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Abstract  

For centuries, Actinobacteria have been a focus of 

research, particularly due to their association with 

pathogenic microbes like Mycobacterium tuberculosis, 

Corynebacterium diphtheriae, and Streptomyces scabies. 

While they are often noted for their pathogenic species, 

the phylum Actinobacteria also      include      a wealth of 

beneficial microbes      which play a crucial role in human 

well-being. These bacteria thrive in diverse 

environments—ranging from      moderate to extreme 

conditions—and can be found as free-living organisms or 

as endoparasites. Moreover, they are among the largest 

producers of antibiotics, however their socio-economic 

impact is underscored. This review attempts to explore      

whether this phylum is ultimately a boon or bane to 

mankind. 

1. Introduction  

The filamentous Actinobacteria represent one of the 

largest phyla of Bacteria which derives its name from 

the Greek words aktin or aktis (ray) and mukes 

(fungi) (Barka et al., 2016). Traditionally due to their 

fungal morphology, they were considered the 

transition between fungi and bacteria. These include 

Gram-positive bacteria which follow a mycelial way 

of living and have a high G+C DNA content (ranging 

from 51% to more than 70%) (Świecimska et al., 

2023; Tischler et al., 2019).  

Actinobacteria are cosmopolitan in their distribution, 

most of them being free living and inhabiting both 

terrestrial and aquatic ecosystems. They are also known 

to inhabit extreme environments, for example, volcanic 

caves, hot springs, high mountains, and coral 

associations (Katti et al., 2022, Ventura et al.,      2007). 

These ubiquitously distributed bacteria have been of 

great importance to mankind for their extensive 

production of secondary metabolites and derived 

antibiotics with antibacterial, anticancer, anthelmintic 

and antifungal properties (Liu et al., 2023,      Anandan 

et al., 2016). These molecules have found phenomenal 

success in translational clinical research in the last few 

decades (Manikkam et al., 2024, Pongen et al., 2023,      

Mahajan et al., 2012). Several bioactive molecules 

produced by Actinobacteria are proven effective against 

drug resistant variants of the pathogen (Singh & Dubey, 

2018). They also produce a plethora of other compounds 

that are significant for nematode control, carbon cycling, 

treatment of plant diseases, and degradation of organic 

matter. Despite such positive impacts, these bacteria are 

controversial because of their ability to cause diseases in 

both plants and animals, thereby questioning their 

merits. Through this review we discuss the various 

aspects of their habitat, biology, taxonomy, applications, 

and their exact role in natural ecosystems. 

2. Habitat  

Actinobacteria have a wide ecological distribution 

ranging from freshwaters, marine, terrestrial and 

extreme terrestrial dwellings.   

2.1 Terrestrial ecosystems 

Most Actinobacteria are saprophytic, soil dwelling 

bacteria (with genus Streptomyces being the most 

abundant) which are known to form symbiotic 

connections with the roots of plants (Dhanasekaran et 

al., 2019).  Actinobacterial ecology ranges from black-

alkaline soil, sandy soil, sandy loam soil as well as in 

harsh conditions such as anoxic mangrove rhizospheres 

and desert soils (Jose et al., 2021, Anbazhagan et al., 

2017). Several terrestrial species produce novel 

antibiotics. The latest computational models have 

revealed a promising genomic potential of these bacteria 

for development of medicinally and agriculturally 

relevant bioactive compounds (Quinn & Dyson 2024). 

Studies have also reported that Actinobacteria living in 

soil become connected with surfaces such as fungal 

hyphae through polyketide synthesis (Krespach      et al., 

2023, Williams  et al., 2002). 

 
1 Department of Zoology Shivaji College, University of Delhi, Raja Garden, New Delhi 110027, India 

2 Department of Zoology, Miranda House, University of Delhi, Delhi, 110007, India 
3 Department of Zoology, Maitreyi College, Bapu Dham, Chanakyapuri, New Delhi-110021, India 
4 Department of Zoology, University of Delhi, Delhi, 110007, India 
5 Department of Zoology, Sri Venkateswara College, University of Delhi, Delhi, 110021, India 
6 Department of Zoology, Hansraj College, University of Delhi, Delhi, 110007, India 
#Authors have contributed equally *Correspondence: Dr. Mansi Verma mansiverma@hrc.du.ac.in; mansiverma20@gmail.com 

Review 

https://inscr.co.in/index.php/e-journal/microsphere/publisher-information.html
mailto:mansiverma@hrc.du.ac.in
mailto:mansiverma20@gmail.com
https://orcid.org/0009-0001-7816-6575
https://orcid.org/0000-0001-5287-3127
https://orcid.org/0000-0003-3170-9576


 Microsphere (2025) 3(1): 269-289 
270 

These generally proliferate well in organic horizons 

(Hagedorn 1976) of soil and are also environmentally 

beneficial as they are found to degrade litter 

(Goodfellow & Williams, 1983). Generally, 

Streptomycetes are found in more arid and cooler soils 

(Guo et al., 2017). These also promote plant 

development by producing certain antifungal 

compounds and protect plants from root-borne 

pathogens (Hamby & Crawford, 2000). However certain 

Actinobacteria are also causative agents of various plant 

diseases such as Streptomyces       scabies and S. 

acidiscabies., which are known      to cause      potato 

scab in plants (Ramezani-Moghadam et al., 2024, 

Takeuchi & Hatano, 1998). These positive and negative 

impacts of Actinobacteria keep their status controversial. 

The major Actinobacteria representatives found in soil 

include Streptomycetes, Nocardia, Actinomadura, 

Nocardiopsis, Psudonocardia, Rhodococcus, 

Micromonospora (Motallebirad et al., 2023, James et al., 

2023, Anandan et al., 2016).  

