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 1. Introduction 

The human gut microbiota is a complex ecology that is 

essential for controlling immunity, digestion, and disease 

resistance [1]. The human body functions as a holobiont, 

or a complete system made up of the host and symbionts, 

according to recent advances in DNA sequencing 

techniques that have enabled researchers to delve deeply 

into this intricate ecosystem [2]. With a focus on the 

lesser-known mycobiome and virome as well as the key 

variables influencing this intricate ecosystem, this review 

seeks to provide a thorough overview of the composition 

and evolution of the gut microbiota [3]. The immune 

system, environment, host genetics, and diet are the main 

contributing factors. Along with bacteria, other microbes 

such as prophages are known to be playing a crucial role 

[4]. Prophages are known to be involved in the virulence of 

bacteria, antibiotic resistance, and the immune system and 

adaptability of the host [5]. The gut microbiota has come 

to be regarded as a critical factor for health and disease 

[6]. Another ecological process in the human microbiota is 
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The intricate ecosystem that makes up the human gut 

microbiota is crucial to preserving health. The theory that the 

human host is a "holobiont" made up of the host and the 

microbiota is now supported by DNA sequencing technology, 

which enables us to study the microbiota in previously 
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microbiota are thoroughly covered in this review article, 
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"virome." Additionally, it talks about how the immune 

system, host genetics, and food all have an impact on the 

microbiota. Other microbiota, like "prophages," are crucial in 

addition to bacteria. "Prophages" have the potential to 

enhance bacterial pathogenicity, transfer antibiotic resistance, 

impact host adaption, and modify the immune system. 

Anorexia nervosa, bulimia nervosa, and binge eating disorder 

have all been linked to changes in the gut microbiota's 

makeup. Even in the absence of antibiotic use, the gut 

microbiota serves as a significant reservoir for the spread of 

antibiotic resistance. The significant impact of this microbial 

system on the host's physiology is demonstrated and new 

therapeutic and preventive approaches can be developed by 

combining the bacterial, viral, and fungal components of the 

gut microbiota. 
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cross-feeding, mediated by the exometabolome, the 

complex mix of secreted metabolites [7]. Cross-feeding is 

beneficial in that it increases nutrient levels, phylogenetic 

diversity, and biomass, thus stabilizing the community [8]. 

Human health is significantly impacted by these natural 

processes. For example, eating disorders such bulimia 

nervosa, anorexia nervosa, and binge eating disorders 

have been linked to changes in the composition of the gut 

microbiota [9]. Even in the absence of exposure to such 

antibiotics, the gut is a reservoir of drug-resistant bacteria, 

including those resistant to colistin [10]. In order to 

highlight the complexity of this intricate ecosystem and its 

significant implications on human physiology, this study 

attempts to give an overview of the present level of 

knowledge regarding the bacterial, viral, and fungal 

components of the human gut microbiota [11]. With an 

emphasis on the direction of the field's future research, the 

review also seeks to offer insights into the preventive and 

therapeutic approaches now in development [12]. (Table 

1). 

Table 1: Summary of Key Components and Interac-

tions in the Human Gut Ecosystem 

 

