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Summary

Summary

Fifty seven isolates of Bacillus spp. were isolated from soil samples of
different sites in Al-Diwaniyah and Baghdad governorates. The bacterial isolates
were initially identified as Bacillus spp. according to the cultural and microscopic

characteristics

Primary screening of Bacillus spp. isolates for laccase production indicate
that, only 10 isolates were developed a pink color within 15 seconds. These
isolates were selected for secondary screening, Bacillus sp. 54 was appeared the

highest spore-bound laccase activity (12.8) U/ml.

The selected isolate with highest level of spore-bound laccase activity was

identified as Bacillus subtilis according to the biochemical tests.

The optimization process for laccase production proved that, the optimum
conditions for B .subtilis laccase production were: 3 days of incubation, 37 °C, pH
7.0, 0.2 mM CuSO,, 3% glucose as carbons source, 0.2% tryprone as nitrogen
source, supplemented with 1 mM of KCI and pyrogallol as inducer. laccase activity

was increased up to (439.23) U/ml.

The optimum pH and temperature of laccase activity were (6.8) and (40 °C)
respectively, and the spore-bound laccase was retained its initial activity after 4
days of incubation at 10 °C.

Dyes decolorization by B. subtilis was studied in solid medium containing
dyes with concentration of 150 ppm after 3 days of incubation at 37° C, the
bacterial growth in solid medium caused clear halo around the growth area to the

following dyes: crystal violet, eriochrome black T, azur B and methyl violet dyes.



Summary

For textile (blue) dye, a halo was formed, but it was not clear. Finally, no halo

appeared around the growth area for methyl orange.

Dyes decolorization by B. subtilis laccase was studied with different
concentrations (25, 50, 75,100 and 125 ppm). The results showed that the dyes:
eriochrome black T, crystal violet and azure B were completely decolorized in all
concentrations within 10 minutes. Same result was observed with textile (blue) dye
but at concentrations of 25, 50 and 75 ppm, while in concentrations: 100 and 125
ppm was completely decolorized after 20 minutes. methyl violet and methyl

orange dyes were decolorized in different percentages.

Anthracene and phenanthrene degradation by B. subtilis laccase was studied
with different concentrations (25, 50, 75, 100 and 125 ppm). The results revealed
that, the degradation of these hydrocarbons was occurred in different percentages,
but phenanthrene degradation percentage was more than anthracene with all
concentrations, and the degradation of both hydrocarbons was decreased with

Increasing their concentrations.
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Introduction

Introduction

Hydrocarbons are organic compounds consisting entirely of hydrogen and

carbon (Barroso et al., 2008).

Environmental pollution with hydrocarbons and Dyes was a very serious
problem whether it comes from petroleum, pesticides or other toxic organic matter.
Environmental pollution caused by petroleum was of great concern because
petroleum hydrocarbons are toxic to all forms of life and the pollution by crude oil
was relatively common because of its widespread use and its associated disposal

operations and accidental spills (Abha and Singh, 2012).

Bacterial enzymes play a major role in degradation of toxic dyes and
hydrocarbons. Low molecular weight alkanes were degraded most rapidly whereas
mixed cultures carry out more extensive biodegradation of petroleum through pure
cultures (Levin et al., 2003; Ghazali et al., 2004).

Laccase (benzenediol:oxygen oxidoreductase; EC 1.10.3.2.) is a multi-
copper blue oxidase capable of oxidizing ortho- and para-diphenols an aromatic
amines by removing an electron and a proton from a hydroxyl group to form a free
radical (Coll et al., 1993). In most cases laccases are monomeric glycoproteins
contain around 500 amino acids with molecular weights in the range 60-85 kDa,
depending on the carbohydrate content (Lyashenko et al., 2006). Laccases were
widely distributed among plants, fungi (Morozova et al., 2007), insects (Hoegger
et al., 2006) and bacteria (Claus, 2003). More than a hundred laccases have been
isolated and characterized. Most of them were derived from fungi, including
especially white rot basidiomycetes, plant and bacteria (Mayer and Staples, 2002;
Morozova et al., 2007).
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In contrast to fungal laccases, only a few bacterial laccases have been so far
studied, although recent rapid progress in whole genome analysis suggests that
these enzymes were widespread in bacteria (Alexandre and Zhulin, 2000; Claus,
2003; Sharma et al., 2007). Bacterial laccases have advantageous properties
compared to fungal laccases with respect to industrial applications; they were
highly active and much more stable at high temperature and high pH value than

fungal laccases (Sharma et al., 2007).

The aim of the present study is an attempt to biodegradation of some
hydrocarbons and toxic dyes by Bacillus spp. laccase. To achieve this aim, the

following steps were carried out:

1- Isolation and identification of Bacillus spp. isolates from different soil
samples.

2- Primary and secondary screening of laccase producing Bacillus spp. using
solid and liquid medium respectively.

3- Determining the optimal conditions for laccase production from selected
isolate.

4- Degradation of some hydrocarbons and toxic dyes by spore-bound laccase.
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1. Literature review

1.1 Sources of laccase

The first laccase was reported in 1883 from Rhus vernicifera, the Japanese
lacquer tree, from which the designation of laccase was derived and subsequently,
laccases were discovered largely in plants and fungi (Mayer and Staples, 2002).
However, bacterial laccase was first reported in 1993 (Givaudan et al., 1993).
Since that time, more and more studies have shown that laccases were widespread
among bacteria, based on homology searches in protein databases and bacterial

genomes (Alexandre and Zhulin, 2000).

Actual laccase-like activity has been found in Bacillus sphaericus (Claus
and Filip, 1997), Azospirillum lipoferum (Diamantidis et al., 2000), Escherichia
coli (Grass and Rensing, 2001; Kim et al., 2001), Marinomonas mediterranea
(Sanchez-Amat et al., 2001), Bacillus subtilis (Hullo et al.,, 2001) and
Streptomycetes (Endo et al., 2002; Suzuki et al., 2003).

Bacterial laccases contain four copper-binding domains, but show little
overall sequence similarities with fungal laccases. In addition, the kinetics and
reaction conditions may differ from those of classical laccases. The oxidation rate
may be slow, Cu*? supplementation may be required, and the enzyme may be

inactivated during turnover (Solano et al., 2001).
1.1.1 Fungal laccase

Fungi from the deuteromycetes, ascomycetes (Aisemberg et al., 1989) as
well as basidiomycetes are good producers of laccase (Sadhasivam et al., 2008).

White-rot fungi produces efficient amount of laccase among basidiomycetes
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(Revankar and Lele, 2006). Trametes versicolor, Chaetomium thermophilum and

Pleurotus eryngii were well known producers of laccase (Kiiskinen. et al., 2004).

1.1.2 Plant’s laccase

The plants in which the laccase enzyme has been detected includes lacquer,
mango, mung bean, peach, pine (Arora and Sharma, 2010). Laccase has been
expressed in the embryo of maize seeds (Bailey et al., 2004). Laccases were
produced by both plants and fungi but when they are produced by plant, it takes
part in radical based polymerization of lignin whereas fungal laccase contributes to

lignin biodegradation (Ranocha et al., 2002).

1.1.3 Insect’s laccase

Different insects (Bombyx, Calliphora and Diploptera) have also been

reported for the production of laccase (Arora and Sharma, 2010).

1.1.4 Bacterial laccase

First laccase was found in plant root associated bacterium Azospirillum
lipoferm (Givaudan et al., 1993). Nowadays laccase was found in many bacteria
including B. subtilis, Bordetella compestris, E. coli and Pseudomonas syringae
(Alexandre and Zhulin, 2000).

The Bacillus genus weas known to be one of the most important sources of
enzymes and other biomolecules of industrial interest, being responsible for the

supply of about 50% of the market for enzymes (Schallmey et al., 2004).

CotA, which is the endospore coat component of B. subtilis, was the most-

studied bacterial laccase (Hullo et al., 2001). Since spores allow microorganisms to

6
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survive under drastic conditions, spore coat enzymes might also withstand high
temperatures or extreme pH values. Since most fungal laccases were unstable at
pH values higher than 7.0, their detoxification efficiencies for pollutants often
decrease under alkaline conditions. This limits the industrial potential of fungal
laccase as many processes were performed in alkaline conditions. Alternatively,
spore laccases which are active in the alkaline pH range could be used for

bioremediation or application in membrane reactors (Held et al., 2005).

1.1.4.1 The Genus Bacillus

Members of the genus Bacillus are rod-shaped spore-forming bacteria
belonging to the Firmicutes, the low G+C gram-positive bacteria. The genus is
large, including more than 60 species with a great genetic diversity, most of which
were non-pathogenic. Bacillus species divided into six groups (groups I-VI), based
on 16S rRNA phylogeny or phenotypic features. The Bacillus genus encompass a
range of species of human interest. This is mostly due to the use of the bacteria in
industrial applications, such as for example in the making of biotechnological
products (insect toxins, peptide antibiotics, enzymes for detergents, etc.) and the
employment of the spore as a model system for studying bacterial cellular
differentiation, and its resistance to decontaminating agents or treatments (Priest,
1993). B. subtilis was defined as the type species (Soule, 1932).
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1.2 History and Distribution of Laccases

Laccase (EC 1.10.3.2) is an extra cellular, multicopper enzyme that uses
molecular oxygen to oxidize various aromatic and nonaromatic compounds by a
radical-catalyzed reaction mechanism. Laccases are |N-glycosylated multi copper
oxidases belonging to the group of the blue copper proteins (Thurston, 1994).
Laccases were widely distributed in fungi, higher plants, bcteria (Messerschmidt
and Huber, 1990) and in a lower proportion in insects and bacteria. Laccase was
first described by Yoshida in 1883 when he extracted it from the exudates of the
Japanese lacquer tree Rhus vernicifera , from which the name laccase was derived
(Thurston, 1994). Even though the detection and purification of laccases from
plants were restricted due to the large amount of oxidative enzymes contained in
the crude plant extracts, laccase from R. vernicifera was studied extensively,
especially regarding its spectroscopic properties (Woolery et al., 1984).

In 1896, Bertrand and Laborde demonstrated the presence of laccases in
fungi (Revankar and Lele, 2006). Since then, the presence of laccase was shown in
ascomycetes, deuteromycetes and basidiomycetes. Moreover, laccases have been
particularly found in many white-rot fungi involved in the lignin metabolism
(Thurston, 1994). Laccases are thought to be nearly ubiquitous among fungi;
actually the presence of laccases has been documented in virtually every fungus
examined for it. Laccases are produced in multiple isoforms depending on the
fungal species and environmental conditions. Although the structure of the active
site seems to be conserved in all the fungal laccases, there is great diversity in the
rest of the protein structure and in the sugar moiety of the enzyme (Mayer and
Staples, 2002).

The first bacterial laccase was detected in the plant root-associated

bacterium Azospirillum lipoferum (Givaudan et al., 1993), where it was shown to



Chapter ONE .uviieiieiieieeeeietinmmmniceetonssessmmesnsonssansonssnes Literatures Review

be involved in melanin formation (Faure et al., 1994). An atypical laccase
containing six putative copper-binding sites was discovered from Marinomonas
mediterranea, but no functional role has been assigned to this enzyme (Sanchez-
Amat et al., 2001). Bacillus subtilis produces a thermostable CotA laccase which
participates in pigment production in the endospore coat (Martins et al., 2002).
Laccases have recently also been found in Streptomyces cyaneus (Arias et al.,
2003) and Streptomyces lavendulae (Suzuki et al., 2003).

1.3 Laccase properties

In most cases laccases are monomeric glycoproteins contain around 500
amino acids. These enzymes contain 15— 30% carbohydrate and have a molecular
mass of 60-90 kDa. These are copper containing 1,4-benzenediol: oxygen
oxidoreductases (EC 1.10.3.2) found in higher plants and microorganisms. These
are glycosylated polyphenol oxidases that contain four copper ions per molecule
that carry out 1 electron oxidation of phenolic and its related compound and reduce
oxygen to water (Couto and Herrera, 2006). When substrate is oxidized by a
laccase, it loses a single electron and usually forms a free radical which may
undergo further oxidation or nonenzymatic reactions including hydration,
disproportionation, and polymerization (Faccelo and Cruz, 2008). These enzymes
are polymeric and generally contain 1 each of type 1, type 2, and type 3 copper
centre/subunit where the type 2 and type 3 are close together forming a trinuclear

copper cluster (Gianfreda and Bollag, 1999).
1.4 Substrate specificity

Laccases are remarkably non-specific as to their reducing substrates, and the
range of substrates oxidised varies from one laccase to another. These enzymes
catalyse the oxidation of a wide variety of organic and inorganic substrates,
including polyphenols, methoxy-substituted phenols, aromatic amines and

9
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ascorbate with the concomitant four-electron reduction of oxygen to water
(Thurston, 1994).

Laccase is a blue copper protein, but also falls within the broader description
of polyphenol oxidases. Polyphenol oxidases are copper proteins with the common
feature that they are able to oxidise aromatic compounds with molecular oxygen as
the terminal electron acceptor. Polyphenol oxidases are associated with three types

of activities:

Catechol oxidase or o-diphenol: oxygen oxidoreductase (EC 1.10.3.1)

Laccase or p-diphenol: oxygen oxidoreductase (EC 1.10.3.2)

Tyrosinase or monophenol monooxygenase (EC 1.14.18.1) (Bar, 2001).

There are several compounds that have been wused as substrates by
spectrophotometry methods such as 2, 2'-azinobis-(3-ethylbenzthiazoline-6-
sulfonate) (ABTYS), syringaldazine, o-dianisidine and guaiacol (Li et al., 2008).

Syringaldazine [4-hydroxy-3, 5-dimethoxy benzaldehyde azine] is
considered the substrate oxidized only by laccase enzyme. Thus, several organic
compounds which contain hydroxyl, acid, or amino groups can act like substrates
(Gardiol et al, 1998).

In most cases, the oxidation of the substrates by laccase finally leads to
polymerization of the products through oxidative coupling. Products of oxidative
coupling reactions result from C-O and C-C coupling of phenolic reactants and
from N-N and C-N coupling of aromatic amines (Hublik and Schinner, 2000).

When oxidization occurs by laccase, the reducing substrate loses a single
electron and usually forms a free radical. The unstable radical may undergo further
laccase-catalysed oxidation or non-enzymatic reactions including hydration,

disproportionation and polymerization (Jhadav et al., 2009).

10



Chapter ONE .uviieiieiieieeeeietinmmmniceetonssessmmesnsonssansonssnes Literatures Review

1.5 Laccase active site

Laccase contains four copper atoms that have been classified according to
their electron paramagnetic resonance (EPR) features: Type 1 or blue, Type 2 or
normal and Type 3 or coupled binuclear copper site where the coppers are
antiferromagnetically coupled through a bridging ligand [EPR undetectable]
(Duran et al., 2002). In their oxidized states Type 1 and Type 2 copper ions each
exhibit specific EPR signals. Type 1 is associated with an intense optical
absorption band near to 610 nm. In addition, coppers Type 3 nonparamagnetic are
supposed to be associated with a cooperative two-electron acceptor, which shows a
strong optical absorption at about 340 nm in the oxidized state (Andréasson et al.,
1976).

Spectroscopy combined with crystallography has provided a detailed
description of the active site in laccase. Magnetic circular dichroism (MCD) and
X-rays absorption spectroscopy of laccase have shown that the Type 2 and 3
centers combine to function as a trinuclear copper cluster with respect to
exogenous ligand interaction including reaction with dioxygen (Cole et al., 1990).
The Type 2 center is 3-coordinate with two histidine ligands and water as ligands.
The Type 3 coppers are each 4-coordinate, having three histidines ligands and
bridging hydroxide (fig. 1-1). The structural model of bridging between the Type 2
and 3 has provided insight into the catalytic reduction of oxygen to water (Magnus
et al., 1993). It has been elucidated that the Type 2 copper is required for the
reduction of oxygen since bridging to this center is involved in the stabilization of
the peroxide intermediate. Reduction of oxygen by laccase appears to occur in two
2e— steps. The first is rate determining.

