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Abstract

The Aspergillus and Penicillium culture
collection were screened for pigment production.
The antimicrobial activity was measured by the
agar diffusion methodology. The organic extracts
(hexane, ethyl acetate and ethanol 95%) were
tested for bioautography against yeasts and
pathogenic bacteria. The extracts were also
tested on Artemia salina toxicity. Cryptococcus
laurentii and Mycobacterium smegmatis
exhibited higher sensitivity to the pigments as
test-microorganism. Pigments from Penicillium
simplicissimum DPUA 1379 and Penicillium
janczewskii DPUA 304 showed the highest
degree of mortality for Artemia salinalarvae. The
other tested fungal strains of Aspergillus and
Penicillium producing pigments, isolated from
Amazonia, showed significant antimicrobial
activities and total absence of toxicity.
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Introduction

In pigment industrialization (1,2), at present,
there are many impediments such as the
increasing cost of the raw materials and the
energy sources for production that interfere
economically in the process, besides the damage
to the environment caused by effluent generation
(8-9). Many fungal pigments were isolated in
different environment exhibiting interesting

medical applications (6-8, 10-21). An endophytic
fungal pigment screening against human
pathogenic bacteria was optimized to improve
growth and antimicrobial pigment production.
One of the most efficient isolated strains was
identified as Monodictys castaneae. The best
medium was Czapek yeast extract agar/Czapek
yeast extract broth (CYA/CYB). Antimicrobial
activity of the M. castaneae pigment significantly
inhibited the growth of human pathogenic
bacteria viz. Staphylococcus aureus, Klebsiella
pneumoniae, Salmonella typhi and Vibrio
cholerae. The pigment was more active than
streptomycin (22). Fungi isolated from fruits (23)
and from fresh water (24) were able to produce
pigments with antibacterial activities.

In this context, interests are addressed for
the natural pigment sources due to the reduction
of adverse effects to health and the largest
consumer acceptability, when compared to the
artificial pigments used in the food and cosmetics
and by the pharmaceutical industries (25,26).
Alternatives for production of natural pigments
are microorganisms such as bacteria,
filamentous fungi and yeasts. Among the
filamentous fungi, Aspergillus and Penicillium are
common in soil and foods, and are frequently
mentioned in ecological studies (27,28).
However, these fungi can cause pathologies such
as breathing allergies, due to inhalation of the
spores, and mycotoxicosis due to mycotoxin
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ingestion. Certain species have been the subject
of much research because their potential
application as sources of enzymes and
antibiotics, among other natural products of
industrial importance (28-34).

Thus the aim of this work was the screening
of Aspergillus and Penicillium fungal species
which produce non-toxic bioactive pigments with
the best potential for possible industrial
application.

Material and Methods

Microorganisms: To select pigment fungi
producers, 30 cultures of Aspergillus and 30 of
Penicillium were donated by the Cultures DPUA
Collection of the Parasitology Department of the
Federal University of Amazonas—UFAM (35)
(Fig. 1). The species authentication was
accomplished based on in the morphologic
characteristics suggested by Raper and Thom
(86), Raper and Fennel (37), Pitt (38), Samson
et al. (39), Klick and Pitt (40) and Samson et al.
(41).

Pigment production in solid medium: To
identify the species of pigment producers,
Aspergillus and Penicillium were cultivated in CYA
medium and yeast extract sucrose agar (YES)
medium, in Petri plates (90 mm x 10 mm), as
described by Raper and Fennell (37) and Pitt
(88). The cultures were maintained at 25°C for
seven days and a positive result was determined
by observation of pigment in the culture medium.

Pigment production in liquid medium in a
bioreactor: Penicillium melinii DPUA-1391

Y

Xanthoepocin Atrovenetin

Neoaspergillic acid

Fig. 1. Pigment production in CYA medium and YES
medium for Aspergillus and Penicillium species,
storage in Cultures DPUA'S Collection

cultured on YES liquid medium (20 g of yeast
extract and 150 g of sucrose in 1000 mL of
distilled water). The fungus was inoculated into
a 1.5 L bioreactor (Bioflow-New-Brunswick) and
grown with stirring at 25 °C for 7 days following a
modified methods from as previously describe
by Ariza et al. (42).

