Journal of Biochemistry

Vol. 174, No. 2 (2023 4 8 A % 17)
SA4TT A B

JB REVIEW

LUBAC-mediated linear ubiquitination in tissue homeostasis
and disease

Katsuhiro Sasaki and Kazuhiro Iwai

Department of Molecular and Cellular Physiology, Graduate
School of Medicine, Kyoto University, Yoshida-konoe-cho,
Sakyo-ku, Kyoto 606-8501, Japan

In addition to its role in the ubiquitin—proteasome system of
protein degradation, polyubiquitination is involved in the regula-
tion of intracellular events. Depending on the type of ubiquitin—
ubiquitin linkage used, polyubiquitin can assume several types
of structures. The spatiotemporal dynamics of polyubiquitin
involve multiple adaptor proteins and induce different down-
stream outputs. Linear ubiquitination, in which the N-terminal
methionine on the acceptor ubiquitin serves as the site for ubig-
uitin-ubiquitin conjugation, is a rare and atypical type of polyu-
biquitin modification. The production of linear ubiquitin chains
is dependent on various external inflammatory stimuli and leads
to the transient activation of the downstream NF-«xB signal-
ling pathway. This in turn suppresses extrinsic programmed
cell death signals and protects cells from activation-induced
cell death under inflammatory conditions. Recent evidence has
revealed the role of linear ubiquitination in various biological
processes under both physiological and pathological conditions.
This led us to propose that linear ubiquitination may be pivotal
in the ‘inflammatory adaptation’ of cells, and consequently in tis-
sue homeostasis and inflammatory disease. In this review, we fo-
cused on the physiological and pathophysiological roles of linear
ubiquitination in vivo in response to a changing inflammatory
microenvironment.

Keywords: cancer, inflammatory adaptation, LUBAC, TNF sig-

nalling, ubiquitin
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A lipid scramblase TMEM41B is involved in the processing
and transport of GPI-anchored proteins

Shu-YaCao', Yi-ShiLiu', Xiao-DongGao', Taroh Kinoshita™?
and Morihisa Fujita"*

'Key Laboratory of Carbohydrate Chemistry and Biotechnology,
Ministry of Education, School of Biotechnology, Jiangnan Uni-
versity, 1800 Lihu Avenue, Wuxi, Jiangsu 214122, China; "Re-

search Institute for Microbial Diseases, Osaka University, 3-1

Yamada-oka, Suita, Osaka 565-0871, Japan; *WPI Immunol-
ogy Frontier Research Center, Osaka University, 3-1 Yamada-
oka, Suita, Osaka 565-0871, Japan and ‘Institute for Glyco-
core Research (iIGCORE), Gifu University, 1-1 Yanagido, Gifu
501-1193, Japan

Protein modification by glycosylphosphatidylinositol (GPI)
takes place in the endoplasmic reticulum (ER). GPI-anchored
proteins (GPI-APs) formed in the ER are transported to the
cell surface through the Golgi apparatus. During transport, the
GPI-anchor structure is processed. In most cells, an acyl chain
modified to the inositol of GPI is removed by a GPI-inositol
deacylase, PGAPI1, in the ER. Inositol-deacylated GPI-APs
become sensitive to bacterial phosphatidylinositol-specific phos-
pholipase C (PI-PLC). We previously reported that GPI-APs are
partially resistant to PI-PLC when PGAPI activity is weakened
by the deletion of selenoprotein T (SELT) or cleft lip and palate
transmembrane protein 1 (CLPTM1). In this study, we found
that the loss of TMEM41B, an ER-localized lipid scramblase,
restored PI-PLC sensitivity of GPI-APs in SELT-knockout (KO)
and CLPTM1-KO cells. In TMEM41B-KO cells, the transport
of GPI-APs as well as transmembrane proteins from the ER to
the Golgi was delayed. Furthermore, the turnover of PGAPI1,
which is mediated by ER-associated degradation, was slowed in
TMEM41B-KO cells. Taken together, these findings indicate that
inhibition of TMEM41B-dependent lipid scrambling promotes
GPI-AP processing in the ER through PGAP1 stabilization and
slowed protein trafficking.

Keywords: TMEM41B, scramblase, protein trafficking, lipid re-
modeling, glycosylphosphatidylinositol.

