C. R. Biologies 340 (2017) 324-329

Contents lists available at ScienceDirect

Comptes Rendus Biologies

www.sciencedirect.com

Microbiology: bacteriology, mycology, parasitology, virology
Microbiologie : bactériologie, mycologie, parasitologie, virologie

Evaluation of the biotechnological potential of ® CrossMatk
. . Pkl

bacterioplankton from Niteroi coast, R]

Marcelly Miranda Aybal Jayme **, Rebeca Oliveira Castro®,

Carlos André Mandarino Silva ®, Mariana Muniz Silva®, Flavia Lima do Carmo ¢,

Fabio Vieira de Araujo”

@ Faculdade de Ciéncias Médicas, Universidade do Estado do Rio de Janeiro, Avenida professor Manuel de Abreu, 444, Vila Isabel, 2550-170

Rio de Janeiro, RJ, Brazil

Y Faculdade de Formacdo de Professores, Universidade do Estado do Rio de Janeiro, Sdo Goncalo Rua Dr. Francisco Portela, 1470, Patronato,

24435-005 Sdo Gongalo, RJ, Brazil

€ Instituto de Microbiologia-Universidade Federal do Rio de Janeiro, Avenida Carlos Chagas Filho, Cidade Universitdria, 21941-590 Rio de

Janeiro, RJ, Brazil

ARTICLE INFO ABSTRACT

Article history: Production of antibiotics and enzymes by microorganisms is well recognized for its

Received 24 March 2017 economic benefits. Searching potentially exploitable microorganisms, strains of hetero-

Accepted after revision 6 June 2017 trophic bacteria were isolated from marine and estuarine waters in Niter6i-R], Brazil, and

Available online 19 July 2017 tested for the production of enzymes and antimicrobial substances. From the 76 isolated
colonies, 09.21% showed antimicrobial potential, 63.16% showed enzymatic activity for at

Keywords: least one of the substrates tested and 91% showed multidrug resistance. Strains that

Heterotrophic bacteria presented the better results were identified by sequencing. The species identified are

Biotechnological potential widely distributed in many different types of environments, having been isolated

Marine environments previously from marine environment. Our results suggest that marine and estuarine

waters can be a source for bioprospecting bacteria with potential biotechnological uses.
© 2017 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction In coastal environments, multiple environmental fac-

tors can alter the composition of this community,
including salinity, inorganic nutrient concentrations,
turbidity and the concentration of organic labile
compounds [1]. The anthropogenic effects, mainly through
the discharge of sewage and chemicals such as pesticides,
hormones and antibiotics widely used in human and
veterinary clinics can interfere in these variables and
introduce potential enteropathogens that can possess
antimicrobials resistance genes. Considering that, in
T . ) ) . aquatic environments, horizontal transfer of genetic
canac, Ol{irssg:?:gzﬁoémhor' R- Sdo Francisco Xavier, 524-3andar-Mara- material is intense, the anthropogenic influence is a threat

E-mail address: Marcelly Miranda Aybaljayme® marcellyjayme@ya- to public health, since opportunistic pathogens may
hoo.com.br. acquire resistance to drugs through this mechanism [3].

Bacterioplankton consist of bacteria that live suspended
in the water column, with great role in the ecology of coastal
ecosystems, participating in processes such as nutrient
cycling, production and decomposition of organic matter
and regulation of the main biogeochemical cycles, beyond
the control of a substantial fraction of the overall carbon flux
in a process that is known as “microbial loop” [1,2].
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To be adapted and survive in the marine ecosystem,
with all its variables, marine microorganisms accumulate
bioactive secondary metabolites structurally unique, many
not being found in terrestrial organisms. For this reason,
researches of marine bacteria as a source of biotechnology
are increasing, since these compounds have important
applications with high economic value in the textile,
pharmaceutical, and cosmetic industries, for example. In
contrast to macroorganisms, microorganisms represent
promising sources of natural products that have the
advantage of viable and sustainable production of large
amounts of secondary metabolites, at a reasonable cost by
large-scale cultivation [4].

The coastline of Niter6i, Rio de Janeiro, Brazil, has for
years a large load pollution [5] contaminating its waters and
thereby enabling the occurrence of species that produce
bioactive compounds in their bacterioplankton community.
Thus, this study aimed to isolate in this community, bacteria
with potential application in biotechnology.

