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A B S T R A C T

The fungus Lichtheimia corymbifera was isolated on mineral salt medium (MSM) supplemented with direct green
azo dye as a sole carbon source and identified by sequencing the ITS1-ITS4 gene region. This fungus showed
lignin peroxidase activity when grown in liquid MSM supplemented with methyl red azo dye as a sole carbon
source. The lignin peroxidase was isolated by ammonium sulfate precipitation, and purified by DEAE-
SephadexA50 column chromatography and gradient SDS-PAGE separation. The enzyme bands on gels were
identified by reaction with pyrogallol and hydrogen peroxide, picked, and hydrolyzed by tryps in followed by
amino acids sequencing by LC/MS/MS. Two different peroxidases were identified by homology to entries in the
PEAKS database and Uni Prot repository. The first (accession number A0A068RV79) was comprised of 360 AA
residues with MW 40.16KD. The second (accession number A0A068S1N8) was comprised of 271 AA with a MW
30.91KD. A kinetic study of the most abundant peroxidase (MW 30.91 KD) showed a maximum enzyme activity
(Vmax) (10.23mg/ml/20 s) and the lowest Km value (0.33 μM hydrogen peroxide) at 0.8 μM of hydrogen per-
oxide and 32 μM of pyrogallol. The kinetics of this enzyme was reported for the first time in this work; fur-
thermore, no previous articles reported the ability of L. corymbifera to degrade the azo dyes.

1. Introduction

The peroxidase enzymes are reported as active enzyme involved in
the biodegradation of several organic pollutants (Chandrakant and
Shwetha, 2011; Osama et al., 2014, 2015). Textile industrial waste-
water is a major source of environmental pollution due to presence of
textile dye residues (Resmi et al., 2004 and Adedayo et al., 2004,
Moawad et al., 2003). Biological treatment of this wastewater re-
presents a challenge to achieve pollution removal in an ecofriendly
approach since most azo dyes are of synthetic origin that resists tradi-
tional biodegradation reactions (Wafaa et al., 2003a,b, Wafaa et al.,
2016).

The textile industry uses three classes of fiber types: 1) cellulosic
(cotton, rayon, linen, ramie, and lyocell), 2) protein based (wool, an-
gora, mohair, cashmere and silk) and 3) synthetic materials (polyester,
nylon, spandex, acetate, acrylic, in geo and polypropylene) (Ghaly
et al., 2014). Several classes of textile dyes are used for dyeing fibers,
including: acid dyes, basic dyes, direct dyes, fluorescent dyes, reactive
dyes, sulphurous dyes, vat dyes (Kirk-Othmer, 1979). Biodegradation of

this diversity of textile dyes often requires use of microbial consortia
containing mixtures of microorganisms capable of degrading various
dyes. In addition, the use of microbial enzymes for industrial waste-
water treatment is an alternative approach due to lower sensitivity to
the toxic components of industrial waste, fast reaction rates, safer ap-
plication, and lower costs. Several studies have been conducted to
isolate and identify azo dyes degrading microbes and their enzymes,
such as lignin peroxidase (Shaffiqu et al., 2002; Nazaret et al., 2011;
Osama et al., 2015), laccases (Volker and Lele, 2009; Yu Huan et al.,
2011), dioxygenase (Prateeka et al., 2015) and azoreductases
(Huizhong et al., 2005 and Ajay and Vinay, 2012; Osama et al., 2014).

Peroxidase mode of action: Peroxidases are enzymes that catalyze
reactions of hydrogen peroxide. The peroxidases mode of action was
discussed in many research articles (Jose et al., 2001; Nigel, 2004 and
Dunford and Jones, 2010). The Enzyme catalyzes the reduction of hy-
drogen peroxide combined with oxidation of organic substrate. The
ground state of peroxidase contains ferric atom (Fe+3) that reacts with
hydrogen peroxide and gain one oxygen atom to be converted into Fe
+4 intermediate (compound I), which in-turn gains one proton and
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electron from the organic substrate (usually phenols or amines) and
converted to intermediate compound (II). This compound is converted
into the ground state again by gaining one proton and electron from
another substrate molecule (phenolic compound) to form one water
molecule and converted into the ground state again (Fig. 1). On the
other hand, the phenolic compound is converted into radical that can be
polymerized to form oligomer of the substrate molecule. For that
reason, peroxidases are used for polymers synthesis (Frank and Isabel,
2012).Where AH is the substrate molecule.

