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FERMEEZ T AT 34 18.8%~44.7%(P<0.05 3% P<0.01); 1 £8/FAE FAS ¢ mRNA R X &G 342 %
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25%, 22%
s 4
(12% 15% 18% 21%),
) 3 5 mm
1
F1 REARBEREREERKETHR)

Tab. 1 Composition and nutrient levels of basal diets
(%DM)

36.00  36.00 36.00  36.00
4.76 7.86 1095  14.09
1202 1236 12,69  13.32
8.26 8.78 930 10.00
10.00  10.00  10.00  10.00
6.00 6.00 6.00 6.00
4.00 4.00 4.00 4.00
1671 12.75 8.61 4.14
1.00 1.00 1.20 1.20
D 0.50 0.50 0.50 0.50
D050 0.50 0.50 0.50
0.25 0.25 0.25 0.25

100 100 100 100

3)

96.17 9551  96.09  96.22
4522 4507  44.89 4532
12.04 1527 1836  21.45
3.76 2.95 2.44 2.11
2.31 2.29 2.31 2.30
1.63 1.63 1.62 1.61
1.06 1.07 1.07 1.06
1.32 1.40 1.39 1.41
9.20 9.21 9.20 9.11

;1)
: VA 7500 IU, VC 100 mg, VD32 000 IU, VK35 mg, VB,

7.5 mg, VB, 15 mg, VB¢ 7.5 mg, VB, 0.02 mg, VE 50 mg, 6 mg,
20 mg, 1 mg, 0.12 mg, 500 mg; 2).
(mg/kg ): Cu3;Zn 72; Mn 13; Fe 50; 1 0.15; Co 0.5; Mg

600; Se 0.23; P 6000; 3).

24 h, (333.25+
20.71)g

12 0.95 m 0.65 m , 25

10%, 36 ,
77 d, 14°C+0.5C,
30+0.5, 24 h

16: 00, 20: 00) ,

B

>

214,

(10+0.5)mg/L,
4 (8:00, 12: 00,
05h

1.2 #H&EREFEFNET &

, 24 h,
MS-222 ,
) , 207C
, -80°C
200 g,
1.2.1
, 105°C ;
1.2.2
(%)=100%( / )
(%0)=100x[( - )
]
(%/d)=100%[(In( )—In(
)/ ]
(g = - )
=( - N -
)
1.2.3
Elisa
, (FAS)
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RNA 3 , 5sRNA 18sRNA (3%3), 3,
28sRNA), 260 nm 280 nm PCR 20 pL: 2 pL
, RNA cDNA 04 pL ( , 10 umol/L)
RNA »  2ug RNA PrimeScript™ RT re- 0.4 uLROX 6.8uL 10 uL SYBR® Premix Ex
agent Kit with gDNA Eraser (Perfect Real Time) (Ta- Taq™ II (Tli RNaseH Plus)(TaKaRa)
KaRa) ,—80C FAS(95°C 30 s; 95°C 10 s, 61°C 30 s, 40 ),
1.2.4.2 PCR LPL(95C 305s;95C 10s,56°C 30s, 40 )
p-actin(NM_001124235.1) H-AACt
, ABI 7500 Fast PCR IPL  FAS
7500 software v2.0.1(Applied Biosystems, )
FAS LPL 1.3 ﬁ*&éﬁ'r]—&é]\*ﬁ_
2 SPSS 22.0 ,
s Duncan
(4x) , 9 « + (Mean+SE)”
#x2 ARWHSIET
Tab. 2 Primers used in this trial
(5-3") (C)
p-actin F ATGGGCCAGAAAGACAGCTACGTG
56/61 NM_001124235.1
B-actin R CTTCTCCATGTCGTCCCAGTTGGT
LPLF TAATTGGCTGCAGAAAACAC
56 NM_001124604.1
LPLR CGTCAGCAAACTCAAAGGT
FASF TGATCTGAAGGCCCGTGTCA . (o)
61 Skiba-Cassy
FAS R GGGTGACGTTGCCGTGGTAT
(P>0.05)
2 #X
2.1 A KM 19.40% 14.62%(P<0.05),
3, (FBW) (WGR) (P>0.05)
(SGR) 6.20%~20.56%
, FBW WGR 3 (P<0.05)
6.81%~7.83% 17.20%~33.17%(P<0.05); SGR , 93% (P>
28.91% 29.54%(P<0.05), 0.05)
R 3 FEANARE IR KT X8 AT 884 <M B B9S2
Tab.3 Effects of dietary lipid levels on the growth of Oncorhynchus mykiss
P
(2) 324.83422.02 324.92418.22 339.07+23.50 335.45+20.02 0.771
(2) 576.28+16.20° 539.54+8.15° 534.44+9.22° 536.56+22.18" 0.033
(%) 77.4149.44% 66.05+6.21%° 57.62+6.56" 59.95+7.57° 0.023
(%/d) 0.75+0.05° 0.67+0.04% 0.58+0.05° 0.58+0.06° 0.007
(g ) 308.18+17.60° 258.11+18.21° 268.88+16.70° 282.98+16.56% 0.035
1.16+0.06° 1.2140.09° 1.46+0.04° 1.2940.09" 0.035
(%) 94.67+4.62 93.76+3.88 95.94:+4.00 100.00+0.00 0.238
: (P>0.05), (P<0.05), (P<0.01),
3 4
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2.2 BBEAREIE AR , LPL
4 , . FAS 36.3% 18.8%
, (P<0.05), 44.7%(P<0.01) HL
7.5% 8.7%(P<0.05); L-FABP
3 9.1%~13.1%(P<0.05) (P<0.05) TL HL

e 4 TANRLEEBA K X BE B BE A X 157 45 AR B0 2 0
Tab. 4 Effects of dietary lipid levels on fat metabolism in the liver

