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Ana Durbán,1,2 Juan José Abellán,1,2 Amparo Latorre,1,2,3 and Andrés Moya1,2,3
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2Instituto Cavanilles de Biodiversidad y Biologı́a Evolutiva, Universidad de València, Catedrático Agustı́n Escardino 9,
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Abstract Relatively few studies have been conducted on the effect
of diet on the intestinal microbiota. We followed the response of the
fecal microbiota to a carbohydrate-restricted diet in an obese volun-
teer. The community composition was estimated through 16S rRNA
gene sequence analysis. Bacteria of the Prevotella genus dominated
the microbiota. Elimination of carbohydrates from diet triggered an
immediate decrease in Prevotella, compensated by the increase in all
other bacteria, and higher fluctuations in the community composition.
Fecal microbiota changed back to its previous structure no later than
4 weeks after reintroducing carbohydrates in diet. Our results show
the dependence of Prevotella on dietary carbohydrates and confirm the
resilience of the microbiota to short-term dietary interventions. The
potential link between Prevotella and obesity warrants further research.
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1. Introduction

Recent evidence suggests that dysbiosis of the gut micro-
biota and its effects on host metabolism play an important
role in the pathogenesis of obesity [15]. In a previous
study, we found several obese subjects with a low bacterial
diversity in feces due to an unusually high prevalence
of the Prevotella genus [7]. A decrease in the level of
diversity had been previously associated with obesity [13],
and higher levels of the Prevotellaceae family had been
found in a small cohort of obese individuals compared to
normal-weight individuals [19]. Also, one of the main types
of microbial assemblies identified in the human gut, the
so-called enterotypes, is driven by a relatively high level
of Prevotella [2]. Our analysis of the 16S rRNA samples
obtained in the study of Turnbaugh et al. [13], classified
into enterotypes, plus the samples from [7], a total of
157 individuals, gave a statistically significant association
between the Prevotella-enriched enterotype and some type
of obesity [2,7,13].

Bacteria of the Prevotella genus are known to degrade
insoluble plant fiber and ferment soluble carbohydrates
(CHOs) to short-chain fatty acids [9]. Fecal communities
rich in Prevotella were also found in a cohort of African
children, which ate a low-calorie diet rich in fiber [5]. It
was hypothesized that Prevotella co-evolved with that diet
because they are more efficient in extracting energy from
complex polysaccharides. In fact, higher amounts of short-
chain fatty acids were found in the feces of the African
children compared to those of European children [5]. Going
beyond, we postulate that this capability of Prevotella may
be useful on a low-calorie diet to survive, but it may lead to
obesity on the rather high-calorie Western diet.

The Prevotella-enriched enterotype was linked to a
long-term dietary pattern consisting in high intake of CHOs
and simple sugars, and low intake of proteins, amino acids,
and saturated fats [18]. In this study, we monitored the
Prevotella-dominated bacterial community of an obese
subject, individual B in our previous study [7], fed on a diet
rich in protein and fat and very low in CHOs.

2. Materials and methods

2.1. Sample collection

A volunteer donated fecal samples before, during, and after
a 24-day ketogenic diet (high in fat and protein and virtually
without CHOs). He was 40 years old, obese class I (30 ≤
BMI < 35), and otherwise healthy. Feces were collected in
tubes containing phosphate-buffered saline (PBS) and kept
at 4 °C for 1–2 hours before being stored at −80 °C. A total
of 22 samples, taken at days −6, −5, −2, −1 (pre-diet), 1, 2,
3, 4, 7, 8, 9, 13, 14, 15, 19, 24 (during diet), and +1, +2, +3,
+4, +27, +57 (post-diet), were analyzed. The daily food
intake and weight loss were registered during the follow-up.
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2.2. DNA extraction

Fecal samples were resuspended in PBS and centrifuged
at 4,000 rpm to remove large particles. Supernatants were
centrifuged at 14,000 rpm to pellet cells. DNA was extracted
using the AllPrep DNA/RNA Mini Kit (QIAGEN).

2.3. Sequencing of 16S rRNA genes

The 16S rRNA genes were amplified using the broad range
bacterial primers 8F and 357R [3], with 8-nucleotide bar-
codes added to the forward primer to tag each PCR product.
The PCR conditions were 5 min of initial denaturation at
95 °C followed by 20 cycles of denaturation (30 s at 95 °C),
annealing (30 s at 52 °C), and elongation (30 s at 72 °C).
The PCR products were purified by vacuum filtration, and
equal amounts of the PCR products from different samples
were pooled. The mixtures were sent for pyrosequencing
on a Genome Sequencer FLX system (454 Life Sciences,
Roche).

