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THAL AT ™ 8yt B2 vT DA 2 4 S B (Para-
lichthys olivaceus) AL I8 JE 7 B i 1% ME); Al 3@ 2k
PG FXR OB 3P 0 Bg ZE AR, B4 K 35 BT
(Scophthalmus maximus) JHR g U5 B F R 2K 1 1 Bt 0
EPEN, TEWAE A, IR 5 AR R
HRRER SR S AL B (Lateolabrax maculatus) T NG
BB IR BE AN AR BG A 15 P 5 AR E A0 2 AR D5 AR
FEARRR T DUAR ,  BEARIVL IR B v B iy 1 5 0,
A4 AR R 5 ot LA v B D I A 2R, AR
L5 B AL SMNE AR I R X 5 1 2R fh1 (Schizo-
thorax prenanti) A=+ | BeRFUCEL . A5 b5 A5
J FAS mRNA Fl LPL mRNA k8 1520, LY
FEIFFHRBE A EFRER, T REK™ )
YIRg R AR 4 v i B PR S

1 MESTHE

1.1 SEIEER

DAty . SR, SRR AR, KA
FVR o A RV A SR A R 1A T 5 11 4 £ ()
R RRHEC o ZEFERR DR 3l Es im0, 75, 150,
300 mg/kg AYREFER (FH M T 05 KK 7= 3 AR A R
oy rE R O RON S MR L EIRRR . HAA SO
O3B RS BUN 15%), Bl 4 Fh &5 R (B R
o 38.96%) A5 (IR i A R 7.04%) Tk
FIRBE IR 60 Hif, MKIRABIEL T, REG
RE), RAZHY KERAEHE, H/NIZL AL
T 1.0 mm ABURLEDEL,  FARIT G % BT
—4°C M N okFR A H o FERIEDRHC 5 FNE 3R 4H AL
W1,

1.2 S aRAFEE

S 5 240 A0 R KSR
TR —HE B 2l . WA RS e 4% BB ARk
MR FR M, VAERME R e, i
W IE N S IR R R, R T d e, ik
BRI E), R Tote, RBTR R (12.74+
0.14) g Y55 2 HE 10 360 2., FEHLY M 4 4,
HINEE, BIEEARG 30 B, UEEN
A BEALAA 12 AN SEE KA (1.06 m*0.41 mx
0.38 m) H1, 4R 4 B [ AE T R K Y S5
Wkl FERLETE] 70 do H B4 B O K R B K
3%~5%, MK 08:00. 13:00. 17: 00 &-F5%ME 1 YK,
o E s s, WERME, TR E;
SEE AR RE RO K, BRI B 38 48 R 30%
B H MK . KB, SRR AR R AT N RIS T
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F 1 ERARE S REFER (% KT E4)
Tab.1 Composition and nutrient levels of

basal diets (% air-dry basis)

ingredients contents
fa ¥y fish meal 42.00
EH  soybean meal 20.00
SEH rapeseed meal 10.00
o-JEF)  a-starch 14.00
Xk wheat middling 4.00
K& soybean oil 5.00
HETREY  premix 1.00
SALNERE  choline chloride 1.00
IR A4S Ca(H,PO,), 1.00
DL-E#HMR  DL-Met 1.00
LA L-Lys 1.00
EFERS  nutrient levels
HEE  crude protein 38.96
BN crude lipid 7.04
JK4>  moisture 10.57
K7y ash 10.02

Ee L TREDSEE kg FOREE AL R AR TR, VA 30 000
IU, VC200mg, VD;25000IU, VE 600 mg, VK 100 mg, VB, 5
mg, MHER100 mg, ¥ZMR45120 mg, VBg 40 mg, VBj, 0.2 mg, 4
% 7mg, W 20 mg, WIEE 250 mg. fEICHFeSO, 7TH,0 121.83
mg, CuSO4'5H,0 7.20 mg, MnSO,4-H,05.16 mg, ZnSO, 7H,0
15.56 mg, KI6.58 mg, NaSeO;2.10 mg. 2.5KFE 77 a0 Aseillfg
Notes: 1. compound premix provides vitamin and mineral for a kilogram
of diets: VA 30 000IU, VC 200 mg, VD5 25 000 IU, VE 600 mg, VK
100 mg, VB 5 mg, nicotinic acid 100 mg, calcium pantothenate 1 20
mg, VB4 40 mg, VBy, 0.2 mg, biotin 7 mg, folic acid 20 mg, inositol 250
mg, FeSO, 7H,0 121.83 mg, CuSO,-5H,0 7.20 mg, MnSO,-H,0 5.16
mg, ZnSO,-7H,0 15.56 mg, KI 6.58 mg, NaSeO; 2.10 mg. 2. The feed
nutrient content were measured values

