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Abstract

Bacterial infections are a significant hazard to public health worldwide, and because of their significant nega-
tive effects on public health, they are given high attention in national health programs in many nations. Over
the past few decades, bacterial drug resistance has increased, while the rate of new antibiotic discoveries has
consistently declined. Due to technological and financial advantages, the search for new, effective antibacterial
agents has become a top priority. As a result, alternative medicines and new methods for the manufacturing
of microbial products have been developed. An unparalleled genetic potential has been established for the
creation of secondary metabolites by various microorganisms in the environment and microbiota, thanks to
the work of gene editing and next-generation sequencing. Secondary metabolites serve crucial roles in cell de-
velopment, signal transduction, nutrition seeking, communication, intra- and interspecies competition, and the
production of organic compounds with low molecular mass. Therefore, the potential use of secondary metabo-
lites in place of conventional antibiotics has drawn increased interest from researchers. Treatment must switch
to second- or third-generation antibiotics as soon as bacteria become resistant to first-generation antibiotics.
The need to find novel, powerful small compounds with high anticancer potential and a benign safety profile
is real; however, the majority of anticancer medications used today have side effects. The goal of this review
is to evaluate the potential uses of various types of microbial secondary metabolites for the prevention and
treatment of infectious illnesses, as well as their costs, advantages, drawbacks, and side effects.
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1. Introduction

One of the biggest threats to global public
health is communicable illness. In reality, many
diseases traverse international borders at an un-
precedented pace as a result of the globalization
of commerce and travel, increasing the exposure
and interdependence of individuals all over the
world (Burci et al., 2018).

Due to their serious effects on public health,
communicable diseases—which are illnesses
brought on by viruses or bacteria and spread by
contact with contaminated surfaces, bodily flu-
ids, blood products, insect bites, or the air—have
been given top priority in national health pro-
grams around the world. There are several exam-
ples of communicable illnesses, some of which
need to be reported to the relevant government
agencies or health departments in the area of the
epidemic (Edemekong & Huang, 2017; HabibiS-
aravi et al., 2019). In all parts of the world, infec-
tious illnesses brought on by bacteria constitute
a significant source of mortality and morbidity.
The bulk of therapy at the moment is supportive
and conservative management. Personal cleanli-
ness and vaccination, whether active or passive,
are both forms of prevention. Over the past few
decades, bacterial drug resistance has increased,
while the rate of new antibiotic discoveries has
consistently declined. Therefore, it has become of
utmost importance to find novel potent antibac-
terial agents (Edemekong et al., 2017; Gorlenko
et al., 2020). Primary metabolites are produced
in part by the bacterial metagenome, which also
converts tiny protein molecules into secondary
metabolites (sometimes known as “specialized
metabolites”). They are of considerable interest
to researchers who are exploring them as poten-
tial substitutes for conventional antibiotics since
they play a significant role in cell development,
signal transmission, the hunt for resources, intra-
and interspecies communication, and competi-
tion (Andryukov et al., 2019).

After the development period, microorganisms
produce complex biological molecules known as
microbial secondary metabolites (SMs). SMs are
crucial for various secondary demands but play
no part in the development and reproduction of
the microorganisms themselves. These substanc-

es have uses in cosmetics, food, medicines, and
other industries (Kumar et al., 2021). The most
well-known examples of SMs are pharmacolog-
ical drugs with a lengthy history and a high rate
of success, such as penicillin, tetracyclines, and
gentamicin sulfate. With their use as herbicides,
insecticides, plant growth regulators, and other
goods like bio-pigments and surfactants, SMs
have recently found use in agriculture areas as
well (Kumar et al., 2021).

Low-molecular-mass products are secondary
metabolites produced by microbes. They are typ-
ically created during the generating microorgan-
isms’ late development phase and have peculiar
shapes. The kind and quantity of nutrients used
to make the culture medium can have a big im-
pact on how it is synthesized (Ruiz et al., 2010).
Microorganisms are crucial to the ecosystem and
necessary for all living forms. They are the main
source of nutrients and the world’s principal re-
cycler. From the abyssal zone to the stratosphere
(at altitudes up to 60 km), microorganisms may
be found and flourish in a very broad range of
environmental conditions, from arctic cold to
scorching volcanoes. These tiny creatures serve
as a source of food and feed supplements, as well
as being utilized to prepare a range of dishes (De-
main, 2014).

Due to technological and financial benefits,
new technologies for the manufacture of micro-
bial products are replacing synthetic manufactur-
ing methods. These goods include pharmaceu-
ticals, organic acids, agriculturally significant
metabolites, enzymes, flavoring compounds, and
nutritional supplements, including vitamins and
amino acids.

