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Tab. 1 Formulation and proximate composition of the experimental

diet (% dry matter)
g K
J5i %M ngredient Dietary lipid levels (%)
Dietl Diet2
4 ¥ Fish meal 50 50
HfISoybean meal 22 22
/NFZ K Wheat flour 16.62 12.12
£ Fish oil 5 9.5
K= Ui iE Soybean lecithin 2 2
% ?fEVitamin premix 1 1
% Mineral premix 1 1
S ALEF% Choline chloride 0.13 0.13
4175 & 57| Phagostimulant mix 1 1
TR AN Sodium alginate 1 1
LA FE R Ethoxyquin 0.05 0.05
=44k =42 Yttrium (I1T)-oxide 0.1 0.1
P R4% Calcium propionate 0.1 0.1
Mt Total 100 100
#H 2 A Crude protein 50.04 50.01
LBy Crude lipid 11.69 16.58

L T R B AR A R A w3 AL 2. 4R
ETRYI(mg or g/kg diet): VD3, 5 mg; VARG RS, 32 mg; fifi%
% 25 mg; VB12(1%), 10 mg; VB2, 45 mg; VB6, 20 mg; VC,
2000 mg; VE (50%), 240 mg; ;.ﬂ&%%}’ﬂ FA 25 (MSB), 10 mg;
Z R4S, 60 mg; WA, 800 mg; JE ILHR, 200 mg; M2, 20 mg; £
MR (2%), 60 mg; EALIHIR(50%), 4000 mg; LT 4ER, 12.47 g;
3. R TR Y (mg or g/kg diet): CuSO,-5H,0, 10 mg; Ca
(103),°6H,0 (1%), 60 mg; CoCl, 6H,0 (1%), 50 mg; FeSO4-H,0,
80 mg; MgS0O,-7H,0, 1200 mg; MnSO,4-H,0, 45 mg; NaSeSO;-
5H,0 (1%), 20 mg; ZnSO4-H,0, 50 mg; CaH,PO,4-H,0, 10 g;
zoelite, 8.485 g; 4. i & 7): HRMRAIF ML, 5. BigEH: £ 50% A
A5 F150% & 1R

Note: 1. All those ingredients were supplied by Great Seven
Biotechnology Co., Ltd, China; 2. Vitamin premix (mg or g/kg
diet): cholecalciferol, 5 mg; retinol acetate, 32 mg; thiamin 25 mg;
vitamin B12 (1%), 10 mg; riboflavin, 45 mg; pyridoxine HCI,
20 mg; ascorbic acid, 2000 mg; alpha-tocopherol (50%), 240 mg;
vitamin K3, 10 mg; pantothenic acid, 60 mg; inositol, 800 mg;
niacin acid, 200 mg; folic acid, 20 mg; biotin (2%), 60 mg; choline
chloride (50%), 4000 mg; microcrystalline cellulose, 12.47 g; 3.
Mineral premix (mg or g/kg diet): CuSO,4-5H,0, 10 mg; Ca
(103),-6H,0 (1%), 60 mg; CoCl,-6H,0 (1%), 50 mg; FeSO,4-H,0,
80 mg; MgS0O4-7H,0, 1200 mg; MnSO,4-H,0, 45 mg;
NaSeSO;-5H,0 (1%), 20 mg; ZnSO,4-H,0, 50 mg; CaH,PO,-H,0,
10 g; zoelite, 8.485 g; 4. Attractant: glycine and betaine; 5. Mold
inhibitor: contained 50 % calcium propionic acid and 50% fumaric
acid

