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Intestinal microbiota seems to play a key role in obesity. The impact of the composition
and/or functionality of the obesity-associated microbiota have yet to be fully characterized.
This work assessed the significance of the taxonomic composition and/or metabolic
activity of obese- microbiota by massive 16S rRNA gene sequencing of the fecal
microbiome of obese and normoweight individuals. The obese metabolic activity was
also assessed by in vitro incubation of obese and normoweight microbiotas in nutritive
mediums with different energy content. We found that the microbiome richness and
diversity of the two groups did not differ significantly, except for Chao1 index, significantly
higher in normoweight individuals. At phylum level, neither the abundance of Firmicutes or
Bacteroidetes nor their ratio was associated with the body mass index. Besides, the
relative proportions in Collinsella, Clostridium XIVa, and Catenibacterium were significantly
enriched in obese participants, while Alistipes, Clostridium sensu stricto, Romboutsia, and
Oscillibacter were significantly diminished. In regard to metabolic activity, short-chain fatty
acids content was significant higher in obese individuals, with acetate being the most
abundant followed by propionate and butyrate. Acetate and butyrate production was also
higher when incubating obese microbiota in mediums mimicking diets with different energy
content; interestingly, a reduced capability of propionate production was associated to the
obese microbiome. In spite of the large interindividual variability, the obese phenotype
seems to be definedmore by the abundance and/or the absence of distinct communities of
microorganism rather than by the presence of a specific population.

Keywords: diversity, microbiota, obesity, metabolic activity, short-chain fatty acids, in vitro incubations
INTRODUCTION

Obesity is a global health priority and also represents a risk factor in the development of other
metabolic diseases, such as diabetes type 2, metabolic syndrome, and cardiovascular diseases. The
aetiology of obesity is multifactorial, involving genetic and environmental factors. Among all of
these factors, microbiota has been pointed out as a significant player in obesity due to its influence in
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metabolic and immunological host functions. On one hand, gut
microbiota takes part in the energy balance through the
production of short chain fatty acids (SCFAs), while on the
other hand seems to be involved in the epithelial integrity and
regulation of low-grade inflammation associated to obesity.

Initial and further studies showed a large-phylum microbiota
shift in obesity with considerable increase of Firmicutes in
detriments of Bacteroidetes (Turnbaugh et al., 2009; Koliada et al.,
2017). On the contrary, other reports did not show significant
changes in the relative proportions of these twophyla or evenothers
did report inverse findings (Duncan et al., 2008; Tims et al., 2013).
These dissimilarities could be explained by differences between
studies concerning sample size, anthropometric, and clinical
characteristics of individuals and methodologies used for
microbiota assessment. Other studies paid attention to unravel
which bacterial families, genera, or speciesmay be linked to obesity.
Recently, Peters et al. (2018) reported an increase abundance of
Streptococcaceae and Lactobacillaceae and decreased abundance of
Christensenellaceae, Clostridiaceae, and Dehalobacteriaceae in the
microbiota of obese American adults. To encourage this statement,
other studies also found a positive correlation between the
abundance of Christensenellaceae and a lean phenotype
(Goodrich et al., 2014; Oki et al., 2016). Additionally, some
studies emphasized a positive correlation among obesity and the
Lactobacillus population density, particularly Lactobacillus reuteri,
whereas Lactobacillus casei/paracasei and Lactobacillus plantarum
were less represented in the obese microbiome (Million et al., 2012;
Million et al., 2013). Meanwhile, Bifidobacterium seems to bemore
abundant in lean individuals. In addition, cross-sectional studies
have shown that certain gut bacterial populations, such as
Akkermansia muciniphila, Faecalibacterium prausnitzii, and
Methanobrevibacter smithii correlated to a lean phenotype and a
healthy status (Dao et al., 2016; Derrien et al., 2017). However, the
existence of higher levels of M. smithii in patients with anorexia
nervosa has been also reported (Armougom et al., 2009). Beyond
doubt, gut microbiota plays a role in obesity but the relative
proportions of the phyla and/or taxonomic-specific changes
associated with the phenotype are complex and remain unclear
and controversial. Nevertheless, obese microbiota dysbiosis is
associated to a lower bacterial diversity, lower gene richness and
an alteration of the metabolic functionality (Cotillard et al., 2013).

