CONTENTS

Chapter 1 Introduction
.1 General INrodUcCtioN......coeveeierieiniieiterieeieese ettt saa s se e 1
1.2 Objectives Of the StUAY.....ecceicreeeereiereeeireeeeeireeeeeereeeeerrrereeerrreeeeeesreeeeseneeeesnsens 7
Chapter 2 Review of Literature
2.1 Endophytic DaCterTa..ccueieeeeiiieiriieeriecreecsie sttt see e sre e saeessseeesnne 9
2.2 Phenotypic and genotypic identification of bacteria........ceccveeeeeeecceeeseeecneennee. 16
2.3 Bacterial community analysis using NGS technology........cccoeeeeeeveeeeciveeeennnen. 18
2.4 Benefhcial aspects of bacteria
2.4.1  Bioactive compounds from bacteria........ceecveeeeieeeveeieiieeniieeeieeeceeenns 21
2.4.2  Bacteria iIn Nanotechnology..........occiveeeciieeeeciieeeeceeeeeceee e 26
2.4.3  Antimicrobial activity of DacCteria........ceeverieeirrereeriirereeererecerreeeeeinveeeens 28
2.4.4  Antioxidants property of bacteria......cooveereeerveeiniieiniieesieesieecrieeseens 30
2.4.5  Anti-inflammatory activity of bacteria......cceeeerveervieriieeneenieeniieesieeneenne 32
2.4.6  Bacteria In cancer therapy.....cceccueeeceeecieecrieeccieecieeecee s e e 34
2.4.6.1  ACHDOIMNYCINS. ...uvveeeerrreereiereeeecteeeeeseteeeeeseeeseesesesessssesssssenes 35
2.4.6.2 ANhracyCliNES ...ueeeieevveiieirieiccieeeceee e e 35
2.4.6.3  MITOSANES...uviieecrieeeeerieeeeireeeeecreeeeeereeeeeerareeeesseeeeeenseeesssens 36
2.4.6.4  Other bacterial anticancer drugs.........coeeveeeeeevereeenvereeennnnne. 37
2.4.7 Medicinal property of plant Morinda L. species
2.4.7.1  Mormda citrifolia L...........oooeeeeeiieeeeeeeeeeeeeeeecieeeieeeae 39
2.4.7.2  Morinda pubescens ). E Smith........cccoeveeeiiiiniieniieeeieenee, 39
Chapter 3 Materials and Methods
3.1  Matenials
3.1.1  Collection of plant material..........cceeeiieeiiieriiiieeiieccieeeeeecee e, 40
3.1.2  Plant deSCrIPUON....cccveeeceieeciieeieee ettt rre e e e e rae e ae e e 40
3.1.3  Experimental animals.........cccceeieiiiiiiieiiieiecieeeeceee e e 41
3L Cell HNES.tiiuiiiiierieiiiiiteeiee ettt sttt ettt e s it e e b e saaesanees 42
3.1.5 T ESt OIGANISINIS. .uvveeeeirrreeeireeeeeireeeeeerreeeeesrreeeseseeeeessseeeeessseseessssesessnnes 42
3.1.6  Chemicals and reagents.......oeuereveereereerieeneenienieesesseeseessesssesssessses 42
3.1.7  Culture Mediau e uueeeeeeeieeeieeeceeecee e 43
3.1.8  Diagnostic reagents and KitS.......eeeveervuieirieeniienniienniiessieesseesseeeeseeens 43
3.1, INSIIUMEIIS. .eeeeieeeieeeiieeeitee st ettt et s et e et e e e e et e s reesneessmneesane 44
3.1.10  Glassware and consumables...........coecciiieieeiieeeeciieeeeceeee e cree e 45
3.2  Methods
3.2.1 Identification of endophytic 1solates

3.2.1.1  Morphological and physiological identification................... 46
3.2.1.2  Biochemical identification.........ceecveeveerieniennenneenieniennen. 46



