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Abstract The soybean Kunitz trypsin inhibitor (KTi) has

several polymorphic variants. Of these, Tia and Tib, which

differ by nine amino acids, are the two main types. In this

study, differences in KTi proteome between Tia and Tib

were investigated using three soybean cultivars and three

mutant lines. Two cultivars, Baekwoon (BW) and Paldal

(PD), and one mutant line, SW115-24, were Tia type,

whereas one soybean cultivar, Suwon115 (SW115), and

two mutant lines, BW-7-2 and PD-5-10, were Tib type.

Protein from the six soybean lines was extracted and ana-

lyzed by sodium dodecyl sulfate-polyacrylamide gel elec-

trophoresis (SDS-PAGE), non-denaturing polyacrylamide

gel electrophoresis (non-denaturing PAGE), and two-

dimensional polyacrylamide gel electrophoresis (2-DE).

By SDS-PAGE, there was no difference between soybean

cultivars and mutant lines, except for SW115-24. Western

blot analysis revealed that, in comparison with Tia, Tib

type accumulated relatively low amounts of KTi. By non-

denaturing PAGE, the three soybean lines of Tib type were

characterized by slower mobility than the three soybean

lines of Tia type. Zymography detected eight distinct zones

of trypsin inhibitory activity among which Tia and Tib

lacked the fifth and sixth zone, respectively. By two-

dimensional native polyacrylamide gel electrophoresis

(2-DN), the spots related to trypsin inhibitory activity showed

different mobilities, whereas only one KTi (21.5 kDa) spot

was resolved by 2-DE. By two-dimensional zymography

(2-DZ), Tib showed a broader activity zone (pI 4–7) in

comparison with Tia (pI 4–5). The results indicate that the

genotypes with a different type of KTi present different

proteomic profiles and trypsin inhibitory activities.
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Abbreviations

2-DE Two-dimensional polyacrylamide gel

electrophoresis

2-DN Two-dimensional native polyacrylamide gel

electrophoresis

2-DZ Two-dimensional zymography

CBB Coomassie brilliant blue R-250

IEF Isoelectric focusing

IPG Immobilized pH gradient

pI Isoelectric point

SDS-PAGE Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis
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Introduction

Soybean is an important source of protein and oil. Most

commercially grown soybean cultivars contain about 40%

protein and 20% oil (Krishnan et al. 2000). The total seed

protein content of soybean is about 6% proteinase inhibi-

tors (Wang et al. 2004). These inhibitors have been iden-

tified as belonging to two major groups, Kunitz trypsin

inhibitor (KTi, Kunitz 1945) and Bowman–Birk trypsin

inhibitor (BBTi, Bowman 1946; Birk 1961). The effects of

trypsin inhibitors become evident in the inhibition of

intestinal digestion. As a result, the presence of proteinase

inhibitors even in diets consisting of free amino acids leads

to decreased growth (Lajolo and Genovese 2002). Addi-

tionally, KTi and BBTi were found to induce enlargement

of the pancreas (hypertrophy and hyperplasia) and

hypersecretion of digestive enzymes in rodents and birds.

The loss in sulfur-rich endogenous proteins, trypsin and

chymotrypsin, results in growth depression because soy

proteins are deficient in sulfur containing amino acids such

as methionine (Lajolo and Genovese 2002).

Soybean KTi is a small, monomeric, and non-glycos-

ylated protein containing 181 residues. This 21.5 kDa

protein was firstly isolated and crystallized from soybean

seeds (Kunitz 1945). KTi belongs to the family of all

antiparallel b-sheet proteins that are highly resistant to

thermal and chemical denaturation (Roychaudhuri et al.

2004). KTi has been found to possess 12 distinguishable

electrophoretic forms: Tia, Tib (Singh et al. 1969), Tic

(Hymowitz 1973), Tid (Zhao and Wang 1992), Tie (Wang

et al. 1996, 2001), Ti-null type (Orf and Hymowitz 1979),

Tif (Wang et al. 2004), Tibi5 (Wang and Li 2005), Tiaa1,

Tiaa2, Tiab1, and Tig (Wang et al. 2008). These types are

controlled by co-dominant multiple alleles at a single locus

(Wang et al. 2008).

Studies of polymorphic variants of KTi at the amino

acid and nucleotide level have revealed large variations in

their sequences. A difference of nine amino acid residues

was reported between Tia and Tib (Song et al. 1993;

Wang et al. 2004). The amino acid sequences of Tic, Tid,

and Tie differ from Tia by only one amino acid (Kim

et al. 1985; Xin et al. 1999; Wang et al. 2001), and those

of Tif and Tib also differ by one amino acid (Wang et al.

