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Abstract: Wetlands are ecosystems rich in biodiversity and their ecological importance
is recognized worldwide. Sediment samples were subjected to physical-chemical
analysis and organic carbon content varied from 3.0% to 4.8%, the clay between 32
and 40%, silt with 41% and 43%, sand coarse varied between 6 and 11% and fine sand
between 7 and 16%. The nitrogen values varied from 0.25% to 0.48%, the pH from 5.4 to
7.5 and the humidity varied from 44 to 56%. The selected isolates were evaluated for
enzymatic properties and 64% showed positive results for amylase, 16% for gelatinase,
37% for lipase, 91% for protease and 2.7% for inulinase. Six bacterial isolates were
selected for the overlapping assay and Bacillus sp. sed 2.2 showed inhibitory activity
against Corynebacterium fimi NCTC 7547, and the antimicrobial substance was partially
purified. The characterization of the substance was carried and the substance was stable
at 100° C for up to 10 minutes and sensitive to the enzymes papain and trypsin. This
substance was active against some species of Listeria, including Listeria monocytogenes
ATCC 7644. The microorganims obtained from sediment samples were important sources
of bioactive compounds, including enzymes and peptides, being a source of bioactive
compounds to be studied.
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of the bacterial genera found were Halobacillus
(41.2%), Piscibacillus (23.5%), Bacillus (23.5%)

Wetlands are important ecosystems with high
dynamism found in virtually all regions of the
world (Jungblut et al. 2012). The microorganisms
present there play important ecological
roles and are fundamental for the adequate
functioning of these environments (Hu et al.
2014). In order to characterize the composition
of the bacterial community in the soil of a
humid area, the technique of equations of the
16S rRNA gene was used by Ansola et al. (2014)
and the main microbial groups found were:
Proteobacteria, Verrucomicrobia and Chloroflexi.
Panosyan et al. (2018) analyzed the composition
of the bacterial community of a soil and most

and Virgibacillus (11.8%).

The importance of studying these
environments goes far beyond just identifying
the microbial community, since many of these
microorganisms are producers of compounds
involved in different active biological processes.
Li et al. (2017) investigated the diversity of
extracellular protease-producing bacteria in
China and, of the 121 isolates studied, identified
bacteria belonging to the Pseudoalteromonas
(40.5%), Bacillus (36.3%), and Photobacterium
(5.8%) genera. Ghani et al. (2013) isolated
different strains of Bacillus licheniformis for
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the production of commercially important
extracellular enzymes, and observed a potential
for alpha-amylase, protease, pectinase
and cellulase production. In addition, the
microorganisms that inhabit soil produce many
biologically active, natural products, including
important antibiotics (Kumar et al. 2014). Some
species of the genus Bacillus are producers of
secondary metabolites, including antifungals,
plant growth promoters, siderophores and
bacteriocins (Mora et al. 2015, Leite et al. 2016
,Sansinenea et al. 2016). In their research,
Salazar et al. (2017) characterized two cofactors
with antifungal and antibacterial potential
produced by Bacillus amyloliquefaciens ELI 149,
which brought to light the broad spectrum of
these compounds. Mora et al. (2015) isolated
several species of Bacillus that demonstrated
antimicrobial activity, showing excellent
potential against tested phytopathogens. These
studies are examples of research performed with
the objective of characterizing new compounds
exhibiting antimicrobial activity. This is because
they off new alternatives for researching
molecules that present multiple possibilities for
biological control, either for the environment,
biopreservation of food biopharmaceuticals
(Duarte et al. 2013, Shashidar et al. 2017).

Thus, the present study aims to study
bacterial isolates from wetland sediments, from
four distinct points of the Imperatriz Leopoldina
Conservation Unit and to examine for hydrolytic
enzyme production and antimicrobial
compounds, as there is currently no information
in the literature on the bioactive potential
of bacteria from the Imperatriz Leopoldina
Conservation Unit in Sao Leopoldo, Brazil.

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

MATERIALS AND METHODS

Area of study and collection of sediment
samples

The sediment samples were collected in a wet
area of the Imperatriz Leopoldina Municipal
Natural Park, located in the municipality of Sao
Leopoldo, Southern Brazil, in the months of
January, April and May 2017. The area was divided
into four quadrants from which four sediment
samples were collected. Five hundred grams
were collected for physicochemical analysis and
100g for the counting of heterotrophic bacteria
sampled at a depth of 40 cm from the surface,
with the aid of dredge-type equipment. Samples
were transferred to sterile vials and transported
under refrigeration to the Laboratory of
Microbiology at the Instituto de Ciéncias Basicas
da Salde, Federal University of Rio Grande do
Sul (Porto Alegre, Brazil).

