J—
World Journal of Agriculture and Urbanization /37 %)

%@ R (;'\‘ g
https://wjau.academicjournal.io/index.php/wjau gy = = 2ol

Antimicrobial Treasures: Endophytic Fungi in Medicinal Plants

Ubaydullaeva Sh. X
Institute of Fundamental and Applied Research “Tashkent Institute of Irrigation and Agricultural
Mechanization Engineers”, National Research University, 39 Kori Niyoziy Str., Tashkent 100000,
Uzbekistan

Abstract: Endophytic fungi residing within medicinal plants have garnered significant
attention as potential sources of novel antimicrobial secondary metabolites. This review paper
explores the diverse and intricate relationship between endophytic fungi and their host medicinal
plants, focusing on their capacity to produce bioactive compounds with antimicrobial properties.
The interaction between endophytes and their host plants contributes to the synthesis of a wide
array of secondary metabolites, many of which exhibit promising antimicrobial activities against
various pathogens, including bacteria, fungi, and viruses. Through an extensive survey of the
current literature, this review highlights the methodologies employed for the isolation,
identification, and characterization of endophytic fungi, as well as the strategies used to extract,
purify, and assess the antimicrobial potential of their secondary metabolites. Additionally, the
mechanisms underlying the biosynthesis of these bioactive compounds are discussed, shedding light
on the ecological and evolutionary aspects of the endophyte-host relationship. The paper also
examines the challenges and prospects associated with harnessing endophytic fungi-derived
antimicrobial secondary metabolites for pharmaceutical applications. By elucidating the
multifaceted roles of endophytic fungi in contributing to the health and defense mechanisms of
medicinal plants, this review underscores the importance of continued research in this field for the
sustainable development of innovative antimicrobial agents.
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Introduction.

For a significant length, analysts have reliably endeavored to investigate and upgrade the
therapeutic characteristics of botanical examples, with the point of finding compounds having
restorative qualities like cancer prevention agents. These compounds hold the potential to be
saddled for improving human well-being.Medicinal plants have been a asset for recuperating in
nearby communities around the world for thousands of a long time. Still it remains of modern
significance as a essential healthcare mode for roughly 85% of the world’s populace (Pesic, 2015),
and as a asset for sedate revelation, with 80% of all engineered drugs determining from them (Bauer
and Bronstrup, 2014). Most of the imperative drugs of the past 50 a long time, which have
revolutionized present day restorative hone, have been isolated/derivatized from plants. These
chemical fixings display restorative properties of plant and creature drugs( Ferdesh,S
2023).Medicinal plants harbor a particular microbiome due to their one of a kind and basically
unique bioactive auxiliary metabolites that are most likely mindful for the tall specificity of the
related microorganisms. (Qi,X,2012). These actually determined auxiliary metabolites from
therapeutic plants and their complex endomicrobiom lives inside plant parts have solid pain
relieving, antiarthiritic, antimicrobial, anticancer, antioxidant, anti-inflammatory, antiparasitic,
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hepatoprotective, hypolipidemic, insecticidal, and anticancerous exercises . ( Priyanka S.R., 2018).
The utilization of normal compounds for combating microbial diseases is an age-old hone, and
nowadays, the rummage around for novel sources of antimicrobial specialists has picked up
recharged energy. Endophytic parasites dwelling inside therapeutic plants have risen as a promising
store of undiscovered bioactive auxiliary metabolites with potential antimicrobial properties.(
Gouda S,2016).

The fortunate revelation of penicillin in 1928 by Sir Alexander Fleming from Penicillium
chrysogenum checked the starting of the brilliant time of anti-microbials. The ensuing victory of a
few lifesaving drugs gotten from microorganisms, such as the cholesterol biosynthesis inhibitor
lovastatin from Aspergillus terrus, the immunosuppressant cyclosporine from Tolypocladium
inflatum and the paclitaxel from endophytic organism Taxomyces has brought approximately a
critical alter in sedate disclosure and advancement, moving the center from plants to
microorganisms. ( Caruso,2022).Since at that point, organisms have played a critical part in
profiting human welfare through the generation of bioactive compounds .In any case, indeed after
the spearheading disclosure of penicillin ninety-five a long time back, parasites proceed to be the
foremost underexplored biosource of normal items, especially considering their tremendous
biodiversity, one of a kind biochemical properties, and critical biotechnological potential. As a
result, the utility of parasitic items generally remains unexplored and undiscovered, in spite of the
noteworthy modern ordered discoveries. ( Deshmukh, S.K,2018).