Further than to community structure fluctuations, differences
in the microbiota’s functionality have been associated to obesity.
Thus, some in vitro and in vivo studies have shown higher fecal
SCFA concentrations in stool samples of obese individuals than
their lean counterparts, due to an increased microbial energy
harvest in the obese microbiome (Schwiertz et al., 2010). Also,
obese individual seems to produce more colonic SCFAs than
lean subjects due to differences in colonic microbiota
(Rahat-Rozenbloo et al., 2014). Nevertheless, the interplay
between microbiota and the amount and ratio of SCFAs and
its role in obesity are quite complex because of the contradictory
reports to date.

The question has now become whether we can identify
specific members and/or specific functionalities of the gut
microbiota that are more relevant than others to the causative
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
role of that microbiota in human obesity and/or we can identify
specific functionalities of the gut microbiota in obese individuals.
Therefore, the main objective of this work was to characterize the
taxonomic composition and functionality of fecal microbiota
from obese and normal weight individuals in order to outline the
significance of the taxonomic changes in its metabolic activity
when subjected to diets with different energy content.
MATERIALS AND METHODS

Volunteers and Sampling
A total of 26 human fecal samples were analyzed in this study.
Feces were collected from 13 normoweight (N) (7 female, 6 male;
body mass index = 18 - 25 kg m2) and 13 obese (O) adult
volunteers (7 female, 6 male; body mass index > 30 kg m2)
attended at the Endocrine Department of the University Hospital
Ramón y Cajal (Madrid, Spain). The exclusion criteria for both
groups included the use of antibiotics during the preceding 6
months, metabolic and inflammatory diseases, and intake of
probiotics and prebiotics. The exclusion criteria also include a
history of infectious diseases, cancer, and autoimmune diseases,
and the selected volunteers were not related to each other. All
volunteers gave written informed consent to the protocol, which
had been approved by the Clinical Ethics Committee of Hospital
Ramón y Cajal with the code 394/14 and Spanish Council of
Scientific Research (CSIC; Spain). Stool samples were collected
under aseptic conditions in sterile and screw-top containers and
immediately stored at −80°C.

DNA Isolation
Genomic DNA was extracted from fecal samples (0.1 g)
previously thawed at room temperature following the protocol
described by Moles et al. (2013). Briefly, after a first
centrifugation in sterile saline solution, pellets were suspended
in an extraction buffer containing lysozyme and lysostaphin and
3 M sodium acetate; microbial cells were subsequently lysed by
mechanical disruption with glass beads (0.1 mm diameter
zirconia/silica) (Sigma), using a FastPrep disruptor (QBioGene,
Irvine, CA, USA) at a speed setting of 6.0 m/s for 30 s. Extraction
was performed with phenol/chloroform/isoamyl alcohol
(25:24:1) (Sigma). DNA was precipitated by adding 0.6
volumes of isopropanol, washed with 70% ethanol, allowed to
air dry, and finally suspended in DNase, RNase-free water
(Sigma-Aldrich). The DNA yield was measured using a
NanoDropH ND-1000 UV spectrophotometer (Nano-
Drop Technologies).

16S rDNA Amplicon-Based Metagenomics
DNA samples were sent to FISABIO (Valencia, Spain) for
massive 16S rDNA gene V3–V4 amplicon sequencing on the
Ilumina MiqSeq platform and for bioinformatic analyses. The
primers were selected from previously described ones
(Klindworth et al., 2013). Phylum-, family-, and genus-level
taxonomic assignment of sequences that passed quality control
were completed using the Ribosomal Database Project classifier
June 2021 | Volume 11 | Article 598093
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software (Wang et al., 2007) within an 80% confidence threshold.
Chao1 and Shannon indexes representing species richness and
diversity, respectively, were also studied. Bioinformatic analyses
were performed with R statistical software (R project, Statistical
Software) and several open-source libraries. The quantitative
data of the reads were homogenized by using their relative
percentages of the total reads of each sample to facilitate the
comparison between samples. Finally, the Galaxy Huttenhower
Platform (http://huttenhower.sph.harvard.edu/galaxy) was used
in order to calculate the Linear Discriminant Effect Size Analysis
(LEfSe) algorithm and to obtain cladograms in which microbial
taxa that explain significant differences among groups of samples
were represented. A free software platform was used according to
paper instructions (Segata et al., 2011). The sequencing data were
deposited at Digital CSIC (https://digital.csic.es) and is accessible
at http://dx.doi.org/10.20350/digitalCSIC/12597.

