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Microbiota

conjunto de microbios 
patógenicos y no patógenicos

(bacterias, hongos, virus y otros 
microorganismos como 

archaeas) presentes en el 
microbioma.

Microbioma

no solo se refiere a los 
microorganismos involucrados 
sino que también engloba su 

actividad (nicho).

Metagenonoma

Análisis genético de una 
muestra o un entorno.

Meatgenoma-GWAS

Estudios de metagenoma
comepleto: Analisis de 
metagenoma y GWAS

Diversidad de microbioma

Medida del número (y de la 
distribución) de 

microorganismos/genes en un 
individuo

Diversidad-a

Diversidad en la taxonomía 
microbiana 

Diversidad-B 

diferencias en la composición 
del microbioma entre pacientes

Animal gnotobiotico

animal (gnotobiotico) es un 
animal en el que todos los 

microorganismos interactuando 
con el individuo están 

controlados 

Taxonomía microbiana

algae (120), bacteria (14400), 
fungi (20200), yeast (4300), 

protozoa (1090), animal viruses
(1350), plant viruses (590), and 

bacterial viruses (400).

Catacterización taxonómica
kingdom, division, class, 

family, genus, species and 
strain divisions



PRINCIPALES NICHOS DE LA MICROBIOTA HUMANOS

M
ic

ro
b
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m

e Metagenómica
16S rRNA

Shot-gun Seq

Metatranscriptómica RNAseq

Metaproteómica Proteómica

Metabolómica LCS-MS

Tilg et al. Nat Metab 2021;

Wensel C et al. JCI 2022;132:154944



ÁNALISIS DEL MICROBIOMA
TIPO DE ÁNALISIS: COMPARACIÓN, CONFIRMACIÓN, IDENTIFICACIÓN

Nº DE MUESTRAS NECESARIAS: HUMANOS >100

ALMACENAMIENTO: (-80ºC )

SEGURIDAD: CONTAMINACIÓN DNA HUMANO

Wensel C et al. JCI 2022;132:154944



Wensel C et al. JCI 2022; 132:154944



Thomas & Segata, BMC Biol 2019

¿De qué hablamos cuando hablamos de microbiota?



Kinashi et al., Front Immunol 2021; Gil-Gómez et al., 2021

GUT-LIVER AXIS
MICROBIOME >> INTESTINAL & VASCULAR BARRIER >> LIVER SINUSOIDS



Tilg et al. Nat Metab 2021; 3:1596
Kinashi et al., Front Immunol 2021; Gil-Gómez et al., 2021

PAPEL DE LA MICROBIOTA EN LA PROGRESIÓN 

DE LA  FIBROSIS HEPÁTICA



Gil-Gómez et al., Semin Liver Dis 2021

Delta-valerobetaine



Mouries et al., J Hepatol 2019
Tilg et al. Nat Metab 2021; 3:1596

Microbiota-driven gut vascular barrier
disruption is a prerequisite for fibrosis 

progression on MAFLD: role of immune-
mediated inflammatory response



Gut microbiota and 

human NAFLD:

disentangling

microbial signatures

from metabolic

disorders

Aron-Wisnewsky J et al. NRGH 2020; 17:219



Loomba, Cell Metab 2017

Gut Microbiome-Based Metagenomic Signature for Non-invasive Detection of Advanced Fibrosis in Human 
Nonalcoholic Fatty Liver Disease



Caussy, Nat Commun 2019

Gut microbiome signature for cirrhosis due to nonalcoholic fatty liver disease

High diagnostic accuracy of a gut-microbiome 
signature for the detection of NAFLD-cirrhosis 

Consistent with preclinical studies, these studies indicate an association between gram-negative bacteria and 
progression of liver fibrosis 



Gut microbiota and human NAFLD:

disentangling microbial signatures

from metabolic disorders:

