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Effect of Rumen-Protected Fat on Fat Deposition and Related Genes Expression of
Fattening Yaks
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Abstract: The aim of this study was to investigate the effect of dietary rumen-protected fat (RPF)
supplementation on fat deposition and related genes expression of fattening yaks. Twenty-four male
yaks with similar body weight (275. 63+9. 84 kg) were randomly assigned to three treatment groups
(8 in each group) , which were 1) Control group (CON) : fed a basal diet; 2) 1.5% RPF
supplementation group (RPF 1.5): fed the basal diet supplemented with 1. 5% RPF; 3) 3.0% RPF
supplementation group (RPF 3.0) : fed the basal diet supplemented with 3. 0% RPF, respectively.
The experimental period was 90 d. At the end of the trial period, the longissimus dorsi muscle and
abdominal adipose tissues were collected for the analysis of nutritients, fatty acid composition,
adipose tissue morphology and related genes expression. The results showed that there was no
significant difference in the muscle energy and protein content, the intramuscular fat (IMF) content
varied significantly and increased with RPF supplementation (P<Z0.05). the cis-11, 14-eicosenenoic
acid in muscular fatty acid composition of RPF3. 0 was significantly greater than that of CON group
(P<<0.05), in RPF 1.5 group, the cis, cis-8, 11, 14-eicosatrienoic acid and cis-5, 8, 11, 14, 17-
eicosapentaoic acid were significantly greater than those in the CON group (P<C0.05). RPF had no
significant effect on the proportion of saturated and unsaturated fatty acids in muscle tissue. In terms
of the adipose tissue morphology, the number of cells per unit area and mean cell area in IMF and
mean cell area in abdominal fat increased gradually with the level of RPF addition. In longissimus
dorsi muscle, the expression of transcriptional regulation factors PPARy, SREBP-1, FABP4 were
significantly higher in RPF 1.5 and RPF3.0 group (P<C0.05). Yaks in RPF 3.0 group had
significantly lower ACC and FAS genes expression which are key enzymes in de novo fat synthesis
compared with CON group. And DGAT-1 and CPT-1 (P<C0.05) genes expression in RPF 1.5 and
RPF 3.0 group were significantly higher than those in CON group (P<Z0.05). The expression of
transcriptional regulation factor C/EBPa gene in abdominal adipose tissue increased significantly with
the supplemental dose of RPF (P<C0.05) , genes expression of PPARy and FABP4 were
significantly higher in the RPF 1.5 and RPF3.0 groups than in the CON group (P<C0.05). The
ACC gene expression which is the key enzyme for de novo fat synthesis in the RPF 1.5 and RPF3.0
groups were significantly lower than that in the CON group (P<C0.05). DGAT-1 gene expression
increased significantly with the addition of RPF (P<C0.05). Yaks of the RPF 1.5 and RPF3.0
groups had significantly higher gene expression of LPL when compared to CON ones (P<0.05). It
can be seen that dietary RPF supplementation can effectively promote IMF and abdominal fat

deposition in fattening yaks, by regulating the gene expression of transcriptional regulation factors and
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key enzymes involed in fat metabolism, reducing de novo fat synthesis, utilizing directly the fatty

acids derived from RPF for fat synthesis. The feeding effect of 3. 0% RPF supplementation is better

than 1.5%.
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F1 EBREAMREFRKE(FUREM)
Table 1 Composition and nutrient levels of basic diet (dry

matter basis)

W H TE/%
Item Content
J5UEL Ingredient
E K Corn 31.23
/NF #k Wheat bran 5.14
M1 Soybean meal 2.97
SEAFUE Rapeseed meal 3.17
K+ R 3.02
Fermented protein concentrate
R Y east selenium 0.11
RIRES CaCO, 0.23
/NI FT NaHCO, 0.73
fr#h NaCl 0.57
TR R Premix” 2.83
MEF T B Oat hay 50. 00
it Total 100. 00
HFE K Nutrient level
ZiA v hE/(MJ kg ') NEm[? 5.35
L ASNOY 12.18
HPETE TR £F 48 NDF 38.72
PR P Pk i £F 4 ADF 23.82
5 Ca 0. 60
W P 0.36

