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INTRODUCTION 

Endophytes are beneficial microorganisms inhabiting the tissues of plants and have a 

positive effect on the plants without causing any harm. They play an important role in 

promoting plant growth as well as the ability to tolerate abiotic stress and enhancing 

overall vitality while maintaining a symbiotic relationship with their hosts (Wippel, 

2023). Numerous microbial populations, including fungi and bacteria, have been 

recognized as endophytes residing within the internal tissues of plants. These 

symbiotic organisms play significant roles in plant health and stress resilience, 

contributing to a deeper understanding of plant-microbe interactions ecologically and 

agriculturally (Schulz and Boyle 2006). The term endophyte was coined by De Bary 

(1866). Nearly all plants on our planet have been discovered to harbour one or more 

endophytes, as highlighted in the research by Petrini et al. (1992). These fascinating 

microorganisms are remarkably widespread and exhibit a rich biodiversity, having 

been identified in every plant species studied so far. Remarkably, of the approximately 

300000 plant species that populate the Earth, each individual plant serves as a host to 

a variety of endophytes, highlighting the intricate relationships that exist within our 

ecosystems (Strobel and Daisy, 2003). The microorganisms that inhabit plant tissues, 

predominantly in a symbiotic relationship, encompass various groups, such as fungi 

and bacteria, including actinobacteria (Pimentel et al., 2011; Singh and Dubey, 2015). 

Endophytes complete their life cycles within host plants, without causing any harm to 

them. These organisms are widely distributed in nature and establish specific 

associations with their host plants, engaging in mutualism or antagonism, but not 

parasitism (Nair and Padmavathy, 2014). The role endophytes play is crucial for the 

growth of the host plant by producing phytohormones and other growth-enhancing 

factors. In return, they receive nutrients and habitat from the host plant. Furthermore, 

endophytes contribute to the host’s adaptability against abiotic and biotic stresses 

while providing protection against pests, insects and pathogens. 

Considering the unique colonization patterns observed in specific host plants, 

researchers estimate that there could be as many as 1 million distinct endophyte 

species. However, only a small fraction of these have been documented and 

characterized (Petrini et al. 1992). This leaves vast potential for discovering new and 
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valuable natural products derived from intriguing endophytic microorganisms that 

inhabit a diverse range of plants across various niches and ecosystems. The unexplored 

diversity of these microorganisms presents a significant opportunity for future research 

and innovation in bioprospecting. Many endophytes have the ability to produce 

bioactive compounds that help plants defend against pathogens. Some of these 

compounds have also shown promise in novel drug discovery. Recent studies have 

identified various natural products derived from endophytes, including flavonoids, 

alkaloids, terpenoids and steroids. To date, the majority of natural products sourced 

from endophytes are classified as antibiotics, anticancer agents, biological control 

agents, and other bioactive compounds, each serving various functional roles. 

 

Actinobacteria are generally filamentous bacteria that are Gram-positive, and they 

represent a significant phylum within the domain of Bacteria (Ludwig and Klenk 

2005). Actinobacteria are a diverse group of microorganisms that can be found thriving 

in various ecosystems, both on land and in aquatic environments. These fascinating 

organisms predominantly exist as free-living entities, showcasing their remarkable 

adaptability to a wide range of habitats. Among these environments, soil stands out as 

the primary reservoir for actinobacteria, serving as a rich ground for their interactions, 
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particularly with the root systems of plants. Research indicates that these endophytic 

actinobacteria are particularly abundant in the roots, where they engage in vital 

symbiotic relationships with plants. They are present in moderate numbers within the 

stems, while their occurrence in the leaves is notably less frequent. This distribution 

highlights the critical role that actinobacteria play in plant health and soil ecosystems, 

emphasizing their importance within the complex ecosystem that exists beneath the 

surface. (Gangwar et al., 2014). This distribution in growth pattern for endophytic 

actinobacteria appears reasonable, as the roots are most exposed to and interact 

extensively with the microbial community in the rhizosphere. These organisms are 

crucial in breaking down complex materials derived from deceased plants, algae, fungi 

and animals. Through their activities, they facilitate the decomposition process, 

transforming these complex organic substances into simpler compounds. This natural 

recycling not only returns essential nutrients back to the ecosystem but also contributes 

to the formation of humus, enriching the soil and promoting healthy plant growth. 

(Sharma 2014). Actinobacteria represent a significant and diverse group of 

microorganisms renowned for their remarkable capability to synthesize a variety of 

bioactive metabolites. These metabolites include a wide range of compounds that 

possess powerful antimicrobial properties, potential anti-cancer effects, and various 

other pharmaceutical applications. Their unique biochemical pathways make them a 

valuable resource in the development of new drugs and therapeutic agents, 

highlighting their importance in microbiology and pharmaceutical research (Schulz et 

al. 2009; Barka et al., 2016). These microorganisms have been the main source of 

various antibiotics since the discovery of Penicillin 1928 contributing a rich diversity 

of antibiotics to combat many lethal diseases. The total count of bioactive metabolites 

generated by microorganisms is approximately 23,000, with actinobacteria alone 

producing 10,000 of these (which represents 45% of all bioactive metabolites), and 

from this group, a remarkable 7,600 (accounting for 76%) of compounds have been 

identified from a single genus, Streptomyces (Berdy 2012). This highlights their 

critical significance in the pharmaceutical industry. 

 For many centuries, plants have served as vital sources of bioactive compounds 

utilized for their therapeutic properties. These natural resources have been revered for 
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their ability to help in healing and health maintenance. In recent years, researchers 

have uncovered the remarkable role of microorganisms associated with these plants. 

These microorganisms have demonstrated the capacity to produce a diverse range of 

compounds, many of which possess significant therapeutic value, opening new 

pathways for medicinal applications and enhancing our understanding of plant-

microbe interactions in health and wellness (Subbulakshmi et al., 2012).  

For decades, antibiotics have played a crucial role in treating and controlling microbial 

infections, saving countless lives. However, as their use has become more widespread 

over time, there has also been a significant rise in the overuse and misuse of these 

powerful medications. This escalating misuse has led to the alarming emergence and 

proliferation of antibiotic-resistant bacteria. These resilient strains pose a serious threat 

to public health, accounting for thousands of fatalities each year as they render 

standard treatments ineffective and complicate the management of infections 

(Jørgensen et al., 2017). Numerous studies have highlighted the emerging ability of 

various microorganisms such as bacteria, parasites, viruses, and fungi to develop 

resistance to treatments. This alarming trend indicates that antibiotics, which were 

once effective in combating these pathogens, are increasingly losing their potency and 

efficiency in medical use (Alexander et al., 2013; Mediavilla et al., 2016). Multidrug 

resistance (MDR) occurs when a single strain of bacteria develops the ability to 

withstand the effects of multiple antibiotics. This resistance undermines the 

effectiveness of these antibiotics, which once successfully inhibited or eradicated the 

pathogens. As a result, infections caused by these resistant bacteria can persist within 

the body, complicating treatment efforts and significantly increasing the risk of 

transmission to others. The implications of MDR infections extend beyond individual 

health, often leading to higher rates of morbidity and mortality, as well as longer 

hospital stays and more complex medical interventions (de Kraker et al., 2011). 

Moreover, MDR has emerged as a pressing global health concern, representing a 

profound threat to both human and animal health. Its widespread impact poses 

significant challenges to public health systems and the economy, highlighting the 

urgent need for effective strategies to combat these resistant infections (O’Neill, 2017). 
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Bacteria are capable of undergoing mutations that grant them resistance to antibiotics, 

making the infections they cause increasingly challenging to treat. According to the 

World Health Organization (WHO), a staggering 700,000 individuals succumb to 

drug-resistant diseases every year. Of these, 230,000 people are victims of multidrug-

resistant tuberculosis, a serious and often life-threatening infection. Many conditions 

related to the urinary and respiratory tracts, as well as sexually transmitted infections, 

are evolving into forms that challenge conventional treatments. Among communicable 

diseases, lower respiratory infections have emerged as the most lethal, claiming the 

lives of approximately 3.0 million people globally, with a disproportionate impact on 

populations in low-income countries. The growing prevalence of these resistant 

infections has led to a significant public health threat, underscoring the urgent need for 

innovative solutions and strategies to combat antibiotic resistance. 

The rise of multidrug resistance can primarily be due to the excessive and 

inappropriate use of antimicrobial agents for controlling, treating, and preventing 

diseases. The widespread use of these powerful medications in livestock, along with 

the misuse of prescribed antibiotics in humans, has significantly increased the growing 

problem of antimicrobial resistance. This surge in resistance not only complicates 

treatment options but also poses a serious threat to public health and the efficacy of 

existing medications (Brinkac et al., 2017). With the rise in the usage of antimicrobials, 

the landscape of bacterial pathogens has become increasingly complicated, as these 

organisms develop competent mechanisms to resist treatment. Scientists face 

significant challenges in their efforts to combat infections, fighting against the ever-

evolving nature of these microbes. The pace at which new antimicrobial agents are 

being developed is unable to keep up with the rapid emergence of resistance, as 

microorganisms continuously adapt and refine their survival strategies. This ongoing 

battle highlights the pressing need for innovative approaches to address bacterial 

resistance and protect public health (Krause, 1992). Alarmingly high resistance rates 

for certain healthcare-associated infections are on the rise, with methicillin-resistant 

Staphylococcus aureus (MRSA) reaching an astounding 97%, vancomycin-resistant 

Enterococcus (VRE) at 59%, and multidrug-resistant tuberculosis (MDR-TB) standing 

at 52% as reported by the CDC in 2019. The widespread and often indiscriminate use 
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of methicillin, an antibiotic once considered effective against staphylococcal 

infections, has paved the way for the emergence of resistant strains. These resistant 

bacteria are now responsible for numerous skin infections globally, leading to serious 

health concerns. The root of this resistance can be traced back to staphylococcal 

cassette chromosome mec (SSCmec) which is a mobile genetic element. This element 

harbours the methicillin resistance gene (mecA), which bacteria acquire through a 

process called conjugation that is a form of genetic exchange among closely related 

bacterial species. The mecA gene encodes for an enzyme that modifies the target site 

for beta-lactam antibiotics, specifically by altering the peptidoglycan-binding proteins 

in the bacterial cell wall. This binding enzyme, known as the methicillin-resistant 

penicillin-binding protein, plays a crucial role in the cross-linking of peptidoglycan, a 

vital component of the bacterial cell wall structure. The modification significantly 

diminishes the effectiveness of beta-lactam antibiotics, rendering them nearly useless 

against these resistant strains (Harkins et al., 2017). Consequently, the rapid 

proliferation of multidrug-resistant organisms has escalated the urgency to discover 

and develop new antibiotics that can effectively combat these formidable pathogens 

and safeguard public health. 

Numerous researchers have documented the diversity of endophytes, with a particular 

emphasis on endophytic actinobacteria. Among the various species identified, 

Streptomyces becomes the most predominant group. These microorganisms play an 

important role in their host plants, contributing to various ecological and biochemical 

processes. The prevalence of Streptomyces in endophytic communities highlights their 

significance in promoting plant health and enhancing resilience against environmental 

stressors (Matsukuma et al. 1994; Matsumoto et al. 1998; Kurtboke 2003). Research 

on the antioxidant activity of Streptomyces has shown promising results. A 

comprehensive study conducted by Rammali et al. in 2024 investigated into 

antimicrobial and antioxidant properties of a specific strain of actinobacteria, 

Streptomyces sp. EIZ2, which was isolated from agricultural soil in Morocco. The 

research findings highlighted that the extract derived from Streptomyces sp. EIZ2 

exhibited a significant antioxidant capability, effectively neutralizing DPPH and ABTS 

free radicals. Furthermore, the extract demonstrated a significant enhancement in 
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ferric-reducing antioxidant power, exhibiting its potential as a strong antioxidant agent. 

The identification of a positive correlation between antioxidant activities and the 

concentrations of total phenolic and flavonoid compounds present in the extract are 

important since these compounds are well known for their health benefits, particularly 

in combating oxidative stress.  

Extensive research has revealed that various species within the genus Streptomyces 

possess the remarkable ability to synthesize a wide range of bioactive compounds, that 

exhibit potent antimicrobial properties. These compounds are effective against a 

diverse range of pathogens, including gram negative and positive bacteria, fungi, and 

even viruses. For example, Streptomyces coelicolor, a well-studied species within this 

genus, is known for producing a striking blue pigment called actinorhodin. This 

substance has demonstrated significant antimicrobial activity, showcasing 

effectiveness against multiple strains of bacteria. Similarly, another notable species, 

Streptomyces griseus, has gained recognition for its production of streptomycin, a 

powerful antibiotic that plays a crucial role in the treatment of various bacterial 

infections. These discoveries underscore the immense potential of Streptomyces 

species in drug development and the broader field of antimicrobial research (Berdy 

2005). In a separate investigation, researchers explored the antimicrobial properties of 

a methanolic extract derived from Streptomyces sp. This study evaluated the extract's 

effectiveness against various microorganisms, including various strains of bacteria, 

fungi, and yeast. The findings revealed that the methanolic extract exhibited significant 

antimicrobial activity across all tested organisms, with particularly strong effects 

observed against Gram-positive bacteria. These promising results suggest that the 

methanolic extract from Streptomyces sp. holds great potential as a natural 

antimicrobial agent, suitable for further development in applications aimed at 

combating microbial infections (Devi et al., 2023). 

In the study performed by Kumar et al. in 2013, a comprehensive analysis was 

performed on the methanolic extract derived from the microbial genus Streptomyces. 

Utilizing Gas Chromatography-Mass Spectrometry (GC-MS) as a key analytical 

technique, the researchers revealed a diverse range of bioactive compounds present in 

the extract. Among these, several significant components were identified, including 2-

phenylethanol, benzeneethanol, acetic acid, butanedioic acid, hexadecanoic acid, and 



24 
 

9-octadecenoic acid. Each of these compounds is recognized for its distinct biological 

activities. For instance, both 2-phenylethanol and benzeneethanol have shown 

significant antimicrobial and antifungal properties, indicating their potential utility in 

combating various microbial infections. Meanwhile, hexadecanoic acid and 9-

octadecenoic acid have garnered attention for their dual roles as antimicrobial agents 

and antioxidants, which can contribute to cellular protection against oxidative stress. 

The findings of this study suggest that the methanolic extract from Streptomyces sp. 

could possess considerable therapeutic potential, meriting further investigation to 

explore its applications in health and medicine. The diverse pharmacological activities 

highlighted by the identified compounds pave the way for potential innovations in 

natural product drug development. 

Terpenoids represent a diverse group of natural compounds derived from isoprene, 

characterized by their complex structures and wide-ranging functions. These 

remarkable molecules are vital for plants, as they help them withstand various stresses, 

both biotic like pest attacks and diseases and abiotic, such as extreme temperatures and 

drought. Additionally, terpenoids play an essential role in facilitating interactions 

between plants and other organisms, particularly in attracting pollinators with their 

appealing scents. Beyond their ecological significance, terpenoids also possess 

beneficial properties for human health, including the ability to lower blood pressure, 

and they are utilized as natural insecticides, showcasing their versatility and importance 

in both nature and agriculture (Kabera et al., 2014). Alkaloids represent a class of 

nitrogen-containing cyclic compounds that play an important role in various biological 

processes. These fascinating molecules serve as foundational scaffolds for several 

important antibiotics, including metronidazole and quinolones. Their unique chemical 

structures contribute to their effectiveness in treating bacterial infections and highlight 

the significant role alkaloids play in pharmacology (Cushnie et al., 2014). Flavonoids 

are complex compounds characterized by a polyphenolic structure, which is 

synthesized via the polypropanoid pathway (Ghasemzadeh and Ghasemzadeh, 2011). 

These unique compounds have gained recognition for their remarkable biological 

properties, serving as potent antioxidants that combat oxidative stress in the body. 

Their anticancer potential has gathered considerable attention, as they exhibit the 

ability to inhibit the growth of cancer cells. Furthermore, flavonoids have demonstrated 

https://www.sciencedirect.com/science/article/pii/S2667031322000355#bib0042
https://www.sciencedirect.com/science/article/pii/S2667031322000355#bib0020
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antibacterial activity, making them valuable in fighting various infections. 

Additionally, they play a vital role in promoting heart health by offering 

cardioprotective benefits. Beyond these internal health benefits, flavonoids also 

contribute to skin protection by shielding it from harmful UV radiation, highlighting 

their complex roles in health and wellness (Tungmunnithum et al., 2018). 

Plants are remarkable organisms that not only supply essential minerals and primary 

metabolites but also produce a diverse array of secondary metabolites. These include 

complex compounds such as flavonoids, alkaloids, saponins, terpenoids, phenolics, and 

lipids, all of which are known to possess significant therapeutic potential 

(Sivasankaridevi et al., 2013). The phytochemicals synthesized by plants play a vital 

role in their interactions with the environment, especially with the endophytic 

organisms. These endophytes, which can be fungi or bacteria living within the plant 

tissues, often form intricate relationships with their host plants, influencing not just the 

plant's health and resilience but also the overall quality and effectiveness of these 

valuable secondary metabolites. (Egamberdieva et al., 2017). Extensive research has 

revealed the significant role that endophytes play in enhancing the medicinal properties 

of ethnobotanical plants. In some cases, the secondary metabolites produced by these 

endophytic organisms closely reflect those found in their host plants, positioning them 

as promising candidates for drug development. A notable example is found within the 

Taxaceae family, where the endophyte Pestalotiopsis microspora has gained 

recognition for its ability to produce torreyanic acid, a metabolite that closely resembles 

that of its plant host. This particular compound is well known for its potent anticancer 

properties, highlighting the potential of endophytes in therapeutic applications 

(Ludwig-Müller, 2015). Unlike primary metabolites, which are directly associated to 

the growth and development of an organism, secondary metabolites are organic 

compounds that serve crucial functions in plant defence mechanisms and enable plants 

to adapt effectively to their environmental conditions. These intricate relationships 

illustrate the profound interconnectedness of endophytes and their host plants in the 

realm of natural medicine (Tiwari and Rana, 2015).  

Since microbial life is ubiquitous in the tissues of medicinal plants, these organisms 

serve as an invaluable reservoir of therapeutic agents. Their prevalence, along with 

their remarkable ability to produce bioactive metabolites that reflect those found in the 

https://www.sciencedirect.com/science/article/pii/S2667031322000355#bib0029
https://www.sciencedirect.com/science/article/pii/S2667031322000355#bib0084
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plants they inhabit, underscores their potential for pharmaceutical applications. 

Endophytic actinobacteria, in particular, can be cultured in nutrient media, thriving 

even in extreme conditions where the host plants might struggle to survive. This 

resilience positions them as promising candidates for the discovery of novel drugs. 

Despite this potential, a significant gap in research regarding the novelty, diversity, and 

bioactivity of endophytic actinobacteria sourced from traditional medicinal plants, 

especially in biodiversity-rich regions still remain. To address this gap, the current 

study aims to explore the traditional medicinal plants native to Mizoram, located in 

Northeast India—a region recognized as part of the Indo-Burma biodiversity hotspot. 

The objective is to isolate and characterize endophytic actinobacteria from these plants, 

with a specific focus on evaluating their efficacy in inhibiting multidrug-resistant 

pathogens that pose a significant threat to human health.  
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REVIEW OF LITERATURE 

Actinobacterial research is a rapidly growing field that includes various aspects of 

actinobacterial biology, including their diversity, ecology, physiology, genetics, and 

applications. some of the current research areas in actinobacterial research include 

discovery of novel bioactive compounds, antimicrobial resistance, Plant-microbe 

interactions, Environmental applications, Genomics and genetics and Synthetic 

biology. Researchers have been isolating actinobacteria from various sources, 

including soil from diverse ecosystems, such as forests, grasslands, and deserts, plant 

tissues including roots, stems, and leaves, marine sediments and coral reefs, and 

extreme environments such as hot springs, Antarctic soils, and deep-sea sediments, in 

search of new bioactive substances that could be utilized in medicine, agriculture, and 

biotechnology. These efforts have led to the discovery of new actinobacterial species 

and strains, which have been found to yield a wide range of secondary metabolites, 

such as antibiotics, antifungals, anticancer agents, and enzymes. actinobacteria were 

considered transitional forms between the fungi and bacteria (Barka et al., 2016).  

The comparison between actinomycetes and fungi may appear valid at a glance, but it 

only scratches the surface. In reality, actinomycetes share a greater number of 

characteristics with bacteria than with fungi. Unlike the robust structures typically 

found in fungal cells, actinobacteria possess thin cell walls composed of 

peptidoglycan. Their genetic material is organized in a prokaryotic nucleoid, which is 

a key feature distinguishing them from more complex eukaryotic organisms. This 

unique cell structure underscores their bacterial similarities while highlighting the 

distinctive traits that set actinobacteria apart in the microbial world. Endophytic 

actinobacteria are remarkable microorganisms that live within the tissues of plants and 

are recognized for their ability to synthesize diverse bioactive chemical compounds. 

These compounds often feature unique structural characteristics and hold significant 

potential for medicinal applications (Gayathri and Muralikrishnan, 2013; Singh and 

Dubey, 2015). Numerous studies have highlighted the antimicrobial properties of these 

compounds, showing the vast potential of endophytic actinobacteria in the realm of 

natural product discovery. Among these, the genus Streptomyces is the most 

frequently isolated and studied group of endophytic actinobacteria, playing an 
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important role in the search for new antimicrobial agents (Zhao K. et al., 2011; 

Golinska et al., 2015). 

 Among the significant compounds of biological significance that have been isolated 

from various species of Streptomyces are munumbicins A and B, known for their 

potential therapeutic applications. Additionally, naphthomycins A and K have also 

gained attention due to their intriguing biological properties. Other noteworthy 

compounds include clethramycin, which is recognized for its antibiotic capabilities, 

and coronamycin, celebrated for its distinctive chemical structure and activity. 

Cedarmycins A and B, along with saadamycin and kakadumycin, further exemplify 

the wide range of bioactive substances derived from these remarkable actinobacteria. 

In a broader context, additional active compounds have been sourced from other 

actinobacteria, for instance, paclitaxel, an important anticancer agent, is extracted from 

Kitasatospora sp., which is notably associated with the yew tree, Taxus baccata. 

Another compound, tyrosol, has been identified in Emblica officinalis and is suggested 

to possess properties that inhibit food-borne microbes, highlighting its potential role 

in food safety and preservation (Zhao K. et al., 2011; Gangwar et al., 2014; Golinska 

et al., 2015). 

History of endophytic actinobacteria 

The intriguing history of endophytic actinobacteria can be traced back to the end of 

19th century, specifically in 1866 when the pioneering German botanist Anton de Bary 

made a groundbreaking discovery. He identified the presence of microorganisms 

residing within the tissues of plants, opening a new frontier in our understanding of 

plant biology. However, it wasn't until the latter part of the 20th century that the 

scientific community began to research deeper into the potential benefits offered by 

these microorganisms, with a particular focus on actinobacteria. Throughout the 1990s 

and into the early 2000s, researchers embarked on a journey of exploration, isolating 

and characterizing endophytic actinobacteria from an array of plant species. This 

rigorous research revealed the remarkable fact that actinobacteria serve as a storehouse 

of bioactive compounds. These compounds include a variety of therapeutic agents such 
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as antibiotics, antifungals, and anticancer agents, highlighting the substantial promise 

these microorganisms hold in the realm of medicine. 

Today, the study of endophytic actinobacteria remains a dynamic and evolving field. 

Researchers are actively investigating their potential applications across multiple 

domains, including the discovery of novel bioactive substances, understanding the 

complex interplay between plants and microorganisms, and exploring 

biotechnological applications that could revolutionize agriculture and medicine. The 

ongoing research into these fascinating organisms continues to show new insights and 

possibilities, contributing to both scientific knowledge and practical advancements. 

Apart from the disease-causing microorganisms, the presence of other (non-

pathogenic) organisms inside the plants was first pronounced by De Bary (1866), who 

detected the presence of microbial cells in the microscopically analysed plant tissues. 

This observation was not explored until the end of the last century when the term 

"endophytes" was defined. De Bary (1866) provided the first definition of an 

endophyte, as “any organism that grows within plant tissues are termed as 

endophytes,” however, the definition continues to change as per various researchers 

(Wilson, 1995; Hallmann et al., 1997; Bacon and White, 2000). Petrini (1991) 

provided the most suitable definition for endophytes, which means any organism that 

at some part of its life cycle, colonizes the internal plant tissues without causing any 

type of harm to the host plant. Furthermore, due to extensive studies of these groups 

of microorganisms, the endophytic communities have been divided into different 

subgroups, such as ‘obligate’ or ‘facultative,’ which are associated with all types of 

plants (Rosenblueth and Martínez Romero, 2006).  

In recent years, a considerable number of studies have aimed to unravel the origins of 

endophytic organisms found in various plant species (Hallmann et al., 1997; Mitter et 

al., 2013). Researchers initially focused on two primary sources for these endophytes: 

the rhizosphere which is the region of soil that is surrounded by plant roots and 

microbial communities present in seeds. These environments serve as crucial 

reservoirs for the diverse array of endophytic microorganisms that interact with plants. 

The dynamics of these specific endophytes and their relationships with different plant 
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species are often reflected in their genomic structures. This genomic organization 

provides valuable insights into how endophytes adapt, thrive, and propagate within 

their host plants (Andreote et al., 2014). A number of scientists have precisely 

examined the sizes and origins of endophytes’ genomes, linking genome size to the 

lifestyle strategies of these bacteria (Dini Andreote et al., 2012).  

Endophytes are typically defined as organisms that inhabit plant tissues, wherein the 

environment is generally more constant compared to the fluctuations of their natural 

soil habitat. This notion supports the understanding that these microorganisms can 

successfully colonize and persist within plants. However, it's important to note that 

some endophytes only emerge within the plant during specific stages of their life cycle, 

indicating a more complex relationship. Consequently, the endophytic community is 

composed of organisms from diverse ecological backgrounds. Particularly those 

endophytes with larger genomes tend to thrive in variable environments, such as soil, 

while those with smaller genomes appear to be more adapted to the stable conditions 

inside the plant and are often transmitted vertically from one generation to the next 

(Mitter et al., 2013). In recent years, a considerable number of studies have aimed to 

discover the origins of endophytic organisms found in various plant species (Hallmann 

et al., 1997; Mitter et al., 2013).  

Association of endophytes with host plants 

The quality and product of medicinal plants are immensely affected by a variety of 

environmental factors. These include temperature, which can determine the rate of 

growth; illumination, which is essential for photosynthesis; moisture levels that affect 

hydration and nutrient uptake; soil conditions such as pH and fertility that influence 

plant health; and the presence and diversity of soil fauna that contribute to soil 

ecosystem dynamics (Namdar et al., 2019). Furthermore, recent studies have 

increasingly highlighted the significant role that specific bacterial endophytes (a group 

of beneficial microorganisms that inhabits the plant tissues) can play in shaping the 

growth and secondary metabolite production of medicinal plants (Ek-Ramos et al., 

2019). These complex relationships between plants and their microbial companions 
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 highlight the complexity of plant growth and the potential for enhancing medicinal 

properties through microbial interactions. 

