F51%E 12

SANESIRTEIRE SN i

202112 A PERIODICAL OF OCEAN UNIVERSITY OF CHINA Dec., 2021

PN 2 S B S LR P

BET. § # BAE A K EZEF KRE g

CRUEET K=, Kt 300221)

B E. X 2020 5 4 H—5 H REHL X B F5 00 PRGBS (Eriocheir sinensis) 0 KRR L 4009007, FF R T 9%
R3S S8 FBUREDTIY . IR HVR IR N 3 B 31 1 AROESA T TMB-1, 13 5 e e 30 01F S5 12 T Ak X v B A 2 1 L 30
R T3 100 % e 5 H SR &R BEAA TR s R FHRVE 7 20 v Jak e el e vh A R B 8 Rk S M X 4541, DA IIBE 88 1k iy 7T
FEFIEAS IMB-1 —Bwidk. R E 5 AEEUEE . PCR S50 AR HERR 4 B . rhAe 48 2 B2 2 T 44 L i B9 i 408 oy L%
R T BELR -G AR08 B S50 T 04 R R B B 1A R TMIB-1 g 2R YR A i ” R ME— B e o T B TR A RS A AR Ab i
18S rRNA.26S rRNA ITS [ JEFI 410 8 Bk TMB-1 %8 5 S — 23 M52 B FE (Metschnikowia bicuspidata) , F13 ¥ 4545
TEHE IR - S JHE AR A L JULIE B B 45 4 A 4 R A e R 2R AR BRI R RRT . 2020 4F 5 H 10 H % K b (X % A 92 1 o

51(12):023~032

AR GYE IV R S BEAT RN | R A B A AT IR I A T B S S SR AR B VIR G

KR PRGEE,; CRMATEER:; AU BURTE
REESES: S945; QU45.1 CERAR RS :
DOI: 10.16441/j.cnki. hdxb. 20210025

5| g

2021, 51(12). 23-32.

XEHS. 1672-5174(2021)12-023-10

TRIGERE . % Bt BhSCE A5, A A e i S S BRI S [T ], P A R 2 4l CA AR RO

Xu Xiaoli, Luo Zhang, Zhong Wenhui, et al. Studies on pathogen and its pathogenesis causing milky disease of Chinese mit-
ten crab Eriocheir sinensis[]]. Periodical of Ocean University of China, 2021, 51(12); 23-32.

HAB BB IE (Eriocheir sinensis )45 &, ok )7 &
#F(Grapsidae) 582 & (Eriocheir) R EE L T H 78 5
FhZ—, FEOPAAEFRE AR 1L T B A4 A i
KIS RARGERIK P FRFEE i » 2019 AR FRBH T 7
HAF 77,87 5 Y, SR R AR LR T
TETLTR L 2B A5 HlL L 2016 AF AR ML AR A FB K J)
)RR LR B AR AR E T BT DL b Ml X 7R A
MR e, HRTTEE O R R JE AR S DRS i 255 5 b
PR EIRIH BT Al . BEE R FE MR R IR i
FIBREZ 2k, 2020 4F 4—5 H L REHIX 5| [T
R DX TR T R S ) R MR R P T R T A
900 FET-27E 5020 LA . 5 M8 1 ML TR ARRAIE g 25 JE G
T RREAL 5 L BELO I T DL R R LR
AR A4

FE N ARG T AR B B T I IE R ARGE I A £
W o B 0 e R Y B T T IR R IR JE 25 5 ORI T
9o ) K J R B 00 FIL B R AT IR ABIFFE » A 3%
P I 5 3 A7 DR Dl 2 R 25 55 24 W o) TR I R i i

