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Abstract:

Biodegradation is utilizing microorganisms to degrade materials into products that are safe for the
environment, such as carbon dioxide, water, and biomass. The current study aims to isolate and characterize
bacteria with polyethylene terephthalate (PET) degradation ability isolated from Shatt al-Arab water and
sewage from Basra, the bacteria were identified as Klebsiella pneumonia. According to the findings, the
isolates showed a highly significant difference in degradation of PET (24% during 7 days) and the percent of
degradation increased to 46% at 4 weeks compared to the control. The study also involved determining the
optimum temperature of K. pneumonia growth, which was 37°C, while the preferred pH was 7-8. The research
revealed that PET biodegradation by K. pneumonia can be used as a suitable and environmentally friendly
tool.
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Introduction:

The annual global production of synthetic
polymers is about 140 million tones and, due to their
exceptional stability, these polymers do not easily
enter into the degradation cycles of the biosphere.
The environmental pollution of synthetic polymers,
such as that caused by waste plastics and water-
soluble synthetic polymers in wastewater, has been
acknowledged as a significant problem*2. One of the
most commonly used plastics is polyethylene
terephthalate (PET), which contains ethylene glycol
and terephthalic acid as repeating units. PET is used
in the manufacture of fibers, containers, films, and
bottles because of its remarkable properties such as
durability, ability to be molded, and light weight®.
The waste of PET keeps on in terrestrial and marine
environments, which frequently causes harm or
death to some of the organisms*. PET contamination
is controlled via chemical, thermal, and mechanical
methods. However, these techniques either produce
extra pollutants or cost a lot of money; therefore,
alternative methods must be found®. The process of a
polymer's chemical structure changing from a more
complex to a simpler one under the influence of

several biological agents, such as bacteria, fungi, and
various atmospheric microorganisms, is known as
biodegradation®. More than 90 genera of
microorganisms that break down polymers such as:
Actinomycetes, Thermoactinomyces, Azotobacter,
Alcaligenes, Streptomyces, Mycobacterium,
Micromonospora, Flavobacterium, Escherichia,
Rhodococcus, Streptococcus, Klebsiella, Nocardia,
Pseudomonas, Comamonas, and Staphylococcus”®.
The plastic biodegradation mechanism involves
many levels. Firstly, the microbial attachment
changes the physical and chemical characteristics of
the plastic surface, followed by enzymatic cleavage,
which breaks down the large polymers into smaller
molecules of oligomers and monomers (bio
fragmentation). Numerous hydrolyzing enzymes,
including esterase, ureases, or proteases, catalyze the
dissolution of various polymer linkages. The broken
polymer is embraced by bacteria through
assimilation, where it is mineralized into CH4, COy,
and H,0, etc®1°, There are several aspects that can be
investigated for improved polymer plastic
biodegradation, including: utilizing surface-active
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substances or stimulating microorganisms to make a
surfactant that will improve microbe adhesion to the
surface of the polymer; mixing polymers with
biodegradable materials; also using bio-stimulation
that means the addition of nutrients that could be
scarce in the environment!*®, Many researchers
have reported numerous organisms that destruct
many types of polymers. Montazer et al.1* have been
reported the degradation of untreated PE by
Micrococcus lutes IRN20, Acinetobacter pitti IRN19
and Pseudomonas putida IRN22. Ren et al.™® isolated
Enterobacter sp. D1 from the G. mellonella gut.
After treatment, they observed physical changes in
the PE-film, which they concluded were produced by
oxidation reactions brought on by the bacteria.
Giacomucci et al.’® found that Bacillus flexus and
Pseudomonas citronellolis have the ability to
biodegrade polyvinylchloride(PVC) film. These
strains have been demonstrated to produce a thick
biofilm on the surface of the plastic film and reduce
the PVC mean molecular weight. Yin et al.'” isolated
Bacillus sp. strain NyZ451 and Acinetobacter sp.
strain NyZ450 from the gut of T. molitor larvae and
evaluated their ability to degrade LDPE. Both strains'
cells have the ability to depolymerize LDPE, but
neither could thrive on it. Over the course of 30 days,
their co-culture consumed LDPE and eliminated
18% of the LDPE films. This implies that several
types of bacteria are needed for LDPE
biodegradation.

