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mE a-4 F B 4 1 & & (a-tocopherol transfer protein, a-TTP)2 — M L&A %A X EWE A,
PN AR Ef AL AL R EAES TR EEZ(EH, 4 X E ¥ natERT LK
ZIHMARBEN LW, XEETE o-TTP Ax, HEH PRI, KREB G ARKELE E S+ H
& # (Cynoglossus semilaevis)FE K a-TTP £ F F ik vy %, £ 2Lt 47kt 07 R 4 4 % E (DL-a-
EH B LB ER) 0. 200, 400, 800 #1 1600 mg/kg, X4V & £ & £ (464.0£2.6) g HATFF £ 60 d B9 5~
SRy 754, E L-15 SRR 0, 18 A 54 pmol/L 894 4 % B, a8 & 8 £ (R 4 AT
B 3d RS RRER L, A RERALMERER AN, 7K o-TTP FE, HE LRk
& PCR 0 HT o-TTP R H At Rk &, R DR, a-TTP HEH ALK 3964 bp, 47 293 2 L H
o-TTP AR EF B ERGEL AL N AR, Hb, ARV RERE, HAZHE, EFFREER
K; o-TTP HERFEMAREEFELE R E AN T E SR E TR E LA, 400 mgke
AREGTHMEAP<0.05); MAEMMERBA T EEZT ERENAR, oTTP XA ELED
EWn, ZEHR, AAREAREELEER E YUY HERTY oTTP LEB KX, HRFHM
400 mg/kg 44 F E 4 B RS 0E R ER o-TTP £ EH W Kk, AT HHT o-TTP EN T
A RERMEXEK S ST @ BHENF R B,
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B HEAEZE X0 T ST R oA T 1 55 58 4 1 R DN R R 52 ) 61

17 FL7E $ Bt 24 9 25 M O 1 ke 21l B B A 4R
(Shichiri et al, 2012), o-TTP Y2k 528 2 S 3 4k
& E Bz PR 2 E (Gohil et al, 2008)., a-TTP
TEAEFFHLIARLE A R B /K- | 48 v B M A8 55 J Thl e 31
HEEH, TR DM (Danio rerio)lhig KB LR F,
o-TTP 1] DL A R E N B R LT PG,
A R4 R E MR RIIRIG 032 5, 087 IR R
KB I Z RGN R 4E A4 & E 2% (Head et al,
2021), HEI, KTHEER E X o-TTP FiE A9 RZ M AL
FFFE I, (R R — B S5 .

¥ 5 B3 (Cynoglossus  semilaevis) & T 3T ig K
MR IR Sh i, HEBRIE B3SO B REE
ITRBEREE, EREEEN L KA, H
A, RT4EA R E XL SR A K . BaarkGe
A 5E © A A G HGE (1 B o5, 2015; TR 5 4%,
2020), HAHCHFREIESLgEAFE B GEE s fi 2k
P rp A K R RN P B 0 R B 5 K R 18 (Huang et al,
2019; FRFH4E, 2020), XERS o-TTP HXK? HHET
KA R B XHALEEARS o-TTP B .
W, ASBIF ST 4003 I 55 A R A MBS SR e, AE TR
a-TTP R A FERY |, $RIY a-TTP e RNAE 100 8545
VA 15 L UL S 4 2 E Wk 5 AR o- TTP 3 H 36
R Z A e, W1 o-TTP TEN SR E
) £ 2 A K B T T AR AL

1 #wRERFE
1.1 SEGHA&A

S A [ SN BB R R A R (L AR), A
AR [A] —HEREAL R B A, R/ R (464.0+2.6) g

1.2 AW

1.2.1 4AAH &5 Rl g FRHH S50 e} v 4
* &K E (DL-o-4= B W SRR, Sigma)ifs &350 0.
200, 400, 800 Fil 1 600 mg/kg, P& 540, HH 31
B IR R, DIk | BRI O R R A,
DAy . SO ARG, 44K E LB SIRA
KA &Ry R RO SRR 1.
HERT 60 Hifi g e IR A5, IS ET HRIE
WBURRRE, EAAKN 4 mm, 7E 60 CHIMLAE h TR &
MR 10%, SR % & T 3RS NI IRAFAE—20 CHY
VKAE LR o

