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The biosynthesis of nanoparticles (NPs) by microorganism is a green and eco-friendly tech-
nology. This review focuses on the use of diverse green microalgae strain for the synthesis
of inorganic NPs such as silver, gold, platinum, zirconium, palladium, iron, cadmium and
metal oxides such as titanium oxide, zinc oxide, etc. The synthesis of NPs may be intracel-
lular or extracellular. The presence of biomolecules such as carboxyl group, primary and
secondary amines, amide |, Il, and Ill bands could serve as bio reducing and capping agents,
and guarantee a high stability to particles by preventing agglomeration and growth.

The size and morphology of the NPs vary with the organism used and various operation
conditions during the preparation including the pH, temperature and substrate concentra-
tion. The microorganisms provide diverse environment for biosynthesis of NPs. These par-
ticles are safe and eco-friendly with many applications in medicine, agriculture, cosmetic
industry, drug delivery and biochemical sensors. The challenges for redressal include opti-
mal production and minimal time to obtain desired size and shape, to enhance the stability

of NPs and optimization of specific microorganisms for specific application.

Introduction

Nanotechnology has brought revolution in many

industry sectors such as information technology, medicine,
transportation, energy, food, environment, sensors, and de-
tection (Maynard and Pui, 2007; Sharma et al., 2015). The
benefits of depend on the fact that it is possible to shape
the structure of materials at extremely small scales to achieve
specific properties, at this scale the ratio surface to volume is
the most important feature. Large chemical diversity of NPs
could be find in form of metals, metal oxides, semiconduc-
tors, polymers, carbon materials, organics or biological. With
various morphology such as spheres, cylinders, disks, plate-
lets, hollow spheres and tubes.
Various chemical and physical procedures have been em-
ployed to fabricate organic and inorganic nanoparticles. at
a liquid phase the nanoparticles synthesized using precipita-
tion process in homogeneous solution or in surfactant based
system; sol gel and hydrothermal process, in gaseous phase
based on aerosol process (flame hydrolysis, spray pyrolysis
) most of these techniques are costly, as well as inefficient
in materials and energy use. The synthesized NPs have to
be surface modified in most cases, in order to passivate and
stabilize them since their NPs scale renders them chemically
very reactive and/or physically aggregative. The NPs are also
surface functionalized in order to meet the needs of specific
applications (Bagwe et al., 2006).
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Inorganic NPs can be synthesized by physical, chemical
and biological method. Although the physical and chemical
methods produce pure, well-defined particles, these methods
are not cost effective or ecofriendly. One of the most impor-
tant criteria of nanotechnology is that of the development
of clean, nontoxic and eco-friendly green chemistry proce-
dures. Hence, currently, there is a growing need to develop
environmentally caring NPs synthesis processes that do not
use toxic chemicals in the synthesis protocol. Green chemistry
procedures for synthesis of NPs not only provides advance-
ment over chemical and physical methods as it is environment
friendly but also it is a cost effective and in this method there
is no need to use high-pressure, energy, temperature and toxic
chemicals.

The use of environmentally benevolent materials like

plant leaf extract, bacteria and fungi for the synthesis of NPs
offers numerous benefits (Li et al., 2011). During recent times,
several successes been achieved in the synthesis of silver,
gold, and palladium nanoparticles. using extracts obtained
from unicellular organisms like bacteria and fungi, as well as
extracts from plant parts (Hassaan and Hosny, 2018; Li et al.,
2011).
The spectacular success in this field has opened up the pros-
pect of developing bio-inspired methods of synthesis of metal
NPs with tailor-made structural properties. In this review, we
focus on the use of green microalgae for NPs preparation and
present overview various used procedure.
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Green microalgae for green Nanotechnology

Microalgae have recently attracted considerable inte-
rest worldwide, due to their extensive application potential in
the NPs synthesis as renewable, sustainable, and economical
sources, microalgae are rich on bioactive products (Grif et al.,
2016; Hassaan and Hosny, 2018). Several microalgae species
have been investigated for their potential for inorganic NPs
preparation with remarkable pharmacological and biological
qualities (Hassaan and Hosny, 2018). They are a perfect subs-
titute to toxic solvent.