2004). Many researchers have investigated the occurrence

of polymorphisms in KTi by non-denaturing polyacryl-

amide gel electrophoresis (non-denaturing PAGE) that

resolves three KTi types, Tia, Tib, and Tic (Orf and

Hymowitz 1979; Wang et al. 1996, 2001, 2008). Singh

et al. (1969) observed an electrophoretic polymorphism

between Tia and Tib. Additionally, Wang et al. (1996)

reported that the electrophoretic mobility of Tib was

slower than that of Tia.

Two-dimensional polyacrylamide gel electrophoresis

(2-DE) is one of the most powerful proteomics tools for the

separation and quantification of proteins (Herbert 1999;

Gore et al. 2000). For functional characterization of pro-

teins; however, runs under non-denaturing conditions, both

as 1- and 2-DE, are especially useful. Zymographic tech-

niques may be used to detect proteolytic enzymes in

nanogram quantities following electrophoretic separation

in gels (Kim et al. 1998). These methods are based on

sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE), which co-polymerizes with the protein

substrate that is to be degraded by the proteases. The

enzymes are renatured during incubation in enzyme reac-

tion buffer after the electrophoretic separation (Choi et al.

2004); enzyme activities are visualized as clear bands that

contain proteolytically degraded substrate.

Comprehensive and comparative analyses of KTi proteins

and of the genetic variation among different soybean cultivars

are important in order to better understand allergenicity. In this

study, for the proteomic characterization of the KTi activities

of Tia and Tib variants, we conducted a detailed comparative

analysis of the KTi profiles of three soybean cultivars and of

three mutant lines derived from them by SDS-PAGE, non-

denaturing PAGE, 2-DE, two-dimensional double native

polyacrylamide gel electrophoresis (2-DN), zymography, and

two-dimensional zymography (2-DZ).

Materials and methods

Plant materials

Soybean seeds of cvs. Baekwoon (BW), Paldal (PD), and

Suwon115 were irradiated with gamma rays generated

using a 60Co gamma-irradiator (150 TBq of capacity;

ACEL, ON, Canada) at the Korea Atomic Energy Research

Institute (KAERI). Irradiated and control seeds were sown

at the Breeding Research Farm at the KAERI. The M1

plants were harvested individually and carried forward to

the M2 generation. We selected genetically fixed mutant

lines with excellent agricultural characteristics such as

yield, disease resistance, and tolerance of environment

stress from 1989 to 2007. For the analysis of KTi charac-

teristics, the three original cultivars, BW, PD, and SW115,

along with three mutant lines, BW-7-2 (M21), PD-5-10

(M16), and SW115-24 (M16), were cultivated in 2008.

SDS-PAGE and non-denaturing PAGE

Total crude proteins were extracted from 100 mg of

grained dry seeds in 5 ml 100 mM Tris–HCl buffer (pH

380 K. J. Lee et al.
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8.0) containing 20 mM CaCl2. The suspension was cen-

trifuged at 15,000 rpm for 30 min at 4�C. The clear

supernatant was used for SDS-PAGE and non-denaturing

PAGE. For SDS-PAGE, 50 ll of the total crude protein

were added to an equivalent amount of 59 SDS-sample

buffer (10% SDS, 50% glycerol, 1.96% b-mercap-

toethanol, 0.002% bromophenol blue and 1 M Tris–HCl,

pH 6.8). The samples were held in boiling water for 5 min

and then centrifuged for 5 min. Supernatants containing

total seed proteins were used for SDS-PAGE and non-

denaturing PAGE. Ten microlitres of the supernatant were

used for 12% SDS-PAGE with 0.75 mm gel thickness and

Tris–glycine buffer containing 1% SDS in a Mini-PRO-

TEAN 3 Cell (Biorad, CA, USA). Electrophoresis was

carried out at a constant voltage of 100 V for 120 min. For

non-denaturing PAGE, 50 ll of the supernatant was added

to an equivalent amount of 59 non-denaturing-sample

buffer (50% glycerol, 0.002% bromophenol blue, and 1 M

Tris–HCl, pH 6.8). Ten microlitres of the supernatant were

used for 12% non-denaturing PAGE with 0.75 mm gel

thickness and Tris–glycine buffer without SDS in a Mini-

PROTEAN 3 Cell (Biorad). Electrophoresis was carried

out at a constant current of 20 mA per gel for 120 min. The

protein patterns after SDS-PAGE and non-denaturing

PAGE were visualized by staining with Coomassie brilliant

blue R-250 (CBB).

