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B B 77 At R IR S L 4005 X B AU AR B AU I L 4 1E

7 \ 2L N N =
FELEE KK, A, EES Bk, B RE’
1LRERATHRFE (B —RBKR AR ERESFAEAREL LT3/ BRZREFT L%
BRI EELTRE/ S BERABEKEHFHRLE, &HT 530021;

2.4 MWK FERH RIS B3k, 4 M 318000; 3. Tk K FH#E e, Tk 315211

FE NIRRT R (Enterocytozoon hepatopenaei , EHP) S5 E AeA QT 1 nl g 324 K2 BHAY AR
SEEORALE] , N EHP 18 P e FLYA X IR B PR Hh &, 28 A3 FH B ST L e AL SV B2 e 5 G0 O) A ks
Bk | 5¢ 5 B PCR(RT-qPCR) M = 8% A (3% (HPLC) & R, RS540 B EHP g e i 72 v T T i g o AR
B EEETE BEICAR SCIE R 3k R DT R AL AL S Ak . B2 R 7 EHP B 20 A JHF i i 4 e 1] J
WAL R/IAR—HINET o LT O Yt 80, EHP B 2 J& Ay 0T 0T AT AR 4L 20 N H BIA 8 AO m  4E . ARG
A ARAIN A B, B (2 J8) HIh =R (TG) & it i T, SRR B (T-CHO) & AR e i it rh S % IR 2
AR FETRA . A, TEIRYE A5 3 R RER 4 FR) SR 28 X6 R I T A P IS 2 1 i T it (L P ) % PR A ot PR 2 [ 28 T
Rét, 7 JFE 1 O T (L) 7 PR AR B2 L FE . RT-qPCR 24T i B % i 35 PR 3 1k d R B, G 17 & AR S 361K (FAS
ACC) B3 4, T g Wi 43 AR AH e 54 K (CPT1 . AMPKa . ACDVL . ACDM . ACBP .ACDS) ] . T ¥, 1 11

BIATR B4R . = SRR (O T B AR 2 25 51 i, BB IR & f AR ¢ HE 2 i 3 TR (P<<0.05) (R K 2 R
TR TR (ARA \EPA \DHA) bl 755 . DL 85528 EHP 3 a8 TP LA It AR g BT 55 1 107 18 4 i,
S A R B e AR ER L MU RS T AR R 08 S EHP 18 M aR Y 5 35 L g I I A K s BH A T AR A

N

Z—5

KEEIE  URAFIAM I ; PLANTEST R s B8R ; BESI Qi
XHEkERIREG A

FEISES Q959.223".63;5941.5

FLANIEXTUF (Litopenaeus vannamei ) f2 4= BRI 1
o IX 3B SR A SRR SR A HOE SRV R A
KA R R, B 1988 4F 5| A H E J5 il id M R
TRV R A S M Bl SRBE X AR AR R
M H (Enterocytozoon hepatopenaei , EHP) 5 i 5 %
FR B IR A AR G2, F7 5 A N, 7 I 29
T X ERFRIEMY AT RS R S . EHP AR LA A
P A R S AR e R A AR b AR . EHP
I E Ny BT XTI T, e EHP B XTI G
WY AE AR 5 i B b R K R
1HER,

Jig BT 2 ML X R i A 5 A BRAR A H A 0
By M AR LT VB M ) BA AR
RIS Bt = g 0 B R R 4, 1T LA

Weks H . 2025-07-25

XEHRES  1000-2421(2026)03-0282-10

LA S ek U (4 g R AR K S s n-3/n-6 R B 4
22 AR R 06 5 I U7 TR AN A AT L 2 v F B i) A
FE , 02 41 i RS W i 1) O SR A BC A 5 e A, R
[ B (T-CHO) VR Ry X R 055 58 TR W 51, ol LU &K
I B A M B TR RE R gE 1 fif
{61 AR AR B R BT R R e Y A AR 1 Y R
W B TTREAE B4 O 1 32 A N I 28 W o e ] 4 T
e 06 B A R B, LR A B RE RO
U FCHREAR (Spiroplasma poulsonii ) 38 1 455 P TH #E
T = MR T R 3 H VM R (diacylglyceride ) 2k 4E 45
B 15 2 A FIE I (Plasmodium berghei) 1853 15
2200 B P 8 8 B Tk R B R S 1 B L A RT LL
YR A 5K K b S JE B (Toxoplasma
gondii) AR IAHAFTE TS FNETRE A I B -1 A 5 3

B TH VI B ORGP R0 B T S 5050 % S (GXKEYLA-2023-02-2) 3 & MK = BoAR M Bab b (24Y Y 02)
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O AN R O DR B R R R iR AR
FNE JFAR A 0 i A 4 A RO R TE - SFE A BRI G
LA E A EEEN.

