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(1. At gl TR 2B SR R 25 Be, | AR A KRB 5K P2 e & TRER AR 7 G,
FoMTKFRESKEFREESLRE, RN 510225;
2. [ Rf B pE R AT, R E R R A RIE S A S E AL E, AR M 510301)

AZE: H oK % FEME (OCS) 1 G AR R il e 7 Be 8 f S ML P W ER, LHhR
It 72 LA AR R R An O (e B 41). 200 400, 800 F 1600 mg/kg By 7t A%, B H 5 RS
BRI R ELATARE, 2MANT AR EES R AN EK. FEFHEEE. B
HHHASHEURTE AR . ZRET, "ERRLERGFHANEEER. BKA
BAEK, EXEHEMGEEERLED W KH LB KK EE PCR(QRT-PCR) $ A Xt /& £
W REERRAHTRN, ERETTERTEERGARMXERNRLATF,
WJE % JE B F TNF-o. IL-1p. TGF-Bl. TOR #2 TLR3 ¥ % 3 , #£ & GPx. CAT fr
MnSOD #) kit Kk ER A /7, FHmEFHEHEEH ZO-1. ZO-2. ZO-3 F Claudin-
oty Rk, B MANAGEENF R B R ERE R AN FEMENBFEELSL
AALTA o BAREAE R L EBEFEM o SHELTEFZ R, €2 800 mgkg 41
AW EFER I, AEBAEPSHULZRVL, TRTHBEAKREN. B %KINH
wHETd)fE, 800mgkg AW EZRATF L ERTHBAfE A, HEZFHENERL
K. HAREXW, AT A nEENTEREBRIELANEK. RELRY. REFEF
BRI A o

REERE: R ABE; REME; AERINE; AKkWe, RERN; BEEE; SURLE

FESES:S917.1
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TE SR IR BREF AE R LIS EE — KB RIR W,
FCRMERILT 2 i S BEAL T AR 2 A R T
it SEFENE (OCS) S 7e ME 28 i Mg i 5 sl AL =ik
M ARAF Y 2~10 DI AME LA B-1, 4-Wh 1 H % 4
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RAA, FIENPUME 250 . e i o R e
m SR B AR BFSY T e SERE A S e AL
FFAEM T L R GERE T s H RS2 A, BEsE
T, FoSEME T H R R SRS,
I I R

FEIRBEIE LIS 5 A1 B (Epinephelus fuscogut-
tatus) HHEAR, & A KA (E. lanceolatu) LR
P AAcH, BAAERKRE . P . S iE
FAER AN, O AR RS AR, K
A BEAO RIS B TR G R N
PN EE i, R e B 52 2 A B, Rt
T¥J& P I B ) S e FpUin it oy A 2 5 L, it
SER], A TEAN I8 A PR TE A A F
Z AR B R AR AR IR SE R R s, H
Ak R S 0 7 S XoF PR e R M A R T S e AT R
BFFT . WA HE IR (Vibrio harveyi) 72 H B 78K
AR PR T R 2L [RB PR A B, AT DA
5 40 BE 0 TE N 1) 2 R PR 2K FR A
N R NV EZS S 7 S A [ 3RNE W B i S ]
SR, ST ME ST SEWE Y PR T A AR LGOI Y
Ui 1, A SERR AR N AR RS

ALy is Y H SR IE 5 2R T g 2 T BLt
FEAN R B85 76 S XoF P e 0E 1) A A T B 328 1) 9] 49
YERT; FIRITSCE Py 4 22 B AR 8 7R 52 ZE MR T 52 e B
Jr B RS AN . AR DL RO R A
ML G IR P BRG] PR E SRR X PR
e BERIPURRE ST, LAY R 7 SEREAE A B A g R 7R
Fa N AR RS

