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Application and perspectives of proteomics in crop science fields
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ABSTRACT : Thanks to spectacular advances in the techniques for identifying proteins separated by
two-dimensional electrophoresis and in methods for large-scale analysis of proteome variations, proteomics is
becoming an essential methodology in various fields of plant sciences. Plant proteomics would be most useful
when combined with other functional genomics tools and approaches. A combination of microarray and
proteomics analysis will indicate whether gene regulation is controlled at the level of transcription or translation
and protein accumulation. In this review, we described the catalogues of the rice proteome which were
constructed in our program, and functional characterization of some of these proteins was discussed.
Mass-spectrometry is a most prevalent technique to identify rapidly a large of proteins in proteome analysis.
However, the conventional Western blotting/sequencing technique us still used in many laboratories. As a first
step to efficiently construct protein data-file in proteome analysis of major cereals, we have analyzed the
N-terminal sequences of 100 rice embryo proteins and 70 wheat spike proteins separated by two-dimensional
electrophoresis. Edman degradation revealed the N-terminal peptide sequences of only 31 rice proteins and 47
wheat proteins, suggesting that the rest of separated protein spots are N-terminally blocked. To efficiently
determine the internal sequence of blocked proteins, we have developed a modified Cleveland peptide mapping
method. Using this above method, the internal sequences of all blocked rice proteins (i.e., 69 proteins) were
determined. Among these 100 rice proteins, thirty were proteins for which homologous sequence in the rice
genome database could be identified. However, the rest of the proteins lacked homologous proteins. This appears
to be consistent with the fact that about 30 % of total rice cDNA have been deposited in the database. Also, the
major proteins involved in the growth and development of rice can be identified using the proteome approach.
Some of these proteins, including a calcium-binding protein that turned out to be calreticulin, gibberellin-binding
protein, which is ribulose-1,5-bisphosphate carboxylase/oxygenase activase in rice, and leginsulin-binding
protein in soybean have functions in the signal transduction pathway. Proteomics is well suited not only to
determine interaction between pairs of proteins, but also to identify multisubunit complexes. Currently, a
protein-protein interaction database for plant proteins (http://genome.c kanazawa-u.ac.jp/Y2H)could be a very
useful tool for the plant research community. Recently, we are separated proteins from grain filling and seed
maturation in rice to perform ESI-Q-TOF/MS and MALDI-TOF/MS. This experiment shows a possibility to
easily and rapidly identify a number of 2-DE separated proteins of rice by ESI-Q-TOF/MS and
MALDI-TOF/MS.
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Therefore, the information thus obtained from the plant proteome would be helpful in predicting the function
of the unknown proteins and would be useful in the plant molecular breeding. Also, information from our study
could provide a venue to plant breeder and molecular biologist to design their research strategies precisely.
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7] 9ol 2—-DEE o] §38te] 4l A S v ¥ A sl= AF= Ax slAlo) A&7 ARYH AT
7} o] Fo1A £ttt (Thiellement et al., 1999). 4 &°] EZ &7 3ol & A ASIA ) =&
71#e) EolFo g EHAY 24 & A2 (Masson & Rossignol, 1995), 322 2 a]e] 93
Al BEste d¥AX 2-DECAM EAEHTH (Santoni et al, 1997). H w9 uljA
(semi—dwarf) ¥ 22 THEPEL 2+ FF5F A AF Hirano et al, 1991)F Zdwolx)
(Damerval & Le Guilloux, 1998)°] €& =& 243E @¥do] AEH U (Santoni et al.,
1997). Islam 5 (2002)2 ¥ T2 e A7l oA HAFE software FAAXE o] &3] 39
70 9] ditelo centric (DT) lines®} AAFAQ euploid? Al FAlolo] k2 W3S &Ml oo nj$
A A AAE o] 83t @& QA AAAFTE o] &5t FAH AR o AX= SAXTL
FF ot dHAS FAST DA Y] BAS 9 Ve Eel ¥ S FU (Fig. 1).
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Fig. 1. Peptide spots from 2-DE gel were digested according to the method described by Islam et al. (2002). The
digests were desalted with ZipTip (Millipore, Boston) and subjected to analysis by MALDI-TOF/MS.