Relative abundance in NALFD and 

NAFLD-fibrosis according to Phylum, 

Class, Family, Genus and Species

Aron-Wisnewsky J et al. NRGH 2020; 17:219

Phylum

Proteobacteria

Class

g-proteobacteria

Family

Enterobacteriaceae

Genus

Bacteroides

Species

Escherichia Coli



Boursier, Hepatology 2016

Abundance of Ruminococcus –> sig. fibrosis



Aron-Wisnewsky J et al. NRGH 2020; 17:219

Gut microbiota and 

human NAFLD:

disentangling

microbial signatures

from metabolic

disorders



Gut-derived signals induce HSCs activation 

Douhara, Mol Med Rep, 2014; Ohtani, Hepatol Commun 2019

Tto con antibióticos mejora la fibrosis 
inducida por dieta CDAA.

KO mice para receptores de 
subproductos bacterianos (TLR2, TLR4, 

TLR9) están protegidos frente al 
desarrollo de fibrosis.



POTENCIAL TERAPÉUTICO DE LA MICROBIOTA

Wensel C et al. JCI 2022; 132:154944



Liu, Hepatology 2020

Probiotic Lactobacillus rhamnosus GG Prevents Liver Fibrosis Through Inhibiting
Hepatic Bile Acid Synthesis and Enhancing Bile Acid Excretion in Mice



Metaanálisis: probióticos mejoran liver stiffness

Liu, Dig Dis Sci 2019; Scorletti, Gastroenterology 2020; Nor, Nutrients 2021

No efecto del probiótico “MCP-BCMC®” 
en fibrosis

No efecto tras el tratamiento con simbiótico



Witjes J. Hepatology communications. 2020

NAFLD by
ultasound
BMI >25 
(N=21)

Autologous
(N=11)

Allogenic
(4 healthy lean 
vengan) (N=11)

3 FMT at 

8 weeks 

interval

Liver genes: increased of ARHGAP18 & SDS (serine dehydratase); and decreased RECQL5 and SF3B3
Secondary aims: GGT and ALT decreased. No difference in duodenal microbiota diversity. No significant changes in faecal
microbiota diversity, but more: Ruminococcus, Eubacterium hallii, Faecalibacterium, and Prevotella copri.
Change in plasma metabolites: increased of amino acids isoleucine and phenylacetylglutamine too healthy¡¡



• The gut microbiota participates in the progression of NAFLD towards NASH and liver fibrosis. (Bashiardes et al., 2016; Boursier & Diehl, 2016)

• Dysbiosis, a shift in bacterial community composition, has been associated with several deleterious effects in NAFLD (Boursier et al., 2016; Brandl & 
Schnabl, 2017).

• Dysbiosis was also reported to mediate the destabilization of intestinal and endothelial barriers leading to an increase of intestinal and endothelial 
permeability (Chen et al., 2015).v

Role of EVs from faeces (fEVs) in liver diseases

EVs characterization

NASH fEVs enhance epithelial intestinal cell 
permeability and decrease occludin and ZO-
1 protein expression

Fizanne et al. J Extracell Vesicles. 2023 Feb;12(2):e12303



Role of EVs from faeces (fEVs) in liver diseases

NASH (NS) faeces-derived extracellular vesicles (fEVs) 
increase endothelial permeability in a TLR4-dependent 
pathway and induce in vitro endothelial inflammation.

NASH (NS) faeces-derived extracellular vesicles (fEVs) 
activate in vitro stellate cells and increase cytokines

involved in fibrogenesis

Fizanne et al. J Extracell Vesicles. 2023 Feb;12(2):e12303



Role of EVs from faeces (fEVs) in liver diseases

Metabarcoding reveals a differential composition between 
NAFLD and NASH fEV samples

Circulating small EVs (cEVs) isolated from patients with NAFLD and NASH contained
prokaryotic EVs and induced cytokine production in stellate cells

Fizanne et al. J Extracell Vesicles. 2023 Feb;12(2):e12303



fEVs are a key player in barrier dysfunction, inflammation, and liver injuries especially
in patients with NASH, at the early onset of the disease. 

