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1. Introduction

Lignin is the second most abundant heteropolymer, next to cellulose (Grabber, 2005), present in woody plant tissues
which confers rigidity to plants and resistance to attack by pathogens (Higuchi, 1990).White rot fungi (WRF) have
ability to degrade lignin (Kirk and Farrell, 1987) and several other natural as well as synthetic polyaromatic
hydrocarbons (Field et al., 1993; Hammel, 1995). These fungi degrade lignin by secreting enzymes collectively
termed “ligninases”, these can be classified as either phenol oxidases, such as laccase, or heme peroxidases, such as
lignin peroxidase (LiP), manganese peroxidase (MnP) and versatile peroxidase (Martinez et al., 2005). Lignin
peroxidases and versatile peroxidases have been reported as key enzymes in the degradation of lignin (Tien and
Kirk, 1983) whereas manganese peroxidases can oxidize small phenolic structures (Gold et al., 2000). These
enzymes have been reported to oxidize several pollutants of polyaromatic nature (Vyas et al., 1994; Clemente et al.,
2001; Silva et al., 2009). Due to this, several strains of white rot fungi have been used in bioremediation of PAH
(Haritash and Kaushik, 2009).

Azo dyes are one of the several pollutants, extensively used in textile, paper, food, cosmetics, leather and
pharmaceutical industries (Sartale et al., 2011), which are also polyaromatic in nature. They make up approximately
70% of all dyestuffs used worldwide by weight (Zollinger, 1987, Meng et al., 2012), making them the largest group
of synthetic colorants and the most common synthetic dyes released into the environment (Chang et al., 2001; Zhao
and Hardin, 2007; Saratale et al., 2009). For sulfonated azo dyes, both aromatic sulfonic and azo groups confer to
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their xenobiotic nature as these are rare among natural products (Junnarkar et al., 2006). Approximately 10-15% of
the dyes are released into the environment during manufacturing and usage. Since some of the dyes are harmful,
dye-containing wastes pose an important environmental problem (Verma & Madamwar, 2003).

Ligninolytic enzyme systems such as LiP and MnP of P. chrysosporium have been reported to decolorize several
synthetic dyes (Lankinen et al., 1991; Young and Yu, 1997; Fu and Viraraghavan, 2001). These enzymes from other
fungi such as Trametes versicolor, Bjerkandera adusta, Aspergillus ochraceus, species of Pleurotus and Phlebia,
and a variety of other isolates, also have been exploited for their ability to decolorize dyes (Saratale et al., 2011).
Several approaches have been used by researchers for the production of ligninolytic enzymes ranging from
submerged fermentation to solid state fermentation processes. Solid state fermentation offers several advantages
over the submerged one such as superior productivity, simpler techniques, reduced energy requirements, low
wastewater output and improved product recovery (Moldes et al., 2003). Several lignocellulosic substrates have
been utilized in production of ligninolytic enzymes such as rice straw (Zeng et al., 2015), wheat straw (Fujian et al.,
2001), corn cobs, coconut coir (Gupte et al., 2007) etc.

In this paper, we report our findings on production of LiP by Phanerochaete chrysosporium MTCC 787 through
solid state fermentation of wheat straw, fortified with Kirk’s medium. Characterization of partially purified LiP was
attempted, its activity against Reactive Black B, a widely used textile diazo dye, was assessed and its affinity
towards the dye was compared with its affinity towards veratryl alcohol, a routinely used substrate of LiP.

2. Materials and Methods:-

2.1 Chemicals:-

Textile diazo dye Reactive Black B (C. I. Reactive Black 5, Amax = 597 nm) was procured from Meghmani
Chemicals Ltd., Vatva GIDC, Gujarat, India. Veratryl alcohol was purchased from Himedia Laboratories, India. All
the other chemicals and reagents used were of analytical grade.

2.2 Organism:-

Phaenerochaete chrysosporium MTCC 787 was procured from Microbial Type Culture Collection and Gene Bank,
Institute of Microbial Technology (IMTECH), Chandigarh, India. It was routinely subcultured on Malt Extract Agar
(MEA, Himedia Lab., India) medium and preserved at 4°C on MEA slants till further use.

