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i % B BPRAREAKBST DR A ERRG . LR R AR5 A I5EF (lipoprotein lipase, LPL)
J MG Wil 6 Mg (fatty acid synthetase, FAS) HIZEFFRIL. Fik: #RlENGF DR ALH (137.841.7) ¢
(S#D . Wit (3124+11.8) g (M4D) . Hfa (500.9+31.4) g (L4 , MERARIEIR. AF s EoRVLIA £
TUE IR R, R SER ROk IR A U SO B LPL X FAS B RIS IA K. 4550 S5SHAMLL, M.
LA . AL, migte. KOS EWHE K (P<0.05) , MEA. HRKS S ERMAK; LAV
C(intermuscular fat, IMF) & &H& (P<0.05) ; MS4l. MASLAN AT LPL mRNA&FAS mRNAFRIE KT
WERARTFUA (P<0.05) , HLAHFBATHLPL mRNA M FAS mRNAR LK AL (P<0.05) , MANLAH
LPL mRNA [ FAS mRNAEIE KT (P<0.05) o S5i6: 5510248 6 RPN 32 B8 37 i 7 & S A0 i b BE A i b
i, HIMF& 5LPL mRNA K FAS mRNA A KT 2 —E IEA 5.
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Growth, Muscle Quality and Gene Expression of Lipoprotein Lipase and Fatty Acid Synthase of
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Abstract: Objective: To investigate the growth, muscle quality and gene expression of lipoprotein lipase (LPL) and fatty
acid synthase (FAS) of Schizothorax prenanti Tchang (SPT) at different growth stages. Methods: SPT with body weights of
(137.8 = 1.7) g (small, juvenile), (312.4 £ 11.8) g (medium, subadult) and (500.9 & 31.4) g (large, adult) were collected,
respectively. Their body condition indexes, visceral indexes and major muscle nutrients were determined. Meanwhile, LPL
and FAS mRNA levels in liver and muscle of SPT at the juvenile, subadult and adult growth periods were evaluated by real-
time PCR. Results: Compared with the small group, boby condition indexes, hepatopancreas index (HIS), mesenteric lipid
index and water content were reduced in the medium group and large group (P < 0.05). The contents of crude protein and
crude ash showed no significant change in muscle. The intermuscular fat was the least abundant in the large group (P < 0.05).
The LPL and FAS mRNA expression levels in liver for the small group, medium and large group were significantly higher
than in muscle (P < 0.05). The LPL mRNA and FAS mRNA expression levels in liver were the lowest in the large group
(P < 0.05). The LPL mRNA and FAS mRNA expression levels in muscle were the highest in the medium group (P < 0.05).
Conclusion: The essential nutrients in muscle are reduced at the adult stage, and the content of intramusclar fat is correlated
with the expression of LPL mRNA and F4S mRNA.
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S AR R DR, T B DU R A P A
Oy LR, WOERESE, SE R R
SRR, RFEIX M AR b, B R
REFFAMEMZTAE . H AT, x5 0 2R g AR
(FIF 7 32 EEAE AR H LR AR 0 AT 7 T, 6 B S AR A O
FEDR A B FOHLEE 5k = PR AT T

