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Structure of cytotoxic amyloid oligomers generated during
disaggregation

Toshisuke Kaku, Kazunori Ikebukuro and Kaori Tsukakoshi
Department of Biotechnology and Life Science, Tokyo University
of Agriculture and Technology, 2-24-16 Naka-cho, Koganei,
Tokyo 184-8588, Japan

Amyloidosis is characterized by the abnormal accumulation of
amyloid proteins. The causative proteins aggregate from mono-
mers to oligomers and fibrils, among which some intermediate
oligomers are considered as major toxins. Cytotoxic oligomers
are generated not only by aggregation but also via fibril disag-
gregation. However, little is known about the structural char-
acteristics and generation conditions of cytotoxic oligomers
produced during disaggregation. Herein, we summarized the
structural commonalities of cytotoxic oligomers formed under
various disaggregation conditions, including the addition of heat
shock proteins or small compounds. /n vitro experimental data
demonstrated the presence of high-molecular-weight oligomers
(protofibrils or protofilaments) that exhibited a fibrous morphol-
ogy and f-sheet structure. Molecular dynamics simulations
indicated that the distorted f-sheet structure contributed to their
metastability. The tendency of these cytotoxic oligomers to ap-
pear under mild disaggregation conditions, implied formation
during the early stages of disaggregation. This review will aid
researchers in exploring the characteristics of highly cytotoxic
oligomers and developing drugs that target amyloid aggregates.
Keywords: amyloid, cytotoxic oligomers, disaggregation, meta-

stability, f-sheet structure
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Homo-trimeric structure of the ribonuclease for rRNA pro-
cessing, FAU-1, from Pyro coccus furiosus

Gota Kawai', Kiyoshi Okada', Seiki Baba®, Asako Sato’, Taiichi
Sakamoto' and Akio Kanai’

'Department of Life Science, Faculty of Advanced Engineering,
Chiba Institute of Technology, 2-17-1 Tsudanuma, Narashino,
Chiba 275-0016, Japan; *Structural Biology Division, Japan
Synchrotron Radiation Research Institute, 1-1-1 Kouto, Sayo,
Hyogo 679-5148, Japan and ’Institute for Advanced Biosci-

ences, Keio University, 403-1 Nipponkoku, Daihoji, Tsuruoka,
Yamagata 997-0017, Japan

Crystal structure of a ribonuclease for ribosomal RNA process-
ing, FAU-1, from Pyrococcus furiosus was determined with the
resolution of 2.57 A in a homo-trimeric form. The monomer
structure consists of two domains: N-terminal and C-terminal
domains. C-terminal domain forms trimer and each N-terminal
domain locates outside of the trimer core. In the obtained crystal,
a dinucleotide, pApUp, was bound to the N-terminal domain,
indicating that N-terminal domain has the RNA-binding ability.
The affinities to RNA of FAU-1 and a fragment correspond-
ing to the N-terminal domain, FAU-AC, were confirmed by
polyacrylamide gel electrophoresis and nuclear magnetic reso-
nance (NMR). Interestingly, well-dispersed NMR signals were
observed at 318K, indicating that the FAU-AC-F18 complex
form an ordered structure at higher temperature. As predicted in
our previous works, FAU-1 and ribonuclease (RNase) E show
a structural similarity in their RNA-binding regions. However,
structural similarity between RNase E and FAU-1 could be
found in the limited regions of the N-terminal domain. On the
other hand, structural similarity between C-terminal domain and
some proteins including a phosphatase was found. Thus, it is
possible that the catalytic site is located in C-terminal domain.
Keywords: Alphafold2, Pyrococcus furiosus, RNaseE, rRNA
processing, X-ray crystallography
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Carbohydrate-binding ability of a recombinant protein con-
taining the DM9 motif from Drosophila melanogaster
Tomomitsu Hatakeyama', Fuki Kojima', Issei Ohkawachi', Hi-
tomi Sawai' and Hideaki Unno'~

'Biomolecular Chemistry Laboratory, Graduate School of En-
gineering, Nagasaki University, Bunkyo-machi 1-14, Nagasaki
852-8521, Japan and “Organization for Marine Science and
Technology, Nagasaki University, Bunkyo-machi 1-14, Naga-
saki 852-8521, Japan

Proteins containing DM9 motifs, which were originally identi-
fied in the Drosophila melanogaster genome, are widely dis-
tributed in various organisms and are assumed to be involved in
their innate immune response. In this study, we produced a re-
combinant protein of CG13321 (rCG13321) from D. melanogas-
ter, which consists of four DM9 motifs, in Escherichia coli cells.
In affinity chromatography using a mannose-immobilized col-
umn, rCG13321 exhibited mannose-binding ability and was
separated into high-affinity and low-affinity fractions, named HA
and LA, respectively, based on its binding ability to the column.
In addition to having a higher affinity for the column, HA exhib-
ited self-oligomerization ability, suggesting slight differences in
tertiary structure. Both LA and HA showed hemagglutinating ac-

tivity and were able to agglutinate an oligomannose-containing
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dendrimer, indicating that they have multiple carbohydrate-bind-
ing sites. Glycan array analysis suggested that rCG13321 pri-
marily recognizes d-mannose and d-rhamnose through hydrogen
bonding with the 2-, 3- and 4-hydroxy groups. Isothermal titra-
tion calorimetry demonstrated that rCG13321 has a comparable
affinity to typical lectins. These findings suggest that CG13321
functions as a carbohydrate-binding protein or lectin that recog-
nizes mannose and related carbohydrate-containing molecules
on the surface of foreign organisms as a pattern recognition mol-
ecule.

