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Abstract We have previously reported the identification of
a small, basic and cysteine-rich antifungal peptide (AcAFP)
secreted by Aspergillus clavatus and shown its ability to
prevent growth of various human- and plant-pathogenic
filamentous fungi. In this study, we sought to determine the
physiological/microbiological requirements to enhance the
AcAFP production and the conditions influencing its
stability. The maximum of AcAFP production was obtained
when A. clavatus was grown on 2% glycerol as sole carbon
source and 100 mM NaCl. The AcAFP expression was
shown to be influenced by pH, being suppressed under
acidic (pH 5) and strongly induced under alkaline con-
ditions. The activity of the purified AcAFP was not affected
by temperature; it loosed approximately 20% of its activity
after 3 h at 100°C and was efficient through a large pH
range (pH 5-12) with an optimum at pH 8. AcAFP activity
decreased at high ionic strength and in the presence of
10 mM of divalent cations (Mn2+, Fe2+ and Ca2+).

Keywords Aspergillus clavatus . Antifungal activity . Salt
effect . Thermostability . Carbon sources

Introduction

The risk of opportunistic infections is greatly increasing in
immuno-compromised patients due to cancer chemothera-
py, organ or bone marrow transplantation and in human
immunodeficiency virus infections (Hoffman et al. 2000).
Moreover, microorganisms became more and more resistant

to drugs as far as chemical compounds are extensively
adopted in current farming practices to protect crops against
diseases. Due to the excessive use of the conventional
chemical agents which led the development of resistant
pathogen strains and the appearance of some side effects on
users, new antifungal substances are in great demand for
the combat of pathogenic fungi. The ultimate aim of new
antifungal production strategies is to obtain novel drugs that
combine high efficacies with a narrow susceptibility range,
restricted toxicity and low cost of production.

During the last two decades, a wide range of antifungal
peptides with different structural features have been isolated
and characterised. They have been produced from different
organisms, ranging from bacteria to humans, either consti-
tutively or upon induction (Theis and Stahl 2004; Baker et
al. 1997; Anderson and Yu 2005). In prokaryotes and lower
eukaryotes, antifungal peptides might confer an ecological
advantage for the producer organism in the competition for
nutrients. In higher eukaryotes, these peptides are part of
the innate immune system and are the first defence line
against invading micro-organisms (Fritig et al. 1999; Lehrer
and Ganz 1999; Raj and Dentino 2002). Among the large
number of antifungal peptides, small peptides from imper-
fect filamentous fungi, endowed with potent antifungal
activity, are more recently described (Marx 2004; Marx et
al. 2008; Meyer 2008). The filamentous ascomycetes
Aspergillus giganteus, A. niger, Penicillium chrysogenum
and P. nalgivense secrete homologous antifungal peptides
called AFP, AnAFP, PAF and NAF, respectively (Wnendt et
al. 1994; Gun Lee et al. 1999; Marx et al. 1995; Geison
2000). Gene regulation and expression profile studies at
different environmental conditions were limited to AFP and
PAF peptides. Transcription of the afp gene was shown to
be neither under the control of carbon catabolite repression
nor regulated by nitrogen metabolite repression (Meyer et
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al. 2002). However, it is highly expressed under different
stress conditions such as alkaline pH, salt stress, heat shock,
carbon starvation and during co-cultivation with other
fungi. In contrast, transcription is strongly inhibited under
acidic pH and phosphate excess (Meyer and Stahl 2002;
Meyer et al. 2002; Meyer and Stahl 2003; Meyer 2008).
The transcription of paf seems to be under control of carbon
catabolite repression and nitrogen metabolite repression
(Marx et al. 1995), while it is not affected by heat shock or
phosphate concentrations in the culture medium (Marx
2004). afp and paf genes reach their maximum expression
level during the stationary growth phase. In addition, it
seems that stress conditions have in general a positive
impact on afp and paf expression (Meyer et al. 2002; Marx
2004; Marx et al. 2008; Meyer 2008).

