Regulatory Toxicology and Pharmacology 58 (2010) S26-S29

Contents lists available at ScienceDirect i

Regulatory Toxicology and Pharmacology —

journal homepage: www.elsevier.com/locate/yrtph i

Natural variability in abundance of prevalent soybean proteins

Savithiry S. Natarajan *

USDA-ARS, Soybean Genomics and Improvement Laboratory, PSI, Beltsville, MD 20705, USA

ARTICLE INFO

Article history:
Available online 13 August 2010

Keywords:
Soybean

G. soja

G. max
2D-PAGE
MALDI-TOF-MS
LC-MS
Conglycinin
Glycinin

ABSTRACT

Soybean is an inexpensive source of protein for humans and animals. Genetic modifications (GMO) to
soybean have become inevitable on two fronts, both quality and yield will need to improve to meet
increasing global demand. To ensure the safety of the crop for consumers it is important to determine
the natural variation in seed protein constituents as well as any unintended changes that may occur in
the GMO as a result of genetic modification. Understanding the natural variation of seed proteins in wild
and cultivated soybeans that have been used in conventional soybean breeding programs is critical for
determining unintended protein expression in GMO soybeans. In recent years, proteomic technologies
have been used as an effective analytical tool for examining modifications of protein profiles. We have
standardized and applied these technologies to determine and quantify the spectrum of proteins present
in soybean seed. We used two-dimensional polyacrylamide gel electrophoresis (2D-PAGE), matrix-
assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS), and liquid chro-
matography mass spectrometry (LC-MS) for the separation, quantification, and identification of different
classes of soybean seed proteins. We have observed significant variations in different classes of proteins,
including storage, allergen and anti-nutritional protein profiles, between non-GMO cultivated and wild
soybean varieties. This information is useful for scientists and regulatory agencies to determine whether
the unintended expression of proteins found in transgenic soybean is within the range of natural

variation.

© 2010 Published by Elsevier Inc.

1. Introduction

Soybean [Glycine max L. (Merr.)], is an important commercial
crop grown as a high-protein feed supplement for its edible oil
and for its other phytonutrients (Boulter et al., 1980). This has gen-
erated significant interest by major agricultural research institutes
and biotech industries in enhancing the quality of nutrients in soy-
beans as well as in increasing resistance against various pests. This
has resulted in the introduction of several new GMO cultivars in
the US. As more transgenic cultivars become available, it has be-
come important to identify and characterize the natural variation
of proteins in non-genetically modified soybean genotypes as a
baseline against which to compare the new cultivars.

At present, proteomics tools such as two-dimensional poly-
acrylamide gel electrophoresis (2D-PAGE), matrix-assisted laser
desorption/ionization time of flight (MALDI-TOF) mass spectrome-
try, and liquid chromatography coupled to tandem mass spectrom-
etry (LC-MS/MS) provide alternative methods to effectively
examine protein profiles. These tools can be used to evaluate pro-
tein expression and potential protein modifications, as well as the
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relative abundance of proteins in non-GMO and GMO crops (Cor-
pillo et al. 2004; Lehesranta et al. 2005). However, protein extrac-
tion remains a challenge in the analysis of proteins because of
contaminants that could affect the performance of the 2D-PAGE,
MALDI-TOF and LC-MS/MS analyses. In our laboratory, we carried
out a comparison of four commonly used protein extraction meth-
ods described in the literature (Hurkman and Tanaka, 1986; Berk-
elman et al., 1998; Herman et al. 2003) for 2D-PAGE analysis, and
subsequently selected an efficient extraction method for our anal-
ysis (Natarajan et al. 2005). This report summarizes some of the re-
sults obtained in our laboratory over the past few years. We have
reported the variation of different classes of soybean seed protein
profiles in cultivated and wild soybean genotypes. The wild geno-
types are completely cross compatible with cultivated soybean by
conventional plant breeding. Results from the wild genotypes can
be compared with the amounts of storage, allergen and anti-nutri-
tional proteins in GMO soybeans to determine if the levels of these
proteins in the GMO soybeans are within the limits of natural
variation.

