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1. Introduction 
 

Every plant species from lower forms like mosses to 

higher-order trees are the natural host for microorganisms. 

They colonises the tissues externally, internally and imparts 

both beneficial and harmful effects to the plants. Endophytic 

microorganisms harboured from internal layers of medicinal 

plants are important sources of novel products for drug 

discovery, industrial and agricultural applications (Zhang et 

al. 2006). They diversify with plants, species, regions, 

climatic changes (Nair and Padmavathy 2014) and confer 

major ecological benefits to their host plants. The advent of 

unusual strides of endophytes, their importance in 

influencing the plant growth, the ability of a plant to resist 

infection, stress conditions and other insights sparked a 

huge interest in their exploration. Traditionally, plants are 

considered as potential sources for novel bioactive moieties 

(Chockalingam and Muruhan 2017) that may be the 

products of the plant itself or the endophytes residing inside 

the tissues. Waltheria indica, a tropical perennial medicinal 

plant of Sterculiaceae family is used in traditional medicine 

by different communal worldwide (Zongo et al. 2013, 

Nirmala and Sridevi 2021). The plant is extensively screened 

for the phytochemicals and their related pharmacological 

properties (Kannan et al. 2016, Monteillier et al. 2017, 
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Zailani et al. 2010). Yet the endophytic association in that 

plant is not explored, which is a promising area of 

development for novel bioactive compounds. 

Nanoscience, an advanced interdisciplinary research 

field deals with synthesis of nanomaterials with unique 

catalytic, magnetic and electrical properties. Nanostructures 

of various composite formulations with controlled shape 

and size is designed for diverse applications. They are used 

as sorbents in waste water treatment (Yildiz et al. 2017), as 

catalysts for dehydrogenation reaction (Sen et al. 2018), for 

Selective reduction of nitro compounds in heterogeneous 

reactions (Göksu et al. 2016, 2017), as conductive conduit 

in thermopower generations (Abrahamson 2013) etc. 

Physical techniques such as optical lithography, use of 

electron beams, ion beams, anisotropic dissolution, thermal 

decomposition, templated etching, and selective dealloying 

are practiced for the nanoparticles (NPs) synthesis (Iqbal et 

al. 2012). In chemical methods inorganic and organic 

solvents are used to reduce the chemical species into NPs. 

Though defined structured, stable NPs are produced by 

physicochemical processes they are time consuming, 

requires high energy, highly toxic and also lead to nano 

contamination in the environment (Deepak et al. 2019).  

The merge of biology with nanotechnology lead to the 

focus on the use of bio sources such as microbes, plants, 

and their biomolecules for the synthesis of metal NPs. The 

approach was proved to be economical, safe, resource 

efficient and greener alternative (Mariadoss et al. 2019) for 

physical and chemical techniques. The compounds in the 

plant extracts such as saponins, alkaloids, terpenoids 
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flavonoids, quinines, phenols, sulfhydryls, pigments, 

tannins, sugars, and microbial metabolites such as enzymes, 

aminoacids, proteins, alcoholic compounds and vitamins 

fabricates the NPs with enhanced stability, increased 

inhibitory and cellular toxicity characteristics. At this 

juncture endophyte-mediated biosynthesis of NPs has 

emerged as the latest research prospect (Rahman et al. 

2019). The fastidious growth of endophytes, presence of 

valuable, novel extracellular and intracellular metabolites 

and ease of maintenance gained more importance for the 

synthesis of stable NPs for biomedical and pharmaceutical 

applications (Singh et al. 2014). Comparatively, 

extracellular synthesis of NPs is simple, and cost effective 

than intracellular methods that require additional process to 

purify the synthesized NPs. The applications oriented 

customization of size and shape raised the demand for 

biosynthesised silver NPs (AgNPs) than the other metallic 

NPs (Diantoro et al. 2018). Their distinctive surface 

chemistry, broad-spectrum antimicrobial activity, low 

toxicity, increase solubility and enhanced bioavailability in 

disease treatment augmented its importance in the 

development of drug formulations. The wide range 

biological activity exhibited by AgNPs hold forth the 

applications in veterinary, plant science, environmental 

concerns and electronics (Nirmala and Sridevi 2021).     

Based on the above literature survey, in the present 

study the diversity of endophytic groups in the stem and 

leaf parts of W. indica are identified and explored for the 

first time. The bacterial strain Cupriavidus sp. so for 

isolated from environmental samples, legumes is uniquely 

identified in the leaves of W. indica. Due to its potential 

metal resistance property it is employed for AgNPs 

synthesis. The optimal formation of NPs is ensured by 

various characterisation studies and its antimicrobial 

activity was evaluated in vitro. Hence a greener approach 

for NPs synthesis and production of targeted nanomaterials 

at very high efficiency in pharmaceutical preparations is 

proposed to unveil the role of endophytes in biomedical 

applications. 

 

 

2. Materials and methods 
 

2.1 Plant materials 

 

Healthy plant samples of W. indica, were collected 

freshly near foothills of Kanjamalai, Salem (Latitude: 11° 

36' 59" N, Longitude: 78° 3' 32" E) and transported to the 

laboratory in pre-sterilised zip-lock poly bags. These 

samples were washed in running tap water to remove soil 

particles, adhered debris and finally washed with distilled 

water. The collected plant material was authenticated at 

Botanical Survey of India, Southern Regional Centre, 

Coimbatore with identification No. BSI/SRC/5/23/2020/ 

TECH/562. The disease-free inner layers of leaf blade and 

stem were used for further isolation of endophytes (Fig. 1). 