2. Methods
2.1. Collection

Over three years (September 2007 to September 2010),
water samples were collected monthly in different beaches
of the city of Niter6i, R], some of them inside of Guanabara
bay: Gragoatd (22°54'17” S; 43°08'08”"W), Boa Viagem
(22°54/'30” S; 43°07'47" W), Praia das Flechas (22°54'16.8"
S; 43°07'22"” W), Icarai (22°54'37.4" S; 43°06'37"” W), Sdo
Francisco(22°54'59.3"'S;43°05'42.2""W),Charitas (22°54'17"
S; 43°08'08” W), Jurujuba (22°55'36" S; 43°07'06.8” W) and
Addo e Eva (22°55'45.2" S; 43°07'20.7” W) and others as
Prainha de Piratininga (22°57'11.5” S; 43°05'52.1" W),
Praia de Piratininga (22°57'16.3" S; 43°05'03.6” W), Cam-
boinhas (22°57'42" S; 43°03'17.4” W), Itaipu (22°58'13.3"
S; 43°02'43.8” W)andItacoatiara(22°58'28" S; 43°01'55"W)
located in oceanic region of Niteroi.

2.2. Isolation of bacteria from bacterioplankton

Water samples obtained at each station were inoculat-
ed by spread plates technique [6] in Petri plates containing
nutrient agar culture medium and incubated for one week
at room temperature. Colonies with distinct morphological
characteristics were isolated, purified and stored in tubes
containing nutrient agar and covered with mineral oil.

2.3. Antimicrobial compounds production test

To test the production of antimicrobial compounds, an
adaptation of the method described by Giambiagi-Marval
et al. [7] was used.

The antimicrobial production potential of the strains
tested was observed by their capacity to inhibit the growth
of the bacteria type Staphylococcus aureus (ATCC29213)
and Escherichia coli (ATCC25922) provided by the Molecu-
lar Microbial Ecology Laboratory of the Institute of
Microbiology Professor Paulo de Gées (IMPPG) UFR].

The inhibition of growth was determined by the
presence of a halo without bacteria type growing around

the strain tested. The strains that showed this halo were
considered positive and the inhibition was measured as
weak (halo between 0-10 mm); medium (halo between
11-20 mm) and strong (halo greater than 20 mm).

2.4. Enzyme activity test

For the detection of amylolytic and proteolytic activity
of casein, were used the methods described by Willians
et al. [8] and for the detection of lytic activity, was used the
method described by Bairagi et al. [9].

The enzymatic activity was determined by the ratio
between the diameter of substrate degradation halo and
the diameter of the colony tested. This relationship is
called enzymatic index (I)%.

The strains with enzymatic index over 20 mm were
considered strains with a high potential to degrade the
substrate offered for testing [10].

I)? :g >20 mm

H =halo diameter; C=colony diameter
2.5. Antimicrobial susceptibility testing

The test for investigating antimicrobial susceptibility
was performed according to standards established by the
Clinical and Laboratory Standards Institute [11] using the
diffusion method Kirby-Bauer disk. The colonies were
tested for the following antimicrobial agents: amikacin
30mg, ampicillin 10 mg, cefotaxime 30mg, cefoxitin
30 mg, ciprofloxacin 5 mg, chloramphenicol 30 mg, tetra-
cycline 30 mg, gentamicin 10 mg and cephalothin 30 mg.
Multidrug resistance profile according Magiorakos et al.
(2012) [12] is defined by the resistance to three or more
classes of antimicrobials tested.

2.6. Sequencing

Some strains that presented positive results for any of
the tests performed and showed resistance to multiple
antibiotics were selected and had their genomic DNA
extracted by thermal shock and purified with the Qiaquick
PCR Purification Kit (Qiagen®™). After purification, the DNA
underwent polymerase chain reaction for amplification of
bacterial 16S rRNA using primers 27 and 532FB and
907 and 1492RAB. The polymerase chain reaction was
performed containing Taq polymerase 5U, dNTP (25 mM),
10 x buffer, MgCl, (50mM), 1l of each primer to
100 pmol, 1 pl of DNA and sterile MilliQ water to complete
to 50 pl. The temperature cycling protocol was set as
follows: initial holding, 5 min at 94 C, followed by 35 cycles
of: denaturation, 1 min 30's at 94 C; annealing, 1 min 30's
at 52 C and extension, 2 min at 72 C. Final holding, 15 min
at 72 C to assure that all the products were annealed to
their double-stranded form. The samples were cooled to
4°C at the end. The amplicons were sent to the Genome
Laboratory of the Department of Biochemistry at UER] for
performing the sequencing.
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The reaction mixture for sequencing consisted of Big
Dye Terminator v 3.1 sequencing buffer, 5 x sequencing
buffer, primers 27and 532FB and 907 and 1492RAB
(3.2 pmol/ul), 150 ng of DNA and sterile MilliQ water to
complete to 10wl This mix was forwarded to the
sequencer 3500 Genetic Analyser (Applied Biosystems™,
Thermoscientific) programmed with 28 cycles of denatur-
ing temperature at 95 C for 1 min, annealing temperature
at 95 C for 15 s, 50 C extension temperature for 15s and a
final soaking at 60 C for 2 min.

