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Abstract. In this study aim was to perform green synthesis of synthesis silver nano-
particles (LAC-AgNPs, RAE-AgNPs and BAE-AgNPs) by using Desmodesmus sp.,
intracellular and extracellular synthesis methods and to compare the obtained prod-
ucts with physicochemical characterization techniques. The structural, morphological
and optical properties of the synthesized nanoparticles were characterized using UV-
Vis spectroscopy, TEM, SEM-EDS, FTIR, DLS and zeta potential. These results clearly
show that silver nanoparticles (AgNPs) could be synthesized in different sizes and sta-
bilities with various biological materials obtained from Desmodesmus sp. LAC-AgNPs
had size of 10-30 nm, RAE-AgNPs had size of 4-8 nm and BAE-AgNPs had size of
3-6 nm. Also, the antibacterial activity of silver nanoparticles synthesized as intracel-
lular and extracellular showed a strong antibacterial effect against pathogens such as
Salmonella sp. and Listeria monocytogenes. Additionally, they have effective antifungal
activity against Candida parapsilosis. The broth microdilution method was used for
examining antibacterial antifungal effect of synthesis AgNPs. The minimum inhibitory
concentration against Salmonella sp., Listeria monocytogenesis and Candida parapsilosis
were recorded as 3,125 pl, 1,5625 pl and 0,78125 pl synthesis AgNPs, respectively. As a
result, it has thought that different sizes of synthesis AgNPs may have a great potential
for biomedical applications.

Keywords. Green synthesis, nanoparticle, algae, antimicrobial, Desmodesmus sp.

INTRODUCTION

In nanotechnology studies, the most attract attention topics is the syn-
thesis of nanoparticles (NPs) with strong potency in different sizes and
shapes or by using various variables. For example, metal NPs. The area of
use for metal NPs are very broad. Even silver NPs alone are used in count-
less areas with optics, electronics, catalysis, home furnishings and extensive
medical applications, and the annual production is estimated to be hundreds
of tons worldwide (Ge et al. 2014).
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Synthesis of nanomaterials containing noble metal
requires alternative strategies because of their high cost.
Green synthesis or green chemical synthesis leads the
list of these strategies and here the target is a biological
synthesis of nanomaterial and to obtain products with
positive effects in terms of the environment (Sondi et al.
2000). Green synthesis has preferred because of the high
costs of materials used in conventional chemical meth-
ods and due to the toxic substances released into the
environment. Because the toxic effect of nanoparticles is
proven in many studies on aquatic organisms in particu-
lar. For example, studies on algae (Daglioglu and Oztiirk
2016; Daglioglu and Oztiirk 2018; Oztiirk and Daglioglu
2018) have shown that aquatic invertebrates (Artemia
salina) (Daglioglu et al. 2016a), terrestrial invertebrates,
honey bee (Apis mellifera) (Ozkan et al. 2016), aquat-
ic plants (Lemna minor and Myriophyllum spicatum)
(Daglioglu and Tiirkis 2017a, b). Nevertheless, it more
attracts the attention of researchers for the production
of metal nanoparticles because of its low cost, environ-
mental friendliness, and simple approach. In the green
synthesis does not use reducing agents like sodium boro-
hydride (NaBH,) used in chemical synthesis (Kozma
et al. 2015). These reducing agents are both expensive
and may produce oxidized boron species bound to NPs
after synthesis. As a result the commercially produced
NPs are not appropriate for biological applications. NPs
produced by green synthesis are of great importance in
terms of environmentally friendly production processes
and low costs. Many organisms or a variety of extracts
produced by them may be used in the green synthesis
process bacteria (Joerger et al. 2000), plant (Khatami et
al. 2018a), fungi (Boroumand et al. 2015) and algae (Sin-
gh et al. 2013).

Algae will have a great platform for products to be
used for various purposes over the next few years has a
long-term sustainable potential, especially in the pro-
duction of food and liquid fuels (Koothari et al. 2017).
For this reason algae are commonly chosen for green
synthesis because their structures are a rich source of
biologically active compounds like chlorophyll, carot-
enoids, astaxanthin, phenol, flavonoid, protein, vitamin
and minerals (Faulker 2000). Additionally, these phy-
tochemical materials are each effective metal reduc-
ing agents and their structures contain agents ensuring
that hydroxyl, carboxyl, and amino functional groups
coat metal NPs (Annamalia and Nallamuthu 2015). It
has been supported by various literatures that NPs syn-
thesis can be carried out by using various algae. For
example, Kannan et al. (2013) performed AgNP synthe-
sis with extraction from Chaetomorpha linum species.
The researchers succeeded in synthesizing spherical NPs
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with nearly 30 nm size without using synthetic reactives.
Barwal et al. (2011) used a Chlamydomonas reinhardtii
model and focused on understanding the role of a vari-
ety of cellular proteins in the synthesis and coating of
silver NPs. Prasad et al. (2013) studied the extract of the
brown algae Cystophora moniliformis species and report-
ed that the sizes of NPs may change linked to tempera-
ture. Studies mainly use marine macroalgae with insuf-
ficient numbers of studies about microalgae.

