Scientia PLena VOL. 17, NUM. 2 2021
www.scientiaplena.org.br doi: 10.14808/sci.plena.2021.026201

Extract of bacterial strain isolated from cave in the eastern
Amazon induces selective cytotoxicity on tumor line of murine
melanoma

Extrato de cepa bacteriana isolada de caverna da Amazonia Oriental induz citotoxicidade seletiva
sobre linhagem tumoral de melanoma murino
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Cancer is one of the most deadly diseases in the world, being related to the disordered growth of defective
cells which produces harmful substances to the body. In this context, one of the great challenges of science
is finding an effective bioactive compound for treating of this disease and microorganisms from restrictive
environments, such as caves, are indicated as a promising source of these compounds. The objective of this
work was to evaluate the extracts cytotoxic effects obtained from cultures of two bacterial strains isolated
from Pedra da Cachoeira cave, Altamira-PA, located in a preserved forest fragment in the Eastern Amazon.
Bacteria were identified by DNA sequencing analysis encoding ribosomal RNA. The choice of the ideal
period of microbial development, aiming at the biocompounds production, was based in a kinetic study
realized from a growth curve. Organic extracts were produced after 30 hours (stationary phase) and 40 hours
(decline phase) of cultivation, obtaining four extracts by liquid - liquid partition of culture medium and four
extracts from the bacterial cells. In vitro cytotoxicity tests were performed with B16F10 tumor cells using
the MTT method. From the phylogenetic analyzes of the DNA sequences of both strains, a cluster with the
species Bacillus subtilis was verified. The extracts obtained were subjected to cytotoxic assays and their cell
viability was evaluated based on the minimum inhibitory concentration (IC50) and selectivity index (IS),
with the CV26AI30H extract having an 1C50 value of 83.99 and IS greater than 4.70.
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Céncer é uma das doengas que mais matam no mundo, relacionado ao crescimento desordenado de células
defeituosas que produzem substancias nocivas ao organismo. Um dos grandes desafios da ciéncia é encontrar
compostos bioativos efetivos para o tratamento dessa doenca e microrganismos de ambientes restritivos,
como cavernas, apresentam-se como uma fonte promissora desses compostos. O objetivo deste trabalho foi
avaliar os efeitos citotxicos dos extratos obtidos das culturas de duas linhagens bacterianas isoladas da
caverna Pedra da Cachoeira, Altamira-PA, localizada em fragmento florestal preservado da Amaz6nia
Oriental. As bactérias foram identificadas por andlise de sequenciamento de DNA codificante do RNA
ribossomal. Para a escolha do periodo ideal de desenvolvimento microbiano, visando a producdo de
biocompostos, foi feito um estudo cinético de producdo de metabolitos a partir de uma curva de crescimento.
Foram produzidos extratos organicos ap6s 30 horas (fase estacionaria) e 40 horas (fase de declinio) de cultivo,
obtendo-se quatro extratos por parti¢do liquido - liquido do meio de cultivo e quatro extratos a partir das
células bacterianas. Dos mesmos foram realizados ensaios de citotoxicidade in vitro em células tumorais
B16F10 via método MTT. A partir das analises filogenéticas das sequéncias de DNA de ambas as linhagens,
foi verificado agrupamento com a espécie Bacillus subtilis. Os extratos obtidos, foram submetidos aos ensaios
citotoxicos e sua viabilidade celular foi avaliada a partir da medida de concentragéo inibitéria minima (C150)
e indice de seletividade (IS), tendo-se o extrato CV26AI30H com o valor de CI50 de 83,99 e IS maior que
4,70.
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1. INTRODUCTION

Among the most deadly diseases in the world, there is cancer. From various origins, it is
considered the second non-transmitted disease in dominance. According to a recent study [1], 18
million people were affected by cancer in 2018, and 9.6 million died of this disease. The study also
predicts that 22 millions of new cases will emerge in the incoming decades and 13 million people
will die each year. Incidence of this disease was more common in developed countries, however,
today it is present in all countries. Two-thirds of cancer deaths worldwide currently occur in
countries with low or middle income [2]. In Brazil, it is considered the second leading cause of
death [3] and at least 35% of cancer cases are due to behavioral risk factors and persistent infections.
The cancer consists of a chronic disease, characterized by the disordered growth of cells forming
tumors that produce harmful substances to the body and can lead the individual to death [4].

