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R fige (1) 52 W) 20686 A IS o PRIt AS S 4 DA i Ry
AL B 4.0 mg/kg AT B8 H R R A K OF,
5 TEIRFTEAN R HARAR 7K P[4 (DSe, 0 mg/kg) | /2
=1 (ASe, 4.0 mg/kg)Flid = (ESe, 16.0 mg/kg)]
X RAR RN A K 52, JfiF—20 N H
O 56 ik A AR, £ Sk PR G s i e 8 L PR) A K A0 A
Pl AR ERE 7R T 02005 =D 6E R
N, IR AIRST H R X 0 238 A K i )8 2 HL
PEALFER

1 HRSHE

11 Xké&

IS AE P ) BT S8 e Lt A % 2K Tl A
FRZ A (WAL Ut Fe i, SEPRIR i se g e fe Ak
M R Z K72 B Ve 7K #8375 FR Ge rh EA T o 1B 225
SRARE . HLMS AR L A AT ] (157.30+1.56) gl 207k
A 9NGB A, B 3 APATED)EXTRIEEH
FERWIN], 4K 2 Y(9:00 FI 16:00)H %M, 3
TR GAEIRIOK RGE T AT KRS, Pl U /K
1 L/min, IR 14~16 C, % 8.0~10.0 mg/L,
pH: 7.0~7.6, /KA S04 0.21 pg/Lo
1.2 SRIE{AR

AW 3 AAEDRE, 23l Dl A AR A
LB EEDARL N ) AR AP BL Al 1) b 3 SN 4.0 mg/kg
GRHEANHM 16.0 mg/kg il (i 1260 ) (LA FEEF-A0 i
U8 FERIERL R JSORE . EACE SR SR 1, &
LSS, 3 AR SEBRAM 400 0.11 mg/kg
3.87 mg/kg 1 15.82 mg/kg.
1.3 EBWHE
131 HEHKMEEDH  FE15F(survival rate, SR,
%) =LA 1E BV IR B <100,

4T K (weight gain rate, WGR, %)=(Z KK HE
—RI AR R T )] I PR E < 100;

JIELif5 £ (condition factor, CF, g/em®)=Z R K &
(@) 2RI *(em®)x100;

FEE K (feed intake, FI, %/d)=F &= (g)/[1/2x%
(BAR M 4] B 1 ) < IR 5 K £ < 100;

Tk AL (Feed conversion ratio, FCR)=4%
B (Q)/ (AR E - IR R )

5529 &
F 1 ErbE R L R AN R 53
Tab.1 Feed ingredientsand proximate
composition of basal diets
ZH Y, composition & content
T KL E AL % ingredient
fi% % /% casein 25.00
K4y B /% soy protein isolate 29.40
T KBEH}/% corn starch 16.00
/INZZ T 3 #3 /% wheat gluten 10.00
TS L 3E H3 /% pregelatinized starch 5.00
f1911/% fish oil 6.00
K E.H/% soybean oil 5.00
KEOIBENR/% soy lecithin 0.50
EH=E 88/ % betaine 0.50
S 1L IEFH/% choline chloride 0.10
Y RFR L /% vitamin premix® 1.00
W R E */% mineral premix® 1.50
I ALl 43 proximate composition
7K 43 /% moisture 6.53
H1 % /% crude protein 47.68
HLIE 5 /% crude lipid 13.38
W53 /% ash 3.32
S & ¢/(mg/kg) actual Se content 0.11

H:oa. AEAERTIREN (g/kg BAEYHEIEAEAER A, 60.00; 4iER
By, 8.00; ZE4F B, 12.00; 44 E B;, 80.00, 4EA4=%K Bs, 24.00;
YK Be, 12.00; 4EA:FK H, 0.40; 4% By, 0.02; 4iE%E C,
600.00; ZEAE D, 0.04; 4EEZEE, 96.00; 44K K, 8.00; 4/
E M, 4.00; a-ZF4E R, 95.54. b. B Y T HURA (g/kg IRE )T
FLER4S, 350.00; K,HPO,, 250.00; Ca(H,PO4),-H,0, 175.00; NaCl,
75.00; K1, 0.125; CuSO,4-5H,0, 37.50; MnSO,4-H,0, 2.50; ZnSO,4 - H,O0,
14.05; K,COs, 35.00; a-£F4E 2, 60.825. c. BERLAfiF= il [ 223
PR B A A PR S W (AL BB, 72 i B SE BR A 5 D 2000
mg/kg.

