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Abstract

The human body is host to numerous complex microbial communities that comprise the human microbiome.
These microbes and their dynamic interactions with each other and with the host, play critical roles in human
development and health. Although mostly considered beneficial, bacteria within the microbiome may
contribute to disease as infectious agents, through mediation of antibiotic resistance, and by participation in
immune phenomenon as drivers of chronic inflammatory diseases. This review highlights the current research
on the gut microbiota, with a particular focus on Faecalibacterium prausnitzii and its role in maintaining
intestinal health. F. prausnitzii is a species of obligate anaerobic bacteria found in the human gastrointestinal
tract. This species has been widely associated with human health and is found at lower numbers in a wide
variety of human diseases including inflammatory bowel disease (IBD). Based on the current research
landscape, however, it is evident that majority of research on F. prausnitzii is associative in nature and for this
reason, culture-dependent studies are needed to further elucidate the role of this gut bacteria in diseases such

as IBD.

Introduction

The human gastrointestinal (Gl) tract is home to a
diverse group of bacteria, archaea, viruses, and
fungi.”* Together this collection of microorganisms
is referred to as the ‘gut microbiota’."
Interestingly, majority of these microorganisms are
bacteria, approximately equal in number to the
amount of human eukaryotic cells in the body.?* In
contrast, the term ‘gut microbiome’ refers to the
collective genomes, encoding more than three
million genes, of the microorganisms that inhabit
the gut. ' In the last 15 years, the role of the gut
microbiota in maintaining intestinal health has
become increasingly evident.® Not only do these
microorganisms play a key role in harvesting
energy, they also prevent the colonization of
pathogens and maintain host immunity."**
However, a change in the microbial composition of
the gut can lead to the development of disease
pathology.*¢ Dysbiosis or the imbalance between
protective commensal bacteria and harmful
opportunistic bacteria is proposed to be the
underlying cause of several diseases including
inflammatory bowel disease (IBD). ¢ IBD refers to
a group of disorders characterized by chronic
inflammation in the Gl tract.” With regard to the
role of dysbiosis in IBD, research suggests that the
depletion of Faecalibacterium prausnitzii, a major

commensal bacterium, is associated with the
disease pathology of IBD.”® The purpose of this
review is to summarize the current research on the
gut microbiota, discuss the role of F. prausnitzii in
intestinal health, examine the factors promoting F.
prausnitzii presence in the gut, and lastly consider
the role of F. prausnitzii in IBD. Additionally, this
review seeks to highlight areas in this field of
research that need to be further clarified or
addressed.

Composition of the gut microbiota

The human gut microbiota is colonized by at least
1000 different species of bacteria."* This process of
colonization begins right after birth as the infant
becomes exposed to the outside environment.’
Additionally, factors such as the maternal
microbiota composition and mode of delivery have
been shown to influence early colonization of the
gut.” Research suggests that two main phyla of
bacteria dominate the early infant gut:
Actinobacteria and Proteobacteria.”’ However, as
the infant grows older, the gut microbiota
continues to evolve and increase in microbial
diversity. ' As the individual reaches adulthood,
the composition of the gut microbiota becomes
relatively stable, but can still be altered by factors
such as diet, lifestyle, antibiotic treatment, illness,



aging, and the environment.”? Although twin
studies have suggested a potential role of genetics
as a determinant of microbiota composition, the
extent and nature of its role remains under debate
and further research is needed.? Furthermore, due
to differences in experience, every individual
develops a unique gut bacterial composition.'??
However, in general, the adult microbiota is
composed primarily of two main phyla: Firmicutes
and Bacteroidetes."? Other phyla including
Actinobacteria, Proteobacteria, Verrucomicrobia
and Fusobacteria, although present, are at a much
lower proportion.*