Physico-chemical analysis of sediment
samples

Three sediment samples were submitted
to physicochemical analysis (Point 1, 2 and
3). These points were chosen because they
have different characteristics in the sampled
environment. To determine organic carbon, the
technique used was the Wet Combustion; grain
size determination was evaluated by dispersion;
the Kjeldahl method allowed nitrogen
detection; pH was measured by potentiometry
and humidity was determined by gravimetry,
according to Tedesco et al. (1995). The analyzes
were performed by the Soil Laboratory of the
School of Agronomy of the Federal University of
Rio Grande do Sul - UFRGS / RS.

Heterotrophic bacteria count from sediment
samples

Twenty-five gram pellets from each sample were
weighed and then transferred to Erlenmeyer
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flasks containing 225 ml of 0.85% saline dilution
corresponding to 10™ From this dilution, decimal
dilutions were made in triplicate to the 10°®
dilution. Next, samples were inoculated on to
standard agar for counting, using the surface
scattering technique, and plates were incubated
at 37°C for 24-48 h. For counting, plates with a
number of between 25 and 250 colonies were
used and the results were expressed as colony
forming units/gram of sediment (cfu/g). After
the counting of heterotrophic bacteria, bacterial
colonies presenting different morphologies were
selected, seeded on to tryptone soya agar and
incubated once more at 37°C for 24 h. This was
done to evaluate the purity of the isolates, as
well as the subsequent identification of morpho
tinctorial properties.

Identification of bacterial isolates by Matrix
Associated Laser Desorption-lonization-Time
of Flight (MALDI-TOF/MS)

After being cultivated in tryptone soya agar, for
24 hours, a colony of each isolate was inoculated
in microtubes with 300 pl of ultrapure water and
900 pl of ethanol. Subsequently, samples were
centrifuged at 13,000 rpm for 2 min. After, the
supernatant was discarded and the pellet was
dried at room temperature. Then, 70% formic
acid (30 pl) and acetonitrile (30 ul) were added
to the sediment, followed by homogenization in
vortex and a new centrifugation step forming of
a pellet. Immediately after, approximately 1 pl
supernatant was pipetted onto a stainless steel
plate and allowed to dry at room temperature.
Subsequently, 1 pl of matrix, consisting of
a-cyano-4-hydroxycinnamic acid solution
(HCCA) was added (Sauget et al. 2017). The
analyses were performed in a MALDI Biotyper
4.0 device with MBT OC software, at the Instituto
de Ciéncias Basicas da Saude at the Federal
University of Rio Grande do Sul.

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

Evaluation of the production of hydrolytic
enzymes by selected bacteria

For the amylase test the bacterial isolates
were seeded onto plates containing nutrient
agar, supplemented with a 0.2% soluble starch
solution. The cultures were incubated at 37°C
for 48 h and the Bacillus subtilis ATCC 19659
strain was used as a positive control (Hankin
& Anagnostakis 1975). To evaluate proteolytic
activity, bacterial isolates were seeded
onto plates containing 10% skim milk agar
and incubated under the same conditions.
Pseudomonas aeruginosa ATCC 27853 was used
as a positive control (Frazier & Rupp 1928,
Montanhini & Bersot 2013). To verify gelatinase
production, bacterial isolates were seeded in
tubes containing nutrient broth plus 12% gelatin
and incubated under the conditions described
above. The Staphylococcus aureus ATCC25923
was used as a positive control (Marra et al. 2007).
For the evaluation of lipolytic activity, isolates
were seeded onto plates containing tributyr in
agar and incubated at 37°C for 72 h. As a positive
control, the Candida parapsilosis strain was
inoculated (Montanhini & Bersot 2013). For the
evaluation of the inulinase enzymatic activity,
isolates were seeded in plates containing inulin
agar and incubated at 37°C for 48h (Ramapriya
et al. 2018).

