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¥, M, Ty, BRE, BB, RE, TFE, B XE, RHE

VLR IR IE ST, 1095 Rl 226007

WE: TSI 75 X YL RS 55 1 X B (Penaeus vannamei) i JiF B 8 H (Enterocytozoon hepatopenaei, EHP)IIE 2
2ERE R, NS ESMRGE 1Y 25 S0, ASHIF ST LAV Z b DX R % JIT I e A B 3 1 6 B T AR AL 2R I ST A R, 3 0
TR B0 B B0 S IR AT A i e ) 2 A B ik, AR — A A e B e R I T v, S O A P e
FITE T IS5 o 455 & IR VT 95 1 DX B 55 (X MR %) JF P M A A SR B4 T 7E 35%~40% 4 B 1 IEWH 2 1, W ¥
B E R 1.15~1.17 g/mL, ZOLRMHEE T o] WA FHBSFEIY, 226, BFR0METHE, 8aosn] W
Wl BT RN R 1.7 pm=0.9 pm, FMEE FAG K HEORARY), SERIMBEE M, flFRIEMHa/NMES, fTR
A%, TRz 4~6 P, SHM0RE By — FH TV Y FL 358 5 PO A1 Y RE AT L 1 3808 AR F - S BE A I 518 R TR
Hb X 3 R IR I B R A T S 2 4 5 L AMROE W), B N B T M A B Ak L O 8 1 DL IR

BT Fn M O 25 2 SR Al D FAS I AN AT e 4R 1 2%

XKW I, rEsaiftk; B 2O AR 28
hE DS S945 XHERFRERD: A

W il HU (Enterocytozoon hepatopenaei, EHP)
I SBAT R L — b 32 2 A AR AR 2 AR /)N
B R M A B, 2003 4% I BE X AR
(Penaeus monodon) 5 it e I BL T ™ H WA K
1% 25 & fE(Monodon slow growth syndrome,
MSGS), 5 40 2 AT 55 XTI 1 BELR G AE e 1 5
R s AE 241, Chayaburakul 25 5E172H 410
HLAAESE, TEZ2 48 B K BLEEE 5L, Anan-
tasomboon Z£CVF1 Sritunyalucksana Z5™7E k2 2%
B RERRIAE T Z RN RE, 7552 5200 1 JH B AR
248 6 v A B A AR I 3] B A AR B R JHF TR R 4 /)
7 DL K — R RN A4 A T L Tourtip 25159 5¢
IR SR 0 R A A A 1Y S — MR B S
B, 3 RIFE 2005 AEAT 2009 XA T R T

kS B EA: 2017-12-03; 13T HHA: 2018-04-07.

XEHS: 1005-8737—-(2018)05-1051-08

TR A, FEIEZAr 44 A Enterocytozoon
hepatopenaei., Sritunyalucksana %58 1535 57 P %of
HRFREE N DRI 2878 5 2 I EHP g 5, B
S T A3 22 3 5G 1 0 R b T T I SR SE 95

(acute hepatopancreatic necrosis disease, AHPND),

EHP H®A5IELEEHEM, 2013 4F Tangp-
rasittipap 25UV B EHP J& YL g 26 14 X6 HF (Penaeus
vannamei), HH AT DL o 55 69 1R R 47 K%
# o Jaok, EHP fErh [ | EDEZJEVEIE . Bk PUIE |
RG2S RN B R A SN R 5 X IS R A
FREARE LT BEHP 3 S 55 %ot iR Fl g
FFINTER, Y — ARG RXTERIET, FER
PR X IR A KOR 27, IS S 2 AT, Rk
k% (food conversation ration, FCR)TFE"?), £Ep#

HEEWB: LA TSR R @A) B (BE2017384); TLIMA W HEK = BF 58 T i AR FL 7 354 101 H (SQ201705); TLIE
Ol BHE I H (Y2017-020); 2018 4540l A= A PR AR 30 H (171821104022292002); JLIR4E FF 85| S35 Bl 4k & B %

