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Abstract

Pseudomonas putida S3A that has ability to degrade nylon6 film, crude nylon 6 and nylon 66 as sole source of nitrogen and
carbon, isolated from soil contaminated with plastic waste, was included. This study was aimed to determine the ability of this
isolate to degrade polyethylene as sole source of carbon. Some optimum conditions for degradation of polyethylene by this
bacterium were studied. It was found that these conditions are growing P. putida S3A in mineral salt medium (pH 6.5) containing
0.5% of polyethylene and incubated with shaking (180 rpm) at 37°C for seven days. In addition, it has been found that this
bacterium was able to survive with up to 0.9% of polyethylene. In order to insure that this bacterium was capable to degrade
polyethylene, the Fourier Transformer Infrared Red Spectroscopy (FTIR) was used. Results indicated that polyethylene was
degraded by P. putida S3A, which used the (O-H, C-O and C-H) groups as carbon source.
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I ntroduction

Rapid developments in the chemical industry have
lead to the distribution of a wide variety of synthetic
compounds into the environment (Negoro, 2002).
Approximately 140 million tones of synthetic
polymers are produced worldwide every year. Since
polymers are extremely stable, their degradation
cycles in biosphere are limited. Environmental
pollution by synthetic polymers, such as waste of
plastic and water-soluble synthetic polymers in
wastewater has been recognized as a major problem
(Premrg and Doble, 2005).

Waste plastics lay enormous burden on the
environment, because their recalcitrance to
degradation accelerates the accumulation in nature.
Waste plastics buried in soil cause the water clogging
phenomena and devastate soil for agricultural
cultivation. Many animals die of waste plastics either
by being caught in the waste plastics trap or by
swallowing the waste plastics debris to exert ruinous
effects on the ecosystem (Usha et al., 2011).
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The biodegradation of synthetic polymers in natural
habitats is of considerable importance because of the
vast quantities used (Mohan and Srivastava, 2010).
The accumulation of many of the polymers used for
packaging in recreationa areas, adjacent to highways,
and in sanitary landfillsis readily apparent even to the
casua observer. One of the mgjor classes of synthetic
polymers is the polyethylene group (Huang et al.,
2005).

Polyethylene is a polymer made of long chain of
monomers of ethylene. Polyethylene is highly
hydrophaobic and chemicaly inert, and microbes on
the earth surface have not yet been fully evolved to
digest the artificialy made plastics. A lot of research
has been carried out to aleviate the environmental
burden by improving degradability of the waste
polyethylene (Kavitha et al., 2014). Abiotic
pretreatment such as weathering, UV irradiation and
thermal treatment was employed to raise the
hydrophabicity of polyethylene by introducing polar
groups such as carbonyl groups to the polyethylene
backbone chain and thus facilitates the microbes to
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metabolize the unwieldy plastics (Albertsson et al.,
1987; Groning et al., 2004). A few microbes capable
of degradation of the pretreated polyethylene have so
far been isolated from soil, seawater, and compost and
activated sludge (Yoon et al., 2012).

The biodegradabl e polymers are designed to degrade it
fast using microbes since microorganisms are capable
degrading most of the organic and inorganic materials,
including lignin, starch, cellulose and hemicelluloses
(Sadacco et al., 1997), there is lot of interest in the
microbia degradation of polyethylene waste material
(Kambe et al., 1999). Biodegradation resulting from
the utilization of polyethylene as nutrient may be more
efficient if the degrading microorganism forms a
biofilm on the polyethylene surface (Shah et al.,
2009). The microbia species are associated with the
degrading materids were identified as bacteria
(Pseudomonas, Sreptococcus, Saphylococcus,
Micrococcus, Moraxella), fungi (Aspergillus niger,
Aspergillus  glaucus), Actinomycetes sp. and
Saccharomonospora genus (Swift, 1997; chee et al.,
2010). Specifically some white rod fungi aso can
degrade toxic compounds by the secretion of
extracellular enzymes. Microbial degradation of
plastic caused by oxidation or hydrolysis using
microbial enzymes that lead to chain cleavage of the
high molecular weight polymer into low molecular
weight oligomer and monomer by aerobic or anaerobic
metabolism (Kumar et al., 2013).

This research was aimed to study the ability and some
optimum conditions of polyethylene degradation by
Pseudomonas putida S3A as carbon and nitrogen
source, In addition to use FTIR analysis to confirm
this ability.

