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1. BEERFK2GE, fmd T 361021;

2. EEHAKFEWIEA, AR YN IR S S E P A=, e JE] 361013;

3. BB REK =S # B, i 201306

FEE: 2020 4F 11 H, Ha 2 EE W 57 58 17 il 2 (Aposti chopus japoni cus) i} B K T8 FRUR SR 1B 00, i 2 s I 0 i
BEVT 25, AR E T M IS E KRS IR R I I H F . B TR R AT T . 2

R, WG IR B A5 2] 1 RRIE S bR XP-11, 2N TG R IG 45 T WoR, Hkk XP-11 X075 24 A 8 1 5k
FTEH, T At BUA R 5 5 A SR AR AR RE R o ZETFIEMER | Biolog H WA %52, LI 16S RNA,
FEXRIEMN gyrB FEE AR EEE C (ure CFEFFFHIIHIEE R, B WAk XP-11 98 A8 & G 7 38 A £l Fh (Photo-
bacterium damselae subsp. damselae). # 71 3% R 45 3 @R, BWkk XP-11 &AM E A SEIEF hiyAch FIE i8S
PEAHSCSEA plpV PR3 N kG BRI EE 1 3N 28T 45 R B/R, Witk XP-11 XU E . BV aE . &7
BriE IS 8 A d: RUK, #— R AME T MIC HIESER TR, BiE ., MRIER. FNER. &
BIEH | RERZVGIRAER | T v L B[] PR R IE A e P s+ PR SRR E A K AT R 24 X0 TR R XP-11 1 SR /M T

WIEMIC)53514 0.08., 2. 1.

1. 0.06, 0.125, 4. 1.2/0.06 ug/mL, #5745 SRR, 3 A1 &k EH H 3 A A Fh 2

5 R 2: 10 B S AR R s S, HC X 07 300 2 ) 2 BUPE VR BE (LDso) 4 1.08x10° CFU/g 1R

KR RS, RAMBOCHTR; B RZREE; R I2EIN; 259 et

HESES: S947 NHEFRERS: A

175 il 2 (Apostichopus japonicus) s J& T il %
F}(Stichopodidae), 1/j¥1lZ:J& (Apostichopus), J&3
B 2 Bk SR A i 2 e N T
BB R [ 20 4D 80 ARACHETR [ SLEL %
WLk, BTG B B, BLE & Rk 36
TEK SR A B R AR R R =P R
H 2003 EFFIRH#FAT b2 IR i, Lk 20
AR R R, TR TR b DX 1 S 5
B IXPY, SR, B SRBRLBERYR,  E A
AR Pl R R BRI L R, o R LR
TS24 ) 2 2 A B v i W e 2 —, BT fG
R LT . FET-R AR, IO 2 DL 2 T U

s HER: 2022-06-19; 1&iTHH: 2022-08-05.

TEHS: 1005-8737—(2022)12—1800—12

el B, WA R DL A A Rk kPRI,
AN [R) HlL DX 5 2 04 B0 B AP 28 45 AT AN R, R JR R
A3 s A 2 AR R 2020 4F 11 H, fEEE
BV AR DR S SR A 15 i 2 s B KT AR R I 1O,
KA FEIRERAEE: BIRZEg . R, R
LK AR B BE, BT R 8~12 cm &
1 25~50 g MRS, AT LATE R 4],
BB A R A . R . RIR . 3T
TS R . B R BRI 2 3 B 5 —
FRACFBEAR, I 30 32 [ 15 JaR Y S 06 5 A 12 181 1R 1)
Hoatk, it 16S rRNA FIEFKIEE gyrB J7514>
B 9 20 6 2 i M0 50 AT fg g 55 Nk OB FT I

ESMA: #5885 577 AL TR H (2021FISC2Y03); 48 #48 BHE 112135 H (2022R10130010); #& HE44 1l 45 1 78 %%

LI (2021HYJIG17, 2021HYJG18).

