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Morphinan Evolution: The Impact of Advances in Biochem-
istry and Molecular Biology

Keita Kajino'? Akihisa Tokuda'? and Tsuyoshi Saitoh'**
'International Institute for Integrative Sleep Medicine (IIIS),
University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki
305-8575, Japan; *Degree Programs in Pure and Applied Sci-
ences, Graduate School of Science and Technology, University
of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8571, Japan;
*Doctoral Program in Medical Sciences, Graduate School of
Comprehensive Human Sciences, University of Tsukuba, 1-1-1
Tennodai, Tsukuba, Ibaraki 305-8575, Japan; and ‘Institute of
Medicine, University of Tsukuba, 1-1-1 Tennodai, Tsukuba,
Ibaraki 305-8575, Japan

Morphinan-based opioids, derived from natural alkaloids like
morphine, codeine and thebaine, have long been pivotal in man-
aging severe pain. However, their clinical utility is marred by
significant side effects and high addiction potential. This review
traces the evolution of the morphinan scaffold in light of ad-
vancements in biochemistry and molecular biology, which have
expanded our understanding of opioid receptor pharmacology.
We explore the development of semi-synthetic and synthetic
morphinans, their receptor selectivity and the emergence of
biased agonism as a strategy to dissociate analgesic properties
from undesirable effects. By examining the molecular intricacies
of opioid receptors and their signaling pathways, we highlight
how receptor-type selectivity and signaling bias have informed
the design of novel analgesics. This synthesis of historical and
contemporary perspectives provides an overview of the morphi-
nan landscape, underscoring the ongoing efforts to mitigate the
problems facing opioids through smarter drug design. We also
highlight that most morphinan derivatives show a preference for
the G protein pathway, although detailed experimental compari-
sons are still necessary. This fact underscores the utility of the
morphinan skeleton in future opioid drug discovery.

Keywords: opioid receptors, morphinan, selective agonist, ni-

ased ligand

Exploring Diverse Signaling Mechanisms of G Protein-Cou-
pled Receptors through Structural Biology

Ryoji Suno

Department of Medical Chemistry, Kansai Medical University,
Hirakata, 573-1010, Japan

Recent advancements in structural biology have facilitated the
elucidation of complexes involving G protein-coupled receptors
(GPCRs) and their associated signal transducers, including G
proteins and arrestins. A comprehensive analysis of these struc-
tures provides profound insights into the dynamics of signaling
mechanisms. These structural revelations can potentially guide
the development of drugs to minimize side effects through tar-
geted and selective signaling. Understanding the binding modes
of different signal-selective ligands is imperative for future drug
research and development. Here, we conduct a comparative
examination of the structural details of various GPCR—signal
transducer complexes and delve into the molecular basis of the
currently proposed signal selectivity.

Keywords: GPCR, bias agonism, cryo-EM single particle analy-

sis, signal transduction, drug discovery

GPCR signaling bias: an emerging framework for opioid
drug development

Ryoji Kise and Asuka Inoue

Graduate School of Pharmaceutical Sciences, Tohoku University,
6-3, Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8578, Japan
Ryoji Kise, Graduate School of Pharmaceutical Sciences, Tohoku
University, 6-3, Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-
8578, Japan

Biased signaling, also known as functional selectivity, has
emerged as an important concept in drug development targeting
G-protein-coupled receptors (GPCRs). Drugs that provoke bi-
ased signaling are expected to offer an opportunity for enhanced
therapeutic effectiveness with minimized side effects. Opioid
analgesics, whilst exerting potent pain-relieving effects, have be-
come a social problem owing to their serious side effects. For the
development of safer pain medications, there has been extensive
exploration of agonists with a distinct balance of G-protein and
[-arrestin (farr) signaling. Recently, several approaches based
on protein—protein interactions have been developed to precisely
evaluate individual signal pathways, paving the way for the com-
prehensive analysis of biased signals. In this review, we describe
an overview of bias signaling in opioid receptors, especially the
w-opioid receptor (MOR), and how to evaluate signaling bias in
the GPCR field. We also discuss future directions for rational
drug development through the integration of diverse signal data-
sets.

Keywords: GPCRG, protein beta-arrest in biased, ligandmu-

opioid, receptor assay
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Rethinking c-Fos for understanding drug action in the brain
Katsuyasu Sakurai

International Institute for Integrative Sleep Medicine, University
of Tsukuba, Tsukuba, Ibaraki 305-8575, Japan

Understanding the mechanisms of drug action in the brain, from
the genetic to the neural circuit level, is crucial for the develop-
ment of new agents that act upon the central nervous system. De-
termining the brain regions and neurons affected by a drug is es-
sential for revealing its mechanism of action in the brain. c-Fos,
a marker of neuronal activation, has been widely used to detect
neurons activated by stimuli with high spatial resolution. In this
review, the use of c-Fos for the visualization and manipulation
of activated neurons is introduced. I also explain that a higher
temporal resolution can be achieved by changing the staining
method for visualization of c-Fos. Moreover, a new method that
allows labeling and manipulating commonly activated neurons
using two different stimuli is proposed.

