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Strategic International Collaborative Research Program (SICORP)
Japan—Vietnam, Philippines, Indonesia Joint Research Program
Executive Summary of Final Report

1. Project title : TDevelopment of innovative nano-biodevices based on hybrid materials by
combination of endemic South Asian biomolecules and nanocarbons

2. Research period : April 2020 ~ March 2023

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Kazuo Professor Tokyo University of | Leader PI
UMEMURA Science
Co-PI Hisao Taira Junior Hokkaido Education | Theoretical
Associate University approach
Professor
Collaborator Daisuke Ph.D. Tokyo University of | Theoretical
Miyashiro student Science approach
Collaborator | Yuji Ph.D. Tokyo University of | Nano
Matsukawa student Science experiments
Collaborator | Yuki lde Ph.D. Tokyo University of | Nano
student Science experiments
Collaborator Nay San Lin Ph.D. Tokyo University of | Nano
student Science experiments

Total number of participants throughout the research period: 11

Vietnam-side

Name Title Affiliation Role in the
research project
Pl Trong-Tan Do Director Ministry of Science | PI, nano
and Technology, fabrications
National Centre for
Technological
Progress
Co-PI Anh-Tuan Mai Associate | VNU University of Co-PI, nano
Professor Science and fabrications
Technology
Co-PI Thi-Xuan Chu Researcher, | Hanoi University of | Nano
Lecturer Science and fabrications
Technology
Collaborator | Thi-Luyen Tran | Researcher, | Hanoi University of | Nano
Lecturer Science and fabrications
Technology
Collaborator | Binh-Duong Le | Researcher | Ministry of Science | Nano
and Technology, fabrications
National Centre for
Technological
Progress
Collaborator | Minh Hieu Lecturer VNU University of Nano
Nguyen Science characterizations

Total number of participants throughout the research period: 6
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Philippines -side

Name Title Affiliation Role in the
research project
Pl Leo Cristobal Il | Professor Mindanao State Leader PI
Ambolode University — Iligan
Institute of Cellulose's and
Technology hybrid’s electronic
(MSU-IIT) properties
simulation
Co-PI ARNOLD Professor Mindanao State Cellulose
ALGUNO University — Iligan | synthesis and
Institute of characterization
Technology
(MSU-IIT)
Co-PI Eli Christopher | Professor Mindanao State Device prototype
Enobio University — Iligan | and
Institute of characterization
Technology
(MSU-IIT)
Co-PI Rosario L. Professor Mindanao State Cellulose’s and
Reserva University — lligan | hybrid’s
Institute of mechanical
Technology properties
(MSU-IIT) simulation
Co-PI Rolando T. Professor Mindanao State Cellulose and
Candidato, Jr. University — Iligan | hybrid synthesis
Institute of and
Technology characterization
(MSU-IIT)
Co-PI Rey Y. Professor Mindanao State Cellulose and
Capangpangan University — hybrid synthesis
Naawan and
characterization
Total number of participants throughout the research period: 20
Indonesia-side
Name Title Affiliation Role in the
research project
PI Eko Siswoyo Associate Islamic University | As a leader of the
Professor of Indonesia (Ull), | research group in
Environmental Indonesia, he
Engineering organizes the
research activity
from the
beginning until
finish and also
preparing
manuscript for
publication in the
international
journal.
Co-PI Awaluddin Assistant Islamic University | Conduct research
Nurmiyanto Professor of Indonesia (Ull), | and analyze data
Environmental together with all
Engineering members.
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Co-PI Nur Aini Iswati | Lecturer Islamic University | Conduct research
Hasanah of Indonesia (Ull), | and analyze data
Environmental together with all
Engineering members.
Collaborator Lutfia Isna Researcher | Islamic University | Conduct research
Ardhayanti of Indonesia (Ull), | and analyze data
Environmental together with all
Engineering members.
Total number of participants throughout the research period: 4

4. Summary of the international joint research

Southeast Asian specific biomolecules such as papain and nanocarbons such as carbon
nanotubes will be hybridized in order to propose novel nano/micro biodevices which reveal
specific advantages such as sufficient stability at high temperatures. The fabricated hybrids
will be applied to bio-sensing at nano/micro scales.

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

We fabricated many types of bio-nanocarbon composites using papain, natural cellulose,
natural surfactants, and coconut husks. One of the fabricated hybrids were applied to the
near-infrared emission phenomenon of nanocarbons to identify types of biomolecules.
Nanoscale evaluation of the hybrids such as atomic force microscopy and computational
approaches have provided insights into the interactions between biomaterials and
nanocarbons. 44 conference presentations and 21 original papers were published during
the three-year project.

