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Section “Biology and Environmental Sciences”

Abstract. Polyethene causes pollution and global warming not only
because of the increase in the problem of waste disposal and landfilling
but also because it releases carbon(iv)oxide and dioxins due to burning,
which hurts the climate. Recent studies have shown that biodegradation
using plasmid processing bacteria (PPB) could help prevent
environmental damage from pollution and reduce carbon footprint and
greenhouse gas emissions from polyethene usage. This study assayed
the low-density polyethylene degrading potential of PPB assayed from
polyethylene-polluted sites. Soil samples and waste sachet water bags,
popularly called 'pure water', were collected from a polyethene dumpsite
near Ekiti State University. These samples were analysed for bacterial
loads and polyethene degrading PPB using nutrient agar and mineral
salt medium, respectively.

The biodegradation of low-density polyethene using sachet water films
was observed spectrophotometrically using the broth culture of the
bacterial isolates for 30 days on a mineral salt medium. The bacteria
were identified based on molecular characterisation using 16S RNA
sequencing. Six bacterial isolates identified from polyethene polluted
sites include: Lysinibacillus  xylanilyticus ~ strain  BN-13  (S6),
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Rhodopseudomonas palustris strain KRPR02 (W5),
Pseudomonasaeruginosa  strain  JAY (N2), Stenotrophomonas
maltophilia strain T7D7, Pseudomonas aeruginosa strain SMVIT-1 (S1)
and Achromobacter xylosoxidans YEB (W11), and four isolates were
observed to have the presence of plasmid after analysis.

The four isolates were used to degrade the PE films, which peaked at
degradation on the 21 days, followed by a gradual declination on the 28
days. L. xylanilyticus strain BN-13(S6) exhibited the highest degradation
of 0.898 nm, and A. xylosoxidans strain YEB (W11) exhibited a minor
degradation of 0.788 nm. The result revealed that PPBs are competent
biodegrades of polyethene wastes and can be used as a better
approach to restoring polyethene and mitigating climate change.

Keywords: Biodegradation; Plasmid possessing bacteria; Polyethylene;
Spectrophotometer.

INTRODUCTION

Plastic pollution, driven by the continued pres-
ence of low-density polyethene (LDPE) waste in
the environment, has become an urgent global
concern [4]. LDPE, a ubiquitous polymer used in
various forms of packaging [7], contributes sig-
nificantly to environmental degradation, posing a
threat to ecosystems, wildlife and human
health [12].

In response to this environmental crisis, innova-
tive solutions have been explored, with a promis-
ing route being the use of plasmid-possessing
bacteria (PPB) to degrade these environmental
pollutants [35]. Some bacteria, especially those
with extrachromosomal genetic elements called
plasmids, have been shownto degrade low-
density polyethene by exploiting the power of
these plasmid-encoded genes, which carry en-
zymes such as oxidases, hydrolases, cutinises,
etc. [25].
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Figure 1 - Plastic-polluted sites posing threats to the
environment
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Scientists use genetic engineering techniques to
introduce plasmids carrying specific polyethene
degradation genes into the bacteria. Degradable
plasmids, among other types, carry genes neces-
sary for biodegradation of various environmental
pollutants, including plastics [3, 25]. This genetic
modification allows the bacteria to produce en-
zymes capable of breaking down the complex
structure of polyethene [39]. This corresponds to
the principles of green technology [1]. Green
technologies prioritise sustainability and respect
for the environment [16] and reduce ecological
impact, making it an exceptional approach [21].

The biodegradation of polyethene represents a
complex process, and at its heart are bacteria
possessing by plasmids, which serve as drivers of
this transformation mechanism [29]. Plasmids,
small circular DNA structures independent
of bacterial chromosomal DNA, play a crucial role
in transporting and expressing genes that encode
enzymes capable of cleaving elastic polyethene
chains [13].

Here, we review key aspects of the plasmid pos-
sessing involvement of bacteria in polyethene
biodegradation.

