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Abstract

The aim of the present study was to isolate microorganisms from soils contaminated with agrochemicals and to
evaluate their potential for biodegradation and production of bioactive metabolites. For this, microorganisms
were isolated from a soil sample by the serial dilution technique using four different media: potato dextrose
agar (PDA), Mueller Hinton agar (MH), malt extract agar (MEA), and Bushnell Haas agar (BH). The isolated
microorganisms were identified by their macro and micromorphological characteristics and were tested for their
ability to use the DMA 806 BR agrochemical, by the dichlorophenol indophenol (DCPIP) method. Biosurfactant
production and antimicrobial activity were evaluated in the selected microorganisms. The emulsifying activity was
evaluated by the emulsification index (IE24) technique, while the antimicrobial activity was evaluated through
the solid medium assay against pathogens of clinical interest. Among the media tested, MEA yielded the highest
number of isolates, as well as a greater diversity of microbial groups, with a predominance of bacteria. Of the
selected microorganisms, ten had the ability to use the agrochemical. Of these ten microorganisms, five presented
emulsifying activity and two presented the capacity to produce secondary metabolites. Among them, the J5 and
B48 strains were distinguished by their emulsifying and antimicrobial activity.
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1 Introdution

Soil is a naturally diverse habitat with highly complex biological communities, in which different forms of

microorganisms, both eukaryotes and prokaryotes, interact in a dynamic and steady state environment (CARRER
FILHO, 2002). Microbial transformations, as well as their different chemical reactions, can be altered by the
interference of different populations that occur in them (MACHADO, et al., 2012). In addition to their role in the
environment, microorganisms and their derivatives have great biotechnological potential, such as bioinoculants for
agroforestry production, biological control, bioremediation, antibiotic production, enzymes, and dyes (GOI, SOUZA,
2006).

According to Costa et al., (2017) traditionally, the soil has been a receptor of substances resulting from human
activities, among them being the agrochemicals. Currently, Brazil is the world's largest consumer of agrochemicals and
according to a survey done by ABRASCO (Brazilian Association of Collective Health); more than 850 million liters of
agrochemicals are used annually, corresponding to an average environmental/food exposure of more than 4 liters per
individual.

According to Rosado et al. (1997), the diversity of soil microorganisms is relatively less understood. The
microbial mass is a critical component of the natural or man-made ecosystems, since it is involved in the decomposition
of organic matter, altering the availability of nutrients to the plants, and influences the soil physical properties such as
aggregate stability. Given these characteristics, soil remains the most important reservoir for the isolation of
microorganisms. The microbial community, in particular the number and types of microorganisms present in the soil, is
heavily influenced by geographic location, soil temperature, soil type, soil pH, organic matter content, cultivation,
aeration and humidity (DAVIS et al., 2005).

Brazil has about 20% of the world's biodiversity and is an important source of raw materials for many diverse
sectors. However, little is known about its biological diversity, the species that are involved and their phylogenetic
relationships, including microorganisms and their interactions with other beings (SOUZA et al., 2004). Microorganisms
are often seen as pathogens, especially the fungi and bacteria. However, they are also useful in the production of
chemical substances, such as antibiotics, antitumorals, immunosuppressants, and other natural microbial products
(CONTI et al., 2012). Thus, microorganisms are important agents for the pharmaceutical industry as a source of natural
products (MENEZES et al., 2012).

In Brazil, the northeast region is the main consumer of agrochemicals; among its states, Maranhao is among
the top 10 states in agrochemical consumption in the country. Among the municipalities studied, the rural area of the
municipality of Lima Campos has a resident population of approximately 4,630 inhabitants. The primary agricultural
activity in this region is rice cultivation, mainly in family farming (IBGE, 2016). The predominant crops are rice, maize,
and vegetables. DMA 806 BR is the major agrochemical used by farmers in this region. DMA 806 BR is a selective
acidic herbicide of the aryloxyalkanoic acid group of toxicological classification I - extremely toxic and have in their
composition a compound equivalent to 2,4-D acid, which is a member of the family of chlorophenoxyacetic herbicides.
In view of this, the current research study is necessitated by the urgent need to seek new microorganisms of
biotechnological interest, that are not only possible remediators of the environment contaminated with agrochemicals,

but are also producers of secondary metabolites of biotechnological interest.
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2 Materials and méthods

2.1 Collection site

Soil samples were collected from a family agriculture settlement, where rice, corn, and vegetable cultivation
are taken care of by eight families, in the settlement of S@o Francisco-MA, in a settlement area comprising six

hectares.

2.2 Collection procedure

Ten points were delimited in an area of approximately 1 hectare, where 10 samples with 5 cm of soil were
obtained; the soil had been contaminated with DMA 806 BR pesticide, with approximately 60 days of application of
the product. After collection, the samples were hermetically sealed in bags, sterilized, and transported to the
Laboratory of Environmental Sciences of the University Ceuma, and mixed aseptically to yield a composite sample.
For comparison, physico-chemical analysis was conducted on soil that had not been contaminated with

agrochemicals.

