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Abstract: Peroxidases are oxidoreductases that can convert many compounds into their oxidized form by a free radical mechanism. This
peroxidase enzyme is produced by microorganisms like bacteria and fungi. Peroxidase family includes many members in it, one such member
is lignin peroxidase. Lignin peroxidase has the potential to degrade the lignin by oxidizing phenolic structures in it. The microbes that have
shown efficient production of peroxidase are Bacillus sp., Providencia sp., Streptomyces, Pseudomonas sp. These microorganisms were
optimized to produce peroxidase efficiently. These microbial strains were identified by 16S rDNA and rpoD gene sequences and Sanger DNA
sequencing techniques. There are certain substrates on which Peroxidase acts are guaiacol, hydrogen peroxide, etc. The purification of
peroxidase was done by salt precipitation, ion-exchange chromatography, dialysis, anion exchange, and molecular sieve chromatography
method. The activity of the enzyme was evaluated with different parameters like enzyme activity, protein concentration, specific activity, total
activity, the effect of heavy metals, etc. The quantification of protein was done by Lowry's method and kinetic studies with enzyme
immobilization being done. However, despite the enzyme's versatility and its environmental usage, many limitations like, heterologous
production, catalytic stability, and redox potential must be controlled to execute peroxidases for transformation at a large scale and also in the
bio-elimination of pollutants. This review article emphasizes the novel potentialities of peroxidase to catalyze the transformation of different
toxic pollutants which exist in the environment and aims to decrease their impact on nature.
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1. Introduction peroxidase, and non-specific enzymes from the different

sources is simply known as peroxidases. Peroxidases may be
Hazardous aromatic compounds are usually found in

paper,
industries, coal, plastics, resins, petroleum refining industries

or may not be heme-containing enzymes. It catalyzes the

wastewater discharged from textile, and pulp

transfer of oxygen from hydrogen peroxide to a substrate

thereby oxidizing the substrate and reducing hydrogen

iron and steel manufacturing units, and agricultural activities. peroxide in the process. Superoxide and hydroxide radicals

Lignin is defined as a structurally complex molecule that can . toxic molecules that are found in aerobic organisms [5].

be entirely degraded by only some microorganisms. Ligninis  The molecular weight of peroxidase is 11.45 kDa. Hydrogen

an industrial by-product that is found mainly in pulp and paper  heroxide acts as an electron acceptor for catalyzing different

waste, agricultural residue, and also in hydrolytic industries  qyjqative reactions. The specificity and biological functions

[1], [2], [3]. Lignin comprises phenolic compounds, which are \ary with the source of the enzyme. For example, extracellular

further composed of three groups, i.e., guaiacyl (G), syringyl
(S), and hydroxyphenyl (H). These undergo polymerization
via cross-linking carried out by an enzymatic reaction. The
reaction gives rise to B-O-4 bonding and C-C and C-O
bonding [4]. Microbial cells are considered as factories that
operate as a collection of efficient molecular machines.
Microorganisms make use of enzymes to perform several
different functions. Hydrogen peroxide is a comparatively
simple and mild oxidizing reagent. Hydrogen peroxide is a
highly advantageous reagent as its breakdown leads to the
production of water and oxygen as by-products and no
inorganic salts are produced, unlike other oxidizing reagents.
Peroxidases are enzymes that are known to catalyze oxidation-
reduction reactions, thus belong to the oxidoreductase class of
enzymes. Peroxidase includes a group of specific enzymes

such as NAD peroxidase, fatty acid peroxidase, glutathione

peroxidase is a crucial component in extracellular lignin-
degrading microorganisms responsible for the initial attack of

lignin by a non-specific oxidative mechanism.

