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Abstract

The oxidation of cholesterol results in the formation of oxysterols such as 7-ketocholesterol (7KC),
which are implicated in a number of age-related disorders such as atherosclerosis, Alzheimer’s
disease and macular degeneration. 7KC can be majorly absorbed from animal-origin food products
or produced endogenously in the body. Thus, at the very outset of the thesis, Indian milk products
were assessed for their 7KC content. According to preliminary studies, 7KC levels were detected
to be higher in milk powder samples than in raw milk. However, it was detected in negligible
amounts in cheese and ghee samples. Thus, the nature of cooking/processing and temperature
involved plays an important role in 7KC formation.

Current modalities against 7KC mediated cytotoxicity use antioxidants and other natural or
synthetic molecules to reduce 7KC-induced cytotoxity. The alternative application of enzymes
from microbial sources to degrade oxysterols in vitro and in vivo is an innovative ‘Medical
Bioremediation’ approach. During initial screening, Pseudomonas aeruginosa PseA and
Rhodococcus erythropolis MTCC 3951 were found to be potential degrader strains using 7KC as
a sole carbon source. Under optimized conditions, they respective strains were able to degrade
88% (within 25 days) and 91% (within 15 days) of an initial concentration of 1g/L (1000ppm)
7KC. Preliminary in vitro studies with extra-cellular extracts showed degradation of the
compound, thus reinforcing the occurrence of suitable enzymatic systems involved in the process.
The strains produced cholesterol oxidase, dehydrogenase, reductase and lipase in the presence of
7KC, with cholesterol oxidase being reported as the major enzyme involved in the degradation

pathway. Some of the intermediates were also identified to predict the degradation pathway. The
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extracellular extracts of both the strains decreased the 7KC content when added to milk products,
which may form a strategy for dealing with 7KC cytotoxicity at source.

In addition to catalyzing the first step of 7KC degradation, cholesterol oxidase also finds immense
industrial and biomedical applications. Thus, further studies were taken up for investigating it.
Owing to the low production levels of cholesterol oxidase in P. aeruginosa PseA, cloning and
overexpression of its gene were attempted. The gene was cloned through pGEM-TEasy vector into
E. coli XL1 Blue-MRF’ strain and was found to be highly conserved in nature with a size of 1794
bp, identical to its homologues in other Pseudomonas strains. This sequence was further submitted
to GenBank (Accession: KU315227.1 Gl: 1031987706). Several structures were predicted in-
silico using Phyre? and I-Tasser, showing high similarity with a solvent tolerant cholesterol
oxidase from Chromobacterium sp. DS-1 (PDB ID-3js8A) and another cholesterol oxidase from
B. sterolicum (PDB ID-1i19A). Restriction cloning was done through pET22b(+) vector into E.
coli Rosetta (DE3) strain. However, activity was only obtained on plates and not in solution. Thus,

additional studies are required for obtaining active overexpressed cholesterol oxidase.

In case of cholesterol oxidase from R. erythropolis MTCC 3951, cloning was not attempted due to
the less-conserved nature of the gene. Process optimization accomplished high yield of the
enzyme. The protein was then purified to homogeneity in a three-step process, involving 10 kDa
molecular weight cut-off, Q Sepharose Anion Exchange Chromatography followed by Phenyl
Sepharose Hydrophobic Interaction Chromatography. A novel monomeric 35 kDa protein, which
is uncommon in Rhodococcus strains, was obtained in SDS-PAGE and confirmed through activity
staining in Native-PAGE. The enzyme was further structurally and biochemically characterized.

pH 7.5 and temperature 30 °C were found to be optimum for the enzyme activity, while stability

was observed in the pH range (4.0-9.0) and temperature range (30-50 °C). The Kn was found to



be 22.75 mM while Vmax was obtained as 9.21 mM/min. Structural studies using fluorescence and
Far-UV CD-spectroscopy revealed 36.3% helix, 0.9% antiparallel and 6% parallel B-sheets, 8.5 %
turns and 18.3% other structures (310-helix) in the protein.

In order to increase the applicability, cholesterol oxidase (ChOx) enzyme from P. aeruginosa PseA
(ChOxP) and R. erythropolis MTCC 3951 (ChOxR) strains and a commercial variant from
Streptomyces sp. (ChOxS) were immobilized on functionalized magnetic Iron (11, 111) oxide
(MNP) and Silica nanoparticles (SNP). The MNP-nanobiocatalysts in case of ChOxP, ChOxR and
ChOxS, retained 71, 91 and 86% of cholesterol oxidase activity respectively. In case of SNPs, the
immobilization efficiency was calculated as 68, 86, 83% for ChOxP, ChOxR and ChOxS
respectively. The catalytic efficiency of the immobilized enzyme was found to be almost 2.0 times
higher than free enzyme, along with increase in stability over a wide range of temperature (10-70
°C) and pH (4.0-9.0). However, the pH (7.5) and temperature (30 °C) optima were found to remain
unchanged. The nanobioconjugates were reusable upto 10" cycle of operation. The immobilization
of the enzyme on nanoparticles was confirmed by FTIR, SEM and TEM. Pharmaceutically
important molecules, 4-cholesten-3-one and 4-cholesten-3,7-dione, were produced through
biotransformation of cholesterol and 7KC respectively using the nanobioconjugates. Thus,
immobilization on nanoparticles makes enzymes suitable from the point of view of applications.
The last part of the thesis covers an interesting application of nanoparticles in modulating structure
of proteins. Proteins can be denatured by changes in temperature, pH or due to the presence of
denaturants. The refolding process involves the reconfiguration of denatured proteins into their
native functional state. Nanoparticles act as artificial ‘chaperones’, due to favorable orientation of
the proteins on their scaffold which prevents aggregation. In the present study, thermal

denaturation of cholesterol oxidases from P. aeruginosa PseA, R. erythropoilis MTCC 3951 and



Streptomyces sp. were studied at temperatures 50-70 °C. Further, these thermally denatured
proteins were refolded using functionalized MNPs. The activity was recovered by 47, 79 and
29.4% in case of ChOxP, ChOxS and ChOxS respectively. The refolding was confirmed using
FTIR, DLS, Zeta Potential Measurements, fluorescence and Far-UV CD spectroscopy. This study
proves that magnetic nanoparticles were effective in the refolding of heat denatured ChOx which
regain their structure and restore their activity to a great extent.

The current investigation thus encompasses a connection between the multiple perspectives of
food cytotoxicity, biodegradation, molecular biology, enzymology, nanotechnology and structural

biology.
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