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Abstract: Actinomycetes, particularly Streptomyces, thrive in extreme ecosystems and are key producers of
diverse secondary metabolites with pharmaceutical and agricultural applications. These metabolites exhibit
antibiotic, enzymatic, antiviral, and antitumor activities, contributing to half of all known secondary metabolites.
In medicine, they yield immunosuppressants, antivirals, and hypertension treatments. In agriculture, they
support sustainable farming through siderophores, phosphate solubilization, growth hormone synthesis, nitrogen
fixation, and natural insecticide production. This review highlights recent advancements in actinomycetes
research, emphasizing their pivotal roles across industries.
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Introduction are saprophytic microorganisms in nature with
Actinomycetes are free-living gram-positive, complex lifecycles (Prudence et al, 2019)

filamentous, saprophytic and spore-forming Actinomycetes are an essential class of major
bacteria belonging to the order Actinomycetal compounds makers that are used in
and phylum Actinobacteria, which produce pharmacology and biotechnology because they
approximately 20,000 bioactive compounds synthesize secondary metabolites and other
(Alenazi et al, 2023). Owing to the presence of valuable compounds, such as antibiotics,
true aerial hyphae and their ability to form anticancer medicines, immunosuppressive
spores, they were mistakenly classified as agents, and nutritive materials
fungi. Their deoxyribonucleic acids comprise (Ngamcharungchit and Chaimusik, 2023).
of significant amount of guanine and cytosine They also play a major role in reducing
(Bawazir et al, 2019). However, some new environmental pollution and are well-known
species that do not follow this norm have been for their bioremediation abilities. Pesticides
discovered (Sutaria et al, 2021). and other xenobiotics compounds have been
Actinomycetes are distinguished by their wide successfully bioremediated by actinomycetes
variety and their capability to synthesize new (Sutaria et al, 2021). Improved plant growth
compounds. They produce around half of the has been achieved through the production of
researched beneficial secondary metabolites, plant growth hormones by actinomycetes. One
including enzymes, antibiotics, and of the growth hormones synthesized by
compounds that fight against cancer and actinomycetes, Indole-3-acetic acid, promotes
inflammation (Mohan and Rajamanickam cell proliferation, elongation, and
(2018); Elmallah et al, (2020)). Except differentiation (Meena et al, 2017). Recent
unicellular Mycobacterium and studies have revealed rare actinomycetes that
Corynebacterium, most of the actinomycetes produce a diverse array of natural substances.
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However, extracting and cultivating them
poses challenges. These microorganisms are
cosmopolitans in habitats such as soil,
mangrove forests, deserts, mountains, and
plants. As of 2022, actinomycetes have been
isolated from over 220 genera, with more than
50 taxa producing 25,000 bioactive
compounds (Ezeobiora et al, 2022).

Habitats and niches of actinomycetes
Actinomycetes are extensively ecologically
diverse around the planet, in variety of
ecosystem including terrestrial, marine, plants,
insects and caves (Ngamcharungchit and
Chaimusik, 2023) (Table 1). Their presence
has been observed in extreme environments,
particularly in cryophilic regions such as soil
samples from Antarctica and even in desert
environments (Chaudhary et al, 2013).
Terrestrial biome

Soil: A wide range of soil types have been
used to isolate most unusual actinomycetes.
They are found in cultivated and uncultivated
soils, as well as in both barren and productive
soils. It has been possible to isolate more than
90% of actinomycete genera from soil
(McCarthy and Williams, 1990). The earthy
fragrance of soil can be attributed to them
(Zenova et al, 2011). The pH has a significant
impact on actinomycetes growth and activity.
In acidic soils, acidophilic and acididuric
Streptomyces are more prevalent (Infanta and
Santhi, 2021).

Plants: Healthy plant tissues contain
endophytic actinomycetes which are present
without harming the plants (Narayana et al,
2008). They are an excellent source of
bioactive compounds, lytic enzymes, and
antibiotics (Helmke and Weyland, 1984). The
Frankia genera of endophytic actinomycetes
assist with nitrogen fixation, which plays vital
role in the environment (Xu et al, 2007).

