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ABSTRACT

The peroxisome proliferator-activated receptor »(PPARy), a member of the steroid/thyroid nuclear hormone
receptor suferfamily of ligand-activated transcription factor, is an important regulator of adipocyte gene
expression and differentiation. In this studies, we report the identification, characterization, and expression of a
Hanwoo PPARy gene. The PPARy cDNA sequence of the Hanwoo show strong conservation with the
corresponding  sequences reported in other species except of three amino acid sequences. The distribution of
PPARy mRNA in various tissues of Korean cattle aged 12 months were investigated using Northem Blot
analysis. The highest expression was detected in adipose tissue, more lower expression was detected in colon,
small intestine, kidney, lung, while expression was not detected in brain, heart. PPARy expression was higher
in adipose tissue of Korean cattle when aged 30 months than aged 12 months. These results indicated PPARy,
regulator adipocyte gene expression and differentiation, related on adipose differentiation in Korean native

cattle(HANWOO).
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58] PPARy: Nuclear receptor super-family®i]
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nse]Alx  9lckBrund}t  Spiegelman, 1997;
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, Cloning and mRNA Expression of PPARy Gene
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Total RNATE 7 &5 1270198 =& 3070
43 ¥, A, 7 o3, 9, 24, 2], 5
A, A, AR 4 AANE AMEY
Axs}H k. DA Imle] Trizol Reagent(Gibco
BRL)°l| 02g¢] =#& ¥3 Homogenizer§t ¥
el AL 33t Total RNAS 35-§H
% RNase-free waterol] 35¢] AF&A 7} - 70°C
o] BE319]c)

2. RT-PCRoil 2|3t PPARy cDNA cloning®}
Ao #H

AukEA Total RNA Sug& AHE3lod Super-
script 11 RNaseH-reverse transcriptase(Invitrogene)
2} random primerE ©]-8%} first strand cDNA
< 43kt PCR2 1pe first strand cDNA
£ AH23le] NCBIol .35 bovine PPARy &
ZAHaccession No. 018971)ell AF23l= 20
pmole sense(AATCCCTGT TCCGTGCTGTGAT
GGGTGAAA)S} antisense(GAACTCGGACTTCT
CTGCTAATACAAGTCC) primers o] &3}
1 x PCR-buffer, 0.5U ExTag-polymerase(TaKaRa),
7} 2000M dNTP =422 denaturation 94°C 30
Z, annealing 68°C 30&F, extension 72C 2%,
33cycle?] wMExHAeZ PCRE $#slgich
PCR AFE2 0.8% agarose gelolld #A71dE3}
o Haldtgon Aridd AAL  $isho
T-vector (Promega)°ll subclonung 3t} G714
d #AAL ABI PRISM 377 sequencer(Applied
Biosystems)& AR8-3le] AAsIGch AAR o
714 42] ¥4-& Genetyx-win(version 4.0y ©|
43} FAslgick
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Amersham AHE  ©o]838le] A z3Ach mem-
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(wivyellAl 68°C, 308, 33 AAH3FF o} autora-
diography & Al A8}t
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= Sundvold 5(1997)ll £}ste] ¥ wzo] Q)
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01897 E2-€ A|2HgF PPARy sence(AATCCCT
GTTCCGTGCTGTGATGGGTGAAA) primer2} anti-
sence({GAACTCGGACTTCTCTGCTAATACAAGT
CC) primers ©]&3}o] RT-PCRE 43§+ 2
 FES £ 9= DNA Z7]9} dajslglon
°]Z T-vector®ll subcloning®}e] sequencing 3}
Arct

¥ Aol A cloningdt 35 PPARy F-A1ALS
sequencing¥t A3} PPARy +AAR= 1515bp 4
7144, 505 olu]xite 2 FA=]o] 9l3ickFig,
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Fig. 1. RT-PCR of Hanwoo PPARy gene.
Total RNA from Hanwoo fat aged 12
months was isolated using TRI-zol Rea-
gent. Synthesis of first strand ¢cDNA was
performed using Superscript 11 Rnase H-
reverse transcriptase (Invitrogene) with
random primer and Spg of total RNA as
template. PCR-amplification was carried
out in  50pf  containing  standard
IxPCR-buffer, 0.5 U Ex Tag-polymerase
(Takara), 200uM of each dNTP, 20
pmole of sense(AATCCCTGT TCCGTGC
TGTGATGGGTGAAA) and antisense(GA
ACTCGGACTTCTCTGCTAATACAAG
TCC) primer and 1uf of the first strand
¢DNA-mix. The template was denatured
for 1 min at 947, followed by 35
cycles of amplification at 94°C for 30
sec., 68T for 30 sec., 72 for 2 min.,
and terminated with 15 minutes at 72°C.
To ensure that PCR signals were not the
result of contaminating genomic DNA,
control samples(RT-) containing RNA, in
which the reverse trascriptase was
omitted from the step of cDNA synthesis,
were run in parallel.

