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This study investigates the presence of laccase and manganese peroxidase 
enzymes in cyanobacterial strains isolated from polyethylene waste material at 
refuse disposal sites. Despite polyethylene representing over 36.3% of global 
synthetic plastic production, its biodegradation has been challenging due to its 
hydrophobic nature and surface properties. While laccase and manganese 
peroxidase are known to facilitate polyethylene biodegradation in certain fungi 
and bacteria, their occurrence in cyanobacteria remains largely unexplored. 
Seven cyanobacterial isolates (Phormedium abronema, Phormedium 
faveolarum, Oscillatoria laete-virens, Oscillatoria ornata, Westeollopsis 
prolifica, Synecocystis pevallikii, and Synechococcus elongatus) were 
screened for these enzymes. Six isolates demonstrated positive laccase activity 
with varying intensity, as evidenced by the bluish-green coloration resulting 
from ABTS oxidation. In contrast, no manganese peroxidase activity was 
detected in any of the isolates, indicated by the absence of oxidation zones in 
phenol red-supplemented media. These findings suggest that cyanobacteria 
colonizing polyethylene waste possess laccase but likely lack manganese 
peroxidase enzymes, providing new insights into the enzymatic mechanisms 
potentially involved in cyanobacterial interactions with synthetic polymers in 
waste environments. 
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Introduction
The introduction of plastics in the early 
1900s has significantly altered modern life, 
providing versatile, durable, and 
economical materials for a wide range of 
industries and consumers1. Plastic 
production worldwide has grown 
exponentially, surpassing 300 million tons 
annually by 2015, underscoring the crucial 
role plastics play in economic and social 
structures2,3. However, the environmental 
and health consequences of such 
widespread plastic use have become 
increasingly apparent4. A major ecological 
issue is the growing accumulation of 
plastic waste, which is now polluting land 
and water ecosystems globally. 
Polyethylene is the most commonly 

produced synthetic plastic worldwide, 
constituting over 36.3% of total synthetic 
plastic production5. Among polyethylene 
types, low-density polyethylene (LDPE) 
forms a substantial portion due to its 
beneficial properties for flexible 
packaging, shopping bags, clothing, and 
various disposable items6. LDPE shows 
remarkable environmental persistence, 
demonstrating high resistance to 
breakdown7. Considering that many global 
LDPE-based products have a short 
functional life before disposal, LDPE 
plastic waste streams continue to increase 
by 5% yearly5. 

Reducing the use of polyethylene 
(PE) and other synthetic polymers is 
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crucial, while also developing effective 
methods for their breakdown and reuse. 
Extensive research has been conducted on 
PE degradation, using physico-chemical 
techniques, microbial approaches, or a 
combination of both8,9,10. The 
biodegradation of PE involves 
microorganisms or microbial communities 
that modify and consume the polymer as 
an energy source, leading to changes in its 
physical and chemical properties, 
including mass reduction, structural 
breakdown, and carbon conversion into 
biomass9,10. 

However, the formation of biofilms 
by polymer-degrading microorganisms on 
PE has been challenging due to its highly 
hydrophobic nature, limited specific surface 
area, and smooth surface texture11,9. 
Additionally, the adsorption and catalytic 
activity of polymer-degrading enzymes 
have been found to be incompatible with 
hydrophobic polymer surfaces 12,13. 

Polyethylene biodegradation is a 
natural process carried out by 
microorganisms such as bacteria, fungi, 
actinomycetes, or algae14,15,16,17. The rate 
of polyethylene degradation depends on 
factors like crystallinity, surface 
modification, additives, molecular weight, 
and surfactants. Both extracellular and 
intracellular enzymes are essential in the 
biological breakdown process 18. 

While bacterial and fungal 
biodegradation of polyethylene has been 
widely studied, the potential of algae in this 
context has received less attention19,20. 
Algae can colonize polyethylene materials 
in wastewater through the secretion of 
extracellular polymeric substances 
(EPS)19,21,22. Environmental factors largely 
influence the colonization of microbial 
communities on polyethylene surfaces, 
potentially creating favorable conditions for 
colonization23. Polyethylene discarded in 
aquatic environments and exposed to 
sunlight breaks into smaller particles due to 
bacterial and algal adhesion. The literature 
has confirmed direct microbial degradation 
of PE, using the polymer as the sole carbon 

