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Abstract 
Wheat seed proteins were studied to identify the cultivar–specific proteins using two Korean pre-harvest 
sprouting wheat cultivars; Jinpum (susceptible) and Keumgang (resistant). Wheat seed proteins were separated 
by two-dimensional electrophoresis with IEF gels over pH ranges: pH 3.5-10. A total of 73 spots were digested 
with trypsin resulting peptide fragmentation were analyzed by matrix assisted laser desorption/ionization-time of 
flight mass spectrometry (MALDI-TOF/MS). Mass spectra were automatically processed and searched through 
NCBInr, SWISS-PORT and MSDB database with mono isotopic masses.  These proteins profiles are divided 
into 9 categories: Metabolism, Storage, Photosynthesis, Amino Acid, Allergy, Stress, Protein Synthesis, Enzyme 
and, Hypothetical protein. The gluten includes two different components, high molecular weight glutenin 
subunits and low molecular weight glutenin subunits and gliadins. Some selected protein spots were detected to 
be (i) gluten, which is responsible for roughness and viscoelasticity for bread making quality (ii) stress proteins 
(biotic and abiotic) associated with salt, cold, heat tolerance, disease (iii) pathogen related proteins, and  (iv) 
allergenic proteins responsible for allergy in humans, (v) puroindoline- a & b (encoding PinA and PinB gene)that 
is responsible for grain texture related to baking performance and roughness and other molecular functions such 
as antibiotic / toxin / antimicrobial activities, that contribute to the defense mechanism of the plant against 
predators. Moreover, to gain a better understanding of proteome analysis and identify the pre-harvest sprouting 
responsible proteins, we carried out a comparative proteomic analysis in pre-harvest sprouting wheat seeds 
between susceptible and resistant cultivars. 
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Abbreviations: 2-DE – two dimensional electrophoresis; IEF-iso-electric focusing; MALDI-TOF/MS – matrix 
assisted laser desorption / ionization-time of flight-mass spectrometry 
 
Introduction 
 
Wheat (Triticum aestivum L.) is one of the most 
important cereal crops for the global food supply. 
Many kinds of wheat cultivars have been bred and 
used for commercial foods, such as breads, noodles, 
biscuits, sour dough, yeast leavened pan breads, flat 
and pocket breads, steamed breads, pasta and cakes, 
with new cultivars being developed every year. 
These products are not only highly culturally 
determined, but have also assumed significance 

beyond their role as food (for example, in religious 
symbolism and ceremonies). White flour consists 
predominantly of starch (about 70-80% dry 
weight), with lower amounts of protein (usually 
about 10-15% dry weight), lipids (1-2% dry 
weight) and other components such as non-starch 
polysaccharides (which correspond to cell wall 
fragments). However, the proteins are of greatest 
importance in determining the functional properties  
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of wheat flours. Flours for these processed foods 
are often prepared by blending different kinds of 
flours for optimal end quality. Today, there is an 
increasing need to distinguish among wheat 
cultivars and guarantee flour quality for consumers, 
distributors, and bread and noodle makers. 
Therefore, a simple, rapid and precise method that 
would enable identification of the wheat cultivars in 
commercially used flours is becoming important 
and even necessary. Pre-harvest sprouting is a 
major factor in loss of marketing value of wheat 
grain and diminishes the production of flour. Many 
methods have been developed for identifying wheat 
cultivars. Most depend on differences in protein 
compositions in the grain endosperm, since the 
quality of wheat flour for bread making has been 
attributed to the qualitative and quantitative 
characteristics of the storage proteins, mainly 
glutenins and gliadins (MacRitchie, 1999). These 
differences in storage proteins among wheat 
cultivars should be useful for discriminating wheat 
cultivars.   To   clarify   these   differences,   many  

 
 
methods have been developed utilizing gel 
electrophoresis (Lookhart et al. 1995), RP-HPLC 
(Larroque et al. 2000), ESI-QTOF (Hirano et al. 
2004), MALDI-TOF (Yahata et al.2005) and 
MALDI-TOF/TOF Mass spectrometry. These 
methods are commonly used for the identification 
of wheat cultivars; however, it is hard to identify 
the cultivars in blended flours composed of 
different kinds of flours. Proteomic analysis with 2- 
DE, where more than a thousand protein spots can 
be visualized, is the most powerful tool for 
identifying the polymorphism of proteins in wheat 
flours. 2-DE allows detection of almost 1300 
proteins spots of wheat endosperm, and supplies 
much information concerning differences in protein 
compositions to environmental influence (Skylas et 
al. 2000). Furthermore, the information concerning 
proteins identified by proteomic analysis will 
certainly accelerate new methods, such as 
immunoassay, which is effective for cultivar 
identification (Skylas et al. 2000), and the 
prediction  of  pre-harvest  sprouting (Skerritt et al.  
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2000). The main object of our study was to identify 
wheat grain proteins specific to a cultivar for 
example stress and storage proteins including 
different organelle and membrane proteins, using 
the proteomic approach.  
 
