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Abstract

“Actinobacteria” are of significant economic value to mankind since agriculture 
and forestry depend on their soil system contribution. The organic stuff of deceased 
creatures is broken down into soil, and plants are able to take the molecule up 
again. Actinobacteria can be used for sustainable agriculture as biofertilizers for the 
improvement of plant growth or soil health by promoting different plant growth 
attributes, such as phosphorus and potassium solubilization, production of iron-
chelating compounds, phytohormones, and biological nitrogen attachment even 
under the circumstances of natural and abiotic stress. Nanotechnology has received 
considerable interest in recent years due to its predicted impacts on several key 
fields such as health, energy, electronics, and the space industries. Actinobacterial 
biosynthesis of nanoparticles is a dependable, environmentally benign, and signifi-
cant element toward green chemistry, which links together microbial biotechnology 
and nanobiology. Actinobacterial-produced antibiotics are common in nearly all of 
the medical treatments, and they are also recognized to aid in the biosynthesis of 
excellent surface and size properties of nanoparticles. Bioremediation using micro-
organisms is relatively safe and more efficient. Actinobacteria use carbon toxins to 
synthesize economically viable antibiotics, enzymes, and proteins as well. These 
bacteria are the leading microbial phyla that are beneficial for deterioration and 
transformation of organic and metal substrates.

Keywords: Actinobacteria, Streptomyces, PGPR, agriculture, nanoparticles, 
bioremediation

1. Introduction

One of the largest taxonomic groups of bacteria, Actinobacteria, are gener-
ally gram-positive with high Guanine + Cytosine (G + C) content (usually 
around 70%), a common marker in bacterial systematics [1, 2]. They are uni-
cellular, filamentous, spore-forming, motile, or nonmotile and can be aerobic 
or anaerobic in nature [3]. The morphological structure ranges from coccoid 
(Micrococcus) and rod-coccoid (Arthrobacter) to fragmenting hyphal forms 
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(Nocardia) and branched mycelium (Streptomyces) [4]. In culture media, acti-
nobacterial colonies have a powdery consistency and adhere tightly to the agar 
surface, forming hyphae and conidia/sporangia-like fungi on (aerial mycelium) 
or under (substrate mycelium) the agar surface [2, 5]. Found in a plethora of 
environment, including terrestrial and aquatic (both marine and freshwater), 
they share features of both the bacteria (chromosomes organized in a nucleoid 
and cell wall made of peptidoglycan) as well as fungi (presence of mycelium) 
[1, 2, 6]. Actinobacteria possess high ecological significance with an immense 
ability to produce organic acids, fix nitrogen from the atmosphere, and impart 
an essential role in the decomposition of organic compounds including cellulose 
and chitin, thus contributing to organic matter turnover and the carbon cycle. 
This further renews the supply of nutrients in the soil and forms humus [2, 3]. 
They play a crucial role not only in agriculture but also in the clinical and phar-
maceutical industry [7]. Antibiotics, antifungals, enzymes, enzyme inhibitors, 
antivirals, antioxidants, anticholesterol, antiprotozoal, anticancer, and immu-
nosuppressant are few of the beneficial secondary metabolites with therapeutic 
implications produced by Actinobacteria [1, 6, 7]. Some of the important genera 
of Actinobacteria found in soil are Actinoplanes, Micromonospora, Nocardia, 
Streptomyces, and Streptosporangium [2], and found as plant or animal pathogens 
are Corynebacterium, Mycobacterium, or Nocardia [1].

2. Types of Actinobacteria

Actinobacteria, along with normal environments, can thrive in extreme envi-
ronments like acidic/alkaline pH, low/high temperatures, high salt concentration, 
high level of radiation, low moisture content, and nutrients [2]. Based on the above 
environmental conditions, the different types of Actinobacteria along with their 
ecological significance have been summarized in Table 1.

Considering capabilities of Actinobacteria (Table 1), they can potentially be 
exploited as a candidate for agriculture and environmental biotechnology.

Types of 

Actinobacteria

Ecological significance Important genera References

Thermophilic • Used in composting, 
antimicrobial activity, and 
plant growth promotion 
and in the production of 
polyester-hydrolyzing 
enzymes.

• Responsible for causing 
severe respiratory diseases 
such as Farmer’s lung and 
bagassosis.

• Amycolatopsis, 

Cellulosimicrobium, 

Micrococcus, Micromonospora, 

Planomonospora, 

Saccharopolyspora, 

Streptomyces, Thermobifida, 

and Thermomonospora.

• Saccharopolyspora rectivirgula, 

S. viridis, Thermoactinomyces 

viridis, and T. vulgaris.

[4, 5]

Acidophilic • Exhibit strong antagonistic 
effect toward multiple 
fungal root pathogens (for 
example, inhibit the rice 
pathogenic fungi Fusarium 

moniliforme and Rhizoctonia 

solani), phosphate solubili-
zation activity, and produce 
siderophores.

• Actinospica, Catenulispora, and 
Streptomyces acidiphilus.

[8]
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Types of 

Actinobacteria

Ecological significance Important genera References

Halophilic • Produce vital metabolites 
and enzymes (amylase, 
cellulase, lipase, and 
protease) with respect to 
stress response.

• Actinomycete, Actinokineospora, 
Actinopolyspora, 
Dactylosporangium, 

Halothermothrix orenii, 
Marinophilus, Microbacterium, 

Micrococcus, Microtetraspora, 
Mycobacterium, Nocardiopsis, 
Rhodococcus, Saccharopolyspora, 
Salinispora, Streptomyces, and 
Streptoverticillium.

[9]

Endophytic • Protect and guard the host 
plants against insects and 
diseases.

• Produce secondary metabo-
lites such as alkaloids, 
polyketides, terpenes, and 
terpenoids benzopyrones, 
quinones, peptides and 
fatty acids derivatives, 
which are of therapeutic 
importance.

• Actinomadura, Actinopolyspora, 

Brevibacterium, 

Kibdelosporangium, 

Nocardioides, and Streptomyces.

• Aeromicrobium, Kitasatospora, 

Microbispora, Micromonospora, 

Nocardia caishijiensis, and 
Pseudonocardia, carboxydiv-

orans, Streptomyces, and 
Verrucosispora maris.

[2, 6]

Symbiotic • Form nitrogen-reducing 
(NIR) vesicles in actinorhi-
zal plants, aid in nitrogen 
fixation, and facilitate early 
colonization of plants dur-
ing primary succession.

• Inhibit higher plants and 
cause diseases such as 
potato scab and responsible 
for ratoon stunting disease 
in sugarcane. Infect xylem 
and responsible for plant 
wilting in alfalfa, corn, 
tomato, and potato. Cause 
leafy gall syndrome in 
dicotyledonous, herbaceous 
plants.

• Frankia

• Streptomyces scabies

• Leifsonia xyli.

• Clavibacter michiganensis.

• Rhodococcus fascians.

[2, 10]

Endosymbiotic • Produce bioactive 
compounds or plant growth 
regulators (PGRs) and 
protect crops from fungal 
infection.

• Associate with marine 
sponges and serve as a 
promising source of novel 
antibiotic leads.

• Streptomyces griseoviridis.

• Arthrobacter, Brachybacterium, 
Brevibacterium, 
Corynebacterium, 
Dietzia, Microbacterium, 
Micrococcus, Micromonospora, 
Mycobacterium, Nocardiopsis, 
Rhodococcus, Rubrobacter, 
Salinispora, and Streptomyces.

[2, 11, 12]

Gut • Detoxify certain com-
pounds, supply nutrients 
and vitamins, enhance 
growth performance, digest 
complex food sources, and 
provide protection against 
pathogenic

• Rhodococcus rhodnii, 
Coriobacteriaceae, 
Bifidobacterium, Streptomyces, 
and Micromonospora.

[2, 10]

Table 1. 
Types of Actinobacteria and their relevant functions.
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3. Applications of Actinobacteria

3.1 Applications of Actinobacteria in agriculture

Overuse of agrochemicals has led to significant deterioration in soil fertility and 
threatens to deprive a major population of essential food sources. This necessitates 
the need to implement natural methods for sustaining as well as developing our pre-
cious agricultural areas. Actinobacteria, a naturally occurring microorganism in the 
bulk soil or rhizospheric soil has caught the attention of almost all the researchers. 
Due to their extraordinary properties compared to other microbes, they are benefi-
cial for improving the soil quality, enhancing plant growth, and thereby contribut-
ing toward the “Green Revolution” [2].

3.1.1 Actinobacteria as plant growth-promoting Rhizobacteria (PGPR)

Actinobacteria are ubiquitously present in soil with an average count of 5 × 
1010–6 × 1010 CFU/gm of soil [13]. They are usually found as dormant spores and 
develop into mycelial forms only in favorable environmental conditions [13]. 
As the soil depth increases, their population expands but only up to horizon C 
(regolith) [14]. Some of the important genera of Actinobacteria found in soil are 
Streptomyces, Nocardia, Micromonospora, Actinoplanes, and Streptosporangium, 
wherein Streptomyces alone can contribute to nearly 70% of the population [2]. 
Actinobacteria like other plant growth-promoting rhizobacteria (PGPR) can 
enhance plant growth either directly or indirectly (Figure 1) [14].

3.1.1.1 Role as biofertilizer

The three essential nutrients required by the plants for their proper growth are 
nitrogen, phosphorus, and potassium (NPK). These requirements are fulfilled by 
different soil microbes—Actinobacteria being the chief contender. NPK is required 
by plants for the synthesis of several macromolecules, biosynthesis of ATP, photo-
synthesis, and other cellular processes.

3.1.1.1.1 Nitrogen fixation

Nitrogen is a highly inert gas and has to be converted into readily bioavail-
able forms like ammonia, nitrates, or nitrites. This is attained through the 
process known as nitrogen fixation. Actinobacteria have been recognized to 
fix atmospheric nitrogen either symbiotically or under free-living conditions 
(Table 2). Two important genes required for this process are nif and nod genes. 
The nif gene encodes nitrogenase enzyme which is required for nitrogen-fixing 
(N-fixing) and the nod gene encodes Nod factors which are responsible for 
nodule formation [16]. Chemoattractant signals elicited by hosts lead to sequen-
tial events – attachment of bacteria to the root hair of host plants, curling of 
root hair, formation of infection thread, and bacterial establishment into the 
nodules [17].

Some endophytic Actinobacteria like Arthrobacter, Agromyces sp. ORS 1437, 
Microbacterium FS-01, Mycobacteria, and Propionibacteria can also fix nitrogen 
[14, 18]. With the advancement of molecular studies, several nifH-containing 
Actinobacteria (other than Frankia sp) as well as non-Frankia Actinomycetes 
like Gordonibacter pamelaecae, Rothia mucilaginosa, and Slackia exigua have been 
discovered leaving behind questions about diazotrophic origin and emergence 
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among Actinobacteria [1, 15]. Apart from this, Actinobacteria also forms sym-
biotic association with mycorrhiza by promoting hyphal elongation of symbiotic 
fungi. An example of such a symbiosis is found on the roots of sorghum and clover 
associated with Streptomyces coelicolor and Streptomyces sp. MCR9 and MCR24, 
respectively [14].

3.1.1.1.2 Phosphate solubilization

Phosphorus (P) is generally present in the soil in insoluble form and hence 
cannot be taken up by the plants for their nourishment. Not all the P provided by 
agrochemicals are utilized by plants. Unused soluble forms of P are fixed in the 
process with the aid of large quantities of cations (Zn2+, Ca2+, Al3+, and Fe3+). This 
in turn may result in eutrophication and depleted soil fertility [19]. Phosphorus-
solubilizing microbes like Actinobacteria is an eco-friendly substitute to this, 

Figure 1. 
Flow chart representing PGPR activity of Actinobacteria through direct and indirect methods.

