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AR PERE FRDEL R R, FE TR BN . AL
P DL RS R R AE O™ A AT LA L IS LA L
AN, AIEAYFIHES . BITERD . BTG
AT BT R — R AR A BTSRRI, A BT
PR IR A AR

il R 2 U s T Ak P AR S i R E R HE
a2, AR AR L TEHLIE A HA s
BN AR TCHUG 1A RO A, A2 AR R B3R K
SR B R A P UTRUOR T, IR AR
SR ELATA 25 R, T g 7)o D 2 7 A 41 o) i
BEPEAE DY, AR AR R B = 23 X B R 2%
OIS . e RGERNLA A K = A s,
PR Fs e, AT SR B E 0.1~0.5 g/kg
(T ) AWFFR LATAC 2R A iR, % & AR
AR R, BERRMAEZRA
[ KT B X i f AR MR . LR ZL2%: . e
AT D) B il 8 1 R R 3R A S

| MRS TTE

1.1 SCIGE 5

qRT-PCR #&E it il & . 0 i St )
A% HEAYHEAR Jdes) ABRAF . qRT-PCR 5]
Y B RDCERAE YA R A A G . S E B
B & 5 Bk, JAM R (CAT). &
i AL W B AL B (T-SOD)., & Bt | AL BE 1 (T-
AOC). A I (MDA) Fll GPX il % {7 £ 34 [
AR TRRF SR BT . WA R4 . NADPH,
NADP", ] %j H -6- iR (GO6PD). DL-5 715 |
L3520 H Sigma-Aldrich®/AH], CuSO,. K,S0,.
H,SO,. H;BO;. HCl, NaOH, KOH, HNO;. Kk
BER . JC/K WX R sy Brali (L E 2548 ik
FIABRA R, S256 BT F s ok [ Akl R
TR SR b

1.2 SCIGER)

AR LR E A . . ERBAE
KEH B E P, B aoah . Sk
WOMBE TR, /NAE R R IR, DA 4E R NI A
L LA AR SRR Y 2R I E ) 6 2H 52 55 1Rk
(F D), Wi a5k 0 mg/kg(S0). 0.15 mg/kg
(S1). 0.30 mg/kg(S2). 0.45 mg/kg(S3). 0.60 mg/kg
(S4) F1 0.75 mg/kg(S5). Tl Kk JEURE R 8 I 1 60 H
i, EAEE PO FE I AT SRR A . AR

TERHERE, 2K B SR I AL ML B4l 45, 1
FHBETHLHE o R 8 iR ALk i B AR R
1 mm AR, A B 348 RS 7E-20 C
PRAEE o O & 45 B IR B vk (ICP-
MS) 3 At Rk B RN S B, SE SR DR (SOL ST
S2. S3. S4. S5) AW EFE BN 017, 0.22,
0.29. 0.33. 0.41 F1 0.45 mg/kg,

1.3 SR &mEFTE

ARG T AT 52 00 R T 3 A A v ARk R A 56
T2 5 sh W S G, JF el K%
e HRZE b

WA [ RS E Y, AR R T
AE Rl K 24K P23 (300 L S5 ) B % 2 A .
Bl J5 . B 450 BB R/ — o fE B TCRS Y
[(4.00£0.01) g] BEMLAT AL 2 18 A fit b, R4k
BIANEE, B 25 B, LRI EAS KK R
Gk AT, SRR K R i T A
SEE ], R RARME 2 1K (9:00 £ 16:00), 1HETR
R, SCiad R, R RTAE RS 10 min REK
FE, KR BEARAR, AT DA ZE AT, RERid
SEARE BT EN, KA ERRRA, 42 Xt
SEG AP ATRRE , SRR SR A A ORI T
(Z9 12 h SGHR/12 h SR BEATRY . B JE M K B 2
B2 W, AR, AR HIE 28.0~30.0 °C,
pH Ky 7.2~8.0, IR 734 &, TRIFH A
TEAMET 6 mg/L, &EEWKE AR T0.05 mg/L,
VA R R W BE AR T T 0.005 mg/L, 43K 5
PO EPU IR ESR . WFERI SRy, A5 24
h AT, FREEFIECRE . SEBRHEAT 10 JA,

