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Abstract

The sediment marine samples were obtained from several places along the coastline of the
Tuticorin shoreline, Tamil Nadu, India were separated for the presence of bioactive
compound producing actinobacteria. The actinobacterial strain was subjected to 16Sr RNA
sequence cluster analysis and identified as Nocardiopsis dassonvillei- DS013 NCBI accession
number: KM098151. Bacterial mediated synthesis of nanoparticles gaining research attention
owing its wide applications in nonmedical biotechnology. In the current study, a single step
eco-friendly silver nanoparticles (AgNPs) were synthesized from novel actinobacteria
Nocardiopsis dassonvillei- DS013 has been attempted. The actinobacterial mediated silver
nanoparticles were characterized by TEM, UV-Visible, XRD, FT-IR spectroscopy. The initial
detection of AgNPs was identified using UV-Vis spectrum and confirmed by the appearance
of absorbance peak at 408 nm. A Fourier transform infrared spectroscopy (FT-IR) result

reveals the presence of protein component in the culture supernatant may act as protecting
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agents. The XRD pattern indicated that the typical peaks reveal the presence of nanoparticles.
The TEM morphology confirms the formation of circular and non uniform distributions of
AgNPs with the size range from 30-80 nm. The antibacterial activity of both isolated
actinobacterial (IA) and silver nanoparticles mediated actinobacterial (SNA) of Nocardiopsis
dassonvillei- DS013 were done by well diffusion method against selected clinical isolates of
bacteria, namely Escherichia coli, Enterococcus sp., Pseudomonas sp. Klebsiella sp.,
Proteus sp., Shigella sp., Bacillus subtilis, and Streptococcus sp. When compared to isolated

actinobacteria, the SNA shows the better antibacterial activity against clinical isolates.

Keywords Nocardiopsis dassonvillei, Marine actinobacteria, AgNPs, Marine sediments.

Introduction

Existence of multidrug resistance pathogens in the environment is a serious problem around
the globe. Which may cause different types of diseases and occasionally fatal to humans
(Sondi and Salopek-Sondi, 2004; Pal et al., 2007; Ingle, et al., 2008; Bonde, et al., 2012;
Begum, et al., 2013; Gupta et al., 2013; Rai, et al., 2015; Singh, et al., 2015). To overcome this
problem, there is a demand to find effective, affordable, and safe antimicrobials from the
microorganisms present in the natural environment. Actinobacteria belong to the Gram-
positive, free- living, saprophytic, filamentous bacteria that abound in the environment
producing numerous well documented biologically active secondary metabolites having
potential to be used as novel antibiotics that may have a significant role in therapeutic
applications. They are predominantly associated with almost all soil, fresh water and marine
environments (Gebreyohannes, et al., 2013). The diverse group of marine actinobacteria has
mostly been unexplored and thereby remains elusive. The highly complex marine
environments prevalent in various regions were found to be like high pressures, varying
salinity and diverse temperature zones in natural habitats that have resulted in the
development of diversified group of microorganisms colonizing these ecological niches
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(Olano, et al., 2009). The adaptation and survival of the marine actinobacteria in a complex
ecosystem has been considerably linked to the inherent ability of the diversified group of
actinobacteria that predominantly produce secondary metabolites with antibacterial activity.
In this context, marine sediments have continuously been at the forefront as a prospective
source for isolation of actinobacteria which may yield novel antimicrobial compounds
(Goodfellow et al., 2013). Comparatively DNA of actinobacteria has higher percentage of
GC bases. The highly conserved 16s rRNA encoding genes are regularly used as genetic
markers to determine the taxonomy, phylogeny and species divergence rates among bacteria,
and 16s rRNA sequence analysis should be used to construct phylogenetic trees for
microorganisms (Manojkumar and Subbaiya, 2016). Screening and utilization of marine
actinobacteria in bio nanotechnology has significant attention (Sadhasivam, et al., 2010;
Sadhasivam, et al., 2012), which exhibit various effective and potential applications in drug
delivery, cancer therapy, etc., (Willets et al., 2007; Gittins, et al., 2000; Jain et al., 2007).
Recent focus has been on eco-friendly methods for the green synthesis of metal nanoparticles
utilizing biomaterials (Kowshik, et al., 2002; Senapati, et al., 2005; Shahverdi, et al., 2007).
Many researchers have reported the effect of microbial mediated AgNPs against several
multidrug resistant microbes (Chaudhari, et al., 2012; Priyaragini, et al., 2013; Saminathan,
2015). Previous investigator (Sastry, et al., 2003) observed the antimicrobial and cytotoxic
effects utilizing AgNPs from a newly isolated Nocardiopsis sp. MBRC. In this
communication we report a single step eco synthesis of silver nanoparticles using novel
actinobacteria Nocardiopsis dassonvillei-DS013 isolated and reported for the first time from
marine sediments coastline of the Tuticorin shoreline, Tamil Nadu, India. The actinobacterial
mediated AgNPs was utilized to study their antibacterial activities towards selected clinical
bacterial isolates such as Escherichia coli, Enterococcus sp., Pseudomonas sp., Klebsiella sp.,

