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Abstract
Endophyte mediated nanoparticles fabrication were emerging as a new frontier in nanomedicines that produce high biocom-
patible and functionalized silver nanoparticles. In this study, silver nanoparticles were successfully biosynthesized from the 
extracellular extract of endophytic bacterium Pantoea anthophila isolated from the stem of Waltheria indica for the first 
time. The synthesized nanoparticles showed a strong absorption band at 410 nm in the UV–Visible range. The dynamic light 
scattering and zeta potential analysis indicated that the average particle size was 16 nm at 5.30 mV. FTIR spectrum displayed 
the presence of various functional groups at 3423.65, 1633.71, 1022.27, 607.58  cm−1 that stabilised the nanoparticle. X-ray 
diffraction peaks were conferred to 100, 200, 220 and 311 planes of a face centred cubic structure. TEM and SEM micrograph 
revealed the spherical-shaped, polycrystalline nature with the presence of elemental silver analysed by EDAX. Selected area 
electron diffraction also confirms the orientation of silver nanoparticles with X-ray diffraction analysis. Antimicrobial activity 
against 10 different human pathogenic bacteria and fungi showed a broad spectrum inhibition against both Gram-positive 
and Gram-negative bacteria. Among the bacterial pathogens, B. Subtilis exhibited low activity compared to other pathogens. 
C. albicans was greatly controlled than other fungal species. A strong free radical scavenging activity of silver nanoparticles 
with  IC50 values 31.29 ± 0.73, 19.83 ± 1.57, 35.64 ± 0.94, 42.07 ± 1.30, 29.70 ± 2.26, 29.10 ± 0.82, 36.80 ± 0.63 μg/ml was 
obtained in different antioxidant assays that were comparable to the reference. The study suggests that the silver nanopar-
ticles can be biosynthesized from endophytic P. anthophila metabolites with significant therapeutic potential. With proper 
validation, the biosynthesized silver nanoparticles can be developed as a promising antiviral and anticancer drug candidate.
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1 Introduction

The potential of human viral and bacterial pathogens 
causing diseases is rising alarmingly in recent years. 
The lethal condition caused by these etiological agents 
leads to a high death mortality rate. Scientific studies also 
proved that many of these infections trigger the produc-
tion of reactive oxygen (ROS) and nitrogen species that 
can cause tissue damage resulting in inflammation. As a 
consequence, there is an increase in the risk of harmful 
diseases like acute lung injury, aging, acute renal failure, 
cardiovascular diseases, diabetes, neurodegenerative dis-
eases, cancer etc. [1, 2]. Though wide-spectrum antibiot-
ics are available they are least effective against infectious 
agents due to their increase in multi drug resistant nature. 
Products like carotenoids, vitamins and polyphenols from 
fruits and vegetables have the ability to modulate oxidative 
stress in human cells [3, 4]. Yet, low bioavailability and 
easy degradation during delivery limit their antioxidant 
activity [5]. The change in the way the prescribed drugs 
used for the treatment of various diseases or the develop-
ment of novel candidates with high potency is the urgent 
need of the hour.

Nanotechnology, an emerging research area in science 
and technology has gained importance in biomedical, cos-
metics, imaging, cancer therapy and targeted drug deliv-
ery [6, 7]. Nanostructures and nanodevices with controlled 
shape and size are designed and characterized for various 
applications by this innovative technique. Different types 
of metal nanoparticles like gold, silver, alginate, copper, 
titanium, zinc, magnesium, etc., are proved to have pro-
found pharmacological activity [8]. Among the metallic 
nanoparticles, nanosilver is extensively researched for its 
wide-ranging applications in different fields. Sensors with 
silver-based nanocomposites and nanocatalysts have been 
developed for the removal of pollutants from environmen-
tal sample and health monitoring [9–11]. The good elec-
trical conductivity and potential optical property of silver 
nanoparticles (AgNPs) attracted their role as catalysts in 
chemical reactions, as intercalating materials for electri-
cal batteries, used in selective coatings for solar energy 
absorption, etc., [12, 13]. The broad-spectrum activity, 
low toxicity and unique physiological properties such as 
size, morphology and surface chemistry of AgNPs [14, 15] 
acquired an interest in the development of antimicrobial 
[16], anti-plasmodial [17], anti-platelet [18], anti-tumour 
[19], topical creams and wound healing [20] pharmaceuti-
cal products. Factors like cell type and reducing agents 
from which the NPs are produced also influences the bio-
logical activity of AgNPs that extends the applications in 
constructions, plant science, veterinary, food, ecology, and 
electronics. Its potency to rupture thick cell wall, inducing 

oxidative stress, inhibiting proteins, enzymes and DNA 
replication circumvented the infections and multi drug-
resistant nature of microbial strains [21]. This antimicro-
bial property directed to the development of products like 
AgNPs integrated healing bandage, antiseptics and medical 
devices for sterilizing surfaces and air. AgNPs also proved 
to have significant cytotoxic activity in cancer cell lines 
and degenerative disease by reducing ROS [22, 23]. Its dis-
tinctive ability to cross various biological barriers, targeted 
delivery of drugs, increased synergistic effects of chemo-
therapeutic drugs with AgNPs, high biocompatibility with 
human cells lead to the design of Ag-based nanomaterials 
for medical applications [24].