1 MRS A

1.1 SRR

58 B [(10.58 + 0.12) g] 1) 448 1 PE il
G O Y R S PR . TS T AR SN
K EUHEARARA A FERERIE T AR R
WEE ARSI B AT B |, SRR Rk
BRAOK . BEAREE . BRBEAR . kY. iR 6
VI AELI I, W 2 ECOIER Ry A S 56 22 0 S R AT
1.2 SERRIT SRR ETE

e B M S 0 A S 4, A IR R IR
[ FEZEE & = (0. 200, 400, 800 F1 1600 mg/kg)
MSCR ikl a4k 3 AER, B0EK 30 B,
FERAEE M 2 ¥k (8:00 Fil 18:00), F#5H 4 &, 4
TSI 8 ) 77 A P Ao K Ul Tt v A P /N AR

https://www.china-fishery.cn

24 h FLEFER, KIRN 24.0~27.0 °C, S o it
H5.8~6.4mg/L, WAMMT 02 mg/L, FHH L%
SRR, SEEMAAREr 24 h, FEMLEIHL 6 &0 Bt
FHHEE S 100 mg/L HUBEPR = Kl (MS 222) K
A1 BRE A0 RR I A Ay B A, O KT 1Y 0.85%
A PRERK MR T, BT, . R, BT
RNA Jiff (1 2.0 8 FIARAEE T, JFCEER AT
HUSEREJG PRAFAE—80 °C VKA, T2 S e L 1A
BB v AR e 225550

13 HKMEENE

FELIESHRE, B8 1d, HERREAR
W RE SN L ROR BER (R i . R L Tk
BT, RS KSR

WA (weight gain rate, WGR, %)= (W,~W,)/
Wyx100%;

1A Bl 2 $L (feed conversion ratio, FCR) =
Wi(Wi=Wy);

HE %5 (condition factor, CF, g/cm’)= W/L';

TG R (survival rate, SR, %)= N,/Nyx100%
K, wy HERBEPIR IR E (g), W, W4
KB (g), W A BEam A mER (), LKA
AR (ecm), WRIEFTR (g), Ny bABEH
IBIIGECRE (), N, WAAREE ().

1.4 %EEE mRNA BIRIESH

PR IR B 1) h I it AT SR B ) mRNA 1)
¢t E 7t PCR (QRT-PCR) 24 . i RNA fi¥ 12 L
i i RNAiso Plus il Ui a1 T2 L, $RIs 4
U1 S RNA VR BE M 4l B OB 1t o 6Ot BTt
(NanoDrop2000, USA) FIBHEFHEE S HL Ik A TR .
SR J5 #4745 gDNA wiper #Y HIScript® Q Select
RT SuperMix for qPCR ik /| & (Vazyme) & X
cDNA, 7£-20 °C {174 H.

2% B SCHRBY 78 I BE e 2 3 X ) qQRT-PCR
L FEI, 8 B-actin FEANSEEN (& I,
AL PR 0 S e BE LS . RAEK - [ MR IR
BEAF o (tumor necrosis factor-o,, TNF-a). 40
4% 1B (interleukin-1p, IL-18). ALK KT Bl
(transforming growth factor-p, TGF-p1). THIAR X
#0711 (target of rapamycin, TOR). Toll F£3Z 1A 3
(toll-like receptor 3, TLR3)]; ¥t & fbAH K IhE
[ 4 bt H Ik S AL ¥ Bl (glutathione peroxidase,
GPx). i EAL SN (catalase, CAT). 4hHEE ALY
AL} (manganese superoxide dismutase, MnSOD) .
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2 B H BRI R B8 (glutathione reductase, GR)];
T8 S % %R M [3 A ZO 5 1 (zonula occludens,
Z0O-1. Z0O-2. ZO-3).
M 30 (claudin-3a)].
qRT-PCR " 14 1) )2 W f& 22 1 b A2 7 5
gPCR SYBR" Green Master Mix ix
(Vazyme), %2 T Roche LightCycler 480 (Roche,

