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ABSTRACT

The present study was aimed to carry out a green synthesis of Silver Nano Particless by using marine micro algae
and its characterization by SEM, EDAX, Particle analyzer and Zeta potential. Microalgae samples (Isochrysis galbana
and Nannochloropsis sp.) were collected from phytoplankton laboratory, Tuticorin Research Centre of ICAR-Central
Marine Fisheries Research Institute. The culture media of I. galbana and Nannochloropsis sp. were taken for the
preliminary synthesis of SNPs. Hence, Nannochloropsis sp. was not synthesized for its SNPs, 1. galbana was selected
for further study. Culture media, cell filtrate and supernatant of I. galbana were subjected to the SNPs synthesis in
order to find out the maximum yield of silver with low chloride content. Among these, the supernatant of I. galbana
showed maximum yield with low chloride content. It was confirmed by colorimetric reading at 450 nm. Synthesized
SNPs from I. galbana containd 80.68% of silver and 15.25% of chloride as detected by EDAX analysis. Size of the
SNPs was analyzed by particle analyzer and ranged from 16.6 to 205.3 nm and average size was 40.6 nm. Zeta poten-
tial of SNPs from I. galbana was -44.0 mV, which reveals the high stability of SNPs. This is the first authenticated
work of I. galbana with respect to complete characterization of its SNPs.
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bioengineering, water treatment, electronics, antibacte-
rial/antifungal agents in a diverse range of consumer
products. It is used in DNA sequences due to the fluo-
rescence and surface plasmon resonance characteristics
of silver nanoparticles (SNPs) (Jayasree et al. 2013). The

Nanoparticles (NPs) are used for numerous physical,
biological and pharmaceutical applications. It has been
widely used in textile engineering, biotechnology and
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NPs have synthesized by chemical as well as electrical
methods. The biosynthesis methods have many advan-
tages and are eco friendly (Priyanga Singh et al. 2015).

Research into the natural products and drug devel-
opment of algae results in the isolation of over 15,000
novel compounds of economical importance (Farnsworth
1997) such as polysaccharides, iodine organic products,
macro and micro elements, vitamins and unsaturated
fatty acids (Craigie 2011). Green synthesis of metal NPs
using microalgae is an emerging field in nanotechnol-
ogy and biotechnology. Green synthesis of silver NPs
using algae and algal extract shows more advantageous
over other biological samples such as bacteria and fungi
(Kartikeyan et al. 2015).

Characterization of NPs is an important tool to regu-
late the NPs synthesis and its applications. It is performed
using a variety of different techniques such as transmis-
sion and scanning electron microscopy (TEM and SEM),
atomic force microscopy (AFM). These techniques are
used to determine the different parameter such as parti-
cle size, shape, crystallinity, fractional dimensions, pore
size and surface area (Kholoud et al. 2010)

Silver nanoparticles are used in the treatment of vari-
ous diseases. It acts as a potent anti microbial agent. Role
of SNPs in cancer treatment is an emerging technology
but it needs further more researches in the aspect of
toxicity. Nanoparticle based carrier may be an excellent
anticancer drug delivery module due to their extremely
small size and high permeability that facilitates to evade
first-pass metabolism and increasing efficacy (Buckston
2006). In addition, NPs show anticancer activity pos-
sibly through conversion of near-infrared radiation to
vibration energy, generating sufficient heat to kill selec-
tive cancer cell (West et al. 2011).

Researchers have explored the use of SNPs as carriers
for delivering various payloads such as small drug mol-
ecules or large biomolecules to specific targets. Once the
SNPs have sufficient time to reach its target, release of
the payload could potentially be triggered by an internal
or external stimulus. The targeting and accumulation of
NPs may provide high payload concentrations at spe-
cific target sites and could minimize side effects (Phillips
et al. 2010). The present study was aimed to green syn-
thesize of SNPs by using different marine micro algae
and characterization by SEM, EDAX, Particle analyzer
and Zeta potential in order to find out the drug potential
of SNPs for further research.

MATERIALS AND METHODS

COLLECTION OF MICROALGAE

Microalgae samples (Isochrysis galbana and Nannochlo-
ropsis sp.) were collected from phytoplankton labora-

tory, TRC of ICAR-CMEFRI, Tuticorin. Stock cultures of
microalgae were maintained in a special room adja-
cent to the mass culture and maintained in Walne’s
medium. Mass culture was maintained by using major
nutrients (ammonium sulfate: Super phosphate: urea) at
10:1:1ratio.