Evaluation of antimicrobial activity by selected
bacteria

The overlay assay was performed and the
isolates were inoculated in triplicate by
swabbing onto agar plates containing Mueller-
Hinton agar and incubated at 37°C for 24 h. After
this incubation period, a semi-solid overlay of
tryptone soya agar (0.6%) was poured over them
and then inoculated with 1% of the suspension
of Corynebacterium fimi NCTC 7547 or Listeria
monocytogenes ATCC 7644 as indicator strains,
containing approximately 1.9x10° CFU/ml. The

An Acad Bras Cienc (2021) 93(3) e20191269 3| 15



PRISCILA R. JANKOSKI et al.

inoculated plates were incubated at 37°C for 24 h
and after examined for the presence or absence
of inhibition zones, which were measured and
expressed in millimeters (mm) (Kékessy & Piguet
1970).

16S rRNA gene analysis

For each selected isolate, a DNA extraction
was performed, in addition to amplification
and base sequencing by polymerase chain
reaction (PCR) in a ThermalCycler model 2720
(Applied Biosystems by Life Technologies®).
The primer for the 16S bacterial sequencing
was F C27 (AGAGTTTGATCCTGGCTCAG) and R
530 (CCGCGGCTGCTGGCACGTA) (Gontang et
al. 2007). The PCR reaction was performed in
a total volume of 25 ul, containing 100 ng of
DNA, 1x reaction buffer of Taq (4G®), 0.4 uM
of each primer oligonucleotide (Invitrogen®),
1.5 mM MgCL, (4G®), 200 pM dNTPs (Ludwig
Biotechnology®), 1 U of Tag DNA polymerase
(4G®) and sterile water to complete the reaction
volume. PCR was performed under the following
conditions: 5 min at 94°C, followed by 35 cycles
of 1T min at 94°C, 1.5 min at 53°C and 1.5 min
at 72°C with a final extension of 4 min at 72°C.
The sequencing of the samples was carried
out at the ACT Gene Analises Moleculares Ltda.
company (Porto Alegre, Brazil) using the AB 3500
Genetic Analyzer automatic sequencer (Applied
Biosystems). Sequencing data were collected
using the Data Collection 2 program (Applied
Biosystems). Results were analyzed using the
software Chrome version 2.6.4 (Technelysium
Pty Ltd) and compared to the database of the
National Center for Biotechnology Information
(NCBI) (https://www.ncbi.nlm.nih.gov/).

Production of antimicrobial substances
selected by selected isolate

For antibacterial substance production, the
Bacillus sp. sed 2.2 strain was cultivated in a

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

100 ml TSB medium at 30°C in a rotary shaker
at 50 cycles/min, for specific times. Viable cell
counts (CFU/ml) were determined as described
elsewhere (Motta & Brandelli 2002). After
cultivation for 24 h, the cells were harvested
by centrifugation at 10,000 g for 15 min at 4°C
and the culture supernatant was subjected to
precipitation with ammonium sulfate at 60%
(w/v) saturation. The precipitate was dissolved
in 10 mM phosphate at pH 6.0. This solution was
further purified by gel filtration chromatography
in a Sephadex G-100 column. Fractions of 1.0
ml were collected and their absorbance was
determined in a spectrophotometer at 280 nm.
The fractions were then lyophilized. They were
resuspended in 100 pl sodium phosphate buffer
at pH 6.0 10 mM. After, the antimicrobial activity
of the collected fractions was determined
according to Motta & Brandelli (2002). Plates
were incubated at 30°C for 24 h. The indicator
bacterium used was Corynebacterium fimi NCTC
7547,

Determination of the inhibitory spectrum of
the partially purified substance

Suspensions of each of the indicator
microorganisms were prepared in 0.85%
(w/v) NaCl according to the turbidity scale of
MacFarland 0.5. Each of the suspensions was
spread on plates containing Mueller-Hinton
agar, or the Mueller-Hinton glucose medium
with methylene blue for the Candida species.
Then, 20 pl of the crude supernatant, obtained
through Sephadex G-100 chromatography,
was inoculated and incubated under the
optimal growth conditions of each indicator
microorganism (30°C or 37°C) for 24 h. After
the incubation period, formation of inhibition
halos was observed, which were measured
and expressed in millimeters. Species of the
following genera were used: Bacillus, Candida,
Corynebacterium, Enterobacter, Enterococcus,

An Acad Bras Cienc (2021) 93(3) €20191269 4 | 15



PRISCILA R. JANKOSKI et al.

Escherichia, Listeria, Pseudomonas, Proteus,
Salmonella, Shigella and Staphylococcus.