Microalgae are a rich source of carbon compounds, which can
be utilized in biofuels, health supplements, pharmaceuticals,
and cosmetics (Spolaore et al., 2006). They also have appli-
cations in wastewater treatment and atmospheric CO, miti-
gation. Microalgae produce a wide range of bioproducts, in-
cluding polysaccharides, lipids, pigments, proteins, vitamins,
bioactive compounds, and antioxidants (Rawat et al., 2011)
Microalgae are photosynthetic organisms naturally capable
of reducing metals due to the constant exposure to them in
their natural environment; due to this characteristic, algae are
often used for water bioremediation and sorption of toxic and
radioactive metal ions.

Mechanism and protocol

In most of the studies, the steps involved in the algae-
mediated biosynthesis of metal NPs are the following (Has-
saan and Hosny, 2018):

(i) preparation of algal extract in water or in an organic solvent
by heating or boiling it for a certain duration,

(i) preparation of molar solutions of ionic metallic compounds
(iii) incubation of algal solutions and molar solutions of ionic
metallic compounds followed either by continuous stirring or
without stirring for a certain duration under controlled condi-
tions. Depending upon the type of algae, synthesis of NPs
can be performed by either an extracellular or an intracellular
fashion in a dose-dependent manner.

The extracellular formation of the metallic NPs has been in-
ferred due to the activity of the reducing agents present in the
algal aqueous phase such as polysaccharides, reducing sugars,
peptides, proteins, pigments or other reducing factors, which
may reduce metal ions and precipitate the metallic ions in the
form of NPs

As far as intracellular formation of metallic NPs is concerned,
algal metabolism, i.e. photosynthesis and respiration, might be
liable for the reduction of metallic ions.

Physical parameters such as temperature, pH, initial concen-
tration and type of the metals, duration of the exposure, type
and concentration of the reducing agents in the aqueous phase
can be altered selectively to determine the desirable shape
and size of the metal NPs as well as to prevent the aggregation
and agglomeration.

Biosynthesis of NPs Using green Microalgae
Chlorella vulgaris

Chlorella vulgaris have been exploited for green NPs
Synthesis, is one of the most exploited strain for NPs prepara-
tion, various type of NPs have been prepared using extracellu-
lar or interacellular process.

Xie et al.(2007) reported the production of a triangular and
hexagonal Au NPs plates by incubating 1 mL of HAuClI, solu-

tion (10 mM) and 10 mL of algal extract for 48 h. The protein
was identified as the bioreducing agent of gold ions as well as
being responsible for the shape regulation, However, Mohse-
niazar et al. (2011) demonstrated that C. vulgaris, have the
potential of NPs silver production in a culture medium contai-
ning 0.001 M of AgNO, within 24 hours.

Annamalai and Nallamuth. (2015) accomplished self-assem-
bled of gold NPs (GNPs) using an aqueous extract. C. vulgaris
cell-free extract was diluted through a series of dilutions with
1 mM HAuCI,. The reaction mixtures (10 mL) were put aside
at 37 C and the reduction of the gold ions started at 1 mM
HAuCI,.

Satapathy et al. (2015) investigated the production in a conti-
nuously stirred non-aerated culture of silver NPs, and find that
C. vulgaris can reduce the silver ions and remains viable at 10
M silver nitrate concentration. The obtained NPs were poly-
disperse with a moderate stability of NPs in the environment.