Endophytic ecology in medicinal plants

Anti-microbial resistance could be a developing concern around the world, and the look for elective
sources of antimicrobial compounds has gotten to be progressively imperative. Endophytic
parasites, which dwell inside the tissues of therapeutic plants without causing hurt, have been
recognized as a potential source of bioactive auxiliary metabolites, counting anti-microbials. (
Eshboev, F.2023). Therapeutic plants are known to create a wide run of chemical compounds with
helpful properties. Endophytic parasites that possess these plants can moreover deliver comparative
or indeed novel bioactive compounds. Thinks about have appeared that endophytic parasites
confined from restorative plants habitually create bioactive compounds with antimicrobial
properties. These compounds can possibly overcome anti-microbial resistance components in
pathogenic microscopic organisms. By investigating the auxiliary metabolites of endophytic
parasites, analysts point to distinguish modern anti-microbials or anti-microbial adjuvants that can
successfully combat drug-resistant microbes. (Oktavia, L.2020). . Endophytic organisms have a
awesome impact on plant wellbeing and development, and are an imperative source of bioactive
characteristic compounds. (Vinale F, 2017 ).

The relationship between an endophyte with a have plant created over time with particular
adjustments on the portion of the plant and the parasites . The relationship is complex and differing
depending on the organism, the plant or both. The root of the endophyte is obscure. The two
speculations that legitimize the beginning of endophytes are exogenous and endogenous. As
recommended by the endogenous preface, endophytes are refined from plant chloroplast and
mitochondria and in this way have comparable hereditary histories to the have. At the same time,
the exogenous speculation claims that endophytes enter their have plant through surface contact,
actuated channels or root wounds . (P. Hondelmann, 2020). Endophytic organisms and their have
plant have advanced a differences of affiliations over time, extending from (i) mutualism to (ii)
enmity to (iii) neutralism. Fungal endophytic are more often than not dormant once inside their have
tissues, either all through the host’s presence, and typically alluded to as neutralism. Other
contagious endophytes may stay inert for a long time until natural conditions support their
enactment; usually alluded to as mutualism or enmity . ( V. Verma,2016).Endophytes have been
cited as a potential source for finding bioactive compounds, especially, of therapeutic intrigued.
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Hernandez,2022).Endophytic organisms or endophytes exist broadly interior the solid tissues of
living plants, and are imperative components of plant micro-ecosystems. Endophytic microflora has
been disconnected from a wide cluster of plants extending from greeneries to trees. Aboveground
plant parts, as well as belowground plant parts have been demonstrated to be conceivable specialties
to harbor the endophytic microflora.. . (Yadav G, 2021 ).

Parasitic endophytes have been detailed from about all plant parts comprehensive of root, stem,
bark, twig, leaf, petiole, blossom, and seed (Kurissery S.,2019).

Over the long period of advancement, a few co-existing endophytes and their have plants have set
up a uncommon relationship with one and another, which can altogether impact the arrangement of
metabolic items in plants, at that point influence quality and amount of unrefined drugs determined
from therapeutic plants.(Jia M, 2016).

The investigation of such bioactive molecules producing endophytes of therapeutic plants may
provide a premise for lead compounds for the advancement of novel drugs. The major advantage
of utilizing endophytes in sedate generation is that one can geta compound of plant root without
causing much hurt to the plant community. (P. N. Cruza 2022, ).