1.4 HMRE

FESS 10 FHURERE, YUk 24 h s, BT A
FH 100 mg/L 4 MS-222 JEFE, 50 RFR 5 LLAA
FETG % (SR). TR (WG) M4 & 4 K% (SGR),
A EI AR R A B E RS, FRIEEALIME 9
R, FREIFAEUK LA, A5 20 ER P AR AS
FFIE MR L (VS R L (HST), A ELREAL
6 Bfn, Tk L iGEBCLILA AL E T TRI-
zol W HI T RNA B4, RRGT 5 L 3 B fh,
RENA, 4% ZRFPEEEE, HTHALEME,
G REHLZE RS A1 6 Bt , BULALAREAS 24
R, PR SR TW AT, RET-80 C, 40l
T RT-qPCR. EFRMLsy . B . Al & = fE
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1 TR, %

AR RN S AR K RE . DRERI A L LA ZH 23 2 Rt A 28 E FA 52 )

50 %

x1 WA FIER (FH5R)

Tab. 1 Ingredients and compositions of the experimental diets (dry matter) g/kg

in ﬁﬁ‘em S0 S1 S2 S3 S4 S5
iy fish meal 20 20 20 20 20 20
TKREAH  corn gluten meal 130 130 130 130 130 130
KK corn meal 50 50 50 50 50 50
B H  casein 300 300 300 300 300 300
/NFEHY wheat flour 250 250 250 250 250 250
fyl fish oil 30 30 30 30 30 30
il soybean oil 30 30 30 30 30 30
SULAEEE  choline chloride 5 5 5 5 5 5
YIS lecithin 1 1 1 1 1 1
A4 R TREL  vitamin premix” 5 5 5 5 5 5
TR BRE  mineral premix” 5 5 5 5 5 5
—IREBERR A4S Ca(H,PO,),"H,0 10 10 10 10 10 10
PURIMEZ  ascorbyl-2-polyphosphate 10 10 10 10 10 10
RS selenomethionine 0 0.000 15 0.0003 0.00045 0.0006 0.00075
FAbH NaCl 10 10 10 10 10 10
FYE  cellulose 144 143.999 85 143.999 70 143.999 55 143.999 40 143.999 25
TR & &
Se /(mg/kg) 0.17 0.22 0.29 0.33 0.41 0.45

W 1) 4B B BB (mg)/ bk (ke), BERRRLEENTE 3, FEASILEY 0.025, di-o-4 B EYESERES 30, FF2SMUMNEAE AR 7, HIEHIIZ 6.
MK 3, RIS EE 12, D-IZERES 30, MRIR 50, EME 1, MR 6, FIEEL 0.03. 2) MEIL R TREMLS (mg)/ H i(kg), Ca(H,PO;), H,0
1000, FeSO,-7H,0 40, ZnSO4-H,0 100, MnSO,-H,0 40, CuSO, 5H,0 2, CalO;-6H,0 3.

Notes: 1) vitamin premix mg provided/kg diet, retinyl acetate 3, cholecalciferol 0.025, dl-a-tocopheryl acetate 30, menadione nicotinamide bisulfite 7,

thiamine hydrochloride 6, riboflavin 3, pyridoxine hydrochloride 12, D-calcium pantothenate 30, niacin 50, biotin 1, folic acid 6, cyanocobalamine 0.03.
2) trace mineral premix mg provided/kg diet, Ca(H,POs), H,O 1 000, FeSO,-7H,0 40, ZnSO4-H,0 100, MnSO,-H,0 40, CuSO,4-5H,0 2, CalO5-6H,0 3.