Materials and methods 
 
Plant Materials  
 
The two pre-harvest sprouting (Jinpum as 
susceptible and Keumgang as resistant) wheat 
(Triticum aestivum L.) seed endosperms were used 
in this study for proteomics analysis. Molecular 
Marker was purchased from Precision plus Protein, 
Bio-Rad,USA. 
 
Extraction of wheat proteins by KCl solubility 
method 
 
Osborne's (1924) solubility method that we 
routinely use to fractionate wheat endosperm 
proteins takes advantage of the solubility properties 
of   wheat   endosperm   proteins  in KCl, SDS, and  

 
acetone with some modifications (Hurkman and 
Tanaka, 2007) . 50 mg of flour was suspended in 
200 � l of cold (4 °C) KCl buffer (50 mM Tris-HCl,  
100 mM KCl, 5 mM ethylenediaminetetraacetic 
acid (EDTA) (pH 7.8). The suspension was 
incubated on ice for 5 min with intermittent mixing 
by vortex including sonication (Sonics and 
Materials Inc., USA) and centrifugation at 
16,000 × g for 15 min at 4 °C (Hanil Science 
Industrial Co. Ltd. Korea). The pellet or KCl-
insoluble fraction was suspended in 800 � l of SDS 
buffer (2% SDS, 10% glycerol, 50 mM DL-
dithiothreitol (DTT), 40 mM Tris–Cl, pH 6.8), 
incubated for 1 h at room temperature, and 
insoluble material removed by centrifugation at 
16,000 × g for 10 min at room temperature. The 
proteins were precipitated from the SDS buffer by 
the addition of 4 vol. of cold (-20 °C) acetone and 
incubation overnight at -20 °C. Following 
centrifugation, the pellet was rinsed by pipetting 
cold acetone onto the pellet, centrifuging at 16,000 
× g for 10 min at room temperature, and pipetting 
the acetone off of the pellet. The pellet (proteins 
including     gluten)     was     dried     by     vacuum  
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centrifugation (BIOTRON Inc., Korea) and 
solubilized in urea buffer (9 M urea, 4% Triton X-
114, 1% DTT, and 2% ampholytes) at 250 µl. 
 
Two-dimensional gel electrophoresis (2-DE) 
 
Soluble proteins of whole seed storage were 
examined by two-dimensional gel 
electrophoresis according to the protocol of 
O`Farrell (1975). Sample solutions (50µl) were 
loaded on to the acidic side of the IEF gels for 
the first dimensional, and anodic and cathodic 
electrode solutions were filled in the upper and 
lower electrode chambers, respectively. SDS-
PAGE in the second dimension (Nihon Eido, 
Tokyo, Japan) was performed with 12% 
separation and 5% stacking gels. Protein spots 
in 2-DE gels were visualized by Coomassie 
Brilliant Blue (CBB) R-250 staining (Woo et al. 
2002). Each sample was run three times and the 
best visualized gels were selected.  

 
In-gel digestion 
 
Selected protein spots were excised from 
preparative loaded gels, stained with Coomassie 
brilliant blue (R-250), then washed with 100 µl 
distilled water. Each gel piece with protein was 
dehydrated by 25 mM ammonium bicarbonate 
(ABC) / 50% acetonitrile (ACN) and washed with 
10 mM DTT /0.1 M ammonium bicarbonate 
(ABC). Gel pieces were dried under vacuum 
centrifugation, rehydrated with 55 mM 
iodoacetamide (IAA) / 0.1 M ABC for 30 minutes 
in dark place. After removing the solution, the gels 
pieces were vortexed with 100 mM ammonium 
bicarbonate for 5 mins and soaked in ACN for 
dehydration so that the resulting gel pieces would 
shrink and become an opaque-white color. The gel 
pieces were then dried under vacuum centrifu- 
gation. For Tryptic Digestion, Trypsin solution 
(8µl) was added in rehydrated gel particles and 
incubated  for  45 mins at 40 C  and overlaid with 30  
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� L of 25mM ABC (pH 8.0) to keep them immersed 
throughout digestion. The gel pieces were then 
incubated overnight at 37ºC. After incubation, the 
solution was spin down and transferred to a 500µl 
siliconized tube. The gel particles were suspended 
in 40 µl acetonitrile (ACN) / double distilled water 
(DDW) / trifluoroacetic acid (TFA) (660 µl:330 
µl:10 µl) at 3 times and 100% ACN, then vortexed 
for 30 mins, respectively. The supernatant was 
dried under vacuum centrifugation for 2 hrs. 
 