Keywords: CANE, catFISH, c-Fos, Split-CANE, TAI-FISH
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Cryo-electron microscopy reveals the impact of the nucleo-
some dynamics on transcription activity

Kyohei Arita

Structural Biology Laboratory, Graduate School of Medical
Life Science, Yokohama City University, 1-7-29, Suehiro-cho,
Tsurumi-ku, Yokohama, Kanagawa 230-0045, Japan

The structural biology of nucleosomes and their complexes with
chromatin-associated factors contributes to our understanding of
fundamental biological processes in the genome. With the advent
of cryo-electron microscopy (cryo-EM), several structures are
emerging with histone variants, various species and chromatin-
associated proteins that bind to nucleosomes. Cryo-EM enables
visualization of the dynamic states of nucleosomes, leading to
the accumulation of knowledge on chromatin-templated biology.
The cryo-EM structure of nucleosome in Komagataella pasto-
ris, as studied by Fukushima et al., provided the insights into
transcription ability of RNAPII with nucleosome dynamics. In
this commentary, we review the recent advances in the structural
biology of nucleosomes and their related biomolecules.

Keywords: Cryo-EM, nucleosome, chromatin, transcription
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Unusual weak and delayed GTPase activity of FtsZ from hu-
man pathogenic bacteria Helicobacter pylori

Sumiran Kumar Gurung'?, Sangeeta®, Priyanka Dubey', Fatima
Akhtar', Abhik Saha'* and Arnab Bhattacherjee’ and Suman Ku-

mar Dhar'

'Special Center for Molecular Medicine, Jawaharlal Nehru Uni-
versity, NewDelhi India; *Department of Chemical and Biologi-
cal Engineering, The University of Alabama, Tuscaloosa, AL,
USA; *School of Computational and Integrative Sciences, Jawa-
harlal Nehru University, New Delhi, India; and ‘Department of
Pathology & Laboratory Medicine, University of Kansas Medi-
cal Center, Kansas City, KS, USA

Actively treadmilling FtsZ acts as the pivotal scaffold for bacte-
rial cell divisome components, providing them with a circum-
ferential ride along the site of future division. FtsZ from slow-
growing Helicobacter pylori (HpFtsZ), a class I carcinogen
that thrives abundantly in the acidic environment, is poorly
understood. We studied HpFtsZ as a function of pH, cations and
time and compared it with well-studied Escherichia coli FtsZ
(EcFtsZ). HpFtsZ shows pH-dependent GTPase activity, which
is inhibited under acidic conditions. Mg™? ions play an indis-
pensable role in its GTPase activity; however, higher Mg ™
levels negatively affect its activity. As compared to EcFtsZ,
HpFtsZ exhibits lower and slower nucleotide hydrolysing activ-
ity. Molecular dynamics simulation studies of FtsZ reveal that
GTP binding induces a rewiring of the hydrogen bond network,
which results in reduction of the binding cleft volume leading to
the spontaneous release of GTP. The GTPase activity is linked to
the extent of reduction in the binding cleft volume, which is also
supported by the binding free energy analysis. Evidently, HpFtsZ
is a pH-sensitive GTPase with low efficiency that may reflect on
the overall slow growth rate of H. pylori.

Keywords: berberine, EcFtsZ, GTP hydrolysis, HpFtsZ, pH

PROTEIN INTERACTION AND RECOGNITION

Production and characterization of an Fv-clasp of rheuma-
toid factor, a low-affinity human autoantibody

Maruto Yamamoto, Ryoma Funada, Ryota Taki and Mitsunori
Shiroishi

Department of Biological Science and Technology, Tokyo Uni-
versity of Science, 6-3-1 Niijuku, Katsushika-ku, Tokyo 125-
8585, Japan