In this Type 2/3 bridging mode for the first 2e— reduced, the peroxide-level

intermediate would facilitate the second 2e— reduction (from the Type 2 and 1

11



Chapter ONE .uviieiieiieieeeeietinmmmniceetonssessmmesnsonssansonssnes Literatures Review

centers) in that the peroxide is directly coordinated to reduced Type 2 copper, and
the reduced Type 1 is coupled to the Type 3 by the covalent Cys—His linkages
(Clark and Solomon, 1992). It is clear that the Type 2 Cu is required for dioxygen
reactivity in laccase and that dioxygen reduction occurs in the absence of the Type
1 Cu. This demonstrates that the Type 2/3 trinuclear Cu site represents the active
site for the binding and multielectron reduction of dioxygen. The Type 1 Cu is

clearly not necessary for reactivity with dioxygen (Cole et al., 1990).

: Peptide chain
CH —CH/
H?is /r[>_ 2 \“H

H is\ -
i e Cul! —0 His His
: :}c ar" \ . \H-—c HE—SL LF(
Hi/ H"“-.. / c4 \Met

Wt N o

Type 2 His | A\ _—— {
PN
Type 3 |:| Peptide chain
L | H
a4
Trnuckear site

Figure (1-1): The laccase active site. The Type 1 copper coordinate with two
histidine ligands and two sulphurs one of methionine and the other of cysteine.
The Type 2 center is 3 coppers coordinate with two histidine ligands and
water as ligands. The Type 3 coppers are each 4-coordinate, having three
histidines ligands and bridging hydroxide, adapted from Duran et al., (2002).
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1.6 Factors effecting laccase production
1.6.1 Temperature
The temperature is a critical parameter that must be controlled and varied

from microorganism to other. The effect of temperature on enzyme production was
not well understood (Chaloupka, 1985). However, some studies showed that a link
existed between enzyme synthesis and energy metabolism in bacilli, which was
controlled by temperature and oxygen uptake (Frankena et al., 1986). Temperature
influencing the rates of biochemical reactions which effect on enzyme production
(Strnadova et al., 1991).

1.6.2 Hydrogen ion concentration (pH)
Many enzymatic process and transport of the compounds across the cell

membrane were effected by pH of the medium (Shanmugam et al., 2008). A
decrease or increase in hydrogen ions (H") concentration causes pH changes in the
culture medium which may lead to drastic changes in the three-dimensional
structure of proteins because H* and/or OH™ compete with hydrogen bonds and
ionic bonds in an enzyme, resulting in enzymes denaturation (Tortora et al., 2004).
Kaushik and Thakur, (2014) observed that highly acidic and alkaline conditions
were not suitable for the Bacillus spp. to produce the laccase enzyme, whereas

neutral pH was the best condition for laccase production.

1.6.3 Carbon and Nitrogen sources

The organism grown in the defined medium contains 0.1%w/v yeast extract
and 1% (wi/v) different carbon sources as well as nitrogen sources. Glucose,
mannose, maltose, fructose, and lactose were the commonly used carbon sources.
The excess glucose and sucrose reduce the production of laccase by obstructing the
Initiation. This problem of production of enzyme can be improved by using

polymeric substrates like cellulose (Lee et al., 2004). Yeast extract, peptone, urea,
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(NH,4),SO,, and NaNO, were the commonly used nitrogen sources. Laccase
production was triggered by nitrogen depletion but some nitrogen sources do not
affect the enzyme activity (Leatham and Kent Kirk, 1983). Some studies show that
the elevated laccase activity was achieved by using low carbon-to-nitrogen ratio
(Monteiro and De Carvalho, 1998) while others show that it was achieved at high

carbon-to-nitrogen ratio (Buswell et al., 1995).

1.6.4 Inducer
The use of an appropriate inducer can greatly enhance laccase production,

and can be a prerequisite for effective production on a large/industrial scale.
Inducers are usually natural substrates or substrate analogues for the enzyme.

Aromatic compounds have been widely used to elicit enhanced laccase
production by different organisms and the nature of the compound that induces
laccase activity differs greatly with the species. The most effective and commonly
used inducer of laccase in fungi was 2, 5-xylidine and copper sulphate (CuSO4).
Inducers reported to be used for laccase production, were copper sulphate
(Revankar and Lele, 2006), guaiacol, ferulic acid and veratryl alcohol, ethanol, 4-
hydroxy-benzoic acid, 2, 5-xylidine (Arora and Gill, 2001). Copper atoms serve as
cofactors in the catalytic core of laccase; thus, a minimum concentration
(millimolar range) of copper ions was necessary for the production of the active
enzyme.

Copper ions were also an inducer of laccase in several fungi. In Tinea
versicolor, copper regulates laccase at the level of gene transcription. Excess
copper may have a toxic effect on fungal biomass, and thus decrease laccase
production. The addition of copper during the exponential phase of fungal growth
gives optimal laccase activity, while minimizing the inhibitory effect of copper on
fungal growth (Revankar and Lele, 2006).
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1.7 Laccase activity assay
Usually, there are several compounds that have been used as substrates by

spectrophotometry methods such as 2, 2'-azinobis-(3 ethylbenzthiazoline-6-
sulfonate) (ABTS). The assay mixture contained 2mM ABTS and 0.1M sodium
acetate buffer (pH 4.5). Oxidation of ABTS was followed by absorbance increase
at 420 nm (Couto and Herrera, 2006).

Minussilet al., (2007) used (syringaldazine), enzymatic activity was assayed
by measuring oxidation of syringaldazine at 525 nm with assay mixture contained
0.1 ml of 1.0 mM syringaldazine, 0.3 ml of 50 mM citrate-phosphate buffer (pH
5.0) and 0.6 ml of culture filtrate.

Unal and Kolankaya, (2001) used guaiacol for measuring laccase activity.
Crude enzyme was added to 50 mM Na-acetate buffer (pH 4.5) containing 1mM
guaiacol as substrate, to make a final volume of 5 ml. The tubes were incubated at
37°C for 15 minutes. The blank contained substrate and the source enzyme that
was inactivated by boiling. The optical density of the reaction tubes was measured

against reagent blank in spectrophotometer at 465 nm wavelengths.

1.8 Factors effecting laccase activity and stability
1.8.1 Hydrogen ion concentration (pH)
Enzymes are said to be ampholytes that are both their acidic and alkaline

groups dissociate. In most cases the change in enzymatic activity at different pH
levels was caused by changes in the ionization of the enzyme, substrate or the
enzyme — substrate complex (Cato, 2005).

Effect of pH on an enzyme reaction is crucial for most enzyme activities,
since substrate binding and catalysis are dependent on the charge distribution of
substrate and enzyme molecules. Some enzymes were active over a broad range of
pH values, although most are active over a narrow range. The pH optimum varies

for different enzymes. In addition, enzyme stability was affected by pH and
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typically the stability range tends to be much greater than the activity range. Both
pH impacts have to be considered during processing (Tucker, 1995).

In general, enzyme activity has a bell shaped profile with an optimal pH that
varies considerably. This variation may be due to changes to the reaction caused by
the substrate, oxygen or the enzyme itself (Xu, 1997).

The optimum pH for laccase activity was around 4.6, when measured with
phenolic substrates. The decrease in laccase activity in neutral or alkaline pH
values was affected by increasing hydroxide anion inhibition, because as a small
anion, hydroxide ion was also a laccase inhibitor, on the other hand, the increasing
in pH decreases the redox potential of the phenolic substrate, which makes the
substrate more susceptible to oxidation by laccase (Kiiskinen, 2004).

Usually, bacterial laccases exhibit pH optima in the range of 5- 6, when the
substrate was a hydrogen atom donor compound (i.e., ABTS). When the substrate
is a phenolic compound (e.g., syringaldazine), on the other hand, the optimal pH
was shifted to 6-7. This shift in pH was a result of the balance of redox potentials
between the substrate and the inhibition of the T2 /T3 copper site by the binding of
an OH- ion.

1.8.2 Temperature
The structure of a native, catalytically active enzyme, and thus of a protein,

is stabilized by a sensitive balance of disulfide bonds and various non-covalent
forces such as hydrogen bonds and hydrophobic, electrostatic and van der Waals
interactions. Upon heating, all these forces were weakened particularly due to
molecular fluctuations and the protein molecule denatures or unfolds. The
aminoacid residues that form the active center of an enzyme are brought together
only in the native structure of the molecule and unfolding results in disassembling

of this domain and thus, in enzyme inactivation (Ing, 2006). Temperature stabilities
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of laccases vary considerably, depending on the source of organisms (Kiiskinen,
2004).

1.9 Laccase applications

1.9.1 Laccase in Degradation of Polyaromatic Hydrocarbon
Polycyclic aromatic hydrocarbons (PAHs) are organic compounds

comprising benzene rings arranged linearly, angularly, or in clusters. These are
ubiquitous environmental contaminants found in air, soil, and aquatic
environments (Han et al., 2004).

Most PAHs are toxic to living organisms, and some of them and their
metabolites are mutagenic and carcinogenic to humans. PAHs are resistant to
biodegradation and therefore tend to accumulate to substantial levels in the
environment and have been detected in a wide range of soils and sediments. There
have been many studies on the biodegradation of various aromatic hydrocarbons,
but their low water solubility and subsequent low degradation rates hamper the

bioremediation of PAH-polluted environments (Levin et al., 2003).

Therefore, knowledge of microorganisms having a high PAHs degrading
capability is essential for efficient remediation of PAHs contamination. Most
biodegradation studies have been focused on degrading bacteria. However, white
rot fungi that can degrade lignin and various recalcitrant polyaromatic hydrocarbon
compounds have several potential advantages over other degrading
microorganisms. Compared to most degrading enzymes of bacteria which have
narrow substrate specificity, the ligninolytic enzymes of these fungi are very
nonspecific and extracellular. Therefore, white rot fungi can degrade various
insoluble organic pollutants. The lignin degrading system was induced more in
response to nutrient exhaustion than by the presence of pollutants. This allows the
fungi to degrade pollutants to essentially nondetectable levels. Under such

conditions, white rot fungi produce certain extracellular enzymes lignin
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peroxidases, manganese peroxidases, and laccases. These ligninolytic enzymes of
white rot fungi oxidize PAHSs to corresponding PAH quinones and subsequently
degrade the material further to CO2. Laccase of T. versicolor oxidizes most of the
16 PAHSs listed by the US-EPA as priority pollutant chemicals. Benzo[a]pyrene
and perylene are partially converted to polymeric products. Small amounts of
quinones and ketones are the main oxidation products from anthracene,
benzo[a]pyrene, and fluorene. Laccase in combination with 1-
hydroxybenzotriazole oxidizes acenaphthene and acenaphthylene to 1,2-
acenaphthenedione and 1,8-naphthalic acid. Purified Lac from T. versicolor has
been shown to oxidize a range of 3-5 ring PAH in the presence of the chemical
mediators HBT and ABTS (Collins et al., 1996).

1.9.1.1 Properties and environmental fate of Polyaromatic
Hydrocarbons (PAHS)

Generally, PAHs are lipophilic compounds that show high affinity for
organic matter. However, individual PAHs differ substantially in their physico-
chemical properties. As shown in table (1-1), properties such as aqueous solubility
and vapor pressure range in five and twelve orders of magnitude, respectively,
moving from two to seven benzene rings in the PAH-molecule. Thus, low
molecular weight (LMW) PAHs are much more water soluble and volatile than
their high molecular weight (HMW) relatives, while the HMW PAHSs show higher
hydrophobicity than the LMW compounds (Mackay et al., 1992).

The difference in hydrophobicity was also reflected by the octanol-water
partitioning coefficient (Kow) (Table 1-1). These physico-chemical properties
largely determine the environmental behavior of PAHSs, and indicate that transfer
and turnover will be more rapid for LMW PAHSs than for the heavier PAHs (Wild
and Jones, 1995).
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The semi-volatile nature of the LMW PAHs means that they exist in the
atmosphere partly as vapors and are therefore highly susceptible to atmospheric
degradation processes. Similarly, in aqueous environments, the LMW PAHs were
partly dissolved, making them highly available for various degradation processes.
The HMW PAHS, on the other hand, were primarily associated with particles in the
atmosphere and water, and were therefore less available for degradation.
Furthermore, PAHSs adsorbed to particles may be transported over long distances in
the atmosphere and are therefore ubiquitous in the environment (Wilson and jones,

1993).
Table (1-1): Properties of the 16 US-EPA PAHs (Mackay et al., 1992).

Hydrocarbons Number Molecular Aqueous Vapor Log
of rings weight solubility Press. (Pa) ||Kow
mg/I

Naphthalene 2 128 31 1.0x102 3.37

| Acenaphthylene IE || 152 ||16 [[9.0x10-1  |[4.00
| Acenaphthene |3 || 154 |[3.8 [[3.0x10-1  [[3.92
Fluorene 3 166 1.9 9.0x10-2 4.18

| Phenanthrene |3 ||178 [[1.1 [|2.0x10-2  |[457
| Anthracene (E ||178 [|0.045 [|1.0x10-3 ||4.54
Pyrene 4 202 0.13 6.0x10-4 ||5.18
| Fluoranthene |[4 ||202 [|0.26 [|1.2x10-3 ||5.22
| Benzo[a] anthracene |4 ||228 [|0.011 [|2.8x10-5 [[5.91
Chrysene 4 228 0.006 5.7x10-7 591
| Benzo[b]fluoranthene |5 252 [[0.0015 IE |[5.80
Benzo[Kk]fluoranthene 5 252 0.0008 5.2x10-8 6.00

| Benzo[a]pyrene |5 252 |[0.0038 [|7.0x10-7  [[5.01
| Dibenzo[a,h]anthracene ~ |{6 ||278 ||0.0006 |[3.7x10-10 |[6.75
Indeno[1,2,3-cd]pyrene 6 276 0.00019 - 6.50
Benzo[ghi]perylene 6 276 0.00026 1.4x10-8 6.50
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1.9.1.2 PAHSs in soil

In soil, most PAHs are strongly sorbed to the organic matter, making them
relatively unavailable for degradation processes (Wild and Jones, 1995). HMW
PAHs can therefore remain in the soil for many centuries, posing a long-term
threat to the environment (Howsam and Jones, 1998), although LMW PAHSs are
partly lost through degradation processes, volatilization and leaching (Wild and
Jones, 1995).

The effect of sorption generally increases as the number of benzene rings in
the PAH-molecule increases (Bossert and Bartha, 1986), since this implies higher
lipophilicity. Furthermore, it has been shown that the degradability and
extractability of organic compounds in soil decreases with the time they have been
in contact with the soil: a phenomenon referred to as ‘aging’ or ‘weathering’
(Hatzinger and Alexander, 1995).

Aging is mainly a result of slow diffusion into the soil organic matter, but
other mechanisms involved include the formation of bound residues and physical
entrapment within soil micro pores. The processes of sorption and aging limit, on
one hand, the degradability of the contaminants. On the other hand, these processes
reduce the toxicity of the soil contaminants, by lowering the fraction available for
uptake by living organisms (Alexander, 1995).
1.9.1.3 PAHs toxicity

A wide range of PAH-induced ecotoxicological effects in a diverse suite of
biota, including microorganisms, terrestrial plants, aquatic biota, amphibians,
reptiles, birds and terrestrial mammals have been reported (Delistraty, 1997).

Effects have been documented on survival, growth, metabolism and tumor
formation, i.e. acute toxicity, developmental and reproductive toxicity,

cytotoxicity, genotoxicity and carcinogenicity. However, the primary focus of the
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toxicological research on PAHs has been on genotoxicity and carcinogenicity. In
these studies, several PAHs have been shown to damage DNA and cause
mutations, which in some cases may result in cancer. However, for the
unsubstituted PAHSs it is not the original compound that reacts with DNA. The
PAHSs require metabolic activation and conversion to display their genotoxic and
carcinogenic properties (Pickering, 1999). This happens as the PAHs are
metabolized in higher organisms. PAHs do not accumulate in the same manner as
some other lipophilic organic compounds, e.g. PCBs. Instead, they are converted to
more water-soluble forms, which facilitates their subsequent excretion from the
organism. Unfortunately, this may also lead to the formation of reactive
intermediates that may react with DNA to form adducts, preventing the gene
involved from functioning normally. The DNA-damage may be repaired, but if the
repair fails a mutation, i.e. an irreparable genetic damage, will have occurred.
Mutations may affect many different functions of a cell, but above all they may
induce cancer (IARC, 1983).

1.9.1.4 Biological degradation of PAHSs

Biological degradation appears to be the main process responsible for the
removal of PAHSs in soil (Wilson and jones, 1993).

Microorganisms, such as bacteria and fungi, may transform the PAHs to
other organic compounds or to inorganic end products such as carbon dioxide and
water. The latter process has been referred to as mineralization.