Amino acids, nucleotides, and fermentation
byproducts like ethanol and organic acids are ex-
amples of primary metabolites. These compounds
are thought to be necessary for the development
of microbes. Due to its simplicity in producing
enantiomerically pure amino acids at a low cost
and ecological acceptability, microbial synthesis
is emerging as the predominant and ideal method
for amino acid manufacturing. Organic substanc-
es known as secondary metabolites are those that
occur at or at the end of the stationary phase of
growth and are not directly linked to the expan-
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sion, maturation, or reproduction of microorgan-
isms. These products have a significant role in
healthcare as antibacterial, antiparasitic, antican-
cer, enzyme inhibitors, immunosuppressive, etc.
drugs (Singh et al., 2017).

Diabetes, obesity, cancer, metabolic brain dis-
eases, and other metabolic disorders, together
with infectious diseases brought on by bacteria,
fungi, and viruses, make up a large fraction of the
illnesses and disorders that plague the world’s
population of people. These illnesses and disor-
ders are caused by oxidative stress and inflam-
mation, which are also prognostic indicators and
visible symptoms of these conditions. The possi-
bility of concurrent metabolic problems is very
high. Interestingly, in the case of viral disorders,
natural sources have strongly and significantly
contributed to the production of the medications,
either directly or by their derivation. Most anti-
biotics used to treat bacterial and fungal illnesses
are either natural or developed from them. We
have attempted to conceal information on the
secondary metabolites that are useful in treating
certain illnesses and disorders in the current spe-
cial issue (Singla, 2020).

Numerous forms of metabolic illnesses and
disorders, including but not limited to diabetes
mellitus, cardiovascular problems, obesity, and
cancer, are brought on by an unhealthy and seden-
tary lifestyle, heredity, and environmental factors
(Shen & Singla, 2020). A great source of novel
bioactive chemical entities for drug development
is microbial natural products. A novel genetic
potential for the creation of secondary metabo-
lites by a variety of microorganisms prevalent
in the environment and the microbiota has been
discovered through attempts to alter genes and
next-generation sequencing (Baral et al., 2018).

An illness that may be spread from one person
to another by direct contact, indirect contact with
an intermediary host, or indirect contact with a
vector is known as a communicable disease. The
term “communicable diseases” refers to a group
of illnesses that extend beyond the spread of
infectious diseases from one person to another.
These illnesses include parasitic conditions, in-
fections spread by insects or other animals, dis-
eases that may be contracted from contact with

200 different types of noses, and all other dis-
eases that are transmissible. Both epidemic and
endemic forms of communicable illnesses exist.
A novel infection or the development of a disease
that lasts longer than expected constitutes an ep-
idemic (Webber, 2019).

In this reviwe, we have provided detailed in-
formation on the types of microbial secondary
metabolites for the control of infectious diseases
by examining the cost, benefits and side effects.

2. Secondary Metabolites to Control Diseases

The organic substances that are created by an
organism as part of its metabolic processes are
known as secondary metabolites. They have been
correctly referred to by a few researchers as aux-
iliary chemicals or specialized metabolites. They
stand for a category of structurally varied and
complex bioactive chemicals with low molecu-
lar weights that inhabit an uncommon chemical
property region. They are created by bacteria
during their late development phase, and their
synthesis is often suppressed during logarithmic
and stationary growth stages. These are generat-
ed to provide a particular advantage to the organ-
ism but are not necessary for its development or
reproduction. Secondary metabolites are neces-
sary for an organism to communicate with other
living things, deal with stress, get nutrition, and
engage in competition with commensals. Particu-
larly prolific in producing antibiotics, microbes
have been shown to be a rich source of SMs that
have effectively been developed as essential ther-
apeutic leads. Using the scaling law and lognor-
mal model of biodiversity, Locey and Lennon
recently assessed the biodiversity of microor-
ganisms. According to their estimates, 1 trillion
different types of microorganisms live on Earth.
In this vast pool of microorganisms, certain bac-
teria could be able to create tiny compounds with
important medicinal qualities. Human health has
greatly benefited from the work of the bacteri-
al kingdom, which is also acting as a repository
for beneficial secondary metabolites (Baral et al.,
2018; Mohan et al., 2022).

Actinobacteria is the genus that has giv-
en rise to more than 5000 antibiotics, where-
as Mycobacteria has given rise to 500 natural
goods. Streptomyces bacteria that live in soil
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are especially skilled makers, with 7600 SMs
discovered up to 2005. Computational predic-
tions suggest that these bacteria may be able to
manufacture 150,000 different antimicrobial
agents. In addition to conventional antibiotics,
microbial cultures have served as a source for
immune-suppressants, antibiotics, anti-prolifer-
ative, cytotoxic, anti-hypertensive, and antiviral
substances (Baral et al., 2018).