In Vitro Incubations With Intestinal
Microbiota
Colon conditions were simulated in double-jacketed reactors set
up at pH 6.5 and 37°C. The reactors were continuously flushed
with nitrogen for maintaining anaerobic conditions for the
oxygen-sensitive intestinal microbial communities. Reactors
were filled with two different nutritive mediums, standard
nutritive medium (Barroso et al., 2015) that represents a
normal energy (NE) medium and a high-energy (HE) medium
(Payne et al., 2012) characterized by a high content of high-
glycemic index carbohydrates (digestible starch) and simple
carbohydrates (fructose). HE contains 45% more fermentable
carbohydrates than the NE medium. Reactors were inoculated
with 20% (w/v) of a pool of fecal samples from either
normoweight or obese individuals; each pool (N and O) was
derived using fecal samples (5 g each) from five individuals; these
fecal samples that were previously collected under aseptic
conditions, aliquoted and immediately stored at −80°C were
thawed, pooled, and homogenized in anaerobic conditions with
sodium phosphate buffer (0.1 M, pH 7.0), containing 1 g/L
sodium thioglycolate as reducing agent (De Boever et al.,
2000). The fecal slurry was aliquoted, snap-frozen in liquid
nitrogen and stored at −80°C to enable the same microbiota in
replicate experiments. Aliquots of the pooled microbiotas were
subsequently incubated with the different media under anaerobic
conditions for 24 h at 37°C and pH 6.8. Samples from the
reactors were immediately stored at −20°C for SCFAs and
ammonium analysis.

Short-Chain Fatty Acids (SCFAs)
Supernatants from fecal samples and reactor incubations were
filtered and 20 µl were further quantified using a Rezex ROA
Organic Acids HPLC column (Phenomenex, Macclesfield, UK)
at 50°C, with 0.005 M sulphuric acid in HPLC grade water as a
mobile phase and at a flow rate of 0.6 ml·min−1 (Sanz et al.,
2005). HPLC system (Jasco, Tokyo, Japan) equipped with a UV-
975 detector and elution profile was monitored at 210 nm.
Quantification of the samples was obtained through calibration
curves of acetic, propionic, butyric, and lactic acids in
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
concentrations between 0.5 and 100 mM. All samples were
analyzed in triplicate.

Ammonium
The filtered supernatants from fecal samples and reactor
incubations describe above were incubated with the Nessler’s
reagent for 5 min at room temperature as previously described
(Streuli and Averell, 1970). Absorbance was measured using a
Varioskan Flash Reader (Thermo Electron Corporation) at 425
nm. For preparation of a standard curve, a dilution series of
ammonium chloride was prepared in the range of 0 to 0.2 mM.
Samples were analyzed in triplicate.

Statistical Analysis
Non-normally distributed data were summarized using medians
and interquartile ranges (Q1 and Q3). For comparisons between
the two groups, the unpaired t-test for parametric data or the
Mann-Whitney and Kolmogorov Smirnof tests for non-
parametric data were used. In all cases, P values of <0.05 were
considered to be significant. Statistical analyses were performed
using STATISTICA program for Windows, version 7.1.
RESULTS

Diversity Analyses
The median number of operational taxonomic units (OTUs) in
the 26 samples was 110.262 (ranging from 51.464 to 141.622);
lower numbers of reads were associated to obese individuals
although without statistical differences. For deciphering the
estimated richness of the microbiome and its evenness,
Shannon and Chao1 alpha diversity indexes were studied.