Immunoblot analysis

Total crude proteins (50 lg/10 ll) were resolved by 12%

SDS-PAGE with 0.75 mm gel thickness using a Mini-PRO-

TEAN 3 Cell (Biorad). Electrophoresis was carried out at a

constant current of 20 mA per gel at room temperature. After

electrophoresis, the proteins from the polyacrylamide gels

were transferred to nitrocellulose membranes with a Mini

Trans-Blot Cell (Biorad) following the procedure recom-

mended by the manufacturer. After the transfer, the nitrocel-

lulose membranes were incubated with TBS (10 mM Tris–HCl,

pH 7.5 containing 500 mM NaCl) containing 5% (w/v) non-fat

dairy milk. Membranes were then incubated with 1:1,000,000

diluted anti-trypsin inhibitor antibodies (Abcam, Cambridge,

UK) in TBS containing 2% (w/v) non-fat dairy milk. Immu-

noreactive polypeptides were visualized using the ECL reagent

provided by the manufacturer.

Gel electrophoretic analysis of KTI activity

Gel electrophoretic analysis of trypsin inhibitory activity was

performed according to Krishnan (2001b). After non-dena-

turing electrophoresis, gels were incubated for 1 h with con-

stant shaking in 100 mM phosphate buffer (pH 7.4), followed

by incubation in 100 mM sodium phosphate buffer (pH 7.4

with 0.1 mg/ml of trypsin) for an additional 10 min at 37�C.

The substrate was prepared by dissolving 2.5 mg of acetyl-DL-

phenylanine b-napthyl ester in 1 ml of dimethyl formamide,

followed by mixing with 9 ml of 0.5 mg/ml tetrazotized

ortho-dianisidine in 100 mM phosphate buffer (pH 7.4). Gels

were briefly washed with deionized water and then stained for

trypsin inhibitory activity in the substrate mixture. After

staining for 30 min, the gels were rinsed in deionized water.

Regions containing trypsin inhibitory activity remained

unstained against a pink background.

Two-dimensional polyacrylamide gel electrophoresis

(2-DE)

Extraction of seed proteins using 2-DE was performed

according to Natarajan et al. (2006). Soybean seed powder

(100 mg) was homogenized with 5 ml of a solution contain-

ing 10% (w/v) trichloroacetic acid (TCA) in acetone with

0.07% (v/v) 2-mercaptoethanol. Total protein was precipitated

for 1 h or overnight at -20�C. The extract was centrifuged at

20,800g for 20 min at 4�C. The pellet was washed two or three

times with acetone containing 0.07% (v/v) 2-mercaptoethanol.

Then the pellet was dried under vacuum for 30 min, and the

acetone dry powder was resuspended in 1 ml of lysis buffer

[9 M urea, 1% CHAPS, 1% (w/v) ampholytes (pH 3–10), 1%

DTT], followed by sonication on ice for 30 min. Insoluble

material was removed by centrifugation at 20,800g for 20 min

at 4�C. The extracted proteins (400 lg/50 ll) were separated

by 2-DE. An IPGphor apparatus (GE Healthcare, Piscataway,

NJ) was used for IEF with immobilized pH gradient (IPG)

strips (pH 4–7, linear gradient, 17 cm). The IPG strips were

rehydrated 16 h with 340 ll rehydration buffer (8 M urea, 2%

CHAPS, 0.5% Pharmalyte, 0.002% bromophenol blue). The

voltage setting for IEF was 500 V for 1 h, 1,000 V for 1 h and

8,000 V to a total 36 kVh. Following electrophoresis, the

proteins in the strips were denatured with equilibration buffer

(50 mM Tris–HCl pH 8.8, 6 M urea, 30% glycerol, 2% SDS,

0.002% bromophenol blue, 1% DTT) and then incubated with

the same buffer without DTT for 30 min at room temperature.

The second dimension electrophoresis was performed on a

12% SDS gel with 1.0 mm thickness using a PROTEIN II XL

Cell (Biorad). The gels were stained with CBB.