Rheumatoid factor (RF) is an autoantibody against IgG that
affects autoimmune diseases and inhibits the effectiveness of
pharmaceuticals and diagnostic agents. Although RFs derived
from various germline genes have been identified, little is known
about their molecular recognition mechanisms. In this study, the
Fv-clasp format was used to prepare YESS8c, an RF. We devel-
oped an Escherichia coli secretion expression system capable of
producing milligram-scale of YES8c Fv-clasp per 1L of culture.
Although YESS8c is an autoantibody with very low affinity, the
produced Fv-clasp maintained specific binding to IgG. Interest-
ingly, the molecules prepared by E. coli secretion had a higher

affinity than those prepared by refolding. In the structure of the
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YES8c-Fc complex, the N-terminus of the light chain is close to
Fc; therefore, it is suggested that the addition of the N-terminal
methionine may cause collisions with Fc, resulting in reduced
affinity. Our findings suggest that the Fv-clasp, which provides
sufficient stability and a high bacterial yield, is a useful format
for studying RFs with very low affinity. Furthermore, the Fv-
clasp produced from a secretion expression system, which can
properly process the N-terminus, would be suitable for analysis
of RFs in which the N-terminus may be involved in interactions.
Keywords: antibody, Fv-clasp, molecular recognition, rheuma-

toid factor
GLYCOBIOLOGY AND CARBOHYDRATE BIOCHEMISTRY

Endogenous reductase activities for the generation of ribitol-
phosphate, a CDP-ribitol precursor, in mammals

Shunsuke Hoshino', Ricko Imae', Hiroshi Manya', Kazuhiro
Kobayashi?, Motoi Kanagawa® and Tamao Endo’

'Molecular Glycobiology, Research Team for Mechanism of Ag-
ing, Tokyo Metropolitan Institute for Geriatrics and Gerontology,
35-2 Sakae-cho, Itabashi-ku, Tokyo 173-0015, Japan; *Division
of Molecular Brain Science, Kobe University Graduate School
of Medicine, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe, Hyogo
650-0017, Japan; and *Department of Cell Biology and Molecu-
lar Medicine, Ehime University Graduate School of Medicine,
Shitsukawa 454, Toon, Ehime 791-0295, Japan

The core M3 O-mannosyl glycan on a-dystroglycan serves as
the binding epitope for extracellular matrix molecules. Defects
in core M3 glycans cause congenital muscular dystrophies that
are collectively known as dystroglycanopathies. The core M3
glycan contains a tandem D-ribitol-5-phosphate (Rbo5P) struc-
ture, which is synthesized by the Rbo5P-transferases fukutin and
fukutin-related protein using CDP-ribitol (CDP-Rbo) as a donor
substrate. CDP-Rbo is synthesized from CTP and Rbo5P by
CDP-Rbo pyrophosphorylase A. However, the Rbo5P biosynthe-
sis pathway has yet to be elucidated in mammals. Here, we in-
vestigated the reductase activities toward four substrates, includ-
ing ribose, ribulose, ribose-phosphate and ribulose-phosphate,
to identify the intracellular RboSP production pathway and elu-
cidated the role of the aldo-keto reductases AKR1A1, AKR1BI1
and AKRICI in those pathways. It was shown that the ribose
reduction pathway is the endogenous pathway that contributes
most to RboSP production in HEK293T cells and that AKR1B1
is the major reductase in this pathway.

Keywords: aldo-keto reductase, CDP-ribitol, O-mannosyl gly-
can, ribitol-5-phosphate, a-dystroglycan

BIOCHEMISTRY IN CELL MEMBRANES

Dissection of an ABC transporter LolCDE function analyzed
by photo-crosslinking
Kazuyuki Tao', Shin-ichiro Narita®, Ui Okada®, Satoshi Muraka-
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mi® and Hajime Tokuda®, 'Isotope Science Center, University
of Tokyo, 2-11-16 Yayoi, Bunky-ku, Tokyo 113-0032, Japan;
*Faculty of Health and Nutrition, Yamagata Prefectural Yone-
zawa University of Nutrition Sciences, Yonezawa, Yamagata
992-0025, Japan; *Department of Life Science and Technology,
Tokyo Institute of Technology, Nagatsuta, Midori-ku, Yokohama
226-8501, Japan; and *‘Faculty of Nutritional Sciences, Univer-
sity of Morioka, Takizawa, Iwate 020-0694, Japan

The envelope of Escherichia coli contains approximately 100
different species of lipoproteins, most of which are localized to
the inner leaflet of the outer membrane. The localization of lipo-
protein (Lol) system, consisting of five Lol proteins, is respon-
sible for the trafficking of lipoproteins to the outer membrane.
LolCDE binds to lipoproteins destined for the outer membrane
and transfers them to the periplasmic chaperone LolA. Although
the cryo-EM structures of E. coli LolCDE have been reported,
the mechanisms by which outer membrane lipoproteins are
transferred to LolA remain elusive. In this study, we investigated
the interaction between LolCDE and lipoproteins using site-
specific photo-crosslinking. We introduced a photo-crosslinkable
amino acid into different locations across the four helices which
form the central lipoprotein-binding cavity, and identified do-
mains that crosslink with peptidoglycan-associated lipoprotein
(Pal) in vivo. Using one of the derivatives containing the photo-
crosslinkable amino acid, we developed an in vitro system to
analyze the binding of lipoproteins to LolCDE. Our results
indicate that compound 2, a LolCDE inhibitor, does not inhibit
the binding of lipoproteins to LolCDE, but rather promotes the
dissociation of bound lipoproteins from LolCDE.