Thereby, one of the great challenges of science is finding new substances capable of combating
this irregular growth [5]. A possibility are bacteria from the most different environments. This
microorganisms have been explored by the pharmaceutical industry due to their ability to produce
a variety of new drugs from its secondary metabolites, emphasizing antitumor activity compounds
[6]. Also known as natural products, secondary metabolites are small organic molecules that have
diverse biological activities and are often quite potent [7].

Atypical environments microorganisms, which live in extreme situations or under few
resources, present themselves as a promising source of these metabolites synthesis. Between these
microorganisms, the cave bacteria stand out. Cave environments are poorly studied from a
microbiological point of view. The physical isolation associated with the unique characteristics of
the cave environment provides a singular microbial habitat, with different evolutionary pressures
from the surface and, with that, there is a propensity to new compounds development and/or new
metabolic routes [8]. There is a tendency among researchers to believe that the combination of
oligotrophy with the metals presence interferes with the DNA and the great competition between
organisms in cave environments favor the production of compounds that inhibit competitors
metabolism with possible actions on tumor cells. Cave bacteria of the Streptomyces genus [9] have
already become known for the activities of their compounds.

In this work, extracts of two bacteria isolated from the Pedra da Cachoeira cave (Para - Brazil)
were analyzed for their cytotoxic activities for murine melanoma B16F10 tumor cells. This cave
has tourist potential and is located in a preserved fragment of the Eastern Amazon Forest. It was
already reported in the 1990s by fauna researchers [10], but it remains an under-studied
environment with great scientific potential.

2. MATERIAL AND METHODS

2.1 Bacterial strains characterization and identification

The bacteria studied in this work were isolated during an environmental microbiology study
carried out in 2014. They were cultivated from material samples collected in the Pedra da Cachoeira
cave, located in the municipality of Altamira-PA (03° 18 43°” S e 52° 20’ 28”* W). The samples
were collected on the walls, soil and mounds of guano in the middle portion of the cave, aseptically
and taking care not to damage the environments, and showed high antimicrobial activity [11].
Bacterial colonies were initially characterized by their cell morphology, microscopy against Gram
staining and presence of capsules and the endospores production. From these observations, the
strain identified as CVV26, was selected for study. The CVV26 strain was composed of two different
bacteria, with small variations in cell morphology and reflected in the colonies appearance. They
were separated, and then recoded as CV26A and CV26B, so they were evaluated for potential in
the compounds production apart. Samples of the two strains were sent for identification, to the
PLURIDISCIPLINARY CENTER FOR CHEMICAL, BIOLOGICAL AND AGRICULTURAL
RESEARCH at the State University of Campinas, Sdo Paulo (UNICAMP-SP) with the process
number: CPQBA 1951/19 DRM. Sequence analysis of 16S rRNA region genes was applied to
them. Once the sequences were obtained, they were analyzed by pairing with sequences deposited
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in the database nchi. The colonies were cultivated and genomic DNA was subsequently extracted
using the phenol extraction based protocol [12]. Partial amplification of the RNAr 16s gene from
the culture was performed by PCR methodology, using the extracted genomic DNA as a template.
The primers (synthetic oligonucleotides) used for the PCR reaction were 10f and 1100r.
Amplification product was purified in column (GFX PCR DNA and Gel Band purification kit, GE
Healthcare) and subjected directly to sequencing using the ABI 3500XL Series automatic sequencer
(Applied Biossystems).

2.2 Genetic Distance Analysis

The partial sequences of the RNAr 16s gene obtained with the different primers were assembled
in a contig (unique consensus sequence combining the different fragments obtained) and compared
with the organism sequences represented in the Genbank database and the RPD. Sequences of
microorganisms related to the unknown bacteria were selected for the dendrogram construction.
DNA sequences were aligned using the CLUSTAL X program [13], inserted in the bioEdit 7.2.6
software [14]. The genetic distance analyzes were conducted using the MEGA version 6.0 program
[15]. Distance matrix was calculated with the Kimura model [16] and the dendrogram construction
from the genetic distances was performed using the Neighobor-Joining model [17], with bootstrap
values calculated from 1000 re-samples, with the software included in the MEGA 6.0 program.