W% 4101 H (YDZX20173200001267).
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B WEIE | SR U M i s AR, i
AWEFEINN EHP Y 5 X0 0F 1 5 25 5 fiF (white
feces syndrome, WES)HI! 101 (H Ay 2 % A
I 33 A

FLRT, fH 5 1 R 28 P ook B 32 3 5 i X 24
P EHP JEYL (A4, EHP ERYTE R R & F I
FRIE B B B, ™ E S A ) AR K R A
BN, % A R B R 2 Br ik, 181
B R FACSETE . %R Rz b ik B8
HeE WAL | 42U BRI A0 i PR 2 2R
RAEBHE N . RN FERY B | R J A 5L
mfoetER PCR U 7P JLF EHP /NI
(small subunit ribosomal RNA, ssu rRNA)J& K )
Rl i W, 18S rRNA I -4t ff BE 2 11401
JESW R B R S E B PCR BFSE K
L, EHP 1 2% 248 $0 5 0 0F A K R L 67Uk %,
JF B o EHP 2% £ 75 10°copies, 1838 T &8 X
B STUS) JReg JR AT IE Be A R A YT T

VLIRS TR B 25 O R SRl Ay,
FEFHIRIFRZ 90 T3 (1 Hi~666.6 m%), =% 20 Ji t.
2015—2016 4, 2 X K THI AR H X HF ™ i
MG, FEOZHIX R IE A XTERE™ 15%~30%, ##
i — R FRE P BT i, R A IR K B
EHP A/ EEBE H (ssu rRNA)FE R JLF- 2358 BH A,
SO M RIZEE T 5 S ED RS | B R AR [ e i
1A [RIJE M IR B 97% A F o B T VT g i X
EHP {75 [ AMRE 16 &2 7 T A7 22 5,
ARWFIE 2L AV 954 EHP B (145 35 11 % R T i
BREHLUR R, WL ST EHP 4014 85 aliAk )7 i,
Xt HOE S LA A TR

1 #MRFFTE

1.1 SEIeH

H A L EHP 77 A= 5 bR A0 RS 95 (IR ERC A 9T
AR B AL IR A Y, FRAEATE] 86 d, Tk 5.3
g(2.1~15.7 g)., #i%I® Tangprasittipap 25" P31 1Y W
4 EHP ssu rRNA FE51E51#(ENF779-5-CAG-
CAGGCGC GAAAATTGTCCA-3'Fl ENR779-5'-

AAGAGATATTGTATTGCGCTTGCTG-3'; ENF176-
5'-CAACGCG GGAAAACTTACCA-3'#1 ENR176-

5"-ACCTGTTATTGCCTTCTCCCTCC-3") i#f 17 #
3 PCR 4 o LUk 45 545 2 U /N B A5 55t
#4153 K 2 EHP ssu rRNA Ji& K (KF362130)|]
TEMEIE 100%, HH LA AR B (4 R 55 11 0T R AR
EHP BHE:

12 RKEHE

121 EHP S4B 100 H EHP BHME:AY R 3
G IR T JR A, TR 5 T IR v i AR R S
30°CoKIEmAL, Wt Z AL 5 Wk, ALK
A 2 £ PBS WA RS, 1 8 )2 200
Hia S IEbr MM A8 R . JIEHET
13000 r/min 5.0» 30 min, 3+ F#, /il A PBS &
UUE, EEIZATE 2 ;300 r/min 5.0 10 min, B
3% ; 14000 r/min B.0> 30 min, 3% B3, UUREMH D
i PBS Hik . HU 200 uL 5B 18 AR
] P R A AR % R A R A (R L R PR
MK 30% . 40% . 50% . 60%F1 30% . 35% . 40% .
45%. 50%), 7KFJ7 1] 4500 t/min B> 1.5 hy /N0
W 4% 20T 1LY, FH PBS i B 10 4% )5 14000 r/min
B0 10 min, 7+ B3, VUMD R PBSEIRH 4°C
PRAE, HUGE B IF H1T 5 DNA $2 1K, @i PCR
P 4% EHP (%) ssu rRNA L SEFTHIA