Abbreviations: Baf A1, bafilomycin Al; BFP, blue fluorescent
protein; CHX, cycloheximide; CLPTMI, cleft lip and palate
transmembrane protein 1; COP-II, coat protein complex II;
DKO, double knockout; EtNP, ethanolamine-phosphate; ER,
endoplasmic reticulum; ERAD, ER-associated degradation; GPI,
glycosylphosphatidylinositol; GPI-AP, GPI-anchored protein;
KO, knockout; Man, mannose; PI, phosphatidylinositol; PI-PLC,
phosphatidylinositol-specific phospholipase C; SELT, selenopro-
tein T; sgRNA, single-guide RNA
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Interaction of FlhF, SRP-like GTPase with FliF, MS ring
component assembling the initial structure of flagella in ma-
rine Vibrio

Yuria Fukushima, Michio Homma and Seiji Kojima

Division of Biological Science, Graduate School of Science, Na-
goya University, Chikusa-ku, Nagoya 464-8602, Japan

Vibrio alginolyticus forms a single flagellum at its cell pole. FIhF

and FlIhG are known to be the main proteins responsible for the
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polar formation of single flagellum. MS-ring formation in the
flagellar basal body appears to be an initiation step for flagellar
assembly. The MS-ring is formed by a single protein, FliF, which
has two transmembrane (TM) segments and a large periplasmic
region. We had shown that FIhF was required for the polar lo-
calization of Vibrio FliF, and FIhF facilitated MS-ring formation
when FIiF was overexpressed in Escherichia coli cells. These
results suggest that FIhF interacts with FIiF to facilitate MS-ring
formation. Here, we attempted to detect this interaction using
Vibrio FliF fragments fused to a tag of Glutathione S-transferase
in E. coli. We found that the N-terminal 108 residues of FIiF,
including the first TM segment and the periplasmic region, could
pull FIhF down. In the first step, signal recognition particle (SRP)
and its receptor are involved in the transport of membrane pro-
teins to target them, which delivers them to the translocon. FIhF
may have a similar or enhanced function as SRP, which binds to
a region rich in hydrophobic residues.

Keywords: Translocon, GTPase, F1hG, FlhF, Basalbody

Acetylation of MLH1 by CBP increases cellular DNA mis-
match repair activity

Mu Zhang', Jiawei Zhao', Peter M. Glazer’, Wenlong Bai’, Ger-
old Bepler' and Xiaohong Mary Zhang'

'"Department of Oncology, Wayne State University School of
Medicine, Karmanos Cancer Institute, 4100 John R. St., Detroit,
MI 48201, USA; *Department of Therapeutic Radiology, Yale
School of Medicine, PO Box 208040, New Haven, CT 06520-
8040, USA and *School of Life Sciences, Henan University, Kai-
feng, Henan, China

The DNA mismatch repair (MMR) proteins recognize and repair
DNA base pair mismatches and insertions/deletions of DNA
that have occurred during DNA replication. Additionally, they
are involved in regulation of the DNA damage response, includ-
ing cell cycle checkpoints and apoptosis. Therefore, regulation
of these proteins is essential for maintaining genomic integrity.
It has been recognized that post-translational modifications,
such as phosphorylation, ubiquitination, and acetylation, are
being used as an important means to regulate the functions and
stability of MMR proteins. Here, we report that a histone acet-
yltransferase CREB binding protein (CBP) interacts with and
acetylates MLH1, a component of the MutL o complex (MLH1-
PMS2). Moreover, CBP stabilizes MLH1 by preventing it from
degradation via the ubiquitin-proteasome degradation pathway.
Consistently, acetylation induced by a pan-histone deacetylase
inhibitor, Trichostatin A, promotes the assembly between the
MutSa (MSH2-MSHG6) and MutLa complexes. Furthermore,
overexpression of CBP enhances MMR activities in cells. Over-
all, our results suggest a novel role of CBP in prolonging MLH1
stability and enhancing MutSa-MutL o complex formation,

leading to increased cellular MMR activity.
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Structural insights into recognition of SL4, the UUCG stem-
loop, of human U1 snRNA by the ubiquitin-like domain,
including the C-terminal tail in the SF3A1 subunit of U2 sn-
RNP

Nobukazu Nameki', Shin-ichi Terawaki’, Masayuki Takizawa®,
Madoka Kitamura®, Yutaka Muto® and Kanako Kuwasako®
"Division of Molecular Science, Graduate School of Science
and Technology, Gunma University, 1-5-1 Tenjin-cho, Kiryu-
shi, Gunma 376-8515, Japan; *Division of Structure Analysis
of Protein Complex, Proteo-Science Center, Ehime University,
*Bunkyo-cho, Matsuyama, Ehime 790-8577 Japan; and *Faculty
of Pharmacy and Research Institute of Pharmaceutical Sciences,
Musashino University, 1-1-20 Shinmachi, Nishitokyo-shi,
Tokyo 202-8585, Japan

