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Abstract
Multi-drug resistance microorganisms and the rising numbers of cancer cases possess a critical threat to
humankind, thereby motivating research on new weapons to combat the problem. To address these
issues, researchers are now focusing on secondary metabolites produced by bacteria. Because of having
outstanding antibiotic capabilities, actinobacteria are being explored as a potential solution to this
problem. Silver nanoparticles of actinobacteria are green, eco-friendly, and cost-effective, as well as
having antibacterial and anti-cancer properties and potential use in pharmaceuticals. Antibacterial
potential of secondary metabolites produced by actinobacteria namely Microbacterium proteolyticum
LA2(R) and Streptomyces rochei LA2(O) has been demonstrated by the well diffusion method. GC-MS
was used to detect compounds in bioactive metabolites. The most abundant compound found in
metabolites was n-hexadecanoic acid. UV-Vis spectroscopy was used to determine the extracellular
development of silver nanoparticles of actinobacteria secondary metabolites, while transmission electron
microscopy (TEM) and Fourier transform infrared spectroscopy (FTIR) were used to inspect their
morphological appearances, stability, crystalline structure, and coating. The activity of anticancer was
assessed using the MTT test to evaluate the cytotoxicity of the secondar metabolites (pure and
nanoparticles) against A549 lung cancer cells. We also evaluated the effect of secondar metabolites
(pure and nanoparticles) on Reactive oxygen species (ROS) levels, Mitochondrial membrane potential
(MMP) and Chromatin condensation through DCFDA, Mito Tracker and DAPI staining. Our result
suggested that their secondary metabolites can be used a potential lead compound against cancer.
However, more investigation is needed to totally grasp their mechanism of action.

Introduction
Approximately 10 million deaths occur each year as a result of cancer, which is the subsequent biggest
reason of mortality in the globe. According to the WHO report, the principal cause of cancer death in 2020
was Lung cancer (WHO, 2020). The resistance of chemotherapeutic drugs is arising in cancer cells, so
lung cancer needs various therapy lines for treatment. Despite advances in elucidating the molecular
processes behind lung cancer and collaboration in the development of screening strategies for the
prevention of secondary cancers, the diagnosis of the patient remains poor and making lung cancer a
global killer (de Groot et al. 2018; Hasan et al. 2020). Nanotechnology proposes assets of tools to
analyze and treat various cancers with the minimum costs and side effects (Bano et al. 2019; Iram et al.
2019). Green nanoparticle synthesis is clean, nontoxic and safe, low-cost, and ecologically friendly.
Amongst the variety of accessible biological processes, microbial synthesis is mostly impractical, as they
require a sterile environment (Al-Sheddi et al. 2018). Nanoparticles of silver have gained a great deal of
attention in the �eld of metal nanomaterials because of their physico-chemical properties. Antimicrobial
activities and therapies, bimolecular recognition, biolabeling, catalysis and microelectronics, etc., are just
a few of the uses (Abd-Elnaby et al. 2016). According to studies, actinobacteria-produced nanoparticles
offer a wide range of applications in nanomedicine to battle new microbial pathogens (Sivasankar et al.
2019). Actinobacteria provide good prospects for the manufacture of metal nanoparticles both
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extracellularly and intracellularly. The actinobacteria have developed good stability and polydispersity in
their synthesis of nanoparticles (Abd-Elnaby et al. 2016).

Novel antibiotics and anticancer medicines with unique structures and properties have recently been
discovered as the product of research on actinobacteria (Manivasagan et al. 2014; Ravikumar et al.
2012). While these cancer-�ghting medications may have secondary effects such as requiring higher
doses, and weaker blood �ow for osteosarcoma patients, a patient's genetic pro�le can in�uence drug
use outcomes. Recently, synthesized nanoparticles have emerged as a critical tool in cancer treatment. In
addition to decreasing side effects, they have the ability to improve pharmaceutical delivery or
absorption, or reduce toxicity in surrounding tissues. In addition to decreasing side effects, they have the
ability to improve pharmaceutical delivery or absorption, or reduce toxicity in surrounding tissues. Some
of the biological synthesis methods for nanoparticles provide considerable advantages, like being
inexpensive, easy, and creating nanoparticles under a physiologically safe pH and room temperature.