2. GUT BACTERIAL DIVERSITY 

The human gut contains a variety of beneficial bacteria 

that are essential for digestion, metabolism, and immunity 

[13]. Bacteria that ferment carbohydrates, create vitamins, 

and strengthen immunity are examples of beneficial 

bacteria. Among the beneficial bacteria are Lactobacillus 

and Bifidobacterium [14]. The finest example of the 

advantages of these bacteria is their ability to ferment 

dietary fiber and create short-chain fatty acids, such 

acetate, which are essential for the energy requirements of 

the cells in the gut and maintain a healthy gut environment 

[15]. The finest example of Lactobacillus bacteria's 

beneficial impacts is their ability to ferment lactose and 

produce lactic acid, which enhances lactose digestion and 

maintains the pH of the gut acidic, so reducing harmful 

bacteria. Lactobacillus produces antibiotic compounds 

called bacteriocins, which alter the composition of the gut 

microbiome by stopping the growth of dangerous bacteria 

[16]. Akkermansia muciniphila contributes to maintaining 

the integrity of the gut barrier by dissolving mucin, the 

main component of mucus that fortifies the barrier and 

prevents bacteria from entering the gut wall [17]. It has 

also been demonstrated to play a part in reducing 

inflammation, enhancing glucose metabolism, and 

preventing obesity and diabetes [18]. Faecalibacterium 

prausnitzii secretes anti-inflammatory butyrate, a short-

chain fatty acid that strengthens, nourishes, and reduces 

inflammation in colon lining cells. It has a major role in 

preventing inflammatory bowel diseases like Crohn's 

disease and ulcerative colitis [19]. 

1337



 R. Nisha   et.al. 

                www.shcpub.edu.in   

 

J. Funct. Mater. Biomol. 10 (1) (2026) pp 1336-1348 
 

O
ri

g
in

a
l 

R
e

se
a

rc
h

 A
rt

ic
le

 

On the other hand, harmful bacteria include pathogenic 

strains of Escherichia coli, whose toxins harm the digestive 

tract and result in serious, often fatal conditions like 

diarrhea [20]. Certain pathogenic strains of E. coli can 

create shiga toxins,[21] which can cause potentially lethal 

diseases such hemolytic uremic syndrome and bloody 

diarrhea [22]. Antibiotic use can also result in an infection 

with Clostridium difficile, which can induce colitis and 

possibly severe diarrheal diseases due to the toxins' 

destruction of the lining of the digestive tract [23]. 

Foodborne bacteria like Salmonella enterica cause 

diarrheal diseases, fever, and abdominal pain by adhering 

to intestinal epithelial cells and generating inflammation 

[24]. Colorectal cancer may result from inflammation 

caused by Fusobacterium nucleatum [25]. Similarly, 

Helicobacter pylori increases the risk of stomach lining 

ulcers, inflammation, and tumor development of stomach 

cancer. Adhesion-damaging Bacteroides fragilis toxins may 

cause tumor development [26]. 

3. PHAGE AND PROPHAGE LIFECYCLE AND DIVERSITY 

IN THE HUMAN GUT 

Phages are the most common biological entities on 

Earth; they infect bacterial populations in all 

environments, including the human gut microbiome 

[27]. As part of their replication cycles, they might be 

essential to the preservation of a balanced human gut 

microbiota in healthy individuals. During the lytic cycle, 

the phage infects the target cell, copies its genetic 

information using the target cell's machinery, produces 

new phage particles, and then lyses the target cell to 

release the newly formed phage particles [28]. During 

the lysogenic cycle, the phage genome can integrate as 

prophages in the target bacterial cells' genomes as part of 

phage-driven regulatory switches that modify bacterial 

gene expression, leading to notable changes in the 

bacterial physiology and genetics [29]. A vital 

component of the human gut microbiota are prophages 

[30]. In bacterial genomes, tens of thousands of putative 

prophage sections have been found [31]; some of these 

regions contain genes involved in the manufacture of 

toxins [32], antibiotic resistance, and other crucial 

functions [33] to bacterial interactions with the host [34]. 

Prophage induction can be impacted by environmental 

factors including nutrition [35]. In conclusion, there is a 

complicated and important relationship between phages 

and prophages in the human stomach. 

4.ADVANCES IN METAGENOMICS FOR FOOD MICROBI-

OME CHARACTERIZATION 

Recent developments in metagenomic research have 

greatly aided the food microbiome field by enabling in-

depth analysis of food samples [36]. Because of its 

precision and affordability, short-read sequencing 

technique is still widely used even if it may not be effective 

in handling low-abundance species and complicated 

microbial community structures [37]. Because it can 

construct entire microbial genomes, third-generation 

sequencing technology is also becoming more and more 
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popular as an alternate method for handling microbial 

food samples [38]. 

Experimental design is usually the first step in this 

process, followed by DNA extraction, which can 

occasionally be challenging for specific food systems [39]. 

