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Strains previously isolated from offshore oil reservoirs in Campos Basin (RJ, Brazil) and Potiguar Basin
(RN, Brazil) were tested for production of antimicrobial compounds. Sixteen bacteria produced
compounds with antimicrobial activity. The strain chosen for further study was Bacillus safensis SG-32
based on its ability to inhibit 76% of the strains tested. The bacterium was grown in Marine Broth (MB)
and the hexane extract was investigated for minimal inhibitory concentration (MIC) (highest activity 0.4
mg/mL against Staphylococcus aureus), antiproliferative activity against human cancer cell lines
(highest activity TGl = 69.83 ug/mL against melanoma cell lines), and antiparasitic tests (maximum
activity 22.49% against Trypanosoma cruzi). Bioactive extract from B. safensis SG-32 was purified
using silica column chromatography. Fractions collected were tested by bioautography in order to
select the fraction with antimicrobial activity. The active molecule was identified by Nuclear Magnetic
Resonance (NMR) as a diterpene of the Cyathin family. In addition to the antimicrobial and antitumor
activity, Cyathin type compounds are known to stimulate the synthesis of Nerve Growth Factor (NGF),
a capacity that implicates their potential as therapeutic agents to treat neurodegenerative ailments such
as Alzheimer’s or Parkinson’s disease. In conclusion, this study showed that B. safensis SG-32
produces metabolites with antibacterial, antiproliferative and antiparasitic activities, and opens
perspectives for further study of its potential also for nerve protection.

Key words: Antimicrobial, antiproliferative, Bacillus safensis, Cyathin, nerve grow factor, drug discovery.

INTRODUCTION

Cultivable microorganisms have been a source of natural 2000). Products from secondary metabolism of
compounds with significant biological activities (Bull et al., microorganisms have been used in medicine, agriculture
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and industry such as antibiotics, anticarcinogenic drugs,
antifungal and immunosuppressive agents, enzymes and
polymers for industrial and technological applications,
herbicides, insecticides, growth promoters, among others
(Demain, 1999; Bull et al., 2000; Demain, 2000; Demain
and Adrio, 2008; Demain and Sanchez, 2009).

However, most microorganisms have not been
cultivated or even identified from many different
environments, including oil fields. This suggests that the
massive majority of microbial diversity remains
unexplored in such hostile ecosystem, providing an
invaluable source for new molecules (Kennedy et al.,
2010).

There is a huge interest in new antimicrobial
substances (AMS) since those in the market are
becoming obsolete. The evolution of antibiotic resistance
by major human pathogens has made the first antibiotics,
and most of their successors, largely ineffective
(Spellberg et al., 2004, 2013). For example, strains of
carbapenem-resistant  Enterobacteriaceae, penicillin-
resistant Staphylococcus aureus and colistin-resistant
E.coli have been detected in China and US,
demonstrating the ineffectiveness of the respective
compounds (Luepke et al., 2017).

Several antimicrobial substances from Bacillus have
been described, including coagulin from B. coagulans
(Hyronimus et al., 1998); bacthuricin F4 (Kamoun et al.,
2005), thuricin 17 (Gray et al., 2006), entomocin (Cherif
et al., 2003) and tochicin (Paik et al., 1997) from B.
thuringiensis; and cerecin (Risgen et al., 2004) from B.
cereus. Previous studies carried out by Korenblum et al.
(2005a, 2005b, 2008) resulted in the isolation of three
strains of Bacillus from Brazilian oil reservoirs, B. subtilis
LFE-1, B. firmus H20-1 and B. licheniformis T6-5, which
were able to produce antimicrobial substances. These
AMS inhibited the growth of other Bacillus strains, as well
as the growth of sulfate-reducing bacteria consortia
recovered from oil reservoirs.

Earlier research has shown the importance of microbial
compounds in anticancer clinical trials (Hoskin and
Ramamoorthy, 2008; Gaspar et al., 2013). Heterotrophic
bacteria living in association with invertebrates have been
identified, as sources of many bioactive and useful
constituents (Simmons et al., 2005). In addition, there are
many examples of anticancer substances isolated from
bacteria, such as Curacin A (Rossi et al.,, 1997) and
DMMC - Desmethoxymajusculamide C (Simmons et al.,
2009), both isolated from cyanobacteria,
Salinosporamide A (Feling et al., 2003) from Salynospora
sp., and Thiocoraline (Romero et al., 1997) from
Micromonospora marina. Those drugs are already in
clinical trial status (Pérez and Fenical, 2017). The class
of compounds of the Cyathane family have potent
biological activities, with significant antitumor effects
(Sennett et al., 1992; Peng et al., 2003, 2006),
antimicrobial activities against Gram-negative and Gram-
positive bacteria, yeasts and moulds (Allbutt et al., 1971,

Shibata et al., 1998; Wachter et al., 1999), in addition to
preventing neuronal death and promoting neurite
outgrowth, which are essential to maintain and organize
neuron functionality (Obara and Nakahata, 2002).

Moreover, AMS have been also tested as antiparasitic
agents (Boulanger et al., 2002). Current drug for Chagas
disease relies on antiparasitic treatment by either one of
the only two registered drugs, benznidazole and
nifurtimox (Bermudez et al.,, 2016). However, both
benznidazole and nifurtimox cause severe side effects
and, consequently, are not well-tolerated and are
associated with poor patient compliance with treatment.
Thus, as for other neglected diseases, new drugs with
improved efficacy, tolerability, and safety are urgently
needed (Coura and De Castro, 2002).

The search for new drugs is therefore of great
importance to modern society. A promising alternative is
to explore biodiversity in environments with unique
characteristics, which contain microorganisms with
particular physiological and metabolic properties that
allow them to adapt and survive in inhospitable
conditions. In this context, this work aimed to screen and
characterizes AMS produced by bacteria isolated from
Brazilian oil reservoirs. Numerous strains belonging to
different bacterial genera were previously isolated from
formation water and oil samples from production offshore
reservoirs in Pampo Sul Field, Campos Basin (Da Cruz et
al. 2010; Lopes-oliveira et al. 2012) and from onshore
reservoirs in Potiguar Basin (Silva et al. 2013). The
capabilities of novel isolates to produce AMS against
other indigenous bacteria were evaluated.

