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Abstract

Microorganisms have the ability to produce several metabolites, which are
widely used in biotechnological processes, including the biological catalysts
called enzymes. Among these enzymes, lipases are favored because they per-
form various catalytic reactions such as hydrolysis, esterification, interesteri-
fication and transesterification. This work sought to isolate filamentous fungi
from samples collected in Diamantina, Minas Gerais, Brazil, analyze their
macroscopic morphological characteristics, determine the effect of tempera-
ture on their growth, and verify which organisms are potential lipase produc-
ers. From four collection sites, nine fungi were isolated from the leaves and
soil of the jabuticaba (Plinia cauliflora) tree and three fungi from the Andu
bean leaves (Cajanus cajan). The macroscopic morphological characteristics
of the microorganisms were analyzed. For thermophilic analysis, the twelve
isolated fungi and eight obtained from the laboratory bank were cultivated in
a solid Potato-Dextrose-Agar medium from 30°C to 50°C, with intervals of
5°C. The growth rate per hour after 48 hours of development was calculated.
For the selection of filamentous lipase-producing fungi, the 20 fungi were
cultivated in solid BDA medium at 30°C for 96 hours, and the enzyme index
was calculated. It was found that, of the 20 microorganisms, 95% developed at
30°C, and the highest growth rates were those of fungi 3.2TA, PJ8 and PJ7. At
35°C, 70% of the fungi developed, and the highest growth rates were those of
fungi 3.2TA, MB2.2 and P3. At 40°C, 40% of the fungi developed, and the
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highest growth rates were those of fungi 3.2TA, PJ6 and PJ8. At 45°C, only
the PJ6 and PJ12 fungi grew, and no organism grew at 50°C. In the screening
for lipase production, the largest growth halo was observed for the 3.2TA
fungus from the bank.
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1. Introduction

In the last decades, a great effort has been made in search of alternatives to fossil
fuels because it is a finite fuel and because of the pollution caused by those fuels
[1]. Among the biofuel possibilities, we can mention biodiesel, which consists of
methyl esters of long-chain fatty acids [2].

Various microbial enzymes are already applied in many segments of the in-
dustry; microbial lipase has already been used in the detergent industry, biofuel
production and industrial effluent bioremediation/treatment because of the hy-
drolysis, esterification, interesterification and transesterification reactions that
they can catalyze [3]-[8].

The use of microorganisms for the production of lipase is advantageous be-
cause most of them are capable of producing this biocatalyst at a high rate and
relatively low cost. The global market for industrial enzymes reached US$ 5.5
billion in 2018, and it is estimated that this value will reach US$ 7.0 billion by
2023, with a compound annual growth rate (CAGR) of 4.9% in the 2018-2023
period [9].

However, to obtain enzymes with greater catalytic power, and lower the cost
of enzyme production, there is a need for research that uses microorganisms
isolated from new environments, as well as the use of agro-industrial residues in
the composition of the media to obtain lipases with characteristics appropriate
for a specific application.

The production of biodiesel is generally achieved by means of transesterifica-
tion of animal or vegetable oils with methanol, using alkaline, acid or enzymatic
catalysts. In the transesterification reactions using basic catalysis, alkali metal
hydroxides such as potassium hydroxide and sodium hydroxide are used, with
which better yields and selectivity are observed. Basic non-ionic catalysts are also
used, as they have the advantage of not forming soap and other undesirable
products [10] [11] [12].

In acid catalysis using a strong acid, such as sulfuric acid or hydrochloric acid,
the reaction is rapid and the degree of conversion is high. However, it has several
disadvantages, such as the occurrence of side reactions, corrosion of the equip-
ment and difficult separation of the catalyst from the liquid reaction mixture
[13].
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Because the catalytic activity of a base is superior to that of an acid and acid
catalysts are more corrosive, basic catalysis is preferred over acid catalysis, which
is why it is most often used commercially. Although this reaction is generally
performed with homogeneous catalysts, heterogeneous catalysts have advantages
over homogeneous ones, both economically and environmentally [14] [15].

Regarding enzymatic catalysis, lipases (triacylglycerol hydrolases EC 3.1.1.3)
stand out for being more selective and with higher yields; free fatty acids are
converted into biodiesel at low reaction temperatures. The reaction conditions
are milder, the enzymes are easy to separate from the reaction products, the
reactions are environmentally sustainable, higher quality biodiesel and glycerol
can be obtained, with lower procedural costs in the purification stages, and the
enzyme can be used in homogeneous or heterogeneous catalysis. The disadvan-
tages are the high cost of the enzymes, and the enzyme is normally inhibited in
the presence of methanol/water mixtures, which requires the addition of co-solvents,
thus making the process more expensive [16].