Different naturally dynamic compounds such as taxol, vincristine, camptothecin, piperin,
azadirachtin, etc. have been separated from endophytes. These days, the generation of a number of
novel and actually inferred bioactive particles is credited to endophytic organism of medicinally
critical plants. These bioactive atoms are misused within the field of horticulture, medication, and
industry. ( Kharwar R.N., 2014 ).To date, reports have appeared that 7% of 1.5 million parasitic
species have been distinguished; in spite of the fact that later discoveries utilizing next-generation
sequencing have uncovered that between 3.5 and 5.1 million parasitic species exist on earthas
restricted to prior reports in 2017 by Hawksworth and Liicking that approximately 2.2 to 3.1 million
parasitic species exist around the world. . ( Wu B.,2019)

Antimicrobial activity of endophytic fungi.

Bacteria have been causing many diseases for a long time, and some of these diseases can be deadly
for humans. Scientists have discovered two medicines, called sulphonamides and penicillin, that can
help solve this problem. The first one was found in 1935 and the second one in 1940. Please
rephrase this text using simpler language: Please rewrite this text using simpler words. Please
rewrite this text using simpler words.

But bacteria are always changing and getting stronger against drugs that kill them. This situation
made us search for a germ-killing substance that can defeat bacteria that are resistant. Please
rephrase this text using simpler language. Rewrite this text in simpler words: ( Silver LL, 2011)

Global health problems are caused by the fact that certain fungi and bacteria are becoming resistant
to antibiotics that are easily available. The current medicines used to treat fungal and bacterial
infections are not working well, and there are also new viruses that can be very dangerous. Because
of this, it is very important to find new and effective medicines that can kill these harmful
microorganisms. Please rewrite this text in simple language: Monowar, in his 2018 study, wrote a
piece of text that needs to be rewritten in simpler terms.

Many of the endophytes found in plants have the ability to inhibit the growth of microorganisms.
They help to control harmful microbes in plants and/or animals. Endophytes found in medicinal
plants have been shown to have the ability to fight against many different types of harmful
microorganisms. Ricardo Malheiro 2017.

Within the inquire about of Palak Arora and etc.Significant antimicrobial movement was shown by
the extricate from a parasitic culture labeled as GG1F1 amid the endophyte screening of
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Glycyrrhiza glabra Linn. The organism, distinguished as a Phoma species closely related to Phoma
cucurbitacearum, yielded two thiodiketopiperazine subordinates upon chemical examination. Both
compounds viably hindered the development of a few bacterial pathogens, counting Staphylococcus
aureus and Streptococcus pyogenes, with IC50 values underneath 10uM.The compounds too
emphatically prevented biofilm arrangement, illustrated effective bactericidal action through in
vitro time slaughter energy, and displayed synergistic intelligent with streptomycin, whereas
impacts shifted with ciprofloxacin and ampicillin combinations. In vitro, the compounds hindered
bacterial transcription/translation and staphyloxanthin generation in S. aureus. In spite of their
auxiliary similitude, the compounds uniquely contrasted in certain properties, especially their affect
on the expression of pathogenic characteristics. .( Arora P, 2016)

Kumar et al. measured the bioactivity of the endophytic microorganisms like Dothideomycetes sp.,
Alternaria tenuissima, Thielavia subthermophila, Alternaria sp., Nigrospora oryzae, Colletotrichum
truncatum, and Chaetomium sp., disconnected from the therapeutic plant, Tylophora indica, against
Sclerotinia sclerotiorum and Fusarium oxysporum which were found to restrain their development.
( S. Kumar ,2011)

The antibacterial, antifungal, antiprotozoan, and antiviral exercises of antimicrobial compounds
synthesized by endophytic organisms have made a difference anticipate different malady conditions
influencing living living beings. A few bioactive compounds such as triterpenoids, sesquiterpenes,
and diterpenoids created from endophytic parasites account for their antimicrobial movement
against a few parasitic and bacterial pathogens. . (Manganyi, 2018)

A consider on the differing qualities of endophytes in Artemisia argyi from distinctive zones of
China has uncovered that their parasitic community structures and diversities were very distinctive.
.(Shi, 2021)

Antimicrobial compounds are moderately moo in atomic weight, and indeed at a moo concentration
(0.5-8.0 mg/mL), they display tall action against pathogenic microorganisms. ( Mogana, R.;2020).
Two endophytic organisms, Papulaspora immersa and Arthrinium state of Apiospora montagnei
Sacc., were portrayed by Ramos et al. (2010) .

