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Gymnin, a potent defensin-like antifungal peptide from the
Yunnan bean (Gymnocladus chinensis Baill)
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Abstract

From the seeds of the Yunnan bean, we purified an antifungal peptide using affinity chromatography on Affi-gel blue gel, FPLC-ion
exchange chromatography on Mono S, and FPLC-gel filtration on Superdex 75. The antifungal peptide was adsorbed on Affi-gel blue gel
at pH 7.8 and Mono S at pH 4.5. It exhibited a molecular mass of 6.5 kDa in both gel filtration and sodium dodecyl sulfate–polyacrylamide
gel electrophoresis. Its N-terminal sequence closely resembled defensin-related peptides. The peptide exerted antifungal activity toward
the fungal speciesFusarium oxysporum andMycosphaerella arachidicola, with an IC50 of 2�M for the former fungus and 10�M for
the latter. It manifested a weaker mitogenic activity toward murine splenocytes than Concanavalin A. It also displayed antiproliferative
activity on a murine leukemia (L1210), a hepatoma (HepG2), and a murine leukemia (M1) cell line. It inhibited human immunodeficiency
virus-1 reverse transcriptase with an IC50 of 200�M.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Antifungal protein and peptides are produced by a vari-
ety of phylogenetically unrelated organisms to protect them-
selves from the damaging effects of fungi. The organisms in-
clude flowering plants[1–3,5–8,10,12,14,15,17,18,22–31],
mushrooms[12], and insects[5,9]. Interest in the isolation
of antifungal proteins and peptides has continued in view
of the great economic losses incurred due to devastation of
crops by fungi.

Large structural differences exist among antifungal pro-
teins and peptides synthesized by different organisms. The
same organism may elaborate more than one type of antifun-
gal protein or peptide[21,34,38]. Leguminous plants alone
produce many types of antifungal proteins and peptides
including thaumatin-like proteins[35], lectins [2], ribonu-
cleases[17,23], cyclophilin-like proteins[27,29], ribosome
inactivating proteins[14], miraculin-like proteins [37],
peroxidase-like proteins[30], chitinases[1,6,8,12,21,36,38],
embryo-abundant proteins[24], protease inhibitors[10],
and novel proteins and peptides[3,20–28].
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The Yunnan bean is a product of Yunnan Province in
China that has not been investigated previously. It was thus
examined for the presence of antifungal proteins or peptides.

2. Materials and methods

2.1. Materials

Dried Yunnan beans (Gymnocladus chinensis) from Main-
land China were used. Affi-gel blue gel was purchased from
Bio-Rad, and Mono S and Superdex 75 columns were from
Amersham Biosciences. Chemicals for sequence analysis
were obtained from Hewlett Packard (Palo Alto, CA, USA).
All other chemicals used were of reagent grade.

2.2. Purification of antifungal peptide

The seeds were soaked in distilled water prior to extrac-
tion for 5 min with distilled water using a Waring blender.
Tris–HCl buffer (pH 7.8) was added to the supernatant ob-
tained after centrifugation until a concentration of 10 mM
was attained. The supernatant was applied to a column
(2.5 cm× 10 cm) of Affi-gel blue gel (Bio-Rad) in 10 mM
Tris–HCl buffer (pH 7.8). After removal of unadsorbed
material (B1), adsorbed proteins were desorbed with 1 M
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NaCl in the same buffer. The adsorbed fraction (B2) was di-
alyzed and then applied on an FPLC Mono S column (1 ml,
Amersham Biosciences) in 20 mM NH4OAc buffer (pH
4.5). Unadsorbed proteins were washed off the column with
the starting buffer. Adsorbed proteins were eluted with two
linear NaCl concentration gradients (0–0.3 and 0.3–1 M) in
the starting buffer. Fraction M2, in which antifungal activity
resided, was then subjected to gel filtration by FPLC on a
Superdex 75 HR 10/30 column (Amersham Biosciences) in
200 mM NH4HCO3 (pH 9.6). The last peak S3 represented
purified antifungal peptide which was designated gymnin.

