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Introduction

We investigate how biomolecules such as proteins
(including enzymes) and functional nucleic acids
(DNA and RNA) operate at atomic resolution using
structural biology approaches with NMR. By deter-
mining both static and dynamic structures, supported
by the development of novel methodologies, we elu-
cidate the mechanisms underlying their functions. We
also apply structural biology to analyze enzymes in-
volved in degradation of woody biomass at atomic res-
olution. This analysis contributes to the development
of methods for extracting energy and valuable com-
pounds from woody biomass, which can serve as raw
materials for a wide range of products. Through these
efforts, we aim to support the paradigm shift from oil-
based refineries to biorefineries. The following are the
main research achievements of 2025.

1. Structural insights into feruloyl esterases and
their potential for polyester degradation

Feruloyl esterases (FAEs) are serine hydrolases that
cleave feruloyl ester linkages in lignocellulosic
biomass, thereby improving substrate accessibility for
other enzymes involved in biomass degradation.
Among the FAEs available in current database, several
fungal FAEs are of particular interest because of their
relatively broad substrate tolerance toward aromatic
esters, including feruloyl esters and diferulates.
Previous structural and biochemical analyses revealed
that certain fungal FAEs possess an open substrate-
binding pocket that can accommodate bulky aromatic
ester substrates. Based on these structural features,
this study examined whether fungal FAE candidates
could act on synthetic aromatic polyester-related
compounds. Enzymatic activity assays were
conducted using polyethylene terephthalate (PET) and
its model substrates, bis(2-hydroxyethyl)
terephthalate (BHET) and mono(2-hydroxyethyl)
terephthalate (MHET), to evaluate whether these
enzymes can hydrolyze ester bonds in PET-related
compounds. These experiments provided an initial
assessment of FAE activity toward PET-related
substrates. In parallel, structural analyses using X-ray
crystallography were performed to investigate how
these enzymes accommodate PET-related aromatic
esters within their active site architecture. These

structural insights provide a basis for understanding
the molecular basis of substrate recognition in fungal
FAEs and help define their substrate scope (Figure 1).
Together, these findings suggest that fungal FAEs may
have potential for polyester degradation and provide a
foundation for future studies aimed at improving their
activity toward polyester substrates.
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Figure 1. Structural basis for the accommodation
of feruloyl esters by fungal FAEs and their
potential relevance to PET-related compounds.

2. Assessment of LPMO adsorption to lignin and its
suppression by surfactant

Enzymatic saccharification of lignocellulose is a
key process for producing glucose, a fundamental
feedstock for second-generation bioethanol and
biochemicals. Cellulose is hydrolyzed by cellulases.
Cellulose-active lytic polysaccharide
monooxygenases (LPMOs) enhance cellulase activity
by introducing nicks into the crystalline surface of
cellulose, thereby improving glucose yields. We have
been investigating the synergistic effects of LPMOs
and cellulases. During the enzymatic hydrolysis of
lignocellulose, coexisting lignin affects glucose yields.
It is known that nonproductive binding of cellulases to
lignin reduces the efficiency of cellulose degradation.
As a countermeasure, the addition of surfactants has
been reported to suppress the binding of cellulases to
lignin. However, the adsorption behavior of LPMO
toward lignin and the effect of this adsorption on
LPMO activity remain unclear. In 2025, we assessed
the binding of LPMO to lignin and the effect of
surfactants on lignocellulose degradation by LPMO.
We demonstrated that the binding of LPMO to lignin
can be suppressed by surfactants, leading to enhanced
synergistic cellulose degradation by cellulases and
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LPMO.

