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Symbiosis, I

• Relationships of microorganisms with other microorganisms or with 
macroorganisms—prolonged and intimate relationships 

• Symbiosis, a word that  means “living together” 

• Parasites are microorganisms that benefit at some expense to the host

• Pathogens actually cause a disease in the host

• Commensals have no discernible effect on the host

• Mutualists are beneficial to the host

• Mutualistic microorganisms as intimate evolutionary partners that influence both the 
evolution and physiology of their hosts

• Origins many millions of years ago and have evolved to benefit the physiology of 
both partners, a process called coevolution —> obligate symbiosis
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Symbiosis, II

• Many hosts, both plants and animals, have evolved specialized structures to filter and house beneficial microbes

• Symbiotic organs share some core features linked to the evolutionary maintenance of beneficial symbiosis

• ‘Joint phenotypes’ have developed given the various selection pressures on symbiotic organs, including fitness feedbacks 
and conflicts between interacting genomes
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Genome structure reflects bacterial lifestyle

Genome reduction is common in intracellular 
bacteria (obligate intracellular pathogens, 
endosymbionts) contributes to the evolution of 
strictly host-dependent bacterial variants —> 
bacteria rely on host cell to compensate for the 
gene functions that are lost

Gene acquisition by horizontal transfer between 
different species is common in extracellular bacteria 
(facultative pathogens, symbionts), which involves 
mobile genetic elements, such as plasmids, 
genomic islands (GEIs) and bacteriophages—>  
increases versatility and adaptability of the 
recipient —> allows bacteria to adapt to a new or 
changing environment

Point mutations and genetic rearrangements 
constantly contribute to evolution of new gene 
variants in all types of bacteria. HGT, horizontal 
gene transfer

Dobrindt et al., 2004

Evolution of bacterial variants by 
acquisition and loss of genetic information
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Obbligate symbionts

• Streamlined genomes: retain only genes required for host fitness and 
essential molecular processes, such as  translation, replication, and 
transcription

• Genome reduction implies that the symbionts are reliant on the host 
for many functions no longer encoded in the symbiont genome 

• Primary symbionts vs. disease-causing bacteria (pathogens): primary 
symbionts tend to lose genes encoding proteins required in 
catabolic pathways, pathogenic bacteria typically retain these, 
but lose genes for anabolic pathways

• Differing relationships with their hosts; the insect symbiont provides 
the host with essential biosynthetic nutrients while the pathogen 
obtains important biosynthetic nutrients from the host
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• Trans-kingdom symbiosis, 

microbiota cooperate with their 

animal hosts

• Regulation the development and 

function of the immune, 

metabolic and nervous systems 

• Dynamic bidirectional 

communication along the ‘gut–

brain axis’

TRANS-KINDOM SYMBIOSIS
M

orais et al., 2020
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VERY OLD SYMBIOSIS

A timeline of evolutionary events in the deep evolutionary past and on the 
human lineage and associated microbes 
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Benton et al., 2021



Ab initio
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• Major questions:

• Do individuals share a core human microbiome?

• Is there a correlation between the composition of microbiota colonizing a body site 
and host genotype?

• Do differences in human microbiome correlate with human health?

• Are differences in the relative abundance of specific bacterial populations important to 
either health or disease?

• What is a ‘healthy’ microbiome?

Prior 1983, knowledge based on culturable gut bacteria only and 
gut was considered as pretty axenic place  

Now we now:

Microbial community (1) competes for and generates nutrients, (2) 
influences and is shaped by the host innate and adaptive systems, and (3) 
protects against pathogens and also triggers acute and chronic disease



What is a human being?

10
Rowan-Nash et al., 2019

• Complex ecosystem

• Cross-Domain and Viral Interactions



Shkoporov & Hill, 2019
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Main Taxonomic Groups of the Human Gut 
Microbiome and the Domain/Kingdom Level

• Humans are microbial zoos
• Humans and microbes are interconnected for life



Human-microbes association
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• Microbiome: functional collection of different microbial genes/DNA in a particular 
environmental system

• Human microbiome formed by different microbiota (i.e. organisms living in a specific 
environment)

• Human holobiont and found an approximate ratio of only 1:1 of bacterial to human cells 
(Senders et al., 2016)

• Total number of gut bacteria of today’s human population is between 3 × 1023 and 5 × 1023, 
dental plaque: 8 × 1021 cells,  skin:1 × 1021 cells

Madigan et al. 2018 

The Human Microbiome Project Consortium, 2012

What about viruses?



