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HWE  KLh e AR %4 £ Dy I K Tl (Sebastes schlegelii) 4 # 4 K . R 41 % R % 0% 66

NEEE, UHELNELERD, WREFRE RHLELEZD; 2 ESL
T8 AW R B H(20.95£0.05) g BRI T a4t £, 8
Ja BEAT ¥ 4E ICFILE (Mibrio harveyi) % % 48 ho #T KM, ME% £ & D3 &

4519 F1 8671 TU/kg 1 6 7 % &4 Az 47},

7K 7071254, 1740, 2513,

BN, FR TP &

¥ E R (WGR)F4E 2 £ K F(SGR)H 48 LA B T B, ME A (VST F (Rt (HST) % T %, 707 IU/kg

HEFETHMAP<0.05); 2EMAEHMALAMERMSEESE D &
& T T B 41(P<0.05),
#8414 5 (LB (SOD)E 4 AnAhMA 3 (C) e B35 5 1K, & 2513 IU/kg

4519IU/kg HERAEFLE
k.8 #7 (T-AOC) .,

EH W E R, &
HAER A EELENIn; mFETA

HHERKME, 2HEABALD. A¥E#ABAST)E N FH _BMDA) S EHERKEAS, &

JE B (T- CHO) H i = B(TG) 45 & T4 B(Ca™ ) EH Aty 44,
4% 7 (P>0.05), KX % &, T-AOC J MDA , C; f2 C4 4
IRAK4\ TRAF6 fr TLR2 FE [ & 3% | 3 715 (P<0.05).
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KA

hESES S963  XEEFRIRAE A

HeER D WG ER D, 44 R Ds,
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W4 (Lock et al, 2010), i 0] LS Wi e 92 40 A 4 14 5
%HYFJT:(Calton et al, 2015),
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(Lateolabrax japonicus) Fll ¥ i ffi (Pelteobagrus
fulvidraco)xf 4E 4= & D; Y75 K 5t 53514 2250, 431 F
16 600 TU/kg TalRHEKERSE, 2016; BHTRFERSE, 2019; FRilh
4, 2020), 4EEER Dy BB, FRA RS LM
WL CE R P ZE LA AE IR (Haga et al, 2004;
Taveekijakare et al, 1996); 44 % Dy A}, #Hr
Ko A K H ARtk (Barnett, 1982; Andrews
et al, 1980),

V[ F-fili(Sebastes schlegelii) X 44 S5k, @ fili JE
H (Scorpaeniformes), J&—F& K VTR E N &M
s, PRI D Pom o, AR,
RZ N2, e TR E A6 5 W46 772 58 FLASE A R A 3
mEEEIEE, 2019). HHET, XUFRF-filg) o gi 4 2=
HIWFFEALAE AR 2R B (A1 5255, 2020), 4EA % C (Bai
et al, 1996)F14E4: % E (Bai et al, 1998), 44 % D |
TooE . AWFEE RIS EREAE R Dy, B
X (Gl gy o A 1 | R AL BRI S e g 1 1Y)
M, DU B VF OBl gh X A R Ds BBl TR oK
i, NHEAEERN T RIS %

1 MR5F=*
1.1 SKIEEs

ARSI DL by S B R, BRI B R
6, TR 1200 50% . FLRS T 29 10% Y JL A
T BMEC T o SRR A3 E 0. 500, 1000,
2000.,4000 1 8000 1U/kg Ay 4EA= % D; (500 000 1U/g),
Bothl 44 2 Dy &N 707, 1254, 1740, 2513, 4519
18671 1U/kg 1 6 FhAE A SERRHEL, 4390644 -y D1,
D2, D3. D4, D5 f1 D6 4, H, D1 AXFHR4 .
TSy SOE SR LR 1,

TapRHRIVERT, K BT aE SR it 80 H I, Hc
WRRE G, BRY KIRGHA], B iR £ oK 42w
IRAFE AL R BRI AT, N AGE it 2R TR AR A 47
FH /NI AR RHBT R HLEE GRDRL I ORI AR S 2 F 4 mm
IR, 60°CHET 5, FHYBRHS S B IRA7 5 H

12 FHBRFEAFEE

AW FEAE AR A 9 P B IR 5 BR BT 5 e £ 5 70

®1 ABERREFARA TR

Tab.1

Formulation and nutritional composition of the experimental diets (% air-dry matter basis)

JAE 21 51 Groups
Ingredients DI D2 D3 D4 D5 D6

[ f18 White fish meal 40 40 40 40 40 40
K1 Soybean meal 16 16 16 16 16 16
/NZZ I 2 11 Wheat gluten 20 20 20 20 20 20
B%HE K Yeast powder 2 2 2 2 2 2
fa3H Fish oil 2 2 2 2 2 2
E kil Corn oil 5 5 5 5 5 5
o—JEH} a-Starch 5.2 5.2 5.2 5.2 5.2 5.2
T 2T 4E Microcrystalline cellulose 4.4 4.4 4.4 4.4 4.4 4.4
B2 Betaine 1 1 1 1 1 1
AL HBEE Choline chloride 0.8 0.8 0.8 0.8 0.8 0.8
Wik — A 45 Ca(H,PO,), 0.5 0.5 0.5 0.5 0.5 0.5
PLAAALF] Antioxidant 0.1 0.1 0.1 0.1 0.1 0.1
i Z R KL Vitamins premix® 1.5 1.5 1.5 1.5 1.5 1.5
B9 5 PR A Minerals premix® 1.5 1.5 1.5 1.5 1.5 1.5
#4: % D, Vitamin Dy/(IU/kg) 0 500 1000 2000 4000 8000
41t Total 100 100 100 100 100 100
EFRH (% TH ) Nutrient composition (% dry matter)

