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Abstract: In order to investigate the effects of algi-
nate oligosaccharides ( AOS) on the immunity and resist-
ance of Exopalaemon carinicauda to Metschnikowia bicuspi-

date, four treatments were set up, the addition levels of
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shrimps were fed under the same conditions for 60 days. The results showed that the terminal weight, total weight growth
rate and specific growth rate of Exopalaemon carinicauda of T2 treatment were significantly higher than those of CK (P<
0.01), and the survival rate of Exopalaemon carinicauda of T3 treatment was significantly higher than that of CK (P<
0.01). Compared with CK, the SOD activity in hepatopancreas, ACP activity in hepatopancreas and muscles, AKP activity
in hepatopancreas and muscles, and PO activity in hepatopancreas of Exopalaemon carinicauda of T2 treatment were signifi-
cantly increased (P<0.01). The relative expression level of LGBP in hepatopancreas of Exopalaemon carinicauda of T1
treatment was significantly higher than that of CK ( P<0.01). The relative expression levels of SOD and LGBP in hepato-
pancreas of Exopalaemon carinicauda of T2 treatment were significantly higher than those of CK (P<0.01). The relative
expression levels of LZM, SR and CTSB genes in hepatopancreas of Exopalaemon carinicauda were not significantly differ-
ent from those of CK ( P>0.05). The results showed that the addition of 1 000 mg/kg alginate oligosaccharides in the diet
could effectively increase the expression of some anti-oxidation and immune related genes, and enhance the anti-oxidation
level and immune ability of Exopalaemon carinicauda. The results of relative gene expression were consistent with the results
of enzyme activity detection. In the challenge experiment, the survival rate of Exopalaemon carinicauda in T1, T2 and T3
treatments was significantly higher than that in CK (P<0.01) in 3-5 d. But the final survival rate of Exopalaemon carini-

cauda in each treatment was the same as that in CK, which indicated that alginate oligosaccharides could prevent and con-

trol Metschnikowia bicuspidate MQ2101, but could not improve the final survival rate after infection.
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AT PSS R B IO R B A
BRON A M AT BB MQ2101 S [ A SL 56 % 43 15
AR IR M R (TP) &1 SOD W& 1 &4k
fiti (PO) 1% 1 ACP iVE AKP 35 VL Ko LZM 3G VERS:
DR G A R R A TR A H]

FEVL IR WK BT T TL 9048 e PR R
WSt 5 9 R b IS 5 kg PR, 32 0] SR 4H 4
B, F= MK B IR 2 d J5, NPkt R
—Z Y MERR [ (5.020.2) cm | FIHERF[ (4.0+0.2)
em ], TG Sy 4r  Tei | BLYE R & 25 R 250
B (MEMELE3 - 1), H R E 1 000 L[5 SRR
R (25+1) C,#hE25+1, B4 (7.8+0.5)
mg/L,pH 8.1+0. 2 £5 /T 4k Ll 3% , 109 ) FH &6 1% V>
ARG A 0 R PRI E A T IR R AR, B K A 3 IRk
M AFE] 23591 47 100,18 :00 2100, Hirf i 2 Ry#%
MR 3O MR EL i 1Y 80% , B R IK 1/3, 3 S I
FRERAH FEE FIEIR 5 YL )

Pk 57 K5 O B 9RE Ak i 461 B0 ME AR S0 )8 A
1 000 L[58 5 A0 AR rf o) 55, FHAT 651355 19 75 il
LW AL 1) 8 R 2y 1A, 1T 50U Bl BIL %k R
20 0002 WIE AL 1) #1456 A 2 4~ 500 L [5E 28 8}
Firh 55 5% 7 A 805 FEEE A 2 /11 000 L (B JE 98 )
WP, ket E 14 d FRAG B HERAL, &

Rl 85 F 55 1 IR B (262 1) °C R E25+
1, IRf#%(7.8+0.5) mg/L,pH 8.1+0. 2 fHK T %
R WIS AL 1) A7 TG T G, B R AR 4 K
KAIK R 50% , I B sf i BRER AH | 350 7 BE A 45
IR 2L7/R
1.2 HEBAIMEREERMER A &