MATERIALS AND METHODS
Antimicrobial activity assay

26 bacterial strains previously isolated from oil reservoirs from
Potiguar Basin (Silva et al., 2013) and Campos Basin (Lopes-
oliveira et al., 2012) were tested against each other as AMS
producers (Table 1). The antimicrobial activity was tested using the
agar diffusion method described by Anthony et al. (1972), a
variation of the Burkholder test (Burkholder et al., 1966). Briefly, the
pellet and supernatant of the fermented medium, obtained by
centrifugation at 10,000 rpm for 10 min, were inoculated as spots (5
pL) on the surface of plates containing Luria-Bertani Agar (LB)
medium. After incubation at 37°C for 48 h, bacterial cells were killed
by exposure to chloroform vapor during 15 min. After evaporation of
residual chloroform, the plates were covered with a layer of semi-
solid medium (0.5% agar) inoculated with one of the indicator
strains. Most of the indicator bacteria were Bacillus strains with
different random amplified polymorphic DNA (RAPD) profiles
(Lopes-oliveira et al. 2012). Inhibition halo formation around the
spots indicated AMS production.

Cultivation of AMS-producing bacteria
B. safensis SG-32 was selected among the strains tested due to its

ability to inhibit 20 strains (76%). The bacterium was grown in 8
liters of Marine Broth (MB) for 72 h at 37°C to produce biomass for



Table 1. List of bacterial strains tested against each other for
antimicrobial activity.

Bacterial strain Deposit number

Streptomyces alboniger AF43 CBMAI 1400
Marinobacter lutaoensis AF 20 CBMAI 1378
Citreicella thiooxidans AF 47 CBMAI 1377
Bacillus safensis SG 16 CBMAI 968

Micrococcus luteus P4-4 CBMAI 1366
Bacillus simplex SG 23-2 CBMAI 1323

Achromobacter xylosoxidans SG 47(1) CBMAI 1326

Bacillus thuringiensis SG 15 CBMAI 1285
Bacillus safensis SG 61 CBMAI 986

Bacillus safensis SG 14 CBMAI 1284
Staphylococcus warneri SG 52 CBMAI 1320
Bacillus safensis SG 46 CBMAI 1295
Bacillus megaterium P2-2 CBMAI 1380
Halomonas shengliensis AF 19 CBMAI 1388
Bacillus thuringiensis SG 20 CBMAI 1287
Roseomonas cervicalis GMR9 CBMAI 1439
Georgenia muralis GMR 13 CBMAI 1441
Streptomyces albidoflavus GMR11 CBMAI 1695
Streptomyces sp. GMR12 CBMAI 1440
Pseudomonas stutzeri GMR14 CBMAI 1442
Bacillus sphaericus SG 24 CBMAI 1324
Brevundimonas diminuta GMR16 CBMAI 1444

Tessaracoccus bendigoensis GMR 15 CBMAI 1443

Bacillus safensis SG 32 CBMAI 973
Bacillus firmus P1-1 CBMAI 1316
Bacillus thurigiensis P2-1 CBMAI 1276

subsequent chemical analyses. Cells were collected by successive
centrifugations at 10,000 RPM (Eppendorf 5410) and 4°C for 10
min, and stored at 5°C. The supernatant fraction (possible
accumulation of antimicrobial substance) was separated for
chemical analyses.

Soxhlet extraction

Cell biomass was extracted by a soxhlet extraction system. Three
different solvents with different polarities were used: hexane, ethyl
acetate and methanol. First, cells were extracted with 200 mL of
hexane for 24 h. The crude hexane extract (EBH) was removed
from the soxhlet system and saved in an Erlenmeyer flask. Cells
were then submitted to extraction with 200 mL of ethyl acetate
(EBA) for 24 h. This extract was kept separately. Finally, the
bacterial cells were subjected to soxhlet extraction with 200 mL of
methanol (EBM) for 24 h and extract was kept separately. The
crude extracts were concentrated separately under vacuum in a
rotary evaporator at 40°C until complete dryness. The extracts were
weighed to calculate the yield of each extraction and distributed into
volumetric flasks for further pharmacological tests.

Extraction of the culture medium, liquid-liquid partition

The extraction was performed on the supernatant of the microbial
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culture in a 2000 mL separating funnel (1000 mL of microbial broth
+ 500 mL of hexane). Extraction was performed three times with
hexane and, subsequently with ethyl acetate. The extracts obtained
from the extraction with hexane and ethyl acetate were
concentrated separately under vacuum. The extracts were weighed
for yield calculations, and samples of 10 mg were used for
subsequent analysis.

Chromatographic purification of crude extract

Separations by column chromatography were performed using
crude extracts obtained by soxhlet and liquid-liquid partition
extraction. The chromatographic separations were performed in a
glass column filled with silica gel 60 (Merck, 0.063 to 0.200 mm). A
ratio of 1 g of sample to 30 g of silica was used for purification. The
columns were eluted with 100 mL of solvent with an increasing
polarity gradient, starting with 100% of hexane, followed by 90%
hexane: 10% methanol and so forth until 100% of methanol was
obtained. Fractions (50 mL) monitored by thin layer
chromatography (TLC) were grouped accordingly. After solvent
evaporation, fraction yield was determined and 10 mg samples
were separated into microtubes for further analysis.

Analysis by thin layer chromatography (TLC)

TLC analyses were performed in chromatoplates of Silica gel 60
F254 (Merck 1.05554). Mixtures of dichloromethane/methanol
(98:2) and hexanel/ethyl acetate (50:50) were used as eluents.
Irradiation with UV lamp at 254 nm and anisaldehyde reagent were
used for compound detection [acetic acid solution: Sulfuric acid:
anisaldehyde (48: 1: 1)], followed by further heating at 105 °C for 10
min.

Nuclear magnetic resonance (NMR)

The nuclear magnetic resonance (NMR) 1D (*H, **C and
Distortionless Enhancement by Polarization Transfer DEPT) and 2D
(COSY, HSQC, HMQC) experiments were obtained with Inova 500
spectrometer operating at 500 MHz for *H and 125 MHz frequency
for *C. The residual signal of the solvent or tetramethylsilane
(TMS) was used as internal reference. Deuterated chloroform
(CDCls, Isotec - INC) was used for sample dissolution to obtain
spectra.

Bioautographic test

Assays for antimicrobial activity were performed using the
bioautography method according to Slusarenko (Slusarenko et al.,
1989), on TLC plates. After dissolution in hexane, 3 pL of the
extracts at 10 mg/mL concentration were applied to plates in
duplicate using a mixture of dichloromethane: methanol 98: 2 as
eluent. One plate was exposed to anisaldehyde and the other
submitted to microbiological tests. The standard inoculum of B.
subtilis ATCC 6051 was grown until a final concentration of
approximately 10° CFU/mL was obtained. The microbial suspension
was inoculated in marine broth (MB) culture medium, using a
dilution ratio of 1:1000 (v/v). An aliquot of 0.5 mL of triphenyl
tetrazolium chloride (TTC) solution (1 mg/mL) was added to the
inoculated medium, as respiratory activity indicator. Then, TLC
plate containing the extract was placed on Petri dish and covered
with agar medium containing the microbial indicator. The material
was incubated at 37°C for 24 h. Bacterial growth was scored when
cells with respiratory activity were stained red (Choma and Grzelak,
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2011).