We reported previously that the local strain named VR1
of the filamentous fungus A. clavatus abundantly secretes a
thermostable, basic and amphitatic peptide named AcAFP,
with a low molecular weight (5,773 Da) and a promising
range of antifungal activity (Skouri-Gargouri and Gargouri
2008). This AcAFP peptide inhibited the growth of several
filamentous fungi such as A. niger and Fusarium oxy-
sporum. The last species is a phyto- pathogen responsible
for wilt and cortical rot diseases of many economically
important plant hosts (cereals, cotton and olive). The F.
oxysporum f. sp. albedinis strain causes a vascular wilt of
date palm known as Bayoudh disease that devastated a
great number of palm plantations in North Africa and
California (Fernandez et al. 1998). Therefore, due to its
potent antifungal activity, the AcAFP exhibited a number of
promising properties that make it a potentially appealing
option for future application in biotechnological fields,
particularly for the alleviation of current concerns pertain-
ing to fungal infection and contamination.

The present study was then undertaken to gather
information on the factors effecting the expression, activity
and stability of AcAFP. Its production was assessed under
various culture conditions, including the presence of
different carbon sources, different salts, and different pH
values. Several experimental conditions were carried out to
determine the stability of AcAFP peptide towards heat
treatment, pH variation, salt stress and metal ions.

Materials and methods

Microorganisms

A local fungal strain (named VR1) that we have previously
isolated from a contaminated culture broth in our laboratory
was identified by the Central Bureau voor Schimmelculture
(CBS; the Netherlands) as A. clavatus and deposited in the
collection of the “Centre de Biotechnologie de Sfax” as

CTM 10.520 (Skouri-Gargouri and Gargouri 2008). It was
used as the AcAFP producer strain while the F. oxysporum
strain CTM:10.402 was used as the phytopathogenic target
of the AcAFP activity.

Both strains were propagated on potato-dextrose-agar
(PDA) plates and incubated at 30°C. For the preparation of
the conidia of F. oxysporum and A. clavatus, the fungal
cultures were transferred to Petri dishes that contained PDA
and were allowed to grow at 30°C for 10 days; conidia
were scraped, suspended in 1% tween solution and filtered
through cotton. Spores were quantified, concentrated and
stocked frozen in 20% glycerol at 109 spores ml−1.

Culture media and conditions

During the investigations of culture conditions, growth was
carried out in a basic medium containing 1% yeast extract,
0.5% pastone (pH 7) and gradually supplemented with
various ingredients including several carbon sources (col-
loidal chitin, starch, glucose, sucrose and glycerol) and
inorganic salts (sodium chloride and potassium chloride) at
different concentrations. The resultant media (50 ml) were
inoculated with spores of A. clavatus (106 spores ml−1) in a
500 ml Erlenmeyer flask and then cultured for 120 h at
30°C on a rotary shaker (150 rpm). The culture supernatant
was isolated through filtering by four layers of cheesecloth
and then centrifuged for 20 min at 8,000 rpm.

Protein purification

The purification of AcAFP peptide from the culture
supernatant of A. clavatus was performed as previously
described (Skouri-Gargouri and Gargouri 2008). After 96 h
of culture, thermo-labile and insoluble materials were
removed by incubation of the supernatant at 70°C for
20 min followed by centrifugation at 6,000 rpm for 20 min.
The pooled fraction was concentrated using centricon
3 kDa (Millipore) and finally purified by reverse-phase
high-performance liquid chromatography (RP-HPLC; Agi-
lent 1100 series; USA) on C18 column (μ-Bondpack C18:
3,000×4.6 mm; Waters USA) equilibrated with aqueous
0.05% trifluoroacetic acid (TFA). Elution was carried out
using a linear gradient of 0–80% acetonitrile in aqueous
0.05% TFA at flow-rate of 0.5 ml min−1 (Skouri-Gargouri
and Gargouri 2008).

Antifungal activity assay

The antifungal activity assay was conducted by an agar
diffusion test. Two methods were compared: the use of
antibiotic discs or wells made in agar. In both cases, the
conidia of the target fungus F. oxysporum were spread out
on PDA plates at a density of 106 spores ml−1 (30 μl of
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spores stock per plate). Serially diluted-peptide solutions
were deposited either on the antibiotic discs (0.65 mm) or
in the wells made in the plates that contained the test
fungus. The same peptide concentrations were used for
both tests with several levels ranging from 3 μg to 100 μg
ml−1. Each sample volume was adjusted to 100 μl with
sterilised Milli-Q water. The plates were incubated for 72 h
at 30°C. Assays were performed in triplicate, and the
inhibitory effect of the peptide was estimated by measuring
the diameter of the inhibition zone of fungal growth minus
the diameter size of the well or antibiotic disc (Ekengren
and Hultmark 1999). The clear zone diameter around the
antibiotic disc or around the well made in the agar plate was
carefully measured with a Digimatic caliper (Mitutoyo
series 500. Japan) to the nearest 0.1 mm.