Bacillus species generate an estimated 795
secondary metabolite antibiotics. This species
also produces a wide range of additional second-
ary metabolites, with B. subtilis and B. amylolig-
uefaciens accounting for a sizable portion of the
documented Bacillus lipopeptide and polyketide
diversity. Polyketide and lipopeptide synthesis
in species found in other settings (such as water)
is either very low or nonexistent, which high-
lights the significant function that these second-
ary metabolites serve in habitats associated with
plants. Actinomycetes may thus be thought of as
a source of secondary metabolites. Furthermore,
only 1% of actinomycetes have been grown so
far, necessitating the necessity for bioprospecting
actinomycetes as well as other bacterial species
from uncharted environments for the discovery
of physiologically active compounds. Only a tiny
number of these bacteria’s small molecules have
been carefully examined for their pharmacologi-
cal properties, despite the large number of small
molecules that have been isolated from them
(Horak et al., 2019).

Over 160 antibiotics are available. Some of
these are Streptomyces griseus, which has 40 an-
tibiotics, and Streptomyces hygroscopicus, which
has over 200 antibiotics. The most widely used
broad-spectrum antibiotics, tetracyclines, play
a significant role in treating illnesses brought
on by a variety of microorganisms, includ-
ing chlamydiae, rickettsiae, gram-positive and
gram-negative bacteria, protozoan parasites, and
mycoplasma. Another broad-spectrum antibiotic,
ciprofloxacin, is efficient in treating gonorrhea,
skin and bone infections, chancroid, and urinary
tract infections (Singh et al., 2017).

Pharmaceutical products, particularly anti-in-
fective derivatives, account for 62% of the an-
tibiotic market. These include Bacillus subtilis,

which has over 60 different compounds, as well
as sera, immunoglobulins, vaccines, 12% an-
ti-HIV antivirals, 7% antifungals, and 6% non-
HIV antivirals. As said, more than 60% of anti-
cancer formulations contain natural products and
their derivatives. Actinomycin D, bleomycin,
mitosanes (mitomycin C), anthracenones (mith-
ramycin, streptozotocin, and pentostatin), enedi-
ynes (calicheamicin), taxol, and epothilones are
some of the antineoplastic molecules derived
from actinobacteria that are currently being used.
The plant Taxus brevifolia, the endophytic fun-
gus Taxomyces andreanae, and Nodulisporium
sylviforme are the sources of the nonactinobac-
terial chemical known as taxol. It prevents the
disintegration of microtubules, which is a crucial
process in cell division, and slows the develop-
ment of rapidly dividing cancer cells. It works
well against breast cancer and advanced Kaposi’s
sarcoma. Additionally, Pythium, Phytophthora,
and Aphanomyces are reported to be resistant to
its antifungal effects.

There are several fungus-based statins that de-
crease cholesterol, including compactin, lovasta-
tin, and pravastatin. A. terreus makes the drug
lovastatin. The immunosuppressants, including
cyclosporin A, tacrolimus, sirolimus (rapamy-
cin), and mycophenolate mofetil, are of major
significance in human medicine. They were cru-
cial in the development of the area of organ trans-
plantation and are used for heart, liver, and kidney
transplants. The fungus Tolypocladium niveum
produces the antibiotic cyclosporin A. The ear-
liest known antibiotics, mycophenolic acid and
mycophenolate mofetil, are both semi-synthetic
derivatives produced by the same fungus. The
Streptomycete produces the antibiotics tacroli-
mus and sirolimus.

Probiotic bacteria’s metabolic products are
thought to be effective in treating and preventing
obesity, lowering weight gain, extending feel-
ings of satiety, decreasing food intake, reducing
fat deposition, boosting energy metabolism, and
treating and strengthening insulin sensitivity. In
a healthy human gastrointestinal tract, firmicutes
and bacteroidetes predominate. Patients with
irritable bowel syndrome who experience con-
stipation more often were shown to have low-
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er concentrations of bacteroidetes. Microbially
produced carotenoids are utilized as food color-
ing, in fish feed, in nutraceuticals, in cosmetics,
and as antioxidants. Carotene, which is obtained
from Blakeslea trispora, Dunaliella salina, and
lycopene, which is derived from Blakeslea tris-
pora and Streptomyces chrestomyceticus, subsp.
rubescens, is a frequently used food colorant.
Fish feed is permitted to contain astaxanthin
made from Xanthophyllomyces dendrorhous.
Due to its superior antioxidant properties, zeax-
anthin, canthaxanthin, lutein, and alpha-carotene
are employed as nutraceuticals. The microalgae
Schizochytrium spp. are the source of docosahex-
aenoic acid (DHA), a dietary supplement used in
baby formula (Thirumurugan et al., 2018).