N-fixing 

Actinobacteria

Association with plants References

Corynebacterium sp. 
AN1

Promotes the growth of maize crop by relegating the level of 
acetylene.

[1]

Pseudonocardia 

dioxanivorans CB1190
Fixes dinitrogen symbionts. The only source of carbon and 
energy is 1,4-dioxane.

[1]

Streptomyces sp. Provides nitrogen source as well as protects the leguminous 
plants like pea from pathogens.

[1, 15]

Frankia Fixes nitrogen either under free-living conditions or 
symbiotically via actinonodules in higher non-leguminous 
plants like Alnus, Casuarina, and Hippophae.

[1, 14]

Micromonospora Fixes nitrogen symbiotically via actinonodules in trees and 
shrubs.

[1]

Table 2. 
N-fixing Actinobacteria and associated plants.
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since they provide soluble P constantly due to their steady degrading activities. 
Two known mechanisms used by them are as follows:i) they secrete extracellular 
enzyme phytases which degrade phytate and ii) they create acidic environ-
ment near the rhizosphere by releasing various acids such as citric, gluconic, 
malic, oxalic, propionic, and succinic acids which solubilize the insoluble forms. 
Characteristic examples include Arthrobacter, Gordonia, Kitasatospora, Kocuria kris-
tinae IARI-HHS2–64, Micrococcus, Micromonospora sp., Micromonospora aurantiaca, 
Micromonospora endolithica, Rhodococcus, Streptomyces sp., Streptomyces griseus, and 
Thermobifida [14, 15, 18, 20].

3.1.1.1.3 Potassium solubilization

Just like phosphorus, potassium (K) is also present in insoluble form in the 
soil and can be solubilized with the help of potassium-solubilizing microbes like 
Actinobacteria. The mechanisms implemented by them areas follows: (i) exchange 
and complexation reaction; (ii) production of organic acid which is subsequently 
followed by acidolysis; and (iii) chelation. Characteristic examples include 
Arthrobacter sp., Microbacterium FS-01, Streptomyces sp. KNC-2, and Streptomyces 
sp. TNC-1 [15, 18].

3.1.1.2 Production of phytohormones

Phytohormones like auxins (indole-acetic acid, IAA), gibberellins (GA3), and 
cytokinins are responsible for increasing the branching of root hair and widening 
the surface area, allowing the plants to take up more nutrients for their growth. 
Several Actinobacteria are responsible for the production of such phytohormones 
which have been listed in Table 3.

3.1.1.3 Role as biocontrol agents (BCAs)

Biological control simply means suppression of plant pathogens by other living 
organisms and controlling a variety of diseases. The microbial biocontrol agents 
(MBCAs) are target-specific with minimal impact on the rest of the plant popula-
tion. They can sustain their effect for a longer duration and promote plant growth 
in an eco-friendly manner. MBCAs like Actinobacteria produce multifarious 
substances such as antibiotics, siderophores, hydrolytic enzymes, hydrogen cyanide 
(HCN), and other volatile organic compounds (VOCs) and guard the plants from 
the attacking phytopathogens via antagonistic effect [2, 22, 23].

3.1.1.3.1 Production of antibiotics

Streptothricin became the first antibiotic obtained from Streptomyces in the year 
1942, and in 1944, Streptomycin was discovered. Since then, this microbe has been 
exploited for the discovery of many novel antibiotics [20]. Today Streptomyces alone 
contribute to two-third of the world’s antibiotic production due to its extra-large 
DNA complement [2]. Antibiosis is enabled by the production of several groups 
of antibiotics ranging from aminoglycosides (streptomycin and kanamycin), 
ansamycins (rifampin), anthracyclines (doxorubicin), β-lactams (cephalosporins), 
macrolides (erythromycin and oleandomycin), and polyene (nystatin and levorin) 
to tetracycline [2, 15]. Some of them have been listed in Table 4.

Some Actinobacteria can produce a combination of antibiotics. For 
example, Streptomyces violaceusniger YCED9 produces three antifungal com-
pounds—nigrecine, geldanamycin, and guanidyl fingine to keep a stringent 
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check on the attacking pathogen [1]. Other antibiotic producers belonging to 
Actinobacteria are Actinoplanes (purpuromycins), Microbispora (microbiaera-
tin), Micromonospora (clostomicins), Nocardia (nocathiacins), and Nocardiopsis 
(thiopeptide antibiotic) [21].

3.1.1.3.2 Production of siderophores

Iron (Fe) is present in their insoluble forms, hydroxides, and oxyhydroxides in 
the soil which is unavailable to both the plants and the microbes. In order to cope 
with Fe deficiency, microbes started producing small-molecular-weight compounds 
called siderophores which are a specific carrier of ferric ions (Fe3+). In addition to 
fulfilling the nutrient requirement for plant growth, the siderophores also act as 
BCA. They sequester (chelate) iron, form complexes with iron in a 1:1 ratio, create 
a competitive surrounding for pathogenic microorganisms, and remove the low-
affinity siderophores of the pathogens. The process involves conversion of Fe3+ ions 
(insoluble form) to ferrous (Fe2+) ions (soluble form) with the assistance of esterase 
enzymes. The Fe2+ ions are then released into the cells with the help of ATPase 
activity/proton motive force (PMF). For instance, Streptomyces protect against 
Fusarium oxysporum f. sp. ciceri under wilt sick field conditions on chickpea [14, 21]. 
Streptomyces sp. CMU.MH021 produces hydroxamate siderophores as well as IAA 
and slows down the hatching rate of eggs of nematode pathogens like Meloidogyne 
incognita [15]. Heterobactin siderophore of Rhodococcus and Nocardia; coelichelin 
and coelibactin peptide siderophores of Streptomyces coelicolor; enterobactin of 
Streptomyces tendae; oxachelin of Streptomyces sp. GW9/1258; erythrobactin, a 
hydroxamate-type siderophore of Saccharopolyspora erythraea SGT2; nocardamine, 
a cyclic siderophore of Citricoccus sp. KMM3890; desferrioxamine (DFO) B and E of 
Salinispora; tsukubachelin, a siderophore of Streptomyces sp. TM-34; foroxymithine 
of Streptomyces sp.; and amychelin, an uncommon mixed-ligand siderophore of 
Amycolatopsis sp. AA4 that modifies the developmental processes of Streptomycetes 

Actinobacteria Phytohormones Role

Nocardiopsis, Streptomyces 

atrovirens,
S. olivaceoviridis, S. rimosus, 
S. rochei, and S. viridis.

IAA Enhances the germination of seed, 
elongation of root as well as growth.

S. atroolivaceus IAA Promotes cell differentiation, hyphal 
elongation, and sporulation.

S. purpurascens NBRC 13077 IAA (low level) Regulates the expression of biosynthetic 
gene, rhodomycin.

S. hygroscopicus TP_A045 Pteridic acids A and B 
(metabolites that exhibit 
auxin- like activity)

Promotes root elongation in common 
beans.

Actinomyces sp., Arthrobacter, 
Micrococcus, Nocardia sp., 
and Streptomyces sp.

GA3 Extends the tissues of stem leading to 
alteration in plant morphology and raises 
the height of the plant, overall biomass, 
and grain in common beans.

Arthrobacter, Frankia sp., 
Leifsonia soli, Rhodococcus 

fascians, and S. turgidiscabies

Cytokinins Promotes cell division and enlargement 
and transfers signals from roots to 
shoots under environmental stresses, for 
example, in soybean.

Table 3. 
Actinobacteria-producing phytohormones [14, 21].
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surrounding them are some of the few examples of siderophores produced by 
Actinobacteria [14, 21, 26].

3.1.1.3.3 Production of hydrogen cyanide (HCN)

Hydrogen cyanide (HCN) acts as another BCA and inhibits the phytopathogens 
by hampering the respiratory electron transport chain system. Moreover, the 
production of HCN also boosts up other mineral solubilization like phosphorus, 
improving the quality of the soil and hence crop production. Arthrobacter and 
Streptomyces are capable of producing HCN. Streptomyces sp. from roots of Solanum 
nigrum inhibit fungal disease—root rot and damping-off of tomato caused by 
Fusarium oxysporum f. sp. radicis lycopersici [15, 27].

Antibiotics Actinobacteria Role References

Antibacterial and 
antifungal elements

Streptomyces sp. Inhibits the growth of Rhizoctonia 

solani, a fungal pathogen of tomato.
[15]

Antifungal metabolite 
polyoxin B

S. cacaoi var. asoensis Inhibits fungal pathogens in fruit, 
vegetables, and ornamental plants 
by interfering with fungal cell wall 
formation and inhibition of chitin 
synthase enzyme.

[20]

Antifungal metabolite 
polyoxin D

S. cacaoi var. asoensis Inhibits rice sheath blight caused 
by R. solani.

[20]

Avermectins (a class of 
macrocyclic lactones)

S. avermitilis Protects the host plant from 
nematode pathogens like 
Meloidogyne incognita and 
Caenorhabditis elegans.

[15]

Germicidin and 
hypnosin

S. alboniger Inhibits spore germination. [21]

Geldanamycin and 
elixophyllin

S. hygroscopicus Suppresses Rhizoctonia root rot 
of pea.

[21]

Kasugamycin S. kasugaensis Exhibits antagonistic effect against 
fungal pathogen Magnaporthe 

oryzae and inhibits rice blast.

[24]

Mildiomycin Streptoverticillium 

rimofaciens

Inhibits powdery mildews on 
various crops.

[5]

Naphthoquinone Streptomyces sp. Protects the host plant Alnus 

glutinosa from many bacterial and 
fungal pathogens.

[15]

Polyketides Streptomyces sp. 
AP-123

Exhibits toxic effects on Helicoverpa 

armigera and Spodoptera litura 
larvae.

[20]

Polyene-like compounds 
related to guanidyl-
containing macrocyclic 
lactones

Streptomyces sp. Exhibits anti-Fusarium activity 
(AFA) against Fusarium oxysporum.

[21]

Streptomycin Streptomyces sp. Inhibits fire blight of pear caused 
by Erwinia amylovora (a pome fruit 
pathogen).

[25]

Table 4. 
Antibiotic-producing Streptomyces along with their inhibitory role.
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3.1.1.3.4 Production of lytic enzymes

The cell walls of most of the phytopathogens are composed of chitin, glucan, 
cellulose, hemicellulose, lignins, pectins, proteins, keratins, xylans, dextrans, 
and lipids. The soil microbes can target the cell wall through the specific enzymes 
produced by them and thus inhibit the growth of these pathogens. Several enzymes 
produced by Actinobacteria are amylases, cellulases, chitinases, dextranases, 
glucanases, hemicellulases, keratinases, ligninases, lipases, nucleases, pectinases, 
peptidases, peroxidases, proteinases, and xylanases [14]. Some of them have been 
listed in Table 5.

The extracellular enzymes show an enhanced effect when used synergistically 
with the antibiotics. For example, antibiotics along with enzyme chitinase produced 
by S. lydicus WYEC108 works synergistically against pathogen Pythium ultimum 
which is responsible for causing fungal root and seed diseases [20].

