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TEE: AR LA IS o BOR LI, 250 K A TCBS 3 77 20 A 3 38 L 44 3 X 47 JiF
g BB ARG E. EAT  mm XK AEE;, EZREEHNHAEEAE,; £ AP
20E % 7, 4%tk PvL-1 53 KINE & & B 4k CAIM249 48 0L JZ  90%; fitZ J¥ 7| § 3 K
9L CP0O200764H 1L /£ & 99.31%; gapA JF 7| 5 3 K9\ B EF596552 A8 L & 4 98.89%; X JH
WO INE A F 2 M B 4o PYL-1 347 PCR 047, F ¥ E R RINE &R &, 6
FHERENFLERNEEFERE, ERERKXWUPVL-1 A KKRINF R 45
WA 10% A EFMFHREPAML, HEMRHTFREAAREZNE, RAFLEL MK
fof s E A EE. AT PVL-1 WA MFRRA R, Ao xHEE. BEEE LM
EhHEH, £W PvL-1 B APA. TLH. vcahHly. flaC. mukF. gloB. sodB #n esrB % #&
JFEWE. PVL-1 R RN P ESITRFRHT, AL HEXIF S 8RR EITE N LM
TR, U485 A AF o BB LR E (LDsp)2.94x10° CFU/R ; B ALK LA, A TR
Je RO LN T AT AT SR AR N M K AR Mz MR E S, 5 B R KRR L0 A AR
TERAEAF . FTRRA, AKEI L & B W &G H K KINE PvL-1, 3¢ L9445 i A
REBORM, R T LA AT K bR I E B A &

KB LA xtar; RRINE; S, BR%

HFESES: Q786; S945.1 SRRFRASES: A

FLAN XS BR (Litopenaeus vannamei) 5 FR rd 3 Kt B9 N AT OF 5 R ™ 2 R I LN

T, & B 72 40 (Crustacea) + & H (Decapoda)
YT UFEL (Penaeidae) X1 HF & (Penaeus). JFLAHEEXT EF
RBTEESE . HHRTE, MRS ENRHE TS
Fet, R A ARG 7 e RS, XFIR SR
BTS2 RGO AE 2 AR IR e, AR
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VRO IR e 3 A B LR 5 AR5 B8 (white spot syn-
drome virus, WSSV). 2P B IR IR FE M (acute
hepatopancreatic necrosis disease, AHPND), HF ff
Ji il Bt (enterocytozoon hepatopenaci, EHP). #kHr
ZE ALK B (taura syndrome virus, TSV)., #FUTE
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Ji B (shrimp iridescent virus, SHIV) FI3KE (Vibrio
spp.) SEPO, IR A FE B X 0 E A A0 A e R,
v 5 X R 2 T TR B DR A s 1 R ol 9 A
(V. parahemolyticus) X AHCINEE H 2011 4E I 5 78
A R R, XURFR Al 3 B KK

W IR (V. campbellii) >} 1 T J& ¥ 4 K 9T
W HE (V. harveyi group) ) BE 2Rl 51, 7RV PRI
ARz, alslRZ MK AR Tk
IR IR R —FPEERE . AN IREE™,
HEEAFERF 5T 220, 3R QO /K 7= 25 sh 1 1Y
EERREE, T REFEMAIE, RN KE
P U DUAE X SR QIR A B 9T 22 4 v T
MRS FE G AR F 4 MR IR
O3B S B IR G E , & B QOB 45 7 Stk
JF IR IR BEHG Pir 85 1136, 51 FLAY XTI 3 &
AHPND"" | HE &I %5 1fiL 1 B i) AHPND # 77 3% [
o P BOR PR — MER CERN EE AN A,

2019 4 {5 M T XoF HR i 7K 55 56 3 L9 T Rt
IR 5% % P, DA AE X6 OF b g B E 6 Bk 4N T
(PVL-1~ PvL-6), 435 R X [K 9N (PvL-1~PvL-3)
% BN (V. rotiferianus)(PvL-4~PvL-6), A T.
Ml S0 Bl s, 2 a0 B R R 1 O R 43 i)
4 2.94x10° F1 2.50x10° CFU/FE , )45 2 B K GO
DA B ) SO M o AR SIS 1R R IR GO PvL-1
FEJE T PLAN I X5 R S0 P 43 B L 3 B0 R
AR ALERTTE, LU A P B X L9 i X
MR S0 HLIR AP B 42 4 BEAH SR

1 M5k
1.1 SCIe# R
52352 4 B MR s LN T T IR R [

UL & N HE F2 58 5 K 5 3, 1R K 5~6 cm,
P 5T (7.4+0.2) g5 B0 i FH At BRE L 44 75 X AR
WL 6 N 7 B 7 A BR A mI AR AL, SR
K (8+0.2) cm, FHYIASTH (8.8+0.2) g; HTFIKITIR
TR I RR S M 51 5 0 i %8 HUIICTRT (VR6) S i 4
PO B (VHS) 42 O A 5286 28 73 5 H S8 FLA 5%
XFER

I AL ZE ¢ 6 B 7B (Nikon Eclipse Ni-
E/Ni-U). M #51% (SpectraMax i3X). #E 5 i 41X
(gel Doc™RX") . & # % % & 0> #L (Thermo Sorvall
ST 16R).

