ISSN 2284-6808

Volume 8, Issue 3, 2019, 666 - 670
Letters in Applied NanoBioScience

https://nanobioletters.com/
https://doi.org/10.33263/L1ANBS83.666670

Open Access Journal

Original Review Article -
Received: 14.07.2019 / Revised:10.09.2019 / Accepted: 15.09.2019 / Published on-line: 18.09.2019

Green synthesis of metallic nanoparticles using algae and microalgae

Kianoush Khosravi-Darani *®, Adriano Gomes da Cruz >@ , Ehsan Shamloo ® ",
Zohreh Abdimoghaddam *”, Mohammad R. Mozafari *®

!Department of Food Science and Technology, National Nutrition and Food Technology Research Institute, Faculty of Nutrition Sciences, Food Science and Technology,
Shahid Beheshti University of Medical Sciences, Tehran, Iran

?Instituto Federal do Rio de Janeiro (IFRJ) — Campus Maracand, Mestrado Profissional em Ciéncia e Tecnologia de Alimentos (PGCTA), Rua Senador Furtado, 171,
Maracand, 20270-021, Rio de Janeiro, Brazil

®Department of Food Science and Technology, Faculty of Nutrition Sciences and Food Technology, National Nutrition and Food Technology Research Institute, Shahid
Beheshti University of Medical Sciences, Tehran, Iran

“Australasian Nanoscience and Nanotechnology Initiative, 8054 Monash University LPO, Clayton, 3168 Victoria, Australia

*corresponding author e-mail address: e.shamloo@yahoo.com, z.abdimoghadam@gmail.com

ABSTRACT

Biosynthesis of nanoparticles is considered to be an environment-friendly and cost-effective process. lons (typically positively
charged/anionic moieties) are absorbed to the surface of microorganisms due to the presence of negative charge on the cell wall resulting
in the formation of metal particles (usually nanoparticles) on the surface of these cells. In this entry, some important aspects of
nanoparticle formation by the employment of microalgae and cyanobacteria have been reviewed. After a short definition of nanoparticles
and their biosynthesis, different types of nanoparticles produced by cyanobacteria and microalgae are presented. The ability of the
marine microorganisms to form nanoparticles with favorable physicochemical and morphological properties in ideal sizes has opened up

a novel approach to nanoparticle synthesis.
Keywords: biosynthesis; microalgea; nanoparticles.

1. INTRODUCTION

Nanotechnology involves application and synthesis of
particles with sizes ranging from 1 to 100 nm [1, 2]. Different
types of nanoparticles can be synthesized by biological organisms
such as plant, fungi, algae, cyanobacteria, bacteria as well as by
the employment of biomolecules [3, 4]. Nanoparticles can be
produced by diverse groups of the plant kingdom including algae.
Algae are eukaryotic, aquatic and oxygenic photoautotrophs, and
some of them are capable of accumulating different heavy metals.
However, there are very few reports about the biological synthesis
of noble metal nanoparticles employing algae [5, 6]. Several
chemical or physical methods of synthesis of nanoparticles are
also reported. However, they often require expensive and complex
procedures. To address these problems, biological synthesis of
nanoparticles and their efficient characterization is considered to
be a breakthrough. Moreover, scientists are trying to find out the
suitable biological entity for the synthesis in terms of availability,
less time-consuming and novelty [7].
Algae, as a "bio-factory”, are also being employed for the
synthesis of metallic nanoparticles. Among different types of bio-
reducers, seaweeds have well-defined benefits due to their high
metal uptake capacity, in addition to their macroscopic
morphology and being readily available [8]. The synthesis of
silver, gold, platinum and palladium nanoparticles using the
freshwater cyanobacterium, Plectonema boryanum (UTEX 485)
has been already reported [9-12].
On the other hand, several microalgae are in GRAS list and many
reports indicate their health beneficial impact on human following
their consumption. Spirulina in food causes unique therapeutic
effects including immunomodulation, anticancer, antioxidant,

antiviral and antibacterial, metalloprotective [13-15]. In this
context, Arthrospira platensis (A. platensis) is the most available
and commonly utilized genus and has been the subject of many
studies in the food and pharmaceutical industries [3, 16, 17].
Brown seaweeds, such as Sargassum wightii, Turbinaria conoides,
and Laminaria japonica can rapidly produce Au nanoparticles
through extracellular biosynthesis [18, 19].