Fizanne et al. J Extracell Vesicles. 2023 Feb;12(2):e12303



Biomimetic superabsorbent hydrogel acts as a gut protective dynamic exoskeleton 

improving metabolic parameters and fostering Akkermansia muciniphila

expansion.

ORALLY ADMINISTERED
MECHANICAL 

PROPERTIES SIMILAR TO 
VEGETABLES

PROPERTIES ARE 

MAINTAINED THROUGH 
THE SMALL INTESTINE

CONTROLLED 

HYDRATION

NON CLUSTERING 

PARTICLES
NATURAL 

DEGRADATION

synthesized from

naturally-derived building blocks 

Madaghiele et al., Sci Rep 2021; Silvestri, Gil-Gómez et al., Cell Rep Med (under review)



Silvestri, Gil-Gómez et al., Cell Rep Med (under review)

OSH reverts diet-induced

obesity and metabolic

syndrome in DIO C57BL/6

mice.



Silvestri, Gil-Gómez et al., Cell Rep Med (under review)

OSH preserves gut barrier integrity protecting 

from HFD-induced “leaky-gut”.
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OSH limits the progression of non-

alcoholic fatty liver disease.



Silvestri, Gil-Gómez et al., Cell Rep Med (under review)
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PWY-7383: anaerobic energy metabolism (invertebrates, cytosol)

PWY-6608: guanosine nucleotides degradation III

PWY-5695: inosine 5'-phosphate degradation

PWY-7977: L-methionine biosynthesis IV

PWY-6703: preQ0 biosynthesis

GLYCOCAT-PWY: glycogen degradation I

PWY-8178: pentose phosphate pathway (non-oxidative branch) II

NONOXIPENT-PWY: pentose phosphate pathway (non-oxidative branch) I

PWY-7115: C4 photosynthetic carbon assimilation cycle, NAD-ME type

PWY0-1586: peptidoglycan maturation (meso-diaminopimelate containing)

PWY0-1241: ADP-L-glycero-&beta;-D-manno-heptose biosynthesis

PWY-5981: CDP-diacylglycerol biosynthesis III

PWY-3001: superpathway of L-isoleucine biosynthesis I

PWY-5154: L-arginine biosynthesis III (via N-acetyl-L-citrulline)

PWY-1269: CMP-3-deoxy-D-manno-octulosonate biosynthesis

ANAEROFRUCAT-PWY: homolactic fermentation

PWY-7761: NAD salvage pathway II (PNC IV cycle)

HEMESYN2-PWY: heme b biosynthesis II (oxygen-independent)

PWY0-1261: anhydromuropeptides recycling I

ARGININE-SYN4-PWY: L-ornithine biosynthesis II

PWY0-845: superpathway of pyridoxal 5'-phosphate biosynthesis and salvage

GLYCOLYSIS-E-D: superpathway of glycolysis and the Entner-Doudoroff pathway

P441-PWY: superpathway of N-acetylneuraminate degradation

PYRIDOXSYN-PWY: pyridoxal 5'-phosphate biosynthesis I

PWY-6147: 6-hydroxymethyl-dihydropterin diphosphate biosynthesis I

PWY4FS-8: phosphatidylglycerol biosynthesis II (non-plastidic)

PWY4FS-7: phosphatidylglycerol biosynthesis I (plastidic)

FUCCAT-PWY: fucose degradation

PHOSLIPSYN-PWY: superpathway of phospholipid biosynthesis I (bacteria)

PWY-6902: chitin degradation II (Vibrio)

PWY-4984: urea cycle

DAPLYSINESYN-PWY: L-lysine biosynthesis I

CITRULBIO-PWY: L-citrulline biosynthesis

PWY-8073: lipid IVA biosynthesis (P. putida)

NAGLIPASYN-PWY: lipid IVA biosynthesis (E. coli)

PWY-7883: anhydromuropeptides recycling II

PWY0-1479: tRNA processing
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FERMENTATION-PWY: mixed acid fermentation