Pharmacological assays for
antiproliferative activity

determining in  vitro

The following human tumor cell lines were used for in vitro tests:
melanoma (UACC-62), ovarian cancer (OVCAR-03), resistant
ovarian cancer (NCI-ADR / RES), breast cancer (MCF-7), lung
cancer (NCI-460), kidney cancer (786-0), prostate cancer (PC-03),
colon cancer (HT-29), glioblastoma (U251) and leukemia (K-562),
provided by the NCI (National Cancer Institute), and a normal cell
line as control (epithelial cell from green monkey kidney, VERO).

Stock cultures were grown in medium containing 5 mL RPMI
1640 medium (GIBCO BRL) supplemented with 5% fetal bovine
serum. Cells in 96-well plates (100 pL cells/well) were exposed to
different samples of bacterial extract concentrations in dimethyl
sulfoxide (DMSO)/RPMI (0.25, 2.5, 25, and 250 g/mL) and
incubated at 37°C with 5% of CO, for 48 h. Final DMSO
concentration did not affect cell viability. Cells were fixed with 50%
trichloroacetic acid and cell proliferation was determined by
spectrophotometric quantification (540 nm) of cellular protein
content using sulforhodamine B assay. Doxorubicin chloridrate (0.1
mg/mg; Europharma) was used as a positive control.

Three measurements were obtained: at time zero (TO, at the
beginning of incubation) and 48 h post-incubation for compound
free (C) and tested (T) cells. Cell proliferation was determined
according to the equation 100 x [(T-TQ)/C-TO0], for TO<T <C, and
100 x [(T-TOQ)/TO], for T< TO. A concentration response curve for
each cell line was plotted using software Origin 8.0 (OriginLab
Corporation). From the concentration-response curve for each cell
line, total growth inhibition (TGI or cytostatic effect) value was
determined by non-linear regression analysis using the software
Origin 8.0® (OriginLab Corporation) (Shoemaker 2006).

Antimicrobial activity by disc diffusion test and minimum
inhibitory concentration (MIC)

The hexane extract of B. safensis SG-32 was solubilized in 5%
DMSO solution. Petri dishes containing Muller Hington medium
were seeded with 100 yL of the indicator strain at a concentration
108, by the spread-plate technique. Then 3 pL (1 mg) of extract
sample was spot-shaped on the disc, followed by incubation at
35°C. The absence of growth of the indicator strain showed the
antimicrobial activity.

MIC tests were carried out according to CLSI guidelines. The
following strains were used: Escherichia coli ATCC 11775;
Micrococcus luteus ATCC 4698; S. aureus ATCC 6538; B. subtilis
ATCC 6051 and C. albicans ATCC 10231 The stock solution of the
extract was diluted and transferred into the first well, and serial
dilutions were performed so that concentrations in the range of 1.6
to 0.012 mg/mL were obtained. The inoculum was added to all
wells and cell concentration was adjusted to approximately 5x10°
cells per mL, followed by incubation at 37°C during 24 h (bacteria)
or at 30°C for 48 h (yeast). Antimicrobial activity was detected by
adding 20 pL of 0.5% TTC aqueous solution. MIC was defined as
the lowest concentration that inhibited visible growth, as indicated
by the TTC staining (Eloff, 1998).

Anti-parasitic assay

Anti-parasitic assay was performed as described by Moraes et al.
(2014), using Trypanosoma cruzi strain Y. For the single-
concentration primary screening, samples were tested at 10 pg/mL;
100 pg/mL was the highest concentration in the confirmatory dose-

response assay, with ten 2-fold-dilution points; 104 ug/mL was the
highest concentration for the reference compound benznidazole.
The Operetta high-content automated imaging system (Perkin
Elmer) was used to acquire and analyze images. The analysis
output was based on several parameters: host cell number, ratio of
infected cells and number of parasites per infected cell. The ratio of
infected cells to total number of cells was then calculated, and
defined as the Infection Ratio (IR). The raw data for IR values were
normalized to negative — DMSO (mock)-treated infected cells — and
positive (non-infected cells) controls to determine the normalized
antiparasitic activity, expressed as a percentage of activity in
comparison to wells. Sample cytotoxicity effect was determined by
the cell ratio (number of cells in the test well divided by the average
number of cells in negative control wells).

RESULTS
Antimicrobial activity assay

Bacterial strains previously isolated from formation water
and crude oil samples from reservoirs located in Potiguar
(RN, Brazil) and Campos basins (Macaé, RJ, Brazil)
(Lopes-Oliveira et al., 2012; Silva et al., 2013), were
tested one against another as antimicrobial producers.
Among the 26 bacteria strains recovered from olil
samples, 16 inhibited growth of at least one of the strains
tested. The antimicrobial activity and inhibition halo size
of isolates are provided in Table 2. Seven strains of
Bacillus species, including B. firmus P1-1, B. thurigiensis
SG-20 and SG-15, and B. safensis SG-16, SG-14, SG-32
and SG-61, were the main antibiotic producers, inhibiting
at least 11(42%) of the other bacteria. Moreover, these
strains showed a broad antibacterial spectrum against
Gram-negative and Gram-positive target bacteria.

B. safensis SG-32 inhibited 76% of the tested strains

(Table 3). B. safensis SG-32 extracts were therefore
tested against several microorganisms by both the disc-
diffusion and microdilution assay. The results presented
in Table 3 shows that the soxhlet hexane extract retained
antibiotic activity against M. luteus and E. coli, whereas
the other extracts did not present inhibitory activity.
The antimicrobial potency of SG-32 hexane crude extract
was semi-quantitatively assessed by the presence or
absence of inhibition zones (Figure 1) and quantitatively
assessed by MIC values (Table 4). Maximal inhibition
zones for the microorganisms sensitive to the extract of
B. safensis SG-32 were in the range of 7 to 25 mm.

MIC values were in the range of 0.4 to 1.6 mg/mL. The
highest antibacterial activity was against S. aureus ATCC
6538 with a MIC of 0.4 mg/mL, followed by the activity
against B. subtilis ATCC 6051 with MIC of 0.8 mg/mL and
of 1.6 mg/mL against E. coli ATCC 11775 and M. luteus
ATCC 4698. No activity was observed against C.
albicans.

