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Cultivated soybeans (Glycine max) are derived from wild soybeans (Glycine soja) and can be crossed
with them to produce fertile offspring. The latter exhibit greater genetic variation than the former,
suggesting a possibility that wild soybeans contain storage proteins with properties different from
and better than those of cultivated soybeans. To identify a wild soybean suitable for breeding a new
soybean cultivar, we analyzed seed proteins from 390 lines of wild soybeans by electrophoresis. We
found some lines containing electrophoretic variants of glycinin and 5-conglycinin subunits: one line
containing a small o subunit of S-conglycinin and two and five lines containing small A3 and large
A4 polypeptides of glycinin, respectively. f-Conglycinin and glycinin containing such variant subunits
exhibited solubility and emulsifying ability similar to those of the predominant types of wild and
cultivated soybeans. Glycinins containing small A3 and large A4 gave a shoulder derived from the
start of denaturation at a temperature 4 °C lower than that of glycinin from the predominant types of
wild and cultivated soybeans, although their thermal denaturation midpoint temperatures were very
similar to each other. Cloning and sequencing of the predominant and variant subunit cDNAs revealed
that the small o' and the small A3 lacked 24 amino acid residues in the extension region and four
amino acid residues in the hypervariable region, respectively, and that the large A4 did not have an
insert corresponding to the difference in the electrophoretic mobility but Arg279 and GIn305 were
replaced by glutamine and histidine, respectively, in the hypervariable region. These suggest that
small differences even in the hypervariable region can affect the thermal stability, as well as the
electrophoretic mobilities, of the proteins.

KEYWORDS: Wild soybean; electrophoretic variant; storage protein; glycinin; p-conglycinin; thermal
stability; physicochemical property; Glycine soja
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Electrophoretic Variants of Wild Soybean Storage Proteins

Glycinin is a hexameric protein with a molecular mass of
around 320 kDa¥). Five constituent subunits of glycinin have
been identified and are classified into two groups (grotp |
AlaB1b, A1bB2, A2B1la; group #+A3B4, A5A4B3) based on
the identity of their amino acid sequencéy. (The identities
are around 8286% within the groups and 4245% between
the groups.

B-Conglycinin is a trimeric protein with a molecular mass of
180 kDa ). Three constituent subunits are identified o',
andg. Theo anda’ subunits are composed of extension regions
and core regions, whereg@sconsists of only the core region.

J. Agric. Food Chem., Vol. 53, No. 9, 2005 3659

Bio-Rad Laboratories, CA) for the first dimensional isoelectric focusing
of the extracts were rehydrated overnight at room temperature with 8
M urea, 4% (w/v) 3-[(3-cholamidopropyl)dimethylammonio]-1-pro-
panesulfonaic acid, 0.001% (w/v) bromophenol blue, 14 mM dithio-
threitol, and the extracts (1Q@). Isoelectric focusing was performed
in Protean IEF cell (Bio-Rad Laboratories) according to the manufac-
turer’s instructions. After isoelectric focusing, gel strips equilibrated
with 375 mM Tris-HCI, pH 8.86 M urea, 2% (w/v) SDS, and 20%
(v/v) glycerol were subjected to the second dimensional SBSGE
according to the procedure of Laemmii3j.

N-Terminal Amino Acid Sequence Analysis.The proteins in the
bands of predominant polypeptides and electrophoretic variants excised

The core regions of the three subunits exhibit high sequencefrom SDS-PAGE gels were extracted with SDS buffer (62.5 mM Tris-
identities with one another (90.4%, 76.2%, and 75.5% between HCl, pH 6.8, 2% (w/v) SDS, 1% (v/v) 2-mercaptoethanol, 10% (v/V)

o anda’, betweero. andg, and between’ andp, respectively)
(8). The extension regions of anda’ exhibit lower identities

(57.3%) than do the core regions and have a high acidic property

).

glycerol), blotted onto a PVDF membrane by Prosorb cartridge (Applied

Biosystems, CA), and subjected to N-terminal amino acid sequencing

using a Procise 492 protein sequencer (Applied Biosystems).
Analysis of Wild Soybean Lines Using Gly m Bd 30K Antibody.

The presence of the major soybean allergen, Gly m Bd 30K, was

Soybean is one of the representative allergenic foods in Japangnaiyzed by sandwich ELISA and immunoblotting using two mono-

and 16 allergens in soybean seeds have been repdjed (
Among them, Gly m Bd 30K, Gly m Bd 28K, anfgiconglycinin
oo subunit are the major allergens; thus the IgE-binding

clonal antibodies according to the procedure of Tsuji et).(
Purification of Glycinin and f-Conglycinin from Wild Soybean
SeedsThe glycinin and3-conglycinin-rich fractions of wild soybean

frequency of these are 65.2%, 23.2%, and 23.2%, respectivelywere prepared by the procedure of Nagano etid). (Glycinin was
(6). A mutant soybean line without the latter two allergens has further purified by ammonium sulfate fractionation (466% saturation)

been developed by-ray irradiation @—11). On the other hand,
a mutant soybean line without the major allergen, Gly m Bd

