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SUMMARY

Genes differentially expressed in the liver and the muscle loin eye of Hanwoo
(Korean native cattle) during its growth (0 - 24 months) were investigated by cDNA
subtraction and screening. cDNA subtractions were performed successfully and cDNA
subtractive libraries were constructed.

A total of 132 cDNA clones were selected from muscle loin eye subtractive ¢cDNA library,
These cDNA clones were sequenced and analysed. We have analyzed four cDNA clones as
candidates of age specific genes. The expression pattern of the candidate genes were
confirmed by semiquantitative RT-PCR and Northern blot analysis. The expression of Bovine
ADRP gene are induced highly in the 24-month tissue. To advance studies of ADRP gene
regulation and potential function, we have cloned and characterized the complete Hanwoo
ADRP gene.

We analysed the nucleic acid variation using PCR-SSCP and direct sequencing method. We
observed two nucleotides substitution in exon 8 of Hanwoo ADRP gene. Adenine (A) was
substituted to thymine (T) and one T was inserted at 1273th and 1275th position of bovine
ADRP mRNA, respectively.

No gene was found to be reduced in expression in the liver during growth, whereas 77
genes including 17 unknown genes showed increased expression in liver during growth. The
expression of the 40 out of 77 genes showed gradual increase in their expression for up 24
months, whereas 37 genes showed fast increases in their expression within 6 months and
stayed almost unchanged thereafter. Genomic cloning was performed using 14 cDNA clones,
which have 5'-nontraslating region, as probes and 5 genes were isolated. The promoter
regions were subcloned from 3 genes (retinol binding protein, cytochrome P450, aralkyl acyl
CoA:amino acid N-acyltransferase).

Protein profiles of beef loin were constructed by comparing the two-dimensional gel
electrophoresis patterns of the proteins from different growth stages of Hanwoo, Korean cattle.
Proteins from the lean muscle of 0, 6, 12 and 24 months old Hanwoo were separated' by
isoelectric focusing(IEF) on 16 cm tube gels or Immobilized pH Gradients (IPG), and further
processed second dimensionally by 12% SDS-polyacryamide gel electrophoresis (PAGE) using
18 x 20 cm gel. Proteins with pl values ranging 3.0 to 10.0 and molecular weight 15 to 100
kDa could be clearly detected on gel by silver staining. Interestingly, many of the proteins

significantly increased and decreased during growth happened to be low molecular ones. To
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isolate the increased proteins, the soluble proteins were obtained from the tissue by 1% Triton
X-100 extraction, then fractionated by 30% and 50% arnrrionium sulfate. The isolation
condition of each particular protein was determined. Most of the isolated proteins were
N-terminal Blocked, so the precise molecular weight of the proteins were analyzed by mass

spectrometry. We have developed the method of Mass Spectrometry from the 2-D PAGE gel.
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9, 6714, 12/0€, 2470 €R] 99 7+ € 2§ Z2FA THHE {AR AAA
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cDNAA}ol 9]  subtraction® A8t subtracted cDNA libraryE A &3h
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A, 282 ¥ 55070 AER A Ao FH AR FIAFAAAN A=A S} 28
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ste] 199590] FFate § F4 WAFAAE 13 £3A AT $9& slgoln
sict. | -
EF JERFAAge Y & 5-10942 FAHE FAR AE 7% 9 F
e FAA A7 ARk AANAYLE XN&H O T o|Fo] o|Fox; gt} o]
AR FAAY )5 29 4% R §2o) YA dBso] Y= AoE FAA &
FHor olgFHZ U UHEHoZ HA 2EH2FTFF(porcine stress syndrome;
PSS) A ARl HAL genet #HAHol et fixnre £33 4HE A7 ol
WPz FEY Al o]&H1 vl EF Estrogene receptor gene(ESR gene)<
HAA Y Hbda AAHS Aol de Aoz duld AYdHez o fAo] L Aoz
A=A ot 2 9o RN gened A 179 AAZE A3 #HYE Aoz
FAH1 Y.  Glycolysis®  lipogenesisdl #43E &AE  glucokinase,
glucose-6-phosphate  dehydrogenase 8|3 malic enzyme %o glew, ACC
(acetyl-CoA carboxylase), FAS (fatty acid synthase) 282 LPL (lipoprotein lipase),
FAREL AT ARG @dd U

THe Aee A dFo HEo 7tE9 EASFVIE ER0] %o JE F£Fo] v
om, webd FTLAH FNFE AT BAFATHY dFEHo) WA A2 #4
A z2-71EMdd @ 7| xAE EE5T FFolg,

FEAEA FAVedT2dME 99 ZFS NS AT B 4A47 gae=
obese A2 point mutation®] -9 ZUHAWL 2FHI FgHoz PHUPL nud
Hi, B3 A4S AT g FAHARE TAUoE APHoE o)LL A )
3ty ACC, FAS, LPL #dxE€ 824939 A4S HEs9x AA ddxe gay
AbstE Sl

EoolHd 9o nFS AL A8 7 3% BANAN Selsi wds:
FAAE F2Y}Y 2 FHAY EAE FHEL AYH ]84S AESuA 4
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A1 ARAA
2427 §44249 72 L BAFY B4

1. Al 2 9y

7b. 59 49d S/ xA 9 FF

T4 AFBAY SKE2AL A& dTEAA HAREH 4ALHAR 20
4% TA22 =59 T SN2 RY AFsgen, AL =4 w2 | o
olste] W& wEC dA Ao WESS 70T B#std ALgs

U g AFe A 1244Ho) ANEH A Fo] FARA dojuE A
71e 2408l e Ao FAVed T4y d7EAAE RIuFeig A AFe
ARBEAE B3] o] FoAH oo WMEA od FART} BAE Aoz VoY
ANE2 E dTANE AR ANsgE 12498 £ AP Hx g
127097 olste] JASASt AW Feo) FAsA Yoy A7 A4NLYe) 2%
2HE FIANARE St B AALY ol FolY] Slatd SLH ¥F #$
6F ol do 2Ry FAZALE AAsA A LA

U, §99 2827 o2HE mRNAY g
1) Total mRNAE] —?—al
Total RNA9 ¢4 &8 & FastTrack kit(Invitrogen)& °]&3t9] $£427 s
At -70C l"i_t"%l 23 HW 1g& o439 total RNAS vl Ze
Pgoz s,

(1) 50ml centrifuge tube©l .12ml—°~] denaturation solution (26 mM sodium citrate,

' 0.5 % N-lauryl sarcosine, 125 mM S -mercaptoethanol, 4 M guanidine
thiocyanate) & ¥ i, d&d 587 £t}

(2) 2% &3 1 g & denaturation solutiond] ¥, 30% ~ 18 7} high speed
homogenizer2 3} gt}

(3) 2M sodium acetate(pH 4.0) 12 mlg& BRI ANA3) FAS He &
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Phenol:Chloroform:Isoamy! alcohol mixture 12 ml& ¥ 3 AA3 42 % 10
Z B¢ AEA AL F 489 158 Fdo

(4) 4 TolA 2083k 10000 x g & YAEGT T F3HE 3o QfEe
tube® &37th.

(5) %] isopropanols ¥ i -20 ColA 3087 4.

(6) 4 CollAl 156837 10,000 x g2 ARG F AF AL AASH.

(7) 5 ml denaturation solution®.2 RNA I AEE A&l 443 =AU & TF
¢] isopropanol® R -20 CollA 30% o] w &gt

(8) 4 CTellX 1587 10,000 x g2 AR} L 4FAE AAES $F 10 ml9 75
% ethanol2 A H 3 F 4 CTolA 15 £3F 10,000 x g2 AL E Tt

9) A2 AAZ}TL IAES AFAUY.

(10) RNase-Free DW 1 ~ 3 mlol RNAE =9 &, A8 A71A -20Co RAg
t}.

2) mRNA ¢£58d
Total RNAZX¥E PolyAtract system III, IV( promega, USA )& o] &3}
o gd&y e o2 mRNAE 48839

(1) Total RNA 1 mg& RNase-free DW 500 pfoll &< ¥, 65 CollA 1083 ¥
&3t

(2) 3 19 Biotinylated-Oligo(dT) probe} 10 u£2} 20 x SSCE H7l&oh

(3) F=dA & He F AL 1087 AU,

(4) SA-PMP7} B9l E tubeol] W& ¥Wu 2 A& F AF2oA 1083 s

kA=

(5) Magnetic stand® ©]€3d SA-PMPE 2L ¥ AZFdg ZA2HA AAD

-

(6) SA-PMPE 300 409} 0.1 x SSCZ 43j¢] A4 &},

(7) AAel B ¥ 132 100 x£9 RNase-free DWE mRNAE F&3 ¥ 212
150 19 RNase-free DW& F&3t}.

(8) 4 CTAlA 1083t 10,000 x g2 P4 F 3] mRNAZ LEH e B34
< 3 Far.

(9) 01 ¥99¢ 3 M sodium acetate 9 & %< isopropanol& ¥ ~20 TlA ¥
ztet.
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(10) 12,000 x goll A 10837+ LA R g}

(11) 1 ml®) 75 % ethanol® pellet2 )= 3o},
(12) 2% pellet-& RNase-free DWol| =9lt},
(13) 3% &4 F A -70-Cd R@3},

t}. Subtractive cDNA library A =
cDNA library= PCR-select ¢cDNA subtraction kit( ClonTech )& o¢]&3}d
AF3tgh 24 A ¥P So] ¥ subtracted cDNA library® A 23}7) 94 6 7
4% 9 12 /9% cDNAE DriverZ o| &3¢ %, 127/§¥% Eo]2d subtracted
cDNA library& Az37] $18t 24 Y8 cDNAE Driver® o] &3t}
Subtracted cDNA library A& kite] Al&dB@Ad] F5d thea gL 3AHL
T8t A Z3sy

(1) mRNAZR¥ kitso®] ¢cDNA #A primerg o©]&3td & 719 © % slgte
cDNAE #4 ¥, | ~

(2) 449 cDNAE AFEL Rsal &2 HAI34 blunt end& DET},

(3) Tester cDNAS] 4& & 7zt & F /9] adaptor® €21t} olm Driver
cDNA® = adaptor& EolA ¥Er}.

(4) 2 A9 hybridization& A A3l Tester cDNA ¢} Driver cDNAY = 5
o cDNAE A%,

(5) Hybridization®] ¥¢ cDNAE PCRel ¢ 3) FEAU.

(6) T-vectorql pCR2.1 vector$} ligation A] 71t}

(7) Ligation mixtureZ E. coli TOP 10F'& ¥ AAEAA subtracted cDNA
libraryE& T+& 3%},

#. Southern blot hybridization®] 9@ 5o| @@ A< My
A| 2+ subtractive cDNA library 236 A% ¢Ad So|gd ¢AANES gn
3t Southern blot #4& AA3 4t AA 24 NEH o] By $AAE g
A3t7) Astel 24 ALFA 12 ALF Ao % 24 ALDTY 674YY Abo) Y
subtractive ¢cDNA libraryol 4] 89071 2] clone2 2% E plasmid DNAE 223
o. ATEL EcoRl 22 H9Fd ¥ 1 % agarose geldl A7|95 @ &
nylon membrane o &7]32 12/1€¥8 == 6/1€¥38 9 cDNAS DIG(BM)L. 2
labeling® probeE& A}-§-3¢] Southern blot hybridization®& AA34t. A=
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=23 %"’39] cDNA probeZ hybridizationdled A Z vlwdli €3HE FA 29
dd AEE £489 Aol UE cDNA cloned Adssion, ¥488 clone
o] d71vMfd & =AM GenBank Data® A3t FAz9 HEHE A3}
Rt

ul, cDNA library9] A=

67/HE%, 1271 €%, 24M¥Y T& =z o2 5E mRNA

ZAP express cDNA vector kitE o] &3t cDNA library
A2 gL

(1) &3 mRNAE ZAE First ¢ Second strand cDNAE A &3},

(2) A2 ds cDNAE Pfu DNA polymeraseE ©]&3% ¢ Blunt end2 2Et},

(3) EcoRI adaptorg €723t}

(4) Xhol 22 AWF ¥ size fractiond 33},

(5) ZAP express vectorol] 4} gt}

(6) Gigapack gold II package kitE o|& packaging ¥t}

(7) Host cell?l XL-1Blue MRF'& o] 43} ¢DNA libraryE A 2Hgu}.