Keywords: DM9 motif, Drosophila melanogaster, innate immu-

nity, lectin, mannose
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The ATPase activity of ABCALI is increased by cholesterol in
the presence of anionic lipids

Kazuki Sakata', Kazumitsu Ueda', Noriyuki Kioka" ? and Yasu-
hisa Kimura'

'Division of Applied Life Sciences, Graduate School of Agri-
culture, Kyoto University, Kitashirakawa-Oiwake-cho, Sakyo-
ku, Kyoto 606-8502, Japan and “Institute for Integrated Cell-
Material Sciences (WPI-iCeMS), Kyoto University, Yoshida-
Ushinomiya-cho, Sakyo-ku, Kyoto 606-8501, Japan
High-density lipoprotein (HDL) transports excess cholesterol
from peripheral tissues back to the liver, and plasma HDL lev-
els are inversely related to cardiovascular disease incidence.
ATP-binding cassette Al (ABCAL1) is a member of the ABC
protein superfamily, and generates nascent HDL, which consists
of several hundreds of phospholipids and cholesterol wrapped
by apolipoprotein A-I (apoA-I). However, it remains unclear
whether cholesterol is a transport substrate of ABCA1. Since
ATP hydrolysis of ABC proteins is typically increased by their
transport substrates, we characterized the effects of cholesterol
on the ATPase activity of purified ABCAI using liposomes of
various lipid compositions. ABCA1 showed substantial ATPase
activity (20-30nmol-min~"-mg~") only in liposomes contain-
ing anionic lipids, including phosphatidylserine. Cholesterol
increased the ATPase activity by 1.6- to 3-fold in the presence of
anionic lipids. Moreover, phosphatidylserine addition to BHK/
ABCAL cells increased phosphatidylcholine and cholesterol
efflux to apoA-I. Next, we investigated the sterol specificity of
ABCAI. The ATPase activity of ABCA1 was strongly enhanced
by desmosterol and zymosterol, similar to cholesterol. In con-
trast, 7-dehydrocholesterol and lathosterol weakly increased the
ATPase activity, and no increase was observed with stigmasterol
or brassicasterol. These findings suggest that ABCA1 transports
cholesterol and prefers cholesterol over plant sterols as a trans-
port substrate.

Keywords: ABCAL1, cholesterol, liposomes, phosphatidylserine,

sterol specificity
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C-terminal truncation is a prominent post-translational
modifi cation of human erythrocyte a-synuclein

Ryosuke Amagai', Riki Otomo', Sakura Yoshioka', Hidekazu
Nagano®, Naoko Hashimoto®, Ryuji Sakakibara®, Tomoaki Tana-
ka® and Ayako Okado-Matsumoto'

"Laboratory of Biochemistry, Department of Biology, Faculty
of Science, Toho University, 2-2—-1 Miyama, Funabashi, Chiba
274-8510, Japan; *Department of Molecular Diagnosis, Chiba
University Graduate School of Medicine, Chiba, Chiba 260-
8670, Japan and *Division of Neurology, Department of Internal
Medicine, Sakura Medical Center, Toho University, Sakura,
Chiba 285-8741, Japan

a-Synuclein (a-Syn) is a protein related to synucleinopathies
with high expression in the central nervous system and eryth-
rocytes which are a major source of peripheral a-Syn. Recent
reports have suggested the presence of a-Syn within extracel-
lular vesicles (EVs) derived from erythrocytes, potentially con-
tributing to the pathogenesis of synucleinopathies. While Lewy
bodies, intracellular inclusions containing aggregated a-Syn,
are prominently observed within the brain, their occurrence in
peripheral neurons implies the dissemination of synucleinopathy
pathology throughout the body via the propagation of a-Syn. In
this study, we found erythrocytes and circulating EVs obtained
from plasma contained a-Syn, which was separated into four
major forms using high-resolution clear native-PAGE and iso-
electric focusing. Notably, erythrocyte a-Syn was classified into
full-length and C-terminal truncated forms, with truncation ob-
served between Y133 and Q134 as determined by LC-MS/MS
analysis. Our finding revealed that C-terminally truncated a-Syn,
which was previously reported to exist solely within the brain,
was also present in erythrocytes and circulating EVs obtained
from plasma.

Keywords: extracellular vesicles, neurodegenerative disease,

Parkinson’s disease, post-translational modification, a-synuclein
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Whole blood transcriptome analysis for age- and gender-
specific gene expression profiling in Japanese individuals

Yu-ichi Aoki'?, Keiko Taguchi'®, Hayato Anzawa'?, Junko Ka-
washima', Noriko Ishida', Akihito Otsuki', Atsushi Hasegawa',
Liam Baird'”®, Takafumi Suzuki', Ikuko N. Motoike'?, Ki-
nuko Ohneda', Kazuki Kumada'?, Fumiki Katsuoka'?, Kengo

%3 and Masayuki Yamamoto'

Kinoshita
'Tohoku Medical Megabank Organization, Tohoku University,
Sendai, Miyagi, Japan; “Systems Bioinformatics, Graduate School
of Information Sciences, Tohoku University, Aramaki aza Aoba

6-3-09, Aoba-ku, Sendai, Miyagi, 980-8579, Japan and SAd-
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vanced Research Center for Innovations in Next-Generation
Medicine, Tohoku University, 2-1 Seiryo-machi, Aoba-ku, Sen-
dai, Miyagi, 980-8573, Japan

Whole blood transcriptome analysis is a valuable approachin
medical research, primarily due to the ease of sample collection
and the richness of the information obtained. Since the expres-
sion profile of individual genes in the analysis is influenced
by medical traits and demographic attributes such as age and
gender, there has been a growing demand for a comprehensive
database for blood transcriptome analysis. Here, we performed
whole blood RNA sequencing (RNA-seq) analysis on 576 par-
ticipants stratified by age (20-30s and 60-70s) and gender from
cohorts of the Tohoku Medical Megabank (TMM). A part of fe-
male segment included pregnant women. We did not exclude the
globin gene family in our RNA-seq study, which enabled us to
identify instances of hereditary persistence of fetal hemoglobin
based on the HBGI and HBG2 expression information. Compar-
ing stratified populations allowed us to identify groups of genes
associated with age-related changes and gender differences.
We also found that the immune response status, particularly
measured by neutrophil-to-lymphocyte ratio (NLR), strongly
influences the diversity of individual gene expression profiles in
whole blood transcriptome analysis. This stratification has re-
sulted in a data set that will be highly beneficial for future whole
blood transcriptome analysis in the Japanese population.
Keywords: age and gender difference, globin, HPFH, RNA-seq,
whole blood transcriptome
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Direct visualization of ribosomes in the cell-free system re-
vealed the functional evolution of aminoglycoside