L2 Crude protein 50.44 50.51 50.40 50.16 50.67 50.64

HMLEE WS Crude lipid 10.51 10.55 10.32 10.49 10.20 10.38

MK 3 Crude ash 10.13 10.46 10.06 10.51 10.12 9.91

fEfE Energy /(KJ/g) 20.58 20.98 20.60 20.84 20.59 20.54

44 & Dy Vitamin D5/(1U/kg) 707 1254 1740 2513 4519 8671

TE: ar YA R TURB A B BHR ARG )7 2 WL B 155 (2021)

Note: a: The formula of vitamins premix and minerals premix can be found in Shen et al (2021).
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PINERBLAE: VR EF il 4l f 0 Bk £ A2 R D 7R B 5T 105

WK IR R G AT o SEIR A F LLAR 50 AR TR AR /K
FEABRAE] . IE SR R R T ARk R 75 A (i
=4 80 cm, BN 70 cm, JKIEHN 50 cm), HIE]4%
X RRAA (DK, 2 J 5Pkt 600 RAAE A | (K
W B A GO il 4 £1.(20.95+0.05) g, BEMLAMEC 2
24 MA, REAE 25 B BEAMRDREBE AL 4 AR SC g
(Kb 1A TR SE ), FRAAMY 8 J& . fK5E
Af 2 (08:00 1 16:00)4% M2 2 Ik, HIR M 4% i
R 1% T, DA HER RN, R
FL R H R 0 SR A0 A VR . FRAE )
IKIEFFE VLT % KiEH 16~18C, HHE(DO)>
6.0 mg/L, pH K 7.5~8.2, hJEHR 27~28, ALl
A%<0.05 mg/L,

1.3 IEXW

FRIHL IS, WOEESCRAm ke 20 RBAA
FEAR Bt gh £, JEATIER S0 . M4k G
i (Vibrio harveyi)li HPRHSE A £ ¥ BT BF ST T 4 3L
T S 30 i A T 005 0 0/ DT ol %) 505 Wk
6x10° CFU/g fl i itk o 1/ FCP- il 4 £ B e 0y 2 [
WLAG, RIS . SERAEEA AR LA B4
097 o IE IR SL 0, 3 Rt 2 s E S 0.9x10° CFU/mL
FITEW 0.2 mL. 4 h 5 WEVF Pl 5 &0, il
BIGH RS, Wi 48 h 5 A RREYLE 3 B,
B IKERL S . JCRPREE T A, Uk B A
KEEOEE, FRARE D, Wy . kB AT
—80°C VKA H IRAF -

14 HEEXEERDHT

FRIE LIRS, 256 24 h, 30 S RE R 0 A
A B VB, AR RENLE 8 8 fa ] T A B R AR K
I, EAT RE KRN, 4 £ i) 0
Al FFAEFIRG , o BIAR L&, SR A0 DR LA
YIT . ¥ 8 Bt it AR 85CH#
8 min 247, M EEHEE, SRR FBAK S
I FH 28 Rl e 25 458 UL IR AL 2R B i i 4%, A
BRI NS 5 T 105 CHER Pt 24 h, fR7E1ET
Begerh A . BB 7 B A E a4
i, L. HFIE B i v A & BT -20°C SRR T ORAE,
(ERIL

SRR SRE K A3 SR 105 °C R H R I
(GB/T 6435-2014), HLAE i & H & [CHh £ 75 00 2 (GB/T
6433-2006), FH & R YL E AL 2 (GB/T 6432-
2018), HIKATRF 550°C 2k B L 2 (GB/T 6438-2007),
fiE 5 R FA BRI 52 (IK A, C6000, 1), B HEE f

55 e R FH DA v v e T i T E

L3 230 AL fE 11 (T-AOC) . #8 A4k Wy 1 AL i
(SOD). A BE(MDA). #MA 3(Cy). #MA 4(Cy). #
N 5% 5 B (ALT) . 4% 55 %6 2 g (AST) . 5 B [ P
(T-CHO)., HIl=E8(TG). HE F(Ca®H &, Wi (Pi)
B AR F R R A R Y TR ST BT AR & R

1 FH Trizol 42 B RNA , I PrimeScript ™RT
reagent Kit with gDNA Eraser [ 5% 5% & #1752 At
PtE R PCR N o MRAEAS 5250 25 FT A5 1 1/F [T fifl
SRR, HREIKE F(HSPT70) . HfFE 530 A
+ 88 (MYD88) IR I 32 IR TG AL A ¥ 6 (TRAF6) |
AN R Z AR FSC I 4 (IRAK4)FT Toll BEAZ 1A 2
(TLR2)WEL K JF %)), NCBI Nucleotide BLAST # 47
DR Fe Xt 43 AT, W R VR 4 v i S R R 31, A
Primer 5.0 #1154, A RPL17 /E NS5 H
(Ma et al, 2013), 5|9 il T AYE ARG RAF
AR, BRI 2 iR, IE4EE 27 s b
8 35 R A A e 2k K-

®2 BERARZEWSIMFET

Tab.2 Primer sequences for gene expression
EIE/EX S 1Y 31(5'~3")
Primers Sequence (5'~3")

