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Abstract

Proteins from the loin tissues age—ranged from 0 to 24 months of ten Korean cattle were extracted,
separated and compared- on two-dimensional(2-D) gels to identify the proteins whose expression is
highly correlated to marbling. We also compared the difference of loin proteins between castrated
and non—castrated bull cows on two—dimensional gels. As the marbling in the loin of the cattle is optimized
at 18 to 24 months, eight proteins expressed significantly higher level in 24-month than in 0~ or
6—month were selected in terms of isoelectric points(pls) and molecular weights. Using these values,
we searched the Swiss—Prot database via the ExXPASy molecular biology server with Tagldent
program. The proteins with the nearest molecular weights and isoelectric points were selected from
the lists. These possible candidates were confirmed by N~terminal microsequencing of the eight selected
proteins. Three proteins, myoglobin, hemoglobin and ATPase, whose N-termini were not blocked
could be microsequenced and found to be exactly matched to the selected candidates. It is suggested
that the proteins increasingly expressed in marbling periods can be involved in meat color, lipid
transport and flavor improvement.
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o} Aele} 7ol 3t AL FAAL & HEE B
E S5 wo e w ey, A4 Wl o}
283 Ax9] W3l 2-D gelolA A 5 9
(12-14). o] W2 JA] FAA LR 2 = o 5
£ sl w8l 9] 3}o] post-translational modification,
ZA BT 5§ ool Wl & 9], WAl o] A3}stA
AAE & 2E REx &5 27t sbesiA =l

A o] e FE| s} o] F AW 1 oFe] fmolell A
pmol A E5F ¥]o] & mass spectrometer ¥ -2 o] &3}
o] A &3l gl o] Bxlekg 2T 4= 9lo) o]9) 2
o] &A% chla o] Bxlakal pIgkEo] databased}
=l gl FA 4552 A3 Z9l genome projectE
FE] o2 FF Gujale A3l o] 2 EAIEE ¢
T U7] el =R o Ao et e A F{t ¥R F
plate €9 A Ax 2 gAY 7]|5-E A& 5
sl A F¢lek15,16). ExPASy molecular biology server
+ internet’} 2.2 Swiss-Prot @ database® %
Ag 4 9 =d AHRE FH3lx 9l7] dEet 2-D gel
Aol A A &3E e o] 221k pIghS d o 1o
sl 7heA B2 Ay ARE IL 5 gl
ol 3t o] -2 A A AA HAle] FH= 1 9l o
A 9] databaset F43] &A= 3 97| d el G2
€ 2-D gelidollA @A g ¢4 Bejstz Ar|A 2
<+ AR ZRE &4 e AL FHE F U
# o} gk A o] cDNA sequence® EA| o] 22 4 9l A
A0=0

2 JFo 4= Hwang# Lim(17)9] 472 3E ¢
WA A A 2+ A S AFEgt pilgtd BARE
computer program-& ©]4-3le] Y1 o] FES AL
Swiss-Prot database® ZH 4 3tdch A4 Z 7 &
WA Lo A7) o] A Al vH) A Q1A N- ter-
minal microsequencing2 £3 #&<lslgct. o A},
A 23t B3 pIgh-& 7HA AL database S 7 A a4

_ﬁ'.
& wNAEY Aol e FFO2 AAY VYL T
o, A7k AT SRS AAES 7|5 54

kel BAE s
e U E

M=

4 SAZA AZEL Y SV ed T 204
E&ate] -80°CoHAA] BRslH st A @ el AH8-51al 2
o, Alg =z vlele) 0,6, 24 NE3 a2 I
SAoldth vl AAS- SA 2R F vl 247042
ghg-oll A A stleh. mAF Ao FAg AR
495 TFEULH BF ZA7adch

A3 o)) A}-£8} chemical &2 25 ACS 539 A%
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o} B2]7} k8 d geld A& 7FA EElr] 9 sil-
ver stainingd}gdth. w2 o] Ex}eks) plE &4 317]
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5.47~553 pl), rabbit muscle glyceraldehyde 3-phos—