Although microbial degradation is a slow
process, it is a non-cost and environmentally friendly
assay, so the aim of this project involves the
investigation of the PET degradation ability of
Klebsiella pneumonia and determining the optimum
pH and temperature that are necessary for bacterial
growth in the presence of the PET.

Materials and Methods:
Materials

The films of PET (drinking water bottles) were
prepared by cutting the bottles into equal pieces with
(0.6 gm), Nutrient agar, MacConkey ager, Eosin
methylene blue, Mineral salt medium(MSM) for
PET biodegradable consisting of: NaNOs2.5g,
K2HPO,41.0g, MgSO, 0.5g, KCI 0.1g, KH2PO4 0.5g,
FeS0,4 0.01g, CaCl, 0.01g, NH4sNO30.39g, Na,HPO4
5.6g, the components supplemented with Glucose
30g and Distilled water 1000 ml.
Isolation of Bacteria from Shatt al-Arab and
Sewage Water
Samples were collected from three locations at a
depth of 5-15cm and brought to the laboratory. For
the isolation of degradable bacteria, 1 ml of sample
(water and sewage) was mixed with 10 ml of distilled
water, which was then rotated at 150 rpm for 30

minutes at 37 °C. After that, 1 ml of the solution was
pipetted into 9 ml of distilled water. The goal was to
make 10 decimal and supply inocula of the dilutions
(102,103, 10*) by sterilized pipette and 1 ml placed
into a petri dish and poured into nutrient agar,
MacConkey, and eosin methylene blue yeast
tryptophan. It was then incubated for 24 hours at
37°C,
Identification of Isolates
The isolates were identified using biochemical
and morphological assays as described in Bergey's
Manual of Determinative Bacteriology™®.
Maintenance of Isolates:
Isolates were kept in nutrient agar screw-capped
tubes that were 20% glycerol coated?®.
Biodegradation of PET
Bacterial isolates were injected into a mineral
medium and a thin film of PET plastic was then
aseptically implanted and incubated for 1-4 weeks at
37°C. After that, the thin plastic film was cleaned
with 70% ethyl alcohol and sterile distilled water.
The film was placed into the oven at 80°C till the
weight was consistent, which represented the final
weight that was recorded?!. The control consists of
PET with the mineral medium. The reduction in
weight calculated from the Eq.:
% Weight reduction of plastic = (Ri-Rz) X 100/

whereas: R: = Initial plastic film weight.
R2 = Final plastic film weight.

Optimum Conditions of PET Biodegradable
Effect of Temperature on PET Biodegradable

A five ml inoculum of Klebsiella pneumonia was
added to a 250 ml Erlenmeyer conical flask
containing 100 ml of MS medium (PH =7) and 0.5%
PET film, which was inoculated and incubated for 7
days in a shaker incubator 180 rpm at various
temperatures 15,20, 25,30, 37,40°C. The growth was
recorded in terms of optical density (OD) at 600 nm
by using a spectrophotometer?.
Effect of pH on PET Biodegradable

A five ml inoculum of Klebsiella pneumonia was
added to a 250 ml Erlenmeyer conical flask
containing 100 ml of MS medium and 0.5 % of PET
film, which was inoculated and incubated in a shaker
incubator 180 rpm at diverse pH 4,5,6,7,8,9,10 by
adding HCI or NaOH for 7 days at 37°C, the growth
was recorded in terms of OD at 600 nm by using a
spectrophotometer 2.
The methods were performed in triplicate and the
statistical analysis was carried out using one-way
ANOVA to detect significant differences.
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Results and Discussion:
Isolation and Characterization of Bacteria:

The separation of microorganisms from
mixed cultures can be accomplished using a variety
of methods. However, spread plating on a solid agar
medium is the simplest and most basic method of
isolation. Fig. 1 shows the isolated bacteria from

Shatt Al-Arab and sewage water using spread
plating. Table 1 illustrates the identification of
isolates according to morphological, physiological,
and biochemical features, which was done according
to Bergey's Manual of Determinative Bacteriology.
According to the obtained outcomes, the bacterial
isolates were identified as Klebsiella pneumonia.