Among the key advantages which the biological approach has over
traditional chemical and physical nanoparticle synthesis methods,
is the biological capacity to catalyze reactions in aqueous media at
the ambient temperature and pressure. Production in aqueous
media under the standard conditions leads to many economical
advantages, with respect of both equipment and operating
expenses, especially in the purchase and disposal of solvents and
other consumable reagents. Biosynthesis can be implemented in
almost any setting and at any small or large / industrial scale [20].
The properties of the biosynthesized materials may vary
depending on their preparation methods. Biosynthesis can result in
the formation of nanostructures (such as alloys and wires), which
are difficult to make using other techniques. Biosynthesized
nanoparticles (NPs) can also have enhanced stability and
biocompatibility and reduced toxicity. This is mainly due to their
coating with biogenic surfactants or capping agents. The extensive
range of sizes, shapes, morphologies and compositions of the
biosynthesized NPs can be utilized in a broad range of existing
and new nanomaterial applications [2]. Table 1 shows different
size of nanoparticles produced by different cyanobacteria and
microalgae. Variables including seaweed extract, metal ion
concentration, and pH, as well as temperature and reaction time
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influence on the bioremoval efficiency. S. myriocystum can
synthesize zinc oxide nanoparticles which can be observed
through the change of the colour and UV-visible
spectrophotometery assay [20].

Singaravelu et al. [21] and Rajasulochana et al. [22] reported the
synthesis of extracellular metal bionanoparticles using Sargassum
wightii and Kappaphycus alvarezii, respectively. Also, Senapati et
al. [23] reported the production of gold nanoparticles in the cells
by Tetraselmis kochinensis. Also, bioreduction of Au(l11)-Au(0)
by brown alga Fucus vesiculosus has been reported [24]. C.
crispus is a small purplish-red seaweed (up to 22 cm long), which
can be found on rocky shores and in pools. It has been reported
that the cell wall polysaccharide carrageenan can bind heavy
metals [25]. Authors suggested that differences in the levels of
sulphation in carrageenans may account for their different abilities
to bind heavy metals. This red algae has been tested because of the
well-known ability of its sulphur content to cap and stabilize gold
nanoparticles [25, 26].

1.1. Example of produced nanoparticles by using algae.
Chlorella vulgariscan bind to tetrachloroaurate ions, and
subsequently reduce it to Au (88% in metallic state). Gold crystals
can be observed and collected in the inner and outer cell
membrane with decahedral, tetrahedral, and icosahedral structures
[16]

Spirulina platensis is an edible blue—green alga which its dried
biomass can be used for the extracellular synthesis of gold, silver
and Au/Ag bimetallic nanoparticles [27].

Table 2 shows lists of reported marine organisms capable for producing
of nanoparticles. Naveena et al report on the extracellular
biosynthesis of gold nanoparticles from the marine algae
Gracilaria corticata for its antimicrobial and antioxidant activity.
Gracilaria corticata is a prevailing red microalga species found in
coastal regions of Indian subcontinent, belonging to the family
Gracilariacea [28].

The brown seaweed Sargassum wightii is can produce gold
nanoparticles (8 and 12 nm) [8], which produced nanoparticles are
quite stable [29]. Also, Fucus vesiculosus can biosorbed gold for
further reduction, which can be considered as an echo-friendly
bioremoval process for recovering gold from dilute
hydrometallurgical solutions and leachates of electronic scraps.
Finally gold nanoparticles will be synthesis in different size and
shape [24]. Similarly, the extracellular synthesis of silver
nanoparticles by the brown seaweed Sargassum wightii and their
antibacterial effects are registered [28]. In addition to their
antibacterial activities, the nanoparticles synthesized by seaweed
extracts possess a stabilizing effect on cotton fabrics [30]. In

2. BIOSYNTHESIS OF AgNPS BY ALGAE
Nannochloropsis oculata, Dunaliella salina and Chlorella
vulgaris were employed in a similar method for monitoring of
nanoparticle. Three replicas of each algal culture were considered
in 1000 ml Erlenmeyer flasks as following:
I. N. oculata culture was fulfilled approximately 120h in basal
medium comprising 0.1% (v/v) Walne medium nutrients, 0.1%
(v/v) trace metal solution, and 1.7 uM urea as a nitrogen source, in
artificial seawater (A.S.W).