Protein estimation and polyacrylamide gel electrophoresis

Protein concentration was determined using the method of
Bradford (1976) with BSA as a standard. Analytical sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) was performed according to the method of Laemmli
and Favre (1973), the polyacrylamide concentration in the
separating gel was 15% (w/v). Proteins were stained with
Coomassie Brillant Blue R 250 (Sigma).

Effect of carbon source on the AcAFP expression

To study the effect of carbon sources on the expression of
the antifungal peptide, the fungus was grown on a basic
medium as described above. Several carbon sources were
added separately to the defined medium, i.e. glucose,
sucrose, colloidal chitin, starch and glycerol, at two
different concentrations 1% and 2%. Antifungal activity,
protein yield, pH variation and protein visualisation on the
SDS-PAGE were determined for each set of conditions.

Effect of salt on the AcAFP production

Two different salts, NaCl and KCl, were added apart to the
culture medium in a variety of concentrations (0.1, 0.5 and
1 M). Their effect on antifungal peptide production was
investigated.

Effect of the pH on the AcAFP production

The optimal pH for AcAFP production was determined by
measuring the antifungal activity in the crude culture
supernatants obtained from various culture media according
to their initial pH. The buffer systems used were equally set
at 100 mM of sodium-acetate to get a pH value of 5;
phosphate KH2PO4/K2HPO4 for a pH value of 7, and
glycin-NaOH for a pH value of 9.

Effect of the pH on the AcAFP stability

The pH stability of AcAFP was evaluated by incubation of
the purified peptide for 24 h at room temperature at pH
ranging from 5 to 12 using different 100 mM buffers:
sodium-citrate for pH 5; phosphate (KH2PO4/K2HPO4) for
pH 6 and 7; Tris-HCl for pH 8, and glycin-NaOH for pH 9,
10, 11 and 12.

Effect of the temperature on the AcAFP stability

The AcAFP thermal stability was studied by heating the
purified protein at 100°C for 1, 2 and 3 h in the same
buffer: 10 mM Tris-HCl pH 8. The residual activities were
then determined. AcAFP was used at a concentration of
100 μg ml−1, standard deviation (±SD) of three independent
experiments are given.

Effect of metal ions on the AcAFP stability

The effect of divalent cations on AcAFP stability was tested
by measuring the growth inhibition of the target fungus.
The ionic solutions used in this study were prepared in
distilled water: BaCl2, CaCl2, ZnCl2, CoSO4, CuSO4,
FeSO4, MgSO4, MnSO4, and used for the antifungal
activity at 5 or 10 mM. For each ion, two tests were made
on the test agar plate: one test for the purified AcAFP and
the ion in front of a control containing only the ion.

Statistical analysis

Data were submitted to statistical analysis using the
Statistical Package for the Social Sciences (SPSS) software
version 11.0 for Windows (SPSS Inc., Chicago, USA).
Classical descriptors such as mean and maximum and
minimum values were determined. The correlation matrix
was calculated for all variables. ANOVAwas performed for
detecting differences among and between all parameters.

Results

Evaluation of the antifungal activity

Antifungal activity, determined by inhibition zone assay,
was assessed by two different methods in order to
standardize the measurement of the AcAFP activity
(Fig. 1a). The well agar diffusion method seemed to be
more sensitive since it allowed the detection of low
concentrations of the antifungal peptide that were not
detectable by the antibiotic disc diffusion method. More-
over, the determined experimental value of the minimal
inhibition concentration (MIC): 3.4 μg ml−1 was found to
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perfectly match with the “theoretical value” obtained by the
projection of the plot of the second method on abscises axe
(Fig. 1b). Interestingly, the diffusion test seems to be
relevant to estimate the AcAFP peptide’s antifungal activity
since we observed a linear relationship between antifungal
activity and the tested AcAFP concentrations. This propor-
tionality is probably due to the AcAFP’s small size which
does not seem to disturb its diffusion properties into the
agar.

