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Abstract

Endophytes are microorganisms that are associated with the plant tissues without having any harmful effect on the host plant. 
Various medicinal plants are valuable sources of endophytic actinobacteria that exhibit high economic impact. The endophytic 
microbes can synthesis a wide range of novel compounds that found great applications in agricultural, pharmaceutical, as 
well as other industries. It is noteworthy to focus the current research on valuable applications of these microbial populations 
that could help in solving many problems related to the environment, agriculture, and health. Moreover, the characterization 
of different endophytic actinobacteria that are associated with valuable medicinal plants may help understanding plant-
endophyte interactions. The current review discusses the diversity of endophytic actinobacteria rich in therapeutic agents 
that have been known for their medicinal applications.
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Introduction

Actinomycetes are Gram-positive bacteria with high G 
+ C content. They are an important component of microbial 
diversity and are being recovered from a range of habitats 
and unusual environments [1]. GC content is a crude 
measure of the relatedness of microorganisms, but it is 
still useful for differentiating large phylogenetic divisions. 
They exhibit a wide range of life cycles, which are unique 
amongst prokaryotes. Actinomycetes are unicellular like 
bacteria, but they produce a mycelium which is non-septate 
(coenocytic) and more slender, like true bacteria they do not 
have distinct cell-wall and their cell wall is without chitin 
and cellulose (commonly found in the cell wall of fungi). 
On culture media unlike slimy distinct colonies of true 

bacteria which grow quickly, actinomycetes colonies grow 
slowly, show powdery consistency and stick firmly to the 
agar surface. They produce hyphae and conidia/sporangia-
like fungi. Certain actinomycetes whose hyphae undergo 
segmentation resemble bacteria, both morphologically and 
physiologically [2]. Actinomycetes are sensitive to acidity / 
low PH (optimum PH range 6.5 to 8.0). Actinomycetes are 
heterotrophic, aerobic, and mesophilic (25-30°C) organisms 
and some species are commonly present in compost and 
manures are thermophilic growing at 55-65°C temperature 
(Thermoatinomycetes, Streptomyces) [3,4].

The Actinomycetes get their name from the fact that 
some of them form branching filaments that look kind of like 
the branching hyphae (collectively referred to as a mycelium) 
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formed by fungi. To lessen confusion, Actinomycetes are now 
commonly referred to as Actinobacteria [5]. Actinobacteria 
are neat because they tend to produce cool secondary 
metabolites, many of which have been successfully isolated 
and turned into useful drugs and other organic chemicals. In 
particular, an appreciable number of Actinobacteria produce 
antibiotics, which they use to compete with fungi and other 
bacteria for resources [6]. Actinomycetes are considered as a 
unique group of microorganism which locus between the true 
bacteria and the true fungi. Actinomycetes are the prokaryotic 
microorganisms that belong to the phylum Actinobacteria 
and possess mycelia like fungus and form spores. They are 
Gram-positive, spore-forming bacteria characterized by the 
formation of aerial and substrate mycelia [7]. 

The greatest variety of antibiotics is produced by 
Actinomycetes among all microbes. More than 50% of the 
known natural antibiotics are produced by Actinomycetes 
[8]. Actinomycetes are omnipresent nature’s pharmacists 
which provide us with a plethora of novel bioactive 
compounds to be explored. It is through interdisciplinary 
collaborations and innovative ideas that we will continue 
to unlock their potential. Actinomycetes are the largest 
group among the 18 major categories in the classification of 
bacteria, have different morphological, cultural, biochemical, 
and physiological characters. About 75% of the drug 
compounds derived from natural sources is known to be 
obtained from this large group of Gram-positive soil bacteria 
[9,10]. Actinomycetes are potential producers of many 
enzymes, enzyme inhibitors, growth-promoting substances, 
and antibiotics [11].

