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ABSTRACT

Muscle fat content including intramuscular fat content (IMF) is the most important parameter in meat
quality of cattle. Triacylglycerol is the major component of fat and is found in adipocyte and skeletal
muscle. In present study, we carried out the determined of triacylglycerol contents and mRNA expression
patterns of genes related with triacylglycerol biosynthesis such as ACSS2, GPAT, MGAT and DGAT in
Hanwoo longissimus muscle using the real-time PCR. The triacylglycerol contents were continuously
increased during the fattening stages. Interestingly, the contents of triacylglycerol were 7.4 fold higher (0.34
vs. 2.51, P<0.01) in 27 months old group than 12 months old group. The mRNA levels of ACSS2, GPAT
and DGAT genes were also increased during fattening stages, whereas that of MGAT gene did not show
difference among the stages. Thus, these results suggested that increasing of the triacylglycerol contents in
longissimus muscle during fattening stages may be related with increased expressions of triacylglycerol
biosynthesis genes (ACSS2, GPAT and DGAT). These results will be helpful to understand the mechanism

of muscle fat deposition in skeletal muscle.
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acid binding protein (FABP4)7} A"} 3} 31
Hol o] HuyE A (Jurie 5, 2007), ©]
A= AEA do] Ake]l T

ki3
AgdS Hotal S-S HoFe F2 et
iy

T Utk
SRAAY A 274 F8 FEE T
#¥o] Zit}h (Colemand}t Lee, 2004; Kiens,

2006). MAG (monoacylglycerol) 742+ & $&2]
7 2 5T FEES olge AT F
A HAZ2A, acyl-CoAE ©]-8-3}>] DAG (diacyl-
glycerol)E 3A3}aL TG (triacylglycerol) A4
of o]&¥t} & v} glycerol-3-phosphate (G3P)
BEE FE AYAEL I A e FAA
W g ARE o] g¥u, G3PE LPA (lyso-
phosphatidic acid)= *1$+&}aL, PA (phosphatidic
acid)e A* DAGE @3l ol¥s MAG
% G3P HEE BT FEH FH S DAGE I
Aslal o] HEHow TeE Adlete] %37
SHAl A olHd S A Tl 9
o] Z} @Alo] WkSEhi= @49l GPAT (glycerol
phosphate  acyltransferase),  MGAT (monoacyl-
glycerol  acyltransferase), DGAT (diacylglycerol
acyltransferase) = ACS (acyl-CoA synthetase) -
A= T4A Al slo] a3k 985
Hdska gl

H A FA 3 #EEo] fAk 2y
A Soldd A @4 (Sasaki 5, 2005;
Lee 5, 2007) 2 microarray 7| 5& &3
SHA HATE AR BA A A s
WrliE  d+7F FgPFE . gtk (Wang 5,
2005). ol g A= AWFH v TR FA
At A gl Wz Ee] graEnt ofye
A EASF= SNP (single nucleotide poly-
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e A A I FreAke] UEle
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L.
.

B AT WS F o8 ) BN §
P wshe PR, FAAY APl B
A8 e WARNE Ba AW 57
9 A opgel MEE delsinn 5

sk

g o8 FA sZstaL, AH A 74
—70Co] RAeHA Ade o]&&tTh

g TAEA W AR SAHS AR 19
< ©]& Folch & (1957)9] Wl 7| x38le]
= o

PR, FAAY e FE2E F AW
o]-g3to] Wako TG FHAHE

Wako, Japan)E 2-83le] =43

1golA FEE F A @A mlol] 2

£ A713E F 377 ColA 5ERE wbSAlA At

54 FoRHE F RNAE TRIzolS o] 43}
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propanol 7} % YAl RNA pellets

5% RNA pellet> 70% ol ghe
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HHEAS 98t ¥ F RNAT RNeasy
MiniElute cleanup kit (Qiagen, USA)S ©]-&-3}]
34 3 cDNA 0l o] 4319t

o2 E F39 F RNAT Fd4 2d
4S5 9% cDNA Aol o] &5t &
RNA 2pgel random primer (Promega, USA)
b, 25mM dNTP 1 xE 37}slal, DEPCE
g8 THSE F 12wt HEE SITh 65T
ANA 5EXE WA 5 FA Da fllA YAt
% 5X buffer 440, 01M DTT 20, RNase
inhibitor (Promega) 0.5U % reverse transcriptase
(SuperScript II Reverse Transcriptase, Invitrogen,
USA) 1S F7Fste] 42CellA] 6047 W84
71 %, 70TColA  1583F WESAIA  reverse
transcriptases =243t A1X1 5 real-time PCR
o FHPoz AHgE T

Of

2

4. Real-time PCRg &3t #MX} &3y

SAAY Ad -
A7) 918ke] realtime RT-PCRHS <83}
AUk AlRERE FFE F RNAE o]&31o]
cDNAZ §/dstar, Hd% cDNA 0.2ugs 9
O = 2X Power SYBR Green PCR Master mix
(Applied Biosystems, UK)e} Z+2+9] primer set
(Table 1)=& ©]&3}] 7500 Real time PCR
system (Applied Biosystems)S E3&lo] 41513
th 7} PCR Wh&-2 95°CellA] 1037 ofu] ¥y
g % 95ColA 15%, 60CoIA 133+ 408 W
5alo] 4235tk PCR WHS- 72 3 melting
curve 23S Fote] A S IS
AgRletdeh Az wdZFe] Wi BAS
3+ house keeping A1 GAPDH (gly-

Table 1. Primer sequences for real-time PCR of the specific genes

Gene Primer sequences (5 -3 ") ?k:[z)(; Acgeszﬁ)?*lm?\lo.