Effect of carbon sources on the AcAFP production

Strain VR1 was cultured in basic media containing
colloidal chitin, starch, glucose, sucrose or glycerol at 1%
(w/v; v/v). A negative control medium without any
additional carbon source was also used. Culture super-
natants were used for the evaluation of the AcAFP
production by measurement of the inhibition growth zones

since the purification procedure (under different experi-
mental culture conditions) led to the identification of only
one single peptide presenting the described antifungal
activity. By assessing the AcAFP production and total
extracellular proteins, we found that the absence of added
carbon source in the culture medium significantly decreased
the concentration of the extra cellular proteins and the
antifungal activity in the culture supernatants (Table 1). A
slight increase of activity was observed when 1% of
colloidal chitin was added, although the levels of total
secreted proteins decreased (Table 1). A good growth with
important release of extracellular proteins but low
antifungal activity was observed on the media supple-
mented with sucrose (Table 1). Compared with colloidal
chitin and sucrose, both starch and glucose had a
significant positive effect on AcAFP production, which
was enhanced by about four and five times, respectively.
Interestingly, glycerol yielded the highest antifungal
expression and activity, approximately two times higher
than that obtained by glucose or starch (Table 1). The
slight variation in biomass, quantified in each condition
(Table 1), did not explain the variation in production of
the antifungal activity. For instance, the biomass produced
on sucrose is equal to that obtained on glycerol (9 g/l in
both conditions) whereas the inhibition growth zone
reached 0.49 mm (±0.07) on sucrose and 2.92 mm
(±0.58) on glycerol. Thus, these results suggest firmly
that the expression of the AcAFP is regulated by the
carbon source administrated.

In a second step, the effect of the carbon source
concentration on the AcAFP expression and production
was investigated by raising the concentration of glycerol,
glucose and sucrose up to 2% in culture media. Our data
indicate that while antifungal activity was inhibited in the
presence of sucrose, it was slightly increased with glucose
and highly enhanced with glycerol (Fig. 2a). SDS-PAGE
analysis confirmed the overproduction of AcAFP peptide in
the presence of 2% glycerol (Fig. 2b).

Time course of AcAFP production

During the incubation process, the antagonistic activities
against F. oxysporum were measured every 24 h for a total
period of 120 h. When grown on glycerol, the antifungal
activity was detected within 48 h of culture, reached a
maximum at 96 h and dropped gradually afterwards
(Fig. 3). However, when grown on glucose, the antifun-
gal activity was detected after 72 h, showed a maximal
activity after 120 h of culture (Fig. 3) and remained
stable during the following 10 days of culture (data not
shown). The maximal activity reached on glucose,
nevertheless, remained lower than that reached on the
glycerol medium.
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Fig. 1 Antifungal activity of AcAFP against F. oxysporum. a
Antifungal activity assay using antibiotic discs (1) and wells in agar
(2). AcAFP was used at a concentration of 3–100 μg ml−1. b Plot of
the antifungal activity against AcAFP concentration, method 1 (filled
triangle) and method 2 (filled diamond). The width of the inhibition
zone corresponds to the size (diameter) of the clear zone (millimetre)
measured for each sample concentration minus the size of the central
well/disc. Standard deviations (±SD) of three independent experiments
are given
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Effect of salt on the AcAFP production

A variety of NaCl and KCl concentrations ranging from
100 mM to 1 M were used to evaluate the salt sensitivity of
AcAFP. The optimal production of the AcAFP activity was
obtained in the presence of 100 mM of salt (NaCl or KCl)
on 2% glycerol (Fig. 4). On 2% glucose, the production is
quite lower but, interestingly, an enhancement of about 2.5-
fold of the AcAFP activity was observed in the presence of
KCl at 500 mM compared with that obtained with 100 mM
KCl. This result seems to be specific to KCl since we do
not observe similar effect on the antifungal activity with
NaCl. Finally, either in the presence of glucose or glycerol,
the excess of salt in the culture medium to 1 M drastically
increased the production of AcAFP (Fig. 4).

