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PREFACE 

In nature, no eukaryotes exist without prokaryotes. All the living organisms 

carry prokaryotes in them for their survival and existence. Endophytic bacteria residing 

inside the living tissue causing no harm to the host plays a major role in controlling the 

host’s physiology and metabolism. They show symbiotic association with the plant they 

reside and consume the metabolites from the host for their growth. They also secrete 

such consumed compounds as secondary metabolites, characteristic of the host’s active 

compounds. Therefore, if the host plants have good medicinal property, the 

endophytes in it may possess the similar character of the host. 

Endophytic microorganisms have an inexhaustible source of chemical 

compounds and can biosynthesize a wide variety of beneficial secondary metabolites. 

They are the depot of novel drugs with various biological activities of pharmaceutical 

importance. Research on the endophytes reports that they utilize the chemical 

compound of the host for their metabolism and secrete it as extracellular metabolites. 

In vice versa, these endophytes are symbiotically related to the growth and development 

of the host plant. The search of these potent endophytic bacteria from the medicinally 

important plant led to the present study of isolation of such bacteria from the plant 

Morinda L. species. Also, the work has showcased the pharmacological activities of the 

endophytic bacteria.  

The study suggest that the isolated endophytic bacterial species have important 

antimicrobial, antioxidant, anti-inflammatory, and anticancer activities. Also, the study 

focused on the use of the bacterial sample in nanoparticle production. The differences 

in the biological activities among the isolates can be due to the varied bioactive 

compounds present in it. 



  

2.1 

 

Some common endophytic bacterial species from the 

 agronomic plant.   

10 

2.2 Commonly used primers targeting bacterial 16S rRNA gene 

sequence. 

17 

2.3 Some selected bioactive compounds reported from bacteria. 22 

4.1 Phenotypic characterization of bacteria from M. citrifolia. 73 

4.2 Phenotypic characterization of bacteria from M. pubescens. 74 

4.3 Physiological characterization of bacteria from Morinda 

species.   

75 

4.4 Biochemical screening of bacteria from M. citrifolia.  76 

4.5 Biochemical screening of bacteria from M. pubescens. 77 

4.6 Identity percentage of the 16S rRNA gene sequences of the  

isolates with the NCBI database. 

78 

4.7 Hierarchical classification of isolated bacterial strains. 80 

4.8 Summary of OTUs clustered from pre-processed sequences 

of sample NMT. 

89 

4.9 Diversity indices among different major phyla. 91 

4.10 GC-MS analysis of ethyl alcohol extract of sample NMC01. 94 

4.11 GC-MS analysis of ethyl alcohol extract of sample NMC15. 95 

4.12 GC-MS analysis of ethyl alcohol extract of sample NMT03. 96 

4.13 GC-MS analysis of ethyl alcohol extract of sample NMT04. 97 

4.14 GC-MS analysis of ethyl alcohol extract of sample NMT06. 98 

4.15 GC-MS analysis of ethyl alcohol extract of sample NMT07. 99 

4.16 GC-MS analysis of ethyl alcohol extract of sample NMT08. 100 

4.17 GC-MS analysis of ethyl alcohol extract of sample NMT09. 101 

4.18 Total phenolic content and percentage yield of sample 

extract. 

102 

4.19 X-ray diffraction data (2θ and d-spacing of nanocrystal 

peak). 

106 

4.20 Heavy metals removal by synthesized γ-Fe2O3 nanoparticle. 107 

4.21 Degradation of different dye by synthesized γ-Fe2O3 108 

LIST OF TABLES 



  

 

nanoparticle. 

4.22 Percentage of fungal growth inhibition by isolated bacteria. 110 

4.23 The IC50 value of samples and standard drug of different 

antioxidant assay. 

117 

4.24 The IC50 value of sample extract on cytotoxicity towards 

DLA cell lines. 

118 

4.25 Inhibition of carrageenan-induced acute inflammation by 

NMC15 extract. 

