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Strategic International Collaborative Research Program (SICORP)
Japan—Germany Joint Research Program
Executive Summary of Final Report

1. Project title : TNovel plasmonic materials based on nanogap features for ultrasensitive and
reproducible SERS/OW/LSPR biosensing for biomedical applications |
2. Research period : October 2020 ~ March 2024

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Eiichi Director National Institute Project
Tamiya of Advanced coordination and
Industrial Science | scientific
and Technology, coordination
Advanced
Photonics and
Biosensing Open
Innovation
Laboratory
Co-PI Hidenori Deputy Director National Institute | Application of
Nagai of Advanced LSPR device to
Industrial Science | biosensor
and Technology,
Advanced
Photonics and
Biosensing Open
Innovation
Laboratory
Co-PI Masato Special-appointment | Osaka University, | Design,
Saito Associated Institute for Open | fabrication and
Professor and evaluation of
Transdisciplinary LSPR device
Research
Initiatives
Co-PI Keiji Tada Advising Research | Furuno Electric Development of
Engineer Co., LTD. OW sensor
Research
Department 2,
Applied Optics
Laboratory
Co-PI Masaaki Head TANAKA Kikinzoku | Fabrication of
Kurita Kogyo K.K. metal nano
structure
oriented to the
SERS/EC-SERS
Co-PI Shin-ichi Associated National Institute Development of
Tanaka Professor of Technology, metal nano
Kure College probe and size
fractionation
device

Total number of participants throughout the research period: 22

Partner-side
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Name Title Affiliation Role in the
research
project
Pl Wolfgang Dep.Head | Leibniz Institute of | Project
Fritzsche Nanobioph | Photonic coordination,
otonics Technology scientific
(Leibniz-IPHT) coordination
Co-PI Andrea Csaki | Group Hea | Leibniz Institute of | Project
d Molecul | Photonic management,
ar Plasmo | Technology scientific
nics (Leibniz-IPHT) coordination
Co-PI Christoph Coordinatio | Temicon GmbH LIL
Stover n R&D Pr technology,
ojects project
management
Co-PI Thomas Ruhl | Head of T | Temicon GmbH NIL technology
echnology

Total number of participants throughout the research period: 3

4. Summary of the international joint research

Research on the development of biosensors using nanoplasmonics is being actively
conducted both domestically and internationally, whose aim is to further increase the
sensitivity and functionality of biosensing technology. However, because the fabrication
technology of nanostructure with nanoplasmonic properties has not been established, the
development of highly sensitive biosensor utilizing nanoplasmonic properties is still a
developing research field. In order to address these issues, we have carried out this
international joint research with German teams (IPHT and Temicon), which are conducting
the pioneering research on metal nanoparticles, metal nanostructures and microfabrication
of various materials.

Owing to German team’s high-precision nanoimprint technology (NIL), improvement of
localized surface plasmon resonance (LSPR)/ surface-enhanced Raman spectroscopy
(SERS)/ optical waveguide (OW)/ electrochemical (EC-SERS) substrate properties have
been made. For the LSPR/SERS sensor, we succeeded in developing a gradient
nanostructure that can be used for a variety of sensing applications, as well as developed a
glass substrate chip and achieved significant improvements in characteristics for the OW
sensor when switching solutions. Furthermore, we fabricated the nano- and micro-size
fractionation devices and these devices have successfully fractionated, isolated and
collected the nano- and micro- particles. These fractionation devices are expected to be
applied not only to exosomes, which are attracting attention as a new biomarker (diagnostic
indicator), but also to the specific detection and diagnosis of new viruses and
microorganisms. In addition, through joint research, metal nanoprobes with high
biocompatibility which precisely controlled the number of constituent metal atoms (emission
wavelength) were synthesized, and we also succeeded in the specific detection of cancer
marker proteins in living tissues and achieved in the construction of a new biological single
molecule measurement technology. From these research results, by applying and deploying
the new biosensing technology developed through this international joint research, it is
possible to develop highly integrated devices that can detect many types of biomolecules
simultaneously and to create high-definition medical diagnostic technology that can detect
cancer and pathogenic microorganisms.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

In this international joint research, German team fabricated metal nanoparticles and
metal/glass nanostructures for LSPR/SERS/OW/EC-SERS sensors, and Japanese team
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developed and evaluated the biosensing device. (Figure 1) By using metal/glass
nanostructures, we succeeded in the development of gradient nanostructures suitable for
various sensing applications in LSPR/SERS sensor, and a significant improvement in
properties of OW sensor when switching solutions was achieved. Moreover, we have
fabricated size fractionation devices, and have succeeded in the development of the
technology for size fractionation, isolation, and collection of nanoparticles and microparticles.
Furthermore, the fluorescent metal nanoprobes could be applied to a technology to
specifically detect cancer marker proteins (MMP1 and PARL1) in living organisms, and the
metal nano particles of various shapes (cube, star, rod, triangle) could be used as sensor
probes to develop the highly selective biosensors by utilizing peak potential dependent on
specific surface area.