5 & H (occludin) .
FIHH cDNA At , #17

P 3

/ Y

UL A

NSN3 3 IR
EELA AN b o

1.5 BmERENFEREME

27 RIS AH

BESH

Xof # WA [V BE (0. 400 1 800 mg/kg) 75 5
W SEEe AT . B, SRR TR 4] DNA $#2
B, 16S rRNA =38 i e LA R 2209 U5 B2

) AR AT, H gt H SR M B-actin+~ 43 HT . R FHl DNeasy PowerSoil (QIAGEN) i 7] &
R1 SEBATASIYY
Tab.1 Primers used in the experiments
H R CIEYER JF51(5"-3") Nz
genes primers sequence from 5’ to 3’ application

TNF-o TNF-o-F GAGGACGGTGGTGTTGGTGG qRT-PCR
TNF-0-R TTCTCTTTGGCCTGATTGCG

IL-1p IL-15-F TACGATGCCTATGTGGTC qRT-PCR
IL-15-R CTCTGCTTTATGCTGTCC

TGF-p1 TGF-p1-F AACATCCCGCTACCTCGCTT qRT-PCR
TGF-p1-R TCCGCTCATCCTCATTCCCT

TOR TOR-F AACATCCCGCTACCTCGCTT qRT-PCR
TOR-R TCCGCTCATCCTCATTCCCT

TLR3 TLR3-F TCTCCATTCCGTCACCTTCC qRT-PCR
TLR3-R TCATCCAGCCCGTTACTATCC

GPx GPx-F TACCCTACCAAGTCCTCCAACC qRT-PCR
GPx-R AACAAACACCCGACACCCA

CAT CAT-F GCGTTTGGTTACTTTGAGGTGA qRT-PCR
CAT-R GAGAAGCGGACAGCAATAGGT

MnSOD MnSOD-F TACGAGAAGGAGAGCGGAAGA qRT-PCR
MnSOD-R ATACCGAGGAGGGGGATGA

GR GR-F CTTTCACTCCGATGTATCACGC qRT-PCR
GR-R GCTTTGGTAGCACCCATTTTG

Z0-1 ZO-1-F ACCTGCCAGTCAGTCCCTCT qRT-PCR
Z0-1-R CGCCTCCTCTCGGATTATG

Z0-2 Z0O-2-F CAAGATTCTCCTCCGACCA qRT-PCR
Z0-2-R AACATCATTACCTCCTGCCA

Z0-3 Z0-3-F GAGCCAATCTACTCCCTTCC qRT-PCR
Z0-3-R CTGGTCTCCCTCTTTCATCC

occludin occludin-F TCAGAACATCCAGGGCAATC qRT-PCR
occludin-R CCACCATCAGACCCAAAACT

claudin-3a. claudin-3a-F ACTCTATGCTCGCCCTCTCT qRT-PCR
claudin-3a-R TGGATGCCTCGTCGTCA

B-actin p-actin-F TACGAGCTGCCTGACGGACA gqRT-PCR
f-actin-R GGCTGTGATCTCCTTCTGC

16S rRNA V3~V4 343F TACGGRAGGCAGCAG luminalll 5
798R AGGGTATCTAATCCT

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries
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X REAS ) [ 20 DNA #4782 80, 15 ] Nano-
Drop2000 F1 3¢ fig #5456 e HL 1k 4 1 3 [A 4 DNA 19
e BE K i B o 3l A A A 45 B S (barcode) 1 16S
rRNA JEPH ) V3~Va n] 722 I i 5 19 (66 1),
{#i F§ Tks Gflex DNA Polymerase (TaKaRa) i 7] &
HEAT PCR, BARY SR FIUERA IR o AR v
Fy gt i SCJ%E S, A Miseq PE300 (Tllumina) F
BHEATIT . AL SCEERR . D)3 S K ot
¥ieh BIRRG) A= W) BE 2 R R W 58 o