SYNTHESIS OF SNPS

For the synthesis of SNPs, algae with culture medium,
cell filtrate and supernatant was taken. The algal bio-
mass was collected through centrifugation by centrifuge
(Remi) at 5000 rpm for 10 min. Initially all the samples
were subjected to colorimetric reading at 400 to 620 nm.
In culture medium, cell filtrate and supernatant of micro
algae were mixed with 1mM of AgNo, solution and OD
values were taken for every 20 min by using calorimeter
(EI). Silver nitrate was used as a control. The preliminary
confirmation of SNPs synthesis was done based on the
lambda max obtained at 425 nm. Synthesized SNPs were
dried in hot air oven at 65 °C for characterization.

CHARACTERIZATION OF SNPS

Optical properties of SNPs which are sensitive to con-
centration, size, shape and agglomeration state, makes
colorimeter is a valuable tool for identifying these mate-
rials. The formation of unique peak at specific wave-
length of light is due to the surface plasmon resonance
of the electrons present on the NP surface. The surface
plasmon resonance of SNPs is 425 nm.

SCANNING ELECTRON MICROSCOPY (SEM)

For electron microscopic imaging, synthesized NPs were
sputter-coated with gold palladium mixture. Subse-
quently, the samples were examined in field emission
scanning electron microscope (Model: SIGMA VP, make:
Carl Zeiss Microscopy GmbH, Germany; operated at 15
kV) equipped with X-ray energy- dispersive spectrom-
etry system.

PARTICLE SIZE DISTRIBUTION AND ZETA
POTENTIAL

Colloidal dispersions are stabilized by electrostatic
repulsion and/or steric hindrance. Electrostatic stabili-
zation can be determined by measuring the zeta poten-
tial, which is the charge at the surface of the electrical
double layer. Particle size distribution and zeta potential
(indicator of dispersion and stability) was studied using
Nanopartica SZ-100 nanoparticle analyzer (Horiba Ltd.,
Kyoto, Japan).
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RESULTS AND DISSCUSSION

The development of SNPs from natural resources is an
important in contemporary technology. The develop-
ment of biological and experimental processes for the
synthesis of NPs is developing into an important branch
of nanotechnology. There is no authenticated evidence
in the synthesis of NPs from marine micro algae in the
aspects of complete analysis such as SEM, EDAX, Zeta
potential and particle analysis. Cell count was taken
before the reaction started by haemocytometer and the
cell count was 2.1x 10° and 2.1x 10’ for I. galbana and
Nannochlropsis sp., respectively.

Patel et al. (2005) reported that the biosynthesize of
SNPs from algae by using two methods; (i) suspend-
ing the live and washed biomass of microalgae into the
AgNO, solution and (i) by adding AgNO, into a cell-free
culture liquid. In most of the cases SNPs were developed
both in the presence of biomass as well as in the cell-
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free culture liquid and the NPs were ranged from 13 to
31 nm in size (Patel et al. 2015). In this study, the culture
medium of I. galbana and Nannochloropsis were taken
for the synthesis of SNPs. Silver nanoparticles were syn-
thesized only in the culture medium I. galbana. Then
the culture medium, cell filtrate and supernatant of I
galbana were subjected to the SNPs synthesis in order
to find out the maximum yield with low chloride con-
tent. Among these, the supernatant of I. galbana showed
maximum yield with low chloride content (Figure 1) and
it was confirmed by calorimetric reading at 450 nm (Fig-
ure 2). In cell filtrate, the cells were crashed and released
larger chlorophyll content which makes the reaction
mixture as green in color.

Shiny et al. (2013) reported that seaweeds were used
as bio reluctant for the reduction of the silver salt to
form the SNPs. The development of the SNPs was con-
firmed with the dark brown color development and it
was noticeable with UV-Visible spectroscopy. The Trans-

FIGURE 1: A) Supernatant of I. galbana before synthesizing SNP; B) after synthesizing
SNP
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FIGURE 2: Calorimetric reading of synthesized SNPs from I. galbana
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FIGURE 3: SEM image of synthesized SNPs from 1. galbana

mission electron micrographs indicate the size of the
NPs which can be from 25-40 nm and the NPs were
spherical in shape.