5 33X A API 20E % & 1055 & (Wi

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

R EA R R, 522 IR (0B 25 B4t R
(BU N FNGA k0 FRA F )5 10% Bt 2F 4
I ~F A b s Bl B R e A BR A | ) BRI 4
DNA 2 ULl & At = 28 E M EARARA
F]); 2xTag Master Mix(AL 5 FEA H A W He R A
BRAED); 519G R F (1A R R A
BRATD; EFRBUIE NA | E IR A NB B CHLIR
Ay A TR R MR AR 5% 57 5L (TCBS)(F &% 15 B} [l 1
WA EARABRA A BRI 8 VM 2 7% SCHER
P il

1.2 REFLEENAE 5 B

J 5 LA T Xof MR B R W K 4R 24 1k 3R IF
i, LL10 T R/667 m® SR, IR AR K
4 e/ 1Y JLAN I XTI AR R s RS 1A
W BN IR % | IR A AR € ) A A L AN U
POR L INTN TR b i 8 R
R, FH 75% WS AR ER R R JE TG TR U
JEEHR T TCBS 3tk FRIZ I8, 28 °C fHIRIE S

S G I BRI T TCBS 85 5% 3 28 °C 18 i@ 5%
F:24h, ATUER EH AR 3~Tmm, R . KLt ©
(RO AR B A, (A KO0) Wik, PRkak @i
BT (PVL-1. 2. 3) FURE ARG (PvL-4. 5.
6), HI%% 3% NaCl 135 R 3R R Zealifh,, Pkist
TRV, FH 3% NaCl & B IRH & H & .

1.3 5 B PR XS FLYAE SR 89 B 710 E

PR £% {0 PVL-1 AR B (0 PvL-4 HUER VK 1%
T 3% NaCl E F W7 Y, 28 °C. 150 r/min &
% 15 3% 18 h, 7 000 r/min & .0> 10 min, ] pH 7.4
A K T 15 iR £k 9% # 1%5 T (phosphate buffered saline,
PBS)UE % 1 14 3 ¥k, FH K & PBS 5 & I B 1
DUVE, HIAL 10 % R V0 B TR A M (4.55%10°~4.55%
10° CFU/mL) ¥ . B LA 0.1 mL/E WL T 52
PR (8.8+0.2) g (1) filt R FLANTEEXTIF , Xof HE 40
RS ARBUE R K, AT 1SR, M T
BEA 23 BRI KB S50 LKA, SRR
S A 18] K IR A5 R AE (26£1)°C, FF H A0 5 LN
X HR 2 AN AE T A% O, B AE ML 4N T2 X B JH g
BRIUEAT A0 4 %, [ Davidson PGy ™ & 52
WiFE AR TR AR 240, LDso >R H Karber 3152,

14 HBEEHKRPVL-1ELE

WA AMET  HPVL-1, EFHIIEL
2k, 28°C 1537 18 h, PhHUETE V% il 45 4 Fr .
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P 2 QYL R UL W AT B 22 [R5 9 PRI
PvL-1 glifb i #%, WA ERGIER AR S, W4
PR, AT AWM LR APT 20E %5 5k,
TR Ak VL T B RN 45 S L5 24 4% APT 20 5 4 15

»FUE PREPVL-1 BRETE, Ak
U TR DNA, 1EHE 6 8 K5 31T PCR i,
PRSI W2 1. PCR 38 741 FH 1% 35 A ¥ 5
i R VR T AN, RS iR R IR R

AT YARSTRIIIDS o

®1 PL-1 £ERAMNEREEIYFT

Tab.1 Primers sequence of house-keeping genes for PvL-1 identification

519 P4 FEY) B fbp R
primers sequence fragment size references
topA topA-F: GAGATCATCGGTGGTGATG 800 [21]
topA-R: GAAGGACGAACGCTTCGTG
mreB mreB-F: ACTTCGTGGCATGTTTTC 1 000 [21]
mreB-R: CCGTGCATATCGATCATTTC
fitZ fitZ-F: ATGCAGGAATTGCGATTCGTACTCA 951 AR5
fitZ-R: TTATGCGTTAGCCGCATTAAACTCAAC
gapA gapA-F: ATGACTATCAAAGTAGGTATTAACGGTTTTGGC 996 A SE
gapA-R: TTACTTAGAGATGTGAGCGATTAGGTCTAGAAC
16S rRNA 27F: AGAGTTTGATCCTGGCTC AG 1500 [22]
1492R: TACGGCTACCTTGTTACGACTT
rpo D rpoD-F: GATTTGTTGACCCTGATGCAGACGA 799 AR5
rpoD-R: TAACCACGACGGTATTCGAACTTATCTACC
Vea-hly Vca-hly5: CTATTGGTGGAACGCAC 328 [8]