30K, has not been developed by natural breeding. Recently, suc
a soybean line has been developed by a recombinant techniqu

(12). However, public acceptance of genetically modified
organisms (GMOSs) is currently low. If a wild soybean line
without Gly m Bd 30K is identified, this can be used to develop
a soybean line without this major allergen by traditional
breeding.

to near homogeneity.
Protein Measurement.Protein concentrations of the samples were

ndustries, Japan) with bovine serum albumin as the standard.
Differential Scanning Calorimetry (DSC) Measurement.Protein
samples were dialyzed against buffer B (35 mM sodium phosphate,
pH 7.6, 0.4 M NaCl, 10 mM 2-mercaptoethanol, 1 mM EDTA, 0.1
mM p-APMSF, 1.2uM leupeptin, 0.2uM pepstatin A, 0.02% (w/v)
NaNs). In the case of glycinin samples, we used buffer B without
2-mercaptoethanol. After dialysis, the samples were used for the DSC

Tetermined using a Protein Assay Rapid Kit (Wako Pure Chemical

In this study, we analyzed seed proteins from 390 lines of measurement, which was carried out on a Microcal MC-2 ultrasensitive
wild soybeans to screen for genetic variants of storage proteinsmicrocalorimeter (Micro Cal Inc., Northampton, MA) as described

by electrophoresis and to seek a line without Gly m Bd 30K by
Western blotting using antibody against Gly m Bd 30K. While
we were successful in identifying some lines containing
electrophoretic variants of glycinin agidconglycinin subunits,
we did not find any line that had no Gly m Bd 30K. We

previously ). All DSC experiments were performed with a protein
concentration of 0.5 mg/mL. A DSC scan rate of@/min was used
for all experiments.

Solubility as a Function of pH. The solubility of protein samples
as a function of pH was measured as described previos)y The
protein solutions (0.8 mg/mL) were kept at’@ for 18 h at various

compared the physicochemical properties of glycinins and s at high ionic strengthu(= 0.5) and low ionic strength«(= 0.08).

B-conglycinins from mutant wild lines with the corresponding  After centrifugation, protein concentrations in the supernatant were
proteins from cultivated soybean to determine whether such determined using a Protein Assay Rapid Kit (Wako Pure Chemical
mutant wild lines exhibit useful physicochemical properties for Industries). Solubility was expressed as percentage of the total protein
food production. We also cloned and sequenced the cDNAs content in the sample.

encoding such variants and compared the sequences with their Emulsifying Ability. The emulsifying abilities of protein samples

counterparts to further determine the molecular basis of their Were measured as described previoudlg)( Protein samples were
physicochemical differences. dialyzed against buffer B for = 0.5 and buffer C (10 mM sodium

phosphate, pH 7.6, 0.05 M NaCl, 10 mM 2-mercaptoethanol, 1 mM
EDTA, 0.1 mM p-APMSF, 1.2uM leupeptin, 0.2uM pepstatin A,
0.02% (w/v) NaN) for 4 = 0.08. A portion (1.5 mL) of the dialyzed
samples (1.0 mg/mLy = 0.5 or 0.08) and 0.25 mL of soybean oil
were homogenized and sonicated. Each sample was analyzed several

MATERIALS AND METHODS

Plant Materials. Wild soybean lines widely collected from East
Asia were used for the analysis.

Cultivation of Wild Soybean Lines. Wild soybean lines were
cultivated in a field in Kyoto University, Japan, in 2003. Developing

times, and a representative pattern was presented.
Reverse Transcription—Polymerase Chain Reaction (RF-PCR).

cotyledons and mature seeds were used for the preparation of total RNABy using RT-PCR, we isolated cDNAs encoding all of predominant

and storage proteins, respectively.
Protein Extraction and SDS—PAGE Analysis. Seeds from 390

glycinin andg-conglycinin subunits and variaat, A3B4, and ASA4B3.
Total RNA was isolated from developing wild soybean seeds according

lines of wild soybean were ground in a mortar with a pestle, and proteins to Shirzadegan et al1(). Thea', A3B4, and A5A4B3 cDNAs were

were extracted with buffer A (30 mM Tris-HCI, pH 8.0, 10 mM
2-mercaptoethanol, 1 mM EDTA, 0.1 mN\3-amidinophenyl)methane-
sulfonyl fluoride p-APMSF), 1.2uM leupeptin, 0.2uM pepstatin A,
0.02% (w/v) NaN) at room temperature. After being stirred for 2 h,
supernatants were collected by centrifugation &420 000x g, 15
min). Supernatants were subjected to SIPAGE using 11% poly-
acrylamide gels according to the procedure of Laemi®).(
Two-Dimensional (2D) Electrophoresis. Proteins extracted as
described above were used. Gel strips (ReadyStrip IPG strip03