Characterization of partially purified crude
supernatant: Thermal and proteolytic enzymes
stability

The thermal stability of the partially purified
cell free supernatant by G-100 was determined
by exposing the compound to a temperature
of 100°C for different times: 3, 5, 10 and 15
minutes and 121°C / 105 kPa for 15 minutes
(autoclave), according to Motta et al. (2007)
with modifications. The experiment was
performed in duplicate and the antimicrobial
activity of the samples was tested against
the Corynebacterium fimi NCTC 7547 indicator
strain. For the stability test against proteolytic
enzymes, the free cell supernatant obtained by
liquid filtration gel chromatography (Sephadex
G- 100) was treated with papain and trypsin
enzymes at final concentrations of 2 mg /ml.
Four microtubes were prepared for each enzyme
tested: Tube 1: Control (Proteolytic Enzyme + 10
mM Sodium Phosphate Buffer pH 7), Tube 2: Test
(Proteolytic Enzyme + Antimicrobial Substance),
Tube 3: Control (Antimicrobial Substance) -
treated by heat, Tube 4: Control (antimicrobial)
- not heat treated. After aliquots were prepared,
these microtubes were incubated at 37°C for
1 hour, then tubes 1, 2 and 3 were heated at
100°C for 3 minutes to protease inactivation.

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

For the experiment, 10 mM sodium phosphate
buffer at pH 7 was used. After each treatment,
the antimicrobial activity was determined in
triplicate using the Corynebacterium fimi NCTC
7547 strain and incubated at 30°C for 24 hours.

RESULTS

Collection points of sediment samples

The sediment samples were taken from
four points at the Imperatriz Leopoldina
Conservation Unit. Sampling point 1 was located
near the shore of the plains, with some shrub
species around it. At the second sampling point,
plants and running water were present. At the
third sampling point, aquatic plants, standing
water and many shrub species were densely
distributed. The fourth point was difficult to
access and the landscape was characterized by
a few aquatic plants and tree trunks.

Physicochemical analysis of sediment samples

Of the four sediment samples collected, three
were subjected to their physical and chemical
properties (Point 1, 2 and 3). The data obtained
showed that the organic carbon content ranged
from 3.0% to 4.8%, according to Table | and it
appears that the highest value was found in
point 1, and the lowest in point 2. In regarding
the sediment granulometry, the clay contents
varied between 32% and 40%, while the silt

Table I. Result of the physicochemical parameters analyzed in the three sediment samples collected.

. Granulometry
Cgil#ta;t;\“g& Organic : Nitrogen H Humidit
P d carbon Cla Coarse Thin silt 4 P y
ate v sand sand
Point 1

2110112017 48 % 37 % 6% 6% | 4% 048 % 62 56 %
07?8!‘/%17 30% 32% % 4% | 43% 0.25 % 75 44 %
2ol 32% 40 % 10 % 7% | 43% | 030% | 54 50 %
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content values were very close in the three
analyzed points: point 1 with 41% and point
2 and 3 with 43%. The highest percentages of
coarse sand were found in point 2 with 11% and
the lowest in point 1 with 6%, while for fine sand
the highest percentages were in point 1 with 16%
and the lowest in point 3 with 7%. Regarding
nitrogen values ranged from 0.25% to 0.48%,
the pH ranged from acid with 5.4, slightly acid
with 6.2 and neutral 7.5. The highest values for
humidity were observed at point 1 with 56% and
the lowest at point 2 with 44%.

Counting of heterotrophic bacteria from
sediment samples

The sediment collection counts of heterotrophic
bacteria were performed in autumn, in the
dry season, at a temperature of around 25°C.
The results obtained from the cultivation in
standard agar for counting purposes showed
values between 1.8x10" CFU/g and 5.8x10"
CFU/g sediment, as is shown in Table Il. The
heterotrophic bacteria count from all collection
points was homogeneous. After the cultivation
of colonies in tryptone soya agar medium,
different morphotypes were chosen. From the
plaques with isolates from collection points 1, 2,
3 and 4, the selected bacterial colonies were 9,
8, 10 and 10, respectively, rounding off the total
of 37 bacterial isolates. Of these isolates, 9 were
characterized as Gram-negative bacteria and 28
as Gram-positive bacteria.

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

Preliminary Identification of bacterial isolates
by Matrix Associated Laser Desorption-
lonization- Time of Flight (MALDI-TOF/MS)

Using the MALDI-TOF/MS, a score between 0000-
1699 means unreliable identification, 1700-
1999 probable genus identification, 2000-2299
reliable genus identification and 2,300-3,000
reliable species identification. In relation to
the analysis performed on selected isolated,
some identifications were made: of the selected
37 bacterial colonies, we were able to reliably
identify 13 isolates at the genus level and
achieve the probable identification of 6 bacterial
isolates at the genus level, as is shown in Table
[1l. Reliable identification was not possible for
any of the isolates at the species level and 18
bacterial isolates were not identified at all by
MALDI-TOF.

