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Screening of new microbial strains for enzyme production is a key step in the improvement of industrial
bioprocesses. The objective of this work was to isolate fungal strains from Brazilian rainforests and to
evaluate their potential to produce industrial enzymes by solid state fermentation. First, 131 strains of
filamentous fungi were isolated from Amazon rainforest and Atlantic rainforest regions. Strains selected
by simple plate assay had their ability to produce lipase and tannase by fermentation of wheat bran
evaluated. Maximum enzymatic activity of 1.35 and 18.7 U/mL were reached by lipase and tannase,
respectively. The strain IB28a was identified by molecular and morphologic techniques as
Colletotrichum sp. Lipase produced by this strain reached specific activity of 25.97 U/mg and showed
Km and Vmax of 6.3 and 19.5, respectively. Lipase from Colletotrichum sp. had an optimal temperature
range of 25 to 35°C and optimal pH range of 6.5 to 7.0. Moreover, the enzyme was stable after 1 h at

temperatures up to 40°C and after 24 h at pH 6.5.
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Introduction

The Amazon rainforest is considered the world’s largest
reserve of biodiversity, offering special climate features
favorable to microorganism multiplication (Delabona et
al., 2012). The Atlantic rainforest, located mainly along
the Brazilian coast, is another important biome for
microorganism bioprospection. It is considered to be one
of the five principal hotspots on the planet, and today only
approximately 15% of its original vegetation remains
(Ribeiro et al., 2009).

Microorganisms are likely to continue to be the main
source of new commercial biomolecules, because of the
chemical and structural diversity of their products (Harvey
et al., 2010). Enzymes obtained from filamentous fungi
and yeasts are the most used. They can be produced in a
short time, with high stability and great biochemical
diversity and can be genetically manipulated (Anbu et al.,
2013).

Current enzyme’s market shows vast potential for
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profitability. The main reasons for this scenario are the
high demand for novel and higher quality products, the
need to reduce costs, wastes and energy consumption,
and the development of the pharmaceutical and
bioethanol sectors (Sarrouh et al., 2012).

Tannase (tannin acyl hydrolase, EC 3.1.1.20) is an
inducible enzyme produced by a variety of microor-
ganisms in the presence of tannic acid or some of its
derivatives (Aguilar et al., 2001). It is able to hydrolyze
ester and depside bonds of hydrolysable tannins
(Banerjee et al., 2001). Tannase has vast potential to be
applied on food and pharmaceutical industries. However,
tannase application is limited by the high cost of the
enzyme purification and recovery. Progress had been
achieved in the last years as a result of the efforts in
isolation of newly strains with higher tannase production,
the optimization of fermentation systems and the
development of economically viable purification methods
(Chavez-Gonzalez et al., 2012).

Lipase (triacylglycerol hydrolases, E.C. 3.1.1.3)
catalyzes the hydrolysis of esters bonds of triglycerides
into glycerol and free fatty acids in the water-oil interface
(Singh and Mukhopadhyay, 2012). In a non-agueous
medium, lipase can catalyze the synthesis of acyl-
glycerol from free fatty acids and glycerol (Macrae and
Hammond, 1985). Due to their chemo-, regio- and
enantio- selectivity, lipases have been used in several
areas of biotechnology as: chiral drug resolution, fat
modification, biofuels, cosmetics, agrochemicals, oleo-
chemicals, flavor enhancers and detergents (Contesini et
al., 2010). The search for new lipolytic strains is
stimulated by the high demand for new sources of the
enzyme and by the need of lipases with new catalytic
characteristics and specific physical-chemical properties
(Thakur, 2012).

This work is aimed at isolating new strains that are
capable of producing the extracellular lipases and
tannases enzyme by solid state fermentation (SSF) from
two Brazilian rainforests, as well as, to identify the
selected microorganisms and to  biochemically
characterize the produced enzymes.

MATERIALS AND METHODS
Fungal isolation

Strains were isolated from samples extracted from two Brazilian
regions: the Amazon rainforest region at the State of Para (1°47'S,
48°45' W) and the Atlantic rainforest region at the State of Séo
Paulo (23°82'S, 45°34"' W). Random samples of leaves, fruits, and
seeds found on the litter fall were collected, and soil samples were
taken from 5 cm deep. A portion of 1 g of each sample were diluted
in 10 mL of distilled water. Plates containing potato dextrose agar
(PDA), supplemented with chloramphenicol 50 ppm, were
inoculated by streaking a loopful of the diluted sample across the
medium surface. Plates were incubated at 30°C and observed at
interval of 24 h each for fungal development. Pure strains were
isolated and maintained on PDA slants at 30°C until they were well
sporulated. Stock cultures were kept at 4°C on PDA medium under
a layer of vaseline.
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Plate screening

All strains were inoculated in a selective medium which contained
(g/L): Agar, 30.0; tannic acid (Tanal B- Prozyn), 10.0; NaNO3, 3.0;
KH2POg4, 1.0; MgSO,. 7H20, 0.5; KCI 0.5; FeS04.7H0, 0.01, pH
4.5 (Bradoo et al., 1996). Point inoculations were carried out and
plates were incubated at 30°C for 48 h. Tannase enzymatic activity
was estimated by the enzymatic index (El), which was determined
by the ratio between the halo diameter and the colony diameter
(Hankin and Anagnostakis, 1975).