S M W DR e 77 AR T A iR 1) A
B A SR L, 3 52 ) T H I = TR T R ) e 12
%, HEEEAREE (lipoprotein lipase, LPL) f&Hih =Mk
(triglyceride, TG) BN H AN EHEE (free fatty
acid, FFA) J S [ FREBE, 72 05 A5 Wi ORI AS B
B REERE, 25 &P 5 & A A IE 0 2474
7, MR E SR EE AR, i AR E
FC-1I Capolipoprotein C-11, ApoC-11) N4liKFZ 5%
K& EENREH (very low density lipoprotein, VLDL) #lI
RS (high density lipoprotein, HDL) 2 [A][F#%
R R R 4. DRIk, P 2R 1 R S LR 4 B
AU RS B, FEAR MY, LPLIAH A
RIKAERE SR B — A EINE, HERNE—E %
S, fln: EERDLPLAEAR DT AIZ. L QWL .
WINSEH R PG RS, KRl Hs. . . 1%
RRAOE S RS B, ULRRFAE & &Rz s 4k
i 7 i 7 4L 4 LPL eyt JFF A B UL LA s L LPL
FEAEMEhRE . BYTRG R (fatty acid synthase,
FAS) ARARINTIR & B, 72 N VR 1 IS 07 R & B 1) 5K
g, AEWLMEAL CBEART AR R B AEEA & BTG
KL, AR TR & RlE o 0 2 58 WS PRI IO 42 1 31
MR B A EE R L. LR, FASEKIE S5
PR RE KSR AEAH G, BT S e AR sk B R (B
FASH:RImRNAFIEL 1 B3R IA KT e 15 5 f 45 2 1A
K, PLRAE S SARNR TR Ve AR E D

A LIS DR g X R, Wi AEK IR L
P, IR s e EUOL R GRS N (real-time
polymerase chain reaction, real-time PCR) #&illl #1420 21
FHLPLAFASHE ImRNA AR RIA &, BAEL 71K
SPRE— BRI 5 VR IR S A T AL, DRk
KRARRAEK, FEm i,

1 ME5EHE

L1 eI

55 V2 f ST DU )1 e 22 R A e f gy, B AL I HY
T3 ANAREAK B (YhfaSdl. TlaMy, kb
L4D i Einss O REm %36 B, FH3 ANEL,
HFEES RN (137.8+1.7) g. (312.4+11.8) g.
(500.9£31.4) g, RK4HIN (18.8£1.1) cm,
(257+£1.0) em. (312+1.5) cm, #HF1d, RHEE.

RNAiso Plus. PrimeScript RT reagent Kit with gDNA
Eraser (Perfect Real Time) . DEPC/K. SYBR Premix Ex
Tag™ 11 (TIi RnaseH Plus) HATaKaRa/A @] ; HARIR
LI = 3 B4l
12 a5

HE TS s A sl HIEPCRAL, SENf%
JGEEPCRC. B ARE RS  £EBio-RadAH]; 7K
SFHUKRE  JERON AR BAMPOLRE . MER
Wt {EEEppendorfAE]; SRR EOHL. AR
VKR EEThermoA .

1.3 Jrik
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(D ~ 3 WHHAERMERER.
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BijE/ (gem®) = — =

HEiHES (glem ke’ (D
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W ph Lo VLT 2
Jii/g

i W5 7 /g
I hg /1% = X 100 (3)
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132 EHt

Pk #1457 6 5 AR F AR, 43 S B R L UL
W CBIREIERRE1 REELE, ML ELUTA
WL — R AR T A AR, BN —80 T
R RAEFH LA IRNA, 55— B T —20 CokAf &
&M
133  APREEAR I E

Z B GB/T 5009.6—2003 £ & Jig i 1 I 2 )
SR B B HE 5 D e M s oy AULIRL AR B & & 2R
GB 5009.5—2010 (& A AINE) K HHLIKE R
FIERE AR S ®; 2GB 5009.4—2010 (& +
RAWIMEY RA D I bl @K o & 21
GB 5009.3—2010 (it hK s HlE ) R H BHET1%
ME KI5
1.3.4  LPL. FASINFIEKTor
1.34.1 g1t

i GenBank P ELH HISF L E A (Schizothorax
prenanti) LPL. FASHIB-actin (JQ013000) X [115%1,
I Primer 5.0 F ¥ it 514, HUAKIILPL, FASH: A
mRNATE AR H R AR R IA &, 51 B RIERE
RAF A K. WSER AT OREMAL-actinkH, 514
Wit WL,
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Table1 Primer sequences and annealing temperatures
i ST (5'-3") BB EC P bp
. IEfil: GATTCGCTGGAGATGATGCT
P-actin 55.8 219