 

2.2 Sample preparation 

 

The leaf and stem parts of the plant collected within 24  

 
Fig. 1 Waltheria indica 

 

 

hours are surface sterilized with 70% ethanol for 10 

minutes, 4% sodium hypochlorite for 1.5 minutes, and 70%   

ethanol again for l minute followed by five times rinses in 

sterile distilled water. Samples were cut aseptically using 

the sterile knife and inner tissues were excised, rinsed three 

times with sterile distilled water and dried on sterile blotting 

paper.  

 

2.3 Endophytes isolation and cultivation 
 
1 gram of inner tissues of leaf and stem were segmented 

into small pieces, macerated separately in 0.89 % saline and 

diluted tenfold in sterile saline. 0.1ml of serial diluted tissue 

extracts (10-1and 10-2) were spread on nutrient agar (NA) 

and potato dextrose agar (PDA) incubated at 37°C for 48 to 

72 hours and 5-6 days at 30°C for bacterial and fungal 

isolation respectively. The plating was done in triplicate for 

each dilution. Bacterial colonies were differentiated based 

on their time of growth and morphology (colony color, size, 

and shape) and purified by streaking techniques in agar 

slants. The hyphal tips appeared in PDA were carefully pure 

cultured and incubated at 28°C for two weeks (Correll et al. 

1987). To confirm the effectiveness of disinfestations of 

samples, sterility checks were carried out by taking sample 

impressions (0.1 ml of the final rinse water plated on NA 

and PDA) and incubated for about 6 days as control plates. 

The absence of microbial growth in control plates confirms 

that the sample was sterile and microbes isolated were 

endophytes (Qin et al. 2009). The purified cultures were 

further characterized by biochemical and molecular 

methods. 

 
2.4 Identification of endophytes 
 
2.4.1 Phenotypic identification of endophytes 
The obtained endophytic colonies were coded according 

to their source tissues as Endophytic Bacteria Leaf (EBL) 

EBL1, EBL2 etc., Endophytic Bacteria Stem (EBS) EBS1, 

EBS2 etc., Endophytic Fungi Leaf (EFL) EFL1, EFL2, etc., 

and Endophytic Fungi Stem (EFS) EFS1, EFS2 etc. The 

different morphospecies of bacteria were selected, 

identified by colony shape, size and colour and 

biochemically analyzed by Gram staining, motility, spore 
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staining, IMViC, TSI, Starch Hydrolysis, Carbohydrates, 

Oxidase, and Catalase test based on Bergey’s Manual of 

Determinative Bacteriology (Buchanan and Gibbons 1975). 

The fungal endophytes were identified morphologically by 

colony characteristics, color (front and reverse), growth, 

structure and morphology of conidiophores and conidia by 

lactophenol cotton blue staining method. The Urease test is 

performed for yeast. The obtained taxa were compared with 

the descriptions of fungal species (Barnett and Hunter 

1998). 

 
2.4.2 DNA Extraction and PCR amplification of 

endophytes 
The 16S rRNA gene of bacteria (EBL1, EBL3, EBL4, 

EBL6, EBL9, EBS2, EBS3, and EBS5) is the molecular 

signatures for bacterial identification to species level. The 

DNA was isolated by using High pure PCR template 

preparation kit, Roche. The 1500 bp of 16S rRNA genes are 

amplified using bacterial specific PCR primers, forward 

primer 27F (5’AGAGTTTGATCMTGGCTCAG3’), 1492R 

(5’TACGGYTACCTTGTTACGACTT3’) (Frank et al. 

2008).  Molecular identification of endophytic fungi and 

yeast (EFL1, EFL2, EFL3 and ESF1) were carried out by 

18S rDNA gene sequence. After seven days of fungal 

growth, the genomic DNA of each isolate were extracted 

using High pure PCR template kit, Roche and 18S rDNA 

gene was amplified with universal primers UL18F 

(5’TGTACACACCGCCCGTC3’), and UL28R (5’ATCGC 

CAGTTCTGCTTAC3’) (Martin and Rygiewicz 2005, 

White et al. 1990) by polymerase chain reaction (PCR) 

(VeritiTM-96 Well Thermocycler). The PCR reaction mixture 

contained Double distilled water (18.3 μl), Taq DNA 

polymerase buffer (10x - 2.5 μl), dNTP mix (2mM - 2.5 μl), 

Forward Primers (10μM - 0.5 μl), Reverse Primers (10μM - 

0.5 μl), Template DNA (0.5 μl), and Taq DNA polymerase 

enzyme (5U/μl - 0.2 μl). The thermo cycler was programmed 

with initial denaturation at 94°C for 5 minutes, Annealing at 

55°C for 45 seconds, Extension at 72°C for 1 minute and 

final extension at 72°C for 5 minutes (Saravanakumar et al. 

2021). The obtained PCR products were separated in 1.5 % 

agarose gel in TAE buffer and the DNA bands obtained are 

eluted by MACHEREY- NAGEL PCR clean up kit. 

Sequencing was done by Sanger dideoxy sequencing 

method (Applied Biosystems, Thermofisher Scientific).  

 
2.4.3 Sequence alignment and phylogenetic analysis 
The sequences obtained are run through multiple 

BLASTn in NCBI GenBank database (Altschul et al. 1990) 

to identify the homologous sequences. The identical hits 

obtained are selected, downloaded and aligned using 

MUSCLE by UPGMA clustering method in MEGA X 

software program (Kumar et al. 2018). The evolutionary 

history was inferred using the Neighbor-Joining method 

(Saitou and Nei 1987) with bootstrap consensus tree 

inferred from 1000 replicates. Branches analogous to 

partitions less than 50% bootstrap replicates are distorted. 