Materials And Method
Isolation of actinobacteria

A total of �ve soil samples have been obtained from rhizosphere of medicinal plants i.e., Asparagus
racemosus, Withania somnifera, Salvia o�cinalis, Rouwol�a serprntina, and Ocimum sanctum from
different locations of Lucknow, Uttar Pradesh, and kept in sterilized plastic bags at 4ºC (Lee et al. 2014).
Eleven actinobacterial isolates representing different colony morphologies were isolated and cultivated
on actinomycetes isolation agar for �ve to seven days at ±28℃ (Sharma and Thakur 2020).

Preliminary Antimicrobial screening of Actinobacteria

Primary screening was done by single streak of positive isolate of actinobacteria against pathogenic and
Multi drug resistant (MDR) microbes streak at 90° on Mueller Hinton agar (Elbendary et al. 2018). The
actinobacterial isolates were streaked as a parallel line on Mueller Hinton agar for bacteria and potato
dextrose agar plates for fungi and incubated at 28˚C for 4-6 days (Ganesan et al. 2017). When
actinobacterial strains properly grown on media, selected pathogenic bacterial strains i.e.,
Staphylococcus aureus (ATCC-6538), Pseudomonas aeruginosa (NCIM-5029), Salmonella abony (ATCC-
6017), Klebsiella pneumoniae (NCIM-2957), Bacillus subtilis (MTCC-441) and Escherichia coli (MDR)
(ATCC-25923) and pathogenic fungi i.e., Aspergillus niger (ITCC 545), Aspergillus �avus (MTCC277),
Aspergillus parasiticus (MTCC-2796) were streaked at right angles to the previous streak of
actinobacteria and incubated at 30˚C. The A measurement of the zone of inhibition was taken after 72
hours for fungi and 24 hours for bacteria. Seven actinobacterial isolates were found positive after
primary screening and subjected to molecular characterization.

Molecular characterization of positive isolates
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The selected isolates from the secondary screening were subjected to molecular characterization using
16S rRNA sequence ampli�cation performed at Bio-kart India Pvt. Ltd, Bangalore. The 16S ribosomal
sequence ampli�cation was conducted using the primers F243 (5’GGATGAGCCCGCGGCCTA3’) and
1378R (5’CGGTGTGTACAAGGCCCGG 3’). Subsequently, the construction of phylogenetic tree by MEGA6
software, by applying the neighbor-joining DNA distance algorithm. The results of the microbial
characterization revealed two isolates, i.e., LA2(R) Microbacterium Proteolyticum (MN560041) and
LA2(O) Streptomycetes rochei (Zothanpuia 2015; Ganesan et al. 2017).

Production of secondary metabolites

The primarily screened actinobacteria with antimicrobial activities were used for the extraction of
secondary metabolite. Production of secondary metabolites from actinobacteria was done by submerged
state fermentation (SmF) (Salim et al. 2017). The isolates LA2(R) Microbacterium Proteolyticum and
LA2(O) Streptomycetes rochei were inoculated in 500 ml �ask containing 100 ml of ISP-2 medium (g/L):
yeast extract, 4.0; malt extract, 10.0; dextrose, 4.0; Agar, 20.0; distilled water, 1000 mL and pH 7.3. The
�asks with inoculated strains were incubated for 5-7 days at 200 rpm in rotary shaker. The cultures was
centrifuged at 10,000 rpm after the growth, and its supernatant was used for future experimentations
(Abd-Elnaby et al. 2016; Singh and Dubey 2020).

Green synthesis of silver nanoparticle

Silver nanoparticles in-vitro production, was carried out by using the 1 mM aqueous solution of 50 μl
AgNO3, that was pre-mixed with 50 ml supernatants of actinobacteria at 8.5 pH (Abd-Elnaby et al. 2016).
In rotary shaker at 200 rpm, and suspension was incubated in the dark at 37°C. for 5 days. To evaluate
whether bacteria are involved in nanoparticle creation, the control tests involved running the process
using un-inoculated medium and AgNO3 solution. Silver ions reduction was tested by taking samples at
speci�ed intervals, using a UV–Vis spectrophotometer, and monitoring the UV–Vis spectrum. The color of
silver nitrate solution changed to yellowish brown in each reaction vessel, which was then incubated with
actinobacteria supernatant (Azman et al. 2017; Al-Sheddi et al. 2018).

