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KR REBEMERREFEN Y H, ERET, RRAEEFLERGDARAETHE S
Jit AR E M6 4 B8 (GSH-Px). ¥ 1 B (LZM). it St 28 (CAT). %M 5% 6L B (AKP). 4
i A0 (AST) A F# A8 (ALT) WiE . 2k, AInxn BB TLEREDHRALES 3
BAE L. AR FRAREENDRAE T B W ORISR, ASLR# g LR
& & PCR(QRT-PCR) e M H sk A7 oe & K W A E W KA B ERET, RE
BARERE AR @ FEER, RAETERE2RERERTERE IL-6 fw IL-18 thkk, W
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BEAR . KIEMELE . 5 TRUmIEW . EAR AR
£, JFHAREMBLR . BUMIE . BURPUEAL S
ZRAEYEN, BOENANRE N RAEmITRYY,
i B4R A XS BRI IR A ST, BRI SE ZE NS RE
U2 i WML IR B ROR 3R T, e B2
AT N T AR A R A . A AT B
FEHMER SPERLRIBEFY, RS B ke 1A
KH #E 2k, & 5 (Ctenopharyngodon
idella)” 3k ) (Megalobrama amblycephala)!'” .
P (Pelteobagrus fulvidraco)'", 7511728 i 4l
fill (Leptobarbus hoevenii)'> Fl £} 47 £1 BE 1 (Epi-
nephelus daemelii), it —SWFR RV, HEEMEZ K
REVUN A i o H 8R4 . HEBHE | N- & TBE A 4 4t i
GHRILBEZS DI ST MLAAR 1 I 0 2 LA,
G BENG PR W9 R WIHE AR R S I — e =
TS AT 1Y 9 22 oK SR A L G B e U
Sk 58 R R (Procambarus clarkii)!'™ |
FLYN X U (Litopenaeus vannamei)™ ., J& % ¥ Ik
i (Oreochromis niloticus)*" . 5 & # M) (Carassius
auratus gibelio)™ J B ] B} (Cyprinus carpio)*” %
PP AE R PR RE . B A AR J7, ik 2]
BTSN Y H By, PR 5E SEME AR S — ol A A i
HsRA, AR AT R B BiAE R AR
FELE RS )

BER I A B [E. fuscoguttatus(Q)x E. lance-
olatu(3)] XL R BES S BRBE, 238 1 2% 28 Fr 4k
A BEAE AR, L B E SRR R
Kol brpe rom, &R EAA B I A
(B HY P B FRAE A AP 20 H AT 3R e I8 A Bt 3
BAEIRE) AR W, RS TSR,
AR G- Mk 1 0 L AR K T A Y R B SR A
KL IRZ FR 50 P 5% o B 23k e A B 05
B RESRIA NI HAE T, AR SR L IR R A A
JRERY T 2RO A B ny R SR . Ho,
W YE EC IR (Vibrio harveyi) 77K 7= 3258 1 H UL AY
B IR 2 —, PTG 2R K 2T R DR
XK Y A e & J v ™ Ry . BT, B
X T2 2R 0 IR Bt 1R e AR 22001 L X
Jiti A B A A R A 2 1 i R A A OCHR B 88 /0 , TAE
e Ak v S 0 7 S R 5 4R 1 2 K e IR A B £ G s
ROR, IRBIHOR I H B AR

ARG VI BRI A BT 4, it
FEARRE RIS R ) B ) e SERE, AR K PERE
PUA AR OGS PE . RAE R & NF-xB A G
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FIRAFTT AT FE 78 S X2 BRI A1 B f0 A R A
ST TR o BIETES R AT o 5e SEREAE K™ 97
BE PP AR BER B, O D 3 K™ IR 7R b A
S S SR AL T 10 R B

U bR

1.1 SEIHR

A FE R Bk Jp IR A B £ [ R (10.5+0.12) g]
W H T AR S o R S, TSN
(B8 L BEFE>90%) WA H | A48 S T K e A= 4R
BB A, FERBEDRNE [T 2R R I v A A
FHRABRA T L WY QIR A A 5256 28 43 1
(s

1.2 SCIS A 4RFNGANEETE

ek e I8 A B a4t 450 B, ¥ HEEHL N
44H, WIETIM I Smx5mx5mhy A hKIR
o, AR A AN TR R S SEME (0. 200, 400
F1 800 mg/kg) 1 S fRIRE, REASAE R E 3 A
B, HHEEHE 2K, Frg4 .

1.3 MER&E

ST SRS ASEr 24 h, MNP Rl AL
6 BIzufh, £ 100 mg/kg A MS-222 fRfk)m,
TCTE S 2 MRk By, 2= R UTR2 h 5508
MLY%, ET-80°C {47
1.4 SKERIEHNE

S 38 Ao 3k B AR B (HK-BI) 4898 58 S48 X
SLE AL M, R AR iE, R
TGk B I A A B A RS MG e, oK 4%
W T 5 S 2B, SRR e 4 B A U T

LB RFEEL (Yo)=2k B H 1 /AT % 100%

1.5 75AKRHE-FL (HE) REWRLEHATL

PRSI SR E , RAESL B A LU 4%
Z R BEAE 24 ho [BE 5 W AHSURIRA IR AR
RMprer e asmrh gt oh gk, it 75%. 85%.
90% 1 95% L BEREEE K , BBk 5 893k B 414
A ETE—20 °C & LTl ib 3, BB IE
WEHRIEATYI R, VIR TEEE R 4 pm. K5 R B )
FrP e R, B SR IESk B A2k,