TRAF6 Forward: TCATCTGGCTCAGTGTCAGTTTGC
Reverse: GTGTGCTCCTCTAAGTGGCTCTTTC

IRAK4 Forward: TGTGAGGAGATATGAAGGTCTTGTTGC
Reverse: GACACCAGCAGCAGCCAGTAAC

MYD88 Forward: GATGGTGGTGGTGGTTTCGGATG
Reverse: CTGCTTCGTCATTGGCTTGTATATCAC

Forward: GACGCCATAGAGAAGAGTCACAGAAC
Reverse: ATCTAGCTCGTACTTGCACCATTCAC

HSP70 Forward: GGACGAGAAGACGGTGATTGAGAAG
Reverse: CCTGGTACAAGCTGCTGATGATGG

RPL17 Forward: AGGCGACGCACCTACCG
Reverse: CCTCTGGTTTGGGGACGA

TLR2

15 IEtRItE

14/ K (weight gain rate, WGR,%)=(fafRZL A K
Jo e — AR A] U (AR T A )/ A AR AT U AR B 1 < 100

2 A K R (specific growth rate, SGR,%/d)=
(In fAPRZRAR T —In AT GG 1A BT 1)/ 578 JH HH < 100

A8} 22 $ (feed conversion ratio, FCR)=#% & fal %}
/(AR LR AR B — R R A T )

B £ (condition factor, CF)=fa AR A i & /1A
K ?x100

JIE{A Lt (viscerosomtic index, VSI, %)= i 4] &/
AR ZRAR T % 100
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JFA& HE (hepatosomatic index, HSI,%)=HF I &/
TRZR AR T 2 %100

715 F(survival rate, SR,%)=2 Kt 5/ ¥) 15 o
FE#>100

1.6 HEFZItE5SH

K G A: SPSS 21.0 X i A Kt A7 3 &
F 225707 o 225 8.3 (P<0.05) ] Duncan’s #5675 4T
Z P, B R E AR E 25 (MeantSD) %
7~o 8 GraphPad 8 AF#EATLIE . SR APrLp sl
LA B, 0 1R IGOF- il 4 fa XDk 4E 2 R Dy 19

2.1 HHEE D;XHFIRTo) & KR IEIRE R0

M 3 T, MiEgEAER D, SBEWTE, FIK
Ffifi4f i WGR F1 SGR #5674 E R, D4 A K MH
H W # 5 T HAZH (P<0.05), FCR &7, D4 4
B T BR4H (P<0.05), VSI Al HST A%, S2ub4H
(D2-D6) 5 A% T4 R 4H(D1) (P<0.05), #4H CF. fF
1% 5 (SR) TG ik & M 22 5 (P>0.05)

LI WGR NIEMF8 R, ST HT I5 157F IR
-l 4 £21(20.95+0.05) g XF AR R 4EA: & D TR &
1 2223.45 IU/Kkg(JE 1),

#®3 HAEED;MIFKFu4EERKFRAEBRII T
Tab.3 Effects of vitamin D; on growth performance and body indices of juvenile S. schlegelii
AR PERE 4153 Groups
Growth performances D1 D2 D3 D4 D5 D6

WG AT i IBW/g 20.96+0.01 20.92+0.06 20.9340.06 20.98+0.03 20.97+0.03 20.95+0.00
LR AR T FBW/g 33.90+0.18°  35.62+1.15°  35.95+0.72°  37.49+0.55°  35.78+0.86°  34.73+0.91%
B4 R WGR/% 61.78+0.89°  70.30+5.78°  71.71£3.00°  78.65+2.51°  70.65+3.98°  65.78+4.34%
FRE LR KR SGR/(%/d) 0.86+0.01° 0.95+0.06° 0.97+0.03° 1.04£0.03° 0.95+0.04° 0.90+0.05%
)kl 2 ¥ FCR 1.28+0.05¢ 1.18+0.10% 1.14+0.04% 1.05+0.03* 1.17+0.07% 1.25+0.08"
MR L VST/% 12.22+0.95°  11.37+0.84°  11.68+0.84°  11.61+0.76" 11.2441.08°  11.66+1.05°
JF4A LE HST/% 5.04+0.44° 4.57+0.40° 4.80+0.46™  4.81+0.39% 4.76+0.42° 4.77+0.36"
RE 3% BE CF 3.07+0.19 2.97+0.29 2.93+0.28 2.96+0.27 3.01+0.32 2.97£0.29
5% SR/% 100 100 100 100 100 100

TE: [RATHEE FARHE R R RN 22 BN 3 (P>0.05),  FARARFIFRER IR 2 57 135 (P<0.05). R,
Note: The same superscript letter or no letter in the same row indicates no significant difference (P>0.05), while different
letters indicate significant difference (P<0.05). The same as below.

85t

55 [¥=77.569+0.01(X—2 223.45)+0.002(2 223.45—X), 24X>2 223.45
50 i, X—2 223.45=0; 24X<2 223.45H, 2 223.45-X=0; R>=0.670
4

14 E % Weight gain rate/%

4000 6000 8000 10000
YL RD R

Vitamin D; content/(IU/kg)

0 2000

BT VRGPl 4 0 o S iR h 44 R D,
TR R
Fig.1 The broken-line regression analysis based on

weight gain rate and dietary vitamin Ds of
juvenile S. schlegelii

22 HHEEDXFRTEL) & EEEMH ST
HIZE 4 W[, 4EA4 K Ds i xf ks i

AR 2335 T (8 35 PR 2 i (P>0.05), 4> kLG /e
D5 A fc KAE, D3, D4, D5 fil D6 21 i & & T % i
ZH A1 D2 2H(P<0.05),

Yert F Dy XTI gh S L K 4 . LK
430 R (P>0.05) . ILPVHLER 156 T RE S T,
D6 #H i3 5 T D3 Fil D4 4H(P<0.05), WLIAKLAS 5 78
D5 4 F KM H 3% & T HA4(P<0.05)

VI FG T it 0y £ 75 ME R IK 20 25 Tk B o ) R v 4
HEE Dy SR, D3~D6 4 W 3E m TX R
2 (P<0.05) . 557 B 4 415 28 Dy B 5 9 5 nim 3 fin
(P<0.05).

