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electrolysis using 3D-structured
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A zero-gap cell with porous electrodes is a promising configuration for alkaline water

electrolysis. However, gas evacuation becomes a challenge in that case, as bubbles can
get trapped within the electrode’s 3-D structure. We have recently investigated a
number of 3-D electrode geometries, including Ni-based foams and 3-D printed
structures, in order to address the issue of gas evacuation. By a combined experimental
and modelling approach, our work allowed to identify the structural parameters that
direct the performance of 3-D structured geometries toward enhanced gas evacuation.
It appears that efforts in optimizing the electrode’s geometry can give a similar
electrochemical performance enhancement as optimizing its electro-catalytic
composition.

ARFEH T, REFHea (b Muatsedommms (B LRI p )
R E LA RRIEIE S = (LRSI H) | o—fe L TRESHLTWET,

B SE © TAFERRs AE SRR R VERE (PR - 6575)
20 T4 7IEEHBERELF—



97 EIERA IO AT AMESEESF—

TOKESHI Lab.
HOKKAIDO UNIVERSITY

yEgd  Towards the Construction of Minimal Protocell Systems Using Nucleic
Acid Nanotechnology

sBE6M  Dr. Wooli Bae (Lecturer)
Department of Physics,
University of Surrey, United Kingdom
HEF  2023%6H13H(KN) 15:30~16: 30
R JO>7« VICARERFRR2EC =T —=
FiE ITEFHARRICAMEZFEIFI~N o0 A7 AMEFERFRE
Hig O 7EEREHR S5 —

In this talk, Dr. Wooli Bae will present the use of nucleic acid nanotechnology
technology to build systems that help to understand the fundamental principles
of biology. He has developed in-situ RNA transcription circuits and programmable
cell-mimetic devices.
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Forced planarization by covalently fastening adjacent aromatic units in the
conjugated backbone strengthens the parallel p-orbital interactions to elongate
effective conjugation length and facilitate electron delocalization, providing an
effective way to reduce the band gap and enhances the intrinsic charge mobility.
In this talk, I will present our recent development of various multifused ladder-
type structures with tunable properties and functions. Ladder-type building
blocks can be further end-capped with two acceptors to form a new class of n-
type nonfullerene acceptors to achieve high power conversion efficiencies of
organic photovoltaics.
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ABSTRACT

Intramolecular and intermolecular interactions play a pivotal role in determine the structure
and function of biomolecules, including processes such as protein (un)folding, protein-protein
and protein-DNA interactions. In this lecture, I will introduce a powerful single-molecule tool,
atomic force microscopy-based force spectroscopy, capable of manipulating biomolecules and
quantify corresponding biomolecular interactions. We develop a site-specific protein
immobilization approach by integrating enzymatic ligation and click reaction, thereby
enabling accurate and efficient single-molecule measurement. Then, we measured a wide
range of metal-ligand bond strength in protein upon mechanical unfolding. Moreover, we
explore the binding between SARS-CoV-2 spike protein and its receptor human ACE2 protein,
shedding light on the functional implications of the prevalent N501Y mutation in the virus.
Measurement of other interactions by AFM will also be mentioned.
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& & "The organisms environment plays a key role in
determining the transfer mechanism of the mercury
ion product from MerB to MerA in bacterial
resistance to mercury’

# m. Prof. James G. Omichinski
(Université de Montréal, Canada)
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The organomecurial lyase (MerB) is a bacterial enzyme that degrades
methymercury (MeHg") in the environment through its unique ability to cleave
carbon-Hg bonds. Our previous structural and mechanistic studies have
established that the Hg" product following cleavage of MeHg* remains bound
to the active site in E. coli MerB and is directly transferred to MerA for reduction
to HgC.

Recent genomic analysis in our lab indicates that MerA/MerB pairs exhibit
functional diversity that appears to correlate with the ecological habitat of the
bacteria they originate from. Guided by this bioinformatic analysis, we are
characterizing MerB proteins from organisms that originate from widely varying
ecological habitats. Based on these results, there are multiple ways for the
transfer of the Hg" product from MerB to MerA for reduction to Hg® and the
mechanism for a given MerB/MerA pair appears to be linked to its
environmental niche of the organism.
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Mechanochemical polymer synthesis is an emerging area, broadening
the realm of polymer science. Our research group has been involved in
ball-milling polymer synthesis since 2016. We witness that many
solution-based polymerizations can be transferred to solvent-free solid-
state conditions, promoting green chemistry. Also, the impossible
combinations in the solution are possible in mechanochemical
conditions. In addition, we recently discovered the simplest
depolymerization system of polyesters and polycarbonates using

