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ABSTRACT
Metal nanoparticles (NPs) have exerted a powerful attention from investigators from different parts of world because 
of their unique characteristics such as homogeneous in shape, size, and not harmful to humans or the environment 
along with a plethora of applications in biomedical fields such as anticancer, antimicrobial, agents for the antibiofilm, 
targeted drug delivery, biocatalysts, wastewater treatment as well as in agriculture and allied sectors. At the present 
time, green nanotechnology is being used as an important way to fabricate metal NPs. This eco-friendly approach 
inculcated numerous capping agents in the form of different compounds and resources of microbial origins for the 
synthesis of NPs. This review aims to describe the new insights and progresses in recent years on microbe-mediated 
nanoparticle biosynthesis particularly. The resources of microbial origins mostly include fungi, bacteria, yeast, algae, 
and cyanobacteria. This review will be an eye opener to better understand the mechanisms and approaches of microbe-
based NPs biosynthesis along with their applications in agriculture, pharmaceutical industries, and allied sectors with 
recent insights.

INTRODUCTION 
Mainly two types of organisms found are on this 

planet: eukaryotes, which have a well-defined nucleus enclosed 
with nuclear membrane, and prokaryotes, which have no well-
defined nucleus (Mayr, 1998; Stanier and van Niel, 1962). 
Prokaryotic cells are typically unicellular and micrometer 
in size. Eukaryotic cells are much larger in shape, size, and 
genome too. Additionally, there are extranuclear cell organelles 
viz. mitochondria and chloroplasts (de Duve, 1996). Eukaryotes 
are considered to have evolved from prokaryotes, and in this 
context Yamaguchi et al. (2012) reported a unique organism 
“Parakaryon myojinensis” with cellular structures appearing to 
have intermediate features between prokaryotes and eukaryotes. 
Furthermore, microbes are also classified as prokaryotic and 
eukaryotic microbes. Bacteria, archaebacteria, cyanobacteria, 

actinomycetes, and yeast come under the category of prokaryotic 
microbes whereas fungi and protozoans come under the category 
of eukaryotic microbes.

Nanotechnology is an application and manufacturing-
based technology of the 21st century involving multidisciplinary 
research along with understanding and control of several 
substances into nano size. Nanotechnology describes the change 
in the properties like magnetic, electric, and mechanical with the 
change of material shape and size into nano scale. Nanoparticles 
(NPs) range from submicron size to several hundred nanometers. 
They are also reported in a range less than 10–20 nm where a 
significant change in the properties was observed (Cao, 2004; 
Charinpanitkul et al., 2008; Naito et al., 2007).

Basically, NP biosynthesis approach includes two 
methods i.e., top-down and bottom-up illustrated in Figure 1. 
Top-down methods include lithography, milling, and repeated 
quenching. In this method, bulky metals break down at nanoscale. 
Controlled particle size and their structure are tedious to obtain 
through top-down approach. Researchers in this field mostly 
follow the bottom-up approach in which materials are synthesized 
from bottom: molecule-by-molecule, atom-by-atom, and cluster-
by-cluster (Cao and Wang, 2011; Cele, 2020).
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The NPs are synthesized by the process of oxidation/
reduction mediated through intracellular or extracellular 
metabolites produced by microbes, called green synthesis. The 
synthesis process is specific with specific microorganism along 
with environmental conditions, leading to variation in shapes 
and sizes (Salem and Fouda, 2020). In addition, the chemical 
method of NPs’ synthesis also includes the bottom-up approach. 
Numerous physical, biological, and chemical techniques are being 
utilized for the fabrication of nanomaterials with specific size and 
shapes (Grzelczak et al., 2008).

Living cell-based green synthesis of metal NPs is a 
favorable and unique tool in the field of nanobiotechnology. This 
is an environment resilient, safe, economic, and easier method 
to obtain NPs with enhanced productivity and purity. Several 
reports in previous investigations explained that green synthesis 
of metal NPs, such as zinc nanoparticles, iron nanoparticles 
(FeNPs), and copper oxide nanoparticles (CuO-NPs) have 
obtained by various prokaryotic and eukaryotic microorganisms 
(Abdelhakim et al., 2019; John et al., 2020; Korbekandi et al., 
2014; Mahdavi et al., 2013; Rahman et al., 2009; Srivastava et 
al., 2013). For NP synthesis, high temperature or pressure is not 
needed to green synthesis method and harmful substances for 
reduction and stabilization as well (Usman et al., 2019). Green 
synthesis approach includes the NP synthesis intracellularly or 
extracellularly depending on the location of NPs’ synthesis. Using 
extracellular methodology Majeed et al. (2021) fabricated iron 
oxide nanoparticles (IONPs) from Proteus vulgaris. When IONPs 
were used against pathogenic Staphylococcus aureus (methicillin 
resistant S. aureus) the significant and satisfactory antibacterial 
activity was observed. Nanobiotechnology is boosting in several 
fields of science like biomedical (Bin-Meferij and Hamida, 
2019; Iqtedar et al., 2019), environment monitoring (Majumder 
et al., 2019), catalysis (Mishra et al., 2014), vegetables and food 
preservation (Fayaz et al., 2009), chemical industries (Khan et 
al., 2017) and agriculture (Ramírez-Rodríguez et al., 2020; Shebl 
et al., 2019). Nanomedicines are becoming an area of interest 
for researchers that hold tremendous potential for the disease 
diagnosis. 

Numerous applications of NPs in various fields, such 
as development of regenerative medicine, drug delivery, wound 
healing, catalysis, waste-water treatment, development of nano-
fertilizers, as antioxidants diminishing reactive oxygen species 
(ROS), drug delivery, anti-cancer agents, and in several industries 
like pharmaceutical, textiles, and cosmetics (Bin-Meferij and 
Hamida, 2019; Chandrakala et al., 2022; Mustapha et al., 2022; 
Seqqat et al., 2019).

Therefore, the current review illuminates the mechanism, 
necessity, and application of metal NPs’ synthesis with the help of 
prokaryotic and eukaryotic microbes. Previous investigations revealed 
the mechanism and method of metal NPs biosynthesis, but there are 
several issues to be illustrated related to microbial biosynthesis of 
metal NPs, and we try to emphasize those points too here.

USE OF PROKARYOTIC MICROBES FOR NP 
BIOSYNTHESIS

Prokaryotes have advantages including simple 
morphology, well-known biological processes, and simple 
production of bioactive molecules.  So in recent years these 
microorganisms have attracted many scientists for the fabrication 
of NPs (Ag, Au, Fe, Zn, Co, Mg, Cu, Mn, etc). During the cellular 
synthesis of NPs, the target ions are grabbed by microbial cells from 
their surroundings, and afterward, this is converted into elemental 
metal in the presence of enzymes released as a result of cellular 
activities. This process of NP biosynthesis is categorized into 
intracellular and extracellular formation, which is related to the 
site of NP synthesis (Fig. 2). NPs can be synthesized on either the 
inner side of the cell or the outer side of the cell (in the medium). 
Ions transport inside the microbial cells, and in the presence of 
intracellular enzymes NPs are synthesized. In the extracellular 
synthesis of NPs, the metal ions are trapped on the microbial cell 
surface where reduction took place in the presence of extracellular 
enzymes, leading to synthesis (Zhang et al., 2011). Numerous 
biomolecules that are present inside the microbial culture or on the 
surface of the microorganisms work as oxidants or reductants as 
well as capping agents on the target ions from their surroundings.

The biological synthesis of metal NPs depends upon 
the organized utilization of microorganisms, like bacteria, 
cyanobacteria, extremophiles, algae, and fungi (Abdollahnia et 
al., 2020; Husain et al., 2019; Majeed et al., 2021; Patel et al., 
2021; Srivastava et al., 2013). In bio-based synthesis, no chemical 
stabilizers are used, the biomolecules of microorganisms can carry 
out this role themselves and control the effect of synthesized NPs 
such as shape, size, etc. (Ovais et al., 2018).

NPs’ synthesis from bacteria
Bacteria are the first group of microorganisms utilized 

in the very early research on the fabrication of metal NPs because 
bacteria can synthesize NPs of different sizes and shape with the 
relative simplicity of their cultivation and manipulation (Selvarajan 
et al., 2013). Curiously, silver ions that are toxic to most microbial 
cells can change into silver nanoparticles (AgNPs) after their 
reduction in the presence of bacterial cells. Pseudomonas strain 
separated from an association of Antarctic marine ciliate Euplotes 
focardii, which were used for the fabrication of AgNPs with well-
defined sizes and unique structures (John et al., 2020). Researchers 
now follow new methods for the development of NPs specifically 

Figure 1. Bottom to up and top to down method for the synthesis of NPs.
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targeting them for biomedical applications. Obtained AgNPs were 
spherical polydisperse. Synthesized AgNPs revealed a higher 
antimicrobial activity to the pathogens, including Escherichia coli, 
S. aureus, and Candida albicans (John et al., 2020). In addition, 
endophytic actinomycetes were tested for the formation of copper 
nanoparticles (CuNPs) by Hassan et al. (2018). Actinomycetes 
were isolated from medicinal plant (Convolvulus arvensis) leaves. 
Biosynthesized CuNPs were potent in killing many pathogenic 
agents. In another example, CuO-NPs synthesized using Proteus 
mirabilis, showed antagonistic activity against prokaryotic and 
eukaryotic microorganisms. Synchronous biosynthesis of zero-
dimensional (inside the cell) and one-dimensional (outside the 
cell) CuO-NPs is reported first time by Eltarahony et al. (2018). 
Synthesized CuO-NPs were revealing surface plasmon resonance at 
275 nm and spherical shape when synthesized inside the cell while 
surface plasmon resonance was at 430 nm and needle or wire shape 
structure when synthesized outside the cell. In previous research, 
Bacillus thuringiensis was utilized for the fabrication of si AgNPs 
by Subramaniam Ramachandran (2014). The size range was from 
43.52 to 142.97 nm. We have listed the biosynthesis of metal NPs 
utilizing bacteria in Table 1.