Human Virome

• The human gut is home to dense 
bacterial and phage populations 
that are involved in regulating 
human health

• Phages regulate bacterial 
abundance, diversity and 
metabolism 

• Despite high bacterial abundance 
and metabolism, the majority of 
described phages in the gut are 
integrated within their bacterial 
hosts

13 Khan Mirzaei & Maurice, 2017 

https://www.nature.com/articles/nrmicro.2017.30#auth-1


Virome role

• Different bacteria–phage interactions 
occur depending on the health status 
and development stage of the human 
host

• The approximately 1015 phages that 
inhabit the human intestine are 
predominantly dsDNA viruses in 
the Myoviridae, Podoviridae, 
and Siphoviridae families of the 
order Caudovirales and ssDNA 
viruses of the family Microviridae, 
constituting an estimated 1,200 viral 
genotypes

14 Lopez et al., 2019



Virome challenges
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Human-microbes an ecosystem 
within ecosystems

• Microbial population based on cultured-dependent methods differ from culture-
independent methods

16
Madigan et al. 2018 • 16S rRNA gene: species cluster with > 97% sequence similarity, 

culture-independent method



Human-microbes interactions
• Many programs to study Prok-Euk interaction in the human ecosystems

17 Madigan et al. 2018 

http://book.bionumbers.org/

 

http://book.bionumbers.org/
http://book.bionumbers.org/


HMP 1 & HMP 2
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Cytokine: substances, such 
as interferon, interleukin, and 
growth factors, which are 
secreted by certain cells of 
the immune system and have 
an effect on other cells

iHMP, 2019



Exploring international microbiomes

• The body-wide human microbiome plays a 
role in health, but its full diversity remains 
uncharacterized, particularly outside of the 
gut and in international population 

• Most characterization of these ecosystems 
is still focused on microbes that are easily 
cultivable, particularly when those with 
sequenced isolate genomes are considered

• Culture-independent genomic approaches 
that are scalable to large cohorts have 
facilitated access to an expanded set of 
isolation-recalcitrant members of the 
microbiome, but they also suggested the 
presence of a large fraction of still 
unexplored diversity 

• Non-Westernized populations harbor a 
large fraction of the newly discovered 
species

19 Pasolli et al., 2019

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microbiome
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microorganism


Metagenome-wide association 
studies 

• Sufficient, extensive, sequence data

• High-resolution investigation of association human microbiome and several complex diseases, 
including type 2 diabetes, obesity, liver cirrhosis, colorectal cancer and rheumatoid arthritis

• Dysbiosis: Imbalance of the microbiota at a body site that is caused by an overgrowth of pathogenic 
microorganisms or a lack of commensal microorganisms —> disease

20
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Microbiome for individual 
medicine 

• Translating microbiome research into 
the clinic requires, in part, a mechanistic 
and predictive understanding of 
microbiome-drug interactions

• Human metabolism and individual 
variation in drug response

• Microbiome chemical mechanisms 
shape drug metabolism

• Microbiome modulation of drug 
metabolism enzymes

• Therapeutic drug influences on the gut 
microbiome 

• Activation, Silencing and Toxicity

• What is a ‘healthy’ microbiome?

21
Guthrie & Kelly, 2019



The healthy microbiome

22

• Identification of features of healthy microbial communities that best facilitate the health of the host
• Need to combine independent measures of both the host and the microbial community health
• These measures represent the cumulative impact of genetic and environmental factors determining the overall health 

of the host and/or the microbiota, such as nutrition, medication or lifestyle choices (e.g., smoking, alcohol, sport..)

