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Abstract

A single-chained antifungal protein with a molecular weight of 6.5 kDa and displaying a novel N-terminal sequence was isolated from
dried juvenile cicadas which are used in traditional Chinese medicine, by using ion exchange chromatography on DEAE-cellulose, affinity
chromatography on Affi-gel blue gel, ion exchange chromatography on SP-Sepharose and then gel filtration on a Superdex peptide column.
The peptide, designated cicadin, exerted potent antifungal activity with IC50 values at nonomolar concentrations against a variety of fungi
including Botrytis cinerea, Mycosphaerella arachidicola, Fusarium oxysporum, Rhizoctonia solani and Coprinus comatus. Cicadin
suppressed the activity of HIV-1 reverse transcriptase and stimulated the proliferation of murine splenocytes. © 2002 Elsevier Science Inc.
All rights reserved.

Keywords: Antifungal peptide; Dried juvenile cicadas

1. Introduction

The literature pertaining to antimicrobial proteins elab-
orated by plants is voluminous. Among these antimicrobial
proteins, antifungal proteins have been extensively exam-
ined and structurally elucidated. They can be classified into
thaumatin-like proteins [1,2], chitinases [3], alkaline pro-
tease inhibitors [4], glucanases [3], ribosome-inactivating
proteins [5,6], miraculin-like proteins [7] and cyclophilin-
like proteins [8].

Antimicrobial proteins have been reported from various
species of insects. Antibacterial proteins have been isolated
from the insects Holotrichia diomphalia [9,10], Zophobas
atratus [11], Phormia terranovae [12] Sarcophaga pereg-
rina [13] and Tenebrio molitor [14]. Antifungal proteins
from Holotrichia diomphalia [15] Drosophila melanogaster
[16], Sarcophaga peregrina [17], Tenebrio molitor [18] and
Heliothis virescens [19] have been purified. The aforemen-
tioned insects comprise fruit flies, flesh flies and Coleop-
teran insects. We report herein a potent antifungal peptide
with a novel sequence from dried juvenile cicadas, which

are used in traditional Chinese medicine to prepare decoc-
tions for treatment of certain diseases.

2. Materials and methods

2.1. Materials

Dried juvenile cicadas (Cicada flammata Dist.) from a
local Chinese medicinal shop were used. Affi-gel blue gel
was purchased from Bio-Rad, and DEAE-cellulose was
from Sigma. Superdex peptide FPLC column and SP-
Sepharose were from Amersham Pharmacia Biotech.
Chemicals for sequence analysis were obtained from
Hewlett Packard (Palo Alto, CA, U.S.A.). All other chem-
icals used were of reagent grade.

2.2. Isolation of cicadin

Dried juvenile cicadas (1.5 kg) were homogenized in
0.9% NaCl at 4°C. To the supernatant obtained after cen-
trifugation was added (NH4)2SO4 to 80% saturation to pre-
cipitate proteins. After dialysis using a dialysis sac with a
molecular weight cut-off of 1 kDa, the extract was applied
to a column of DEAE-cellulose (5 � 20 cm) which had
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previously been equilibrated with and then eluted with 10
mM Tris-HCl buffer (pH 7.2). After removal of the unad-
sorbed peak D1, the adsorbed materials were eluted with
150 mM NaCl and then with 1 M NaCl in the same buffer
to yield peaks D2 and D3. D1, the only peak with antifungal
activity, was chromatographed on a column of Affi-gel blue
gel (2.5 � 20 cm), which had previously been equilibrated
and eluted with 10 mM Tris-HCl buffer (pH 7.2). The
unadsorbed fraction B1 was devoid of antifungal activity.
The adsorbed fraction B2, in which the antifungal activity
was concentrated, was eluted with 1.5 M NaCl in the Tris-
HCl buffer, dialyzed, and then further purified by ion ex-
change chromatography on a column of SP-Sepharose
(2.5 � 20 cm) in 10 mM NH4OAc buffer (pH 4.5). Unad-
sorbed material SP1 was eluted in the buffer. Adsorbed
proteins were desorbed using a linear (0–1 M) NaCl gradi-
ent. The third adsorbed peak (SP4), in which the activity
resided, was subjected to FPLC-gel filtration on a Superdex
peptide column in 200 mM NH4HCO3 (pH 8.6). The second
peak eluted represented the purified protein designated ci-
cadin.