Junta Tomono', Kosuke Asano', Takuma Chiashi', Masato
Suzuki?, Masayuki Igarashi®, Yoshiaki Takahashi®, Yoshikazu
Tanaka'* and Takeshi Yokoyama'*

'Graduate School of Life Sciences, Tohoku University, 2-1-1
Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan; “Antimi-
crobial Resistance Research Center, National Institute of Infec-
tious Diseases, 4-2-1 Aoba-cho, Higashimurayama, Tokyo
189-0002, Japan; *Institute of Microbial Chemistry (BIKAKEN),
3-14-23 Kamiosaki, Shinagawa-ku, Tokyo 141-0021, Japan and
*The advanced center for innovations in next-generation medi-
cine (INGEM), Tohoku University, 2-1 Seiryo-machi, Aoba-ku,
Sendai, Miyagi 980-8573, Japan

The rapid emergence of multi-drug-resistant bacteria has raised
a serious public health concern. Therefore, new antibiotic de-
velopments have been highly desired. Here, we propose a new
method to visualize antibiotic actions on translating ribosomes in
the cell-free system under macromolecular crowding conditions
by cryo-electron microscopy, designated as the DARC method:

the Direct visualization of Antibiotic binding on Ribosomes in

the Cell-free translation system. This new method allows for ac-
quiring a more comprehensive understanding of the mode of ac-
tion of antibiotics on the translation inhibition without ribosome
purification. Furthermore, with the direct link to biochemical
analysis at the same condition as cryo-EM observation, we re-
vealed the evolution of 2-DOS aminoglycosides from dibekacin
(DBK) to arbekacin (ABK) by acquiring the synthetic tailored
anchoring motif to lead to stronger binding affinity to ribosomes.
Our cryo-EM structures of DBK and ABK bound ribosomes in
the cell-free environment clearly depicted a synthetic tailored y
-amino-a-hydroxybutyryl (HABA) motif formed additional in-
teractions with the ribosome enhancing antibiotic bindings. This
new approach would be valuable for understanding the function
of antibiotics for more efficient drug development.

Keywords: Antibiotics, cryo-electron microscopy, Ribosome
structure < RNA, structural biology, Translation < RNA
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Extracellular histones promote calcium phosphate-depen-
dent calcification in mouse vascular smooth muscle cells
Tomonori Hoshino'?, Davood Kharaghani'? and Shohei Kohno'*
'Department of Calcified Tissue Biology, Hiroshima University
Graduate School of Biomedical and Health Sciences, 1-2-3
Kasumi, Minami-ku, Hiroshima 734-8553, Japan; “Neuroprotec-
tion Research Laboratories, Departments of Neurology and Ra-
diology, Massachusetts General Hospital and Harvard Medical
School, 149 Thirteenth Street, Charlestown, MA 02129, USA;
SNanoscience and Advanced Materials Center, Environmental
and Occupational Health Sciences Institute (EOHSI) and School
of Public Health, Rutgers-New Brunswick, The State University
of New Jersey, 170 Frelinghuysen Road, Piscataway, NJ 08854,
USA and *Department of Maxillofacial Anatomy and Neurosci-
ence, Hiroshima University Graduate School of Biomedical
and Health Sciences, 1-2-3 Kasumi, Minami-ku, Hiroshima
734-8553, Japan

Vascular calcification, a major risk factor for cardiovascular
events, is associated with a poor prognosis in chronic kidney
disease (CKD) patients. This process is often associated with the
transformation of vascular smooth muscle cells (VSMCs) into
cells with osteoblast-like characteristics. Damage-associated
molecular patterns (DAMPs), such as extracellular histones re-
leased from damaged or dying cells, are suspected to accumulate
at calcification sites. To investigate the potential involvement
of DAMPs in vascular calcification, we assessed the impact of
externally added histones (extracellular histones) on calcium and
inorganic phosphate-induced calcification in mouse VSMCs.
Our study found that extracellular histones intensified calcifica-
tion. We also observed that the histones decreased the expression

of VSMC marker genes while simultaneously increasing the
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expression of osteoblast marker genes. Additionally, histones
treated with DNase I, which degrades dsDNA, attenuated this
calcification, compared with the non-treated histones, suggest-
ing a potential involvement of dsDNA in this process. Elevated
levels of dsDNA were also detected in the serum of CKD model
mice, underlining its potential role in vascular calcification in
CKD. Our findings suggest that extracellular histones could play
a pivotal role in the vascular calcification observed in CKD.

Keywords: chronic kidney disease, damage-associated molecular
patterns, extracellular histones, vascular calcification, vascular

smooth muscle cells

Biomembranes, Organelles and Protein Sorting

Formation of the NLRP3 inflammasome inhibits stress gran-
ule assembly by multiple mechanisms

Daisuke Yoshioka'? Takanori Nakamura', Yuji Kubota' and
Mutsuhiro Takekawa'*?