2.3 Kinetic study for choosing extraction time

To choose the best extraction time, a kinetic study was made using a growth curve, from the
two bacterial strains, CV26a and CV26b, observing the four phases of bacterial growth: lag, log,
stationary and phase of decline [18]. The bacteria were reactivated in Luria-Bertani medium with
agar (solid). For the growth curve construction, they were grown in 100mL of sterile Luria-Bertani
liquid medium for 44 hours in a SQ Lab Model SL 223 refrigerated shaker incubator, under 30 ° C
temperature and 120 rpm constant agitation. During the cultivation period, a 0.5 pL aliquot was
removed every 2 hours and added to Petri dishes containing solid Luria-Bertani medium and spread
with a Drigalski loop where the cells were counted macroscopically, according to the colonies
number observed. This phase was divided into 26 experiments that composed a growth curve. The
ideal cultivation moment and extraction time were determined from this growth curve.

2.4 Obtaining Bacterial Extracts

Two moments were chosen for large-scale cultivation and obtaining of bacterial extracts from
the Kkinetic study. For the extracts production, the bacteria were grown in Luria-Bertani liquid
medium and taken to a refrigerated shaker incubator (Model Sl 223, Solab, Piracicaba-SP, Brazil)
with a temperature of 30 °C and constant agitation of 120 rpm during 30 hours and 40 hours. After
these periods, they were filtered using a vacuum pump (Model Q955B, Quims, Diadema-SP,
Brazil) to separate the cells from the liquid medium. Then, a liquid-liquid partition of the liquid
part was made with ethyl acetate, where 120 ml ethyl acetate were used for each liter of medium,
the solid part extractions were made by maceration, adding methanol to the filtered bacterial cells
from medium (intracellular extraction). 120 mL of methanol was added for each extraction. The
liquid-liquid extraction and maceration processes were carried out in triplicate. Organic solvent
was concentrated on a rotary evaporator (Model Q344B2, Quims, Diadema-SP, Brazil) where two
types of extracts were obtained, from the culture medium and intracellular medium encoded as
CV26AM30H, CV26AI30H, CV26BM30H and CV26BI30H for extraction of 30 hours and
CV26AM40H, CV26AI140H, CV26BM40H and CV26BI40H for 40 hours extraction, according to
table 01.
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Table 1: Extracts obtained from bacterial cultures according to the time of cultivation and the place of
extraction (medium or bacterial cells).

Cultivation time Substrate Strains and their extracts
CV26A Cv26B
30 hours Culture medium CV26AM30H CV26BM30H
Cells CV26AI30H CV26BI30H
40 hours Culture medium CV26AM40H CV26BM40H
Cells CV26AI140H CVv26BI40H

2.5 Cytotoxicity test by MTT reagent metabolization

Samples of the 8 bacterial extracts identified in Table 1 were evaluated for their cytotoxic
activity against murine fibroblast cells (line 3T3, Rio de Janeiro Cell Bank, code 0017) and murine
melanoma (line B16F10, Rio Cell Bank de Janeiro, code 0342). Cells were seeded in 96 well plates
at the 3 x 10° cells per well concentration. After 24 hours, the culture medium was removed and
cells were treated with increasing bacterial extracts concentrations diluted in RPMI® 1640 medium
supplemented with 10% Bovine Fetal Serum (SFB), 100 ug L™ of streptomycin and 100 IU L"* of
penicillin. 48 hours later, the cells were washed with culture medium and 100 pL of a solution
containing 0.5 mg mL? of the MTT reagent diluted in buffered saline (PBS) was added to the wells.
After 2 hours, when it was possible to visualize the formazam crystals formed in the intracellular
environment, MTT was removed and the formazam crystals were dissolved with acid isopropyl
alcohol. The color formed was measured in a microplate spectrophotometer at 570 nm [19].
Negative control was performed with cells incubated with RPMI® 1640 supplemented with 10%
Bovine Fetal Serum (SFB), 100 pg L streptomycin and 100 1U L* penicillin only. All samples
were tested in quadruplicate and the assays were repeated at least on three different occasions for
each bacterial extract.