H i 2 A HF 78 WG s 427 2 i #8781 EHP e
J5 Xt B2 R AN [ 4 A B AR DG S R AR AR
R X 32 i EHP 8L 5 g o AR s AR AL AL AT 5
B, I, ARG RGBT EHP 18 M X HR
J& BB ACIHERAE | LSBT EHP S0 75 £ RERAC T
1A T2 AR K AZ B AR DG BOR AL L ks J 25 A 1
NPEFE AR
1 #MRIERIE
1.1 EHP BiRI6

WL b A i 7 K6 T 3 FLAh I X R EHP g%
SR B IR (14 X R ISR M — L TC 55 4% S5 fee o R K
INFHAE [ (2.6540.14 ) g ] A XF BIR 3 [6] 77 i K2 vp
PRI b R A7 305 O P SR A, PR TR P R 25 CAE A,
25 g/ LMK 3l Mg, BR T 17: 00 £ 47 $d
TR LR, B 2~3 d e TRkl T8 1 RS F
B R XTUR 73 R 2 41, 10 20 30 2 8% s EHP
1) XoF B JFF JBR it 4 350 5 Rk A R R R AT I
B, il X R A Ay o R 2, o 2] 45 M 53 6 261 A [
B YA flt B T MR S i 2 2050 S Ak, ke
2 RN 56 20 W SR L Ok 6 R AR R Y 10 %0~
15%, BRI 13K E AR W 3 d J , AT IR
(1) ) Ak ML 43 3] i L 77 32 3 60 A R %o A X R 45
10 &, F H PCR # A A 2 41 EHP & ye i il . H
Hr, PCR K i 1 514 )% 5 4n 1, EHP-F: CAC-
CAGGTTGATTCTGCCTGA, EHP-R: TCT-
GAAATAGTGACGGGCGG. 20 pL JZ Ji # & i
T8 41 EHP B DNA B 0.8 L, b FiiEs |1 9145
0.4 umol/L 2 X Tag Master Mix(Dye) (5 A4, i
)10 pL FME ddH,O ZEARFUN 20 pl.. PCR KN %%
.94 “CHIAR P 2 min; 94 °C 305,55 °C 30 5,72 °C
30 s, 3 35 NI 5 72 CLAEH 2 min, PCR F=4) 2%
FA 1% Bl AHEE IR B Yk, 8 Biorad B 52102343
BT, B ZAR 6 20 45 9 R 100 %6 Jge , o BRA Teim e
1.2 XPUFATRRAR B RRIEFE 7

SRS 2 F 43 S AT R 2 R e 20 P 45 B3
XU, BP0 e e A 2 BURE AR W B R R 4 R AR
HAEE T 3% WM, 4 CHE 24 h, 0.1
mol/L B iR 5 2% whifg (PBS) PR 4% (431K 15 min) Ji5 , 76
1% #kfR v 4 CRl @2 1~2 h, Zi3 PBS 2 Uk )G .,

MR Ad 43 2% B (30 % .50 % .70 %% F190 % ) Fl 4
PR (9096 . 100%6) Bt /K Ab B . Bl 5 , K B i iR AL
TR R R AR A v, BT s D R ALY)
H o VIR G TR A I o AT R IR A R U 6, R
H-7650 7 5 L7 S8 ( H oz, HAS) Wi .
1.3 FTERATRRBRA LR FENE

W5 X UR AT AR 2H 20 (55 1 R 258 2 J8) By vk 1)
A TEZE I E 15 min, SR 5 FHZE /KPR 2 1K, Bk
2 min, 5 i FH 60% A5 P B3R 4% 2 YK, BEIK 2 min,
bR LV R B2 Rk, MM O TR (3%,
D) XD R R AT e, e R [R] Sk 5 min, {8 60 %4
(1) 55 PN B XU R SR AT A3 A €2, 688 g 7k 45 445 )
6 50T A, VA €5 48 B S B R 28 K VAT A .
i 50%6 19 I8 ARG X1 7 kAT 52 g, B2 e it ] oy
30 s, Fifi 5 PR FHZE IR K PR V) A 5 mine S, FH
R IR W abii = A Al M b = TA T G A NPV -3
(JRIM S0 0) 0 YL L SR S 2SR AE , JF
JH Imagel #4264 TR i i BRI G-
1.4 FTHRBFRRBR & L5 FRta i