'Division of Cell Signaling and Molecular Medicine, Institute
of Medical Science, The University of Tokyo, 4-6-1 Shiro-
kanedai, Minato-ku, Tokyo 108-8639, Japan; *Department of
Computational Biology and Medical Sciences, Graduate School
of Frontier Sciences, The University of Tokyo, Chiba 277-8583,
Japan and *Medical Proteomics Laboratory, Institute of Medical
Science, The University of Tokyo, 4-6—1 Shirokanedai, Minato-
ku, Tokyo 108-8639, Japan

Proper regulation of cellular response to environmental stress is
crucial for maintaining biological homeostasis and is achieved by
the balance between cell death processes, such as the formation of
the pyroptosis-inducing NLRP3 inflammasome, and pro-survival
processes, such as stress granule (SG) assembly. However, the
functional interplay between these two stress-responsive organ-
elles remains elusive. Here, we identified DHX33, a viral RNA
sensor for the NLRP3 inflammasome, as a SG component, and
the SG-nucleating protein G3BP as an NLRP3 inflammasome
component. We also found that a decrease in intracellular potas-
sium (K*) concentration, a key ‘common’ step in NLRP3 inflam-
masome activation, markedly inhibited SG assembly. Therefore,
when macrophages are exposed to stress stimuli with the poten-
tial to induce both SGs and the NLRP3 inflammasome, such as
cytoplasmic poly(I:C) stimulation, they preferentially form the
NLRP3 inflammasome but avoid SG assembly by sequestering
G3BP into the inflammasome and by inducing a reduction in
intracellular K* levels. Thus, under such conditions, DHX33 is
primarily utilized as a viral RNA sensor for the inflammasome.
Our data reveal the functional crosstalk between NLRP3 inflam-
masome-mediated pyroptosis and SG-mediated cell survival
pathways and delineate a molecular mechanism that regulates
cell-fate decisions and anti-viral innate immunity under stress.
Keywords: DHX33, NLRP3 inflammasome, poly(I:C), potas-

sium efflux, stress granules
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Cryo-EM advances in GPCR structure determination

Wataru Shihoya, Aika Iwama, Fumiya K. Sano and Osamu Nureki
Department of Biological Sciences, Graduate School of Science,
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-0033, Japan

G-protein-coupled receptors (GPCRs) constitute a prominent
superfamily in humans and are categorized into six classes (A-
F) that play indispensable roles in cellular communication and
therapeutics. Nonetheless, their structural comprehension has
been limited by challenges in high-resolution data acquisition.
This review highlights the transformative impact of cryogenic
electron microscopy (cryo-EM) on the structural determinations
of GPCR-G-protein complexes. Specific technologies, such as
nanobodies and mini-G-proteins, stabilize complexes and facili-
tate structural determination. We discuss the structural altera-
tions upon receptor activation in different GPCR classes, reveal-
ing their diverse mechanisms. This review highlights the robust
foundation for comprehending GPCR function and pave the way
for future breakthroughs in drug discovery and therapeutic tar-
geting.

Keywords: cryo-EM, G-protein-coupled receptor, structural biol-
ogy
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Photocontrol of small GTPase Ras fused with a photo re-
sponsive protein

Nobuyuki Nishibe and Shinsaku Maruta

Department of Biosciences, Graduate School of Science and
Engineering Soka University, 1-236 Tangi-cho, Hachioji, Tokyo
192-8577, Japan

The small GTPase Ras plays an important role in intracellular
signal transduction and functions as a molecular switch. In this
study, we used a photoresponsive protein as the molecular regu-
latory device to photoregulate Ras GTPase activity. Photo zipper
(PZ), a variant of the photoresponsive protein Aureochromel de-
veloped by Hisatomi et al. was incorporated into the C-terminus
of Ras as a fusion protein. The three constructs of the Ras-PZ
fusion protein had spacers of different lengths between Ras and

PZ. They were designed using an Escherichia coli expression
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system. The Ras-PZ fusion proteins exhibited photoisomeriza-
tion upon blue light irradiation and in the dark. Ras-PZ dimer-
ized upon light irradiation. Moreover, Ras GTPase activity,
which is accelerated by the Ras regulators guanine nucleotide
exchange factors and GTPase-activating proteins, is controlled
by photoisomerization. It has been suggested that light-respon-
sive proteins are applicable to the photoswitching of the enzy-
matic activity of small GTPases as photoregulatory molecular
devices.

Keywords: Nanomachine, Photo zipper, Photoregulation, Ras,
Small GTPase

Structure-specific DNA endonuclease T7 endonuclease Icleaves
DNA containing UV-induced DNA lesions

Kazuki Matsubara', Shouta Ueda', Junpei Yamamoto®, Shigenori
Iwai’, Narumi Aoki Shioi', Arato Takedachi' and Isao Kuraoka'
'Department of Chemistry, Faculty of Science, Fukuoka Univer-
sity, 8-19-1 Nanakuma, Jonan-ku, Fukuoka 814-0180, Japan
and *Graduate School of Engineering Science, Osaka University,
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan

The T7 gene 3 product, T7 endonuclease I, acts on various sub-
strates with DNA structures, including Holliday junctions, het-
eroduplex DNAs and single-mismatch DNAs. Genetic analyses
have suggested the occurrence of DNA recombination, replica-
tion and repair in Escherichia coli. In this study, T7 endonucle-
ase I digested UV-irradiated covalently closed circular plasmid
DNA into linear and nicked plasmid DNA, suggesting that the
enzyme generates single- and double-strand breaks (SSB and
DSB). To further investigate the biochemical functions of T7
endonuclease I, we have analysed endonuclease activity in UV-
induced DNA substrates containing a single lesion, cyclobutane
pyrimidine dimers (CPD) and 6-4 photoproducts (6—4PP). Inter-
estingly, the leading cleavage site for CPD by T7 endonuclease
I is at the second and fifth phosphodiester bonds that are 5’ to
the lesion of CPD on the lesion strand. However, in the case of
6-4PP, the cleavage pattern on the lesion strand resembled that
of CPD, and T7 endonuclease I could also cleave the second
phosphodiester bond that is 5’ to the adenine-adenine residues
opposite the lesion, indicating that the enzyme produces DSB
in DNA containing 6-4PP. These findings suggest that T7endo-
nuclease I accomplished successful UV damage repair by SSB
in CPD and DSB in 6-4PP.

Keywords: 6-4 photoproducts, cyclobutane pyrimidine dimers,
DNA endonuclease, T7 endonuclease I, UV-induced DNA lesions

Production of CA125 with Tn antigens using a glycosylphos-
phatidylinositol anchoring system

Yu-He Tang', Ji-Xiong Leng', Ganglong Yang', Xiao-Dong Gao',
Yi-Shi Liu' and Morihisa Fujita'?