N-terminal Z¢ll 2F 90bp AE2] gG7]A o] ¢
FEAlE Yeia] Q714 g sl Ao
o} & 7oA cloning® PPARy HAA= 2
isotype 2.2 p1-& TPFE AQon opn|ixit
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ANTCCCTGT TOOGTECTGTG

1 ATGEGTEAWOCTEGAGA TR TCTTAT TGACCCAGAGAGTGAGCCCT TOGCTGTCACA
MGETLGDALIDPESEPFAVT 2

61 GIGTCTAS GOOGTTTTEEG
VEARTSOQEITNVDTEMPFWNFP @

121 KX TGATOATGACCACTODCATGICTTT

TLTAL
TNFGISSVDLSMMDDHSHAF @
GACATCANIOCT TOATCACOGT TRACTTCTOCARCATT TUCACTCCOCACTATEAGAC

DIKPFTTVDFSS | STPHYED &
ol

TPFPRADPMVADYKYDLEKLO WO
01 GAGTATCAMWAGTECATCAMGTOCACUCTGTATOOCCACCTTATTATTCTGAWMGACT
EYQCSAIKVEPVSPPYYSEKT @
361 CARCTGTACAGTAAGICTOATOAGAGOCT TOCAACTOOCTCATRROONTTGAATECTEG
OLYSKPHEEPSNSLMNALECHK M
421 GTCTOTEEATAN G FCAGRGTTOCACTATRGAGTTCATCCTTGTCGAGGATECMG

YCGOKASGFHYGVHACGGCEK 1@
TAGGTGTGATCTTAACTGT

GETTTCTTOOOASRACA TOAGAT TRAMACTTATTTACGA
GFFRRTIRLKLIYDRCDLNG @
CATOCACAAGAAAAGTAGMATAMTE TONGTACTGTOGST TTCAGAGTOLCTTECT

RIHKKSRERNKCOQYCRFOKGCLAMD
01 GIEEGATGTCTCATAATEOCATCASSTTTORCATEICACA T IGAGWAGAGNG

VGMSHNAIRFGRMPOAEKEKZD
TATCGACAACTGAMOICAGAGTCTILTGACCTODEG

LLAEISSDIDOLNPESADLR 2

541

OICTOCAMCATTTGTATGACTOSTACATAMGTOCTTOOCECTEACOMAGCAMG
ALAKHLYDSY I KSFPLTKAK X
781 GOGAGECGA TCTTRAORIBAMAGA A MATCAUGTTTGTTATCTATGACATG
ARAILTEKTTDEKSPFVIYDNZ
B ACTOCTTAATEATOIGAGMGATANMTUAGT TOMACACATCAGTOOCTECARGAG
HSLMMGEDKIKFEKHISPLOEID
S0 (OCARCANGA TERICATOUGATC TTOCAGGEG TG TCAGT TTORCTCOGTRGANEID
PSKEVAIRIFOGCOFRSVEAZ
951 GTECAGAGATCACAGAGTACECAMGAATATOOCOECT TTRTGAALCT TGACTTGAN
VOEILTEYAKNIPGFYNLDLNDS3D
021 GACCAMGTACTCTCTAMMT ACEGTEOACGAGATCATT TACACGATRCTRACCTID

DONTLLEYGYHEILLYTMLAS®
O TTGATGAAT A TR TCATA TG CAN AT TCATCACAEIGAGTTT
LMNKDGVL I SEGOGFMTREF 3
n4

LKSLREKPFGDFMEPKFEFAVA
NGTTCMOECACTEGATTAGA TGACAGDGACTTACCATATT TATACCTGTCATTATT

KFNALELDDSOLAIFIAVI | &
1261 CTOATEAGAIOR00CARGTTTECTAMOGTANOCATTRAGACATACVGAOMT
LSGDRPGLLNVKPIEDIGDNGS
1321 CHETECAGCT AR TEACTOA TN AU GTUCTOCCARCTCTTY
LLOALELOLKLNHPESSGLF 40
1381 GOWETECTO CGTICATS

LGV IKITETDMSLHPLLOEI!I 50
150 TACMEGACTTGTATTAGCAGAGAAGTINGAGTTC

Fig. 2.