VBT s WUIR B & A 0 VA 150 000~400 000 TU, VD
40 000~100 000 TU, VE 500~1 500 IU,Cu 0. 2~1 g,Zn 1~
3¢g,Mn0.6~2 g,I 6~60 mg, Se 2~25 mg, Co 6~40 mg.
VR G R TR A S

Y. The premix contained the following per kg: VA 150 000-
400 000 IU, VD4 40 000-100 000 TU, VE 500-1 500 IU, Cu
0.2-1g,7Zn 1-3 g,Mn 0.6-2 g,1 6-60 mg, Se 2-25 mg, Co
6-40 mg. ¥. NEmf was a calculated value, while the others
were measured values
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1.3.1 WA E I W it o MR R GB
28050—2011 A i #5158 I 45 5 85 1 & it R
HLIGE A AL, 2 B E A5 (GB 5009. 5—2016) {ill % ;
IMF & & : 2 B [E F5 (GB 5009. 6—2016) % ] & [
4 00 2

1.3.2 BEWIERA b AL AR G ik 47
M 5E 2 BB E PR (GB 5009. 168—2016) 2% H &4 =
T CF — Ak ) 1aURE 76 0 1k 45 78 F 52 Ak A HT iR
b, A= AR 7 8 P g , 26 SO s A (251 7820) 5
S A BN 618 A (CD-2560, CNW Technologies)
Sy0T W0 E R TR & i, B ARE R R 29K AUARTE
N A 37 B i i R H R R VR AR (32 38 ke B
BB A BRA R AT U
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18 5 S5 B L B I 30 i 07 A ot 1 5 K AL PN A U e
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LI, T —20 CUR G ¥ 20, W B [ J5 K & P A 49 1
HE o CHS I8 B W P BB T 0 W HE T A
YR ALY A JE 3~4 pm. XF 75 fie K WLtEFT HE 4 (4
(A W5 58 85 227K - R 3R e € - 20 e 8- K
F) 5 e S B M AT IR 2T O Yt G fif oKk o U1 R 1
FE-MELL O P -5 S b - R R a-H ). 78
B N B, SR 36. 5 R ER , WA Ak
B3N EF BEATINGE o 32 F Image] &40 1 RS 50
A N EENR Y e R G i g - A S i o T A
1.3.4 Jg i AR A 3 ) 4 TR O Bl g Rk IR 3% 5k
il A RT-PCR %437 B IEAE 4 KL
LA K 0 B 15 2t S 0 4 DR O S il L R 3R Gk L B
S R 9 R P A 4G < 2o S Ak 0 Tl R G A 0 OO A2 AR y
(PPARy) .CCAAT #4587 45 A H o(C/EBPa) .
CCAAT #4538 7255 8 1 B(C/EBPB) | [E BE 15 T
P45 4 % 1 -1 (SREBP-1) JE Wi BR 45 & & H 4
(FABP4) . HeWi6 B SC s il - £ BEAE B A R 1k
fitt (ACC) g Wi & A Wil (FAS) B i 0% 4 il A 2%
TR (SCD) 1% H il gt AL 56 B i -1(DGAT-1) |
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TR WE-1(CPT-1) Mg Mt HiiE A L (ACOX) .



814 R

SR S 57 %

51435 84 2R H Primer3Plus, 514 )7 51 WL 3
2, M AR TR TR R A BR A R R,
Primer-BLAST (NCBI) 6 5 51 4 #5 5 £ . # 4
5X All-In-One MasterMix (with AccuRT Genomic
DNA Removal kit) fil EvaGreen Express 2XqPCR
MasterMix-No Dye i & (abm) X ¥ £ K JJL 7 #
JI 107 2H 2R BE 4T S RNA il 4 | 5 5% s J2 o€ B PCR 4y
Mr , %56 & & PCRAYI Sy StepOne Plus(ABI) , fifi
JH TR 04 5 3 FHAB JCGRE (60 °C) |, B AEAS i 34
AL HARERAEMT - 1) RNA $2 05 & 0
ELUE RNA BEATHIR . 2) G BF . 1 %6 25 C