Some PAH-degrading microorganisms, primarily bacteria, were capable to
use the PAHs as a carbon and energy source, and may thus transform the
contaminants into molecules that can enter the organisms central metabolic
pathways (Cerniglia, 1984).

Other microorganisms have the ability to degrade PAHSs, while living on a
widely available substrate. Such cometabolism does not always result in growth of
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the microorganism, and sometime the cosubstrate, i.e. the PAH, was only
transformed into another compound without any apparent benefit for the organism.
This may lead to partial degradation, if no enzyme capable of transforming the
metabolite was available (Gibson, 1993).

For PAHSs, the contribution of the cometabolic degradation processes
increases as the number of rings in the PAH-molecule increases, since far fewer
microorganisms were capable of using the HMW PAHs as carbon and energy
sources (Cerniglia, 1992).

PAH-degrading bacteria generally use the PAHs as a carbon and energy
source, while fungi metabolize the PAHs to more water-soluble compounds,
thereby facilitating their subsequent excretion. Bacteria and fungi therefore have
different metabolic pathways (Fig. 1-2).

The general fungal pathway was quite similar to the transformation
pathways found in humans and other mammals. Fungi oxidize PAHs via the
cytochrome P-450 enzyme system to form phenols and trans-dihydrodiols, which
can be conjugated and excreted from the organism. The bacterial degradation of
PAHSs generally begins with a dioxygenase attack on one of the aromatic rings to
form a cis-dihydrodiol, which is subsequently dehydrated to catechol. Catechol
was a key intermediate from which ring cleavage can occur. The aromatic ring was
cleaved between the hydroxyl groups (ortho fission) or adjacent to one of the
hydroxyl groups (meta fission). Successive ring degradation may then occur, so
that the structure was ultimately degraded to molecules that can enter the central

metabolic pathways of the bacteria (Cerniglia, 1992).
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Figure (1-2): General pathways to degrade PAHSs by bacteria and fungi,
based on Cerniglia, (1992)

1.9.1.5 Chemical degradation of PAHSs

The PAHSs in soil were also degraded through abiotic processes. Oxidation
reactions were the most important in this context, although photochemical
reactions may contribute significantly to the degradation on the surface of soils
(Kochany and Maguire, 1994). In addition, most of the oxidants that commonly
Initiate the oxidation reactions in the environment, i.e. singlet oxygen (O,), organic

peroxides, hydrogen peroxide, ozone and radicals such as alkoxy radicals (ROv),
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peroxy radicals (RO2¢) and hydroxyl radicals (HOe-), were directly or indirectly
generated through photochemical processes (Berg Van Den et al., 1995).

However, some can also be produced from inorganic salts and oxides,
especially those of iron and manganese (Kochany and Maguire, 1994). Chemical
oxidation reactions involving hydroxyl radicals, generated from hydrogen
peroxide, and ozone, have been most widely studied. Hydroxyl radicals were
strong, relatively unspecific oxidants that react with aromatic compounds, such as
PAHSs, at near diffusion-controlled rates (i.e., KOH>10° M™ S?) by abstracting
hydrogen atoms or by addition to double bonds (Haag and Yao, 1992).

The ozone molecule may attack double bonds directly, but it can also form
reactive hydroxyl radicals by decomposing water. The reaction pathways that
follow are very complex, and numerous intermediates are formed. The final
reaction products include, for both oxidants, a mixture of ketones, quinones,
aldehydes, phenols and carboxylic acids. Photochemical degradation of PAHs
often involves the same oxidative species that are produced during the pure
chemical oxidation of PAHSs, i.e. oxygen, hydroxyl radicals and other radicals.
Consequently, the reaction products include similar complex mixtures of ketones,

quinones, aldehydes, phenols and carboxylic acids (Kochany and Maguire, 1994).

1.9.2 Laccase in Decolorization of Dyes

Approximately 10,000 different dyes and pigments are produced annually
worldwide and used extensively in the dyeing and printing industries. The total
world colorant production is estimated to be 800,000 tons per year, and at least 10
% of the used dyestuff enters the environment through wastes (Palmieri et al.,
2005).
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Most of the dyes are very stable to light, temperature, and microbial attack,
making them recalcitrant. These industrial effluents are toxic and are characterized
by high chemical oxygen demands (COD)/ biological oxygen demand (BOD),
suspended solids, and intense colour. Physical and chemical methods such as
adsorption, coagulation-flocculation, oxidation, filtration, and electrochemical
methods may be used for colour removal from wastewater. These methods are
quite expensive and have operational problems. Hence there is a need to develop a
practical biological method of dye waste treatment that can be used for a wide

range of wastes (Kapdan et al., 2000).

Bacterial anerobic reduction of azo dyes (which comprise a large percentage
of synthetic dyes) generates colorless, deadend aromatic amines, which are
generally more toxic than the parent compounds. Bacterial aerobic dye degradation
has been confined to chemostat-enriched cultures adapted to a single dye (Swamy
and Ramsay, 1999).

Since effluent contains a range of dyes, successful decolorization of single
dye does not indicate the suitability of an organism for a decolorization system. A
biodecolorization system should sustain high activity upon repeated exposure to
various dyes. Ligninolytic fungi have been shown to possess a remarkable
potential for degrading various types of dyes. White rot fungi were the most
efficient ligninolytic organisms capable of degrading various types of dyes such as

azo, heterocyclic, reactive, and polymeric dyes (Novotny et al., 2000).

The decolorization of dyes by white rot fungi was first reported by Glenn
and Gold (1983), who developed a method to measure the lignin lytic activity of
Phanerochaete chrysosporium based upon the decolorization of sulphonated

polymeric dyes. White rot fungi offers significant advantages for decomposition of
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recalcitrant compounds. Ligninolytic enzymes produced by white rot fungi were
substrate-nonspecific, and therefore they can degrade wide variety of recalcitrant
compounds. Because the enzymes were extracellular, the substrate diffusion
limitation into the cell, generally observed in bacteria, is not encountered. These
organisms do not require preconditioning to particular pollutants, because enzyme
secretion depends on nutrient limitation, nitrogen, or carbon rather than presence of
pollutant. In addition, extracellular enzymes enable white rot fungi to tolerate high
concentration of pollutants (Kapdan et al., 2000). This paved the way for a wealth
of studies on the decolorization of dyes under conditions in which white rot fungi
produce lignin-modifying enzymes. The capability of white rot fungi to degrade
various dyes is due to extracellular nonspecific and non-stereoselective enzyme
systems composed of laccases (EC 1.10.3.2), lignin peroxidases (EC 1.11.10.14),
and manganese peroxidases (EC 1.11.1.13) (Heinzkill et al., 1998).

Laccases catalyze the oxidation of both phenolic and nonphenolic
compounds (Bourbonnais et al., 1995) and thus can mineralize a wide range of
synthetic dyes (Swamy and Ramsay, 1999). This nonspecific mechanism of
laccase makes it a versatile bio catalyst suitable for several applications such as
biopulping, biobleaching, and industrial wastewater treatment. Due to the stringent
environmental legislation, the textile industry is seeking to develop effective
wastewater remediation technologies. The development of processes based on
laccase enzyme seems an attractive solution due to the potential of these enzymes
in degrading dyes of diverse chemical structure. Therefore considering the
importance of laccases in removal of dyes from industrial effluents more studies to

find the optimal production conditions are currently required.
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Materials and Methods

2. Materials and Methods

2.1 Materials

2.1.1 Apparatus and Equipments

The following equipments and apparatus were used throughout this study

table (2.1)

Table (2-1): Apparatus and Equipments used in this study.

Apparatus and equipments Company Origin
Autoclave Hirayama Japan
Balance Sartorius Germany
Centrifuge CLO08 Belgium
Distillator K&K SCIENTIFIC Korea
SUPPLIER
Hood Thermo Scientific Korea
Incubator UniEquip Italy
Loop K.D.SURGICAL India
Magnetic stirrer with hot plate [| Memmert Germany
Micropipette JOANLAB China
pH-meter Crison USA
Refrigerator DENKA Korea
Shaking Water bath Thermo Scientific Korea

UV — Visible
spectrophotometer

Biotech Engineering
Management Co. Ltd

United Kingdom
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2.1.2 Chemical and biological materials:

The Chemicals and Biological materials which were used in this study listed
in table (2-2):

Table (2-2): Chemical and Biological materials used in this study

Chemical and biological materials Company | Origin

Potassium phosphate KH,PO,, Potassium phosphate (| BDH England
monobasic KoHPO,, Zinc  sulphateZnSQO,,
Potassium chloride Kcl, Ferric sulfate Feso, ,
Sodium Hydroxide (NaOH), Citric acid, Magnesium
sulphate, Ammonium dihydrogen phosphate,
pyrogallol, Anthracene, Hydrogen peroxide H,0O,,
Phenol red

Tetramethylparaphenylnene- diamine-|JCDH England
dihydrochloride, Guaiacol ,Catechol, Copper sulfate
CuSQO,, Hydrochloric acid HCI, Dibasic sodium
phosphate Na,HPO,.12H,0, Sodium chloride NaCl,
Sodium citrate, Calcium chloride CaCl,, Manganese
(11) chloride Mncl,,

Balachite green, Eriochrome black T, Azur B,|[Fluka England
Crystal violet, Methyl violet, Methyl orange,
Phenanthrene, Safranine, , Fructose, Glucose,
Sucrose, Maltose, Lactose, Galactose

Peptone, Yeast extract, Starch, Agar, Meat extract, [|Hi-media India
Tryptone, Urea, Gelatin, Tris base, Skim milk,

Syringaldazine, Sigma USA
Methanol, Ethanol Solvochem | England
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2.1.3 Buffers, solutions and reagents

2.1.3.1 Citrate phosphate buffer (0.1M): (Whitaker and Bernard,
1972).

This buffer consists of two solutions:
-Solution A:
0.1M of citric acid was prepared by dissolving 1.921 gm of citric acid in final
volume of 100 ml distilled water.
-Solution B:
0.2M of dibasic sodium phosphate was prepared by dissolving 3.56 gm of
Na,HPO,.12H,0 in final volume of 100 ml distilled water.

A (ml) + B (ml), diluted to a total of 200 ml using distilled water. This buffer was

prepared to constitute different pH values as below:

A(ml) B(ml) pH
39.8 10.2 3
34 16 3.5
30.7 19.3 4
27.8 22.2 4.5
24.3 25.7 5
22.2 27.8 55
21.0 29.0 5.6
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2.1.3.2 Potassium phosphate buffer (0.1 M)

This buffer consist of two solutions A and B

- Solution A:
1 M of K,HPO, was prepared by dissolving 87.09 gm of K,HPO, in 500 ml of

distilled water

- Solution B:
1 M KH,PO, was prepared by dissolving 68.045 gm of KH,PO, in 500 ml of

distilled water

Potassium phosphate buffer 0.1 M was prepared as shown below:

A(ml) B(ml) pH
8.5 91.5 5.8
13.2 86.8 6
19.2 80.8 6.2
27.8 72.2 6.4
38.1 61.9 6.6
49.7 50.3 6.8
61.5 38.5 7
71.7 28.3 7.2
80.2 19.8 7.4
86.6 13.4 7.6
90.8 9.2 7.8
94.0 6.0 8

The combined 0.1 M stock solutions were diluted to 1 liter with distilled water
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2.1.3.3 Tris-HCI buffer (0.1 M)

Trsi — HCI buffer was prepared by dissolving 6.05 g of Tris base in 30 ml of
distilled water. Then the pH was adjust to 9 with 1 M HCI and adjusted to final
volume 50 mL with distilled water, then autoclaved at 121 for 15 min and stored at

room temperature.

The combined solutions were diluted to 1 liter with sterilized distilled water

2.1.3.4 Sodium hydroxide (NaOH) solution (1 M)

It was prepared by dissolving 40 gm of sodium hydroxide NaOH in amount

of distilled water and the volume was completed to 1 liter of distilled water.
2.1.3.5 Hydrochloric acid (HCI) solution (1 M)
It was prepared by the addition of 83 ml of 37% HCI to appropriate amount

of distilled water to get the final volume of 12000 ml.
2.1.3.6 Sodium chloride (NaCl) solution (0.5 M)

It was prepared by dissolving 29.22 gm of NaCl in an amount of distilled

water and the volume was completed to 1000 ml.

2.1.3.7 Gram stain solutions

Gram stain including Crystal Violet, lodine, Ethanol and Safranine, stains
were provided by Hi-media, India
2.1.3.8 Oxidase test reagent

This reagent was prepared instantly by dissolving 1gm of
tetramethylparaphenylnene- diamine-dihydrochloride in 100 ml distilled water and
stored in a dark bottle (Collee et al., 1996).
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2.1.3.9 Catalase reagent (3%)

It was prepared by adding 1ml of 6 % hydrogen peroxide solution to 1 ml of
distilled water (Cruikshank et al., 1976).
2.1.3.10 Endospores stain (Schaeffer and Fulton, 1993)

Endospores stain composed of two solutions
A- Malachite green 5 g/100 ml in water.
B- Safranin 0.05 g/100 ml in 95% ethanol

2.1.4 Dyes preparation

Six dyes [eriochrome black T, azur B, crystal violet, methyl violet, methyl
orange and textile (blue)] were used in this study. Stock solution (1000 ppm) was
prepared by dissolving 1gm of each dye in one liter distilled water then different

concentrations ( 25, 50, 75, 100, 125 and150 ppm) were prepared form each dye.

2.1.5 Polycyclic aromatic hydrocarbons preparation

Two compounds of PAHs (anthracene and phenanthrene) were used in this
study. Stock solution (1000 ppm) was prepared by dissolving 1gm from each
compound in one liter distilled water for enthracene and 10% of methanol for
phenanthrene, then different concentrations ( 25, 50, 75, 100 and 125 ppm) were

prepared from each compound.

2.1.6 Substrate: Syringaldazine (0.5 mM)
Prepared by dissolving 0.018 mg of syringaldazine in 100 ml of 95%

methanol.
2.1.7 Culture media
2.1.7.1 Ready-made media
The ready-made media which were used in this study are illustrated in table
(2-3).
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Table (2-3): List of the ready-made media

Culture media

Company

Origin

Mannitol fermentation medium

Nutrient agar

Nutrient broth

Nutrient Gelatin

Simmons Citrate Agar

Urea broth

Himedia

India

These media were prepared according to the manufacturer's instructions and

sterilized by autoclaving at121°C forl5 min, and cooled in water bath at 55°C..

2.1.7.2 Prepared media

2.1.7.2.1 Starch agar medium

This medium was prepared from the following components:

Soluble Starch 10gm
Beef extract 3gm
Agar 15gm
Distilled water 1000 mi

All components (28 gm) were suspended in amount of distilled water and

completed to final volume 1000 ml, the pH was adjusted to 7.5 and sterilized by

autoclaving at121°C forl5 min, and cooled in water bath at 55°C, then poured in

Petri dishes. This medium was used for starch hydrolysis test (MacFaddin, 2000).

2.1.7.2.2 Tryptone broth

This medium was prepared from the following components:
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Tryptone 10gm
NaCl 5gm
Distilled water 1000 mi

The ingredients were suspended in 1000 ml distilled water, the pH was

adjusted to 7.5 and dispensed in tubes and then sterilized by autoclaving at 121°C

for 15 min), and cooled in water bath at 55°C. This medium was used for indole

test (Difco, 1998).

2.1.7.2.3 Semi-Solid medium

This medium was prepared from the following components:

Peptone S5gm

Meat extract 3gm

Agar S5gm
Distilled water 1000 ml

The ingredients were suspended in 1000 ml distilled water, the pH was

adjusted to 7 and dispensed in tubes and then sterilized by autoclaving at 121°C for

15 min, and cooled in water bath at 55°C. This medium was used for motility test

(Tittsler and Sandholzer, 1936) .
2.1.7.2.4 Skim milk agar

This medium was prepared from the following components:

Peptone Sgm
Skim milk 28 gm
Yeast extract 2.5gm
Dextrose 1gm
Agar 15gm
Distilled water 1000 mi
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The ingredients were suspended in 1000 ml distilled water, the pH was
adjusted to 7 and sterilized by autoclaving at 121 "C for 3 min, and cooled in water
bath at 55°C, then poured in Petri dishes and kept at 4 "C. This medium was used
for casein hydrolysis test (Wehr and Frank, 2004).