5-2 Synergistic effects of the joint research

Owing to German team's high-precision NIL, improvement of LSPR/SERS/OW/EC-SERS
substrate properties have been made, and it has become possible to provide excellent
sensing capabilities in addition to the improvement of the reproducibility and sensitivity of
plasmonic substrates. And we also realized size fractionation devices and demonstrated
size fractionation, isolation, and collection of nanoparticles and microparticles. In order to
promote collaborative research more efficiently, we developed active international exchange
by dispatching postdoctoral researchers to the German side, holding close research
discussions via web meetings to confirm future experimental plans, and participating in
international symposiums hosted by the German side.

5-3 Scientific, industrial or societal impacts/effects of the outputs

Through this international joint research, we have successfully developed the novel
biosensing devices, such as LSPR/SERS sensor using a plasmonic substrate, OW sensor
utilizing nano glass substrate, size fractionation device and so on. By continuing joint
research in the future, in addition to publishing co-authored papers and obtaining patents,
we will create high-definition medical diagnostic technology by developing biosensing
devices with further improved sensitivity, reproducibility and functionality, which can be
applied and deployed in actual medical settings.
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thermal convection PCR device”, Sensors, 2021, 21(4), 1-14, 1225
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K 51—, HHE E—, BS %%—  [&F k- ESRiikoBES S E AL &
Y A~DIH ], 2021 FFESAEFAKZEE RS 2021/09/08

Jonathan Briones, Wilfred Espulgar, Shohei Koyama, Hyota Takamatsu, Eiichi Tamiya
and Masato Saito "Monitoring T-cell Exhaustion and Immune Response at Single Cell
Resolution”, The 82nd JSAP Autumn Meeting 2021, 2021/09/10
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BT 201%2 ). WE « 7340 AfEHEFEEE 2 — DR HWTT 2 MEOAR « 49
Mro« BBl BB RS EHELESEE 202249 A 29 H (BEFHER)

T B TERICHZ B E LI EKENT S AOBR%E ], & 195 [RIFEFAZ Y 1
v IoEodgar), 202241 H (1BFER)

Masanori Eguchi and Yusuke Nakaoka “Fabrication of Electrokinetic Micro/Nano
Devices and its Application,” 1st International Diamond Device Workshop, 2022/2 (38%F
#HR)

MK SEER RN A A o ORFZE & S E~D)GH | & 20 [B] PhotoLIFE
U—2r gy, 2022/12/12

Kig 51, 747 Ly K ANV — Big BEA, BRE ®—  [&F k108
SALFIENE B R AT 554 2 o OERE | E 16 BN ARELFE Y VR Y A,
L i BERFHR LS v 32 2022/09/11

Rk —, Rigigi~ T4 v L 2gEEs HVcERSREE o —]) 0 IS
SRFFGER S, R RFIUAF v /32 2023/03/15

BA F—. K S, HBH+. FE0AR, AR — (KT oOHl SARS-CoV-2
HFRITEMEPLIAR(gG/sIgA) & LR biE 2 IET DR A > b AT 7 7T EXILF A 41
P—]. BRIMFEEE 103 FEFEKRE ., HEHB KRS v 2 A 2023/03/22

Kl (=, 7407 Ly B 2 A0V — B BN RS K— [R3E7T7 A~
L OBXRULFEA &/ BV OmBE L), BRALFEH 90 FIRE, HAL TR,
2023/03/27

AR %—. K 51, BB, 2B 0AK, AR —  [SARS-CoV-2 fiHiikiE
PEPRRILIEE 2T =2 ) U 7T BRI FAA A oY —] . S HAE RS RN
HEE, EERFENAF v 282 2023/03/15

RASe—, K= TEREREZ AU A ¥ L ABERULER e v —) . BRIl
FH5 90 MIRZ, HALTHKSE, 2023/03/28

BRA —. K S, HEH+. FB0AL, HiARE—  TU 7 F RIS OMER
D SARS-COV-2 HFIFLIR(gG/SIgA) & FilfbisttE =t =% U > 7§ 5 ESILF A
Tt ot—), ERALFE 90 BIKE, b T3R5, 2023/03/28