It has been known for many years that silver (Ag) is
an antimicrobial agent and it draws much attention due
to its application in fields such as colloidal Ag, catalysis
and water purification. It is reported that using AgNP
may purify drinking water (Pradeep 2009). Further-
more, the effect of Ag NPs size variability on antibacte-
rial properties has been a matter of interest. As a result,
researchers who have successfully achieved green syn-
thesis have simultaneously assessed the antibacterial and
antifungal effects on a variety of microorganisms (like
bacteria and yeast) (Govindaraju et al. 2009; Rajeshku-
mar et al. 2014; Salari et al. 2016; Suriya et al. 2012).

Our aim is to use the microalgae Desmodesmus sp.,
which can easily be produced in a laboratory environ-
ment, to compare synthesis using both intracellular and
extracellular routes. For this, the differences between
NPs forming under the same conditions were deter-
mined using characterization techniques like UV-Vis,
TEM, SEM-EDS, FTIR, DLS and zeta potential. At the
same time, antibacterial effects of synthesized NPs on
bacterial strains of important food pathogens such as
Salmonella sp. and Listeria monocytogenesis were inves-
tigated. Additionally, the antifungal effect on the human
pathogen of Candida parapsilosis species was investigat-
ed.

MATERIAL AND METHOD
Algae Culture

The test organism used in our study, Desmodes-
mus sp. (KR261937), was taken from the algae culture
collection of Sel¢uk University Hydrobiology Labora-
tory. Algae taken from stock cultures were transferred
to the fluid BG-11 medium (NaNO,, 15; K,HPO,, 0.4;
MgS0O,-7H,0, 0.75; CaCl,-2H,0, 0.36; citric acid, 0.06;
iron(III) ammonium citrate, 0.06; Na,-EDTA, 0.01;
Na,CO;, 0.2 g/L, 1 mL; trace elements solution, (H;BO;,
61; MnSO,-H,0, 169; ZnSO, 7H,0, 287; CuSO,-5H,0,
2.5; (NH,)¢Mo,0,,-4H,0, 12.5 mg/L) in accordance with
the procedure stated in Rippka (1988). The microalgae
were transferred to 250 ml erlenmeyer flask and left to
proliferate under sterile conditions. The cultures were
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left under 3000 lux fluorescent light appropriate for pho-
tosynthesis for 12 hours light and 12 hours darkness,
at 2842 °C degrees, and 120 rpm for 15-20 days. When
algae passed the log phase stage, cells were centrifuged
at 1000 rpm and the biomass was obtained. All chemi-
cals used in this study were analytical quality.

Intracellular AgNP synthesis using live algae cells

Silver nitrate (AgNO;, 299.0%; Sigma-Aldrich) was
prepared in 100 mM stock solution. Microalgae passing
the logarithmic phase were counted with the automatic
cell counting device (LUNA-II"™ Automated Cell Coun-
ter, South). Using LUNA ™ Cell counting slides, counting
and viability of cells were determined with trypan blue.
Afterwards, live algae cells (LAC) were harvested by cen-
trifugation at 4000 rpm for 20 minutes at 4 °C. The cul-
ture filtrate was removed and the pelleted biomass was
washed with sterile deionized water to remove foreign
absorbed material. The washing procedure was repeated
five times and the washed biomass was brought to sus-
pension again in distilled water. The suspension of algal
biomass had 5mM AgNO; added the from stock solu-
tion. In the control setup, AgNO; was not added to the
algal biomass. Cultures were incubated at 28 °C under
similar conditions to those stated above for 72 hours.
Intracellular Ag NPs (LAC-AgNPs) synthesis from LAC
was completed. After the reaction, the biomass was sepa-
rated by the centrifuge and stored at -20 °C until charac-
terization.

Extracellular synthesis of AgNP

Two different algal extracts were obtained using
Desmodesmus sp. for the extracellular synthesis of
AgNP. These extracts were raw algal extract (RAE) and
boiled algal extract (BAE).

