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SOV 0.25 5.19 503.87 5.52

SOD 0.10 3.93 3.33 2.63
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ABSTRACT

Gut microbiota play a major role in the 

development, maturation, and modulation of 

the immune system throughout our 

life. Therefore, discovery of microbiome-driven 

bioactive drugs hold great promise as 

therapies for immune-related diseases such as 

inflammatory bowel disease (IBD). However, 

identification of disease-associated 

microbiome-host interactions are challenging, 

owing largely to the complexity of a diverse 

community and the myriad of direct and 

indirect interactions through which the 

microbiome can influence its host.

We developed a discovery pipeline to enrich 

for therapeutic candidates by combining a 

systematic computational workflow with in 

vitro assays to identify bacterially-derived 

compounds that interacted with specific 

immune cells and had functional activity. To 

establish concordant changes in 15 IBD cohorts 

with 21 datasets, we used a novel multi-

technology meta-analysis (MTMA) procedure 

and a curated reference database 

(StrainSelect). From the genomes of these  

strains  and from metagenomic assemblies, a 

peptide library was generated and assessed in 

a large-scale screening using phage panning 

against primary human cells to identify 

binding to immune cells of interest, such as T 

cells. Positively selected peptides were then 

screened in functional assays to identify 

activity capable of modulating cytokine 

production. Bioactive peptides were further 

tested in mouse models of colitis to evaluate 

therapeutic efficacy. Our ability to discover 

bioactive peptides in this manner 

demonstrates a novel workflow in which i) a 

computational pipeline is employed to identify 

microbiome-derived peptides that are 

consistently decreased in IBD patients, ii) 

peptides are screened by their ability to bind to 

specific cells of interest, and iii) peptides are 

identified for their functional activity and 

therapeutic potential.

SUMMARY AND 
CONCLUSION

Summary
• Microbiome-derived peptides that are 

enriched in “health-associated” 
samples and interact (by binding) with 
our cells of interest induced IL- 10 

levels and/or reduced IFN-γ levels in 
CD4+ T cells.

• Peptide 1 increased levels of IL-10 in a 
dose dependent manner.

• Peptide 1 improved DNBS and DSS-
induced colitis in acute models.

Conclusion
Through our differential analysis of the 

microbiome between populations, such as 

healthy and diseased individuals, we have 

identified novel immunomodulatory 

peptides that have effects in vitro and in 

vivo.  The ability of our proprietary 

technology-enabled platform to obtain 

microbial strain level genetic insights, 

combined with our function-forward 

workflow to 'mine' and discover novel 

bioactive molecules with potential 

therapeutic benefit represents a unique and 

differentiated microbiome-based  drug 

discovery and development approach.

FIGURE 1.
Schematic of computational pipeline and workflow to identify microbiome-derived 
peptides for screening

FIGURE 4.
In vitro IL-10  and in vivo Type 1 regulatory T cells (Tr1) are dose-dependently increased by treatment 
with Peptide 1.

FIGURE 2.
Phage panning enriches for peptides that bind to our cells of interest

A

B

B

C

Clinical samples were obtained from internal and published studies (15 cohorts total). The 
microbiome meta-analysis was done from samples processed for metagenomics, 16S 
sequencing, and Phylochip. RNAseq was used for colon transcriptomics. ~1.2 million peptides 

were nominated for screening.

CD4+ T cells isolated from blood of donors were first activated overnight with 

low-dose plate-bound anti-CD3 antibody, then stimulated with IL-2 and 
microbiome-derived peptides for 6 days. OVA served as a negative control; 
butyrate and Stemcell™ Immunocult Treg Differentiation Supplement served as 

positive controls for IL-10 and IFN-γ respectively. Supernatant was collected on 

day 6 and levels of IL-10 and IFN-γ were measured by Meso Scale Discovery 

(MSD) biomarker assays.

Fold change of IL-10 and IFN-γ secretion level induced by microbiome-
derived peptides in 4 donors. 293 peptides were selected from phage 
library panning and screened for in vitro activity at a single dose of 10 µM. 