(8) Titration ¥ F%38t -70C 2@

]
o
e
ot
w
N
N
flo

n. Sol@dd AR genomic library screening 2@ subcloning
Subtracted cDNA library 258 Hdd¥ AZGAE Hol'2d cloned cDNA
€ probe® ¥4 #¥-9 genomic library& screeningdt % t}. Promoter A9 & ¥
3= genomic; cloneg 7] $38l, Sol%d cDNA clone FolA 5'-
untranslating regiong& XEFsAY, NAZEY L FHE ZE cDNA
clone® XA¥3o probe ARl ALYt 29 phage clonel ZHE
.genomic DNAE <¢F#392, AVEZALE ZHYslsd, Southem blot
hybridization®l €3] promoter ¥$& T 3= HFHE #Ad 2, pBluescript
II SK(+) vector& ©]£3}4 subcloning 3t}

- 17 -



2. 49 9 g
7k, @9 subtracted cDNA library9] A2 2 8 §Ax AA
1) Subtracted cDNA library =%}

T ZEZFAN AFEAN GE Eo] 2d FAAE cloning?dtr] Hs4, 671
€43, 120143, 2832 24498 282702 2E total RNAE 39 olgA 2
&% total RNAZ 28 mRNA W& AA s ds cDNAE HET). Fig. 12 127444
3 24709% M 279 subtractiong AAF F HA7D9EE FAEZA  subtraction A
%2 23} subtractiond AAF A Ale]9 bande) ¥4 FAF Ao|E HAFa glo
H, =% M2zt subtraction® band® FAE Aol7t ULEL HA Fu gtk &
subtraction®] FAH o2 o]FojA Ao g By

oI} Zo] et subtraction 4H&& plasmid vectorl cloning 34 Aol ¥AA
g AA Fo] ¥d {AAE &EFd7] 1% subtracted cNDA library® A 2hstgd.on,
HAgAd G Z A4y So] B¥ 43R GAAT o] &5ct.

Table 1914 B Hl9} o] 2471 ¥#H 9] cDNAJA 1271983 6/1¥938 9 cDNAS
AAT A 12798 A 240488 AAZ 3709 subtraction library& A 239t}

AFSLR BAHE e YEE 5 AZEE A & 25 AFHe ¢
E Aol Eotek gt T8 AFE MY WA FFHo| WA AL s tgor o
So] wea AR olF Aol AHL ALY APz U J5H AJE 49
A5 127149% o|Foln, FAFHA dojue A7E 244 YogE 2AV|EdTAe) dF
232 g 25U At JEALE APYFAHE T3 o|FoAH ol ¥4
ood FHAIL #AE Aoz BAHEHAY old wE B dFME F AASA F
AR Eo]l AZEE 12098 A Ao AHX L Aoz BUHE 6793,
aga AR Fe] FAA Ao 24939 Z85FZFA RNAE F&39
subtréctive cDNA library& AZstgch welA o] library28E S48 = A=
e ARAdT #FRE FAATL BoldA BE Aoz AP
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Figure 1. Electrophoreitic pattern after subtracted with 12 and 24 months each

other. Lane 1 @ size marker, ¢ X174 DNA/Haelll; 2 : Subtracted control
DNA in kit; 3 @ Subtracted human skeletal cDNA; 4 : Unsubtracted human
skeletal cDNA; 5 : 24 mon. bovine skeletal cDNA subtracted with 12 mon.
cDNA; 6 : Unsubtracted 24 months bovine skeletal ¢cDNA; 7 : 12 mon.
bovine skeletal cDNA subtracted with 24 month ¢cDNA; 8 : Unsubtracted 24
months bovine skeletal cDNA.

Table 1. Construction of subtractive cDNA library
cDNA ((tester) cDNA (driver)
Sut;traction #1 12 month 24 month
Subtraction #2 24 month 12 month
Subtraction #3 24 month 6 month
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2) Southern blot hybridizationo] ¢ g So] @& {FAA9] screening

F23% subtractive libraryZ2HE WA 24/¥%Y Fo &¢d FHARZ FAHE
cloneE& Fr &7 93t T2 890719 clonesE A A3 plasmid DNAE £&¥
% 19 agarose geld] A719ES AAN4 ( Fig. 2, 3, 4, 5-A ), nylon membranes]
&7 ¥ 12 94 67dE &% 28524 RNAZRE FAHE 2 7199 cDNAE probeZ 3
o Southern blot& 3% ( Fig. 2, 3, 4, 5-B ).

A7l 4% 21749 Fig. 2, 3, 4, 5-A% Southern blot 2#¢) Fig. 2, 3, 4, 5-B& ¥
39k A paneleld ¥ cDNA 9 ES Southern blot £4Z 3¢l B panelofA
positive signale] YEIUYR] &€ cloned 13722 A48 3, Northern blotg % &
dg2E gAstax A,

o}¢} Zo] Southern blot £4& AN s 247 YA Ho] L¥E ALE FAHHE
436719] clone® #2HAYD. o] cloneE F 22570 247M¥9BAA 1274¥8%5E
subtraction & library2H-E % AHola, Uwx 2117 24/MLHAN 67145 E&
subtraction @ libraryold d& Aolth ol& 436719 cloneE ¥ 132789 cloneE&
24714 So] ¥4 7}5 HAAZR AAIAY.

b - - g e

B T Y R

Figur 2. Agaroe gel eletrophoresis and Southern blot analysis.

A : Agarose gel electrophoresis after EcoR I digestion
"B ! Southern blot analysis
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Figure 3. Agarose gel electrophoresis and Southern blot analysis.
A : Agarose gel electrophoresis after EcoR'1 digestion
B : Southern blot analysis
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‘Figure 4. Agarose gel electrophoresis and Southern blot analysis.
A : Agarose gel electrophoresis after EcoR 1 digestion
B : Southern blot analysis
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Figure 5. Agarose gel electrophoresis and Southern blot analysis.
A : Agarose gel electrophoresis after EcoR 1 digestion
B : Southern blot analysis

3) 247198 Holdd FR AR AA

4N€% oy 2 Zi’ﬂ"ﬂ*ﬂ Eo] = E RAoE FAHE 132719 cDNA cloneE
4387 st A7IME S dASET. 2AE 97149 & database BLASTE 01-8-3]-
of FEAL A I, Table 28 Zo] UEsttt, d71Adol 2R 132719 cloneE
o= cytoskeleton®) T344E<S microfilament® WEE actin FAAS 95% ©]39
homology& e E clone ©] 157, actin filaments$} interaction 3t<] force$}
movement?’} X722 3% molecular motors?! myosin FAALY 95% o]d€]
homology& WEIAE cloneEe] 9 /& Tl BE 59 clone E¢) ( 8% ) 2% ‘?-_1'
g3 gdg SHA2 A=} 283 VCP, Ca¥ ATPase, Aldolase A, UCP 2 ¢}
Ze 1089 AuA dal #FA FAR] AR EE cloneEe] AEHJLHW, EI
leptin(obese) gene, ADRP (adipose differentiation -related protein) &3 Z& 4% o
WojAtsl #EE cloneEE AEH U awel] AE4 ANAFH ojv g FAASE
SA ol AY e AF JFol A LEAA X FHAE AL Y& cloneE ]
Wol AZHUT. olE 24 NYY EBo] wd 34 cDNA clones® EPV20 protein,
TCTP, Aldolase A 2 bovine ADRP mRNA%} ¥L FAIZE HolE ¢DNA ©HE
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probeZ o|-&-3le Z+Z}o] §-A Ao #3) A &
A& cloning3dt?] 91 1343 TR $ARE AASY 978 AP} TR &
2 ARHA ¥ B EST cloned %9 AA49A Bo] ¢d 434S g4 93

Table 2. Homology list of 132 subtracted cDNAs

Gene name Homo. No. of
(%) clones

O Muscle developmental related genes ( 8 genes)

Actin >95 15
Myosin >95 9
Mus musculusAmpd3 gene >95 34
Troponin T 92 3
Muscle ¢-protein 90 1
Translationally controlled tumor protein 93 2
Human voltage-dependent calcium channel beta-1 subunit 90 1
Actin-binding filament cofilin 90 1
O Energy metabolism related genes ( 10 genes )

Ca”-ATPase 92 2
Pig Valosin-containing Protein (VCP) 94 2
Human aldolase A 92 3
ADP/ATP translocator o8 2
Mitochondrial cytochrome oxidase 99 1
Muscle-specific serine kinasel (MSSK1) 93 2
Bovine 70 kDa HSP 99 1
GMZ-activator protein 81 1
Human ryanodine receptor 94 1
Uncoupling protein 2 (UCP2) 99 1
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Table 2. Continued

Gene name Homo. No. of
- (%) clones

O Lipid metabolism related genes ( 4 genes )
Acidic ribosomal phosphoprotein pl 90 1
Leptin (obese) gene 97 3
Adipose differentiation related protein (ADRP) 99 1
Galactosyltransferase . 97 1
O Others
B.Taurus clone TUS4 99 1
Ferrochelatase 99 1
Human dynamitin 88 1
Human glycyl-tRNA synthetase mRNA 30 1
Homo sapiens calsequestrinl (CASQ1) 91 1
Farnesyltransferase 37 1
Pyrophosphatase 93 1
Osteonectin 96 1
ERCC3 mRNA 88 1

J. $RAAAES BAGY Fo 2 24

142 4348 FH §AXEL RT-PCR % Northern blot ¥4 & AAIsld A%
dAd wE BE F4E #lsn E45A _
EPV20 protein 1 7]%°] &A3] ¥W3Xx] &Rem, bovine milk? skim milk
fractiond] A M&oz £3 HAE glycoproteing] YFolt} Lotte(1997)8] | o
2 EPV202 A9 epidemicsolA @dEE HEl §38AY SAEL & Ao
ra HAL, 49 AR, HF, 13 FAZRFgqNE SRFHAT FidAe d@e ¢
At ®E, human®] -9 E testisol A 713 Beo) ¢y &g wIAY & 4
TolXE EPV20 fAxte] 2d8Y4-E& RT-PCR & #43igen, 1 A3 99 2
SZAANAE TEL HA AFGAo b ¥ %o 2ol vm ) (Fig. 6B).
Aldolase = glycolytic enzyme®] family gene ¥ St EA], skeletal muscle dlA &
type A 7} TEEY, dgFHA glo] G F Ao|7} gl WA ik £ AT
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AE aldolase A 28 4F& RT-PCRZ &3 uv}, AAdA & dd Fo ol
A (Fig. 6C).

Translationally controlled tumor protein (TCTP)% histamin-releasing factor
(HRF)&4 P23e2 ¢#X Y3, translation leveldlXl ZHEE growth-related
protein®. 2 B AFHUT. B AFoA e dFdAd BE TCTP #3A9 48 ¢d&
$A487) 918t} Northern blot #4& AAstger), 84 A%, TCTP #aze &4
TE&2ANA P T W 4d 4= /TS & F AU Fig. 1.

M6121830 M 6 12 18 24 30 M 6 12 18 24 30

Figure 6. Semiquantitative analysis of GAPDH (A: control), EPV20 (B)
and Aldolase A (C) mRNA levels in muscle loin eye of Hanwoo.

ADRP(Adipose Differentiation Related Protein) membrane associated protein 2.2
Z7]E 50 kDae 2 g#A glon Y%L WEA AW ATAET} EgdHE 274
323 278t Aoz Ra=EolA, adipose differentiation programe] Z7|gAlel o] &
2 4 UE marker F 2ol $ steAe] <A ADRP FAAS 99.9%9 FAE
e = ¢cDNA ©3H< probe® 3ted Northern 4 & AAE A, 2479 o]z
= 28y 2o)7t un AR5 247898 SAZRAAE F@Fe] FH3 FHHALH,
0088 2AAME TG #HAES FAF[Y o]AE AFAE ADRP {FAA7} A
MY 238 %70 2de] FH3 doldnte FA= B v X Ao 129
o Alate A AR LR ARA Y Bt FAE Frbstel BAAHQ] Ade &4
o] dojdtie oA AFAAE AW e Aot

(ol
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6 12 18 24 30 (mo.)

1.7kb => GAPDH

1.04kb => TCTP

Figure 7. Northern blot analysis of “TCTP gene expression level in the muscle loin eye

of Hanwoo.