 

Long-term, symbiotic relationships between host plants and their associated 

endophytes can profoundly enhance plant growth and provide significant benefits for 

agricultural practices (Compant et al., 2010). These beneficial bacterial endophytes 

reside in various parts of the plant such as flowers, leaves, roots, seeds, and stems 

where they thrive and foster a dynamic partnership that is vital to the overall health 

and development of their host (Qin et al., 2009; Elmagzob et al., 2019). The presence 

of these microorganisms enriches the vitality of the plants by facilitating nutrient 

acquisition, strengthening resilience against environmental stressors, and enhancing 

disease resistance. This makes them invaluable allies in the pursuit of sustainable 

farming, as they not only support plant growth but also contribute to the ecological 

balance and health of agricultural ecosystems. 

The intricate relationship between endophytes and their host plants is best 

characterized as symbiotic; this mutually beneficial association allows both organisms 

to thrive. The dynamic interaction between host plants and the diverse endophytic 
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community represents a co-evolutionary journey, shaped by a myriad of factors 

including the plant's genetic makeup, developmental stage, physiological health, and 

the specific type of plant tissue involved. Additionally, agricultural practices and 

environmental conditions, such as water availability, nutrient levels and temperature 

fluctuations, play crucial roles in the colonization process of these bacteria. A wealth 

of research highlights the profound influence host plants exert on their associated 

endophytic bacterial communities. For instance, a study conducted in the unique 

Patagonian ecosystem uncovered striking differences in both the abundance and 

diversity of bacterial populations associated with different plant species. It was found 

that Hieracium pilosella harboured a significantly greater variety of bacteria compared 

to Gaultheria mucronata (Zhang et al., 2019). This finding emphasizes the importance 

of the distinct physiological characteristics, biochemical metabolites, and growth 

patterns exhibited by different plant species, which ultimately enhance their ability to 

attract a wide array of endophytic bacteria Kawaguchi and Minamisawa, 2010; 

Campisano et al., 2014).  

The health of host plants is an essential factor that significantly influences the 

composition of their endophytic communities. A notable example is found in Paullinia 

cupana, where plants exhibiting asymptomatic anthracnose are predominantly 

colonized by bacteria from the Firmicutes phylum. In stark contrast, those that are 

suffering from symptomatic anthracnose display a significant increase in the 

dominance of Acidobacteria within their endophytic community (Bogas et al., 2015). 

These observations suggest that the presence of pathogens may lead to visible surface 

damage on the host plant, creating opportunities for specific endophytes to flourish. 

Meanwhile, this disruption can unbalance the previously stable microbial ecosystem 

that existed within the plant. As highlighted by Hallmann et al. (1998), this 

transformation in microbial community dynamics highlights the complex and intricate 

relationship between plant health and microbial colonization. Such shifts not only 

affect the survival of the plants but also the diversity and functionality of the 

microorganisms that inhabit them, illustrating the profound interplay between biotic 

stressors and microbial life. 
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Endophytic actinobacteria are fascinating microorganisms that live within the inner 

tissues of plants without causing any harm. These beneficial bacteria have 

demonstrated impressive potential in promoting the growth of medicinal plants. They 

achieve this enhancement by significantly increasing both root and shoot biomass, 

which are vital for the overall vigour and health of the plant. Additionally, these 

endophytes play a crucial role in facilitating seed germination, as noted by Vendan et 

al. in their 2010 study. Research has shown that the endophytic actinobacteria has the 

ability of growth-promoting effects by having the capability to produce plant 

hormones, particularly indole acetic acid (IAA). This natural compound is essential 

for regulating a variety of physiological processes within plants, thereby contributing 

to improved growth and development, as highlighted by the findings of Fouda et al. in 

2021. Through these mechanisms, endophytic bacteria offer a promising pathway for 

enhancing the cultivation and efficacy of medicinal plants. 

Among the various endophytic bacteria, Serratia marcescens AL2-16 distinctly 

captures attention due to its remarkable ability to fix nitrogen within the plant species 

Achyranthes aspera. This intriguing process involves the bacteria harnessing 

atmospheric nitrogen and transforming it into a form that is biologically accessible to 

the plant, enabling it to thrive. Through a series of intricate enzymatic reactions, 

Serratia marcescens converts inert nitrogen from the air into essential nutrients that 

the plant can easily absorb and utilize. This nitrogen-fixing prowess plays a vital role 

in bolstering the nutritional support of Achyranthes aspera. As highlighted by Devi et 

al. (2016), the involvement of Serratia marcescens not only enhances the growth and 

development of this medicinal plant but also positions it as a crucial ally in fostering 

overall plant health and productivity. The partnership between this endophytic 

bacterium and its host plant exemplifies the symbiotic relationships that can 

significantly impact ecological and agricultural systems. 

Certain endophytes play a significant role in enhancing the adaptability of their host 

plants against various abiotic stressors, such as heavy metals and salinity, as noted by 

Sheng et al. (2011). Salinity acts as a primary obstruction to plant growth by reducing 

the soil's osmotic potential. In response, plants are compelled to decrease their own 

water potential in a bid to absorb and retain sufficient water. In these harsh conditions, 
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the survival of host plants can be strengthened through mechanisms such as the 

modulation of phytohormones, which help alleviate the detrimental effects of osmotic 

stress (Hasanuzzaman et al., 2014). In one intriguing experiment, the endophytic 

bacterium Achromobacter xylosoxidans demonstrated its capacity to lower ethylene 

levels in the plant species Catharanthus roseus. At the same time, it significantly 

elevated the activity of various antioxidant enzymes, such as ascorbate peroxidase, 

catalase, and superoxide dismutase, all of which are essential for managing stress 

under saline conditions (Karthikeyan et al., 2012). Exploring the relationship between 

endophytic bacteria and the metabolism of their medicinal host plants presents 

numerous challenges, particularly due to the potential overlap in secondary metabolite 

production that can stem from the cooperative interactions between the bacteria and 

the host plant (Brader et al., 2014). Indeed, certain endophytic bacteria are well-

documented for their ability to stimulate the biosynthesis of secondary metabolites in 

medicinal plants, amplifying their therapeutic properties (Tiwari et al., 2010). For 

example, the bacterium Bacillus altitudinis KX230132.1 is recognized as an effective 

elicitor that significantly boosts the levels of ginsenosides in the highly esteemed 

medicinal plant, ginseng (Song et al., 2017). Prior studies have even indicated that 

endophytes residing within host plants can synthesize a diverse range of bioactive 

secondary metabolites, including cyclopeptides, alkaloids, lactones, sesquiterpenes, 

flavonoids, polyketones, organic acids, and saponins. These compounds hold immense 

potential for novel applications in various fields (Ek-Ramos et al., 2019). Furthermore, 

additional investigations into the activities of these endophytic actinobacteria and their 

host plants have revealed a wealth of shared bio-properties. These include a range of 

therapeutic effects such as antimicrobial, anticancer, anti-inflammatory, and anti-HIV 

activities (Rustamova et al., 2020). Such findings highlight the deep impact that 

endophytic actinobacteria can have on enhancing the medicinal value and overall 

stress resilience of their host plants. 

Antibiotics produced by Streptomyces 

Streptomyces are remarkable actinobacteria known for the original source of a various 

number of the world’s antibiotics. These fascinating microorganisms belong to the 

phylum Actinomycetota. Unlike motile bacteria, Streptomyces are non-motile and 
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exhibit a unique method of spreading through the production of threadlike structures 

called hyphae. These hyphae penetrate their surroundings in search of essential 

nutrients, allowing the bacteria to thrive in various environments. In times of nutrient 

scarcity, Streptomyces display a remarkable survival strategy. They generate aerial 

hyphae that rise above the substrate and subsequently undergo division to form spores. 

These spores are resilient, designed to withstand harsh and unfavourable conditions. 

Additionally, their lightweight nature facilitates easy dispersal to new environments, 

enabling Streptomyces to colonize fresh sources of nutrients effectively. This ability 

to adapt and proliferate highlights the ecological significance and versatility of these 

extraordinary actinobacteria. (Chater 2016).  During World War II, the pressing need 

for effective antibiotics became critical, especially as penicillin proved inadequate for 

treating Tuberculosis (TB) and certain Gram-negative bacterial infections. It was in 

this atmosphere of urgency that the microbiologist Selman Waksman and his team, 

including the researcher Albert Schatz, embarked on a quest to discover new 

antimicrobial agents. Their groundbreaking work led to the isolation of an 

extraordinary substance called streptomycin. This antibiotic was derived from a strain 

of the bacterium Streptomyces griseus, which was found thriving in richly manured 

compost soil. In a remarkable twist of fate, another sample contributing to this 

discovery came from the digestive tract of a chicken, illustrating the diverse 

environments from which life-saving medications could emerge. (Wainwright, 1991).  

In the 1980s, researchers from the Merck group made a significant breakthrough by 

discovering platensimycin, a novel class of antibiotic derived from the bacterium 

Streptomyces platensis. This innovative antibiotic selectively targets and inhibits the 

biosynthesis of cellular lipids, which are essential components of cell membranes. The 

unique mechanism of action of platensimycin positions it as a promising candidate in 

the fight against antibiotic resistance, highlighting its potential for therapeutic 

applications in treating bacterial infections (Martens and Demain, 2011; Wang et al., 

2006). In recent years, numerous antibiotic molecules have been discovered from the 

genus Streptomyces, particularly those isolated from traditional medicinal plants 

across the globe. For instance, Cycloheximide, actiphenol, and diketopiperazine have 

been successfully extracted from endophytic Streptomyces strains found in Arnica 

montana L., as reported by Conti et al. in 2016. Another remarkable finding includes 
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Vinaceuline cyclodipeptides, which were derived from endophytic Streptomyces sp. 

associated with Paraboea sinensis, highlighting the diverse ecological relationships 

these bacteria form with their plant hosts (Yang et al., 2013). Furthermore, Pluramycin 

was isolated from endophytic Streptomyces sp. residing in the roots of Heracleum 

souliei, demonstrating the potential of these microbes to produce novel antibiotic 

compounds (Liu et al., 2014). A particularly noteworthy discovery is Brevianamide F 

and the cyclo-(l-Pro-l-Phe) compound, both of which exhibit effectiveness against 

methicillin-resistant Staphylococcus aureus (MRSA). These compounds were isolated 

from an endophytic Streptomyces inhabitant of Vochysia divergens in Brazil, as 

detailed by Gos et al. in 2017. Such findings highlight the rich symbiotic relationships 

between endophytic bacteria and their host plants, serving as a promising source for 

new antibiotics in the ongoing fight against antibiotic resistance. 

Epidemiology of MRSA 

Hospital-acquired MRSA (HA-MRSA) has become one of the most challenging 

bacterial infections to manage (Kaur and Chate, 2015) and disturbingly, accounts for 

approximately 20–80% of infections in hospitals (Krishnamurthy et al., 2014). 

Although a 54.2% decrease in the occurrence of HA-MRSA has been reported in the 

USA (Dantes et al., 2013), data from other regions of the world show that this is not a 

common pattern. For instance, research conducted in South Africa, India, and Pakistan 

found that MRSA accounted for 52%, 54.8%, and 50% of hospital-acquired infections, 

respectively (Laxminarayan et al., 2013). In hospital environments, Methicillin-

resistant Staphylococcus aureus (MRSA) frequently manifests as a secondary 

infection, predominantly affecting vulnerable populations such as the elderly, post-

surgical patients, and those with compromised immune systems (Krishnamurthy et al., 

2014). The emergence of these secondary infections not only poses serious health risks 

but also worsens the financial burdens on healthcare systems, leading to longer 

hospital stays and the necessity for additional antibiotic treatments (Nelson et al., 

2015). 

In healthcare environments, the challenge of managing the transmission of Methicillin-

resistant Staphylococcus aureus (MRSA) is significantly worsened by its capability to 
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form biofilms on the surface of different medical appliances. These biofilms not only 

display remarkable resistance to standard disinfectants but also act as persistent 

reservoirs for MRSA colonies, presenting a risk of contamination and transmission to 

other patients and healthcare workers (Suzuki et al., 2015). Research indicates that the 

carriage rate of MRSA in hospitals can range from 20% to 60% (Pathare et al., 2016), 

highlighting a concerning prevalence among both healthcare professionals (El Aila et 

al., 2017) and patients (Moyo et al., 2017). Typically, MRSA gains entry into a host 

through breaks in the skin, such as cuts or surgical incisions (Datta et al., 2014), and 

often leads to infection when the host's immune defences are compromised. This 

pathogen poses a particularly severe threat to vulnerable patient populations, 

complicating treatment protocols and inflating healthcare costs. While individuals 

with weakened immune systems are at heightened risk for MRSA infections, there has 

been a troubling emergence of cases among healthy individuals, particularly in 

children (Davoodabadi et al., 2016). This shift underscores the evolving nature of 

MRSA and the urgent need for enhanced preventive measures in healthcare settings to 

safeguard both high-risk and healthy patients alike. 

In Japan, a recent in-depth comparative cost analysis of Methicillin-resistant 

Staphylococcus aureus (MRSA) has revealed that its financial burden far exceeds that 

of all other non-MRSA infections (Uematsu et al., 2017). This stark statistic 

underscores the formidable threat posed by these resilient organisms. In the United 

States, MRSA has become a grave public health concern, claiming more lives than the 

combined total of HIV and tuberculosis (Boucher and Corey, 2008). Such alarming 

figures highlight the urgent requirement for effective prevention and treatment 

strategies to fight this pervasive infection. 

Isolation of Endophytic Actinobacteria 

Researchers utilize numerous techniques to effectively isolate endophytic 

actinobacteria, and the diversity observed among actinobacteria is significantly 

influenced by the specific isolation method chosen. In their 2006 review, Hallman et 

al. thoroughly analyse and discuss numerous protocols for the isolation of these 

microorganisms, providing valuable insights into their effectiveness and applicability. 
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Meanwhile, Coombs and Franco (2003) have contributed to this field by introducing 

several innovative isolation methods, highlighting the ongoing advancements in the 

understanding of these fascinating microbial communities. 

The selected plants are sourced from a variety of locations, ensuring a diverse genetic 

pool. Once gathered, they are kept under strictly sterile conditions to preserve their 

integrity until they are ready for use. A critical stage in the preparation process 

involves surface sterilization of the explants, a procedure designed to eradicate any 

unwanted microorganisms that may be clinging to the plant surfaces. To achieve 

effective sterilization, several commonly used agents are employed, including ethanol 

in concentrations ranging from 70% to 95%, sodium hypochlorite at 3% to 10%, and 

hydrogen peroxide, as noted by Gilbert et al. (2023). After the sterilization process, 

each explant undergoes a thorough rinsing with distilled water to remove any residual 

chemicals. To further combat the risk of fungal growth, which could potentially 

overshadow the actinobacteria in later stages, the plant tissues are sometimes 

immersed in a 10% sodium bicarbonate (NaHCO3) solution, as suggested by 

Poschenrieder et al. (2018). This additional step serves as a precautionary measure, 

promoting a healthier environment for the subsequent cultivation of these valuable 

plant tissues. 

The subsequent phase of the procedure centres on the vital pretreatment of plant tissue, 

which is essential for successful bacterial isolation. Initially, any bacteria residing on 

the surface of sterilized plant samples are eradicated by subjecting the tissues to high 

temperatures ranging from 80 °C to 100 °C for a duration of 15 to 30 minutes. This 

exposure effectively eliminates surface contaminants, ensuring a cleaner starting point 

for further analysis. (Sahu et al., 2022). Following this thermal treatment, the explants 

are cut into smaller segments, which are then introduced into specially prepared culture 

media designed to foster bacterial growth. Alternatively, the plant tissues can undergo 

a more aggressive processing method, utilizing a blender for homogenization or being 

crushed into a fine mixture with a mortar and pestle. During this process, the tissues 

are often mixed with a phosphate buffer or a tailored extraction solution, as discussed 

by Schulz & Boyle, 2006, to facilitate the release of intracellular components. To 

inhibit the growth of fungi during the culturing process, antifungal such as nystatin 
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and cycloheximide are incorporated into the media. This specialized media is then 

incubated at a controlled temperature of 26 ± 2°C for a duration ranging from 15 to 30 

days. After this incubation, colonies of actinobacteria isolates, each displaying unique 

and distinct morphological characteristics, are carefully selected for further study. To 

ensure the purity of these isolates, the process of repeated streaking is employed on 

fresh nutrient media plates, allowing for the establishment of pure cultures necessary 

for subsequent experiments (Bonnet et al., 2019).  

The growth of actinobacteria is profoundly influenced by both the composition of the 

culture media and the specific conditions under which they are cultivated. Various 

researchers have put forth a range of growth media geared toward the successful 

isolation of endophytic actinobacteria, each tailored to optimize their development. 

For instance, Kuster and Williams (1964) introduced a starch casein media, which 

provides essential nutrients for the growth of these microbes. Similarly, Meenakshi et 

al. (2024) proposed the use of ISP7, also known as Tyrosine Agar, specifically 

designed to encourage the proliferation of actinobacteria. The starch casein nitrate 

(SCNA) medium, recommended by Passari et al. (2015), is another option that 

combines starch and nitrogen sources to support microbial growth effectively. 

Hayakawa (2008) suggested a chitin vitamin B medium, which not only fosters growth 

but also provides vital vitamins that can enhance the metabolic activities of these 

microorganisms. The tap water yeast extract (TWYE) medium recommended by 

Crawford et al. (1993) blends yeast extract with tap water, creating an environment 

favourable to actinobacteria. Furthermore, humic acid vitamin B (HV) media and yeast 

extract casamino acid (YECA) media, as mentioned by Mincer et al. (2002), introduce 

different organic compounds that can stimulate growth through various nutritional 

pathways. Lastly, Kuster (1959) brought forth the glycine-glycerol medium, which is 

essential for promoting the growth of specific actinomycete strains through the 

incorporation of glycerol as a carbon source. Each of these media formulations 

underscores the significance of tailored nutrient environments in the effective 

cultivation of actinobacteria. 
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Molecular identification of Actinobacteria 

The molecular characterization of actinobacteria is a detailed and intricate process that 

focuses on identifying these organisms at the genetic level. This approach is widely 

recognized as one of the most consistent and precise methods for pinpointing and 

classifying organisms down to the species level. The first step in this process involves 

isolating DNA from pure cultures of actinobacteria, ensuring that we have a clean 

genetic sample. Following this, specific genes of interest are amplified using the 

polymerase chain reaction (PCR), a reliable technique that allows researchers to make 

millions of copies of a targeted DNA segment. Once the amplification is complete, the 

next crucial step is sequencing the amplified genes, which enables scientists to 

determine the genetic makeup of the organism. This comprehensive methodology not 

only aids in the identification of actinobacteria but also enhances our understanding of 

their diversity and evolutionary relationships. 

The process of DNA isolation is critical for the successful extraction of genomic DNA 

from actinobacteria, and it necessitates a standardized protocol to ensure consistency 

and reliability. Over the years, numerous procedures have been developed by 

researchers around the globe, each aiming to optimize the extraction of high-quality 

DNA. Additionally, a variety of commercial isolation kits have emerged, making the 

process more accessible to laboratories. Among the most widely utilized genomic 

DNA isolation kits are the PureLink® Genomic DNA Kit from Invitrogen™, the 

FastPrep Kit manufactured by MP Biomedicals in the USA, and the PowerSoil® DNA 

Isolation Kit, as noted in the research conducted by Shaikh et al. in 2015. Each of these 

kits offers unique features and benefits, catering to the diverse needs of researchers 

working with actinobacteria, ultimately facilitating more efficient and effective DNA 

isolation practices.  

The 16S ribosomal RNA (rRNA) gene and the Gyrase B gene are among the genetic 

markers most frequently utilized for the molecular identification of actinobacteria, a 

diverse category of bacteria recognized for their significant roles in medicine and 

ecology. The 16S rRNA gene stands out as the primary housekeeping genetic marker 

due to several compelling reasons. Firstly, this gene is universally present in nearly all 
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bacterial species, often organized in a multigene family or within operons, allowing 

for a broader range of analysis across different taxa. Secondly, the functional 

consistency of the 16S rRNA gene throughout evolutionary history is notable; its 

relatively stable sequence over time permits random variations to serve as reliable 

indicators of evolutionary relationships. This stability, combined with the gene's length 

approximately 1,500 base pairs make it particularly well-suited for computational 

analysis and bioinformatics applications. By utilizing universal primers to amplify the 

16S rRNA gene, researchers can generate sequences that enable detailed analysis of 

phylogenetic relationships among bacteria. However, to ensure the accuracy and 

reliability of these analyses, researchers must address several significant challenges. 

Factors such as primer bias, contamination of samples, and the quality of the resulting 

sequences can all impact the integrity of the data. To combat these issues, best 

practices in molecular biology recommend a various approach employing various 

primers to mitigate bias, incorporating negative controls to detect contamination, 

confirming the quality of sequences produced, and utilizing robust bioinformatics tools 

for analysis. These practices are essential for producing reliable results that further our 

understanding of actinobacteria and their roles in various environments. 

Antimicrobial potential of Streptomyces sp.  

A primary metabolite refers to a class of metabolites essential for the fundamental 

processes of growth, development, and reproduction in living organisms. These 

compounds play critical physiological roles, ensuring the proper functioning of 

cellular activities. Primary metabolites are commonly found across a wide range of 

organisms and cells, demonstrating their fundamental importance in biological 

systems (Demain 1980). In contrast, secondary metabolites are organic compounds 

that are not involved directly in the essential functions of growth or reproduction. 

Instead, they often serve specialized roles in organisms that can provide advantages in 

their environment, such as defence mechanisms or interactions with other species 

(Shomurat et al., 1979). 

One of the most notable characteristics of Streptomyces, a genus of bacteria within the 

actinobacteria phylum, is their remarkable ability to produce a vast range of secondary 
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metabolites. Many of these compounds exhibit potent properties, including 

antibacterial, antifungal, antiviral, and antitumoral effects. This capacity for secondary 

metabolite production is a defining feature of Streptomyces, which is responsible for 

producing over 80% of the total antibiotic products derived from actinobacteria. In 

comparison, other less common actinobacteria, such as Actinopolyspora and 

Micromonospora, contribute a fraction of this antibiotic output, amounting to less than 

one-tenth of the Streptomyces population. Moreover, it has been estimated that 

approximately 42% of commercially available metabolites originate from various 

actinomycetes, while around 16% are derived from fungal sources, with the remainder 

coming from other bacterial sources (Al-Ansari et al., 2019). This shows the 

significant role that actinobacteria play in the production of valuable metabolites in 

both natural and industrial contexts. 

Endophytic actinobacteria, particularly those isolated from medicinal plants, have 

gathered significant attention from researchers due to their remarkable ability to 

produce bioactive compounds that can effectively inhibit the growth of various 

microorganisms. For instance, a study by Castillo et al. (2006) highlighted the isolation 

of two chromophoric peptide antibiotics, munumbicins E-4 and E-5, from the 

endophytic organism Streptomyces NRRL 30562. In addition to these two compounds, 

this particular strain was also found to produce a series of broad-spectrum antibiotics 

known as munumbicins A through D. Remarkably, both munumbicins E-4 and E-5 

demonstrated strong broad-spectrum antimicrobial activity, showing effectiveness 

against both gram-positive and gram-negative bacterial strains. Further research 

conducted by Zhang et al. (2012) identified a selection of twelve strains of endophytic 

actinomycetes, belonging to the genera Streptomyces and Glycomyces, which were 

isolated from various medicinal plants, including Achyranthes bidentata, Paeonia 

lactiflora, Radix platycodi, and Artemisia argyi. These strains exhibited significant 

inhibitory effects on penicillin-resistant Staphylococcus aureus, highlighting their 

potential as a source of novel antibiotics and their importance in the ongoing fight 

against antibiotic resistance. El-Gendy et al. (2018) reported fascinating findings 

regarding two endophytic strains of Streptomyces, specifically Streptomyces sp. RS-9 

and Streptomyces sp. MS-26. These strains exhibited significant antagonistic activity 
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against 18 different isolates of methicillin-resistant Staphylococcus aureus (MRSA), 

highlighting their potential as sources for novel antibacterial agents. Additionally, it is 

noteworthy that daptomycin, an antibiotic derived from Streptomyces, is the only 

naturally produced antibiotic of a new class that has been introduced since 2003. This 

antibiotic is now recognized as a first-line treatment for MRSA bacteria, as noted by 

Choo and Chambers (2016), underscoring its vital role in combating this challenging 

and resilient strain of bacteria. 

Streptomyces, a genus known for its remarkable diversity, harbours an extensive 

genome that logically encompasses a multitude of biosynthetic gene clusters. These 

clusters are crucial as they hint at the organism's potential to synthesize a vast array of 

compounds, each with unique and varied biological activities (Bentley et al., 2002; 

Ikeda et al., 2003). However, the reality of conventional culture conditions reveals a 

stark contrast; only a fraction of the compounds predicted by the genome have been 

successfully isolated. This discrepancy highlights the limitations of traditional 

methods in unlocking the full biosynthetic potential of Streptomyces. 

In response to this challenge, researchers are increasingly turning to modern genetic 

engineering techniques. These advanced tools enable scientists to identify and target 

specific gene clusters that are linked to potentially valuable compounds. Once these 

biosynthetic gene clusters are located, they offer a wealth of opportunities for 

modification. Scientists can enhance the effectiveness of the compounds, design 

superior analogues, or significantly increase the yield of the desired products 

(Alexander et al., 2010; Yang et al., 2017). Additionally, innovative in situ computer 

models have proven to be valuable in discovering the mechanisms of action behind 

certain promising anti-MRSA compounds derived from Streptomyces. These models 

facilitate a deeper understanding of how these compounds function at a molecular 

level, paving the way for the development of new therapeutics against resistant strains 

of bacteria. 

Antioxidant potential of Streptomyces sp 

Life on Earth is intricately tied to the presence of oxygen, a vital element that sustains 

countless forms of life. However, this same oxygen can also present significant 
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dangers, particularly through the phenomenon of oxidative stress, which occurs when 

reactive oxygen species (ROS) are generated within cells and tissues. These ROS, 

while a natural byproduct of various metabolic processes, can lead to cellular damage 

if not adequately managed. Antioxidants play a crucial role in maintaining cellular 

health by acting as scavengers that seek out and neutralize these harmful ROS. They 

protect vital entities and molecules from oxidative injury through various mechanisms 

of action. Antioxidants can generally be divided into two categories based on how they 

function: primary and secondary antioxidants. Primary antioxidants are particularly 

noteworthy for their ability to combat free radicals through two distinct strategies. One 

approach is known as hydrogen atom transfer (HAT), wherein these antioxidants 

donate an H-atom to free radicals, effectively neutralizing them. The second method, 

referred to as single electron transfer (SET), involves the transfer of an electron to the 

free radical, disrupting its harmful activity. Remarkably, primary antioxidants can 

neutralize a substantial number of free radicals even when present in relatively small 

quantities. A prime example of these powerful compounds is phenolic antioxidants, 

which are celebrated for their remarkable catalytic properties. They not only provide 

protection against oxidative stress but can also be readily regenerated, allowing them 

to continue their protective role effectively (Zeb 2020). This remarkable ability 

highlights the importance of antioxidants in safeguarding cellular integrity and 

promoting overall health. 

