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1. Introduction 

Polyethylene (PE) is a synthetic plastic polymer 

synthesized by the polymerization reaction of ethene 

monomer [1]. The vast rising rates of PE production 

and utilization in industries and homes make 

polyethylene wastes enormously persistent in aquatic 

and terrestrial environments [2]. Landfilling, 

recycling, and incineration are some of the 

conventional ways of handling the PE menace but due 
to the cost of operations, alternate environmentally  

 
friendly methods are essential. Bioremediation 

techniques have evolved as a prominently effective 

method of ameliorating the impacts of water and land 

pollution caused by PE [3]. Biodegradation involves 

the application of biological agents that are readily 

available to remediate polyethylene wastes without 

the release of toxic end products into the environment 

[4]. Bacterial and fungal species have been unveiled to 

biodegrade polyethylene; these include the genera of 
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and 78% residual activities, respectively. Manganese peroxidase and laccase revealed 

optimum activity and stability at 70 oC, and 50 oC while lipase was optimally active at 60 
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bio-remediating polyethylene and other environmental pollutants. 
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Bacillus [5], Streptomyces [3], Pseudomonas [6], 

Aspergillus [7] and Penicillium [3]. During PE 

biodegradation, abiotic factors act as biodeteriorating 

agents, altering the physical and chemical properties 

of polyethylene. This process is followed by the 

breaking of polyethylene polymer into smaller 

monomers by enzyme activities (bio-fragmentation) 

[8]. The short-chain monomers are then absorbed and 

metabolized into the microbial cells through the 

activities of intra- and extracellular enzymes. Finally, 

the monomers are mineralized into carbon dioxide, 

nitrogen gas, methane, and water with the release of 

adenosine triphosphate (ATP) [9].  
 

Klebsiella pneumoniae is an opportunistic gram-

negative bacterium of the Enterobacteriaceae family. 

It has been revealed to be effective in the treatment of 

polluted water [10], and the decomposition of citrate 

[11]. Moreover, Klebsiella pneumoniae has been 

reported to secrete extracellular enzymes such as 

lipase, tyrosinase, laccase, and peroxidase enzymes 

[12, 13], which are important for the biodegradation of 

PE [11]. 
 
 

Lipases occur widely in nature and have been 

produced from different microbial strains. Lipase has 

been used by several researchers for the hydrolysis of 

plastic polymers [14]. Likewise, lipase has also been 

revealed to catalyze, synthesize, and hydrolyze esters 

formed during polyethylene biocatalysis [14]. In 

addition, lignolytic enzymes are extracellular 

oxidative enzymes with diverse species-specific 

chemical compositions [15]. Examples include 

peroxidases (manganese peroxidase and lignin 

peroxidase) and oxidase (laccase) [16]. Studies have 

shown that these enzymes are not only biocatalysts 

responsible for the degradation of lignin and 

cellulosic materials but also environmental pollutants 

such as crude oil wastes, textile effluents, and 

synthetic plastic polymers [15]. Although lignolytic 

enzymes have been revealed to play an important role 

in polyethylene biodegradation, there are limited 

studies on the production and characterization of 

these enzymes from Klebsiella pneumoniae and the 

biodegradation potential of Klebsiella pneumoniae on 

untreated polyethylene sheets is scarce. Hence, this 

study aimed to produce and characterize lipase, 

manganese peroxidase (MnP), and laccase (Lac) from 

K. pneumoniae and biodegrade untreated polyethylene  

sheets. 
 

2. Materials and methods 

2.1. Materials 

Media constituents and other chemicals used were of 

analytical grade and products of Sigma-Aldrich (St. 

Louis, MO, USA). 
 

2.2. Preparation of polyethylene (PE) sheet  

Polyethylene (PE) sheets were obtained from the 

water-producing company of the Federal University 

of Technology Akure, Ondo State, Nigeria. The PE 

sheets were confirmed as polyethylene by the 

Department of Chemistry, Elizade University, Ondo 

State, Nigeria. The PE sheets were manually minced 

and sieved through a 0.6 mm sieve to obtain uniform 

particles. The PE sheet and PE particles were 

decontaminated with distilled water and 80% ethanol 

for 40 min [17]. 
 