Materials and Methods
Polyethylene (PE)

The low-density (LDPE) granule pdlets used in this
study were obtained from local plastic bags factory.
LDPE were cut into small pieces of about 0.2 - 0.5 Cm
in diameter, washed with 70% ethanol for 30 min, then
washed with distilled water, and air dried for 15
minutes in Laminar air flow chamber and was added
to the medium.

Bacterial isolate

The Pseudomonas putida S3A isolate, which has the
ability to degrade nylon 6 film, crude nylon 6 and
nylon 66 as a sole source of carbon and nitrogen, was
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used in this study. This bacterium was isolated from
soil with a history of plastic waste pollution in Irag
(Al-Saraf and Al-Jailawi, 2013).

Biodegradation assay of Polyethylene by
Pseudomonas putida S3A

To determine the ability of the tested isolate to
degrade polyethylene, 20 milliliter of mineral salt
medium (EM) (Negoro et al., 1980) were dispensed in
Erlenmyer flasks (100ml) and sterilized by
autoclaving. After sterilization, the flasks were
supplemented with 1g/L of polyethylene (disinfected
30 minin 70 % ethanol and air dried for 15 minutesin
Laminar air flow chamber), inoculated with 1% of
fresh culture (18hrs. old) of P. putida S3A and
incubated in shaker incubator (180rpm) at 30 °C for 3
and 7 days. Control was made by inoculating flasks
with bacterial isolate, these flasks containing the same
mineral salt medium (EM) but without any source of
carbon (polyethylene). Biodegradation test was
performed in triplicates. The degradation ability of
this bacterium was determined by monitoring the
growth density of the liquid culture in
spectrophotometer at 600nm.

Optimization of polyethylene biodegradation

Effect of pH

The effect of pH on the ability of P. putida to utilize
polyethylene as a sole source of carbon and nitrogen
was determined by supplemented Mineral salt medium
(EM) with 0.1 % of polyethylene at different pH
values (6, 6.5, 7, 7.5), in an attempt to determine the
suitable pH value, then cultures were incubated in a
shaker incubator (180 rpm) at 30 °C for three and
seven days. The optimum pH value was employed in
the subsequent experiment.

Effect of Temperature

To determine the effect of temperature on the ability
of P. putida to degrade polyethylene, Mineral salt
medium (EM) (pH 6.5) supplemented with 0.1 % of
Polyethylene film was inoculated and incubated in
shaker incubator (180 rpm) at different temperatures
30, 37 and 45 °C for three and seven days. Optimal
temperature was subsequently employed, depending
on the growth density measurement.
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Effect of polyethylene concentration

In order to determine the optimum concentration of
polyethylene film that can be degraded by P. putida,
this film was added at different concentrations
(0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 0.1%, 0.2%,
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9% and 1%),
pH was adjusted to 6.5, and then incubated in a shaker
incubator (180 rpm) at 37 °C for three and seven days.
Bacterial growth was measured and the optimal
concentration was employed later on.

Characterization of polyethylene

In order to characterize the chemica nature and
structure of polyethylene, and analyze the change in
polyethylene structure after incubation with bacterial
isolate, Fourier transformed infrared spectroscopy
(FTIR) (Shimadzu) analysis was done at AL-Nahrain
University/ College of Science / Department of
Chemistry. P. putida S3A was grown on mineral salt
medium (EM) pH 6.5 contaning 0.5% of
polyethylene with shaking (180 rpm) at 37 °C for
seven days. After incubation, samples of polyethylene
were taken and subjected to FTIR analysis.

Results and Discussion

Biodegradation assay of P. putida S3A

In order to test the ability of P. putida S3A to utilize
polyethylene as a sole source of carbon, low density
polyethylene was used and the growth experiment
were performed by inoculating the tested bacterial
isolate in EM media and incubated in shaker incubator
(180 rpm) a 30 °C for 3 and 7 days. These
experiments revealed that P. putida S3A was able to
grow with polyethylene yielding optical density of
(0.152) after 3 days and (0.193) after 7 days of
incubation. This observation indicated that this
bacterial isolate utilized polyethylene as a sole of
carbon source resulting in partial degradation of
plastics.

