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Abstract

The Western Ghats region of Karnataka, India, is an unhabituated area where native
micro-organisms have been known to degrade lignin. Among such micro-organisms, white-rot
fungi are well reported for their ability to degrade lignin by the production of extracellular
laccases and peroxidases. Brown rot fungi partially modify the lignin. Also, bacteria are well
reported to degrade lignin. In the current study, the ability of the “native bacteria” has been
explored to degrade lignin via the production of extracellular enzymes and to explore the

genomics of the best-known lignin degrader.

Lignin, a complex heteropolymer, is one of the renewable organic sources present on
the earth that plays a vital role for the growth and survival of the plants. On the other hand,
when it comes to the application of the lignocellulosic biomass, the whole fraction of lignin is
considered as waste. In most of the cases, lignin which is obtained as a by-product via various
industrial processes is burnt as a source of energy or released into water bodies creating an
unfavorable condition to aquatic life. Though several researchers had made efforts to valorize
the lignin to value-added chemicals but its adoption at the industrial level is awaited. In nature,
microbial depolymerization and degradation of lignin is a common process through which they
convert lignin to various intermediates, finally to acetyl CoA as a feeding molecule of the Tri
Carboxylic Acid cycle. The most common lignin-degrading microbes are white-rot
basidiomycetes, brown-rot basidiomycetes, and bacteria. During the processes of lignin
depolymerization, degradation and assimilation, several intermediates are produced which are
of economic importance such as vanillin, catechol, and propionic acid, etc. Though the fungal
biodegradation of lignin is extensively studied, but only a small population of lignin-degrading
bacteria are explored. There is always a scope to determine new pathways of lignin degradation

and intermediate compounds of high value. Hence, the ambition of the authors through this



study is to focus on the bacterial lignin depolymerization and degradation pathways and further

possible route of high-value chemicals.

In chapter 3, 24 soil samples were collected from the Western Ghats, Karnataka region,
and brought to the Environmental biotechnology laboratory for further processing. 112
suspected lignolytic bacteria were isolated from those 24 samples based on their ability to grow
on Kraft Lignin (KL). These bacteria were also checked for their growth on different carbon
sources where they showed good growth on paddy straw powder followed by popular wood
powder and KL (with/without glucose and peptone). Bacteria were able to decolorize or adsorb
lignolytic indicator dyes to various extents showing their ability to break different bonds of
lignin. Lignin degradation studies also revealed that 24 bacteria were potential lignin degraders,
capable of degrading KL > 50 %. Morphological, biochemical characterization along with 16S
rRNA sequencing of these isolates revealed the presence of Bacillus sp. majorly, with four
actinomycetes viz, Streptomyces mangrovi CRDT-EB-18.4, Streptomyces sp. CRDT-EB-19.7,
Streptomyces griseorubens CRDT-EB-21.6, and Streptomyces sp. CRDT-EB-21.12. The

bacteria were also found to be non-pathogenic.

In chapter 4, all the 24 selected bacteria were found to be significant lignin degraders,
as they recorded growth in media amended with 200 to 800 ppm KL and follow a particular
pattern of lignin degradation as analyzed by high performance liquid chromatography (HPLC)
and gel permeation chromatography (GPC). The decrease in the absorbance and shift in the
major peak towards later retention time and appearance of additional minor peaks indicated the
degradation of high molecular weight lignin and the formation of lower molecular weight
lignin. Analysis of bacterial degraded products of lignin through gas chromatography-mass
spectrometry (GC-MS/MS) and liquid chromatography-mass spectrometry (LC-MS/MS) in
culture supernatant revealed that they majorly follow ortho cleavage pathway in addition to

meta cleavage pathway, which was deduced using the compounds identified such as vanillic



acid, protocatechuic acid, gentisic acid, coniferyl alcohol, and cinnamic acid, etc. Further, the
above results were supported by aromatic monomer utilization experiments which also
indicated that these lignin-degrading bacteria have the ability to assimilate these monomers as
a carbon source by up taking and degrading them by using the intercellular enzymes. The
dominant bacterial enzyme responsible for lignin degradation was identified as a peroxidase in
most efficient lignin-degrading bacteria Streptomyces griseorubens CRDT-EB-21.6, which

was further purified and characterized.

In chapter 5, it was found that the isolate Streptomyces griseorubens CRDT-EB-21.6
was showing the highest enzyme activity in the presence of H,O>, thereby showing the possible
involvement of a peroxidase in lignin degradation. The enzyme was further purified to nine
fold using the size exclusion chromatography and the activity was increased to 3.09 U from
0.34 U. The purified enzyme was stable over a wide range of temperatures. However, the
enzyme was stable only for a pH of 3.0. The enzyme activity was found to be inhibited by Cu?*,
and Hg", but increased by K*, Mg?*, Li*, and Ca?*. Also, the enzyme was found to be stable
over a greater range of salt concentration with maximum activity around 60-80 mM NaCl
concentration. This clearly shows the stability of the peroxidase enzyme from the isolate
CRDT-EB-21.6 over a large spectrum of environmental conditions and thereby proves its

capability to match the needs of industrial applications.

In chapter 6, in order to establish the lignin degradation ability of Streptomyces
griseorubens CRDT-EB-21.6, whole-genome sequencing was performed and analyzed. A total
of ~2.11 Gb HQ data of the sample used for de-novo assembly resulting in 343 scaffolds having
an assembly size of ~7.2 Mb with an N50 of 36,329 bp. A total of 6471 CDS were predicted
from 343 scaffolds. In total, 6441 CDS in NR, 3903 in UniProt, 1471 in KOG, and 3224 CDS
in Pfam database were annotated. It was found that the majority of the hits were against the

species Streptomyces griseorubens followed by Streptomyces sp. 4F in the sample. A total of

iv



2410 GO terms were assigned to the CDS wherein, 1634, 999, and 948 GO terms, were
assigned to Biological Process, Cellular Component, and Molecular Function, respectively.
The pathway analysis was carried out using KAAS server (KEGG Automatic Annotation
Server). The CDS were enriched in different functional pathway categories which were
predominantly categorized into Metabolism, Genetic Information Processing, Environmental
Information Processing, and Cellular Processes. Presence of CDS encoding the xenobiotic
biodegradation terpenoids and polyketides metabolic pathways, along with the presence of
genes coding for B-ketoadipate, Phenol catabolism, and Gentisate pathway, clearly indicated
that the bacteria, Streptomyces griseorubens CRDT-EB-21.6 is a potential lignin degrader, and

a dynamic research material for future studies as well.
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