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• Of all the bacteria we encounter in our lives, only a small minority are 
dedicated pathogens. 

• While only about 5% of bacterial species are pathogenic, bacteria have 
historically been the cause of a disproportionate amount of human 
disease and death.

• Specifically, about one in a billion microbial species is a human 
pathogen. Indeed, approximately 1400 human pathogens have been 
described, whereas it has been estimated that there are one trillion 
microbial species on Earth, the vast majority of which remain 
uncharacterized



Difference Between Biotic and Abiotic 
Components

The term biotic is made up of two terms: “bio” means living organism  and  “ic” means like, thus 
combined they are known as living organisms. Therefore it can also be defined as all living organisms 
present on earth are known as biotic components.
Example: Plants, animals, human beings, decomposers, yeast, insects, etc. All these biotic 
components interact to develop new generations i.e to reproduce new organisms to maintain stability in the food 
chain.





We're Only About 43% Human
• A 'reference man' (one who is 70 kg, 20–30 years old and 1.7

m tall) contains on average about 30 trillion human cells and
39 trillion bacteria, Those numbers are approximate but far
from the 10:1 ratio . the researchers produce a ratio for
microbial to human cells for the average man of 1.3:1,

• We have around 20-25,000 genes in each of our cells, but the
human microbiome potentially holds 450 times more

https://www.voanews.com/science-health/were-only-about-43-human-study-shows










The word “probiotic” originates from the Latin, meaning “for life”, 
although there are also links to the Greek language, with bios 

meaning "lively" or "fit for life"
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• “The promise of 
microbiome research 
results largely on the 
future of probiotics…. 
Eventually, it may become 
possible to restore the 
health of a depleted 
microbiome simply by 
swallowing a capsule 
crammed with billions of 
bacterial cells, or by eating 
yogurt”



The History of Probiotics
• Probiotics, as we know them, began their journey over 

a century ago when they were discovered by Russian 
scientist and Nobel Prize winner, Elie Metchnikoff of 
the Pasteur Institute in Paris.

• In 1907, whilst working in Bulgaria, Metchnikoff was 
intrigued as to why certain inhabitants of the 
Bulgarian population lived much longer than others. 
He particularly focused his study on centenarians, 
people who've lived past the age of 100. He 
researched possible links between their extraordinary 
age and their lifestyle

• What Metchnikoff discovered was that the villagers 
living in the Caucasus Mountains were drinking a 
fermented yoghurt drink on a daily basis. His studies 
into the drink found that it contained a probiotic called 
Lactobacillus bulgaricus which seemingly improved 
their health and increased their lifespan.

Elie Metchnikoff (1845–1916)

born on May 3, 1845 near Kharkow, Russia
(now part of Ukraine). 







Nature Milestones in Human 

Microbiota Research
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Produced by: Nature, Nature Microbiology, Nature Reviews Microbiology 

and Nature Medicine 







Achievements of
the Human Microbiome Project

Some of the areas currently being questioned by HMP researchers include the 
following:

• How a certain microbiome is established in a person 
and whether or not it changes over time

• How the microbiota and host interact

• How certain microbial combinations influence disease

• How the microbiome is affected by antibiotics

• How microbes affect a person’s response to 
medications

• Whether changing the microbiome can enhance 
human health



The healthy human microbiome

Type of dysbiosis

A change in microbial 

community structure

Outgrowth of pathobionts

Loss of commensals

Loss of diversity

• HMP Phase One (2007-2012)        
Metagenomic analysis of microbial 
community composition

• HMP Phase Two (2013-2016)         
Phase Two ($25M): Integrative 
HMP “iHMP”



Total abundance of bacteria according to the different body 
sites. Bounds for bacteria number in different organs, derived 

from bacterial concentrations and volume



Representation of a 
bi-or 
multidirectional 
communication link 
or 'axis' between 
gut, associated 
microbiota & 
various organs



Complex interplay of the human gut microbiome and human genome in human health



Revisit gut microbiota and its impact on human health and disease



A shift in the understanding of the microbial-host coevolution 
from the “separation” theories to the holistic approach

Microbiome flexibility:

The potential for dynamic 

restructuring of the host 

microbiome in the face of 

environmental change. 



Overview of (coral) metaorganism (ecological) adaptation 
mechanisms

Putative mechanisms are ordered by time scales on which they may occur (from left to right):

from long‐term processes such as (host) genetic adaptation on the left that manifest over the course of

generations, to epigenetic modifications that presumably happen over the course of one generation to the

next, to physiological acclimation that happens within the lifetime of an individual, to microbial

community changes that may happen within the course of months, weeks, or hours. Given the latter,

flexible microbial association may constitute a fast‐response mechanism to rapid environmental change.



The history of microbiome research from 17th century until our days, highlighting the 
shift of the paradigm from microbes as unsocial organisms causing diseases to the 
holistic view of microorganisms being the center of the One Health Concept:
positively interconnecting all areas of our lives.