Nanoparticles are synthesized by physicochemical meth-
ods that are costly, highly toxic and time-consuming. An 
eco-friendly, sustainable technique has to be developed for 
the production of AgNPs for various medical challenges. 
Biosynthesis of metal nanoparticles gained considerable 
attention in the past decade. Moreover, it has been proposed 
as a less toxic, cost-effective, environmentally friendly alter-
native to chemical and physical methods. Biological sources 
such as plants, microbes (bacteria and fungi) and biomol-
ecules (amino acids and vitamins) are recognized to reduce 
metal ions to nano metals [25, 26]. The biomoieties in the 
green extracts such as proteins, enzymes, vitamins, alco-
holic compounds, alkaloids, flavonoids, phenols, quinones, 
terpenoids, tannins, saponins, sugars, sulfhydryls, pigments, 
amino acids, etc., influence the fabrication of nanoparticles 
that increases its microbial inhibitory and cellular toxicity 
nature, yet it is least toxic to human and environment [27].

Waltheria indica, a tropical medicinal plant is used tradi-
tionally in the treatment of cough, skin diseases, microbial 
infections and inflammatory diseases [28–30]. Endophytes 
have opened a new direction of exploration in nanoparti-
cle synthesis. They colonize the internal tissues of plants, 
diversify between species, organs and play a key role in plant 
growth and defence. They are well known for the inimita-
ble intracellular and extracellular bioactive metabolites that 
act as the major source of drugs against human diseases. 
Endophytic fungi from different plants are extensively stud-
ied for nanoparticle synthesis yet the potency of endophytic 
bacteria in nano research is at the primitive stage [31, 32]. 
We explored the diversity of endophytic bacteria in the stem 
parts of W. indica and identified a novel bacterium Pantoea 
anthophila for the first time. The multidimensional property 
of endophytes may produce stable nanoparticles with high 
medicinal potency. This bottom-up approach may generate 
targeted nanomaterials at very high efficiency.

Nanoparticles biosynthesized extracellularly requires 
simple downstream processing and is cost-effective while 
intracellular synthesis involves additional purification steps 
to release the synthesized nanoparticles. The negligible use 
of toxic chemicals and sustainable large scale production of 
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AgNPs is an added advantage to explore its potential appli-
cations. Hence current research widely focuses on the extra-
cellular synthesis of AgNPs stabilised by bacterial metabo-
lites that control their size, shape and dispersity [33, 34]. 
Based on these considerations, the present study has been 
designed to undertake the extracellular biosynthesis of sil-
ver nanoparticles (Pa-AgNPs) from P. anthophila and evalu-
ate its therapeutic potential. To the best of our knowledge, 
this study is the first report on biofabrication, characteri-
zation, antimicrobial and antioxidant potentials of AgNPs 
biosynthesized from the bacterium P. anthophila isolated 
from W.indica plant. The study would also recommend the 
application of endophytic bacteria for nanoparticles synthe-
sis in pharmaceutical applications as an alternative greener 
approach.

2  Materials and Methods

2.1  Chemicals, Endophytic Bacteria, and Microbial 
Strains

Analytical grade silver nitrate  (AgNO3, 99% pure), tetracy-
cline, kanamycin, nutrient agar, potato dextrose agar, Muel-
ler–Hinton agar used in the present study are purchased from 
Himedia Lab, Ltd., Mumbai, India. The endophytic bacteria 
Pantoea anthophila (GenBank accession no. MN077163) 
identified earlier by 16S ribosomal RNA gene sequencing 
from W. indica were pure cultured and stored in the Depart-
ment of Biotechnology, Vinayaka Mission’s Kirupananda 
Variyar Engineering College, Salem. Bacterial patho-
gens such as Gram-positive Staphylococcus epidermidis 
(MTCC737), Bacillus subtilis (MTCC1133), Staphylococ-
cus aureus (MTCC2940), Gram-negative Escherichia coli 
(MTCC40), Proteus mirabilis (MTCC425), Salmonella 
typhi (MTCC733), Klebsiella pneumoniae (MTCC2405) 
and fungal strains of Aspergillus niger (MTCC404), Can-
dida albicans (MTCC183) and Penicillium chrysogenum 
(MTCC947) were obtained from Microbial Type Culture 
Collection (MTCC), Chandigarh.