It has been found that peroxidase has a great potential for bio
remedial processing of wastewater that is contaminated

with phenols, bioleaching in the paper industry, textile dye

Figure 1: 3D structure of lignin peroxidase
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degradation, cresols, chlorinated phenols, etc. Generally,
peroxidases, from several different sources are non-specific.
It provides the microorganism its unique ability to degrade a

broad array of environmental pollutants [6].
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Microorganisms Habitat Reference
1.1 Sources of peroxidase - - -
P Bacillus sp. The scrapings of rock | Shashikumar
Peroxidases (EC 1.11.1.7) represent a huge family of FALADE-1- | from the Hogsback | etal, (2014)
isoenzymes that are obtained from various sources such as KX640922 | forest in Eastern cape,
plants, animals, and microbes, hence are widely distributed in South Africa
nature. Peroxidases that have been utilized in the _ _
BL-27 The soil polluted with | Dan Wang,
decomposition of pollutants, to generate animal feedstock, ) o .
petroleum in the | Jiahui  Lin,
agricultural, paper, and pulp industries, dye decolorization N . .
Shengli oilfield (China) | Weidong
industries, biosensors, etc. are extracted from microbes such Wang
as bacteria, fungi, and yeast [5]. ’
(2019)
Vg Streptomyces | The sediment of the | Prof. Don
mrﬁ . HRP sp. Strain Bwanda  Hotsprings, | Cowan and
“RgY (EC LILLY) . .
Substrate g,..g + 0, Substrate y.g,.g +H,0 BSII#1 Lochinvar National | Drs ~ Mark
Park, Zambia Taylor,
Figure 1: A general reaction catalyzed by HRP Moola
Mutondo
Figure 2: HRP catalyzed reaction and Heide
Goodman
1.2 Characteristics of peroxidase
(2008)
Peroxidases reduce hydrogen peroxidase for example and . . _ .
Providencia From the laboratories of | Rajkumar,
oxidize various organic and inorganic compounds. Hence it is . i
spp. the biological | R., Yaakob,
classified under the oxidoreductase class of enzymes. . .
department in Baghdad | Z., Takriff,
Peroxidases are considered as heme-containing enzymes or . .
University M.S, and
proteins which possess iron (111) protoporphyrin IX as the .
Kamarudin,
prosthetic group. It has a molecular weight ranging from 30-
K.F., (2013)
150 kDa. While some are categorized as non-heme
peroxidases. Peroxidase represents a group of specific Pseudomonas | A soil sample was | Kalyani et
enzymes such as NADH peroxidase, iodine peroxidase, and sp.SUK1 collected from | al., (2008)
glutathione peroxidase, and several non-specific enzymes that contaminated sites of
are called peroxidases [5]. the textile industry from
Solapur, India

3. Enzyme production

The peroxidase was produced by the Bacillus sp. FALADE-
1-KX640922 by submerged fermentation in which 100 ml of
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lignin fermentation: Ko;HPQO4 (4.55 g/l), KH2PO4 (0.53 g/l),
MgSOs (0.5 g/l), NH4NO3 (5 g/l), yeast extract (0.1 g/l) & 0.1
% lignin w/v. Then about 2% of bacterial suspension was
inoculated at pH 7 in media with media which is uninoculated
is kept as control. This then allowed for the incubation period
of about 48 hours in optimum conditions and the crude
enzyme was isolated. The soil sample was inoculated in an
MSM media containing crude oil as a carbon source,
incubated for about 7 days then the bacterial colonies were
streaked on the plates of LB agar then allowed to grow at 45
°C for 12 hours [8]. The Bacillus subtilis was inoculated in the
production media for about 48 hours at 37 °C in a shaking
incubator and the crude enzyme is isolated thereafter. The
Streptomyces spp. spore or hyphal suspension was inoculated
into modified phenoxazinone media and kept for incubation at
30 °C for 2 days. Initially, the size of the inoculum was 5%
(v/v) at a small scale then the inoculum was increased to 10%
for baffled bioreactor and large scale which was further scaled
up in airlift fermenter and bubble column bioreactor without
any inducer at room temperature. The bacteria like Pantoea
agglomerans, P. aerogenosa, Bacillus subtilis, S. aureus were
preserved at 4 °C and subcultured at a week interval. Then the
inoculum was added into the media for the growth of bacteria
kept in a shaking incubator [9]. The inoculation of the bacteria
Pseudomonas sp. SUK1 was done at 30 °C for 24 hours into
the medium. The cells were collected by the centrifugation
process and suspended in sodium phosphate buffer. The cell
suspension was mixed properly by the homogenization
process and then the sonication is done to disrupt the cell. The