SULFATE-CYS-PWY: superpathway of sulfate assimilation and cysteine biosynthesis

PWY-5345: superpathway of L-methionine biosynthesis (by sulfhydrylation)

PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation

CENTFERM-PWY: pyruvate fermentation to butanoate

PWY-6969: TCA cycle V (2-oxoglutarate synthase)

PWY-8187: L-arginine degradation XIII (reductive Stickland reaction)

PWY-6527: stachyose degradation
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DTDPRHAMSYN−PWY: dTDP−&beta;−L−rhamnose biosynthesis

PWY−6703: preQ0 biosynthesis

PWY−2942: L−lysine biosynthesis III

VALSYN−PWY: L−valine biosynthesis

PANTO−PWY: phosphopantothenate biosynthesis I

HSERMETANA−PWY: L−methionine biosynthesis III

PWY−5686: UMP biosynthesis I

PWY−5103: L−isoleucine biosynthesis III

BRANCHED−CHAIN−AA−SYN−PWY: superpathway of branched chain amino acid biosynthesis

ILEUSYN−PWY: L−isoleucine biosynthesis I (from threonine)

PWY−7221: guanosine r ibonucleotides de novo biosynthesis

PWY−7953: UDP−N−acetylmuramoyl−pentapeptide biosynthesis III (meso −diaminopimelate containing)

PEPTIDOGLYCANSYN−PWY: peptidoglycan biosynthesis I (meso −diaminopimelate containing)

PWY−6387: UDP−N−acetylmuramoyl−pentapeptide biosynthesis I (meso −diaminopimelate containing)

PWY0−1241: ADP−L−glycero−&beta;−D−manno−heptose biosynthesis

PWY−6121: 5−aminoimidazole ribonucleotide biosynthesis I

PWY−6122: 5−aminoimidazole ribonucleotide biosynthesis II

PWY−6277: superpathway of 5−aminoimidazole ribonucleotide biosynthesis

PWY−6123: inosine−5'−phosphate biosynthesis I

PWY−6124: inosine−5'−phosphate biosynthesis II

ARGSYNBSUB−PWY: L−arginine biosynthesis II (acetyl cycle)

PWY−5188: tetrapyrrole biosynthesis I (from glutamate)

PWY−7790: UMP biosynthesis II

PWY−7791: UMP biosynthesis III

ARO−PWY: chorismate biosynthesis I

PWY−6163: chor ismate biosynthesis from 3 −dehydroquinate

PWY−6700: queuosine biosynthesis I (de no vo)

PWY−5097: L−lysine biosynthesis VI

PWY−7977: L−methionine biosynthesis IV

1CMET2−PWY: folate transformations III (E. coli)

PWY−3841: folate transformations II (plants)

COA−PWY: coenzyme A biosynthesis I (prokar yotic)

PANTOSYN−PWY: superpathway of coenzyme A biosynthesis I (bacter ia)
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PWY-7383: anaerobic energy metabolism (invertebrates, cytosol)

PWY-6608: guanosine nucleotides degradation III

PWY-5695: inosine 5'-phosphate degradation

PWY-7977: L-methionine biosynthesis IV

PWY-6703: preQ0 biosynthesis

GLYCOCAT-PWY: glycogen degradation I

PWY-8178: pentose phosphate pathway (non-oxidative branch) II

NONOXIPENT-PWY: pentose phosphate pathway (non-oxidative branch) I

PWY-7115: C4 photosynthetic carbon assimilation cycle, NAD-ME type

PWY0-1586: peptidoglycan maturation (meso-diaminopimelate containing)

PWY0-1241: ADP-L-glycero-&beta;-D-manno-heptose biosynthesis

PWY-5981: CDP-diacylglycerol biosynthesis III

PWY-3001: superpathway of L-isoleucine biosynthesis I

PWY-5154: L-arginine biosynthesis III (via N-acetyl-L-citrulline)

PWY-1269: CMP-3-deoxy-D-manno-octulosonate biosynthesis

ANAEROFRUCAT-PWY: homolactic fermentation

PWY-7761: NAD salvage pathway II (PNC IV cycle)