Plate assay to detect lipase production was conducted in a
medium which contained (g/L): agar, 15.0; peptone, 10.0; NaCl,
5.0; CaCl,.2H,0, 0.1 and 10 ml of Tween 80 (adapted from Sierra,
1957). The above components were emulsified in a blender.
Isolated fungi were incubated in the medium for 48 h at 30°C, next
the plates were maintained at 4°C, approximately, for 48 h. The El
was determined by the same method as described above.

Solid state fermentation

The pre-inoculum was prepared by adding 1.0 ml of distilled water
to remove the spores from the PDA medium.

Wheat bran enriched with 10% (w/w) tannic acid was used as
substrate for tannase production. An amount of 10 g of substrate
and distilled water (1:1 v/v) was taken into 250 ml flasks and
sterilized at 121°C for 20 min. After sterilization, the flasks were
inoculated with 1 ml of the pre-inoculum suspension (5.0 x10”
spores/ ml) and incubated at 30°C for 120 h. After fermentation, 40
ml of 0.02 M acetate buffer (pH 5.0) was added to each flask, which
was shaken at 200 rpm for 1 h. Solution was filtered and
centrifuged at 10,000 rpm for 30 min at 4°C. The supernatant was
used to determine the enzymatic activity. The enzymatic activity of
a Paecilomyces variotii strain tannase (Battestin and Macedo,
2007) was used for comparison.

For lipase production, wheat bran and water (1:1 v/v) was used
as the substrate. The flasks were inoculated as described above
and incubated at 30°C for 96 h. 50 ml of distilled water was added
in the flask; the solution was homogenized with a glass stick and
shaken occasionally for 2 h. The enzymatic extract was obtained by
filtering the cultures. Rhizopus sp. lipase (Macedo et al., 2003) was
used as a model for comparison.

Enzymatic assay

Tannase activity was determined spectrophotometrically at 520 nm
according to the method of Pinto et al. (2001), with some
modifications. The amount of gallic acid released in the reaction
was determined through a standard curve of gallic acid. One unit
(U) of enzyme activity was defined as the amount of enzyme
required to liberate one micromole of gallic acid per minute under
the defined reaction conditions. The enzymatic activity was
expressed in units per enzyme milliliters (U/mL) and the specific
activity was expressed in units per enzyme milligrams (U/mg).

Lipase activity was determined using an emulsion which
contained: 25 ml of olive oil and 75 ml of 7% Arabic gum solution.
Lipase activity was measured in a system which contained: 5 ml of
the emulsion, 2 ml of 0.1 M phosphate buffer (pH 7.0) and 1 ml of
enzymatic extract. The reaction was carried out at 37°C for 30 min
with orbital shaking and was stopped by adding 10 ml of an
acetone- ethanol (1:1 v/v) mixture. Released fatty acids were
titrated against 0.05 M NaOH using phenolphthalein indicator. The
quantification was carried out with a standard oleic acid curve. One
unit of lipase was determined as amount of lipase required to
release one micromole of fatty acids per minute under assay
conditions. Protein concentration was determined by Bradford
(1976) method.
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Figure 1. Halo formed by the hydrolysis of tannic acid (a) and halo formed by the deposition

of calcium crystals surrounding the colony (b).

Biochemical characterization of lipase

The software Statistica® 8.0 from Statsoft, Inc. (Tulsa, Oklahoma,
USA) was used for the experimental design and data analysis. A
central composite rotatable design (CCRD) with three replicates at
the central point and four axial points (11 runs) was used to
determine the optimum temperature and pH for lipase activity. The
dependent variable was lipase activity (U/mL) and the independent
variables were pH and temperature.

The stability of the enzyme was examined at different pH values
by incubating the enzyme in buffers at different pH values ranging
from 3.5 to 9.0 for 24 h, under refrigeration (approximately 4°C).
The residual activity was estimated and expressed as a percentage
of the relative lipase activity. The heat stability of the enzymes was
examined by incubating the samples at different temperatures
ranging from 20 to 70°C for 1 h.

Kinetics parameters of Lineweaver-Burk equation (Km and
Vmax) for the lipase activity were determined by measuring the
enzymatic activity in a system containing diverse olive olil
concentrations. The percentage of olive oil in the emulsion formed
with the Arabic gum varied from 10 to 50%.

Fugal strains identification

Materials from pure cultures were stained with lactophenol cotton
blue dye. Morphological observations of hyphae, conidiophore,
conidia and spores were done with the help of pictures captured
under light microscopy at 400 and 1000x magnification.

Strains were grown in 10 ml of Sabouraud dextrose broth
(Reisner et al., 1999) at 28°C for 3 days. The mycelium suspension
was washed with ultrapure water and centrifuged at 3,000 rpm for
30 s. DNA was extracted by using the phenol-chloroform method
described by Raeder and Broda (1985). The pellet was dried at
37°C, resuspended with the addition of 50 pL of ultrapure sterile
water and incubated at 37°C for 1 h with 1 yl of RNAse 10 mg/mL.
DNA quantification assay was realized in agarose gel 1% stained
with SYBR® Green using A-DNA (50 ng/pL) as standard.

The rDNA internal transcribed spacer (ITS) region was amplified
and sequenced with the primers ITS1 (6'TCC GTA GGT GAA CCT
GCG G 3°) and ITS4 (5'TCC TCC GCT TAT TGA TAT GC 3)
(Zhao et al., 2001)) in GeneAmp termociclator polymerase chain
reaction system 9700. All PCR reagents were obtained from
Promega. PCR was performed with 1 pyL of DNA and 0.05 pl of

each of forward and reverse primers (5 mM). The amplification
conditions were as follows: (94°C denaturation for 2 min, 94°C
denaturation for 45 s, 55°C annealing for 30 s, 72°C extension for
35 s) x 30 cycles; 72°C extension for 10 min.