ARG BE LI B B . FUAS B S5 PR E N
(8.75£0.01) gty KIEBELN 1 BE L 4> N2, 461
HYE, BANEL30E. K24 R 55 6N IR
BEHLUC L, 4 H 8:00118:008%- 1 £ S — K, IR
A 912100 12D (7:304219:30), 758 & 197d. 7E5L
SRR, B SLh AR 24h, FERRBENLIE G 1, HY
JERE WLRARAE T-80°C, FIE A s .
12 BRI EE
715 2 (Survival rate, SR, %)=(¥] U SL56 FA 4 &
FET S5 th 350 )/ 46 S5 th 2 R < 100
' 78 AR K (Specific growth rate, SGR, %)=[Ln
(S5 1 2 R AAE )—Ln (SE50 )40 7K )]/ 5256 R
#>100
1.3 ZERNARHKRER
FEMRR P TR A ZARE AR, i i TaKaRa RNAiso
Reagent#e HUAH ZIME A S RNA, H 7 N BEE DUE
RNA, %5 B KR IRNA T & . {4 F PrimeScript”
RT reagent Kit With gDNA Eraser (Perfect Real
Time)(TaKaRa, Japan)BE1T [ 5% 5%, [ % 56 45 o Jafe
McDNAMKEE, #1300 ng/uL, B F-80°C k4
H R AF
1.4 IGES |4 B
POt E BPCREI IS kYL (% 2). il
ISE, Y FHRPSD (DQ848899.1) N & FE K . i
IR B2 AR A 2R304 H AR P 51 5 N 2 e 51 19
382005 — FE
1.5 SERJEEPCR
i F TransStart Top Green qPCR SuperMix
(TRANSGEN, China)if 71 & 317 2% 6 E 2 R
SE B L P WE 9 945, IR EE T #A30s; 15 BRI A:
94T ICSESs, SIMIT A 15s, 728 G 10s, FL45/MF
o MR RE R T
1.6 Western Blot
PREUE B H AV RE &, DK B3 AT
7 & (Beyotime Institute of Biotechnology, Jiangsu,
China) € B EIKE . (R MBMREPTA3 22 A,
IMAS<EH EAEE M, &0k, B0, IEERNG
P i B (TORAE 6%, HARE A 12%), 150 V
i FE YK 70mine = T 100 VEZE60min, T5%]H
JEWS TBSTH MR 3t A1, e . —Hi4CHF B I,
/%H;%o ZHi37°CHE B 60min, BEME. fFHE RN
2292 967 (BeyoECL Plus kit)4b ¥ PVDFJE J5 -1
&P s, fERE S X0 A B 8P HL(SGSB GROUP
CO. LTD, Shanghai, China)¥ &5, 15 2 H v 2%
o f8 Himage JEFBEAT IR FE 5347 o
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Tab. 2 Primers used for real-time PCR

5| ¥ )¥ %1 Primer sequence (5'-3")

HGene IE M Forward J% M Reverse
TOR GCAGGAAGTACATGCGGTCT GCTGGTTGGGGTCATAAGTG
4EBP1 CCGCAAGTTCCTACTGGAC AGGCTTGCCATCGTGGTTGT
4EBP2 GACTCCACCAGCTCGTCTGC CTGAGCATCATCACCGGTTG
RPSD CTGCTGTTCCCTAAAGAGTTCG GAGCCGTGTAGTTCAGGGTCT

VE: TOR. HA %K Z4; 4EBP1. 4E45# 4 111; 4EBP2. 4E45 5 H [12; RPSD. RNAR &AL ED
Note: 4EBP1. 4E binding protein 1; 4EBP2. 4E binding protein 2; TOR. Target of Rapamycin; RPSD. RNA polymerase II subunit D

2 #R

21 #FiEEK

K32 1 40y #0147 17% 2. (35 9 100%) Ay i A K &
(53 ) 2.34%/dF12.28%/d) (E AL HE 20 7] O . 3% 2 57
(P>0.05, % 3),
2.2 FFAEFIALAITOR(ES B EEEXEE mRNATR
K8

TERFHE A, = IR 4L TORFI4EBP1 fmRNA /KT
3% TOE B IR 4H.(P<0.05), TH4EBP2E 5 &K
T1& H R DT (P<0.05); ZEULA 1, TORMI4EBP1#%
ik TR = AR A R AR T3S EHE T 4H.(P<0.05), 1M
AEBP2KIA T AE 4110 TG i 35 22 7:(P>0.05, 1),
2.3 FFRAEFNALAATORIE 5B B HH X & B BEER 1Lk
T4k