In vitro antiproliferative tests

Tumor growth inhibition (TGI) values in different fractions
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Table 2. Screening for antimicrobial activity of strains isolated from oil wells against each other.
Indicator strains
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B. firmus P1-1 - +++ - - - - +++ -+ - +++ - +++  +++ - -
B. thuringiensis P2-1 - - - - - - - - - - - - ++ R R B _ . _
B. thuringiensis SG20 - - - + + + - + + + - - ++ + + + + - -
M. lutaoensis AF20 - - - - - - - - - - - - - ; + . . } i}
B. safensis SG16 - + - + ++ - - + - + ++ ++ + - + - -
B. safensis SG14 - + - + + + + - - + ++ + - + _ _
B. safensis SG46 - + - + - - + - + - - - - - - + + - .
S. warneri SG52 - - - - - - - - - - + - - - + - - - -
B. safensis SG32 +H+ A + + o+t + + + + +++ - + ++ + + + ++
B. thuringiensis SG15 + + - - + + - + - + + + + + - + + - -
B. safensis SG61 - - - + + + - + + - + + + + - - - + +
M. luteus P4-4 - - - - - - - - - - + - - - - - - - -
S. albidoflavus GMR11 + - - - - - - - - R + . _ + _ . _ B B
R. cervicalis GMR9 - - - - - - - - + - - - - - - + - - -
B. simplex SG23-2 - - - - - - - - - - - + - - - - - ; -
B. sphaericus SG24 - - - + - - - - - - - - _ R _ - . _ _
P. stutzeri GMR14 - - - - - - - - - ++ - - - - + - - - R
B. diminuta GMR16 - - - - - - - - - - - + - - - - - + - -

*No zone of inhibition is represented by - ; + means zone of inhibition just above the spot; ++ means a clear zone of inhibition <3 mm; +++ means clear zones of inhibition >3 mm.

with anticancer activity were also assessed (Table
4). Values below 250 indicate anticancer activity
and the closer to zero the higher the inhibitory
capacity of the compound. Values above 250

indicated no activity and are represented only as >

250.

B. safensis extract presented antiproliferative
activity against UACC62 (TGI =

69.83 pg/mL),

NCI/ADR (TGI = 179.13 pg/mL), OVCAR (TGl =
249.86 pg/mL), HT29 (TGl = 168.10 ug/mL), 786-
0 (179.93 pg/mL) and a cytotoxic activity against
non-tumor cell VERO (TGI = 80.78 pg/mL). Other
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Table 3. Antimicrobial activity of B. safensis extracts.

Initial Extract Antibiogram
Sample volume/mass vield Solvent Extraction method Micro%%(I:icus/E.
Ethyl e
6 cafonsis SG.32 8L 1.087 g acetate Partition liquid/liquid - -
- SalensIs S 30 g of cell 128.5mg  Hexane Soxhlet + +
30 g of cell 519 mg Methanol Soxhlet - -

Table 4. TGI values of the crude extracts tested against tumor cell lines. The fraction highlighted in yellow was the one that showed

antimicrobial activity.

TGI (ug/mL)?

Extracts/cancer cell lines

UACC62 MCF7 NCI/ADR NCI460 PCO; OVCAR HT29 K562 VERO 786-0
°Ext. part. Hexane B. safensis >250 >250 >250 >250 >250 >250 >250 >250 >250 >250
Ext. part. Ethyl Acetate B. safensis 229.15 >250 212.83 >250 >250 >250 >250 >250 >250 >250
dExt. Sox. Hexane B. safensis 69.83 >250 179.13 >250 >250 249.86 168.10 >250 80.78 179.93
Ext. Sox. Ethyl Acetate B. safensis  >250 >250 >250 >250 >250 >250 >250 >250 >250 >250
Ext. Sox. Methanol B. safensis >250 >250 >250 >250 >250 >250 >250 >250 >250 >250
Doxorubicin® 1.38 >250 20.12 0.43 244 2472 2398 >250 38.41 1.41

Cancer cell lines, UACC-62 (melanoma); MCF-7 (breast); NCI-DR/RES (ovarian-resistant); NCI, H460 (lung); PC-03 (prostate); OVCAR-3
(ovarian); HT-29 (colon); K562 (leukemia); VERO (normal epithelial renal cell line, green monkey); 786-0 (kidney). * TGI, Total growth inhibition —
concentration that inhibited cell growth by 100%. The coefficients of variation obtained in these analyses were below 5%. P positive control. © Ext.
part., Extraction with partition liquid/liquid. ® Ext. Sox, Extraction of the cells pellet on soxhlet.

Figure 1. Inhibitory halo produced by 1
mg/mL extract of Bacillus safensis SG-32
(producer) against E. coli (red stained
overlayer). MA, disc containing the B.
safensis  hexane-extract; BDA, disc
containing B. safensis hexane extract
produced in Potato Dextrose Agar (PDA);
Falc, disc containing the B. safensis extract
produced in small aliquot in falcon tube; C,
negative control disc containing only the
solvent.

extracts presented no activity or activity at a TGI higher
than 210 pg/mL.

Antiparasitic assay

Antiparasitic assay was performed against T. cruzi Y
strain. The extract samples were tested at the single
concentration of 10 pg/mL, while the reference drug
benznidazole was tested at 104 pg/mL (400 uM) as a
positive control. Sample SG-32-HEX was considered
sufficiently active for further testing in dose-response as it
presented normalized antiparasitic activity superior to
50% and cell ratio greater than 0.5 (Figure 2).

Preliminary characterization of the antimicrobial
compound

B. safensis SG-32 extract was fractionated and purified
by silica column chromatography. The solvent which best
separated the active compounds was hexane. Fractions
with  antimicrobial activity were identified by
bioautography assay, resulting in one fraction with
antimicrobial activity denominated fraction 3 (Figure 3).
The fraction was then analyzed by nuclear magnetic
resonance spectroscopy. More details about molecular
characterization are in (Appendix A: Attachment 1- 8
supplementary materials).

Comparison of the experimental results based on NMR
and literature data (Allbutt et al., 1971; Ayer et al., 1984;
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Figure 2. Samples activity profile against osteosarcoma-derived
human cell line U20S cells infected with T. cruzi amastigotes:
normalized activity (in % - black columns -) and cell ratio (red
columns). The samples tested concentration was 10 pg/mL. Error
bar indicates standard deviation from 2 independent experiments.

Nicoletti et al., 1996; Kenmoku et al., 2002; Kamo et al.,
2004; Marcotullio et al., 2007; Urzua et al., 2008; Dong et
al., 2009; Enquist and Stoltz 2009; Kobayakawa and
Nakada, 2014) suggested that the compound obtained in
fraction 3 of the cultivation extract of B. safensis SG-32 is
a diterpene with a "Cyathin"-like basic skeleton (Appendix
A: Attachment 1- 8 supplementary materials).

