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Abstract Trypsin inhibitors and lectins are defense proteins produced by many organisms. From Chinese ‘Large Black
Soybeans’, a 60 kDa lectin and a 20 Da trypsin inhibitor (TI) were isolated using chromatography on Q-Sepharose, Mono Q,
and Superdex 75. The TI inhibited trypsin and chymotrypsin with an IC50 of 5.7 and 5 µM, respectively. Trypsin inhibitory
activity of the TI was stable from pH 3 to 13 and from 0 to 65oC. Hemagglutinating activity of the lectin was stable from pH 2
to 13 and from 0 to 65oC. The TI was inhibited by dithiothreitol, signifying the importance of disulfide bond. The TI and the
lectin inhibited HIV-1 reverse transcriptase (IC50=44 and 26 µM), and proliferation of breast cancer cells (IC50=42 and 13.5
µM) and hepatoma cells (IC50=96 and 17 µM). The hemagglutinating activity of the lectin was inhibited most potently by L-
arabinose. Neither the lectin nor the TI displayed antifungal activity.
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Introduction

The seeds of leguminous plants are well known for high
protein content and form a relatively inexpensive dietary
supply of proteins. Many of these proteins have been
isolated and characterized including protease inhibitors (1-
8), ribosome inactivating proteins (9), antifungal proteins
(10), lectins (11,12), and α-amylase inhibitors (13). A large
number of these proteins manifest important biological
activities comprising antitumor (3,4,6,7,11), mitogenic/
immunomodulatory (8,12), antifungal (10), and HIV-1
reverse transcriptase inhibitory (8) activities.

A lectin (14), a Kunitz-type trypsin inhibitor (5), and a
Bowman-Birk type trypsin (5) inhibitor have been isolated
from the soybean (Glycine max). The purpose of the
present study was to isolate a lectin and a trypsin inhibitor
from the ‘Large Black Soybean’ cultivar of soybean, and to
assay them for various biological activities, and to compare
them with their previously reported counterparts from
soybean to ascertain if there are any differences. It is
known that different cultivars may produce proteins with
different molecular characteristics and/or biological activities
(9,10).

Materials and Methods

Isolation of trypsin inhibitor and lectin Chinese ‘Large
Black Soybeans’ (Glycine max cv. Large Black Soybean)
from China (50 g) were deposited in laboratory 302,
Department of Biochemistry, The Chinese University of
Hong Kong (CUHK), under the voucher number LB302,
after authentication by Prof. Shiuying Hu, Honorary
Professor of Chinese Medicine, CUHK. The beans were

extracted with distilled water (10 mL/g) at room temperature
in a Waring blender for 10 min, followed by centrifugation
at 13,000×g and 4oC for 30 min. Tris-HCl buffer (pH 7.4,
1 M) was added to the resulting supernatant until the final
concentration of Tris attained 20 mM. The supernatant was
then loaded on a 5×20 cm column of Q-Sepharose (GE
Healthcare, Hong Kong, China) in 20 mM Tris-HCl buffer
(pH 7.4). After removal of unadsorbed proteins, the column
was eluted with 0.2 M NaCl added to the Tris-HCl buffer.
The fraction eluted with 0.2 M NaCl was dialyzed against
distilled water, and then its concentration was adjusted to
10 mM NH4HCO3 buffer (pH 9) before ion exchange
chromatography on a Mono Q 5/50 GL (5×50 mm) column
in the same buffer. After removal of unadsorbed proteins, the
column was eluted with a linear 0-0.3 M NaCl gradient
(total 50 mL volume) added to the NH4HCO3 buffer. The
lectin-enriched fraction M1 was eluted with the 0.14-0.3 M
NaCl gradient and the trypsin inhibitor-enriched fraction
M2 was eluted with the 0-0.14 M NaCl gradient and the
fractions were dialyzed extensively against distilled water
at 4oC overnight. Lectin-enriched fraction M1 and trypsin
inhibitor-enriched fraction M2 were separately subjected to
fast protein liquid chromatography (FPLC)-gel filtration on
a Superdex 75 HR10/30 column (GE Healthcare) using an
AKTA Purifier (GE Healthcare).
 