Eiichi Tamiya, Jessiel Gueriba, Masato Saito and Hidenori Nagai "Plasmonic biosensor
for cytokine detection in single immune cells”, Molecular Plasmonics 2023 Conference,
Garmny - Jena, 2023/5/11
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CAZIANT TR T T A~ BN K A BB GCE . 5 83 Mot b ERe. BILK
IR v L /3 A . 2023/05/20

R (=, kHFIR, BREKR— 777 = AEMHIBIERZ &7 K F 08
SALTERAERHM . 2023 FEARALERKFERZ, JUNRS:, 2023/09/12

Eiichi Tamiya "AIST Technologies on Electrochemical detection”, 2nd Dept of Physics
(DLSU)-AIST PhotoBIO OIL Joint Seminar, Manila, Philippine, 2023/11/14 (B#F#E)

Kiks /51, B4 —  [Development of electrochemical biosensors and its application |,
55 3 [FIPERMF - DSLU [EES S v AR T A RIKRF7 4 b =2 Ak % — 2024/03/06

Eiichi Tamiya “Biodevice and bio-imaging research and development in the AIST-Osaka
University Open Innovation Laboratory”, 3rd AIST-DLSU Joint Symposium -24th
PhotoLIFE Workshop, Osaka University, Suita, Japan, 2024/03/06 (B4F:&H)

By e R, RAFHE TEMREAGLV I — VEIRIRERZ V72 XU
KA A —OBK, ERLFHE 90 FIRE, AHERFARLF v /32,
2024/03/16

KiEs 51, kHEFBl, BEAR— [ 2 EEDORLR D &R FOESICFEEE L A A4
TUHIGH], BRALFSE 91 RIRE, A HERFRILF v /32 2024/03/16

M E—, FogE KRt #ihd 22 DERsaoerE e i 7o —7 oBi% & AR A
A= T ~OH . BAR L% 8§ 104 FBFRES AARKRTF, 202443 A

Rk 5, KHEFHI, REK— TUA Y L RE N rkz HnicER b3t o —
(& DA A~ =T —5HAl 2024 IS BETFANRHES . AR TR A I AR % v
/NA L 2024/03/24

kR AKX =35 (FHTFINFIE T — L & DL FEFR)

FEFRAE w01

kR AZ—FgFR (FHFMIFETF — L% G E R0 HARABFET — LA DHEK)

1.

3.

SEEAHR - #2014
TEIEE N, FENE., SR, Wilfred Villariza Espulgar, #JI1TE A, #AKiEF-. 5K
B A)IEFE, uE- BRe%— 2 IRk EERANT T N 212X D T Hifle
DHURFTHIE RN L ORBUESFENT) . 55 1 5 B FRHE T R T A
2021/09/09

SFHEY, ERREER, BEEEAN, RER—  THEEHEO 7 7R RmaefnicyA M
AR FR T B 5 ENA FRE LY AR YT A 2021/09/09

Wilfred Espulgar, Masato Saito and Eiichi Tamiya "Simulation-Assisted Analysis and
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Design for HighThroughput Centrifugation-Driven Convective PCR”, The 82nd JSAP
Autumn Meeting 2021, 2021/09/22

Hiroki Ide, Wilfred Villariza Espulgar, Masato Saito, Taiki Aosh and Eiichi Tamiya “In vitro
single-cell-level visualization and profiling of T cell-APC interaction on microfluidic chip”,
Pacifichem2020, 2021/12/20

Masato Saito, Presenter; Jonathan Briones, Wilfred Espulga, Shohei Koyama, Hyota
Takamatsu and Eiichi Tamiya ”Single- cell Granzyme B secretion assay for
immunotherapy response prediction”, Pacifichem2020, 2021/12/20

Xi Luo, Presenter; Masato Saito, Presenter; Yuhei Terada, Ain Obara, Shohei Koyama,
Hyota Takamatsu and Eiichi Tamiya "Single-cell level cytokine secretion detection using
cauliflower-like nanopillar structured localized surface plasmon resonance biosensor”,
Pacifichem2020, 2021/12/20

BT KER, LA EfE, () 2 TRlmE S E AV AR S FEEL~ A 7 n e — XD
B IKENFERE | LT e~ A 7 ' F ) AT NFERE 45 B2 4 (CHEMINAS 45)
I EHE, 202245 H 21 H., p. 25

