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Abstract. Fibriarti BL, Feliatra, Amin B, Darwis. 2021. Biodegradation of LDPE plastic by local strain of Bacillus sp. isolated from
Dump Soil Pekanbaru, Indonesia. Biodiversitas 22: 5484-5490. Plastic is a compound resistant to degradation and takes tens to hundreds
of years to decompose completely. The diversity of microbial metabolism allows microbes to degrade plastic and utilize it as a source of
energy and carbon for growth. One type of plastic widely used in packaging is LDPE (Low-Density Polyethylene). The purpose of this
study was to test the ability of local isolates of Bacillus sp. strains BP4 and BP6 isolated from waste soil and to identify them at molecular
level. In LDPE plastic degradation test, pieces of LDPE plastic were added as a carbon source to a mineral solution medium and incubated
for 30 days on shaker incubator at 150 rpm. The percentage of plastic degradation was calculated by subtracting the percentage of the initial
weight of the plastic with the final weight. The test results showed that two isolates i.e. BP4 and BP6 were able to degrade LDPE plastics
with degradation percentages of 7.23 + 0.64% and 8.19 + 0.12%, respectively. Molecular identification results revealed that Bacillus sp.
strain BP4 showed a similarity of 99.72% with Bacillus anthracis strain X11, while Bacillus sp. strain BP6 showed a similarity of 99.93%

with Bacillus paramycoides strain 8929.
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INTRODUCTION

Over the past three decades, plastic has been
increasingly used in various fields, the most widely used as
packaging or carrying bags. The Global consumption of
plastic bags is estimated at 0.5-1 trillion annually. Plastic is
a xenobiotic compound resistant to degradation, so it takes
tens to hundreds of years to completely decompose
(Nielsen et al. 2019). The accumulation of plastic waste is
still a major problem, especially in urban areas. Plastic is
part of urban waste with a fairly large percentage. Basori
(2016) reported that the amount of plastic bag waste
produced by TPS (Trash Disposal Sites) in Pekanbaru was
38.4 tons/day with a dry weight of 23.8 tons/day or 15.9%
of the dry weight of waste. Plastic waste that cannot be
recycled will be stored in the TPA (Final Disposal Site).
Landfilling in the landfill will form an anaerobic
environment, resulting in complex biochemical reactions
that lead to leachate formation. This condition can cause
the plastic to be fragmented into microplastics, later
entering the waters (He et al. 2019).

The nature of plastic that is difficult to degrade, bury
the plastic. This pile of plastic waste through the water
flow will enter the ocean, fragmented into microplastics,
which accumulate and enter the food chain. Plastic waste
polluting the sea causes a negative environmental image
and negatively impacts open ecosystem spaces (Tosetto et
al. 2016). de Souza Machado et al. (2018) noted that plastic

pollution causes several global changes to terrestrial
ecosystems. Plastic that accumulates reduces soil fertility,
block water absorption by plants and threaten animal life.
Dumping garbage in the landfill requires a large area of
land, this land should be used for more production
facilities, such as agriculture. Burning plastic waste can
cause the release of hazardous chemical compounds into
the atmosphere such as carbon-based free radicals, PAHs
(Polycyclic  Aromatic  Hydrocarbons), PCBs (Poly
Chlorinated Biphenyl), heavy metals, CO; NO;, SO,
dioxins, and poly chloro dibenzofurans. This compound
when inhaled will cause several dangerous diseases such as
nervous system disorders in humans, cancer, liver swelling,
and nervous system disorders.

Plastics are long-chain polymers derived from fossil
fuels. Plastics are found in various forms of everyday life
such as polyvinyl chloride, polycarbonate, polyethylene,
nylon, polystyrene, polyethylene terephthalate,
polypropylene, (Raziyafathima et al. 2016). One type of
plastic that is widely used for packaging and agriculture is
LDPE (Low-Density Polyethylene). The structure of LDPE
is very stable and resistant to degradation because it has
hydrophobicity and high molecular weight. Plastic
biodegradability is also determined by chemical and
physical characteristics, such as molecular density,
morphology, structural complexity, chain bonds, molecular
composition, and the physical properties and shape of
polymers (film, pellet, powder or fiber). Plastics can be



FIBRIARTI et al. — Biodegradation LDPE by local bacteria

degraded through thermal, chemical, and biological
mechanisms. Plastic degradation is a physical or chemical
change in a plastic polymer caused by environmental
conditions such as heat, light, humidity, biological activity
or chemical conditions.