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

It was conducted according to the method of Laemmli
and Favre using 18% gel [20]. After electrophoresis the gel
was stained with Coomassie Brilliant Blue. The molecular
weight of cicadin was determined by comparison of its
electrophoretic mobility with those of molecular weight
marker proteins from Amersham Pharmacia Biotech.

2.4. Amino acid sequence analysis

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

2.5. Assay for cell-free translation-inhibitory activity

Rabbit reticulocyte lysate was prepared from the blood
of rabbits rendered anemic by phenylhydrazine injections.
An assay based on the rabbit reticulocyte lysate system
[21,22] was used. Cicadin (10 �l) was added to 10 �l of hot
mixture (500 mM KCl, 5 mM MgCl2, 130 mM phospho-
creatine and 1 �Ci-[4, 5-3H] leucine) and 30 �l working
rabbit reticulocyte lysate containing 0.1 �M hemin and 5 �l
creatine kinase. Incubation proceeded at 37°C for 30 min
before addition of 330 �l 1 M NaOH and 1.2% H2O2.
Further incubation for 10 min allowed decolorization and
tRNA digestion. An equal volume of the reaction mixture
was then added to 40% trichloroacetic acid with 2% casein
hydrolyzate in a 96-well plate to precipitate radioactively
labeled protein. The precipitate was collected on a glass
fiber Whatman GF/A filter, washed and dried with absolute

alcohol passing through a cell harvester attached to a vac-
uum pump. The filter was suspended in scintillant and
counted in an LS6500 Beckman liquid scintillation counter.

2.6. Assay of antifungal activity

The assay for antifungal activity toward Botrytis cinerea,
Mycosphaerella arachidicola, Fusarium oxysporum, Rhi-
zoctonia solani and Coprinus comatus was carried out in
100 � 15 mm petri plates containing 10 ml of potato
dextrose agar. After the mycelial colony had developed, at
a distance of 0.5 cm away from the rim of the mycelial
colony were placed sterile blank paper disks (0.625 cm in
diameter). An aliquot of a solution of cicadin was added to
a disk. The plates 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 con-
taining samples with antifungal activity [1].

To determine the IC50 value for the antifungal activity of
cicadin, 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 determined.

2.7. Assay for HIV reverse transcriptase inhibitory
activity

The ability of the peptide to inhibit HIV-1 reverse tran-
scriptase was assessed by using an ELISA kit from Boehr-
inger Mannheim (Germany) as described by Collins et al.
[23].

2.8. Assay of mitogenic activity

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 tissue through a
sterilized 100-mesh stainless steel sieve and resuspended to
5 � 106 cells/ml in RPMI 1640 culture medium supple-
mented with 10% fetal bovine serum, 100 units penicillin/
ml, and 100 �g streptomycin/ml. The cells (7 � 105 cells/
100 �/well) were seeded into a 96-well culture plate and
serial dilutions of a solution of cicadin in 100 � medium
were added. After incubation of the cells at 37°C in a
humidified atmosphere of 5% CO2 for 24 h, 10 � methyl
[3H]thymidine (0.25 �Ci, Amersham Pharmacia Biotech)
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
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6000SC scintillation counter. All reported values are the
means of triplicate samples [24].

3. Results

The extract from 1 kg dried juvenile cicadas was frac-
tionated on DEAE-cellulose to yield an unadsorbed fraction
(D1) and two adsorbed fractions (D2 and D3). When D1
was in turn applied on Affi-gel blue gel, an unadsorbed peak
(B1) and a smaller adsorbed peak (B2) were obtained. B2
was chromatographed on SP-Sepharose to yield an unad-
sorbed peak SP1 and three adsorbed peaks SP2, SP3 and
SP4. SP4, the only peak with antifungal activity, was sub-
jected to FPLC gel filtration on a Superdex peptide column
to yield two peaks, SU1 and SU2 (data not shown). The
latter peak contained antifungal activity. It possessed a mo-
lecular weight of 6.5 kDa. The purified peptide was desig-
nated cicadin. In SDS-PAGE it appeared as a single band
with a molecular weight of 6.5 kDa (Fig. 1). Its N-terminal
sequence is NEYHGFVDKANNENKRKKQQGRDDFV-
VKPNNFANRRRKDD YNENYYDDVDAADVV. There
was no resemblance to other insect antifungal proteins in-
cluding holotricin 3, Drosophila antifungal protein, Sar-
cophaga antifungal protein, tenecin 3, heliomicin and insect
antibacterial proteins. Cicadin inhibited cell-free translation
with an IC50 of 1.63 �M (Table 1).

