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Dai mitocondri al microbioma, quanti genomi 
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«Genetics loads the 
gun, but environment 
pulls the trigger»…the 
EXPOSOME paradigm





Mitochondria derive from bacteria: 
are they our intracellular microbiome?



Mitochondria contain their own genome: mtDNA (16569 
bp long)

Margit Nass



Mitochondria are highly dynamic 



Mitochondria at the crossroad of many metabolic pathways



Respiratory chain (RC) and oxidative phosphorylation 
(OXPHOS): a pathway dependent on two genomes

Coupling: 
ATP production

CELL SURVIVAL

Uncoupling:
heat production

TEMPERATURE
REGULATION

Defective electron flow:
increased reactive oxygen
species  (ROS) production
and ultimately permeability 
transition and apoptosis

CELL DEATH



1988-2023: over 30 years of mitochondrial medicine



mtDNA mutation rate and «Universal heteropalsmy»



mtDNA haplogroups (related haplotypes)



Impact of mtDNA haplogroup-related variants 
on common traits and diseases



Impact of mtDNA haplogroup-related variants 
on common traits and diseases



mtDNA, immune system and inflammation: a new chapter



mtDNA haplogroup H protects from infections



Mitochondrial proteins encoded by the nuclear genome



Human microbiome: a complex metagenome



Human genetics…..and may be more

In this view, human being must be 
considered as "metaorganism" and a 
more holistic approach is necessary to 
grasp the complex dynamics of the 
interaction between the environment 
and nDNA-mtDNA-GM of the host 
during ageing.

«Genetics loads the gun, but 
environment pulls the trigger»…the 
EXPOSOME paradigm



How the 3 genomes may interact with environment?

• Nuclear DNA (nDNA): somatic mutagenesis and changes in epigenetic 
(methylation) profile (epiDNA)

• Mitochondrial DNA (mtDNA): selection of germline inherited 
mutagenesis (universal heteroplasmy and mtDNA haplogropus) and 
somatic mutagenesis, as well as adaptation by adjusting the mtDNA
copy number

• Microbiome: shifts across the 3 possible microbiome functional 
profiles as mutualists (symbiotically beneficial), commensalists (of 
neither harm nor benefit), or pathogens (detrimental to the host)



Is there any special relationship between mitochondria 
(mtDNA) and bacteria from the microbiome?

• Metabolic dialog

• Genomic (mtDNA) dialog

Examples from rare mitochondrial diseases:
ETHE1 encephalomyopathy and MNGIE (MyoNeuroGastroIntestinal
Encephalomyopathy)



The case of the rare human disorder «Ethylmalonic 
Encephalopathy» (ETHE1 Deficiency)

When produced at excessive concentrations by local microbiota, H2S may cause mucus disruption and inflammation and 
contribute to development of cancer. In contrast, low levels of endogenous or exogenous H2S directly stabilize mucus layers, 
prevent fragmentation and adherence of the microbiota biofilm to the epithelium, inhibit the release of invasive 
pathobionts, and help resolve inflammation and tissue injury. Although scarce, research findings suggest that dietary H2S 
obtained from plants or ingestion of the H2S precursor, L-cysteine, may also modulate the abundance and function of 
microbiota.

Clinical features:
• hypotonia
• developmental delay
• brainstem lesions
• acrocyanosis
• petechiae
• chronic diarrhea 



Human microbiome: is it interacting with mitochondria 
in physiology and disease? Lessons from C. Elegans….





In conclusion

• We need to investigate the yet essentially unexplored dialog between 
mitochondria (mtDNA haplogroups) and bacteria from the microbiome in 
health, disease and aging (H2S, colanic acid, ROS ……)….and interaction with 
Exposome/Environment

• We have the opportunity to start exploring this relationship with two 
H2020 projects in Bologna: ORCHESTRA (SARS-Cov-2) and TRIGGER (climate 
changes and heat waves)

• The 3 genomes versus environment: the new paradigm for future studies of 
our «Healthy Planet»
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