The role of microbes in plastic biodegradation is very
important. Bacteria are organisms that have the widest
distribution and can live and survive in various habitats in
nature. Bacteria can decompose complex compounds into
simpler compounds to obtain certain substances necessary
for their growth. Bacteria are the most important organisms
that play a role in the process of decomposition. Microbial
biodegradation is one solution to the problem of plastic
accumulation in nature that is safe and environmentally
friendly because plastic can be completely degraded and
does not produce secondary pollutants. Various types of
microbes are known to be able to degrade various different
types of plastics. Research has shown that Bacillus genera
with have the ability to degrade various type of plastics
such as Bacillus amyloliquefaciens, Bacillus mycoides,
Bacillus cereus, Bacillus thuringiensis, Bacillus pumilu,
(Sharma and Sharma 2004), B. cereus (Suresh et al. 2011),
Brevibacillus brevis (Watanabe et al. 2009), Bacillus
siamens and B. cereus (Lalina et al. 2021), Bacillus 1SJ51
(Gupta and Devi 2019). The genus Bacillus has the
potential to be developed in the biotechnology industry
because it has several properties such as having a wide
growth temperature range, being able to form spores, being
cosmopolitan, resistant to antiseptic compounds, being
aerobic or facultatively anaerobic, having various
enzymatic abilities, and some of them are capable of
biodegrading some recalcitrant and xenobiotic compounds.

The richness and diversity of microbes, especially local
bacteria, must be explored and utilized to solve
environmental problems. Research on Riau's local Bacillus
bacteria capable of degrading LDPE plastic has never been
done before. In this study, the ability of 2 local Riau
Bacillus isolates to degrade LDPE plastic was followed by
characterization and molecular identification of the
bacteria. The results of this study are expected to obtain
local bacteria that can degrade LDPE plastic. Exploration
and utilization of this microbial diversity is also an effort to
save and protect the genes of local Riau species.

MATERIALS AND METHODS

LDPE plastic degradation test

The inoculum of Bacillus sp. strains BP4 and BP6 used
for the biodegradation test was 10® CFU/mL. Plastic
sterilization was carried out by soaking in 70% alcohol for
30 minutes and drying in an incubator at 60°C for 15
minutes. A 10 mL bacterial inoculum was mixed in 100
mL mineral solution medium and then inoculated sterilized
pieces of LDPE plastic bag (10x3). LDPE plastic was the
only carbon source in the medium. Then it was incubated
for 30 days on a shaker at incubator at speed of 150 rpm at
room temperature. Control treatment was also maintained
without the addition of bacterial isolates. At the beginning
and end of the incubation, test plastic was sterilized with
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alcohol (70%) soaked for 30 minutes and dried in an oven
incubator at a temperature of 60°C for 15 minutes. Then do
the weighing of the pieces of the plastic test. Furthermore,
the percentage of degradation was calculated according to
the formula. Whereas W1 is the weight (initial) of plastic
before testing and Wf is the weight (final) of plastic after
testing (Kyaw et al. 2012).

(W1-Wf) x 100%
W1

Morphological characterization and biochemical tests
The morphological characterization was based on
partial characterization, including colony morphology
(size, color, shape, edge, and elevation). Colony
morphology was characterized by direct observation of the
bacterial colonies of Bacillus sp. strains BP4 and BP6
grown in Petridish. Gram's staining was also performed to
observe that whether the bacteria were Gram positive or
Gram negative. Gram staining included the application of
crystal violet (primary stain), iodine (mordant), alcohol
96% (decolorization), and Safranin (counterstain). Each
step has given after washing with running water.
Observations were made using a microscope. The group of
Gram-negative bacteria if it was pink and the group of
Gram-positive bacteria if it was purple. Growing bacteria
carried out a Carbohydrate fermentation test on glucose,
sucrose, and fructose medium with the addition of phenol
red indicator. Then Incubated for 24-48 hours and observed
for changes in the color of the medium and the presence or
absence of gas. The motility test was carried out to grow
Bacillus sp. strains BP4 and BP6 isolates on Trypticase Soy
Broth medium. Motility was observed using a microscope.
The catalase test was carried out by observing the presence
or absence of air bubbles in bacterial colonies dripped with
3% H,0; solution. The growth ability test was conducted
by growing bacteria on a Nutrient agar medium and
incubating at several temperature variations (25, 30, 37,
and 42°C). This test was conducted to determine the
viability of bacteria at low, medium, and high
temperatures. The growth ability test at several pH
variations was carried out by growing bacteria on media
that had adjusted the pH (5,6,7 and 8) (Bisen et al. 2012).

