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ABSTRACT
Background  Dysosmobacter welbionis is a recently 
discovered butyrate producer whose presence in stool 
correlates with improved metabolic health. Whether 
its abundance is reduced in individuals with metabolic 
dysfunction-associated steatotic liver disease (MASLD) 
remains unknown. Mechanistic insight into its butyrate 
production from myo-inositol, a dietary compound from 
fruits, beans, grains and nuts with metabolic benefits, is 
also limited.
Objective  To assess population-level distribution, 
relative abundance and strain diversity of D. welbionis 
in humans, and to elucidate its metabolic capacity to 
ferment myo-inositol into butyrate.
Design  We analysed several human cohorts for 
associations with liver health and evaluated D. welbionis 
J115T supplementation in a diet-induced steatosis 
mouse model. An antibody-guided anaerobic cell-
sorting strategy enabled isolation of distinct strains. We 
combined 13C-labelled inositol isotopes with NMR, mass 
spectrometry, genomics and proteomics.
Results  We found that D. welbionis and two related 
species (D. hominis and D. segnis) are prevalent gut 
bacteria in the human gut. D. welbionis abundance was 
reduced in MASLD across two cohorts and inversely 
correlated with fibrosis score in a third cohort. Treatment 
with D. welbionis J115T improved glycaemia and hepatic 
steatosis in high-fat diet fed mice. We identified a 
non-canonical myo-inositol-to-butyrate fermentation 
pathway. 19 human strains were isolated, comparative 
genomics of 23 strains revealed an open pangenome 
(about 2100 core genes) including the full myo-inositol 
fermentation pathway.
Conclusion  D. welbionis possesses a unique, conserved 
route to convert dietary myo-inositol into butyrate, 
distinguishing it from other commensals and supporting 
its potential as a next-generation probiotic for metabolic 
and liver health.

INTRODUCTION
The human gut harbours a dense and metabolically 
active microbial community,1 2 which plays a key 
role in host health. A key function of these microbes 
is the production of metabolites that influence intes-
tinal and systemic physiology. Among these metab-
olites, short-chain fatty acids (SCFAs), including 
acetate, propionate and butyrate, are the most 
extensively studied. SCFAs modulate host responses 
by engaging G-protein coupled receptors, altering 
gene expression via epigenetic mechanisms, and 
influencing metabolic, immune and inflammatory 
pathways.3 4 Butyrate is particularly notable for its 
role as the primary energy source for colonocytes, 
its anti-inflammatory properties and its overall 
involvement in metabolic regulation.1 5 6

The production of butyrate in the gut is primarily 
carried out by anaerobic commensals from the 
families Oscillospiraceae (synonym, Ruminococca-
ceae) and Lachnospiraceae, both within the phylum 
Bacillota (formerly Firmicutes).7 Well-characterised 
butyrogenic taxa include Roseburia intestinalis, 
Faecalibacterium prausnitzii and Eubacterium spp. 
Other species also contribute to butyrate synthesis 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Butyrate is a short-chain fatty acid (SCFA) 
produced by gut bacteria that plays a crucial 
role in metabolic and liver health.

	⇒ myo-Inositol is a dietary compound known to 
influence insulin sensitivity and gut microbial 
composition.

	⇒ Certain gut bacteria can metabolise myo-
inositol into SCFAs like acetate and propionate, 
but until now no gut species had been 
experimentally confirmed to convert it into 
butyrate.
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by fermenting dietary oligosaccharides, polysaccharides and 
metabolic intermediates (eg, lactate and acetate), including 
Anaerobutyricum and Anaerostipes spp.8 9 We recently expanded 
this repertoire with the identification of Dysosmobacter welbi-
onis J115T, which stains gram-negative but encodes a monoderm 
(gram-positive type) cell envelope and is a member of Oscillo-
spiraceae, that produces butyrate through an unusual reliance on 
inositol as a primary carbon source.10

The relative and absolute abundance of D. welbionis in human 
faeces has been reported to decline significantly in individuals 
with obesity and type 2 diabetes, showing inverse correlations 
with fasting glucose and glycated haemoglobin levels.11 In 
high-fat diet-fed mice, supplementation with D. welbionis J115T 
improved glucose tolerance more effectively than metformin 
and lowered fasting glycaemia through mechanisms indepen-
dent of glucagon and hepatic gluconeogenic enzymes.12 More 
recently, D. welbionis J115T was shown to metabolise choles-
terol, and its higher abundance, along with that of Oscillibacter 
spp., was associated with reduced faecal and plasma cholesterol 
levels, suggesting a potential role in cardiovascular and meta-
bolic regulation.13

Inositol, a hexahydroxycyclohexane alcohol structurally 
derived from cyclohexane, belongs to the glucose family and 
exists in nine stereoisomeric forms, with myo-inositol being 
the most prevalent in human diet.14 15 Although myo-inositol 
can be endogenously synthesised in humans—primarily by the 

kidneys—it is also obtained through dietary intake in free form or 
as phytic acid (inositol hexaphosphate, IP6).16–18 Major dietary 
sources include fruits (especially cantaloupe and oranges), whole 
grains, legumes (such as beans and lentils), seeds and nuts. Myo-
inositol is particularly abundant in foods high in fibre, where it is 
often present in bound form as phytates. During food processing 
or digestion, phytates can be hydrolysed to release free myo-ino-
sitol. Recent studies have implicated myo-inositol deficiency 
in the development of several metabolic disorders, including 
polycystic ovary syndrome, type 2 diabetes and gestational 
diabetes.19–21 Supplementation with myo-inositol and its isomer, 
D-chiro-inositol, has been shown to improve insulin sensitivity 
and lower blood glucose levels.22 Myo-inositol derivatives also 
function as a second messenger of insulin, promoting glycogen 
synthesis, facilitating GLUT4 translocation and enhancing 
glucose uptake in insulin-sensitive tissues.22

Beyond its role in host metabolism, myo-inositol and phytic 
acid have been shown to modulate the gut microbiota in animal 
studies, increasing the relative abundance of lactobacilli and 
enhancing the production of SCFAs. Until now, only a limited 
number of bacterial species have been experimentally demon-
strated to metabolise myo-inositol, including Aerobacter aero-
genes, Rhizobium leguminosarum bv. viciae, Bacillus subtilis, 
Lacticaseibacillus casei, Corynebacterium glutamicum and 
Mitsuokella jalaludinii.23–28 However, most of these species are 
not resident members of the human gut microbiota. In recent 
years, a human gut-associated bacterium has been identified with 
the capacity to metabolise inositol, Anaerostipes rhamnosivorans, 
which is able to produce propionate and acetate from inositol.29 
But to date, none has been shown to convert myo-inositol into 
butyrate. A potential exception is A. hadrus, in which a genomic 
structural variant suggests a possible inositol-to-butyrate 
pathway, although this has not been experimentally validated.30 
It was later demonstrated that not all A. hadrus strains grow 
in myo-inositol and only some can ferment inositol to propio-
nate and acetate, but not butyrate. Notably, like D. welbionis, 
A. hadrus has been associated with favourable host metabolic 
markers, including reduced body mass index, body weight and 
waist-to-hip ratio.30 These findings strongly suggest a mecha-
nistic link between inositol-to-butyrate fermentation in the gut 
and host metabolic regulation. However, there has been to date 
no detailed analysis of D. welbionis phylogenetic and functional 
diversity, limiting its potential use as a next-generation probiotic.