3. Results
3.1. Production of antimicrobial substances

In our work, seventy-six strains were isolated from
marine and estuarine environments. Seven of them
showed antimicrobial potential, with four strains present-
ing inhibition zone against Esherichia coli and five against
Staphylococcus aureus. Among these, two had a broad
antimicrobial potential, inhibiting both E. coli and S.
aureus. Strains 15, 20 and 75 showed strong suppression
to S. aureus with inhibition zones greater than 20 mm
(Table 1).

3.2. Enzymatic activity detection

In this study, from a total of 76 strains isolated from
marine and estuarine environments, 63.2% had enzymatic
activity against at least one of the three substrates tested:
starch, cellulose, and casein. Fourteen colonies showed the
ability to hydrolyze the starch available in the medium and
of these, four showed a degradation halo equal to or greater
than 20mm. Thirty-one strains showed cellulolytic
activity with 24 having displayed enzymatic index greater
than or equal to 20 mm and 38 strains showed proteolytic
activity on casein, with 10 showing an index equal to or
greater than 20 mm (Table 2).

Of all the 31 strains that have a high enzyme potential
to at least one of the substrates tested (halo greater than
20mm),25(1,6,7,8,9,12,13, 15,16, 18, 21, 22, 24, 30, 31,
37,42,43,47,49,52,53,62,63 and 71) were isolated from
the waters of Guanabara bay beaches while only 6 (28, 45,
46, 66, 67 and 73) were isolated from the waters of oceanic
beaches.

Table 1
Spectrum of action against the two types of strains tested.

Positive strains Escherichia coli Staphylococcus aureus

15 ++€ +++d
16 _a 4b
20 - e+
46 ++ -
70 + ++
71 ++ -
75 - R

The inhibition halos were measured in millimeters and classified as: ®: no
suppression (no inhibition zone); ®: weak suppression (inhibition zone
between 0-10 mm); ©: mediam suppression (inhibition zone between
11-20 mm); ¢: strong suppression (inhibition zone above 20 mm).

Table 2
Enzymatic index (I)? of the isolated strains on different substrates.
Positives strains Amylolytic Cellulolytic Proteolytic
in casein
1 2.000 - 2.080
4 - - 1.333
5 - - 1.878
6 - 4.142 1.509
7 2.250 2.000 2111
8 - 2.250 2.857
9 - 2.660 -
10 - - 1.800
12 - 3.250 -
13 - 3.625 1.130
15 1.108 - 2.216
16 2.291 3.000 1.363
17 - 1.900 1.323
18 - 4.125 1.720
21 - 2.636 2.526
22 - 4142 2.437
23 - 1.928 1.125
24 - 4.833 1.470
28 - 3.750 0.180
30 1.681 3.000 1.500
31 - - 2.250
35 - - 1.476
37 1.312 2.150 1.222
38 - - 1.850
40 1.360 1.055 1.055
42 - 3.660 -
43 - 3.660 -
44 - 1.570 1.140
45 2.000 1.687 1.226
46 1.700 1.684 2.419
47 - - 2.710
49 - 2.000 -
52 - - 2.600
53 - 2.666 -
54 - - 1.300
59 1.700 - -
58 - 1.666 -
61 - - 1.130
62 - 3.000 1.269
63 - 4.857 1.411
64 1.125 - 1.760
66 1.155 3.243 -
67 - 3.333 1.205
69 1.036 - 1.396
70 1.326 - -
71 - 4142 1.080
73 - 3.538 1.065
75 - - 1.750

The calculations of enzyme levels were made in centimeters. (I)*> > 2 cm:
high enzymatic activity; (I)*> < 2 cm: low enzymatic activity; (I)*>=-: No
enzymatic activity.

