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A LONG JOURNEY
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REDUCTIONIST'S APPROACH TO
MOLECULAR BIOLOGY

Challenge:

Integrate ~106 coupled
Newton-type equations
looking for extremely
rare events




RARE EVENT PROBLEMS




MD YIELDS CORRECT PROTEIN NATIVE STATES

PEKEL

108 on 1% 12%5;,
aorw'h T T LauA *4,4 lqu (™ vu 13A 28

% &%

Anton supercomputer ﬁ ﬁ @
(DES Research) i id P R NG b 00

Atomic-Level Characterization of the Structural Dynamics of Proteins = =
David E. Shaw, et al. How Fast-Folding Proteins Fold
Science 330, 341 (2010);

AYAAAS DOI: 10.1126/science.1187409

Kresten Lindorff-Larsen, *t Stefano Piana,’*t Ron O. Dror,* David E. Shaw’?t

R — E— A— E—
.



ZO0OLOGY OF ENHANCED SAMPLING METHODS

Markov State Models, Milestoning, Transition Path Sampling, Transition Interface
Sampling, Forward Flux Sampling, Temperature Accelerated Molecular Dynamics,
Metadynamics, Umbrella Sampling, Blue Moon Sampling, String Method,Stochastic
Difference, ... [and counting]

They are all too computationally demanding for many
biologically relevant problems.




A LONG JOURNEY




A USEFUL ANALOGY

Thermal activation
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VARIATIONAL APPROACHES TO
TRANSITION PATH SAMPLING

Dominant Reaction Pathways
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Dominant Pathways in Protein Folding Quantitative Protein Dynamics from Dominant Folding Pathways
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Dominant folding pathways of a WW domain
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Bias Functional Approach Self Consistent Path Sampling
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PRL 114, 098103 (2015) PHYSICAL REVIEW LETTERS . Rv/l«iilégﬁchzné THE JOURNAL OF CHEMICAL PHYSICS 147, 064108 (2017)

Variational Scheme to Compute Protein Reaction Pathways Using Atomistic Force Fields Self-consistent calculation of prOteln f°|d'ng pathways

with Explicit Solvent S Orioli. 8. a Beceara. and P Faccioli®

R — L — T

(2015) (2017)




HUGE COMPUTATIONAL GAIN

Using top all-
purpose
supercomputers

Using top
special-purpose
supercomputer



VALIDATING SCPS AGAINST MD

Prob Density
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VENTURING INTO THE BIO-ZONE
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VALIDATION AGAINST EXPERIMENT

Experiment

Challenge:

Most available techniques
provide only indirect
probes, we seek for
direct validation




TIME-DEPENDENT LINEAR SPECTROSCOPY
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Challenge:

Need a theory for
non-equilibrium dynamics
of quantum electronic
excitations in conformationally
evolving proteins




MOLECULAR QUANTUM FIELD THEORY*

SMQFT [CL % ?7;] — SOM[Q] + SS W» %] + Sint Q7 ¢7 ?75]

l

! 5 2
Somlq) = / dT4M7 (MG+ M~q+VU(q))

\4

Ss, ] = Z/ A7y () (ihdy — B2,.,) Y (7) !
znt Q7 ZZ/ dr f”zﬂbm @Zn@bm 6qz

P. Faccioli & E. Schneider (2013-2016)



SOLVING MQFT: AN ARSENAL OF METHODS

Perturbation Theory

* PRB 2012, PRB 2013, PRB 2016
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EXAMPLES OF DIRECT COMPARISON WITH
EXPERIMENTS
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Atomic Detail of Protein Folding Revealed by an Ab Initio
Reappraisal of Circular Dichroism
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Microscopic Calculation of Absorption Spectra of Macromolecules: an Analytic Approach
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EXPLORING BIOLOGICAL PROCESSES

Serpin latency transition at atomic resolution

Glorgia Cazzolli®*, Fang Wang', Sivio a Beccara™, Asne Gershenson®, Pletro Facdoli*™', and Patddk L Wintrode*'
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ROLE OF PROTEIN INACTIVATION

MOST OF BIOLOGICAL FUNCTIONS IN CELLS ARE CARRIED
OUT BY PROTEINS

¥

MOST OF MEDICINAL CHEMISTRY IS BASED ON
INHIBITING BIOLOGICAL FUNCTIONS OF PROTEINS



PHARMACOLOGICAL PROTEIN INACTIVATION BY
FOLDING INTERMEDIATE TARGETING

patent file # 102018000007535 (with E. Biasini)
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PHARMACOLOGICAL PROTEIN INACTIVATION BY
FOLDING INTERMEDIATE TARGETING
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A FIRST VALIDATION
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PHARMACOLOGICAL PROTEIN INACTIVATION BY
TARGETING FOLDING INTERMEDIATES
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PPI-FIT PIPELINE
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in-vitro evaluation
of the effect of the Refinement
SAR,

selected compounds
on protein expression pharmaco-kinetics,

Computing the folding In-silico virtual
pathways screening on folding

characterizing intermediate targets

intermediate states

FINAL GOAL
Preclinical A »
and clinical trials

Slide courtesy of Sibylla Biotech SRL




18Joining Forces against COVID-19
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SARS-CoV-2 Replication

SARS-CoV2 virus

ACE2 Viral Entry

jung cell Goals:
Repurposing of approved drugs!
Looking for suppressors of ACE2
expression levels

Figure taken from:
https://theconversation.com/where-are-we-at-with-developing-a-vaccine-for-coronavirus-134784



PPI-FIT ON ACEZ

Out of 9000 candidates, we found 35 molecules binding in-silico the
intermediate. Validation experiments on cellular bio-assays are ongoing.



BREAKING NEWSI (17/05/2020)

So far, Sibylla Biotech has tested 14 virtual hits

ONE DISPLAYS A PROMINENT EFFECT WITH CLEAR
DOSE-RESPONSE RELATIONSHIP AND VERY LOW
TOXICITY
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PPI-FIT Pipeline

ACE-2 f0|dln q

pathway
reconstruction and
intermediate state
characterization

in-vitro evaluation
of the effect of
compounds lowering
the expression of ACE2
on SARS-COV-2
virus replication

in-silico hit comp
identification. Virtual
screening on FDA
approved or
investigational drugs

in-vitro evaluat
of the effect of the
selected compounds
on ACE2 expression
(degradation wanted)

FINAL GOAL

Preclinical
and clinical trials




MAIN TAKE-HOME MESSAGES

Fundamental research matters!

The usefulness of theoretical physics
extends beyond its natural cultural perimeter

Major research infrastructures for
fundamental research can be
re-purposed

Technological transfer can boost research
and help advance Science
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