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Abstract

An actual worldwide problem consists of an expressive increase of economic losses and health problems caused by fungi. In order to solve this
problem, several studies have been concentrating on the screening of novel plant defence peptides with antifungal activities. These peptides are
commonly characterized by having low molecular masses and cationic charges. This present work reports on the purification and characterization
of a novel plant peptide of 5.0 kDa, Pe-AFP1, purified from the seeds of passion fruit (Passiflora edulis). Purification was achieved using a Red-
Sepharose Cl-6B affinity column followed by reversed-phase chromatography on Vydac C18-TP column. In vitro assays indicated that Pe-AFP1
was able of inhibiting the development of the filamentous fungi Trichoderma harzianum, Fusarium oxysporum, and Aspergillus fumigatus with
IC50 values of 32, 34, and 40 μg ml−1, respectively, but not of Rhyzoctonia solani, Paracoccidioides brasiliensis and Candida albicans. This
protein was also subjected to automated N-terminal amino acid sequence, showing high degree of similarities to storage 2S albumins, adding a
new member to this protein-defence family. The discovery of Pe-AFP1 could contribute, in a near future, to the development of biotechnological
products as antifungal drugs and transgenic plants with enhanced resistance to pathogenic fungi.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Several plant proteins capable of inhibiting the growth of
agronomically important pathogens have been isolated during
the last few years [1,2]. There are five main families of peptides
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antifungal protein; HPLC, high-performance liquid chromatography; LTP, lipid-
transfer proteins; MYG, malt yeast glucose medium; NaD1, antimicrobial peptide
from Nicotiana alata; Pe-AFP1, antifungal peptide from Passiflora edulis; Pp-
AMP1, antimicrobial peptide from Pyrularia pubera 1; Pp-AMP2, antimicrobial
peptide fromPyrularia pubera 2; PR protein, pathogen-related proteins; Ra-AFP2,
Raphanus sativus antifungal protein isotype 2; RIP, ribosome-inactivating proteins;
SDS-PAGE, sodium dodecyl polyacrylamide gel electrophoresis; TFA, trifluor-
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antimicrobial peptide from Vigna angularis
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that seem to be essential for plant defence processes, acting toward
pathogens by diverse ways [1]. The first one, grouped as patho-
gen-related proteins or simply PR proteins, have been isolated
from several plant species [3–5] as tobacco, barley, beans, Arabi-
dopsis, and so far have been divided in seventeen subfamilies that
includes chitinases, β-1,3-glucanases, thaumatin-like (TL) pro-
teins, proteinase inhibitors, endoproteinase, peroxidase, ribonu-
clease-like, γ-thionin or plant defensins, oxalate oxidase, oxalate-
oxidase-like and others proteins of unknown biological properties
[6–12]. Two of these PR subfamilies, chitinases and β-1,3-glu-
canases, comprise genuine antifungal and antibacterial proteins
which act on the cell wall structure hydrolysing chitin and/or
peptidoglycans [1,13]. In addition, these enzymes are involved in
the recognition processes of the attacking pathogen by the host
when they hydrolyse defence-activating signal molecules from
the walls of involving pathogens [10]. Plant defensins or γ-
thionins form the second group. This class is composed of cationic
peptides synthesized in leaves, roots, flowers and seeds and are