2. Proteomic analysis of soybean storage proteins

The soybean storage protein families, B-conglycinin and
glycinin, are classified based on their sedimentation coefficients.


http://dx.doi.org/10.1016/j.yrtph.2010.08.005
mailto:savi.natarajan@ars.usda.gov
http://dx.doi.org/10.1016/j.yrtph.2010.08.005
http://www.sciencedirect.com/science/journal/02732300
http://www.elsevier.com/locate/yrtph

S.S. Natarajan/Regulatory Toxicology and Pharmacology 58 (2010) S26-S29 S27

B-conglycinins are encoded by two mRNA groups, the first mRNA
group encodes o and o B-conglycinin subunits and the second
mRNA group encodes the B-subunit of B-conglycinin (Schuler
et al. 1982; Koshiyama, 1983). Initially, we used pH 3.0-10.0 in
the first dimension to separate the subunits of storage proteins,
however, this did not adequately separate glycinin storage protein
subunits. Therefore, we currently used two narrow pH strips,
4.0-7.0 for acidic proteins (Fig. 2A and B) and pH 6.0-11.0 range
for basic proteins (Fig. 3A and B). Triplicate samples were used
for soybean seed protein extraction and 2D-PAGE analysis. Densi-
tometry images were analyzed with Image Master 2D-Elite soft-
ware (version 4.01) (GE Healthcare, Piscataway, NJ). Image
analysis included the following parameters such as spot detection,
background subtraction, spot measurement, and spot matching. A
total of forty-seven different protein spots could be excised from
2D-PAGE gels using all three pH ranges and were characterized
using mass spectrometry. Protein spots that could not be identified
by MALDI-TOF-MS were further analyzed by LC-MS. All the pro-
teins identified by MALDI-TOF-MS and LC-MS in the NCBI non-
redundant database are listed in Table 1, which gives: an assigned
protein spot number and its theoretical isoelectric point (pI) and
molecular weight (Mr), protein identity, number of peptides
matched, percent sequence coverage, MOWSE score, expect value,
the NCBI database accession number of the best match, and a data-
base that yielded concurrent identification.

Comparison of proteins from the wild and the cultivated soy-
bean genotypes by 2D-PAGE using pH 3.0-10.0 IPG strips (Fig. 1A
and B) highlight three subunits of B-conglycinin, the o, o and B-
subunits (Natarajan et al. 2006, 2007a). The o subunit showed five
protein spots (#1, 3, 4, 6 and 7) in the cultivated genotype (Fig. 1B)
and seven spots (#1-7, Fig. 1A) were resolved in the wild genotype.
The intensity of # 6 and #7 spots were higher in the wild genotype
compared to the cultivated genotype. Some of the spots demon-
strated heterogeneity in molecular weight and isoelectric point
(pl), and these differences could be the result of post-translational
modifications, proteolysis, and/or alternate splicing. The o subunit
of B-conglycinin showed one spot (#8) in both wild and cultivated
genotypes (Table 1), but the intensity of this spot was lower in the
wild (Fig. 1A) compared with the cultivated genotype (Fig. 1B). The
B-subunit of B-conglycinin resolved into four protein spots, (#9,
11-13) in the wild genotype and five protein spots (#9-14) in
the cultivated genotype. Schuler et al. (1982) reported that p-con-
glycinin subunits are products of a multigene family, and the
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variation in the distribution of protein spots in our study could also
be due to post-translational modifications (Koshiyama, 1983; Da-
vies et al. 1985).

Glycinin is composed of five subunits, G1, G2, G3, G4 and G5,
the precursors of which are encoded by five non-allelic genes,
Gy1, Gy2, Gy3, Gy4 and Gy5, respectively (Nielsen et al., 1989).
On pH 3.0-10.0 gels, it could be separated into acidic and basic
polypeptides. However, many did not separate well. We now use
narrow pH range IEF strips (4.0-7.0 and 6.0-11.0) to separate
and identify the acidic and basic chains of glycinin subunits. The
G1 subunit showed three basic polypeptides (spot #15, 16 and
17) in the pH 6.0-11.0 range that were similar in both wild and
cultivated genotypes (Fig. 3A and B). The glycinin G2 showed eight
spots (#18-25) of acidic and basic polypeptides in the wild geno-
type and seven spots in cultivated genotype. G3 glycinin acidic
and basic polypeptides resolved into seven spots (#26-32) in the
wild genotype, and the cultivated genotype showed an absence
of two spots (#29 and 30), weak intensity of spot #28, and the
presence of an additional spot#33 (Figs. 2 and 3 and Table 1).
Two acidic polypeptides, which were identified as glycinin G4
(#34, 35), were present in the wild genotype and absent in the cul-
tivated genotype (Fig. 1A and B). Glycinin G4 basic polypeptide
separated into five spots (#36-40), was only present in the wild
type seeds, and showed strong intensity (Fig. 1). The absence of
G4 subunits in these particular cultivated genotypes could be
due to the absence of the gene(s) encoding G4 subunits. Nielsen
et al. (1989) reported the absence of G4 in soybean cv. Raiden,
and suggested that heterogeneity of the G4 subunit may not have
functional relevance. The glycinin G5 polypeptide (spot #41) that
was clustered in the pH 3.0-10.0 gels (Fig. 1A and B) was clearly
separated into three polypeptides (spot #42-44) in the narrow
pH 4.0-7.0, in both wild and cultivated genotypes (Fig. 2). Three
basic G5 polypeptides (spot #45-47) showed strong intensity in
the cultivated genotype and weak intensity in the wild genotype.
Fukazawa et al. (1985) reported the diversity of the glycinin G5
mRNA subunit between G. max and G. soja. Our study showed con-
siderable variations of both acidic and basic glycinin polypeptides
between wild and cultivated genotypes. The large amount of vari-
ation in seed protein composition between wild and cultivated
genotypes may be due to a different complement of genes in the
wild genotype that control expression of B-conglycinin and gly-
cinin protein composition compared with the cultivated genotypes
(Kwanyuen et al. 1997).
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Fig. 1. Two-dimensional electrophoresis profile of soybean seed proteins of wild, G. soja (1A) and cultivated, G. max (1B). The first dimension IEF was performed using pH 3.0-
10.0 linear IPG strips. Numbered arrows indicate the polypeptides referred to in the text and table.
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Fig. 2. Two-dimensional electrophoresis profile of soybean seed proteins of wild, G. soja (2A) and cultivated, G. max (2B). The first dimension IEF was performed using pH 4.0-
7.0 linear IPG strips. Numbered arrows indicate the polypeptides referred to in the text and table.
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Fig. 3. Two-dimensional electrophoresis profile of soybean seed proteins of wild, G. soja (3A) and cultivated, G. max (3B). The first dimension IEF was performed using pH 6.0-
11.0 linear IPG strips. Numbered arrows indicate the polypeptides referred to in the text and table.

