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The generation of protein structure libraries toward the design of functional proteins (' 4SPiRE,
IPR, Osaka University, *ExCELLS, NINS) Kensuke Kiyokawa,'! ONobuyasu Koga'

Naturally occurring protein structures exhibit remarkable complexity and diversity, serving as the
foundation for their vast array of functions. We have developed principles for de novo protein
design based on simple rules related to protein structures. These principles have enabled us to
design a wide range of af-protein structures, including topologies that are not observed in nature.
In this study, we focused on all-a proteins to unravel the structural mechanisms underlying the
emergence of their complex architectures and identified the simple structural rules that govern
them. By applying these rules, we successfully generated libraries of all-o protein structures
encompassing a broad spectrum of complexity, ranging from simple to highly intricate shapes. In
the presentation, in addition to these findings, we will discuss the design of oligomer structures
using a de novo designed complex all-a protein and explore the potential for creating functional
proteins by utilizing the generated libraries as scaffolds.

Keywords : Protein Design
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Integration of AlphaFold and Molecular Simulation for Elucidating Conformational Dynamics
of Proteins in Function (‘Institute for Molecular Science) OXei-ichi Okazaki'

Proteins change their conformation when they function. To elucidate the conformational
dynamics in function, we have developed and applied methods that integrate Al-based
AlphaFold2 (AF2) and physicochemical-based molecular dynamics (MD) simulations. In
particular, AF2, which has revolutionized the relevant field of protein science by achieving
highly accurate protein structure prediction, is difficult to predict conformational changes in its
normal use, but when combined with the results of MD simulations and the manipulation of
sequence evolution information used in AF2, it is possible to predict conformational changes.
In this talk, I will discuss a study that elucidated functional conformational changes by
integrating AF2 and MD simulations, using a transporter protein as an example.

Keywords : AlphaFold; MD simulation; Machine Learning; Transporter Protein
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1) J. Ohnuki, T. Jaunet-Lahary, A. Yamashita, and K. Okazaki “Accelerated Molecular Dynamics and
AlphaFold Uncover a Missing Conformational State of Transporter Protein OxIT,” J. Phys. Chem.
Lett. 15, 725-732 (2024)

2) J. Ohnuki and K. Okazaki “Integration of AlphaFold with Molecular Dynamics for Efficient
Conformational Sampling of Transporter Protein NarK,” J. Phys. Chem. B, 128, 7530-7537 (2024)
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Dynamic Analysis of Reaction Mechanisms in Proteins (Institute of Multidisciplinary
Research for Advanced Materials, Tohoku University, Tohoku University, RIKEN SPring-8
Center) OEriko Nango'*?

We have been developing a technique for serial femtosecond crystallography (SFX), a
protein structure determination method using X-ray free electron lasers (XFELs). Time-
resolved experimental techniques for capturing light-induced changes in photosensitive
proteins have been established and used in many user experiments by combining SFX and
pump-probe methods. This technique is suitable for tracking fast reactions, such as chemical
reactions that could not be followed at the atomic level because of the high temporal resolution.
In addition, time-resolved experiments using a reaction trigger other than light have also been
developed. Mix-and-inject SFX allows a rapid mixing with microcrystals and substrates in a
microfluidic channel to capture processes of enzymatic reactions. These time-resolved
experimental techniques can contribute to life science research by elucidating reactions and
structural changes of proteins at atomic resolution. In this presentation, I will introduce our
developments and successful results from time-resolved experiments using XFELs.

Keywords : protein dynamics; X-ray free electron laser; serial crystallography
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Capturing enzyme reaction intermediates by time-resolved IR spectroscopy ('Graduate School
of Science, University of Hyogo) OMinoru Kubo!

Proteins are now being designed and utilized as components of molecular systems.
Understanding the fundamental processes underlying protein function requires the observation
of their dynamics, and numerous techniques, primarily based on spectroscopic methods, have
been developed for this purpose. Recently, time-resolved (TR) X-ray crystallography using
SACLA has emerged as a powerful method for visualizing protein dynamics. This technique
allows the direct observation of positional changes of individual atoms within a protein,
enabling structural changes related to function to be visualized as “molecular movies.” While
TR spectroscopy has long been regarded as a useful method for observing protein dynamics,
the advent of “molecular movies” prompts a re-evaluation of the role of TR spectroscopy. In
structural biology, we are now entering an era in which providing only kinetics is insufficient
to fully appreciate the value of TR spectroscopy.

The limitations of TR X-ray crystallography are as follows: (1) Capturing the formation and
breaking of chemical bonds is difficult; (2) Observing protons is challenging. (3)
Distinguishing between single and double bonds, and consequently identifying molecular
species, is difficult; and (4) Analyzing electronic state dynamics is impossible. Importantly,
these challenges can be addressed by TR spectroscopy, highlighting the potential for
complementary use of TR spectroscopy with TR X-ray crystallography. From this perspective,
TR spectroscopy is likely to find more opportunities in studying enzymes and photo-responsive
proteins than in research on channels and receptors.