Note: a. Vitamin premix (g/kg product) contains VA, 60.00; VB,
8.00; VB,, 12.00; VB3, 80.00; VBs, 24.00; VB¢, 12.00; VH, 0.40;
VBi,, 0.02; VC, 600.00; VD3, 0.04; VE, 96.00; VK3, 8.00; VM,
4.00; a-cellulose, 95.54. b. Mineral premix (g/kg product) contains
Calcium Lactate, 350.00; K,HPO,, 250.00; Ca(H,PO,),'H,O,
175.00; NaCl, 75.00; KI, 0.125; CuSO4-5H,0, 37.50; MnSO,4-H,0,
2.50; ZnSO4-H,0, 14.05; K,CO;, 35.00; a-cellulose, 60.825. c.
Se-yeast products were purchased from Angel Yeast Co., Ltd.

(Yichang, Hubei), and the actual Se content of the product was
2000 mg/kg.
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134 MASKRERAKLEESHT WA
i AR K 10 (WM BIR A1 . B, B
SPRBIEATINGE o FPA e FE bR o A AL S
(CAT). A LPE LRF(SOD), N [ (MDA).
L AL (LPO) . 43 e H K S AL W i (GPX)
P38 FH R 7 R ol A X 70 6 (R ot A R ) TR
FERT)HEA TIN5

1.35 SERKHEXEE PCR KIEER PCR LI
TE QuantStudio 6 Flex Real-Time PCR System (3£
€ Applied Biosystems 23 F)HEAT, Bl AR
#& M Hieff®qPCR"Green Master Mix ( [ 3%
YIRS ABR AR, PCR R LL =647, A
&: 95 °C, 3 min; (95 C, 10 s; HFILHFEE k
IRFE, 20s; 72 °C, 20 5)x40 ¥k, THEMIETEBL(72 C)
WAETEIEME S o H WA DL A S R 5 gt ik
2. HFER A X 2B L) Livak 26005 ik 47
5, LLEFla F1 GAPDH W% s ¥ £ FEAE R N3
S,

1.3.6 Western blot 434 WLPAKE S AT AL BE S
% Wang P sk, SRIFIEATHLIK BRI L B
B g8 o7 RN DA S AT AR, e S WA HEA T IR
AT o A SIS P R A BLAR AN . PR
B (Akt B PKB, 75 9272). Wik fk Akt [p-Akt
22 FZ R (Ser)?, 85 9271]. FIMHEZEWED
(mTOR, 185 2972). #fk{t mTOR (p-mTOR,
Ser***® 4845 2971). IREMIGIE LM o
(AMPKo, 7% 2532) @it AMPKa [p-AMPKa,
AR (Thr)' %, 485 2531], Unc-51 #£ [ W 1
(ULK1, %% 8054) Bk ULK1 (p-ULKI, Ser”’,
525 6888)H—HiH Mg H3EE Cell Signaling
Technology A H], $iL SQSTM1 (SQSTM1/P62, 4%

&2 AREARETA 9PCR 314
Tab.2 Oligonucleotide primersfor gPCR assaysin the study

B 5191(5'-3") BT
gene oligonucleotide (5'-3") accession no.
Atgl2l GATGGAGGCCAATGAACAGC CB490089
GCGTTTGAACTGAAAAGGGCTAA
Atg4b TATGCGCTTCCGAAAGTTGTC CA345181

CAGGATCGTTGGGGTTCTGC
GAAACAGTTTGACCTGCGTGAA CA350545
TCTCTCAATGATGACCGGAATCT

LC3B

F
R
F
R
F
R
Gabarapll F GTGGAAAAAGCCCCCAAAGC NM_00116
R CCTCTTCATGGTGCTCCTGGTA 3091
CtsB F TTCCACCTCTGCAGCTCTAGT NM_00112
R TCCATGTGGTGTCTGCGTTG 4304.1
Beclinl F CCTTCCACATCTGGCACAGT NM_00112
R GAAGCGTAGCCCCATCTTGT 4429.1
Atg5 F ATTTCCCAGAGCGTGACCTG XM_03697
R TGTCGTTGATGACCTGGCTC 24151
Atg7 F TTCTGTTCCCTCAGCGTGTC XM_03693
R GCCAGTCTCTTTGGGTCCAT 74731
Atgl3 F GGACTTTAAGCCTGCGTTCT XM_02158
R GCCATGGACTGAGAACTGAC >873.2
GAPDH F TTCACCACTACAACCCAATCAAC NM_00112
R CACAATCAGCTTCCCGTCC 4246.1
EFla F TCCTCTTGGTCGTTTCGCTG 2131\;[§()10112