Role of the gut microbiota in intestinal health

The gut microbiota plays a critical role in the
maintenance of intestinal health, as well as
nutrition, immune development, and host defense.
One of the primary role of gut bacteria is the
production of compounds essential for Gl
health.”'® Not only do commensal bacteria
synthesize vitamins, but they also play a critical role
in the fermentation of dietary fibers.” The phyla
Firmicutes and Bacteroidetes have found to be
involved in the production of short chain fatty acids
(SCFAs) via fermentation.”'° These SCFAs are
absorbed by the surrounding colonic epithelial
cells (CECs) and are able to regulate cellular
processes such as altering cell growth and gene
expression.” The three major SCFAs produced
include: butyrate, acetate, and propionate.” Among
these, butyrate has been shown to be a primary
contributor of intestinal health."*’ Majority of this
SCFA is produced by Faecalibacterium prausnitzii,
Eubacterium rectale, Eubacterium hallii and
Ruminococcus bromii.'® By acting as an energy
source for CECs, butyrate promotes cell
proliferation.” Additionally, butyrate has also been
shown to be an important regulator of tight-
junction proteins (TJPs) in the Gl tract.”'? Increased
levels of butyrate lead to an increased expression
of TJPs, thereby promoting intestinal barrier
integrity and preventing bacterial translocation
across the epithelium.”'® Recent evidence suggests
that butyrate might also promote B-oxidation in
CECs, which increases uptake of oxygen, and
therefore creates an anaerobic gut environment
unfavourable for the colonization of pathogenic
facultative anaerobes." Finally, emerging research
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in this field also suggests anti-inflammatory activity
of butyrate in the gut. In contrast to butyrate, both
acetate and propionate have shown to play a
systemic role in the body.”"" Propionate is taken up
by the liver, while acetate moves into peripheral
organs such as the muscles.”"°

The interaction between the gut microbiota and
immune system is critical for the maintenance of
intestinal health and barrier integrity.” In particular,
the presence of the gut microbiota influences
development of the mucosal immune system.”’
Experiments have indicated that germ-free mice
(deficient in a gut microbiota) display an
underdeveloped and impaired immune system.’
When the microbiota is reintroduced in these mice,
majority of the immune system function is
restored.” Bacteria in the gut, primarily of the class
Clostridia, have been shown to play a role in the
differentiation and proliferation of regulatory T cells
(Tregs) via butyrate production.” Tregs are immune
cells responsible for regulating and suppressing
other immune cells of the body.” These cells play a
critical role in maintaining immunological tolerance
and preventing autoimmune reactions.” Research
suggests that individuals with inflammatory gut
diseases such as IBD are found to have much lower
levels of butyrate-producing bacteria.””
Additionally, species of gut bacteria such as
Escherichia coli and Citrobacter rodentium have
been described to contribute to the induction and
development of helper T cells such as Th17.’

Finally, the gut microbiota is also responsible for
protecting the Gl tract from pathogenic bacteria.
This concept is referred to as ‘colonization
resistance’.’”? Commensal bacteria are able to
protect the intestine from pathogens in two ways:
directly and indirectly.”'? By consuming essential
nutrients or through the production of anti-
microbial molecules such as bacteriocins,
commensal bacteria are able to directly prevent the
colonization of pathogens.”'? For example, species
of the genus Bifidobacterium have been shown to
inhibit colonization of intestinal pathogens, such as
Clostridium difficile, via production of antimicrobial
organic acids and peptides.”® Recent evidence has
also.demonstrated the role of contact-dependent
interbacterial antagonism, notably in the phylum
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Figure 1. Examples of syntrophy with F. prausnitzii. (A) Acetate, which is produced by B. thetaiotaomicron due to pectin
fermentation, is rapidly taken up by F. prausnitzii to promote growth. (B) Menaquinone, directly produced by E. coli, is taken
up by F. prausnitzii and used in the electron transport chain to facilitate anaerobic respiration.

Bacteroidetes. By injecting toxic effectors into
nearby cells, a mechanism known as the type VI
secretion system occurs, in which gut commensals
are able to prevent the colonization of harmful
bacteria and, thereby, maintain a stable gut
environment.' On the other hand, indirect methods
of colonization resistance involve the role of
commensal bacteria in the production of pro-
inflammatory molecules that prime or enhance the
immune response against pathogenic bacteria.” '
Together, these mechanisms are critical for
preventing Gl infections.

It is important to note that a slight disruption in any
of the functions mentioned above may lead to the
development of disease pathology such as obesity,
malnutrition, IBD, neurological disorders, and
cancer.*¢ Dysbiosis or a change in composition of
the gut microbiota has been suggested to be one
of the primary underlying cause of this disruption.*®
It is evident in patients with IBD that there is a
decrease in gut bacteria with anti-inflammatory
properties and an increase in those that contribute
to inflammation.*® Although the levels of many
different bacterial species are altered in IBD, the
most consistent finding suggests a lower abundance
of F. prausnitzii in patients with IBD." The role of F.
prausnitzii in gut health and disease will be further
addressed in the following portion of this review.