EERIN: EEAI(1996-), %, WL A, TR A 05 Bl S SR H R . E-mail: wll17859769156@126.com
WEEE: MK, BESE0L, DF9E07 10 oK AE A U R 5 5 X i A 5 F £ K . E-mail: xmqlin@sina.com
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(Photobacterium damselae), 34535 A0 & SEHF
& ALY FR RN 36 AR K AT B A AR

EINEY S N E IR XL PN |
(Vibrio damselae), f 7T 1981 4F M B ik i5t
22 95 1) 48 % (Chromis punctipinnis) fi 2 th # & ¥k
4B, 1995 4F Gauthier ZE PR /> 7 Fi Fe B 4
SR, RILUE S KT I JE AR O AL, O
B4 o 3 N fUR EFF I SE NP, 6 A fa
P Fifr A JEk e K # £ (Pseudosciaena crocea)” | 2t
5 i (Cynoglossus semilaevis)!'” . 4 5 (Pampus
argenteus)!''! | JL 4 ¥ % #F (Litopenaeus vanna-
mei)!'? . 5% W7 K (Tursiops truncatus)t 345 £ fi ifg
PR, SRR TR B 0 . AR
FWRE N FEER, 4G EME R R A 2E Bk
W E R A M S8 N S AT B A £ Rl BB N
£ 37 7 (X 1 (Pasteurella piscicida), T 1963
R385 [ 2L IR B (Morone americanus)!'™; HE
Yeqm E M2, A] 5] BP JE B8 % (Trachinotus
ovatus)!'®, 4R 4E i (Morone saxatilis)!' "4 £ fil 11
IR, ARG R FE— B TC I e AR, (H
FE28% BT UMD | S 2 B gl T

AFIEE LS AR . REER
H 0T BT RS Y OB T A O, IR
X N AR BO 5  S i Eom t, DEoE g
5 7E R A% 15 0 S 1 ik R 5 R FR 0 D | A 1Y)
15 I S 995 B iR B S 2 1K .

1 #MEEFE

1.1 EHR

SR U5 0 2 B A A R D i 0 5 A
Heo ARBREDT RIS HH AR RN S IR S, 1
PRI My (18.5£10.4) g WIRETCHIM . 16T
ARSI A A F N TR
12 HFEENS B4

B TRRE IR 9 SO O =, AR 3R T A B
HAKIEVEIG, FETRHERIET, FERD I R R 15
AL BURE, RIZRHERNT TCBS FAR;FRIE L, &
F 30 CH;F% 24 h )5, PRBCHEIE SR K Al kb
FE 2~3 K, A5 R P R T 2216E WK
Rigedk I, H 30% H i BRER K PR A7 F-80 "C Kk

i, &H.
1.3 AIR$3

¥ 1.2 H o B AR B TR AR RN T 2216 Wik
Kigedkh, 30 CHEEREFE 24 h, 8.0 )5 BUR AR TT
VE, SR 22 R EL Py 00 5 TR B, G TR A AR
K B e R 1.0x10° CFU/mL 1) 2 S256
£ 5 L@l KM NEETT, B 210 S O5fIZBEHL5
BT A, BAE3ATAT, AT 10 K52,
HASIG A 6 MU0, 10°, 107, 10°,
10° 1 10* CFU/mL ¢ & B L), R P s A ek
gu FEHFIEN 0.2 mL/Sk, X BRLH SR
FAERER K . I B A RK IR Y 20~22 C, £
J& 30~31, WIRIREH  EL A, B HfoKE N
20%, FELZE 14 d WEC SO S K FIE T 1% 0L,
SR FH A R 19 52 E T 5099 D o %o 3 2 1 - B0
W B (LDso), FF X5 A 5845 30 2 32E 4799 L o 2 4
YT
14 RIEEHERE
141 BEHRMEEESWNE K 1.3 PRANRE
JEUTE 43 45 Rl T TCBS M12Z16E -4 |, E30 °C
fEIREEFE 24 h 5, MEWVEIEA, RAEMET
B AR R AR A
142 BHHREEEUBEST 2% (ABRKE
SEANE T ) U O LA R G e Tt ) 12
FECHK, JF45A Biolog H shi W% e RGXHR
JRE XP-11 B4 BRA AR FR AR IEA T o0 T 25 5 o
1.43 16SrRNA.gyrB.ureC EEFFI S 42
U A B DNA FE M BitR, 4 16S rRNA i@ F 5|
Y AT Y . 27F (5-AGAGTTTGATCCTGG-
CTCAG-3"), 1492R (5'-ACGGCTACCTTGTTAC-
GACTT-3")*!; gyrB Z:H P 45 4): F (5-GAAG-
TTATCATGACGGTACTTC-3'), R (5-AGCGTAC-
GAATGTGAGAACC-3")*; ureC 5K %35 91: F
(5'-TGGGTTTATTTGGTAAAGG-3"), R (5'-AG-
TGGATAGCAACTTGAA-3")**! _PCR ¥ 1A £ Ky