BT o I — X V) 8 3o ™ o £ 3 A
TP D D v A B8R B MR RS (Spiro-
plasma eriocheiris)-, & A4 " i E 5 18 SC A
FENPE B SR IE 1Y =R T8 (Portunus tritu-
berculatus)“ W57 FLALIR BN FIRIT Y . SCE
LTI AR A PN 43 B B — R LR T L G o A Ak
et TG L8 8 N R 22 B8 Bk (Candida oleophila)
TESEHON R T BELR - LA B . SRR SR
NAZER SR IR 1 AR W ™ B e T O Al 22 1 B
B 8—10 J e 7K it S99 6] 422 88 “ 25 473 ™ 1) g JsL ) Ay If.
G #E R ( Hematodinium sp.) , 3% 5 T I BE 200 {4
TE—F A E B PEAE IO T8 T — b - e i
BB B s (AR B D . B R R 45
i AR A PN 23 1 BV B (Vibrio alginolyti-
cus) JEHEIRE (V. harveyi) | % BAR L (Pseudo-
monas putida) s N TJEYR B UESE 3 PR I X =it
TR B EORE RS . E RS A 7 EK
A A 28 AR 2282 B (Candida lusitaniae) R T

o BT H KB BHE R IEHE I H (202101020) s REETTR K FRIH ™ L BEA M R A1 A H (ITTTFRS2021000) % )
Supported by the Agricultural Science and Technology Demonstration and Promotion Project of Tianjin(202101020) ; the Innovation
Team of Tianjin Freshwater Fisheries Research System(ITTFRS2021000)

W FE H3H . 2021-01-19; 137 H #§: 2021-03-29

VEZ TR ARIBENN (1983—) , L, i G ARV WESE 5 1] . /K P2 Bh 4 2% . E-mail: xiaoli_xu83@163.com

w%  JEIMEH : E-mail: gengxuyun@163.com



24 FoOE W

20214

P LA 1 s S B o HG R T S IR T O 5 R AR 1 B A
T 20 I 4 2 M 22 BB O Ak R L B AR
T IR R e I

2020 4F 10 H o B £0 w0 S RARGE T 1L T HIX
PRI 2 3 o DA A P 5 8 D T i e IR I
ST B S A BOw 1 i I R 28 18S rRNA
FF 50 53 A Bl o AR B A AR M 8 5 Dy AR M I B
(Metschnikowia bicuspidate), Bao 21 F 2021 4F4R
TE LT M DX e AR 5 3 e T S SR R i S
XTI I O P R B 28 26S TRNA FEH 751 43 Hr
S O MR ERE LSS TR O B R ILIA B 2H
SURIAEL . it — 200 i T A e ) I AR S
LA T BRI SRR A3 B i A A 1 D o 221
R B B G B S X009 i (4 26 S A AR R PEEA TR 2 4
Bt s T HEBR B S TR G S SR TS [ S ey =ik —
ACRAIA T o S AT A O T S TR T %R IR A T O LA
S AR A SR R AR

R R VSRS

1.1 R RiE

S BN B R A S G B L T B T B R
M, IR BT (8. 6420, 4) g, dTEE T 2020 4F 4 J1 8
HIl B L7 R X, B 57 R RS Rh g Aot s, B
FRBFER 375~1 500 kg/hm?” , 7 77 1 [A] 4% R ] B i &5
TR O 3620, 5k B FILFHAR F K kg R A
Ao (R I E R HE AR, Ry 2019 4RI 2 MO
B A R 7Y R R MR A R TE A 3t DX % B AY 1 8% L ~F-
KR (7. 8420. 6) g, SR A 4 s )5l s T
NG
1.2 FEMFFRXF

Jeo AU (Olympus BXS1) . 714 B8 7 2 3BT
(HitachiSU8100) . HEIY) i e e 4 R Gk [ T Leica
Biosystems, BHI 55573 | i 21 55 3% 3 L TCBS £
FRILEW B S A Y . oA RS Al s R I
W 8 5 H KA ARG RA .,
L3 iR

T A it 1) i AR M AR %) B T e, B/ i 2H 2 AR
IR B A, WL s i L T A UL PR v 2 S A A AR
Hu s b B B I bR 2 0 e A s il IBCT L RN
FUIOR i WS I 5 A af AR A5 g JBny 8 i %
MARES » AR DNA $2 IOk i 3077 & (Tiangen) 42
FENZH DNA LR PCR BRI i Hh 2 5 #5 h A
DY AR A OF I 1 BEZR 5 AR 9% 5 (White spot syn-
drome virus, WSSV) . [fi G 5 #ffi ey 1510
LARESE

T 25T M B ST IR 1 FL P 42 1 2001

RIZERDF BHI 855538 Infr 2055 97 38 . TCBS Ki 3%
55,28 CHE R 24 h UL L, PR S B TR v i — 2B 4lifk
TREhEH .