addition to seaweeds, microalgae such as diatoms (Navicula
atomus and Diadesmis gallica) have the ability to synthesize gold
nanoparticles, in addition to gold and silica—gold
bionanocomposites [3, 31]. The diatom Stauroneis sp. was
employed for the preparation of a silicon—germanium
nanocomposite and this preparation has great significance for
possible future applications due to its availability, robustness and
effectiveness [32]. It has been reported that the cyanobacteria in
aqueous gold (I11)—chloride solution resulted in the precipitation of
amorphous gold (1)-sulfide nanoparticles at the cell walls [33].
The metallic gold was finally deposited in the form of octahedral
platelets (~10 nm to 6 micron) near cell surfaces and in the
solutions. The XAS (X-ray absorption spectroscopy) analysis
showed that the reduction of gold (Il1)—chloride to metallic gold
nanoparticles by cyanobacteria results in the formation of an
intermediate Au (1) species and gold (I)—sulfide [33].

Recovery Au from dilute hydrometallurgical solutions and
leachates of electronic scraps is possible by bioreduction with
Fucus vesiculosis, which is an alternative ecofriendly process [24].

Table 1. The size of produced nanoparticles produced by various
photosynthetic microorganism: cyanobacteria and microalgae.

No Photosynthetic Shapes of Size
microorganism nanoparticles
Cyanobacteria (Prokaryotic)
1. | Plectonema boryanwn Octahedral, gold <10nm
UTEX 485 platelets
2. | Anabaena Sp. Spherical
3. | Calothrix Sp.
4. | Leptolyngbya Sp.
5. | Spirulina platensi <6-10nm
6. | Spirulina subsalsa <20nm
7. | Lyngbya majuscule <100nm
8. | Phormidium Hexagonal triangular | <100nm
valderianum
9. | Phormidium Sp. Lrregular
10. | Microcoleus Hexagonal triangular | 25nm
chthonoplates
11. | Phormidium willei Triangles
Microalgate (Eukaryotic
12. | Rhizoglonium Spherical <20nm
hieroglyplnum
13. | Navicula minima
14. | Rhizoglonium riparium
15. | Ulva intestinalis <100nm
16. | Rhizoclonium fontinale
17. | Chlorella Sp.
18. | Tetraselimis suecica 79nm
19. | Chtorella vulgaris 40-60nm
20. | Tetraselmis kochinenis 5-35nm
21. | Coelatrella Sp. 30nm

* reference (9).

I1. SK medium (Gladue and Maxey 1994) was used for D. salina
culture.

I, Finally C. vulgaris was cultured in M8 medium (Mandalam
and Palsson 1998) and were exposed to a light level of 1500 Ix, in
24+2°C under a photoperiod of 16.8. After addition of AgNO;
solutions for 24 and 48 h, biomass was harvested. N. oculata and
C. vulgaris and produced AgNPs [34].

The initial pH value of the solution have significant impact on the
gold nanoparticle size and shape (particularly for C. crispus) [8].
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Spirogira insignis can synthesize silver and gold nanoparticles in
specific condition and feasibility of metal recovery by absorption

on the biomass surface is very important [27].

3. SYNTHESIS OF GOLD NANOPARTICLES BY DIFFERENT KINDS OF ALGA

The nanoparticles synthesis and accumulation reactions
were started after the algae were introduced into 1 mM aqueous
chloroauric acid (HAuCI,) solution. Incubation occurred in dark
room condition then the pale-yellow color reaction mixture was
turned to colorless which confirmed the synthesis of gold
nanoparticles. The color change was occurred due to the reduction
of the gold metal ions into gold nanoparticles that the active
molecules present in the photosynthetic microorganism do it. The
incubation time of nanoparticles synthesis directly has effect on
intensity of the color change. It is due to the excitation of surface
plasmon resonance (SPR) and reduction of AuCl4. The

accumulation of gold nanoparticles inside the microalgal cells
with ruby red color was observed. These types of intracellular
changes were found the cells of algae. Experimentally,
cyanophycean and chlorophycean biomass treated with 1 mM of
HAWUCI, solution started to turn purple within an hour of exposure,
in opposite of the control sets which remained the primary color.
A Dbetter understanding of the mechanisms of gold biosynthesis of
bacteria and cyanobacteria is needed to go forward our ability to
detect anomalously rich gold deposits in the natural environment
and to optimize gold recovery from aqueous solutions [9, 35-39].