3.3. Antimicrobial resistance profile

Twelve strains showed a multidrug resistance profile
(Table 3). Nine (30, 35, 37, 38, 40, 44, 56, 62 and 69) were
isolated from the beaches located in Guanabara bay and
three (20, 64 and 66) isolated from the oceanic beaches,
two of them from Itaipu.

3.4. Sequencing
Fourteen strains were selected for sequencing. Five

showed multidrug resistance profile and enzymatic
activities and were identified as Pseudomonas stutzeri
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Table 3
Resistance profile to antimicrobials.
Profile Strains resistant
1-CTX 8,13
2-CLO +CFL 59, 70
3-CLO +CTX 6, 22
4-CFO +CTX 24
5-AMP + CTX 28
6-AMP + CFL + TET 30
7-AMP + CFL + CLO 15
8-CLO + CFO + CFL 31
9-AMP + CFL + CLO + CFO 56
10-AMP + CTX + CFO + CFL 35, 37, 40, 44, 64, 69
11-AMP + CTX + CFO + CFL + TET 66
12-AMP + CTX + CFO + CLO + CFL + TET 62

AMP: ampicillin; CFL: cephalothin; CFO: cefoxitin; CTX: cefotaxime; CLO:
chloramphenicol; TET: tetracycline.

(strain 30), Bacillus cereus (strains 40 and 66) and Bacillus
thuringiensis (strains 64 and 69). Strain 56 only showed
multidrug resistance profile and was identified as Pseudo-
monas poae. Two strains (15 and 70) showed capacity to
produce antimicrobial substances and enzymatic activities
and were characterized as Bacillus sp. and Pseudomonas
stutzeri, respectively. Six strains (6, 13, 24, 28, 63 and 71)
showed an enzymatic production profile being identified
as Kocuria rhizophila, Bacillus megaterium, Bacillus pumilus,
Paenibacillus sp., Bacillus licheniformis, Bacillus sp. and
Pseudomonas stutzeri, respectively.

4. Discussion

Marine ecosystems have been investigated for the
search for new compounds susceptible of biotechnological
applications, as enzymes and antimicrobial substances due
to their well-known habitat-related features such as salt
tolerance, hyperthermostability, barophilicity, and cold
adaptivity. A review written by Satheesh et al. [13] show
marine microorganisms as producers of inhibitors sub-
stances of other microorganisms and macroorganisms.
Comparing fresh waters as bromeliad tank water ecosys-
tems studied by Carmo et al. [14] and marine and estuarine
environments, studied by us, the latter showed to be a
more efficient source of strains producing antimicrobial
compounds (5% and 9.2%, respectively). According to
Avendafio-Herrera et al. [15], this higher percentage
may be due to the fact that bacteria from marine
environments may produce antibacterial substances that
contribute to maintain ecological stability, as the inter-
relationships between microorganisms and macroorga-
nisms in the various marine ecosystems.

The largest number of isolates with potential produc-
tion of antimicrobial substances (AS) may be related to the
environment. Of the seven strains with potential produc-
tion of AS, four (15, 16, 71 and 75) were isolated from
beaches located in the Guanabara bay region, while three
(20, 46 and 70) were isolated from ocean beaches. The
production of antimicrobial substances can be an advan-
tage to microorganisms in the competition by nutrients in
waters that present high bacterial counts like the
Guanabara bay waters [5]. Despite three strains had been

isolated from ocean beaches, two (20 and 46) were isolated
from Itaipu, which has highest bacterial counts between
the ocean beaches studied, probably influenced by the
great input of organic matter received by the Itaipu lagoon
that ends on this beach.

Many studies have been reporting the potential and
applicability of marine amylolytic, cellulolytic and proteo-
lytic enzymes in the pharmaceutical, textile, leather, paper,
mineral, and food industries [16-20].

In the study by Lee et al. [21] bacteria isolated from the
coastal waters of Peninsular Malaysia showed a large
enzyme potential, commonly producing amylolytic and
proteolytic enzymes (56% and 36%, respectively) which
coincides with the results found in our study for proteases
(50%), however in contrast with amylase results that were
less frequent in this work (18.4%). The cellulolytic activities
presented in our work obtained the largest halos of
hydrolysis when compared to the other substrates tested.
This result may be related to the decomposition of marine
plants and algae as a source of carbon for bacterial
metabolism. Nunes et al. (2011) [22] describes the action
of cellulases and xilases during the decomposition process
of aquatic macrophytes quoting the highest levels during
the beginning of the process.