3.2.2

3.2.4
3.2.5

3.2.7

3.2.8

3.2.9

3.2.10

3.2.1.3  Genotypic identification of bacteral 1solates.........cccceeeuveneen. 47

3.2.1.3.1  Genomic DNA 1solation.........ccceeeeveeeieeeneenn. 48
3.2.1.3.2  Amplification of 16S rRNA gene.........cccuu...... 48
3.2.1.3.3  Phylogenetic tree construction.........cceeevveeennee 49
Metagenomic study using Next Generation Sequencing technology
3.2.2.1  Sampling, DNA extraction and PCR amplification............ 49
3.2.2.2  Illumina Library preparation........ce.eeceeeeenveenseescueeseeneenns 50
3.2.2.3  Sequence data ProCeSSING......ccveeerveerevveeeseesieeeseeessseessees 5l
3.2.2.4  Characterization of bacterial community composition....... 52
Extraction of compounds and qualitative GC-MS profiling............... 52
Total Phenolic CONtENt......cccccveeieeciieeeeieeececree et cree e e 53
Iron oxide nanoparticles production efficacy of 1solates.................... H4
3.2.50.1  Characterization of nanoparticles
3.2.5.1.1  UV-Vis spectral analysis.......ccocveervverirenienneenn 55
3.2.5.1.2  Fourler Transform Infrared spectroscopy...... 55
3.2.5.1.3  Energy Dispersive Spectroscopy....c.eeecveeennen. 56
3.2.5.1.4  Scanning Electron Microscopy.......cceeevveeeuvenne 56
3.2.5.1.5  X-Ray Diffraction analysis.......ccccceveeerveeeennnnen. b7
3.2.5.1.6  Transmission Electron Microscopy................ 58
3.2.5.2  Application of iron oxide nanoparticles
3.2.5.2.1  Preliminary study on heavy metal removal..... 58
3.2.5.2.2  Preliminary study on dye decoloration........... 59
Screening of antimicrobial ACHVILY....veiveveeerieeeriieiriieenieeeeeerveesseees 59
3.2.6.1  Antibacterial activity of 1SOlates.......ccoveevuveeeiieeeiieeeieeenne. 60
3.2.6.2  Antifungal activity of 1SOlAtes.....uuveeverveeeieirreeeeerreeeerreeeeennne 60
Estimation of in vitro antioXidant aCtivity.........ccceeeeeeeeiueeeeiveescveeesnnan. 61
3.2.7.1  DPPH scavenging activity.......ccceevvereeerrveeeenivereeesveeeeesveeeens 61
3.2.7.2  Superoxide radical scavenging activity......ccceeeeveeerveeerveennnes 62
3.2.7.3  Lipid peroxidation inhibition activity ........ccccceeeevveeeveennee. 62
3.2.7.4  Ferric Reducing Antioxidant Power assay.........cccccvveeennee.. 63
In wvitro cytotoxicity studies
3.2.8.1  Trypan Blue Exclusion test of cell viability.........c.couvene. 64
3.2.8.2 AV 4 R T U 64
In vivo animal study
3.2.9.1  ToXICIY aNalYSIS..ccccccrrreeeeirreeieereeeeecreeeeecreeeeeciereeeereeeeeanns 65
3.2.9.2  Ant-Inflammatory aCtVIt.......cceeeeveeeeereeeerreeeieeeeceeeeveeennen 65
3.2.9.2.1 Carrageenan-induced acute paw edema.......... 66
3.2.9.2.2  Formalin-induced chronic inflammation........ 67
3.2.9.3  Antitumor study
3.2.9.3.1 EAC-nduced ascites tumor model................. 67
3.2.9.3.2  DLA-induced solid tumor model................... 68
3.2.9.3.3 Hematological parameters.........cccevueeevveeennen. 69
3.2.9.3.4  Histopathology of tumour- induced mice....... 69

StatiStical ANALYSIS...vvveeieiveeeeeiieeeeeeieeeeereeecerreeeeeereeeeerrereeenreeeeenneens 70



