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Quantum for Life Center

* Demonstrate the Viability of Quantum Computing to the Life Sciences
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Overview

* Quantum Computing in Two Slides
* Quantum Simulation
* Applications for Drug Development



At the brink of becoming technology... '. 5

_a SAR
HORIZON C@)QC\NARE

UUUUUUUUUUUUUUUU

dWS

32 Google Al D:\WaUR G)Devil

The Quantum Computing Company™
m Microsoft
: Quantum Computer
IONQ

Ve A rigetti @
u“e | XANADU




What is a Quantum Computer?

* A device utilizing the laws of quantum mechanics
for information processing

 Potential to solve certain problems faster
than classical computers

Quantum algorithms

e Shor’s algorithm for factoring
e Sparse linear equation

* Semidefinite programs

* Bigdata/machine learning

e Quantum simulation E
£




Quantum vs. Classical Computer
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Exponential growth in complexity
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Quantum Simulation

Hamiltonian
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Schrédinger equation

docking of molecule

DNA molecule

Richard Feynman
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Quantum Algorithms
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Quantum Physics

[Submitted on 23 Jun 2023 (v1), last revised 14 Aug 2023 (this version, v2)]

Going Beyond Gadgets: The Importance of
Scalability for Analogue Quantum Simulators

Dylan Harley, Ishaun Datta, Frederik Ravn Klausen, Andreas Bluhm, Daniel
Stilck Franca, Albert Werner, Matthias Christand|
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More Quantum Chemistry with Fewer Qubits

Jakob Guinther, Alberto Baiardi, Markus Reiher, Matthias Christandl



Quantum Computing for Drug Discovery

Target | Compound’ | = Lead — Predinical = p oy Phase IT Phase ITI Approval
'3 p test to launch
Cycle time  ~ 1.5 year ~1.5 year ~15year ~1year ~1.5year ~2.5 year ~2.5 year ~1.5 year
% Cost per NME ~3% ~6% ~17% ~7% ~15% ~21% ~26% ~5%
Probability of success ~66.4% ~48.6% ~59%
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>10,000
candidates

~250 10-20° cuntdaes m m —

candidates jgeandidates
Phase I1 & Phase I11 Dose, Efficacy, Toxicity
Phase 1 PK, Dose escalation, Toxicity
Pre-clinical test SAR, Drug-like properties, Solubility
Permeability, ADME, Plasma PK
Lead optimization Efficacy, Toxicity

Compound screening Visual screening, HTS

Target validation Disease models, Target identification, Target validation

guantum simulation

Drug Discovery Today

Volume 26, Issue 7, July 2021, Pages 1680-1688

Informatics (orange)

Quantum computing's potential for
drug discovery: Early stage industry
dynamics

Potential of quantum computing for drug discovery
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Perspective on the Current State-of-the-Art of Quantum Computing
for Drug Discovery Applications

Nick S. Blunt,” Joan Camps, Ophelia ( Crawford,” Rébert Izsak‘ Sebastian Leontica,” Arjun Mirani,’
Alexandra E. Moylett,” Sam A. Scivier,” Christoph Siinderhauf,” Patrick Schopf, Jacob M. Taylor,

and Nicole Holzmann*

Sun, D., Gao, W., Hu, H., & Zhou, S. (2022). Why 90% of clinical drug development fails and how to improve it?. Acta Pharmaceutica Sinica B, 12(7), 3049-3062.



Variational Quantum Eigensolver
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An Interdisciplinary Challenge
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