Cicadin exerted prominent antifungal activity when
tested on Botrytis cinerea (Fig. 2), Mycosphaerella
arachidicola (Fig. 3), Fusarium oxysporum and Physalos-
pora piricola (data not shown). The IC50 values of the
antifungal activity against B. cinerea, F. oxysporum, M.
arachidicola and Physalospora piricola were respectively
100 nM (Fig. 4), 180 nM, 70 nM and 60 nM.

Cicadin stimulated the proliferative response of mouse

splenocytes (Table 2). At a dose of 0.1 �M it produced
(11.35 � 1.8) % inhibition of HIV-1 reverse transcriptase
activity while at 1 �M there was (85.8 � 2.3) % inhibition
(mean � SD, n � 3). The yield of cicadin was 40 mg from
1 kg cicadas.

4. Discussion

Cicadin possesses a novel N-terminal sequence that is
very different from other insect antifungal peptides. The
molecular weight of cicadin is, however, in the same range
of molecular weights previously reported for insect antifun-
gal peptides. A spectacular feature of cicadin is its potent
antifungal activity against a variety of fungal species, with
IC50 values in nanomolar concentrations (60–180 nM).
Drosomycin [16], the Drosophila antifungal protein, and
heliomicin [19], the Heliothis antifungal protein, exerted
antifungal activity against a variety of fungi with IC50 val-
ues in the range of 0.6–4.2 �M and 0.1–12 �M respec-
tively. Another two salient properties of cicadin comprise
mitogenic activity toward mouse splenocytes and a suppres-
sive action on HIV-1 reverse transcriptase. These two ac-

Fig. 1. SDS-PAGE of cicadin. The single band in each of the two lanes in
the middle represents cicadin (MW 6.5 kDa). The right lane shows the
marker proteins, from top downward, phosphorylase b (94 kDa), bovine
serum albumin (BSA) (67 kDa), ovalbumin (43 kDa), carbonic anhydrase
(30 kDa), soybean trypsin inhibitor (20 kDa) and �-lactalbumin (MW 14.4
kDa). The left lane shows the marker proteins (from top downward) with
a molecular weight of 26.625 kDa, 16.95 kDa, 14.437 kDa, 6.512 kDa and
3.496 kDa respectively.

Table 1
Translation-inhibitory activity of cicadin

Dose (�M) 3H-leucine incorporation
into proteins (cpm)
(mean � SD, n � 3)

% Inhibition

0 26985 � 1224 0
0.03 25574 � 296 5.79 � 1.21
0.3 20952 � 155 24.74 � 0.64
3 8344 � 386 76.45 � 1.59

30 3241 � 72 97.38 � 0.3

The nonspecific binding was 2602 � 139 cpm.
IC50 � 1.63 �M.

Fig. 2. Antifungal activity of cicadin toward Botrytis cinerea (A) control:
0.1 M NH4OAc buffer, pH 5.5, 15 �l (B) cicadin, 15 �l of a 1.5 mg/ml
solution in NH4OAc buffer (C) cicadin, 3 �l of a 1.5 mg/ml solution in
NH4OAc buffer � 12 �l NH4OAc buffer.
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tivities have not been previously demonstrated for other
insect antifungal proteins. It is known that some plant an-
tifungal proteins such as those from the field bean [25],
cowpea [26], American ginseng [27] and Chinese ginseng
[28] demonstrate an inhibitory action on HIV-1 reverse
transcriptase and glucosidases which are found in the Golgi
body and are associated with the processing of viral pro-
teins. Mungin, the antifungal protein from mung beans with
an N-terminal sequence resembling cyclophilins, displays
an anti-mitogenic activity [8]. The mitogenic activity of
cicadin toward mouse splenocytes is thus noteworthy, es-
pecially in view of the known stability of peptides and the
use of dried juvenile cicadas in traditional Chinese medi-
cine. It is known that some lectins manifest antifungal [29]
and mitogenic activities but cicadin does not possess lectin
activity.

