PV PR TG PR, 4ERR AN PLE L
5GP R K W B A, R AP HILIR S 32 S A
PV AR5 e 2 UGB TR R e LG R 2 U
LA T-AOC 3 R, I St A fLre )25,
YA RS BLEEEL, T RE R SN O™ AR Y B
BEHHRERIE T T-SOD BB E B &1 TIEER,
W E ARG, BB T 5 ERIP RS AL
5 MM B ST IE BR AL AL R ) CAT J5 7R 52 1
AN, OF DR 4P 24 A RS 235 #4) FN 1) g Y GSH-Px™
TEPER AR, W S M PR TG , EAS T IR
JREUR AR AZ 45, MDA &8 ETH,

ALT F1 AST J2& WF 2 B AR D BB 1 PFAG A+,
IEFERT, BNFET AL AN, G
T PR, FUA Y 20 i 5 A 1 8 in i A
UG B KU AR SZ I A 23 R 1 R Tl 2 il v v Y,
AR S, e QR AR & ALT 3%
PR A BRER K N 2 LA B 3 BT, U
PR M5 2400, 48 F DIRE T BLIR T,

AKP F1l ACP J2 17 il 1A fiff 11 55 22 20 ) 07
AKP EZR G T FERY, 2 2 0 A R 45
1E W 5T S W AR S 1 e e vh oA G S E AR Y,
ACP 2 40 i 7 S 45 5 W R A 22 4 FH o i b BT R il
I IBE, AERLAAR SR2e 5207 F e 10V B K A s A
PPN, RGeS S, e TR AR
Mg AKP TGP T RE, X5 5 [Q 5 B IR T AR 4
LIIREZ WA & ML ACP W i E T, 2
S WEAN I T A SR LZM TS R e AR T,
WG 20 6L 1) 7 W ) i S S R R L LR T 3 A
WE G BEDIRE™, fERH ™A K it ACP, VRS AE R
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KB e R JRELUR, AU AN, 3T LZM J64,
Mo ArERE S, HIRR AR, L
ACP 35K

4 ZEp

ABTFEEREN], YT R v [T
BUF, o WANEEE A B T LA A AR
MG, SR AT EDIRE, WE T LZM i
Pho RIS HLAR I 20 IR S 4 U DI RERY, S
G LN 1 RO e, A A R, K
AP A SO, A R ), SR T-SOD
GSH-Px L4 fLIN 7, FEARHUA B PTEALRETT, BY
AL by, SRS E MR, ShEA
HHLREZRAL, WAL,

Xt 2 R R AT 25 W U AT, 13 By
Yorb Ay o R 2 W R st 250, 7 b2 ) EURK,
ABEFELE RN i — A BGRY TSR AR T R
K o

(3 7 WA A UL 55 B Bl 2 B Al 22 )
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Isolation and identification of bacterial pathogens from Procambarus clarkii
and study on variations in serum immune factors

JIANG Guomin ', LlIJinlong', LIULi', HE Zhigang', ZOULi',
WANG Yude’, WU Qifan', WANG Dongwu ", DENG Shiming "

(1. Fisheries Research Institute of Hunan Province, Changsha 410153, China;
2. College of Life Sciences, Hunan Normal University, Changsha 410081, China)

Abstract: In China, Procambarus clarkii is the most widely cultivated freshwater crayfish now, the breeding area
and output are increasing every year and the culture models have also been constantly innovated. In recent years,
the area of rice-P. clarkii co-culture has been increasing explosively, and its output has accounted for more than
80% of the national total output, so the rice-P. clarkii co-culture has become the basis for the rapid development of
crayfish industry. With the expansion of aquaculture scale and deterioration of aquaculture environment, various
diseases occur frequently which seriously affect the yield and quality of P. clarkii. In order to find out the death
cause of P. clarkii cultured in paddy field, the pathogenic bacteria were isolated from stomach and intestine of
these dying crayfish with obvious pathological characteristics, and were identified through physiological and bio-
chemical testing, sequence alignment of 16S »DNA gene and phylogenetic analysis. At the same time the virulence
and drug sensitivity of pathogenic bacteria were evaluated by artificial infection and drug sensitivity test, the
pathogenic mechanism of pathogenic bacteria was studied by analyzing the variations of serum immune related
enzymes activities of P. clarkii injected with pathogenic bacteria. Research results showed that a dominant strain
named PCW-01 was obtained and identified as Aeromonas veronii which could cause the healthy P. clarkii to have
these same pathological symptoms as the natural disease, such as less exercise, effusion in stomach, excessive
intestinal mucus in the regression experiment, and its median lethal dose was 0.60x10° CFU/g to P. clarkii. The
analysis of antimicrobial susceptibility test showed that A. veronii (PCW-01) was highly sensitive to furantoin,
tobramycin, ceftazidime and other seven antibiotics. The results of serum immune enzyme test showed that in the
body of P. clarkii injected with pathogenic bacteria, the activity of lysozyme (LZM) and alanine arninotransferase
(ALT) increased considerably (P<0.01), the activity of total antioxidant capacity (T-AOC), total superoxide dis-
mutase (T-SOD) and glutathione peroxidase (GSH-Px) decreased notably (P<0.01), and the concentration of MDA
increased slightly (P>0.05). The conclusion was that the strain PCW-01 was the pathogen of the death of P. clarkii,
which could inactivate antioxidant factors, destroy cell membrane structure and function, subsequently the patholo-
gical phenomena of tissues and organs or death appeared. In the study, these results revealed immune response law
of P. clarkii to pathogenic bacteria and will provide scientific support for the prevention and control of the bac-

terial diseases of P. clarkii in future.
Key words: Procambarus clarkii; Aeromonas veronii; isolation and identification; immune factors
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