The pre-spliceosomal complex involves interactions between
U1 and U2 snRNPs, where a ubiquitin-like domain (ULD) of
SF3A1, a component of U2 snRNP, binds to the stem-loop 4
(SL4; the UUCG tetraloop) of Ul snRNA in Ul snRNP. Here,
we reported the 1.80 A crystal structure of human SF3A1 ULD
(ULD®™*") complexed with SL4. The structural part of ULDS*!
(res. 704-785) adopts a typical S-grasp fold with a topology of
L1-f2-a1-3,0,-3-4-310-B5, closely resembling that of ubiq-
uitin, except for the length and structure of the f1/62 loop. A
patch on the surface formed by three ULDS™*'-specific residues,
Lys756 ($3), Phe763 (f4) and Lys765 (following f4), contacts
the canonical UUCG tetraloop structure. In contrast, the directly
following C-terminal tail composed of ""KERGGRKK™” was
essentially stretched. The main or side chains of all the residues
interacted with the major groove of the stem helix; the RGG
residues adopted a peculiar conformation for RNA recognition.
These findings were confirmed by mutational studies using bio-
layer interferometry. Collectively, a unique combination of the
p-grasp fold and the C-terminal tail constituting ULDS™! is
required for the SL4-specific binding. This interaction mode also
suggests that putative post-translational modifications, including
ubiquitination in ULDS™*', directly inhibit SL4 binding.
Keywords: UNCG tetraloop, ubiquitin-like domain, splicing,
RNA binding, crystal structure

Abbreviations: BLI, bio-layer interferometry; SL4, Stem-loop 4
of Ul snRNA; ULD, ubiquitin-like domain; RMSD, root-mean-
square deviation; W-C, Watson-Crick; ZKD, zinc knuckle domain

Biochemistry in Cell Membranes

The scaffold protein PDZK1 governs diurnal localization of
CNT2 on the plasma membrane in mouse intestinal epithe-
lial cells

Nour Jaballah', Yuya Tsurudome?, Chiho Murakami', Naoya
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'"Department of Pharmaceutics, Faculty of Pharmaceutical Sci-
ences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fuku-
oka, Fukuoka 812-8582, Japan; *Division of Pharmaceutics,
Faculty of Pharmaceutical Sciences, Sanyo-Onoda City Uni-
versity, 1-1-1 Daigaku-dori, Sanyo-Onoda City, Yamaguchi
756-0884, Japan; *Department of Clinical Pharmacokinetics,
Faculty of Pharmaceutical Sciences, Kyushu University, 3-1-1
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‘Department of Glocal Healthcare, Faculty of Pharmaceuti-
cal Sciences, Kyushu University, 3—1-1 Maidashi, Higashi-ku,
Fukuoka, Fukuoka 812-8582, Japan

Diurnal oscillations in the expression of several types of cell
surface transporters have been demonstrated in the intestinal
epithelial cells, which are mainly generated at transcriptional or
degradation processes. Concentrative nucleoside transporter-2
(CNT2) is expressed at the apical site of intestinal epithelial cells
and contributes to the uptake of nucleosides and their analogs
from the intestinal lumen into the epithelial cells. In this study,
we demonstrated that the localization of CNT2 protein in the
plasma membrane of mouse intestinal epithelial cells exhibited
a diurnal oscillation without changing its protein level in the
whole cell. The scaffold protein PDZK1 interacted with CNT2
and stabilized its plasmalemmal localization. The expression of
PDZK1 was under the control of molecular components of the
circadian clock. Temporal accumulation of PDZK1 protein in
intestinal epithelial cells enhanced the plasmalemmal localiza-
tion of CNT2 at certain times of the day. The temporal increase
in CNT2 protein levels at the plasma membrane also facilitated
the uptake of adenosine into the intestinal epithelial cells. These
results suggest a novel molecular mechanism for the diurnal lo-
calization of cell surface transporters and extend our understand-
ing of the biological clock system that generates apparent physi-
ological rhythms.

Keywords: scaffold protein, PDZK1, CNT2, circadian clock

Biochemistry in Diseases and Aging

Full-length prion protein incorporated into prion aggregates
is a marker for prion strain-specific destabilization of aggre-
gate structure following cellular uptake

Daniel Shoup and Suzette A. Priola

Laboratory of Persistent Viral Diseases, Rocky Mountain Labo-
ratories, National Institute of Allergy & Infectious Diseases, Na-
tional Institutes ofHealth,903S.4™ Str, Hamilton, MT 59840 USA
Accumulation of insoluble aggregates of infectious, partially
protease-resistant prion protein (PrP°) generated via the mis-
folding of protease sensitive prion protein (PrP°) into the same
infectious conformer, is a hallmark of prion diseases. Aggre-

gated PrP® is taken up and degraded by cells, a process likely

involving changes in aggregate structure that can be monitored
by accessibility of the N-terminus of full-length PrP® to cellular
proteases. We therefore tracked the protease sensitivity of full-
length PrP” before and after cellular uptake for two murine prion
strains, 22 and 87V. For both strains, PrP® aggregates were less
stable following cellular uptake with increased accessibility of
the N-terminus to cellular proteases across most aggregate sizes.
However, a limited size range of aggregates was able to better
protect the N-termini of full-length PrP°, with the N-terminus of
221-derived PrP® more protected than that of 87V. Interestingly,
changes in aggregate structure were associated with minimal
changes to the protease-resistant core of PrP”. Our data show
that cells destabilize the aggregate quaternary structure protect-
ing PrP” from proteases in a strain-dependent manner, with
structural changes exposing protease sensitive PrP” having little
effect on the protease-resistant core, and thus conformation, of
aggregated PrPP.