The phylum Actinobacteria is one of the best-
known major lineages in the Bacteria domain,
constituting one of the biggest taxonomic groups
with a variety of recognized species, some of
which are well-researched model organisms. Six
main classes make up this phylum, which in-
cludes a variety of Gram-positive bacteria with
various traits and morphologies: Acidimicrobiia,
Actinobacteria, Coriobacteria, Nitriliruptoria,
Rubrobacteria, and Thermoleophilia. Approxi-
mately half of the secondary metabolites found,
such as enzymes, antibiotics, immunosuppres-
sive drugs, and anti-tumor drugs, are generat-
ed by actinomycetes. Actinobacteria have been
recognized as key producers of bioactive natu-
ral products since the 1950s. Streptomyces, a
well-known representative genus of the Actino-
bacteria class, is the source of more than 70%
of economically valuable antibiotics. Additional-
ly, it is astounding that the genus Streptomyces
is the source of 80% of the actinobacterial nat-
ural compounds that have been reported so far.
Streptomycetes dominate several other microbial
groupings in terms of diversity and bioactive po-
tential. For instance, the group of bacteria known
as Streptomycetes is widely dispersed in both
terrestrial and marine settings, and so far, more
than 900 species have been found with a validly
published name. Additionally, a growing body of
research suggests that Streptomycetes may live
in harsh settings. Streptomycetes are believed to
have a global distribution because they generate

a large number of readily disseminated spores.
Streptomycetes have a large genome (>7 Mbp),
and some of them have been found to have more
than 20 gene clusters encoding hypothesized or
known biosynthetic pathways. As a result, their
potential for biosynthesis is unmatched. Conse-
quently, this enhanced the special potential of
streptomycetes to produce a variety of new and/
or helpful secondary metabolites with antioxi-
dant, anticancer, antibacterial, etc. properties.

Activities that eventually become the main
draw for researchers looking into this genus’
potential for bioactivity. Streptomycetes are con-
firmed producers of anticancer drugs like ble-
omycin (glycopeptides group), dactinomycin
(non-ribosomal peptides group), mitomycin C
(quinones group), and doxorubicin (anthracy-
clines group), though only a small number of the
isolated compounds from microbes can be di-
rectly utilized as clinically effective medicines in
their own right (naturally occurring form). Natu-
ral microbial compounds can also be improved,
altered, and developed into significant medicinal
leads (Law et al., 2020).

One of the deadliest non-communicable
illnesses, cancer is a significant public health
problem for people all over the world. By 2040,
there will be 29.5 million new cases of cancer
and 16.4 million deaths from the disease global-
ly. According to the World Health Organization,
cancer is a contributing factor in 1 in 6 fatalities
globally, and nearly 70% of cancer-related deaths
occur in middle- or low-income nations. Lung,
breast, colorectal, prostate, skin, and stomach
cancers were the most common types of can-
cer in 2018, according to the incidence. Cancer
incidence rates are rising alarmingly quickly in
emerging nations. Additionally, a rising problem
in the treatment of cancer is the cancer cells’ fast
development of drug resistance against currently
available therapeutic drugs. Using diverse meth-
ods, several research organizations are working
to develop or find novel treatments medicines
against various malignancies. The search for nat-
ural medicines continues to be a primary strat-
egy in the treatment of cancer. It is noteworthy
that natural chemicals and their structural ana-
logs/derivatives have made up more than 50%

169



Biotechnological Journal of

Environmental

Microorganisms

(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 1(3) 2022 165-176

of authorized medications for the treatment of
cancer in the preceding three decades. For the
creation of anticancer drugs, natural substances
produced from plants, bacteria, fungi, and other
marine species are acting as a treasure trove of
drug seeds (Mohan et al., 2022). Chemotherapy,
radiation therapy, and surgical excision are the
usual treatments for tumors. Chemotherapy is
primarily useful in the treatment of cancer that
has spread to areas of the body other than the
original location since surgical procedures and
radiation therapy are ineffective in the treatment
of metastatic disease. Following Wakesman and
Woodruff’s and Wakesman’s discovery of the
first anticancer drug, actinomycin, other micro-
bial metabolites have been shown to have potent
anticancer effects in the medical field. About
60% of the substances with anticancer activity
come from organic sources. A large number of
the chemotherapeutic drugs used to treat cancer
are secondary metabolites produced by bacteria,
particularly those belonging to the genus Strep-
tomyces (Singh et al., 2017). Dr. William Colley
was the first to attempt using microbes to cure
cancer. For the treatment of sarcoma patients,
he combined the culture supernatants of Strep-
tococcus pyogenes and Serratia marcescens.
The first success in treating inoperable sarcomas
came from this approach. Following this, the dis-
covery of therapeutic agents for a variety of hu-
man illnesses, including malignancies, has given
major attention to bacterium-mediated cancer
treatment and chemicals derived from bacteria.
Bacterial sources have been used to characterize
approximately 13,000 bioactive natural chem-
icals, demonstrating their unrivaled value as
a source of brand-new molecules for drug de-
velopment. Notably, among the chemicals pro-
duced from bacteria, actinomycetes (a category
of Gram-positive mycelial bacteria) account for
almost 70% of the bioactive compounds. Actin-
omycetes can therefore be thought of as a fac-
tory for secondary metabolites. Furthermore,
only 1% of actinomycetes have been grown to
date; therefore, it is necessary to bioprospect for
physiologically active compounds by collecting
actinomycetes and other bacterial species from
uncharted areas. Despite the large number of

small compounds that have been isolated from
these microorganisms, only a limited number of
them have undergone rigorous pharmacological
investigations (Mohan et al., 2022).