Given its metabolic capacity and health-associated profile, D. 
welbionis emerges as an ideal next-generation probiotic candi-
date. In this article, we report comprehensive genomic and func-
tional data on newly isolated strains and provide mechanistic 
evidence for the conversion of myo-inositol into butyrate and 
acetate by this important human gut bacterial species.

RESULTS
D. welbionis is a dominant Dysosmobacter species associated 
with liver health
Since our proposal of Dysosmobacter as a novel genus in 
2020,10 three human-associated Dysosmobacter spp. have been 
isolated and described: D. welbionis, D. segnis and D. hominis.31 
However, their population-level distribution and relative abun-
dance have not been explored. In the TwinsUK cohort of 977 
adults, Dysosmobacter spp. were detected in 94% of faecal 
samples, while the prevalence was 93% in a healthy Chinese 
cohort (n=1073) spanning a wide age range32 (figure 1a,b). D. 
welbionis was the most prevalent species, detected in 81% of the 
TwinsUK cohort (relative abundance (RA) 0–2.4%) and 72% of 

WHAT THIS STUDY ADDS
	⇒ This study reveals that Dysosmobacter welbionis is highly 
prevalent across diverse human populations, including 
children and adults, with a notable heritability pattern 
observed in monozygotic twins, suggesting host-genetic 
influences on its colonisation.

	⇒ The relative abundance of D. welbionis is significantly 
reduced in patients with metabolic-associated fatty liver 
disease (MASLD) and is negatively associated with a fibrosis 
score, highlighting a potential protective role in liver health.

	⇒ Through the isolation and genomic analysis of 23 human-
derived D. welbionis strains, the study demonstrates that this 
inositol-to-butyrate pathway is conserved across the species, 
reinforcing its ecological and therapeutic relevance.

	⇒ Functionally, the study identifies a previously uncharacterised 
metabolic pathway in D. welbionis that converts myo-inositol 
into butyrate.

	⇒ Advanced techniques, including antibody-guided anaerobic 
cell-sorting strategy, 13C-labelling, NMR, proteomics and 
genomics were used to isolate the new strains and to map 
the unique biochemical steps of this pathway.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ D. welbionis could become a next-generation probiotic 
candidate for preventing or managing metabolic diseases 
such as MASLD, obesity and type 2 diabetes.

	⇒ The discovery that inositol fermentation produces 
butyrate may shift current paradigms in diet-microbiota-
host interaction research, especially regarding inositol 
supplementation.

	⇒ These findings highlight the need for strain-level evaluation 
in probiotic development, including antibiotic resistance 
profiling, to ensure safety and efficacy in therapeutic 
applications.
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the Chinese cohort (RA 0–1.7%), in line with our previous find-
ings from the American Gut Project and the Flemish Gut Flora 
Project.11 D. segnis showed similar prevalence (64% in TwinsUK, 
78% in the Chinese cohort; RA up to 2.5%), whereas D. hominis 
was less common (45% and 19%, respectively). Notably, D. 
welbionis was the dominant species in children aged 3–6 years 
(kindergarten; figure 1b). To assess host genetic influences, we 
analysed Dysosmobacter spp. relative abundances in 53 healthy 
monozygotic (MZ) and 66 healthy dizygotic (DZ) twin pairs 
from the TwinsUK cohort. A correlation in relative abundances 
of D. welbionis was detected in MZ (R=0.43, p=0.001) but 
not DZ twins (R=0.058, p=0.64), suggesting its heritability 
(figure 1c).

Given recent evidence that D. welbionis J115T attenuates 
liver weight gain in high-fat diet-fed mice,12 we analysed three 
well-characterised gut microbiota datasets from patients with 
metabolic-associated fatty liver disease (MASLD): one from 
the USA (non-MASLD n=51; MASLD without fibrosis n=17; 
MASLD with cirrhosis n=25),33 one from Finland (non-MASLD 
n=26; MASLD n=12)34 and one with individuals from Spain 
and Italy (n=686). In the first two cohorts, the relative abun-
dance of D. welbionis, and to a lesser extent D. hominis, was 
significantly reduced in MASLD cases (p<0.05; figure  1d). 

Although we did not find a correlation between the relative 
abundance of D. welbionis and MASLD in the third study, D. 
welbionis abundance was inversely correlated with MASLD 
fibrosis score (figure 1e). These inverse correlations imply that 
higher abundance of this bacterium may be linked to improved 
liver health, without being directly linked to the total liver fat 
content. Altogether, these findings reinforce the dominance of 
D. welbionis within the genus, and its potential role in main-
taining liver health across diverse human populations.

To experimentally assess whether D. welbionis can miti-
gate hepatic steatosis development, we explored additional 
hepatic health parameters in previously published mice 
cohorts12 35 with an addition of two unpublished cohorts 
with similar experimental design. In these four indepen-
dent studies comparing animals fed a normal diet (ND) or a 
high-fat diet (HFD) for 8–10 weeks, as previously observed, 
J115T supplementation (HFD + J115T) limited the HFD-
induced hyperglycaemia and prevented the increase in liver 
weight associated with HFD (figure  2a,b). Histological 
quantification of hepatic fat droplets revealed that J115T 
supplementation had limited the development of steatosis 
observed in the HFD group (figure 2c,d). Plasma transam-
inase measurements revealed no significant differences in 