Keywords: aggregate structure, degradation, protein, prion,
PrPD, PrPSc
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The anti-inflammatory and anti-oxidative effect of a classi-
cal hypnotic bromovalerylurea mediated by the activation of
NRF2

Haruna Takeda" ?, Yoshihiro Nakajima®, Teruaki Yamaguchi',
Itaru Watanabe', Shoko Miyoshi', Kodai Nagashio', Hiroki Se-
kine®, Hozumi Motohashi’, Hajime Yano' and Junya Tanaka'
'Department of Molecular and Cellular Physiology, Graduate
School of Medicine, Ehime University, 454 Shitsukawa, Toon,
Ehime 791-0295, Japan; “Department of Gene Expression Regu-
lation, Institute of Development, Aging and Cancer, Tohoku
University, 4-1 Seiryo-cho, Aoba-ku, Sendai, Miyagi 980-8575,
Japan and *Health and Medical Research Institute, National In-
stitute of Advanced Industrial Science and Technology (AIST),
2217-14 Hayashi-cho, Takamatsu, Kagawa 761-0301, Japan
The Kelch-like ECH-associated protein 1-nuclear factor ery-
throid 2-related factor 2 (KEAP1-NRF2) system plays a central
role in redox homeostasis and inflammation control. Oxidative
stress or electrophilic compounds promote NRF2 stabilization
and transcriptional activity by negatively regulating its inhibi-
tor, KEAP1. We have previously reported that bromovalerylurea
(BU), originally developed as a hypnotic, exerts anti-inflamma-
tory effects in various inflammatory disease models. However,
the molecular mechanism underlying its effect remains uncertain.
Herein, we found that by real-time multicolor luciferase assay
using stable luciferase red3 (SLR3) and green-emitting emerald
luciferase (ELuc), BU potentiates NRF2-dependent transcription
in the human hepatoblastoma cell line HepG2 cells, which lasted
for more than 60h. Further analysis revealed that BU promotes

NRF2 accumulation and the transcription of its downstream
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cytoprotective genes in the HepG2 and the murine microglial
cell line BV2. Keapl knockdown did not further enhance NRF2
activity, suggesting that BU upregulates NRF2 by targeting
KEAPI1. Knockdown of Nfe2l2 in BV2 cells diminished the sup-
pressive effects of BU on the production of pro-inflammatory
mediators, like nitric oxide (NO) and its synthase NOS2, indicat-
ing the involvement of NRF2 in the anti-inflammatory effects of
BU. These data collectively suggest that BU could be repurposed
as a novel NRF2 activator to control inflammation and oxidative
stress.

Keywords: KEAP1-NRF2, drugaction toxins/drugs/xenobiotics,

bromovalerylurea, anti-oxidant oxygen, anti-inflammation
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3,5-bis(styryl)pyrazole inhibits mitosis and induces cell death
independent of BubR1 and p53 levels by depolymerizing mi-
crotubules

Pooja J. Batra', Anuradha Kumari', Vivian W. Y. Liao®, David E.
Hibbs?, Paul W. Groundwater” and Dulal Panda'?

'"Department of Biosciences and Bioengineering, Indian Institute
of Technology Bombay, Powai, Mumbai 400076, Maharashtra,
India; *Sydney Pharmacy School, Faculty of Medicine and Health,
The University of Sydney, Sydney, NSW 2006, Australia and
*National Institute of Pharmaceutical Education and Research
(NIPER), Sector 67, S.A.S. Nagar, Mohali 160062, Punjab, India
Here, we show that 3,5-bis[(1E)-2-(2,6-dichlorophenyl)ethenyl]-
1H-pyrazole 21 depolymerizes microtubules and reduces the
number of growing tips of microtubules. The fluorescence recov-
ery after photobleaching experiment in live MCF-7 cells showed
that pyrazole 21 suppresses spindle microtubule dynamics. Fur-
ther, the compound inhibits chromosome movements, activates
the spindle assembly check point and blocks mitosis in MCF-
7 cells. Pyrazole 21 treatment induced cell death in a variety of
pathways. Pyrazole 21 induces cell death independent of BubR1
and p53 levels of MCF-7 cells upon microtubule depolymeriza-
tion. Further, pyrazole 21 increases the interaction between NF-
xB and microtubules and enhances the nuclear localization of
NF-«B at its half-maximal proliferation inhibitory concentration
while a high concentration of the compound reduced the nuclear
localization of NF-xB. Interestingly, the compound exerted
significantly stronger antiproliferative effects in cancerous cells
than in non-cancerous cells. The results indicated that pyrazole
21 inhibits mitosis by targeting microtubules, induces several
types of cell death stimuli and suggests its potential as a lead in
developing anticancer agent.