In view of the observation that ribosome inactivating

proteins may exhibit antifungal activity [5,6], cicadin was
assayed for translation-inhibiting activity in the rabbit re-
ticulocyte lysate system characteristic of ribosome inacti-
vating proteins. The much lower translation-inhibiting ac-
tivity of cicadin compared with those of ribosome
inactivating proteins [30] indicates that it is not a ribosome
inactivating protein. In fact, leguminous antifungal proteins,
like cicadin, exert very low translation-inhibiting activity
[1,7,8,25,26].

N-terminal sequence analysis disclosed that cicadin is a
basic peptide rich in basic residues such as asparagine,
glutamine, arginine and lysine, in contrast to the insect
antifungal proteins holotricin 3, tenecin 3 and Sarcophaga
antifungal protein which are rich in histidine and glycine.
Glutamic acid, lysine and valine residues are present in
cicadin but not in holotricin 3. Proline and phenylalanine are
present in cicadin but not in Sarcophaga antifungal protein.
Cysteine residues are present in drosomycin and heliomicin
but absent in cicadin. The insect antibacterial proteins ho-
lotricin 2 and coleoptericin are also basic in nature but their
sequences are distinctly different from that in cicadin. Other
insect antibacterial proteins including holotricin 1, tenecin
1, Zophobas peptides B and C and Phormia defensin are
characterized by the presence of cysteine residues. In con-
trast, cysteine residues are absent in the sequence of cicadin.
Interestingly, cicadin bears some sequence similarity to
proteins for which antifungal activity has not been reported
such as proteins of the nematode Caenorhabditis elegans,
the spirochete Borrelia burgdorfeia, the bacterium Pseudo-
monas aeruginosa and the yeast Saccharomyces cerevisiae.

The insect antifungal proteins holotricin 3, Sarcophaga
antifungal protein, heliomicin and drosomycin were isolated
with the use of HPLC [15–17]. On the other hand, cicadin
was prepared using a protocol that employed ion exchange
chromatography on DEAE-cellulose, affinity chromatogra-
phy on Affi-gel blue gel, ion exchange chromatography on
SP-Sepharose and gel filtration on Superdex peptide col-
umn. Antifungal proteins and peptides from various legu-
minous species have been successfully isolated using this
protocol [1,7,8,25,26].

Insect antimicrobial proteins play a role in defence
against microbial parasites [31] and may find clinical appli-
cation in the treatment of bacterial infections such as me-
thicillin-resistant Staphylococcus aureus [32]. Drosomycin

Fig. 3. Antifungal activity of cicadin toward Mycosphaerella arachidicola
(A) control: 0.1 M NH4OAc buffer, pH 5.5, 15 �l (B) cicadin, 15 �l of a
1.5 mg/ml solution in NH4OAc buffer (C) cicadin, 3 �l of a 1.5 mg/ml
solution in NH4OAc buffer � 12 �l NH4OAc buffer.

Fig. 4. Determination of IC50 of antifungal activity of cicadin against
Botrytis cinerea. Lower right: 500 nM cicadin. Lower left: 100 nM cicadin.
Upper right: 5 �M cicadin. Upper left: control (buffer). The IC50 was
determined to be 110 nM.

Table 2
Stimulatory effect of cicadin on mouse splenocyte proliferation

Dose of cicadin
(�M)

Methyl [3H]thymidine uptake
by mouse splenocytes (cpm)

0 916 � 37
1.25 1347 � 120
2.5 1673 � 127
5 1820 � 92

10 3209 � 125
20 3348 � 108

Results represent mean � SD (n � 3).
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is structurally similar to the antifungal protein Rs-AFP2
from radish (Raphanus sativus) seeds [33].
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