359 00 T8 G oL RAEEA A7) w9 DY 5 581

phate dehydrogenase(36 kDa, 8.3~8.5 pl), bovine car-
bonic anhydrase(31 kDa, 5.9~6.0), soybean trypsin in—
hibitor(21.5 kDa, 4.5 pD# equine myoglobin(17.5 kDa,
7.0 pDel st
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£9] 9)+= phosphate buffered saline(PBS)¢ll4} Dounce
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oA AHA st s Alg srAL ke vl Al g 7lA]
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N-terminal microsequencing
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t}. Coomassie Blue R-2502. 52 4 3s}e] ¢ 2] & &9
3l A spotd Ak ALE ofmi Al A 247
ol A (G1005A, Hewlett-Packard, USA) o}ul =4 A g
= AA st

Passive adsorption % & 9 3% gel$- colloidal gold
2B (BioRad, USA)ol| 4] 1087t A3tz st oy
A spot A WEAZAZL Ax9 gelol 2%
SDS, 200mM Tris 30ulE ¥l A geld HA L 158 F
o} 200ul &< 71§ 3 gelst 22 =7]2] PVDF mem-
brane2 ¥ 37 methanol2 10% A 713tk 24 3 me-
mbraneg 7AW o] microsequencing 393t}
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9} £20%=2 @3 st
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Az)7] 98] NIH®] BlastP programs ©]£-8+e] Swiss-
Prot-& 7 4 g o}, A 8- plo} Bx1=52 <47} 98 2-D
AR S software(PDQUEST, BioRad, USA)E ©]
f8lod 7t 2-D gelAhe] A ES BFE A E3 v
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PDQuestE o] &3}o] 2-D SDS-PAGE &4 -&
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plzks} B-alake o]n] akm gl ghell vl &) cfa Aol &
5917 o} F-ell(Fig. 1) o] 3t &2 7}*] 1 v}A] database
AL A Hdek BAe] A 23k2] A7 500
Da H9l 2 F3g o, plv 273 =4 =712 4
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ol wde] HA] &g A HUHFig. 2. A% C,
Spot #67} #7). ZF A el A= 3HA et R| B
AA Rl A BAS] vepae @Al (Fig. 2. Spot #8) %
ZA o Fr18te] ZALsIgtH(Table 1).

Swiss-Prot database ZiA4

ExPASy molecular biology serverdl] 4} proteomics
e program % Tagldent program< ©1-8-3133t}. Ta-
ble 1ol g.ok& gtula 5.0 2-D gelid9] plgks} £33
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Fig. 1. Comparison of the two—dimensional gel profiles
of the total proteins in 6-month(A) and 24-month
loins.
The numbers indicate the Spot ID in Table 1. The
molecular weights and the isoelectric points of the
proteins were precisely measured by the computer-
alded comparison of the locations of the spots with
those of standard proteins.
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Fig. 2. Proteins exclusively expressed in the 24-months

non-castrated(A and C) bull cow were localized
on the two-dimensional gel by comparing with
the 24-months castrated bull cow proteins(B
and D).

The total soluble fraction of the loin proteins in 1%
Triton X-100/PBS was fractionated with 5026 ammo-
nium sulfate and the precipitated proteins were col-
lected. The total proteins(A and B) and the fraction—
ated proteins(C and D) were separated on two-di-
mensional gels, respectively.
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3t 743 7S plgkF EA S 2 DAl s A
ste] Table 19| f.2okstgdc).

Spot #1-& 7H A & Beol& il o] myoglo-
bino] %12 o] A3+ o)v] Hwang3} Lim(17)e] wh§=l
microsequéncing-2 E3f #aldsicl FEeof & A
<+ 54 plgst EA=Fe] 242k 7.09% 17000 Dao) 3=l
A 23t 3k 6.975) 16946.40 Da o= plgka} F-A}eko)
AAsH HEgHoar U} A shFAo] =
2% ¢ & 9)t}. Databaseo]A] ¥28F-2 mass spec-
trometer 2 &4 3 gro]7] wiell &4 olst =4 A}
7R BAFE A 3] FAF 4 9ol ek oy
9] ¥z}eF 23] mass spectrometer® 31 plat&
immobilized pH gradient(IPG, Pharmacia, USA) gel
(IPG gel) & o8-8l A shd €4l o] s 5d &
WAlg 2 4 Al FHrh20,21).