Actinobacteria form a bulk of microbial biomass in 

the rhizosphere and rhizoplane. Apart from nitrogen-

fixation, they produce a huge spectrum of secondary 

metabolites, plant-growth promoting factors, and bio-

active compounds which help in fighting infections 

caused by bacteria, fungi, viruses, etc. (Kavya et al., 

2024). Such actinobacterial associations also help in 

reducing plant stress caused by salinity, drought, 

heavy metals, and temperature.  

2.2 Aquatic Ecosystems  

Actinobacteria show widespread distribution in 

aquatic habitats and are present in both freshwater 

and marine ecosystems. 

2.2.1 Freshwater 

Many types of Actinobacteria such as Rhodococcus, 

Streptomyces, Micromonospora, Thermoactinomyces 

can be readily isolated from freshwater sites 

(Mukhopadhyay & Biswas 2024; Cross, 1981). 

According to various reports, Micromonospora is 

predominant in aquatic habitats especially in lakes with 

deeper trophic states and fluctuating pH, oxygen and 

salinity levels (Liu et al., 2023). Some of the freshwater 

representatives act as natural degraders and recyclers, 

thereby modifying environmental conditions by active 

secretion of bioactive compounds. Hydrophobic spores 

and hyphae of Actinobacteria at water/air interfaces also 

play a major role in causing an increase in their 

populations. Some other Actinobacteria inhabiting 

freshwaters include Arthrobacter, Corynebacterium, 

and Nocardia, Actinomadura madurae, Mycobacterium 

kansasii (Anandan et al., 2016). 

2.2.2 Marine 

Marine ecosystems have greater biodiversity of 

Actinobacteria as compared to freshwater ecosystems 

and a large part of marine actinobacterial diversity 

has still remained untapped (Debbab et al, 2016). 

Some prominent genera of marine ecosystem include 

Rhodococcus, Streptomyces, Salinispora, Dietzia, 

Salinibacterium, Aeromicrobium, Verrucosispora 

(Setiawan et al., 2024; Ribeiro et al., 2023). Isolates 

have also been reported from extreme harsh 

anaerobic conditions at sub-zero temperatures on the 

deep sea floors as well as from highly acidic 

conditions near the hydrothermal vents (Orcutt et al., 

2011).  

2.3 Air Borne Actinobacteria  

The air-borne spores produced by the members of the 

genera Saccharopolyspora, Streptomyces, 

and Thermoactinomyces circulate in the air and cause 

respiratory distress (Marchand et al., 2024). These are 

responsible for hypersensitivity pneumonitis 

commonly called farmer's or mushroom worker’s 

lung and several other diseases (Guo et al., 2017; Qin 

et al., 2016). These actinobacterial spores are formed 

by the subdivision of existing hyphae and have a 

sheath around them for their effective circulation (van 

Bergeijk et al., 2020, Barka et al., 2016, Jensen et al., 

2007).       

2.4 Endophytic Actinobacteria  

There are some Actinobacteria which inhabit the 

internal parts of various plants. These endophytic 

Actinobacteria do not cause any damage to the plants 

but rather provide advantages like protecting the plant 

against infectious diseases      (Kaari et al., 2023, 

Yadav et al., 2018, Benson & Silvester, 1993). 

Further some endophytic Actinobacteria also belong 

to genera like Streptoverticillium, Microbispora, 

Kibdelosporangium, Brevibacterium, Actinomadura, 

Glycomyces Plantactinospora, Polymorphospora 

among others (Hui et al., 2021, Anandan et al., 2016). 

2.4 Gut Actinobacteria  

Apart from the above-mentioned habitats, 

Actinobacteria also tend to inhabit the gut of certain 

vertebrates such as in the gut of marine fishes the 

Indian mackerel and Panna croaker and invertebrates 

including some sponges, corals and molluscs (James 

et al., 2023; Hassan et al., 2017). They are present as 

symbiotic associations that help the organism in 

detoxification, and provide nutrition and protection 

against various infectious diseases.      These gut 
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dwelling Actinobacteria include Streptomyces, 

Nocardiopsis, and Oerskovia (Tan et al. 2009). 

Further many Streptomyces sp. have been isolated 

from infected gut samples of chickens and goats 

(Kandasamy et al., 2016).  

2.5 Actinobacteria growing on Compost and 

Mouldy Fodder 

An environment with clammy, aerobic, and alkaline 

pH conditions provides home to a large number of 

Actinobacteria with a predominance of 

Streptomycetes thermovulgaris, S. macrosporus, S. 

thermoviolaceus, S. megasporus and S. 

thermolineatus (Donald et al., 2022, Girard et al., 

2013). The abundance of Actinobacteria in fertilizers 

and animal feed such as straw and grains      

(Kallapiran & Kannan 2022, Lacey & Crook, 1988) is 

explained by the presence of      high organic contents 

(Jensen et al., 2007).  

2.6 Extreme Habitats 

Actinobacteria proliferate well in various extreme 

conditions of temperature, pH, salinity, nutrients and      

radiations (Zenova et al., 2011) which is indicative of 

their physiological and metabolic flexibilities 

(Shivlata & Satyanarayana, 2015). They have also 

been isolated from gastrointestinal tracts of 

arthropods and millipedes as well as from their      

faecal matter (Jensen et al., 2007). Extremophilic 

Actinobacteria      includes Streptomycetes, 

Micromonospora, Rhodococcus sp. (McCarthy & 

Williams, 1990). 

