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Development of Minimally Invasive High—throughput

Optical Condensation System

Protect human health, food, and the environment by our “optical condensation technology”!

. Takuya lida

Professor, Graduate School of Science, Osaka Prefecture University (OPU);
Director, Research Institute for LAC-SYS (RILACS), OPU
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¥ Institute for the development of “Light-induced Acceleration System (LAC-SYS)” for biochemical reactions.
Category 2: Institutes founded by the President for strategic studies and researches since May, 2017)
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Our vision and realization for future society

Detect previously undetectable molecules by optical condensation for saving lives of many people!
We will realize "ultra-early examination, diagnosis and treatment of people at the pre-disease stage.

We believe our technology will provide a society with a long and healthy life span for everyone from the
elderly to infants, without fear of cancer, |nfect|ous diseases, dementia, or food shortages
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Bright, fun and energetic! Providing mfrastructure for medical, food and enwronmental
measurements in Smart city (independent and decentralized)

( . : : N\ . - . -
Portable, easy, fast testing & diagnosis anywhere Pre-shipment & onsite quality inspection of
food & beverage products
E
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. . - " 2 Bl
On 5|t§ .dlagnosm Examination at Pre-shipment inspections for restaurants and
at clinics §nd home gs remote supermarkets, and speed up "on-site"
\ pharmacies medical care ) inspections and origin inspections )
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. . Highly efficient collection and condensation of biomolecules by "Light" leading to
Optical condensation acceleration of reactions into a few minutes (conventional method: a few hours)
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standard appara
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Innovation revolutionizing the pret nent of various bioanalytical instrument
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Breakthrough in reaction acceleration by optical condensation

“Optical condensation” provides us remote, low damage, label-free, precise, compact, and fast pretreatment
in comparison with other condensation methods (physical principles such as centrifugal force, electric field, magnetic field, etc.).
— Contribute to "Common Platform Technology, Facilities, and Equipment" mission area

(for increasing productivity and accelerating research)
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H |gh Example of fusion analysis systems for proteins e
A .. [
IS Break the limits
. . & Trade-off
Next-generation luti

S | sequencer resolution _ : .
‘S Ultra-trace proteins; Microflow channel, Transmission method,
@© M Accelerate antigen- Optical condensation Fluorescence method
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= antibody reactions substrate Mass spectroscopy
o spectrometry
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. Raman scattering, - _ _

© Surface plasmon - Optical condensation Great performance
5 resonance (SPR) n Component condensation Improved sensitivity
BL . u i i Time reduction

o Gas & liquid - Reaction acceleration

S chromatography
ﬁ Enzyme ir_nmun_oassay (EIA), Clinical practice # Integration with advanced gene amplification
£ | Enzyme-linked immuno-sorbent technology can further improve performance
S | assay (ELISA) for protein detection -
2 Immune. # Integration with robotics technology for high

chromatography precision and high throughput
Performance in terms of cost, time, size, etc. High
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Realize the detection of proteins that were previously undetectable

Break the limit

Immuno- Raman, SPR Mass spectrometry ELISA Bottleneck of by Optica|
chromatography — . detection limit condensation !
YYY 0 .
' / Double-digit
v "o A KA improvement
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ug/mL ng/mL pg/mL i fg/mL
CRP Exosome Viral antigen Cancer Markers Cytokine : Novel biomarkers
(IL-6 etc.)
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Innovative detection method!

Early diagnosis Cancer and COVID-19 Ultra-early diagnosis!
Detection below the detection limit, Achievements “Full-scale research” to expand targets
greatly improving time and accuracy in the Feasibility Study (FS) Further improvement of sensitivity

“Optical condensation” is the accelerator for deepening blood proteomics!
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Proof of concept (POC) in our “Full-scale research” stage

(1) Elucidation of mechanism of intermolecular interactions by “optical condensation” and
establishment of a high-throughput measurement method

(2) Implementation of high-performance standard apparatus, and achievement of ultra-early
diagnosis (colorectal cancer) in collaboration with medical institutions

(3) Detection of microbes (SARS-CoV-2, bacteria etc.) by portable general-purpose equipment, and
horizontal development toward food inspection, pharmaceuticals, and environment measurements.