2.2  Preparation of Cell‑Free Endophytic Culture

Pantoea anthophila (Pa) isolated from W. indica are subcul-
tured and maintained in nutrient agar plates. A loopful of 
Pa culture is inoculated in 100 ml of Luria–Bertani broth at 
37 °C and placed in an orbital shaker at 200 rpm overnight. 
When the optical density (OD) of the culture was 0.242 at 
600 nm, it was taken in 50 ml falcon vials and centrifuged 
at 10,000 rpm for 10 min in a high-speed centrifuge (RM-03 
Plus). The extracellular broth devoid of cells were collected 
in a sterile beaker and used for AgNP synthesis.

2.3  Biosynthesis of Pa‑AgNPs

The 10 ml of bacterial cell-free suspension was mixed with 
90 ml of 1 mM (2%, v/v)  AgNO3 solution in deionized water 
for the biosynthesis of AgNPs at neutral pH. The reaction 
mixture was incubated at 30 °C for 24 h in dark to avoid any 
photochemical reactions [35, 36]. Simultaneously, the cell-
free supernatant without  AgNO3 was maintained as control. 
The formation of Pa-AgNPs was monitored by the colour 
change in the bacterial extract and separated by centrifug-
ing at 10,000 rpm for 15 min. The water-soluble biological 
molecules and other impurities are removed by washing the 
samples repeatedly (× 3) with deionized water. The final 
mass of the AgNPs was collected and freeze-dried.

2.4  Biophysical Characterization of Pa‑AgNPs

The Pa-AgNPs are further characterized by UV–Visible 
spectroscopy, Dynamic Light scattering analysis (DLS), 
Zeta potential, Fourier Transform Infrared Spectroscopy 
(FTIR), X-ray Diffraction (XRD), Transmission Electron 
Microscopy (TEM), Scanning Electron Microscopy (SEM), 
Energy Dispersive of X-Ray spectrum (EDAX).

The formation of AgNPs was confirmed by measuring 
the absorption spectra in UV–Visible spectroscopy (SHI-
MADZU 1800). The reaction mixture was scanned at the 
speed of 300 nm  min−1 in 200–600 nm range. DLS analysis 
determines the particle size and distribution pattern of Pa-
AgNP. Zeta sizer (Malvern Instruments Ltd., U.K ZS90) was 
used to determine the surface charge potential, the magni-
tude of charge attraction or repulsion and electrophoretic 
stability of Pa-AgNP.

The FTIR analysis was carried out to identify the func-
tional biomolecules in the endophytic extract that reduces 
 Ag+ to AgNPs and the capping agents that stabilize the 
nanoparticles. The Pa-AgNPs is scanned at the transmission 
mode ranging from 500 to 4000  cm−1 in a solid phase, at a 
resolution of 1  cm−1 using FTIR spectrophotometer (SHI-
MADZU, IR PRESTIGE 21). XRD pattern provides the 
details of the structure and composition of Pa-AgNPs. The 
sample was analyzed by Shimadzu XRD 6000 diffractom-
eter operated at 40 kV voltage, 30 mA current in a scanning 
mode range of θ–2θ between 10° and 80° with sampling 
pitch of 0.1000° equipped with a Cu Kα radiation.

The crystallite structure of the Pa-AgNP was measured 
using TEM (JEOL JEM 2100). The sample was placed on 
copper grids coated carbon films, dried at room temperature 
and analysed at 200 kV. SEM shows the size, shape and 
surface morphological properties of Pa-AgNP synthesized 
from the endophytic extract. The nanoparticle was observed 
in SEM (JEOL-JSM 6390) at a voltage of 15–20 kV at dif-
ferent magnifications. The atomic composition of Pa-AgNP 
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was confirmed by EDAX analysis (Oxford instrument, INCA 
PentaFET × 3) coupled with SEM.

2.5  Antimicrobial Screening of Pa‑AgNPs

The antimicrobial activity of the synthesized Pa-AgNPs was 
analysed by Agar well diffusion method [37] in triplicates. 
The bacterial strains S. epidermidis, B. subtilis, S. aureus, 
E. coli, P. mirabilis, S. typhi, K. pneumonia were inoculated 
in nutrient media and incubated at 37 °C for 2–4 h. At the 
exponential growth phase, the organisms are cultured in 
Muller Hinton agar plates in which six wells of about 5 mm 
diameter were bored. Different concentrations of Pa-AgNPs 
(25 µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml), 10 µg/ml of 
dimethyl sulfoxide (DMSO) (negative control) and Tetracy-
cline (positive control) were added to the wells.