L5 ANTREKI

PRI i R PR TR VR T YPD AR RE IR v By
7% 48 h Ji5 R I PR TR SR FH AR VA 1B L
TG TR Az B R 7K R B

A3 AR TS R AR 3 Fad A% X felt 5 ey 4 F
AT Ny, R S0 TARFLCH 64 cm X 46 cm X
39 em JK¥R 30 em AYEDRHRE th AT, 4 4 41(3 55
20,1 X RRLD , R 25 FEfdt ] B L i S R B R
7 d JEH TR S, SCIR AR 21 °C, B H ok
1/3 5 H 43 T0] A8 A ot k1) 2 00 43 MR 48 L 45 A et
RS 15 Bl B B Ml SRAE T 450 i B e 8 A50h

TS A VRS B % B Dy 22X 107 CFU/mlL, LA
4 30 R AT A TS (50 /) .

R LH A TO 0 1 v (e e ) L R TG T B )
Br1~2 2 8, B T REWR% R 2X10" CFU/mL
HZKIARH SR 3 h e ATH K Th %58 .

AW 2 ) R R A W R TE O 2 X 10° CFU/mlL, 4%
2X10" CFU/g Byt 5 BN A EHE &3 5] . BN A
AR RE I T 1 h 5 F 4 "CukFEIRAE, &R
TA] B LR A L g H AR

X A 2H T B 4 50 R 1) 0. 85 Y6 JC i £R K
1.6 iRREE
L6.1 BAME PSR FRA R, T YPD AR5
e B IXRIL, T 28 CHiFF 48 h, WA EIL S, 2
PR R IATE A
1.6.2 4 3 A4 L4 K N A P A B R
(Biomerieux) /2 @ f) VITEK2 [ 8} i % & R ik 47, 3
Z: BT B TR Y RRAIE 5 58 0 T ) i 4T H e AH S FR A
Ki—EHG—\ .
L6.3 aFASFER  FRBURIFREEERFEA DNA, R
FHIE 5 497 18S1.18S2 § 16 JFi i 18SrRNA LA , il
FHE14 NL-1,NL-4 § 595 5 5 26SrRNA JLH L 38
24 ITS1. ITSA ¥ 1 e B TS £ H 517 PCR 724
H4E T. Sangon Biotech #47 /¥ . I3 FT 15751 #2358
% GeneBank Z#g FEH i 47 BLAST HLXT, MR 483 5] 1y
5N GeneBank Hige £ Al 54 ¢ w5 i TR AR L R 17 471
KM Clustalx B XS 5, 230 51 BL 18S rRNA, 26S
rRNALITS s fetric . R G & B 50 Bk ff Mega X
FE TR (Neighbor-joining) #4% R 48 K B, Boot-
straps AL 1 000 ¥K,
L7 A EEEmEE

A MU RE R 79 931 B T 88 T i i S LA 5 T



12 4

TRIGENN, 45 FRARRBE 2 g " I S H B P 5 25

Ay BT mm® NG, 2. 5% % R SE .4 °C vKAR AR
17 KT 11 42 J5 » HitachiSU8100 4 Ht 7 .5
BEWEEITAA A,
1.8 B4R iR TR R AE

2020 4F 4—10 F S Kt X 57 5 1) o] 8 2R 15
I A TG OL AT R A L 43 0 SR S SR BE B AL 5L 15 4t
551 J& . B RE AL 27 it 345 B8 . R i 41 55 37 303
TR L 4 i () INE SR ] PCR B ARG 0 o] 8 2
7[R e WSSV,