Examples of non-invasive Examples of multi-biomarkers Example of social implementation
body fluid samples Bacteria/ Protein ciDNA =
Blood /ﬁ Urine | g . e i~ ——
’ \\ > “&GD < . e

Sweat ™R Saliva Cell Exosome miRNA e eeinT e

] ' ‘ ’ \ .
ﬂ - . w3 Expanding from implementation
in large hospitals to general use

—r

Successful validation of initial concept using clinical samples in FS stage
Biomarkers in trace amounts of body fluids (blood etc.), and microbes in food and beverage supernatants
100 times higher sensitivity, 60 times faster speed, and double-digit trace amounts

‘ ‘I RILACS ’
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(Achievements) Damage-free assembly of microbes using our original “optical condensation substrates”

Theatrical prediction by lida group
J. Phys. Chem. Lett 2017

Honeycomb substrate by Tokonami
group, Science Advances 2020

Portable optical condensation
system, CEATEC 2019

Achieyement by

industry-univers|
collaboration ¢

T ————
https //www.youtube.com/watch?v=CGNjohGkF x|
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K. Hayashi, S. Tokonami¥, T. lida*, et al., Communications Biology 2021, [Nature Research]
40000 cells can be assembled within 300 s
Assembly area

Flat substrate (conventional)

Real bubble
L Convection
1

/\ Heated area

(High damage)

7
Metallic film

Bubble mimetic substrate

Lactic bacteria
Heating only upper part of imitation bubble R

-

Convection
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(Achievement) Sensitive & rapid specific detection of proteins by light-induced antigen-antibody reaction

5-6 hours are required in conventional ELISA
T. lida, S. Tokonami, et al.,
Patent applied (2020);
APL Photonics (2019);
New paper submitted (2021)

iy WV

@ Target .Y HRP-labeled antibody B

Optical condensation — High sensitivity

Antibody =%

* Omits complicated processes such as incubation and washing
* Sample volume: 102 nl to 1ul, measurement time 3 to 5 min
* Detection sensitivity: 1-2 order higher sensitivity than ELISA

Driven flow Dretection target
Inlct '/______"‘———-____ | — & | | po—
p— Light-induced force ~— ‘|— ———— N
i % F A1 -
/ % _9‘: H:yt.--!__:_'--—— 2021 Masao Horiba Awards
_______-___ -'_'-_-t i f__-. =T ,{_.’
'~:\----.__['r_1_l;melmnm~.l""'%:__ ——-ﬁ\'__ W

Prof. lida
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Social issues (A): Early detection of cancer
One in two Japanese will develop cancer in their lifetime.

70 o
Male 63.3 %
60 9

JPAR Both men and Female 48.4 %
A" women 1in 2

30 %
20 %
10 %
0%
Throughout
Age —~39 ~49 ~59 ~69 ~79 .
lifetime

(Ref.) "Cancer Statistics in 2019"
by Foundation for Promotion of Cancer Research H

= lcm
mm = Cancer grows rapidly in 1 to 5 years

~0.1mm : [ theragfnferstpr';‘tes J Approximately 50,000 people die every year from colorectal cancer
Annual medical expenses: approximately 600 billion yen
Ref.) Ministry of Health, Labour and Welfare (2017)
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Slow growth over 10 to 20 years

Complete cure is possible
with early treatment
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Solution: Development of an ultra-early diagnosis by “Optical condensation”

OSAKA
PREFECTURE
UNIVERSITY

Prof. Takuya lida,
Director of RILACS

w Prof. Ikuhiko Nakase,

Assistant Director of RILACS

I RILACS

Prof. Shiho Tokonami,
Deputy Director of RILACS

ATl

Drivem Baw Detection target

v o Lightaduced force ‘ .
S A
Ve

B ‘5;;,3‘_'; .'F{,f*m #Development of apparatus
T #Measurement method
#Elucidation of mechanism

Microbeads
also, collaboration with “Advanced Optics Team”
(Osaka University, Waseda University, Okayama University)
<Image of ultra-early diagnosis >

Signal | Ultra early-
(Concentration .
stage cancer Conventional

Optical method
condensation, (ELISAetc.)

Positive ng/mL

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Negative pg/mL

Standard value
by conventional
method

Disease stage, etc.