Production of hydrolytic enzymes by selected
bacteria

Upon evaluating the production of different
extracellular enzymes, we observed that, of
the 37 isolates tested, 24 (64.8%) degraded
starch. Proteolytic activity was verified for 34
isolates, corresponding to 91.8%. Among the
isolated microorganisms, only 6 were able to
degrade gelatin, corresponding to 16.21%. Lipase
production was observed in 14 isolates (37.8%),
as showed in Figure 1, and the enzymatic activity
of inulinase was observed in the isolate Bacillus
sp. sed 2.2. Among the 37 bacterial isolates, only
2 (5.4%) were producers of the 4 tested enzymes.

Table Il. Quantification of heterotrophic bacteria in the analyzed sediment, per sample collection point.

Collection point

Geographic coordinates

Viable counts (CFU/g of sediment)

1 S 29945'374"] W 51207'992" 21x10*
2 S 29945'365" | W 51207'982" 1.8x10*
3 S 29°45'22.604"/ W 51.07'59.069" 4.5x10"
4 S 29°4522.344" W 51.07'58.920" 5.8x10*
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Nine (24.3%) isolates tested positive for at least 3
of the tested enzymes. Six (16.2%) demonstrated
a better enzymatic profile, presenting a higher
mean halo in at least two tests. These are:
Bacillus megaterium sed 1.5, isolate sed 2.2,
Bacillus megaterium sed 2.8, Bacillus sp. sed 3.5,
isolate sed 311 and isolate sed 4.3.

Evaluation of antimicrobial activity

From the results of the enzymatic activity, the six
isolates presenting the best enzymatic profile
were tested for the production of antimicrobial
activity through the overlay method. This test
showed the presence of inhibitory activity for

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

only one isolate (sed 2.2), which showed an
inhibitory halo of 12 mm against the indicator
culture of C. fimi NCTC 7547. Based on this result,
isolate sed 2.2 was selected for the following
steps of our research. L. monocytogenes ATCC
7644 was not inhibited by any of the isolates
under the experimental conditions employed in
this test.

16S rRNA gene analysis for selected bacterial
isolate

From results regarding the production of
hydrolytic enzymes, isolate sed 2.2 was selected
asthe best performing bacterium. After sequence

Table Ill. Bacterial isolates analyzed by MALDI-TOF, using the Biotyper 4.0 database and MBT OC software.

Bacterial isolates analyzed by MALDI-TOF
Bacillus megaterium sed 1.4
Bacillus megaterium sed 1.5

Staphylococcus saprophyticus sed 2.1
Staphylococcus sp. sed 2.3
Bacillus megaterium sed 2.4
Rumellibacillus sp. sed 2.5
Micrococcus luteus sed 2.6
Bacillus megaterium sed 2.8
Bacillus sp. sed 31
Bacillus megaterium sed 3.3
Bacillus megaterium sed 3.4
Bacillus sp. sed 3.5
Bacillus megaterium sed 3.6
Bacillus megaterium sed 3.9
Bacillus megaterium sed 4.2
Bacillus sp. sed 4.4
Bacillus sp. sed 4.8
Paenibacillus sp. sed 4.9

Bacillus megaterium sed 410

Score Result *

2179 Reliable genus identification
2163 Reliable genus identification
2.072 Reliable geuns identification
1.815 Probable genus identification
2.038 Reliable genus identification
1.838 Probable genus identification
2.223 Reliable genus identification
2.049 Reliable genus identification
1.829 Probable genus identification
2176 Reliable genus identification
2.066 Reliable genus identification
1.840 Probable genus identification
2161 Reliable genus identification
2221 Reliable genus identification
2.029 Reliable genus identification
1926 Probable genus identification
1.937 Probable genus identification
2.082 Reliable genus identification
2117 Reliable genus identification

* Interpretation of score values are as follows: 0.000-1.699: unreliable identification; 1.700-1.999: probable genus identification;
2.000-2.299: reliable genus identification; 2.300-3.000: reliable species identification.
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analysis of the 16S rRNA gene, the bacterium was
identified at the genus level, presenting a 99%
homology with bacteria of the genus Bacillus
and subsequently being identified as Bacillus
sp. sed 2.2. Its sequence was deposited under
accession number MH666075 in the Standard
Nucleotide BLAST (retrieved from http://www.
ncbi.nlm.nih.gov).