This work aimed to analyze the lipolytic potential of filamentous fungi iso-
lated from plants and soil samples in Diamantina, Minas Gerais, analyzing ma-
croscopic morphological characteristics of some isolated filamentous fungi, the
effect of temperature on the growth of these microorganisms and verifying

which are lipase producers.

2. Material and Methods

This work was accomplished at the Laboratory of Biomass and Technology of
the Cerrado, Federal University of the Jequitinhonha and Mucuri Valleys (UFVIM)
JK campus, Diamantina, Minas Gerais, Brazil.

2.1. Microorganisms under Study

Twenty filamentous fungi were analyzed, of which eight microorganisms identi-
fied as P3; C435; EA3.3.2 and EA1.2.1; 3.2TA; MBI1.1 and MB2.2 and M1.7.1
were selected at random from several microorganisms already existing in the la-
boratory, the result of isolation from other studies (Table 1). Twelve filamentous
fungi were isolated from samples collected by the authors [17]-[22].

The twelve filamentous fungi were isolated from samples collected aseptically
in the city of Diamantina, Minas Gerais, Brazil. The materials collected were
swine lard (sample 1), leaves and soil from the foot of a jabuticaba (Plinia caulif-
lora) tree (sample 2), Andu bean leaves (Cajanus cajan) (sample 3), and coffee
grounds (sample 4). The samples were stored in glass bottles sealed by hydro-
phobic cotton, previously autoclaved at 120°C and 1.5 atm for 30 minutes.

The materials were transported in a sterile manner to the laboratory, where
each sample was placed in a Petri dish containing 15 to 20 mL of 4% (w/v) solid
sterile Quaker® culture medium and 2% (m/v) Bacterial Agar, with the aid of au-
toclaved tweezers, and the microorganisms present in the samples were allowed

to develop [23]. The plates containing the material were placed in a bacteriological
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Table 1. Location and sample from which the filamentous fungi selected from the labor-
atory were isolated.

Filamentous fungus Source City where collected

P3 Coconut shell Serranépolis de Minas, MG

Garbage deposit at the UFV]M,

C435 Piece of denim in decomposition X K
Diamantina, MG
EA33.2 Seeds Garbage f‘leposit. at the UFV]M,
Diamantina, MG
3.2TA Sugar cane bagasse Northern region, MG
MBI1.1 E MB2.2 Water from the Rio Doce Regéncia District, ES
Garbage d it at the UFV]M,
EA1.2.1 Leaf in decomposition arbage X €post ‘a € J
Diamantina, MG
M1.7.1 Tree bark Janauba, MG

oven at 30°C for four days. The growth of new microorganisms was analyzed
every 24 hours, and as the specimens grew, point isolation was performed in the
center of a new culture plate containing the same medium at 30°C.

The macroscopic morphological characteristics of the twelve isolated fungi
and the already isolated filamentous fungi from the laboratory were analyzed as
to the color of the colonies, aspect, topography, edge, surface, texture, size and

the presence or absence of pigmentation [24].

2.2. Maintenance of Filamentous Fungi

The strains were stored on Dindmica® silica gel, according to the method de-
scribed by Michelin (2009), where a spore suspension was prepared from 2 mL
of powdered milk (200 g-L™" of autoclaved distilled water). Approximately 1 mL
of this suspension was added to test tubes containing 7 g of silica gel and stirred.
These tubes were sealed and stored at 4°C [25]. The filamentous fungi were cul-
tured in 15 cm x 5 cm test tubes containing a solid 4% (m/v) Quaker® medium
and 2% Bacteriological Agar (w/v) [23]. The culture media were kept in a bacte-

riological incubator at 30°C, and, after growth, stored in a refrigerator at 4°C.

2.3. Effect of Temperature on the Growth of Filamentous Fungi

The determination of the rate of growth of fungi with respect to temperature was
performed in a solid medium using Prodimol® Potato-Dextrose-Agar (BDA)
culture medium for 48 hours at temperatures that varied from 30°C to 50°C,
with intervals of 5°C. The fungal growth radius was measured, and the growth

rate in centimeters per hour (cm-h™) was calculated.

2.4. Screening of Filamentous Fungi Producing Lipases

The selection of filamentous lipase-producing fungi utilized the method de-
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scribed by Hankin & Anagnostakis (1975). All the fungi were spiked punctually
in the center of the Petri dish in previously sterilized solid culture medium for
lipase containing Potato-Dextrose-Agar (BDA) (20 g-L™'), peptone (10 g-L™),
sodium chloride (5 g-L™"), calcium chloride (2 g-L™') and Tween 80 (10 mL-L™")
and incubated in a bacteriological incubator at 30°C for four days.