Keywords: ABC transporter, inhibitor, lipoprotein, outer mem-

brane, photo-crosslinking

Thermostability optimization of the aspartate/alanine ex-
change transporter from Tetragenococcus halophilus

Kota Kunii', Takashi Yamanaka', Akari Miyamoto', Kei Nana-
tani'? and Keietsu Abe', 'Laboratory of Applied Microbiology,
Department of Microbial Biotechnology, Graduate School of
Agricultural Science, Tohoku University, 468-1 Aramaki Aza
Aoba, Aoba-ku, Sendai, Miyagi, 980-8572, Japan; *Structural
Biology Group, Advanced Research Center for Innovations in
Next-Generation Medicine, Tohoku University, 2-1 Seiryo-ma-
chi, Aoba-ku, Sendai, Miyagi, 980-8573, Japan; and *Microbial
Genomics Laboratory, New Industry Creation Hatchery Center,
Tohoku University, Sendai, Miyagi, 6-6-10, Aramaki Aza Aoba,
Aoba-ku, Sendai, Miyagi, 980-8579, Japan

Aspartate/alanine exchange transporter (AspT) is a secondary
transporter isolated from the lactic acid bacterium Tetrageno-
coccus halophilus D10 strain. This transporter cooperates with
aspartate decarboxylase to produce proton-motive force through

decarboxylative phosphorylation. A method that successfully
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analyzes the AspT mechanism could serve as a prototype for
elucidating the substrate transport mechanism of other exchange
transporters; therefore, the purpose of this study was to search
for conditions that improve the thermal stability of AspT for 3D
structure analysis. We used the fluorescence size-exclusion chro-
matography-based thermostability assay to evaluate conditions
that contribute to AspT stability. We found that the AspT ther-
mostability was enhanced at pH 5.0 to 6.0 and in the presence
of Na" and Li". Pyridoxal phosphate, a coenzyme of aspartate
decarboxylase, also had a thermostabilizing effect on AspT. Un-
der the conditions obtained from these results, it was possible to
increase the temperature at which 50% of dimer AspT remained
by 14°C. We expect these conditions to provide useful informa-
tion for future structural analysis of AspT.

Keywords: AspT, cation, fluorescence size-exclusion chromatog-
raphy-based thermostability assay, pyridoxal phosphate, thermal
stability

CdbC: a disulfide bond isomerase involved in the refolding
of mycoloyltransferases in Corynebacterium glutamicum cells
exposed to oxidative conditions

Haeri Jeong', Younhee Kim® and Heung-Shick Lee'”’
'Department of Biotechnology and Bioinformatics, Korea Uni-
versity, 2511, Sejong-ro, Sejong 30019, Republic of Korea; *De-
partment of Korean Medicine, Semyung University, Jecheon, 65,
Semyeong-ro, Chungbuk 27136, Republic of Korea; and *Inter-
disciplinary Graduate Program for Artificial Intelligence Smart
Convergence Technology, Korea University, 2511, Sejong-ro,
Sejong 30019, Republic of Korea

In Corynebacterium glutamicum cells, cdbC, which encodes
a protein containing the CysXXCys motif, is regulated by the
global redox-responsive regulator OsnR. In this study, we as-
sessed the role of the periplasmic protein CdbC in disulfide bond
formation and its involvement in mycomembrane biosynthesis.
Purified CdbC efficiently refolded scrambled RNaseA, exhibit-
ing prominent disulfide bond isomerase activity. The transcrip-
tion of cdbC was decreased in cells grown in the presence of
the reductant dithiothreitol (DTT). Moreover, unlike wild-type
and cdbC-deleted cells, cdbC-overexpressing (Pig-cdbC) cells
grown in the presence of DTT exhibited retarded growth, abnor-
mal cell morphology, increased cell surface hydrophobicity and
altered mycolic acid composition. Pg-cdbC cells cultured in a
reducing environment accumulated trehalose monocorynomyco-
late, indicating mycomembrane deformation. Similarly, a two-
hybrid analysis demonstrated the interaction of CdbC with the
mycoloyltransferases MytA and MytB. Collectively, our findings
suggest that CdbC, a periplasmic disulfide bond isomerase, re-
folds misfolded MytA and MytB and thereby assists in myco-
membrane biosynthesis in cells exposed to oxidative conditions.