Figure 2 - Plasmids as genetic tools for plastic
biodegradation
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1. Role of Plasmids in Bacteria. Plasmids are ex-
trachromosomal genetic elements of bacteria
that can multiply independently. They often car-
ry genes that give the bacteria favourable charac-
teristics. In the biodegradation of polyethene,
plasmids play an essential role by carrying genes
that encode enzymes that initiate and facilitate
the degradation of polyethene polymers [13].
Genetic engineering for polyethene biodegrada-
tion: Scientists use genetic engineering tech-
niques to introduce plasmids carrying specific
polyethene degradation genes into bacteria [2].
This genetic modification allows the bacteria to
produce enzymes capable of breaking down the
complex structure of polyethene, thus starting
the biodegradation process.

Several bacteria have been identified and engi-
neered for their ability to biodegrade polyethene
via plasmids [20]. Examples include Ideonella sa-
kaiensis, which produces enzymes capable of
breaking down PET (polyethene terephthalate),
and Pseudomonas species, known for their ver-
satility in breaking down various environmental
pollutants, including polyethene. Escherichia coli.
It is designed to produce multiple enzymes that
target different bonds in LDPE [13]. Understand-
ing the complex relationship between plasmid
possessing bacteria and polyethene biodegrada-
tion is essential to understanding the potential of
this technology. Genetic manipulation, driven by
plasmids, represents a promising cutting-edge
approach for mitigating plastic pollution and
promoting ecologically sustainable practices [2].

2. Application of plasmid possessing bacteria in the
environment

a) In-situ bioremediation: One approach is in situ
bioremediation, which involves directly applying
plasmid possessing bacteria to contaminated
sites. This can be achieved by spraying or inject-
ing bacterial solutions in areas with high concen-
trations of plastic waste, such as marine envi-
ronments or contaminated land [36].

b) Ex-situ bioremediation: Another method is ex-
situ bioremediation, which involves processing
accumulated plastic waste in controlled envi-
ronments. Process plastic waste collected in con-
trolled environments such as bioreactors or
composting plants [9]. Example: Bioreactors de-
signed to optimise conditions for bacterial deg-
radation of LDPE.

c) Integration into waste management systems:
Plasmid bacteria can also be integrated into ex-
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isting systems. By including these bacteria in re-
cycling plants or landfills, we can improve the
biodegradation of LDPE and the overall waste
treatment efficiency [19].

d) Monitoring and regulation: Establishing pro-
tocols for safely using genetically modified bacte-
ria in the environment is essential. This includes
monitoring their impact on native ecosystems
and ensuring they do not cause unwanted dam-
age [33]. Regulations and guidelines help manage
the implementation and operation of these bio-
remediation techniques.

3. Plasmid possessing enzymes produced by bacte-
ria. Enzymes are biological catalysts that acceler-
ate the degradation of LDPE. Plasmid possessing
bacteria have been engineered to produce specif-
ic enzymes that target plastic polymers [34]. The
main enzymes involved are:

a) Laccases: Authors [32] catalyse the oxidation
of phenolic substrates and participate in the deg-
radation of complex polymers.

b) Hydrolases break the ester bonds in polymers,
facilitating the breakdown of LDPE into smaller
molecules [17].

c) Oxidases: Catalyze redox reactions, thus con-
tributing to the breakdown of plastic mole-
cules [1].

d) Esterase: Hydrolyses ester bonds, common in
synthetic polymers such as LDPE [26].

4. Plasmid possessing post-degradation processes
of polyethene by bacteria. After degradation, it is
essential to carry out regular environmental
monitoring to ensure that the degradation pro-
cess is complete and that no harmful residues
exist. Ecological impact studies help assess long-
term effects on local ecosystems and biodiversity
[8]- When plasmid possessing bacteria degrade
polyethene, the plastic breaks down into smaller
molecules such as monomers (ethylene) and oli-
gomers. In addition, microbial activity can pro-
duce by-products such as CO2, water and bio-
mass [27].

In addition, the degradation of polyethene signif-
icantly reduces plastic pollution, thus improving
the quality of soil and water in the treated are-
as [30]. This contributes to overall health and en-
vironmental sustainability. The microbial bio-
mass created during the degradation process can
serve as a source of nutrients for other microor-
ganisms, thus promoting the ecological bal-
ance [33].
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Also, degradation products can improve soil fer-
tility and structure, acting as natural soil
amendments. Continuous research is essential to
improve biodegradation efficiency further. This
includes developing improved biodegradation
techniques and integrating these methods with
other sustainable waste management practices
to create a holistic approach to plastic pollu-
tion [15].

