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Abstract

Currently, 90% of the chemicals and 80% of energy demands are met by fossil fuels
and the consumption is further increasing incessantly. The depleting fossil fuels, energy crisis
and deteriorating environmental conditions have put impetus on developing sustainable
technologies derived from renewable bioresources. The biomass constitutes the feedstock of
the biorefineries, which can be transformed mto plethora of marketable products and energy,
contrbuting to the transition from linear fossi-based economy to bio-based circular

economy.

Agro-wastes are constituted by the residual biomass from agriculture and other related
sources. India, United States and China account for 60% of the crop residues. Annually, 140
bilion tons of biomass is generated from the agricultural sector and the subsequent
generation of agro-wastes adds to environmental and economic burden. The present work
addressed the major challenge of agro-waste management by theirr valorization ito various
value added products. The main emphasis was laid on cottonseed cake, an agro-residue
generated in abundance after oil extraction, whose meaningful utilization is restricted due to

presence of toxic gossypol content in it.

GABA (y-aminobutyric acid), a C4 platform chemical and high value neurotransmitter
was produced by Lactobacillus brevis mediated solid-state fermentation (SSF) of cottonseed
cake. The SSF conditions were optimized, so as GABA production of 19.7 mg/g cottonseed
cake was obtained on 6'" day of fermentation with simultaneous reduction in toxic gossypol
content. The GABA producing ability of L. brevis cells was also confirmed by
biotransformation of monosodium glutamate (MSG) into GABA. The potential application of
this bio-based GABA was demonstrated in the synthesis of 2-pyrrolidone, feedstock for the
synthesis of valuable industrial products, N-methyl-pyrrolidone, polyvinylpyrrolidone (PVP)

and nylon 4.

In similar approach, production of hydrolytic enzymes (cellulase and xylanase) from
cottonseed cake with simultaneous degradation of toxic gossypol was achieved by Aspergillus
niger, Trichoderma reesei and Phanerochaete chrysosporium mediated SSF. The consortium
of these three fungi produced highest titre of cellulase and xylanase with almost complete
reduction of gossypol content. The secretome profiling carried out by LC-ESI MS/MS,

revealed presence of versatle mix of proteins comprising of hemicellulases, cellulases,



amylases, esterases, proteases, hypothetical proteins and some other proteins. The glycoside
hydrolase (GH) proteins constituted major part of the secretome. The protein profiles thus,
confirmed the ability of these fungi to use cottonseed cake as substrate. The efficiency of
hydrolases produced from seed cake was verified by saccharification of wheat straw. The high
yield of reducing sugars obtained, confirmed the suitability of these hydrolases for use in

lignocellulosic biorefinery.

The lignocellulosic biorefinery is gamning colossal attention for production of energy,
fuels and other value added chemicals i sustainable and eco-friendly manner. The
lignocellulosic agro-waste utilization nvolves three inter-dependent and essential steps namely
() pretreatment (i) saccharification (i) fermentation. These three steps are carried out
ndependently due to nstability of cellulase (step 1) and fermentative microorganisms (step iii)
in the residual ionic liquid (IL) used for pretreatment of biomass (step i). The biorefinery
processes can be viable, if cellulases and fermentative microbes are stable to ILs. The present
thesis entails the various studies conducted to overcome the constraints encountered in these
separate processing steps. An active, IL stable and reusable cellulase has been developed in
present work by covalently immobilizing 7richoderma reesei cellulase onto amino-silane
functionalized magnetic (iron oxide) nanoparticles. The magnetic nanoparticles (MNP)
immobilized cellulase was used for one-pot in situ saccharification of sugarcane bagasse and
wheat straw, which were pretreated with 1-ethyl-3-methylimidazolium acetate [EMIM][Ac], a
most commonly used IL. The disruption of the recalcitrant lignocellulosic fibrils, enabling
release of reducing sugars, was supported by SEM, XRD and FTIR studies on [EMIM][Ac]
pretreated and saccharified biomass. The high hydrolysis yields obtained in this one-pot
process coupled with IL stability and recycled use of mmmobilized cellulase, potentiates its

application for biofuel and biochemical production from agro-wastes.

Further, to explore the feasibility of using L. brevis for fermentative production of
lactic acid from IL pretreated and saccharified agro-wastes, without removing residual IL, the
stability of L. brevis was ivestigated in the presence of [EMIM][Ac]. The viability and
stability of cells in [EMIM][Ac] was confirmed by their growth profile, MTT assay and SEM
studies. The proteomic profiling by 2-D gel electrophoresis showed matching protein spots in
the unexposed (control) and [EMIM][Ac] treated L. brevis samples. The m-solution tryptic
digestion and subsequent LC-ESI MS/MS analysis revealed that all the key proteins involved
in carbohydrate metabolism including lactate dehydrogenase dominated the metabolic flux of



L. brevis cells even in presence of [EMIM][Ac] (2 and 4%, v/v). The detection of proteins
such as aldo/keto reductases, thioredoxin, glutathione reductase, Asp 23/Gls 24 family
envelope stress response protein, universal stress protein, chaperone protein DnaK and 60
kDa heat shock protein on exposure to IL, indicated theirr role in maintaining the cell redox
balance, protection against membrane disruption and coping with oxidative stress induced by
[EMIM][Ac]. The IL stability n L. brevis is a significant development for sustainable
biorefinery. Additionally, L .brevis was also found to utilize both hexose and pentose sugars
without carbon catabolite repression (CCR), which is highly desirable trait for fermenting

microorganism in biorefinery.

In final biorefinery process, three different agro-wastes ie. cottonseed cake, wheat
straw and sugarcane bagasse were pretreated by [EMIM][Ac], saccharified by
nanoimmobilized cellulase (without washing step) and simultaneously fermented by L. brevis
to achieve high yields of lactic acid. Moreover, merging all three steps n one-pot could be

beneficial for future biorefineries with sustainable production of bioproducts.

The present work highlights:

» A sustainable approach for production of petrochemicals and enzymes by bio-based
processes using vastly available agro-wastes as substrates, vis-a-vis paving a way for their
meaningful utilization to address their disposal problems.

» Usage of IL stable saccharifying enzyme and fermentative microorganism paves the way
for one-pot biorefining process, which can be scaled up into cost effective model
mndustrial process.

» Understanding basic biochemistry of enzymes and microbial cells stability in IL, may

enable to develop large array of IL stable systems for industrial usage.
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