21 2o ol WEY 8F AEHA A EH = A WA S 2-DEe)| 23te] 34 g
By wo] 9t} (Ramani & Apte, 1997; Lund et al., 1998; Rey et al., 1998; Riccardi et al.,
1998). o]& & gl d S Wy F A WEd T8 2EHS W7 el UM ofw gk @l o]
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(Lafiandra & Kasarda, 1985)%5°] o|atdd71GF A T3] HIJsw, olAE2 A& dA]
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catalog3tE FHEEA ATE JPPoh. $A FRHFe] & 7071 dHA L FgFR o7 HEste]
ofu] At BA7IE o] &t 248 2% 477H‘—C— Td NEE 2T F AAARL UnA 2370
A3 71 Atk & AAY 30%P=7F NZ@o| blockztx AztE o] Cleveland peptide
mapping¥ & 94 EEU}EZEHJ]J HHE olgsto] UF ot HES BHE A5 @
NAE AN F AU EF 4749 DA hEEte U ESTE A48 23 100%2 @94
of o33t EST7F A A H Atk (Woo et al., 2003).
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Fig. 2. Peptide map of the S. aureusV8 protease digests of three proteins. Low-molecular-weight standard
marker proteins (100 pmol) were separated by SDS-PAGE and stained with Coomassie blue. After
destaining, the gel was completely dried and then the gel pieces containing proteins were chopped into
smaller pieces and inserted into the sample well for Cleveland peptide mapping. The resultant peptides
on the SDS-PAGE gel were electroblotted on the PVDF membrane and subjected to gas-phase
sequencing La, lactalbumin; Ti, trypsin inhibitor; Ca, carbonic anhydrase; a, intact proteins; b, digests of
La; c, digests of Ti; d, digests of Ca.

# 2, MALDI-TOF AZEA7]9 22 MS7} #2slA 2-DE°IA £l dild s A oM E
YA 3 g2 L2 golAo &3l Hadto] A7) peptideE MSO| 23t 14 (&EE), 145
(SR, R TEE(EER)EA B = A HAh olw) Aoz PMFE database WollA] o
Ao o]2Z<A PMFS vlmgel g3to] AEAME dige FHo] o]Foxxm it} 3HH
MALDI-TOF/MS%} post—source—decay (PSD)S Z%3% MS9} electrospray ionizationd} 3t A}
%3 TOF/MSS} 22 MS/MSE o| &3l &t S HEo|=9] ofn| it MBS FAE &
AA Hdok 22y, A Bl B = MSE o] 8§35 2-DEOIA Haldt dwlde] REuAL 74
24 AAsty @A S 4% Bae A} Fukuda § (2003) & 719504 2l dala o]
=4 sjze] 8L w30l MALDI-TOF/MSelAl PSDell ¢stel 470 wHS RAo| o sho]
MS/MS&f 4 o] 7}53kA 5, PSD spectro®] |42 ZhedetA] 431 2% £2| %4t)h peptided 33
WY gol oJsto] 4ol A& PSD spectro & Rz} Aok € /) AEY AP FA
N-Tris (2,4,6—trimethoxyphenyl) phosphine acetic acid N—hydroxysuccinimide ester
bromide® &}3 383 F ol A& peptided] NBERIo] MEPH o] HHato] e Fo] d&d PSD
spectro® ?:42 Z Adtt= 2avh o} o] RS A  trypsindAdEe] wFgA]A vjEFo 2 A PSD
spectro® 3% & e WS Fhey Bk A =7t 52 S99 database A4S 7hsetA 2
& Q- = 22 i} N—Tris (2,4,6—trimethoxyphenyl) phosphine &}
N-—hydroxysuccinimide ester 2 #E]N—Tris (2,4,6—-trimethoxyphenyl) phosphine acetic acid
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N-hydroxysuccinimide ester bromideZ @At FHL v} YA, AZFE Aol A5 2E
N—-Tris (2,4,6—trimethoxyphenyl)phosphine acetic acid N-—hydroxysuccinimide ester
bromide® AT AAT 2B M LY peptideolA FHE S A HEIF A9, w3 F=8o] 27
ul Fof peptide?] H¥EZAE AEZI Y

