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Outline

m Predictive Modeling and Data Analytics integrates knowledge,
experiments, and machine intelligence to establish causality.

m Three case studies of PMDA in antimicrobial drug discovery:
1. Imaging and machine learning for MoA;
2. Molecular phenotyping for safety assessment;
3. Single-cell sequencing for cellular heterogeneity;

m Challenges and prospects



Five hallmarks of predictive
modeling in drug discovery

Reality

L. Human intelligence

2. Machine intelligence

3. Experiments & observations
4. Models, including causality
5. Iferations

Science translates
between models
and experiments
with creativity,
ideas, and even
irrationality.



Omics and morphology offer rich biological information
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Imaging-based screening and machine learning empower
iscovery
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Bacterial cytological profiling identifies cellular pathways
targeted by antibacterial molecules
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.
Morphology classifies compounds by MoA
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Molecular phenotyping reveals modulation of human
pathway activities by compounds

G o ! : ~1000 pathway Next-generation
Smallﬁ molecule Arltlbodllles Ant|3(?'r’1\se oligos reporter genes sequencing
ST N Dad
o —\ o \\\\‘

[ Therapeutic candidates \ gaeceiielne ——
Early time point (3-12h) @ [ Molecular phenotyping ]
[ Human in vitro disease models ] /7 Pathways
o o n 0 Lis]
3 . = : . m s 1
B SLaklfasy T "  a"™ o
& ‘f \ y 8 ll |54 .Ej s} . 3] o
- ” 5 ;o' Ei :-fﬁ " omE -

Cell lines/ iPS-derived cells  Advanced
primary cells (opt. genome editing) ~ models



Hormone and
neuropeptide signaling

Drug metabolism

DNA damage
and apoptosis
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Three antibiotics profiled in three cell systems with
molecular phenotyping for safety assessment
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Roche compound is more similar to daptomycin than
colistin, irrespective of cell type Pathway regulation
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Single-cell RNA-seq reveals cellular heterogeneity of
response to antimicrobial drug treatment
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BacDrop recovers bacterial species and reveals effects of

antibiotics treatment
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Meropenem treatment induced heterogeneous responses
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Challenges and prospects

m Fighting Gram-negative bugs
m New chemistry to penetrate Gram-negative cell walls;
m Learning from failures is as important as from successes.

m (Molecular) phenotypic drug discovery
m Dissecting pharmacology from toxicology;
m Preclinical models with high predictivity for clinical outcome;

m Acting against resistance from day 0
m Omics-enhanced resistance detection and understanding;
m Precompetitive knowledge sharing is essential.
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Doing now what patients need next
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What'’s X?

X is protected by magical walls.
Few secret passages connect
inside of X with outside.
X constantly changes its internals.
Relatively little is known how to
destroy X.

m [nfact, X has never been
completely extinct.

Hogwarts? Multiresistant bacteria?
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Antibiotic-resistant bacteria
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407 preclinical antibiotic projects from

314 institutions (81% small and medium-sized enterprises)
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Morphology and gene expression offer complementary

information
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CryoEM reveals molecular interactions of antimicrobials
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Prospects

New experimental approaches,
empowered by computational methods,
shift our perspective of antimicrobial
drug discovery.

Make the new wet-lab and in silico
approaches available to researchers is
indispensable to overcome the
challenges of AMR.
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