B KIRAERE 15~20°C, 4 E T 6.0 mg/L,
pH 7.0~7.5, A& EALT 0.10 mg/L, AR £
AEHALT 0.01 mg/L,

1.3 HmEXE&E

S 238 TR X S G A LR 24 h I MS-222
(50 mg/L) R, SRIExHREAEE AT s. FR
W, MWEAHPBEYLE 10 B, ek ey
BOHAS LR, 00 5 S o JUL AL A 7 A 5 o
PR A ) RO U AFRAE A I8, 4 °C il
B K ook, SRIG IR T, BGH A IF
B 2B ARE A% TR RNA, i e 4% 1 AT
U D) 2 Bt = A0 (4 1k S A T J O R g 1
FELRG, P00 A 7 A S M . 4 A R
T AE A A RS B T80 °C ukAE T A . 3
HR (WGR) . AW UTAL# (LR). WG % (SR) R
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DN A wa p =

14 H K (weight gain rate, WGR, %)=(Z& Kk
=W UG A )0 R AR BT < 1005

J %2R (survival rate, SR, %)=3L504%5 H 5 5
0 £ R /S T T T S B £ R < 1005

A& Wi TEL 3 (lipid deposition rate, LDR, %)=
(BRI BT i < S g 45 R A oL R I & =W ik
AR BT B < S 3 6 AR A ORI 1D 2 ) AR TR
il
14 SRS E0NE

ST ERALA . AR . g2
BT R & [C A7 (GB 5009. 6-2010) J5E .

1.5 RERA IS ERE 4 AN E
WaiE Rg Wi lE (LPS). JRWIFER & Wil (FAS). g

HENEME (LPL) S HFERRE (HL) 75 P24 5R e 5 A=
Yy TR s & 07 i o

1.6 EEFRIASH

H Trizol ik 7] & (Invitrogen, USA) & Bt I IIE
& RNA, H Nanodrop 4366 BE 7H 1] RNA ¥
F| F Promega GoScript 2 #% ¢ 5] & & i cDNA,
IFE T-20 °C ¥ . RHE it ABI7900 52 2 it
PCR KM & 4E, qPCR WA ZR: 50°C2min; 95°C
10 min; 95°C 15s; 40 MG, k5 60 °C 1 min,
95°C30 s, PCR [ & R Y 34 2505 H 1y 5
HN58E RINH B-actin ) CAE, THHEENIZME C,
HEZEIC N AC,, R 27 3L 0T 55 1 246 £
FE [ mRNA Rk 722 5700, 1H5E H SR
PR 3k 1M, 51 Wy e R AT BR 2 /A iR

(#£2).

17 BRSO

Bd 45k SPSS 19.0 483454 H One-Way
ANOVA T FIr 200, #ERBE, W
K F] Duncan K172 @ L, WFEMKFEERA
0.05, SEUAE AR P EERIE R RN

2 iR
21 MEHERXMFOHREENEIEER, (KIERH
SE2NMERFARNRMD

FF H RS 8 AR 1K BT i (FBW), 1 8 3
(WGR) ¥4 B %5 I R 5 o Ay 38 o S22 BT 3 B A1
AR A, TR IR ER % 5 150 mg/kg ik

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

=2 SERTEE PCRS|HFF)

Tab.2 Primers used in real-time quantitative PCR.

A . 51 ) ar GenB:%]iiession
genes primer sequence(5'-3") umber
LPL F: GCAACAACACTACCCTACATC KF738266
R: GGTGAGAAGACCAGCAAT
FAS F: CAGTTGTGAAGACTCGGC KF738265
R: CCTCTGTTCCAGTAGTGTATG
p-actin F: GATTCGCTGGAGATGATGCT JQO013000

R: CGTTGTAGAAGGTGTGATGCC

FR, H FBW 3w THARK IR (P<0.05),
EAE R & 0 75 5 300 mg/kg I 25 5N 3%
(P>0.05); WGR WI7EH TR & £ KT 75 mg/kg B
ZR AR E (P>0.05), {H¥ 53 & X4 (P<
0.05)(# 3), B MRTRR S /AT, SCmfa i
WUPR . A foRE R G Fr i 2 S S RIS i AR E Y
b, YAERRTERR & B 150 mg/kghf ihF f
% ; 7EREERR &7 75 F1 300 mg/kg B G i 2 1
255 (P>0.05), #5EL T X4 (P<0.05); AHIT
i 7 5 X BTG N g D TR R T 3 M R
(P>0.05).