Similarly, the fungal strains A. niger, C. albicans and 
P. chrysogenum were inoculated in potato dextrose agar in 
which the antifungal activity of Pa-AgNPs at different con-
centrations (25 µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml) are 
evaluated with Kanamycin (10 µg/ml) as a positive control. 
The plates were incubated for 24 h at 37 °C to observe the 
clear zones of inhibition (ZOI). The diameter of clear zones 
was measured and recorded.

2.6  Antioxidant Efficacy of Pa‑AgNPs

2.6.1  1, 1‑Diphenyl‑2‑picrylhydrazyl (DPPH) Radical 
Scavenging Assay

DPPH radical scavenging assay potential of Pa-AgNPs was 
assayed [38] at different concentrations (10, 20, 30, 40 & 
50 μg/ml) of Pa-AgNPs and standard ascorbic acid. In meth-
anol solution, dissolved 50 μl of 0.659 mM DPPH added to 
the samples and the volume is made up to one with double 
distilled water. The tubes were incubated in dark at 25 °C 
for 20 min and the absorbance was recorded at 510 nm using 
Shimadzu UV 1800 spectrophotometer. The % inhibition 
(I%) was calculated as (I%) = 100 ×  (A0–A1)/A0, Where  A0 
is the absorbance of the control,  A1 is the absorbance of the 
Pa-AgNPs and standard.

2.6.2  Nitric Oxide Radical Scavenging Assay

At physiological pH, in an aqueous solution, sodium nitro-
prusside generates nitric oxide that interacts with oxygen to 
produce nitrite ions, which can be measured in the presence 
of Griess reagent [38]. To various concentrations (10–50 μg/
ml) of Pa-AgNPs and standard ascorbic acid, added 50 μl of 
10 mM sodium nitroprusside dissolved in 0.5 M phosphate 
buffer (pH 7.4) and incubated under fluorescent light at room 
temperature for 15 min. Added 125 μl of Griess reagent, the 

tubes were incubated again at room temperature for 10 min 
and the absorbance was recorded at 546 nm.

2.6.3  Hydrogen Peroxide  (H2O2) Scavenging Assay

The ability of the Pa-AgNPs to scavenge  H2O2 was deter-
mined according to the method of Nabavi et al. [39]. 0.6 ml 
of 40  mM of  H2O2 was prepared using 50  mM phos-
phate buffer (pH 7.4) and added to varied concentrations 
(10–50 μg/ml) of Pa-AgNPs and standard ascorbic acid. The 
tubes were incubated for 10 min and the absorbance was 
noted at 230 nm.

2.6.4  Total Antioxidant Capacity Assay

The total antioxidant capacity assay was determined [40] 
by adding 1 ml of reagent solution containing sulphuric 
acid (0.6 M), sodium phosphate (28 mM) and ammonium 
molybdate (4 mM) to Pa-AgNPs and standard ascorbic acid 
(10–50 μg/ml). The tubes were capped, incubated at 95 °C 
for 90 min in a thermal block and then cooled to room tem-
perature, the absorbance was measured at 695 nm.

2.6.5  2,2′‑Azino‑bis‑3‑Ethyl Benzothiozoline‑6‑Sulfonic 
Acid (ABTS) Radical Scavenging Activity

The assay is based on the scavenging of light by ABTS 
radicals. An antioxidant that donates a hydrogen atom will 
quench the stable free radical which can be quantified spec-
trometrically at 734 nm [38]. 200 μl of 70 mM potassium 
persulphate and 50 ml of 2 mM ABTS were mixed before 
2hours. To the 0.5 ml of various concentrations (10-50 μg/
ml) of Pa-AgNPs and standard ascorbic acid, 0.3 ml of 
ABTS radical cation and 1.7 ml of phosphate buffer (pH 
7.4) was added and the absorbance was measured.

2.6.6  Reducing Power Assay

Different concentrations (10–50 μg/ml) of Pa-AgNPs solu-
tion were mixed with 2.5 ml of 200 mM phosphate buffer 
(pH 6.6) and 1% potassium ferricyanide each. Incubated at 
50 °C for 20 min, the mixture was cooled rapidly. Subse-
quently, added 2.5 ml of 10% Trichloroacetic acid and cen-
trifuged at 3000 rpm for 10 min. The supernatant (5 ml) with 
an equal amount of distilled water were mixed and added to 
1 ml of 0.1% ferric chloride. Using ascorbic acid as a stand-
ard, the absorbance was measured at 700 nm [41].