FRHH S I AE 1 AR 3 BH K 7= A BRA R SR 5E
AT, IESEIFIRTT, XA A 7 d Ay SRR
BHER 1), DU LI A . FE AR K FIRRE S

BEHLAT M 15 2, 7E 154> 15 m® BYIRITE 38 204 F2 5 A0
R (EAN 150 cm, B 60 ecm)#E1 T 7 /K FEFE S 56,
B ELER 10 B & 8, FR5 K O JE K,
T A 50 L/ming 4 3 ANFRFEAMHL B —4, K
T 2 R B IRAR [ ) Ak, BEMRR hy fa R T 1Y) 2%,

x1 THREMAMESTREFRAN
Tab.1 Formulation and proximate composition of
the experimental diet

B e e ()

ZH I o
Ingredient Percent.ln diet
(dry weight)/%

48 Fish meal 60.00
%% 4 Casein 10.00
=k Wheat meal 14.95
Wil Phospholipid 2.00
17 Fish oil 7.00
KG9 Soybean oil 1.00
JHEH& Choline chloride 0.50
W2 — 455 Ca(H,PO,), 1.00
443 C Vitamin C 0.50
Y ZIRAY 'Vitamin premix 1.00
W IR &Y *Mineral premix 1.00
Z % M Ethoxyquin 0.05
W R 4 Alginate sodium 1.00
E A58 Proximate composition

#2E M Crude protein 56.00

g5 Crude lipid 14.10

JK53 Ash 10.20

4k & E Vitamin E/(mg/kg) 8.00

e EAERIRG Y(mg/kg B g/kg fRD: BIEER,
25mg; BHEE, 45mg; HBMRMEE, 20 mg; 4E4:E By,
0.1 mg; 4E4EF Ky, 10 mg; JJUEE, 800 mg; ZFZ, 60 mg;
JHEZ, 200 mg; MR, 20 mg; AEWE, 1.20 mg; 4iER
A,32mg; 44K D, Smg; 44K E, 0 mg; ¥, 13.67 g;

PO PR G Y (mg/kg B gkg KD BiRREE,
1200 mg; BilRH, 10 mg; HilfR%F, 50 mg; HilREk, 80 mg;
BilRsE, 45 mg; FALEN, 2 mg; EILEH(1%), 50 mg; fiff
REREREN(1%), 20 mg; BLRRES(1%), 60 mg; 47, 13.485 g,

Note: ' Vitamin premix (mg or g/kg diet): Thiamin
25 mg; Riboflavin, 45 mg; Pyridoxine HCI, 20 mg; Vitamin
By, 0.1 mg; Vitamin K;, 10 mg; Inositol, 800 mg;
Pantothenic acid, 60 mg; Niacin, 200 mg; Folic acid, 20 mg;
Biotin, 1.20 mg; Retinol acetate, 32 mg; Cholecalciferol, 5
mg; Vitamin E, 0 mg; Wheat middling, 13.67 g.

2 Mineral premix (mg or g/kg diet): MgSO, 7H,0,
1200 mg; CuSO45H,0, 10mg; ZnSO4 H,O, 50mg;
FeSO4-H,0, 80 mg; MnSO,-H,O, 45 mg; NaF, 2 mg,
CoCl,-6H,O0 (1%), 50 mg; NaSeSO;3-5H,O (1%), 20 mg;
Ca(105),-6H,0 (1%), 60 mg; Zoelite, 13.485 g.
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HEAT NI 60 d MYFRFESLES . SCERIE], KRN 24~
27 °C, PN 30~31, pH N 7.8~8.1. WHfita>
5.65 mg/L, & K LI BRIEME A 2 A2 0 im Rk DU R 47 R
WK B 25 A

1.2.2 R TG R )G, Ayl 24 h,
T A0 mg/L)MRIFE S HERRFRE , JCR AR ;
AFEFEARBENLI 3 B, JCR B AR T IR 22505 .

1.3 EEEFERAREST

1.3.1  zm e 3E AR Ak e ) PR 4.76 g HEPES i
9.6 g L-15 3554k, FE4MRY 77K, 4 h J5 1] NaOH 4%
pH I E 7.4, #IEBRE), /%%, BEIHIAL L-15 a5
FeHE . fE L-15 ARG 5 RO ARG 4 13 (2R