R ACCCGAGGGACATCCTGTG

Y F FURIE RS IY0; R R 1514,
Note: F indicates forward primer; R indicates reverse primer.
5 GBUIS3N)M—Hty { I FE 4L R AE YR A
FRA ], UM CE %4 3B (LC3B, Ht%5
18725-1-AP) ) —Hi g A BRI = J& £ P AR AF R
ZyHEl . P B-Tubulin & H (NS )—Hilg H R
ABclonal Technology A Fl o
14 FitZE5HH

JIT A5 04 AR LT 34 £ 45 E 1R (x£SE) %R,
It ELff F SPSS 26.0 (SPSS Inc., Chicago, IL, USA)
WE A7 58 11 2% 4 #r, LA Shapiro-Wilks test £l
Levene’s test ¥R PEAT 1E 250 A0 K 50 A1 7 25 5%
PERGS o X BN TEZS A3 A1 By 22 55 Ve 0 8t k17
HAZR ANOVA Jp#r, 4o & Pk 2s et il
H Duncan’s test #4172 H L . AR IEZLS 5
A BB B 25 A 55 M EE 64T Kruskal-Wallis
AESH0K 56 1 L) Dunn-Bonferroni post-hoc test #f
T\, BEEKTFRER 0.05,
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Lo b Tab. 3 Effectsof dietary Selevel on the growth
21 HEAKMERE per for mance of rainbow trout B
mER 3 Fraw, H R AKX b 6 A4 K P fE n3; mSE
A B, DSe il ESe 41 AT BEA A 14 T Ak Hibi index T dict
FHREEMRT ASe 41(P<0.05), HEN HLA K DSe ASe FSe
e e o T/ 156.6040.84 157.25£0.67 157.56+0.57
KT G ER0(P>0.05), ARV B T DT
5 [ R RS AL R, ASe 2H T 8 () )R 1k R i ST 319.96£7.73° 365.99+5.64° 339.55£2.01¢
g
fi.F DSe F1 ESe 41(P<0.05), {H 2 X} HI% R Al final body weight
o sk kK 277.07£127 284.17+5.66 278.13+4.84
A BE TGt 2 52 061 (P>0.05) o ﬁndtwdyii;m
22 AAZEK BT A% WGR  103.79+£3.11° 135.25+5.24° 118.313.76°
263 10 JE I FREE,  H AR A X i 65 5 LA B /(%/d) FI 1.96:0.03  2.06£0.01  2.07+0.09
o LA e s R pg s an i 1 iR, WLER4EF Tl kHEE AL % FCR 14450020  1.28+0.02°  1.45+0.00°
W EBR MG A3 4 Brs . DSe Ml ESe 4H#T JI ks £ /(g/em®) CF 1.57€0.06  1.54£0.04  1.53+0.01
TE %% SR 100.00 100.00 100.00

5 AT 4P AR B EILT ASe 41(P< 0.05),
Jf H DSe Fl ESe 41 iT 8 f) /N Y L £F 4k (B 4%
<60 um I 60~90 pm)f¥) LB =T ASe 4
(P<0.05), {H 2 HRILFLE(>120 wm)fy L) 2
8T ASe 41(P<0.05).
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1:: DSe fRFEAG; ASe LR B H#HHN; ESe fRFLHWE. HITAR
bR R A B 2 ) 2% 5 B 3 (P<0.05).

Note: DSe represents deficient selenium; ASe represents adequate
selenium; ESe represents excessive selenium. In each line, different

superscript letters indicate significant differences between treat-
ments (P<0.05).