amplified using the RNA LA PCR kit (AMV), ver. 1.1 (Takara Bio,
Japan). At first, mMRNAs in total RNAs were reverse-transcribed into
cDNAs by the primer (CGC GGATCC GGTACC CTGCAG GTCGAC
TTTTTTTTTTTTTTTTT), which is composed of the region comple-
mentary to poly(A) and sites of four restriction enzymes indicated by
underlines. Next, the primers (GTGGAGAAAGAAGAATGTG far,
GTGGAGGAAGAAGAAGAATGC for o'; TTAAAGGTGAGAGAG-
GATG for 5; TTCAGTTCCAGAGAGCAGCCTCAGC for AlaB1b;
CGAGTGCCAGATCCAACGC for A1bB2; TTCGCTCTGAGAGAG-
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Figure 1. SDS—-PAGE patterns of proteins from cultivated soybean,
predominant type of wild soybean, and its variants. o', o, and /5 indicate
subunits of S-conglycinin. A and B indicate acidic and basic polypeptides
of glycinin, respectively. Bands having unique mobilities are marked with
asterisks: lane 1, cultivated soybean (var. Shirotsurunoko); lane 2,
predominant type of wild soybean; lane 3, 3-5*; lane 4, 5*; lane 5, small
o'; lane 6, small A3; lane 7, large A4.

CAGG for A2Bla; ATGGGGAAGCCCTTCTTCACTCTCTC for
A3B4; ATGGGGAAGCCCTTCACTCTCTCTC for A5A4B3) corre-
sponding to their N-termini were used. The primer for A1bB2 was
designed to get cDNA lacking 29 base pairs for the N-terminus of the
mature form to avoid the misannealing caused by the high homology
of the nucleotides sequences of AlaB1lb and A1WER}. (The primers

for A3B4 and A5A4B3 correspond to the beginning of their signal
peptides. The others correspond to the N-termini of the mature forms.
At the same time, the primers (CGCGGATCCATACTTATAG-
TAAAAAGCC for a anda’'; CGCGGATCCATTTACGTAGTTAT-
TCAG for 3; ACATACAAAGGATCCTCTAAGCCACAGCTCTCT-
TCTGAGACTC for AlaBlb; CTACGCACACTAACTAGTGC for
AlbB2; TACGCGGATCECTAAGCCACAGCTCTCCTCTGAG for
A2Bla; CGCGGATCCTTGTTGTTATTATGG for A3B4; CCGC-
GGATCCTITATGCGACTTTAACACGGGGTGAGC for A5A4B3)
corresponding to their C-termini were used. The primer for A1bB2
corresponds to its'doncoding region because its C-terminus of the
coding region exhibits high homology with those of AlaBlb and
A2Bla. The others correspond to C-termini of the mature forms.
Restriction enzyme siteBanHI) and stop codons are indicated by

Fukuda et al.

A2B1la, and A3B4, 60C for AlaB1b, and 65C for ASA4B3, and 72

°C for 3 min. The amplified fragments having the expected sizes were
blunted, phosphorylated, and treated vBdarHI, except A1bB2. Then,

they were ligated with pBluescriptSK{ (Stratagene, CA) that were
previously treated witlBanHI, except A1bB2, and dephosphorylated,
and their sequences were determined according to the dideoxy method
using ABI Prism 3100 DNA analyzer (Applied Biosystems).

RESULTS AND DISCUSSION

Screening for Electrophoretic Variants. To identify mutant
wild soybean lines giving electrophoretic variants of storage
protein subunits, lacking a certain subunit, or both, protein
extracts from 390 wild soybean lines and a predominant type
of soybean cultivar (var. Shirotsurunoko) were analyzed by
SDS-PAGE. All wild soybean lines except eight lines contain-
ing little or no B-conglycinin 5 gave bands corresponding to
all subunits and polypeptides of glycinin agdconglycinin.
Most of them gave the same electrophoretic patterns as that of
the cultivated soybean. However, some of them gave special
or unique patterns. Twenty-one lines gave a ban@*pfvhich
migrated faster than the (Figure 1, lane 3) in addition to that
of S-conglycining, four lines contained onlg* (Figure 1, lane
4), and eight lines contained little or b On the other hand,
only 45 of 5828 soybean cultivars have been reported to contain
theS* in addition to thes (19). We observed that three of 5828
soybean cultivars contained A3* instead of the A3 polypeptide
of glycinin, which migrated slower than the A3 polypeptid€)
Among the 390 wild soybean lines, we did not observe a line
containing A3*, but observed one, two, and five lines containing
small o (accession number of the collection in Hokkaido
University B09101), small A3 (B00171; B0O0193), or large A4
(BO0159; B04077; B04105; B04119; B09090), respectively
(Figure 1, lanes 5-7). These are consistent with the notion that
wild soybeans have much more genetic variation than cultivated
soybeans4, 5).