The growth radius (cm) of the colony was measured, and the fatty acids re-
leased by Tween 80 hydrolysis were identified using 2 mL of the developing so-
lution (0.1 M NaOH and 2% phenolphthalein). By measuring the enzymatic halo
(cm), the ratio of fungal growth to enzyme production was determined by di-

viding one parameter by the other.

2.5. Reproducibility and Statistical Analysis

All the experiments were performed in triplicate, and the means of the results
and standard deviation were determined. The ANOVA and Tukey tests were ap-
plied for the statistical analyses using the Statistica TM 6.0 software (Statsoft,
Inc). The correlations between the analytical determinations were performed at

the 5% significance level (p < 0.05).

3. Results and Discussion

3.1. Isolation of Filamentous Fungi and Analysis of Macroscopic
Morphological Characteristics of Microorganisms

Of the twelve filamentous fungi, those designated as PJ1, PJ2, PJ3, PJ4, PJ5, PJ6,
PJ7, PJ8 and PJ12 were isolated from the leaves and soil of a jabuticaba (Plinia
cauliflora) tree (sample 2), whereas PF9, PF10 and PF11 were isolated from An-
du bean leaves (Cajanus cajan) (sample 3), as is shown in Figure 1. No fila-

mentous fungi were isolated from the samples of lard and coffee grounds.

Figure 1. Representative images of isolated filamentous fungi. (a) Fungi isolated from the
leaves and soil of the jabuticaba (Plinia cauliflora) tree and (b) Fungi isolated from the
leaves of Andu beans (Cajanus cajan).
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After the isolation of the microorganisms, the macroscopic morphological
characteristics of the isolates were determined. With regard to color, 67% pre-
sented a white color (PJ1, PJ2, PJ3, PJ4, PJ5, PF9, PF10 and PF11); the other fun-
gi possessed brown (PJ6), brown and white (PJ7), brown and green (PJ8) and
black (PJ12) colors (Table 2).

All the isolated fungi had a dry appearance. Regarding the topography, 50% of
the fungi possessed a flat topography (PJ1, PJ3, PF9, PF10, PF11 and PJ12), 25%.
a pleated topography (PJ6, PJ7 and PJ8), 17%, a convex topography (PJ2 and
PJ4 ) and 8%, an umbilicated topography (PJ5). Regarding the border, 58% had a
regular border (PJ2, PJ3, PJ4, PJ5, PJ6, PF11 and PJ12), and 42% had an irregular
border (PJ1, PJ7, PJ8, PF9 and PF10) (Table 2).

As for the surface, 75% of the isolated fungi had a smooth surface (P]1, PJ2,
PJ3, PJ4, PJ5, PF9, PF10, PF11 and PJ12), 17%, a cracked surface (PJ2, PJ6 and
PJ8) and 8%, a rough surface (P]7). Regarding the texture, 58% of the filament-
ous fungi possessed a cottony texture (PJ1, PJ2, PJ3, PJ4, PJ5, PJ8 and PF10),
25% had a suede texture (R6, R8 and R11), and the others had velvety (R9), gra-
nular (R7) and powdery (R12) textures (Table 2). Of the isolated fungi, 42%
were of medium size (PJ2, PJ3, PJ4, PF9 and PF10), 33%, large size (PJ1, PJ6, PJ7
and PJ8) and 25%, tiny (PJ5, PF11 and PJ12). The PJ2, PJ3, PJ4, PJ5 and PF11
fungi possessed pink and peach pigmentations (Table 2).

In the work of Zipperer and collaborators four fungi were isolated from the
soil where grape vines were planted in the city of Videir, SC, Brazil. These fungi
were grown in BDA medium, where their macroscopic morphological characte-
ristics were analyzed. A white color, smooth surface and cottony texture were
observed [26].

Table 2. Macroscopic characteristics of isolated filamentous fungi.