2.6.7  Superoxide  (O2
−) Radical Scavenging Assay

The superoxide scavenging activity of the Pa-AgNPs was 
assayed by the reduction of nitro blue tetrazolium (NBT) 
[42]. To Pa-AgNPs solution (10-50 μg/ml), 3 ml Tris–HCl 
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buffer (16 mM, pH 8), 1 ml NBT (50 μM), 1 ml Nicotina-
mide Adenine Dinucleotide (78 μM) and 1 ml phenazine 
methosulfate (PMS) solution (10 μM) were mixed and kept 
for 5 min at 25 °C. The absorbance was recorded at 560 nm. 
Ascorbic acid was used as standard.

Inhibition % versus concentration curve was plotted for 
each assay and the concentration of sample required for 50% 
inhibition was determined and expressed as  IC50 value. The 
lower  IC50 value indicates a high antioxidant capacity.

3  Results and Discussion

3.1  Biosynthesis and Characterization Studies 
of Pa‑AgNPs

3.1.1  UV–Visible Spectroscopy

The yellow colour of bacterial extract, when mixed with 
 AgNO3 turned dark brown after 24 h (Fig. 1b), at the same 
time, no colour change was detected in the control (Fig. 1a). 
This colour change is due to the reduction of  Ag+ to  Ag0 in 
the aqueous solution that occurs due to excitation of surface 
plasmon resonance (SPR) in AgNPs [43]. The free elec-
trons of Ag metal oscillate in resonance with reflected light 

and induce this phenomenon. Also, the shape, size and the 
interaction of bacterial metabolites with AgNPs influences 
this property that can be measured by spectroscopic meth-
ods. Usually, the SPR peak of AgNPs lies in the range of 
400–500 nm. Pa-AgNPs exhibited a maximum absorption 
at the wavelength 410 nm that confirms the characteristics 
of AgNPs (Fig. 2). Khatoon et al. [44] reported similar UV 
absorption spectra for chemically synthesized AgNPs that 
had promising antifungal activity. Similar peaks were also 
reported in many studies [35, 45] relevant to the biosynthesis 
of AgNPs.

3.1.2  DLS and Zeta Potential Analysis

The bioefficiency of the AgNPs depends on the size and 
surface charge that prevents agglomeration. The DLS analy-
sis (Fig. 3) showed that the average size of Pa-AgNPs was 
16 nm and the size varies from 10 to 24 nm. The zeta poten-
tial of the Pa-AgNPs was found as a sharp peak at 5.30 mV 
(Fig. 4) which indicates that the surface of synthesized nano-
particles was positively charged. This positive charge may be 
due to the capping of bioactive metabolites on the surface. 
Ali et al. [46] showed zeta potential value of AgNPs synthe-
sized from apple extract was 5.68 ± 3.28 mV that had strong 
agglomeration and precipitation. Prakasham et al. [47] also 

Fig. 1  a Endophytic bacterial 
extract (Control). b Endophytic 
bacterial extract mixed with 
 AgNO3 after 24 h
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synthesized AgNPs from marine Streptomyces albidoflavus 
that had − 8.5 mV zeta potential with strong antimicrobial 
activity. In agreement with the above reports, Pa-AgNPs had 
the same zeta potential for more than 100 days that proved 
their stability with strong antimicrobial and antioxidant 
activities.

3.1.3  FTIR Spectroscopy Study

FTIR spectrum displayed the presence of predominant bands 
at 3423.65, 1633.71, 1022.27, 607.58  cm−1 (Fig. 5). The 

peak at 3423.65  cm−1 corresponds to the O–H stretching 
vibrations of water molecules. The bands at 1633.71  cm−1 
show C=C stretching vibrations of the non-conjugated, dis-
ubstituted alkene group. The band at 1022.27  cm−1 can be 
assigned to medium C–N stretching vibrations of amines 
signifying the presence of amino acid. The peak obtained 
at 607.58  cm−1 regions could be attributed to alkyl halides 
stretching. The results obtained coincide with the earlier 
findings of similar AgNPs FTIR prediction [36, 48] that 
revealed the presence of hydroxyl, alkene and amine groups 
in the bacterial extract acting as reducing, capping and sta-
bilizing agents of silver ions.

3.1.4  XRD Analysis

XRD analysis showed the strongest Braggs peaks at 2θ val-
ues of 38.30°, 44.62°, 65.01° and 77.27° (Fig. 6). These 
peaks are conferred to 100, 200, 220 and 311 planes of a 
face centred cubic structure (FCC) of Pa-AgNPs that agrees 
with the JCPDS file no. 87-0720 for silver [49]. The crys-
tallite domain sizes of Pa-AgNPs were calculated using 
Debye–Scherrer formula [50] D = 0.94 λ/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 average crystallite size was found to be 16.8 nm 
which was in close agreement with DLS analysis. No sec-
ondary peaks were observed, hence the crystalline stable 
AgNP formation from the endophytic extract is justified with 
the previous XRD data green synthesized from endophytic 
bacteria, fungi and plant extracts [36, 51, 52].

