Novel Multi-technology Microbiome Metaanalysis in IBD Identifies Bacterial Peptides that Modulate IBD-relevant T Cell Activity
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Methods: We incorporated 3,407 gut mucosal and
fecal samples from 21 datasets produced in 15
cohorts, 4 of which are previously unpublished,
into a uniform informatics pipeline to harmonize
metagenomic shotgun NGS, 16S amplicon NGS
and 16S amplicon PhyloChip hybridization
by comparing all data against the StrainSelect
reference database. We developed a novel multitechnology meta-analysis (MTMA) procedure to
identify the strains which are consistently depleted
in IBD datasets. Peptides expressed from these
strains were determined from their genomes.
Peptide libraries were assessed in a large scale
screen using primary human cells to observe dosedependent production of cytokines important in
IBD such as IL-10, IL-17 and others. .
Results: Strains with known genomes but not
previously reported in IBD investigations were
observed as decreased in both the feces and mucosa
across a large number of geographically diverse
IBD subjects. Peptides from these strains were
assessed in a large scale screen using primary T
cells and yielded several peptides which led to
increased IL-10 and/or decreased IL-17.
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Figure 3: Metagenomic contig assemblies from unknown strains contained proteins elevated in
control mucosa from multiple cohorts and were also selected for therapeutic peptide mining
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Figure 2 shows an example of the the MTMA results for 55 significant species depleted in stool from Crohn’s disease
patients from multiple cohorts. Top color bar indicates overall direction of enrichment for 55 species where green
indicates depleted in Crohn’s disease and pink, enriched. In the bottom plot, log-2 fold change of known strains (in
https://wmf2021-asm.ipostersessions.com/Default.aspx?s=92-DA-F9-C3-8A-57-2E-EC-EB-A3-0F-92-10-2D-4C-40&pdfprint=true&guestview=true

Conclusions: The novel MTMA algorithm applied
to microbiome data organized via StrainSelect
allows for derivation of consistent bacterial signals
across multiple cohorts which in isolation would
otherwise be underpowered, not geographically
diverse, and limited by a single profiling
technology. Several promising peptides have been
identified which demonstrate how microbiota
interacts with the human immune system to exert its
influence. Identification of bioactive peptides allows
for development of novel therapies and avoids
complex and regulatory challenging options such as
fecal matter transplants.
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Hypothesis: Many studies have shown associations
between the microbiome and Inflammatory
Bowel Disease (IBD). However, the findings
between studies are seldom concordant, impeding
therapeutic research. We hypothesized that disparate
data sets can be analyzed using standardized
computational pipelines to resolve the bacterial
strains consistently depleted in IBD patients. From
these strains’ genomes, the peptides produced could
be synthesized and screened to find those which
interact with the human immune system and can
then be developed into drugs.
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for 55 species where green indicates depleted in Crohn’s disease and pink, enriched. In the bottom
plot, log-2 fold change of known strains (in StrainSelect database) within these species are shown
with closed and open triangles indicating significant and insignificant findings in strain-level MTMA,
respectively. Significance was determined at an adjusted p-value < 0.01. StrainSelect is a repository
of monikers for known isolated microbial strains, their various synonyms and their genomic sequence
identifiers. A nucleic acid sequence observed from clinical material was assigned a strain-level
annotation only when it uniquely matched one and only one strain.
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Nearly all peptides encoded in the phage library were fragments of longer proteins, as shown in
domains. A minority of the source proteins contain a secretion signal.
The dose-response assay identified 10 bacterial peptides that cause a dose-response induction of
domains. A minority of the source proteins contain a secretion signal.
Figure 5. Fragments selected were those predicted from protease exposure,
unprotected by cellular
IL-10 or inhibition of IFN-γ and IL-17A. Three examples are shown in Figure 9 where curves
membranes or between structural domains. A minority of the source proteins
contain a secretion signal.
Figure 6: Peptides that bound differentiated Th17 cells were selected for screening
Figure 6: Peptides that bound differentiated Th17 cells were selected
for screeningrepresent the average across 3 donors.
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Utilizing phage display, cell panning,
and quantitative DNA sequencing,
peptides that bind preferentially to
differentiated Th17 cells from multiple
donors were identified. An elevation in
two frequency ratios (Figure 6) were
used to select peptides to proceed to
functional screening. SOV: Ratio of
peptide relative counts of those bound to
the target cell compared to the original
phage library. SOD: Ratio of the peptide
relative counts of those bound to the
target cell compared to those bound to a
non-target cell.

Nearly all peptides encoded in the phage library were fragments of longer proteins, as shown in Figure 5. Fragments
selected were those predicted from protease exposure, unprotected by cellular membranes or between structural
domains. A minority of the source proteins contain a secretion signal.
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Utilizing phage display, cell panning, and quantitative DNA sequencing, peptides that bind preferentially to
differentiated Th17 cells from multiple donors were identified. An elevation in two frequency ratios (Figure 6) were
used to select peptides to proceed to functional screening. SOV: Ratio of peptide relative counts of those bound to the
target cell compared to the original phage library. SOD: Ratio of the peptide relative counts of those bound to the target
cell compared to those bound to a non-target cell.
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