T2HE A2 2-DEA 38 DA} AlE F71AERAAA QAR FAALY oS #A
Z u3d "ot Ao F3xY w0 AR o2 MSe) g dle] ¥olz PMFS MS$ 714 ofn)
A B4 7o oJEte] AAF P FE opv|AhulE & o] £33 Qi

H 2 T2 249 8% 5017 9% glutelinA AR E S 714313 o} Gluteline B EA &
WA 2 70%E kA 8t} 2-D gel& o] &3 F4 A low abundant @ A& 4= o820l
Ak =g glutelin® FAE F highly acidic 7 basic @A Z FalHE=d), o] 42 v LC
Mass spectro®@ #4A] o]2387 YF ZH7| fFo) nano-LCE 83 TE sampledr 2%
glutelinre] A4 @l ¥ F2} sampleolA gluteling E&F o2 A AS7) ¢8to] thaksl v
He BT7EY F 5% o)A (deionized and distilled water) 9l A glutelin®} 90%°1%+ A A st
Rom, 2-D geldlA B-& && BdRA spotZ FAHAE F7F AAJTk (Woo et al., submitted). &,
2-D gel24 & o] &3 v]d FH FLHHAY B2 dFO0RA F57H thaksiA A ES v
e FozH ulAd FAE FEFARE LF7] Y8t 55 154 3Fa U 6539 S5F
215 o] §39] 2-D gel& ©] &3t (Fig. 3) 240708] T A spotS TZH-ZS EA43% A3 19974
o] @A spotd TAIAUT 199712 FAHE G spotES £ A 99749 ¢t dula S
g AS . o) F 397 @A L 27914 10709 multiple spot2. 2 ZHEH T AU}, Sole FL 3
N ©1732) multiple spot @RASE Holw YPHE BHA 12701F 9707} starch biosynthesisS
¥ 33t carbohydrate metabolic pathwayel Boldts Folth o]& 9789 ©@¥WAEo] multigene
family 3%} AFEolAY post—translational modification (PTM)®l &3te] multiple T3
spot® YE} 1 ¢4t} (Woo et al., in preparation).

Ho| e 1996 F3ol Ay T2 AE o&te] ok 27t 7} ¢] expressed sequence tag (EST)
o] Arlujdol A=A o] RAEL ESTY THEE H50%F ety 3 Aot wof= ok 491 )
o) A7 A5t et 7HE 3 cross—link® ESTE A #3129 25-50%81 49t 2-DE
oflA £219 1,800 7 o134 =, wif, & 2 Helo] g F 126709 otv]Abuj o] 7|4} olu)
AFEA 7)o 2lElo] AAHP e, ovl Al S T2 R St BA A3 oF 30%9] gHlA S ot s
&t EST7F A A Aot (Hirano, 1997). ESTS} @l A 7hel] o] $-3f= @l a o] u]&-2 2k30% 2 A
2719 239 ESTrE 2% 7 ool AR, ofv| At EE o] §3te] whuid g AMst A}
60%°]1 42 Gl AdS dF e FHA 7ML E FHE F Al