3.1.1.3.5 Production of volatile organic compounds (VOCs)

Actinomycetes are known to produce geosmin. These volatile organic com-
pounds result in the characteristic odor of the soil and at times also translate into 
an earthly taste of potable water. Besides imparting odor and taste, these actino-
mycetes-derived VOCs are also known to have biocontrol attributes [5]. The very 
ability to diffuse comfortably through soil particles and damage pathogens makes 
it a potent and sustainable alternative for agrochemicals. For instance, germination 
of Botrytis cinerea and Penicillium chrysogenum spores are inhibited by Streptomyces 
coelicolor. Moreover, VOCs from S. globisporus and S. philanthi have shown activity 
against Botrytis cinerea and Fusarium moniliforme, respectively. Pathogen-causing 
downy blight in litchi—Peronophythora litchii, can also be actively targeted by VOCs 
from S. fimicarius [15]. Another VOC, methyl vinyl ketone from S. griseoruber has 
been reported to inhibit Cladosporium cladosporioides spore germination [20].

3.1.1.4 Role as stress reliever

It is the genetic makeup of the plant which decides the productivity and their 
ability to adapt resistance against various abiotic stresses and phytopathogens [15]. 
Plants have adapted certain mechanisms like the induced systemic resistance (ISR) 
and systemic acquired resistance (SAR). Upon arrival of stressful conditions, plants 
start synthesizing elevated levels of stress-responsive hormone—ethylene (ET) 
that causes premature death of plants. 1-aminocyclopropane-1-carboxylate (ACC) 
is the precursor of ethylene hormone. Actinobacteria have the capability to survive 
in different types of biotic and abiotic stress factors, such as drought, extreme 
temperatures, floods, and salinity, but the plants might get affected, resulting in 
the low production of crops [14]. To enhance the plant growth, tolerant strains like 
Actinobacteria are inoculated. Amycolatopsis, Mycobacterium, Nocardia, Rhodococcus, 
and Streptomyces produce a specific enzyme 1-aminocyclopropane-1-carboxylate 
(ACC) deaminase to target ACC and convert it into ammonia and α-ketobutyrate. 
Some of the strategies adopted by Streptomyces padanus for drought tolerance 
involve accumulation of callose, cell wall lignification, and stimulation of high 
levels of osmotic pressure of plant cells [14].

For instance, under the onset of saline conditions, Streptomyces sp. enhances 
the growth of maize and wheat. It has been found that under in vitro conditions 
of high concentration of NaCl, Arabidopsis seedlings showed enhanced growth of 
biomass and lateral roots when inoculated with Streptomyces sp. [14]. It has also 
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been revealed that Streptomyces sp. produces the enzyme ACC deaminase which in 
turn resulted in an increase in the level of calcium and potassium and allows the 
plant Oryza sativa to survive under the saline conditions. In addition, siderophore 
production and other PGP traits enable them to resist heavy metal toxicity [15]. 
S. coelicolor and S. olivaceus are examples of drought-tolerant species and have a 
tremendous plant growth-enhancing capacity. Citricoccus zhacaiensis promotes 
germination rate and plant growth as well as produces different enzymes and 
hormones like phosphate-solubilizing enzymes, ACC deaminase, IAA, and GA3 to 
cope up with the high osmotic pressure conditions [15].

3.2 Applications of Actinobacteria in nanotechnology

Nanotechnology research is among the most rapidly developing scientific and 
technological fields [28]. It is a transdisciplinary field which has an impact in the 
domains of agriculture, medicine, and industry [29]. Nanotechnology allows us to 
produce nanoparticles with specific properties for use in a wide range of applica-
tions [30]. Integration of nanotechnology with biotechnology has evolved as a new 

Enzymes Actinobacteria Comments References

L-asparaginase Nocardia sp, Streptomyces 

karnatakensis, S. albidoflavus, 
and S. griseus

— [2]

β-1,3; β-1,4; and 
β-1,6glucanases

Actinoplanes philippinensis, A. 

campanulatus, Microbispora 

rosea, Micromonospora 

chalcea, Streptomyces 

griseoloalbus, and S. spiralis.

Inhibit Pythium 

aphanidermatum and 
Phytophthora fragariae, causal 
agent of damping-off disease in 
seedlings of cucumber (Cucumis 

sativus L.) and raspberry.

[15, 20]

Proteases Streptomyces sp. strain A6 Manages anthracnose on tomato 
fruits and inhibits diseases 
associated with Fusarium udum.

[20]

Keratinase Nocardiopsis sp. SD5 Degrades the poultry chicken 
feather.

[2]

Chitinase and 
glucanase

S. cavourensis SY224 Manages anthracnose in pepper. [20]

Chitinase S. plymuthica C48
S. violaceusniger XL-2

• Inhibits spore germination of 
Botrytis cinerea.

• Suppresses wood-rotting 
fungi.

[20]

Chitinases, 
glucanases, 
cellulases, lipases, 
and proteases

Streptomyces sp. 9P • Inhibits Alternaria brassicae 
infecting plants of Brassica 
species.

• Inhibits Colletotrichum gloeo-

sporioides, infecting perennial 
plants.

• Inhibits Rhizoctonia solani, a 
phytopathogen with a wide 
host range.

• Inhibits Phytophthora capsici, 
infecting commercial crops 
like peppers.

[15]

Table 5. 
Lytic enzymes produced by Actinobacteria and their inhibitory effect.
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biosynthetic and environment-friendly approach for the production of nanomateri-
als [31]. Nanoparticles have received a lot of attention recently because of their 
unique qualities, and they are being employed in a lot of different fields like phar-
maceuticals, nanoengineering, drug delivery, nanoantibiotics, catalysis, electronics, 
sensor creation, and other areas [30, 32]. There are two techniques which are used 
for the synthesis of nanoparticles: (1) the top-down technique, which involves 
breaking down bulk materials into nanosized materials and (2) the bottom-up tech-
nique, which involves assembling the atoms and molecules into molecular structures 
in the nanoscale range [33, 34]. The top-down technique is quite expensive, and 
it also produces exceedingly poisonous substances as by-products and consumes 
a lot of energy. As a result, a biological, ecological-friendly strategy for pollution-
free, nontoxic, biodegradable synthesis of technologically relevant nanomaterials 
becomes critical [34].

3.2.1 Biological synthesis of nanoparticles by Actinobacteria

Synthesis of nanoparticles using a biological system is a rapid, efficient, 
economical, nontoxic, and environmental-friendly method. Many researchers 
have investigated the production of desired nanoparticles using Actinobacteria, 
bacteria, microalgae, yeast, viruses, and fungi [30, 35]. The use of microorganisms, 
enzymes, and plant extracts to produce nanoparticles has also been proposed as 
a feasible biological technique [36]. Microorganisms such as Actinobacteria are 
capable of producing nanoparticles which are widely used as novel therapeutics 
such as antimicrobial, anticancer agents, anti-biofouling agents, antifungals, and 
antiparasitic (Figure 2) [37]. Inorganic compounds are produced by Actinobacteria 
either intracellularly or extracellularly, and they are often nanoscale in size and 
morphology. Most harmful heavy metals are resistant to Actinobacteria due to 
chemical detoxification as well as energy-dependent ion efflux from the cell 
through membrane proteins that operate as ATPase, chemiosmotic cation, or proton 
anti-transporters [38, 39]. The main principle behind the synthesis of nanoparticles 
is that actinobacterial enzymes reduce metal ions to stable nanoparticles when pro-
vided with metal ions as substrates. For example, the synthesis of silver nanopar-
ticles (AgNPs) usually uses silver nitrate solution (AgNO3) as a substrate for the 
secreting enzymes, and the substrates used for the production of gold nanoparticles 
(AuNPs) are chloroauric acid solutions (AuCl4). Nanoparticles can also be produced 
with other metals like zinc, copper, and manganese [34]. Actinobacterial detoxi-
fication can occur via extracellular biosorption, precipitation biomineralization, 
or complexation, or through intracellular bioaccumulation [28]. Studies of the 
Arthrobacter and Streptomyces genera as potential nanofactories have been con-
ducted in an effort to discover safe and clean techniques for synthesizing gold and 
silver nanoparticles [2]. There was a wide variety of silver nanoparticle synthesizing 
Actinobacteria, found in the marine environment, with 25 isolates out of 49 gener-
ating silver nanoparticles. The genera of bacteria synthesizing silver nanoparticles 
are Actinopolyspora sp., Kibdelosporangium sp., Nocardiopsis sp., Saccharopolyspora 
sp., Streptomyces sp., Thermoactinomyces sp., and Thermomonospora sp. [2].

3.2.1.1 Intracellular synthesis of actinobacterial nanoparticles

Additional processing procedures, such as ultrasonic treatment or interaction 
with appropriate detergents, are necessary to liberate the intracellularly produced 
nanoparticles. This can be used to recover valuable metals from mine wastes 
and metal leachates. Metal nanoparticles that have been biomatrixed could be 
employed as catalysts in a variety of chemical processes [28, 40]. Gold nanoparticles 
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synthesized by alkalotolerant Actinomycetes, Rhodococcus sp., were characterized 
for the first time by Ahmad et al. [41]. The reduction of zinc sulfate (ZnSO4) and 
manganese sulfate (MnSO4) using Streptomyces sp. HBUM171191 proved to be a 
suitable intracellular method of producing zinc and manganese nanoparticles 
(10–20 nm) [34]. The intracellular synthesis of silver nanoparticles (AgNPs) from 
Aspergillus fumigatus and Streptomyces sp. was compared by Alani et al. The change 
in color from colorless to a light brownish to dark brownish was used by them to 
identify nanoparticle production [42]. Streptomyces sp. (strains: D10, ANS2, HM10 
and MSU) isolated from the Himalayan Mountain ranges were capable of produc-
ing spherical and rod-shaped intracellular gold nanoparticles (AuNPs) while also 
exhibiting antibacterial activity [43].

3.2.1.2 Extracellular synthesis of actinobacterial nanoparticles

The ability of Actinobacteria to synthesize extracellular metal nanoparticles is 
dependent on the location of reductive elements within the cell. It entails the use of 
soluble secretory enzymes or cell wall reductive enzymes that can recognize metal 
ions and reduce them to nanoparticles [44]. A study focused on different actino-
bacterial strains for gold and AgNP production with diverse morphologies and size 
distributions. They discovered that when an alkali thermophilic Thermomonospora 
sp. is exposed to gold chloride, it produces spherical AuNPs with a limited size 
distribution with a diameter of 8 nm [45]. Extracellular AgNPs with a diameter of 
68.33 nm were generated by a soil isolate, Streptomyces sp. JAR, and showed antibac-
terial efficacy against a wide range of fungal and bacterial diseases [46]. The anti-
dermatophytic characteristics of biologically synthesized, cubical shaped AuNPs 
(90 nm size) obtained from the culture extract of Streptomyces sp. VITDDK3 were 
documented, as well as their antifungal activities against Microphyton gypseum and 
Trichophyton rubrum [47]. Other extracellular producers of AgNPs have been identi-
fied as Rhodococcus sp., a metabolically flexible Actinobacteria, and Streptomyces 
glaucus 71MD, a novel actinobacterial strain [48, 49].

Figure 2. 
Applications of biologically synthesized nanoparticle.
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3.2.2 Antibacterial activity of nanoparticles

Nanoparticles produced using a variety of technologies have been applied in 
a variety of in vitro diagnostic procedures [50, 51]. The antibacterial activity of 
gold and silver nanoparticles against human and animal diseases has been widely 
reported [28, 43, 47]. For achieving synergistic effects with biomolecules, the 
antibacterial mechanism of developed nanoparticles is crucial. Actinobacteria, 
primarily the species Streptomyces and Micromonospora, are known to be the source 
of about 80% of the world’s antibiotics [2]. Streptomyces are the primary produc-
ers of antibiotics in the pharmaceutical industry since they produce around 7600 
compounds, many of which are secondary metabolic products that are potent 
antibiotics [52, 53].