TERFIEH, 5 3& B R 5 40 LG, p-AKT (Thr308)/
AKT. p-AKT (Ser473)/AKT. p-TOR (Ser2448)/TOR
Flp-4EBP1 (Thr37/46)/4EBP1%& H /K F-1E = g 41 &
# L (P<0.05), Mip-p70 S6K (Thr389)/p70 S6K &
HKFAE B AR B3 T (P<0.05). fENLAH, 5
i H g B 4L A e, p-AKT (Thr308)/AKTAlp-p70
S6K (Thr389)/p70 S6K & H 7KV 1E im AR 4L &5 3% 11,
Mp-AKT (Serd473)/AKT. p-TOR (Ser2448)/TORAI
p-4EBP1 (Thr37/46)/AEBP1%& [ /K T 1E = g 4H 2. 2%
3 EARBEBAKE T KEERRLE R (%) EE K E(%/d)

2 EHREIR, n=6)

Tab. 3 Effects of dietary lipid levels on the survival rate (%) and

specific growth rate (SGR) (%/d) of juvenile Turbot
(Scophthalmus maximus L.) (means+=SEM, n=6)

kg s AP - R KE
, e R .
Dietary lipid levels Survival rate (%) Specific growth
(%) ¢ rate (%)
Dietl (L11.69) 100.00+0.00 100.00+0.00
Diet2 (L16.58) 2.34+0.07 2.28+0.06
T AT HUE AR [ BE R R 22 57 035 (P<0.05; AR
A ek )

Note: Means in the same row with different superscripts
indicate significant different (P<0.05; independent-samples ¢ test)

T P<0.05)(K 2).
3 it

H B, 1258 TORMI4EBPsH mRNA % ik 5 57 1]

IR 5 7K F R e T B AT R LR . AHIE A
RILKZZ 04y fa fFAEFILA TOR . 4EBP1MI4EBP2
ImRNA & & 52 2 FURHR 7 K A1 . #F e s
BB FERFEF, S R4 TORFI4EBP1 ) mRNAK
TRESTEEENYA, M4EBP2E LB TEH
RE W74 ZEWLA T, TORMI4EBP1 I mRNAZKF7E 5
Ae AR T3 B AR i 7K P-4, 4EBP2 mRNA K “F-7E 5
R TC R AR . SAHITE TSI, 70 R B8 1 5T
RO, RGP SR . UL AL
I TORFI4EBP2 mRNAE A& v,

O11.69% Lipid

:_'_=' [ A
—:) . r 5 B16.58% Lipid
E o ? 1.0 L ’_4> j , ’_I_‘ p
=E 05| l' 3 '
TOR 4EBPI 4EBP2
o < 14 - O11.69% Lipid
0 B - P
e 12| B16.58% Lipid
REES 10| 7
< 27 08 *
Z 2 06 "
E 2 Z04 : ./
:: E- 0.2 ; '//'
=3 0 2 £

TOR 4EBP] 4EBP2

Bl 1 RZE6P4) A F 2L 2L TOR RI4EBP1/2 [fmRNA K i i
Fig. 1 Relative mRNA level of TOR and 4EBP1/2 in different
tissues
A, A G HE R 3085 B. WL AR G AR IR 2 ik AR I e
B 53R W3 22 57 (P<0.05; ML A A 3 ) (n=3); TOR. &
TR AR 4EBP1. 4ESS G A H 1; 4EBP2. 4E4 1R H2
A. Related genes expression in liver. B. Related genes expression
in muscle. Asterisk indicates significant differences (£<0.05;
independent-samples 7 test) among treatments (n=3). TOR. Target
of Rapamycin; 4EBP1. 4E binding protein 1; 4EBP2. 4E binding
protein 2
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HFE Liver LA Muscle
A L11.69 L1658 L11.69L16.58