Spot 42, 4, 5% N-termini7} block= ¢ 31¢14] Ed-
man ¥ o2 olr| Ak g W 5 gk
Internal sequencing 52.2 o}v| x4} ]38 3] 7] 7}
A= AEH o 43 4 9X] 7 Spot #2+ metallopro-
teinase inhibitor =+ phosphatidyl ethanolamine bin-
ding protein(PEBP)3} 714 4% 3t& =4 ol &
A8 2bz FEEA A AT E A2 gE: 2
A} AW o] 5-& 283k sl Eo)oh Spot
#4= plgkst HAEke]l 242t 3 ) 0.4, 1,000 Da A =2
ato] & HolAut FAM & ol Pl A5 HE o
&l F3l= ferritin, AW 4H8 FollA YAAHE=
FALSHE-S A A S = 98-8 s glutathione pero-
xidase®t FAMI & Ro| B R o)A oA At 2
|9 e Z2 S ez Al AE 2 $AZR
25 393 2 4 Eo]r} Spot #5+= proteinase E, protein
kinase C inhibitor$} 713 & FAME & 2 AoZ W)
ehged o] WA 5L 822 ol Rul o]
U SSAZY A EFGE 23 ed #AT 3l
8 THEA YA o £ 92E I 5 3tk Spot #3=
FAeEw plzh o 24 9 whiAle] microsequencing
Az Al ¥ AAE A 528, GMP kinase(22)=
GMP~7} A = Al s}z o] GMP+= ATP$} 2 3}sle] GDP
9} ADPE o] &r}. o] purined] AL tiAl3}Ad & A A
IMPE WHEA o224 2|22 39 v 8-S
FASARTEG). $ 42 Spot #62] ATP synthase
ol AAHA oS A 02 IMPE Z85Hd 548
AL 2 353 & Jvt d A E 5T F5017
ok Spot #1, #3, #89] plet ¥AFE JMAE FAA S
o) =3} )2 E-o] microsequencing®ll 2|3l &al=g]
7} W&ol o A e FUg Al shgAlol
91t} Spot #1, myoglobin® -8 &2 o] 4 22 347
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Table 1. Swiss-Prot database searching with the proteins whose expressions are correlated with the optimum

marbling.
Spot ID pl” kDa" Identification” (p, MW)” Amino Acid Sequence pi”, MW?
. QLVLNA
! "o 170 myoglobin pI=6.97 MW=16946.40 Da
phosphatidy] ethanolamine binding protein
2 7.1 215 (7.39, 20854.5) Blocked N-terminus

metalloproteinase inhibitor 2 precursor
(7.01, 21717.78)

3 6.8 215 GMP Kinase
ferritin heavy chain (5.53, 20920.36)

SGPRPPVVLSG
pl=6.83, MW=21778.68

4 56 220 glutathione peroxidase(6.0, 23257.54) Blocked N-terminus
protein kinase C inhibitor(4.8, 28007.28) ~ .

5 455 216 proteinase E (4.86, 26060.29) Blocked N-terminus
chlorine channel protein(4.47, 48958.61) .

6 44 48.6 ATP synthase (479, 47870.38) not enough for sequencing

7 4.1 495 no match not enough for sequencing

8 65 160 Hemoglobin beta chain MLTAEEKAAVT

pl[=6.51, MW=15859.23

YThe measured values on two-dimensional gel.

IProteins from the database with similar pls and molecular weight to the selected proteins

9The pl and molecular weight from the database, the N-terminus was blocked or the sequence not yet identified.
“The values from the database, the N-terminus was identified.

3l o] AR A3l A Ko ula} wr)e] Yae] MW} wWo 2 oA e & X7 3 2-D geloll A &4 273
gl 2- D gel 414l 2] 819 myoglobind A% 17} 5 A3 s o] T gelo] §-95 A=bA] 1 glel]
A Al ZFH5W 540] Frleteirl dA £52& FAF £ 29454 PVDF membrane® 2 electrotransfer
272 SAMNAY FL markerZ2E A e @} 8191 vh(23). ¥l 2 o] 9% & ¢7] $8) Coom-