Keywords: disulfide bond isomerase, gram-positive, mycolic

acid, mycomembrane biosynthesis, oxidative stress
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Distinctive physical properties of DNA shared by RNA poly-
merase II gene promoters and 5'-flanking regions of tRNA
genes

Kohei Uemura' and Takashi Ohyama'?

'Major in Integrative Bioscience and Biomedical Engineering,
Graduate School of Science and Engineering, Waseda Univer-
sity, 2-2 Wakamatsu-cho, Shinjuku-ku, Tokyo 162-8480, Japan;
and “Department of Biology, Faculty of Education and Integrat-
ed Arts and Sciences, Waseda University, 2-2 Wakamatsu-cho,
Shinjuku-ku, Tokyo 162-8480, Japan

Numerous noncoding (nc)RNAs have been identified. Similar
to the transcription of protein-coding (mRNA) genes, long non-
coding (Inc)RNA genes and most of micro (mi)RNA genes are
transcribed by RNA polymerase II (Pol II). In the transcription
of mRNA genes, core promoters play an indispensable role; they
support the assembly of the preinitiation complex (PIC). How-
ever, the structural and/or physical properties of the core promot-
ers of IncRNA and miRNA genes remain largely unexplored, in
contrast with those of mRNA genes. Using the core promoters of
human genes, we analyzed the repertoire and population ratios
of residing core promoter elements (CPEs) and calculated the
following five DNA physical properties (DPPs): duplex DNA
free energy, base stacking energy, protein-induced deformability,
rigidity and stabilizing energy of Z-DNA. Here, we show that
their CPE and DPP profiles are similar to those of mRNA gene
promoters. Importantly, the core promoters of these three classes
of genes have two highly distinctive sites in their DPP profiles
around the TSS and position —27. Similar characteristics in
DPPs are also found in the 5'-flanking regions of tRNA genes,
indicating their common essential roles in transcription initiation
over the kingdom of RNA polymerases.

Keywords: Core promoter, IncRNA, miRNA, physical properties
of DNA, protein-coding gene, tRNA
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DF-Phos: Prediction of Protein Phosphorylation Sites by
Deep Forest

Zeynab Zahiri', Nasser Mehrshad' and Maliheh Mehrshad®
'Faculty of Electrical and Computer Engineering, University of
Birjand, Birjand, Iran; and *Department of Aquatic Sciences and
Assessment, Swedish University of Agricultural Sciences, Up-
psala, 750 07 Sweden

Phosphorylation is the most important and studied post-transla-
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tional modification (PTM), which plays a crucial role in protein
function studies and experimental design. Many significant stud-
ies have been performed to predict phosphorylation sites using
various machine-learning methods. Recently, several studies
have claimed that deep learning-based methods are the best way
to predict the phosphorylation sites because deep learning as
an advanced machine learning method can automatically detect
complex representations of phosphorylation patterns from raw
sequences and thus offers a powerful tool to improve phosphory-
lation site prediction. In this study, we report DF-Phos, a new
phosphosite predictor based on the Deep Forest to predict phos-
phorylation sites. In DF-Phos, the feature vector taken from the
CkSAApair method is as input for a Deep Forest framework for
predicting phosphorylation sites. The results of 10-fold cross-
validation show that the Deep Forest method has the highest
performance among other available methods. We implemented a
Python program of DF-Phos, which is freely available for non-
commercial use at https://github.com/zahiriz/DF-Phos. More-
over, users can use it for various PTM predictions.

Keywords: Deep Forest, Feature Extraction, Machine Learning,

Prediction, Protein Phosphorylation
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Relationships between protein degradation, cellular senes-
cence, and organismal aging

Jun Hamazaki and Shigeo Murata

Laboratory of Protein Metabolism, Graduate School of Phar-
maceutical Sciences, the University of Tokyo, 7-3-1, Hongo,
Bunkyo-ku, Tokyo 113-0033, Japan

Aging is a major risk factor for many diseases. Recent studies
have shown that age-related disruption of proteostasis leads to
the accumulation of abnormal proteins and that dysfunction of
the two major intracellular proteolytic pathways, the ubiquitin-
proteasome pathway, and the autophagy-lysosome pathway,
is largely responsible for this process. Conversely, it has been
shown that activation of these proteolytic pathways may contrib-
ute to lifespan extension and suppression of pathological condi-

tions, making it a promising intervention for anti-aging. This re-

419

view provides an overview of the important role of intracellular
protein degradation in aging and summarizes how the disruption
of proteostasis is involved in age-related diseases.