Shannon index analyzed at phylum (p= 0.34), family (p= 0.20)
and genus (p= 0.06) taxonomic levels showed higher values for the
normoweight group althoughno significant differenceswere found
between the two groups. Regarding Chao1, significant differences
between the two groups were found at phylum (p= 0.008) and
family (p= 0.002) levels; at deeper taxonomic level, no significant
differences were observed (Figure 1).

Taxonomical Assignment of the Bacterial
Sequences
Differential abundance of taxa through OTU levels was
examined. The most abundant phyla were Firmicutes (76.28%;
43.74–85.90%) and Bacteroidetes (12.28%; 1.33–37.80%)
followed by Actinobacteria (9.51%; 0.96–19.34%) and
Proteobacteria (0.69%; 0.04–8.15%). At this taxonomical level,
significant differences between the two groups N and O were
only observed for Verrumicrobia (p < 0.05) (Figure 2). OTUs in
Verrucomicrobia were found in high proportion in two subjects
of the N group (4.61% and 7.00%). OTUs corresponding to other
phyla were detected but with a relative abundance below 0.05%.

Contrary to several previous reports, abundances of the two
most prevalent phyla, Firmicutes and Bacteroidetes, were not
associated with the body mass index (BMI) (p= 0.98 and p= 0.75,
June 2021 | Volume 11 | Article 598093

http://huttenhower.sph.harvard.edu/galaxy
https://digital.csic.es
http://dx.doi.org/10.20350/digitalCSIC/12597
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Martı́nez-Cuesta et al. Obese Microbiota, Composition, SCFAs
respectively); the Firmicutes/Bacteroidetes (F/B) ratio was also
not associated with the BMI groups because no significant
differences were measured among obese and normoweight
individuals (p= 0.897).

At family level, Lachnospiraceae (35.12%; 10.97–53.36%),
Ruminococcaceae (27.53%; 8.35–70.41%), Bifidobacteriaceae
(5.91%; 0.01–11.70%), Coriobacteriaceae (3.98%; 0.02–11.70%),
Bacteriodaceae (3.72%; 0.06–10.36%), and Erysipelotrichaceae
(3.04%; 0.48–13.00%) were the most represented microbial
groups; among them, only OTUs in Ruminococcaceae were
significantly enriched in N compared to O individuals (p <
0.05) (Figure 2). Additionally, OTUs in Rikenellaceae (p=
0.03), Peptostreptococcaceae (p= 0.01), and many unclassified
OTUs within Clostridiales (p= 0.01), were also less represented in
obese individuals (Figure 3).
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
Regarding deep taxonomic level and considering all 26
samples, a total of 323 bacterial genera were detected, although
37 genera represented approximately 90% of the microbiome;
being the most abundant Faecalibacterium (11.28%; 0.88–
3.62%), Blautia (5.96%; 0.78–19.40%), Bifidobacterium (5.90%;
0.01–11.67%), Ruminococcus (5.13%; 0.01–11.75%), Roseburia
(4.20%; 0.69–10.59%), and Lachnospiraceae_incertae_sedis
(3.82%; 1.02–11.30%);

When comparing obese to normoweight participants, OTUs
in Collinsella (p=0.04), Clostridium XIVa (p=0.01) and
Catenibacterium (p= 0.02) were significantly enriched in obese
participants while Alistipes (p=0.03), Clostridium sensu stricto
(p=0.01), Romboutsia (p=0.02), and Oscillibacter (p=0.03) were
significantly diminished (Figure 4). The significant differences in
the taxa abundance between O and N individuals were explored
FIGURE 2 | Phylum distribution in the fecal samples analyzed from normoweight (N) and obese (O) individuals. The right columns represent the median value of
each group.
A B

FIGURE 1 | Diversity Indexes Shannon and Chao1 in fecal samples from normoweight (N, ) and obese (O, ) individuals at family (A) and genus (B) taxonomical
levels. The median, minimum, and maximum values are shown.
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by the LEfSE analysis, and the results are represented in Figure 5.
At the genus level, Collinsella, Negativicutes, Selenenomonadales,
Catenibacterium, and Clostridium XIVa were overrepresented
in the obese group (LDA score ≥ 3), while Alistipes,
Romboutsia, Oscillibacter, Clostridium sensu stricto, and
Hidrogenoanaerobacterium, were enriched in the normoweight
group (LDA score ≥ 3) (Figure 5A). Even though the density of
various genera significantly differs between both groups, a slight
impact of these variations in the global microbiota represented
by a cladogram could be observed (Figure 5B).

