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

1. Project title : [Protocellular Biosensors — Bioinspired devices that mimic cellular signal
transduction machinery |

2. Research period : January 2016 ~ March 2019

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Hiroshi Ueda Professor | Tokyo Institute of Leading Japan
Technology team
Collaborator | Tetsuya Kitaguchi Associate | Tokyo Institute of Making
Professor | Technology fluorescent
reporters
Collaborator | Yuki Assistant | Tokyo Institute of Making
Ohmuro-Matsuyama | Professor | Technology bioluminescent
reporters
Collaborator | Jiulong Su PhD Tokyo Institute of Overall
student Technology experiments

Total number of participants throughout the research period: 4

Singapore-side

Name Title Affiliation Role in the
research
project
Pl Shawn Hoon Senior A*STAR Leading
Research Singapore
Fellow team
Collaborator | Cyrus Beh Research | A*STAR Making
Fellow microdevices
Collaborator | Farid Ghadessy Research | A*STAR Antibody
Fellow engineering
Collaborator | Theresa Seah Research | A*STAR Making
Associate microdevices

Total number of participants throughout the research period: 4

4. Summary of the international joint research

In this study, we aimed to establish a new biosensor system that mimics the signal
transduction system of living cells. The biosensor that we tried to make this time is made of
large unilamellar lipid vesicles (protocells) that can detect an antibody recognizing a specific
sequence displayed on the protocell, which activates the internal enzyme and emits
fluorescence. In practice, the epitope sequence and transmembrane sequence was
tethered to the enzyme sequence, which can be activated by dimerization. The protein is
synthesized in the protocell, using a cell-free protein synthesis system, and the internal
enzyme activity was induced by antibody binding, and we could construct a system capable
of fluorescence detection. By using the protocell, single ligand binding signal can be
detected with high sensitivity without washing operation by digital measurement of the
number of activated protocells.

An effective international collaboration has been conducted by the collaboration between
the Japanese team, which has built many antigen detection systems using fusion proteins,
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and the Singapore team, which is full of ideas. In the future, further improvement and
deviceization of this system is expected, and construction of a system that can detect
arbitrary targets inexpensively and with high digital sensitivity is expected, and development
of international rights acquisition and early commercialization is expected.

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

Based on the proposal of the Singapore team, we succeeded in getting the primary goal
to construct a detection system incorporating artificial receptor enzymes in artificial cells,
and using digital detection to digitally detect the amount of various epitope-recognizing
antibodies as the number of fluorescence-positive cells. Furthermore, we also succeeded to
detect dimerized SpyCatcher by presenting SpyTag instead of an antibody epitope, and
showed the possibility of developing an antigen detection system in near future.

5-2 Synergistic effects of the joint research

The Singapore and Japan sides report progress alternately with overseas business trips
and Skype meetings almost once in every two months from the beginning of the research,
and achieves highly creative results by exchanging ideas and experimental materials that
cannot be found independently. In particular, the Waseda Bioscience Research Institute in
Singapore (WABIOS), to which Dr. Kitaguchi (now in Tokyo Tech) belonged at the beginning
of the project, was used efficiently to interact with each other. In addition, we invited
members from Singapore side to Japan and held two international symposia in Okinawa and
Nagoya jointly with other academic societies.

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

An international joint patent was filed for the developed protocell sensor. We are planning
to apply for PCT patent in the near future, and are expecting its commercialization jointly
with Singapore. In addition, we filed patent applications for important dimer interface
mutations found in the construction of stable reporter enzymes. This mutant enzyme is
expected to be widely applicable to simplify the detection of various interactions including
conventional immunoassay systems, and we hope to actively work on licenses to
companies both in Japan and abroad.



SICORP # 7#ti53 (LH - Hoon #&H)

[E PRI FERFIEIC 0 D FE R e U X

* S (FAFFFET — L & DI FR0)

1.