HEMESYN2-PWY: heme b biosynthesis II (oxygen-independent)

PWY0-1261: anhydromuropeptides recycling I

ARGININE-SYN4-PWY: L-ornithine biosynthesis II

PWY0-845: superpathway of pyridoxal 5'-phosphate biosynthesis and salvage

GLYCOLYSIS-E-D: superpathway of glycolysis and the Entner-Doudoroff pathway

P441-PWY: superpathway of N-acetylneuraminate degradation

PYRIDOXSYN-PWY: pyridoxal 5'-phosphate biosynthesis I

PWY-6147: 6-hydroxymethyl-dihydropterin diphosphate biosynthesis I

PWY4FS-8: phosphatidylglycerol biosynthesis II (non-plastidic)

PWY4FS-7: phosphatidylglycerol biosynthesis I (plastidic)

FUCCAT-PWY: fucose degradation

PHOSLIPSYN-PWY: superpathway of phospholipid biosynthesis I (bacteria)

PWY-6902: chitin degradation II (Vibrio)

PWY-4984: urea cycle

DAPLYSINESYN-PWY: L-lysine biosynthesis I

CITRULBIO-PWY: L-citrulline biosynthesis

PWY-8073: lipid IVA biosynthesis (P. putida)

NAGLIPASYN-PWY: lipid IVA biosynthesis (E. coli)

PWY-7883: anhydromuropeptides recycling II

PWY0-1479: tRNA processing

gFC

-4 -3 -2 -1 0

FERMENTATION-PWY: mixed acid fermentation

SULFATE-CYS-PWY: superpathway of sulfate assimilation and cysteine biosynthesis

PWY-5345: superpathway of L-methionine biosynthesis (by sulfhydrylation)

PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation

CENTFERM-PWY: pyruvate fermentation to butanoate

PWY-6969: TCA cycle V (2-oxoglutarate synthase)

PWY-8187: L-arginine degradation XIII (reductive Stickland reaction)

PWY-6527: stachyose degradation
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DTDPRHAMSYN−PWY: dTDP−&beta;−L−rhamnose biosynthesis

PWY−6703: preQ0 biosynthesis

PWY−2942: L−lysine biosynthesis III

VALSYN−PWY: L−valine biosynthesis

PANTO−PWY: phosphopantothenate biosynthesis I

HSERMETANA−PWY: L−methionine biosynthesis III

PWY−5686: UMP biosynthesis I

PWY−5103: L−isoleucine biosynthesis III

BRANCHED−CHAIN−AA−SYN−PWY: superpathway of branched chain amino acid biosynthesis

ILEUSYN−PWY: L−isoleucine biosynthesis I (from threonine)

PWY−7221: guanosine r ibonucleotides de no vo biosynthesis

PWY−7953: UDP−N−acetylmuramoyl−pentapeptide biosynthesis III (meso −diaminopimelate containing)

PEPTIDOGLYCANSYN−PWY: peptidoglycan biosynthesis I (meso −diaminopimelate containing)

PWY−6387: UDP−N−acetylmuramoyl−pentapeptide biosynthesis I (meso −diaminopimelate containing)

PWY0−1241: ADP−L−glycero−&beta;−D−manno−heptose biosynthesis

PWY−6121: 5−aminoimidazole ribonucleotide biosynthesis I

PWY−6122: 5−aminoimidazole ribonucleotide biosynthesis II

PWY−6277: superpathway of 5−aminoimidazole ribonucleotide biosynthesis

PWY−6123: inosine−5'−phosphate biosynthesis I

PWY−6124: inosine−5'−phosphate biosynthesis II

ARGSYNBSUB−PWY: L−arginine biosynthesis II (acetyl cycle)

PWY−5188: tetrapyrrole biosynthesis I (from glutamate)