The production of reactive oxygen species (ROS) by metal nanoparticles is the 
most common mechanism of cellular toxicity [54]. Gold and silver nanoparticles 
have antibacterial capabilities due to their slow oxidation and release of Ag+ 
and Au3+ ions into the environment, making them suitable biocidal agents [34]. 
Nanoparticles having a large surface area possess high antibacterial capabilities, 
allowing them to make the most contact with the environment possible [55]. By 
disrupting cellular permeability and respiration, metal nanoparticles have proved 
to have good antibacterial capabilities. The positively charged metal ions breach 
the bacterial cell wall by adhering to and breaking the negatively charged bacte-
rial cell wall, causing protein denaturation, DNA replication interference, and 
eventually the organism’s death [56, 57]. Silver nanoparticles induce cell death by 
breaking the plasma membrane or inhibiting respiration by converting the cell 
wall oxygen and sulfhydryl (–SH) groups to RS-SR groups [58, 59]. Streptomyces 
viridogens-derived gold nanoparticles (AuNPs) exhibited remarkable antibacte-
rial efficacy against Staphylococcus aureus and Escherichia coli [43]. The potential 
antibacterial impact of silver nanoparticles synthesized from Streptomyces albido-
flavus using an environmentally benign approach was revealed against several 
gram-positive and gram-negative species. Streptomyces sp. [60]. AgNPs were found 
to be active against the anti-extensive spectrum beta-lactamase-producing strain 
Klebsiella pneumoniae (ATCC 700603), as well as other therapeutically relevant 
pathogens like E. coli and Citrobacter species [34]. Silver nanoparticles (AgNPs) 
from a new Streptomyces sp. BDUKAS10 strain also showed improved bactericidal 
action against some bacteria [61]. Some food microbe pathogens, such as Bacillus 
cereus, E. coli, and S. aureus, were eliminated using AgNPs from Streptomyces 
albogriseolus [34, 62].

3.2.3 Antifungal activity of nanoparticles

In recent years, fungal infections have become increasingly widespread, 
and silver nanoparticles have evolved as prospective antifungal medicines. Due 
to cancer chemotherapy or human immunodeficiency virus infections, fungal 
infections are more typically encountered in immune-deficient patients [28, 63]. 
Gold nanoparticles (AuNPs) produced utilizing a sustainable technique with 
Streptomyces sp. VITDDK3 have good antifungal action against Microsporum 
gypseum and Trichophyton rubrum by causing membrane potential to fluctuate 
and by inhibiting the ATP synthase activity, which causes a general decline in the 
metabolic activities. The vulnerability of the pathogen’s cell wall and the toxicity 
of metallic gold could explain the antidermatophytic activity of the produced 
AuNPs [47]. Fusarium sp. and Aspergillus terreus JAS1 were suppressed by biologi-
cally produced silver nanoparticles made with Streptomyces sp. JAR1 [46]. Silver 
nanoparticles produced from Streptomyces sp. VITBT7 showed inhibitory action 
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against Aspergillus niger and Aspergillus fumigatus (MTCC 3002), whereas silver 
nanoparticles produced from Streptomyces sp. VITPK1 demonstrated promis-
ing antifungal activity against Candida krusei, Candida tropicalis, and Candida 
albicans [30, 64].

3.2.4 Anticancer properties of nanoparticles

Cancer is one of the most common causes of death, accounting for one out 
of every six fatalities in 2018. However, 70% of cancer deaths occur in middle- 
and low-income nations [65]. The most frequent cancer treatment and manage-
ment methods include surgery, chemotherapy, hormone therapy, and radiation 
therapy. However, in recent times, nanotechnology-based therapeutic and 
diagnostic techniques have demonstrated potential for improving cancer treat-
ment [66]. The production of nanoparticles was reported by utilizing a novel 
Nocardiopsis sp. MBRC-1 isolated from marine sediment samples off the coast 
of Busan, South Korea [67]. In vitro cytotoxicity of the biosynthesized AgNPs 
against the human cervical cancer cell line (HeLa) was observed, along with 
high antimicrobial activity against bacteria and fungi [67]. Silver nanoparticles 
synthesized with S. naganishii (MA7) from the Salem area of Tamil Nadu, 
India, were also found to have cytotoxic properties against HeLa cancer cell 
lines [68].

3.2.5 Anti-biofouling properties of nanoparticles

Anti-biofouling is a method of removing biofouling, which occurs when 
bacteria cluster on wetted surfaces, forming biofilms and emitting a foul 
odor. In industries such as medicine, treatment plants, sensor sensitivity, and 
transportation, biofilms cause operational issues. Biofilm accumulations can be 
efficiently prevented or eliminated by utilizing the anti-biofouling characteris-
tics of biosynthesized nanoparticles [69]. According to Shanmugasundaram et 
al., Streptomyces naganishii MA7 biosynthesized spherical, 5–50-nm-sized silver 
nanoparticles that were efficient against 10 different biofouling microorganisms 
in vitro [34, 68].

3.3 Application of Actinobacteria in bioremediation

Heavy metals are natural components of soil, and they work as cofactors in 
a variety of enzymes. Heavy metal pollution of the biosphere has increased as a 
result of industrial evolution, which often becomes hazardous at high concentra-
tions. The discharge of heavy metals from the electroplating industry is one of 
the most significant sources of heavy metal toxicity around the globe [70]. Heavy 
metals such as copper, mercury, chromium, lead, zinc, and cadmium are com-
monly found in the effluents/wastewater generated by the industry. Continuous 
exposure to heavy metals has been linked to infant growth retardation, the onset of 
numerous cancers, and liver and kidney damage. Bioremediation is an efficient and 
sustainable process of reverting a contaminated environment to its original state 
using microbes or their enzymes [71]. In soils, Actinomycetes comprise a significant 
microbial population, and they are also extensively distributed in nature [72]. 
Heavy metal tolerance, as well as metabolic diversity and unique growth properties 
of Actinomycetes, such as mycelium development and relatively quick colonization 
of selected substrates, vindicate their capabilities as excellent bioremediation 
agents [73].
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3.3.1 Bioremediation of toxic heavy metals

3.3.1.1 Copper bioremediation

Copper (Cu) is a vital heavy metal with numerous functions in biological 
systems, such as cellular respiration, pigment formation, connective tissue growth, 
and neurotransmitter generation [74]. Copper becomes hazardous at high concen-
trations [75], causing behavioral and mental problems, renal damage, sickle cell 
anemia, dermatitis, schizophrenia, and nervous system disorders like Parkinson’s 
and Alzheimer’s [76]. Copper has been widely distributed in soil, silt, trash, and 
wastewater as a result of industrial use and discharge, posing significant envi-
ronmental concerns. Streptomyces AB5A [77], Amycolatopsis [78], and Kineococcus 
radiotolerans [79] are some of the Actinobacteria involved in copper bioremedia-
tion. Extracellular cupric reductase activity was found in Streptomyces sp. AB2A. 
In both copper-adapted and non-adapted cells, Amycolatopsis tucumanensis DSM 
45259 displayed effective cupric reductase activity. The copper-specific biosorption 
capacity of A. tucumanensis DSM 45259 was validated by subcellular fractionation 
experiments, which revealed that the retained copper was connected with the extra-
cellular fraction (exopolymer, 40%), but mostly within the cells [80]. Streptomyces 
sp. WW1 identified from the wastewater treatment plant in Saudi Arabia has been 
found to successfully remove copper.

3.3.1.2 Chromium bioremediation

Chromium is most commonly found as chromite (FeCr2O4) in nature. Cr (VI), 
an oxidized form of chromium, is potentially poisonous, induces allergic dermatitis, 
and has carcinogenic, mutagenic, and teratogenic effects on biological organisms 
[81]. Trivalent chromium is 100 times more hazardous and 1000 times more muta-
genic than hexavalent chromium compounds [73]. Das and Chandra [82] were the 
first to document the reduction of Cr (VI) by Streptomyces, while Laxman and More 
[83] were the first to report the reduction of Cr (VI) by Streptomyces griseus [82, 83]. 
Microbacterium, Arthrobacter, and Streptomyces have all been found to reduce Cr 
(VI) [83, 84]. The reduction of Cr (VI) by Streptomyces sp. MC1 bioemulsifiers were 
utilized as a washing agent to improve soil-bound metal desorption [85]. When 
glycerol and urea were employed as sources of carbon and nitrogen, A. tucumanensis 
DSM 45259 generated an emulsifier. Under harsh conditions of pH, temperature, 
and salt content, the bioemulsifiers demonstrated remarkable levels of stability. 
For the remediation of hexavalent chromium compounds, microbial emulsifiers 
based on remediation technologies appear to be more promising. Arthrobacter and 
Amycolatopsis are two actinobacterial genera active in chromium bioremediation 
[86, 87]. Other species involved in chromium bioremediation are Halomonas sp. 
[88], Flexivirga alba [89], Friedmanniella antarctica [90], and Intrasporangium 
chromatireducens [91].

3.3.1.3 Mercury bioremediation

Mercury is a highly hazardous heavy metal that has been associated with 
kidney damage and cardiovascular problems. Mercury pollution is mostly caused 
by discharges from refineries and industries, as well as human activities such as 
the burning of coal and petroleum, the use of mercurial fungicides in agriculture, 
and the use of mercury as a catalyst in industry [92]. Mercury resistance has been 
demonstrated in two Actinomycete strains, CHR3 and CHR28, obtained from 
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metal-contaminated areas in Baltimore’s Inner Harbor, USA [93]. The biomass of 
Streptomyces VITSVK9 was employed for mercury biosorption, and it showed a high 
metal tolerance capacity [94]. TY046-017, a Streptomyces isolated from tin tailings, 
also demonstrated possible tolerance to mercury.

3.3.1.4 Lead bioremediation

Lead is a neurotoxic substance that can build up in both soft and hard tissues, 
causing neurological problems and affecting physical development. Corrosion of 
household plumbing, brass and bronze fittings, and lead-based solders are promi-
nent sources of these contaminants [95]. Metal tolerance was shown in Streptomyces 
VITSVK9 biomass and Streptomyces sp. BN3 which was discovered in Moroccan 
mine waste [96]. The biosorption of heavy metal Pb (II) by Streptomyces VITSVK5 
spp. biomass was concentration- and pH-dependent. Heavy metal tolerance and 
lead buildup were observed in Streptomyces isolated from abandoned Moroccan 
mines [94, 96].

3.3.1.5 Zinc bioremediation

The free zinc ion in solution is extremely harmful to bacteria, plants, inverte-
brates, and even vertebrate fish, although it is less dangerous to humans. In humans, 
zinc toxicity is caused by zinc overload and hazardous overexposure [70]. Three 
strains of Streptomyces NGP (JX843532), Streptomyces albogriseolus (JX843531), and 
Streptomyces variabilis (JX43530) were recovered from a coastal marine soil sample 
in Tamil Nadu, India, and showed high levels of zinc biosorption. Strain WW1 
of Streptomyces sp. obtained from the wastewater treatment plant in Saudi Arabia 
exhibited biosorption of zinc.

3.3.2 Bioremediation of pesticides

Agricultural production is one of the greatest and also most important eco-
nomic activities on earth; thus, protecting it against pest infestations is a must. 
Agricultural runoff contaminates aquatic habitats with numerous residues of 
pollutants such as insecticides. Pesticides and fertilizers pollute local water bodies, 
causing detrimental effects in humans through food and drinking water. Pesticide 
residues have been found in groundwater and drinking water in India and around 
the world, according to several researchers [71, 97].   Yadav et al. [98] published 
a comprehensive review that found long-lasting pesticides in multi-component 
settings. Pesticides such as dichlorodiphenyltrichloroethane (DDT), endosulfan, 
hexachlorocyclohexane (HCH), and parathion methyl were detected in freshwater 
bodies, and several of them were classified as persistent organic pollutants (POPs). 
Since soil provides varied binding sites for these hydrophobic contaminants, the 
preservation of HCH isomers in various soil types inhibits the breakdown process 
[98]. The solubility of pesticides in water, their adsorption by soil particles, and 
their persistence all play a role in their mobility in soil compartments. Since it pro-
vides a multitude of binding sites for organic contaminants, especially hydrophobic 
chemicals, organic matter concentration is a characteristic that defines pesticide 
retention in soil and sediments [99].