Molecular identification based on 16 S rRNA sequences
Bacterial DNA extraction

Each of 2 mL of Bacillus sp. strains BP4 and BP6
cultures was added with Tris-EDTA (Ethylene Diamine
Tetra Acetyc Acid) buffer. Next, 1.5 mL of bacterial
culture was put into an Eppendorf tube and centrifuged at
14,000 rpm for 1 minute. Bacterial cultures in liquid
medium incubated in a incubator shaker for 24 hours.
Subsequently, 1.5 mL of the culture was centrifuged at
14,000 rpm for 1 minute. Then the DNA was extracted
using the Presto™ Mini gDNA Bacteria Kit.

16S rRNA gene amplification

The 16 S rRNA gene was amplified using universal
primers 27F (5'-(GATTTTGATCMTGGCTCAG-3') and
1492 R (5-GGTTACCTTGTTACGACTT-31. The PCR
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component consisted of primer 27F (0.2 M; 1 1), primer
1492R (0,2 M;1 1), DNA template (1 I), 2X at Tag Master
Mix 1X (25 ) and sterile ddH,O (22 I). PCR reaction with
first heating at 94°C for 5 minutes, then followed by 35
cycles consisting of denaturation (1 minute) at 94°C,
annealing (1 minute) at 56°C and 2 minutes of extension at
72°C. After 35 cycles were completed, followed by 4
minutes at 72°C and cooling at 4°C for 30 minutes. The
amplification results were fractionated by electrophoresis
on 1% agarose gel in TEA buffer (Tris-EDTA) for 20
minutes at 100 V. The gel from the electrophoretic was
immersed in a solution of ethidium bromide solution with a
concentration of 1 L/100 mL for 15 minutes. The
separation results were visualized on the Gel. Doc Print
Graph using UV transilluminator with 100 bp. Standard
DNA ladder (Promega) to determine the yield and a band
size of the amplified DNA. The amplified sample was 48 |
in a PCR tube coated with parafilm. Sequencing was
performed using the Bio Trace model 3100 machine.
Sequencing results were analyzed using the BioEdit
program and BLAST in the NCBI gene bank followed by
phylogenetic analysis using the MEGA 6 program (Tamura
et al. 2011).

RESULTS AND DISCUSSION

Plastic degradation test

The results of the LDPE plastic degradation test showed
that both Bacillus strain BP4 and strain BP6 could degrade
LDPE plastic as shown in Table 1. The decrease in the
weight of the test plastic was due to bacterial activity,
whereas 0% degradation was recorded in control treatment
isolates.

Morphological characterization and biochemical tests

The results of biochemical and morphological tests of
the two Bacillus isolates are shown in Table 3. Bacillus sp.
strains BP4 and BP6 were Gram-positive and rod-shaped
bacteria.

The carbohydrate fermentation test result showed that
both Bacillus isolates could ferment glucose and were
unable to ferment sucrose and fructose. A positive test was
indicated by a color change in the glucose medium with the
addition of phenol red indicator from red to yellow. The
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marked by the formation of oxygen bubbles, on the
bacterial isolates dripped with H,O,. Motility test results
showed strain BP4 and strained BP6 were motile. Both
isolates of Bacillus sp. strain BP4 and BP6 are capable of
growing at a temperature range of 25-42°C and can grow in
a pH range of 6-8.