supernatant was used as the crude enzyme.
4. Enzyme purification

The enzyme was purified with different methods to
accumulate the highest degree of protein with high purity. The
purification of Bacillus subtilis was performed by the methods
which are salt precipitation method, dialysis method, and ion-
exchange chromatographic method. The isolated Providencia
spp. was purified by ammonium sulfate precipitation [10] and
ion-exchange chromatography [11]. The Pseudomonas sp.
SUK1 produced crude enzyme peroxidase which was initially
loaded on DEAE cellulose and then it was eluted by using the

gradient of NaCl. The ion-exchange chromatography is also
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done to purify the protein which is followed by size exclusion,
which allows more of the activity of the enzyme to be seen
with 17-fold and yield of 1.67% which was initially 3.11-fold
and yield was 3.60%.

5. Assay of enzyme activity

The activity of the enzyme peroxidase was accessed using the
ability of it to degrade the compounds of lignin like guaiacol
& veratryl alcohol. The inoculum of 5ul was inoculated into
the guaiacol and veratryl alcohol plates which has components
like KoHPO4 (4.55 g/l), KH2PO4 (0.53 g/l), MgSO4 (0.5 g/l),
NH4NOs3 (5 g¢/l), yeast extract (0.1 g¢/l), guaiacol /veratryl
alcohol (0.1% v/v) and agar (15g¢/l). then plates of agar were
allowed for incubation at 30 °C for about 168 hours which was
then flooded with the gram's iodine to determine the
degradation zone around the colonies produced on the plates.
It can also be accessed using the spectrophotometric method
in which the OD is taken or recorded at 420nm wavelength,
pH-6, and 20 °C [8]. The Pseudomonas sp. SUK1 was
estimated for protein concentration by Lowry's method [12]
through the use of a standard that is bovine serum albumin.
The enzyme activity was deduced by using a substrate named
n-propanol, which will be acted upon by the enzyme to
convert to the product in which the reaction mixture contains
3 components like n-propanol, H,O,, citrate buffer. For the
Streptomyces spp. the assay used was 2,4-dichlorophenol (2,4-
DCP) assay [13]. The reaction mixture contained the tris-
HCL, H20,, amino antipyrine, 2,4-dichlorophenol, and
enzyme extract. The activity was determined by the
conversion of the substrate by the enzyme. For the
Providencia spp. the activity of the enzyme was estimated by
using the spectrophotometric method at 420nm and increasing

the absorbance by using the citrate phosphate buffer [14].

6. Optimization studies on peroxidase

production

Peroxidase production was optimized for the Bacillus sp.
FALADE-1-KX640922 by maintaining conditions such as the
pH range from 3-11, temperature range from 20-45 °C, and the
agitation rate from 0-200 rpm. The manipulation of the
fermentation medium composition was done by adding a

source of carbon with the 1 mM of "lignin monomers:
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guaiacol, veratryl alcohol, vanillin, vanillic acid, and ferulic
acid". More modification is done by adding ammonium
nitrate, ammonium chloride, and ammonium sulfate which act
as inorganic sources of nitrogen [15]. For the BL-27 strain, the
temperature ranges from 5 - 65 °C, pH 1-12, and salinity from
0-10% wiv. for the Bacillus subtilis the optimum pH is 6 and
the temperature is 37 °C. the activity of the enzyme is
increased by the manganese sulfate while its activity is
decreased by the inhibitor like PVP. The optimum conditions
for Streptomyces spp. strain BSI1#1 grow well at temperature
37 °C with pH- 8-0 and many inducers like veratric acid,
anisaldehyde, veratryl alcohol, pyrogallol or guaiacol (each at
0-1, 0-5 and 1 mmol I"* concentration) were also introduced
in the medium for the maximum yield of enzyme peroxidase.
For the Pseudomonas sp. SUK1, maximum peroxidase
production was observed at pH-3 and the optimum
temperature was noted to be 40 °C which if exceeded will
decrease the activity of the enzyme with the high rate [16],
[17].