Toward a Predictive Understanding of Earth’s 
Microbiomes to Address 21st Century Challenges





Microbiome-based innovations can support the achievement of the United Nations
Sustainable Development Goals



The schematic showing the cross-field microbiome-application trend that goes from broad-band applications direction 
microbiome-based precision treatment in all areas of microbiome research, such as agriculture, human and animal 
medicine, and bioeconomy, while the interconnection between these areas by the means of the cycling of subsets of 
microbial communities is an underlying concept behind the One Health approach. The synergies between the microbiome 
applications in the areas of medicine (left) and agriculture (right) are shown with the horizontal arrows following the flow 
(vertical arrows) from the broadband applications (upper part) to the precision treatments (lower part)



Scientists identified two bacteria from gut microbiota linked to

mental health

• That is precisely what researchers of the Catholic University of Leuven, in Belgium, have just

done. They have found most human gut bacteria do produce neurotransmitters, which are

chemicals like dopamine and serotonin that enable communication among neurons, which are the

nervous cells in the brain, but also in the enteric nervous system of the gut.

• These neurotransmitters are known to influence intestinal functions, but also our mood and

behavior.

• Moreover, scientists, led by microbiologist Jeroen Raes, coauthor of the study that has

been published in Nature Microbiology, have discovered

people suffering from depression lack two bacteria in their gut microbiota,

called Coprococcus and Dialister.

The neuroactive potential of the human gut microbiota in quality of life and depression. Nature Microbiology, 2019. doi: 10.1038/s41564-018-0337-x

Antidepressants affect gut microbiota and Ruminococcus flavefaciens is able to abolish their effects on depressive-like behavior

Translational Psychiatry :volume 9, : 133 (2019)
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https://www.kuleuven.be/english/
http://www.vib.be/en/research/scientists/Pages/Jeroen-Raes-Lab.aspx
https://www.nature.com/articles/s41564-018-0337-x
https://rdcu.be/bmVI7


Depiction of the bidirectional (two-way) communication between the brain and gut through the vagus nerve (A) and the immune system. Communication is achieved through various 

mechanisms including microbial by-products, such as SCFA, LPS and peptidoglycans (B), release of neurotransmitters (GABA, Norepinephrine, Serotonin, Acetylcholine, and others) 

and endocrine messengers via the enteroendocrine cells (C) as well as chemokine and cytokine release that can lead to neuroinflammation (D). Stress can influence the microbiota 

causing dysbiosis leading to an alteration of the immune system, SCFA and tryptophan levels, increasing gut permeability (“Leaky gut) (E) and activation of the HPA axis (F). 



Chronic psychosocial stress, that is, early life adversities, trauma, abuse, and major life 
events, can induce neuroendocrine stress system activation and epigenetic changes in 
neural circuitry

Stress and the psyche–brain–immune network in psychiatric diseases based on
psychoneuroendocrineimmunology



Timeline of the history and milestones of intratumoral microbiota. The eight 
key research milestones of intratumoral microbiota were retrospectively 

summarized from 1550 BC to present day



Importance of the microbiota in cancer. (a) Bar graphs showing the number of manuscripts published by 
interrogation of the PubMed bibliographic database using the keywords “microbiome AND cancer” (red, 
top) and “gene mutation AND cancer” (blue, bottom). (b) Graph showing the growth rate of the 
“microbiome AND cancer” topic (red) vs the “gene mutation AND cancer” topic calculated in the last 10 
years



-omics, -ome, -omes
• Ome and omics are convenient ways to describe a holistic way of looking at complex systems. In the mid 1990's 

bioinformatists started realizing the convenience of -omics and used terms for many fields; such as,

Genome, metabolome, textome, interactome, bacteriome, virome, microbiome, mycobiome, resistome, eukaryome, 
functome, transcriptome, metabolome,  connectome,  proteome, neurome and so on.

• An “ome” is a totality. So a genome is all the DNA, including the genes, in a cell or organism. All of our proteins make 
up our proteome. Omic technologies allow researchers to see a more-complete picture of the ome they’re interested 
in.

• Genomics and epigenomics: The cell’s hardware and software
The study of the GENOME; how many GENES, physical map, sequence of their DNA, structure… 

• Transcriptomics: Sending a message. FUNCTIONAL GENOMICS: The study of the TRANSCRIPTOME; which, 
when, where and how much mRNA expressed… 

• Proteomics and Proteogenomics: Doing the work. The study of the PROTEOME; which PROTEINS, when, 
where and how much…

• Metabolomics: Fuel for living

• Meta-omics of the microbiome: We are not alone



The Human Project story



Growth of the “ome-
ome”, or the types of 
“omic” data, over time 
based on mentions in 
Medline abstracts. 
Chao1 analysis indicates 
that there may be over 
3,000 “omes”



Cancer pharmacomicrobiomics: 
targeting microbiota to optimise cancer therapy outcomes. The 
gut microbiota has extremely complex interactions with cancer 
drugs by means of pharmacokinetics (eg, metabolism, 
enzymatic degradation) and pharmacodynamics (eg, 
immunomodulation).



