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> RESEARCH AXIS 2: THE ENDURANCE HORSES

Endurance exercise: prolonged cardiovascular efforts —such as running, cross-

country skiing, cycling, aerobic exercise, or swimming —performed for an
extended period

Joyner et al. 2008, J Physiol

| Endurance horses

Who are they?
e Arabian breed (oldest horse breeds)
Bedouin people in the desert
Small horses
Large cardio-respiratory system
Higher proportion of slow-twitch muscle fibers
Run 160 km/day




> RESEARCH AXIS 2: THE ENDURANCE HORSES
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> RESEARCH AXIS 2: THE ENDURANCE ADAPTATION

Complex interplay:
musculoskelelal-
cardiovascular-
respiratory system
+ motivation

(Dohnalova et al 2021)
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> RESEARCH AXIS 2: OBJECTIVES

Objectives

To identify the relationship
between host exercise
adaptation and the gut
microbiome

To reveal biomarkers of
athletic performance




> RESEARCH AXIS 2: THE COHORT AND DESIGN
150 ENDURANCE HORSESTO > 52 ENDURANCE HORSES AFTER RACE

Biochemical parameters +
telomer length

Blood
Hours metabolome
outside =

Treatments The gut microbiome +
metabolite + pH
Physical
training
MT B- Ciliate
oxidation protozoa +
fungi

Mach et al (2022) Comms Biol

Mach et al (2021) Front Molec Biosc Diet Host
Mach et al (2021) Sci Reports genomics
Van der Kolk (2020) Vet J

Plancade et al (2019) Sci Reports Heart

Le Moyec et al (2019) Front Molec Biosc rate




> RESEARCH AXIS 2: CROSS-LINKED METHODS

Techniques

« Transcriptome and utranscriptome analysis

* Metabolomic analysis: '"H NMR

* Acylcarnitine profiling: ESI-MS-MS

» Biochemical assays: photometric tests

» SCFA: gas chromatography

* Fecal metagenome + resistome : 16S rRNA gene amplicon + shotgun

Statistical methods

« Multiple testing: ANOSIM, PERMANOVA, DESeq2

* Mixed models (multiple time points): GLMM, MaAslin

* Unsupervised and supervised machine learning methods: oPLS, sPLS-DA, dbRDA forward
Mach et al (2021) Front Molec Biosc

Mach et al (2021) Sci Reports

sel; sCCA; M-integration algorithm DIABLO
0\. e
Van der Kolk (2020) Vet J

* Network inference: SPIEC-EASI; PCIT
Plancade et al (2019) Sci Reports
Le Moyec et al (2019) Front Molec Biosc [

Mach et al (2022) Comms Biol
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> RESEARCH AXIS 2: TWO MICROBIOTA CLUSTERS 16S rRNA
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> RESEARCH AXIS 2: TWO MICROBIOTA CLUSTERS 16S rRNA
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> RESEARCH AXIS 2: TWO MICROBIOTA CLUSTERS 16S rRNA
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> RESEARCH AXIS 2: TWO MICROBIOTA CLUSTERS 16S rRNA

PCIT: co-occurrence based on partial correlation
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> RESEARCH AXIS 2: TWO MICROBIOTA CLUSTERS 16S rRNA
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> RESEARCH AXIS 2: TWO MICROBIOTA CLUSTERS 16S rRNA
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> RESEARCH AXIS 2: DOES HOST-MICROBIOTA INTERPLAY AFFECT
THE ENDURANCE ADAPTATION?

Blood transcriptome
Serum metabolome
Serum acylcarnitine
Biochemical parameters

Fecal microbiota
Anaerobic fungi
Ciliate protozoa
SCFA

pH

T1

160 km End
L
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> RESEARCH AXIS 2: FOCUS ON THE MITOCHONDRIA-MICROBIOTA

RESPONSE TO EXERCISE

Microbiota /mitochondria Mitochondria /microbiota

(>

Mitochondria
Z,

Energy production Redox balance
Redox balance Control pathogens
Immune response Activation of inflammasomes

Mitochondrial biogenesis Maintain gut barrier integrity

Commensal bacteria Commensal bacteria
Clark & Mach, 2017: Front Physiol
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2 RESEARCH AXIS 2: SIGNIFICANT TRANSCRIPTOME RESPONSE TO
ENDURANCE
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Mach et al, 2021; Front Molec Biosc




2 RESEARCH AXIS 2: SIGNIFICANT MITOCHONDRIAL GENE

RESPONSE TO EXERCISE
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Mach et al, 2021; Front Molec Biosc
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> RESEARCH AXIS 2: MITOCHONDRIAL GENES RELATE TO
MICROBIOTA

Multiblock sPLS-DA: pairwise correlation matrix
Genera
091 Mt genes
0.68 0.66 Biochemistry
0.82 0.64 0.52 Metabolites
0.61 0.59 0.56 0.44 SCFA

Mach et al, 2021; Front Molec Biosc
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> RESEARCH AXIS 2: THE MICROBIOTA CROSSTALK WITH THE MT

[ vt

* Increased FA uptake and FAO
* Increased OXPHOS

* Increased MT biogenesis

» Reduced oxidative stress

The activation of PPARy
and the FRX-CREB axis

Lactate @)

0© 6° SCFAs +2nd

bile acids

PR PN *
a2 ~ Forestall hypoglycemia
Mach et al (2022) Comms Biol Microbi - *
Mach et al (2021) Front Molec Biosc icrobiome activity
Mach et al (2021) Sci Reports Butyrate-producers End . -
Van der Kolk (2020) Vet J *2nd bile acids producers el lrlile | p el st
Plancade et al (2019) Sci Reports *Valerate producers

Le Moyec et al (2019) Front Molec Biosc ,
Mach et al, 2021; Front Molec Biosc
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> RESEARCH AXIS 2: HOW GUT MICROBIOME AFFECTS FITNESS

Bacteria @ ------mmmmmeeeee- > Metacommunity

Objective To identify IF and HOW
microbiome functions

play a role in athletic
performance
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> RESEARCH AXIS 2: THE HORSE GUT METABIOME IS ENORMOUS

8
Composition rich and diverse: ‘g -
* > 4,500 different taxa %Q"o é;?'
* 95% bacteria % 207959
* Eukarya + virus 286900 289104
6c
Functional redundancy h 243173

10 M genes/horse
« 97% of genes are shared

| 212 316533

303232 236260

Mach et al, 2022; Comms Biol
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> RESEARCH AXIS 2: TWO MICROBIOME CLUSTERS
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> RESEARCH AXIS 2: THE MICROBIOME CLUSTERS RELATE TO

NMDS2
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> RESEARCH AXIS 2: CARDIOVASCULAR FITNESS DEPENDS ON
MICROBIOME-GLYCOME AXIS
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> RESEARCH AXIS 2: CARDIOVASCULAR FITNESS DEPENDS ON
MICROBIOME-GLYCOME AXIS

The microbiota ferments the
glycans and produces SCFAs

* Increased FAO

* Increased OXPHOS

* Increased MT biogenesis

* Reduced glucose metabolism

Goblet %"Dﬁ Mitochondrial functions

Stimulation of immune

and metabolic response
®
[ ]
® ® ® ¢
®

@ ® SCFA Unmetabolized SCFAs enter
the bloodstream and
@ ATP modulate glucose and fat
metabolism in liver and
skeletal muscle

Endurance performance

* Higher cardiac fitness

Mucus layer

- Adapted from Clark & Mach 2023; Submitted
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