3. Biology of Actinobacteria  

Actinobacteria are predominantly saprophytic, most 

abundantly present in the soil in the form of semi-

dormant spores for a large part of their lives, 

especially under limiting nutrient conditions 

(Williams et al., 2002). These thrive at high 

population densities      (106 to 109 cells per gram of 

soil) in organic material rich soils (Goodfellow et al., 

2015). Their density is also dependent upon 

temperature, pH, soil moisture and climatic 

conditions. Most of the Actinobacteria are mesophilic 

i.e. their optimal temperatures for growth varies from 

25-30°C, however thermophilic Actinobacteria are 

exceptions as their optimal temperatures for growth 

ranges between 50°C and 60°C (Edwards, 1993). The 

growth of Actinobacteria in soil is also favoured 

when the humidity is low. However, in dry soils      

the Actinobacterial growth can become very limited 

or may even halt (Barka et al., 2016).  Actinobacteria 

are known to grow best at pH levels ranging between 

6 and 9 although they show an optimal growth at 

neutral pH (Anandan et al., 2016). However, 

actinobacteria (mostly Streptomyces) have also been 

isolated from sites (acidic soil) where the pH levels 

were as low as 3.5 (Kim et al., 2003). 

4. Taxonomy of Actinobacteria  

The evolutionary origin of Actinobacteria can be 

dated back to 2.7 billion years ago (Lewin et al., 

2016). Phylum Actinobacteria remains the most 

fascinating of all prokaryotic phylums due to its vast 

diversity, ranging from antibiotic producing 

Streptomyces sp. to human disease causing 

Mycobacterium sp. The classification of prokaryotes, 

including Actinobacteria, has undergone significant 

modifications as a result of the polyphasic taxonomy 

(Brenner et al., 2005b,c). Currently, phylum 

Actinobacteria contains six classes Actinobacteria, 

Acidimicrobiia, Coriobacteriia, Nitriliruptoria, 

Rubrobacteria, Thermoleophilia (Wellington et al.     , 

1992; Gtari et al., 2012; Goodfellow et al., 2015; Guo 

et al., 2017; Zhi, Li, & Stackebrandt, 2009; Gao & 

Gupta, 2012; Ludwig et al., 2012; Foesel et al., 

2016). Earlier, this phylum was identified by its 

branching position in 16S rRNA gene      trees; 

however these sequences were unable to discriminate 

between closely related species, making it difficult to 

determine their evolutionary relationships and 

therefore generating ambiguity (Omura et al., 1982; 

Zhang et al., 1997). Other than 16S rRNA genes, 

genetic markers like RpoB, GyrB, DnaK, GrpE have 

been used for the construction of phylogenetic trees 

(Guo et al., 2017). However these markers are limited 

only to a particular group and result in unstable 

phylogenetic reconstructions (Alam, 2010; Rokas, 

2003). "True" evolutionary relationships between the 

members of the bacterial members have been 

established due to the availability of whole genome 

sequences. However, this is also conflicting because 

of the varying evolutionary histories of genomes 

(Snel et al., 2005); though studies like Verma et al. 

(2013) have provided valuable insights on the 

phylogenetic relationships of Actinobacteria using 

consensus tree based approach. 

5. Uses of Actinobacteria  

5.1 Why are Actinobacteria considered a boon? 

Actinobacteria have various applications 

commercially, pharmacologically, biotechnologically 

and ecologically. These applications are as follows: 

5.1.1 Carbon cycling: Actinobacteria such as 

Streptomyces sp. are known to fix carbon in environments 

having leaf litter, dead and decaying matter, compost etc. 
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Additionally, they support the cycling of other carbon 

sources including chitin, which is a key component of the 

exoskeletons of invertebrates and fungi (Lewin et al., 

2016). Actinobacteria are also known to cause the 

breakdown of cellulose, lignin, crystalline cellulose, 

hydrocarbons and other organic contaminants (Shivlata & 

Satyanarayana, 2015).  

5.1.2 Symbiotic relations formed by Actinobacteria 

Though Actinobacteria are mostly known to be free-

living, they have also been observed to be symbionts with 

other eukaryotes generally in their gut or on external 

surfaces (Lewin et al., 2016). For example: 

Corynebacterium and Bifidobacterium are associated with 

insects, mammals as well as humans (Turroni et al., 

2012).      Apart from this, Actinobacteria      also      

associated with endophytes and various other plants. 

Generally, their role as symbionts is in defence and 

providing nutrition to the host (Benson & Silvester, 1993; 

Conn et al., 2008)  

5.1.3 Antimicrobial and Antifungal properties 

Compared to cyanobacteria or any other kind of 

bacteria, Actinobacteria have been observed to be the 

most frequent producers of specialized metabolites 

(Sayed et al., 2020). Actinobacteria's antibacterial and 

antifungal characteristics stem from their capacity to 

generate a variety of secondary metabolites, which 

are mostly used in the production of compounds 

intended for human consumption, including 

antibiotics. They generate around 55% of all known 

antibiotics, making them the biggest producers of 

antibiotics among all bacteria (Anbazhagan et al., 

2017). Around 589 molecules with diverse chemical 

structure have been isolated from Actinobacteria 

between 2015 to 2020 of which more than 50% have 

been reported to have the property of being 

biologically active (Jose et al., 2021). The majority of 

these antibiotics that are currently in use have been 

isolated from Actinobacteria, primarily belonging to 

the genera Micromonospora and Streptomyces 

(Jensen, Dwight, & Fenical, 1991). Streptomyces, the 

largest antibiotic-producing genus, generates over 

two-thirds of clinically used natural antibiotics 

derived from their diverse secondary metabolites 

(Anandan et al., 2016). They are also known to 

produce antifungals such as natamycin produced by 

S. natalensis, amphotericin B made by S. nodosus, 

nystatin produced by S. noursei among others. They 

also produce a large variety of antibiotics, such as the 

aminoglycoside class of antibiotics, which consists of 

cyclohexyl rings joined by glycosidic bonds and 

substituted with amine groups. Some novel 

antibiotics include Streptomycin produced by S. 