The 10 N-terminal amino acid sequences of these variants,
as well as predominant ones, were found to be completely
identical to those of the corresponding polypeptides. Further-
more, by 2D electrophoresis of protein extracts from these
special lines Figure 2), the isoelectric points of the smaif
and large A4 were found to be close to those of the predominant

underlines and bold letters, respectively. The reactions were performedo’ and A4 Figure 2D,F), respectively, but that of small A3

with 30 cycles at 95C for 30 s, 55°C for 30 s fora, o, 3, A1lbB2,

was more basic than that of the predominant AB(re 2E).
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Figure 2. 2D electrophoresis patterns of proteins from cultivated soybean, predominant type of wild soybean, and its variants. Gels were stained with
Coomassie Brilliant Blue R-250. o', o, and 8 indicate subunits of 3-conglycinin. A indicates acidic polypeptides of glycinin. An arrowhead indicates the
unique spot. Panel A contains cultivated soybean (var. Shirotsurunoko); panel B contains predominant type of wild soybean; panel C contains 3*;
panel D contains small o’; panel E contains small A3; panel F contains large A4.
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Figure 4. pH dependence of the S-conglycinin (A) and glycinin (B) lowest T, among the constituent subuni®lj. These suggest
solubility at « = 0.5 (a) and 0.08 (b). that the proportion of heterotrimers containingasubunit in

the predominant type of wild soybean used here is lower than

Screening for a Line Lacking Gly m Bd 30K. Variations those in the cultivated soybean and the variant line.
in the amount of Gly m Bd 30K was observed among lines,  Glycinin from predominant type of wild soybean exhibited
but no line lacking it or containing it at a very low level was a DSC profile with aT, value of 93.1°C very similar to that
found. So far, no soybean cultivar or wild soybean line without of glycinin from a cultivated soybearkigure 3B). However,

Gly m Bd 30K has been identified. Therefore, there was a glycinins containing small A3 and large A4 gave a shoulder
possibility that Gly m Bd 30K is essential for the soybean plant. derived from the start of denaturation at a temperatufé&€ 4
However, Herman et al. succeeded in developing a soybeanlower than did the others, althoudh values of these glycinins
containing no Gly m Bd 30K by genetic engineeridg@). This were very similar to each otheFigure 3B). We analyzed the
indicates that Gly m Bd 30K is not essential, meaning that it thermal stability of glycinins composed of only group I, only
may still be possible to identify a wild soybean without Gly m  group I, only A3B4, or only A5A4B3 and observed that the
Bd 30K by screening a greater number of wild soybean lines. T value of glycinin composed of five subunits is not conferred

Thermal Stability. Structural stability of proteins is an by the subunit having the lowest, value @2), in contrast to
important factor for their gel forming and emulsifying abilities. -conglycinin @, 16, 20, 21). Glycinin from the predominant
Thermal denaturation is a prerequisite for the formation of the type of wild soybean did not give any shoulder similar to that
gel network structure. DSC profiles ¢f-conglycinins and of a cultivated soybean, suggesting that this shoulder is due to
glycinins from the predominant type of wild soybean and their the presence of small A3 or large A4. The lower denaturation-
variants together with those from a cultivated soybean are shownstarting temperature denotes lower gelation temperature. This
in Figure 3. is coupled to reduction of costs for food production.

Although -conglycinin containing smatk' exhibited a very Solubility as a Function of pH. Generally, it is said that the
similar pattern to that of cultivated soybegrconglycinin and higher the solubility of proteins, the higher the gel-forming,
a slightly different pattern from that of predominant type of emulsifying, and forming abilities 23). We measured the
wild soybean, their thermal denaturation midpoint temperatures solubilities of 3-conglycinins and glycinins from the predomi-
(Tm) were the same, 78.8C (Figure 3A). Previously, we nant type of wild soybean and its variants, together with those
demonstrated that the order®f values ofa, o, ands homo- from a cultivated soybean at= 0.5 and 0.08igure 4). All
trimers isa. < o' < f (20) and thatT, values of heterotrimers  3-conglycinin samples were soluble at all pH values examined
are fundamentally determined by that of the subunit having the here atu = 0.5 and exhibited isoelectric precipitation at pH
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Cultivated soybean 1 VEEEEECEEGQIPRPRP%QHPERERQQHGEKEEDEGEQPRPFPFPRPRQPHQEEEHEQKE‘.EHE‘NHRKEEKHGGKGSEEEQDEREHPRPHQPHQKEE% 95

Wild soybean 1 VEEEEECEEGQIPRPRPRPQHPERERQQHGEKEEDEGEQPRPFPFPRPRQPHQEEEHEQKEEHEWHRKEEKHGGKGSEEEQDEREHPRPHQPHQKEEQKHE 101
i i P
Small o 1 VEEEEECEEGQIPRPRP%QHPERERQQHGEKBEDEGEQPRPFPFPRPRQPHQEEEHEQKE QDEREHPRPHQPHQKE% 17

Cultivated soybean 96 EKHEWQHKQEKHQGKESEEEEEDQDEDEEQDKESQESEGSESQREPRRHKNKNPFHFNSKRFQTLFEKNQYGHVRVLOQRFNKRSQQLONLRDYRILEFNSKE 196

Wild soybean 102 EKHEWQHKQEKHQGKESEEEEEDQDEDEEQDKESQESEGSESQREPRRHKNKNPFHFNSKRFQTLFKNQYGHVRVLQRFNKRSQQLONLRDYRILEFNSKP 202

Small o 78 EK.HEWQHKQEKHQGKESEEEEEDQDEDEEQDKESQESEGSESQREPREEIEIH{.NPFHFNSKRFQTLFKNQYGH\FRVLQRE‘NKRSQQLQNLRDYRILEFNSKP 178
1