Characterization of synthesized silver nanoparticle

To demonstrate the formation of extracellular silver nanoparticles, UV–visible spectroscopy and
transmission electron microscopy were used to examine synthesized AgNPs. The preliminary synthesis
of AgNPs was authenticated using a UV–visible spectrophotometer (Shimadzu dual beam-model UV-
1601 PC) with a wavelength of 1 nm. A drop of AgNps (suspension) was dried on a carbon-coated TEM
copper grid at a step-up voltage of 80 kV with a TEM TecnaiTM G2 Spirit Bio-TWIN (FEI, Hillsboro, OR,
USA) to assess the proportions of the inorganic core.

FT-IR spectroscopy of biogenic AgNPs
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Existence of diverse functional groups was inveterate by Perkin-Elmer Spectrum 2 FT-IR (PerkinElmer Inc.,
Waltham, MA, USA), at the surface of AgNps. In this method, samples are held by a worldwide attenuated
complete re�ectance sampling instrument, which is diminished with respect to the entire surface, and is
scanned through a transmission technique with a resolution of 4 cm-1 above the wave number range of
4,000–4500 cm-1. The FTIR aim is to measure how much light, at each wavelength, absorbed by the
samples (Barapatre et al. 2016).

Anticancer studies

Adenocarcinoma cells from the National Centre for Cell Science (NCCS) in Pune, India, were obtained and
Incubated at 37°C with 5 percent Carbon dioxide in Dulbecco's Modi�ed Eagle Medium/Nutrient Mixture
F-12 Ham (DMEM/F12, HiMedia-AT155) medium supplemented with 10 percent foetal bovine serum
(FBS, HiMedia-RM10432) and 1percent of antibiotic or antimycotic solution (HiMedia-A002) (Ravikumar
et al. 2012).

MTT assay

To check the feasibility of cells, an MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide)
assay was accomplished. It is a colorimetric assay used to determine the activity of cellular enzymes
responsible for reduction of the tetrazolium dye MTT to formazan crystals, which results in a purple color.
1x104 cells/well were seeded in 96-well plate and were cultivated to about 70% con�uency. Different
concentrations of chemicals were used to treat the cells, secondary metabolite of LA2(R) and LA2(O) and
their silver synthesized nanoparticles LA2(RN) and LA2(ON) and 5-FU for 24 hours. Further MTT was
performed as described earlier by Hasan et. al. (Hasan et al. 2020).

ROS determination cell line of lung cancer

A solution of 2,7-dichloro�uorescein diacetate was used to measure the level of intracellular ROS
production (carboxy-DCFDA, Molecular Probes-D369, Invitrogen). In a 24-well plate, cells were plated and
treated with compounds (LA2(R), LA2(O), LA2(RN), LA2(ON) and 5-FU) for 24 hours. Image J software
was used to evaluate the �uorescence strength of stained cells (Hasan et al. 2020).

DAPI staining to verify the impact of compounds on DNA integrity

4, 6-diamidine-2-phenylindole (DAPI), Molecular Probes-D1306, Invitrogen, staining was done as stated by
the manufacturer. Brie�y, the cells were cultured and treated with LA2(R), LA2(O), LA2(RN), LA2(ON) and
5-FU, in a 24-well plate, for 24 h. Image J software was used to evaluate �uorescence strength of stained
cells (Hasan et al. 2020).

MMP staining

MMP staining (Mito Tracker Red) was used for the determination of the in�uence of compounds on
membrane potential of mitochondria. After 24-hour exposure to compounds (LA2(R), LA2(O), LA2(RN),
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LA2(ON) and 5-FU). Cells (treated and untreated both) became stained after being washed twice in PBS
for 30 minutes with 300 nM Mito Tracker Red CMXRos �uorescent dye (Molecular Probes-M7512,
Invitrogen) at room temperature in the dark (Hasan et al. 2020). Fluorescent images after washing in PBS
were obtained using a Thermo-Scienti�c EvosFLc Microscope at an excitation wavelength of 579 nm and
an emission wavelength of 599 nm. By using the Image J software, we were able to determine the
�uorescence intensity of the stained cells (Abd-Elnaby et al. 2016).

Statistical evaluation

One-way ANOVA was performed using Graph Pad prism 5 for statistical analysis on the data. The results
were provided as the mean standard deviation of at least three independent measurements
(nonsigni�cant (ns), *p 0.05, ** p 0.01, *** p 0.001 against the untreated control).