griseus, erythromycin produced by S. erythraea 

which is a great substitute for penicillin for those 

allergic to it      , chloramphenicol produced by S. 

venezuelae used to treat various infections, 

tetracycline produced by S. rimosus used to treat skin 

conditions like acne. In view of their high toxicity, 

some antibiotics made by Streptomyces sp. are used 

as chemotherapeutic medications instead of being 

prescribed to humans as antibiotics (Burg et al., 

1979). The rare       and difficult to culture      

Actinobacteria harnessed from desert have been 

reported to produce bioactive compounds that 

pharmaceutical companies can use (Selim et al., 

2021). The increase in resistance to antibiotics in 

microbial diversity has made it necessary to find and 

extract novel bioactive substances with potential as 

antibiotics. A recent study by      Yang et al., 2024      

has used a metagenomic approach along with CARD 

(The Comprehensive Antibiotic Resistance Database) 

to mine the microbial diversity in extreme 

environments of Karamay Gobi region. They were 

able to identify 30 actinobacterial species with 

antibiotic gene clusters with therapeutic properties 

which hold potential for new sets of drugs. More such 

compounds isolated from Actinobacteria with 

medicinal properties have been tabulated in Table 1. 

 

 

  Table 1: Medicinal compounds produced by Actinobacteria  

 Compound Application Actinobacteria Family  References  

1,8-Dihydroxy-2-

ethyl-3 

methylanthraquinone 

Antitumor Streptomyces sp. Streptomycetaceae (Huang et al., 

2006) 

1-Hydroxy-1- 

norresistomycin 

Antibacterial  Schisandra chinensis Schisandraceae (Gorajana et al., 

2005) 

2-Allyloxyphenol Antibacterial Streptomyces 

sundarbansensis 

Streptomycetaceae  (Arumugam et 

al., 2011) 

Arenimycin Antibacterial S. arenicola Arenicolidae (Asolkar et al., 

2010) 

Bisanthraquinone Antibacterial Streptomyces sp. Streptomycetaceae (Nicolaou et al., 

2009) 
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Carboxamycin Antibacterial Streptomyces sp. Streptomycetaceae (Hohmann et al., 

2009) 

Butenolides Antitumor Streptoverticillium 

luteoverticillatum 

Streptomycetaceae ( Li et al., 2006) 

Chinikomycins Anticancer  Streptomyces sp. Streptomycetaceae (Li et al., 2005) 

Chloramphenicol Antibacterial Streptomyces 

venezuelae 

Streptomycetaceae (Sekurova et 

al.,2016) 

Marinomycins A–D Anticancer  Marinispora Streptomycetaceae (Kwon et al.,  

2006) 

Frigocyclinone Antibacterial S. griseus Streptomycetaceae (Bruntner et al., 

2005) 

Daryamides Antifungal  Streptomyces sp. Streptomycetaceae (Asolkar et al., 

,2006) 

Hygromycin Immunosupressive  Streptomyces 

hygroscopicus 

Streptomycetaceae (Palaniappan, 

Ayers, Gupta, 

Habib el, & 

Reynolds, 2006) 

Lajollamycin Antibacterial Streptomyces Nodosus Streptomycetaceae (Manam et al., 

2005) 

Mitomycin C Antitumor  Streptomyces 

lavendulae 

Streptomycetaceae (Sheldon et al., 

1999) 

Mechercharmycins Anticancer  Thermoactinomyces 

sp. 

Bacillaceae (Kanoh et al., 

2005) 

Pacificanones A & B Antibacterial  S. pacifica Streptomycetaceae (Oh et al..,2008) 

Saliniketal Cancer 

Chemoprevention 

S. arenicola Streptomycetaceae (Wilson et al., 

2010) 

Piericidins Antitumor Streptomyces sp Streptomycetaceae (Hayakawa et 

al., 2007) 

Proximicins Antibacterial  Verrucosispora sp. Micromonosporaceae 

 

(Huang et al., 

2016) 

Rapamycin Immunosupressive  S. hygroscopicus Streptomycetaceae (Dutta et al., 

2014) 

Salinosporamide B 

& C 

Cytotoxicity  S. tropica Streptomycetaceae (Lechner et al., 

2011) 

Staurosporinone Phycotoxicity  Streptomyces sp. Streptomycetaceae (Wu et al., 2006) 

Streptokordin Antitumor Streptomyces sp. Streptomycetaceae (Jeong et al., 

2006) 

Streptomycin Antibacterial  S. griseus Streptomycetaceae (Waksman, 

1953) 

Streptozotocin Diabetogenic  S. achromogenes Streptomycetaceae (Eleazu et al., 

2013) 

Valinomycin Ionophor  S. griseus Streptomycetaceae (Paananen et al., 

2000) 

ZHD-0501 Anticancer  Actinomadura sp.  (Olano et al., 

,2009) 

Tetracyclines Antimicrobial Streptomyces 

achromogenes, 

Streptomyces 

Rimosus 

Streptomycetaceae (Petkovic et al.,  

2017) 
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5.1.4 Production of enzymes  

Actinobacteria are capable of producing various 

enzymes (Table 2) which can degrade complex 

organic matter in soil or sediment (Ballav et al., 

2012). They are the most crucial products synthesized 

by Actinobacteria after antibiotics (Nascimento et al., 

2014). Some enzymes produced by them include 

amylases which play a role in extracellular digestion 

and have various biotechnological applications in 

textile, paper, fermentation and food industries 

because of their ability to digest starch (Pandey et al., 

2000). Actinobacteria, bacteria, and fungi produce 

lipases that are very useful in the detergent, 

pharmaceutical, and diagnostic industries (Schmidt 

A. et al., 2005). Streptomyces is known to produce 

protease in its culture media (Sharmin et al., 2013). 