12.5 pL 2xTaq master Mix., 1 uL #4k DNA.| 5|4
£ 1 uL, #M3E ddH,O % 25 pL; PCR § LT N
94 “C 5 min, 35 MMEH(94 'C 30s. 55°C 30s,

72 °C 605s),72 C 7 min, PCR ¥ 47/~ H 28 1%35
JE R B L VKA DN TR B S, 3% R E T TEA 0 AR B
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ARARAFIF, 74584228 % GenBank 4
o KA NCBI-BLAST 84T HI LX), T2
W F%, B MEGA 4.0 %% Neighbour-
Joining 7 kX & R & kK F LB (bootstrap=
1000).
15 mRESHNERG

38 PCR Rl 5 36 A0 & CHF R L83 )
BEPR: BEPE RS il kS A L (pPPHDDL) | 35 1

FHICIEA dly, IR A OCEE K hiyApl . %5 1P AH
KELH hlyAch Fiw B i PEAH OCEE ] plpv; 5 F
Fe N ROCAT AR SR B ) BE DR i 4 IR
MZEIERE vhh, EFLINEEIMEIEFE hiyA, B%E
L 9K B i #4 H 4% % 1l & (thermostable  direct
haemolysin, TDH)JE A tdh, TDH #H 5% I % 3 A
trh FIAI5 IR 1 2L wh, TR 5197
FIINZE 1 s . PCR Y IR R KfEF S 1.4.3,

x1 SHERASIMEFT

Tab.1 Theprimer of virulence gene sequences used in this study

GIE B S SIYFF1(5-37 A = BUN
primer name sequence (5'-3") typical host reference
pPHDD1-F TGGAATAACTATGAGTAACA EINEY S i) [24]
pPHDD1-R CATTACCAAAACATCTACAT Photobacterium damselae
dly-F CCTATGGGACATGAATGG RN LT [25]
dly-R GCTCTAGGCTAAATGAATC Photobacterium damselae
hlyApl-F GCTATAAATGAATAAGAAAA e N ARG [26]
hlyApl-R TTGAAGCTAACTCAAAAA Photobacterium damselae
hlyAch-F AATGTTTCTTTCCGTTGGGC EINEY S i) [26]
hlyAch-R CCGGAGTTCCACCAGTAAAT Photobacterium damselae
plpV-F TCTCATAATAGCAGTAATCT BNV S R | [26]
plpV-R TTACTAAGCAGAATCCAGCC Photobacterium damselae
vhh-F GATTGGGAATGGGCAGAAAA M A LGOI [27]
vhh-R GGAATCGCCATTGTGATGC Vibrio. harveyi
hlyA-F GGCAAACAGCGAAACAAATACC AL [28
hlyA-R CTCAGCGGGCTAATACGGTTTA Vibrio cholerae
tdh-F CCACTACCACTCTCATATGC BRI 1 5 [29]
tdh-R ATACGAGTGGTTGCTGTCATG Vibrio parahaemolyticus
trh-F CAGTTTGCTATTGGCTTCG RS 1K) [27]
trh-R CAGAAAGAGCAGCCATTG Vibrio parahaemolyticus
wh-F GCTATTTCACCGCCGCTCAC AN [30]
wh-R CCGCAGAGCCGTAAACCGAA Vibrio vulnificus

