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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 GI: 1031987706). Several structures were predicted in-

silico using Phyre2 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 Km was found to 
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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 β-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 (II, III) 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 10th 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 
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Streptomyces sp. were studied at temperatures 50-70 ºC. 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. 



lkj 

 dkWyLVªksy ds vkWDlhdj.k ls vkWDlhLVsjksy dk fuekZ.k gksrk gSA ;s vkWDlhLVsjksy 

tSls 7&dhVksdksysLVªksy ¼7 ds-lh-½] ,sFksjksLysjksfll] vYtkbej rFkk is'kh;ksa ds gªkl tSls mez 

vk/kkfjr jksxksa ds fy, mRrjnk;h gksrs gSaA 7 ds-lh- dks मुख्य :i ls i'kq -मूल [kk| उत्पाद ों ls 

vos'kksf"kr fd;k tk ldrk gS ;k 'kjhj esa vartkZr :i ls mRikfnr fd;k tk ldrk gSA 

Hkkjrh; nqX/k o nqX/k mRiknksa ¼dPps o lalkf/kr mRikn nksuks esa½ blds izfr mipkj ik;k 

x;k gSA 7 ds-lh- lkekU;r% lw[ks nqX/k ikmMj esa dPps o mcys gq, nw/k dh rqyuk esa vf/kd 

ek=k esa ik;k tkrk gSA ?kh o iuhj esa ;s ¼7 ds-lh-½ cgqr gh ux.; ek=k esa ik;k tkrk gSA 

;g ckr blds rkieku lEcfU/kr laosnu'khyrk dks Hkh ifjyf{kr djrh gSA  

vkerkSj ij vHkh rd 7 ds-lh- }kjk tU; dkf'kdh; fo"kkDrrk dks ,.VhvkWDlhMsUV] 

la'ysf"kr ;k tSfod rRoksa }kjk ?kVkus ds iz;kl gksrk jgk gSA blds vfrfjDr ,Utkbe o 

ekbdzksfc;y ¼jksxk.kqvksa½ }kjk Hkh vkWDlhLVhjksy dks dksf'kdk ds Hkhrj ;k ckgj nksuksa gh 

rjg ls ifjorZukRed fo/kh }kjk fpfdRldh; ck;ksjsfefM,'ku ls ?kVkus dk iz;kl fd;k 

x;k gSA 'kq:vkrh iz;klksa ls L;wMkseksukl ,:ftukslk PseA o jksMksdksdl bfjFkzksikWfyl 

MTCC 3951, 7 ds-lh- ds fo?kVu esa lQy ik;s x;sA 7 ds-lh- ds 1 xzke@fyVj ¼1000 

ihihe½ okyh izkjfEHkd lkanzrk dk iPphl fnuksa esa 88 izfr'kr o iUnzg fnuksa esa 91 izfr'kr 

rd fo?kfVr djus esa mDr thok.kq (L;wMkseksukl ,:ftukslk PseA o jksMksdksdl 

bfjFkzksiksfyl MTCC 3951) lQy jgs gSaA 'kq:vkrh 'kks/k esa ^bu foVªks^ thfor dksf'kdk ds 



ckgj] ckg~; lzkfor ,Utkbe }kjk bl 7 ds-lh- dk fo?kVu ns[kk x;kA blls mfpr 

,Utkbe ds dk;Z {kerk dk izek.k feykA 7 ds-lh- ds fy, thok.kq esa dksysLVªksy vkWDlhMsat] 

ykbist, MhgkbMªksftust o fjMDVst ik;s tkrs gSa ftuesa ls dkWysLVªksy vkWDlhMsat lokZf/kd 

egRoiw.kZ fo?kVu ,Utkbe gSA nksuksa gh thok.kq ds ,Utkbe nw/k mRikn esa dkjxj gS rks ;g 

j.kuhfr vkxs viuk;h tk ldrh gSA  

bl fo?kVu ¼7 ds-lh- dk½ ds vfrfjDr dkWysLVªksy vkWDlhMsat dk vkS|ksfxd o ck;ksesfMdy 

ds के्षत् ों esa Hkh vR;f/kd mi;ksx gSA blesa vkxs 'kks/k dh vko';drk gSA ih- ,:ftukslk 

PseA dh Dyksfuax o vkWoj ,Dlizs'ku ls blds de mRiknu dks Hkh c<k;k tk ldrk gSA 

thu dh Dyksfuax pGEM-TEasy osDVj }kjk bZ- dksykb XL1 Blue-MRF' LVªsu esa fd;k 

x;kA ;s dkQh dUtjoZM LoHkko dk 1794 bp csl is;j dk thu gS o vU; L;wMkseksukl 

LVªsu ls lekurk j[krk gSA bldk flDosal uEcj KU315227.1  GI: 1031987706 thu 

cSad esa tek dj fn;k x;k gSA ^bu flfydks^ iz;kls dkQh lajpuk;ksa dh rjQ b'kkjk djrh 

gSA Phyre2 o I-Tasser dh lekurk lksyosaV VkWyjsaV dkWysLVªksy vkWDlhMsat 

dzksekscSDVhfj;e sp. DS-1 (PDBID-3js 8A) o B. sterolicum (PDB ID- 1i 19A) ls 

leku ik;h x;hA jsfLVªD'ku Dyksfuax gsrq pET22b($) osDVj }kjk] bZ- dksykbZ jksts+Vk 

