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Association of Succinate Dehydrogenase and Triose Phosphate Isomerase Gene
Expression with Intramuscular Fat Content in Loin Muscle of Korean (Hanwoo)
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Nam-Kuk Kim”, Seung-Hwan Lee” . Dajeong

Lim?>,  Duhak

Yoon®, Chang-Soo  Lee’,  Oun-Hyun

Kim’, Hyeong-Cheol Kim?, Sung-Jong Oh? and Seong-Koo Hong®

! Gyeongnam Provincial Office. National Agricultural products Quality management Service Busan 611-804, Korea

’National Institute of Animal Science RDA, Suwon 441-706, Karea
3K)/ng[’oak National University, Sangju 742-711, Korea

Department of Food Bioscience Konkuk University, Chungju 380-701, Korea
Received August 12, 2011 /Revised November 14, 2011 /Accepted December 13, 2011

In a previous study, succinate dehydrogenase (SDH) and triose phosphate isomerase (TPI) were de-
tected by 2D gel electrophoresis as differentially expressed proteins in the longissimus thoracis mus-
cles of cattle aged between 12 and 27 months old. In the present study, we investigated the association
of SDH and TPI gene expression with intramuscular fat content in 50 Hanwoo steers. The SDH gene
was expressed at a 4 times higher level in the 12 month old group than in the 27 month old group
(7<0.01). A regression analysis between gene expression value and intramuscular fat content showed
a negative correlation between expression of the SDH gene and intramuscular fat content (p<0.001).
In contrast, the expression of the TPI gene showed no significant association with intramuscular fat
content. This result suggests that the SDH gene may be a candidate marker gene for intramuscular
fat content in the longissimus thoracis of Korean cattle.
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St gEol, 7159 AAEAS dvd A - Assty A=
SollAM 7ol dHA e S FEAHAAZ AHsto
a9y gl frAwolet A ARAdE ke TR
712 &4 (candidate gene approach) 174
=3 Jth14]. Nishimura 5[23]-
oz AN EF HstE £4% 4
127§ el M 267HE Afolo] &g
Kim 5[14]& -0l Aol 27
oA 127§ L& (Hl 5 A7) E} 8ulf o] 4
o} &3 Kim 5{13]& H& A - $7] 54
soddmd g A3 FYP3 A, <
(succinate dehydrogenase, SDH) % 3&3<]
Z:(triosephosphate isomerase, TPI)7} Bl §37] A48 &
A&t olget A+ A= FA) SNP (single nucleotide
polymorphism)& 23 & 2} v}A (genetic marker) 7%
o $83% A8E Z&HIL itk

SDHE 5 oA SAtE 9] Ao g3 AgEal
£ FAAZY BE o[22, TPIE glycerolZH-E A
J=]= dehydroxyacetone phosphate (DHAP)E glycer-
aldehydes-3-phosphate® M 3A|A AMAE W FAAW
(triacylglycerol) o] &3] 280l #efst= Aoz A A At
[11]. o3t Q7 A2 & o SDH % TP} 25 W AW
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@43 9As) Base e Ao Bad,
B ATE N% A F/ ASLAL HolE F A #
l‘

SAIZ

SDH % TPI frd#te] vl A - 7] FdFd 42 Hdt
o 1270€ 2 27709 2 355 FASIE AL, frdAte) ddd
B WAL ER Y B EA S Slskd SHEAH g
HollM T 2102 AgE 28~3074 LB 9 F7]% 50F
(HF 664132 kg) S Ao AHE3IATH ZE SHAEE &5
5 30 ool AFske] HA AL :E: ol-& A FZstaL, A
& A 7R 0T BastEA Aol o] &t on, A
F A& A8 1 g& o] Folch 5[4]9 Wil 71zx3t4
Yt

& RNA =& % cDNA &4

A Fo2HH F RNAE TRIzolS o]&3t] t&3 %L
o] Ayt JAALE o] &ste] FA v ’\]
goﬂ TRIzol reagent m% 7]-0}04 = 1%“5]' 1’

SAHA} H"ﬁﬂ 2 %’—]‘3]'04 2% % RNAT RNeasy
MiniElute cleanup kit (Qiagen Co., Ltd., USA)
A cDNA &g o] &3kt
ZAo2RE F2H F RNAE A4 2dEHE 9%
cDNA &7l o] &3tHth F RNA 2 ugdl random primer
(Promega, USA) 1 ul, 25mM dNTP 1 ulE 37}k, DEPCE

o
o
opp
of
ok
2

AYF FFRFE F 12 W7 HES 3 65ColA 583
HAY = FA 45 oA ‘@715} 5x buffer 4 pl, 0.1M

DTT 2 ul, RNase mh1b1t0r (Promega) 0.5U 2 reverse tran-
scriptase (SuperScript II Reverse Transcriptase, Invitrogen
USA) 1 nlE #7kste] 42Tl A 6023 ¥-8-A121 &, 70Tl
A 1583t §H-3-A1A reverse transcriptases £ /‘éﬁr A7
real-time PCRY F3d o2 Al&34t}.