mailto:ocfranco@pos.ucb.br
http://dx.doi.org/10.1016/j.bbapap.2006.04.010


Fig. 1. (A) Red-Sepharose Cl-6B chromatography profile of Pe-AFP1 enriched
fraction from passion fruit (Passiflora edulis) seeds. NRP and RP correspond to
non-retained and retained peaks, respectively. Black arrow indicates the retained
proteins eluted with 0.15 M Tris–HCl buffer, pH 7.0, containing 3.0 M NaCl
and 0.05 M CaCl2. (B) Reversed-phase chromatogram profile (Vydac C18-TP
column) of Red-Sepharose retained fraction. The diagonal line indicates the
linear acetonitrile gradient. Insert: re-chromatography of Pe-AFP1 on Vydac
C18-TP column.
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typically characterized by their low molecular masses and high
disulfide bond content [14]. Defensins probably are able to inhibit
fungi growth by a direct interaction with a sphingolipid at cell
membrane surface [2]. The third family, known as lipid-transfer
protein (LTP), shows also low molecular mass and is strongly
stabilized by four disulfide bonds [15]. They are usually found in
cereal grains but are also present in onions, spinach and A. tha-
liana [16] and exert their growth inhibition effects probably by
acting on the traffic of phospholipids across membranes [17]. The
fourth group encompasses the ribosome-inactivating proteins
(RIP) that cause irreversible damages of ribosomes by depuration
of rRNA [18]. RIPs are expressed in response to various patho-
gens, as virus and fungi, mechanical wounding, jasmonic and
abscisic acid treatments and abiotic stresses [19–21]. The well-
conserved fifth family comprises the cyclophilin-like proteins and
has been isolated from several plant species [22]. These proteins
work as intracellular receptors for cyclosporins leading to remark-
able fungus lethality [23].

There is a body of evidence pointing out that these above-
mentioned five groups of proteins play important roles in the
plant protection against microbial infections. However, a sixth
class of plant defence peptides showing structural similarities to
the 2S-storage proteins has recently gained more attention. Al-
though most studies on 2S peptides have addressed their aller-
genic properties, as those reported for Brazil nut (Bertholletia
excelsa), cashew nut (Anacardium occidentale L.), oilseed rape
and turnip rape [24–26], some reports deal with the antimicro-
bial activity of 2S proteins against filamentous fungi and bacte-
ria [27,28,56].

The 2S family consists of storage proteins found both inmono-
and dicotyledonous seeds that display several similarities to plant
defence peptides including characteristic low molecular masses,
high disulfide bond content that confer temperature and pH sta-
bilities, and other common structural features [26,29]. Hitherto
only a few number of 2S antifungal peptides has been described as
those from seeds of Raphanus sativum [56], Passiflora edulis
[28], Malva parviflora [30] and Brassica species [31].

This current work reports on the purification and biochem-
ical characterization of a novel 2S antimicrobial peptide, Pe-
AFP1, from passion fruit seeds that show close similarities to
other members of the 2S albumin family. Additionally, the
ability of Pe-AFP1 to inhibit the growth of filamentous fungi,
including a species that is the main causative agent of human
pulmonary infection, is demonstrated.

2. Material and methods

2.1. Extraction and isolation of Pe-AFP1

P. edulis mature seeds were air dried, macerated to a fine flour and extracted
with 0.6 M NaCl+0.1% HCl solution in a proportion of 1:3 (w/v). The sus-
pension was centrifuged at 6000×g, for 20 min, 4 °C, and the supernatant (crude
extract) precipitated with ammonium sulfate at 100% saturation, at 25 °C. After
centrifugation at the same conditions described above, the precipitate material
was resuspended and dialyzed (cut off 3.0 kDa) against distilled water. This
fraction was lyophilized, resuspended with equilibration buffer (0.15 M Tris–
HCl buffer, pH 7.0 containing 0.005MCaCl2) and applied onto a Red-Sepharose
affinity column. Chromatography was carried out at 0.5 ml min−1 flow rate and
the eluted fractions (2.0 ml) read at 280 nm in a spectrophotometer. The non-
retained protein fraction was displaced from the column with the equilibration
buffer and the retained peak eluted in a single step with 3.0 M NaCl dissolved in
the equilibration buffer. After dialyses (cut off 3.0 kDa) and lyophilization,
1.0 mg of the retained fraction was diluted with 0.1% trifluoroacetic acid (TFA)
and applied onto a reversed-phase Vydac C-18TP column coupled to a HPLC
system and equilibrated with 0.1% TFA from where the retained proteins were
eluted with a linear acetonitrile gradient (0–100%) at a flow rate of 1.0 ml min−1.

2.2. SDS-PAGE analyses

The protein fractions eluted from the reversed-phase chromatography were
analysed by 15%SDS-PAGE according to Laemmli [32] withminor modifications
using bromophenol blue as tracking dye. Sampleswere run for 45min at 200V, and
gels were silver stained.