2.1.7.2.5 Carbohydrate fermentation medium

This medium was prepared from the following components:

Peptone 2gm
NaCl 5gm
K,HPO, 0.3gm
Phenol red 0.03gm
Glucose or Lactose or Galactose 10gm

The ingredients were suspended in 1000 ml distilled water, the pH was
adjusted to 7.1 and dispensed in tubes and sterilized by autoclaving at 121°C for 15
min, then cooled in water bath at 55°C, and kept at 4 "C. This medium was used for
carbohydrate fermentation test (MacFaddin, 1985).

2.2 Methods

2.2.1 Samples collection and bacterial isolation

Soil samples were collected in containers from different soils from Iraq —
Baghdad and Al Diwaniyah regions in September, 2014. The following details

about the samples were recorded (source, date of collection).

One gram of soil samples was added to 9ml of sterilized distilled water, then
the samples placed in a water bath at 80 <C for 10 minutes and cooled, dilutions
were carried out 6 times; this was done by using 0.1 ml of the previous solution

and 9 ml of distilled water, 1ml of the each dilution was spread in nutrient
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agar plates, using a sterile spreader. These plates were incubated at 30 C for 24
hrs, then a single colony was picked up and inoculate on nutrient agar plate. The
colonies underwent gram staining, spore stain to verify their Bacillus nature
(Koneman, et al., 1992).

2.2.2 Microscopic examination of Bacillus spp.

This technique was used to stain a slide to observe the Bacillus spp. based on
their gram stain reaction. The slide with the smear of bacterial culture was heated
by passing it over a heat source, the slide was passed very quickly through the
flame and not be heated excessively. Then the slide was placed on the staining
tray and flood the fixed smear with crystal violet solution for 1 minute , the crystal
violet was rinsed with distilled water, then the slide was folded with iodine
solution and allow to remain for one minute and the iodine solution risen off with
distilled water, the slide was flooded with decolorizer for 20 seconds and the
decolorizer was rinsed with distilled water. Finally, the slide was flooded with
safranin for 30 seconds and the safranin was rinsed off with distilled water.The
slide was dried by absorbent paper and place in an upright position. The slide was
examined microscopically under the oil immersion lens (100X).

For endospore staining, the bacterial smear were dried and heat fixed on a
glass slide, the slide was flooded with malachite green stain solution and steamed
for 5 minutes over boiling water, the slide was kept moist by the addition of more
dye, washed with tap water, then the slide was flooded with safranin for 30
seconds and washed with tap water.

After the slide was dryed, it was examined under the oil immersion
lens (100X) for the presence of endospores (Beck, 2000).
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2.2.3 Screening of bacterial isolates for laccase production

2.2.3.1 Primary screening

Fifty seven isolates of Bacillus spp. were grown in Petri plates containing
nutrient agar at pH 7 supplemented with 0.4 mM Cu*2. The plates were incubated
at 30°C for 24 hours, then 0.5 mM syringaldazine as prepared in section (2.1.6) was
dropped on bacterial colonies to check its capability to generate laccase activity
(Shukur, 2015). The time required from each isolate to develop a pink color was

measured.
2.2.3.2 Secondary screening

For inoculums preparation, a sterile loop was used to transfer 4 pure colonies
to a tube containing 5 ml of nutrient broth as prepared in section (2.1.7) and
incubated at 30°C for 24 hours.

A volume of 1 ml from each bacterial isolate (which required less time to
display pink color from primary screening) were inoculated in 500 ml Erlenmeyer
flask containing: 100 ml of production medium (nutrient broth supplemented with
0.4 mM CuSQ,), the pH of the medium was adjusted to 7. The flasks were

incubated at 30°C for 24 hours (Shukur, 2015).

The spores were collected from the flasks by centrifugation for 20 min at
4000 rpm and then washed with 0.5 mol/L NaCl and suspended in 0.1 M
potassium phosphate buffer (pH 6.8).

Finally, 1 ml of spores suspension contained 100 mg wet cell was used for

measuring the laccase activity (Wang et al., 2011).
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2.2.4 Laccase activity

Laccase activity of the spore suspension was determined using
syringaldazine as a substrate. The oxidation of syringaldazine was detected by
measuring the absorbance increase at 525 nm (€525 = 65,000 L/(mol -cm)) using a
spectrophotometer (Biotech Engineering Management Co. Ltd/ United Kingdom).
The reaction mixture (3 ml) contained 100 pl of spore suspension sample, 2.4 ml of
potassium phosphate buffer (0.1 M, pH 6.5) and 500 ul of 0.5 mM syringaldazine
(Wang et al., 2011).

Spore sedimentation was not observed during incubation. The enzyme
activity was calculated by the calculation described by Annuar et al., (2009) as

follows:

AAbs y Total assay volume

Laccase activity (U/L) =

Atel Enzyme sample volume

Where AAbs is the change in absorbance, At is the time of incubation (3
min), € is the extinction coefficient of substrates (¢ 525 = 65,000 (SGZ) in units of
M™ cm™), and [ is the cuvette diameter (1cm). One unit of enzyme activity was
defined as the amount of enzyme required to oxidize 1 pumol of substrate per
minute.
2.2.5 ldentification of Bacillus sp.

To identify selected Bacillus sp. to species level, the following biochemical
tests were achieved:
2.2.5.1 Catalase test

A small amount of bacterial colony was transferred to a surface of clean dry
glass slide using a loop and a drop of 3% H,O, as prepared in (2.1.3.9) was placed
on the slide and mixed by sterilized pipette tips. This reaction was evident by the

rapid formation of bubbles (Duke and Jarvis, 1972).
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2.2.5.2 Oxidase test

A small piece of filter paper was soaked in 1% Kovacs oxidase reagent as
prepared in (2.1.3.8) and let dry, then by a sterile loop a well-isolated colony was
picked up from a fresh 24-hour culture bacterial plate and rub onto the treated filter
paper. A positive reaction is indicated by an intense deep-purple color, appearing
within 5-10 seconds and a negative reaction by the absence of coloration (Kovacs,
1956).

2.2.5.3 Starch hydrolysis

After the bacterial isolate was inoculated on starch agar plate as prepared in
(2.1.7.2.1), the plates were incubated for 24 hours at 37°C and the culture medium
flooded with iodine. The color of the starch in the plate change to blue-brown by
the iodine reagent. Areas where starch has been digested by bacterial growth
exhibit clear halos in the midst of the dark plate, indicating a positive alpha-

amylase, or starch hydrolysis test (Bird and Hopkins, 1954).

2.2.5.4 Gelatin liquefaction test

The bacterial isolate inoculated on nutrient gelatin tube with heavy
inoculums and incubated for 24 hours at 37°C. The tubes were immersed in an ice
bath for 15 minutes. Afterwards, tubes were tilted to observe if gelatin had been
hydrolyzed. Hydrolyzed gelatin will result in a liquid medium even after exposure
to cold temperature (ice bath), while the uninoculated control medium will remain
solid (Clarke and Cowan, 1952).

2.2.5.5 Indole test

The bacterial isolate was inoculated in a tube of tryptone broth as prepared
in (2.1.7.2.2) and incubated at 37°C for 48 hours, then 5 drops of Kovacs reagent
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was added directly to the tube. A positive indole test was indicated by the
formation of a pink to red color in the reagent layer on top of the medium within

seconds of adding the reagent (Baron and Finegold 1990).
2.2.5.6 Growth in aerobic or anaerobic conditions

The bacterial isolate was inoculated deeply on nutrient agar tube and
incubated for 24 hours at 37 °C. In an obligate aerobic conditions, only surface
growth above the agar was observed. In a strict anaerobic conditions, growth only
at the bottom of the agar was observed and no surface growth. In a facultative
anaerobic conditions, both surface growth and growth at the bottom of the agar

was observed.

2.2.5.7 Urea hydrolysis

A heavy inoculum from 24-hour pure culture was inoculated in the urea
broth tube, then the tube was gently shaken to suspend the bacterial isolate and
incubated for 24 hours at 37°C. The medium changed to magenta or hot pink in the

presence of alkali/bases indicating a positive test (Clarke and Cowan, 1952).
2.2.5.8 Motility test

The bacterial isolate was inoculated on semi-solid medium as prepared in
(2.1.7.2.3) using a sterile needle, then incubated for 24 hours at 37°C. A positive
motility test is indicated by a diffuse cloud of growth away from the line of
inoculation (Tittsler and Sandholzer, 1936).
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2.2.5.9 Casein hydrolysis test

The bacterial isolate was inoculated on the skim milk agar plate as prepared in
(2.1.7.2.4) and incubated for 48 hours at 37°C. A positive result was indicated by

clear zone around the growth area (Clarke and Cowan, 1952).
2.2.5.10 Growth at 50 C

Bacterial isolates were streaked on Petri plates containing nutrient agar and
incubated at 50 °C for 24 hours. A positive result was indicated by bacterial
growth.

2.2.5.11 Citrate utilization test

A single bacterial isolate was streaked lightly on the surface of the slant
containing Simmons Citrate Agar, then the cap was placed loosely because citrate
utilization requires oxygen. Finally, the tubes were incubated at 37°C for 24 hour.
Citrate utilization positive was indicatd by bromothymol blue changing from the

original green color to blue (Baron and Finegold, 1990).

2.2.5.12 Carbohydrate fermentation test

An inoculum from a pure culture was transferred aseptically to a sterile tube
of carbohydrates (glucose (dextrose), lactose or galactose) broth medium as
prepared in (2.1.7.2.5) and Mnnitol salt agar slant. The inoculated tube was
incubated at 37°C for 24 hours (MacFaddin, 1985; Finegold and Baron, 1986). The
positive result is detected by the color change of a pH indicator when acid products

are formed.

2.2.6 Maintenance of bacterial isolates
The maintenance of bacterial isolates were performed according to modified

method by Collee and Marr, (1996) as follows:
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2.2.6.1 Short-term storage

Bacterial colonies were maintained for a period of few weeks on the surface
of nutrient agar medium. The plates were tightly wrapped with parafilm and stored
at 4°C.
2.2.6.2 Long-term storage

A sterile tube containing 2ml of nutrient broth with 15% glycerol was
inoculated with the isolates and incubated at 37°C for 24 hours. When visible
bacterial growth was seen, the tube was sealed tightly with parafilm and stored at -
20°C.

2.2.7 Optimum conditions for laccase production

The following cultural conditions were studied for maximum enzyme
production using basal production medium as prepared in (2.2.3.2). For each
experiment, 500 ml Erlenmeyer flask containing 100 ml of production medium

was inoculated with a volume of 1 ml from the bacterial isolate.
2.2.7.1 Incubation periods

In order to determine the optimum incubation time for the maximum laccase
production, the time course for enzyme production was followed up to 7 days. The
production medium was prepared and inoculated with selected isolate and
incubated at 30°C for 7 days. The spore-bound laccase activity was assayed at
every 24 hours interval as in (2.2.4). Finally, 1 ml spore suspension from each time
interval contained 100 mg wet cell was used to measure its spore-bound laccase
activity (Shukur, 2015).
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2.2.7.2 Temperatures

Laccase production was achieved at different temperatures (20, 25, 30, 37,
40, 45 and 50)°C (Wang et al., 2010). The production medium was inoculated with
selected isolate and incubated at different temperature for 3 days at pH 7 and the

spore-bound laccase activity was measured.
2.2.7.3 pH values

The effect of pH on laccase production was determined within a pH range of
(5.0 and 10.0) by preparing the production medium at different pHs, then the
culture medium was inoculated with the selected isolate and incubated at optimum
temperature for 3 days (Wang et al., 2010) and the spore-bound laccase activity

was measured.
2.2.7.4 Concentrations of copper sulphate

The suitable concentration of copper sulphate for the maximum laccase
production was determined by using laccase production medium containing
different concentrations of CuSO, (0.1, 0.2, 0.3, 0.4, 0.5, 0.6 and 0.7) mM
(Sivakumar et al., 2010).

The medium was inoculated with the selected isolate and incubated at
optimum pH and temperature for 3 days. The medium without CuSO, was used as

a control and the spore-bound laccase activity was measured.
2.2.7.5 Carbon sources

Carbon sources (sucrose, galactose, maltose, glucose and fructose) were
used at the concentration of 3% (w/v) in the production medium containing 0.2

mM CuSO, . After inoculating with the bacterial isolate, the medium was
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incubated at optimum temperature and pH for 3 days (Sivakumar et al., 2010).
Spore-bound Laccase activity was measured to compare the effect of presence of

different carbon sources on the enzyme production.
2.2.7.6 Nitrogen sources

The laccase production medium containing optimum carbon source and
optimum concentration of CuSO, was supplied with 0.2% (w/v) of different
nitrogen sources (tryptone, calcium nitrate, corn, peptone and yeast extract)
(Sivakumar et al., 2010). After inoculated with selected isolate, the medium was
incubated at optimum temperature and pH for 3 days, the spore-bound laccase
activity was measured to compare the effect of presence of different nitrogen

sources on the production.
2.2.7.7 Metal ions

Various metals were used to find their effect on the production of laccase by
B. subtilis, the production medium containing optimum carbon and nitrogen
sources supplemented with optimum concentration of CuSO, was supplied with
different metal source (CaCl,, MnCl,, FeSO,, KCI and ZnSO,) at concentration of
1 mM and inoculated with the selected isolate (Wang et al., 2010). Finally the
medium was incubated at optimum temperature and pH for 3 days and the spore-
bound laccase activity was determined by using bacterial spores suspension

obtained from each treatment.
2.2.7.8 Enzyme inducers

Various hydrocarbons inducers were used to find their effect on the
production of laccase by B. subtilis, the production medium containing optimum

concentration of carbon source, nitrogen source, metal ion and CuSO, was
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supplied with different inducers (Guaiacol, Catechol, Pyrogallol, Phenanthrene and
Anthracene) at concentration of 1 mM and inoculated with the selected isolate
(Niladevi and Prema, 2008). Finally, the medium was incubated at optimum

temperature and pH for 3 days and the spore-bound laccase activity was measured.

2.2.8 Characterization of B. subtilis laccase enzyme

2.2.8.1 Optimum pH for laccase activity and stability

The effect of pH on the activity of the laccase was determined at 37°C in 0.1
M citrate-phosphate buffer (pH 3.0—5.6) as prepared in (2.1.3.1), 0.1 M potassium
phosphate buffer (pH 5.8 — 8) as prepared in (2.1.3.2) and 0.1 M Tris-HCI buffer
(pH 9.0) as prepared in (2.1.3.3).

The laccase activity was determined by using bacterial spores suspension
and the activity was measured with different buffers according to paragraph
(2.2.4).

The effect of pH on laccase stability was examined by adding 100 ul of
spore suspension to a test tube containing 2.4 ml of buffer with different ranges of
pH (3-9). Then the tubes incubated in an incubator at 37° C for 1 hr. Laccase
activity was estimated and the relationship between pH and the remaining activity
% of laccase was plotted (Abdulah, 2011).
2.2.8.2 Optimum temperature for laccase activity and stability

Laccase activity was determined by incubating the spores in different ranges
of temperature (10-90° C) with optimum pH for 1 hour. Laccase activity was
estimated according to paragraph (2.2.4). The relationship between temperature
and the laccase activity was plotted.

The effect of temperature on laccase stability was examined by adding 100 ul

of spores suspension to a test tube and incubated in an incubator at different
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temperatures (10-90 °C) with optimum pH for 3 hr. Laccase activity was estimated
and the relationship between temperature and the remaining activity % of spore-
bound laccase was plotted (Abdulah, 2011).
2.2.8.3 Effect of operational time in laccase stability

A volume of 100 ul from spores suspension was added to a test tubes, then
incubated at 10 ° C with optimum pH using different time range (1 to 10) days.
Laccase activity was estimated according to paragraph (2.2.4). The relationship
between operational time and the remaining activity % of spore-bound laccase was
plotted (Abdulah, 2011).
2.2.9 Dyes decolorization

2.2.9.1 Dyes decolorization by B. subtilis on solid media

The dyes eriochrome black T, azur B, crystal violet, methyl violet, methyl
orange and textile (blue) dye were prepared at concentration of 150 ppm in nutrient
agar plates, the pH was adjusted at 7. The medium was inoculated in the center of
the plate with B. subtilis isolate and incubated at 37°C for 3 days (Montira and
Sukallaya, 2012).

2.2.9.2 Dyes decolorization by B. subtilis laccase

For decolorization experiments, the dyes eriochrome black T , azur B,
crystal violet, methyl violet, methyl orange and textile (blue) dye were used. The
dyes were prepared in 100 ml distilled water at different concentrations (25, 50, 75,
100, 125 ppm) containing 10 ml of spore suspension (100 mg /ml), dye samples
without spore suspension were used as a control, the pH was adjusted to 6.8.