AT

a fRFRGITAL; b LR B R, ¢ AT HEAAL.
Fig. 1 Effects of dietary Se level on muscle tissue morphology of rainbow trout
a represents deficient selenium group; b represents adequate selenium group;
¢ represents excessive selenium group.
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BRI P9 25 00 S8 35 52 W 1 o 6 JUL A PR R 1
TR S), ASe HITEIAMHEN S REEST
DSe 1 ESe £ (P<0.05), {H 12 H KA 7K S XoF i 65 L
PR R I 7K 43 FIIK 43 TG 3 3 P 5 il (P>0.05);
BEE H ORI AT 4 e, JULPR) S % o 2 5 o
BN HETN(P<0.05)
24 AASEHRERREINIERE

WM 6 Fias, HARAG K 35 520 T i i L

N g e AR E  LPO #il MDA & &, JFH.
1E ASe 48 K (P<0.05), FH] ASe 4H 1y i
FALE 1B/ BLAh, Bl HRRAKE i 8gm, WL
A GPX T Al 25 71 5, DSe 41 1Y U1 6 GPX {
P B FAR T HAB PS4 (P<0.05), ABF5Eh, 34
SIS L (AT SE AL B9 CAT 1 SOD 1% PR3 TG B 3
Z5(P>0.05),
25 AAB®EKFE

XTI - 5 AR 4 A% P O R TR 2 3k 14 43 B A
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Tab. 4 Effectsof dietary Selevel on muscle fiber diameter

and distribution frequency in rainbow trout
n=3; x+SE

Akl diet
DSe ASe ESe

F8HF5 index

B A%/um diameter 82.51+5.81° 105.86+4.93% 88.79+5.08°

AR %

distribution frequency

<60 pm 12.1942.82%  6.92+1.18° 13.2142.58"
60-90 pm 34.77+1.01*° 35.85+3.08% 41.44+2.65"
90-120 um 46.59+1.34° 42.45+1.54° 40.24+1.12°
>120 pm 6.45+2.32% 14.78+3.80b  5.11+1.53"

TE: DSe fUFREAN; ASe AR AN; ESe (UKL . 75547
b, AR AR B SRR A PR ] B9 S 25 22 5 (P<0.05).

Note: DSe represents deficient selenium; ASe represents adequate
selenium; ESe represents excessive selenium. In each line, different
superscript letters indicate significant differences between
treatments (P<0.05).

*5 HRWEAKEIITHENHEREF
H Y AN & B BRI
Tab.5 Effectsof dietary Selevel on nutritional

composition and actual Se content in rainbow trout muscle
n=3; xxSE

Tl diet
DSe ASe ESe
7K 43 /(g/kg) moisture  756.71+5.45 742.47+7.54 750.81+6.12

845 index

L F/(g/kg) 204.20+2.58" 218.52+1.83" 208.04+3.07*
crude protein
IR /(g/kg) 43.72+4.25 46.58+2.80 43.53+2.02
crude lipid
K43 /(g/kg) ash 15.35£0.78  15.33+£0.62  14.88+0.79
SR 1 /(mg/kg) 0.19£0.02*°  0.82+0.03"  2.80+0.27°

total Se content
TE: DSe fRAKRGLAN; ASe X3 2 &MN; ESe AR &N, 7E4F—1T
o, TRV R SRR R R AL B[] 1)t 3 2% 57 (P<0.05).
Note: DSe represents deficient selenium; ASe represents adequate
selenium; ESe represents excessive selenium. In each line, different

superscript letters indicate significant differences between
treatments (P<0.05).

Kl 2a s, HRRAG K 53 52 m 1 ar s LA 4 6
A A WEFI LR (LC3B | Atg5 ., Atgl3 ., Atg7 . Atg4b
Fl Atg12D)$35(P<0.05), - H7E DSe Fl ESe 41
(U S ILPA Y Rk B S T ASe . XTI AL
R A AR & AT TINE, 45 R R, DSe
F1 ESe £H %) 0L JL A i LC3-TI/LC3-T 4 FE (B AR Xt
T ASe 4 B EHM(P<0.05, K 2¢), I HH P62
FEHA p-ULK1 Ser™ & H & B EMKT ASe 4

* 6 HMRWE/KENITHWA A EILEEE
S84 aERNFm
Tab. 6 Effectsof dietary Selevel on antioxidant enzyme

activity and oxidation product content in
muscle of rainbow trout

n=3; x+SE
547 index Tk} diets
DSe ASe ESe
MDA 77 f/(nmol/mg)  1.48+0.35°  0.69+0.15°  1.32:0.28"
MDA content
LPO & ft/(umol/mg)  1.18+0.35"  0.37+0.09"  0.68+0.30