Preparation of raw and boiled algae extracts

For the preparation of RAE extract, 3.0 g (wet
weight) algal biomass was suspended in 20 ml of deion-
ized water for 5 days. At the end of the 5th day, it was
centrifuged at 7000 rpm for 20 minutes. The supernatant
(raw algal extract) was separated from cells and prepared
for extraction. To begin the reaction, the final concentra-
tion of 5 mM AgNO; was added. After this procedure,
continuous mixing began. Later the mixing procedure,
a colloidal structure was obtained and after this process
repeated centrifugation was completed at 3500 rpm for 5

minutes. These centrifuge cycles were completed to puri-
ty AgNP. Extracellular Ag NPs (RAE-AgNPs) synthesis
from RAE was completed. After the reaction, the bio-
mass was separated by the centrifuge and stored at -20
°C until characterization.

To prepare the BAE extract, 3.0 g (wet weight) algal
biomass was suspended in 20 ml deionized water and
heated to 100 °C for 20 minutes in an erlenmeyer flask.
After the boiling procedure, it was cooled and filtered
with Grade GF/A glass microfiber filters (Whatman™,
pore size: 1,6um). The obtained filtrate had the final con-
centration of 5 mM AgNO; added at room temperature
to begin the reaction. After the procedure continuous
mixing was completed. Later the mixing procedure, a
colloidal structure was obtained and after this process
repeated centrifugation was completed at 3500 rpm for 5
minutes. These centrifuge cycles were completed to puri-
fy AgNP. Extracellular Ag NPs synthesis (BAE-AgNPs)
from boiled algal extract was completed. After the reac-
tion had completed, the biomass was separated by the
centrifuge and stored at -20 °C until characterization.

Characterization of AgNPs

Biological reduction of silver ions with the green
synthesis route was observed by taking 3 ml aliquot
samples at different time intervals. Absorption measure-
ments were made with a UV-Vis (AE-S90-2D UV-VIS
Spectrophotometer, China.) spectrophotometer between
190 and 1100 nm.

Transmission electron microscope (TEM) images of
the intracellular and extracellular synthesized AgNPs
were obtained using TEM (JEOL JEM 1220 brand,
Japan) working at 100 kV acceleration voltage. Sam-
ples used to obtain TEM micrographs were prepared
by dropping on a carbon-coated copper grid and dried
under a vacuum before investigation. With the aim of
investigating the cells at the ultrastructural level, routine
TEM monitoring procedure was performed and samples
were submerged in epoxy resin. Thin sections were taken
at 60 nm thickness with the aid of an ultramicrotome
(Leica ultracut UCT, Leica, Germany) (Ilknur et al. 2012;
Li et al. 2012; Zhang et al. 2016). Elemental analysis of
samples was completed with SEM (a JEOL JSM-5600
LV brand, Japan) device fitted with EDS (E2V Scientific
Instruments, United Kingdom).

Algae cells were freeze-dried and algae biomass was
obtained. Dried biomass was prepared using the KBr
pellet technique and ATR technique. The surface chem-
istry of reduced Ag samples and the biologically active
portions of the live microalgal cells were analyzed to
check for comparisons. The fourier transform mid-infra-
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red FTIR spectra (Perkin Elmer Spectrum 100 FTIR-
ATR unit, Germany) were collected with conduction
mode from 400-4,000 cm™! with 0,4 cm spatial resolu-
tion.

Dynamic light scattering (DLS) and zeta potential
are necessary parameters to define the size distribution,
particle size, homogeneity and stability of LAC-AgNPs,
RAE-AgNPs and BAE-AgNPs. Particle size and polydis-
persity index (PDI) were determined using the dynamic
light scattering technique. DLS studies of LAC-AgNPs,
RAE-AgNPs and BAE-AgNPs diluted in deionized water
were measured by a Malvern-Zetasizer (Nano-Z590,
United Kingdom) device. The zeta potential is a meas-
urement of the attraction or repulsion values between
particles. Particles with certain load attractions with
opposite polarity within the suspension, as a result, a
strong bond surface is formed on the surface of the load-
ed particle and then a surface extending outward from
the loaded particle forms. The behavior of particles with-
in polar fluids is determined not by electric load but by
zeta values. Zeta potential studies were measured with
a Malvern (SN: MAL1064144, United Kingdom) brand
Zeta Sizer ZS device.