2.6 1C50 determination (Minimum Inhibitory Concentration)

The extracts concentration which inhibits cell viability by 50% (1C50) was calculated using the
GraphPad Prisma program, version 7.00 for Windows (GraphPad Software, La Jolla California
USA, www.graphpad.com) following the tutorial provided by GraphPad Software, Inc, accessed
March 18, 2019. The selectivity index (IS) was defined by the 1C50 ratio of extracts between the
non-tumor (3T3) and tumor (B16F10) lines. The data were subjected to normal distribution tests
by Shapiro-Wilk and Bartlett, and subsequently analyzed by one-way ANOVA and Tukey post-
test, with a significance level of p <0.05. All tests were performed using the GraphPad Prism
statistical software (version 7.00 for Windows, San Diego, California, USA).

3. RESULTS AND DISCUSSION

3.1 Kinetic Study

The growth curve projected with the 26 experiments made for the kinetic study (figure 1) were
determined two ideal moments for obtaining bacterial extracts. After 30 hour of incubation,
bacterial cells stopped the reproduction and start the stationary phase and, with 40 hours cells
started decreasing (decline phase), according to Wang et al. (2015) [18] it is in these two moments
that there is a greater metabolites production by the bacteria. The origin of these bacteria, a
sandstone cave in the eastern Amazon, may be related to the delay in the log phase of the growth
curves. In restrictive and highly competitive environments, microbial growth is slow and based on
adaptations to ideal conditions [20].
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Figure 1: Bacterial growth curve of the kinetic study, the CFU measurement was started at 6 hours.

3.2 Bacteria identification

The isolated colonies obtained in cultivation showed a homogeneous aspect, with no
contamination evidence. Microscopic analysis revealed the presence of gram-positive rods for the
samples. Fragments of RNAr 16s from the samples, CV26A and CV26B, were successfully
amplified and enlarged from their extracted genomic DNA. The sequences obtained from the
rRNAL6S region of the two strains compared to sequences deposited in the GenBank database
showed similarities in the order of 99% and 100% with strains of Bacillus subtilis, although this is
a strong indicator of the species, the fact of aligning with several subspecies does not make it
possible to indicate only one and opens the possibility of new future identification. According to
Nakamura et al. (1999) [21] and Rooney et al. (2009) [22], there is a group inside Bacillus subtilis
with different characteristics, especially in the chemical way, not detected by the sequences of the
RNAr 16S gene enough to create a new Bacillus specie. The environment from which the strains
were isolated, a sandstone cave in a poorly studied region in microbiological terms of the Eastern
Amazon, opens the prospect that these bacterial strains may fit into this group, and, in the future,
by comparing other characteristics, may come to compose new subspecies or species.

3.2 Anti-tumor tests

From the analysis of the eight bacterial extracts listed in Table 1, CV26AI30H (Figure 2) and
CV26AM40H (Figure 3) extracts showed the best result as they reduced the cell viability of the
tumor line (B16F10) in a greater proportion than for the normal line (3T3) after a 72h of incubation.

With the % viability data obtained, the 1C50 values were calculated for each extract (Table 2).
According to Nalbantsoy et al. (2012) [23], the IC50 can be defined as the average concentration
of an extract necessary to prevent 50% of cell growth considering at least three replications of an
experiment. Thus, the lower the IC50, more active the substance is under a cell line. The C26130H
extract showed the lowest 1C50 value for the tumor line B16F10, demonstrating to be the most
promising extract for further studies.

Table 2: Values of the IC50 and selectivity index (IS) for control cells (3T3) and tumor cells (B16F10) of
the bacterial extracts.

Samples Strains IC50 (pg/mL) IS
CV26AM40H B16F10 121,89 2,12
CV26AM40H 3T3 229,10
CV26AI30H B16F10 83,99 > 4,70
CV26AI30H 3T3 > 400
CV26BM40H B16F10 2518 0,83
CV26BM40H 3T3 209,8