Real-time PCRE S8t FAAI WaEM
[e]

A7 B SE £413H7] 9131 Real-time RT-PCR

He ol&stith ANEERE F2H F RNAS &5}
cDNAE #4sti, §4¥ DNA 02 pgs FHOZ 2X
Power SYBR Green PCR Master mix (Applied Biosystems,
UK)%} 7+7+e] primer setS ©]-8-3}¢] 7500 Real time PCR sys-
tem (Applied Biosystems)s &3t EA3tAtt. SDH
(5-TCCTGCAGACCCGGAGATAAAGTT-¥, 5-TCGCAGTT
CCGATGTCCTTATGCT-3) & TPI (5-AACAGGCCCAGG
AAGTACACGAAA-¥, 5-TCAACGAACTCAGGCTTGAGG
GAA-3)F A2 E4 o AH8-¥ primere GenBankdl] 5%
714 € (NM_174178, NM_001013589.2) 7]1& 0.2 A 25
Ak 2 PCR ¥H§-2 95Coll A 1027t oH] WAS 3 95T
A 15, 60Tl 1:21F 403] WHES}e} 3311tk PCR whe:
T4 ¥ melting curve A4S Tt FHA SF| FEAS
A At A wHF] i 2GS 9J8ke] Genbank
o F%%(BC102589) house keeping fr#2+¢] GAPDH
(glyceraldehyde-3-phosphate dehydrogenase)E ©]-8-3}% 1
TR T FL 2-ACHHS o] &3] ARFeT. W B
& FrAAE AHEE GAPDHA A4S 2de 5-GGGTCA
TCATCTCTGCACCT-3'%}  5-GGTCATAAGTCCCTCCAC
GAS'®] primer® o] §3}] 43912, WAH(CYS 2526
o WA A Y A B8 AR A F AL

S FHZ},J uha] 2Fo] 2| | et ak
9J3te] R statistical program®] A
iance) Z9-& 834 B3 1-11;__

23}

1 ﬂli]—‘E 3%E B4
A (analysis of var-
o AHg3 REe o

Fat; = pu + Expression; + Agej + ej
471, Fate WA S, ne AA A
TR FHFQR-ACH, Agei® =5
Joje] 031 et

A ¥3F, Expressionj<
B

hg) & e=

O_DI_‘

2 AT = succinate dehydrogenase (SDH) ¥
triosephosphate isomerase (TPI) A8 4 o2 A
dol g FUALTFH v e dFS B4 &9
47 9 vgo] QlolA MgA)e) SRekE 1242, 1)

5 3709 agate 2770 H el oIA &9 2UALE H1
2 F7hthaL Base] JloH). o] Aejsta S54S 1
gsted, HIS A - 37 A8E o R4 HHENS
T3 23} SDH # A4k Hl5A 7112702 B)ell A Bl5F
717N E R B 49 TFHo] £ Ao FAHATY
(p<0.01). 2} TPI fr 21 2ke] 74 @ Fe] 2}o]E Holx|
2 kTh(Fig. 1, Table 1). 4o QoA 1270 €3} 270 LH & &
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Fig. 1. Gene expression level of succinate dehydrogenase (SDH)
and triosephosphate isomerase (TPI) genes using re-
al-time PCR in Korean cattle (Hanwoo) loin muscle be-
tween 12 and 27 month old groups. **p<0.01

Table 1. Least square mean (+SE) of SDH and TPI gene between
12 and 27 month old group

Gene 12 month 27 month P value
SDH 0.051(+0.008)  0.013(+0.008) 0.005
TPI 0.006(x0.002)  0.007(0.002) 0.761

WA B ohiel, 430 QoA E
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Aot #E S B8kl 1 A3 SDH 84}
7b SHAR R x99 A (p<0.001) A7} »1%% g
13} th(Fig. 2, Table 2).