Keywords: aging, autophagy, proteasome, proteostasis, senes-

cence

Protein homeostasis and degradation in quiescent neural
stem cells

Tacko Kobayashi

Department of Basic Medical Sciences, The Institute of Medical
Science, The University of Tokyo 108-8639, Japan

Tissue stem cells are maintained in the adult body throughout
life and are crucial for tissue homeostasis as they supply newly
functional cells. Quiescence is a reversible arrest in the G0/G1
phase of the cell cycle and a strategy to maintain the quality
of tissue stem cells. Quiescence maintains stem cells in a self-
renewable and differentiable state for a prolonged period by
suppressing energy consumption and cell damage and depletion.
Most adult neural stem cells in the brain maintain the quiescent
state and produce neurons and glial cells through differentiation
after activating from the quiescent state to the proliferating state.
In this process, proteostasis, including proteolysis, is essential to
transition between the quiescent and proliferating states associat-
ed with proteome remodeling. Recent reports have demonstrated
that quiescent and proliferating neural stem cells have different
expression patterns and roles as proteostatic molecules and are
affected by age, indicating differing processes for protein homeo-
stasis in these two states in the brain. This review discusses the
multiple regulatory stages from protein synthesis (protein birth)
to proteolysis (protein death) in quiescent neural stem cells.
Keywords: adult mouse brain, lysosomes, neural stem cells, pro-

teostasis, quiescence

Mitochondrial quality control via organelle and protein deg-
radation

Koji Yamano', Hiroki Kinefuchi'? and Waka Kojima'
'Department of Biomolecular Pathogenesis, Medical Research
Institute, Tokyo Medical and Dental University, 1-5-45 Yushi-
ma, Bunkyo-ku, Tokyo 113-8510, Japan; and *Department of
Biosciences, School of Science, Kitasato University, 1-15-1 Ki-
tasato, Minami-ku, Sagamihara, Kanagawa 252-0373, Japan
Mitochondria are essential eukaryotic organelles that produce
ATP as well as synthesize various macromolecules. They also
participate in signalling pathways such as the innate immune
response and apoptosis. These diverse functions are performed
by >1,000 different mitochondrial proteins. Although mito-
chondria are continuously exposed to potentially damaging
conditions such as reactive oxygen species, proteases/peptidases
localized in different mitochondrial subcompartments, termed

mitoproteases, maintain mitochondrial quality and integrity. In
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addition to processing incoming precursors and degrading dam-
aged proteins, mitoproteases also regulate metabolic reactions,
mitochondrial protein half-lives and gene transcription. Impaired
mitoprotease function is associated with various pathologies. In
this review, we highlight recent advances in our understanding
of mitochondrial quality control regulated by autophagy, ubiqui-
tin-proteasomes and mitoproteases.

Keywords: autophagy, mitophagy, peptidase, protease, ubiquitin

Molecular structure and function of mysterin/RNF213
Daisuke Morito

Department of Biochemistry, Showa University School of Medi-
cine, Hatanodai 1-5-8, Shinagawa, Tokyo 142-0064, Japan
Mysterin is a large intracellular protein harboring a RING finger
ubiquitin ligase domain and is also referred to as RING finger
protein 213 (RNF213). The author performed the first molecular
cloning of the mysterin gene as the final step in genetic explora-
tion of cerebrovascular moyamoya disease (MMD) and initiated
the next round of exploration to understand its molecular and
cellular functions. Although much remains unknown, accumulat-
ing findings suggest that mysterin functions in cells by targeting
massive intracellular structures, such as lipid droplets (LDs) and
various invasive pathogens. In the latter case, mysterin appears
to directly surround and ubiquitylate the surface of pathogens
and stimulate cell-autonomous antimicrobial reactions, such
as xenophagy and inflammatory response. To date, multiple
mutations causing MMD have been identified within and near
the RING finger domain of mysterin; however, their functional
relevance remains largely unknown. Besides the RING finger,
mysterin harbors a dynein-like ATPase core and an RZ finger,
another ubiquitin ligase domain unique to mysterin, while func-
tional exploration of these domains has also just commenced. In
this review, the author attempts to summarize the core findings
regarding the molecular structure and function of the mysterin
protein, with an emphasis on the perspective of MMD research.
Keywords: AAA+, moyamoya disease, mysterin, RNF213,

ubiquitin

Protein degraders—from thalidomide to new PROTACSs
Takumi Ito

Institute of Medical Science, Tokyo Medical University, 6-1-1,
Shinjuku, Shinjuku-ku, Tokyo 160-8402, Japan