Joos et al., 2024
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The healthy microbiome 
strategic plan

Joos et al., 2024

• The development and maintenance of longitudinal population-scale cohorts represent the optimal
• strategy for future microbiome research
• These baseline longitudinal ‘core’ cohorts would consist of representative populations with no exclusion 

criteria and inclusion restricted only by logistic or geographical factors



Influences of environmental factors on histone  
acetylation and methylation via microbiome

Dai et al., 2020

S-adenosylmethionine (SAM) and  
acetyl-CoA, that are used by  
histone methyltransferases (HMTs)  
and histone acetyltransferases  
(HATs)

The activity of histone  
demethylases  (HDMs) is  
supported by α-ketoglutarate  
(αKG), which can be derived 
from  dietary glutamine, and is 
inhibited  by the limited oxygen 
availability during hypoxia

Ketone bodies and short-chain  
fatty acids (SCFAs) such as  
acetate, propionate and 
butyrate  can provide acyl-CoA 
precursors  for histone acylation, 
while also directly inhibiting the 
activity of  histone deacetylases 
(HDACs)

24
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Factor shaping microbial gut community

• Environmental factors: antibiotics, lifestyle, diet and hygiene preferences

• Host’s genetic disposition has a role in influencing gut microbiota composition

• Hyperimmunity (owing to over-representation of pro-inflammatory mediators such as interleukin-6 (IL-6), IL-12 or 
tumour necrosis factor (TNF))

• Immunodeficiency (owing to mutations in regulatory immune proteins such as NOD2 (nucleotide-binding 
oligomerization domain protein 2) or IL-10) 

• Dysbiosis affects levels of immune mediators and induces both chronic inflammation and metabolic dysfunction

26 Sommer & Bäckhed, 2013
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Contribution of gut microbiota to 
human ecosystem functioning

Madigan et al. 2018 
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Secondary metabolite production by 
gut microbiota association in human 

ecosystem functioning

Gut as a second brain
Madigan et al. 2018 
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Microbes and Immune System
Immune system does not properly develop in the absence of microbial stimulation 
and that early life exposure to a variety of microorganisms is essential  for developing 
tolerance to beneficial microorganisms  and recognizing pathogens as foreign

Window of opportunity for interactions in order to train the immune system 

Thymic development of gut-microbiota-specific T cells
Antigen-specific recognition of intestinal microorganisms by T cells 

Local environment shapes the differentiation of effector cells —> unclear how microbiota-
specific T cells are educated in the thymus. 

Intestinal colonization in early life leads to the trafficking of microbial antigens 
from the intestine to the thymus by intestinal dendritic cells, which then induce the 
expansion of microbiota-specific T cells. Once in the periphery, microbiota-specific 
T cells have pathogenic potential or can protect against related pathogens

In this way, the developing microbiota shapes and expands the thymic and 
peripheral T cell repertoire, allowing for enhanced recognition of intestinal 
microorganisms and pathogens



Dysbiosis
• Changes of interactions among microbes due to changes in communities

• Dysbiosis (altered microbial community) of the gut microbiome has been implicated in multiple 
diseases:

Inflammatory bowel disease (IBD)

Necrotizing enterocolitis (in premature infants)

Type 2 diabetes mellitus (T2DM)

30Hall et al. 2017



Gut-microbes association

31

Madigan et al. 2018 

Changing in space and time 

Changing with age host

Changing with food ingested and drugs

Ever-changing microbial 
communities and abundance
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Gut microbiome enhances dietary energy harvest

Carmody & Bisanz, 2023

Undigested carbohydrates are the principal fuel for microbial fermentation, from which the gut 
microbiome generates the short-chain fatty acids (SCFAs) acetate, butyrate and propionate 

SCFAs enhance 1. gut barrier function by increasing mucus secretion and decreasing luminal pH, 
thereby protecting the intestinal lining from damage and preventing the entry of harmful pathogens 
into the bloodstream; 2. have antinflammatory and immunomodulatory effects, contributing to 
overall gut health and reducing the risk of gastrointestinal diseases
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Gut microbiome enhances dietary energy harvest

Carmody & Bisanz, 2023

Macronutrients available for breakdown by host enzymes are digested in the small intestine
Small intestinal macronutrient absorption supplies the host with energy predictable by biochemistry (carbohydrate, 
~4 kcal g−1; protein, ~4 kcal g−1; fat, ~9 kcal g−1)
Dietary fat is readily absorbed in the proximal small intestine —> fat digestion canonically depends exclusively on 
host enzymes, but there are evidence of gut microbiome contributions to small intestinal lipid absorption