Polyethylene, with its strong molecular structure,
presents a significant challenge to the environ-
mental ecosystem due to its slow degradation
and persistence in the environment [14]. Howev-
er, introducing plasmid possessing bacteria and
their ability to biodegrade polyethene offers
hope [29]. In this section, we examine the envi-
ronmental impact of this biodegradation process
and its potential to pave the way for sustainable
waste management practices.

The biodegradation of polyethene results in the
breakdown of large polyethene molecules into
more minor, more manageable compounds. The
enzymatic activity of the bacteria facilitated by
the plasmids reduces polyethene waste, thus re-
ducing plastic pollution in different environmen-
tal compartments [28].

Contribution to sustainable waste manage-
ment: The ability of plasmid possessing bacteria
to degrade polyethene is consistent with the
principles of sustainable waste management.
Transforming polyethene waste into ecological
by-products represents an ecological approach to
waste disposal and recycling [22].

Positive effects on ecosystems: The accumula-
tion of polyethene waste concerns terrestrial and

aquatic ecosystems, affecting flora and fauna
[13]. Polyethylene biodegradation, orchestrated
by plasmid possessing bacteria, can relieve eco-
systems' stress, promoting healthier and more
balanced environmental conditions.

Polyethylene biodegradation, orchestrated by
plasmid possessing bacteria, not only helps com-
bat plastic pollution but also has implications for
climate resilience.

Biodegradation of polyethene as a green technolo-
gy. The use of plasmid possessing bacteria for the
biodegradation of polyethene conforms to the
principles of green technology [23]. Green tech-
nologies prioritise sustainability, respect for the
environment and reduction of the ecological im-
pact, making biodegradation of polyethene an
exceptional approach.

Mitigation of the impacts of climate change. The
biodegradation of polyethene helps mitigate cli-
mate change's impacts by addressing an im-
portant source of environmental pollution. Re-
ducing plastic waste through biodegradation
eases the environmental burden of producing
and disposing of petroleum-based plastics, indi-
rectly mitigating climate change [5].

Adaptation to environmental challenges. Sustain-
able practices, including the biodegradation of
polyethene, contribute to the overall resilience of
ecosystems and communities that face environ-
mental challenges. Promoting environmentally
friendly waste management and the biodegrada-
tion of polyethene helps communities adapt to
changing environmental conditions and possible
climate events [35].
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Plasmid-Encoded Enzymes
for LDPE Breakdown

Scanning Electron
Microscopy of LDPE -
Degrading Bacteria

Figure 3 - Figure 3a shows a petri dish with bacterial colonies capable of breaking down low-density polyeth-
ylene (LDPE) plastic; Figure 3b lllustrates specific enzymes and metabolic pathways encoded on bacterial plas-
mids that facilitate the biodegradation of LDPE; Figure 3c shows a scanning electron microscope (SEM) image

of bacterial cells adhering to and degrading the surface of LDPE [34]

Section “Biology and Environmental Sciences”

3004



Path of Science. 2024. Vol. 10. No 8

ISSN 2413-9009

As we delve into this exploration, it is essential to
recognise the interconnectedness of environ-
mental sustainability and climate resilience [31].
Our choices in addressing plastic pollution shape
our planet's health and influence our capacity to
adapt to the challenges posed by a changing cli-
mate. This study seeks to unravel the multifacet-
ed dimensions of polyethene biodegradation, ex-
amining how the innovative use of plasmid pos-
sessing bacteria can catalyse transformative
change [13].

METHODS

1. The isolates used in this study were obtained
from previous research conducted on polyethene
biodegradation [40]. They were identified as
Lysinibacillus xylanilyticus strain BN-13 (S6),
Rhodopseudomonas palustris strain KRPRO02
(W5), Pseudomonas aeruginosa strain JAY (N2),
Stenotrophomonas maltophilia strain T7D7,
Pseudomonas aeruginosa strain SMVIT-1 (S1),
and  Achromobacter  xylosoxidans  YEB
(W11). The isolates were confirmed to possess
biodegradable capabilities. The low-density
polyethene (LDPE) bag water films used were
obtained from the EKkiti State University water
conditioning plant.