2.3 #EHE R Dy XTI Foh4h & i iE & LR R R 0T

e s al A, BEEARER D, S ENTHE, FIK
g iE s T-AOC 1 SOD 1% eI n %
%, D4 44 HK(E; MDA SRS TE, D4 45
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Tab.4 Effects of vitamin D; on proximate composition of juvenile S. schlegelii (% wet weight)
R, 205 Groups
Body composition DI D2 D3 D4 D5 D6

4>1fi Whole body

JK 43 Moisture /% 69.96+1.28  69.50+0.27 69.52+0.52 68.98+0.50  70.46+0.88 69.54+0.39

HL7E 1 Crude protein /% 16.4140.51  16.44+0.29 16.44+0.10 16.62+0.16  16.43+0.46 16.04+0.14

HMLUIEWS Crude lipid /% 7.28+0.59°  7.63+0.29° 8.23+0.35° 8.14+0.29°  8.25+0.11° 8.13+0.40°

HL K 43 Crude ash /% 4.59+0.25  4.64+0.14 4.65+0.16 4.63£0.21  4.65+0.18 4.61+0.03
HLA Muscle

7K 43 Moisture /% 74.92+0.33  75.02+0.12 75.24+0.76 75.39+0.46  74.79+0.25 75.44+0.43

HLE 1 Crude protein /% 20.8240.25% 20.78+0.28°°  20.64+0.18"  20.60+0.28° 20.87+0.28°  21.12+0.39°

MAGNT Crude lipid /% 2.31+0.15%  2.41+0.22° 2.4140.11° 2.39+0.07°  2.64+0.21° 2.39+0.10°

K43 Crude ash /% 1.50+0.11 1.53+0.03 1.54+0.05 1.55+0.06 1.57£0.07 1.5120.03

HHEE (% TP Vertebrae (% dry matter)

MK 3 Crude ash /% 47.68+0.32° 48.83+£1.29"  49.60+0.49*°  50.08+0.42° 50.13+0.18"  50.82+1.56°

%5 Calcium/% 16.57£0.17°  17.2240.20°  17.81£0.15°  18.1120.35° 18.20+0.12°  18.48+0.20°

x5 H4E DK PELh M TEELIBRNREN
Tab.5 Effects of vitamin D; on serum biochemical parameters of juvenile S. schlegelii
JlibERA i =t7n 2151 Groups

Serum biochemical parameters D1 D2 D3 D4 D5 D6
Mk AkAE 0.26+0.01* 0.30+0.01° 0.34+0.01° 0.39+0.01¢ 0.29+0.01° 0.27+0.01°
T-AOC/(mmol/mL)

AL SOD/(U/mL)

A% MDA/(nmol/mL) 13.5241.24° 9.32+0.41¢

941.50+£51.20° 1 170.38+£52.72° 1294.70+32.20°

7.81+0.86™

6.35+0.34°

7.67+0.36°

1390.49+29.55% 1282.27+49.39° 1 153.56261.58"

9.04+0.60%

F#MA Cy/(ug/mL) 2 873.14+30.24" 3 142.76+46.79° 3 274.49+37.61° 3 309.61+53.58° 3 263.29+61.99° 3 120.95+58.05°
*MA Cy/(ng/mL) 1939.76+60.75 2 079.54+173.61 2 144.724120.25 2 194.73+84.67 2010.31464.05 2019.61+36.88
AR ALT/(U/L) 5.24+0.98¢ 4.54+0.86™ 3.59+0.61% 3.19+0.28° 4.33+0.63" 5.160.10°
B EEEZ R AST/(U/L) 5.47+0.19¢ 4.79+0.17° 3.67+0.20° 2.74+0.13 3.52+0.12° 4.68+0.15°
JIH[EEE T-CHO/(mmol/L) 531+0.71° 6.3940.79° 6.5120.85° 7.6020.76° 8.1420.60° 7.5740.42¢
i =& TG/(mmol/L) 4.74£1.10° 5.12+1.00° 5.47+0.76® 6.56+1.52% 7.5241.30° 4.04£1.54*
5 Ca®'/(mmol/L) 1.43+0.02° 1.53+0.05° 1.56+0.08° 1.60:£0.06" 1.66+0.09° 1.67+0.08°
% Pi/(mmol/L) 5.61+0.22 5.9240.25 5.43+0.57 5.55+1.09 5.3140.52 5.65+0.52
EARTXIRAL; G5 BTG TR, SCInd w2 X F i, D4 4 RBL W RR,

M4 (P<0.05); ALT 1 AST ¥J%¢ Fi&J5 BT, D4 4
i/ ME; T-CHO F1 TG 7 DS 44 e kKfl, B
T D1 41(P<0.05), Ca® & b 44 % Dy Tt
T, SLgR 2 2 E TN B2 (P<0.05), Pi Al
C, HAZYEE R Dy &1 (P>0.05),

YA R D M IF R T4 & IH R A KR

HIZE 6 AT, BEEZEAE R Dy & RIS, 7K
~-fih 4y 11 AR A B ETRRA, %) B RAR A Rk

24

25

A5 BB RO B

HEZR D MR TP ERFAFMBREN

H5WREnTA L, WEEEMEAEER D T EN
W, 4 F 4 i T-AOC, MDA, Cs fil C, & & i
FHE, T-AOC 78 D4 41k 55 = (8 2A); MDA %
HEL TG LTEHE, D4 A f/ME(E 2B);
C; il Cy i TR TR, ¥ D4 HARKE
(Kl 2C. D),
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Tab.6 Effects of vitamin D; on incidence rate of juvenile S. schlegelii after challenge