Microorganisms augment carbohydrate and protein digestion
The fractions of carbohydrate and protein digested in the small intestine vary with macronutrient structural form (for 
example, higher for sugar versus fibre), meal composition (for example, higher for fibre-poor versus fibre-rich meals), 
thermal processing (for example, higher for cooked foods) and physical processing (for example, higher for smaller 
particle sizes)
Nutrients that escape small intestinal digestion undergo fermentation by the colonic gut microbiota, 
producing an array of metabolites with energetic implications
The gut microbiome produces branched-chain fatty acids (BCFAs) from dietary valine, leucine and isoleucine, plus 
other organic acids such as lactate and succinate
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Gut microbiome enhances dietary energy harvest
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SCFAs are absorbed by the host and contribute to energy metabolism in diverse tissues, with acetate supporting 
muscle and brain, butyrate supplying up to 60–70% of the energetic needs of the colonic epithelium and propionate 
used in hepatic gluconeogenesis
Energy returns from SCFAs have been estimated at ~1.5 kcal g−1 < than half the rate for carbohydrates digested in the 
small intestine
More energy is harvested by the host when nutrients are digested directly versus fermented

SCFAs account for ~5–10% of daily energy requirements in industrialized populations and almost certainly a >> 
fraction in populations with minimally processed and/or fibre-rich diets

SCFAs were long appreciated primarily as vehicles for energy salvage and have potent signalling functions 
that modulate energy intake, energy utilization and inflammation 

Host metabolites, including bile acids and immune factors , also interact bidirectionally with the gut 
microbiome and influence its contributions to energy balance —> the metabolism of dietary fibre by 
gut microbiota leads to a cascade of beneficial effects on human health, including improved 
insulin sensitivity and fatty acid oxidation, and reduced inflammation
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Mechanisms of gut microbial influence on host energy status

Ac, acetate; BAT, brown adipose tissue; BBB, blood–brain barrier; Bu, butyrate; FIAF, fasting-induced adipocyte factor; FXR, 
farnesoid X receptor; GLP1, glucagon-like peptide 1; LPS, lipopolysaccharide; Pr, propionate; PYY, peptide YY; SCFA, short-
chain fatty acid; WAT, white adipose tissue



Interplay between diet and the gut 
microbiome
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Each column represents a specific whole diet: Mediterranean diet, high-fibre diet, plant-based diet, high-protein 
diet, ketogenic diet and Western diet. 

Pie charts detail the distribution of macronutrients (lipids, carbohydrates and proteins) and alcohol content for 
each diet. 

The figure illustrates the alterations of bacterial taxa associated with each diet and the consequent effects on 
metabolite production.

Upward arrows refer to an increase in bacterial taxa or metabolites, whereas downward arrows denote a 
reduction in bacterial taxa or metabolites. 

This comprehensive depiction elucidates how different dietary compositions can modulate the gut 
microbiota, providing insights into their potential implications for overall health and well-being. TH17, T 
helper 17 cells; TMA, trimethylamine; TMAO, trimethylamine N-oxide.

37



The Mediterranean diet is associated 
with increased Faecalibacterium spp. 
and is associated with short-chain 
fatty acids (SCFAs) and production of 
anti-inflammatory molecules

The high-fibre diet is associated with 
enriched Prevotella and 
Faecalibacterium species, which are 
associated with enriched SCFA 
production and also a decrease in 
colon transit time

A plant-based diet is associated with 
increased abundance of Prevotella and 
Akkermansia species, together with an 
enrichment in polyphenols and 
SCFA production

38
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We are what we eat, I



We are what we eat, II
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A high-protein diet is associated with enriched 
Bacteroidetes and Fusobacterium species, 
with higher production of branched-chain 
fatty acids (BCFAs), indoles and short 
peptides 

The ketogenic diet is linked to decreased 
Firmicutes and Actinobacteria species and 
shows high ketone levels

A Western diet is associated with increased 
abundance of Blautia spp., Bacteroides spp. 
and Ruminococcus spp., which is in turn linked 
to increased risk of metabolic disorders 
and chronic inflammation