In this study we attempted to isolate efficient azo dye degrading
fungi from textile dye users in Egypt. The identified fungi produced
variety of azo dye-degrading enzymes which were subsequently iso-
lated, identified, and characterized.

2. Materials and methods

2.1. Soil and water samples

Three soil samples were collected from different locations in Egypt
(Kafer El-Shekh, Suez Canal and Cairo, Egypt), two water samples from
Suez Canal and Kafer EL-Shekh beach, and one wastewater sample from
Mardiny textile staining factory, 10thof Ramadan City, Egypt and one
soil sample from San Joauin valley, USA.

2.2. Microbial media

The Mineral Salt Medium (MSM) was prepared as described by
(Chao et al., 2006) with modification. The medium was supplemented
with 0.5 g/l of yeast extract as a source of growth factors and100 ppm
of the azo dyes methyl red or direct green. This medium was used in
liquid or solid form. Potato dextrose (PDS) agar (difco) was also used.

2.3. Fungi isolation

Ten g of the soil sample was suspended in 100ml of sterilized saline
solution (0.85% NaCl) and shacken for 1 h. Molten and cooled MSM
medium, containing either commercial direct green azo-dye (100 ppm)
or the industrial wastewater as a sole source of carbon, was poured into
petri dishes. One ml from each soil suspension was separately spread
onto PDA. Cultures were incubated at 28 °C for 5 d. Colonies that ap-
peared on the medium were picked, and purified by streaking on the
same medium.

2.4. Identification of fungi

The fungal isolates were identified by morphological characteristics
and by using a combination of PCR amplification of rDNA genes cor-
responding to unique sequences within the Internally Transcribed
Spacer (ITS) regions ITS1-4. Fungal DNA was extracted by using an
UltraClean Microbial DNA isolation kit (MOBiolaboratory, USA) ac-
cording to the manufacturer's instruction. The primers used were: ITS1:
TCCGTAGGTGAACCTGCGG andITS4: TCCTCCGCTTATTGATATGC.
The PCR conditions were: 95 °C, 10min; 30× (95 °C, 30 s; 57 °C, 45 s;
72 °C, 1min 30 s); 72 °C, 10min; 4 °C forever. PCR products were se-
parated by agarose gel electrophoresis and purified using ExoSAP-IT®

PCR Product Cleanup kits (Affymetrix-USB, city state) were used as per
instructions of manufacturer. The samples were sequenced at the
University of Minnesota Genomic Center (UMGC), St. Paul, MN. The
obtained sequences were trimmed followed by BLAST analysis using the
NCBI-BLAST web-tool: http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=
Web&PAGE_TYPE=BlastHome.

2.5. Inoculum preparation

A 10ml aliquot of sterilized saline solution (0.85% NaCl) was added
to a 5-day-old agar slant and the fungal mycelia were suspended by use
of a needle.

2.6. Enzyme production

Liquid MSM containing 20 ppm of methyl red was inoculated with

Fig. 1. The peroxidase mode of action for oxidation of phenolic compounds.

Table 1
Source of isolated fungal strains.

Sample Number of fungal
isolates

Isolate identification

MSM containing industrial wastewater 6 Aspergillus oryzae AoKSA13-04and ORF355,Aspergillusniger A40, Aspergillus terreus ATCC 1012 and
CSV2, and Aspergillus fumigatus FJAT-31052

Soil sample from San Joauin valley, USA 4 Aspergillus fumigatus S4518S and MSEF106, Aspergillus nigers 211, Aspergillus flavus AfKSA13-06
Soil and water samples from Kafer EL-Shekh and the

Suez canal (Egypt)
9 Aspergillus terreus FJAT-31011, FJAT-31038, E18S, FJAT-31011, and CV2, Aspergillus flavus FJAT-

31042, Aspergillus fumigatus FJAT-31052,
Aspergillus alabamensis CBS and Lichtheimia corymbifera 1-5-f-9

Fig. 2. Lignin peroxidase activities of the fractions collected from the DEAE-
Sephadex column fractionation of L. corymbifera crude enzyme precipitate.
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1ml of the fungus suspension (O.D.= 1). The flasks were incubated at
28°C for 2 d on rotary shaker at 150 rpm.