4. PRODUCED GOLD NANOPARTICLES BY THE BLUE-GREEN ALGAE SPIRULINA PLATENSIS

Blue-green algae Spirulina platensis, one of the many
popular microorganisms, synthesis gold nanoparticles too [40].
The complex of optical and analytical methods was applied for
survey of experiential samples after exposure to chloroaurate
(HAuCU) solution at different doses and for several time intervals.
To specify formed gold nanoparticles UV-vis, TEM, SEM, ED
AX, and XRD were used. Neutron activation analysis and atomic
absorption spectrometry were employed to determine gold
concentrations in the Spirulina platensis. Concentration of gold
nanoparticles increased rapidly at the start, followed by some
increase for the next few days. The biomass can be applied for
different applications in medicine, pharmaceutics, and technology
[41].

In another study, 50 ml of freshly grown algal culture was
centrifuged at 10,000 rpm for 5 min, and then pellet was re-
suspended in HEPES buffer, shook for 2 min again centrifuged at
10,000 rpm for 5 min. Finally, the pellet was re-suspended in

double distilled water in order to eliminate ions and salts present
on the surface of the cell. 500 mg of algal culture was introduced
into 100 ml of 1 mM aqueous HAuUCI, for synthesis of gold
nanoparticles. The reaction mixture was holed for an hour in dark
condition. After the incubation period, reaction volume was
assessed and centrifuged at 6000 rpm for 7 min. The same
procedure was also followed for cyanobacterial mediated synthesis
[9, 42].

In order to formation of AuNP, mixing 50 ml of aqueous solution
of tetrachloroaurate with the different types of algae and variant
initial pH values (2-10 along with stirring at room temperature
were prepared. For the synthesis of gold nanoparticles, 0.25 g of
alga was added to solutions. Various samples were collected at
different times of reaction for analysis. The biomass was picked
up from the reaction mixture by filtration using nylon membrane
filters 0.2 pm from Whatman [27, 37].

Table 2. Biosynthesis of nanoparticles by marine organism*§.

Organism

Name of the species

Types of nanoparticles

Size (nm)

Marine microbes: Spirulina platensis Silver 7-16

Cyanobacteria Oscillatoria willei Gold 6-10
Phrmidium tenue Bio-metallic 17-25
Stauroneis Sp. Silver 100-200
Phormidium tenue Cadmium S

Marine algae Stauroneis Sp. Silicon, Germanium
Stauroneis wightii Gold 8-12
Stauroneis wightii Silver _
Turbinaria conoides Silver _
Gelidiella acerosa Silver 22
Ulva fasciata Silver 28-41
Fucus vesiculosus Gold _
Cladosiphon okamuranus, Gold 854-1074
Kjellmaniella crassifolia

Modified from Reference [31, 35]; § Biological activities of some of these nanoparticles includes antibacterial, antifungal; bio-sorption and strengthening

5. SIZE AND SHAPE

Nanoparticles formation by the red alga C. crispus and the
green alga S. insignis under different experimental conditions were
studied. Rate of nanoparticle formation and consequently the size
of the nanoparticles can be influenced by controlling diverse
parameters. Attempts have also been made to manipulate the
shape and size of gold nanoparticles produced extracellularly

through changing key parameters. In purpose to control the size
and shape of the metallic nanoparticles, the effect of parameters
such as pH or time exposed to metallic precursors using different
biomasses was investigated [27].
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6. ANTIBACTERIAL ACTIVITY

Antibacterial activity of the gold nanoparticles were found
out using the agar well diffusion method against pathogenic gram
negative and gram positive bacteria (Pseudomonas aeruginosa,
Klebsiella oxytoca, Enterobacter faecalis, Klebsiella pneumoniae,
Vibrio parahaemolyticus, Vibrio cholera, Escherichia coli,
Salmonella typhii, Salmonella paratyphi, and Proteus vulgaris)
[18, 42, 43]. The inoculums suspensions were swabbed identical