Effect of pH on the AcAFP production

Figure 5a shows that when the medium conditions (as
above optimised) were adjusted at an initial pH of 5, the
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Table 1 Effect of different C-sources (1% w/v) in basic media on the production of secreted proteins by A. clavatus VR1, pH variation and
growth inhibition (gI)

Carbon source Proteins (μg ml−1) Biomass (g l−1) gI (mm)a pH of the culture

Absence 10.6±0.12 7.5 0.2±0.05 9

Colloidal chitin 8.25±0.14 6 0.43±0.04 6

Starch 21.7±0.21 7 1.13±0.09 7.4

Glucose 47.5±0.11 12 1.52±0.1 7.5

Sucrose 54.35±0.3 9 0.49±0.07 8

Glycerol 56.25±0.12 9 2.92±0.58 8

All cultures were incubated for 96 h and all antifungal assays were done with 200μl of each set of culture conditions. Each value represents the
means of three independent experiments
a The diameter of the inhibition growth zone
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antifungal activity was negligible. The same results were
obtained for extracellular proteins and biomass, which
suggested that the producer strain, A. clavatus, seems to
be sensitive to acidic pH values. The secreted proteins and
the antifungal activity were restored when the producer
strain was grown in neutral (pH 7) or basic (pH9)
conditions (Fig. 5a).

Effect of pH on the AcAFP stability

After incubation of the purified AcAFP for 24 h in the
presence of different pH buffers, it remained active over a
broad pH range with an optimum activity around pH
8 (Fig. 5b). It is worth noting that the AcAFP antifungal
activity slightly decreased at extreme pH values.

Effect of temperature on the AcAFP stability

Since the thermostability of AcAFP has been studied during
the purification procedure of the AcAFP protein (Skouri-
Gargouri and Gargouri 2008), the effect of temperature on
the activity of the antifungal peptide was determined by
heating the purified peptide at 100°C for different time
intervals ranging from 10 to 180 min. It was noted that
AcAFP was quite stable at 100°C for 1 h (8.43 mm±0.38)

and that its activity showed a slight alteration even after 2 h
at 100°C (7.8 mm±0.28). However, antifungal activity
decreased by approximately 20% after 3 h of heating
(6.3 mm±0.09).

Effect of metal ions on AcAFP stability

Each metal ion was incubated for 24 h at room temperature
with the purified AcAFP before testing their effect on
AcAFP activity. The antifungal activity was substantially
inhibited in the presence of divalent cations, particularly
10 mM of Mn2+ and Ca2+ and retained approximately 27%
of its activity in both cases (Fig. 6). Moreover, the salt-
sensitivity of AcAFP in the presence of monovalent ions
was established by determining the antifungal activity
against F. oxysporum at various NaCl and KCl concen-
trations that ranged from 0 to 500 mM. The antifungal
activity was noted to be ionic strength dependent (decreas-
ing with increasing ionic strength). While this activity was
stable in the presence of 100 mM of KCl (7.2 mm±0.4), it
was reduced in presence of 50 mM NaCl, the inhibition
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growth zone was instable as it completely disappeared after
3 days of incubation.

Discussion

This study aimed to further characterise the physiology of
AcAFP peptide production by A. clavatus. Therefore, the
nutritional requirements of this ascomycete were investi-
gated with the objective of enhancing the antifungal peptide
production and stability. AcAFP synthesis depends on the
carbon source type present in the growth medium. Glycerol
gave the best expression of antifungal activity level
compared to glucose and sucrose.

Furthermore, the dramatic decrease of the secreted
amount of AcAFP due to sucrose adjunction at 2% in the
culture medium stands contradictory with the results
reported by Marx et al. (1995) for the PAF antifungal
peptide production from P. chrysogenum. It was repressed
in the presence of 2% glucose and expressed in the
presence of 2% sucrose or 2% starch. However, A.
giganteus was reported to produce AFP either on 2%
glucose or on 2% soluble starch (Wnendt et al. 1994;
Meyer and Stahl 2002; Meyer et al. 2002; Theis et al. 2005)
and A. niger was reported to produce AnAFP only on 2%
glucose (Gun Lee et al. 1999). To our knowledge, no data
were reported on the effect of glycerol on the known
antifungal peptides expression and activity.

In the current study, while AcAFP activity was detected
within 48 h in the presence of 2% glycerol, it was observed
after 72 h of incubation on 2% glucose. This delay in the
appearance of antifungal activity associated with the use of
2% glucose as sole carbon source is in congruence with a
previously reported data on AFP expression by A. gigan-
teus on 2% glucose (Meyer and Stahl 2002). In fact,
Martinez-Ruiz et al. (1997) have shown that the protein

AFP was barely detected after 24 h but was clearly
expressed after 48 h and reached a maximum after 72 h,
while the antifungal activity was detected only after 72 h of
culture. To explain the delay between the AFP protein
expression and the appearance of antifungal activity, the
authors proposed that it could be attributed to the presence
of an extracellular proteolysis leading to the AFP activa-
tion. Indeed, they remarked that a protein, which was
slightly larger than AFP, appeared in the extracellular
medium at 48–60 h and disappeared thereafter, as the
culture proceeded (Martinez-Ruiz et al. 1997).