DISCUSSION

In this study, we have focused on extremophiles isolated
from oil environments as a potential source for novel
antimicrobial compounds. The wuse of classical
antimicrobials for application in pharmacological tests has
been well documented, but the need for novel
antimicrobial compounds appears particularly urgent as
many pathogenic bacteria become resistant to the
conventional antibiotics (Martinez et al., 2009; Davies
and Davies, 2010). Antibiosis screening has long been
used for screening potential drugs. It is an old fashion
way to prospect new compounds but, as said by Lewis
(2012), “we should reactivate the platform used by
Waksman (the discoverer of streptomycin) for the
detection of new antibiotics”. The strategy involves
reworking with antibiosis, employed in the 1950s, for
antibiotic screening.

The capacity of Bacillus species to produce substances
with antimicrobial activity against a wide variety of
microorganisms is well documented (Walker and
Abraham, 1970; Nakano and Zuber, 1990; Leifert et al.,
1995; Korenblum et al., 2005a). Of the strains tested, B.
safensis SG-32 was selected for further characterization
due to its ability to inhibit more than 70% of the indicator
strains tested. Strain SG-32 was preliminarily identified
as B. pumilus by 16S rRNA gene sequencing (Da Cruz et
al., 2010), but recently, sequencing of DNA gyrase
subunit B gene allowed the correct identification of isolate
SG-32 as belonging to the B. safensis group (Lopes-
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Figure 3. Bioautography test against B. subtilis
indicator strain (overlayer stained in red). Blue
circle shows the inhibition spot of sample 3.

oliveira et al., 2012).

The hexane extract using the soxhlet extraction method
presented a broad range of activities against indicator
bacterial strains. However, MIC assay did not present a
powerful activity even though there was activity detected
in the disc diffusion tests. The highest activity was
against S. aureus, but not at a concentration considered
practical for antibiotic use (Ling et al., 2015). One
explanation could be the use of hexane (non-polar
solvent) as extraction solvent, making it difficult to
dissolve the active compound in aqueous culture medium
for the MIC experiment.

According to Demain (1999), most of the important
antitumor compounds used for chemotherapy are
microbially-produced antibiotics (Oki, 1977; Tomasz,
1995). These include actinomycin D, mitomycin,
bleomycins, and the anthracyclines; daunorubicin and
doxorubicin (Zhang and Demain, 2005). A recent active
molecule, taxol (= paclitaxel), was originally discovered in
plants (Wall and Wani, 1995), but has also been found to
be a microbial metabolite (Stierle et al., 1993).

Doxorubicin used in this study as a positive control
showed a strong positive effect as antiproliferative drug
against most of the cell lines tested. Nevertheless,
doxorubicin is a pure substance and is therefore
expected to present better activity in comparison with
complex mixtures of substances, such as crude extracts.
According to Fouche et al. (2008), extracts of natural
products with anti-proliferative activity can be classified
as inactive (TGI> 50 pg/mL), low activity (15 pg/mL
<TGI< 50 pg/mL), moderate activity (6.25 pg/mL <TGl
<15 pg/mL), and potent activity (TGl <6.25 pg/mL). The
anti-proliferative activities of B.safensis SG-32 showed
results above 50 pug/mL. The low activity of the crude
extract might be explained by the fact that the substance
responsible for the activity is present at a low
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concentration in the crude extract. Comparison with pure
compounds such as doxorubicin chemotherapy should be
performed, when the entity in the crude extract has been
isolated.

The antiparasitic test was performed against T. cruzi,
the causative agent of Chagas disease (American
trypanosomiasis), which is a chronic tropical infectious
disease endemic in Latin America. The protozoan
parasite T. cruzi occurs throughout the American
continent and is transmitted by the triatomine bug insect
vector, infecting a variety of mammals, including humans.
Antiparasitic activity of SG-32 HEX was sufficiently
promising in primary screening at single concentration;
however more studies are necessary for further
confirmation.

B. safensis possesses properties of biotechnological
interest, for example, plant growth-promoting traits
(Kothari et al., 2013), production of various industrially
applicable enzymes (Tomova et al., 2013; Kumar et al.,
2014) and secondary metabolites (Khaneja et al., 2010;
Domingos et al., 2015). In addition, as its pathogenicity
has never been evidenced, it may be considered a
potential target for further biotechnological exploitation
(Lateef et al., 2015).

The structural characteristics of the antimicrobial
compound produced by B. safensis SG-32 was
determined as a diterpene of the Cyathin-type. According
to Enquist and Stoltz (2009), this class of diterpenes has
been isolated from various organisms, such as fungi and
sponges, but there are no reports so far of this class of
compound being produced by bacteria. Diterpenoids,
composed by four isoprene units, include the cyathane
family of natural products (Dixon et al., 2011). Members
of the cyathane family are related to each other by a
characteristic 5-6-7 tricarbocyclic fused-core structure,
derived from the cyclization of geranylgeranyl
diphosphate (Enquist and Stoltz, 2009). Besides the
antimicrobial and antitumor activities, this class of
compounds has shown ability to stimulate the synthesis
of Nerve Growth Factor (NGF), a capacity that implicates
their potential as therapeutic agents to treat
neurodegenerative ailments such as Alzheimers or
Parkinson’s disease (Kawagishi et al., 1994; Kawagishi et
al., 1996; Connor and Dragunow, 1998; Kita et al., 1998;
Ma and Liu, 2005; Ma et al., 2010). These factors are
important for the development, growth, and maintenance
of the central and peripheral nervous systems. Studies
have indicated that supplemental NGF consumption can
offer cytoprotection and stimulate the outgrowth of
neuritic projections (Wright et al., 1999). It is assumed
that functional deficiency of NGF is related to Alzheimer's
disease and plays a role in the etiology of the disease
process (Allen and Dawbarn, 2006). NGF is expected to
be used in the future for the treatment of Alzheimer's
disease (Takei et al., 1997). Further tests must be carried
out to check which kind of Cyathin is the main one for B.
safensis.

More biotechnological studies in untapped environments
such as oil reservoirs are desirable. B. safensis is a strain
with the ability to produce metabolite(s) with biological
potential. The production of Cyathin-like compound using
bacteria, based on simpler handling and lower cost
methods should be exploited. Further improvements to

obtain vyield increase of compound(s) need more
research
ACKNOWLEDGMENTS

The authors would like to thank PETROBRAS for the
financial support and authorization to publish this work.
This work was carried out under Petrobras and FAPESP
17936-1 funding.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Ayer WJ, Flanagan R, Reffstrup T (1984). Metabolites of bird’s nest
fungi-19. New triterpenoid carboxylic acids from cyathus striatus
and cyathus pygmaeus. Tetrahedron 40:2069-2082.

Allbutt AD, Ayer WA, Brodie HJ, Johri BN, Taube H (1971). Cyathin,
a new antibiotic complex produced by Cyathus helenae.
Canadian Journal of Microbiology 17:1401-1407.