7. CONCLUSIONS

Antibiotic resistance of different pathogens urges scientists
to find new strategies for the inhibition of microbial growth and
disinfection purposes. Biosynthesis of nanoparticles by microalgae
can be considered as an ecofriendly approach and green
technology, for the production of nanoparticles due to its low
energy requirement, environmental compatibility, reduced costs of
manufacture, scalability, and nanoparticle stabilization compared

8. REFERENCES

1. Sintubin, L.; Verstraete, W.; Boon, N. Biologically produced
nanosilver: current state and future perspectives. Biotechnology
and Bioengineering 2012, 109, 2422-36,
https://doi.org/10.1002/bit.24570

2. Sarvamangala, D.; Kondala, K.; Sivakumar, N.; Babu, M.S.;
Manga, S. Synthesis, characterization and anti microbial studies
of AgNP’s using probiotics. Int Res J Pharm. 2013, 4, 240-3,
https://doi.org/10.7897/2230-8407.04352.

3. Pathak, J.; Ahmed, H.; Singh, D.K.; Pandey, A.; Singh, S.P.;
Sinha, R.P. Recent developments in green synthesis of metal
nanoparticles  utilizing  cyanobacterial ~ cell ~ factories.
Nanomaterials in Plants, Algae and Microorganisms: Elsevier;
2019, 237-65, http://dx.doi.org/10.1016/B978-0-12-811488-
9.00012-3.

4. Vonshak, A. Spirulina platensis arthrospira: physiology.
Cell-biology and biotechnology: CRC Press 2014.

5. Hassaan, M.A.; Hosny, S. Green Synthesis of Ag and Au
Nanoparticles from Micro and Macro Algae-Review.
International Journal of Atmospheric and Oceanic Sciences.
2018, 2, 10.

6. Narayanan, K.B.; Sakthivel, N. Biological synthesis of metal
nanoparticles by microbes. Advances in colloid and
interface science 2010, 156, 1-13,
https://doi.org/10.1016/j.cis.2010.02.001.

7. Thakkar, K.N.; Mhatre, S.S.; Parikh, R.Y. Biological
synthesis  of  metallic  nanoparticles.  Nanomedicine:
nanotechnology, biology and medicine 2010, 6, 257-62,
https://doi.org/10.1016/j.nan0.2009.07.002.

8. Shankar, P.D.; Shobana, S.; Karuppusamy, l.; Pugazhendhi,
A.; Ramkumar, V.S.; Arvindnarayan, S.; Kumar, G.; A review
on the biosynthesis of metallic nanoparticles (gold and silver)
using bio-components of microalgae: Formation mechanism and
applications. Enzyme and Microbial Technology 2016, 95, 28-
44, https://doi.org/10.1016/j.enzmictec.2016.10.015.

9. Mubarak, A.D.; Arunkumar, J.; Nag, K.H.; Sheik, S K.A,;
Baldev, E.; Pandiaraj, D,.; Thajuddin, N. Gold nanoparticles
from Pro and eukaryotic photosynthetic microorganisms—
Comparative studies on synthesis and its application on
biolabelling. Colloids and Surfaces B: Biointerfaces. 2013, 103,
166-73, https://doi.org/10.1016/j.colsurfb.2012.10.014.

10. Nagarajan, S.; Kuppusamy, KA. Extracellular synthesis of
zinc oxide nanoparticle using seaweeds of gulf of Mannar, India.

in different plates. Cavities were made in each plate using a well-
cutter and it was filled with gold nanoparticle solution (100 mL)
and then incubated at 37°C. [43] Hydrogen tetrachloroaureate was
used as negative control and Tetracyclines of 0.25 mg/mL
concentration were applied as a control antimicrobial agent. The
antibacterial activity was indicated by a clear halo around the
cavity [18].

to the chemical synthesis procedures. Due to their enormous
diversity, microalgae possess great potential for the synthesis of
nanoparticles and they can be regarded as potential biofactories for
the synthesis of metallic nanostructures. For commercialization
purposes, it would be advantageous to have a nonpathogenic and
echo-friendly biological system with the capability of producing
metallic nanoparticles.

Journal of nanobiotechnology
https://doi.org/10.1186/1477-3155-11-39.
11.Khanna, P.; Kaur, A.; Goyal, D. Algae-based metallic
nanoparticles: Synthesis, characterization and applications.
Journal of Microbiological Methods 2019, 163, 105656,
https://doi.org/10.1016/j.mimet.2019.105656.