NP synthesis from cyanobacteria (Blue green algae)
Cyanobacteria are a great alternative among 

microorganisms for the biosynthesis of NPs with different 
dimensions because being perseverance suppliers for different 
metabolic products with outstanding biomedical applicability 
(Roychoudhury et al., 2016). Moreover, cyanobacterial 
(Microchaete NCCU-342) species are explored for the synthesis 
of different NPs like AgNPs. This bio-fabrication has paved the 
way to save the environment through simplicity, rapid rate of 
synthesis, and eco-friendliness. Synthesized NPs were 60–80 nm 
in size, appropriate for the degradation of methyl red (MR) within 
2 hours (Husain et al., 2019). In one of the types of research, the 

synthesis of gold nanoparticles (AuNPs) includes the protein extract 
of Spirulina platensis with 10 mM tetrachloroauric acid (Suganya et 
al., 2015). After the addition of 1 N NaOH green color changed to 
greenish yellow instantly, reaction was carried out for 3 hours with 
constant stirring. After the completion of AuNP synthesis, the color 
of the reaction mixture turned ruby red. Synthesized NPs are further 
characterized by UV-visible spectroscopy and other characterization 
methods. The stability of synthesized NPs was estimated at different 
temperatures (4°C, 15°C, 25°C, 60°C, and 80°C) to monitor λ 
max. UV-Vis spectrum was predicting that AuNPs are stable at 
4°C–60°C and stability was affected by higher temp. Singh et al. 
(2014) reported on the use of the cell-free extract of a strain of 
cyanobacterium Anabaena L31 for the fabrication of pure zinc 
oxide nanoparticles (ZnONPs). Additionally, reported the formation 
of UV-absorbing water-soluble compound shinorine conjugate of 
ZnONPs–shinorine. The conjugate of ZnONPs with shinorine 
revealed the significant antioxidant property by reduction of ROS 
produced by cyanobacteria. At the same time, Cepoi et al. (2014) 
examined S. platensis and Nostoc linckia species of cyanobacteria 
as an element for the biosynthesis of NPs because of the presence 
of many bioactive elements. In an earlier study, the effect of H+ ion 
concentration on the morphology of NPs was observed along with a 
screening of potential algal strains (Sharma et al., 2019).

Based on screening three algal strains Phormidium 
valderianum, Phormidium tenue and Microcoleus chthonoplastes 
were found to be suitable for the biosynthesis of AuNPs intracellularly. 
Only P. valderianum, was found as able to synthesize AuNPs with 
different sizes at different pH. A diversified morphology of NPs 
was observed after characterization by UV-visible spectroscopy, X 
ray diffraction (XRD) as well as transmission electron microscopy 
(TEM) studies (Parial et al., 2012). Lengke et al. (2006a), used two 
different salts of gold as precursors [AuCl4−] and [Au (S2O3)23−] 
and proved the intracellular synthesis of Au-NPs ranges from 10 
to 25 nm in size. In this study Plectonema boryanum UTEX485 
was used as a model organism that is found to be predominant in 
water bodies. Cubical and octahedral nanoplates were observed 
after characterization by TEM. In addition, Lengke synthesized 
platinum and AgNPs with a diameter of 30 nm–0.3 µm and 1–40 
nm, respectively (Lengke et al., 2006b, 2007). 

Numerous reports have described the formulation and 
characterization of NPs from BGA like Phormidium (Rahman 
et al., 2009), N. linckia (El-Naggar et al., 2017), Microchaete 
NCCU-342 (Husain et al., 2019), Synechococcus (Keskin et al., 
2016), Anabaena and Calothrix (Brayner et al., 2009), Oscillatoria 
limnetica (Hamouda et al., 2019), and Desertifilum IPPAS B-1220 
(Hamida et al., 2020). The formation of NPs either from biomass 
or from the supernatant of cyanobacteria is not illustrated in detail 
with a clear methodology and description in several research 
articles. The synthesis from supernatant is still not reported and 
is less explored. In another study of micronutrient NP synthesis, 
we have observed that from both biomass and supernatant of 
Oscillatoria and Phormidium there is a proper and adequate 
synthesis of micronutrient NPs also (unpublished data).

NP synthesis from actinomycetes
The unicellular, filamentous microorganism that lies in 

a group of Gram-positive bacteria and is also designated as “ray 
fungi” is found in almost all ecosystems around the globe. They 

Figure 2. Generalized depiction of the NPs biosynthesis at out-side and in-side 
the cell.
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Table 1. Description of NP synthesis using different bacteria, cyanobacteria and archaebacteria. 

Organism Method NPs Size SPR Color pH Application References

 Halophphiles

 Archaeal haloferax sp. Intracellular AgNP-A 26.34 nm 446 nm Dark brown NA Antibacterial 
activity

Abdollahnia et al. 
(2020)

 Bacterial halomonas sp. Extracellular AgNP-B 22 nm 425 nm Dark brown NA Antibacterial 
activity

 Halogeometricum sp. Intracellular SeNP-A 111.6 nm 275 nm Brick-red NA Antibacterial 
activity

 Bacillus sp. Intracellular SeNP-B 141.6 nm 270 nm Brick-red NA Antibacterial 
activity

 Halobacillus sp. DS2 Extracellular CdS QDs 2–5 nm 360 nm Red 8 Sulfide detection 
assay Bruna et al. (2019)

 Halococcus salifodinae Intracellular AgNPs 50 and 12 nm 440 Brown NA Antimicrobial 
activity

Srivastava et al. 
(2013)

 Halomonas salina Extracellular AuNPs 30–100 nm 528 and 
558

Not 
observed

9 and 
10

Nitrate reductase 
assay Shah et al. (2012)

 Idiomarina sp. PR58-8 intracellular AgNPs 26 nm 450 nm brownish-
black 8 Quantitation of 

thiols
Seshadri et al. 
(2012)

 Thermophiles

 Sporotrichum thermophile Extracellular AgNP 70 nm 426 Dark brown 5.0–
8.0

Anti-bacterial

Catalytic activity
Shankar et al. 
(2020)

 Geobacillus sp. Intracellular AuNPs 10–20 nm 540 nm Purple 
color 7.0 Not observed Correa-Llantén et 

al. (2013)

  Geobacillus 
stearothermophilus Extracellular

AgNPs 5–35 nm 423 nm Not 
observed 6–7 Not observed

Fayaz et al. (2011)
AuNPs 5–8 nm 522 nm Not 

observed 6–7 Not observed

 Thermus scotoductus SA-01 Extracellular AuNPs 400–700
Pink, to 
purple, to 
blue

7.4 Not observed Erasmus et al. 
(2014)

  Thermophilic filamentous 
fungal strains 

Intracellular 
and autolysate AuNPs

~30 nm 530–600 
nm

Greyish 
colors 4.7 Not observed Molnár et al. (2018)

 Psychrophiles

 Morganella psychrotolerans Extracellular AgNPs 2–5 nm 350–530 
nm

Muddy 
green 6.8 Not observed Ramanathan et al. 

(2011)

 Morganella morganii RP42 Extracellular AgNPs 15–25 nm 415 nm Brown NA Not observed Parikh et al. (2008)

 Pseudomonas antarctica Extracellular AgNPs 12.2  ± 5.7

406 and 
428 nm

Brownish 
yellow 5,7,10 Antibacterial 

activity Shivaji et al. (2011)

 Pseudomonas proteolytica 6.9 ± 2.5

 Pseudomonas meridiana 6.2  ± 2.4

 Arthrobacter kerguelensis 8.1  ± 5.9

 Arthrobacter gangotriensis 6.5 ± 3.2

 Streptomyces sp. OSIP1 Extracellular AgNPs 8 nm 425 nm Deep 
brown NA Antibacterial 

activity
Bakhtiari-Sardari  
et al. (2020)  Streptomyces sp. OSNP14 15 nm 415 nm

 Alkaliphiles

 Spirulina platensis Extracellular
AuNPs

AgNPs
5–40 nm

530 nm

425 nm
NA 5–8 Not observed Kalabegishvili et al. 

(2013)

  Lysinibacillus sp.M1-1 
PseudomonasstutzeriM2-2 Extracellular AuNPs

37.6–86.3 nm

32.84–88.13 nm

519 nm

561 nm
Pink or 
purple 9 Pyocyanin 

production
San Diego et al. 
(2018)

  Pseudomonas  
taiwanensis-SS8 Extracellular AgNPs 10–30 nm 405–425 Brown 8–9 Antimicrobial Beeler et al. (2020)

 Bacillus siamensis strain C1 Extracellular AgNPs 25–50 nm 409 nm Dark brown NA Antibacterial 
activity

Ibrahim et al. 
(2019)

Continued
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exhibit similar properties to both bacteria and fungi (Kumari et al., 
2020). They produce a broad range of clinically useful antibiotics 
and secondary metabolites. Actinomycetes are abundant in natural 
environments that facilitate the production of antibiotics as well as 
secondary metabolites. Their limitless ability to produce bioactive 
compounds has led to their use for producing metal ion NPs 
(Bedlovičová, 2022). Mechanism of AgNPs bio fabrication inside 
the cell explained by Sunitha et al. (2014). They suggested that 
silver ions trap on the outer surface of actinomycete cells through 
bioactive molecules with electrostatic attractions. Enzymes present 
in the cell wall may reduce trapped ions to the formation of metal 
nuclei which then increase due to further reduction of Ag+ ions and 
accumulation on these nuclei. Shah et al. (2012) and Waghmare 
et al. (2014) also proposed an almost similar mechanism for 
AuNPs’ synthesis. nicotinamide-adenine-dinucleotid (NADH)-
dependent reductase catalyzes the electron transfer from NADH 
to gold ions that may cause initiation of gold ions reduction. After 
that reduced gold ions change to metallic gold (Au0) and then 
form AuNPs. They conclude that the biosynthesis of metal NPs 
using actinomycetes was extracellular. Additionally, Wypij et al. 
(2018) examine Streptomyces xinghaiensis as a source of AgNPs’ 
synthesis. Synthesized AgNPs were efficient in cytotoxic studies 
on mouse fibroblasts (3T3) and HeLa cell lines. Synthesis of Ag 
and Au NPs by both supernatant and cell extract of Streptomyces 
sp. for antibacterial activities done by Składanowski et al. (2017). 
Synthesized AgNPs exhibit considerable antimicrobial activity 
against pathogenic bacteria. A range of prokaryotic microbes has 
been utilized for the biosynthesis of NPs described in various 
previous investigations listed in Table 1.