YEKDLY=* 56

Nucleotide and deduced amino acid
sequences of Hanwoo PPARy.
Nucleotide residues are numbered on the
left; amino acids are numbered on the
right. Nuclotide 1 is the A of the ini-
tiator AUG codon of PPARy 2 and
Nuclotide 91 is the A of the initiator
AUG codon of PPARy 1. The in-frame
translation termination codon at 1516 is
indicated by asterisk. DNA binding do-
main is one underlined and ligand bind-
ing domain is a dotted line. The
Hanwoo PPARy ¢DNA includes a 1515-
bp open reading frame encoding a pro-
tein of 505 amino acids.

T4E #18 PPAR29] mlAl e $AE Fig 2
off yehd wnpe} o] A wHA ATGHow
PPARy19] wlx] 2] $]x]&= 9ol £A)5=
ATGRA-E] A= gich. =5 35 PPARy
AAR= Al Az Felld olv] Bis]ejal w}
9} o] DNA binding domain(Zinc-finger)2}
Ligand binding domain®] ZA3}gict. DNA
binding domain(Zinc-finger)> PPARy°l] 25}«
AAzAE v 53149 cis-element 9 el
Afsts F42A FFolAE 137HA o}
4kl o] ARAIRE 211 9] FelAlzta) 7}
o FEolMe el F mESY g
Z22] 3 Ligand binding domaing PPARyel 2
ke ligand7t A EHRA oA
& 3214A e wRlo 2 RE 474 ofn] x4k
Q1 A7bA] 15472 ofm|xiate 2 P4 = o]
3dch

Cloning¥! &-§ PPARy2] o}v)|:4l MIE
Norwegian cattle®} ©}2 FEoj|42] PPARy2)
olux Al Mdd} wlmEAsie] fFARR
BEARE FA5 ) cloningdt §%- PPAR
7 FAAE NCBI| 553 Norwegian cattle
PPARy (NCBI Accession No. 018971) ¢}v]
Ab M wlad An 99.2%e] AEA
< Yetdiglen oulxal MAdF g
o] &F4l, 140MA ol27d, I5THA FF
Ak, agetiA] 2j4le] Zzt Edled, Ed
Ex FEjal, olafAeg HIs Ao
olvl:e il Mdg uveldgich. =3 S
PPARy A 7k2] olmx 4l Az NCBIe|
5535 ASH(NCBI Acession NO. U63415),
Z(NCBI Acession NO. NM_013124), 433
(NCBI Acession NO. BC021798), = Z|(NCBI
Acession NO. AF103946)2] PPARy o}v|x4k
Mzt wagt A2 3§ PPARyS| ofv|anit
Ada Yola] 4F2] PPARyE olm|xib A
AL 2F 90% ol A5A4S vred
7H7t Atabe 92%, FHAfkE 91%, gFeks
91%, A= 93%2] AF4S e
53] N- terminal® 2.} C-terminalZ2] AF
F490] o Eokch olg} o] 2 F kel ofS-
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Fig. 3. The deduced amino acid sequence of Hanwoo PPARy was compared four mammalian
species: human(NCBI Acession NO. U63415), Rat(NCBI Acession NO. NM_013124),

Mouse(NCBI

Acession NO. BC021798), Pig(NCBI

Acession NO. AF103946) and

Norwegian cattle PPARy (NCBI Accession No. O18971). Identical amnio acid residues

are indicated by dashes.

2 AFAE Jdebils 22 PPARy A4}
7} &0 delA vig FoF 75 E £
gt Qe ez AzhEn Aslel] whel Wl
5 B BES %S ¥ 5 Ao

53] nuclear hormone receptor2] DNA binding
domain 4o Tisl 1408H ol2Y,
15797 SFE4te]l ZHzt EfiEws) g4l
o2 %=le] gt F#E Norwegian cattle®}
o FEQ sA, A, A, AR AelE R
olx g FELoR Iy Fo|Holgxy & £
slen ozt ojm|xcile] e oz 3

+ PPARy #FAA} A & FAAet
o] BAE ¥8led eis Fa% Aol & A
22 AmEejalc). ®g o]efdt qfr|ujde
#pe]7} g5 WA polymorphisme] #}e|&
2 sbsAe] lem elgd FAle o
Q771 AaAsolok & FRolch 22l pol
ymorphism?] #}e]7} vepbdcid §-2] 7]
2} polymorphismell 2]+ genotypedte] A7}
27 SAHeR saselol & Ao A
Bt
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2. 52 PPARy FZEIKte| mtEigbal 24
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A3 A6 21914 PPARy 1€ 28, 4
2, ARelA F2 g Beoln Az
Ae dHstn gla] o2 ZleoR myE
2ltiChawala®} Lazar, 1994: Tontonoz
1994; Zhu 5, 1993). L2} PPARy 2=
ApEANA M e BAE 2eln b