To confirm the amplification reaction, PCR products were
electrophoresed in 1% agarose gel followed by staining with
SYBR® Green. The amplification products were purified by lllustra
GFX PCR DNA and Gel Band Purification kit (GE® Healthcare)
following the protocol of the manufacturer. The purified products
were sequenced using the dGTP BigDye Terminator Cycle
sequencing ready reaction kit (Applied Biosystems) in a Genetic
Analyzer 3500 XL (Applied Biosystems).

DNA sequences were assembled using the software DNA Baser
Sequence Assembler and were analyzed using the BLAST
algorithm. Cluster analysis was carried out using the neighbour-
joining (NJ) algorithm (Saitou and Nei, 1987) and the generated
tree was rooted using the outgroup option. The statistical support
for the internal branches was assessed by using the Phylogeny.fr
platform (Dereeper et al. 2008).

RESULTS
Isolation of microorganisms

There were 49 strains of filamentous fungi isolated from
the Amazon rainforest region and 82 strains from the
Atlantic rainforest region. Apart from the 131 strains
isolated in this work, strains from the Unicamp’s Food
Science Department Collection, obtained from diverse
regions of Sao Paulo State were also tested (n=217).

Agar plate screening

Agar plate screening assay for tannase showed that 105
strains (30.2%) exhibited a clear halo around the colony
due to the degradation of tannic acid. In 26 strains
(7.5%), positive results for lipase production were
observed through opaque halos around the colony
formed by the deposition of fat acid salts (Figure 1).
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Table 1. Enzymatic activity (U.mL™") of tannase and lipase produced by filamentous by SSF.

Tannase Lipase
Strain Enzymatic activity (U.mL-1)* Strain Enzymatic activity (U.mL-1)*
CL255 1.35+0.03a Rhizopus sp. 30.5+0.5a
IB31c 0.93 + 0.05b CL316 18.7+2.9b
P. variotii 0.83+0.23b IB28a 13.0 £ 3.3bc
IB34a 0.79 £ 0.24bc IB38d 7.3 £4.8cd
CL43 0.79 £ 0.07bc CL307 49+24cd
IB27a 0.72 + 0.12bcd CL406 3.2+0.0d
IB13a 0.70 + 0.02bcd CL374 1.5+2.3d
CL148 0.69 + 0.21bcd CL264 1.5+0.5d
IB14a 0.67 + 0.10bcd CL458 0.6 £ 0.9d
IB33a 0.68 + 0.04bcd CL143 0.5+ 0.0d
IBO8b 0.43 + 0.29cde
AM1049 0.40 + 0.05def
IB31a 0.28 + 0.06efg
CL263 0.19 + 0.04efg
CL188 0.12+ 0.01efg
VL64 0.10 £ 0.05efg
IB38d 0.04 + 0.04fg
IB25a 0.02 +0.02g
AM1817 0.01 £ 0.02g

*Results are presented as the mean (n= 3) + SD, and those with different letters are

significantly different, with P < 0.05 (Tukey test).

Enzyme production by SSF

Among 105 strains selected on agar plates for tannase
production, all positive strains from the rainforests (n=27)
and strains from the laboratory stock cultures randomly
chosen, with enzymatic index (El) greater than 3.0 (n=8),
were submitted to SSF. Results of tanninolytic activity of
enzymes produced by SSF are shown in Table 1. It was
observed that the highest activities were reached by
strain CL255 (1.35 £ 0.03 U/ml) and strain IB31c (0.93 +
0.05 U/ml). Enzymes produced by these strains showed
higher activity than the enzyme from the already known
tannase producer P. variotti (0.83 + 0.23). Moreover,
tannase produced by strain CL255 showed specific
activity approximately 34% higher (2.14 + 0.04 U/mg)
than the one produced by P. variotti (1.41 £ 0.32 U/mg).

All positive strains for lipase production in agar plate
assay (n=26) had their capacity of producing the enzyme
by SSF tested. It can be observed in Table 1 that the
highest activity occurred with the Rhizopus sp. strain
(30.5 = 0.5 U/mL) strain, which was used as the
standard, followed by strain CL 316 (18.7 £ 2.9 U/ml) and
strain IB28a (13.0 + 3.3 U/ml).

Comparison between
quantitative assay

agar plate assay and

Regarding the tanninolytic strains, 51.4% of the strains

selected by agar plate screening gave detectable results
using the enzymatic assay. Furthermore, detectable
lipase production was found in 34.6% of the strains
previously selected on agar plates.

The correlation between the El measured in agar plate
and the enzymatic activity, evaluated by spectropho-
tometry for tannase and by titration for lipase, was
evaluated. No correlation was observed for the tannase
assays. However, Pearson coefficient indicated a strong
and positive correlation (0.96; p=0.000) between the El
evaluated in agar plates containing Tween 80 and the
lipase activity measured by titration (only strains with El
higher than 1.0 U/ml were evaluated) (Figure 2).

Identification of the selected lipase producing strains

Strain IB28a developed a white cottony mass on PDA
after 3 days of grown. Microscopy revealed the presence
of highly branched hyphae and cylindrical conidia.
Molecular identification based on ITS region revealed that
strain 1B28a showed high similarity with Colletotrichum
theobromicola JX010285, C. fragariae JX258785 and
Colletotrichum sp. JN390867 (Figure 3). Therefore, it was
not possible to identify the strain at the species level.