2.3. Amino acid sequencing and in silico analyses

The N-terminal amino acid sequence of Pe-AFP1 was determined on a Shi-
madzu PPSQ-23A Automated Protein Sequencer performing Edman degradation.



Fig. 2. SDS-PAGE of Red-Sepharose retained proteins (lane A) and Pe-AFP1
(lane B) obtained from passion fruit seeds.
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Sequences were determined from 5 pmol samples. PHT-amino acids were detected
at 269 nm after separation on a reversed phase C18 column (4.6×2.5 mm) under
isocratic conditions, according to the manufacturer's instructions. Amino acid se-
quences were then compared to SWISSPROTData Bank, using FASTA3 Program
[33–35]. An alignment using ClustalW Program [36] was performed in order to
analyse primary sequence similarities into each group.

2.4. Antifungal bioassays

The effect of Pe-AFP1 on the growth of the filamentous fungi Trichoderma
harzianum, Aspergillus fumigatus, Fusarium oxysporum and Rhyzoctonia solani
was assessed according to Oard et al. [37]. These microorganisms were grown in
20 ml MYG medium (0.5% malt extract, 0.25% yeast extract, 1.0% glucose, pH
6.0) for 48 h, at 25 °C, in the presence and absence of Pe-AFP1 at concentrations
of 25, 50, 75 and 100 μg ml−1. Distilled water was used as negative control and
0.5% Capitan as positive control. Evaluation of growth inhibition in comparison
with both controls was obtained by measuring the fungus dry weight 48 h after
incubation with the test and control substances.

Yeast bioassay was performed according to Galgiani et al. [38]. Paracoc-
cidioides brasiliensis and Candida albicans were grown in Sabouraud dextrose
agar and incubated at 35 °C for 24–48 h. Pe-AFP1, at concentrations varying
from 0.125 to 150 mg ml−1, was incubated with the yeast cells in 12×75 mm
tubes at 35 °C for 46 to 50 h. Amphotericin B and fluconazole were used at
standard concentration of 20 μg ml−1, as positive controls and a solution of 1%
dimethylsulfoxide (DMSO) as the negative control. The growth inhibition of the
yeast cells promoted by Pe-AFP1, in relation to negative and positive controls,
was assessed by direct comparison of the number of spores formed as counted
under optical microscopy using a Newbauer camera. All assays were carried out
in triplicate.
Fig. 3. Alignment of the N-terminal sequences of Pe-AFP1 and other members of the
with asterisk (*).
2.5. Bacteria bioassays

In vivo analyses against two human pathogenic bacteria, Klebsiella sp. and
Proteus sp. were performed using 1.0 ml Luria-Bertani medium (10 g l−1 NaCl, 5 g
l−1 yeast extract, 45 g l−1 bactopeptone). Bacteria were pre-incubated with LB
medium during 18–24 h at 37 °C before, starting peptides challenge. Distilled
water was used as negative control and 40 μg ml−1 cloranfenicol, as positive
control. Peptides from fruit seeds were incubated with bacteria for 4 h at 37 °C at
standard concentration of 40 μg ml−1. Evaluation of bacterial growth was done in
triplicate at each hour by measurement of optical density of 595 nm.
3. Results

3.1. Purification and molecular characterization of Pe-AFP1

To isolate the novel antimicrobial peptide from passion fruit
(P. edulis) seeds, the ammonium sulfate precipitated rich frac-
tion was applied onto a Red-Sepharose Cl-6B affinity column
that has been often utilized to purify positive charged proteins,
especially plant defence peptides [39–41]. As the retained peak
(Fig. 1A) was contaminated with other numerous proteins of
molecular masses in a range of 5.0 to 80.0 kDa (Fig. 2, lane A),
it was submitted to reversed-phase chromatography on Vydac
C-18TP column from which a major protein peak was eluted at
40% acetonitrile concentration (Fig. 1B). This peak was re-
chromatographed in the same Vydac C-18TP column, but now
eluted with a linear gradient of 20–50% acetonitrile (Fig. 1B,
top right side) when a highly homogenous purified peptide (Pe-
AFP1) migrating at approximately 5.0 kDa was obtained (Fig.
2, lane B).