®2 BEERREZWSIMERR

Table 2 Primer information table for gene expression analysis

10 min, #& i 42 °C 15 min, fizJ5 85 “C 5 min, 5 % )5
BTUKERH ., FEESIY K518 4000 r-min ™!
B0 1 min 2R, MAE S B RIA R ddH,O
PEAT ¥ i, 45 29 BE O 100 pmol - LAY 51 90 1 W 5
B E 7.5 pmol- L' E R #5149 mix. 4) B il
FEREPCR A Z :2X qPCR MasterMix(10. 0 plL) ;
7.5 pmol- L' B H 51 ¥ mix (1.2 pl) s R % =)
(2.0 pL) 5ddH,O (6.8 pl) 5 B4R & 20.0 pl. 5)
PCR $"34 . 95 ‘CHiZE 14 10 min, 1 4§ ¥R 5 95 “CAE
10 s, 60 °CiE Kk FEAH 30 s, 2 40 A8 36 5 455 it h &
60 ‘CH 2 95°C, 4 15 s FH 0. 3 °C.

P 75 1] 1P 51 (5'—>3") PR BE /bp

Gene Direction Primer sequences (5—>3") Product length

[-Actin FORWARD CAAGCAGGAGTACGATGAGT /
REVERSE TTGTCAAGAAAAAGGGTGTAAC

PPARy FORWARD AAGCCCTTTGGTGACTTTATG 172
REVERSE GCAGCAGGTTGTCTTGTATGT

C/EBPa FORWARD TGGACAAGAACAGCAACGAGTACC 136
REVERSE CGGTCATTGTCACTGGTCAGCTC

C/EBPg FORWARD ACAGCGACGAGTACAAGATCC 154
REVERSE GACAGTTGCTCCACCTTCTTCT

SREBP-1 FORWARD GCTGCCATCAATGACAAGATCGTTG 128
REVERSE TTCTGGTTGCTGTGCTGAAGGAAG

FABP4 FORWARD GACAGGAAAGTCAAGAGCATCGTAAAC 125
REVERSE ACACATTCCAGCACCATCTTATCATCC

ACC FORWARD GTACCTGCGAGTAGAGACACAATTCC 131
REVERSE TCCTGGTGACCTGAGCATGAGAG

FAS FORWARD TGGTGATGAATGTCTACCGTGAT 80
REVERSE CTGCTCCTCGGGCTTGTCT

SCD FORWARD CTACACAACCACCACCACCATCAC 116
REVERSE CTCTCATTTCAGGGCGGATGTCTTC

DGAT-1 FORWARD GACAGTGGCTTCAGCAACTACCG 112
REVERSE CCACCAGGATGCCATACTTGATGAG

LPL FORWARD GGAGTGACCGAATCTGTGGCTAAC 104
REVERSE GGCACCCAACTCTCATACATTCCTG

HSL FORWARD GTGACACAACAGACACGCCAGAG 115
REVERSE GCCTCAGACATTTCAGATCCATCCTC

ATGL FORWARD TGTCCTTCACCATCCGCTTGC 79
REVERSE CTGCCCGTCTGCTCCTTCATC

CPT-1 FORWARD GACTTTACACGGATGACGGCTCTG 125
REVERSE TATTCCTCCCACCAGTCGCTCAC

ACOX FORWARD GACTTCATCCTGGACTCACCGATTG 145
REVERSE AACTTCCTATGACGGGCTTGTTGAC

FORWARD & L1514 ,REVERSE 4 F #5149

FORWARD is the forward primer, REVERSE is the reverse primer
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R F R 2 TR SR Excel 2017
XF ik 95 B 2E 17 R B, R SAS 9.4 S8 i Y
one-way ANOVA T2 )5 #1775 22 43 #r , R HI LSD
RUHEAT 4 0] 22 5 LL 35, 25 2R 70 S 1 B DA S (i s 1 152
(SEM)#/R,P<<0.05 M 25 W3,