12.Riddin, T.; Gericke, M.; Whiteley, C. Biological synthesis of
platinum nanoparticles: effect of initial metal concentration.
Enzyme and microbial technology 2010, 46, 501-5,
https://doi.org/10.1016/j.enzmictec.2010.02.006.

13. Marzieh, H.S.; Shahbazizadeh, S.; Khosravi-Darani, K;
Reza, M.M. Spirulina paltensis: Food and function. Current
Nutrition &  Food  Science 2013, 9,  189-93,
https://doi.org/10.2174/1573401311309030003.

14. Zaid, A.A.; Hammad, D.M.; Sharaf, E.M. Antioxidant and
anticancer activity of Spirulina platensis water extracts.
Int J Pharmacol. 2015, 11, 846-51,
http://dx.doi.org/10.3923/ijp.2015.846.851.

15. Hoseini, S.; Khosravi-Darani, K.; Mozafari, M. Nutritional
and medical applications of spirulina microalgae. Mini reviews
in medicinal chemistry 2013, 13, 1231-7,
https://doi.org/10.2174/13895575113130800009.

16. Thajuddin, N.; Dhanasekaran, D. Algae: Organisms for
Imminent Biotechnology. BoD-Books on Demand 2016,
https://doi.org/10.5772/61365.

17. Collen, J.; Cornish, M.L.; Craigie, J.; Ficko-Blean, E.; Herve,
C.; Krueger-Hadfield, S.A.; Leblanc, G.; Potin, P.; Tonon, T.;
Boyen, C. Chondrus crispus—a present and historical model
organism for red seaweeds. Advances in Botanical Research.
Elsevier 2014, 71, 53-89, https://doi.org/10.1016/B978-0-12-
408062-1.00003-2.

18. Rajathi, F.A.A.; Parthiban, C.; Kumar, V.G.; Anantharaman,
P. Biosynthesis of antibacterial gold nanoparticles using brown
alga, Stoechospermum marginatum (kitzing). Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy 2012,
99, 166-73, https://doi.org/10.1016/j.5aa.2012.08.081.
19.Rajeshkumar, S.; Malarkodi, C.; Gnanajobitha, G.;
Paulkumar, K.; Vanaja, M.; Kannan, C.; Gurusamy, A..
Seaweed-mediated synthesis of gold nanoparticles using
Turbinaria conoides and its characterization. Journal of
Nanostructure in Chemistry 2013, 3, 44,
http://dx.doi.org/10.1186/2193-8865-3-44.

2013, 11, 39,

Page | 669


https://doi.org/10.1002/bit.24570
https://doi.org/10.7897/2230-8407.04352
http://dx.doi.org/10.1016/B978-0-12-811488-9.00012-3
http://dx.doi.org/10.1016/B978-0-12-811488-9.00012-3
https://doi.org/10.1016/j.cis.2010.02.001
https://doi.org/10.1016/j.nano.2009.07.002
https://doi.org/10.1016/j.enzmictec.2016.10.015
https://doi.org/10.1016/j.colsurfb.2012.10.014
https://doi.org/10.1186/1477-3155-11-39
https://doi.org/10.1016/j.mimet.2019.105656
https://doi.org/10.1016/j.enzmictec.2010.02.006
https://doi.org/10.2174/1573401311309030003
http://dx.doi.org/10.3923/ijp.2015.846.851
https://doi.org/10.2174/1389557511313080009
https://doi.org/10.5772/61365
https://doi.org/10.1016/B978-0-12-408062-1.00003-2
https://doi.org/10.1016/B978-0-12-408062-1.00003-2
https://doi.org/10.1016/j.saa.2012.08.081
http://dx.doi.org/10.1186/2193-8865-3-44

Kianoush Khosravi-Darani, Adriano Gomes da Cruz, Ehsan Shamloo, Zohreh Abdimoghaddam, Mohammad R. Mozafari

20. Kulkarni, N.; Muddapur, U. Biosynthesis of metal
nanoparticles: a review. Journal of Nanotechnology 2014, 2014,
http://dx.doi.org/10.1155/2014/510246.