3.1.5  TEM Measurement

The antimicrobial activity of AgNPs is greatly influenced 
by their shape and size [53]. The TEM micrographs (Fig. 7) 
exposed that Pa-AgNPs have a spherical shape with an 
average size of 20 ± 1.1 nm. They were found to be circular 
aggregates with smooth edges that are not in direct con-
tact with each other, which indicates the Pa-AgNPs may be 
stabilized by capping agents from the endophytic extract. 
Figure 8 shows the selected area electron diffraction (SAED) 
pattern of Pa-AgNPs with 100, 200, 220 and 311 crystal 
alignments 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 Pa-AgNP with polycrystalline nature. The 
average size of the particle was also nearly in congruence 
with DLS analysis. The results obtained were identical to 
earlier reports of green synthesized AgNPs [31, 54]. The 
small size of nanoparticles may enhance the reactivity and 
catalytic activity in various applications.

Fig. 2  UV–visible absorption spectrum of Pa-AgNPs

Fig. 3  Size distribution of Pa-AgNPs by Dynamic Light scattering 
analysis technique
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3.1.6  SEM and EDAX

The SEM micrograph (Fig. 9) showed that the Pa-AgNPs 
were spherical shaped, nonuniform polydispersed with an 
average size of 50 nm. The smaller particles may aggregate 
to give the large-size appearance of nanoparticles [54]. The 
large particle size depicted in SEM compared to DLS, XRD 
and TEM may be due to the difference in sample prepa-
ration and the presence of various forces of interaction in 
the solution [55, 56]. The elemental analysis of Pa-AgNPs 
done using EDAX (Fig. 10) showed a sharp absorption peak 
between 3–4 keV that is typical of the presence of metallic 

AgNPs. The additional peak for Fe were also observed that 
may be due to the trapping of proteins and other metabolites 
from the bacterial extract on AgNPs [35, 55]. The weight 
of silver was found to be 41.77%, thus confirms Pa-AgNPs 
was successfully biosynthesized from endophytic bacterial 
extracts.

3.2  Antimicrobial Screening of Pa‑AgNPs

Pa-AgNPs showed promising antimicrobial activity in a 
dose-dependent manner. Significant antibacterial activity 
with minimum ZOI of 4.83 ± 0.21 mm against S. aureus, 

Fig. 4  Graphical presentation of 
Zeta potential of Pa-AgNPs

Fig. 5  Fourier Transform Infrared spectrum of Pa-AgNPs
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4.93 ± 0.21 mm against S. epidermidis, P. mirabilis, and 
4.03 ± 0.06, 4.03 ± 0.21, 4.03 ± 0.15 mm against E. coli, 
S. typhi and K. pneumonia at 25 µg/ml was observed. The 
maximum ZOI between 6.83 ± 0.29 to 7.03 ± 0.06 mm was 
observed at 100 µg/ml for all pathogens, Comparatively B. 
Subtilis exhibited low activity of 5 ± 0.10 mm at 100 µg/ml 
(Fig. 11). The diameters of the ZOI developed by Pa-AgNPs 
compared to the tetracycline standard for the bacterial 
pathogens (Table 1) are illustrated in Fig. 12. Hu et al. [57] 
observed similar ZOI by AgNPs synthesized from endo-
phytic fungi Talaromyces purpureogenus against S. aureus, 

B. cereus, S. enterica, P. aeruginosa and E. coli. Khatoon 
et al. [58] chemically synthesized AgNPs using tri-sodium 
citrate that had higher antibacterial activity against E. coli, 
followed by B. subtilis which was similar to our results. 
The results obtained confirm the broad-spectrum activity of 
Pa-AgNPs against both Gram-positive and Gram-negative 
bacteria.

Penicillium chrysogenum and Candida albicans had 
ZOI of 4.10 ± 0.10 mm (100 µg/ml) and 7.10 ± 0.10 mm to 
11.03 ± 0.15 mm (dose-dependent) (Fig. 13) respectively, 
whereas there is no ZOI for A. Niger (Table 2). Hence, the 

Fig. 6  X-ray Diffraction analysis of crystal structure of Pa-AgNPs

Fig. 7  Transmission Electron Microscopy pattern of Pa-AgNPs

Fig. 8  Selected area electron diffraction pattern of Pa-AgNPs

Fig. 9  Scanning Electron Microscopy image of Pa-AgNPs
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growth of C. albicans was greatly controlled than Penicil-
lium and Aspergillus. The antimicrobial effect of Pa-AgNPs 
biosynthesized from endophytic bacteria isolated from W. 
indica against C. albicans was strong when compared to the 
crude W. indica leaf extracts reported by Koma et al. [28].