Pigment extraction: After Aspergillus and
Penicillium culture, 5x5 mm disks were withdrawn
from the central area of the culture and were
submitted to successive pigment extraction by
hexane, ethyl acetate and 95% (v/v) ethanol for
48 h the solvents were evaporated at low
pressure.

Preliminary chemical characterization of the
most active and least toxic pigments: The
extracted pigments were analyzed by liquid
chromatography-mass spectrometry (LC-MS/
MS, Waters UPLC Acquity - TQD Quattro Micro
API).

Antimicrobial activity determination in solid
media: Aspergillus and Penicillium cultures
obtained in YES medium, 25°C/7 days, were
analyzed against five test microorganisms
[(Candida albicans DPUA 1336 and
Cryptococcus laurentii DPUA 1501 cultivated in
Sabouraud-agar medium, at 25°C/48 h) and
(Staphylococcus aureus CCT 1352, Escherichia
coli CCT 0547 and Mycobacterium smegmatis
PDUFPE-71 cultivated in Mueller-Hinton agar
medium, at 37°C/24 hours)]. From each test-
microorganism an aliquot was removed to obtain
a cellular suspension similar to concentration N°.
1 of MacFarland’s scale. As standards,
itraconazol and rifampicina (5 ug/mL) were used.
For determination of the antimicrobial activity by
the Block Gelose method for agar diffusion the
Teixeira (35) methodology was followed. The
antibacterial activity was determined by
measuring the diameter of the halo around the
culture disks.

Minimum Inhibitory Concentration (MIC):The
microorganisms active against the fungal extracts
(pigments) were tested and the MIC values were
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measured by the microdilution method with the
colorimetric indicator Alamar Blue (Invitrogen)
in 96 wells microplates. The pigment extracts
were added to the microplates up to 10 mg/mL
(1% extract) following serial dilutions in the 9
successive wells (43).

Thin layer chromatograpy and bioauto-
graphy: For the bioautography assay, Aspergillus
and Penicillium were cultivated in YES medium
at 25°C for seven days and extracted as
previously described (44). The antimicrobial
activity was determined by visualization of the
inhibition area (44-46).

Bioassay with Artemia salina: The bioassays
with A. salina were carried out following the
modified Meyer et al. (47) method. A. saline eggs
(60 mg) were added to Petri plates (90 mm x 10
mm) containing 30 mL of 3.5% (m/v) natural sea
salt mix (Oceanic). For larvae outbreak, the plate
was incubated at 25°C/48 hours, under constant
brightness. The toxicity assay was carried out in
multiwell plates (6x4), in triplicate. Each well was
filled with 1800 pL of aqueous solution of 3.5%
(m/v) sea salt, 10 larvae of A. salina and 20 L
of ethyl acetate extract diluted in dimethyl
sulfoxide (DMSO) (concentration of 30 mg/mL),
not exceeding 2000 pL of the total volume. In
the control group, 20 pyL of DMSO was used as
substitute for the organic extract. After 24 hours
the living and dead larvae were quantified. The
degree of toxicity of the extracts was expressed
in percent mortality and classified according to
Harwig and Scott (48).

Statistical analysis: The data obtained were
submitted to a descriptive statistical analysis
using Microsoft Excel version 7.0.

Results and Discussion

Preservation in sterilized distilled water (49)
became an option in Cultures DPUA Collection,
being a simple method that provides the
maintenance of the fungal cultures for long
periods, preventing morpho-physiological
modifications (50,51). The viability tests of the
30 cultures of Aspergillus and 30 of Penicillium

strains, all preserved in sterilized distilled water
from which over 90% were recovered in both
cases. The presence of contaminants was
observed in 3.3% of Aspergillus, while the
phenomenon of pleomorphisms was only
detected in 1.7% of Aspergillus and 5.0% of
Penicillium. Morphologic alterations observed
were reverted in the subcultures carried out in
glycosated broth, consecutively in CYA medium.
These data corroborate with the data obtained
by Rodrigues et al. (52), Bueno and Gallardo (51)
and Ulloa and Hamlin (53) with filamentous fungi.
These results showed that the preservation
process at the Cultures DPUA Collection of the
Parasitology Department of the Federal
University of Amazonas—UFAM was extremely
efficient.