Microbiota and Fecal Short-Chain Fatty
Acids and Ammonium Concentrations
Fecal concentrations of SCFAs and lactate in all individuals are
shown in Figure 6. Total SCFAs were significantly higher in
obese (214.01 ± 27.53 mM) than in normoweight (119.70 ± 24.95
mM) individuals, with the most abundant SCFAs being acetate
followed by propionate and butyrate (Figure 6). All three SCFAS
were detected in obese individuals (except propionate in one of
them), whereas butyrate and propionate were not detected in the
feces of four and five of the normal weight individuals,
respectively. Significant differences were found between the
two groups (N and O) for acetate (p =0.033) and butyrate
(p = 0.004).

Pearson’s correlation coefficient using SCFAs and genera taxa
as covariates showed a positive correlation (p < 0.05) between
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
acetate and Streptococcus (0.49), Coprococcus (0.46), Dorea
(0.47), Roseburia (0.39) and a negative correlation with
Oscillibacter (−0.46); butyrate was found to be significantly
associated with unclassified OTUs within Firmicutes (−0.41)
whereas propionate was positively correlated with Collinsella
(0.57) and Roseburia (0.65) and negatively correlated with
Alistipes (−0.40) and Oscillibacter (−0.51).

Regarding the amount of ammonium in feces, higher values
were measured in obese (1.02 ± 0.13 mM) compared to
normoweight (0.74 ± 0.07 mM) individuals although no
significant differences were found between the two groups (p=
0.077). Pearson´s coefficient analyses showed that ammonium
concentrations were positively correlated (p < 0.05) to
Ruminococcus 2 group (0.71), Streptococcus (0.57), and
Bacteroides (0.57). In addition acetate and ammonium were
also positively correlated (0.61); a negative correlation was
found with Anaerostipes (−0.40).

Principal component analysis (PCA) was performed in order
to obtain a simplified view of the changes in metabolic activity
-SCFAs, lactate and ammonium- measured in the fecal samples
related to gut microbiota. For a better understanding of the data,
the scores of the different individuals considering genus
taxonomic level (microbiota) and metabolic activity were
plotted in the plane delimited by the first two components
(Figure 7). PC1 explained 19.35% of the variance. This
component was positively correlated (loading < 0.70) with
FIGURE 3 | Most represented groups at family level in fecal samples from normoweight (N, ) and obese (O, ) individuals. The median, minimum, and maximum
values are shown.
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taxonomic groups Blautia (0.81), Ruminococcus 2 (0.81) and
Clostridium XVIII (0.73). Thus, higher values of PC1 correlated
to higher presence of these microbial groups. Interestingly, PC2,
which explained 15.27% of the variance, was positively correlated
with Clostridium XIVa (0.70) and Catenibacterium (0.78)
(Supplementary Figure S1).

Short-Chain Fatty Acids and Ammonium
Production by the N and O Microbiotas
in Nutritive Mediums With Different
Energy Content
Fecal concentrations of SCFAs and lactate produced by the
different microbiotas (N and O) when incubated in mediums
with different energy content (NE and HE) are shown in Table 1.
The highest production of SCFAs was measured in HE medium
when incubated with the O microbiota except for propionate.
Production of propionate was significantly higher (p < 0.05) in
NE medium incubations by N microbiota (4.26 ± 1.62 mM)
compared to O microbiota (0.92 ± 0.42 mM); no propionate
production was measured in HE medium by the O microbiota.
Lactate highest production was detected in HE medium for N
microbiota (118.74 ± 21.623 mM).
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
Regarding ammonium production during in vitro incubations,
no significant differences were found in the different mediums for
bothN andOmicrobiotas assessing 7.90± 0.63mMand7.09 ± 0.95
mM, respectively, in NE medium; when incubations were
performed in HE medium, ammonium production decreased
significantly compared to NE medium, although no significant
differences were found between N (3.98 ± 0.15 mM) and O
microbiotas (4.71 ± 0.94 mM).
DISCUSSION