1.6 75 FN4A LR EMENE
RGN 7 SERER 2 B A B f T SR AL A
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JAT-AE R A2, 05 22 Bk e I A B £ 1 8 4
N (ALT), 4355 (AST). A H ki
A ALY (GSH-Px) . 1 W R B (AKP)., 4 [0 i
(LZM). it %H L& B (CAT) K3k 'E 1 caspase-3 i
T 1 o SR TR & (R at A W AR 5 )
HEATINE , W0 Ty ke BT & U R AT
1.7 KHZEE PCR (qRT-PCR) #& M & & HH <
EEFRIK

SRyt — AR I 5T BT S R T A B £ ) 1
PEVRPEME R, 525638 it qRT-PCR A6 5% MR 576 S b
JE B 0 BEfa G e A OGS B ik, B2
FERRESRIEIN T o FE R (TNF-0) . RN 6 5
K (IL-6). 4 Z 18 5L (JL-18). F4ijEs
K 8 HL[H (IL-8) M NF-xB 4l Jifd i i AH S & [N [eB-
o Fl p65, M RNAiso Plus ik 7 (TaKaRa, Ki%)
P B BCL B4 20 8 RNA, I Nano-2000 7%
T (UM BB A A B2 7)) Kl RNA
4l JE MR B . RNA #2 BB 2 5% ik 7 & (Vazyme,
a0 B A cDNA, JiA—20 °C & .

qRT-PCR Js i 4 2 i1z o 2[5 2 B8 UltraST-
BR Mixture (Vazyme, Fg50) A ULHAS, KON AE
qTOWER3 touch3 %)% fit PCR ik Ay,
G PEAH S FE N B B-actin NS RN E 3 REHE,
SIS LR 1, R 272 st B L N A X 6
ki,

1.8 MR RRA LI

30 3 e 4 DG I T R e S 0 Ay T 7 S W X 22 Bk
T R B £ 3k B 2H AU e R A AR T o 3B A T
o SI 6 A J e A DCoI B JRR Ge 2 BE J IE A BE A f f
FIEHE M 1.01x10° CFU/g, 5 W 4 9 B 42 b
T LB iR, 28 °C it m, MK
VeV 2 W, RN TR MR E O 1x10" CFU/mML #5 H -
PORSIGZE A, BEATL N AR 4L A e L 6 FE 5K
U fa,  FH GRS 2 A A T S e A E I
W 200 pL SFATIRGLICE A5 FZH ST 200 pLAE
K, Y 24 h 5 RS AR A

19 HIESH

S5 50 B 1 LA 24 fH AR 1E 2% (mean+SD)
N (n=6), WEMEZER TR SPSS 26.0 # {411
FARE Ty 25047 (One-Way ANOVA), P<0.05 }#
SR, P<0.01 AZEFWEE ., RALFH Grap-
hpad prism 8 i ATIER .
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Tab.1 Primers used in the experiments

e[k VRS FF(5-3")
primers sequences
p-actin F GACATCAAGGAGAAGCTGTG
B-actin R TGCTGTTGTAGGTGGTCTCGT
FADD-F CCTCGTCAACATTAAACGACAGGAC
FADD-R CAGCAGCTCCCTCACCATTTCATCC
Fas-F GGTCGGGTTCAAGTCGTT
Fas-R GCCTTCACTGCGTCCTCT
Bax-F AACCACAAGAAGCTGGCACA
Bax-R GAGAAGATGAAACGGACGGC
IL-15-F AACCTCATCATCGCCACACA
IL-15-R AGTTGCCTCACAACCGAACAC
IL-6-F CCGACAGCCCGACAGG
IL-6-R CTGCTTTTCGTGGCGTTT
IL-8-F GCCGTCAGTGAAGGGAGTCTAG
IL-8-R ATCGCAGTGGGAGTTTGCA
TNFa-F GTGTCCTGCTGTTTGCTTGGTA
TNFa-R CAGTGTCCGACTTGATTAGTGCTT
IxBa-F TGTTCTCGCTGACCAATCCTG
IcBa-R CCACTGAATGTCATCATAACCCAC
NFkB-p65-F CAACGACACCACTAAGACCCAC
NFB-p65-R GTCACCAATGAGATGCGAACA

2 &

21 EEENEHEALEARE REEREI

7 RIEIEARA R MRS ER Re
FEBE ) S2 58 1Rk 30 d JE ARSI IfL 3 H AST . ALT,
GSH-Px. LZM. PR Wi (ACP)., AKP. CAT
LR A ALY B AL B (SOD) i i AR AL I i . 4%
B, YN 400 F1 800 mg/kg 75 ZEMHELH h % AST.
ALT. GSH-Px i 1 i 2 3 I (P<0.05)(& 1-a~c),
AKP 5 PE7E 200 (P<0.05) F1 400 mg/kg 2H (P<0.01)
PR M (B 1-0). LZM M CAT & PE7E 3
21 7E SRR AL B rp X i I (B 1-d, g)(P<0.05),
1M SODFE -4 ¥ Je i B 22 5% (K] 1-h).