Role of F. prausnitzii in intestinal health

F. prausnitzii is one of the three most abundant
bacterial species found in the Gl tract, accounting
for approximately 6-8% of the gut microbial
community in healthy individuals.™ F. prausnitzii is a
member of the Firmicutes phylum and the only
known species in the genus Faecalibacterium.®' It
is a Gram-positive, strict anaerobic bacterium.®'
Currently, majority of the research on F. prausnitzii
is based on metagenomic studies of the gut
microbiota.'® These studies have shown altered
levels of F. prausnitzii in patients with a range of
metabolic diseases such as colorectal cancer,
obesity, celiac disease, and IBD.'® However, this
data is associative in nature and cannot be used to
suggest a causal role of F. prausnitzii in disease
pathology.' Instead, culture dependent studies are
required to address the role of F. prausnitzii in
health and disease.'® Unfortunately, due to the
difficulty in growing this extremely oxygen sensitive
(EOS) bacterium, a limited number of studies have
assessed the function and underlying biology of F.
prausnitzii."®

'Factors promoting F. prausnitzii in the gut

When considering isolation strategies for F.
prausnitzii, it is important to consider the bacteria’s
growth requirements. Current literature provides
insight regarding the role of specific carbon
sources, gut physiological conditions, and various
bacteria inthe growth of F. prausnitzii. However, the
effects of each of these factors has been evaluated



using a limited number of F. prausnitzii strains. One
study, in particular, showed that simple
carbohydrates including fructose, glucose,
cellobiose, and maltose were fermented by 90-
100% of F. prausnitzii strains.” Additionally, diet-
derived apple pectin has been shown to promote F.
prausnitzii growth in culture.’” Both in vitro and in
vivo studies have demonstrated an increase in
Firmicutes abundance after introduction of pectin as
an energy source."""® Lastly, host-derived carbon
sources including glucosamine HCl and N-
acetylglucosamine have also been shown to be
fermented by F. prausnitzii and thereby promote
growth."” This data suggests a use of any of the
above mentioned carbon sources as prebiotics for
individuals suffering from IBD." In other words,
these carbons sources can be administered to
restore F. prausnitzii levels in the diseased gut.”
Furthermore, the aforementioned carbon sources
may also be added as supplements to media in
order to better improve culture-dependent isolation
strategies for F. prausnitzii. The success of such
strategy should be addressed and evaluated in the
future. With regard to mucin, glycoproteins that
make up the mucus covering on epithelial cells, little
is known about its effect on F. prausnitzii.?*2'
Conflicting research about the ability of F.
prausnitzii to utilize mucin exists in current literature
and future studies should focus on addressing this
issue.?

Tolerance to different physiological conditions in
the gut is a key determinant of the ability for
bacteria to colonize the Gl tract."” Experiments
testing the pH tolerance of various strains of F.
prausnitzii show that the optimal pH for growth
ranges between 5.7 and 6.7."8 This data is
reinforced by the colonization patterns of F.
prausnitzii in the Gl tract. F. prausnitzii is found at
higher levels in the duodenum, which has a pH
range of 5.7-6.4 in healthy subjects.??> Additionally,
evidence shows that F. prausnitzii is highly sensitive
to bile salts."”” Although strain-strain variability
exists, F. prausnitzii growth is compromised when
bile salts concentrations reach 0.5% (wt/vol) or
above." This data might explain why Crohn's
disease (CD) patients, who exhibit higher bile salt
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concentration in their gut, have decreased levels of
F. prausnitzii.*> Furthermore, based on functional
metabolic maps of F. prausnitzii, it has become
evident that certain strains of this bacteria are
unable to synthesize molecules such as cysteine,
biotin, and riboflavin.?® These results signify the
importance of having such molecules present in the
gut environment for use by F. prausnitzii.??
Nonetheless, this data varies among strains and
further research using a larger collection of isolates
is required.

Syntrophy, otherwise referred to as ‘cross-feeding’,
is the phenomenon where one bacterial species is
dependent on the products of another species.?
Examples of this phenomenon are widely evident
when looking at the diverse microbial communities
present in the Gl tract.? Interestingly, F. prausnitzii
has been shown to rely on other bacterial species in
the gut for cross-feeding.?® Past studies have
observed this relationship between F. prausnitzii
and Bacteroides thetaiotaomicron — a Gram-
negative, strict anaerobe, found to be abundant in
the human gut microbiota.” Co-culture experiments
containing these two bacteria in media
supplemented with pectin showed enhanced
growth of F. prausnitzii.'” Specifically, acetate, a
SCFA produced by B. thetaiotaomicron via pectin
fermentation, was observed to be rapidly taken up
by F. prausnitzii (Figure 1A)."” These results are
supported by previous studies showing the
importance of acetate in F. prausnitzii growth.?
Furthermore, experiments in germ-free mice have
demonstrated that F. prausnitzii is unable to
colonize the gut individually.?® However, when co-
colonized with another bacterium such as B.
thetaiotaomicron, successful colonization is
observed.? Interestingly, a similar cross-feeding
relationship has recently become evident between
F. prausnitzii and E. coli.?® A group of scientists have
evaluated the role of E. coli as a ‘helper’ strain for
multiple species of bacteria including F.
prausnitzii.*® Using co-culture experiments, the
researchers demonstrated that E. coli induced
growth of F. prausnitzii (Figure 1B).?¢ Additionally,
they tested a library of mutant E. coli strains to
evaluate the underlying mechanism of induction.?