Proteus sp., Shigella sp., Bacillus subtilis, and Streptococcus sp.
Materials and Methods
Collection of Marine Sediments

Marine sediments were obtained in depth not more than 10 to 15 cm from 11 different places
at intervals of 500 m from the coastline of Tuticorin, Tamil Nadu, India. The marine soil
sediment samples from each of the locations were aseptically placed in sterile wide mouthed

sample collection jars, appropriately labelled, stored in icebox and taken to the laboratory
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within 12 hours. The materials were preserved by refrigeration, where required, until further
processing. The sediment samples were air-dried for one week. The air-dried samples were
sieved — using 1mm mesh; and the fine grain samples were stored for pre-treatment in a hot
air oven at 50°C for 60 min. The dried marine soil sediment was then used for screening of
actinobacteria.

Isolation of Actinobacteria from marine sediments

Screening of actinobacteria from marine soil sediment sample was done by spread plate
method (Manivasagan, et al., 2013). The soil suspension was subjected to standard serial
decimal dilution to give dilutions of 10! to 10-1° using sterile 0.9% saline as diluents (Vimal,
et al,, 2009). The actinobacteria from treated marine sediment samples was isolated by
standard spread plating on the surface Starch Casein Agar (SCA; Hi-Media, India)
(Selvakumar, et al., 2012) supplemented with cycloheximide (25mg/mL; SCAC) (Sivakumar,
et al., 2007) in level 1 bio safety cabinet. The whole procedure for each sample was done in
triplicates to maximize the chance of isolating actinobacteria. The plates were dried for 25
min and incubated at 30°C (4 weeks). Colonies showing typical actinobacteria growth
characteristics were preserved by sub-culture on Yeast Extract Malt Extract Agar

(Hi-Media) and stored under refrigerated conditions until further use.
Identification of Actinobacteria by 16s rRNA Sequencing
DNA Isolation

The isolated actinobacteria from marine sediments was aseptically transferred in Starch
Casein Broth and incubated at 37°C for 6 days. After obtained the significant growth
(ODsg <0.9) the culture tube was centrifuged at 10,000 rpm for 15 min to separate the fungal
mycelium. About 0.1g of mycelium was crushed with the help of liquid nitrogen. With
addition of 50 ul TE buffer and 20mg/ml of lysozyme the tube was incubated at 30°C for 30
min. Later, the tube was added with each 20ul of 10% SDS and proteinase K and kept for
incubation at 50°C for 30 min. The solution of Phenol - chloroform was added in 1:1 ratio
and centrifuged at 10,000 rpm for 5.0 min to extract lysate. The upper layer solution was
transferred into a new eppendorf tube and ethanol precipitation was carried out to separate the
DNA using 70% of ethanol and then the tubes were kept for incubation at -20°C for 30 min.
To obtain the pellet the tubes were centrifuged at 10,000 rpm for 15 min and gently washed

with 90% of ethanol before it suspended in 25ul of TE buffer. The 20ul RNase was added in
4



the mixer tube and it was incubated at 37°C for 1.0 h. The phenol chloroform extraction
procedure was carried out to acquire pure product of nucleic acid (Saurav, et al., 2010).

PCR Amplification and Sequencing

Molecular identification procedure includes isolation and genomic DNA extraction, 16S
rRNA amplification, PCR product purification, PCR amplicon gene product sequencing was
performed in Acme Progen Biotech (India) Pvt. Ltd, Salem, Tamil Nadu, India. PCR
amplification of the 16s rRNA was achieved by adding final volume of the reaction mixture
25ul includes PCR buffer (1X), MgCl, (1.5 mM), Deoxyribonucleotide triphosphate dNTP
(200uM), primers 20 pmol, 2.5U Thermus aquaticus DNA polymerase and 100 ng of DNA
template. The PCR amplification was carried out in Eppendorf Thermocycycler 96. The 30
cycles of PCR was carried out at the temperature of 94°C for 1.0 min, 55°C for 1.0 min. and
72 °C for 2.0 min. The PCR amplicon product was detected by electrophoresis - using 1.0%
of agarose gel in Tris/Borate/EDTA buffer pH 8.5; at 150 V for 25 min, stained with
ethidium bromide and visualized under ultraviolet transilluminator (Vijayakumar, et al.,
2010). The gel image was took using gel documentation and analysed. Later, the PCR
amplicon products were eluted by the method given in Gel elution kit. In later PCR
purification kit (Qiagen, Germany) were used to purify the elution mixture and finally the
DNA sequences were obtained using an ABI x1 3730 DNA analyzer, Applied Biosystems.
The obtained sequences were submitted to the NCBI and based upon the maximum score

among the other organisms the query organism was confirmed.
Synthesis of Silver nanoparticles using Nocardiopsis dassonvillei-DS013