Beyond these factors, it is known that in
microorganism diversity no standard technique
exists that is capable to preserve them in an
appropriate and widespread way (54). At this
stage it is important to point out that the culture
collections are conservation centers whose
collection is constituted by live microorganisms,
of interest for several scientific branches, besides
being used in several biotechnological
processes, under conditions that are established
to preserve the species, in a way to maintain their
vitality, specificity, activity and theirimmunogenic
and other properties, in ex situ conditions (35,55).
These aspects were well proven in this work.

The analysis of the cultures and of the
microcultures obtained in CYA medium revealed
expression of the characteristics of the
Asperygillus and Penicillium genera, based on the
growth rate, colony morphology, microstrutures
and other characteristics compared to the
specialized literature classification key
(87,38,40,41) (data not shown).

The pre-screening in solid media of
Aspergillus and Penicillium strains demonstrated
that, among the 54 viable cultures, 13% (7
species) of the Asperygillus strains and 22% (12
species) of Penicillium strain showed pigments
presence in CYA and YES media (data not
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shown). The results in YES medium showed that,
among Aspergillus, the brown pigment prevailed
in relation to the others (yellow and red), the latter
only being detected in A. sparsus DPUA 1542
cultured in CYA medium.

Table 1 summarizes the results of the in
vitro assay of the antimicrobial activity of
Aspergillus (n = 7) and Penicillium (n = 12)
cultures producing soluble pigments in YES
medium.

Considering the halo average diameter
tests for agar diffusion, the antimicrobial activity
was classified as low activity (halo = 6.0 mm to
7. mm); moderate activity (halo =8.0 to 9.9 mm)
and high activity (halo = 10.0 mm). The pigments
of A. sclerotiorum DPUA 585 and P.
simplicissimum DPUA 1379 exhibited a high
affectivity to four of the tested microorganisms.
Due to these results these two microorganism
were selected to attempt pigment structure

Table 1. Antimicrobial activity of 19 Aspergillus and Penicillium cultures producing colorant,
against five different microorganisms

Species Antimicrobial activity

Ca Cl Ec Ms Sa
A. carneus DPUA 1290 R R R 2816 R
A. sclerotiorum DPUA 585 489 R 289 S8 S8
A. sparsus DPUA 1542 R R R R R
A. sydowii DPUA 792 R R R S10 S8
A. sydowii DPUA 796 R R R R 2S8
A. terricola 1237 3812 R R 286 288
A. terricola var. American DPUA 1272 R R R R R
P. glabrum DPUA 1435 R 3811 R R R
P. janczewskii DPUA 304 R R R R 286
P. janthinellum DPUA 1381 R R R R 2811
P. melinii DPUA 1391 R 4526 R 2811 2812
P. miczynskii DPUA 1406 R 4831 R 1§12 289
P. montanenses DPUA 1533 R R R S11 R
P. paxilli DPUA 938 R R R S8 287
P. puberulum DPUA 1146 R R R R 2810
P. purpurogenum DPUA 1275 5S11 8813 R R R
P. purpurogenum URM 5121 R 389 R R R
P. simplicissimum DPUA 1379 R 4513 257 2514 257
P. steckii DPUA 306 R R R 2810 R

'Bacteriostatic, 2Bactericide, *Fungistatic, *Fungicide, Ca = Candida albicans DPUA 1336, Cl =
Cryptococcus laurentii DPUA 1501, Ec = Escherichia coli CCT 0547, Ms = Mycobacterium
smegmatis PDUFPE-71, Sa = Staphylococcus aureus CCT 1352, R= resistant (there was no
development of the inhibition halo), S=sensible (there was development of the inhibition halo) in