Actinobacteria have also been known to produce 

enzymes such as gelatinases, lecithinases, cellulases 

etc. (Gulve & Deshmukh, 2012).  

Table 2: Enzymes produced by Actinobacteria 

Enzyme  Actinobacteria Family Uses References 

Amylases Streptomyces sp., 

Streptomyces 

erumpens,Nocardiopsis 

sp. ,Thermobifida 

fusca, 

Nocardiopsis sp. 

Streptomycetaceae 

Nocardiopsaceae 

 

Used in detergents, 

paper 

and textile industry, 

baking 

industry and for 

production of glucose 

and fructose syrups. 

(Prakash et al., 

2013) 

Proteases Thermoactinomyces 

sp., 

Nocardiopsis sp., 

Streptomyces 

pactum, Streptomyces 

thermoviolaceus, 

Streptomyces sp 

Streptomycetaceae 

Nocardiopsaceae 

 

Used in cheese 

making, brewing 

industry, leather 

indudtry, detergent 

industry, treatment of 

blood clots 

(Prakash et al., 

2013) 

Lipases  Streptomyces griseus Streptomycetaceae Used in cheese 

flavouring, baking, 

textile and detergent 

industries 

(Daza et al., 

1990) 

Cellulase  Streptomyces sp., 

Thermobifida 

halotolerans , 

Streptomyces sp. 

Streptomycetaceae 

Thermomonosporaceae 

Used in detergent, 

textile, paper and pulp 

industry 

(Amore et al., 

2012) 

Xylanase  Actinomadura sp., Thermomonosporaceae Used in animal feed 

and paper and pulp 

(Chakdar et al., 

Tirandamycins Antibacterial  Streptomyces sp. Streptomycetaceae (Carlson et al., 

2009) 

N-[2-

hydroxyphenyl)-2-

phenazinamine 

(NHP) 

Antifungal Nocardia dassonvillei Nocardiopsaceae ( Gao et al., 

2012) 

Chromomycin B, 

A2, A3 

Antitumor Streptomyces 

coelicolor 

Streptomycetaceae (Menendez et al., 

2004) 

1,4-dihydroxy-2-(3-

hydroxybutyl)-9, 10- 

anthraquinone 9, 10-

anthrac 

Antibacterial  Streptomyces sp. 

RAUACT-1 

Streptomycetaceae (Ravikumar et 

al., 2012) 

Anthracyclines Antitumor S. galileus Streptomycetaceae (Hori et al., 

1977) 
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Streptomyces sp. Streptomycetaceae industry 2016) 

Pectinase  Streptomyces lydicus Streptomycetaceae It is used in scouring 

and textile industry 

(Anandan et al., 

2016) 

L-

Asparaginase  

S. griseus, 

Streptomyces 

karnatakensis, 

Streptomyces 

albidoflavus, 

and Nocardia sp. 

Streptomycetaceae 

Nocardiopsaceae 

 

Used in 

chemotherapeutic 

drugs, food and baking 

industries 

(Kavitha & 

Vijayalakshmi, 

2012) 

Glucose 

Oxidase  

Streptomyces 

coelicolor 

Streptomycetaceae Baking industry  (Kwakman & 

Postma, 1994) 

Phytase  Streptomyces 

luteogriseus 

R10 

Streptomycetaceae Used in phytate 

digestibility  

(Anandan et al., 

2016) 

Keratinase  Nocradiopsis sp. SD5 Nocardiopsaceae 

 

Used in animal feed  (Saha et al., 

2013) 

 

5.1.5 Bioherbicides  

The secondary metabolites produced by 

Actinobacteria as discussed above can also be used 

for removing unwanted herbs or weeds from fields 

and gardens (Table 3). Herbicides produced by 

Streptomyces saganonensis are known to inhibit the 

growth of both dicotyledonous and 

monocotyledonous weeds. Anisomycin, which is 

produced by Streptomyces sp., inhibits the growth of 

a number of grassy weeds, including barnyardness.  

Actinobacteria also produces bialaphos, an important 

herbicide used to manage both annual and perennial 

grass weeds (Xiliang, 1994). 

Table 3: Bioherbicides produced by Actinobacteria 

Secondary 

metabolite  

Actinobacteria Family  Uses  References 

Bialaphos Streptomyces 

viridochromogenes 

Streptomycetaceae Controls growth of annual 

and perennial      grasses 

(Hara et al., 1991) 

Anisomycin  Streptomyces sp Streptomycetaceae Growth inhibitor for 

annual grassy weeds 

(Shen et al., 2019) 

Carbocyclic 

Coformycin 

Hydantocidin 

Streptomyces 

hygroscopicus 

Streptomycetaceae Can control several 

different types of weeds  

(Nakajima et al., 

1991) 

  

5.1.6 Biosurfactants  

Biosurfactants are bioactive compounds having 

hydrophobic and hydrophilic moieties (Marchant & 

Banat, 2012). In comparison to chemically obtained 

surfactants, the surfactants obtained from 

Actinobacteria are free of mineral oil, can be 

produced at low temperatures and are easily 

biodegradable (Anandan et al., 2016). They can be 

employed in a number of sectors, including mining, 

oil recovery, nutrition, textile, varnishing, and 

cosmetics (Marchant & Banat, 2012).  