NP synthesis from archaebacteria 
Archaebacteria are a group of microorganisms considered 

to be the oldest form of life on glob. Archaebacteria evolved 
separately from the bacteria and blue-green algae, be a possession 
to the kingdom monera and are classified as bacteria but they are 
quite distinct in morphology and physiology. However, they share 
slightly common characteristics with the eukaryotes. These can 
easily survive under extreme conditions such as very high and 
low temperature, pH, or anoxic thus known as extremophiles. 
Halophilic archaebacteria can detoxify heavy metals through 
various mechanisms and this detoxification process can change 
metallic ions to NPs. Nowadays researchers are interested to 
heavy metal remediation by haloarchaea but the capabilities of 

these microorganisms for the fabrication of NPs have remained 
understudied. Few reports are available in this context one of 
which is silver and selenium nanoparticles (SeNPS) synthesis 
by Abdollahnia et al. (2020). They have isolated halophilic 
archaebacteria from a solar saltern pool. After synthesis, NPs 
were identified and compared with previously reported work. 
Recently, in another study, Haloferax sp strain NRS1 was purified 
from a solar saltern of the Red Sea, Saudi Arabia. Isolated strain 
was tested to fabrication of AgNPs by Tag et al. (2021). With the 
aim of characterization of synthesized AgNPs different findings 
are listed in Table 1. In a research, Kashefi et al. (2001) explored 
extremophilic bacteria and archaea for the synthesis of AuNPs by 
precipitation method. Synthesis of AuNPs or reduction of Au(III) 
to Au(0) is reported due to the presence of H2 as an electron donor 
at 100°C. Microbial cells were not able to reduce Au(III) in the 
absence of H2 or incubation at 30°C. Srivastava et al. (2013) have 
explained the mechanism of AgNPs’ synthesis based on NADH-
dependent nitrate reductase, detailed explanation is available in 
the section on halophiles.

NPs’ synthesis from extremophiles
Microorganisms surviving in extreme abiotic conditions 

are unique life forms on this planet. The cellular physiology and 
adaptability of extremophiles revealed their unique abundance 
around the globe. The environmental niches for different types of 
extremophiles differ from mesophilic microbes (Tiquia-Arashiro 
and Rodrigues, 2016). This unique group of microbes has a 
unique type of physiology and cellular adaptation mechanism and 
obviously imparts uniqueness in the biofabrication of NPs too. 
The synthesis of NPs from different extremophilic microbes is 
listed in Table 2.

Halophiles in the synthesis of NPs
Microbes surviving in extremely high salt conditions 

such as marine environments, sea water, salterns, and lakes are 
known as halophiles. Halophiles consist of several prokaryotes 
and eukaryotes, having the capability to maintain the osmotic 
pressure of the environment in the adverse concentration of salts. 
Halophilic archaea are the predominant class of thalassohaline 
locations where salinity reaches up to 300 g/l. Halophilic archaea 
and bacteria both were examined for intracellular/extracellular 
fabrication of AgNPs and SeNPs by Abdollahnia et al. (2020). 
AgNPs were synthesized intracellularly using archaeal Haloferax 

Organism Method NPs Size SPR Color pH Application References

  Pseudomonas  
fluo-rescens 417 Extracellular AuNPs 5–50 nm 450 and 

650 nm Ruby red NA Antibacterial 
activity Syed et al. (2016)

 Aspergillus terreus Extracellular AgNPs 16.54 nm 410–425 
nm Grayish NA Antibacterial Rani et al. (2017)

 Alternaria sp. Extracellular AgNPs 4–30 nm 426 nm Dark brown NA Antibacterial Singh et al. (2017)

 Penicillium polonicum Extracellular AgNPs 10–15 nm 430 nm Brownish 7 Antibacterial Neethu et al. (2018)

 Cladosporium species Extracellular AgNPs 24 nm 438 nm Dark brown NA Antioxidant 
activity Popli et al. (2018)

 Lasiodiplodia theobromae Extracellular AgNPs 163.3 nm 600 nm Dark brown NA Antibacterial Ranjani et al. 
(2020)
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sp. whereas extracellularly using bacterial Halomonas sp. 
and SeNPs were synthesized intracellularly by the archaeal 
Halogeometricum sp. while extracellularly by the bacterial 
Bacillus sp. Another extremophile strain Halobacillus sp. DS2 
was isolated from the Dead Sea, and tested for the formation of 
carbon quantum dots (CQDts) by Bruna et al. (2019). Halobacillus 
sp. DS2 was resistant to CdCl2 (1.375 mM) at a higher level of 
NaCl concentrations (3%–22%) and was able to grow in a broad 
range of pHs (pH 1–9). The formation of CQDts was confirmed 
by the color change of fluorescence emission that was red in 
place of blue after 31 hours. Halophilic archaea like Halococcus 
salifodinae BK3, were reported for the intracellular synthesis of 
AgNPs (Srivastava et al., 2013). Synthesized NPs were stable and 
spherical with a size of 50.3, 12 nm. In the formation of AgNPs 
NADH-dependent nitrate reductase played an important role in 
reduction and metal-dependent enzyme activity enhancement. 
In another research, the halophilic proteobacteria Halomonas 
salina was explored for the synthesis of AuNPs anisotropic in 
acidic and spherical in alkaline conditions. Halomonas salina has 
been studied as a producer of nitrate reductase, which may have 
a critical role in scaffolding or nucleation for the bio-reduction 
of Au+3 to Au0 and form AuNPs (Shah et al., 2012). Idiomarina 
sp. PR 58–8 bacterium showed excessive tolerance for silver, so 
this property of bacterium was explored for the fabrication of 
intracellular crystalline AgNPs (Seshadri et al., 2012). Extremely 
halophilic Fe3+-reducing archaea and bacteria isolated from a solar 
saltern were investigated for the reduction of gold by Kashefi et al. 
(2001). Studies exhibit that these strains of halophilic archaea and 
bacteria are potent sources of AuNPs’ synthesis. These research 
works conclude that halophilic prokaryotes play a significant role 
as models for the formation of metal NPs in both hydrothermal 
and cooler halophilic environments. 

NP synthesis from thermophiles
Thermophiles are organisms that reach optimum 

growth at high temperatures. Thermophilic bacteria can live at 
a much higher temperatures from 50°C to 121°C while other 
bacteria would not. Shankar et al. (2020) optimized a unique 
approach “one variable at a time” for the extracellular synthesis 
of AgNPs using the thermophilic mold Sporotrichum thermophile 
BJTLRMDU7. The researcher tested the effect of different 
variables such as pH, temperature, light and dark conditions, and 
different amounts of culture filtrates with various concentrations 
of AgNO3 at different times. Molnár et al. (2018) investigate 
the large number of thermophilic filamentous fungous for the 
biofabrication of AuNPs. Based on the investigation, they have 
concluded that protein molecule can stabilize NPs because it 
has a molecular weight of more than 3 kDa, so proteins can be 
bound on the surface of NPs by the formation of Van der Waals 
interactions. These interactions take place due to the availability 
of conducting electrons of nitrogen and sulfur toms. The first time 
reported the potential of the thermophilic bacterium Thermus 
scotoductus to synthesize AuNPs and find out the impact of the 
reaction conditions on particle formation. Purified protein from 
this bacterium reduced HAuCl4 for the synthesis of elemental 
NPs extracellularly. Erasmus et al. (2014) identified the purified 
protein by N-terminal sequencing as an ABC transporter. A stain of 
Geobacillus sp., tested by Correa-Llantén et al. (2013), for NADH 

dependent enzymatic biosynthesis of AuNPs. Fourier transform 
infrared spectroscopy (FTIR) of synthesized AuNPs after 16 
hours of reaction revealed a peak in 1,302 cm−1 which means the 
aromatic amine group containing molecule working as a capping 
agent. The results of this study strengthen the idea that protein-
type molecules have the potential to stabilize biosynthesized NPs. 
Fayaz et al. (2011) reported the biogenic synthesis of AgNPs and 
AuNPs using Geobacillus stearothermophilus. In the presence 
of G. Stearothermophilus, cell-free extract metal salts lead to the 
formation of Ag and Au NPs. High stability of NPs can achieve by 
the secretion of precise capping proteins from the bacterium in the 
reaction mixture.

