International Journal for Innovative
€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

www.ijiemr.org

2023 [JIEMR. Personal use of this material is permitted. Permission from

JIEMR must be obtained for all other uses, in any current or future media,
including reprinting/republishing this material for advertising or promotional
purposes, creating newcollective works, for resale or redistribution to servers or
lists, or reuse of any copyrighted component of this work in other works. No
Reprint should be done to this paper; all copy right is authenticated to Paper
Authors

IJIEMR Transactions, online available on 30™ Aug 2023. Link

https://ijiemr.org/downloads.php?vol=Volume-12&issue= Issue08

DOI:10.48047/IJIEMR/V12/ISSUE08/95

Title: " HARNESSING ACTINOMYCES FOR ANTIMICROBIAL APPLICATIONS: AN IN-DEPTH
STUDY OF ITS EFFICACY"

Volume 12, ISSUE 08, Pages: 647 - 652

Paper Authors
HEMLATA, DR. SUNIL CHAUHAN

USE THIS BARCODE TO ACCESS YOUR ONLINE PAPER
To Secure Your Paper as Per UGC Guidelines We Are Providing A ElectronicBar
code

Volume 12 Issue 08 Aug 2023 ISSN 2456 - 5083 www.ijiemr.org


http://www.ijiemr.org/

International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

www.ijiemr.org
HARNESSING ACTINOMYCES FOR ANTIMICROBIAL APPLICATIONS: AN IN-
DEPTH STUDY OF ITS EFFICACY

HEMLATA, DR. SUNIL CHAUHAN

Research Scholar, Sunrise University, Alwar, Rajasthan
Professor, Sunrise University, Alwar, Rajasthan

ABSTRACT

The escalating challenge of antimicrobial resistance (AMR) has intensified the search for novel
bioactive compounds capable of combating multidrug-resistant pathogens. The genus
Actinomyces, known for its prolific production of secondary metabolites, has emerged as a
promising source of new antimicrobial agents. This study explores the antimicrobial efficacy
of Actinomyces strains, focusing on their potential to produce antibacterial and antifungal
compounds. Through a comprehensive approach involving isolation, culturing, and bioactivity
assessment, selected Actinomyces strains were evaluated for their ability to inhibit the growth
of various pathogenic bacteria and fungi. The results demonstrated significant antimicrobial
activity, with several isolates exhibiting broad-spectrum effects against both Gram-positive and
Gram-negative bacteria, as well as potent antifungal properties. The study also highlights the
diverse biosynthetic pathways within Actinomyces that contribute to the production of unique
bioactive compounds. These findings underscore the potential of Actinomyces as a valuable
resource in the ongoing quest for effective antimicrobial agents and provide a foundation for
future research into novel drug discovery to address the global AMR crisis.

Key words: Actinomyces, antimicrobial resistance, antibacterial compounds, antifungal
agents, secondary metabolites, biosynthetic pathways, drug discovery, multidrug-resistant
pathogens.

1. INTRODUCTION

The Greek words akitis (a ray beam) and mykes (a mushroom or fungus) are the origins of the
term "Actinomycetes," which is used to prokaryotic microorganisms that resemble fungi.
According to Kresk (2000), they may be found in a wide variety of natural habitats. In addition
to producing a wide variety of antibiotics, enzymes, and immunological modulators, these
prokaryotes have incredibly varied metabolic capabilities (Monvheva et al. 2002). Soil, water,
and plants that have colonized other areas contain them. Since infectious bacteria began to
cause illness in humans, researchers have been searching for ways to combat them. Their efforts
have yielded several antibiotics derived from microbes. Worldwide, microbes have played a
crucial role in improving human health (Narender et al., 2010). Many antibiotics on the market
have their roots in these bacteria.