fii FH Trimmomatic 4K {4 XJ Ji i XL 17> 51 i2E 4 7
FZIE MR & )75 . A UCHIME (version
2.4.2) BAFLBRi AR . XARAFI TV T 5 TR
Z¢, JH VSEARCH B A AR AR K 3 570 U R AN
[A] B3R VE 43 25 BA5T (OTU), ML =97% #EA K
14~ OTU, AL, H475 (singleton, HAT 1 5%
J¥ 5148 A% 1A~ OTUYA W] {5 FEAR M 5 Bk o 38 &
QUME At ¥k &1~ OTU ALK ¥, BT
Silva (version 123) 5t #& &, {#i J| RDP classifier X
PEHEAT LERTERE, RIS BR OTU 2 37 Sk -S4 R
LHRARITH, TR EGE R 70% HIERSS

AT B 2R o B SCHR™Y 1 5 304 T, 1A
R . FIH o ZREFRE (B4 AR e EOm
LAREO) X E A o ZREEHTT T, BETS B
Z Rk A Binary-jaccard 5%, 1 QIIME 4k
AT FEAEAR AT (PCoA) LU F A AR ) 221l

1.6 R4 o E B s0IG

FAHEI ARG, SO 24 h, ELE
A [N R AT AT TS B #E . @ IR
JRYL TSRS, e IR Ak PR B G 1R T B 1 > 3K
FEHFE A 1.01x10° CFU/g. JH¥JE B 100 mg/L 1)
MS 2220 A BRI S . FH 75% BOTRRE TH 25
TESHRAL, T K T S 8 e P A 4 G IR A
W (M BE K 1107 CFU/mL), 45 4% fa 0 1 5 7 5

02mL, FRZEEWEE7d, ICRATER,
1.7 BpiEHLFNE

e A QR R S0 SE U, B> 2H 5 B AL
HH4 B, BKEAN L em Z4ABAT. . 5
far, T KB 0.85% Az B K Ay v, Pl i
4% Z R PR E 24 ho [55E J5 1 2 20 1o B T
KA R A B AR AL B, UI R R RE N 4 pm, Kl
AR IR AR Z AFLT (HE) Jetr,, hvemd st A,
FH#E6 A48 (EVOS M5000, Thermo Fisher) Wi%%
S = EIEAR I e

1.8 BB,

SR 45 EEAAR EZE (meantSD) /R,
Bt K B F ) SPSS 18.0 BT BRI 25207 25 4%
Hr (One-Way ANOVA), P<0.05 #/RERBE, P<
0.01 FIRZEFMEE . HZ455H Graphpad prism 7
BAHERL,

2 4

2.1 FEEREMELDEEKMEEENZ

223k 30 d BN SE AR FRAE , A9 32 R e Ik
AR R PERE R (5 2). Bl TDRE P 2 SR 1Y
B, A7 BE A WGR 258 38 5 AR R
7 800 mg/kg A B A K, HIKE 400 mg/kg 4,
5t B 22 5 3% (P<0.05), SXTHRZHAHEL, 800
mg/kg 4 1) FCR Ak (P<0.05), HAh4H 25 %A
WL WM EEREALN Y CF 5 %F BEALA H TG
HZE S (P>0.05), MAL, 5 2H A0 B £ 7R S0 1] 1]
HARIET, WG RE>94.00%, LSRR E
(P>0.05).

22 REEMNELRRERTHIZ
TRl R[] 58 SRS T B PR IR BRE, ARDRL TR i

x2 EREERKFRELRE KRR

Tab. 2 Effects of dietary oligochitosan levels on growth performance of hybrid groupers

ok AR FEEME KT dietary oligochitosan levels
indexes 0 mg/kg 200 mg/kg 400 mg/kg 800 mg/kg 1600 mg/kg
WER/% WGR 262.26+31.26 298.50+10.56 345.72£19.11° 366.51£30.81° 332.67+40.97
Tk ZE FCR 31.17+0.86 30.02+1.54 31.73+1.34 27.51+0.94" 27.88+2.53
B E/(g/em’x10)  CF 0.16+0.00 0.17+0.00 0.16+0.00 0.18+0.00 0.17+0.00
TFE% /% SR 94.44+1.92 96.66+3.33 95.55+1.92 97.77+1.92 96.66+3.33