Selection is focused on 1) increase in IL-10 and decrease in IFN-γ, 2) 

increase in IL-10 with no change in IFN-γ, or 3) decrease in IFN-γ with no 
change in IL-10.

Heat map of fold change of IL-10 and IFN-γ secretion level 
induced by microbiome-derived peptides, average of 2 
donors. Fold change is compared to positive controls. A 
fold-change of 1 (red) indicates that the peptide has an 

effect equal to our positive control (IFN-γ decreases or IL- 10 
increases). 33 peptides were selected from single dose 
screening and moved to dose response assays.

Peptide 1 dose dependently increased IL-10 in primary human CD4+ T cells. Peptide 1 was tested in 8 donors. 
Values were normalized to an ova peptide (Effect size = 0) and our positive control, (Effect size = 1 or -1 for IL-10 and 
IFN-γ, respectively).

Peptide 1 expanded and induced IL-10 production in  Tr1 (Foxp3-Lag3+) cells from the Peyer’s patch of mice. Mice were 
treated with peptide by intraperitoneal injection for 5 days (bid). After five days of peptide treatment, Peyer’s patches 
were collected, and isolated cells were re-stimulated ex vivo with PMA+IONO in the presence of GolgiStopTM for 4 
hours. Cells were stained and analyzed by flow cytometry. Values are normalized to vehicle. Butyrate and Pam2CSK4 
were used as positive controls. Statistical analyses were performed by Mann–Whitney test.*, p<0.05, **, p<0.01.

Phage libraries were constructed and panned on Hek293 cells to deselect non-specific 
binding. Supernatants from the deselection were then used to identify binders on naive 
CD4 + cells. Panning was done on 3 donors then sequenced and analyzed.

Top Treg peptides exhibit higher SOV, SOD values compared to the mean of all 
nominated peptides

Peptides were prioritized for in vitro screening according to the following criteria:
i) binding capacity (binding to selection compared to viral pool; SOV),
ii) binding specificity (binding to selection vs non target deselection cells; SOD),
iii) prevalence (proportion of sequence counts), and iv) binding in multiple donors
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This quadrant 
represents direction

of ideal effect

↑IL-10, ↓IFN-γ

Peptides were prioritized based 
on the following criteria:

1. ↑IL-10, ↓IFN-γ
2. ↑IL-10, no change in IFN-γ
3. ↓IFN-γ, no change in IL-10

Fold-change values are compared 
to positive controls

• Positive IFN-γ fold change: 
decrease IFN-γ

• Positive IL-10 fold change:
increased IL-10
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FIGURE 5.
Peptide 1 improves disease in mouse models of colitis.

A. DNBS Model

DNBS was injected by rectal administration on day 0. Ethanol was used as a vehicle control for DNBS. Animals were 
dosed with peptides via intraperitoneal injection twice daily. Animals were euthanized and tissues were collected on 
Day 4. Colon length and weight were measured and disease level was measured by Disease Activity Index (DAI). 

Improvement of DAI is driven by presence of mucus and stool consistency. Figures are a combination of 2 
independent studies.

*indicates p<0.05, ***indicates p<0.005.

B. DSS Model

Animals were treated with 3.5% DSS in drinking water for 7 days. 
Animals were dosed with peptides via intraperitoneal injection 
twice daily. Animals were euthanized and tissues were collected 

on Day 7. Colon length and weight were measured and disease 
level was characterized by DAI. Improvement of DAI was  driven 

by colon health and stool consistency. Ifn-γ levels were measured 

by MSD in the mesenteric lymph nodes and distal colon and 
normalized to total protein. Clinical readouts are combination of 2 
independent studies. Cytokine measurements were performed in 
1 study. *indicates p<0.05, ***indicates p<0.005.

• Peptide 1 increased frequency of Tr1 
cells and IL-10 expression in the gut.
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FIGURE 3.
Treg Assay Workflow and Screening Selection Criteria
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