Antimicrobial Susceptibility Testing of synthesis NPs

In this study with the aim of determining the anti-
bacterial and antifungal susceptibility of LAC-AgNPs,
RAE-AgNPs and BAE-AgNPs, Salmonella sp. (gram-)
and Listeria monocytogenesis (gram+) bacteria and Can-
dida parapsilosis yeast was used. To determine the mini-
mal inhibition concentration, the broth microdilution
method was taken as a basis. Bacteria cells were left in
nutrient broth medium at 37 °C for 1 night, while yeast
cells were incubated for 1 night in a shaking incubator at
30 °C in yeast extract-peptone-dextrose (YPD; %1 yeast
extract, %2 peptone %2 dextrose) medium and cultures
were taken. The density of bacteria and fungal cells were
set according to the McFarland 0.5 standard. Tests of
minimal inhibitory concentration (MIC) were made in
accordance with the CLSI (Clinical Laboratory Stand-
ards Institute) criteria M27-A8 for bacteria and M27-A2
for yeast (Zgoda and Porter 2001). The extraction con-
taining lowest NPs that inhibited bacterial and fungal
development was determined as the volume MIC value.
During this process 40 minutes sonication was applied
to obtain the LAC-AgNPs. The 96-well plates (Lp Itali-
ana Spa) was added 100 pul RPMI 1640 and 100 pl the
LAC-AgNPs, RAE-AgNPs and BAE-AgNPs. Later they
were diluted with microdilution and left for 24 hours
incubation. The plate with resazurin added had results
assessed in parallel with the colour change.
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RESULTS

The test organism Desmodesmus sp. (KR261937)
is in the Chlorophyceae class and is a water alga gener-
ally forming colonies with an oval or shuttle-shaped
body. Additionally, it is a photosynthetic microalga with
6-10 horn-like protrusions on the body. In the colonial
structure, generally twin cells are found. Additionally,
sequences of 4 colonial cells may be seen in low num-
bers. The count of the automatic cell counting device is
given in Table 1. In the current study when algal bio-
mass (LAC) was exposed to Ag ions (Ag?), the colour of
the algal biomass changed from natural bright green to
brown and compared with the control biomass, the Ag*
ion was biologically transformed (Ag metal accumula-
tion) to Ag® During exposure the colour change began
in the first 24 hours; however, the largest colour differ-
ence compared to the first day occurred after 72 hours.
LAC-AgNPs was researched with UV-Vis for 72 hours
(Figure 1A).

Simultaneously RAE and BAE were treated with 5
mM AgNO; and extracellular Ag NPs (RAE-AgNPs and
BAE-AgNPs) the formation was researched with UV-
Vis spectroscopy. The RAE-AgNPs were colourless and
had a high peak at 280-300 nm (Figure 1 B). The RAE
exposed to Ag displayed a peak at 420 nm especially
after the 48 hours day on UV-Vis spectral analysis and it
was considered AgNP formation had begun. It is known
that the concentration of the reducing agent in the reac-
tion mixture plays an important role in the formation
of nucleation points and then controls the size of AgNP;
this may have caused less stable AgNP in the RAE
(Hiramutsu and Osterloh 2004; Jena et al. 2014).

As a result, another experiment was made to
increase the concentration of this type of material in
the reaction mixture. The biomass was boiled in water
to obtain more reducing and stabilizing agents. Initially,
the boiled extract had a light yellow colour, which trans-
formed to brown when exposed to the Ag nitrate solu-
tion procedure. The formation of this colour is due to
stimulation of surface plasmon resonance (SPR) effect
and the reduction in AgNO; and may indicate the for-
mation of AgNP. With the increase in the reaction dura-
tion, the colour of the reaction mixture turned a darker

Table 1. Desmodesmus sp. cell counting and cell viability analysis
report.

Total cell Live cell Dead cell Viability

4,48x10% 4,08x10% 4,00x107 80,6 %

*Stain: Trypan blue.
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Fig. 1. Examination of intracellular and extracellular synthesis of silver nanoparticles by UV-Vis. A. LAC-AgNPs; B. RAE-AgNPs; C. BAE-

AgNPs.

shade for up to 72 hours. The formation of BAE-AgNPs
were proven with the UV-Vis spectrum showing the
characteristic surface plasmon resonance (SPR) band
for AgNPs. Figure 1 C shows the UV-Vis spectra series
recorded for the reaction mixture at a variety of time
intervals. The BAE showed a peak at 280-320 nm which
may be linked to the presence of peptides. The BAE
exposed to Ag displayed a peak at 420 nm especially
after the 24 hours day on UV-Vis spectral analysis and it
was considered BAE-AgNPs formation had begun.

Our UV-Vis results show a steady increase in
reduction of Ag ions in LAC up to 420 nm, then it sta-
bilized and appeared to pass to a downward trend. This
section is defined as the “surface plasmon resonance
band” and is due to the stimulation of free electrons in
the NPs. The symmetric shape of the band is an indi-
cator of the regular distribution of the spherical NPs
(Travan et al. 2009).