2.3. Microorganism 

The microorganism used for this study was a 

bacterium isolated from a plastic-polluted dump site 

in Akure, Ondo State, Nigeria. The bacterium was 

molecularly identified as Klebsiella pneumoniae by the 

Bioscience Centre, International Institute of Tropical 

Agriculture (IITA) based on the 16S rRNA sequence. 

The bacterium was maintained on a nutrient agar 

slant and stored at 4˚C. 
 

2.4. Production of lipase and lignolytic enzymes 

Seed inoculum was prepared by growing a loopful of 

slant culture in sterile nutrient broth containing 

peptone (0.25 g/50 mL), NaCl (0.25 g/50 mL), beef 

extract (0.075 g/50 mL), and yeast extract (0.075 g/50 

mL) incubated at pH 6.0, 37oC and 180 rpm for 24 h in 

a shaking incubator (Stuart, UK). Then, polyethylene-

based medium (PBM) was prepared by introducing          

1 % polyethylene powder as the sole carbon source 

into mineral salt medium containing NH4NO3 (0.4 

g/200 mL), KH2PO4 (0.04 g/200 mL), KH2PO4∙12H2O 

(0.04 g/200 mL), NaCl (0.16 g/200 mL), KCl (0.16 g/200 

mL), CaCl2∙2H2O (0.02 g/200 mL), MgSO4 (0.04 g/200 

mL) and FeSO4∙7H2O (0.0004 g/200 mL). Thereafter, 

five percent (5 % v/v) inoculum was taken from the 

seed culture and transferred to the PBM. The 
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experiment set was replicated twice and incubated at 

180 rpm, 37 C, and pH 7.0 for 30 days to study the 

growth and enzyme production from K. pneumoniae. 

Fresh cultures of K. pneumoniae were prepared for 

lipase, manganese peroxidase, and laccase production 

on PBM incubated at 37˚C, pH 7.0, and 180 rpm. At 

the end of the cultivation period, the broths were 

centrifuged at 10,000 rpm for 20 min at 4˚C. Clear 

supernatants were recovered and assayed for lipase, 

manganese peroxidase, and laccase activities.  
 

 

2.5. Lipase assay 

Lipase activity was quantified by measuring the 

release of p-NP palmitate (C16) in 50 mM Tris-HCl 

buffer at pH 8.0 [18]. The reaction mixture contained 

50 mM Tris-HCl buffer (pH 8) with 0.1% Triton X-100 

and 0.5 mM p-NP palmitate (C16) in methanol. 

Thereafter, 600 μl was withdrawn into a sterile test 

tube and 100 μl of the supernatant was added and 

incubated at 37 °C for 1 h. The release of 1 nM of p-NP 

in the reaction mixture was measured via a visible 

spectrophotometer at 405 nm (ε405= 18.6 mM-1 cm-1). 
 

2.6. Manganese peroxidase assay 

Manganese peroxidase (MnP) activity was 

determined based on the oxidation of phenol red in 

the demethylation reaction of MnP and phenol red in 

the presence of H2O2. The reaction mixture contained 

50 mM sodium succinate buffer (2 mL), 50 mM 

sodium lactate (2 mL), 0.1 mM manganese sulfate (0.8 

mL), 0.1 mM phenol red (1.4 mL), gelatine 2 mg/mL, 

and 1 mL of the supernatant. The reaction mixture (1 

mL) was then introduced into 40 µL of 5 N NaOH and 

50 µM H2O2 (0.4 mL) was added to initiate the reaction 

at 30 °C. The absorbance was measured through a 

visible spectrophotometer at 610 nm (ε610 = 22 mM-

1 cm-1) [19]. 
 