Biochemical characterization of from

Colletotrichum sp. strain

lipase

The results of the assays for the activity of lipase from
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Figure 2. Correlation between data obtained by simple plate assay (El) and by
titration (enzymatic activity) from lipase producing strains with enzymatic activity
higher than 1.0 U.mL™.

Colletotrichum theobromicola JX010285
| Colletotrichum fragariae JX258785
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0.002

Colletotrichum gloeosporioides AY266388

Figure 3. Neighbor-joining tree based on the study of ITS region of rDNA showing the taxonomic positions of
strain CL255, adopting C. gloeosporioide as outgroup. The scale bar indicates the rate of nucleotide

substitution.

Colletotrichum sp. strain (IB28a) are listed in Table 2 and
the result of the analysis of variance (ANOVA) is shown
in Table 3. The coefficient of determination value (R2 =
0.97) indicated that the model can explain 97.0% of the
experimental data’s variability. The computed F-value for
regression was greater than the tabulated F-value,
reflecting the statistical significance of the model.

The linear and quadratic terms of pH (x4) and
temperature (xp) showed negative and significant (p <
0.05) effects on the lipase activity, while the interaction
term (x4x.) indicated a positive and significant (p < 0.05)
effect. Equation 1 below represents the model with the
significant factors for the experimental data:

Enzymatic activity (U/ml) = 26.54 - 2.70x; - 6.41x,% -
3.09x, - 3.87x,° + 5.95X4.X, (1)

Where, x4 and x, are the coded values for pH and
temperature, respectively.

This equation can be used for predictive purposes in
determination of optimum pH and temperature for activity
of Colletotrichum sp. lipase.

Surface response and contour plots of the models were
generated as functions of the independent variables.
Optimum Colletotrichum sp. lipase activity was observed
between pH 6.5 to 7.5 and temperatures from 25 to 35°C
(Figure 4). The temperature range where lipase from
Colletotrichum sp. presents higher activity maintains
more than 85% of its initial activity. Regarding the pH
range, the enzyme presents 95% of the initial activity at
pH 6.5, but it is not stable at higher pH values (Figure 5).

Estimated values of Km and Vmax were obtained by
the Lineweaver-Burk linearization method (Figure 6).
Lipase from Colletotrichum sp. presented Vmax = 19.5
U/mg and Km = 6.3%. The estimated kinetics parameters
for lipase produced by Rhizopus sp. were V max = 101.0
U/mg and Km = 21.7%. Therefore, Colletotrichum sp.
lipase showed more affinity to olive oil than lipase from
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Table 2. CCRD matrix with coded and real values for the variables and
responses for enzymatic activity of lipase from Colletotrichum sp.

Runs X1 pH X2 Temperature (°C) Lipase activity (U.mL'1)

1 -1 (6.6) -1 (30.0) 27.2a
2 -1 (6.6) 1 (60.0) 10.7d
3 +1(9.4) -1 (30.0) 11.6d
4 +1(9.4) 1 (60.0) 18.9b
5 -1,41 (6.0) 0 (45.0) 18.0bc
6 +1,41 (10.0) 0 (45.0) 7.9d
7 0 (8.0) 1,41 (23.9) 23.5 ab
8 0(8.0) 1,41 (66.1) 12.5¢d
9 0 (8.0) 0 (45.0) 27.2a
10 0 (8.0) 0 (45.0) 27.2a
11 0 (8.0) 0 (45.0) 25.3a

*Results are presented as the mean (n= 3) * SD, and those with different
letters are significantly different, with P < 0.05.

Table 3. ANOVA of the regression model for enzymatic activity (U.mL™") of lipase from Colletotrichum sp.

Source of variation Sum of squares Degrees of freedom Mean of squares Ftest P-value

Regression 530.4 5 106.1 28.0 0.001
Residual 18.9 5 3.8
Total 549.4 10

Foss (F tabulated) = 3.45, R? = 0.97.

Enzymatic activity (U.mL™)
Temperature (°C)

Figure 4. Response surface (a) and contour diagram (b) for enzymatic activity (U.ml™") of Colletotrichum
sp. lipase as a function of the pH and temperature (°C).
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Figure 6. Lineweaver-Burk plot for Colletotrichum sp. lipase (a) and Rhizopus sp. lipase (b).

Rhizopus sp.

DISCUSSION

Fungal bioprospection is receiving increased attention in
part, because of the great potential fungi have in the
production of feed, food, fuel, industrial chemicals and
pharmaceutical products, as well as, its application in
bioremediation and biopulping (Thomas et al., 2013).
Even with the advances on microbial genetics and
physiology areas, screening for wild microorganisms
continues to be an important field of biotechnology (Bull
et al.,, 2000; Newman and Cragg, 2012). The Amazon
rainforest and the Atlantic rainforest are suitable
environments for the isolation of fungal strains capable of

producing enzymes with technological application
(Maugeri and Hernalsteens, 2007) (Table 4). In this work,
it was possible to isolate from samples collected in
tropical rainforests several strains of filamentous fungi
with potential to produce extracellular lipase and tannase
by SSF using wheat bran. SSF presents several
advantages over submerged fermentation, such as low
capital investment, reduced energy consumption and
residue production, as well as, easier product recovery
(Fleuri et al., 2013). Lipases produced by SSF show
higher production titers and productivity, and less
catabolite repression (Velasco-Lozano et al.,, 2012).
Some advantages of tannase production by SSF are: the
extracellular nature of the enzyme, higher productivity
and higher stability over a wide range of pH and
temperature (Lekha and Losane, 1994).
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Table 4. Environments for the isolation of fungal strains capable of producing enzymes with technological application.