2.3 Solid State Fermentation:-

P. chrysosporium was cultivated on MEA plates at 39°C and six agar discs were punched and used as inoculum (per
flask) for solid state fermentative production of LiP in 250 mL flasks containing 11.6 mL Kirk’s medium and 5g
wheat straw. Kirk’s medium (1L) contained 100 mL Basal medium, 100 mL 10% glucose, 100 mL sodium acetate
buffer (pH 4.2, 100 mM), 10 mL thiamine-HCI (100 mg/mL), 25 mL ammonium tartrate (8 g/L) , 1.35 mL veratryl
alcohol (0.4M), trace element solution 60 mL, distilled water to make up the volume to 1L. Basal medium (1L)
consisted of 20 g KH,PO,4, 5 g MgS0O,.7H,0, 1 g CaCl,, trace element solution 100 mL and distilled water was
added to make up the volume to 1L.Trace element solution (1L) was made by first dissolving 1.5 g of nitrilotriacetic
acid in 800 mL water with adjustment of the pH to approximately 6.5 with KOH. The following were then added
with dissolution: 0.5 g MnS0O,-H,0, 1.0 g NaCl, 0.1 g FeSO,-7H,0, 0.1 g CoSO,, 0.1 g ZnS0O,-7H,0, 10 mg
CuS0O4-5H,0, 10 mg AIK(SO,),-12H,0, 10 mg HsBO;, and 10 mg Na,Mo0O,-2H,0. Distilled water was added to
make up the volume to 1L. Flasks were incubated at 39°C till harvested for extraction of LiP. Control flasks were
kept in which the culture was not inoculated and were processed as described above.

2.4 Preparation of extracellular enzyme extract:-

Flasks were harvested at an interval of 3 days upto 18 days of incubation (3, 6, 9, 12, 15 and 18 d) and the contents
were suspended in 100 mL 0.2 M sodium tartarate buffer (pH 3) and kept under shaking condition (200 rpm) at 39°C
for 3 h. The entire content was filtered out by Whatman filter paper No.1 to obtain extracellular crude ligninolytic
enzyme preparation. Proteins were precipitated from crude extract with ammonium sulfate to 80% saturation at 4°C
under continuous stirring and allowed to stand for 4h at 4°C. Precipitates were collected by centrifugation at 15000
rpm for 30 min and dissolved in least quantity of 0.2M sodium tartarate buffer (pH 3) and were subjected to dialysis
using Dialysis Membrane -70 (Himedia, India) against 0.02M sodium tartarate buffer (pH 3). The dialyzed samples
were then subjected to LiP assay and the enzyme activities were compared with those observed in crude enzyme
preparation. Protein estimation was done by the method described by Bradford (1976) using Bovine Serum Albumin
as standard.
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2.5 LiP assay:-

LiP activity was determined according to Kirk et al. (1986) using veratryl alcohol as the substrate. The reaction
mixture (RM) contained 50 mM succinate lactate buffer (pH 3.5), 2 mM veratryl alcohol, and 0.1 mL enzyme and
total volume was made to 2 mL with Milli-Q water. The reaction was initiated upon addition of 10 mM H,0, to a
final concentration of 0.4 mM and As;, was monitored after 5 min incubation at 30°C with UV-Vis 100
Spectrophotometer (CyberLab, USA). One unit of enzyme was defined as the amount of enzyme required to release
1 pmole of oxidized product, veratrylaldehyde,(e = 9300 M™* cm™) per minute under standard assay conditions.

LiP activity against RBB were also reported by replacing the veratryl alcohol, as described above, with 0.1 mM
RBB in the reaction mixtures and Asq; was measured after 5 min at 30°C. One unit of enzyme was defined as the
amount of enzyme required to convert 1 pmol of RBB (& = 35550 M cm™) into product per min under standard
assay conditions.

Al the assays were performed in triplicates and mean values of specific activities of LiP were reported as U mg™ of
protein. Maximum LiP activity was reported in 6 d enzyme sample and hence dialyzed sample was subjected to
further characterization with respect to optimum pH, temperature and H,O, concentration.

2.6 Effect of pH on LiP activity:-

LiP activity was assessed at varying pH (pH 2-6) using different buffers (50 mM) in the RM. Buffers used were 50
mM tartarate buffer (pH 2, 2.5 and 3); 50mM succinate lactate buffer (pH 3.5, 4 and 4.5); 50 mM citrate buffer (pH
5and 5.5) and 50 mM phosphate buffer (pH 6).

2.7 Effect of temperature on LiP activity:-
LiP activity was monitored at different incubation temperature ranging from 15-45 °C, with a 5°C increment in the
incubation temperature for RM using veratryl alcohol as the substrate.

2.8 Effect of H,O, on LiP activity:-
To study the effect of H,O, on LiP activity, assays were performed at varying concentration of H,0, (0.02-0.6 mM)
in RMs.

2.9 Effect of veratryl alcohol concentration on LiP activity:-
To study the effect of substrate concentration on LiP activity, assays were carried out at varying concentration of
veratryl alcohol ranging from 0.2 to 5.0 mM in RMs as described above.