Allen SJ, Dawbarn D (2006). Clinical relevance of the neurotrophins
and their receptors. Clinical Science 110:175-191.

Anthony BF, Giuliano DM, Oh W, Bauer AW (1972). Nursery
Outbreak of Staphylococcal Scalded Skin Syndrome. Journal of
Diseases of Children 124:41.

Bermudez J, Davies C, Simonazzi A, Pablo Real J, Palma S (2016).
Current drug therapy and pharmaceutical challenges for Chagas
disease. Acta Tropica 156:1-16.

Boulanger N, Munks RJL, Hamilton J V., Vovelle F, Brun R, Lehane
MJ, Bulet P (2002). Epithelial innate immunity: A novel
antimicrobial peptide with antiparasitic activity in the blood-
sucking insect stomoxys calcitrans. Journal of Biological
Chemistry 277:49921-49926.

Bull AT, Ward AC, Goodfellow M (2000). Search and discovery
strategies for biotechnology: The paradigm shift. Microbiology
and Molecular Biology Reviews 64(3):573-606.

Burkholder PR, Pfister RM, Leitz FH (1966). Production of a pyrrole
antibiotic by a marine bacterium. Applied Microbiology 14:649-
653.

Cherif A, Chehimi S, Limem F, Hansen BM, Hendriksen NB,
Daffonchio D, Boudabous A (2003). Detection and
characterization of the novel bacteriocin entomocin 9, and safety
evaluation of its producer, Bacillus thuringiensis ssp.
entomocidus HD9. Journal of Applied Microbiology 95:990-1000.

Choma IM, Grzelak EM (2011). Bioautography detection in thin-
layer chromatography. Journal of Chromatography A
1218(19):2684-2691.

Connor B, Dragunow M (1998). The role of neuronal growth factors
in neurodegenerative disorders of the human brain. Brain
Research Reviews 27(1):1-39.

Coura JR, De Castro SL (2002). A critical review on chagas disease
chemotherapy. Memodrias do Instituto Oswaldo Cruz 97(1):3-24.

Da Cruz GF, Angolini CFF, De Oliveira LG, Lopes PF, De



Vasconcellos SP, Crespim E, De Oliveira VM, Dos Santos Neto
E V., Marsaioli AJ (2010). Searching for monooxygenases and
hydrolases in bacteria from an extreme environment. Applied
Microbiology and Biotechnology 87:319-329.

Davies J, Davies D (2010). Origins and evolution of antibiotic
resistance. Microbiology Molecular Biology Review 74:417-433.
Demain AL (1999). Pharmaceutically active secondary metabolites
of microorganisms. Applied Microbiology and Biotechnology

52:455-463.

Demain AL (2000).
Biotechnology 18:26-31.

Demain AL, Adrio JL (2008). Contributions of microorganisms to
industrial biology. Molecular Biotechnology 38:41-55.

Demain AL, Sanchez S (2009). Microbial drug discovery: 80 years
of progress. Journal of Antibiotics (Tokyo) 62:5-16.

Dixon E, Schweibenz T, Hight A, Kang B, Dailey A, Kim S, Chen
MY, Kim Y, Neale S, Groth A, lke T, Khan S, Schweibenz B, Lieu
D, Stone D, Orellana T, Couch RD (2011). Bacteria-induced
static batch fungal fermentation of the diterpenoid cyathin A3, a
small-molecule inducer of nerve growth factor. Journal of
Industrial Microbiology and Biotechnology 38:607-615.

Domingos DF, de Faria AF, de Souza Galaverna R, Eberlin MN,
Greenfield P, Zucchi TD, Melo IS, Tran-Dinh N, Midgley D, de
Oliveira VM (2015). Genomic and chemical insights into
biosurfactant production by the mangrove-derived strain Bacillus
safensis CCMA-560. Applied Microbiology and Biotechnology
99:3155-3167.

Dong M, Chen SP, Kita K, Ichimura Y, Guo WZ, Lu S, Sugaya S,
Hiwasa T, Takiguchi M, Mori N, Kashima A, Morimura K, Hirota
M, Suzuki N (2009). Anti-proliferative and apoptosis-inducible
activity of Sarcodonin G from Sarcodon scabrosus in HelLa cells.
International journal of oncology 34:201-207.

Eloff JN (1998). A sensitive and quick microplate method to
determine the minimal inhibitory concentration of plant extracts
for bacteria. Planta Medica 64:711-713.

Enquist, Jr. JA, Stoltz BM (2009). Synthetic efforts toward cyathane
diterpenoid natural products. Natural product reports 26:661.

Feling RH, Buchanan GO, Mincer TJ, Kauffman CA, Jensen PR,
Fenical W (2003). Salinosporamide A: A highly cytotoxic
proteasome inhibitor from a novel microbial source, a marine
bacterium of the new genus Salinospora. Angewandte Chemie
International Edition 42:355-357.

Fouche G, Cragg GM, Pillay P, Kolesnikova N, Maharaj VJ, Senabe
J (2008). In vitro anticancer screening of South African plants.
Journal of Ethnopharmacology 119:455-461.

Gaspar D, Salomé Veiga A, Castanho MARB (2013). From
antimicrobial to anticancer peptides. A review. Frontiers in
Microbiology 4:294.

Gray EJ, Di Falco M, Souleimanov A, Smith DL (2006). Proteomic
analysis of the bacteriocin thuricin 17 produced by Bacillus
thuringiensis NEB17. FEMS Microbiology Letters 255:27-32.

Hoskin DW, Ramamoorthy A (2008). Studies on anticancer
activities of antimicrobial peptides. Biochimical Biophysics Acta —
Biomembrane 1778(2):357-375.

Hyronimus B, Le Marrec C, Urdaci MC (1998). Coagulin, a
bacteriocin-like inhibitory substance produced by Bacillus
coagulans 14. Journal of Applied Microbiology 85:42-50.

Kamo T, Imura Y, Hagio T, Makabe H, Shibata H, Hirota M (2004)
Anti-inflammatory  cyathane diterpenoids from  Sarcodon
scabrosus. Bioscience, biotechnology, and biochemistry
68:1362-1365.

Kamoun F, Mejdoub H, Aouissaoui H, Reinbolt J, Hammami A,
Jaoua S (2005). Purification, amino acid sequence and
characterization of Bacthuricin F4, a new bacteriocin produced by
Bacillus thuringiensis. Journal of Applied Microbiology 98:881-
888.

Kawagishi H, Shimada A, Hosokawa S, Mori H, Sakamoto H,

Microbial  biotechnology. Trends in

Silva et al. 905

Ishiguro Y, Sakemi S, Bordner J, Kojima N, Furukawa S (1996).
Erinacines E, F, and G, stimulators of nerve growth factor (NGF)-
synthesis, from the mycelia of Hericium erinaceum. Tetrahedron
Letters 37:7399-7402.

