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



MNuclear DMNA is inherited
from all ancestors.
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Mitochondrial DNA is
inherited from a single lineage.
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Mitochondria derive from bacteria:
are they our intracellular microbiome?



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

. WITH DNA,CHARACTRRISTTCS
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Studies of the last few years have demonstrated that a small amount of DNA 1s
located specifically in one or more central regions of mitochondria! —* representing cell
types of all vertebrate and invertebrate phyla.* A DNAdiffering incomposttional®—1?
and metabolic® 8 * properties from nuclear DNA can be isolated from purified mito-
chondria of many organisms. A rapidly expanding body of literature, already too

Margit Nass voluminous to cite fully in publications other than a review, deals with mito-
chondrial DNA, RNA, protein synthesis, mitochondrial ‘“‘self-duplication,” and
genetic determinants (ef. refs. 4 and 13).

Pertinent to the present paper are the observations that mitochondrial and nu-
clear DN'A may not merely differ in guanine plus cytosine content (a difference which
may be small* '2 or undetectable in some mammalian species!®) but also i their
renaturation properties. Heat- or alkali-denatured DNA’s of mitochondria from
various mammalian cell types!®—12 and yeast!® renature under conditions in which



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

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

CELL DEATH

Coupling:
ATP production

CELL SURVIVAL

Uncoupling:
heat production

TEMPERATURE
REGULATION



1988-2023: over 30 years of mitochondrial medicine



mtDNA mutation rate and «Universal heteropalsmy»

Universal heteroplasmy of human mitochondrial
DNA
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Mammalian cells contain thousands of copies of mitochondrial DNA (mtDNA). At birth, these are thought to
be identical in most humans. Here, we use long read length ultra-deep resequencing-by-synthesis to interro-
gate regions of the mtDNA genome from related and unrelated individuals at unprecedented resolution. We
show that very low-level heteroplasmic variance is present in all tested healthy individuals, and is likely to be
due to both inherited and somatic single base substitutions. Using this approach, we demonstrate an in-
crease in mtDNA mutations in the skeletal muscle of patients with a proofreading-deficient mtDNA polymer-
ase y due to POLG mutations. In contrast, we show that OPA71 mutations, which indirectly affect mtDNA
maintenance, do not increase point mutation load. The demonstration of universal mtDNA heteroplasmy
has fundamental implications for our understanding of mtDNA inheritance and evolution. Ostensibly de
novo somatic mtDNA mutations. seen in mtDNA maintenance disorders and neurodeaenerative disease



mtDNA haplogroups (related haplotypes)
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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 humber

 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)




s there any special relationship between mitochondria
(mMtDNA) and bacteria from the microbiome?

* Metabolic dialog
e Genomic (MtDNA) dialog

Examples from rare mitochondrial diseases:

ETHE1 encephalomyopathy and MNGIE (MyoNeuroGastrolntestinal
Encephalomyopathy)



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

Clinical features:

* hypotonia

O * developmental delay
* brainstem lesions
* acrocyanosis

* petechiae
e chronic diarrhea

Inhibition of beta-oxidation H s Toxic vasculopathy
(acylcarnitine) ljacrocvanoms and petechiae)

Ethylmalonic Acid \ \ Chronic diarrhea

Cytochrome c oxidase
(COX or Complex IV) inhibition

When produced at excessive concentrations by local microbiota, H,S may cause mucus disruption and inflammation and
contribute to development of cancer. In contrast, low levels of endogenous or exogenous H,S 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 H,S

obtained from plants or ingestion of the H,S precursor, L-cysteine, may also modulate the abundance and function of
microbiota.



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



Inherited host genotype determines the gut microbiome composition.



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 (H,S, 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»




Thanks for your attention
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