2. Molecular characterisation of bacterial isolates.
The molecular characterisation of the bacterial
isolates was carried out using the method pro-
posed [10]. The polymerase chain reaction (PCR)
program included initial denaturation at 94°C for
5 min followed by 35 cycles of denaturation at
94°C for 1 min, annealing at 57°C for 1 min, ex-
tension at 72°C for 1.5 min and a final extension
at 72°C for 15 min. The amplified product was
resolved on a 1% (w/v) agarose gel. The PCR
product was evaluated using the Wizard SV gel
and PCR purification system. The nucleotide se-
quence was determined manually using the diox-
ide nucleotide chain termination method or au-
tomatically using the Big Dye Terminator Cycle
Sequencing Kit v3.1on the ABIPRISM 3100-
Avant genetic analyser with universal primers
and vice versa. DNA sequence analysis was per-
formed using the Blast and Bio editing programs.
[solates were identified based on similarity
scores, and sequences were submitted to the
NCBI gene bank to obtain an accession number.

3. Isolation of plasmids and recovery of LDPE-
degrading bacterial strains. Plasmids were iso-
lated using the QIAGEN plasmid mini-purification
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kit. The plasmid extraction protocol was used to
confirm the presence of plasmids. The extracted
plasmids were analysed using gel to see if the iso-
lates contained plasmids. The integrity of the ex-
tracted plasmid was checked on a 1% agarose gel
to confirm amplification. The buffer (1xTAE buff-
er) was prepared and then used to prepare a 1%
agarose gel. The suspension was microwaved for
5 minutes. The molten agarose was allowed to
cool to 60°C and stained with three pl of 0.5 g/ml
ethidium bromide (which absorbs invisible UV
light and transmits energy as visible orange
light).

A comb was inserted into the holes of the casting
table, and the molten agarose was poured into
the table. The gel is allowed to solidify for 20
minutes to form wells. The 1xTAE buffer was
poured into the gel reservoir to barely submerge
the gel. Two microliters (21) of 10x blue gel fill-
ing dye (which gives colour and density to sam-
ples to facilitate loading into wells and monitor
gel progress) was added to 10 pl of each PCR
product and loaded into the wells after the DNA
step of 100-3000 bp. was loaded into healthy 1.
The gel was electrophoresed at 120 V for 45 min,
visualised by UV transillumination, and photo-
graphed. The sizes of the PCR products were es-
timated by comparison with the molecular
weight mobility scale performed with the exper-
imental samples on the gel 600nm.

RESULTS AND DISCUSSION

Molecular characterisation of the isolates. Based
on molecular characterisation using 16S rRNA
sequencing, the six isolates were identified as fol-
lows: Isolate PE2 as Lysinibacillus xylanilyticus
strain BN-13 16S, isolate PE4 as Rhodopseudo-
monas palustris strain KRPRO2, Isolate S1 as
Pseudomonas aeruginosa strain JAY2N, Isolate S6
as Stenotrophomonas maltophilia strain T7D7,
Isolate W5 as Pseudomonas aeruginosa strain
SMVIT-1, Isolate W11 as Achromobacter xyloso-
monas.

Isolation of plasmids and treatment of bacterial
strains that degrade LDPE. Plasmid analysis of the
six isolates revealed that only four isolates con-
tained plasmids which include: Lysinibacillus xy-
lanilyticus strain BN-13 16S, Rhodopseudomonas
palustris strain KRPR02, Pseudomonas aerugino-
sa strain SMVIT-,Achromobacter xylosomonas
however, Stenotrophomonas maltophilia strain
T7D7 and Pseudomonas aeruginosa strain JAY2N,
however, had no plasmids. The four isolates with
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plasmids were exposed to 25 pl of Ethidium Table 1 - Showing the four isolates that have the
bromide and were found to lose their plasmids  presence of plasmid
upon incubation overnight. The curing was con-

firmed by the loss of using low-density polyeth- ‘ Bacterial Isolate Plasmid Presence
Lysinibacillus xylanilyticus strain
ene as a substrate. 4 B (S6y) v
Lane1 100 BP marker Rhodopseudomonas palustris o
strain KRPRO2 (W5)
Lane 2 Lysinibacillus xylanilyticus strain BN-13 (S6) Pseudomonas aeruginosa strain v
SMVIT-1 (S1)
LANE 3 Pseudomonas aeruginosa strain SMVIT-1 (S1) Achromobacter xylosoxidans o

strain YEB (W11)