Molecular identification (16S rRNA gene sequences)
The results of molecular identification exhibited that
Bacillus sp. strain BP4 and BP6 produced DNA band of
1443 bp and 1439 bp respectively. Furthermore, BLASTn
analysis was carried out to observe its similarity with other
bacterial sequences in the gene bank. The results of
BLAST analysis showed that Bacillus sp. strain BP4
similar sequences to Bacillus paramycoides strain 8929
(99.72%), Bacillus anthracis strain X11 (99.72%), B.
anthracis strain FDAARGOS 695 (99.65%), B. anthracis

strain FDAARGOS 695 (99.65%), B. anthracis strain
FDAARGOS 702  (99.65%), B. anthracis strain
FDAARGOS 703 (99.65%), B. thuringiensis strain
FDAARGOS 791 (99.65%), B. thuringiensis strain
FDAARGOS 792 (99.65%), B. thuringiensis strain
FDAARGOS 794  (99.65%), B.  cereus  strain
FDAARGOS 797  (99.65%), B. cereus  strain
FDAARGOS 780 (99.65%). The results of MEGA

analysis in the phylogenetic tree are shown in Figure 3.

The results of the molecular identification of Bacillus
sp. strain BP6 bacteria produced DNA band measuring
1439 bp. Furthermore, BLASTn analysis was carried out to
see the similarity with other bacterial sequences in the gene
bank. The results of BLASTn analysis showed that Bacillus
sp. strain BP6 had similarities with B. paramycoides strain
8929 (99.93%), B. anthracis strain FDAARGOS_ 695
(99.86%), B. anthracis strain FDAARGQOS_702 (99.86%),
B. anthracis strain FDAARGOS 703 (99.86%), B.
thuringiensis strain  FDAARGOS 791 (99.86%), B.
thuringiensis strain FDAARGOS 794 (99.86%), B. cereus
strain FDAARGOS 797 (99.86%), B. cereus strain
FDAARGOS 780  (99.86%), B. cereus strain
FDAARGOS 781 (99.86%). The results of MEGA
analysis in the phylogenetic tree are shown in Figure 4.

Table 1. Percentage of weight loss of LDPE plastic

result of the carbohydrate fermentation. The results of the Isolate  Control % weight reduction  Time (days)

carbohydrate fermentation test are presented in Figure 2. BP4  0.00:0.00 7.23+0.64 30
The catalase test result of both Bacillus sp. BP4 and BP6  0.00+0.00 8.19+0.12 30

BP6 isolates showed positive tests. This reaction was

Table 2. Comparison of different of Bacillus strains capable of degrading LDPE

Strain Isolation source Incubation (days) % weight reduction Reference

Bacillus sp. strain BP4 Dump soil Riau Indonesia 30 7.23 This study

Bacillus sp. strain BP6 Dump soil Riau Indonesia 30 8.19 This study

Bacillus siamens Waste disposal 90 8.46 Lalina et al. (2021)

Bacillus cereus Waste disposal 90 6.33 Lalina et al. (2021)

Bacillus 1SJ51 Plastic adhered soil 60 15 Gupta and Devi (2019)
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Figure 1. Gram staining of bacterial isolates at 1000 x magnification, A. Bacillus sp. strain BP4, B. Bacillus sp. strain BP6
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Figure 2. Carbohydrate fermentation test results, A. Bacillus sp. strain BP4, B. Bacillus sp. strain BP6

Discussion
Plastic degradation test

The results of the LDPE plastic degradation test showed
that both strain BP4 and strain BP6 could degrade LDPE
plastic. Both local Bacillus sp. isolates could degrade
LDPE well within 30 days. Bacillus sp. strain BP4 showed
the percentage of LDPE plastic degradation of 7.23 +
0.64% and Bacillus sp. strain BP6 with the percentage of
LDPE plastic degradation of 8.19 £+ 0.12%. The decrease in
the weight of the test plastic was caused by bacterial
activity, this was strengthened by the control treatment
without the addition of bacterial isolates which showed a
percentage of 0% degradation in the 30 days incubation
time. This result is quite good considering that LDPE is a
type of plastic that is very stable and difficult to degrade.
This is because LDPE is polyethylene with high
hydrophobicity and a high molecular weight of more than
30 kDa. The mechanism of plastic degradation by bacteria
begins with the attachment of bacteria to the plastic
surface, bacteria excrete enzymes that can break down the
main chain and form low molecular weight fragments
(Alshehrei 2017). The mechanism of plastic degradation
begins with the conversion of LDPE into monomers so that
they can enter the bacterial cell membrane. In this study, it
is hypothesized that strain BP4 and strain BP6 excrete
enzymes that can depolymerize LDPE plastic into
monomers, then the monomers are absorbed by bacterial
cells and decompose naturally used as a carbon source for
bacterial growth. Bacterial extracellular enzymes degrade

complex polymers to produce smaller oligomers, dimers,
and monomers. These short-chain molecules can be used as
a source of energy and carbon and then mineralized into
end products such as CO,, H,0, or CH4 (Gu 2003).