Karthikeyan et al. (2015) reported that the synthesis
of SNPs fom green microalgae, Chlorella vulgaris and
Chaetoceros calcitrans. The absorbance spectrum of
aqueous medium containing SNPs showed a peak at 420
and 436 nm by C. vulgaris and C. calcitrans respectively.
The shape and size of SNPs were studied by SEM. The
spherical shaped SNPs were observed and their element
was ranged from 50-70 and 30-35 nm from C. vulgaris
and C. calcitrans, respectively. In this study, synthesized
SNPs were spherical in shape and ranged from 157.3 to

0 S 10

183.8 nm which is shown in SEM image of synthesized
SNPs (Figure 3).

In the presence of salt condition, AgNo, can be formed
AgCl,, which is the major problem for reducing AgNo,
to Ag and it is reflected in all the analysis (Yaro 2016). It
is a main reason for lack of complete report about SNPs
from marine micro algae and most of the statements are
based on SNPs synthesized from fresh water and macro
algae. In this present study, these harms were considered
and standardized different protocol for SNPs synthesis
from marine micro algae. Presence of SNPs was con-
firmed by EDAX analysis with 80.68% silver with less
chloride (15.25%) as shown in Figure 4.
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FIGURE 4: EDAX image of synthesized SNPs from I. galbana
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Calculation Results

Peak No. | S.PAreaRatio | Mean | 5.D. |
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FIGURE 5: Particle analyzer report of synthesized SNPs from 1. galbana

Particle size distribution and zeta potential micro-
graph of SNPs is shown in Figure 5 and 6. Particle size
distribution graph shows that the synthesized SNPs are
in the range of 14.3-63.3 nm. The mean size of SNPs was
found to be 40.6 nm.

In this present study, zeta potential of SNP is -44.0
mv. If the zeta potential of SNP is greater than +25mv, It
means that the moderate colloidal stability of SNPs, and

Calculation Results

Poak No. | Zeta Potential | Eloctrophoretic Mobility

1 44.0 mV -0.000341 cm2/Vs
2 — mV — cm2iVs
3 — mV — cm2iVs
[Zeta Potential (Mean) : -44.0 mV

Electrophoretic Mobility Mean

Intensity (a.u

If it is greater than +40 mv revealed the high colloidal
stability of SNPs (Greenwood and Kendall 1999).
According to Karthikeyan et al. (2015), the green
microalgae, Chlorella vulgaris and Chaetoceros calci-
trans were tested for synthesis of SNPs. The absorbance
spectrum of aqueous medium containing SNPs showed a
peak at 420 and 436 nm by C. vulgaris and C. calcitrans
respectively. The shape and size of SNPs were studied by

: -0.000341 cm?/Vs

FIGURE 6: Zeta potential report of synthesized SNPs from I. galbana
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SEM. The spherical shaped SNPs were observed and their
dimension was ranged from 50-70 and 30-35 nm from
C. vulgaris and C. calcitrans, respectively.

The SNPs exhibit good activity of antimicrobial and
hence their potential application in medicine as wound
dressing or for sterile clothing in hospital environment.
Electron micrographs were taken to study the surface
morphology and size of the NPs. The graphs indicate
spherical NPs in the size range of 25-40nm. Specific sur-
face plasmon resonance peak at 410 nm exhibited by
UV-Visible spectroscopy. The particle size was proved
through transmission electron microscopy. The parti-
cles were within the range of 25-40 nm (Shiny et al.
2013).

Similarly, Davina Merin et al. (2010) reported that
synthesis of SNPs from normal and microwave irradi-
ated mixed marine micro algae including I. galbana
by using AgNO, as supplement with medium. The size
of SNPs is 53-79 nm. Previous reports have revealed
only the size and morphology of SNPs synthesized from
marine micro algae but there is no confirmation about
percentage of silver, chloride and other particles. From
the present study, the synthesized SNPs from I. galbana
contain 80.68% of silver and 15.25% of chloride which
is very less. Size of the SNPs also ranged from 16.6 to
205.3 nm and average size is 40.6 nm. Zeta potential of
SNPs from I. galbana is -44.0 mV, which reveals the high
stability of SNPs. Therefore, the data of the present study
show that the SNPs from I. galbana could be developed
as a potential agent against human cancer, microbial
infections and other aquatic diseases.
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