source24. Previous studies have examined 
the biodegradation capabilities of PE by 
species like Anabaena spiroides, 
Scenedesmus dimorphus, Navicula pupula, 
Phormidium lucidum and Oscillatoria 
subbrevis20,25. In one of the recent studies, 
ten microalgal strains (Neglectella solitaria 
viz. Oocystis solitaria, Chlorella vulgaris, 
Scenedesmus opoliensis, Scenedesmus 
carinatus, Coelastrum cambricum, 
Microcystis aeruginosa, 
Chroococcus turgidus,  Arthrospira 
platensis, Arthrospira subsalsa viz. 
Spirullina subsalsa, Oscillatoria curviceps, 
and Leptolyngbya tenuis viz. Phormidium 
tenue) were isolated from colonized 
polythene and tested for their 
biodegradation potential26. The choice of 
microorganisms for polyethylene 
biodegradation is critical, with those 
capable of producing oxidative and 
lignolytic enzymes showing greater 
effectiveness 27. 

Multiple studies have identified 
microbial strains that produce extracellular 
enzymes, including LDPE-degrading 
enzymes, lipases, peroxidases, cutinases, 
esterases, laccases, and peroxidases. These 
enzymes specifically target LDPE through 
cleavage, depolymerization, or other 
catabolic processes28,6,7. 

The enzymes laccase and manganese 
peroxidase are integral to the process of 
biodegradation of polythene, as they 
facilitate the disassembly of its intricate 
polymeric framework. These enzymes are 
synthesized by a diverse array of 
microorganisms that exploit polythene as a 
carbon substrate, thereby promoting its 
degradation. The principal organisms 
recognized for the biosynthesis of these 
enzymes encompass specific fungi and 
bacteria, which have been successfully 
isolated from environments that are 
abundant in plastic refuse. The laccase 
enzyme exhibits a notable capacity for the 
oxidation of both phenolic and non-phenolic 
lignin-related compounds, thereby 
contributing to the degradation of polythene 
through modifications to its chemical 
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constitution29,30. Manganese peroxidase 
catalyzes the oxidation of manganese ions, 
which subsequently oxidize a variety of 
organic substrates, inclusive of polythene, 
culminating in its degradation29,31. 
Numerous fungal species have been 
identified as significant producers of laccase 
and manganese peroxidase. Exemplary 
species include Penicillium italicum, 
Penicillium simplicissimum, and 
Trichoderma harzianum, which have 
exhibited considerable enzymatic activity 
and efficacy in the degradation of 
polythene32,30,31. Certain bacterial strains, 
such as Escherichia coli and Pseudomonas 
aeruginosa, have also been documented to 
generate these enzymes, albeit with varying 
degrees of enzymatic activity when 
contrasted with fungi33. 

Numerous researches have 
documented the occurrence of the enzymes 
laccase and manganese peroxidase in 
various bacterial and fungal species; 
however, the volume of investigations 
pertaining to the occurrence of these 
enzymes in algal and cyanobacterial 
populations remains markedly limited. In 
the current study, a preliminary screening 
of the aforementioned enzymes was 
conducted in cyanobacterial strains that 
were isolated from polyethylene waste 
material sourced from refuse disposal sites.  

Material and Methods 
Algal-colonized submerged polyethylene 
substrates were systematically collected 
from the sewage effluent of Ajmer town, 
located in the state of Rajasthan, India 
(Fig. 1and 2). The samples that had 
developed on polyethylene carry bags 
immersed in wastewater were examined 
microscopically, leading to the 
identification of seven predominant 
cyanobacterial species suitable for 
monoculture cultivation. The collected 
cyanobacterial samples underwent 
centrifugation, following which the 
resultant pellets were homogenized in 
sterilized BG-11(N+) medium, and the 
resulting suspension was subsequently 
inoculated onto agar petri plates utilizing 
the pour plate technique. The plates were 
subjected to a 15-day incubation period 
under constant illumination (2000 lx) at a 
temperature of 24 ± 1 °C, in accordance 
with the methodology delineated by 
Rippka et al. (1979)34. The colonies 
proliferating in the agar medium have 
been preserved in liquid BG-11(N+) 
medium, as detailed in Table 1. The algal 
samples were scrutinized 
microscopically and identified based on 
their distinctive morphological 
characteristics, as established by 
Desikachary (1959)35. 

 
(a) (b) (a) (b) 

 
Figure 1.: (a)  Location information and 
a topographical image of the Ajmer.  
(b) Rajasthan is depicted in 
topographical picture of the North 
Indian subcontinent. 