PWY−7790: UMP biosynthesis II

PWY−7791: UMP biosynthesis III

ARO−PWY: chorismate biosynthesis I

PWY−6163: chorismate biosynthesis from 3 −dehydroquinate

PWY−6700: queuosine biosynthesis I (de no vo)

PWY−5097: L−lysine biosynthesis VI

PWY−7977: L−methionine biosynthesis IV

1CMET2−PWY: folate transformations III (E. coli)

PWY−3841: folate transformations II (plants)

COA−PWY: coenzyme A biosynthesis I (prokar yotic)

PANTOSYN−PWY: superpathway of coenzyme A biosynthesis I (bacter ia)
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PWY-7383: anaerobic energy metabolism (invertebrates, cytosol)

PWY-6608: guanosine nucleotides degradation III

PWY-5695: inosine 5'-phosphate degradation

PWY-7977: L-methionine biosynthesis IV

PWY-6703: preQ0 biosynthesis

GLYCOCAT-PWY: glycogen degradation I

PWY-8178: pentose phosphate pathway (non-oxidative branch) II

NONOXIPENT-PWY: pentose phosphate pathway (non-oxidative branch) I

PWY-7115: C4 photosynthetic carbon assimilation cycle, NAD-ME type

PWY0-1586: peptidoglycan maturation (meso-diaminopimelate containing)

PWY0-1241: ADP-L-glycero-&beta;-D-manno-heptose biosynthesis

PWY-5981: CDP-diacylglycerol biosynthesis III

PWY-3001: superpathway of L-isoleucine biosynthesis I

PWY-5154: L-arginine biosynthesis III (via N-acetyl-L-citrulline)

PWY-1269: CMP-3-deoxy-D-manno-octulosonate biosynthesis

ANAEROFRUCAT-PWY: homolactic fermentation

PWY-7761: NAD salvage pathway II (PNC IV cycle)

HEMESYN2-PWY: heme b biosynthesis II (oxygen-independent)

PWY0-1261: anhydromuropeptides recycling I

ARGININE-SYN4-PWY: L-ornithine biosynthesis II

PWY0-845: superpathway of pyridoxal 5'-phosphate biosynthesis and salvage

GLYCOLYSIS-E-D: superpathway of glycolysis and the Entner-Doudoroff pathway

P441-PWY: superpathway of N-acetylneuraminate degradation

PYRIDOXSYN-PWY: pyridoxal 5'-phosphate biosynthesis I

PWY-6147: 6-hydroxymethyl-dihydropterin diphosphate biosynthesis I

PWY4FS-8: phosphatidylglycerol biosynthesis II (non-plastidic)

PWY4FS-7: phosphatidylglycerol biosynthesis I (plastidic)

FUCCAT-PWY: fucose degradation

PHOSLIPSYN-PWY: superpathway of phospholipid biosynthesis I (bacteria)

PWY-6902: chitin degradation II (Vibrio)

PWY-4984: urea cycle

DAPLYSINESYN-PWY: L-lysine biosynthesis I

CITRULBIO-PWY: L-citrulline biosynthesis

PWY-8073: lipid IVA biosynthesis (P. putida)

NAGLIPASYN-PWY: lipid IVA biosynthesis (E. coli)

PWY-7883: anhydromuropeptides recycling II

PWY0-1479: tRNA processing

gFC

-4 -3 -2 -1 0

FERMENTATION-PWY: mixed acid fermentation

SULFATE-CYS-PWY: superpathway of sulfate assimilation and cysteine biosynthesis

PWY-5345: superpathway of L-methionine biosynthesis (by sulfhydrylation)

PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation

CENTFERM-PWY: pyruvate fermentation to butanoate

PWY-6969: TCA cycle V (2-oxoglutarate synthase)

PWY-8187: L-arginine degradation XIII (reductive Stickland reaction)

PWY-6527: stachyose degradation
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DTDPRHAMSYN−PWY: dTDP−&beta;−L−rhamnose biosynthesis