Chlorella pyrenoidosa

Many studies are focused on the biosynthesis of NPs

using C. pyrenoidosa. Sari et al. (2018) synthesized NPs silver
(AgNPs) on C. pyrendoidsa in higher concentration of silver
using agitation treatment. The microalgae grown in walne me-
dia, 100ml of microalgae extract was added to 250mL AgNO,
2mM solution under agitation for 6 hours at room tempera-
ture, a spherical and cubical shape have been observed using
SEM. However, Oza et al. (2012). Demonstrated the prepa-
ration of a stable gold AuNPs using C. pyrenoidusa extract.
Fog’s medium used for cell culture, the biomass harvested at
the stationary phase by centrifugation at 6000 g for 15 min,
dried to make a fine powder and then washed with HCI and
deonized water. Algae extract was prepared by adding 2 g of
powder to 100 ml of deionized water and the mixture aged for
2 days followed by immediately adding of HAuCl, precursor,
the pH adjusted by adding NaOH or HCI the reaction carried
under vigorous stirring at room temperature for 48h. A sphe-
rical and icosahedral structure of AuNPs have been obtained,
the most important parameter for the synthesis was the pH
and the temperature .
The presence of reductases and dehydrogenase help in NADH
dependent extracellular reduction and formation of GNPs.
Nitrate reductases are considered to be most efficient. NADH-
dependent enzyme acting as a nucleating as well as capping
agent for gold NPs synthesis.

Chlorococcum Humicola

Pradhan et al. (2013), reported the utilization of
Chlorococcum humicola for AgNPs preparation. The culture
grown in a modified BB medium, for in vitro synthesis the cell
free extract was prepared by boiling a dry biomass for 30 min
and then the supernatant was used, the AgNPs prepared by
incubating an AgNO,, and however, in the in vivo synthesis
the complete cell was used instead of extract. In the case of in
vivo synthesis, the NPs stick at the algae cell surface.

Chlamydomonas reinhardtii

In the literature, only AgNPs and ZnSNPs have been
synthesized using Chlamydomonas reinhardtii.
Barwal et al. (2011), reported the use of cell free extract (in
vitro) and cells mediated synthesis (in vivo) of silver NPs re-
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Table 1. Outline of work on biosynthesis of NPs using green microalgae.

Microorganism strain Shape and type of NPs Size (nm) Ref
Chlorococcum humicola silver spherical 2-16nm (Pradhan et al., 2013)
Chlamydomonas reinhardtii silver >-15nm (Barwal et al., 2011)
5-35nm
Chlamydomonas reinhardti. zinc sulfide Spherical 8-12 nm (Divya and Gautam, 2016)
Parachlorella kessleri silver and silver chloride N.R. (Moussa et al., 2016).
Botryococcus braunii silver N.R. (Arévalo-gallegos et al., 2018)
Chlorella pyrenoidosa Au (spherical) 25-35nm (Ozaetal, 2012)
chlorella pyrenoidosa Ag (spherical) 5-10nm (Sharma et al., 2015)
Chlorella vulgaris gold NPsplates 1.7um (Xie et al., 2007)
Chlorella vulgaris Ag (NPs plates)) 28 nm Sharma et al. (2009b)
Chlorella vulgaris Ag >15nm (Mohseniazar et al., 2011)
Chlorella vulgaris Ag 12 nm (Satapathy et al., 2015)
Chlorococcum sp. Fe (spherical) 20-50 nm Subramaniyam et al. (2015)
Tetraselmis suecica Au(spherical) 79 Shakibaie et al. (2010)
Nannochloropsis oculata Ag 15 Mohseniazar et al. (2011)

veals NPs of sizerange 5+ 1to 15+ 2 nmand 5+ 1t035+
5 nm respectively with rounded/rectangular morphology. The
in vivo process is much faster compared to the in vitro, this
due to the presence of active biomolecule in the live cell than
in the cell extract.

In vivo synthesized NPs are localized in cytoplasm, periplasm,
nucleus, pyrenoids, and also in the flagella, the proteins have
a direct control on the synthesis process. However, Ahmadi
et al. (2016) synthesized a 10 nm AgNPs using Chlamydomo-
nas reinhardtii cell compared to the result reported by Barwal
et al. (2011) the process was faster (48h). The Ag reduction
was attributed to the cellular reductases as an extra cellular
enzyme; moreover, the adsorption of ion into the cell surface
can be reduced by reductase enzyme. However, Divya and
Gautam. (2016) reported the use of Chlamydomonas reinhard-
tii in the synthesis of zinc sulfide (ZnS) NPs using cell extract.
A spherical particle measuring 8-12 nm has been obtained
under optimal condition (pH, temperature and extract concen-
tration). The involvement of protein on the biosynthesis pro-
cesses was reveled using FTIR spectroscopy, where numerous
oxidative protein was identified using SDS PAGE.

