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Computational Molecular Medicine
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Drugs are prescribed and taken at the
organism level but exert their effects
by interacting with their target at the

molecular level Experiments




What can we do with computational molecular approaches?
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Neuroscience and computations

Map of (Neuro)science: Toward interdisciplinarity
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Molecular aspects of Neurotransmission and Translational Neuroscience

Electrical Signal

Chemical Signal

Synaptic transmission is a finely 3
regulated mechanism of neuronal
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Lets focus on GPCRs: essential nodes of communication

Extending the concept of druggability

GPCR-based drug discovery

\
Encephalitis (GABA, mGIuRs5, D,R) largely treated these receptors
3 as black boxes
Cerebellar Ataxia (mGIuR )
Schizophrenia (M1, M2 mAChRs) ~ main focus being on .
X discovering molecules that mimic
Alzheimer’s Disease (a;AR) or inhibit the actions of
L : —— endogenous hormones or
Parkinson's Disease (AsxR) neurotransmitters

=» Failure to substantially expand the number of
truly ‘druggable’ GPCR targets

= | ack of new ligand classes

Fruitful source of drug targets
constituting over ~35% of all FDA-

approved drugs

=) key GPCRs’ aspect overlooked:
*allosterism

*A change in the shape and activity of a protein due to the interaction with a molecule at
a point other than the chemically active site




Bioactive Molecules and GPCRs
What is the ‘Biological activity’? Simple Agonism/Antagonism
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What makes a GPCR agonist an agonist
and antagonist an antagonist?
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What makes a GPCR agonist an agonist
and antagonist an antagonist?

Jonas Gossen

Ligand-based Structure-based
Virtual Screening Virtual Screening

Identify binding pocket
Molecule database and dock molecule

-

Scoring and filtering
based on by comparisons
to known active

Selection based on
docking scores or free

(similarity, functional energy o.f'b.inding
= prediction =
groups, ...)
Ligand-based classifier Structure-based classifier
Ko astive Prioritization
and Drug-like properties

Filtering

Toxicity

%e)’ f@?ﬁj% Absorption, distribution, metabolism, excretion

Experimental assays
Raschka, S. & Kaufman, B. METHODS 180, 89-110 (2020).

Pan-assay interference




Ligand-based approach
Molecular fingerprints @
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Agonist/antagonist classification i i 7
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« Most important features for classification are
fragments of the Ribose moiety

« Classification is based upon existence of
ribose moiety

« Generalizes very badly for other chemotypes

‘ Possible solution?

OH_©OH
Adenosine (A, R agonist)
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Interaction-based approach
Ligand-protein fingerprints
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Confusion Matrix of Docking-based RF classifier
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Glide docking based classfier lead to

‘excellent’ classification (ROC AUC .97) of
the holdout set
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Agonist/antagonist classification
Ligand-protein fingerprints
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How pharmacological systems can be simulated?
Mathematical Modeling of Biochemical Systems
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What’s Next...
Is the classifier sufficient?
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Structural System Biology ystoms )
I Pharmacology '\
A new toolkit e kfl{?
A framework to run Systems Biology simulations oio .

Mathematical
Models

A toolkit to explore the effect of structural

dy
d—n = fu( ¥1,¥2, .-+, Vn)
X
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features on subcellular signaling dynamics

A library of SB simulations routines to study

pharmacodynamic models

Structural
Biology

... specifically for GPCRs

Rui Pedro Fernandes Alejandro Giorgetti




GPCRs and Drug effects

Structural System Biology (SSB)
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Perspectives: human complexity and Personalized Medicine
Al and Physics-based tools: The power of the combination
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Al and Physics-based tools for COVID19

The case of SARS-CoV-2 Mpro

PRO-168 ALA-191

THR-190
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Jonas Gossen, et al. : A Blueprint for High Affinity
SARS-CoV-2 Mpro Inhibitors from Activity-Based
Compound Library Screening Guided by Analysis of
Protein Dynamics. ACS Pharmacol. Transl. Sci. 2021

Kuzikov et al. Identification of Inhibitors of SARS-CoV-2
3CL-Pro Enzymatic Activity Using a Small Molecule in
Vitro Repurposing Screen. ACS Pharmacol Transl Sci,
2021

Manelfi, C. et al. Combining Different Docking Engines
and Consensus Strategies to Design and Validate
Optimized Virtual Screening Protocols for the SARS-
CoV-2 3CL Protease. Molecules 2021
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In silico Drug Design pipelines, HPC and computing modularity
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