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Abstract

The antifungal mechanism of a 20-mer peptide, Ib-AMP1, derived fromImpatiens balsaminawas investigated. The
oxidized (disulfide bridged) Ib-AMP1 showed a 4-fold increase in antifungal activity againstAspergillus flavusand
Candida albicansthan reduced (non-disulfide bridged) Ib-AMP1. Ib-AMP1 had very low activity for phospholipid
disruption when compared with cecropin A(1-8)-magainin 2(1-12), aα-helical amphiphatic, antimicrobial peptide.
Confocal microscopy showed that Ib-AMP1 binds on cell surface or penetrates into cell membranes. These results
suggested that Ib-AMP1 may manifest its antifungal activity againstCandida albicansby inhibiting a distinct
cellular process rather than ion channel or pore formation in cell membrane.

Introduction

Plants produce a wide range of antimicrobial peptides.
Numerous cysteine-rich antifungal and antimicrobial
peptides have been isolated from the seeds of vari-
ous plants (Osbornet al. 1995, García-Olmedoet al.
1998). These peptides play an important role in the
protection of host’s defense to microbial infection in
plants. Ib-AMP1 (a 20-mer peptide: QWGRRCCG-
WGPGRRYCVRWC) is one of a novel family of four
highly homologous peptides found in the seeds of
Impatiens balsamina(Tailor et al. 1997). This fam-
ily of peptides is the smallest of the antimicrobial
peptides containing cysteines isolated from plants to
date. Ib-AMP1 is highly basic and contains four cys-
teine residues which form two intramolecular disulfide
bridges. Two-dimensional proton-NMR showed that
Ib-AMP1 has threeβ-turns and amphipathic confor-
mation in which the two negatively charged and hy-
drophobic patches are located at the opposite sides of
the molecule (Patelet al.1998).

Ib-AMP1 is active against Gram-positive bacteria
but is inactive against Gram-negative bacteria (Tai-
lor et al. 1997). In this study, Ib-AMP1 was found
to have potent antifungal activity against a filamen-
tous fungus,Aspergillus flavusand the yeast,Can-
dida albicans. In order to elucidate the antifungal
mechanism of Ib-AMP1 against yeast, Ib-AMP1 was
chemically synthesized by the solid phase method
(Merrifield 1986). Its lytic activity againstCandida
albicansor Aspergillus flavusand its permeabiliza-
tion activity against a negatively-charged phospho-
lipid vesicle composed of phosphatidylcholine (PC)-
phosphatidylserine (PS) (4:1) were measured. Further-
more, the cellular localization of Ib-AMP1 against
Candida albicanswas investigated using confocal
laser scanning microscopy.
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Materials and methods

Peptide synthesis and biotinylation

Fmoc(Nα-9-fluorenylmethyloxycarbonyl)-Cy s(Trt)-
Wang-Resin was used as the support to obtain C-
terminal free peptides. The coupling of Fmoc-amino
acids was performed withN-hydroxybenzotriazole
(HOBt) and dicyclohexylcarbodiimide (DCC). Depro-
tection and cleavage from the resin were carried out
using trifluoroacetic acid/phenol/water/thioanisole/1,
2-ethandithiol/triisopropylsilane (88, 2.5, 2.5, 2.5, 2.5,
2.0, by vol.) for 2 h at room temperature. The crude
reduced (non-disulfide bridged) peptide was purified
by a preparative reversed-phase HPLC on a Waters 15-
µm Deltapak C-18 column (19× 30 cm). Prior to the
final clevage-deprotection step of the reduced peptide,
the biotinylated reduced peptide was prepared using
biotinamidocaproate N-hydroxysuccinimide ester. To
form the disulfide linkage of the peptides, the puri-
fied reduced peptides were oxidized in 0.1 M Tris-HCl
buffer (pH 8.2) containing 0.1 mM EDTA, 0.3 mM ox-
idized glutathione and 0.15 mM reduced glutathione
for 4 h at room temperature. The progress of oxidation
(disulfide bridge formation) of the peptides was mon-
itored by analytical C18 HPLC. The crude oxidized
(disulfide bridged) and biotinylated oxidized peptides
were purified by preparative reversed-phase HPLC.
The molecular weights of the oxidized peptides were
determined using a matrix-assisted laser desorption
ionization (MALDI) mass spectrometer.

