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Water supply assumes an important role, since it can serve as a vehicle for microorganisms such as
viruses, bacteria and pathogenic fungi. The presence of a group of microorganisms (fungi) that cause
deterioration of water quality is related to the production of secondary metabolites, such as antibiotics
and toxins. One of the reasons of carrying out tests with these organisms is, among other things, to
verify their antimicrobial activity against other pathogens. From this, five fungi species isolated from the
Water Supply System of High Heaven (Pestalopsis palestris, Cladosporium cladosporioides, Trichoderma
pseudokoningii, Curvularia lunata (50) and Penicillium sp. (45)) were tested against the bacteria of
clinical interest (Staphylococcus aureus (UFPEDA 01), Pseudomonas aeruginosa (UFPEDA 39),
Mycobacterium tuberculosis (UFPEDA 71)) and three oxacillin-resistant S. aureus ( ORSA UFPEDA 709,
730, 733) using the disc diffusion method. It was observed that the extract of Penicillium sp. showed

antibacterial activity against S. aureus (730 ORSA).
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INTRODUCTION

Microbiological quality is expressed by the amount of
bacteria present in a given volume of water (Hageskal
and Skarar, 2008), but in recent decades, viruses and
other parasites have also been accepted as quality
parameters. Some studies have reported the occurrence
of filamentous fungi in drinking water, but their quanti-

fication is still small compared to bacteria (Paterson et al.,
2005). But, there are already reports of fungi causing
nosocomial infection with water as a vector. Pereira et al.
(2009, 2010) reported the occurrence of several species
of fungi in various sources of drinking water. In addition to
this study, 49 different species of fungi were identified as
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producers of toxins and metabolites.

Secondary metabolites in nature are important for micro-
organisms that produce them; they work as sex hormones,
ionophores, competitive weapons against other organisms,
are symbiotic agents and have effects of differentiation
and unknown activities (Demian and Adrio, 2008)

In nature, organisms are organized in biofilms known to
be composed of complex communities of organisms,
including aerobic and anaerobic bacteria, amoeba,
protozoa, nematodes, and fungi. The microorganisms
that reside near and synergistically live in biofilm support
the fungi or nutrient source for bacteria, thus contributing
to biofilm formation (Fachin et al., 2001). Many organisms
comprising biofilms produce metabolites with other organi-
zations, using antibiosis as a defense mechanism of the
microbial community. These metabolites can inhibit the
growth or kill the organism that causes damage to the
biofilm structure (Silva et al., 2006; Wilson et al., 2011.)

The bacteria, Staphylococcus aureus is an important
pathogen because of its virulence, antimicrobial resistance
and association with several diseases, including life-
threatening systemic diseases, skin infections, opportuni-
stic infections and food poisoning. Antimicrobials are
drugs that have the ability to inhibit the growth of or Kkill
pathogenic microorganisms, without being toxic to the
host (Tortora, 2000; Griffin, 1993).

Despite the availability of a large number of antibiotics
inthe lastgeneration, itis very importantto seek compounds
that may act as new drugs for fighting diseases caused
by bacteria (Bills et al., 2013). Numerous studies have
reported the antimicrobial resistance of S. aureus bacteria.
Thibautetal. (2010)reported thatS. aureus and Escherichia
coli isolated from food bacteria were resistant to anti-
biotics group B - lactams and macrolides. Ferreira et al.
(2011), investigating the presence of methicillin- resistant
S. aureus on the surface of various objects in an
intensive care unit, found that 29 samples ( 60.4%) were
resistant to methicillin. The authors emphasized that the
surface area of the infusion pump and aprons was
infected by 60 and 75% respectively of the isolated samples.
Catéo et al. (2013) documented the rate of hospitalized
patients with various infections in a hospital in Campina
Grande, Paraiba, Brazil. Of the 1056 charts reviewed, 26
reported infections caused by S. aureus. Of these, 17
reported cases of methicillin-resistant Staphylococcus.