5-2 Synergistic effects of the joint research

Four of the 21 original papers were published as international collaborated papers as a
result of this international joint project. Although the COVID-19 problem provided various
difficulties throughout the project period, we took a computational approach and
demonstrated experimental researches by possible implementation methods. In terms of
human resource development and international communications, two students were invited
with government scholarship (MEXT). A researcher was also invited. In the final year,
members of the Japan team were able to visit counter parts to conduct joint experiments,
participate in symposiums, and hold research meetings. In addition, open symposiums held
in the fall of each fiscal year attracted more than 100 attendees every time.

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

Regarding the ripple effects of the research results of this project on society, first, the
method of identifying biomolecules using near-infrared emission based on the specific
optical responses of different chiralities of nanocarbons could be established as a novel
micro biosensing techniques through further refinement in the future. Second, the papain
enzyme device prototyped in this study, which exhibits high activity at high temperatures
without stirring, is expected to be utilized as an effective microbiodevice made of natural
materials. Combining the first and second results, the enzymatic reaction could be
monitored without dyes. Third, the composites of nanocarbons with many kinds of
Southeast Asian specific biomolecules fabricated in this project, together with verification
from computational science, are expected to be used in many fields as advantageous
nanobiodevices, including biodevices which are stable at high temperatures.
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1. Daisuke Miyashiro, Hisao Taira, Ryo Hamano, Rosario L. Reserva and Kazuo Umemura,
Mechanical vibration of single-walled carbon nanotubes at different lengths by modal
analysis method, Composites Part C. Open Access, 2020, Volume 2, 100028 DOI:
10.1016/j.jcomc.2020.100028

2. Kazuo Umemura, Ryo Hamano, Hiroaki Komatsu, Takashi Ikuno, and Eko Siswoyo,
Dispersion of Carbon Nanotubes with “Green” Detergents, Molecules 2021, 26(10),
2908 DOI: 10.3390/molecules26102908

3. Makoto Saito, Masaki Kitamura, Yuki Ide, Minh Hieu Nguyen, Binh Duong Le, Anh Tuan
Mai, Daisuke Miyashiro, Shigeki Mayama, Kazuo Umemura, An Efficient Method of
Observing Diatom Frustules via Digital Holographic Microscopy, Microscopy and
Microanalysis, 2022, 28, 2172-2176 DOI:10.1017/S1431927622012508

4. Kota Hirayama, Masaki Kitamura, Nay San Lin, Minh Hieu Nguyen, Binh Duong Le, Anh
Tuan Mai, Shigeki Mayama, and Kazuo Umemura, Attachment of DNA-Wrapped
Single-Walled Carbon Nanotubes (SWNTSs) for a Micron-Sized Biosensor, ACS Omega,
2022, 7,50, 47148-47155 DOI: 10.1021/acsomega.2c06278

5. Eko Siswoyo, Rahmalina Nur Zahra, Nurul Hardina A. Mai, Awaluddin Nurmiyanto,
Kazuo Umemura, Thomas Boving, Chitosan of blood cockle shell (Anadara granosa) as
a natural coagulant for removal of total suspended solids (TSS) and turbidity of
well-water, The Egyptian Journal of Aquatic Research, 2023, in press, DOI:
10.1016/j.ejar.2023.04.004
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1. Yuhei Horii, Shusuke Ohura, Kazuo Umemura, An efficient method to quantitatively
detect competitive adsorption of DNA on single-walled carbon nanotube surfaces,
Analytical Biochemistry, 2020, 601, 113776 DOI:10.1016/j.ab.2020.113776

2. Ryo Hamano, Daisuke Miyashiro, Kazuo Umemura, Study on optical response
sensitivity in hybrid of single-walled carbon nanotubes mixed with double-stranded DNA
and carboxymethylcellulose, Optical Materials, 2020, 109, 110386 DOI:
10.1016/j.optmat.2020.110386

3. Daisuke Miyashiro, Ryo Hamano, HisaoTaira, Kazuo Umemura, Analysis of vibration
behavior in single strand DNA-wrapped single-walled carbon nanotubes adhered to lipid
membranes, Forces in Mechanics, 2020, 2, J100008 DOI:
10.1016/j.finmec.2020.100008

4. Yuji Matsukawa, Kazuo Umemura, Chirality luminescent properties of single-walled
carbon nanotubes during redox reactions, Optical Materials, 2020, 112, 110748 DOI:
10.1016/j.optmat.2020.110748

5. Yuji Matsukawa, Kazuo Umemura, Optical Response Characteristics of Single-Walled
Carbon Nanotube Chirality Exposed to Oxidants with Different Oxidizing Power,
Molecules, 2021, 26, 4, 1091 DOI: 10.3390/molecules26041091

6. Ryo Hamano, Shingo Shoumura, Yuto Takeda, Tokio Yamazaki, Kota Hirayama,
Yasutaka Hanada, Shiegki Mayama, Masaharu Takemura, Han-Jia Lin and Kazuo
Umemura, Sinking of Four Species of Living Diatom Cells Directly Observed by a
“Tumbled” Optical Microscope, Microscopy and Microanalysis, 2021, 27, 5, 1154-1160
DOI:10.1017/S1431927621012150