;. CGTTGTAGAAGGTGTGATGCC

TElil: GCAACAACACTACCCTACATC
LPL ) 56.0 166
RIi: GGTGAGAAGACCAGCAAT

i: CAGTTGTGAAGACT
£ IE: CAGTTGTGAAGACTCGGC 0 5
J2Ji: CCTCTGTTCCAGTAGTGTATG

1342 SRNAFEHUE cDNAG

SMRNAFERUS 4325056 (TaKaRa) J73ET,
10 g/LER AR WEERER F Kk 73 b He e Bt SRA 3 o BE vl
ODsgoums ODagoumsonm 1B (1.8~2.0) &

cDNA & ##%PrimeScript RT reagent Kit with gDNA
Eraser (TaKaRa) 7l & 7kt 47, RN“YE T
—20 CUKMRAFHH . HFHRIEMNSEKER-II3)E
H (B-actin) AT IEPCRY 1Y, K McDNAKIAELE,
GRS o/ LB b Bl Lk sz i o
1.3.4.3  Real time-PCRA M £ 44 2 2R L PL N FAS % [F]
mRNA A% ik &

F DL ke 2 )RR (iR R10 pL) : SYBR
Premix Ex Tag™ 1l 5 uL, DEPC/K3.5 uL, ETF¥#514
#0.25 uL, cDNA 1 pL. PCRJZ M %4F: 95 ‘C 3 min;
95°C 10's, 55.8 °C (p-actin) /56.0 ‘C (LPL) /56.0 ‘C

(FAS) 30s, 39 ME¥; 95°C 10s; B %65 °C; LA
2.5 C/sFHRZ95 'Co JkI0 S S RF 1, & 14 74
FH15 /LB R W e I e vk kr il o PAS% 1 2R 11 B-actin
NWSIE, N2 R AN A S mRNA A T
Fikm, MMERERE=2"Y H¥: ACt=Ctlgyun—
Ctyuerino
14 HiEgt

KHISPSS 19.08fF 147 H. K 2 77 2 70 #t (One-Way
ANOVA) , ZHELK K HADuncan sk, LI HHEH
¥tsFER, P<O0.05NZEREZE.

2 ZR5H

2.1 FrHREE A KIEMERR T

x2 FORELBEERENEER (xis, n=8)
Table2  Body size indexes and visceral indexes of Schizothorax prenanti
Tchang (x £5,n=8)

ik hhiglg LSl TEHIE/ (glem’) FF k% flE%

SH 1378117 380£027 1.89£0.13" 140017 5.05+045°
MAL 3124F118  418+027° 1621004 LI3E0IIT 2224058
LA 5009314 4441001 1572004 0984007 0.80+0.50°

i SN FREARZROR R EZR (P <0.05),

M2 m %0, SHSAMEL, MAKK/EEHEF LT
(P>0.05) , LAKK/MEEEZEA G (P<0.05) ,
MASLAZ M ZRAEE (P>0.05) ; M4l LA
FE. BRI 2 T (P<0.05) , MA LA A
PIZRAEE (P>0.05) ; M4L. LA/ 83 B
(P<0.05) , MAHLAZ [AEREE (P<0.05)

22 FFORRE AT IR ENUE A 7593 0

#£3 FOREAENMENEFASEE (Xis, n=8)

Table3  Basic composition of back muscle and abdominal muscle of
Schizothorax prenanti Tchang (x +s,n=8)
g/100 g
A fabr SZH M4 L4
bishi=ilin 0.55£0.04" 1.13£0.17"  0.37+0.06"
_— MEAR  15.39£0.51° 13.99+1.52° 13.68+2.07
K Sy 1.15£0.07"  0.67+0.06"  1.0940.05"
KGy 74.544+0.28" 70.16£0.58" 69.50+0.51
FELIE 4424046" 448+047" 2.05%+0.11°
P MEAR 14.6510.11° 14.824£0.66" 11.37£1.06"

i 143+0.13"  1.33+0.12"  0.854+0.07°
Ky 71.37+1.48 7226+0.63" 70.85+1.32°

W P HARE LRI s FT NS FRARR R ZEREE (P <0.05).