2 4

2.1 REHAEREMNSRE
FR T N TE Bl Sy 22 L X A SRR S 1 e
AR A T B AN B0 F SRR %,

FToh e A R IR AL B B 0, DB AE 1 L I Ak A
FLEGRIRR L, TS B ORENERRE A
FLIR LI 1(b)) , [N IR B R 2 0 “ A0 ]
JHPIBR M 12 B €0 o — A B JUE 2 5L 1 8 o 08 0 T 8
22738 s SR P e BRI P A R D R B 22
FIIRAL. CICIEH PSR AS A . T IR OS5 2 2R 7K
TR SRR e B o DR T8 L i A P 6 LY
VR R DL 2 A HL AT DL R DT AT 2 A B
A BREAFAE CILIET 2Ca)) o ik e pl 6728 S L
LA 2(b)) Gk A BT 1fn 40 i R ik b . AL T
AR . ALV BERR E R S B kAt 1 H L af B
mEEaL. SRH] PCR EORFMNC R Y 85 FE i B FF dh T
PP I L 19 AR AL WSSV RGN 45 51 5L FH A
5 HE 22. 3506, ARAG HY BRI B iy B

A1

X B2 TE B ) 55 S (b) A A o IR R

Fig.1 Photographs of healthy crab(a) and diseased crab(b)
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Fig.2 Photograph of pathogen from fresh smears of the milky liquid in crab pericardial cavity(a) and
the hemolymph of healthy crab(left) and diseased crab(right) (b)
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Fig. 3 Photograph of colonies(a) and cells(b) of the pathogenic yeast strain JMB-1
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Fig.4 Results of the infection experiments
of JMB-1 strain
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Table 1

*x1

ER IMB-1 525 ar B 6 4 U AERY LL R

Comparison of physiological and chemical characteristics of strain JMB-1 and M. bicuspidata

i H Ttems JMB-1 M.bicuspidate 1 i H Ttems JMB-1 M. bicuspidata !
DA N ] DA - ]
D-Glucose assimilation D-Melezitose assimilation
D-A§FHE Ak _ _ D-: FUB I [F 4k _ _
D-Raffinose assimilation D-Galacturonate assimilation
L-F 2w L _ _ leR - ENCIE _ _
L-Rhamnose assimilation Citrate(Sodium) assimilation
Dt N W R - .
D-Turanose assimilation - Glycerol assimilation
LA @ IR AE _ Je iR A E Ak _

. . ND NP R ND
L-Glutamate assimilation Gentiobiose assimilation
LRI - b D% M i - N
L-Proline assimilation ’ D-Maltose assimilation
LRI - . DAL N .
1.-Malate assimilation L-Sorbose assimilation
FUREE fL _ _ HIHIERR 7 1k _ v
Lactose assimilation Glucuronate assimilation
AR e ~ , DU . N
Xylitol assimilation D-Sorbitol assimilation
D- b F Ak _ T L— 2 R 5 e _ Y
D-Trehalose assimilation L-Lysine-Arylamidase
DA ~ , AL e _ b
D—Xylose assimilation Tyrosine Arylamidase ’
paR I N ) BN AR N W
Arbutine assimilation B-N-Acetyl-Glucosaminidase )
FEH A ] LI 5 N
ﬁgh?ﬁmﬁgpyranoside — v N-C Pt B3 Ll — —
L PNP-N-acetyl-BD-galactosaminidasel
assimilation
D-H #pkE ik SERIR Y e
D-Mannose assimilation - - Leucine-Arylamidase + ND
LI - - YA AR - b
Nitrate assimilation v-Glutamyl-Transferase ’
DL-FLER R [F1L _ _ JRZ T _ _
DIL-Lactate assimilation Urease
N- Pt B 4 i 7] Ak 15 CHEK
N-Acetyl-Glucosamine assimilation + ND 15 C growth + -
TRk o 25 CHR
Amygadline assimilation ND 25 °C growth + -
D-21 4 — B[4k - + 30 CHK - -
D-Cellobiose assimilation 30 ‘C growth
D-% W4k _ _ 35 CTHK _ _
D— Melibiose assimilation 35 °C growth
e R 1t _ T 2-T - A AR AR IRl 1L _ Y
Saccharose/Sucrose assimilation 2-Keto-D-Gluconate assimilation
L BT - - Wi GP B W
1-Arabinose assimilation Arginine GP :
i L [ A A
T N . o A . .
Acetate assimilation a-Glucosidase
D-i R 3h [F] 4k _ Y Lk R K A _ ND
D-Gluconate assimilation Esculin hydrolyse :
TREEEE A AL _ _ Jolfi A EE A X o
Erythritol assimilation Growth in medium without vitamin
DAL - N BRI N B