CV26BI30H B16F10 > 400 1,00

CV26BI30H 3T3 > 400
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The cytotoxicity comparison of the non-tumor with tumor cells (IC50 of extracts between non-
tumor and tumor lines) defined the selectivity index (IS), obtaining a value of 4.7 for tumor cell
B16F10 in relation to 3T3 for CV26AI30H extract. The Selectivity Index (IS) can be defined,
according to Lopes et al. (2014) [24], as number of times that a substance is more toxic for one cell
line than for another cell line. Thereby, a strong IS means that one substance is more cytotoxic than
another. In cytotoxicity studies, a non-tumor lineage is generally used to be compared with tumor
lineages, as this would propose a safety relationship in the component use. In our study, we
compared the 1C50 of the non-tumor line (3T3) with the 1IC50 of the melanoma line (B16-F10).
Ayesh et al. (2014) [25] suggest that for a compound to be considered of low toxicity and with good
chances of being a new anticancer drug, it must present an IS greater than 2. According to Fernandes
(2015) [26], the IS value for a compound to be considered safe must be greater than 1, however, to
be considered significant as an anti-tumor compound, this index must be greater than 2. Ganguly
et al. (2018) [27] reported in their work a strong cytotoxic activity of Bacillus anthracis extracts
against cancer cells with IC50 values of 64.5ug/mL.
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Figure 2: Viability of control cells (3T3) and tumor cells (B16F10) cultured in increasing concentrations of
bacterial extract CV26AI30H.
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Figure 3: Viability of control cells (3T3) and tumor cells (B16F10) cultured in increasing concentrations of
bacterial extract CV26AM40H.

The CV26BMA40H extract (Figure 4) was cytotoxic with 1C50 from 100 pg/mL, but with similar
cell viability for two strains, both for the tumor (B16F10) and non-tumor (3T3). The CV26BI30H
extract (Figure 5) presented 1C50 greater than 400 ug/mL for both strains, being presented little
cytotoxicity in the tested concentrations.
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Figure 4: Viability of control cells (3T3) and tumor cells (B16F10) cultured in increasing concentrations of
bacterial extract CV26BM40H.

373 120 - B16F10
120+

% Cells Viability
L [=-]
e < <
_|
1
4
_|
% Cells Viability
i -]
< e <
q
b
|
.|
E —

' \ \ NPV VSV VY
o \(“V \(&' \(&/ \(&’ \@/ A \(&’ ‘o\ &S & & ¢
FEE LSS FEPIEL L
& oY oY oY o ¥ 6 o & ST ST S et e e
C STV 9 b P N AN

Figure 5: Viability of control cells (3T3) and tumor cells (B16F10) cultured in increasing concentrations of
bacterial extract CV26BI30H.

The difference in the 1C50 values and selectivity index observed between species extracts of
C26A and CV26B (Figures 2, 3, 4 and 5) may be one more evidence that we have two different
species, since the extracts went through the same preparation and treatment process. Active
principles of cellular toxicity reside in the bioactive metabolites of extracts, whether those of
microorganisms or plants. As a result, several studies have been carried out with crude extracts
against cancer cells searching compounds with excellent I1C 50 values, such as the heptapeptide and
azurine compounds, isolated from the Paenibacillus profundus and Pseudomonas aeruginosa
bacteria, with 1C50 of 3.07 uM and 32 -53 uM against cancer cells, respectively [28-29]. There are
currently several studies abough cave microorganisms, with a focus on finding biologically active
compounds. Within this theme there are reports of actinobacteria with antibacterial, antifungal and
anticancer activity [9, 30], Nakaew and collaborators also reported activities on some cancer cells
of a new actinomycete belonging to the genus Nonomuraea sp. (PT708) [31]. Thus, this study
corroborates the search for anticancer bioactive compounds, since the results obtained here have
shown promise with the tumor cell B16F10. The other results described for the Bacillus genus in
caves, demonstrate only antibacterial and antifungal activities.

Considering that in this study, positive results were obtained with extracts from intracellular
phase, it is believed that the active substances may be an endogenous molecule of bacterial cells of
B. subtillis species. Thus, it becomes viable to carry out a extraction process and purification of
these metabolites later, using ultrafiltration and microfiltration membranes, since these processes
are highly viable in obtaining active compounds. This study will not only allow isolation of the
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active compound (s) to be isolated, but also will be able to differentiate the CV26A and CVV26B
species, based on their chemical profile, corroborating with their identification.

4. CONCLUSION

The study with the bacterium B. subitilis isolated from the Pedra da Cachoeira cave made
possible to evaluate different chemical extracts against the cancer cells and as they are crude
extracts, the 1C50 values obtained show that these microorganisms are promising for active
compounds production, mainly the CV26AI30H extract. This extract provided a “in vitro” IC50
with a 83.99 value and a 4.70 selectivity index, satisfactory results that encourage the search for
new bioactive compounds against cancer cells. That is, compounds with significant selectivity for
B16F10 melanoma cells and little cytotoxic against healthy cells.
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