1.84kb => ADRP

1.72kb => GAPDH

Figure 8. Age—specific gene expression of the bovine ADRP in the muscle loin eye.
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‘t}. ADRP ¢4 42 genomic DNAGZIAE £4

ARE TR AAAEY 2REY g g A F 24 ALFAAT 2 Fol
A3 %7}ste ADRP 34 cloningg & 479 FEE 34t ADRP #AAE
mousedl Al H&o2 BeEn, mRNAE =717F 1680bp ©fH 425709 oinjwito
2 o]=o}a gith. 50 kDa membrane protein®.Z adipose tissuedll X 7Hd o] &3
g Aoz nadolgen (Jiang T Serrore, 1992). AW XS £3 2ol LTHH
= FAB (fatty acid binding protein) ¥ LPL (lipoprotein lipase) Tt = WA @& s=
Aoz va Ao, Mouse ADRP 4= AA =717} oF 15kbol™, 8742 exond} 771
o] introno® TAHIYE, Mouse 4H FAAN fXIE Re2 BHAHNG (
Eisinger $+ Serrore, 1993). Humandl 191X %= ADRP mRNA¢| d#7} ¥ oH,
7% 1314 bpelx, 9 PAA S A 3e A= RaE g HHeid 5, 1996). ©l
ADRP $AAE 7‘1‘%‘:11 A X ol Ae AAeE 715 e FE 7 Ae AAE
A\ WA £ 2 transport StE Ao AT (Gao 9 Serrore, 1999). 3l bovine
M= cDNA @714 ge] RiEo] GenBank 5%°] ¥ Ach(Nielsen %, 1999). ol
HdTSL 7|2E bovine ADRP genomic DNA F&¥ ¥43t1A & At Genomic
DNA F2EAL 3% genomic library® screen 314 ®Aste Wx 7|&9 44
cDNA A7 98 2AZ st PCR Hdol 2% cloningg B#3t] £48HT

Fig. 9% &% ADRP #7AA el genomic DNAS exon 2¥HE exon 8H74A 2] 4
Jqae Ued Aojth. BHE H7INEE Table 3 A Henkst Zo] exond] 2
71= 24 bpHE 68%bpe Z7IZ wHF oW, intrond 1HE AT 2~7He A&
92 ~ 1677bpe Z7E ZE Aoz FAFHATE Promoter B intron 1M 9499
F71NAe A BAL o|FojA A ¥&skrh Gonomic library screening 242 3
sl= intron 1We Z71E ¢ Tkbp EE % ADRP 38 AA A7) 15kbE
245 o)A}, o|F $<$ ADRP AA F3Ae @7144S A 4 & Aot

jl

i

r_BL
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TOOCTOATT TCTTCTTTOT CUAGUAAGAA AGATGHCATC TOGTTOUALTT GAN

351 GTGAGTTTTC ATTTTGGCCT CAAAATTTAC TCCCATATAG TCATTGAGAG TGATCCCAAA GCTGGTTTGA
421 ATAAGAAGGC TAGCCTTACG CCCTGAGCTT TCATCAGTCA GGGAATCCIC AGCCTTTCCT GAGACACATA
491 ACTGCCTTTT CTGAGAACTG CCAGGTGATG CTCATTGTTA TAGAAGGCCT GCTTCAGAGC AATGGCAAAT
561 ATGATATTAA AAGAAATTCC CCAGAGATGT TTCTCTGITG GCAAGTGAGA TCAAACGGEG AATCAGTGAG
631 TAAACTGAAA TAACTGACTT CCTTGGGACT ACGCAGTATA CATGAACTGC TTTAARAAGA AATCACTGTA
701 CAAATTGCCC ACTTAAAGTG TACCATTCAG TGGCTTTTAG TATATTCACC GTGTIGTICA GGCATCACCG
771 TGATCAATCT TAGAACACTG TCAICTCICC AGAAAGAAAC TTCATACCAC TTICTGITTE GGATGAGGAA
841 GAAGTCCTGG AAATGAGAGC GGTAATGGGT GCACAATATT ATGAATGAAC AATATTGTGA GTCCCAGTGA
911 ATTGTACACC TAAAAATAGT TAAAATGGTG AAGTTTGCTT TGTATATTTT ACCATATTTT TAAARAAAAG
981 AAACCTTATA CTCATTCTCA ATCACGCCAC CACCCCCACC CCCTTCCCCA ACCTTAGGCA ACTACTAATC
1151 TATTTTCTCT ATAGATTTGC ATATCCTGGA CATGTAATAT AAATGGAATC ATAAAACACG TGGTCTTTIG
1221 TGACTGGCTA GTTTTCACTT AGCATAATGT TTCCAAATTT CATTCAAATT GTAGCATCAT CTCAGTATTT
1191 CATTTCTTTT TAATATGGAA TAATTTAATA TTCTGTTGTG TGGATATATC ATTTTCATGT ACAGTTGATG
1261 TTCGGGTTGC TCTTACTTTT TGCCTATCAT GAGCAATGAA TGCTAATGCG AACACTTGTA CACAGGTTTT
1331 TGTGTGGACA TATGTTCTTT CATATATATA CITAGGAGTG GAATTTTCAG TTTCTCAACA TTTATTATCT
1401 GCTTTGGAAT AAGGGATTAA ATCATTCTGT CAAATTTTTA CATCATGGAC TTTTAGGATT ATGGGGAGCC
1471 TTTTAGTAGC TTTCCAACTC TGCTACTCCC CAAATGITGS GAGTTGGTGG GGGAGCTTGG ACTAAAATCT
1541 GGGTCTTGTT AGGGAGATCC AGGGTGCTGT TAGCACAGTT TCCTGGTGAT AACCCCAAAT ATACTGCCAC
1611 TTACTGAATT AAGTGTAGGT AGAGATTAGA CTAGCATGGA AATGCTAATT TTGAGGGTTT TTAGATACCT
1681 CATTCCCTGA ATGAGGATTC GGGCGAAGCC TGGCTTCTCT TAACCTTAGG GGACAACTGA TGAGGAAGAG
1741 GCTTCCTGGC CACCTACCTT CTTGBCTTGC CATTGCCTCA GCTTGCTGCT CCCCCACCCC CACCACACAC
1801 ACACATCCTT ATTTCCCTGT CAGTAGAAGG AAGCTGCTGE AAACCTGGCA AGGATCTCTT TTCTGAACTT
1861 GAGAAACCAG ACARAAGCATT GTGTGGTAAA CTAAAATAAA TATTTTTIGC TGTTTTTCCA CAGTAAAAAT
1921 AAAGGTTCAA GTTATGTGTT CACTCTTACC AGACTGTTAA CATTTTCACC ACTTGTGATT CTTCTAGEYJ
1981 CORA TACCTATUNU TUTAMIBUGC FAUACAGUAT TUACUALAAG T A GRTCAL T
2101 [RINGNIRE GTGAGCTTGG GACAAGAGIC CTGAGGCTTG CCACCTCACA TTTTTTAAST TTTATCTGTT
2171 TAATACAGAT TGTTGCAGGC CACAAACAGG CAGTACTTAT TTGTTCCAAC CTTGAATATA TTTTTGAAAG
2241 AGTAATGACC ACTCTCTTAC TTCCTGAACT GTTGTTAGTT GTCTTAAGAA GCAGAGATGA GCTATCCACC
2311 TTTGGGCCAG ACTATATCTG ATCTCTGTTA AATTTGTGGC TTCATCTCTG CAGGTGAAAT TGCTTCCTTA
2381 AATCACTGAG TCCTGTGTGG TATTGGATAA ATGCAGAGGT GGTGAATAGA ACCTTTTCTT ACTTGGTATC
2451 TGAGAGCACA GCCAGTAGAA TGGAGAACTG GTACTTCTGC CTGTGTGTCG GCCTGGEGTA GTGTGCCTGE
2521 TACCACTGTC TCTGCTTACA GGCATGTATG AGGEGCCCAG TAGAAGCATC TCAGTGGACA ATGCCATTTT
2591 CTCTAGAGTT CCACTTGTGC CTCACTACAG GTTCATCTAG TTTAAAACAA AGAAAAAACC TCGACAAGTT
2661 TTTTATCCAG TTCCCACTTT TGBTCTCCCG ACAACCTTTG AGTGGTGGCA GGTAGGGCAT TTATACCTGT
2731 TAAGGGAATT GAGGCTCATC CACTCTCAGT TACTTGTCCA AGACCCACAA CTAGAAAGTA AAAGGGCCAG
2801 ATTCATCCTT TAACTCTTCA GCTGTGCTGC CTTAGTGAAG ACCTTTCTAT AGGTATCIGT GCCCGTGTTT
287 CTCACCAGCC AGATGGCCTG CTTTTTTTCC CCATA | exon5
2941 & ; i AN

3011
3081 (o .
3151 § Lii A heTAATTGGA TTTTTGCCTT GAAATAATGT
3221 GTTTCTTTCC TTTTTTGCCA CGCCATGCTG CTTATGGGAT TTCAGTTCCC TGACCAAGAA TTGAACCCGG
3201 GCCATGGCAG TGTAAGTCCA GAACCCTGAC TACTAGGCCA CCAAGGAACT TCTTCCAGTG TTTTATATCT
3361 TAAAGCAATT TTTCTAAATA GCTTCATTGA GATATACTTT ATATACCAAA AAAATTCAAC CTGTTTTCCT
3431 CCTACATGTT TGETTGCATG AGCCTCACCA CAATCCAGTT GTAGAATATT TTTATCACCC CCAAAGGTAA
3501 AAGTTCTGTC ACCCCCAAAG AGTAAAGCTC ATGATCTTTC ATGCCIGTTG ACAGTCAGTC TCCATTCCCC
3571 CATCCCACAC CCGCTGTCCG CATGTGTGGG TTCTCAGTTA CTCAGTTGTG TCCAATGCTT TGTGACCCCA
3641 TGGGCTGTAG CCCATTAGGC TCCTTTGTCG ATGGGATICT CCAGGCAAGA ATACTGGAGT GGGTTGCCCT