Keywords: mitotic index, microtubule dynamics, congression
index, chromosome dynamics, cell death

Abbreviations: BSA, bovine serum albumin, CI, congression

index, FBS, fetal bovine serum, FRAP, fluorescence recovery
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after photobleaching, pHH3, phospho-Histone H3 (Ser10), PI,
propidium iodide, SAC, spindle assembly checkpoint
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Trans-scale thermal signaling in biological systems

Madoka Suzuki, Chujie Liu"2, Kotaro Oyama3 and Toshiko
Yamazawa®

'Institute for Protein Research, Osaka University, 3-2 Yamadaoka,
Suita, Osaka 565-0871, Japan; “Department of Biological Sci-
ences, Graduate School of Science, Osaka University, 1-1
Machikaneyama-cho, Toyonaka, Osaka 560-0043, Japan; *Foun-
dational Quantum Technology Research Directorate, National
Institutes for Quantum Science and Technology, 1233 Watanuki-
machi, Takasaki-shi, Gunma 370-1292, Japan; and ‘Core Re-
search Facilities, The Jikei University Schoolof Medicine, 3-25-
8 Nishi-Shimbashi, Minato-ku, Tokyo 105-8461, Japan
Biochemical reactions in cells serve as the endogenous source
of heat, maintaining a constant body temperature. This process
requires proper control; otherwise, serious consequences can
arise due to the unwanted but unavoidable responses of bio-
logical systems to heat. This review aims to present a range of
responses to heat in biological systems across various spatial
scales. We begin by examining the impaired thermogenesis of
malignant hyperthermia in model mice and skeletal muscle cells,
demonstrating that the progression of this disease is caused by
a positive feedback loop between thermally driven Ca** signal-
ing and thermogenesis at the subcellular scale. After we explore
thermally driven force generation in both muscle and non-mus-
cle cells, we illustrate how in vitro assays using purified proteins
can reveal the heat-responsive properties of proteins and protein
assemblies. Building on these experimental findings, we propose
the concept of ‘trans-scale thermal signaling’.

Keywords: ATPase, fluorescence microscopy, heat-induced cal-
cium release, microheating, type 1 ryanodine receptor
Abbreviations: [Ca®"]i, intracellular Ca’* concentration; CICR,
Ca’*-induced Ca’" release; ER, endoplasmic reticulum; FDB,
flexor digitorum brevis; HEK293 cell, human embryonic kid-
ney 293 cell; HICR, heat-induced Ca’* release; IP3R, inositol
1,4,5-trisphosphate receptor; MH, malignant hyperthermia;
RCC, rapid cooling contracture; RyR1, type 1 ryanodine recep-
tor; SERCA, sarco/endoplasmic reticulum Ca’*-ATPase; SR,
sarcoplasmic reticulum; TRP, transient receptor potential; WT,

wild type
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Clomipramine inhibits dynamin GTPase activity by L-a-
phosphatidyl-L serine stimulation

Hiroshi Miyoshi', Masahiro Otomo” and Kiyofumi Takahashi’
'Department of Microbiology, St. Marianna University School
of Medicine, 2-16-1 Sugao, Miyamae, Kawasaki 216-8511,
Japan and ’Department of Neuropsychiatry, St. Marianna Uni-
versity School of Medicine, 2-16-1 Sugao, Miyamae, Kawasaki
216-8511, Japan

Three dynamin isoforms play critical roles in clathrin-dependent
endocytosis. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) enters host cells via clathrin-dependent endocy-
tosis. We previously reported that 3-(3-chloro-10,11-dihydro-5H-
dibenzo [b, f] azepin-5-yl)-N, N-dimethylpropan-1-amine (clo-
mipramine) inhibits the GTPase activity of dynamin 1, which is
in mainly neuron. Therefore, we investigated whether clomip-
ramine inhibits the activity of other dynamin isoforms in this
study. We found that, similar to its inhibitory effect on dynamin 1,
clomipramine inhibited the L-a-phosphatidyl-L-serine-stimulated
GTPase activity of dynamin 2, which is expressed ubiquitously,
and dynamin 3, which is expressed in the lung. Inhibition of
GTPase activity raises the possibility that clomipramine can sup-
press SARS-CoV-2 entry into host cells.

Keywords: clomipramine, dynamin, endocytosis, inhibition,
SARS-CoV-2

Abbreviations: ACE2, angiotensin-converting enzyme 2; Dyn,
dynamin; His, histidine; MiTMAB, myristyl trimethyl ammoni-
um bromide; Pi, orthophosphate; PS, L-a-phosphatidyl-L-serine;

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

Protein Interaction and Recognition

Mechanism of tRNA recognition by heterotetrameric glycyl-
tRNA synthetase from lactic acid bacteria