R EAERSLHRAN G i b K IR

P22 B e IE A B A0S [R) 8 0 2 5 S S 60 1)
BHE, KBRS E R, U200 F1400 mg/kg
FEFRHALK BRSSP R & 22 5% (P<0.05), ¥R
800 mg/kg 7 FEHH K B PR B0 2 IR B 35 25 7 (P<
0.01) (K 2)
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1.5 H, 2.200 mg/kg 55BN, 3. 400 mg/kg FEFBETRING, 4. 800 mg/kg e MR ING: SXIR4IMLL, * P<0.05, ** P<0.01, F[E

Fig. 1 Effect of non-specific immune indies in the serum of E. fuscoguttatus (?)x E. lanceolatu (3)

fed with different concentrations of OCS

1. control, 2. 200 mg/kg OCS, 3. 400 mg/kg OCS, 4. 800 mg/kg OCS; compared with the control group, *. P<0.05, **. P<0.01, the same below

0.004
. x 0003 | 1 17T
= E 1M7L
& £
E2 0002 | ||
X g 0.001
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%2 FAREAERERZEENISI
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Fig.2 Effect of head kidney index of
E. fuscoguttatus (?)x E. lanceolatu (3) treated with
different dosages of OCS

22 EEBEXNBHREBANEG RERETHNE
BEER
WIRSEENE G, 2RI A B 0 RE N1
NF-xB M RIEH I R B KPR ER, SIEHEH
HIHE, 200 mg/kg 534 IL-6 FI IL-14 34 5. 3 Tt
=1 (P<0.05), TNF-o 23 A% (P<0.05)(I&] 3-a~c);
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N 400 mg/kg FEEMEL] TNF-o. IkBa. NF-xB/Rel
(NFxB-p65)52 B It 2 T B (P<0.05)(&] 3-c~e; #3IM
800 mg/kg 7¢ FEMEA IL-18. TNF-a. IxBo.. NFkB-
p65 BRI E TR (P<0.01) (K] 3-b~e),
2.3 FEEENERERIPER

7o BABAT A KINH B B Sk e a5t
B RERTRAEGT R TERRERE,
T 3 A 24 I JE L 22 Rl A B S 36 G N 52
SEVEM PR . RGN S, ANTH
7 15 70 L BE AR MBS B AN A BE 40 5 RE P F Rl NF-
«B 2 38 B A OC KL R Rk a5 R R, 5 X A2 A
Eb, W 200 mg/kg 5E 50 4 90 TR 38 8B T
58 AR 4 (18] 4); ¥R 400 F1800 me/kg 77 24 ZH
IL-6. IL-8, TNF-a. IL-18. IxBa. NFxB-p65 Y&
MY 2 R (P<0.01),

7o BABAT A KINH B B Sk e a5t
& KB R AER R AN NV L = N il
FC TS It ARDRL 5 MBS B R 0 A B £ 5 Sk VB 4
ZUHE Qb)) i a5 R, XFRERALSK B 40 B
K asiil, B R IRBUAT LS, 40 A A B AN i
(FIRE-1). SHAMARLL, 700 800 mg/kg 76 354
kA e, A, 4R b

R E K224 F 7/ sponsored by China Society of Fisheries
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Fig. 3 Detection of inflammatory cytokines (a-c) and NFkB genes (d-e) in the head kidney of
E. fuscoguttatus (?)x E. lanceolatu (3) fed with different concentration OCS

(EhR-4).

o BB R KON AR SR A2
B KREeminA T MY GO R S, A
I7i) 50 S A 2 T A MRS Bk e IR B S R T
AH G L RISk 1 2H 2 Caspase-3 3 4 I 5 445 2R
7N, TR AR N 400 A1 800 me/kg 5 5 HE AT i
E VAR A T M K K Fas. Bax Fl FADD (3235
(P<0.05)(I#] 5-a~c)o [RIMSFEARIEL R ES A1 200 F1 400
mg/kg 1 7 55 B fig W 3 B A Caspase-3 19 1 1
(P<0.05), #4800 mg/kg 5 5 Wi BE i @ & &A%
Caspase-3 {1 (P<0.01)(I¥] 5-d).

3 TR

AR FE SE AR ek R I B HH G
Ri&, IR HEK ST, AR S
TERSER I A0 A B A ARl ik H 8 A [R) 590 2 () e SE 0
AENS 0 5 4R S S R Y I B A0 A It 5 RS v, A
T 2 125 B2 Bk Ao M A B £ 170 I 4 S 1 i i
ACP Fl AKP J& 2 e EAYMIRHE, 2 5hnmisEE

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

AR Ak TS ORI R B R
SRz ) S RS 22 DD RERY . SR XY
R mFCIENR)G , A Bt ACP Rl AKP 7 ¥ i 3 48
1o, AW SC SR T DA S A R £ TR ) B Y 45 R
Az, X573 ® P AEM (O. niloticus GIFT) 5L 55
SERAM—E ALT IS PETH R B SRR A E %
HA A s, & A B e, AT AL
RN BYTCRR, T AST TP T Ut BH R 2% AR
PR, DT BEARR T 2 SRR A Q™= Wy R AL Ay 7 3 B
WA RY], TEmRSESEHES , ALT #l AST £
BERE, UHHRIRC RS GE TR HA
B RN ARG O . SOD. CAT Ml GSH-Px &
BUAYT AL R AT B A B 5y, FEZ RS
FIAE T (0, ) Fd AR (H0,) fE N A L
YA R, TR AP LA S 52 S A B Y, A
Xt A€ i (Lateolabrax japonicus)™ By W 5 th & B,
TR ER I 0.2% FE R4 AT 35 42 ¥ SOD Al CAT
A TE, EITEARIMER], TE LR ER A
FEH R I, 2 LGN X R B IR S S I3
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Fig. 4 Detection of inflammatory cytokines (a-d) and NFkB genes (e-f) after V. harvey infection with
E. fuscoguttatus (?)x E. lanceolatu (3) fed with different concentration OCS