Vca-hly3: GTATTCTGTCCATACAAAC

% 4% 3t b A ¥ gapA R fiuZ )7 5 F
NCBI ¥4 % rh 74T BLAST Hexf 204, e 8AH
3 e I AR B I T RN A 4E [N, 12 F MEGA
7.0 B A 3 T 4B H5 7 (Neighbor-Joining, NIJ) #4) &
HEAER

1.5 DEREKRPWL1IEFHEFEHEREXE
4 5)

PvL-1 T Bk 42 Fh 3] 10% JIi6 21 4 2 1f F ki A
JI M 4% A9 SF- Al P RN R A B S
7 o

HR 8 SCHR A I ECI TR 25 7 2k R AR G514
HF PvL-1 %, FrH5IY W& 2,

1.6 JLENEXTENE LR fR TR ) 5%

HX Davidson [G & [ € @ 5 . 48 &9 LA
TR Gy S5 Wi AE LG T R R AR ZH 2L, A
BEEEMLK . ZHZRE | REEEM . A48 .
TR L WORS RS R ORI, A HE e, I
AGEW, PR R,
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21 BHENLAESERER

{8 B FL AV X R 3% 7 R R, R
B M, RIEM R L -1, 4), BEE L
R K R LT R 3h iR 2% | B
A I RAR IR SR K LTI, &)
RIS B B4 (B -2), WAL K e Bsf [a] A T
WR A 1] B G = AT DL & 0, BT [R] A i LA
VX M JHL R 3 R Sk R R e AR P L A I K
JEAU ., SRR AA (ERR T -5); TR PR
KICIG 2~3d, FET-FHAIA 80% LA 1o Jkde FLANiExt
UR55 AR K0 PLAR X IRE AR AR ) (B T -3, 6),

2.2 PvL-1 X FLAEITERAY LDs,

B PvL-1 1 PvL-4 J8& e (1 £t J5é PL 4 1 X i
S gk L R, PvL-14> B AR o Wk O 4
(4.55x10° CFU/J)18 h J5 JF d i B AL T, i ik i
2H (4.55x10°~4.55x10" CFU/JE)24 h 5 HH B BE T
B2 dE, AN ES RS AR | WiEshiR4g |
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Tab. 2 Primers of V. campbellii virulence genes

Elk7) il 74 Fr Bt /op E BN

primers sequence fragment size references

veahHly veahHly-F: AATGGCGATTCCCGAAT 647 [8]
veahHly-R: GACGCACACTCAGAAC

sodB s0dB-F: ATGTCATTCGAATTACCTGC 490 [24]
sodB-R: TCGATGTAATAAGCGTGTTCCCA

esrB esrB-F: GATCATGCCTTGCTAGCC 454 (25]
esrB-R: TCGGCGACCAGCTTGAGA

mukF mukF-F: ATGAGTGAGATGACTCTCAATGCTGC 1338 S
mukF-R: TTAGTATCGGTCGATGACATTCGCTTG

gloB gloB-F: GTGTTAGAGATCAAAAGCATACCCGCA 759 ARS8
gloB-R: TTAAAATTCGTTCTTCCACTCGCGTAGA

flaC flaC-F: AAATCATTCCAAATCGGTGC 580 [26]
flaC-R: TCTTTGATTCGGCTCTTA

TLH TLH-F: ACGGGTTTGTATGGACAGAAT 193 [27]
TLH-R: AACTCAAGGGTGAACAGGGTA

VpPir VpPir4-284F: TGACTATTCTCACGATTGGACTG 284 (28]
VpPird-284R: CACGACTAGCGCCATTGTTA
VpPirB-392F: TGATGAAGTGATGGGTGCTC 392
VpPirB-392R: TGTAAGCGCCGTTTAACTCA

AP3 AP3-F: ATGAGTAACAATATAAAACATGAAAC 1269 [29]
AP3-R: ACGATTTCGACGTTCCCCAA

AP4 AP4-F: TTGAGAATACGGGACGTGGG 230

AP4-R: GTTAGTCATGTGAGCACCTTC

1, 4. healthy L. vannamei; 2, 5. naturally morbid L. vannamei; 3, 6. infected morbid L. vannamei