MALDI-TOF/MS analysis 
 
The improved Cleveland peptide mapping/ 
sequencing was compared in efficiency of 
identification of proteins to the peptide mass 
fingerprinting by MALDI-TOF/MS (AXIMA CFR+ 

Plus, Shimadzu, Japan). In MALDI-TOF/MS 
analysis, proteins separated by 2-DE were digested 
in gels according to the method described by 
Fukuda et al. (2003). The samples were added in 
10µl (0.1% TFA) for digestion. The digests were 
desalted with Zip Tip (Millipore, Boston) and 
subjected to the analysis by MALDI-TOF Mass 
spectrometry. 
 
Bioinformatic analysis 
 
The proteins were identified by searching NCBI 
non-redundant database using the MASCOT 
program  (http://www.matrixscience.com,  Matrix  

 
scienc, UK). The search parameters allowed for 
modifications of acetyl (K), carbamidomethyl (C), 
oxidation (M), propionamide (C) with peptide 
tolerance (50~200 ppm). For MS/MS searches, the 
fragmentation of a selected peptide molecular ion 
peak is used to identify with a probability of less 
than 5%. Thus, MS/MS spectra with a MASCOT 
score higher than the significant score (p<0.05) 
were assumed to be correct. When more than one 
peptide sequence was assigned to a spectrum with a 
significant score, the spectra were manually 
examined. Sequence length and gene name were 
identified by searching Swiss-Prot/ TrEMBL 
database using UniProtKB (http://www.uniprot. 
org/). 
 
Results and discussion 
 
Separation of proteins by 2-DE 
 
Mature pre-harvest sprouting wheat seeds have 
been examined using 2-DE composed of the first 
dimensional of IEF over pH range of 3.5-10 and 
second dimension of SDS-PAGE. We also used 
these methods, but the separation of protein spots 
did not seem to be satisfactory in 4-7 of IEF point 
(pH 4-7). Therefore to avoid the overlapping of 
protein spots and to increase the gel resolution, we 
adopted an IEF gel specific for pH range 3-10, 
which showed clear protein spots in 2-DE gel 
detected  100  protein  spots  by the combination of  
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this acidic and basic pH range in gels. We could 
identify about 73 protein spots. Pre-harvest 
sprouting susceptible cultivar (Jinpum) revealed 30 
proteins spots. Comparatively more protein spots 
(43 spots) were picked up from pre-harvest 
sprouting resistant cultivars (Keumgang). The 
identification of remaining 27 spots was found 
difficult due to low resolution of gels. We analyzed 
proteins prepared from mature seeds by Osborne’s 
solubility methods (Hurkman and Tanaka, 2007). 
We found qualitative variation for 18 spots between 
Jinpum and Keumgang (Fig 1). Between them, the 
protein spots 1, 9, 16 and 17 spots were found in 
different position for Jinpum (Fig 1A), and the 
protein spots 3,4,12,13,14,19,20,38,39,40,41,43 and 
43 were found in different location for Keumgang 
(Fig 1B). 
 
Comparision of pre-harvest sprouting wheat 
proteins  
 
Out of the 73 protein spots submitted to proteomics 
analysis, we identified 482 proteins (Table 1&2) for  

 
majority of the unique proteins with isoforms. 
Based on functional distribution, the total identified 
proteins were categorized into 9 categories: 
Metabolism (19%), storage (18%), photosynthesis 
(11%), amino acid (2%), allergy (1%), stress 
(16%), protein synthesis (16%), enzyme (14%), 
hypothetical (3%) in Jinpum and Metabolism 
(26%), storage (17%), photosynthesis (9%), amino 
acid (0%), allergy (4%), stress (31%), protein 
synthesis (6%), enzyme (6%), hypothetical (1%) in 
Keumgang (Fig 2). 
 
Protein Identifications 
 
The results of peptide analyses from the three 
databases, SWISS-PORT, MASCOT AND NCBInr, 
were the same for 73 spots in the experiments (Fig 
3). The sequences length and gene name were 
identified from Swiss-Prot/TrEMBL search. When 
proteins were identified with likelihood score, mass 
accuracy of each peak was mostly above 50 ppm in 
mass range 600-3000 m/z. This mass accuracy is 
consistent  with  the  specification  value of  the MS  
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instrument used in the stable condition. Pre-harvest 
sprouting resistant cultivars (Keumgang) contained 
more stress proteins such as heat stress proteins (2.6 
kDa, 2.2 kDa, 7.6 kDA, 16.8 kDa, 5.9kDa, 23.5 
kDa, 26.4 kDa, 1.0 kDa and 26.5 kDa), cold 
resistance protein (9.6 kDa, 21.5 kDa, 9.5 kDa and 
21.3 kDa), disease resistance proteins (14.7 kDa, 
13.5 kDa, 15.6 kDa, 39.5 kDa, 18.1 kDa, 15.9 kDa, 
18.2 kDa , 101.9 kDa, 103.8 kDa, 10.9 kDa, 13.0 
kDa and 7.8 kDa) and salt resistance proteins (17.0 
kDa) as compared to pre-harvest sprouting 
susceptible cultivar (Jinpum). The DNA sequences 
of two genes encoding 17.5- and 17.6 kDa HS 
proteins were determined (Nagao et al.1985). The 
cDNA sequences of PR4 coding wheat win 
isoforms were identified at 441 and 447 bp in wheat 
(Caruso et al.1999). Northern and Western blot 
analyses showed that WCSP1 (cold shock protein) 
mRNA and protein levels steadily increased during 
cold acclimation, respectively (Karlson et al. 2002). 
Huo et al. (2004) studied that the five candidate 
proteins:   H+- transporting   two-sector   ATPase,  