2.10 Effect of Reactive Black B concentration on LiP activity:-
Similarly, effect of RBB concentration on LiP was also assessed at varying concentrations of RBB ranging from
0.005-0.1 mM in the RMs. Km and Vmax of LiP for RBB was then calculated using LB Plot.

3. Results and Discussion:-

3.1 Effect of incubation period on LiP production

Flasks were harvested at an interval of 3 days and LiP activities were monitored in crude and dialyzed samples.
Crude preparations from 3-9 d flasks had a dark brown color, intensity of which decreased in the similar
preparations from 12-18 d flasks. Brown color may be attributed to the release of polyphenols from the
lignocellulosic substrate being acted upon by the lignolytic enzyme system of P. chrysosporium. As illustrated in
Fig. 1, the LiP activity increased steadily over time and maximum activity was reported after 6 d incubation. With
further incubation, a gradual decline in the LiP activity was observed. In the dialyzed samples, nearly a 1.5 fold
increase in the activity was observed, which may be attributed to the concentrated enzyme in the dialyzed samples.

Several white rot fungi have been studied for their ligninolytic enzyme production under different conditons. Orth et
al. (1991) reported maximal extracellular LiP activity on day 5 under N limitation conditions (15 U/mg). For P.
chrysosporium, maximum LiP activity was reported between 4-8 days of incubation by several workers (Kerem et
al., 1992; Arora et al., 2002; Zeng et al., 2015).
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Fig 1: Effect of incubation period on LiP production by P. chrysosporium MTCC787 through solid state
fermentation of wheat straw at 39°C.

3.2 Effect of pH on LiP activity:-

pH is one of the most important parameter for enzyme activity. The LiP activity was checked at different pH by
using various buffers (Fig. 2). The optimum activity was found at pH 3.5 (44 U/mg). Gradual increase in activity
was observed as pH increased up to 3.5 there after the activity decreased upon increase in pH. This may be
attributed to the fact that change in pH may alter the three dimensional structure of the enzymes. Optimum pH for
LiP of P. chrysosporium has been reported in the range of pH 3.5 to 4.5 (Glenn and Gold, 1985; Deguchi et al.,
1998; Zeng et al., 2013).
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Fig 2: Effect of pH on activity of LiP from P. chrysosporium MTCC 787.

3.3 Effect of temperature on LiP activity:-

Temperature is an important parameter affecting the enzyme activity (Jacob et al., 2008). A typical temperature
curve (Fig. 3) of LiP was observed against veratryl alcohol. Optimum temperature for LiP of P. chrysosporium
MTCC 787 was observed to be 30°C (42.4 + 3.5 U/mg). Couto et al. (2006) reported the optimum temperature for
LiP of P. chrysosporium BKM-F-1767 to be 34 °C. Whereas, our findings were in accordance to those of Zeng et
al. (2013), who reported 30 °C as the optimum temperature for LiP of P. chrysosporium BKM-F-1767.
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Fig 3: Effect of temperature on LiP activity of P. chrysosporium MTCC 787.

3.4 Effect of H,O, on LiP activity:-
H,0, is required for the activity of LiP. With increase in the H,O, concentration, LiP activity increased gradually

and was maximum at 0.4 mM concentration 20.41 + 1.3 U/mg (Fig. 4). At high concentrations, H,O, prevents LiP
activity by bleaching the heme group (Have et al., 1997). Inhibitory activity of H,0, was prevented in presence of
tryptophan in the reaction mixtures where it functioned as a reductant fro Compound II in the same way as veratryl

alcohol, for continuation of catalytic cycle (Collins et al., 1997).
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Fig 4: Effect of H,0, concentration on activity of LiP from P. chrysosporium MTCC 787.

3.5 Kinetics of LiP against Veratryl alcohol and Reactive Black B:-
Kinetic studies of LiP from the fungal culture were performed against veratryl alcohol and RBB as substrate. For

veratryl alcohol, Km and VVmax of LiP were reported to be 0.33 mM and 45.5 U/mg respectively (Fig. 5). Whereas,
for RBB Km and Vmax of LiP were reported to be 0.02 mM and 7 U/mg, respectively (Fig. 6); indicating higher

affinity of LiP towards RBB compared to veratryl alcohol.
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Fig 5: LB plot of LiP from P. chrysosporium MTCC 787 against veratryl alcohol as substrate.
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Fig 6: LB plot of LiP from P. chrysosporium MTCC 787 against RBB as substrate.