2.7. Enzymes assay

Manganese peroxidase was determined from the formation rate of
purpurgallin at 520 nm from the reaction between pyrogallol and hy-
drogen peroxide. A molar extinction coefficient of ε 520= 12mg/ml
was used (Bourbonnais and Paice, 1988). One unit of lignin peroxidase
was defined as the amount of enzyme which catalyzes the production of
one milligram of purpurogallin in 20 s at 28 °C at a pH of 6.0.

2.8. Protein determination

Protein concentration was determined by using the Folin reagent
(Lowry et al., 1951) and the specific activity was calculated as enzyme
units/mg protein.

2.9. Enzyme purification

The fungal biomass was separated by centrifugation from 100ml
culture at 5000×g for 10min at 15 °C. The enzyme was precipitated
from the supernatant by 100% saturated ammonium sulfate (Fischer
scientific, enzyme grade) by stepwise addition of 1 g portions of am-
monium sulfate with continues stirring in an ice bath. The solution was
left over night at 5 °C. The crude enzyme precipitate was separated by
centrifugation at 5000×g for 15min under cooling at 15 °C. The en-
zyme precipitate was dialyzed against 50 mM phosphate buffer, pH 6.
The product was then fractionated by DEAE-sephadex (Biorad) column
chromatography step-wisely elution with 30ml portions of different
mixture of phosphate buffet, pH 6 (A) and 1M NaCl solution (B) (from
100% A, to 0% A, with 10% incremental decrease in the % of solution
A). Forty fractions (10ml each) were collected. Both manganese per-
oxidase and soluble proteins were determined in the collected fractions.
The subsequent fractions that showed enzyme activity were combined
followed by enzyme precipitation by ammonium sulfate and dialysis.

2.10. Electrophoresis analysis

The enzyme precipitate was separated by SDS-PAGE gradient gel
electrophoresis cell under cooling at 15 °C. A protein ladder (250KD-
10KD) was used. Two gels were prepared, the first was stained by

Fig. 3. Gradient SDS-PAGE analysis of the active fractions of the L. corymbifera
lignin peroxidase showed three bands at∼36, 18 and 15KD.

Fig. 4. The Michaelis Menten plot of hydrogen peroxide concentrations as a substrate (S) versus the enzyme velocity expressed as mg of purpurgallin produced per
one ml of the reaction mixture/20 s. (V) at different pyrogallol concentrations.
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coomassie and the second was stained by soaking the gel in a 100ml
mixture of 0.8% pyrogallol (70ml), 29.5 ml of 50mM phosphate buffer,
pH 6 and 500 μl of 1% (V/V) hydrogen peroxide solution. The gel was
incubated for 2 h at 28 °C. The enzyme band appearing was brown on a
transparent background.

2.11. LC/MS/MS amino acids sequencing

The enzyme band from the gel was digested by using trypsin ac-
cording to the method described by Shevchenko et al. (1996). The so-
lution after proteolytic digestion was analyzed by LC-MS/MS on Orbi-
trap Velos mass spectrometer. The data were interpreted by using the
software package PEAKS. This analysis was performed at the Center for
Mass Proteomics (CMSP), University of Minnesota, USA.

2.12. Kinetics study

The Michaelis Menten graph Enzyme velocity (V) versus substrate
concentration (S) was plotted at several concentrations of hydrogen
peroxide and pyrogallol. The reaction mixture solutions were prepared
in 1ml containing: H2O2 (0.4, 0.8, 1.6, 2.4, 3.2 μM) and pyrogallol (8,
16, 24, 32, 40 μM) in phosphate buffer pH of 6.0. The reaction was
initiated by addition of hydrogen peroxide and the OD was measured at
520 nm after 20 s intervals for 1min.

3. Results and discussion

3.1. Isolation and identification of azo dye-degrading fungi

In A previous study conducted in our lab, 19 fungal isolates were
obtained from MSM containing industrial wastewater, soil sample from
San Joauin valley, USA, Soil and water samples from Kafer EL-Shekh
and the Suez canal (Egypt). The identification of these fungal isolates
using the ITS1 and ITS4 genes showed that the isolated fungi belonged
to five Aspergillus species (A. niger, A. fumagatus, A. flavus, A. oryzae and
A. terrus). In addition one strain was identified as Lichtheimia cor-
ymbifera as illustrated in Table 1.