Results
Isolation of actinobacteria

Five rhizospheric soil samples of medicinal plants were air-dried and pretreated with CaCO3 and then

serial dilution was carried up to 10-5 factors, spread on speci�c agar and pure colonies were isolated by
streak plate technique. After streaking, eleven pure isolates were found initially according to the
morphological appearance of the colonies. The isolated isolates were �lamentous, Gram-positive, non-
motile, and aerobic, with Catalase and Oxidase activity.

Preliminary screening and metabolite production

During preliminary screening, all 11 actinobacteria were tested for their ability to produce antimicrobials
against pathogenic microorganisms. With the help of the perpendicular streak method, actinobacteria are
tested for antimicrobial activity and seven strains are found positive.

Molecular characterization of positive isolates

All seven pure and active microbial strain cultures chosen during the primary screening experiments are
further subjected for molecular characterization and found con�rmation of two positive isolates named
LA2(O) and LA2(R) using 16S rRNA sequence ampli�cation. Further, the phylogenetic analysis con�rmed
that the isolates are Microbacterium proteolyticum LA2(R) and Streptomyces rochei LA2(O). The
phylogenetic tree of the isolate Streptomyces rochei LA2(O) is characterized in Fig 1(a). The partial 16S
rRNA gene sequence of isolate LA2(R) has been submitted in the NCBI GenBank with the accession
number MN560041. Phylogenetic tree of the isolate LA2(R) is depicted in Fig. 1(b).

Production of secondary metabolites

After fermentation of ISP-2 broth, supernatant is extracted using ethyl acetate. After liquid-liquid
extraction, the solvent phase is separated and crude extract was obtained after evaporation of solvent
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with the help of rotatory vacuum evaporator and mixed with methanol and stored for further use (�g. 2).
The metabolite production by submerged state fermentation techniques shows good results of
antimicrobial activity against Staphylococcus aureus (ATCC-6538) and Klebsiella pneumoniae (NCIM-
2957) as shown in Fig. 3.

Gas chromatography–mass spectrometry

The metabolite extract of LA2(R) and LA2(O) was subjected to GC-MS analysis. Identi�cation of the
compounds was based on the peak area, molecular weight and formula and similarity index. The GC-MS
analysis of ethyl acetate extract of Streptomycetes rochei LA2(O) and Microbacterium proteolyticum
LA2(R) are shown in Fig. 4 (a) and 4 (b), respectively. The compounds result shown by GC-MS analysis
are presented in the Table 1. n-Hexadecanoic acid was the major compound present in both extracts with
95% and 92 % similarity index, respectively.

Synthesis of silver nanoparticle

The AgNPs were synthesized by incubating 1 mM AgNO3 with 333 µg/ml of secondary metabolites
LA2(R) and LA2(O) at 40°C for 48 hours. It is proposed that Secondary metabolites, which together
possess a synergistic ability to generate reducing potential capable of neutralizing AgNO3 (aq) into Ag
(aq) NPs in aqueous solution. The e�cacy of the presence of a response in the absence of salt has been
veri�ed. Secondary metabolites in the synthesis of AgNps. Similarly, incubation of secondary metabolites
alone in distilled water did not result in the formation of any AgNPs speci�c assimilation peak(s). The
characteristic absorption maximum centered at 422 nm (Fig. 5A) for strain LA2(R) (RAgNPs) and 419 nm
(Fig. 5B) for strain LA2(O) (OAgNPs) accredited to the surface plasmon resonance (SPR) band of the
AgNPs. TEM analysis of the samples was measured by the average size of RAgNPs to be 23±2 nm (Fig.
5C) and OAgNPs to be 20±2 nm (Fig. 5D). Additional inspection of the TEM micrograph using the Gatan
Digital Micrograph revealed that the NPs were spherical in shape. The TEM micrographs revealed
discrete, well-separated AgNPs particles.