Dyes with different structures are decolorized at different intrinsic enzymatic rates and high dye concentration
results in slower decolorization rate in general (Young and Yu, 1997).

4. Conclusion:-

In this study, LiP production by P. chrysosporium MTCC 787 through solid state fermentation of wheat straw
resulted in maximum yield of LiP on 6" day. Characterization of partially purified LiP was attempted to reveal the
optimum pH and H,0, concentration, which suggested the stability of enzyme at low pH and high H,0,
concentration. The enzyme also exhibited higher affinity towards Reactive Black B. Thus, the present findings
suggest the high potential of LiP for application in treatment of textile dye containing wastewater.

817



ISSN NO 2320-5407 International Journal of Advanced Research (2016), Volume 4, Issue 1, 812- 819

5. Acknowledgements:-

Authors are thankful to the management of Shree M. & N. Virani Science College for providing the research
facilities to conduct this work. Authors are also grateful to Dr. Niraj T. Sheth-Associate Professor, Dept. of
Microbiology, M. D. Gramseva Mahavidyalaya, Gujarat Vidyapith, Sadra, Gandhinagar; for his kind suggestions in
this work.

6. References:-

Arora, D. S., Chander, M. and Gill, P. K. (2002): Involvement of lignin peroxidase,manganese peroxidase and
laccase in degradation and selective ligninolysis of wheat straw, Int Biodeter Biodeg, 50: 115-120.

Bradford, M. M. (1976): A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding, Anal Biochem, 72: 248-254.

Chang, J. S., Chou, C., Lin, Y., Ho, J. and Hu, T. L. (2001): Kinetic Characteristics of Bacterial Azo-Dye
Decolorization by Pseudomonas luteola, Water Res, 35(12): 2841-2850.

Clemente, A. R., Anazawa, T. A. and Durrant, L. R. (2001): Biodegradation of polycyclic aromatic hydrocarbons by
soil fungi, Braz J Microbiol, 32: 255-261.

Collins, P. J., Field, J. A., Teunissen, P. and Dobson, A. (1997): Stabilization of Lignin Peroxidases in White Rot
Fungi by Tryptophan, App Environ Microbiol, 63(7): 2543-2548.

Deguchi, T., Kitaoka, Y., Kakezawa, M. and Nishida, T. (1998): Purification and characterization of a nylon-
degrading enzyme. App Environ Microbiol, 64: 1366-1371.

Field, J. A., de Jong, E., Feijoo-Costa, G. and de Bont, J. A. M. (1993): Screening for ligninolytic fungi applicable
to the biodegradation of xenobiotics, Trends Biotechnol, 11: 44-49.

Fujian, X, Hongzhang, C. and Zuohu, L. (2001): Solid-state production of lignin peroxidase (LiP) and manganese
peroxidase (MnP) by Phanerochaete chrysosporium using steam-exploded straw as substrate, Biores Technol, 80
(2): 149-151.

Glenn, J.K. and Gold, M.H., (1985): Purification and characterization of an extracellular Mn(ll)-dependent
peroxidase from the lignin-degrading basidiomycete, P. chrysosporium, Arch Biochem Biophy, 242: 329-341.

Gold, M. H., Youngs, H. L. and Gelpke, M. D. (2000): Manganese peroxidase. In: Sigel, A. and Sigel, H. (Eds),
Metal lons in Biological Systems; Vol. 37, Basel, New York: Marcel Dekker Inc., 559-586.

Grabber, J. H. (2005): How do lignin composition, structure and cross linking affect degradability? A review of cell
wall model studies, Crop Sci, 45: 820-831.

Gupte, A., Gupte, S., Patel, H. (2007): Solid-state production of lignin peroxidase (LiP) and manganese peroxidase
(MnP) by Phanerochaete chrysosporium using steam-exploded straw as substrate, J Sci Ind Res, 66: 611-614.
Haritash, A. K. and Kaushik, C. P. (2009): Biodegradation aspects of Polycyclic Aromatic Hydrocarbons (PAHSs): A
review, J Hazard Mater, 169: 1-15.

Higuchi T. (1990): Lignin biochemistry: biosynthesis and biodegradation, Wood Sci Technol, 24: 23-63.

Jacob, N., Poorna, A. and Prema, P. (2008): Purification and partial characterization of polygalacturonase from
Streptomyces lydicus, Biores Technol, 99: 6697-6701.

Junnarkar, N., Murty, D. S., Bhatt, N. S. and Madamwar, D. (2006): Decolorization of diazo dye Direct Red 81 by a
novel bacterial consortium, World J Microbiol Biotechnol, 22: 163-168.