Production of antimicrobial activity by Bacillus
sp. sed 2.2

Bacillus sp. sed 2.2 was incubated under aerobic
conditions for 57 h at 30°C. Antimicrobial activity
of Bacillus sp. sed 2.2 was initially detected in
the exponential growth phase and maximum
activity was observed from the beginning to
the end of the stationary phase, with a longer
range of antimicrobial activity between 33 and
48 h (Figure 2), at 100 AU/mLl. The pH remained
at 7.0 throughout cultivation. The antimicrobial
substance obtained at approximately 24h of
culture was purified by ammonium sulfate
precipitation and gel filtration chromatography.
Thirty aliquots of 1.0 ml were collected and
their absorbance at 280 nm was monitored,
after antimicrobial activity against the indicator

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

strain C. fimi NCTC 7547 was verified. The elution
profile of collected fractions and presence of
antimicrobial activity is displayed in Figure 3.

Determination of the antimicrobial spectrum

The fractions collected after partial purification
showing antimicrobial activity were pooled
and used to determine antimicrobial spectrum
againstvarious microorganisms, including Gram-
positive and Gram-negative bacteria, and yeast.
The result of the measurement of inhibition
halos is shown in Table IV. Antimicrobial activity
against pathogenic Gram positive bacteria was
verified, including some species of Listeria.
However, it was observed that other microbial
species were not inhibited, such as Listeria
ivanovii ATCC 19119, Listeria innocua ATCC
33090, L. innocua ATCC 1572, Bacillus subtilis
ATCC 19659, Enterococcus faecalis ATCC 29212,
E. faecalis ATCC 51299, Staphylococcus aureus
ATCC 25923, S. aureus ATCC 29213, S. aureus
ATCC 35591, Staphylococcus epidermidis ATCC
35954, L. monocytogenes 4B carcass (food), L.
innocua 6B (food), L. monocytogenes 17D78/03
(food), L. monocytogenes 4C (food), L. innocua
(buffalo milk), L. innocua 10 (buffalo milk),

Figure 1. Production of

s A
100.00% 01.89% extracellular enzymes by the

90.00% - 37 bacterial isolates found
g 20 00% - in the sediment samples
- ?U:DU':.'" | 64.86% from Imperatriz Leopoldina
= SO0 Municipal Natural Park, Sao
= 60.00% - Leopoldo, Brazil. Values into
= 50.00% the bars indicate the number
5 o 37.84% of isolates positive for the
= 40.00% respective enzymatic activity.
= 30.00% -
S 20.00% - 16.22%
m 20 00%

10,00% - . 2,70%

0.00% ——
Amvlase Protease (Gelatinase Lipase Inulinase

Hvdrolvtic enzvmes
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L.innocua W11 (buffalo milk), L. innocua 13
(buffalo milk), L. monocytogenes FF Oxford - 6
(sliced cheese), Enterobacter aerogenes ATCC
13048, Shigella dysenteriae ATCC 13313, Proteus
mirabilis ATCC 7002, Salmonella Enteritidis ATCC
13076, Escherichia coli ATCC 10536, Pseudomonas
aeruginosa ATCC 27853, Candida albicans ATCC
90028, Candida parapsilosis ATCC 22019 and
Candida krusei ATCC 6258 .

Thermal and proteolytic enzymes stability of
partially purified crude supernatant

The fractions that showed antimicrobial activity
after liquid filtration gel chromatography
(Sephadex G-100) were pooled (fractions 6, 7,
8, 9 and 10) and tested for thermal stability.
The partially purified crude supernatant was
stable at 100 ° C for 3, 5 and 10 minutes. When
the partially purified crude supernatant was
subjected to 15 minutes at 100 ° C the activity
was completely inactivated. These results were
similar when the substance was subjected to a
temperature of 121 C for 15 minutes (autoclave),
where the substance was also completely
inactivated.

4.0 ~

2.0 -

OD 600 nm

1.0 -

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

The fractions that showed antimicrobial
activity after liquid filtration gel chromatography
(Sephadex G-100) were pooled (fractions 6,7, 8,9
and 10) and tested against proteolytic enzymes.
The studied substance was sensitive to enzymes
(papain and trypsin) at the final concentration
of 2mg /ml. These results suggest that the
compound is of a protein nature.