TEA R, WA K, o B, W 2 T2 — 7 Xy TEmERWEHEE
VKENRAME & BRI A v B — X R D—BE ) ke~ AT v - F ) URT LTS
%5 45 [FIiff9t<s (CHEMINAS 45) G ZEE4E, 2022 25 4 21 H, p. 31

W7 fKEE, EA Rl H2E AgEE, PR JAEE. (L0 IEfE, MHE O OMSE B B
AN I RMERBEEREAW -7 VY —LNET S ZOB% ). 5§34 [l =
=T U UEES, 202246 H 26 A

BT G, PEARk BER, /LR B [emiAaRsdmEmE VWi om s ) — A v
B RE L bR~ A a - F ) AT A 2022 £ 11 A 14 H~16 H.
(15P2-PC-35)

FREE  BEE, BT KEE. 7L IEfE, [HE EE, BE BEA IRERZHWZA
R & fas RO 4B (bR~ A 7 a - ) AT AFE, 2022411 H 14 H
~16 H. (15P2-PC-44)

BEH AN R BE, LN EfE Tmuvs bhoo—T7—var~vArur7 A%
AW AR OFEEMERE ), bFe~A 20« F ) RT L%, 2022 4 11 H
14 H~16 H, (15P2-PC-45)

Ibuki MACHI, Kanta NISHIBAYASHI and Masanori EGUCHI “Impedance Measurement
of Extracellular Vesicles Using Triangular-Shaped Electrodes”, Goal 3: Good Health and
Well-Being (On-site), 7th STI-Gigaku 2022 (International Conference on “Science of
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Technology Innovation), 18-19 November 2022.

SE T, B ER. TR A RS N [ — AR TS A
—ETEYA R A A R, B AL [ B AR AR, KRR E ¢ /A,
2022/09/30

Shin-ichi Tanaka, Hiroki Wadati and Hirohiko Niioka "Near-Infrared Luminescent
Platinum Nanoclusters for in vivo Imaging and Biomedical Application" Molecular
Plasmonics 2023, 11-13, May, 2023, Leibniz Institute of Photonic Technology (IPHT),
Jena, (Germany)

Ibuki Machi, Masanori Eguchi, Shinichi Tanaka, Mami Okada and Naoto Kajitani “A
Development of EVs Detection Device Based on AC Electroosmosis,” Molecular
Plasmonics 2023, 11-13, May, 2023, Leibniz Institute of Photonic Technology (IPHT),
Jena, (Germany)

Keiji Tada and Takeshi Kawajiri “Optical waveguide (OW) biosensor”, Molecular
Plasmonic 2023, 11-13, May, 2023, Leibniz Institute of Photonic Technology (IPHT),
Jena, (Germany)

Keiji Tada “Optical waveguide (OW) biosensor”, 3rd AIST-DLSU Joint Symposium-24th
PhotoLIFE Workshop, 2024/3/6

ZHE " TaETESRICERE STV T —~  GEREA A oY F 1
Efi 7 + =y AL BRI A, 2024/3/13

Jessiel Siaron Gueriba, Hidenori Nagai, Satoshi Fujita and Eiichi Tamiya
"Characterization of a highly tunable plasmonic Au nanopillar array towards sensing
applications", The 71st JSAP Spring Meeting 2024, March 22-25, 2024

FRLIEV—IVay T - IF— - VRV LEORMK

DNA Plasmonics 2021, Name of Organizer: Wolfgang Fritzsche (IPHT - Dep.H
ead), Andrea Csaki (IPHT - Group. Head), IPHT (virtual meeting), Jena, Germ
any, 2021/5/2~2021/5/3 Number of Participants:50

DNA Nanotechnology 2022, Name of Organizer. Wolfgang Fritzsche (IPHT - D
ep.Head), Andrea Csaki (IPHT - Group. Head), IPHT, Jena, Germany, 2022/5/
12~2022/5/14 Number of Participants:50

1st Joint symposium at DLSU, Name of Organizer: DLSU - AIST, DLSU, Manil
a, Philippine, 2023/3/3~2023/3/4 Number of Participants:100

Molecular Plasmonics 2023, Name of Organizer: Wolfgang Fritzsche (IPHT - D
ep.Head), Andrea Csaki (IPHT - Group. Head), IPHT, Jena, Germany, 2023/5/
11~2023/5/13 Number of Participants:50