Mycothiol (MSH) is an essential thiol compound, often referred to as a “sugar” thiol, 

that is predominantly found in the cell walls of actinomycetes, a group of bacteria 

known for their complex structures and ecological importance. Serving as a functional 

counterpart to glutathione (GSH), MSH takes on a critical role in the cellular 

machinery of these organisms. Notably, actinobacteria lack the enzymes necessary for 

GSH synthesis, leading them to rely on alternative low molecular weight thiols (LMW) 

as substitutes. Among these alternatives, bacillithiol (BSH) and ergothioneine (ESH) 

are noteworthy, but MSH stands out as a primary example. The importance of MSH 

cannot be overstated, as it plays an important role in maintaining intracellular redox 

homeostasis, a key process that ensures the proper functioning of various biological 

mechanisms vital for the health and viability of cells. These mechanisms encompass 
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crucial activities such as the activation of enzymes, DNA synthesis, and the regulation 

of the cell cycle, all of which are essential for cellular integrity and function. 

Functioning as a powerful antioxidant, MSH has the remarkable ability to both donate 

and accept electrons. This characteristic enables it to act as a crucial cofactor in 

detoxifying a wide array of harmful substances, including free radicals, xenobiotics, 

and alkylating agents that can pose threats to cellular stability. The structural 

composition of MSH further distinguishes it from GSH. While GSH consists of two 

amino acids—glycine and glutamic acid—MSH is uniquely characterized by its two 

sugar components: N-glucosamine and inositol, supplemented by a cysteine unit. This 

distinctive structure not only sets MSH apart from GSH but also highlights its 

specialized function within the biological framework of actinobacteria, underscoring 

its pivotal role in their survival and adaptation to challenges in their environment 

(Quach 2020). 

Chandra et al. (2020) conducted a comprehensive investigation into the various 

reactive functional groups present in various natural compounds that contribute to the 

remarkable antioxidant properties of terpenoids, isoflavonoids, and specific 

derivatives such as 4', 7, 8-Trihydroxyisoflavone, as well as unique metabolites like 

naphterpins B and C, carazostatin, and carbazomycin B, which are all derived from the 

bacterial genus Streptomyces. A notable discovery from this research is the 

identification of phenazoviridin, the first glycosylated phenazine derivative isolated 

from Streptomyces. This compound has emerged as a highly effective inhibitor of lipid 

peroxidation, demonstrating superior protective effects against acute hypoxia induced 

by potassium cyanide (KCN) in mice, especially when compared to the commonly 

used drug indeloxazine (Kato et al., 1993). Further enhancing our understanding of 

natural antioxidants, Thiazostatins A and B, along with a series of benzastatins (A to 

D) produced by S. tolurosus and S. nitrosporeus, illustrate the diverse biochemical 

strategies employed by these organisms. These compounds act as nitrogen-holding 

antioxidants and feature distinctive structural components, such as a 

tetrahydroquinolone ring or a p-aminobenzamide unit. The benzastatin structure, 

characterized by an N-H group and a hydroxyl group, is further modified in its 

derivatives to include a methoxy group. Remarkably, the presence of these functional 
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groups enables these compounds to exhibit lower levels of lipid peroxidation 

compared to vitamin E (Guimarães et al., 2020; Shindo and Misawa, 2014). In addition 

to these findings, a range of compounds originating from Streptomyces, including 

antiostatins A1 to A4 and B1 to B4 isolated from S. cyaneus, as well as 

carbazoquinocins A to F derived from S. violaceus, showcase the presence of a 

carbazole framework with an o-quinone structure, further underscoring the 

significance of these natural antioxidants. Furthermore, neocarazostatins A to C, 

extracted from the mycelium of various Streptomyces strains, have been confirmed to 

possess distinct antioxidant properties (Kobayashi and Kuzuyama, 2020). This 

highlights the potential of carbazole derivatives from Streptomyces as a significant 

class of antioxidants. Moreover, Tan et al. (2019) provided compelling evidence for 

the antioxidant capabilities of specific strains of Streptomyces, namely Streptomyces 

sp. MUM212 and Streptomyces sp. MUM265. Their research concluded that both 

strains are rich in phenolic compounds, which play a crucial role in inhibiting lipid 

peroxidation and reducing reactive oxygen species (ROS) through mechanisms that 

involve hydrogen donation and electron transfer. Additionally, Praptiwi et al. (2019) 

successfully identified organofluorine, a highly effective antioxidant, from 

Streptomyces sp. strain TC1, further expanding the array of natural antioxidants 

sourced from these remarkable bacteria. 

Gas Chromatography Mass Spectrometry (GCMS) 

Chromatography is a sophisticated separation technique that involves a mobile phase 

transporting a mixture that comes into contact with a stationary phase, which 

selectively adsorbs various components of the mixture. Among the numerous 

chromatography methods, Gas Chromatography (GC) stands out as a powerful tool for 

the separation and analysis of complex, multi-component mixtures, including essential 

oils, hydrocarbons, and various solvents. 

In the process of gas chromatography, particularly the variant known as gas-liquid 

chromatography, the sample is first vaporized and then injected at the top of a 

chromatographic column. As the sample travels down the column, it is propelled by 

an inert gaseous mobile phase that flows continuously. The column itself is carefully 
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designed, containing a liquid stationary phase that is adhered to the surface of an inert 

solid substrate. This unique configuration allows for the effective separation of 

components based on the principles of adsorption and partitioning, where different 

substances interact differently with the stationary phase. 

Gas chromatography is recognized as one of the most widely employed techniques 

within the chromatography field, owing to its efficiency and precision. Among its 

various applications, Gas Chromatography coupled with Mass Spectrometry (GC-MS) 

has become an invaluable tool for the detection and monitoring of organic pollutants 

in the environment. This advanced analytical technique is particularly useful for 

analyzing a range of compounds such as esters, fatty acids, alcohols, aldehydes, 

terpenes, and many others, providing vital insights into chemical compositions and 

environmental health (Al-Rubaye et al., 2017). 

The gas chromatography-mass spectrometry (GC-MS) analysis of the extract derived 

from Streptomyces albidoflavus PU23 has revealed several noteworthy compounds, 

specifically 2,6-Lutidine and 3,5-dichloro-4-dodecylthio, alongside 2,5-

Piperazinedione, 3,6-bis(2-methylpropyl). These compounds are likely responsible for 

the extract's notable antimicrobial properties, as suggested by the research conducted 

by Nandhini et al. in 2018. 

In a separate investigation, the GC-MS analysis performed by Al-Rubaye et al. in 2020 

on the crude extract of Streptomyces sp. uncovered the presence of Hexanoic acid, 

specifically 2-methyl-, which possesses the molecular formula C7H14O2 and a 

molecular weight of 103. This compound is recognized as a crucial element of the 

muramycin antibiotic, showcasing its potential significance in pharmaceutical 

applications. 

Further dissecting the extract’s constituents, the GC-MS findings identified several 

predominant compounds, including pyrrolo[1,2-a]pyrazine-1,4-dione with a striking 

36.85% concentration, followed by benzeneacetamide at 23.76%, and deferoxamine 

at 12.85%. Each of these compounds is well-documented for their pharmaceutical 

properties, highlighting the medicinal potential of the Streptomyces sp. extract as 

highlighted in the study by Tangjitjaroenkun et al. in 2021 regarding S. achromogenes 
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TCH4. The analysis conducted using Gas Chromatography-Mass Spectrometry (GC-

MS) revealed a distinct chromatographic profile characterized by 16 prominent peaks. 

These peaks indicated the presence of various bioactive compounds within the sample. 

Among the noteworthy organic substances identified were 9-(2',2'-

dimethylpropanoilhydrazono)-3,6-dichloro-2,7-bis-[2-(diethylamino)-

ethoxy]fluorine, which presented a peak at 23.1 minutes, and 

Dotriacontylpentafluoropropionate, peaking at 25.0 minutes. Additionally, 

Octadecanoic acid was observed at 20.0 minutes, while Trans-2-methyl-4-n-

butylthiane, S,S-dioxide appeared with a peak at 19.0 minutes. These findings 

underscore the significant potential of the ethyl acetate extract derived from S. 

parvulus VITJS11 in combating microbial infections, highlighting its broad range of 

efficacy and promising therapeutic properties (Naine et al., 2014). 

High Performance Thin Layer Chromatography (HPTLC) 

High Performance Thin Layer Chromatography (HPTLC) represents an advanced and 

highly efficient evolution of traditional Thin Layer Chromatography (TLC). This 

sophisticated technique is characterized by chromatographic layers that exhibit 

exceptional separation capabilities. HPTLC employs a range of advanced 

instrumentation designed to enhance every phase of the analytical process, including 

precise sample application and the development of standardized, reproducible 

chromatograms. The entire procedure is further refined through the use of software 

that controls and evaluates the results (Mamatha et al., 2011). HPTLC is built upon a 

solid foundation of widely standardized methodologies in scientific principles, 

complemented by the application of immensely validated methods for both qualitative 

and quantitative analyses. This approach ensures that HPTLC meets the stringent 

quality demands of contemporary analytical laboratories, thereby facilitating the 

achievement of higher resolution and more accurate quantitative measurements, 

ultimately benefiting various fields of research and quality control (Miyadoh et al., 

1993). 

A detailed investigation conducted by Shekar et al. in 2016 focused on the High-

Performance Thin-Layer Chromatography (HPTLC) profiling of the ethyl acetate 
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extract derived from the Streptomyces sp. strain SFA5. The study successfully 

identified the presence of various antimicrobial compounds, which were observed in 

both the chromatographic results and under ultraviolet light following derivatization. 

To achieve optimal results, the researchers employed a well-defined solvent system 

for the mobile phase, comprising a mixture of toluene, ethyl acetate, methanol, and 

acetic acid in the ratio of 5:3:1:0.5 (v/v/v/v). In their analysis, the Streptomyces sp. 

SFA5 exhibited nearly 14 distinct peaks, each corresponding to different compounds, 

with notable retention factor (Rf) and area percentage values. Specifically, peak 7 

displayed an Rf value of 0.4 with an area percentage of 29%, while peak 8 had an Rf 

value of 0.5 and an area percentage of 18%. These findings indicate a significant 

presence of antimicrobial substances, as evidenced by the distinct fingerprint profile 

of the ethyl acetate extract when analysed at UV wavelengths of 254 nm and 366 nm. 
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AIMS AND OBJECTIVES 

 Isolation and identification of endophytic actinobacteria from selected 

medicinal plants of Mizoram forests. 

 Antimicrobial screening of endophytic actinobacteria against clinical 

multidrug-resistant (MDR) clinical bacterial pathogens. 

 Extract preparation, purification and characterization of antimicrobial 

compounds from selected potential isolates. 

 Validation of purified bioactive compounds for their antimicrobial 

potency against MDR clinical pathogens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



52 
 

 

 

 

CHAPTER 3 

MATERIALS AND METHODS 

 

 

 

 

 

 

 

 

 

 

 



53 
 

MATERIALS AND METHODS 

3.1. Selection and collection of medicinal plants 

Five traditional medicinal plants from Mizoram were selected based on a literature 

review namely Mikania micrantha K, Centella asiatica (L.) Urb., Tithonia diversifolia 

(Hemsl), Mirabilis jalapa L., and Clerodendrum colebrookianum Walp. Samples of 

Centella asiatica, Mikania micrantha and Mirabilis jalapa were collected from 

Mizoram University (23°44'15.4"N 92°39'47.6"E) in Aizawl, while Clerodendrum 

colebrookianum Walp. were gathered from an agricultural farm in Tanhril 

(23°44'32.4"N 92°40'36.2"E), Aizawl. Tithonia diversifolia was collected from 

outside Mizoram University Campus roadside (23°44'28.0"N 92°40'37.0"E) in 

Tanhril. These plants were selected based on their antimicrobial activity and the 

relative abundance in the area. The various parts of the plants were collected in 

containers and brought back to the laboratory in sterile condition. They were 

thoroughly rinsed with tap water and it was air-dried in room temperature overnight. 

3.2. Isolation of Endophytic Actinobacteria 

Endophytic actinobacteria were isolated from five selected medicinal plants: Mikania 

micrantha K, Centella asiatica (L.) Urb., Tithonia diversifolia (Hemsl), Mirabilis 

jalapa L., and Clerodendrum colebrookianum Walp. Tissues from the roots, leaves, 

and stems of these plants were used for the isolation of actinobacteria. For surface 

sterilization, the tissues were rinsed in a 95% ethanol solution for 30 seconds, and it 

was rinsed with sodium hypochlorite solution (2% available Cl⁻) for around 5 minutes. 

Finally, the tissues were washed three times with sterilized double-distilled water and 

dried in a laminar airflow cabinet (Taechowisan and Lumyong, 2003). Five different 

nutritional media were used for isolation to obtain maximum diversity i.e. Starch 

Casein Agar (SCA), Actinomycetes Isolation Agar (AIA), Tyrosine agar medium 

(ISP7), Glycerol asparagine agar base (ISP5), and King’s medium. The whole plant 

was cut into small pieces (1.0 × 0.5 cm) for surface sterilization using sodium 

hypochlorite and 70% ethanol (Zin et al., 2007). Four to five pieces of each plant were 

then placed in media containing nalidixic acid and cycloheximide (50 μg/mL) to 

inhibit the growth of fungi and Gram-negative bacteria. The dried tissues were kept in 



54 
 

the media, and the plates were kept for incubation at 28±2°C in a BOD incubator. 

Microbial growth was observed, and actinobacteria were morphologically selected 

(Shirling and Gottlieb, 1966; Goodfellow and Haynes, 1984). 

3.3. Collection of Clinical MDR pathogens 

Clinical pathogens were systematically collected from patients at Synod Hospital, 

located in Durtlang, Aizawl, Mizoram. To ensure patient confidentiality, a numbering 

system was employed to label the collected pathogens. Each clinical isolate subjected 

to a process of identification using the Vitek®MS system (bioMérieux, Marcy l’Etoile, 

France), specifically utilizing the GP colorimetric identification card to determine their 

precise nature. Additionally, the antibiotic susceptibility of these pathogens was 

assessed through the Vitek®MS AST system, again from bioMérieux. A 

comprehensive list of the clinical pathogens identified during this study is presented 

in Table 3.1. 

Table 3.1: Test organisms (MDR pathogens) used for the antimicrobial screening  

S.No Pathogens Organisms Resistance 

1. 

17 Escherichia coli 

Meropenem, Ciprofloxacin, 

Trimethoprim, Amoxicillin, 

Piperacillin, Cefuroxime, 

Ceftriaxone, Cefoperaxone, 

Cefepime, Ertapenem, Imipenem 

2. 

31 Escherichia coli 

Meropenem,Amikacin, 

Gentamicin, 

Ciprofloxacin,Trimethprim, 

Amoxicillin, Piperacillin, 

Cefuroxime, Ceftriaxone, 

Cefoperaxone, Cefepime, 

Ertapenem, Imipenem 

3. 

038 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 
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4. 

161 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

5. 

 

363 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Nitrofurantoin, Benzylpenicillin, 

Gentamicin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

6. 

 

365 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Levofloxacin 

7. 

452 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

8. 

536 Enterococcus faecalis 

Vancomycin, Benzylpenicillin, 

Gentamicin, Daptomycin, 

Teicoplanin, Tetracycline, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

9. 

622 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

10. 

645 Staphylococcus aureus 

Rifampicin, Vancomycin, 

Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

11. 

721 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Nitrofurantoin, Benzylpenicillin, 

Erythromycin, 
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12. 

790 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

13. 

809 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

14. 

880 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Benzylpenicillin, Gentamicin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

15. 

924 Staphylococcus aureus 

Rifampicin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

16. 

995 Klebsiella pneumoniae 

Meropenem, Gentamicin, 

Ciprofolxacin, Tigecycline, 

Trimethoprim, Amoxicillin, 

Piperacillin, Cefuroxime, 

Ceftriaxone, Cefoperaxone, 

Cefepime, Ertapenem, 

17. 

1097 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Nitrofurantoin, Benzylpenicillin, 

Gentamicin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

18. 

1098 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

19. 

1219 Enterococcus faecalis 

Vancomycin, Tetracycline, 

Erythromicin 
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20. 

1246 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

21. 

1258 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Benzylpenicillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

Vancomycin, Tetracycline 

22. 

1266 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

23. 

1344 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

24. 

1379 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

25. 

1458 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

26. 

1468 Staphylococcus aureus 

Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Levofloxacin 

27. 

1536 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Tetracycline, 

Levofloxacin 

28. 

2822 Staphylococcus aureus 

Teicoplanin, Vancomycin, 

Tetracycline, Trimethoprim, 

Benzylpenicillin, Oxacillin, 

Erythromycin 
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29. 

2982 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Levofloxacin 

30. 

2997 Escherichia coli 

Meropenem, Gentamicin, 

Ciprofolxacin, Trimethoprim, 

Amoxicillin, Piperacillin, 

Cefuroxime, Ceftriaxone, 

Cefoperaxone, Cefepime, 

Ertapenem, Imipenem, Amikacin 

31. 

3001 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

32. 

3054 Pseudomonas aeruginosa 

Gentamicin, Cyprofloxacin, 

Levofloxacin, Colistin, 

Cefeazidime, Aztreonam, 

Imipenem, Meropenem, 

Amikacin 

33. 

3069 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, 

 

3.4. Primary antimicrobial screening of Endophytic Actinobacteria 

Actinobacteria isolates were subjected to testing for their ability to produce 

antimicrobial compounds against various clinical pathogens, as detailed in Table 1. To 

initiate the process, these isolates were grown in tryptone yeast extract broth (ISP1) 

media, placed in a shaker incubator set to 150 rpm, and allowed to grow for a period 

of three days. Following this incubation, the broth culture was centrifuged to separate 

the cells from the liquid, and the supernatant was carefully collected for further 

analysis. For the primary antimicrobial screening, the agar well diffusion method given 

by Saadoun and Muhana in 2008 was used. In this method, wells with a precise 

diameter of 6 mm were created on the surface of nutrient agar plates using a sterile 
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cork borer. After this preparation, the test pathogens were uniformly swabbed across 

the agar surface to ensure even distribution. A measured volume of 100 μl of the 

collected supernatant was then added into the pre-formed wells. To allow for the 

proper diffusion of the antimicrobial compounds into the agar medium, the plates were 

left undisturbed for several minutes. Subsequently, they were incubated at a 

temperature of 28°C for 24 hours without inverting the plates, creating optimal 

conditions for the growth of both the test organisms and any potential inhibition zones 

that would indicate antimicrobial activity. 

3.5. Extract preparation 

The selected actinobacteria, following an initial antimicrobial screening, were 

carefully inoculated into 700 mL of ISP1 medium, which was adjusted to a pH of 7.2 

to promote optimal growth. This process was performed in a 500 mL conical flask, all 

procedures were carried out under sterile conditions to avoid contamination. Once 

inoculated, the flasks were placed on a shaker incubator set to a speed of 120 rpm, 

allowing for efficient aeration and mixing, and were kept at room temperature for a 

duration of one week. As fermentation progressed over the week, turbidity was 

developed in the medium, indicating active microbial growth and metabolic activity. 

Upon completion of the fermentation period, the culture was harvested and subjected 

to centrifugation to effectively separate the cells and any debris from the liquid culture. 

To extract the bioactive secondary metabolites, the resulting broth was mixed with an 

equal volume of solvent, utilizing a 1:1 ratio (v/v) of methanol. This mixture was 

allowed to sit for 24 hours, facilitating the extraction process. Following this period, 

the solvents were carefully filtered out using Whatman filter paper to ensure clarity of 

the extract. The excess solvent from the filtrate was then evaporated under reduced 

pressure using rotary evaporator, resulting in the concentration of the crude extract, 

ready for further analysis and potential applications. 

3.6. Secondary antimicrobial screening of Endophytic Actinobacteria 

The selected actinobacterial extracts were subjected to antimicrobial screening against 

15 strains of clinical Methicillin-Resistant Staphylococcus aureus (MRSA) pathogens, 

as detailed in Table 3.2. These strains were collected from patients at Synod Hospital 
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in Durtlang, Aizawl, Mizoram. The agar well diffusion method was used for the 

antimicrobial testing. A concentration of 20 mg/mL of the crude extract was prepared 

for the experiment and 4% methanol solution was used as a negative control. Using 

sterile cork borers, wells measuring 6 mm in diameter were created on an agar plate. 

The test organism was swabbed onto the agar surface, and 100 μL of the 20 mg/mL 

crude extract was then added to each well (Boyanova, 2005). Vancomycin was used 

as a positive control and the plates were allowed to rest for a few minutes before 

incubation at 28°C for 24 hours, without inverting them. The diameters of the zone of 

inhibition were measured in millimeters. 

Table 3.2: Test organisms for secondary antimicrobial screening 

S.no Pathogens Organisms Resistance 

1. 

038 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

2. 

161 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

3. 

365 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Levofloxacin 

4. 

452 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

5. 

622 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

6. 

645 Staphylococcus aureus 

Rifampicin, Vancomycin, 

Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 
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7. 

790 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

8. 

809 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

9. 

924 Staphylococcus aureus 

Rifampicin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

10. 

1098 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

11. 

1246 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

12. 

1266 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

13. 

1344 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

14. 

1379 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

15. 

1458 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 
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3.7. Morphological identification using Gram staining and Scanning Electron 

Microscope 

A clean glass slide was prepared with a smear of culture and carefully heated over a 

flame. The smear was subsequently coated with a light layer of crystal violet and left 

to sit for one minute before being gently rinsed with slow-running tap water. Following 

this, Gram's iodine solution was applied to the smear for 1 minute and then rinsed off 

with tap water. The smear was then decolorized with alcohol until the violet colour no 

longer flowed away. After rinsing with water again, a counterstain of safranin was 

applied for 2 minutes. Finally, the slide was washed, drained, air-dried, and examined 

under a microscope, 10× and 40× magnification and then under 100× with oil 

immersion. (Kumar et al., 2010). The spore chain structures of the isolates were 

analysed using a scanning electron microscope (SEM). The filamentous structures 

were inspected with a phase contrast microscope (Olympus). The identification of the 

organisms was carried out based on the 9th edition of Bergey’s Manual of 

Determinative Bacteriology (Barka et al., 2016). 

3.8. Characterization of potent strains using 16S rRNA gene sequencing 

Genomic DNA was isolated and purified using a DNA extraction kit (Invitrogen) 

according to the protocol given by the manufacturer. Using universal bacterial primers 

16S rRNA genes were amplified. 16SP1 and 16SP2 as forward and reverse primer 

(forward 16s rRNA primer 5’- GTGCCAGCAGCCGCGG- 3’ and reverse 16s rRNA 

primer 5’-TACGGYTACCTTGTTACDACTT- 3’) (Tailliez et al., 2006). The 

reactions and conditions of the PCR were performed in a Veriti thermal cycler 

(Applied Biosystem, Singapore) in a total volume 25µL and the PCR conditions are as 

follows: initial denaturation step at 94◦C for 5 min, followed by 35 cycles of 

denaturation at 94◦C for 1 min, annealing at 62◦C for 1 min and extension at 72◦C for 

1.2 min with a final extension step at 72◦C for 5 min and sequencing was done 

commercially at Eurofins Pvt. Ltd. Bangalore, India. The sequences were analysed 

against reference strains of actinobacteria from the NCBI genomic database using the 

BLASTN search tool to assess similarity percentages. The strains exhibiting the 

highest similarity percentages were obtained from the NCBI database. 
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3.9. Phylogenetic analysis of MMSK12 and MMSK47 

The sequences of the 16S rRNA gene were compared with the NCBI database using 

BLASTN and the most similar match sequence was selected. Type strains were obtained 

from Ez taxon database. The sequences were aligned with pair wise alignment and multiple 

alignment using the program Clustal W packaged in the MEGA 11 software (Tamura et 

al.,2021). From this data, a phylogenetic tree was constructed using the neighbor-joining 

tree method (Saitou and Nei, 1987). Bootstrap analysis was performed with MEGA 11 

using Tamura-Nei (TN93) (Tamura and Nei, 1993). 

3.10. Antioxidant assay using DPPH (1,1-Diphenyl-2-picryl-hydrazyl)  

The DPPH assay was conducted following the methodology described by Villano et 

al. (2007). 2mg/mL concentration was prepared as a stock solution for each extract 

and then diluted to concentrations ranging from 5 to 1000 µg/mL. An aliquot of 50 µL 

from each dilution was transferred into a 96-well microtiter plate (Tarsons, Kolkata, 

India). A fresh solution of 0.1 mM DPPH in methanol was prepared, and 200 µl of the 

prepared solution was added to each well. After thorough mixing, the mixture was 

allowed to react and was then incubated in a dark room for 30 minutes. The absorbance 

of the mixture was measured at 517 nm using a Thermo Scan Go microplate reader 

(Thermo Scientific, USA). An extract without DPPH served as the blank, methanol 

was used as control and ascorbic acid was used as positive control. The IC50, which 

denotes the concentration of antioxidant required to achieve a 50% reduction in DPPH, 

was calculated using a calibration curve based on linear regression. Results were 

expressed as the percentage reduction of DPPH absorption compared to the control. 

The percentage of DPPH reduction was calculated using the equation: 

  % Reduction = (Abs of control-Abs of sample)/ Abs of sample *100 

Where Abs of sample is the absorbance of the test sample and Abs of control is the 

absorbance of the control. 
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3.11. ABTS radical scavenging assay 

The ABTS+ radical scavenging capacity of the extract was measured using the 96-well 

microtiter plate method (Re et al., 1999). A stock solution of each extract at a concentration 

of 2 mg/mL was prepared and then diluted to concentrations ranging from 5 to 1000 

µg/mL. 150 µL from each dilution was transferred to the 96-well microtiter plates. A 

solution of 7 mM ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)) and 

2.45 mM potassium persulfate (1:1) was prepared using distilled water. This solution was 

incubated for 12 to 16 hours and then diluted with methanol to achieve an absorbance 

reading of 0.7 at 734 nm, using a Thermo Scan Go microplate reader (Thermo Scientific, 

USA). To each well containing the extracts, 150 µL of the prepared ABTS solution was 

added and mixed thoroughly. The plates were then made to react in a dark room for 7 

minutes, after which the absorbance was measured at 734 nm. An extract without ABTS 

served as the blank, and methanol served as control and ascorbic acid was used as positive 

control. The IC50 was calculated using a calibration curve based on linear regression. 

Results were expressed as the percentage radical scavenging of ABTS absorption 

compared to the control. 

The percentage of and ABTS+ radical scavenging was calculated by using the 

equation: 

% Scavenging= (Acontrol-Asample)/ Asample X100  

Where Asample is the absorbance of the test sample and Acontrol is the absorbance 

of the control. 