2.7. Laccase assay 

The activity of laccase (Lac) was measured through 

the oxidation of 2 mM ABTS (2, 2’ azino-di-[3-

ethylbenzothiazoline-6-sulphonic acid) in 100 mM 

phosphate-citrate buffer at pH 4.0. The reaction 

mixture incorporates 2 mL ABTS and 2 mL of the 

supernatant. The formation of the ABTS cation was 

monitored by reading the absorbance of 2 mL of the 

reaction mixture using a visible spectrophotometer at 

420 nm (ε420 = 36 mM-1 cm-1) [20]. 

2.8. Protein content determination 

The concentration of protein in the supernatant was  

evaluated using bovine serum albumin (BSA) as a 

standard [20]. The reaction mixture comprises a 

diluted dye reagent pipetted into a test tube 

containing the supernatant, which was then incubated 

for color development at 27oC for 15 mins. The 

absorbance of the reaction mixture was measured at 

595 nm against the blank. The result was used to 

calculate the specific activities of the enzymes. 
 
 

2.9. Characterization of lipase, MnP and Lac from K. 

pneumoniae 

The effect of pH on the activities of MnP, Lac, and 

lipase was studied using the following buffers: 

glycine-HCl (pH 3.0); sodium acetate (pH 5.0); Tris-

HCl (pH 7.0), and glycine-NaOH (pH 9.0 and pH 11.0). 

The stability of the enzymes in the buffers was 

investigated by incubating them at 27 oC for 180 mins. 

In addition, the effect of temperature on the enzymes 

was determined in a range from 30 C to 80 C. The 

stability of the enzymes at the temperatures was 

obtained by incubating the enzymes for 180 mins [8]. 

Furthermore, the effect of metallic chlorides (Ca2+, 

Cu2+, Ba2+, Mg2+, Mn2+, Hg2+) of varying concentrations 

(1, 5, and 10 mM), and the metal chelating effect of 

ethylene diamine tetraacetic acid (EDTA) on the 

activities of MnP, lipase, and Lac was analyzed. The 

activities and stabilities of the enzymes were 

calculated using their respective protocols described 

above. 
 

2.10. Biodegradation studies of polyethylene sheet 

A polyethylene (PE) sheet that was not pre-treated 

with either UV radiation or heating was used for this 

study. Pre-weighed 0.2 g of polyethylene (PE) sheets 

(3 X 2 cm) were sterilized by soaking in 80% (v/v) 

ethanol and rinsed in a conical flask containing sterile 

distilled water. The pre-weighed PE sheet was then 

introduced into a conical flask containing a sterile 

nutrient medium with a loop full of S. marcescens. The 

conical flask containing only sterile nutrient medium 

and pre-weighed PE sheets served as a control. The 

flasks were firmly corked with aseptic cotton wool 

covered with aluminum foil and incubated at pH 7.0 

and 50 oC in a shaking incubator at 180 rpm for 30 

days. All experimental setups were in triplicate. At the 
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end of the experimental period, the degree of 

biodegradation of the PE sheet was assessed with a 

Fourier transform infrared (FTIR) spectrophotometer 

to determine bond variations in the structure of the 

biodegraded PE sheet compared to the control PE 

sheet [11]. 
 

2.11. Statistical analysis 

The data were analyzed using a one-way analysis of 

variance and presented as mean ± standard deviation. 

The mean values were correlated with the Duncan test 

and version 16 of the statistical package for social 

sciences (SPSS) by IBM. 
 

3. Results and discussion 

3.1. Growth of K. pneumoniae and screening of enzyme 

production 

The growth of K. pneumoniae under polyethylene-

based media (PBM) was progressive. At twenty-four 

hours (24 h) of exposure, the absorbance was 0.144 

and increased to 0.189 after seventy-two hours (72 h). 

