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Abstract: The fungicidal effects of the peptide HP (2-20), derived from the N-terminal sequence of Helicobacter
pylori ribosomal protein L1 (RPL1), have been investigated. HP (2—-20) displays a strong fungicidal activity
against various fungi, without haemolytic activity against human erythrocyte cells, and the fungicidal
activity is inhibited by Ca?* and Mg?* ions. In order to investigate the fungicidal mechanism(s) of HP (2-20),
the amount of intracellular trehalose was measured in C. albicans. It was found that the amounts of
intracellular trehalose were decreased when HP (2-20) was used. The action of the peptide against fungal
cell membranes was further examined by the potassium-release test; HP (2-20) was found to increase the
amount of K' released from the cells. Furthermore, HP (2-20) caused significant morphological changes, as
shown by scanning electron microscopy, and by testing the membrane disrupting activity using liposomes
(phosphatidyl choline/cholesterol; 10: 1, w/w). Our results suggest that HP (2-20) may exert its antifungal
activity by disrupting the structure of cell membranes, via pore formation or direct interaction with the lipid
bilayers. Copyright © 2002 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

It is generally recognized that antimicrobial pep-
tides play an important role in the innate host
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defence mechanisms against infectious pathogens
of living organisms such as plants [1], insects [2-4],
amphibians [5] and mammals [6]. These antimicro-
bial peptides possess a potent antibiotic activity
against bacteria, yeasts and even certain enveloped
viruses [6-10]. Despite the great diversity in the pri-
mary structures of these peptides, most antimicro-
bial peptides are cationic at physiological pH values,
and show the amphipathic characteristic of adopt-
ing a-helix and B-sheet structures in hydrophobic
environments [11-12].

The mechanisms of action for several antimi-
crobial peptides have been investigated, including
defensin [13-15], cecropin [16-18], magainin [19],
protegrin [20-21] and melittin [22]. These studies
have shown the major killing mechanism for these
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cationic antimicrobial peptides consists of the for-
mation of transmembrane pores or ion channels on
the cellular membrane, leading to the leakage of
essential metabolites, resulting in the disruption of
the cell structure [14].

Although an understanding is essential for the
rational development of novel bioactive peptides,
the mechanism(s) by which antimicrobial peptides
work have not been clearly elucidated. In general,
antimicrobial peptides are known to act in two
different ways, one by targeting the physiology of
the cells, and the other by disrupting the cellular
structure of the microorganism. The mechanism of
antifungal action has been investigated for several
antimicrobial peptides [15]. The major cause for the
loss of fungal cell viability is believed to result
from the formation of transmembrane channels,
increasing membrane permeability, and causing
disruption of the microbial cell structure.

Recently, it has been reported that the N-terminus
of the H. pylori ribosomal protein L1 (RPL1) pos-
sesses antibacterial activity to which it is self resis-
tant [23-24]. In this study, the antifungal property
of this N-terminal region was examined. In order
to elucidate the antifungal mechanism of the syn-
thetic peptide, HP (2-20), its antifungal effect was
investigated on various yeast strains. In order to
substantiate the mechanism(s), potassium release
tests and measurements of intracellular trehalose
were performed on C. albicans. Additionally, its effect
on the cell morphology of C. albicans was explored
using a scanning electron microscope.

MATERIALS AND METHODS

Peptide Synthesis

The peptides, HP (2-20) and melittin, were synthe-
sized by Fmoc SPPS [25] on a Rink amide MBHA
resin (0.55 mmol/g) in order to obtain a peptide
C-terminal amide. Amino acid side-chains were
protected with Bu' (Asp), Trt (Gln) or Boc (Lys)
groups. Deprotection and cleavage from the resin
were carried out using a mixture of TFA, phenol,
water, thioanisole, 1, 2-ethanedithiol and triiso-
propylsilane (88:2.5:2.5:2.5:2.5:2.0, v/v) for 2 h
at room temperature. The crude peptide was then
repeatedly washed with Et,O dried in vacuo, and
purified by reverse-phase preparative HPLC on a
Waters 15 um Deltapak C;s column (19 x 30 cm).
The purity of the peptide was checked by analyt-
ical reverse-phase HPLC using an Ultrasphere C;g
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column (Beckman, USA), 4.6 x 25 cm. The purified
peptides were hydrolysed with 6 n HCI at 110°C for
22 h, then dried in vacuo. The residues were dis-
solved in 0.02 ~n HC], and subjected to amino acid
analysis (Hitachi Model, 8500 A, Japan) to deter-
mine the peptide concentrations. The molecular
weights of the synthetic peptide were determined
by MALDI-MASS.

