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Abstract

Due to the depleting fossil fuel resources, price of gasoline and environmental concern,
research on alternative sources of energy, such as bioethanol, has accelerated in the last few
decades. Coupled with this is to look for environmentally friendly technologies in the area of
bioremediation. Production of bioethanol from the lignocellulosic wastes has gained significant
attention in the last many decades and removal of lignin is an essential pre-requisite for
availability of cellulose for hydrolysis to glucose. In this study, work was carried out to identify
the lignin degrading enzymes from the white-rot fungus Cyathus bulleri, which is an avid lignin
degrader. A total of 13 laccase (Lcc) encoding and 6 manganese peroxidase or MnPs (MnP)
encoding genes were identified in the draft genome of C. bulleri. The Lcc genes could be sub-
divided in to 3 classes based on their structural organization whereas no common structures
were identified in the MnPs. Similarity at the genomic level for all laccases (except Lccl2)
indicated their evolution as a result of gene duplication and these appeared to be very closely
related based on the phylogenetic relationship. All the copper binding domains and the heme
signature sequences were conserved in the laccases and the MnPs respectively. Various online
tools were used to predict basic physico-chemical properties of these isoforms. A temporal
analysis of the transcription of the Lcc and the MnP genes was carried out on wheat bran (WB)
and the data indicated Lccl to be transcribed the most on Day 4 while Lcc12 was transcribed
during later stages of growth. Importantly, the crude culture filtrate obtained from WB-grown
fungus released reducing sugars from rice husk (~18.5 mg/g of rice husk) and wheat straw
(~9.5 mg/g of WS) without any prior pre-treatment of these materials. This indicated effective
delignification as well as saccharification of these materials by the enzymes produced by this
fungus. Due to production of effective ligno-cellulases by C. bulleri and textile dyes sharing
structural similarities with the lignin molecule, the effectiveness of these enzymes was also
investigated on dyes and effluent. Several dyes and highly derivatized crystal violet (in the
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combined effluent from denim dyeing units) were acted upon and decolorized by the crude
enzyme produced on WB which was accompanied by degradation as well as detoxification.
Treatment of the combined effluent resulted in nearly 90% decolorization with concomitant
removal of dimethyl-amino units and accumulation of o-dimethyl amino dimethyl aniline (m/z
164) indicating an oxidative breakdown pathway which is reverse of the chemical synthetic

route of these dyes.

It was observed that C. bulleri was able to grow well in presence of a number of dyes and
decolorize/degrade them. The stimulation of growth by the addition of indigo carmine (5, 5
indigo disulfonic acid sodium salt, IC) was studied on solid media (at 5000 mg/L level) as well
as in the liquid medium. IC was degraded into anthranilic acid by oxidoreductases, particularly
the laccases, present in the culture broth of the fungus grown on WB which was confirmed by
treatment of IC with purified laccase. Anthranilic acid was proposed to further enter into the
tryptophan (TRP) biosynthetic pathway, as demonstrated by up-regulation of newly identified
trpD, trpC and trpl genes from this fungus. These genes encode anthranilate phosphoribosyl
transferase, a multi-functional enzyme with phosphoribosyl anthranilate isomerase/other
activities and tryptophan synthase respectively. No such increased transcription of these genes
was observed in the absence of IC. In order to identify the mechanisms used by the fungus to
resist/degrade the dyes, the general transcriptome response of this fungus to two azo dyes was
studied. Transcriptome analysis was carried out followed by validation of the expression of
differentially expressed genes by real time (RT) -gPCR. The data indicated that genes
responsible for protection against oxidative stress, oxidoreductases, several channels,
transporters, efflux pump, chaperones and other genes were mostly up-regulated in presence of
RO16, indicating this dye to be posing more oxidative stress for the fungus, while most of the
genes were down-regulated and some did not show much effect in presence of RV5. This

indicated that RV5 is less toxic for the fungus and is being co-metabolized by the fungus



leading to enhancement in fungal growth. The data provided a deeper insight into the

mechanisms employed by the fungus to resist the dye toxicity.
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