2.3 Soil physico-chemical characterization
The chemical and physical properties of the soil were analyzed from the composite sample, for organic matter

content, moisture, pH, and grain size, based on the methodology recommended by the Alef (1995).

2.4 Isolation

Isolation of the microorganisms was performed according to Clark (1965), in which 25 g of soil contaminated
with agrochemicals was added to 225 mL of sterile distilled water. Subsequently, serial dilutions of 1:10 were made, up
to the dilution of 10°%. A 100 uL sample of the 10~ dilution was inoculated into the Potato Dextrose Agar (PDA), Malt
Extract Agar (MEA), Mueller Hinton Agar (MH), and in the chemically-defined minimal medium Bushnell Haas Agar
(BH) using the agrochemical (DMA 806 BR) as the carbon source. All experiments were performed in triplicate. The
plates were incubated at 30°C for 10 days and the appearance of the colonies was observed every 24 hours.
Subsequently, a screening was carried out on each plate, where the macromorphological characteristics of the colonies
were observed for subsequent purification and re-plating for the test tube culturing. These colonies were stored in a

refrigerator at 4°C until completely identified.

2.5 Identification of isolated colonies

The colonies were identified macroscopically based on color, texture, shape of the edges, brightness, and
size. And according to the difference in these characteristics, they were selected for the microscopic identification by
Gram staining in the case of bacteria, where the morphology and the arrangement of the cells were observed. For the
identification of the fungi and actinomycetes, the microculture technique was used, where the vegetative and

reproductive structures of the isolates were observed.

2.6 Selection of hydrocarbonoclastic microorganisms
The selection of the microorganisms for their ability to use the agrochemical as a nutrient source, was
performed using the previously described technique (HANSON et al., 1993). The principle of this test consists of the

transfer of electrons to the acceptors such as oxygen, nitrate, and sulfate during the microbial oxidation of
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hydrocarbons. By incorporating an electron acceptor such as dichlorophenol Indophenol (DCPIP) into the culture
medium, it is possible to determine the capacity of microorganisms to use xenobiotic compounds as a substrate, by
observing the change in coloration of DCPIP from blue (oxidized) to colorless (reduced). These assays were
performed in multiwell plates where each well contained 1 mL of BH medium (pH 7.0), a microbial suspension
standardized at 108 CFU/mL, 500 pL of the agrochemical and 500 pL of the DCPIP indicator. All assays were
performed in triplicate, in addition to the abiotic controls (indicator, hydrocarbons and BH medium) and biotic
controls (microbial suspension, glucose, indicator and BH medium) and maintained at 30°C under static conditions

for a period of up to seven days.

2.7 Selection of microorganisms with emulsifying activity

The ten microorganisms selected in the previous assay were tested for their emulsifying activity, for which
suspensions with 108 cells were standardized and inoculated in 50 mL of MH or Sabouraud broth, depending on the
microorganism tested. These were incubated under shaking at 150 rpm for 72 h for further evaluation of the

emulsification index (IE24), according to the methodology recommended by Cooper & Goldenberg (1987).

2.7.1 Selection of microorganisms that produce biosurfactants - emulsification measurement
Emulsifier activity was measured by adding 6 ml of kerosene to 4 ml of aqueous sample and vortexing at high

speed for 2 min. Measurements were made 24 h later. The emulsion index (E»4) was calculated as shown in equation 1.

height of the emulzion layer %
total height

IE24 =

100 Equation 1.

2.8 Screening for biological activity

The antimicrobial activity of the fungi and actinomycetes isolated were tested in triplicate using the plug
assay technique (HOSKISSON et al., 2004) against gram-positive, gram-negative, resistant alcohol acid bacteria and
fungi TCC, and clinical isolates. The tested microorganisms were inoculated in Petri dishes containing PDA medium
and incubated at 30°C for approximately 10 days, after which 5 mm blocks were removed and inoculated into Petri
dishes previously seeded with the standardized pathogens at 108 CFU/ml. The plates were then incubated at 37°C for

up to 48 h to observe the formation of the inhibition zones.

2.9 Statistical analysis

Student’s t-test was performed on each analysis to determine the statistical significance of the values obtained.

3 Results

Soils contaminated with agrochemicals are microniches indicated for the screening of microorganisms of
biotechnological interest. These environments allow the adaptation of microorganisms to the new environmental
conditions of oligotrophy, alteration of pH and humidity, causing these organisms to adapt to produce primary and
secondary metabolites that were not previously required. The characterization of such soils is important for the
understanding of the conditions in which these microorganisms are found. Table 1 shows the physico-chemical

characterization of the soil contaminated with agrochemicals.