Kerem, Z., Friesem,D. and Hadar,Y. 1992. Lignocellulosic degradation during solid state fermentation: Pleurotus
ostreatus versus Phanerochaete chrysosporium, App Environ Microbiol, 58: 1121-1127.

Kirk, T. K. and Farrell, R. L. (1987): Enzymatic “combustion”: the microbial degradation of lignin. Ann Rev
Microbiol, 41: 465-505.

Martinez, A. T., Speranza, M., Ruiz-Duenas, F. J., Ferreira, P., Camarero, S., Guillen, F., Martinez, M. J., Gutierrez,
A. and del Rio, J. C. (2005): Biodegradation of lignocellulosics: microbial, chemical, and enzymatic aspects of the
fungal attack of lignin, Int Microbiol, 8: 195-204.

Moldes, D., Couto, R. S., Cameselle, C. and Sanroman, M. A. (2003): Study of the degradation of dyes by MnP of
Phanerochaete chrysosporium produced in a fixed-bed bioreactor, Chemosphere, 51, 295-303.

Mutli, G. and Nakamura, Y. (2008): Lignocellulosic enzymes from Flavodon flavus, a fungus isolated from Western
Indian Ocean off the coast of Dai es Salaam, Tanzania., Afr J Biotechnol, 7(17): 3066-3072.

Orth, A. B., Michael, D. and Tien, M. (1991): Overproduction of Lignin-Degrading Enzymes by an lIsolate of
Phanerochaete chrysosporium, App Environ Microbiol, 57(9): 2591-2596.

Peasec. E. A., Andrawis, A. and Tien, M. 1989. Manganese-dependent peroxidase from Phanerochaete
chrysosporium: Primary structure deduced from cDN.4 sequence, J Biol Chem, 264: 13531-13535.

818


http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujian%20X%5BAuthor%5D&cauthor=true&cauthor_uid=11563706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hongzhang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11563706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zuohu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11563706

ISSN NO 2320-5407 International Journal of Advanced Research (2016), Volume 4, Issue 1, 812- 819

Saratale, R. G., Saratale, G. D., Chang, J. S. and Govindwar, S. P. (2009): Decolorization and Biodegradation of
Textile Dye Navy Blue HER by Trichosporon beigelii NCIM-3326, J Hazard Mater, 166: 1421-1428.

Saratale, R. G., Saratale, G. D., Chang, J. S. and Govindwar, S. P. (2011): Bacterial decolorization and degradation
of azo dyes: A review, J Taiwan Inst Chem Eng, 42, 138-157.

Silva,l. S., Grossman, M. and Durrant, L. R. (2009): Degradation of polycyclic aromatic hydrocarbons (2—7 rings)
under microaerobic and very-low-oxygen conditions by soil fungi, Int Biodeter Biodeg, 63 (2): 224-229.

Tien, M. and Kirk, T. K. (1983): Lignin-degrading enzyme from the Hymenomycete Phanerochaete chrysosporium
Burds, Science, 221 (4611): 661-663.

Verma, P. & Madamwar, D. (2002): Comparative study on transformation of azo dyes by different white rot fungi,
Indian J Biotechnol, 1: 393-396.

Vyas, B.R.M., Bakowski, S., Sasek, V. and Matucha, M. (1994): Degradation of anthracene by selected white rot
fungi, FEMS Microbiol Ecol, 14: 65-70.

Young, L. and Yu, J. (1997): Ligninase-catalysed decolorization of synthetic dyes, Water Res, 31(5): 1187-1193.
Zeng, G., Cheng, M., Huang, D., Lai, C., Xu, P., Wei, Z., Li, N., Zhang, C., He, X. He, Y. (2015): Study of the
degradation of methylene blue by semi-solid-state fermentation of agricultural residues with Phanerochaete
chrysosporium and reutilization of fermented residues, Waste Manag, 38: 424-430.

Zeng, G., Zhao, H., Huang, D., Lai, C., Huang, C., Wei, Z., Xu, P., Li, N., Zhang, C., Li, F., Cheng, M. (2013):
Purification and biochemical characterization of two extracellular peroxidases from Phanerochaete chrysosporium
responsible for lignin biodegradation, Int Biodeter Biodeg, 85: 166-172.

Zhao, X. and Hardin, I. R. (2007): HPLC and Spectrophotometric Analysis of Biodegradation of Azo Dyes by
Pleurotus ostreatus, Dyes Pigm, 73(3): 322-325.

Zollinger, H. (1987): Synthesis, Properties of Organic Dyes and Pigments. In: Zollinger, H. (Ed. ) Colour
Chemistry, New York, USA: VCH Publishers, 92-102.

819



