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Mission

Treatment of Patients Research to Cure Cancer
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Families never receive a bill
from St. Jude for treatment,
travel, housing or food — so
they can focus on helping

their child live.

Finding cures. Saving children.



St. Jude has acquired the

most powerful

superconducting magnet in

the world - it will help
researchers see farther into

the molecules of cells than

ever before.
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The First All-Civilian
Mission To Orbit

FOUR CREW MEMBERS REPRESENTED THE MISSION PILLARS OF
LEADERSHIP, HOPE, GENEROSITY, AND PROSPERITY
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Source: https://inspiration4.com
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The First All-Civilian
Mission To Orbit

FOUR CREW MEMBERS REPRESENTED THE MISSION PILLARS OF
LEADERSHIP, HOPE, GENEROSITY, AND PROSPERITY

l;'{l:‘

Hope

Hayley A’aux served as
Medical .fflcer.‘S.he is a physician

assistant at St. Jude Children's
Researc_h Hospital and a pediatric
cancer survivor.

Meet Hayley
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Quantum Computing for Drug Discovery



Drug Development Process
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Source: PhRMA adaptation based on Tufts Center for the Study of Drug Development (CSDD) Briefing: “Cost of Developing a New Drug,” Nov. 2014. Tufts CSDD & School of Medicine., and US
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FDA Infographic, “Drug Approval Process [p www.ida.gov/aownioads/ Druy ResourcesForYou/Consumers/UCM284393.pdf (accessed Jan. 20, 201
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Drug Development Process

POTE
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Drug Development Process

POTENTIAL NEV

Source: PhRMA adaptation based on Tufts Center for the Study of Drug Development (CSDD) Briefing: “Cost of Developing a New Drug,” Nov. 2014. Tufts CSDD & School of Medicine., and US
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Drug Development Process

BASIC DRUG
RESEARCH  DISCOVERY

ctmleéA 5 CLINICAL TRIALS

PHASE | PHASE Il PHASE IlI

POTENTIAL NEW MEDICINES

NUMBER OF VOLUNTEERS
HUNDREDS

THOUSANDS

" IND SUBMITTED

Source: PhRMA adaptation based on Tufts Center for the Study of Drug Development (CSDD) Briefing: “Cost of Developing a New Drug,” Nov. 2014. Tufts CSDD & School of Medicine., and US
FDA Infographic, “Drug Approval Process,” http://www.fda.gov/downloads/Drugs/ResourcesForYou/Consumers/UCM284393.pdf (accessed Jan. 20, 2015).
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Drug Development Process

BASIC DRUG PRE- POST-APPROVAL

. CLINICAL TRIALS RESEARCH &
ESEARCH DISCOVERY CLINICAL MONITORING

PHASE | PHASE i PHASE Il l PHASE IV

1 FDA-
APPROVED
\ MEDICINE

2.6 billion per
ccessful drug
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POTENTIAL NEW MEDICINES

e

e

NUMBER OF VOLUNTEERS
TENS HUNDREDS THOUSANDS

IND SUBMITTED
NDA/BLA SUBMITTED
FDA APPROVAL

Source: PhRMA adaptation based on Tufts Center for the Study of Drug Development (CSDD) Briefing: “Cost of Developing a New Drug,” Nov. 2014. Tufts CSDD & School of Medicine., and US
FDA Infographic, “Drug Approval Process,” http://www.fda.gov/downloads/Drugs/ResourcesForYou/Consumers/UCM284393.pdf (accessed Jan. 20, 2015).
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Drug Development Process
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Initial Hit Discovery
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Initial Hit Discovery
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Hybrid Quantum -Classical Approach

Training Data Generation
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Hybrid Quantum -Classical Approach

Quantum/Classical Algorithm
Training Data Generation
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Hybrid Quantum -Classical Approach

Quantum/Classical Algorithm
Training Data Generation Application & Validation
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Hybrid Quantum -Classical Approach

Training Data Generation
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Training Data Generation
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Training Data Generation
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STONED Algorithm

 STONED stands for Superfast Traversal, Optimization,

Novelty, Exploration and Discovery

* Alternative method to generative models for inverse

molecular design

 Efficient algorithm to perform interpolation and exploration in

the chemical space

* Bypasses the need for large amounts of data and training

times

* Uses string modifications in the SELFIES molecular

representation

* https://github.com/aspuru-guzik-group/stoned-selfies

Nigam, A. et al., 2021. Chemical science, 12(20), pp.7079-7090.
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Training Data Generation

Virtual screening
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VirtualFlow

* First structure-based virtual screening platform able to screen

over 1 billion molecules (Nature 2020)

* Using high-performance computer clusters and the cloud

nature

Explore content v  About the journal v  Publish with us v

nature » articles » article

Article | Published: 09 March 2020

An open-source drug discovery platform enables ultra-
* Freely available and open-source large virtual screens

Christoph Gorgulla 8, Andras Boeszoermenyi, Zi-Fu Wang, Patrick D. Fischer, Paul W. Coote, Krishna M.

* www.virtual-flow.org

Padmanabha Das, Yehor S. Malets, Dmytro S. Radchenko, Yurii S. Moroz, David A. Scott, Konstantin

Fackeldey, Moritz Hoffmann, Iryna lavniuk, Gerhard Wagner & Haribabu Arthanari &3

Nature 580, 663—668 (2020) | Cite this article

37k Accesses | 281 Citations | 177 Altmetric \ Metrics
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Chemical space

Unprepared ligand
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Chemical space
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Chemical space

Unprepared ligand
¥ Prepared ligand (3D format)
««==xxs Ligand preparation
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Chemical space

W

Unprepared ligand
%y Prepared ligand (3D format)
«==eane Ligand preparation

«=x=eee Primary virtual screen (stage-1)

«====ax Optional rescreen (stage-2, 3, ...) %?Fﬁm?

------- Analog screen

Hit/lead identification Lead optimization
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Chemical space

Unprepared ligand
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Chemical space
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Supported
Target Types

Proteins
RNA

DNA
Other target types

Ligand Libraries

REAL Space 2022
(68.7 billion compounds)
ready-to-dock
28 molecular properties per ligand
structured as18-dimensional matrix
access via interactive web interface

= Xk :;-"-."?.f'?f /

50x size increase

R AI/ML/DL Support

——

"’
-

REAL Database

(2018, 1.4 billion) Python codebase

_..+» DL docking programs
SELFIES support

Speep u‘p of
up to ~100

Adaptive target-
guided screens

Speedup of up to
1,000 Easy setup

Ligand Preparation

Prediction of 28 mol. properties
Stereoisomer generation
3D ready-to-dock format
Enhanced open-source support
Enhanced speed and quality
Mutlidim. matrix generation

VirtualFlow 2.0

/ 0\

Adaptive Screens VirtualFlow Unity

Original VirtualFlow
New in VirtualFlow 2.0

Supported
Ligand Types

Peptides
Small molecules
Covalent binders

Proteins

Docking Methods (~1500)
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Hardware/Acceleration

Ligand prep. +
molecular docking

Fully automatic

S

~ R e

Original do.cking
methods (10)
x86 CPUs

ARM CPUs

Speed up of
GPUs (NVIDIA, AMD) -.... At

up to ~100
Native cloud support

https://www.biorxiv.org/content/10.1101/2023.04.25.537981v1
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Preparation of Enamine REAL Space
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