Recently, the development of protein degraders (protein-de-
grading compounds) has prominently progressed. There are two
remarkable classes of protein degraders: proteolysis-targeting
chimeras (PROTACSs) and molecular glue degraders (MGDs).
Almost 70 years have passed since thalidomide was initially
developed as a sedative-hypnotic drug, which is currently recog-

nized as one of the most well-known MGDs. During the last two
decades, a myriad of PROTACs and MGDs have been devel-
oped, and the molecular mechanism of action (MOA) of thalido-
mide was basically elucidated, including identifying its molecu-
lar target cereblon (CRBN). CRBN forms a Cullin Ring Ligase
4 with Cul4 and DDB1, whose substrate specificity is controlled
by its binding ligands. Thalidomide, lenalidomide and pomalido-
mide, three CRBN-binding MGDs, were clinically approved to
treat several intractable diseases (including multiple myeloma).
Several other MGDs and CRBN-based PROTACs (ARV-110 and
AVR-471) are undergoing clinical trials. In addition, several new
related technologies regarding PROTACs and MGDs have also
been developed, and achievements of protein degraders impact
not only therapeutic fields but also basic biological science. In
this article, I introduce the history of protein degraders, from the
development of thalidomide to the latest PROTACs and related
technologies.

Keywords: cereblon, molecular glue degrader, PROTACsS, pro-

tein degrader, thalidomide, ubiquitin
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On the pursuit to reconstitute the Escherichia coliribo some
from purified components

Hideki Taguchi

Cell Biology Center, Institute of Innovative Research, Tokyo
Institute of Technology, S2-19, Nagatsuta 4259, Midori-ku, Yo-
kohama, 226-8501, Japan

The ribosome, the protein synthesizing machinery composed of
dozens of proteins and several ribosomal RNAs (rRNAs), is es-
sential for life. In vitro reconstitution of the ribosome holds sig-
nificance for understanding biosynthesis, applications in biotech-
nology and potential contributions to synthetic biology. There is
a long history of in vitro reconstitution of bacterial ribosomes,
originating in the 1970s when the 30S ribosome of Escherichia
coli was reconstituted from the protein and rRNA components
prepared from native ribosome. Since then, the reconstitution
using in vitro transcribed rRNAs has been established, and more
recently, the reconstitution using recombinant ribosomal proteins
has also become possible. A recent report by Aoyama et al. (J.
Biochem. 2022; 171: 227-237), the reconstitution of the 50S ri-
bosome using 33 recombinant ribosomal proteins, is a new leap
toward complete reconstitution of the holo ribosome complex
from recombinant proteins and in vitro transcribed rRNAs. This
commentary also discusses future challenges.

Keywords: 308, 50S, reconstitution, ribosome
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Therapeutic strategies targeting cellular senescence for can-
cer and other diseases

Xuebing Wang', Takeshi Fukumoto® and Ken-ichi Noma'?
Institute for Genetic Medicine, Hokkaido University, Kita-15,
Nishi-7, Kita-Ku, Sapporo 060-0815, Japan; *Division of Der-
matology, Department of Internal Related, Graduate School of
Medicine, Kobe University, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe
650-0017, Japan; and *Institute of Molecular Biology, University
of Oregon, 1370 Franklin Blvd, Eugene, OR 97403, USA
Cellular senescence occurs in response to endogenous or exog-
enous stresses and is characterized by stable cell cycle arrest,
alterations in nuclear morphology and secretion of proinflamma-
tory factors, referred to as the senescence-associated secretory
phenotype (SASP). An increase of senescent cells is associated
with the development of several types of cancer and aging-
related diseases. Therefore, senolytic agents that selectively re-
move senescent cells may offer opportunities for developing new
therapeutic strategies against such cancers and aging-related dis-
eases. This review outlines senescence inducers and the general
characteristics of senescent cells. We also discuss the involve-
ment of senescent cells in certain cancers and diseases. Finally,
we describe a series of senolytic agents and their utilization in
therapeutic strategies.

Keywords: aging, cancer, cellular senescence, premature aging
(progeria) syndromes, senescence- and aging-related diseases,
senolytic agents
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Comparative Analysis of Site-Specific N-glycosylation of
LAMP1 from Breast Cancer Tissues

Shoko Ohashi', Daisuke Takakura', Noritoshi Kobayashi?, Mo-
tohiko Tokuhisa?, Yasushi Ichikawa?® and Nana Kawasaki'
'Graduate School of Medical Life Science, Yokohama City Uni-
versity, 1-7-29 Suehiro-cho, Tsurumi-ku, Yokohama 230-0045,
Japan; and *Department of Oncology, Yokohama City University
Hospital, 3-9 Fukuura, Kanazawa-ku, Yokohama 236-0004, Japan
Glycosylation changes in cancer proteins have been associated
with malignant transformation. However, techniques for analyz-
ing site-specific glycosylation changes in target proteins obtained
from clinical tissue samples are insufficient. To overcome these
problems, we developed a targeted N-glycoproteomic approach
consisting of immunoprecipitation, glycopeptide enrichment,
LC/MS/MS and structural assignment using commercially avail-