(DE3) LVªsu esa fd;k x;kA bldh dk;Z'khyrk lksY;w'ku esa ugha fdarq IysV esa ik;h x;hA 

vr% vfrfjDr 'kks/k dh vko';drk dkWysLVªksy vkWDlhMsat+ dh dk;Z'khyrk ds fy, t:jh 

gSA  



vkj- bfjFkzksiksfyl MTCC 3951 dks dkWysLVªksy vkWDlhMsat mRiknd gksus ds ckn Hkh 

Dyksfuax gsrq p;u ugha fd;k x;k] bldh otg de dUtoZM thu ds dkj.k gSA izkslsl 

vkWIVhekbZts'ku ds }kjk bl ,Utkbe dk mRiknu c<+k;k tk ldrk gSA bl izksVhu dks rhu 

inksa esa la'kksf/kr fd;k tk ldrk gSA izFke 10 kDa ekWfyD;wyj osV dV&vkWQ] f}rh; 

D;w&lsQsjkt+ ,ukbu&,Dlpast dzksesVksxzkQh o rhljk in fQukby lsQsjkst gkbMªksQksfcd 

bUVjsD'ku dzksesVksxzkQhA ,d fcydqy uohu eksukesfjd 35 kDa izksVhu ik;k x;k tks fd 

jksMksdksdl LVªsu esa lkekU;r% ugha ik;k tkrk gSA SDS-PAGE iq"Vh dh x;h] ftlesa  

Native-PAGE dh LVsfuax Hkh dh x;hA bl ,Utkbe dks lajpukRed o tSo jklk;fud 

dk;Z'khyrk }kjk igpku cuk;h x;hA bl ,Utkbe ds fy, PH 7.5, rkieku 300 C lcls 

csgrj ns[kh x;hA PH (4.0-9.0), rkieku ¼30-500C) esa ;g ,Utkbe mi;qDr ik;k x;kA 

(KM 22.75 mM, Vmax 9.21mM/min) lajpukRed 'kks/k esa Q~yksjkslsUl] Far-UV, 

CD-LisDVªksLdksih esa 36.3%  Helix, 0.9% ,.Vhisjsyy o 6% isjsyy β-Sheets, 8.5% 

Turns o 18.3% vU; lajpuk,a (310-Helix) izksVhu esa fo|eku FkhaA  

 bu lHkh dh mi;ksfxrk c<+kus ds fy,] dksysLVªksy vkWDlhMsat+ ¼ChOx½ ,Utkbe tks 

ih- ,:ftukslk PseA ¼ChOxP½ o vkj- bfjFkzksiksfyl MTCC 3951 ¼ChOxR½ LVªsu }kjk 

izkIr fd;k x;k mls LVªsIVksekbfll dkWef'kZ;y osfj;UV ds lkFk vk;ju vkWDlkbM ¼ii, iii½ 

(MNP) o flfydk uSuksikfVªdy ¼SNP½ }kjk beekscsykbt+~M fd;k x;kA ChOxP 



ChOxR o ChOxS (71, 91 o 86% dze'k%½ MNP- uSuksck;ksdsVsfyLV }kjk dkWysLVªksy 

vkWDlhMsat dk mRiknu ns[kk x;kA SNPs ds bekscykbts'ku }kjk ChOxP ChOxR o 

ChOxS (68, 86 o 83% dze'k%½ dh dk;Z'khyrk ns[kh x;hA nks xq.kh dk;Z'kfDr dk 

c<+uk] LVsfcfyVh dk Hkh c<+uk] 30-500C rkieku esa lqjf{kr] PH (4.0-9.0), buds fy, 

lgh ik;k x;k gSA ijUrq lokZf/kr mfpr rkieku 300 o PH 7.5 ik;h x;h gSA 

uSuksck;ksdksUtqxsV~l dk nl pdz rd iqu% mi;ksx fd;k tk ldrk gSA bl ,Utkbe dk 

bekscsykbts'ku FTIR, SEM o TEM }kjk lR;kfir Hkh fd;k x;kA uSuksck;ksdkWUtwxsV ds 

bLrseky ls 7 ds-lh- o dksysLVªksy dk ck;ksVªkWLQksjes'ku }kjk 4&dkWysLVhu&3& vkWu] 

4&dkWysLVhu&3] 7] MkbvkWu tSls QkWjeksL;wVhdy :i ls mi;ksxh inkFkksZa dk fuekZ.k fd;k 

x;k gSA usuksikfVZdy beeksfcykbts'ku dh enn ls dksysLVªksy vkWDlhMsat dh mi;ksfxrk esa 

bt+kQk gqvk gSA  

 bl Fkhfll ds vafre ikB esa izksVhu d.kksa dk usuksikfVZdy dh lgk;rk ls :ikUrj.k 

fd;k x;k gSA izksVhu dks rkieku] PH }kjk Mhuspj fd;k tk ldrk gSA budh iqu% 

fjQksfYMax ls usfVo QaD'kuy Lrj ij vk tkuk o usuksikfVZdy dk vizkd`frd :i ls 

^'ksisjkWu^ dh HkkWafr O;ogkj djuk] izksVhu ds ,fxzxs'ku dks jksdrk gSA blesa rhuksa thok.kq ih- 