Spot #73} 7] s 33h= A o] databasedl| £ assie Blue R-250.2. 2 a4 o Asl . oo vl
UA] kowd o] o]Abe] HAeo] EIlFERA = £ 9 spot-2 Z2 224 microsequencinge Z33}sie}
t}. o] A$-+= N-terminal sequencing-$ AZH o2 (Fig. 3). ©] 7% 60~70%2] 52 & o] v] N-terminal

g 53l AetE g e] A pg st g blocke] el g17] wjoll 432 2.2 ofu| it L&
o] WhEc}, pld.12 -2 A4 o] el g o) ghe}, A& HE-2 S Seh(24)(Table 1). 312 wog
o] wiulal o A 2K 9 pIghs Zhed) SWISS- colloidal gold staining} passive adsorptionell )&k
PROT®] databaseoll ¢ gl t89] gz So) PVDF membraneel] Tl 2l-g- o)) W 0.2 acetic
o A] 2R ) pIgke 22 Qlth Spot #73F 2o W acidell ©J§t N-terminal acetylationg & #)s} 22} &}
x> 2z g A4S e AL mass € Al=7t o] FRA 2 9l ot B2 S izl o] N-
spectrometerel] 23+ A 8% £A15F S4 3} N-terminal
3} C-terminal 2 %61 9] olv] x4k AH S F5f &
2 §-A2E cloning® 4 A =k

31

©
[a] 22
Edman 2slii&tHol 28t N-terminal microse- =
quencing 18
Edman £33 2 2 ol microsequencing 2 $)
3 E2% shA F2 PVDF membrane 4F2} =zl pH
- Coomassie staining & ©} AW A 2 5= 9l=
opolmd ). = oF 100ngoll A lug A =e] childs] Fig. 3. Th(? protein spots were selected from the com~
_ ' ) parison experiments and transferred to PVDF
£3}t}. Two-dimensional gelel] 4] A5l ghwl 2] & o] membrane for N-terminal microsequencing.

The arrowed spots were dissected and subjected to

N- inal ing& st7) ¢ s i ion HF i _
terminal sequencing& 3}7] $]8 fractionation ¥ Edman dogradation. sequencing.
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terminus7} ©] 7] block= o1 3= et} whaba &
7= pepsin 2 AL F-EH R ¥ st
AA-E Y3 7+ AH 2} N-terminal sequencings A%
8l 9ioh(25). 2=t o) 559 7% peptic digestion
< %3 N-terminal sequencing& & 4 31-& &9
a2 8w sr| ) I Em v 4 Wol 7] Wil
Aol vl A & 71X 1 A #a EAleFS 93 IPG gel
(2021)% o) &3 A &g plgts A& Aol 7P &4
2.2 gduiae] AL Fysts Wgelth

Table 19] 2343} Fig. 13} Fig. 20l Vet bl £
o] b S-S e & W o] DA E HRELS &
AA g gdste A2 F53H0. 5 A4
o e 4= 9J+= Spot #2, PEBP,%} Spot #4, gluta-
thione peroxidase, & ¥ & T2 9] Wl THA 29
A 7H(26) F-of A )= Spot #2, metalloproteinase in-
hibitor2} # 5, proteinase, =8| 32 Fu]eoll FF-E £ 4=
9= Spot #3, GMP kinase®} #65, ATP synthaseg<
£L A} dui o] e}, vlolgte AL AR =3
o]zl st M EA dFH JLHX]"J'%;Q oju} i
719 Ax, A, S8 AR T2 dubd o g w7)e]
TEFE F$ele 2 ansle] deA it whekA
%2 2 & marbling score$} o] thifa AT T3]
I FERR L} o] & vl A o) U A x o} 7Fo| A
A ARE 7R 2 §A 3} o] shillAl o whd 7ke] Abst
A =AM 7FY 08 ARTAE Bolw Iy
Ag Awstd 7159 AldzA Aol 2FA &
$ 29 2L A A5 E5IA B o] whuial
o A s kg Ao g A SAHFeR

F2 AAE &8 4 oA "ot aex, sy
FAAE A Hd AR 3o I AFE F3
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7] w ol E&AHQ AlFERA NS o] E vl

o

fo

ok
AE AR DA AL 51 Q24 104
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T 0014 61U FAAEE ol A B71FF gel
o R ehel A5 ul G 2H A5 o) B A
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d FtsAdo] ¥ o F570 A o] 5-& 2A HA
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