An optimum growth absorbance of 0.363 was 

obtained at ninety-eight (98) hours of exposure to 

PBM and K. pneumoniae entered the death phase after 

six days (Fig. 1a). The growth recorded by K. 

pneumoniae showed its ability to utilize polyethylene 

as a source of carbon needed for growth and other 

metabolic activities under mesophilic conditions. 

According to [21] bacterial strains isolated from dump 

sites are mesophilic because temperatures at dump 

sites in temperate regions are generally ambient. 

Previous studies by [9] and [3] reported that 

extracellular enzymes produced by microbial strains 

exposed to plastic polymers during biodegradation 

play important roles in the plastic polymer 

breakdown into smaller subunits. These plastic 

monomers are easily assimilated into microbial cells 

and utilized as carbon sources, leading to the 

production of energy, water, and carbon dioxide. In 

this study lipase, manganese peroxidase (MnP), and 

laccase activities produced by K. pneumoniae in PBM 

were screened. Lipase activity was optimum on the 

tenth day with a specific activity of 2.64 U/mg (Fig.1b). 

Also, lipase activity produced by Pseudomonas spp 

[22]. During PET and LDPE degradation, it 

discovered that lipase activity was lower during 

polyethylene degradation. Lipase activity reported in  

 
 

Figure 1. (a) Growth profile of K. pneumoniae in PBM, and 

Production of (b) Lipase, (c) Manganese peroxidase, and (d) 

Laccase from K. pneumoniae (Error bars represent Mean ± 

standard deviation. 

 

this study was also lower compared to laccase and 

manganese peroxidase activities, this may be a result 

of the hydrophobic nature of PE derivatives that is 

caused by inadequate C-O bonds. There was minimal 

biofilm formation and adhesion required for optimum 

active-site binding of lipase, however, there was 

increased biofilm formation and adhesion by the 

lignolytic enzymes. According to [23] and [15] 

oxidoreductases (manganese peroxidase and lignin 

peroxidase) are involved in the biodegradation of PE. 

Manganese peroxidase activity was optimum on the  
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Figure 2. Effect of pH on the activity of (a) Lipase, (b) Manganese peroxidase, (c) Laccase and stability of (d) Lipase,                         

(e) Manganese peroxidase, and (f) Laccase produced from K. pneumoniae (Error bars represent Mean ± standard deviation). 
 

tenth day with 6.89 U/mg specific activity (Fig. 1c) in 

PBM. A previous study by [24] reported the 

biodegradation of polyethylene by Bacillus cereus due 

to its ability to produce manganese peroxidase. Also, 

it was reported [25] that the degradation of a high 

molecular weight PE membrane by P. chrysosporium 

ME-446 due to MnP activity. Laccase is an important 

extracellular enzyme involved in lignin degradation 

in combination with manganese peroxidases [20].   
 

However, it has been studied for application in the 

bioremediation of recalcitrant polymers, including 

polyethylene [23, 15]. In this study, laccase activity 

was optimum on the eighth day with an activity of 

7.53 U/mg (Fig. 1d) in the PBM. According to [26], the 

production of laccase increased when microbes were 

near polyethylene using it as a carbon source. 

Moreover, [21] was also able to produce crude laccase 

when bacterial isolates were incubated with 

polyethylene. Likewise, [25] observed a reduction in 

the molecular weight of polyethylene membranes 

after treatment with laccase from Trametes spp. 
 