Next to the branches, the percentage of replicate trees in 

which the associated taxa clustered together in the bootstrap 

test (1000 replicates) is shown (Felsenstein 1985). The 

phylogenetic distances between the isolates were assessed 

using the Maximum Composite Likelihood method (Tamura 

et al. 2004) and the uncertain positions for each sequence 

were removed by pairwise deletion.  

 
2.5 Biosynthesis of silver nanoparticles 

 

The isolated endophytic bacterial strain Cupriavidus 

metallidurans (Cm) was cultured in 100ml of Luria–Bertani 

medium and incubated on an orbital shaker at 37°C and 

agitated at 200 rpm for 24 hours. The biomass was 

harvested by centrifuging at 10000 rpm for 10 minutes. 10 

ml of bacterial supernatant was mixed with 90ml (1mM) 

silver nitrate (AgNO3) solution for the biosynthesis of 

AgNPs. A positive control of the supernatant in deionised 

water without AgNO3 was also maintained. The prepared 

solutions were incubated at 30°C for 24 hours in dark to 

avoid any photochemical reactions. The biosynthesized 

silver nanoparticles (Cm-AgNPs) were purified by 

centrifugation at 10,000 rpm for 5 minutes twice, and 

freeze-dried. The sample was resuspended in deionized 

water for further characterization studies 

 

2.6 Characterization studies for silver nanoparticles 
 
The absorption spectrum of Cm-AgNPs was determined 

using UV-Visible spectroscopy (SHIMADZU 1800) in 200–
600 nm range with medium scanning speed of 300 nm 
min−1. The particle size and distribution pattern of Cm-
AgNPs were evaluated by dynamic light scattering analysis 
(DLS) and the electrophoretic stability were determined by 
the Zeta potential analysis using zeta sizer (Malvern 
instruments Ltd., U.K ZS90). The FTIR spectra of Cm-
AgNPs is measured at a resolution of 1 cm-1 in the 
transmission mode from wave numbers 500 to 4000 cm-1 in 
solid phase using SHIMADZU, IR PRESTIGE 21. The 
FTIR spectrum determines the potential biomolecules in the 
bacterial extract responsible for the reduction and capping 
of nanoparticles. The structure and composition of Cm-
AgNPs were analyzed by XRD (SHIMADZU - XRD 6000) 
operated at a voltage of 40kV and a current of 30mA 
equipped with a proportional counter Cu Kα radiation in a 
θ-2θ scanning mode between 10 to 80 degrees with 
sampling pitch of 0.1000 degree. The crystallite domain 
sizes were calculated from the width of the XRD peaks 
using Debye-Scherrer formula (Cullity 1978) D = 
0.94λ/βcosθ, where D is the average crystallite domain size 
perpendicular to the reflecting planes, λ is the X-ray 
wavelength, β is the full width at half maximum (FWHM), 
and θ is the diffraction angle. The size and surface 
morphological properties of Cm-AgNPs were determined 
by Transmission Electron Microscope (TEM) (JEOL JEM 
2100) and selected area electron diffraction (SAED) pattern 
was obtained.  The sample was located on copper grids 
coated carbon films, dried at room temperature and 
analyzed at 200kV. Scanning Electron Microscopic (SEM) 
(JEOL– JSM 6390) at a voltage of 15–20kV at different 
magnifications was also used to measure the crystallite 
structure of the Cm-AgNPs. The atomic composition of 
Cm-AgNPs was confirmed by energy-dispersive X-ray 
(EDX) analysis (Oxford instrument, INCA PentaFET x3) 
coupled with SEM. 
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Fig. 2 Endophytic population from W. indica stems and 

leaves 
 
 
2.7 Screening of antimicrobial activity of silver 

nanoparticles 
 
2.7.1 Test organisms 
The bioactivity of Cm-AgNPs synthesized from 

endophytic extract was analyzed by antimicrobial assay 

against bacterial and fungal pathogenic cultures obtained 

from Microbial Type Culture Collection (MTCC), 

Chandigarh. The test organisms include Gram positive 

bacteria Bacillus subtilis (MTCC1133), Staphylococcus 

aureus (MTCC2940), Staphylococcus epidermidis 

(MTCC737), Gram negative Escherichia coli (MTCC40), 

Klebsiella pneumonia (MTCC2405), Proteus mirabilis  

 (MTCC425), Salmonella typhi (MTCC733) and fungal 

strains of Penicillium chrysogenum (MTCC947), Candida 

albicans (MTCC183) and Aspergillus niger (MTCC404). 

 
2.7.2 Antimicrobial activity 
Agar well diffusion method was done to determine the 

antimicrobial activity of the synthesized Cm-AgNPs. The 

test bacterial culture in exponential growth phase grown in 

nutrient broth was swabbed in Muller Hinton agar plates 

and fungal culture onto the surface of PDA. Agar wells of 5 

mm diameter were prepared using a cork borer. The Cm-

AgNPs dissolved in dimethyl sulfoxide (DMSO) in 

different concentration (25µg/mL, 50µg/mL, 75µg/mL, 

100µg/mL) were added to the wells. DMSO (10µg/mL) as a 

negative control, Tetracycline (10µg/mL) and Kanamycin 

(10µg/mL) as positive control were maintained in parallel 

for bacterial and fungal pathogens respectively and 

incubated at 37°C for 24 hours.  Clear zones of inhibition 

were observed and the diameter of such zones are measured 

and recorded. 

