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Biomedical applications of quantum sensors (M. Kohandel, UW)

Quantum sensors have provided an incredible opportunity to build powerful tools for biomedical
diagnostics, including virus detection, early cancer detection, and personalized medicine!

SARS-CoV-2 Quantum sensor based on nitrogen- Genetic material from a cancerous tumour is
vacancy centers in diamond (Li et al. 2021). detected in the blood.
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probes for chemotherapy.
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COMING SOON!




TTTTTT T III LI
EELLLLLLLLLLLLLLL
SELLLLLLLLLLLLLLL

Michael Reimer

mreimer@uwaterloo.ca

Associate Professor
Department of Electrical and Computer
Engineering, University of Waterloo



Quantum sensing for health mr= =@
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Polarlzaflon dlchrmc mirrors for circularly polarlzed light

.. photonic-crystal slabs as mirrors: 1.0

0.8
d g

< " = 0.6
QO

s ! 04

() 0.2

N
o Y. Q.
Q.
Q.
X
\.
\
\

PC Slab Hi
===-Uniform Slab

0.25 030 0.35 0.40 0.45 0.50 0.55

Frequency (2zc/a)

Dr. Behrooz Semnani

a~ 120pum

b ~ 100pm

Michal Bajcsy (https://npqo.weebly.com)

Light: Science & Applications 9, 1-12 (2020)
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... possible application: optical
resonators for enhanced
detection of chiral molecular
isomers (w/ specific handedness)
for enantiopure medications

Quantum
Technologies
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Healthy Brain AD Brain
*Hyper PTM tau

*Healthy

*Neuronal cell death "
neuronal cells L,

*Detachment of PTM tau into
endoplasm

*Weakened MT disintegration

*Few PTM tau

= By 2050, nearly 2 million Canadians could
be living with some form of dementiaZ.

*Few PTM tau in
endoplasm.
*Free tau reattach

to MTs.
Synaptic
Cleft |
;}f“ / *Further PTM of tau
| protein by PTM enzymes.
| | *Normal fast axonal *NFTs inhibit fast axonal transport *Enhanced tau assembly
| ‘ b transport by neuronal cells *PHFs are transported to other into PHFs and NFTs
LEGEND neuronal cells
Tay == “~_- PTM Enzyme - -E *PHFs serve as seed for NFT

formation in other neuronal cells

PTM Tau /3«4’4 Synaptic Vesicle-- (e

Can we develop ' ed materials as specific diagnostics and
for neurodegeneration?

forward for dementia in Canada-Report 1-Alzheimer’s society of Canada. 2022



Q4Health
e a t validation
Cycle time  ~ 1.5 year
% Cost per NME ~3%
Probability of success

Compo'und .Le'ad ) Pre-clinical Phase T Phase IT Phase IIT Approval
screening  optimization test to launch
~1.5 year ~1.5year ~1year ~1.5year ~2.5 year ~2.5 year ~1.5 year
~6% ~17% ~7% ~15% ~21% ~26% ~5%
~66.4% ~48.6% ~59%

>10,000 10-20° candidates
candidates candidates geandidates
Phase Il & Phase 111 Dose, Efficacy, Toxicity
Phase 1 PK, Dose escalation, Toxicity
Pre-clinical test SAR, Drug-like properties, Solubility
oL Permeability, ADME, Plasma PK
Lead optimization Efficacy, Toxicity
Compound screening Visual screening, HTS
Target validation Disease models, Target identification, Target validation

Can quantum technologies help in efficient screening of drug candidates?

2Sun et al., Acta Pharmaceutica Sinica B., 12(7), 3049-3062, 2022.
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Quantum Technologies
Applied to

Vision Healthcare




Problem Statement
* Macular Degeneration is a leading cause of blindness

* No effective treatment
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Macular Properties
* Activities like reading require the high-

resolution vision of the macula
* The macula acts as a weak polarizer of
light

Blood vessels

Macula
Fouca Optlc Disk
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Problem Statement
* Macular Degeneration is a leading cause of blindness

* No effective treatment

Macular Properties
* Activities like reading require the high-

resolution vision of the macula
* The macula acts as a weak polarizer of
light

Market
* Globally, $7.65B is spent on MD

treatment each year
* Population aging is expected to
increase this cost to $12.85B

Existing Solutions

* Diagnosis of MD requires pupil dilating drops

* Often, diagnosis occurs after noticeable vision loss has
occurred



Without Polarizer Problem Statement
* Macular Degeneration is a leading cause of blindness

* No effective treatment

Macular Properties
* Activities like reading require the high-

resolution vision of the macula
* The macula acts as a weak polarizer of
light

With Polarizer

Market
* Globally, $7.65B is spent on MD

treatment each year
* Population aging is expected to
increase this cost to $12.85B

Quantum Opportunities
Structured waves are used in quantum

information processing
* Polarization structures can be created

by combining structured wave of .. .
different polarization states Existing Solutions

+  Structured light can be tailored to  Diagnosis of MD requires pupil dilating drops
investigate the macula or other regions * Often, diagnosis occurs after noticeable vision loss has

of the retina occurred




Problem Statement
* Macular Degeneration is a leading cause of blindness

* No effective treatment

Outlook

What disorders can be investigated
with structured light?

*  How can a structured light device be
integrated in vision health clinics?

*  Whois willing to pay for early
diagnostics of retinal disorders?

Macular Properties
* Activities like reading require the high-

resolution vision of the macula
* The macula acts as a weak polarizer of
light

Market
* Globally, $7.65B is spent on MD

treatment each year
* Population aging is expected to

Quantum Opportumtles increase this cost to $12.85B

Structured waves are used in quantum
information processing

* Polarization structures can be created
by combining structured wave of . . .
different polarization states Existing Solutions

+  Structured light can be tailored to * Diagnosis of MD requires pupil dilating drops
investigate the macula or other regions * Often, diagnosis occurs after noticeable vision loss has
of the retina occurred
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Superconducting Quantum Sensors for Protein Biophysics
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