PEBCRIAR 0. 8 mm AN 5543 3 ZEHE 1Y) R 38 1 4 IF
BC ARk (e 38 VKA R AT BR A R ) AR R
FERbERDRY, T R A R B T 42, 67% R
REWT 6. 15% 5% 2.27% W5 1.59% 4543 1. 18% i
BR 2. 45% FRATR 0. T1% M AR 1. 66% %%, %
0g.0.5¢.1.0 g F12.0 g WHEBESEE > B 0 T
150 ml @B 2K v, SR TG 705 5 999.9 ¢.999.4 g,
998.9 g F1997.9 g Fhillinkl s MR &, B A
0.1 g K=& HEEAFIAY 100 ml KRR IEFT 785 B
&, H4 15 0 mg/kg 500 mg/kg .1 000 mg/kgHI12 000
mg/kg 4 A AN [5] 4 35 £ 05 U i £ 04 3 5 o R
—20 CHEHIRAE, B IR 2 30 d.
1.3 AEEEEEEERMERAEIRIRE

VOIS /N A — B F 21 d AR, A
T REBLPREE 30 B, PR 3 41, 4 10 B, &
WK AR TE A 4 TR R K 5y Ja , T 50 2 — 1 R F
oK e 2H AR Y AL, PO 2 B R R A W 4
H

M SR A RIS — S5 o LI R 200 2
HR A 500 L EIFIE SR, 1865 R ik 0
mg/ kg 1 3 ZOME AL BRI IR (CK) 500 mg/ kgt 7 5L
WAL FE (T1) (1 000 mg/ kg #2505 ZL 1 (T2) F
2 000 mg/ ket BESEHEAL I (T3 ) 4 AL B, B34~ b B
WHE3WK 3 MEY¥ERS, WK EE
(25+1) °C,EhfE25+1, %A (7.8+0.5) mg/L,pH
8.1+0.2, 5 6 i M 6 si&HRME 1 K, &K S H %
MR, DMRIE T A MR AL AR iR A 1) g H 4
IK30% ~50% , S Ik BRARAH  FEHFIPEER 55 YL )
5 JRIHFRZE 60 d
1.4 £KSHNE

Gt R GAR P AEIE AR A, AT
BEALPEGE 30 FE A7 HF, 37 RIHCAE vkok H R B,
IKRAFE TR R G Ja Bt B AR BT i, 1R
FSRATF R I A i, AR % (SR)
BRI (SGR) FE I KR (TWG) T A
.
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SGR=(InW,~InW,)/tx100%
TWG=(TW,~TW,)/ TW,x100%

Ao, N R IR IR 2 R A R IR MR AR TR B N R
FNIRIS T UR IR0 WRAE 1 B0 W, 287 00 45 o i
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W2 2.5% % T (AL A& ) 81 1Y 4% 1l g 4

AR VR LI o R 20 SR i B R T U
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Jei 53 9 P e B 6 A 30% . 50% . 70% ,80% 95% .
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WL R, BEFRSUCE h AT AE TRE SU .00 -, B
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1.7 GREBEENE
HBUIF i J 0 JUL PR R o o3 PR BT i, F R 2 9

(g/ml) W LB LR 4 C i TR 1) 0.86% 4= B

ERIK, i AR T I A% 10% 2 23 50 30, B il 4%

AT W T 4 °C .2 000 t/min 5 1F F B0 15

min, BB WRCE Fok b, el B8 [ (TP ) &%

i AR5 0. 86% A4 BEER KA B 58 H WK I )

R 5 T T P A T 790 3 w0 B 45 1 O R I

JFE FIT T B AL A H 8 SOD PO (ACP \AKP F11

LZM 15k

1.8 GEEERIEIENE
{di ] Trizol K& (EE Invitrogen /L\\ﬁlf':n%) ,

HRAE B AS P A 753 20l R BOA R 1 AR BRAR AL
PP RNA, 22 BE(E 2100 fi 5400t B2
P11 ( ZE[E Agilent Technologies 23 ) 7= i ) A IR HHEE
JEHL YK (JC RNA i) WA RNA idt, {l A Oligo
(dT) WEZR &7 5 mRNA | HIRU#% 52 iR 2% mRNA | B
Ja 18 Prime Script RT reagent Kit( H1[E TaKaRa 2
H ) RS I cDNA,

LI R F1AF 18S fRNA N E K0l 8 5 2
FHIR SR SC R I By R k4, 519K T AlleleID %%
fF(v 6.0) B it, T U5 K &5 | 9y e 9 an sk 1
R

{fiFH TBGreen Premix Ex Taq TM ftt?fﬂﬁ( [
TaKaRa 2™ i) , $& BG4 b 09 7 IL kA7
GIHT BRI IR TR 270 2 TR
x1 519F%

Table 1 Primer sequences

ﬁ; ST 0 11T

FIYFH(5'—3")