1.22 EHP $ERITE W 1 ol /&30
EHP BV, T8 78 T 00 4 i ot | i
1 pL ZE5EYL A 1 pL10%M) KOH 5 EHP &%
WIRA);, HEYefs 3 min, 45°9EMENE 35 350
A YA G (b= SER TR S e S G A (0 G
S U T R AT S B AR W ER . THEE
FERLR 600 155 AEAEMALET B A (DI 7
THECHE () HoO A A B 5 AN KRB IR, A4 X 35
BEALER 30 MAEZWEF I EHP £ H, %A (2)
RS AU BHP A% A RGGE
HATIEONE - EHP (19 88 @1t EHP R TR A
K@ ETE T EHP 9k

2

§ = x100% (1)
1 a
T —X—
(2 6)
1 150
=0 " )

i=1
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N=Sn 3) W, FR 15~20 min, fUH: 4GP E+A Q2 @ 1)
N

C=7 “

K, a FIFERERA/NTHEK, 7 K
600 %5535 B EHP B8R n MUK
600 15 J5 LB Hh EHP (950D N B AN S
o EHP W4 ; C B0 EHP VR EE; Vo1t
BAHE I EHP B 77 AR,

123 EFHBEREME W EHP o &4ift)s
PRI 50 uL, 10000 r/min 2.0 5 min, 3¢ F¥;
PIEH 500 pL = 787K B TFPEU, 10000 r/min &0
5 min, 5 B, EREIZAPERMK; KIIEM 100
nl =ZEKETE, BULS pL B I T Ha T =
B, EiRTE. TGS A Multimode
Nanoscope V(Bruker AXS)J5F /1 B £ <A T
WEZ, i F XSC11/AIBS #8417 ScanAsyst #:0 T
i,

124 AFBEENE WHGER EHP BIFH,
8000 r/min Z.0» 3 min, & i, UUEH 2.5%HY
IR R, FE 3 h; L5000 r/min B0
5min, 7 Vg, UOVEH VKA E 0.2 mol/L PBS
(pH7.4)FE B VLW, 4 CHE 15 min, ERIZLE 3
W 1% R [ %2 5 h, L) 5000 r/min &0 5 min,
7+ L3, UUiE VK BRA B 0.2 mol/L PBS(pH7.4)¥E
%3 RIRHAWE R 10%., 30%. 50%. 70%.
80% . 90% . 100% 1 £, BV VRO FE b HEAT B K,
ABREENK 15 mine FH & A WK 0 IEK 2 B
JBOK 5 AR S TR AD, TR AR AR 1, A bk
I AR A 2 h, BRI AR AR AR S AR T
RS G L, BRI ESEBAEN, BERLES
HHE— 2R 4 . SRJE T H S7.-S4800 1 & S
BRI I

125 EHEEMNE I EHP 2 E MRS 55 Xt
HR B RAE i, T 2.5% 09 86 R [, 0.1 mol/L
BRI VEMEVE 3 K, BRI 15 min, 1%5RRRE &
W 5E 2~3 h, FJH 0.1 mol/L B RR 23 ik LAAH
A A4 7 0k 3 WK, /K. 50%Z B 15~20 min,
70% 1 15~0 min, 90%Z B 15~20 min, 90%Z.
i 90% PN (1 = 1)15~20 min, 90%A il 15~20 min
(LA E7E 4 BEUKFANIELT), 100% N B % AL BE 3

F 3~4 h, UL 2)F iR b, gl
I 37°C 2~3 ho [Efk: 37°Cil7k, 45°C 12 h,
60°C 24 h, HMYIH 50~60 nm, 3% ER 1 -F %
PR ALYL (2, 375 5 r BE LS S AR R