21.Singaravelu, G.; Arockiamary, J.; Kumar, V.G,
Govindaraju, K. A novel extracellular synthesis of monodisperse
gold nanoparticles using marine alga, Sargassum wightii
Greville. Colloids and surfaces B: Biointerfaces 2007, 57, 97-
101, https://doi.org/10.1016/j.colsurfb.2007.01.010.

22. Rajasulochana, P.; Preethy, V. Comparison on efficiency of
various techniques in treatment of waste and sewage water—A
comprehensive review. Resource-Efficient Technologies 2016, 2,
175-84, https://doi.org/10.1016/j.reffit.2016.09.004.

23. Senapati, S.; Syed, A.; Moeez, S.; Kumar, A.; Ahmad, A.
Intracellular synthesis of gold nanoparticles using alga
Tetraselmis kochinensis. Materials Letters 2012, 79, 116-8,
https://doi.org/10.1016/j.matlet.2012.04.009.

24. Mata, Y.; Torres, E.; Blazquez, M.; Ballester, A.; Gonzélez,
F.; Munoz, J. Gold (111) biosorption and bioreduction with the
brown alga Fucus vesiculosus. Journal of hazardous materials
2009, 166, 612-8, https://doi.org/10.1016/j.jhazmat.2008.11.064.
25. Sasidharan, S.; Balakrishnaraja, R. Comparison studies on
the synthesis of selenium nanoparticles by various
microorganisms. J Int J Pure App Biosis 2014, 2, 112-7.
26.Burdin, K.; Bird, K. Heavy metal accumulation by
carrageenan and agar producing algae. Botanica Marina 1994,
37, 467-70, https://doi.org/10.1515/botm.1994.37.5.467.
27.Castro, L.; Blazquez, M.L.; Mufioz, J.A.; Gonzalez, F.;
Ballester, A. Biological synthesis of metallic nanoparticles using
algae. IET  nanobiotechnology 2013, 7, 109-16,
https://doi.org/10.1049/iet-nbt.2012.0041.

28.Naveena, B.E.; Prakash, S. Biological synthesis of gold
nanoparticles using marine algae Gracilaria corticata and its
application as a potent antimicrobial and antioxidant agent.
Asian J Pharm Clin Res. 2013, 6, 179-82.

29.Nezami, M.A.; Ehsani, M.R.; Mohammadi-Sani, A,
Khosravi-Darani, K. Optimization of Lactobacillus acidophilus
La-5, Feta Cheese Starters and Salt Content in Iranian
Ultrafiltered Soft Cheese Formula. Annual Research & Review
in Biology 2014, 4, 4091-103,
https://doi.org/10.9734/ARRB/2014/11101.

30. Pandimurugan, R.; Thambidurai, S. UV protection and
antibacterial properties of seaweed capped ZnO nanoparticles
coated cotton fabrics. International journal of biological
macromolecules 2017, 105, 788-95,
https://doi.org/10.1016/j.ijbiomac.2017.07.097.

31.Sharma, A.; Sharma, S.; Sharma, K.; Chetri, S.P.;
Vashishtha, A.; Singh, P.; Kumar, R.; Rathi, B.; Agrawal. V.
Algae as crucial organisms in advancing nanotechnology: a
systematic review. Journal of applied phycology 2016, 28, 1759-
74, https://doi.org/10.1007/s10811-015-0715-1.

32. Asmathunisha, N.; Kathiresan, K. A review on biosynthesis
of nanoparticles by marine organisms. Colloids and

9. ACKNOWLEDGEMENTS

Surfaces B: Biointerfaces 2013, 103,
https://doi.org/10.1016/j.colsurfb.2012.10.030.

33. Lengke, M.F.; Ravel, B.; Fleet, M.E.; Wanger, G.; Gordon,
R.A.; Southam, G. Mechanisms of gold bioaccumulation by
filamentous cyanobacteria from gold (III)— chloride complex.
Environmental science & technology 2006, 40, 6304-9,
https://doi.org/10.1021/es061040r.

34. Mohseniazar, M.; Barin, M.; Zarredar, H.; Alizadeh, S
Shanehbandi, D. Potential of microalgae and lactobacilli in
biosynthesis of silver nanoparticles. Biolmpacts: Bl. 2011, 1,
149,

35. Dahoumane, S.A.; Mechouet, M.; Wijesekera, K.; Filipe,
C.D.; Sicard, C.; Bazylinski, D.A.; Jeffryes, C. Algae-mediated
biosynthesis of inorganic nanomaterials as a promising route in
nanobiotechnology—a review. Green Chemistry 2017, 19, 552-
87, https://doi.org/10.1039/c6gc02346k.

