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Rice Proteomics: A Functional Analysis of the Rice Genome and Applications
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ABSTRACT In this review, we described the catalogues of the rice proteome which were constructed in our pro-
gram, and functional characterization of some of these proteins was discussed. Mass-spectrometry is the most
prevalent technique to rapidly identify a large number of proteins in proteome analysis. However, the conventional
Westem bldtting/sequencing technique has been used in many laboratories. As a first step to efficiently construct
pratein data-file in proteame analysis of major cereals, we have analyzed the /Y -terminal sequences of 100 rice
embryo proteins and 70 wheat spike proteins separated by two-dimensional electrophoresis. Edman degradation
revealed the Y -temninal peptide sequences of only 31 rice proteins and 47 wheat proteins, suggesting that the rest
of separated protein spots are /¥-terminally blocked. To efficiently detemmine the intemal sequence of blocked
prateins, we have developed a modified Cleveland peptide mapping method. Ising this above method, the intemal
sequences of all blocked rice proteins (ie., 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 45% of total rice
cDNA have been deposited in the EMBEL 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 tumed 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/YZ2H) could be a very useful tool for the plant research cornmunity. Also, the
infomation thus obtained from the plant proteome would be helpful in predicting the function of the unknown
prateins and would be useful in the plant molecular breeding.

Key words: gas-phase sequencing, peptide mass fingerprinting, proteomics, rice (Oryza sativa L.), two-dimensional
electrophoresis
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Figure 1. Peptide spots from 2-DE gel were digested according te the methed described by Islam et al. (2002), The digests were desalted with
ZipTip {Millipore, Boston) and subjected to analysis by MATDI-TOF/MS.
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Figure 2. Peptide map of the 8. anreus V§ protease digests of three
proteins. Low-molecular-weight standard marlcer proteins {100
pmol} were separated by SDS-PAGE and stained with Coomassie
blue. After destaining, the gel was completely dried and then the gel
pleces 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
FVDF membrane and subjected to gas-phase sequencing. La, or-
lactalbumin; Ti, wrypsin inhibiter; Ca, carbonic anhydrase; A, ntact
proteins; B, digests of La; C, digests of Ti; D, digests of Ca.
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Figure 3. Two-dimensional electrophoresis pattern of the rice embryo proteins. Proteins were separated by isoelectric focusing in the first
dimension {right to left) and SDS-PAGE in the second dimension {top to bottom) and detected by Coomassie blue staining.



286 + Korean J. Plant Biotechnology

(PSD)S =gt MSH electrospray ionizationB} gt Alo=
TOFMS S 28 MS/MSE o|38e| 2alel v
peptide®] ofn|ir-ib HES APD = A HUth 2=, 2
B i MSE o|&sle 2-DEe|A Eegh de e
FRdlEs YESEA AN 9 S AN BV A
). Fukuda T (2003)& F7[4FelA Eelg @2y 54
y Fe] 288 2Fe] MALDITOFMSH| A PSDel| 2)3)
o Azl HHE E4He sl MSMSsiHe] ZhReekAR,
PSD spectrod] #|4& 7hdkela] @3 A= FH] @t
peptideS Shshisle] o5l sjAlo] 21$ PSD spectro 2 o
= B30 itk 2 5) A stebHE o= N-Tris (24,6-
trimethoxyphenyl) phosphine acetic acid N-hydroxysuccinimide
ester bromidesl|] 2§ FEAF M= peptides] NEQTHO]
wHEo FAsld 435 Fo died PSD spectioE A5
T Yt= Boh ok o 2S A8 U] trypsind8hEo] vhz
1A wFOZH PSD spectros ST ¢ gl WES #2Y
sty B} Fer 5 9l database A4S sl
g £ eE EFF ok N-Trs (2 4,6-trimethoxyphenyl)
phosphine &} N-hydroxysuccinimide ester 258 N-Tris (24,6-
trimethoxyphenyl) phosphine acetic acid N-hydroxysuccinimide
ester bromideE A TE FHE Gl f9AT FREAM e
AAZHE N-Tris (2,4,6-trimethoxyphenyl)phosphine acetic
acid N-hydroxvsuccinimide ester bromideS 418 = 219ith
2 7} Bxo] peptides| A BEHFEE A PSRRI vhE
0] B7] fF peptided] HWHZU-S HES itk

ZZH & 34L& 2-DEA 2Ed 2edad Aw 9714
GEA A Aozl A aBASE gEd 2art 9
ot A4S T e YA E MSe| 25 Aozl PMF
2] MS & 7174 opnieql A7 Sjsle] AFd HE o
R EERECEE