Adspred

LANE 4 Rhodopseudomonas palustris strain KRPR02 (W5)
LANE 5 Achromobacter xylosoxidans YEB (W11)

Table 2 - Optical density of LDPE degradation using
bacterial isolates with plasmids

Isolates Day 1 (nm) Day 7 (nm) Day 14 (nm) Day 21 (nm) Day 28 (nm)

L. xylanilyticus
strain BN-13 0.853 0.867 0.888 0.898 0518
(6)
A. xylosoxidans
strain YEB 0.603 0.662 0.736 0.788 0.748
(Wi11)

P. aeruginosa

strain SMVIT-1 0.728 0.863 0.636 0.820 0.501
(s1)
R. palustris
strain KRPR02 0.824 0.830 0.842 0.887 0.873

(ws)

600bp
Table 3 - Optical density of LDPE degradation using
3000p bacterial isolates without plasmids (Control)
Isolates Day 1 (nm) Day 7 (nm) Day 14 (nm) Day 21 (nm) Day 28 (nm)
L. xylanilyticus
strain BN-13 0.485 0.598 0.693 0.826 0.806
(6)
A. xylosoxidans
strain YEB 0.517 0.617 0.644 0.710 0.508
(W11)
P. aeruginosa
strain SMVIT-1 0.550 0.635 0.852 0.820 0.619
H . . (s1)
Figure 4 — The gel electrophoresis of plasmids of the R palstrs
. . . strain KRPRO2 0.608 0.673 0.734 0.876 0.607
degrading bacterial strain ws)
M A B C D

—&— L. xylanilyticus BN-13 (S6)
—— A. xylosoxidans strain YEB W11
P. aeruginosa strain SMVIT-1 (S1)

=>R. palustris strain KRPRO2 (W5)

1
o X/x:ﬁ//'x
0,6
0,4 /

1ST 7TH 14TH 21ST 28TH
DAY DAY DAY DAY DAY

'ICAL DENSITY OD600

DAYS

. ' Figure 6 — Growth pattern of LDPE degradation using
Figure 5 - Image of cured isolates after exposure to plasmid possessing bacteria

Ethidium bromide
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the utilisation of plasmids in the degradation of
polyethene. This method offers a viable solution
—#— Achromobacter xylosoxidansstrainYEB to the problem of polyethene accumulation in the

P.aeruginosa strain SMVIT-1  (S1) environment, which contributes to releasing
methane, excessive carbon, dioxins during
combustion, and other harmful substances that

—&—L. xylanilyticus BN-13(S6)

=>=R. palustris strain KRPR02 (W5)

S 0’(? g deplete the ozone layer, lead to global warming,
é 0.85 — and ultimately contribute to climate change.
> 0,8 A To address the challenges posed by polyethene
7 075 /I/ waste, it is recommended that appropriate
Zz 07 disposal strategies, such as biodegradation using
a 0’06 2 ././ plasmid-possessing  microbes, be further
§ 0 5'5 developed and implemented at regional levels
y '0‘5 « rather than relying on incineration, which has
© istday 7thday 14th 21st 28th harmful environmental effects. Additionally,
day day day raising awareness about polyethene pollution at
DAYS the local, regional, and global levels is essential.

Encouraging the use of PPB biodegradation

offers a sustainable and effective solution to

LDPE pollution, potentially significantly reducing

its environmental and health impacts. This

approach is critical in creating a cleaner,

CONCLUSIONS pollution-free environment and mitigating
climate change.

Figure 7 - Growth pattern of LDPE degradation using
bacterial isolates without plasmids

It can be concluded that biodegradation using
bacterial isolates has proven effective through
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