Figure 1  Abundance and distribution of Dysosmobacter species across multiple human cohorts. (a) Dysosmobacter spp. abundance in the TwinsUK 
cohort of 977 adults, Dysosmobacter spp. were detected in 94% of faecal samples, while the prevalence was 93% in a healthy Chinese cohort 
(n=1073) spanning a wide age range. (b) In a large cross-sectional cohort of healthy Chinese individuals spanning ages 3–100+, Dysosmobacter 
spp. were less abundant in children, with D. welbionis being the most dominant species across age groups. (c) Dysosmobacter spp. abundances in 
53 healthy MZ and 66 DZ twin pairs from the TwinsUK cohort. The relative abundance of D. welbionis was significantly more correlated between 
MZ twins (R=0.43, p=0.001) than DZ twins (R=0.058, p=0.64). (d) Abundance was significantly lower in subjects with MASLD or MASH compared 
with controls. Among identified species, D. welbionis and D. hominis showed the most pronounced reductions in patients with MASLD/MASH, while 
D. segnis remained low across groups. (e) Spearman’s correlation between D. welbionis faecal abundance and the MASLD fibrosis score in a large 
cohort of Italian and Spanish individuals (n=686) with MASLD/steatosis. The data were adjusted for demographics (country, sex and age). DZ, healthy 
dizygotic; MASLD, metabolic-associated fatty liver disease; MASH, metabolic-associated steatohepatitis; MZ, monozygotic.
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aspartate aminotransferase (AST) between groups, while 
alanine aminotransferase (ALT) levels were significantly 
elevated in both HFD and HFD+J115T compared with ND, 
with no significant difference observed between HFD and 
HFD+J115T (online supplemental figure S1a and b). Collec-
tively, these data indicate that D. welbionis, at least partially, 
protects against diet-induced hepatic steatosis, supporting 
its positive association with liver health observed in human 
cohorts.

Inositol fermentation by D. welbionis J115T

Given the beneficial effects of D. welbionis on host metab-
olism and liver health, we next sought to investigate the 
bacterial metabolic capacities that may support its activity 
in the gut. D. welbionis J115T can produce butyrate from 
myo-inositol, a feature not observed in other members of 
the Oscillospiraceae family.10 Reduced microbial-derived 
butyrate has been linked to metabolic diseases, including 
MASLD,36 highlighting the relevance of investigating corre-
sponding metabolic pathways in D. welbionis.

The spectrum of carbon sources that support the growth 
of D. welbionis J115T was subjected to 190 assays of carbon 
sources using Biolog phenotypes microarray plates. Only 
three carbon substrates consistently stimulated the growth 
by more than 50%: myo-inositol (a carbocyclic sugar 

alcohol), uridine and inosine (both nucleosides) (figure 3a 
and online supplemental table S1 for the list of negative 
compounds). The strong growth response to myo-inositol 
and uridine highlighted its potential as a key metabolic 
substrate for D. welbionis J115T. To confirm these results 
and determine the optimal concentration, we grew D. welbi-
onis J115T on medium containing increasing concentra-
tions, between 0% and 2.5% (weight/vol), of myo-inositol 
or uridine for 72 hours. A maximal increase (threefold) 
of biomass production was obtained with 0.75% (weight/
vol) of myo-inositol and 2.5% of uridine, confirming their 
growth-promoting effects (figure  3b). Myo-inositol utili-
sation, which reached 75% after 52 hours, was associated 
with a pH decrease from 8.25 to 5.70 while no pH change 
was observed for uridine (figure 3b). D. welbionis J115T was 
able to ferment myo-inositol to butyrate and acetate after 
48 hours (figure 3c), as well as isovalerate and isobutyrate 
in small quantities, suggesting branched-chain amino acid 
fermentation capability (online supplemental figure S1). We 
also observed that the production of butyrate and acetate 
was dependent on myo-inositol addition, suggesting a robust 
capability of D. welbionis J115T to ferment inositol (online 
supplemental figure S2). Maximal production of butyrate 
was obtained with a medium supplementation of 0.75% 
myo-inositol (online supplemental figure S2a). Consistent 

Figure 2  D. welbionis J115T improves glycaemia, hepatic weight and steatosis in a mouse model of diet-induced obesity and diabetes. (a) Plasma 
glucose profile during a 2-hour OGTT in mice fed an ND or a HFD, treated with either a daily oral gavage of vehicle or live D. welbionis J115T (HFD + 
J115T) (>1×109 CFUs) for 8 weeks. (b) Liver weights at the end of the protocol. (c) Representative images of liver slices for each group. (d) Percentage 
of white (unstained/empty zone) per field, representing hepatic lipid droplets. Data represent the mean of 10 fields per sample. n=25–44/group. 
Data are represented as the mean±SEM. (a) Was analysed using a repeated measures two-way ANOVA with a Geisser-Greenhouse correction and a 
Tukey’s multiple comparisons test. (b) Was analysed using a one-way ANOVA followed by a Tukey’s multiple comparisons test. (d) Was analysed using 
a Kruskal-Wallis test followed by a Dunn’s multiple comparisons test. *p<0.05, **p<0.01, ***p<0.001. ANOVA, analysis of variance; CFU, colony 
forming units; D. welbionis, Dysosmobacter welbionis; HFD, high-fat diet; ND, normal diet; OGTT, oral glucose tolerance test.
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with no change in pH, providing uridine led to a limited 
growth and no production of SCFAs (figure 3b and d, online 
supplemental figure S2a).

Fermentation of myo-inositol by D. welbionis J115T is 
essential to produce energy
Using a multichannel isothermal microcalorimeter, we moni-
tored bacterial growth by measuring metabolic heat production 
to assess real-time energy release during active metabolism.37 38 
Among all concentrations tested, myo-inositol 0.75% led to the 
highest energy production (figure  4a). To evaluate the impor-
tance of each individual carbon source originally used to isolate 
strain J115T, we removed one substrate per condition and moni-
tored metabolic activity. Notably, the total heat production was 
analysed to assess metabolic activity profiles. All tested condi-
tions supported similarly elevated metabolic rates in the pres-
ence of myo-inositol. However, the removal of myo-inositol led 
to a decrease in total heat production, suggesting reduced meta-
bolic activity of the bacteria under this condition and that myo-
inositol plays a key role in supporting the growth and energy 
metabolism (figure  4b). These findings reinforce the strong 
metabolic response elicited by myo-inositol and confirm the 

maximum growth observed at 0.75% (figure 3). These results 
suggest that myo-inositol supports robust bacterial metabolism, 
in contrast to all other tested sugars.

Elucidation of myo-inositol fermentation pathway using 
13C-NMR and mass spectrometry
To further investigate the myo-inositol pathway at the molec-
ular level, we grew D. welbionis J115T in YCFA medium 
containing either [13C6]myo-inositol, [4-13C]myo-inositol or 
[4,5-13C2]myo-inositol as the carbon source.29 Supernatants 
were collected after 48 hours and analysed by using NMR. 
High-resolution 13C-NMR spectra showed a complete conver-
sion of [13C6]myo-inositol to [1-13C]acetate, [1-13C]butyrate, 
[2-13C]acetate, [2-13C]butyrate, [3-13C]butyrate, [4-13C]
butyrate and [13C]CO2 (figure 4a). To investigate the biochem-
ical pathway of [4-13C]myo-inositol or [4,513C2]myo-inositol 
fermentation, we detected the following products: [1-13C]
butyrate, [1-13C]acetate, [13C]CO2, [2-13C]acetate, [2-13C]
butyrate, [3-13C]butyrate and [4-13C]butyrate (figure 5a). These 
results confirmed that inositol was stoichiometrically converted 
into butyrate and acetate. To further dissect the biochemical 
pathway, D. welbionis J115T was grown in [4-13C]myo-inositol 