Such results are similar to those obtained by Okoh and
Atuanya (2014) who revealed that the Pseudomonas
Sp. possesses greater potential to degrade polyethylene
compared to other bacteria and fungi. Muckschel et
al., (2012) aso investigated the potentiad of the
Pseudomonas putida strains KT2440 and IM 37 for the
microbia oxidation of ethylene glycal into the more
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valuable product glyoxylic acid. Their results revealed
that, In contrast to strain KT2440, strain IM 37 showed
rapid growth with ethylene glycol, glycolic acid, or
glyoxylic acid as the sole source of carbon and energy.

In the study of Kathiresan (2005) it has been
mentioned that the microbial species found associated
with the degrading of plastics and polythene were
identified as five Gram positive and two Gram
negative bacteria, and eight fungal species of
Aspergillus. The species that were predominant were
Sreptococcus, Staphylococcus, Micrococcus (Gram
+ve), Moraxella, and Pseudomonas (Gram -ve) and
two species of fungi (Aspergillus glaucus and A.
niger), and the efficacy of the microbial species in
degradation of plastics and polythene was analyzed in
shaker cultures, Among the bacteria, Pseudomonas
species degraded 20.54% of polythene and 8.16% of
plastics in one month period. Among the fungal
species, Aspergillus glaucus degraded 28.80% of
polythene and 7.26% of plasticsin one-month period.

Prabhat et al., (2013) were isolated and identified
plastic degrading microorganisms from soil. The
microorganisms produces different types of changes
during biochemical analysis. The bacteria are
identified to be Pseudomonas spp,

Sreptococcus spp, Saphylococcus spp, Micrococcus
spp and Moraxella spp Bacillus subtilis, Bacillus
amylolyticus and Arthobacter defluvii. Bacillus
amylolyticus is more useful than other bacteria
Bacillus subtilis has less capacity to degrade plastic as
compared to other bacteria.

Sharma and Sharma (2004) study the extend of
degradation of low-density polythene (LDP) and
polythene (PP) using Pseudomonas stutzeri under
laboratory  test  condition.  Throughout the
investigation, both the plastic types are found to
undergo qualitative and quantitative changes by
bacteria but PP is found to be more biodegradable as
compared to LDP.

The ability of a microorganism to utilize any substrate
depends on its growth and adherence to that substrate.
Bacterial adhesion to either a hydrophilic or a
hydrophabic substrate is governed by many factors,
including the forces by which the bacterium attaches
to the surface and the properties of the substrate and
micro-organism. Generally, a hydrophobic bacterium
prefers a hydrophobic surface for attachment, whereas
the opposite is true for bacteria with hydrophilic
properties. As the polyethylene surface is hydrophobic
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in nature, it has been suggested that the more
hydrophobic the bacterial cell surface, the higher the
interaction with polyethylene (Gilan et al., 2004).
Once the organisms get attached to the surface, it
starts growing by using the polymer as the carbon
source. In the primary degradation, the main chain
cleaves leading to the formation of low-molecular
weight fragments (oligomers), dimmers or monomers.
The degradation is due to extra celular enzyme
secreted by the organism (Usha et al., 2011).

Optimization of polyethylene degradation by
P. putida S3A

Effect of pH

Mineral sat medium was prepared at different pH
values (6, 6.5, 7 and 7.5) in an attempt to determine
the optimum pH required for growth of P. putida S3A
on Polyethylene. The obtained results as shown in
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Figure (1) ducidated that an optimum growth was
occurred at pH 6.5; the optical density for bacterial
growth was reached 0.22 and 0.30 after three days and
seven days respectively.

While bacterial growth was decreased at other pH
values compared with growth at pH 6.5, Within the pH
6 the optical density for bacteria growth was 0.15 and
0.135 after three and seven days respectively. while
within pH 7 and pH 7.5 there was a dramatic increase
and decrease in the growth, with pH 7 the optical
density for bacterial growth was 0.155 after three and
0.199 after seven days, with pH 7.5 the optical density
for bacterial growth was 0.135 and 0.13 after three and
seven days respectively.

The same result was found by Al-Saraf and Al-Jailawi
(2013) who pointed that the optima pH value for P.
putida S3A to degrade nylon6 was 6.5. Also in the
study of Muckschel et al. (2012) they mentioned that
the pH of the medium used to metabolize ethylene
glycol by Pseudomonas putida was adjusted to 6.7.

|
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Figure (1): Effect of pH on polyethylene degradation by P. putida S3A grown in mineral salt medium containing 0.1
% of Polyethylene in shaker incubator (180rpm, 30 °C) for 3 and 7 days.