'Key Laboratory of Carbohydrate Chemistry and Biotechnol-

ogy, Ministry of Education, School of Biotechnology, Jiangnan
University, 1800 Lihu Avenue, Wuxi, Jiangsu 214122, China and
*Institute for Glyco-core Research (iIGCORE), Gifu University,
1-1 Yanagido, Gifu 501-1193, Japan

Cancer antigen 125 (CA125) is a serum marker associated
with ovarian cancer. Despite its widespread use, CA125 levels
can also be elevated in benign conditions. Recent reports sug-
gest that detecting serum CA125 that carries the Tn antigen,
a truncated O-glycan containing only N-acetylgalactosamine
on serine or threonine residues, can improve the specificity of
ovarian cancer diagnosis. In this study, we engineered cells to
express CA125 with a Tn antigen. To achieve this, we knocked
out CIGALTI and SLC3541, genes encoding Corel synthase
and a transporter for cytidine-5'-monophospho-sialic acid re-
spectively, in human embryonic kidney 293 (HEK293) cells. In
CIGALT1-SLC35A1-knockout (KO) cells, the expression of the
Tn antigen showed a significant increase, whereas the expres-
sion of the T antigen (galactose-f1,3-N-acetylgalactosamine
on serine or threonine residues) was decreased. Due to the
inefficient secretion of soluble CA125, we employed a glyco-
sylphosphatidylinositol (GPI) anchoring system. This allowed
for the expression of GPI-anchored CA125 on the cell surface
of CIGALT1-SLC35A1-KO cells. Cells expressing high levels
of GPI-anchored CA125 were then enriched through cell sort-
ing. By knocking out the PGAP2 gene, the GPI-anchored form
of CA125 was converted to a secretory form. Through the engi-
neering of O-glycans and the use of a GPI-anchoring system, we
successfully produced CA125 with Tn antigen modification.
Keywords: CA125, Glycoengineering, Glycosylphosphatidylino-
sitol, Mucin-type O-glycan, Tn antigen
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SdrR, a LysR-type regulator, responds to the mycobacterial
antioxidant defense

Chen Zhu', Wen-ping Wei?, Jing-ning An®, Jia-ling Hu?, Chun-
hui Gao® and MinYang?

'School of Basic Medicine, Guizhou University of Traditional
Chinese Medicine, Guiyang, 550025, China; *Key Laboratory of
Molecular Biophysics of the Ministry of Education, College of
Life Science and Technology, Huazhong University of Science and
Technology, Wuhan, 430074, China and *State Key Laboratory of
Agricultural Microbiology, College of Resources and Environ-
ment, Huazhong Agricultural University, Wuhan, 430070, China
Protection against oxidative stress is a vital defense mechanism
for Mycobacterium tuberculosis within the host. However, few
transcription factors that control bacterial antioxidant defense
are known. Here, we present evidence that SdrR, encoded by
the MSMEG 5712 (Ms5712) gene, functions as an oxidative

stress response regulator in Mycobacterium smegmatis. SArR
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recognizes an 11-bp motif sequence in the operon’s upstream
regulatory region and negatively regulates the expression of
short-chain dehydrogenases/reductases (SDR). Overexpress-
ing sdrR inhibited SDR expression, which rendered the strain
oxidative more stress-sensitive. Conversely, sdrR knockout al-
leviates SDR repression, which increases its oxidative stress
tolerance. Thus, SdrR responds to oxidative stress by negatively
regulating sdr expression. Therefore, this study elucidated an un-
derlying regulatory mechanism behind mycobacterial oxidative
stress adaptation.

Keywords: Mycobacterium smegmatis, antioxidant defense,
LysR-type regulator, short-chain dehydrogenases, transcriptional

regulation
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G protein-coupled receptor 84 gene expression is regulated
by the ER stress response in the liver

Soshi Kanemoto'~

'Department of Biochemistry, Graduate School of Biomedi-
cal and Health Sciences, Hiroshima University, 1-2-3 Kasumi,
Minami-ku, Hiroshima, 734-8553, Japan and *Department of
Functional Anatomy and Neuroscience, Asahikawa Medical Uni-
versity, Midorigaoka-higashi 2-1-1-1, Asahikawa, Hokkaido,
078-8510, Japan

G protein-coupled receptor 84 (Gpr84) is reportedly activated by
medium-chain fatty acids and is involved in the pathology of liv-
er fibrosis. Inflammatory stimulants, such as lipopolysaccharide
and tumor necrosis factor-a, upregulate Gpr84 expression. How-
ever, the detailed molecular mechanism by which Gpr84 is in-
duced remains unknown. Inflammatory stimulation also evokes
endoplasmic reticulum (ER) stress, but there has been no direct
evidence to link Gpr84 expression and the ER stress response.
Administration of tunicamycin (Tm) provokes ER stress and acute
steatosis in the liver tissue of mice. Here, in situ hybridization
analysis revealed that induction of Gpr84 expression occurred in
parenchymal cells in the liver tissue following Tm administra-
tion. Gene expression analysis using a reporter assay showed
that the intron 1 region of Gpr84 was involved in induction of
the gene under ER stress conditions. Furthermore, Tm-dependent
upregulation of Gpr84 was blocked by the small chemical com-
pound AEBSF, an inhibitor of ER stress transducers, in vitro and
in vivo. In conclusion, the current study marks the discovery that
the ER stress agent Tm induces the expression of Gpré&4.
Keywords: Creb3 family, endoplasmic reticulum stress, G pro-
tein-coupled receptor 84, liver, tunicamycin
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Structure-based design, biophysical characterization, and
biochemical application of the heterodimeric affinity purifi-
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cation tag based on the Schistosoma japonicum glutathione-
S-transferase (SjGST) homodimer