Another determining factor is the optimization of the
culture media for the production of secondary metabolites
by microorganisms isolated from diverse environments.
One technique currently used is the experimental design,
an effective tool for statistical optimization of fermentation
processes. Some authors have reported the use of this
methodology for process improvement. De Paris et al.
(2012) reported the use of an experimental design (CCR)
with twenty two runs for optimization of the culture
medium of Aspergillus niger in solid state fermentation.

Given all, the above aims to evaluate the antimicrobial
activity of fungi against bacteria of clinical interest, using

an optimized culture medium.

MATERIALS AND METHODS
Microorganisms
Fungi

The five fungi, Pestalopsis palestris URM 04; Cladosporium
cladosporioides URM 06; Trichoderma pseudokonigii URM 35;
Curvularia lunata URM 50 and Penicillium sp. URM 45 isolated from
the main supply system of the High Sky in Recife were used (Table
1). These organisms were identified by micro-morphological fungal
structures (conidiophores and vegetative structures) observation as
well as by biochemical tests; and they were subsequently deposited
in the Culture Collection of the URM Culture Collection UFPE.

Bacteria

In order to test the antibacterial activity of the metabolites produced
by the fungi, gram positive bacteria (G+); S. aureus (UFPEDA 01)
and S. aureus (ORSA UFPEDA 709, 730, 733); and Gram negative
bacteria (G-) (Pseudomonas aeruginosa UFPEDA 39) were used.
Mycobacterium tuberculosis (UFPEDA 71) and alcohol resistant
acid (ARA) of clinical interest were acquired from the Culture
Collection of the Federal University of Pernambuco, Department of
Antibiotics (UFPEDA) (Table 2).

Selection of microorganisms

Before the selection was done, fungal spores were inoculated
separately in the center of the Petri dishes containing Sabouraud
culture; they were incubated at 30°C for 48 h to obtain the mycelial
mass.

In order to test the fungi that produce metabolites against better
clinical bacteria, agar discs of approximately six millimeters (6 mm
®/1.5 g/L) and yeast previously grown were inoculated in two ways
in potato dextrose liquid culture (PD - 200.0 g Potato, 15.0 g
glucose and 1.000 mL of distiled water , pH 6.8 to 7.0 ) and
Sabouraud (SAB - 50.0 g peptone, 40.0 g glucose, 1000 ml distilled
water; final pH adjusted to 5.6). They were incubated under static
conditions for five days. After this period, the filtrate of growth
culture was obtained by filtration and tested for antimicrobial activity
using the method of Kirb et al. (1966). In this, paper discs (6 mm @)
were soaked in 10 L filtrate of growth culture of the fungus and
placed in a Petri plate previously seeded with the standard
solutions at 0.5 McFarland scale of bacteria (10° UFC/mL) to be
tested. The samples were incubated at 37°C for 24 h. After this
period, zones of inhibition (mm) were measured. At this stage the
five, fungi were tested against S. aureus (UFPEDA 01), P.
aeruginosa (UFPEDA 39) and M. tuberculosis bacteria (UFPEDA
71).

Influence of aeration on the production of metabolites

In order to observe the influence of aeration on the production of
metabolites, agar discs (approximately six millimeters) of fungus
selected in the previous step were inoculated in the culture medium
showing the best conditions for production of metabolite in a 250
mL Erlenmeyer flasks subjected to 180 rpm at 37°C. Every 24 h,
aliquots were removed for measurement of pH potentiometer,
Model HSP-3B and biomass dry weight by observation method.
The influence of stirring was examined by observing the formation
of inhibition zones by the methodology described above against
oxacillin-resistant S. aureus (ORSA).



Table 1. Fungi.

Fungi Identification number (URM)
Pestalopsis palestris 04
Cladosporium cladosporioides 06

Trichoderma pseudokonigii 35

Curvularia lunata 50

Penicillium sp. 45

Table 2. Bacteria.

. No. of collection
Bacteria

(UFPEDA)

Staphylococcus aureus (G+) 01

S. aureus ORSA (G+) 709

S. aureus ORSA (G+) 730

S. aureus ORSA (G+) 733
Pseudomonas aeruginosa (G-) 39
Mycobacterium tuberculosis 71
(AAR)

Table 3. Coded matrix of 2? factorial
design with three center points for the
fungus selected.