The high rate of strains with potential enzymatic
degradation of different substrates tested from Guanabara
bay waters may be related to the high concentration of
these substrates in this environment, once Guanabara bay
is highly impacted by urban and industrial effluents [23].

The environment can influence the bacterial commu-
nity composition. A high incidence of heterotrophic
bacteria in marine estuaries resistant mainly to anti-
microbials used for treating infectious diseases in humans
(especially ampicillin, cephalosporins and chlorampheni-
col), as found in this study, may indicate contamination by
domestic wastewater according to Salloto et al. [3]. Our
results showed that of twelve strains with multidrug
resistance profile (Table 3), nine (30, 35, 37, 38, 40, 44, 56,
62 and 69) were isolated from Guanabara bay beaches and
of three (20, 64 and 66) isolated from the ocean beaches,
two were isolated from Itaipu, regions that present the
most impacted values, corroborating Salloto et al. [3] and
our enzymatic activities results.

Schneider et al. [24], analyzing the resistance profile of
bacteria isolated from surface water samples, observed a
variation in the resistance frequency between one to seven
antimicrobial agents, with the largest number of isolates
showing resistance to an only antimicrobial type; different
of our results, where the multidrug resistance was
extremely frequent, appearing in approximately 91% of
resistant isolates. It was also observed that the profile 10
(AMP + CTX + CFO + CFL) showed the highest prevalence
(five isolates) compared to other profiles, which may be
related to dissemination of resistance genes to beta-
lactam. There was only one resistance profile to one
antimicrobial, the profile 1 (CTX) that appears in two
resistant isolates. Of the nine antimicrobials used in the
test, six had resistant isolates; where one of these isolates
were resistant to six antimicrobials, profile 12
(AMP + CTX + CFO + CFL + CLO + TET). The resistance
against the beta-lactam was more prevalent among the
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isolates. Pitout [25] mentions that the high rate of
resistance to beta-lactams is based on plasmids carriers
of genes encoding beta-lactamases, enzymes responsible
for breaking the beta-lactam ring present in these anti-
microbials. The resistance to quinolone may be associated
with the plasmid-mediated quinolone resistance that was
reported in 1998 by Martinez-Martinez et al. [26] and since
then has been commonly found in strains spread by the
environment [27]. The sensitivity percentage (73%) of the
strains against the CTX is satisfactory, since this is a choice
in the treatment of infections caused by Gram-negative
bacteria resistant to other drugs [28]. The sensitivity to
aminoglycosides (amikacin and gentamicin) and fluoro-
quinolones (ciprofloxaxin) also appear in works with
strains isolated from seafood, showing up as viable
treatment options in case of infection too [29,30]. These
results may suggest the presence of mobile genetic
elements, because many antimicrobial resistance genes
seen in Gram-negative bacteria are part of gene cassettes
inserted into the cell [31].

All strains identified are widely distributed in many
different types of environments, all having been described
previously in marine environment. Pseudomonas stutzeri,
Bacillus cereus, Bacillus licheniformis, Bacillus thuringiensis,
Bacillus pumilus and Paenibacillus sp. are identified as
producers of enzymes, for example, amylase and protease.
Paenibacillus is also used in studies for its use in
bioremediation of impacted environments, as well as
Pseudomonas poae and Bacillus megaterium that are capable
of degrading hydrocarbon and benzene, respectively and
Kocuria rhizophila which is producing biosurfactant [32-
42]. The presence of this species showing these features
suggests an influence of the environment in bacterio-
plankton community composition.

The highest number of strains resistant to antimicro-
bials found in Guanabara bay waters also shows the impact
of anthropogenic influence in this region. At the same time,
we demonstrate that pollution may influence the charac-
teristics and composition of bacterioplankton; it was also
observed that the study of heterotrophic bacteria present
in polluted marine and estuarine environments is of
utmost significance, since a large percentage of the
microorganisms had some antimicrobial potential which
in turn can be used to fetch a new line of drugs in order to
combat microbial resistance to existing drugs. Further
studies, including socioeconomic order, should be per-
formed to monitor the quality of the studied ecosystem.
The monitoring of coastal waters is critical to establish
risks that may affect the health of the environment and the
local biota, including bacteria, preserving the richness of
the ecosystem, as well as the health of the population. In
addition, marine environment seems to be an excellent
area for enzyme bioprospecting activity once habitat-
related characteristics are desirable features recognized
from a general biotechnological perspective.

Disclosure of interest

The authors declare that they have no competing
interest.