Kawagishi H, Shimada A, Shirai R, Okamoto K, Ojima F, Sakamoto
H, Ishiguro Y, Furukawa S (1994). Erinacines A, B and C strong
stimulartors of nerve growth factor synthesis fromthe mycelia of
Hericium erinaceum. Tetrahedron Letters 35:1569-1572.

Kenmoku H, Shimai T, Toyomasu T, Kato N, Sassa T (2002).
Erinacine Q, a new erinacine from Hericium erinaceum, and its
biosynthetic route to erinacine C in the basidiomycete.
Bioscience, biotechnology, and biochemistry 66:571-575.

Kennedy J, Flemer B, Jackson SA, Lejon DPH, Morrissey JP,
O’Gara F, Dobson ADW (2010). Marine metagenomics: New
tools for the study and exploitation of marine microbial
metabolism. Marine Drugs 8:608-628.

Khaneja R, Perez-Fons L, Fakhry S, Baccigalupi L, Steiger S, To E,
Sandmann G, Dong TC, Ricca E, Fraser PD, Cutting SM (2010).
Carotenoids found in Bacillus. Journal of Applied Microbiology
108:1889-1902.

Kita T, Takaya Y, Oshima Y, Ohta T, Aizawa K, Hirano T, Inakuma
T (1998). Scabronines B, C, D, E and F, novel diterpenoids
showing stimulating activity of nerve growth factor-synthesis,
from the mushroom Sarcodon scabrosus. Tetrahedron 54:11877-
11886.

Kobayakawa Y, Nakada M (2014). Enantioselective total synthesis
of (—)-cyathin B2. Journal of Antibiotics (Tokyo) 67:483-485.

Korenblum E, Sebastian GV, Paiva MM, Coutinho CMLM,
Magalhdes FCM, Peyton BM, Seldin L (2008) Action of
antimicrobial substances produced by different oil reservoir
Bacillus strains against biofilm formation. Applied Microbiology
and Biotechnology 79:97-103.

Korenblum E, Von Der Weid I, Santos ALS, Rosado AS, Sebastian
GV, Coutinho CMLM, Magalhdes FCM, De Paiva MM, Seldin L
(2005a). Production of antimicrobial substances by Bacillus
subtilis LFE-1, B. firmus H20-1 and B. licheniformis T6-5 isolated
from an oil reservoir in Brazilian Journal of Applied Microbiology
98:667-675. doi: 10.1111/j.1365-2672.2004.02518.x

Korenblum E, von der Weid |, Sebastian GV, Seldin L, de Paiva
MM, Magalhdes FCM, Coutinho CMLM (2005b). Inhibition of
Biofilm Formation of Bacillus Pumilus by Antimicrobial
Substances Produced by Different Oil Reservoir Bacillus Strains.
2nd Mercosur Congress of Chemical Engineering, Rio Janeiro,
14-18 August 2005 2-7.

Kothari VV, Kothari RK, Kothari CR, Bhatt VD, Nathani NM, Koringa
PG, Joshi CG, Vyas BRM (2013). Genome Sequence of salt-
tolerant Bacillus safensis strain VK, isolated from saline desert
area of Gujarat, India. Genome Announcement 1:2046.

Kumar D, Parshad R, Gupta VK (2014). Application of a statistically
enhanced, novel, organic solvent stable lipase from Bacillus
safensis DVL-43. International Journal of Biological
Macromolecules 66:97-107.

Lateef A, Adelere IA, Gueguim-Kana EB (2015). The biology and
potential biotechnological applications of Bacillus safensis.
Biologia 70:411-419.

Leifert C, Li H, Chidburee S, Hampson S, Workman S, Sigee D,
Epton HAS, Harbour A (1995). Antibiotic production and
biocontrol activity by Bacillus subtilis CL27 and Bacillus pumilus
CL45. Journal of Applied Bacteriology 78:97-108.

Lewis K (2012). Antibiotics: Recover the lost art of drug discovery.
Nature 485:439-440.

Ling LL, Schneider T, Peoples AJ, Spoering AL, Engels I, Conlon
BP, Mueller A, Hughes DE, Epstein S, Jones M, Lazarides L,
Steadman VA, Cohen DR, Felix CR, Fetterman KA, Millett WP,
Nitti AG, Zullo AM, Chen C, Lewis K (2015). A new antibiotic kills
pathogens without detectable resistance. Nature 517:455-459.

Lopes-oliveira PF, Vasconcellos SP, Angolini CFF, Cruz GF,



906 Afr. J. Microbiol. Res.

Marsaioli AJ, Neto EVS, Oliveira VM (2012). Taxonomic Diversity
and Biodegradation Potential of Bacteria Isolated from Oil
Reservoirs of an Offshore Southern Brazilian Basin. Journal of
Petroleum Environmental Biotechnology 3:1-14.

Ma BJ, Shen JW, Yu HY, Ruan Y, Wu TT, Zhao X (2010).
Hericenones and erinacines: stimulators of nerve growth factor
(NGF) biosynthesis in Hericium erinaceus. Mycology 1:92-98.

Ma BJ, Liu JK (2005). A new bitter diterpenoid from Sarcodon
scabrosus. Journal of Basic Microbiology 45:328-330.

Marcotullio MC, Pagiotti R, Maltese F, Oball-Mond Mwankie GN,
Hoshino T, Obara Y, Nakahata N (2007). Cyathane diterpenes
from Sarcodon cyrneus and evaluation of their activities of
neuritegenesis and nerve growth factor production. Bioorganic
Medical Chemistry 15:2878-2882.

Martinez JL, Fajardo A, Garmendia L, Hernandez A, Linares JF,
Martinez-Solano L, Sanchez MB (2009). A global view of
antibiotic resistance. FEMS Microbiology Review 33:44-65.

Moraes CB, Giardini MA, Kim H, Franco CH, Araujo-Junior AM,
Schenkman S, Chatelain E, Freitas-Junior LH (2014).
Nitroheterocyclic compounds are more efficacious than CYP51
inhibitors against Trypanosoma cruzi: implications for Chagas
disease drug discovery and development. Scientific reports
4:4703. doi: 10.1038/srep04703

Nakano MM, Zuber P (1990). Molecular biology of antibiotic
production in Bacillus. Critical reviews in biotechnology 10:223-
40.

Nicoletti M, Di Fabio A, D’Andrea A, Salvatore G, Van Baren C,
Coussio JD (1996). Diterpenoid acids from Mulinum spinosum.
Phytochemistry 43:1065-1067.