The AcAFP activity reached an optimum in the presence
of 100 mM NaCl or KCl and glycerol, whereas on glucose,
the highest yield was obtained specifically in the presence
of 0.5 M KCl. It is worth noting in this respect that a
previous study on AFP production reported that the
addition of 1 M NaCl to the culture medium stimulated
the activity by 2.2-folds. This difference could be related to
the methodologies being employed. Indeed, The AFP
mycelia were first continuously grown for 46 h in a salt-
free medium subsequently washed and ultimately trans-
ferred to media supplemented with different concentrations
of NaCl (Meyer and Stahl 2002).

Our data showed also an important decrease of AcAFP
expression at acidic pH while it increased at pH 7 and 9,
which was previously shown to occur with other antifungal
peptides (Marx 2004; Meyer and Stahl 2002; Meyer et al.
2002). It has been already demonstrated that AFP expres-
sion is strongly inhibited in the presence of high external
phosphate concentrations but induced as soon as phosphate
becomes limiting. However, during our work, conscientious
of the possible inhibition effect of the phosphate on the
AFP expression, we compared between two buffer systems:
Tris-HCl and KH2PO4/K2HPO4 (100 mM) to adjust the
culture broth’s pH values to 7. Despite the inefficacy of the
Tris-HCl buffer to stabilise the pH value from the beginning
to the end of the culture period (final pH 6.4), a comparable
secretion was observed as for KH2PO4/K2HPO4. Moreover,
the AcAFP secretion and the antifungal activity were
approximately similar when the producer strain was grown
on neutral conditions in the presence of phosphate or on
basic tested conditions.

Furthermore, the AcAFP activity was reduced in the
presence of 50 mM NaCl but it remained stable at the
same concentration of KCl. Reduced AcAFP activity in
the presence of KCl was shown from 0.1 M. This result is
in agreement with previous reports which observed that
while the presence of 0.1 M KCl or NaCl considerably
reduced AFP activity (Theis et al. 2003), they had a
limited effect on PAF potency (Kaiserer et al. 2003). In
addition to being moderately resistant to salt, the AcAFP
peptide was pH stable, with a maximum activity observed
at pH 8.

Fig. 6 Effect of some divalent cations on the stability of the purified
AcAFP. AcAFP was used at a concentration of 100 μg ml−1, standard
deviations (± SD) of three independent experiments are given (n=3)
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The activity of the purified AcAFP was also shown to be
affected by the presence of divalent cations, particularly
Ca2+, Mn 2+ and Fe2+. Concerning the PAF peptide, the
antifungal activity was shown to be partially decreased in
the presence of 20 mM Mg2+. In plants, bacteria and
insects, the cation-dependent neutralisation of the positively
charged antimicrobial peptides was explained by the
inhibition of their direct binding to negatively charged
phospholipids present in the plasma membrane of target
organisms (Marx et al. 2008; Thevissen et al. 1999; Osborn
et al. 1995).

The thermostability of antifungal peptides is commonly
attributed to their compact secondary structure (Martinez-
Ruiz et al. 1997). Indeed, the AFP peptide does not
display any decrease in its antifungal activity after 1 h of
treatment at 80°C but looses approximately 90% of its
antifungal activity when incubated for 15 min at 100°C
(Theis et al. 2005). We have previously shown that
AcAFP peptide retained its activity after incubation for 1 h
at 100°C (Skouri-Gargouri and Gargouri 2008). Interest-
ingly, in the current study we showed that, even after
heating for 3 h at 100°C, the AcAFP peptide retained
about 80% of its antifungal activity. To the best of our
knowledge, the AcAFP peptide is the most thermostable
amongst all fungal-produced antifungal peptides investi-
gated so far.

In conclusion, the present study has demonstrated that
the AcAFP peptide production is regulated by different
environmental conditions, namely those pertaining to
carbon source, ambient pH, and presence of different stress
inducing agents. It has also demonstrated that the peptide
under investigation is very robust; it can retain its activity
over a large variety of conditions. These promising
properties make the AcAFP peptide a potentially attractive
candidate for further research and for future industrial
applications.
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