3.2. Amino acid sequencing and alignment

Partial sequencing of Pe-AFP1 revealed an N-terminal se-
quence consisting of 25 amino acid residues in this order: Q S E
R F E Q Q M Q G Q D F S H D E R F L S Q A A (Fig. 3). Pe-
AFP1 showed various conserved residues as compared with the
2S albumin family (Fig. 3). For example, it was found 84% and
82% identity of Pe-AFP1 to the 2S albumin proteins from
Sesamum indicum and Vitia vinifera, respectively, which are
both storage molecules [42,43] whose antifungal activities have
2S albumin family possessing antifungal activity. Cysteine residues are marked
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not yet been well established. In addition, Pe-AFP1 and the 2S
protein from P. edulis have only 50% identical amino acid resi-
dues. Although the 2S peptide of P. edulis presents conserved
Cys5 and Cys13 residues compared with other similar proteins,
Pe-AFP1 shows different amino acids at these positions, Phe
and Asp residues instead (Fig. 3, asterisks). Moreover, Pe-AFP1
and the previous described 2S protein from P. edulis show dif-
ferent molecular masses, suggesting that this plant species has at
least two antifungal proteins belonging to the 2S family.

3.3. Antifungal activity

The partially purified Pe-AFP1 obtained by affinity chroma-
tography onRed-Sepharose column caused growth inhibition of T.
harzianum (80%), A. fumigatus (60%) and F. oxysporum growth
(70%) but not ofR. solani,P. brasiliensis andC. albicans (Fig. 4A)
Fig. 4. (A) Antifungal activity of Red-Sepharose retained peak ( ) andPe-AFP1
(□) obtained from passion fruit. Vertical bars represent standard deviation. Each
assay was carried out in triplicate. (B) In vitro assays by using Pe-AFP1 toward
the filamentous fungi Trichoderma harzianum, Fusarium oxysporum, and
Aspergillus fumigatus, showing IC50 values of 32, 34, and 40 μg ml−1,
respectively. Vertical bars represent standard deviation. Each assay was carried
out in triplicate. Each replicate do not differed more than 12%.
as compared to the corresponding positive controls. These last
were able to totally inhibit fungi growth (data not shown). When
the highly homogenous Pe-AFP1 peptide was tested against the
filamentous fungi T. harzianum, F. oxysporum, and A. fumigatus
(Fig. 4B), the IC50 values obtained in the bioassays were 32, 34,
and 40 μgml−1, respectively, indicating that the antifungal activity
verified in the retained peak eluted from the Red-Sepharose co-
lumn was at least partly due to Pe-AFP1.

4. Discussion

This report described the purification and biochemical cha-
racterization of a novel plant peptide, Pe-AFP1, purified from
the seeds of passion-fruit with similarities to 2S albumin pro-
teins. The purification steps of Pe-AFP1, which include affinity
chromatography on Red-Sepharose and reversed-phase chro-
matography on Vydac C-18TP column, were very similar to
those employed for purification of plant defence peptides [41].
Additionally similar acetonitrile concentrations in identical co-
lumn were used to elute antimicrobial peptides from Japanese
bamboo shoots (Phyllostachys pubenscens), Pp-AMP1 and Pp-
AMP2. Indeed, in these cases, these defensins were eluted at
41% acetonitrile concentration [44]. Furthermore, defensins
from tobacco (Nicotiana alata) and petunia (Petunia hybrida)
were eluted at 30.7% and 29.5% acetonitrile, respectively [45].
A chitin-binding peptide from sugar beet leaves also showed a
similar elution pattern for the major peaks, when compared to
Pe-AFP1 chromatograms [46]. Nevertheless, in spite of these
above similarities, further results indicated that Pe-AFP1 does
not belong to these classes of peptides, but to the 2S family. All
together, these above data provide clear evidence that not only
plant defensins could be purified following a similar protocol
but also several other classes of plant defence peptides.