W 2 RIR 50 mg/kgdl 2 7] 2 7 R E (P<0.05)
Notes: values with asterisk symbol mean significant differences (P<0.05)

https://www.china-fishery.cn
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Jin 400 1 800 mg/kg 72 B M AT Gk 35 £ 5 TNF-o Fll
IL-1B8 7KF- (P<0.05), BEZE 7 SE0H S N 14 i i
FEAK (B 1-a). SXTHRAIAMIEL, TGF-BIFN TLR3
KK AR S, 7E 800 mg/kg 4 [H] 22 57 B
F (P<0.05). TOR W) 3K ik 1E 400, 800 1 1600
mg/kg 2H [A] 1422 Al i 25 (P<0.01),

EXTHRAAA L, PUAEALAHOCHR GPx. CAT
F MnSOD (335 2 et B 5 AR 5, ZEis
800 mg/kg 150 FEFHIRVRHH Hh 35 B & 38 (P<0.05).

m 0 mg/kg = 200 mg/kg @ 400 mg/kg = 800 mg/kg & 1 600 mg/kg

i)
)

mRNA FHxF &
mRNA relative expression

g

i % 2.5 .

K = 20 iy

® 5 * *

= o 1.5

2.2

<z 1.0

<

é < 0.5

g % 0

C$$ Q?S %OQ &
@Q
(b)
£

i

X £

® 5

=

<E

~ <

o Q\@*

(©

E1 TEMNEERAIMEXE LGS HEXTER

mRNA FRiAKFHIZ M

(a) RIERIEE T, (b) FUEALEER, (o) BHEREA
Fig. 1 mRNA expression levels of related indexes in

the midgut of hybrid groupers fed with

different concentrations of oligochitosan

(a) inflammation-associated cytokines, (b) antioxidant genes, (c) tight

junction proteins. *. P<0.05; **. P<0.01

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

Hrp, GPx 7E 400 mg/kg 41+ () 363k W E 4R (P<
0.01). GR ML AT 2 2% 5 (P>0.05),
B®EREAMCER Z0-1, 20-2 F1 Z0-3
Hy ek A—E, 400 F1 800 mg/kg 2H F ik e,
H5XBAMIL 2R B (P<0.05). claudin-3o 1F
200, 400 1 800 mg/kg 41 [H] ¥ 2= 5 .3 (P<0.05).
Occludin BIZRIE4-A BT B35 2 57 (P>0.05),

23 REREXMNELRRFEERFIZN

i 3 3 AW T i A T 8 R AT U A AT
SRS 1786 070 22346 P81, BEDREAPAFIIA
BOFFN L 50 000 7%, AR 97% ARMLYE, BT A
FEARIERI S 4 679 1~ OTU. F3 B (1% 2-a) 8L T
FAFEARY OTU Hodit, Hrh rfg AL 33 4
OTU, Hiwhih2k (& 2-b) #a TF-22, LW P 3
JE R A AN E IR 2 . BT Kruskal-
wallis & 16, offf % £ # PE +8 % Shannon#ll
Simpson 7 £ 41 [0 22 7 A i 2 (P>0.05, K] 2-¢, d)
B LR S AE T T 7K B0 200 o R I RH O B A
I 25 S (18] 3-a) o AN [R) 2 3] B 4 XoF I A TR A
FERNAILH ] (Proteobacteria) . HUFFH [] (Bac-
teroidetes), J& BE [F ] (Firmicutes) F1 il & B 1]
(Actinobacteria). 38 i 43 2 Fiy 5 R Ak - # OTU
TR, HRZBANHE DI i, ks FRFLA
W (Lactobacillus gasseri), % KFLATH (L. reu-
teri) A B HT B (Bifidobacterium longum subsp.
longum), % ECFLFTE 7E 800 mg/kg 41 5 /Y J&5 R
m R e, HK R 800 mg/kg 4H Y A R
i, FLARFE SRR RAR . WA, SEERdk
W7 — SRR, AR R
(Pseudomonas plecoglossicida), W 7 & $l #F &
(Bacteroides ovatus V975) 13 N & SEFF 1 (Pho-
tobacterium damselae subsp. damselae), # 7 {8
B PR AR FRZE Y R b R R R (1813 b)o
Yo 4] R [ 59) 1 (0. 400 A1 800 mg/kg) 7%
BERYSCIS AR L e i 0 AR R R £$ﬁ
SEHT (B 3-c)0 S5 R, 0 Fl 800 mg/kg 2H 19 4
PR VE AT LB 2 O, 05 0 il 400 mg/kg =[] A
J% 400 FiI 800 mg/kg Z [H] AR A & 7> K E R, 3
B 800 mg/kg AbBHZH 5 0 mg/kg X BE2H A B 2 A Tk
VIR S S
24 MUERIIEREIEER
PR FIER RGN, X
HEAH S0 (0 HiT A 45 5 b i IR 7% . T4,