Though different rational mechanisms elucidate the anti-
microbial activity of AgNPs, the interpretations are uncer-
tain and researchers are still working to identify the exact 
mechanism. Khatoon et al. [43] were able to obtain the high-
est antifungal activity with AgNPs of 24 nm size against S. 
cerevisiae and C.albicans than AuNPs of 35 nm. Hence the 
small particle size of about 16.8 nm may attribute to the anti-
microbial activity of Pa-AgNPs. At higher concentration, the 
Pa-AgNPs were able to break the thick peptidoglycan layer 
of Gram-positive as well as thin layered Gram-negative bac-
terial cell wall strongly than at the lower concentrations. The 
much thicker cell wall of fungal species compared to bacte-
ria make a difference in the antifungal activity of Pa-AgNPs 
[58]. Hence the concentration of the AgNPs and microbial 
species type influence the antimicrobial activity. According 
to Levard et al. [59] the positive surface charge of Pa-AgNPs 
may contribute to the inhibitory effects of bacterial species. 
 Ag+ ions released from Pa-AgNPs binds with the cell wall, 
alters the membrane potential and transmembrane electro-
chemical gradient. The AgNPs also binds with the DNAthat 
leads to DNAdamage and ROS generation ultimately causes 
cell death. Hence our results justify the plausible mecha-
nisms (Fig. 14) for potent microbicidal activity of Pa-AgNPs 
that were in accordance with the reported literature [60–62] 
of AgNPs synthesized by biogeneic approach.

To the best of our knowledge, the present study is the first 
scientific report on the potential of Pa-AgNPs against human 
pathogenic microbes. The study can be extended against 
MDR bacteria, other clinical pathogens and pandemic 

viruses to overcome the current challenging situations. The 
low cost biosynthesized AgNPs can also be used to reduce 
the secondary risks caused in COVID-19 patients.

3.3  Antioxidant Efficacy of Pa‑AgNPs

The DPPH radical,  H2O2 radical and ABTS radical scav-
enging activity of Pa-AgNPs increased in a dose-dependent 
manner from 36.99 ± 0.61% to 61.31 ± 0.47%, 28.36 ± 0.90 
to 56.37 ± 0.91% and 31.94 ± 1.84% to 67.44 ± 1.39% 
respectively at the concentration from 10 to 50  μg/ml, 
which is comparable with standard ascorbic acid that 
had 20.97 ± 0.89% to 64.64 ± 1.06%, 29.95 ± 1.27 to 
66.96 ± 1.85%, 33.11 ± 1.40 to 70.47 ± 1.49% of inhibition 
respectively (Fig. 15a, b, c).

The reducing power of compounds also increased analo-
gous to their antioxidant ability. The reductive capability of 
the Pa-AgNPs increased from 37.71 ± 1.51 to 64.51 ± 0.94%, 
while it is 37.81 ± 1.45% to 58.39 ± 1.12% at the same con-
centration for standard (Fig. 15d).

Pa-AgNPs scavenges the superoxide and nitric oxide radi-
cal up to 62.57 ± 0.87% and 68.59 ± 1.21% at 50 μg/ml that 
was comparable to the scavenging effect of ascorbic acid 
55.54 ± 1.23% and 70.54 ± 0.96% at 50 μg/ml (Fig. 15e, f). 
The total antioxidant capacity of the Pa-AgNPs showed the 
highest inhibition of 62.22 ± 1.75% at 50 μg/ml, while the 
reference showed 69.41 ± 1.16% at the same concentration 
(Fig. 15g).

Thus Pa-AgNPs have strong DPPH radical scavenging 
activity, nitric oxide radical scavenging activity and reduc-
ing power activity when compared to the standard. The 
 H2O2 radical scavenging assay, total antioxidant capacity 
assay and ABTS radical scavenging assay, standard ascor-
bic acid showed strong antioxidant activity than Pa-AgNPs. 
The superoxide radical scavenging activity was similar for 
both Pa-AgNPs and standard. Netala et al. [63] observed 
55.62 ± 0.25% of inhibition in DPPH radical scavenging 
assay at 50 μg/ml by AgNPs synthesized by endophytic 
fungi that were lower than that obtained by Pa-AgNPs. 
Also, the nitric oxide radical,  H2O2 radical scavenging and 
reducing assay of biogenic AgNPs reported at 50 μg/ml was 
lower than that obtained by Pa-AgNPs [64]. The results were 
also in line with the previous reports [65, 66]. The compari-
son of  IC50 in each assay is illustrated in Table 3 and the 
lower  IC50 values show the higher antioxidant potency of 
the Pa-AgNPs.