2 HRE5HMH

21 EHPHIHE

I 30% ., 40% . 50% . 60%MA 1% S % T B
JIE RO WS B EHP 20, ] IR TR IR R
A3 E(E 1A). 128 30%. 40%. 50%[1
PERE R )2 o EHP B 70 T 30% .35%.40% .
45% . 50% AN 1% 2L 5% FE AR B RERE S W oy B8 e, 45
BTN 4 Z(E 1B), 5390 30%. 35%. 40%
I 45%E AT L2 . 452 BUE DNA,
FH EHP ssu rRNA JE[K 1) 55X PCR 51 ¥)E1 743,
45 I 1A FR ) 30%H1 50%)2 AT 1B 1Y
30%. 45%ZHH2HH DNA, S5 —4 PCR ¥
R B, 20 20 AR A BH M, B 1A ) 40%)2 T
FIE 1B 1 35% .40%)Z2 1H #E 0L DNA, 5 PCR
(R 5F — 25 RN 3R 2 BRI 3] 8 52 H AR AR o Uk
B EHP F B 7E 35%~40% 1) TR 2 16 o

K1 EHP ffl 75> g ali 25 1
A.30%. 40%. 50%71 60% I HEME R AL BY.0; B. 30%,
35%. 40%. 45%F 50% T I 3 1 1 B0
Fig.l1 The isolation and purification result of EHP spores
A. sucrose concentration gradients centrifugation of 30%,

40%, 50% and 60%; B. sucrose gradient centrifugation
of 30%, 35%, 40%, 45% and 50%.

22 WHPEER
EHP & 77 £ Fluorescent Brightener 28 7¢(;
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e fgef, LADEHMAE, BA 35%FM 40%M
A TRERE R R 3 2 1T 179 8 7 VA S B T T g
FNHOE 2SR P FDE 6 (B 2), Hri A
2A TR 200 155 B9 A, B 2B ATHCK 600 5 )5
MM Ao I, B 1 uL EHP B PR CEAifE T
BHEH, 7E 600 £ Wil T FE7E 4586 ALET, 1F
0150 A OLEF T EHP B9850 CBUIE AR 51 ) J5 T 5

PR R B R A7 e 39.32 4~ EHP, Htn] 5
1HEIFWh EHP TR 20 1.8x10° 4~ /mL.,
23 EFHERENRER

J5 73 AR A S 7S¢ EHP 23U, —
gl e, o —umAR M (K 3A | 18] 3B). EHP i
Oy DA MR, T 40/ N R A, R IR SR 4N
— g W

K2 EHP {726 H R Qe @ g )
A. K 400 f7%; B. JECK 1000 4.
Fig. 2 The fluorescent stain result of EHP spores
A. magnified by 400 times; B. magnified by 1000 times.

1 pm

K3 EHP #1517 i il WL e 45
A. SFHEE B LRI
Fig.3 Observation of EHP spores by atomic force microscopy
A. plane diagram; B. stereogram.

24 PHEBRIURER

FAH LB A5 SR AT AR A R R D 1Y
15, [R)EHL AT LK i 2H 8L Jy Je 4 7E EHP
EHP £/ 1.7 pm>0.9 pm

(1 4A: K 9000 £7%);

PR EDE AR, SMEEIE AL, AR E H a5
PI(El 4B: JK 50000 £%).
25 EHHENRER

X} EHP 75 4= 4 5 35 7 0F R T B iR 4 2 b A7t
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WU, TEB ST AT AT DL AT IR 2 R A
LR RIS /D, A EHP #2045 16 T 40
JLAY 2 5 P (6T 5A) 0 M AN 1 s A ) EHP
T EMFEIE, #5250 1.1 pmx0.8 pm, — 4

Mit%, 4~6 Bt 22, — N IEhizasi, — R ER7E
W2z I, 20 M RE il — A X B B S A T
BE(Z) 10 m)FTHL T 205 990 FAMBE (2 2 nm)2H K
(Kl 5B, Kl 5C).

$4800 15.0kV 6.0mm x50.0k SE(U)

Kl 4 EHP #7494 H1 BT W42
A. K 9.0x10° £%; B. FUK 5.0x10° £%
Fig. 4 Observation of EHP spores by scanning electron microscopy
A. magnified by 9.0x10’ times; B. magnified by 5.0% 10* times.