1.6 BRMARSREHAWE

KA H AR RGO T WA 2, BUARE AN
I W AR 45 2 AU 10% P 2R Sh R D e, il 5 41
LAYl h . AR, YR IR AN - 21(HE)
Jetn, FEIEAT WAAREILERE,
1.7 MBS

K I BEAG P AR Bl (K-B ) X J5L T 1 24
YRR AT 0B . PRELEE AR XP-11 SRV E T
TCHLE BRI BB, WIE L9 1x10° CFU/mL
(0.5 Z[RHAT), WREIRISIRAM T TSA PR,

FA TG B A DU B 25 4K R (W B T B0 M 3 AN ik
A=A B A FD B E W TP, A0 AR R T
24 mm; JEEAEE T 30 CHERSF 16~18h 5
0 0 R P LA

SR FEVR R 32 0 2 o R B X 8 gl A R 3 A2
VA FH B9 7K 7= FR T B 25 90 1) S5 /N0 B VR B (MLLC)
{8, W > 2x10° CFU/mL %6 5 4 XP-11 %
WA, W 200 pL RAEIRINA 96 FL24 Uk
PEI AR (W A T8 3R BT R A BR A A,
B BT 28 CIEERTIR 24~28 h J5 Mgl
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o SRR GV, DLSE EIR IR S5 =
FrUETF 23 (Clinical and Laboratory Standards Insti-
tute, CLSI)Ft A= 28 R 50 b o 4] Wi it T %o 24
Wy AR
2 HR59H
21 REENSBNEFEERE

P g4k B o, ORI S AR 25 4

WEE AE S N RE, PR, SGREE, 160125, MRRH
BRI RRBZ BE, 85 T AL, 2w

], ERH Bnt I R (B 1), MR KL
PR 8] | BRAR SR BR, 58 XP-11. 2N T.
TG R 25 R WoR, BSOS A 1 A E0R
EH, B s W IR R % %55 B R kA
SER (] 1b), N TGS BIAET RN 2 R, R
FH B R A 568 PG RS B R B XP-11 X il =
f)2 BB LDso N 1.08x10° CFU/g /A . MR
PGP iR S hE AR 1 BRI RE
CSHS-1, HIALFEM: 5F S w bk XP-11 —2, R
HR R DU R TR bR XP-11 M2 i i )

BT H SRR () FIN TG i (b) 5 1 S AR

Fig. 1 Symptoms of sea cucumber Apostichopus japonicus under natural state (a) and artificial infection (b)
F2 EHXP-1L ATBELHER
Tab. 2 Resultsof artificial infection of strain XP-11
2157 T /(CFU/mL) SRRk T8k HBUET-HR/% BB
group strain concentration number of infections number of deaths cumulative mortality (CFU/g &) LDs, value
XP-11 4] XP-1 group 1.0x10* 30 0 0 1.08x10°
1.0x10° 30 3 10.0
1.0x10° 30 8 26.6
1.0x107 30 16 53.3
1.0x10° 30 24 80.0
1.0x10° 30 30 100
X &4 control group - 30 0 0

22 REENEE

221 FREERERERESUE £ 30 CH
RERFE 24 h )5, JRJRE XP-11 7F TCBS Kigidk [
TR RS . Sh R ST . 3R N IE O Y R E
SO ETE, HIEEAA N 1~2 mm (& 2a); 1E 2216E
B IR b el . REDEHEEE . A6
AiEW ., HRER 1~2 mm WEE ., HHELS
WoR, Wk XP-11 2READBEZANHAG, BR A