B JE 1 E Z A AR, o B R AR IR B0 41 5 % R
459 BXTUR (n=3, T4 & 3 B FE ) T
JHERRAH L . B REAS 3 R Xk SR AT J AR ] 4 e 25
TRA L AR S T JC T A 3Rk h ks, IR R
FHAIHAL S ) #EAT LR 2T 3K 10 min, 80 Hz,
1 500 r/min, 5581 10% (m/ V) B L5138 R , 1l
BLOHLCPEER T, A ED XA 2R A 4 °C L2 500 r/min
ZFAF R 5.0 10 min, |, BUE F 1V WCR T Bradford 5
FE . A AR PR  H I =R (TG) L E A E
i (‘T-CHO) . g #& 1 B8 i (LPL) A1/ Bg V5 i (HL)
L5 BRI o M % B & (R st e, v ) A e
ARSI, 1) FH AR A (R AT ) 12 BUEaR:
1.5 XEERHEERFRESHT

Ry itt— 2 AT EHP Byt FLAN U TR AR
T AR HL A 58 5 BUIR e 6 B 53 B
FH B (Y DG E L R E AT 3R A A o RIBUBR YL EHP
2 JE B9 5 e ok WS FFE A, ) Trizol 325 48 ML 44 Y5 X6F R
JF R AR RNA AR5 & U B 45K 1 pg RNA %
F H cDNA., * ] SYBR® Green Premix Ex Tag
(i e %, v ) 2F 47 52 15 28 9% 5 i PCR (RT-qP-
CR), W% M 10 L, 435 1 pL cDNA Fifz .0.4
ul RIS (1) K SYBR R K . NS ik
H g-actin, 2R 2723 1055 H bR BE AR X ik 5,
DAXT R Ry B, A FEAR B 3R AW 5550
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Table I Primer sequences of key genes
A 514 5 (5'—3") PRI/ bp GenBank #4115
Genes Primers Sequence (5'—3") Product size GenBank 1D
FAS-F TGCTACTGTGCCTGTTGTGTATGC
FAS i 102 HM595630.1
FAS-R CCACCAGAACCTGCGTGAATG
ACC-F CGGCAGACAACATCCATACCACAG
ACC - 36 NC_091550.1
ACC-R GCAACCAGCGAGAGCAGTAACC
ACDS-F GACCCACGAGATGCTGAGAAAGAC
ACDS ‘ 84 NC_091590.1
ACDS-R CTCTGCTTGTCCACCGCTGAAG
M- TGGATGAGAGCAGCCTGGGAAG
ACDM A(;DM F 97 NC_091574.1
ACDM-R CAGCACGGTTAGCAGCATCTCC
“DVT - TCGGTATGGCTGGTGCTCTCTC
ACDVL AEDVI‘ F 80 NC_091555.1
ACDVL-R CTGGATACGAGTTGTGGCGAAGTC
ACBP-F AGCAGCCAACTGATGACGAACTC
ACBP . 109 NC_091560.1
ACBP-R GCCTTTCCTTTGAAGTCCAACATGC
CPT1-F GCTGTATCGTGATGCAATGAATGGC
CPTI . 145 NC_091553.1
CPTI-R AGGCTGCTGGGATGTTGATAATGTC
AMPKo-F CCACCTGCTCCTCCTACTCCATC
AMPKa 163 NC_091554.1
AMPKa-R GTAGTCCACGATCACCACTCAATGC
CactinF CCGGCCGCGACCTCACAGACT
B-actin fractin 237 NC_091571.1
B-actin-R CCTCGGGGCAGCGGAACCTC

1.6 XTURATRRBRASRAER4E 5 & 2 E

EHLEHP B YL J5 19 (6 J8 5 ) % Bl 21 ik 56 21
XTURA 9 B, BALBENL 5 3 AW 2= (3 XS
HRBRARIE A0 LA PATHREAR )  BEAR R R T4 48 h
Je BFER R R IR A) , —20 “CHEMREAF . WEFI I 1.0
mL C23 45l (A=Y, D) T 5 g i ilas v,
AT BLZY 100 mg R T 83 B 5 28 18 3% A 3% 55
AT EH, MA =3 mL BHT W =R, ), ¥
75 PR ¥ 10 min; 80 “C/K ¥ 3 h, il A 1 ml. HPLC
P CObe(FEBR K, EE) 1 mL EE K, IR, 5
B E T mL SR W R R A R
R, AR TR, A 500 pLaE E ke, Fah &
TR AT, O B O B R IR ke R, 4 °C
UKFE IR