FRGEHAMFE M. THEAR

B F (WGR, %) = (W, — W)/ Wy x 100%

FEIE % (SR, %) = (N/N,) * 100%

FFHAEE (HSI, %) = (Wy/ W) x 100%

WA L (VST %) = (W,/ W) x 100%

JESH EE (CF, g/em®) = (W/L*) x 100

TR R B (FCR) = F/(W, — Wy)

FHEE KR (SGR, %/d) = [InW,— InW,)/t x 100%

BB (FI %/d) = FI[(W, + Wy)/2 x {] x 100%
Kb, WSS R R E, Wy MR
MR IR, NSRRI R, Ny oA
SIS AR A R, W, R S0 2 TR A £ ) A
i, W, NIRRT R R, WO SER
SiRm R E R, LSRR a iR, F
MR, AR R

1.5 ALEIR M E

JIL 1) 78 I A AR, 43 ) SE

HRIE AOAC™ 1Y

b, DA Tan S50 W07 3%, W WLIAL R 7K 43
AT MUK A FURRE 7 & o /KD >R A T
PRIEF Y. LATTE 105 °C LA Tt DL
Ko, MERWE.: BOylRE RS, W
FEA IS A B i, R 25 R L) 6.25 BIASHH R
FE . KAME: KA 550 C 53y ki
2, #LTE 550 °C B romik 24 h kA5 . M
J R I« 3 e 2R R RSl PR kit B A A
DL EsE = DES 3R,

A A ERPRTLIA) A G
i i Briens 58U B i, (A4 & A -
THRNNTEL (AFS-8530; EIGALER) 4Bl & it .
AR B0.5 g 4L 4UE TRl mE .,
A 2 mL 70% HNO; F1 1 mL 35% H,0,, & T i
WM RACE, 85 °C 4% 4 ho XFFARRIEE S, B
1 g W BHRE 5 A 4 mL 70% HNO; #i1 2 mL 35%
H,0,, 85 CIHf# 4 h. THM5E 42 5 K
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BE MW, 4 °C A7, B E AR R B ifibR
WV, WER TAESERZ G, MRS S5 Tk
AL (ICP-MS) I 2 il 5
1.6 ALPISELHEZIERNE

& T HLA T T-SOD 1 CAT 114 . T-AOC.
MDA &, SR re 5t s ) TREAH 9 A 1 355
A, BAREIRES IR F Ui 45,
1.7 AALLE HE TR

JUL PR 21 22 B W 238 3ok 95 AR - 41 (HLE) %
OktT, YIS BZ R s, BEYL

6 ML 4ERLEF (7E 100 1% B4 F) 5 LLT 4k
M EAR (um) A5 (N/mm?), DL R 4545 4H 48 5 )L
L YRR L) (%) o

1.8 FlAZEZE 2 RNA HU3REL. ERERIAS

JULPA A 206 RNA $5 BRI 3 R 2635 43 A7 5 R
AR BRI ZRIASR H qRT-PCR J5 Al ,
AHX 23K KSR F 27240 i A, AR SR ik
WS HATIREN, XN S A EARR LI
ZMFRIRACEERA B2 57 . qRT-PCR 5197
I 2,

x2 511F5
Tab.2 Primers used for quantitative real-time PCR analysis
£ ERG LBk x5
genes forward primer (5'-3") reverse primer (5'-3") accession no.

gpxl ACTACACTCAGATGAACGAGCTC CAAAGTTCCACGAGACGTCATTC MNO062284

gpx2 TCCCCTGTAATCAGTTTGGCTAC GCCTTTGAATGTCGGGTTCTATG XM_027172340.1
apx3 AGAACAACATCTGGGTCTCTGTC GATTTTCCCCAGGTTCCTGTTTC MNO062285
selenof GGCTTTTACCGTTGCTTCAGT ACCTCCCCAATTTTCATCCA XM_027150758.1
selenok ACAGTAGGACACAGTCGCCA GCTTGACGAGGGTCTGAAAGA XM_027166810.1
selenom GCTGCGTTTCTTCCATGCTT TCCTCCACAACTCTCCACCT XM_027145607.1
selenon CCGCATCTGGGCTTTATTC GCGACGCCTGTGAGTTTCT XM_027143731.1
selenot CCCTCTGCCTATTTACCGGC CCAAACAGCATGAACGGGTC XM_027156829. 1
selenoh GCGTGAGGCTCTCTTCTCTG TTTACGGGGAGGACCCTTCT XM_027154592.1
selenos TCCGTGGTAATGCGTCAGG TTTGTCCGTCTTGGGCTTC XM_027163809.1
selenow GTACAGGCCCAAGTTCACCA TCCCCGTTCTTCTTCGAGTG MN062288

