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MR T5 Y AR S MK 34 & BT 5 R R IR AR TS Y P R 2, B KR 2 RS kR D, B
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B, B B0 R, R K 600 -
800 pum  LUMT W vk ik IS 5 & 0 7 T K 2 0
BESDRM , Kb & B AR 2 1 07 1 5, TRl
B SR KIEK R 3R (Dunaliella salina) ] |
B K HURCTS 0 R 2 2 SR B it 7K R TR T s 1L
3l . N TR AR R G AR A & — (il 2
Fii, K 600 wm -720 pm,
112 355738 Kok - 20 77 53 9 8% 3% 2k TSA Al
TCBS ¥ [ b5t fli i B R A BR 52 AR A Al 2
APIL 20E ZH P %8 R G045 B A Yig LR
A BRZS E 5 20 TR A A I 1 b B A e AR AT BR
o] UG AR 168 xDNA 38 5| 4 i L Vi TRRE A
WNT) A, PCR fifFH Buffer (dNTP £l Taq fiti 45 1Y
W A T AR AR A A
1.2 RmSHEBREKR

PITCR BRI Rt K, # 5 min, I EUBERR
JPE b K 0 R T RS, R B A LA g 23y
HARIAR 52 4, HIVE KR i —Bi ke, 9120 WL 4))
AR A5 1 L R A I
1.3 ®mEHMS B4

P 200 H JC B i 48 4o 8 it 7K A5 2] BB 4 1A, F
TCRHEIK R4 00, IR T Eppendorf 45, 4 H
KRB L (2500 x g, S min) WA, PIICH O 5T
OYUFES . FETCEEZ&AE T, AP SR P Ot B ) 15 2]
[RRE &b, 78 TSA 1 TCBS [ {35373 265 2 5 %
PARCE T 28 C A ARG FRAR 597,36 h J5 PRI
PPEVE  ESEIET 3 Al R
1.4 EMERE
1.4.1 JEUES: 4G 2 anTe T 28C 1555 24 h
S, BEATHE 2 YL A0 RO AR ; T R R E PRI B
7%, 2% T S min J5, BT AT ECT 4
1 UL 3% W R 1 Yy, BT, 7605 B FL B T AR
GG AT EE E A I ARBLIEA THA A
1.4.2  APHAEACRR DN < AR PRAE AL AR D G 45
TR B EREESZES | APT 20E 256 4% R 4H T 0 K 4
YoE IR ERE SRS SR 11 ] kT S R
e 2 bR UE Lb kA, W o M W Wk R T
1.5x10° cells/mLIY T B, UL API 20E 4l K E &
G A AN R R e A EA T 42 T 3 A A A8 A
DS o AR ZE SRS BESCR[ 11 ] TR0
1.4.3  16S tDNA 55150 #r . B SCHk ™ 9 75 1 1k
T4 DNA $2HUF 16S tDNA i) PCR § 314, 4 # =
WEEAS H LAY T AR R 28 W) 14T 2 Ak Fn il
Fo B4 16S tDNA [ 51#£58 GenBank , I3k HUH
MHIA TS o 435I GenBank H1 R 2 16S rDNA %5

BLASTn #5373 0 5¢ 1 1Y 7 91 (T A 7 9 ¥ 2 72 1E 2
SCHERHHRIE , LA ORIIEFF 51 i o8 g 1) ) o 1) TE A 1)
EBUEAR S B H (Aeromonas punctata ) {F R 72
REIFFASCRY S, F BioEdit 1 LUX 704t , BT 5 45
R MEGA 3.0 #4 g gE (b R A oA st A% 10 15, 14k
W) 48 e Y B 2 A A O Kimura: 2-parameter
distances , I ) Nodal 2353 F Bootstrap 73 #T,
SrHTELA B 1000,
1.5 ANIE#ERSR

N LR AR kAT . H13. 0% ByTCTw
Az BRER KRS 73 B BT A G 3 T ) SRR, I 28 Al
AT RO E MR E . A 15 L ASRKRYBIKAS,
JIE TRV E AR KA N E 2 LOREAR 12 4>, BtR N
JRE T — B [ g S0 (T AR ) e A ) RS T, 5%
IWRARINEE) TEATCHEK 1.5 L, A58, My
BANRGURSE T 18 - 21°C, TEA B N B A R
HRER AR N 0.6 cells/mL, SIH I, &
JERYL L R B v I A T A, T A0 T vk B 3 Sl
1.0 x 10* cells/mL, 1.0 x 10* cells/mL 1.0 x 10’
cells/mL 1.0 x 10° cells/mL F1 1.0 x 10" cells/mL,
25 AN FRAUR AR TR o 45 IR 20 A6 RRZH 315 2 A~
AT o SRR A B AT I B 5 S5 A4
MEERSE (D, salina) ,¥WE4E 8 2.5 x 10 cells/mL; 4
RAGK 1R 3K 172 (B YdLT5 Ah SE A0 8, 4
FRRL R ) 5 B SEI G RR AR I AE 1300 Ix Z2 47,
ST MR S h BER SIS A (AR K )2
LBt BRI AR |, IF DG IS Hh BAE IR /Y 4 A
PRI B LA, AT S S A BAE AR bR 537 o
1.6 FERFHHARNWHER AL