exond

Figure 9. Nucleotide sequence of the ADRP genomic clone from Hanwoo. Black boxs are
exon2 ~ exon 8 Blod and italic letters are start and stop codon. The putative
polyadenylation signal is under lined.
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3711 TCCCTICTCC AGGGGATCTT CCCAACCCAG GGATCAAACC CGGGTCTCTT GCATTGCAGE CGGATTCTTT
3781 TGTACATAGT AACTTTTGAA ACTTCCAGAG AAATTAACCT AAGGAAATAC TTTCTACAAA TGAATTGCCC
3851 TTTGTGGGCT ACTATATGGG ATTATTAAAT ATTCAGTGCT TACTGTGTGC CASGGAAGAC ACTCTGGTGE
3921 GAAGAGACCT GTGTCAATGA CGTGTCACAG TGATGTGTTC TGGGETTGCTA AGCCCAATAG CAGATAGGAG
3991 CCATCTTEGS CAAAGGGGIG CATAATTACC AGATGGGTGG GTGGAATCAA CAAAGACAAG ATCCAAGTTA
4061 AGAGTTTAAG CCTTGTTACT TAGAGCACTT AGAGCTGTFA TCCCTAAGGC TTCCTTTTTT TCCCCCCCTT
4131 ; : ¢ GAG
4201 SN
427 ot _ :
4341 ATTCAAAGGT AGCGGAAGTG AGTTCATTTA TCTCCAGGGT TAGGATAAAC GTAATCATAA AATCCAAGAA
4411 TTTTAATCTT ACATTATGAA CAATCCAGTA GAAAAATGGG CCAAGAGCAC ATAGAAAACT CACAGARAAG
4481 GAAGTATATA ATTAGCTGAA TACATGAAGC GGTGTTAATC TTACGCTGAG TGGTCAGATT ACTGATTTCC
4551 TTTCCTGTCT GGTGGCGTIT GCAAAGCTAG ATTCGGTGEG CGATGGTGTA GAGGAGAGGT ATACTITSTGT
4621 TTTTTTACTT CTGGAGGATT TAAGGGAAAG AGGAAAGTTA GAGACACACC TGTGCCCGGA GCAGCTTTIC
4691 TCCTAGCAAT GTATATTCAT TCAGAGTTGC AAAAGAGTAT AAACAATGCA CATTAACTAA TAGACTGATT
4761 ACATTGACAC ATCCACAAAA GACTACTGAG TTCCCCTTGA AGGATTGCCA AGTTACAGAC AGTATGCATT
4831 GTTCACCATT AAAARCCAGT TTACTCTTGG AAGGGGAAGT AGGTEGITGS CAACAGGGAA GAGGAAGTTT
4001 AAGTTCCTTT CTCTTTCATA ATTGTATATT ACACACATGT TAAATTTCAG TTBCCGTACC TETGTTAAAC
4971 CGGAGGGAAA TTGGAGATAG TGGTTTAATA AATAAGAGGC AGTCAAGTCC TATGGCTGCT TEGTGACTTA
5041 TACATATTGA TAACAAGTAA CAATGCTCIT GGGCTTCTCT GGTGGCTCAS ATGGAAAAGA ATCTGTITGT
5111 AATGCAGGAG ACCCAGGTTC AATCCCTGST TTGGGAGTAT CCCCCAGAGT AGGGAATGGC AACCCACTCT
5181 AGTATTCTTG CCTGAAGAAT CCCATGGACA GAGGAACCTA GCAGGCTACA GTCCACCGGS TCCAAATAAG
5251 TCGATGTGAT TGAGCAACTT ACACAGGGCA GAACAGAACA GTGCTATCTC TGATACGCTA TCAGAGATAG
5321 CCACAATGCT ATCAGAGATA TCTCCTTAAA TACCAAGAAC TTCTGTAAGT ATTGATGATG GCTGBTTTAC
5391 ATCATAGACC TGAGATCAGG CTAATATGAA TATCTATTAA TAGTTGGTTC TTTGTCTTCT TCCAACATGT
5461 : AR _ | 2 ,
5531 & WY , . Lo 5 :
5601 GTGAGACATG TGGGACAGGG TCATCCACTA CAGAGTGTGT CGAAATTCTT ACCAGGCACC TCAGCETTCT
5671 TATTATTCTT CTTAGAATAT TCTTCTCTAG CAAAAGTTGA ACAATACAGG ATACACACGT TGCTTGTTAT
5741 GTGATAGAAG CAAAACTGTG CAGTAACTIT AACAACTCAC AGATAGGTAT ATTSCCCCAA TCAGGACACA
5811 ACTACTTGAG AAACAGGCAT TTCCCTCATA AAAGGTACAA GCTAAGTGAA TACAGGTATC TTTACTGCAT
5881 AGTAGGTTTT TTTGATAGTA TAAATAGAGT TGCTATGAGA ATGCTTTGTA GGAAGGGTAC TGACTCAACC
5051 TTGGAGTGAG GATGGGTGAA TCAGATGGTT TGCTGGAAGA GATGAGTEGT CAGTTGAGAC CTAAGGGGTS
6021 AATAAACTAG GTGAAAGGGC ATTAAAGGSG TGAATGTTICC AGACAGAAGA AATATCATAT TGTAGTCCTA
6091 GAAAGTGGIT CTTTATCTTC CAAAAGCTAA TATACACITS CCCTTCAAAG TAACATTAAT CATTTGITTA
6161 CATCATATCT CACTTGAAGA AAGAACATTC CAGTTGTCCT ACTAATGTGS AGGGTATTIT CCTTCTSTCT
6231 GETCTCOCCT GTTACGTTTC TTCTGCTTAA GACCATGAAC TTCGAAGCCT CAGGCAGTAG TTCAAGTCCC
6301 AACTCAGCCA TTTCCCAGCT GTTATCTGGG GCATAGCTTA TETTCTACCT GTGGTGTACC TAGTCACTCA
6371 GTCGTGTCCA ACTCTGCGAC CCCATGGACT GTAGCCCACC AGGCTCCTCT TGTCCATGGS CATTCTCCAG
6441 GCAAGAATAC TGGAGTTIGCC ATGCCCTCCT CCAGAGGATC TTTCCAACCC AGGGATTGAA CCCAGGTCTC
6511 CTGCATTGCC GECGGATTCT TTACCGTCTG AACCACAAGG GAAGCCCAAG AATACTAGAG TGGGTABCCT
6581 ATCCCTTCTC CAGGGGATCT TCCCCACCCA GGAACTGAAC CAGAGTCTCC TGCATTGCAG GCAGATTCTT
6651 TACCAGAGCT ACCTGGGAAG CTCTATGTTC TGCCTATGAA ATGTGAAAGA ATACTGCCAC GCTCAGGGAT
6721 GTTGTGAGAG TTTTAAAAAG CTAAAGAATC CACATGTGTG STGGACATAT CCCAGCTGAA TGTACGTGRA
6791 CTAAGTCACA CATACCACTG CTGAATCCAC TGCTCATTCT TAAACTTGTC TTACTITCAG
6861 B
6931
7001 {
7071
7141 §
7211
7281 &
- 7351
7421 [§ .
7491 : JWEAA TAAAAACACC TTCATGTAGG
7561 CTGTTGTATG AATTGEGGTC TGCTCTGAGC AGGCCTCAAC TCTGGTTIST CTCACAATGC ATGCTTGTGT
7631 ACCCTGTGTT TTTTATCTTT TCATAAAGAA GTGCCTCCTT TGAATTCAAT AAAATTCACT GCAGAATAG

Figure 9. Continued
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Table 3. Size of exons and introns of Hanwoo ADRP gene

Exon Size Intron Size
1 24bp 1 ?
2 62bp 2 92bp
3 196bp 3 1677bp
4 83bp 4 795bp
5 285bp 5 953bp
6 182bp 6 1139bp
7 135bp 7 1250bp
8 688bp

Z. ADRP §d#e 34 &4

8<% ADRP $3A 47 1x9€ ZASzm F43F% 2 Neilsen(1999)0] 2 d
bovine cDNA |71A &3 ¢A3) dA gk 221} exon 849 dgellrM dAHE B
o= drle XN&E B AYol FFHAD. Aol vEd FV1Y AXE bovine
ADRP mRNAS] 127399l si33t1, o] t¥A& ol Mde #gg Yl
gaAel s 127399 A 7t TE X8 P9 127580 T7F A48 2 U
Bltm 9tk A9 T2 X#e olulmito] ValdlA Phe2 HI# oA 1L, T 4ol 9
A= obmical vido] @A stop codon®®E Ho| 38709 ofwlmito] FHoph
Fig. 10 & |8 % t}3 A& PCR-SSCP Wy o2 HAALE Zdo|tt 1, 2, 554 89 lane
& 7128 AlAl 39 Ao, 3 49 TH laned AlA2 FAAEY ( A>T T
AHel ), 63 99 lane A2A2 SAAEY (T Ao FAFRLH, &5 2695 o
3 MEE 2459e W AlAl¥o] 078, AlA2 Fo] 0.19, A2A2 ¥o] 003 W=
2 2450}, Fig. 11 & 429 Ug4 999 d7MEE 3¢ 2AHE Fig. 11
A R A laned FAHQ wild type (Al ¥)22 F7|XEL 1273d %8 ATCCC
ol :, BE T7F 1275W d71Ade A4d gz A7IAEe ATTCCC ©lunt. A
WA lane® A% T7 go] A8l NOZ reading ¥ RO @714 Ee NTTCCC
2 gAY E aAFdA #¢§ tiEAHL olgFer FAPHE T F YE FHE
5= 4 7tx)o|tt. & wild typeg! ATCCC, A7 T2 X &® TTCCC, wild types] T7}
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Alel" ATTCCC, zdx T/ A#d"gz T7F 499 TTTCCCY Heolth 3y
PCR-SSCP £4& £3% 2 dF ARdME 4714 §8 F AT HEF + AN
t} 2 127399 AV} T4 X&d TTCCC A$E AEHA 4t old dig A&
3 o]frE EAo] © "adAu FAHE dedezE WA o/fH EE JNAA g
%71*12-% BEA A £ AAE &4 st @A HJMol FE A5, A od
& o]lfE mEaXR Ao TXAEL 4= T e Furdtts A, AA PCR ¢
8 ol8lg BAjo] AYHEZ PCR HAo)A DNAS 72 544 44 + & o7&
24% 4 ot 28U 479 Z23E ngoes wy, ol dIFE 7|E @71A
dg ofmAto 2 AEHBEAL A Fig. 12014 RE kel Zo] 7] T A2 355
e olu):-AL TGAE TEO] translation® FAAZLLZ Q3 wild type Bv} 38
7}9] ofmjiate] e Hr|MEE RolA "ot & TY A4YL o ¢z Jeiz 2

Aee FAHAY £ Ao wHA T7F Add ADRP F&Ae BE 7lsg
A Aoz ZAHY ol AW e diAlel lo] AT £33 EE Ao 3
J el ME & 98S & F J& RoZ ARHT oY FAHY AL B2
e B3y, A2y FEE At F5te ARAAE EAFEEZA HA
V¥ ROE AlsET

Ir

O

Figure 10. PCR-SSCP polymorphsim in the Hanwoo ADRP gene. Lane 1, 2, 5 &
8 : AlA1; lane 3, 4, & 7: A1A2; lane 6 & 9: A2A2. Genotype frequency - 0.78
0.19, 0.03 in 269 heads of Hanwoo.
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Figure 11. Nucleic acid variations in the exon 8 polymorphic region of the
Hanwoo ADRP.

346 347 348 349 350 351 352 353 354 355
Al CCC TTT TAT CCC CAG GTG ACC GAG TCT GAG
P F Y P Q V T E S E

A2 CCC TIT TIT TCC CCA GGT GAC CGA GIC TGA
P F F S P G D R V =

356 357 358 359 360 361 362 363 364

Al AGT GCT CAG GCC CCA GGT ACA ACC AGG
S A Q A P 6 T T R

A2 GAG TGC TCA GGC CCC AGG TAC AAC CAG
E ¢C 8§ 6 P R Y N Q

Figure 12. Comparison of amino acid sequences of the allele Al & A2.
Allele Al is wild type and A2 is mutant type which is substituted A by
T in 1273th and inserted another T in 1275th base of exon 8 of ADRP.
Asterisk indicates stop codon.
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A 2 A5
24 f84A%e T2 9 SAFY B

1. 45 92 %34

7. R

r.eL

9 499 2 249 A

. FA7Ied T 20N HEE &9 FENE AL e, 0719 (BA),
670€, 12709, 240 €% HE E&3 ) g AAFH BA 1 o o)5te) WS w
g0 AA daol ¥FE -70Ce] R@ss ’\}%fv‘}‘ﬁ‘:} HA ] Wolg HE 33
7] flete] T R T 6F oo RRE g AFs] Aga

=
rlr

o]
5

Y. 99 7+ 3 mRNA9 &3
1) 7+ %73 total mRNAS £
Total RNA¢ «#4 &+ RNagent total RNA isolation kit(Promega, USA)
= o83 ¢FEYsUT. -70 Col 298 2 23 HH 1 g & o83y
total RNAE v&3 e wyoez Fasqay

(1) 50 ml centrifuge tube®l denaturing solution 12 ml& YW1, &9 587 S},

(2) &+ 23 1 g € denaturing solution®l ¥, 30&% ~ 1¥ 59 high speed
homogenizer® 3} 3 g},

(3) 2 M sodium acetate (pH 4.0) 1.2 ml€ 23 ALolE AA3) 2 33 He 3

| ASA 1027 Heth

(4) Phenol:Chloroform:Isoamyl alcohol mixture 12 ml& Yi 10% EoF &3 A
Herh

(5) ol 1587 w3,

(6) 4 TollA 2083 10,000 x g (¢F 9,000 rpm)E YA E 2 g},

(7) 4392 o] 50 ml centrifuge tube® 71t}

(8) 5% isopropanolg ¥ -20 TolA incubation &+ (& 308 o] 4h).

(9) 4 TlA 1587F 10,000 x g (F 9,000 rpm)E A4 £ ) g},

(10) 5 ml ¢ denaturing solution®.® RNA HAEL degslu 4A3 =L w7
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A o}F oF&tA  vortex ¥

(11) S%¢) jsopropanot& $ i -20 CTelAl 308 ol wig@d.

(12) 4 C 1587 10,000 x g (% 9,000 rpmE ¥AEYS L, A4 10 mle] 7
£ 75 % ethanol® ¥ 4 CTolA 15 £3F 10,000 x g (¢ 9,000 rpm)E ¥4
Lac ke

(13) A=dg vgx, dojr JAeg T

(14) RNase-Free Water 1 ~ 3 mic] RNAE resuspend 3t3, AH&-A7A] -20 Cel
naY,

2) mRNA &5%8
238 total RNAZRE FastTrack® 2.0 Kit (nvitrogen)& °]§3te] o9&
% e WHeZ mRNAE &FEH3A
(1) 15 ml®) total RNA % 95 ;49 5 M NaCl& ¥ 3, & 4eth
(2) Oligo(dT) cellulose 171& ¥&th.
(3) TubeE sealing3ti 2B B¢ A&d Fo oligodD) cellulose’t BFHES
Lig= 8
(4) Tube® 15 ~ 60 B3 H2dx R=gA EEH.
(5) 3000 x g (¢ 4200 rpm)e& 5 B ALdA dPE2s}S oligoldT)
cellulose pellet& =& H, 43 9& A=A AARH.
6) 20 ml¢ binding buffer® oligo(dT) cellulose® HFE=H7A Agsta, AL,
3000 x g (%F 4200 rpm) &2 5837 f4 &8s FF34e AAUH.
(7) 10 ml®} binding buffer® resin® =97 Aesizn, A24M 3000 x g (%
4200 rpm) 22 583 YA RsEe FedE AAET.
(8) 10 ml®} low salt wash bufferZ resin® R=@A d=sz, 4244 3000 x
g (%F 4200 pm)E 5 ¥3+ YA E2sd 4Fd9e AAYD.
@) QAL & bufferd] 71Z7 ©f o] A7A F& G7AA Holx 2 ~ 4 Y
step (8) ~ (9)8 WEHTh vl wash F 800 s} low salt wash buffer
o oligo(dT) cellulose® AT} : |
(10) Oligo(dT) cellulose® spin columndl ¥, A4 5000 x g2 1027 9
SR Rig=) '
(11) Microcentrifuge tube¢] liquid& A% #, spin-colimn &ol EE cellulose
2 27 fl8) LY TEF step 6) ~ B WEIT 2 ~ 3.
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(12) AA3F7] A8+ column® THA] tubedo] ¥ 3L, low salt wash bufferg& top
7R (F 500 wb) AT tiplZ bufferst oligo(dT) celluloseE 4L %, 10%
7t AR

(13) (12)& #H& 3W W& (flow-through’} ODagol Al 0.050]3})8te] oF Fet,

(14) A} 2§ microcentrifuge tubeo] spin-column& 4+

(15) 200 29 elution buffer® YW1 H3 tipeE cellulose bed &4 H=¢Y
A Hed.