Parachlorella kessleri

The utilization of Parachlorella kessleri for NPs synthe-
sis was reported by Moussa et al. (2016) the production of Ag/
AgCI-NPs using aqueous extract was achieved with a cubic
predominant morphology with a size range from10 to47nm.
However, the protein molecules were identified as the res-
ponsible for the stability and the reduction of the NPs.

Botryococcus braunii

To the best of our knowledge the use of Botryococcus
braunii for AgNPs was reported only recently by Arévalo-gal-
legos et al. (2018). two method was presented based on extra-
cellular and intercellular process, B braunni cultured in Bold
3N medium and harvested in the lag phase (23 days), AgNO,
solution added to 5g of wet biomass in 100ml of water, the
mixture incubated for 48hours at room temperature under
stirring and illumination, for extracellular synthesis a cell free
extract was used. Various shapes were obtained including NPs
silver flakes, cubic structures depending on AgNO, concen-
tration and pH value. In the case of intracellular synthesis the
molecules responsible for the reduction and stability of the
biosynthesized AgNPs were identified as proteins/peptides
and carbohydrates, however, in extracellular synthesis the
exopolysaccharide (EPS) indicated as the most responsible for
the NPs production.

Tetraselmis suecica

AuNPs synthesis using marine microalgae Tetrasel-
mis suecica carried out by Shakibaie et al. (2010) cell free
extract was prepared by harvesting during lag phase a culture
of T suecica in f/2 seawater-medium. The formation of AuNPs
was investigated by adding various amounts of T suecica cell
extract to 4 ml of aq. 10° MHAuCI, and incubated at different
temperatures 30 and 90°C. Particle sizes of 79 nm was obtai-
ned after 5 min incubation at 90°C, substances such as polyols
and water-soluble heterocyclic compounds have been proved
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to be responsible for the reduction of silver or chloroaurate
ions and stabilization of NPs respectively.

Nannochloropsis oculata and Dunaliella salina

N. oculata and D. salina cultured in Basal and Sk me-
dium, respectively was used to synthesis of AgNPs by Mohse-
niazar et al. (2011). AgNO, solution added directly to the
culture under illumination and incubated for 24h, the author
has showed that there is no influence of the incubation time,
the size was less than 15 nm, the reduction and the stability
of the NPs was attributed to secreted protein.

Scenedesmus sp.

Microalgae Scenedesmus sp. for intracellular as well
as extracellular biosyntheses of AgNPs was reported by Pan-
da and Mishra (2014),the biomass harvested from a culture in
modified Bold Basal medium, the interacelluar synthesis was
achieved by incubation at 28°C for 72 h under agitation and
illumination microalgae cell and AgNO, solution. A spherical,
and highly crystalline AgNPs with a maximum size of 20 nm
was obtained the result shows that the protein molecules may
be involved in NPs formation and subsequent stabilization.
Extracellular synthesis used raw and Boiled Scenedesmus
sp. Biomass, using boiled extract give a high regular shape
and faster process compared to the raw extract (more than
3 days), The variation in NPs formation in the above three
systems may be due to the variation in the reducing agent,
primarily proteins/peptides.

Conclusion

There is always a search for reliable and environmen-

tally friendly processes to manufacture metal and metal oxide
NPs minimizing or even eliminating the use of hazardous che-
micals. The only way to develop these “green” processes is
to adapt benign synthesis approaches that use mild reaction
conditions and non-toxic reaction precursors.
Through the paper we attempted to summarize the previous
work related to green microalgae-mediated approaches for
the synthesis of metallic NPs, a variety of metallic NPs with
several sizes, shapes using green microalgae has been carried
out in the research laboratory. Further, investigation needed
to unveil the underlying reaction mechanisms and to charac-
terize the compounds implicated in the reduction process. In
addition, evaluated which particular green microalgae to sue
for reduce a particular metal type with a higher yield.
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