- Room Temperature I:l 30 °C Temperature - 37°C Temperature
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Figure 3: Effect of temperature on peroxidase activity

in Streptomyces spp. strain BSII #1 [48]

7. Kinetics for the enzyme production and

bacterial growth

The Bacillus sp. FALADE-1-KX640922 was allowed to grow
in LFM under the optimal conditions like pH-8, temperature-
30 °C, and 150 rpm. The culture of bacteria was then
withdrawn at about 24 hours to 120 hours interval and then
allowed for the assay of peroxidase activity and determination
of protein concentration was done through the Bradford
method. The growth of the cell was deduced by absorbance at

600 nm [18]. For the Bacillus subtilis, the kinetic experiments
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were done in shake flask cultures. The culture was kept in 100
ml of Mg minimal medium for the visible growth because the
medium contained the carbon sources. The concentration of
glucose starting from 5 till 150 mg/I (5, 10, 15, 20, 50, 100 and
150 mg/l); sucrose (5, 10, 25, 50 and 100 mg/l), xylose (100,
150, 200 and 250 mg/l), starch (100, 150 and 200 mg/l),
cellulose (300, 400, 500 and 600 mg/l) and lignin (400, 500,
600, 700, 800 and 900 mg/l). Then the flasks were all allowed
to be maintained at 30 °C and 150 rpm. The calculation of
specific activity for all the carbon sources was done. Through
the given equation below the substrate utilization, the constant

and maximum specific growth rate was calculated.
“ = -ks(W/s) + pmax,

where ks is the substrate utilization constant and pumax is the

maximum specific growth”

In Pseudomonas sp. SUK1 the different kinetic factors were
studied with the use of n-propanol. The Km was estimated to
be 0.061 mM and the Vmax value was 2.7 X 102 uM. The Km
value if is lower indicates the highest affinity of the enzyme
towards the substrate which in this case was 0.061mM [19].
The affinity of guaiacol was found to be more than that of
hydrogen peroxide as the kn value for guaiacol is lower than
that of peroxide [20].
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Figure 4: Lineweaver-Burk double reciprocal plot of guaiacol
and hydrogen peroxide [21].
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8. Effects of metal ions on peroxidase

Table 2: ECso values of different metal ions which ranges
from 6.0 to 24.51mM

Heavy metals ECsovalues (mM)

Fe2* 12.58
Fes* 9.48

Co?* 12.59
Sr2* 2451
Pb%* 6.00

Hg?* 7.32

Ni%* 10.57
Al?* 18.69
Zn* 13.57

The trace elements are needed by the living organisms but in
an amount that could be beneficial but not detrimental. It has
been noted that the Pb*2 has the highest inhibitory effect while
Sr*2 has the minimum inhibitory effect on the enzyme. But as
the concentration of each metal ion is increased, the inhibitory
effect is also seen to have significantly increased causing the
activity or efficiency of the peroxidase enzyme to be less. For
example, mercury and cadmium have a collaborative toxic

effect on enzyme activity [21].
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Figure 5: Graph (A) shows biomass yield against the

increasing concentration and (B) shows glucose uptake by the
cell against the concentration of Cu*?of T. trogii [22].

The concentration of Cu*?ion if increased while in the growth
of the culture causes a significant decrease in the growth/
biomass yield in fungal strain compared with the control. In
the concentration of 25ug/ml there was a very little decrease
in the growth but when the concentration of Cu*? was
increased from 50 to 200ug/ml it was found that the decrease

in the growth was 2 - 4.2 times more than that of control.

The Cu*? and manganese are essential for microbial growth as
they act as active centers by being the cofactors for enzymes
[24]. But if their concentration is more it will have toxic
effects on the growth of microbes.

The glucose uptake by the cell was also seen to decrease when
the concentration of Cu*2 was increased compared to control
where it was up taking the glucose properly for growth and

enzyme production.

