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Understanding Microbiome Influences on Host Cellular Biology
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Leveraging Perturbation Biology Concepts in Host-Microbiome Interactions
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Building Similarity Scores for Host Responses to Drug and Microbiome 
Perturbations
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Scaling Up to Custom, Proprietary Microbiome Pharmacology Databases

Vaginal Microbiome

52,000 perturbations
1000+ cell types

100 metabolites
165 taxa

125 bacterial peptides

2 Billion+ Training Data 
Points

Gut Microbiome

52,000 perturbations
1,000+ cell types

609 metabolites
574 taxa

6 Billion + Training 
Data Points

Pending Databases

Skin Microbiome
Oral Microbiome

Pending Modalities

Perturb-Seq
CRISPR Screens
siRNA Screens

6+ Billion Training
Data Points

2+ Billion Training
Data Points
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Deep Learning for Inference, Simulation, and Design of Microbiome Combinations 
– Microbiome Pharmacology Neural Network

Input:
 

Perturbation
Response Scale

Output:
 

Perturbation
Response Scale

Observations:
 

Drugs
Patients

Microbiota
Metabolites

Extracted 
Properties

 
Pharmacologic Properties

Novel Combinations
Predicted Targets

Patient-Specific Mappings
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Test Case 1: Identifying Vaginal Metabolites for Endometrial Cancer Treatment

Vaginal microbiome composition is associated with cancer 
prognosis. 

Production and consumption of metabolites by vaginal taxa 
can impact tumor viability  

(1) Highlight radius of compounds around anti-cancer agent 
in latent space (e.g. cisplatin). 

(2) Rank-based selection of metabolites based on proximity 
to the desired drug to mimic

Cisplatin

Hydroxyisocaproate

Taurine
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Lactobacillus crispatus-produced Taurine inhibits endometrial cancer viability - 
predicted and experimentally confirmed from vaginal 
microbiome pharmacology database
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Test Case 2 – Identifying vaginal metabolites with antibiotic potential

Loss of vaginal homeostasis and overgrowth of anaerobes is 
called bacterial vaginosis

50% of cases are recurrent and many plagued by antibiotic 
resistance

(1) Highlight radius of compounds around antibiotic agent 
in latent space (e.g. cisplatin). 

(2) Rank-based selection of metabolites based on proximity 
to the desired drug to mimic

Clindamycin

Hydroxyisocaproate

Taurine
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Lactobacillus crispatus-produced Hydroxyisocaproate selectively kills bacterial 
vaginosis bacteria and improves vaginal barrier integrity.
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The Next Frontier – Mechanism-Based Design of Eubiotics
• Eubiotics      – formulations of supplements and therapies containing 

•   probiotics, prebiotics, and postbiotics

• (1) Map patients with desired phenotype into MiPNN

•   (microbiome, RNA-seq, metabolomics…..)

• (2) Identify factors in radius of target phenotype in 

•  latent space 

• (3) Simulate and extract combinations of factors that

•  map formulation to phenotype

• Recently Awarded Funding – Designing Eubiotics for 

• Optimizing successful pregnancy after IVF
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Questions? 
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