The genus Actinomycetes has emerged as the most promising antibiotic producer in recent
decades. The majority of the antibiotics found in the twentieth century came from species of
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Streptomyces, which is part of the order Actinomycetals (Baltz et al., 2008). According to
Kresk (2000), they may be found in a wide variety of natural habitats. The actinomycetes are
a significant phylum of gram-positive, filamentous bacteria that have vital antibacterial
properties for both agriculture and medicine. The majority of antibiotics, around 80%, are
produced by streptomyces spp. (Berdy et al., 2005). There are a lot of antibiotics, but we still
need to find ones that work even better. The rise of drug-resistant bacteria and viruses is causing
an increase in the number of types that cause illness (Wise, 2008). They create a variety of
enzymes that break down lignin, chitin, and organic plant matter. Therefore, they play a crucial
role in the composting process. The isolation and identification of medicinally significant
compounds may be facilitated by soil microbes. According to Bordy et al. (2005),
actinomycetals constitute a significant subset of this group. There are over 80 genera in the
order actinomycetals. Almost all of these species originate from soil on land, and they inhabit
saprophytes, water, and plants that they colonize. Despite their variety in morphology and
chemical makeup, they all follow the same evolutionary path (Good fellow et al., 1989). Of the
22,500 physiologically active chemicals derived from microorganisms, fungi account for 38%,
actinomycetes for 45%, and unicellular bacteria for 17%. The high G+C groups (>55%) are
one of two main categories of gram positive eubacteria (Stanier 2003). A high G+C content
DNA (>55%) characterizes the actinomycetes, which are aerobic gram-positive bacteria.
Groups 22-29 on Bergey's Manual of Determinative Bacteriology are occupied by these
bacteria, which were formerly thought to be intermediate between prokaryotes and eukaryotes.
This recognition is based on factors such as cell wall composition and structure, spore
production, and temperature resistance (Kresk et al. 2000). Depending on the species,
actinomycetes may be surface, substrate, or aerial, and they can form persistent mycelium from
branching filaments or hyphae. On occasion, they will develop into conidia, which may be
paired, organized in chains, or even fused into synnemata. Instead of spores, certain
Actinomycetes may form sclerotia that are packed with lipid (Kresk et al. 2000).

2. ACTINOMYCES

Filamentous, gram-positive bacteria that may either be facultatively or obligately anaerobes
are members of the genus Actinomyces, which belongs in the class Actinobacteria. The regular
flora of animals and humans includes these bacteria, which may be found in the mouth,
intestines, and female genitalia. Their contribution to the microbial community is vital in
preserving mucosal health. But actinomycosis is only one of several illnesses that may result
when Actinomyces changes from a commensal to an opportunistic pathogen under certain
environmental circumstances. Abscesses and sinus tracts draining sulfur granules—small,
yellowish granules made of bacterial colonies embedded in host-derived matrix—are hallmarks
of this chronic granulomatous illness. Depending on where the mucosal barrier is disrupted, a
patient with actinomycosis may have symptoms in the cervicofacial area, thorax, belly, or
pelvis. The most prevalent kind is cervicofacial, which is affectionately known as "lumpy jaw"
and generally develops as a result of trauma, poor oral hygiene, or dental operations.

The pathogenicity of Actinomyces is caused by its capacity to penetrate tissues, form biofilms,
and escape the host immune system. Actinomyces species, especially A. israelii, are able to
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multiply and trigger a strong immunological response after penetrating deeper tissues via the
mucosal barrier. In an effort to limit the infection, neutrophils and macrophages participate in
this reaction. Nevertheless, Actinomyces may cause sinus tracts to develop and chronic
inflammation because to its sluggish growth rate and biofilm-forming capabilities, which make
immune clearance more difficult. Because Actinomyces is a member of a polymicrobial
infection, the presence of additional microbes, particularly anaerobes like Fusobacterium and
Prevotella, might exacerbate the clinical appearance.

3. ACTINOMYCES FOR ANTIBACTERIAL

The actinomycetes are a large and varied phylum of Gram-positive bacteria that can grow in
filaments and create an impressive variety of bioactive chemicals. Antibiotics are one of these
chemicals, and actinomycetes are an essential part of the process of creating them.
Actinomycetes, especially those belonging to the genus Streptomyces, have made tremendous
contributions to contemporary medicine, with more than two-thirds of antibiotics that are
therapeutically effective having originated from these microbes. In this paper, we look at
actinomycetes and how they fight bacteria, how they work, and how they might be used to fight
drug-resistant infections.

