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ABSTRACT Abundant proteins often cause problems in
proteome study. Glutelin family proteins (hereafter referred
to glutelin) are present in rice proteome sample as over-
whelming constituents with very high abundance. In order
to increase the number of identified proteins in rice pro-
teome study, we developed a newly improved method for
sample preparation through the removal of glutelin. When
the protein samples from rice seed were extracted by the
conventional trichloroacetic acid (TCA) extraction method,
glutelin accounts for about 60% of total rice seed proteins
in SDS gels. Using our new water extraction method, glu-
telin consists of only about 10% of total proteins. After
analyzing on a two-dimensional gel electrophoresis (2-DE),
937 protein spots were detected using the conventional
TCA extraction method. On the other hand, 1240 proteins
could be seen using the new water extraction method. The
selectivity for non-glutelin and less abundant protein by the
water extraction method was also confirmed by ESI-Q/TOF
mass spectrometry analysis. Thus, the new water extraction
method developed here can be efficiently used to study the
proteome analysis of rice storage seed.

Keywords : rice, proteome, two-dimensional gel electro-
phoresis, removal of abundant protein, glutelin
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Table 1. List of proteins identified by EST Q-TOF MS from 1D-gel slices (thin arrows a, 3, and v in Figure 1A) showing
the greatest differences between TCA precipitation and water extraction methods.

Water extraction method

Band o
Genebank Protein MW Peptide Protein Accession
Identifier Matches Number
gi 3023816 Glyceraldehyde 3-phosphate dehydrogenase, Cytosolic 36470 10 Q42977
gi 2130073 fsro“:;‘z’;;zlScpl_“lo’slgl;:;;li"lase (EC 4.1.2.13) 38799 10 $65072
gl 113622 Fructose-bisphosphate aldolase, Cytoplasmic isozyme 38786 8 P17784
gi 10140741 Cytoplasmic malate dehydrogenase 35546 5 AAG13573
gi 14164433 Putative malate dehydrogenase 35439 7 BAB55686
gl 584706 Aspartate aminotransferase, Cytoplasmic (transaminase A) 44479 6 P37833
gi 3646373 RGP1 protein 39452 5 CAA09469
gi 4097102 Globulin-like protein 51700 4 AADI10375
o [ i Mihodid posisr oy omn
gi 15290145 Putative prepro-glutelin 40238 2 BAB63836
gi 6015432 OSEYA1 31823 2 BAAS85161
gi 113240 ACTIN 2 41976 2 P17298
gi 13603448 Unnamed protein product (Saccharomyces cerevisiae) 191217 1 CAA97554
gi 7489449 Pullulanase 109524 2 T03760
gi 16580747 Glyoxalase 1 32519 1 BAB71741
gi 7434944 Pyruvate, Phosphate dikinase (EC 2.7.9.1) precursor 102736 2 T02979
gi 14090214 Putative plastidic aldolase 41968 1 BABS55475
gi 16566704 Putative fructokinase I1 35494 1 AAL26573
gi 12082087 UV-damaged DNA binding protein 121868 2 BAB20761
gl 2662341 EF-1 alpha 49262 1 BAA23657
sty e i ot e w2
gi 14028985 Gst6 (Arabidopsis) 123271 1 CAA64613
gi 121477 Glutelin precursor 56783 1 P14614
gi 7248401 Putative chaperonin 60 beta precursor 64046 2 BAA92724
Band 8
Genebank Identifier  Protein MW Peptide Protein Accession
Matches Number
gi 14164433 Putative malate dehydrogenase 35439 9 BABS55686
gi 4126809 Glyoxalase 1 32533 10 BAA36759
gi 10140741 Cytoplasmic malate dehydrogenase 35546 9 AAG13573
gi 3023816 Glyceraldehyde 3-phosphate dehydrogenase, Cytosolic 36470 7 Q42977
gi 15624063 Putative NAD-malate dehydrogenase 42693 4 BAB68116
gi 730580 60S acidic ribosomal protein PO 34356 5 P41095
gi 4097102 Globulin-like protein 51700 6 AADI10375
ai 2130073 Fructose-bisphosphate aldolase (EC 4.1.2.13) 18799 4 65072

isoenzyme C-1, cytosolic
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CHEIX|(KOREAN J. CROP SCL), 51(5), 2006