References

[1] SK. Yeo, M. Huggett, O. Eiler, M.S. Rappe, Coastal bacterioplankton
community dynamics in response to a natural disturbance, Plos. One. 8
(2013) 1-14.

[2] A.Klindworth, A.J. Mann, S. Huang, A. Wichels, Diversity and activity of
marine bacterioplankton during a diatom bloom in the North Sea
assessed by total RNA and pyrotag sequencing, Mar. Genom. 18
(2014) 185-192.

[3] G.R.B.Salloto, A.M. Cardoso, F.H. Coutinho, L.H. Pinto, Pollution impacts
on bacterioplankton diversity in a tropical urban coastal lagoon system,
Plos. One. 7 (2012) 1-12.

[4] A. Debba, AH. Aly, W.H. Lin, P. Proksch, Bioactive compounds from
marine bacteria and fungi, Microb. Biotechnol. 3 (2010) 544-563.

[5] E.V. Araujo, M.V. Weerelt, G.M.O. Franco, C.A.G. Soares, Classification
based on coliforms counts of coastal waters in metropolitan Rio de
Janeiro, Brazil, Proc 7th Symp. Coastal Ocean Manag 4 (1991) 3246-
3258.

[6] M.T. Madigan, J.M. Martinko, P.V. Dunlap, D.P. Clark, Microbiologia de
Brock (10), Artmed, Porto Alegre, 2010.

[7] M. Giambiagi-Marval, M.A. Mafra, E.G.C. Penido, M.C.F. Bastos, Distinct
groups of plasmids correlated with bacteriocin production in Staphylo-
coccus aureus, ]. Gen. Microbiol. 136 (1990) 1591-1599.

[8] S.T. Williams, M. Goodfellow, G. Alderson, E.M.H. Wellington, Numeri-
cal classification of Streptomyces and related genera, ]. Gen. Microbiol.
129 (1983) 1743-1813.

[9] A. Bairagi, K.S. Ghosh, S.K. Sem, A.K. Ray, Enzyme producing bacterial
flora isolated from fish digestive tracts, Aquac. Int. 10 (2002) 109-121.

[10] F. Lealem, B.A. Gashe, Amylase production by a gram-positive bacteri-
um isolated from fermenting tef (Eraglostis tef.), J. Appl. Bacteriol. 77
(1994) 348-352.

[11] Clinical Laboratory Standards Institute CLSI/NCCLS, Performance
Standards for Antimicrobial Susceptibility Testing; 15th Information-
al Supplement, Clinical and Laboratory Standards Institute, Wayne,
2005.

[12] A.P. Magiorakos, A. Srinivasan, R.B. Carey, Y. Carmeli, M.E. Falagas, C.G.
Giske, S. Harbarth, J.F. Hindler, G. Kahlmeter, B. Olsson-Liljequist, D.L.
Paterson, L.B. Rice, J. Stelling, M.J. Struelens, A. Vatopoulos, J.T. Weber,
D.L. Monnet, Multidrug-resistant, extensively drug-resistant and pan-
drug-resistant bacteria: an international expert proposal for interim
standard definitions for acquired resistance, Clin. Microbiol. Infect. 18
(2012) 268-281.

[13] S. Satheesh, M.A. Ba-akdah, A.A. Al-Sofyani, Natural antifouling com-
pound production by microbes associated with marine macroorga-
nisms-A review, Electron. ]. Biotechnol. 21 (2016) 26-35.

[14] F.L. Carmo, H.F. Santos, R.S. Peixoto, A.S. Rosado, F.V. Araujo, Tank
bromeliad water: similar or distinct environments for research of
bacterial bioactives? Braz. ]. Microbiol. 45 (2014) 185-192.

[15] R. Avendafio-Herrera, M. Lody, C.E. Riquelme, Produccion de substan-
cias inhibitorias entre bacterias de biopeliculas en substratos marinos,
Rev. Biol. Mar. Oceanogr. 40 (2005) 117-125.

[16] R.V. Carvalho, T.LR. Corréa, J.C.M. Silva, A.P. Viana, Otimizacdo das
condicdes de cultivo para a producdo de amilases pelo termofilico
Bacillus sp. e hidrélise de amidos pela acdo da enzima, Ciénc. Tecnol.
Aliment. 28 (2008) 380-386.

[17] A.M. Castro, N. Pereira Junior, Producdo, propriedades e aplicagio de
celulases na hidrolise de residuos agroindustriais, Quim. Nova. 33
(2010) 181-188.