2.3. Sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS–PAGE)

SDS–PAGE was conducted according to the method of
Laemmli and Favre using an 18% (w/v) gel[11]. After
electrophoresis the gel was stained with Coomassie Bril-
liant Blue. The molecular mass of gymnin was determined
by comparison of its electrophoretic mobility with those
of molecular mass marker proteins from Amersham Bio-
sciences.

2.4. Amino acid sequence analysis

The N-terminal amino acid sequence of gymnin was an-
alyzed by means of automated Edman degradation using a
Hewlett-Packard 1000A protein sequencer equipped with an
HPLC system[14].

2.5. Assay of antifungal activity

The assay of gymnin for antifungal activity towardMy-
cosphaerella arachidicola and Fusarium oxysporum was
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Fig. 1. Ion exchange chromatography of fraction B2 (adsorbed on Affi-gel blue gel) on a 1 ml Mono S column. After chromatography on Affi-gel blue
gel, the adsorbed fraction B2 obtained was dialysed and then applied to a Mono S column by fast protein liquid chromatography (FPLC) using an
AKTA Purifier. The column was washed with the binding buffer (20 mM NH4OAc, pH 4.5). Adsorbed proteins were eluted first with a linear gradient of
NaCl from 0 to 0.3 M in the binding buffer followed by another linear gradient of 0.3–1 M NaCl in the binding buffer. Antifungal activity was found in
fraction M2.

carried out in 100 mm×15 mm petri dishes containing 10 ml
of potato dextrose agar. After the mycelial colony had de-
veloped, 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 gymnin was
added to a disk. The dishes were incubated at 23◦C for 72 h
until mycelial growth had enveloped disks containing the
control and had formed crescents of inhibition around disks
containing samples with antifungal activity[28].

To determine the IC50 value for the antifungal activity of
gymnin, three doses of the peptide were added separately to
three aliquots each containing 4 ml potato dextrose agar at
45◦C, mixed rapidly and poured into three separate small
petri dishes. After the agar had cooled down, a small amount
of mycelia, the same amount to each plate, was added. Buffer
only without antifungal peptide served as a control. After
incubation at 23◦C for 72 h, the area of the mycelial colony
was measured and the inhibition of fungal growth deter-
mined[28].

2.6. Assay for HIV reverse transcriptase inhibitory
activity

The ability of gymnin to inhibit HIV-1 reverse transcrip-
tase was assessed by using an ELISA kit from Boehringer
Mannheim (Germany) as described by Collins et al.[4].

2.7. Assay of mitogenic activity

Four male C57BL/6 mice (20–25 g) were killed by cer-
vical dislocation and the spleens were aseptically removed.
Spleen cells were isolated by pressing the tissue through a
sterilized 100-mesh stainless steel sieve and resuspended to
5×106 cells/ml in RPMI 1640 culture medium supplemented
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with 10% fetal bovine serum, 100 units penicillin/ml, and
100�g streptomycin/ml. The cells (7× 105 cells/100�l per
well) were seeded into a 96-well culture plate and serial dilu-
tions of a solution of gymnin in 100�l medium were added.
After incubation of the cells at 37◦C in a humidified atmo-
sphere of 5% CO2 for 24 h, 10�l [ 3H-methyl]-thymidine
(0.25�Ci, Amersham Biosciences) was added, and the
cells were incubated for a further 6 h under the same con-
ditions. The cells were then harvested with an automated
cell harvester onto a glass filter, and the radioactivity was
measured with a Beckman model LS 6000SC scintillation
counter. All reported values are the means of triplicate
samples[25].