PPARY Forward CGATATCGACCAACTGAACC 142 BC116098
Reverse ACCGGTGATTTGTCTGTCGT

C/EBPa Forward TGGACAAGAACAGCAACGAG 130 NM_176784
Reverse TTGTCACTGGTCAGCTCCAG

ACSS2 Forward ACTGCTTTGTCACCTTGTGCGATG 114 DQ489534
Reverse TCTGGATGTAATCCGGTGTGGCAA

GPAT Forward TGGTTAAAGCTGCGACTGAGACGA 129 NM_001012282
Reverse CTGAAGCAATGTACGGCGCTTTGA

MGAT Forward TGGGCCAGTCTCAGTTTCCAAGAA 129 NM_001001153
Reverse AGAGTGAACTTTCCAGGATGGGCA

DGAT Forward AGCCCTTCAAGGACATGGACTACT 87 NM_174693
Reverse AGAAGATGAGCCAGATGAGGTGGT

GAPDH Forward GGGTCATCATCTCTGCACCT 176 BC102589
Reverse GGTCATAAGTCCCTCCACGA

PPARY, peroxisome proliferator-activated receptor y; C/EBPa, CCAAT/enhancer binding protein a; ACSS2,

acyl-CoA synthetase short-chain  family member
monoacylglycerol acyltransferase;
dehydrogenase.

2; GPAT, glycerol
DGAT, diacylglycerol acyltransferase;

phosphate acyltransferase; MGAT,
GAPDH, glyceraldehyde-3-phosphate
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ceraldehyde-3-phosphate dehydrogenase)S ©]-&35}
R, A FAA HEES AaCt BHS
Eoto] EAsIh 9 AR 33 Wy 3

sheeh
5. £ 24

HS713F 5 WdstEe A 9 A §
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o= JekeTh

2. HIRI|1ZH & SMXY MM o |d

C/EBPa (CCAAT/enhancer binding protein )
2 PPARY (peroxisome proliferator-activated receptor
¥) A xR AT

##Esol =23 indicator® AREE I Sl
[e]

>

(Rosen, 2005). ¥ Aol M= W S7|7F T FA
Ak A #E §AAE G B bk
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s BA13519I ) Real-time PCR
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(Fig. 1). o]gdt A¥= F AW = 92 54
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S 1 5 glom, fHAe] Hd Fhs
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H oS Yepdtka & 5 9tk
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Table 2. Total fat and triacylglycerol(TG) contents in Hanwoo longissimus muscle

Age (months)

Fat content (%)

TG content (mg/ml)

12 1.87 + 0.004% 0.34 + 0.070°
20 3.26 + 0.015° 0.41 + 0.015°
27 14.86 + 0.030" 251 + 0.024°
30 15.86 + 0.040" 2.77 + 0.330

P Means with different superscripts are significantly different (P<0.05).

(Mean £ S.D.)
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012 020 @27 @30 month

10 4

Relative fold change
-

C/EBPa PPARy  ACSS2 GPAT MGAT  DGAT

Fig. 1. Relatve mRNA level of C/EBPaq,
PPARYy and triacylglycerol biosynthesis
genes using real-time PCR in Hanwoo
longissimus  muscle among the
fattening stages. Data are shown as
mean + standard error of three replicate
runs. The data represent the relative
fold change in mMRNA expression
relative to the control (12 months),
which is arbitrarily defined as 1.
PPARY, peroxisome proliferator-activated
receptor y; C/EBPa, CCAAT/ enhancer
binding protein a; ACSS2, acyl-CoA
synthetase short-chain family member
2; GPAT, glycerol phosphate acyl-
transferase; MGAT, monoacylglycerol
acyltransferase; DGAT, diacylglycerol
acyltransferase; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase.

#bcd Means  with  different  superscripts  are
significantly different (P<0.05).