Thus Pa-AgNPs was proved to have strong antioxidant 
activity that may occur due to the adsorption of functional 
groups from the endophytic extract on the surface of Pa-
AgNPs [67]. The excellent radical scavenging activity of 
Pa-AgNPs admit them to be used as potent antioxidants 
or as a valuable component of antioxidant formulations in 
biomedical and pharmaceutical fields [68]. The antioxidant 

Fig. 10  Elemental composition of Pa-AgNPs using EDAX profile
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Fig. 11  Antibacterial activity of 
Pa-AgNPs against a B. subtilis, 
b S. aureus, c S. epidermidis, 
d E. coli, e K. pneumonia, f P. 
mirabilis, g S. typhi 
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property can be evaluated in in vivo models prior to human 
applications for the treatment of various oxidative stress-
related degenerative diseases.

4  Conclusions

In the present study, the endophytic bacterium P. anthophila 
isolated from the stem of W. indica was used for extracel-
lular biosynthesis of AgNPs. Structural characterization 
showed the optimal formation of Pa-AgNPs with crystalline 
nature at 410 nm in the UV–visible spectrum, 16 to 20 nm 
size with positive surface potential. The bacterial metabo-
lites formed a stable capping moiety around AgNPs and the 
elemental composition of Pa-AgNPs was also confirmed. 
They exhibited potential antimicrobial activity against 10 
different bacterial and fungal pathogens. Higher antioxidant 
activity of Pa-AgNPs was also confirmed by DPPH, NO, 
 H2O2, ABTS, superoxide radical scavenging assay, total 
antioxidant capacity assay and reducing power assay. Thus 
endophytic P. anthophila mediated biosynthesis of AgNPs 
prevails as an eco-friendly, cost-effective and substantial 
method with increased potency of applications in nanomedi-
cine. Further, the efficiency and mechanism of Pa-AgNPs 
to establish as anticancer and antiviral agents will be evalu-
ated in future to ascertain that green synthesized AgNPs 
are an optimistic therapeutic agent in the trending era of 
biomedicines.

Table 1  Antibacterial activity 
of Pa-AgNPs against Gram-
positive and Gram-negative 
bacterial strains

S. no Test organisms ZOI of Pa-AgNPs

Standard (mm) Control 
(mm)

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

1. B. subtilis 7.77 ± 0.25 – – – 4 ± 0.20 5 ± 0.10
2. S. aureus 9.90 ± 0.36 – 4.83 ± 0.21 5.77 ± 0.25 5.97 ± 0.06 6.93 ± 0.12
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 13.03 ± 0.25 – 4.03 ± 0.06 6 ± 0.20 7.03 ± 0.15 6.97 ± 0.06
5. S. typhi 11.03 ± 0.25 – 4.03 ± 0.06 4.80 ± 0.26 6.07 ± 0.12 6.93 ± 0.12
6. P. mirabilis 8.07 ± 0.12 – 4.93 ± 0.21 6.10 ± 0.10 6.03 ± 0.06 6.83 ± 0.29
7. K. pneumoniae 8.93 ± 0.21 – 4.03 ± 0.15 5 ± 0.10 6.03 ± 0.06 6.97 ± 0.06

Fig. 12  Graphical representation of ZOI produced by Pa-AgNPs 
against a Bacterial pathogens, b Fungal pathogens
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Fig. 13  Antifungal activ-
ity of Pa-AgNPs against a P. 
chrysogenum, b C. Albicans, c 
A. niger 

Table 2  Antifungal activity 
of Pa-AgNPs against selected 
fungal strains

S. no Test organisms ZOI of Pa-AgNPs

Standard (mm) Control 
(mm)

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

1. P. chrysogenum 8.10 ± 0.10 – – – – 4.10 ± 0.10
2. C. albicans 15.27 ± 0.25 – 7.10 ± 0.10 8.17 ± 0.15 9.07 ± 0.21 11.03 ± 0.15
3. A. niger 6.03 ± 0.15 – – – – –

Fig. 14  Rational mechanisms for antimicrobial activity of Pa-AgNPs
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Fig. 15  Antioxidant efficacy of Pa-AgNPs a DPPH radical scavenging assay, b  H2O2 radical scavenging assay, c ABTS radical scavenging assay, 
d Reducing power assay, e Superoxide radical scavenging assay, f NO radical scavenging assay, g Total antioxidant capacity assay
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