Dysbiosis and Obesity
• Heritable species are partially responsible for the 

altered microbiome composition in obesity

• Obesity is associated with differential abundance 
of specific microbial species and metabolism

• Christensenella minuta, Akkermansia muciniphila, 
Methanobrevibacter smithii are under-represented in 
obesity

• Blautia, over-represented in obesity

40Madigan et al. 2018 

W
an

g 
&

 J
ia

, 2
01

6 



Dysbiosis and type 2 diabetes
• Healthy individuals: gut microbiome enriched for taxa with increased capacity for short-chain fatty acids (SCFAs) 

production—> intestinal integrity, energy homeostasis, signalling through host receptors to induce 
regulatory T cells, which restricts inflammation may even promote tissue repair

• SCFAs stimulate secretion of glucagon-like peptide 1 (GLP1), peptide YY by intestinal L cells to control glucose 
homeostasis and regulate food intake

• Type 2 diabetes: increase production of hydrogen sulfide and lipopolysaccharide (LPS) could stimulate 
inflammation and production of BCAA (branched-chain amino acid)

• Gut microbiomes of individuals with type 2 diabetes who were treated with anti-diabetic drug metformin showed a 
decrease of Intestinibacter spp. an increase of  Enterobacteriaceae family, such as E. coli

41
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Dysbiosis and IBD  

• Inflammatory bowel diseases 
(IBD), including Crohn’s disease 
and ulcerative colitis 

• Network of mechanistic associations 
identified several key components 
that are central to the alterations 
seen in IBD.

• Octanoyl carnitine, several lipids and 
short-chain fatty acids, the taxa 
Faecalibacterium, Subdoligranulum, 
Roseburia, Alistipes, and 
Escherichia, and host regulators of 
interleukins 

42 iHMP, 2019
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W
ang &
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• Some bacterial species that are usually of low abundance in 
the gut

• Abundance shift in response to lifestyle or dietary changes, 
such as an increase in the consumption of red meat and a 
decrease in the consumption of fruits, vegetables and fibre 

• Some bacterial species that are most commonly described as 
anaerobic oral bacteria, such as Fusobacterium spp. and 
Parvimonas micra may play a role 

• Functional changes in the gut microbiome might involve an 
increase in the production of carcinogens through processes 
such as amino acid fermentation and the metabolism of bile 
acids

• By contrast, bacterial species that produce the metabolites 
butyrate and lactate, which facilitate the maintenance of the 
colonic epithelium, can be depleted in the gut microbiomes of 
individuals with colorectal cancer

• Dysbiosis of the gut microbiota can result in an impairment of 
gut barrier function, which increases the exposure of the gut 
epithelium to microorganisms and their metabolites 
mutagens that might promote carcinogenesis

Dysbiosis and 
colorectal cancer



Dysibiosis and pregnancy in 
preterm birth

44

As pregnancy progresses, with predictable changes in systemic oestradiol levels, the uterine and vaginal environments 
undergo various changes

The uterus switches from an early pro-inflammatory condition to an anti-inflammatory condition in the second trimester, and then 
back to a pro-inflammatory condition before the onset of labour

Specific changes in the microbiome of the vaginal lumen can be associated with preterm birth, possibly through mechanisms involving 
microorganisms traveling from the vagina to the uterus

iHMP, 2019
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The maternal microbiome modulates 
fetal neurodevelopment in mice 

‘Dysbiosis’ of the maternal gut microbiome, in response to challenges such as 
infection, altered diet and stress during pregnancy, has been increasingly associated 
with abnormalities in brain function and behaviour of the offspring

Manipulation of the maternal microbiome and microbial metabolites during pregnancy 
yielded adult o spring with altered tactile sensitivity in two aversive somatosensory 
behavioural tasks 

Vuong et al., 2020Genes that are differentially expressed in E14.5 brains from offspring of SPF and ABX dams 

SPF: specific-pathogen-free



Factors shaping the 
neonatal microbiome 

46
Tamburini et al, 2016
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Oral microorganisms can 
reach and colonize the 
gastrointestinal tract, 
particularly in the context of 
gut dysbiosis 

Similar barrier and players 
prevent a pathogen to breach 
oral cavity and the gut

The oral–gut microbiome 
axis in health and disease 
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Physical barriers, including an epithelial squamous stratified 
epithelium and saliva (containing a mixture of water, proteins and 
salts), prevent haematogenous transfer in the oral cavity. Lysozymes 
and secretory immunoglobulin A (SIgA) as well as lymphoid cells, T 
cells and dendritic cells further prevent microbial transfer and are 
crucial for immune homeostasis. 