NP synthesis from psychrophiles
Microorganisms that can survive at very low temperatures 

are known as psychrophiles. They not only tolerate but also show 
maximum growth in this specific condition. Extremely low 
temperatures around 75% of the Earth’s biosphere is permanently 
cold so the existence of psychrophiles is predominant in this 
environment. Many psychrophiles have the capability to reduce 
metal ions and change into nanoforms so these microorganisms can 
be one of the best possibilities for NP synthesis (Tiquia-Arashiro and 
Rodrigues, 2016). In this scenario, Bakhtiari-Sardari et al. (2020), 
have explored two strains of Streptomyces sp. To the comparative 
study of AgNPs biosynthesis. Synthesized AgNPs were remarkably 
effective against the growth of several pathogenic bacteria with 
the combination of antibiotics and itself as well. Ramanathan et 
al. (2011) reported that the morphology of AgNPs was achieved 
by silver resistant Morganella psychrotolerans, a species of 
psychrophilic bacterium. This is considering that the shape and size 
of NPs regulate by controlling the growth kinetics of bacterium. 
Similarly, in another research, Shivaji et al. (2011) examined 
the bioformation and stability of AgNPs using cell-free culture 
supernatant of five species of psychrophiles, based on temperature, 
pH or the species of bacteria. He concludes that the fabrication of 
NPs varies from bacterial species to species at similar temperature 
and pH. To understand biochemical mechanisms of silver-resistant 
bacteria Morganella morganiistrain, the extracellular synthesis of 
crystalline AgNPs was reported by Parikh et al. (2008). Analysis 
of biomolecules that are associated with the outer surface of NPs 
by FTIR spectroscopy revealed the presence of a protein that was 
responsible for the reduction of silver-to-AgNPs.

NP synthesis from alkaliphiles
Alkaliphiles are a type of extremophile that can grow 

optimally at alkaline pH above 9. Alkaliphiles can be prokaryotic, 
eukaryotic, and archaea. Alkaliphiles had explored by a few 
researchers for the synthesis of NPs. In this context, Pseudomonas 
taiwanensis-SS8 were isolated from root nodules of clover plants 
and is explored to develop stable and eco-friendly AgNPs. FTIR 
analysis reviled that the biological molecules present in culture 
broth perform the dual functions of synthesis and stabilization 
of AgNPs. Moreover, antibacterial activity is also tested which 
revealed that synthesized AgNPs have an excellent antibacterial 
property (Beeler et al., 2020). In addition, AuNPs  were fabricated 
using two alkaliphilic bacterial species, Lysinibacillus and 
Pseudomonas. By different characterization evident the AuNPs 
size of 37.6–86.3 nm and 32.84–88.13 nm by Lysinibacillus sp. 
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Table 2. Extremophilic microbes mediated NPs and their applications in different fields.

Organism Method NPs Size SPR Color pH Application References

 Halophphiles

 Archaeal haloferax sp. Intracellular AgNP-A 26.34 nm 446 nm
Dark

brown
NA Antibacterial 

activity

Abdollahnia et al. 
(2020)

 Bacterial halomonas sp Extracellular
AgNP-B

22 nm 425 nm
Dark

brown
NA Antibacterial 

activity

 Halogeometricum sp. Intracellular SeNP-A 111.6 nm 275 nm Brick-red NA Antibacterial 
activity

 Bacillus sp. Intracellular SeNP-B 141.6 nm 270 nm Brick-red NA Antibacterial 
activity

 Halobacillus sp. DS2 Extracellular CdS QDs 2–5 nm 360 nm Red 8 Sulfide 
detection assay Bruna et al. 2019

 Halococcussalifodinae Intracellular AgNPs 50 and 12 nm 440 Brown NA Antimicrobial 
activity

Srivastava et al. 
(2013)

 Halomonas salina Extracellular AuNPs 30–100 nm 528 and 
558 Not observed 9 and 

10
Nitrate 
reductase assay Shah et al. (2012)

 Idiomarina sp. PR58-8 Intracellular AgNPs 26 nm 450 nm brownish-
black 8 Quantitation of 

thiols
Seshadri et al. 
(2012)

 Thermophiles

 Sporotrichum thermophile Extracellular AgNP 70 nm 426 Dark brown 5.0–
8.0

Anti-bacterial 
Catalytic 
activity

Shankar et al. 
(2020)

 Geobacillus sp. Intracellular AuNPs 10–20 nm 540 nm Purple color 7.0 Not observed Correa-Llantén et 
al. (2013)

  Geobacillus 
stearothermophilus Extracellular

AgNPs 5–35 nm 423 nm Not observed 6–7 Not observed
Fayaz et al. (2011)

AuNPs 5–8 nm 522 nm Not observed 6–7 Not observed

 Thermus scotoductus 
SA-01 Extracellular AuNPs 400–700 Pink, to 

purple, to blue 7.4 Not observed Erasmus et al. 
(2014)

  Thermophilic filamentous 
fungal strains 

Intracellular 
and autolysate AuNPs

~30 nm 530–600 
nm Greyish colors 4.7 Not observed Molnár et al. 

(2018)

 Psychrophiles

  Morganella 
psychrotolerans Extracellular AgNPs 2–5 nm 350–530 

nm Muddy green 6.8 Not observed Ramanathan et al. 
(2011)

  Morganella morganii 
RP42 Extracellular AgNPs 15–25 nm 415 nm Brown NA Not observed Parikh et al. (2008)

 Pseudomonas antarctica Extracellular AgNPs 12.2 ± 5.7

406 and 
428 nm

Brownish 
yellow 5,7,10 Antibacterial 

activity
Shivaji et al. 
(2011)

 Pseudomonas proteolytica 6.9  ± 2.5

 Pseudomonas meridiana 6.2  ± 2.4

 Arthrobacter kerguelensis 8.1  ± 5.9

 Arthrobacter gangotriensis 6.5 ± 3.2

 Streptomyces sp.OSIP1 Extracellular AgNPs 8 nm 425 nm
Deep brown NA Antibacterial 

activity
Bakhtiari-Sardari  
et al. (2020) Streptomyces sp.OSNP14 15 nm 415 nm

 Alkaliphiles

 Spirulina platensis Extracellular AuNPs 
AgNPs 5–40 nm 530 425 

nm NA 5–8 Not observed Kalabegishvili  
et al. (2013)

  Lysinibacillus sp. M1-1 
PseudomonasstutzeriM2-2 Extracellular AuNPs

37.6–86.3 nm

32.84–88.13 nm
519 561 

nm Pink or purple 9 Pyocyanin 
production

San Diego et al. 
(2018)

  Pseudomonas taiwanensis-
SS8 Extracellular AgNPs 10–30 nm 405–425 Brown 8–9 Antimicrobial Beeler et al. (2020)

 Bacillus siamensis strain C1 Extracellular AgNPs 25–50 nm 409 nm Dark brown NA Antibacterial 
activity

Ibrahim et al. 
(2019)

Continued
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and Pseudomonas respectively. Biosynthesized AuNPs exhibit 
potential in biomedical applications by inhibiting pyocyanin 
production San Diego et al. (2018). Spirulina platensis is a strain 
of filamentous cyanobacterium. Kalabegishvili et al. (2013) 
explored S. platensis effectively to the extracellular production of 
AuNPs and AgNPs. Fabricated Au and AgNPs using S. platensis 
biomass were crystal in morphology. According to Kalabegishvili 
et al. (2013), gold and silver metal ions were rapidly adsorbed on 
the outer surface of bacterium and then slowly transported into the 
cells, and NPs were accumulated there. 

NP synthesis from acidophiles
Acidophiles are acid-loving extremophiles that can 

survive at a very low pH value. Acidophiles grow vigorously 
in sites of the acidic environment such as acid mine drainage, 
sulfuric acid containing fields, acidothermal hot springs, and 
bioreactors. Acidophiles can maintain pH homeostasis by 
controlling proton movement by the cell membrane. (Tiquia-
Arashiro and Rodrigues, 2016). Acidithiobacillus ferrooxidans 
BY-3 explored the biosynthesis of Fe3O4 NPs to understand 
biocompatibility. Synthesized Fe3O4 NPs were yielded by 
combining ultracentrifugation and magnetic separation. Cellular 
metabolic activity test, micronucleus test, and fragile red blood 
cells detection assay were carried out to estimate in-vitro 
cytotoxicity, blood toxicity, and genotoxicity of magnetosomes, 
respectively. Results of these assays revealed that Fe3O4 NPs were 
not cytotoxic, or genotoxic, and had no hemolytic effects up to 
4.0 mg/ml. These tests indicated that synthesized NPs have good 
biocompatibility (Malhotra et al., 2020).

The biofabricated Fe3O4 NPs were showing 
ferrimagnetism and membrane-bound properties. Such a type of 
characterization made magnetosomes promising for numerous 
applications in the field of biomedicine and biotechnology. They 
appear to be favorable immobilization of various metabolites, 
biomolecules, and bioactive substances. Moreover, the description 
of several extremophilic microbes utilized in the formation and 
application of different NPs is explained in Table 2. 

NP SYNTHESIS FROM ENDOPHYTES
Endophytes are microorganisms that present almost in 

all types of plants, intracellularly or extracellularly, in a symbiotic 
relationship without causing any harm or deterioration to the plant 
cells. Endophytes can be present in different parts of a plant like 

roots, leaves, stems, flowers, and seeds. Endophytes are very resilient 
and adaptive according to the nature of their host plants. Under 
symbiotic association inside the plant tissues, they secrete and form 
several compounds helpful in plant growth and do not making any 
adverse effect on plant tissues. Few reports focus on endophytic 
fungi that can produce bioactive compounds inside the plant and 
they can be considerable alternate source of bioactive compounds. 
These bioactive compounds have different antioxidant, anticancer, 
immune-modulating, and antimicrobial properties (Rahman et al., 
2019). To detect plant growth promotion and antibacterial ability, 
AgNPs were synthesized from endophytic bacterium Bacillus 
siamensis strain (Ibrahim et al., 2019). The biosynthesized AgNPs 
were further characterized by various characterization methods. 
In analysis of UV-visible spectroscopy AgNPs showed maximum 
absorbance at 409 nm and TEM analysis revealed the size of NPs 
that was 25–50 nm. Plant growth promotion study showed that 
the synthesized AgNPs significantly enhance the growth of rice 
seedlings. Furthermore, results of antibacterial assay exhibit that 
AgNPs at different concentrations of 5, 10, 15, and 20 mg ml−1 
have a strong antimicrobial effect against Xoo strain LND0005 
and Ao strain RS-1. The inhibitory effect of AgNPs was increasing 
when increasing the concentration of NPs. In a report, a strain of 
endophytic bacteria, Pseudomonas fluorescens 417, obtained from 
the Coffea Arabica showed the potential to synthesize AuNPs . 
The NPs fabricated from endophytes have given significant 
microbial activity against several clinical pathogens (Syed et al., 
2016). Therefore, numerous researchers are synthesizing AgNPs 
from plant endophytes to be used in the medical field further. 