06 Costa et al. : Bioprospecting for microorganisms of biotechnological importance in soils contaminated with
agrochemicals

Table 1 — Physico-chemical characterization of the soils

Description (%)
Soils Organic Inorganic
Clay Silt Sand Moisture pH
matter matter
uncontaminated 2.9 222 18.3 20.7 13.8 6.5 79.3
contaminated 3.9 23.2 16.5 20.9 28.6 6.4 79.1

After the physico-chemical characterization of the contaminated and uncontaminated soils, it was observed
that both had a very similar profile, which shows that the agrochemical had less influence on the structure and
chemical characteristics evaluated. The texture of both soils is silty to sandy. Both have high inorganic than organic
material, which can be explained by the presence of the agrochemical, and the pH is around neutral. Moisture is
higher in the contaminated soil than in the uncontaminated soil. This can be explained by the ability of the droplets
of the agrochemical diluted in water, to adhere to the soil particles, thereby promoting increased moisture. The
characteristics presented by both soils are favorable to the growth of bacteria and fungi. The low organic matter
content can be explained by the monoculture planting nature of the soils, which limits the microbial diversity and,
thus, favors the increase of the inorganic matter that is also influenced by the application of agrochemicals. The soil
texture is a factor that must be considered when insulation is desired; the microorganisms adhere to the soil particles
by chemical adsorption by performing the exchange of charges and releasing micronutrients by the action of their
enzymes. A sandy soil has smaller particles and favors the fixation of bacteria because they are smaller and not
filamentous. On the other hand, since these soils also have a higher percolation rate, the fungi and actinomycetes can
attach their hyphae and remain in the soil in the form of spores.

To isolate microorganisms from soils, an important factor is the choice of media to be used. These should
provide conditions to isolate the microorganisms of interest amid the microbial diversity known to be present in the
soil. Figure 1 shows the quantity of microorganisms isolated from the soil contaminated with the agrochemical DMA
806 BR.

On comparing the four culture media used for isolation, the highest number of colonies was obtained in MEA
with a mean of 84 x 10 CFU/mL. The next highest was in PDA averaging 74 x 10~ CFU/mL, followed by MH with
a mean of 67 x 102 CFU/mL and finally the chemically-defined BH culture medium with average of 12 x 107
CFU/mL. Among the media tested MEA is the richest in regard to macro and micro nutrients. This explains the large
number of colonies obtained in this medium. Although it presented the least number of colonies, the BH culture
medium presented a greater diversity of colonies, with a variety of macro-morphologically different colonies. This is
mainly due to the composition of the medium. The BH is a chemically-defined minimal medium and the
agrochemical DMA 806 BR was used as the sole carbon source, thus selecting for the bacterial colonies that were
most adapted to soil contaminated with agrochemicals. The selective media are more suitable for the isolation of
microorganisms of biotechnological interest; but it is important to use conditions which, even if selective, allow the
growth of a higher quantity of microorganisms. The MEA medium is a very rich medium, in that it is composed of
low molecular weight carbohydrates that are easily metabolized and absorbed, such as maltose, in addition to
containing some micronutrients that would favor the growth of the Actinomycetales group. The PDA is a medium for

the growth of yeast and filamentous fungi. It is composed of a potato infusion which makes it rich in starch, favoring
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the growth of organisms capable of metabolizing this polysaccharide. Unlike other media, MH has defined
micronutrient composition with known concentrations of CaCl,, MgCl,, and ZnCl,, as well as peptone and casein

which impart the macronutrients to the medium, thus favoring the growth of bacteria

Figure 1 - Isolation of microorganisms from soil contaminated with the DMA 806 BR agrochemical using four
different selective culture media
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After counting the colonies on the plates, macromorphological observation and selection were performed for
subsequent purification and identification of the microorganisms. The criterion used for the selection of colonies was
the differences in their macromorphology. It was observed that in the MEA, despite the isolation of a large number
of colonies, all had very similar macromorphology, with whitish cottony milky small colonies, with well-defined
borders; here, selection was based on colonies that presented different aspects, such as yellowish or rosy coloration,
irregular edges and glow in the colony. The PDA culture medium presented a number of very similar, small, whitish
colonies with brightness in the colony, some of which presented characteristics of the filamentous fungi, such as the
presence of mycelium and differentiated staining. The MH medium presented colonies with similar characteristics,
with small, opaque, milky colonies, and some with irregular edges. The medium that presented a greater diversity of
colonies was the BH, with several colonies of different colors, irregular borders suggestive of the Bacillus genus, and
in some plates greenish colonies with fluorescence were observed. From these observations, microbial colonies were
selected that would be purified to be tested later.