D-Galactose assimilation

Growth in medium without vitamin Bl

T B s — < B s ND. B TR AR s v: 66~ 94 /0 Y B bR S B

Note: + :Positive; — :Negative; ND:No data; v:Positive for 6% ~94% of the test.
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26S rRNAJE] D1/D2 X751\ ITS FE R 791 47 R 2
BT RGEHEACR KPR R IMB-1 5 2ty A
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ey S

95| Metschnikowia bicuspidata DQ520881.1
59P JMB-1

95 ’hMetschnikowia bicuspidata NG 065596.1

‘Metschnikowia bicuspidata AB023466.1

ugtschnikow ia australis NG _067624.1
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F Metschnikowia pulcherrima NG 065490.1
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L[ Metschnikowia pimensis NG 065526.1

100
99 LMel‘scl’n’tikow ia picachoensis NG_065525.1

Metschnikowia gruessiiNG 065489.1

—— Candida chrysomelidarum AY520164.1

——  Candida dosseyi DQ655699.1

Candida albicans KX557292.1

P
0.02

5
Fig.5

98

73

61

Cafeteria roenbergensis AF174364.1

L) JMB-1 31 18S rRNA JEH P41 9 BRI o Bt R
The tree of phylogenetic evolution of yeast strain JMB-1 based on the 18S rRNA sequences
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IMB-1

75
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Metschnikowia cibodasensis NG _055300.1

46

Metschnikowia vanudenii AY772721.1

[ Metschnikowia pulcherrima KM658981.1

100 LMetschnikow ia pulcherrima EU268661.1

Metschnikowia sp. JQ941874.1

—
0.02

Candida morakotiae AB457171.1

Bl 6 AR IMB-1 5T 26S rRNA B 741 D1/D2 X R34 21
Fig. 6 The tree of phylogenetic evolution of yeast strain JMB-1 based on the D1/D2 domain of 26S rRNA sequences
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66| Metschnikowia bicuspidata DQ534407.1
\

94 | Metschnikowia bicuspidata MT845876.1

MJMB-I
44 |
70 — Metschnikowia bicuspidata MN886520. 1
( |Metschnikowia australis MK085106.1
100 |Metschnikowia australis IN197587.1
45

Metschnikowia zobellit MN213713.1

58 Metschnikowia henanensis NR_158796.1

[
66 Metschnikowia gelsemii NR_164510.1

Metschnikowia vanudenii NR_155405.1
FMetschnikowia vanudenii MN128580.1
86 | |Metschnikowia cibodasensis AB236924.1

98 ‘Metschnikowia cibodasensis AB236921.1

—

Aphanomyces sinensis AB531971.1

B 7 [ IMB-1 2F ITS rRNA 3 JE 5 () B2 Mg 5
Fig.7 The tree of phylogenetic evolution of yeast strain JMB-1 based on the ITS rRNA sequences
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B8 R W i AR AR T I () ANILPA Cb) 31 il L 5