SOD i £ IFJC & 84k, (HAE R AR DT AL A
Witk SOD WM 4 sy o MAEA LR, 7E4R IR
FESEWE IS A BE i GSH-Px Il CAT & 354275, Ui ]
FE ST RE 1 i $2 5 CAT FIl GSH-Px ¥
Kb A B BT EALRE 7T . LZM IS MR TR 7 5
WH X 0 28 G 88 2R G052 ) A9 I 5 e 08 0 28] 1)
febn, AT K B 5T SERE XTI T B M A
FEHEVER, TEXTREZEE (Scophthalmus maximus)™
MIBFFE R A B, AR 3 e VS N S SRR T (AL
RN LZM & THE, MRS e, T A Rde
= LZM 6P, B AL PTIA TE 1

HETC AR A, MRS SEmE nT 4 s i
KPERE, HUnfEXT AR (Cyprinus carpio var. jian)™"
g LR FREN O R, e
SERE T DL R S R AR KR . AEAR SR P
25 B e N A B A0 $ MRS IAS (] 9 5 e SE A 1 4]
BHE , A Bk B AR R 5 70 SERE Ik B 3 R
MG K. RN L R R h R MR E,
2 A0 A & A . PR A BURIURL 4 A A= A i) 2
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Y, kB ARFEEON T RE 5o B R S
AR S PE S RE S AH G

G A 5 PR - 2 T ) 1 3 D A R e R T
98 40 i LA Xk 200 B At D T A A OGS A Y
AR S 3638 o Al 7 SEE R WS 2R e DA B A, 7R
B 2H 2 A DU 3 A O AE R -, & IR AT
FC I T 4 S AE SN, T v 790 2 DU SRR P Y
RIE, XA % PR 7 R IRR Y
P AE A DG S2 3 Y A AL 2 4 o NF-xB {5
T [ R SRR AT s A R - 3Rk Y R
M A 1) NF-xB-1kB 7 240 ffd 5z v ab T A8 R,
{84 B g 20 M 52 2R R kB R S Bk ER b S
NFxB 7 &8, WG9 FIBGREf%, — H NF-«xB M
SR T A BN AR, SO P 295 B,
RAE R FRIXEW S LAPY, 2R,
SCHENEIE 1 NF-«B 4 38 H 5 42 45 T Ui R E
FRURERL, TE/NR (Mus musculus) RAW264.7 41 i
H 5 SR AR A ] NF-«B 20 38 2% p6s G
K BHIBT LPS BT i S 19 480 K1 b A, 5%
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¥

Elh MUERINTERREEZHRLEARELBHRHEREY R
1~4 43 37K 0. 200, 400 FH 800 mg/kg 5 T Bl 7 i 2t 1) bl 4] WL £ 35 Bk O A B £ 5k W 2L 2R T A5 84K,
Plate Photomicrographs of the head kidney of E. fuscoguttatus (?)x E. lanceolatu (3) treated with
different dosages of OCS after being challenged with V. harvey by H.E staining

1-4 shows the tissue of head kidney of E. fuscoguttatusQx E. lanceolatudtreated with 0, 200, 400 and 800 mg/kg of OCS after being challenged with
V. harvey, stained by H.E
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Fig. 5 Detection of apoptotic genes (a-c) and Caspase-3 activities (d) after V. harvey infection with
E. fuscoguttatus (?)x E. lanceolatu () fed with different concentration OCS
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SEWEIS , PIBESE W T RV EE ST SRR AL 1 pos #
AN ANMIAZ N R Bl DA 1 AR AE DA - 0 7
AT TE SRR AN 4 ) p65 ik BT FERY A
W — AP SR IR o EARDRE PSS I8 e SR
15T R AN g K R B M (deromonas
hydrophila) (WIEPLRE J1 o TAEMARSMSZER H, /MR
W20 RAW264.7 283 5€ 52l 1L & 5 7l i o
A BB T LPS Fr s R A R AE RV ™, N Bk 5
MR S DR BILTR A IZIG bR i 2 PG
XS A R AT . WEA, B
T B B AT W A ], UL S SERRE i NF-
KB AR M T H A 2 FCI R R A LIRSS BT |
B RAE SN, #E— 2 UEW] T SESERE BT AR AL

PE PR KA A7 A S 5 A ) T i) i 2
RZ—, AUFREEREY, mi sl L
FR ) R AE A T 3Rk, i — 2P B e SE SR
ARSI 5 ) LA o 0 L 0 T ) K e, S i
qRT-PCR A 1 1 T AH 5C H A 1 98 i PR - A
I B0 T4 56 3[R 6 38 5 RN Caspase-3 1 14 T [ o
MR RS AE R T LU (Sl e sE
T F 48 158 0 i H i i s2 A, Rl pes AR,
AT 30 NF-xB {5 53 % 32 2], il T iR
NP R B S VNN 118 11 = Rk = A 395 VN i
MUARSE AR, AR T3z B9 . 25 FArik,
FEARBE PSS N SE ZE0E ) $e = B2 2K e B A B £ S
S B AR MR DL R AR B R IS B
5 R 9 AR AE BN AR AR T ABIFFE 45 R S 7 5%
WETEZK P i iy A T Be 2%, ook g
RIS

(3 7 WA A U 52 B s A2 B Al 22 )

S & Hk (References):

(1] WpeiiL, FBSEHE, 251G, SETRRE I & K A0 Lt
FUERE[T]. BR300 5T 43K, 2020, 47(7): 502-507.
YangJ Y, Zheng W J, Li S Y. Preparation and bioactiv-
ity of chitosan oligosaccharide: research advances[J].
Journal of International Pharmaceutical Research, 2020,
47(7): 502-507 (in Chinese).