A low pH, typically around pH 2, is deleterious to most 
microorganisms, as it promotes the hydrolysis of lipids in 
microbial cell walls or disrupts the proton potential. 

Pepsin, an aspartate protease, degrades food-borne proteins 
into peptides and has antimicrobial effects. 

Bile salts disrupt bacterial membranes, denature proteins and 
chelate iron and calcium, thereby destroying microbial cells. 

Epithelial cells form a single cell layer and a mucus layer, resulting 
from the secretion of mucin by goblet cells. In the gut this is present 
on the luminal side instead of saliva. M cells are specialized in 
sampling macromolecules (antigens and pathogens) and transport 
these macromolecules from the luminal surface to the sub-epithelium 
where they are processed by immune cells

The oral–gut microbiome axis in 
health and disease 

K
unath et al., 2024



Representative studies linking human conditions to the microbiome

Gosh et al., 2022
49



Gut-Brain Axis
• “Healthy” dietary patterns, 

characterized by an abundance of 
vegetables, fruits, cereals, nuts, 
seeds, and pulses, as well as 
moderate amounts of dairy, eggs, 
and fish and unsaturated fats, 
including the Mediterranean diet, 
Japanese diet, and Norwegian diet

• “Western” dietary pattern, 
consisting of sweet and fatty 
foods, refined grains, fried and 
processed foods, red meat, 
high-fat dairy products, and low 
fruit and vegetable intake, is 
associated with higher depression 
incidence 

• Food molecules influence brain 
via gut-brain axis

50 Bear et al., 2020



M
orais et al., 2020

Microbiota and microbial-derived molecules modulate 
host behaviour and nervous system function

51

Culture and uncultured based-approach



γ-aminobutyric 
acid (GABA)

Short-chain fatty 
acids (SCFAs) 

Brain-derived 
neurotrophic factor 

(BDNF)
enteric nervous system (ENS) 

4-ethylphenylsulfate 
(4-EPS)

Microbiota and microbial-derived molecules modulate 
host behaviour and nervous system function

52
Morais et al., 2020



Bear et al., 2020
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Neurodegenertive disease

Willson III et al., 2023

Neurodegenerative 
diseases (NDDs) are 
a heterogeneous 
group of neurological 
disorders adversely 
affecting the lives of 
millions of people 
worldwide and entail 
the progressive loss 
of neurons in 
the central nervous 
system (CNS) 
or peripheral nervous 
system (PNS)

Characteristic aggregating proteins, genes 
linked to and affected brain regions in 
NDDs

56

https://www.sciencedirect.com/topics/neuroscience/neurodegenerative-disorder
https://www.sciencedirect.com/topics/neuroscience/neurodegenerative-disorder
https://www.sciencedirect.com/topics/neuroscience/nervous-system-disorder
https://www.sciencedirect.com/topics/neuroscience/nervous-system-disorder
https://www.sciencedirect.com/topics/neuroscience/nervous-system-disorder
https://www.sciencedirect.com/topics/neuroscience/central-nervous-system
https://www.sciencedirect.com/topics/neuroscience/central-nervous-system
https://www.sciencedirect.com/topics/neuroscience/central-nervous-system
https://www.sciencedirect.com/topics/neuroscience/peripheral-nervous-system
https://www.sciencedirect.com/topics/neuroscience/peripheral-nervous-system
https://www.sciencedirect.com/topics/neuroscience/peripheral-nervous-system


Pathways of communication between 
the microbiota and the brain

57
Cryan et al., 2019



Gut microbial molecules in behavioural 
and neurodegenerative conditions

58
Needham et al., 2020



Sorboni et al., 2022

Modulation of gut microbiota by therapeutic microbial 
interventions

59



• Certain gut bacteria in mice produce molecules called fatty 
acid amides (FAA), which bind to the cannabinoid 1 
receptor (CB1) and thereby activate sensory neurons in 
the gut that express the protein TRPV1