Obara Y, Nakahata N (2002). The signaling pathway of
neurotrophic factor biosynthesis. Drug News Perspect 15:290-
298.

Oki T (1977). New anthracycline antibiotics. The Japanese Journal
of Antibiotics 30:70-84.

Paik HD, Bae SS, Park SH, Pan JG (1997). Identification and partial
characterization of tochicin, a bacteriocin offduced by Bacillus
thuringiensis  subsp  tochigiensis. Journal of Industrial
Microbiology and Biotechnology 19:294-298. doi:
10.1038/sj.jim.2900462

Peng J, Avery MA, Hamann MT (2003). Cyanthiwigin AC and AD,
Two Novel Diterpene Skeletons from the Jamaican Sponge
Myrmekioderma styx. Organic Letters 5:4575-4578.

Peng J, Kasanah N, Stanley CE, Chadwick J, Fronczek FR,
Hamann MT (2006). Microbial metabolism studies of cyanthiwigin
B and synergetic antibiotic effects. Journal of Natural Products
69:727-730.

Pérez LB, Fenical W (2017). Accessing Marine Microbial Diversity
for Drug Discovery. In: Microbial Resources: From Functional
Existence in Nature to Applications pp. 169-187.

Risgen PA, Rgnning P, Hegna IK, Kolste AB (2004).
Characterization of a broad range antimicrobial substance from
Bacillus cereus. Journal of Applied Microbiology 96:648-655.

Romero F, Espliego F, Pérez Baz J, Garcia de Quesada T,
Gravalos D, de la Calle F, Fernandez-Puentes JL (1997).
Thiocoraline, a new depsipeptide with antitumor activity produced
by a marine Micromonospora. |. Taxonomy, fermentation,
isolation, and biological activities. Journal of Antibiotics (Tokyo)
50:734-737.

Rossi JV, Roberts MA, Yoo HD, Gerwick WH (1997). Pilot scale
culture of the marine cyanobacterium Lyngbya majuscula for its
pharmaceutically-useful natural metabolite curacin A. Journal of
Applied Phycology 9:195-204.

Sennett SH, Pomponi SA, Wright AE (1992). Diterpene metabolites
from two chemotypes of the marine sponge Myrmekioderma styx.
Journal of Natural Products 55:1421-1429.

Shibata H, Irie A, Morita Y (1998). New antibacterial diterpenoids
from the Sarcodon scabrosus fungus. Bioscience Biotechnology
and Biochemistry 62:2450-2452.

Shoemaker RH (2006). The NCI60 human tumour cell line
anticancer drug screen. Nature Reviews Cancer 6:813-823.

Silva TR, Verde LCL, Santos Neto EV, Oliveira VM (2013). Diversity
analyses of microbial communities in petroleum samples from
Brazilian oil fields. International Biodeterioration and
Biodegradation 81:57-70.

Simmons TL, Nogle LM, Media J, Valeriote FA, Mooberry SL,
Gerwick WH (2009). Desmethoxymajusculamide C, a
cyanobacterial depsipeptide with potent cytotoxicity in both cyclic
and ring-opened forms. Journal of Natural Products 72:1011-
1016.

Slusarenko A, Longland A, Whitehead | (1989). A convenient,
sensitive and rapid assay for antibacterial activity of phytoalexins.
Botanica Helvetica 99:203-207.

Spellberg B, Bartlett JG, Gilbert DN (2013). The future of antibiotics
and resistance. New England Journal of Medicine 368:299-302.
Spellberg B, Powers JH, Brass EP, Miller LG, Edwards JE (2004).
Trends in antimicrobial drug development: Implications for the

future. Clinical Infection Diseases 38:1279-1286.

Stierle A, Strobel G, Stierle D (1993). Taxol and taxane production
by Taxomyces andreanae, an endophytic fungus of Pacific yew.
Science 260:214-216.

Takei N, Sasaoka K, Inoue K, Takahashi M, Endo Y, Hatanaka H
(1997). Brain-derived neurotrophic factor increases the
stimulation-evoked release of glutamate and the levels of
exocytosis-associated proteins in cultured cortical neurons from
embryonic rats. Journal of Neurochemistry 68:370-375.

Tomasz M (1995). Mitomycin C: small, fast and deadly (but very
selective). Chemical Biology 2:575-579.

Tomova |, Lazarkevich |, Tomova A, Kambourova M, Vasileva-
Tonkova E (2013). Diversity and biosynthetic potential of
culturable aerobic heterotrophic bacteria isolated from Magura
Cave, Bulgaria. International Journal of Speleology 42:65-76.

Urzia A, Rezende MC, Mascayano C, Vasquez L (2008). A
structure-activity study of antibacterial diterpenoids. Molecules
13:882-891.

Wachter GA, Matoog G, Hoffmann JJ, Maiese WM, Singh MP,
Montenegro G, Timmennann BN (1999). Antibacterial diterpenoid
acids from Azorella compacta. Journal of Natural Products
62:1319-1321.

Walker JE, Abraham EP (1970). Isolation of bacilysin and a new
amino acid from culture filtrates of Bacillus subtilis. Biochemical
Journal 118:557-561.

Wall ME, Wani MC (1995). Camptothecin and Taxol: Discovery to
Clinic—Thirteenth Bruce F. Cain Memorial Award Lecture.
Cancer Research 55:753-760.

Wright DL, Whitehead CR, Sessions EH, Ghiviriga |, Frey DA
(1999). Studies on inducers of nerve growth factor: synthesis of
the cyathin core. Organic Letters 1:1535-1538.

Zhang L, Demain AL (2005). Natural products: Drug discovery and
therapeutic medicine 382 p.



Silva et al. 907

Appendix A
Supplementary materials

Attachment 1: Spectrum observed by **C NMR (125,6MHz) of the major component of fraction 3

Attachment 2: Fraction 3 of B. safensis SG-32, 'H NMR spectrum (499.88 MHz) in CDCl; for major compound
Attachment 3: Fraction 3 of B. safensis SG-32, RMN**C spectrum (125,69 MHz) obtained from DEPT pulse.
Attachment 4: Spectrum "H NMR (499.88 MHz) x **C (125.69 MHz) in CDCl; obtained in the HMBC pulse sequence for
the major fraction of compound 3 of B. safensis extract.

Attachment 5: Spectrum "H NMR (499.88 MHz) x **C (125.69 MHz) in CDClI; obtained in the HSQC pulse sequence for
the major fraction of compound 3 of B. safensis extract

Attachment 6: NMR Spectrum *H x 'H (499.88 MHz) in CDCI3 obtained in the pulse sequence for the major fraction of
compound 3.

Attachment 7: NMR'H spectral data of the isolated compound and **C (11 Tesla, CDCls).

Attachment 8: The hypothetical skeleton of Cyathin compound.