The identification of the microorganisms was carried out with the above selected microorganisms. The
microculture technique was used to observe the hyphae and morphology of the hyphae (cenocytic or septate) and the
arrangement of conidia and conidiospores of filamentous fungi. Actinomycetes, in addition to aerial mycelium
formation (macromorphology), were also observed for their hyphae morphology and spore arrangement through the
microculture technique. Figure 2 shows the frequency of the microbial groups in the culture media after selection

based on macromorphological observation.
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Figure 2 - Frequency of microbial groups selected based on their macromorphological characteristics, after

isolation in the three media used
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Four culture media were used to isolate the microorganisms from soil contaminated with agrochemicals. After
macromorphological selection, a bacterial prevalence was observed in the three media tested. The appearance of
colonies of filamentous fungi was observed in two of the media tested, the PDA and the MEA, and the Actinomycetales
group was present only in the MEA medium. The culture media tested here are used for the isolation of microorganisms
in general, which explains the appearance of bacteria in the three media. This microbial group possess a faster
generation time than that by the other groups, besides having a broader nutritional need, thus, facilitating the growth in
a greater variety of substrates. The PDA culture medium is rich in starch, which favors the growth of filamentous fungi.
It is known that this microbial group has individuals producing the amylase enzyme and is very useful because of its
nutritional content. Among all the four media tested, the MEA has the most nutrients, and this fact explains the
appearance of actinomycetes in this medium. Even with the appearance of other heterotrophic, non-filamentous
bacteria, this medium was conducive to the appearance of Actinomycetales due to their nutritional richness and culture
conditions like pH. After identification of the isolated microorganisms, a predominance of gram-positive cocci bacteria
was observed, up to 41% of the total of purified microorganisms. Gram-positive coccobacilli were the second most
frequent group of microorganisms constituting 19% of the total; gram-negative rods were 12%, actinomycetes 5%,
fungi 5% and 17% of the purified microorganisms were not identified, as can be visualized in Figure 3.

The identification shows a prevalence of bacteria gram-positive cocci. Among the cocci, different
morphologies such as, isolated cocci, diplococci and coccobacilli were observed. Bacteria are the predominant group in
soils, and according to the literature 10% - 10'° CFU can be isolated from 1 g of soil; this explains the prevalence of this
group after isolation. Gram-positive bacteria have a greater adaptive capacity in contaminated environments due to their

thick cell wall, with several layers of peptidoglycan, and many have the capacity to form endospores.
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Figure 3 - Percentage of microorganisms selected, purified, and identified after isolation
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They have a tendency to organize by the mechanism of quorum sensing, which gives this group a greater
capacity for adaptation. Actinomycetes and fungi, although small in number, were also isolated and identified. Among
the isolated microorganisms, four actinomycetes were selected for their macromorphological characteristics, of which
three were identified micromorphologically as Streptomyces spp. (2) and Streptosporangium sp. (1), and one was not
identified. Fungi were also identified in three different genera, the Penicillium sp., Trichoderma sp. and Aspergillus sp.
Fungi and actinomycetes are important constituents of the soil. They are organisms that participate in the decomposition
process because they produce a variety of enzymes, which may explain their adaptive capacity in contaminated soil. In
addition, both fungi and actinomycetes are responsible for the production of secondary metabolites of clinical interest.
In order to select the microorganisms that were most adapted to the conditions of the contaminated soil, the selection
test was performed using the redox indicator DCPIP. This methodology consists of a colorimetric test where the
organisms that have the ability to metabolize the agrochemical will transform the culture medium from blue to
colorless. The microorganisms with the greatest capacity to metabolize the DMA 806 BR agrochemical can be
visualized in Table 2, where the discoloration of the BH culture medium can be observed by the action of the
microorganisms with up to 72 h of incubation.

Seventy-eight microorganisms were selected by macromorphological characteristics and identified by
micromorphology, of which ten were selected because they could discolor the BH medium within 72 hours. Of these 7
were bacteria (B30, B44, B47, B53, B59, and B72), 2 were actinomycetes (6PN and JS) and one was a filamentous
fungus (F5). Among the ten microorganisms that discolored the culture medium, the bacteria showed the best results,
discoloring the medium within 48 h. The bacteria B30 and B53 were the ones that presented better adaptive capacity by
discoloring the medium within 24 h of incubation. Bacteria B44, B48, B59, B72 and the actinomycetes 6PN and J5
discolored the medium within 48 h of incubation; the F5 filamentous fungus and the B47 bacterium discolored the
culture medium within 72 h of incubation. It is to be noted that all the microorganisms started the process of

discoloration beginning from 12 to 14 h of incubation, being that the bacteria discolored more quickly.
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Table 2 - Selection of microorganisms based on their potential to utilize the agrochemical as a carbon source,

as measured through the DCPIP technique

Identification Indication Redox (h)
Microorganisms
Gram Morphology 24 48 7

B30 + coccus o+
B44 + coccorods ++ Tt
B47 + coccus + T+ T
B48 + coccus ++ T+
B53 + rods .
B59 + rods ++ 4+
B72 + coccus ++ T+
6PN Streptomyces sp. ++ +++