mechanochemistry. The case-by-case presentation will explain why

mechanochemical polymer synthesis is an attractive field.
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In the final steps of energy conserva
organisms, free energy from electron transt
respiratory chain is transduced
electrochemical gradient across
mitochondria and many bacteria, redut
electron acceptor is catalyzed by gytot
(complex IV), which receives electrons
bc; (complex III), via membranezZbol

cytochrome c. These complexes f
but in many organisms th
supercomplexes. I will discus
the functional significance of }
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Gel Electrolytes for High-Rate,
Flexible Zinc-Air Batteries
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Due to the fast development of consumer electronics and wearable devices, demand
for safe and light batteries is soaring. Flexible zinc-air batteries (FZABs) using quasi-
solid gel polymer electrolytes (GPEs) are considered a potential candidate because of
their high energy density, long-term durability and safety. In the first part, a simple
method for preparing GPEs is reported to maintain a high water content within the gel,
which 1s the key factor facilitating the high discharge rate of FZABs. Here the spinel
NiCo204 1s employed as the bifunctional catalyst for fabricating FZABs.
Electrochemical measurements indicate a good bifunctionality for both the ORR and
OER. In the second part of this contribution, a PVA-based GPE with a high water
content (70%) and a bifunctional catalyst, Ruo.sSno4O>, are employed to fabricate the
FZAB using the neutral electrolytes. In addition, the electrolyte formulations are
systematically investigated in order to get improved zinc air battery performance.
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Chemical Complexity and Performance Metrics in
Catalysis.
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Catalysis plays a pivotal role in all chemical strategies towards novel more
efficient and sustainable chemical conversion processes for the
valorization of renewable feedstocks such as biomass and CO2.
Traditionally, catalyst development has predominantly relied on trial-and-
error approaches. The grand challenge in the field is to make a step
towards the rational design of efficient catalysts for a given chemical
reaction. This on one hand requires a deep insight into the active site
structure, the mechanism of their action, and evolution under operating
conditions This seminar is focused on recent efforts in the computational
catalysis methodologies to resolve active site structures and get an insight
into the challenging and rare-event chemistry of the catalysis.
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: Solution-Processable Organic Semiconductors
for Electronic and Thermoelectric Application
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Abstract: Organic semiconductors have attracted much attention for their potential applications
and commercial products such as organic light-emitting diode displays, organic field effect
transistors (OFETs)-based active matrix display, and organic-based radio frequency identification
(RFID) tags, Among these, solution-processable small molecules with high performance and
ambient stability are of great interest due to their possibility of a low-cost solution process and
high flexibility in molecular design/modification for various electronic/thermoelectric applications.
In my talk, we outline the design strategies which aim to develop high performing organic
semiconductor materials in the fields of OFETs and organic thermoelectrics (OTEs), a series of
solution-processed thiophene-based small molecules are reported and these results indicate that
OFETs semiconducting materials can be modulated through successive changes in conjugation
length/side chain substituent length and molecular interaction, based on a combination of
molecular design and solution-processing technique. OTEs materials can directly transform the
waste heat into the electrical power without causing any pollution but their development is limited
due to the poor performance especially low conductivity. Doping organic semiconductors and
conjugated polymer composites are used for achieving the enhanced performance, and flexible
thermoelectric generator based on these materials can be fabricated.
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1) P-S. Lin, S. Inagaki, J.-H. Liu, M.-C. Chen,* T. Higashihara,* C.-L. Liu,* “The Role of
Branched Alkylthio Side Chain on Dispersion and Thermoelectric Properties of Regioregular
polythiophene/carbon nanotubes nanocomposites”, Chem. Eng. J., 2023, 458, 141366.