NPS’ SYNTHESIS FROM EUKARYOTIC MICROBES
Many microbial cells have evolved to utilize metal ions 

as cofactors for optimum activity of different enzymes and proteins. 
Thus, the cells have adopted to change elemental metals to metal 
NPs. Indeed, several algae, yeast, and fungi are able to be reducing 
metal ions through metallo-regulatory mechanism. Different NPs 
synthesized using eukaryotic microorganisms listed in Table 3.

NPs biosynthesis from micro-algae 
Algae have long been used in food and pharmaceutical 

industries but now a days algae are exploited widely in 
agriculture, food packaging, preservation, cosmetics, fertilizers, 
and agents for bioremediation. Moreover, algal communities 
are utilized tremendously for the biosynthesis of metal NPs too. 

Organism Method NPs Size SPR Color pH Application References

  Pseudomonas fluo-rescens 
417 Extracellular AuNPs 5–50 nm 450 and 

650 nm Ruby red NA Antibacterial 
activity Syed et al. (2016)

 Aspergillus terreus Extracellular AgNPs 16.54 nm 410–425 
nm Grayish NA Antibacterial Rani et al. (2017)

 Alternaria sp. Extracellular AgNPs 4–30 nm 426 nm Dark brown NA Antibacterial Singh et al. (2017)

 Penicillium polonicum Extracellular AgNPs 10–15 nm 430 nm Brownish 7 Antibacterial Neethu et al. 
(2018)

 Cladosporium species Extracellular AgNPs 24 nm 438 nm Dark brown NA Antioxidant 
activity Popli et al. (2018)

 Lasiodiplodiat heobromae Extracellular AgNPs 163.3 nm 600 nm Dark brown NA Antibacterial Ranjani et al. 
(2020)



Yadav et al. / Journal of Applied Pharmaceutical Science 13 (07); 2023: 013-031 021

Table 3. Synthesis of different nanomaterials using eukaryotic microorganisms.

Organism Method NP Size SPR Color pH Application Reference

Botryococcus braunii  
(green alga) Extracellular

CuNPs 10–70 nm 258 nm Light sky blue 
to dark brown NA Antibacterial and 

antifungal
Arya et al. (2018)

AgNPs 40–100 nm 490 nm
Light pale 
yellow to 
reddish brown

Marine algae Caulerpa 
racemosa Extracellular AgNPs 5–25 nm 413 nm Light yellowish 

to brown color NA Antibacterial 
activity Kathiraven et al. (2015)

Pithophora oedogonia Extracellular AgNPs 34.03 nm 445 nm Brown color NA Antibacterial 
activity Sinha et al. (2015)

Caulerpa serrulata  
(green marine Algae Extracellular AgNPs 10 ± 2 nm 412 nm Reddish brown 4-10 Catalytic reduction 

activity Aboelfetoh et al. (2017)

Red alga Hypnea 
musciformis Extracellular AgNPs 12 nm 440 nm Reddish brown NA Photocatalytic 

degradation
Selvam and Sivakumar, 
(2015)

Chlorococcum sp. MM11 Intracellular FeNPs 20–50 nm 293 Yellowish 
brown NA Chromium 

remediation
Subramaniyam et al. 
(2015)

Chondruscrispus

and Spyrogira insignis
Extracellular

AuNPs 30–50 nm 540 Dark blue or 
pink 2–10 Not observed

Castro et al. (2013)
AgNPs 30 nm 460 Brownish 4–10 Not observed

Brown

seaweed Sargassum 
muticum

Extracellular Fe3O4-
NPs 18 ± 4 nm 402, 415 

nm Dark brown NA Not observed Mahdavi et al. (2013)

Sargassum muticum Extracellular ZnO 
NPs 30–57 nm. 334 nm Pale white NA Not observed Azizi et al. (2014)

Marine algae Caulerpa 
racemosa Extracellular AgNPs 5–25 nm 413 nm Light yellowish 

to brown color NA Antibacterial 
Activity Kathiraven et al. (2015)

Fungus Trichoderma viride Extracellular AgNPs 5–40 nm 420 nm Yellowish 
brown color 7.2 Antimicrobial 

activities Fayaz et al. (2010)

White rot fungi 
Trametesljubarskyi and 
Ganoderma enigmaticum

Extracellular AgNPs 15–25 nm 419 and 
421 Brown color 6 Good antibacterial 

activity
Gudikandula et al. 
(2017)

Exserohilumr ostrata 
(Fungus) Extracellular AgNPs 16.2 nm 425 nm Yellowish 7.4

Antimicrobial 
anti-inflammatory, 
antioxidants and 
anticancer activity

Bagur et al. (2019)

Endophytic fungus 
Alternaria tenuissima

Cell free 
extract ZnONPs 10–30 nm 369 nm White 

precipitate NA

Antimicrobial

Anticancer

Antioxidant

Photocatalytic 
activity

Abdelhakim et al. 
(2019)

Entomopathogenic fungus 
Beauveria bassiana Extracellular AgNPs 10–50 nm 450 nm Brown 3–9

Antimicrobial

activity
Tyagi et al. (2019)

Fusarium solani Extracellular AuNPs 40–45 nm 510–560 Pink-ruby red 
colors 8.5 Anticancer activity Clarance et al. (2020)

Saccharomyces

Cerevisiae
Extracellular Ag NPs 13.8 nm 418 nm NA 10 Antimicrobial Shu et al. (2020)

Extremophilic yeast Extracellular
Ag NPs

AuNPs

20 nm

30–100 nm
420–550 

nm NA NA Not observed Mourato et al. (2011)

Saccharomyces

Cerevisiae
Extracellular FePO4 500–600 nm NA 5.5 Not observed Zhou et al. (2009a, 

2009b)

Saccharomyces

Cerevisiae
Intracellular Ag NPs 2–20 nm 430 nm Dark brown 7 Not observed Korbekandi et al. 

(2014)

Continued
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In a recent branch of science called phyco-nanotechnology, no 
toxic reducing agents are required for synthesis of NPs and it is 
therefore a low-cost green synthesis (Chaudhary et al., 2020). 
Within this framework, biosynthesis of Ag and CuNPs  using 
green alga Botryococcus braunii was done by Arya et al. (2018), 
TEM analysis showed the size of CuNPs and AgNPs 10–70 nm 
and 40–100 nm respectively. FTIR of synthesized NPs reveals the 
peak 1,637.82 cm−1 for N–H bending vibrations in amide of alga 
protein as a capping molecule. Biogenic NPs exhibited excellent 
antibacterial and antifungal activity against pathogenic bacteria 
and fungus both. In a study by Ramakrishna et al. (2016), brown 
algae Turbinaria conoides and Sargassum tenerrimum were 
utilized for the synthesis of AuNPs . 

This was observed that the biosynthesis of AuNPs  
is facilitated by the presence of OH group in the algal extract 
into the spherical elemental AuNPs . This predicted that the 
hydroxyl group present in the algal extract works as the capping 
and reducing agent to convert Au (III) into elemental AuNPs. 
Pithophora oedogoni was explored successfully for fast and easy 
fabrication of AgNPs. The aqueous extract of algal cell was used 
in the reduction of silver nitrate solution into AgNPs. Synthesized 
AgNPs showed antimicrobial activity against seven tested 
pathogenic bacteria (Sinha et al., 2015). Ecofriendly approach 
as an alternate to the more complicated chemical procedures 
for synthesis of transition metals using Caulerpa serrulata 
has evolved by Aboelfetoh et al. (2017). Caulerpa serrulata 
extract can reduce silver ion to stable colloidal AgNPs of 10 ± 
2 nm. They optimized concentration of extract, contact time, 
pH values, and temperature. Catalytic and antibacterial activity 
examined by synthesized NPs. Selvam and Sivakumar, (2015), 
explained the simple and sustainable biosynthesis of AgNPs 
using the aqueous extract of red alga Hypnea musciformis. 
Surface plasmon resonance of synthesized NPs occurred at 440 
nm. Surface morphology and size of the Ag NPs were analyzed 
by atomic force microscopy. The 2D and 3D images of the NPs 
revealed the well-separated spherical and sizes of the particles 
were in the range of 2–55.8 nm. Formed AgNPs were able to 
degradation of dyes in the presence of visible light and pave the 
attention for ecological safety or bioremediation. Subramaniyam 

et al. (2015) examined the possibility of synthesis of FeNPs by 
soil microalga, Chlorococcum sp. MM1. The obtained NPs were 
spherical shaped and 20–50 nm in size. In the energy dispersive 
X-ray analysis spectra of synthesized NPs, oxygen peak was 
lower than the iron oxide so it was the evidence that FeNPs has 
synthesized. On the basis of obtained peaks researchers conclude 
that oxygen and carbon dioxide is present of oxygen as well as 
carbon peak in the spectra may be due to polysaccharides and 
glycoproteins, indicating the involvement of biomolecules 
in capping of the FeNPs. FTIR analysis revealed the changes 
in functional groups of carbohydrates and proteins due to 
participation in reduction and capping process. 