J5 Streptomyces sp. ++ +++

F5 Aspergillus sp. + ++ 1+

+ - slightly discolored; ++ - medium colorless; +++ - totally discolored

The mechanism of biodegradation of bacteria and fungi are well described in the literature; although different,
they complement each other and can be used with the objective of mineralizing complex molecules such as
agrochemicals. Although both microbial groups have a predilection for initiating degradation of polycyclic-aromatic
compounds, fungi are the main producers of the enzymes mono, dioxygenase, and phenoloxidases. Whereas, bacteria
are surfactant-producing agents that help to approximate specific groups of organisms that can contribute in the
degradation processes of the molecule and to break down the unsaturated aliphatic compounds. These mechanisms are
only possible because the surfactants are amphipathic molecules that surround the chemical compounds forming
micelles and allow the approach of more specific organisms. One of the indirect ways of determining whether certain
organisms produce biosurfactants is to measure the emulsification index after 24-h incubation of the cell-free fermented
liquid in contact with some oily compounds. The formation of micellar lamina is an indication of the production and
secretion of surfactants in the specific culture medium.

With an aim to investigate the production of surfactants, the emulsification index of the ten microorganisms
selected in the DCPIP test was measured. In Figure 4, it can be observed that of the ten microorganisms tested, six
(60%) presented emulsifying activity, of which three showed an activity above 40%, which is considered a high
activity. Of the five microorganisms that presented emulsifying activity, B48 bacteria had the highest IE24 of 61.5%,
followed by the actinomycete 6PN with 53.8% and the other actinomycete J5 with 46%. Bacteria B59, B44 and B72
presented a minor emulsifying activity, with low values of 1E»4. The values obtained by these bacteria were 7.9%, 3%
and 7.6% respectively. Filamentous fungus J5 and bacteria B53 and B30 showed no emulsifying activity.

The production of biosurfactants by bacteria is widely reported in the literature. In this study the bacteria that
obtained the highest values of IE»4 presented in the micromorphological identification as one being a gram-positive
diplococcus and two actinomycetes (J5 and 6PN). Gram-positive bacteria, especially those of the Bacillus spp., are the
major producers of surfactants of the lipopeptide class. For this, numerous substrates have been used, from glucose to

agroindustrial residues. The bacteria that presented lesser activities were also gram-positive, two cocci (B44 and B72)
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and one bacillus (B59). Future studies will be carried out by modifying the substrate and the conditions of production,

in an attempt to increase the emulsifying activity of these bacteria.

Figure 4 - Emulsification index (IE24) of the microorganisms selected using the DCPIP test

=~
[=]

61,5

=)
o

53,8¢
46¢

%]
o

e
[=]

w
]

]
[=]

7,9 7,6b
b
3 OE 1 OE

B53 B59 B47 B44 15 F5 B72 6PN B30 B48

=
|2
—
<
<

Percentage of Emulsification Index (IE5,)

o

Microrganisms

*Values with different superscripts are significantly different (p < 0.05).

With an aim to evaluate the antimicrobial potential of the ten selected microorganisms, they were tested for
their antimicrobial activity against ATCC pathogens and clinical isolates by means of the solid medium antimicrobial
activity assay. This test aims to evaluate the production capacity of secondary metabolites by the microorganisms
isolated in solid culture medium. Of the ten microorganisms tested, two showed antimicrobial activity against more than
one pathogen, as can be seen in Table 3.

It can be seen in Table 3 that among the ten microorganisms selected and tested for antimicrobial activity, two
presented positive results against gram-positive bacteria (Staphylococcus aureus ATCC 6538, Corynebacterium
diphtheriae ATCC27010, Corynebacterium diphtheriae ATCC27012 and Mycobacterium abscessus) and fungus
(Cryptococcus neoformans). The bacterium gram-positive B48 and actinomycete J5 were distinguished by their
antimicrobial activity against ATCC pathogens and clinical isolates. The bacterium B48 was active against gram-
positive bacteria S. aureus ATCC 6538, C. diphtheria ATCC 27010, C. diphtheria ATCC 27012 and M. abscessus
(clinical isolate), with inhibition halos showing averages of 22.3, 36, 34 and 22 mm respectively; while for the clinical
isolate C. neoformans it presented a inhibition zone of 33.6 mm. Actinomycete J5 showed a similar result; assays with
the gram-positive bacteria S. aureus ATCC 6538, C. diphtheria ATCC 27010, C. diphtheria ATCC 27012 and M.
abscessus (clinical isolate), with inhibition halos having averages of 22.6, 43, 34.3 and 22.3 mm, respectively are
shown; for the fungus C. neoformans (clinical isolate) it presented a inhibition zone of 37.6 mm. Bacteria isolated from
the soil contaminated with agrochemicals showed activity against gram-positive bacteria, which suggests that the
metabolite produced by them acts on the cell wall. On the other hand, the same bacteria showed activity against the
yeast-like fungus C. neoformans of clinical interest, which may suggest the production of more than one type of

metabolite by these bacteria.
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Table 3 - Antimicrobial activity of isolated microorganisms against ATCC and clinical pathogens