Table 3. Characteristics of strain BP4 and strain BP6

Bacillus sp. Bacillus sp.
Test strain BP4 strain BP6

Form Basil Basil
Colony size Medium Medium
Colony color White Cloudy white
Colony shape Circular Irregular
Colony edge Entire Entire
Colony elevation Raised Raised
Gram stain + +
Motility + +
Catalase + +
Glucose Fermentation + +
Lactose Fermentation - -
Sucrose fermentation - -
Growth at 25°C + +

30°C + +

37°C + +

42°C + -
Growth at pH 5 - +

pH 6 + +

pH7 + +

pH 8 + +
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The two bacteria strain BP4 and strain BP6 was isolated
from waste soil, so both may have adapted to waste soil
where a lot of plastic waste is disposed. Several studies
have been conducted to detect plastic-degrading bacteria
using bacteria isolated from waste disposal soil. The
ability of Bacillus bacteria to degrade plastic in this study
was higher than that of B. cereus which was also isolated
from waste soil with a degradation percentage of 6.33% for
60 days of incubation (Lalina et al. 2021). The results of
this study are also higher than the bacteria Bacillus 1SJ51
Gupta and Devi (2019) with a plastic degradation
percentage of 1.5% within 60 days of incubation. The
results of this study were lower than B. siamens Lalina et
al. (2021) with a degradation percentage of 8.46% for 60
days of incubation. However, in the present study, the
incubation only 30 days, while in other studies the
incubation time for Bacillus was longer such as 60 and 90
days (Gupta and Devi 2019; Lalina et al. 2021). The
incubation time also affects the percentage of LDPE plastic
degradation. Sen and Raut (2015) state that LDPE
biodegradation is influenced by several factors, namely
LDPE characteristics, types of microorganisms, and pre-
treatment. Pre-treatment such as chopping and UV
irradiation can also accelerate the degradation of LDPE
plastic. Pre-treatment will cause the plastic to be
fragmented into smaller sizes, thus accelerating the
biodegradation process. Result indicate that these two
bacterial strain have the potential to be used as
biodegradation agents for LDPE plastic. In testing the
biodegradation of plastics in addition to reducing the
weight of plastic, other tests are needed such as analysis of
changes in the plastic surface, and analysis of changes in
biochemical compounds.

Morphological and biochemical characterization

The results of the biochemical and morphological
character tests of the two isolates of strain BP4 and strain
BP6 are Gram-positive rod-shaped bacteria. This is as
reported by Bisen et al. (2012) which states that the genus
Bacillus is in the form of bacilli and is gram-positive. The
cell wall of gram-positive bacteria is thicker than that of
gram-negative bacteria. When given 96% alcohol bleach,
dehydration will occur so that the pores of the cell walls
close and prevent the dissolution of the crystal violet-iodine
complex, and remain stained with crystal violet-purple
paint until the end of the gram stain. Gram-negative
bacteria have a thick lipid layer that dissolves when alcohol
is added. Cell wall pores will be larger and will be stained
pink with safranin. Test Carbohydrates will be fermented
into alcohol, acid, and gas depending on the type of
carbohydrate and also the ability of the test bacteria. The
formation of acid is indicated by a change in the color of
the indicator in the medium, which will cause a change in
the color of the medium from red to yellow. The enzyme
that plays a role in glucose fermentation is the glucosidase
enzyme. The enzyme that plays a role in the fermentation
of sucrose is the enzyme sucrase which will break down
sucrose into glucose and fructose. The enzyme that plays a
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role in lactose fermentation is the lactase enzyme which
breaks down lactose into glucose and galactose Bisen et al.
(2012). Both strain Bp4 and strain BP6 can produce
glucosidase enzymes. The ability to ferment glucose was
indicated by a change in the color of the test medium from
red to yellow.