Electrophoresis, molecular mass determination, and N-
terminal sequence analysis The purified trypsin inhibitor/
lectin was subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) for molecular mass
determination in accordance with the method of Nielsen
and Reynolds (15). After electrophoresis the gel was
stained with Coomassie brilliant blue. The molecular mass
of the isolated protein was determined by comparison of its
electrophoretic mobility with those of molecular mass
marker proteins from GE Healthcare. Gel filtration on an
FPLC-Superdex 75 column, which had been calibrated
with molecular mass markers (GE Healthcare), was
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conducted to determine the molecular mass of the protein.
The markers included phosphorylase b (94 kDa), bovine
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic
anhydrase (30 kDa), soybean trypsin inhibitor (20 kDa),
and α-lactalbumin (14.4 kDa). The N-terminal sequence of
the protein was determined by using a Hewlett-Packard HP
G1000A Edman degradation unit and an HP 1000 high
performance liquid chromatography (HPLC) system.

Assays for trypsin- and chymotrypsin-inhibitory
activities Trypsin activity was determined by using casein
from Sigma-Aldrich (St. Louis, MO, USA) as substrate
(16). The assay for trypsin inhibitory activity was carried
out by addition of the test sample to 160 µL of a 1% casein
(Sigma-Aldrich) solution in 0.1 M Tris-HCl buffer (pH
7.4). Bovine pancreatic trypsin from Sigma-Aldrich (20 µL
of a 0.5 mg/mL solution) was then added and the mixture
was incubated at 37oC for 15 min before 0.4 mL 5%(w/v)
trichloroacetic acid was added to terminate the reaction.
After centrifugation, the absorbance of the supernatant,
which reflects the amount of casein fragments, was
measured at 280 nm.

Chymotrypsin activity was determined by using N-α-
benzoyl-L-tyrosyl ethyl ester hydrochloride (BTEE) from
Sigma-Aldrich as substrate and bovine pancreatic
chymotrypsin (USB Corporation, Cleveland, OH, USA)
(17). Chymotrypsin-inhibitory activity was assayed as
described above for trypsin-inhibitory activity but with
chymotrypsin and BTEE replacing trypsin and casein,
respectively.

To investigate thermal and pH stabilities, the isolated
trypsin inhibitor was exposed to 0-100oC (at 10oC
intervals) for 20 min or pH 1-14 (pH 1, 2, 3, etc) for 20
min and the assay of trypsin inhibitory activity was then
conducted as mentioned above, after returning to room
temperature and pH 7, respectively.

Effect of dithiothreitol (DTT) on trypsin inhibitory
activity The isolated trypsin inhibitor (6µM) was incubated
with DTT from Sigma-Aldrich at the final concentrations
of 6, 32, and 64 mM for 25 min at 37oC. For comparison,
soybean trypsin inhibitor (Sigma-Aldrich) (5.3 µM) was
similarly treated. The reaction was terminated by adding
iodoacetamide at twice the amount of thiol functions
contained in each DTT concentration. The remaining
trypsin inhibitory activity was measured at pH 8 as
described above. The highest iodoacetamide concentration
used in the test was devoid of any effect on the activity of
trypsin and the trypsin inhibitory activity of the isolated
trypsin inhibitor and soybean trypsin inhibitor (18).

Assay of hemagglutinating activity Fifty µL of a serial
2 fold dilution of the lectin solution in a microtiter U-plate
were mixed with 50 µL of a 2% suspension of rabbit red
blood cells in phosphate-buffered saline (PBS, pH 7.2) at
20oC. The results were read after about 1 hr, when the
blank had fully sedimented. The hemagglutination titer,
defined as the reciprocal of the highest dilution exhibiting
hemagglutination, was reckoned as 1 hemagglutination
unit. Specific activity is the number of hemagglutination
units/mg protein (19).

Effects of various carbohydrates on hemagglutination
activity Serial 2 fold dilutions of sugar samples were
prepared in PBS. All of the dilutions were mixed with an
equal volume (25 µL) of a solution of the lectin with 3
hemagglutination units. The mixture was allowed to stand
for 30 min at room temperature, and then mixed with 50
µL of a 2% rabbit erythrocyte suspension. The minimum
concentration of the sugar in the final reaction mixture,
which completely inhibited 3 hemagglutination units of the
lectin preparation, was calculated (19).

