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Cicerarin, a novel antifungal peptide from the green chickpea
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Abstract

A peptide designated cicerarin, with an N-terminal amino acid sequence VKSTGRADDDLAVKTKYLPP dissimilar from known proteins
and peptides and a molecular mass of 8 kDa, was isolated from seeds of the green chickpeaCicer arietinum cv green chickpea. Cicerarin
was isolated with a procedure that involved ion exchange chromatography on DEAE-cellulose, affinity chromatography on Affi-gel blue
gel, and gel filtration by fast protein liquid chromatography on Superdex 75. Cicerarin was unadsorbed on DEAE-cellulose and adsorbed
on Affi-gel blue gel in 10 mM Tris–HCl buffer (pH 7.3). Cicerarin exerted antifungal activity againstBotrytis cinerea, Mycosphaerella
arachidicola, andPhysalospora piricola. The antifungal activity was preserved after exposure to 100◦C for 15 min.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

From the chickpea (Cicer arietinum) several proteins in-
cluding a glucanase[23], a chitinase[23], an antifungal
cyclophilin-like protein[33], and two antifungal peptides
designated cicerin[34] and arietin[34] have been isolated.
We have previously noted that different cultivars ofPisum
sativum produce different proteins[15,39]. Thus, we chose
to work on the green variety of the chickpea which is only
half as big in seed size as the beige variety, to see if novel
proteins and/or peptides could be isolated from the green
variety.

Leguminous plants produce a variety of structurally differ-
ent antifungal proteins and peptides such as thaumatin-like
protein [9,22,38], peroxidases[33], allergen-like peptides
[29], miraculin-like proteins[39], lectins[2,36], protease in-
hibitors[4,35], and novel proteins[31]. We report herein the
isolation of a novel antifungal peptide from the green chick-
pea structurally distinct from previously reported cicerin and
arietin [38].

Non-leguminous plants elaborate a multitude of anti-
fungal proteins such as embryo-abundant proteins[25],
ribonucleases[19,24], chitinases[1,7,10,14,16], protease
inhibitors [12], plant lipid transfer-like proteins[3], ri-
bosome inactivating proteins[17,21], and thaumatin-like
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proteins[8,11,20,38]. Animals such as insects also produce
antifungal peptides[6,11,26]. When taken altogether, the
data suggest that a host of structurally diverse proteins
and peptides are produced by living organisms to combat
pathogenic fungi.

2. Materials and methods

2.1. Isolation of peptide

The seeds of green chickpea (C. arietinum cv green
chickpea) from India were homogenized in 0.8 l of 20 mM
Tris–HCl buffer (pH 7.3) using a Waring blender. Af-
ter centrifugation of the homogenate at 13,000 rpm for
30 min at 4◦C, the supernatant obtained was applied to
a DEAE-cellulose (Sigma Chemical Co., St. Louis, MO,
USA) column (5 cm× 15 cm) which had previously been
equilibrated and was then eluted with 10 mM Tris–HCl
buffer (pH 7.3). After unadsorbed proteins had been col-
lected by eluting the column with the same buffer, adsorbed
proteins were collected by including 1 M NaCl in the
eluting buffer. The unadsorbed fraction (DE1) was imme-
diately chromatographed on an Affi-gel blue gel column
(2.5 cm × 18 cm) in 10 mM Tris–HCl buffer (pH 7.3).
Unadsorbed proteins were eluted with the same buffer
while adsorbed proteins were eluted using the same buffer
with 1.5 M NaCl added. The adsorbed fraction (BG2) was
dialyzed and subjected to gel filtration by FPLC on a
Superdex 75 HR 10/30 column (Amersham Biosciences)
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(1 cm× 30 cm) in 0.2 M NH4HCO3 (pH 8.9). The purified
antifungal protein was designated cicerarin.

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

It was conducted according to the method of Laemmli
and Favre[13]. After electrophoresis the gel was stained
with Coomassie Brilliant Blue. The molecular mass of ci-
cerarin was determined by comparison of its electrophoretic
mobility with those of molecular mass marker proteins from
Amersham Biosciences.

2.3. Amino acid sequence analysis

The N-terminal amino acid sequence of cicerarin was an-
alyzed by means of automated Edman degradation. Microse-
quencing was carried out using a Hewlett Packard 1000A
protein sequencer equipped with a high performance liquid
chromatography system[15].