Figure 2.:Topographical view (a) and 
location details (b) of the sampling sites. 
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The isolated culture was cultivated 
by inoculating a loopful of each strain 
individually into a 250 ml flask containing 
100 ml of BG11 and was subsequently 
induced with guaiacol for the biosynthesis 
of laccase (Fig. 3). The cultures without 
the induction of guaiacol were considered 
as control. The cultures were incubated at 
25°C with a light/dark cycle of 16/8 hours. 

The concentration of guaiacol added was 
100 µM, which was prepared by dissolving 
it in 50% ethanol and subjected to filter 
sterilization prior to application. A 1 ml 
sample of culture was extracted every 24 
hours of growth, followed by 
centrifugation for 20 minutes at 8000 g, 
with the supernatant being collected and 
utilized as a crude enzyme extract 3.  

 

 

Figure 3.: Cultures of isolated cyanobacterial strain maintained in BG11 medium. 

Table 1.: Composition of BG11 medium (1000ml) (Final pH after sterilization:7.1 at 
25°C). 

NaNO3 1.5 g 

K2HPO4 0.04 g 
MgSO4·7H2O 0.075 g 
CaCl2·2H2O 0.036 g 
Citric acid 0.006 g 

Ferric ammonium citrate 0.006 g 
EDTA (disodium salt) 0.001 g 

Na2CO3 0.02 g 
Trace metal mix A5 1.0 ml 

Agar (if needed) 10.0 g 
Distilled water 1.0 L 

 

Screening of the aforementioned 
extract was conducted utilizing ABTS (2-2 
Azinobis (3-ethylbenzthiazoline- 6-
sulfonic acid) as a substrate, which 
undergoes oxidation by the laccase 
enzyme, resulting in the formation of a 
more stable cation radical state and 
imparting a blue-green coloration to the 

mixture. The reaction mixture was 
formulated by combining 200 µl of culture 
supernatant with 800 µl of a 2 mM ABTS 
solution (which was prepared by 
dissolving in sodium acetate buffer at pH 
4.5 at 30°C). The manifestation of blue-
green coloration was monitored and can be 
correlated with enzyme activity36. 
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The assessment of cyanobacterial 
strains for the production of manganese 
peroxidase was conducted employing 
phenol red as an indicator. The phenol red 
indicator is oxidized by the enzyme, 
resulting in a colorimetric transition from 
red to yellow37,38. The cyanobacterial 
cultures were streaked onto freshly 
prepared sterile BG11 agar plates 
containing 0.01 g per 100 ml of phenol 
red. Incubation was performed at 25°C 
with a light/dark cycle of 16/8 hours. A 
colorimetric shift was interpreted as a 
positive indication of the enzyme's 
presence. 

Results and Discussion  
A significant accumulation of plastic bags, 
along with various other waste materials, 
was observed at multiple sample collection 
locations adjacent to Anasagar Lake in 
Ajmer, and these bags exhibited a 
pronounced colonization by algae. The 
cyanobacterial strains that were found 
colonizing the collected waste were 
isolated and subsequently examined under 
a light microscope utilizing various levels 

of magnification and were categorized 
according to their morphological 
characteristics including cell shape, size, 
and arrangement. The identification of 
these strains was achieved through the 
utilization of monographs and keys as 
delineated by Desikachary (1959). The 
investigation incorporated seven 
cyanobacterial isolates, specifically 
Phormedium abronema, Phormedium 
faveolarum, Oscillatoria laete-virens, 
Oscillatoria ornata, Westeollopsis 
prolifica, Synecocystis pevallikii, and 
Synechococcus elongatus. Digital 
photomicrographs of the specimens are 
illustrated in Fig. 4(a)-(g). Numerous prior 
investigations have documented that algal 
and cyanobacterial strains were observed 
to colonize the surfaces of waste 
polythene, and this study corroborates 
such findings. According to the literature, 
cyanobacterial strains possess the 
capability to colonize polyethylene 
materials present in wastewater through 
the secretion of extracellular polymeric 
substances (EPS)19,21,22. 