(16) A-2oA 30237 A4 E st

an (15 ~ 16)% 2 ~ 33 wEgr,

(18) TubeZ%E columng AA g},

(19) 0.15 volume (60 )8 2 M NaOAc®}t 2.5 volume (1 mD9 100 % EtOHE
Y3 nAstE w7x -70 T Evh

(20) B9 ¥, 4 CollA HU&ER 20 £ A &S

(21) EtOHE AAS: 75 % EtOHE A4 ¥, AZAZ df 20 ~ 50 yAHES]
elution buffer (10 mM Tris, pH 7.5)2 RNAE @¥3c}

(22) mRNAS] BE& AL F, FA -70 Coll A3

t}. PCRo] 9] & subtraction cDNA library A%

cDNA subtraction ¥ elw o8 7FA7F ok, a2y, i &£ F§ 7tz
o I a&Ae] HoiXE @Al Ut o AT PCRY 9§ subtractions
o] &3l 2™, Clone Tech® PCR-select cDNA subtraction kit& o]&3sHom, I
gl e Jdez EASHY. as 4¥Rd, 127049 -9 3k cDNA
} 070 E® 2t cDNA FolA 12/Hd#H A o el Td=E+= cDNAE ZaA & o
12th 98 cDNA (tester)olxl 070193 cDNA (driver)& subtraction 3H=d], 41
tester cDNA (1271 €% cDNA)E Rsallo.2 A3l3ly %L Ao wrEF, ploz
Uitk z21%+e] tester ¢cDNAS] M2 TE adapter (1% 2R)E 33stn Zzhel
driver cDNA (07h¥® cDNA)E A% %olA hybridization& #vh (first
hybridization). ©1 ¥ 71€] hybridization¥ A|E2E A thA] hybridizationfi}ﬂlilta
(second hybridization) «2 7} anealing products &l AA4=HA "l 2&88& =
el PCRY 93 ZZ3A e, 1 A PCRY 79 primerZ% adapterd v-2%
o 33t primerE AME83 2 X} PCRE ¢Z 2 nested primerE AME-3le &
g, 71 A 127199 DNAo] o o] A= cDNATo] Halzdoz ZZg
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gt $Z8 cDNAs (subtracted ¢cDNA)E pGEM T-vector(Promega)ol cloning3t
o library® A Z38+A screeningdl] A}-8-3tF T}

mRNA isolation

Cell pellets were homogenized in guanidine thiocyanate
and mRNA was isolated using standard methodology

!

cDNA synthesis
Tester and driver ds cDNA are prepared from the twol

mRNA samples under comparison

|

Rsa I digestion
Tester and driver cDNA are separately digested to obtain
shorter, blunt-ended molecules

l

Adaptor ligation
Two tester populations are created with different

adaptors, but driver cDNA has no adaptor

!

First hybridization
Hybridization kinetics lead to equalization and enrichment
of differentially expressed sequences '

{

Second hybridization
Templates for PCR amplification are generated from
differentially expressed sequences

|

First PCR amplification
Using suppression PCR, only differentially expressed

sequences are amplified exponentially

{

Second PCR amplification
Background is reduced and differentially expressed

sequences further enriched

Figure 1. Procedure of the PCR-select cDNA subtraction. The ¢cDNA in which
specific transcripts are to be found is called "tester” and the
reference cDNA is called "driver”
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Tester cDNA with Adaptor 1 Driver ¢cDNA(in excess) Tester cDNA with Adaptor 2R
T e ———— [
= -

First hybridization

- -
- — - -
c w3 -—

Second hybridization : mix samples, add
fresh denatured driver, and anneal

- -

a, bc d+ e

l Fill in the ends
N eesssnnee—

—=
d = =

-
.

Add primers -
Amplify by PCR

A'D no amplification

E(D B — B’ no amplification:

-_—__—-_—-::-' C  linear amplification
5’ ' ) o
-:—> G - E  exponential amplification

Figure 2. Schematic diagram of the PCR-select cDNA subtraction
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2. 4% 9Ad B 23 So] 3 fAA9 Ay

Subtractive cDNA library2%2E A% oAE So|dd HAAY HEe
slot-blot hybridization ¥'3& A}83lt}. Library cloneZFolA 2292 67572
cloneg& HE3so 729 cloneCZRE] plasmid DNAE 233, 1/10 &3¢ 2
M NaOHE #H7lst WAAZ o, wez Yo ZZE nylon membraneo
slot-blotter& ©| 83t % %3} replica membraneg &9 hybridizationol A}-&
8ttt Hybridization probe® 2zt €%'3¥ mRNAZHE total cONAE 4T o,
32P- a -dATPE #7139 labelingsle] A3t} Replica membrane® A& t&
9% ¢ cDNA probeZ hybridizationdls] M2 ®|w3t1 YHE F4x9 2@ &
£ W@t Ro]& UEE DNA cloned Adst e, 488 clonedl E7|w)
& ZA3LL GenBank DataZ& ZHA3le #4128 FAs4A

ul, 9 genomic DNA library9] A=
o b 2HC2RE REAG00Mb o] 4)DNAE £33 9 genomic libraty &

A 23 H k. Genomic DNAE Sug3Ale g RE A3}ste] 35-40 Kb 7)) #H o)
7HE ®ol BAEE 20 & ZASA large scale digestiond}il, size fractionation
A ¥ AEHOE cloning & 4 & cosmid vectorgl SuperCos 1(Stratagene)
¢] BamHI site 9 A3ttt Ligation mixture= Gigapack Gold III packaging
extract(Stratagene, USA)& packaging 3}, tHZF(E. coli XL-1 MRF)e] 743}
o] LB(amp) AR o] =dsg o, titration ¥ FZF3ta] -70Co) BIAsz A}
&3t

ut, Sol@wy FAA2 genomic gened) screening R subcloning
§-$- genomic libraryZ % ¥ genomic clone?] screening< subtraction library 2%

B AEE AFEAE Eoldd cDNA cloned riboprobeE HA3e AA &4}
Promoter X ¥ & X3+ genomic cloned 47l 98l, S| L& cDNA clone 39
A 5'-nontranslating region® X §3AY, NAZEO 77 BYE Z= cDNA
clone® 483t probe & A+8-3t% Tt £ 21¥ cosmid clone2 2R E cosmid& &
SR AFTAAZ HYsto, southern blot hybridization® A A &4 promoter
FH9E 83t dWE #1381, pGEM 7Z9 subcloning 3o
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2. 4% R 1@
7t. @59 7+ 24 mRNAS ¥#

= T
Z9o Az 285¢ 1852 ribosome RNA bandE

goad & 9 (Fig. 3). £5¥8d 7+ 23 total RNAZXE mRNAE £33}
Qul. 7 27 1 mge total RNAZRE 2 ~ 5 ug9] mRNAE ¥¢& & dden,
formaldehyde-agarose geloll A 7]19& 3t 13

7 9= %9 total RNAE =3 1 g 3 3 mg o4 & F dMad,
formaldehyde-agarose gel 7|9

M 12 4

6.6 kb

5.0 | 288
3.6

18 18$
1.3

1.0

0.6

0.3

Figure 3. Formaldehyde-agarose gel (1.5 %) electrophoresis of total RNA

purified from livers of Hanwoo aged 12 months and 24 months,
respectively.

1}. Subtractive cDNA library A%
uANEY B4 B 2AH 0148 @Y & 2 Aol DNAE
subtraction ¥ 23}, @A %58 subtractiono] HAEE HINFFTLE FIld)
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Act 93 Poz 24MLH Y 1209F Abo] 8 subtraction® AEHoE A
9tk (Fig. 4). 28, oMdde)x 1271938 cDNA® subtraction %<& 07443
oM 2479 % cDNAS subtraction® wH&d w3 A7 YA groreh, whebA,
897t AT wEAd JAIE fAXEL AY e Re: 4Zdn.
Subtraction 3 cDNA HEHE& pGEM T-vectorel cloning 3 library& &R
on I sizee Z+Zb 15000 7 ©]el it

Figure 4. cDNA from liver tissues of 24 months old Hanwoo was subtracted
with that from liver tissue of 12 months old Hanwoo and amplified by
PCR. |
M: marker DNA(200 - 2000 bp)
lane 1-3 : first PCR
lane 4-6 : second PCR
lane 1, 4 : control DNA(phage x174-Haelll)
lane 2, 5 ® tester cDNA(24 months) unsubtracted
lane 3, 6 : tester cDNA(24 months) subtracted

t}. Slot-blot hybridizationol 2% AZaAd So|2d A7 screening
Subtraction cDNA library clone 14 92 67571} clonegd 493t 4
FaAd me FAFFE 2AS2A A 67549 clone® 2#F 2% plasmid
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€ Fd34929, nylon membraned ©] &3t slot-blotting 3ttt Probez: Z}
4% mRNAZREH 43 cDNAEZ o| &3t} Fig. 5& 67571 % 2307) cloned
12749 % probest 2470 ¥ % probeZ. hybridization 23& RF 3 givh $9& 4
& 675709 clonee WACZ 2t 4% 8 probe® A4l AR FasAT (A
A hybridization Zt& ¥ A A]). Table 12 Fig. 59l A FALE So)2qd SARNEY
H71viE& ZASHI GenBank AEE AAg AAE YeEn Yo,

Panel A 1 2 3 1 2 3 Panel B 1 2 3 1 2 3
’ A - - aw
A - - - e
B - e - g e B » & - 9 =
c — - - C = - o =
D - - - D o» @@ o @ -
E - - - - B - o- o~
F -~ - . - F - - & -
G - - - G - -
H @ =~ ® - - H -a- - o
Panel C . N
. Panel D
1 2 3 1 2 3 1 2 3 1 2 3
A ol - o o Al - o - - -
B ‘nu- Bﬁ- - g o
c - ¥ oo - c.«-'--
D wn-‘“““ D w» e - -
E e» == - - - E o = o & o @
) - - = - o F - e -
G - e - & o G = - - -
H @ - - @ - @ H ™ ® ® -
Panel E Panel F
ane ane 1 2 3
A c—:“”
g B - - -
o c - de.
D D - o il
E - - -
E F oW e -
: G - . e
S{ H P @
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Panel H
Panel G ane 1 2 3 1 2 3
A A= = e - e @
B B = - o o e -
c Cor ™ = -~ @ @
e - o -9@®
E Ej~ & ., -
F F - @ = =
G co o@®@ @
H H- Quin ~» @ @
Panel 1 . Pancl ]
2 gt 23 " 1 2 3 1 2 3
L e ’ »
g* - k- o A -~ oo ap — @& B
i - » - B @ o o0 @ @
ED—‘ :. D o= e —~ # @ ™
L] ‘ - -
F lme — @F gp = E - -‘”
F we a» o %
Him - S = XY X &
T T Ees R b

Figure 5. The left halves of the panels are the same blots as the right ones. The
left halves were hybridized with cDNA probe prepared from liver tissue of
12 month old Hanwoo, while the right half was hybridized with cDNA
probe from the liver tissue of 24 month old Hanwoo.

Al : B -actin plasmid(hybridization control), cDNA clones(l ~ 230) were
numbered in the order of A2, A3, Bl, and so on unless they are
specifically noted.

panel A : clone no. 1 ~ 23

panel B ! clone no. 24 ~ 46

panel C : clone no. 47 ~ 72(clones, 51, 52, 66 are missing)

panel D : clone no. 73 ~ 95

panel E : clone no. 5], 51, 66, 96 ~ 115

panel F : clone no. 116 ~ 138

panel G : clone no. 139 ~ 161

panel H : clone no. 162 ~ 184

panel I : clone no. 185 ~ 207

panel J : clone no. 208 ~ 230
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Table 1. cDNA clones that are expressed differentially in the liver of 24 month old Hanwoo.