 

 

 

 
Fig. 3 Bacterial endophytes (a) EBL1 (b) EBL3 (c) EBL4 

(d) EBL6 (e) EBL9 (f) EBS2 (g) EBS3 (h) EBS5 

 

 
Fig. 4 Fungal endophytes endophytes (a) EFL1 (b) EFL2 

(c) EFL3 (d) EFS3 
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3. Results and discussion 

 

3.1 Endophytic population 
 
The control plates showed no microbial growth thus 

confirmed the microbes grown in NA and PDA are 

endophytes. A total of 276 colonies that included 264 

bacterial endophytes and 12 fungal endophytes were 

obtained correspondingly from stem and leaves of W. 

indica. Of these detected 264 bacterial endophytes, 109 

(41.28%) counts from stem and 155 (58.71%) from leaves 

were observed. Among 12 fungal endophytes, 3 (25%) 

colonies were from stem and 9 colonies (75%) from leaves 

(Fig. 2). The leaf supported significantly higher counts of 

bacterial and fungal endophytes compared to stem that 

confirms the distribution of endophytes varies among the 

plant tissues. This may be due to the presence of various 

phytochemicals constituted in leafs than the other parts of 

the plant (Nirmala and Sridevi 2021).  

 

3.2 Identification of endophytes 
 
3.2.1 Phenotypic identification of endophytes 
Similar morphological features were observed in many  

 

 

isolates. Hence based on the macroscopic features 

5different bacterial colonies from leaves (EBL1, EBL3, 

EBL4, EBL6, EBL9), 3 bacterial colonies from stems 

(EBS2, EBS3, EBS5) (Fig. 3), 3 different sporulating 

strains of fungal isolates from leaves (EFL1, EFL2, EFL3) 

and 1 non-sporulating yeast species (EFS3) from the stem 

(Fig. 4) were selected and subjected to biochemical 

characterization and molecular identification. From 

biochemical analysis 75% of the bacterial isolate were 

Gram positive, 25% were Gram negative. Observations 

from macroscopic and biochemical characterisation of 

endophytic bacteria are summarised in Table 1. 

The macroscopic and microscopic observations of the 

fungal isolates such as colony characteristics, colour of the 

colony, mycelium, spore formation, structure and 

morphology of conidiophores and conidia are shown in 

Table 2. The morphological characteristics of the yeast 

species is confirmed by the urease test and it is illustrated in 

Table 3. 

 
3.2.2 Molecular identification and phylogenetic 

analysis  
The 16S rRNA gene sequence of 8 bacterial endophytes 

and the 18S rDNA gene sequence of 3 fungal and 1yeast  

Table 1 Phenotypic identification of bacterial endophytes 

Biochemical Parameters 
Bacterial endophytes 

EBL1 EBL3 EBL4 EBL6 EBL9 EBS2 EBS3 EBS5 

Colony 

Morphology 

Colour Yellow Yellow 
Creamy 

White 
White 

Milky 

White 

Light 

Yellow 
Pale White Yellow 

Shape Round Irregular Round Irregular Irregular Irregular Irregular Round 

Opacity Opaque Opaque Opaque Transparent Opaque Opaque Transparent Opaque 

Gram staining + + + + + + + - 

Cell morphology Cocci Rod Rod Rod Cocci Rod Rod Rod 

Motility + + - + + + + + 

Spore staining - - - - - - - - 

IMViC 

Indole - + + - - - - - 

MR - + + - - - - - 

VP - - + + + + + - 

Citrate - - + + - - + + 

TSI 

Butt A A A A A A A A 

Slant A K K K K K A K 

H2S 

Production 
- - - - - - - - 

Gas 

production 
- - - - - - - - 

Starch Hydrolysis - + - + - - + - 

Carbohydrates 

Glucose + - - + + + + + 

Lactose - - + + + - + + 

Maltose + - - - + - + - 

Mannitol + - - - - - + - 

Sucrose + - - - + + + - 

Oxidase + + + + - + - - 

Catalase + + + + + - + + 
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Table 2 Phenotypic identification of fungal endophytes 

S.No 
Sample 

Marking 
Macroscopic Observation 

Microscopic Observation 

Mycelium Spores Structure & Morphology 

1 EFL1 
Yellowish brown color colonies 

Brown color spores 
Branched Hyphae + 

Conidiophores biverticillate 

Conidia are globose to subglobose 

2 EFL2 
Colonies are flat, powdery or velvety 

in texture Yellow-brown 
Septate hyaline hyphae + 

conidiophores, phialides, conidia, and 

chlamydospores are observed 

3 EFL3 
White rough Mycelium, light green 

color Spores 

Branched With Septate 

Hyphae 
+ 

Conidiophore, Chain Conidiophores 

are observed 

Table 3 Phenotypic identification of Yeast Endophytes 

S.No Sample Marking Macroscopic Observation Microscopic Observation Mycelium Urease test 

1 EFL1 Creamy white Round Colonies Gram Positive Cocci like Structure 
Urease positive, appearance of 

pink color 

Table 4 BLAST results of the sequence analyzed from endophytes 

S.No 
Colony 

Code 

Sequence 

analysis 
Possible genus 

Related strains 

(from GenBank sequences) 

Genebank 

accession number 

Query 

cover (%) 

Identity 

(%) 