PWY−6703: preQ0 biosynthesis

PWY−2942: L−lysine biosynthesis III

VALSYN−PWY: L−valine biosynthesis

PANTO−PWY: phosphopantothenate biosynthesis I

HSERMETANA−PWY: L−methionine biosynthesis III

PWY−5686: UMP biosynthesis I

PWY−5103: L−isoleucine biosynthesis III

BRANCHED−CHAIN−AA−SYN−PWY: superpathway of branched chain amino acid biosynthesis

ILEUSYN−PWY: L−isoleucine biosynthesis I (from threonine)

PWY−7221: guanosine r ibonucleotides de no vo biosynthesis

PWY−7953: UDP−N−acetylmuramoyl−pentapeptide biosynthesis III (meso −diaminopimelate containing)

PEPTIDOGLYCANSYN−PWY: peptidoglycan biosynthesis I (meso −diaminopimelate containing)

PWY−6387: UDP−N−acetylmuramoyl−pentapeptide biosynthesis I (meso −diaminopimelate containing)

PWY0−1241: ADP−L−glycero−&beta;−D−manno−heptose biosynthesis

PWY−6121: 5−aminoimidazole ribonucleotide biosynthesis I

PWY−6122: 5−aminoimidazole ribonucleotide biosynthesis II

PWY−6277: superpathway of 5−aminoimidazole ribonucleotide biosynthesis

PWY−6123: inosine−5'−phosphate biosynthesis I

PWY−6124: inosine−5'−phosphate biosynthesis II

ARGSYNBSUB−PWY: L−arginine biosynthesis II (acetyl cycle)

PWY−5188: tetrapyrrole biosynthesis I (from glutamate)

PWY−7790: UMP biosynthesis II

PWY−7791: UMP biosynthesis III

ARO−PWY: chorismate biosynthesis I

PWY−6163: chorismate biosynthesis from 3 −dehydroquinate

PWY−6700: queuosine biosynthesis I (de no vo)
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1CMET2−PWY: folate transformations III (E. coli)
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COA−PWY: coenzyme A biosynthesis I (prokar yotic)

PANTOSYN−PWY: superpathway of coenzyme A biosynthesis I (bacter ia)
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Figure 5

OSH treatment results in distinct 
and sustained changes in the gut 

microbiota composition.
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PWY-7383: anaerobic energy metabolism (invertebrates, cytosol)

PWY-6608: guanosine nucleotides degradation III

PWY-5695: inosine 5'-phosphate degradation

PWY-7977: L-methionine biosynthesis IV

PWY-6703: preQ0 biosynthesis

GLYCOCAT-PWY: glycogen degradation I

PWY-8178: pentose phosphate pathway (non-oxidative branch) II

NONOXIPENT-PWY: pentose phosphate pathway (non-oxidative branch) I

PWY-7115: C4 photosynthetic carbon assimilation cycle, NAD-ME type

PWY0-1586: peptidoglycan maturation (meso-diaminopimelate containing)

PWY0-1241: ADP-L-glycero-&beta;-D-manno-heptose biosynthesis

PWY-5981: CDP-diacylglycerol biosynthesis III

PWY-3001: superpathway of L-isoleucine biosynthesis I

PWY-5154: L-arginine biosynthesis III (via N-acetyl-L-citrulline)

PWY-1269: CMP-3-deoxy-D-manno-octulosonate biosynthesis

ANAEROFRUCAT-PWY: homolactic fermentation

PWY-7761: NAD salvage pathway II (PNC IV cycle)

HEMESYN2-PWY: heme b biosynthesis II (oxygen-independent)

PWY0-1261: anhydromuropeptides recycling I

ARGININE-SYN4-PWY: L-ornithine biosynthesis II

PWY0-845: superpathway of pyridoxal 5'-phosphate biosynthesis and salvage

GLYCOLYSIS-E-D: superpathway of glycolysis and the Entner-Doudoroff pathway

P441-PWY: superpathway of N-acetylneuraminate degradation

PYRIDOXSYN-PWY: pyridoxal 5'-phosphate biosynthesis I

PWY-6147: 6-hydroxymethyl-dihydropterin diphosphate biosynthesis I

PWY4FS-8: phosphatidylglycerol biosynthesis II (non-plastidic)