Tests Glucose (g/L) Inoculated
1 -1 -1
2 +1 -1
3 -1 +1
4 +1 +1
5 -1.41 0
6 +1.41 0
7 0 -1.41
8 0 +1.41
9 0 0
10 0 0
11 0 0

Optimization of conditions for production of metabolites

In order to optimize the conditions for the production of metabolites,
Statistical Experimental Design methodology was used. With a
trend that showed better results in the previous assay, an
experimental design was performed in order to obtain the best
operating conditions. To this, a central composite design (CCD)
was applied, through a full factorial design (22) with levels of -1 and
+1, four axial points (-1.41 and +1.41) and three central points (zero
level). The variables studied are pH and agitation (independent
variables) and antimicrobial activity (dependent variable). The
design consisted of 11 experiments (Table 3) and for its realization,
we used the Statistic 6.0 Software.

Statistical analysis

To verify that there was a significant difference between the pH

Feitosa et al. 3001

values and biomass inhibition halo of tested fungi, analysis of
variance was performed using the software Statistic 6.0.

RESULTS AND DISCUSSION
Selection of microorganisms

Pestalopsis palestris, Cladosporium cladosporioides,
Trichoderma pseudokonigil, Curvularia lunata and
Penicillium sp. were fermented in two liquid media in
static conditions for a period of five days. In the fermen-
tation process, a pH of 6.05 to 7.54 is demonstrated in
the Potato Dextrose (PD) medium, which is close to
neutral; while in half Sabouraud (SAB), the pH is 6.76 to
8.76, which is neutral to alkaline (Figure 1). After the
analysis of variance done on the pH values tested, it was
observed that there was no significant difference among
the five pH values obtained with p = 0.9233. The pH is a
parameter that should be taken into consideration
because of its importance for the continual viability of the
fungus during the fermentation process. Pimenta et al.
(2008) tested in shake flasks, fungal activity of Hypholoma
fasciculare, Saccharomyces cerevisiae yeast (PYCC
4455), Kluveromyces marxianus and Candida tropicalis
(PYCC 3886T 3097T PYCC), taking into account the
variation of pH and temperature. They observed that pH
around neutrality (5.6 to 5.8) favored the production of
secondary metabolites by the filamentous fungi tested.
Bhimba et al. (2012) evaluated the activity of 34 endophytic
fungi against various bacteria in liquid medium using the
disc diffusion method; they observed that there was
increased fungal activity when fermented with acidic pH.

In the production of metabolites, pH is also important in
maintaining the environment of the microorganism, whether
natural or synthetic. Many fungi present in biofilms in
water systems tend to acidify, creating conditions for their
survival. Gaoetal. (2013) isolated a fungus, Aureobasidium
pullulans from marine biofilm and observed after stimula-
tion, the aquatic environment has a tendency to acidify
the saline.

Another factor that must be observed in the processes
of production of secondary metabolites by filamentous
fungal is that biomass is produced. It must be considered
that, as these substances are fruits of secondary
metabolism and not directly related to growth, it is more
interesting to get a smaller amount of biomass.
Throughout the growth stages, there was a higher yield of
biomass of the fungus in the culture medium (PD) with
values ranging from 0.80 to 4.24 g/L, showing a good
affinity for growth in this medium; whereas in the culture
medium (SBA), yield was lower with growth ranging from
0.10 to 1.4 g/L (Figure 2). This behavior is due to the
alkaline pH which is not a good condition for growth of
fungi. The analysis of variance between the biomass
values showed no statistically significant difference
between the masses of the five fungi with p = 0.0451.