Genera such as Blastococcus,
Saccharopolyspora, Dactylosporangium,
Oerskovia, Promicromonospora,

Actinocorallia, Dieiziaare isolated from
endophytic habitants (Qin et al, 2009)

Aquatic ecosystem:
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Nearly 70% of earth ecosystem is covered by
the oceans which is residence for varieties of
living organisms including bacteria like
actinomycetes that may be found in the depth
of the ocean's surface and its depths. They

produce secondary metabolites for their
survival in these habitats. In marine
ecosystem, symbiotic connection between

microbes and marine creatures have been
documented.  These  microbial  marine
symbionts are substantial producers of
bioactive natural marine products (Sarkar and
Suthindhiran, 2022).

Hostile environment

In harsh ecosystems, microorganisms that can
thrive in extreme conditions such as extreme
temperatures, pH levels, and high pressure are
referred to as extremophile (Macelroy, 1974),
while those capable of surviving in such
conditions are termed extremotolerant.
Actinomycetes are extremophilic bacteria can
be found in diverse habitats such as in salty
seas, oceans and alkaline soil (Jiang et al,
2016). Actinobacteria isolated from extreme
environments are rich source of drugs which

has its potential value in the fields of
agriculture, industry, and medicine (Sayed et
al, 2019).

3. Novel bioactive compounds of

actinomycetes

Actinomycetes are prolific producers of
bioactive compounds, encompassing a diverse
range of molecules with significant biological
activities. These metabolites have a wide range
of applications in drugs, agrochemicals,
biofuels, and food additives (Fig 1)
Antibiotics: Secondary metabolites
synthesized by actinomycetes, fungi and
bacteria are known as antibiotics utilized to
suppress and sometimes eliminate the
proliferation of microorganisms. (Adegboye
and Babalola, 2013). Around 75% of
secondary metabolites, including antibiotics,
originate from the order Streptomycetes,
which alone accounts for 45% of bioactive
metabolite production. These species are
utilized in medicine, industry and agriculture
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(Bentley et al, 2002; Barke et al, 2010; Bano et
al, 2019). Antifungal activities are exhibited
by streptomycetes, Streptomyces mediocidicus
ATCC23936 synthesizes mediomycins A, B,
whereas Streptomyces malaysiensis DSM4137
produces antibiotics cethromycin (Hussain et
al, 2002). Polyketides are natural products
have garnered significant attention in the
pharmaceutical industry due to their

DOI: https://doi.org/10.51220/jmr.v19-i2.10

therapeutic applications. Polyketides include
erythromycin (antibacterial), nystatin
(antifungal), and avermectin (antiparasitic).
All of these antimicrobial agents are produced
by Streptomyces species, which are considered
as a potent producer of antibiotics (Hasani et
al, 2014).

Table 1. Distribution of actinomycete strains across various habitats

Habitat Area Strains References
Terrestrial | Hypersaline soil Nocardia sp., Streptomyces alboflavus, | (Selim et al, 2021)
Micromonospora sp., Streptomyces
griseoflavus (Ngamcharunchit
and Chaimusik
Plants Nocardia, Nonomuraea, Pseudonocardia, (2023) ; Masand et
(endophytes) Plantacttinospora, Streptomyces, Wangella, al, 2015)
Aquatic Marine sediment | Agromyces marinus, Anylotatopsis flava, | (Ezeobiora et al,
Saccharmonospora oceani, Kocuria indica, | 2022)
Saccharopolyspora, Streptosporangium,
hermoactin
Sea sediment Myceligeneras cantabricum, Pseudonocardia | (Cho et al, 2013)
sediminis, Microbacterium enclense,
Zhihenglivella
Extreme Hostile Saccharomononospora, Thermoactinomyces, (MekKilat et al, 2011)
environment Thermobifida, Thermonospora
(Farda ,2023)
Caverans Micribispora thailandensis.nov, Nonomuraean
sp.nov, Stretomyces sp., Nocardioidae,
Agromyces, Rhodococcus
Antibiotics
Pigments Plant growth hormones
Enzymes
Fig. 1 Diversity of secondary metabolites produced by actinomycetes.
©SHARAD WoS Indexing
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Enzymes: Actinomycetes produce a wide
array of enzymes that prove beneficial to the
fields of biotechnology and microbiology such
as amylases, xylanases, proteases, and
chitinase (Harir et al, 2018). Commercial
enzymes like amylase are employed by
actinomycetes for extracellular digestion and
play a significant role in  various
biotechnological applications, including the
food, textile, and paper industries. The enzyme
market demands approximately 25% of
amylase production (Rajagopalan et al, 2008).
Cellulase are hydrolytic enzyme produced by
actinomycetes  find  applications  across
industries including paper, pulp, Wwine,
brewing, and other industries. They are also an
excellent source of L-asparginase, which is
isolated from soil actinomycetes such as
Nocardia sp, Streptomyces griseus, S,
albidoflavus, S. Karnataknesis (Dejong, 1972;
Narayana et al, 2008; Mostafa and Salama
1979). Additionally, enzyme inhibitors are
also plays a vital role in elucidating enzyme
structure and reaction mechanisms within the
pharmacological  industry  (Stutzenberger