mm, including the proper disk of 6 mm
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characterization. From all the test-
microorganisms, C. laurentiiDPUA 1501 was the
most sensitive yeast to the pigments of P.
miczynskii DPUA 1406 (halo = 31 mm) and P.
melinii DPUA 1391 (halo = 26 mm), thus,
classified as high activity species. On the
contrary, S. aureus CCT 1352 and M. smegmatis
PDUFPE-71 demonstrated less sensitivity to the
pigments of P. janczewskii DPUA 304 and A.
terricola 1237; all exhibited inhibition areas of 6
mm, being classified as low activity species. S.
aureus CCT 1352 was shown to be sensitive to
the pigments from A. sclerotiorum DPUA 585
(halo = 8 mm), A. sydowii DPUA 792 (halo = 8

mm), A. sydowii DPUA 796 (halo = 8 mm), A.
terricola 1237 (halo = 8 mm) and P. miczynskii
DPUA 1406 (halo = 9 mm), though being
considered species of moderate activity.

Related to the resistance test
microorganisms, the E. coli CCT 0547 and C.
albicans DPUA 1336 were the most resistant to
the fungal pigments under the experimental
conditions. The results demonstrated also that
the pigments from A. sparsus DPUA 1542 and
A. terricola var. American DPUA 1272 did not
exhibit antimicrobial action against the test-
microorganisms (Table 1).

Table 2. Antimicrobial activity for the bioautography technique of Aspergillus and Penicillium cultures
storage in sterilized distilled water of the bioactive colorants (R, by thin chromatography).

Species R, Colour® (A =366 nm) Antimicrobial activity
Ca [o]] Ms | Sa

A. carneus DPUA 1290 0.8 Blue R R S R
A. sydowii DPUA 792 0.8 Green R R S R
0.6 Green R R S R
0.4 Blue R R S R
P. glabrum DPUA 1435 0.7 Blue R S R R
0.6 Green R S R R
P. janthinellum DPUA 1381 0.8 Green R R R S
P. melinii DPUA 1391 0.8 Blue R S S S
0.6 Green R S S S
0.4 Green R S S S
P. miczynskii DPUA 1406 0.8 Blue R S S R
0.6 Green R S S R
P. montanenses DPUA 1533 0.7 Green R R S R
P. purpurogenum DPUA 1275 0.7 Green S S R R
0.5 Blue S S R R
P. simplicissimum DPUA 1379 0.7 Yellow- R S S R
0.6 Green R S S R
Blue R S S R
P. steckii DPUA 306 0.7 Green R R S R
A. sclerotiorum DPUA 585 0.5 Green S S S S

Ca = Candida albicans DPUA 1336, C/ = Cryptococcus laurentii DPUA 1501, Ms = Mycobacterium
smegmatis PDUFPE-71, Sa = Staphylococcus aureus CCT 1352, R= resistant (there was no
development of the inhibition halo), S= sensible (there was development of the inhibition halo) .

2 Spot fluorescence at A, . 366 nm.
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On the basis of the antimicrobial activity
classification for the bioautography tests only 10
species were selected, including two Aspergillus
and eight Penicillium species, all of which
showed high antimicrobial activity (halo = 10.0
mm) (Table 2). The results of bioautography
assays revealed the presence of bioactive
compounds in all the fractions obtained after
extraction with ethyl acetate with at least one of
the test-microorganisms of the cultures obtained
from YES medium. The test microorganisms, C.
laurentii DPUA 1501 and M. smegmatis
PDUFPE-71 were the most sensitive to bioactive
components from the species of Penicillium and
Asperygillus, respectively (Table 2).

A different result was observed with C.
albicans DPUA 1336, test microorganisms that
exhibited greater resistance to the compositions
of the bioactive compound. The sensitivity was

only certain in the biocompounds produced by P,
purpurogenum DPUA1275 (Rf 0.5 and 0.7). S.
aureus CCT 1352 was sensitive to the
representative bioactives detected in the extracts
of P, janthinellum DPUA 1381 (Rf 0.8), P. melinii
DPUA 1391 (R_ 0.4, Rf 0.6 and R_ 0.8) and A.
sclerotiorum DPUA 585 (R_0.5) (Table 2).In the
minimum inhibitory concentration by the
microdilution method three species of fungi were
sensitive: A. sclerotiorum DPUA 585, P. melinii
DPUA 1391 and P, simplicissimum DPUA 1379.
The MIC values for E. coliwere around 2.5 to 5
mg/mL and M. smegmatis was sensitive from
0.31 to 2.5 mg/mL. However, S. aureus
demonstrated sensitivity to 5 to 10 mg/mL. These
data showed the inhibitory potentiality of the
pigments from P. melinii and P. simplicissimum
against M. smegmatis and E. coli, respectively.
The yeast were resistant to all the pigments
tested (10 mg/mL) (Table 3).

