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Designer fibre meals sway
human gut microbes

Avner Leshem & Eran Elinav

Understanding how diet affects gut microbes and thereby
influences human health might lead to targeted dietary
strategies. A clinical trial now provides some steps on the path

towards this goal.

Thereis growing evidence that our normal res-
identgut microorganisms, termed commensal
microbes, can affect human health. Promot-
ing beneficial commensal microbes through
a type of nutritional supplement called a
prebioticisan area of intensive scientific and
medical research. However, trying to harness
adiet with the desired effect is challenging
because the gut microbial community (also
known as the microbiome) is highly complex,
andbecause dietary responses are modulated
by multiple hereditary and non-hereditary
factors. Writing in Nature, Delannoy-Bruno
et al* fill an essential gap in our mechanistic
understanding of diet-microbiome interac-
tions by focusing on dietary fibre, a family of
substances of pronounced physiological vir-
tues that are predominantly metabolized by
commensal microbes. This provides a sequel
to the team’s previous work on the develop-
ment of microbiome-targeting foods?°.

To characterize the effect of dietary-fibre
supplementation in overweight individuals,
Delannoy-Bruno and colleagues used germ-
free mice —animals raised and maintainedina
sterile environment that are therefore devoid
oftheusualresident microbes of any sort. The
team colonized the gut of each of nine mouse
groups with the microbiome of one of nine
women classed as obese. The mice were con-
tinuously fed alow-fibre, high-fat diet, coupled
with periodic fibre supplementation (Fig. 1).
Their microbiome was characterized to assess
gene content (the level of particular genes
present) before, during and after each episode
of fibre supplementation. Building on previ-
ouswork by this team®, which identified fibres
that promote the growth of certainintestinal
bacteria (those of the genus Bacteroides, which
areless prevalent thannormalin obese individ-
uals), Delannoy-Bruno et al. chose three types

of fibre that were fed sequentially to the mice.
Each supplementation cycle was followed by a
‘washout’ period to enable intestinal clearing
of the fibres, thereby allowing the authors to
discern the effect of every individual type of
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fibre as distinct from the other fibres.
Human-microbiome-inoculated mice
showed pronounced compositional shifts in
their gut microbes in response to fibre sup-
plementation. Toidentify fibre-microbeinter-
actions and subtract irrelevant ‘noise’ in the
data arising from normal fluctuations in the
microbiome profile, the authors used a fea-
ture-reductionapproach termed higher-order
singular value decomposition. This revealed
that exposure of the microbial population to
aparticular fibre resulted in a greater pres-
ence of genes that encode proteins needed
for the metabolism of that fibre. For example,
consumption of cellulose-containing peaand
orange fibre led to a higher representation of
genes encoding the B-glucosidase enzymes
that hydrolyse such fibre, probably owing to
the proliferation of bacteria that can use cellu-
lose as anenergy source. Interestingly, in mice
inoculated with human microbiomes, similar
signatures of fibre-responsive genes became
highly abundant through the expansion of
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Figure1|Assessing the response to dietary fibres. Evidence-based dietary interventions to target gut
microbes might offer a way to boost human health. a, Delannoy-Bruno et al.! analysed germ-free mice, which
lack their natural gut microbes. These animals had their gut colonized with microbes from obese individuals.
The animals received the type of diet associated with obesity, plus fibre snacks (pea fibre, orange fibre and
barley bran) as indicated. The authors tracked the genes associated with intake of a particular type of dietary
fibre by analysing microbial DNA in faecal samples. Each period of fibre supplementation resulted in an
increase in the abundance of genes related to degradation of the fibre, presumably because the presence

of the fibre gave a competitive advantage to bacterial species harbouring those genes. b, The authors
carried out a similar type of experiment in a human clinical trial, which corroborated the results of pea-fibre
consumption in mice. A dietary-supplement regime that combined multiple types of fibre (including inulin)
led to a substantial increase in the number of genes present that were associated with fibre degradation.
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various bacterial taxa including, but not
limited to, Bacteroides. The bacterial taxa
that rose to dominance shared a competitive
advantage in their response to the presence
of the respective fibre. This highlights that
a shift in microbial gene abundance, rather
than a shift to a particular community struc-
ture in terms of the species present, isa com-
mon denominator in the response pattern to
dietary interventions across individuals.