PWY4FS-7: phosphatidylglycerol biosynthesis I (plastidic)

FUCCAT-PWY: fucose degradation

PHOSLIPSYN-PWY: superpathway of phospholipid biosynthesis I (bacteria)

PWY-6902: chitin degradation II (Vibrio)

PWY-4984: urea cycle

DAPLYSINESYN-PWY: L-lysine biosynthesis I

CITRULBIO-PWY: L-citrulline biosynthesis

PWY-8073: lipid IVA biosynthesis (P. putida)

NAGLIPASYN-PWY: lipid IVA biosynthesis (E. coli)

PWY-7883: anhydromuropeptides recycling II

PWY0-1479: tRNA processing

gFC
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FERMENTATION-PWY: mixed acid fermentation

SULFATE-CYS-PWY: superpathway of sulfate assimilation and cysteine biosynthesis

PWY-5345: superpathway of L-methionine biosynthesis (by sulfhydrylation)

PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation

CENTFERM-PWY: pyruvate fermentation to butanoate

PWY-6969: TCA cycle V (2-oxoglutarate synthase)

PWY-8187: L-arginine degradation XIII (reductive Stickland reaction)

PWY-6527: stachyose degradation
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DTDPRHAMSYN−PWY: dTDP−&beta;−L−rhamnose biosynthesis

PWY−6703: preQ0 biosynthesis

PWY−2942: L−lysine biosynthesis III

VALSYN−PWY: L−valine biosynthesis

PANTO−PWY: phosphopantothenate biosynthesis I

HSERMETANA−PWY: L−methionine biosynthesis III

PWY−5686: UMP biosynthesis I

PWY−5103: L−isoleucine biosynthesis III

BRANCHED−CHAIN−AA−SYN−PWY: superpathway of branched chain amino acid biosynthesis

ILEUSYN−PWY: L−isoleucine biosynthesis I (from threonine)

PWY−7221: guanosine r ibonucleotides de novo biosynthesis

PWY−7953: UDP−N−acetylmuramoyl−pentapeptide biosynthesis III (meso −diaminopimelate containing)

PEPTIDOGLYCANSYN−PWY: peptidoglycan biosynthesis I (meso −diaminopimelate containing)

PWY−6387: UDP−N−acetylmuramoyl−pentapeptide biosynthesis I (meso −diaminopimelate containing)

PWY0−1241: ADP−L−glycero−&beta;−D−manno−heptose biosynthesis

PWY−6121: 5−aminoimidazole ribonucleotide biosynthesis I

PWY−6122: 5−aminoimidazole ribonucleotide biosynthesis II

PWY−6277: superpathway of 5−aminoimidazole ribonucleotide biosynthesis

PWY−6123: inosine−5'−phosphate biosynthesis I

PWY−6124: inosine−5'−phosphate biosynthesis II

ARGSYNBSUB−PWY: L−arginine biosynthesis II (acetyl cycle)

PWY−5188: tetrapyrrole biosynthesis I (from glutamate)

PWY−7790: UMP biosynthesis II

PWY−7791: UMP biosynthesis III

ARO−PWY: chorismate biosynthesis I

PWY−6163: chor ismate biosynthesis from 3 −dehydroquinate

PWY−6700: queuosine biosynthesis I (de no vo)

PWY−5097: L−lysine biosynthesis VI

PWY−7977: L−methionine biosynthesis IV

1CMET2−PWY: folate transformations III (E. coli)

PWY−3841: folate transformations II (plants)

COA−PWY: coenzyme A biosynthesis I (prokar yotic)

PANTOSYN−PWY: superpathway of coenzyme A biosynthesis I (bacter ia)
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OSH fosters Akkermansia
muciniphila growth
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Gut microbiota drives 
metabolic benefits of OSH 

in mice. Recover upon 
fecal microbiota 
transplantation
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