About 3.0ml culture of Nocardiopsis dassonvillei-DS013 was added into 47ml of Silver nitrate
(AgNOs) solution separately with continuous stirring the solution. The colour has
transformed from pale yellow to dark brown color which illustrates the presence of SNPs
(Heuer, et al., 1997). The silver nanoparticles mediated actinobacterial (SNA) were studied
by UV-Vis spectroscopy, XRD, FT-IR and TEM.

Antibacterial Activity

The antibacterial activity of isolated actinobacterial (IA) and silver nanoparticles mediated
actinobacterial (SNA) were evaluated by using well diffusion method described by
(Naganathan, and Thirunavukkarasu, 2017). In brief: sterile Mueller Hinton Agar (MHA; Hi-
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Media) plates were swabbed with overnight Mueller-Hinton Broth culture of any one of the
selected test organism with approximately 10 CFU per ml - turbidity standard equal to 0.5
and 1.0 McFarland standard for Gram negative bacteria and Gram positive bacteria,
respectively and labelled appropriately. The plates were dried for 25 min and 4.0 wells of
5.0mm diameter were formed by utilizing sterile borer on MHA. The IA and SNA were
cultivated in 50 mL Starch Casein Broth for 72 hrs at 30°C and the culture filtrates were
obtained by filtration through 45um membrane filter (Sartorius). 100ul of culture filtrate
from TA and SNA was respectively loaded into labelled well and incubated in upright
position for 30 min and further incubated at 35°C for 16-18 h. The results for preliminary
screening of antibacterial activity by IA and SNA against test bacteria, if any, measured as

zone of inhibition in mm and recorded.

Results and Discussion
Isolation of Actinobacteria from Marine soil sediment

After incubation, a distinct actinobacteria were isolated and identified based on the
appearance of powdery colonies from marine soil sediment samples collected from the Bay
of Bengal along Tuticorin shoreline, Tamil Nadu, India. Based on characteristic appearance
the strains of actinobacteria were purified by streak plate method using (SCA) Starch Casein
Agar. Among the diverse groups of microbes in marine ecosystem, Actinobacteria have a
significant niche as a prospective producer of distinctive metabolites and biological active
compounds (Ganesan, et al., 2017). Similarly, previous investigator Rathod et al., (2016)
reported first time about the isolation of alkaliphilic actinobacterium N. valliformis OT1
strain from Central India, synthesis of AgNPs and its antibacterial activity against bacterial

pathogens (Abirami, and Kannabiran, 2016).

Molecular identification of Nocardiopsis dassonvillei-DS013 by 16s rRNA sequencing



The marine actinobacteria was identified as Nocardiopsis dassonvillei-DS013 based on the
morphological, physiological, and various biochemical characteristics and also it was
confirmed by 16s rRNA sequencing. The obtained DNA (genomic) was amplified and the
PCR amplicon gene product (Fig. 1) was detected in 1.0% agarose gel with 1.0kb ladder used
as marker and determined that the amplicon was not degraded. The PCR amplified product
yielded the molecular size of DNA 1.5 kb in length (Fig. 2). The automated sequencer was
used to retrieve the sequence with help of appropriate primers. The obtained sequence was

submitted to GenBank in NCBI with the accession number (KM098151).

Fig. 1 Agarose Gel (1.0%) showing (1) Lambda DNA/HindIII Digest Marker and
(2) Genomic DNA product of Nocardiopsis dassonvillei-DS013

Fig. 2 Agarose Gel (1.0%) showing (1) Lambda 1Kb DNA ladder and (2) PCR
product of Nocardiopsis dassonvillei-DS013

Characterization of silver nanoparticle obtained from Nocardiopsis dassonvillei-DS013

UV-Vis spectrum of SNA



Fig. 3 illustrates the UV-Visible spectrum of AgNPs mediated Nocardiopsis dassonvillei-
DSO013, which shows absorbance peak at 408 nm. This is because of the effect of surface
plasmon resonance intense peak. Nonappearance of peaks between 300 and 560 nm which
clearly indicates the formed nanoparticles are without aggregation (Rathod, et al., 2016;

Banerjee, et al., 2018; Balashanmugam, et al., 2013).
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Fig.3 UV-Visible Spectrum of SNA

XRD Analysis of SNA

XRD pattern of SNA show intensive peaks at 20 = 37.10°, 42.10°, 59.42° and 69.21° these
indexed peaks are (111), (200), (220) and (311) lattice, respectively (Fig.4). AgNPs The
indexed plane indicates the FCC structure of Ag.