Figure 1. K. pneumonia isolation on MacConkey agar magnification 4.1X

Table 1. Morphological, Physiological, and Biochemical Tests of Isolate

Character Result Character Result Character Result
Capsule + Growth In KCN + Pigment -
Catalase + H2S - Shape Rod
Citrate + Indole - Spore -
Flagella - Motility - Urease +
VP(Voges

Gas + MR(Methyl Red) - Proskauer) +
Gelatin Hydrolysis - Nitrate Reduction + DNase -
Gram Staining - Oxidase - Glucose +
Glycerol + Glycerol + Maltose +
Mannitol +

Biodegradation and Optimum Conditions

The investigation of the biodegradation
ability of K. pneumonia was carried out by using PET
as a pollution source. The loss of mass is used
frequently in degradation testing. The results in Fig.
2 and Table. 2, showed a highly significant
difference in PET degradable with p<0.01 and the
loss of weight increased with increasing the
incubation time. The reduction in weight increased
from 24% in the first week to 46% after 4 weeks.
This result is evidence of the use of polymer as a
source of carbon by bacteria, which might not be
possible without a strong bonding between bacterial
cells and the substrate surface. Many researchers
have reported on similar investigations into PET
biodegradation utilizing various microorganisms.
Gao et al.?? used transcriptomic methods to

investigate the PET and PE degradation processes by
marine bacterial strains. The study found that
Exiguobacterium sp., Halomonas sp., and
Ochrobactrum sp. collectively degraded PET and PE
films faster than single isolates. Janczak et al.?®
examine the biodegradation of two types of polymer
PET and polylactide (PLA) using different
microorganisms. They concluded the biodegradation
of the analyzed sheets was most rapid in the presence
of the Plymuthica and laccata strains. Taniguchi et
al.?* reported PET degradation by a microbial
consortium and its bacterial resident, Ideonella
sakaiensis and elucidated the mechanism of PET
degradation into simple monomers by PET hydrolase
and  mono(2-hydroxyethyl) terephthalic acid
(MHET) hydrolase from I. sakaiensis.
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Figure 2. The different in degradation between, A: control, B : K. pneumonia

Table 2. PET Degradation by K. Pneumonia (p<0.01 and LSD=0.28000)

Time  Weight(gm) of PET Weight (gm)of PET after %PET Weight(gm) of PET
(days) before degradation degradation with K. pneumonia degradation in control sample
7 0.600 0.456 24 0.581
14 0.600 0.401 33 0.580
21 0.600 0.387 35 0.578
28 0.600 0.321 46 0.577

Polymers are implicit substrates on which
microorganisms can grow. The degradation of
polymers by microbes is influenced by many factors
that involve: the pretreatment nature, characteristics
of polymer (tacticity, molecular weight, mobility,
substituents type), and presence of particular bacteria
on the surface of materials?>%, The biodegradation
of the polymer chain into oligomers and monomers
is aided by microbial specific enzymes and the
process depends on the existence of polymer sites for
enzyme attack. After the enzyme binds to the
polymer surface, a hydrolytic cleavage is initiated in
the polymer chain, resulting in water-soluble
compounds that are absorbed by microbial cells and
used in their metabolism.