BIHAY R G

J. Su, C. Beh, Y. Ohmuro-Matsuyama, T. Kitaguchi, S. Hoon and H. Ueda "Creation of
stable and strictly regulated enzyme switch for signal-on immunodetection of various small
antigens" J. Biosci. Bioeng. 2019, in press.

* Eujhﬁ L : %véi%ﬁ:ii u+ 0 'fq:

* RS (FRFAWFZET — L 25 7220 BARMBIET — L O30 « R - 516 14

1.

HHAY R 61

H. lwai, M. Kojima-Misaizu, J. Dong and H. Ueda "Creation of a ligand-dependent enzyme by
fusing circularly permuted antibody variable region domains" Bioconj. Chem. 2016, 27, 868-873
DOI: 10.1021/acs.bioconjchem.6b00040.

D. Wongso, J. Dong, H. Ueda and T. Kitaguchi "Flashbody: a next generation Fluobody with
fluorescence intensity enhanced by antigen binding" Anal. Chem. 2017, 89, 6719-6725 DOI:
10.1021/acs.analchem.7b00959.

Y. Ohmuro-Matsuyama and H. Ueda "Homogeneous noncompetitive luminescent
immunodetection of small molecules by ternary protein fragment complementation" Anal. Chem.
2018, 90, 3001-3004 DOI: 10.1021/acs.analchem.7b05140

J. Su, J. Dong, T. Kitaguchi, Y. Ohmuro-Matsuyama and H. Ueda "Noncompetitive
homogeneous immunodetection of small molecules based on beta-glucuronidase
complementation" Analyst 2018, 143, 2096-2101 DOI: 10.1039/C8AN00074C

Y. Ohmuro-Matsuyama, T. Yamashita, K. Gomi, H. Yamaiji and H. Ueda "Evaluation of
protein-ligand interactions using the luminescent interaction assay FlimPIA with
streptavidin-biotin linkage" Anal. Biochem. 2018, 563, 61-66 DOI: 10.1016/j.ab.2018.10.010

R. Dale, Y. Ohmuro-Matsuyama, H. Ueda and N. Kato "Non-steady state analysis of enzyme
kinetics in real time elucidates substrate association and dissociation rates: demonstration with
analysis of firefly luciferase mutants" Biochemistry 2019, in press. DOI:
10.1021/acs.biochem.9b00272

* Emuﬁ L: %i‘%{q:;i n+ 0 ﬁ:

BALd®
k ZOMOENEY FEFARFTET — L & ORI, B2 Y)  BEMEE : 304
BALd®

* ZOMOFEEY FRFUITTETF — b 28 £ 7220 BARRIZET — L Ofeit, EFER L) @ %
FAH - 56 1

1.

Jinhua Dong and Hiroshi Ueda "ELISA-type assays of trace biomarkers using
microfluidic methods" WIREs Nanomed. Nanobiotechnol. 2017, 1457 DOI:
10.1002/wnan.1457

Jinhua Dong and Hiroshi Ueda "Open sandwich immunoassay and its applications" in
Advances in Medicine and Biology, 2017, 125. (ed. L.V. Berhardt) pp. 123-159 (Nova
Science Publishers Inc., New York).

Ohmuro-Matsuyama and H. Ueda "Ultrasensitive Firefly luminescent
intermediate-based Protein-protein Interaction Assay (FlimPIA) based on the functional
complementation of mutant firefly luciferases" Methods Mol. Biol. 2017, 1596, 119-130
DOI: 10.1007/978-1-4939-6940-1_8



SICORP # 7#ti53 (LH - Hoon #&H)

4. H. lwai, M. Kojima-Misaizu, J. Dong and H. Ueda "Creation of antigen-dependent
B-lactamase fusion protein tethered by circularly permuted antibody variable
domains" Methods Mol. Biol. 2017, 1596, 149-165 DOI:
10.1007/978-1-4939-6940-1_10