Region Microorganism Sample Enzymes Reference
Bacteria Soil Lipase Faoro et al. (2012)
Yeast Rotting wood B-Glucosidase Santos et al. (2011)

Atlantic Rainforest

Bacteria

Amazon Rainforest Yeast

Filamentous fungi

Gram-negative bacteria  Soll

Atlantic and Amazon Rainforest Yeast

Yeast-like strains

Yeast, yeast- like strains Water, soil, insects, plants
Filamentous fungi Soil
Basidiomycetous fungi

Cellulase

Basidiomes Ligninolytic enzymes
Soil, water Cellulase, xylanase
Soils, roots Lipase

Rotting wood Xylanase

Rotting wood
Soil, rotting wood Cellulase
- B-Galactosidase

Flowers, fruits, soil
Flowers, fruits
Flowers, fruits, soil

Lipase

Cellulase

Keratinolytic protease

Fructosyl transferase

Esterase,lipase, protease Buzzini and Martini (2002)

Simoes and Tauk-Tornisielo (2005)
Machado et al. (2005)

Heck et al. (2002)
Willerding et al. (2011)
Cadete et al. (2012)

Xylan-degrading enzymes Garcia Medeiros and Hanada (2003)

Delabona et al. (2012)
Tonelotto et al. (2014)

Bach et al. (2011)

Goldbeck and Maugeri Filho (2013)
Maugeri and Hernalsteens (2007)
Goldbeck et al. (2012)

The use of simple plate assays for lipase and
tannase detection is highly recommended since
they are rapid and low cost methods (Gopinath et
al., 2013; Jana et al., 2012). Murugan et al. (2007)
isolated 10 fungal strains from tannery effluent,
which were subjected to screening on agar
medium containing tannic acid. The formation of
clear halos around the colony, demonstrating
tannase production was observed in half of the
assays. A lower percentage (30.2%) was observed
in this study probably because tannery effluent
was a favorable environment to the presence of
tanninolytic microorganisms due to its high
concentration of tannins. Cardenas et al. (2001)
screened 960 microorganisms in agar plate con-
taining olive oil to identify lipase producers. The
authors found that 9.6% of the strains had the
potential to produce the enzyme, while in the
present study, a lower value was found (7.5%).

Not all strains pre-selected by simple agar assay
were able to produce the enzyme by SSF, most
likely because the use of Tween as substrate can
result in false positive, since it can also be
hydrolyzed by esterases. However, Tween con-
tinues to be widely applied because of its capacity
to rapidly incorporate into the medium and to
promote optimal contact between cells and sub-
strate, as well as, to provide easily visible halos of
hydrolysis, avoiding the use of possibly toxic dyes
(Shelley et al., 1987). The use of agar plate
containing Tween was shown to be an efficient
method to isolate filamentous fungi capable of
producing lipase, since 34.6% of the strains
selected by the simple agar assay in our work
were able to produce this enzyme by SSF. Similar
results were found in the study of Colen et al.
(2006) where 59 fungal strains were isolated from
Brazilian savanna. They tested these strains in

agar medium containing tributyrin or olive oil and
found that 21 were positive, and that 52.4% of the
positive strains were considerate good lipase
producers by SSF and SmF.

Correlation between data obtained from simple
plate assay for lipase and more sensitive assays
such as titration and spectrophotometry was
observed in several studies. Kouker and Jaeger
(1987) found that the logarithm of lipase activity
from cell-free culture supernatants measured by
titration was linearly correlated with the diameter
of halos evaluated in a medium containing
trioleoylglycerol and the fluorescent dye rhodamine
B. Pereira-Meirelles et al. (1997) observed high
correlation between El of lipases, estimated in
agar plate containing olive oil or babassu oil, and
data obtained through spectrophotometric method
using p-nitrophenyl laurate as substrate. Con-
flicting results were observed by Griebeler et al.
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(2011); they compared lipases El obtained by tributyrin
agar plate assay and the enzymatic activity of lipases
produced by soil bran fermentation measured by titration.
The authors found that five filamentous fungi were all
selected as good lipase producers by SSF and by using
tributyrin as substrate, however there was one strain not
screened by the simple plate assay that presented high
lipase activity.

Griebeler et al. (2011) selected filamentous fungi
capable of producing lipase by FES, and enzymes
showed activity varying from 10.4 to 21.9 U/ml. Contesini
et al. (2009) optimized the production of lipaseAspergillus
niger by surface response analysis and were able to
reach an enzymatic activity of 28.9 U/mL. Rivera-Munoz
et al. (1991) studied several fungal strains regarding their
lipase producing capacity such as: A. niger (2.9 U/ml),
Geotrichum candidum (1.1 and 1.4 U/ml) and Penicillium
sp. (1.7 to 36.5 U/ml).

Regarding tannase, it was observed that highest
activity was reached by strain CL255 (2.14 + 0.04 U/mg).
A similar result was found in the study of El-Fouly et al.
(2010) on tannase production by A. niger which showed
enzymatic activity of 3.37 £ 0.17 U/mg.