Antifungal activity

Aspergillus flavus(KCTC 1375) was supplied from
KCTC, KRIBB (Taejon, Korea).Candida albicans
(TIMM 1768) was obtained from the Center for Acad-
emic Societies, Osaka, Japan. The fungal strains were
grown at 28◦C in a YM medium (1% glucose, 0.3%
malt extract, 0.5% peptone, and 0.3% yeast extract).
The fungal conidia were seeded in 96-well microtiter
plates at a density of 2× 103 spores per well in a
volume of 100µl of YM media. Tenµl of the seri-
ally diluted-peptides was added to each well, and the
cell suspension was incubated for 24 h at 28◦C. After
incubation, 10µl of a 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) solution
[5 mg ml−1 MTT in phosphate-buffered saline (PBS),
pH 7.4] was added to each well, and the plates were
further incubated at 37◦C for 4 h. Fortyµl of 20%
SDS solution containing 0.02 M HCl was added, and
then incubated at 37◦C for 16 h to dissolve the formed

MTT-formazan crystals. The absorbance of each well
was measured at 570 nm using a microtiter ELISA
reader (Molecular Devices, Sunnyvale, California).

Phospholipid disruption activity

Carboxyfluorescein(CF)-encapsulated large unilamel-
lar vesicles (LUV) composed of PC/PS (4:1, w/w)
were prepared by the reversed-phase ether evaporation
method using 100 mM CF (MacDonaldet al. 1991).
The initially formed vesicles were extruded through
Nuleopore filter (0.1µm). To remove free CF dye,
the vesicles were passed through a Bio-Gel A 0.5 m
(Bio-Rad, Richmond, USA) column (1.5 × 30 cm)
using phosphate buffered saline, pH 7.4, as the eluting
buffer. The separated LUV fraction, after appropri-
ate dilution to a final concentration of 6.36µM, was
mixed with the peptide solution in a 2 ml cuvette at
25◦C. The leakage of CF from the LUV was moni-
tored by measuring fluorescence intensity at 520 nm
excited at 490 nm on a Shimazu RF-5000 spectrofluo-
rometer (Tokyo, Japan). The apparent percent release
value at a fluorescence intensity,F , was calculated by
the following equation (MacDonaldet al.1991):

% CF-release (apparent)= 100× (F − F0)/(Ft − F0)

Ft denotes the fluorescence intensity corresponding to
100% leakage after the addition of 20µl of 10% Tri-
ton X-100.F0 represents the fluorescence of the intact
vesicle.

Confocal laser scanning microscopy (CLSM)

Candida albicans(2×105 cells), preincubated with or
without 2% (v/v) Triton X-100, was treated with the
biotinylated Ib-AMP1 (oxidized form) (10µg ml−1).
After incubation at 30◦C for 10 min, the unbound
peptides were removed by washing with PBS. The
cells were incubated with streptavidin-FITC conju-
gates (Becton Dickinsin, San Jose, USA). Visual-
ization and localization of the labeled peptide was
performed by Leica TCS 4D connected to a Leica
DAS upright microscope (Leica Lasertech. GmbH,
Heidelberg, Germany).

Results and discussion

Peptides were synthesized by the solid phase method
using Fmoc-chemistry (Merrifield 1986). The four
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Fig. 1. Analytical reversed-phase HPLC profiles of Ib-AMP1 and
biotinylated Ib-AMP1. A-1: reduced Ib-AMP, A-2: oxidized
Ib-AMP, B-1: biotinylated reduced Ib-AMP1, B-2: biotinylated ox-
idized Ib-AMP1. Column: Beckman C-18, 4.6× 450 mm, Flow
rate: 1 ml min−1, Detection: 214 nm.

cysteinyl residues in reduced Ib-AMP1 and biotiny-
lated Ib-AMP1 were refolded by air oxidation in the
basic solution (pH 8.2) for 12 h at room temperature
(Shinet al.1994). As shown in Figure 1, the oxidized
Ib-AMP and biotinylated Ib-AMP1 showed a shorter
retention time on C-18 reversed phase HPLC than
those of the reduced peptides indicating the formation
of the intramolecular disulfide bonds. The molecular
weight of the peptides was confirmed by MALDI mass
spectra (data not shown).