A class of synthetic organic compounds known as organochlorine pesticides 
(POs) is composed of chlorine-containing hydrocarbons that have had one or more 
hydrogen atoms exchanged for chlorine atoms. These compounds may also contain 
other elements like oxygen or sulfur. Due to their toxicity, prolonged persistence, 
low biodegradability, widespread availability in the environment, and long-term 
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consequences on wildlife and humans, many insecticides have been phased out 
of usage. Furthermore, their physicochemical qualities combine to allow them to 
traverse great distances [71].

3.3.2.1 Harmful effects of pesticides on human health

Acute intoxication is caused by high dosage of organophosphorus (OP) insec-
ticides. Gastrointestinal discomfort, perspiration, muscle spasms, muscle weak-
ness, bronchospasm, high blood pressure, bradycardia, central nervous system 
depression, and coma are all indications of this type of poisoning. People who have 
been exposed to OP for a long time develop a pesticide-related sickness, which 
can include headaches, dizziness, abdominal discomfort, nausea, blurred vision, 
vomiting, and chest tightness [100]. Insecticides containing carbamates have been 
implicated with the development of respiratory illnesses. Organochlorine (OC)-
based insecticides pose the most serious and dangerous harm. They are difficult 
to degrade because they are lipid-soluble and have a high rate of persistence. 
Infertility, genital malignancies, tumors of the reproductive organs, neurotoxicity, 
and immunotoxicity are among the harmful effects of these chemicals [101].

3.3.2.2 Degradation of pesticides by Actinobacteria

Potential candidates for the degradation of resistant inorganic and organic 
contaminants are Actinobacteria. The most common pesticide-degrading 
Actinobacteria are Arthrobacter, Streptomyces, Janibacter, Kokuria, Rhodococcus, 
Mycobacterium, Nocardia, Frankia, Pseudonocardia, and Mycobacterium (Table 6). 
These bacteria are capable of growing and degrading a variety of pesticide chemi-
cal families, including carbamate (CB), organophosphorus (OP), organochlorine 
(OC), ureas, pyrethroids, and chloroacetanilide, among others [71]. Since members 
of the Arthrobacter genus exhibit diverse catabolic pathways for the detoxification 
of these substances, the majority of which are plasmid-encoded, the genus has been 
recognized as a degrader of several xenobiotics. Because of their dietary flexibility 
and resistance to environmental stress, this genus of microorganisms is found all 
over the world. Arthrobacter sp. AK-YN10 has been found to use plasmid-encoded 
information to degrade atrazine to cyanuric acid [105]. Endosulfan, which is based 
on organochlorines, is detoxified to endosulfan sulfate, which is then eliminated 
metabolically [102]. Atrazine is an effective nitrogen and carbon source for 
Rhodococcus sp. BCH2 [106].

Streptomyces aureus HP-S 01 was found to detoxify deltamethrin to 2-hydroxy-
4-methoxy benzophenone and several other pyrethroids [104]. Streptomyces sp. 
M-7 has been discovered to have multi-pesticide resistance and can detoxify a 
variety of organochlorine pesticides such as aldrin, DDT, chlordecone (CLD), 
heptachlor, and dieldrin [107]. In soil microcosm assays, it may remove up to 
78% gamma-HCH. Streptomyces sp. AC1-6 and ISP-4 can remove diazinon by up 
to 90%. Immobilized cells have various advantages over free suspended cells, 
including increased microbe retention in the reactor, improved cellular viability, 
and cell toxicity prevention, among other things [108]. Microbial and enzyme 
immobilization-mediated bioremediation procedures are more efficient, with a 
higher biodegradation rate [109]. Four distinct matrices were used to immobilize 
Streptomyces strains, either as pure cultures or as part of a consortium (polyvinyl 
alcohol, cloth sachets, silicone tubes, and agar). Immobilized microorganisms 
removed considerably more lindane than free cells. Additionally, the cells might be 
reused twice more before being discarded, lowering the overall cost of the biotech-
nology process [110].
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Microorganism Pesticide Isolation sample References

Arthrobacter sp. Organochlorines 
(α-endosulfan)

Soil from different agricultural fields, 
contaminated by pesticides, India

[102]

Arthrobacter sp. 
BS1,
BS2 and SED1

Urea (diuron) Soil from the interface between a 
vineyard and the Morcille river, France

[103]

Streptomyces 

aureus

HP-S-01

Pyrethroid 
(deltamethrin)

Activated sludge samples from an 
aerobic pyrethroid-manufacturing 
wastewater

[104]

Table 6. 
General characteristics of main genera of pesticide-degrading Actinobacteria.

3.3.3 Bioremediation of petroleum refinery effluent

Petroleum is a heterogenous mixture of hydrocarbons and resins which contains 
toluene, benzopyrene, benzene, and naphthalene. The majority of them are stable 
and poisonous and can cause cancer [111]. Bacteria and Actinobacteria (Table 7) 
are both excellent options for microbial oil recovery. Natural attenuation processes 
and biodegradation are being used to bioremediate petroleum-contaminated soil. 
For petroleum refinery effluent, bioaugmentation and compositing are effective 
remediation strategies [121]. However, because of the negative effects of the envi-
ronment on microbial life, such as disintegration of cell membranes, denaturation 
of enzymes, poor solubility of oxygen, low solubility of hydrocarbons, and desic-
cation, employing Actinobacteria is limited [122]. Pseudomonas sp. and Azotobacter 
vinelandii are known to decompose petroleum. Burkholderia cepacia is capable of 
degrading hundreds of organic compounds. Microbial growth and activity are 
aided by the conversion of hydrocarbons into carbon dioxide and water, which 
releases energy [123]. Diesel was degraded by Pseudomonas sp., which removed 
long- and medium-chain alkanes [124]. In several treatment techniques devised by 
Wang et al., a microbial consortium consisting of Actinomadura sp., Brevibacillus 
sp., and an uncultured bacterial clone improved oil recovery for biopolymer 
manufacture [125].

By introducing bioemulsifiers and biosurfactants into the environment, the rate 
of bioremediation/biodegradation of organic contaminants improves [126]. It is 
dependent on the mechanism that is engaged in the interactions between microbial 
cells and insoluble hydrocarbons in surface-active compounds (SACs): (i) emulsi-
fication; (ii) micellarization; (iii) adhesion-deadhesion of microorganisms to and 
from hydrocarbons; and (iv) desorption of contaminants [126, 127]. The use of 

Compounds Microorganisms References

Alkanes Acinetobacter calcoaceticus [112]

Nocardia erythropolis [113]

Pseudomonas sp. [114]

Mono-aromatic 
hydrocarbons

Pseudomonas sp. [115]

Sphingomonas paucimobilis [116]

Poly-aromatic 
hydrocarbons

Achromobacter sp., Mycobacterium sp., Pseudomonas sp., 

Mycobacterium flavescens, Rhodococcus sp.
[115, 
117–120]

Table 7. 
Actinobacteria capable of degrading petroleum hydrocarbon.



19

Application of Actinobacteria in Agriculture, Nanotechnology, and Bioremediation
DOI: http://dx.doi.org/10.5772/intechopen.104385

surfactants aids in the solubility of petroleum components because diesel oil biosur-
factants increase oil mobility and bioavailability, hence improving biodegradation 
rates [128]. As a possible biosurfactant producer, Nocardiopsis B4 was discovered; 
this strain is important in the breakdown of poly-aromatic hydrocarbons (PAHs) in 
soils. A wide range of temperature, pH, and salt concentrations did not affect the 
biosurfactant activity, demonstrating its suitability for bioremediation [129].

4. Conclusion

Actinobacteria through its unique capabilities have gained importance in the 
field of agriculture, pharmaceuticals, industry, nanotechnology, and many more. 
Streptomyces is the most common genera among them. They possess several PGP 
traits such as biofertilizers, phosphorus and potassium solubilization, production 
of siderophores, antibiotics, phytohormones, and biological nitrogen fixation. 
Furthermore, nanotechnology research being the most rapidly developing fields 
is using actinobacterial biosynthesis of nanoparticles which is both environment-
friendly and cost-effective, and the nanoparticles which are produced as a result 
show potential biological properties such as antibacterial activities, antifungal 
activities, anticancer properties, anti-biofouling properties. The combination of 
synthesizing methodologies with biological processes has resulted in the develop-
ment of nanoparticles which are used in a number of in vitro diagnostic methods. 
Apart from this, toxic heavy metals like chromium, zinc, lead, and copper and 
pesticides can be sustainably removed using this microbe. The degradation of 
pesticides whose accumulation otherwise causes biomagnification is possible with 
the help of this microbe. Actinobacterial genera have also proven versatile to bring 
about the degradation of xenobiotic pollutants in the nutrient starvation conditions 
in the soil and their capability of using these toxic compounds as their nutrient 
source, mainly a source of carbon is something that speeds up the process of degra-
dation. Cocktail of microbes of this genus is effective in causing faster degradation. 
Hence, this microbe is quite adaptive for maintaining the environment eco-friendly.

Conflict of interest

None to declare.

List of abbreviations

ACC 1-aminocyclopropane-1-carboxylate
AFA anti-Fusarium activity
BCAs biocontrol agents
HCN hydrogen cyanide
HeLa human cervical cancer cell line
IAA indole-acetic acid
ISR induced systemic resistance
MBCAs microbial biocontrol agents
PAHs poly-aromatic hydrocarbons
PGPR plant growth-promoting rhizobacteria
PGRs plant growth regulators
ROS reactive oxygen species
AuNP gold nanoparticles



Actinobacteria

20

Author details

Saloni Jain1†, Ishita Gupta1†, Priyanshu Walia2† and Shalini Swami1*

1 Department of Microbiology, Ram Lal Anand College, University of Delhi, 
New Delhi, India

2 Department of Botany, Institute of Science, Banaras Hindu University, 
Varanasi, Uttar Pradesh, India

*Address all correspondence to: dr.shaliniswami@gmail.com

† Contributed equally.

AgNP silver nanoparticles
SACs surface-active compounds
SAR systemic acquired resistance
VOCs volatile organic compounds

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



21

Application of Actinobacteria in Agriculture, Nanotechnology, and Bioremediation
DOI: http://dx.doi.org/10.5772/intechopen.104385

[1] Barka EA, Vatsa P, Sanchez L, Gaveau- 
Vaillant N, Jacquard C, Meier-Kolthoff JP, 
et al. Taxonomy, physiology, and natural 
products of Actinobacteria. Microbiology 
and Molecular Biology Reviews. 
2016;80(1):1-43

[2] Anandan R, Dharumadurai D, 
Manogaran GP. An introduction to 
Actinobacteria. In: Dhanasekaran D, 
Jiang Y, editors. Actinobacteria. Rijeka: 
IntechOpen; 2016

[3] Salwan R, Sharma V. Molecular and 
biotechnological aspects of secondary 
metabolites in actinobacteria. 
Microbiological Research. 2020;231: 
126374

[4] Shivlata L, Satyanarayana T. 
Thermophilic and alkaliphilic 
Actinobacteria: Biology and potential 
applications. Frontiers in Microbiology. 
2015;6:1014

[5] Sharma M, Dangi P, Choudhary M. 
Actinomycetes: Source, identification, 
and their applications. International 
Journal of Current Microbiology and 
Applied Sciences. 2014;3(2):801-832

[6] Singh R, Dubey AK. Diversity and 
applications of endophytic 
actinobacteria of plants in special and 
other ecological niches. Frontiers in 
Microbiology. 2018;9:1767

[7] Bhatti AA, Haq S, Bhat RA. 
Actinomycetes benefaction role in soil 
and plant health. Microbial 
Pathogenesis. 2017;111:458-467

[8] Poomthongdee N, Duangmal K, 
Pathom-aree W. Acidophilic 
actinomycetes from rhizosphere soil: 
Diversity and properties beneficial to 
plants. Journal of Antibiotics. 
2015;68(2):106-114

[9] Abdelshafy Mohamad OA, Li L, Ma 
J-B, Hatab S, Rasulov BA, Musa Z, et al. 