The degradation via creating grooves is the
main process for Klebsiella pneumonia enzymes,
which include: peroxidase, laccase, tyrosinases, and
lipase. Also, the produces small chain polymers act
as surfactants that facilitate the entry of organisms
into the polymer?’-28, The appropriate compatibility
between the enzyme structure and polymer chain is
necessary for PET hydrolysis to be successful®. A
crucial step in the hydrolysis of PET and any
polymer is enzyme adsorption, in which the enzyme
clings to the polymer surface. This binding happens
when any hydrophobic amino acid moieties come
into contact with hydrophobic PET fibers®.
According to numerous reports, PET hydrolase
enzymes preferentially degrade PET's amorphous
regions and what facilitates the process is the
presence of easy-to-break ester bonds in PET that can
be cleavage by a variety of hydrolytic enzymes®-3,
The enzymatic mechanism of PET biodegradation

includes its conversion to mono(2-hydroxyethyl)
terephthalic acid (MHET), with small amounts of bis
(2-hydroxyethyl)-terephthalic acid and terephthalic
acid (TPA) at the first step. In the second step, the
MHET breaks down into the two monomers,
terephthalic acid and ethylene glycol (EG). Many
organisms use EG as a source of carbon and
energy>s36.

To determine the optimum pH and
temperature requisite for K. pneumonia growth on
PET film, MS medium was prepared at different pH
levels ranging from 4 to 10 at 37°C, and isolates were
incubated at various temperatures ranging from 15 to
40°C, respectively. The results for both cases were
significantly different with p<0.01. The optimum
temperature of the tested K. pneumonia was 37°C.
Fig.3, whereas this temperature was necessary for the
highest growth of isolates after 7 days, and 15°C
recorded the lowest growth for isolates. At low
temperatures, there is little growth due to the
stiffening of the membrane lipids and that decreases
the efficiency of membrane transport and respiratory
proteins®’. The population in the bacterial culture
was influenced by high temperatures. The results
showed the bacterial isolates gradually lost their
growth at increasing temperatures. This was likely
caused by a deficiency in nutrients and oxygen or by
an amassing of metabolites created by the bacteria's
oxidation processes®. From the results in Fig.4, the
highest growth for K. pneumonia in pH 7-8. pH has
the most noticeable effects on bacterial enzymes, and
bacteria are killed by extreme changes in the pH
balance®. Han et al.** obtained approach results, as
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the optimal temperature was 30°C, whereas the
optimum pH was 9.0 for PET film degradation.
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Figure 3. Effect of temperature on PET
degradation by K. pneumonia after 7days
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Figure 4. Effect of pH on PET degradation by K.
pneumonia after 7days

Conclusion:

Biodegradation can be the best strategy to
overcome the plastic environmental pollution
problem. The goal of this study was to isolate the
Klebsiella pneumonia from Shatt Al-Arab and
sewage water of Basrah city and test the ability of
this bacteria to degrade PET plastic. The
biodegradation of the polymer was inferred by the
weight difference, as the weight altered from 24% in
the first week to 46% in the fourth week. This is in
reference to the use of polymer as a source of carbon
by isolated bacteria. The research also included
studying the optimum temperature and pH, which
recorded the highest bacterial growth. The findings
showed that 37°C and pH 7-8 were the best
conditions for growth. The result inferred that
Klebsiella pneumonia can be used for PET
degradation as a safe and environmentally friendly
assay at optimum conditions.

Authors' declaration:

-Conflicts of Interest: None.

-We hereby confirm that all the Figures and Tables
in the manuscript are mine ours. Besides, the Figures

and images, which are not mine ours, have been
given the permission for re-publication attached with
the manuscript.

-Ethical Clearance: The project was approved by the
local ethical committee in University of Basrah, Iraq.

Authors' contributions:

E.M., H.A., and S.A. contributed to the
design and implementation of the research, to the
analysis of the results and to the writing of the
manuscript.

References:

1. Hankermeyer CR, Tjeerdema RS.
Polyhydroxybutyrate: plastic made and degraded by
microorganisms. Rev. Environ. Contam. Toxicol.
1999;159:1-24. http://dx.doi.org/10.1007/978-1-4612-
1496-0 1.