,:ftukslk PseA, vkj- bfjFkzksiksfyl MTCC 3951 o LVªsIVksekbfll sp. ds dkWysLVªksy 

vkWDlhMsat ,Utkbe ds Mhuspqjs'ku dks 50&700  c rkieku ij ns[kk x;k gSA ;s rkieku }kjk 



MhuspqjsVsM izksVhu dk fdz;k'khy MNPs ls fjQksfYMax Hkh ns[kh x;hA budh fdz;k'khyrk 

ChOxP ChOxR and ChOxS (47, 79 o 29.4% dze'k%½ ik;h x;hA ftudk iq"Vhdj.k 

FTIR, DLS, Zeta Potential measurement, Fluorescence o Far-UV-CD 

LisDVªksLdksih }kjk fd;k x;k gSA blls ;g fl) gks tkrk gS fd pqEcdh; usuksikfVªdy iqu% 

fjQksYMhax esa ChOx tks fd fMuspj gks pqdk Fkk dh u flQZ lajpukRed vfirq fdz;kRed 

{kerk dks dbZ xq.kk c<+k dj ykSVkrk gSA  

 var esa ;g 'kks/k dk;Z HkksT; lkbVksVksDlhflVh] ck;ksfMxzsMs'ku] eksfyD;wyj foKku] 

,Utkbe foKku] usuks VsDuksyksth o lajpukRed foKku esa vkilh rkjrE; o u;s vufxur 

vk;ke LFkkfir djrk gSA  
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HDMPPA 3-(4'-hydroxyl-3',5'-dimethoxyphenyl)propionic acid  

HMG-CoA 3-hydroxy-3-methylglutaryl-CoA 

HPLC High-Performance Liquid Chromatography 

HRMS High-Resolution Mass Spectrometry 

HRP Horseradish Peroxidase 

ICAD/DFF Inactive Caspase-activated DNAse/DNA fragmentation factor 
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IEC Ion-Exchange Chromatography 

IMTech Institute of Microbial Technology 

IPTG Isopropyl β- d-1-thiogalactopyranoside 

I-TASSER Iterative Threading ASSEmbly Refinement 

kDa Kilo Dalton 

LB Luria-Bertani medium 

LC Liquid Chromatography 

LC-MS Liquid Chromatography-Mass Spectrometry 

LXR Liver X receptor 

MNP Magnetic Nanoparticles 

Mn-TBAP Mn(III)tetrakis(4-benzoic acid) porphyrin 

MS Mass-Spectrometry 

MSM Minimal Salt Medium 

MTCC Microbial Type Culture Collection and Gene Bank 

MW Molecular Weight 

MWCO Molecular Weight Cut-Off 

NAD Nicotinamide Adenine Dinucleotide 

NADPH Nicotinamide Adenine Dinucleotide Phosphate (reduced) 

NB Nutrient Broth 

NCBI National Center for Biotechnology Information 

NIST National Institute of Standards and Technology 

NP Nanoparticles 

NRMSD Normalized Root-Mean-Square Deviation 

OD Optical Density 

ORF Open Reading Frame 

OVA Ovalbumin 

OVAT One Variable at A Time 

PAGE Polyacrylamide Gel Electrophoresis 

PANi Polyaniline 

PCL Poly(ε-caprolactone) 

PCR Polymerase Chain Reaction 
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PDB Protein Data Bank 

PEG poly(ethylene glycol)  

Phyre2 Protein Homology/AnalogY Recognition Engine 2.0 

PI Isoelectric Point 

PNIPAm poly(N-isopropylacrylamide)  

PS Polystyrene 

PSI-BLAST Position-Specific Iterative Basic Local Alignment Search Tool 

PSIPRED PSI-blast based secondary structure PREDiction  

PTIO 2-phenyl-4, 4, 5, 5,-tetramethylimidazoline-1-oxyl 3-oxide 

PUFA Polyunsaturated Fatty Acids 

PVDF Polyvinylidene Fluoride 

QuEChERS Quick Easy Cheap Effective Rugged Safe 

RNAse A Ribonuclease A 

ROS Reactive Oxygen Species 

RP-HPLC 

MWD 

Reversed Phase High Performance Liquid Chromatography  

Multi-Wavelength Detector 

RPM Revolutions Per Minute 

rRNA Ribosomal Ribonucleic Acid 

SDS-PAGE Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 

SEM Scanning Electron Microscopy 

SNP Silica Nanoparticles  

SPE Solid Phase Extraction 

TBAm N-tert-butylacrylamide  

TEM Transmission Electron Microscopy 

TEOS Tetraethyl orthosilicate  

Tet Tetracycline 

UHT Ultra-high temperature 

UV Ultra-Violet 

X-Gal 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside 

β-CD Beta Cyclodextrin 
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