2 & R

2.1 SEBEHXEEESINAEFRKSNEE
Hy ¢ 3 TT A, 45 448 4 WLIA BB £ B RPF #b 32 71

S (0 R A B K (P>0.05) , B H

®3 SEBEMNEREFIAEFRHES T

T AR A L) 25 5 OR B 3 (P>0.05) , IMF & i
i RPEF i i & 2% 38 i (P<<0.05) , RPF3.0 &
IMF & &3k %] 4.57%
2.2 S4B B AR B BEAE 4 AL P B B BR 4B X Y 22 T
1 2 4 7] 0, RPF 3. 0 4148 4 WLIA g 15 1R 4 B v
T-11, 14-— Rk — M mR & & .3 = T CON 4. (P<<
0.05) ,RPF 1. 52 i s, T, it -8, 11, 14-—~f =M
TR LA K -5,8,11,14,17- -+ AR S ERES T
CONZH(P<C0. 05) , HAx 4% T M5 1R 16 A [7] Aub 24 8] JE
325 5 (P=>0. 05) , M FUIE 7 R L SR AS 16 g 5 182
22 ANHRUFT I I 2 B A5 A ORI & 3 2% 53 (P=>0. 05) .

Table 3 Effect of dietary rumen-protected fat supplementation on muscle nutritients of fattening yaks

i H Xif HE 40 1. 5%RPF ¥ hmna 3. 0%RPF ¥4 B ER RPN P{H

Item CON RPF1.5 RPF3.0 SEM P-value
figtt/(kJ+100g ") Energy 476.33 516.67 541.33 34.13 0.571
E /% Protein 22.17 22.07 21.83 0.42 0.861
WL g T / ¥ IMF 2. 60¢ 3.53" 4.57° 0.20 0.005

()45 Bl b bn = B AN [ S 22 S .35 (P<<0. 05) , T[] BTG 7 8 O 28 5 A8 B35 (P>>0. 05) . T &)

Different superscript letters of data in the same row are significantly different (P<C0.05) , while the same or no letter are not

significant different (P>>0.05). The same as below

2.3 HEEERNEREFNABHRALAEESE
5 HT

S ALFE A LA IMF 408 S g 45 SR LI 1,
20 B 50 K ST 2 40 e e R 0 4 SR L 2 5. dE A
IMF 21 M T JILEF 4t Z ), 54 000k (g B3 iR A R
20 L RS DA L AN A A T AN R % TR S A T R
e RN AT B, 22 B DR SR BN 2 3T | IR
Jiii 4 40 P A LA RN &5 4k A 2 o A, AL TR X HE SR R
RPF1.541 5 RPF3. 0 £1 IMF 44 id & BLRS K, 48 g
B 2, S B TE ALY AT UL AR D 48 A A £
BH RPE 78 I 7K P54 hn i 15 fn, i 76. 334 /mm”®
$& 1 & 163, 14 4> /mm?, V- X 20 g i AR % R i 26 0L
G, 0,002 9 mm*HE I ZE 0. 004 1 mm?,
2.4 SEBREHNERESFESEBHAARSE
ki

25 2 A T R D A0 R A AR A5 A LA 2,
21 B 50 K T Y 40 T AL 0 2 SR LK 6. EA
i3 B W7 2L 2T O Yo (o 45 51 n UL IE % BE 7 41 21 41
JHL TR SR RO 5% e bR A1 R, A0 TR 2 K /0N Y B AT
B A0 R K R A, 2 2 2 A AL
TA0 M0 2, 40 HES B g IR 7 A0 P AT D K e AL

IR . IR LA F , CON L5 7 40 g 1A BRAR o
BN, RPF3. 0 41 20 M A RS K, g i DT BRUARL 6 . B
A7 TRT B P AT D S 359 41 i v BBt RPF 328 Jon 7K S 348 Jon v
B HN, i 0. 004 6 mm* M % 0. 006 4 mm?, B I
i SR 164, 634 /mm* 2 130. 214 /mm®,
2.5 SEBSEHMEREFANAEBHRGEXE
FSE S E=A

H 18 3 7 %1, RPF1. 55 RPF3. 0 ZH4E 4 LA p
Jg 105 AX 8 A0 ¢ % s 8 % I+ PPARy .SREBP-1,
FABPA JE D k¥ W 2 /T CON 4 (P<<0.05) ,
RPF1.5 5 RPF3. 0 20 241 [a] A& WL 2] & 2% 22 = (P>
0.05) , H A% I8 ¥ A F C/EBPa.C/EBPR TEA
[Fi] Acb 341 i) T i 3 25 5 (P=>0. 05) o