Mol s 19969 RRe| A Zease] oski of 2%
71%] expressed sequence tag (EST)S] #7|- g A=Atk
o] A= 8] ESTY ZTE-+ oF 50% ey FP=5ith o
o= of 43t 7he fAA) Sxiztelet 7P sbE cross-link®
ESTE= A #7372 25~50%ey £49rh 2-DESA £
F18007) oo vl i, o 2 Hee G S 126709
opu =ik do)] 7] opn|ieAbR A 7o 2Ehe] A E =T,
opn| b ES PEE shd B4 ) o 0% T
S 935 3= EST7) A4 =%t} (Hirano 1997). EST2} ohd 2
Tl tgshe A HEE of 30%EA A7|Y EEY
d ESTZ} 2%F 7f o)ito] HAR, oAb Es o] &)
GElE-S Fag A3, 60% o BEES dEsle fA
2 @rIMEs 2H8E 7 Mtk

f71dhell e o dFEde FRE g 7007) 8 @
Hzlo] 2-DEs] 2]5}ed EZ =it} (Santoni et al. 1998). o]
= o 550707 2R A g SAsky day FET o
Aol e A Do EAlsls DEds EFA 2l 4

Dae AolD peptided TENAZEAETAZTA A
4 Edman o= :A247)8 olgaled ofnlzd HES ¥
S350 2 A% 827] B9E Ase] H¥ ofe Al Hele]
3G 1 39 15 & 5 g B 65%0l9e
B, 7158 2 % 9 BT/} FEE A 9 20%0)90
(Santoni et al. 1998). ©] A5+ A side)A dejzl 37hA
719 ESTZHH Bjade] 2ok DNA 9714€9 F3el
o FoATh old3h ol W B hrATe) vl olshe 2
DESIA 228 Bods] ¥E ofrlicd AERRE o83
o AE GG AAE g3 HAASt BuAe
s A 5 99

B Z2HZ2| 75y

B Z2H|F ofA2| Eat

¥ A% zZzdA EX RELP (#8590 @4038) d4xc
4+8] DNATAZEA o]&3}7] 2] thr2] ¢DNAZ} clone
sl 2 "@7lA g A=Y 2AE] 48 F35d
elm=Abk @9 Al F1RBOZ gulld S 95 3l= DNA
o slelA sigEe] gA%h FE S cDNAES g 7|5
£ b3 S kEEle Ao el B gt
2, ZlEE el BAske vy £ WEARE 5o ARE
A= s TR s o] FEs] ston, gl
o] ZHEH 7 TS o1 Sk 2] S s ¢ 5]
A =itk Z2H & sAEES e g o]gsle] 2}
Z2E, A 7PE (o], Wi, e, R B, oL 5E TR R
o4k 3ol slelA sidS sl sith 2 A8, 2 &
olAo 2 QRS FEI o|AAHIYFS s 3
e & Zhzke] dejde] fisked F)t opn Ak EA 75
AFRA 7| ol&she oAb ES AR 182, 2}
Zbel| thele] EA T, FHA, MY 0] WA E, o)Ak A
ERE, AR A AHe e datafileE 243} B2
ZhA7E, 24 FolA el g olxddr a5t 24
2 sle ok 6300749 s of 10% Fx 6207 o
sla] M-S A, E N 322702 dejae] sl
opa] it AEFRE Aith T, 2 Foll o 70%2] o
2o theld= N'@eo] block=o] §17] e Wi ofn|iz
A MEFEE AT A7 opr| At AEFRE VB2 E
e AAE TR 404%2] @] cDNA catalogZz
ol A 7F 9%t (Woo et al. in preparation).

I, R oAb Ee] AFE 322708 9 Fef of
S0EFe sl AZEE FA 8 deldS o 2A g4
F 24sk] 1 75slwe ol &= Stk XSRS v P
29 AEEE AA s akE e, A AEd e ofd
Q4rEls-5 sk W g osld Fime 9



M=l 2ofste TElEe| 7| Seli

2150 Zte £33 d548 Mdisy e Yty A
o7} ZFsepA Rk Al Y AeAdEEE Jlve ERe Ao
gt} ghd, ol4kslel| gl dejds] FARMT| e B A
EAY Alofdaolm Az Ea Bg ,J\C‘VHE 23 4
5 gty Ak wey AREe Besie 4kE o
2S5 Z=H & 4ol A B FHA dEF 3 J5S
A5}

A okt AR AF ARE IHA Y o)2g5 o AE
3ol e AEAL) AR fie BEA Aol @y
28 MY 201F siskr| Hebd At d 265
Alole] A A Eakso] Sl AR A A oF 55595 4}o]
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et el A Felle At 717k BA A g3
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S Fr|esks o] &3] 4bE) whgel A 5k @l
22 He Az Fels s Ak 9 datafile Sole
=2 56 kDa, H A 548 deZs A4g 3 SC-028
olm, ¥ E FAske AAe HA L SC-028% WA
eide] Ngg 2@ R ojual HEE 2550 calreti-
culing =& AEAS B9t (Komatsu et al. 1996).