Studies regarding lipase production by Colletotrichum
sp. are rare. Balaji and Ebenezer (2008) tested diverse
residual cheap oil substrates for lipase production by C.
gloeosporioides and reached 2,560 U/g of dry matter
using pongamia oil cake. In this study, enzyme produced
by strain 1B28a identified as C. gloeosporioides showed
maximum activity of 13.0 £ 3.3 U/ml without optimization.
Similar results were found in the study of Colen et al.
(2006) where a C. gloesporioides strain was found to be
the best alkaline lipase producer from 59 strains isolated
from Brazilian savanna soil. They optimized the enzyme
production up to 27.7 U/ml and observed its capacity to
hydrolyze a wide variety of substrates such as lard,
natural oils and tributyrin. In contrast, Amirita et al. (2012)
did not observe lipase production by the entophytes: C.
gloeosporioides and Colletotrichum crassipes in agar
medium containing Tween, but the strain of
Colletotrichum falcatum was positive for lipase activity.
The authors proposed that the absence of certain active
enzymes in entophytes could occur to prevent the host
plant from damage.

Studies concerning the biochemical characteristics of
Colletotrichum sp. lipase were not found. However,
Maccheroni et al. (2004) evaluated the effect of the
ambient pH on lipase secretion by several strains of
Colletotrichum sp. using plate clearing assays. They
concluded that, in general, lipase was secreted at neutral
and alkaline pH. Fungi ensure that enzymes are secreted
mostly at ambient pH values equivalent to their optimal of
activity (Maccheroni and Azevedo, 1998). Therefore, the
data found in the study mentioned above corroborates
with our findings on Colletotrichum sp. lipase optimum pH
values (6.5 to 7.5).

Different research groups use diverse methodologies to

determine enzyme activity, therefore the comparison
between distinct studies is limited. However, it is evident
that the present work has a significant contribution to
studies regarding production, characterization and
application of lipase and tannase. It was possible to
isolate from Amazon and Atlantic rainforests regions,
several strains of filamentous fungus capable of
producing extracellular lipase and tannase by
fermentation of wheat bran. Strain 1B28a, identified as
Colletotrichum sp., isolated from the Atlantic Rainforest
can be considered an interesting producer of lipase by
SSF. Lipase from Colletotrichum sp. reached high
enzymatic activity without optimization and presented
higher activity at neutral pH and room temperature.

Conflict of interests

The authors did not declare any conflict of interest.

ACKNOWLEDGEMENT

The authors are grateful to the Brazilian institutions CNPq
and CAPES for their financial support and for the grant
#2011/14840-5 from Sao Paulo Research Foundation
(FAPESP).

REFERENCES

Aguilar CN, Augur C, Favela-Torres E, Viniegra-Gonzlez G (2001).
Production of tannase by Aspergillus niger Aa-20 in submerged and
solid-state fermentation: influence of glucose and tannic acid. J. Ind.
Microbiol. Biotechnol. 26(5):296-302.

Amirita A, Sindhu P, Swetha J, Vasanthi NS, Kannan KP (2012).
Enumeration of endophytic fungi from medicinal plants and screening
of extracellular enzymes. World. J. Sci. Technol. 2(2):13-19.

Anbu P, Gopinath SC, Cihan AC, Chaulagain BP (2013). Microbial
enzymes and their applications in industries and medicine. Biomed.
Res. Int. 2013:204014.

Bach E, Daroit DJ, Corréa APF, Brandelli A (2011). Production and
properties of keratinolytic proteases from three novel Gram-negative
feather-degrading  bacteria isolated from Brazilian soils.
Biodegradation 22(6):1191-1201.

Balaji V, Ebenezer P (2008). Optimization of extracellular lipase
production in Colletotrichum gloeosporioides by solid state
fermentation. Indian J. Sci. Technol. 1(7):1-8.

Banerjee D, Mondal KC, Pati BR (2001). Production and
characterization of extracellular and intracellular tannase from newly
isolated Aspergillus aculeatus DBF 9. J. Basic Microbiol. 41(6):313-
318.

Battestin V, Macedo GA (2007). Tannase production by Paecilomyces
variotii. Bioresour. Technol. 98(9):1832-1837.

Bradford MM (1976). A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem. 72(1):248-254.

Bradoo S, Gupta R, Saxena RK (1996). Screening of extracellular
tannase-producing fungi: Development of a rapid and simple plate
assay. J. Gen. Appl. Microbiol. 42(4):325-329.

Bull AT, Ward AC, Goodfellow M (2000). Search and discovery
strategies for biotechnology: the paradigm shift. Microbiol. Mol. Biol.
Rev. 64(3):573-606.

Buzzini P, Martini A (2002). Extracellular enzymatic activity profiles in
yeast and yeast-like strains isolated from tropical environments. J.



Appl. Microbiol. 93(6): 1020-1025.

Cadete RM., Melo MA, Dussan KJ, Rodrigues RC, Silva SS, Zilli JE,
Vital MJS, Gomes FCO, Lachance M, Rosa CA (2012). Diversity and
physiological characterization of D-xylose-fermenting yeasts isolated
from the Brazilian Amazonian forest. PLoS One 7(8):e43135.

Cardenas F, Alvarez E, de Castro-Alvarez MS, Sanchez-Montero JM,
Valmaseda M, Elson SW, Sinisterra JV (2001). Screening and
catalytic activity in organic synthesis of novel fungal and yeast
lipases. J. Mol. Catal. B. Enzym. 14(4):111-123.