FHIC TR g /KA KPR ERL B K BT
PHIE S 305 MK 64T 10 — 1000 15 6 B, 43 51 B
0.1 mL I A5 T TSA VAR b, AR 2 A8,
B O8CIEF AT I3 24 d, BT T 40T (9
IL S THEOT AL IE I B = i AR , W0 R bk
HEATIE AN A: BRAE AL S R (7[RI o
L7 ZHEke

VEFIAE P i FH Y 24 Fh25¥y (3 3) , R4
AT B R T 1 x 107 cells/mL /Y
ALY 1.5 mL, 150 WL $535 A5 T TSA B3
BB 2GR0, T 28 CHRIRARTE TR 557 24 h, WL
A TN TERE P A= e A B B AR KN

2 #R

2.1 BRYEERUNZ BROVENAEEESE
ZBIR R I BB R Y HAR A R R 2
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REJ) TG 1T PRSI G A J ORURE I 1 AN [ 7
JFERIE T AR AR L ALY . TR A
AL H e LR TG Rz SR AR TR , R A BLAF AR
i T SR i, ) 2 A R i
e iR 1 AL E EPRIC Oy RES-1, RES-1 7E TSA
BRIk LR BVE N Y R A RGN AL
MR ANEY], I AE TCBS 1595 b A K R4 B s

. o> Y

E1
Fig. 1

2.2.2 AAEA A BEAR AR A2 - XEE S B RES-1
(MWWZ 518 ) RES2( A TIEGZ 71 8) \WCP
(NEHRK T E) (BO RS9 7 ) Al WCC
(GEZFRBMK 388 ) AT A B AR A E , 4528 WL
1o BRT AR H MR A RF PR A 5 22 57 b

FRIELAR L

2.2 HAEFETEER

2.2.1 JEMEL: 4708 RES-1 285 > [CRME, 0 FT
IREEA S (B 1-A) 5 HLBERE B I8 7R 1 AR K/ A
(0.8-2.0)pm x ( 0.4-0.6) wm, EAT M
E(K1-B),

Btk RES-1 FIEZREE(A) (FERA 1 pm) REERF (B) (48R4 500 nm)
Gram-stain (A) (Baris 1 um) and electron microscopic photograph (B) of RES-1(Bar is 500 nm).

(AT fE S R AR BRI BT SR S R 1 224 ) S TRk
{14 A= B A AR AR FE A AR [R] , ey 1k T oA e [R]— b 20
B 5 2 WA ZAS R0 B M T, vl DL o R A S TR
ARSI RURFAE , DRIk, R 9 00 32 R 2 9T J ( Vibrio )

N

A

#1 B RES-1,RES-2 WCP.BO 71 WCC R4 I8 & L 4F1E

Table 1  Physiological and biochemical characteristics of bacterial strains RES-1, RES-2, WCP, BO and WCC
Ttem RES-1 RES-2 WCP BO WCC Item RES-1 RES-2 WCP BO WCC
Gram stain - - - - - Indole production + + + + +
Motility - - - - - H,S production - - - - -
0/129 sensitivity (10 pg) - - - - - Lysine decarboxylase - - - - -
0/129 sensitivity (150 wg) + + + + + Arginine dihydrolase + + + + +
Growth on TCBS + + + + + Ornithine decarboxylase + + + + +
Growth at 0% NaCl - - - - - Gas from glucose - - - - -
Growth at 3% NaCl + + + + + Arabinose + + + + +
Growth at 6% NaCl + + + + - Mannitol + + + + +
Growth at 8% NaCl - - + - - Myo-inositol - - - - -
Growth at 10% NaCl - - - - - Raffinose - - - - -
Growth at 4°C + + + + + Rhamnose - - - - -
Growth at 25°C + + + + + Sucrose + + + + +
Growth at 28°C + + + + + Glucose - - - - -
Growth at 35°C - - - - + Salicin + + + + +
Growth at 40°C - - - - - Sorbitol - - - - -
Growth at 45°C - - - - - Gelatinase
Oxidase + + + + + Urease - - - - -
Oxidation/fermentation F F F F F B-galactoside
Nitrate reduction + + + + + D-cellobiose
Citrate - - - - - Luminescence - - - - -
Vgus-proskauer reaction + + + + + Methyl red test - - - - -