Patients with ulcerative colitis (UC) may have
remission after receiving a fecal microbiota trans-
plant (FMT). We sought to uncover bacterial tax-
onomic and functional characteristics related to
response to treatment in a randomized controlled
trial of FMT in individuals with active UC. The
connection between successful results and the
production of alarmone (ppGpp), also known as
the stringent response, suggests that FMT may
be a stressor on the UC dysbiotic microbiota.
Additionally, the nature of the gut’s microbial
population would probably be significantly im-
pacted by the synthesis of ansamycins, a class of
bacteria’s secondary metabolites that function as
antimicrobial substances against Gram-positive
and Gram-negative bacteria, bacteriophages, and
certain poxviruses.

Additionally, functional investigations re-
vealed that the species Eubacterium and Rose-
buria increased the number of advantageous
metabolic pathways. Positive results were spe-
cifically connected with metabolic changes to
SCFA production (such as pyruvate fermentation
to acetate and lactate) and starch breakdown.
Since E. hallii can generate significant levels of
SCFAs, including butyrate and propionate, it has
been hypothesized that it is crucial for preserv-
ing gut microbial metabolic health and balance.
Gut microbial composition would probably be
significantly impacted by the synthesis of ansa-
mycins, a class of bacterial secondary metabo-
lites that serve as antimicrobial agents targeting
Gram-positive and Gram-negative bacteria, as
well as bacteriophages and certain poxviruses
(Paramsothy et al., 2019).

3. Cost of Microbial Secendary Metabolites
Any action taken to treat the superbugs im-
poses significant costs on both individuals and
society (Biharee et al., 2020). With the hope of
eventually eradicating all infectious illnesses,
antibiotics are utilized to treat microbiological
infections as well as chemotherapeutic medi-
cines (Jain et al., 2019). These have an antago-
nistic impact on unrelated bacteria, protozoans,
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yeasts, fungi, and viruses and are tiny, cationic,
or amphipathic (Richards et al., 2015). Bacteri-
ocins have antibacterial properties in addition to
anti-inflammatory, anti-allergic, anti-tumor, and
antinociceptive effects (Gomes et al., 2017).

All different kinds of bacteriocins are pro-
duced by actinobacteria, but they are highly ex-
pensive to make (Hasani et al., 2014). Therefore,
recombinant antimicrobial peptide production is
taking place in place of chemical synthesis. Since
the development of antimicrobial medications,
the management of infectious illnesses has been
very successful (Hasani et al., 2014).

Additionally, there are a ton of exciting find-
ings in the future of research on fungal endophytes
that will help tackle societal and environmental
issues in an economical and environmentally ac-
ceptable manner (Slama et al., 2021). But certain
infections quickly develop resistance to several
of the earliest, most powerful medications. These
drug-resistant bacteria are becoming more preva-
lent, which increases morbidity, death, and health
care costs. There is a great deal of variation not
only between pathogens that cause distinct clin-
ical diseases in various geographic locations but
also occasionally in particular areas. Of the five
worldwide areas analyzed, the Asia-Pacific re-
gion had the greatest rates of antibiotic resistance
(Jain et al., 2019).

First-generation antibiotics are no longer ef-
fective against bacteria, necessitating the use of
second- or third-generation antibiotics, which are
sometimes costlier and occasionally hazardous.
For instance, the medication required to treat
strains of Streptococcus pneumoniae, Staphylo-
coccus aureus, Klebsiella pneumoniae, and My-
cobacterium TB that are multi-drug resistant can
cost 100 times as much as the first-generation
medications used to treat strains that aren’t re-
sistant. The fact that resistance to almost all med-
icines has risen is the most concerning (Procépio
et al., 2012). We face an increase in antibiotic
choice for infection because of the high expense
of clinical studies and the absence of financial
incentives for bringing new antibiotics to mar-
ket (Hegemann et al., 2023). Although scientists
have developed technologies that greatly im-
prove the safety of the blood supply, these tech-

nologies have drawbacks that prevent their wide-
spread usage, such as higher prices (Domanovi¢
et al., 2019).