5%). g & (LW N 100 U/mL), 475 & (& Rk
BER 100 pg/mL), BRI R e R34, 4 CR-AF. fr
A PR MR TR = 04T, AL T AR A KA CE Y
i, AR T H . SN L s REEEM A, 5
B K . WERRZE PR (PBS)ZE A JC T8 R R o

132 @wWhy 5 EMEE R EWRESEEN, A
5% WK RSk s, JCWAE T, B 20 Aot
RAAL, ARG TAESR NG Rl MR,
PRI JCHE R . BEJS AR50 1 mm® /N, ]
PBS Pk, MA 0.25%) B R, s 20 b4l
1) 10 £%, A 18 C/K¥ R 45 min, K )5 H 2 mL
PBS WITHH L, FIA 200 HEYJE BT E, Bk
PL 100 xg B0y 10 min, BRZE BWEW, JFEEDT
E, AEENFL, 1 mLAL, BT 24 CRiFEFE P
1835, 2% TRIT 5 (202000 7 b 1 T8

1.3.3 @i s SR P 42 K E (DL-a-
B CWRTR, Sigma)ifk B2 R KZE0F(Scophthalmus
maximus) A FCHF 5T 1% & (Huang et al, 2019), 52586543
K3, HHIANER, LR ERMESFIN 0.

18 1 54 umol/L ¥ 4 4= & E W JCIR A5 LK L,
SRIGIMAR] L-15 582555 (JoK SR LHREE R
0.1%, v/v), T 24 CIEF4E R 3 d (RS, 2017).

1.4 RNA BJIRELS cDNA XEHHE

FIAT A HG , A3 MR IR AR REHLE 3 )2
fir, TCHEBUE EARHALUFE TR 1.5 mL B08 9
YN SR 45 W5 WAL IR % 15 mL B0
B, DL 100 xg FE 3 B0 10 min 2 )5 BUAN R DTTE
JFET 1.5 mL TWELOET. A 1 mL TRIzol
(Invitrogen, &), # BTG RNA, {fH
NanoDrop 2000 # & I 145 2= A AWk BE 25, JF G
it RNA ST HEE S HL Uk , Al RNA 5288 B2, B

BT ) RNA 1ER cDNA SCFEM RN, LLE
RNA A #4 & cDNA % , % F PrimeScript RT regent
kit with gDNA eraser (TaKaRa, H A)i#47 5% 55z
55, BB S Bz M L 31T, H% cDNA
SCIFEARAFT-20 CokAEH .

1.5 RACE ¥'i& o-TTP EE

3% GenBank 2 #F & i o-TTP il I J&
(XM_008335042.3) %) 51 (Coding sequence, CDS)
HEITGIYI(E 2), i cDNA Kby ik
(Rapid-amplification of cDNA ends, RACE)#E1 74 1%
ARSI .

1.5.1 3334738 a-TTP FEF 1 3735 J5 51 19 345 )
FHPI A3, 551 F1#1 3 Outer Primer #4746 414,
SRIGEEFHE 5P 14 A0 PCR P28 54, F2 A1 3 Tnner
Primer 5| Y1755 2 #6915 . ViIA RN 50 uL,
JRZ&A%: 94 °C 1 min Bk, SRJ5 98 C 10s, 55 °C
15s. 68 °C 1 min, 30 MEH. KWMEEHRE, 1%3
EHEEE H K, f# /] TaKaRa Mini BEST agarose gel
DNA extraction kit V4.0 P it Bl 44k ; B alifb 7=y i
Ffl DNA A-Tailing kit Zb¥Hf5, {#f] TaKaRa DNA
ligation kit V2.1 A HERE, "5 T-Vector
pMD™ 20 & #2)5 , EEAL R E. coli BZ S AN IM109
W, WA, 37 Cal i gR. PRk BHE R R,
1 P 514 M13-47 . RV-M #4700 )%

152 533438 a-TTP FEH 1 5" 15 51 19 845 [
FERAM AL, S R3 1 5'0uter Primer #1717 H 58
P, SRIGFHAE Y 1A PCR P=¥ AR, LU R4
F1 5’ Inner Primer 5| Y1755 2 5P 41 . MK R
950 uL, KA. 94 °C 2 min Fi#R, #RJ5 98 C
10s. 55°C 30 s, 72 °C 1 min, 30 DGR, J2h4h
WG, 1% e R vk, DI alifh, %80
b, Pk BH P 5 va B )T