122 

4.26 Inhibition of carrageenan-induced acute inflammation by 

NMT07 extract. 

123 

4.27 Inhibition of formalin-induced acute inflammation by 

NMC15 extract. 

124 

4.28 Inhibition of formalin-induced acute inflammation by 

NMT07 extract. 

125 

4.29 Showing the number of EAC-bearing mice that survived in 

each group. 

126 

4.30 The mean survival days and percent increase in lifespan of 

EAC- bearing mice. 

127 

4.31 Antitumor effect of NMT07 on DLA solid tumor. 128 

4.32 Hematological parameters of DLA tumor-bearing mice on 

the 30th day. 

130 



 

1.1  Schematic representation with an overview of the study design. 8 

2.1 Schematic representation of bioactive compounds produced by 

Bacillus sp. 

26 

3.1 Habit of M. citrifolia. 40 

3.2 Habit of M. pubescens. 41 

4.1 Schematic representation of code names given to endophytic 

isolates. 

71 

4.2 Photograph showing endophytic bacterial culture from Morinda 

species. 

72 

4.3 Photograph showing gel electrophoresis of 16S rRNA gene of 

the isolates. 

79 

4.4 Phylogenetic tree of endophytic isolates from Morinda species. 81 

4.5 Phylogenetic tree of isolated strains of Exiguobacterium sp. 82 

4.6 Phylogenetic tree of isolated strains of Bacillus sp. 83 

4.7 Phylogenetic tree of isolated strains of Micrococcus sp. 84 

4.8 Phylogenetic tree of isolated strains of Brevundimonas sp. 85 

4.9 Phylogenetic tree of isolated strains of Microbacterium sp. 85 

4.10 Phylogenetic tree of isolated strains of Brevibacterium sp. 86 

4.11 Gel profile of bacterial PCR amplicon. 86 

4.12 Graphical representation of base quality distribution of Read 1 

and Read 2 of sample NMT. 

87 

4.13 Sequencing chromatograms of Read 1 and Read 2 of sample 

NMT. 

88 

4.14 Contig length distribution of the sequence of sample NMT. 89 

4.15 Graphical representation of OTUs classification at the phylum 

level of sample NMT. 

90 

4.16 Graphical representation of OTUs classification at the genus 

level of sample NMT. 

91 

4.17 Plates showing endophytic bacterial isolates selected for the 

study. 

92 

4.18 Photograph of lyophilized ethyl alcohol extracts of selected 93 

LIST OF FIGURES 



samples. 

4.19 GC-MS chromatogram of ethyl alcohol extract of sample 

NMC01. 

94 

4.20 GC-MS chromatogram of ethyl alcohol extract of sample 

NMC15. 

95 

4.21 GC-MS chromatogram of ethyl alcohol extract of sample 

NMT03. 

96 

4.22 GC-MS chromatogram of ethyl alcohol extract of sample 

NMT04. 

97 

4.23 GC-MS chromatogram of ethyl alcohol extract of sample 

NMT06. 

98 

4.24 GC-MS chromatogram of ethyl alcohol extract of sample 

NMT07. 

99 

4.25 GC-MS chromatogram of ethyl alcohol extract of sample 

NMT08. 

100 

4.26 GC-MS chromatogram of ethyl alcohol extract of sample 

NMT09. 

101 

4.27 TPC of sample extract (a) and calibration curve of standard 

gallic acid (b). 

102 

4.28 Photograph of visual observation of synthesized iron oxide 

nanoparticles. 

103 

4.29 UV-Vis absorption spectrum of iron oxide nanoparticles of 

NMC01. 

104 

4.30 FTIR analysis of iron oxide nanoparticles of NMC01. 104 

4.31 EDAX image of iron oxide nanoparticles of NMC01. 105 

4.32 SEM image of iron oxide nanoparticles of NMC01. 105 

4.33 X-Ray Diffraction curves of iron oxide nanoparticles of 

NMC01. 

106 

4.34 TEM micrograph (A) with SAED pattern (B) of iron oxide 

nanoparticles of NMC01. 