I Y o AR e G T g e it v %) g P
PR 2l o M B oo g ARk FH SO AH C18 4 (4.6 mm X
250 mm, 5 pm) ; ¥t S AH R £ G RN 4K, SR FH AR
VWS AR 5 Wi 1.0 mL/min; A 30 °C; ERE R 10
plo G S AR AR S8 T SR FH 2R MRS 28 1k 2% %
RO ASI 25 o B A 5t RS I (s FH A A R VR A A v
A EAT RGO R A L R R A2 PEAK I 45 IR
05 PR AR it £ B B[] iR 47 0 |, >R FH N AR 125, LA

C23 B m& R b , R4 B A i 17 1R 06 T AR 5 R A0
R Z T A 5 & it . it i bntaid SR
15 R 25 2, A8 RN g D5 R (SFA) | BN 4 A g Wi iR
(MUFA)  Z AN FIR TR (PUFA) LA S AR A 1Y 4
R (ARA) . ik H R (EPA) F1 = - ik /S M 2
(DHA) % FZREEZ AU RPRIR & . B EY
S G CEATHERE 2 0 ORI TR 2e g1t
53T
1.7 GEitoriR

EHP 2% G4 0 8 04 JHF R AR A F A I AR G 5
3 (A R 38 K B s LA 248 + #5722 (mean+SD)
PR o A M AR I 3 A IEAS PR AT 2555 R
i 3 LR 7 22 90 B (one-way ANOVA) 2545 B 15
£ 5 Bl K 56 (Duncan” s multiple range test) #4740
(5] 22 5 04, 0 B PP P<<0.05,

2 FRE5HMH

2.1 EHP BRI AR BR AR H R S HHE

EHP B 2 Ffd e 4 3 0 A g 45 2R (1K 1) |2
71N, EHP B 5% 21 1 JHT 19 fi 200 60 1) it 9 A R /A
— B AR AT Sk s ) o Rl 240 i 5 9 o0 A
& HAREUNY EHP fL5 (An 3 @8k TR ) X 55k
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A EHP BT R AT ARANA 5 B - £ 5 %o R AR A0 A 5 A A 17 3k - ARG s LTSk : EHP /87 s NC 4 iEA% . A: EHP infected shrimp he-
patopancreas; B: Large lipid droplets; black arrow: Lipid droplets; white arrow: EHP spores; NC: Nucleus.
B 1 FLEATE ST R AT iR BR 4 411 S rE 5
Fig. 1 TEM of hepatopancreas tissue for L. vannamei

RS Hh EHP 46 F K/ — 5 22851 3 n] fig 5 /&
PRI R KK R
2.2 EHPBERENMEITIRERES

LT O Y e REAS nT WAL 41 ZUREAS Hp i B 5 o0 A7
L, X EHP EYLS BRI AR 20 2 A0 A 7
LT O B gL (o, 25 /R, EHP B ER 1 JE At IE

2 (8 0 R i 2L 2 200 B N (8] 2A~D) BR T 35 Ry 43
B, % (R AN 5 T EHP L5 2 F& (0 % R i
ez VRS TR AR RGN R S FARAY B S )
ORI T (] 2E~F , T HEN TR ) o WKL 2G PR, Bifi
5 B B T P B, 6T A e i 2 2 48 e 1 i 3 1)
AFXT TR S 2 15 i (P<<0.05) o

2.0 N
G g [
z
(=1
%E 1.5F %
Bz I
A
=% 1.0F
=5
Sm o
=z sk
2 0
=
==}
0.0
0o 7 14

L5 BFE]/d Time post infection

A~B Xk B LH A4 0T R AT IR 2H ZUNR T 23 A 17 00 5 C~D S EHP BRYL S 1 J 0of R AP IR 2H 2 R % 534 175 00 s E~F S EHP B 55 2 Ji

R R IR AR 2 2L R IR T 23 A T 00 5 G oM IR AR TR ARG TR . #3678 P<<0.05., A-B represent the distribution of lipid droplets in the hepatopan-
creatic tissues of shrimp during the control group; C-D represent the distribution of lipid droplets in the hepatopancreatic tissues of shrimp dur-
ing the 1st week of EHP infection; E-F represent the distribution of lipid droplets in the hepatopancreatic tissues of shrimp during the 2nd week
of EHP infection; G represents the statistical chart of the relative area of lipid droplets. * represents P<C0.05.
2 RAEXIRAFRRARAERLE
Fig. 2 Lipid droplet staining of hepatopancreas tissue of L. vannamei