Tt H 15| Groups
Item D1 D2 D3 D4 D5 D6
WHE 1 KJG &AW EL Number of cases after 1 d challenge/ind. 10 8 5 5 7 6
W 2 KRG &K E Number of cases after 2 d challenge/ind. 4 2 3 1 1 2
ZRUR R B Cumulative total number of cases/ind. 14 10 8 6 8 8
ZE & fH*H Cumulative incidence rate/% 70 50 40 30 40 40
0.5 I J(FERT Before challenge A 20+ I (F5Hi Before challenge B
| [ ¥#F 5 After challenge [ ¥ /)5 After challenge
0.4 = o Bb  Ba &
Q Ac M T réo 1sp o :(é
Ba Ab Bb
BT 03kas 28 g Bab Ba . D
& 5 Ba 2 Acd
= g gyg 101 Ad T
ES 02} 8 Abe
m< Eg Aa
0 : ol
0.1} =
p=
0 1 1 1 Il Il L1 0 1 L L 1 L
707 1254 1740 2513 4519 8671 707 1254 1740 2513 4519 8671
BEED AR HeED, F R
Vitamin D, content/(IU/kg) Vitamin D; content/(IU/kg)
. I {7 AT Before challenge c . I {7 A Before challenge D
2 4000 He# 5 After challenge Be e 4000 ] W& /5 After challenge
e} AP AcE acDC  Bb g
! Ba p a 40 Ab 7 3 B
== = C
§ 3000142 E 3000 Be ] Be  Bc
g g LN 7 f
X3 % g a 4 2 A A
[ @2 =] - =1 L
Z5 2000 28 2000
4-*4_ o # i
g g
Q ()
E 1000+ E 1000
) g
Q Q
O 1 1 1 1 1 | - o 0 1 1 1 1 1 S -
707 1254 1740 2513 4519 8671 707 1254 1740 2513 4519 8671
H®HEED SR #HED AR
Vitamin D; content/(IU/kg) Vitamin D, content/(IU/kg)

Bl 2 4EE R Dy X F P Sl I #E RIS IS T-AOC. MDA #MA 3 FIEMA 4 (9520
Fig.2 Effects of vitamin D3 on serum T-AOC. MDA, complement C; and C,4 of juvenile
S. schlegelii before and after challenge

NG FREAN ) 278 BORE R i 4L 10] 22 57 .35 (P<0.05), K5 F R W) 278 WCREHT 7 41N 22 5 .35 (P<0.05) .
Different lowercase letters indicate significant difference between groups before and after challenge (P<0.05),
different uppercase letters indicate significant difference within group before and after challenge (P<0.05).

26 A% D HERFHHBUSHEFERy o D TN, SGTFCEMITE HS7o
AL B R 1k R R MYDS88 H& K 2 ik 5 34 75 D4 41 A e RAE I i 3 v TXF

MR (P<0.05), X#g/a IFAE HSP70 Fil MYDSS8 ik [K 3%

HZ 7 Ak, BEEAEER Dy RN, FIN cm e DS 4k WERTS AN IRAKA Al
SE-fih &)y £71 T IR 35 35 PR (HSP70) A4 38 5 [ (M YD S8 | TRAFG 3£ [ 32 1k B 7E D4 4145 5o (i 9 15 2 Tt
TRAF6 . IRAK4 I TLR2)7EIL #: 11T J& ¥ 58 BT+ TR M 2H (P<0.05); TEERT D4 F1 D5 2 TLR2 JE [N ik &
SEGERTE, AORR R NRA RS2 AL 2 qoR g0k B THBAL, WER Ds 41 TLR
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FE R 38 1A B KA It 2 1 T A 4 (P<0.05)
M 8 nlHl, B4 E Dy SR, K
St 4 £7 3k B SRR D (HSPT70) il e 32 2 T (MYDSS |
TRAF6 . IRAK4 il TLR2)ZEIL #: /i #4156 L THE F R
Uittt W RNRA R E R MEYEE

Dy RN, BOERE L E HSP70. MYDSS Al
IRAK4 HL[H e 1k I 7E D4 213k ) e e 01 1 35 08 T
HEZH (P<0.05); LHERT G Sk B TRAF6 JE K 354 & 2t
FEUAER Dy RIS, ¥7E DS k3
B WAL TLR2 JEH R0k i Sr 0 4 i 2 3 T4

R7 HERD;MTFRFE BN FAEEEXERRZENFIT

Tab.7 Effects of vitamin D; on liver related genes expression in juvenile S. schlegelii before and after challenge

" - 2033 Groups

Gene Time D1 D2 D3 D4 D5 Do
e

H3P70 IﬁﬁﬁﬁBef‘“e 1.07+0.07**  1.34+0.12°%  1.62£0.16°  2.00£0.13%  1.42+0.11**  1.31+0.15"*
challenge
==
I&fﬁAﬂer 1.53£0.41°"  1.95+023°®  2.2540.09"  2.95+0.20"  3.85+0.19°  1.91x0.13"®
challenge
e

MYDS88 Iﬁziﬁileefore 1.0240.08**  1.2640.11"  1.46£0.10°*  1.80+0.08%*  1.67+£0.09%*  1.45+0.27°
challenge
==
K?IEAﬂer 1.17£0.09"®  1.46+0.10°"®  1.60+0.08®  2.02+0.07"  2.06+0.12®  1.61+0.12°
challenge
o

IRAK4 TR Before ) 9.0 1290 1 4620.10"  1.84£0.18%  2.05£0.07  1.86£027%  1.67£0.21°
challenge
- 1.5140.18"%  1.85£0.14°®  1.89+0.11°  2.18+0.02®  1.92+0.06"  1.84+0.13"
e