Genebank Identifier  Protein MW Peptide Protein Accession
Matches Number
o 1346109 I?fl;:;llrlle( g;g?ﬁ;()leig\;%r;g protein beta subunit-like 36209 4 P49027
gi 7209794 Protein disulfide isomerase 33382 3 BAA92322
gi 584706 x‘;i?:zis;;m:;amferase’ Cytoplasmic 44479 4 P37833
gi 2662343 EF-1 alpha 49248 2 BAA23658
gi 16566704 Putative fructokinase II 35494 2 AAL26573
- gl 16566707 Putative fructokinase 1 34698 3 AAL26574
gi 5777592 Low molecular weight globulin 17966 2 CAA44001
gi 2499819 Aspartic proteinase oryzasin 1 precursor 54111 1 Q42456
gi 4096173 Early embryogenesis protein 58735 1 AADI10369
gi 2118428 AllergenRA14C precursor 17373 2 S559923
gi 13603448 Unnamed protein product 191217 2 CAA97554
gi 10140799 Putative steroid membrane binding protein 24619 2 AAG13629
gi 169805 Unknown protein 19800 1 AAAT2362
gi 121473 Glutelin type I precursor 55808 1 P07729
gi 556403 Glutelin 56205 1 AAAS50317
gi 1707986 Glutelin type-A III precursor 56040 1 Q09151
gi 15290145 Putative prepro-glutelin 40238 1 BAB63836
gi 3172048 Starch debranching enzyme 109790 2 BAA28632
gi 5852089 Zwh12.1 112089 2 CAB55396
Band y
. . Peptide Protein Accession
Genebank Identifier  Protein MW Mart)ches Number
gi 7435021 GF14-b protein-rice 29845 10 T04152
gi 7271253 14-3-3-like protein 29674 8 CAB77673
gi 13702816 Glucose-6-phophate isomerase 29160 7 CAA61577
gi 7435022 GF14-c protein 28808 8 T04153
gi 1351270 Triosephosphate isomerase, Cytosolic (TIM) 27046 7 P48494
gi 15289953 Putative ribosomal protein S4 28601 9 BAB63648
gi 232161 19 kDa globulin precursor (alpha-globulin) 21036 7 P29835
gi 7435023 GF14-d protein-rice 29244 4 T04154
gi 585337 Adenylate kinase A (ATP-AMP transphosphorylase) 26389 6 Q08479
gi 4126809 Glyoxalase 1 32533 4 BAA36759
gi 3123270 40S ribosomal protein S4 (SCAR PROTEIN SS5620) 29976 6 P49398
gi 121476 Glutelin precursor 56529 2 P14323
gi 1350986 40S ribosomal protein S3A (CYC0O7 PROTEIN) 29709 4 P49397
gi 4097102 Globulin-like protein 51700 4 AADI10375
gi 3023816 Glyceraldehyde 3-phosphate dehydrogenase, Cytosolic 36470 2 Q42977
gi 121477 Glutelin precursor 56783 2 P14614
gi 6166140 Elongation factor 1-beta (EF-1-beta) 24847 4 Q40680
gi 5257277 S-adenosyl-L-methionine 28370 2 BAAS81776
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Genebank Identifier ~ Protein MW ;Zfzf:s Pmte;luﬁf):ssmn
gi 585338 ET’FE&ﬁPk:;S:pIisphosphorylase) 26658 2 QOB480
gi 6856560 ;zz;lg::giafgrg}g:i}iw + dimethyllallyl 29009 2 AAF29978
gi 12644044 g(‘)’;ea;f;?eea;lizzn:lp?fh;gg; Z)) 27084 3 004861
gi 2499819 Aspartic proteinase oryzasin 1 precursor 54111 3 Q42456
ai 7435885 ?};cébztﬁgg:‘é.) 42;1;1.1 lc hzricl)lteasome endopeptidase complex 27279 oy T04300
gi 3894214 Elongation factor 1 beta 2 24639 . 2 BAA34598
gi 2662343 EF-1 alpha 49248 2 BAA23658
gi 7489449 Pullulanase 109524 2 T03760
gi 12328500 Unnamed protein product 27553 2 BAB21159
gi 548774 60S ribosomal protein L7A 29285 1 P35685
gi 5360230 Ran 25023 1 CAAB4843
gi 730580 608 acidic ribosomal protein po 34356 2 P41095
gi 7441868 DnaK-type molecular chaperone BiP 73495 2 T03581
gi 3334279 Oleosin 18 kDa (OSE721) 17269 1 Q40646