Pertick 5{24]9] Aol w2d 5 W Ate| F22 A
9] & (synthesis)Z} B- 0x1dat10n°ﬂ 9] gt & 3l(catabolism) =}
&9 T s o] HAH, L& Hae 25 W AN
=23 #dsol v Btk < Lee 52019 mi-
croarray ¥4 &8 ZAL T & ¢ A W A
ey §FH4 dE Ao E2H ADAM metallopeptidase
with thrombospondin type 1 motif, 4 (ADAMTS4) % squa-
lene epoxidase (SQLE) 5 @& £3l<} cholesterol 434
of #ofste FHAEY WHo] Ao]E Kol Aow &4l
Haok B, Aol 25 2 AYALE o] FH =T
#Holste adlpose fatty acid binding protein (FABP4) [10] &
EAGLS EXFA IO E AR AFE stearoyl-CoA
desaturase (SCD) 5] ‘T o] A EFFa L4 3] #dH
o] gl&ol BIHAH]. ol A7 Aok 25 il A=
Aol A gl oA thAatel] Bofd faAET 2xle] ¥
ol J&s & Arsta gioh

Succinate dehydrogenase (SDH) % triosephosphate iso-
merase (TPI)i A E el A Eaf 2t %(Catabolic metabolism)
o #te= FHAZ, Krebs cycle [26] B glycolytic path-
way [11]9] &3t TP A= SAAL 49 A4
& A5 £ dihydroxyacetone phosphate (DHAP)E glycer-

=

o+

SDH P<o0.001
g =
= 30 R2=0.551
& 25 ¢
-
TR, .
G g | *
@ 13 4 R L
" [ e '\‘\..ﬂ *
£ 10 4 ¢ et e T
0 |
0.00 0.40 0.80

Gene expression (2-2C)

Fig. 2. Regression analysis between intramuscular fat content (%) and expression level (x-axis) from real-time PCR for each sample.

Table 2. ANOVA table of SDH and TPI gene expression analysis in loin muscles

Source Df Sum Sq Mean Sq F value Pr (>F)
SDH 1 538.35 538.35 55.9842 1.524e-09%**
Age 1 583 583 6.0625 0.01753*
Residuals 47 451.96 9.62

TPI 1 16.37 16.368 0.9319 0.339301
Age 1 206.76 206.764 11.7725 0.001262**
Residuals 47 825.48 17.563




34 A 28+3] %] 2012, Vol. 22. No. 1

aldehyde 3—phosphatei HAEA 7] =l
Laville 519]& %7} £& 2§ o) TPI H&o] o] Egton,
ol At B Jlvkal AWt on, Kim 5[12]
& AEA o] ZrtEe ADA A RN A&H o2 TP
welo] Z7bEda B B3, AW ZET3-L)E

Belstn gk

lo 7

o] 43 A& 3}H(adipogenesis)frE Aol A TPIFH A9
ol Ay F S7HEE d4E Boy, At

N,

| Zsttia Hastthle]. & A g = TP} Ul
ghfo] 7t WA o] ZUHE S g o 9

HE].-

=

Ay

4ol Aole wAHA BHAOM, & 2Hfe) A A7)
EE o §% AYEIFE Y04 TPI) o] w5
ZoA 4B Lo v oip5], $o2 Pk AR
o ¥4 2 HERE 49 52 ol TPIHA4 385 204
WP WA B THT Bayol Y Ao By
.

TR ES 1] FAF fFo4dS Bl SDHE &
ZEgo} Ul Krebs cycled] #oste FAAZ, succinated
AFgl(oxidation) 44 S 53| fumaratez A7 4TS
938t At Lai¢t Goldman [18]9] |28} (adipocytes
differentiation) fr=ol W& 714} organic acid) W} 43

o] w2 succinate, malate 5] f7]4to] 3534 5 104)
ot F7HHE AL Ao, ojH g AfE A of
}\].o]] J,]_oq 0].___ U]Eitﬂo}g] :5:]—%40] Z]H]-Hjj, j+24 = 71—/K
5o}, succinate fumarateZ %3] HAEA|7|A] £3}7] W&
olgtx Ryttt Zhu F[29] SDHD (succinate de-
hydrogenase, subunit D)<} 1474 o}v|=4+S F43te &
A2 ) Wo)7b 5419 2 (loin muscle area)? o] )2
S B33, Habano S[6]% SDH #1719 ¥lol& nEZ
o] gl s el FEFs PlHT gt 2, A
Wakge] zo]lE Holg HAFFES Yo %ﬂﬂ
(proteome) 3 ZAFA (transcriptome) A 75 &3 SDH7} 2}
sHdES FAFAT1522]. g & f mesenchymal
stem cells (MSCs)9] A3 = AE A= SDH 34}
tﬂ-t'ﬂ o] 7(].4:)(4 oz 7]—/\5]51: 7363:% 3",_]—7% }-%‘Q_U:][ZO] _1?‘_
TFAXE HS A -

FNAE B 57
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