Antifungal Activity Assay

Candida albicans (TIMM 1768) was grown at 28°C
in a YPD medium (dextrose 2%, peptone 1%, yeast
extract 0.5%, pH 5.5). The cells were seeded on 96-
well plates at a density of 2 x 103 cells per well
in 100 ul of the YPD medium. The serially diluted
peptides (50, 25, 12.5, 6.25, 3.125, 1.56, 0.78 and
0.39 um) were added to each well. Synthesized melit-
tin was used as a positive control. After incubation
for 24 h at 28°C, 10 ul 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) solu-
tion (5 mg/ml MTT in PBS, pH 7.4) was added to
each well, and the plates were incubated for a fur-
ther 4 h at 37°C. The turbidity of each well was
measured at 570 nm using a microtitre ELISA reader
(Molecular Devices Emax, California, USA). All the
assays were performed in triplicate.

Haemolysis Assay

The haemolytic activities of the peptides were mea-
sured against a 4% human erythrocyte cell sus-
pension at 414 nm. The human erythrocyte cells
were washed three times with phosphate-buffered
saline (PBS: 35 mm phosphate buffer/0.15m NaCl,
pH 7.0). 100 ul of the human erythrocytes sus-
pension, 8% (v/v) in PBS, was added to the 96-
well plates, then 100 ul of the peptide solution
(HP (2-20) or melittin, used as positive control) was
mixed into each well. The mixtures were incubated
for 1 h at 37°C, then centrifuged at 150 x g for
5 min. The absorbance of the supernatant was mea-
sured at 414 nm. Haemolysis rates of 0 and 100%
were determined in PBS and 0.1% Triton-X100,
respectively. The percentage of haemolysis was cal-
culated employing the equation: % haemolysis =
[(Abss14 nm In the peptide solution — Absyy4 nm In
PBS)/(Abs414 nm in 0.1% Triton-X100 — AbS414 nm in
PBS)] x 100.

Ca?t or Mg?t Dose Dependent Test

C. albicans was suspended at a density of 2 x 10*
cells per 100 ul of the YPD media in a 96-well
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Table 1 The Amino Acid Sequences of HP (2-20) and Melittin and their Molecular
Weights as Determined by MALDI-MASS

455

Peptide Sequence Calculated Observed
value value

HP (2-20) AKKVFKRLEKLFSKIQNDK-NHo 2319.3 2320.0

Melittin GIGAVLKVLTTGLPALISWIKRKRQQ-NHj 2847.4 2850.6

microtitre plate. HP (2-20), at a final concentration
of 25 um, and calcium chloride and/or magnesium
citrate were added, to give final concentrations
of 0.1, 0.5, 1 and 3 mm. The mixtures were
incubated at 28°C for 18 h. 10ul of a MTT
solution (5 mg/ml MTT in PBS, pH 7.4) was added
to each well, and the plates were incubated at
37°C for a further 4 h. The turbidity of each well
was measured by absorbance at 570 nm using a
microtitre ELISA reader (Molecular Devices Emax,
California, USA).

Measurement of K* Release

The yeast cells (2 x 10°%) were incubated on 96-
microtitre plates, in 100 ul of the YPD media
containing peptides (10 um), at 28°C. After incu-
bation, the cell suspensions were centrifuged at
2000 x g for 5 min and the resultant supernatants
retained for the next step. For the measurement of
released Kt, the supernatant was diluted 100 fold
and the released K* measured using an induc-
tively coupled plasma mass spectrometer (Fisons,
Cheshire, UK).

Determination of Intracellular Trehalose

C. albicans cells, containing 50 um of HP (2-20),
were incubated at 28°C for 1 h. The negative con-
trols were incubated without peptide, with melittin
being used as a positive control. Intracellular tre-
halose was extracted from 15 mg (dry wt) of fun-
gal cells with 0.5 ml of boiling water, the extracts
were reacted with anthrone, and the colour for-
mation was measured at 620 nm, in accordance
with the procedure described by Savioja and Miet-
tinen [26]. Glycogen in the trehalose residue was
digested with amyloglucosidase to give free glucose
which was assayed by the glucose oxidase peroxi-
dase method [27]. The method was validated using
glucose as an external standard.