1.53 A F KL e, B P4 A —R
514 F-TTTTCCATCAGTGGTGTAGCCGGGT
C, R-GTGCCCCCTGATGGACATGACAAG XI =¥tk
FWAIE, RUWAKRZR N 50 pL, W 54F: 94 °C 1 min
i, R, 98°C 10s, 55°C 15s, 68 °C 1 min,
30 MG, RMEERIG, 1%B I B I B Pk I

1.6 EZPCR O

W4 E 8y o-TTP £ P4, i id Primer
Premier 5 BTS00, AT AV TR
JeAn A R A RIHEAT A, 5190 R 10 pmol/L, i
FHSZI 986/ PCR (QRT-PCR)Z T AS Al 7K SF- 4
K B TR o-TTP JEH B 25 TE B . L 20xcDNA
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B HEAEZE X0 T ST R oA T 1 55 58 4 1 R DN R R 52 ) 63

i B B EAT QRT-PCR §"1, 218 TB Green®
Premix Ex Tag™ 1l (Tli RNaseH Plus)(RR820A )iz 7
B, YA ZR N 20 uL, fU45 10 uL TB Green®
K57 . 0.8 uL PCR IE[M 514 . 0.8 uL PCR J2In 514
1 uL cDNA FAR F 7.4 uL RNase-free dH,O . Rk /]N 32
WiRZE, BAEMYRE 3 AEE, 18S A RNA
R RINZ51Y, 5 ENEREMRSE T TP
B SIS 2, KOV A% 95 °C 10 min, 95 °C 10s,
584°C 15s, 72°C 20s, FHKIKIEIR 95 C15s, 60°C
15 s, 95°C 15 s &:iiliafih 4. Sc8et, PCR ™)
T I T LA RE R S S, A 20
A mRNA XA K,

1.7 EYMEEREHESRITSHW

P14 4K 7 5 /E NCBIL & P2 17 BLAST It
XiF A P54, R SignalP (http://www.cbs.dtu.
dk/services/SignalP-4. 1/ Wi H: Tl 5] 132 HE F1 Gt 55 22
T ; AR ClastalX 4545 MEGA 4.0 #pFhy gt
A G s B ProtParam 1. E (https://web.expasy.
org/protparam/) 73T a-TTP &5 [ i 19 FE A AL M i o

FI A SER BB E 3 S PATAR I, s B 1 LI
K5 DR (Mean=SE) %7 , il id SPSS 19 itk
1B K & 7 22 50 1 (one-way  ANOVA) 43 B & 3t F
LSD f/Ni EER LN ZH LK, 2 P<0.05 i), A
HEAREER

®2 KHRETASIMHEFET

Tab.2 The primer sequence used in the present study

5|9 Primer J¥%1 Sequence (5'~3") Hi& Usage KN Size/bp
F1 GCCTTCCAGGTCTTTAGGGTCA 373 4% cDNA-3” terminal QRT-PCR 22
F2 CTTCGACCTGAGTGGGTGGAGC 22
R3 AACTTTATTTTCCCCACAGACTCA 504 4 cDNA-5" terminal qQRT-PCR 24
R4 CAGAGACACCAGAGCCGGCCTTCA 24
F TTTTCCATCAGTGGTGTAGCCGGGTC ¥63F Verification 26
R GTGCCCCCTGATGGACATGACAAG 24
M13-47 CGCCAGGGTTTTCCCAGTCACGAC ¥ Sequencing 24
RV-M AGCGGATAACAATTTCACACAGGA 24
a-TTP-F GACCAATCACCTGCTCCAGTC WIERE it PCR qRT-PCR 21
o-TTP-R CTTCCTGTGTCCCGTCCAA 19
18S-F GGTCTGTGATGCCCTTAGATGTC N2 Reference gene 23
18S-R AGTGGGGTTCAGCGGGTTAC 20
1L AARRIEA T FREK, HREIEFEBRRESR,
2 HEREHMW

2.1 FBFEH «-TTP EEHIKE

285 RACE 973, PHESF S — 14218 3 964 bp
B (B 1), 28 NCBI F A & B, Ho 520 ) a-TTP
T L R (XM _008335042.3)4 99% AR . 2 5
iy o-TTP JER Gt 293 DRI, K/INK 33 kDa,
FHEN 621, IARERAGEREH 63.56),
HA B (B3 3R 7K 1 -0.263) . iE— 2P ALY
FeXt on, B B (BR1Eh sequence) 5211 7 iR 5
F—3, SHAAIMERGE, FR UL
W o-TTP FEH (A 2),

22 o-TTP BEREEZALRFHRIEER
22 qRT-PCR M & B, o-TTP PR AE 0 % i

TERG I AR ek it dme sy, U B E, £ ARt
FikmIk, HARBRELILE 3.