=]
]
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ky
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£
2o

2oz Rustn glon Auighd da #
Aho] EE fFEdhe oz d¥A 9
222 9 PPARyS Hd FAE Ay
FAo] A=l 124U v AMSlA F
qls}glch

Trizol-regeant ¥'H o2 F%&3%F 204 Total
RNAE Glyoxald o] 838le WA F 12%
agarose gelell H7]GF8 o}& Zeta probe
membrane®l] transferdt ¥ PPARy FA A
1.55Kb& probe #}o] Hybridizationd Al 4|
#tglem wash¥ Xeray filmell 82152 k- &3}o]

' i
§E§§§§E§§§

o

| intestine

Fig. 4. Northern blot analysis of Hanwoo

PPARy mRNA in various Hanwoo
tissues.
Total RNA(20ug) prepared from the
indicated Hanwoo tissues was subjected
to electrophoresis on a 1.5% agarose gel,
blotted onto a zeta-probe membrane, and
then hybridized with the 32P-labeled
1.55kb fragment of Hanwoo PPARy. The
filter was washed in 0.1xSSC containing
0.1%(W/V) SDS at 68°C for 30 min and
then exposed to Kodak XAR-5 film with
an intesifying screen at -80°C for 78 h.
Control  hybridization with a bovine
beta-actin probe is shown in the lower
portion.

@it 2 A3t Fig 4l Jebd npe}
Zol PPARyE H3 AgzAN e
BHg wgow oA &% A%, ¥ =3
NS FRE wych e ¥, A3zs
ANz Ao was A gt} ol Av:=
Sundvold 5(1997)°] Norwegian cattleel]| 4]
S AR o)y fAEgoh 28 A
F7 ol PPARy7} FWejsli= A8 AEs)
7 skl ARl AR 12195t
Aupdde] A%se] At 30709y £7 3
F2] AzA oA PPARy FHALe wES
Northern blotting®l] ©]3}le] #gla}sict. Fig. 5
of veld ukel zlo] pPARye) W& 1271
4 AR 3044y Az
oF v A E& S Yehygich ols} 2

12 months
30 months

-~ PPARY

-af— 28SRNA

-— 18SRNA

Fig. 5. Expression of PPARy transcripts at 12

months and 30 months aged of
Hanwoo fat tissues.
Total RNA(I0ug) was analysis by
Northern  Blotting with the Hanwoo
PPARy probe as described Fig. 4,
followed by expoure to Kodak XAR-5
film with an intesifying screen at -807T
for 48 h. RNA loading was consistent
among the lanes, as judged on ethidium
bromide staining.
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& A% BFAME APALe R2l7} 28
2ol @} Pald) PPARyS] Aol FrhRicke
A% ¢ 4 g

V. & @ =

A 2E-3 AoH FHRAE gL &
o B uE]e)x] 1 glE PPARy HAAS clon-
ing 317] 13l 5 1270 A=A E o4
5}e] Total RNAS $%38}i RT-PCRS 5%
8o} 1515bp, 505 clu|x4b ML AR
PPARy #AAE cloning 331t} bovined A
2% 452 o2 5279 olu|xAl AL
vlagt A 2% 90% °l4e 4F4e 4
Ejgich. 53] NCBIe|l 23%  Norwegian
cattle PPARy (NCBI Accession No. 018971)<]
obr x4t MAF} wlwdt Az 99.2%9] AHE
A& vehdglen ofmxal A2F 1A
ol&FAl, 1408 olZ7, 1578 FF%
AY, 486w 2]ale] zbzh Edled, ERIE,
224, olaFiez A Aeje] ojwx
AF 42g Yeldigitk. E3] nuclear hormone
receptor®] DNA binding domain <<l T &
== 140A), 15794 e}vlicike] 2o 9}
22 % PPARy FAA} xAsk= dE
fAzke}e] BAE e o T8¢ A
o] & Zlez Alm= oAl &% PPARy9|
W A A ulf 2 4ds By
o, 5 12709F 3 30704 Agx2 e
2] PPARy ES vla F45GE o 1270
Holqrct 307093 Axptxaled pPARy
o] oF eulAE ¥t olgt T2 A=
&9 PPARy AT Alsta}l AFelrel 7
o] AFEzlel| B|efsln Qv Bus}l Uz
3l Z3jetn Alaslc

V. A

2+ ATe FEAFA vieleasiziAglg
A ef] 2Jzf o] FeiA] Al

Data deposition: The sequence reported in this
paper has been deposited in the GenBank

At

database(accession no. AY179866).
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