3.2. Effect of pH on activity and stability of lipase, MnP, 

and laccase 

Enzymes are sensitive to the pH of the culture  

medium, as sudden alteration affects the 

Ionization state, activity, and substrate selectivity of 

the enzymes [27, 28]. The pH activity profile of lipase 

from K. pneumoniae showed lipase was active over a 

broad pH range (pH 3.0 to pH 11.0). However, 

optimum lipase activity was obtained at pH 9.0 At pH 

3.0, 62 % relative activity was observed, which 

increased to 70 %, at pH 5.0. (Fig. 2a).  Similarly, lipase 

exhibited optimum stability at pH 9.0 with 84 % 

residual activity when incubated for 180 min. at room 

temperature. Forty-five percent (45 %), 55 %, 70 %, and 

40 % residual activities were obtained at pH 3.0, pH 5.0, 

pH 7.0, and pH 11.0 respectively (Fig. 2d). Lipase was 

optimally active at pH 9.0 because the alkaline buffer  

solution helped to improve the reaction and 

hydrolysis of bonds present in PE and was stable at 

pH 9.0 because it maintained lipase activity for a 

longer time [29]. A previous study by [30] reported 

that lipase produced by bacterial strains is mostly 

effective in an alkaline medium. Lipase purified from 

B. methylotrophicus PS3 was also used for polyethylene 

degradation and was reported to be stable at pH 7.0, 

and was active between pH 7 to pH 9 [31].  
 

Manganese peroxidase (MnP) produced by K.  
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Figure 3. Effect of temperature on the activity of (a) Lipase, (b) Manganese peroxidase (c) Laccase and 

stability of (d) Lipase, (e) Manganese peroxidase, and (f) Laccase produced from K. pneumoniae (Error bars 

represent Mean ± standard deviation). 

 

pneumoniae also showed a wide pH activity between 

pH 3.0 to pH 11.0 with optimum MnP activity at pH 

7.0. At pH 3.0 MnP relative activity was 62 %, 

increased to 70 % at pH 7.0, and declined to 40 % at 

pH 11.0 (Fig. 2b). Optimum manganese peroxidase 

stability was obtained at pH 7.0 with about 81% 

residual activity when incubated for 180 min at room 

temperature. Similarly, the residual activities of 45 %, 

59 %, 74 %, and 42 % were obtained at pH 5.0, pH 9.0, 

and pH 11.0 respectively (Fig. 2e).   
 

The activity and stability of MnP were optimum at 

neutral pH because the neutral pH aids the production 

of hydrogen bonds and salt bridges, which stabilizes 

the heme pocket of MnP and enhances MnP activity 

[32].  
 

Laccase activity was optimum at pH 5.0 (Fig. 2c).  

Reduction in activity was recorded from pH 7.0 (71 %) 

to pH 11.0 (50 %). Laccase showed optimum stability 

at pH 5.0 with about 84% residual activity when 

incubated for 180 mins at room temperature. 

Moreover, 78%, 70 %, and 43 % residual activities were 

obtained at pH 7.0, pH 9.0, and pH 11.0 respectively 

(Fig. 2f). Laccase activity was optimum at pH 5.0 

because acidic pH enhances the oxidization of 

substrate by laccase, and was stable at the pH because 

acidic pH maintains the stability and structural 
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integrity and catalytic potentials of laccase [33]. 

Studies [34] also opined that laccase with optimum 

activity in acidic pH is efficient in the biodegradation 

of recalcitrant polymers.  
 

3.3. Effect of temperature on activity and stability of lipase, 

MnP, and laccase  

The optimum temperature for the activity of lipase 

from k. pneumoniae was 60 °C as shown in Fig. 3a. 

Lipase activity increased gradually with an increase  

in temperature within the range of 30 C to 60 C. A 

reduction in enzyme activity was observed at 

temperatures above 60 C (Fig. 3a). The enzyme 

exhibited 69 % of optimum activity at 70 C and still 

retained 52 % of its optimum activity at 80 C. Lipase 

exhibited optimum stability at 50 oC with about 81% 

residual activity when incubated for 180 mins at room 

temperature, while 75 %, 66 %, and 58 % residual 

activities were obtained at 60, 70 and 80 oC respectively 

(Fig. 3d). Lipase activity was optimum at 60 °C 

because the structure of lipase is more rigid at 

elevated temperatures, and this helps to maintain the 

3-dimensional structure of lipase, which results in 

maximum activity and stability [35]. The optimum 

temperature for lipase activity exposed to low-density 

polyethylene was also obtained at 50 ◦C [36]. Likewise, 

the temperature of lipase from P. aeruginosa EF2 used 

for polyethylene degradation was reported to be 50°C 

[36].   
 