After intracellular synthesis, the exposed biomass
had TEM analysis was made to research the morphology



34 Betiil Yilmaz Oztiirk

4
(3) Length 23,31 nm

o~
~

(1) Length 25,33 nm
-

=L

(2) Length 20,35 nm 4

Fig. 2. Morphological characterization of the silver nanoparticles. A, B, C Intracellular synthesis, TEM Image of Desmodesmus sp. cell medi-
ated synthesized silver nanoparticles. D, E, F Cellular localization of in Intracellular silver nanoparticles, TEM micrograph of thin section (~
60 nm). NP:nanoparticle, S starch, V vakuol, CM Cytoplasmic membrane.

and dimensions of the NPs. TEM images revealed the with an oval shape and with 6-9 colonial protrusions
cells were nearly 4.5-5 pm (length) x 2-3 um (width) size  (Figure 2A).
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Fig. 3. TEM Image of extracellular synthesized silver nanoparticles A, B. Desmodesmus sp. cell RAE mediated synthesized silver nanoparti-
cles (RAE-AgNPs); C, D. Desmodesmus sp. cell BAE mediated synthesized silver nanoparticles (BAE-AgNPs).

When the algae cells exposed to AgNO; were inves-
tigated with TEM on a grid with the dropping method,
distributed metal NPs were observed, as shown in Fig-
ure 2 A, B and C. As seen at different magnifications of
the metal nanoparticle shapes, the periphery of the cells
is observed more clearly and homogeneously, while the
interior sections were not fully identified due to a more
compact and electron-dense zone observed (Figure 2
A, B). When micrographs of LAC-AgNPs at high mag-
nifications are investigated, the spherical structures of
the AgNPs are clearly observed. The intracellular LAC-
AgNPs are in the range of 10-30 nm in size and appear
to display a homogeneous distribution. In TEM analysis,
a section of 60 nm in thickness was taken from the cells
in order to be able to see the LAC-AgNPs. Additionally,
sections were taken of these cells to identify where the
NPs were localized (Figure 2 D, E, F). According to the
results of these sections, NPs were localized especially

in areas close to the cell membrane, while also in other
regions of the cell, e.g., in areas close to starch storage
areas (Figure 2 F).

The nanoparticle dimensions obtained after RAE-
AgNPs were mean 4-8 nm (Figure 3 A, B). NPs synthe-
sized in this manner were less stable according to both
TEM and zeta potential results. When morphology and
size of NPs are examined after extracellular synthesis,
the NPs produced by BAE-AgNPs were mean 3-6 nm.
These NPs had a homogeneous distribution without
aggregation or flocculation (Figure 3 C, D). The rea-
son for this is that some stabilizing agents in the algal
extract were released by boiling and entered the reac-
tion (Mohseniazar et al. 2011; Nithya and Ragunathan,
2009). At the same time, control of dimension and struc-
ture may be associated with interactions between bio-
components like polysaccharides, proteins, polyphenols
and phenolic compounds with metal atoms (Shao et
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Table 2. EDS reported from biosynthesized AgNPs.

AgNPs Intensity (c/s) Error 2-sig Conc. Units
Control 0.060 0.129 0.023 wt.%
LAC-AgNPs 130.34 7.217 34.385 wt.%
RAE- AgNPs 130.01 7.209 20.975 wt.%
BAE- AgNPs 293.68 10.837 54.920 wt.%

*kV' 20.0, Takeoff Angle 35.0°.
Elapsed Livetime 10.0.
Conc: Concentration.

al. 2004). As a result, BAE-AgNPs showed the NPs had
equal distribution.

Analysis through Energy dispersive SEM-EDS spec-
trometers confirmed the presence of an elemental Ag
signal of the Ag NPs. Recognition lines for the major
emission energies for Ag are displayed and these match
with peaks in the spectrum, thus giving confidence that
Ag has been correctly identified. In this study, the syn-
thesized AgNPs were subjected to elemental analysis
with SEM-EDS, the Ag element was observed in all three
situations (LAC-AgNPs, BAE-AgNPs, RAE-AgNPs) at
the rate (Table 2) (Figure 4 A, B, C). The highest Ag was
identified in the BAE-AgNPs groups (Figure 4 B). When
these results are considered, they provide information
about the purity of the formed NPs.
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Extracts obtained with different methods (BAE and
RAE) and live cell algae (LAC) the AgNPs obtained
from these extracts (LAC-AgNPs, RAE-AgNPs and
BAE-AgNPs) had FTIR analysis completed on these
samples to define the functional groups of chemical
components. The analysis results observed many peaks
(transmittance a.u) at 3284, 2919, 2851, 2161, 2027, 2034,
1638, 1535, 1380, 1242, 1149, 1023, 812, 717, and 551.