 
glutamine synthetase 2 precursor, putative 33 kD 
oxygen evolving protein of photosystem II and 
ribulose-1,5-bisphosphate carboxylase/oxygenase 
small subunit of  the salt tolerance mutant wheat 
under salt stress.. These five proteins belong to 
chloroplasts. They are likely to play a crucial role 
in keeping the function of the chloroplast and the 
whole cells intact when the plantis under salt-stress 
(17.0 kDa). Gluten including different types of 
glutenins, such as high  molecular weight (19.6 
kDa, 14.9 kDa, 4.0 kDa, 15.0 kDa, 79.4 kDa, 15.7 
kDa, 1.0 kDa and 19.9 kDa) and low molecular 
weight (26.7 kDa, 30.6 kDa, 34.7 kDa, 40.9 kDa, 
32.5 kDa and 38.4 kDa),  and gliadins such as 
gamma (14.2 kDa  and 16.1 kDa) and omega (1.7 
kDa) were identified in this experiment. Gliadins 
can be divided into four groups, named � -, � - , � - 
and � -gliadins. When glutenins are reduced, two 
types of subunits are released, based on molecular 
weight: high molecular weight-glutenin subunit 
(HMW-GS) (70 kDa -90 kDa) and the low 
molecular  weight-glutenin  subunit (LMW-GS) (20  
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kDa-45 kDa). HMW-GS and LMW-GS are cross-
linked to form the so-called glutenin polymers, 
which are amongst the largest molecules in nature, 
with molecular weights exceeding one million 
(Wrigley, 1996). Bietz and Wall (1972) reviewed 
that two types of subunits were present, the low 
molecular weight (10 kDa-70 kDa) and the high 
molecular weight glutenin subunits (80 kDa-130 
kDa ). LMW-s type subunits are the most abundant 
in all genotypes analysed and their average 
molecular mass (35 kDa - 45 kDa) is higher than 
that of LMW-m type subunits (30 kDa - 40 kDa) ( 
Tao and Kasarda, 1989; Lew et al. 1992 and Masci 
et al. 1995).The four gliadin fractions showed five 
distinct peaks with masses between 30 and 38 kDa 
(Shewry et al. 1990). Puroindolines encoded by 
PinA and PinB genes enhance the roughness and 
baking performance, and have various molecular 
functions such as antibiotic / toxin / antimicrobial 
activity, contributing to the defense mechanism of 
the plant against predators. Two spots were found 
PinB (16.7 kDa) and PinA (16.3 kDa) in Jinpum 
compared to seven spots identified for PinA (16.1 
kDa, 16.3 kDa) and PinB (16.7 kDa, 9.5 kDa and 
14.4 kDa) in Keumgang. Hogg et al. (2004) studied 
that the role of PinA and PinB, which was 
associated to grain hardness and starch of wheat. A 
thorough review of friabilin, puroindolines and 
grain hardness from a molecular genetics viewpoint 
has been provided by Morris (2002). Some selected 
spots were identified for grain softness protein 
(16.9 kDa,17 kDa and 18.1 kDa) in Keumgang. 
Interestingly, we found allergenic type proteins (3.1 
kDa and 1.5 kDa) in wheat (Table 1& 2). 
 
Conclusion  
 
In this study, we have emphasized on the 
identification of stress and storage proteins (gluten 
and puroindoline). Pre-harvest sprouting wheat 
cultivar Keumgang was more stress tolerant 
cultivar than Jinpum. In addition, we identified the 
different stress proteins such as heat shock proteins, 
cold accumulations proteins, pathogen related 
proteins and disease resistance proteins, which 
functions in response to the biotic or abiotic stress. 
Furthermore, we have provided the new 
information about controlling different mechanisms 
such as baking performance, germination (pre-
harvest sprouting), stress and disease resistance, 
that could open newer avenues for quality 
improvement of wheat. 
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