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Strategic International Collaborative Research Program (SICORP)

1. Project title : Nanoparticle Supramolecular

EIG CONCERT-Japan Joint Research Program

Executive Summary of Final Report

Nanoporous Materials
2. Research period : 04/2019 ~ 03/2023
3. Main participants :

Frameworks as Advanced

Japan-side
Name Title Affiliation Role in the
research
project
Pl Takuzo Aida Professor The University of Research
Tokyo guidance
Co-PI P. K Hashim Researcher | The University of Research
Tokyo guidance and
experiments
Collaborator | Kiyoshi Morishita | Ph.D. The University of Experiments
student Tokyo
Collaborator | Hao Shen Master The University of Experiments
student Tokyo
Collaborator | Tonmoy Ray Ph.D. The University of Experiments
student Tokyo support
Total number of participants throughout the research period: 5
Partner-side
Name Title Affiliation Role in the
research
project
Pl Javier Professor | Santiago de Research
Montenegro Compostela guidance
University
Co-PI Julian Bergueiro | Senior Santiago de Research
researcher | Compostela guidance and
University experiments
Collaborator | Mayra Quemé Postdoc Santiago de Experiments
Compostela
University
Collaborator Pablo Rodriguez | UG Santiago de Experiments
student Compostela
University
Co-PI Edvinas Orentas | Professor | UAB Ferentis Research
Company guidance
Collaborator | Augustina Ph.D. UAB Ferentis Experiments
Jozeliunaite student Company
Co-PI Wolfgang Parak | Professor | Universitat Hamburg | Research
guidance
Collaborator | Leroy Marwin Ph.D. Universitat Hamburg | Experiments
Nack student

Total number of participants throughout the research period:

8
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4. Summary of the international joint research

Current porous synthetic materials are limited to zeolites, mesoporous structures,
covalent organic frameworks and metal organic frameworks. In this international joint
research, we developed a completely new “hybrid porous material” utilizing the
hierarchical self-assembly of supramolecular polymers and gold nanoparticle
cross-linkers. We found that the pore size of the new “hybrid porous material” can be
tuned by changing the nanoparticle size and its surface functionalization. The
Montenegro group (USC, Spain) and Aida group (Tokyo University, Japan) were
coordinating the overall project with the support of young co-Investigators from Spain
(Julian Bergueiro) and Japan (P. K Hashim). Students from Parak group (HU, Germany)
and Orentas group (Ferentis, Lithuania) spend few months in Spain for technology
transfer, though we could not conduct some of the planned collaborative research
between Japan and Europe due to global pandemic. Regardless of limitations, we
achieved overall objective of the joint research by coordinating online meetings, visits,
and the exchange of students between Spain, Germany and Lithuania.

5. Outcomes of the international joint research

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

The overall goal of the joint research, i.e., to construct novel porous materials based
on gold nanopatrticles (AuNPs) and supramolecular linkers, was achieved. Following our
proposed plan of research, we initially investigated the synthesis of thiol-appended cyclic
peptide for conjugation onto AuNP, however, was unsuccessful. Then, after mutual
consultation among project partners, we slightly changed the monomer design and
tested thiol functionalization using shape-persistent monomers such as cyclodextrin and
chaperonin GroEL protein. These shape-persistent monomers were successfully
conjugated onto AuNPs of different sizes to prepare AuNP cross-linkers. The number
and spatial orientation of the monomers on the nanopatrticle were fully characterized by
various spectroscopy and microscopy methods. Then, the nanoparticle comonomers
were supramolecularly assembled via host-guest or hydrogen bonding interactions to
construct nanoparticle supramolecular frameworks (NSFs). The pore size was tunable
depending on the linker supramolecular polymer. We also demonstrated that large-size
(~40 nm) guests can be encapsulated into NSF.

5-2 Synergistic effects of the joint research

Initially, each group focused on their skilled area of research related to the main objective
of the collaborative project. For instance, Parak group investigated the synthesis of
AuNP with varying sizes and shapes, Montenegro group checked the synthesis of
thiol-appended cyclic peptides, and Aida group synthesized DNA appended GroEL and
DNA-appended AuNP. The progress and difficulties were discussed online among
Japan and European partners regularly. Then, we synergized between project partners
by transferring students, technologies and materials.

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

A part of the outcome of this collaborative project is already disseminated in
peer-reviewed high-impact journals and domestic/international scientific conferences.
From an educational point of view, we delivered highly interdisciplinary research
experiences with students from partner countries. Through this project, we developed a
strong human relationship that incorporate different yet complementary backgrounds of
the team members. The outcomes of this research we have now is a first step towards a
new field of “hybrid porous material” and we are aiming to continue the joint research by
acquiring new research grant sfrom both Japan and other countries.



[

SICORP# T# &2 (fHH - Montenegroif /)

[E BRI FIMFITICI 1T D FE R U X |
1. RERE

*JFEERR ST (FERAIFZE T — A & 3360 FeF 3L - 3101k
- EWHA D FEEMEK : FHOf:
PP

- AT L ERMEL : FHOf
ALY

*JEWSC FFAFET — L2 5 £ 20 BRI T — L2030« FERIH : 3
- BBV FERME  FLE
1. H. K. Shen, K. Morishita, P. K. Hashim, K. Okuro, D. Kashiwagi, Ayumi Kimura, H.
Yanagisawa, M. Kikkawa, T. Niwa, H. Taguchi, and T. Aida. “ATP-Responsive
Nanoparticles Covered with Biomolecular Machine "Chaperonin GroEL". Angew.
Chem., Int. Ed. Engl. 2023, 202304894

« WG L REMEL - FHOf:
ML

* ZOMOEEY) FRFMEFET — o L OERTL, EEEREY) - BEMHE : 50
1. P.K. Hashim, J. Bergueiro, E.W. Meijer, T. Aida, “Supramolecular Polymerization: A
Conceptual Expansion for Innovative Materials”, Prog. Polym. Sci., 2020, 105,
101250.
DOI: https://doi.org/10.1016/j.progpolymsci.2020.101250

* ZOMOEEY FHFAWIFET — 225 £ RV AR TF — L Ok, FHEER L)
FERMHE - FHL
1. T. Aida, K. Morishita, “Supramolecular Polymerization: Personal History and Outlook
Towards a Sustainable Future”, Asia Chem., 2021, 12, 20-25. DOI:
10.5167/acm00019.

2. FLRRK

* DEARER (FFMUNIFET — L & 04 FER)
FERME  FHOfE (O HARFFRSE - OfF)

* MDEHFER (FRFWTIET — L 25 20 BAMBIET — L DFER)
FERME w2 M (O HIFFER : 0fF)

kR AL =K FHEFFIET — L & OELFEFR)
REMH  FHoM:

*IRA X —5R MHFUIRET — 223 £ ARMNIET — 2 D% K)
FERAMEL BT



SICORP# T#5E (FHH - Montenegroiftis)

3. FELET— Vgl e IF— s URTTLAEORE
BAL AP

4, FRRFBOEE (FELRFER)
(AR —F 4 7]
A NEDOF— LA NR—HAEZ TZoom —T 7 % A 1EIEAfE LT~

5. %FFFHEE
PG T SR R H R - 2 - o

6. ¥ - FHBESE
ML

7. Z0ih
AP