sps2 GTCCCTGATCCAGACTACAGATTT TGTCACAGAAGTGCCTCCCTC XM_027170772.1
txnrd AGACAAGGCTGGGGTGATTG GACCGCAGCTACCATACTCC MN062291

msrbl TCTGAATGACGGACCCAAGC ACTCTACTGTCCATCTGCCTCT XM_027141750.1
selenoo GCTTCATGGACCGCTTT CCAGGTTCCAGCGAC XM_0271

selenou CGTGTACACCCTGCGTC CTGCAGAGCAGAGA XM 0271

selenoe GGGAAAACTGATGGCT GCCCAATGCTCCATG XM_0271

selenoi TGGGTTGTCTGTTTGCC AGGCCTCGTACACAG XM_0271

P-actin GGACTCTGGTGATGGTGTGA CTGTAGCCTCTCTCGGTCAG EU161066

rpl7 GGCAAATGTACAGGAGCGAG GCCTTGTTGAGCTTGACGAA KP938522

hprt ATGCTTCTGACCTGGAACGT TTGCGGTTCAGTGCTTTGAT KP938523

tuba TCAAAGCTGGAGTTCTCGGT AATGGCCTCGTTATCCACCA KP938526

b2m GCTGATCTGCCATGTGAGTG TGTCTGACACTGCAGCTGTA KP938520

ubce TCAAGAAGAGCCAGTGGAGG TAGGGGTAGTCGATGGGGAA KP938524

thp AGCAAAGAGTGAGGAGCAGT ACTGCTGATGGGTGAGAACA KP938525

gapdh TTTCAGCGAGAGAGACCCAG ATGACTCTCTTGGCACCTCC KP938521

18S rRNA AGCTCGTAGTTGGATCTCGG CGGGTATTCAGGCGAGTTTG KP938527

elfa GTCTGGAGATGCTGCCATTG AGCCTTCTTCTCAACGCTCT KU886307
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1.9 fRyZENTE 2 4R

| R Westem blot KB E BRI, SIM ) | e st e BRI

KWFFEI, —$i K anti-NRF2 (1 : 2000, 16396-1- KB

AP; RN ZJEAYFARAGIRA A, —HH Goat

anti-rabbit TeG(H+L) (1 : 10000, SA00001-2; X AT, R R R E I BT R

=R AR RS 7). I Vilber Fusion FX6  "MEAMAY SR HSI, VSIAI CF(& 3), {H3%

S 1R 5% (Vilber Lourmat) X% (1 &t 47 A W IHZCRIKE . WGR. SGR. FIMIFCR. Ak,

WAL, 1] ECL fh2 & Kol it J Gt TR,  SOSUALT M MARMEA T LI (A S1~

JEF il Tmage-Pro Plus 6.0 &0t Ltk 5 S5, BEFMNUEREMACHI L TF, HRifn p2

110 BRI AREZW TR BHMAN WGR 2B A Z KK

EAHE AR s S1~S5 40, Bl At 2 & R

(TH SPSS 19.0 #fF (SPSS, Sl MEATHUE )y b o), #aifaiy SGR & FI. % FCR,

G, GERHPF SRR (meantSE) 08, g1 g%, S5 418w,

{8 R B PR 28 T 22 40 AT iHEA T AS [R) 4L (R A 22 S 1

TR S . TEGE T Z AT, BT A g R

2.2 IREREN EFE A B LRNE TR IR

Kolmogorov-Smirnov £ 5 #F 47 IE S M PEA , I i G4 2 2 TR 1) S IS AT Sk 25 52 i) 6 i £ L A
17 Bartlett £ 56 ARG 36 Ab BR8] 5 22 (A [A] otk . o3 HAREFAN, SR HER ., MR
PRy P<0.05, Koy (% 4).