Microrganism isolates

B30 B44 | B47 B48 B53 | B5S9 | B72 | 6PN J5 F5

Pathogens

Klebsiella pneumoniae

ATCC0023

Pseudomonas aeruginosa

ATCC0026
Pseudomonas aeruginosa ATCC
0030 ) o ) I N N ) )
Staphylococcus aureus ATCC - - - 222+1.5 - - - - 232+0.5 -
6538
Corynebacterium diphtheriae - - - | 3617 - - - - 435+] -
ATCC27010
Corynebacterium diphtheriae - - - 341 - - - - 34°+0.5 -
ATCC27012
Mycobacterium abscessus - - - 222432 - - - - 222+1.1
Cryptococcus neoformans - - - 34°+0.5 - - - - 38°+0.5

Cryptococcus neoformans
ATCC24067
Cryptococcus gattii ATCC24065 - - - - - - - - - _

Mean + standard deviation in mm (n = 3). Means in same column with different superscripts are significantly different
(p <0.05).

The statistical analysis performed with the isolation results showed that there was a significant statistical
difference of the BH medium (p = 0.034) in relation to the other culture media used. This can be explained by the
composition of the medium; only in the BH a xenobiotic was used the carbon source, favoring the growth of the
microorganisms that are metabolically adapted to the environment contaminated with this agrochemical. All other
media tested, in addition to being nutritionally rich, had traditional carbon sources in their composition. When the
statistical analysis was performed between the microbial groups, it was observed that in MEA, there was a significant
statistical difference between the three groups isolated in this medium, with p = 0.025. The same observation was made
in the PDA medium where there was a statistically significant difference between the two groups of isolated
microorganisms with p = 0.048. When the analysis was performed between the media, a significant statistical difference
was observed between the MEA medium and the other two media used with p = 0.032 (PDA) and p = 0.028 (BH).
There was no significant statistical difference when the group of microorganisms isolated were fungi and the

actinomycetes were only isolated in the MEA medium.



Ciéncia e Natura v.40, Edig¢ao Especial : Mestrado em Meio Ambiente -UniCEUMA, 2018

4 Discussion

The physico-chemical characterization of the soil is extremely relevant to understand the dynamics that occur

in the habitat, and to indicate the viability of the soil for the presence of microorganisms. The soil characterization
performed in this work demonstrated that the texture is between silt and sandy; is higher in inorganic matter and
therefore is an organically poor soil; the pH is around neutral and has high humidity. Some papers corroborate the
results found in this study. The physico-chemical characterization of soils is described in the literature as a way to better
understand this habitat. Jang et al. (2010) characterized four different soil types to understand the degree of weathering
that these soils suffered over time due to anthropogenic actions. Contrary to the results found in this work, the authors
observed a more clayey texture for soils rich in organic matter and acidic pH for the four soil types tested. The authors
stated that the weathering caused by anthropic actions were responsible for the soil acidity. Anda et al. (2015)
characterized a soil of rice plantation in Indonesia. The authors collected soil from various parts of the Indonesian
islands and observed a similar profile found in this work, soil with sandy texture and low organic matter content. The
only parameter that diverged was the pH the authors reported was acidic. Corroborating with our results, the authors
also attributed the physico-chemical characteristics to the use of chemical compounds in the soil. Miguel et al. (2017)
characterized a soil contaminated with iron, manganese, and fluorine from a miner, and observed that the characteristics
were also very similar to those found in this work. Sandy soil, around neutral pH and poor in organic matter. The
authors related all these characteristics to the action of humans through the extraction process of the minerals, besides
the contamination with chemical substances used throughout the process. Dias et al. (2017) characterized soil collected
from mangrove ecosystem for the isolation of microorganisms of biotechnological interest. From the five sites
collected, all presented a sandy profile, two were poor in organic matter and the pH of soil form the five sites collected
was from neutral to alkaline. The authors attributed these characteristics to the soil being of an estuarine environment,
rich in vegetation, which explains the high organic matter, and as the collection was made in low tide period the
sediment presents a sandy profile.