1 EBL1 16S rRNA 
Micrococcus 

luteus 

Micrococcus luteus strain NCTC 2665 NR_075062.2 100 99.66 

Micrococcus yunnanensis strain YIM NR_116578.1 95 99.79 

Micrococcus antarcticus strain T2 NR_025285.1 100 98.38 

2 EBL3 16S rRNA 

Chryseomicro-

bium 

palamuruense 

Chryseomicrobium palamuruense strain 

PU1 
NR_151985.1 98 97.94 

Chryseomicrobium amylolyticum strain 

JC16 
NR_108459.1 96 98.11 

Chryseomicrobium aureum strain BUT-2 NR_134003.1 96 97.63 

3 EBL4 16S rRNA 
Cupriavidus 

metallidurans 

Cupriavidus metallidurans strain CH34 NR_074704.1 100 98.99 

Cupriavidus necator strain N-1 NR_102851.1 100 98.53 

Cupriavidus plantarum strain ASC-64 NR_109160.1 99 98.78 

4 EBL6 16S rRNA Bacillus kochii 

Bacillus kochii strain WCC 4582 NR_117050.1 98 99.67 

Bacillus gottheilii strain WCC 4585 NR_108491.1 98 97.20 

Bacillus ciccensis strain 5L6 NR_159148.1 97 97.00 

5 EBL9 16S rRNA 
Staphylococcus 

saprophyticus 

Staphylococcus saprophyticus subsp. 

saprophyticus strain ATCC 15305 
NR_074999.2 100 99.14 

Staphylococcus gallinarum strain VIII1 

16S ribosomal RNA gene 
NR_036903.1 97 99.86 

Staphylococcus edaphicus strain CCM 

8730 
NR_156818.1 100 99.07 

6 EBS2 16S rRNA 
Bacillus 

australimaris 

Bacillus australimaris strain MCCC 

1A05787 
NR_148787.1 98 99.87 

Bacillus stratosphericus strain 41KF2a NR_042336.1 99 99.54 

Bacillus zhangzhouensis strain MCCC 

1A08372 
NR_148786.1 98 99.80 

7 EBS3 16S rRNA 
Bacillus 

subtilis 

Bacillus subtilis strain DSM 10 NR_027552.1 99 100 

Bacillus subtilis strain IAM 12118 NR_112116.2 99 99.93 

Bacillus subtilis subsp. inaquosorum 

strain BGSC 3A28 
NR_104873.1 99 99.93 

8 EBS5 16S rRNA 
Pantoea 

anthophila 

Pantoea anthophila strain LMG 2558 NR_116113.1 99 99.58 

Pantoea allii strain BD 390 NR_115258.1 99 99.02 

Pantoea deleyi strain LMG 24200 NR_116114.1 99 99.09 

9 EFL1 18S rDNA 
Talaromyces 

marneffei 

Talaromyces marneffei strain TM4 

chromosome 3 
CP015870.1 100 95.53 

Talaromyces pinophilus strain 1-95 CP017345.1 100 95.54 

Penicillium verruculosum AF510496.1 100 95.42 

10 EFL2 18S rDNA 
Paecilomyces 

variotii 

Paecilomyces variotii strain ATCC 

10865 
FJ345354.1 

100 

 
98.86 

Byssochlamys spectabilisisolate 

SAN1126 
KC311513.1 85 99.40 

Paecilomyces tabacinus LT548280.1 88 95.55 
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Table 4 Continued 

S.No 
Colony 

Code 

Sequence 

analysis 
Possible genus 

Related strains 

(from GenBank sequences) 

Genebank 

accession number 

Query 

cover (%) 

Identity 

(%) 

11 EFL3 18S rDNA 
Penicillium 

verruculosum 

Penicillium verruculosum AF510496.1 100 98.32 

Talaromyces pinophilus CP017345.1 100 98.26 

Talaromyces marneffei CP015870.1 100 98.03 

12 EFS1 18S rDNA 
Cryptococcus 

neoformans 

Cryptococcus sp. P40A001 JX188145.1 84 97.08 

Bullera unica strain CB12 KM232490.1 92 91.15 

Cryptococcus flavescens FN428902.1 65 99.91 

Table 5 GenBank accession data of endophytes from W. indica 

S.No Colony Homologous Microorganisms (% identity) Genbank iD 

1 EBL1 Micrococcus luteus (99.6) MN075406 

2 EBL3 Chryseomicrobium palamuruense (97.94) MN075509 

3 EBL4 Cupriavidus metallidurans (98.99) MN075512 

4 EBL6 Bacillus kochii (99.67) MN075515 

5 EBL9 Staphylococcus saprophyticus (99.14) MN077137 

6 EBS2 Bacillus australimaris (99.87) MN077148 

7 EBS3 Bacillus subtilis (100) MN07714 

8 EBS5 Pantoea anthophila (99.58) MN077163 

9 EFL1 Talaromyces marneffei (95.53) MN077570 

10 EFL2 Paecilomyces variotii (98.86) MN077514 

11 EFL3 Penicillium verruculosum (98.32) MN077562 

12 EFS1 Cryptococcus neoformans (97.08) MN077561 

 
Fig. 5 Phenogram of bacterial endophytes 
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isolates were used to barcode the genera and species 

through sequencing analysis and advanced BLAST search 

program at NCBI (Altschul et al. 1990). The query 

sequence length of bacteria is approximately 1500 bp and 

that of fungi was between 1698 to 1756 bp. The first three 

closely related hits of each isolates from GenBank with its 

accession number, identity and query cover are shown in 

Table 4. The nucleotide sequence data of the endophytes 

was then deposited to the GenBank and accession number 

was obtained (Table 5). Each isolates showed 97-99% of 

high similarity with the corresponding strains.  