The genus Streptomyces is a particularly fruitful 
source of these compounds, many which have been 
developed as antifungals, antibiotics (Antibacterials), and 
chemotherapeutic (anticancer) drugs. Actinomycetes, mainly 
Streptomyces species, produce tetracyclines, aminoglycosides 
(streptomycin and its relatives), macrolides (erythromycin 
and its relatives), chloramphenicol, ivermectin, rifamycins, 
and most other clinically useful antibiotics that are not beta-
lactams [12,13]. Actinomycetes are the most predominantly 
used in antibiotic production technology. Nearly all plant 
species serve as a source for endophytes and are accepted 
as a promising source of novel medicinal compounds. Using 
microorganism 23,000 active secondary metabolites were 
produced, in that 10,000 were isolated from actinomycetes. 
Streptomyces species produce 7,600 bioactive compounds. 
Depending upon the source of isolation the biological function 
of actinomycetes varies [14-16]. Singh and Dubey, [17], have 
isolated and identified novel endophytic strain Streptomyces 
californicus ADR1 from the plant Datura metel. Secondary 
metabolites produced by Streptomyces californicus ADR1 
were characterized for their antibacterial, anti-biofilm, and 

antioxidant properties.

Endophytic Actinomycetes

Endophytes are microbes that inhabit such biotopes, 
namely, higher plants, which are why they are currently 
considered to be a pool of novel secondary metabolites 
offering the potential for applications in medicine, agriculture, 
and industry. These microbial resources will be of interest 
to mankind providing sustainable and environment-friendly 
solutions. Recently, endophytic actinomycetes are being 
progressively explored for new therapeutic molecules which 
may effectively address the current human health issues in the 
areas of infectious diseases [18,19]. Recently many studies 
reported that several bio-pharmacological compounds were 
isolated from endophytes actinomycetes with activities such 
as antiviral, anti-inflammatory, antimicrobial, and antitumor 
activities and antioxidant activities [20-22].

Endophytic actinomycetes, which reside within the plant 
tissues such as roots, stem, and leaves, are reported to have 
several beneficial effects on the host plants, such as, inhibition 
of pathogens, increase in the availability of nutrients 
like nitrogen and phosphorus, increasing plant growth, 
etc. Besides these roles, they are also known to produce 
secondary metabolites of varied therapeutic significance 
[23]. The beneficial interactions of endophytic actinomycetes 
with plants are being considered an important area of 
research. These endophytic actinomycetes are an attractive 
source of novel bioactive compounds having pharmaceutical 
and agricultural importance [24]. Enterococcus faecium 
(vancomycin resistant) and Staphylococcus aureus 
(methicillin resistant) are considered as high-priority 
pathogens for which new antibiotics are required the most 
urgently. Infections involving such pathogens are often 
associated with biofilms, which are responsible for a multi-
fold increase in drug resistance of the pathogens, therefore, 
it is highly wanted new antibiotics possess anti-biofilm 
activities [17,25]. So there is an urgent need to explore novel 
organisms like endophytic actinomycetes excrete novel 
metabolites for therapeutic applications [18,26]. 

Pharmaceutical Potentials of Actinomycetes

Actinomycetes produce different types of new secondary 
metabolites; many of these metabolites possess biological 
activities and have the potential to be developed as therapeutic 
agents. Endophytic actinomycetes and marine actinomycetes 
are the underexploited sources for the discovery of 
novel secondary metabolites [27,28]. Actinomycetes are 
pharmaceutically relevant microorganisms holding great 
potential in the treatment of a wide range of diseases. 
Bioactive compounds isolated from Endophytic and marine 
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actinomycetes have shown promising bioactivities as an 
antibiotic, antifungal, cytotoxic, neurotoxic, antimitotic, 
antiviral, anticancer, and antineoplastic agent [29].