 

 

5.1.7 Bioweathering 

Weathering is an important phenomenon in soil 

formation in which      Actinobacteria play a major 

role      because of their ability to survive in harsh 

conditions having limited nutrient content. Given 

their filamentous form and ability to thrive as 

oligotrophs, Streptomyces species are most frequently 

found at rock weathering sites. An important part of 

breaking down organic matter for soil formation is 

done by Actinobacteria. The species which bring 

about this include Nocardioides, Kibdelosporangium, 

Arthrobacter, Knoellia, Brevibacterium, 

Rhodococcus among others (Cockell et al., 2013). 
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5.1.8 Pigments  

Actinobacteria are able to produce a wide range of      

pigments when grown in natural or synthetic media. 

These pigments are better as compared to synthetic 

dyes which require harmful chemicals for their 

production (Table 4). The colours of these pigments 

vary between red, blue, green, black etc. 

Streptomyces is generally known for producing such 

pigments which can be both bound to a cell or 

secreted in the medium, and the production is 

dependent on the factors shown in Figure 1 (Anandan 

et al., 2016). 

 

Figure 1. Factors affecting pigment production in 

Streptomyces 

Table 4: Pigments produced by Actinobacteria 

Pigment Class Actinobacteria Family References 

Rhodomycin  Anthracycline 

glycoside 

Synodontis 

violaceus DSM 

40704 

Mochokidae (Holkar et al., 2013) 

Actinomycin  Phenoxazinone Streptomyces sp Streptomycetaceae (Barry et al.,  1989) 

Undecylprodigiosin 

Metacycloprodigiosin 

Prodigiosin Streptomyces 

longispororuber 

DSM 40599 

Streptomycetaceae (Darshan & 

Manonmani, 2015) 

Granaticin  Naphthoquinone Streptomyces 

litmocidin DSM 

40164 

Streptomycetaceae (Elson et al., 1988) 

     

5.1.9 Nanoparticle production  

Nanoparticles are of great importance as they are 

used in the production of various materials. 

Actinobacterial species such as Thermomonospora 

sp., Streptomyces aureofaciens, Streptomyces 

glaucus, Streptomyces viridogens spp., Streptomyces 

hygroscopicus, Nocardia farcinica are known for 

producing gold nanoparticles (Ranjani et al., 2016). 

Similarly, various Streptomyces species are also 

involved in the production of copper, zinc, 

manganese and silver (Manivasagan et al., 2016) 

(Table 5).  

 

Table 5: Nanoparticles produced by Actinobacteria 

Actinobacteria  Family  Nanoparticles References  

Rhodococcus sp., Streptomyces 

hygroscopicus, Streptomyces 

sp., Streptomyces rochei, 

Thermoactinomyces sp., 

Streptomyces albidoflavus, 

Nocardiopsis sp. 

Streptomycetaceae 

Bacillaceae 

Nocardiopsaceae 

Nocardiaceae 

Silver  (Qi et al., 2019) 

Streptomyces glaucus, 

Thermomonospora sp., 

Streptomyces aureofaciens, 

Streptomycetaceae 

Bacillaceae 

Gold  (Anandan et al., 2016) 
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Thermoactinomycete sp., 

Streptomyces hygroscopicus, 

Nocardia farcinica, 

Streptomyces viridogens, 

Actinobacteria 

 

Streptomyces sp. Streptomycetaceae Manganese, zinc, copper (Qi et al., 2019) 

 

5.1.10 Control of plant diseases  

Though Actinobacteria are also a cause of various 

diseases in plants, they are known to treat a variety of 

them by production of various secondary metabolites. 

Streptomyces has been one of the major sources for 

the production of insecticides and herbicides (Tanaka 

& Omura, 1993). Kasugamycin is a metabolite that is 

generated by Streptomyces kasugaensis. It is a 

fungicidal and bactericidal agent that inhibits protein 

production (Umezawa et al., 1965). Kasugamycin is 

used for the control of diseases such as rice blast, 

diseases caused by bacterial Pseudomonas among 

others. Polyoxin B and D are another natural class of 

fungicides that are generated by Streptomyces cacaoi 

var. asoensis (Endo & Misato, 1969). These 

polyoxins have the ability to interfere with chitin 

synthesis thereby interfering with fungal cell wall 

synthesis and are marketed to control fungal diseases 

in various plants, vegetables and ornamentals (Endo 

& Misato, 1969). 

5.1.11 Nematode Control  

Actinobacteria are involved in a variety of biological 

controls, including nematode control, because of their 

ability to produce antibiotics. Nematicides were 

earlier used for this      purpose; however they cause a 

wide range of damage to the environment. Therefore, 

the use of Actinobacteria provides a more 

environment-friendly and sustainable way of 

biological control (Ikeda & Omura, 1995).  

5.1.12 Biosorption of heavy metals  

Just like other bacteria and fungi, Actinobacteria 

participate in the biosorption of heavy metals such as 

chromium, lead, and cadmium from the polluted 

environment (El-Gendy & El-Bondkly, 2016).  

5.1.13 Wastewater Treatment  

Actinobacteria are not only important for the 

beneficial secondary metabolites they synthesize, but 

also for their ability to produce some chemically 

important compounds that help in degrading 

recalcitrant pollutants. Actinobacteria      are known 

for their roles of degrading phenol and naphthalene 

which are important pollutants present in wastewater 

and thus their role in wastewater treatment is 

considered pivotal (Soler et al., 2018). Three 

Actinobacteria strains that have the ability to break 

down 17 pesticides have recently been discovered 

from wastewater plants in the east and north of 

Algeria. These strains show promise as effective 

agents for the bioremediation of waste water 

ecosystems (Boufercha et al., 2022).   