In this study, we compared the taxonomic composition and
metabolic activity of the obese and normoweight microbiome
towards unravelling the makeup of obese-associated gut
microbiota. The microbial profile of fecal samples from normal
weight and obese volunteers was approached by massive
sequencing of 16S rDNA genes, clustered into operational
taxonomic units (OTUs) and taxonomically classified. Beyond
that, the potential impact of the taxonomic changes of the obese
microbiota in its metabolic activity was assessed by carrying out in
vitro incubations of these different microbiotas in nutritive
mediums with different energy content.
FIGURE 4 | Most represented groups at genera level in fecal samples from normoweight (N, ) and obese (O, ) individuals. The median, minimum, and maximum
values are shown.
June 2021 | Volume 11 | Article 598093
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Globally and when analyzing the diversity indexes, we
observed that the microbiome richness and diversity was
higher for the normal weight (N) group although did not seem
to differ significantly; except for the Chao1 index that gives more
weight to the low abundance species (Kim et al., 2017), and was
significantly higher in the N group. Gut bacterial richness was
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
correlated with obese phenotypes and associated metabolic
markers such as adiposity, insulin resistance and dyslipidemia
(Rastelli et al., 2018). Though not always the case (Walters et al.,
2014; Kasai et al., 2015), most studies of overweight and obese
people show a dysbiosis characterized by a lower diversity
(Turnbaugh et al., 2009). In regards to this, a low microbiota
A B

FIGURE 5 | Characterization of microbiomes by LEfSe analysis and LDA. (A) Histogram of the LDA scores (log10) computed for features with differential abundance in
normal weight (N) and obese (O) subjects. (B) Cladograms showing the significant differences of gut microbiota composition in normoweight (N) and obese (O) subjects.
FIGURE 6 | Short chain fatty acids (SCFAs) and lactate measured in fecal samples from normoweight (N) and obese (O) individuals: acetate ( ), propionate ( ),
butyrate ( ), and lactate ( ). The column (*) represents the median value of each group.
June 2021 | Volume 11 | Article 598093

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Martı́nez-Cuesta et al. Obese Microbiota, Composition, SCFAs
richness and biodiversity was also reported in obese individuals
when compared to normal weight French subjects, whereas this
pattern was not found between obese and normal weight Saudis
individuals (Yasir et al., 2015). Despite the fact that there is a
tremendous variability between individuals, other factors among
them such as geographical location and dietary habits have a
major influence on the composition, diversity, and metabolic
capacity of the gut microbiota.

It is often assumed that a diverse microbiome is associated to
a stable and healthy microbiome as a low microbial diversity
appears as a common feature in most metabolic, immune and
other related diseases (Mosca et al., 2016); however, this
assumption cannot be applied in all cases especially as diversity
indexes focus on the ecological structure and do not take into
account the species composition or the interaction between
microbes (Johnson and Burnet, 2016). Nevertheless, it is
accepted the more diverse the microbiome, the more adaptable
it will be to perturbations (Heiman and Greenway, 2016).
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
Here, the taxonomic signatures showed neither of the two
most abundant prevalent phyla Firmicutes and Bacteroidetes or
the Firmicutes/Bacteroidetes (F/B) ratio to be associated to BMI.
Previously, obesity has been characterized by an altered intestinal
F/B ratio associated with a greater relative abundance of
Firmicutes (Ley et al., 2005). While these results seem to be
consistent in rodent animal studies, larger human studies have
failed to replicate this signature both at baseline level and after
weight loss (Million et al., 2013; Hu et al., 2015). Similarly, Peters
et al. (2018) also showed no differences in F/B ratio between
obese and lean individuals in a large study conducted in an
American adult population. However, a significant increase in
relative abundance of Firmicutes and higher F/B ratio in
overweight and obese compared to normal-weight and lean
adults has been reported in a Ukraine population (Koliada
et al., 2017). The lack of consistency in the reported results
may in part be a reflection of the limitations of the current tools
and study designs. In addition, gut microbiota is influenced by
FIGURE 7 | Representation of the samples from normoweight (N) and obese (O) individuals in the plane defined by the two first components (PC1 and PC2)
resulting from a PCA that takes into account both genera taxonomic groups and the metabolic activity—SCFAs and ammonium—data.
TABLE 1 | Short chain fatty acids and lactate production (mM) during in vitro incubations for 24 h of Normoweight (N) and Obese (O) microbiotas in nutritive mediums
with different energy content, Normal Energy (NE) and High Energy (HE).