107 

4.35 Graph showing heavy metal removal from treated water using 

AAS. 

108 

4.36 Photograph of dye decoloration by synthesized γ- Fe2O3 109 



nanoparticle. 

4.37 Plates showing antibacterial activity of Exiguobacterium 

aurantiacum NMC1 by cross streak method. 

109 

4.38 Plates showing antifungal activity of isolates against 

phytopathogen Sclerotium rolfsii by dual culture method. 

111 

4.39 Plates showing antifungal activity of isolates against 

phytopathogen Aspergillus sp. by dual culture method. 

112 

4.40 DPPH radical scavenging activity of ethyl alcohol extract of 

samples. 

113 

4.41 IC50 value of the sample extract in DPPH assay. 113 

4.42 SRSA activity of ethyl alcohol extract of samples. 114 

4.43 IC50 value of sample extract in SRSA assay. 114 

4.44 LPI activity of ethyl alcohol extract of samples. 115 

4.45 IC50 value of the sample extract in LPI assay. 115 

4.46 FRAP assay of ethyl alcohol extract of samples.  116 

4.47 IC50 value of the sample extract in FRAP assay. 116 

4.48 In vitro cytotoxicity analysis of 8 samples towards DLA cell 

lines. 

118 

4.49 Cell viability profile of NMC15 extract against MCF-7 breast 

cancer cell lines. 

119 

4.50 Cell viability profile of NMT07 extract against MCF-7 breast 

cancer cell lines. 

119 

4.51 Inflammation- induced in mice [A] before induction and [B] 

after induction. 

120 

4.52 Effect of sample NMC15 on carrageenan-induced acute 

inflammation in reducing the paw edema in Swiss albino mice. 

121 

4.53 Effect of sample NMT07 on carrageenan-induced acute 

inflammation in reducing the paw edema in Swiss albino mice. 

122 

4.54 In vivo anti-inflammatory effect of sample NMC15 on formalin-

induced chronic inflammation edema of Swiss albino mice. 

124 

4.55 In vivo anti-inflammatory effect of sample NMT07 on formalin-

induced chronic inflammation edema of Swiss albino mice. 

125 

4.56 EAC-induced ascites tumor in mice. 126 



  

 

4.57 Effect of sample NMT07 on survival pattern of ascites tumor-

bearing mice. 

127 

4.58 Effect of NMT07 extract on DLA-induced solid tumor 

development in mice. 

129 

4.59 Macroscopic view of variation in tumor size of mice in different 

groups. 

131 

4.60 DLA-induced tumor macroscopy and microphotography of 

control mice. 

131 

4.61 DLA-induced tumor macroscopy and microphotography of 

Cyclophosphamide-treated mice. 

132 

4.62 DLA-induced tumor macroscopy and microphotography of 

lower dose of NMT07 extract-treated mice. 

132 

4.63 DLA-induced tumor macroscopy and microphotography of 

higher dose of NMT07 extract-treated mice. 

133 



ABBREVIATIONS 

° C Degree Celsius 
µL Microliter 
µg Microgram 
mL Milliliter 
mg Milligram 
mM Millimolar 
M Molar 
Kg Kilogram 
g Gram 
v/v Volume per volume 
w/v Weight per volume 
b.wt. Body weight 
bp Base pair 
cm Centimeter 
nm Nanometer 
A° Angstrom 
min Minute 
sec Second 
h Hour 
% Percentage 

∼ Approximately 

rpm Revolutions per minute 
kV Kilovolt 
mA Milliampere 
pH Potential of Hydrogen 
IC Inhibitory concentration  
θ Theta 
λ Lambda 
α Alpha 
β Beta 
γ Gamma 
O D Optical density 
Cu Copper 
W Watt 
Cos Cosine 
Sin Sine 
CO2 Carbon dioxide 
MCF-7 Michigan Cancer Foundation-7 
RPMI Roswell Park Memorial Institute 
SOD Superoxide dismutase 
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