[2] B, X078, S8, 55 RIEH 2 AT B HZ-15105%
RERE AL 1 e e . EE AR R R R[], KRR,
2017, 41(10): 1552-1561.

Duan J, Liu G X, Dong Y J, et al. Cloning, expression
and activity analysis of chitosanase from Bacillus amyl-

https://www.china-fishery.cn

[31]

[8]

[10]

[11]

oliquefaciens Hz-1510[J]. Journal of Fisheries of China,
2017, 41(10): 1552-1561 (in Chinese).

Wan J, Jiang F, Xu Q S, et al. New insights into the role
of chitosan oligosaccharide in enhancing growth per-
formance, antioxidant capacity, immunity and intestinal
development of weaned pigs[J]. RSC Advances, 2017,
7(16): 9669-9679.

W, AL, LRIA, 5. 7¢ LR & PR 40 B i A
SRR R M T[T, B BRE A2 A&, 2020, 41(2): 114-
120.

Pan Z, Cheng D D, Wei X J, et al. Antitumor effect of
the pentamer of chitooligosaccharide on osteosarcoma
cells[J]. International Journal of Orthopaedics, 2020,
41(2): 114-120 (in Chinese).

Fernandes J C, Tavaria F K, Soares J C, et al. Antimicro-
bial effects of chitosans and chitooligosaccharides, upon
Staphylococcus aureus and Escherichia coli, in food
model systems[J]. Food Microbiology, 2008, 25(7): 922-
928.

Liaqat F, Eltem R. Chitooligosaccharides and their biolo-
gical activities: a comprehensive review[J]. Carbo-
hydrate Polymers, 2018, 184: 243-259.

Zhao D, Wang J T, Tan L J, et al. Synthesis of N-furoyl
chitosan and chito-oligosaccharides and evaluation of
their antioxidant activity in vitro[J]. International Journal
of Biological Macromolecules, 2013, 59: 391-395.
REW, WM, mate, & SRR AT
HERED. R 5HR, 2015, 35(3): 128-132.
WuY X, Xu H T, Gao Y H, et al. Research progress on
production of chitooligosaccharides[J]. The Science and
Technology of Gelatin, 2015, 35(3): 128-132 (in
Chinese).

Wang L, Liu L C, Zhou Y, et al. Molecular cloning and
expression analysis of mannose receptor C type 1 in
grass carp (Ctenopharyngodon idella)[J]. Develop-
mental & Comparative Immunology, 2014, 43(1): 54-58.
Liu X L, Tang X C, Wang L, et al. Molecular cloning
and expression analysis of mannose receptor in blunt
snout bream (Megalobrama amblycephala)[J]. Molecu-
lar Biology Reports, 2014, 41(7): 4601-4611.

R/NES, UL, B3 2, 45 DS T 58 W 2 ARk [ 1
oo BRI THRE S MT[I]. 7K 244, 2017, 41(7): 1036-1043.
Liu X L, Wang H, Fan Q X, et al. Cloning and func-
tional analysis of mannose receptor from Chinese yel-
low catfish (Pelteobagrus fulvidraco)[J]. Journal of Fish-

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.1039/C7RA00142H
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.1016/j.fm.2008.05.003
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.1007/s11033-014-3331-2
http://dx.doi.org/10.1007/s11033-014-3331-2
http://dx.doi.org/10.1039/C7RA00142H
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.1016/j.fm.2008.05.003
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.1007/s11033-014-3331-2
http://dx.doi.org/10.1007/s11033-014-3331-2
http://dx.doi.org/10.1039/C7RA00142H
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.1016/j.fm.2008.05.003
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.1007/s11033-014-3331-2
http://dx.doi.org/10.1007/s11033-014-3331-2
http://dx.doi.org/10.1039/C7RA00142H
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.3969/j.issn.1673-7083.2020.02.011
http://dx.doi.org/10.1016/j.fm.2008.05.003
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.carbpol.2017.12.067
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.1016/j.ijbiomac.2013.04.072
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.3969/j.issn.1004-9657.2015.03.004
http://dx.doi.org/10.1007/s11033-014-3331-2
http://dx.doi.org/10.1007/s11033-014-3331-2
https://www.china-fishery.cn

14

Mraat, .

FESEAHUGE 2 B i JIF A B 0 A e P SR 2 B (R AL 103

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

eries of China, 2017, 41(7): 1036-1043 (in Chinese).
FHT, ZRECR, 5k, 5. 5P EH R 0 2 A4 ) [ o
B RIB AN ZERFPET]. 7K 224, 2020, 44(3): 378-390.
He X, Qin Z D, Zhang K, ef al. Cloning, expression and
immune features of Sultan fish (Leptobarbus hoevenii)
mannose receptor[J]. Journal of Fisheries of China,
2020, 44(3): 378-390 (in Chinese).

Liu L C, Zhou Y, Zhao X H, et al. Oligochitosan stimu-
lated phagocytic activity of macrophages from blunt
snout bream (Megalobrama amblycephala) associated
with respiratory burst coupled with nitric oxide produc-
tion[J]. Developmental & Comparative Immunology,
2014, 47(1): 17-24.

Wu C S, Zhao X H, Sarath B V, et al. Distribution of
mannose receptor in blunt snout bream (Megalobrama
amblycephala) during the embryonic development and
its immune response to the challenge of Aeromonas
hydrophila[J]. Fish & Shellfish Immunology, 2018, 78:
52-59.