Antimicrobial Activity

Several diseases that develop by various plant 
pathogens are found to be suppressed by actinomycetes.
Also, these actinomycetes were effective against various 
soil-borne pathogens that could infect plants. Among 
these pathogens are Aphanidermatum sp., Colletotrichum 
orbiculare, Fusarium oxysporum, Plectosporium tabacinum, 
Phythium sp., Rhizoctonia solani and Verticillium dahlia, etc. 
Azadirachta indica, Emblica officinalis, Murraya koenigii, 
Rauwolfia serpentine, Terminalia chebula are examples of 
medicinal plants. About 76 endophytic actinomycetes were 
isolated from the leaves, stems, and roots of these plants. Of 
which 21 endophytic actinomycetes exhibit antimicrobial 
activity against some pathogen. Moreover, Microbispora rosea 
(EAAG89) isolate showed maximum antimicrobial activity 
against Pseudomonas syringae and Staphylococcus aureus. A 
broad-spectrum antimicrobial activity was exerted by many 
Streptomycetes sp., against various bacteria and fungi such 
as Escherichia coli, Pseudomonas aeruginosa, Aspergillus 
Niger, and Fusarium oxysporum [30]. 

Another study showed that 34 actinomycetes were 
also isolated from some medicinal herbs such as Abrus 
precatorius L., Aloe vera L. Burm.F, Asparagus racemoses Willd, 
Catharanthus roseus L.G.Don.Burm and Plumbago zeylanica 
L. Thirteen isolates out of 34 showed antimicrobial activities 
against both Gram-positive and Gram-negative bacteria [31]. 
It was also reported that 131 endophytic actinomycetes 
strains were isolated from roots of banana. Of which, 99 were 
Streptomyces species, 28 were Streptoverticillium, 2 were 
Streptosporangium, however, the remaining 2 strains were 
not determined. The studies showed that healthy banana 
plantlets develop resistance against Fusarium wilt through 
the antimicrobial effect of the endophytic actinomycetes 
named ‘Streptomyces grise rubiginous’ [32]. Additionally, the 
endophytic actinobacteria played an important role in treating 
multidrug-resistant human pathogens where the endophytic 
strains act as a valuable source of novel antimicrobial 
compounds [33,34]. Nocardiopsis sp., GRG1 KT235640), is an 
endophytic actinobacterium that was isolated from brown 
algae. This species showed antibacterial activity against 
some urinary tract pathogens [35]. Moreover, Micrococcus 
yunnanensis strain rsk5, isolated from the medicinal plant 
named Catharanthus roseus, showed a broad spectrum of 
antibacterial activity against Staphylococcus aureus as well 
as other pathogens such as Bacillus megaterium, Bacillus 
subtilis, Escherichia coli, Enterococcus faecalis, Pseudomonas 
aeruginosa, and Proteus vulgaris [34].

Antidiabetic Activity 

Some endophytic actinobacteria also showed antidiabetic 
activity due to the production of alpha-glucosidase inhibitors. 
Some strains were isolated from medicinal plants such as 
Caesalpinia sappans, Curcuma aeruginosa, and Tinospora 
crispa, which exhibited promising antidiabetic properties. 
These strains produce compounds that can retard the glucose 
release from the dietary complex carbohydrates as well as 
delay the glucose absorption. Endophytic actinomycete 
BWA65 was reported to produce these inhibitors which an 
antidiabetic activity that doubled its host plant (Tinospora 
crispa). Moreover, it was reported that the tissue cultured 
plants in which endophytes were devoted showed very 
low capacity to produce the inhibitor compounds [36]. 
Thus, indicating that the production of alpha-glucosidase 
inhibitors by this plant is greatly correlated to the presence 
of endophytic actinobacteria [36]. Also, a previous study 
reported the production of alpha-amylase inhibitors from 
endophytic actinobacteria Streptomyces longisporoflavus 
and Streptomyces sp. that were isolated from an antidiabetic 
medicinal plants Leucas ciliata and Rauwolfia densiflora. The 
alpha-amylase inhibitors exerted an antidiabetic activity 
like that of alpha-glucosidase inhibitors. The actinobacteria 
extracts did not exhibit insulin-releasing capacity, however, 
the extracts were found to improve the ability of insulin to 
pass glucose into muscles [12].