LPO content

CAT 3% /(U/mg)
CAT activity

210.61+£56.67 172.10+40.83 167.87+42.11

SOD % :/(U/mg) 2.95+0.24 2.34+0.61 2.79+0.46
SOD activity
GPX iM:/(mU/mg) 47.03+9.05"  84.74+8.83"  78.74+11.99"

GPX activity

1 DSe fUFRBAN; ASe U /2 5 ili; ESe AR Aifili. 76/ —1T
t, R IR) A _E AR BRI A B 2 R] Y B 3 25 5 (P<0.05).

Note: DSe represents deficient selenium; ASe represents adequate
selenium; ESe represents excessive selenium. In each line, different
superscript letters indicate significant differences between
treatments (P<0.05).

(P<0.05, K&l 2d FIE 26), X FHH H ARG 7K P X dT
S ILPR A WK BT 252, H DSe il ESe
T B9 ) LA ) /K- 3 T ASe 4H(P<0.05).
26 B EFETER

2.6.1 Akt-TOR i#P& Akt-TOR @i ZMiEH
W T SRR P A — A E AR AR, AR S R
T H AR K S T S LA Akt-TOR 38 (#3514 1)
SO, AT R BN, HOARA AKX AT S ALA Akt B
EASEILEEZWP>0.05 K 3b), HELH
0T Akt Ser'”? 7 5 B R fb 7K S, 1 H DSe
1 ESe 4T SELN ) Akt Ser'” B2 {b /K F
FART ASe 4H(P<0.05, & 3c); AS[RIZH Ay 6 L
WA TOR S8 /KA ZE16(P>0.05, & 3d),
{EJ2 H R A e = Ao i 5 B T TOR Ser™**®
HIBERR fL K- (P<0.05, & 3e).

2.6.2 AMPK @B AMPK i P& AE T4 i F
WA R TR AR, R, ASH STk — 2D A 1 i
LA AMPKo [ R0ER LR R AL K. 45
TR, H MG AKEXT T AMPKa A2
F K38 5200 (P>0.05, & 4b), {HJE DSe il ESe
£ T 6% JJL P 4 p-AMPKo Thr' 7 (4 & 84 I T ASe
2H 1 & TR (P<0.05, & 4¢).
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DSe {RRGRAN; ASe 03K 5 MM; ESe AR fM. a F/R LA B WEAH DG EE R FRIB KT b 7R LA B AR DG AR 1 o vk Pl 3
¢ /R LC3-I/LC3-1 B FBE HUAH; d o P62 B 115 NS & M 1 U IE; e #/% ULK1 5 WS E 80 FE HUAH;
f %R p-ULK1 Ser”7 A 5 ULK1 S AR FERE A, AR AR TR R R A B 18] 1 53 22 5 (P<0.05).
Fig. 2 Effects of dietary Se level on autophagy in rainbow trout muscle
DSe represents deficient selenium; ASe represents adequate selenium; ESe represents excessive selenium. a represents the
level of muscle autophaorus-related gene expression; b represents the muscle autopyrrite-related protein electro-swimming map;
c represents the abundance ratio of LC3-1I/LC3-I; d represents the abundance ratio of P62 protein to internal reference;

e represents the abundance ratio of ULK1 protein to internal reference; f represents the abundance ratio of p-ULK1 Ser

757

protein to ULK1 total protein. Different letters indicate significant differences between treatments (P<0.05).
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31 HRWKFXIIHIAERNEERSE
e A

Al 1026 10 FRVE B ) iz o 20, 5&
B A FARR b 58 X6 0. 28 4 A KPR RERY . P bl
REP . s P A — e R R R . A
WF5T H DSe M1 ESe 4 AT A 1 PR BE i KT ASe
A, NA4EHLIEEFEE R IR, DSe #1 ESe
2 118 T 0 1 AL T 24 F- 2 AR A T ASe 4 B 5 1%
I, FRAFNIAA KBS 75— 7w, 8% i
WLIA A3 RGN, % B8 DSe F1 ESe ZH T 1L A 1