Zhao X H, Liu L C, Hegazy A M, et al. Mannose
receptor mediated phagocytosis of bacteria in macro-
phages of blunt snout bream (Megalobrama amblyceph-
ala) in a Ca™-dependent manner[J]. Fish & Shellfish
Immunology, 2015, 43(2): 357-363.

Zheng F F, Asim M, Lan J F, ef al. Molecular cloning
and functional characterization of mannose receptor in
zebra fish (Danio rerio) during infection with Aeromo-
nas sobria[J]. International Journal of Molecular Sci-
ences, 2015, 16(5): 10997-11012.

A B . 50 SRR A1 Sk 5 1 Wk 440 g 0 e T T e LA
FIBLEEHE AT [D]. B Aerfrfedll K27, 2013.

Xi M J, Modulation of the activity of Wuchangbream
(Megalobrama amblycephala) phagocytes and research
on function mechanism by chitosan[D]. Wuhan:
Huazhong Agricultural University 2013 (in Chinese).
R, VR, AR PRZE, . SO BEMINT IR BT A BAR
157 (U Q< FL IR 3 it 8 A KM e 5 S HLRE 1
SR, KAE A 243], 2020, 44(4): 707-716.

Li M B, Shen F, Cui Q K, et al. Effects of dietary
chitosan oligosaccharide on growth performance and
immunity of hybrid yellow catfish "Huangyou No. 1”
Tachysurus fulvidracoQxTachysurus vachelli3[J]. Acta
Hydrobiologica Sinica, 2020, 44(4): 707-716 (in
Chinese).

TRTERY, WA IR, VEH L, A5, R SRR T I AR A U

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

[20]

[21]

[22]

[23]

[24]

[25]

OlEE e I EE R A A . M AR 3 S FR AR
LU 11 IREMA )], SIME TR, 2020, 32(12): 5864-
5874.

Zhang S Y, Xie M Q, Xu L L, et al. Effects of chitosan
oligosaccharide on digestive enzyme activities, intest-
inal microflora structure, serum non-specific immune
indices and disease resistance of Procambarus clarkii[J].
Chinese Journal of Animal Nutrition, 2020, 32(12): 5864-
5874 (in Chinese).

BRAR 2, SRALD, BB 4, 46, SC SRR LA TR XTI 42
Ko UL BE 71 R I 38 S5 4 B 52w (D). BRREBIT O
2019, 42(12): 23-27.

Chen W J, Zhu C Z, Yang X D, et al. Effect of chitosan
oligosaccharides on growth performance, oxidation res-
istance and intestinal structure of Litopenaeus
vannameilJ]. Feed Research, 2019, 42(12): 23-27 (in
Chinese).

Shi F, Qiu X L, Nie L J, et al. Effects of oligochitosan on
the growth, immune responses and gut microbes of
tilapia (Oreochromis niloticus)[J]. Fish & Shellfish
Immunology, 2020, 106: 563-573.

N, RIS, Woe ks, & SR ERE X A AR AR K AR
VT8 2R 2R 25 R R R e 2 S s D) BE RS R[] B
FR24AR, 2018, 30(12): 5153-5163.

Sun F, He J, Ye Y T, et al. Effects of chitosan oligosac-
charide on growth performance, intestinal structure and
non-specific immune function of crucian carp (Carassius
auratus gibelio)[J]. Chinese Journal of Animal Nutrition,
2018, 30(12): 5153-5163 (in Chinese).

WA, RRERF], B, &5 FRDRE Se SRR B R
] ) 6 &) 6 1L T2 M) SR [0]. FRORTT B A e (|
H), 2019(5): 161-164.

Fan C J, Xiong J L, Lt C C, et al. Effects of dietary oli-

*

gosaccharide content on blood parameters of juvenile
yellow river carp[J]. Heilongjiang Animal Science and
Veterinary Medicine, 2019(5): 161-164 (in Chinese).
Song S G, Chi S'Y, Tan B P, et al. Effects of fishmeal
replacement by Tenebrio molitor meal on growth per-
formance, antioxidant enzyme activities and disease res-
istance of the juvenile pearl gentian grouper (Epineph-
elus  lanceolatusdxEpinephelus  fuscoguttatusQ)[J].
Aquaculture Research, 2018, 49(6): 2210-2217.

MR, BT 08, B S5AT, . Bk A BE 8 3R AL
5353 M 5 il BLVFAN [J]. WA TE AR, 2018(1): 90-95.
Chen X X, Ke A Y, Pan Q C, et al. Nutritional compon-

https://www.china-fishery.cn


http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.1111/are.13677
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.1111/are.13677
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.1111/are.13677
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.7541/2020.085
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.3969/j.issn.1006-267x.2018.12.044
http://dx.doi.org/10.1111/are.13677
https://www.china-fishery.cn

104

Koo R

46 &

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Suscoguttat<E.  Lanceolatus3) with  skin

ents analysis and nutritive value evaluation of QEpi-
nephelus fuscoguttatus x JE. lanceolatus[]]. Transac-
tions of Oceanology and Limnology, 2018(1): 90-95 (in
Chinese).

TEB, B, BN AP A (Epinephelus fuscogut-
tatus QX E. Lanceolatus3)4)) .75 97 993 9 JR 7325 I % 78
M. LA 5T, 2019, 41(6): 494-501.

Wang B Z, Ge H. Isolation and identification of patho-
gen from juvenile pearl gentian grouper (Epinephelus
ulcer
disease[J]. Journal of Fisheries Research, 2019, 41(6):
494-501 (in Chinese).

IS, 0TS, XS0, S R X g K IR 2K
TEYNEE A SR A 23 B 5 B 7). Wi R AR (B AR 2

k), 2014, 32(3): 244-251.