Yan Du, Yoshihiro Kobashigawa, Kyo Okazaki, Mizuki Ogawa,
Tomoyuki Kawaguchi, Takashi Sato and Hiroshi Morioka
Department of Analytical and Biophysical Chemistry, Graduate
School of Pharmaceutical Sciences, Kumamoto University, 5-1
Oe-honmachi, Chuo-ku, Kumamoto 862-0973, Japan
Schistosoma japonicum glutathione-S-transferase (SjGST), the
so-called GST-tag, is one of the most widely used protein tags
for the purification of recombinant proteins by affinity chroma-
tography. Attachment of SjGST enables the purification of a pro-
tein of interest (POI) using commercially available glutathione-
immobilizing resins. Here we produced an SjGST mutant pair
that forms heterodimers by adjusting the salt bridge pairs in the
homodimer interface of SjGST. An MD study confirmed that the
SjGST mutant pair did not disrupt the heterodimer formation.
The modified SjGST protein pair coexpressed in Escherichia
coli was purified by glutathione-immobilized resin. The stability
of the heterodimeric form of the SjGST mutant pair was further
confirmed by size exclusion chromatography. Surface plasmon
resonance measurements unveiled the selective formation of het-
erodimers within the pair, accompanied by a significant suppres-
sion of homodimerization. The heterodimeric SjGST exhibited
enzymatic activity in assays employing a commercially available
fluorescent substrate. By fusing one member of the heterodimer-
ic SjGST pair with a fluorescent protein and the other with the
POI, we were able to conveniently and sensitively detect pro-
tein—protein interactions using fluorescence spectroscopy in the
pull-down assays. Thus, utilization of the heterodimeric SjGST
would be a useful tag for protein science.

Keywords: domainswapping, heterodimer, homodimer, pro-

teinengineering, saltbridge
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JB REVIEW

Sex chromosome cycle as a mechanism of stable sex determi-
nation

Shun Hayashi', Takuya Abe’, Takeshi Igawa'”, Yukako Katsura®,
Yusuke Kazama® and Masafumi Nozawa®’

'Amphibian Research Center, Hiroshima University, 1-3-1
Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8526, Japan;
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University, 1-3-1 Kagamiyama, Higashi-Hiroshima, Hiroshima
739-8526, Japan; *Center for the Evolutionary Origins of Hu-
man Behavior, Kyoto University, 41-2 Kanrin, Inuyama, Aichi
484-8506, Japan; *Department of Bioscience and Biotechnol-
ogy, Fukui Prefectural University, 4-1-1 Kenjojima, Matsuoka,
Eiheiji, Fukui 910-1195, Japan; ‘Department of Biological
Sciences, Tokyo Metropolitan University, 1-1 Minamiosawa,
Hachioji, Tokyo 192-0397, Japan; and 'Research Center for Ge-
nomics and Bioinformatics, Tokyo Metropolitan University, 1-1
Minamiosawa, Hachioji, Tokyo 192-0397, Japan

Recent advances in DNA sequencing technology have enabled
the precise decoding of genomes in non-model organisms, pro-
viding a basis for unraveling the patterns and mechanisms of sex
chromosome evolution. Studies of different species have yielded
conflicting results regarding the traditional theory that sex chro-
mosomes evolve from autosomes via the accumulation of delete-
rious mutations and degeneration of the Y (or W) chromosome.
The concept of the ‘sex chromosome cycle, emerging from this
context, posits that at any stage of the cycle (i.e., differentia-
tion, degeneration, or loss), sex chromosome turnover can occur
while maintaining stable sex determination. Thus, understanding
the mechanisms that drive both the persistence and turnover of
sex chromosomes at each stage of the cycle is crucial. In this re-
view, we integrate recent findings on the mechanisms underlying
maintenance and turnover, with a special focus on several organ-
isms having unique sex chromosomes. Our review suggests that
the diversity of sex chromosomes in the maintenance of stable
sex determination is underappreciated and emphasizes the need
for more research on the sex chromosome cycle.

Keywords: recombination suppression, sex chromosome loss, sex

chromosome turnover, sex determination, transposable elements

REGULAR PAPERS
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Biochemistry General

Effects of eyestalk ablation and seawater temperature on p-
glutamate levels in the reproductive tissues of male kuruma
prawn Marsupenaeus japonicus

Naoko Yoshikawa, Natsuki Yoshitomi and Kazuki Nakada
Department of Materials and Life Science, Faculty of Science
and Technology, Shizuoka Institute of Science and Technology,
Fukuroi, Shizuoka 437-8555, Japan

p-Glutamate, a novel p-amino acid found in animal tissues, ex-
clusively exists in the male reproductive tissues of the kuruma
prawn, Marsupenaeus japonicus. Herein, changes in the b-
glutamate content were determined in the male reproductive
tissues of M. japonicus during acclimation to breeding seawater
temperatures of 18-22°C and unilateral eyestalk ablation. The p-

glutamate content in the testis increased with increasing seawa-

ter temperature and with unilateral eyestalk ablation. This sug-
gests that both stimulations induced d-glutamate synthesis in the
testis. Although the p-alanine content in the testis increased after
unilateral eyestalk ablation, it did not change with elevated sea-
water temperature. Furthermore, we determined the p-glutamate
distribution in the M. japonicus spermatophore. This indicates
that p-glutamate is crucial in prawn fertilization.

Keywords: p-alanine, p-amino acid, p-glutamate, male reproduc-

tive organs, Marsupenaeus japonicus

Glycobiology and Carbohydrate Biochemistry

Essential dextrin structure as donor substrate for 4-a-glu-
cano transferase in glycogen debranching enzyme

Rentaro Uno', Yasushi Makino', Hiroshi Matsubara'>
'Department of Chemistry, Graduate School of Science, Osaka
Prefecture University, Gakuen-cho 1-1, Naka-ku, Sakai, Osaka
599-8531, Japan and *Department of Chemistry, Graduate
School of Science, Osaka Metropolitan University, Gakuen-cho
1-1, Naka-ku, Sakai, Osaka 599-8531, Japan