SOD WA LR F.CTCTCCTTGGATTGGATGTGTG

R:TGCGGGCGTTTTCGTAG

proPO T EALTE R F:AAACGATTCGACTACCATCTCCA

R:GTTCATTCGGTTTCCCCTCTC

LZM VG F:TGAACTTGCTACTGTGCTGGA

R:GTTGATGGCTTCCGTGTTG

ALF BB HEHETF F:GGTTCATCCTGCTGTCCTG

R:GAGCCCCATAATCCCAAAT

F:ATTTGGATGTTGCCCAGAAA
R:AAGGTCCCCAGTGAAGTGTG

LGBP  JlRZHE-B-1,3-%
RHSEEGENA

SR THIE R Z MK F:CAAACACAGGCGTCACATTC

R:ACCCAGAGGACTGGAAGGAT

CTSB  HAEHW B F: TAATACTGGGTGTGGTGTGTG

R:TACTTTGAGTCGGGATGAACG
CTL  CMIEpER F:CAATACGACAGTCTGGGCTTC
R.CGCACCTCCATCAACATCAG

18S rRNA #%##A&/N rRNA  F:ACCTATCCTGAGTGCCTAAGC

R:CTTCGTCCTTCCATCTTCTGC

1.9 ZXREFEET MQ2101 HiKiE

M 1R A B0 AR Hh R HL PR 20 B A7 TG AR 435
A A0 100 L [RIE SRR P, g 2 d,
FasrE S NIRIE 1 (25+1) CELEZE (18+1) C
IR A, FR 25+ 1, A %A (7.8+£0.5) mg/L, pH
8.1+0.2, HHIF L FAMEL 57k 1.3 ik,

YO FF IR HT MQ2101 S5 7E PDA ~FA I i 4k 3
I, FHER T PDB 3 A b THE R 28 °C (150
r/min}%3% 36 h, 7E 4 °C,3 000 r/min ¥ 514 T 550
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5 min, & _b3E, FJCH A BEER K BEETEUE 3 Ik, &4
U5 F 0B A= B AR K B 21.0x10° CFU/ml, K75
PR, & S AR ST 10 wl MQ2101 B,
TS IEHF AR WSS PR ARIR A S5
BEHF, G5t 7 d WHELETR
1.10 HIFTESSITHH

RIEHE P EE bR 2R R (n=3) ,iA5
4 ] Origin 8.1 ,GraphPad Prism 8 FI SPSS 24.0 %k
AT B30T, K IS 2 (R 25 5%, P<0. 05 R 25 5%
ER

R2 EARPRMBEERETEREAREKERER M

2 ER 555

21 EKFRHM

AR PEA R R AE KRB N R 2 R, T2 Ab 3
R IR AR & B KR R A KR
W R FEET CK (P<0.01), T3 AbFA R A MR AE T
R w3 =T CK K HAANEE (P<0.01) , BEEA 1R
BEREINT 000 mg/ kgt 3 F M XTH B IR 9 A4 K
PEfE ELAT 5 B SRR | 12 000 me/ kg 46 35 SEAH Y
IR T 7T s g E R L W c R

Table 2 Effects of alginate oligosaccharides on growth performance of Exopalaemon carinicauda

RS IS d iR L v CK T2 T3
IR AR R (g) 0.044+0.002Aa 0.044+0.002Aa 0.044+0.002Aa 0.044+0.002Aa
LRI (g) 0.51+0.02Bb 0.56+0.05ABab 0.59+0.01Aa 0.54+0.05ABab
TR (%) 53.50+1.00BChc 52.67+1.26Cc 56.00%1.50Bb 59.17+0.58Aa
BB (%) 525.47+14.03Bb 572.99+70.30ABab 648.27+38.57Aa 630.28+78.83ABab
FEAKE(%) 4.10+0.07Bb 4.24+0.14ABab 4.32+0.12Aa 4.18+0.16ABab

CK ;0 mg/ kgt 35 oW b FI6F R T1:500 mg/ kgt BESEMEAL TR ;121 000 mg/ kgt HESEME AL TR s T3 .2 000 mg/ kg 3 ZMEAL I, [F— 47 8UR G
[l /NE FREFR R AL BRI 22 5 i 35 (P<0.05) o 7]l —4740H 5 Al RS T hF 2R Ab 3R] 22 S0 B 25 (P<0. 01)