3. Engineering Yeast for Robust Ethanol Produc-
tion under Glucose—Acetic Acid Co-Fermentation

This study investigated the molecular and structural
basis of improved ethanol production, acetic acid
tolerance, hypoxia adaptation, and flocculation in
engineered Saccharomyces cerevisiae during glucose—
acetic acid co-fermentation. Comparative
transcriptomic and ultrastructural analyses were
performed for a parental strain and its engineered
derivatives. Of these stains, the most extensively
engineered  strain, which  carried  multiple
modifications affecting redox and central carbon
metabolism,  exhibited the most extensive
transcriptional remodeling and the strongest adaptive
phenotype. This strain repressed genes involved in
respiratory metabolism, oxidative phosphorylation,
amino acid biosynthesis, and iron—sulfur cluster
assembly, consistent with reduced reliance on energy-
intensive mitochondrial functions. By contrast, genes
related to glycolysis, fermentation, membrane
remodeling, and stress adaptation were upregulated.
The same stain also strongly induced subtelomeric
genes associated with hypoxia adaptation, cell
adhesion, and floccu-lation, together with genes
involved in cell-wall remodeling, including chitin-
and B-glucan-related pathways. Transmission electron
and fluorescence microscopy supported these findings,
revealing a porous outer cell envelope, pronounced
aggregation, enlarged vacuoles, and lipid droplet
accumulation. These results indicate that targeted
metabolic engineering drove coordinated
transcriptional and structural reprogramming in the
engineered yeast, providing a system-level basis for
enhanced ethanol production and stress tolerance
under lignocellulosic fermentation conditions.

4. Mechanistic insight into the enhancement of
APOBEC3A deaminase activity by the HIV-1 Vif—
human E3 ubiquitin ligase complex

The HIV-1 Vif-human E3 ubiquitin ligase complex
is widely recognized as a viral factor that counteracts
host APOBEC3 proteins. In our previous studies, we
showed that this complex suppresses the deaminase
activities of APOBEC3B, APOBEC3F, APOBEC3G,
and APOBEC3C. In contrast, cytidine deaminase
activity of APOBEC3A (A3A) toward single-stranded
DNA (ssDNA) was enhanced in the presence of the
Vif complex. This result suggests that the Vif complex
exerts distinct regulatory effects on different
APOBEC3 family members. To examine the basis of
this unusual activation, we investigated the
interactions among A3A, the Vif-human E3 ubiquitin
ligase complex (VBBCC), and ssDNA. Bio-layer
interferometry showed that VBBCC does not directly
bind A3A. In contrast, fluorescence anisotropy

experiments showed that VBBCC directly binds
ssDNA. Together, these results suggest that the
enhancement of A3A activity is not mediated by a
direct interaction between VBBCC and A3A, but
rather by the binding of VBBCC to the ssDNA
substrate. These findings provide insight into the
diverse regulatory roles of the Vif complex within the
APOBEC3 family and suggest a previously
unrecognized substrate-associated mechanism by
which the HIV-1 Vif complex may modulate host
antiviral enzyme activity.

5. Structural analysis of an RNA aptamer and its
complex with a-synuclein

a-Synuclein (aSyn) is an intrinsically disordered
protein whose aggregation is a hallmark of
Parkinson’s disease. Truncated aSyn variants lacking
the C-terminal region (aSyn-dCs) show an increased
propensity for aggregation. Furthermore, these
truncated species promote the fibrillization of full-
length aSyn. Accordingly, aSyn-dCs have emerged as
promising targets for diagnostic and therapeutic
applications. An RNA aptamer, s1R6, selected against
aSyn1-95, binds monomeric aSyn1-95 and full-length
oSyn with nanomolar affinity and inhibits the
formation of high-molecular-weight aggregates in
vitro. However, the structural basis of sIR6 and its
recognition of aSyn remain unclear. Here, we used
NMR spectroscopy to investigate the structure of
sIR6 and its complex with aSyn in a collabolation
work with Prof. Murakami of the Graduate School of
Agriculture, Kyoto University. We first assigned the
NMR resonances of s1R6 to determine its secondary
structure. Base protons, H1', and imino protons were
successfully assigned sequentially. Based on the
imino-imino NOEs, we determined that s1R6 adopts a
stem-loop structure in solution (Figure 2A).
Furthermore, upon addition of aSynl-95 to s1R6,
specific signal attenuation in the TOCSY spectrum of
sIR6 indicated that the loop and adjacent residues
constitute the primary binding interface (Figure 2B).
This represents a first step toward understanding the
mechanism by which the aptamer recognizes aSyn.
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Figure 2. (A) Secondary structure of sIR6
determined by NMR. (B) Three-dimensional
model of s1R6 predicted by AlphaFold 3. Residues
shown in black indicate the primary binding
interface.
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