https://www.china-fishery.cn
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1694 P S 46
g5 655 476 g0 Jm 800
> B 521 1 1 I
& 600 "
® & e >
&= 3 400 : E
Rz
2
< 200
0 1 1
20 000 40 000 60 000
A ZIE
sequences per group
(a) (b)
Kruskal—wallis P=5.07e—01 Kruskal-wallis P=2.78e—01
0.996 F
9.0
35 0.994 + m Y 0@ i foregut
8. v O ##  midgut | 0 me/k:
ﬁ% ﬁ"g W O /5% hindgut e
oaRs| &g 0.992 O #if%  foregut
T E g O % midgut | 400 mg/kg
X g 80 Ho &, O &M hindgut
\Km.g ‘HH‘ g @ % foregut
7] B [%5) 0.990 O % midgut | 800 mg/kg
& : O J5/% hindgut
7.5 +
| 0.988 |
(© (d)
2 AREEENELHBEER o ZHMY

(a) PR AL R AT OTU U H B, (b) 5T OTU KRB N 97% MBI F 4 i ih 4k, (o) FRIEEL (d) FHARIBE.

ZREVEFE RO S HE T Kruskal-wallis 5275, P<0.05 A7 5 53

Fig. 2 Alpha diversity of bacterial community composition of hybrid groupers with

different oligochitosan diets and gut compartments

(a) Venn diagram of shared and unique OTU numbers per sample, (b) rarefaction curves of OTUs clustered at 97 % sequence similarity across different

groups. Bars show the mean+SD (n=3), (c) Shannon-Wiener (Shannon) index, (d) Simpson index. Diversity index originated from all the treatments

using Kruskal-wallis method. P<0.05 indicates the difference among all these groups

YA R ANTE W . IR EEE IR E R R . 5
J eI A AL, RN, I REAR L, S X
MR AAEL, 800 mg/kg ZH AR HRA A% g il 435 44 f 5¢
B, TR, FLrPORIR 20 i B 0 HE B A A
ARG, ELRRIR A e R A A M ki A

3N (AR o
A& B Gt iy A FQ IR G IS, 800

mg/kg 21 1 £F 1% % 1 3 & T X B4 (P<0.05),
H YR K 400 F1 1600 mg/kg 4, 200 mg/kg 1%
H3X 3 5% FRATAH I TE 25 5% (P>0.05) (K1 4).
3 iie

ALY, MRS [ e JBE 58 SR 4 5 e B A

https://www.china-fishery.cn

K ZERLM, W 800 mg/kg 5¢ 5 B RE $2 & )2 e
BE ) 3 R AEDEL R R, B Y AE M (Oreo-
chromis niloticus, GIFT)**Y | L8 (Cyprinus car-
pio var. jian)* . WIEEEES (Trachinotus ovatus)®® Fl
WT 85 (Oncorhynchus mykiss)?"* [ A A5 £ W,
TRl b A 0 I A T SR AE I R AR A R
AE o ARDRE R IR 0 58 ZE0E T G B R L AN I X R
(Litopenaeus vannamei) %) £ < ZF LG R, SR
MASIEEREY, W Ee a8k
PR R, AT BE R LA At i K P
TR DA T 5 350 0% e B M TP R B R R A o,
S ISR