Since no information is available in the “Protein Data Bank” and
BRENDA databases for peroxidases enzymes from L. corymbifera, this
fungus was selected for enzyme identification and characterization. The
fungus L. corymbifera belongs to the Mucorales order of the
Zygomycetes class. It is a saphrophytic fungus causing human mu-
cormycosis infections Dea et al. (2009), Woo et al. (2012) and
Evangelia et al. (2013).

3.2. Enzyme production and activity determination

The fungus grown in MSM supplemented with methyl red azo dye
showed production of lignin peroxidase with a specific activity of
0.027U/mg protein, which increased after precipitation by ammonium
sulfate to 0.031 U/1mg protein.

3.3. Enzyme purification

The DEAE-Sephadex column fractionation showed the presence of
lignin peroxidase activity in fractions number 14–16, 24–28, and frac-
tion number 32 (Fig. 2). The gradient SDS-PAGE followed by coomassie
staining showed three bands with MW of 36, 18 and 15 KD (Fig. 3).
These bands were picked up for amino acids sequencing analysis by LC/
MS/MS.

3.4. Amino acids sequencing

The amino acids sequences of the three protein bands were analyzed
and compared with the reference proteins in the PEAKS database done
with a search of Lichtheimia corymbifera, this was downloaded from

UniProt repository on Aug 16, 2016. The search showed similarity with
two peroxidases. The first, accession number A0A068RV79, was com-
prised of 360 AA residues with a MW of 40.17KD. The second, accession
number A0A068S1N8, was comprised of 271 AA residues with a MW
30.915KD.

3.5. Determination of enzyme kinetics

Since no information was available for the kinetics of L. corymbifera
peroxidase enzymes, the most abundant peroxidase (MW 30.915KD)
was selected for kinetics studies. Effect of hydrogen peroxide and pyr-
ogallol concentrations on the enzyme activity showed that the highest
enzyme activity was obtained at 0.8 μM of hydrogen peroxide at all of
the tested pyrogallol concentrations. However, a pyrogallol con-
centration of 8 μM showed highest enzyme activity (5.59 mg/ml) at the
highest hydrogen peroxide concentration (2.4 μM). The maximum en-
zyme activity (Vmax.) (10.23 mg/ml/20 s) and the lowest Km value
(0.332 μM hydrogen peroxide) were obtained at 0.8 μM of hydrogen
peroxide and 32 μM of pyrogallol (Fig. 4). This result reflects the in-
hibition effect of hydrogen peroxide for L. corymbifera peroxidase at
concentrations greater than 0.8 μM.Also, the result reflects that the
highest enzyme activity and lowest Km value were obtained when the
ratio of both enzyme substrates (pyrogallol/hydrogen peroxide) is 40.

4. Conclusion

The enzymatic treatment of textile industrial wastewater for re-
moval of azo dyes residues is a major goal for several recent researches
due to lower sensitivity to the toxic components of industrial wastes,
fast reaction and lower cost. Several fungal enzymes have been studied
in details; however, the research is conducted to find peroxidases with
higher Vmax and lower Km values to achieve higher reaction speed and
higher sensitivity to the substrate. Therefore, in the present study L.
corymbifera was isolated among nineteen fungal isolates, which showed
decolorization of direct green azo dye on the solid MSM. The perox-
idases of L. corymbifera isolate were selected for identification and
characterization since no information was available in the “Protein
Data Bank” and BRENDA databases for peroxidases enzymes from L.
corymbifera as well as no previous research articles have been published
for the azo dyes degradation by L. corymbifera. The LC/MS/MS analysis
for amino acids sequencing of the pure enzymes identified two different
peroxidases (MW 40.166 KD and 30.915KD). The kinetics study of the
most abundant peroxidase (MW 30.915 KD) showed that the maximum
enzyme activity (Vmax) (10.23mg/ml/20 s) and the lowest Km value
(0.332 μM hydrogen peroxide) were obtained at 0.8 μM of hydrogen
peroxide and 32 μM of pyrogallol.
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