4 7T %0, RPF 3.0 40 4E 4 LA A i i A Sk
B B ACC I FAS W JE [N ik W E M| T
CON 4 (P<<0.05) . DGAT-1 3K 33k 78 4% kb 3
B] 22 5 & 2%, JF Bl RPF B Jin 7] &2 34 i & 25 74 &
(P<<0.05) . fH Kl 57 A, RPF 1.5, RPF3.0 41
CPT-1 k5 CON 4l % 7+ i/ (P<<0. 05) , A% R
W5 3 i 5 B HSL  ATGL . ACOX %£ [H 2 ik 16 %%
Ab B ZH A 2F L PR R TG 3 25 S (P=>0..05) .
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Table 4 Effect of dietary rumen-protected fat supplementation on muscle fatty acid composition of fattening yaks

1.5%RPF  3.0%RPF ¥iE

o RE S wma wwma g SO0
RPF1.5 RPF3.0 SEM
%1% Decanoic acid 0.13 0.12 0.13 0.01 0. 406
T ik E2 (] FER2 ) Lauric acid 0.05 0.08 0.09 0.01 0.223
I =R Tridecylic acid 0.01 0.01 0.01 0.01 0.956
T Uk R (A B E R ) Myristic acid 2.41 2.81 2.81 0.14 0.169
5T -9~ I s — 4 R ( PR KLSE IR ) cis-9-Tetradecenoic acid 0.23 0.34 0.29 0.05 0.432
+ Fiik 2 Pentadecanoic acid 0.35 0.45 0.43 0.04 0.282
TS B AR (B A2 ) Palmitic acid 27.73 30. 00 29.73 0.84 0.197
5T -9~ 75 B — M R (B AR ) Palmitoleic acid 3.68 4.65 3.76 0.39 0.268
LR Margatic acids 0.90 0.93 0.98 0.08 0.768
T\ B2 (REBRRR ) Stearic acid 23.27 20. 83 22.77 1.16 0.405
N5 -9+ /\ Bk —J 2 iR ) Oleic acid 37.43 37.33 36. 33 0.94 0.756
2 -J-9, 12~ /\ i 452 (S #2 ) Linolelaidic acid 0.15 0.10 0.10 0.02 0. 347
MG, J50-9 , 12~ /\ Bk — 4% 18 (W22 ) Linoleic acid 1.98 1.23 1.37 0.31 0.464
A mmR (AE2ERR) Arachidic acid 0.23 0.21 0.22 0.01 0.819
5T, 5T, W5 -9, 12, 15--F /\fil =45 B2 GIE R ) Linolenic acid 0.19 0.14 0.17 0.03 0. 554
M -11- =B —Jas R ({621 4752 ) cis-11-Eicosenoicacid 0.11 0.12 0.09 0.01 0.323
Mi-11,14-— 8% — 4 11,14-Eicosadienoic acid 0. 00" 0.02" 0.03" 0.01 0.046
Z =i (L@ R ) Behenic acid 0.02 0.06 0.04 0.01 0.298
Mt B, -8, 11, 14-— 1Bk = #5W2 8,11, 14-Eicosatrienoicacid 0.02" 0.07" 0.06™ 0.01 0.111
Mi-11,14,17- — 8 =##R 11,14, 17-Eicosatrienoicacid 0. 60 0.29 0.35 0.13 0. 360
=8 Tricosanoic acid 0.07 0.05 0.04 0.02 0.733
A PURR R (K H2 3R ) Lignoceric acid 0.10 0.06 0.07 0.03 0.727
Mi-5,8,11,14,17-Z 4Bk AL R (fE2E HIR R ) EPA 0.01" 0.04* 0.03" 0.00 0.023
N5 -15- =~ DU fisi — H B2 (&l B2 ) Nervonic acid 0.02 0.02 0.01 0.01 0.942
MWi-4,7,10,13,16,19- -+ BNk DHA 0.06 0.03 0.05 0.02 0.598
LRI Wi iR/ %6 SFA 55. 30 55.62 57.32 1.18 0.550
HORN g/ % MUF A 41.66 42. 46 40. 50 1.20 0.589
ZAHNGIR/ % PUFA 3.05 1.93 2.16 0.47 0. 446