FEAFSEBEEMT ASe . Kk, AWF5EL:
SREOH, KRG 7K ST XoF e 8 UL PR A K RN 2R P
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Fig. 3 Effects of dietary Se level on the activity of Akt-TOR pathway in the muscle of rainbow trout

DSe represents deficient selenium; ASe represents adequate selenium; ESe represents excessive selenium. a represents the
muscle Akt-TOR path electro-swimming map; b represents the abundance ratio of AKT protein to internal reference;
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Effects of dietary selenium level on autophagic degradation of muscle
protein of Oncorhyrchus mykiss

TENG Zhenlei, ZHANG Xuezhen, ZHANG Feng, WANG Li, WANG Long, HUANG Taotao

College of Fisheries, Huazhong Agricultural University; Engineering Research Center of Green Development for Con-
ventional Aquatic Biological Industry in the Yangtze River Economic Belt, Ministry of Education; Engineering Labo-
ratory for Pond Aquaculture of Hubei Province, Wuhan 430070, China

Abstract: Selenium (Se) is an essential trace element for fish, and deficient or excess dietary Se influence their
growth. The body growth of fish is mainly influenced by muscle growth, which is mainly determined by the
deposition rate of protein in muscle tissue. There is evidence that the autophagic degradation of fish muscle
protein is significantly influenced by the level of dietary Se. The autophagy lysosomal pathway is one of the main
pathways for muscle protein degradation. Studies have shown that adequate dietary Se (4.0 mg Se/kg diet)
inhibited autophagic degradation in rainbow trout (Oncorhynchus mykiss) muscle. However, the effects of
deficient or excess dietary Se on the autophagic degradation of rainbow trout muscle requires further exploration.
This study aimed to explore the effects and possible mechanisms of dietary Se level on the growth of rainbow trout.
Different amounts of Se yeast (as source of Se) were added to the basal diet to reach deficient (DSe, 0 mg Se/kg
diet), adequate (ASe, 4.0 mg Se/kg diet), and excessive (ESe, mg Se/kg diet) Se levels. Results showed that DSe
and ESe diets were not conducive to the growth performance of rainbow trout. The final body weight and weight
gain rate in the rainbow trout fed DSe and ESe diets were significantly lower than those fed ASe diets (P<0.05).
The feed conversion ratio of fish in the ASe group was significantly higher than those in DSe and ESe groups.
There was no significant difference in condition factor or feed intake. Furthermore, the diameter of rainbow trout
muscle fibers in the DSe and ESe groups was significantly lower than those in the ASe group (P<0.05).
Additionally, dietary Se significantly affected the protein and total Se content of rainbow trout muscle. The
autophagy-related gene (A4tg) expression and autophagy markers (microtubule-associated protein light chain
3 (LC3) and P62 level are important biomarkers for assessing the level of autophagy. Results showed that mRNA
levels of Atg4b, Atgi12l, LC3B, Atgl3, Atg7, and Atg5 in the muscle of rainbow trout in DSe and ESe groups were
significantly higher than those in the ASe group (P<0.05). The LC3-II level of rainbow trout in DSe and ESe
groups was significantly induced, while the content of P62 was significantly reduced (P<0.05). These results
indicate that deficient or excess dietary Se led to increased levels of autophagy in the muscle of rainbow trout. The
protein kinase B-target of rapamycin (Akt-TOR) and amp-activated protein kinase (AMPK) pathways are
important pathways for autophagy regulation. Both deficient and excessive Se levels significantly inhibited the
phosphorylation of Akt and TOR and inhibited the activity of the Akt-TOR pathway. The AMPK activity of
rainbow trout muscle was induced in DSe and ESe groups. The malondialdehyde and lipid peroxide contents of
rainbow trout muscle were significantly higher in the DSe and ESe groups than that in the ASe group, as revealed
through analysis of the oxidation status of rainbow trout muscle. The muscle oxidative stress was intensified,
which may have allowed dietary Se to affect the Akt-TOR and AMPK pathways. In summary, this study explored
the comprehensive effects of dietary Se on somatic and muscle growth in rainbow trout. The effects and possible
mechanisms of dietary Se level on autophagic degradation of rainbow trout muscle protein were also preliminarily
revealed. The results can enrich our understanding of the nutritional function of Se and provide a foundation for
further research on the mechanism by which Se regulates fish growth.
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