The phylogenetic analysis performed using MEGA X 

involved 32 nucleotide sequences in 1553 positions in the 

final data set of bacteria and 16 nucleotide sequences in 

2210 positions for fungi. Phonetic and genetic study 

confirmed that the isolates were closely related to the 

different type of strains. The phenogram of each isolates to 

their taxonomically similar groups is depicted in Fig. 5 and 

Fig. 6 respectively. 

The enumerated endophytic bacteria such as Micrococcus 

luteus, Bacillus sp., (Bacillus australimaris, Bacillus 

subtilis, Bacillus kochii), Pantoea anthophila, and 

Staphylococcus saprophyticus are commonly found in 

internal tissues of many agronomic plants like maize, rice, 

wheat, red clover, apple, papaya fruit, strawberry, grapevine 

etc., (Afzal et al. 2019). They stimulate plant growth by 

producing growth hormones, help in plant adaptation in 

drought conditions, induce host defence gene expression, 

and aids in biodegradation (Arora et al. 2010, Gond et al. 

2015, Kavamura et al. 2013, Neetha et al. 2018). 

Cupriavidus metallidurans  is a metal resistant soil 

bacterium, also isolated from sludge, legume nodules 

(Andam et al. 2007) and contributes to the phytoextraction 

of toxic metals (Vicentin et al. 2018). The bacteria 

increased plant growth significantly and involved in nodule 

nitrogenase activity (Barrett and Parker 2006). For the first 

time, the organism’s localization in leaves was identified in 

our study. Chryseomicrobium sp., belongs to Planococcaceae  

 

 

family hitherto isolated from semi-arid tropical soil (Raj et 

al. 2013) sediment sample of a drainage (Pindi et al. 2016), 

seawater (Arora et al. 2010), and activated sludge (Deng et 

al. 2014).  This is the first report for the species as an 

endophyte that has 98% sequence similarity with 

Chryseomicrobium palamuruense.  

Endophytic fungi such as Talaromyces sp, Paecilomyces 

sp, and Penicillium sp isolated from different medicinal 

plants have also been identified in leaves of W. indica. They 

are a potential source of biologically active metabolites, 

phytohormones that influence plant growth and health, 

enhances antagonistic property, and helps to adapt host 

plant to stress conditions (Amatuzzi et al. 2018, Bilal et al. 

2017, Sahu et al. 2019).  

An endophytic yeast Cryptococcus flavescens was 

identified in the stem of W. indica. Similar Cryptococcus 

genus was reported earlier in sweet orange and cactus that 

may be a source of bioactive molecules to inhibit or control 

plant disease pathogens (Gai et al. 2009, Silva-Hughes et al. 

2015). This study on isolation and identification of 

endophytic microorganisms from the leaf and stem parts of 

W. indica is the first report from the Kanjamalai foothills of 

Salem district, Tamilnadu.  
 

3.3 Biosynthesis of silver nanoparticles  
 

The heavy metal resistant property of Cupriavidus 

metallidurans may support biologically stable NPs 

production. The formation of NPs from the bacterial 

aqueous filtrate (Yellow colour) incubated with AgNO3 

solution was scrutinized after 24 hours visually by the color 

change to dark brown (Fig. 7). No color change was 

observed in the control. The colour change may be due to 

the reduction of silver ions to nano silver by the bioactive 

compounds in the extracellular endophytic extract. This 

reduction process may lead to the excitation of surface 

plasmon resonance (SPR) in AgNPs that can be measured 

by spectroscopic methods. About 1L of bacterial AgNPs 

solution contained 100 mg of Cm-AgNPs pellets. 

 
Fig. 6 Phenogram of fungal and yeast endophytes 
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Fig. 7 Biosynthesis of silver nanoparticles 

 

 
Fig. 8 UV-visible spectrum of Cm-AgNPs 

 

 
Fig. 9 DLS analysis of Cm-AgNPs 

 

 

3.4 Characterization studies of silver nanoparticles 
 

AgNPs corresponds to the SPR peak between 400–450 

nm in the UV-visible spectra (Mie et al. 2014). This 

phenomenon is due to the oscillation of free electrons in Ag 

with reflected light, size, shape of AgNPs and their 

association with bacterial metabolites. The reaction mixture 

of Cm-AgNPs exhibited a smooth absorbance peak at the 

wavelength 408.5nm that confirms the presence of AgNPs. 

 
Fig. 10 Zeta potential of the Cm-AgNPs 

 

 
Fig. 11 FTIR spectrum of Cm-AgNPs 

 

 

Similar results were reported in many studies related to the 

biosynthesis of AgNPs (Anandalakshmi et al. 2016, Wang 

et al. 2020) (Fig. 8) that exhibited good antimicrobial 

activity.  

The size and surface charge influence the effectiveness 

of the AgNPs. The DLS analysis (Fig. 9) shows that the 

average size of Cm-AgNPs was 16 nm and the size varied 

from 10-24 nm. The zeta potential of the Cm-AgNPs was 

found as a sharp peak at 28.2 mV which indicates that the 

surface of synthesized NPs was positively charged (Fig. 

10). The endophytic metabolites capping the surface of NP 

may attribute to the positive charge. The zeta spectrum also 

shows that the NPs is stable and have strong precipitation 

and agglomeration (Riddick 1968). The values obtained 

were comparable to the zeta potential of biosynthesized NPs 

reported by Ali et al. 2016, Selvarani 2015). 