1 SEERERENEREFNNERERAESUELER(36.5X)
Fig. 1 Morphological observations of intramuscular adipose tissue of fattening yaks receive dietary rumen-protected fat

supplementation (36. 5X)
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Table 5 Morphological analysis of intramuscular adipose tissue of fattening yaks received dietary rumen-protected fat
supplementation
1. 5% RPF 0% RPF 1
5t X4 L o 507 D by
ltem CON NYIIEEE P PR Povalue
RPF1.5 RPF3.0 SEM
E 1 4 i 4~ %/ (4~ »mm™®) Number of adipocytes 76.33 100. 28 163. 14 36. 6063 0.118
XA A T AL /mm® Average cell area 0.002 9 0.004 0 0.004 1 0. 000 6 0.373
RPF3.0

& 2

RPFL.5

B EREFEMENBRAESURLER(36.5X)

ol s

Fig.2 Morphological observations of abdominal adipose tissue of fattening yaks received dietary rumen-protected fat

supplementation (36. 5X)

*6 UEBENNEREFEMERAARSESN
Table 6 Morphological analysis of abdominal adipose tissue of fattening yaks received dietary rumen-protected fat
supplementation
0, 0, A
Wi [ B4 1.‘5ARPF 3.‘0ARPF j;ij{ﬁp Pl
ltem CON AU AU P P-value
RPF1.5 RPF3.0 SEM
JIg 105 200 Jit 4~ %5/ (4~ - mm ) Number of adipocytes 164.63 142.18 130. 21 14.268 6 0.200
S YA AL /mm® Average cell area 0.004 6 0.005 3 0.006 4 0.000 8 0.120

2.6 TEBREHNERIEFEDEHRGHEXE
SRS aE=A

Hi [ 6 AT 0, 4% 4L 4E A I EB R i 0 4
C/EBPa 3£ H ik 2 5 W 3%, I B RPF #b 78 71 1 4%
T G 3 B (P<<0.05) . RPF1.5%5 RPF3.04]
PPARy. FABP4 % [ 3% ik W ¥ & T CON 4
(P<<0.05),

i & 7 71 40, RPF1. 55 RPF3. 0 41 4& 4 i 3% g
177 20 2 B s K Sk G BLOC B ilE A CC TR 3R 5k 1 3%
ik ¥ CON 41 (P<<0.05) . DGAT-1 3 A 3 ik Bl
RPF 78 7] 45 384 in iy e & 9" (P<<0.05) . #h &1 8
A1, RPF1.5 5 RPF3. 040 LPL 34 £k B % &
T CONZ (P<<0.05), FAS.SCD % [H 5% 35 7E 4% kb
PR ] 25 52 R W3 (P>>0.05) . Hi A i Wi 43 fife o ik
fif HSL .CPT-1 . ACOX % [H 3 ik 1 & 4b P 41 4% 4

R W7 Hh A R 1) & 3% 25 5 (P>>0.05) .

3 3 i
3.1 SEBEHNEREFANAERRS RIEH
B 28 Y 19 85 i

TG 07 & 15 53 il 3 25 7 B IMF TR AL A
SEAE L 2 G s R it o 1 AR e g i 26 3k UL
U FEARBESE AR B N RPF B 2548w 7 &
YEZR 15 e K L IMF & i, 53X 5 X085 0F 55 vh &6 A s
2. 4% RPF (i & N W 2 1 o9 i 7 DO FR 22 42 1, 42
HEfG W UCBL &5 S — 3. RPF &t 9 5 )5 76/
R SR ALY, R LA 2 21 IMF & R4 T 78
&R TR KW o MBE I5 2 240 W 43 HT K B, RPF X
B NEFE LR LA A 40 15 AS 1 R0 i I 1 28 Bl G I 2 2%
S AU-11, 14- =B — 4 B2 0L, i, -8, 11, 14~
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Different letters on the bars of the same indicators indicate significant differences among groups (P<Z0.05), while with no letter or

the same letter indicate no signifcant difference (P=>0.05). The same as below
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Fig. 3 [Effect of dietary rumen-protected fat supplementation on transcriptional regulation factors gene expression related