NP synthesis from fungi 
Role of fungi as effective nanofactories is attracting 

attention of researchers worldwide. Mycogenic route for NPs’ 
synthesis has been well recognized because this totipotent 
eukaryotic microorganism has several remarkable characteristics 
such as excellent secretor of protein, easy to isolate and 
culture, extracellular synthesis of NP, better manipulation, high 
yields, and lesser harm of the residues. Moreover, microbial 
biosynthesis of NPs obtained from fungus triggers the coating of 
biomolecules over the surface of NPs that seems to improve the 
stability and biological activity that is well documented. Fungi 
is a great source of various extracellular enzymes that influences 
NPs’ synthesis (Guilger-Casagrande and Lima, 2019; Saxena et 
al., 2014). One of the investigations done by Fayaz et al. (2010) 
explained the utilization of a fungal strain Trichoderma viride 
for the extracellular bio-fabrication of AgNPs using silver nitrate 
solution. Numerous biomolecules such as enzymes, proteins, and 
polysaccharides present in the extracellular extract reduce the 
transition metal ions into nano-entities by fusion of biomolecules. 
This is used worldwide to get stable and easily synthesized metal 
NPs. In this scenario, Gudikandula et al. (2017) explored the 
Trametes liubarski and Ganoderma enigmaticum, white rot 
fungus for fabrication of AgNP. The characterization of AgNPs 
showed the size 15–25 nm and absorbance at ~ 420 nm. The 
interaction between capping agents present in cell-free extracts 
and  AgNPs  was better achieved by FTIR analysis. A significant 

Organism Method NP Size SPR Color pH Application Reference

yeast strain MKY3 Extracellular Ag NPs 2–5 nm 420 nm NA 5.6 Not observed Kowshiket al. (2003)

Saccharomyces cerevisiae Extracellular Sb2O3 2–10 nm White 
precipitate NA Not observed Jha et al. (2009)

Schizosaccharomycespomb Intracellular CdS 1–1.5 nm 305 nm NA 5.6 Fabrication of 
diode Kowshik et al. (2002)

Leishmania sp. Intracellular
Ag

Au

10–100 nm

50–100 nm
420–540 

nm
Brown

Dark red
5-6 Not observed Ramezani et al. (2012)

Tetrahymena thermophila Intracellular Se NPs 50–500 nm 532 nm Red NA Not observed Cui et al. (2016)

Pseudomonas associated 
Euplotes focardii Intracellular Ag NPs 20–70 nm 430 nm Brown NA Antimicrobial John et al. (2020)
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antimicrobial outcome was obtained against pathogenic bacterial 
strains too. 

Fungus secretes secondary metabolites in their 
surrounding that can reduced the metal ions this approach 
used by Bagur et al. (2019), for the biosynthesis of AgNPs  
using the endophyte fungal extract of Exserohilum rostrata, 
isolated from the leaf of Ocimum tenuiflorum. The biogenically 
formed AgNPs  with a mean size of 16.2 nm used secondary 
metabolite such as polyphenol that is present in the extract for 
reducing and stabilizing (capping) agent. Synthesized AgNPs 
enhanced various biomedical applications like antimicrobial, 
antioxidants, anti-inflammatory, and anticancer activity. The 
synthesis of ZnONPs using endophytic fungal strain Alternaria 
tenuissima was described for the first time because ZnONPs had 
high absorption rate, lower toxicity, good bioavailability, and 
biocompatibility compared to their conventional Zinc sources. 
The synthesized NPs were characterized by various techniques 
like UV spectroscopy, XRD, TEM and FTIR, zeta potential. 
Fabricated NPs showed UV absorbance at 369 nm and zeta 
potential value was -23.92 mV which means the synthesized NPs 
have high stability. ZnONPs were evaluated for the antioxidant 
activity by 2,2′-diphenyle picrylhydrazyl radical scavenging test 
and photocatalytic potential for the degradation of methylene blue 
(Abdelhakim et al., 2019). Apart from this, Tyagi et al. (2019) 
and Clarance et al. (2020) also discussed about biosynthesis of 
metal NPs from fungal strains and the details of their findings is 
documented in Table 3.

NP synthesis from yeast
Single-celled eukaryotic microbes, yeasts are best 

model for study of microbial synthesis of metal NPs. About 
1,500 different yeast species have been identified. Several 
studies have been describing well the successful fabrication of 
NPs using yeast. Due to easy, controlled, and rapid cultivation 
of yeast in laboratories, the easier mass production of NPs was 
achieved in numerous investigations (Moghaddam et al., 2015; 
Yurkov et al., 2011). 

The Baker’s yeast extract based AgNPs were utilized 
for their antimicrobial potential in a report. Synthesized AgNPs 
were found to be 13.8 nm in size, well dispersed and very stable 
because reductive biomolecules of yeast extract such as amino 
acids, alpha-linolenic acid, and carbohydrates were found over 
the surface of AgNPs. The net charge on the NPs surface was 
negative, triggering the electrostatic repulsions along with 
interactions in an alkaline solution (Shu et al., 2020). In another 
investigation, a unique magnetic mesoporous Fe3O4 structure 
have been synthesized by Zhou et al. (2009a) using yeast cells 
via co-precipitation method. The mean particles size of Fe3O4 
calculated by TEM was 17.4 nm. FTIR analysis reveals the 
peak around 3,376 cm−1 relates to the OH group and at 1,643 
and 1,538 cm−1 are determine to amide I and amide II, the 
characteristic infra red absorption of protein which could be one 
of the important components of yeast cells. Obtained bands at 636 
and 561 cm−1 are contributed to the high crystallinity of Fe3O4 
NPs. Semiconductors quantum crystallite are of specific interest 
in solid state physics so for this aim, Candida glabrata and 
Schizosaccharomyces pombe, were utilized by Dameron et al. 
(1989) for fabrication of CdS quantum crystallite structure with a 

size of 20 Å. In this context, fabrication of an ideal diode attempt 
by Kowshik et al. (2002) biosynthesized CdS NPs using S. pomb 
species of yeast. Synthesized CdSNPs were 1–1.5 nm in diameter. 

In an investigation, extremophilic yeast isolated and 
purified from Portuguese acid mine drainage was used for the 
synthesis of Ag and AuNPs. Bio-fabricated AgNPs and AuNPs 
were found to be in 20 nm and 30–100 nm in size, respectively. The 
open circuit potential data illustrates well about the role of yeast 
cell wall in the biosynthesis of metal NPs (Mourato et al., 2011). In 
addition, a simple precipitation method is used for the biosynthesis 
of Iron phosphate nanopowders with instant yeast. A different 
characterization approach confirmed that pure and homogenous 
FePO4 crystals were synthesized at 543°C (Zhou et al., 2009b).

NP synthesis from protozoans 
Conventional methods of NPs’ synthesis may affect 

environment, so researchers are examining different biological 
systems with exceptional biocompatibility for fabrication of 
nanocomposites. In the way of biological synthesis of NPs, many 
microbes have been tested but the ability of protozoa has not been 
extensively explored. Being the source and owing to the animal-
like characters, the protozoa can yield better biocompatible NPs 
(Khan, 2022). Few studies are reported about the capability 
of protozoa in synthesizing metallic NPs. For instance, bio-
fabrication of conventional Au and AgNPs was also done using 
Leishmania sp. (Ramezani et al., 2012). Results that obtained 
from the characterization of Ag and AuNPs are discussed in Table 
3. In addition, extracellular and intracellular synthesis of SeNPs 
was done using a protozoan sp. Tetrahymena thermophila (Cui et 
al., 2016). They explain the importance of glutathione in reduction 
of metal to form SeNPS. Currently, John et al. (2020) has explored 
psychrophilic protozoon E. focardii associated Pseudomonas as 
source of Ag NPs’ synthesis. Biosynthetically fabricated AgNPs  
were compared with chemically synthesized AgNPs. Antimicrobial 
activity results revealed that biologically synthesized AgNPs were 
more effective against pathogenic microorganisms. CdS1-XSeX 
Quantum dots bio-fabrication using Tetrahymena pyriformis (an 
aquatic protozoa) reported by Cui et al. (2019). 

APPLICATIONS OF MICROBE-BASED NPS
In recent years, the nanotechnology community has 

moved towards a more comprehensive integration of biotechnology, 
biomedical engineering, agriculture sector, food sector, environmental 
remediation, pharmaceutical industry, etc. Nanomaterials are at the 
center of academic and industrial attention owing to their numerous 
potential applications (Fig. 3). Synthesis of nanomaterials and 
control of their characteristics and properties have been explored for 
diverse applications such as antibacterial and antifungal (Arya et al., 
2018), catalysis (Husain et al., 2019), photocatalytic activity (Keskin 
et al., 2016), cytotoxic activity (Hamida et al., 2020), and anticancer 
activity (Clarance et al., 2020).

Antimicrobial activity
The emerging resistance in bacteria to traditional 

antibacterial agents has increased the need to develop novel 
antibacterial agents against both Gram-positive and Gram-negative 
bacteria. Gram-negative bacteria are more sensitive to antibacterial 
NPs due to the thinner bacterial cell wall whereas Gram-positive 
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bacteria are more resistance to various antibacterial agents due 
to the presence of peptidoglycan layer in the cell wall of Gram-
positive bacteria. Gram-positive organisms are responsible for 
various pathogenic diseases require strong inhibitory agents for 
its control. In this context, biofabrication of AuNPs performed 
by Suganya et al. (2015). The antibacterial activity of protein 
conserved AuNPs has been tested against Gram-positive organisms 
Bacillus subtilis and S. aureus. The bactericidal activity of AuNPs 
against B. subtilis and S. aureus showed a maximum of 97.4% and 
80.5% reduction in colonies with 150 μg/ml, respectively. In another 
research biosynthesized AgNPs using Pseudomonas strain showed 
a larger inhibition zone (Ø 19.0 mm) against E. coli and the smallest 
inhibition zone (Ø 14.0 mm) against Pseudomonas aeruginosa and 
Serratia marcescens. Among Gram-positive bacteria, the highest 
zone of 15 mm was formed against S. aureus (John et al., 2020). 
In recent research, Abdollahnia et al. (2020), synthesized Ag and 
SeNPS  using archaebacterial and bacterial strains. The intracellular 
synthesis of AgNP was done from archaeal Haloferax sp. and 
extracellular synthesis of AgNP from bacterial Halomonas sp. 
Moreover, intracellular synthesis of SeNPS  was done by archaeal 
Halogeometricum sp. and extracellular by bacterial Bacillus sp. 
Using these synthesized NPs, significant antibacterial activity was 
observed against different disease-causing bacterial strains. The 
minimum inhibitory concentration required to inhibit the growth of 
50% of organisms (MIC50) of AgNP-A and Ag-NP-B were found to 
be 10–40 ppm while MIC50 of Se NP-A and Se- NP-B were 50–200 
ppm against E. coli, S. aureus, P. aeruginosa, and B. subtilis.