Figure 3  Myo-inositol and uridine utilisation by D. welbionis J115T and their impact on biomass, pH and SCFA production. (a) Percentage of biomass 
(evaluated by OD680nm) increase in comparison to the negative control for positive substrates in the 190 substrates utilisation assays for carbon sources 
(PM1 and PM2 Biolog plates). (b) Biomass (left Y axis) and pH (right Y axis) modification of D. welbionis J115T after 72 hours of growth in modified 
YCFA supplemented with 0 to 2.5% (weight/vol) of myo-inositol or uridine. (c) Biomass (left Y axis) and SCFAs (right Y axis) produced by D. welbionis 
J115T after several hours of growth in modified YCFA medium supplemented with myo-inositol. (d) Biomass (left Y axis) and SCFAs (right Y axis) 
produced by D. welbionis J115T after several hours of growth in modified YCFA medium supplemented with uridine. D. welbionis, Dysosmobacter 
welbionis; OD, optical density; OD, optical density; SCFAs, short-chain fatty acids.
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or [4,5-13C2]myo-inositol. Subsequent NMR analysis revealed 
the formation of [2-13C]acetate, [4-13C]butyrate or [1,2-13C]
acetate, [3,4-13C]butyrate, respectively (figure  5a). This result 
suggests that the cleavage of 5-dehydro-2-deoxy-D-gluconate 
6-phosphate occurs between the C3-C4 bond to form [2-13C]3-
oxopropionate or [1,2-13C]3-oxopropionate and non-labelled 
glycerone phosphate from [13C]inositols (figure 5b). In addition, 
the dehydration of scyllo-inosose was across the C4–C5 bond 
rather than C1–C6 bond. The produced 3-oxopropionate was 
subsequently converted into [2-13C]acetate or [1,2-13C]acetate. 
Production of [4-13C]butyrate and [3,4-13C]butyrate indicates 
condensation of 2 labelled acetyl-Coenzyme A (acetyl-CoA) 
later in the fermentative pathway. The proposed inositol utili-
sation route was further supported by detection of four inter-
mediates by liquid chromatography high-resolution mass 
spectrometry (LC-MS/MS) including 3,5/4-trihydroxycyclohe
xan-1,2-dione, scyllo-inosose, 5-dehydro-2-deoxy-D-gluconate 
and 5-dehydro-2-deoxy-D-gluconate 6-phosphate in cell lysates 
(online supplemental figure S3 and online supplemental table 
S2). We also observed that the first three intermediates were 
present at the beginning of the growth and subsequently used 
and their levels remained low in the bacterial cells; whereas 
5-dehydro-2-deoxy-D-gluconate 6-phosphate was only accumu-
lated in small quantities after 2 hours and fully converted after 
24 hours. These combined results confirm the precise molecular 
pathway by which D. welbionis J115T ferments myo-inositol 
into acetate and butyrate, providing clear biochemical markers 
and reaction intermediates for further metabolic studies.

Evidence for a non-canonical myo-inositol to butyrate 
pathway in D. welbionis by proteogenomics and comparative 
genomics
The genome of D. welbionis J115T comprised 3 576 546 bp with 
a guanine (G) and cytosine (C) bases (GC) content of 58.9% and 
a total of 3510 protein-coding sequences (CDSs) (online supple-
mental table S3).

To reconstruct the entire inositol fermentative pathway, a 
proteogenomic approach was used. We have reconstructed the 
entire pathway from myo-inositol to butyrate based on the use of 
stable isotopes [13C] myo-inositol (figure 5b) and have identified 
gene candidates involved in the pathway based on proteogenomic 
analysis (figure 5c). This includes a myo-inositol utilisation gene 
cluster and enzymes encoded by this gene cluster that were highly 
abundant with a twofold to threefold induction in cells grown 
with inositol. The conversion of 2-deoxy-5-keto-D-gluconate 
6-phosphate into 3-oxopropionate is canonically done by 5-d
ehydro-2-deoxyphosphogluconate aldolase (iolJ). However, 
although the iolJ gene is absent in the genome of D. welbionis 
J115T, we identified two genes by the annotation pipeline as 
class II fructose-bisphosphate aldolases (online supplemental 
table S4 and see fold changes in online supplemental table S5). 
Interestingly, both enzymes are associated with the TIGR01859 
conserved domain, which has been linked to 5-dehydro-2-deoxy
-D-gluconate-6-phosphate aldolase activity. This raises the possi-
bility that one of these two aldolases may catalyse the cleavage of 
2-deoxy-5-keto-D-gluconate-6-phosphate into 3-oxopropionate. 
This strongly suggests that D. welbionis likely uses a non-
canonical set of enzymes to produce butyrate using myo-inositol. 
Indeed, some class II fructose-bisphosphate aldolases, although 
specialised for fructose-1,6-bisphosphate, can sometimes exhibit 
secondary aldolase activity on modified aldonic substrates 
(like 2-deoxy-5-keto-D-gluconate-6P). Therefore, it is possible 
that D. welbionis has recruited another aldolase enzyme (not 

Figure 4  Myo-inositol stimulates energy production in D. welbionis 
J115T as measured by isothermal microcalorimetry. (a) Total heat 
released by D. welbionis J115T after 72 hours of incubation in modified 
YCFA medium supplemented with increasing concentrations of myo-
inositol (0.1%–2.5%, w/v). The highest metabolic activity was observed 
at 0.75%, indicating an optimal concentration for energy production. CT 
represents the control group, which was cultured with 1% myo-inositol, 
the concentration routinely used for growing D. welbionis J115T. (b) 
Comparison of total heat production in cultures supplemented with 
various carbon sources, including monosaccharides and disaccharides. 
Absence of myo-inositol triggered significantly lower energy output 
than all other tested sugars, highlighting its preferential use and 
importance in supporting robust metabolism. mYCFA-8s is a modified 
YCFA medium supplemented with eight different sugar sources (g/L) 
with maltose, fructose, galactose, myo-inositol, glucose, raffinose, 
cellobiose, trehalose. D. welbionis, Dysosmobacter welbionis.
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Figure 5  Reconstruction of the myo-inositol-to-butyrate fermentation pathway in D. welbionis J115T through proteogenomic and isotopic analyses. 
(a) High-resolution 13C-NMR spectra showing [13C6]myo-inositol, [4-13C]myo-inositol or [4513C2]myo-inositol fermentation products that are [1-
13C]butyrate, [1-13C]acetate, [13C]CO2, [2-13C]acetate, [2-13C]butyrate, [3-13C]butyrate, [4-13C]butyrate. (b) Detection of ¹³C-labelled fermentation 
intermediates and products using 13C-NMR supports the presence of a functional pathway from myo-inositol to butyrate with anticipated scheme of 
13C flow. (c) Reconstruction of the entire myo-inositol degradation pathway to butyrate production based on metabolomic analyses using 13C NMR 
spectra and high-resolution LC-MS/MS data, genomic and proteomic analysis. See fold changes in the online supplemental table S5. CoA, Coenzyme 
A; D. welbionis, Dysosmobacter welbionis; LC-MS/MS, liquid chromatography high-resolution mass spectrometry.
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annotated as iolJ) to carry out this step in myo-inositol catab-
olism. Along the same line, we propose that the conversion of 
3-oxopropionate into acetyl-CoA may be realised by an oxoacid 
dehydrogenase complex (EIO64_03 047–03050) (EC 2.3.1.190) 
(EC 2.3.1.12). We found that the complex was highly abundant 
and 1.1–1.8 times induced in inositol-grown cells compared 
with uridine-grown cells (online supplemental table S4 and 
online supplemental table S5). This oxoacid dehydrogenase 
has been shown to convert 3-oxopropionate to acetyl-CoA and 
CO2.