For the lignin peroxidase, the concentration of Cu*? if
increased causes a decline in the activity of it but at the low

concentration, it has efficient activity [25].
9. Phylogenetic analysis

The phylogenetic analysis in the Bacillus FALADE 1 was
done with the help of the neighbor-joining technique [26] in
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the software named MEGA 7.0 [27] while the physical and
chemical properties of the protein were determined by another
software named generous 10.2.2. The creation of a
phylogenetic tree for the strain BL-27 was with the help of the
maximum likelihood method and general time-reversible
model. The phylogenetic tree concludes that the similarity
between the strain BL-27 and the Bacillus subtilis is found to
be 99% so it was kept under B. subtilis genus. For the Bacillus
subtilis, the phylogenetic tree was made from the gyrA
sequence of nucleotide with the help of neighbor-joining,
Fitch-Margoliash, and maximum parsimony algorithms. It is
concluded that the gyrA sequence is the one that provides the
accurate and rapid classification and identification of Bacillus
subtilis from the other related species. In the Pseudomonas sp.
SUK1 with the help of 4 sequences (16SrRNA, gyrB, rpoB,
rpoD) the phylogenetic tree is constructed by making
individual dendrograms by the methods like NJ, MP, and ME
methods. The phylogenetic tree was constructed with the help
of the neighbor-joining method for Streptomyces spp. And
analyzed by MEGA 5.2. the phylogenetic tree was made by
the use of software MEGA 7 software for the BL-27 strain.

10. Peroxidase application to manage

environmental pollutants
10.1 Role of peroxidases in pulp and paper industries

Paper and pulp are generally made out of cellulosic fibers or
other plant materials. Synthetic materials are also used to
provide unique and special qualities to the finished products.
Pulping is done to remove lignin without losing fiber strength
thereby removing impurities and freeing the fibers. Pulp mill
waste and black liquor which is a pulping by-product cause
hazardous ecological problems and high pollution load. A
dark, black, and viscous alkaline waste is called black liquor.
It is composed of various extracts namely lignin, cellulose,
phenolics, resins, fatty acids, and tannins. [28]. This alkaline
waste consists of 10% - 15% of the total waste but usually
lends to 90% - 95% of the total pollution load leading to high
pH, BOD, COD, and color which makes it environmentally
toxic [29]. This waste can be efficiently eliminated through
bioremediation by the use of microbes such as fungi, bacteria,
algae, and enzymes as a biological treatment or in

combination with other physical or chemical methods. Over
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extensive research, it has been observed that peroxidase from
a few generations of white-rot fungi can be used for degrading
wastes due to their non-specific extracellular enzymatic

system involved in lignin biodegradation. [30].

It is a laborious task to analyze the biochemical mechanisms
of microbial lignin degradation. This difficulty is faced due to
the structural complexity of the lignin molecule. Lignin does
not contain readily hydrolyzable bonds recurring at periodic
intervals along a linear backbone like other biopolymers.
Rather, lignin is a three-dimensional, amorphous polymer that
possesses several stable carbon-carbon and ether linkages
between phenylpropanoid monomeric units. Hence, it is
difficult to design experiments to assure the specific
enzymatic transformations which occur during microbial
decay of lignin. Theoretically, however, one of the ways to
overcome this problem of chemical complexity is to study the
microbial degradation of simple lignin model compounds of
known chemical structure. Except for cellulolytic
thermophiles, most bacterial strains possess the ability to
degrade lignin-derived oligomers or aromatic monomers. The
strains can convert high-molecular-weight polymers to low
molecular weight compounds which are followed by uptake to
provide a source of energy. Several degrading pathways exist
within bacteria where low molecular weight compounds are
digested through stepwise reaction to achieve an important

intermediate like protocatechuate (PCA) and catechol.

Figure 6: Pathway for degradation of lignin-derived

compounds by bacteria [49].

Various soil bacteria can degrade aromatic compounds via the
B-ketoadipate pathway and produce renewable chemicals.

Within this pathway, many practically useful intermediates

IJSER © 2021
http://www.ijser.org



can be found, including vanillin, which is extensively used in

the food industry as a flavor additive.

10.2 Peroxidases in dye and dye-based textile effluent

treatment

Dye wastes are considered xenobiotics. Xenobiotics are the
most problematic group of pollutants as they do not hold a
good biodegradability profile. It has been declared as one of
the major environmental contaminants released from
anthropogenic sources. [31]. Dyes find applications in textile
industries such as textile dyeing, paper printing, as an additive
in petroleum products, and color photography. These
synthetic dyes are emitted into the industrial effluents which
leads to the pollution of the environment. Microbes such as
fungi and bacteria have emerged as an extremely valuable
alternative to achieve biodegradation of hazardous pollutants
[32]. Several peroxidases isolated from bacteria have been
used for the decolorization of synthetic dyes. For example,
Bacillus sp. VUS isolated from soil contaminated with textile
effluents showed the ability to degrade various dye [33]. The
contaminants of dyeing and bleaching industries have been
found seeping into the ground thereby rendering the

groundwater unsuitable for consumption.