• These neurons connect to the brain through the spinal cord

• Activation of these neurons results in decreased 
expression of the enzyme monoamine oxidase (MAO) in 
the striatum region of the brain; this enzyme can degrade 
dopamine and other neurotransmitter molecules

• Dopamine-producing neurons induce an exercise-
dependent surge of the molecule, which then activates 
neurons in the striatum that have dopamine receptors

• This triggering of neuronal activity in the striatum aids 
the motivation for exercise

• In the absence of gut bacteria, the sensory neurons in the 
gut are not excited. The level of MAO then remains high, 
which blunts dopamine signalling in the striatum and results 
in a premature termination of physical exercise.

60

Gut microbes shape athletic motivation

Dohnalová et al., 2022



Fecal transplant
• Finding that thousands of bacterial species, viruses and fungi live in people, and are 

an integral part of human biology, has challenged medicine’s view of microorganisms 
solely as agents of infectious disease

• The discovery that dietary fibre stimulates the particular groups of bacteria that 
produce key host-signalling molecules (such as short-chain fatty acids) is leading to 
the development of nutrition-based approaches to treating and restoring people’s 
microbiomes —> PROBIOTIC a “live microorganism which, when administered 
in adequate amounts, confer a health benefit on the host & PREBIOTIC 
APPROACH promotes the ingestion of certain plant compounds (e.g. 
carbohydrate for good fermenters in colon) as microbial growth stimulants 
with the idea that they will nurture healthy gut bacteria

• Transplantation has been found to be more than 90% effective in the treatment of 
recurring Clostridium difficile infections (current care standard is repeated doses of 
antibiotics)

• Some cancer treatments activate the immune system —> new approach to these has 
emerged with the discovery that efficacy is related to specific members of the 
patient’s gut microbiome

61



The gut microbiome as a modulator of healthy aging

• Group 1 taxa decreased with 
age and were associated with 
healthy aging 

• Group 2 consisted of the 
pathobionts that increased 
with age and were associated 
with unhealthy aging


• Group 3 increased with age 
but were observed to be 
depleted in unhealthy aging


CKD, chronic kidney disease; 
CVD, cardiovascular disease; ILI, 
influenza-like illness; MetS, 
metabolic syndrome

Gosh et al., 2022
62



Microorganism–host signalling as a contributor to 
healthy or unhealthy ageing

63Gosh et al., 2022



Gosh et al., 2022
64

Functional implications of microbiome alterations on host physiology in aging

Metabolic capabilities of the three taxa 
groups are linked to unhealthy aging-
linked decline in host physiology


Key metabolites or effectors produced 
by the three taxa groups and the effect 
each of these microbiome-derived 
entities has in either negatively or 
positively regulating various aging-linked 
diseases and disorders

 

DCA, deoxycholic acid; HDAC, histone 
deacetylase; IsoalloLCA, 
isoallolithocholic acid; LCA, lithocholic 
acid; LPS, lipopolysaccharide; p-Cresol, 
para-cresol; ROS, reactive oxygen 
species; TMA, trimethylamine; TMAO, 
TMAO, trimethylamine-N-oxide



65Gosh et al., 2022

Physiological, social and disease-related influences 
on the microbiome of older people



G
osh et al., 2022
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Microbiome alterations in ageing (and unhealthy 
ageing)

Pathobionts can 
cause or promote 
disease only when 
specific genetic or 
environmental 
conditions are altered 
in the host


Conditions under 
which pathobionts 
exhibit virulence 
include impaired host 
immune defenses and 
altered microbiota 
composition
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Common weight-modulating interventions 
(blue) such as diet, exercise, drugs and 
surgery impact gut microbial structure and 
function, and these changes in the gut 
microbiome in turn alter intervention 
efficacy

Gut microbial contributions to weight 
management are targeted by emerging 
microbiome-directed therapies (green), 
including foods engineered to support the 
engraftment or growth of beneficial 
microorganisms, autologous faecal 
microbiota transplantation after weight loss 
and next-generation probiotics

Reciprocal influences between the gut microbiome and key 
lifestyle and clinical approaches for weight management

Carmody & Bisanz, 2023