Halophilic Actinobacteria biological 
activity and potential applications. In: 
Egamberdieva D, Birkeland N-K, 
Panosyan H, Li W-J, editors. 
Extremophiles in Eurasian Ecosystems: 
Ecology, Diversity, and Applications. 
Singapore: Springer Singapore; 2018. 
pp. 333-364

[10] Lewin GR, Carlos C, Chevrette MG, 
Horn HA, McDonald BR, Stankey RJ,  
et al. Evolution and ecology of 
Actinobacteria and their bioenergy 
applications. Annual Review of 
Microbiology. 2016;70:235-254

[11] Goudjal Y, Zamoum M, Meklat A, 
Sabaou N, Mathieu F, Zitouni A. 
Plant-growth-promoting potential of 
endosymbiotic actinobacteria isolated 
from sand truffles (Terfezia leonis Tul.) 
of the Algerian Sahara. Annales de 
Microbiologie. 2015;66(1):91-100

[12] Gandhimathi R, Arunkumar M, 
Selvin J, Thangavelu T, 
Sivaramakrishnan S, Kiran GS, et al. 
Antimicrobial potential of sponge 
associated marine actinomycetes. Journal 
of Medical Mycology. 2008;18(1):16-22

[13] Polti MA, Aparicio JD, Benimeli CS, 
Amoroso MJ. 11—Role of Actinobacteria 
in bioremediation. In: Das S, editor. 
Microbial Biodegradation and 
Bioremediation. Oxford: Elsevier; 2014. 
pp. 269-286

[14] Sathya A, Vijayabharathi R, 
Gopalakrishnan S. Plant growth-
promoting actinobacteria: A new 
strategy for enhancing sustainable 
production and protection of grain 
legumes. 3 Biotech. 2017;7(2):102

[15] Shanthi V. Actinomycetes: 
Implications and prospects in 
sustainable agriculture. Biofertilizers: 
Study and Impact. Jul 20, 2021:335-370

[16] Haukka K, Lindström K, Young JP. 
Three phylogenetic groups of nodA and 

References



Actinobacteria

22

nifH genes in Sinorhizobium and 
Mesorhizobium isolates from leguminous 
trees growing in Africa and Latin 
America. Applied and Environmental 
Microbiology. 1998;64(2):419-426

[17] Gifford I, Vance S, Nguyen G, 
Berry AM. A stable genetic 
transformation system and implications 
of the type IV restriction system in the 
nitrogen-fixing plant endosymbiont 
Frankia alni ACN14a. Frontiers in 
Microbiology. 2019;10:2230

[18] Yadav N, Yadav AN. Actinobacteria 
for sustainable agriculture [Internet]. 
Journal of Applied Biotechnology and 
Bioengineering. 2019;6:38-41.  
DOI: 10.15406/jabb.2019.06.00172

[19] Sharma SB, Sayyed RZ, Trivedi MH, 
Gobi TA. Phosphate solubilizing 
microbes: Sustainable approach for 
managing phosphorus deficiency in 
agricultural soils. Springerplus. 2013;2:587

[20] Sharma V, Salwan R. Biocontrol 
potential and applications of 
Actinobacteria in agriculture. In: New 
and Future Developments in Microbial 
Biotechnology and Bioengineering. 
Elsevier; Jan 1, 2018. pp. 93-108

[21] Swarnalakshmi K, Senthilkumar M, 
Ramakrishnan B. Endophytic 
Actinobacteria: Nitrogen fixation, 
phytohormone production, and 
antibiosis. In: Subramaniam G, 
Arumugam S, Rajendran V, editors. 
Plant Growth Promoting 
Actinobacteria: A New Avenue for 
Enhancing the Productivity and Soil 
Fertility of Grain Legumes. Singapore: 
Springer Singapore; 2016. pp. 123-145

[22] Köhl J, Kolnaar R, Ravensberg WJ. 
Mode of action of microbial biological 
control agents against plant diseases: 
Relevance beyond efficacy. Frontiers in 
Plant Science. 2019;10:845

[23] Law JW-F, Ser H-L, Khan TM, 
Chuah L-H, Pusparajah P, Chan K-G,  

et al. The potential of Streptomyces as 
biocontrol agents against the Rice blast 
fungus, Magnaporthe oryzae 
(Pyricularia oryzae). Frontiers in 
Microbiology. 2017;8:3

[24] Kasuga K, Sasaki A, Matsuo T, 
Yamamoto C, Minato Y, Kuwahara N,  
et al. Heterologous production of 
kasugamycin, an aminoglycoside 
antibiotic from Streptomyces 
kasugaensis, in Streptomyces lividans 
and Rhodococcus erythropolis L-88 by 
constitutive expression of the 
biosynthetic gene cluster. Applied 
Microbiology and Biotechnology. 
2017;101(10):4259-4268

[25] Doolotkeldieva T, Bobusheva S. Fire 
blight disease caused by Erwinia 
amylovora on Rosaceae plants in 
Kyrgyzstan and biological agents to 
control this disease. Advances in 
Microbiology. 2016;6(11):831

[26] Wang W, Qiu Z, Tan H, Cao L. 
Siderophore production by 
actinobacteria. Biometals. 
2014;27(4):623-631

[27] Hazarika SN, Thakur D. 
Actinobacteria. In: Beneficial Microbes 
in Agro-Ecology. Academic Press; Jan 1, 
2020. pp. 443-476

[28] Manivasagan P, Venkatesan J, 
Sivakumar K, Kim S-K. Actinobacteria 
mediated synthesis of nanoparticles and 
their biological properties: A review. 
Critical Reviews in Microbiology. 
2016;42(2):209-221

[29] Singh MJ. Green nano 
actinobacteriology—An 
interdisciplinary study. In: 
Actinobacteria—Basics and 
Biotechnological Applications. Intech; 
Feb 11, 2016. pp. 377-387

[30] Manimaran M, Kannabiran K. 
Actinomycetes-mediated biogenic 
synthesis of metal and metal oxide 
nanoparticles: Progress and challenges. 



23

Application of Actinobacteria in Agriculture, Nanotechnology, and Bioremediation
DOI: http://dx.doi.org/10.5772/intechopen.104385

Letters in Applied Microbiology. 
2017;64(6):401-408

[31] Sharma P, Dutta J, Thakur D. Future 
prospects of actinobacteria in health 
and industry. In: New and Future 
Developments in Microbial 
Biotechnology and Bioengineering. 
Elsevier; Jan 1, 2018. pp. 305-324

[32] Chau C-F, Wu S-H, Yen G-C. The 
development of regulations for food 
nanotechnology [Internet]. Trends in 
Food Science & Technology. 2007;18:269-
280. DOI: 10.1016/j.tifs.2007.01.007

[33] Pattekari P, Zheng Z, Zhang X, 
Levchenko T, Torchilin V, Lvov Y. 
Top-down and bottom-up approaches in 
production of aqueous nanocolloids of 
low solubility drug paclitaxel [Internet]. 
Physical Chemistry Chemical Physics. 
2011;13:9014. DOI: 10.1039/c0cp02549f

[34] Edison LK, Pradeep NS. 
Actinobacterial nanoparticles: Green 
synthesis, evaluation and applications. 
In: Nanotechnology in the Life Sciences. 
Cham: Springer International 
Publishing; 2020. pp. 371-384

[35] Koul B, Poonia AK, Yadav D, Jin JO. 
Microbe-mediated biosynthesis of 
nanoparticles: Applications and future 
prospects. Biomolecules. Jun 15, 
2021;11(6):886

[36] Song JY, Kim BS. Biological 
synthesis of bimetallic Au/Ag 
nanoparticles using Persimmon 
(Diopyros kaki) leaf extract [Internet]. 
Korean Journal of Chemical 
Engineering. 2008;25:808-811.  
DOI: 10.1007/s11814-008-0133-z

[37] Otari SV, Patil RM, Ghosh SJ, 
Thorat ND, Pawar SH. Intracellular 
synthesis of silver nanoparticle by 
actinobacteria and its antimicrobial 
activity. Spectrochimica Acta. Part A, 
Molecular and Biomolecular 
Spectroscopy. 2015;136(Pt B): 
1175-1180

[38] Beveridge TJ, Hughes MN, Lee H, 
Leung KT, Poole RK, Savvaidis I, et al. 
Metal-microbe interactions: 
Contemporary approaches. Advances in 
Microbial Physiology. 1997;38:177-243

[39] Bruins MR, Kapil S, Oehme FW. 
Microbial resistance to metals in the 
environment [Internet]. Ecotoxicology 
and Environmental Safety. 
2000;45:198-207. DOI: 10.1006/
eesa.1999.1860

[40] Sharma NC, Sahi SV, Nath S, 
Parsons JG, Gardea-Torresdey JL, Pal T. 
Synthesis of plant-mediated gold 
nanoparticles and catalytic role of 
biomatrix-embedded nanomaterials. 
Environmental Science & Technology. 
2007;41(14):5137-5142

[41] Ahmad A, Senapati S, Islam 
Khan M, Kumar R, Ramani R, 
Srinivas V, et al. Intracellular synthesis 
of gold nanoparticles by a novel 
alkalotolerant actinomycete, 
Rhodococcusspecies [Internet]. 
Nanotechnology. 2003;14:824-828.  
DOI: 10.1088/0957-4484/14/7/323

[42] Alani F, Moo-Young M, 
Anderson W. Biosynthesis of silver 
nanoparticles by a new strain of 
Streptomyces sp. compared with 
Aspergillus fumigatus [Internet]. World 
Journal of Microbiology and 
Biotechnology. 2012;28:1081-1086.  
DOI: 10.1007/s11274-011-0906-0

[43] Balagurunathan R, 
Radhakrishnan M, Rajendran RB, 
Velmurugan D. Biosynthesis of gold 
nanoparticles by actinomycete 
Streptomyces viridogens strain HM10. 
Indian Journal of Biochemistry & 
Biophysics. 2011;48(5):331-335

[44] Mohanpuria P, Rana NK, Yadav SK. 
Biosynthesis of nanoparticles: 
Technological concepts and future 
applications [Internet]. Journal of 
Nanoparticle Research. 2008;10:507-517. 
DOI: 10.1007/s11051-007-9275-x



Actinobacteria

24

[45] Ahmad A, Senapati S, Islam Khan M, 
Kumar R, Sastry M. Extracellular 
biosynthesis of monodisperse gold 
nanoparticles by a novel extremophilic 
actinomycete,thermomonosporasp 
[Internet]. Langmuir. 2003;19:3550-3553. 
Available from: http://dx.doi.
org/10.1021/la026772l

[46] Chauhan R, Kumar A, Abraham J. A 
biological approach to the synthesis of 
silver nanoparticles with Streptomyces 
sp JAR1 and its antimicrobial activity. 
Scientia Pharmaceutica. 
2013;81(2):607-621