Effects of temperature on hemagglutinating and trypsin
inhibitory activities The lectin and the trysin inhibitor
were kept separately at different temperatures (10 to
100oC, at 10oC intervals) for 30 min. The hemagglutination
activity was determined after returning to room temperature
(19). The trypsin inhibitor samples were processed similarly.

Effects of pH on hemagglutinating and trypsin inhibitory
activities The lectin samples were kept separately at
different pH values (2 to 13) for 30 min. After the pH had
been adjusted to pH 7, the hemagglutinating activity was
determined. The trypsin inhibitor samples were processed
similarly.

Assay of antiproliferative activity on tumor cell lines
Breast cancer (MCF-7) cells and hepatoma (HepG2) cells
from American Type Tissue Collection were suspended in
RPMI medium and adjusted to a cell density of 2×104

cells/mL. A 100 mL aliquot of this cell suspension was
seeded to a well of a 96-well plate, followed by incubation
for 24 hr. Different concentrations of the trypsin inhibitor
or lectin in 100 mL complete RPMI medium were then
added to the wells and incubated for 72 hr at 37oC. After
72 hr, 20 mL of a 5 mg/mL solution of 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide (MTT) in PBS was
spiked into each well and the plates were incubated for 4
hr. The plates were then centrifuged at 324×g for 5 min.
The supernatant was carefully removed, and 150 mL of
dimethyl sulfoxide (DMSO) was added in each well to
dissolve the MTT-formazan at the bottom of the wells.
After 10 min, the absorbance at 590 nm was measured by
using a microplate reader (20). The defensin-like antifungal
peptide, sesquin from the bean Vigna sesquipedalis (20),
was used as a positive control. Green lentil trypsin inhibitor
(21) was used as a negative control in the assay.

Assay for ability to inhibit HIV-1 reverse transcriptase
(RT) inhibitory activity The assay for ability to inhibit
HIV RT inhibitory activity was carried out according to
instructions supplied with the assay kit from Boehringer
Mannheim (Germany). The assay takes advantage of the
ability of RT to synthesize DNA, starting from the template/
primer hybrid poly (A) oligo (dT) 15. The digoxigenin-
and biotin-labeled nucleotides in an optimized ratio are
incorporated into one of the same DNA molecule, which is
freshly synthesized by the RT. The detection and
quantification of synthesized DNA as a parameter for RT
activity follows a sandwich enzyme-linked immunosorbent
assay (ELISA) protocol. Biotin-labeled DNA binds to the
surface of microtiter plate modules that have been
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precoated with streptavidin. In the next step, an antibody to
digoxigenin, conjugated to peroxidase, binds to the
digoxigenin-labeled DNA. In the final step, the peroxidase
substrate is added. The peroxidase enzyme catalyzes the
cleavage of the substrate, producing a colored reaction
product. The absorbance of the sample at 405 nm can be
determined using a microtiter plate (ELISA) reader and is
directly correlated to the level of RT activity. A fixed
amount (4-6 ng) of recombinant HIV-1 RT was used. The
inhibitory activity of the trypsin inhibitor/lectin was
calculated as percent inhibition as compared to a control
without the protein (20). The leguminous defensin-like
protein sesquin was used as a positive control (20) and the
antifungal protein mungin (22) as a negative control.

Assay of antifungal activity The assay of the isolated
trypsin inhibitor/lectin for antifungal activity toward Botrytis
cinerea, Mycosphaerella arachidicola, and Fusarium
oxysporum, which are plant pathogens, was carried out
using 90×15 mm petri plates containing 10 mL of potato
dextrose agar. After the mycelial colony had developed,
sterile blank paper disks (0.625-cm in diameter) were
placed at a distance of 0.5 cm away from the rim of the
mycelial colony. An aliquot of a solution of the trypsin
inhibitor/lectin was added to a disk. The plates were
incubated at 25oC for 72 hr until mycelial growth had
enveloped disks containing the control and had formed
crescents of inhibition around disks containing samples
with antifungal activity. The leguminous defensin-like
peptide sesquin was employed as a positive control (20)
and emperor banana lectin (19) as a negative control.