In this presentation, I will introduce our TR-IR spectroscopic instruments'? and discuss two
examples of vibrational spectroscopic research on enzymes. The first example involves the
intermediate analysis of DNA photolyase, a flavin enzyme that repairs damaged DNA using
blue light energy. The repair reaction can be initiated by photoinduced electron transfer from
flavin to damaged DNA. We observed the repair reaction of the (6-4) photoproduct (a type of
DNA lesion) and obtained the IR absorption spectrum of a key intermediate. By using
isotopically-labelled (6-4) photoproducts and performing DFT calculations, we assigned the
intermediate as an oxetane species.

The second example involves the intermediate analysis of NO reductase, a heme enzyme
that catalyzes the reduction of NO to N2O in the nitrogen cycle. We used a photo-sensitive
caged substrate (caged NO) to trigger the enzymatic reaction with light and measured the IR
absorption spectra of the intermediates. By employing isotopically-labelled caged substrates
and DFT calculations, we demonstrated that the reactive nitrogen species appearing during the
reaction is a nitroxyl radical anion (Fe**-NHO*®).

Through these studies, this presentation will explore the role and potential of spectroscopy
in understanding the elementary processes underlying protein function.

Keywords : Infrared spectroscopy;, DNA photolyase; NO reductase; Enzyme reaction
intermediate
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1) Short-lived intermediate in N>O generation by P450 NO reductase captured by time-resolved IR
spectroscopy and XFEL crystallography. Proc. Natl. Acad. Sci. US4 2021, 118, e2101481118.

2) Time-resolved IR spectroscopy for monitoring protein dynamics in microcrystals. Methods Enzymol.
2024, 709, 161-176.
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Exploring New Aspects of Enzyme Function Though Chemical Modification (Faculty of
Environmental Earth Science, Hokkaido University) O Akira Onoda

Enzyme and protein functions are often investigated and regulated through site-specific
chemical modifications. The N-terminus of proteins is a universal modification site,
characterized by features such as minimal impact on function since it is typically not included
in the folded structure. As a result, it is a versatile target for modification. We have developed
a simple method for preparing N-terminal modification reagents and a technique for chemical
modification of N-terminus via the formation of an imidazolidinone ring. In this presentation,
we will introduce basic and applied research on enzymes and biomolecules using N-terminal
modifications.

Keywords : Chemical Modification; N-Terminus, Proteins
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1) A.Onoda, N. Inoue, E. Sumiyoshi, T. Hayashi, ChemBioChem, 2020, 21, 1274.
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Development of fluorescent sensors using the synergy of proteins and synthetic molecules
(‘Graduate School of Science, The University of Tokyo) OTakuya Terai

Fluorescent sensors are the functional molecules that bind to the targets of interest in living
cells and then change their fluorescent properties such as intensity or color (Figure). Because
they are powerful tools in biology including neuroscience, many sensors have been developed
so far. Traditional sensors are either based on synthetic small molecules or fluorescent proteins,
but they have their own drawbacks. Hence, we are developing hybrid chemigenetic sensors in
which both small molecules and proteins are combined and work synergistically. In this talk, I
will introduce the two recent studies in our group on this topic. The first one is a high-
performance far-red sensor for K', which uses a synthetic fluorogenic dye as a reporter
domain.” The second one is a ratiometric green sensor for Na*, which contains a synthetic
chelator as a sensing domain.” Both sensors were empirically optimized by directed evolution
of the protein part. In future, we expect to take advantage of rational protein design to create
such sensors de novo.

Keywords : Fluorescent Sensor; Chemigenetics, Bioimaging, Directed Evolution
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1) D. Cheng, et al., J. Am. Chem. Soc., 2024, 146, 35117-35128.
2) S. Takeuchi, et al., RSC Chem. Biol., in press.
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Design of cell surface receptors for precise control of cellular functions
(‘Graduate School of Engineering, Nagoya University, *Research Institute for Quantum and
Chemical Innovation, Nagoya University) OShigeki Kiyonaka'~

"Drugs" are indispensable in our lives. Most drugs exert their effects by selectively acting on
target proteins. However, like anticancer drugs, even when drugs act selectively on a target
protein, they can still cause severe side effects. This is because target proteins are often
expressed not only in diseased tissues but also in normal tissues and cells, leading to the
inhibition of normal functions. While selectively delivering drugs to diseased tissues could
potentially resolve the issue of side effects, this is generally extremely challenging.

As a "novel" approach to control biological functions by acting specifically on target
tissues or cells, we focus on the chemogenetic approach. This method utilizes engineered
receptor proteins that are activated by artificial ligands (designer ligands), which do not interact
with endogenous proteins. With the dramatic advancements in genetic engineering techniques
in recent years, it has become possible to selectively express engineered proteins in target cells
or tissues in animals, including humans. By leveraging these genetic engineering technologies,
we can selectively control the functions of cells expressing engineered receptors by
administering designer ligands at specific times.

In our research, we consider clinically approved drugs as designer ligands and focus
primarily on G protein-coupled receptors (GPCRs), which are the main target proteins of 30-
40% of approved drugs. Our aim is to design and develop engineered receptors that either
dramatically decrease or enhance their affinity for these approved drugs (artificial ligands)
without altering the natural functions of GPCR proteins. In this presentation, we will report on
our research strategy and preliminary findings.

Keywords : receptor; GPCR; chemogenetics
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