Cultivated soybean 197NTLLLPHHADADYLIVILNGTAILTLVNNDDRDSYNLOQSGDALRVPAGTTYYVVNPDNDENLRMITLAIPVNKPGRFESFFLSSTQAQQSYLOGFSKNILE 297

Wild soybean 203NTLLLPHHADADYLIVILNGTAILTLVNNDDRDSYNLQSGDALRVPAGTTYYVVNPDNDENLRMITLAI PVNKPGRFESFFLSSTQAQQOSYLOGFSKNILE 303

Small o 179NTLLLPHHADADYLIVILNGTAILTLVNNDDRDSYNLQSGDALRVPAGTTYYVVNPDNDENLRMITLAI PVNKPGRFESFFLSSTQAQQOSYLQGFSKNILE 279

Cultivated soybean 298ASYDTKFEEINKVLFGREEGQQQGEERLQESVIVEISKKQIRELSKHAKSSSRKTISSEDKPFNLRSRDPIYSNKLGKLFEITPEKNPQLRDLDVEFLSVVD 398
Wild soybean 304 ASYDTKFEEINKVLFGREEGQQQGEERLQESVIVEISKKQIRELSKHAKSSSRKTISSEDKPFNLRSHDPIYSNKLGKLFEITPEKNPQLRDLDVFLSVVD 404
Small o 280ASYDTKFEEINKVL FGP;E.E.C:'?.Q'?EEE&L'QESV IVEISKKQIRELSKHAKSSSRKTISSEDKPFNLRSHDPIYSNKLGKLFEITPEKNPQLRDLDVEFLSVVD 380
2
Cultivated soybean 399MNEGALFLPHFNSKAIVVLVINEGEANIELVGIKEQQQRQQQEEQPLEVRKYRAELSEQDIFVIPAGYPVVVNATSDLNFFAFGINAENNQRNFLAGSKDN 499
Wild soybean 405MNEGALFLPHFNSKAIVVLVINEGEANIELVGIKEQQQORQQOQEEQPLEVRKYRAELSEQDIFVIPAGY PVVVNATSDLNFFAFGINAENNQRNFLAGSKDN 505
Small o 3B81MNEGALFLPHFNSKAIVVLVINEGEANT ELVGIK'E-?-Q-Q-I:\-QS?EE.Q-PLB?RKYRAELSEQDI FVIPAGYPVVVNATSDLNFFAFGINAENNQRNFLAGSKDN 481
3
Cultivated soybean 500VISQIPSQVQELAFPGSAKDIENLIKSQSESYFVDAQPQQKEEGNKGRKGPLSSILRAFY 559
Wild soybean 506VISQIPSQVQELAFPGSAKDIENLIKSQSESYFVDAQPQQKEEGNKGRKGPLSSILRAFY 565
Small o 482VISQIPSQVQELAFPGSAKDIENLIKSQSESY FVDAQPQQKE:EGNKGRKGPE.-S_S- ELRAFY 541

4

Figure 6. Alignment of the amino acid sequences of o' subunit from cultivated soybean (var. Shirotsurunoko), predominant type of wild soybean, and
small o'. Bold and dotted lines indicate the extension region and disorder regions, respectively. The regions marked by the diagonal pattern and the
shade indicate amino acid deletions compared with the predominant type of wild soybean and cultivated soybean and predominant type of wild soybean,
respectively.

around 5 a = 0.08. Their profiles were very similar to each  glycinin was lower afx = 0.08 than ax = 0.5 (Figure 5).
other Figure 4A). In contrast toS-conglycinin, glycinins Measurement of the emulsifying ability was carried out at pH
exhibited lower solubility at acidic pH at = 0.5. Glycinin 7.6. The solubility of3-conglycinin at pH 7.6 was 100% at both
from a cultivated soybean became gradually insoluble with a ionic strengths of 0.5 and 0.08ifure 4A) but that of glycinin
lowering of pH, but all glycinins from a wild soybean and its was 100% ap = 0.5 and only 36-40% atu = 0.08 Figure
variants exhibited different profiles. The solubility at pH2 4B). Therefore, the emulsifying abilities @-conglycinin and
was lower than that at pH-34 and that at pH> 6 and< 3 was glycinin parallel their solubilities.
very similar to that of glycinin from a cultivated soybean
(Figure 4B). We observed that soybean glycinin composed of
only group | subunits exhibited a profile very close to that of
glycinin containing both group | and group Il subunits, and
glycinin composed of only group Il subunits was soluble at
pH > 5, but very insoluble at pH 5 (22). The profile of wild
soybean glycinin is just between those of groups | and Il
Therefore, the characteristic profile of wild soybean glycinin is
probably due to higher proportion of group Il subunits in wild
soybean than in cultivated soybean. At ionic strength of 0.08,
all glycinins from a cultivated soybean and wild soybeans were .
insoluble at pH 47. The profiles of f-conglycinins and the _tyvo clones was different from each other pnly at a few
glycinins from the predominant type of wild soybean and its po§|t|pr)s. prever, we adopted the nucleotlde Sequences
variants were not identical in the same protein species, but thec?inciding with those of the corresponding soybean because
differences were within experimental error. Therefore, the there is a possibility that PCR caused the mutations at these
variations do not seem to result in differences in solubility POsitions, although the enzyme used for PCR in this experiment
profiles. has a relatively high fidelity. The differences in the amino acid
Emulsifying Ability. Emulsifying ability of proteins is one  Sequences of glycinin ariiconglycinin subunits deduced from
of the useful physicochemical properties for food processing. their nucleotide sequences between wild and cultivated soybeans
We assessed the emulsifying abilities of samples by measuringa’® summarized iffable 1 Variations of the amino acid