Results and Discussion

Isolation of trypsin inhibitor and lectin When the
extract of ‘Large Black Soybeans’ was chromatographed
on Q-Sepharose, both trypsin inhibitory activity and
hemagglutinating activities resided in the adsorbed fraction
eluted by 0.2 M NaCl, but not in the unadsorbed fraction.
This adsorbed fraction was subsequently resolved on Mono
Q into an unadsorbed fraction devoid of hemagglutinating

and trypsin inhibitory activities and 2 adsorbed fractions,
M1 and M2. Hemagglutinating activity was found in the
first adsorbed fraction M1, and trypsin inhibitory activity
was detected in fraction M2 which was slightly larger in
size (Fig. 1). Fractions M1 and M2 were subsequently
fractionated on gel filtration on Superdex 75, respectively.
Gel filtration of fraction M1 on Superdex 75 yield a
large fraction S1 and a small fraction S2 (Fig 2).
Hemagglutinating activity was detected only in fraction S1
and gel filtration of fraction M2 produced 3 fractions (Fig.
3). Trypsin inhibitory activity was present in the largest
fraction Su2. Fraction S1 appeared as a single 31 kDa band
and fraction Su2 appeared as a single 20 kDa band in SDS-
PAGE (Fig. 4). According to the elution volumes of
fractions S1 and Su2 from the filtration column, their
molecular masses were determined to be 60 and 20 kDa,
respectively. There was an 83 fold purification of lectin
(Table 1) and 35 fold purification of trypsin inhibitor,
separately (Table 1). Summaries of purification of lectin
and trypsin inhibitor are provided in Table 1.

N-terminal sequences of trypsin inhibitor and lectin
The data are shown in Table 2. Considerable homology to
their counterparts from soybean is observed.

Fig. 1. Fast protein liquid chromatography on a Mono Q 5/50
GL column (5×50 mm). Sample: fraction of soybean extract
adsorbed on Q-Sepharose. The slanting line represents (i) 0-0.1 M
(ii) 0.1-0.3 M linear NaCl gradient in 10 mM NH4HCO3 buffer

(pH 9). ------ Fraction size, 1 mL; -●- flow rate, 1 mL/min.

Fig. 2. Gel filtration of fraction M1 (from the Mono Q column)
on a Superdex 75 HR 10/30 column in 10 mM NH4HCO3

buffer (pH 9.4). Flow rate, 0.4 mL/min; fraction size, 0.8 mL.

Fig. 3. Gel filtration of fraction M2 (from the Mono Q column)
on a Superdex 75 HR 10/30 column in 10 mM NH4HCO3

buffer (pH 9.4). Flow rate, 0.4 mL/min; fraction size, 0.8 mL.
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Biological activities of trypsin inhibitor and lectin The
isolated trypsin inhibitor inhibited trypsin with an IC50 of
5.7±0.5 µM (n=3), and chymotrypsin with an IC50 of
5±0.2 µM (n=3) (Fig. 5A). DTT inhibited the trypsin-

inhibitory activity of the trypsin inhibitor in a dose-
dependent manner (Fig. 5B). The hemagglutinating
activity of the lectin and the trypsin-inhibitory activity of
the trypsin inhibitor were stable from pH 2 to 13 and pH
3 to 13 (data not shown). Activity was fully preserved from
0 to 65oC for the trypsin inhibitor and the lectin (data not
shown).

The trypsin inhibitor and the lectin inhibited HIV-1 RT
with an IC50 of 44±0.2 and 26±0.5 µM (Fig. 6), and
suppressed proliferation of MCF-7 breast cancer cells with
an IC50 of 42±0.3 and 13.5±0.2 µM (Fig. 7), and HepG2
hepatoma cells with an IC50 96±0.3 and 17±0.3 µM (Fig.
7), respectively. The hemagglutinating activity of the lectin
was inhibited by D(+)-xylose, L-arabinose, D(+)-raffinose,
D(+)-glucosamine, α-lactose, D(+)-galactose, and L-
arabinose being the most potent (Table 3).