“ +” means positive reaction; “ - "
2.2.3 KR RES-1 (9 16S tDNA J& 41 43 #7 . 7 B
RES-1 9 16S tDNA JF 3| K &F &y 1469 bp, % [if
NCBI, #4345 1 P 91 3547 BLASTn [ JR4G 2R, 45251 &

- s apr :
means negative reaction; “F” means fermentation .

. 5 RES-1 fAHIT I 100 47509, 93 R
B Al e, RES-1 5 TR IR EM: R 97% - 99% .
DT RGP R RES-1 5 7 9N 28, I
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5 Vibrio lentus TE#E AL L R —4, HA K& B
Bootstrap {5 (89% ) , in Z ¥ — & 14 15 4 I B 40 By

0.01

(45 BRER) , ATHiE RES-1 5 Vibrio lentus "} [a]—
(E2),

89 - Vibriolentus(RES-1)
76 [ Vibriolentus(AJ278880)
Vibriolentus(NR_028926)
Vibriosplendidus(EU091329)
Vibriosplendidus(EU091326)
Vibriosp. (AJ849367)
Vibriosplendidus(EU091332)
Vibriosp.(EF599163)
L Vibriotasmaniensis(AJ514912)
L Vibriosp. (EU541607)
Vibrio splendidus(AJ874367)
95 L Vibriosplendidus(EU091333)
Vibriotapetis(AY129278)
— Vibriovulnificus(X76334)

Vibriovulnificus(X76334)
‘| |-— Vibrioscophthalmi(U46579)
100 * Vibrioichthyoenteri(AJ437192)

Vibrioponticus(AJ630202)

Aeromonaspunctata( DQ517911)

2 RES-1{916 S rDNA EEFFISHEERLER

Fig.2  Clustering result of gene sequence of 16S rDNA of RES-1. Numbers in parentheses represent the sequences’ accession number in GenBank.

Accession numbers were included in the bracket following the corresponding species. Bootstrap values, expressed as percentages of 1000 replications,

were shown at branch points. The scale bar indicated 0. 01 substitutions per nucleotide position.

2.3 NIE#EBREER

DUSG RES-1 Xt e 017 50 2 4 (A e I e 52
BAERINAR 2, 5 ARG A PRI B 230 SR,
H AR IR] 70 531 SIE 98 T R 9 2 25,20 15,15 110
AN IR LEHE 25 h TS0 h AR B A I, B
S TA] A SIE S, 2% R L BER I S F P Ad e ) 14 2

W/ IFIT AR T T, TIBEMRIE S i L i 4 A H
GHHZ (BRT 1.0x10° f11.0 x 107 Hil 4l H4)
TRE R AR | E1 855050 h Bl b L A 5
AT 25 hinf) o BERR IA I A AR K R A
FRVERRAL - AT SRS 3T B, 2K PRl RE

ki S S W S i J5 B4 K 2R (] 3-B) 5 i s 4k

3 “IZihiE” Sk B iR RE R

Fig.3  Autolyzing process of larvae with rotting edges syndrome. A: A normal auricularia; B: Thicken and darken edges at the early stages; C: Edges

of the larva decayed and the stomach shrank when the ifection developed; D. The whole body disintegrates and autolyzes, and eventually the larva died.
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SR ATHI IR TR 45 LR, ABE A R
fif (8 3-C) s B UL ARSE , 2 A I AABELL K28 %
ff I 2SR SET- (18 3-D) o FEREA 5L iR Xt

MR AR R A " IR . DA B 2500 i ) 4
PRFROC B I, A B PL A B RES2, % AT 25
SRR PAEA T SRS RES-1 S8 —80(%K 2) .

R2 ATEHEBREXBER

Table 2 Results of artificial infection experiment

Larvae detection at 50 h

Initial larvae Bacteria Larvae detection at 25 h
Grou density/ density/ tion rate i i ate i
' ( cell/ymL) ( cells}; mL) Mortality/ % I]))()el[;:\fi[rl??c}ll?;iiénptll;fe/ % Mortality/ % E{)ell;fs\ztr:'?c}rli[)ii:inptlz‘:c/ %

1 0.6 1.0x10° 50 15 80 55

2 0.6 1.0 x10* 70 42 90 70

3 0.6 1.0x10° 80 50 95 80

4 0.6 1.0 x10° 90 67 100 16

5 0.6 1.0 x10’ 95 84 100 5

Control 0.6 0 40 20 50 30

Mortality = [ 1 — ( Number of living larvae in the water/ Number of total larvae) ] x 100% ; Detection rate on the polyvinylchlorid plate = ( Number of

living larvae on the polyvinylchlorid plate/ Number of total larvae) x100%.