2.3 EHP BRENARESTERE L TSR WA, FLAR T X AL, 17 8T A5 3 Jo A 4 o 1A

N 3A BT, PG e Xt iR e i H v =g SR BRI, BRI B T IR (P<<
(TG) % BAE EHP Y0 30] (R 2 ) B3 m FdE 0.05) , ELERYL AL R P 9 T-CHO 758 > R s
X HRZH (P<C0.05) , B S IR Eh A MK A i 4, Skt R PP R 20 S (T IR 2 DR AR LB S AL o SR 58
JE 3 28 3 A 5 ) Sl X FR AL TC W & 22 5 s R K1 3B 3~4 J] L 4H IR 45 1 i MU il (LPL) 1 14 52 B I 3%
AL SR E EE(T-CHO) & SRR 2 N RS TR (P<C0.05) , 55 3 A I L35 Jk g 2= A BRE X IR 201 1Y
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A.TG; B. T-CHO; C. LPL; D. HL. *: P<C0.05;%**: P<Z0.01;%*#**; P<Z0.001; <k, P<0.000 1.
B3 FLAEITERE S EHP [FATREIR ST BT L
Fig. 3 The changes in biochemical parameers of hepatopancreas in L. vannamei after EHP infection

25% (I 3C) , i J& Y 21 1 g 105 1l (HLL ) 395 P 78 26 4
JEVERE B B 6 HE 2 5 2 8 30 25 %6 (] 3D, P<<0.05) .
24 XBEREHEERRESHT

WK 4 PR FERR A BUAH G EE R, FAS LACC
JE [RAE X 2% 58 dk d 35 T e (P<<0.05) o i M 43 fidt AR
IR CPT1 . AMPKa 3 X #3k 5 HIRFEAL, H
1, AMPKa JE K 323k i 2 B (P<<0.05) , 52w g i
iz B ALy F N (ACDVL, ACDM, ACBP, ACDS)
H1, ACDM SR AR XS Fe ik it sy (RS A 8 o 3 22
S T At 56 DRLRE X 38 38 o 35 & 2B N [ A B T A AU
Horf ,ACBP (ACDS J R AH X 2 3 it 5 5k 35 1 R AIG
(P<<0.05).,
25 BEIFRASERESETH

T AT R EHP B J 309 5 0 f A
HB 5 IR R I 2 | 14 i AS TR R B D 2 (4 i BRLAS A
FIRIR 10 Fh Z AR RIIRIGTR) . EHP KIHEYL 5
Xof M FFF e PN A O T2 % k2 i R ) R A 3 0
T K& (P<<0.05) , 1 2 Fh 4 Fn i B iR (C16: 0 Al
C18:0) .4 A A AR T Z (C18: In-9.C20: 1n-9.,
C18:2n-6 .C18:3n-6) 34 . F FFAIL(P<<0.05) , L H &
FERE R (C16:0) B2 (C18: 1n-9) F1 V¥ i iz (C18:
2n-6) 7EXFHF FF AR rh & b AR 22 | SR ARG T 0 R
B F BT 29 65.27% . 79.08% 1 75.94%, T
EHDP 2% 28 K6 0 il B 0F %A A9 C18: 4n-3,C20:

4n-3 F1 C22: 5n-3, [] B B Y 20 11 3 -4 i A 1
TG IR 16 2L D03 R (ARA) . — i LM R (EPA)
PLR A RS ISTR (DHA ) AHEE T X6 BE 4 & 1A BT
T (£2),
3 i i

f - B EHP A > 240 i P9 % M 2 AR R, Lk
Pl i F b g AR SRR SC L R A fRT A 5 B RN S fil
T F2 2 R A I o g A G A LR A T R . R4 EHP
SRS H S B S 8UE AR, (AT fEaE i s
PEE IR A 06 B IR AR A B e S K A A
ARAS o ASHEFE AR A 2 A5 45 £ B2 10 & 38 5 %t
EHP #5252 8 G i 8 v Z2 58 8] 5 00 5 AR I8 Al ol
FEAT EHP 575 32 DA St B S0 4 A ) 0 P v
FEAILT, o 25 A A5 7 3 AR B AR FE oG SR 4RI T
R4 1 DL i

AR Ay X I B R ) A% 0 L 43, AN AR 4
JiL 25 B 55 A O I 1) 2 2 4 S, B DA R B K
FHRE R AE AT ACH e P 2 mIEES L BT
B PP AR BT CHEIh = | S BER ) T2 B K 0 5
A FEILA B R 5T (Rl i L T BSE 30 225 i 017 R ) A%
S A A e e AR S I X R g
FR 3 3 13 7 VR TG R B s i
(4 BE S A A7 20, 76 R 22 B0 it e A SRy o B 3 R )
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15 _—

10| i

3 X HE 4 Control group
B Y 4] Infected group

Relative expression (Folds)