The effects of temperature on MnP activity of K. 

pneumoniae are illustrated in Fig. 3b. The optimum 

temperature for MnP activity was 70 °C.  Manganese 

peroxidase showed optimum activity at 70 oC and 77 % 

as relative activity of 77 % was obtained at 80 oC (Fig. 

3b). After 3 hours of incubation of the enzyme at 

different temperatures, the enzyme was most stable at 

70 oC retaining approximately 79% of its activity, while 

it showed 77.5 % residual activity at temperatures of 

80 °C respectively. (Fig. 3e).  K. pneumoniae produced 

MnP with optimum activity and stability at 70 °C 

because of the presence of rigid thermophilic amino 

acid sequences in MnP structure, which are 

structurally adapted to withstand high temperatures 

without being denatured [37]. MnP activity was 

reported to increase at higher temperatures as a result 

of the strengthening of MnP protein molecule  

structure when it binds to the solid support, reducing  

its molecular flexibility [38]. 
 

The optimum temperature for laccase activity was 

obtained at 50 °C. Reduction in relative activity was 

recorded from 80 % to 53 % at 60 oC and 80 oC (Fig. 3c). 

After 3 hours of incubation of enzyme solution at 

different temperatures, the enzyme was most stable at 

50oC retaining approximately 75% of its activity while 

52.6 % residual activity was observed at temperatures 

of 30 °C. (Fig. 3f). Laccase was active and stable at 

50 °C because high temperatures increase the kinetic 

energy of laccase and result in frequent and effective 

reactions between laccase and the substrate (PE) [39].  

Laccase with 50 oC optimum activity and laccase with 

60°C optimum temperature were also observed [40, 

41]. 
 

3.4. Effect of metal ions and EDTA on activity of lipase, 

MnP, and laccase 

Manganese peroxidase produced by K. pneumoniae 

increased in activity by 130 ± 0.2 %, and 170 ± 0.22 % 

in 10 mM Ca2+, and Mn2+ solution (Fig. 4a) while there 

was a decrease in MnP activity in Mg2+, Ba2+, Cu 2+ and 

EDTA solution (94 ± 0.3 %, 98 ± 0.2 %, 41 ± 0.3 %, and 

30 ± 0.2 % respectively). Calcium ion (Ca2+) increased 

MnP activity because of the structural stability which 

enhanced the interaction of MnP with PE. Likewise, 

MnP activity was elevated by Mn2+ because it 

facilitates the oxidation of Mn (II) to Mn (III) due to 

the binding site, in the active site of MnP [42].  EDTA 

inhibited MnP activity as a result of its binding to the 

metal ions present in the active site which limited the 

affinity of MnP for the substrate and led to the 

deactivation of MnP [8]. Previous studies also 

reported EDTA to inhibit the activity of MnP [20]. 
 

Similarly, laccase activity produced from K. 

pneumoniae was significantly enhanced by 10 mM    Cu 
2+ (137±0.02 %), and Ca2+ (120±0.04 %) (Fig. 4b). The 

metal ions most especially Cu2+ increased laccase 

activity due to the ability to activate and stabilize 

laccase structure as it increases the oxidation reaction 

between laccase and the PE and enhances the 

conversion of oxygen to water [43]. Mg2+ and Cu2+ 

have been previously revealed to increase the activity 

of laccase from Bacillus spp [44]. In addition, Ca2+ 

enhanced laccase activity because it stabilizes the  
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Figure 4. Effect of metal ions on (a) Manganese Peroxidase activity, (b) Laccase activity, and (c) 

Lipase activity K. pneumoniae (Error bars represent Mean ± standard deviation). 