Subtraction
Clone no. Gene name Homology . Slot (Fig.5)
. library
1 Unknown - 24-12 A2(panel A)
2 Ubiquitin conjugating enzyme E2 83% " A3(panel A)
7 Hydroxymethylglutaryl-CoA synthase 83% " C2(panel A)
Mitochondrial aralkyl 1CoA ami
16 Hoction Ayl acyTLof-amino | gh04 v F2(panel A)
acid N-acyltransferase
18 Ubiquir?ol—cytochrome C reductase 7% ; Gl(panel A)
subunit precursor
20 Unknown - " G3(panel A)
21 Serum albumin 98% " Hl(panel A)
Hydroxysteroid sulfot; fe
9 :; X l(:ni}trs roid sulfotransferase 76% " H2(panel A)
93 Bas]ic t.rtanscription factor 44 kDa 91% ) H3(panel A)
subuni
25 Ubiquitin-like protein 75% 24-0 A3(panel B)
28 Ceruloplasmin (ferroxidase) 91% " B3(panel B)
30 Prostaglandin F synthase 98% " C2(panel B)
31 Apolipoprotein J 96% " C3(panel B)
34 Growth hormone receptor 98% " D3(panel B)
35 Aldehyde dehydrogenase 98% " El(pane! B)
37 Cytochrome P450 98% " E3(panel B)
43 Cytochrome P450 1009 " G3(panel B)
46 Albumin 100% " H3(panel B)
43 Uunknown - " A3(panel C)
49 Unknown - 24-12 Bl(panel C)
50 Unknown - " B2(panel C)
52 Unknown l - d A3(panel E)
54 Unknown ' - " Cl(panel C)
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Table 1. Continued

Clone ' ' Sﬁbtracti,on .
1o Gene name Homology library Slot (Fig.5)
- BAhZ?,:iiZ;:—methYIglutml coenzyme 89% 24-12 H3(panel C)
74 | Alchol dehydrogenase ~ 95% 24-0 | A3(panel D)
76 Retinol~binding protein 97% " B2(panel D)
77 Unknown - " B3(panel D)
33 Ceruloplasmin (ferroxidase) 92% " D3(panel D)
34 Phosphoenolpyruvate carboxykinase 77% " rEl(panel D)
86 Unknown - ! E3(panel D)
87 Haptoblobin 87% " Fl(panel D)
93 Aldehyde dehydrogenase 100% " Hl(panel D)
9 Apolipoprotein F 87% " B2(panel! E)
109 Somatotropin receptor 1B 99% 24-12 F3(panel E)
110 Unknown - " Gl(panel E)
117 B-cell receptor CD22-A iso_fonn 71% " A3(panel F)
120 Squalene epoxidase - 96% " B3(panel F)
129 Serum amyloid P componént) 86% " E3(panel F)
130 Unknown - ! Fl(panel F)
131 Bile salt-activated lipase 88% o F2(panel F)
132 Somatotropin receptor 1B 100% " F3(panel F)
141 Delta-aminolevulinate dehydratase 92% g Bl(panel G)
144 Unknown - 4 Cl(panel G)
147 Unknown - 24-0 Dl(panel G)

148 Aldehyde dehydrogenase 100% o D2(panel G)
151 Factor I (C3b/C4b inactivator) 83% g E2(panel G)
154 | Aldehyde oxidase - 96% " F2(panel G)
156 Complement C3 protein 90% " Gl(panel G)
158 | Unknown - " G3(panel G)
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Table 1. Continued

Clone no. Gene name Homology Sul.)traction Slot (Fig.5)
library
163 Bile salt-activated lipase 83% " A3(panel H)
165 Cytochrome P450 100% " B2(panel H)
168 Complement component Clr 83% ” C2(panel H)
169 Cytochrome P450 99% 24~0 C3(panel H)
17 Ceruloplasmin 82% " D2(panel H)
172 - - " D3(panel H)
173 Glycoprotein I 10096 " El(panel H)
179 Fibronogen-like protein 66% " Gl(panel H)
182 Cytochrome oxidase 78% " Hl(panel H)
184 Unknown . - " H3(panel H) |
186 Complement factor B 86% o A3(panel 1)
188 Homologue yeast sec7 93% " B2(panel I
189 | Aldehyde dehydrogenase 99% " B3(panel 1)
201 Lactate dehydrogenase-B 92% 24-12 F3(panel I)
202 Unknown - " Gl(panel D
204 PAS-4 93% ! G3(panel T)
Phosphotyrosine independent ligand |

205 p62BpB—tZell isofo:m pendent liga 95% v Hl(panel D)
209 Kininogen I precursor _ 99% ” A3(panel J)
214 Carbonic anhydrase III gene 83% " C2(panel J)
217 Catalase 72% 24-0 D2(panel ])
218 FcgRIII gene 99% " D3(panel J)
220 Carbamyl phosphate synthetase 92% " E2(panel J)
221 | Skm-BOP2 94% " | E3(panel )
223 | Retinol-binding protein 90% F2(panel J)
224 Growth hormone receptor 94% o F3(panel J)
226 Unknown - 4 G2(panel ]) .
227 Presenilin-1 gene 90% " G3(panel J)
228 Peptide methionine sulfoxide reductase 96% " Hl(panel J)
229 Unknown - " H2(panel ])
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& 675709 clone& ¥%¥ cDNA probeZ hybridization & 23, 43aAdE &
oPEE FAAE 2 THFA Wt 6719 ool F&EA Lol FH 2 o
F 2EFel 2dE FAHE IFFH 249AA ASHA StEE a2z UE
= ANS. HAAY B$ 10709 unknown cloned M £38< % 37%F 9 cDNA clone
o] ow, £2¢ A$ 749 unknown cloned E A 40%9 cDNA cloneo] =
ALE AT, 1 A3}E Table 29 Table 3¢ Jel At

Table 2 Genes of incremental expression up to 24 months in Hanwoo liver

Number of clones

out of 675 clones
Bovine serum albumin (22) 22

Heptoglobin (9)
Cytochrome P450(8)

Complement factor(7)

Names of genes

Ceruloplasmin(5)

Aldehyde dehydrogenase (5)
MHC II (4)

Aralkyl acyl CoA synthase (3)
Bile salt-activated lipase (3)

Apolipoprotein  J(3)

Somatotropin receptor(2)

Apolipoprotein F(2)
Alcohol dehydrogenase(2)
Fibronogen beta chain(1)

Fructose-2,6-bisphosphatase(1)

Reverse trénscriptase (1)

Transitional endoplasmic reticulum ATPase (1)

Lactate dehydrogenase(1)

Kininogen I precursor(l)

Rl IRl =P NN NWIW W] OO ~J3]00 ]|©

Phosphotyrosine independent ligand p62B B-cell isoform(1)
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Table 2 Continued

' Number of clones
Names of genes
out of 675 clones
Serine protease inhibitor(1) 1
Glycoprotein III(1) 1
Phosphoenolpyruvate carboxykinase (GTP) (1) 1
Heparan sulfate proteoglycan (HSPG) core protein(1) 1
Dlc dopamine receptor (1) 1
Chromosome X(1) 1
3-hydroxy-3-methyl-glutary CoA synthase (1) 1
Ubiquinol-cytochrome C reductase iron-sulfur subunit ]
precursor(1) _
Liver-type alkaline phosphatase 1
Bovine mitocondrial gene(1) 1
Mariner transposon Hsmarl orf gene (1) 1
Hydroxymethylglutaryl-CoA synthase (1) 1
Unknown(7) 7

Table 3. Genes of fast increased expression within 6 months in Hanwoo liver

Names of genes.

Number of clones
out of 675 clones

Aldehyde oxidase 2
Retinol-binding protéin 2
Basic transcription factor 44kD subunit 2
Growth hormone receptor 2

Ubiqutin-like protein

—_—

Prostaglandin F synthase

Peptide methione sulfoxide reductase

Hydroxysteroid sulfotransferase

Serum amyloid P component
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Table 3. Continued

Number of clones

out of 675 clones
Fibrinogen like protein | 1

Names of genes

Huntingtonis DiseaseRegion
FcgRIIIL gene

Squalene epoxidase

Telomeric DNA sequence
NADH dehydrogenase
Catalase

B-cell receptor CD22-A isoform

Cytochrom oxidase

S.cerevisiaze G2-specific B-type cyclin-like protein

B-cell receptor CD22-A isoform

Carbonic anhydrase III gene

PAS-4
Putative PKC regulatory protein

1

1

1

1

1

1

1

Yeast sec 7 1
' 1
1

1

1

1

1

1

Phosphoenolpyruvate carboxykinase

Delta-aminolevulinate  dehydratase 1
Carbomyl phosphate synthetase - 1
Unknown 10

2. Northern blot ¥4
AAZ slot-blot #A e 3] HEE cDNA clone E¢] HAAGAE Eoug &
ARAAE Lolur) 48 6% (apolipoprotein F, apolipoprotein J, bovine serum
albumin, aralkyl acy CoA : amino acid N-acyliransferase, bila salt-activated lipase,
haptoglobin) ¢] cDNA clone® 4#te] Northern blot £4lo] ojs Felstict. 2
23, 67} clone 25 {AA $do] AFd wel Frse Aoz A siot-blot
Aol B F e AL FI8dAL (Fig. 6).
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(A) (B) (C)

(E) (F) (@)

Figure 6. Growth—dependent differential expression in liver of the six genes:
apolipoprotein F(A), bile salt-activated lipase(B), bovine serum albumin(C),
haptoglobin(D), arakyl acyl CoA synthase(E), apolipoprotein J(F);

Panel G : beta-actin as control(G).

vl ¥ genomic library AX 9 Ho|Wwd {AAY genomic clone screening
399 AFAgAE 5o B¥HAR cDNA clone & %94 5-nontranslating
region& ¥33HE cloneEEFE riboprobed #-98t] screeningel AM§StHiTh F 14%F
2] cDNA clone (dehydrogenase, retinol binding protein, bile salt-activated Ilipase,
aldehyde oxidase, celluloplasmin, cytochrome  P450, apolipoprotein J, haptoglobin,
peptide methionine sulfoxide reductase, Fc gamma RIII, kininogen I precursor, serine
protease inhibitor, aralkyl acylCoA:amino acid N-acryltransferase, bovine serum

albumin)®] genomic clone screening® A E3AUTt. 2 FoA 5F (retinol binding
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protein, cytochrom P450, peptide methionine sulfoxide reductase, apolipoprotein ],
aralkyl acylCoA: amino acid N-acyltransferase)®] genomic cloneg& 533th. °ol&
genomic clone £2] promoter #$18 THE Aoz FAHE HEWUE Southern blot ¥
Ao ¥ 9% 4 AU (Fig. 7).

u}. Promoter subcloning ¥ ¥4
8135 4709 genomic clonee] E¥3lE promoter ¥¢ EHE subcloning€ A=
&gt} 2 A, retinol binding protein, cytochrom P450, aralkyl acylCoA: amino acid
N-acyltransferase®] genomic cloneL2% 8 EcoRl W& pGEM 7Z¢ EcoRI sitedl
subcloning &glo™, 471MEE &4 Fo Utk

EcoRI digestion HindIll digestion

1 2 3 4 5 ‘ 1 2 3 45

23 kb
e -
43 kb | e
- ——

23 kb o
2.0 kb S

Figure 7. Southern blot analysis of 4 genomic clones.

lane 1 : retinol binding protein, lane 2 : cytochrom P450
lane 3 & 4 : peptide methionine sulfoxide reductase
lane 5 : aralkyl acylCoA: amino acid N-acyltransferase



A 3 AR
AZEAE So] g 2a 2 J% B4

1. Az 283

Preparation of samples.
0, 12, 2474 4H ] A HAAS TAL FAs) AAAre] FHEYE £
Zuhz 75 TN m@sg |

Extraction.
HANS, ANS $4 22 1 g & 10 % Triton X-1000] #7+e 30 ml PBS
o %< homogenizingdltd 7HEaW AL 4 TolA 12,000 rpmol A 1587 A2
2l st H7HE DA E FEIAT A2 MBS FHO Rolym, Hae
1 % Triton X-100 10 mlEZ 28] MoA BB )

Ammonium sulfate fractionation.
Purificationg #13jA $4 1 % Triton X-100°] FE7}€ PBSY =& wulAdo)
ety EA&Art. 1 % Triton X-100014 748252 ammonium sulfated] ¢
d FFHL 2YHJT. 2 SHFAEL 30 %, 50 % T 50 % ol oZ w©
Hoz EYEAT) o] BA Fe 30 %, 50 % pelletS 2 L 10 mM PBSe] %
MHAIL, 50 % o9 FFHL 10 % TCAd 28 AF=HAY, o] A=de
12,000 rpmel A 1587 445 1 A& dH,0% solution Edl Stk

Protein assay.