ElRE | SRR LR NLANESEMER
L4 BEBERLANER R 20 5. ARRI LA UF: 3. 6 YR LA AR

Plate | Symptoms of healthy and diseased L. vannamei
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Ko AR

45 %

BEWA, FHEERIFGEE . 4, WL ALN
WEXTER G = RO, EARE HARRRER R B
7 dJF R IR BE T s PvL-4 43 85 bk B e vk 20
(4.55x10° CFU/R) X FLY 1 X MR ELREF h 60% 22
i, BORERAF AR A LB SR B E R WK

o Gt R IET %, H Karber ¥ 1152
ALK B (LDsg), PvL-1 7E 95% (1) & {3 X 6] N
43 B TR AR X LRI X R () LDsy A 2.94x10% CFU/
B (% 3), A& PvL-4 LDy N 2.50x10°
CFU/FE, #1555

®3 LPEMNFATRRSZELER

Tab.3 Results of artificial infection of L. vannamei

TRV
W Z/CFUML) mortality number ST AU R T /%
concentration for challenging 0d 1d 2d 34 4d 54 6d 74 cumulative mortality mortality rate
4.55%10° 0 6 6 3 0 0 0 0 15 100
4.55%10’ 0 4 5 4 1 0 0 0 14 93.3
4.55%10° 0 3 4 4 2 0 0 0 13 86.7
4.55%10° 0 0 2 2 0 1 3 0 8 533
4.55%10* 0 0 2 0 0 0 2 0 4 26.7
XH&  control 0 0 0 0 1 0 2 0 3 20.0
E: VS EN0.1 mL/JE
Notes: injection dose was 0.1 mL/ind
23 FLAGRAIT PVL-1 S EHEL R Wb T UL 5 (PP T -2), FLAOG L
HEAEATA  PvL-l FTCBS s  SWWERIE. WAENESHSETE, I
28°C Hi¥t 24 h, WVEEBIE . ekt (BRI -1), M, 2 RPEEPTE (ERT-3).

& hig 11

1. PvL-1 7£ TCBS W V& 2. PvL-1 7£ TCBS [fIIE S R HE T 3. % 2= R YL 1) PvL-1 1 74 (x100)
Plate [I

1. colony of PvL-1 on TCBS; 2. luminescence colony of PvL-1 on TCBS; 3. thalli of PvL-1 by Gram staining (x100)

A B AAAFAE SR API20E Ak % E 4%
Xf PVL-1 AR TS5, S5 A, B HkE
PR S R [, S A B, SR G
TR . TR IR . B R e A B, RS
R . URE . N ERERER AN VP SN R
SR 7 QAN B T 01 r 510 9 3R GO ER CATIM249

https://www.china-fishery.cn
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Morphology of colony and bacterial thalli of PvL-1 isolated from luminous L. vannamei

RIERFF A FRIK 90%(F 4),

24 HEBEPVL-1 EXERFMMIFF MG
4] PCR 2

SR A 4 B B R PYL-1 4y 2, i 16S
¥RNA . topA. mreB. fitZ. gapA Fl rpoD % 6 1~
FILH 4T PCR, HL UK AN P 25 R R 0, PvL-1
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Tab.4 Biochemical identification of strain PvL-1

SEE TR SE R
AT H experimental strains AT H experimental strains
biochemical items PyL-1 CAIM249 biochemical items PyL-1 CAIM249
FFLHEH  ONPG - - K&  urea, URE - ND
LKt Gram stain - - 1A4EE  sorbitol, SOR - -
EALEE  oxidase, OX + + W% BE  glucose, GLU + ND
JJLEE  inositol, INO - — FLBE  lactose - -
FE R  arginine, ADH - - fZ=/E  rhamnol, RHA - ND
BEIR lysine, LDC + + HERE  sucrase, SAC - -
9% ornithine, ODC + ND 9 _B%  melibiose, MEL - -
AR phenylalanine, TDA + ND EHATH  amygdalin, AMY + ND
MI#EE  citric acid, CIT - ND FifFi{ 4% arabinose, ARA - -
%R tryptophan, TRP + ND LA H,S - ND
5| indole, IND + + WEAERE:  pyruvate, VP - d
W PEREE  glucose, GLU O/F + + izt moveability, MOV + +
BAMKE  gelatin, GLN + + FFELZT methlred, MR - -
EER IR nitrate reduction NO, + + 4K T Na' required for growth + +
&t luminescence + d
e PBHPE, <= Bk, ND. TAHREIR, d EREFEE S
Notes: "+" positive, "—" negative, ND. no data, d. different in strains