2) S. N. Afraj, C.-C. Lin, A. Velusamy, C.-H. Cho, H.-Y. Liu, J. Chen, G.-H. Lee, J.-C Fu, J.-S.
Ni, S.-H. Tung, S. Yau, C.-L. Liu,* M.-C. Chen,* A. Facchetti,* “Heteroalkyl-Substitution in
Molecular Organic Semiconductors. Chalcogen Effect on Crystallography, Conformational
Lock and Charge Transport”, Adv. Funct. Mater., 2022, 32, 2200880
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We will begin by discussing the chemistry of titanium alkylidynes and
extension of this work to vanadium alkylidynes. C-H bond activation,
including the activation of methane and the formation of methylidenes,
and dehydrocoupling will be also addressed. In the last component, I
will introduce the use of organometallic Ir catalysts for the
monoborylation of methane and how one can improve catalytic
turnover by immobilizing the homogeneous Ir(I) fragment onto
amorphous silica.
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% @ The biological chemistry of the cacao mirid bug
(Helopeltis bakeri Poppius)

# & Prof. Jose Isagani B. Janairo
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Cacao is an economically important agricultural commodity that
grows in select regions along the equator. It serves as a raw
material for numerous high value products ranging from food,
beverages, cosmetics, among others. Just like other crops, cacao
is threatened by a number of pests, and an emerging pest in
Southeast Asia is the cacao mirid bug (CMB). The CMB uses its
long proboscis to puncture cacao pods for nourishment, leading
to accelerated pod rotting. In this lecture, | will present recent
innovations from our group on deciphering important chemical
signals that CMBs use to communicate with each other and the
environment, in particular kairomones and sex pheromones. The
translation of these fundamental discoveries into possible pest
control products will be presented as well. Finally, the effects of
CMB infestation on plant physiology will be discussed as well
which may provide deeper insights on plant-pest interactions.
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The development and application of more sustainable agrimolecular
chemistry and chemical engineering processes are essential to facilitate
the transition from linear to more circular agricultural systems.
Furthermore, energy, water, labor have become increasingly expensive,
and at times, limited in availability.

In this presentation, I will share some of our group’s research and
development into more sustainable winemaking approaches in our
effort to enable the industry to reduce water, energy, labor usage as well
as solid waste generation. In addition, I will present some of our
recent results into use of co-fed COz to impact outcomes (e.g., activity,
stability) of materials used for catalysis.
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# . Smart Cell Factory Design for Muconate
and Shikimate in Escherichia coli
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Inha University, Korea

Ao 20234511 H 15 H (K) 15:00~16:00
% B MORE - (BRI MC208 =
2 OE

3-Dehydroshikimate (DHS) is a useful starting metabolite for the biosynthesis
of muconic acid (MA) and shikimic acid (SA), which are precursors of various valuable
polymers and drugs. Here, we created an engineered Escherichia coli cell factory to
produce a high titer of DHS as well as an efficient system for the conversion DHS into
MA. First, the genes showing negative effects on DHS accumulation in E. coli were
disrupted. In addition, the genes involved in DHS biosynthesis were overexpressed to
increase the glucose uptake and flux of intermediates. The redesigned DHS-
overproducing E. coli strain grown in an optimized medium produced approximately
117 g/L DHS in 7-L fed-batch fermentation, which is the highest level of DHS production
demonstrated in E. coli.

To accomplish the DHS-to-MA conversion, which is originally absent in E. coli,
a codon-optimized heterologous gene cassette was expressed as a single operon
under a strong promoter in a DHS-overproducing E. coli strain. This redesigned E. coli
grown in an optimized medium produced about 64.5 g/L MA in 7-L fed-batch
fermentation. Similarly, the rationally designed shikimate-overproducing E. coli strain
grown in an optimized medium also produced approximately 101 g/L of shikimate in 7-
L fed-batch fermentation, which is the highest level of shikimate production reported
thus far. Overall, rational cell factory design and culture process optimization for
microbial-based shikimate production will play a key role in complementing traditional
plant-derived shikimate production processes.
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Novel Reactivity Modes Leveraging p-Block
Elements and Transition Metals towards the

Synthesis of Molecules of Interest
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# . Moving Uphill in Energy Landscape by
Mechanochemistry: From Coordination
Self-Assembly to Radical Chemistry
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ShanghaiTech University, China
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Employing mechanical force in organic transformations is nothing new;
instead, this crude approach has been considered one of the oldest
techniques in synthetic chemistry. Recently, mechanochemistry has
made a comeback due to the increased interest in developing more
sustainable ways of doing chemistry. Despite that, most ball-milling
examples emphasize the rate-acceleration aspect. The unique selectivity
and mechanical force-specific reactivity aspect are much less discussed.
In this talk, I will discuss our recent progress in the area of coordination
self-assembly and radical chemistry by employing mechanochemical
approaches to carry out “moving uphill reactions” that are difficult with
traditional solution-based reaction settings.
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