Glycogen debranching enzyme is a single polypeptide with distinct
catalytic sites for 4-a-glucanotransferase and amylo-a-1,6-
glucosidase. To allow phosphorylase to degrade the inner tiers of
highly branched glycogen, 4-a-glucanotransferase converts the
phosphorylase-limit biantennary branch G-G-G-G-(G-G-G-
G <>)G-G- (G: d-glucose, hyphens: a-1,4-linkages; double-headed
arrow: a-1,6-linkage) into the G-G-G-G-(G <> )G-G- residue,
which is then subjected to amylo-a-1,6-glucosidase to release the
remaining G <> residue. However, while the essential side-chain
structure of the 4-a-glucanotransferase donor substrate has been
determined to be the G-G-G-G <> residue (Watanabe, Y., et al.
(2008) J. Biochem.143, 435-440), its essential main-chain struc-
ture remains to be investigated. In this study, we probed the 4-o
-glucanotransferase donor-binding region using novel fluorogen-
ic dextrins G,,-(G4 <> ) G-G,-F (F: 1-deoxy-1-[(2-pyridyl)amino]-
d-glucitol) and maltohexaose (Gg) as the donor and acceptor
substrates, respectively. 4-a-Glucanotransferase exhibited maxi-
mum activity towards G;-(G; <>) G-F and G4-(G4<>) G-G-F, in-
dicating that recognition of the G4-(G4<>) G-moiety was essen-
tial for full enzyme function. Notably, when the 4-a-
glucanotransferase activity towards G4-(G4 <> ) G-G-F was taken
as unity, those towards nonbranching dextrins were <0.001.
This indicated that the disproportionation activities towards
maltooligosaccharides (Gm) are abnormal behaviours of 4-a-
glucanotransferase. Notably, however, these activities have been
traditionally measured to identify the 4-a-glucanotransferase
mutations causing glycogen storage disease type III. This study
provides a basis for more accurate identification.

Keywords: 4-a-glucanotransferase, biantennary dextrin, donor
substrate specificity, glycogen debranching enzyme, glycogen
storage disease type III
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Mtc6/Ehg2 is a novel endoplasmic reticulum-resident glyco-
protein essential for high-pressure tolerance

Satoshi Uemura', Takahiro Mochizuki®, Yusuke Kato?, Tetsuo
Mioka?, Riseko Watanabe?, Mai Fuchita?, MaoYamada?®, Yoichi
Noda**, Takashi Moriguchi' and Fumiyoshi Abe’

'Division of Medical Biochemistry, Faculty of Medicine, Tohoku
Medical and Pharmaceutical University, 1-15-1 Fukumuro,
Miyagino-ku, Sendai, 983-8536, Japan; *Department of Chem-
istry and Biological Science, College of Science and Engineer-
ing, Aoyama Gakuin University, 5-10-1 Fuchinobe, Chuo-ku,
Sagamihara, 252-5258, Japan; *Department of Biotechnology,
Graduate School of Agricultural and Life Sciences, The Uni-
versity of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo, 113-8657,
Japan and “Collaborative Research Institute for Innovative Mi-
crobiology, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo, 113-8657, Japan

Hydrostatic pressure is a common mechanical stressor that mod-
ulates metabolism and reduces cell viability. Eukaryotic cells
have genetic programs to cope with hydrostatic pressure stress
and maintain intracellular homeostasis. However, the mecha-
nism underlying hydrostatic pressure tolerance remains largely
unknown. We have recently demonstrated that maintenance of
telomere capping protein 6 (Mtc6) plays a protective role in the
survival of the budding yeast Saccharomyces cerevisiae under
hydrostatic pressure stress by supporting the integrity of nutrient
permeases. The current study demonstrates that Mtc6 acts as an
endoplasmic reticulum (ER) membrane protein. Mtc6 comprises
two transmembrane domains, a C-terminal cytoplasmic domain
and a luminal region with 12 Asn (N)-linked glycans attached
to it. Serial mutational analyses showed that the cytoplasmic
C-terminal amino acid residues GVPS Mtc6 activity. Multiple
N-linked glycans in the luminal region are involved in the struc-
tural conformation of Mtc6. Moreover, deletion of MTC6 led
to increased degradation of the leucine permease Bap2 under
hydrostatic pressure, suggesting that Mtc6 facilitates the proper
folding of nutrient permeases in the ER under stress conditions.
We propose a novel model of molecular function in which the
glycosylated luminal domain and cytoplasmic GVPS sequences
of Mtc6 cooperatively support the nutrient permease activity.
Keywords: endoplasmic reticulum protein, hydrostatic pressure,

Mtc6/Ehg2, nutrient permeases, Saccharomyces cerevisiae
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Receptors and Signal Transduction

Identification of two critical amino acid residues in short-
chain aldehyde-responsive odorant receptors

Reina Kanemaki, Toshiya Hayakawa, Haruto Kudo, Masafumi
Yohda and Yosuke Fukutani Department of Biotechnology and
Life Science, Tokyo University of Agriculture and Technology,
Koganei, Tokyo 184-8588, Japan
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Mammalian odorant receptors (ORs) are crucial for detecting
a broad spectrum of odorants, yet their functional expression
poses a significant challenge, often requiring Receptor-trans-
porting proteins (RTPs). This study examines mouse Olfr733
and Ol1fr732, which, despite high homology, show different
functional expression profiles in heterologous cell systems. Our
research aimed to identify key amino acids impacting Olfr733’

FBW3.40 and

s functional expression. We discovered that G112
L148P®V** (Ballesteros—Weinstein numbering in superscript)
substitutions in OIfr732 markedly enhance its RTP-independent
expression and ligand responsiveness, mirroring Olfr733. These
substitutions, particularly Phel12 and Leul48, are crucial for
aldehyde recognition and membrane localization in Olfr733,
respectively. While Olfr732-type ORs are conserved across spe-
cies, Olfr733-types, unique to specific rodents, appear to have
evolved from Olfr732, with Pro148 enhancing membrane ex-
pression and aldehyde sensitivity. Mouse ORs with Pro®"** tend
to exhibit improved membrane expression compared to their
paralogs, especially when co-expressed with RTP1S. This study
concludes that the Pro residue in the fourth transmembrane do-
main significantly contributes to the structural stability of certain
olfactory receptors, highlighting the intricate molecular mecha-
nisms underlying OR functionality and evolution.