#3 TRMKERRKENEFEEKMEMAREXREHZ
Tab.3 Effects of dietary selenomethionine levels on growth performance and

feed correlation coefficient of P. fulvidraco

TiH

items S0 S1 S2 S3 S4 S5
Vil E/g IBW 3.23+0.03 3.24+0.02 3.23+0.02 3.22+0.02 3.24+0.01 3.24+0.01
ARk HEH/g FBW 8.27+0.18° 8.78+0.84° 8.32+0.12° 7.88+0.16° 7.69+0.57% 7.54+0.45°
1EiG%/% SR 100.00:£0.00 98.00+0.20 100.00£0.00 100.00£0.00 98.00+0.20 97.00:£0.20
HER/% WGR 155.70+0.81° 171.30+0.94° 157.30+0.75° 150.00+1.27° 137.50+1.64 132.7043.10°
FEEAEKF/(%/d) SGR 2.23+0.01° 2.37+0.01° 2.25+0.01° 2.13+0.01° 2.06:+0.02° 2.02+0.03¢
BAR/(%/d) FI 2.3040.04° 2.300.08" 2.30+0.02° 2.35+0.03" 2.39+0.06™ 2.44+0.03"
JFFAAREL/%  HST 1.78+0.04 2.08+0.01 1.85£0.09 1.76+0.03 1.80+0.03 1.810.03
JEfA /% VSI 5.00+0.12 5.63+0.19 5.18+0.14 5.33+0.14 5.47+0.15 5.07+0.16
L /(g/em’)  CF 1.4340.02 1.46+0.03 1.52+0.06 1.49+0.02 1.48+0.03 1.47+0.02
TR Z# FCR 1.11£0.02° 1.0620.05° 1.10£0.01° 1.18+0.02° 1.25+0.04° 1.3120.05*

VE: ARIFRRRAFRAZ BN EEZE R B3, P<0.05,

Notes: Values with different letters indicate significant differences among different groups, P<0.05.

*4 TRMKEZRBRKFHEANSEFEEFARNENE CEE)

Tab.4  Effects of dietary selenomethionine levels on nutritional composition of P. fulvidraco ( live weight basis) %

Hoy ot

proximate analysis §0 81 82 S3 S4 85
7K4>  moisture 80.28+0.71 80.19+0.43 79.53+0.76 79.67+0.25 79.9240.30 79.79+0.40
FIE [ crude protein 15.83+0.24 16.26+0.92 15.44+0.94 15.39+0.38 15.05+1.65 14.63+0.61
FLIEIG  crude lipid 1.87£0.49 1.81+0.67 2.01+0.45 2.07+0.38 1.84+0.23 1.73+0.49
K5y ash 1.18+0.03 1.14+0.07 1.30+0.11 1.21+0.02 1.174+0.03 1.154+0.03
[ K 722 2: 32 /5 sponsored by China Society of Fisheries https://www.china-fishery.cn
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23 MR EREREIE A NERRS 2R
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TEPERIPTE LA CIE N mRNA £k, i CERRK
ST CAT . T-SOD 3% B 75; i T-AOC
TR RN MDA & B EFEAR (] 2), Jf
AR 2 R 7K - 2 5 ) S A A DG ] car
sodl, sod2. nrf2 Fll keapl B mRNA /K3F; fifift7E
AT LT, BT cat. sodl ., sod2 Fl nrf2
) mRNA /K-, TEFEIK keapl 1 mRNA K-, £
WG4 QAR 2 R S i T A R s AU bt S ke

2.5 MREIRNEFENAEAFHIEN

it 4 0 25 24 R B 8 I 2 52 1 UL DA 2H 4 1) LT 4
B E (KM, BT, SI~S541, &

25 ¢ s 4
_ . P
3 8
£ 20 ¢ >
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£ 15}
<
O
ot b b L
SO SI 82 S3 S4 S5
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NR/NEFRRREFEE, P<0.05, FH.
Fig. 1 Effects of different selenomethionine levels on
muscle selenium content of P. fulvidraco