Cloning of the Predominant and Variant Subunit cDNAs.
The N-terminal 10 amino acid sequences of the predominant
and variant subunits of glycinins arfdconglycinins from the
predominant and variant wild soybeans were identical to those
of glycinin and 5-conglycinin subunits from the cultivated
soybean. Therefore, we used oligonucleotides synthesized based
on the nucleotide sequences of soybean glycininfodngly-
cinin subunit genes for RT-PCR cloning. We cloned the RT-
PCR products and sequenced two clones for each of predomi-
nant and variant subunits. The nucleotide sequence of each of

the sizes of the particles after emulsificationat= 0.5 and ~ sequences among soybean cultivars deduced from nucleotide
0.08 by homogenization and sonication. The smaller the particle sSequences were also observed. Four and one amino acid
sizes are, the better the emulsifying ability is. replacements were reported in glycinin AlaB1lb and A2Bla

All -conglycinin and glycinin samples gave similar particle subunit sequences between soybean cultivars Shirotsurunoko
sizes in each protein species despite their origiigure 5). and Bonminori, respectively2d, 25). However, the nucleotide
This indicates that their variations do not result in any difference sequences of these proteins from Bonminori were determined
in the emulsifying ability. The emulsifying ability gf-con- by the methods of Maxam and Gilbe&§, 27), and some of

glycinin atu = 0.5 was similar to that at = 0.08, but that of the results could be artifacts. Therefore, the variations in the
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Cultivated soybean 1 ITSSKFNECQLNNLNALEPDHRVESEGGLIETWNSQHPELQCAGVTVSKRTLNRNGLHLPSYSPYPQMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRG 100

Wild soybean 1 ITSSKFNECQLNNLNALEPDHRVESEGGLIETWNSQHPELQCAGVTVSKRTLNRNGLHLPSYSPYPQMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRG 100
Small A3 1 ITSSKFNECQLNNLNALEPDHRVESEGGLIETWNSQHPELQCAGVTVSKRTLNRNGLHLPSYSPYPQMI IWQGKG.‘\IGFAFPGCPETFEKE’R??E?E?:.E 100
-uiu-u 7
Cultivated soybean 101 SRSQQQLODSHQKIRHFNEGDVLVIPPGVPYWTYNTGDEPVVAISLLDTSNFNNQLDQNPRVEYLAGNPDIEHPETMOQCQQOKSHGGRKQGOHQQQEEE 200
Wild soybean 101 SRSQQQLODSHOKIRHFNEGDVLVIPPGVPYWTYNTGDEPVVAISLLDTSNFNNQLDQNPRVFYLAGNPDIEHPETMQQQQQOKSHGGRKQGQHQQQEEE 200
Small A3 101 SRSQQOLODSHOKIRHFNEGDVLVIPPGVPYWTYNTGDEPVVAISLLDTSNFNNQLDQNPRVEYLAGNPDIEHPETMOQQQQQKSHGGRKQGQHQQQEEE 200
sssasnaneans u-uu.u.uu‘:;“uuuuu
Cultivated soybean 201 GGSVLSGFSKHFLAQSFNTNEDTAEKLRSPDDERKQIVTVEGGLSVISPEWQEQEDEDEDEDEEYEQTPSYPPRRPSHGKHEDDEDEDEEEDQPRPDHPP 300
Wild soybean 201 GGSVLSGFSKHFLAQSFNTNEDTAEKLRSPDDERKQIVTVEGGLSVISPKWQEQEDEDEDEDEEYEQTPSYPPRRPSHGKHEDDEDEDEEEDQPRPDHEF 300

Small A3 201 GGSVLSGFSKHFLAQS E'NTNEDTAEKLRSPRE:ERKQIVTVEGGLSVISPKWQE t{EDEDEEYEQTPSYPPRRPSHGKHEDDEDEDEEEDQPRPDHPP 296
3 sannse ssssssnnnns . ....4 .
Cultivated soybean 301 QRPSRPEQQEPRGRGCQTRNGVEENICTMKLHENIARPSRADFYNFKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPHWNLNANSVIYVTRGKGR 400
Wild soybean 301 QRPSRPEQQEPRGRGCQTRNGVEENICTMKLHENIARPSRADFYNPKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPHWNLNANSVIYVTRGKGR 400
Small A3 297 QRPSRPEQQEPRGRGCQTRNGVEENICTMKLHENIARPSRADFYNPKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPHWNLNANSVIYVTRGKGR 396

Cultivated soybean 401 VRVVNCQGNAVFDGELRRGQLLVVPQNFVVAEQGGEQGLEYVVFKTHHNAVSSYIKDVFRAIPSEVLSNSYNLGQSQVROLKYQGNSGPLVNE 493
Wild soybean 401 VRVVNCQGNAVFDGELRRGQLLVVPONFVVAEQGGEQGLEYVVFKTHHNAVSSYIKDVFRAIPSEVLSNSYNLGQSQVRQLKYQGNSGPLVNE 493
Small A3 397 VRVVNCQGNAVFDGELRRGQLLVVEQNFVVAEQGGEQGLEYVVFKTHHNAVSSY IKDVFRAIPSEVLSNSYNLGQSQVRQLKYQGNSGPLVNE 489

Figure 7. Alignment of the amino acid sequences of A3B4 subunit from cultivated soybean (var. Shirotsurunoko), predominant type of wild soybean,
and small A3. Dotted lines indicate the disordered regions. The region marked by the shade indicates the amino acid deletion.

Cultivated soybean 1 ISSSKLNECQLNNLNALEPDHRVESEGGLIQTWNSQHPELKCAGVTVSKLTLNRNGLHLPSYSPYPRMIIIAQGKGALGVAIPGCPETFEEPQEQSNRRGL00

Wild soybean 1 ISSSKLNECQLNNLNALEPDHRVESEGGLIQTWNSQHPELKCAGVTVSKLTLNRNGLHLPSYSPYPRMIITAQGKGALGVAIPGCPETFEEPQEQSNRRG100
Large A4 1 E-Sf-s-l-(}.-NECQLNN LNALEPDHRVESEGGLIQTWNSQHPELKCAGVTVSKLTLNRNGLHLPSYSPYPRMI I TAQGKGALGVAI PGCPETFEEPQEQSNRRG100
1 -.....-....2..
Cultivated soybean 101 SRSQKQQLODSHQKIRHFNEGDVLVIPPSVPYWTYNTGDEPVVAISLLDTSNEFNNQLDQTPRVEYLAGNPDIEYPETMOQQQQOKSHGGRKQGQHQQEEE200
Wild soybean 101 SRSQKQQLQDSHQKIRHFNEGDVLVIPPGVPYWTYNTGDEPVVAI SLLDTSNFNNQLDQTPRVFYLAGNFDIEYPETMQQQQQQKSHGGRKQGQHQQEEE200
Large A4 101 .S.Pf.Q.i.(.Q;Q.E.?.DS HQKIRHFNEGDVLVIPPGVPYWTYNTGDEPVVAISLLDTSNENNQLDQTPRVFYLAGNPDIEYPETMOQQQQQKSHGGRKQGQHQQEEE200
3
Cultivated soybean 201 EEGGSVLSGFSKHFLAQSFNTNEDIAEKLESPDDERKQIVTVEGGLSVISPKWQEQQDEDEDEDEDDEDEQIPSHPPRRPSHGKREQDEDEDEDEDKPRE300
Wild soybean 201 EEGGSVLSGFSKHFLAQSFNTNEDIAEKLQSPDDERKQIVTVEGGLSVISPKWQEQQDEDEDEDEDDEDEQI PSHPPRRPSHGKREQDEDEDEDEDKPRE300
Large A4 201 .E:E:‘GGSVLSGFSKHFLAQS E‘NTNEDIAEKLQSPRI.JERKQIVTVEGGLSVISPKWQEQQDEDEDEDEDDEDEQIPSHPP@SHGKREQDEDEDEDEDKPRPSOU
3 4

Cultivated soybean 301 SRPSQGKREQDQDQDEDEDEDEDQPRKSREWRSKKTQPRRPRQEEPRERGCETRNGVEENICTLKLHENIARPSRADFYNPKAGRISTLNSLTLEALRQF400
Wild soybean 30 SRPSQGKREQDQDQDEDEDEDEDQPRKSREWRSKKTQPRRPRQEEPRERGCETRNGVEENICTLKLHENIARPSRADFYNPKAGRI STLNSLTLPALRQF400
Large A4 301 srRPSHGKREQDQDQDEDEDEDEDQPRKSREWRSKKTQPRRPRQEEPRERGCETRNGVEENICTLKLHENIARPSRADFYNPKAGRI STLNSLTLPALRQF400

EEEEEEEEEESEEEEEEERRRERREE

far

Cultivated soybean 401 QLSAQYVVLYKNGIYSPHWNLNANSVIYVTRGQGKVRVVNCQGNAVFDGELRRGQLLVVPQONFVVAEQAGEQGFEYIVFKTHHNAVTSYLKDVFRAIPSES00
Wild soybean 401 QLSAQYVVLYKNGIYSPHWNLNANSVIYVTRGQGKVRVVNCQGNAVFDGELRRGQLLVVPQONFVVAEQAGEQGFEYIVFKTHHNAVTSYLKDVFRAIPSES00
Large A4 401 QLSAQYVVLYKNGIYSPHWNLNANSVIYVTRGQGKVRVVNCQGNAVFDGELRRGQLLVVPQNFVVAEQAGEQGFEYIVFKTHHNAVTSYLKDVFRAIPSESOO