TRAF6 Iﬁ*—iﬁl”lBefore 1.1240.20"  1.64=0.12"*  1.93x0.08"*  2.59:0.19%*  1.67+0.17°*  1.60+0.11°*
challenge
==
I&fﬁmer 2.08+0.20"®  2.53+0.21°®  2.78+0.11°®  3.38+0.25°®  2.70+0.28°®  2.54+0.26"®
challenge
o

TLR2 Iﬁ*—iﬁl”lBefore 1.050.10"  1.51+0.09"*  1.76+0.10°*  2.07+0.17%*  2.07+0.10%  1.55+0.10"
challenge
==
ﬁ?EAﬂer 1.63+0.14*®  2.18+0.04"®  2.07+0.13°®  2.28£0.08®  3.50+0.23®  2.1120.13"®
challenge

®8 HERDMTFRFMHYENFNELBHEXEARIZENEN

Tab.8 Effects of vitamin D; on head kidney related genes expression in juvenile S. schlegelii before and after challenge

A A [ 1% Groups

Gene Time DI D2 D3 D4 D5 D6
E——

HSP70 WCEEHT Before | 05,0 107 1.040.16"  1.160.12"%  1.3540.19"  1.1940.077  1.1840.20"
challenge
=
WL After ) 60,015 2074018 2.16+0.08"F  223+0.18  2.0740.16"F  2.0240.15
challenge
o

MYDS8  JLHERT Before | o) 0700 104019 1.1550.12°0  2.184021°0  1.5040.09"  1.19+0.16*
challenge
=
WELIG After ) 65030 2254020 23650177 3.86+025® 2554026  2.30+0.15"
challenge
o

IRAK4 WCEEHT Before | 00,0 1390 12340.13%  13140.11%%  1.4440.14%  1.2940.12%A  1.2940.12%A
challenge
=
HapJG After 1.41+0.17%8 1.8240.12%8  1.96£0.27°®  2.02+0.15°®  1.80£0.11°®  1.76+0.07°®
challenge
WEF

TRAF6 UEEHT Before | 01015 017003000 3.4340.42° 4245017 43940.5294  3.2340.28%
challenge
==
Bapa After 2.77+0.46%8 4.85+0.40®  3.86+0.43° 4.51+0.10%8  5.38+0.93°B  4.70+1.49*B
challenge
e

TLR2 UCHERT Before | 10,0035 1105019 1482017 1.4540.12°%  1.44£0.07%  1.35+0.17
challenge
==
WEFIR Afler ) or 0155 2004020 2.4440.18  2.4540.18F  2.4140.13F  2.1740.31°F

challenge
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31 #AZR DX IR-Foh4hfa 4 K K 4 48 AL B9 R M

WL, AR IS B 44 R D, TR
fifi 1 . 0T 8% (Oncorhynchus mykiss) I B & X &
(letalurus Punetaus) i9 4 & (5K 3% %%, 2016; Barnett,
1982; Andrews et al, 1980), =44 %K Dy &Ky
=& % 4k 4 (Oreochromis mossambicus) /it £ 4k (Shiau
etal, 1993), 4% D; i & A, Rl (Salvelinus
fontinalis) 2 3¢ Bt 2F K 28 12 1 v 5 55 31 42 (Poston,
1969), {HXJ A VG (Salmo salar) Fil i 4.1 WGR
H1 SGR 251400 g F 5 Wi (Horvli et al, 2015; BLmy g &
2014), AREFFEEY, NEPHEA R D, T RS R EY
W4 FCSF- il WGR ., SGR Al FCR., X B4 WGR
Il SGR #Rg E K TS256 2, UM RmgEA K D, &%
HARE R LR AN AR, Mkt R Dy SR
k2513 1U/kg BFF EGOF- fifl 2y #6025 K SR g o AR S 3 4 A
£ D; Srafmdl HER A KB AR RB I h i
MG, KM 8671 U/kg M4EE K Dy NEXTF IGFfilikk
BEEE . EEH A RNYEA R Ds o] LR ERRNSR Y
FCR . HSI #1 VSI, % 57 ffi(Mylopharyngodon piceus) ,
3k #ifj(Megal obrama. amblycephal a) 1 434 4 47 B £ f)
W4 A —BUCR OB SE, 2015; EAls, 2011;
RFERAE, 2019), AL SR LW EZER, 5HE
[ ff1 (Oreochromis niloticus) i) fiff 7% 2% S — 25 (Wi 1K 45
45, 2018), (EXFA a2 BRI IFFT R, Gk AN
He/EFR Dy B SCIAL WAL T g KT X B 2H (Shiau
etal, 1993), HBURFZE R AT BRI Kb,
TR B RN 5558 S5 AN A ) S 3

ZHREYEE R D, TR ERC I, AR5
LI WGR AIFNFER, VR fadiA:R D 5
KN 2 223.45 1U/kg. X556 A B A0 1) 75 ok 12
12250 TU/Kg) (HIRFEESE, 2019), T &P dEM
(259.8 1U/kg) Fil fifi 1 (431.0 TU/kg) %5 £ 25 1Y 77 5K 1
(R4S, 2018; KBRS, 2016). (R T B HifaayT R
(16 600 TU/kg, ZWN4E, 2020), X 5mpFds, 52
Ui SIS 787 W v o B34 o S

B 4E 3R Dy UnE R sE N, 4R LA KLAS
5% EIHE R, SR RS 4 A= R D i T
VF IRt &l #1038, B2 0w g D A Y BILFLIA
it — WY . ALK T E 2, (H
WINYEA: R Dy W25 A ALK o3 = X R, R
B2 D ek T W B IEAR N DTRL, 2K gy