off 71 Z ol M= ol A R XFHE 700709 @Al 2-DEC gsto] B Hoh
(Santoni et al., 1998). o]ZF 2550707} g Aot EA8tT JAotT FAEHUCT o] AFoAE A
Lol EAStE dHAE EfA] Yot D3t Eol3) peptideE TEJA IR rLE 2 Z o)A
qA st Edman oFv] AR 71E o] &8t opv| At Wild & E48T. 1 A3 82 ) vl
spot?] F-& ofrjxAt wide] AR HIAY I Fo 75 € F e 9NAL 65%°)% 01, J5E
o 4 AE ESTZ7FEAE AL 2k 20%°1 9 tF (Santoni et al,, 1998). ©] A& Alx sfadoy o
o]Z 3%t6d 7§ ESTEZHE iAo t) &3t DNA G714 E 2] FH o] o] Foj Rt olAt} 7o)
H U o712 ATl &Ete] 2-DECA FEE vl BE ol At wjd A B E o] R3] A
B Q7IME AHE o] &3te] X DAL S AAE HId & AU
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Fig. 3. Comparative proteomic analysis of the protein profiles expressed during different grain filling and seed

maturation in rice
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2] cDNA7Z} clonets o}l I @7IA o] i3 RS dF e F49E obvit AE9 4
FAC 71802 diA S 53t DNAC Aol A siE = o] AIRE, hF2 2 cDNAZ o gt 7]F
Zkn A g A5 dhe Aol distol s we A A kvt &, Jls A H el BA S Mg F o W
d 59 ARE dE duAe] FxM7 e go] IR shon, gl o)A A5
310 Z4zte] 9w A S 4T = YA 5]21‘:} ZT2HS AT HE Y @il o] &3}
ZAE, A7 (), uif, Bel, R4 A, dE, 819 oAt Fell sloA s e "F gﬁ}
Stk ZF A, 23 RolFor dulA S FE3te] o|AAATIF TS St st
o] @il thste] 717 otul At 718 AFRATE 0] 3] ofr| At A B S @@?ﬁ‘i} a
a1, Z+ztel]l tidte] A, FAAY, HEF Y MFYR, ofnjAt MEHR, AEE HY FRE
data—file® R HTE B2 A7, 27 FolZ T o|xdA7|FF el FAE + 3=
°k650071 2] DA o) oF 18 Fx 62070 thste] A S st B, W] 322702 Wl of
) 5ke] oju 2t MEFRE A 28y, T Fo) oF 70%2) G A ) ojdtod= N2 eho] blockH
o] 7] W&o YF ofuj At MEAZARE AT oA ofn| it MEAZRE 7RO 7 AFA HA
& FHE] 404%2 @Al cDNA catalogZolM HAE 7 AT (Woo et al, in
preparation).

T, B8 olmiatrdol AP A 322708 @R AF o] ek50F Foll thate] AZFE FA g g
FoozA FAE 248t T 75 sHel o] §HI UTh AFAA L ¥ ZFEAY AEEE oA
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B calreticulin®] 7|5l H
Ago] ZE ¥3 HE4L Me7IE S gsto] Aozt s, Byl Yel gy
N1Fe 2R E ol Wk @, Auste) 7 dude FH2AITFE HE WA Aoy
A 3 o

AZARS Yol YOIAE F2F 4TS 0 4Bk M9 ARG Bojshs A0E B
sz Mol AT 8% Bl F 2 o15S AH AT
K50l Zoishn Q= QlALS} THElo] 2%

ZFA0 AR sb50] U

QA F ZFAE AE3 2GR o] RNe W) AEFs0] Y= 2

] chul 65 AtolellA XHTE}
Z‘E’_E
of

F2 Atolof gale] =F A xto)l & #AEHT] $5hed
L 22 A0l Adalek 55-59F Aloleof QB F50] ¢
QIAE} o)X A7 G F S FH3 I ¢1ALE patternS B2 E
ujoF 717kel BASHR ¢ ks H AR 9, A &350l
3t QArstFo] Zadte B AS LAY o] DI L FI]|QAE o] £3to] QAL
H-g-ol A EF53HA QAts He AR FAFHUG ZFA %—‘,‘ 2 data—fileFolEs x4
56kDa, S34 5.49 dwAL AAF A3} SC-028 oy, Wrz ARt s A=
SC-028% wxtgict. o] e N 2 i ofw|xAt H%lfi S5 Y calreticulin® &
A=A Bt (Komatsu et al., 1996).
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CalreticulinG M X} Cla] 2! §AXsA| ==