2.8. Assay of inhibitory activity on tumor lines

Leukemia L1210 cell line, leukemia M1 cell line or hep-
atoma hep G2 cell line was suspended in RPMI medium
and adjusted to a cell density of 2× 104 cells/ml. One hun-
dred microliters of this cell suspension was seeded to a well
of a 96-well plate followed by incubation for 24 h. Differ-
ent amounts of gymnin in 100�l complete RPMI medium
were then added to the wells and incubated for 72 h. After
72 h, 20�l of 5 mg/ml MTT in phosphate buffered saline
was spiked into each well and the plates were incubated for
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Fig. 2. Ion exchange chromatography of fraction M2 on a Superdex 75 HR 10/30 column by FPLC using an AKTA Purifier. Buffer: 200 mM NH4HCO3

(pH 9.6). Antifungal activity was found in fraction S3.

Table 1
Comparison of N-terminal sequences of gymnin with those of related peptides and proteins

Residue no. Residue no.

Gymnin 1 KTCENLADDY 10
Defense-related peptide 1 (Defensin 1) 1 KTCEHLADTY 10
Defense-related peptide 2 (Defensin 2) 1 KTCENLSGTF 10
Disease resistance response protein 39 precursor 30 -TCEHLADTY 38
Disease resistance response protein 230 precursor 29 -TCENLAGSY 37
Antifungal protein precursor (Medicago sativa) 29 -TCENLADKY 37
Antimicrobial defensin peptide DRR230-c 22 -TCEHLADTY 30
PDF1 (Vigna radiata) 29 KTCENLANTY 38

Residues nos. 1 and 10 for gymnin refer to K being its 1st and Y being its 10th residues.

4 h. The well plates were then centrifuged at 2500 rpm for
5 min. The supernatant was carefully removed and 150�l of
dimethyl sulfoxide 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 then measured by a microplate
reader. The inhibitory activity reflects a summation of in-
hibitory effects on proliferation and viability of tumor cells.

3. Results

Affinity chromatography of an extract of Yunnan bean
seeds on Affi-gel blue gel revealed that there was more ad-
sorbed material (B2) than unadsorbed material (B1). Anti-
fungal activity resided in the adsorbed fraction.

The adsorbed fraction (B2) was fractionated by FPLC on
Mono S into an unadsorbed peak, two small adsorbed peaks
M1 and M2 and a large strongly adsorbed peak M3 (Fig. 1).
Antifungal activity was concentrated in the large peak M2.

Peak M2 was separated on Superdex 75 into a large sharp
peak S1 and two small peaks S2 and S3 (Fig. 2). The
last peak (S3) represented purified antifungal peptide des-
ignated gymnin. From 150 g Yunnan beans, 2.9 g B1, 0.7 g
M2, and 20 mg S3 (gymnin) were obtained. Gymnin demon-
strated a molecular mass of 6.5 kDa in SDS–PAGE (Fig. 3).
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Fig. 3. SDS–PAGE of gymnin. Molecular mass was estimated to be
6.5 kDa.

Its N-terminal sequence exhibited marked resemblance to
defensin-related peptides (Table 1).

The antifungal activity of the antifungal peptide against
M. arachidicola is illustrated inFig. 4. It was active against
both F. oxysporum and M. arachidicola even at 5�g. The
IC50 values of its antifungal activity againstF. oxysporum
andM. arachidicola were 2 and 10�M, respectively.

Gymnin had a lower mitogenic activity than Concanavalin
A (Con A) toward mouse splenocytes, eliciting a lower max-
imal response (50,508 cpm versus 108,811 cpm) (Table 2).
Its inhibitory effects toward the growth of leukemia and hep-

Fig. 4. Inhibitory activity of gymnin towardM. arachidicola: (A) 10�g
gymnin, (B) 5�g gymnin, and (C) control (buffer).