3. Proteomic analysis of soybean allergen proteins

Soybean Gly m Bd 60 K has been described as storage seed pro-
teins and is one of the major allergens in soybean. Gly m Bd 60 K
includes B-conglycinin and glycinin. Only the o subunit of B-con-
glycinin is reported to be allergenic for some consumers (Wilson
et al. 2005). The acidic polypeptides of G1 and all G2 subunits of
glycinin are also reported to be allergenic (Beardslee et al. 2000).
The cultivated and wild genotypes showed seven spots (# 1-7)
of o subunits (Xu et al. 2007). The glycinin G2 allergens showed
eight spots (#18-25) and the distribution was very similar be-
tween wild and cultivated genotypes, although there was variation
in protein intensity. Gly m Bd 30 K is another protein of soybean
designated as a major allergen. This protein was previously de-
scribed as the 34-kD vacuolar protein, P34 (Ogawa et al. 1993).
Using a monoclonal antibody against P34, Yaklich et al. (1999)
found that P34 showed genetic diversity in soybean with respect
to protein quantity In our analyses, P34 (#48, 49) is present in both
wild and cultivated soybean genotypes, and the spot intensity var-
ied. Joseph et al. (2006) screened 16,266 accessions of USDA soy-
bean germplasm, and identified 12 genotypes as P34 null lines.
Gly m Bd 28 K is a less abundant allergen protein of soybean that
was originally isolated from soybean meal as a 28 kDa glycosylated
protein (Tsuji et al.1997). In our study, two spots (#50 and 51) of
Gly m Bd 28 K were identified. The Gly m Bd 28 K allergen is prob-
ably processed into two smaller polypeptides of 240 and 212 ami-
no acids in the soybean seed, and both portions are expected to be
present in soybean-derived foods (Tsuji et al. 2001; Xiang et al.
2004). These two spots of Gly m Bd 28 K probably come from the
post-translational processing of the same gene.

4. Proteomic analysis of anti-nutritional proteins

Kunitz trypsin inhibitor (KTI) is one of the abundant anti-nutri-
tional proteins in soybean seed, that inhibits trypsin, an important
animal digestive enzyme (Baur et al. 1996). In addition, KTIs have
been characterized as food allergens in humans (Burks et al. 1994;
Quirce et al. 2002) and have 32% sequence homology with a rye
grass pollen allergen (Vanvan Ree et al. 1995). In soybean, three
KTI genes (KTI1-KTI3) have been reported, and both transcrip-
tional and post-transcriptional processes regulate KTI gene expres-
sion (Jofuku and Goldberg, 1989). The KTI3 transcript was detected
only in the soybean seed, while KTI1 and KTI2 transcripts are ex-
pressed in soybean leaf, root and stem (Jofuku and Goldberg,
1989). The genes encoding KTI1 and KTI2 have nearly identical
nucleotide sequences, while the KTI3 gene has diverged (20%) from
the other two genes (Jofuku and Goldberg, 1989). Our study
showed that although the overall distribution patterns of KTI pro-
tein spots are quite similar in wild and cultivated, the number of
protein spots and their intensities varied between these genotypes
(Natarajan et al. 2007b). Three protein spots (spots 52-54) of KTI
were identified by MALDI-TOF-MS and database searches in wild
soybean varieties, and cultivated genotypes showed only two pro-
tein spots (#52 and 53). Our results were similar to the previous
reports, in which polymorphism had been observed among the
KTIs of wild soybeans by Western blotting and PAGE analysis
(Stahlhut and Hymowitz, 1983; Becker-Ritt et al. 2004; Wang
et al. 2005). Soybean agglutinins are another class of anti-nutri-
tional proteins present abundantly in soybeans. The presence of
this protein accounts for about 10% of total protein in some le-
gumes. The wild and cultivated soybeans showed three spots
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Table 1