FTIR (Fourier transform infrared spectral) study of RAgNPs and OAgNPs (Fig. 5E, 5F) existing peaks
positioned at 1,639.92 cm−1 and 1637.69 cm−1 appearances of C=O of amide groups of the amide I
linkage. The amide bands are caused by carboxyl stretch and N-H deformation vibrations in the amide
bonds of the proteins that contained the AgNps. In addition, peak at 3405.88 cm−1 and 3416.74 cm−1

con�rms the N-H stretching vibration. This mode of vibration is insensitive to the strength of a hydrogen
bond and is not dependent on the backbone conformation. Moreover, a peak at 711.03 cm−1 and 1065.35
cm−1 shows (C-O-C/C-OH) C-O stretching of alcohol and ether group with C-N (aliphatic amine) stretching
vibration. Due to the presence of various secondary metabolites, a peak at 2086.14 cm−1 and 2094.22
cm−1 represents C≡C stretch of alkynes. Terminal-free hydroxyl (O-H) is represented by representative
peaks 3405.88 cm−1 and 3416.74 cm−1.

Anticancer studies of Actinobacteria
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MTT assay of the secondary metabolites and their respective silver nanoparticles

The MTT assay was used to determine cytotoxicity of compounds (LA2(O), LA2(R), LA2(ON), and
LA2(RN)) against a cell line of human lung cancer A549. The secondary metabolites (LA2(O), LA2(R)),
and their silver nanoparticles (LA2(ON), LA2(RN)) cytotoxic activity was compared to that of 5-FU. In this
investigation, 5-FU, a notable anticancer medication, was employed as a positive control. It acts by
preventing the synthesis of thymidine, resulting in cell death. Our results indicate that the compounds
signi�cantly decreased A549 cell viability in under 24 hours. The results prove that the compounds. The
IC50 for 5-FU(a), LA2(O) (b), LA2(R) (c), LA2(ON) (d), and LA2(RN) (e) was obtained at 30 μM (52.73% cell
viability), 125 µg (52.35% cell viability), 100 µg (52.3% cell viability), 30 μM (50.25% cell viability), and 70
µM (48.72% cell viability), respectively (Figure 6 a-e).

The secondary metabolites and their respective silver nanoparticles cause oxidative stress on A549 lung
cancer cells

Treatment with the compounds caused considerable cell death in A549 cells, according to the �ndings.
The purpose of this study was to investigate whether the cytotoxicity of the compounds is due to the
generation of reactive oxygen species. After treating A549 cells with the compounds, ROS levels were
measured using DCFDA (2, 7-dichlorodihydro�uorescein diacetate) labelling for 24h (Fig. 7a). Image J
software was used to calculate DCFDA staining �uorescence intensity in relation to ROS production (Fig.
7b). The results demonstrated that the compounds compared to untreated, produced higher levels of ROS
cells. 5-FU caused 1.97-fold, LA2(O) caused 2.57-fold, LA2(R) caused 2.18-fold, LA2(ON) caused 2.28-
fold, and LA2(RN) caused 2.75-fold increase in ROS generation in comparison to untreated A549 lung
cancer cells (Fig 7a-b). This data recommended that A549 cells' inhibition of growth in response to
chemicals could be attributable to oxidative stress.

The secondary metabolites and their respective silver nanoparticles Reduce MMP to induce apoptosis in
A549 cells

An increase in Reactive oxygen species has been referred to mitochondrial damage as well as a reduction
in MMP (Cheng et al. 2019) therefore it has been checked that whether the compounds affected Mito
Tracker Red staining of mitochondrial content in A549 cells (Fig. 8a). Using Image J software, the
�uorescence intensity of Mito Tracker Red staining related to MMP depletion was quanti�ed (Fig. 8b). Our
�ndings revealed that the compounds caused MMP reduction in A549 cells. 5-FU caused 0.35-fold,
LA2(O) caused 0.55-fold, LA2(R) caused 0.26-fold, LA2(ON) caused 0.39-fold, and LA2(RN) caused 0.31-
fold decrease in MMP in A549 compared to untreated lung cancer cells.

DAPI staining of secondary metabolites and their respective silver nanoparticles

Using DAPI staining, we looked at another characteristic of apoptosis: chromatin condensation. The
compounds were introduced to A549 cells for 24 hours and then examined to see if they had any effect
on DNA integrity. In comparison to untreated cells, �uorescence pictures of DAPI staining revealed
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chromatin condensation in treated cells (Fig. 9a). 5-FU caused 1.49-fold, LA2(O) caused 1.55-fold, LA2(R)
caused 1.15-fold, LA2(ON) caused 1.34-fold, and LA2(RN) caused 1.74-fold increase in DAPI �uorescence
intensity compared to untreated A549 lung cancer cells (Fig. 9b). Together these results determine that
the compounds promote apoptosis in A549 lung cancer cells.