Al 1 16S rRNA Fl mreB 51 )4 15 H 1 500 F11 000
bp 571, fitZ Ml gapA 51 W4 15 Hi 951 Fi 996 bp
ki, topA 1 rpoD 51 Y4 ¥G 11 800 1 799 bp 5%
Wy R I QG Pl Ry 5714 51 9 veahHly %§ PvL-
1. %8 UG FIG 4 BB A TR, 25 R s,
TSI veahHly BEY 1S H PvL-1 43 25 Bk 328
bp &y, M FE HUICE FIG 4k (ORI A R 3 i
FHNE 25417 (& 1),

2.5 BB PVL-1 RGEH LK

Ay B B BE PVL-1 119 16S rRNA 15 £ %0 i Ak #
5 R KK B CAIMS19 (GenBank: CP015864)
FIE 4 [C IR DP1(GenBank: KF607037) #H 2 4%
i, FHRLE A 100%; H fiez 547 2 g8 o A o
Mrés R s, PvL-1 5774 2 LN I X IR 3R [
JE 23S FR 20130629003S01(NCBINo.: CP020076)
R —3, MITE N 99.31%; gapd 55 I
KO BE 15 XFHF (Penaeus monodon) 3R 5K B 43 5
¥k CAIM3 (NCBI No.: F596552) B — %, i
V£ K 98.89%; fitZ Fl gapA J¥ 5 1 5 04 4k G N B4

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

1 PvL-1 EXREE PCR I HEER
M.Marker; 1.16SrRNA; 2.fitZ; 3.gapA; 4.mreB; 5.topA; 6.rpoD;
7OBIMEXT IR 8 e HUINE 9. MG IRINE: 10, BRIRINE

Fig. 1 PCR amplification results of
housekeeping genes of PvL-1
M. Marker; 1. 16S rRNA; 2. fitZ; 3. gapA; 4. mreB; 5. topA; 6. rpoD;
7. negative control; 8. V. rotiferianus (VR6); 9. V. harveyi (VHS); 10. V.
campbellii

RAAE S (K 2)0
A4 PR E L B IR AR BT

https://www.china-fishery.cn


https://www.china-fishery.cn

606 KopE o R 45 4

99 W& 4E RN V., harveyi AB1
74 KRR V. campbellii CAIMS19
o4 PyL-1

41 W& 4k FCHIRER V. harveyi DP1
& YE [CHRER V. harveyi BF-1
27 W& 4N V. harveyi v64
70 B V. rotiferianus WAB2217
IR V. rotiferianus DB1
WIKIKE V. campbellii ATCC BAA-1116
W ICHIRE V. campbellii VHI
W& 4 IV V. harveyi v30

—— WYk BCHRER V. harveyi LB15
WA YEECHNE V. harveyi ZX2-1
\—E WIRIREE V. campbellii DS1807-16
WIKHRE V. campbellii LA16-V1

WIKYRE V. campbellii 170502

0.10 (a)

82 WKINE V. campbellii 170502
100 { WIRIRE V. campbellii ATCC BAA-1116 (1)
82 100 WA YE IR V. harveyi ATCC 33843
{ W4 [N V. harveyi ATCC 43516
WS YE IR V. harveyi 345
PvL-1

491': WIKYNE V. campbellii 20130629003S01
WIKYREE V. campbellii LMB29

KICIRE V. campbellii ATCC BAA-1116

56

0.50 (b)
¥— KICINE V. campbellii CAIM249
98 L SKIKINE ¥ campbellii CAIM134
31 WECHRE V. campbellii CAIM150
WIKHKE V. campbellii 170502
WKYRE V. campbellii CAIM392
() — PvL-1
L IR ¥ campbellii CAIM3
W& 4E QIR V. harveyi 345

31

©

2 B PVL-1 RELXBEM O
(2)16S rRNA, (b) fitZ, (c) gapA; GenBank %: [X & &5 : (a) My 4 [RIN B AB1(KF607036), 3K [ 9K B CAIMS19(CP015864), I 4 [K ik i DP1
(KF607037), M4 [GHILTE BF-1(KT428053), M4 [GHN I v64(KJI508003), 5 1y WAB2217(MH169265), # HUJKE DB1(KC756840), 3K [KiKE ATCC
BAA-1116(CP000789), 3X [ IR B VH1(JX442511), M5 4 FC 9N v30(KJ508002), M 4k X I LB15(DQ146938), M 4 K i I ZX2-1(KY985238),
WK YR DS1807-16(MT269596), 3K Kl i LA16-V1(CP021145), 3K K 9K B 1705020(CP033134); (b) CP019293(3K K 9 i LMB29), CP025537
(M 4 QIR B 345), CP020076(3K [K IR B 20130629003S01), CP006605(3K [ 3K B ATCC BAA-1116), CP000789(3X X 9 i ATCC BAA-1116(1)),
CP033134(IK IR 170502), CP009467(M: 4 FC 9 TH ATCC 33843), CP014038(Vs 4k FX I 5 ATCC 43516); (c) EF596546(3K B I i CAIM134),
EF596558(3K K9 1E CAIM150), EF596552(3K R 9 & CAIM3), EF596551 (3K X I B CAIM249), CP033134(3K ERIEE 170502), EF596559(3K £ ik
CAIM392), CP025537(W 4k F I 345)
Fig. 2 Phylogenetic tree and analysis of PvL-1