P-AKT (Thr308)

P-AKT (Serd73) _

TOR

P-4E-BP1 (Thr37/46) |

4E-BPI1

p70 S6K

p-AKT (Thr308) /AKT
3.90 ln 11.69% Lipid @16.58% Lipid
*

1l

LA Muscle

2.60

He{i Ratio

IFIE Liver

p-mTOR (Ser2448) /mTOR.
048 . O11.69% Lipid @16.58% Lipid

E 032 7 ’_L‘
o .-,_-'f
Z 016 ”L‘ *
e :
0 !
IFE Liver ML Muscle
p-4EBP1 (Thr37/46)/4EBP1
1.50 * N
= DO11.69% Lipid
s 100 1 m16.58% Lipid
x ’J_‘
Z 050 7 *
- 0 ﬁﬁ
HEWE Liver WL Muscle

p-p70 S6K (Thr3g89)/p70 S6K

6.00 r O11.69% Lipid "
Z]I().SS%*] apid

2.00 ﬂ
0 o

FEfE Ratio

JILi4 Muscle

IFIE Liver
p-AKT (Serd73)AKT
9.00 r Oll. {’19"«| ipid @16.58% Lipid

LE(E Ratio

T

ITFIE Liver L4 Musele

K2 REEEFTORE =l AH < 8 A ) 8 1 IV
Fig. 2 Western Blotting from tissues of turbot

AL JFERTLA Al 5% 8 1 0 2R A BRI AR 1B, B. R AZE )
SERNT FERE B AR 5 3FR0R A 535 22 57(P<0.05), JAZFEA
56

A. Representative images of western blot from liver, muscle; B.
Quantitive analysis of data from A. Asterisk indicates significant
differences (P<0.05; independent-samples ¢ test) among treatments
(n=3)

TR IR B AR A8 5 e K S5 67 4 0 Ji7 8 4AEBP 1
IMRNAE LM H4EBP1 mRNARIEEZ B A )G
ERE B B) s AR S 0 o DA B T 0 3 W ek 6D K 55
%)t TORMI4EBPsFImRNA %14 52 FA B 7R R 1
P . MESKYLYLI BT Ie b, SR IR K T I
FEM R ZE R4 JLINTOR . 4EBP1FI4EBP2K]
mRNAZI%; 55kgLHLIRT 782, Luo2s" w5t
U ZE # 1 %) 1 TOR mRNA R IE B A Z R Eok
T AR IAE, X AT eSS TR E FR R W TOR
FAEBPs I IS AFEFPE] 22 57 o Ak, ANFETAENE
I 20 A R Rh 2 1) £ 44 TORA4EBPs 1 F ML
Al REAFAE 22 5. TADRVE 95 B0 1 R TORFI4EBPs
FImRNA L E FLEE A fF T 33— 2B 7
15 KM% B, 4EBP1AI4EBP2 A JE% H]
ABLER) D] 3 1R s A 25 440, ABBP2 IR & 25 R 1 H111X
INAE60E 635 i H4EBPIFFE % . 4EBPLA
AEBP2AEHAE AR A, & ¥ REME 5 FAZ R B 5 2
F——elFs&i & I j5 # G . a2, AKX
AEBP1FI4EBP2 (1) LLE A FEAR XS B0, — 2 2 iA gk
BRRFENEREEF TR,