5. Yuki Ohmuro-Matsuyama and Hiroshi Ueda "A Novel Protein-Protein Interaction Assay
Based on the Functional Complementation of Mutant Firefly Luciferases: Split Structure
Versus Divided Reaction" in Protein-Protein Interaction Assays (ed.
Mahmood-Ur-Rahman Ansari) 2018, 11-27 (IntechOpen, London) DOI:
10.5772/intechopen.75644

6. Yuki Ohmuro-Matsuyama and Hiroshi Ueda "Protein-protein interaction assays using
split-NanoLuc" in Bioluminescence (ed. Hirobumi Suzuki) 2019, in press (Intech Open,
London) DOI: 10.5772/intechopen.86122

FRRE

N

* DERRER (FFRWFTET — L & DL FER)
FERMAL w24 (O HRFFER - 0 1)

* DEARER (FFMUNIEF — L2 E 0 AARIIE T — L DREEK)
FERMAL - GH 164 (O BRfFER - 7 1)

}INA X —3FRK (HFMTET — L & OEAFER)
FERAH B2 1

) ARA L =R MHFMUIFET — L2 & 720 AARAIIETF — L DFER)
FEFAH FH10

3. FRLETY— I vav T I F— - DURVTLEDORE

1. SICORP :ffe 55 7 [8] RANA T3 TWHFEE, A A T T05Ea RAEAN - HiE
KRF#42) [JST-SICORP, iR FHESAE, MEAT, AA, 201747 H 6 A, &
B 25 478

2.  SCEJ 49th Autumn Meeting Symposium SY-73 - New Trends of Creation of Protein
Peptides with Novel Functions, b7 .72 A (RBHLSE - 4 TERFEER)
/JST-SICORP, Nagoya University, Nagoya, Japan, 2017/9/23, ZI# %% 25 4 &

4. RO ER (FERER

(BRI —T 1 7]

« 2016 F1H6H : ¥y I FT7I—7 17, A'STAR, v THR—/

s WEDOF —L AL N—%2Z 2T Skype 2 —T 4 7 % 2 A1 [AIBRME LT=,

[24: - WFgEE OIRE. %A

- 2016 1 H~3 H : BANLFAEN 405, K3 » ARMHFFERREICE S L, LT
(2R3 2 AR TR 2 2T o 72,

5. REErHEE

WFFE R R R R 6 1



SICORP # 7#ti53 (LH - Hoon #&H)

=2}

. ZE - FlsES

BRI AAREM T P2 HAARTHEE K= Ak, 2016/8/19

Rk 28 EFERESR TR5RE . K= Ak, 2016/10/7

W5 EIAEM T FHhCE # A YvarevYy, EH 72, 2017/9/11
YrioEEEEEE, dbn P, bW 72, 2017/11/15

ol
2016/1/1 B8, HARL U TR =, NA T T3, ZABFE TR JST 23Hr# 3 R
iE

2017/6/23 HHI TR FOHURRHE  RITRHOET AT B —
2018/3/13 HRPEIMRA 72 AEX<HE mERERE FOUMRZIREE L7120 WIRPHFIE
I FEARA N IS

ELF IS $EE Highlighting Japan 2017/1 p.22-23  DEESREW 2 58 5] 2017/1/13 LR
http://www.gov-online.go.jp/eng/publicity/book/hlj/html/201701/201701_09_jp.html

HEENA FT 7 NATA A =D 0 Vit T#ERE Y —%2 7 —F — A — Nk
2017/7/24 1t 1 #4h https://bio.nikkeibp.co.jp/atclac/report/17/07/21/00089/

Atlas of Science "Assaying protein-protein interaction by the complementation of firefly
luciferase catalytic steps" 2017/12/12 K=H#, FHZ

http://atlasofscience.org/assaying-protein-protein-interaction-by-the-complementation-of-fire
fly-luciferase-catalytic-steps/

7. Z0hh

Hlz7e L