The catalase test result of both Bacillus sp. strain BP4
and BP6 showed positive test. According to Bisen et al.
(2012), catalase test was used to detect the presence or
absence of the catalase enzyme. A positive catalase test
indicates that the bacteria are capable of producing the
enzyme catalase. The enzyme catalase serves to neutralize
the bactericidal effect of hydrogen peroxide. The catalase
enzyme will break down H,O; into H,O and O,. This
reaction was marked by the formation of oxygen bubbles,
on the bacterial isolates dripped with H,O,. The motility
result test of both Bacillus sp. showed positive test.
Motility or movement of bacteria can be either passive
movement or active movement. In active movement,
bacteria move with the help of locomotion called flagella.
In passive movement, bacteria move caused by Brownian
motion originating from external factors Bisen et al.
(2012). Both Bacillus sp. isolates were able to growth in a
temperature range 25-42°C and a pH range 6-8. According
to Bisen et al. (2012) Bacillus strain BP4 and BP6 belong
to group of mesophilic bacteria which can grow in the
range temperature 25-40°C. Both strain Bacillus belong to
group of neutrofilik which can grow in range pH 5-8.

Bacillus cereus strain FDAARGOS_797
Bacillus cereus strain FDAARGOS_780
Bacillus thuringiensis strain FDAARGOS_794
Bacillus thuringiensis strain FDAARGOS _792
Bacillus thwringiensis FDAARGOS_791
Bacillus anthracis. FDAARGOS_703
Bacillus anthracis. FDAARGOS_702
Bacillus anthracis. FDAARGOS_695

Bacillus paramycoides strain 8929

Bacillus strain BP4

Bacillus anthracis_strain X11
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Figure 3. Phylogenetic tree of Bacillus strain BP4

Bacillus anthracis, FDAARGOS_702
Bacillus anthracis FDAARGOS 703
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Bacillus thuringiensis strain FDAARGOS_792
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— Bacillus cereus. strain FDAARGOS_7 80
— Bacillus thuringiensis strain FDAARGOS_794
! Bacillus cereus strain FDAARGOS_797
Bacillus cereus strain FDAARGOS_781
Bacillus strain BP6
L Bacillus paramycoides strain 8929

Figure 4. Phylogenetic tree of Bacillus strain BP6
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The results of morphological characterization and
biochemical tests of Bacillus sp. strain BP4 were stem cell
shape, medium cell size, gram-positive, circular colony
shape, entire colony edge, raised colony elevation, white
colony color, catalase-positive, motile, able to ferment
glucose, able to grow at 25-42°C and able to grow in the
pH range of 6-8. The results of morphological and
biochemical characterization of Bacillus sp. strain BP6
stem cell shape, medium size, irregular colony shape, entire
colony edge, raised colony elevation, cloudy white colony
color, catalase-positive, motile, able to ferment glucose,
able to grow at a temperature of 25-37°C, and able to grow
in a pH range of 5-8.