DOI: https://doi.org/10.51220/jmr.v19-i2.10 £70%)

1987). Enzyme inhibitors of the alpha-amylase
are exhibited by Streptomyces sp. and
corchorushii (Sun et al, 2015).

Pigments Different hues produced by
various species in both synthetic and natural
conditions aid in the identification of tiny
creatures. Actinomycetes generate pigments
such as carotenoids and melanin, varying in
hue from vyellow to orange to red and
employed in the cosmetic and pharmaceutical
industries (Klein et al, 2007).

Applications in the realm of agricultural
science

The overuse of pesticides has led to
considerable decline of soil quality and poses a
threat to depriving a large portion of the
population of vital food resources. To
overcome this problem, natural methods have
been implemented in agricultural areas, which
have helped in the sustainability and
development of agricultural areas. Compared
to other microorganisms, actinomycetes help
in increasing soil fertility as well as
researchers in recent years (Jain et al, 2022)

(Fig 2)

Applications of actinomycetes in agriculture

Biological nitrogen fixation

S —
Biocontrol agents

Phosphate solubilization

Siderophore production

Fig 2. Applications of actinomycetes in agriculture, highlighting their roles in enhancing soil fertility and
controlling plant pathogens.

Nitrogen fixation

Nitrogen fixation is a cyclic process in which
nitrogen is converted to  ammonia.
Actinomycetes help in nitrogen fixation either
by symbiosis or by free-living conditions, such
as Cornynebacterium sp. which helps in
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promoting the growth of maize crops by
releasing the level of acetylene and
Micromonospora,  which  fix  nitrogen
symbiotically through actino-nodules of trees
and shrubs (Barka et al, 2016). Frankia fixes
nitrogen by forming symbiosis  with
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actinorhizal plants which helps in colonizing
nitrogen poor soil and initiation of ecological
succession (Normand et al, 2007). Two genes
play a major role in nitrogen fixation those are
nif and nod genes. Both genes have their own
importance; nif genes encode nitrogenase
enzymes that help in nitrogen fixing, while
nod genes encode Nod factor that helps in
nodule formation (Haukka et al, 1998).
Example of some nitrogen fixing bacteria are
Herbiconiux, Labdella, Leucobacter
(Boukhatem et al, 2022).

Solubilization of phosphate

Phosphate is a major growth-macronutrient
required for plant growth and development,
especially in tropical areas, because of the low
availability of soil (Santana et al, 2016).
Phosphate has numerous detrimental effects on
the  environment, yet phosphate-based
fertilizers remain costly because of the
extraction process from raw materials (Abebe
et al, 2022). In the soil, phosphate exists in an
insoluble form due to its fixation as insoluble
phosphates of iron, calcium, and aluminium.
About  75-90% of the agrochemical
phosphorous get fixed in the soil by forming
metal-cation complexes which led to the
deterioration of soil fertility and eutrophication
(Sharma et al, 2013). Additionally, they also
secrete extracellular enzyme like phytase
which aids in the degradation of phytate.
Furthermore, they release various acid such as
citric, gluconic, malic, oxalic, propionic, and
succinic acids, creating an acidic environment
that solubilizes potassium (Yadav and Yadav,
2019).