2.4. Assay of antifungal activity

The assay for antifungal activity towardMycosphaerella
arachidicola andPhysalospora piricola was carried out in
100 mm×15 mm petri plates containing 10 ml of potato dex-
trose agar. After the mycelial colony had developed, ster-
ile 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 (15�l) of cicerarin was added to a disk.
The plates were incubated at 23◦C for 72 h until mycelial
growth had enveloped the disks containing the control and
had formed crescents of inhibition around disks containing
samples with antifungal activity[16].

The thermostability of the antifungal activity was inves-
tigated after exposure of cicerarin to 40, 60, 80, and 100◦C
for 15 min before assay for antifungal activity.

To determine the IC50 value for the anti-fungal activ-
ity, three doses of cicerarin 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 cicerarin 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 determined[16,26].

2.5. Assay of mitogenic activity

Cicerarin was tested in this assay since some antifun-
gal proteins such as chrysancorin demonstrate activity
in this assay. Four C57BL/6 mice (20–25 g) were killed
by cervical dislocation and the spleens were aseptically
removed. Spleen cells were isolated by pressing the tis-
sue through a sterilized 100-mesh stainless steel sieve

and resuspended to 5× 106 cells/ml in RPMI 1640 cul-
ture medium supplemented with 10% fetal bovine serum,
100 units penicillin/ml, and 100�g streptomycin/ml. The
cells (7× 105 cells/100�l/well) were seeded into a 96-well
culture plate and serial concentrations of cicerarin in 100�l
medium were added. After incubation of the cells at 37◦C
in a humidified atmosphere 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 conditions. 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[27,28].

2.6. Assay for HIV reverse transcriptase inhibitory activity

Cicerarin was tested for this activity since some antifun-
gal proteins possess an inhibitory activity toward human
immunodeficiency virus type 1 (HIV-1) reverse transcrip-
tase (RT). The assay for ability to inhibit HIV-1 RT was
assessed by using an enzyme-linked immunosorbent assay
kit from Boehringer Mannheim (Germany) as described by
Collins et al.[5]. The assay takes advantage of the ability
of RT to synthesize DNA, starting from the template/primer
hybrid poly(a)·oligo (dT)15. In place of radio-labeled nu-
cleotides, digoxigenin- and biotin-labeled nucleotides in
an optimized ratio are incorporated into one and the same
DNA molecule, which is freshly synthesized by the RT. The
detection and quantification of synthesized DNA as a pa-
rameter for RT activity follows a sandwich enzyme-linked
immunosorbent assay protocol. Biotin-labeled DNA binds
to the surface of microtiter plate modules that have been
precoated with streptavidin. In the next step, an antibody
to digoxigenin, conjugated to peroxidase (anti-DIG-POD),
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 samples 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 cicerarin was calculated as percent
inhibition as compared to a control without the protein.

3. Results

A large unadsorbed peak (DE1) with antifungal activity
and a smaller adsorbed peak (DE2) devoid of antifungal ac-
tivity were obtained when the chickpea seed extract was sub-
jected to ion exchange chromatography on DEAE-cellulose
(Fig. 1). DE1 was fractionated into a large unadsorbed peak
(BG1) without antifungal activity, and a small adsorbed peak
(BG2) with antifungal activity upon affinity chromatogra-
phy on Affi-gel blue gel (Fig. 2). BG2 was further resolved
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Fig. 1. The fraction (DE1) of the crude extract unadsorbed on
DEAE-cellulose showed antifungal activity whereas the adsorbed frac-
tion eluted with 1 M NaCl was devoid of antifungal activity (flow rate:
6 ml/min, column size: 5 cm× 15 cm).

Fig. 2. The active unadsorbed fraction (DE1) from DEAE-cellulose column
was subjected to affinity chromatography on an Affi-gel blue gel column.
The unbound fraction (BG1) devoid of antifungal activity was washed by
the binding buffer (10 mM Tris–HCl buffer, pH 7.3), the active fraction
(BG2) was eluted by 1.5 M NaCl in the binding buffer (flow rate: 4 ml/min,
column size: 2.5 cm× 18 cm).

by gel filtration on Superdex 75 (Fig. 3). The protein present
in the last peak designated cicerarin represents purified an-
tifungal protein. The molecular mass of cicerarin was 8 kDa
as determined by SDS–PAGE (Fig. 4) and gel filtration. The
N-terminal sequence of cicerarin VKSTGRADDDLAVK-
TKYLPP is presented inTable 1, in comparison with anti-
fungal peptides from the beige chickpea. No sequence sim-

Fig. 3. The active fraction (BG2) was then chromatographed by gel
filtration on an FPLC-Superdex 75 HR 10/30 column. The peak SU was
found to have antifungal activity and showed a single band in SDS–PAGE
(flow rate: 0.4 ml/min, column size: 1 cm× 30 cm).