Table 2
Mitogenic effects of Concanavalin A (Con A) and gymnin on mouse
splenocytes

Con A/gymnin
concentration (�M)

[3H-Methyl]-thymidine incorporation
by splenocytes (cpm)

Con A Gymnin

102.4 1527± 520 2777± 544
51.2 2107± 908 3665± 640
25.6 2307± 217 8320± 1135
12.8 32221± 2570 24608± 3107
6.4 108811± 8728 30898± 4392
3.2 31289± 5226 50508± 2584
1.6 26660± 2136 37197± 5013
0.8 12643± 1476 31056± 3898
0.4 7794± 1053 17464± 2076
0.2 2842± 758 8226± 991
0.1 5819± 898 8561± 1369
0 1729± 628 2218± 668

Data are presented as means± S.D. (n = 3).

Table 3
Effect of gymnin on viability of tumor cell lines

Gymnin
concentration (�M)

% Reduction in viability

M1 HepG2 L1210

50.0 49± 3 37 ± 4 40 ± 3
25.0 49± 2 22 ± 2 26 ± 3
12.5 45± 5 19 ± 3 24 ± 3
6.25 32± 6 18 ± 2 20 ± 1
3.13 9± 2 16 ± 2 17 ± 1
1.56 10± 3 5 ± 2 6 ± 3

Data are presented as means± S.D. (n = 3).

atoma cell lines are shown inTable 3. Gymnin inhibited
HIV-1 reverse transcriptase with an IC50 of 200�M.

4. Discussion

The antifungal peptide isolated in the present study from
the Yunnan bean structurally resembles the 10-kDa cow-
pea precursor, the antifungal peptides from the pinto bean
and the red bean[28], and defensin-related peptides[20] in
N-terminal sequence. Employing the same antifungal assay
system as that previously used for detecting the antifungal
activity of pinto bean and red bean antifungal peptides, it
can be demonstrated that gymnin exhibits more potent an-
tifungal activity than its structurally related counterparts in
pinto bean and red bean. The difference in molecular mass
(6.5 kDa for gymnin and 5 kDa for the other two) probably
accounts for this variation in antifungal activity.

The antifungal peptides from pinto bean and red bean
have not been examined for antiproliferative activity against
tumor cell lines[28]. Gymnin demonsrates a suppressive
action on the uptake of MTT by three tumor cell lines, hep-
atoma (HepG2), leukemia (L1210), and leukemia (M1). It
deserves mention that the antifungal chitinase-like protein
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from the chiveAllium tuberosum exerts an antiproliferative
action against breast cancer cells[14].

The mitogenic response of mouse splenocytes elicited by
gymnin is similar to that induced by the pinto bean antifungal
peptide[25]. Different antifungal proteins and peptides exert
different actions on mouse splenocytes. Mitogenic[28,29]
as well as and anti-mitogenic[27] activities have been ob-
served. It is known that a variety of antifungal proteins can
inhibit HIV-1 reverse transcriptase, protease, and integrase
[15]. The antifungal peptides from pinto bean, red bean[28],
and Yunnan bean inhibit HIV-1 reverse transcriptase with
an IC50 of 65, 280, and 200�M, respectively.

Gymnin is adsorbed on Affi-gel blue gel and Mono S.
This observation is in line with the finding that a num-
ber of previously isolated antifungal proteins and pep-
tides are unadsorbed on DEAE-cellulose but adsorbed on
Affi-gel blue gel and CM-Sepharose/SP-Sepharose/Mono S
[12,13,17,23,24,26–28].

In the pinto bean[34], red bean[32], and rice bean[33],
the antifungal peptides resembling gymnin co-exist with an-
tifungal proteins such as chitinases and other antifungal pep-
tides. In contradistinction, gymnin is the only antifungal
compound of proteinaceous nature isolated from the Yunnan
beans.

In summary, a potent defensin-like antifungal peptide has
been isolated from an exotic leguminous species, the Yunnan
beanG. chinensis. Defensins have antimicrobial function in
the respiratory system and the urinary tract[16] and have
been shown to be present in human buccal epithelia with
candidiasis[19]. They are non-toxic to plant cells and mam-
malian cells[20]. Thus gymnin may hold some promise as
a therapeutic agent.
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