Table 3. Minimum Inhibitory Concentration (MIC) by the Microdilusion Colorimetric Method by

Alamar Blue
Species Crude extracts MIC (mg/mL)
A. sclerotiorum DPUA 585 5.0 (0.50%)
E.coli P. melinii DPUA 1391 5.0 (0.50%)
P. simplicissimum DPUA 1379 2.5 (0.25%)
M. smegmatis A. sclerotiorum DPUA 585 2.5 (0.25%)
P. melinii DPUA 1391 0,3 (0.03%)
P. simplicissimum DPUA 1379 2.5 (0.25%)
S. aureus A. sclerotiorum DPUA 585 5.0 (0.50%)
P. melinii DPUA 1391 10.0 (1.00%)
P. simplicissimum DPUA 1379 5.0 (0.50%)
C. albicans A. sclerotiorum DPUA 585 R
P. melinii DPUA 1391 R
P. simplicissimum DPUA 1379 R
C. laurentii A. sclerotiorum DPUA 585 R
P. melinii DPUA 1391 R
P. simplicissimum DPUA 1379 R

R = Resistant
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Results related to toxicity of the pigments
from Aspergillus and Penicillium against Artemia
salina larvae are exhibited in Table 4. In the
experimental conditions, the ethyl acetate
extracts from the Aspergillus and Penicillium
cultures expressed different toxicity degrees
when tested with A. saline. The toxic action of
these extracts was expressed based on the
classification done by Harwig and Scott (48) in
microbial extracts as: not toxic (0 to 9%); slightly
toxic (10 to 49%); toxic (50 to 89%) and very toxic
(90 to 100%). In this way six ethyl acetate extracts
were active and classified as not toxic or slightly
toxic.

Table 4 demonstrates quantitatively the
fungi classification in agreement with the toxicity
level. The slightly toxic ones were P.
simplicissimum DPUA 1379 and P. janczewskii

DPUA 304, which promoted the largest rates of
mortality of the Artemialarvas (26.7% and 20.0%,
respectively). It is interesting to mention that in
the in vitro assays of the antimicrobial activity, P.
simplicissimum DPUA 1379 presented the larger
spectrum, being toxic against four of the test-
microorganisms (Table 2). The others (17 fungi)
classified as non toxic were A. sclerotiorum
DPUA 585, A. sydowii DPUA 796, A. terricola
DPUA 1237, A. terricola var. American DPUA
1272, A. carneus DPUA 1290, A. sparsus DPUA
1542, A. sydowii DPUA 792, P. glabrum DPUA
1435, P. janthinellum DPUA 1381, P. melinii
DPUA 1391, P. miczynskii DPUA 1406, P.
montanenses DPUA 1533, P. paxilli DPUA 938,
P. puberulum DPUA 1146, P. purpurogenum
DPUA 1275, P. purpurogenum DPUA 1543 and
P. steckii DPUA 306.

Table 4. Percentage of mortality rate of the A. salina larvae and the toxicity level of the ethyl
acetate extracts from the Aspergillus e Penicillium species

Toxicity level | Species

Mortality (%)

Slightly toxic
P. janczewskii DPUA 304

P. simplicissimum DPUA 1379

26.7
20.0

A. sclerotiorum DPUA 585
. sydowii DPUA 796
. terricola DPUA 1237

. terricola var. americana DPUA 1272

6.67

3.33

. carneus DPUA 1290

. sparsus

. sydowii DPUA 792

P. glabrum DPUA 1435

P. janthinellum DPUA 1381
P. melinii DPUA 1391

P. miczynskii DPUA 1406

>>>I> > >

Non toxic

P. paxilli DPUA 938
P. puberulum DPUA 1146

P. montanenses DPUA 1533

P..purpurogenum DPUA 1275
P. purpurogenum URM 5121
P. steckii DPUA 306
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These data are different from those
obtained by Sallenave-Namont et al. (56),
accomplished with marine anamorph fungi. With
this test 14% of Penicillium spp. and 15% of the
Asperygillus spp. were classified as highly toxic.
The observed level of toxicity of Penicillium and
Aspergillus in our research probably are
associated with the origin of microorganisms,
since they are terrestrial fungi under different
methods of preservation from 1 to 16 years.