Neurobiome Start-up

https://www.google.com/url?sa=i&url=http://www.neuro-biome.com/&psig=AOvVaw1B0Bt3SroEu7KcOLTL2A53&ust=1724667943932000&source=images&cd=vfe&opi=89978449&ved=0CBUQjhxqFwoTCMDx8Ib3j4gDFQAAAAAdAAAAABAQ


Bacteria have developed various defense mechanisms to avoid infection and killing in response 
to the fast evolution and turnover of viruses and other genetic parasites. Such pan-immune 
system (defensome) encompasses a growing number of defense lines that include well-studied 
innate and adaptive systems such as restriction-modification, CRISPR-Cas and abortive 
infection, but also newly found ones whose mechanisms are still poorly understood.

the defensomes of 7759 high-quality bacterial population genomes 
reconstructed from soil, marine, and human gut environments. That 
observed a wide variation in the frequency and nature of the defensome
among large phyla, which correlated with lifestyle, genome size, habitat, 
and geographic background. 



Relationship between antiaging strategies and  the hallmarks of 

aging they counteract.

DOI: (10.1021/acschemneuro.3c00532) 

Antiaging Strategies and Remedies: 
A Landscape of Research Progress and Promise

Rumiana Tenchov, Janet M. Sasso, Xinmei Wang, and Qiongqiong Angela Zhou*
Cite This: ACS Chem. Neurosci. 2024, 15, 408−446



potential mechanisms and challenges of FMT, highlighting its potential to enhance aging-related health outcomes.
Aging and Dysbiosis: Age-related changes lead to dysbiosis—an imbalance in gut microbiota.
Restoring Balance: FMT, transferring beneficial microbes from a healthy donor to recipients with disrupted microbiota, shows 
promise in restoring balance.
Youthful Impact: Studies indicate FMT from young donors yields more significant benefits than from aged donors. Across 
Organs: FMT holds potential to ameliorate aging-associated impairments across diverse organs.
.

Fecal Microbiota Transplantation Emerges as a Novel 
Strategy to Combat Aging



• Classical pathogens often invade host tissues and modulate immune responses through interactions 
with human extracellular and secreted proteins (the ‘exoproteome’). Commensal microorganisms may 
also facilitate niche colonization and shape host biology by engaging host exoproteins; however, direct 
exoproteome–microbiota interactions remain largely unexplored. 

• Developed and validated a novel technology, BASEHIT, that enables proteome-scale assessment of 
human exoproteome–microbiome interactions. 

• Using BASEHIT, researchers interrogated more than 1.7 million potential interactions 
between 519 human-associated bacterial strains from diverse phylogenies and 
tissues of origin and 3,324 human exoproteins.

• The resulting interactome revealed an extensive network of transkingdom connectivity 

consisting of thousands of previously undescribed host–microorganism interactions involving 383 strains 
and 651 host proteins. Specific binding patterns within this network implied underlying biological logic; 
for example, conspecific strains exhibited shared exoprotein-binding patterns, and individual tissue 
isolates uniquely bound tissue-specific exoproteins. 

potential roles in niche colonization, tissue remodelling and immunomodulation, 



Oncobiome ​Project presentation
In view of the world-wide epidemic of cancer, which is linked to environmental and life-style factors, 

there is an unmet medical need in breakthrough concepts to understand the causes of neoplasia.



The Human Microbiota: A Novel Scientific Avenue with Potential for Improving Services Across the 
Entire Continuum of Cancer Care. The figure illustrates the potential role of the human microbiota in 
various stages of cancer care, including prevention, screening, diagnosis, treatment, palliative & 
supportive care.





The antibiotic resistome: what's new?
The term “antibiotic resistome” was first coined in 2006 by Gerry Wright’s groupLater, the resistome was defined as 
“a collection of all the ARGs and their precursors in pathogenic and nonpathogenic bacteria. Its constituents were 
precisely described as “all ARGs, including those circulating in pathogenic bacteria, antibiotic producers, and benign 
nonpathogenic bacteria”. Considering the origin of ARGs, the resistome has been suggested to include 
protoresistance genes as a deep reservoir of ARG precursors, as well as clinical, environmental, and intrinsic 
resistance genes
In summary, the antibiotic resistome encompasses all types of ARGs (acquired and intrinsic 
resistance genes), their precursors, and some potential resistance mechanisms within 
microbial communities that require evolution or alterations in the expression context to confer 
resistance



framework 
for 
antimicrobial 
resistance in 
the 
healthcare 
network of 
the 21st 
century

Brown arrows represent connections between the various levels. Dotted boxes reflect the central targeted unit, namely humans,
in (A,D); human groups in (C); and microbes and hosts in (B). Orange-colored areas represent the influence of time in all systems 
(human, microbial, individual species, and institutions). 