HER3IT A, SSAMEL, 502408 MK g
W EEEIE (P<0.05) , LAMIEN & &S F%E
#(P>0.05) , MASLAZ HMZEREE (P<0.05) ;
FHZEMEARTEERALE (P>0.05) ; 5S4
FHE, MAVHIK > &8 R E R (P<0.05) , LAKK
PEEETREH (P>0.05) , MASLA 2 R %ERE
% (P<0.05) ; MAKSEEREERIK (P<0.05) ,
LK S EHFFEK (P>0.05) , MASLA 6%
RARE (P>0.05) . SSHMLL, FHOREAEN
MAKLAERT .« ME A MRS Ko &S LR
Z5 (P>0.05) , LAMMRN . HEAR. MK & E
IR TS (P<0.05) , MASLAZ AN ZETEE
(P<005) 5 FHZIRKSGRERBARE (P>005) .
23 FHOZMEMYLEENT (intermuscular fat, IMF)
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Fig.1  Intramuscular fat contents of Schizothorax prenanti Tchang at

different growth stages
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WMELR, SSHEME, MAIMES BEATHEE
B, HEEEZES (P>0.05) , LARKIMES & EZ KK
(P<0.05) . Z5FFIAFT O RNE AAEK IS RE PR N IMF
TEEIWL LA TGS, YK E) T A
IMF& &4 — 28N, 1 MO R A K B R A IMEF S 2 X
BT, XATEe S AR AR KB B B & 7 SR AR
HKo
24 FOZE M LPLAIFASHE K mRNA %% KT
24.1 FFOZMEMALPL mRNAFILKTF
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Fig.2  LPL gene expression levels in liver and muscle of Schizothorax

prenanti Tchang

WIE2ATR, 57 02408 R AT A I LPL mRNAFHX]
RIEEF TN . 5SAMEL, MU FFEERE - LPL
mRNAFKILKFH R ZEFm (P<0.05) . 5SAMI,
LAMLA FLPL mRNAKIEKFEE RIL (P<0.05) ,
JHBEAEHLPL mRNARIE KA &S, HERHFEAN
B% (P>0.05) o LANPFIIFENEH LPL mRNAKIA
AKPFEMAMILYZEREZE (P<0.05) . 45RFEWF
F1 2 04 K FE e UL LPL mRNA 35 7K AR T g
Wk, HWE¥ 2T S RERRAES, Ny
W f, WLAAFEIFLPL mRNARIES e, R
JIF R, T ) £ B B UL PR R JBE IE L PL mRINA 55 7K
P34 AR
242  FHOZEHEFAS mRNAFIL KT
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Fig.3  FAS gene expression levels in liver and muscle of Schizothorax

prenanti Tchang

WEBHTR, 5502408 TR P F4S mRNAAES 3=
EARFETUA. SSAMEL, MAVLA T FAS mRNAZER

EACFEZE R (P<0.05) , FFRAEH FAS mRNARIE
AKFFE, HERIEAEE (P>0.05) . HSHML,
LALJLA 1 FAS mRNAFRIE /KPR E TS (P<0.05) , i
FFIgEIE A FAS mRNARIA KPR E K (P<0.05) . LA
JULPRIRR B H FAS mRNAZRIE K- 5 M A LE 5 72 5 55
E (P<0.05) o Z5FFIFF O RNE A A Kl F2 b R
FAS mRNARIA/KFEARm TUIA, HPiE 28 nE
FRAEa s, A B0 pifh, NIRRT EEFAS mRNAFR
BRI — e, JLHEZNUA, i A BUILA
UL FAS mRNAFR IR /KT 45 15 35 PRI