HEAMILAK S R EEES, X451 55 EY
A A1 O BIF 55 45 S AR L (BT R U 45, 2018), UK 2 A
LR AT 484 R Dy AN BURIE bR

WFE R, kAR Dy FREHE, AR
AL TURA RN, T a0 TEE S &, #
BT SSH (W ELE, 2001), AR, BEE
e Dy U IR ARG I DT il 4 05 HE-E LK O
FES & B RO E, Shfagh | oA sk
fifl(Salmo gairdneri) i B 57 45 S — B (SR B 55, 2016;
Barnett, 1982; JHE7EZE, 2004), PEHA4EE R Dy %45
A I A AT TR 2 B BB T E T, AT i ik £
A&

32 HHEE D:IIFKR TG ME LN

T-AOC J& I W MR AT A AL RE I M E AR b5 . A
58, T-AOC Bl#E 4L R Dy iRt s g,
TEdEAE 2 Dy 2513 TU/Kg Wik, A 2513 TU/Kg
e R Dy A T4 1 [Pl ) £ 13 T T-AOC,
SOD Z Ml A8 At 3t , MDA T 52 4 i 1 28 4k i 3
X—Z5 R UL, DRI INgEA R Dy ol DR E LA
BrEALBE S o 1T ALT A1 AST J2 S5 7 T M2 75 i
SRR (P E 5, 2008, E5 R, 1996), A#F5EH,
ALT Fl AST Bl & 4t 2 Dy U g3 i 255 T ks
TR, BRI D,y X ICF- il 4 a1
I B R L 1T T-CHO Ffis 4E 4= & D, B hn e
RIS TS G T RE, 53 & 2 AR A Sk &5 i AT 58
SESFARL (I BB %, 2018; EA[SE, 2011), EWEHE
AR Ds et T AR AR A, e
B D, v RES IR BR B G RE L AR
RS2, S8 A MR T-CHO /b, (HE
LA A Rt — 0158, VAL 3 4HIEFRI R, 1Akl
RIS R A R Dy SRR AR BRI RE . I
5 MR TRUR IEA R, U4 R D,
At 52 55 £ 1) A A T R -5 4R 2 G A 7 A R A G
YerE K Dy B AR A RV NG L R X 1 i
e, R4 Ca® ETFGKAR, 2011), ABFgEH, Il
W Ca” RIS, iR Dy TR AMA G s RS
TEPERE SR . AR, WIN4EA R Dy FSCE 4 Cs
C, ot W EE T RYL, W EW, Hhndid: K D;
AT DABE SR BLAAR ) B9 B

HA R DX R T4 & I F /R RP RN MF
B iE MBS0

AELER Dy AR K™ Sh W) e e RE S35, AHESE
VRIS fih 4 fr i G e Ak FCOI e s 5296 41 SRR

3.3



AT XA, UEHZEA R D, B5m 7 ICF ikt
v JRU B O RE T

R EAE R Dy A, 1R ICTfil %)) fo Rz
JE LT T-AOC A1 MDA B30, T-AOC et & G
Bk, MDA EAH AR, Ui G-l %)) fo
2 W 2 TR TR AR 28 J5 R N 1 F 35 G PR S 2
T-AOC g5, AgBrad A kP, MDA &#TheE .
T-AOC 7& D4 H 3G i, MDA =7 D4 Ak,
Vi B O FG - il 20 7 B e ey 24 EG 9 i i ) ek v 4 A
£ D; FimfE 2513 TU/kg BHA A T s AUA R S BT A
fbEET -

HMAR 2 B R LR HIS AT 05 D 1R 152 28 AR E S5 I )
S FR(Lambris et al, 1989), ABFFEH, TEM4ET
SNEAVEFR, I C3 F1 Cy Ay & i i 3, SEie 4
C o ERTXHAM D2 4, LA C, THE
F T RRA, % 2 S 0 D IR AT B SR EOT il 4
057 W 2 TR R 5 L3 v C A Cy 5 i3 i LA
R MUAICHOR R A RE T), BRZ4EE R Ds X IE
ZH 1 D2 ZH KPS I B A RE IS

34 #HEFRD:MUBHMENHERSRRERRE

BRI

PR A RN R L, R AR Z
NG , KAz PR T8 SR IR P2 A 1 — £ i 40 i 2
Fi(Kiang et al, 1998), A#5EH, ANFEAFH4EA R
D; & it FEMCHETTE 445 W 3 5 HSP70 mRNA 7E /i
PEFL S ik, HIEES HSP70 mRNA Kiki
W TR, SRR TR I N4 R Dy AR T
PE R VT G- BTN B RE 7T o Toll 321 (TLRs)J&—
Pl AR U 40 T 10 5248, S 50 REME 5T
S FRGEEEZEESE, 2015), TLRs fEMS 5 ERLE S
Rk, W i EEL B H MYDS88 5 H T i IRAK4
Hl TRAF6 S5 AHZE &, 20 7% 1 (NF-kB) i A2
MUAZ 355 & RAE N R A R I 3Rk . ARBIFSE
t, ANFEUKFR4EA R Dy S EfESGERTR Y S B E
i MYDS8S . IRAK4 . TRAF6 il TLR2 mRNA 7 AT
FSk B A Rk, DL PR 7R AN [R) 41 40 117 2 35 il i)
Birh e R Dy Fi A o, X —45 R UL R R s i
EE A Z Dy AT AR R O DR RN Ao 5 PR G 2R
I, I G5 A EC T i 4 0 6 T R PR RE 1 . A
#F 9% 5 # fi (Monopterus albus) . 4 3k #§ (Sparus
auratus) A1 [k P % (Dicentrarchus labrax) %5 #f 57 45 #
FL(BAEIC S 2014; Cerezuela et al, 2008; Rebeca €t al,
2009), HiE—L U T B A 4EA R D AT LAJESEAE
KA B TEA R LU 3Rk .