Other Applications  

In addition to the previously mentioned aspects, 

Actinobacteria are crucial for the synthesis of 

phytohormones, promoting plant growth, and 

biotransformation (Shivlata & Satyanarayana, 2015). 

Members of the Actinobacteria also have the 

potential to act as biocontrol agents and induce 

systemic resistance in plants via Ethylene pathway 

and Salicylic acid mediated mechanism (Ebrahimi--

Zarandi et al., 2022). Several Actinobacterial 

members have been effectively used for the green 

technology of aquaculture bioaugmentation due to 

their distinct growth characteristics and varied 

metabolic attributes (Polti et al. 2014; Rathore et al. 

2021; James et al. 2023). Not only this, they are also 

known to produce biotechnologically important 

compounds such as carotenoids, alkaloids, etc. 

(Ballav et al., 2012).  

5.2 Why Actinobacteria are considered a bane?  

Not all interactions with Actinobacteria have a 

positive impact. The symbiotic association with the 

host may also have a negative impact. Actinobacteria      

are known to be virulent pathogens to both plants and 

animals including humans. A look at the pathogenic 

effect of these strains will give us an insight into 

Actinobacteria as pathogens.     

5.2.1 Plant Diseases  

Actinobacteria as causal agents of plant pathogenicity 

is not a new discovery. The actinobacterial genus      

Corynebacterium has been linked to several plant 

diseases. C. betae causes wilt and leaf spot of red 

beet.  Production of polysaccharides, hormones, and 

toxins by these Actinobacterial species      results in 
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disease in the host plant (Anandan et al., 2016). The 

genus Streptomyces is also a virulent strain causing 

plant diseases. They share a pathogenicity island 

which helps them infect the higher plants causing 

potato scab. Other pathogens which belong to the 

Microbacteriaceae family, such as Leifsonia xyli  

infect sugarcane and cause ratoon stunting disease, 

Clavibacter michiganensis infects the xylem of the 

shoot causing plant wilting in alfalfa, corn, tomato, 

and potato. Rhodococcus fascians  is a pathogen of 

dicotyledonous herbaceous plants causing leafy gall 

syndrome (Lewin et al., 2016) (Table 6). 

Table 6: Major Plant diseases caused by Actinobacteria 

Actinobacteria  Family Name of disease  References 

Arthrobacter ilicis Micrococcaceae Blight of holly  (Collins et al., 1981) 

C. flaccumfaciens Microbacteriaceae Wilt of bean  (Osdaghi et al.,  2020) 

Clavibacter 

michiganensis subsp.      

insidiosus 

Microbacteriaceae Stunting and wilt in alfalfa  (X. Li et al., 2018) 

Clavibacter 

michiganensis ssp. m     

ichiganensis 

Microbacteriaceae Canker of tomato  (Nandi et al., 2018) 

Clavibacter 

michiganensis subsp. n     

ebraskensis 

Mycobacteriaceae Wilt and blight of corn  (Friskop et al., 2014) 

C. oortii Microbacteriaceae Spot of tulip leaves  (Geesteranus 1969) 

Corynebacterium sp. Corynebacteriaceae

  

Stem canker leaf spot in 

poinsettia  

(Wehlburg C., 1966) 

Rathayibacter toxicus Corynebacteriaceae Cereal gumming (Park et al., 2017) 

Clavibacter 

michiganensis subsp. s     

epedonicus 

Microbacteriaceae Tuber rot of potato (Baranauskaite & 

Vasinauskiene, 2001) 

Rathayibacter toxicus Microbacteriaceae Bud proliferation and Galls 

and in blueberry plants  

(Park et al., 2017) 

Rhodococcus fascians, Nocardiaceae Fasciation of sweet pea (Stes et al., 2013) 

S. aureofaciens, S. 

flaveolus,      S. griseus 

Streptomycetaceae Potato common scab (Shi et al., 2019) 

S. ipomoeae Streptomycetaceae Scab in sweet potato (Guan et al., 2012) 

S. scabies, Streptomyces 

sp. 

Streptomycetaceae Russet and common scab in 

sugar beet and potato 

(Goyer & Beaulieu, 1997) 

  

5.2.2 Human and Animal diseases  

Actinobacteria are also known to cause a variety of 

diseases in humans. The genus Mycobacterium has 

plagued humans for a long time and is usually 

associated with immunocompromised patients. For 

instance, M. leprae causes leprosy,      M. 

tuberculosis causes tuberculosis in humans and M. 

marinum, which was initially identified as an 

organism responsible for tuberculosis in fish in 1926, 

is now reported to cause skin disease in humans. The 

genus Nocardia      is also known to cause diseases in 

immunocompromised patients. Disseminated 

nocardiosis in humans and animals is caused by 

spreading of infection through the brain, kidneys, 

joints, bones, soft tissues, and eyes. Though 

uncommon, Nocardia species are responsible for 1% 

to 2% of all documented cases of brain abscesses. 

According to Barka et al. (2016), C. ulcerans causes 

respiratory tract infections, C. jeikeium has been 

linked to bacterial endocarditis     , and 

Corynebactrium diphtheriae       causes diphtheria. 

Dermatophilus      congolensis causes both 

streptothricosis and dermatophilosis (Hyslop, 1979), 
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while different Actinobacteria species, such as A. 

madurae and Nocardia asteroids,      may cause 

actinomycetoma (Pinoy, 1913). Animal infections 

can also be caused by Actinobacteria. Actinomyces 

bovis, Actinomyces israelii, and Arachnia propionica 

are the causative agents of actinomycosis (Bollinger, 

1981). Equine pneumonia is caused by C. equi 

(Murray et al., 1995). According to Solomon et al. 