Dyes was shaken at 120 rpm in a water bath at 40 C, samples were

withdrawn every 10 min and centrifuged at 4000 rpm for 20 min and analyzed by
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UV/VIS spectroscopy using spectrophotometer (Biotech Engineering Management
Co. Ltd/ United Kingdom) with different wavelengths were used: 410 nm for
eriochrome Black T, 425 nm for azur B, 590 nm for crystal violet, 570 nm for
methyl violet, 620 nm for methyl orange and 436 nm for textile (blue) dye (Wang
et. al. 2011).

Percent of decolorization was calculated as follows (Telke et al., 2010).

Initial absorbance—final absorbance

Decolorization (%) = — x100%
Initial absorbance

2.2.10 Hydrocarbons degradation by B. subtilis laccase

Anthracene and phenanthrene aromatic hydrocarbons were prepared at
different concentrations (25, 50, 75, 100, 125) ppm in 100 ml distilled water for
anthracene and in 100 ml 10 % methanol for phenanthrene containing 10 ml of
spore suspension (100 mg/ml), the pH was adjusted to 6.8 and shaken at 120 rpm
in a water bath at 40 'C. The same procedure was used for the control, but without
spores suspension, this procedure was done according to modified methods

described by Munusamy et al., (2008).

Samples were withdrawn every 10 min, centrifuged at 4000 rpm for 20 min,
and analyzed by UV/VIS spectroscopy using spectrophotometer (Biotech
Engineering Management Co. Ltd / United Kingdom) using wavelengths 288 nm
for anthracene and 251 nm for phenanthrene as described by Rivera-Figueroa et

al., (2004). Percent of degradation was calculated as follows:

Degradation (%) _ Initial absorbance—final absorbance «100%

Initial absorbance
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3. Results and discussion

3.1Cultural and microscopic examination of Bacillus spp.

A colony of Bacillus spp. was circular with ragged edges and creamy color
or white. The bacteria spread out from the center, keeping the ragged circular

shape of the colony.

The bacterial cells were gram positive rod shaped under microscope at 100
X objective (Fig. 3-1). Endospores staining proved that, the bacterial spores were
subterminal with very little swelling of vegetative cells, endospores were stained
green and vegetative cells were stained red.

The results of cultural and microscopic examination of Bacillus spp. were
compared with the characteristics of Bacillus spp. as documented by Claus and
Fritze, (1989).

o

r Vegetative cell ——A

w
"&? 00

Figure (3-1): Bacterial isolate under microscope at 100X objective.
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3.2 Screening of Bacillus spp. isolates for laccase production
3.2.1 Primary screening

Fifty seven isolates of Bacillus spp. were screened in nutrient agar medium
supplement with 0.4 mM CuSO,. It was found that, 41 isolates developed a pink
color with different times, 10 isolates developed a pink color within (4-15) second
after dropping 0.5 mM of syringaldazine (Fig. 3-2) and 16 isolates were negative
(Table 3-1).

Shukur, (2015) observed that, developing of pink color in nutrient agar

plates by Bacillus sp. was considered as an indicator for the laccase production.

Figure (3-2): Primary screening for laccase production from Bacillus sp. after
24 hours of incubation at 30 °C.
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Table (3-1): Primary screening for laccase production from Bacillus spp.

isolates in solid media after 24 hour of incubation at 30 °C.

Source of isolates Isolates Laccase time
number | production required
(seconds)
1 + 134
4 + 32
5 + 589
12 - -
13 + 33
15 - -
16 + 45
19 + 63
21 - -
22 + 32
Agricultural soils 23 n 7
31 + 35
33 - -
34 - -
35 - -
37 + 1457
39 - -
42 + 29
43 - -
46 - -
47 - -
2 + 36
3 + 11
7 + 76
44 + 37
45 + 31
48 + 9
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49 + 40

Soils contaminated with oils 50 + 21
51 + 29

52 + 19

53 + 22

54 + 4

55 + 18

56 + 6

57 + 20
6 - -
8 - -

9 + 28

10 + 19

11 + 42

14 + 10

17 + 20

18 + 13
20 - -
Soils contaminated with 24 _ _
sewage 25 _ i
26 + 452

27 + 22

28 + 97

29 + 81
30 - -

32 + 9

36 + 15

38 + 50

40 + 23

41 + 5
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3.2.2 Secondary screening

The isolates which exhibited less time to develop pink color from primary
screening were examined in nutrient broth media containing 0.4 mM CuSOQ, for
production of laccase quantitatively by measuring their spore-bound laccase

activity.

It was found that, all Bacillus spp. isolates which selected from primary
screening have the ability to produce laccase but with different levels (4.2 — 12.8)
U/ml (Table 3-2). Bacillus sp. 54 was showed high level of laccase production,
hence it was selected for optimization experiments. There are two factors which
play an important role in enzyme production. The first is the source of the isolate

and the second is the genetic factors (Adrio and Demain, 2014).

In present study Bacillus sp. 54 and 56 were exhibited the highest laccase
producers (12.8 and 11.1) U/ml respectively. The higher laccase activity of these
two isolates could be related to the source of isolates were isolated from isolated
from contaminated soils with oils, play as enzyme inducers and the isolates have
the genes, which were responsible for enzyme synthesis (Adrio and Demain,
2014).

Polyphenols, methoxy-substituted phenols, diamines and a considerable
range of other compounds which can be used as substrates for laccase production,
but syringaldazine (4-hydroxy-3,5-dimethoxybenzaldehyde azine) has been
considered as the laccase-specific substrate (Wang et al., 2011).

Claus and Filip, (1997) indicated that, syringaldazine used as the substrate
for laccase activity, and it was correlated closely with spore formation from

Bacillus sphaericus.
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Table (3-2): Secondary screening of Bacillus spp. for laccase production in
broth medium supplemented with CuSO, after incubation for 24 hours at pH
7and 30 °C

Sources of isolates Isolates number Laccase activity (U/ml)
Agricultural soils 23 10.7
3 8.4
Soils contaminated with 48 6.2
oils 54 12.8
56 11.1
14 9.3
18 6.4
Soils contaminated with 32 9.5
sewage 36 4.2
41 10.3

3.3 ldentification of Bacillus sp.

To identify the Bacillus sp. 54 to species level, the following biochemical
tests were followed:

In catalase test, the selected isolate has the ability to produce catalase, which
act as a catalyst in breakdown of hydrogen peroxide into water and oxygen, hence
the appearance of bubbles (Fig 3-3a).

Bacillus sp. 54 was oxidase positive, the color of the indicator was changed
to blue within 9 sec. (Fig. 3-3b). Oxidase test depends on the presence of
cytochrome oxidase in bacteria that will catalyze the transport of electrons between

electron donors and redox dye.
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In starch Hydrolysis, after the culture medium was flooded with iodine, the
bacterial isolate was produced a clear zone around the growth which means a
positive reaction and indicates that the starch had been hydrolyzed in the area
around the bacterial growth by amylase production (Fig. 3-3c).

In gelatin liquefaction test, after 24 hour of incubation, the tubes were
Immersed in to the ice bath for 15 minute the inoculated tube was liquefied and the
uninoculated control tube was completely solidified, which means the Bacillus sp.
54 was gelatinase-positive, (Fig. 3-3d) and it was grown above the surface of agar
in the tube, thus Bacillus sp. 54 are obligate aerobe, needing air in order to grow
(Fig. 3-3e).

In indole test, the pink colored ring was not formed after addition of Kovacs
reagent. Thus, Bacillus sp. 54 has no tryptophanase enzyme hence it could not able
to convert tryptophan to the indole (Fig. 3-3f).

In casein hydrolysis test, Bacillus sp. 54 growth in skim milk agar caused a
clear zone around the growth area, which identified the presence of the enzyme

protease (Fig. 3-39).

In urea Hydrolysis, the urea broth medium remained light orange (no color
change). Therefore, Bacillus sp. 54 have no urease enzyme which is not able to
change the indicator phenol red to hot pink (Fig. 3-3h) and it was appeared motile
by formation of a diffuse zone of growth spreading out from the stab inoculums

line (Fig. 3-3i), and the bacterial isolate was grown at 50 °C.

In citrate Utilization test, Bacillus sp. 54 showed a positive result for this
test, which was able to turn the color of the indicator from green to blue because

using the citrate was led to rise in pH of the medium (Fig. 3-3]).
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g: Casein hydrolysis test (+) h: Urea hydrolysis test (-)

Cortrol Bercillas sap.

2 | luny

3“@

i: Motility test (+) j: Citrate utilization test ()

Figure (3-3): Biochemical test results of Bacillus sp. 54. [(+) positive test, (-) negative test].
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In carbohydrate fermentation test, the fermentation reactions were detected
by the color change of a pH indicator when acid products are formed. This was
accomplished by adding a single sugar to carbohydrate medium containing phenol
red as a pH indicator. Bacterial isolate can also utilize peptones in the medium
resulting in alkaline by-products, thus the pH changed only when excess acid was
produced because of carbohydrate fermentation (MacFaddin, 1985; Finegold and
Baron, 1986).

Bacillus sp. 54 showed a positive glucose, galactose and mannitol

fermentation tests while it was negative for lactose fermentation test (Fig. 3-4).

Glucose fermentation test(+) Lactose fermentation test(-)

Galactose fermentation test(t) Mannitol fermentation test ()

Figure (3-4): Carbohydrate fermentation test results of Bacillus sp. 54. [(+)
positive test, (-) negative test].
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The results of morphological, cultural and biochemical characteristics
(Table 3-3) were compared with the characteristics of Bacillus spp. documented by
others (Priest, 1989; Slepecky and Hemphill, 2006). Therefor, the selected isolate
was identified as Bacillus subtilis.

Table (3-3): Morphological, cultural and biochemical characteristics of Bacillus sp
54,

Test I Result
Gram stain +
Shape Rod
Spores forming +
Motility +
Anaerobic growth -
Growth at 50 °C +
Catalase +
Oxidase +
Starch hydrolysis +
Gelatin liquefaction +
Indole -
Urea hydrolysis -
Casein hydrolysis +
Citrate utilization +

Carbohydrates fermentation

Glucose +
Lactose -
Galactose +
Mannitol +
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3.4 Optimum conditions for laccase production

3.4.1 Incubation periods

After B. subtilis isolate was grown in the production medium, the spore-
bound laccase activity was measured at different time intervals of growth. The
maximum laccase production was observed after 3 days of incubation at 30 °C with
laccase activity (59.7) U/ml (Fig. 3-5).

The activity of the Bacillus SF spore bound laccase was dependent on the
age of the spores and the maximum activity was achieved after 9 days of growth
(Held et al., 2005).

The short incubation period for laccase production from Bacillus sp. than
other bacteria and fungi offers unique potential for inexpensive enzyme production
(Bernfeld, 1955; Saad, 2010).
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Incubation Time (Day)
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Laccase activity
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Figure (3-5): Effect of incubation peroids on laccase production from B.
subtilis at 30 °C.
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3.4.2 Temperatures

The selected isolate (B. subtilis) was able to grow and produce laccase at
wide range of temperatures from 20 — 50 °C, Laccase production was found to be
maximum at 37 C with activity of (82.46) U/ml (Fig. 3-6).

Temperature influencing the rates of biochemical reactions either by
inducing or repressing enzyme production (Strnadova et al., 1991). Wang et al.,

(2010) observed that the maximum laccase activity of B. subtilis WD23 was at 25

C’.
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Fig. (3-6): Effect of temperatures on laccase production from B. subtilis after 3

days of incubation at pH 7.
3.4.3 pH values

As can be seen in figure (3-7) higher spore-bound laccase activity (82.73)
U/ml was obtained at pH 7, increase or decrease pH value above or below 7, lead
to reducing in enzyme activity.
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The pH of the culture significantly influences many enzymatic process and
transport of the compounds across the cell membrane (Shanmugam et al., 2008).
This finding was agreed with Shukur, (2015) who reported that higher laccase
activity of Bacillus sp. B16 was obtained at pH 7.
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Figure (3-7): Effect of pH values on laccase production from B. subtilis in

production medium after 3 days of incubation at 37 °C.
3.4.4 Concentrations of copper sulphate

The effect of different concentrations of CuSO,on laccase production was
studied. The result in figure (3-8) showed that 0.2 mM of copper sulphate induced
laccase production with activity (227.23) U/ml. This suggested a possible role of
Cu'*?, the laccase activity showed a distinct dependence on Cu*? (Claus and Filip,
1997). Excess copper may have a toxic effect on microorganism, and thus decrease

laccase production (Revankar and Lele, 2006).
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Figure (3-8): Effect of different concentrations of copper sulphate on
laccase production from B. subtilis in production medium after 3 days of
incubation at 37 'C and pH 7.

3.4.5 Carbon sources

Laccase production was detected in the presence of different carbon sources
incorporated in the production medium with concentration of 3% (w/v). The
laccase activity was increased in the culture supplemented with glucose (265.53)
U/ml compared with maltose containing medium which was (114.61) U/ml.

Among the five different carbon sources glucose supported good laccase
production (Fig. 3-9).

The carbon source is the most important factor in laccase production, and
that the addition of suitable amount of other sugar to the culture media has an
influence on laccase synthesis (Sivakumar et al., 2010).

The effect of carbon source on enzyme production was reported in bacterial
laccase production, glucose showed the highest potential for the production of
laccase (Moldes et al., 2004).
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Figure (3-9): Effect of carbon sources on laccase production from B.
subtilis in production medium after 3 days of incubation at 37 °C and pH 7

containing 0.2 mM of CuSOy.

3.4.6 Nitrogen sources

The effect of different nitrogen sources was evaluated at optimum
temperature, pH and carbon source. Based on the results, the laccase activity was
increased to (345) U/ml in the culture contained tryptone compared with other
nitrogen sources (Fig. 3-10). Tryptone was the best source of nitrogen that

supported the growth and enzyme production from Bacillus sp. (Sharma et al.,
2007).

Nitrogen source plays key role in laccase production, while the organic
nitrogen source gave high laccase yields. The nature and the concentration of
nitrogen sources in the culture medium for growth the organisms were essential for
laccase production (Vandana and Peter, 2014).

Shanmugam et al., (2008) observed that addition of inorganic nitrogen

source to the production medium resulted in low enzyme production.
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Figure (3-10): Effect of nitrogen sources on laccase production from B.
subtilis in production medium after 3 days of incubation at 37 °C and pH 7

containing 0.2 mM of CuS0, and 3% glucose.
3.4.7 Metal ions

The effect of metals on the growth and production of laccase from B. subtilis
was shown in figure (3-11). Based on the results obtained in this work, KCI
showed the maximum induction on laccase production with highest activity of
(397.69) U/ml.

Metals can be assimilated as part of enzymatic cofactors that lead to increase
in enzyme activity and it may be adsorbed to surfaces of cells and be precipitated
because of bacterial metabolism (Cliff et al., 2005).

Bacterial laccase production may be involved in the activation of gene
transcription in presence of metal ions (Mongkolthanaruk et al., 2012).
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Figure (3-11): Effect of Metal ions on laccase production from B.
subtilis in production medium after 3 days of incubation at 37 °C and pH 7

containing 0.2 mM of CuS0, , 3% glucose and 0.2% tryptone.

3.4.8 Enzyme inducers

Laccase production was detected in the presence of different phenolic and
hydrocarbons inducers added to the production medium. All inducers were
enhanced laccase production, pyrogallol was supported the best laccase production
with activity (439.23) U/ml (Fig. 3-12).

This finding was agreed with Niladevi and Prema, (2008) who reported that
pyrogallol substantially enhanced laccase production. Aromatic compounds have
been widely used to elicit enhanced laccase production by different organisms
(Leonowicz et al., 2001).
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Figure (3-12): Effect of Inducers on laccase production from B. subtilis
on production medium after 3 days of incubation at 37 °C and pH 7

containing 0.2 mM of CuS0, , 3% glucose , 0.2% tryptone and 1 mM KCI.

3.5 Characterization of B. subtilis laccase enzyme

3.5.1 Optimum pH for laccase activity and stability

The effect of different ranges of pH values (3-9) in the activity of laccase
were studied. The optimum pH for laccase activity was 6.8 with activity of
(452.48) U/ml, with a decrease in laccase activity at the pH value directed towards
alkaline range (8.0-90). It was also noticed a decrease in the activity of the enzyme
at acidic values (3.0-5.0). However, the laccase activity was highest around neutral
pH (6-7) (Fig. 3-13).