FTIR spectrum revealed the presence of different bands 

at 3444.87, 1633.71, 1458.18, 1020.34, 597.93cm−1 (Fig. 

11). The peak at 3444.87cm−1 corresponds to the O-H 

stretching vibrations of water molecules. The bands at 

1633.71cm−1 and 1458.18cm−1 shows C=C Stretching 

vibrations of non-conjugated, disubstituted alkene group 

and C-H bending vibrations of CH3 group respectively. The 

band at 1020.34 cm−1 can be assigned to medium C–N 
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Fig. 12 XRD pattern of Cm-AgNPs 

 

 
Fig. 13 TEM Image of Cm-AgNPs 

 

 
Fig. 14 SAED pattern of Cm-AgNPs 

 

 
Fig. 15 SEM image of Cm-AgNPs 

stretching vibrations of amines signifying the presence of 

amino acid. The peak obtained at 597.93cm−1 region could 

be attributed to alkyl halides stretching. The observation 

confirms the presence of hydroxyl, alkene and amine 

groups in the bacterial extract that act as reducing capping 

and stabilizing agents of AgNPs as reported in early 

findings (Roseline et al. 2019, Singh et al. 2014).   

XRD analysis showed the strongest diffraction peaks at 

2θ values of 38.12°, 44.31°, 64.46° and 77.41° (Fig. 12). 

These peaks are assigned to 111, 200, 220 and 311 planes of 

a face centre cubic structure of Cm-AgNPs that agrees with 

the JCPDS file no. 89-3722 for silver. By using the Debye-

Scherrer equation, the average size of crystallite Cm-AgNPs 

was found to be 16.4 nm. No secondary peaks were 

observed in the XRD pattern thus confirms the pure 

crystalline nature of AgNP as mentioned in the previous 

reports of green synthesized NPs from endophytic bacteria, 

fungi and plant extracts (Dong et al. 2017, Gnanadesigan et 

al. 2011, Singh et al. 2017). The size obtained in the XRD 

pattern excellently confirms the average size obtained in 

DLS analysis. 

TEM micrograph (Fig. 13) showed an average size of 

18±0.5nm for Cm-AgNPs. Circular aggregates with smooth 

edges were observed that are not in direct contact with each 

other. It shows that the AgNPs are stabilized by capping 

agents from the endophytic extract. Fig. 14 shows the 

SAED pattern of Cm-AgNPs in 111, 200, 220, 311 planes 

matching with diffraction rings that were in agreement with 

XRD data. The presence of bright spots within the 

diffraction rings of crystal orientations confirms the FCC 

structure with polycrystalline nature of AgNPs. The average 

size of the particle was also nearly in equivalence with DLS 

analysis. The results obtained were comparable to former 

reports of green synthesized AgNPs by Devi and Joshi. 

(2015), Devaraj et al. (2013). The small size of NPs may 

enhance the reactivity and catalytic activity in various 

applications. 

SEM image depicted additional data on the shape and 

dimension of the Cm-AgNPs synthesized from endophytic 

extract (Fig. 15). It showed that the Cm-AgNPs is 

irregularly shaped, nonuniform polydispersed with an 

average size of 50 nm. The smaller particles may aggregate 

to give the large-size appearance of nanoparticles (Devaraj 

et al. 2013). The large particle size depicted in SEM 

compared to DLS and XRD may be due to the difference in 

sample preparation and the presence of various forces of 

interaction in the solution (Banerjee and Nath 2015). 

The EDX profile (Fig. 16) showed a sharp absorption 

peak between 3–4keV, that is typical to metallic AgNPs. No 

additional peak was observed. Thus Cm-AgNPs was 

biosynthesized successfully from endophytic bacterial 

extracts that was similar to the earlier reports of Ghosh et 

al. (2012) and Singh et al. (2017). The weight of silver was 

found to be 43.69 % thus confirms Cm-AgNPs was 

successfully biosynthesized from endophytic bacterial 

extracts. 

 

3.5 Antimicrobial activity of silver nanoparticles  
 

The antimicrobial activity of the Cm-AgNPs was 

checked by agar well diffusion method against Gram- 
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Fig. 16 EDX profile of Cm-AgNPs 

 

 
Fig. 17 Antibacterial activity of Cm-AgNPs 

 

 

positive, Gram-negative human pathogenic bacteria and 

fungal pathogens. Cm-AgNPs showed remarkable anti-

bacterial activity with maximum inhibition of 7.03±0.06 

mm and a minimum inhibition of 3.97±0.25 mm. There was 

 
Fig. 18 Antifungal activity of Cm-AgNPs 

 

 

 
Fig. 19 Zone of inhibition for pathogens 

 

 

significant antibacterial action against S.epidermidis, E.coli, 

S.typhi, K.pneumonia, and P.mirabilis and a moderate 

action against B. subtilis, and S. aureus (Fig. 17). 

Comparatively low activity was observed against P. 

mirabilis (3.97±0.25 mm) but at higher concentration the  
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inhibition was 6.93±0.12 mm. Broad-spectrum activity of 
the Cm-AgNPs against the five pathogenic bacteria was 
significant. There was substantial antibacterial activity at 
the concentration of 25µg/mL and the activity increased 
with an increase in dose level of 100µg/mL. The diameters 
of the inhibition zones for the all tested pathogens are 
illustrated in Fig. 19 (Table 6, Table 7). There was no 
inhibition zone observed for A.niger, while Penicillium 
chrysogenum was inhibited only at a higher concentration 
of 100µg/mL (4.10±0.10). Candida albicans was inhibited 
maximally (Fig. 18) than bacterial pathogens with inhibition 
zone between 8.13±0.15 mm to 12.10±0.10 mm.  The 
results were compared with standard drugs used as positive 
controls. Negative control plates didn’t express any 
inhibition zones. Similar results were obtained in recent 
studies of Monowar et al. (2018), Sunkar and Nachiyar 
(2012) who reported the promising antimicrobial activity of 
AgNPs from endophytes. 