RIS
KGR

0.5 pm

Kl 5 EHP F&ES g ss
A. FFEMR4UY] F; B. EHP 1 F18); C. EHP 1 F4\1.

Fig. 5 Observation of EHP spores by transmission electron microscopy
A. hepatopancreas cell slice; B. EHP spores transverse slice; C. EHP spores longitudinal slice.

3 itig

T 3 AN % SR R R R B0, WA R
JE A B Y R ST EHP JERAGIN, 2555 &% B
35%~40% 1) FERE)Z T 40 2 A 2] EHP 5 FH
Ve, 76 HABZ mAS TR EHP (055 BHE, e
EHP {7 3 B0 7 35%~40% 0 #Eb 2 0, Al 4
M EHP AU F2 N 1.15~1.17g/mL, 4> &4tk
XAl 7 HL 2 W . TR 2RISR | 2 i a2k A
AR SCAH 5 A B S, HRTOC TR 7 o 5

alifb 7 A B W5, ACT EHP 145 5 glifh e
WARIE, (VA ENE# Rajendran 25UV ] 2 Bk
VEIE N FF A EHP Y RE 35 (I RTHR 2S5 43 25 214k
EHP il 7% B it i 3 22 o iy — 3
HEARYE, HETET EHP A1 T 25 5 BoA M 53R
W, AR B VER (Antheraea pernyi) i
T U R B T FEAENLE 75%F 100%HY
Percoll JZ i, H% %} 1.09~1.13 g/mL, 5 EHP
THEAAERKRES  EHP NI N 274 By, AHF
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5% LA R 35 110 R JHF JR AR 28 21k 4 B b kL, AH L
Rajendran S5k FHZEME, HTHW KL, X
FERARTREA, H AR AR A 0 A ) 2 4 LR g
B J P A DG A B, 2 24 W 0 38 5 1Y) R A A R,
AR T2 RAMI

AHEFEF ] EHP 7B N BE R & JL T B ),
I Fluorescent Brightener 28 i — K ZMZstb &4
POLYR, BB S ILT R B-1, 4 BEiFHELs A 5 0,
TE K BOCTNEUL ST B B 58 ) W A5 61X — ¢
P, #ESL T —M EHP ZOER @71k, 1E9O0
Bi AT EHP J6-F IR AR A0, BRSO B, 46
B, R/NEAR—F(EHAZ N 1 um), Fluorescent
Brightener 28 Y4 (& 7E il H 4 51| i) GE 45 AR 47 1
g 400, 40 . WX, H RS ik
THL7 H ) 1 R e e a3 P i A
F H Fluorescent Brightener 28 & 7. T P % 7l K
7 A 1 L (Nosema bombycis) W) J5 i, Z ik ok

41251k 2> Fluorescent Brightener 28 Fl Sytox Green

XUER G (8 ST T — A K A AR T B T 9
(Nosema ceranae) {1 1H R 71 o MF2EHA
THOAME 20 L5, AN
RS S S N S P P S A S R 2 S
Xf W DT B W0 (Pleistaphra panaei) . X 45\ 46 H
(Agmasoma penaei) . %% KGR F H (Ameson nel-
soni) M1 XF 98 I i M0 HL (Enterocytozoon hepato-
penaei) A 7RG % FAXTERIT BB IR L U HiiE . A
W72 <2 B EHP 5 [E b2 Rajendran 251
Tourtip ZF1 Tangprasittipap 257 % A HLF K
INAEE R . ARBIFGY ST IO Y ek S R T
HUH WA & I gt . KMnO4-H 50 0e (4 | TR
=G E AT R A T, HAA e R A,
PRVETRT IR, I 5 B, XT 5 e AR 2R8I
SN

