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In this project we gained important insights into the characteristics and
function of mucosal immunoglobulin A (lgAs). Furthermore, we identified and characterized
IgA-dependent gene elements of Bacteroides species that are critical factors for regulation of
mucosal homeostasis via the bacteria-bacteria interaction.
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Coevolution for millions of years of hosts and microbes has generated multifunctional
dependence in many bidirectional pathways. Mammals invest huge energy to keep the balance
of the gut commensal bacterial communities, while commensals also provide metabolites and
activate signaling pathways to regulate the host physiology.

During our studies we obtained solid evidence that specific arms of the adaptive immune system
play critical roles in controlling the growth and distribution of commensal bacterial species in the
gut. Central to our research is the concept that the emergence of adaptive immune system with its
diversified antigen-recognition receptors and secretion of immunoglobulin (1g) A contributed to the
establishment of advanced symbiotic relationships with the gut microbiota. Using AlD-deficient
mice which lack all Ig isotype other than IgM, we revealed for the first time that the IgA plays a
critical role in sustaining equilibrium with gut commensal microorganisms (Fagarasan et al.,
Science 2002, Suzuki et al., PNAS 2004). We demonstrated that the IgA is required for
maintaining diverse and balanced communities of commensal bacteria, because in its absence
we observed enormous expansion of uncultured anaerobic bacteria especially the small
intestine. Recently, such phenotype is known as SIBO (small intestine bacterial overgrowth)
and is implicated in mucosal and systemic diseases, from inflammatory diseases to chronic
fatigue and fibromyalgia.

We further demonstrated that not only IgA per se, but somatically mutated and selected IgA in
germina centers are involved in complex symbiotic relationships, and that such IgAs are
controlled by various T cell subsets (Kawamoto et al., Science 2012; Kawamoto € al.,
Immunity 2014). Indeed, we found that balanced and diverse bacterial communities are critical for
development and maturation of the immune system, including generation of IgA. By contrast, less
diverse and unbalanced bacteria €elicit inflammatory responses, leading in time to disease
development like allergies and autoimmunity. Therefore, the homeostasis at mucosal and systemic
levels depend in the quality and repertoire of immune system which in turn influence the diversity
and quality of microbiota.
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In this project we aimed at a deeper understanding of the role of IgA at mucosal surfaces.
Indeed, it took almost 20 years to be wildly accepted that IgA production impacts the
composition and shapes the microbia landscape in the gut. However, how exactly the IgA
function to achieve such impacts remained unknown. Thus, we set up experiments designed for
uncovering how IgA secreted into the gut lumen impacts the bacterial communities. We
evaluated the bacterial coating by IgA and the consegquences of such coating for the bacteria
itself aswell as the whole assembly of bacterial speciesin theintestine.
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We darted by evaluating the IgA coating properties in normal mice and severa
immunodeficient mice. Among the later group we investigated in more details T cell deficient
mice. We evaluated the microbiota composition in wild type and T cell-deficient mice by 16S
rRNA sequencing and also visualized the IgA coating of bacteria at single cdl level by flow
cytometric analyses as well as single bacteria visualization techniques. Interestingly, feca
bacteria collected from T cell-deficient mice were highly coated by IgA comparing with the
fecal bacteria collected from wild type animals. Single bacteria visualization by using imaging
flow cytometry showed that the IgA binds on the specific portion of the bacteria cells in the
gut of wild type mice, but the IgA-binding was likely non-specific, covering the whole
bacterial surfaces in T cell-deficient gut. The IgA supercoating pattern associated with a
reduced diversity of bacterial speciesin T cell-deficient mice compared with wild type mice.

These results led us to hypothesize that some IgAs coating might lead to trapping of bacteria
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into the mucus layer while other IgA coating may lead to elimination of bacteria from the gut
or to the coating of very selected bacterial species. We next andyzed the IgAs generated in T
cell-deficient mice which were transplanted with antigen-specific T cells and immunized with
the respective antigen. We screened severa hybridoma lines obtained from the gut plasma cells
form such mice and chose to evaluate the function of one heavily glycosylated IgA clone that
bound several bacterial species belonging to the Bacteroidetes phylum. In order to evaluate the
impact of IgA binding on bacteria, we chose Bacteroides thetaiotaomicron (B. theta) because
its genome was recently decoded. We found that IgA binding to B. theta induces in vivo the
expression of a functionally uncharacterized molecular family encoded within the
polysaccharide utilization loci (PUL), suggesting the binding of IgA to bacteria
“transcriptionally prepared” the bacteria for sugar metabolism which should take place within
the gut mucus layer. Indeed, the upregulation of PUL was observed only in mucus trapped
bacteria but not in free bacteria present in the intestinal content. Furthermore, we could
visualize B. theta trapped together with IgA in the mucus layer. Interestingly, the upregulation
of PUL necessitated IgA and the presence of other bacteria, suggesting very complex symbiotic
network modulated by IgA. We next generated deletion mutants of the PUL genes in B. theta
and found that only wild type strain but not mutant strains of B. theta benefited the host.
Indeed, in a chemically-induced colitis model, wild type B. theta but not mutants B. theta
conferred protection from deadly inflammation. The protection associated with expansion of
Firmicutes species producing protective metabolites (butyrate, acetate) only in the presence of
wild type B. theta but not mutants B. theta.

1gA
-
16SrRNA
IgA
T 1gA
1gA
T IgA
1gA T
1gA
1gA
1gA
1gA 1gA
1gA
1gA
T T

1gA
1gA



1gA 1gA

1gA
Bacteorides
thetaiotaomicron (B.theta) 1gA 1gA
B.theta polysaccharide utilization loci (PUL)
1gA
PUL
PUL 1gA
1gA
PUL B. theta
B. theta PUL B.theta
RNA-Seq
PUL
B. theta
B. theta B. theta
Firmicutes
B.theta
B. theta

In this project we gained important insights into the characteristics and function of mucosa
IgAs. Furthermore, we identified and characterized IgA-dependent gene elements of
Bacteroides species that are critical factors for regulation of mucosa homeostasis via the
bacteria-bacteriainteraction.
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