FRIR . Wiom G, BRI/ N H(3.7~0.9) pmx(1.2
~1.5) um (& 2b),

222 REEBELSESHT A A R
WoR, R XP-11 FIE /325 CSHS-1 ¥4
2R, BAEhE, WA ERATR, A
FRREBAME: . AhERRI M, T AR RTINS . 222005 2R
WEEE, ANBERI RG0S . REME . FLVE . RUSRESEmR
I8, 27 3CHR[19,33], BrBibk XP-11 FIE 43 &
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CSHS-1 58 &£ MFE AN L HE(STL, ATCC
33539) A FEALFE PR IEA TR FL(GR 3). S5 RE, BR
TR . S mE, UIRCEE . A5 T
TETEZE A, Witk XP-11 #1 CSHS-1 5% Afak

SEAF R FRMERIBE ATCC 33539 (B 4E b LA AH
] o it —22k H] Biolog H ahitA: 1 % i€ RGE 51T,
YERME XP-11 A3 AR H 56 A A (P
damselae subsp. damselae), %55 I HEME R 98.9%.

18kV

P2 B XP-11 B9 B V& P 45 () A i HL B2 15 (b)

Fig. 2 Characteristics of colony morphology (a) and scanning electron microscopy (b) of pathogenic strain XP-11

*3 REE XP-11. EXEHE CSHS 1 RS EFE#k ST1, ATCC 33539 4B AL 45 MHERTLE

Tab. 3 Comparison of physiological and biochemical characteristics among pathogen XP-11,
CSHS-1 and reference strain ST1, ATCC 33539

FEH7 index 1 2 3 4 H17 index 1 2 3 4
FIFH utilization of: 2% R YL {4, Gram staining - - — -
Z 25 B% maltose + + + + iz gk motility + + + +
AHBE xylose - - - - ‘AL oxidase + + - +
3% trehalose - - - - fiil liff catalase - - - -
HEME sucrose - - - - H,S 7“4 H,S production - - - -
HiFHE raffinose - - - - O-F iz O-F test F F
FLBE lactose - - - - VR Ml urease + + + +
% M melibiose - - - - PAKE B gelatinase - - - d
JK# 1 salicin - - - - fG i lipase + + + d
BB fructose + + + + 4K growth in:
k7B galactose - - + + 37 CH:K growthat37 C - - - d
FZEBE rhamnose - - - - 0% NaCl - - - -
WIALEE sorbitol - - - - 1% NaCl + + + +
H#EBE mannitol - - + + 3% NaCl + + + +
Hih glycerol + + + + 6% NaCl - - - -

T 1. BBk XP-11; 2. WPk CSHS-1; 3. S8 NS R OEHFB STIPY; 4. 38 At K OGHT I ATCC 335391 +387R BV 2R [T ND %R

JO5R; d FRA 26%-75%0] fet B

Note: 1. Strain XP-11; 2. Strain CSHS-1; 3. Strain P. damselae ST1; 4. Strain P. damselae ATCC 33539. + denotes positive; — denotes

negative; ND denotes no data; d denotes 26%-75% positive probability.

2.3 J%/EH 16S rRNA, gyrB 7 ureC EE 55l
T

PCR #1475 5| # bk XP-11 1) 16S rRNA Fl gyrB
LR B, HASEE 350 1454 bp #1604 bp, A&7
1| 2 NCBIEUI FEARAST 5118554371 ON287257

1 ON315384, iiid BLAST /741 L Xt4s R WoR,
Wtk XP-11 & T & 6HT 7 & (Photobacterium),
5@ 28 A R EFFE ATCC 33539 (548 3% 5
NR040831.1)F15E N A 9046-81 (CP046752.1)
) 16S rRNA JFFIAH I SR, 43900 99.79% 1
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99.83%. M GenBank 45 2 H T AT 51, )
F MEGA 4.0 4R F N-J I i R4 % & itk
(&l 3a,3b), 255 BN E XP-11 5 [FJE3EN
RN —Z . BUAh, AW XP-11
rRP AR IS B 401 bp 1Y ureC JE R - BL (B SRS
ON758349), ¥4 HLHEs 3 Boniz) v 53 N fa &