2. Sheldon RA, Norton M. Green Chemistry and the
Plastic Pollution Challenge: Towards a Circular
Economy. Green Chem. 2020; 22(19): 6310-6322.

3. Carr CM, Clarke DJ, Dobson AD. Microbial
Polyethylene Terephthalate Hydrolases: Current and
Future Perspectives. Front. Microbiol. 2020;11:
571265. http://dx.doi.org/10.3389/fmich.2020.571265

4, Jaiswal S, Sharma B, Shukla P. Integrated approaches
in microbial degradation of plastics. Environ Technol.
Innov.2020;17:100567. http://dx.doi.org/10.1016/j.€ti.
2019.100567 .

5. Maurya A, Bhattacharya A, Khare SK. Enzymatic
Remediation of Polyethylene Terephthalate (PET)-
Based Polymers for Effective Management of Plastic
Wastes: An Overview. Front. Bioeng. Biotechnol.
2020;8:602325.http://dx.doi.org/10.3389/fbioe.2020.6
02325.

6. Varyan I, Kolesnikova N, Xu H, Tyubaeva P, Popov
A Biodegradability of Polyolefin-Based
Compositions: Effect of Natural Rubber. Polymers.
2022; 14(3): 530.

7. Ogunbayo A, Olanipekun O, Adamu I. Preliminary
Studies on the Microbial Degradation of Plastic Waste
Using Aspergillus Niger and Pseudomonas sp. J.
Environ. Prot. 2019; 10(5): 625-631.
http://dx.doi.org/10.4236/jep.2019.105037.

8. Leja RK, Lewandowicz G. Polymer Biodegradation
and Biodegradable Polymers — a Review. Polish J.
Environ. Stud. 2010; 19(2): 255-266.

9. Komal Khan A, Majeed T. Biodegradation of
Synthetic and Natural Plastics by Microorganisms: A
Mini Review. J. Nat Appl. Sci. Pak. 2019; 1 (2): 180-
184.

10. Danso D, Chow J, Streit WR. Plastics: Environmental
and biotechnological perspectives on microbial
degradation. Appl. Environ. Microbiol. 2019; 85 (19):
€01095-19. https://doi.org/10.1128/AEM.01095-19.

11.Sharma J, Sundar D, Srivastava P. Biosurfactants:
Potential  Agents for  Controlling  Cellular
Communication, Motility, and Antagonism. Front.
Mol.Biosci.2021;8:727070.https://doi.org/10.3389/fm
01b.2021.727070 .

1870


http://dx.doi.org/10.1007/978-1-4612-1496-0_1
http://dx.doi.org/10.1007/978-1-4612-1496-0_1
http://dx.doi.org/10.3389/fmicb.2020.571265
http://dx.doi.org/10.1016/j.eti.%202019.100567
http://dx.doi.org/10.1016/j.eti.%202019.100567
http://dx.doi.org/10.3389/fbioe.2020.602325
http://dx.doi.org/10.3389/fbioe.2020.602325
https://doi.org/10.4236/jep.2019.105037
https://doi.org/10.1128/AEM.01095-19
https://doi.org/10.3389/fmolb.2021.727070
https://doi.org/10.3389/fmolb.2021.727070

Open Access
Published Online First: March, 2023

Baghdad Science Journal
2023, 20(5 Suppl.): 1866-1872

P-1SSN: 2078-8665
E-ISSN: 2411-7986

12. Goswami M, Chakraborty P, Mukherjee K, Mitra G,
Bhattacharyya P, Dey S, et al. Bio augmentation and
bio stimulation: a potential strategy for environmental
remediation. J. Microbiol. Exp. 2018; 6(5): 223-231.

13. Zeenat, Elahi A, Bukhari DA, Shamim S, Rehman A.
Review Plastics degradation by microbes: A
sustainable approach. J. King Saud Univ. Sci. 2021;
33(6):101538.https://doi.org/10.1016/j.jksus.2021.10
1538.