Effect of temperature

Pseudomonas putida S3A was grown and incubated at
different temperatures (30, 37 and 45 °C). Results
shown in Figure (2) pointed out that the optical density
of bacterial growth at 37 °C was 0.3 and 0.36 after
three and seven days of incubation respectively, which
was suggested as the optimum temperature for
bacterial growth. Relative result of bacterial growth
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was recorded at 30 °C. Whereas, at 45 °C, bacterid
growth was lower than a other incubation
temperatures. It was reveded that the optimum
temperature for nylon6 degradation by P. putida S3A
was 37°C (Al-Saraf and Al-Jailawi, 2013). Yoon et al.
(2012) were isolated Pseudomonas sp. active for the
low MW polyethylene biodegradation with appreciable
the controlled conditions.
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Figure (2): Effect of temperature on polyethylene degradation by P. putida S3A grown in mineral salt medium (pH
6.5) Containing 0.1% of polyethylene in shaker incubator (180rpm) for 3 and 7 days.

Effect of polyethylene concentration

Different concentrations (between 0.05% and 1%) of
polyethylene were used to grow Pseudomonas putida
S3A in order to determine the optimum concentration.
Results in figure (3) indicated that the optimum
concentration for bacterial growth was 0.5%, in which
the optical densities of bacteria growth, after three
and seven days of incubation were 0.4 and 0.43
respectively. Figure (3) showed aso that gradua
increasing of Polyethylene concentration accompani ed
with increasing of bacterial growth, and then the
growth reached to its optimum at a concentration of
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0.5%, while Polyethylene concentrations higher than
0.5% showed decrease in bacterial growth. This
bacterium was able to survive with up to 0.9 % of
polyethylene.

It was found that the optimum concentration of nylon
6 which degraded by P. putida S3A was 0.1 % and
this bacterium was able to survive with up to 0.7 % of
nylon 6 (Al-Saraf and Al-Jailawi, 2013). It has been
proved that P. putida cause degradation of all plastic
samples used such as Plastic cup, Polythene bag,
Plastic bag and Milk cover within a month
(Saminathan et al., 2014).
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Figure (3): Effect of Polyethylene on P. putida S3A grown in minera salt medium (pH 6.5) in shaker incubator
(180rpm, 37°C) for 3 and 7 days.
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Characterization of polyethylene

In order to confirm the ability of bacteria to degrade
polyethylene, Pseudomonas putida S3A was grown on
mineral salt medium (pH 6.5) containing 0.5% of
polyethylene at 37 °C for seven days, any changes in
the polyethylene structure with bacterial growth were
analyzed by Fourier Transform Infrared Spectroscopy
spectrain the frequency range of 4000 -500 cm-1. The
polyethylene was subjected to FTIR to detect its
structure (Figure 4). FTIR spectrum, showed the

following bands: - band for O-H stretching at
wavelength 3442.7 and C-O stretching of acohol
group of 1112.9. Bending of O-H give band at 1643.2.
The spectrum also shows bands at 2858.3 and 1460.0
for C-H stretches and C-H banding respectively.

The FTIR spectrum for the sample of polyethylene
after bacterial growth showed decrease in wavelength
number for O-H stretching and shift the band to
33829 and disappearance of C-H a 28580.1
stretching band, which could be attributed to consume
the polyethylene by the action of bacteria (Figure 5).

.............................

Figure (4): FTIR spectroscopy of polyethylene (contral).

s e -

Figure (5): FTIR spectroscopy of polyethylene after grown of P. putida S3A in minera salt medium (pH 6.5)
containing 0.5 % of polyethylene in shaker incubator (180rpm, 37 °C) for seven days.



Conclusion

In the present study, it was concluded that the bacterial
isolate P. putida S3A was able to grow in medium
containing polyethylene as a sole source of carbon.
The optimum conditions for the growth are growing
this isolate in the mineral sat media (EM) (pH 6.5)
containing 0.5% of polyethylene and incubated with
shaking (180rpm) at 37 °C for seven days. In addition,
FTIR analysis confirmed the degradation ability of P.
putida, it was indicated that this bacterium use the (O-
H, C-O, C-H) group as carbon source. Thus, further
molecular study is needed to determine the catabolic
genes resident in P. putida S3A that were responsible
for the polyethylene-utilizing ability. Also it is
recommended to understand the mechanism
responsible for the biodegradation of polyethylene.
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