When vibrations of biomass exposed to Ag are
investigated, the dense broadband at 3400 cm™ is vibra-
tions from alcoholic, phenolic and carboxylic groups
(Figure 1 F). Primarily in addition to hydroxyl groups
equivalent to O-H strain, vibrations equivalent to pri-
mary and secondary amines and amides are shown with
N-H strain were observed. The band at nearly 2920 cm!
reflects the C-H strain of alkanes. The lack of absorp-
tion in this region shows hydrogen linked to aliphatic
carbon is not present (Ronavari et al. 2017). The band at
2851 cm! from the aldehyde group reflects C-H strain.
The band at 2161 cm! is -S-CEN thiocyanate, while the
bands at 2027 and 2034 cm™’ are -N=C=S§ isothiocy-
anate. This situation shows that cyanate, elemental car-
bon and thiocyanate may be found within total organic
carbon. The peak at nearly 1,638 cm™ is equivalent to C
= C vibration of aromatic structures, with the peak at
1242 cm! equivalent to C-O strain of phenolic groups.
The peak at 1380 cm™ is NO, asymmetric strain of
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Fig. 4. SEM-EDS spectrum recorded from biosynthesized AgNPs A. Control group; B. LAC-AgNPs; C. RAE-AgNPs; D. BAE-AgNPs.
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Fig. 5. FT-1IR spectrum for A. Desmodesmus sp. control group; B. Desmodesmus sp. formed LAC-AgNPs.

alkyl groups, and the peak at 1535 cm! is equivalent to
C = C strain of biphenol group. Around 1145 cm™! the
C-N strain vibration of aromatic primary and second-
ary amines is observed. Aromacity may be mentioned
between 900-690 cm™ (Jena et al. 2014).

The extracellular BAE-AgNPs obtained with the
boiling method may have bonded to amine groups,
while the RAE-AgNPs may have bonded to alkyne
groups. Our FTIR results comply well with the literature
data, with the surface of AgNPs obtained from intracel-
lular Desmodesmus sp. coated with organic components
found in the extract, as shown in Figure 3 B. As a result,
successful green synthesis is revealed with the soluble
organic components or proteins able to bind to Ag ions
and reduce Ag ions to form NPs (Jegadeeswaran et al.
2012) (see 800-2919 cm! region).

Particle size and zeta potential are very important
parameters for green synthesized Ag NPs. The particle
size of Ag NPs, especially, has a large effect on the anti-
microbial properties. Another important value for parti-
cle size is PDI. PDI reveals homogeneity (Sharma et al.
2018). Both intracellular and extracellular AgNPs were
well distributed in colloidal solution and the mean size
distribution of these particles were as follows; the mean
particle distribution for LAC-AgNPs were 10-30 nm,
with this value 4-8 nm and 3-6 nm from RAE-AgNPs
and BAE-AgNPs (Figure 6 A, C, E). According to PDI

values for the results, homogeneous particle size distri-
bution within the solution was observed to be highest
for LAC-AgNPs. Though different sizes were found dur-
ing synthesis, higher numbers of small-scale NPs were
observed in terms of numbers (Table 3).

Zeta potential values are obtained from the high
repulsion and attraction forces between each nanopar-
ticle and these values define particle stability. Intracel-
lular and extracellular AgNPs have high negative zeta
potential values. The high negative value affects the push
between the particles, thereby increasing the stability of
the formulation (Rao et al. 2013). In our study, the zeta
potential of AgNPs were measured as -20.2 mV for LAC-
AgNPs (Figure 6 B), -19.9 mV for BAE-AgNPs (Figure 6
D) and -14.2 mV for RAE-AgNPs (Figure 6 F). All values
for particle sizes, PDI and zeta potentials are shown in

Table 3. The particle size of silver nanoparticles, polydispersity
index and Zeta potential.

Particle size Zeta potential

(nm) DLS PDI (mV)
LAC-AgNPs 20-40 0.445 202
BAE-AgNPs 10-15 0.452 199
RAE-AgNPs 10-20 0.613 142
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Fig. 6. Size distribution by dynamic light scattering and zeta potential measurement of biyosenthesis silver nanoparticles A, B. LAC-AgNPs;

C, D. RAE-AgNPs; E, E BAE-AgNPs.

Table 3. The observed result contains some differences
compared with the TEM studies but is well-correlated.
The differences may be due to the tendency of Ag NPs
to agglomerate within an aqueous solution; thus the val-
ues obtained from DLS will be higher than TEM values
(Domingos et al. 2009).