The result were in agreement with Claus and Filip, (1997) who reported that,

the optimum pH for the laccase-like enzyme of B. sphaericus spores was about six.
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Figure (3-13): Effect of pH on laccase activity.

The spore-bound laccase was retained its initial activity (100%) at pH 6.8
after incubation for 1 hr at 37°C, and the spore-bound laccase maintained 94-98 %
of its initial activity at pH (6-6.5) respectively, while maintained about 76% of its
activity at pH 9 (Fig. 3.14).

The difference in redox potential between the phenolic substrate and the T1
copper could increase oxidation of the substrate at high pH values, but the
hydroxide anion (OH") binding to the T2/T3 coppers results in an inhibition of the
laccase activity due to the disruption of the internal electron transfer between the
T1 and T2/T3 centres. These two opposing effects can play an important role in
determining the optimal pH of the biphasic laccase enzymes (Xu, 1997).

Held et al., (2005) observed that, the laccase activity of Bacillus SF spore
showed higher stability over a broad pH ranges. Within a pH ranged from 5.0 to
7.0, the half-life was more than 120 h and showed a very high stability at alkaline
pH values (t;, = 48 h at pH 8.5).
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Figure (3-14): Effect of pH on laccase stability after 1 hour of incubation.

3.5.2 Optimum temperature for laccase activity and stability

The results of effect different temperatures (10-90) C in laccase activity
were shown in figure (3-15). The results indicated an increase in the activity at
40°C, the laccase activity reached to (468.2) U/ml, then the activity was declined
with increasing temperature up to 40 "C with a minimum activity observed at 90 °C
(146.75) U/ml. However, laccase activity was decreased below 40 °C too.

Wang et al., (2011) reported that, the optimum temperature of the spore-
bound laccase was determined at pH 6.8, and the maximum activity was observed

at 60°C. It showed higher activity within a temperature range from 40 to 70 °C.
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Figure (3-15): Effect of temperature on laccase activity.

B. subtilis spore-bound laccase retained its initial activity after 3 hr when
incubated at temperature ranged (10-50) °C. Then the activity decreased with
increasing temperature at 90 °C, the enzyme retained 22.67 % of the initial activity
(Fig. 3-16).

Generally, for any enzymatic reaction, temperature below or above the
optimal temperature will drastically reduce the rate of reaction. This may be due to
the enzyme denaturation, or to losing its characteristics of three-dimensional
structure. Denaturation of a protein involves the breakage of hydrogen bonds and
other non-covalent bonds (Tortora et al., 2004).

Wang et al., (2011) reported that, the laccase had a high stability at the
optimum temperature (t;, = 68 h at 60 °C). The pH half-life of the spore-bound
laccase was more than 6 months at pH 6.8.
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Figure (3-16): Effect of temperature on laccase stability after 3 hours of

incubation.

3.5.3 Effect of operational time in laccase stability

To determine the operational time activity of B. subtilis spore-bound laccase,
spores suspension was incubated for 10 days at 10 °C, pH 6.8. Enzyme activity
started to decrease after 5 days of incubation period. The spore-bound laccase
retained 100% of its activity after 4 days, 72.4% after 5 day and 23.78% after 10
days of incubation (Fig. 3-17). In contrast to fungal laccase, Kunamneni et al.,
(2008) found that, laccase isolated from Myceliophthora thermophila lost 36% of
its activity after 24 hours of incubation at optimum conditions .

The high stability of laccase enzyme of Bacillus SF spores compared to the
liberated enzyme result in a high potential for using of spores laccase in industrial
processes like dye decolorization, detoxification, and transformation of phenolic

and other compounds where high temperatures and pH values are common (Held
et al., 2005).
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Figure (3-17): Effect of operational time on laccase stability.

3.6 Dyes decolorization

3.6.1 Dyes decolorization by B. subtilis on solid media

The B. subtilis growth after 3 days at pH 7 and 37 °C in nutrient agar plates
containing dyes at concentration 150 ppm caused a clear halo around the growth
area for: Crystal violet, Eriochrome Black T, Azur B and Methyl violet dyes. For
textile (blue) dye, the halo was formed, but was not clear. Finally, no halo was
appeared around the growth area for methyl orange, this may be due to the
chemical structure of this dye (Fig. 3-18).

This finding is also in consistent with findings of Montira and Sukallaya,
(2012) who reported bacterial decolorization ability was confirmed by the clear

halo formed around each colony by plate assay within 48 h.
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Figure (3-18): Decolorization of six dyes by B. subtilis isolate using solid
medium supplement with each dye at concentration of 150 ppm
after incubation for 3 days at pH 7 and 37 °C. (A)Crystal Violet ,
(B) Eriochrome Black T, (C) Azur B, (D) Textile (blue), (E)
Methyl Violet, (F) Methyl orange.
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3.6.2 Dyes decolorization by B. subtilis laccase

Dyes decolorization by B. subtilis laccase has been investigated using spores
with initial laccase activity (468.2) U/ml in order to prove their potential
application in the treatment of dyestuff wastewater. The reaction mixture
composed of 100 ml of dyes at concentrations (25, 50, 75, 100, 125 ppm) in
distilled water containing 10 ml of spore suspension, the dye decolorization was
studied at optimum pH 6.8 and 40 ° C stability. The results showed that, the dyes
(eriochrome black T, crystal violet, azure B) were completely decolorized in all
concentrations within 10 minutes, the same for textile (blue) dye in concentrations
of (25, 50, 75 ppm) which was completely decolorized within 10 minutes, while in
concentrations (100, 125 ppm) was completely decolorized after 20 minute.
Methyl violet and Methyl orange dyes were decolorized in different percentage,
(Table 3-4) and (Fig. 3-19).

Increasing concentration of methyl violet and the methyl orange dyes lead to
decrease percentage of dye decolorization by spore-bound laccase. This may be
interrelated to molar extinction coefficients and purity of each particular dye.
Moreover, it was known that nature and position of the dye substituent group
strongly affect the decolorization extent (Couto, 2007).

Wang et al., (2010) showed that the ability of spore laccase from B. subtilis
to decolorize methyl orange and methyl violet dyes. The methyl orange was
maximally decolorized (= 70 %), followed by methyl violet (= 50 %) at 5 days of

treatment.
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Table (3-4): Dyes decolorization (%) by B. subtilis laccase.
Dye Decolorization || Decolorization || Decolorization |§ Decolorization of Decolorization of Decolorization of
E"”*”)”a“‘) of of Crystal |Jof AzureB % [l  Textile dye Methyl Violet % || Methyl Orange %
ppm
Eroichrome Violet % (blue) %
Black T %
Incubation
Times
(min.) 10 {20 [ 30|y 10 {20 | 30|§ 10 |20 | 30|§ 10 | 20 | 30|f 10 20 30 10 20 30
‘ 25 ‘100 - | - ‘100 - | - ‘100 - | - ‘100 - - ‘77.4 83.4 | 98.7 |§24.2 | 27.6 | 295
‘ 50 ‘100 - | - ‘100 - | - ‘100 - | - ‘100 - - ‘64.6 69.3 | 735 |§13.2 | 16.3 20
‘ 75 ‘100 - | - ‘100 - | - ‘100 - | - ‘100 - - ‘52.1 56.8 | 60.5 |} 10.8 | 12.2 | 138
‘ 100 ‘100 - | - ‘100 - | - ‘100 - | - ‘90.3 100 | - ‘ 37 | 393 | 413 2.2 3.4 4.1
‘ 125 ‘100 - | - ‘100 - | - ‘100 - | - ‘87.6 100 | - ‘14.3 152 | 174 1.7 2.3 2.6
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Figure (3-19): Dyes decolorization by B. subtilis laccase at pH 6.8 and 40 °C, all dyes
with concentration of 25 ppm:

A: Eroichrome Black T was completely decolorized within 10 minute.

B: Textile dye (blue) was completely decolorized within 10 minute.

C: Crystal Violet was completely decolorized within 10 minute.

D: Methyl Violet was partially decolorized within 30 minute.

E Azure B was completely decolorized within 10 minute.

F: Methyl Orange was partially decolorized within 30 minute.
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3.7 Hydrocarbons degradation by B. subtilis laccase

Anthracene and phenanthrene degradation by B. subtilis laccase was
analyzed by spectrophotometer, this procedure was done to prove the potential
application of B. subtilis spore-bound laccase in treatment of wastewater from
hydrocarbons pollutants. B. subtilis spores were used with initial laccase activity
(468.2) U/ml. Anthracene and phenanthrene were prepared at different
concentrations (25, 50, 75, 100, 125 ppm) in 100 ml distilled water for anthracene
and 100 ml 10 % of methanol for phenanthrene containing 10 ml of spore
suspension, the hydrocarbons degradation was studied at optimum pH 6.8 and
40°C.

The results showed that, the degradation of these hydrocarbons occurred in
different percentages, but phenanthrene degradation percentage was more than
anthracene at all concentrations. The degradation of both compounds was
decreased with increasing the hydrocarbon concentration. Phenanthrene
degradation in concentration of 25 ppm was 82.7% after 30 min, which considered
the highest degradation percentage of both compounds, while anthracene
degradation in concentration of 25 was 63.1% after 30 minutes of incubation with

spore-bound laccase as shown in table (3-5) and figure (3-20).

Munusamy et al., (2008) showed that the ability of laccase from Pycnoporus
sanguineus (KUM 90953) to degrade phenanthrene and anthracene was 89% and
43% respectively after 24 hours. The degradation percentage depended on the
solubility of phenanthrene and anthracene. Phenanthrene was more soluble than

anthracene therefore, it was degraded faster.

Thus, microorganisms that can degrade various pollutants (e.g.

nitroaromatics, chloroaromatics, polycyclic aromatics, biphe-nyls and components

77



Chapter THree.......ccueeeeeiiereieiineinseiaiinsensmmnssansenasanns Results and Discussion

of oil) have been isolated with the eventual goal of exploiting their metabolic
potential for the bioremediation of contaminated sites (Spain et al., 2000; Dua et
al., 2002).

PAHs were the real contaminants of petroleum matter, were detected in
selected sites along Tigris river within Baghdad City in summer and winter time,
analysis of samples from selected sites proved that the most abundant component
of aromatic hydrocarbons were phenanthrene, naphthalene and acenaphthylene,
followed by fluorene, acenaphthene, fluoranthene, benzo (a) pyrene, and
anthracene (Ibraheem and Ibrahim, 2013).

A simple ultraviolet-visible (UV-VIS) spectrophotometric analysis can be a
cost-effective method that can be used for biodegradation studies of PAHSs. In this
regard, PAHSs generally absorb light in the 200-400 nm range as well as strongly
fluoresce. UV-VIS absorption and fluorescence spectroscopic techniques are
sensitive for PAHs detection (Das and Dash, 2015).

There are some PAHs with their reported absorption maximum under UV
light. They include Benzo [a] anthracene (288 nm), Benzo [a] pyrene (297 nm),
Benzo [k] fluoranthracene (307 nm), Chrysene (268 nm) and phenanthrene (251
nm) (Rivera-Figueroa et al., 2004).
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Table (3-5): PAHs degradation (%) by B. subtilis spore-bound laccase

PAHSs concentrations Degradation of Degradation of
(ppm) Anthracene % Phenanthrene %
Incubation
Times 10 20 30 10 20 30
(min.)
25 54.3 57.2 63.1 63.2 74 82.7
50 52.2 53.7 56 57.3 62.1 69.3
75 40.6 41.2 43.8 49.3 53.1 58.5
100 234 23.8 24.1 414 43.6 46.2
125 13.2 13.4 13.7 39.2 40.6 425
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Figure (3-20): PAHSs degradation by B. subtilis spore-bound laccase at
pH 6.8 and 40 °C
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Conclusions:

1- Primary and secondary screening for laccase production proved that the
bacterial isolate that was isolated from soil contaminated with oils, was provided
highest level of laccase production and identified as B. subtilis according to

biochemical tests

2- The optimal conditions for B .subtilis laccase production were: 3 days of
incubation, 37 °C, pH 7.0, 0.2 mM CuSo,, 3% glucose as carbons source, 0.2%
tryprone as nitrogen source, supplemented with 1 mM of Kcl and pyrogallol 1mM

as inducer.

3- The optimum pH and temperature of spore-bound laccase activity are (6.8) and
(40 °C) respectively, and the spore-bound laccase were retained its initial activity

after 4 days of incubation at 10 °C.

4- Bacterial isolate and spore-bound laccase were able to decolorize dyes at

different concentrations.

5- Spore-bound laccase was able to degrade hydrocarbons at different

concentrations.
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Recommendations:

1- Investigating other source of laccase producer.

2- Enhancement laccase production using cloning and expression of laccase gene
from B. subtilis or by mutation

3- Studying different Kkinetics parameters of hydrocarbons degradation by B.
subtilis spore-bound laccase in a bioreactor.

4- A comparative study among purified, crude laccase and spore-bound laccase to
degradation and decolorization of hydrocarbons and dyes respectively.

5- Studying the degradation of other pollutants by bacterial spore-bound laccase.

6- A comparative study between free and immobilized laccase enzyme to

degradation and decolorization of dyes and hydrocarbons.

83



References

References
A
e Abdulah A. R. (2011). The use of partially purified laccase produced by

some fungal isolates in Aflatoxin B1 degradation. M.Sc.thesis, Baghdad
University. Irag.

e Abha, S. and Singh, C. S. (2012). Hydrocarbon Pollution: Effects on
Living Organisms, Remediation of Contaminated Environments, and Effects
of Heavy Metals Co-Contamination on Bioremediation. Introduction to
Enhanced Oil Recovery (EOR) Processes and Bioremediation of Oil-
Contaminated Sites, Dr. Laura Romero-Zerén (Ed.). In Tech, ch 7: 185- 206.

e Adrio, J. L. and Demain, A. L. (2014). Microbial Enzymes: Tools for
Biotechnological Processes. Biomolecules, 4: 117-139.

e Aisemberg, G.O.; Grorewold, E.; Taccioli, G.E. and Judewicz N.
(1989). “A major transcript in the response of Neurospora crassa to protein
synthesis inhibition by cycloheximide”. Exp Mycol., 13: 121-128.

e Alexander, M. (1995). How toxic are toxic chemicals in soil?. Environ. Sci.
Technol., 29: 2713-2717.

e Alexandre, G. and Zhulin L. B. (2000). Laccases are widespread in
bacteria. Trends in Biotechnology, 18: 41-42.

e Andréasson, L.E.; Brandén, R. and Reinhammar, B. (1976). Kinetic
studies of Rhus vernicifera laccase. Evidence for multi-electron transfer and
an oxygen intermediate in the reoxidation reaction. Biochimica et
Biophysica Acta, 438: 370-379.

e Annuar, M. S. M.; Adnan, S.; Vikineswary, S. and Chisti, Y. (2009).
Kinetics and energetics of azo dye decolorization by Pycnoporus
sanguineus. Water Air Soil Pollut., 202: 179-188.

84



References

e Avrias, M. E.; Arenas, M.; Rodrlguez, J.; Soliveri, J.; Ball, A. S. and
Hernandez, M. (2003). Kraft pulp biobleaching and mediated oxidation of a
nonphenolic substrate by laccase from Streptomyces cyaneus CECT 3335.
Appl. Environ. Microbiol. 69:1953-1958.

e Arora, D.S.,, and Gill, P.K. (2001). Effects of various media and
supplements on laccase production by some white rot fungi.
Bioresour.Technol. 77: 89-91

e Arora, D. S. and Sharma, R. K. (2010). “Ligninolytic Fungal Laccases and
Their Biotechnological Applications”. Appl Biochem Biotechnol.,
160:1760-1788.

B

e Bailey, M. R.; Woodard, S. L.; Callawy, E.; Beifuss K.; Lundback, M.
M. and Lane, J. (2004). “Improved recovery of active recombinant laccase
from maize seed”. Appl Microbiol Biotechnol., 63: 390-397.

e Bar, M. (2001). Kinetics and physico-chemical properties of white-rot
fungal laccases. M.Sc. Thesis, Department of Microbiology and
Biochemistry. University of the Free State, Bloemfontein.

e Baron, E. and Finegold, S. (1990). Bailey and Scott’s diagnostic
microbiology, 8th ed. The Mosby Company, St. Louis, MO.

e Barroso, O.; Mazzoni, I.; and Rabin, O. (2008). Hormone abuse in sports:
the antidoping perspective. Asian J Androl., 10: 391-402.

e Beck, R. W. (2000). A chronology of microbiology in historical context.
ASM Press, Washington, DC.

e Berg Van Den M.: Meent Van De D., Peijnenburg W. J. G. M.; Sijm D.
T. H. M.; Struijs J. and Tas J. W. (1995). Transport, accumulation and

transformation processes. In: C.J. van Leeuwen and J. L. M. Hermens (ed.)