23 HHEZEEXNEWR o-TTP RiIZENFIY

FEFRAH SR R, AT - TTP [ 3235 B R kL
YA R E SRR e T R R AR R 3, R AR
Yk # E 3L H) 400 mg/kg I, HIA R R TG
4 21 (P<0.05), HLXT BRZH 5 7.11 7%, e G A 5 3~4 475,
A 4 41217 o-TTP Fek R B2 58 4); 7EMK
SN SE R, a-TTP Feik ik B2 A R E S B R5E
T E, JFAE 54 pmol/L ik Fiw, BEET
XPHRZE, JEXTHRZLAY 1.37 f5(P<0.05)( 5)

24 HEZENFBEHSERNZN
2231 60 d RFEFSLE, A KB 2 I RDRE v 4
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1 TAAAACCGCTGGACAGGAATTCTCAGTTCTCCCTGATACAAAACCATGGAGGTGAGGATCAACACGTGGGTGGAGGCCTGTCTGTCACCCTCAAACACAG
101 CCACTCCTGGACCTCCGTGGTTCTGAAGGCCGGCTCTGGTGTCTCTGTGCTCTGATTGGACGCTCCACCACAACATTCCTACGAAGGTCTGAGTCTGTGG
201 GGAAAATAAAGTTGAAGACAATGGACCTCACGTACAAACTCCCAGACACCAGGATGGTCAGTCCTGTCCCCGCCCCCTCCTCCCCCGACCCCCGAACTCG
301 AGGTGTCCCCTGGACATCCTGACTATTTTGCAGGCCAAAATAAATCCCTCTTCTAACGTAGACTCCTGTTTCATTCCTATTTTTCGGGAAGATAAAATTC
401 CCTCTTCCTTCCTCGACCACCATGTTCTTGTAAGTCCTTGTCATGTCCATCAGGGGGCACAAGCACCCTGTTTGGGACCTGGCGGCTTTCTCCTTGAGAA
501 ATATTTGTTCCTTTATTTTTGGCTAACATTAGCCATGCTAGGCTACTTTTTAATGTTTTCTGTTAGCAAAGAAACGTGACTTTTATTTACCTTTCACTCA
601 TGCTGTGGCTAACGTTTAACTCCACGTTTGACTCCACGTTTGACTCCACGTTTGACTCCACGTTTAACTCCACGTTTGACTCCACGTTTAACTCCACCTT
701 CAACCTTTTAAATATTTAAACCAAGTTTCTGTGGCTCAGAAATTGTGTTCAAACTTTTGGTTTGTTTGTTTGTTTTCTTGGCAAACAAAGATAAACTGAA
801 TTCAAAGACTCGTTTTCCTAATGGGATTCATTTCAAACTTTTTTTCAGCTTTCACTTTTACTTTAGCAAGTTAACTATTTCGCTAACCGTTCATAAGCAA
901 AAACAACAACAACAACAACAACAACTAACCGTTAATTGATTTGGTTCTTTTACTTACATTCACTTTTGTTATAATTACCATTTTAATTGTTACYGCTGTC
1001 TCTTAGGTTTATTCCATTCATTTGTCTGYTGTCTTCAGCTAGCTAACCTGCTACCGTGCTAATTTTAGCTTAGCCTAGCTTTGTTGGTGTCGTCGCCGTC
1101 TTTAACTATCAAAACTATCATTCAGCTAGCTAACATTCGACTTGTGCCATGTGATTGTGACAGATTTTATGAAATAATGAAGAGGATTTTTAGGTGAGGT