22 FEHERXST ORE &4 & R B E Y
A

BERR TR S T, 5% 0 2408 a4 o i B R
fit (LPS). HFMEgHE (HL). A5%E M SEE (LPL) F1ES
fit (TL) A 3& M3 2 e T 5 TR e i AR (b ka3
(# 4). LPS. LPL J TL {if PE34 78 BH7H R & 3 K
F 150 mg/kg B 0 i F PR 22 5 (P>0.05), {HIE %
= T HRAL (P<0.05); HL 16 Pk 72 JE TR 7%
75 F1 300 mg/kg B TG & M 22 5 (P>0.05), {H i
FE T X AL (P<0.05), A8 MR & W (FAS) i
PEREIR TR & B T R R AR i g, (A%
S T E MR (P>0.05),

23 PEHERXSTOHE &L E LPL mRNA,
FAS mRNA RiZE8E M

BEGRRHIRHRR S RN, 57 O RE fag)
JHFWE LPL mRNA % 35 5 e T w5 i T
pyEAiEs (18 1), ZENRTHR & o0 150 #1300 mg/kg
RHC B2 (P>0.05), HEEET 0 F175 mg/kg
RAYTRR 2 (P<0.05); HFIE FAS mRNA #HXf % ik
WU 25 Ak IR T £ P 3 2 SRR F T AR
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Tab.3 Effects of bile acid supplemental level on growth and lipid deposition of juvenile S. prenanti

R R & & /(mg/kg)
i H bile acid levels
items
0 75 150 300

Ytk is/g IBW 12.77+0.13 12.86+0.09 12.74+0.19 12.59+0.09
LKk FiE/g FBW 35.04+0.75" 39.04+2.06° 41.60+£2.10° 38.89+1.82°
WER/Y% WG 174.40+5.15° 203.76x17.31° 226.63+18.41° 208.76+12.56"
I /% SR 90.2342.67 89.18+3.05 92.46+2.42 90.84+3.38
WLPIHLIENT/%  crude lipid in muscle 5.47+0.06" 4.78+0.14" 4.77+0.10° 4.79+0.03"
BTAEFLHEWT/%  crude lipid in hepatopancreas 10.92:£0.43° 9.39+0.74° 8.23+1.03" 8.35+1.77°
St tiiEi/%  crude lipid in whole body 8.17+0.47" 7.72+0.14™ 7.35+0.39" 7.43+0.49"
JIEIWTUIAR/%  lipid deposition rate 70.67+6.43 69.01+8.37 64.08+9.14 65.25+3.46

e RAPEATEGE R A A NG T RECOE T REOR R AR E (P>0.05) , ARVNG FREROR 2 W E(P<0.05). TR
Notes: In the same row, values with the same small letter superscripts or no letter superscripts mean no significant difference (P>0.05), while with
different small letter superscripts mean significant difference (P<0.05). The same as below

R4 RETEK XY O 2 & 40 & AR B 51 BE TR MRV 200

Tab. 4 Effects of bile acid supplemental level on fat metabolism enzyme activities of juvenile S. prenanti

el

BT ER & B/(mg/kg)
bile acid levels

items

0

75 150 300

fEWilit/(U/g) LPS 2335.43+20.14°

REIAER & REE/(U/g)  FAS 245.32+19.84

JHFBRRS/(U/mg pro) HL 2.66+0.12°
Jl& & F I8 #¥/(U/mg pro) LPL 4.33+0.06"
S JIER/(U/mg pro)  TL 6.99+0.19°

2574.85+63.03° 2702.46+18.33° 2708.33+10.02°

232.41+16.33 209.33+10.14 201.89+26.91

3.37+0.15° 3.720.03° 3.720.11°
4.82+0.06° 5.13+0.07° 5.21£0.15°
8.19+0.09" 8.85+0.10° 8.94+0.14°

FE R RS, IRYERR & R 75 F1300 me/kg A
T FH M2 5 (P>0.05), {H 150 #1300 mg/kg IHTT
AR 2H o AR T X IR ZH (P<0.05),