Soybean seed proteins identified by MALDI-TOF-MS and LC-MS analysis.
Spot ID Theoretical Protein identity Peptides Sequence MOWSE score Expect value NCBI accession No. Method/MS

pl/Mr matched coverage (%)

Soybean Storage
1-4" 4.92/63127 o subunit of B-conglycinin 25 39 217 3.00E-17 gil9967357 MALDI-TOF
5-6" 5.32/72717 o subunit of B-conglycinin 9 18 73 7.20E-03 gi|15425633 MALDI-TOF
7" 5.32/72717 o subunit of B-conglycinin 9 23 238 8i|51247837 LC-MS
8 5.23/65160 o subunit of B-conglycinin 20 41 194 5.90E-15 gil9967361 MALDI-TOF
9-14 5.67/48358 B-conglycinin B-subunit 26 47 216 5.10E-17 gil63852207 MALDI-TOF
15-16 5.89/56299 Glycinin G1 subunit 7 15 145 gi|18635 LC-MS
17 6.15/56134 Glycinin G1 subunit 4 9 254 8i|72296 LC-MS
18-22" 5.46/54927 Glycinin G2 precursor 9 19 91 1.20E-04 gi|1212177 MALDI-TOF
23" 5.78/54047 Glycinin G2 precursor 6 37 67 3.20E-02 gi|169967 MALDI-TOF
24-25" 5.56/54903 Glycinin G2 precursor 3 9 175 gi|72295 LC-MS
26-32 5.78/54047 Glycinin G3 subunit 8 19 72 1.00E-02 gi|15988117 MALDI-TOF
33 5.73/54835 Glycinin G3 subunit 2 4 148 gi|18639 LC-MS
34-35 5.38/64097 Glycinin G4/precursor 13 16 76 4.20E-03 gi[99910 MALDI-TOF
36 4.46/24349 Glycinin G4 precursor 10 38 110 1.50E-06 gi|6015515 MALDI-TOF
37-38 6.47/31065 Glycinin G4 precursor 10 45 142 9.50E-10 gi|81785 MALDI-TOF
39-40 5.38/64136 Glycinin G4 precursor 6 8 160 gi|99910 LC-MS
41-44 5.46/55850 Glycinin G5 subunit 13 26 96 3.50E-05 gi|33357661 MALDI-TOF
45-46 5.69/26938 Glycinin G5 subunit 7 30 65 5.00E-02 gi|541941 MALDI-TOF
47 9.64/21482 Glycinin G5 subunit 3 12 109 gi|625538 LC-MS
Soybean allergen
48 5.74/43136 P34 4 9 102 gi|129353 LC-MS
49 5.74/43136 P34 2 9 60 gi|129353 LC-MS
50 5.73/52813 Allergen Gly m Bd 28 K 3 6 187 gi|12697782 LC-MS
51 5.73/52780 Allergen Gly m Bd 28 K 10 19 97 2.90E-05 gi|12697782 MALDI-TOF
52 4.61/20310 Kunitz trypsin inhibitor 15 53 147 3.00E-10 gi|3318877 MALDI-TOF
53 4.97/22817 Kunitz trypsin inhibitor 8 42 72 1.10E-02 gi|125722 MALDI-TOF
54 4.61/20310 Kunitz trypsin inhibitor 9 44 60 1.40E-01 gi|3318877 MALDI-TOF
Soybean anti-nutritional
55 5.65/30909 Soybean agglutinin 7 10 244 1.50E-04 £i|282898 LC-MS
56 5.15/27555 Soybean agglutinin 9 41 90 gi|3114258 MALDI-TOF
57 5.15/27555 Soybean agglutinin 7 30 358 gi|3114258 LC-MS

* Gly m Bd 60K allergens.

(#55-57) of soybean agglutinins, and we observed minor variation
in the distribution.

We identified major and minor variations in amount and num-
ber of storage, allergen and anti-nutritional proteins among vari-
ous wild and cultivated soybean genotypes. This variation may
be due to selection of high oil and protein genotypes by breeders.
We demonstrated that changes in protein composition and its level
produced during generation and selection of new soybean varie-
ties. In addition, this research provides useful data for scientists
developing soybean with improved storage protein quality and
for the education of consumer about soybean proteins available
on the market.
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