1201 CAGAAACAGGCGTTAGCTGTTAGCCTTCTGATCACACACACACACACACACACCCAAGGCCCCGTCATCATCCCCCAGTCCGACAGATCGTCTGTGTGGG
1301 GTCCCCTCCAGGACCTGGACCCTGGTCCAGTTTTAATCGACACCTGAAGAAGCCATGCTGACGGTACAATCATCCACGTCTTTTTITTTTTTTTTITITITT
1401 TTGTGGAAGAATTGACTCTGAAAAGAAGATTCTTAATGAGCTGAGGATCAACGTGCTCACAAACGCAGCAGGACCTCAGCCTGGACCGCGCTCCTCATGT
1501 TGTCACCCAGAACTTCACGTCTGGTTTTAGTTCCATCGAGTCAGAGCTGACGGTGTCGTGTACTTCCTGTTTGGTTGGTTCTGGCGGCGCGGTGAGCTCG
1601 GCGACTGTGCTGTGGCCGTTGTGGCACCAGTTCCTGTTACAGTTTTCCAGTAAAAACAGTTCCAACATATAAAGTGACTCTGCGTCTTCCTGTTTTCCTT
1701 CGTCTTCGTCACAGGTTCCAGACCAGAGTGTGGATGGACCTGACCACAGGTGTGAACGTGAGTGAATGGCTTGATGTCTCCACACTGCAGAGTTGTCTGT
1801 GGTGCAACCCTGCCCTCTGCTGGTGAATGTTGTAACTGCGCTGGGAGATAAATGGAAACAGACAGACTTTTTTTTTCTTTTTTTITITTCTGTTGATTCA
1901 TGTTTTTGAATTTAAAATCTTTCCATTTGTTGGAATAATGACAAATTCTGTAACTGATCTGATTATTATGGAACGACGCCCACTACTGGTCAATGTTGTC
2001 GTTACAGTTGGAGTTGCACTATGTACTAGACCGAGGATCGGGGGCGGGAGCTAACGTCCCCTGGTGGTGTTGGAGAGCCTCTGCACTGTTCCTTTAAGTT
2101 AGAAAAAAAAAAAATTTCAAAATGACCTATTGCTCACTCTCACCCCTGCGCTTGCCCCTCCTGCTCCTGCCCCCGTGCAGTAGTGCAGTGTAACAGGACC
2201 ACGGAGCGACATGAACGGGCCCGAGCTCAGCGAACTCCCGGACGAGGCTCCGCAGCTGCGGCCGCCCGTGAGTGAGCTGAGGCGGCGAGCGCTGCAGGAG
M N GP E L S E L P D E AP QL R P P V S EL R R R AL Q E
2301 CTCCCCGCTGTCAGGACGCTGTCTGACGGCTTCCTCATCAGGTTCCTGCGGGCCAGAGACTTCGACGTGGAGCAGTCGCTGAAGCTGGTGTTGAACTACC
L PA V R TL S D G F L I R F L RA RD FDVE Q S L K L VLNY
2401 AGCGGTGGAGGAAGGACAGTCCAGAGATCAGCGGCTGTCTGTCTCCGTCCTCCGTCCTGGGACTCTTGGCCTCGTCTTATCACACCGTCCTGCCGCGGAG
RW R K DSPE IS G C LS P S S V LGLL AS SYHTV L P R R
2501 GGATCACGCCGGCAGCAGAGTCCTGGTCTACAGGATCGGCCAGTGGAACCCCAAGGACTGGTCGGCCTTCCAGGTCTTTAGGGTCAGCCTGATGACGTCA
DHA GS RV LV Y RI GQ WN P K DW S A FQ VF R V S LM T S