P
FAS(ng/mg ) 1.001+0.028* 0.980+0.029% 0.93120.026" 0.92120.038" 0.034
L-FABP(ng/mg ) 0.452+0.023" 0.512+0.024 0.473+0.024° 0.469+0.012° 0.044
L-CPT (ng/mg ) 0.261+0.016" 0.311£0.016 0.300+0.016° 0.310£0.017° 0.016
LPL(U/mg ) 0.202+0.013% 0.190+0.016° 0.232+0.004° 0.276£0.007° 0.000
HL(U/mg ) 0.232+0.016" 0.240+0.021° 0.293+0.015° 0.296+0.011° 0.002
TL(U/mg ) 0.444+0.025" 0.430+0.037° 0.525+0.017° 0.572+0.018" 0.000
B- L-CPT , FAS 3 48.29%~55.15% (P<

R 3 15.1%~19.5% 0.05); LPL 3 36.72%~

(P<0.05) 113.59%(P<0.05  P<0.01)

, FAS , FAS

2.3 RER AR B mRNA K- 66.829%(P<0.05) LPL

5 1 , , FAS R s 86.03%
,LPL 72.66%(P<0.05)
%5 BEIHEFMEKRIIEERKHTERE mRNA RiZEHFM
Tab.5 Effects of dietary lipid levels on the mRNA expression of fat metabolism genes
P
FAS 0.85+0.12° 0.55+0.10° 0.58+0.11° 0.55+0.09° 0.022
LPL 0.66:0.03¢ 1.02+0.12° 0.97+0.09° 1.40+0.16° 0.000
FAS 1.07+0.13° 0.79+0.17% 0.89+0.13% 0.64+0.13° 0.032
LPL 0.73+0.12% 0.46+0.17° 0.86+0.15° 0.80+0.14° 0.042
1.6 ¢ 1.6 AL
@] an om @y
1.4 14 ¢
12 F
o 10 F g
) |
£ o6t S
04 |
02
0.0 ;

Fig. 1 Effects of dietary lipid levels on the mRNA expression in the liver and muscle
(P<0.05)
Column values with different small letters indicate significant difference (P < 0.05)
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Effects of lipid levels on growth, fatty acid enzymatic activity,
and gene expression of rainbow trout (Oncorhynchus mykiss)
in a recirculating aquaculture system
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Abstract: The aim of this trial was to evaluate the effects of dietary lipid levels on growth performance, fat me-
tabolism, and gene mRNA expression of rainbow trout (Oncorhynchus mykiss) in a recirculating aquaculture system
(RAS). Four isonitrogenous diets containing 45% crude protein with increasing dietary lipid levels of 12%, 15%,
18%, and 21% (denoted as groups , , , and ) were fed to satiety to triplicate groups of 25 fishes
(weighing 333.25 + 20.71 g) for 77 days. Results are described as follows: First, the growth performance of fish fed
group diet was optimal due to the highest weight gain (77.41%) and the lowest feed conversion rate (1.16) (P <
0.05 or P < 0.01); Second, fatty acid synthetase (FAS) activity was decreased with increasing dietary fat content,
whereas the activities of lipolytic enzymes were increased. The FAS activity of fish fed group diet was signifi-
cantly higher than those fed groups and diets by 7.5% and 8.7%, respectively. The L-CPT I activity of fish
fed group diet was lower than that of fish fed other diet groups by 13.08%—-16.35% (P < 0.05). Meanwhile, the
LPL activity of fish fed group diet was significantly highest (P < 0.05). This result implies that fishes fed group

diet improved their fat utilization rate by increasing fat synthesis and decreasing lipolysis to ensure the body’s
normal requirement for lipids and promote growth; Third, FAS mRNA expression in fish fed group diet was
higher than that of fish fed other diet groups by 48.29%—55.15% (P < 0.05), whereas the changes in LPL showed an
opposite pattern (P < 0.05 or P < 0.01). In the muscle, the FAS mRNA expression in fish fed group diet was
higher than that of fish fed group diet by 66.82% (P < 0.05), and the expression of LPL was initially decreased
and then increased with increasing dietary lipid levels. The preliminary finding was that FAS and LPL gene expres-
sion in the liver changed faster than that in the muscle with the increase in fat levels. Determined primarily, the
Donaldsons rainbow trout (weighing about 330 g) could achieve healthy growth without excessive fat supply, and

its fat nutrition requirement is no more than 12% in RAS when the dietary protein level is 45%.

(AX %4 85 %)
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