Chapter 4  Results

4.1

4.2

4.3
4.4
4.5
4.6

4.7

4.8

4.9

Identification of endophytic bacteria

4.1.1  Morphological, physiological and biochemical characterization.......... 72
4.1.2  Genotypic characterization of bacteria........cccveeeveeeecieeeieeecieeeceeeeeeen. 78
4.1.2.1  Phylogenetic position of 1solated bacterial strains................ 81
Metagenomic study on bacterial community and diversity.......ccoeecveeeveeeecueennnee. 86
4.2.1  Sequence data analysis ......ccceeecueeeiiereiieeniieereeeee e 87
4.2.2  Characterization of bacterial COmMMUNILY.....cccceervierrierireereenieenieenireenen 90
Extraction of compounds and GC-MS analysis........ccccueeeveeriieeeceeccieeeecieeennen. 91
Total Phenolic Content of sample 1S01ates....oouiirriiiniienieeniieinieeeieeneeeeeeenne 102
Biogenic iron oxide nanoparticle Synthesis........coveeeveeeceeeiieecieescieeeeeeeceeene. 103
4.5.1  Heavy metal removal and dye decoloration..........ccccceeevveeeeevnveeeennennn. 107
Antimicrobial screening of selected isolates
4.6.1  AntIbacterial ACHVILY....ceivveeeeeeirreeeeeirreeeerireeeeenireeeeeereeeeestreeeeessreseesenseeens 109
4.6.2  ANtfungal ACHVILY...eeeciveeeeecieeeeeeieee e creeeeecreeeeerree e e reeeeeereeeeeeseeeeennns 110
In vitro antioxidant assay
A4.7.1  DPPH ASSaY.cccutiiiiieiriieieeiteeeeeitee e cereeecerreecerreeeeeereeeeseanaeeeenaraeeennnes 113
4.7.2  Superoxide radical scavenging (SRSA) assay .....ceveevveereveereeneenivennnenns 114
4.7.3  Lipid peroxidation inhibition (LPI) assay.......ccccecievervienenvienennienennen. 115
4.7.4  Ferric reducing antioxidant power (FRAP) assay.....c.ccccveevveevieevreennennne. 116
In vitro cytotoxicity study
4.8.1  Short term 1 vitro cytotoX1CItY StUAY..veeeeveerrveerreerriieenieeesireesireessneenns 118
T/ T\ U B R 1T R 119
In vivo study
7/ 1% WA o).« Tes 1 2 18 e 0SSR 120
4.9.2  Ant-Inflammatory StUAY....coveeieeeiereeeeiierecerieee e eeereeeeerreeeeernreeeennns 120
4.9.2.1  Inhibition of carrageenan-induced inflammation................. 120
4.9.2.2  Inhibition of formalin-induced inflammation....................... 123

4.9.3  Anticancer study

4.9.3.1 EAC-anduced ascites tumor model.........cccouvereeeieeeecieeeennen. 126
4.9.3.2  DLA-induced solid tumor model.........cccouveeueiiiieenvieeniieens 128
4.9.3.3 Hematological parameters.........cocveeeeevveeeeecrreeeeecreeeeeecieeeeeennns 129
4.9.3.4  Histopathology of tumoOr........cceccieeeiieeieeceecee e, 131

Chapter 5  Discussion

NO =

v v v O

O
S

=

©
>

Endophytic bacterial strain identification............ccueeeeieeeiieeeciieecieeeceeecee e 135
Metagenomic analysis of bacterial COMMUNILY........vveeeeeveeeeeereeeeeireeeeenreeeenne 138
Chemo-profiling of selected eight endophytic bacterial strains........ccceeevveeneen. 139
Quantitative estimation of Total Phenolic content.........cceceevevveenvieniienniennieennen. 141
Biogenic synthesis of iron oxide nanoparticles.........cuevvvverrveerniieeriieinieeenieennne 141
5.5.1  Application of synthesized nanoparticles..........ccoeeevveeiieeciiiecceeecieenee. 142

ANUMICTODIAL ACHVILY...uvveieeeireieeeeiiereeerirreeeeeiteeeeeeitreeeessreeeessseeeeseseeeesssseeeessseeens 144



5.7 ANUOXIAANE ACHVILY.eeerruvrrieierrereeeirreeeieireeeesireeeeesrereeesreeeesssesesessssessssssesesssssssesans 145
5.8 CYLOtOXICILY STUAY.ceeeirrreeeereeeeeireeeeeireeeeeireeeeeereeeeeerreeeessreeeessseeessssseeessnseseennnsens 147
5.9  Inwvivo study
5.9.1  TOXICILY ANALYSIS..c..ureiieeerrereieirreeieetreeeesireeeeeereeeeeerreeeeesreeeesesreeeesssesenanns 148
5.9.2 Ant-Inflammatory ACHVILY....eeeeecveeeeerieeeeeireeeeereeeeeereeeeeerreeeecreeeeennnes 149
5.9.3  ANULUMIOT ACHVIEY . ceieuvrreeerireeeeervereeniteeeeereereeesseeeeessereeessseseesssesessssseses 151
Chapter 6  Summary and Conclusion.............cccoeveererierrirerierieeeeienes 153
RELEIEIICES.......oveeee ettt 158
Annexure

Ethical Committee Clearance Certificate
Patent filed receipt

NCB1 Submissions (16)

Publications

Paper Presentations



	4 contents page