Yasuha Nagato', Seisuke Yamashita’, Azusa Ohashi', Haruyuki
Furukawa', Kazuyuki Takai', Kozo Tomita® and Chie Tomikawa'
'"Department of Materials Science and Biotechnology, Graduate
School of Science and Engineering, Ehime University, Mat-
suyama, Ehime 790-8577, Japan; and *Department of Com-
putational Biology and Medical Sciences, Graduate School of
Frontier Sciences, The University of Tokyo, Kashiwa, Chiba
277-8562, Japan

Glycyl-tRNA synthetases (GlyRSs) have different oligomeric
structures depending on the organisms. While a dimeric a,
GlyRS species is present in archaea, eukaryotes and some eu-
bacteria, a heterotetrameric a,f, GlyRS species is found in most
eubacteria. Here, we present the crystal structure of heterotet-

rameric a,f, GlyRS, consisting of the full-length a and f sub-

units, from Lactobacillus plantarum (LpGlyRS), gram-positive
lactic bacteria. The a,f,,,GlyRS adopts the same X-shaped
structure as the recently reported Escherichia coli a,f, GlyRS.
A tRNA docking model onto LpGlyRS suggests that the o and
[ subunits of LpGlyRS together recognize the L-shaped tRNA
structure. The o and f subunits of LpGlyRS together interact
with the 3’-end and the acceptor region of tRNAY, and the C-
terminal domain of the £ subunit interacts with the anticodon re-
gion of tRNAY. The biochemical analysis using tRNA variants
showed that in addition to the previously defined determinants
GI1C72 and C2G71 base pairs, C35, C36 and U73 in eubacte-
rial tRNAY, the identification of bases at positions 4 and 69 in
tRNAY is required for efficient glycylation by LpGlyRS. In this
case, the combination of a purine base at Position 4 and a py-
rimidine base at Position 69 in tRNA is preferred.

Keywords: aminoacyl tRNA synthetase, enzyme mechanism,
enzyme structure, gram-positive bacteria, transfer RNA (tRNA),
X-ray crystallography

Abbreviations: aaRS, aminoacyl-tRNA synthetase; GlyRS, gly-
cyl-tRNA synthetase; ArgRS, arginyl-tRNA synthetase; [1eRS,
isoleucyl-tRNA synthetase; AlaRS, alanyl-tRNA synthetase; SD
sequence, Shine-Dalgarno sequence; HD, hitherto-undescribed
superfamily of predicted phosphohydrolases; SEM, standard er-
ror of the mean; GlySA, 2-chloro-5'-O-[N-(glycyl) sulfamoyl]

adenosine
Lipid Biochemistry

Apolipoprotein M supports S1P production and conserva-
tion and mediates prolonged Akt activation via SIPR1 and
S1PR3

Keisuke Kiyozuka', Xian Zhao', Akimitsu Konishi', Yoji Andrew
Minamishima' and Hideru Obinata’

'Department of BIOCHEMISTRY, Gunma University Graduate
School of Medicine, 3-39-22 Showa-machi, Maebashi, Gunma
371-8511, Japan; and “Education and Research Support Cen-
ter, Gunma University Graduate School of Medicine, 3-39-22
Showa-machi, Maebashi, Gunma 371-8511, Japan

Sphingosine 1-phosphate (S1P) is one of the lipid mediators
involved in diverse physiological functions. S1P circulates in
blood and lymph bound to carrier proteins. Three S1P carrier
proteins have been reported, albumin, apolipoprotein M (ApoM)
and apolipoprotein A4 (ApoA4). The carrier-bound S1P exerts
its functions via specific S1P receptors (S1PR1-5) on target cells.
Previous studies showed several differences in physiological
functions between albumin-bound S1P and ApoM-bound S1P.
However, molecular mechanisms underlying the carrier-depen-
dent differences have not been clarified. In addition, ApoA4 is a
recently identified S1P carrier protein, and its functional differ-
ences from albumin and ApoM have not been addressed. Here,

we compared the three carrier proteins in the processes of S1P
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degradation, release from S1P-producing cells and receptor acti-
vation. ApoM retained S1P more stable than albumin and ApoA4
in the cell culture medium when compared in the equimolar
amounts. ApoM facilitated theS1P release from endothelial
cells most efficiently. Furthermore, ApoM-bound S1P showed a
tendency to induce prolonged activation of Akt via SIPR1 and
S1PR3. These results suggest that the carrier-dependent func-
tional differences of S1P are partly ascribed to the differences in
the S1P stability, S1P-releasing efficiency and signaling dura-
tion.