The N-terminal amino acid sequence of Pe-AMP1 (Fig. 3)
showed high conserved alignment compared with peptides of the
2S albumin family but not with those of other plant defence-
related protein families. Using the FASTA3 program, Pe-AFP1
was shown 50%, 84% and 82% similarities with 2S albumin
proteins from P. edulis, V. vinifera and S. indicum, respectively
[42,43]. Therefore, Pe-AFP1 also showed clear similarity, which
range from 50 to 70%, to 2S proteins from Ricinus communis, B.
excelsa and G. max [53–55] and low similarities (less than 45%)
to M. parviflora, R. sativum, Picea glauca and Brassica napus
[27,30,48,51,52,56]. However, the 2S albumins are amajor group
of storage proteins presented in various dicotyledonous plant
species that have been involved in some allergic reactions, such as
the 2S albumin from Brazil nut, cashew nut, B. napus and
Brassica rapa [25,26,29,47]. Nevertheless, Pe-AFP1 has not or
shows low similarities to these allergenic peptides. The allege-
nicity of passion fruit peptide probably will be assessed in further
studies, relating structure and biological properties. Alignment of
Pe-AFP1 fragment with the plant 2S albumins revealed another
intriguing data. Although almost all aligned proteins presented
conserved Cys5 and Cys13 residues (Fig. 3, asterisks), Pe-AFP1
shows Phe5 and Asp13 instead. This particularity was only shared
by CW-1 from M. parviflora, which showed Phe5 and an acidic
residue, Glu, in position 13. These data suggest that distinct
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disulfide patterns could be found in antifungal 2S albumins, once
that two-conserved Cys residues, marked by asterisks in Fig. 3, in
formation of two distinct disulfide bond. In fact, P. edulis amino
acid fragment here sequenced represent the first and second he-
lices of 2S protein, in comparison to napin structures. Additional
comparisons to other plant 2S proteins, such as BnIb from B.
napus and SFA-8 from Helianthus annus, revealed that these
helices positions are wide variable with an enhanced diversity of
amino acids [48,49].

Previous studies have proposed that proteins belonging to the
2S family are mainly storage molecules to which the major
researcher interests are on their allergen characteristics [29]. The
first member of 2S albumin family, which showed the ability to
reduce fungi growth, was isolated from R. sativum [56]. Further
studies, however, have revealed that other 2S proteins could also
display a similar activity or possess the ability of inhibiting pro-
teinases [31,50] as that (CW-1) with 5.0 kDa purified from M.
parviflora seeds [27,30]. Furthermore, two 12 kDa proteins from
P. edulis showed high similarity to 2S albumins and also
antifungal activity, strengthening the idea that storage proteins
could have, in addition, a secondary function as plant defence
molecules [28]. In this current report, a 5 kDa peptide from P.
edulis, Pe-AFP1, showed high similarity to 2S albumin storage
proteins, a group known by its ability to serve as sulfur and ni-
trogen sources for plant germination [28]. Moreover, Pe-AFP1
caused considerable growth inhibition of three filamentous fungi,
T. harzianum, A. fumigatus, and F. oxysporum. Conversely, Pe-
AFP1was incapable of inhibiting any kind of bacteria and the two
yeasts tested (data not shown). These are not pioneering data since
other 2S albumins were demonstrated to possess antifungal
activity. For instance, peptides belonging to this family have been
isolated from M. parviflora and showed inhibitory effects on the
growth of F. graminearum and Phytophtora infestans [30].
Several other similar 2S proteins fromBrassicae species also have
antifungal properties and are able of inhibiting the development of
F. oxysporum, F. culmorum, Alternaria brasicola, Botrytis cine-
rea, Pyrularia oryzae, and Verticillium dahliae [50]. Possibly, 2S
albumins might be involved in an interesting plant defence net-
work since in vitro synergic effects of plant γ-thionins and 2S
albumins were described to occur on fungus growth [50].

In conclusion, we demonstrate the presence of a novel pep-
tide in passion fruit seeds, named Pe-AFP1, with close similarity to
2S albumins, which possesses antifungal activity towards fungi that
cause disease in human and plants. Therefore, Pe-AFP1 could
contribute, in a near future, to the production of antifungal drugs to
control human infection and to the development of transgenic
plants with enhanced resistance to phytopathogenic fungi. Addi-
tionally, it may contribute for the establishment of a consistent
classification system for the 2S albumin family based on the disul-
fide bridge patterns and for a better understanding of plant defence
mechanisms.
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