Isolation by classical techniques is the best method for obtaining microorganisms of biotechnological interest.
It was observed that the isolation with the MEA culture medium was the highest, presenting colonies of all the
microbial groups. According to Previati et al. (2012), the evaluation of population densities in the microbial community
in soils includes plate culture technique, direct microscopic examination, and enrichment technique, and that in the
bacterial community there is also variability between bacterial populations in general and actinomycetes in regard to the
use of nutrients manifested in the culture medium. This profile can be observed in this work, where the MEA medium
stood out among the methods used to present growth of the three isolated microbial groups. Stroze et al. (2013) with the
objective of finding fungi with bioactive potential against nematodes, isolated filamentous fungi from several soil
samples, using the serial dilution technique with plating in BDA medium, and obtained values similar to those obtained
in this work. The authors state that choosing a suitable selective medium is critical to the success of the isolation.
Kurniati et al. (2014) used fungi isolated from forest soils to test their potential for bioremediation of environments
contaminated with mercury. The authors used micromorphological techniques to identify these fungi and reported the
genus Aspergillus sp., similar to that obtained in this work. This same principle guided the work of Jesus and Rodrigue
(2015); in order to isolate lignolytic bacteria from several soil samples collected, they used selective media using
cellulose or lignin as the sole source of carbon. The authors obtained a total of 52 isolates, 4 in the LB medium, 24 in
the lignin medium and 24 in the cellulose medium. Dias et al. (2017) with the objective of obtaining microorganisms of

biotechnological potential isolated microorganisms from soil of the mangrove ecosystem. Unlike the results obtained in
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this work, the authors reported a much lower quantitative of microorganisms in the selective medium used for the
isolation. However, the predominant groups of microorganisms obtained in the isolation were similar to those obtained
in this work. Gram-positive bacteria were the most abundant, followed by gram-negative bacteria and finally by fungi.
The authors attributed the prevalence of bacteria to their adaptive capacity and biofilm formation. The isolation of
microorganisms in soil with some type of contamination has been an alternative chosen by several authors. Costa et al.
(2017) isolated microorganisms from soil contaminated with pesticides and obtained results very similar to those
obtained in this work. The authors aimed to isolate microorganisms from soil contaminated with pesticides following
the seasonality of dry and rainy seasons and observed that they had a higher quantity of microorganisms in the dry
period. The microbial groups reported by the authors were the same as those obtained in this study, although the means
were different. The microorganisms were identified for their macro and micromorphological characteristics and a
prevalence of gram-positive bacteria, followed by filamentous fungi was observed. The authors reported that, in
contrast to this work, most of the isolated bacteria had a rod morphology, however the identification of fungi showed
the presence of the genera Aspergillus sp., Penicillium sp. and Trichoderma sp., the same as obtained in this work.

The selection of microorganisms with the potential to use agrochemicals as a nutrient source can be evaluated
in several ways. Some quick and practical alternatives to make this evaluation are the colorimetric techniques, which
are based on reactions of discoloration of the medium due to the release of electrons by the organisms studied; this
allows not only the evaluation of their potential, but also the speed of metabolization. Several authors use these
techniques to select potential microorganisms, especially when they have a very large number of microorganisms to be
tested. One of the techniques widely reported in the literature is the technique of DCPIP. This technique was first
described as efficient for the selection of microorganisms by Hanson et al. (1993) when the authors reported the use of
this indicator with BH medium and crude oil as the carbon source in multiwell plates for selection of bacteria with
biodegradation capacity.

Bidoia et al. (2010) mention that the DCPIP technique is widely reported, which is based on reducing the
oxidized form and changing the color from blue to colorless. Since then, several authors have used the technique as an
alternative for the selection of microorganisms for biodegradation. The potential of microorganisms isolated from
environment contaminated with petroderived residues in degrading hydrocarbons was evaluated using the discoloration
technique indicated by the DCPIP. The authors report the selection of microorganisms that presented degradation
potential with up to 24 hours of testing (MIRANDA et al. 2007, GOMES et al. 2009). Currently the technique is still
widely used. Varjani and Upasani (2016) reported crude oil degradation by a lineage of Pseudomonas aeruginosa
NCIM 5514. The authors showed the potential for degradation of the bacteria using the DCPIP indicator selection test,
achieving the discoloration within 24 h with an increase in the microbial biomass in the plate as evaluated by
absorbance technique. Almeida et al. (2017) used the DCPIP redox indicator technique to select the best microbial
consortium capable of degrading the MF-8 marine fuel. The authors reported that they obtained discoloration by a
consortium composed of different bacteria, in 24 h. Marchand et al. (2017) reported using the DCPIP methodology to
select bacteria and fungi with potential for degradation of crude oil. The authors emphasized the efficiency and speed of
the technique. Adnan et al. (2018) used the DCPIP technique to estimate the capacity of fungi of the genus Penicillium
spp. in degrading crude oil. The authors reported that changing of the coloration from blue to colorless in 14 days at
30°C incubation determined that the fungi had the ability to degrade the oil.