22 EHHEEWNELER

A 1 35 S P B LR A5 A B B R R TR 4 2
TREEFIARARAE B G5 AN 1 R, 45 A0 R 2 1 R
JF IR i 0 e HE 5 2 55 25 A4 775 0B DG A S ) 25 S
I 7% s WILIR) i JILET 4 e e 52 Atk | T 24 s i e
S W B SR ETE W] WL CHES) R i RE b 4 i HE
GIVHEST SRS I | JC B 0 AR vl el D 0 22 5
B ALY, TORE AR 4IPS A0 R R
M. DEE CK I T1 T2 T3 &b PR FE [ R 4% 4H 41
TS R FEAR — 35, BIVAE AR S S0 8 o 6 S 4 3 S %
BRI % 4 H G RIVE R,
2.3 GREEENE

WP 2 frzs, T2 Fl T3 4 A FE 1 0 T R v
SOD TEPEM 3 7 T CK (P<0.01),T1 4bHH R
FHER I BRAR H SOD 36 P .35 & F CK (P<0.05) ;T3
A PR R (IR LA Y SOD 1EPERL B 5 T CK (P<
0.01),T1 1 T2 kb HE R HEFALA o SOD 3 1
T CK (P<0.05) , UaBH 3 Flis i i i) 46 i S 4
XA R R B AR AL IR H SOD 10 P 7B 3] 348 5 1Y)
ROR . GnE 3 s, T1 T2 F1 T3 b3 B 1 AR e
iR ACP 15 MM 3 5 T CK (P<0.01) ;T2 Al T3

P W b
Vs .4 h

T1

T2 &

CK:0 mg/kg 1 3 SE A XF B T1. 500 me/ ke 16 3 S5 Ab B, T2,

1 000 mg/kg#B ¥ FEMIALHE ; T3 .2 000 mg/ ke #B ¥ SEMIALHE

B 1 ESTRENRER (5 000)

Fig.1 Observation results of transmission electron microscope
(%5 000)

A PR IR LA th ACP TGP B 5 T CK (P<
0.01),T1 23R HIRNLA H ACP WG PE R &= T
CK (P<0.05) , BtH 3 B I A0 48 5 SE 05 X 2
FA R T JE R AL AL R ACP 336 P e 3] 49 56 11 3850 3R
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4 ZEL IR T2 A PR IR AR h AKP 6 1
WEET CK (P<0.05),T1 Fl T3 4bFEH 1 U AT
JRAR T AKP 3WEPE S CK TG #2555 (P>0. 05) ;T2
T3 AL FEAT E AR LA o AKP 16 VR 25 T
CK (P<0.01),T1 4B R HEFILA H AKP 151 R
=T CK (P<0.05) , Ul B RL H s ke 38 5505 X7
B IR AKP JGPERT DU 203 5 R0 | (H X Fh 1 o

T 80r
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20}
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& Xt 1R Tl T2 T3
KbFH

RORAAEA SR 2 50, K5 458 BoR, TL, T2 Al
T3 KbEEXTE R FUF LZM 5 ARG U . K
6 453N, T2 Ml T3 AbHEA B AR BRAR B PO T
PEWR BE & T CK (P<0.01) ;T3 4B B T HFILA
H PO TEVER B35 T CK (P<0.01) , 16 B 42 25 1)
b i SR S AT DL E RS B A PO RS
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20r
N 7
o 15p BCb BCb .
=g Ce { l
] B
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= 0 X BE T1 T2 T3
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CK:0 mg/ kgt B FEXT I T1:500 mg/ ket HEFHEAL L T2:1 000 mg/ ket W SEHMEAL T T3:2 000 m/ ket HEZEMEAL IR, FIAE R FI/NE
RE 7R b I A 25 5 W3 ( P<0. 05) , PEIAL R RI S 5k 2 Ab 3 H] 25 54 .35 (P<0. 01) ,

B2 AFEERR(A) FOALAI(B) # SOD &M

Fig.2 Superoxide dismutase (SOD) activity in hepatopancreas (A) and muscles (B)
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Fig.3 Acid phosphatase (ACP) activity in hepatopancreas (A) and muscles (B)
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Fig.4 Alkaline phosphatase (AKP) activity in hepatopancreas (A) and muscles (B)
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Fig.5 Lysozyme (LZM) activity in hepatopancreas (A) and muscles (B)
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Fig.6 Phenoloxidase ( PO) activity in hepatopancreas (A) and muscles (B)
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Fig.7 Relative expression of SOD gene in hepatopancreas
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Fig.8 Relative expression of proPO gene in hepatopancreas
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Fig.9 Relative expression of LZM gene in hepatopancreas
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