2422 giA data—filed F# obrxdt MEE 7|22 89 probed ZAsIY] TR
cDNA libraryS screeningdte] A4 cDNAE @& @t ORFE EF3tE= 1558—bp ¢cDNAS
A 424otu Ao QU AEAEMY HI, FEY  calreticulin#50-53%, A&
calreticulin®} 70-93%9% A5AdE& XYl X, binary vecter plG121-HmY CaMV35S
promoter® Ao} 3}e] calreticulin F3 XS vl X 819, agrobacterium EHA1012 o] £3}o] &
A4 HE ZEPo Calreticuling FY LA A FAAEH AAXM = A& 21 A
B3ld Tox AALELT X HA}. Calciumd e G A A calreticuling AE Y A2 4
T calcium®) homeostasis® 3|, @¥A o folding, 73 2EHAETH Tl #A93E o]
¥ 2AUQARAM R1H I o (Li & Komatsu, 2000).

t ribulose—1,5—bisphosphate carboxylase/oxygenase activaseQ|7| <5l

AH AL Tol, A, stoldA F AEEZAY EAAQA LR -] Boistn gIA T
I AEW ARAG 717 EFE Hol 4ok ol RAEY SO dstd s AW A 2= F 8,
AT FAEHAR, IO S8 B8 717 AY AEEH A @k aHA A Fghs)
el e alds T2 S M o2A FET A DR O 75 S AP,

X2z} Heteli= s=0| U= CHMAe| A=

W FE7]6 oA &, QA2 RE d¥E 5 T oA A7 5 S 3to] PVDFEte] A
Ab3to] ER AR BAF Ad g AE o] &3} ligand binding assayS ¢} WA patterns
S vl 9ste] GA4Y AP FojF oz AHsE vo] YE @A S LA o]
G AL in vitro oA AAEE o)A A7 G F S dto] atsE AR #FAHJY Hx, 9
A data—fileFoll & A% 47kDa, 37 5.29] @A & AN A7 LS-129¢]9, dx g 3
Astel 2743 FAE LS—1209 At o] Gl o] NZd U Y& ofn it AL vaF
9] ribulose—1,5—bisphosphate carboxylase/oxygenase (RuBisCO) activase & £& A%
A& Bt (Komatsu et al., 1996).

Ribulose—1,5—bisphosphate carboxylase/oxygenase activase XX} CI
2] ¥ FANEA =E

Ax, @#¥A data—filed F& oA EE 7223 probes ZAST dx, G4
cDNA libraryS screening3dl®] A% cDNAS @23t} ORFS E£¢3}E= 1591—bp cDNAO]
A 46600 =40 2 HE] Al type$t 1676—bp cDNA]A 4330} Ao 2 HEJAD typed] &
Az7E @ EAY. AFAMY Fdy, UE 1FAHEQ  ribulose—1,5-bisphosphate
carboxylase/oxygenase activase$}73-89%°2 AFAEL HITh X, binary vecter
pIG121—-Hm¢e] CaMV35S promoter? Ao 8}l ribulose—1,5—bisphosphate
carboxylase/oxygenase activase A& ¥l X8} agrobacterium EHA101& ©]&3}o] &
AAFA S FAE3=d 4T3 ribulose—1,5—bisphosphate carboxylase/oxygenase
activaseAlS FHALIAA FHAATA "o QoA ARl FA FHYA T
ribulose—1,5—bisphosphate carboxylase/oxygenase activaseA2& S HA|Z] Hor = 42
WEe zolzt gtk AwAdH Aol AAH ribulose—1,5—  bisphosphate
carboxylase/oxygenase activase< E#RubiscoE A 3A717] WEolagts BiE YA
FAAQA AL B3}t (Zhang & Komatsu, 2000).