Two-dimensional native polyacrylamide gel

electrophoresis (2-DN) and two-dimensional

zymography (2-DZ)

Total crude proteins (400 lg/50 ll) were separated by 2-DN

and 2-DZ. IEF gel electrophoresis and rehydration was per-

formed with the same method as above (non-denaturing

PAGE). After the first dimension, the strips were equilibrated

using equilibration buffer (50 mM Tris–HCl pH 8.8, 0.002%

bromophenol blue). The second dimension electrophoresis

was performed on a 12% non-denaturing gel with 1.0 mm

Proteomic characterization of Kunitz trypsin inhibitor variants 381
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thickness using a PROTEIN II XL Cell (Biorad). The gels

were stained with CBB. To identify the differences of KTi

activity between Tia and Tib by 2-DZ, the same method of

zymography described above was performed using 2-DN gels

without staining with CBB.

MALDI-TOF-MS/MS analysis

Coomassie brilliant blue R-250-stained protein spots were

excised from gels, washed with 15 mM potassium ferricyanide

and 50 mM sodium thiosulfate, and destained with 50 mM

NH4HCO3 in 50% methanol at 40�C for 15 min. Proteins were

reduced with 10 mM dithiothreitol in 100 mM NH4HCO3 at

50�C for 1 h, followed by incubation with 40 mM iodoaceta-

mide in 100 mM NH4HCO3 for 30 min. The gel pieces were

minced and allowed to dry, and then rehydrated in 10 mM

Tris–HCl (pH 8.5) with 1 pM trypsin at 37�C for 10 h. The

digested peptides were extracted from the gel slices with 0.1%

trifluoroacetic acid (TFA) in 50% acetonitrile/water. The

peptide solutions were analyzed using a MALDI-TOF/TOF

mass spectrometer 4700 Proteomics Analyzer (Applied Bio-

systems, Framingham, MA, USA). Data were analyzed using

GPS Explorer (Applied Biosystems) and Mascot softwares

(version 2.2.18) (Matrix Science, London, UK).

Results

SDS-PAGE patterns and immunoblot analysis

of soybean cultivars and mutant lines

All the three soybean cultivars and three mutant lines show

bands with molecular weights ranging from 15 to 100 kDa

(Fig. 1). Two cultivars (BW and PD) and two mutant lines

(BW-7-2 and PD-5-10) do not show any difference in their

protein banding patterns whereas SW115-24 lacks an

approximately 66 kDa band in comparison with the origi-

nal cultivar (SW115) (Fig. 1, Lane 6). An approximately

24 kDa band is present in all lines. To determine whether

or not the lower levels of trypsin inhibitory activity in the

Tib type lines are related to lower accumulation of KTi,

immunoblot analysis was performed. Antibodies raised

against gel-purified KTi detect the 24 KDa band in all

lines. The two soybean cultivars (BW and PD) and one

mutant line (SW115-24) of Tia type show bands of higher

intensity in comparison with the three soybean lines (BW-

7-2, PD-5-10, and SW115) of Tib type (Fig. 2).

Non-denaturing PAGE and difference in the major

isozyme of trypsin inhibitor

By non-denaturing PAGE the three Tia type soybean lines

(BW, PD, and SW115-24) show bands with higher

mobility in comparison with the Tib type soybean lines

(BW-7-2, PD-5-10, and SW115) (Fig. 3). To characterize

the residual activity, we performed zymography, which

shows eight distinct zones of trypsin inhibitory activity.

Among the eight zones, Tia and Tib do not have the fifth

and sixth zone, respectively (Fig. 4).

Two-dimensional polyacrylamide gel electrophoresis

(2-DE)

To investigate the differential gene expression of KTi, seed

storage proteins were extracted from dry soybean seeds,

separated by 2-DE analysis, and stained with CBB (Fig. 5).

BW-7-2, PD-5-10, and SW115-24 show different protein

Fig. 1 Protein profiles of three soybean cultivars and three mutant

lines by 12% SDS-PAGE: lane 1 molecular weight marker, lane 2
BW, lane 3 BW-7-2, lane 4 PD, lane 5 PD-5-10, lane 6 SW115, lane
7 SW115-24. Mutants showed similar protein profiles to those of their

parent lines. Lx lipoxygenase, a0 a0-subunit, a a-subunit, b b-subunit,

A3 A3-subunit, KTi Kunitz trypsin inhibitor, B basic

Fig. 2 Western blot of soybean seed proteins. Total seed proteins

were resolved by 12.5% SDS-PAGE and then electrophoretically

transferred to nitrocellulose for immunological analysis with KTi-

specific antibodies. Lane 1 BW, lane 2 BW-7-2, lane 3 PD, lane 4
PD-5-10, lane 5 SW115, lane 6 SW115-24

382 K. J. Lee et al.
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spots in comparison with their original cultivars. Mutant-

specific proteins in BW-7-2, PD-5-10, and SW115-24

correspond to 10, 4, and 19 spots, respectively. The num-

bers of different proteins in BW-7-2 and PD-5-10 com-

pared to original cultivars, BW and PD are 10 and 3 spots,

respectively (Fig. 5a, b), whereas SW115-24 has no new

spots (Fig. 5c). Immunoblot analysis detects a positive spot

with pI 4 (data not shown).