to intramuscular fat metabolism of fattening yaks
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Fig.4 Effect of dietary rumen-protected fat supplementation on gene expression of lipogenesis enzymes in intramuscular
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Fig.5 Effect of dietary rumen-protected fat supplementation on gene expression of lipolysis enzymes in intramuscular fat

of fattening yaks
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Fig. 6 Effect of dietary rumen-protected fat supplementation on transcriptional regulation factors gene expression related

to abdominal fat metabolism of fattening yaks
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Fig. 8 Effect of dietary rumen-protected fat supplementation on gene expression of lipolysis enzymes in abdominal fat of

fattening yaks

AT A BUR 35 % J7 ik 5% : RPF A2 i 1 &/ A
¥E 4 IMF 5 18 35 i 107 20 23 b R i 240 M %) 34 56 53k
5 DU, #E— 538 7 R 07 A B A EOR AR R
X5 Sun FUHESE HA N 3% 1 B AR YRR
T A) I 3 H5R A A IMF TR B 45 R A — 2. R TE
A B 7 R A b i BR — 5 B4 B ) P < B R A
N N T Y SN I 7 N i vl o
LA MLt A5 T 25 5, Smith 28 1F 58 & B,
IMF A& i D 3k & 1Y £ Bt 55 5E W) R U6 & 12 6 e
g3 i) 5 58800 41,2045 T B AR 5 W g
85.1% .14.9% . HAEAM I, RPF W& A
) B b2 0 T IMF 5 06 3 i 105 04 D0 B, R I 4
It 348 K, g T 0 ARG i, R UL I B AN [ g s 4 2
A7 18] f B 22 5%, X T BB 5 RPF £ 8 B N /N g
W W5 S IMF 5 08 3 A5 5 & 4 43k 1 i 0y 2 i
M REAR T BB 5 K Sk A5 B0 0 0 75 3K A G . RPF
IR IMOREAS [ 35 457 B 1 &1 200 %) g 5 408 348 448 1) ¢ i
2 H WG AE T — 433 2k AH O 0% S il R R 3R Gk HEAT
Bt
3.3 WEBREHXEREFERKREEXERE
ERFEEREN N

PPARy.C/EBPa Fl SREBP-1 J& % i i [Iij 41
HfL 43 Ak B 2 R R T A R B R B B Y
PPARy E 4 i 05 T8 3 i) 32 229345 B 7, AT
L BT 2 A0 Ak A i I A0 B ] B T 5 ek
P FABP4A R C/EBPa i 3 5 i 240 M 534k , DA i 3%
SRR TR, AR RGE , T C/EBPa Sk H 3%

K BEAS 2 R RS 17 41 B Y 41k, % W C/EBPa
FE 8 W 43 Ak 3k B v e 25 AU A 1R S AR R
/N PPARy .SREBP-1.C/EBPa 3 A 3% ik, & &
B W N8 3 LPL \FAS 352 330112 A#F
LM ELF | AE IMF U0 3 &5 9 RPF 20 4E 4+ IMF il
ARG Wi PPARy 5 PR 323k [ FE & 35 % T CON 41,
] ], JiE 3 G 05 1Y C/ EBPa 35 363k 7K F- DL RPF 40
i # T CONYL, #2/8 RPF 48 44 F B B 4E 4
B 404U S 35 7 PPARy .C/EBPa b 83k
P& E T A 5 40 A B4 43 Ak AR T OB, DA 2 v
fig W5 \IMF LA BE 1, 5 HAR 7 40 M I 25 2% 43 i 45
B—%. WA, F RS IMF i) SREBP-1 3 [H %
ik Bl RPE &b 78 551 2 (9 384 K0 8 2 7+ & , SREBP-1
SL R 2 5987 IR WA BRI IR D5 1R S Ak 43 A ) ik
7 RPF B4 78 L T SREBP-1 3 3£ ik, iF —
AR U L PR A BR Rk R Y 2R3k IF [ iF IMF 35T
. IMF N6 EB G 107 1) e s 0 455 R - FABPA & A
Fak g5 R FFE L RPF 4 8 % " T CON 41, FABP4
Z: 5 I8 17 TR % A R (8] 5% 52 , 5 IMF UUFR & 1F A
XY, RPF #h 78 0] fB 3 2 FABPA JE H 14 3% 1K 85 5
5 2 325 i LA AR 1 TMF B B 3 s i O R . el O,
A5 h RPF HAE4 LA LR 2 5 IMF LR 1) 5%
F¥EN T PPARy [FABP4 }: SREBP-1 #: M 3 34
Y 2 AR R BE 0 R 4 AT Ui AR D A0 O g
fEFERR DT TR, H E 2P AE RPFS. 04, iX 5 IMF
i H RPFL. 540 1 3% 48 &, RPF3. O 41 & hik d i 45
RMFFA
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3.4 SEBEHNEREFERRSEXEHEREH
ey p=Al