SeAFHEENATRD V1607-1 (LC374023.1)H94HL
PeEfeRr, A 96.55%, HHEERG K H AR R &
PR XP-11 53 N AOCHH N AR R — L
(F 3c). DRI, 256 A A A 25 J A 3L R 51) 43
Mratif, MEREMR XP-11 N AR EEAN
11 . # (P. damselae subsp. damselae) .,

100 | Photobacterium damselae ATCC 33539 (NR 040831.1)

A Strain XP-11 (ON287257)

Photobacterium leiognathi ATCC 25521 (NR 029253.1)

Photobacterium indicum MBIC3157 (NR 028002.1)

Photobacterium galatheae S2753 (NR 145878.1)

78 Photobacterium aphoticun M46 (NR 108484. 1)

{ Vibrio campbellii ATCC 25920 (NR 113782.1

Vibrio brasiliensis LMG 20546 (NR 117887.1)

100
Aeromonas hydrophila ATCC 7966 (NR 074841.1)

45

40

0.01

100 IPhotobacterium damselae ATCC 33539 (AY455889.1)

! AStrain XP-11 (ON315384)
Vibrio splendidus ATCC 33125 (EF380261.1)
Vibrio vulnificus ATCC 27562 (AY705491.1)
Photobacteriumn leiognathi ATCC 25587 (AY455880.1)
Photobacterium angustum ATCC 25915 (AY455890.1)
Photobacterium kishitanii ATCC 35081 (EF415509.1)
Photobacterium iliopiscarium ATCC 51760 (AY455878.1)
81_: Photobacterium phosphoreum ATCC 11040 (AY455875.1)
-Photobacterium indicum ATCC 19614 (EF415506.1)
Pseudoalteromonas translucida LMG 19694 (FR668571.1)

47

0.05
c 71— Vbrio kanaloae R17 (NZ_CP065150.1)
49 _WE Vibrio lentus 10N (NZ_ MCXR02000001.1)
— Vibrio cyclitrophicus ECSMB14105 (NZ CP039700.1)
Vibrio natriegens NBRC 15636 (NZ_ CP009977.1)
AStrain XP-11 (ON758349)
86 | EPhotobacterium de lae subsp. di lae V1613-1 (LC374025.1)
93 —Photobacterium damselae subsp. damselae QX 175062 (MT750017.1)
02 Helicobacter pviori 233A (DQ1 89507.1)

FE 3 NI AR XP-11 16S rRNA (a). gyrB (b)#il ureC (c)%:H A4 & & st bi
Fig. 3 NJ-phylogenetic trees based on individual analyses of the 16S rRNA (a),
gyrB (b) and ureC (c) gene sequences of strain XP-11

24 REESHEEKN

AN ZE R R, R E XP-11 &4
VMM AE SEFE N hlyAch I I BTG 2 4 56 3 1K)
plpV 45 2 Fh e A A OCHF R LA T B, DL &
TDH MEIFIMZE LD trh, B LR B A I % 5L
hlyA. B 4E OB I LR vhh FL 47 5 b
I 2 HE A wh 55 4 FhaE AL E: ) B (] 4).

2.5 BIR{TRIS BRI IR RS 20 R IR 22
R HE Bk o 05 1 2 A BE FIVE g A
PEATH SR B A R R, B 17 R 2 IR BE 4]
S0 i 5] B FRASER) ELHEZ o e, [IBRAE R, M
VIO IR, Fo>FRZ R BRI K,
MU POk, SMBUZ . RERIRGE—
E(E 5b); FEIRA N EJZ FNLZ T IR % i, 45

A
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&l 4 R IE XP-11 35 77 3 A I e Tk (]
M: DNA marker; 1: #¢PE R fil i 5 56 F pPHDDY; 2: %
MAER LA hlyApl; 3: MM CEEE hiyAch; 4: ¥ I bE
AHRFER dly; 50 BEASEEN PEA DG plpV; 6: R MK
AHRIE MR I trh; 7: BFLINEBIMEILA hlyA; 8: W4
NP MR LA vhh; 9 G 6TIR 7 MR 3L H wh; 10 #lA
Eﬂ?ﬂlﬁﬁﬁ?ﬂﬁﬁ(ﬁﬁﬂ%%l tdh.