The researchers concluded from the experiments
that the E. coli genes involved in menaquinone
biosynthesis were responsible for inducing F.
prausnitzii growth.? Follow-up genome sequencing
of F. prausnitzii further supported this notion when a
lack of genes responsible for the menaquinone
biosynthesis pathway were identified.? In majority
of Gram-positive bacteria including F. prausnitzi,
menaquinone participates in the electron transport
chain in order to facilitate anaerobic respiration.?
However, in the case of F. prausnitzii, menaquinone
is not synthesized on its own but is instead acquired
from the external environment.? For this reason, E.
coli, a major producer of menaquinone, is able to
induce F. prausnitzii growth in culture.?® With regard
to improving current F. prausnitzii isolation
techniques, future efforts should focus on
elucidating the role of menaquinone in the cross-
feeding relationship between F. prausnitzii and E.
coli.

Role of F. prausnitzii in IBD

As previously described, IBD is a group of
metabolic diseases characterized by chronic
inflammation of the Gl tract.*” There are two main
forms of IBD: Crohns disease (CD) and ulcerative
colitis (UC).*” Although the exact cause of IBD
remains unknown, evidence suggests that a
combination of genetic risk and dysbiosis contribute
to disease pathology.” A reduction in the diversity
of the gut microbiota accompanied by lower levels
of Firmicutes bacteria can be seen in IBD
patients.®" In particular, lower counts of F.
prausnitzii in the gut microbiota of patients suffering
IBD has been reported in several studies.®" It has
been proposed that F. prausnitzii displays anti-
inflammatory properties that may be responsible for
maintaining a healthy gut environment.®' For this
reason, scientists are currently evaluating the use of
F. prausnitzii as a probiotic to counterbalance
dysbiosis in the gut.”™ Although the exact
mechanism by which F. prausnitzii maintains
intestinal health remains unclear, researchers have
proposed several hypotheses. Recent evidence has
shown the role of F. prausnitzii in butyrate
production, thereby maintaining intestinal health
and integrity.#'%"5 Not only does butyrate act as an
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energy source for CECs, but it has shown to be
involved in preventing inflammation. By inhibiting
NF-kB and IFN-y, as well as up regulating PPARYy, a
reduction in intestinal inflammation has been
observed.?” In addition, F. prausnitzii also displays
novel anti-inflammatory properties that have been
shown in a DSS colitis murine model.?
Administration of the cell-free supernatant of F.
prausnitzii in colitis induced mice led to a reduction
in gut inflammation.?® Furthermore, researchers
were successfully able to identify specific peptides
in the supernatant responsible for this inhibitory
effect.?” These peptides derive from a 15 kDa
protein produced by F. prausnitzii, referred to as
microbial anti-inflammatory molecule (MAM).?
Follow-up experiments have shown that MAM is
able to demonstrate immunomodulatory activity by
blocking both the NF-kB signaling cascade and
production of IL-8, a pro-inflammatory cytokine.?’
Due to a very limited number of studies on MAM,
future research should focus on evaluating the
potential use of MAM as a therapeutic strategy for
IBD.

Conclusion

The human body is host to numerous complex
microbial communities that comprise the human
microbiota. These microbes and their dynamic
interactions with each other and with the

host play critical roles in human development and
health. Specifically, the gut microbiota contributes
to intestinal health through the production of
metabolites such as butyrate, the development of
the mucosal immune system, and by providing
protection from pathogenic bacteria via colonization
resistance. Unfortunately, a disruption in any of the
mentioned functions can lead to severe disease
pathology. This is evident when looking at the
association between F. prausnitzii and IBD. As
described in the literature, F. prausnitzii is not
extensively characterized and there are a limited
number of isolates to date. For this reason, future
work should focus-on development of a culture
dependent methodology for the isolation of a
diverse set of F. prausnitzii strains. Genomic and
phenotypic assays of various isolates will allow
researchers to assess strain-strain variability,



providing further insight into the
immunomodulatory role of F. prausnitzii.

Overall, the study of the human gut microbiota in
health and disease is an emerging field of research.
However, the majority of current research is
associative in nature and for this reason, culture-
dependent studies are essential to further elucidate
the role of gut microbes in diseases such as IBD.
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