Fig.8  Scanning electron microscope(SEM) of hepatopancreas(a) and muscle(b) of Eriocheir sinensis with milky disease
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(1Bt S L 22 B 28 4E
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56 H Ok B AL T 8B 0 L HE B M e
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A KRR TR AR S 7K 7 S s J i 4B b 1 SR
W PN EARSED S JE RS T AT B B IR R (Macro-
brachium rosenbergii) 1Y) T Fip I £F 7 —— 7 38 75 (= 1)
B2+ ( Debaryomyces hansenii ) F 55 & Bk 30l % HF &
(Torulopsis mogii) ; Chen Z£2 fHIF 97 & B0 — 22 4 2
BB 52865 BRE (Enterococcus faecium) ILRYL R8T
29 2500 W) Z [RVBURFE T s LAY HF 2 Mg 25 W B 11 p
(Artemia franciscana ) i) W& K 8§ K Bk 4 0. ( Chinook
salmon) ,35 d J5 34. 500 (¥ KB K PRIG FFET L 55 T
XiF HRAL (4. 30001 o ABIF g DA IR T 1l DX AR 2 43955 ]
BEA Gy B B B — g J5L, ol R T A0 S R L A I 3 A
Ty AT @R, 1R 52 AR [F] ) 4 o eIk ik
SET AT B R JMB-1 g [ BEAE 5 | ) 8 1 A
YR g 22, 73 i 97 14 & Bk JMB-1 #9 18S rRNA,
26S rRNA I ITS FEH P4 M R G LB R 4551 2
AN AR IMB-1 5 Mg oy BRI O — 30, X 5 S 21N
LIV Bao ISR A R — B, Wbk IMB-1 [ 230
AP AR AR S Branett 5 Ik A A REE— 2R
LHTETCI G R B SR B P RE I A G, H B T4k AR
B RRE R IR Pt ] K 3X 5 Branett 2 i
WAEAFFEAR — B85 Wang S5 4RGE 19 =Ptk +
B LA e I — IR R WCY YA AR — 2
AIRENAS ] M PR T, RIS R TMB-1 1) 22 35 4= 34
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Studies on Pathogen and Its Pathogenesis Causing Milky Disease of
Chinese Mitten Crab Eriocheir sinensis

Xu Xiaoli, Luo Zhang, Zhong Wenhui, Hao Jun, Wang Yanhuai, Zhang Zhenkui, Geng Xuyun
(Tianjin Fisheries Research Institute, Tianjin 300221, China)

Abstract: A large-scale outbreak of milky disease in Tianjin, China, from April to May, 2020, caused
a large loss of cultured Eriochier sinensis. A dominant strain of fungal pathogen, JMB-1, was isolated
from the diseased Chinese mitten crab, and the artificial infection by injection approved its high pathoge-
nicity to healthy Chinese mitten crab as the injected individuals showed the same symptoms as the natu-
ral diseased crab and a mortality rate of 100%. Strain JMB-1 can also infect healthy Chinese mitten crabs
by immersion, but the infection rate and mortality rate were relatively low and the symptoms were not
obvious. However, a large number of strains similar to strain JMB-1 can be isolated from the dying
crabs. Strain JMB-1 was identified as Metschnikowia bicuspidata according to its morphological, culti-
vation, physical and chemical characteristics and molecular similarity of 18S rRNA, the D1/D2 domain
of 26S rRNA and ITS sequences. The phylogenetic analyses of all sequences revealed that JMB-1 was
naturally clustered into one clade with M. bicuspidate. No other pathogens such as bacteria, Spiroplas-
ma eriocheiris , Hematodinium sp. and microsporidian were found in the diseased crabs through micro-
scopic observation and PCR while white spot syndrome virus was detected in 22. 35% of the sick crabs.
Therefore, strain JMB-1 was determined to be the only identified pathogen of E. sinensis milk disease,
The scanning electron microscopy images showed that there were a large number of yeast budding cells
in the hepatopancreas, muscle spaces and connective tissues of diseased crabs. From May to Oct., 2020,
the Chinese mitten crab raised in the rice fields of Tianjin was tested, and no M. bicuspidate was found,
even some larval crab carried the yeast. It was speculated that the outbreak of milk disease is closely
related to environment.

Key words: Eriocheir sinensis; Metschnikowia bicuspidate; milky disease; pathogenesis
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