Fig. 4 Detection electrophoresis of virulence genes of
pathogenic strain XP-11

M: DNA marker; 1: The virulence plasmid pPHDD1 replication
origin; 2: Hemolytic related gene hlyApl; 3: Hemolytic related
gene hlyAch; 4. Hemolytic related gene dly; 5: Phospholipase
activity related genes plpV; 6: Vibrio parahemolyticus the
haemolysin gene trh; 7: Vibrio cholerae haemolysin gene hlyA;
8: Vibrio harveyi haemolysin gene vhh; 9: Vibrio vulnificus
haemolysin gene wh; 10: Vibrio parahemolyticus the rmostable
direct haemolysin gene tdh.

ﬁ
éx
1.;( Vi

__P?}f,&

P05 R 07 300 2 B0 A RE RN VE IR AR s SR £

a. MHRAL, (ERROIRISIREE b B PRSIk

BE, 0[] BRASORY, 3R B2 J2 T e 2R (k)5

c. Xﬂ‘ﬂﬁéﬂ ﬁ%@fﬁﬂﬁﬂ?”ﬂm; d. BRI S0P, b ge i ehal UUS O B U (k). C M2 EL: R

T: 44FAHL, T

S: EREEH; SCE: R T B epi: EJZE; mus: JLAZ; cen: HHLEE; end: PIIZJZ.

Fig. 5 Histopathological change of body wall and respiratory tree of sick Apostichopus japonicus
a. Body wall of healthy A. japonicus, control group. b. Body wall of sick A. japonicus, the boundary between cells blurred, the epidermis
dissolved and disappeared (Arrow). c. Respiratory tree of healthy A. japonicus, control group. d. Respiratory tree of sick A. japonicus,
Boveria sp. were found in the central lumen. C: Stratum corneum; EL: Epithelium layer; CT: Connective tissue; TS: Tubular structure;
SCE: simple cuboidal epithelium; epi: epithelial layer; mus: muscular layer; cen: central lumen; end: endothelial layer.

FARYE BT, 76 I 0 AR sl i py m] D, 2 A e 26 4
(K 5d).
26 REEHYEBED

K-B L2t R R, W E XP-11 X

PR . BOkvb 2. YR Skdilliin . AR
R SRR | SkARE T TR A 8 A
VAR BUR, X ZHER B MHIRIRY 2 %‘Fﬁi
R MRRER | HER ., %R,
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AR, MER. FIER. AW, %585 % RMREBVUIHER . UM B E) H wEEa)
. PDKRREMBTEIPEARAE 10 FhyiE R 24, 5 B FH e+ F AU BE XTI IR B XP-11 (1% MIC {H
/NI BE VR BE (MIC ) IE 25 R o, 8 Fok ™=t 404k 0.08.2.1.1.0.06.0.125.4.1.2/0.06 pg/mL,
WY IR E . MR ER . WIER . B8 BRINBS s cR 4).