Chavez-Gonzalez M, Rodriguez-Duran LV, Balagurusamy N, Prado-
Barragan A, Rodriguez R, Contreras JC, Aguilar, CN (2012).
Biotechnological advances and challenges of tannase: an overview.
Food Bioprocess. Technol. 5(2):445-459.

Colen G, Junqueira RG, Moraes-Santos T (2006). Isolation and
screening of alkaline lipase-producing fungi from Brazilian savanna
soil. World J. Microbiol. Biotechnol. 22(8):881-885.

Contesini FJ, da Silva VCF, Maciel RF, de Lima RJ, Barros FFC, de
Oliveira Carvalho P (2009). Response surface analysis for the
production of an enantioselective lipase from Aspergillus niger by
solid-state fermentation. J. Microbiol. 47(5): 563-571.

Contesini FJ, Lopes DB, Macedo GA, Nascimento MDG, Carvalho PDO
(2010). Aspergillus sp. lipase: Potential biocatalyst for industrial use.
J. Mol. Catal. B. Enzym. 67(3):163-171.

Delabona PDS, Farinas CS, da Silva MR, Azzoni SF, Pradella JGDC
(2012). Use of a new Trichoderma harzianum strain isolated from the
Amazon rainforest with pretreated sugar cane bagasse for on-site
cellulase production. Bioresour. Technol. 107: 517-521.

Dereeper A, Guignon V, Blanc G, Audic S, Buffet S, Chevenet F,
Dufayard JF, Guindon S, Lefort V, Lescot M, Claverie JM, Gascuel, O
(2008). Phylogeny. fr: robust phylogenetic analysis for the non-
specialist. Nucleic Acids Res. 36:465-469.

El-Fouly MZ, El-Awamry Z, Shahin AA, El-Bialy HA, Naeem E, El-
Saeed GE (2010). Biosynthesis and characterization of Aspergillus
Niger AUMC 4301 tannase. J. Am. Sci. 6.12: 709-721.

Faoro H, Glogauer A, Couto GH, Souza EM, Rigo LU, Cruz LM,
Monteiro RA, Oliveira Pedrosa F (2012). Characterization of a new
acidobacteria-derived moderately thermostable lipase from a
Brazilian Atlantic Forest soil metagenome. FEMS Microbiol. Ecol.
81(2):386-394.

Fleuri LF, Kawaguti, HY, Pedrosa VA, Vianello F, Lima GPP, Novelli
PK, Okino-Delgado CH (2013). Exploration of Microorganisms
Producing Bioactive Molecules of Industrial Interest by Solid State
Fermentation. In: Lima GPP, Vianello F (ed) Food Quality, Safety and
Technology, 1st edn. Springer-Verlag, Wien, pp. 147-161.

Garcia Medeiros R, Hanada R (2003). Production of xylan-degrading
enzymes from Amazon forest fungal species. Int. Biodeterior.
Biodegradation 52(2): 97-100.

Goldbeck R, Andrade CCP, Pereira GAG, Maugeri Filho F (2012).
Screening and identification of cellulase producing yeast-like
microorganisms from Brazilian biomes. Afr. J. Biotechnol.
11(53):11595-11603.

Goldbeck R, Maugeri Filho F (2013). Screening, characterization, and
biocatalytic capacity of lipases producing wild yeasts from Brazil
biomes. Food Sci. Biotechnol. 22(1):79-87.

Gopinath SC, Anbu P, Lakshmipriya T, Hilda A (2013). Strategies to
characterize fungal lipases for applications in medicine and dairy
industry. Biomed. Res. Int. 2013:1-10.

Griebeler N, Polloni AE, Remonatto D, Arbter F, Vardanega R, Cechet
JL, Luccio MD, Oliveira D, Treichel H, Cansian RL, Rigo E, Ninow JL
(2011). Isolation and screening of lipase-producing fungi with
hydrolytic activity. Food Bioprocess. Technol. 4(4):578-586.

Hankin L, Anagnostakis SL (1975). The use of solid media for detection
of enzyme production by fungi. Mycologia 67:597-607.

Harvey AL, Clark RL, Mackay SP, Johnston BF (2010). Current
strategies for drug discovery through natural products. Expert Opin.
Drug Discov. 5(6):559-568.

Heck JX, Hertz PF, Ayub MA (2002). Cellulase and xylanase
productions by isolated Amazon Bacillus strains using soybean
industrial residue based solid-state cultivation. Braz. J. Microbiol.
33(3):213-218.

Jana A, Maity C, Halder SK, Pati BR, Mondal KC, Mohapatra PKD
(2012). Rapid screening of tannase producing microbes by using

da Silva et al. 341

natural tannin. Braz. J. Microbiol. 43(3):1080-1083.

Kouker G, Jaeger KE (1987). Specific and sensitive plate assay for
bacterial lipases. Appl. Environ. Microbiol. 53(1):211-213.

Lekha PK, Lonsane BK (1994). Comparative titres, location and
properties of tannin acyl hydrolase produced by Aspergillus niger
PKL 104 in solid-state, liquid surface an submerged fermentations.
Process. Biochem. 29(6):497-503.

Maccheroni Jr W, Araljo WL, Azevedo JL (2004). Ambient pH-
regulated enzime secretion in endophytic and pathogenic isolates of
the fungal genus Colletotrichum. Sci. Agric. 61(3):298-302.

Maccheroni Jr W, Azevedo JL (1998). Synthesis and secretion of
phosphatases by endophytic isolates of Colletotrichum musae grown
under conditions of nutritional starvation. J. Gen. Appl. Microbiol.
44(6):381-387.