 

 

Figure 4.: Digital photomicrographs of the isolated cyanobacteria at 400x
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The cyanobacterial isolates, 
Phormedium abronema, Phormedium 
faveolarum, Oscillatoria laete-virens, 
Oscillatoria ornata, Westeollopsis 
prolifica, Synecocystis pevallikii and 
Synechococcus elongatus, were 
evaluated for laccase presence on the 
second day of cultivation subsequent to 
induction by guaiacol. The bluish-green 
hue of the resultant mixture was 
attributed to the enzymatic oxidation of 
the substrate ABTS which was absent in 
control of each isolate (shown in Fig. 
5)38.  Among the seven isolates, six 
exhibited positive laccase activity; 
however, the intensity of the coloration 

varied, and one isolate did not show the 
presence of the enzyme, as indicated in 
Table 2. The color mixture containing 
extract of Phormedium abronema and 
Oscillatoria ornate was very intensed as 
compared to that of others. In a 
preceding study, thirty-five 
cyanobacterial isolates were assessed for 
laccase presence, with twenty-nine 
isolates yielding positive results. Given 
the advantageous properties of 
cyanobacteria, including their capacity to 
enhance environmental oxygen levels, 
rapid generation time, and ease of mass 
cultivation, they may serve as a valuable 
resource for laccase production36.

Table 2.: Laccase detection in isolated cyanobacterial strain 

S. No. Cyanobacteria Laccase detection 
1 Phormedium abronema +ve 
2 Phormedium faveolarum +ve 

3 Oscillatoria laete-virens +ve 
4 Oscillatoria ornata, +ve 
5 Westeollopsis prolific +ve 
6 Synecocystis pevallikii +ve 
7 Synechococcus elongates -ve 

 
Figure 5.: Laccase detection in isolated stains

The isolated cyanobacterial strains 
were screened for their capacity to produce 
manganese peroxidase through the 
utilization of phenol red as a chromogenic 
indicator. The phenol red indicator 
undergoes oxidation catalyzed by the 

enzyme, leading to a discernible 
colorimetric shift from red to yellow38,37. 
The control sample devoid of 
cyanobacterial inoculation exhibited an 
orange hue. There was an absence of the 
transition from orange to yellow 



J. Phytol. Res. 37(2): 173-182, 2024 179 

subsequent to the cultivation of 
cyanobacteria on BG11 agar plates 
supplemented with phenol red. The color 
of the medium transitions to dark pink 
immediately following the streaking 
procedure and maintains this coloration 
post-cyanobacterial growth due to the 

alkaline nature of the culture39. No 
oxidation zones were observed in any of 
the cultures of the isolated cyanobacteria, 
as illustrated in Fig 6. Thus, this 
observation may suggest that the 
investigated cyanobacteria potentially lack 
the enzyme manganese peroxidase. 

 

Figure 6.:  BG11 agar plates containing phenol red after the growth of cyanobacteria

Conclusion 
The examination of laccase and 
manganese peroxidase enzymes in 
cyanobacterial strains procured from 
polyethylene waste material has produced 
several important conclusions. Six of the 
seven cyanobacterial isolates exhibited 
positive laccase activity, though the 
intensities varied, thereby underscoring the 
extensive yet heterogeneous distribution of 
this enzyme among cyanobacterial species 
inhabiting plastic waste. This revelation 
implies that laccase enzymes may serve a 
pivotal function in the interaction 
dynamics between cyanobacteria and 
polyethylene substrates within waste 
environments. 

In contrast, the lack of oxidation 
zones in the culture medium signifies that 
manganese peroxidase activity was 
undetected in any of the seven isolates. 
This observation highlights a potential 
enzymatic deficiency in these 
cyanobacterial species, thereby 
differentiating their metabolic capabilities 

from those of various fungi and bacteria 
that are known to possess both enzymes. 

The assessed presence of laccase in 
these cyanobacterial strains, alongside 
their intrinsic ecological benefits—
including oxygen production, accelerated 
growth rates, and suitability for mass 
cultivation—offers promising prospects 
for biotechnological applications. These 
organisms have the potential to act as 
sustainable biocatalysts for laccase 
production, with implications for the 
bioremediation of polyethylene waste as 
well as other environmental pollutants. 

Further investigation is essential to 
delineate the specific laccase enzymes 
produced, optimize their expression, and 
examine potential genetic or 
environmental modifications that may 
elicit manganese peroxidase activity in 
these strains. Additionally, probing into 
the exact mechanisms through which these 
cyanobacteria colonize polyethylene 
surfaces via extracellular polymeric 
substances (EPS) secretion could yield 
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valuable insights for the development of 
improved bioremediation strategies 
targeting plastic pollution. 
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