Production of siderophore

Irons are essential nutrient for microorganisms
to perform various functions such as growth,
repair and nucleic acid  synthesis,
photosynthetic transport, respiration, nitrate
reduction and detoxification of free radical
(Hernandez et al, 2018). Siderophores are low
molecular weight ligands produced by
microorganism that binds to fe3* and transport
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it in to the cell to fulfil their iron requirement
under iron limiting conditions (Gu et al, 2020).
Numerous microorganisms are capable of
producing siderophores and can also acts as a
biocontrol agent. Among them Streptomyces
strain  produced hydroxamate type of
siderophore such as deferoxamine (Zhou et al,
2022).  Enterobactin is  produced by
Enterobactericeae family. Moreover,
Hetrobactins are different type of siderophores
found in  Rhodococcus  erythropolis.
Desferrioxamine, one of the common class of
siderophore that is produced by actinomycete
(Wang et al, 2014). When biocontrol agents
produced enough amount of siderophores it
reduces the availability of Fe®*, which
indirectly effects the phytopathogenic fungi
because due to lack of iron they would be
unable to perform their vital functions.
Biocontrol agent

Globally there has been surge in the discovery
of natural compounds as a biocontrol agents.
Approximately 60% of insecticides and
herbicides derived from Streptomyces have
been discovered in the last 10 years.
Thermophilic actinomycetes increase crop
yields as they can supress the plant diseases
thus they can be used instead of commercial
pesticide (Ngamcharungchit and Chaimusik,
2023). Among all the genera of actinomycete,
Streptomyces is extensively used as biocontrol
due to its easy isolation process (Zou et al,
2021). Marine actinomycetes, like S.
chumphonensis, effectively decreased green
mold syndrome caused by P. digitatum in
citrus (Hu et al, 2019). The consumption of
biostimulants and organic fertilizers such as
compost and vermicompost, increase the
population  of  actinomycete. Marine
Streptomyces sp. showcase improved efficacy
in the suppression of C. fragariaein
strawberry thereby reducing the severity of
anthracnose disease. Moreover, they help
maintain fruit hardness and color (Cao et al,
2020) (Fig 3).
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Commercial | Actinomycetes Registered  countries | Targeted pathogen/ | References
products name Disease
Actinovate, | S.lydicus Canada, USA Rhizoctonia, Phytophthora | (Tian  and
Novozymes Fusarium, Pythium, Zheng,
and Verticillium, Botrytis | 2013)
Alternaria, Geotrichum, and
Sclerotinia powdery
and downy mildew
Polyoxorim | S. cacaoi var. | UE countries Sphaerotheca, powdery Copping et
asoensis mildews, Sclerotium, | al. 2007
Alternaria, Botrytis,
Corynespora, Cochliobolus,
sheath blight, and
Helminthosporium
Mycostop S. griseovirids Canada, UE Iternaria, R. solani, (Lahdenpera
countries, and Phytophthora, Fusarium, | etal, 1991)
USA Botrytis and Pythium
Safegrow S. kasugaensis South Korea Sheath blight and large (Kabaluk et
KIBC patch al, 2010)
Bactophil Streptomyces Ukraine Seed germination (Nakaew et
albus diseases al, 2009)
Agrimycin, | S. griseus India, USA, New | Bacterial rots, Xanthomona, | (Tian and
Paushak, Zealand, China, Ukraine | and Pseudomonas Zheng, 2013
Cuprimicin and Canada

17, Astrepto
17

b

Immunosuppressive
agents

Antitumor
activity

Is

-4
w

Anti-inflammatory
compounds

Fig 3. Applications of actinomycetes in the health sector

In health-related area: Actinomycetes have significant importance in the medical field as it produces
a wide array of secondary metabolites. These metabolites are used for the treatment of various
infection Actinomycetes are particularly noted for synthesizing compounds with potent antitumor,