Keywords: Apolipoprotein A4, Apolipoprotein M, LC-MS/MS,
Sphingosine 1-phosphate

Abbreviations: ApoA4, Apolipoprotein A4; ApoM, Apolipo-
protein M; CHO, Chinese hamster ovary; ERK, Extracellular
signal-regulated kinase; LC-MS/MS, Liquid chromatography-
tandem mass spectrometry; LPP, Lipid phosphate phosphatase;
Mfsd2b, Multiple facilitator superfamily domain containing 2B;
PBS, Phosphate-buffered saline; S1P, Sphingosine 1-phosphate;
S1PR1, Sphingosine 1-phosphate receptor 1; SIPR3, Sphingo-
sine 1-phosphate receptor 3; SphK, Sphingosine kinase; Spns2,
Spinster homolog 2; TBS-T, Tris-buffed saline containing 0.1%
Tween20

Analytical Biochemistry

y-enolase (ENO2) is methylated at the N 7 position of His-190
among enolase isozymes

Fumiya Kasai', Koichiro Kako™?, Syunsuke Maruhashi’, Toru
Uetake', Yuan Yao’, Hiroaki Daitoku® and Akiyoshi Fukamizu™®
"Doctoral Programin Life and Agricultural Sciences, Univer-
sity of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8572,
Japan; *Faculty of Life and Environmental Sciences, Univer-
sity of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8572,
Japan; *Life Science Center for Survival Dynamics, Tsukuba
Advanced Research Alliance (TARA), University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki 305-8577, Japan; ‘Degree
Programin Agro-Bioresources Science and Technology, Univer-
sity of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8572,
Japan; *Ph. D. Programin Human Biology, School of Integrative
Global Majors (SIGMA), University of Tsukuba, 1-1-1 Tenno-
dai, Tsukuba, Ibaraki 305-8577, Japan; and "AMED-CREST,
Japan Agency for Medical Research and Development, 1-7-1
Otemachi, Chiyoda-ku, Tokyo 100-0004, Japan

Protein methylation is mainly observed in lysine, arginine and
histidine residues. Histidine methylation occurs at one of two
different nitrogen atoms of the imidazole ring, producing N
7-methy 1 histidine and Nz-methy [ histidine, and it has recently
attracted attention with the identification of SETD3, METTL18
and METTLO as catalytic enzymes in mammals. Although accu-
mulating evidence had suggested the presence of more than 100

proteins containing methylated histidine residues in cells, much
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less information has been known regarding histidine-methylated
proteins than lysine- and arginine-methylated ones, because no
method has been developed to identify substrates for histidine
methylation. Here, we established a method to screen novel tar-
get proteins for histidine methylation, using biochemical protein
fractionation combined with the quantification of methy I histi-
dine by LC-MS/MS. Interestingly, the differential distribution
pattern of Nz-methylated proteins was found between the brain
and skeletal muscle, and identified y-enolase where the His-190
at the N7 position is methylated in mouse brain. Finally, in silico
structural prediction and biochemical analysis showed that the
His-190 in y-enolase is involved in the intermolecular homodi-
meric formation and enzymatic activity. In the present study, we
provide a new methodology to find histidine-methylated proteins
in vivo and suggest an insight into the importance of histidine
methylation.

Keywords: enolase, histidine methylation, Mus musculus, y-eno-
lase, Nz-methylhistidine

Abbreviations: ADMA, asymmetric dimethylarginine; DML, di-
methyllysine; HEK293T, human embryonic kidney 293T; HIC,
hydrophobic interaction chromatography; LC-MS/MS, liquid
chromatography-tandem mass spectrometry; MALDI-TOF/MS,
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry; MMA, monomethylarginine; MRM, multiple
reaction monitoring; N-PLA, N-propyl-L-arginine; SAM, S-ad-
enosylmethionine; SDMA, symmetric dimethylarginine; TML,
trimethyllysine
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Homologous recombination (HR) is essential for genome stabil-
ity and for maintaining genetic diversity. In eubacteria, RecA
protein plays a key role during DNA repair, transcription, and
HR. RecA is regulated at multiple levels, but majorly by RecX
protein. Moreover, studies have shown RecX is a potent inhibi-
tor of RecA and thus acts as an antirecombinase. Staphylococ-
cus aureus is a major food-borne pathogen that causes skin,
bone joint, and bloodstream infections. To date, RecX's role in
S. aureus has remained enigmatic. Here, we show that S. au-
reus RecX (SaRecX) is expressed during exposure to DNA-

damaging agents, and purified RecX protein directly interacts
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physically with RecA protein. The SaRecX is competent to bind
with single-stranded DNA preferentially and double-stranded
DNA feebly. Significantly, SaRecX impedes the RecA-driven
displacement loop and inhibits formation of the strand exchange.
Notably, SaRecX also abrogates adenosine triphosphate hydro-
lysis and abolishes the LexA coprotease activity. These findings
highlight the role of the RecX protein as an antirecombinase dur-
ing HR and play a pivotal role in regulation of RecA during the
DNA transactions.