IV AE 1 ECOF- il 5 42 X )Rk v 4k A2 2 Ds 75 R B 9T 111
4 it

i LR, deA R Dy BRIP4 R R N
T YRS A KR F BT E IR 1S R
2 D3 YR AT LR e 1 LGP il 4 B A R i
J1o L WGR HIFHESR, (20.95£0.05) g F¥FEC-F-fifl
X YEA: 2 Dy Y ERIE T KA 2 223.45 TU/kg Tk}
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Dietary Vitamin D3 Requirement of Juvenile Rockfish (Sebastes schlegelii)
SUN Haiyue'?, WANG Jiying?”, LI Baoshan?, WANG Chengqiang?, LIU Caili’>, SHEN Yubo?,
SUN Yongzhi’, HUANG Bingshan’, WANG Shixin®

(1. National Demonstration Center for Experimental Fisheries Science Education, Centre for Research on Environmental Ecology
and Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs, Shanghai Collaborative |nnovation for Aquatic
Animal Genetics and Breeding, Shanghai Ocean University, Shanghai 201306, China; 2. Shandong Key Laboratory of Marine
Ecological Restoration, Shandong Marine Resource and Environment Research Institute, Yantai, Shandong 264006, China)

Abstract Rockfish (Sebastes schlegdlii) is a near-shore, carnivorous coldwater fish, primarily
distributed in the East China Sea, Korean peninsula, Japan, and the Sea of Okhotsk. Owing to its delicious
meat, strong disease resistance, rapid growth, and other characteristics, it has become one of the main
cultured fish in deep water cages in northern China. A high-quality and efficient formula diet for rockfish
has not been developed because of nutrient requirement deficiencies. As vitamin Ds is the most important
form of vitamin D and only exists in animals, cultured fish can only obtain vitamin Dj from their diet.
Vitamin D; can maintain the mineral homeostasis in fish, participate in the endocrine system, and affect
the proliferation and apoptosis of immune cells. As such, this experiment was conducted to investigate the
effects of dietary vitamin D3 on growth performance, body composition, and immune function of juvenile
rockfish and determine the optimum dietary vitamin Dj; requirement. Six kinds of isonitrogenous and
isolipidemic diets with 707, 1254, 1740, 2513, 4519, and 8671 1U/kg of vitamin D; were prepared by
adding 0, 500, 1000, 2000, 4000, and 8000 IU/kg of vitamin D; into the basic diet. Each diet was
randomly assigned to triplicate groups of juveniles with initial bodyweights of (20.95+0.05) g for eight
weeks. The fish were challenged with Vibrio harveyi for 48 hours after feeding. Results showed that, with
the increase of vitamin Dj; contents, both the weight gain rate (WGR) and specific growth rate first
increased and then decreased, reaching a maximum value in the 2513 IU/kg group, which was
significantly higher than that in the 707 IU/kg group. The feed conversion rate first decreased and then
increased and was significantly lower in the 2513 IU/kg group than other groups. Both viscerosomtic
index and hepatosomatic index decreased significantly and were significantly higher in the 707 IU/kg
group than in other groups. There were no significant differences in the condition factor and survival rate
among all groups. The crude fat of whole fish and muscle showed an increasing trend, reaching a
maximum value in the 4519 IU/kg group, which was significantly higher than 707 IU/kg group. The crude
muscle protein first decreased and then increased; the 8671 IU/kg group was significantly higher than the
1740 1U/kg and 2513 1U/kg groups. The moisture, crude protein, and crude ash of whole fish, as well as
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the muscle moisture and crude ash, had no significant differences in concentration among all groups. The
spine crude ash showed an increasing trend; the 1740~8671 IU/kg groups had significantly higher
contents than the 707 IU/kg group. The calcium contents increased with the increase of dietary vitamin D;
levels. Total antioxidant capacity (T-AOC) and superoxide dismutase activities first increased and then
decreased, reaching a maximum in the 2513 IU/kg group. The malondialdehyde (MDA) contents first
decreased and then increased; the 2513 IU/kg group had significantly lower content than the 707 IU/kg
group. Complement 3 (C;) contents first increased and then decreased; the 707 IU/kg group had
significantly lower content than the other groups. Alanine aminotransferase and aspartate
aminotransferase first decreased and then increased, reaching minimum values in the 2513 IU/kg group.
The highest cholesterol and triglyceride values were observed in the 4519 IU/kg group. The calcium (Ca®")
contents first increased with the increase of dietary vitamin Dj levels, with the 707 IU/kg group showing
significantly lower content than other groups. The phosphorus and complement 4 (C4) contents were not
affected by dietary vitamin Ds;. After the challenge, T-AOC, MDA, C;, and C4 were significantly elevated,
T-AOC, C;, and C4 in the serum had maximum values in the 2513 IU/kg group, and MDA reached its
minimum value in the 2513 [U/kg group. With the increase of dietary vitamin D; content, HSP70, MYDSS,
IRAK4, TRAF6, and TLR2 in the liver, and head kidney increased first and then decreased before and after
the challenge. Gene expression was significantly elevated after the challenge. Taking WGR as the
evaluation index, a broken line regression analysis showed that the optimum dietary vitamin Ds
requirement was 2 223.45 IU/kg diet for juvenile rockfish S. schlegelii with the body weight of
(20.95+0.05) g.

Key words Rockfish (Sebastes schlegelii); Vitamin D;; Growth; Immunity; Requirement