DISCUSSION

Wetlands are ecosystems rich in biodiversity,
and their ecological importance is recognized
worldwide (Junk 2013, Richardson et al. 2015).
Some studies have shown that organic matter,
total nitrogen, inorganic nitrogen, chemical
oxygen demand (COD), and pH are determinants
of bacterial community composition found in
soil (Ansola et al. 2014, Ligi et al. 2014, Arroyo
et al. 2015, Ding et al. 2015). In this study, 37
microorganisms were isolated; of these, 19
isolates were identified at genus level via MALDI-
TOF/MS. Mass spectrometry is an important tool
as it is an accurate and rapid method for the

Figure 2. Growth curve
and antimicrobial

- 120 activity of Bacillus sp.
sed 2.2. The isolate
- 100 was cultivated in TSB

medium at 300C and
20 the optical density

£ at600nm (s)and
.60 ":"J-a antimicrobial activity (

= m) were evaluated for
40 up to 57 h. Each point

represents the mean

+ standard deviation

20 of three independent
experiments.

Time (h)

0 3 6 9 12 24 27 30 33 48 52 57
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identification of bacterial isolates in clinical
field. However, its application in an ecological
context, with bacteria of environmental origin, is
still limited (Hausdorf et al. 2013). Nevertheless,
some researchers have been using this tool
to identify environmental bacteria. Of the 45
bacteria isolated from a marine environment,
Timperio et al. (2017) identified 16 bacteria at
the species level and 23 by genus. Lovecka
et al. (2015) isolated 7 bacterial strains from
contaminated soil and 3 were classified as safe
atthe genus level. Kopcakova et al. (2014) sought
to identify bacteria isolated from industrial
residues and, among 29 bacterial isolates, 27.6%
were successfully identified at genus level and
31% received probable genus identification.
Because of this difficulty, especially with regard
to the genus Bacillus, other tools are being used
to confirm bacterial identification. Moreover,
the genus Bacillus is often isolated from soil
samples and contains several groups of species
whose close relation makes identification
difficult (Starostin et al. 2015). One example
are the species Bacillus subtilis, Bacillus
amyloliquefaciens and Bacillus pumilus, which

OD 280 nm

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

have highly similar 16S rRNA gene sequences.
This similarity makes it a challenge to distinguish
between them based on the above method of
analysis. To overcome this disadvantage, other
genes such as recA, rpoB, gyrB are being studied
as alternative methods for differentiation among
Bacillus species (Mohkam et al. 2016).

The bioactive properties of isolated
bacteria were studied during the course of our
research and these demonstrated the potential
to produce compounds with enzymatic and
antimicrobial activity. The isolate Bacillus sp.
sed 2.2, from collection point 2, was selected as
the microorganism with the best performance in
the evaluated properties. A study by Correia et
al. (2014), which evaluated the enzyme potential
of bacteria collected from the sediment of a
mangrove swamp, found that approximately
60% of the isolates displayed amylase activity
while 26% presented lipase activity. These
results are similar to those found in our study, in
which 64% of the isolates presented amylolytic
activity and 37% lipolytic activity. Arumugam
et al. (2017) described the importance of
investigating bacteria from wetlands for the
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purpose of being used industrially. The same
authors found that the vast majority of bacteria
studied produced amylase, lipase, cellulase
and protease. Of the 46 bacteria isolated from
humid areas, 41% presented lipolytic activity,
30% cellulolytic activity, 19% amylolytic activity
and 8% proteolytic activity (Bibi et al. 2017).

In view of current problems concerning
bacterial resistance to multiple drugs,
environmental bacteria have also been
researched as sources of new substances with
antimicrobial properties (Ventola 2015, Brown
& Wright 2016). The antimicrobial activity
displayed by Bacillus sp. sed 2.2 was initially
observed in the exponential growth phase,
reaching maximum activity of 100 AU/ml from
the beginning to the end of the stationary phase
(between 33 and 48h). Liu et al. (2015) observed
that antimicrobial activity was greatest between
36 and 60 h with 320 AU/ml. Embaby et al. (2014)
found that the beginning of the production of
the antimicrobial substance was registered in
the exponential phase, followed by an increase
during the stationary phase of growth, reaching
its maximum peak at 62 h of cultivation.
These data demonstrate that these produced
substances have secondary metabolite kinetics.