TORZ AL b AE & TR ~F 1) 22 AR 75 2 B T,
TORAE 53 B & 40 J B 8 772 2 KPR i A K
FE @B . mTORCIZETORTE 5 iEM H A& E
FR#AE B IR U E H B F——S6KF4EBPs 1]
KEEA. BERMEKRE TFEIPIZK-AKTH
mTORC2-AK T 42 AK T#LIS I H.#E Thr308 A1l
Serd473 07 S iR 1L, AKTEHFmTORC 1§ J5 & 7
Ser244817 fi k2 1k, mTORC 1 E4E # TORE 53
% T Ui P AN B AR R ——S 6K MI4EBPs i 2 1t
HEEAFRMEEE. E6JF, AKT. TOR,
4EBP1HIp70 SOK IR 32 2 Wil Rk g 197 7K~ 4 1)
WEFARRS B> o AT 50 5 K 35 8 40y £ JFF JUk AL
WHAKT. TOR. 4EBP1flp70 S6KMEER 1k 52 %] 1]
BHIE DTSR . SRS R Sos: R, 5i&
HHAg WAL, AKT (Thr308). AKT (Ser473).
TOR (Ser2448)F1p-4EBP1 (Thr37/46) B4t /K F-1E
B4 2 iR Mip70 S6K (Thr389) Mz 1k /K 1
EREHEE TR AT, 5EE AR AML,
AKT (Thr308)F1p70 S6K (Thr389)E At /K -7 i
JRZH 535 LM TTAKT (Serd73). TOR (Ser2448)F1
4EBP1 (Thr37/46)B A0 /K15 = R 4 5 3% i .
E2E 4 IR B5(Solea senegalensis) IR 58 4, LA
AKTHEBR A AE &0 i 452 BP0, gl 5 A w2k
Bk, 1EL LA SO K B3l 2 Ak /K ~F- 75 w3 AR 4 I, e gh R
AWM AG R £ H, 2805 R
VLD 38 A 7E 5 5 A S o TreinsZ P71 50
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F I SOK R R /N AN 2 2 A Ji B 4K, IF HLS6K
(8 X PT3 K - AT I8 3856 A7 26 1, o J) Jke 22 2% 41K
Pio FEABFF T, WIAIAKT (Serd73)7E i g 24H FE 1,
SOK M R A0 75 i i 4 T w51, 5 750 L3 Hh o Jik %
FAPIIRE 45 R —5. BhAh, 50 SR BH4EBPs Al
SOKAFAESANTLANIVE P, 244EBPsH R I , SOK
PRI BT, IR R A g i 254155t Hp-AKT (Serd73)/
AKT ™, 22 AT 5E bt R LT 28005 5

&2, TAREE W KT, AEIETORAE 5 38 %
WS, N TORYE 5 38 B 52 B 4 0] FFF A AN
WL TORAS 538 2% (1 AR AL MU AN ], 7T 6 -5 LR 5
Ji 5 R IR BRI R A AR AT R
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EFFECTS OF DIETARY LIPID LEVELS ON TOR PATHWAY IN JUVENILE
TURBOT (SCOPHTHALMUS MAXIMUS L.)

TANG Zhuo-Yi, CUI Kun, CHEN Qiang, TAN Peng, LIAO Kai, MAI Kang-Sen and Al Qing-Hui
(The Key Laboratory of Mariculture (Ministry Education of China), Ocean University of China, Qingdao 266003, China)

Abstract: This study investigated the effects of dietary lipid levels on the TOR pathway in juvenile turbot using diets
containing graded levels of lipid 11.69% (L11.69) and 16.58% (L16.58) (dry weight) to feed triple groups of juvenile
turbot (8.6+0.01 g) for a 97d trial. The lipids level in diet did not impact survival rate and SGR. Compared those in
L11.69 group, L16.58 group increased the gene expression of TOR, 4EBP1 but decreased 4EBP2 in liver, and it in-
creased the phosphorylation of pAKT-S473, pAKT-T308, pmTOR-S2448, and p4EBP1-T37/46. In the muscle, L16.58
group had decreased TOR and 4EBP1 associated with pAKT-S473, pmTOR-S2448 and p4EBP1-T37/46 compared
with those in L11.69 group. In conclusion, L16.58 diet can activate TOR pathway in liver while partially suppress TOR
pathway in muscle of junvenile turbot compare with L11.69 diet.

Key words: Turbot; Dietary lipid level; Gene expression; Phosphorylation; TOR pathway