Antimicrobial and antifungal effect of synthesis AgNPs

LAC-AgNPs, RAE-AgNPs and BAE-AgNPs have
been tested on Salmonella sp. (gram +) and Listeria

monocytogenesis (gram -), the most frequently encoun-
tered bacteria in food poisoning (Cantero et al. 2018;
Ma et al. 2018). The MIC values of the synthesized NPs
were calculated on these bacteria. It was initiated by
adding 100 pl of synthesized NPs so that the MIC val-
ues could be found. The LAC-AgNPs, RAE-AgNPs and
BAE-AgNPs inhibited 3,125 ul of Salmonella sp. Thus,
this value was determined as the MIC value. There was
a larger effect on Listeria monocytogenesis compared to
Salmonella sp. with 1,5625 pl MIC value determined.
Candida parapsilosis is a pathogenic yeast strain with
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high biofilm formation capacity (Soldini et al. 2017).
Candida parapsilosis appeared to be more affected com-
pared to bacteria and the MIC value was determined as
0,78125 pl (The synthesized AgNPs were initially used in
100 pl). The LAC-AgNPs, BAE-AgNPs and RAE-AgNPs
obtained from Desmodesmus sp. with different methods
showed significant degree of effect with different MIC
values for bacteria and yeast.

DISCUSSION

AgNP is used in a variety of applications like cataly-
sis, biosensing, imaging and antibacterial activity. As
result researchers in recent times have performed many
studies to synthesize AgNP more economically and eas-
ily. Green synthesis is an alternative method developed
to produce metal NPs using natural compounds or plant
components. The most important advantages of these
methods are the lack of toxic material involved in the
chemical synthesis and the lack of high costs. In addi-
tion to green synthesis and sustainable synthetic meth-
ods can decrease environmental pollution to some extent
(Khatami et al. 2018¢c) . Another significant advantage
is that NPs may be synthesized in an easy and reliable
manner using only live organisms (algae, bacteria, fun-
gus and plant), without requiring reducing or stabiliz-
ing agents (Tippayawat et al. 2016; Khatami et al. 2018b).
Microorganisms such as bacteria and algae have proven
to be well suited for nanoparticle synthesis, where par-
ticle size and morphology must be stabilized by different
methods in green synthesis (Metuku et al. 2014). Algae
or plants or their extracts, many prokaryotic organisms
and biocompatible macromolecules are very important
for nanoparticle synthesis (Poulose et al. 2014). Algae
are unique due to the lipids, minerals and some vita-
min wealth contained in these organisms (Namvar et
al. 2012; Zuercher et al. 2006). Additionally, polysaccha-
rides, proteins, and polyphenols are known as functional
food as a variety of bioactive material with some medical
uses like in cancer, oxidative stress, inflammation, aller-
gies, thrombosis and lipidemia (Mahdavi et al. 2013).
As a result, hydroxyl, carboxyl and amino functional
groups are found among this phytochemical material
that is capable of acting in a single step as both effective
metals reducing agents and as capping agents. Generally
many natural essences in cell contents or released after
extraction are biologically active compounds and may be
responsible for the reduction of Ag ions and stabilization
of the obtained NPs.

The carbonyl groups in proteins have strong binding
ability against metal NPs and as a result, proteins may

form a coating layer on the surface of AgNPs (Dhand
et al, 2016; Vivek et al. 2012). This may prevent agglom-
eration and increase the stability of NPs synthesized in
aqueous media. In our study, UV-Vis data from algal
cells exposed to Ag nitrate support the view that of Ag *
ions were taken into cells within 24 hours and L-AgNPs
formed (Peaked at 420 nm within 24 h.). As metal ions
(Ag®) are on the algal surface, they were identified to be
held by electrostatic interaction between the functional
groups with the negative load on the cell surface, and
following this, the metal ions were reduced (Barwal et al.
2011). In this way, high intracellular accumulation and
formation of metal particles may be linked to several
probable mechanisms in the process. These mechanisms
vary according to type and metal accumulation occurs
with two processes. The first is adsorption or biosorp-
tion at the cell surface independent of metabolism, while
the second is metabolism-dependent absorption by orga-
nelles or cytoplasmic ligands (Chakraborty et al. 2006).