From the strains non—toxic to Artemia salina
it is worth to mention that A. sclerotiorum DPUA
585 and P. meliniiDPUA 1391, which were active
against 4 and 3 microorganisms (Table 4) and
had no toxicity to A. salina, together with P.
simplicissimum DPUA 1379, which exhibited a
slight toxicity and high antimicrobial activity, were
selected for an attempt to characterize the
pigment structures. P. miczynskii DPUA 1406 that
produced two pigments of blue and green
fluorescence and both were no non-toxic to A.
salina are now under analysis of its structures. It
is known the production of a deep yellow-gold or
yellow-brown in CYA medium by P. miczynskii
(12).

Among Penicillium the yellow pigment was
of greater occurrence, in both culture media, also
being observed red, brown and lilac pigments.
The production of these soluble pigments in the
fungi culture occurred due to the influence of the
composition of the culture medium, such as
carbon and nitrogen sources and pH changes
(57). The yellow one was produced by P.
simplicissimum DPUA 1379, cultured in CYA

$
N

Xanthoepocin

_Me HO

Atrovenetin

medium. It is known from the literature that the
main pigment from this strain is xanthoepocin
(Fig.2), with antibiotic activity (58). In our strain
the same color was observed (main peak at R_
0.7 with 6:4 v/v ethylacetate:hexane and yellow-
green fluorescence, mass spectrometry analyses
gave the molar mass of xanthoepocin, among
others components (not shown). Penicillium
melinii DPUA-1391 also produced a yellow
extract (R_ 0.6 in 6:4 and ethylacetate:hexane
with a green fluorescence). It is known that
Penicillium  melinii  (formerly  Penicillium
atrovenetum) produced the yellow pigment
atrovenetin (Fig.2) (59) with antibiotic activity (60)
and excellent antioxidant properties (61). Mass
spectrometry analyses of various extracts gave
the molar mass of atrovenetin, among other
components. Aspergillus sclerotiorum DPUA-585
produced a yellow-green pigment. Probably is a
similar pigment as formed from Aspergillus
sclerotiorum Huber (CBS 549.65 strain), that
produces neoaspergillic acid (Fig.2) as a yellow
pigment (62) with antibiotic activity (63). This
yellow pigment, when treated with ferric chloride,
gives a red pigment, presumably ferrineo-
aspergillin, which is red pigment. Further work is
in progress in order to chemically characterize
all these non-toxic pigments by NMR, FTIR and
MS techniques.

Penicillium melinii was cultivated ina YES
medium in a preliminary process in a pilot scale
in order to study the economical feasibility of the
atrovenetin production from our Amazonian
strain. The preliminary study showed a production

N /CHa
CHE —CQ
OH Cts CHg
CH—CHy
N O
i

OH

CHy

0

Neoaspergillic acid

Fig. 2. Chemical Structures of pigments
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of atrovenetin around 1.5 mg/mL of culture
medium at 25°C for 7 days. When Penicillium
atrovenetum strain S.M. 683 was cultivated on
Czapek-Dox glucose solution for 21 days at 24°C
a residual yellow-brown coloring matter was
purified gave around 0.7 mg/ml of a crystalline
atrovenetin (64). This shows that the Amazonian
strain apparently is more efficient than the
previous process studied by other strain and
probably might be economical feasible.
Optimization of the process is under studying.

Conclusion

This pioneering investigation on pigments
from Aspergillus and Penicillium strains from the
Amazon forest, identifying the antimicrobial
activity and the toxic action of pigment is unique.
This is an important step for a feasible application
of these renewable materials in the
pharmaceutical and nutritional industries in a
friendly and sustainable use of Brazilian
resources.
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