Due to well-described antimicrobial mechanism against 
pathogenic bacteria, AgNPs have been proposed as alternative 
over traditional antibiotics to overcome bacterial resistance. 
Recently many researchers synthesized AgNPs  from different 
sources, for example, Hamouda et al. (2019), synthesized AgNPs 

using cyanobacterium O. limnetica cell extract. Hamida et al. 
(2020) used an extract of Desertifilum IPPASV1220, a strain of 
cyanobacteria to obtain functionalized AgNPs. Shankar et al. 
(2020) used thermophilic mold S. thermophile BJTLRMDU7 
for bio-fabrication of AgNPs. Bakhtiari-Sardari et al. (2020) 
obtained AgNPs from Streptomyces Psychrophiles. Beeler et al. 
(2020) biofabricated AgNPs form Pseudomonas (antibacterial 
mechanism). A plant pathogen Lasiodiplodia theobromae was also 
used by Ranjani et al. (2020) for the biosynthesis of AgNPs.

Fungicidal activity
Currently, fungal infections have become a widespread 

ignitious public health issue because there are fewer options as 
antifungal drugs and fungi develop resistance against these drugs 
continuously. AgNPs  have excellent fungicidal activity and 
therefore may be a new option for the treatment of infections 
caused by fungal strains. AgNPs were found to be the most active 
antifungal agents synthesized from different sources. In a previous 
investigation, the synthesis of AgNPs from Pseudomonas strain, 
which have been investigated for their antimicrobial activities at 
different concentrations against several pathogenic bacterial strain 
among C. albicans a fungal strain. Results showed the larger 
zone of inhibition against C. albicans was (Ø 15.0 mm) (John 
et al., 2020). In addition, ZnO NPs fabricated form endophytic 
fungus Alternaria tenuissima evaluated their effect against C. 
albicans ATCC 10231 and three different plant pathogenic fungi 
(Alternaria solani, Aspergillus niger and Fusarium oxysporum). 
Inhibition zone of C. albicans was 01.87 + 0.06 mm at a minimum 
concentration of 50 µg ml−1ZnONPs. The results clearly indicate 
that the biosynthesized ZnONPs have formidable antifungal 
potential against fungal species (Abdelhakim et al., 2019). 
In one of the investigations, CuNPs were biosynthesized by  

Figure 3. Microbes based NPs showing their wide application in various fields such as pharmaceutical, agriculture, industrial and allied sectors.
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Hassan et al. (2018) utilizing endophytic bacterium isolated 
from a  healthy and very useful medicinal plant C. arvensis (L.). 
The application of these synthesized CuNPs represented a very 
good antimicrobial activity against disease-causing microbes, 
phytopathogenic fungal strains and can be used as insecticides too. 
This can be a future replacement for plant-threatening pesticides 
and other hazardous chemicals too.

The green synthesis of AuNPs using green algae has also 
been investigated for their antimicrobial activity and fewer studies 
have been reported yet. In a recent study, AuNPs and AgNPs 
were synthesized using extracellular cell extract of microalga 
Neodesmus pupukensis. Synthesized NPs were subjected to 
observe their antifungal activity. Evaluation showed the antifungal 
potency of AuNPs with mycelial inhibition of 79.4%, 44.3%, 
75.4%, 54.9%, and 66.4% against A. niger, Aspergillus fumigatus, 
Aspergillus flavus, Fusarium solani and C. albicans, respectively, 
while AgNPs had 80.6%, 57.1%, 79.4%, 65.4%, and 69.8% 
against A. niger, A. fumigatus, A. flavus, F. solani, and C. albicans 
respectively (Omomowo et al., 2020).

Anti-cancerous activity
The development of nano-biotechnology is leading to 

the application of NPs in cancer therapy and targeted drug delivery 
(anticancer drugs). Several studies on anti-cancer activities of 
green synthesized NPs have been reported in recent decades. To 
study the anticancer activity of NPs, MTT colorimetric assay is 
most widely used. MTT access cell proliferation and viability 
for cultured eukaryotic cells based on the reduction of colorless 
tetrazolium salts to strongly colored formazans, which are then 
quantified by absorbance. Reduction of tetrazolium salts based 
on the activity of NAD(P)H coenzyme and dehydrogenases from 
metabolically active cells. In a recent research first time reported 
the anticancer activity of AgNPs obtained using Desertifilum 
a novel cyanobacterial strain. The cytotoxicity of AgNPs was 
observed against CaCo-2, MCF-7, and HepG2 cell lines by MTT 
assay. The result of the observations concluded that biosynthesized 
AgNPs significantly reduced the growth of above used cancer 
cell lines. Study revealed the dose-dependent reduction in the 
proliferation of the cancer cell lines. The half-maximal inhibitory 
concentration (IC50) values of AgNPs against MCF-7, HepG2, 
and Caco-2 cells were 58, 32, and 90 μg/ml, respectively (Hamida 
et al., 2020). In a similar way cytotoxicity of biogenic AgNPs’ 
synthesized by Nostoc sp. was screened against Caco-2 cells. The 
observations showed that biogenic AgNPs have significant dose-
dependent cytotoxic activity against human colon cancer cells 
with an IC50 of 150 μg/ml (Bin-Meferij and Hamida, 2019). In 
addition, aqueous extract of O. limnetica, a cyanobacterial strain 
was used for the synthesis of AgNPs (3–18 nm). Bio-fabricated 
AgNPs showed significant anti-cancerous activity against both 
human breast (MCF-7) cell line and human colon cancer (HCT-
116) cell line. The result of cytotoxic assay revealed IC50 6.147 
μg/ml for MCF-7 human breast cell line and IC50 5.369 μg/ml 
for human colon cancer cell line HCT -116 (Hamouda et al., 
2019). Apart from these, there has been much important research 
in which the anticancer potential of NPs has been tested, for 
example, Balaraman et al. (2020) evaluated cytotoxic potential of 
AgNPs fabricated form Sargassum myriocystum against the HeLa 
cell line, AgNPs anticancer capability against breast cancer MCF-

7 cell line was tested by Gopu et al. (2020), AuNPs manufactured 
utilizing endophytic fungal strain F. solani ATLOY – 8. AuNPs 
showed excellent anticancer efficiency against human breast 
cancer cells (MCF-7) and cervical cancer cells (He La) (Clarance 
et al., 2020).

Nano-bioremediation
NPs offer a great potential for the remediation of various 

contaminants in the environment, because of their high surface area 
and enhanced reactivity. Significantly, the small size and associated 
capacity for subsurface transport provide opportunities for in situ 
treatment of contaminated sites (Seqqat et al., 2019). For the past 
two decades, researchers have attempted to produce, characterize, 
and apply various nanomaterials to treat organic and inorganic 
contaminants in water and soil. For example, Husain et al. (2019), 
has attempted the green and economic synthesis of AgNPs using 
cyanobacteria (Microchaete NCCU-342) for determination of 
decolorization of azo dye (MR). In this comparative study, dye 
decolorization potential of the synthesized AgNPs was evaluated in 
contrast with cell extract of Microchaete against azo dye MR. The 
decolorization rate of MR (50 mg/l) within 2 hours was 84.60% 
with AgNPs (1 μg/ml) and 49.80% from the extract (80 μg/ml), 
respectively. While no change in color of control (50 mg/l MR and 1 
mM AgNO3). Methylene blue (azo dye) quite toxic for environment 
due to its high scale use and untreated discharge in water bodies. 
To reduce its toxicity and its contaminating effect on humans 
through polluted water, researchers have tried to find different ways 
and material ability to reduction or decolorization of dye. In this 
context, Keskin et al. (2016) studied the dye decolorization ability 
of the biosynthesized AgNPs from cyanobacterial strains against 
organic dye methylene blue. Results revealed approximately 18% 
degradations of methylene blue within 4 hours another azo dye is 
methyl orange also have an accountable toxic effect on environment 
so for the reduction of methyl orange an appreciable work done by 
Selvam and Sivakumar, (2015). In this research, natural light was 
used for catalysis and this was its special feature. Researcher used 
red alga, H. musciformis for the extracellular synthesis of AgNPs. 
The author concluded that biogenic AgNPs were able to degrade 
dyes in the presence of visible light. 