. Ztzte) 2EY wyAe d4d 540% UV spectrophotometer® 7 A% %
€ ZA37] Y389 Bio-Rad Protein Assay Kit& Al83t4 595 nmollA &
Aes BE O 449 FREE F43Y 7528 2R3

2-D Electrophoresis.
U4l IEF tube gel& 30 4 samples2 4 CTolA 300 VOIA 2413t 500 VoA
221k, 28]3 800 VAlA 16A17F A7|9% 89t 2 IEF gel& FREXRy B
HAA olad AZNFF geld A8 TR Z gele 4 TAA 40 mAZ 442
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A719% NAG A7D9T F Z gele silver A8 HAAS AAE vlaF
At FeisA o gudEse] FAg A8 A7 FH A Immobilized pH
Gradients(IPGs) IEF¥ Bio-Rad IPGs strip pH 3-10& 12A17 A& @4
rehydration A% ¥ 5A|7F linear lamping && 10,000 VE &d ¥ 66X F¢
A7 9458t o F 2087 equilibration A7 F o} A7FEAA B9y
g &8s

Electrotransfer.

o] &AIE 8 M=o EalE gel® Coommasie Briliant Blue R250 dye®
A=Yt 2 dHAEL 4 T2 48 mM Tris base, 39 mM glycine, 20% w/v
methanol (pH 85)8& X #3l&= electrophoretic transfer buffero]l A constant 80 V
2 2N 7%t 7H%He| nitrocellulose paper2 &AZT. &AZ F nitrocellulose
membrane® membrane®] glycine& A3 7] 319 100 % ethanolZ ATt

Image Analysis.

Bo) AgE oyl gele) olvwlx] £4& $38 Bio-Radd °lxd A7|¥%E
olm]x] Hl& 219l PDQUESTE AM43td & o @& FEAAe &dd 3}
o] HmaPTh o] TRIaYL 27/ o] o|XY geldl X FFEHE spotd 374
ol A& £ F AFHoE YAE Wil WE FHA XolH & EMHA.

In Gel Extraction.

Silver 948 ste @@ FEE A 50 % v/v acetonitrile in 100 mM
NHHCO:Z2 AH33 10 mM DTT9 50 mM iodoacetamide® z}2t B3}
alkylation & ¥ F 05 % TFA, 50 % v/v acetonitrile ¥ Formic
acid/Water/2-propanol (1:3:2 v/v/vV)2 F&3td &d AZAA F 01 % TFAR
AT F AF A= ¥ 2E@s4C.

Mass Analysis.

Hewlett Packard®] LC/MSDE ESI W3ez Alg3dt. ¢4 HE9
jonizationg& 7] €8 50 % MeOH/ 05 % Acetic acid (1:1 v/v) E¥ Ao 2 &
# A7 F, Electrospray lonization(ESI) LC Mass Spectrometry®] 2 ml/min¢]
flow ratesld 20 w0 E3E loadingdtd Mass SpectrumE AL F,
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deconvolution®d&] abundance’} & £o02 11 ARE AES Y guzde Az B
A& AA3Y

Database Search
&¥} @ Database ¥ ExPASy$] Tagldentol X E2t%3t A<l pl 3¢ ol
3 9Hde FJEE A€ 4 UAAD. E=F proteomicse) D FRE QE UL =
3 4A 28 & =S FHIAE MASAT ( http/bhknu.ackr/ jkylim/).

2. 43 9 33

7t. olW| R 9] vl £4
Fig. 13 %] Bio-Rad® PDQUEST Z 21 & Al83d QA 4 gwds 24
AL F4 aude vmste] 1 Aolue Ao ¥ W3 g wmsyoh
Fig. 18] olag A7|gFA BE uie} o] 3¢ 549 A% 2AdEs dgdHEs o
W A4S B F AN o] WEE Table 191419 o) caltaloguedtsts] 1 z+zte
microsequencing € %3+ N-terminal sequence® @A & FA3 1A 34},

A B c

76- : -

66~ . & 7 e

H-4X—> \ b B () 2 S g
g‘ %6 "’?4“ Wil o L e » |
£ 3] #B3 e )
E 1&’\\ ..... g ,

@, q N T

11 4 4 *
18— . *] R * . ‘2
5 *1 15 ! L

Figure 1. Loin protein expression of Hanwoo. A: 0 month, B: 12 months, and

C: 24 months. The amount of proteins are decreased or increased.
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Table 1. Variations in protein expression during the growth of Hanwoo
Solubility in 1% Precipitated with

Protein ID pl MW(kDa)

TritonX-100 (NH4)2804
1 6.4 18 Soluble >50%
2 7.0 20 Soluble >50%
3 6.8 22 ~ Soluble >50%
Increased 4 5.6 22 Soluble 50%
5 43 27 Insoluble NA
6 4.3 28 Insoluble NA
7 4.6 16
8 38 17
9 4.4 19
10 32 21
Decreased 11 5.1 24
12 4.3 29
13 44 30
14 435 31
15 6.3 12

Y. ot M 4

ol A7|9% ¥ PVDF membrane® Z electroblotting3t &3 ¥ Fig. 214
8 o] Coomassie blue staining 3ttt 1 thg Fig. 34}t o] 3749 spotd L7
4| Edman degradation® &2 autosequencing® 1 ZAIE Z 2z AU, #19 o}y
=4 MEE vlolEWlel2dA M A3} myoglobine 2 WA, #4¥ N-terminal
blocking® o] U™ A7I¥FS £ FH4Y 50 % o449 @Hde N-terminalol
blocking 5o} 1& ¢ J2E2 &9 FEE plgts £A4F $422 didg 548
1A et
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#1 #4
L
B.
#1
X-L-XK-D-X-E-X-G-L-V-L-N-A-
WI(?)-G-K-V-E-A-D-V-A-G-H-X-Q-
E-V-L-1-R-L(?}-F
#4

N-terminal Blocked

Figure 2. Electrotransfer of Loin proteins in the supernatant of 50 %
ammonium sulfate saturated fraction.
A: 0 month, B: 24 months Loin.

?6] A.. | . B
32— Bt 5d ) ;
36 AL - = | . — ) %
) VT s e
Q 31-— . 1 Cow & “
E 22_ t- » *\,W
1277 ] 4 o ;‘.Kl |

1 T T L | i I
32 45 35 68 85 32 45 55 68 85

pH

Figure 3. Microsequencing of the proteins on PVDF membrane by Edman degfadatibn
method. The N-terminal sequence of protein #1 was obtained from the
protein transferred onto PVDF membrane (A). The sequénce was used for
database (SWISS-PROT) searching using the BLAST-P engine. The
N-terminal of protein # was found blocked.
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. @A $AF 54

oAy A7|FFA EEE A EAFE Y] 3o dd 24714
of 713 ®e] @d=HE @A myoglobing A SEZ Mass Spectrometryd] ZH&
AL G F geldl A9 extractiond F3lo o el EAFE &3} Fig 49
Mass SpectrumelA & & A=x°] HeHE & Ion Seto] 7HAE o349 & 2A
9 m/z 33 FNA 16951 Daolshe EAFE 4& F AUt Table 291 & IPGs °|
A4 A714%59 AYF plgkTH Mass Spectrometrys] #AFE 7|E22 F74E @yl
€& 3R g9 oprxil ME FRE AT

1) Apolipoprotein A-1, Cation—-dependent: Lactadherin

MKAVVLTLAV LFLTGSQARH FWQQDDPQSS WDRVKDFATV YVEAIKDSGR DYVAQFEASA
LGKQLNLKLL DNWDTLASTL SKVREQLGPV TQEFWDNLEK ETASLRQEMH KDLEEVKQKV
QPYLDEFQKK WHEEVEIYRQ KVAPLGEEFR EGARQKVQEL QDKLSPLAQE LRDRARAHVE
TLRQQLAPYS DDLRQRLTAR LEALKEGGGS LAEYHAKASE QLKALGEKAK PVLEDLRQGL
LPVLESLKVS ILAAIDEASK KLNAQ

2) Mannose-6-phosphate Receptor

MMSPLHSSWR TGLLLLLLFS VAVRESWQTE EKTCDLVGEK GKESEKELAL LKRLTPLFNK
SFESTVGQSP DMYSYVFRVC REAGNHSSGA GLVQINKSNG KETVVGRFNE TQIFNGSNWI
MLIYKGGDEY DNHCGREQRR AVVMISCNRH TLADNFNPVS EERGKVQDCF YLFEMDSSLA
CSPEISHLSV GSILLVTLAS LVAVYIIGGF LYQRLVVGAK GMEQFPHLAF WQDLGNLVAD

~ GCDFVCRSKP RNVPAAYRGV GDDQLGEESE ERDDHLLPM

3) Dihydrodiol Dehydrogenase 3

MDPKGQRVKL NDGHFIPVLG FGTFAPREVP KSEALEVIKF AIEAGFRHID SAHLYQNEEQ
VGQAIRSKIA DGTVKREDIF YTSKLWSTSL RPELVRPALE KSLNNLQLDY VDLYIIHFPV
ALKPGETLFP TDENGKPIFD SVDLCRTWEA LEKCKDAGLT KSIGVSNFNH KQLEKILNKP
GLKYKPVCNQ VECHPYFNQS KLLDFCKSHD IVLVAYGALG SQRLKEWVNP NLPFLLEDPV
LSATAKKHRQ TPALVALRYQ IQRGVVVLAK SYNKKRIKEN IQVFDFELTP EDMKAIDGLN
SNMRYNELLL GVGHPEYPFV EEY



4) Proteoglycan Link Protein

MKSLLLLVLI SFCWADHHSD NYTVDHDRVI HIQAENGPRL LVEAEQAKVF SRRGGNVILP
CKFYRDPTAF GSGTHKIRIK WIKLTSDYLK EVDVEFVSMGY HKKTYGGYHG RVFLKGGSDN
DASLVITDLT LEDYGRYKCE VIEGLEDDTA VVALDLQGVV FPYFPRLGRY NLNFHEAQQA
CLDQDAVIAS FDQLYDAWRS GLDWCNAGWL SDGSVQYPIT KPREPCGGQN TVPGVRNYGF
WDKDKSRYDV FCFTSNFNGR FYVLIHPTKL TYDEAVQACL NDGAQIAKVG QIFAAWKLLG
YDRCDAGWLA DGSVRYPISR PRRRCSPSEA AVRFVGFPDK KHKLYGVYCF RAYN

5) Beta Crystallin S

SKAGTKITFF EDKNFQGRHY DSDCDCADFH MYLSRCNSIR VEGGTWAVYE RPNFAGYMYI
LPRGEYPEYQ HWMGLNDRLS SCRAVHLSSG GQYKLQIFEK GDFNGQMHET TEDCPSIMEQ
FHMREVHSCK VLEGAWIFYE LPNYRGRQYL LDKKEYRKPV DWGAASPAVQ SFRRIVE

6) Acetylcholine Receptor Protein, Alpha Chain

MEPRPLLLLL GLCSAGLVLG SEHETRLVAK LFEDYNSVVR PVEDHRQAVE VTVGLQLIQL
INVDEVNQIV TTNVRLKQQW VDYNLKWNPD DYGGVKKIHI PSEKIWRPDL VLYNNADGDF
ATVKFTKVLL DYTGHITWIP PAIFKSYCEI IVTHFPFDEQ NCSMKLGTWI YDGSVVVINP
ESDQPDLSNF MESGEWVIKE SRGWKHWVEFY ACCPSTPYLD ITYHFVMQRL PLYFIVNVII
PCLLFSFLTG LVFYLPTDSG EKMTLSISVL LSLTVFLLVI VELIPSTSSA VPLIGKYMLF
TMVFVIASII ITVIVINTHH RSPSTHVMPE WVRKVFIDTI PNIMFFSIMK RPSREKQDKK
IFTEDIDISD ISGKPGPPPM GFHSPLIKHP EVKSAIEGIK YIAETMKSDQ ESNNAAEEWK
YVAMVMDHIL LAVFMLVCII GTLAVFAGRL IELNQQG

7) Cytosol Aminopeptidase

TKGLVLGIVS KEKEEDEPQF TSAGENFNKL VSGKLREILN ISGPSLKAGK TRTFYGLHED
FPSVVVVGLG KKTAGIDEQE NWHEGKENIR AAVAAGCRQI QDLEIPSVEV DPCGDAQAAA
EGAVLGLYEY DDLKQKRKVV VSAKLHGSED QEAWQRGVLF ASGQNLARRL METPANEMIP
TKFAEIVEEN LKSASIKTDV FIRPKSWIEE QEMGSFLSVA KGSEEPPVFL EIHYKGSPNA
SEPPLVFVGK GITFDSGGIS IKAAANMDLM RADMGGAATI CSAIVSAAKL DLPINIVGLA
PLCENMPSGK ANKPGDVVRA RNGKTIQVDN TDAEGRLILA DALCYAHTFN PKVIINAATL
TGAMDIALGS GATGVFINSS WLWNKLFEAS IETGDRVWRM PLFEHYTRQV IDCQLADVNN
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IGKYRSAGAC TAAAFLKEFV THPKWAHLDI AGVMTNKDEV PYLRKGMAGR PTRILIEFLF
RFSQDSA :