Molecular identification

According to Tindall (2010) bacteria can be grouped
into one species if they have more than 97% similarity in
the 16 S rRNA gene sequence. Results of molecular
identification revealed that Bacillus sp. strain BP4 showed
similarity of 16 S rRNA gene sequences of 99.72% with B.
paramycoides strain 8929. However, it also showed
similarity of 99.72% with B. anthracis strain X11. Based
on the 16 S rRNA gene sequence, there are 273 species of
Bacillus grouped into 10 groups, namely: group B. subtilis,
B. pumilus, Bacillus licheniformis, B. simplex, B.
megaterium, B. cereus, B. smithii, B. firmus, B. coagulans,
and B. alcalophilus. The B. cereus group consists of, B.
cereus, B. pseudomycoides, B. mycoides, B. thuringiensis,
B. anthracis and B. weihenstephanensis. The results of the
16 S rRNA gene sequence showed that the two local Riau
bacterial strains, namely strain BP4 and strain BP6 were
included in the B.cereus group. In the B. cereus group, the
similarity of 16S rRNA gene sequences between different
species exceeded the species lineage limit by 97%
(Amaresan et al. 2020). This was especially true for group
B. subtilis and group B. cereus. The polyphasic approach
often fails to identify Bacillus species in the B. cereus
group because the species belonging to this group have
very close similarities. This also happened to Bacillus sp.
strain BP4 where the results of the BLASTn analysis
showed a similarity of 99.72% with B. paramycoides strain
8229 and also showed a similarity of 99.72% with B.
anthracis strain X11. The recommended alternative method
for identifying group B. cereus and group B. subtilis is
single sequencing markers or core genes such as gyrB,
cheA, rpoB. Another method is the total DNA sequence
DNA hybridization, a classification based on the whole
genome sequence (Amaresan et al. 2020). Mandel et al.
(2020) also stated that the bacteria B. cereus, B. antrachis,
B. paramycoides, and B. mycoides cluster with B. cereus
based on their similarity. This is also shown in the two
phylogenetic trees (Figure 3 and Figure 4) where B. cereus,
B. thuringiensis, B. anthracis, and B. paramycoides are in
one cluster. Based on several characters possessed by B.
anthracis, it is stated that B. anthracis is the development
of a new species originating from B. cereus. Bacteria of the
genus Bacillus are commonly found in soil and some can
grow in lakes and seas. Only a few of the genus Bacillus
cause disease in humans.
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The genus Bacillus consists of 268 species and 7
subspecies, two species are known to cause disease in
humans, namely B. anthracis which causes anthrax disease,
and B. cereus which causes disease with symptoms similar
to food poisoning (Amaresan et al. 2020). The result
revealed that Bacillus sp. strain BP4 is suspected to be a
species of B. anthracis. However, because Bacillus sp.
strain BP4 was suspected to be B. paramycoides or B.
anthracis. Further testing is needed to determine this
bacterial species. If Bacillus sp. strain BP4 is B. anthracis,
it cannot be used as a bioremediation agent because it is a
pathogenic bacterium in humans. Although it can degrade
LDPE for sure, this bacterium cannot be used as
bioremediation agents because it is pathogenic. According
to WHO (2008) and Dultta et al. (2011), B. anthracis is a
pathogenic bacterium that causes anthrax disease.

The results of the molecular identification of Bacillus
sp. strain BP6 bacteria produced DNA bands 1439 bp.
Furthermore, BLASTnN analysis was carried out to see the
similarity with other bacterial sequences in the gene bank.
The results of the phylogenetic analysis showed that
Bacillus strain BP6 had sequence similarity of 99.3% with
B. paramycoides strain 8929. The research results by Liu et
al. (2017) reported that B. paramycoides is a Bacillus-
shaped, Gram-positive, non-motile bacterium. Colonies are
medium in size and white in color. Bacillus paramycoides
is one of 9 new species belonging to the B. cereus group.
Based on a polyphasic taxonomic approach to the analysis
of 16S rRNA gene sequences, this strain belongs to the
group B. cereus, shares more than 97% similarities with
species from this group, and less than 95% similarities with
other species of the genus Bacillus. The results of the
phylogenetic tree analysis are shown B. paramycoides
phylogenetically is a group of B. cereus, it is suspected that
this group is widely distributed and has different ecological
and evolutionary roles in the terrestrial environment (Liu et
al. 2017). Several studies have also succeeded in isolating
B. paramycoides from various sources with various
abilities such as thermophilic B. paramycoides isolated
from volcanic craters (Safitri et al. 2020), some B.
paramycoides act as bioremediation agents such as hospital
waste remediation (Rashid et al. 2020), acephate
biodegradation (Ren et al. 2020), chlorpyrifos degradation
(Rochaddi et al. 2019).

This research is the first to be conducted on the
exploration of LDPE plastic-degrading bacteria in
Pekanbaru, Riau, Indonesia. The results exhibited that both
the bacteria played an important role in overcoming
accumulation of plastic waste in the soil. The result of
molecular identification showed that Bacillus sp. strain
BP4 was suspected to be B. paramycoides strain 8229 or B.
anthracis strain  X11. Bacillus sp. strain BP6 showed
similarity with B. paramycoides strain 8929. Both bacteria
showed the ability to degrade LDPE plastic. B.
paramycoides strain BP6 has the potential to be used as a
plastic decomposition agent. This research is a preliminary
study and further research is needed on the surface analysis
of the plastic and the compounds produced and
optimization of environmental factors.
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