2.4 FERGHARNEFER

TR G AN B IR 45 R WK 30w WL, ey
PrifgRsE R GEH, BRaK IR, (6 & Btk
RIS B ESMOK R 2 R A RS R A AE, HX

SIS ER 32 5 B 2l AR 20 B A D0 3 R A5 R AR AR
[A] , it — 2 0 A A AR A E e 2 W b R T R
Al —FP (% 1) .

R3 BRBEGRSFERGHAFESTER

Table 3  Bacterial analysis of the rearing systems associated with “rotting edges syndrome”

S £ bacteri Quantity of bacteria Dominant Morphological characteristics Percentage of
Source of bacteria
/cells/mL bacteria of bacterial colony dominant bacteria/ %
Focus Numerous RES-1 Round, moist and opaque, regular 65
boundary and deep yellow center

Water sources 2.8 x 10° None - -

Feeds 3.9 x10° None - -

Water from cultivation pond 4.4 x 10° wCp Same to RES-1 90

Bottom ordure 8.8 x10’ BO Same to RES-1 89

Water from cultivation pond for 2 5%10° wee Same 1o RES-1 7

parent sea cucumber

2.5 HHPIWER

PR RES-1 %F Az 7 bl Y 21 B 259 1Y
RO 25 i UL 4 B BR RES-1 XF B £,
R R VU E AT HER G o IR R
SV ONURR X T A2 R BT 20 R UK

&4 FEHk RES-1 WEHSIRER

Table 4 Results of drugs sensitivity tests

Antibiotics Inhibition Antibiotics Inhibition
diameter/mm diameter/mm
Neomycin 15 Cefonicid sodium 20
Norfloxacin 16 Cephalothin 12
Streptomycin 0 Lincomycin 10
Tetracycline 0 Gentamycin 12
Nalidixic Acid 13 Amikacin 11
Rifampicin 0 Doxycycline 0
Novobiocin 12 Ceftriaxone sodium 20
Cefotaxime sodium 22 Cefazolin sodium 0
Ampicillin-G 0 Acetylspiramycin 14
Compound . .
sulfalr)nethoxazole 20 Minocycline 10
Ceftazidime 10

3t

A H AR e AT S N TR R R
K, WIS I RIS 2 B E R K Ok
A RDTRZ R gE £ B e S A ) B R
AR FRIAAZS VL5 T P A , X AR IR A o
BB T FUA A, JF R AT R AR AR
BRFE Y AR RL B AT e S K B 5
YO LA L X IR B8 D7 0 2 G 8 AT T 0 R
BFFE, B GRS IR A 7 FR AP AR 2RI , A4
JB B LR EAE RS TAE 8 B A ROAE | 20 P 35 A
T JE LT B R R R B SR RS H R R
MRSk, W2 ¥ K RGE T %
i R ARRE L SR AR A
S AP, BRI R T B 1R DR S P
HURESIETE % £ o d S N (€ eV T S =GN e
I R T AR BRI
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PiIRISAEE W B h e e Z R (B A OGX
SR g I 2 B A R R BT AR
iE” R B e A AR SO RO B I 4
RBG AR AT T IR 9T o R AL T Ll
FRAFHZAETIZ AT, IAE 2003/2004 4F B 11 AR &
e KB R ST A e kA JET ]
ik 90% , A DL HAG AR Y ™ 8, AHFSY 1 el ad
g A B R s 200 T, A I L i i J
(1 PTRE s FE A6 15 27 B 0 ] 5B S gk A 7 N T [ml gk e
SR ABHIRE I, PR fe 28 2 T S HRE” 1A
Jio FRATMIEA: A A S o R G kA 50 Hr
X9 AT 00T, M LS IR B 4R TR V. lentus

NP2 G 7K 7™ F5 5H 3 ) 1 S B I 2 —
Bl RSP EZEIES 70 Ve lentus 2
I TUAE NTRRVEIAEE v 43 85 2 — AN, % R e
F1 Macian 251 B Y W 37 58 14 H 5 L Hh 9 4 5
( Mediterranean oysters ) {& Py % B, Farto Ll e
7 BB A= B ( Octopus vulgaria ) BOERC2H 20t 53
BEN V. lentus , 33 i N T YL UFE 52 T RE 51k fd B
TR, BN IR V. lentus AT TEFEE 7K
RS H BRI T A SRS . A CERIRE T
M) R TR S AR 3 B 2] V. lentus , WFFT LS
SR T B X sh i 05 W S BAA B k. Rt
FIHED V. lentus BB |HE ZF0K = Sh W EUA .

