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ABSTRACT Copper is an essen al macronutrient for living organisms. Nevertheless, at high concentra ons, it is toxic to
most forms of life, including microorganisms. In this research, we examined the bioﬁlm forma on ability and iden ﬁed the
molecular characteris cs of copper-resistant bacteria isolated from PT Freeport Indonesia’s tailings. Four bacteria isolates
from PT Freeport Indonesia’s tailings were used in this study. Qualita ve analysis of bioﬁlm forma on by copper-resistant
bacteria was performed using the Scanning Electron Microscopy (SEM) method and Micro ter Plate Bioﬁlm Assay. The
results showed that the C53 isolate could be categorized as a strong bioﬁlm former, and three other isolates (C38, C40, and
C43) as medium bioﬁlm formers. The iden ty of the selected isolates was based on 16S rRNA gene sequence analysis: C38
isolate had a 99% similarity to Bacillus cereus strain HM85, C43 isolate had a 99% similarity to Bacillus sub lis strain EN16,
C40 isolate had a 99% similarity to Lycinibacillus fusiformis strain MB52, and C53 isolate had a 98% similarity to Pseudomonas
aeuruginosa strain GGRJ21. The capability of the C53 isolate to form strong bioﬁlm can be exploited in bioremedia on
processes aiming to remove copper from tailings.
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1. Introduc on
Microorganisms play an important role in the environmental fate of heavy metal toxic with a multiplicity of mechanisms causing transformation between insoluble and soluble forms. Although some heavy metals are essential
trace elements, at high concentrations, they are toxic to all
branches of life, including microbes, by forming complex
compounds within the cell (Roy and Ganguly 2015).
Living organisms require copper as an essential micronutrient (Osredkar and Suskar 2011; Espírito Santo
et al. 2014). However, at high concentrations, it is very
toxic to most forms of life other than microorganisms (Andreazza et al. 2011; Espírito Santo et al. 2014). Mining
activities in modern societies, extensive industrial use of
copper, and its widespread use of pesticide in crop production are the major sources of copper pollution in soils and
water (Andreazza et al. 2011). Soil bacteria are responsible for diverse ecological processes, such as biochemical
cycling of the elements, plant growth, decomposition of
organic matter, maintenance of soil structure, and detoxification (Chen et al. 2008; Desai et al. 2008). Copper

accumulation could induce harmful effect to soil bacteria
damaging the biological process and the soil quality (Chen
et al. 2008; Freitas et al. 2009; He et al. 2009).
Bacteria that are resistant to toxic and recalcitrant
chemicals can be isolated from polluted sites as well as
natural soils and it can be used for bioremediation of environments contaminated by specific chemicals to which
they are resistant (Umrania 2006; Chen et al. 2008; He
et al. 2009; Jain et al. 2014). The ability of bacteria to
form biofilm and grow in it as a microbial consortium is
considered to be an important requirement for their survival under harsh environmental conditions. Microbes
growing in biofilm community can perform some complex metabolic processes Biofilm-associated bacteria embedded in a matrix of Extracellular Polymeric Substance
(EPS) (Annous et al. 2009), and the metabolic interaction among bacteria will enhance the degradation process
(Cerca et al. 2005; Andersson et al. 2008; Annous et al.
2009; Khusnuryani et al. 2014). In this research, we examined biofilm forming ability and identified molecular
characteristics of copper-resistant bacteria isolated from
PT Freeport Indonesia’s tailings.
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2. Materials and methods

plate dried, biofilm was diluted in 200 μL of PBS, then
it was stored for 10-15 minutes at room temperature. For
quantitative analysis of biofilm formation, 125 μL of the
sample was transferred to a new microtiter plate and was
measured with micro Elisa auto reader at 492 nm. Biofilm
formation ability was classified according to Møretrø et al.
(2003). The sample was classified as weak biofilm former
if A492 < 0,20; medium former if 0.20 ≤ A492 ≤ 1.0; and
strong former if A492 > 1.0. Based on the ability to resist
cooper and to form a biofilm, the four selected isolates
were identified based on their molecular characteristics.

2.1. Bacterial cultures and growth medium
The bacterial cultures used in this research were coded
as C38, C40, C43, and C53. They were isolated from
several sampling locations of PTFI’s tailings in Timika,
Papua (Massora et al. 2016). They were resistant to copper
and had a minimum inhibitory concentration (MIC) of 400
mg/L to 500 mg/L copper-sulfate. MIC of each bacterial
isolates is shown in Table 1. These bacteria were grown
in Luria-Bertani (LB) broth containing the following (per
liter): tryptone 10 g, yeast extract 5 g, NaCl 10 g, glucose
0.1 g. LB medium was sterilized by autoclaving at 121°C
for 20 min. After sterilization, Copper sulfate was added
and the pH was adjusted to 7.0 (Andreazza et al. 2011).