8) Macrophage Scavenger Receptor I and 11

MAQWDDFPDQ QEDTDSCTES VKFDARSVTA LLPPHPKNGP TLQERMKSYK TALITLYLIV
FVVLVPIIGI VAAQLLKWET KNCTVGSVNA DISPSPEGKG NGSEDEMRFR EAVMERMSNM
ESRIQYLSDN EANLLDAKNF QNFSITTDQR FNDVLFQLNS LLSSIQEHEN IIGDISKSLV
GLNTTVLDLQ FSIETLNGRV QENAFKQQEE MRKLEERIYN ASAEIKSLDE KQVYLEQEIK
GEMKLLNNIT NDLRLKDWEH SQTLKNITLL QGPPGPPGEK GDRGPPGQNG IPGFPGLIGT
PGLKGDRGIS GLPGVRGFPG PMGKTGKPGL NGQKGQKGEK GSGSMQRQSN TVRLVGGSGP
HEGRVEIFHE GQWGTVCDDR WELRGGLVVC RSLGYKGVQS VHKRAVFGKG TGPIWLNEVF
CFGKESSIEE CRIRQWGVRA CSHDEDAGVT CTT

9) Mitochondrial Elongation Factor TS

MSLLRSLRLC LVARTGSCPL SALGPGPLLP SLQAGLPLLQ SPQQWHTFHS GSWLSSASSK
ELLMKLRRKT GYSFINCKKA LETCGGDLKQ AESWLHKQAQ KEGWSKAARL HGRKTKEGLI
GLLQEGDTTV LVEVNCETDF VSRNLKFQQL VQQVALGTLL HCQNLKDQLS TYSKGFLNSS
ELSELPAGPE REGSLKDQLA LAIGKLGENM ILKRAAWVKV PAGFYVGSYV HGAMHSPSLH
NLVLGKYGAL VICETSELKA NLADLGRRLG QHVVGMAPLS VGSLDDEPGG EAETKMLSQP
YLLDPSITLG QYVQPHGVSV VDFVRFECGE GEDAADAE

10) Palmitoyl-Protein Thioesterase

MASSSCLWLL ALAFLLGSCA SLALGHLDPP APLPLVIWHG MGDSCCNPLS MGAIKKMVEK
KIPGIHVLSL EIGKTLREDV ENSFFLNVNS QVTTVCQILA KDPKLQQGYN AMGFSQGGQF
LRAVAQRCPS PPMVNLISVG GQHQGVFGLP RCPGESSHIC DFIRKTLNAG AYNKAIQERL
VQAEYWHDPI REDIVRNHSI FLADINQERG VNESYKKNLM ALKKFVMVKF LNDTIVDPVD
SEWFGFYRSG QAKETIPLQE STLYTQDRLG LKAMDKAGQL VFLALEGDHL QLSEEWFYAH
IIPFLE

11) Lactadherin

MPCPRLLAAL FCSSGLFAAS GDFCDSSLCL HGGTCLLNED RTPPFYCLCP EGFTGLLCNE
TEHGPCFPNP CHNDAECQVT DDSHRGDVFI QYICKCPLGY VGIHCETTCT SPLGMQTGAI
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ADSQISASSM HLGFMGLQRW APELARLHQT GIVNAWTSGN YDKNPWIQVN LMRKMWVTGV
VTQGASRAGS AEYLKTFKVA YSTDGRQFQF IQVAGRSGDK IFIGNVNNSG LXINLFDTPL
ETQYVRLVPI ICHRGCTLRF ELLGCELNGC TEPLGLKDNT IPNKQITASS YYKTWGLSAF
SWFPYYARLD NQGKFNAWTA QTNSASEWLQ IDLGSQKRVT GIITQGARDF GHIQYVAAYR

VAYGDDGVTW TEYKDPGASE SKIFPGNMDN NSHKKNIFET PFQARFVRIQ PVAWHNRITL
RVELLGC

Current Chromatogram(s) Components
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Figure 4. Mass spectum and ion set of myoglobin using Hewlett Packard ESI

Mass Spectrometry.
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Table 2. Identifying Loin proteins using pl value and mass analysis.

Protein Precipitated with

I MW(D Subjected Protei

D p (kDa) (NH4) 2SOr ubjec oteins

1) Apolipoprotein A-1, Cation-dependent[prec.]

3 8 °

A 33 2 0% 2) Mannose-6-phosphate Receptor[prec.]

Increased B 76 38 50% 3) Dihydrodiol Dehydrogenase 3

) 4) Proteoglycan Link’ Proteinfprec.]

C 6.3 21 >50% 5) Beta Crystallin $

6) Acetylcholine Receptor Protein,a Chain[prec.]
D 5.7 50 50% 7) Cytosol Aminopeptidase
8) Macrophage Scavenger Receptor I and II

Decreased 9) Mitochondrial Elongation Factor TS[prec.]
E 6.2 31 . >50% . . )
10) Palmltoyl-Protelq Thioesterase[prec.]

F 6.7 47 >50% 11) Lactadherin[prec.]

2t @ dojgwolx HA
dotd @¥Fd EXAFH pl #eE d¥ ExPASyd Tagldent (http:/www.
expasy.ch/tools/tagidenthtmlel A @9 d FF& <doliz, 2 FREZ PROWL (http://
prowll.rockefeller.edu/prowl/proteininfo.html)el A} Z}z}2] o}u| Al M AE9 MNEARE
dotrgiet, ek YEAA @ F$olE I peptide® microsequencingsiA I FHZ
A @¥d identificationdl FAA AT M=L WFe V|2E APt

ol el A ozt A7ZFFLE MY ¥ T TAL By 2 4F FF W
4oz FHHE dUFAE catalogued gt F@E AR S wyard 3
microsequencing®] 7Hs ¥ @A ES] olnxit NEE E48 924 myoglobing Al <)
T UeA] g FEL oY A/4F9 27 333 EAA N-terminal blockings] =
o] d& ALz YA B dFqAE IPGse =47} Mass spectrometrye] a3 &
Aog A% Bol 9¥AE FAFIA FUAME o1d HAYPH YA &e oY A
719% Fo ©¥WA9 ESI Mass Spectrometry #4€ 98 z2dg Yy
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Trypsing e &48 AM4¥ @929 Peptide Mapping ¥ Tandem Mass Spectrometry

9l sequencing®] 71€¥ =YOE &9 AFDAE So] dWA e proteome maps ZA

T 5 AT Yo b ol mapg olgstel HAUAY, 7154, AREH, Fo FAYA
dgd 9UdES 4 2& 5 QANY. 2 AT Fuo de Az

= data® A% &
o EHAA #9-9] proteosome mapg $AE A9 FLEo] FAx Y HALe 2R 2
o] 32t 71% (functional genomics)& ©]31% 4 YE databaseRE 883 4 97 Pk

=61 ~



A 8

F¢ AFUAY Bojwd FAAE ZAE] Askd B 2AR B{EYoERH
subtractive ¢cDNA library& #1 %, screening 3% th.

28zMozRE A& cDNA library A £ 132719 cloneol Ads o] EA =]z
t}. o]F 47019 cDNA cloneg A3e7 Soldd FRFHAZ HAA8IA3L, Northern
blot® semiquantitative RT-PCR& 3t 238 F4<S ¥48At}. Bovine ADRP fA =
7} 24098l F33) 2ol /S AFY F YA FF ADRP FAHAY 715
T2 BAE 93519 genomic DNAE 2439 E434.

2% &9 U}gAL direct sequencing® PCR-SSCP Wl o3 #AsHct ¢
ADRP $#A9] exon 8HGHoA €719 X& ¢ 4ol BAHAUT. 9719 @
mRNA 1273964 A7} TZ utAJew, 49L& mRNA 12751 91X T7F 712 4
dd RolAtt '

2t ZAAME AR 5 Fdo] JAHE FAAE e, wAY {FAx 17F
e TFs 7749 FAANL Gl Wk THe) FUEE HAAT. 40F 9 FA
A7t 24N LEAA A&H R Wie| FUME AR, 37F 6/MYH AR F453 FUME o
& 2 oFEREE dASA FAHE ReZ eyt 5 -nontranslating regiong X ¥
e 14%9 clonedl HiF AAFAR F2YE AR on, 559 FAA} AHHA
on, 3%%F HHAA(retinol binding protein, cytochrom P450, aralkyl acylCoA: amino
acid N-acyltransferase)®] promoter % %€ subcloning3t® £4 Fo Ut

9 Al e FAZA vydg 2-D Ar|9Fste] vladtd A profiled
HEAUT 0, 6, 12, 2471 ¥ HE 9o T4 duAL AA 16cm tube gel THH A9
% T IPG (Immobilized pH gradient) ZA7|9dE5Hez EEsidn, °F 12 %
polyacrylamide gel (18 X 20cm) A71gEd &) #23Adt. pl gl 3.0 ~ 12.0 ¥+
g Zx gAEd BRo] 15 ~ 100 kDa 9 @HAEL silver @A & AR
A fo] oA 97 AAdE FX FAZRFAM Fo3A FUEHAY Zad
= guAEL gL B e Aol F/HE UNIEL F) A4
84 ©9AEL Triton X-100& AH83ld zAo=2RY F2¥ ¥, 30%% 50%
ammonium sulfateg ©o]-§ ¥ Y3t 42Zte dfAEd & FExdEL AFE +
AR} - EHY NEERY 9@ AEL N-terminalo] block FHoI3lel, A& EAFLS
mass spectrometry® o] &3t B3I ol % ¢%E& AL FYIAH
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M 4 & dojus

AL

7 28T F o9 JoE

—_ o

A1Ad A4 ALE BEX G e
ClA]
HEATRE gHyg 5(;’)5
O 4% ciAd 2z =Fe| DNAQ &% 247088 2+ ¥ SA =3 =o|| 100
library & Wi RIS FBRYES {stod 1274
- Subtractive library @D 2474”2 subtraction library
- MECHA 12 2470 HY 75 H 44, elEZI 2478 Y

subtraction library ™%

O 4% A wg 2suel =|O 2-D gel electrophoresis® O|&3t zH 100
A g3 kAT AL A% HAHY oA slEtE a5t
O SE=3chel HHH HMO MYCHHHE S0|6tH WaES chy
22 4 &g ol 22|HAME st =HER
- 2D-gel eletrophoresis M8 =71 &g
-eEdE 207 fIBt sample
preparation 22| 7H gt
O 47 chAld Sol ¢ f3Xe|O 2t =F oM A% iAo wal MA2] 100
TE 24 20| FI18t= cDNA clone 34ZE 82
- cDNA cloning % ¥7IMd &4 HEb =3) @ 196M(BS=E)e
cloneE€ R2I810{ 7| Mg EM%
O MEctAY So| wel {MAL|O ME chAo wmal wsio] Irtste
g2 a3} CcDNA cloneg S3310i TAY &4
4 Tl BEFE MASH siEtERO
st &
O 4zct Soly ey 23l (O 2-D gel MIIYE I image| 100
analysis® A ZECIHYE So| wasies
Ci A Eo| EXI2FD pl gtol e B ot
& 9| catalogstel O|E G AE
= PVDFoll o822 gHAFE W
He s = Bz
O d% 50| Ao} ofnlicit 88O micorsequencing® SWISS-PROTE &| 100

MY 23

)

8f 2 7|s0| olo| 4zl ctyyAEo
ofo| it AMgdel Hlm 24

O Mass Spectrometry2t Immobilized pH
gradient(IPG)-IEF& Al&5t0{ 2471 &
gaioll xto]& Hols 11Z2l chya
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HEHATEE A8 ‘-'ﬂ(f)i
0,

O MdzctAd 5ol fAAe] &4 O 2E=ZHolM SHE cDNA clohes & 100
B4 9 clido g8 MAE |B3ictn Y= FRUEXE

2 Marslol Wi 2248 Northern

biot analysis % RT-PCRoll 2| &

ot &t

6 O 7t =FoliM slot blot % Nortehrn blot
BAMoll o8] 247 BIX| X ws
ekato] BHoisle 3382 REX &l

O =ojet Yy Us chyRel Mgk
el oHE 2o |REX Iy
&el

O EBo|ldHRHEXL genome FE|O ZEXZZoA Ho| W# R[{FHEXL| 100
24 genomic DNA cloning & & Xl oty
o 24
- #t% Genomic DNA library #+& 3

phage DNA &5
~ genomic DNA®Z| MY 23 % c}
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