(a) 16S rRNA; (b) fitZ; (c) gapA; GenBank accession number (a) KF607036(V. harveyi AB1), CP015864(V. campbellii CAIM519), V. harveyi
DP1(KF607037), V. harveyi BE-1(KT428053), V. harveyi v64 (KI508003), V. rotiferianus WAB2217(MH169265), V. rotiferianus DB1 (KC756840), V.
campbellii ATCC BAA-1116 (CP000789), V. campbellii VH1 (JX442511), V. harveyi v30 (KJ508002), V. harveyi LB15 (DQ146938), V. harveyi ZX2-1
(KY985238), V. campbellii DS1807-16 (MT269596), V. campbellii LA16-V1 (CP021145), V. campbellii 1705020 (CP033134); (b) CP019293 (V. camp-
bellii LMB29), CP025537 (V. harveyi 345), CP020076 (V. campbellii 20130629003S01), CP006605 (V. campbellii ATCC BAA-1116), CP000789 (V.
campbellii ATCC BAA-1116 (1)), CP033134 (V. campbellii 170502), CP009467 (V. harveyi ATCC 33843), CP014038 (V. harveyi ATCC 43516);
(c) EF596546 (V. campbellii CAIM134), EF596558 (V. campbellii CAIM150), EF596552 (V. campbellii CAIM3), EF596551 (V. campbellii CAIM249),
CP033134 (V. campbellii 170502), EF596559 (V. campbellii CAIM392), CP025537 (V. harveyi 345)
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PvL-1 AR RN, 5 FL4H X HF 3K [ R CP
020076 457> BI AR — 3, HoK A sh Wi 4E G
SIER 43 5 bR A R ARG, B UL E PVL-1 IR IR
SICPE AR B

2.6 EHK PvL-1 BYR M1 F0 A S & B BEIE 14

PvL-1 BRAEFIL AR EAER R, BAKAE,
M, EERED], B B YA I (IR -1),
P W12 T R A A 0 S 3 1 R I 5 A AR
Bewikr iRk AR R, B23A0. BEE
75, TR A FEL L B A A B L (T BT -2)

ERR 1 ROk A M4 F0 B S Bg 4E
LFAR s 2. 48R

Plate [l V. campbellii extracellular enzyme and

hemolytic results

1. blood plate; 2. milk plate

2000

1 000
750

500
200

100

27 mEKRESHEEEN

Oy B R BR PYL-1 15 7 L PR RN 245 51 B
Pir % J1 5] (Pird/PirB) A YE, 1 2k I 15 AR
I LA (AP4). IR FEH (veahHly), R
Fa g I & R I W (TLH)., ¥ B3N (laC). T
RS T W (esrB). A 1 5L A (mukF) |
BT T8 A AL AL 3L ) (sodB) RIS Tk
A WEH K R E A (gloB) #1°4 FHME (18] 3). NCBI
B 50 E XS oy A 45 R R, veahHly F TLH
5 BPEF 0 B IR G E CAIM416(NCBINo.: DQ
434996) AHLLE 73 31 51 3K 99.53% 1 99.48%; esrB
55 3 [ FR G LA 6 R 43 85 3 A R IO LAL6-
VI(NCBINo.: CP021146) fH{U:HR 96.91%; mukF
5y 43 85 2 (17 R [CHTE BoB-90 (NCBI No. :
CP026315) 1 L ¥l 97.68%; sodB 5 & AHPND
49 LA Y %o R R LGB Y ] 3 5 Ak 170502(NCBI
No.: CP033134) #H ¥ = 3k 98.79%; gloB 5 &
B FE 43 B ) 1 3K G YRR CAIM 519 (NCBI No.:
CP015863) HHIE K 98.77%

2.8 ‘ALATRIBUE DT

B PvL-1 A TR e 5 W A6 OF JF B R, &
Davidson R [E 22 . U1l H.E G285 %8, 1E

(b)

B3 PvL-1 87 #FHEE (a) F1 4 T2 MRFERRIF L RIE X EE (b)PCR ¥ LR
(a) 1. TLH, 2.vcahHly, 3.sodB, 4.esrB, 5.gloB, 6.mukF, 7.flaC, 8.[%k; (b) 1. IKIKINEE pird, 2. @I MINEE pird, 3. K KINE pirB,
4. R MRS pirB, 5. WIKIKTEH 4P4, 6. IV INEE 4P4, 7. 3K IKINE AP3, 8. El¥ L5NEE 4AP3, 9. Btk