14. Montazer Z, Habibi Najafi MB, Levin DB. Microbial
degradation of low-density polyethylene and synthesis
of polyhydroxyalkanoate polymers. Can. J. Microbiol.
2019;65:1-11.https://doi.org/10.1139/cjm-2018-0335.

15. Ren L, Men L, Zhang Z, Guan, F, Tian J, Wang, et al.
Biodegradation of polyethylene by Enterobacter sp.
D1 from the guts of Wax Moth Galleria mellonella. Int.
J. Environ. Res. Public Health. 2019; 16: 1941.
https://doi.org/10.3390/ijerph1611194 .

16. Giacomucci L, Raddadi N, Soccio M, Lotti N, Fava F.
Polyvinyl chloride biodegradation by Pseudomonas
citronellolis and Bacillus flexus. New Biotechnol.
2019; 52: 35-41.
http://dx.doi.org/10.1016/j.nbt.2019.04.005.

17. Chao-Fan Y, Ying X, Ning-Yi Z. Biodegradation of
polyethylene mulching films by a co-culture of
Acinetobacter sp. strain NyZ450 and Bacillus sp.
strain NyZ451 isolated from Tenebrio molitor larvae.
Int. Biodeterior. Biodegradation. 2020; 155:105089.
http://dx.doi.org/10.1016/j.ibiod.2020.105089

18. Ahmed IA, Aljondi Al, Alabed AA, Al-Mahdi AY,
Abdsalam R. Isolation, Screening and Antibiotic
Sensitivity of Pseudomonas species from Kelana Jaya
Lake Soil in Selangor Malaysia. Baghdad Sci. J. 2021,
18(3):455-461.
http://dx.doi.org/10.21123/bsj.2021.18.3.0455.

19.Sulaiman  Al.  Molecular  Identification  of
Fusobacterium Isolates and limitation of Biofilm
Formation Adhesion Gene(fadA)in Dental
Outpatients. Baghdad Sci. J. 2019; 16(4): 843-848.
http://dx.doi.org/10.21123/bsj.2019.16.4.0843.

20. Cowan ST, Holt JG, Liston J, Murry RGE, Niven CF,
Ravin AW, et al. Bergys Manual of Determination
Bacteriology .8" ed. Baltimore, USA, The Williams
and Wilkines company. 1974. p33-46.

21. Al-Jailawi MH, Ameen RS, Al-Saraf AA.
Polyethylene degradation by Pseudomonas putida
S3AInt. J. Adv. Res. Biol. Sci. 2015; 2(1): 90-97.

22.Gao R, Sun C. A marine bacterial community capable
of degrading poly (ethylene terephthalate) and
polyethylene. J. Hazard Mater. 2021; 416: 125928.
https://doi.org/10.1016/j.jhazmat.2021.125928.

23.Janczak K, Hrynkiewicz K, Znajewska Z, Dabrowska
G. Use of rhizosphere microorganisms in the
biodegradation of PLA and PET polymers in compost
soil. Int. Biodeterior. Biodegrad. May 2018; 130: 65-
75. https://doi.org/10.1016/j.ibiod.2018.03.017.

24. Taniguchi I, Yoshida S, Hiraga K, Miyamoto K,
Kimura Y, Oda K. Biodegradation of PET: Current
Status and Application Aspects. Acs. Catal. 2019;
9(5): 4089-4105.

25. Amobonye A, Bhagwat P, Singh S, Pilla S. Plastic
biodegradation: Frontline microbes and their enzymes.

Sci.  Total Environ. 2021; 759: 143536.
https://doi.org/10.1016/j.scitotenv.2020.143536.
26.Zhong Y, Godwin P, Jina Y, Xiao H. Biodegradable
polymers and green-based antimicrobial packaging
materials: A mini-review. Adv. Ind. Eng. Polym.
Res. 2020; 3(1): 27-35.
https://doi.org/10.1016/j.aiepr.2019.11.002.