Functional analysis and taxonomic resolution are both 

attainable with shotgun metagenomics [40]. Because 16S 

rRNA gene sequencing is less expensive, it can also be used 

[41]. By directly assembling the metagenome-assembled 

genomes (MAGs) from the sequencing data, assembly-

based methods can be used to identify new species [42]. 

These are essential for creating reference databases that 

enable sensitive species-level taxonomic and functional 

evaluation. Biostatistical analysis, which can be carried out 

with the aid of a multidisciplinary approach, is then used 

to interpret the results [43]. 

5. HORIZONTAL GENE TRANSFER OF COLISTIN RE-

SISTANCE GENES IN THE GUT 

Antibiotic resistance genes (ARGs) can spread in a 

dynamic environment within the complicated human 

gastrointestinal tract [44]. Among the most concerning 

antibiotic resistance genes are the mobile colistin 

resistance (mcr) genes, which spread by horizontal gene 

transfer (HGT) processes such conjugation, transposition, 

and recombination [45]. Conjugative plasmids, insertion 

sequences, or transposons that facilitate HGT between 

bacterial genomes frequently carry colistin resistance 

genes, especially mcr-1 [46]. Even among phylogenetically 

distinct species, mcr genes can quickly proliferate in the 

human gut microbiome due to this genetic flexibility. 

The possibility that commensal, non-pathogenic bacteria 

in the human gut could pick up and discreetly store mcr 

genes during co-colonization before transferring them to 

more pathogenic pathogens is one of the primary worries 

[47]. These resistant plasmids are highly transferable, as 

demonstrated by experiments [48]. The human intestinal 

environment increases the likelihood of resistant plasmid 

transmission [49]. Conjugative plasmid transfer is 

facilitated by biofilm formation, intimate physical contact 

between microorganisms, and the presence of antibiotics 

[50]. In order to address this, surveillance techniques that 

encompass not only pathogens but also the entire 

microbial population in the human gut must be developed 

[51]. 

6. MICROBIAL DIVERSITY: CONCEPTS AND MEASURE-

MENTS 

Microbial diversity is a tool used by ecologists to assess 

the makeup and functionality of microbial communities 

[52]. Alpha diversity, which refers to the diversity of a 

single habitat; beta diversity, which refers to the richness 

of different habitats; and gamma diversity, which refers to 

the diversity of different regions, are the three types of 

diversity measurements that Whittaker described [53]. 

The identification of the species unit remains a challenge 

in diversity measures, but it is frequently overcome by 

classifying genomic sequences as operational taxonomic 

units. High species variety is crucial for enhancing 

ecological processes like resource efficiency, robustness, 

and decreased vulnerability to invasion [54]. For 

ecological inference, including ecological patterns in 
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nature, diversity measures are therefore essential. It's still 

unclear if people, including the microbial community in 

the gastrointestinal system, benefit from high or low 

variety [55]. 

7. FUNCTIONAL ECOLOGY AND FOOD FOR THOUGHT 

Scientific evidence also supports the notion that humans 

are an ecosystem in evolution, or a holobiont, as there is a 

clear link between more microbial variety and favorable 

health outcomes including improved mental health and a 

lower incidence of allergies [56]. Nevertheless, a 

correlation between decreased microbial diversity and 

inflammatory disorders has also been observed. Similar to 

evolutionary psychology, this hypothesis could be 

intriguing since it could address the organism's 

phenotypic level and the extent to which its 

microorganism, behaviors, or dietary choices could 

influence it [57]. 

The communication between the enteric neural system, 

the gut microbiota, and the central nervous system is 

referred to as the "gut-brain axis” [58]. This idea of the 

gut-brain axis has already been well investigated and 

continues to be an intriguing field of study because it may 

extend to the organism's phenotypic level and the extent 

to which its microorganism, behaviors, or dietary choices 

may affect it [59]. 

8. THE EXOMETABOLOME AS AN ECOLOGICAL RE-

SOURCE FOR MICROORGANISMS 

The metabolites that microorganisms discharge into the 

environment are referred to as the exometabolome [60]. 