From the selected microorganisms in this study, the biotechnological potential was tested. As microorganisms

isolated from environments contaminated with pesticides, one of the mechanisms of action of these organisms to adapt
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to the environment is the production of biosurfactants; hence, the emulsifying capacity of these organisms was
evaluated through the emulsification index (IE»s). The investigation of microorganisms producing emulsifying
substances is widely reported in the literature. Bezerra et al. (2012) reported the production of biosurfactant by
Pseudomonas aeruginosa GVII-A using agroindustrial waste as a carbon source. For the initial selection, an IE24 test
was performed, where the bacteria were fermented in minimal salts medium with agroindustrial residues and from that
the emulsification tests were carried out for the subsequent production of the surfactant. Several authors use the
technique of IE24 to report the potential of bacteria of the genus Bacillus to produce bio-active compounds such as
biosurfactants. The authors demonstrate the ability of this genus to produce surfactants in medium with different carbon
sources. The genus is able to produce surface-active substances in glucose-containing medium with an inert carbon
source or oily source as hydrocarbon residues (COOPER and GOLDENBERG, 1987; BARROS et al. 2008; MORAIS
et al. 2015). Lins et al. (2017) evaluated the ability of the fungus Cunninghamella phaeosphora UCP 1303 to produce
biosurfactant from soybean oil and corn liquor by controlling the temperature. The authors reported El»4 values similar
to those obtained in this study, inferring the ability of the fungus to produce bioactive compounds. Pereira et al. (2017)
evaluated the El» using kerosene as an emulsifier source. The authors isolated and cultured the Amazonian fungi in
liquid medium supplemented with soybean oil and incubated under agitation. The IE»; values were similar to those
obtained in this work with the same emulsifier source.

Morais et al. (2014) state that most of the products currently used are derived from microbial fermentation or
obtained from chemical modifications of a microbial product, and can be used in agriculture, livestock and for human
consumption. However, not all microorganisms are also capable of producing secondary metabolites. This capacity, in
turn, is restricted to specific groups of bacteria and eukaryotic microorganisms. In the group of prokaryotes this includes
actinomycetes filaments, myxobacteria, pseudomonas and cyanobacteria and in the eukaryotic group, it is mainly the
filamentous fungi. The evaluation of the antimicrobial activity of selected isolates is a way to investigate the potential of
these organisms to produce secondary metabolites. Some authors already report this activity in microorganisms isolated
from environments. Feitosa et al. (2014) reported the ability of tap water-isolated fungi to inhibit the growth of
pathogens of clinical interest. The fungi Pestalotiopsis palustris, Cladosporium cladosporioides, Trichoderma
pseudokoningii, Curvularia Ilunata (50) and Penicillium sp. (45) were tested against S. aureus UFPEDA 01,
Pseudomonas aeruginosa UFPEDA 39, Mycobacterium tuberculosis UFPEDA 71 and three resistant S. aureus (S.
aureus ORSA UFPEDA 701, 730, and 733) using the diffusion method. Among the fungi tested, Penicillium sp. showed
activity against S. aureus 730 ORSA. With the appearance of microorganisms resistant to antimicrobial drugs used in
the clinic, the search for microorganisms with potential to produce secondary metabolites that have activity against
clinical pathogens, continues today. Synytsya et al. (2017) extracted bioactive mycelial compounds from fungi using
different solvents and observed that they were more active against gram-positive bacteria except for a fungus that
showed activity against gram-negative bacteria. More recently Lotfy et al. (2018) isolated 445 microbial genera from a
cave, of which 33 were evaluated and tested for their ability to produce secondary metabolites against S. aureus,
Salmonella typhimurium and Candida albicans. Of all the bacteria tested, seven showed antimicrobial activity against
the pathogens used. Ulaganathan et al. (2018) isolated 40 fungi from the arctic environment and tested against gram-
positive and gram-negative bacteria using the plug assay. Most of the fungi showed high activity against gram-positive

bacteria, a result that corroborates this work.
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5 Conclusions

The search for microorganisms with biotechnological potential in microniches and inhospitable environments,

has been increasing. Microorganisms were isolated from soil with high humidity, neutral pH, and sandy characteristics,
in three selective media, and colonies were isolated from the three microbial groups only in the MEA medium. Among
the isolates, 78 were selected based on the macromorphological characteristics of the colonies and
micromorphologically identified, resulting in a predominance of gram-positive cocci. The appearance of three genera of
fungi and actinomycetes was also observed. When the 78 microorganisms were tested for their adaptation to the
agrochemical, ten showed to be more adapted for discoloring the culture medium within less time. These were tested for
their ability to produce bioactive substances and secondary metabolites. Of the ten microorganisms tested, two were
distinguishable because they had the capacity to produce biosurfactants and presented activity against gram-positive
bacteria and pathogenic fungi. These results show that the microniches in the contaminated environments that have the
characteristics of uncontaminated soil, are potentially interesting in the search for microorganisms with

biotechnological potential.
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