Bl HLR AT 38 5 B W G R e RN Al e Y B DA
F 3k LA KR 5 % a2 11 B8 R 1) Ok 9 Y g I
DURRS . i e FERR Wi A & 72, Herrera-Marcos
&0 Gamarra PV B985 & M, ACC.FAS.SCD,
DGAT-1#B 2 R Wi A mi AR Y 5% St i Fn iE i) i 32
KT ACC K g i R A Al i PR Tl | A4 £k < Tk 4 iy
A TN R B A B A R K BE IS IR (1
FEFOR FAS N8 7 8 3k & i G HE it | 45
P 35 0 BRAT 46 A 6K RGBT BE A Ak R Tk
fitg A I TR BRI A RN A R R R R .
LPL J2 g i e 328 1) G Sl il | JF O R 3 38 2 e o Wi B
It J05 T2 % 2 W A 0GB, AL 40 Hp 3 PR G 1 38 %
AH A2 P 1) U0 5 0 7 TR SR AR AE MR W 1 2 b, T Mg o
R A . AR i KL IMF & &
K g Wi U8 &% Br s ok & L Wi 4 RPF 3 in K
S TR IR AE A 04 B D D0 AR AT 2 3 5 {HL [ B
B KA FAS I ACC I 3k o 2 FEAC, 1E &
HEM RPF 2855098 8 Ja /N W Wi o 5 8 4 g i R
LW 20 WL BSO8R D 4 2R T B
7 18 0 TR % 1) A K 5 H I A T ol = R R
S TN T T AT R 64 IR D Sk A K B R
U R 3 — 3k B, AH N () B FAS ACC SR 33k
T T E A AR A . FEF IMF
HIRE TG W5 o DGAT-1 £ 8 363k 3 1 m , IF 78
3. 0% RPF 7K -3k ] & 0, 5 b R 4 DU AH 4%, 3R W]
RPF (8 #b 78 4 NG 17 & 2 4t 17 55 2 iy A5 105 iR iS4
DGAT-1 VL H il BE 5 B2 A i 9 48 Ak & B H b =
fis , B 105 A B 3 A5 2 G o, {2 F T 4E 4R IMF 518
HRR WA Ak A A ARG I B 5T & B, RPF
P T A IEAE A i i b o I =R & R R AL IR
5 2 7K S-S A T AL 4 R B Y LPL 23k
T AT i e R 1 W W i AR R R
I 248 ML FEA B B8 L, DA 185 i 2 3B B B DU o AE
JIE W5 53 J5 TG, HSL 2 5 6 7 18 4 fidk 04 FR S il =2 —
VI = R KA R T B 0 D R I R H I R
CPT-1Z 5 g iR i B AL, J2& 5 i B2 53 fifk i OC Sk Tl
Z = RS BoR B RPF IR INKF 1 T+ &
IMF ) CPT-1 3K 33k B3 L . WF5E R BIR i 2
AL LSS CPT-1 3L R 335 T, 1958 i 7 18 1) 4 £k
YER, MWL SR L fE &, RPF AT RE 18 it PPARy 51
CPT-15E % 5% i 5 H L Rk om

4 & it

25 BRIk, H AR A 78 RPF AE % 38 1ok 18 42 i 1 20
25 7 AR A G 2 St R 45 I T S ok B AL T R A
2 32E N 19 440 i 43 5 PR RS K, T4 R PRF /9 IR
7 W LA G G T, 055 R 0 K Sk B B, A AL SR B
AR 2F IMF K 8 5B Ag B UL, 3. 0% RPF #b 78 2 R
HhF1.5%.
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