A weld datafile®] FE ofu|4l HE5 7|2E 3}
o] probeS FFebe] AE A cDNA lbrary-S screening 3hed
full length cDNA-2 ©2]3)t}. ORF-S T @s}= 1558-bp cDNA
A d2dopm| At gigivh AEAAY B, FEY calreti-
culin®} 50-~53%, 21 52| calreticulin® 70--93%2] A=A42
B9t} &, binary vecter plG121-Hm 2 CaMV35S promoter 2]
215} calretioulin 5772 ¥ 3] 5k, agrobacterium EHA101
5 ol&std FIAEY BE AErh Calreticuling A4 dd
AA HAHBH e Sleirs AFsso] B AEEE Fo
T ARsert AE =Y Calcumd g S Fo| 4 calreti-
culinZ HEV] B, AE W calclum®] homeostasis2] 2],
geiFe] folding, 8373 AEAAEH T Fske F
ZAAEH BIEF Y} (Li and Komatsu 2000).
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K|d[H2I 2 Zeist= TR 7|1S54

B fFE7l sloir BE, g EREH gl F&5 & o
24771955 8] PVDFR| HAlsle EZR&5 E4%
Al PS5 o] &3k ligand binding assay-S ok #AY
@] sl @AY AMA YD SolFeE
Agste= TH0 sl @d S AT o] DAL i
vitro oA €l4bsl & oA AV EE-S oh lakElE A
Eel=gink. 4&, 99 datafileZol= AT 47 kDa, T4
4 529 deidS A4g A3 L8-1290]0, B E A )
Z7g A L8-1208 WAt o] D) Ngg 2
Foejuia MEE B3] 4 ribulose-1,5-bisphosphate car-
boxylase/oxygenase (RuBisCO) activase 2} 2 4542 B
St} (Komatsu et al. 1996).

BE, 2 datafiles] FE opu| LS 7EZ sk
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cDNAS|| A 4660)0] =410 ZHE Al types} 1676-bp cDNAS|
A 4330pm|ike 2RE A2 typed] fralAr} del= ik 2
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carboxylase/oxygenase activase?} 73~89%2] =42 HE
o}, I, binary vecter plG121-Hm2] CaM V35S promoter?] A
o]z} ribulose-1,5-bisphosphate carboxylasefoxygenase activase
GAAE WA 3 agrobacterium EHAI01S ©|&3k 82
A8A g F=sh= b 4Fs19 ) ribulose-1,5-bisphosphate
Hel w7 B LA

patterns-=

carboxylase/oxygenase activase Al-&
B i s AAde] 2215929, ribulose-1 5 -bisphosphate
carboxylase/oxygenase activaseA2-2 L@ A7l Be|H= A7
HES Aozl gl AW ddad AFEA 0] A= o
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Aol 7.2 E-w 3t} (Zhang and Komatsu 2000).
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EMBL®2] data baseS o] &3} EA18) g z-s ob& 5= EST
S A4g 49, 45%2] DS JEs= ESTE 448
AT 755 € 7 g 5% dEde felds do =
Wy & w7y AEal JA T2 e T2 s
o 23l JeE gEle Ao 8 AzEn F A
o)A dEsi= duldE 2 DEZ EX4e 1) 27 kDa?] -sub-
unite} 16 kDa%] -subunitZ2 A+ @7 A9 (Legnsulin-
binding protein, LBP)*] F& =%t (Hirano 1998). LBP= &
oleje] g, Thtg, 2 58 T Aed B FelMe L
A= LBPY 724 545 Z=AMg 43, LBPdl= &
o] Qgd FEAY T4 FAM0l Uas ETh E
LBP+ protein kinase 2] 845 2k 91 oH, 2l d 849
2 gy 4F Az SAlske Alo] gea 1
I LBPZ ligand &} affinity F 2 vlE I 25} LBP
sl BAS Zie wEiES FAS 25, A 3900
Da¥ peptideg @z & ;,19,11?} daclsdole Hee
peptide= 37¥#A oju|=AMEE Sgd R ofn|iril Mg 4
B4E gARh sl 2ho] Sﬂaﬂﬂ] AAERE Y §le
M ol 257} disulfide Aol fslY itk d s
Az 2o 4252 97, 1LBP AFsy on I
protein kinase 242 £2135}9 ) oo & 191&2 2 disulfide
A5 AdslgAT 2 ad= dEA sk 531}7]:‘1‘3“‘
AHEE (NMR)o| 2sle 3|45 #ddsdsy 32raEs
elede] T8 YR Ak Fol sigith £ FI0se
S Bl vk R FrhehE AeA Eibs WY
55 A WA Ry EEsa ]E a4z} »1# He
= Yepsitt o €4i—r51 q1gls H]:l?, ¢l &4
2t Azk=m LBP ¢14¥8k7} 23, @o L AZEEY Ao
o] A BEE Aoisia ik 28U, AEd s AT
7] olg} ZhE F2EH T AW HEA Y EAle gEAA
@) 4718 |7 2sled 2-DEM| A E2jd dEs T
e & sj49] 7EE ol&sld, TEEH FAbe V1S 2
= peptides} 2R gt AR HAGA Y Al AR
Asith