Fungus
PJ1
PJ2
PJ3
PJ4
PJ5
PJ6
P7
P 8
PF9

PF10
PF11

Pj12

Color
White
White
White
White
White
Brown
Brown and white
Brown and green
White
White
White

Black

Aspect Topography Border Surface Texture Size Pigmentation
Dry Flat I Smooth Cottony Large -
Dry Convex R Smooth Cottony Medium + (pink)
Dry Flat R Smooth Cottony Medium + (peach)
Dry Convex R Smooth Cottony Medium + (pink)
Dry Umbilicated R Smooth Cottony Punctual + (peach)
Dry Pleated R Fissured Suede Large -
Dry Pleated I Rough Grainy Large -
Dry Pleated I Fissured Suede Large -
Dry Flat I Smooth Velvety Medium -
Dry Flat I Smooth Cottony Medium -
Dry Flat R Smooth Suede Tiny + (pink)
Dry Flat R Smooth Powdery Tiny -

R, regular and I, irregular; — no pigmentation; + presence of pigmentation.
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In the study by Souza and collaborators twenty-one fungi from tree bark, six
from fruit bark and two from decomposing leaves were isolated in the city of Ja-
natba-MG, in BDA medium, the macroscopic morphological characteristics of
these were analyzed. isolated and it was found that colony colors varied between
shades of green, black, white and blue, some with pigmentation secretion with
characteristics similar to those isolated by the author and all microorganisms
had a smooth background, with the exception of one similar to the work carried
out by the author where most of the isolated fungi also presented a smooth bot-
tom [27].

3.2. Effect of Temperature on the Growth of Filamentous Fungi

When analyzing the growth of filamentous fungi at different temperatures in
BDA culture medium, 95% of the fungi developed at 30°C; only the PF9 fungus
did not develop. This temperature is that at which the highest growth rates of the
identified filamentous fungi such as 3.2TA (0.088 cm-h™'), PJ8 and PJ7 (0.070
cm-h™); PJ6 (0.068 cm-h™); MB2.2 (0.055 cm-h™) and P3 (0.032 cm:h™) were
observed. The microorganisms for which the greatest growth rate was observed
at this temperature were 3.2TA, PJ8 and P]7, with an average of 0.076 cm-h™’
(Figure 2).

At 35°C, 70% of the fungi developed. The fungi that obtained the highest
growth rates were those identified as 3.2TA (0.128 cm-h™'), MB2.2 (0.113
cm-h™), P3 (0.089 cm-h™") and PJ6 (0.074 cm-h™"). The fungi PJ1, PJ2, PJ3, PJ5,
PF9 and PF10 did not develop at this temperature (Figure 2).

According to the literature, there are few filamentous fungi that can grow at
temperatures above 40°C. In the current study, 40% of the fungi developed at
this temperature, and the samples that had the highest growth rates were 3.2TA

—— PJ1
—0— PJ2
—A— PJ3
—v— PJ4
—0—PJ5
—<4—PJ6
—p— PJ7
—e— PJ8
—&— PF9
—&— PF10
—o— PF11
—+—PJ12
—<—P3
—— C435
—— EA332
—+—3.2TA
—=—MB 1.1
—o— EA121
—A— MT171
—v— MB 2.2

0.14

0.12

0.10

0.08

0.06 —

0.04

Taxa de crescimento (cm:h™)

0.02

0.00 -

30 35 40 45 50
Temperatura (°C)

Figure 2. Fungal growth rates (cm/hour) of filamentous fungi in BDA medium.
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(0.076 cm-h™), PJ6 (0.071 cm-h™'); PJ8 (0.066 cm-h™"); PJ12 (0.024 cm-h™);
MT171 (0.015 cm-h™"), PF11 (0.013 cm-h™") and P3 (0.011 cm-h™"). Only the fun-
gi PJ6 (0.005 cm-h™) and PJ12 (0.003 cm-h™) grew at 45°C, and no organism
developed at 50°C (Figure 2).

Organisms can be classified according to the ideal growth temperature and are
divided into three classes, psychrophils (temperatures below 20°C), mesophiles
(between 25°C and 40°C) and thermophiles (temperatures above 40°C). Those
classified as mesophiles form involve most microorganisms. Although they ex-
hibit excellent growth at moderate temperatures, some of them can grow at
higher temperatures, called thermotolerants [28].

Studies similar to the author’s have been reported in the literature, in the
analysis of growth at different temperatures, carried out by Souza in a BDA me-
dium of 35°C to 50°C, varying every 5°C, it was concluded that all isolated mi-
croorganisms are mesophiles because they all grew at 35°C. Thirteen fungi de-
veloped at 40°C, seven grew at 45°C and three fungi developed at 50°C, which
did not occur in the author’s analyzes where no fungus developed at 50°C [27].

Similar results have also been reported in the literature [29].

3.3. Analysis of the Lipolytic Potential of Filamentous Fungi

Among the isolated fungi, those identified as PJ7 and PF9 did not grow in the
solid culture medium for lipases, whereas the largest halos for fungal growth
were observed for the PJ8 and PJ6 strains. However, no halos of lipolytic activi-
ties were observed when the developing solution was used. Growth halos were
observed for the PJ12 and PJ4 fungi, and these were the only isolated fungi that
presented halos of lipolytic activity (0.39 cm and 0.24 c¢m, respectively) (Table 3).