Characterization of KTi by two-dimensional native

polyacrylamide gel electrophoresis (2-DN) and two-

dimensional zymography (2-DZ)

To further characterize the differences between Tia and

Tib, we separated the proteins by IEF on precasted gel

strips with a linear IPG (pH 4–7) followed by 12% non-

denaturing PAGE. The gels were then stained with CBB, or

processed for zymographic analysis.

As shown in Fig. 6, BW and BW-7-2 (panel A) display

more protein spots (4) than the other soybean lines, which

have two each (PD and PD-5-10 are shown in panel B,

SW115 and SW115-24 in panel C). Taking the other spots

as reference, B3 and B4, P2 and P3, and S2 and S3 show

different mobilities, with the spots of Tib type slower than

those of Tia type.

In Fig. 7, a zymogram of the Tib type lines shows a

broader activity pattern in comparison with the Tia type

lines. The enzymatic forms of Tia are isoelectric under acid

conditions (pI 4–5). Instead, the Tib types have pI in the

range 4–5 as well as 5–7.

Identification of amino acid sequences

To elucidate the structures of these KTi proteins, the pro-

tein spots with different mobilities were excised from the

non-denaturing polyacrylamide gel, and sequence analysis

was performed using Mascot search tools for protein

identification (Table 1). Among the 11 protein spots, 9

were identified as trypsin inhibitor or proteins related to

trypsin inhibitor. The protein spots with different mobilities

between Tia and Tib, B3 and B4, P2 and P3, and S2 and

S3, were identified as soybean trypsin inhibitor chain A

(B3, P3, and S2), trypsin inhibitor subtype B (Glycine max)

(P2 and S3), or KTi C (B4). The protein spots B1, P1, and

S1 were identified as Kunitz-type trypsin inhibitor pre-

cursor. The remaining two spots (B2 and B5) were iden-

tified as beta-conglycinin alpha chain precursor and

unknown protein, respectively.

Discussion

Kaizuma et al. (1980) demonstrated that differentiation of

Tia and Tib was very ancient and probably occurred before

domestication of cultivated soybeans from wild soybeans.

Although there is no other evidence to enforce this finding,

it is supported by the high frequency of Tia in wild soy-

beans of China and other Asian countries reported by

Hymowitz and Kaizuma (1981) and Li (1993). In our

previous study, we identified changes in KTi types from

Tia to Tib or vice versa induced by gamma-rays in eight

soybean mutant lines and occurrence of point mutations at

specific places (Kim et al. 2010). In the present study, the

proteomic differences between Tia and Tib were analyzed

using three soybean cultivars and their mutant lines. Tia

and Tib showed different band mobilities in non-denatur-

ing electrophoresis as a result of the net charge shift

connected with their differing by nine amino acid residues.

Fig. 3 Electrophoretic profiles of three soybean cultivars and three

mutant lines as determined by 12% non-denaturing PAGE. Lane 1 Tia

type marker, lane 2 BW, lane 3 BW-7-2, lane 4 PD, lane 5 PD-5-10,

lane 6 SW115, lane 7 SW115-24. Tib type was slower mobility than

Tia type

Fig. 4 Gel electrophoretic analysis of trypsin inhibitor activity.

Samples were resolved by non-denaturing PAGE and then stained for

trypsin inhibitor activity. Lane 1 molecular weight marker, lane 2
BW, lane 3 BW-7-2, lane 4 PD, lane 5 PD-5-10, lane 6 SW115, lane
7 SW115-24
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Yu and King (1988) suggested that the different electro-

phoretic mobility in tsf mutant proteins is due to 15 amino

acid substitutions and to the resulting changes in net

charge. Martz et al. (2002) reported that the exchange of two

Lys for two Leu in UDP-glucose pyrophosphorylase led to a

modification in the net charge and to a decrease in pI, reflected

by higher protein mobility during non-denaturing PAGE.