(2020), C. renale is typically the cause of 

pyelonephritis in cattle. Bovine farcy, a chronic 

granulomatous inflammation of the skin and 

lymphatics in cattle, is caused by M. farcinogenes and 

M. senegalense (Hamid et al., 1991) (Table 7). 

 

Table 7: Diseases caused by Actinobacteria in animals and humans 

Disease Actinobacteria Family References 

Actinomycetoma N. otitidiscaviarum, A. madurae, 

Nippostrongylus brasiliensis, 

Streptomyces somaliensis, 

Pellerieri sp., Nocardia 

asteroides      

Streptomycetaceae 

Thermomonosporaceae 

Heligmonellidae 

(Boiron et al., 1998) 

Actinomycosis Arachnia propionica, 

Actinomyces bovis, Actinomyces 

israelii      

Actinomycetaceae (Pine et al., 1981) 

Bacterial kidney 

disease 

Renibacterium salmoninarium Micrococcaceae (Jansson et al., 2008) 

Bovine farcy Mycobacterium farcinogenes, 

Mycobacterium senegalense 

Mycobacteriaceae (Hamid, 2014) 

Dermatophilosis & 

streptothricosis 

Dermatophilis congolensis Dermatophilaceae (Burd et al., 2007) 

Diphtheria Corynebacterium diphtheria Corynebacteriaceae (Hoskisson, 2018) 

Endocarditis Rothia dentocariosa, Oerskovia 

turbata 

Micrococcaceae (Reller et al., 1975) 

Equine pneumonia Rhodococcus equi  Nocardiaceae (Cohen, 2014) 

Hypersensitivity 

pneumonitis 

 Thermoactinomyces vulgaris,  

Micropolyspora jaeni, 

Saccharomonospora 

viridis      

Pseudonocardiaceae 

Bacillaceae 

Pseudonocardiaceae 

 

(Kurup & Fink, 1975) 

Leprosy Mycobacterium leprae Mycobacteriaceae (Noordeen, 1994) 

Mycobacterioses Many species of Mycobacterium Mycobacteriaceae (Lloret et al., 2013) 

Pulmonary 

nocardiosis 

Nocardia asteroides, N. 

brasiliensis, 

Nocardiopsis dassonvillei 

Nocardiaceae (J. W. Wilson, 2012) 

Systemic 

nocardiosis 

N. brasiliensis, Nocardia 

asteroids 

Nocardiaceae (J. W. Wilson, 2012) 

Pyelonephritis in 

cattle 

Corynebacterium renale Corynebacteriaceae (Hiramune et al., 1971) 

Tuberculosis Mycobacterium tuberculosis Mycobacteriaceae (Smith, 2003) 

Purulent infections 

including 

abscesses 

Actinomyces, (Corynebacterium) 

pyogenes, 

Corynebacterium 

pseudotuberculosis 

Corynebacteriaceae (Rzewuska et al., 2019) 
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5.2.3 Antibiotic Resistance  

Recent times have shown that the spread of antibiotic 

resistance genes from Actinobacteria to pathogens 

posing a serious risk to human health (Parras et al, 

2025). In addition to the antibiotic resistance genes 

they naturally carry, Actinobacteria can acquire 

antibiotic resistance genes from other Actinobacteria 

through horizontal gene transfer (D'Costa et al., 

2006). Recent studies have suggested that horizontal 

gene transfer might be very common between 

Actinobacteria and Proteobacteria employing 

conjugative plasmids as carrier sequence, and this 

could be as a result of increased selection pressure 

brought on by the widespread use of antibiotics and 

mobile genetic elements including transposons, 

integrons, and conjugative plasmids, which are 

frequently clustered with genes that confer antibiotic 

resistance (Gillings, 2014).  

 

Figure 2.      Comparison of Actinobacteria as a boon and as a bane 

Overall, whether pathogenic or beneficial, 

Actinobacteria have long held socio-economic 

significance. Their impacts are multifaceted, 

involving healthcare costs, effects on agriculture, and 

vital roles in biotechnology and environmental health. 

They can be a medical boon and at the same time, 

their sister taxa could pose a threat to health (Figure 

2). 

Conclusion  

Actinobacteria,      play a significant role in 

pharmaceutical biotechnology      benefiting mankind.       

Occupying diverse habitats from the harshest 

environments of dark caves to terrestrial as well as 

aquatic landscapes, these bacteria are often 

considered a boon because of the various positive 

impacts they possess on multitudes of organisms 

found on earth     . These positive impacts include 

their roles in carbon cycling, biosorption of metals, 

treatment of plant diseases, bio-herbicide formation, 

antibiotic synthesis, nematode control among others. 

Not only this, researchers are also trying to tap into 

other potentials of Actinobacteria which can benefit 

mankind as a whole in the future. Nevertheless, these 

bacteria are also linked to the spread of diseases in 

humans, animals and plants, despite their numerous 

advantageous qualities. This is a major drawback 

because even though the positive impacts outnumber 

the negative ones, still the negative impacts can have 

effects which can not only interfere with the life of 

various living organisms but also threaten their 

existence. In such a scenario, commenting upon 

whether Actinobacteria are truly a boon or a bane 

becomes tough. However, if in future scientists and 

researchers find a way to overcome the negative 

impacts of these bacteria, only then can we truly call 

them a boon to mankind and completely acknowledge 

their credibility.  
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