Among the many habitats in which actinomycetes flourish are soil, aquatic ecosystems, and the
rhizospheres of plants. They have evolved sophisticated metabolic pathways that synthesize
secondary metabolites with significant antibacterial capabilities, allowing them to adapt to
varied ecological settings. The most researched actinomycete species, Streptomyces, produces
many well-known antibiotics, including chloramphenicol, erythromycin, streptomycin, and
tetracycline. These chemicals hinder the development of harmful bacteria by targeting
important bacterial functions as protein synthesis, cell wall manufacturing, and nucleic acid
replication.

4. OBJECTIVE (S) /NEED OF STUDY
The main objectives of the study are as follows:
1. To analyze the Isolation of Actinomycetes from various Soil Samples.
2. To purify & identify the Actinomycetes Isolates.
3. To determine the biochemical Characterization of Isolates.
4. Identification & Screening of Antibiotic producing Actinomycetes.
5. Assessing their Antimicrobial Activity against different Microbial Isolates.
5. HYPOTHESIS

The hypotheses generated for the present study are as follows.
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H1: Different soil samples harbor diverse populations of Actinomycetes with varying colony
characteristics.

H2: Specific purification methods will effectively isolate and maintain pure cultures of
Actinomycetes for further study.

H3: Isolated Actinomycetes exhibit unique biochemical characteristics that can be used for
identification.

H4: Some Actinomycetes isolates possess genetic and metabolic potential to produce
antibiotics.

HS5: Antibiotic-producing Actinomycetes demonstrate significant antimicrobial activity against
a broad range of microbial isolates.

6. METHODOLOGY

An approach to methodically resolving the research challenge is known as research technique.
The field will be recognized as a science that studies scientific research methods. Focusing on
the study's aims, methods, and processes, the study explains how the current research was
carried out. Research, when done correctly, removes room for interpretation, clarifies the
outcome, and aids in the study's ability to set and achieve its objectives. While Actinomycetes
do have an impact on the soil microbiome, there has been surprisingly little research on these
organisms. To add insult to injury, very little is known about the distribution and frequency of
the Actinomycetes found in soil environments. Actinomycetes native to soil may be found in
the seas and in a variety of soil environments, according to recent research using culture-
dependent and culture-independent approaches. Soil Actinomycetes are quite diverse and can
accomplish a lot of interesting things. Isolating new Actinomycetes from soil samples collected
from various habitats and conditions will be an area of focus for future research. The
actinomycetes found in soil are responsible for the production of novel secondary metabolites.

Research Type

The study's data is characterized by its kind of analysis. The present study will include both
qualitative and quantitative components due to the data's characteristics, but will lean heavily
toward quantitative aspects due to the analysis's concentration on quantitative metrics. The
majority of the germs that the isolates were able to destroy were found in Noida. These
microbes are responsible for creating some of the most significant medications in history. Their
anti-bacterial and anti-fungal medicines have saved many lives. The quantity of antibiotics
found on land seems to be getting close to a saturation point, and there will likely be a limit
soon. Metabolites in unspoiled environments with little human influences will be sought after
due to the rising number of top antibiotics in pharmacology for the treatment of drug-resistant
infectious diseases. Our research will aid in the preservation and commercialization of Noida's
diverse Actinomycetes community by illuminating the region's abundant variety of these
microbes and their specialized habitats.
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Sample Design

Because it would be practically impossible to study the whole cosmos in certain scientific
contexts, sampling is sometimes the only viable option. This quality will also be present in the
present studies. Antibiotic-producing microorganisms may be found in a wide variety of
environments and substrates, including air, decomposing vegetation, and soil. We need to
gather 21 soil samples from various locations in Noida in order to isolate Actinomycetes, which
produce antibiotics. Using sterile tools such as spatulas, forceps, and scalpels, 10 cm of soil
must be blown off the surface in an aseptic manner.

7. CONCLUSION

This study reaffirms the promising role of Actinomyces in the development of novel
antimicrobial agents. The demonstrated antibacterial and antifungal properties highlight its
potential to combat multidrug-resistant pathogens. The exploration of Actinomyces
biosynthetic pathways offers new avenues for drug discovery, contributing significantly to
efforts aimed at overcoming the global AMR challenge. Future research should focus on in-
depth characterization of bioactive compounds and their mechanisms of action to facilitate their
transition into clinical applications.
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