A Qg FAA A 2771 E 307 = ol A
dol F7FES gIskith (Fig. 1).
x]tgg] =2& F2 adipocyte?] F-y]AHo
ZejE, ol AHE Ao FIHE on
?TPD‘r ACS (acyl-CoA synthetase)= A|"4HS- acyl-

1z o

CoAZ A= §4A2 AW A A
acyl-groupS Al Fsh= 9as dddsta gl
(Coleman ‘&, 2002). ACS+= short-, medium-,

=

long-, very long-chain 5 =2 54 2 =% 4
W] wet tekstAl FEE A, A 7HA
Q7o) A5 26F 0] EAIskE Alo® HaES]
o} (Watkins 5, 2007). 53], Sone -5 (2001)>
ACS family % ACSS2 (acyl-CoA synthetase
short-chain family member 2)7} X|®%A1gHd 3
24 5-7=F21 SREBP (sterol regulatory element-
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binding protein)-1l ]3] =4
(lipogenesis)oll ¥+ gHe Eskgich & ?i?oﬂ
M T ACS family SollA AWk 2}
FeEo] itk By ACSS2 FAAE Ul
o= M wAld wE fFHA BESES H
W ko] ACSS2 AL 12712 F e Bl v
= 57101 277]1%J m 73uﬂ zy}gg ?_J'-?_]
3

59 Foie A AW TS s
"ok (el &5, 1991). 5 Ak STk
frEste]  Qlade o
glycogen &4 2 glucose2] 2HatE 7HAaA7]E
d], ©]i= glucose ©l&AlS] TAE ] lffhﬂr
(Griffin &, 1999) g o] 5 (2
A .27 < Y xuketA %
Ll —E—*ﬁ% Este] Bl $7] ol
glucose HU= AHAakS o ol o]88 Flo
2 el oy Air & FAFR
o] wol= <5 Wl Aite]l SrbHaL, oy gt
Aol o] 8ol FTtE ], ol HAHHH
Sl

ardl

2l

o, OF

O
o
S
flo
=
o

o] ZEA]A|uk z‘;moﬂ ]QLQL RHo=z
o}, oju] AMAFS acyl-CoAZR 33l
ACSS27} &g sl of
o= Azhsle] 7,

TAA el

AEAE Frshe

2ol GPAT (glycerol-3-
phosphate acyltransferase) &4~ glycerol-3-
phosphateE ©]-8-5}o] LPA (lysophosphatidic acid)
2 A% & FAAs sk A Gl
#edskal Itk (Coleman®} Lee, 2004). GPAT
W o A A He] HAdS EA e
Linden & (2004)°] A& &3l GPATS
Aol rat hepatocyteoll Al FAAe] AR S
7S Elekglch =3 Hammond &
(2005)> GPAT”} acyl-CoAS] PB-oxidation®} =
QA AFY Az B ddte dusic)
i Baskgle o2 Aik= GPATZE $/d%
W Aol Qlo] T8k JEs wdsta 9l
oo AL 3 F itk B dAgelA =
15 37120 27702 2 3071 HollA GPAT
Azke] o] vl F7FE QoM (Fig. 1), <

N I
>~1
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W AR kel ek 251 22,77 mg/mlZ 12
Adael ws) 7.3 2 81w] FT7FES Fele
T SSltt (Table 2). o3t Ai= 25 Wl =
A—]x] H} EL/\-]oﬂ 0101 GPATS o]
phosphate ﬁiﬂ 2% 9s %%3}1 A
= HoF= Ao &+ vk

MGAT (monoacylglycerol acyltransferase)~ mono-
acylglycerol @} acyl-CoAS ©]-8-3}o diacylglycerol
S FAs=d o)8HE 4=, =2 intestinal
mucosaoll Al T34 el et &
Z] 9It} (Coleman} Lee, 2004). H]%7|7F &
AR DA F S A Aol MGAT 4
Zke] o] wWsheE #EE A &drh(Fig. 1).
o]#]3t o]fZ+E MG (monoacylglycerol)S ©]-&
3 =AAH A AR g adlpocyteoﬂﬁ R
Ty A= Zem dEA 9o (Jamdaret
Cao, 1992), <5 Wl SAAY Al ol 5
8% ArEe olf&¥A &7 Wil Ao=
detEo] X,

DGAT (diacylglycerol acyltransferase)+= diacyl-
glycerol& & A=<l SAAR (TG L= 4
sk mpA e GAlof] FofskE gao|th(Yuet
Ginsberg, 2004). DGAT #3xte] &AL acyl-
CoA%} diacylglycerolol] o]&x o2 el
mRNAS] =& -2 adipocyteol| A 71 =7 e}
U3l heart, skeletal muscle 5 UFgE oA
= ¥ 1t} (Cases %, 2001). 53], Chen %
(2002)> DGAT -§-%#} knockout mice IT&
Z3l adipocyte} skeletal muscleol Al A|HF &4
o] 30~40% FAPS Elsle] DGAT A7)

R
lof Fas

Aup ZAo] 9 Ae¢s F9star gl
99 Bw AT EH 22 o83 ATolA
= DGATY &4 2§44 Ul SNP7F 2u1A

Wi #EEoe]  lgol
(Middleton -5, 1998; Thaller &, 2003). ©]2]3F
Ad AAHe} o] 2 AAME T
2ol Z7kol &7 DGAT fdxte] wde 5
7hES gelsdt) (Table 2, Fig. 1). DGATS]
7k BlS 710l e acyl-CoAS] 7}

2 FAAY AR Ao B Z15e]
FARe] HAGNE GFe VA Ao @
gro] Ak,
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=
Exjojof & Aow pagch
V.2 o
S A1 F 2 ) A FA 9 e
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