Additionally, millions of patients who live in
underdeveloped countries are unable to pay the
increased treatment costs associated with the
new antibiotic (Burci & Toebes, 2018). The lack
of novel antibiotics encourages the development
of complementary therapies, such as herbal ther-
apy, because of its accessibility, cheap cost, and
availability (Seukep et al., 2020).

4. Benefit of Microbial Secendary Metabolites

The biological activity of Aneurinibacillus
migulans isolates was closely connected with the
development of a novel gramicidin, according to
research by Alenezi et al. The significance of pig-
ments derived from fungus and bacteria and their
numerous uses in business and medicine have
caught the attention of Narsing Rao et al. A muta-
tion of the deep-sea-derived Streptomyces soma-
liensis was used to produce somalimycin, a novel
antimycin-type depsipeptide, in the study by Li et
al. Similar to this, Thogersen et al. showed that a
maeA mutant of the marine bacterium Pseudoal-
teromonas luteoviolacea produced the possibly
antibacterial substances violacein and indolmy-
cin (Singh et al., 2019).

The most prolific makers of antibiotics are
Streptomyces spp., which have the genetic ability
to create 30 secondary metabolites on average.
Approximately 80% of the antibiotics in the Act-
inobacteria phylum come from this genus, and it
also generates 2/3 of the antibiotics from natural
sources that are now used by the general popu-
lation. Streptomycetes create a lot of secondary
metabolites, but when there aren’t enough of
them, they turn to making aerial hyphae, which
are then split into spores that can survive in harsh
environments. This is crucial for the effective
colonization of Streptomycetes in both benign
and hostile settings. The vegetative bacterial cell
is shielded by streptomycete secondary metabo-
lites, which also play a key function in quorum
sensing, heavy metal sequestration, UV protec-
tion, and UV resistance.

When the antibiotic actinomycin, which is fre-
quently used as a chemotherapeutic agent for the
treatment of a variety of cancers, was discovered
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in 1940, it filled the gap left by penicillin, which
was ineffective against tuberculosis and some
gram-negative pathogens. This led to the discov-
ery of Streptomycetes as a source of antibiotics.
Two years later, Streptomyces lavendulae s strep-
tothricin and Streptomyces griseus’ streptomycin
were identified. Over time, the genus Streptomy-
ces produced about 12,400 bioactive substances
that were used in medicine and agriculture. Some
examples include the immunosuppressant tac-
rolimus produced by S. tsukubaensis, the anti-tu-
mor platenolides obtained from S. platensis, and
the insecticide avermectin.

Along with the previously mentioned issues,
cancer is a serious health problem and one of the
leading causes of mortality, and natural resourc-
es have a significant potential to create anti-can-
cer chemicals. Streptomyces species are a good
source of anticancer substances. 38 different
strains of Streptomyces were used in the research
of Donald, L., et al., and a total of 82 novel anti-
cancer chemicals were discovered.

It is vitally necessary to develop new anti-
fungal medications to treat infectious disorders
brought on by harmful fungi. As drug-resistant
fungi continue to evolve, there is an increasing
need to discover novel antifungal medications.
For instance, it has been demonstrated that the
multi-drug-resistant fungus Candida albicans,
Aspergillus fumigatus, and Candida glabrata
are all resistant to azole medications as a result
of changes to their drug binding sites that low-
er binding affinity. These multi-drug-resistant
organisms were similarly unresponsive to ad-
ditional therapeutic antifungal medications. It’s
interesting to note that a number of substances
derived from Streptomyces spp. have antifun-
gal capabilities that might be used to combat
drug-resistant and fungal infections (Donald et
al., 2022).

Streptomyces are very capable of producing
secondary metabolites such as anthelminthic
enzymes, herbicides, anti-cancer medications,
growth factors including vitamin B12, and im-
munological modulators (Hasani et al., 2014).

One of the most prevalent pathogens is fungus,
and candidiasis accounts for 80% of all fungal in-
fections in hospitals. Additionally, there is a rise

in the prevalence of aspergillosis and cryptococ-
cosis, particularly in individuals with immuno-
suppressed conditions (AIDS, cancer treatment,
transplantation). On the other hand, pneumonia,
which is primarily what kills AIDS patients, is
brought on by Pneumocystis carinii. Ampho-
tericin B and nystatin, generated by Streptomy-
ces species, are examples of natural polyenes or
synthetic azoles that are now used as therapies.
Additionally, the echinocandin class’s entry into
clinics has been a significant development during
the past ten years.

More than 30 substances of microbial origin
are now being tested in humans at various levels
of the clinical development process as anticancer
medicines, in addition to recent fungal therapies.
Our arsenal of anti-cancer medications includes
mitomycins (quinones), bleomycins (glycopep-
tides), actinomycins (peptides), anthracyclines
(aromatic polyketides), pentostatin (nucleo-
sides), and enediynes (polyketides), which are
all secondary microbial metabolites produced by
actinomycetes, mostly Streptomyces strains. As
the first antibiotics to be identified from a Strep-
tomyces strain in the 1940s, actinomycins are
significant historically.