2.4. Sequence analyses

Sequences with low average quality scores (< 20) and/or
short read length (< 250 nt) were discarded. The remaining
sequences were checked for potential chimeras using the
chimera.slayer tool incorporated into the mothur v1.13.0
package [11]. The taxonomic affiliation of sequences
was determined using the Classifier tool of the Ribosomal
Database Project (RDP)-II [4,17], with a bootstrap threshold
of 70%. Clustering at 97% of sequence identity was carried
out using the cluster tool of the usearch v5.0 package [8].
The closest species of those phylotypes were determined
with a BLASTN search [1] against the 16S rRNA genes
of bacterial isolates in the RDP-II [4]. The Shannon
biodiversity index was computed for each sample [12].
The similarity between samples according to bacterial
composition was assessed with detrended correspondence
analysis (DCA) [10].

2.5. Sequence submission

The entire dataset has been deposited in the Sequence Read
Archive of the European Bioinformatics Institute under the
study accession number ERP002337.

3. Results and discussion

The normal profile of the fecal bacterial community in
this subject (based on the samples taken before initiating
the dietary intervention) was dominated by bacteria of the
Bacteroidetes phylum, mostly (85%) within Prevotella.
Bacteroides included 4.5% of the sequences, and other taxa
within Bacteroidetes, less than 1%. Apart from those genera,
only Sutterella (Proteobacteria), Roseburia (Firmicutes),
and Faecalibacterium (Firmicutes) had a prevalence
greater than 1%. The community structure experienced
marked alterations immediately after the introduction of

a CHO-restricted diet. Within 24 hours, the prevalence of
Prevotella was reduced by half. This space was filled mainly
by the increase in Bacteroides and Sutterella, although most
of the genera also increased their abundance. These changes
were rejected in the increase in the bacterial diversity of the
community (as measured by the Shannon index) produced
by the change in diet. No later than 4 weeks after restoring
the normal diet, the composition of the fecal microbiota
moved back to its original structure.

This dynamics was consistent at the phylotype level. The
same phylotypes dominated within each genus and period
(before, during, and after the ketogenic diet), but their rela-
tive abundances were altered: phylotypes within Prevotella
decreased in abundance while those within Bacteroides,
Sutterella, etc., increased in abundance during the CHO-
restricted diet, and then returned to their previous levels.

CHO elimination from diet increased the temporal
instability in the structure of the community; that is,
fecal bacteria showed large fluctuations in their relative
abundances. This instability persisted the first days after
the subject switched back to his former feeding. DCA
plots clearly showed the similarity between the samples
taken before changing the diet and those of a few weeks
after restoring the normal diet, and the strong shifts and
instability in the community composition introduced by
CHO restriction (Figure 1).

Our results add to the increasing evidence of the impact
of diet on the composition of the gut microbiota. Wu et
al. [18] already showed short-term effects of diet on the
gut microbiota [18]. They monitored subjects of the Bac-
teroides enterotype when fed on a low- or high-fiber diet.
Both studies revealed rapid and reversible changes in the
composition of the microbiota in response to change in diet.
In our study, the decrease in Prevotella under CHO restric-
tion was mainly compensated by the increase in Bacteroides,
which is consistent with the nutrient preferences reported
for these genera [18]. In turn, Wu et al. [18] found greater
compositional changes in the high-fiber diet group, as could
be expected since it is the diet that correlated negatively with
Bacteroides, but it was not reported whether the high-fiber
diet led to an increase in Prevotella [18]. Both studies con-
firm the resilience of the gut microbiota. The rapid restora-
tion of the community composition is indicative of selec-
tive forces imposed by the environment (composition of the
diet) and intrinsic to the community (ecological interactions
between the gut microbes). Non-selective forces could also
be implied, such as recolonization of the gut lumen from the
outmost of the mucus layer [14].

The effect of low-CHO diets on fecal bacterial popu-
lations was previously evaluated in obese and overweight
humans. Duncan et al. [6] found a reduction in Roseburia,
the Eubacterium rectale group, and bifidobacteria as CHO
intake decreased [6], whereas Walker et al. [16] found a
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Figure 1: DCA at genus (a) and phylotype (b) levels. Percentages correspond to the fraction of inertia explained by each
axis. Samples were taken before (days B6–B1), during (days D1–D24), and after (days A1–A57) a CHO-restricted diet.

reduction in Collinsella aerofaciens and an increase in
the Oscillibacter group [16]. They reported no significant
change in the proportion of Bacteroidetes. However, it is
unknown whether changes within Bacteroidetes similar to
the ones observed in this study occurred in those trials too,
since they used a probe targeting the Bacteroides-Prevotella
group. In any case, it is likely that the responses to dietary
changes depend on the initial composition of the microbiota,
as it is suggested by the clustering of samples by individual
rather than by diet observed by Walker et al. [16].

4. Conclusions

Our study shows the strong dependence of Prevotella
on carbohydrates in diet, the instability introduced in
the gut microbiota by dietary change, and the ability
of the gut microbiota in adult humans to return to its
original composition after short-term dietary perturbation.
Although the initial factors that shape the Prevotella-
enriched communities are difficult to define, the causal
relationship between high levels of Prevotella in the gut and
subsequent development of obesity should be investigated.
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