85



References

Risk assessment of chemicals: An introduction, Kluwer Academic
Publishers, Dordrecht, the Netherlands.

e Bernfeld, P. (1955). Methods in Enzymology. In S. P. Colowick, and N. O.
Kaplan, Ed. Academic Press, New York, 1:149.

e Bird, R. and Hopkins, R. H. (1954). The action of some alpha-amylases
on amylase. Biochem. J., 56:86-99.

e Bossert I. P. and Bartha, R. (1986). Structure-biodegradability
relationsships of polycyclic aromatic hydrocarbons in soil. Bull. Environ.
Contam. Toxicol., 37: 490-495.

e Bourbonnais, R.; Paice, M. G.; Reid, I. D.; Lanthier, P. and Yaguchi, M.
(1995). Lignin oxidation by laccase isozymes from Trametes versicolor and
role of the mediator 2°,2’- azinobis (3-ethylbenzthiazoline-6-sulphonate) in
kraft pulp depolymerisation. Applied and Environmental Microbiology,
61(5):1876-1880.

e Buswell, J. A.; Cali, Y., and Chang, S. T.(1995). Effect of nutrient nitrogen
and manganese on manganese peroxidase and laccase production by

Lentinula (Lentinus) edodes. FEMS Microbiology Letters, 128(1): 81-88.
C

e Cato, L. (2005). The effect of selected enzymes on the quality and structural
attributes of white salted and yellow alkaline Asian noodles. Ph.D. thesis.
Food Sci (Hons) Victoria University. School of Applied Sciences Science.

e Cerniglia, C. E. (1984). Microbial metabolism of polycyclic aromatic
hydrocarbons. Advances in Applied Microbiology, 30: 31-71.

e Cerniglia, C. E. (1992). Biodegradation of polycyclic aromatic
hydrocarbons. Biodegradation, 3: 351-368.

86



References

o Chaloupka, J. (1985). Temperature as a factor regulating the synthesis of
microbial enzymes, Microbiol. Sci., 2: 86-90.

e Clark, P. A. and Solomon, E. I. (1992). Magnetic circular-dichroism
spectroscopic definition of the intermediate produced in the reduction of
dioxygen to water by native laccase. J Am Chem Soc., 114: 1108-1112.

e Clarke, P. H. and Cowan, S. T. (1952). Biochemical methods for
bacteriology. J. Gen. Microbiol., 6:187-197.

e Claus, D. and Fritze, D. (1989). Taxonomy of Bacillus. In: Bacillus. In:
Harwood, C. R. (ed.) p. 5-27. Plenum Press, New York.

e Claus, H. (2003). Laccases and their occurrence in prokaryotes. Archives of
Microbiology, 179: 145-150.

e Claus, H. and Filip, Z. (1997). The evidence of a laccase-like enzyme
activity in a Bacillus sphaericus strain. Microbiol. Res., 152: 209-216.

o CIiff, J. B.; Jarman, K. H.; Valentine, N. B.; Golledge, S. L.; Gaspar, D.
J.; Wunschel, D. S. and Wahl, K. L. (2005). Differentiation of Spores of
Bacillus subtilis Grown in Different Media by Elemental Characterization
Using Time-of-Flight Secondary lon Mass Spectrometry. Appl. Environ.
Microbial., 71(11): 6524—6530.

e ColeJ. L.;Tan G. O.;Yang E. K.; Hodgson K. O.; Solomon E. I. (1990).
Reactivity of the laccase trinuclear copper active site with dioxygen: an X-
ray absorption Edge Study. J Am Chem Soc., 112: 2243-2249.

e Coll, P. M.; Abalos, J. M.; Villanueva, J. R.; Santamaria, R. and Perez,
P. (1993). Purification and Characterization of a Phenoloxidase (Laccase)
from the Lignin Degrading Basidiomycete PM1 (CECT 2971). Applied and
environmental microbiology, 59(8): 2607-2613.

87



References

e Collee, J. G. and Marr, W. (1996). Culture of bacteria. In :Mackie and
MacCartoey. Practical medical microbiology by Collee, J. G.; Faser,A. G.
and Marmion, B. P. ; Simmons, 4thed Churchill, Livingstone.

e Collee, J. G.; Fraser, A. G.; Marmion, B. P. and Simmons, A. (1996).
Mackie and Mecarthney .Pracical Medical Microbiology. 14th ed. Churchill
Livingston USA. P. 131 — 424,

e Collins, P. J.; Kotterman, M. J. J.; Field, J. A. and Dobson, A. D. W.
(1996). Oxidation of anthracene and benzo[a]pyrene by laccases
fromTrametes versicolor. Applied and Environmental Microbiology,
62:4563--4567.

e Couto, S. R. (2007) Decolouration of industrial azo dyes by crude laccase
from Trametes hirsute. J.Hazard Mater, (148):768-770.

e Couto, S. R. and Herrera, J. L. T. (2006). Industrial and biotechnological
applications of laccases: a review, Biotechnology Advances, 24 (5): 500—
513.

e Cruikshank, R.; Duguid, J. P.; Marmion, B. P. and Swain R. H. A.
(1976). Medical Microbiology . 12thedition. Churchill livingstone, 12: 175 -
445,

D

e Das, S. and Dash, H. R. (2015). Microbial biotechnology — a laboratory
manual for bacterial systems. Springer. India.

e Delistraty, D. (1997). Toxic equivalency factor approach for risk
assessment of polycyclic aromatic hydrocarbons. Toxicol. Environ. Chem.,
64: 81-108.

88



References

e Diamantidis, G.; Effosse, A.; Potier, P. and Bally, R. (2000). Purification
and characterization of the first bacterial laccase in the rhizospheric
bacterium Azospirillum lipoferum. Soil Biol. Biochem., 32: 919-927.

e Difco. (1998). Difco manual, 11th ed. Difco Laboratories, Detroit, M 1.

e Dua, M.; Singh, A.; Sethunathan, N. and Johri, A. K.
(2002). Biotechnology andbioremediation: successes and limitations,
Appl. Microbiol. Biotechnol., 59: 143-152.

e Duke, P. B. and Jarvis, J. D. (1972). The catalase test—a cautionary tale. J.
Med. Lab Technol. 29 (2):203-204.

e Duran, N.; Rosa, M. A.; D’Annibale A. and Gianfreda L. (2002).
Applications of laccases and tyrosinases (phenoloxidases) immobilized on
different supports: a review; Enzyme and Microbial Technology, 31:907—
931.

E

e Endo, K.; Hosono, K; Beppu, T and Ueda, K. (2002). A novel
extracytoplasmic phenol oxidase of Streptomyces: it’s possible involvement
in the onset of morphogenesis. Microbiology, 148: 1767-1776.
F

e Faccelo, J. and Cruz, O. (2008). Banana skin: a novel material for a low-
cost production of laccase, Msc. Thesis. Universitat Rovira | Virgili.

e Faure, D.; Bouillant, M. L. and Bally, R. (1994). Isolation of Azospirillum
Lipoferum 4T Tn5 mutants affected in melanization and laccase activity.
Appl. Environ. Microbiol. 60:3413-3415.

e Finegold, S. M. and Baron, E. J. (1986). Bailey and Scotts Diagnostic
Microbiology, 7th Ed., the C.V. Mosby Co., St. Louis.

89



References

e Frankena J.; Koningstein G. M.; Van Verseveld, H. W. and
Stouthamer, A. H. (1986). Effect of different limitations in chemostat
cultures on growth and production of exocellular protease by Bacillus
Licheniformis, Appl. Microbiol.Biotechnol., 24, 106-112.

G

e Gardiol, A.E.; Hernandez, R.J. and Harte, B.R. (1998). Device for
detecting oxygen with oxidase. United States Patent 5,804,401.

e Ghazali, M. F. ; Zakha, N. R.; Abdul; R. N.; Salleh, A. B. and Basri, M.
(2004). Biodegradation of Hydrocarbons in Soil by Microbial Consortium.
International Biodeterioration and Biodegradation, 54(1): 61-67.

e Gianfreda, L.; Xu, F. and Bollag J. M. (1999). Laccases: a useful group
of oxidoreductive enzymes. Bioremediation Journal, 3(1): 1-25.

e Gibson, D. T. (1993). Biodegradation, biotransformation and the Belmont.
J. Ind. Microbiol., 12: 1-12.

e Givaudan, A.; Effose, A.; Faure, D.; Potier, P.; Bouillant, M. L. and
Bally, R. (1993). Polyphenol oxidase in Azospirillum lipoferum isolated
from rice rhizosphere: evidence for laccase activity in non-motile strains of
Azospirillum Lipoferum. FEMS Microbiol. Lett. 108:205-210.

e Glenn, J. K. and Gold, M. H. (1983). Decolorization of several polymeric
dyes by the lignin degrading basidiomycete Phanerochaete chrysosporium.
Applied Environmental Microbiology, 45:1741-1747.

e Grass, G. and Rensing, C. (2001). CueO is a multi-copper oxidase that
confers copper tolerance in Escherichia coli. Biochem. Biophys. Res.

Commun., 286: 902-908.
H

90



References

e Haag, W. R. and Yao C. C. D. (1992). Rate constants for reaction of
hydroxyl radicals with several drinking water contaminants. Environ. Sci.
Technol., 26: 1005-1013.

e Han, M. J.; Choi, H. T. and Song, H. G. (2004). Degradation of
phenanthrene by Trametes versicolor and its laccase. The Journal of
Microbiology, 42(2), 94-98.

e Hatzinger, P. B.; Alexander, M. (1995). Effect of aging of chemicals in
soil on their biodegradability and extractability. Environ.Sci.Technol,. 29:
537-545.

e Heinzkill, M.; Bech, L.; Halkier, T.; Schneider, P. and Anke, T. (1998).
“Characterization of laccasesand peroxidases from wood rotting fungi
(Family Coprinaceae),” Applied and Environmental Microbiology,
64(5):1601-1606.

e Held, C.; Kandelbauer, A.; Schroeder, M.; Cavaco-Paulo, A. and
Guebitz, G. M. (2005). Biotransformation of phenolics with laccase
containing bacterial spores. Environ. Chem. Lett., 3: 74-77.

e Hoegger, P. J.; Kilaru, S.; James, T. Y.; Thacker, J. R. and Kues, U.
(2006). Phylogenetic comparison and classification of laccase and related
multicopper oxidase protein sequences. FEBS Journal, 273: 2308-2326.

e Howsam, M.; Jones, K. C. (1998). Sources of PAHSs in the environment.
In: Neilson AH (ed). Anthropogenic compounds. PAHs and related
compounds. Springer, Berlin, Germany, pp. 137-174.

e Hublik, G. and Schinner, F. (2000). Characterization and immobilization
of the laccase from Pleurotus ostreatus and its use for the continuous
elimination of phenolic pollutants. Enzyme and Microbial Technology, 27:
330-336.

91



References

e Hullo, M. F.; Moszer, I.; Danchin, A. and Martin-Verstraete, 1. (2001).
CotA of Bacillus subtilis is a copper-dependent laccase. J. Bacteriol., 183:
5426-5430.

e IARC (1983). Monographs on the evalutaion of the carcinogenic risk of
chemicals to humans; Polynuclear Aromatic Compounds, Part 1, Chemical,
environmental and experimental data. VVol. 32, IARC, Lyon, France.

e Ibraheem, J. A. and lIbrahim, A. S. (2013). Detection and removal of
polycyclic aromatic hydrocarbon from selected areas in tigris river in
Baghdad City. Journal of Engineering, 7 (19): 863-872.

e Ing, D. (2006). Pressure and Temperature Effects on the Enzymatic
Conversion of Biopolymers. Ph.D. thesis. The Technical University of

Berlin. Berlin.
J
e Jhadav, A.; Vamsi, K. K.; Khairnar, Y.; Boraste, A.; Gupta, N;
Trivedi, S.; Patil, P.; Gupta, G.; Gupta, M.; Mujapara, A. K.; Joshi, B.
and Mishra D. (2009). Optimization of production and partial purification
of laccase by Phanerochaete chrysosporium using submerged fermentation.
International Journal of Microbiology Research, 1(2):9-12.
K
e Kapdan, I. K.; Kargi, F.; McMullan, G. and Marchant, R. (2000). Effect
of environmental conditions on biological decolorization of textile dyestuff
by C. versicolor. Enzyme and Microbial Tech., 26:381-387.

92



References

e Kaushik G. and Thakur 1.S. (2014). Production of Laccase and
Optimization of Its Production by Bacillus sp. Using Distillery Spent Wash
as Inducer. Bioremediation Journal, 18(1), 28-37, 2014.

e Kiiskinen, L. L. (2004). Characterization and heterologous production of a
novel laccase from Melanocarpus albomyces. Ph.D thesis. Department of
Chemical Technology, Helsinki University of Technology. Finland.

e Kiiskinen, L.L.; Ratto, M. and Kruus, K. (2004). “Screening for novel
laccase-producing microbes”. J. Appl. Microbiol., 97: 640.

e Kim, C.; Lorenz, W. W.; Hoopes, J.T. and Dean, J.F.D. (2001).
Oxidation of phenolate siderophores by the multicopper oxidase encoded by
the Escherichia coli yacK gene. J. Bacteriol., 183: 4866-4875.

e Kaochany, J.; Maguire, R. J. (1994). Abiotic transformations of polynuclear
aromatic hydrocarbons and polynuclear aromatic nitrogen heterocycles in
aquatic environments. Sci. Total Environ., 144: 17-31.

e Koneman, E. W.; Allen, S. D.; Jandan, W. M. and Schreckenberger, P.
C. (1992). Diagnostic Microbiology, 4th Ed.,.

e Kovacs, N. (1956). Identification of Pseudomonas pyocyanea by the oxidase
reaction. Nature (London) 178:703.

e Kunamneni, A.; Ghazil, I.; Camarero, S.; Ballesterosl, A.; Plou, F.J.
and Alcalde, M. (2008). Decolorization of synthetic dyes by laccase
iImmobilized on epoxy activated carriers. Process Biochemistry 43(2): 196-
178.

L

e Leatham, G. F. andKent Kirk, T. (1983). Regulation of ligninolytic
activity by nutrient nitrogen in white-rot basidiomycetes. FEMS
Microbiology Letters. 16(1): 65-67.

93



References

Lee, K. H.; Wi, S. G.; Singh, A. P, and Kim, Y. S. (2004).
“Micromorphological characteristics of decayed wood and laccase produced
by the brown-rot fungus Coniophora puteana,”Journal of Wood Science. 50
(3): 281-284.

Leonowicz, A.; Cho, N. S.; Luterek, J.; Wilkolazka, A.; Wotjas-
Wasilewska, M.; Matuszewska, A.; Hofrichter, M.; Wesenberg, D. and
Rogalski, J. (2001). Fungal laccase: properties and activity on lignin. J.
Basic. Microbiol., 41:185-227.

Levin, L., Viale, A. and Forchiassin, V. A. (2003). Degradation of
Organic Pollutants by the White Rot Basidiomycete Trametes Trogii.
International Biodeterioration & Biodegradation, 52 : 1-5.

Li, A.; Zhu, Y.; Xu, L.; Zhu, W. and Tian, X. (2008). Comparative study
on the determination of assay for laccase of Trametes sp. African Journal of
Biochemistry Research, 2 (8): 181-183.

Lyashenko, A. V.; Zhukhlistova, N. E.; Gabdoulkhakov, A. G. and
Zhukova, A.G. (2006). Purification, crystallization and preliminary X-ray
study of the fungal laccase from Cerrena maxima .Acta Cryst. 62: 954-957.

M
MacFaddin, J. F. (1985). Media for Isolation, Cultivation, Identification,

Maintenance of Bacteria, Vol. I. Williams & Wilkins, Baltimore, MD.
MacFaddin; J. F. (2000). Biochemical tests for identification of medical
bacteria, 3rd ed, Lippincott Williams and Wilkins, Philadelphia, PA. 412—
423.