3 9

R F B S E IR ARIA, RN
SHEENEAR IR AMSET YR, SR
FKMEG B R AREFRMEREIL, YR SRNELS
AR EEZ L. ARNRERAS SRS AERK
W, EAAIRET, ERRAMEEEVN LR, ALK
H, FFORE AR K S B, EAR. R
TERZ, MRS EERD: BWE. FiE. BiE
oy Ko & 2 ALA AR MNEN & & R LA &K,
R0 B AR L SR AR e 45 FRARTF: HK oy FOOR B
TR & A UM, (AT, 5 R AEED g
R EMEEAARET, el TERERRAEK
B B £ B B SR T SRS AT, FES) R o
FR A BB B B A A . AR KR, AT RUIE PR
A EARRES, 1000 BRI K5 8 s
TR AFTEAR A, HENLARRI A 7E1K 2 R b B = 2R
EHTHRORE, AUk & BA T PR, R
U S0 150, 300+ 600 gt femtd 47 1 LA
By 3T, UE BB R R G, AR o BRI
BB, RHLER 0 TORORL AR D7 & RO s il At
fi £ BEAT I FEAS L R £ UL PR R R N T R > &)
> HEf, TR DTS B Dy gl > A > . IX
A RE S N BRI ALRE ST E IR B B R LM
AR AR P AL R (R IA AR AT K. Fortin
SN K, LA ARG & BAE2%~ 3% B A, ALK
SHEMAE BAEMTEEN .

i S0t i i R P AR R S BRI A . e
Wi i) o iR 08 o B IDT I A B 7E — R A1 1 B 7 & B
MR N REAT I AR M R S s e v, g
1 HE 7 S8 I i 2R i s Bk ) b, 7E— RS
MRS5S T, SABRICEIENR. £ Lkl
T, g7 R A BB 2 G 107 4 R SR HE G, 4 FASHVE
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P 22 4 10 i 17 B e % 3 3ok I L0 P AR RO 7, 184 A iy
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FEA PN TR i 2R 1 I I IR I 0 A B 1 O
Wi, e iEH DARIR SRR 0T R H i = R /K A B AN 7E
ZARA T NG B RN AR S IC AR BN 2 DR 5 1 0 T
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i FFEIELPL mRNAFRIE &= TULA, 57T 5252506
i, Li Xiangfeiss"™ %4 il & & 100F 7045 5 B
I K LA LPL mRNARIE &N &> > e, 5
Saera-VilaZe "5t 4 Sk B IR 7045 FARML. X AT g S LA R
IR KRREAT G, FTORMRMAEL M. W B
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Kz, ReWimRE AL aE 1R T R IEAK, RN 2 ERY
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IR, EALPLAENA P RIERR & TR, X
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ER5E— BRI

Semenkovich™ W 7L £ B, HUAL L PFASEILKT
(1 TF 15 £ S 2 38 0 = B LE AR Y R, AT 5 B0
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FEAERLENE . R PR T 28 FE RS R 2290 kgLA R
(45 RE B LH 2 FAS mRNARIL K, SRR E—E
KB, B FAS mRNAR K TS5 H i 2 iF
M. FEEIINT E E P AR A TR, AT MK
B R 7R B = B Y, s SR S SRR T A
R & R BT A R 28 B0, HFATFAS mRNARIA
AKFuE T L . B AR B PR B 0 (B 7T R I,
JFFHEFAS mRNARIE K& FUIA . ARSI SR 55
1245 #01 BF BEUE FAS mRNA KA & TR EAF BT
FAS mRNAWMA RIE T i m, S LARY ;s WIAFASE
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o X TTRE AR T35 10 2L £ 78 2 f i B AR I i 7 R
g EAA K, FAS mRNARIE &K, 105w AR
B, MR TR A KR RE IR K S 5 8 A RS D
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H, FAS mRNAFRIEWHNG], FEAK T IFFRATE S ULA A s i
FRUTAA .
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