39 Produced acetyl-CoA is postulated to condense with 
another acetyl-CoA to form acetoacetyl-CoA which would enter 
the acetyl-CoA pathway for butyrate formation.40 This proposed 
route is in line with the detection of various intermediates by 
LC-MS/MS (figure 5b).

Isolation of novel D. welbionis strains using an anaerobic cell 
sorting method
Building on our findings, we next aimed to isolate novel D. welbi-
onis strains from the human gut to better capture the species’ 
diversity and functional potential. This allowed us to examine 
whether the identified non-canonical myo-inositol-butyrate 
pathway is strain-specific. Expanding the strain repertoire also 
enabled the assessment of genomic features such as antimicrobial 

resistance genes, which is important for therapeutic use. Estab-
lishing a strain bank thus provides a basis for identifying safe 
and metabolically competent candidates for future probiotic 
applications.

We employed the species-specific isolation and cultivation 
technology developed by Bellais et al41 that enables the targeted 
recovery of gut commensal bacteria via anaerobic flow cytom-
etry (figure 6a). First, polyclonal antibodies against D. welbionis 
were generated by injecting rabbits with the heat-inactivated 
type strain J115T. These antibodies were then tested against a 
pure culture of the same strain to test sensitivity while Dysosmo-
bacter sp SEL_291 and Escherichia coli ATCC 35218 were used 
as control bacteria to test specificity. Antibodies raised against D. 
welbionis J115T detected >90% of target bacteria, whereas only 
3% and 0.7% of Dysosmobacter sp SEL_291 and E. coli were 
detected by the antibodies, respectively (figure  6b). We then 
tested whether D. welbionis-specific antibodies could detect the 
J115T strain at varying concentrations within a complex bacte-
rial mixture. To validate this, we used a control stool sample 
quantified by flow cytometry, in combination with stool samples 
spiked with 0.1%, 0.3%, 1% or 3% of D. welbionis J115T. First, 
the viability of the spiked stool samples was comparable to that 
of the non-spiked controls. As shown in online supplemental 

Figure 6  Species-specific isolation of D. welbionis strains using anaerobic flow cytometry and antibody-based sorting. (a) Schematic overview of 
the anaerobic cell sorting method developed for targeted isolation of D. welbionis from faecal samples, based on the strategy by Bellais et al.41 (b) 
Polyclonal antibodies raised against heat-inactivated D. welbionis J115T showed >90% specificity toward the target strain in pure culture, while 
exhibiting minimal cross-reactivity with a related Dysosmobacter sp. (3%) and E. coli (0.7%). (c) Cell sorting and culture from faecal samples of 
healthy donors led to the successful isolation of 19 novel D. welbionis strains from eight individuals. D. welbionis, Dysosmobacter welbionis; E. coli, 
Escherichia coli.
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figure S4, D. welbionis spiking was detectable in all four spiked 
samples. Even at a low abundance of 0.1%, a distinct popula-
tion could be observed, with 0.098% detected in the sample. 
At higher concentrations, from 0.3% to 3%, the D. welbionis 
population became clearly visible and denser. In conclusion, 
this spiking experiment validated the specificity of our anti-D. 
welbionis antibody in a complex mixture of bacteria, demon-
strating its ability to detect as little as 0.1% of the total bacterial 
population.

Using quantitative PCR analysis on available stool samples, we 
identified 16 samples with the highest relative abundance of D. 
welbionis; these samples were then selected for cell sorting. Out 
of the 16 stools tested, we successfully isolated 19 new isolates 
of D. welbionis from 8 healthy volunteers. Using faecal samples 
collected from these healthy volunteers, we found that live 
bacteria (live: SYTO nine-positive and propidium iodide (PI)-
negative) ranged from 24.2% to 47.9% (figure 6c). Similarly to 
what was observed in online supplemental figure S4, D. welbionis 
bacteria accounted for 0.016%–0.33% of the events for eight 
volunteers. All colonies isolated were then tested by PCR with 
Dysosmobacter-specific primers and samples for which the 16S 
rRNA gene could be amplified were sent for Sanger sequencing. 
The obtained sequences had similarities ranging from 99.78% to 
100% between themselves.

Pangenomic analysis and phylogenetic differences among all 
the D. welbionis isolates
In addition to the 19 strains isolated using the anaerobic cell 
sorting method and the type strain J115T, we isolated 1 specific 
strain via conventional approaches that we named D. welbionis 
Ino, and obtained D. welbionis CLA-AA-H189 and D. welbionis 
CLA-JM-H43 from the Human intestinal Bacteria Collection.42 
Comparative genomic analysis of these 23 Dysosmobacter 
genomes and nine additional genomes from phylogenetically 
related species showed a variable range of CDSs (figure  7a). 
The results of paired average nucleotide identity (ANI) anal-
ysis showed intraspecies differences within the different isolates 
(including the type strain J115T) but all ANI were above 98% 
of similarities (an ANI threshold of 95% has been commonly 
used for species demarcation43) confirming that all of the strains 
isolated belong to D. welbionis (figure  7b). To determine the 
core genes and strain-specific genes within the species, genomes 
of 23 strains were selected for pan-genome analysis. Addition-
ally, two more strains, Oscillibacter acetigenes H4-59 and Oscil-
libacter sp. PEA192, were included based on their high ANI 
with all other D. welbionis strains. Among the 25 genomes, we 
obtained a total of 8141 unique protein-coding genes in the pan-
genome, corresponding to more than twofold the average total 
genes of the 25 genomes. These also included the 2136 core 
genes present in all strains, 174–457 persistent genes, 75–419 
shell genes and 148–880 cloud genes (figure 7c). The gene accu-
mulation curve showed a rapid stabilisation of the core genome 
after the inclusion of only a few strains, indicating a set of genes 
conserved across all isolates, while the pan-genome showed an 
increasing trend, suggesting the presence of a large and diverse 
shell and cloud gene pool (figure 7d). This is characteristic of 
an open pangenomic structure, indicating extensive genomic 
variability and a high frequency of strain-specific genes. At the 
species level, the genome sizes are 3 594 757±12 628 bp, GC 
content is 59.05%±0.02% and there are 3469.7±14.9 coding 
sequences. We constructed a phylogenetic tree of the strains based 
on concatenated core genes (figure 7e). To gain further insight 
into the functional diversity of the D. welbionis pan-genome, 