2.4. Molecular iden ﬁca on of copper-resistant and
bioﬁlm forming bacteria
The isolates were identified by 16S ribosomal RNA gene
sequencing as follows. Pure Culture of Copper-Resistant
Bacteria was grown overnight in LB broth for isolation of
genomic DNA by using Promega Wizard Genomic DNA
Purification Kit (Promega, Madison, WI). 16S rDNA
was amplified by using the universal bacterial 16S rDNA
primers. Two primers corresponding to Escherichia coli
positions 27F (5’-AGAGTTTGA TCCTGGCTC-3’) and
1492R (5’-GGTTACCTTGTTACGACT-3’) were used for
PCR amplification of the 16S ribosomal RNA (18). The
PCR reaction mixture (25μL) consisted of 1 μL of DNA
template, Ready to Go Mixture PCR, 22 μL of nucleasefree water, 1 μL of primer 27F (10 pmol/μL) and 1 μL
of primer 1429R (10 pmol/μL). The 16S rRNA gene was
amplified using 35-cycle PCR (initial denaturation), 95ºC
for 5 min; subsequent denaturation, 94°C for 30 s; annealing temperature, 52°C for 1 min; extension temperature,
72°C for 1 min and the final extension was carried out
at 72°C for 5 min, followed by a 4°C hold. The PCR
amplification products were analyzed by electrophoresis
on a 1.5% agarose gel. The appearance of 1.5 kb band
showed that 16S rDNA had been amplified and ready for
sequencing. Sequencing was carried out at Genetic Science Malaysia. DNA Sequence Similarity and Phylogenetic Analysis GenBank BLAST (N) was used for homology searches. Molecular evolutionary and phylogenetic
analyses were conducted using MEGA version 6 (Tamura
et al. 2013).

2.2. Qualita ve analysis of bioﬁlm forma on
The biofilm formation was analyzed using Scanning Electron Microscopy (SEM) in LPPT Universitas Gadjah
Mada. The isolates of copper-resistant bacteria (106
CFU/mL) were inoculated in Luria-Bertani broth and incubated overnight at room temperature on a shaker at 170
rpm. The coverslip was placed at the bottom of a Petri
dish. Five (5) mL cultures of copper-resistant bacteria
were placed on the coverslip surface until completely submerged and was incubated for 24 h at 37°C temperature.
After incubation, the coverslip was added with 2% glutaraldehyde and stored at 4°C overnight. The sample in
coverslip was prepared according to specimen preparation
for SEM analysis (Ratnayake et al. 2012).
2.3. Quan ta ve analysis of bioﬁlm forma on
The quantitative analysis of biofilm formation ability by
copper-resistant bacteria was modified from Mathur et al.
(2006) and Merritt et al. (2011). The isolate of copperresistant bacteria (106 CFU/mL) was inoculated into LuriaBertani and incubated overnight at room temperature with
a shaker at 170 rpm. After incubation, the isolate was
added each 100μL into four wells of a microtiter plate. Microtiter plates were incubated at room temperature for 24
and 48 h. Then, the isolates were removed and the plates
were washed with aquadest. They were added with 125μL
of 0.1% crystal violet solution for each well and stored at
room temperature for 10 minutes. The plates were washed
with aquadest after crystal violet solution was removed,
and dried in inverse position for 1-2 weeks. When the

3. Results and discussion
3.1. Bioﬁlm qualita ve analysis by SEM
Visual examination using SEM is a well-established basic
method to observe the morphology of bacteria adhered to
material surfaces, the morphology of the material surface,
and the relationships between them. This study showed
that four isolates produced Extracellular Polymeric Substance (EPS). EPS or biofilm matrix is the main precondition for biofilm formation (Figure 1). SEM images show
attachment and initiation of biofilm formation by C53 isolate which was thicker than the other isolates. Biofilm
formation is significantly more resistant to environmental

TABLE 1 MIC of copper-resistant bacterial isolates
No.

Isolates Codes

MIC CuSO4 (mg/L).

1

38

500

2

40

500

3

43

400

4

53

400

Source: Massora et al. 2016
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(c)

(d)

FIGURE 1 Bioﬁlm forma on by C53 isolate (a); C38 isolate; (b) C40 isolate; (c) C43 isolate and (d) C53 isolate that was analyzed using
Scanning electron microscopy (SEM). All isolates produce EPS matrix around their cells that enable bacterial cell aggrega on.

