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

1. Project title : TMolecular vibrational signatures of SARS-CoV-2 spike protein binding to the
ACE2 receptor |

2. Research period : May 2021 ~ March 2023

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Izabela Irena Professor | Shibaura Institute of | Project
RZEZNICKA Technology management
Acquisition of
vibrational
spectra
Main Harison Binti Specially | Shibaura Institute of | Acquisition and
Collaborator ROZAK Appointed | Technology analysis of
Assistant vibrational
Professor spectra
Collaborator Hideyuki Associate | Tohoku University Data analysis
HORINO Professor and
interpretation
advice
Total number of participants throughout the research period: 3
US-side
Name Title Affiliation Role in the
research
project
PI Yin-Ting YEH Assistant | Pennsylvania State Microfluidic
Research | University, USA device and
Professor Raman data
interpretation
by machine
learning
Co-PI Mauricio Professor | Pennsylvania State Carbon
TERRONES University, USA nanotubes
arrays
Total number of participants throughout the research period: 2

4. Summary of the international joint research

The grand aim of the joint research is to develop a new label-free method for virus
detection. Towards this aim, JP-side team has challenged obtaining vibrational signatures of
SARS-CoV2 spike protein binding with human angiotensin-converting enzyme 2 (hACE2).
US-team has focused on the developing of microfluidic device for virus capture and
detection, and machine learning algorithms for Raman data interpretation.

To achieve the grand aim, JP-side team tried to prepare uniformly oriented protein
monolayers and acquire vibrational signatures of SARS-CoV2 spike protein in contact with
hACE2 using surface and interface-specific vibrational spectroscopy techniques. US-side
team built a carbon nanotubes-based microfluidic device decorated with Au and acquired
enhanced Raman spectra of different virus strains. To analyze the data, the group has
developed machine learning algorithms that help to sort-out Raman spectra.



SICORP & T#iE (V= X=F% - Yeh i)

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

JP team, in collaboration with RIKEN scientists has succeeded to obtain vibrational
signatures of SARS-CoV2 N501Y region binding domain (RGB) of spike protein adsorption
to angiotensin converting enzyme 2 (hACE2) at the water/lipid interface using
heterodyne-detected sum-frequency vibrational generation (HD-VSFG) spectroscopy
technique. The results showed that spike proteins form aggregates in contact with lipids and
interact with hACE2 involving #sheet domains. Although, theoretically it has been predicted
that f~-domains of spike protein may be involved in the binding of hACE2 to SARS-CoV?2, it
has been the first experimental evidence to demonstrate it.

US team has demonstrated that it is possible to differentiate different virus strains based
on the analysis of vibrational Raman spectra of viruses captured by size in a specially
designed microfluidic device built of carbon nanotubes (CN) arrays decorated with gold
nanoparticles (AuNPs). The team has developed machine learning (ML) algorithms to aid
interpretation of complex Raman spectra. With the help of ML, the group could distinguish
Raman spectra of SARS-CoV2 and MERS-CoV2 RBD with high accuracy and precision.

5-2 Synergistic effects of the joint research

In this joint research project, we combined the strength of the two groups i.e. interface
and surface-specific biospectroscopy and imaging of JP team with the US team strength in
building a size-selective microfluidic device and machine-learning aided Raman spectra
analysis. The research outcomes of the two groups brought an important step towards
development of a portable label-free optical platform used to identify virus strains. In addition,
joint discussion with the partners made it possible to define long-term collaboration
objectives towards label-free virus detection and helped in training new generation of
scientist with capabilities to work on interdisciplinary projects.

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

The research results of JP-team are expected to bring scientific impact in the field of
interfacial vibrational spectroscopy. Specifically, the results demonstrated for the first time
the potential of HD-VSFG to monitor the adsorption of virally-derived proteins and
investigate their association with the lipid-bound hACE2 receptor. The research outputs of
US team, are going to bring scientific impacts in the field of Raman data interpretation using
machine learning algorithms and in the micro- device engineering field through
demonstration of size-selective carbon-nanotubes based microfluidic device.

It is too early to envision industrial impacts of the obtained results. This is because, there
are still many fundamental questions and tests that have to be done to develop label-free
virus detection method. Nevertheless, US team has already obtained a patent for sizable
tunable enrichment platform for capturing nano particles in a fluid.

The social impact of the research outputs is to equip society with the quick identification
of viruses in a label-free manner with high sensitivity without need of polymerase chain
reaction and specific fluorescent labels. With the development of portable Raman detectors,
we may one day witness possibility of using smartphones to collect Raman spectra. The
developed machine learning algorithms could be integrated into smartphone application and
used to identify virus strains by comparing with the Raman data deposited in the data bank.
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1. H. Rozak, S. Nihonyanagi, A. Myalitsin, S. Roy, M. Ahmed, T. Tahara and I. |. Rzeznicka,
“Adsorption of SARS-CoV-2 Spike (N501Y) RBD to Human Angiotensin-Converting Enzyme

2 at a Lipid/Water Interface”, J. Phys. Chem. B, 2023, 127, 20, 4406—-4414.
DOI: 10.1021/acs.jpchb.3c00832
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1) Fluctuating-Interface Association (invitation by Dr. Aya M. Akimoto, University of
Tokyo). “Vibrational spectroscopy of proteins at lipid monolayers” 16th January 2023, online
event, 12 participants.

2) invited talk H AREEZZ P2 - JUNSEE I F—(F > 7 A ). Kyushu chapter
seminar of The Japan Society of Vacuum and Surface Science (organized by Prof. T. Suzuki,
Kyushu University) “Tip-enhanced Raman spectroscopy of organic layers on metal
surfaces.” 13" December 2022, online event, about 20 participants.
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1) — M EE AW 22 5F2eBh s Harison Binti ROZAK
“ACE-2 ZFIRIZHEAT 5 SARS-CoV-2 A/NA 7 X L X7 B D5y FAREN AR N VARAT-F-
BRREND~A 7 afitfhT /S ZET”
Vibrational signature of spike protein binding to ACE2 receptor—from flat surfaces to
microfluidic device
2022404 H1H -20234-03 H 31 H

2) Happy Valley Industry Online Platform, “Virolock’s mission? Prevent pandemics by
trapping and identifying viruses quickly and easily” Online Article by Stephanie
Kalina-Metzger, published on 12/27/2022.

https://happyvalleyindustry.com/virolocks-mission-prevent-pandemics-by-trapping-and-ident
ifying-viruses-quickly-and-easily/
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