Macedo GA, Lozano MMS, Pastore GM (2003). Enzymatic synthesis of
short chain citronellyl esters by a new lipase from Rhizopus sp.
Electron. J. Biotechnol. 6(1):3-4.

Machado KM, Matheus DR, Bononi VL (2005). Ligninolytic enzymes
production and Remazol Brilliant Blue R decolorization by tropical
Brazilian basidiomycetes fungi. Braz. J. Microbiol. 36(3):246-252.

Macrae AR, Hammond RC (1985). Present and future applications of
lipases. Biotechnol. Genet. Eng. Rev. 3(1):193-218.

Maugeri F, Hernalsteens S. (2007). Screening of yeast strains for
transfructosylating activity. J. Mol. Catal. B. Enzym. 49(1):43-49.

Murugan K, Saravanababu S, Arunachalam M (2007). Screening of
tannin acyl hydrolase (EC 3.1. 1.20) producing tannery effluent fungal
isolates using simple agar plate and SmF process. Bioresour.
Technol. 98(4):946-949.

Newman DJ, Cragg GM (2012). Natural products as sources of new
drugs over the 30 years from 1981 to 2010. J. Nat. Prod. 75(3):311-
335.

Pereira-Meirelles FV, Rocha-Ledo MHM, SantAnna Jr GL (1997). A
stable lipase from Candida lipolytica. Appl. Biochem. Biotechnol.
63:73-85.

Pinto GA, Leite SG, Terzi SC, Couri S (2001). Selection of tannase-
producing Aspergillus niger strains. Braz. J. Microbiol. 32(1):24-26.
Raeder U, Broda P (1985). Rapid preparation of DNA from filamentous

fungi. Lett. Appl. Microbiol. 1(1):17-20.

Reisner SB, Woods GL, Thompson RB, Larone DH, Garcia LS, Shimizu
Rl (1999). In: Murray PR, Baron EJ, Jorgensen JH, Pfaller MA,
Yolken (ed.). Manual of clinical microbiology, 7th ed. American
Society for Microbiology, Washington, D.C.

Ribeiro MC, Metzger JP, Martensen AC, Ponzoni FJ, Hirota MM (2009).
The Brazilian Atlantic Forest: How much is left, and how is the
remaining forest distributed? Implications for conservation. Biol.
Conserv. 142(6):1141-1153.

Rivera-Munoz G, Tinoco-Valencia JR, Sanchez S, Farres A (1991).
Production of microbial lipases in a solid state fermentation system.
Biotechnol. Lett. 13(4):277-280.

Saitou N, Nei M (1987). The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol. Biol. Evol. 4(4):406-425.

Santos RO, Cadete RM, Badotti F, Mouro A, Wallheim DO, Gomes FC,
Stambuk BU, Lachance M, Rosa CA (2011). Candida gueiroziae sp.
nov., a cellobiose-fermenting yeast species isolated from rotting
wood in Atlantic Rain Forest. Antonie van Leeuwenhoek 99(3):635-
642.

Sarrouh B, Santos TM, Miyoshi A, Dias R, Azevedo V (2012). Up-to-
date insight on industrial enzymes applications and global market. J.
Bioprocess. Biotechniq. 4:1-10.

Shelley AW, Deeth HC, MacRae IC (1987). Review of methods of
enumeration, detection and isolation of lipolytic microorganisms with
special reference to dairy applications. J. Microbiol. Methods 6(3):
123-137.

Sierra G (1957). A simple method for the detection of lipolytic activity of
micro-organisms and some observations on the influence of the
contact between cells and fatty substrates. Antonie van
Leeuwenhoek 23(1):15-22.

Simoes MLG, Tauk-Tornisielo SM (2005). Optimization of xylanase
biosynthesis by Aspergillus japonicus isolated from a Caatinga area
in the Brazilian state of Bahia. Afr. J. Biotechnol. 5(11):1135-1141.

Singh AK, Mukhopadhyay M (2012). Overview of fungal lipase: a
review. Appl. Biochem. Biotechnol. 166(2):486-520.



342 Afr. J. Microbiol. Res.

Thakur S. (2012). Lipases, its sources, properties and applications: A
review. Int. J. Sci. Eng. Res. 3(7): 1-29.

Thomas L, Larroche C, Pandey A (2013). Current developments in
solid-state fermentation. Biochem. Eng. J. 81:146-161.

Tonelotto M, Pirota RDPB, Delabona PDS, Barros GDOF, Golubev AM,
Polikarpov I, Farinas CS (2014). Isolation and characterization of a -
galactosidase from a new Amazon forest strain of Aspergillus niger
as a potential accessory enzyme for biomass conversion. Biocatal.
Biotransformation 32(1):13-22.

Velasco-Lozano S, Volke-Sepulveda T, Favela-Torres E (2012).
Lipases production by solid-state fermentation: the case of Rhizopus
homothallicus in perlite. Methods Mol. Biol. 861:227-237.

Willerding AL, Oliveira LAD, Moreira FW, Germano MG, Chagas AF
(2011). Lipase activity among bacteria isolated from Amazonian soils.
Enzyme Res. 2011:1-5.

Zhao J, Kong F, Li R, Wang X, Wan Z, Wang D (2001). Identification of
Aspergillus fumigatus and related species by nested PCR targeting
ribosomal DNA internal transcribed spacer regions. J. Clin. Microbiol.
39(6):2261-2266.