3.12. Determination of Total Phenolic Content 

Total phenolic content was determined by using the Folin Ciocalteu assay (Singleton 

1965). 2mg of extract was weight and 1mL of methanol was added and vortexed until 

the extract was dissolved. 1mL of FC reagent was taken in a conical flask and 10 mL 

of autoclaved H2O was added. 30mL of extract was then mixed with 150µL of F.C 

reagent and then incubated for 5 minutes. Na2CO3 (75gm/L) was prepared for 30mL. 

Here 2.25gm of Na2CO3 was weight and added in 30mL of water. 120µL of Na2CO3 

was added in the solution (extract + buffer) and incubated for 90-120 minutes. 

Absorbance was then taken at 725 and 760nm. TPC was calculated from the following 

equation: 
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TPC=C X V/M   

Where,  

TPC= Total phenolic content mg/g of extracts as GAE 

C= concentration of gallic acid established from the calibration curve in 

mg/mL 

V= volume of the extracts solution in mL 

M= weight of the extracts in gram 

 

3.13. Determination of Total Flavonoid Content 

The aluminium chloride colorimetric assay method was used for quantification of the 

total flavonoid content of the methanolic extracts (Zhishen et al., 1999). Here 1M of 

AlCl3 was first added in 150µL of Ethanolic AlCl3 (AlCl3=133.34mg) .150µL of plant 

extract was mixed with 150µL of AlCl3. The solution was then incubated for 30 

minutes and absorbance was taken at 420/430nm. In milligrams of quercetin 

equivalents per gram of dry material, flavonoid amounts were expressed. Triplicates 

of each determination were made. Using MS Excel software, correlation coefficients 

(R2) were determined to assess the link between two variables. TFC was calculated 

from the following equation: 

TFC=C X V/M   

Where,  

TFC= Total flavonoid content mg/g of extracts as QE 

C= concentration of quercetin established from the calibration curve in mg/mL 

V= volume of the extracts solution in mL 

M= weight of the extracts in gram 

3.14. MIC determination using plate-based method 

The determination of the minimum inhibitory concentration (MIC) using the plate-

based method was done using the agar well diffusion technique. In this process, 

methanolic extracts from the various actinobacterial strains were prepared with various 

concentrations of 1, 2, 4, 6, 8, 10, 12, 14, 16 and 18 mg/mL. The different 

concentrations were tested against 5 clinical MRSA pathogens. Each concentration of 
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the extract was then carefully placed into the wells within the agar plates, while 

methanol was used as a negative control to measure the effectiveness of the extracts. 

After the incubation period of 24 hours at a temperature of 28°C. The efficacy of the 

extracts was assessed by measuring the zone of inhibition, the clear halo zone 

surrounding the wells which indicates the antimicrobial activity. 

3.15. MIC determination using broth microdilution method 

The Minimum Inhibitory Concentration (MIC) was assessed using the broth 

microdilution technique, using the procedure given by Eloff in 1998. Methanolic 

extracts of the actinobacterial strains were prepared and diluted to different 

concentrations (1, 2, 4, 6, 8, 10, 12, 14, 16 and 18 mg/mL) to evaluate their 

antimicrobial activity against 5 clinical MRSA pathogens in microtiter plates. The 

normal growth of the pathogen without the extract served as control for comparison. 

The plates were allowed to incubate at 28 °C for 24 hours, after which absorbance was 

measured at 600 nm using a UV-Vis spectrophotometer (MultiscanTM GO, Thermo 

Scientific, MA, USA). The effective concentration for 50% inhibition (EC50) was 

calculated using GraphPad Prism. 

3.16. Compound separation using Thin Layer Chromatography (TLC) 

Fraction was done using TLC based on polarity (Shoun et al., 1998). In which four 

different types of solvent system were used namely: 

 solvent system 1: (Butanol-Acetic acid-Water, 30:20:70 v/v) 

 solvent system 2 (Chloroform-Methanol, 24:1 v/v) 

 solvent system 3 (Ethyl acetate-Methanol, 6:4 v/v) 

 solvent system 4 (Hexane-Ethyl acetate, 1:9 v/v)   

TLC was carried out on commercially available aluminum TLC sheets (20 × 20 cm 

with 0.2 mm thickness, silica gel GF254, Merck, Darmstadt, Germany). The solvent 

fronts were marked and Rf values were measured using the formula, 

                Retention factor (Rf)= distance travelled by the solute/ distance travelled by 

the solvent. 
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3.17. Antimicrobial validation of active compounds against MDR isolates 

The selected potent compounds underwent testing against multidrug-resistant clinical 

isolates utilizing the agar well diffusion assay, as described by Saadoun and Muhana 

in 2008. In this process, pathogenic microbes were carefully inoculated onto a nutrient 

agar plate. A thin-layer chromatography (TLC) plate, which contained the isolated 

compounds, was then gently positioned on top of the inoculated media. The assembled 

plates were incubated at a stable temperature of 28 ± 2°C for a duration of 24 hours, 

and the zone of inhibition was observed after 24 hours. To ensure reliable results, all 

experiments were done in triplicates. 

3.18. Gas Chromatography Mass Spectroscopy analysis 

For the gas chromatography-mass spectrometry (GC–MS) analysis, a Clarus 690 

Perkin Elmer gas chromatograph was coupled with a Turbomass Gold 5.1 mass 

spectrometer. An Elite 1 capillary column, made of 100% dimethyl polysiloxane and 

measuring 123.5 m x 0.678 mm, was used to identify the volatile organic compounds 

(VOCs) in the methanolic extracts of Streptomyces sp. The instrument was set to 40ºC, 

then raised to 150ºC at 10ºC per minute for 5 minutes. It was subsequently increased 

to 250ºC at 40ºC per minute and held for 8 minutes. The injection port temperature 

was set at 250ºC, and the helium flow rate was maintained at 1.5 mL/min. An 

ionization voltage of 70 eV was used with a 10:1 split mode for sample injection. The 

mass spectral scanning range was set from m/z 500 to 800. The ion source and interface 

temperatures were maintained at 230ºC and 240ºC, respectively. The mass 

spectrometry (MS) data collection started at 3 minutes and ended at 31 minutes, with 

a solvent cut time of 3 minutes. The spectra of the volatile compounds detected through 

GC-MS were compared and matched with the NIST17 online library, version 2.339. 

 

3.19. High Performance Thin Layer Finger print profile 

The extract underwent further analysis utilizing the CAMAG HPTLC instrument, 

which was paired with the winCAT software for data management. To prepare for the 

analysis, a stock solution was created by dissolving 50 mg of the sample in distilled 

water to achieve a concentration of 50 mg/mL. For the chromatography process, TLC 

plates measuring 2 x 10 cm and coated with 0.2 mm silica gel from Merck, Germany, 
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were selected for the experiment. The sample was carefully spotted onto the plates 

using the Linomat 5 automated sample spotter from CAMAG, which employed a 100 

µL Hamilton syringe for precise application. Three solvent systems were utilized as 

mobile phase designed specifically for profiling phenolics, glycosides, and 

anthracenes, ensuring that the separation was effective for each compound type. To 

facilitate the drying of the bands, nitrogen gas was applied to the plates during the 

process. The plates, once loaded with the extracts, were placed in a TLC twin trough 

developing chamber filled with the chosen mobile phase. After the development was 

complete, the plates were thoroughly dried and subsequently scanned using a TLC 

scanner with the winCAT software for analysis. Following the drying process, the 

plates were directly visualized under UV light at wavelengths of 254 nm and 366 nm, 

allowing for the detailed examination and documentation of the unique fingerprint 

profiles of the extracts. Key data points, including peak displays, peak densitograms, 

and peak tables, were recorded to ensure comprehensive analysis and interpretation of 

the results. 
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RESULTS 

4.1. Selection and collection of medicinal plants 

A comprehensive literature review led to the selection of five traditional medicinal 

plants native to the state of Mizoram. These plants are Tithonia diversifolia, known for 

its vibrant yellow flowers and various health benefits; Centella asiatica (L.) Urb., well 

known for its healing properties and its extensive used in skin care; Mikania 

micrantha, a vigorous vine with notable medicinal applications; Mirabilis jalapa L., 

commonly referred to as the four o'clock flower, recognized for its therapeutic uses; 

and Clerodendrum colebrookianum Walp., a shrub valued in traditional healing 

practices. These species are illustrated in Figure 4.1, highlighting their significance in 

local herbal medicine. 

 

Fig 4.1: Pictorial representation of the selected medicinal plants A) Mirabilis jalapa 

B) Clerodendrum colebrookianum Walp C) Mikania micrantha D) Centella asiatica 

(L.) E) Tithonia diversifolia 
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4.2. Isolation of Endophytic Actinobacteria 

To obtain maximum diversity of actinobacteria five nutritional media were used, each 

selected for its potential to support actinobacterial growth. The media used are SCA 

(starch casein agar), AIA (actinomycetes isolation agar), tyrosine agar medium (ISP7), 

glycerol asparagine agar base (ISP5), and King’s medium. From this, 54 distinct 

actinobacterial isolates were successfully isolated from five traditionally recognized 

medicinal plants found in the region of Mizoram. Among the various media tested, the 

highest levels of actinobacterial growth were observed in ISP7, which shows its 

efficacy for cultivating these microorganisms. The growth levels were subsequently 

followed by SCA, AIA, ISP5, and King’s medium in terms of their ability to sustain 

the isolates (Fig4.3). Each individual isolate was arranged using a systematic 

numbering system, labeled as MMSK1, MMSK2, MMSK3, and so forth, all the way 

up to MMSK54. The specific distribution of these isolates, linked to their respective 

plant sources, is represented in Fig. 4.2. The plant Mirabilis jalapa L. yielded the 

greatest number of isolates (n=18), This was closely followed by Centella asiatica (L.) 

Urb, which contributed 15 isolates and Mikania micrantha with 11 isolates, Tithonia 

diversifolia with 6 isolates, and Clerodendrum colebrookianum Walp with 4 isolates, 

highlighting the variability in endophytic actinobacterial diversity among these 

valuable medicinal plants. 
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Fig 4.2: Distribution of endophytic actinobacteria among the five selected traditional 

plants of Mizoram 

 

 

Fig 4.3: Yield of nutritional media for the growth of endophytic actinobacteria 



73 
 

4.3. Primary antimicrobial screening of Endophytic Actinobacteria 

A total of 54 endophytic actinobacteria isolates underwent initial antimicrobial 

screening against 33 clinical multidrug-resistant (MDR) pathogens. For this primary 

screening, the supernatant from three-five days old broth cultures grown in ISP1 media 

was used. To conduct the assay, 100 μL of the collected supernatant was carefully 

allotted into pre-formed wells within agar plates inoculated with the pathogens. The 

initial results revealed that 32 of the 54 isolates exhibited significant inhibitory effects 

against three or more of the tested pathogens (Fig 4.4). From these,15 isolates were 

selected based on the inhibition potential for further investigation. The detailed results 

observed for all isolates are documented in Table 4.1. 

 

Fig 4.4: Zone of inhibition in primary antimicrobial screening 

Table 4.1: Results of primary antimicrobial screening of 32 actinobacterial isolates 

against 33 pathogens 

Path

ogen

s 

M

MS

K1 

M

MS

K2 

M

MS

K4 

M

MS

K7 

M

MS

K8 

M

MS

K9 

MM

SK1

1 

MM

SK1

2 

MM

SK1

3 

MM

SK1

4 

MM

SK1

5 

17 + - + - - - - - - - - 

31 - - - - - + - - - - - 

038 - + - + - + - - + + + 

161 - - - + - - - + - - + 

363 - - - - - - - - - - - 

365 - - - - - - + + + + + 

452 - - - - - - - + - + - 
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536 + - - - - - - - - - - 

622 - - - + - - + + - + + 

645 - - - + - - + + + - - 

721 - - - - - - - - - - - 

790 - - - + - + - + - + + 

809 - - - - - - + + - - - 

880 - - - - - - - - - - - 

924 - - - - - - + + - - + 

995 + - - - - - - - - - - 

1097 - + - - - - - - - - - 

1098 - - - - + - - + + + - 

1219 - - - - - - - - - - - 

1246 - - + + - + - + + - - 

1258 - - - - - - - - - - - 

1266 + + - + - - + - + + - 

1344 - - - - + - - - - + + 

1379 - - - + - + + - - - + 

1458 - - - + - - + + - - - 

1468 - - - - - - - - - - - 

1536 - - - - - - - - - - - 

2822 - - - - - - - - - - - 

2982 - - - - - - - - - - - 

2997 - - - - - - - - - - - 

3001 - - - - + - - - - - - 

3054 - - + - + - - - - - - 

3069 - - - - - - - - - - - 
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Path

ogen

s 

MM

SK1

7 

MM

SK1

9 

MM

SK2

1 

MM

SK2

3 

MM

SK2

4 

MM

SK2

8 

MM

SK3

1 

MM

SK3

4 

MM

SK3

5 

MM

SK3

6 

MM

SK3

7 

17 - - - - - - - - - + - 

31 - - - - - - - - - - - 

038 - - - - + - - + - - - 

161 + + - - - - - + + + - 

363 - - - - - + - - - - - 

365 + - - + + - + - + - + 

452 + - + + - - - + - - - 

536 - - - - - - - - - - - 

622 - - + - + - - + + - - 

645 + + - + - - - + - - - 

721 - - - - - + - - - + - 

790 - - - + - - - + - - - 

809 - - - + + - + - + - - 

880 - - - - - + - - - - - 

924 + - - - - + - - - - - 

995 - - - - - - - - - - - 

109

7 

- - - - - - - - - - - 

109

8 

+ - - - - - - + + - - 

121

9 

- - - - - - + - - + - 

124

6 

- - - + + - - + + - - 

125

8 

- - - - - - + - - - - 

126

6 

+ - - + - - - - - - - 
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134

4 

+ - - - + - - - + - + 

137

9 

- - - + - - - + - - - 

145

8 

+ + - - + + - - + - - 

146

8 

- - + - - - - - - - - 

153

6 

- - + - - - - - - - - 

282

2 

- + - - - - - - - - - 

298

2 

- - - - - - - - - + - 

299

7 

- + + - - - - - - - - 

300

1 

- - - - - - - - - + - 

305

4 

- - - - - - - - - - + 

306

9 

- - - - - - - - - - + 

 

Path

ogen

s 

MM

SK3

8 

MM

SK4

0 

MM

SK4

1 

MM

SK4

4 

MM

SK4

5 

MM

SK4

7 

MM

SK4

9 

MM

SK5

1 

MM

SK5

2 

MM

SK5

4 

17 - - + - + - - - - + 

31 - - - - - - - + - - 

038 - - - + - + - - + - 

161 - + - + - + - - - - 

363 - - - - - - + - - - 
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365 - + - + - + + - + - 

452 - + - - - + - - + - 

536 - - + - - - - - - - 

622 - + - - - + - - + - 

645 - - - + - - - - + + 

721 + - + - - - - - - - 

790 - + - - - + - - + + 

809 - + - + - - + - - - 

880 - - - - - - - - - - 

924 - + - - + + - - - - 

995 - - - - - - - + - - 

1097 - - + - - - - - - - 

1098 - - - + - + - + + - 

1219 - - - - - - - - - + 

1246 - - - - - + - - - + 

1258 + - - - - - - - - - 

1266 - + - + - - - - + + 

1344 - - - + - - - - - - 

1379 - - - + - + - - - - 

1458 - + - - - + - - - - 

1468 - - + - - - - - - - 

1536 + - - - - - - - - - 

2822 + - - - - - + - - - 

2982 - - - - - - - - - - 

2997 - - - - + - - - - - 

3001 - - - - - - - - - - 

3054 - - - - + - - - - - 

3069 - - + - - - - - - - 

 

 

 



78 
 

4.4. Extract preparation 

During the primary antimicrobial screening, a total of 32 positive isolates were 

identified, showcasing promising inhibition potential. From these, 15 of the most 

effective isolates were carefully selected for the preparation of extracts intended for 

secondary screening. The extracts were prepared using methanol as the solvent, 

resulting in an approximate yield of 1 to 2 grams of extract from each of the chosen 

isolates. This process ensured that each extract retained the unique properties of its 

corresponding isolate, setting the stage for further evaluation of their antimicrobial 

efficacy. 

 

Fig 4.5: Process of making crude extract 

4.5. Secondary antimicrobial screening of Endophytic Actinobacteria 

Based on the primary antimicrobial screening, 15 isolates were selected for secondary 

antimicrobial screening using 20mg/mL of the crude extract against 15 MRSA 
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(Methicillin resistant Staphylococcus aureus) clinical pathogens. All of the isolates 

have antimicrobial properties against at least to 6 of the tested pathogens. Among these 

isolates, MMSK12 and MMSK47 have shown the most potential inhibition, exhibiting 

the ability to inhibit 11 of the tested pathogens. The zone of inhibition for these isolates 

varied significantly, ranging from 4mm to 16mm in diameter. MMSK12 and 

MMSK47 were selected for further analysis. 

 

Fig 4.6: Secondary antimicrobial screening using agar well diffusion method with 

vancomycin as positive control 

Table 4.2: Zone of inhibition in mm exhibited in secondary antimicrobial screening 

Pathogens Zone of inhibition in mm 

MMSK7 MMSK11 MMSK12 MMSK13 MMSK14 

038 6 - - 6 6 

161 6 - 4 - - 

365 - 4 14 6 6 

452 - - 4 - 8 

622 8 6 4 - 8 

645 6 6 6 8 - 

790 6 - 10 - 4 

809 - 8 4 - - 
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924 - 4 10 - - 

1098 - - 14 4 4 

1246 4 - 12 4 - 

1266 8 8 - 6 4 

1344 - - - - 6 

1379 4 2 - - - 

1458 10 8 6 - - 

 

Pathogens Zone of inhibition in mm 

MMSK15 MMSK17 MMSK23 MMSK24 MMSK34 

038 4 - - 2 4 

161 4 4 - - 4 

365 4 6 10 6 - 

452 - 4 4 - 6 

622 6 - - 6 6 

645 - 4 6 - 8 

790 4 - 8 - 8 

809 - - 4 8 - 

924 6 8 - - - 

1098 - 8 - - 6 

1246 - - 4 8 8 

1266 - 6 6 - - 

1344 6 6 - 10 - 

1379 4 - 4 - 4 

1458 - 6 - 10 - 
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Pathogens Zone of inhibition in mm 

MMSK35 MMSK40 MMSK44 MMSK47 MMSK52 

038 - - 8 6 6 

161 4 4 6 10 - 

365 8 4 4 16 6 

452 - 6 - 10 6 

622 4 6 - 8 4 

645 - - 2 - 2 

790 - 4 - 12 6 

809 8 6 6 - - 

924 - 6 - 16 - 

1098 10 - 8 14 8 

1246 8 - - 14 - 

1266 - 8 8 - 6 

1344 8 - 6 - - 

1379 - - 8 8 - 

1458 8 4 - 6 - 

 

4.6. Morphological identification using gram staining and Scanning Electron 

Microscope 

Both MMSK12 and MMSK47 have been identified as gram-positive bacteria, 

exhibiting a purple coloration when examined under the microscope. Observations 

made using a scanning electron microscope have revealed the intricate details of their 

spore surfaces, which presented a smooth texture characterized by branched, 

filamentous structures. Furthermore, these microorganisms demonstrated the ability to 

form microspore chains, resulting in the development of distinct and complex colonies. 
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Fig 4.7: A) MMSK12 B) MMSK47 viewed under scanning electron microscope 

4.7. Characterization of potent strains using 16S rRNA gene sequencing 

The two most promising actinobacterial isolates, identified as MMSK12 and 

MMSK47, were selected for further analysis based on the secondary antimicrobial 

screening. MMSK12 and MMSK47 were analysed for molecular identification using 

16S rRNA gene sequencing, a reliable method for classifying bacteria based on genetic 

material. The detailed analysis indicated that isolate MMSK47 is part of the genus 

Streptomyces, showing 99.3% genetic similarity to Streptomyces sp. NSC30, as 

evidenced by the sequencing results (MG833381). Similarly, isolate MMSK12 was 

also classified within the Streptomyces genus, demonstrating the same high percentage 

of 99.3% similarity with Streptomyces sp. QJSt7 (KX950906). The sequences obtained 

from these molecular identifications have been deposited in the NCBI GenBank 

database, with accession numbers OR896092 for MMSK47 and OR896079 for 

MMSK12. 
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Fig 4.8: Pure isolates of the two selected potential strains A) MMSK12 and B) 

MMSK47 

 

 

 

Fig 4.9: DNA of MMSK12 and MMSK47 viewed under Gel Doc in triplicates 

 

 

 

Fig 4.10: Amplified PCR product 

4.8. Phylogenetic analysis of MMSK12 and MMSK47 

The evolutionary history was inferred using the Neighbor-Joining method. The 

optimal tree is shown. The percentage of replicate trees in which the associated taxa 

clustered together in the bootstrap test (1000 replicates) are shown next to the 

branches. The evolutionary distances were computed using the Tamura-Nei method 

and are in the units of the number of base substitutions per site. The rate variation 
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among sites was modeled with a gamma distribution (shape parameter = 1). All 

ambiguous positions were removed for each sequence pair (pairwise deletion option).  

 

Fig 4.11: Phylogenetic tree for MMSK12 and MMSK47 constructed using Neighbor 

Joining method using Tamura Nei Model 

4.9. DPPH (1,1-Diphenyl-2-picryl-hydrazyl) assay 

The antioxidant potential of MMSK12 and MMSK47 was evaluated by examining 

their ability to scavenge DPPH free radicals, a common method for assessing radical 
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scavenging activity. This process involves measuring the degree of decolorization of 

the DPPH solution, which occurs as the compounds trap unpaired electrons from the 

radicals. Interestingly, the results indicated that the DPPH scavenging activity of both 

MMSK12 and MMSK47 was not as pronounced when compared to the values 

obtained from the ABTS assay, suggesting that their effectiveness in neutralizing free 

radicals might vary depending on the testing method used. 

Table 4.3: IC50 value for DPPH assay 

S.No Samples IC50 (µg/mL)  

1. MMSK12 668.3±0.92 

2. MMSK47 863.7±0.85 

3. Ascorbic acid 33.24±0.52 

 

4.10. ABTS radical scavenging assay 

The ABTS radical scavenging assay serves as a significant method for investigating 

the antioxidant properties of various crude extracts, and this study focuses specifically 

on the evaluation of MMSK12 and MMSK47 extracts. In this assay the antioxidant 

activity was measured through the calculation of the IC50 value, which represents the 

concentration of the extract needed to neutralize or eliminate 50% of the free radicals 

present in the ABTS solution. A lower IC50 value is indicative of a higher antioxidant 

capacity, signifying that a smaller amount of the extract is required to achieve effective 

free radical scavenging. The IC50 value for the MMSK12 extract was determined to be 

82.78 µg/mL, while the MMSK47 extract exhibited an IC50 value of 94.14 µg/mL. 

Both extracts fall into the category of representing medium antioxidant activity, 

suggesting their significant potential in combating oxidative stress. Furthermore, these 

findings show the possible pathways for enhancing their antioxidant effectiveness. 

Table 4.4: IC50 values for ABTS assay 

S.No Samples IC50 (µg/mL)  

1. MMSK12 82.78±0.87 

2. MMSK47 94.14±0.80 

3. Ascorbic acid 14.65±0.92 
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4.11. Determination of Total Phenolic Content 

The Phenolic Content of the MMSK12 and MMSK47 extracts was quantified using 

Gallic acid as the reference standard. To ensure accuracy, carefully prepared samples 

were subjected to analysis in relation to a pre-established standard curve utilizing UV-

Vis Spectroscopy. The results of TPC analysis showed that the MMSK12 extract 

contains a concentration of 68.6±0.51 mg of Gallic Acid Equivalent (GAE) per gram, 

while the MMSK47 extract has a slightly lower but still significant level of 60.4±0.77 

mg of GAE per gram. These findings showed the remarkable phenolic composition 

present in both extracts, suggesting their potential for various applications. 

 

Fig 4.12: Chart for Total Phenolic Content of MMSK12 and MMSK47 

 

Table 4.5: Total Phenolic Content of the best two isolates 

S.No Samples Total phenolic content (mg GAE/g 

of sample extracts ±SD) 

1. MMSK12 68.6±0.27 

2. MMSK47 60.4±0.77 
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4.12. Determination of Total Flavonoid Content 

A Quercetin standard curve, previously prepared and securely stored for future 

applications in UV-vis spectroscopy, was utilized to evaluate the flavonoid content 

present in the methanol extracts of the MMSK12 and MMSK47 samples. This 

analytical procedure yielded precise measurements of flavonoid concentrations, 

recorded at 10.92±0.64 mg of Quercetin (QE) per gram of the extract for MMSK12 

and 12.89±0.73 mg of Quercetin (QE) per gram for MMSK47. These findings showed 

the substantial presence of flavonoid compounds in both the MMSK12 and MMSK47 

extracts. 