Because they may serve as nutrients for other 

microorganisms, affecting their interaction and 

community formation, they have a major ecological 

significance [61]. 

8.1. Facilitation 

When an organism secretes compounds that benefit other 

species but not itself, this is known as facilitation. By 

promoting the growth of specific microbes, including those 

that are heterotrophic and need resources from outside 

the cell, facilitation can improve an ecosystem's biomass 

and taxonomic diversity [62]. It has been discovered that 

certain bacteria that are unable to break down chitin can 

flourish in organic acids that other bacteria can break 

down chitin secrete [63]. Evolutionary theories like the 

BQH suggest that when a nutrient is continuously supplied 

by a "leaky" producer, selection may promote loss of 

biosynthetic capacities, potentially resulting in 

interdependent populations of auxotrophs and 

prototrophs [64]. 

8.2. Syntropy 

When two or more microorganisms work together to 

break down a single substrate that cannot be broken down 

by any one of them alone, this process is known as 

syntrophy. The cooperation between fermentative bacteria 

and methanogenic archaea in an anaerobic environment is 

the best example; the bacteria break down the substrates 

and release hydrogen gas, which the methanogens then 

use to keep the concentration low and allow the bacteria 

to break down the substrates [65].  

In syntrophy, the activity of several microbes can 
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accelerate growth, in contrast to when a single 

microorganism operates on the substrates. 

8.3. Metabolic Reciprocity 

The exchange of distinct but necessary metabolites 

between the two organisms in the connection is known as 

metabolic reciprocity [66]. Strains that would not be able 

to develop separately in a separate culture may be able to 

co-grow through reciprocal cross-feeding. It has been 

demonstrated that auxotrophic mutant colonies engage in 

reciprocal cross-feeding in vitro [67]. In complex natural 

ecosystems, these relationships involving the flow of 

vitamins, amino acids, or cofactors may contribute to the 

interdependence of taxonomically distinct populations 

[68]. Because cooperators may be physically close, spatial 

organization, such as that found in biofilms, may enhance 

such connections. However, the connection could 

hypothetically be disrupted by "cheater" strains that take 

advantage of nutrients without participating in the 

interaction [69]. 

9. THE ROLE OF THE MICROBIOTA IN REGULATING 

THE GUT–BRAIN AXIS 

The brain-gut axis, which leads to cellular homeostasis in 

the organism, is regulated by the intestinal microbiota 

[70]. An increase in intestinal permeability could lead to a 

systemic inflammatory problem. Stress and mental disease 

have been linked to this. The gut microbiome is involved in 

the synthesis of several neurotransmitters [71]. For 

instance, Bifidobacterium and Lactobacillus are involved in 

the synthesis of gamma-aminobutyric acid (GABA) [72]. 

The body uses other microbes to produce serotonin [73]. 

One important nerve for communication along this axis is 

the vagus nerve, which has significant innervation to the 

intestinal system. Early in life, it is clear that the gut 

microbiota plays a role in immune system development 

[74]. It is unclear whether immune system dysfunction 

regulates or initiates autoimmune disorders that appear to 

be associated with mental health disorders through the 

process of molecular mimicry or the production of 

metabolites of the kynurenine pathway [75]. 

(Table 2). 

Table 2: Clinical and Disease Associations of Gut 

Microbiota 

 

10. MAJOR FACTORS INFLUENCING THE COMPOSITION 

OF THE GUT VIROME 

10.1. Dietary Structure and Living Environment 

Dietary practices have a major impact on gut virome. A 

diet high in fiber promotes bacterial fermentation, which 

supports the growth of lysogenic phages [76]. Diets heavy 

in fat and sugar may help the virus survive. Because urban 

inhabitants may not be exposed to ambient microbial 
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reservoirs, their gut microbiome diversity may be lower 

than that of rural communities with typical high-fiber diets 

[77]. 