Cui J, Fan X T, Liu W Z, et al. Isolation and identifica-
tion of Vibriosis pathogens of marine cultured fishes in
Southern China[J]. Natural Science Journal of Hainan
University, 2014, 32(3): 244-251 (in Chinese).

KA, FE A, AR, & 51RO B AR TN
JR T 1) B RN 45 58 [J]. SR W2 dE R, 2009, 36(1): 71-
77.

LiuL S, Yan M C, Lin Z H, et al. Pathogens isolation
and identification of eruptive epidemic disease in Mere-
trix meretrix[J]. Microbiology, 2009, 36(1): 71-77 (in
Chinese).

Fair, ERR, ®7, &F RERENLENESS
HIZEAFAE[T]. T3 R 23R (B TRR), 2020, 33(4): 1-
5.

Ji Y P, Kuang S W, Yuan Z, et al. Morphological and
histological characteristics of spleen and head-kidney of
Pampus argenteus[J]. Journal of Ningbo University
(Natural Science & Engineering), 2020, 33(4): 1-5 (in
Chinese).

He W G, Rahimnejad S, Wang L, ef al. Effects of
organic acids and essential oils blend on growth, gut
microbiota, immune response and disease resistance of
pacific white shrimp (Litopenaeus vannamei) against
Vibrio parahaemolyticus[J]. Fish & Shellfish Immuno-
logy, 2017, 70: 164-173.

Yan Q, Xie S, Zhu X, et al. Dietary methionine require-
ment for juvenile rockfish, Sebastes schlegeli[l].
Aquaculture Nutrition, 2007, 13(3): 163-169.

TREME, £, XIS0OR, . R 7KL
I UTAR . R Al St BT A A2 e D], o

https://www.china-fishery.cn

[33]

[34]

[35]

[36]

[37]

K= RFE, 2013, 20(1): 108-115.

Zhang C N, Wang A M, Liu W B, et al. Effects of diet-
ary lipid levels on fat deposition, lipid metabolize
enzyme and antioxidantic activities of Chelon
haematocheilus[J]. Journal of Fishery Sciences of China,
2013, 20(1): 108-115 (in Chinese).

JEEE, AGIIR, BORR, S BRI A A b K
PR TR 4 K e B Je B M [J]. K7™ 441k, 2016,
40(11): 1664-1673.

Tang L, Fu M J, Zhao C, et al. Full-length cDNA clon-
ing and expression analysis of selenium-dependent gluta-
thione peroxidase from Penaeus monodon[J]. Journal of
Fisheries of China, 2016, 40(11): 1664-1673 (in
Chinese).

Imets, LE R, B, S5 DR R n S SERE
e85 (Lateolabrax japonicus) % FFI K YE AL AN LI
AEATERR I REIAT]. RS, 2018, 40(2): 69-76.

Hu X W, Shangguan J B, Li Z B, et al. Effects of diet-
ary chitosan oligosaccharide on the performance, diges-
tion and serum biochemical indexes of the juvenile
Japanese seabass (Lateolabrax japonicus)[J]. Haiyang
Xuebao, 2018, 40(2): 69-76 (in Chinese).

Rahimnejad S, Yuan X L, Wang L, et al. Chitooligosac-
charide supplementation in low-fish meal diets for
pacific white shrimp (Litopenaeus vannamei): effects on
growth, innate immunity, gut histology, and immune-
related genes expression[J]. Fish & Shellfish Immuno-
logy, 2018, 80: 405-415.

BMEE, KA, KB, & TIN5 IRRAREN K
22 B} (Scophthalmus maximus)%) 4K o A4 AT L
WAEALTR PRI I]. ol Rl 22 i fE, 2015, 36(6): 29-
36.

Cai S C, Zhang L M, Zhang D R, et al. Effects of
chitosan oligosaccharide and xylo-oligosaccharide on the
growth performance, body composition and serum bio-
chemistry of juvenile turbots  (Scophthalmus
maximus)[J
29-36 (in Chinese).

W, MU, XIER, 5. SRR 4 i S AR KRR
JE T AR L AR A S P e 58 Tl e A i A ) B2 I ],
EPE IR AR, 2015, 27(7): 2106-2114.

Huang X W, Yang S S, Liu Y, ef al. Effect of dietary

]. Progress in Fishery Sciences, 2015, 36(6):

chitosan on growth performance, lipid metabolism, non-
specific immune function and intestinal health of juven-
ile Jian carp (Cyprinus carpio var. jian)[J]. Chinese

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.1111/j.1365-2095.2007.00461.x
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1111/j.1365-2095.2007.00461.x
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1111/j.1365-2095.2007.00461.x
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1111/j.1365-2095.2007.00461.x
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.3724/SP.J.1118.2013.00108
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.11758/yykxjz.20150605
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
https://www.china-fishery.cn

13 Mesafi, %5 FesRMiiE 2 BOR N A BE by S P S iR D UMY 105
Journal of Animal Nutrition, 2015, 27(7): 2106-2114 (in [42] LiY,LiuHT, XuQ S, ef al. Chitosan oligosaccharides
Chinese). block LPS-induced O-GlcNAcylation of NF-xB and

[38] YinZ, Lam T J, Sin Y M. Cytokine-mediated antimicro- endothelial inflammatory response[J]. Carbohydrate
bial immune response of catfish, Clarias gariepinus, as a Polymers, 2014, 99: 568-578.
defence against Aeromonas hydrophila[J]. Fish & Shell- [43]  BRZ=UE, T8, UEIH, 55 S0 R B AR K
fish Immunology, 1997, 7(2): 93-104. B o fE 77 i s ma [J]. B KRR K 2 ), 2006,

[39] Beinke S, Ley S C. Functions of NF-kB1 and NF-kB2 in 15(2): 243-246.
immune cell biology[J]. Biochemical Journal, 2004, Chen Y B, Hua X M, Zhou H Q, et al. Effect of chitosan
382(2): 393-409. on growth and resistance to infection of Aeromonas

[40] Wei W, Xiao H T, Bao W R, ef al. TLR-4 may mediate hydrophila of allogynogenetic silver crucian carp[J].
signaling pathways of Astragalus polysaccharide RAP Journal of Shanghai Fisheries University, 2006, 15(2):
induced cytokine expression of RAW264.7 cells[J]. 243-246 (in Chinese).