TCA extraction method

Band a

. . Peptide Protein Accession

Genebank Identifier  Protein MW Malzches Number
gi 544399 Glutelin type-B1 precursor 56640 9 Q02898
gi 544400 Glutelin type-B2 precursor 56190 8 Q02897
gi 100680 Glutelin 22 precursor 55820 8 D34332
gi 121477 Glutelin precursor 56783 7 P14614
gi 2130073 Fructose-bisphosphate aldolase isoenzyme C-1 38799 7 S65072
gi 3023816 g;)tlz::;lfehyde 3-phosphate dehydrogenase, 36470 7 Q42977
gi 14587314 Glutelin type I precursor 56212 6 BAB61225
gi 121475 Glutelin type 11 precursor 56271 6 P07730
gi 4126687 Glutelin 57084 5 BAA36695
gi 14164433 Putative malate dehydrogenase 35439 5 BABS55686
gi 809064 Glutelin 25507 2 CAA29507
gi 10140741 Cytoplasmic malate dehydrogenase 35546 3 AAGI135753
gi 7489571 R40c1 protein 38798 3 T03911
gi 9927273 Unnamed protein product 328372 3 BAA%6774
gi 584706 ?‘Tsrzir:::;;z;nganSferase’ Cytoplasmic 44479 1 P37833
gi 12002701 Putative cytosine DNA methyltransferase 169482 2 AAG43376
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Band 8
Genebank Identifier  Protein MW Peptide Protein Accession
Matches Number

gi 225710 Glutelin 56157 7 1311273A
gi 14587314 Glutelin type 1 precursor 56212 9 BAB61225
gi 225174 Glutelin precursor 56196 8 1210248A
gi 121476 Glutelin precursor 56529 6 P14323
gi 100680 Glutelin 22 precursor 55820 5 D34332
gi 556403 Glutelin 56205 7 AAA50317
gi 121477 Glutelin precursor 56783 5 P14614
gi 1707986 Glutelin type-A III precursor 56040 5 Q09151
gi 556401 Glutelin 56310 5 AAA50316
gi 2130073 iif;g;::‘sg?isfgl;::sﬂiolase (EC 4.1.2.13) 38799 5 $65072
gi 809064 Glutelin 25507 4 CAA29507
gi 14164433 Putative malate dehydrogenase 35439 2 BAB55686
gi 10140741 Cytoplasmic malate dehydrogenase 35546 4 AAGI135753
gi 113622 Fructose-bisphosphate aldolase, Cytoplasmic isozyme 38786 4 P17784
gi 3023816 Glyceraldehyde 3-phosphate dehydrogenase, Cytosolic 36470 5 Q42977
gi 4097102 Globulin-like protein 51700 4 AADI10375
gi 4126687 Glutelin 57084 3 BAA36695
gi 730580 60S acidic ribosomal protein PO 34356 2 P41095
gi 12328482 Unknown protein 78363 2 BAB21142
gi 1363512 Glutelin 9267 1 PQO722
gi 15217255 Putative retroelement 163930 2 AAK92599
gi 13603448 Unnamed protein product 191217 2 CAA97554
gi 2130065 Alpha-globulin precursor 21041 1 JC4784
gi 12039395 Putative ankyrin protein 27913 1 AAA933397