Different extricates of these endophytes, disconnected from Smallanthus sonchifolius collected in
Brazil, each shown antibacterial action against a extend of test living beings. For P. immersa, the
ethyl acetic acid derivation extricate of the maturation broth filtrate was found to repress the
development of Pseudomonas aeruginosa, S. aureus and Kocuria rhizophila, whereas n-butanol and
the watery extricates of the same filtrate were compelling against S. aureus and Escherichia coli.
The ethyl acetic acid derivation and n-butanol extricates of the filtrate were gotten from the aging
broth of the Arthrinium state of A. montagnei Sacc. and were each dynamic against E. coli and P.
aeruginosa . ( Ramos H.P., 2010).

Pretsch et al. (2014) detailed the antimicrobial movement of Talaromyces wortmannii, a parasitic
endophyte confined from an Egyptian Aloe vera plant. Critical antibacterial movement was watched
when the ethyl acetic acid derivation extricate of a solid-state culture of T. wortmannii was tried
against a number of Gram-positive strains, counting Propionibacterium acnes, Staphylococcus
epidermidis, Enterococcus faecalis, MRSA and Streptococcus pneumoniae, with MIC values of 3.9,
7.8,7.8,15.7 and 31.5 ug mL—1, individually, while Gram-negative microbes were found to be less
helpless, with MIC values extending from 62.5-125 pug mL-1. Ensuing fractionation of the
unrefined extricate come about in altogether lower MIC values of 0.24, 0.98 and 1.90 pg mL—1
against S. epidermidis, P. acnes and MRSA, individually, coordinating or indeed beating the action
of the standard anti-microbials chloramphenicol, ampicillin and vancomycin, which had MIC
values within the run of 0.98-3.91, 0.98-3.91 and 1.98-3.91 pg mL-1, separately . (Pretsch
A.,2014)




=

qan ¥
NEREeeesssSS

World Journal of Agriculture and Urbanization /-l <

https://wjau.academicjournal.io/index.php/wjau f»i - o

\)
s

2,
J”“‘
A\

03

Q/J i

A few parasitic endophytes,including Alternaria sp., Bjerkandera sp., Diaporthe sp., Penicillium sp.
and Xylaria sp., were gotten from the clears out of Schinus terebinthifolius by Tonial et al. (2016) .

The ethyl acetic acid derivation extricates that were arranged from culture filtrates of the different
endophytic parasites shown antibacterial movement against S. aureus and P. aeruginosa, as well as
antifungal action against C. albicans, as did the methanolic extricates of their mycelium. The
maturation conditions of three segregates, counting Alternaria alternata, Bjerkandera sp. and
Xylaria sp., were in this way examined to decide the ideal conditions for antimicrobial generation,
with different parameters, such as diverse carbon sources, nitrogen sources, pH, temperature and
hatching times all being investigated. The creators detailed that the reaction to changes in these
different conditions varied between endophytic strains, whereas antimicrobial movement was for
the most partat its most elevated when the carbon source was galactose (Tonial F.,.2016)

Such discoveries highlight the significance of the conditions amid the refined of endophytes and the
impacts this could have on metabolite generation.

In 2021, various endophytic organisms were disconnected from different parts of Bruguiera
sexangula, a mangrove species collected from Hainan Island in China . (Zhang X.,.2021)

Both ascomycetes and basidomycetes were separated, in spite of the fact that the ascomycetes were
the overwhelming phylum, with agents of a few genera, counting Fusarium, Gelasinospora,
Diaporthe and Pestalotiopsis, among others. The ethyl acetic acid derivation extricates of a few
confines developed on four distinctive media were screened for antimicrobial action against
different pathogens, though the separate, Gelasinospora endodonta, developed on Czapek’s
medium, shown critical inhibitory movement against the Gram-negative E. coli, with a MIC of
0.0625 mg mL—1. When this confine was developed on potato dextrose broth (PDB), the MIC
against E. coli was altogether higher at 1 mg mL—1, whereas extricates from the same separate
refined on rice medium and grain medium were both found to be dormant (ZhangX.,.2021)

Such comes about highlight the significance of the choice of culture media and the affect this could
have on the generation of antimicrobial compounds by endophytic organisms

Bioactive Metabolites Produced by Fungal Endophytes.