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

The antimicrobial substance studied
was partially purified with a combination
of ammonium sulfate precipitation and gel
filtration liquid chromatography. Results showed
that antimicrobial activity was precipitated by
an ammonium sulfate, which matches results
published for other antimicrobial substances
from Bacillus spp. (Alanazi et al. 2016, Lim
et al. 2016). The results of the gel filtration
chromatography also point to the fact that the
substance produced by Bacillus sp. sed 2.2, which
eluted in the void volume of the Sephadex G-100
column, may have been forming aggregates of
high molecular weight (> 150 kDa). Shi et al.
(2015) used ammonium sulfate precipitation
and dialysis to partially purify an antimicrobial
substance from B. subtilis that exhibited a broad
spectrum of action, including S. aureus, E. coli
and some environmental pathogens. In a similar
manner, Boottanun et al. (2017) worked with a
partially purified substance. The protocols
adopted were the same as those mentioned
above, after which the antimicrobial activity was
evaluated using the Burkholderia pseudomallei
strain and other pathogenic bacteria. In our
research, the antimicrobial substance was
tested using Gram-positive, Gram-negative

Table IV. Antimicrobial spectrum of crude supernatant from Bacillus sp. sed 2.2.

Indicator cultures
Corynebacterium fimi NCTC 7547
Listeria monocytogenes ATCC 7644
Listeria seeligeri BQ Oxford — 1 (counter top surface)
Listeria seeligeri BP Palcam - 2 (counter top surface)
Listeria seeligeri PF Oxford - 3 (sliced ham)
Listeria seeligeri MP Oxford - 4 (hands)

Listeria seeligeri BP Oxford - 5 (counter top surface)

Incubation temperature (2C)

Halo (mm) - Average

37 5
30 9
30 10.5
30 9
30 9
30 7
30 9
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and yeast bacteria. The substance isolated
in this work inhibited the growth of C. fimi
NCTC 7547 and some Listeria strains, including
L. monocytogenes ATCC 7644. However, the
substance was not able to inhibit Gram-negative
bacteria or yeasts, therefore demonstrating a
more restricted spectrum of action. Lee & Chang
(2018) tested a new bacteriocin from B. subtilis
against Gram-positive and Gram-negative
bacteria and observed inhibition of Gram-
positive bacteria such as Bacillus cereus and L.
monocytogenes.

In this research, some physicochemical
properties of the antimicrobial substance
produced by the isolated Bacillus sp. sed 2.2
were studied, such as thermal stability and
stability against proteolytic enzymes. There was
no thermal inactivation at 100 °C for 3,5 and 10
minutes. Chalasani et al. (2015) worked with a
substance produced by Bacillus sp. which was
stable at different temperatures, maintaining
80% of its activity at 80 °C for 1 hour, 75% of its
activity at 100 oC for 30 minutes. Jemil et al. (2017)
evaluated the thermostability of a lipopeptide
produced by Bacillus methylotrophicus, this
substance was resistant to heating for 20
minutes at temperatures up to 100 ° C.

The antimicrobial activity of the studied
substance was sensitive to the tested proteases
(papain and trypsin), indicating that the
compound is of a protein nature. The trypsin
cleavage site is highly specific, cleaving the
peptide bond after residues with longside chains
of positive charge, arginine and lysine (Berg
et al. 2014). Bacteriocins that are not sensitive
to trypsin, probably do not have a lytic site for
this protease. Some bacteriocins produced by
Bacillus sp. are sensitive to trypsin and papain,
such as: trypsin-sensitive N2-4 (Boottanun et
al. 2017), trypsin-sensitive RX 7 (Lim et al. 2016).
There are also compounds that are partially
sensitive to proteases, such as the bacteriocin

BIOLOGICAL ACTIVITY OF BACTERIA ISOLATED FROM SEDIMENTS

produced by Bacillus cereus BLIS m6c and BLIS
m387 (Minnaard & Alippi 2016) N3-8 (Boottanun
et al. 2017). Sharma et al. (2018) purified and
characterized a bacteriocin produced by Bacillus
subtilis GAS 101, according to the authors,
bacteriocin did not show antimicrobial activity
against S. epidermidis after treatment with
trypsin, pepsin and proteinase K.

In conclusion, the isolates obtained from
sediment samples yielded important sources of
bioactive compounds, including substances with
antimicrobial and enzymatic potential. Studying
these properties and the applicability of these
compounds opens up an important window
of research, both with regard to prospecting
new molecules presenting biological activity
of interest, as well as to understanding
the functionality of isolates from sampled
environments.
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