HEHFIZE Gene types

FAS:JRIITR & BRI ; ACC: ZBEA A FRALEEHED ; CPTI: Y
TRE R I FE Rl 1 JE D] s AMPKa: SR RIS AL o 26K s ACDM :
e M BE R A B SUR RN ACD VL AR 4 57 P B il
il A bt SR AE R s ACBP : Bt HE i A 2545 3 IR s ACDS : i
B A DEABEEEIN . <R P<<0.05; 43R P<<0.01; 3R P<
0.000 1, FAS: Fatty acid synthase; ACC: Acetyl-CoA carboxyl-
ase; CPT1: Carnitine palmitoyltransferase 1; AMPKa: Adenosine
monophosphate-activated protein kinase a; ACDM: Medium-chain
specific acyl-CoA dehydrogenase; ACDVL: Very long-chain specif-
ic acyl-CoA dehydrogenase; ACBP: Acyl-CoA binding protein;
ACDS: Acyl-CoA dehydrogenases. * represents P<<0.05; ** repre-
sents P<C0.01; #*** represents P<0.000 1.

B4 EHP B3 E550m N 4058 X iR AT ik AR
BERS X ERERE

Fig. 4 Expression of key genes affecting hepatopancre -

atic lipid metabolism in L. vannamei after EHP infection

A AEUALRE B AR 2 2 AR P e A AR S T 6 T
25T T ATy 200 P P 35 A 455 ) 70 25 o 24 40 3%
P F TR , 78 G s R g 4y Y835 AN v sl ik ) £
@ ARG &, EHP &Y 2 J8 J5 FLa i st i g
T BB 0T IR 0 S A, IR AR TG & i T, X
F W EHP YL 2 35 8l 25 1 b 2l 28 o 08 e i 4 A
PIRGTH A E R o ARG A0 & BR, 7 B 1 2 J&] , ke
20 T-CHO & FF 28 T X R4 . 13X v REJ&1m £
X EHP YL I i )1 G2 b 25 1) S S 1, R a9 T-
CHO F T4 2 32 20 5 92 114 200 i JE 549 20 e A 127
5T & B, SR 2 A BE2H T-CHO 75 o 30 bt 5 J%
e Ast ) 4 8 0 2, LR YL 4 B T R
X 2 B A A AR BECR S o ) 1 = s e R A ek
A5y B EHP RF228ge 5| & AP AR IR A 2=l 5 4
SUR GRS AR i T-CHO /T HFH A 51
EREE ., AR, AR TR -5 AR
Hh R [ T A S F 7 Hh e A ) SR B U, LA
DAt 20 DA Sk A o L T B2 1 2k A8, A R D e (Plas-

2 EHPERENMNESTIRATRREEBRSETL
Table 2 Changes in fatty acid content of hepatopancreas

of shrimp L. vannamei after EHP infection

mg/g
NE iR RRE X AR 2H R
Types of fatty acids Control group Infected group
C12:0 0.08£0.00 0.04£0.00
C14:0 1.41+0.13 1.9140.33
C16:0 44.29+2.22b 15.38+1.41a
C18:0 17.72+0.09b 4.51£0.45a
C20:0 0.93+0.01 0.21£0.03
C16:1n-7 4.874+0.43 4.714+0.10
C18:1n-9 106.90+4.23b 22.36+2.94a
C20:1n-9 5.08+0.70b 1.3940.14a
(C22:1n-9 0.47+0.13 0.26+0.13

C18:2n-6(LLA) 47.5443.70b 11.444-1.59a

C20:2n-6 14.30+1.22b 0.614-0.05a
C18:3n-6 1.052£0.09b 0.1740.03a
C18:3n-3(ALA) 8.9741.23b 2.0740.33a
C18:4n-3 0.164=0.03
C20:4n-3 1.48£2.25
C20:4n-6(ARA) 1.17£0.16 1.862£0.19
C20:5n-3(EPA) 2.224+0.22 4.6012.26
C22:5n-3 0.3940.23
C22:6n-3(DHA) 3.56£0.39b 7.3440.71a
SFA 64.42+£2.43b 22.05%2.20a
MUFA 117.3243.83b 28.73£2.95a
PUFA 78.82£4.39 30.12£2.81
n-3 PUFA 15.81+1.75 16.20+1.18
n-6 PUFA 64.0742.55b 14.08+1.74a
SFA 260.56410.65b 80.92£7.90a