Different lowercases denote significance at P<0.05, the same below.
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14 TR, & MR B A KR RRI . WL ZUE R AT BE B R 50 &
837 2
X a b
H‘K" % 2 a a b a
<< $ 3 ¢
Z Z bc b b b b dCCd c C
Qé‘% 1L ¢ c e dad a a b b .
24 LLILELLCTRLELCTRLLEL PR (Tt
= ﬂ
& 0
cat sod1 sod2 nrf2 keapl
[
genes
(e)
B2 AEEAETERKENEEN AL NIRRT

Effects of different selenomethionine levels on muscle antioxidant indexes of P. fulvidraco

Bk ARKEHMAESHRFINEEFENALEL HE K
T,

H.E slices of muscle tissue of P. fulvidraco after adding different levels of selenomethionine

1~6. S0~S5, dJULLF4E 4%,
Plate

1-6. SO-S5, d. diameters of muscle fibers, the same below.

TR /KF BT s 2 L 2 UE B 0, B il vk
P LT S B 8.

2.6 MAERBRNAPEINAEAMESER
ESuy: DA D)

A5 AN R KT R A A 2R 2R k2 5 e il
HHFEH W FRIE (E 4-2), 046 oonrd . sps2. gpxl
gpx2 Fl msrbl ., BlE WA ZRKE AR K BT,
i H A oonrd, sps2. gpxl . gpx2 Fl msrbl 1)
FIRAK A BB T & 5 oonrd . sps2. gpxl, gpx2
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Effects of selenomethionine on the growth performance, feed utilization,
muscle histology and antioxidant responses of yellow catfish
(Pelteobagrus fulvidraco)

LEI Xijun, KE Jiang, YANG Hong, XU Pengcheng, ZHANG Xu,
HAO Zhiwei, LUO Zhi~
(College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: To investigate the effects of selenomethionine on growth performance and muscle tissue of Pelteobagrus fulvidraco,
we formulated six experimental diets with selenomethionine as the Se source. The supplemental levels of selenomethionine in
the six experimental diets (S0, S1, S2, S3, S4, S5) were 0, 0.15, 0.30, 0.45, 0.60 and 0.75 mg/kg, respectively. The Se contents
in diets were 0.17, 0.22, 0.29, 0.33, 0.41 and 0.45 mg/kg, respectively. The feeding experiment lasted for 10 weeks. The P.
fulvidraco fed with S1 group feed showed the best growth performance and feed utilization rate, and had the most intact muscle
histology. However, with the increase of selenomethionine levels in S1-S5 groups, the growth performance and feed utilization
rate of P. fulvidraco decreased, the structural integrity of muscle tissue decreased, and the density and diameter of muscle fiber
decreased and shortened, indicating that muscle tissue had been damaged. In addition, with the increase of dietary selenometine
levels, the selenium content and the activities of antioxidant enzymes CAT, T-SOD and T-AOC in muscle tissue were
increased. The mRNA expression of antioxidation-related genes (cat, sodl, sod2 and nrf2) and selenproteins (txnrd, sps2, gpx1,
apx2, msrbl, selenok and selenow) was significantly up-regulated, and the protein expression of NRF2 was significantly up-reg-
ulated. These results indicated that the antioxidant capacity and the expression level of selenoproteins in muscle of P. fulvidraco
increased with the increase of dietary selenomethionine levels. Dietary supplementation of excessive selenomethionine can
affect the growth performance of P. fulvidraco, reduce feed utilization, cause muscle tissue damage and reduce antioxidant
capacity. This study determined that adding 0.15 mg/kg of selenomethionine to the diets of P. fulvidraco is most beneficial for
its growth, and found that appropriate addition of selenomethionine can enhance the antioxidant capacity of P. fulvidraco

muscles.
Key words: Pelteobagrus fulvidraco; selenomethionine; growth performance; muscle; selenoprotein; antioxidant response
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