Prabha et al. (2009), who also conducted tests on fungi,
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Figure 1. Value of pH in Sabouraud (SAB) and potato dextrose (PD) of Pestalopsis

palestris

(1), Trichoderma pseudokonigii  (3),

Cladosporium cladosporioides (2),

Curvularia lunata (4) and Penicillium sp. (5) after five days of fermentation.
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Figure 2. Biomass value produced by fungis Pestalopsis palestris (1), Cladosporium cladosporioides (2),
Trichoderma pseudokonigii (3), Curvularia lunata (4) and Penicillium sp. (5) in mediums tested after five

days.

observed the growth of Penicillium chrysogenum and
Aspergillus sp. These species were grown in liquid
fermentation for biomass and secondary metabolites
featuring four typical stages of growth: the lag phase (0-7
days) where the physical balance between the
microorganisms and the environment showed little growth
of 8 to 15°C. In the log phase, growth occurred with
increase of biomass mainly on the 15th day. In the
stationary phase of growth, there was altered cell growth
medium through the substrate consumption and excretion

of secondary metabolites. This is followed by reduction of
the biomass in the culture medium, indicating cell death-
the death phase. Also observed was a strong ant-
bacterial activity of citrinin from P. aeruginosa bacteria
and Vibrio cholera.

The tested Penicillium sp. strain produced metabolites
with antimicrobial activity and inhibition zone of 6.5 mm
after 24 h against S. aureus; while other fungal extracts
showed no activity against the microorganisms tested. So
this fungus was selected to be used in later steps.
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Figure 3. Values of pH and biomass of fermentation liquid in PD broth of Penicillium

sp. under agitation condition.

Table 4. Inhibition zone of metabolites produced by Penicillium sp. in PD broth.

Average of inhibition zones (mm) against S. aureus UFPEDA

Growth period (time)

709 730 733

24 h _ 19,7311 _

48 h _ 20,211 _
72h _ 21,8041 _

96 h _ 22+0.8 _

124 h _ 22+0.8 _

148 h 20.25+0.05 21+0.8 1610.87
Vancomicina (C+) 18.3+£0.05 14.2+0.02 22.09+0.05
Caldo BD (C) 0 0 0

(-) No activity.

Penicillium species are a group of microorganisms which
synthesize high amount of secondary metabolites; in
some cases, they have 73% production more than the
other classes of microorganisms. The production of these
substances by fungi intrinsically depends on the
conditions used for their growth and development
(Pepper et al.,, 2008). In addition, Penicillium species
produce a diverse range of active secondary metabolites,
including antibacterial, immunosuppressive agents and
cholesterol reduction (Petit, 2009). As described since
1929 when Alexander Fleming observed growth inhibition
of S. aureus in a Petri dish, there was a culture of
Penicillium notatum contaminant describing penicillin and
its effects on Gram- positive microorganisms (Bauer et
al., 1966).

From the results obtained, Penicillium sp. was selected
for fermentation in PD broth under stirring condition and
by the observation of the influence of this parameter at
the middle. After the experiment, it was found that it

favored the growth of the fungus. This is because
agitation promotes homogenization and increases
availability of nutrients from the medium. At the end of the
stirring, the fungus grew from 3.96 to 5.03 g, with an
anticipation to get better growth at pH 8.5 for 72h (Figure
3). Fitsum et al. (2014) tested three species of fungi
against Colletitrichum lindemunthianum, the fungus which
causes anthracnose of beans. They observed that the
activity was higher under agitation conditions (150 rpm)
than in static condition. The authors attributed the activity
to a better distribution of nutrients in the culture medium.
Table 4 shows the activity of the fungus Penicillium sp.
against S. aureus (UFPEDA 709, UFPEDA 730 and
UFPEDA 733) tested and their respective standard
deviations. The Penicllium sp. was active against S.
aureus (UFPEDA 730) in the first twenty-four hours in
culture while maintaining an increase in this activity over
148h with inhibition zones ranging from 19.73 to 22 mm.
Although Penicillium sp. has not been shown to be active
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Figure 4. Inhibition formed by the metabolite produced by the fungus Penicillium sp. on PDA against S. aureus
733. Experiments 9, 10 and 11 equivalent to the midpoint, respectively.

in the early hours against S. aureus 709 and 733, there
was a significant activity with halos of 20.25 mm against
S. aureus 709; while for S. aureus 733, the halo was

16 mm after 148 h.