 

Fig 4.13: Chart for Total Flavonoid Content of MMSK12 and MMSK47 

Table 4.6: Flavonoid Content of the best two isolates 

S.No Samples Total flavonoid content (mg QE/g 

of sample extracts±SD) 

1. MMSK12 10.92±0.20 

2. MMSK47 12.89±0.73 
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4.13. MIC determination using plate-based method 

The minimum inhibitory concentration (MIC) of the methanolic crude extract from 

MMSK12 and MMSK47 was evaluated against five clinical multidrug-resistant 

Staphylococcus aureus (MRSA) pathogens (365, 790, 924, 1098, and 1246), with the 

MIC determination concentrations ranging from 1 mg/mL to 18 mg/mL. The 

concentration of 20 mg/mL was omitted as it was utilized for secondary antimicrobial 

testing. The MIC zone of inhibition for MMSK12 was recorded at 1mg/mL for 365 

pathogen, 2 mg/mL against two pathogens (924 and 1246), 4mg/mL for 1098 pathogen 

while it was observed at 12 mg/mL for pathogen 790 (Fig 4.15). In contrast, the MIC 

zone of inhibition for MMSK47 was found at 1 mg/mL for pathogens 365, 924, 1098, 

and 1246, and for pathogen 790, it was noted at 2 mg/mL (Fig 4.16). The recorded 

measurements of the zone of inhibition for each concentration against the five clinical 

MRSA pathogens are presented in Table 4.7 

Table 4.7: Zone of inhibition for plate-based MIC determination for MMSK12 

S.No Concentrations Zone of inhibition in mm 

790 (A) 365(B) 924(C) 1098(D) 1246(E) 

1. 1mg/mL - 4±0.08 - - - 

2. 2 mg/mL - 7±0.08 3±0.04 - 4±0.03 

3. 4 mg/mL - 9±0.04 7±0.05 5±0.05 6±0.03 

4. 6 mg/mL - 10±0.05 7±0.04 8±0.06 7±0.04 

5. 8 mg/mL - 11±0.12 8±0.04 8±0.04 8±0.05 

6. 10 mg/mL - 11±0.10 8±0.08 8±0.04 9±0.03 

7. 12 mg/mL 6±0.05 12±0.09 8±0.14 10±0.06 9±0.07 

8. 14 mg/mL 7±0.10 12±0.08 9±0.12 10±0.10 9±0.05 

9. 16 mg/mL 8±0.04 13±0.05 9±0.08 10±0.16 10±0.12 

10. 18 mg/mL 9±0.05 13±0.05 9±0.08 11±0.06 10±0.08 
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Table 4.8: Zone of inhibition for plate-based MIC determination for MMSK47 

S.No Concentrations Zone of inhibition in mm 

790 (A) 365(B) 924(C) 1098(D) 1246(E) 

1. 1mg/mL - 4±0.03 2±0.10 2±0.09 2±0.05 

2. 2 mg/mL 2±0.10 6±0.02 4±0.04 2±0.06 4±0.05 

3. 4 mg/mL 4±0.05 8±0.03 6±0.06 3±0.10 6±0.07 

4. 6 mg/mL 6±0.02 10±0.03 6±0.05 4±0.04 6±0.09 

5. 8 mg/mL 6±0.07 12±0.10 8±0.03 4±0.08 8±0.04 

6. 10 mg/mL 6±0.10 12±0.10 10±0.08 8±0.11 8±0.05 

7. 12 mg/mL 8±0.02 14±0.06 10±0.12 10±0.03 10±0.17 

8. 14 mg/mL 10±0.06 16±0.07 12±0.02 10±0.07 12±0.04 

9. 16 mg/mL 12±0.10 18±0.05 12±0.10 12±0.09 14±0.10 

10. 18 mg/mL 12±0.05 20±0.03 14±0.11 14±0.14 16±0.12 

 

 

Fig 4.14 Chart for MIC values for MSSK12 and MMSK47 using plate-based method 
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Fig 4.15: Zone of inhibition by different concentrations against five clinical MRSA 

pathogens for MIC determination of crude extracts of MMSK12 
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Fig 4.16: Zone of inhibition by different concentrations against five clinical MRSA 

pathogens for MIC determination of crude extracts of MMSK47 

4.14. MIC determination using broth microdilution method 

In the broth microdilution method employed for this study, a well-defined series of 

concentrations was utilized, which ranges from 1 mg/mL to 18 mg/mL. Both isolates, 

designated as MMSK12 and MMSK47, exhibited significant minimum inhibitory 

concentration (MIC) activity against each of the pathogens that were put to the test. 
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For the isolate MMSK12, the most remarkable antimicrobial activity was observed 

against pathogens 924, 1098, and 1246, with EC50 value of 2 mg/mL. This was 

followed by pathogen 365, which displayed a slightly reduced activity (EC50=5 

mg/mL), and pathogen 790, which had an EC50 of 6 mg/mL, indicating a diminishing 

efficacy in comparison to the other pathogens. 

On the other hand, the isolate MMSK47 demonstrated even greater potency, 

particularly evident in its remarkable activity against pathogens 365, 924, 1098, and 

1246, all of which had an EC50 value of just 1 mg/mL indicating a high level of 

effectiveness. Pathogen 790, while also showing sensitivity, had a higher EC50 value 

of 2 mg/mL, reflecting a slightly lower susceptibility compared to the other tested 

pathogens. 

Table 4.9: MIC broth dilution EC50 value of MMSK12 and MMSK47 

S.No Samples 790(A) 365 (B) 924 (C) 1098 (D) 1246 (E) 

1. MMSK12 6 mg/mL 2 mg/mL 2 mg/mL 5 mg/mL 2 mg/mL 
2. MMSK47 2 mg/mL 1 mg/mL 1 mg/mL 1 mg/mL 1 mg/mL 

 

 

Fig 4.17: Chart for the Minimum Inhibitory Concentration for MMSK12 and 

MMSK47 using broth microdilution method 
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4.15. Fractionation of compounds using Thin Layer Chromatography (TLC) 

Among the four solvent systems tested, one particular solvent system i.e. solvent 

system 1 (SS1) which is Butanol-Acetic acid-Water, 30:20:70 v/v was found to have 

the ability to achieve separation. As a result, it was selected for further separation 

experiments. The determined Rf value for MMSK12 was 0.54, indicating its migration 

distance in the chromatographic process, while MMSK47 exhibited an Rf value of 

0.59, showcasing a slightly greater movement through the same solvent system. This 

variation in Rf values highlights the distinct characteristics of each compound in their 

interaction with the solvent. 

4.16. Antimicrobial validation of active compounds against MDR isolates 

The antimicrobial validation of active compounds against MRSA pathogens was done 

using a plate-based method. The results observed after 24 hours have shown a clear 

zone on the TLC plates where the separated compounds are present. This validates the 

antimicrobial activity of the different separated compounds. 

 

Fig 4.18: The clear zone formation on the TLC plates where the different compounds 

are present. 
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4.17. Gas Chromatography Mass Spectroscopy analysis 

The methanol extract of Streptomyces sp. MMSK12 revealed a diverse number of 20 

volatile organic compounds, each displaying a wide range of area percentages that 

varies from a mere 0.324% to 25.57% (Fig 4.19). Among these compounds, 1-

Nenylcycloheptane emerged as the most abundant, dominating the composition of the 

extract with its significant presence which was followed by decanoic acid, which also 

contributed substantially to the overall profile of the extract. 

 

 

Fig 4.19: The GC-MS chromatogram of MMSK12 methanolic extract 
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Table 4.10: List of compounds detected in MMSK12 using GCMS  

 

Sl no RT Area 

% 

Name Activities Reference 

1 24.092 7.979 N-Decanoic acid 

 

 

 

Antimicrobial, 

anti tumor 

Shen et al., 

2021; Yang et 

al., 2023 

2 24.522 0.395 1,4-Naphthoquinone, 6ethyl-2,3,5,7, 

tetrahydroxy 

Antimicrobial, 

Antioxidant  

Ravichandiran 

et al., 2019; 

Wu et al., 

2020 

3 24.932 25.572 1, Nenylcycloheptane 

 

 

 

-  

4 25.042 6.319 Cycloheptylmine, N-

Heptafluorobytyryl- 

 

 

-  

5 25.197 1.063 2-hexanoic acid, (E) Antimicrobial, 

Antioxidant  

Huang et al., 

2011; 

Aranega-Bou 

et al., 2014 

6 25.262 0.444 Trans-1-4-D1-Tert-Butyl-

cyclohexane 

 

 

-  

7 25.293 0.524 1,2,3,4,5- cyclopentane pentol Anti tumor, 

Anti viral 

Tikhomirov et 

al., 2024; 

Smee et al., 

2001 

8 25.333 0.464 Anthracine, 9,10-dihydro-9-10-

Bis(trimethylsilyl) 

 

 

Antioxidant, 

Antimicrobial 

Gonzalez et 

al., 2021; Kim 

et al., 2009 

9 25.383 0.519 Acetohydrazine,2-denrylthio-N2-

(Thiene-3yloxy0Benzylidenol 

 

 

Antimicrobial, 

antioxidant  

Popiolek,2021

; Boulebd et 

al., 2022 

10 25.483 0.585 4-Tart-Octylphenol, THS 

derivatives 

 

 

-  

11 25.813 0.514 1,3-Dioxolane, 2-pentadecyl Antibacterial 

and 

antifungal, 

Küçük et al., 

2011; 

Raskildina et 
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Anti oxidant  al., 2024 

12 26.193 0.417 Adamantane-2,6-dione, 

Bis(ethyleneketal) 

 

 

-  

13 26.968 0.480 3-Pentanal, 3 methyl 

 

 

 

-  

14 27.268 1.451 Hexamethylene diacrylate 

 

 

 

-  

15 27.538 0.387 4-Bromo-2-

(Trifuomethoxy)Thiophenol,S-

trimethylsilyl- 

 

-  

16 28.359 0.325 1,4-cyclohexadiene,1,3,6-Tris 

(trimethylsilyl)  

 

 

-  

17 29.294 0.324 1,3-Dioxolane, 2-pentadecyl Antibacterial 

and 

antifungal, 

Anti oxidant  

Küçük et al., 

2011; 

Raskildina et 

al., 2024 

18 29.349 0.593 1,3-Bis-T-Butylperoxy-phthalan 

 

 

 

-  

19 29.414 0.438 3-Octanal,3,7-Dimethyl 

 

 

Antioxidant, 

Antimicrobial  

Matos et al., 

2019; Wood 

and 

Szewczak, 

2007  

20 29.549 0.396 3,4-Methylenedioxyphenylacetic 

acid; TMS Derivative 

 

 

-  
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The methanolic crude extract of Streptomyces sp. MMSK47 was analysed and revealed 

a total of 19 volatile organic compounds (VOCs) as depicted in Fig 4.20. These 

compounds were detected within a retention time range of 15 to 29 minutes, indicating 

a diverse metabolic profile. The detailed area percentages of these VOCs, as outlined 

in Table 4.11, which demonstrate varying levels of abundance. Notably, 1H-indole-3-

acetic acid 5-chloro-2-methyl-1-(trimethylsilyl) silane, exhibited the highest area 

percentage at 10.111%. In contrast, Perylene was found to be the least abundant VOC, 

with an area percentage of only 0.835%. This variation in VOC composition highlights 

the potential biochemical diversity of Streptomyces sp. MMSK47 and its possible 

applications in various fields, including biochemistry and pharmaceuticals. 

 

 

Fig 4.20: GC-MS chromatogram of MMSK47 methanolic extract 
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Table 4.11: List of compounds detected in MMSK47 using GCMS 

 

S.no  RT Area% Name Activity Reference 

1 15.88 0.835 Perylene 

 

 

 

Antimicrobial, 

Antioxidant 

Yılmaz et al., 

2023; 

Rostaminejad 

et al., 2023 

2 23.052 7.478 Spiro (2,4) Hept-S-

ene, S-trimethyl-1-

trimethysilyl- 

 

 

-  

3 23.592 10.111 1H-indole-3-acetic 

acid, 5-chloro-2-

methyl-1-

(trimethylsilyl) 

silane 

Antimicrobial, 

Antioxidant 

Chitra et al., 

2017 

4 23.78 2.640 N- decanoic acid 

 

 

 

 

Antimicrobial, 

anti tumor  

Shen et al., 

2021; Yang et 

al., 2023 

5 24.09 0.845 Anthracene, 9,10, 

dihydro-9,10-Bis 

(trimethylsilyl) 

 

 

Antimicrobial Kim et al., 

2009 

6 24.412 1.636 Acethlydrazine, 

N2-{-4-(Thitan-3-

yloxy) 

Benzylideno} 

 

Antimicrobial Popiołek et 

al., 2017 

7 24.792 1.457 1-

Nonylcycloheptane 

 

 

-  

8 24.953 2.303 1,3-Dioxolane, 2-

pentadecyl- 

 

 

Antibacterial 

and 

antifungal, 

Anti oxidant   

Küçük et al., 

2011; 

Raskildina et 

al., 2024 

9 25.053 0.989 1,4-

Naphthoquinone, 

6-ethyl-2,3,5,7-

tetrahydroxy- 

Antimicrobial, 

antioxidant 

Ravichandiran 

et al., 2019; 

Wu et al., 

2020 
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10 25.293 1.138 Octanal, 7-

methoxy-3-7-

dimethyl- 

Antifungal, 

antioxidant, 

antimicrobial 

Li et al., 2021; 

Matos et al., 

2019; Wood 

and 

Szewczak, 

2007 

11 25.413 1.612 Dinitrophenyl-L- 

isoleucylglycine 

 

 

-  

12 25.813 0.898 3-pethanol-3, 

methyl 

 

 

-  

13 25.913 0.882 Anthracene, 9,10, 

dihydro-9,10-Bis 

(trimethylsilyl) 

 

 

Antimicrobial Kim et al., 

2009 

14 26.193 0.925 Tetrasiloxane, 

decamethyl 

 

 

  

15 26.403 1.525 2-phenyl-1-

Benzimidazolyl) 

acetic acid 

 

 

-  

16 26.50 1.684 Anthracene, 9,10, 

dihydro-9,10-Bis 

(trimethylsilyl) 

 

 

Antimicrobial Kim et al., 

2009 

17 26.803 0.921 (2-Phenyl-1-

Benzeimidazolyl) 

acetic acid 

 

 

-  

18 27.143 1.107 1,3-Dioxolane, 2-

pentadecyl- 

 

 

 

Antibacterial 

and 

antifungal, 

Anti oxidant   

Küçük et al., 

2011; 

Raskildina et 

al., 2024 

19 29.814 1.393 Anthracene, 9,10, 

dihydro-9,10-Bis 

(trimethylsilyl) 

 

Antimicrobial Kim et al., 

2009 
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4.18. High Performance Thin Layer Finger print profile 

Three solvent system was used for mobile phase namely ethyl acetate: methanol: water 

(20:3:2), cyclohexane: ethyl acetate: formic acid (4:6:1) and toluene: ethyl acetate: 

methanol: acetic acid (3:5:1:0.5) to detect glycosides (SS1), phenols (SS2) and 

anthracene (SS3) respectively at a volume of 8 µl of methanolic extract performed at 

UV 254 nm and 366 nm in visualizer and visible light and single brown spots were 

detected (Fig.2). The images were captured and scanned in CAMAG TLC Scanner 

using VisionCATS 3.2 SP2 software. The peak display, peak densitogram, and peak 

table were recorded and analysed and Rf values were recorded, and the occurrence of 

a positive result was noted at wavelengths of 254 nm and 366 nm.  For MMSK47, 5 

peaks were recorded in SS1 and SS3 whereas, 7 peaks were recorded in SS2 at 254nm. 

The peaks with Rf value and area (%) for MMSK47 are shown in Table 4.12, 4.13, 

and 4.14. The peak chromatogram is given in Fig: 4.22, 4.23 and 4.24.  For MMSK12, 

8 peaks were recorded in SS1 and SS2 and 5 peaks were recorded for SS3. The peaks 

with Rf value and area (%) for MMSK12 are shown in Table 4.15, 4.16 and 4.17 for 

SS1, SS2 and SS3 respectively and the peak chromatogram is given in Fig: 4.25, 4.26 

and 4.27 for SS1, SS2 and SS3 respectively. 

 

Fig 4.21: Visible light and single brown spots detected, captured and scanned in 

CAMAG TLC Scanner using VisionCATS 3.2 SP2 software 
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Fig 4.22: HPTLC chromatogram of 8 µl MMSK47 extract in SS1 performed at UV 

254. 

 

Table 4.12: RF value and area percentage in HPTLC of SS1 of MMSK47  

 

Peak 

 

Start Max End Area 

RF H RF H % RF H A % 

1 0.000 0.0000 0.024 0.6345 64.35 0.060 0.1363 0.02380 55.03 

2 0.060 0.1363 0.084 0.1979 20.08 0.147 0.0000 0.00700 16.18 

3 0.295 0.0028 0.345 0.0415 4.21 0.384 0.0013 0.00173 4.00 

4 0.555 0.0215 0.606 0.0394 3.99 0.661 0.0046 0.00265 6.14 

5 0.669 0.0062 0.766 0.0727 7.37 0.895 0.0084 0.0084 18.65 
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Fig 4.23: HPTLC chromatogram of MMSK47 SS2 at 254nm 

 

 

Table 4.13: RF value and area percentage in HPTLC of SS2 of MMSK47  

 

Peak 

 

Start Max End Area 

RF H RF H % RF H A % 

1 0.000 0.0000 0.024 0.1748 30.14 0.045 0.0000 0.00361 14.21 

2 0.048 0.0000 0.060 0.0137 2.36 0.069 0.0000 0.00015 0.60 

3 0.077 0.0000 0.095 0.0228 3.93 0.113 0.0000 0.00041 1.61 

4 0.273 0.0046 0.298 0.0310 5.35 0.324 0.0065 0.00087 3.44 

5 0.369 0.0295 0.406 0.0710 12.19 0.469 0.0003 0.00400 15.73 

6 0.605 0.0210 0.677 0.1356 23.38 0.713 0.0819 0.00782 30.73 

7 0.713 0.0819 0.756 0.1313 22.65 0.790 0.1060 0.00857 33.69 
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Fig 4.24: HPTLC chromatogram of MMSK47 SS3 at 254nm 

 

 

Table 4.14: RF value and area percentage in HPTLC of SS3 of MMSK47 

Peak 

 

Start Max End Area 

RF H RF H % RF H A % 

1 0.000 0.0000 0.023 0.5796 57.65 0.097 0.0000 0.02143 44.65 

2 0.134 0.0000 0.171 0.0180 1.79 0.203 0.0000 0.00054 1.12 

3 0.206 0.0022 0.258 0.1563 15.54 0.295 0.0063 0.00548 11.42 

4 0.413 0.0000 0.471 0.1397 13.90 0.513 0.0040 0.00353 7.35 

5 0.715 0.0252 0.852 0.1118 11.12 1.000 0.0002 0.01701 35.45 
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Fig 4.25: HPTLC chromatogram of MMSK12 SS1 performed at UV 254. 

 

Table 4.15: RF value and area percentage in HPTLC of SS1of MMSK12 

Pea

k  

Star

t 

M

ax 

End Ar

ea 

RF H RF H % RF H A % 

1 0.000 0.0000 0.023 0.3092 51.09 0.042 0.0000 0.00731 31.87 

2 0.060 0.0000 0.084 0.0730 12.06 0.110 0.0000 0.00161 7.03 

3 0.194 0.0000 0.258 0.0252 4.17 0.294 0.0000 0.00130 5.66 

4 0.305 0.0000 0.345 0.0357 5.90 0.394 0.0071 0.00156 6.82 

5 0.463 0.0080 0.527 0.0394 6.51 0.556 0.0232 0.00239 10.42 

6 0.556 0.0232 0.594 0.0409 6.76 0.632 0.0114 0.00219 9.55 

7 0.665 0.0099 0.747 0.0618 10.21 0.821 0.0261 0.00594 25.87 

8 0.940 0.0079 0.971 0.0200 3.31 0.992 0.0000 0.00064 2.79 
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Fig 4.26: HPTLC chromatogram of MMSK12 SS2 performed at UV 254. 

 

 

Table 4.16: RF value and area percentage in HPTLC of SS2 OF MMSK12 

Pea

k # 

Star

t 

M

ax 

End Are

a 

R
F
 H R

F
 H % R

F
 H A % 

1 0.000 0.0000 0.019 0.1998 33.92 0.034 0.0000 0.00353 14.60 

2 0.042 0.0000 0.055 0.0269 4.57 0.069 0.0014 0.00039 1.63 

3 0.071 0.0013 0.085 0.0182 3.09 0.103 0.0000 0.00031 1.30 

4 0.206 0.0000 0.234 0.0183 3.11 0.260 0.0009 0.00047 1.93 

5 0.260 0.0009 0.289 0.0278 4.71 0.313 0.0076 0.00080 3.32 

6 0.358 0.0288 0.385 0.0579 9.83 0.456 0.0000 0.00359 14.82 

7 0.600 0.0152 0.681 0.0908 15.42 0.705 0.0793 0.00531 21.95 

8 0.705 0.0793 0.756 0.1494 25.36 0.787 0.1176 0.00979 40.45 
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Fig 4.27: HPTLC chromatogram of MMSK12 SS3 performed at UV 254. 

 

 

 

 

Table 4.17: RF value and area percentage in HPTLC of SS3 of MMSK12 

Peak 

# 
Start Max End Area 

RF H RF H % RF H A % 

1 0.000 0.0000 0.021 0.3406 44.09 0.045 0.0000 0.00807 22.71 

2 0.135 0.0009 0.169 0.0159 2.05 0.200 0.0000 0.00053 1.50 

3 0.202 0.0000 0.258 0.1558 20.17 0.298 0.0070 0.00553 15.56 

4 0.413 0.0026 0.466 0.1440 18.64 0.511 0.0014 0.00388 10.91 

5 0.718 0.0216 0.839 0.1162 15.04 1.000 0.0002 0.01753 49.31 
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DISCUSSION 

Microorganisms exhibit a remarkable and concerning ability to develop multi-drug 

resistance (MDR). This phenomenon arises when these organisms acquire and express 

multiple genetic mechanisms that enable them to evade the effects of various 

antimicrobial agents, including antibiotics and antifungals. In recent years, the 

prevalence of these MDR pathogens has surged, In recent times, the occurrence of 

these multidrug-resistant (MDR) pathogens has increased significantly, due to certain 

factors like the excessive and improper use of antibiotics in human healthcare and 

farming, along with insufficient measures for infection control. This alarming trend 

required the crucial need for the development of new antimicrobial agents that possess 

the capability to effectively target and eradicate resistant strains. Novel strategies may 

include the exploration of alternative therapeutic approaches, such as the use of 

bacteriophages, antimicrobial peptides, and combinatorial therapies that can overcome 

resistance mechanisms. Additionally, the implementation of robust surveillance 

systems and stewardship programs is crucial to monitor resistance patterns and 

promote responsible use of existing antibiotics. This proactive approach towards the 

development of innovative treatments and improved management frameworks is 

widely regarded as one of the most effective strategies for combating these formidable 

and evolving organisms, thereby safeguarding public health and ensuring the 

effectiveness of antimicrobial therapies for future generations. (Kenneth, 2009). 

In response to this escalating challenge, there is a growing interest in harnessing 

natural products, particularly those derived from traditional medicinal plants. These 

plants are celebrated for their rich potential of biological properties and are emerging 

as vital sources for discovering novel bioactive compounds. The exploration of 

medicinal plants has gained considerable momentum, with many research initiatives 

focusing on their potential to yield anti-microbial compounds. Such compounds are 

crucial for the advancement of new classes of antibiotics that can effectively address 

the challenges posed by antibiotic resistance (Schultes, 1960). 

Actinobacteria sourced from medicinal plants emerge as a unique and valuable 

reservoir of diverse bioactive compounds, which show significant potential for 

therapeutic applications. The chemical substances produced by these microorganisms 



109 
 

may be intricately linked to the specific traits and qualities of the host medicinal plant, 

suggesting a fascinating interplay between the bacteria and the plants they inhabit. This 

relationship not only enhances our understanding of natural medicine but also opens 

new avenues for discovering innovative treatments derived from nature's own 

pharmacy. The promising nature of our findings prompted us to embark on an 

exploration of the diverse traditional medicinal plants native to Mizoram, a region 

known for its rich botanical heritage. Our investigation focuses on understanding the 

complex community of endophytic actinobacteria that inhabit these plants, as well as 

assessing their biosynthetic potential. Specifically, we aim to evaluate how these 

microscopic organisms contribute to the production of compounds that exhibit strong 

antioxidant properties and antimicrobial activity, offering insights into their potential 

applications in modern medicine. 

The five selected medicinal plants Tithonia diversifolia, Centella asiatica (L.) Urb., 

Mikania micrantha, Mirabilis jalapa L. and Clerodendrum colebrookianum Walp., are 

well known traditional medicinal plants of Mizoram. Tithonia diversifolia, commonly 

referred to as Bawngpu pangpar in Mizo, and popularly known as the Mexican 

sunflower, is a vibrant and striking plant that flourishes during the months of 

November and December. This extraordinary species is celebrated not only for its 

ornamental allure but also for its impressive array of medicinal properties. Research 

has identified a range of significant phytochemicals in T. diversifolia, including 

tagitinins, tirotundin, and flavones (Tona et al., 1999). Traditionally, local 

communities have harnessed the therapeutic potential of this plant to alleviate various 

ailments. It is particularly valued for its effectiveness in treating sore throats, and 

addressing respiratory issues (Soren and Lalthanpuii, 2021). In addition, local healers 

utilize the flower heads of Tithonia diversifolia for their remarkable ability to promote 

healing, applying them to treat wounds and bruises (Singh et al., 2017). Beyond the 

local context, studies conducted by researchers outside of Mizoram have revealed that 

this plant exhibits anti-inflammatory properties (Rüngeler et al., 1998) as well as anti-

diarrhoeal effects (Tona et al., 1999), further showing its significance as a valuable 

resource in traditional medicine. Mikania micrantha, commonly known for its diverse 

medicinal properties, has a rich history of use in traditional medicine for treating a 

variety of ailments. Among its many applications, it is notably employed in the 
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management of diseases such as tuberculosis, skin disorders, fevers, and wounds, as 

well as more severe conditions like malaria (Sharma et al., 2001). In the region of 

Mizoram, local healers have utilized this remarkable plant for numerous years, 

particularly in the treatment of stomach cancer (Singh et al., 2017). The preparation of 

the medicinal decoction involves a meticulous process: the roots of Mikania micrantha 

are thoroughly cleaned and then simmered with the rhizomes of Curcuma longa, 

alongside its leaves, in water. This concoction is administered orally for effective 

healing (Sharma et al., 2001).  

Furthermore, research conducted by various scholars has highlighted the plant’s 

impressive range of therapeutic properties, illustrating its antibacterial (Okwori et al., 

2007), wound healing, anti-inflammatory, antinociceptive, antipyretic (Okunade, 

2002), and cytotoxic effects (Adebayo et al., 2010). The evidence gathered highlights 

Mikania micrantha as not only a vital component of traditional medicine but also as a 

subject of significant scientific interest globally. Clerodendrum colebrookianum, a 

vibrant and versatile plant, is widely consumed as a nutritious vegetable in the lush 

region of Mizoram. Beyond its culinary uses, the local populace harnesses its 

medicinal properties, particularly through the preparation of a decoction made from 4 

to 5 fresh leaves, which is administered orally 2 to 3 times daily in the management of 

hypertension and diabetes. Additionally, for treating colics in infants, a potent leaf 

juice—5 mL, taken twice daily—demonstrates its effectiveness. This remarkable plant 

is also employed in traditional treatments for jaundice, as noted by Soren and 

Lalthanpuii in 2021. These practices vividly illustrate how the people of Mizoram have 

long relied on the wisdom of their ancestors to utilize this botanical resource in 

addressing various health issues, showcasing a deep connection to their natural 

environment and traditional healing knowledge. 

In the present study, we successfully isolated 54 endophytic actinobacteria from five 

selected medicinal plants, each contributing uniquely to our findings. The plant 

Mirabilis jalapa emerged as the most prolific source, yielding 18 distinct isolates. 

Following closely was Centella asiatica, which provided 15 isolates, showcasing its 

rich microbial diversity. Mikania micrantha also proved significant, with 11 isolates, 

while Tithonia diversifolia contributed 6, and from Clerodendrum colebrookianum 

Walp, 4 isolates were obtained. The relative abundance of actinobacteria found in 
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Mirabilis jalapa, Centella asiatica, and Mikania micrantha may be attributed to their 

growing patterns, particularly their proximity to the soil. This closeness seems to foster 

a favourable environment for the development of endophytic communities. Among the 

54 isolates we identified two best endophytic actinobacteria belonging to the genera 

Streptomyces, specifically Streptomyces sp. (MMSK12) and Streptomyces sp. 