B 208 proteasome subunit®] N-@g-Ale] 0ol N-gt}
F Zo)7) YE7rE 2] Y] $-4, B 208 proteasome
submmit2 2-DEZ EI) sk & subunit®] HE oju|-AbH g
S EAzlgd 28] 208 proteasome subunitS ¢33 3=
ESTE =AY o|AL o)L 5] tHEY subunit2 223 3)
= AA DNA @85 ZFE3319} 0|52 DNA 7|+ €45
BN EE subunit?] opn|ribA g ST o] 4
o ZAE v sloirs AERAAFAA o283 subunit
Bk ol e} -6-subunit®] N-Q@o] opi|@al=s Sl= A&
HA H3dch o] AL e} AX S -6-subunite] 7|FALE 2}
Vb EAT FeAde ANET Atk olele N-gusA
el 948 B9 He F 4, g 538 S
29 B0} Z2ag ol 95 AolAE o)A

03: FU]O F

Z J|RoZ TE subunitd] 7)5o] Bo) B25H sekg
2 9l2 Aoz Azt THE A o7 TETe
ATE thre oS Yo s sl FEREFOE T
g gde] gk 2, ABME @i EY 7|5S FESA
22 sMske dve 2RAY #%oh:}. AT 2T o
Se] Hald 7152 siwsks AL | AFdAE Lo)5)

A A B 24 162 Dua 3 £9 Dua

7155 Awehs AL 294 ofge 9 opith

st

MZL 0|27 2 HEE SN2 il

AZ Jellx = dede] el 755
olspx] gA]gh, el EBakAe] dejde] J5ES swsle
AL 7Fesich 2ed B3 7o) 2
o FAA 93] dEd B gue 7
o2 A8 5 gtk el BEA Y 7F
9 dg@o = He|q E2lE 3157 Subumtcﬂ]f’ﬂ e
@HQ B89l proteasomes 7FA] Y proteasome subunit®] T
= WET 2 MY o] FAH Jre] AF gE7] Yg
T FAPed, ZE subunity] N-@ete] ofpx Bz}e}
Al glofr] HESe pAS ZFA0E |45y d=
o] 2 e 7lse] Fe EFE Al dFAE
A9t} (Ito et al. 2000; Kimura et al. 2000; Sassa et al. 20007,
olg} Zho] ZEE&Y sjHA dojAe FRE o]&sE
eE EgkAe] EE subunity 755 | 45
9 A2z Az

ro FEF

Alg Z2HE 24 47| Dawbasest

2 7Y HEoHEs Z2E & sae] sgle] defrl 2

Table 1. Major analysis mstruments by using proteome analysis.

Two-dimensional electrophoresis,
protein electroblotting PYDF mem-
branes, fluorescent computer ana-

lyzer

Protein analysis and purifi-
cation

Two-dimensional electro-
phoresis and computer image  Computer image analyzer, software
analysis, Data-base

Protein and identification of MALDI-TOFMS and ESI Q-TOF/
gENES MS, gas-phase amino acid sequencer

Protf:in Post-translatlonal ESI Q-TOF/MS
modifications

Crystal stnucture analysis of

. NMR, X-rays crystallography
proteins

NMR, protein chip, MALDI-TOF/

Frotein-protein interactions
M3 and ESI Q-TOF/MS

Two-dimensional electrophoresis,
MALDI-TOF/MS and ESI Q-TOF/
M3

Comparative protein analy-
ik
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