NE HE

N O N O

Acetate 48.34 ± 3.61 46.85 ± 4.68 44.83 ± 1.88 60.58* ± 4.39
Butyrate 5.77 ± 1.18 11.90* ± 1.64 3.73 ± 0.94 19.39* ± 2.56
Propionate 4.26 ± 1.62 0.92* ± 0.43 0.33 ± 0.13 nd*
Lactate 38.30 ± 7.32 14.63 ± 0.79 118.71 ± 21.63 41.10* ± 11.42
June 2021 | Volume 11 |
Data are expressed as mean ± standard deviation; for a given energy medium, * denotes significant differences (p<0.05) in the production of SCFAs and lactate between the two
microbiotas (N and O); nd, not detected.
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many external environmental factors such as nutritional habits,
physical exercises and geographical location.

Our data suggest that the obese phenotype is characterized
more by the abundance and/or absence of distinct communities
of microorganism rather than by the presence of a specific
population. In fact we identified at family level several OTUS
such as Ruminococcaceae, Rikenellaceae, Peptostreptococcaceae
and many unclassified OTUs within Clostridiales to be less
represented in the obese microbiome. Menni et al. (2017) also
pointed out the possibility that Ruminococcaceae may be
functionally linked to a lean phenotype but further functional
studies are needed to assess if this is the case. While Lv et al.
(2019) also found a negative relationship between Rikenellaceae
and BMI, the taxa Peptostreptococcaceae has been reported
elsewhere to be associated with obesity and intestinal
inflammation in previous studies (Monk et al., 2016), as much
as three-fold higher in obese when compared to normal weight
children and adolescents (Nirmalkar et al., 2018).

In terms of genera, different groups were enriched in the
obese microbiomes, among them Clostridium XIVa and
Collinsella. Clostridium cluster XIVa members belong to the
Lachnospiraceae family and many representatives of this
cluster are efficient producers of butyrate which is associated to
energy metabolism and an energy source for gut epithelial cells.
As seen here, an increased abundance of this cluster in diet-
induced obese rodents (Jiao et al., 2018) and a decrease during a
dietary intervention inducing weight loss was observed
previously (Remely et al., 2015). A relative abundance of
Collinsella, a genus belonging to Actinobacteria has been
associated to obesity and insulin resistance (Frost et al., 2019);
Collinsella was also enriched in the microbiome of obese
adolescents and significantly decreased in abundance during
weight loss program (Nirmalkar et al., 2018; Frost et al., 2019).

Apart from taxonomic composition, there is growing
evidence from both human and animal studies that suggests a
link between gut microbiome, SCFAs and obesity development
(Zhao, 2013). Fecal SCFAs are typically measured to reflect
the colonic production of the SCFAs. However, several
other factors such as colonic SCFA absorption, colonic transit
time, differences in dietary intake and intestinal microbiota
also contribute. SCFAs appear to have a complex and
pleiotropic role in obesity; on one hand, SCFAs may enhance
energy harvest and contribute to excess lipogenesis in the liver,
but also concurrently reduce inflammation, sensitize tissues to
insulin, contribute to satiety and improve gut barrier function
(Nehra et al., 2016). The results here presented are consistent
with other studies that have also reported higher SCFAs
concentration in the feces of overweight and obese individuals
when compared to counterpart lean volunteers (Schwiertz et al.,
2010; Rahat-Rozenbloo et al., 2014), suggesting overall that
increased fecal concentrations of SCFAs are associated with
obesity. However, other reports have confirmed that
administration of exogenous acetate, propionate, or butyrate
prevent weight gain in diet induced mice and overweight
humans (Lin et al., 2012; Chambers et al., 2015); besides, a
high fiber intake has been linked to a rise in health-promoting
SCFAs production (Rios-Covián et al., 2017) along with a
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
reduction of detrimental compounds, such as indole and
hydrogen sulphide (Zhao et al., 2018).

