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ABSTRACT 

 

Textile industry is one of the major polluting sources, adding toxic and carcinogenic dyes to 

the water bodies, thereby depleting the water quality. In an attempt to look for an efficient 

enzyme based approach for the treatment of dye-containing textile effluents, Cyathus bulleri, 

a white rot fungus, was cultivated on low-cost agro-residues, namely, wheat bran (WB), 

wheat straw (WS) and domestic waste orange peel (OP) in semi-solid fermentation for 

production of ligninolytic enzymes. Of a large number of enzymes that are likely to be 

involved, activities of laccase, manganese peroxidase (MnP) and lignin peroxidase (LiP) 

were investigated on these substrates. Of the three substrates, WB and OP supported 

maximum laccase production (specific activity of 679.6 U g
-1 

WB and 579.8 U g
-1

 OP) while 

activities of MnP and LiP were found to be low. Most importantly, no supplements, metal 

salts or aromatics were required for laccase production. Culture filtrates obtained on WB and 

OP were found to be extremely efficient in decolorization (65-85%) of synthetic dyes. New 

finding was high decolorization of Kiton blue A and Reactive orange 16, the products of 

which were identified by electron spray ionization-mass spectrometry (ESI-MS) and 

pathways of degradation proposed. WB-produced culture filtrate also decolorized and 

detoxified real and simulated textile effluents by about 40%, the former not requiring addition 

of any mediator  

 Laccase was purified from the culture filtrate of WB grown fungus and characterized. 

In comparison to basal salt medium (BSM) grown fungus, the molecular weight of the 

laccase from WB grown fungus was slightly lower (by ~5 kDa) and it displayed higher 

tolerance towards organic solvents, EDTA and NaCl. It also decolorized diverse categories of 

dyes (azo, triarylmethane, phthalocyanine, anthraquinone) by 65-95%. The resulting 

metabolites of dyes were identified using ESI-MS and the degradation pathways of several 
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dyes (many of them, for the first time) proposed. The WB purified laccase also degraded 

textile effluent more efficiently (~57%) compared to BSM purified laccase (~20%). The most 

distinguishing feature of this laccase was increased oxidation of non-phenolic veratryl 

alcohol and reactive blue 21 without assistance of any mediator. The unique properties of this 

laccase were attributed to presence of various isoforms, as determined by de novo sequencing 

of tryptic fragments.  

Transcriptome sequencing of the WB grown fungus indicated presence of 8 laccase 

isoforms along with 5 isoforms of MnP. The sequences of 4 of the laccase isoforms were 

successfully mapped back to the peptide data obtained from de-novo sequencing. The 

identified laccase isoforms were theoretically characterized with the help of available 

softwares and phylogenetic trees constructed. Various isoforms displayed good protein 

homology (identity ≥ 50%) among each other and with other known fungal laccases. Amino 

acid sequence alignment showed dissimilar regions at the N- and C-terminus. Modelled 

structures of laccase isoforms were compared and these were found to differ significantly in 

the nature of the amino acid residues located in the vicinity of copper atoms at the catalytic 

site, which may contribute to the difference in substrate specificity of each isoform. Along 

with ligninolytic enzymes, a total of 738 carbohydrate active enzymes were predicted which 

were further classified into sub-classes and families. Also, a total of 491 plant cell wall 

degrading enzymes were identified and categorized into cellulose, hemicelluloses, lignin and 

pectin degrading groups.  
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Abbreviations Full forms 

2-DE 2-Dimentional electrophoresis 

BSM Basal salt medium 

ABTS 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 

BG Basic green 4 

BME β-Mercaptoethanol 

BLAST Basic local alignment tool 

BOD Biochemical oxygen demand 

BSA Bovine serum albumin 

CBB Coomassie brilliant blue R-250 

COD Chemical oxygen demand 

DEPC Diethylpyrocarbonate 

DNA Deoxyribonucleic acid 

DSB Direct scarlet B 

DTT Dithiothreitol 

EDTA Ethylenediaminetetraacetic acid 

ESI-MS Electron spray ionization mass spectrometry 

FPLC Fast protein liquid chromatography 

IAA Iodoacetamide 

KBA Kiton blue A 

Lcc1-8 Laccase isoforms (1-8) 

LME Lignin modifying enzymes 

MEA Malt extract agar 

NCBI National Centre for Biotechnology Information 

O/N Overnight 

OP Orange peelings 
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PDB 

 

Protein data bank 

RB5 

 

Reactive black 5 

RB21 

 

Reactive blue 21 

RBBR 

 

Remazol brilliant blue R 

RR198 

 

Reactive red 198 

RT 

 

Room temperature 

RV5 Reactive violet 5 

  

SDS 

 

Sodium dodecyl sulphate 

TDS 

 

Total dissolved solids 

TEMED 

 

N,N,N’,N’-Tetramethylethylenediamine 

TKN 

 

Total kjeldahl nitrogen 

TLC 

 

Thin layer Chromatography 

UV 

 

Ultra violet 

VA 

 

Veratryl alcohol 

WRF 

 

White rot fungus/White rot fungi 

WB 

 

Wheat bran 

WS 

 

Wheat straw 
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Symbols 

 

Meanings 

 

% 

 

 

Percent 

~ Approximately 

 

bp 

 

Base pair 
 

o
C 

 

Degree celsius 

 

(µ/m) M 

 

(Micro/ milli) Molar 

 

(µ/m/n) g 

 

(Micro/ milli/ nano) Gram 

 

(m) l 

 

(Milli) Litre 

 

Ɛ 

 

Molar extinction coefficient 

 

E
o
 

 

Redox potential 

 

kDa 

 

Kilo daltons 

 

λmax 

 

Wavelength at which there is maximum absorption 

 

OD 

 

Optical density 

 

ppm 

 

Parts per million 

 

rpm 

 

Revolutions per minute 

 

U 

 

Enzyme activity unit 

 

v/v 

 

Volume/ volume 

 

w/v 

 

Weight/ volume 
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LIST OF ABBREVIATIONS FOR MICROORGANISMS 

 

Microorganisms 

 

Abbreviation 

 

Cerrena unicolor 

 

C. unicolor 

 

Coprinus comatus 

 

 

C. comatus 

Coprinus cinereus 

 

C. cinereus 

Coprinopsis cinerea C. cinerea 

 

Cyathus bulleri 

 

C. bulleri 

Galerina marginata 

 

G. marginata 

Ganoderma lucidum 

 

G. lucidum 

Irpex lacteus 

 

I. Lacteus 

Laccaria bicolor 

 

L. bicolor 

Panus tigrinus P. tigrinus 

 

Phanerochaete chrysosporium P. chrysosporium 

 

Pichia pastoris 

 

P. pastoris 

Pleurotus florida P. florida 

 

Pleurotus ostreatus 

 

P. ostreatus 

Pycnoporus sanguineus 

 

P. sanguineus 

Stropharia aeruginosa 

 

S. aeruginosa 

Trametes gallica  

 

T. gallica 

Trametes hirsuta T. hirsuta 

 

Trametes pubescens  T. pubescens 

 

Trametes trogii 

 

T. trogii 

Trametes versicolor 

 

T. versicolor 

Trametes villosa T. villosa  

 

Vigna radiata 

 

V. radiata 
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