2st Joint symposium at DLSU-Lab to Market Project, Name of Organizer: DLS
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U - AIST, DLSU, Manila, Philippine, 2023/11/13~2023/11/14 Number of Partici
pants:50

3rd AIST-DLSU Joint Symposium -24th PhotoLIFE Workshop-, Name of Organi
zer: AIST - DLSU, Osaka University, Suita, Japan, 2024/3/6 Number of Partici
pants:70

BHRERRORE (ERRER)
[(BRI—7 7]

- 2020/11/16 F v /A T7I—T 47, web & K % (AARMDA)
- 2021/1/28 X v I AT I—T 17, web i (WEAR % T)
- 2021/4126 #HFEFTHAE DY, web & (HAMOA)

- 2021/6/22 #HFEFTHAE DY, web & (HEAZ 2 T)

- 2021/7/6 HWFZEET B A, web &g (HAMHI D A)

- 2021/10/15 WL HE ., web &g (H A O &)

- 2021/10/28 PO k., web 25 (EIZMEI D)

- 2022/3/28 #FEFTHAE DY, web 2 (HAMDA)

- 2022/4/20 b}‘Fnﬂ%/\bﬁ web 5% (MEA % T)

- 2022/7/28 %amﬂ HabE, web & (AARMOA)

- 2022/9/13 ﬂfo/\bt‘ web =i (MEZ % 0)
-2022/12/20 TETH ALY, web £ (HAH D)

- 2023/5/10 @?%?T%é\bﬁ\ IPHT, Jena, Germany (ifi[#E%2 % C)

- 2022/5/11 Fraunhofer Institute 75, IPHT, Jena, Germany (jf][E %2 2 T)

- 2023/7/131 WFZEFTHLE D, web i (HAMIOA)

- 2023/8/1 PO Mm#k., KIKKF 7# bh=r AL ¥— WHEMH., A&, (ARMOIH)

- 2023/12/8 HFFEFTHE DY, web &% (HAMIO )

- 2024/3/25 WFEFTHE DY, web &% (HAMIO )

- 2024/3/28 [JST HMA T T 47 A« 74 b= 2§ 2] KTHRES, HAEAAEH]
fif, AL (BRI )

[#F7eE DIRiE. ZA]
- 2023/8/20~2023/8/26 : H A ) & KIS 78 B % FH FAFITREER I IRE L. AF9EFT &8 &

U@ 7/ KA OFERIFIEIC W TER LT,
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1.

FrRF R
FuiIA AR R R - 3

(HHREA] MSZATEOE NESL S SRR icbirs . FnE i [EE] md E—,
i KM TA&T / Rira A ORGET514) Fifd 2021-017498

[HEEAN]ES 7 4 = RN T T —T o ) _R— a3 5K R
A % [FAE] BAE —. KFH Fi, J® Folk, 8 2 R s I
o TERILFERIEANA A B L OBERIEFIN A 4 % AT 1)
Jie 2023-027267

gl

(HjJ?EJ\] M 4R TS, EEREMTRAUEAT [ FREaE, EH
. MEREBRA -, BEMER, R85 —. Jesseil Gueriba, Wilfred Espulgar, KIR&{—
%%Eﬂ‘/%iﬁk%@%%ozv’ A Y— (HFE%ET)
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ZHE - FEHES
1. Ba%k—. THADHH LTS5 E ) 2021/9/3

2. Ekaterina Podlesnaia, “Best Poster Award in IPHT-internal Dornburg seminar”,

2021/10/6

3.  KIfE{=, Sensors and Materials / S&M Young Researcher Paper Award 2022 |
2023/2/3

7. Z0fth

FIAERE « AHFSEE O Wik RE £ & T L [RTFE R O fiiiG .

2R ZHE . BErd b AZ — F LR KRIRR T ORItk T3 A o —3 %
Bt~ F /5275w h7 54— ha—H—LFE— K, 20218, F3C (Japanese). HilfiH
7+ (published)

SHEFE . RA il : (Master thesis) Yeshni Luximun: Characterization of the sensing potential
of plasmonic nanostructures; Friedrich-Schiller-Universitat Jena, Msc. Medical Photonics,
2022

4R . FA ] : (Master thesis) Amarildo Hoxha: Development of assembled plasmonic
nanostructures for improving their sensing potential, Friedrich-Schiller-Universitat Jena,
Master of Science - Chemistry of Materials, 2024
(PhD) Ekaterina Podlesnaia: Gold Nanotriangles: from Atoms to LSPR-Based Sensing,
Friedrich-Schiller-Universitat Jena, 2024