Larvicidal and Antimalarial Activity

The larvicidal activity of various Streptomyces sp. 
isolated from Artemisia herba-alba, Balotta undulate, 
Echinops spinosus, and Mentha longifolia was reported El-
Shatoury S, et al. [37]. This studied showed the cytotoxic 
effect of some endophytic actinobacteria against larvae of 
Artemia salina. Moreover, the actinobacteria from Artemisia 
and Echinops showed a mortality rate that reached up to 100 
% death after 12 h of treatment. Two endophytes named 
Streptomyces albovinaceus and S. badius were isolated from 
plants belonging to the family Asteraceae were also reported 
to exhibit larvicidal effect against the first and fourth instar 
stages of Culex quinquefasciatus (mosquito larvae) [21]. 

A study reported by Castillo, et al. [38], showed that 
munumbicins type D was considerably active against the 
parasite Plasmodium falciparum that causes malaria, with 
IC50 of 4.5 ng ml−1. This study also reported that antimalarial 
activity of each of the munumbicins against P. falciparum 
was very promising with IC50 of 175,130, 6.5, and 4.5 ng 
ml−1 in munumbicin A–D, respectively. A special interest was 
directed toward munumbicins C and D due to their low IC50 
values. And it was observed that munumbicins B, C, and D (in 
a concentration of 80 µg ml−1) did not result in any obvious 
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lysis to human red blood cells. Thus, the authors suggested 
that the employment of these compounds as antimalarial 
drugs due to their effectiveness with reduced toxicity [38,39].

Cytotoxicity

Some bioactive compounds with anticancer activity were 
isolated from endophytic actinobacteria of medicinal plants. 
Kakadumicin A from endophytic streptomycete (NRRL 
30566) inhibited the human breast cancer cell line BT20 
where IC50 was 4.5 ng ml−1 [40]. Also, human cancer cell lines 
OVCAR-3, SF539, NCI-H522, and LOX-IMVI were reported 
to be inhibited by pterocidin extracted from Streptomyces 
hygroscopicus TP-A0451 that was isolated from Pteridium 
aquilinum plant [41]. Moreover, the cytotoxic activity of 
naphtomycin A obtained from Streptomyces sp. CS isolated 
from Maytenus hookeri towards A549 and P388 and human 
cells were detected and it showed promising antitumor 
activity with IC50 3.17 and 0.07 mM, respectively [42-44]. 
The results of another study also examined the cytotoxic 
activity of 6-alkalysalicilic acids, salaceyins A and B derived 
from Streptomyces laceyi MS53 against SKBR3 human breast 
cancer cell line. I t was found that these compounds inhibit 
the cancer cells and the IC50 values were 3.0 and 5.5 mg 
ml−1 [45]. Also, an anticancerous drug named paclitaxel was 
obtained from endophytic actinomycete Kitasatospora sp. 
that was isolated from Taxus baccata. Another antitumor 
compound brartemicin was extracted from the actinomycete 
Nonomuraea sp. that was isolated from Artemisia vulgaris. 
Brartemicin is a trehalose-derived metabolite that was able 
to inhibit the invasion of murine colon carcinoma 26-L5 cells 
with an IC50 value of 0.39 μM [46]. 

Taechowisan, et al. [47], examined the effect 
of 4-phenylcoumarins obtained from Streptomyces 
aureofaciens on human lung cancer cell lines and observed 
that 5,7-dimethoxy-4-phenylcoumarin inhibited the cell 
proliferation more actively comparing to 5,7-dimethoxy-4-
p-methoxylphenylcoumarin. Moreover, it was reported that 
5, 7-dimethoxy-4-phenylcoumarin could result in delaying 
or preventing the formation of metastases, that is besides 
the low cytotoxicity to normal cells. Taken together, this 
compound might be recommended as chemo-preventatives 
and also might be combined with other antitumor treatments 
[47].

Antioxidant and Antiinflammatory 
Activities

The phenolic compounds are well known as natural 
antioxidants that could protect the cells from the harmful 
effects of free radicals by scavenging them. Streptomyces sp. 
isolated from Alpinia oxyphylla are endophytic actinobacteria 
that produce two compounds which are 2, 6-dimethoxy 

terephthalic acid and yangjinhualine A. these compounds 
exerted antioxidant activity [48,49]. About 66.6 % of the 
total endophytic actinobacteria that have been isolated 
from various medicinal plant isolates showed their ability 
to produce effective antioxidant compounds [21]. Another, 
bioactive compounds that showed antiinflammatory effect 
were also produced by some endophytic actinomycetes. 