Cultivated soybean 501 VLAHSYNLRQOSQVSELKYEGNWGPLVNPESQQGSPRVKVA 540

Wild soybean 501 VLAHSYNLRQSQVSELKYEGNWGPLVNPESQQGSPRVKVA 540
Large A4 501 VLAHSYNLRQSQVSELKYEGNWGPLVNPESQQGSPRVKVA 540
5

Figure 8. Alignment of the amino acid sequences of A5A4B3 subunit from cultivated soybean (var. Shirotsurunoko), predominant type of wild soybean,
and large A4. Dotted lines indicate the disordered regions. Boxes indicate substituted amino acids in comparison with those of predominant subunits.

amino acid sequences between cultivated and wild soybeansa total of 24 amino acids less than tiweof predominant types
are higher than those between soybean cultivars. of wild soybeans. As a result of this deletion of 24 amino acid
The deduced amino acid sequences of the variants are showmesidues, the small' had six fewer basic and seven fewer acidic
with those of predominant types of wild and cultivated soybeans amino acid residues than that of the predominant type, such
in Figures 6-8. In the case of-conglycinina’, we sequenced  that there was little change in the charge of the protein. This is
four clones from two predominant lines. Both lines gave the consistent with the result of 2D electrophoredidg(re 2D).
same amino acid sequence, which contained two and four extra The A3B4 for the small A3 was lacking four amino acid
amino acid residues at two positions in the extension regions residues in the hypervariable region (fourth disordered region)
compared with that of a cultivated soybed&igure 6). We can (Figure 7), which were all acidic, being consistent with the
say thatpg-conglycinin o' of some wild soybean lines is six  result of the 2D electrophoresiBigure 2E). On the other hand,
amino acid residues longer than that of a cultivated soybean, A5A4B3 for the large A4 did not have an insert corresponding
although it is unclear whether these lines are predominant orto the difference in the electrophoretic mobilitiyigure 2F),
not. The smalb’ was lacking 18 amino acid residues in addition but Arg279 and GIn305 were replaced by glutamine and
to the two and four amino acids in the extension region, thus, histidine, respectively, in the hypervariable regiéiglre 8).



3664 J. Agric. Food Chem., Vol. 53, No. 9, 2005

Table 1. Differences in the Amino Acid Sequences of Glycinin and
S-Conglycinin Subunits between Wild and Cultivated Soybeans

subunit wild soybean wild cultivated
(Genbank accession no.) residue no. soybean soybean
AlaB1b 32 Phe Leu
(SOYGLYBSU) 74 Val lle
175 Gln Lys
194 Gly Glu
339 Arg Ser
381 Gly Arg
416 Arg Lys
AlbB2 23 Asp Gly
(AB030494) 137 Pro Leu
200 lle Met
234 Thr Ala
338 Met Val
A2Bla 115 Leu Phe
(SOYGA2B1A)
A5A4B3 129 Gly Ser
(AB195712) 230 Gln Glu
o 115 Gln Arg
(AB008678)
o 18 Arg a
(AB008680) 19 Pro a
98 Glu a
99 Gln a
100 Lys a
101 His a
371 His Arg
13 Leu Phe
(AB008679) 188 Met Val
333 Pro Leu

@ Amino acids in the corresponding positions are missing.

This can possibly explain the result of the 2D electrophoresis
(Figure 2F) but not the difference in the electrophoretic
mobility. Davis et al. 28) pointed out based on the report by
Pacheco et al.2Q) that structural changes that have effects on
the electrophoretic mobility need not result from large alterations
in the primary structure but may arise from a change as small
as one amino acid substitution, despite no experimental data.
We also demonstrated that the A3 polypeptide of which the
Arg22 has been replaced with leucine irBastrand migrates
more slowly than the predominant ABg). Similarly, the slower
migration of large A4 is likely due to the two replacements.
The results show that replacements in the disordered region are
also able to affect the electrophoretic mobilities of proteins.

The variations in the amino acid sequences between the
predominant A3 and the small A3 and between the predominant
A4 and the large A4 are quite small. Therefore, we cannot
explain well why glycinins from the predominant and variant
lines exhibited different DSC profiles from each other. Recently,
we created mutant procruciferins, which have replacements in
the fourth variable region from the N-terminus with the
corresponding regions of glycinin AlaBlb and A3B4. We
observed that the replacements with those of AlaB1b and A3B4
resulted in no change and decrease of thermal stability at pH
7.6 andu = 0.5, respectively30). These results indicate that
the difference in the variable regions can affect the thermal
stability. Therefore, the variations in the small A3 and the large
A4 probably induce unfavorable interactions of the variable
region with the core region of glycinins, resulting in the decrease
of their thermal stability.

Screening of 390 wild soybean lines demonstrated that
variations in amino acid sequences of glycinin grcbnglycinin
subunits in wild soybeans are much higher than those in

Fukuda et al.

cultivated soybeans. We identified some lines containing
glycinins with low thermal stability. It may be possible to
identify wild soybean lines containing storage proteins with good
physicochemical properties suitable for food production.
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