Antifungal activity of the reduced or oxidized Ib-
AMP1 was measured by the growth inhibition assay
againstA. flavusand C. albicans. The oxidized Ib-
AMP1 showed a 4-fold greater antifungal activity
againstA. flavusand C. albicans than reduced Ib-
AMP1. This result suggests that the disulfide bridge
in Ib-AMP1 plays an important role in its antifungal

Fig. 2. CF-Release from large unilamellar vesicles composed of
PC:PS (4:1) induced by cecropin A(1-8)-magainin 2(1-12) ( ) and
oxidized Ib-AMP1 (#). The released CF fluorescence was measured
atλexcitation= 490 nm andλemission= 520 nm.

Table 1. Antifungal activities (as minimal in-
hibitory concentration, MIC) of the reduced
and oxidized Ib-AMP1 againstAspergillus
flavusandCandida albicans.

Ib-AMP1 MIC (µM)

C. albicans A. flavus

Oxidized form 5.0 2.5

Reduced form 20.0 10.0

activity. As shown in Table 1, Ib-AMP1 displays po-
tent antifungal activity against filamentous fungi and
yeast (MIC: 2.5–5.0µM). In contrast, even at a very
high concentration (100µM), Ib-AMP1 did not cause
any lysis against human erythrocytes and some tumor
cells such as K-562, A-549 and MDA-MB-361 (data
not shown).

The effect of Ib-AMP1 on membrane disrup-
tion activity was investigated by dye leakage us-
ing an acidic liposome composed of phosphos-
phatidylcholine (PC) and phosphatidylserine (PS). As
shown in Figure 2, it displays much lower leak-
age than that of cecropin A(1–8)-magainin 2 (1-12)
(KWKLFKKIGIGKFLHSAKKF-NH 2), theα-helical
amphiphatic antimicrobial peptide. Ib-AMP1 was able
to achieve 50% dye leakage at∼0.12µM and∼80%
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Fig. 3. Confocal fluorescence microscopy of Ib-AMP1 against
C. albicans. Cells ofC. albicanswere incubated with PBS (A) or
with 2% Triton X-100 in PBS (B), and then incubated for 10 min
at 30◦C with 10 µg biotinylated Ib-AMP1 (oxidized form)/ml.
Left and right sides of each panel were visualized by the confocal
microscope under visible light and fluorescence, respectively.

leakage at 2.0µM. Cecropin A(1-8)-magainin 2 (1-
12) exhibits antibiotic activity via the pore formation
on the target cell membranes (Shinet al. 1997, 1999,
Kanget al. 1998). Furthermore, when Ib-AMP1 was
incubated with live cells ofC. albicans, its localization
in cells could be visualized using streptavidin-FITC. A
confocal fluorescence micrograph of cells incubated
with biotinylated Ib-AMP1 (oxidized form) showed
that the biotinylated Ib-AMP1 bound to the cell sur-
face or penetrated into the cell membrane (Figure 3A).
When the cells were permeabilized with 2% Triton
X-100, the biotinylated peptide penetrated the cell
membrane of the yeast and was localized in a certain
area of the intracellular organelle (Figure 3B). The
exact nature of localization is being studied. These
results suggested that Ib-AMP1 may inhibit a distinct
cellular process by the interaction with an unidentified
molecule in a intracelluar organelle.

Based on our results, we propose that Ib-AMP1
may manifest its antifungal activity againstCandida
albicansby inhibiting a distinct cellular process rather
than ion channel or pore formation of cell membrane.
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