(MMSK47). These two isolates are obtained from Centella asiatica and Mirabilis 

jalapa. Centella asiatica, widely known as gotu kola, is highly esteemed in Ayurvedic 

medicine for its extensive array of health benefits (Orhan 2012). This remarkable herb 

has been employed for centuries to treat various ailments, notably leprosy and asthma 

(Gohil et al., 2010). Beyond its historical uses, Centella asiatica is renowned for its 

potent healing properties, effectively promoting the recovery of ulcers and dermatitis 

while also demonstrating efficacy in treating skin tuberculosis and wounds (Park 

2021). Furthermore, its therapeutic repertoire extends to alleviating arthritis, offering 

relief from joint inflammation and pain (Tan 2021). The herb plays a vital role in 

supporting vascular health, addressing issues like varicose veins and aiding in the 

regulation of elevated blood pressure (Ariffin et al., 2011). Its diverse therapeutic 

properties render it an indispensable herb in holistic health practices. Extensive 

research has shown a wide range of bioactivities associated with Centella asiatica, 

including impressive antioxidant, antimicrobial, neuroprotective, thrombolytic, and 

cytotoxic effects (Torbati et al., 2021; Park et al., 2017; Pittella et al., 2009). In the 

state of Mizoram, Centella asiatica holds a cherished place in traditional medicine. 

According to a study by Lalruatpuii et al. (2024), this remarkable herb has 

demonstrated effectiveness in treating various skin disorders, showcasing its 

therapeutic potential. Beyond its dermatological benefits, Centella asiatica is revered 

as a memory enhancer, often praised for its cognitive-stimulating properties. The lush 

green leaves of this plant are typically boiled, and the resulting infusion is consumed 

as a natural remedy for respiratory issues such as asthma, as well as for various eye 

ailments. Moreover, a decoction made from dried leaves serves as a valuable approach 

to managing hypertension, providing a holistic method for maintaining cardiovascular 

health. The freshly extracted juice of the leaves is celebrated for its detoxifying 

qualities, acting as a powerful agent for blood purification. Further emphasizing its 

diverse medicinal applications, research by Shankar and Rawat (2012) from Mizoram 
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highlights the practice of consuming 5 to 8 fresh leaves three times daily to relieve 

stomach aches and aid in the dissolution of kidney stones. Additionally, incorporating 

5 to 10 fresh leaves each morning is believed to enhance vision, underscoring the 

multifaceted nature of this incredible herb. Centella asiatica stands as a testament to 

the rich heritage of plant-based healing that thrives in the vibrant culture of Mizoram. 

This makes Centella asiatica not only a valuable resource in traditional medicine but 

also a focal point of modern scientific inquiry into natural therapies. 

Mirabilis jalapa, commonly known as the marvel of Peru, is renowned for its diverse 

array of pharmacological properties. This remarkable plant exhibits potent anti-

inflammatory effects, as highlighted by Singh et al. (2010). Additionally, it is known 

for its powerful antioxidant capabilities, which have been documented in studies by 

Zachariah et al. (2011), Hajji et al. (2010), and Oladunmoye (2012). Furthermore, 

Mirabilis jalapa displays significant antibacterial properties, with research from Hajji 

et al. (2010) and Cammue et al. (1992) affirming its efficacy against various pathogens. 

This plant holds a cherished place in traditional medicine, particularly in the region of 

Mizoram, where it has been used for generations for its therapeutic benefits, as noted 

by Lalzarzovi and Lalramnghinglova (2016). According to researchers in Mizoram, 

the juice extracted from the rhizome is consumed 1 or 2 times orally in doses of 5-10 

mL daily for its aphrodisiac properties. For the treatment of sexually transmitted 

diseases, a potent mixture of the rhizome with black pepper along with ginger is grind 

together and the juice of the mixture is administered orally at a dosage of 10 mL, four 

times a day. To alleviate skin irritations such as itches, the fresh juice from the leaves 

is applied topically. An infusion made from the leaves is used externally to help reduce 

swelling caused by bone fractures or sprains. Furthermore, a decoction derived from 

the entire plant is suggested for oral consumption 2-3 times in quantities of 10-15 mL 

daily, as a remedy for kidney and urinary infections. This decoction is also utilized as 

an effective diuretic (Sharma et al., 2001). 

Colonization of actinobacteria initiates at the roots, where they thrive in the soil before 

being systematically transmitted upward along the stem, guided by the flow of 

essential nutrients. In our study, we investigate the potential endophytic actinobacteria 

isolated from traditional medicinal plants to uncover their bioactive compounds, 

particularly focusing on their antioxidant and antimicrobial properties. The selected 
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plants i.e. Centella asiatica, Mikania micrantha, Mirabilis jalapa, Clerodendrum 

colebrookianum Walp., and Tithonia diversifolia, all of which were sourced from 

Aizawl, Mizoram, situated within the northeastern region of India, a vibrant area 

recognized as part of the Indo-Burma biodiversity hotspot. Notably, other researchers 

have also contributed valuable findings by isolating endophytic actinobacteria from 

these same selected plants. For instance, Phuakjaiphaeo and Kunasakdakul (2015) 

successfully isolated 19 strains of actinobacteria from the stems of Centella asiatica. 

Similarly, Passari et al. (2020) identified 12 unique strains of endophytic 

actinobacteria from Mirabilis jalapa. In a separate study, Chagas et al. (2016) isolated 

endophytic Streptomyces sp. strain RTd22 from Tithonia diversifolia. Additionally, 

Momin and Tripathi (2018) reported the isolation of 7 actinobacteria strains from both 

the roots and stems of Mikania micrantha. These collectively underscore the rich 

potential of these medicinal plants in yielding valuable microbial strains with 

promising therapeutic applications.  

Among the selected medicinal plants studied, Mirabilis jalapa L. yielded the highest 

number of microbial isolates (n=18). The majority of these isolates were extracted 

from the stems, while a smaller fraction was obtained from the delicate leaf fragments. 

The presence or absence of endophytic microbes within a specific tissue sample is 

intricately influenced by the internal composition of the tissue as well as the 

surrounding environmental conditions. Factors such as soil quality, climatic variables, 

geographic location, the particular plant species, age of the plant, and even the specific 

organ of the plant itself play significant roles in shaping the population and diversity 

of these microbial endophytes (Tan and Zou, 2001). A diverse array of five specialized 

nutritional media SCA (starch casein agar), ISP5 (glycerol asparagine agar base), ISP7 

(tyrosine agar medium), AIA (actinomycetes isolation agar) and King’s medium were 

employed to isolate various organisms due to the variability in nutrient uptake among 

different species. The results of the isolation process revealed that the ISP7 medium 

produced the highest number of isolates, supporting findings from previous studies 

conducted by Khirennas et al. (2023). This outcome highlights the effectiveness of 

ISP7 in nurturing a broader spectrum of microbial life, emphasizing its significance in 

isolation methodologies. The isolation of microbial strains was conducted employing 

a surface sterilization protocol, utilizing 70% ethanol and a 1% sodium hypochlorite 
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solution. This method is acknowledged for its ability to greatly diminish microbial 

contamination on surfaces. The application of 70% ethanol serves a dual purpose: not 

only does it rapidly penetrate microbial cell membranes, but it also denatures proteins, 

resulting in a substantial reduction in viable microbial counts. Specifically, this step 

can diminish microbial load by 3-5 log10 colony-forming units (CFU). In addition, the 

use of 1% sodium hypochlorite solution further enhances the decontamination process. 

Sodium hypochlorite acts as a strong oxidizing agent, disrupting various cellular 

components and leading to death of a wide range of pathogens. This step is capable of 

reducing microbial contamination by an additional 4-6 log10 CFU. When these two 

sterilization methods are combined, the cumulative effect can yield an impressive 

overall reduction in microbial contamination, achieving a decrease of 6-8 log10 CFU 

or potentially even more. This synergistic approach not only covers a broader spectrum 

of microorganisms—including bacteria, viruses, and fungi—but also provides a more 

prolonged antimicrobial effect. Such comprehensive sterilization protocols are crucial 

in laboratory settings and healthcare environments to ensure the integrity of microbial 

cultures and the safety of personnel. (Rutala and Weber, 2021). The surface 

sterilization technique employed in this study, referred to as the conventional method, 

has been demonstrated to be highly effective in previous research conducted by 

Waheeda and Shyam (2017) as well as Cao et al. (2004). Additionally, a 

comprehensive evaluation by Schulz et al. (1993), which tested seven various 

sterilization methods, further validated that the surface sterilization method applied in 

this study stands out as a reliable and efficient approach. 

Actinobacteria are well known for their exceptional capability to produce a diverse 

number of bioactive compounds, which include antibiotics, immunosuppressive drugs, 

antitumor agents, plant growth hormones, as well as a variety of valuable biological 

substances such as enzymes, alkaloids, and vitamins. These compounds play a crucial 

role in the pharmaceutical industry, underscoring the significance of Actinobacteria in 

drug development and agricultural biotechnology (Uzma et al., 2018; Mishra et al., 

2017; Wu et al., 2010). 

In our current investigation, two particular strains, MMSK12 and MMSK47, emerged 

as the most promising candidates; they demonstrated a remarkable ability to inhibit 11 

out of 15 tested pathogenic strains, with zones of inhibition varying from 4 mm to 16 
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mm in diameter in the secondary antimicrobial screening using antimicrobial diffusion 

assay. A crude extract with a concentration of 20 mg/mL was utilized for this assay, 

which is commonly regarded as a preliminary standard when evaluating the 

antimicrobial efficacy of natural products, extracts, or compounds against a variety of 

microorganisms. This concentration represents a well-established baseline that 

supports the integrity of our assessments. This specific concentration is strategically 

chosen to achieve a balance; it is sufficiently high to exert an inhibitory effect on 

microbial growth while remaining low enough to avoid cytotoxicity to nearby cells or 

tissues. Furthermore, 20 mg/mL is a widely recognized standard in the field, 

facilitating meaningful comparisons across diverse studies and experiments. This 

concentration also ensures an adequate quantity of the test substance available to 

interact with the microorganisms, thereby enhancing the probability of detecting 

notable antimicrobial activity. Our findings provide compelling support for the 

hypothesis that the medicinal properties of certain plants may be partially attributed to 

the presence of endophytes within their tissues (Strobel et al., 1998). The results 

indicate that endophytes have an important role in the production of medicinal 

compounds in certain plants and highlight the importance of considering the complex 

interactions between plants and their associated microorganisms in the search for novel 

medicinal compounds. Notably, the observed antagonistic activity against a range of 

tested bacterial pathogens paves the way for further investigations aiming at isolating 

potential antimicrobial compounds. These results align with previous research 

conducted by Aravamuthan et al. (2010), who successfully isolated actinobacteria 

from soil samples and demonstrated their efficacy against clinical multi-drug resistant 

(MDR) pathogens, thereby reinforcing the rationale of our current investigation. The 

same test was done by Singh et al., 2012 from actinobacteria isolated from the soil and 

found antimicrobial activity against three human pathogenic bacteria i.e. Vancomycin-

Resistant Enterococci (VRE), Methicillin-Resistant Staphylococcus aureus (S. 

aureus) and Escherichia coli (E. coli). Several researchers support the findings that 

endophytic actinobacteria, which are specialized bacteria residing within the tissues of 

various medicinal plants, particularly those with well-documented ethnobotanical 

uses, represent promising candidates for the extraction of potent antimicrobial natural 

products. These microorganisms have evolved alongside their host plants, potentially 
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offering unique bioactive compounds that might result in the development of novel 

therapeutic agents. The work of Sharma et al. (2001) revealed the significance of 

exploring these relationships as a means to unlock the pharmaceutical potential 

inherent in traditional herbal remedies. Furthermore, to support our research, 

Bhakyashree and Kannabiran (2020) have also successfully isolated the strain 

Streptomyces sp. VITBKA3, which demonstrates notable antimicrobial activity 

against methicillin-resistant Staphylococcus aureus (MRSA). This finding highlights 

the potential of Streptomyces sp. VITBKA3 is a valuable candidate for developing new 

antimicrobial agents in the fight against resistant bacterial infections. 

To ascertain their taxonomic identity, these strains underwent rigorous analysis 

through 16S rRNA sequencing. The reliability of 16S rRNA sequencing for 

actinobacterial identification is notably high, yet it is influenced by various 

interdependent factors. The universal applicability of the 16S rRNA gene, coupled 

with its remarkable sensitivity and specificity, positions it as a difficult tool for the 

precise characterization of bacterial taxa. However, several limitations can 

compromise its accuracy, including challenges related to variable region selection, 

primer bias, database inadequacies, sequence ambiguity, and the potential for 

contamination. To enhance the reliability of this method, we employ a series of 

strategic practices, such as selecting multiple hypervariable regions for deeper 

resolution, optimizing primer selection to minimize bias, utilizing rigorous and high-

quality reference databases, implementing strict quality control measures, and 

incorporating complementary identification methods. These efforts collectively 

enhance the reliability of actinobacterial identification and deepen our understanding 

of microbial diversity. The results from the BLAST analysis indicated that both 

MMSK12 and MMSK47 are classified within the genus Streptomyces, it is a group 

recognized for its production of antibiotics. The identification of MMSK12 and 

MMSK47 as belonging to the genus Streptomyces may provide insight into their 

notable antimicrobial properties. This is significant because Streptomyces is renowned 

for being one of the largest and most prolific producers of antibiotics among microbial 

species. Previous studies have consistently highlighted the remarkable capacity of this 

genus to generate various antimicrobial compounds (Watve et al., 2001; Atta, 2015). 

Streptomyces can produce a variety of antibiotics because of its unique genetic 
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structure. This unique genetic composition empowers the organism to synthesize 

secondary metabolites by a process called polyketide synthesis. During this procedure, 

simple molecular building blocks are intricately assembled and subsequently 

modified, allowing for the creation of elaborate and specialized molecules. This 

careful process leads to the creation of various strong antibiotic compounds. These 

compounds show how the organism has evolved to defend itself against harmful 

microbes. 

A detailed morphology study performed with Scanning Electron Microscopy (SEM) 

revealed the complex structures of the aerial mycelia and spores for both MMSK12 

and MMSK47. The findings align with those reported by Ullah et al. in 2012, which 

described the presence of branched and filamentous colonies, as well as chains of 

microspores with a notably smooth surface morphology. This morphological study 

reveals the complexity and diversity of the actinobacteria being examined. Scanning 

Electron Microscopy (SEM) is used for our analysis because of its exceptional 

resolution capabilities, which far surpass those of a conventional light microscope. For 

this investigation, we employed a magnification level of 15KX, allowing us to achieve 

a detailed view of the specimens under examination. To clarify, a magnification of 

1,000X is equivalent to 1KX, highlighting the significant scale at which our 

observations were made. 

These findings are significant because of the prevalence of resistant gram-positive 

bacteria such as Methicillin-resistant Staphylococcus aureus (MRSA), which pose 

severe health threats and contribute to a range of clinical syndromes worldwide 

(Ippolito et al., 2010). Methicillin-Resistant Staphylococcus aureus (MRSA) is a type 

of bacteria recognized for its ability to resist many antibiotics, such as methicillin and 

several penicillins. This pathogen has raised increasing concern across the globe due 

to its rising prevalence and its capacity to inflict serious infections. These infections 

can manifest in numerous forms, including painful skin and soft tissue infections, 

severe respiratory tract infections, potentially life-threatening bloodstream infections, 

and bone and joint infections. Transmission of MRSA often occurs through direct skin-

to-skin contact, but it can also spread via contaminated surfaces or through healthcare-

related interactions, posing a significant challenge in clinical settings. To effectively 

address MRSA infections, it is important to utilize strong antibiotics as part of the 
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treatment plan, such as vancomycin or linezolid, to effectively combat this resilient 

rival and prevent further complications. Awareness and prevention strategies are 

crucial in managing the risks associated with this emerging public health issue. While 

vancomycin remains the primary treatment option against MRSA, but the MRSA 

strains have adapted through mechanisms such as thickening their cell walls, altering 

their cell membrane structure, and producing enzymes that inactivate vancomycin. 

This resistance poses significant clinical challenges, including limited treatment 

options, increased risk of complications, and transmission risk, the alarming increase 

in less susceptible strains requires the exploration of alternative therapeutic 

possibilities to combat these tough pathogens effectively. 

Present research has revealed that MMSK12 and MMSK47 may emerge as promising 

alternative therapeutic agents, particularly due to their remarkable ability to inhibit 11 

strains of Methicillin-Resistant Staphylococcus aureus (MRSA) from the 15 strains 

that were tested. This efficacy is highlighted by their impressive minimum inhibitory 

concentration (MIC) values, with MMSK12 exhibiting a MIC as low as 1 mg/mL and 

MMSK47 showing 2 mg/mL, both determined through plate-based and broth dilution 

methodologies. Using broth-based Minimum Inhibitory Concentration (MIC) testing 

is often more effective for high-throughput screening because it works well with 

automation. This helps to make the process much faster and easier. In contrast, plate-

based methods are also employed for comparative analysis. One key advantage of 

plate-based testing lies in its instantaneous visualization, allowing for quick 

assessment of results. However, our findings indicate that the broth dilution method 

consistently yields better results, with lower MIC values. This suggests that the broth 

dilution technique is more efficient in providing precise measurements, as it produces 

results in decimal form, a capability that plate-based methods lack, where values are 

only reported as whole numbers. 

The MIC findings strongly suggest that the metabolites produced by the MMSK12 and 

MMSK47 strains possess a broad spectrum of antimicrobial activity, which is crucial 

in the ongoing battle against multidrug-resistant Staphylococcus aureus (MRSA) 

pathogens—one of the most difficult challenges in modern healthcare. Furthermore, 

the research highlights the significant antimicrobial potential often associated with 

endophytic actinobacteria. MMSK12 and MMSK47 are identified as Streptomyces sp. 
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and Streptomyces species play a crucial role in combating Gram-positive pathogens 

through a variety of mechanisms. These remarkable actinobacteria produce numerous 

antimicrobial compounds that target essential bacterial functions. One of the primary 

methods employed by Streptomyces is the inhibition of cell wall synthesis, a vital 

process for bacterial integrity. For instance, well-known antibiotics such as 

streptomycin and tetracycline are synthesized by these organisms. These antibiotics 

effectively bind to the bacterial ribosome, obstructing protein synthesis and ultimately 

triggering cell death (Kohanski et al., 2010). In addition to targeting protein synthesis, 

Streptomyces species also produce compounds like daptomycin and telavancin. These 

agents interact directly with the bacterial cell membrane, inducing significant 

alterations to its structure and function, which can lead to cell lysis (Tran et al.,2015). 

This disruptive action on the membrane is essential, as it compromises the bacterial 

cell's protective barrier, rendering it vulnerable. Moreover, certain Streptomyces 

species secrete enzymes that specifically degrade the bacterial cell wall, such as 

lysozyme. This enzyme targets the peptidoglycan layer, a critical component of Gram-

positive bacteria's structural framework, facilitating its breakdown (Fróes et al.,2012). 

The diverse number of antimicrobial compounds produced by Streptomyces species 

exemplifies their evolutionary adaptation and effectiveness in inhibiting the growth of 

Gram-positive pathogens, making them invaluable in the fight against bacterial 

infections. 

Natural antioxidants play a crucial role in enhancing the antioxidant capacity of 

plasma, subsequently reducing the risk of various diseases (Okazaki et al., 1995). 

Synthetic antioxidants, despite their extensive application across various industries, 

present several noteworthy limitations. One prominent drawback is their inherent 

instability; these compounds can degrade rapidly under certain conditions, resulting in 

a loss of potency and diminishing their effectiveness over time. Additionally, when 

used in high concentrations, synthetic antioxidants can exhibit toxic properties. This 

could result in serious negative health impacts, such as harm to the liver and kidneys, 

along with an increased risk of cancer.  

Moreover, these substances can disrupt crucial cellular signalling pathways, which 

may interfere with normal cellular functions and lead to a cascade of unintended 

consequences. This disruption can compromise the delicate balance within biological 
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systems, potentially jeopardizing overall health (Augustyniak et al., 2010). 

Furthermore, synthetic antioxidants frequently exhibit limited bioavailability and poor 

absorption, which can significantly reduce their capacity to penetrate target tissues and 

exert their beneficial effects at the cellular level (Carocho and Ferreira, 2013). Despite 

the known benefits of natural antioxidants, there has been limited research exploring 

the antioxidant properties of extracts derived from endophytic microorganisms. Thus, 

evaluating the antioxidant activity of these extracts has significant interest in the 

scientific community. Among the various methods available, the DPPH and ABTS+ 

assays stand out as traditional, rapid, and widely adopted techniques for assessing 

antioxidant activity. Antioxidants function as electron donors, effectively neutralizing 

free radicals such as DPPH and eliminating ABTS+ radicals by inhibiting the action 

of potassium persulfate (Re et al., 1999). In the present study, the methanolic crude 

extracts of the two strains, MMSK12 (Streptomyces sp.) and MMSK47 (Streptomyces 

sp.), exhibited a low activity against the DPPH radical, yet demonstrated high 

effectiveness against the ABTS radical. It is essential to highlight that both ABTS and 

DPPH radicals are structurally different, this difference leads to varying reactivities. 

For instance, certain organic compounds, particularly dihydrochalcones and 

flavanones, do not engage with DPPH radicals; however, they readily interact with 

ABTS radicals (Platzer et al., 2021). This divergence in structure may account for the 

differences observed in the IC50 values reflecting the radical scavenging activities of 

MMSK12 and MMSK47 against ABTS+ and DPPH radicals. 

In 2004, Molyneux developed a classification system for antioxidant activity based on 

IC50 values, providing a framework to assess the potency of various compounds. 

According to this classification, compounds exhibiting IC50 values of less than 0.05 

mg/mL are characterized as highly active, while those with values that ranges from 

0.05 to 0.1 mg/mL are categorized as active. Furthermore, compounds with IC50 

values between 0.1 and 0.15 mg/mL are classified as demonstrating medium activity, 

and those with values from 0.151 to 0.2 mg/mL are considered weak in their 

scavenging abilities. Recent findings indicate that the extract in question showed a 

significant ABTS scavenging activity, emphasizing its possibilities as a valuable 

source of natural antioxidants. The IC50 value of MMSK12 is measured at 82 µg/mL, 

while MMSK47 displays an IC50 value of 94.14 µg/mL. Both values fall within the 
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active category established by Molyneux, suggesting a robust level of antioxidant 

capacity. To support our finding that Streptomyces sp. has a high ABTS scavenging 

activity Tan et al., 2017 has found that Streptomyces sp. MUM212 has ABTS activity 

of 61,52% at 4mg/mL of the extract. In contrast, research by Kaur et al. (2017) revealed 

higher ABTS IC50 values for three distinct Streptomyces sp. strains: TEAE at 121.51 

µg/mL, OCE at 352.48 µg/mL, and TCE at 354.24 µg/mL. These comparative results 

illuminate the considerable antioxidant potential of MMSK12 and MMSK47, 

positioning them as significant candidates for further research and development within 

the realm of antioxidant applications. 

Phenolic compounds and flavonoids play an important role in the prevention of lipid 

oxidation, significantly contributing to antioxidant effects, as evidenced by various 

studies (Yin et al., 2007). The remarkable antioxidant potential of the extracts is 

primarily attributed to their rich phenolic content. In this present study, the Total 

Phenolic Content of MMSK12 (a strain of Streptomyces sp.) was found to be a 

noteworthy 68.6±0.51 mg of Gallic Acid Equivalent (GAE) per gram of extract. 

Similarly, MMSK47 (Streptomyces sp.) exhibited a substantial phenolic content of 

60.4±0.77 mg of GAE per gram of extract. Both values significantly surpass the 

previously reported total phenolic content of endophytic Streptomyces sp. documented 

by Akshatha et al. in 2016, which measured a mere 2.56±0.82 μg GAE/g. In contrast, 

the total flavonoid content of CENK12 (Streptomyces sp.) was comparatively lower, 

recorded at 10.92±0.64 mg of Quercetin (QE) per gram, highlighting a distinct 

difference when compared to its total phenolic content. 

The phenolic content in endophytes is largely a reflection of their remarkable potential 

to synthesize secondary metabolites, which serve as a vital defence mechanism against 

a variety of environmental stresses, pathogens, and insect predation. This biochemical 

ability allows endophytes to thrive in challenging conditions. Moreover, these 

microorganisms have evolved to produce phenolic compounds not only as a form of 

protection but also as a means of communication and interaction with their host plants, 

developing mutualistic relationships that benefit both parties. The levels of phenols 

within endophytes are further influenced by various factors, including the genetic 

makeup of the host plant, specific environmental conditions, and the presence of 

neighbouring microorganisms, all of which contribute to the dynamic interplay 
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between endophytes and their ecological niches. The flavonoid content produced by 

endophytic actinobacteria is also thought to be vital in the symbiotic relationships with 

their host plants, offering essential protection against pathogens and various 

environmental stresses. To assess the total flavonoid content, researchers have 

employed the colorimetric aluminium chloride (AlCl3) method, which is the most 

widely recognized technique in this field. This method has been utilized in studies by 

various researchers, including Shabira et al. (2022), Passari et al. (2017), and Nafis et 

al. (2018), demonstrating its effectiveness in quantifying flavonoid levels in 

endophytic actinobacteria. 

In this study, a comprehensive analysis of the methanolic extracts from two distinct 

strains of Streptomyces sp., namely MMSK12 and MMSK47 was conducted, both of 

which are recognized for their potent antimicrobial and antioxidant properties. The 

analysis employed Gas Chromatography-Mass Spectrometry (GC-MS), a commonly 

acknowledged analytical method renowned for its capability to detect and identify 

volatile organic compounds (VOCs). The analysis can reveal a presence of phenolic 

substances, including flavonoids and phenolic acids, terpenoids including 

monoterpenes and sesquiterpenes, and various alkaloids known for their 

pharmacological importance. These substances are valued for their strong antioxidant, 

anti-inflammatory, and antimicrobial characteristics, which play a significant role in 

their ability to address oxidative stress, inflammation, and infections. The gas 

chromatography-mass spectrometry (GC-MS) analysis provided a detailed and 

comprehensive understanding of the chemical composition of the crude extract, 

allowing for the identification of specific bioactive constituents. This informative 

baseline not only highlights the extract's potential health benefits but also lays the 

groundwork for further targeted isolation and characterization of these bioactive 

compounds, facilitating a deeper exploration into their ways in which they function 

and their possible uses in healthcare and industry. This method has been extensively 

utilized by researchers in various fields to accurately identify the presence of VOCs in 

complex samples (Jog et al., 2014; Bajo-Fernández et al., 2024). Streptomyces sp. is 

particularly well known for its ability to synthesize a number of secondary metabolites, 

many of which exhibit significant antimicrobial and antioxidant activities. The primary 

objective of our analysis was to identify the volatile components contained within the 
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methanolic crude extracts of MMSK12 and MMSK47. To identify the specific 

compound present in these extracts, we compared their retention times and relative 

retention factors against established authentic standards. The quantification of the 

compounds was carried out by evaluating their percentage composition based on peak 

areas, utilizing area normalization techniques. This method not only improves the 

dependability of our results but also offers important insights into the chemical variety 

of these extracts. The volatile compounds identified in the crude extract of MMSK12 

and MMSK47 were analysed and compared against the extensive NIST17 online 

library, version 2.339. The NIST (National Institute of Standards and Technology) 

library serves as a vital resource, presenting a comprehensive database for the 

identification of compounds within Gas Chromatography-Mass Spectrometry (GC-

MS) analysis. By comparing the mass spectrum of an unknown compound with the 

vast array of mass spectra from confirmed compounds in this repository, researchers 

can swiftly and accurately pinpoint the nature of the substance in question. This large 

library utilizes an efficient probability-based matching algorithm to calculate a 

sureness level for each identified match, effectively guiding researchers in their 

analysis. While the advantages of the NIST library are manifold offering rapid 

identification, exceptional accuracy, and extensive coverage of diverse compounds, it 

is not without its limitations. Challenges such as database constraints, variability in 

spectral data, and the requirement for interpretation by an analyst emphasize the 

importance of expertise in navigating the complexities of compound identification. 