 

copper center of laccase enhancing the catalytic 

activity [45]. Laccase activity was lower in Mg2+, Mn2+, 

Ba 2+, Hg 2+ solution and relative activities of 50±0.04 %, 

21±0.04 %, 30±0.04 %, and 32±0.04 % were obtained 

respectively. Laccase activity was also significantly 

reduced by 1 mM, 5 mM, and 10 mM EDTA 

(26±0.02 %, 10.6±0.03 % and 10.6±0.02 % respectively). 

These metal ions (Ba 2+, Hg 2+, Mg2+, Mn2+) reduced the 

activity of Lac because when they bind to the active 

site of laccase they cause conformational changes, 

prevent substrate binding and finally inhibit Lac 

activity [46]. Pseudomonas spp was also reported to 

produce laccase with reduced activity in Mn2+, Ca2+,  

and EDTA solution [46]. 
 

In addition, lipase activity was elevated by 10 mM 

Ca2+ (124±0.03 %), and Mg2+ (125 ±0.04 %) (Fig. 4c). The 

metal ions (Ca2+, and Mg2+) enhanced lipase activity 

because they help to stabilize the three-dimensional 

structure of lipase, ensuring that the enzyme 

maintains its active conformation, which is crucial for 

catalytic activity [47].  
 

There was a significant reduction in lipase activity in 

Cu2+ (64 ±0.02 %), Mn2+ (58 ±0.02 %), and Hg2+ (32 

±0.03 %) solutions because they bind to the enzyme 

active site, hindering substrate binding, and thus 

inhibit the enzyme's activity [47]. EDTA also chelated  
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Figure 5. Showing the FTIR spectra of (a) control PE sheet, and (b) PE sheet degraded by K. pneumoniae 

 

the activity of lipase and 15±0.03 % relative activity 

was recorded. 
 

3.5. Biodegradation study 

The FTIR spectra of the untreated PE sheet showed a  

shift to the left in peaks from 457-719 nm (C-H out-of-

plane bending vibration of the substitute amide group) 

to 466-719 nm when compared with the control PE 

sheet (Fig. 5). There was also a shift to the right at 873 

nm (the skeletal C-C vibrations), 1062 nm (the alky 

substituted ether group); 1313 nm (the O-H plane 

bend); 1541 nm (the secondary amide (NH) bend); 

1377 nm (the symmetric methyl (-CH3) bend), and 

1313 nm (the O-H plane bend) to 773 nm, 1066 nm, 

3431 nm, 1471 nm, 1303 nm, and 1176 nm respectively, 

when compared with the control PE sheet. In addition, 

new peaks were observed at the wavelength of 2918 

nm (corresponding to C-C stretch aromatics) and 3443 

nm (signaling the hydrogen-bonded O-H stretch of  

carboxylic acid).  
 

The FTIR spectra result shows that K. pneumoniae 

degraded PE (untreated) as new functional groups 

such as aromatic OH group and carboxylic group (-

COOH) were observed in the PE sheet, which are 

products of the PE hydrolysis and oxidation [48]. 

However, this result is in contrast to the report of [49] 

who concluded that only pre-treated PE sheets can be 

degraded by microorganisms. 
 

4. Conclusions  

In conclusion, Klebsiella pneumoniae produced 

thermostable MnP, Lac, and lipase. The enzymes also 

showed optimum activity and stability over a broad 

range of pH.  MnP activity was increased by Ca2+ and 

Mn2+, laccase activity was enhanced by Ca2+, and Cu2+, 

while lipase activity was elevated by Ca2+, and Mg2+. 

After biodegradation over 30 days, the FTIR spectra of 
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the PE sheet showed shiftings and formation of new 

peaks at different wavelengths, revealing changes in 

functional groups when compared with the control. 

These results show the unique properties of   MnP, 

laccase and lipase produced by Klebsiella pneumoniae 

and reveal the efficiency of Klebsiella pneumoniae in the 

PE biodegradation process. Hence, we recommend 

culturing Klebsiella pneumoniae for effective 

biodegradation of plastics, most especially 

polyethylene.  
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