Our previous studies have shown that typical trypsin

inhibitory activity ranges from 16.8 to 20.5 trypsin inhib-

itor unit (TIU) and that Tia type lines show higher activity

than those of Tib type (Kim et al. 2010). In the present

study, Tib type lines showed by immunoblotting lower

band than those of Tia type (Fig. 2). Also, by predicting the

protein structure of Tia and Tib, we envisaged a different

orientation of the trypsin binding site in Tia and in Tib

(data not shown) and suggested that this could influence the

interaction of KTi with trypsin.

Non-denaturing electrophoresis is an often overlooked

technique for determining native size, subunit structure,

and for planning optimal protein separation conditions.

Since mobility depends on size, shape, and intrinsic charge

of the protein, non-denaturing electrophoresis provides a

set of separation parameters that are distinctly different

from mainly size-dependent denaturing SDS-PAGE and

Fig. 5 Protein expression

pattern in soybean cultivars and

mutant lines. The proteins were

extracted from dry seeds,

separated by 2-DE, and assessed

by CBB staining. IEF was used

for first dimension 2-DE.

Circles indicate protein spots on

the gels. Black triangles
indicate absent spots compared

to the other KTi type

384 K. J. Lee et al.

123



charge-dependent IEF (Gallagher 1995). Previously, Singh

et al. (1969) observed an electrophoretic polymorphism

between Tia and Tib in the native PAGE. Additionally,

Wang et al. (1996) reported that the electrophoretic

mobility of Tib is slower than that of Tia. In our study no

difference could be appreciated by SDS-PAGE (Fig. 1).

However, by non-denaturing PAGE, the mobility of Tia

was found to be faster than that of Tib. 2-DN showed

numerous spots indicating different mobility between Tia

and Tib. The B4, P3, and S3 spots of the Tia type lines BW,

PD, and SW115-24 had faster mobility than the B3, P2, and

S2 spots of the Tib type lines BW-7-2, PD-5-10, and SW115

(Fig. 7). According to the MS analysis, the spots B4, P3, and

S3 from Tia type soybean lines and B3, P2, and S2 from Tib

type soybean lines may be identified as KTi (Table 1).

Visualization of KTi activity in non-denaturing PAGE

revealed five distinct bands in Tia and Tib. Krishnan

(2001a) reported that P.I. 196168 accumulates low amounts

of KTi protein when compared to Amsoy 71, which con-

tains at least five distinct zones of trypsin inhibitory

activity, whereas P.I. 196168 contains only four zones of

enzyme inhibition. In our study, although Tia and Tib

showed significantly different inhibitory activities, no differ-

ence could be detected in the number of inhibitory activity

Fig. 6 Proteomic comparison

between protein spots of Tia and

Tib as determined by non-

denaturing 2-DE. The first

dimension was run using a pH

gradient from 4 to 7 while the

second dimension was carried

out by 12% non-denaturing

PAGE. The middle figures (A2,

B2, and C2) overlapped each

other in Figs. 1 and 3. Circles
indicate protein spots on the

gels. Black triangles indicate

absent spots compared to the

other KTi type
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zones. However, the fifth and sixth zones were significantly

different, as determined by staining with Coomassie blue in

non-denaturing PAGE (Fig. 4). We concluded that these

corresponded with major zones, interacting with trypsin with

the highest affinity. Krishnan (2001) also supposed that since

the method used to visualize trypsin inhibitory activity does

not differentiate between KTi and BBTi, some of the activity

bands could be due to BBTi.

To improve the resolution of the KTi bands, we resorted to

the two-dimensional approach to the zymographic assay.

When 2-DZ was applied to the seed protein extracts, the latent

forms of these proteins revealed distinct patterns of KTi

activity in Tia and Tib, whereas the activated forms displayed

a similar pattern (Fig. 7). With Tib the area of KTi activity

spread over a broader pI range; in the mutants the trypsin

inhibitor isozyme, such as BBTi, was modified in net charge

and pI as an effect of gamma irradiation.

It is important to know the KTi content of soybean

seeds, as active inhibitors can pass through the stomach

unaltered due to stability against pepsin and low pH

(Weder and Kahley 2003). In this study, the proteomic

differences between two major types, Tia and Tib, of KTi

Fig. 7 Detection of KTi

activities of Tia and Tib by

2-DE. The soybean lines of Tib

type showed a more broad range

(pI 4–7) compared to those of

Tia type (pI 4–5). White lines
indicate the activity areas of

KTi

386 K. J. Lee et al.
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were identified in soybean cultivars and mutant lines,

contributing to their biochemical characterization.
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