Mackay, D.; Shiu, W.Y. and Ma, K. C. (1992). Illustrated handbook of

physical-chemical properties and environmental fate for organic chemicals:

94



References

Polynuclear aromatic hydrocarbons, polychlorinated dioxins and
dibenzofurans. Lewis Publishers, Chelsea, Michigan, USA.

e Magnus K.A, Ton-That H, Carpenter J.E. (1993). Bioinorganic chemistry
of copper. In: Karlin KD, Tyklar Z, editors. New York: Chapman & Hall;, p.
143.

e Martins, L. O.; Soares, C. M.; Pereira, M. M.; Teixeira, M.; Costa, T.;
Jones, G. H. and Henriques, A. O. (2002). Molecular and biochemical
characterization of a highly stable bacterial laccase that occurs as a structural
component of the Bacillus subtilis endospore coat. J. Biol. Chem.
277:18849-18859.

e Mayer, A. M. and Staples, R. C. (2002). Laccase: new functions for an old
enzyme. Phytochemistry, 60: 551-565.

e Messerschmidt, A. and Huber, R. (1990). The blue oxidases, ascorbate
oxidase, laccase and ceruloplasmin. Modelling and structural relationships.
Eur. J. Biochem., 187: 341-352.

e Minussil, R. C.; Miranda, M. A_; Silva, J. A.; Ferreira, C. V.; Aoyama,
H.; Marangoni, S.; Rotilio, D.; Pastore, G. M. and Duran, N. (2007).
Purification, characterization and application of laccase from Trametes
versicolor for colour and phenolic removal of olive mill wastewater in the
presence of 1- hydroxybenzotriazole. African Journal of Biotechnology, 6
(10): 1248-1254.

e Moldes, D.; Lorenzo M.; and Sanroman, M. A. (2004). Different
proportions of laccase isoenzymes produced by submerged cultures of
Trametes versicolor frown on lignocellulosic waste. Biotechnol. Lett., 26:
327-330.

95



References

e Mongkolthanaruk, W.; Tongbopit, S. and Bhoonobtong, A. (2012). Independent
behavior of bacterial laccasesto inducers and metal ions during production
andactivity. African Journal of Biotechnology. 11 (39): 9391-9398.

e Monteiro, M. C. and De Carvalho, M. E. A. (1998). Pulp bleaching using
laccase from Trametes versacolor under high temperature and alkaline
conditions. Applied Biochemistry and Biotechnology, 70-72: 983.

e Montira, L. and Sukallaya, B. (2012). Characterization of the decolorizing
activity of azo dyes by Bacillus subtilis azoreductase AzoR1.Songklanakarin
J. Sci. Technol., 34 (5): 509-516.

e Morozova, O. V.; Shumakovich, G. P.; Gorbacheva, M. A; Shleev, S. V.
and Yaropolov, A. I. (2007). “Blue” laccases. Biochemistry (Mosc), 72:
1136-1150.

e Munusamy, U.; Sabaratnam, V.; Muniandy, S.; Abdullah, N.; Pandey,
A. and Jones, E. B. G. (2008). Biodegradation of polycyclic aromatic
hydrocarbons by laccase of Pycnoporus sanguineus and toxicity evaluation
of treated PAH. Biotechnology, 7(4): 669 - 677.

N

e Niladevi, K. N. and Prema, P. (2008). Effect of Inducers and Process
Parameters on Laccase Production by Streptomyces psammoticus and Its
Application in Dye Decolourization. Bioresource Technology, 99: 4583-
45809,

e Novotny, C.; Erbanova, P.; Cajthaml, T.; Rothschild, N.; Dosoretz, C.
and Sasek, V. (2000). Irpex lacteus, a white rot fungus applicable to water
and soil bioremediation. Appl. Microbiol. and Biotech., 54: 850-853.

P

96



References

e Palmieri, G.; Cennamo, G. and Sannia, G. (2005). Remazol Brilliant Blue
R decolourisation by the fungus Pleurotus ostreatus and its oxidative
enzymatic system. Enzyme and Microbial Tech., 36:17-24.

e Pickering, R. W. (1999). A toxicological review of polycyclic aromatic
hydrocarbons. J. Toxicol. Cutan. Ocul. Toxicol., 18: 101-135.

e Priest, F. G. (1989). Isolation and identification of aerobic endospore-
forming bacteria. In: Bacillus. In: Harwood, C. R. (ed.) p. 27-56. Plenum
Press, New York.

e Priest, F. G. (1993). Systematics and ecology of Bacillus. In: Bacillus
subtilis and other Gram-positive bacteria - Biochemistry, physiology, and
molecular genetics. In: Sonenshein A. L.; Hoch. J. A. and Losick R. (eds.)
ASM press, American Society for Microbiology, Washington, D.C. ISBN 1-
55581-053-5.

R

e Ranocha, P.; Chabannes, M.; Chamayou, S.; Danoun S.; Jauneau, A.
and Boudet, A. M. (2002). Laccase downregulation causes alteration in
phenolic metabolism and cell wall structure in poplar. Plant Physiol., 129:1-
11.

e Rivera-Figueroa, A. M.; Ramazan K. A. and Finlayson-Pitts B. J.
(2004). Fluorescence, absorption, and excitation spectra of polycyclic
aromatic hydrocarbons as a tool for quantitative analysis. J. Chem. Educ.,
81:242-245

e Revankar M. S. and Lele, S. S. (2006). “Enhanced production of laccase
using a new isolate of white rot fungus WR- 1. Proc. Biochem., 41: 581-
588.

97



References

e Saad, A. A. (2010). Isolation, Phylogeny and Characterization of New a-
amylase Producing Thermophilic Bacillus sp. from the Jazan Region, Saudi
Arabia,” Int. J. Biotech. Biochem., 6: 537-547.

e Sadhasivam, S.; Savitha, S.; Swaminathan, K. and Lin, F.H. (2008).
Production, purification and characterization of mid-redox potential laccase
from a newly isolated Trichoderma harzianum WL1. Process Biochem., 43:
736-742.

e Sanchez-Amat, A.; Lucas-Eilo, P.; Fernandez, E.; Garcia-Borron, J.C.
and Solano, F. (2001). Molecular cloning and functional characterization of
a unique multipotent polyphenol oxidase from Marinomonas mediterranea.
Biochim. Biophys. Acta., 1547: 104-116.

e Schaeffer,A.B. and Fulton, M. (1993). A simplified method of staining
endospores. Science 77, 194.

e Schallmey, M.; Singh, A. and Ward, O.P. (2004). Development in the use
of Bacillus species for industrial production. Can. J. Microbiol., 50: 1-17.

e Shanmugam, S.; Rajasekaran, P. and Kumar, T.S. (2008). Optimization
of thermostable laccase production from Pleurotus eous Using Rice Bran.
Advanced Biotech., 6 (7):12-15.

e Sharma, P.; Goel, R. and Capalash, N. (2007). Bacterial laccases. World
Journal of Microbiology and Biotechnology , 23: 823-832

e Shukur, Y. N. (2015). Determination of Optimal Conditions for the
Production of Laccase Enzyme by Local Isolate of Bacillus sp. Iragi Journal
of Science, 56(1A) : 132-139

e Sivakumar, R.; Rajendran, R.; Balakumar, C. and Tamilvaden, M.
(2010). Isolation, Screening and Optimization of Production Medium for

98



References

Thermostable Laccase Production from Ganoderma sp. International Journal
of Engineering Science and Technology. 2: 7133-7141.

e Slepecky, R.A. and Hemphill, H.E. (2006). The genus Bacillus—
nonmedical. In: Dworkin, M.; Falkow, S.; Rosenberg, E. and Schleifer, K.
(eds): The Prokaryotes. A Handbook of the Biology of Bacteria. Springer
Science + Business Media, New York: 530-562.

e Solano, F.; Lucas-Elio, P.; Lopez-Serrano, D.; Fernandez, E. and
Sanchez-Amat, A. (2001). Dimethoxyphenol oxidase activity of different
microbial blue multicopper proteins. FEMS Microbiol. Lett., 204: 175-181.

e Soule, M. (1932). Identity of Bacillus subtilis. Cohn 1872. J. Infect. Dis.,
51:191-215.

e Spain, J. C.; Hughes, J. B. and Knackmuss, H. J. (2000).
Biodegradation of Nitroaro-matic Compounds and Explosives,
Lewis Publishers, Boca Raton, Florida.

e Strnadova, M.; Hecker, M.; Wolfel, L.; Mach, H.and Chaloupka,
J.(1991). Temperature shifts and sporulation of Bacillus megaterium. J. Gen.
Microbiol., 137: 787-795.

e Suzuki, T.; Endo, K.; Ito, M.; Tsujibo, H.; Miyamoto, K. and Inamori,
Y. (2003). Thermostable laccase from Streptomyces lavendulae REN-7:
purification, characterization, nucleotide sequence and expression. Biosci.
Biotechnol. Biochem., 67: 2167-2175.

e Swamy, J. and Ramsay, J. A. (1999). The evaluation of white rot fungi in
the decoloration of textile dyes. Enzyme and Microbial Tech., 24:130-137.

T

o Telke, A. A.; Joshi, S. M.; Jadhav, S. U.; Tamboli, D. P. and Govindwar,
S. P. (2010). Decolorization and detoxification of Congo red and textile

99



References

industry effluent by an isolated bacterium Pseudomonas sp. SU-EBT.
Biodegradation, 21: 283-296.

e Thurston C. F. (1994). “The structure and function of fungal laccases”.
Microbiology, 140(1): 19-26.

e Tittsler, R. P. and Sandholzer, L. A. (1936). The use of semi-solid agar for
the detection of bacterial motility. J. Bacteriol. 31:575-580.

e Tortora G. J.; Funke B. R; and Case C. L. (2004). Microbiology, (8th
ed.). Pearson Education, Inc. San Francisco, New York.

e Tucker, G.A. (1995). Fundamentals of enzyme activity. In: Enzymes in
food processing. Ed. Tucker, G.A. and Woods, L.F.J. Blackie Academe and
Professional, an Imprint of Chapman and Hall. London. 2nd Ed. pp 1- 25.

U
e Unal, A. and Kolankaya, N. (2001). Dechlorination of bleached kraft pulp
by laccase enzyme produced from Some White-Rot Fungi. Turk. J. Biol., 25:
67-72.
V

e Vandana, P. and Peter, J.K. (2014). Application of partially purified
laccase from Pseudomonas fluorescens on dye decolourization. International
Journal of Advanced Technology in Engineering and Science. 2(8): 2348 —
7550,

W

e Wang, C. L.; Zaho, M.; Lu, L; Wei, X. D. and Li, T. L. (2011).
Characterization of spore laccase from Bacillus subtilis WD32 and its use in
dye decolorization. Afr. J. Biotechnol., 10(11):2186-2192.

100



References

e Wang, C.; Zhao, M.; Li, D.; Cui, D.; Lu, L. and Wei, X. D. (2010).
Isolation and characterization of a novel Bacillus subtilis WD23 exhibiting
laccase activity from forest soil. Afr. J. Biotech., 9(34): 5496 — 5502,

e Wehr, H. M. and Frank, J. H. (2004). Standard Methods for the
Microbiological Examination of Dairy Products, 17th Ed., APHA Inc.,
Washington, D.C.

e Whitaker, J. R. and Bernard, R.A. (1972). Experiment for introduction to
Enzymology. The Wiber Press Davis.

e Wild, S.R. and Jones, K. C. (1995). Polynuclear aromatic hydrocarbons in
the United-Kingdom environment — a preliminary source inventory and
budget. Environ. Pollut., 88: 91-108.

e Wilson, S.C. and Jones, K. C. (1993). Bioremediation of soil contaminated
with polynuclear aromatic hydrocarbons (PAHS) - a review. Environ. Pollut.,
81: 229-249.

e Woolery, G. L.; Powers, L.; Peisach, J. and Spiro, G. (1984). X-ray
absorption study of Rhus laccase: evidence for a copper-copper interaction,
which disappears on type 2 copper removal. Biochemistry, 23: 3428-3434.

X

e Xu, F. (1997). Effects of Redox Potential and Hydroxide Inhibition on the
pH Activity Profile of Fungal Laccases. The Journal of biological chemistry,
272(2): 924-928.

101



-

AadAll

duadAl)

Lgla igdpel ) @) Adlide i z3li e Bacillus spp. LS (e e 57 JJe &

e Talaie | Lpumpdldis 2 Cum alaky 5 4 ol 8 Adlide wl ga (ya (g baal oloas 4 ske iy g 3l
A gl s 4y Hedaall il

Gl Sy aedall Caliall Jav gl aladinly 3 a5z e Y al) sda ALE <yl

e Jse e 0.5 1S 5% syringaldazine (e <l ki halin) (& 5 e Jse e 0.4 S5 (ulail)
Al 15 JOA a0 Agllad cadae | Y e 10 o dS) gilin & jpedal My g Sl saill (3halia

O (e WYY A 3all Y Jse le 0.4 308 i (sl iy oS5 acaall Jilall Jass 1) aasial
L a8 ey o LSV L cilS B4 Al () el < pedal A0 5910 AL jall IO datiall 5 piall <Y 32l
.U/ml (12.8)

Clapndll e Taldie) ¢ il 5 5iwe Sle Bacillus sp. 54 daiial 4 jall (anis o
. Bacillus subtilis g sl 2 a5 L) malill iy g dy s Sl

O @l ekl S B, subtilis Aatiall Al e 31 gl Bl il s

e se e 0.25 7 (msoud ad g 2 37 50 a dajny umall (e Ll 3 1a Ll ikl

bl Jea s S g i HuasS Gsin il (6 % 0.2 S0 S HuasS § SIS 04 35 pulaall il S

Cagolall sda aay a0 30 34alS pyrogallol e Jse e 15 pselisdl 255K 0 Jge e 1 =
U/l (439.23) I 58U ddla ol 3

Cpek) Cun e sl Tadi el 30 ulladl 551 jal) da oy pH 1 Bl il aaas
sabaiad g Uaiad § sl Tt pall w3315 ¢ sl e (3 40) 5 (6.8) <ilS a3l Alad e o) sl
2105 da o g (anll (e al) day ) 2z 4lled

S g laal s siny laa Jawy e lua¥) o A3 e B, subtilis A jall 4,06 ¢yl
Dl o LSl gei Cu 85 63 37 5500a Aaas ol 3 83 Guaall ey plalls ¢ a2 150
Azur B s Eriochrome Black T s Crystal violet) 4dull ¢ luad gaill ddkhia J s Alla liall

102



-

AadAll

e Al Aaial g oS5 a1 81 68 ) 1 AaiV) dneal Al Loay Al i3 5 S 5 (Methyl violet s
.(methyl orange) axual L Sl gad J g dlla

Sy glaa¥l sl A Je B, subtilis Aall (e giiall 3830 4 3 4LE & jadl)
glaal) o il iy By (Ol 32 125 5 100 5 75 5 50 5 25) gleall (e 4dlisa
I Sl Sy Jelsll s o A 3) 3 (Azur B s Eriochrome Black T s Crystal violet)
¢33 75 550 5 25) 3l Auailly ol )30 Aas) Aapal Lilaadle o gl iy (il 10
Lol 488 (e am JalSIL L sl A1) ) o3 (sl ¢ 32 125 5 100) 5281l dawalls Ll ¢ (0 salally
Adline iy L3 1 411 3] 5 (methyl orange s methyl violet) clasall

s anthracene 41 Jia3 Je B, subtilis 4l (e gl 58U a6 LE jas)

((0sdadl £ 32 125 5 100 575 550 525) Slis S5 omell e 4dlisa 30 53 5 phenanthrene

phenanthrene ) Jlas 4w X1 cdaline Cuiy o8 Gl g IS5 pnell o8 JIad o) il & jeldal a8 g
Lea S 53800 a8 el S s g 580 53l <Y anthracene ) Jlas v (e jS) ilS

103



Gl ) ggan

aladl il g Mad sl 33
3 aiy daaly

pslal) 4,18

Aay) i)

an 33 Adalas 5 Aol 53 S 9 o) il glall (aral (g gaad) Sl
Bacillus sp. 4slaall 41 jad) cre giiall JuSS)

) Aadia Al
My daaly — a glal) 4,0
(b sfiealal) da o g cldhile (a8 5 (A
Al clias

L oS
A HAS Liaa daa)

2007 Apwdldl) drala — 3l a gl (g5l

il il

adila sy oy Sl 3 3