[18] N.A. Oliveira, L.A. Oliveira, ].S. Andrade, A.F. Chagas-Jnior, Producdo de
amilase por rizobios, usando farinha de pupunha como substrato,
Ciénc. Tecnol. Aliment. 27 (2007) 61-66.

[19] G.AB. Silva, W.E.S. Almeida, M.S. Cortes, E.S. Martins, Producdo e
caracterizacdo de protease obtida por Gliocladium verticilloides através
da fermentacdo em estado sélido de subprodutos agroindustriais, Rev.
Bras. Tecnol. Agro. 3 (2009) 28-41.

[20] H.Q. Souza, L.A. Oliveira, J.S. Andrade, Selecdo de Basidiomycetes da
Amazénia para producio de enzimas de interesse biotecnologico,
Ciénc. Tecnol. Aliment. 28 (2008) 116-124.

[21] C.W. Lee, C.W. Bong, Y.S. Hii, Temporal variation of bacterial respiration
and growth efficiency in tropical coastal waters, Appl. Environ. Micro-
biol. 75 (2009) 7594-7601.

[22] M.F. Nunes, M.B. da Cunha-Santino, I. Bianchini, Xylanase and cellulase
activities during anaerobic decomposition of three aquatic macrophy-
tes, Braz. ]. Microbiol. 42 (2011) 75-83.

[23] F.V. Aragjo, C.R.B. Ribeiro, M.M.A. Jayme, M.C.N. Carvalho, Avalia¢do da
qualidade das aguas de seis rios de Sdo Gongalo e do risco de conta-
minacdo a Baia de Guanabara, RJ, Rev. Bioc. 21 (2015) 01-13.

[24] R.N. Schneider, A. Nadvorny, V. Schmidt, Perfil de resisténcia anti-
microbiana de isolados de Escherichia coli obtidos de dguas super-


http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0215
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0215
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0215
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0220
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0220
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0220
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0220
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0225
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0225
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0225
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0230
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0230
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0235
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0235
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0235
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0235
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0240
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0240
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0245
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0245
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0245
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0250
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0250
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0250
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0255
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0255
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0260
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0260
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0260
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0265
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0265
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0265
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0265
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0270
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0270
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0270
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0270
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0270
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0270
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0270
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0275
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0275
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0275
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0280
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0280
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0280
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0285
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0285
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0285
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0290
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0295
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0295
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0295
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0295
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0295
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0300
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0300
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0300
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0300
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0305
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0305
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0305
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0305
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0305
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0305
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0305
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0310
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0310
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0310
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0310
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0310
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0315
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0315
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0315
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0320
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0320
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0320
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0325
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0325
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0325
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0325
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0325
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0325
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0330
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0330

M.M.A. Jayme et al./C. R. Biologies 340 (2017) 324-329 329

ficiais e subterraneas, em area de producdo de suinos, Biot. 3 (2009)
11-17.

[25] ].D.D. Pitout, Extraintestinal pathogenic Escherichia coli: a combination
of virulence with antibiotic resistance, Front. Microbiol. 3 (2012) 1-7.

[26] L. Martinez-Martinez, . Garcia, S. Ballesta, V.J. Benedi, Energy depen-
dent accumulation of fluoroquinolones in quinolone resistant Klebsiella
pneumoniae strains, Antimicrob. Agents Chemother. 42 (1998) 1850-
1852.

[27] L. Poirel, V. Cattoir, P. Nordmann, Plasmid-mediated quinolona resis-
tance; interactions between, human, animal, and environmental ecol-
ogies, Front. Microbiol. 3 (2012) 96-102.

[28] N.S. Evangelista-Barreto, A.F. Pereira, RAR. Silva, LT.B. Ferreira, Carne
de siri como veiculo na disseminagdo de enteropatdgenos resistentes
aos antimicrobianos, Actapesca. 1 (2013) 45-56.

[29] A.D. Machado, R.L. Aradjo, O.V. Sousa, R.H.S.F. Vieira, Resisténcia anti-
microbiana em cepas de Escherichia coli isoladas de pescado marinho
comercializado na feira livre do Mucuripe-Fortaleza-CE, Brasil, Bol. Inst.
Pesca. 41 (2015) 931-943.

[30] M.M.A. Jayme, M.M. Silva, A. Sales, M.C. Nunes, Survey of pathogens
isolated from mussels Perna Perna collected in Rocky Shore and Fish-
market of Niter6i, RJ, and their respective resistance profile to antimi-
crobial drugs, J. Food Qual. 39 (2016) 383-390.