Journal of Ethnopharmacology, 2016, 179: 243-252. [44] Ma P, Liu HT, Wei P, et al. Chitosan oligosaccharides

[41]

Yoon H J, Moon M E, Park H S, et al. Chitosan oli-
gosaccharide (COS) inhibits LPS-induced inflammatory
effects in RAW 264.7 macrophage cells[J]. Biochemical
2007,

and Biophysical Research Communications,

358(3): 954-959.

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

inhibit LPS-induced over-expression of IL-6 and TNF-a
in RAW264.7 macrophage cells through blockade of
mitogen-activated protein kinase (MAPK) and PI3K/Akt
signaling pathways[J]. Carbohydrate Polymers, 2011,
84(4): 1391-1398.

https://www.china-fishery.cn


http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1042/BJ20040544
http://dx.doi.org/10.1016/j.jep.2015.12.060
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2011.01.045
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1042/BJ20040544
http://dx.doi.org/10.1016/j.jep.2015.12.060
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1042/BJ20040544
http://dx.doi.org/10.1016/j.jep.2015.12.060
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2011.01.045
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2011.01.045
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1042/BJ20040544
http://dx.doi.org/10.1016/j.jep.2015.12.060
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2011.01.045
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1042/BJ20040544
http://dx.doi.org/10.1016/j.jep.2015.12.060
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.3969/j.issn.1006-267x.2015.07.016
http://dx.doi.org/10.1042/BJ20040544
http://dx.doi.org/10.1016/j.jep.2015.12.060
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.bbrc.2007.05.042
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2011.01.045
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2013.08.082
http://dx.doi.org/10.1016/j.carbpol.2011.01.045
https://www.china-fishery.cn

106 KopE OE R 46 45

Mechanism of oligochitosan improving non-specific immunity of
Epinephelus fuscoguttatus (?)x E. lanceolatu (2)

CHEN Jiajun', SHI Yunyu®, SHIFei', LIFeng', ZOU Cuiyun', XU Zizheng',
ZHANG Menglan', LU Zhijie', QIN Zhendong ", LINLi"

(1. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, College of Animal Sciences and Technology,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China,

2. School of Pharmacy and Food Science, Zhuhai College of Jilin University, Zhuhai 519041, China)

Abstract: The immunomodulatory effect of oligochitosan has been demonstrated in several fishes. However, the
underlying mechanisms of oligochitosan (OCS) on immune regulation responses are not well characterized. Here,
to investigate the effect of OCS on the non-specific immunity and the mechanism of action in Epinephelus
fuscoguttatus(R)XE. lanceolatu (3), the feeding trial in this study was conducted in quadruplicates with the con-
trol diet supplemented with OCS at different concentrations (0, 200, 400 and 800 mg/kg) for four weeks, in order
to explore the effects of OCS on the immunomodulation of grouper. Subsequently, the effects of OCS on the
immune and antibacterial enzyme activities were examined. The results showed that feeding OCS could signific-
antly improve the enzymatic activities of glutathione peroxidase, lysozyme, catalase, alkaline phosphatase, glutam-
ate transaminase and glutamate transaminase in grouper, but had no significant effect on superoxide dismutase.
The addition of OCS could significantly increase the weight of the head kidney of grouper. Quantitative real-time
PCR (qRT-PCR) was used to further address the immunomodulation stimulated by OCS, the results showed that
the expression levels of IL-6 and IL-1f were significantly up-regulated from head kidney by the addition of lower
concentrations of OCS, by contrast, addition of higher concentration of OCS inhibited the expression of /L-6, IL-
1 and TNF-a via NF-kB pathway. It means that OCS has a bidirectional effect on inflammation in the grouper.
The immunoprotective effect of OCS on grouper was detected by the Vibrio harveyi challenge test. When the
groupers were challenged with V. harveyi, the H. E staining results showed that the morphology of head kidney in
groupers fed with different concentrations was greatly improved compared with the control group, especially in
800 mg/kg OCS concentration group. Also inflammatory cytokines such as /L--6, TNF-a, IL--1§3 and NF-kB path-
way genes significantly declined in qRT-PCR from kidney of groupers, indicaing that OCS could inhibit the
inflammation response of mRNA expression inflammatory factors via NF-kB signaling pathway. Additionally, it
significantly inhibited the expression of apoptosis-related genes like Fas, FADD, Bax and Caspase-3 activity.
Taken together, appropriate addition of dietary OCS could improve the growth and innate immunity of grouper so
as to play a role in the immune protection of the grouper against the infection of V. harveyi. Our results shed a new
light on the application of OCS in aquaculture, and paved a new way for the prevention and control of the diseases
of grouper.
Key words: Epinephelus fuscoguttatus(Q)*Epinephelus lanceolatu(3); oligochitosan; non-specific immunity;
immune protection
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