Fig.3 PCR amplification of the seven virulence genes (a) and four AHPND genes (b) of PvL-1

(a) 1. TLH, 2. vcahHly, 3. sodB, 4. esrB, 5. gloB, 6. mukF, 7. flaC, 8. negative; (b) 1. V. campbellii pird, 2. V. parahaemolyticus pird, 3. V. campbellii
pirB, 4. V. parahaemolyticus pirB, 5. V. campbellii AP4, 6. V. parahaemolyticus APA, 1. V. campbellii AP3, 8. V. parahaemolyticus AP3, 9. negative
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¥ 45 &

DL TR T R TR AR /N b R A0 R 25 A e
R 40 g (blister cell, B 4JiE). £F4E40)iE (fibril-
lar cell, F 4 fifd) AW Y 4} (resorptive cell, R 4
JH) 25 Ty i 200 355 BT R UL, R AR PN IR AR
Wi, SRR N RIJC I C 40 A (BRI -1) 5
FHIXCINE PvL-1 W 5 H 0 (%0 2 d), LA
YRR U JFF JERE A 200 L ) B A8 R, R /N A
L TT R WY . b R AR T BB, B 4
IR 4 MLARAR AT UL (I RIV-2)s g 3d e, AF
JoR B /NG5 AT UL B I I 2 R R L b R A R
7%, ARSI SE RN FI IR, B 40 A R 40
LINRRANMITCIEE 0B, WO NE R, i
I O 200 B R 58 00 L5 19, /0N A8 ] AT U0 5 3] 4
(FRRIV-3), 5 FR56 M 4R &k A R OGTE I FLgNEE
Xof U T Jk Ji s 22 S PR AH ) (PR IV -4).

3 g

W AR FE R 34T )2, T 5% R
IR . BRI (V. owens) I W 2 EC O B 1 IR
R, o328 B A i Ak FRO R S Ik
FCAER B BN e O . AR AOEIE", A

IF) BT Aok ) A 5 ) e 583 B B0 1 22 AR KB, A2
FIN A DU IR QI AT BE 4 5 1 Hb 48 2y iy 4k
FCINEE B, ARSI R 16S rRNA Fi gyrB JT 5]
U TE Y B PYL-1, & P55 WA 4k ECOT E AH AL
>99%. AN REER, g RS
PERCR . XF T 2 9 A B A T 5 BE R Y gapd
fitZ FILH AT LR, & B gapA R fitZ B9 &
GE AR IR RN 3R oy — 3, AHALEE>98%, 1M
5 A FCIN B TE Al S /) 2 52, R 2 AN FEH
AT A A5 DX A3 3T B R R 2 TR o 3R G
PR SR 51 AT T DR 4 QI T B o R gl 4
FE IR G .

B ) P AE SRR XK AR S B Bow v L 1E
F A ZUR 20 B A 4 v ke AR R, ME R
Stk BV, THPHEAR. 25
O RE R W il 3R S I A R At T TR )
HNEE R AR -, AT 0L g i R 2 B,
g DL RRAE P O E U TLH B #k
JEHE B G, T B0 M A A, AE o B s g
R BURAE M, AR B B IR PyL-
1 H A M E S % 2 I H R esrB. mukF
sodB. gloB 553 )1 3L, X SLFEN 5 3 AR R i il

Bl IV
LA LA UR ;s 23, B LR UF s 4. B SRR JLONEXTUR ;. HLE B2t 40x; #f Sk rn U253 09 B WARAR ML F. 27 4k 4h
Mo ROWRUCANND: HOMANARIE: NOZ5s TOMR/NE AR C. o FEAN

Plate [V  Histopathological characteristics in hepatopancreas of L. vannamei challenged with V. campbellii PvL-1

1. healthy L. 1 i; 2-3. L.

3 100 um

WECINE PvL-1 K& 5 FL AR 3 EN T R AR s BB HHE

i challenged with PvL-1; 4. naturally morbid L. vannamei; H.E staining 40%; aarrow shows: B. blister cell; F. fib-

rillar cell; R. resorptive cell; H. hemocytic infiltration; N. nodule; T. tubules sloughing; C. Vibrio-like bacteria
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F18 99 W 43 5 S TSI 1 A L 5 gk TR %) AR AL 1 2
TE 96.9% L b, J& 3 4R R X Pk QIR Y 3 228
WL . ARHIFGE 43 B B IR ECHIER PyvL-1 X fgkt B ML
Y7 ST R B LDs, g 2.94x10° CFU/E, & T
JLAN T XF B 2 5695 R 1 43 85 Bk (R 1 LDsp 1.55%
10° CFU/EE M4 HF LD, 1.7x10° CFU/E) "™, {H
I T @I iSRG X L 4 T B Y LD 7.96%10°
CFU/RB™,