2601 GAACTTATCTCCATGGAGACGCAGACGCAGAGGCGGGGCTTGAAAGTCATCTTCGACCTGAGTGGGTGGAGCCTGGGACACGCCCTGCAGATTAACCCCT
ELI S M ET QT Q R R G L KV I F DL S G WS LG HAULQTIT N P
2701 CCCTGGGCAGAAAGATCTCCTCTGTTCTGTCGGACTCGTTTCCACTGAAGGTTCGGGGAATCCACCTGGTCAACGAGCCCATCTTCTTCCGACCCGTCTT
sLGUR XK T S SV L S DS FPLK VR GTHU LV NEPTTFFR P V F
2801 CGCCATGATCCGACCTTTCCTGCCCGAGAAGATAAAACAGAGGATCCACATGCACGGCGCGGATTTCCACGACACTCTGAGCGACTTCTTCTCACCGGAC
AMI R P F L PE K I K Q R I H M HG AD F HDTUL S D F FS P D
2901 GTCCTGCCTCCAGAGTACGGAGGCGAGGGTCTTGGGATAGAGGAGGCCTGTGGCCACTGGACCAATCACCTGCTCCAGTCAGAGCGGCTCCTGCAGCAGA
vLP P EY GGE G L G I EE A CGHWTNHT LTI LQS E R L L
3001 TCTCCGTCCACCCCACGGCGGATGTGGCCGTGGCTCCTGAAGACTGCCTCAGATTGGACGGGACACAGGAAGAACCGTTCTCAGACGGATGAGCCCTCGC
I SVHP TAD VA V A P E D CULRTULDGT Q E E P F S D G *
3101 CGTCAAGGTGCTTTTGTTTTGTTTTTGTTAACGTGGACCTACTGTGGCGCCCTCTAGAGGCAGTCCTCAACCGTGAGACTCCAGTTGATCATCAGCTGTT
3201 ACATCTTCAGACATCAAAACGGCTTTCAGGGGAAAACATTTTTTTGTCTCTCTTTAGCTAACCTTTAGCTGTGACTTATCTCAAGGCTAAAGCCAGTCGT
3301 CTCCTGATCAAAGACCTGCTGGACAACACACCATTCCTCATCAT CACAATTTACTGATTCTTCTTTTTAAATCTGTTAGCCAGAGATTTCAGATTTTTTT
3401 TTTTTACCTAATTTTCCTGTAAATGTTTCTTGTCGTTTCCTAGCCTCTTCCTCTTTCTTGGCTAACCTGTGAGAGGTTTTATACTTTGTGTGTTGGCTAT
3501 CTCTTAGCTAAAGCTAACTGTTATCCTTCAGCATCTCTGCTGCTCTGCCCTGTCACAGACTGGTACCAGTCTCCCCCGACCCAGCAGC TGCACTGAGACC
3601 AGGACACCAGGACGTGGACCAGTTAGTGCTGACCTTTGACCCGTACCAGTTATTCTGGTGAAACATTCTCTTAGACCGCTCCTGGGATCAATCCCACGTG
3701 GACTGGTCGACCCAGGCCTGATAGGACCACAGATACTGGATGACCTCCGATCGACCCCCGCCGTCGTGGACCTGAGGTCCAGAGGTGTCCTGGGACTGGA
3801 CATGTGACCAGCGTGATGGACGTCACGTGACTGATTCAAGGTTCTCCAATGGTTTATTGTTGGTTTTGTCCTGAACTGTGGACCTTAACCTGCTGTTGAC
3901 CTTTGACCTTATTTCCAGGATCCTTTTTTTCCACACATTTATAAAACAATTTAAAAAAAAAAAA