7. Kota Hirayama, Masaki Kitamura, Ryo Hamano, and Kazuo Umemura, Stable
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Near-Infrared Photoluminescence of Single-Walled Carbon Nanotubes Dispersed Using
a Coconut-Based Natural Detergent, ACS Omega, 2021, 6, 45, 30708-30715 DOI:
10.1021/acsomega.1c04615

8. Ryo Hamano, Shigeki Mayama, and Kazuo Umemura, Localization analysis of
intercellular materials of living diatom cells studied by tomographic phase microscopy,
Applied Physics Letters, 2022, 120, 133701 DOI: 10.1063/5.0086165

9. Satoru Takahama, Masaki Kitamura, Yuki lde, Kazuo Umemura, Variation in the
responses of carbon quantum dots (CQDs) synthesized from native coconut husk and
coconut husk-derived charcoal, Optical Materials, 2022, 131, 112739 DOI:
10.1016/j.optmat.2022.112739

10. Nay San Lin, Masaki Kitamura, Makoto Saito, Kota Hirayama, Yuki Ide, and Kazuo
Umemura, Distinguishing Antioxidant Molecules with Near-Infrared Photoluminescence
of DNA-Wrapped Single-Walled Carbon Nanotubes, ACS Omega, 2022, 7, 33,
28896-28903 DOI: 10.1021/acsomega.2c02038

11. Naysan Lin, Masaki Kitamura, Kota Hirayama, Ryo Hamano, Kazuo Umemura,
Antioxidant Properties of Asian Originated Biomaterials Detected with DNA-wrapped
Single Walled Carbon Nanotubes, The ACM International Conference Proceeding
Series (ICPS), 2023, 115-119 DOI: 10.1145/3571532.3571550

12. Masaki Kitamura, Kazuo Umemura, Hybridization of papain molecules and
DNA-wrapped single-walled carbon nanotubes evaluated by atomic force microscopy in
fluids, Scientific Reports, 2023, 13, 4833 DOI: 10.1038/s41598-023-31927-8

13. Kota Hirayama, Masaki Kitamura, Shigeki Mayama, and Kazuo Umemura,
Chirality-specific near-infrared photoluminescent responses of single-walled carbon
nanotubes to detect papain adsorption assisted by the use of DNA and frustules,
Chemistry Letters, in press, DOI: 10.1246/cl.230068

14. Hisao Taira. Daisuke Miyashiro, Kazuo Umemura, Numerical Analysis for Light
Absorption Spectra of the Base of DNA-Wrapped Single-Walled Carbon Nanotubes,
Molecules, 2023, 28(6), 2719, DOI: 10.3390/molecules28062719

15. Shuaib Edakkaparamban , Masaki Kitamura, Yuki Ide, Kazuo Umemura, Asuka
Ishizawa, Photocatalytic degradation study of methylene blue using carbon quantum
dots synthesized from coconut husk, Materials Letters, 2023, in press

16. Lin, Nay; Hirayama, Kota; Kitamura, Masaki; Koide, Shinji; Kitajima, Hiromasa; Harada,
Takunori; Mayama, Shigeki; Umemura, Kazuo, Fabrication of a Floatable Micron-sized
Enzyme Device Using Diatom Frustules, ACS Omega, in press
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1. Kazuo Umemura, Nirmal Mazumder (Editor), Richard Gordon (Editor), Diatom
Microscopy, Chapter 2, Page 33-56, Nanobioscience Studies of Living Diatoms Using
Unigue Optical Microscopy Systems, July 2022 368 Pages, John Wiley & Sons, Inc.
ISBN: 978-1-119-71153-7
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1. 22nd SPVM National Physics Conference: ConVIRTUALisation, Leo Cristobal C.
Ambolode Il (Mindanao State University - lligan Institute of Technology (MSU-IIT),
Professor), Online, 17th, 24th, and 31st, Oct. 2020, 400 4.

2. e-ASIA Kick-Off meeting, Kazuo Umemura (Tokyo University of Science, Professor),
Online, 31st Aug. 2020, 10 4.,

3. International Symposium on Nanoscience and its Applications (ISNA), Leo Cristobal C.
Ambolode Il (Mindanao State University - lligan Institute of Technology (MSU-IIT),
Professor), Online, 2nd-3rd, Dec. 2021, 80 %4,

4. 2022 International Conference on Nanoscience and Nanotechnology, Leo Cristobal C.
Ambolode II (Mindanao State University - lligan Institute of Technology (MSU-IIT),
Professor), Butuan, Philippines, 8th-9th, Dec., 100 4.

5. e-ASIA Closing meeting, Kazuo Umemura (Tokyo University of Science, Professor),
Online, 3rd Mar. 2023, 10 4,
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