Aichi Cancer Center

Division of Molecular Diagnostics

Prof. Ayumu Taguchi, Chief of
Division of Molecular Diagnostics, ACC

ma #Proof of concept in clinical practice

ol #Novel marker discovery and expansion to
‘-2 low frequency refractory cancer markers

#Multi-itemization

Ultra-early-stage cancer,
which is difficult to detect
with conventional
methods, can be detected
by “optical condensation”,
leading to ultra-early
diagnosis and treatment.

Mont Saint-Michel
(Ref.) Wikipedia
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Social issue (B): COVID-19 pandemic and our solution

Solution: Easy “on-site” and high-sensitivity testing
by compact optical condensation devices

o 3 T —
Electron micrograph of a SARS-CoV-2 virus
(diameter ~100 nm)
(Ref.) National Institute of Infectious Diseases

(Home, health centers, clinics, airports)
and drive-through "on-site" inspections
. \ FamERas
TRy " !ll"?
L @8 B | |
4 il B

A
| Virus related-samples P
b - f g \ Saliva or o
* ’a Exhalation iw|

Aiming at the same or better performance as high- Antigen POt 1T o

performance standard machines (Large travel bag size) Y .
\RNA, DNA  Antibody/ \_ )
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Research and development roadmap for “Well-being of people in the world”

~15 years € ATl

Realization of health monitoring

at clinics, pharmacies, and home ‘ intractable
~10 years -
JsT | e P —_————— N Standardization dlseases
f MIRAI JST-Mirai Program \ test thod
| ~5 years | ‘ as a test metho
: Completion of the liquid biopsy I Soc?al implementation and v High precision and high throughput for
testing system by optical I horizontal development early diagnosis, .prfedlctlon of treatment
| . I effect, and prediction of recurrence
condensation v'Implemented in health checkups :
| /prognosis
I () Development I (focusing on cancer testing) S, obal b
. I _ Growing into a global business as a core
I of detection v" Horizontal deployment testing method, driving the spread of

[ method (infectious diseases, dementia,
food testing, pharmaceutical,

Precision Medicine

: Dev.elopment of ¥ Presentation of I environmental measurement)
optical condensation innovative measurement]
I testing method principles "
| (Fs stage) v Proof of clinical value EXPO
S e e e = = = 2025
Utilizing the advantages of Comoan
. : . ; i panion Medical Solutions
optical condensation, On-site testing . . dif
opfieal @ . Service (hospital, pharmacy) @ diagnostics (Individual)
y implementation (home and work)

in purpose-built devices

] High—performance. On-site Portable type with ) )
Device one-stop type dissemination type limited functions #Ultra-early detection of pre-disease stage

#lmprovement of QOL and healthy longevity
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Thank you very much for your kind attention !

Protect human health, food, and the environment by our “Optical condensation technology”!

Optical condensation ASEEEHEICHCERTERERIEIER L T X R o (T ETEELS

High-performance optical condensation system to ( Body fluid sample
detect a small amounts of biomaterials in a few minutes Minimally invasive
bb 4 ;9
-

Innovate pretreatment

of various bioanalytical
instruments ! -\
el

\ J

-
Target biomaterials

Appllcable to various

biological substances \ &% ,,@6'&

High sensitivity, Rapid, Trace amount *
Convenience, Low cost, High scalability L )

Bio-
materials

B
SVS chan / 2

Examples of social problems and implementation of this technology (medical, pharmaceutical, food, environment)

Easy and quick inspection / diagnosis anywhere Inspection and drug evaluation pharmaceutical process
A vs
= ;
h. High-throughput
ity nmf E g » microbial testing at
i 3 Q Imicrovia’ testing. at
% T . pharmaceutical
i fill A 2 ‘% factories, acceleration
.. ) . ) H s‘ of drug efficac!
H ofdrug efficacy
"On-site" diagnosis at Inspection at home evaluation at the
- - ; : 3 evaluation at the
clinics / pharmacies  online medical care || g1 s ‘d’ cellular level
N\ J
rF’re-shipment and on-site inspection of food & drink )( Environmental measurement and monitoring )
uPer Market A ]
Ty ()
Pre-shipment inspections at restaurants and supermarkets y Detection of harmful microorganisms. harmful Br' ht fun and ener et'c'
Sraad T o And Brodlchion are AiRcBeations substances, environmentally hazardous substances g g
L speed Up R area insp N new measurement method using useful microorganismg
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