Discussion
The present study showed that the actinobacteria Microbacterium sp. LA2(R) and Streptomycetes sp.
LA2(O) were isolated from less explored rhizospheric soil have potential to produce an array of bioactive
metabolites that have promising antibacterial and antifungal potential towards antibiotic-non-resistant
and antibiotic-resistant pathogens and tremendous anticancer activity. Singh et. al. (2016) found that
�fteen isolates have antibacterial activity against gram positive bacteria and multi drug resistant bacteria
by perpendicular streak method (Singh et al. 2016). The metabolite production by submerged state
fermentation techniques shows good results of antimicrobial activity (Salim et al. 2017) against
pathogenic bacteria. Based on GC-MS analysis, the occurrence of bioactive chemical compounds proved
the potential of metabolites. To enhance the potential of these metabolites, the nanoparticle synthesis
was formulated by silver nitrate. These AgNPs were fully characterized by UV–Visible spectroscopy, FT-IR
and TEM (Baker et al. 2020; Sanjivkumar et al. 2019). Reaction in the absence of salt con�rmed the
e�cacy of secondary metabolites in the synthesis of AgNps (Rivero-Montejo et al. 2021; Musino et al.
2020; Saminathan 2015).

Apoptosis suppression is primary reason of cancer proliferation, and it can be inhibited by a variety of
oncogenic routes. The apoptotic route is suppressed in cancer through a number of methods, including
anti-apoptotic protein over-expression and pro-apoptotic protein under-expression. Most of these
alterations result in innate resistance to chemotherapy, which is the most prevalent anticancer treatment.
Finding new compounds that have anticancer potential by stimulating the apoptotic pathway is essential
in developing new promising anticancer therapies (Pfeffer and Singh 2018). In this study, we analyzed
the anticancer potential of the secondary metabolites derived from Microbacterium sp. and
Streptomycetes sp. on A549 lung cancer cells. Further, silver nanoparticles of the metabolites were made,
and their anticancer potential on A549 cells were also assessed. Our results demonstrated that the
secondary metabolites (LA2(O), LA2(R)), and their silver nanoparticles (LA2(ON), LA2(RN)) caused
cytotoxicity on A549 cells. After exposing A549 cells to the chemicals, an increase in ROS was detected.
In cancer cells, ROS buildup plays a key function in apoptosis induction and cell cycle arrest. Numerous
chemotherapeutic medications demonstrates their pharmacological properties by generating signi�cant
amounts of reactive oxygen species (ROS), which leads to mitochondrial membrane damage and death
(Vandamme et al. 2012). Thus, the consequences of the compound on MMP in A549 cells were
investigated.

MMP depletion was detected in A549 cells treated with the drugs. At low quantities, ROS is produced
inside mitochondria (Santucci et al. 2019) and referred to as a favorable feedback system, entitled “ROS-
induced ROS release”(RIRR) continues this interface (Zorov et al. 2000). When mitochondria are
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subjected to deleterious events whereas suffering a decrease in transmembrane potential, uncontrolled
ROS develops. RIRR causes mitochondrial ROS to be produced, which reduces MMP and causes
mitochondrial permeability transition pores to open more slowly (mPTP) (Zorov et al. 2000).
Mitochondrial membrane depolarization disrupts mitochondrial respiratory chain activity, this may result
in the buildup of reactive oxygen species (ROS) (Fang et al. 2017). Apart from a drop in MMP, another
distinct hallmark of apoptosis is membrane blebbing, chromatin condensation, and DNA fragmentation
(Chang et al. 1997). Thus, we performed DAPI staining, and upregulation in DNA condensation was
observed after treatment with the compounds in A549 lung cancer cells. Overall, our results demonstrated
that the compounds were exhibiting early hallmarks of apoptosis. However, further studies are required to
thoroughly understand their anticancer potential that may help identify new disease targets, resulting in
the development of new treatment techniques for a wide range of disorders. Thus, our �ndings suggest
the anticancer potential of secondary metabolites of actinobacteria and their biosynthesized silver
nanoparticles against A549 lung cancer cells that could play an important role in the development of new
therapeutic agent for the treatment of cancer.