Band y

Genebank Identifier  Protein MW Peptide Protein Accession

Matches Number

gi 121476 Glutelin precursor 56529 12 P14323
gi 544400 Glutelin type-B2 precursor 56190 11 Q02897
gi 14587314 Glutelin type I precursor 56212 9 BAB61225
gi 4126687 Glutelin 57084 7 BAA36695
gi 121477 Glutelin precursor 56783 9 P14614
gi 1707986 Glutelin type-A III precursor 56040 8 Q09151
gi 100680 Glutelin 22 precursor 55820 7 D34332
gi 232161 19 kDa globulin precursor (Alpha-globulin) 21036 6 P29835
gi 72300 Glutelin II precursor 56285 6 FWR22
gi 556403 Glutelin 56205 6 AAA350317
gi 809064 Glutelin 25507 2 CAA29507
gi 1363512 Glutelin 8.0/31K 9267 1 PQ0722




HEA SFHE MY DHEY NAHYE 99

Table 1. Continued.
Genebank Identifier Protein MW Peptide Protein Accession
Matches Number
gt 14028985 Gst6 (Arabidopsis) 123271 1 CAA64613
gi 4097102 Globulin-like protein 51700 1 AADI10375
gi 13603448 Unnamed protein product 191217 3 CAA97554
gl 4680491 Hypothetical protein 98131 2 AAD27671
gi 12328482 Unnamed protein product 78363 1 BAB21142
gi 9558523 Unnamed protein product 144503 2 BAB03441
gi 9558523 Unnamed protein product 144503 2 BABO03441
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Fig 1. SDS-PAGE images of total rice seed proteins and its scanned densitograms. (A) SDS-PAGE images of total rice seed
proteins extracted with TCA (lane T) and with water (lane II). One half of the protein samples shown in lane I and
IT were mixed together, and are shown in lane III. Molecular weight standards are shown on the left. (B) Scanned
densitograms of SDS-PAGE images obtained with the image analysis software, ImageQuant TL (Amersham Pharmacia
Biotech, Uppsala, Sweden). Roman numbers I, II, and III represent the densitograms of each lane of the 1-D gel shown
in panel (A). The thick arrow represents the glutelin family proteins. Thin arrows with a, [3, and v indicate the protein
bands, showing the most prominent differences between lanes I and II. (Novel Mark 8 standards are used to show
approximate molecular weights. Lane 1, extracted glutelin storage proteins preparation by TCA method, lane 2, extracted
glutelin storage proteins by water method, and lane 3, extracted glutelin storage proteins preparation by both TCA and
water methods. Proteins are separated using 13% SDS-PAGE and visualized with silver staining. Among the lane 3, were
cut into 3 pieces (5, 6 and 7) of equal size per lane and subjected to in-gel digestion with trypsin prior to
ESI-Q-TOF/MS/MS analysis.
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Fig 2. 2-D ‘gel pictures of the total rice seed proteins extracted via the TCA method (A) and via water extraction (B). The
proteins were resolved via 2-DE with isoelectro focusing separation in pH 3-10 NL, 18-cm IPG strips in the first
dimension, and 12% SDS-PAGE in the second dimension. Proteins were stained with sliver-diamine. Glutelin family
proteins are located in zone 2. Arrows a and b indicate that these two proteins were observed exclusively in the water

extraction samples.
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Fig 3. Comparison of the number of proteins identified by
ESI Q-TOF MS in the peptide bands (thin arrows a,
B, and v in Figure 1, A), which evidenced the most
prominent differences between the TCA precipitation
and water extraction methods. The grey and white
bars designate highly abundant glutelins and less
abundant non-glutelins, respectively.
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