Similarly nondegradable Congo red (an azo dye), is 
an organic compound, of the sodium salt of 3,3′-([1,1′-biphenyl]-
4,4′-diyl) bis (4-aminonaphthalene-1-sulfonic acid) is a major 
pollutant. It is used world widely as colorant in numerous areas. 
It can cause cancer as well as gene mutation so remediation of 
congo red becomes very important. To the consideration of congo 
red reduction green synthesis of AgNPs  using green algae (C. 
serrulata) has attempted. Observations showed that synthesized 
AgNPs were stable and have great catalytic activity against congo 
red (Aboelfetoh et al., 2017). 4-Nitrophenol is an organic compound 
used in many industrial processes. Its extensive use makes 4-NP 
a common pollutant in soil and surface and groundwater. It has 
serious environmental impacts due to its toxicity and mutagenic 
potential to humans and other living organisms (Serrà et al., 2020). 
In this regard, an eco-friendly method employed for the synthesis 
of AgNPs  by a thermophilic mold S. thermophile. Further, catalytic 
activities of the synthesized AgNPs have been explored. AgNPs 
successfully reduced p-nitrophenol to p-aminophenol. Reduction 
of 4-nitrophenol as a viable alternative (Shankar et al., 2020).
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Biosensing
In the field of diagnosis, the biosensors based on 

nanomaterials are on priority due to low cost and rapid outcome 
along with better selectivity and sensitivity. Researchers are trying 
to design new nanomaterial-based biosensors, which can enhance 
the potential of field-deployable microfabricated devices (Su et 
al., 2017). 

In one of the recent investigations, the colorimetric 
sensing of hydrogen peroxide for AgNPs (synthesized using 
Noctiluca scintillans) was evaluated and that is used as an antiseptic 
used in various dermal infections. In this result, the decomposition 
of hydrogen peroxide on AgNPs was observed in which this was 
concluded that catalytic surface was temperature, time, and pH-
dependent (Elgamouz et al., 2020). In addition, Platinum NPs 
synthesized from S. myriocystumare were utilized as a biosensor 
in the detection of adrenaline level in the body. Adrenaline-based 
drug is generally used to treat asthma, heart attacks, and allergies 
(Sharma et al., 2019). In another study, amperometric biosensor 
fabricated for the laccase- and alcohol oxidase based on lead NPs 
were synthesized using extracellular extract of thermotolerant 
yeast Ogataea polymorpha. Out of several green NPs synthesized 
in the study, PdNPs were found to be most effective and were 
further utilized in the construction of alcohol oxidase and laccase-
based amperometric biosensors. Therefore, it appears that gPdNPs 
might be a promising candidate with better efficiency, efficacy, 
and affinities to their substrates (Gayda et al., 2019).

The slow exposure of heavy metals discharged into the 
aquatic environment can cause deteriorated conditions. Therefore, 
remediation of heavy metals has become very crucial, so 
researchers are trying to develop selective and sensitive biosensors 
for heavy metals monitoring. In this context, the efficiency of 
FeNPs was analyzed for the reduction in the amount of Cr(VI), 
a toxic environmental pollutant (Prema et al., 2022). Moreover, 
FeNPs were synthesized using microalga, Chlorococcum sp. 
MM11 and results showed that nano-iron was found to be more 
efficient in removing toxic Cr(VI) than bulk iron (Subramaniyam 
et al., 2015). 

Agrifood sector
The agricultural sector is currently facing many 

problems to provide food without the influence the environment 
with the increasing population due to the excessive and continuous 
release of chemical fertilizers and pesticides, accumulation of 
toxic substances, and deficiency of water holding capacity of the 
soil, resulting decrease of soil fertility, on the other hand, plant 
diseases of agricultural farms are the major biotic constraints 
which eventually affect crop production and food shortages. The 
contamination of microbes and food spoilage are major problems 
in food packaging that directly affect public health due to food-
borne diseases (Mustapha et al., 2022). Therefore, there is a need 
to change traditional methods of food production, processing, and 
replace them with the latest technologies like green nanotechnology 
(Bahrulolum et al., 2021). In this direction, Ahmed et al. (2020) 
designed bioactive silver from natively isolated Bacillus cereus 
strain SZT1 to control bacterial leaf blight disease of rice that is 
mainly caused by Xanthomonas oryzae. To control this pathogen, 
antibacterial assay showed that biosynthesized AgNPs can inhibit 
bacterial growth to a great extent. The inhibitory effect of AgNPs 

was found to be dose-dependent and the largest antibacterial 
activity was observed in AgNPs suspension of 20 μg ml−1, which 
gives a maximum zone of inhibition (25.11 ± 0.35 mm). Further, 
the pot experiment explained that AgNPs were found to be 
effective weapons for bacterial leaf blight disease by enhancing 
the plant biomass and by decreasing the concentration of ROS 
inside the cells along with a significant increase in the antioxidant 
enzyme activity. Additionally, Amin (2020) synthesized AgNPs  
as a safe and cost-effective pesticide using Ulva lactuca, a green 
alga. Biosynthesized AgNPs were effective against different 
microbes causing diseases in agricultural crops. Besides this, 
Cryptococcus laurentii and Rhodotorula glutinis, two yeast strains 
were also used for biogenic AgNPs by Fernández et al. (2016). 
The antifungal activity of the developed AgNPs was evaluated 
on the phytopathogenic fungi such as B. cinerea, P. expansum, 
A. niger, Alternaria sp. and Rhizopus sp., the common producers 
of postharvest diseases in pome fruits. This was observed 
that biofabricated NPs were more effective in controlling and 
diminishing the growth of pathogenic fungi than the chemically 
synthesized NPs.

Drug delivery
Microbe-assisted NPs’ synthesis and their application 

in drug delivery and biomedical sector have drawn attention 
worldwide. Nanomaterial fabricated using microbes has higher 
toxic metal tolerance and therefore provides a suitable application 
in the field of biomineralization and bioremediation. Moreover, 
application revealed the disease diagnosis and a better therapeutic 
agent. Numerous primary and secondary metabolites like 
enzymes, organic acids, flavonoids, polysaccharides, and amino 
acids are produced because of microbial growth, that facilitate the 
fabrication of nanomaterials as a capping/reducing agent. Due to 
the above-mentioned properties, microbe-mediated eco-friendly 
green synthesis of NPs may pave the way for biocompatible 
and bioavailable effective sources of drug delivery system in 
pharmaceutical sectors (Sachin and Karn, 2021). Another research 
describes that metal NPs are enhancing the drug index by limiting 
multidrug resistance through site specificity and efficient delivery 
of therapeutic agents. Moreover, metal NPs are better utilized 
in the development of diagnostics and the production of better 
nutraceuticals and other improved biocompatible materials. The 
green synthesis of metal NPs is used in increasing the half-life 
and stability of drug carrier in circulation, better drug targeting 
into the suitable target site as well as an increase in required 
biodistribution (Chandrakala et al., 2022). Several previous 
investigations describe the use of metal NPs in regenerative 
medicine and tissue engineering also. The replacements of organs 
and functional tissues require a higher control over biological 
consequences and that requires delivery of bioactive agents like 
growth factors, cytokines, inhibitors, and chemokines. NP-based 
systems facilitate the controlled delivery of bioactive agents and 
growth factors (Fathi-Achachelouei et al., 2019).

As researchers, we cannot ignore the toxic effects of 
metal NPs in the environment either synthesized by a chemical 
or biological method. There is bioaccumulation and release of 
numerous NPs in the environment that leads to toxic effects on 
humans, animals, other communities, and their surroundings. 
Therefore, it is very crucial and important to study the interaction 
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of different types of metal NPs with biological systems and 
their level of toxicity for human and animal health. A recent 
investigation illuminates this issue in the name of nanotoxicology 
(Sarkar et al., 2014). As for as the level of toxicity is concerned, 
the green synthesized metal NPs has a significantly lower adverse 
effect on the environment.

The excessive synthesis and enhanced production 
of metal/non-metal-based NPs results in higher exposure 
to the environment and humans that ultimately leads to 
increase in metal toxicity. This was observed that NPs are 
being accumulated in different body parts such as liver, heart, 
kidney, and spleen due to inhalation, skin contact, and indirect 
ingestion. This was also investigated that NP exposure induces 
the release of ROS as free radicals, causing symptoms like 
inflammation, oxidative stress, and damage to protein, DNA, 
and cell membranes (Sengul and Asmatulu, 2020). In another 
investigation the impact of NP exposure was obtained in terms 
of loss of tubular architecture, degenerative changes in the 
glomeruli, interrupted tubular basal laminae, and loss of brush 
border too after histopathological examination (Nosrati et al., 
2021). This review therefore illuminates the issue of application 
and exposure of NPs also either synthesized by green synthesis 
or chemical method.

CONCLUSION
The purpose of this review is not only a compilation of 

investigations and results but also insights into the efficiency and 
execution of biosynthesis of NPs from microbial cells, biomass, 
cell extract, supernatant, and other associated microbial parts. For 
example, a very restricted or no report is associated with the NP 
biosynthesis from cyanobacterial media supernatant. Moreover, 
NPs are being used extensively in every field, so it is very necessary 
to develop a method for NP synthesis which has minimum impact 
on environment and organisms. In this context, the green method of 
NP synthesis is proving to be very useful as no harmful chemicals 
are used as stabilizing and reducing agents in this method. The 
synthesis of microorganisms NPs is being explored by many 
researchers under green synthesis. Several research works have 
shown that prokaryotic and eukaryotic microorganisms are better 
choices for manufacturing nanomaterials in place of chemical or 
physical synthesis. In this review, we have attempted to enlighten 
several research works related to the synthesis of microbe-based 
NPs and their applications in various fields along with the future 
necessity. This review may be helpful to peer researchers who 
have an interest in green synthesis of NP or wish to conduct 
research into the applicability of NPs. There are many species of 
prokaryotic and eukaryotic microorganisms such as acidophiles, 
alkaliphiles, firmicutes, helminths, and protozoans, which have 
not received much work in the field of NP synthesis, so there is 
great potential to explore them. At the same time, there are many 
aspects like pH, temperature, concentration of reactants, and 
extensive analysis of capping agents that need to be studied with 
elaborations. Synthesis of AgNPs  by green root has been studied 
repeatedly but the study of other metal NPs is also important in 
favor of environment and human health. 
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