In short, the current study has showed that these novel and rare actinobacteria were able to produce a
wide range of bioactive compounds which could serve as potential sources for future drug development.
The present work provides helpful insight into the development of new antimicrobial agents with the
synergistic enhancement of the antibacterial mechanism against pathogenic micro-organisms.

Statistical analysis

Statistics were presented as the average of three separate trials' standard deviations. The data analysis
was carried out by using Origin 6.0 software, which was developed in the United States, as reported
previously (Alvi et al. 2017).

Future perspectives

Green nanoparticle production seems to be in a research phase for cancer treatment and diagnosis, but
drug trials are needed to be determined in its �nal dependability. Due to their biocompatibility and
effectiveness, green nanomaterials have opened up plenty of new options in terms of their application.
Furthermore, numerous cancers that currently have no solutions may be treated in the future by these
green nanomaterials. Given the foregoing, green nanomaterials are predicted to emerge as future cancer
treatments and diagnostics compounds in the upcoming future.
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Peak Retention
Time

(min)

Area% Name Molecular
Weight

(g/mol)

Chemical
formula

Similarity
Index

Microbacterium proteolyticum LA2(R)

1 14.149 25.10 n-Hexadecanoic acid 256 C16 H32 O2 95

3 15.822 13.26 cis-Vaccenic acid 282 C18 H34 O2 90

4 16.026 4.36 Octadecanoic acid 284 C18 H36 O2 88

14 21.946 2.86 Cholesta-3,5-diene 368 C27 H44 90

Streptomyces rochei LA2(O)

1 14.175 36.88 n-Hexadecanoic acid 256 C16 H32 O2 92

3 15.86 12.20 2-
Hydroxycyclopentadecanone

240 C15H28O2 83

12 21.947 5.77 carbonochloridate 448 C28H45ClO2 81

16 23.776 13.49 Stigmast-5-en-3-o 678 C47H82O2 84

Figures
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Figure 1

(a) Phylogenetic analysis of isolate LA2(O) (b) Phylogenetic analysis of isolate LA2(R)
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Figure 2

The procedure of secondary metabolite production and its antimicrobial activity

Figure 3

Antimicrobial activity of metabolites against pathogenic bacteria (A+B: antibacterial activity of S. aureus
and C+D: antibacterial activity of K. pneumoniae)
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Figure 4

(a) GC-MS spectrum of secondary metabolite extracts prepared from Streptomycetes sp. LA2(O) (b) GC-
MS spectrum of secondary metabolite extracts prepared from Microbacterium sp. LA2(R)
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Figure 5

Characterization of Silver nanoparticles (A) LA2(R) and (B) LA2(O) under UV-Visible Spectroscopy. The
AgNPs shows a distinct and fairly broad absorption peak centered at 422 and 419 nm, respectively. TEM
micrograph of AgNPs from supernatant of (C)ON and (D)RN.
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Figure 6

Effect of 5-Fluorouracil, secondary metabolites and their respective silver nanoparticles. MTT assay
revealed that A549 lung cancer cells were inhibited in their proliferation. (a) 5-Fluorouracil, (b) LA2(O), (c)
LA2(R), (d) LA2(ON) (e) LA2(RN) after 24h of treatment.
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Figure 7

DCFDA staining was used to determine changes in ROS levels. (a) Fluorescence micrographs
demonstrating ROS formation after 24 hours of treatment with the compounds. (b) Image J software was
used to quantify the relative change in �uorescence intensity of DCFDA labelling in A549 cells on a graph.
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Figure 8

Mito Tracker Red staining was used to evaluate variations in the amount of mitochondrial membrane
potential (MMP) in A549 cells. (A) MMP production �uorescence micrographs following treatment with
the compounds for 24 hours (B) Image J software was used to quantify the relative change in
�uorescence intensity of Mito Tracker Red staining in A549 cells on a graph. Scale Bar- 200µm. Key- 5-FU:
5-Fluorouracil.
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Figure 9

Consequence of the compounds on chromatin stability in lung cancer cells was explored by DAPI
staining. (a) Fluorescence micrographs depict chromatin condensation after treatment with the
compounds for 24h in A549 lung cancer cells. (b) Image J software was used to quantify the relative
change in �uorescence intensity of DAPI staining in A549 cells on a graph. Scale Bar- 200µm. Key- 5-FU:
5-Fluorouracil.
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