10.2. Host Genetics and Immunity 

The gut virome is significantly affected by host immune 

systems and genetics [78]. The identification and removal 

of enteric viruses can be influenced by genetic variables 

that impact antiviral immunity [79]. Maintaining 

homeostasis in the virome depends on innate immunity 

and mucosal immunity, including IgA synthesis and 

interferon responses. However, weakened immunity, as 

shown in HIV-positive people, might cause opportunistic 

viruses to proliferate unchecked in the gut, impacting the 

virome and gut diseases [80]. 

11. GUT MYCOBIOME: IMPORTANT FUNGI RESIDING IN 

THE HUMAN GUT 

The predominant microorganisms in the human gut 

mycobiome are yeasts, with the most prevalent yeasts 

being Candida, Saccharomyces, and Malassezia. Age, 

nutrition, location, and health state all affect the 

composition of the mycobiome. Human mycobiome 

makeup is formed early in life and is impacted by nursing, 

delivery method, and surroundings [81]. In healthy 

humans, Saccharomyces, Cladosporium, and Candida make 

up the mycobiome. Despite being an opportunistic 

infection, Candida can cause illness in 

immunocompromised individuals, increasing 

inflammation and illness [82]. It has been discovered that 

the yeast Saccharomyces boulardii is useful for maintaining 

gut barrier integrity and preventing diarrhea. Although the 

exact causes are still unknown, Malassezia, which has 

historically been identified as a skin pathogen, is also 

present in the human gut and is linked to colon cancer and 

potential intestinal inflammation [83]. Food-borne fungus 

Aspergillus and Penicillium are known to briefly colonize 

the human gut and are linked to the development of 

mycotoxins, which can be hazardous to the liver and 

kidneys.It has been reported that a vast, very sophisticated 

microbial population made up of bacteria, fungi, viruses, 

and archaea inhabits the human digestive tract [84]. These 

microbial organisms have a new constellation of 

interactions that are influenced by host genetic, dietary, 

and environmental factors. These relationships include 

competition, predation, and cross-feeding [85]. Numerous 

illnesses, such as cancer, mental illnesses, metabolic 

abnormalities, and inflammation, have been linked to 

these connections. Furthermore, it has been reported that 

the human intestine system serves as a reservoir for the 

emergence of antibiotic resistance, which subsequently 

spreads across the environment [86]. Recent 

developments in sequencing techniques are making it 

possible to carry out extensive research to identify the 

microbial entities that exist in this invisible universe as 

well as how they interact biochemically with one another 

in comprehensively coordinated systems to control host-

microbial relationships. Future research will focus heavily 

on developing novel techniques to rebalance this microbial 

connection [87]. 

12. CONCLUSION 
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The human gut microbiota represents a highly complex 

and dynamic ecosystem composed of bacteria, viruses, 

fungi, archaea, and their associated genetic elements. This 

microbial community plays a fundamental role in main-

taining host physiology through regulation of metabolism, 

immune responses, nutrient processing, gut barrier integ-

rity, and the gut–brain axis. Emerging evidence highlights 

those microbial interactions, including cross-feeding, 

syntropy, and metabolic reciprocity, contribute significant-

ly to ecosystem stability and functional diversity. Altera-

tions in gut microbial composition have been associated 

with numerous disorders, including inflammatory diseas-

es, metabolic abnormalities, mental health conditions, eat-

ing disorders, and cancer. Recent advances in meta-

genomics and sequencing technologies have greatly ex-

panded understanding of the gut microbiome, virome, and 

mycobiome, enabling deeper exploration of microbial di-

versity and ecological interactions. The gut also acts as an 

important reservoir for antibiotic resistance genes, em-

phasising the need for continuous surveillance and strate-

gies to limit resistance dissemination. Furthermore, envi-

ronmental factors, diet, host genetics, and immune func-

tion strongly influence microbial composition and stability 

throughout life. Understanding the hidden microbial world 

of the human gut offers promising opportunities for devel-

oping microbiome-based diagnostics, personalised nutri-

tion, probiotics, and targeted therapeutic interventions. 

Future research integrating bacterial, viral, fungal, and 

host interactions will be essential to uncover mechanisms 

underlying health and disease, ultimately advancing preci-

sion medicine approaches aimed at restoring and main-

taining microbial balance for improved human health. 
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