TE LA EIMIR ; ALA: - TR ; ARA - E2E TUIR R EPA: —+
B R s DHA : —+ N TR . SFA MR RIAR AR s MUFA : 5.
A AR TR s n-3 PUFA :n-3 Z A0 FIE B s n-6 PUFA :n-6
ZAMANE IR ; SFA : BRITR . A WE/NE 8RR 2 41 8] 47
e % 7% % (P<<0.05), Note:LA: Linoleic acid; ALA: a-Lino-
lenic acid; ARA: Arachidonic acid; EPA : Eicosapentaenoic acid ;
DHA: Docosahexaenoicacid; SFA: Saturated fatty acid; MUF A: Mono-
unsaturated fatty acids; n-3 PUFA: n-3 polyunsaturated fatty acids;
n-6 PUFA: n-6 polyunsaturated fatty acids; SFA: Fatty acid. Dif-
ferent lowercase letters represent significant differences between the
two groups (P<<0.05).

modium falciparum) A& 5 H (Leishmania spp.)
I = JIEL ] Pt o 8 2T A0 B S, 1 o A A Uk R A
TR WU LA K {0 LPL AT HL 2520
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A=A N B A Y 2 R B A IR L BE AL TG
SR T3 A M g TR L DT A 2 2L R A SR AR AL BB 1Y)
JEURE 20T HL iR HA Sz R B AR Y . AiFSE
RIN, Bifi A B e [R] A8 3G T, XA B LPL 5 HL
AR AR 8 S R I 2 S P X e B EHP W] e i
S S [R) 3 BT e e g B AR A IR HEN EHP
Ae Al HL BACEE T S ok o i 2 9 TG, X AT g 5
EHP 4 34 58 75 5K A ¢, I i — 250 2 B B i AR
TR IL o 3 RS 4 5 09 LPL B FEAR , 107 HIL il
TGN, 2308 TG A T-CHO B & &0 92 8 E TR
TR, X 5ABSEH TG & T-CHO I & B 45 S HIAF
B iR T Z RS E

EHP 25 T4 B 107 1 A 152k 7 v O 5 56 [H 1 3%
ISR g & BB 5 5 R A R O A S [N
(FAS.ACC) F ik L, 4 fif 38 #% & N (CPT1,
AMPKa) 35 T, 52 IR B AL 3L (ACD-
VL .ACDM .ACBP .ACDS) %, % ACDM 5% T
A, LAY DR 3 0 4t BA () R B R, X 3R
EHP {2 8F 1 i U JFF 8 i 40 B D B i B8 140 45 1, 5 91
il B W R 43 5 AL BE L X S TR IR A R L TG
T B BR 0 AR O 0 AR AL A R AR — B,
ACDM J H s R S P R SE Fl T A JBE S0, 67 5% Ak
HEE IR IR , 7R R e 17 T2 B AL Tk AR g R AR il 7y
L, 40 i ] 3 a4 S v 4 58 B I R A STk
RE ST M — R AR A ) B B S s Y AR AT 5T
LS TR HEDU R T Rk EHP IR YL 1 3 1
FREMIR AL A RE BRI . Hi i B X £ Fh 2 2
HAERKETBAEEEMD . ABFE &, 50 -
YIAH LG, EHP B 41 B8 7 R & i R KBRS, I,
AR (C16:0) il 2 (C18: 1n-9) FIF i 2 (C18:
2n-6) FEXT R TR AR h & 130 2, 22 EHP 52 g 3 T
K%, X 5 Hoch 2557 (g fF 58 45 BEARL . A BF 98 & BE,
NEMEIE IR (Plasmodium falciparum) 23 3 HU7E £ 1L
W R BRI R AT A SRR K &ZE ™, Mazumdar
SN B WL (Toxoplasma gondii) W58 LA AR
FR 25 S T AR 5% 445 R 26 B EHP X5 1778 AR LK
U BRI J 1 AY EHP 78 IR B R A R
TRUF i 17 T2 0 AN 0 0 i J T2 45 4K R i, 3k 5 43 B
It AT R T 20 24 5l SO A i ARHE . Ak
Az DU R (ARA) AR =4, gl , 71 =4 (LTs)
HIF R 25 (PG) R SR 751 R 25 (CPG) S8 7R 42 48
FHL 4 1855 v O S FHO . -3 5 BR 0 IR (1A
EPA Il DHA 2 F2) 75 48 i Al e i o F2 vh HAG F 2L

PEVE, T LLIOS PPAR {5538 1%, M #0461 A 4
AN B0 G iE 7 I3 500 LA R S e Y AR
R, L 2 XTI A P Y ARA CEPA DL & DHA
FHAE T R AT B, 3 e B 76 8 J5 191, EHP 1]
38 1 Uk 2D 1 R N ARA VEPA K DHA 143
it R, DA T 0 A A R 77 400 B 328 17 R 9 RE S
ek 32X A SRR S AR