Fig. 4. The molecular mass of the purified protein cicerarin (lane A)
showed a single band at the position below the 14.4 kDa marker in lane
B. By gel filtration on Superdex 75, its molecular mass is estimated to
be 8 kDa.

Table 1
N-terminal sequence of the green chickpea antifungal peptide cicerarin
and the beige chickpea antifungal peptides arietin and cicerin

Cicerarin VKSTGRADDDLAVKTKYLPP
Arietin GVGYKVVVTTTAAADDDDVV
Cicerin ARCENFADSYRQPPISSSQT

ilarity with the beige chickpea antifungal peptides or other
known proteins is detected.

The antifungal activity of cicerarin towardBotrytis
cinerea, P. piricola, andM. arachidicola is shown inFig. 5.
Distinct antifungal activity is observable at a dose of 40�g.
The antifungal activity was retained after incubation of the
cierarin at various temperatures up to 100◦C for 15 min. The
IC50 values of the antifungal activity towardB. cinerea, M.
arachidicola, andP. piricola were, respectively, 20.6, 15.3,
and 8.2�M. The yields of the various chromatographic
fractions throughout the purification procedure from 200 g
seeds were 5217 mg crude extract, 3073 mg fraction DE1,
174 mg fraction BG2, and 10.9 mg from Superdex 75 rep-
resenting purified antifungal peptide (cicerarin). Cicerarin
did not exhibit mitogenic activity toward mouse splenocytes
(data not shown) but was able to inhibit HIV-1 RT with an
IC50 of 87.5�M.

4. Discussion

Cicerarin can be isolated with a procedure applicable to
other antifungal proteins[14,16,19,24–27,29–40]. It is un-
adsorbed on DEAE-cellulose, and adsorbed on Affi-gel blue
gel. Cicerin and arietin isolated from the beige chickpea are
adsorbed on both Affi-gel blue gel and CM-Sepharose[34].

Cicerarin is devoid of mitogenic activity toward mouse
splenocytes. Some antifungal proteins, such as chrysancorin
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Fig. 5. The antifungal activity of cicerarin is shown in the figure above. The purified protein showed inhibition of the mycelial growth of three fungi
(I. Physalospora piricola, II. Mycosphaerella arachidicola, and III. Botrytis cinerea). The samples applied to the paper disks A, B, and C were control
(20 mM Tris–HCl buffer, pH 7.3), 40�g cicerarin and 200�g cicerarin, respectively.

from garland chrysanthemum seeds[27] and trypsin in-
hibitor from broad beans[35], exhibit mitogenic activity,
while others like mungin from mung beans[31] may demon-
strate anti-mitogenic activity. Cicerin and arietin from the
buff chickpea do not exhibit mitogenic activity either[34].

Cicerarin exerts an inhibitory effect on HIV-1 RT (IC50 =
87.5�M). The activity of cicerarin is high compared to other
natural products[18]. It deserves mention that cicerin and
arietin do not affect HIV-1 RT[34].

The antifungal activity of cicerarin towardM. arachidi-
cola is similar to that of arietin but much more potent then
that of cicerin[35]. The inhibitory activity of cicerarin on
mycelial growth inP. piricola is similar in potency to its ac-
tivity on M. arachidicola. However, arietin and cicerin are
weaker in antifungal activity towardFusarium oxysporum
andBotrytis cicerea thanM. arachidicola [34]. The antifun-
gal activity of cicerarin is in general potent compared with
other antifungal proteins and peptides[33–40].

From the beige chickpea an antifungal protein with a
molecular mass of 18 kDa and an N-terminal sequence re-
sembling cyclophilin[32], and two antifungal peptides des-
ignated arietin and cicerin with a molecular mass of 5.6 and
8.2 kDa, respectively[34], have been purified in our labora-
tory. It is interesting to note that only an antifungal peptide
designated cicerarin could be isolated from the green chick-
pea using a similar purification procedure and the same

assay for antifungal activity. This observation is reminiscent
of an earlier finding that the ribosome inactivating pro-
teins �- and �-pisavins were isolated fromPisum sativum
cv arvense Poir[15] while the antifungal protein mirac-
ulin instead was isolated fromPisum sativum cv macro-
carpon[40].

All in all, a novel peptide with potent antifungal activity
has been isolated from the green chickpea. It possesses an
antifungal potency and an N-terminal sequence distinct from
those of antifungal peptides previously reported from the
beige chickpea.
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