27.Peil GHS, Kuss AV, Rave AFG, Villarreal JPV,
Hernandes YML, Nascente PS. Bioprospecting of
lipolytic microorganisms obtained from industrial
effluents. An. Acad. Bras. Cienc. 2016; 88(3 Suppl.):
1769-1779. http://dx.doi.org/10.1590/0001-
3765201620150550

28. Awasthi S, Srivastava P, Singh P, Tiwary D, Kumar
Mishra P. Biodegradation of thermally treated high-
density  polyethylene (HDPE) by Klebsiella
pneumonia CHO001. Biotech. 2017; 7(5): 332.
http://dx.doi.org/10.1007/s13205-017-0959-3

29. Zumstein MT, Rechsteiner D, Roduner N, Perz V,
Ribitsch D, Guebitz GM, et al. Enzymatic hydrolysis
of polyester thin films at the nanoscale: effects of
polyester  structure and enzyme  active-site
accessibility. Environ. Sci. Technol. 2017; 51(13):
7476-7485. http://dx.doi.org/10.1021/acs.est.7b01330

30. Bollinger A, Thies S, Knieps-Griinhagen E, Gertzen C,
Kobus S, Hoppner A, et al. A Novel Polyester
Hydrolase from the Marine Bacterium Pseudomonas
aestusnigri — Structural and Functional Insights. Front
Microbiol.2020;11:114.https://doi.org/10.3389/fmicb.
2020.00114.

31. Ronkvist AM, Xie W, Lu W, Gross RA. Cutinase-
catalyzed hydrolysis of poly (ethylene terephthalate).
Macromolecules.  2009;  42(14): 5128-5138.
https://doi.org/10.1021/ma9005318 .

32.Donelli I, Freddi G, Nierstrasz VA, Taddei P. Surface
structure and  properties of  poly-(ethylene
terephthalate) hydrolyzed by alkali and cutinase.
Polym. Degrad. Stab. 2010; 95(9): 1542-1550.
http://dx.doi.org/10.1016/j.polymdeqgradstab.2010.06.
011 .

33. Gamerith C, Zartl B, Pellis A, Guillamot F, Marty A,
Acero EH, et al. Enzymatic recovery of polyester
building blocks from polymer blends. Process
Biochem. 2017, 59: 58-64.
http://dx.doi.org/10.1016/j.prochio.2017.01.004

34. Hiraga K, Taniguchi I, Yoshida S, Kimura Y, Oda K.
Biodegradation of waste PET A sustainable solution
for dealing with plastic pollution. EMBO reports.
2019;20(11):e49365https://doi.org/10.15252/embr.20
1949365.

35.Yoshida S, Hiraga K, Takehara T, Oda, K. A
bacterium that degrades and assimilates poly (ethylene
terephthalate). Science. 2016; 351: 1196-1199.
https://doi.org/10.1126/science.aad6359 .

36.Li WJ, Jayakody LN, Franden MA, Wehrmann M,
Daun T, Hauer B. et al. Laboratory evolution reveals
the metabolic and regulatory basis of ethylene glycol
metabolism by Pseudomonas putida KT2440. Environ
Microbiol. 2019; 21: 3669-3682.
https://doi.org/10.1111/1462-2920.14703.

37.Dev S, Saha S, Kuradea MB, Salamaad E, El-Dalatony
MM, Ha GS, et al. Perspective on anaerobic digestion