Antitumor activity: Antinomycin D was the first natural metabolites isolated from Streptomyces
antibioticus, used for cancer treatment. Due to side effects its applications has been limited but it is
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still used for the Wilms tumour in children (Waksman et al, 1941). Marine actinomycetes are the
major source for anti-tumour compounds which has vast use in pharamceautical industries. They
create strong medications known as secondary metabolites which cannot be produced by terrestrial
organisms. The breast cancer cell lines MDA-MB231 and MCF-7 were antagonistic to the
actinomycete strains ACTO01 and ACTO2 (Ravikumar et al, 2012). Some of the novel bioactive
metabolites extracted from marine actinomycetes, such as Streptochlorin, Lynamicins, and
marizomib, are anti-tumor compounds (Zuo and Kwok, 2021) (Table 3).

Immunosuppressive agents: Immunosuppresive are the drugs that are used during organ
transplantation to decrease the risk of organ rejection. They are employed in managing autoimmune
disorders like Crohn’s disease (Persistent inflammation in digestive tract), rheumatoid arthritis, and
uneven hair growth. Compounds such as tacrolimus from Streptomyces tsukubaensis and ascomycin
from Streptomyces hygroscopicus have been derived from microorganisms for use as an antifungal-
antibiotic agents during organ transplantation (Barreiro et al, 2012)

Anti-inflammatory compounds: Anti-inflammatory compounds are utilized to relief the pain and
inflammation related with arthritis and muscle-skelton disorders. Such inflammatory compounds like
Saphenic acid and lipomycin is produced by the marine actinomycetes. Also, Cyclomarin A and C are
produced by Streptomyces Arenicola. Cyclomarin A has both anti-tuberculosis as well as anti-malarial
activity. Additionally, it is used to decrease swelling during inflammation (Alenazi et al, 2023)

Table 3. Few examples of antiviral and antitumor metabolites isolated from actinomycete from

J. Mountain Res. P-ISSN: 0974-3030, E-ISSN: 2582-5011
Vol. 19(2), (2024), 85-95

2017-2023
Metabolites | Organisms Compounds names References
Antiviral Actinomadara sp. 2EPS Decatromicins (Euanorasetr et al,

2019)

Streptomyces
SCSIO 5802

Koyangensis

Neoabyssomicins F,G

(Keller et al, 2023;
Huang et al, 2018)

Streptomyces bacillaris

Zelkovamycins F,G

(Hao et al, 2022)

Streptomyces sp. SCSIO | Piericidins A5, G1 (Peng et al, 2022)
40063
Streptomyces Napyradiomycin A4, A80915 H (Zhang et al, 2023)

kebangsaanensisWS-68302

Streptomyces sp. JA74

Dihydromaniwamycin E

(Saito et al, 2022)

Kibdelosporangium
persicum

Persicamidines A—E

(Kimura et al, 2019)

Antitumor | Streptomyces sp. N1510.2 Strepantibin D (Luetal, 2021)
Micromonospora Isoflavonoid glycosides 1-3 (Wang et al, 2014)
aurantiaca 110B
Streptomyces sp. XMA39 Rubiflavin G (Lee et al, 2023)

Photorubiflavin G, E
Streptomyces sp. shell-016 Shellmycin A-D (Han et al, 2020)
Actinomadura sp. K4S16 Nonthmicin, Ecteinamycin (lgarashi et al,
2017)
Conclusion

Actinomycetes, particularly Streptomyces, thrive in diverse ecosystems and are crucial for producing
bioactive compounds with medical and agricultural applications. In medicine, they combat antibiotic
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resistance by synthesizing novel antibiotics with unique structures and mechanisms, offering solutions
against resistant pathogens. In agriculture, actinomycetes support sustainable practices by fixing
nitrogen, producing siderophores, stimulating plant growth, and serving as natural alternatives to
synthetic pesticides and fertilizers. These organisms enhance soil health, improve crop yields, and
reduce environmental impact. Ongoing research underscores their pivotal role in addressing global
health and food security challenges, paving the way for advancements in biotechnology and

sustainable agriculture.
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