HEREAH I PR - 7E 14 17 i o A S e R

o 32 240 1 LA IV XoF 200 B G T TS 2 DG B T

HE K25 2: 3276 sponsored by China Society of Fisheries
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m Proteobacteria

100 —

7] e 7B 1.7
foregut  midgut hindgut

[ee]
(=]
|

AEXT /%
relative abundance
(o))
()
L

~
[«
|

[\
(=]
|

[w]
L

el
midgut

GL7]

foregut

m Bacteroidetes
Firmicutes

m Actinobacteria

m Gemmatimonadetes

m Acidobacteria

m Epsilonbacteracota

m Spirochactes

m Nitrospirae

m Tenericutes
Patescibacteria
Chloroflexi
Latescibacteria

m Calditrichaeota

m Deferribacteres

Fibrobacteres

Fusobacteria

Verrucomicrobia

Elusimicrobia

Entotheonellacota

Zixibacteria

Dependentiae

Planctomycetes

Deinococcus—thermus

BRC1

Cyanobacteria

Kiritimatiellaeota

Crenarchaeota

L]

foregut

o B
midgut hindgut

hindgut

0 mg/kg

(@

Lactobacillus_murinus
Bacteroides_stercoris_CC31F

J,

_plecoglossicida
acteroides_ovatus_V975
Lactobacillus_reuteri
Altererythrobacter_sp._KYW736
Lactobacillus_iners_AB—1

50 on o on B0 s
ﬁ_@%gii‘)%‘)ifn
Ememg\?sge

(=1 =3 (=1
8Z5iz2c§%5¢8
232222222
EESEEESEE
SEESSESSSSs8
+EE & 13RO E

(b)

400 mg/kg

Bifidobacterium_longum_subsp._longum

Chlamydiae
Lentisphaerae
others

800 mg/kg

0.25 +

PC25.51%

-1

-0.25}

0 0 mg/kg

0 400 mg/kg

0 800 mg/kg

@ fiifls  foregut
AT midgut
u J&ls  hindgut

0.2
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Fig.3 Relative abundance of the bacterial communities and p diversity in hybrid groupers fed with oligochitosan

(a) relative abundance of the bacterial communities at the genus level found in different diets (0, 400 and 800 mg/kg oligochitosan) and gut compart-

ments (foregut, midgut and hindgut) of hybrid groupers, (b) Heatmap of relative abundances of the 15 most dominant targets summarized at the species
level in gut microbial communities collected from oligochitosan-treated hybrid groupers, (c) PCoA of the samples in three gut compartments (foregut,
midgut and hindgut) based on different diets (0, 400 and 800 mg/kg oligochitosan) using Binary-jaccard method

AL, gl BEH g RE N TNF-a. IL-18.
TGF-1. TOR I TLR3 ) mRNA F ik KTt ,
Tt W 45 MR 5 S T I S B R I R, UL
800 mg/kg VN e A ik o X -5 A AT $ R A B
Bl 2B Je W B AE £ (O. niloticus) 1) 28 E R T )
FHOCEE R —3CY, 72 SEH AR A% 8 i o N IR M BT
FALRITEYE, MEDHEREN 24 A B ER,
AT £ e e e A P e A R AT AL A e #4557 Lin