peptide 71x9} 7|5
%= Tl o 7]"—% A F 9 A S Mgy, gl e] 4328 AT
£ 1EEAA o2 75 H3le RS TR2HF 4] Fo3 HHo|g) 2-DEA &
2E Gy 7l5S “Eﬂli A2 o 7A FAG o= g 2o F TR elA 2
g e 2-DEE EA% A3 27kDa% —subunit®} 16kDag] —subunit® FAEHE |714¢
Leginsulin—binding protein; LBP)°] H&% 3 th (Hirano, 1998). LBP:= & o] ¢5F,
Z 59 3 A& G2 FAAE BAHAG LBPYTF2A 548 A A1}, LBPol=
Aed FEAd TR FAMI o] A& &t E LBP+ protein kinased] 84 & 243
Qod, ded FEASS 2 4¥AY IR AXY A Aol #HI¥FY, 18y LBPE
ligand$} affinity Z2vlE 283 o 95le] LBPo 233l 848 2t 9 AA 45, £2)
# 3,900 Da?] peptided &g & & At dadedol2t B 3 peptidets 37HA ofn| AR
B Q&3 ofv| At v el A5 AT, ded g Zo] 6A A AHUAE 2T 9loH ol E
7} disulfide Z2Fo] #3383 Ut AladEdS AXY B2 AX3tn 913, LBPY AEst
3 9lew I protein kinase A S ZA3}A ) olu PadEHY disulfide 2ES st F A v+
2 E3E wAdgA] gtk AR FPAHEZ (NMR) O] 3t M35 gaaed 9 37 %
Aedd 729 dF FAS Aol AR E dadeds B2 252 ok viR ol Hrtstd A E
A 23e g Aes %% ]7]"4 HFAES] FEFRAE EH7F Y= AR YEKT o] Ay
ZRE HadedL daded FEAST AztE LBP ArssE 23 A% 2@ AXEL ] Ao
ote] A& E3E Alojsta »15}. ey, AEeME AF7HA ol 2L 3280 1 AR AL
o] A= W3R A] ghokoh. A7) ATl &3t 2—-DEOIA E2E duAS TS A 7Y
& o] g3, 2RI FAE 715 L 2t peptidedd 2R Q3 AW HAGA L ESAHE AAE £
ARt
¥ 20S proteasome subunit®] N-Z&2o] a7 N-2g3} 2}ol7t Q=718 A7) 93
A, ¥ 20S proteasome subunit& 2—-DEZE #&|3}o] A subunit®] & O}U] A G- BAE)
oy, 18]1 20S proteasome subunitS ¢43F = ESTE F43t1 o]AL ol&sdldd i o)
subunit® ¢I3t= FAA DNA @dHE 28U ©]59 DNA E7142& AAFsn BE
subunitgl otu] AN B & FA T o] AP ZRE v %101"1“ g 277 Aol A O}Ail%ﬂ
el subunit‘“’ ok oty g} —6—subunit®] N-Zdo] olEF =] gle AL LA HAt o] AL v}
2.9 —6—subunitel] 71'FH S Z Ao]7t EAE 7t S AlAFEER At o] F N~““:’r"‘*‘»} T
E‘ﬂ AAE T A F £ Gy o] A452rg Fol B ARIF T2HS iAo 2 dte] doix
A o)RAEY ARE V|ECE T Esubunit?] 7]5e] Bt HEdA gotd £ 9l& Aoz AdEn
TS ddels o) FHES AFE v dlA L o F Fof I’-EEZ‘] o7 Fyggt A
Aol Aok, 2, AEdME giA J)5S TERHOZ HHEE T 2HAQ FFoT)
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Be dulAe] 715 Bot &R AT ok diA EFAC] JeS Bl d7d o
goz v HB]E] 31FH9 Subumt"ﬂ’ﬂ Ads gddd BEAQ proteasomeS 7HA 1
proteasome subunit® & HHF 9 Hidfo] £243 7152 AAE w©3]7] Y ATE S5
=dl, ZE subunit®] N—Utto] olA & s el Q14ksle] glojx HAF ) 218 X RH 07 sty
59 FA gwAe 7)5o] #Ho] ASS AAEE 2HE R} (Ito et al, 2000; Kimura et
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al., 2000; Sassa et al., 2000). ¢]& Zo] T2H I YA DR = HAHE o] &3ld iz
B39 RE subunity 7152 ot & A = F AS R AgAn