[47] Gopal JV, Thenmozhi M, 
Kannabiran K, Rajakumar G, 
Velayutham K, Rahuman AA. 
Actinobacteria mediated synthesis of gold 
nanoparticles using Streptomyces sp. 
VITDDK3 and its antifungal activity 
[Internet]. Materials Letters. 2013;93:360-
362. DOI: 10.1016/j.matlet.2012.11.125

[48] Otari SV, Patil RM, Nadaf NH, 
Ghosh SJ, Pawar SH. Green biosynthesis 
of silver nanoparticles from an 
actinobacteria Rhodococcus sp 
[Internet]. Materials Letters. 2012;72:92-
94. DOI: 10.1016/j.matlet.2011.12.109

[49] Tsibakhashvili NY, Kirkesali EI, 
Pataraya DT, Gurielidze MA, 
Kalabegishvili TL, Gvarjaladze DN,  
et al. Microbial synthesis of silver 
nanoparticles by Streptomyces glaucus 
and Spirulina platensis [Internet]. 
Advanced Science Letters. 2011;4:3408-
3417. DOI: 10.1166/asl.2011.1915

[50] Chen X-J, Sanchez-Gaytan BL, 
Qian Z, Park S-J. Noble metal 
nanoparticles in DNA detection and 
delivery. Wiley Interdisciplinary 
Reviews. Nanomedicine and 
Nanobiotechnology. 2012;4(3):273-290

[51] Doria G, Conde J, Veigas B, 
Giestas L, Almeida C, Assunção M, et al. 
Noble metal nanoparticles for 
biosensing applications. Sensors. 
2012;12(2):1657-1687

[52] Ramesh S, Mathivanan N. Screening 
of marine actinomycetes isolated from 
the Bay of Bengal, India for 
antimicrobial activity and industrial 
enzymes [Internet]. World Journal of 
Microbiology and Biotechnology. 
2009;25:2103-2111. DOI: 10.1007/
s11274-009-0113-4

[53] Jensen PR, Williams PG, Oh D-C, 
Zeigler L, Fenical W. Species-specific 
secondary metabolite production in 
marine actinomycetes of the genus 
Salinispora. Applied and Environmental 
Microbiology. 2007;73(4):1146-1152

[54] Nel AE, Mädler L, Velegol D, Xia T, 
EMV H, Somasundaran P, et al. 
Understanding biophysicochemical 
interactions at the nano–bio interface 
[Internet]. Nature Materials. 
2009;8:543-557. DOI: 10.1038/nmat2442

[55] Krutyakov YA, Kudrinskiy AA, Yu 
Olenin A, Lisichkin GV. Synthesis and 
properties of silver nanoparticles: 
Advances and prospects [Internet]. 
Russian Chemical Reviews. 
2008;77:233-257. DOI: 10.1070/
rc2008v077n03abeh003751

[56] Lin Y-SE, Vidic RD, Stout JE, 
McCartney CA, Yu VL. Inactivation of 
Mycobacterium avium by copper and 
silver ions [Internet]. Water Research. 
1998;32:1997-2000. DOI: 10.1016/
s0043-1354(97)00460

[57] Morones JR, Elechiguerra JL, 
Camacho A, Holt K, Kouri JB, 
Ramírez JT, et al. The bactericidal effect 
of silver nanoparticles. Nanotechnology. 
2005;16(10):2346-2353

[58] Lok C-N, Ho C-M, Chen R, He Q-Y, 
Yu W-Y, Sun H, et al. Silver 
nanoparticles: Partial oxidation and 
antibacterial activities. Journal of 
Biological Inorganic Chemistry. 
2007;12(4):527-534

[59] Kumar VS, Siva Kumar V, 
Nagaraja BM, Shashikala V, Padmasri AH, 



25

Application of Actinobacteria in Agriculture, Nanotechnology, and Bioremediation
DOI: http://dx.doi.org/10.5772/intechopen.104385

Shakuntala Madhavendra S, et al. Highly 
efficient Ag/C catalyst prepared by 
electro-chemical deposition method in 
controlling microorganisms in water 
[Internet]. Journal of Molecular Catalysis 
A: Chemical. 2004;223:313-319. 
DOI: 10.1016/j.molcata.2003.09.047

[60] Prakasham RS, Buddana SK, 
Yannam SK, Guntuku GS. 
Characterization of silver nanoparticles 
synthesized by using marine isolate 
Streptomyces albidoflavus. Journal of 
Microbiology and Biotechnology. 
2012;22(5):614-621

[61] Sivalingam P, Antony JJ, Siva D, 
Achiraman S, Anbarasu K. Mangrove 
Streptomyces sp. BDUKAS10 as 
nanofactory for fabrication of 
bactericidal silver nanoparticles. 
Colloids and Surfaces. B, Biointerfaces. 
2012;98:12-17

[62] Samundeeswari A, Dhas SP, 
Nirmala J, John SP, Mukherjee A, 
Chandrasekaran N. Biosynthesis of 
silver nanoparticles using 
actinobacterium Streptomyces 
albogriseolus and its antibacterial 
activity. Biotechnology and Applied 
Biochemistry. 2012;59(6):503-507

[63] Lee PC, Meisel D. Adsorption and 
surface-enhanced Raman of dyes on 
silver and gold sols [Internet]. The 
Journal of Physical Chemistry. 
1982;86:3391-3395. DOI: 10.1021/
j100214a025

[64] Sanjenbam P, Gopal JV, 
Kannabiran K. Anticandidal activity of 
silver nanoparticles synthesized using 
Streptomyces sp.VITPK1. Journal of 
Medical Mycology. 2014;24(3):211-219

[65] Bray F, Ferlay J, Soerjomataram I, 
Siegel RL, Torre LA, Jemal A. Global 
cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality 
worldwide for 36 cancers in 185 
countries. CA: A Cancer Journal for 
Clinicians. 2018;68(6):394-424

[66] Vickers A. Alternative cancer cures: 
“unproven” or “disproven”? CA: A 
Cancer Journal for Clinicians. 
2004;54(2):110-118

[67] Manivasagan P, Venkatesan J, 
Sivakumar K, Kim S-K. 
Pharmaceutically active secondary 
metabolites of marine actinobacteria. 
Microbiological Research. 
2014;169(4):262-278

[68] Shanmugasundaram T, 
Radhakrishnan M, Gopikrishnan V, 
Pazhanimurugan R, Balagurunathan R. 
A study of the bactericidal, anti-
biofouling, cytotoxic and antioxidant 
properties of actinobacterially 
synthesised silver nanoparticles. 
Colloids and Surfaces. B, Biointerfaces. 
2013;111:680-687

[69] Chapman J, Weir E, Regan F. Period 
four metal nanoparticles on the 
inhibition of biofouling. Colloids and 
Surfaces. B, Biointerfaces. 
2010;78(2):208-216

[70] Kannabiran K. Actinobacteria are 
better bioremediating agents for 
removal of toxic heavy metals: An 
overview [Internet]. International 
Journal of Environmental Technology 
and Management. 2017;20:129. 
DOI: 10.1504/ijetm.2017.10010678

[71] Alvarez A, Saez JM, Davila Costa JS, 
Colin VL, Fuentes MS, Cuozzo SA, et al. 
Actinobacteria: Current research and 
perspectives for bioremediation of 
pesticides and heavy metals. 
Chemosphere. 2017;166:41-62

[72] Alkorta I, Epelde L, Garbisu C. 
Environmental parameters altered by 
climate change affect the activity of soil 
microorganisms involved in 
bioremediation [Internet]. FEMS 
Microbiology Letters. 2017;364. 
DOI:10.1093/femsle/fnx200

[73] Polti MA, Amoroso MJ, Abate CM. 
Chromate reductase activity in 



Actinobacteria

26

Streptomyces sp. MC1. The Journal of 
General and Applied Microbiology. 
2010;56(1):11-18

[74] Malkin R, Malmström BG. The state 
and function of copper in biological 
systems. Advances in Enzymology and 
Related Areas of Molecular Biology. 
1970;33:177-244

[75] Benimeli CS, Polti MA, 
Albarracín VH, Abate CM, Amoroso MJ. 
Bioremediation potential of heavy 
metal–resistant actinobacteria and 
maize plants in polluted soil. In: 
Biomanagement of Metal-Contaminated 
Soils. Dordrecht: Springer; 2011. 
pp. 459-477

[76] Mercer JF. The molecular basis of 
copper-transport diseases. Trends in 
Molecular Medicine. Feb 1, 
2001;7(2):64-69

[77] Albarracín VH, Avila AL, 
Amoroso MJ, Abate CM. Copper 
removal ability by Streptomyces strains 
with dissimilar growth patterns and 
endowed with cupric reductase activity. 
FEMS Microbiology Letters. 
2008;288(2):141-148

[78] Albarracín VH, Winik B, Kothe E, 
Amoroso MJ, Abate CM. Copper 
bioaccumulation by the actinobacterium 
Amycolatopsis sp. AB0. Journal of Basic 
Microbiology. 2008;48(5):323-330

[79] Bagwell CE, Hixson KK, 
Milliken CE, Lopez-Ferrer D, Weitz KK. 
Proteomic and physiological responses 
of Kineococcus radiotolerans to copper. 
PLoS One. 2010;5(8):e12427

[80] Costa JSD, Albarracín VH, 
Abate CM. Cupric reductase activity in 
copper-resistant Amycolatopsis 
tucumanensis [Internet]. Water, Air, & 
Soil Pollution. 2011;216:527-535.  
DOI: 10.1007/s11270-010-0550-6

[81] Poopal AC, Laxman RS. Studies on 
biological reduction of chromate by 

Streptomyces griseus. Journal of 
Hazardous Materials. 
2009;169(1-3):539-545

[82] Das S, Chandra AL. Chromate 
reduction in Streptomyces. Experientia. 
1990;46(7):731-733

[83] Laxman RS, More S. Reduction of 
hexavalent chromium by Streptomyces 
griseus [Internet]. Minerals Engineering. 
2002;15:831-837. DOI: 10.1016/
s0892-6875(02)00128-0

[84] Pattanapipitpaisal P, Brown NL, 
Macaskie LE. Chromate reduction and 
16S rRNA identification of bacteria 
isolated from a Cr(VI)-contaminated 
site. Applied Microbiology and 
Biotechnology. 2001;57(1-2):257-261

[85] Colin VL, Pereira CE, Villegas LB, 
Amoroso MJ, Abate CM. Production and 
partial characterization of bioemulsifier 
from a chromium-resistant 
actinobacteria. Chemosphere. 
2013;90(4):1372-1378

[86] Amoroso MJ, Benimeli CS, 
Cuozzo SA, editors. Actinobacteria: 
Application in Bioremediation and 
Production of Industrial Enzymes. CRC 
Press; Mar 12, 2013

[87] Camargo FAO, Bento FM, 
Okeke BC, Frankenberger WT. 
Hexavalent chromium reduction by an 
actinomycete, arthrobacter 
crystallopoietes ES 32. Biological Trace 
Element Research. 2004;97(2):183-194

[88] Focardi S, Pepi M, Landi G, 
Gasperini S, Ruta M, Di Biasio P, et al. 
Hexavalent chromium reduction by 
whole cells and cell free extract of the 
moderate halophilic bacterial strain 
Halomonas sp. TA-04 [Internet]. 
International Biodeterioration & 
Biodegradation. 2012;66:63-70. 
DOI: 10.1016/j.ibiod.2011.11.003