Neither the trypsin inhibitor nor the lectin demonstrated
antifungal activity when tested up to 100 µM (data not
shown). 

Comparison of lectin and trypsin inhibitor from ‘Large
Black Soybean’ with those from soybean The comparison
is shown in Table 4 and 5. Some differences are noted
between proteins from the 2 cultivars of soybean.

A lectin and a trypsin inhibitor were isolated
simultaneously from ‘Large Black Soybean’ in the present
study, both proteins were adsorbed on Q-Sepharose but

Table 1. Yields (from 50 g beans) and hemagglutinating (HA) and trypsin-inhibitory activities of various chromatographic
fractions obtained during different steps of purification of ‘Large Black Soybean’ lectin and trypsin inhibitor

Fraction
Total protein

(mg)

Total HA
activity

(µ)

Total trypsin 
inhibitory 
activity

(µ)

Specific HA
activity
(µ/mg)

Specific 
trypsin 

inhibitory 
activity
 (µ/mg) 

Recovery of
HA activity

(%)

Recovey of 
trypsin 

inhibitory 
activity (%)

Fold of 
purification

(HA)

Fold of 
purification

(trypsin 
inhibitory 
activity)

Extract 11,400 41,040 47,880 3.6 4.2 100 100 1 1

Q 340 18,020 10,880 53 32 43.9 22.7 14.7 7.6

M1 27 5,670 210 13.8 58.3

S1 11 3,289 299 8 83

M2 41 2,583 63 5.4 15

Su2 34 5,100 150 10.6 35

Table 2. N-terminal sequences of lectin and trypsin inhibitor from ‘Large Black Soybean’

Residue 
number

Sequence1) Residue 
number

Big black soybean lectin 1 AETTSFSLTKFVPDEL 16

Yellow soybean lectin 27 AETTSFSITKFVPDQK 42

Medicago sativa and Robinia pseudoacacia lectins 34 TESVSFSFTKFVPEEQ 49

Kunitz-type trypsin inhibitor from big black soybean (Glycine max) 1 DFVIDNQGNPLDNGG 15

Kunitz-type trypsin inhibitor homolog from spinach leaves (Spinacia oleracea) 1 DFVLDNEGNPLENGG 15

Trypsin inhibitor subtype B from yellow soybean (Glycine max) 26 DFVLDNEGNPLDSGG 40

Kunitz-type trypsin inhibitor from wild soybean (Glycine soja) 26  DFVLDNEGNPLENGG 40

Kunitz-type trypsin inhibitor from soybean (Glycine max) 26 DIVFDTEGNPIRNGG 40

Chymotrypsin inhibitor from winged bean (Psophocarpus tetragonolobus) 2 DDLVDAEGNLVENGG 16

Acidic trypsin inhibitor 2 from winged bean (Psophocarpus tetragonolobus) 1 ZELVDVEGKTVLNGG 15

Basic trypsin inhibitor 1 from winged bean (Psophocarpus tetragonolobus) 1 EPLLDSEGELVRNGG 15

Trypsin inhibitor (Erythrina latissima) 1 VLLDGNGEVVQNGG 14

1)
Identical amino acid residues are shown in boldface.

Fig. 4. Results of SDS-PAGE after staining with Coomassie
brilliant blue. S1, purified ‘Large Black Soybean’ lectin; Su2,
purified trypsin inhibitor.
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were eluted as 2 adjacent absorbance peaks from Mono Q,
the trypsin inhibitor being more strongly adsorbed than the
lectin. Final purification was achieved by gel filtration on
Superdex 75. About 35 and 83 fold purification of activity
was obtained for the trypsin inhibitor and the lectin,
respectively. Simultaneous purification of a Kuntz-type trypsin
inhibitor and a lectin from Pseudostellaria heterophylla
roots was also achieved by using ion exchange chromatography
and gel filtration (16). However, the trypsin inhibitor and
lectin were separated from one another only in the gel
filtration step.