able analytical software followed by manual confirmation. This
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approach was applied to the comparative site-specific glycosyl-
ation analysis of lysosome-associated membrane glycoprotein 1
(LAMP1) between breast cancer (BC) tumors and normal tissues
adjacent to tumors. Extensive determination of glycan hetero-
geneity from four N-glycosylation sites (Asn84/103/249/261)
in LAMP1 identified 262 glycoforms and revealed remarkable
diversity in tumor glycan structures. A significant increase in N-
glycoforms with multiple fucoses and sialic acids at Asn84/249
and high-mannose-type glycans at Asn103/261 were observed in
the tumor. Principal component analysis revealed that tumors of
different subtypes have independent distributions. This approach
enables site-specific glycopeptide analysis of target glycoprotein
in breast cancer tissue and become a powerful tool for character-
izing tumors with different pathological features by their glycan
profiles.

Keywords: breast cancer, LAMP1, LC/MS/MS, site-specific gly-

cosylation, tissue
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Perturbed collagen metabolism underlies lymphatic recana-
lization failure in Gata2 heterozygous deficient mice

Tomomi Watanabe-Asaka', Moyuru Hayashi', Takuya Harada',
Satoshi Uemura?, Jun Takai’, Yasuhiro Nakamura®, Takashi
Moriguchi’ and Yoshiko Kawai'
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istry, Tohoku Medical and Pharmaceutical University, School
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Lymphedema has become a global health issue following the
growing number of cancer surgeries. Curative or supportive
therapeutics have long been awaited for this refractory condi-
tion. Transcription factor GATA?2 is crucial in lymphatic devel-
opment and maintenance, as GATA2 haploinsufficient disease
often manifests as lymphedema. We recently demonstrated that
Gata?2 heterozygous deficient mice displayed delayed lymphatic
recanalization upon lymph node resection. However, whether
GATA2 contributes to lymphatic regeneration by functioning
in the damaged lymph vessels” microenvironment remains ex-
plored. In this study, our integrated analysis demonstrated that
dermal collagen fibers were more densely accumulated in the
Gata? heterozygous deficient mice. The collagen metabolism-
related transcriptome was perturbed, and collagen matrix con-
tractile activity was aberrantly increased in Gata2 heterozygous
embryonic fibroblasts. Notably, soluble collagen placement
ameliorated delayed lymphatic recanalization, presumably by

modulating the stiftness of the extracellular matrix around the
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resection site of Gata2 heterozygous deficient mice. Our results
provide valuable insights into mechanisms underlying GATA2-
haploinsufficiency-mediated lymphedema and shed light on po-
tential therapeutic avenues for this intractable disease.

Keywords: collagen, Gata2, haploinsufficiency, lymphatic ves-

sels, recanalization
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Notch signaling pathway induces expression of type IV col-
lagen in angiogenesis

Kazuki Kukita', Nanaka Matsuzaka®, Mikihisa Takai’, Yasutada
Imamura' and Yongchol Shin'?

'Graduate School of Engineering, Kogakuin University, 2665-1,
Nakanomachi, Tokyo 192-0015, Japan; and *Department of
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Kogakuin University, Tokyo, Japan

Mural cell adhesion is important for the localization of basement
membrane components during angiogenesis, and cell-cell inter-
actions are thought to be critical for basement membrane forma-

tion. Type IV collagen, a component of the basement membrane,

and non-triple helical type IV collagen a1 chain (NTH a1(IV))
co-localize in the basement membrane of neovascular vessels.
However, it remains unclear how type IV collagen and NTH
a1(IV) are produced around the basement membrane. In the
present study, we developed a de novo angiogenesis model using
human umbilical vein endothelial cell spheroids and TIG-1 fi-
broblast cells and demonstrated that NTH o 1(IV), probably with
o.1(IV) chain before forming triple helix molecule, was localized
in the fibroblasts in contact with vascular endothelial cells. This
localization was disrupted by DAPT, a Notch signaling inhibitor.
DAPT treatment also reduced type IV collagen and NTH a 1(IV)
secretion in TIG-1 fibroblasts, along with diminished COL441
and COL4A42 gene expression. Downregulation of Notch3 in
TIG-1 fibroblasts decreased the secretion of type IV collagen
and NTH a 1(IV). Taken together, these findings suggest that het-
erogeneous and homogeneous intercellular Notch signaling via
Notch3 induces type IV collagen and NTH a 1(IV) expression in
fibroblasts and contributes to basement membrane formation in
neovascular vessels.

Keywords: angiogenesis, basement membrane, Notch signaling,
NTH a1(IV), type IV collagen
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