Intensity (a.u.)

FTIR Analysis of SNA

To understand the contribution of the bio molecules which reduces the Ag+ ions into AgNPs,
the FT-IR spectroscopy was performed. Fig.5 represents the FT-IR spectrum of SNA, the
absorbance peaks at 3336 cm'and 3370 cm! leads to the extending OH groups of vibrations.
A strong peaks of 1574 cm'relates the extending vibration of C=0 which affirms the
formation of AgNPs of Nocardiopsis dassonvillei-DS013. A peaks at 653 cm™! and 504 cm!
relates to extending vibration of C-Cl and C-Br bond, respectively. The strong broad

absorbance at 653 cm! is the characteristics of alkynes group (Verma, et al., 2014;
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111 i
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30 R S R
2 theta (degree)
Fig.4 XRD pattern of SNA

Sivalingam, et al., 2012; Kumar, et al., 2011).
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Fig.5 FTIR analysis of SNA
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TEM Image of SNA

Fig.6 shows the TEM image of AgNPs mediated Nocardiopsis dassonvillei-DS013 with
circular in morphology with non uniform distributions in the dimension range of 30-80 nm.

The obtained results were correlated among previous investigations (Krishnaraj, et al., 2010;

Shahverdi, et al., 2007).

100 nm

Accelerating voltage: 200kv Indicated magnification: 25kx place: VIT (FEI Tecnai 20)

Fig.6 TEM analysis of SNA

Antibacterial potential of IA and SNA of Nocardiopsis dassonvillei-DS013 against tested

clinical isolates of bacteria

In this work, the antibacterial activity of silver nanoparticles mediated actinobacterial (SNA)
were assessed against the selected clinical isolates of bacteria such as Escherichia coli,
Enterococcus sp., Pseudomonas sp., Klebsiella sp., Proteus sp., Shigella sp., Bacillus subtilis,
and Streptococcus sp. In this assessment the most interesting results were observed that SNA
had the highest activity showing remarkable activity against all test organisms compare to IA.
The IA from marine sediment demonstrated slight (1.0 — 8.0 mm) antibacterial activity and
SNA showed the moderate to maximum activity (more than 13 mm) against all clinical

isolates as determined by zone diameter in mm (Table 1) this is because of the reduction of
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size of Ag" to Ag® utilizing the marine actinobacteria (Kalishwaralal, et al., 2008;

Manivasagan, et al., 2013) (Kalishwaralal, et al., 2008; Manivasagan, et al., 2013).

Table.1: Showing antibacterial activity of IA and SNA against clinical bacterial isolates

Clinical bacterial isolates Antibacterial activity of IA and SNA strain

Zone diameter (mm)

IA SNA
E. coli 4 14
Enterococcus sp., 0 18
Pseudomonas sp., 0 15
Klebsiella sp., 3 24
Proteus sp., 2 16
Bacillus subtilis sp., 2 18
Shigella sp., 2 13
Streptococcus sp., 9 17

IA- Isolated Actinobacteria; SNA- Silver Nanoparticles Mediated Actinobacteria

Conclusions

All among the microorganisms in the marine ecosystem; marine actinomycetes have a highest
metabolic and genetic diversity. An exceptional perceives and efforts are need to explore on
marine actinobacteria as source for the novel metabolites. Actinomycetes not only exist in the
ocean, but also widely present in the different marine ecosystem. Precious secondary
metabolites from marine actinomycetes and its potential should not be overlooked. In the
present study we isolated and identified a novel marine actinobacteria Nocardiopsis
dassonvillei-DS013 present in the soil sediments from different places along the coastline of
the Bay of Bengal along the Tuticorin shoreline, Tamil Nadu, India. The marine
actinobacteria Nocardiopsis dassonvillei-DS013 mediated AgNPs was synthesised. The XRD
11



indexed plane indicates the FCC structure of AgNPs and further the structure and size of the
synthesized SNA were confirmed by TEM which clearly indicates the dimension range of 30-
80 nm with circular in morphology with non uniform distributions. Compared to isolated
actinobacteria (IA), the AgNPs mediated marine actinobacteria (SNA) showed excellent
antibacterial activity against the various selected clinical isolates of bacteria such as
Escherichia coli, Enterococcus sp., Pseudomonas sp., Klebsiella sp., Proteus sp., Shigella
sp., Bacillus subtilis, and Streptococcus sp. From this work we have recognized that the
single step eco — synthesis of AgNPs from marine actinobacteria Nocardiopsis dassonvillei-

DS013 which plays a crucial role in bionanomedicine applications.
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