3 TR

3.1 FEHERXT ST OREE & i E KRB IR
SEAD!

JEERRAE K — R R IR B FLALTR], PR bRy
NI LA B A AR B LBERORE , 1 R AR 07 5 T Y
P fb i A, [ RET R S5 A8 W T AR5 87 I8
HEWAE S BRG], A2 DR R D Y
THALM™, fEEsh i, BRIRR DT AT
Mo kB, 1E & AT R BE 2 & B 4 (Ctenopha-
ryngodon idella) A MERE, fdF H A ML, B
TRAUARRE I DAY, LB IR T 1 35 4 v 4L 6
g R, 3 O RBHIE T 1 A i RE T, REAR
LR HRELIR D7 5 i, DD IR I UTAR , Ry IR
AR ERIEATAENY B, Db s 0o 2 Y IH
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TR AT AL BE 2R il Takifugu rubripes) tH4UH—ZF
G HE R BT R ) & it 5 IR T dn R AR 245 8 0
(Rachycentron canadum)™ . BK I &8 & (Anguilla
anguilla)'”, KZEHFT B CIREF (Macrobrachium
rosenbergii)"™ 35 JJLIA] K TR AE rhoML R 0 2 £ 0 AR
SE R, IR ER A R R 5T 1 2408 £ Y 1Y
R, BRI A LA KT B E HoRL A D
5 ERWHE AR B adr R, ATRERE AR
FUAL T A AR T SRR R L A R W s A 2
b =mEry AR R, e RIS Y, S
TR R T S B AR T E,
TR A R R VR, nl 2t sh P i {d
S, A R Bl R TS A, R A RS
FEY R TH AR . BRI R T, IR T 4R v A
I (Rana catesbeiana) X9 BT . LR W5 KM
A 5T UL AL 325 Al i R 22 B 4 £ % oK
EEBH TR BERR . SEERR . SEEN
FUTH ALY, ALt i 105 B i 105 R 48 Ak ), 3
B S A an s iR Ak e, (RS AR

R E K224 F 7/ sponsored by China Society of Fisheries
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U_@ 25 g LPL EFAS

K< b

ﬂ’?é 20 l ab a
£EE g &
ZE 8 15t

2

EZ =

LIS

TL2 10}

2= b b
§E§05 a 1

~ DT
5

0 75 150 300
RV R &/ (mg/kg)

bile acid levels
B 1 BEHERXSFORESE4E LPL mRNA 1
FAS mRNA X RIAE AR

AN [ V% -2 v A+ 7] DR 3 08 4 A [R) B A R [R) b o B R R AT AE
TEMZER (P<0.05)

Fig. 1 Effects of bile acid supplemental level on
LPL mRNA and FAS mRNA relative
expression of juvenile S. prenanti

Different superscript letters between the same gene expression data
columns in different supplemental levels indicated significant different
(P<0.05)

B0 B T TR TR, R O Sh e
JiE Wi ML G & B ARERAR T RRZ 1K (TGRS), {2
o 1L R R IR (cAMP) TR IR SR 0KF,
PRALIA B SERE AR RE , DT 4 s i 17 2 2L 4K
HEE, BER IR S R N s, IR E)
Yy L SRR 107 1) 5 B DRHORR T R T A5 A
Pt DRI TIR

3.2 BBHEARTSF OB 508 B B 8 R AR
EEFANH

LPS A8 MW Wi il G R, IR AR B /N
PN J G S8 G A A T PR Y LPS T R VR, JF
Re s L IE M, AR UERRIIE ALY, B KRBT
i LPS pyid " Alam 26 DA BH R 0T DA 3%
P = I B LPS TG, FEE N AR, AL,
FF 1 2405 0 38 LPSIE P Bl 2 AR T B VS 7K SF- 1
Trm 2Tl TREmES, 5 LAY
WA —F, YIS =AY RE TR 0T A5 R = LPS
G, R T RDREIR Y o A, ek B
P A TR

FEKP=SIRRI A SRR R HL . LPL
S VR T HILAAR B 10 BRI  J5 AR 8 ) O g PR ),
LPL A] ¥ ifin 3 v (% FL B UKL Al VLDL #5748 19 TG
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K LT T RN R D R Y, i AR U i
g AN A2, HL WZE F 40 i b A
B, R BRI HE LDL AL BE B0k 5k 1 A
ML, - E S5 HDL-C 19306 %% F1 HDL 5% 87 1)
A3 fEC S RET R Y5 AT S 3 R v K SR B4 LPL
HL 1 TL #3&EPE"Y; LPL mRNA ik 7K - & %
HE T a4 80 B P s R P BC A B A X i
e E T NEY i ARR 2 iEhERE, I
LT LA NG 52 & BUR O™ A s s i B0, A SE
oo, BSIIRHRR AT B2 LS 1 2E 4 LPL mRNA
fyFeikat, $RE LR S LPL. HL A TL 364k,
5 LRSS R — B, T e O IR R R
HET ISR R D5 ) o A, B T A h e s
JIg M T e R, TG R 4% 5F 1 S fa i E R LPL
mRNA [JFk&E, #ZFIE LPL i& M, Jne 170
[ s S AR, BRI IERR G & & 5 o3 —Jy i,
R AE FIHE IR E D A-V A1 C-TT I £E, ¥
I LPL, JFf3 228 s 0 LA s L BE ROk, i I
A HL 403, P85 TG B9 Rk AR BE
WIS FXR-a, 13155 SHP 353K A7 5 HDL
PR IAE G s 48R0, BRI 2% HDLWR .
R AR YRR 7T % LPL mRNA B335, 998 HL |
LPL B 3& P, 4205 5% 1 2408 £a % 1R Rk s i #1)
RE o