et al. 2011). In this research, isolates formed a biofilm
at 48 h. The highest absorbance value of the isolates was
at 72 h and the highest descendance value was at 96 h.
Bacteria that form biofilm are known to possess
greater resistances to stress conditions than their planktonic counterparts that dispersed in the environment, including the susceptibility to sanitizers and other antimicrobials (D’Souza et al. 2014; Tang et al. 2012). Biofilm is
formed when bacterial cells attach to one another and/or
adhere to a living or inert contact surface. The attached
bacterial cells are enclosed in a self-produced polymeric
matrix. The organisms can increase their ability to colonize and survive in a harsh environmental condition if they
are able to form this biofilm (Monier and Lindow 2003;
Tang et al. 2012).
Biofilm growth and its adhesion are mutually dependent processes, increase consistency with biofilm maturation process. The dispersion of microorganisms from
biofilm can be defined as a kind of adaptive response to
the conditions present in the environment in which biofilm
is developing, for instance, as the adaptive response to the
starvation condition (Alipour et al. 2009). The application
of the same treatment to bacterial population suspended in
the liquid media does not cause activation gene. The resistance of the bacteria in the biofilm is most probably the
consequence of the activity of several rather than a single
mechanism (Cabarkapa et al. 2013). The results showed
that the isolates had the potential to form biofilm and remove copper from the contaminated environment.

stresses or microbially deleterious substances than planktonic cells (Annous et al. 2009).
A biofilm is a group of microorganisms in which cells
stick to each other on a surface. These adherent cells
are frequently embedded within a self-produced matrix of
EPS. EPS contributes to protect cells from hostile environments and can bind significant amounts of heavy metals.
The composition of EPS depends on the present microorganisms, temperature, and availability of nutrients. The
biofilm formation by these strains is considered a natural
strategy to maintain a favorable niche in stressful environments with increased metals concentrations (Annous et al.
2009; Cabarkapa et al. 2013).
As reported by Workentine et al. (2008), the biofilm
may reduce metal toxicity by altering bacterial physiology to protect the sensitive chemical targets of the reactive
metal species. Upon metal binding, the concentration of
the free toxic ions in the cytoplasm is minimized. Biosorption of toxic metals is known from cell membranes, cell
walls and EPS of biofilms. For example, the EPS matrix
and the contained polysaccharides were reported to bind
heavy metals. Thus, the metal tolerance of the bacteria belonging to that biofilm was enhanced (Annous et al. 2009;
Meliani and Bensoltane 2016).
3.2. Quan ta ve analysis of bioﬁlm forma on
Analysis of copper resistance is not always parallel with
the ability to form a biofilm. Therefore, all isolates
showed high potency as copper-resistant bacteria when
tested using the Microtiter plate biofilm assay (Figure 2).
The result showed that the biofilm formation on different isolates varied with time. After 48 h all isolates were
found to produce biofilm. The readings of A492 at time 48
h, for C38, C40, C43 and C53 isolates were 0.81, 0.83,
0.72, and 1.2 respectively. According to Møretrø et al.
(2003), the readings of A492 at time 72 hours, C53 Isolate can be categorized as strong biofilm former (1.3), and
3 isolates (C38, C40, and C43) as medium biofilm former
(0.93, 0.92, and 0.88, respectively).
The time course for attachment varies depending on
the organism and must be determined empirically, although when using this system, many organisms commonly studied will form a biofilm within 48 h (Merritt

FIGURE 2 The result of bioﬁlm forma on ability by copperresistant bacteria that was tested in LB medium at 30 °C, at 48,
72 and 96 hours.
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3.3. Molecular iden ﬁca on of copper-resistant bacteria
The bacterial isolates were selected based on their high
concentration of copper resistance were identified by 16S
rRNA gene sequence analysis. Nucleotide sequences
were used for GenBank blast analysis and construction of
the phylogenetic tree. The Gene of 16S rRNA was amplified using universal primer set (27f and 1492r), with PCR
product of 1500 bp in size.
The phylogenetic tree showed evolutionary distance
among copper-resistant bacteria based on 16S rRNA gene
sequence (Figure 3). The phylogenetic tree showed that
C38 isolate and Bacillus cereus strain HG10 were clustered together with a bootstrap support of 97%, and a
strong bootstrap support of 100% with Bacillus cereus
strain HM85. B. cereus strain HG10 was isolated from
activated sludge and B. cereus strain HM85 was isolated
from polluted heavy metal soil.
C43 Isolate formed a clade with Bacillus subtilis strain
Kakrayal_1 with a bootstrap support of 79% and a strong
bootstrap support of 100% with B. subtilis strain EN16.
Bacillus is an important bacterial genus for bioremediation of heavy metals in different heavy metal contaminated
areas. B.subtilis strain Kakrayal_1 was isolated from water environmental and B. subtilis strain EN16 was isolated
from soil.
C40 Isolate formed a clade with Lycinibacillus
fusiformis strain KWW 111 with a bootstrap support of
76% and a strong bootstrap support of 100% with L.
fusiformis strain MB-52. L. fusiformis strain KWW 111
was isolated from sedimentation basin of the water system
and L. fusiformis strain MB-52 was isolated from biofilms
in chlorinated drinking water systems.
C53 Isolate formed a clade with Pseudomonas aeuruginosa strain Mx1 with a bootstrap support of 77%
and a strong bootstrap support of 100% with P. aeu-