AgNPs are remarkably known for their antimicrobial 
activity, yet the judicious mechanism attributing the 
property is ambiguous. AgNPs damage the membrane lipids 
and deteriorates membrane function (Qian et al. 2013), 
denature the proteins, induce oxidative stress and finally  

 

 

 

 

direct to cell death. The prevalence of multidrug resistant 
direct to cell death. The prevalence of multidrug resistant 
bacteria and pandemic viruses led to the development of 
AgNPs based drug candidates with high resistance property. 
Cm-AgNPs showed broad spectrum activity against the 
pathogenic organisms used. This may be due to the higher 
concentration of AgNPs that breaks the peptidoglycan 
layers of Gram-positive and Gram-negative bacteria than at 
the lower concentrations. The average smaller size of 
16.4nm and the positive surface charge of Cm-AgNPs also 
attributes to the bactericidal property that was in 
concurrence with the earlier reports (Levard et al. 2012, 
Nirmala and Sridevi 2021). Table 8 compares the 
antimicrobial activity of NPs from Cupriavidus sp., from 
various sources. The promising results obtained against 
various microbes may help in developing biosynthesised 
NPs as potent antimicrobial agents. 

 

 

4. Conclusions 
 

The present study provides the first report on the 

exploration of endophytic population associated with the 

Table 6 Antibacterial activity of Cm-AgNPs against selected bacterial strains 

S.No Test Organisms 
ZOI of Cm-AgNPs 

Standard (mm) Control (mm) 25µl (mm) 50µl (mm) 75µl (mm) 100µl (mm) 

1 B. subtilis 8±0.20 - 4.10±0.10 5.17±0.15 5.17±0.15 6.13±0.32 

2 S. aureus 9.03±0.45 - 4.47±0.45 5.23±0.25 5.03±0.06 6.27±0.25 

3 S. epidermidis 9.07±0.12 - 4.93±0.21 6.13±0.15 5.90±0.10 7.03±0.06 

4 E. coli 12±0.80 - 4.03±0.06 6.0±0.20 6.23±0.25 6.97±0.06 

5 S. typhi 12±0.50 - 5.07±0.21 6.10±0.26 6.07±0.12 6.93±0.12 

6 P. mirabilis 8.03±0.06 - 3.97±0.25 6.10±0.10 6.03±0.06 6.93±0.12 

7 K. pneumoniae 8.97±0.06 - 4±0.10 6.23±0.21 6.03±0.06 6.97±0.06 

Table 7 Antifungal Activity of Cm-AgNPs against selected fungal strains 

S.No Test Organisms 
ZOI of Cm-AgNPs 

Standard (mm) Control (mm) 25µl (mm) 50µl (mm) 75µl (mm) 100µl (mm) 

1 P. chrysogenum 8.10±0.10 - - - - 4.10±0.10 

2 C. albicans 15.27±0.25 - 8.13±0.15 9.20±0.20 9.07±0.21 12.10±0.10 

3 A. niger 6.03±0.15 - - - - - 

Table 8 Antimicrobial activity of NPs from Cupriavidus sp., from various sources 

S.No Microorganisms NPs Antimicrobial Property Pathogenic Organisms References 

1 C. metallidurans 

Gold nano-

particles 

(AuNPs) 

No activity E.coli MG1655 
Montero‐Silva  

et al., 2018 

2 C. metallidurans AgNPs Antibacterial activity E.coli MG1655 
Montero‐Silva  

et al., 2018 

3 
Cuprividus sp., from 

soil 
AgNPs Antibacterial activity 

Stenotrophomonas pavanii, Aeromonas 

enteropelogenes, Proteus mirabilis, 

Enterobacter xiangfangensis 

Ameen et al., 

2020 

4 
C. metallidurans from 

leaf of W.indica 
AgNPs Antibacterial activity 

B. subtilis, S. aureus, S. epidermidis, E. 

coli, S. typhi, P. mirabilis, K. pneumoniae 
Our study 

5 
C. metallidurans from 

leaf of W.indica 
AgNPs Antifungal activity P. chrysogenum, C. albicans, A. niger Our study 
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stem and leaves of W. indica, a medicinal plant widely used 

in many pharmacological formulations. This study provides 

evidence for the presence of some novel groups that can be 

exploited for producing bioactive moieties for various 

medical applications. An ecofriendly and cost-effective 

method for AgNPs synthesis was carried out using an 

endophytic bacterium Cupriavidus metallidurans isolated 

from the leaf of the plant. The structural characterization of 

Cm-AgNPs showed absorption peak 408.5nm with an 

average size of 16.4 nm with positive surface potential. The 

XRD, FTIR, SEM, and EDX revealed the optimal 

formation with crystalline nature and elemental composition 

of Ag. Cm-AgNPs exhibited potential antimicrobial activity 

against 10 different pathogens. Thus a cost-effective, 

substantial eco-friendly method of AgNPs was proposed 

that may shift the nanoscience research to the endophytic 

avenue for effective green synthesis methodology. With this 

prior art, the activity of endophytic AgNPs can be explored 

further as an optimistic therapeutic in the treatment of 

cancer, inflammations etc. 
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