Among the fungi already isolated in the laboratory in previous studies, the
largest growth halos were observed for the 3.2TA microorganism. No halos of
lipase activity were observed for the MB2.2 and P3 fungi, whereas an activity
halo of 0.92 cm was obtained with the 3.2TA fungus, followed by fungus M1.7.1
with a halo of 0.31 cm (Table 3).

Filamentous fungi are microorganisms that stand out because of their great
ease of cultivation. It is not necessary to rupture the cell for their release because
they secrete their enzymes directly into the medium. In addition, they produce
large amounts of enzymes, and they have a high potential for numerous indus-
trial applications [30].

The lipases of microbial origin have a particular industrial importance and
represent the most widely used class of biocatalysts in biotechnological applica-
tions. Among the microorganisms recognized as good producers of lipolytic en-
zymes, fungi have a great potential to be explored [31] [32] [33] [34]. The main
benefit of lipases from filamentous fungi is their extracellular nature, which con-
siderably decreases the total cost of biocatalyzed processes by these enzymes and
makes them more interesting from an industrial point of view than bacterial li-
pases [32] [35] [36] [37].
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Table 3. Halo (centimeters) of lipase activity produced by filamentous fungi in a solid
culture medium containing Tween 80.

Fungus Lipase halo (cm)
PJ1 e
PJ2 e
PJ3 —e
PJ4 0.24 +0.02d
PJ5 e
PJ6 e
Pj7 —e
PJ8 —e
PF9 —e
PF10 —e
PF11 —e
PJ12 0.39+0.01b
P3 —e
C435 —e
EA3.3.2 —e
3.2TA 0.92+0.01a
MBL1.1 —e
EAl1.2.1 —e
M1.7.1 0.31+£0.01c
MB2.2 —e

The Tukey test was applied at the level of 5% probability. The means followed by the same letter in the
column (lower case) do not differ statistically. The
grown.

« »

symbol represents microorganisms that have not

In this respect, filamentous fungi are widely recognized as being the best
sources of lipolytic enzymes, with applications in the pharmaceutical area, in the
synthesis of fine chemicals and chemical oils, in the food, leather, cosmetics, de-
tergents, and fragrance industries, in the pretreatment of lipid-rich wastewater,
in the bioremediation of soils contaminated by fats and in the synthesis of bio-
diesel [32] [33] [34]. In the field of biofuels, lipases have been used as catalysts
for the process because of the lower energy costs and low environmental impact.
Thus, it is necessary to study lipases produced by filamentous fungi for biotech-
nological applications.

In the work by Miranda and collaborators isolated lipase-producing microor-
ganisms were cultivated in Marine Broth medium containing soybean oil, Tween

20, agar and the rhodamine B dye. The plates were observed under ultraviolet
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light (365 nm). Three microorganisms from the mangrove of Babitonga Bay
were isolated, and lipase production was indicated by qualitative tests [38].

Paludo and collaborators analyzed 205 yeast strains from the Federal Univer-
sity of Tocantins that were isolated from decomposing leaves collected in three
streams in the municipality of Taquarugu. Lipase production was determined in
medium containing peptone, NaCl, CaCl,, agar and Tween-20. Of the 205
strains evaluated, positive results for at least one of the enzymes tested were ob-
served, 83 for lipase (40.5%), 59 for cellulase (28.8%), 30 for xylanase (14.6%)
and 35 for amylase (17.1%) [39].

Rodrigues and collaborators evaluated the extracellular lipolytic activity of
forty-one fungal isolates in solid MB medium consisting of peptone, NaCl,

CaCl,, agar and Tween 80, and ten of these fungi presented activity [40].

4. Conclusion

The prospecting of filamentous fungi is a viable alternative that allows exploring
the biotechnological potential of a given region, as it enables knowledge of the
species of microorganisms that produce enzymes of biotechnological interest.
From the four collection sites, it was possible to isolate nine fungi from the
leaves and soil of the foot of the jabuticaba tree and three fungi from the leaves
of Andu beans and their morphological characteristics such as color, size, and
texture were analyzed. In analyzing the optimum growth temperature of the
fungi, it was found that 95% developed at 30°C, characterizing them as meso-
philic organisms. In addition, the lipolytic potential of the 3.2TA, PJ12, M1.7.1
and PJ4 fungi was verified, an important characteristic from the biotechnological

point of view.
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