10.3 Polycyclic aromatic hydrocarbons degradation by

peroxidase

Peroxidase are effective in degrading polycyclic aromatic
hydrocarbons (PAHSs) which is a xenobiotic. Overuse of fossil
fuel has resulted in the accumulation of PAHSs. They survive
for a longer period in the environment due to the property of
low aqueous solubility and high hydrophobicity. [34]. PAHs
pose carcinogenic, mutagenic, and teratogenic effects.
However, many extracellular peroxidases, isolated from
ligninolytic microbes play a major role in the complete
mineralization of xenobiotic compounds. PAHs are degraded
and transformed by MnP and LiP in the presence of hydrogen
peroxide, hence leading to the formation of less mutagenic and

easily degradable quinones and hydroxylated derivative [35].
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10.4 Removal of endocrine disruptive chemicals (EDCs) by

peroxidases

EDCs are defined as substances found in nature such as in
food sources, personal care products, and manufactured
products which interfere with the function of the endocrine
system of the body. In other words, EDCs act as agonists or
antagonists of hormones. EDCs act as hormone mimics and
trick the body to recognize them as hormones while some
EDCs block the naturally occurring hormones. Several classes
of oxidative enzymes have shown the potential to efficiently
remove EDCs that resist conventional wastewater treatment.

EDC can also be oxidized by manganese peroxidase [36].

10.5 Mineralization of Polychlorinated biphenyls (PCBs)

and pesticide by peroxidases

Polychlorinated biphenyls abbreviated as PCBs have been
defined as “A group of man-made organic chemicals
composed of carbon, hydrogen and chlorine atoms” [37].
PCBs, possess the unique characteristics of non-flammability
[38] high electrical resistivity, stability towards heat and
pressure, and low degree of reactivity which makes them
worthy for a wide range of applications. PCBs are a potent
pollutant and are released only through anthropogenic
activities. PCBs can be mineralized to less toxic substances by

the use of peroxidase [39].
10.6 Action of peroxidase as biosensors

"Biosensors are analytical devices that convert a biological
response into an electrical signal." Biosensors merge bio-
recognition elements with physical transducers to detect target
compounds. Biosensors can be used for the continuous
monitoring of a contaminated region [40]. They have high
specificity and sensitivity. H,O, is a potent conciliator of
biochemistry. It may be involved in the etiology of aging and
neurodegenerative diseases for example Parkinson's disease.
H.O, plays a vital role in neurochemistry and hence its
concentration has been studied with keen interest [41]. A new
third-generation biosensor for H,O, has been established by
cross-linking HRP onto an electrode that is modified with
multiwall carbon nanotubes. It also determines biological
effects like cytotoxicity, genotoxicity, endocrine disruption

effects, etc along with the determination of specific chemicals
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[42]. Enzyme biosensors are developed based on the selective
inhibition of specific enzymes. Biosensors find a wide range
of applications. For example, whole-cell biosensors are used
in the determination of BOD and the detection of pesticides.
HRP based biosensors have been developed where polyvinyl
pyrrolidone nanofibers are spun along with the integration of

horseradish peroxidase [43].