we categorised the persistent, shell and cloud genes according to 
Clusters of Orthologous Groups functions (figure 7f). Persistent 
genes, present in almost all strains, were predominantly involved 
in essential metabolic and cellular functions, including transcrip-
tion (category K), energy production and conversion (C), trans-
lation and ribosomal biogenesis (J) and amino acid metabolism 
(E), highlighting a conserved genetic backbone central to core 
bacterial physiology. Shell genes (ie, shared by several but not all 
strains) were more evenly distributed across functional catego-
ries, with notable enrichment in cell wall/membrane biogenesis 
(M) and signal transduction mechanisms (T), suggesting roles in 
strain-specific adaptation. Cloud genes (ie, unique to only a few 
strains) showed a broader functional range, including a substan-
tial fraction of poorly characterised or unknown function genes 
(categories R and S), as well as defence mechanisms (V). These 
findings indicate that while the core genome supports the funda-
mental biology of D. welbionis, the accessory genome likely 
contributes to ecological flexibility and strain-specific traits, such 
as environmental sensing or niche specialisation.

Genomic analyses revealed the presence of a myo-inositol 
pathway to butyrate in all the D. welbionis strains
To determine whether the newly isolated strains carry the 
same metabolic pathways as the type strain and specifically 
the pathway related to the production of butyrate from myo-
inositol, we compared the genome of each strain. As depicted 
in figure 8a, we found that all strains harboured the same genes 
involved in the myo-inositol to butyrate pathway, with some 
variations in gene copy numbers. In addition, all strains were 
able to grow on myo-inositol as sole carbon source, with the 
exception of D. welbionis W36, which showed no growth, and 
D. welbionis CLA-AA-H189, which exhibited reduced growth 
capacity (online supplemental figure S5a and b).

We have previously identified a tetracycline-resistant gene 
(tetW) as antimicrobial resistance (AMR) gene in the genome 
of D. welbionis J115T. To further characterise the resistome of 
the D. welbionis strains, we analysed AMR using both Compre-
hensive Antibiotic Resistance Database (CARD) (via RGI) and 
AMRFinderPlus. The CARD-based analysis predicted the pres-
ence of multiple AMR genes associated with tetracyclines (eg, 
tet(W)), aminoglycosides (eg, aad(6), SAT-4, APH(3’)-IIIa) and 
macrolides (ErmB). Notably, genes from various vancomycin 
resistance clusters (eg, vanA, vanG, vanX) were consistently 
detected across strains with ‘strict’ hits (figure  8b). Concor-
dantly, AMRFinderPlus identified several of the same AMRs 
with high confidence, including tet(W), erm(B) and APH(3’)-
IIIa, confirmed via BLASTP or EXACT alignments. Strain W27 
stood out for carrying a broader range of AMR genes, including 
erm(G), aadE, ant(6)-Ia as well as a PARTIALX hit for erm(G), 
suggesting a potentially more complex resistance profile. The 
detection of vanT, vanG and vanR genes across nearly all strains 
likely reflected non-functional genetic fragments rather than 
active glycopeptide resistance, consistent with the CARD find-
ings. Interestingly, D. welbionis CLA-AA-H189 and D. welbi-
onis W28 did not encode any resistance genes other than the 
vancomycin clusters identified using CARD and confirmed with 
AMRFinderPlus (figure 8c). However, genomic analyses did not 
identify canonical genes involved in lipopolysaccharide biosyn-
thesis, outer-membrane assembly or porins typically found in 
diderm gram-negative bacteria, while genes involved in teichoic 
acid biosynthesis were present.

Together, these results underscore the value of integrating 
multiple annotation tools to robustly assess resistome content, 
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Figure 7  Comparative genomic and phylogenetic analyses of D. welbionis strains. (a) CDS counts across the 23 D. welbionis isolates (including the 
type strain J115T and three newly named strains: Ino, H43 and CLA-AA-H189) and related Dysosmobacter genomes, showing intra-species genomic 
variability. (b) ANI matrix revealing >98% genomic similarity across all D. welbionis isolates, confirming species-level relatedness despite strain-level 
diversity. (c) Gene accumulation curves indicating a continuously expanding pangenome and a decreasing core genome size as additional strains 
are added. (d) Classification of gene families into core (shared by all), shell (moderately conserved) and cloud (strain-specific) genes, totalling over 
8000 genes across the species. (e) Phylogenetic tree constructed from concatenated core gene alignments illustrating the evolutionary relationships 
among D. welbionis strains and their genomic clustering. (f) Pangenome analysis of 23 D. welbionis genomes revealed the distribution of gene 
functions across three categories: persistent, shell and cloud genes. The pie charts (top) illustrate the proportion of genes assigned to each functional 
class (COG categories) within these groups. Most persistent genes were associated with essential cellular functions such as metabolism (notably 
amino acid, carbohydrate and energy metabolism), transcription (category K) and translation (category J). In contrast, shell and cloud genes showed 
higher representation in mobile or adaptive functions, including cell wall/membrane biogenesis (M), signal transduction (T) and defence mechanisms 
(V). The bar graph (bottom) presents the number of genes per COG category within each pangenome subset, highlighting that core genome functions 
are enriched in information processing and metabolism, whereas accessory genes contribute to genomic flexibility and environmental adaptation. 
Cloud genes notably include a large number of unknown or poorly characterised genes (categories R and S), underscoring the unexplored functional 
diversity among D. welbionis strains. ANI, average nucleotide identity; CDS, coding sequence; COG, Clusters of Orthologous Groups; D. welbionis, 
Dysosmobacter welbionis.
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Figure 8  Gene copy variation in enzymes involved in the reconstructed myo-inositol to butyrate and AMR gene profiles. (a) Gene presence/absence 
and copy number heatmap of enzymes involved in the reconstructed myo-inositol to butyrate pathway across D. welbionis strains. Missing canonical 
enzymes (eg, IolJ and malonate-semialdehyde dehydrogenase) suggest the use of non-canonical enzymatic machinery. (b) AMR gene detection 
across strains based on CARD (Comprehensive Antibiotic Resistance Database). Several strains, including J115T, harbour resistance genes against 
tetracyclines (tet(W) variants), macrolides (ermB) and aminoglycosides, while vancomycin resistance cluster genes (eg, vanG, vanX, vanT) are widely 
present with ‘strict’ confidence scores. (c) AMR gene prediction using AMRFinderPlus reveals concordant profiles, with key resistance determinants 
(tet(W), erm(B), APH(3’)-IIIa) detected via high-confidence BLASTP or EXACT matches. Arrows depict strains without AMR except for vancomycin-
resistance-associated (van) genes. AMR, antimicrobial resistance; CoA, Coenzyme A; D. welbionis, Dysosmobacter welbionis.
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while highlighting the need for cautious interpretation of vanco-
mycin resistance genes.