Copyright © 2002 European Peptide Society and John Wiley & Sons, Ltd.

Preparation of Small Unilamellar Vesicles (SUVs)

SUVs were prepared by drying phosphatidyl choline
(PC)/cholesterol (10:1, w/w) under nitrogen, sus-
pending 100 mum of the film in 50 mwm of phosphate
buffer at pH 7.5, mixing by vortex and sonicating
using the tip of an ultrasonic probe. A drop was
deposited on a carbon-coated grid and negatively
stained with 2% uranyl acetate. Specimens were
examined in a Tecnai 12 (Philips, USA) at an accel-
erating voltage of 120 kV.

Morphological Changes induced in C. albicans
by HP (2-20) and Melittin

C. albicans cells were incubated at 28 °C for 4 h with
12.5 um of HP (2-20) or melittin. Negative controls
were run with neither HP (2-20) nor melittin.
The cells were fixed with equal volumes of 4%
glutaraldehyde and 1% paraformaldehyde in 0.05 m
cacodylate buffer (pH 7.2). After fixation for 3 h at
4°C, the samples were centrifuged at 150 x g and
washed twice with the same buffer. The samples
were dehydrated with a graded ethanol series (50%,
70%, 90%, 95%, 100% EtOH). After lyophilization
and gold coating, the samples were examined on a
Hitachi S-2400 (Tokyo, Japan).

RESULTS AND DISCUSSION

A peptide corresponding to HP-(2-20)-amide was
chemically synthesized, purified to homogeneity and

Table 2 Antifungal Activities of HP (2-20) Com-
pared with Melittin

Peptide MIC (um)

C. albicans T. beigelii S. cerevisiae
HP (2-20) 25 12.5-25 25
Melittin 3.125 3.125-6.25 3.125

J. Peptide Sci. 8: 453-460 (2002)
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subjected to MALDI mass spectroscopic analysis,
and its antifungal mechanism studied (Table 1).

HP (2-20) was shown to inhibit the growth of E.
coli and B. megaterium [23]. Melittin, a honeybee
venom toxin, was also reported to possess potent
antimicrobial activity over a broader spectrum [28].
However, the antifungal activity and mechanism(s)
of action of HP (2-20) are not thoroughly under-
stood. Therefore, the antifungal MIC of HP (2-20)
against various fungal cells was determined as MIC
using the MTT assay [29] (Table 2). The haemolytic
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Figure 1 Haemolytic activities of the H. pylori derived
antimicrobial peptide, HP (2-20). The HP (2-20) treated
(0), the melittin treated, used as a positive control (@®).
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Figure 2 The antifungal effect of HP (2-20) against C.
albicans, in the presence of calcium and magnesium ions.
HP (2-20) was added to a final concentration of 25 um and
calcium chloride and/or magnesium citrate added to a give
a final concentration of 0.1, 0.5, 1 and 3 mm. The turbidity
of each well was measured at 570 nm using a microtitre
ELISA reader. The cells were incubated and treated with
Ca’* ions (@) and Mg?* ions (0), respectively.
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percentage was measured using human erythrocyte
cells at various peptide concentrations. HP (2-20)
exhibited no haemolytic activity, while melittin, used
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Figure 3 The concentration of potassium ion released
from C. albicans by the HP (2-20). C. albicans (2 x 105
cells per well) were incubated, at 28°C, on flat-bottom
microtitre 96-well microtitre plates in 100 pul of YPD media,
containing 10 um of the peptides. After incubation, the
cell suspensions were measured for levels of released
potassium ions. No peptide treated (®), cells incubated
with HP (2-20) treated sample (O), and cells incubated
with melittin, (positive control) (V).
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Figure 4 Trehalose assay after addition of peptides,
HP (2-20) and melittin. Subcultured C. albicans cells
(20 um), with peptides, were incubated at 28°C for 2 h.
Peptide-treated cells were washed with distilled water
and dried under vacuum. To determine the glucose
in the trehalose residue, samples were submerged in
boiling water and 2 ul of amyloglycosidase added. After
incubation, anthrone reagent was added, and the mixture
was incubated at 90°C for 15 min. The glucose was
determined at a wavelength of 620 nm.