In addition, obese microbiome seems to be more efficient in
harvesting energy from the diet, through the production of
SCFAs, than lean microbiome (Turnbaugh et al., 2008;
Fernandes et al., 2014); this pattern emerged in the microbiota
of obese children showing a higher ability to ferment
carbohydrates when compared to lean volunteers (Goffredo
et al., 2016). In the results shown here, higher concentrations
of acetate and butyrate were measured when incubating the
obese microbiota in HE medium. Obese microbiome has been
previously shown to be enriched in metabolic pathways leading
to butyrate and acetate production, the major end products of
fermentation (Turnbaugh et al., 2006). On the other hand,
propionate production was lower in the in vitro incubations
involving the O microbiota, even no propionate production was
measured in HE medium incubated with the O microbiota;
Interestingly, propionate metabolism has not being associated
with obesity.

Higher amount of ammonium was measured in obese feces
compared to normoweight individuals, although not
significantly different did positively correlate with acetate
levels. Fecal ammonia excretion was shown to be positively
and strongly related to excretion of acetate, propionate,
butyrate, and total SCFAs. Low pH values could also explain
this as ammonia is freely diffusible and absorbed by colonocytes
in the unprotonated form; ammonium ion is not absorbed
(McOrist et al., 2011). When assessing ammonium production
during incubation in nutritive mediums with different energy
content, no differences between the two microbiotas (N and O)
were found; nevertheless a significant reduction in ammonium
production was measured in HE medium. Previous results in our
lab showed that the increase of easily digestible carbohydrates
maintains the fermentative functionality of the intestinal
microbiota and decreases the proteolytic activity in colonic
reactors (Barroso et al., 2016). Some other studies suggest that
obese individuals could exhibit disruption of nitrogen disposal,
in particular urea cycle function and glutamine formation
(Alemany, 2012) and/or an alterat ion in ammonia
detoxification processes (Cho et al., 2017).

Here our results suggest that although there is support for a
relationship between the microbial communities found in
human feces and obesity, this association seems to be relatively
weak. The small sample size used in this study is a limitation, and
further studies need to be conducted on a larger population of
obese and normal weight individuals to give us a clearer picture
of the correlations that exist between the parameters studied
here. Other features, such as the large interindividual variation in
the microbiome’s structure, and environmental factors, such as
diet should also account for this. Alternatively, it is possible that
taxonomic signature of obesity relies on finer species (OTU)
levels, rather than at phylum, family and genus level.

Obesity is a complex disease and it has a multifactorial
etiology; the gut microbiota participates in a complex
interaction with the host metabolism; and the gut microbes,
directly and indirectly interplay with all the organs via specific
metabolites, hormones, and neurotransmitters. Microbiota
June 2021 | Volume 11 | Article 598093
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dysbiosis is thought to promote obesity through different
mechanisms such an improved capacity for energy harvest and
storage, gut permeability and inflammation, nervous and
endocrine routes, among others. In regard to metabolic activity
studied here, SCFAs content is higher in fecal obese samples;
besides, this trend is also observed when assessing acetate and
butyrate production of the obese microbiota under diets with
different energy contents; interestingly, a reduced capability of
propionate production is associated to the obese microbiome.
Most likely, the differences could become clearer when
unravelling the functionality of the microbiome and the
metabolites produced from the different taxonomic groups. A
metabolomics approach can provide key information to
clarifying the possible role of the microbiota in obesity. Thus,
to get a better picture of the relationship between obesity and
microbiota, functional microbiomic approaches need to
be employed.
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