The ester of mycophenolic acid, the first sec-
ondary metabolite of microbial origin found,
is the most recent immunosuppressant drug to
be licensed. From Penicillium glaucum, Gosio
isolated and crystallized it as a mycotoxin in
1896. Following that, it was used locally as a
broad-spectrum topical antibiotic, for instance, to
treat psoriasis and associated infections. The first
immunosuppressive drug of microbial origin to
be introduced was Cyclosporin A, a cyclic unde-
capeptide produced by the fungus Tolypocladium
niveum. It has had a significant impact on clinical
medicine and is frequently used to prevent and
treat graft rejection and graft-versus-host disease
after both solid organ and bone marrow trans-
plants. It was fortunate that this team evaluated
all of their novel substances for antiviral, cyto-
static, and immunosuppressive action because
it was initially isolated at Sandoz Laboratories
in Basel for its antifungal activity. Although cy-
closporin was the sole immunosuppressive drug
available for a long time, actinomycetes have
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lately made two additional drugs that are 100
times more potent and less harmful. Polyketide
macrolactones such as tacrolimus and sirolimus
are derived from the bacteria Streptomyces tsuku-
baensis and Streptomyces hygroscopicus, respec-
tively. Both of them are antifungal, but by inter-
acting with intracellular proteins and preventing
signal transduction, they also prevent T-cell acti-
vation and proliferation. Tacrolimus was found
in 1984 at Fusjisawa Pharmaceutical Company
during a systematic search for drugs with cyclo-
sporin-like action. Its full structural details were
discovered in 1987, and it subsequently made its
clinical debut in 1991. In 1975, Wyeth-Ayerst
Pharmaceuticals discovered sirolimus as a strong
anticandida agent. Subsequent research demon-
strated sirolimus’ excellent anticancer and immu-
nosuppressive effects, and in 1999, the medicine
was licensed for use as an immunosuppressive.
Additionally, it has anticancer properties, and a
rapamycin analog named temsirolimus was re-
cently licensed for the treatment of renal cell car-
cinoma (Marinelli & Marcone, 2011).

5. Side effects of Microbial Secendary Metab-
olites

Although secondary metabolites are helpful
for medical therapy, including the management of
infectious illnesses, their negative consequences
must also be taken into consideration. In truth,
the world faces the need for the development of
innovative, strong small molecules with high an-
ticancer potential and a good safety profile, yet
the majority of anticancer medications now used
in clinical practice have varying degrees of neg-
ative side effects.

Bleomycins, for instance, are a class of an-
titumor antibiotics with glycopeptide bases that
were derived from the bacterium Streptomyces
verticillus and are used to treat squamous cell
carcinomas, melanoma, ovarian cancer, Hodg-
kin’s, and non-Hodgkin’s lymphoma. When
compared to other medications, bleomycin caus-
es significantly less bone marrow suppression.
The clinical uses of bleomycin are restricted de-
spite their therapeutic effectiveness because pos-
sible side effects include lung fibrosis and toxic-
ity. Continual attempts have also been conducted

to find bleomycins that have unique structural
properties, are physiologically active, and have
low toxicity (Mohan et al., 2022). Additionally,
studies on the short- and long-term side effects
of bleomycin sclerotherapy in vascular malfor-
mations demonstrate that it can be a successful
treatment for VM with repeat exposure and a low
risk of short-term side effects, but that the long-
term risks are very concerning. Despite the fact
that intralesional bleomycin can be a successful
treatment for a range of deep VM and is linked
with modest and self-limiting short-term adverse
effects, long-term side effects are unclear and can
be severe, especially when cumulative dosages
in certain people are high (Mack et al., 2018).

In addition, doxorubicin, an anthracycline an-
tibiotic that was first identified in Streptomyces
peucetius, is a secondary metabolite generated by
Streptomyces peucetius var. caesius. It is a mem-
ber of the ANT family. Leukemias, lymphomas,
multiple myeloma, breast, endometrial, gastric,
liver, ovarian, renal, head and neck, and pediat-
ric cancers are among the human malignancies
for which it has been authorized (Mobaraki et al.,
2017).

Even while it works, it has severe side effects
on healthy cells, dose-limiting myelosuppression,
and deadly cardiotoxicity. Doxorubicin is a pow-
erful chemotherapy drug that prolongs cancer pa-
tients’ lives, but its administration is complicated
by cardiotoxicity (Mohan et al., 2022). Twenty
years after therapy, cardiotoxicity, an apparent
adverse effect of doxorubicin, may manifest as
an acute or chronic side effect. For kids who have
received doxorubicin treatment, this adverse ef-
fect is particularly important. Since this adverse
impact limits the dose, increases the severity of
the disease, or possibly causes death, it’s essential
to comprehend how things work. It is believed
that oxidative stress served as a mediator for dox-
orubicin-induced cardiotoxicity (Mobaraki et al.,
2017). The accepted theory is that both intrinsic
and extrinsic apoptotic pathways were triggered
by doxorubicin-induced oxidative stress, result-
ing in cardiomyocyte apoptosis (Aleman et al.,
2007). It appeared that doxorubicin could induce
apoptosis through a mechanism that would not
include ROS formation and oxidative stress di-
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rectly, although apoptosis generated free radicals
by itself (Mobaraki et al., 2017).