36.Menon, S.; Rajeshkumar, S.; Kumar, V. A review on
biogenic synthesis of gold nanoparticles, characterization, and its
applications. Resource-Efficient Technologies 2017, 3, 516-27,
https://doi.org/10.1016/j.reffit.2017.08.002.

37.Ramakrishna, M.; Babu, D.R.; Gengan, R.M.; Chandra, S.;
Rao, G.N. Green synthesis of gold nanoparticles using marine
algae and evaluation of their catalytic activity. Journal of
Nanostructure in Chemistry 2016, 6, 1-13,
https://doi.org/10.1007/s40097-015-0173-y.

38. Beheshtipour, H.; Mortazavian, A.; Mohammadi, R.;
Sohrabvandi, S.; Khosravi-Darani, K. Supplementation of
Spirulina platensis and Chlorella vulgaris algae into probiotic
fermented milks. Comprehensive Reviews in Food Science and
Food Safety 2013, 12, 144-54, https://doi.org/10.1111/1541-
4337.12004.

39. Beheshtipour, H.; Mortazavian, A.M.; Haratian, P.; Darani,
K.K. Effects of Chlorella vulgaris and Arthrospira platensis
addition on viability of probiotic bacteria in yogurt and its
biochemical properties. European Food Research and
Technology 2012, 235, 719-28, https://doi.org/10.1111/1541-
4337.12004.

40. Govindaraju, K.; Basha, S.K.; Kumar, V.G.; Singaravelu, G.
Silver, gold and bimetallic nanoparticles production using
single-cell protein (Spirulina platensis) Geitler. Journal of
Materials Science 2008, 43, 5115-22,
https://doi.org/10.1007/s10853-008-2745-4.

41. Kalabegishvili, T.; Kirkesali, E.; Rcheulishvili, A. Synthesis
of gold nanoparticles by blue-green algae Spirulina platensis.
Frank Lab. of Neutron Physics 2012.

42.Shamaila, S.; Zafar, N.; Riaz, S.; Sharif, R.; Nazir, J;
Naseem, S. Gold nanoparticles: an efficient antimicrobial agent
against enteric bacterial human pathogen. Nanomaterials 2016,
6, 71, https://dx.doi.org/10.3390%2Fnan06040071

43.Parial, D.; Gopal, P.K.; Paul, S.; Pal, R. Gold (IlI)
bioreduction by cyanobacteria with special reference to in vitro
biosafety assay of gold nanoparticles. Journal of applied
phycology 2016, 28, 3395-406, https://doi.org/10.1007/s10811-
016-0880-x.

283-7,

Authors wish to thanks Shahid Beheshti University of Medical Sciences, Tehran, Iran, for all supports.

@ ® © 2019 by the authors. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

Page | 670


http://dx.doi.org/10.1155/2014/510246
https://doi.org/10.1016/j.colsurfb.2007.01.010
https://doi.org/10.1016/j.reffit.2016.09.004
https://doi.org/10.1016/j.matlet.2012.04.009
https://doi.org/10.1016/j.jhazmat.2008.11.064
https://doi.org/10.1515/botm.1994.37.5.467
https://doi.org/10.1049/iet-nbt.2012.0041
https://doi.org/10.9734/ARRB/2014/11101
https://doi.org/10.1016/j.ijbiomac.2017.07.097
https://doi.org/10.1007/s10811-015-0715-1
https://doi.org/10.1016/j.colsurfb.2012.10.030
https://doi.org/10.1021/es061040r
https://doi.org/10.1039/c6gc02346k
https://doi.org/10.1016/j.reffit.2017.08.002
https://doi.org/10.1007/s40097-015-0173-y
https://doi.org/10.1111/1541-4337.12004
https://doi.org/10.1111/1541-4337.12004
https://doi.org/10.1111/1541-4337.12004
https://doi.org/10.1111/1541-4337.12004
https://doi.org/10.1007/s10853-008-2745-4
https://dx.doi.org/10.3390%2Fnano6040071
https://doi.org/10.1007/s10811-016-0880-x
https://doi.org/10.1007/s10811-016-0880-x