Another study showed the free radical-scavenging 
capacity of the crude extract of Streptomyces sp. BO-07: an 
endophyte in Boesenbergia rotunda (L.) Mansf A. through 
the decoloration of the ethanolic solution of DPPH. Two 
compounds had shown antioxidant activity with Scavenging 
capacity SC50 values of 85.84 and 88.26 µg/ml, respectively. 
L-ascorbic acid was employed as a positive control, with 
SC50 value of 50.25 µg/ml [47]. Interestingly, Streptomyces 
aureofaciens was observed to produce 5,7-dimethyloxy-
4-p-methoxylphenylcoumarin and 5, 7-dimethoxy-4-
phenylcoumarin, these are two compounds are potent 
antiinflammatory agents [50].

Enzyme Production 

Among the different genera of actinomycetes, 
Streptomyces sp. is known to produce various enzymes. 
Enzymes play important roles in different industries since 
enzymes increase the required reaction rates compared to the 
actual chemical reaction. Enzyme production 23 endophytic 
actinomycetes isolates from the tomato plant was examined. 
The isolated actinomycetes were tested to hydrolyze different 
substrates as well as evaluating the enzymatic index (EI) 
for different enzymes such as catalase, amylase, cellulose 
esterase, catalase, caseinase, gelatinase and pectinase, and 
lipase. They showed that lipases activity showed the highest 
EI. However, the cellulose hydrolysis showed the lowest EI 
value [16]. Streptomyces gulbargensis DAS 131 is an alkali-
thermotolerant strain that is newly isolated. This strain is 
employed to produce an extracellular amylase that has a 
wide range of industrial applications including distilling, 
textile, brewing, and food industries [51]. Many Streptomyces 
sp. are well known as producers of cellulase. Among these 
species are Streptomyces rutgersensis, S. drozdowiczii, S. 
lividans and S. longispororuber. The produced cellulase 
found great applications in biorefineries, textiles, brewing, 
wine, animal feedstocks industries as well as pretreatment of 
industrial wastes [51]. Additionally, Streptomyces sp. isolated 
from Coringa mangrove forest also produce cellulase [52]. 
Mangrove forest is an ecosystem that is enriched with large 
quantities of organic matter. About 30–50% of the organic 
matters in mangrove leaves are leachable, water-soluble 
compounds, such as tannins and sugars, and the remaining 
part consists of plant structural polymers which are mainly 
lignocelluloses [53,54]. The cellulase enzymes produced by 
the microorganisms that degrade cellulose have gained great 

https://medwinpublishers.com/OAJMB


Open Access Journal of Microbiology & Biotechnology
5

Elkhateeb WA, et al. Actinotherapy: Highlights on the Pharmaceutical Potentials of Actinomycetes. J 
Microbiol Biotechnol 2021, 6(2): 000194.

Copyright©  Elkhateeb WA, et al.

importance due to the diversity of their application.

Conclusion 

There is an extensive need to find new therapeutic 
compounds, mainly anti-infective compounds due to the 
increase in the resistance development in many pathogens 
to the known antibiotics. Thus, the isolation of promising 
endophytic actinobacteria that exert antimicrobial properties 
has gained great importance from many researchers in 
different fields. The identification of the diverse endophytic 
actinobacteria populations that are associated with 
medicinal plants helps to understand the plant-endophyte 
interactions as well as the evolution of mutualism. The 
endophytic actinobacteria gained a lot of attention due to its 
ability to produce wide biologically active compounds that 
exert different activities such as antimicrobial, antidiabetic, 
anticancer, antimalarial, etc. So, it is crucial to develop 
different methods to understand the genetic control that 
is responsible for the synthesis of secondary metabolites. 
It is also required to study the mechanisms that help these 
endophytes to interact with their host plants. Finally, it is 
necessary to comprehend the biochemistry and physiology 
of endophytic actinobacteria as well as secondary metabolite 
production capacity and their defensive role inside the host 
plants.
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