2i b RWFTE R G s T EHP BRYe i L9 i X
IR A 5 A 35 1 81 9 AL o) B G X i T R AR A 52
Wi, A5 & B0, 7R IR YL R ), EHP 38 T8RRI &
KB (FAS ACC) iy 2k, e st Hah =& (TG)
4R 525 T I U 40 A M) P i P T 5 [T, 00 1 g A
ik B 4R Ak 3 5 G BR BE [H (In CPT1.AMPKa) By 1k
G EE A 07 T (LPL ) ) 36 2 |, BELAR A I o e fAL
1717 JHF R o i CHLL) 335 PR AR 17, 327 EHP AT fig
AT I A 32 N A AR B i R
W, OB 335 53 T s BB IR R TR,
JEH AR (C16:0) AR (C18: 1n-9) HIIE i R
(C18:2n-6) %5 FZ AR IR , =W EHP K #8 U fs
B2 LA 2 A B A KRB HRR . 1A, BA gk
PE T T AR Y K BE 2 AN RTIR D7 R (i ARALVEPA
DHA %) Fe il Tt , mT RE i i HAR =2 il 15 3 %
iE 55032 [N, oA EHP (1912 M e 5 i ik i 2 44t
THFMWHIAEE . A5 NZ 2 Hf#ENT T EHP it
Jig AR 2t R T X R B A A A 1) 43 AL, Ak
IR EHP B /) 7 5 S mg S AL 15 A B AR 4l AT 7
HR .
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Characterization of lipid metabolic alterations in Litopenaeus
vannamei infected with Enterocytozoon hepatopenaei (EHP)

LIANG Zheng',HE Jie’, ZHANG Xuan’,ZHOU Ying’, TONG Guixiang', TAN Honglian' ,MA Rongrong’

1.China (Guangxi)-ASEAN Key Laboratory of Comprehensive Exploitation and Ultilization of Aquatic
Germplasm Resources/Key Laboratory of Aquaculture Genetic and Breeding and Healthy Aquaculture of
Guangxi Ministry of Agriculture and Rural Affairs/ Guangxi Academy of Fishery Sciences ,
Nanning 530021, China;
2. Taizhou Aquatic Product Technology Extension Station, Taizhou 318000, China;
3.School of Marine Sciences , Ningbo University,Ningbo 315211, China

Abstract To elucidate the pathogenic mechanism by which Enterocytozoon hepatopenaei (EHP) af-
fects host energy metabolism and causes growth retardation, this study focused on the hepatopancreas of
Litopenaeus vannamei with chronic EHP infection. A comprehensive approach was employed utilizing tech-
niques such as transmission electron microscopy , histopathological staining (Oil Red O) , biochemical index
assays, fluorescence quantitative PCR (RT-qPCR) , and high-performance liquid chromatography (HPLC)
to systematically analyze changes in lipid accumulation, key metabolic enzyme activities , expression of lipid
metabolism-related genes, and fatty acid composition in the hepatopancreas during infection.Electron micros-
copy results revealed numerous lipid droplets of varying sizes in the interstitium of hepatopancreas cells in
the EHP-infected group.Histological analysis showed obvious aggregation of lipid droplets in the hepatopan-
creas tissue of prawns infected with EHP for 2 weeks.Biochemical assays indicated a significant increase in
triglyceride ('TG) content during the early stage of infection (2 weeks) , while total cholesterol (T-CHO)
levels exhibited a trend similar to that of the control group during the infection process.In addition, in the
3rd and 4th weeks of infection, lipoprotein lipase (LPL) activity in the hepatopancreas of infected prawns
decreased significantly compared to controls , whereas hepatic lipase (HL ) activity increased compensatorily.
RT-qPCR analysis of lipid metabolism gene expression showed that genes associated with fat synthesis
(FAS, ACC) were significantly upregulated, while genes involved in fatty acid catabolism (CPTI,
AMPKa,ACDVL ,ACDM ,ACBP,ACDS) were significantly downregulated , thereby inhibiting fatty acid
B-oxidation.High-performance liquid chromatography results showed a significant decrease in total fatty acid
content decreased significantly compared to the control group (P<C0.05) , while the proportion of long-
chain polyunsaturated fatty acids (ARA, EPA, DHA ) increased. The above results indicate that EHP dis-
rupts the energy metabolism cycle in L.vannamei by interfering with lipid synthesis and fatty acid degrada-
tion. This study demonstrates that lipid metabolism remodeling is an important pathological mechanism un-
derlying growth retardation in L.vannamei caused by chronic EHP infection, providing a theoretical founda-
tion for the prevention and control of EHP disease.

Keywords FEnterocytozoon hepatopenaei ; Litopenaeus vannamei; lipids ; energy metabolism
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