The analysis of MMSK12 uncovered 20 volatile organic compounds, among which 

several noteworthy substances were identified for their significant properties. Key 

compounds such as N-Decanoic acid (Yang et al., 2023; Ravichandiran et al., 2019), 

1,4-Naphthoquinone(Wu et al., 2020; Huang et al.,2011), 2-hexanoic acid (Aranega-

Bou et al., 2014; González et al., 2021), Anthracene (Kim et al., 2009; Popiołek 2021),  

Acetohydrazine (Boulebd et al., 2022; Küçük et al.,2011), 1,3-Dioxolane (Raskildina 

et al., 2024; Wood and Szewczak, 2007), and 3-Octanal (Matos et al., 2019;  Desai et 

al., 2013) were found to exhibit remarkable antimicrobial and antioxidant capabilities, 

with some even displaying both beneficial properties simultaneously. This discovery 

suggests a compelling hypothesis: the antibacterial and antioxidant effects attributed 

to the extract may arise from the synergistic interactions of these bioactive compounds 
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to improve overall effectiveness. In the detailed analysis of MMSK47, a total of 19 

volatile organic compounds were identified, revealing a diverse array of chemical 

components. Among these, notable substances such as Anthracene and decanoic acid 

have been cited in earlier literature (Kitahara et al., 2004; Shen et al., 2021) for their 

remarkable antimicrobial properties. Additionally, Octanal (Liu et al., 2012), 

Hydrazine (Popiolek, 2021), and various Dioxolanes (Kucuk et al., 2011; 

Ovsyannikova et al., 2013) were also detected, many of which are recognized for their 

potential antibacterial effects. Research has shown that anthracene possesses 

antimicrobial capabilities, as evidenced by studies done by Debbab et al. in 2012 and 

Dardeer et al. in 2020. Furthermore, a significant investigation into perylene's 

antibacterial activity demonstrated its effectiveness against Mycobacterium 

tuberculosis and Methicillin-resistant Staphylococcus aureus (MRSA) in a study by 

Yilmaz et al., 2023. Supporting our current research, additional studies on perylene's 

antimicrobial properties were undertaken by Rostaminejad et al., 2024, highlighting 

its relevance and potential in antimicrobial applications. 

High Performance Thin Layer Chromatography (HPTLC) fingerprint analysis is a 

conventional and cost-effective technique for the analysis, separation, and qualitative 

identification of compounds. In this study, we utilized an optimized solvent system to 

detect anthracene, phenols and glycosides to which are primarily antioxidant and 

antimicrobial compounds in the methanolic crude extract of MMSK12 (Streptomyces 

sp.) and MMSK 47(Streptomyces sp.). in MMSK12 methanolic crude extract, eight 

peaks in both the phenol and glycoside solvent systems and 5 peaks in anthracene 

solvent system. Whereas in MMSK47, 5 peaks were observed in anthracene and 

glycosides solvent system and 7 peaks in phenols. This clearly suggest the presence of 

different antimicrobial and antioxidant components in both the methanolic crude 

extract of MMSK12 and MMSK47. This research will facilitate the quantitative 

determination of the compounds present in the methanolic extract of Streptomyces sp. 

In the research conducted by Shekar et al. in 2016, the ethyl acetate extract of 

Streptomyces sp. strain SFA5 was analysed using High-Performance Thin-Layer 

Chromatography (HPTLC) to identify the presence of antimicrobial compounds. The 

HPTLC analysis revealed distinct antimicrobial activities, indicated by Rf values of 

0.38 and 0.46. These findings support our findings that the extract contains multiple 
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bioactive compounds, which may have the potential for further development as natural 

antimicrobial agents. The study emphasizes the importance of Streptomyces sp. as a 

promising source for discovering novel pharmacological substances. High-

Performance Thin-Layer Chromatography (HPTLC) fingerprinting analysis serves as 

an invaluable tool for the comprehensive characterization of crude extracts, offering a 

distinctive visual representation of their intricate chemical composition. This 

technique separates different parts of a crude extract based on their polarity and how 

much they stick to the stationary phase. The result is a chromatogram that acts like a 

unique fingerprint for the extract, showing its specific characteristics. 

HPTLC fingerprinting has numerous advantages, including rapid analysis and 

exceptional resolution, making it a preferred method for authenticating samples and 

detecting any potential adulteration. This technique is extensively employed in quality 

control processes, thorough phytochemical analysis, and the systematic comparison of 

crude extracts. Key elements of interpretation include peak identification, 

quantification, and the comparison of fingerprints, all of which contribute to 

understanding the chemical landscape of the extracts in question. 

Although phytochemical constituents are often overlooked in the exploration of the 

biological properties of actinobacteria, this research aims to emphasize the significant 

role these chemical compounds play in the interactions between plants and their 

endophytes. Phytochemicals are bioactive compounds including phenolic acids, 

flavonoids, alkaloids, and terpenoids, are primarily responsible for the antioxidant and 

antimicrobial properties observed in many plant species. Intriguingly, these 

compounds are also synthesized by the endophytes that inhabit these plants, creating 

a symbiotic relationship that may enhance the host plant's innate abilities to combat 

pathogens, inhibit microbial growth, and mitigate oxidative stress. 

To strengthen the connection between the chemical constituents of the host plant and 

its associated endophytes, recent research conducted by Desai et al. (2013) has 

provided valuable insights. Their findings reveal that the host plant Centella asiatica, 

known for its traditional medicinal uses, contains significant levels of phenolic 

compounds and flavonoids, which contribute to its therapeutic effects. Similarly, 
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Mirabilis jalapa, renowned for its ornamental value and medicinal properties has 

shown a rich profile of these phytochemicals. 

In a more comprehensive examination, the current study identifies that the endophytic 

strains of Streptomyces sp., specifically MMSK12 and MMSK47, which reside within 

the tissues of both Centella asiatica and Mirabilis jalapa, exhibit a similar chemical 

composition that is abundant in phenolic compounds and flavonoids. These bioactive 

molecules are well-known for their antioxidant properties, which play a critical role in 

the defence mechanisms of plants against oxidative stress and various environmental 

stressors. The shared chemical profile not only suggests a mutualistic relationship in 

which the endophytes benefit from the nutritional and chemical resources provided by 

the host plants but also raises intriguing questions regarding how this symbiosis could 

enhance the antioxidant capabilities observed in both organisms. The interaction 

between the endophytes and their host plants may be crucial for optimizing the 

synthesis and accumulation of these beneficial compounds, ultimately contributing to 

a higher resilience against pathogens, pests, and adverse environmental conditions. 

Moreover, the presence of these phenolic and flavonoid compounds in both the plant 

and its endophytes could elucidate their collective capacity to maintain plant health 

and vigour. This highlights a fascinating area of research that permits further 

investigation into the intricate dynamics of plant-endophyte interactions. 

Understanding these dynamics could have significant implications for agricultural 

practices and the development of medicinal applications, particularly in enhancing 

crop resilience and finding novel sources of natural antioxidants. 

In the present investigation, we have employed crude extracts for our analysis because 

of their ability to encompass a wide number of bioactive compounds, which reflects 

the essential complexity and variability of natural substances found in various 

ecosystems. Utilizing these crude extracts allows us to explore the synergistic effects 

of multiple compounds acting simultaneously, offering insights into their collective 

biological activities. However, this approach is not without its challenges. One 

significant drawback is the difficulty in pinpointing which specific compound or 

combination of compounds is primarily responsible for the observed biological effects. 

This lack of specificity can complicate the interpretation of results and hinder the 
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development of targeted therapies. Therefore, the primary objective of this study is to 

establish a strong foundation for future research aimed at the isolation and purification 

of individual bioactive compounds. To this end, we are considering High-Performance 

Thin-Layer Chromatography (HPTLC) as a promising and effective methodology, 

which not only facilitates the separation of complex mixtures but also enables the 

identification of compounds based on their distinct chromatographic profiles. This 

approach may eventually lead to a more in-depth understanding of the mechanisms by 

which these compounds exert their biological activities, paving the way for 

advancements in pharmacology and natural product development. 
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SUMMARY 

 Tithonia diversifolia (Hemsl), Centella asiatica (L.) Urb., Mikania 

micrantha K, Mirabilis jalapa L. and Clerodendrum colebrookianum 

Walp., were the five selected traditional plants to isolate endophytic 

actinobacteria. The plants were collected in and around Aizawl, 

Mizoram, India. 

 54 distinct actinobacterial isolates were successfully isolated from the 

five selected traditional medicinal plants. 

 The media employed included tyrosine agar medium (ISP7), 

actinomycetes isolation agar (AIA), starch casein agar (SCA), glycerol 

asparagine agar base (ISP5), and King’s medium. The highest levels of 

actinobacterial growth were observed in ISP7, where 20 isolates were 

obtained from the media. The growth levels were subsequently 

followed by SCA, AIA, ISP5, and King’s medium.  

 Among the five medicinal plants selected Mirabilis jalapa L. yielded 

the greatest number of isolates (n=18), This was closely followed by 

Centella asiatica (L.) Urb, which contributed 15 isolates and Mikania 

micrantha K with 11 isolates, Tithonia diversifolia (Hemsl) with 6 

isolates, and Clerodendrum colebrookianum Walp with 4 isolates 

 All the 54 isolates were subjected to Primary Antimicrobial screening 

against 33 clinical MDR pathogens. 32 out of 54 isolates have shown 

inhibitory effects against three or more of the tested pathogens. 

 From the 32 positive isolates from primary antimicrobial screening, 15 

isolates with the best inhibition zone were selected for secondary 

antimicrobial screening 

 15 selected actinobacterial isolates were subjected to extract 

preparation and were used for secondary antimicrobial screening. For 

secondary antimicrobial screening, 20 mg/mL of the crude extract was 

tested against 15 clinical MRSA pathogens. All of the isolates have 

antimicrobial properties against at least to 6 of the tested pathogens.  
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 The best two isolates from secondary antimicrobial screening were 

selected i.e. MMSK12 and MMSK47 since the zone of inhibition for 

these isolates varied significantly, ranging from 4mm to16mm in 

diameter. 

 The molecular characterization using 16S rRNA sequencing revealed 

that both MMSK 12 and MMSK47 are Streptomyces sp. The sequences 

obtained from these molecular identifications have been deposited in 

the NCBI GenBank database, with the respective accession numbers 

assigned as OR896092 for MMSK47 and OR896079 for MMSK12. 

 Scanning electron microscope unveiled the intricate details of their 

spore surfaces, which appeared notably smooth and were adorned with 

branched, filamentous structures for both MMSK12 and MMSK47. 

Additionally, these microorganisms exhibited the formation of 

microspore chains, creating unique and complex colonies that 

captivated the eye with their elaborate arrangement. 

 The minimum inhibitory concentration (MIC) zone of inhibition for 

MMSK12 was recorded at 1 mg/mL against 365 pathogen, 2 mg/mL 

against two pathogens (924 and 1246), while it was observed at 

4mg/mL for pathogen 1098 and 12 mg/mL for 790 pathogen. In 

contrast, the MIC zone of inhibition for MMSK47 was found at 1 

mg/mL for pathogens 365, 924, 1098, and 1246, and for pathogen 790, 

it was noted at 2 mg/mL. 

 Similarly, the minimum inhibitory concentration (MIC) of the 

methanolic crude extract from MMSK12 and MMSK47 was evaluated 

using broth microdilution method. The EC50 value for MMSK12 

2mg/mL against pathogen 924, 1098, and 1246, 5mg/mL for pathogen 

365 and 6mg/mL for pathogen 790. The EC50 value for MMSK47 is 

1mg/mL for pathogens 365, 924, 1098, and 1246 and 2mg/mL for 

pathogen 790. 

 Antioxidant assays such as ABTS and DPPH were done for both 

MMSK12 and MMSK47. IC50 in ABTS assay for MMSK12 and 

MMSK47 are 82.78 µg/mL and 94.14 µg/mL, respectively. Whereas 
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the IC50 in DPPH assay is much lower as compared to the IC50 of ABTS 

with 668.3 µg/mL and 863.7 µg/mL respectively for MMSK12 and 

MMSK47. 

 The total phenolic content and total flavonoid content was measured 

using UV-Vis Spectroscopy. The flavonoid content was comparatively 

lower to the phenolic content for both MMSK12 and MMSK47. The 

results of TPC analysis indicated that the MMSK12 extract contains a 

concentration of 68.6±0.51 mg of Gallic Acid Equivalent (GAE) per 

gram, while the MMSK47 extract has a slightly lower but still 

significant level of 60.4±0.77 mg of GAE per gram.  Whereas, the 

results of TFC analysis was recorded at 10.92±0.64 mg of Quercetin 

(QE) per gram of the extract for MMSK12 and 12.89±0.73 mg of 

Quercetin (QE) per gram for MMSK47. 

 20 volatile organic compounds were detected in the crude extract of 

MMSK12 whereas, 19 volatile organic compounds were detected in the 

crude extract of MMSk47 in GC-MS analysis. 

 For HPTLC, three optimized solvent system namely ethyl acetate: 

methanol: water (20:3:2), cyclohexane: ethyl acetate: formic acid 

(4:6:1) and toluene: ethyl acetate: methanol: acetic acid (3:5:1:0.5) to 

detect glycosides (SS1), phenols (SS2) and anthracene (SS3) 

respectively were used in HPTLC analysis. For MMSK47, 5 peaks 

were recorded in SS1 and SS3 whereas, 7 peaks were recorded in SS2 

at 254nm. For MMSK12, 8 peaks were recorded in SS1 and SS2 and 5 

peaks were recorded for SS3 at 254nm.  
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CONCLUSION 

Microorganisms and plants are indispensable for sustaining life on Earth, forming the 

foundation of our ecosystems. They are integral to natural processes such as 

biogeochemical cycles, including the nitrogen and carbon cycles, which regulate 

nutrient flow and energy transfer. These organisms help preserve diverse ecological 

environments, fostering unique habitats that support specific plant and animal species, 

each adapted to their particular ecological niche. Key roles of microorganisms and 

plants include the generation of oxygen through photosynthesis, a process that not only 

supports aerobic life forms but also influences climate regulation. Additionally, they 

absorb carbon dioxide, thereby playing a crucial part in mitigating climate change. 

Beyond these roles, plants are vital for the synthesis of organic compounds—these 

compounds serve as food for humans and animals, as well as raw materials for 

medicines that treat a myriad of health conditions. Ethnomedicinal plants, which have 

been utilized for centuries in various cultures to address health issues, face a significant 

challenge due to their limited availability and accessibility. Many of these species are 

threatened due to habitat loss, overharvesting, and changing climate conditions. In this 

context, endophytic microorganisms that live within plant tissues without causing 

harm can be a promising pathway for research and development. Endophytic 

actinobacteria, in particular, has a potential in enhancing plant health and productivity 

while simultaneously producing bioactive compounds that can have medicinal 

properties. By exploring the relationships between these microbes and their host 

plants, researchers can discover valuable insights into their biology and chemistry. 

This knowledge can pave the way for innovative and safe applications that promote 

human health, increase agricultural productivity, and contribute to environmental 

sustainability. Ultimately, the unique capabilities of endophytes can help address the 

issues posed by the scarcity of ethnomedicinal plants and advance our understanding 

of natural resource management. 

The urgent need for discovering and developing new medications has become more 

critical due to the issues related to treating and managing diseases caused by multiple 

drug-resistant (MDR) strains of MRSA. The unique and diverse endophytic 

actinobacteria found in unexplored environments present exceptional opportunities for 

discovering drugs and therapeutic agents. In addition to their medical applications, the 
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bioactive compounds produced by endophytic actinobacteria are beneficial for 

agricultural purposes, as they can enhance plant growth, protect against 

phytopathogens, insects, and pests, improve nutrient absorption, and help sustain crop 

productivity during extreme abiotic stress conditions such as salinity, drought, and 

waterlogging. 

The current research has revealed that two strains of Streptomyces, designated as 

MMSK12 and MMSK47, have been successfully isolated from the traditional 

medicinal plants Centella asiatica and Mirabilis jalapa. These plants are indigenous 

to Mizoram, a region recognized as part of the Indo-Burma biodiversity hotspot, 

characterized by its rich variety of flora and fauna. Both MMSK12 and MMSK47 have 

demonstrated significant antimicrobial activity against clinical multidrug-resistant 

Staphylococcus aureus (MRSA), which poses a critical challenge in treating bacterial 

infections due to its resistance to many conventional antibiotics. Aside from their 

ability to combat microbes, MMSK12 and MMSK47 have also exhibited substantial 

antioxidant activities, suggesting their potential utility in combating oxidative stress-

related disorders. Preliminary analysis using gas chromatography-mass spectrometry 

(GC-MS) have identified many bioactive compounds found in the methanolic crude 

extract of these strains. However, further investigations are needed to isolate, identify, 

and quantify the specific bioactive compounds that contribute to the observed 

antimicrobial and antioxidant effects. 

The promising findings associated with Streptomyces sp. MMSK12 and MMSK47 

imply that these strains could be invaluable sources for the extraction of bioactive 

compounds. Such compounds have significant implications for the pharmaceutical 

industry, particularly in the development of novel treatments for infections and 

diseases linked to oxidative stress. With targeted research and development, there is 

great potential for these strains to contribute to new therapeutic solutions. 
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MZU BioNEST-BEM Incubation Centre, Mizoram University, Mizoram 

8. Three days Skill Development Programme on mushroom cultivation for NER 

organized jointly by Rajiv Gandhi national Institure of Youth Development 

under its Youtj Led Sustainable Development Programme (YLSDP) IN Higher 

Educational Instutions, Mizoram from 10th -12th February, 2021 
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INTRODUCTION 

Natural products, particularly those obtained from the vast variety of plants and 

microorganisms, remain an essential source for discovering new and potentially 

bioactive compounds that can be utilized in drug development. Traditional medicinal 

plants have garnered significant interest from researchers due to their therapeutic 

effects on various health concerns. Furthermore, these plants contain an interesting 

assortment of endophytic actinobacteria, which are filamentous, gram-positive 

bacteria that inhabit the plant tissues. (Golinska et al., 2015). These endophytes play a 

crucial role in maintaining the ecological equilibrium of their host plants and could 

also contain distinctive chemical compounds with valuable medicinal attributes, 

thereby boosting the prospects of traditional medicine within contemporary health care 

(Tiwari et al., 2023). Endophytic actinobacteria represent a remarkable source of 

bioactive natural compounds discovered in higher plants that thrive in a variety of 

environments, although they remain a relatively overlooked category of 

microorganisms. These organisms inhabit the internal tissues of plants, usually 

drawing nutrients and shelter from their host. In return, they improve the host's overall 

fitness by generating a range of bioactive metabolites and providing protection to the 

plant (Strobel and Daisy, 2003). The persistent rise of infections resistant to antibiotics 

remains a significant issue for healthcare worldwide (Spellberg et al., 2008). At 

present, methicillin-resistant Staphylococcus aureus (MRSA) is the most commonly 

identified antibiotic-resistant pathogen in various areas worldwide, including Europe, 

the Americas, North Africa, the Middle East, and East Asia (Grundmann 2006). The 

genus Streptomyces, a type of actinobacteria, has been extensively acknowledged as a 

prolific source of valuable secondary metabolites. It remains a significant contributor 

to the ongoing development of new bioactive compounds, underscoring its importance 

in both biotechnological applications and pharmaceutical research. (Berdy 2012). 

Many marketed antibiotics are derived from this genus (Pelaez 2006). The secondary 

metabolites generated by actinomycetes demonstrate a diverse array of biological 

activities, such as antibacterial, antifungal, antiviral, anti-inflammatory, and 

antioxidant properties (Selim et al., 2021).  



During normal cellular metabolism, both animals and plants generate reactive oxygen 

species (ROS), which are highly reactive molecules that can cause damage to cellular 

structures. This condition is harmful, as it can result in oxidative DNA damage, a 

process that has been linked to the onset of a wide array of health issues. These issues 

include serious conditions such as cardiovascular diseases, atherosclerosis (the 

hardening of arteries), reperfusion injury (tissue damage caused when blood supply 

returns after a period of ischemia), and cataract formation, along with chronic ailments 

like rheumatoid arthritis and various inflammatory disorders. Moreover, oxidative 

stress has also been implicated in the development of cancer (Reuter et al., 2010). To 

combat oxidative damage, many synthetic antioxidants have been developed, 

including butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and 

propyl gallate (PG). These compounds are designed to slow down the oxidation 

process and help protect cells from ROS. However, their usage comes with significant 

caution, as they must be strictly regulated due to potential health hazards associated 

with their prolonged consumption (Xu et al., 2021). The crucial contribution of free 

oxygen radicals to the onset and advancement of various diseases has motivated 

researchers to investigate new and effective antioxidant substances sourced from 

microorganisms. These substances may act as significant therapeutic agents. Through 

the examination of a variety of microbial origins, scientists strive to discover 

antioxidants that can counteract damaging free radicals, thus providing innovative 

solutions for conditions associated with oxidative stress, including cancer, heart 

diseases, and neurodegenerative illnesses. This research not only aims to deepen our 

comprehension of microbial metabolism but also highlights the significance of 

utilizing nature’s resources for health advantages. 

The present study focuses on isolating actinobacteria from the tissues of the medicinal 

plants of Mizoram, India. It also aims to evaluate the antimicrobial and antioxidant 

activities of the secondary metabolites produced by these actinobacteria, as well as 

identify the bioactive compounds present in the methanol extract of the actinobacteria. 

 

 

 



OBJECTIVES 

 Isolation and identification of endophytic actinobacteria from selected 

medicinal plants of Mizoram forests. 

 Antimicrobial screening of endophytic actinobacteria against clinical 

multi-drung resistance (MDR) clinical bacterial pathogens. 

 Extract preparation, purification and characterization of antimicrobial 

compounds from selected potential isolates. 

 Validation of purified bioactive compounds for their antimicrobial 

potency against MDR clinical pathogens. 

 

MATERIALS AND METHODS 

Selection and collection of medicinal plants 

Five traditional medicinal plants from Mizoram were selected based on a literature 

review: Mikania micrantha, Centella asiatica (L.) Urb., Tithonia diversifolia, 

Mirabilis jalapa L., and Clerodendrum colebrookianum Walp. The various parts of 

the plants were collected in sterile containers and brought back to the laboratory. They 

were thoroughly washed with tap water and then dried at room temperature overnight. 

Isolation of Endophytic Actinobacteria 

Endophytic actinobacteria were isolated from five selected medicinal plants. Tissues 

from the roots, leaves, and stems of these plants were used for the isolation of 

actinobacteria. After surface sterilization (Taechowisan and Lumyong, 2003) the 

tissues were kept in five different nutritional media to obtain maximum diversity i.e. 

starch casein agar (SCA), actinomycetes isolation agar (AIA), tyrosine agar medium 

(ISP7), glycerol asparagine agar base (ISP5), and King’s medium containing nalidixic 

acid and cycloheximide (50 μg/mL) to suppress the growth of Gram-negative bacteria 

and fungi, respectively. The dried tissues were kept in the media, and the plates were 

incubated at 28±2°C in a BOD incubator. Microbial growth was observed, and 

actinobacteria were morphologically selected (Shirling and Gottlieb, 1966; 

Goodfellow and Haynes, 1984). 

 



Collection of Clinical MDR pathogens 

Clinical pathogens were ccollected from patients at Synod Hospital, in Durtlang, 

Aizawl, Mizoram. To ensure patient confidentiality, a numbering system was 

employed to label the collected pathogens. Each clinical isolate underwent a thorough 

process of identification using the Vitek®MS system (bioMérieux, Marcy l’Etoile, 

France), specifically utilizing the GP colorimetric identification card to determine their 

precise nature. Additionally, the antibiotic susceptibility of these pathogens was 

assessed through the Vitek®MS AST system, again from bioMérieux. A 

comprehensive list of the clinical pathogens identified during this study is presented 

in Table 1. 

Table 1: Test organisms (MDR pathogens) used for the antimicrobial 

screening  

S.No Pathogens Organisms Resistance 

1. 

17 Escherichia coli 

Meropenem, Ciprofloxacin, 

Trimethoprim, Amoxicillin, 

Piperacillin, Cefuroxime, 

Ceftriaxone, Cefoperaxone, 

Cefepime, Ertapenem, Imipenem 

2. 

31 Escherichia coli 

Meropenem,Amikacin, 

Gentamicin, 

Ciprofloxacin,Trimethprim, 

Amoxicillin, Piperacillin, 

Cefuroxime, Ceftriaxone, 

Cefoperaxone, Cefepime, 

Ertapenem, Imipenem 

3. 

038 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

4. 

161 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 



5. 

 

363 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Nitrofurantoin, Benzylpenicillin, 

Gentamicin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

6. 

 

365 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Levofloxacin 

7. 

452 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

8. 

536 Enterococcus faecalis 

Vancomycin, Benzylpenicillin, 

Gentamicin, Daptomycin, 

Teicoplanin, Tetracycline, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

9. 

622 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

10. 

645 Staphylococcus aureus 

Rifampicin, Vancomycin, 

Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

11. 

721 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Nitrofurantoin, Benzylpenicillin, 

Erythromycin, 

12. 

790 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 



13. 

809 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

14. 

880 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Benzylpenicillin, Gentamicin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

15. 

924 Staphylococcus aureus 

Rifampicin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

16. 

995 Klebsiella pneumoniae 

Meropenem, Gentamicin, 

Ciprofolxacin, Tigecycline, 

Trimethoprim, Amoxicillin, 

Piperacillin, Cefuroxime, 

Ceftriaxone, Cefoperaxone, 

Cefepime, Ertapenem, 

17. 

1097 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Vancomycin, Tetracyclin, 

Nitrofurantoin, Benzylpenicillin, 

Gentamicin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

18. 

1098 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

19. 

1219 Enterococcus faecalis 

Vancomycin, Tetracycline, 

Erythromicin 

20. 

1246 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 



21. 

1258 Enterococcus faecalis 

Daptomycin, Teicoplanin, 

Benzylpenicillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

Vancomycin, Tetracycline 

22. 