Keywords: Staphylococcus aureus, RecX, recombination, RecA,

antirecombinase
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Ferroptosis model system by the re-expression of BACH1
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Ferroptosis is a regulated cell death induced by iron-dependent
lipid peroxidation. The heme-responsive transcription factor
BTB and CNC homology 1 (BACHI1) promotes ferroptosis
by repressing the transcription of genes involved in glutathi-
one (GSH) synthesis and intracellular labile iron metabolism,
which are key regulatory pathways in ferroptosis. We found that
BACHI re-expression in Bachl™'~ immortalized mouse embry-
onic fibroblasts (iMEFs) can induce ferroptosis upon 2-mercap-
toethanol removal, without any ferroptosis inducers. In these
iMEFs, GSH synthesis was reduced, and intracellular labile iron
levels were increased upon BACHI re-expression. We used this
system to investigate whether the major ferroptosis regulators
glutathione peroxidase 4 (Gpx4) and apoptosis-inducing fac-
tor mitochondria-associated 2 (4ifm2), the gene for ferroptosis
suppressor protein 1, are target genes of BACH1. Neither Gpx4
nor Aifm2 was regulated by BACH1 in the iMEFs. However,
we found that BACHI represses A/FM?2 transcription in human
pancreatic cancer cells. These results suggest that the ferroptosis
regulators targeted by BACH1 may vary across different cell

types and animal species. Furthermore, we confirmed that the

ferroptosis induced by BACHI1 re-expression exhibited a propa-
gating effect. BACHI re-expression represents a new strategy
for inducing ferroptosis after GPX4 or system Xc~ suppression
and is expected to contribute to future ferroptosis research.
Keywords: transcription, fibroblasts, ferroptosis, extracellular
signal, BACH1

Abbreviations: AIFM2, apoptosis-inducing factor mitochondria-
associated 2; ANOVA, analysis of variance; BACHI, BTB
and CNC homology 1; Bachl~'~ mice, Bachl knockout mice;
BTB, Broad complex, Tramtrack, Bric-a-brac domain; bZIP,
basic leucine zipper; ChIP-seq, chromatin immunoprecipitation
sequencing; CNC, Cap‘n’Collar region; DAPI, 4’,6-diamidino-
2-phenylindole; DFX, deferasirox; DMSO, dimethyl sulfoxide;
EMT, epithelial-mesenchymal transition; Ferr-1, ferrostatin-1;
FINSs, ferroptosis inducers; FSP1, Ferroptosis suppressor protein
1; Fthl, ferritin heavy chain 1; Ftl, ferritin light chain; GCL,
glutamate-cysteine ligase; Gele, GCL catalytic subunit; Gelm,
GCL modifier subunit; GEO, Gene Expression Omnibus; GPX4,
glutathione peroxidase 4; GSH, glutathione; HO-1 (Hmox1),
heme oxygenase 1; iMEFs, immortalized MEFs; KuO, Kusabira
Orange; MAFK, musculoaponeurotic fibrosarcoma oncogene
homolog bZIP transcription factor K; mBACHI, Bachl gene of
Mus musculus; 2-ME, 2-mercaptoethanol; MEFs, mouse embry-
onic fibroblasts; NRF2, nuclear factor-erythroid 2-related factor
2; NSA, necrosulfonamide; PDAC, pancreatic ductal adenocarci-
noma; PI, Propidium iodide; Ptgs2, prostaglandin-endoperoxide
synthase 2; RSL3, (1S,3R)-RSL3; Slc40al, solute carrier fam-
ily 40 member 1; Slc7all, solute carrier family 7 member 11;
TFRC, transferrin receptor 1; Z-VAD.FMK, Benzyloxycarbonyl-
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Development of supercooling preservation method of adher-
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Cryopreservation of mammalian cells is an important technol-
ogy; however, freezing damage due to osmotic pressure dif-
ferences and ice crystal formation is inevitable. In addition,
cryopreserved cells cannot be used immediately after thawing
in many cases. Therefore, in this study, we developed a method
for supercooling and preserving adherent cells using a precision
temperature-controlled CO, incubator. The effects of the cooling
rate from 37 to —4°C, the warming rate from —4 to 37°C and a
preservation solution on cell viability after storage were exam-

ined. Human hepatocarcinoma-derived cell line HepG2 cells,
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preserved with Hypo Thermosol FRS at —4°C with a cooling
rate of —0.028°C/min (24h from 37°C to —4°C) and warming
to 37°C at a rate of +1.0°C/min (40 min from —4 to 37°C), dis-
played high cell viability after 14 days of preservation. The su-
periority of supercooling preservation at —4°C was demonstrat-
ed by comparing the obtained results with that of refrigerated
preservation at +4°C. Cells preserved for 14 days under optimal
conditions showed no cell shape abnormalities and may be used

for experiments immediately after thawing. The optimized su-

709

percooling preservation method determined in this study is suit-
able for the temporary preservation of adherent cultured cells.
Keywords: adherent cells, cell preservation, cell viability, HepG2,
supercooling preservation

Abbreviations: CS, Cryo Scaeless DMSO-Free; DMSO, dimeth-
yl sulfoxide; FRS, Hypo Thermosol FRrS; PI, propidium iodide;
ST, Stem-Cellbanker DMSO Free; TK, Thelio Keep; UW, Uni-
versity of Wisconsin
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