ruginosa strain GGRJ21. P. aeuruginosa strain Mx1
is a dichloro propionate-degrading bacteria. P. aeuruginosa strain GGRJ21 was isolated from soil rhizosphere.
C53 isolate can be categorized as a strong biofilm former. As the adaptive response to the starvation conditions,
P. aeuruginosa cells produce the alginate lyase enzyme
that dissolves alginate, namely the biofilm polysaccharide
(Alipour et al. 2009).
The identity of selected isolates was based on 16S
rRNA gene sequence analysis (Table 2). C38 isolate had
99% similarity to B. cereus strain HM85. C43 Isolate had
99% similarity to B. subtilis strain EN16. C40 Isolate had
99% similarity to L. fusiformis strain MB52 and C53 isolate had 98% similarity to P. aeuruginosa strain GGRJ21.
The sequences of the isolates have been submitted to the
GenBank via the submission portal and every isolate had
an accession number (Table 2).
In the environmental conditions, bacteria are capable to develop diverse mechanisms as adaptive responses,
which enable them to adapt to new environmental conditions such as DNA damages, temperatures, starvations,
oxidative stresses, and low water activities. This type of
adaptive responses has been characterized in details as the
bacteria suspended in liquid media, and it is most probable
that such adaptations are present in the bacterial biofilm.
Catalase production in P. aeruginosa via the activation
of Kat B-inducible gene in the response to the treatment
with 50 mM of hydrogen peroxide is one of the simple
examples of adaptive responses caused by changes of the
environmental conditions (Cabarkapa et al. 2013). The
genome-wide transcriptional response of copper-adapted
and copper-shocked P. aeruginosa cultures has revealed a
core set of genes comparably regulated under both conditions (Teitzel et al. 2006). This core set includes different
transport genes suggesting that copper tolerance is mainly
achieved by copper efflux. A CueR-like regulator acti-

FIGURE 3 Phylogene c tree shows evolu onary distance among copper-resistant bacteria based on16S rRNA gene sequence. The number
at each node is the bootstrap from 100 replicates. The scale is the evolu onary distance value.
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TABLE 2 The closest phylogene c rela ves of bacterial isolates from PT Freeport Indonesia’s tailings.
Isolate

Acession Number

Closest comparison isolate

GenBank Match

Iden ty (%)

C38

MF521959

Bacillus cereus strain HM85

KJ634473

99

C40

MF521962

Lycinibacillus fusiformis strain MB-52

HM055994

99

C43

MF521960

Bacillus sub lis strain EN16

KJ542618

99

C53

MF521963

Pseudomonas aeuruginosa strain GGRJ21

KC293841

98

vates transcription of several target genes, including cueA,
upon copper addition (Thaden et al. 2010; Rademacher
and Masepohl 2012).
The monocistronic csoR gene is localized directly upstream of the copZA operon in B. subtilis, which encodes
a copper chaperone and a copper-ATPase (Smaldone and
Helmann 2007). csoR represses copZA transcription at
low copper concentrations by binding a palindromic sequence (TACCCTAC-N4-GTATGGTA) overlapping the
copZ promoter. csoR is no longer binds the promoter
and transcription are relieved at elevated copper concentrations. In a mutant which lacks of csoR repressor, the
copZA operon is constitutively transcribed (Rademacher
and Masepohl 2012).
Gram-negative and Gram-positive bacteria utilize
copper-ATPases as principal defense determinants to excrete excess copper from the cytoplasm. Copper- resistanat bacteria examined so far induce ATPase expression,
and different species utilize functionally and structuraly
different regulators to control ATPase gene transcription.
Under copper-limiting conditions, gram-positive bacteria
repress transcription , and Gram-negative bacteria activate ATPase gene transcription (Rademacher and Masepohl 2012).
C38, C40, C43, dan C53 isolates were indigenous bacteria from tailings which contain copper. The isolates can
form biofilm and also developed resistance mechanism by
accumulating copper. The ability of the isolates to accumulate copper was higher than previously known copperresistant bacteria. B. pumilus and Bacillus sp. isolated
from copper mining waste grew up in 300 mg/L of Cu(II)
(Andreazza et al. 2011). These mechanisms could be utilized for detoxification and removal of copper or the other
heavy metal from polluted environmental. Therefore, the
next research is encouraged to know the mechanisms of
isolates for reducing or detoxification of heavy metals.

as medium biofilm formers. The capability of C53 isolate to form strong biofilm formation can be exploited in
a bioremediation process which aims to remove copper
from tailings.
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