1871


https://doi.org/10.1016/j.jksus.2021.101538
https://doi.org/10.1016/j.jksus.2021.101538
https://doi.org/10.1139/cjm-2018-0335
https://doi.org/10.3390/ijerph1611194
http://dx.doi.org/10.1016/j.nbt.2019.04.005
http://dx.doi.org/10.1016/j.ibiod.2020.105089
http://dx.doi.org/10.21123/bsj.2021.18.3.0455
http://dx.doi.org/10.21123/bsj.2019.16.4.0843
https://doi.org/10.1016/j.jhazmat.2021.125928
https://doi.org/10.1016/j.ibiod.2018.03.017
https://doi.org/10.1016/j.scitotenv.2020.143536
https://doi.org/10.1016/j.aiepr.2019.11.002
http://dx.doi.org/10.1590/0001-3765201620150550
http://dx.doi.org/10.1590/0001-3765201620150550
http://dx.doi.org/10.1007/s13205-017-0959-3
http://dx.doi.org/10.1021/acs.est.7b01330
https://doi.org/10.3389/fmicb.2020.00114
https://doi.org/10.3389/fmicb.2020.00114
https://doi.org/10.1021/ma9005318
http://dx.doi.org/10.1016/j.polymdegradstab.2010.06.011
http://dx.doi.org/10.1016/j.polymdegradstab.2010.06.011
http://dx.doi.org/10.1016/j.procbio.2017.01.004
https://doi.org/10.15252/embr.201949365
https://doi.org/10.15252/embr.201949365
https://doi.org/10.1126/science.aad6359
https://doi.org/10.1111/1462-2920.14703

Open Access Baghdad Science Journal P-1SSN: 2078-8665

Published Online First: March, 2023 2023, 20(5 Suppl.): 1866-1872 E-ISSN: 2411-7986
for biomethanation in cold environments. Renewable Media during Bacterial Growth of Several
Sustainable Energy Rev. 2019; 103: 85-95. Environmental Strains. Proc. 2018; 2(20): 1297,
https://doi.org/10.1016/j.rser.2018.12.034. https://doi.org/10.3390/proceedings2201297

38.Hussein A, Khudhair S, Al-Mayaly I. Optimum 40.Han X, Liu W, Huang JW, Ma J, Zheng Y, Ko TP, et
Conditions for LDPE Strips Biodegradation by Local al.  Structural Insight into Catalytic Mechanism of
Bacterial Isolates. Int. J. Environ. Sci. 2015; 10(4): PET Hydrolase. Nat. Commun. 2017; 8 (1): 2106.
399-407. https://doi.org/10.1038/s41467-017-02255-z.

39. Sanchez-Clemente R, Igeno MlI, Poblacion AG, Guijo
MI, Merchan F, Blasco R. Study of pH Changes in

b el il ol o) Jad ol (pa ol 8 Cpallil N gald Allaall Uy 800 il g 3o

SM\%M
LA Juald A 2 paall (5 jua Mo 1A Qe ol

LG8l 3 padl 3 panl) dadls ceﬂ\hﬁcﬁw‘e}seﬁl
GBloall B paill 8 il Aasla ca lall IS (oLiasll o 2
s ladal)
G580 3T 5 Jia ¢ Al dial ilaiie ) ) gal) 038 aglasil a8l all Al aladin) sa A& 3 sall (5 soal) Jlail
obae po PET iy 5 Glit) (ol Jla e 3508 Gl by pand 855 J e (M) Adladl Al jall 8 Caags A guad) TSI 5 oLl
7 DA 7243y PET dlad 3 Ulle U sina B3 o el ¥ jall 0 il g | 5 jend) Aisne 8 ol il ol s o) T
37 h s Sl sail a5 ) el A 0 aaas e Al jall caleid) WS Adadially 5 lie bl 4 3746 () sl 3 <l 5 5 ol
K. i alaat s o o (Sar PET saddsal (o slsl) Jlaill G Gasall jelal 87 saill Jia¥1 im g 526l a5l Ly ey s s
Al 3ana 5 Aulie 45y )8 Pneumonia

iy 5 k) gl (LSS 3 sal) e il Sl Uy S cllaall U S s gl Jlail) sAgaliball cilall

1872


https://doi.org/10.1016/j.rser.2018.12.034
https://doi.org/10.3390/proceedings2201297
https://doi.org/10.1038/s41467-017-02255-z