J. Peptide Sci. 8: 453-460 (2002)
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as a positive control, showed high haemolytic activ-
ity (Figure 1).

The measurement of spore germination, or
growth, is commonly used in antifungal activity
studies, but it is difficult to determine the exact
nature of antifungal mechanism(s) with this method.
In order to obtain further information on whether
HP (2-20) causes damage to the plasma membrane
or affects cell physiology, the cells were incubated
with HP (2-20) and salts (calcium chloride and mag-
nesium citrate). Recently, it has been proposed
that high salt concentrations inhibit the activity
of antimicrobial peptides [30]. In this study, the
fungicidal activity of HP (2-20), against C. albicans,
was markedly reduced at high salt concentrations
(Figure 2). The initial binding of the antimicrobial
peptide, HP (2-20), is thought to depend on a mem-
brane interaction that is vulnerable to increases

(A)

in salt concentration, and is followed by the for-
mation of ion channels [30]. In this report, it was
shown that HP (2-20) peptide possesses a potent
fungicidal activity that heavily depends on ionic
strength.

The amount of K released from C. albicans
by HP (2-20) was compared with the action of
melittin as a positive control. HP (2-20) and melittin
both released more K' than the negative control
(Figure 3). This increase in the amount of released
K" after peptide treatment provides further evidence
that HP (2-20) acts on the plasma membrane, either
by specific disruption of the ion channels, or by
nonspecific pore formation. As for the mechanism
by which HP (2-20) breaks down the membrane
permeability barrier, it is possible that the peptide
perturbs the membrane lipid bilayers, causing
the leakage of certain cellular components, as

)]

Figure 5 Electron micrographs of negatively stained SUV composed of PC/cholesterol (10: 1, w/w) in the absence (A), or in
the presence (B), of HP (2-20), or melittin (C). The scale bar represents 100 nm.

Copyright © 2002 European Peptide Society and John Wiley & Sons, Ltd.
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well as dissipating the electrical potential of the
membrane.

The amount of intracellular trehalose from C.
albicans was measured in the presence and absence
of HP (2-20). As expected, the intracellular trehalose
of the HP (2-20)-treated cells was lower than that of
the negative controls (Figure 4). These results were
comparable to that of melittin and suggest both
HP (2-20) and melittin may act in a similar way.

In order to confirm the ability of HP (2-20) to
disrupt microbial plasma membranes, experiments
were performed with liposomes. Artificial small
unilamellar vesicles (SUVs) (PC/cholesterol; 10:1,
w/w) and neutral vesicles of phosphatidylcholine
(PC) were used as model membrane systems. The
antimicrobial activity of melittin is based on the

(A)

¥ B

formation of transmembrane channels. Pores were
formed from SUVs, after treatment with HP (2-20)
or melittin (Figure 5), suggesting the peptides may
cause perturbation of the lipid components of the
plasma membranes. It is conceivable the effect of
the peptide has the following stages: (i) binding to
the membrane; (ii) membrane destabilization, and
(iii) stabilization of the peptide-lipid complex.

The morphological changes induced in C. albicans
by HP (2-20) and melittin were examined by
scanning electron microscopy. Untreated cells had
a normal, smooth cell surface (Figure 6), whereas
HP (2-20) and melittin treated cells had large
holes in their surfaces, and cell lysis was also
observed (Figure 6). These results provide additional
evidence that HP (2-20) probably acts on the plasma

(B)

7

x8.8k 8683 IS5kY Sum

Figure 6 Scanning electron micrographs of untreated (A), and after treatment of C. albicans for 4 h at 28°C with; 12.5 um

melittin, (B) and 12.5 um HP (2-20), (C).
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membrane, by forming pores, causing the leakage of
ions and other materials from the cells.

CONCLUSION

The synthetic peptide amide HP (2-20) correspond-
ing to an N-terminal region of H. pylori riboso-
mal protein L1 damages the plasma membranes
of C. albicans and thereby exerts potent antifungal
effects similar to those of melittin, but, in contrast
to melittin, without haemolytic activity. We believe
that these observations give HP (2—-20) which is also
active against T. begelii and S. cerevisiae potential
as a lead compound for the development of novel
antifungal drugs.
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