Material and methods
See online supplemental material and methods.

DISCUSSION
In this study, we discovered that D. welbionis is a dominant 
Dysosmobacter species and potentially associated with liver 
health in humans. Indeed, in two cohorts, its faecal abundance 
was negatively associated with MASLD, and in a third one, it 
was negatively associated with the MASLD fibrosis score. We 
then explored the impact of D. welbionis J115T supplementa-
tion on steatosis in a murine model, where it mitigated hepatic 
steatosis in HFD-fed mice as evidenced by significantly lower 
liver weight and reduced lipid droplet accumulation. While we 
observe an increase in circulating ALT in both HFD groups, the 
extent of hepatocellular injury in this model appears modest. 
Another limitation comes from the duration of the protocol. 
10–12 weeks of HFD has been described as sufficient to reach 
the beginning of steatosis but not hepatic inflammation, circu-
lating liver enzyme alteration or fibrosis.44 In addition, our in 
vivo data were obtained in a classical HFD-induced obesity 
model, which reliably induces steatosis and metabolic dysfunc-
tion but only partially mimics the spectrum of human MASLD. 
More aggressive dietary models, such as choline-deficient 
L-amino acid-defined (CDAA) or CDAA-HFDs, better reca-
pitulate steatohepatitis and fibrogenesis and would provide 
important complementary information on the impact of D. 
welbionis on metabolic-associated steatohepatitis (MASH) and 
fibrosis progression.45 46 These models, however, are also asso-
ciated with pronounced weight loss and metabolic features that 
differ from human disease. Future work will therefore need to 
evaluate D. welbionis across multiple MASLD/MASH models, 
including choline-deficient diets and fibrosis-oriented settings, 
to fully characterise its effects on the different stages of liver 
disease. Therefore, our preclinical results support the idea that 
D. welbionis is associated with a better overall hepatic health in 
MASLD model and will require further analysis to fully delin-
eate its putative role on MASLD and/or fibrosis in other animal 
models.

Beyond butyrate production, D. welbionis J115T influences 
host metabolism through a broader network of metabolites 
and lipid mediators. Our previous metabolomic and lipidomic 
analyses identified several bioactive lipids specifically produced 
by (or strongly increased) following D. welbionis treatment.35 
Among these lipids, we can mention 9,10-diHOME, 12,13-
diHOME, 9-oxoODE, 13-oxoODE, 12-HETE, 14,15-EET and 
15d-PGJ₂. Several of these compounds act as PPARγ agonists, 
while others have anti-inflammatory or pro-resolving func-
tions through yet-uncharacterised targets.47 Notably, we previ-
ously demonstrated that D. welbionis J115T exerts potent 
anti-inflammatory effects in the dextran sodium sulfate (DSS) 
induced colitis model, where it reduced disease severity and 
cytokine expression,35 reinforcing the notion that this bacterium 
can modulate mucosal immunity and promote inflammatory 
resolution. The bacterium also increased C18-3OH both in vitro 
and in vivo, illustrating its ability to modulate hydroxylated fatty 
acids with anti-inflammatory properties.35 48 Altogether, these 
observations support a model in which D. welbionis contributes 
to hepatic homeostasis not only through butyrate production 
or effects on adiposity, but also by increasing insulin sensitivity 
and orchestrating systemic immunometabolic signals likely 

including bioactive lipids, pro-resolving mediators, and path-
ways enhancing gut barrier function as previously observed in 
other studies.11 12 35 49

Then, we provide evidence for a previously uncharacterised 
metabolic pathway in D. welbionis J115T for the conversion 
of myo-inositol into butyrate and acetate. Using 13C-labelled 
substrates, NMR spectroscopy, mass spectrometry, integra-
tive genomic and proteomic analyses, we have elucidated this 
fermentation pathway and identified a nearly complete gene 
pathway in this bacterium. To determine whether this trait is 
conserved across the species, we employed an antibody-guided, 
anaerobic cell-sorting approach to isolate 19 novel strains from 
healthy human stool samples. We sequenced their genomes, 
analysed intraspecies diversity, confirmed the presence of genes 
involved in the myo-inositol to butyrate conversion, and char-
acterised their antimicrobial resistance profiles. These findings 
collectively position D. welbionis as a metabolically specialised 
member of the gut microbiota with unique potential for thera-
peutic applications.

The ability to use myo-inositol, a sugar alcohol abundant 
in fruits, grains, nuts and human milk, sets D. welbionis apart 
from other Oscillospiraceae. While a few microbes are known to 
ferment inositol, butyrate production from this substrate had not 
yet been experimentally validated in any gut commensal until 
now. The capacity of D. welbionis to grow robustly on myo-
inositol and generate significant amounts of butyrate suggests 
an ecological niche based on exploiting less competitive carbon 
sources. Moreover, heat production assays confirmed that 
inositol supports higher metabolic activity than glucose, high-
lighting its centrality in the organism’s energy metabolism.

This niche specialisation may also explain the widespread 
prevalence of D. welbionis and its dominance during child-
hood. The latter is particularly intriguing given the relatively 
high inositol content in human milk and dairy products 
commonly consumed during early life.50 51 The significant 
correlation of D. welbionis abundance between monozygotic 
but not dizygotic twins suggests a heritable component to its 
colonisation, arguably a rare trait among gut microbes, as 
only 3–13% exhibit non-zero heritability in humans.52 53 It is 
plausible that host genetic variation in inositol transport (eg, 
SMIT2) modulates colonic inositol availability and shapes 
microbial colonisation success.54

Our previous work has linked D. welbionis to glucose 
metabolism in both preclinical and clinical settings.11 12 35 
In our analyses, D. welbionis abundance was associated with 
MASLD in two cohorts, whereas this association was not 
observed in a third cohort (FLORINASH),55 nor in our 
cohorts FOOD4GUT12 and Microbes4U.56 However, in the 
FLORINASH cohort, D. welbionis rather showed an associ-
ation with the fibrosis score. Taken together, these findings 
suggest that D. welbionis may be involved in liver health 
more broadly, although a direct correlation with hepatic fat 
content cannot be clearly established at this stage. Additional 
evidence comes from a recent study on intrahepatic meta-
static hepatocellular carcinoma, which reported depletion 
of D. welbionis in patients, and its restoration in a human-
ised mouse model following healthy donor faecal micro-
biota transplantation (FMT): the FMT treatment ultimately 
suppressed tumour progression.57 Together, these findings 
point to a broader role for D. welbionis in maintaining meta-
bolic and hepatic homeostasis, possibly mediated through 
its SCFA output and immunomodulatory potential.