[31] H.N.K. Nguyen, T.T.H. Van, H.T. Nguyen, P.M. Smooker, Molecular
characterization of antibiotic resistance in Pseudomonas and Aeromonas
isolates from catfish of the Mekong Delta, Vietnam, Vet. Microbiol. 171
(2014) 3-4.

[32] AM.C. Vidal-Martins, O.D. Rossi, N.C. Rezende-Lago, Microorganismos
heterotroficos mesofilos e bactérias do grupo do Bacillus cereus em leite
integral submetido a ultra alta temperatura, Arq. Bras. Med. Vet. Zootec.
57 (2005) 396-400.

[33] J. Lalucat, A. Bennasar, E. Garcia-Valdés, N.J. Palleroni, Biology of
Pseudomonas stutzeri, Microbiol. Mol. Biol. Rev. 70 (2006) 510-547.

[34] E.J. Bottone, Bacillus cereus, a volatile human pathogen, Clin. Microbiol.
Rev. 23 (2010) 382-398.

[35] L. Lin, X. Kan, H. Yan, D. Wang, Characterization of extracellular cellu-
lose-degrading enzymes from Bacillus thuringiensis strains, Electron. J.
Biotechnol. 15 (2012) 1-7.

[36] N.A. Lyngwi, S.R. Joshi, Economically important Bacillus and related
genera: a mini review, in: Biology of useful plants and microbes, Narosa
Publishing House, New Delhi, 2014, pp. 33-43.

[37] M. Hamblin, E. Spinard, M. Gomez-Chiarri, D.R. Nelson, Draft Genome
Sequence of the Shellfish Larval Probiotic Bacillus pumilus RI06-95,
Genome. Announc. 3 (2015) 1-2.

[38] A. Jong, ].V. Heel, M. Montalban-Lopez, A.O. Krawczyk, Draft genome
sequences of five spore-forming food isolates of Bacillus pumilus, Ge-
nome. Announc. 3 (2015) 1-2.

[39] G.E.H. Osman, R. Already, A.S.A. Assaeedi, S.R. Organji, Bioinsecticide
Bacillus thuringiensis a comprehensive review, Egypt J. Biol. Pest. Con-
trol 25 (2015) 271-288.

[40] J. Herschend, P.K. Raghupathi, H.L. Roder, S.J. Sorensen, Draft genome
sequences of two Kocuria isolates, K. salsicia G1 and K. rhizophila G2,
isolated from a slaughterhouse in Denmark, Genome Announc. 4
(2016) 1-2.

[41] S.Manasa, K. Jayachandran, Benzene biodegradation by a novel species
of Bacillus megaterium, Med. Sci. 5 (2016) 286-288.

[42] A.Virginia, H. Rachmawati, C. Riani, D.S. Retnoningrum, Study of HMG-
CoA Reductase inhibition activity of the hydrolyzed product of snake-
head fish (Channa striata) skin collagen with 50 kda collagenase from
Bacillus licheniformis F11.4, Sci. Pharm. 84 (2016) 81-88.


http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0330
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0330
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0330
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0335
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0335
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0340
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0340
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0340
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0340
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0345
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0345
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0345
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0350
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0350
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0350
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0350
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0355
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0355
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0355
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0355
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0360
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0360
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0360
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0360
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0365
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0365
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0365
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0365
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0370
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0370
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0370
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0370
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0375
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0375
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0380
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0380
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0385
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0385
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0385
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0390
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0390
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0390
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0390
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0395
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0395
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0395
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0400
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0400
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0400
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0405
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0405
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0405
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0410
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0410
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0410
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0410
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0415
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0415
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0420
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0420
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0420
http://refhub.elsevier.com/S1631-0691(17)30103-8/sbref0420

	Evaluation of the biotechnological potential of bacterioplankton from Niterói coast, RJ
	1 Introduction
	2 Methods
	2.1 Collection
	2.2 Isolation of bacteria from bacterioplankton
	2.3 Antimicrobial compounds production test
	2.4 Enzyme activity test
	2.5 Antimicrobial susceptibility testing
	2.6 Sequencing

	3 Results
	3.1 Production of antimicrobial substances
	3.2 Enzymatic activity detection
	3.3 Antimicrobial resistance profile
	3.4 Sequencing

	4 Discussion
	Disclosure of interest
	References