R4 REEXPLHGHIRER
Tab. 4 Resultsof antibiotic sensitivity test of pathogenic strain XP-11

IR B /mm /MR EE

HLRHZY 25 /g Lo U
antibacterial disc content 1nh1§1t10n zone /(hg/mL) sensitivity
diameter MIC value
KKFEZE Gentamicin 10 16 - R
PUIRZE Tetracycline 30 32 - S
#EFFFE Streptomycin 10 15 - R
ZKi# ZE B Polymyxin B 300 18 - 1
217 % Erythromycin 15 13 - R
P45 % Azithromycin 15 18 - R
B E Neomycin 30 18 - R
+IREE Kanamycin 30 16 - R
WAV Ciprofloxacin 5 42 - S
F#ESF Rifampicin 5 16 - R
AL Ceftriaxone Sodium 30 36 - S
ARV A Ofloxacin 5 22 - S
SLfURER Cefoperazone 75 27 - S
FRMZ Norfloxacin 10 20 - I
HHLE Cefradine 30 27 - S
KX HFEZE Ampicillin 10 11 - R
Bk A Amikacin 30 13 - R
FTSEPERR Amoxicillin 10 14 - R
&7 Compound Sulfamethoxazole 1.25/23.75 30 - S
RBitivb 2 Enrofloxacin 5 36 0.008 S
il H % FE Neomycin sulphate - - 2 ND
A % Thiamphenicol - - 1 ND
FAJE# Florfenicol - - 1 S
£ VG3FE Doxycycline hyclate - - 0.06 S
R M Flumequine — — 0.125 S
it Jiig [ F S EBEAN Sodium Sulfamonomethoxine - - 4 S
itk Bl B S+ FR 42K BE - Sulfamethoxazole + rimethoprim - - 1.2/0.06 S

TE: R FRTH2Y; 13278 P HUR; S R U ND FoR Juiil 241 FHE.

Note: R indicates resistant; I indicates inter-mediate; S indicates sensitive; ND indicates no critical value of drug resistance.
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Isolation and identification of Photobacterium damselae causing
disease in cultured Apostichopus japonicusin southern China
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Abstract: Sea cucumber (Apostichopus japonicus), an important economic mariculture species in China, has high
nutritional and medicinal values. In recent years, with the expansion of the breeding scale, new pathogens causing
diseases often appear. In November 2020, a large-scale epidemic of skin ulcers was recorded in cultured A.
japonicus in the Xiapu area of Fujian Province. In order to explore the pathogens causing diseases in A. japonicus,
the potentially pathogenic bacteria were isolated, and the physicochemical properties, virulence factors, and drug
sensitivity of the isolated bacteria were studied. The artificial regression infection results showed that the
dominant strain isolated from the lesions on the body surface (XP-11) was the main pathogen causing the skin rot
syndrome in A. japonicus, with the same symptoms of skin ulcers as the natural disease. The results showed that
the dominant strain XP-11 isolated from the lesions on the body surface was the main pathogen causing the skin
rot syndrome in A. japonicus. The strain XP-11 was identified as Photobacterium damselae subsp. damselae based
on morphological characteristics, Biolog’s automatic microbial identification system, as well as 16S rRNA,
housekeeping gene (gyrB), and urease C (ureC) gene sequence analyses. The results of virulence gene detection
showed that the strain XP-11 contains two typical virulence genes of the hemolysin gene (hlyAch) and
phospholipase activity gene (plpV). The results of antimicrobial susceptibility analysis showed that the strain
XP-11 was sensitive to tetracycline, enrofloxacin, and trimethoprim/sulfamethoxazole. The minimum inhibitory
concentrations of the strain XP-11 to Enrofloxacin, Neomycin sulfate, Thiamphenicol, Florfenicol, Doxycycline
hydrochloride, Flumequine, sodium Sulfamethoxine, Sulfamethoxazole + Trimethoprim were 0.08, 2, 1, 1, 0.06,
0.125, 4, and 1.2/0.06 pg/mL, respectively. This is the first report regarding the diseases caused by P. damselae in
sea cucumbers. In summary, P. damselae subsp. damselae was the causative agent of the skin ulceration syndrome
of cultured A. japonicus, and the median lethal dose (LDs) value was 1.08x10> CFU/g body weight. The results of
this study provided valuable references for further prevention and control of diseases caused by P. damselae in the
sea cucumber aquaculture industry.

Key words: Apostichopus japonicus; Photobacterium damselae; skin ulceration syndrome; virulence gene; drug
sensitivity
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