Our comprehensive characterisation of newly isolated 
D. welbionis strains offers significant insights into the 
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metabolic versatility, ecological relevance and potential 
functional roles of this emerging gut commensal. One of the 
most striking findings is the capacity of this bacterium to 
ferment myo-inositol into butyrate. Unlike other members 
of the Oscillospiraceae family,10 D. welbionis J115T uniquely 
uses myo-inositol as a primary carbon source, setting it 
apart both phenotypically and phylogenetically.10 This capa-
bility likely provides a competitive ecological advantage in 
the gut environment, where niche-specific substrates such 
as inositol may be differentially available. As mentioned 
earlier, a limited number of bacterial species have demon-
strated the capacity to metabolise myo-inositol.23 25 26 29 
While myo-inositol catabolism into propionate has been 
demonstrated in Anaerostipes genus such as A. hadrus and A. 
rhamnosivorans, our data provide the first direct evidence 
of a functional pathway converting myo-inositol into 
butyrate in a prevalent and health-associated commensal. 
This shifts the current paradigm: inositol, traditionally 
considered a micronutrient or signalling molecule, may also 
serve as a metabolic bridge between host diet and microbial 
SCFA output with systemic effects. To date, D. welbionis is 
the only reported gut bacterium that converts inositol to 
butyrate.

Mechanistically, our isotopic labelling experiments 
confirmed butyrate and acetate as the main fermenta-
tion products of inositol metabolism. However, genomic 
and proteomic data revealed the absence of the canonical 
enzymes, 5-dehydro-2-deoxyphosphogluconate aldolase 
(iolJ), suggesting that D. welbionis employs a non-canonical 
enzymatic route. We propose that an alternative class 
II fructose-bisphosphate aldolase (FBA)-type or related 
enzyme could fulfil the role of iolJ, consistent with prior 
reports of functional plasticity within this enzyme family. In 
addition, based on proteome and genome, we detected an 
oxoacid dehydrogenase complex. These adaptations high-
light metabolic flexibility and warrant further enzymatic 
and structural studies to confirm the functional roles of 
these candidate proteins.

The pan-genomic analysis showed that the inositol-
butyrate pathway is highly conserved across all isolates, 
pointing to its role as a core species trait. Furthermore, 
comparative genomic analysis revealed a pan-genome with 
significant diversity among strains, yet a conserved core of 
>2100 genes, including the complete myo-inositol pathway. 
This suggests both genetic stability of essential functions and 
the potential for functional divergence. Notably, variation 
in the number of gene copies related to the inositol pathway 
suggests possible strain-specific regulatory mechanisms or 
adaptations to different gut environments. Although all D. 
welbionis strains possess the genetically predicted capacity to 
ferment myo-inositol, two strains (W36 and CLA-AA-H189) 
exhibited limited to no growth under the tested conditions. 
This discrepancy suggests that factors beyond the mere pres-
ence of metabolic genes may influence their ability to use 
myo-inositol. The absence of the I-TBP transporter (inositol 
transport system sugar-binding protein), the Rnf complex, 
or Fdox/red could explain the lack of inositol effect on 
growth, despite the presence of the fermentation pathway 
in the genome. However, all the strains possess the I-TBP 
transporter and Fdox/red. Regarding the Rnf complex, most 
strains have two copies, one containing subunits C, D and G 
and another with subunits A, B, C, D, E and G. Interestingly, 
strain CLA-AA-H189 has only one copy and lacks the version 
with subunits C, D and G. These findings suggest that the 

absence of a complete Rnf complex in CLA-AA-H189 might 
be a factor worth investigating further in relation to inositol 
utilisation. Alternatively, these strains may require co-me-
tabolism with another carbon source to activate or sustain 
myo-inositol utilisation. In this context, the experimental 
conditions, using myo-inositol as the only carbon source in 
a minimal medium, are likely far from the complex nutrient 
environment encountered in the gut, where a mix of host-
derived and dietary sugars is present. It is therefore plausible 
that W36 and CLA-AA-H189 depend on additional signals 
or substrates to fully activate the pathway, highlighting the 
importance of studying bacterial metabolism under condi-
tions that better mimic the physiological milieu.

Finally, we explored the AMR profiles of the strains using 
CARD and AMRFinderPlus. Several strains, including J115T, 
possessed resistance genes to tetracyclines and macrolides, 
whereas the widespread detection of vancomycin resistance 
cluster genes raises questions about their functionality. Rather, 
they may represent horizontally acquired remnants or genomic 
artefacts, and their phenotypic relevance remains to be deter-
mined.58 59

Interestingly, D. welbionis J115T was predicted to encode 
a tet(W) antibiotic resistance gene in the genome, a key 
obstacle to its translational potential in humans. Indeed, 
raising concerns regarding safety and regulatory bodies may 
hinder its qualification for direct human use as novel food, 
‘bug as drug’ or probiotic. Given that we isolated two strains 
without predicted AMR genes, these two strains could be 
excellent candidates for future next-generation beneficial 
microbes.

A limitation of our work is that, although we provide 
detailed biochemical, proteogenomic and comparative 
genomic evidence for a conserved myo-inositol to butyrate 
pathway in D. welbionis, we do not formally demonstrate 
that this pathway is required for the metabolic or hepatic 
benefits associated with this species. Proving necessity 
would require targeted disruption of key inositol utilisation 
genes or transporters and subsequent testing of such mutants 
in relevant in vivo models. In addition, our previous work 
has shown that D. welbionis can modulate specific bioac-
tive lipids linked to glucose, lipid and energy metabolism, 
indicating that multiple microbial and host pathways are 
likely to contribute to its beneficial effects.35 Future studies 
combining genetic tools and integrative host-microbe 
phenotyping will therefore be needed to dissect the relative 
contribution of myo-inositol-derived butyrate versus other 
mechanisms

In summary, D. welbionis is a prevalent gut symbiont 
that possesses a conserved, non-canonical pathway for 
converting myo-inositol into butyrate. This unique meta-
bolic trait, along with its association with metabolic and 
liver health and our successful isolation of strains lacking 
antibiotic resistance genes, underscore its potential as a 
next-generation probiotic. Further studies are warranted to 
elucidate the enzymatic basis of this pathway and its inter-
actions with the host.
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