Cortez (2011) reported the activity of two strains of
fungi, P. chrysogenum and Diplodia sp. against Gram
positive and Gram negative bacteria in fermented PD
broth after 72 h under stirring of 180 rpm. The author
relates the presence of the activity with the pigment
produced by the organism. Corroborating this work, He et
al. (2013) reported the isolation of a substance produced
by Aspergillus spp., it was active against various micro-
organisms in the soil. The authors describe the sub-
stance isolated as an Anshamicyna and highlight its
effectiveness in combating fungi and actinomycetes,
human pathogens. Unlike this work, Kuephadungphan et
al. (2014) reported the activity of the extract of the fungus
Gibellula pulchra EPF083 against methicillin resistant S.
aureus SK - 1 in Sabouraud broth under static condition
for 48 h. The authors highlight the importance of this kind
of fungus because it is a pathogen of invertebrates.

The secondary metabolism of microorganisms is
extremely diverse, providing the discovery of new com-
pounds and new classes of compounds (Prabha et al.,
2009). However, the production of secondary metabolites
by the fungus depends intrinsically on the conditions
used for their growth and development (time of
incubation, culture medium composition, temperature,
pH) (Petit, 2009). Penicilium sp. was grown in liquid
medium under stirring, at pH 7.0 with incubation time of 5
days. Glucose and inoculum component experiment was
varied so that the line was subjected to growth and
production of metabolites in different conditions. Thus,
multivariate methodology was used to vary growth
conditions and to verify how these variations influence
the production of secondary metabolites by the fungus
strain. Once the incubation period was complete, the
culture medium for each experiment was filtered
separating the biomass from the liquid medium. The
analyses were performed using antimicrobial test, tested
with 3 strains of S. aureus (ORSA). It was observed that
for the 11 runs, only the races of the central points (9, 10

and 11 ) showed zone of inhibition of 10.5, 11 and 10.8
mm respectively for S. aureus 709 14, 25; 14 and 13.9
mm respectively for S. aureus 730 and 9.75, 10 and 10.2
respectively for S. aureus 733 (Figure 4). The results
verified that race 10 is the only one that showed a pH of
7.7 lower than the other races. It was remaining an
alkaline environment that favors the production of
secondary metabolites, inhibiting the growth of the test
microorganism. The response surface graph explains the
low activity of growth on PDA medium, since the glucose
present in the medium usually has an inhibitory effect on
repressor and use of other carbon sources of subsequent
metabolism of other compounds of this medium, causing
retardation of fungal growth. However, the PDA proved to
be a good medium when the culture biomass formation
was desired. Based on the results, it can be suggested
that the PDA medium has a minimal amount of glucose
(< 0.1) and variation of inoculum (< 2) , where the main
goal is to deliver growth metabolite within a short space
of time. However, if the aim is to analyze reproductive
structures, it is suggested that PDA is employed, because
it permits rapid sporulation.

One explanation for the inhibition of growth of
Penicillium was influenced by the independent variables,
as carotenoid biosynthesis (fungi have a significant
potential for the biotechnological production of carotenoids,
because yellow pigments accumulate during growth)
naturally changes the pH of the medium. The pH is one
of the most important environmental parameters that
influence growth and product formation.

The results of the optimization of the experimental
design (Figure 5) are expressed in Statistic 6.0 ANOVA;
as noted, the concentrations of the dependent and inde-
pendent variables are done in eleven repetitions. The
Pareto chart shows how the variables influence the
process, either positively or negatively.

In this case, the inoculum and glucoses variables
influence negatively the process, which means that their
low amount is best for antibiotic production by the fungus.
The response surface figures show the trend in which the
process should be conducted (Figure 6).

In this case, it is observed from the graphical response
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surface that lower amount of glucose and inoculum will
lead to a better production of the metabolite. It can be
seen in the figure that in response variable surface 733
(arrow) greater halo (red top) is present when glucose is
between zero and 0.5, likewise the inoculum.

Conclusion

Filamentous fungi showed a preference for growth in PD
broth having a good biomass vyield and sporulation.
Penicillium sp produce secondary metabolites that inhibit
the growth of S. aureus (ORSA). Glucose amounts
greater than 0.1 g had an inhibitory effect on the growth
and production of metabolite by the fungus.
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