Both lectin and trypsin inhibitor from ‘Large Black
Soybeans’ inhibited the activity of HIV-1 RT and the
proliferation of hepatoma HepG2 cells and breast cancer
MCF7 cells. In all 3 cases the lectin was more protent than

the trypsin inhibitor by 1.7, 3.1, and 5.6 fold with regard to
HIV-1 RT inhibitory, and antiproliferative activity toward
MCF7 cells and HepG2 cells, respectively. The
antiproliferative activity of trypsin inhibitor and lectin from
‘Large Black Soybean’ is in line with previous
chemonstrations of antitumor activity of soybean trypsin
inhibitor (3,4,6,7) and lectin (23,24).

Only a Kunitz-type trypsin inhibitor was isolated from
the ‘Large Black Soybean’, in contrast to purification of
both a Kunitz-type and a Bowman-Birk type trypsin
inhibitor form the soybean (5). The ‘Large Black Soybean’
trypsin inhibitor closely resembles the soybean Kunitz-type
inhibitor in molecular weight and N-terminal sequence.
Interestingly, only a Bowman-Birk type typsin inhibitor
was isolated from Japanese black soybeans (25). ‘Large
Black Soybean’ trypsin inhibitor has more potent trypsin

Fig. 5A. Determination of IC50 values of trypsin and
chymotrypsin inhibitory activities of ‘Large Black Soybean’
trypsin inhibitor (LBSTI) and soybean trypsin inhibitor (STI).
Results are mean±SD (n=3).

Fig. 5B. Effect of dithiothreitol (DTT) on trypsin inhibitory
activity of 6 µM ‘Big Black Soybean’ trypsin inhibitor (BBSTI)
and 5.3 µM trypsin inhibitor from soybean (STI) after
incubation at 37oC for 25 min. Results are mean±SD (n=3). The
IC50 of DTT was about 60 mM on BBSTI and lower than 10 mM
on STI. Data points bearing different letters represent statistically
significant difference (p<0.05) by ANOVA followed by Duncan’s
multiple range test.

Fig. 6. Inhibitory effect of ‘Large Black Soybean’ lectin (-◆-)
and trypsin inhibitor (-●-) on HIV-1 reverse transcriptase
activity. Results are mean±SD (n=3).

Fig. 7. Anti-proliferative effects of ‘Large Black Soybean’

lectin (--◆--) and trypsin inhibitor (--●--) on MCF 7 cells,
and lectin (-◇-) and trypsin inhibitor (-○-) on HepG2 cells.
Results are mean±SD (n=3).
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inhibitory and chymotrypsin inhibitory activities compared
with those of soybean trypsin inhibitor. The importance of
the disulfide bond to the trypsin inhibitory activity of both
‘Large Black Soybean’ trypsin inhibitor and soybean
trypsin inhibitor is attested to by the deleterious effect of
DTT on trypsin inhibitory activity of the 2 inhibitors. ‘Large
Black Soybean’ lectin demonstrates specificity for a
number of sugars including galactose, arabinose, lactose,
raffinose, glucosamine, and xylose. It has higher thermo-
stability than soybean lectin: its hemagglutinaing activity
remains stable up to 65oC whereas that of soybean lectin is
stable up to only 50oC. The pH stability of ‘Large Black

Soybean’ lectin and soybean lectin is similar. However, the
former lectin is dimeric whereas the latter lectin is
tetrameric. Thus the 2 lectins differ in some aspects ‘Large
Black Soybean’ trypsin inhibitor and soybean trypsin
inhibitor are different in that both are monomeric and
possess a molecular weight of about 20 kDa. Their pH
stability and thermostability are similar. However, the
trypsin inhibitory activity of ‘Large Black Soybean’ lectin
is less susceptible to DTT, being inhibited by the reducing
agent with a higher IC50 value. However, ‘Large Black
Soybean’ trypsin inhibitor has a higher antiproliferative
activity toward hepatoma and breast cancer cells than
soybean lectin.

In conclusion, a lectin and a trypsin inhibitor with some
dissimilarities from their soybean counterparts were isolated
from ‘Large Black Soybeans’ in the present investigation.
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