W AR S5 43 B8 1 3K G B PyL-1 7 5 L4k
VR XTI, WA A AR BED) T 08 £ B M A A i
g . NE R AR AR AR . AR . B AR
R 41 F 406 55 Ty 68 40 i T 125 0 B A5 RRAE M 05
AR, 5 i A | A I 2 I R AR IR A
5 AT 2 00 B AE , AT BE R IR IR 1 7 )
SR SEFEE A S5 R . AR A C T IR G
T 5 8 FLAA AT R AHPND 438 , SR 25 91 0
AR (1 S B AR /NS R AN R N T Y s HE
%, I RGN R Pird/PirB", AR 52143 B A R
FCHR B PvL-1 XF PLAN 5 X WA 355 1 75 J1, AP4
Rl BRYE, B AP3 . Pird/PirB ¥ 3 B PE
UE AR A R & BT R I R A A R B A
HAb IR # 51 # A AHPND, S iFse 20, A
IR 51 i FLAN XTI AHPND, B SRAEARAR L,
A5 AHPND ()55 1 3 PR BT @ ks 2 91 HE 45 K
DX, G i e () Pir HFORL N pVA, T
HE IR B W R pVH, B 7K IR EE Pir 1) BRI
RIS AP 5387 1 7 BRAS [ 3K G 43
BIKKIY Pir J¥51) (GenBank: MH890610, CP033136,
CP020078, CP021148, MH152522, MH152521
A MH152520), %4 B8R QO 1 5 Al ¥ 190 5 5y
Pir H R JEMEAR T 75%, 11 3k B 9 6 8] 1Y Pir [7]
PEHEAAR T 80%. 51 TE 32 S HF AR IR BEH 1Y
WO, Ho8E 7 56 DA AH OC ki A 1 T iF—
B
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Isolation, identification and pathogenicity analysis of luminous
Vibrio campbellii from Litopenaeus vannamei

LI Jinjin', HONG Baohua', NI Sizhen', BAO Jiawei’, MA Rongrong', YIN Fei ',
HE Jie’, LUO Huaming®, LIChen', HUANG Yuanming’, QIAN Dong "

(1. School of Marine Science, Ningbo University, Ningbo 315211, China;
2. Zhejiang Hongye Seafood Co., Ltd., Taizhou 317000, China;
3. Fisheries Technology Extension Center of Taizhou , Taizhou 317000, China)

Abstract: A serious disease occurred in cultured white-leg shrimp, Litopenaeus vannamei, in greenhouse pond of
mariculture farm in Taizhou, Zhejiang Province, in 2019. The diseased L. vannamei showed corkscrew swimming,
anorexia, slow growth, hepatopancreas discoloured, with a mortality rate of more than 80% in 2-3 days. To study
the pathogenic mechanism of PvL-1 in L. vannamei, the bacteria were isolated from morbid L. vannamei with typ-
ical symptoms by using thiosulfate citrate bile salts sucrose (TCBS) agar, with the light Green colony of 3-7 mm in
diameter, luminous in dark and Gram negative rods. PvL-1 was identified as Vibrio campbellii with API20E bio-
chemical bacteria identification, with similarity of 90% to reference strains CAIM249. PvL-1 belonged to the same
cluster with V. campbellii CP020076 on phylogenetic analysis for fizZ, with 99.31% similarity to reference strains,
and same cluster as V. campbellii EF596552, with 98.89% similarity to gapA. V. campbellii species-specific
primers were used for PCR test, with 328 bp band for PvL-1 and negative for V. rotiferianus and V. harveyi. These
results indicating that PvL-1 was a member of V. campbellii. PvL-1 can form typical B hemolyisis on sheep blood
agar and transparent circle on the milk agar, indicating the existence of hemolytic and extracelllar protease toxin.
Acute hepatopanergic necrosis, hemolysin gene, flagellate gene and other virulence genes of PvL-1 were analyzed,
indicating that PvL-1 has virulence genes such as AP4, TLH, vcahHly, flaC, mukF, gloB, sodB and esrB. The
healthy L. vannamei, infected with V. campbellii PvL-1, died with the similar symptoms to naturally morbid L.
vannamei, with LDs;, of 2.94x10* CFU/ind. Histopathologic examination showed that PvL-1 challenged L. van-
namei hepatopancreas showed tubular epithelial cells massive shed and sloughing, hemocytic infiltration etc.,
which was similar to the naturally morbid L. vannamei. In summary, the luminescent V. campbellii PvL-1 was isol-

ated, with high pathogenicity, which expanded our cognition of the luminescent V. campbellii of L. vannamei.
Key words: Litopenaeus vannamei; Vibrio campbellii; identification; pathogenicity
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