FAS 2515 & B SR , ReME b £ mha-A
FIPT R PR A -A & B BER RN R, 7E3)
YRR A W S TR 4% EE AR . PUFA J2
FAS mRNA HySEAMEI] . 700 1% ) PUFAH KR
JFHE A FAS mRNA ik 7K FIH 75%°" . Es i
JE B2 AT A2 R K 7= S R I AT AL . TR
IHERRIA, FEAE KR PUFARY, dEIiimd] FAS
mRNA 5, [, AR FXR SZ AR H) KR
BoiAk, fig & T /N B SREBF1. FAS mRNA
PR AT, SEBO H R B AR PR Y, I
D RFRER AR BT AR R O, ASC G, Bl IR R VR
TN AR, 5% 10 24HE L FAS mRNA £k 5%
WA AR, 5 R A B
JE IR 1T LAFE PR 45 FAS mRNAR) Kk, He i H
BRI RE, BEAARNR & K, sl g

TR A
4 g5

EH R e A SR R O Ak K, i
LPL mRNA RyFiAH, T FAS mRNA f)&EikE,
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e HOM W LPS. HL. LPL Ml TL 3G, {23kt
RGBT AR A, FRARELAFAE . WL A4

LI

i/ J 1 RO P B AR,

PRAPAEAE R o

(& 7 WA A U 55 B s A2 Bl 32 )
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Effects of dietary bile acid on lipid deposition, lipid metabolism enzyme
activities and related gene expression to juvenile Schizothorax prenanti

XIANG Xiao ", ZENG Benhe >, WANGRui', XU Yaosheng', ZHOU Xinghua ',
CHEN Jian', LIDaijin', ZHU Chengke', LIN Shimei'

(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
Key Laboratory of Aquatic Science of Chongqing, College of Fisheries, Southwest University, Chongging 402460, China,
2. Tibet Academy of Agricultural and Animal Husbandry Sciences, Fisheries Research Institute, Lhasa 850000, China)

Abstract: This experiment was conducted to investigate the effects of dietary bile acid levels on growth, lipid
deposition, lipid metabolism enzyme activities and related gene expression of juvenile Schizothorax prenanti. A
total of 360 juvenile S. prenanti with an average body weight of (12.74+0.14) g were randomly divided into 4
groups with 3 replicates per group and 30 fish per replicate. The diets with different bile acid supplemental levels (0,
75, 150 and 300 mg/kg) were fed to juvenile S. prenanti for 70 days. The results showed that: with bile acid sup-
plemental level raising, the weight gain rate(WGR) had a trend of increasing first and decreasing later(P<0.05).
The WGR was the highest (226.63%) when the bile acid supplemental level was 150 mg/kg. At the same time, the
activities of intestinal lipase (LPS), hepatopancreas hepatic lipase (HL), lipoprotein lipase (LPL) and total lipase
(TL) were all increased at first and then leveled off (P < 0.05), conversely, the activities of fatty acid synthase
(FAS) were decreased at first and then leveled off (P < 0.05) with dietary bile acid levels raising. Meanwhile, with
dietary bile acid levels raising, the liver LPL mRNA expression of S. prenanti increased first and then tended to
stabilization (P<0.05), FAS mRNA expression decreased first and then tended to level off (P<0.05). The lipid con-
tent of liver, muscle and whole fish were all trended to level off with dietary bile acid levels raising (P < 0.05). As
well as the survival rate and lipid deposition rate were not significantly different of S. prenanti (P > 0.05). Collect-
ively, the results of above indicate that the suitable dietary bile acid levels can upregulate LPL mRNA expression
and downregulate FAS mRNA expression of S. prenanti, enhance the activities of fat metabolism enzymes, pro-

mote the digestion and utilization of feed fat, reduce lipid deposition and protect liver health effectively.
Key words: Schizothorax prenanti; bile acid; lipid deposition; lipid metabolism; gene expression
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