2 =28 BAM ZA19| Databases}

2 7)o A EoAE TR S iAo Jdte] Aol 2-DE YT Feld oA wjdy £,
Z gl AL a5 §AAF, GRS 7|5 Feol #3 FRI} databasedH L =dl, of71 A
(http://sphinx.rug.ac.be:8080/ppmdb/index.html) & &% (http://moulon.inra.fr/imgd) & 2%
database3}7} ¥l d FAeA AT Yt |71 ZHE] FH$ databasedl Foi7bd sH ¢4,
2-DE ¥A& 2 4 lojA AR spotS st diizA e A4, E2%, MS data, ofv] AtA
g AFA AZTUY YA, v, & databaset?] IF, FEE=F Fol B3 FRE A+ 5 QU
a8y, ZE S databaset DNA €714 43 @93 9] ofn] ibxf do] AZ=Hojof st 7]E
wal 2 2R DNA §7141 8 databases} 943t £4 2 FE5E & U= AA7 ok, uhehA], o
23t FARL o7 MEARS (Bioinformatics) okl A 7] A Hojok & z} A o]},

o>

Al Z2ES Ao BH

o|Ae] Axl= T REHE dA7|Eo] 7l dRA] AZ oM FE&F Fdo] 2 Aol
3 T2EHS iAo E oE ZF A, ofd Al7]e] st dRd ] sjAo) PR3] w e
ZHE dFE= AFTZAE HuE A7HY o] ¢ Wol e 3E Aolgty YA} ol 4+
A& F2317] YA E dTFRAQ] Z2H S A E IAPE7] A% ATFAY FHo] o E
o2 AZtEY Als A717F A2 AE ZRHE M E 452 AF YL 2R dE 5 3
AT Atk 28u, Al 2717 E A E ZR2HS Si4S FYE Aode diE 723
Z3l= Zo] o3l olgA HY, BT S IAHE A= 7 FYH 587159
8, AN A &Y AT FAE = Ut 53] AEAM = SH A} AFEAE ZE35)
ete] FLAES & £ vty A4, 3, T2EH S d4dAM = 2-DE, 2-DE 343
22 MS, BR7|THAA], THE2E FEHSAFA T G2 FFY SHZAE o] £ "art b
(Table 1). 281y @9 R/t A+ FA= TR TEEHS a4l vt=A] & 3H1] ¢t
ted, 253, AR, a3 B4 A%8 AFsr Q9HT ok ESE dojl PR
database3} 8} 1 o] &7]& 2 /NEE o] A|A A HA s

]

oo Y o "R

M
o
=

oy

Table 1. Major analysis instruments by using proteome analysis

EEPEERER ARG FAA, F HARA, FFGANA 7]
RAA/ FE LA, HolEt TN A, LEZEA ]
Hjo] A 3}
gy, §44 54 A LA 3 (MALDI-TOF/MS ¥ ESI Q-TOF/MS),
714 oful At 47
9uz AeF au#3ge 84 |AFE4AA (ESI Q- TOF/MS)
Guge JAFZNA | BANTFAR, XAAA AR
gude 3EAg 8 |EASAZE FREALA, AREARA

(MALDI-TOF/MS % ESI Q—TOF/MS), Protein chip
TOF/MS & &l e] njwa]d |07 P53, AFEAZAX
(MALDI-TOF/MS ¥ ESI Q—-TOF/MS)
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