B 1 RS o-TTP 3 T3

Fig.1 The sequence of C. semilaevis a-TTP gene

RIRELAR 3R CDS X, KEF RO I g i A AL, * WA BT
The underlined part is the CDS region, the capital letter is the corresponding coded amino acid,
and an asterisk represents the termination codon.

4hME40 Chelmon rostratus (XM 041949474.1)

5 60 FE &Mt Thunnus albacares (XM 044368097.1)

-l Sebastes umbrosus (XM 037788659.1)

i

% £a1 Siniperca chuatsi (XM 044218656.1)

58 G F2EHH Sphaeramia orbicularis (XM 030159660.1)

ZRIBCHEYE Acanthochromis polyacanthus (XM 022204288.1)

—
84 L WemulesR4EY Stegastes partitus (XM 008299888.1)
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Fig.2 The a-TTP gene evolutionary tree of C. semilaevis
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(ZEJK =, 2014), P EE o-TTP FEHTE 42 545 440
TR, XE5WANY o-TTP FiEWH M
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Effects of Vitamin E on a-Tocopherol Transfer Protein
Expression in the Pituitary of Cynoglossus semilaevis

HUO Huanhuan', LI Huitao?, WANG Weifang®", LIU Baoliang®, ZANG Tao*

(1. College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China;
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Abstract a-Tocopherol transfer protein (a-TTP) is a protein that exhibits a marked ligand specificity
that selectively recognizes a-tocopherol (vitamin E) and plays a key role in regulating concentrations of
vitamin E. The primary function of o-TTP is maintaining adequate vitamin E levels. However, the
available data are insufficient to comprehensively understand the mechanisms by which a-TTP regulates
vitamin E supplementation. Related studies have been mainly focused on humans, mice, and rats as the
primary subjects; however, little is currently known about fish. The pituitary gland plays an important role
in the growth and reproduction of fish. It synthesizes growth hormone and gonadotropin after receiving
signals from the brain and releases the hormones into the blood through the axons. It is then transported to
the target cells (tissues or organs) through the blood to perform the physiological function of hormones.
As the pituitary tissue is very small, being nearly half the size of a grain of rice, it is difficult to detect the
nutrient contents (such as vitamin E, which has been verified to play an important role in the growth and
reproduction of fish) in the tissue. This limits the evaluation of the effect of nutrients on the pituitary
gland. Therefore, this experiment was conducted to investigate the effects of vitamin E concentrations on
the expression of the a-TTP gene in the pituitary tissue of a half-smooth tongue sole (Cynoglossus
semilaevis). DL-alpha-tocopherol acetate (vitamin E, Sigma) was added to the basic diet, which was
formulated with fish meal, casein, and wheat meal as protein sources, as well as phospholipids, fish oil,
and soybean oil as lipid sources. The finalized crude protein was 56.0%, and the crude lipid was 14.1% at
concentrations of 0, 200, 400, 800, and 1 600 mg/kg to feed half-smooth tongue sole (464.0+2.6 g) for
60 d. The fish were maintained in polyethylene tanks (diameter: 150 cm, height: 60 cm) with flowing
filtered seawater at a rate of 50 L/min, and during the feeding trial, the water temperature ranged from 24
to 27 °C, salinity from 30 to 31, and pH from 7.8 to 8.1. Dissolved oxygen was greater than 5.65 mg/L. In
addition, the pituitary glands of similar fish were collected, minced into small pieces (about 1 mm®), and
digested with 0.25% trypsin-EDTA (Gibco) for approximately 15 min at 25 ‘C. Then, the digested glands
were filtered through 70 pm nylon mesh (BD Falcon), filtrates were collected and centrifuged at 100 xg
for 10 min at 4 °C, and cell deposits were resuspended in 1 mL L-15 medium containing 5% fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL streptomycin (Gibco). Subsequently, the pre-dissolved
vitamin E in ethanol solutions of 0, 18, and 54 pmol/L were added to the L-15 medium for the primary
pituitary cell culture of 3 d. The ethanol content in the cell medium (0.1% v/v) was tested to ensure that it
was not harmful to the cells, and its purpose was to dissolve the fat-soluble vitamin E in the culture
medium. Then, the a-TTP gene was cloned using rapid amplification of cDNA ends PCR (RACE-PCR)
technology, and the relative gene expression levels were analyzed via quantitative real-time PCR
(qRT-PCR) in the tissues and the primary pituitary cells. The results showed that the total length of the
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o-TTP gene was 3 964 bp, encoding a total of 293 amino acids. The evolutionary gene tree showed that
the a-TTP gene from C. semilaevis had a further genetic relationship with other fish. The a-TTP gene was
expressed in all 11 tissues of the half-smooth tongue sole, with the highest expression in the spleen,
followed by the kidney, and the lowest expression in the stomach. The feeding experiment indicated that
the expression of the a-TTP gene showed an initial increase and then decreased with the increase in
dietary vitamin E content. The a-7TTP gene expression of 400 mg/kg in this group was significantly higher
than that in other groups (P<0.05). As vitamin E concentrations in the cell culture medium increased, the
relative expression of the a-TTP gene increased significantly (P<0.05), and no declining trend was
observed. These findings suggested that vitamin E was involved in the expression of the pituitary a-7TP
gene, whose expression level was affected by the vitamin E dose. Since the pituitary a-77P gene
expression could be a potential evaluation indicator to demonstrate the effect of vitamin E on fish growth
and reproduction, the association should be further investigated and verified in subsequent related studies.
In conclusion, vitamin E supplemented in the diet at the appropriate concentration of 400 mg/kg can
significantly increase the expression of the a-77P gene in half-smooth tongue soles. This study offers
novel insights into the underlying mechanisms of a-77TP in mediating the effect of vitamin E on fish
growth and reproduction.
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