Keywords: odorant receptor, receptor-transporting protein, mem-

brane traffic, aldehyde, heterologous expression

Differentiation / Development and Aging

Intracellular acidification and glycolysis modulate inflamma-
tory pathway in senescent cells

Satoshi Kawakami'?, Yoshikazu Johmura® and Makoto Nakanishi'
'Division of Cancer Cell Biology, The Institute of Medical Sci-
ence, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku,
Tokyo 108-8639, Japan; “Department of Biological Sciences,
School of Science, The University of Tokyo, Hongo 7-3-1,
Bunkyo-ku, Tokyo 113-0033, Japan and *Division of Cancer
and Senescence Biology, Cancer Research Institute, Kanazawa
University, Kakuma-machi, Kanazawa 920-1192, Japan
Senescent cells accumulate in various organs with ageing, and
its accumulation induces chronic inflammation and age-related
physiological dysfunctions. Several remodelling of intracellular
environments have been identified in senescent cells, includ-
ing enlargement of cell/nuclear size and intracellular acidifica-
tion. Although these alterations of intracellular environments
were reported to be involved in the unique characteristics of
senescent cells, the contribution of intracellular acidification
to senescence-associated cellular phenotypes is poorly under-
stood. Here, we identified that the upregulation of TXNIP and
its paralog ARRDC4 as a hallmark of intracellular acidifica-
tion in addition to KGA-type GLS1. These genes were also

upregulated in response to senescence-associated intracellular
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acidification. Neutralization of the intracellular acidic environ-
ment ameliorated not only senescence-related upregulation
of TXNIP, ARRDC4 and KGA but also inflammation-related
genes, possibly through suppression of PDK-dependent anaero-
bic glycolysis. Furthermore, we found that expression of the
intracellular acidification-induced genes, TXNIP and ARRDCY,
correlated with inflammatory gene expression in heterogeneous
senescent cell population in vitro and even in vivo, implying that
the contribution of intracellular pH to senescence-associated cel-
lular features, such as SASP.

Keywords: glycolysis, intracellular acidification, SASP, senes-

cence

BIOTECHNOLOGY

Bioactive Substances

Cytotoxic stress caused by azalamellarin D (AzaD) interferes
with cellular protein translation by targeting the nutrient-
sensing kinase mTOR

Tirawit Meerod', Rapeepat Sangsuwan®, Kanawut Klumthong®,
Bunkuea Chantrathonkul®, Nadgrita Phutubtim', Piyarat Govit-
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Road, Lak Si, Bangkok 10210, Thailand; *Program in Chemical
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Excellence on Environmental Health and Toxicology, Office of
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Ratchadevi, Bangkok 10400, Thailand

Analogs of pyrrole alkaloid lamellarins exhibit anticancer activ-
ity by modulating multiple cellular events. Lethal doses of sev-
eral lamellarins were found to enhance autophagy flux in HeLa
cells, suggesting that lamellarins may modulate protein homeo-
stasis through the interference of proteins or kinases controlling
energy and nutrient metabolism. To further delineate molecular
mechanisms and their targets, our results herein show that azala-
mellarin D (AzaD) cytotoxicity could cause translational attenu-
ation, as indicated by a change in elF2a phosphorylation. In-
triguingly, acute AzaD treatment promoted the phosphorylation
of GCN2, a kinase that transduces the integrated stress response
(ISR), and prolonged exposure to AzaD could increase the levels
of the phosphorylated forms of elF2a and the other ISR kinase

protein kinase R (PKR). However, the effects of AzaD on ISR
signalling were marginally abrogated in cells with genetic de-
letion of GCN2 and PKR, and evaluation of protein target en-
gagement by cellular thermal shift assay (CETSA) revealed no
significant interaction between AzaD and ISR kinases. Further
investigation revealed that acute AzaD treatment negatively af-
fected mechanistic target of rapamycin (mTOR) phosphoryla-
tion and signalling. The analyses by CETSA and computational
modelling indicated that mTOR may be a possible protein target
for AzaD. These findings indicate the potential for developing
lamellarins as novel agents for cancer treatment.

Keywords: amino acid-sensing kinases, cancer, cytotoxicity, la-

mellarin pyrrole alkaloids, translational attenuation

Gene and Protein Engineering

Evaluation of the cyclic single-chain Fv antibody derived
from nivolumab by biophysical analyses and in vitro cell-
based bioassay

Sena Kamesawa, Mizuki Ogawa, Yoshiki Funakoshi, Masaya
Kato, Shosei Kai, Mana Namikawa,Kyo Okazaki, Takashi Sato,
Yoshihiro Kobashigawa and Hiroshi Morioka

Department of Analytical and Biophysical Chemistry, Graduate
School of Pharmaceutical Sciences, Kumamoto University, 5-1
Oe-honmachi, Chuo-ku, Kumamoto 862-0973, Japan
Single-chain Fv (scFv) is a recombinant small antibody in which
a polypeptide linker connects the variable regions of the light
chain (VL) and the heavy chain (VH). The practical use of scFv,
however, has been prevented by its tendency to aggregate due
to interchain VL-VH interactions. We recently developed a cy-
clic scFv whose N-terminus and C-terminus were connected by
protein ligation techniques. Biophysical comparisons between
cyclic and linear scFv have been conducted, but cell biological
evaluations remain unexplored. Here we studied the properties
of cyclic and linear scFv derived from nivolumab. Biophysi-
cal studies revealed that the thermal stability was not changed
but that the antigen-binding activity was approximately 3-fold
higher as a result of circularization. A cell-based PD-1/PD-L1 in-
teraction inhibitory assay revealed that the biological activity of
scFv was markedly higher in the circularized form. In addition,
biophysical analysis of scFv proteins incubated in the presence
of serum revealed that circularization suppressed the decrease in
antigen-binding activity. It could be assumed that circularization
of scFv improved stability in the presence of serum, which in
turn would suggest the applicability of cyclic scFv as a biophar-
maceutical format.

Keywords: antibody engineering, cyclic scFv, nivolumab, PD-1,
single-chain Fv
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