HIHE T EHP fFHE, 29°8 1.7 umx
0.9 um, 8 T Al WA FRE R A K H AR
o, BERUMREE , X S5 E1EE 2% ¥ Rajendran 70 &5
() EHP 75 W A1 a7 s 4N g 41 B
GRS Z 53 A K R HE H, %E A TR T
ARG R i A P ST RER
WA PEAHSE, TR AT RE 24 96 1 5 Ah 5t ¥ o 58 e

M3 I o B UCR R ) AT EHP filF 3T
Mg, K EHP fTRUE, R XA 1k
LA 35 407N 78 4%, Rajendran 25U i 5ot 414 B
WEE, MR I T AL M AR PR . AT
W58 K AT A 30 B F A7 A 2 Pl 3 A &0,
KT EHP fFIEAREIIEZ MR WAH S H
i, MR IR A 25 5 0 R A e A —
Worr. AT A MAZEE . AR HES Oy
ATV A AR HUE (8] B R o AR s, Bl . ez
R ORI I K (SR (0 R =t il 1 W B i3
PP ARBFZE AT B 60 BHP 7735 S B BS T 240 5
B, #F258 1.1 pmx0.8 um, HA 1 PN,
Wz a~6 B, — e hiasitl, ez Bt 15,
4 i BE R — AH O T Y B S Y A N BE (2
10 nm) A1 HL, F 2083 96+ ZMEE(ZY 2 nm)F RS, X
5 Tourtip 55 9TF1 Sritunyalucksana 2552 3 iy
EHP JE LR AHRL

AWFFEVIE RS T EHP BB alifh ik, 45
BUCYOF AR T LI EHP fP i Wr | B Ak
FEMZG YIS A SRy . W IE AR LR A
I, VLRI RS 38 O RS B EHP JEAS L5 E
SR A FEA — 2, HEYT TR Hl X 5 [ AR E
EHP A A REN Al —tk &R, ASLHLE R ]y EHP
AT RS %

SE Wk
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Preliminary isolation and morphological observation of Enterocyto-
zoon hepatopenael infecting the shrimp Penaeus vannamel

QIAO Yi, SHEN Hui, WAN Xihe, FAN Xianping, JIANG Ge, LI Hui, WANG Libao, SHI Wenjun, CHENG Jie

Jiangsu Institute of Oceanology and Marine Fisheries, Nantong 226007, China

Abstract: Enterocytozoon hepatopenaei is a new species of microsporidia found to be affecting shrimp culture.
Previous studies have shown that shrimps infected with Enterocytozoon hepatopenaei grow slowly. In recent years,
slow growth has been observed in Penaeus vannamei cultured in Jiangsu Province, and severe Enterocytozoon
hepatopenaei infection has been reported. To study the morphological characteristics of Enterocytozoon hepato-
penaei in Jiangsu Province and interpret the differences in context of the reports from other studies conducted
abroad, this study used Enterocytozoon hepatopenaci-infected hepatopancreas of Penaeus vannamei cultured in
Jiangsu Province as the research material. Preliminary isolation and purification of Enterocytozoon hepatopenaei
through sucrose density gradient centrifugation was performed. A method of diagnosing Enterocytozoon hepato-
penaei using Fluorescent Brightener 28 staining was established and the spore morphology was observed under a
microscope. The results showed that the spores of Enterocytozoon hepatopenaei were mainly distributed along the
sucrose gradient of 35%—-40%, and their buoyant density was 1.15g/mL—1.17g/mL. The spores were elliptical or
round, bright blue, and small, but countable under the fluorescence microscope. The spores were approximately
1.7 pmx0.9 pm. The spore surface is covered with small folds and there is a large amount of white nodules present
on their outer wall, which may be wall protein; the cell wall is composed of a relatively thin, electron-transparent
inner wall and an electron dense spore wall. The spores have a nucleus, and 4-6 coils of the pole filament. The
morphological structure of Enterocytozoon hepatopenaei in Jiangsu was consistent with the reports abroad. The
methods of isolation, purification, and fluorescent staining developed, as well as the morphological data of En-
terocytozoon hepatopenaei obtained in this study provide reference for diagnosis and research.
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