The authors then examined whether these
findings haverelevance to humanbiology. They
characterized the microbiome of 12 overweight
orobese study participants before, during and
after pea-fibre dietary supplementation. To
minimize the effect of microbiome variations
stemming from dietary differences between
individuals, participants were given meals
consisting of a uniform high-saturated-fat,
low-fibre diet (equivalent to the type of diet
the mice were placed on). The microbial gene
responses to fibre supplementationin humans
largely resembled those observed in mice.

Theauthors also tested whether consump-
tion of multiple fibre typesresultsinagreater
microbiome shift than was observed upon
consumption of pea fibre alone as a supple-
ment. For this study, agroup of 14 individuals
received a diet supplemented with a combina-
tion of two and then four types of fibre. The
results indicate that the more types of fibre
anindividual consumes, the greater the rise
inthe number of microbial genes present that
areinvolved in fibre metabolism. Changes in
fibre-responsive enzymes closely correlated
with changes in the plasma levels of proteins
thatare associated with specific metabolicand
immune functions, asrevealed by the analysis
of blood samples from participants.

The emerging concept of precision nutri-
tion proposes that human dietary responses
are specific to food components, and that
these components might be tailored to the
individual to optimize their dietary response.
Suchresponses are quantifiable and driven by
anumber of variables, including features of
thefood components (such as protein, carbo-
hydrate and fat), the individual’s physiological
traits, and gut microbiome composition and
function. Indeed, it has been suggested that
the gut microbiomeis akey modulator of phys-
iological food responses and associated differ-
encesinsuchresponsesbetween individuals™,
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Current US dietary guidelines recommend
that healthy adults ingest at least 14 grams of
fibre per 1,000 calories consumed’, with no
individualization specified interms of the fibre
type or intake in grams. Delannoy-Bruno and
colleagues’ findings provide aframework that
paves the way for optimizing an individual’s
fibre consumption, based on fibre type and
their microbiome fibre-degradation signa-
tures.

The authors’ results underscore the consid-
erable plasticity of the gut microbiome and its
amenability to manipulation by prebiotics.
Fibre-degradation capacity inindividuals with
habitual low levels of fibre consumptionis not
necessarily irreversibly diminished, but rather
might be recovered by increasing their fibre
consumption through combinatorial fibre
selection'® . Furthermore, the findings by
Delannoy-Bruno et al. demonstrate that die-
tary responses might be mainly determined
by the levels of relatively sparse microbiome
genes (that become predominant after a die-
tary intervention), stressing the importance
of studying diet-microbiome interactions at
the level of genes. Different microbial com-
munities in individuals contributed to these
distinct functional capacities, highlighting the
possibility that microbiome function (genes),
rather thanspecies composition, might corre-
late with personalized human physiological
responses to food.

In some situations, the metabolic and
immune-system characteristics of germ-free
mice harbouring human microbiomes might
affect the validity of using these animals as
human surrogates in an experimental con-
text™ ", Nevertheless, the fibre-degrading
properties of the mice analysed by Delan-
noy-Bruno et al. were strikingly similar to
those of humans. This suggests that human
microbiome colonization in germ-free mice
mightbearelevant tool for studying the causal
drivers of diet-microbiome interactions and
their effect on the mammalian host.

Such studies would greatly benefit from
the development of computational-analysis
tools that canidentify temporal trajectories of
microbial genes in response to dietary inter-
ventions, inboth humandonors and mice who
receive microbial transplants. In this study, the
authorsused one such tool, higher-order sin-
gular value decomposition, which uncovered
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a profound microbiome gene response to
dietary-fibre supplementation despite the
modest sample size. Further refinement of
such analytical pipelines, by the expansion
of microbiome genome-level databases of
gene functions and the incorporation of pro-
tein-level features, will probably aid further
decoding ofthe contributions of the dietary-
microbiome axis to host physiology.
Delannoy-Bruno and colleagues’ findings
provide valuable mechanistic insights into
the microbial contributions to humandietary
responses. This will probably lead to long-
term, randomized clinical trials that assess
causal links between distinct food ingredients,
microbiome modulation and downstream
health-related outcomes for humans. Indeed,
this research team recently reported®that a
data-driven dietary intervention targeting
the microbiome helped to promote growthin
undernourished children. The advances made
by Delannoy-Bruno et al.bring us closertothe
integration of precise microbiome engineer-
ing with evidence-based dietary sciences.
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