The group of drugs known as actinomycins
includes actinomycin D, commonly known as
Dactinomycin. Streptomyces parvulus and Strep-
tomyces antibioticus are the two strains that
manufacture it. From diverse microbiological
sources, more than 40 actinomycins, including
the N-demethylactinomycins and actinomycins
C, D, G, F Y, and Z, have been isolated (Liu et
al., 2017). Actinomycin D has been authorized
for the treatment of human malignancies such
as locally recurrent solid tumors, Wilms tumor,
choriocarcinoma, testicular cancer, Ewing sar-
coma, and rthabdomyosarcoma as a single agent
or in combination with additional medications
(Falzone et al., 2018). Actinomycin D has been
used as an anticancer treatment for a variety
of malignancies, but its use has been restricted
because of its hazardous side effects, which in-
clude tissue necrosis, myelosuppression, der-
matotoxicity, and gastrointestinal enterotoxici-
ty. It revealed considerable tumor regression in
pancreatic and stomach cancer xenografts and
showed synergetic cytotoxicity with RG7787 (an
immunotoxin that is in clinical trials against re-
fractory mesothelioma and pancreatic cancer) in
mesothelin-positive cancer cell lines (Mohan et
al., 2022).

Antibiotics have played a crucial role in the

treatment of infectious illnesses ever since peni-
cillin was discovered. The imminent exhaustion
of the medication pipeline and the emergence of
antibiotic multi-resistance, however, raise serious
questions about how infections will be treated in
the future (Singh et al., 2017). Simple-to-fatal
responses like strained breathing and asthmatic
attacks can range in intensity when it comes to
antibiotic side effects. The most frequent adverse
effects of antibiotics include feeling ill, diarrhea,
and illness. Due to the loss of beneficial bacte-
ria, there may also be oral and digestive system
infections. The development of kidney stones
caused by sulfonamides, increased light sensi-
tivity caused by tetracyclines, blood coagulation
caused by cephalosporins, deafness caused by
erythromycin, blood problems caused by trimeth-
oprim, and others are more severe side effects of
antibiotics. In addition to causing severe diarrhea
in elderly people, penicillin, erythromycin, and
cephalosporins can also induce colitis. Penicillin
in particular can cause swelling of the tongue and
cheeks, rashes, and breathing difficulties as side
effects, which are frequently brought on by an-
tibiotic allergies. Superbugs like Staphylococcus
aureus, known for their deadly resistance, cause
over 90,000 deaths annually. The adverse effects
of certain antibiotics are shown in the table be-
low (Hassan et al., 2012).

Table 1 .Some Antibiotics and their Potential side effect (Hassan et al., 2012)

Antibiotic name

Potential side effect

Amino glycosides

Hearing loss, Vertigo, Kidney damage

Cephalosporin

Gastrointestinal upset and diarrhea

Nausea, Allergic reactions

Penicillin

Allergy with serious anaphylactic reactions, Brain and kidney injure (rare)

Gastrointestinal upset and diarrhea

Sulfonamide

Nausea, vomiting, and diarrhea
Allergy (including skin rashes)
Crystals in urine
Kidney failure
Decrease in white blood cell count

Sensitivity to sunlight

Tetracycline

Gastrointestinal upset, Sensitivity to sunlight, Possible toxicity to the mother and fetus during

pregnancy.
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6. Conclusion

Secondary bioactive substances from microbial
microorganism sources frequently show a wide
range of activity against pathogenic species and
frequently have immunomodulatory effects on
people. The tremendous diversity of naturally
occurring chemicals formed from microorgan-
isms offers incredibly different chemical struc-
tures that might provide both new antibacterial
action mechanisms and new targets inside the
bacterial cell. The quick advancement of contem-
porary biotechnologies also makes it possible to
get bioactive chemicals in a way that is low-tox-
ic and beneficial to the environment. We will be
able to both detect and identify even extremely
low quantities of active substances and elucidate
the precise molecular pathways behind their ef-
fect(s) on bacterial targets thanks to recent de-
velopments in bio screening research, including
omics technologies, foremost metabolomics. The
chemical modification of potentially beneficial
substances to enhance their antibacterial capabil-
ities and lessen their toxicity and side effects is
another crucial and promising area.
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