10.7 Differential

aromatic pollutants by two different peroxidases

degradation and detoxification of

It has been previously accepted that peroxidase, in general,
acts upon all the substrates, or this case on aromatic pollutants
in a similar manner under the same condition. However,
currently, it has been reported that different peroxidases
obtained from different sources can degrade pollutants under
different (SBP) and

chloroperoxidase (CPO) are two different types of enzymes

conditions. Soybean peroxidase

used in research where two different thiazole compounds were
SBP
Thioflavin T (ThT) whereas CPO produces a chlorinated form

subjected to degradation. completely degrades
of ThT without the actual degradation. It has also been seen
that SBP-degraded ThT is non-phytotoxic while ThT treated
with CPO is toxic. A carcinogenic dye, sulforhodamine B has
been used as a model aromatic pollutant to study non-
[44].
concentration for SBP is 50 pM to degrade sulforhodamine B

enzymatic oxidative degradation The optimum
while CPO optimum concentration was found to be 440 pM.
Due to the high CPO concentration, the substrate could be less
efficiently degraded [45], [46]. CPO mediated degradation of
SRB dye significantly increased from 55%-90% with a rise in
temperature from 20 °C to 40 °C while the efficiency of SRB
dye degradation decreased to approximately 25% at 60 °C.
However, there were no observable significant differences in
SBP based degradation of the SRB dye when the temperature
raised from 20 °C to 80 °C [47]. These facts have proven that
SBP is a robust and thermostable enzyme. The experiments
performed has shown that CPO and SBP exhibit different

thermal stabilities.
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Figure 7: Diagrammatic representation of the catalytic cycle

of heme-peroxidases. RH: organic pollutant; R": a radical
form of the organic pollutant [44].

11. Conclusion

The Bacillus FALADE 1 was able to produce the peroxidase
enzyme at alkaline pH, mesophilic temperature, and high
agitation speed. This bacterium showed a high potential of
producing peroxidase in a huge amount with a specific activity
of 8.32 U/mg than the other producers. It is also good in the
ability to attain the optimum production of peroxidase in only

48 hours which is a very short incubation period.

The

contaminated sites that need an optimum pH of 7, temperature

BL-27 strain was isolated from hydrocarbon-
45 °C and 10 g/l of NaCl will be able to produce peroxidase

which can degrade crude oil.

The purified enzyme activity in Bacillus subtilis was found to
be maximum at pH 6 and temperature was found to be room
temperature. The concentration of the substrate is increased to
a certain concentration after which the effect is constant. The
activity of the enzyme is also enhanced by the increased
amount of manganese sulfate which acts as an activator while
the enzyme's activity is decreased by the use of inhibitors like
PVP which is used in high concentration. The purity of the
enzyme was then confirmed by running it on the SDS-PAGE
in which the proteins were separated based on the size. The
size was approximately found to be 44 KDa. The purified
enzyme was immobilized by sodium alginate. So finally, it is
concluded that the enzyme peroxidase was obtained from the

bacteria Bacillus subtilis which is a good source for it.

In the Streptomyces sp. strain BSII#1 the inducer which is

veratryl alcohol is used to induce the formation of the
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peroxidase enzyme in large amounts and it was also observed
that the aeration when increased caused an increase in the

amount of peroxidase production.

In Providencia spp. the peroxidase enzyme was produced with
optimum conditions and then purified and analyzed by the

molecular method.

In Pseudomonas sp. SUK1 the peroxidase was produced in the
optimum condition with its purification through different
means and then observed for the activity of the peroxidase by

n-propanol, p-cresol, and veratrole.

The demand and production of new chemicals increase with
urbanization, industrialization, etc. It often exceeds the safety
measurement tools and remediation technologies that exist.
The concept of bioremediation has emerged as an effective
process in tackling such pollutants by detoxification or
elimination. The enzyme peroxidase has extreme potential for
bioremediation of wastewater contaminations such as cresols,
dyes, EDCs, phenols, and other industrial effluents. Extensive
research and rapid progress in determining the effectiveness
of biodegradation of environmental pollutants by peroxidases
have led to the path of exploration of sustainable
bioremediation strategies. The importance of peroxidase in the
process of detoxification or elimination of environmental
pollutants depends on its ability to catalyze peroxidase
reduction reaction, oxidation of various organic and inorganic
compounds, and also the polymerization of toxic compounds.
However, the fascinating perspective from enzyme bio-
catalysis for biodegradation is yet to address an open
environmental issue. Based on literature evidence, enormous
improvement has been done in the detection and removal of
harmful pollutants through the use of sophisticated
instruments. Environmental protection is governed by three
main factors. These factors are environmental legislation,
ethics, and education. All three are crucial as they influence
national-level environmental decisions and personal-level

environmental values and behaviors.
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