Fungal endophytes deliver priceless bioactive metabolic compounds useful to people with
antimicrobial, anticancer, antidiabetic, anti-inflammatory, antitumor properties, etc. A few of these
bioactive compounds incorporate pestacin, taxol, camptothecin, ergoflavin, podophyllotoxin,
benzopyran, isopestacin, phloroglucinol, tetrahydroxy-1-methylxanthone, salidroside, borneol,
dibenzofurane, methyl peniphenone, lipopeptide, peniphenone etc. (Gaurav Kumar2017).Plants
endophytes related with therapeutic plants are chemical synthesizers which deliver auxiliary
metabolites can be abused for curing numerous maladies. Numerous analysts separated and
recognized different bioactive metabolites from endophytic organisms. (Bhagat, J.,2012)

Maturation of endophytic parasites with potential for bioactive compound generation has a few
points of interest, like reproducible and reliable efficiency. It can be developed in fermenters to
supply boundless supply of bioactive compound and in this way can be misused commercially. For
optimizing different biosynthetic pathways by coordinate changes within the culture conditions can
be investigated as a strategy which leads to the generation of subordinates and analogs of novel
compounds(Bhagat, J.,2012)

Besides, endophytic organisms are too able of creating a wide run of nonanalogous compounds that
show critical bioactivities. The bioactive metabolites determined from endophytes overwhelmingly
have a place to the chemical course of alkaloids, cytochalasins, flavonoids, polyketides, steroids,
and terpenoids(. Porras-Alfaro, A.2011, Xu, K.;2021), The metabolites delivered by endophytes
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have been found to show a wide run of pharmacological properties essentially enveloping
antimicrobial, antineoplastic, anticancer, antioxidant, anti-inflammatory, antidiabetic, and upper
exercises (.Pasrija, P,2022, Digra, S,2023),. In expansion, endophytes have been distinguished as a
practical source of various chemicals such as amylase, catalase, laccase, lipase, and proteases that
have noteworthy clinical and mechanical applications (Mazumder, K.;2021, . Meshram, V.;2016),.
In this way, endophytic microorganisms speak to a profitable reservoir of bioactive auxiliary
metabolites with colossal potential within the agrochemical and pharmaceutical businesses (Cruz,
J.S.;2020. Zilla, M.K.;2013),.

Conclusion.

In conclusion, the investigation of endophytic organisms inside restorative plants as a store of
antimicrobial auxiliary metabolites holds gigantic guarantee for tending to the developing challenge
of anti-microbial resistance. The complex advantageous relationship between these parasites and
their have plants has uncovered a different cluster of bioactive compounds with critical
antimicrobial potential. The multifaceted benefits of these auxiliary metabolites expand past their
coordinate antimicrobial action, including applications in medicate improvement, horticulture, and
natural assurance.

The investigate in this field underscores the significance of protecting biodiversity and
understanding the perplexing interaction between living beings in characteristic environments.
Endophytic organisms, frequently neglected, have demonstrated to be a treasure trove of novel
particles that might possibly reshape the scene of pharmaceutical and biotechnology. In any case,
challenges stay, counting the require for precise screening, confinement, and characterization of
these metabolites, as well as illustration of their components of activity.

In substance, the investigation of endophytic organisms inside restorative plants stands as a
confirmation to the momentous cooperative energy between nature and science. This field not as it
were offers a promising road for combating microbial diseases but too embodies the concordant
relationship that can be fashioned between human resourcefulness and the complexities of the
common world. As we proceed to disclose the covered up potential of endophytic organisms, we set
out on a travel towards a more advantageous and more feasible future for worldwide healthcare and
past.
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