1266 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

23. 

1344 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

24. 

1379 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

25. 

1458 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

26. 

1468 Staphylococcus aureus 

Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Levofloxacin 

27. 

1536 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Tetracycline, 

Levofloxacin 

28. 

2822 Staphylococcus aureus 

Teicoplanin, Vancomycin, 

Tetracycline, Trimethoprim, 

Benzylpenicillin, Oxacillin, 

Erythromycin 

29. 

2982 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Levofloxacin 

30. 

2997 Escherichia coli 

Meropenem, Gentamicin, 

Ciprofolxacin, Trimethoprim, 



Amoxicillin, Piperacillin, 

Cefuroxime, Ceftriaxone, 

Cefoperaxone, Cefepime, 

Ertapenem, Imipenem, Amikacin 

31. 

3001 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, Levofloxacin 

32. 

3054 Pseudomonas aeruginosa 

Gentamicin, Cyprofloxacin, 

Levofloxacin, Colistin, 

Cefeazidime, Aztreonam, 

Imipenem, Meropenem, 

Amikacin 

33. 

3069 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, 

Oxacillin, Ciprofloxacin, 

Erythromycin, 

 

Primary antimicrobial screening of endophytic actinobacteria 

Actinobacteria isolates were subjected primary antimicrobial screening 33 clinical 

pathogens, as detailed in Table 1. The screening was done using Agar well diffusion 

method given by Saadoun and Muhana in 2008. The plates were incubated at a 

temperature of 37°C for 24 hours without inverting the plates, creating optimal 

conditions for the growth of both the test organisms and any potential inhibition zones 

that would indicate antimicrobial activity. 

Extract preparation 

The selected actinobacteria, following an initial antimicrobial screening, were 

carefully inoculated into 700 mL of ISP1 medium, which was adjusted to a pH of 7.2 

to promote optimal growth. This process was performed in a 500 mL conical flask, 

ensuring all procedures were carried out under sterile conditions to avoid 

contamination. The flasks were placed on a shaker incubator with a speed of 120 rpm, 

allowing for efficient aeration and mixing, and were kept at room temperature for a 



duration of one week. To extract the bioactive secondary metabolites, the resulting 

broth was combined with an equal volume of solvent, utilizing a 1:1 ratio (v/v) of 

methanol, ethyl acetate, and dichloromethane. This mixture was allowed to sit for 24 

hours, facilitating the extraction process. Following this period, the solvents were 

carefully filtered out using Whatman filter paper. The excess solvent from the filtrate 

was then evaporated under reduced pressure using rotary evaporator. 

Secondary antimicrobial screening of endophytic actinobacteria 

The selected actinobacterial extracts were subjected to secondary antimicrobial 

screening against 15 strains of clinical Methicillin-Resistant Staphylococcus aureus 

(MRSA) (Table 2) pathogens using agar well diffusion method. A concentration of 20 

mg/mL of the crude extract was used for this screening and 4% methanol solution 

serving as a negative control. (Boyanova, 2005). The plates were incubated at 37°C 

for 24 hours, without inverting them. The diameters of the inhibition zones were 

subsequently measured in millimeters. 

Table 2: Test organism for secondary antimicrobial screening 

S.no Pathogens Organisms Resistance 

 

 

1. 038 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

2. 161 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

3. 365 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Levofloxacin 

 

 

4. 452 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

5. 622 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 



 

 

 

6. 645 Staphylococcus aureus 

Rifampicin, Vancomycin, 

Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

7. 790 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

8. 809 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

9. 924 Staphylococcus aureus 

Rifampicin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

10. 1098 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

11. 1246 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

12. 1266 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

13. 1344 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

14. 1379 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 

15. 1458 Staphylococcus aureus 

Vancomycin, Benzylpenicillin, Oxacillin, 

Ciprofloxacin, Erythromycin, 

Levofloxacin 

 

 



Characterization of potent strains using 16S rRNA gene sequencing 

Genomic DNA was isolated and purified using a DNA extraction kit (Invitrogen) 

according to the manufacturer’s protocol. Ribosomal RNA (16S rRNA) genes were 

amplified using universal bacterial primers 16SP1 and 16SP2 as forward and reverse 

primer (forward 16s rRNA primer 5’- GTGCCAGCAGCCGCGG- 3’ and reverse 16s 

rRNA primer 5’-TACGGYTACCTTGTTACDACTT- 3’). The reactions and 

conditions of the PCR were performed in a Veriti thermal cycler (Applied Biosystem, 

Singapore) in a total volume 25µl and the PCR conditions are as follows: initial 

denaturation step at 94◦C for 5 min, followed by 35 cycles of denaturation at 94◦C for 

1 min, annealing at 62◦C for 1 min and extension at 72◦C for 1.2 min with a final 

extension step at 72◦C for 5 min and sequencing was done commercially at Eurofins 

Pvt. Ltd. Bangalore, India. Sequences were compared with the reference strains of 

actinobacteria from the NCBI genomic database using a BLASTn search tool to 

determine similarity percentages. The strains with the highest similarity percentages 

were obtained from the NCBI database. 

Morphological identification using gram staining and Scanning Electron 

Microscope 

 Gram staining was done according to the manufacture’s protocol (Kumar et al., 2010). 

The spore chain morphologies of the isolates were examined using a scanning electron 

microscope (SEM). The mycelial structures were observed with a phase contrast 

microscope (Olympus). The organisms were identified according to the 9th edition of 

Bergey’s Manual of Determinative Bacteriology 

DPPH (1,1-Diphenyl-2-picryl-hydrazyl) assay 

The DPPH assay was conducted following the methodology described by Villano et 

al. (2007). An extract without DPPH served as the blank, while ascorbic acid was used 

as the positive control and methanol as the negative control. The IC50, which denotes 

the concentration of antioxidant required to achieve a 50% reduction in DPPH, was 

calculated using a calibration curve based on linear regression. Results were expressed 

as the percentage reduction of DPPH absorption compared to the control. The 

percentage of DPPH reduction was calculated using the following equation: 



  % Scavenging = (Abs of control-Abs of sample)/ Abs of sample *100 

Where Abs of sample is the absorbance of the test sample and Abs of control is the 

absorbance of the control. 

ABTS radical scavenging assay 

The ABTS+ radical scavenging capacity of the extract was measured using the 96-well 

microtiter plate method (Re et al., 1999). The absorbance was measured at 734 nm. An 

extract without ABTS served as the blank, ascorbic acid was used as the positive control, 

and methanol served as the negative control. 

The percentage of and ABTS+ radical scavenging was calculated by using the 

equation: 

% Scavenging= (Acontrol-Asample)/ Asample X100  

Where Asample is the absorbance of the test sample and Acontrol is the absorbance 

of the control. 

Determination of Total Phenolic Content 

Total phenolic content was determined by using the Folin Ciocalteu assay (Singleton 

1965). Absorbance was then taken at 725 and 760nm. TPC was calculated from the 

following equation: 

TPC=C X V/M   

Where,  

TPC= Total phenolic content mg/g of extracts as GAE 

C= concentration of gallic acid established from the calibration curve in 

mg/mL 

V= volume of the extracts solution in mL 

M= weight of the extracts in gram 

Determination of Total Flavonoid Content 

The aluminium chloride colorimetric assay method was used for quantification of the 

total flavonoid content of the methanolic extracts (Zhishen et al., 1999). TFC was 

calculated from the following equation: 

TFC=C X V/M   

Where,  



TFC= Total flavonoid content mg/g of extracts as QE 

C= concentration of quercetin established from the calibration curve in mg/mL 

V= volume of the extracts solution in mL 

M= weight of the extracts in gram 

MIC determination using plate-based method 

The determination of the minimum inhibitory concentration (MIC) using the plate-

based method employed the agar well diffusion technique. In this process, 

concentrations of 1, 2, 4, 6, 8, 10, 12, 14, and 16 mg/mL were prepared and the plates 

were incubated for 24 hours at a consistent temperature of 28 °C and the zone of 

inhibition was measured after the incubation 

MIC determination using broth microdilution method 

The determination of the Minimum Inhibitory Concentration (MIC) was conducted 

using the broth microdilution method, in accordance with the protocol established by 

Eloff in 1998. Methanolic extracts of the actinobacterial strains were prepared and 

diluted to various concentrations (1, 2, 4, 6, 8, 10, 12, 14, and 16 mg/mL) to evaluate 

their antimicrobial activity against bacterial cultures in microtiter plates. Control plates 

containing no treatment were included for comparison. The plates were incubated at 

28 °C for 24 hours, after which absorbance was measured at 700 nm using a UV-Vis 

spectrophotometer (MultiscanTM GO, Thermo Scientific, MA, USA). The effective 

concentration for 50% inhibition (EC50) was calculated using GraphPad Prism. 

Compound separation using Thin Layer Chromatography (TLC) 

Fraction was done using TLC based on polarity (Shoun et al., 1998). In which four 

different types of solvent system were used namely: 

 solvent system 1: (Butanol-Acetic acid-Water, 30:20:70 v/v) 

 solvent system 2 (Chloroform-Methanol, 24:1 v/v) 

 solvent system 3 (Ethyl acetate-Methanol, 6:4 v/v) 

 solvent system 4 (Hexane-Ethyl acetate, 1:9 v/v)   



TLC was carried out on commercially available aluminum TLC sheets (20 × 20 cm 

with 0.2 mm thickness, silica gel GF254, Merck, Darmstadt, Germany). The solvent 

fronts were marked and Rf values were measured using the formula, 

                Retention factor (Rf)= distance travelled by the solute/ distance travelled by 

the solvent. 

Antimicrobial validation of active compounds against MDR isolates 

The selected potent compounds underwent testing against multidrug-resistant clinical 

isolates utilizing the agar well diffusion assay, as described by Saadoun and Muhana 

in 2008. In this process, pathogenic microbes were carefully inoculated onto a nutrient 

agar plate. A thin-layer chromatography (TLC) plate, which contained the isolated 

compounds, was then gently positioned on top of the inoculated media. The assembled 

plates were incubated at a stable temperature of 28 ± 2°C for a duration of 24 hours, 

and the zone of inhibition was observed after 24 hours. To ensure reliable results, all 

experiments were done in triplicates. 

Gas Chromatography Mass Spectroscopy analysis 

For the gas chromatography-mass spectrometry (GC–MS) analysis, a Clarus 690 

Perkin Elmer gas chromatograph was coupled with a Turbomass Gold 5.1 mass 

spectrometer. An Elite 1 capillary column, made of 100% dimethyl polysiloxane and 

measuring 123.5 m x 0.678 mm, was used to identify the volatile organic compounds 

(VOCs) in the methanolic extracts of Streptomyces sp. The instrument was set to 40ºC, 

then raised to 150ºC at 10ºC per minute for 5 minutes. It was subsequently increased 

to 250ºC at 40ºC per minute and held for 8 minutes. The injection port temperature 

was set at 250ºC, and the helium flow rate was maintained at 1.5 mL/min. An 

ionization voltage of 70 eV was used with a 10:1 split mode for sample injection. The 

mass spectral scanning range was set from m/z 500 to 800. The ion source and interface 

temperatures were maintained at 230ºC and 240ºC, respectively. The mass 

spectrometry (MS) data collection started at 3 minutes and ended at 31 minutes, with 

a solvent cut time of 3 minutes. The spectra of the volatile compounds detected through 

GC-MS were compared and matched with the NIST17 online library, version 2.339. 

 



High Performance Thin Layer Finger print profile 

The extract underwent further analysis utilizing the CAMAG HPTLC instrument, 

which was paired with the winCAT software for data management. To prepare for the 

analysis, a stock solution was created by dissolving 50 mg of the sample in distilled 

water to achieve a concentration of 50 mg/mL. For the chromatography process, TLC 

plates measuring 2 x 10 cm and coated with 0.2 mm silica gel from Merck, Germany, 

were selected for the experiment. The sample was carefully spotted onto the plates 

using the Linomat 5 automated sample spotter from CAMAG, which employed a 100 

µl Hamilton syringe for precise application. Three solvent systems were utilized as 

mobile phase designed specifically for profiling phenolics, glycosides, and 

anthracenes, ensuring that the separation was effective for each compound type. To 

facilitate the drying of the bands, nitrogen gas was applied to the plates during the 

process. The plates, once loaded with the extracts, were placed in a TLC twin trough 

developing chamber filled with the chosen mobile phase. After the development was 

complete, the plates were thoroughly dried and subsequently scanned using a TLC 

scanner with the winCAT software for analysis. Following the drying process, the 

plates were directly visualized under UV light at wavelengths of 254 nm and 366 nm, 

allowing for the detailed examination and documentation of the unique fingerprint 

profiles of the extracts. Key data points, including peak displays, peak densitograms, 

and peak tables, were meticulously recorded to ensure comprehensive analysis and 

interpretation of the results. 

 

RESULTS and DISCUSSION 

Selection and collection of medicinal plants 

A comprehensive literature review led to the selection of five traditional medicinal 

plants native to the state of Mizoram i.e. Tithonia diversifolia, Centella asiatica (L.) 

Urb., Mikania micrantha, Mirabilis jalapa L. and Clerodendrum colebrookianum 

Walp. Samples of the plants were collected from the surrounding arears of Mizoram 

University Campus, Aizawl, Mizoram.  

 



Isolation of Endophytic Actinobacteria: 

 Five nutritional media were used i.e. starch casein agar (SCA), actinomycetes 

isolation agar (AIA), tyrosine agar medium (ISP7), glycerol asparagine agar base 

(ISP5), and King’s medium. From this, a total of 54 distinct actinobacterial isolates 

were successfully obtained from five traditionally recognized medicinal plants found 

in the region of Mizoram. 15 isolates were isolated from Centella asiatica. 11 isolates 

from Mikania micrantha, while Tithonia diversifolia contributed 6, and 4 isolates from 

Clerodendrum colebrookianum Walp. Among the various media tested, the highest 

levels of actinobacterial growth were observed in ISP7, followed by SCA, AIA, ISP5, 

and King’s medium. Each individual isolate was arranged using a systematic 

numbering system, labeled as MMSK1, MMSK2, MMSK3, and so forth, all the way 

up to MMSK54. The relative abundance of actinobacteria found in Mirabilis jalapa, 

Centella asiatica, and Mikania micrantha may be attributed to their growing patterns, 

particularly their proximity to the soil. This closeness seems to foster a favourable 

environment for the development of endophytic communities, playing a crucial role in 

the overall health and resilience of these medicinal plants 

Primary antimicrobial screening of endophytic actinobacteria 

A total of 54 endophytic actinobacteria isolates were subjected to primary 

antimicrobial screening against 33 clinical multidrug-resistant (MDR) pathogens. The 

primary screening results revealed that 32 of the 54 isolates exhibited significant 

inhibitory effects against at least three or more of the tested pathogens. 15 isolates with 

the most promising inhibition for further investigation.  

Extract preparation 

15 isolates with the most effective antimicrobial properties from the primary 

antimicrobial screening were selected for the preparation of extracts. The extracts were 

prepared using methanol as the solvent, resulting in an approximate yield of 1 to 2 

grams of extract from each of the chosen isolates.  

 

 



Secondary antimicrobial screening of endophytic actinobacteria 

20mg/mL of the crude extract against 15 MRSA (Methicillin resistant Staphylococcus 

aureus) clinical pathogens. All of the isolates have antimicrobial properties against 

atleast to 6 of the tested pathogens. Among these isolates, MMSK12 and MMSK47 

emerged as the most promising candidates, exhibiting the ability to inhibit 11 of the 

tested pathogens. The zone of inhibition for these isolates varied significantly, ranging 

from 4mm to 16mm in diameter. MMSK12 and MMSK47 were selected for further 

analysis. to support our research, Bhakyashree and Kannabiran (2020) have also 

successfully isolated the strain Streptomyces sp. VITBKA3, which demonstrates 

notable antimicrobial activity against methicillin-resistant Staphylococcus aureus 

(MRSA). This finding highlights the potential of Streptomyces sp. is a valuable 

candidate for developing new antimicrobial agents in the fight against resistant 

bacterial infections. 

Morphological identification using gram staining and Scanning Electron 

Microscope 

Both MMSK12 and MMSK47 were identified as gram-positive bacteria, the intricate 

details of their spore surfaces, which appeared notably smooth and were adorned with 

branched, filamentous structures when viewed under Scanning Electron Microscope.  

Characterization of potent strains using 16S rRNA gene sequencing 

MMSK12 and MMSK47 were subjected to molecular identification using 16S rRNA 

gene sequencing, MMSK47 was identified as Streptomyces sp. with 99.3% genetic 

similarity to Streptomyces sp. NSC30, (MG833381). Similarly, isolate MMSK12 was 

also classified within the Streptomyces genus, demonstrating the same high percentage 

of 99.3% similarity with Streptomyces sp. QJSt7 (KX950906). The sequences obtained 

from these molecular identifications have been deposited in the NCBI GenBank 

database, with accession numbers assigned as OR896092 for MMSK47 and 

OR896079 for MMSK12. The identification of MMSK12 and MMSK47 as belonging 

to the genus Streptomyces may provide insight into their notable antimicrobial 

properties. This is significant because Streptomyces is renowned for being one of the 

largest and most prolific producers of antibiotics among microbial species. 



ABTS radical scavenging assay 

In this assay the antioxidant activity of MMSK12 and MMSK47 were measured 

through the calculation of the IC50 value, which represents the concentration of the 

extract needed to neutralize or eliminate 50% of the free radicals present in the ABTS 

solution. The IC50 value for the MMSK12 extract was determined to be 82.78 µg/mL, 

while the MMSK47 extract exhibited an IC50 value of 94.14 µg/mL.  

DPPH (1,1-Diphenyl-2-picryl-hydrazyl) assay 

The antioxidant potential of MMSK12 and MMSK47 was evaluated by examining 

their ability to scavenge DPPH free radicals, the results indicated that the DPPH 

scavenging activity of both MMSK12 and MMSK47 was not as distinct when 

compared to the values obtained from the ABTS assay. MMSK12 (Streptomyces sp.) 

and MMSK47 (Streptomyces sp.), exhibited a low activity against the DPPH radical, 

yet demonstrated high effectiveness against the ABTS radical. It is essential to 

highlight that both ABTS and DPPH radicals are structurally different, this disparity 

leads to varying reactivities. For instance, certain organic compounds, particularly 

dihydrochalcones and flavanones, do not engage with DPPH radicals; however, they 

readily interact with ABTS radicals (Platzer et al., 2021). 

Determination of Total Phenolic Content 

The phenolic content of the MMSK12 and MMSK47 extracts was quantified using 

Gallic acid as the reference standard. To ensure accuracy, carefully prepared samples 

were subjected to analysis in relation to a pre-established standard curve utilizing UV-

Vis Spectroscopy. The results of this analysis indicated that the MMSK12 extract 

contains a notable concentration of 68.6±0.51 mg of Gallic Acid Equivalent (GAE) 

per gram, while the MMSK47 extract has a slightly lower but still significant level of 

60.4±0.77 mg of GAE per gram.  

 

Determination of Total Flavonoid Content 

A standard curve, previously prepared and securely stored for future applications in 

UV-Vis spectroscopy, was utilized to evaluate the flavonoid content present in the 



methanol extracts of the MMSK12 and MMSK47 samples. This analytical procedure 

yielded precise measurements of flavonoid concentrations, recorded at 10.92±0.64 mg 

of Quercetin (QE) per gram of the extract for MMSK12 and 12.89±0.73 mg of 

Quercetin (QE) per gram for MMSK47.  

MIC determination using plate-based method 

The minimum inhibitory concentration (MIC) of the methanolic crude extract from 

MMSK12 and MMSK47 was evaluated against five clinical multidrug-resistant 

Staphylococcus aureus (MRSA) pathogens (365, 790, 924, 1098, and 1246), with the 

MIC determination concentrations ranging from 1 mg/mL to 18 mg/mL. The 

concentration of 20 mg/mL was omitted as it was utilized for secondary antimicrobial 

testing. The MIC zone of inhibition for MMSK12 was recorded at 2 mg/mL against 

two pathogens (924 and 1246) while it was observed at 4 mg/mL and 12 mg/mL for 

pathogen 1098 and 790 respectively. In contrast, the MIC zone of inhibition for 

MMSK47 was found at 1 mg/mL for pathogens 365, 924, 1098, and 1246, and for 

pathogen 790, it was noted at 2 mg/mL.  

MIC determination using broth microdilution method 

In the broth microdilution method employed for this study, different concentrations 

ranging from 1 mg/mL to 18 mg/mL was used. For the isolate MMSK12, the most 

impressive antimicrobial activity was observed against pathogens 924, 1098, and 1246 

with EC50 value of 2 mg/mL. EC50 of 5 mg/mL and 6 mg/mL was observed in pathogen 

365 and 790 respectively. On the other hand, the isolate MMSK47 demonstrated even 

greater potency, particularly evident in its remarkable activity against pathogens 365, 

924, 1098, and 1246, all of which had an EC50 value of just 1 mg/mL and EC50 value 

of 2mg/mL was observed for pathogen 790. Our findings indicate that the broth 

dilution method consistently yields superior results, with notably lower MIC values. 

This suggests that the broth dilution technique is more efficient in providing precise 

measurements, as it produces results in decimal form, a capability that plate-based 

methods lack, where values are only reported as whole numbers. 

Fractionation of compounds using Thin Layer Chromatography (TLC) 



Among the four solvent systems tested, one particular system was selected to achieve 

separation. The determined Rf value for MMSK12 was 0.54, indicating its migration 

distance in the chromatographic process, while MMSK47 exhibited an Rf value of 

0.59. 

Antimicrobial validation of active compounds against MDR isolates 

The antimicrobial validation of active compounds against MDRSA pathogens was 

done using a plate-based method. The results observed after 24 hours have shown a 

clear zone on the TLC plates where the separated compounds are present. This 

validates the antimicrobial activity of the different separated compounds. 

Gas Chromatography Mass Spectroscopy analysis 

The methanol extract of Streptomyces sp. MMSK12 revealed a diverse number of 20 

volatile organic compounds, each displaying a wide range of area percentages that 

varies from a mere 0.324% to 25.57%. Among these compounds, 1-

Nenylcycloheptane emerged as the most abundant, dominating the composition of the 

extract with its significant presence. Following closely in prevalence was decanoic 

acid, which also contributed substantially to the overall profile of the extract. The 

methanolic crude extract of Streptomyces sp. MMSK41 was analyzed and revealed a 

total of 19 volatile organic compounds (VOCs). These compounds were detected 

within a retention time range of 15 to 29 minutes, indicating a diverse metabolic 

profile. The detailed area percentages of these VOCs demonstrate varying levels of 

abundance. Notably, 1H-indole-3-acetic acid, specifically identified as 5-chloro-2-

methyl-1-(trimethylsilyl) silane, exhibited the highest area percentage at 10.111%. In 

contrast, Perylene was found to be the least abundant VOC, with an area percentage 

of only 0.835%. This variation in VOC composition highlights the potential 

biochemical diversity of Streptomyces sp. MMSK47 and its possible applications in 

various fields, including biochemistry and pharmaceuticals. Key compounds found in 

MMSK12 and MMSK47 such as N-Decanoic acid (Yang et al., 2023; Ravichandiran 

et al., 2019), 1,4-Naphthoquinone(Wu et al., 2020; Huang et al.,2011), 2-hexanoic acid 

(Aranega-Bou et al., 2014; González et al., 2021), Anthracene (Kim et al., 2009; 

Popiołek 2021),  Acetohydrazine (Boulebd et al., 2022; Küçük et al.,2011), 1,3-



Dioxolane (Raskildina et al., 2024; Wood and Szewczak, 2007), and 3-Octanal (Matos 

et al., 2019;  Desai et al., 2013) were found to exhibit remarkable antimicrobial and 

antioxidant capabilities 

 

High Performance Thin Layer Finger print profile 

Three optimized solvent system for mobile phase namely ethyl acetate: methanol: 

water (20:3:2), cyclohexane: ethyl acetate: formic acid (4:6:1) and toluene: ethyl 

acetate: methanol: acetic acid (3:5:1:0.5) to detect glycosides (SS1), phenols (SS2) and 

anthracene (SS3) respectively at a volume of 8 µl of methanolic extract performed at 

UV 254 nm and 366 nm in visualizer and visible light and single brown spots were 

detected. The images were captured and scanned in CAMAG TLC Scanner using 

VisionCATS 3.2 SP2 software. The peak display, peak densitogram, and peak table 

were recorded and analysed and Rf values were measured then the presence of positive 

result was recorded on 254 nm and 366 nm.  For MMSK47, 5 peaks were recorded in 

SS1 and SS3 whereas, 7 peaks were recorded in SS2 at 254nm. The peaks with Rf 

value and area (%) for MMSK47. For MMSK12, 8 peaks were recorded in SS1 and 

SS2 and 5 peaks were recorded for SS3.  

 

CONCLUSION 

The urgent need for discovering and developing new medications has become more 

critical due to the issues related to treating and managing diseases caused by multiple 

drug-resistant (MDR) strains of MRSA. The unique and diverse endophytic 

actinobacteria found in unexplored environments present exceptional opportunities for 

discovering drugs and therapeutic agents. In addition to their medical applications, the 

bioactive compounds produced by endophytic actinobacteria are beneficial for 

agricultural purposes, as they can enhance plant growth, protect against 

phytopathogens, insects, and pests, improve nutrient absorption, and help sustain crop 

productivity during extreme abiotic stress conditions such as salinity, drought, and 

waterlogging. 

The current research has revealed that two strains of Streptomyces, designated as 

MMSK12 and MMSK47, have been successfully isolated from the traditional 



medicinal plants Centella asiatica and Mirabilis jalapa. These plants are indigenous 

to Mizoram, a region recognized as part of the Indo-Burma biodiversity hotspot, 

characterized by its rich variety of flora and fauna. Both MMSK12 and MMSK47 have 

demonstrated significant antimicrobial activity against clinical multidrug-resistant 

Staphylococcus aureus (MRSA), which poses a critical challenge in treating bacterial 

infections due to its resistance to many conventional antibiotics. In addition to their 

antimicrobial properties, MMSK12 and MMSK47 have also exhibited substantial 

antioxidant activities, suggesting their potential utility in combating oxidative stress-

related disorders. Preliminary analysis using gas chromatography-mass spectrometry 

(GC-MS) have identified several bioactive compounds present in the methanolic crude 

extract of these strains. However, further investigations are needed to isolate, identify, 

and quantify the specific bioactive compounds that contribute to the observed 

antimicrobial and antioxidant effects. 

The promising findings associated with Streptomyces sp. MMSK12 and MMSK47 

imply that these strains could be invaluable sources for the extraction of bioactive 

compounds. Such compounds have significant implications for the pharmaceutical 

industry, particularly in the development of novel treatments for infections and 

diseases linked to oxidative stress. With targeted research and development, there is 

great potential for these strains to contribute to new therapeutic solutions. 

 

 


	Lalrokimi Thesis.pdf
	ABSTRACT of thesis.pdf

