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Abstract

The thesis encompasses the detailed study of transglutaminase produced by the
actinomycetes Streptomyces mobarensis NCIM 5208, and its novel applications. Microbial
transglutaminases (MTGases) are major cross-linking enzymes which modify the properties of
cellular proteins by creating iso-peptide bonds among them. This enzyme has huge potential
for applications in the pharmaceutical, food, textile, biomedical, and cosmetics industries.
However, these applications necessitate them to be stable at high temperature, and adverse pH
environment vis-a-vis their viable production and cost-effective availability, which would
otherwise limit wide application in industries. An enzyme of microbial origin is now commonly
exploited to overcome the shortcomings of conventionally produced transglutaminases, gaining
colossal attention for diverse applications. Therefore, current research efforts have been
directed to the bio-process development of MTGase production, regulatory mechanism, nano-
immobilization, and their application in tissue scaffold and drug delivery.

MTGease, being nature’s biological glue on account of forming e-(y-glutamyl) lysine
bonds in proteins; however, low productivity and the high cost of production are the major
bottlenecks for industrial MTGase production. The present work dealt with these obstacles by
enhancing the MTGase production through media engineering using S. mobaraensis via a
waste valorization approach utilizing agro-wastes. Enhancement of MTGase production vis-a-
vis cost reduction was attempted using wheat bran as a carbon source. During the course of the
research, bulk production of microbial MTGase by media engineering and overexpression of
recombinant MTGase from S. mobaraensis was investigated. Initially, S. mobaraensis was
grown under solid-state fermentation (SSF) conditions, and media components were selected
by the ‘one factor at a time’ approach, and a 2.15-fold increase in MTGase production was
achieved. The optimized conditions revealed a cost-effective process for MTGase production

by utilizing a lignocellulosic residue (wheat bran) as the main carbon source for SSF. Further,
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the main selected growth parameters were optimized by statistical Box-Behnken design. The
resulted growth factors included Protease: 39.14 IU, MgCl,: 0.10 M, CTAB: 0.08%, and
Inoculation size: 2.1 x 10° CFU (2%) led to the increase of MTGase production up to 4-fold
(12.949 + 0.061 1U/g) compared with un-optimized conditions. In addition, the effect of key
regulators in augmenting transcriptional expression of MTGase was elucidated by Real-
Time quantitative PCR to unravel the regulatory mechanism of MTGase synthesis in S.

mobaraensis.

The work also intended to explore the nano-immobilization of MTGase for developing
stable enzyme bioconjugates. The thesis further deals with various applications of this MTGase
preparation for cross-linking food proteins and developing tissue scaffolds using casein and
gelatin-carbon nanotubes as model systems. The structural and functional changes during/after
cross-linking were studied by SDS-PAGE, Circular Dichroism (CD), Fluorescence
Spectrometry (FS), Fourier-Transform Infrared Spectroscopy (FTIR), and Attenuated Total
Reflectance (ATR). Hence, the innovative production of MTGase was shown to be useful in
effective cross-linking casein protein subunits. MTGase was immobilized on carbon nanotubes
with high immobilization efficiency (58%) and reusability. The nano-immobilized
formulations of MTGase possessed enhanced biochemical and kinetic attributes, which were

applied for bioinspired hydrogel scaffold formation.

Furthermore, cloning, overexpression, and purification were attempted as an alternate
approach to overproduce MTGase. Moreover, MTGase and pro-MTGase gene sequences were
successfully amplified from S. mobaraensis. The ORF encoded for a protein of 412 and 331
amino acids which was cloned in the pET-22b (+) vector for overexpression in Escherichia
coli BL21 (DE3). The comprehensive study was conducted on the biochemical and structural

characterization of purified and recombinant MTGases, that hold tremendous applications.
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As an innovative part of the thesis, the novel nanoflowers of MTGase could be developed by
exploiting the inherent cross-linking activity of this enzyme. Nanoflowers are nano-crystals
with floral architecture formed by intra-molecular interactions between the enzymes/proteins.
They are endowed with diverse functionalities for biocatalytic applications. The designing of
bio-catalytically active enzymatic MTGase nanoflowers (NFs) from the microbial source at a
low temperature of 4 °C has been patented. The study features a new and elegant approach in
enzyme immobilization. The novelty in the present work relates to the method of synthesis, the
designing of the product, and the process optimization to get the desired features in the NFs.

The multifunctional facets of NFs, including simple design and preparation, size
tunability, and resistance to enzymatic degradation, allowing customized cargo loading (heavy
metals/pollutants/drugs), specific recognition, and internalization into target cancer cells were
worked out and formed the major highlights of the thesis.

MTGase NFs-based targeted delivery has been investigated on cancer cell models:
Glioblastoma (LN-229) and Breast (MCF-7). Preliminary results showed the novel enzymatic
nanoflowers have a unique morphology and enhanced enzyme stability. The shape of a hollow
immobilized enzyme in the form of a cage could act as a nanocarrier for drug delivery. The
framework of NFs was optimized to get the desired nanosize (< 50 nm) flowers. The MTT
assay and wound healing after the treatment of these MTGase NFs gave positive results in
restricting the migration of cancer cells. The cytotoxic effects of MTGase NFs were tested.
There was no significant cell death in normal (non-cancerous murine fibroblasts L-929 cells),
whereas, in all the cancer cell lines, visible aggregation could be observed. The results in both
cases of brain and breast cancer cell lines (LN-229 and MCF-7) showed the efficacy of
delivery, loss of viability, and apoptosis of the cancerous cells. These NFs are safe for usage

as a nanocarrier with cargo loaded on it; hence, MTGase NFs as the magical bullet comes into



action. These findings point towards effective, low toxicity, and site-targeted, accurate anti-
cancer drug delivery via these MTGase NFs.

To conclude, the cost-effective production will not only enhance the yield of this
enzyme but also lead to tremendous applications in wide arrays of human welfare in food
bioprocessing, pharmaceutical, tissue engineering, and therapeutics.

The following research goals were accomplished:

e Molecular Glue of the Millennium: The transglutaminase developed with enhanced
value.

e The transcriptional regulatory mechanism of how the critical regulators modulate
the MTGase enzyme production was elucidated.

e The nano-immobilized MTGase was investigated for application in the design of
biocompatible tissue hydrogel scaffolds.

e The study highlights the designing of MTGase nanoflowers, which was manifested
in bioremediation applications.

e Developed a suitable nanocarrier that can effectively deliver cargo in both in vitro
and in vivo systems and have a sustained cargo release profile.

e Toinhibit aberrant expression of mMiRNAs and thereby significantly impede tumor
growth/cancers.

e Overall, the long-term goal was to devise a novel, powerful MTGase-based
nanotherapy as an adjuvant to the existing chemotherapy and successfully inhibit
cancer progression. Hence, the significance of cross-linking enzyme MTGase was

achieved as a multifaceted therapeutic alternative in treating cancers.

Thus, the applicability of MTGase produced by various approaches justified the

MTGase as an enigmatic enzyme in myriad realms of applications.
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