FEIH FR 505 Y 1T e 1 Fh & AR 9 e i A
o FEXT“ALARIE” B I 2 i 52 v, FRATTRT SR 5 &R
GEiEAT T SR BT, 45 SR R R FR 5 R G AT
KEME, HAHE BB 60% Ll & “ AU HURE” 599K
P ARG TRATR R A R B
FRUR ERE B K Lt RS T 1 R 2 3R i K
17 7 AR 220 B, 245 SR Al ke BT A 7K T %) 40 T Tk
JERL R (> 100 cells/mL) , {H 7K U5 R 7E R} 200 B4 4K
AERTEE D, HLAAKS H 6 B, 16 AR Y = e 1Y
SR IEAS IR, 76 B MK TS Y AR 2
KA &I T S A T D TR R B LA S R TS
W%, FRPaMKIR Z , ES MoK R . IR
BT, bR 186 A ) Rt 19 i B T 2 5| R R R s
ARk o T UL, SR G TR v W92 288 3 P IS DA R
WK Hr o J38h, TERS K Tl e 30 T s S AT,
{HONBEAf A 2 IR0 R G KSR 5 | AR RS A
PEHPN R . R, B A A X R ST
WA . B T RSTESE KT M Z 00
P, Tt JEC A TR RN S 4B T BE 2 9 i A8 ok
o

ARSI XK P A P R R Y 24 Bhpia: Rk
AT T BRI , 5 SR K B R B 6 — e A R AL

AHCNE, TXF R 2 B2 25 W BIURE ik 6 25y 3y m]
AR TR I B A

PRI, PEAS RIS A A 1, FoA T e Fr Al A
O TR T A A AR, — T3 T A 448 g i
W EATRIH FR G0, dE— 2D VAl B B KA, A 45 7K IR
K GES B ARG ; 3 — I WAEHEAT 25 Biia
2GR PE TR AT BT X LRI TR R
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Etiology of rotting edges syndrome in cultured larval
Apostichopus japonicus at auricularia stage and analysis of
reservoir of pathogens

Chunyun Zhang'*>, Guofu Chen'”, Zhong Xu'?, Peisheng Yan', Yingeng Wang’ "
('State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090,
China)

(*School of the Ocean , Harbin Institute of Technology, Weihai 264209, China)

(*Yellow Sea Fisheries Research Institute , Chinese Academy of Fishery Sciences , Qingdao 266071, China)

Abstract ; [ Objective | We clarified pathogens and its sources of the disease called rotting edges syndrome at the
auricularia stage in the larval culture of Apostichopus japonicus, and further developed effective medicines against this
disease. [ Methods ] Etiological analysis was performed on larvae with typical rotting edges syndrome from larvae culture
farm. Suspicious pathogen was used for artificial infection test, and then identified through morphological, physiological
and biochemical tests, and 16S rDNA sequence analysis. Bacterial analysis on the culture system of the factory, including
water sources, feeds, rearing water, bottom ordure and water from cultivation pond for parent sea cucumber, was carried
out. Finally, drug-sensitive tests were performed on the pathogens. [ Results ] A common dominant bacterium strain was
isolated from all ill larvae included in the study. Artificial infection test showed it was the causative pathogen associated
with the disease, and the artificially infected sea cucumbers had the same syndromes to the naturally ill ones. The
bacterium was identified as V. lentus. Bacterial quantity of rearing water system were at a high range (2.8 x10”> —8. 8 x
107 cells/mL). The sources of the pathogen were complicated, since pathogens were discovered in the rearing water,
bottom ordure and water from cultivation pond for parent sea cucumber. However, the density of causative bacteria was the
highest in the bottom ordure, middle in the rearing water, and lowest in the water from cultivation pond for parent sea
cucumber. Fifteen antibiotics could inhibit growth of the pathogens. [ Conclusion ] The possible pathogen for rotting edges
syndrome was V. lentus. The bottom ordure, rearing water and parent sea cucumber may be the main infective origin of the
pathogen. Fifteen antibiotics including neomycin, could be applied for disease prevention and treatment of Apostichopus
Japonicus.

Keywords : Apostichopus japonicus; rotting edges syndrome; pathogen; identification; source; prevention and treatment
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