[89] Sugiyama T, Sugito H, Mamiya K, 
Suzuki Y, Ando K, Ohnuki T. Hexavalent 



27

Application of Actinobacteria in Agriculture, Nanotechnology, and Bioremediation
DOI: http://dx.doi.org/10.5772/intechopen.104385

chromium reduction by an 
actinobacterium Flexivirga alba ST13T 
in the family Dermacoccaceae. Journal 
of Bioscience and Bioengineering. 
2012;113(3):367-371

[90] Schumann P, Prauser H, Rainey FA, 
Stackebrandt E, Hirsch P. 
Friedmanniella antarctica gen. nov., sp. 
nov., an LL-diaminopimelic acid-
containing actinomycete from Antarctic 
sandstone. International Journal of 
Systematic Bacteriology. 
1997;47(2):278-283

[91] Liu H, Wang H, Wang G. 
Intrasporangium chromatireducens sp. 
nov., a chromate-reducing 
actinobacterium isolated from 
manganese mining soil, and emended 
description of the genus 
Intrasporangium. International Journal 
of Systematic and Evolutionary 
Microbiology. 2012;62(Pt 2):403-408

[92] Nabi S. Toxic Effects of Mercury. 
New Delhi, India: Springer India; Jul 
25, 2014

[93] Ravel J, Amoroso MJ, Colwell RR, 
Hill RT. Mercury-resistant 
actinomycetes from the Chesapeake Bay. 
FEMS Microbiology Letters. 
1998;162(1):177-184

[94] Sanjenbam P, Saurav K, 
Kannabiran K. Biosorption of mercury 
and lead by aqueous Streptomyces 
VITSVK9 sp. isolated from marine 
sediments from the bay of Bengal, India 
[Internet]. Frontiers of Chemical 
Science and Engineering. 2012;6:198-
202. DOI: 10.1007/s11705-012-1285-2

[95] Flora G, Gupta D, Tiwari A. Toxicity 
of lead: A review with recent updates. 
Interdisciplinary Toxicology. 
2012;5(2):47-58

[96] El Baz S, Baz M, Barakate M, 
Hassani L, El Gharmali A, Imziln B. 
Resistance to and accumulation of heavy 
metals by actinobacteria isolated from 

abandoned mining areas. 
ScientificWorldJournal. 2015;2015:761834

[97] Chopra AK, Sharma MK, Chamoli S. 
Bioaccumulation of organochlorine 
pesticides in aquatic system—An 
overview [Internet]. Environmental 
Monitoring and Assessment. 
2011;173:905-916. DOI: 10.1007/
s10661-010-1433-4

[98] Yadav IC, Devi NL, Syed JH, 
Cheng Z, Li J, Zhang G, et al. Current 
status of persistent organic pesticides 
residues in air, water, and soil, and their 
possible effect on neighboring 
countries: A comprehensive review of 
India. Science of the Total Environment. 
2015;511:123-137

[99] Becerra-Castro C, 
Prieto-Fernández Á, Kidd PS, 
Weyens N, Rodríguez-Garrido B, 
Touceda-González M, et al. Improving 
performance of Cytisus striatus on 
substrates contaminated with 
hexachlorocyclohexane (HCH) isomers 
using bacterial inoculants: Developing a 
phytoremediation strategy [Internet]. 
Plant and Soil. 2013;362:247-260.  
DOI: 10.1007/s11104-012-1276-6

[100] Sullivan Jr JB, Krieger GB, 
Thomas RJ. Hazardous materials 
toxicology: Clinical principles of 
environmental health. Journal of 
Occupational and Environmental 
Medicine. Apr 1, 1992;34(4):365-371

[101] Wang Z, Gerstein M, Snyder M. 
RNA-Seq: A revolutionary tool for 
transcriptomics. Nature Reviews. 
Genetics. 2009;10(1):57-63

[102] Kumar M, Vidya Lakshmi C, 
Khanna S. Biodegradation and 
bioremediation of endosulfan 
contaminated soil [Internet]. Bioresource 
Technology. 2008;99:3116-3122. 
DOI: 10.1016/j.biortech.2007.05.057

[103] Devers-Lamrani M, Pesce S, 
Rouard N, Martin-Laurent F. Evidence 



Actinobacteria

28

for cooperative mineralization of diuron 
by Arthrobacter sp. BS2 and 
Achromobacter sp. SP1 isolated from a 
mixed culture enriched from diuron 
exposed environments. Chemosphere. 
2014;117:208-215

[104] Chen S, Lai K, Li Y, Hu M, 
Zhang Y, Zeng Y. Biodegradation of 
deltamethrin and its hydrolysis product 
3-phenoxybenzaldehyde by a newly 
isolated Streptomyces aureus strain 
HP-S-01. Applied Microbiology and 
Biotechnology. 2011;90(4):1471-1483

[105] Sagarkar S, Bhardwaj P, Storck V, 
Devers-Lamrani M, Martin-Laurent F, 
Kapley A. s-triazine degrading bacterial 
isolate Arthrobacter sp. AK-YN10, a 
candidate for bioaugmentation of 
atrazine contaminated soil. Applied 
Microbiology and Biotechnology. 
2016;100(2):903-913

[106] Kolekar PD, Phugare SS, Jadhav JP. 
Biodegradation of atrazine by 
Rhodococcus sp. BCH2 to 
N-isopropylammelide with subsequent 
assessment of toxicity of biodegraded 
metabolites. Environmental Science and 
Pollution Research International. 
2014;21(3):2334-2345

[107] Benimeli CS, Castro GR, Chaile AP, 
Amoroso MJ. Lindane removal 
induction byStreptomyces sp. M7 
[Internet]. Journal of Basic 
Microbiology. 2006;46:348-357. 
DOI: 10.1002/jobm.200510131

[108] Poopal AC, Seeta LR. Chromate 
reduction by PVA-alginate immobilized 
Streptomyces griseus in a bioreactor 
[Internet]. Biotechnology Letters. 
2009;31:71-76. DOI: 10.1007/
s10529-008-9829-8

[109] Saez JM, Benimeli CS, Amoroso MJ. 
Lindane removal by pure and mixed 
cultures of immobilized actinobacteria. 
Chemosphere. 2012;89(8):982-987

[110] Saez JM, Aparicio JD, Amoroso MJ, 
Benimeli CS. Effect of the acclimation 

of a Streptomyces consortium on 
lindane biodegradation by free and 
immobilized cells [Internet]. Process 
Biochemistry. 2015;50:1923-1933.  
DOI: 10.1016/j.procbio.2015.08.014

[111] Yemashova NA, Murygina VP, 
Zhukov DV, Zakharyantz AA, 
Gladchenko MA, Appanna V, et al. 
Biodeterioration of crude oil and oil 
derived products: A review [Internet]. 
Reviews in Environmental Science and 
Bio/Technology. 2007;6:315-337. 
DOI: 10.1007/s11157-006-9118-8

[112] Lal B, Khanna S. Degradation of 
crude oil by Acinetobacter calcoaceticus 
and Alcaligenes odorans. The Journal of 
Applied Bacteriology. 
1996;81(4):355-362

[113] Hua Z, Chen J, Lun S, Wang X. 
Influence of biosurfactants produced by 
Candida antarctica on surface properties 
of microorganism and biodegradation 
of n-alkanes [Internet]. Water Research. 
2003;37:4143-4150. DOI: 10.1016/
s0043-1354(03)00380-4

[114] Herman DC, Lenhard RJ, 
Miller RM. Formation and removal of 
hydrocarbon residual in porous media: 
Effects of attached bacteria and 
biosurfactants [Internet]. 
Environmental Science & Technology. 
1997;31:1290-1294. DOI: 10.1021/
es960441b

[115] Churchill PF, Dudley RJ, 
Churchill SA. Surfactant-enhanced 
bioremediation [Internet]. Waste 
Management. 1995;15:371-377.  
DOI: 10.1016/0956-053x(95)00038-2

[116] Willumsen PA, Arvin E. Kinetics of 
degradation of surfactant-solubilized 
fluoranthene by a Sphingomonas 
paucimobilis [Internet]. Environmental 
Science & Technology. 1999;33:2571-
2578. DOI: 10.1021/es981022c

[117] Doong R-A, Lei W-G. 
Solubilization and mineralization of 



29

Application of Actinobacteria in Agriculture, Nanotechnology, and Bioremediation
DOI: http://dx.doi.org/10.5772/intechopen.104385

polycyclic aromatic hydrocarbons by 
pseudomonas putida in the presence of 
surfactant. Journal of Hazardous 
Materials. 2003;96(1):15-27

[118] Volkering F, Breure AM, van 
Andel JG. Effect of micro-organisms on 
the bioavailability and biodegradation of 
crystalline naphthalene [Internet]. 
Applied Microbiology and Biotechnology. 
1993;40:535, 10.1007/bf00175745-540

[119] Straube WL, Jones-Meehan J, 
Pritchard PH, Jones WR. Bench-scale 
optimization of bioaugmentation 
strategies for treatment of soils 
contaminated with high molecular 
weight polyaromatic hydrocarbons 
[Internet]. Resources, Conservation and 
Recycling. 1999;27:27-37. DOI: 10.1016/
s0921-3449(98)00083-4

[120] Kwok C-K, Loh K-C. Effects of 
Singapore soil type on bioavailability of 
nutrients in soil bioremediation 
[Internet]. Advances in Environmental 
Research. 2003;7:889-900. 
DOI: 10.1016/ 
s1093-0191(02)00084-9

[121] Holden PA, LaMontagne MG, 
Bruce AK, Miller WG, Lindow SE. 
Assessing the role of Pseudomonas 
aeruginosa surface-active gene 
expression in hexadecane 
biodegradation in sand. Applied and 
Environmental Microbiology. 
2002;68(5):2509-2518

[122] Pernetti M, Di Palma L. 
Experimental evaluation of inhibition 
effects of saline wastewater on activated 
sludge. Environmental Technology. 
2005;26(6):695-703

[123] Onwurah INE, Nwuke C. 
Enhanced bioremediation of crude 
oil-contaminated soil by a Pseudomonas 
species and mutually associated adapted 
Azotobacter vinelandii [Internet]. 
Journal of Chemical Technology & 
Biotechnology. 2004;79:491-498.  
DOI: 10.1002/jctb.1009

[124] Ghazali FM, Rahman RNZ, 
Salleh AB, Basri M. Biodegradation of 
hydrocarbons in soil by microbial 
consortium [Internet]. International 
Biodeterioration & Biodegradation. 
2004;54:61-67. DOI: 10.1016/j.
ibiod.2004.02.002

[125] Wang J, Yan G, An M, Liu J, 
Zhang H, Chen Y. Study of a plugging 
microbial consortium using crude oil as 
sole carbon source [Internet]. Petroleum 
Science. 2008;5:367-374. DOI: 10.1007/
s12182-008-0061-x

[126] Franzetti A, Tamburini E, 
Banat IM. Applications of biological 
surface active compounds in 
remediation technologies. Advances in 
Experimental Medicine and Biology. 
2010;672:121-134

[127] Chaturvedi S, Khurana SM. 
Importance of actinobacteria for 
bioremediation. In: Plant Biotechnology: 
Progress in Genomic Era. Singapore: 
Springer; 2019. pp. 277-307

[128] Bordoloi NK, Konwar BK. Bacterial 
biosurfactant in enhancing solubility 
and metabolism of petroleum 
hydrocarbons. Journal of Hazardous 
Materials. 2009;170(1):495-505

[129] Khopade A, Biao R, Liu X, 
Mahadik K, Zhang L, Kokare C. 
Production and stability studies of the 
biosurfactant isolated from marine 
Nocardiopsis sp. B4 [Internet]. 
Desalination. 2012;285:198-204.  
DOI: 10.1016/j.desal.2011.10.002