Metal NPs synthesized with green methods may
produce colloids with different sizes, shapes, and dis-
tributions. If changing the method used provides better
results, the green approach may be chosen. As a result
of our study, the focus was on the biosynthesis of both
intracellular and extracellular AgNP using different
extraction techniques with Desmodesmus sp. microal-
gae and AgNP production was successfully achieved. In
this study during intracellular synthesis, algal cells have
pores of 3-5 nm width ensuring passage of low molecu-
lar weight material like water, inorganic ions, gases and
other small nutritional material required for growth and
metabolism (Wang and Chen 2009). Large molecules or
macromolecules cannot pass these pores. Similarly, in
our study, the intracellular LAC-AgNPs appeared to be
larger than the size of the pores in the algal cell walls
(10-30 nm) (Figure 2 A, B, C). The BAE-AgNPs and
RAE-AgNPs also had spherical shape without agglom-
eration. Sections through the cells transversely and lon-
gitudinally observed nanoparticle formation distributed
through intracellular cytoplasm, with larger size NPs in
some regions, e.g., in regions close to vacuoles. In pre-
vious research, it was reported that maximum metal
accumulation occurred within the cytoplasm, peri-
plasm, nucleus and pyrenoids of organisms like Chla-
mydomonas (Ag), Chlorella (Au, Pd, Ru, Rh), Klebsor-
midium flaccidum (Au) and Shewanella (Au, Pt) (Bar-
wal et al. 2011; Dahoumane et al. 2012; Luangpipat et al.
2011).

FTIR can be used to identify the type of functional
groups and biomolecules that are responsible for cap-
ping and efficient stabilization of NPs and qualitative
and quantitative identification of the molecular structure
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of organic compounds in the NPs structure (Khatami
et al. 2018d). In thi study, the results of FTIR spectro-
scopic investigations showed the presence of organic
particles especially in the 800-2919 cm™! region. Linked
to this result, the protein building block of amino acids
was confirmed as having strong binding ability to metals
and formed a layer surrounding metal NPs. They acted
as a coating material preventing agglomeration and thus
are considered to have ensured high stability of metal
NPs. These results confirm the presence of proteins or
peptides with possible function as stabilizing agents for
AgNPs (Singhal et al. 2011).

The extracellular RAE-AgNPs synthesized was
found to be less stable and have a tendency to agglom-
erate compared to extracellular synthesized BAE-AgNPs
and intracellular synthesized L-AgNPs. Additionally,
the RAE-AgNPs synthesis process was slower compared
to the others. When BAE was used, both high rates of
BAE-AgNPs biosynthesis occurred and the stability of
these NPs were higher. However, according to the UV
results, L-AgNPs were more rapid biosynthesised than
extracellular BAE-AgNPs and RAE-AgNPs. This situ-
ation may be related to macromolecules like protein or
peptide released by boiling directly reducing Ag* ions. A
study by Jena et al. (2014) produced similar results. The
researchers explained that in this situation the protein
or peptide concentration has a vital role in AgNP for-
mation and stabilization. A similar study by Barwal et
al. (2011) prepared Chlamydomonas cell extract treated
with Ag nitrate with both whole cell esence and protein-
removed extraction. When the results are compared, the
protein-removed cell extraction was identified to synthe-
size larger sizes of AgNP. The researchers explained that
the protein concentration is directly correlated with par-
ticle formation rate and inversely correlated with particle
size (Barwal et al. 2011; Jena et al. 2014).

Due to a variety of reasons in the antimicrobial
mechanism, Ag ions or salts only have limited use as
an antimicrobial agent. However, the use of AgNPs may
overcome these limitations. In biological systems (ani-
mal cell culture, plants, bacteria) the effect of AgNPs in
different concentrations has been investigated (Sobieh et
al. 2016, Khatami et al. 2018). For the use of Ag against
microorganisms in a variety of areas, it is important to
prepare Ag with appropriately priced methods and to
know the antimicrobial effect mechanism to increase
this effect (Kim et al. 2007). Green synthesized NPs may
expand these areas of use significantly. In this study,
AgNPs may be a potential antibacterial and antifungal
agent and could be prepared cost-effectively. Because,
Desmodesmus sp., a green algae, could be a low-cost pro-
duction house for intracellular and extracellular AgNPs
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synthesis because of the minimum growth regimens
required for growth, such as water, sunlight and com-
mercial fertilizers, and high biomass efficiency.

CONCLUSION

In this study different sizes of AgNP were success-
fully synthesized from Desmodesmus sp. microalgae
using both intracellular and extracellular green synthe-
sis routes. In particular, intracellular UV results of LAC-
AgNPs peaked at 420 nm within the first 24 hours. The
purity of Ag NPs was confirmed with SEM-EDS. Nano-
particle size and stability were determined according to
DLS and Zeta potential results. AgNPs with optimized
size were determined to have lethal potential against
bacteria and yeast. Thus this study is considered to sup-
port sustainable development of green synthesis using
the green microalgae of Desmodesmus sp.
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