HE 7K P25 22 3275 sponsored by China Society of Fisheries

GRS RN, STSERE TR S K R ET (Microp-
terus salmoides) 1Y) SOD ¥ P . ANSZE6 i — A 560k
FESEME T IS S P AL RE DI 5 fh (AR s
B39 4 492 (tight junction) | IZ AE7E T WAIHE b R 41
B] 3% $% A T0 3%, H ZO # 1. Occludin, Claudin
FUERLFE M T JAM) SFE A48 ; Wi bRz
JE I S A, AR A SRR, Tan
AU IR Y TR A AR IO AR A R R X

https://www.china-fishery.cn


https://www.china-fishery.cn

1696 K=

=R 46 %

425 um B § ’_{;

Bl RARAERMEXEENELRERERINRRLENME HE RET A

1 600 mg/kg

800 mg/kg

1~15 r BIR R A F A (0. 200 400, 800+ 1600 mg/kg) 7e 5 Wil 17 W (¥ 4 52 A B f0 R (R i i 1r. (T P JE ) 8UB A&k, BEF

SeFR P BIRA LY, L EET S H AR AT

Plate Photomicrographs of the intestine of hybrid groupers treated with different dosages of

oligochitosan after being challenged with V. harvey by H.E staining

Histological examination of 1-15 shows the tissue of foregut, midgut and hindgut of hybrid groupers treated with different dosages (0, 200, 400, 800 and

1 600 mg/kg) of oligochitosan after being challenged with V. harvey, stained by H.E, respectively. Black arrows represented damaged tissue, while red

arrows showed goblet cell
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Fig.4 Survival rate (%) of hybrid groupers challenged
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Effects of oligochitosan on the growth, immune responses and gut microbes of
hybrid groupers [Epinephelus fuscoguttatus (?)x E. lanceolatu (3)]

SHIFei', HUANG Yao', LU Zhijie', ZOU Cuiyun', TAN Xiaohong ',
SU Youlu', TANG Kaihao?®, 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. Key Laboratory of Tropical Marine Bio-resources and Ecology, Chinese Academy of Sciences, Guangzhou 510301, China)

Abstract: Oligochitosan (OCS) has many important physiological functions, however, the underlying mechanisms
on immune regulation of groupers are not well characterized. A feeding trial was conducted in triplicates with the
control diet supplemented with OCS at different concentrations (0, 200, 400, 800 and 1600 mg/kg). The effects of
OCS on the grouper growth, immune responses and gut microbes were explored after juvenile hybrid groupers
[Epinephelus fuscoguttatus (?)* E. lanceolatu (3)] were cultured for 4 weeks. The results showed that OCS signi-
ficantly increased weight gain rate and decreased feed coefficient of hybrid groupers, but had no significant effect
on condition factor and survival rate. To elucidate the immune responses stimulated by OCS using qRT-PCR, the
mRNA expression levels of inflammation-associated cytokines (TNF-a, IL-13, TGF-B1, TOR, and TLR3) from
midgut were all significantly up-regulated in the 800 mg/kg group compared to the control. At the same time, OCS
significantly improved the antioxidant capacity by increasing the expression of GPx, CAT and MnSOD while they
also significantly increased the expression of tight junction proteins (ZO-1, ZO-2, ZO-3, and Claudin-3a). To char-
acterize the gut bacterial flora by high-throughput sequencing of 16S rRNA, microbe samples were collected from
the foregut, midgut, and hindgut, respectively. We found that although there was no significant differences in the
relative abundance and a diversity of intestinal bacterial dominant groups between the OCS and the control group,
the abundance of probiotics were increased in the 800 mg/kg group. Additionally, the results of principal coordin-
ate analysis showed that  diversity of bacterial community in 800 mg/kg group was significantly different from
that in control group, which indicated that OCS could alter the bacterial assembly of hybrid groupers. To further
test the antibacterial ability of hybrid groupers fed with OCS, when the hybrid groupers were challenged with
Vibrio harvey, intestinal morphology was greatly improved and the mortality rate of groups fed with 800 m/kg
OCS was significantly lower than that of the control. Taken together, appropriate dietary OCS could improve the
growth, immune responses and change the bacterial assembly in the gut of hybrid groupers, so as to play a role in
the bacterial resistance.
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