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Towards the in vivo identification of protein—protein interac-
tions

YujiSuzuki', KenjiKadomatsu' and KazumaSakamoto'”
'Department of Biochemistry, Nagoya University Graduate School
of Medicine, 65 Tsurumai-cho, Showa-ku, Nagoya 466-8550,
Japan; “Institute for Glyco-core Research (i GCORE), Nagoya
University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
Protein—protein interactions (PPIs) play crucial roles in biologi-
cal processes. The conventional methods based on affinity puri-
fication of a protein of interest (POI) have been widely used to
identify unknown PPIs. Recently, proximity-dependent biotin
identification (BiolD) has been used increasingly to investigate
PPIs. BiolD utilizes the proximity-dependent biotinylation, in
the presence of biotin, of endogenous proteins that are located
within a certain distance of POI-fused biotin ligase, which en-
ables us to reveal the more physiologically relevant PPIs in vivo
compared to the conventional methods.

However, there is little information on an appropriate way to ad-
minister biotin in vivo. Recent studies reported some biotin sup-
plementations for in vivo BiolD. In this commentary, we review
the BiolD technique as a tool to examine PPIs, and we introduce
a potential method to achieve efficient proximity labelling for in
vivo BiolD.

Keywords: cell death, chromo some dynamics, on gression in-

dex, micro tubu ledynamics, mitotic index
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Lysine Acetyltransferases (KATs) in Disguise: Diseases Im-
plications

Swati Srivastava', Sanjay Kumar®, Rohini Bhatt’, Ravishankar
Ramachandran®®, Arun K Trivedi'* and Tapas K Kundu®
'Division of Cancer Biology, CSIR-Centra 1 Drug Research
Institute, Sector-10, Jankipuram Extension, Sitapur Road, Luc-
know 226031, UP, India; *Biochemistry and Molecular Structure
Division, CSIR-Central Drug Research Institute, Sector-10,
Jankipuram Extension, Sitapur Road, Lucknow 226031, UP, India;
*Transcription and Disease Laboratory, Molecular Biology and
Genetics Unit, Jawaharlal Nehru Centre for Advanced Scientific
Research, Rachenahalli Lake Rd, Jakkur, Bangalore 560064,
India; *Academy of Scientific and Innovative Research (AcSIR),
Sector-19, Kamla Nehru Nagar, Ghaziabad 201002, India

Acetylation is one of the key post-translational protein modifica-
tions catalysed by the protein lysine acetyltransferases (KATS).
KATs catalyse the transfer of acetyl groups to the epsilon-amino
groups of lysine residues in histones and non-histone proteins.
Because of its wide range of target proteins, KATs regulate many
biological processes, and their aberrant activities may under-
lie several human diseases, including cancer, asthma, Chronic
Obstructive Pulmonary Disease (COPD), and neurological dis-
orders. Unlike most of the histone modifying enzymes, such as
lysine methyltransferases, KATs do not possess any conserved
domain like SET domain of lysine methyltransferases. However,
almost all the major families of KATs are found to be transcrip-
tional coactivators or adaptor proteins, with defined catalytic
domains, called canonical KATs. Over the past two decades, a
few proteins have been discovered to possess intrinsic KAT ac-
tivity but are not classical coactivators. We would like to catego-
rize them as non-canonical KATs (NC-KATs). These NC-KATs
include general transcription factors TAFII1250, mammalian
TFHIC complex, and mitochondrial protein GCN5L1, etc. This
review focuses on our understanding, as well as controversies
regarding non-canonical KATs, where we compare the structural
and functional similarities and dissimilarities of non-canonical
KATs with the canonical KATs. This review also highlights the
potential role of NC-KATs in health and diseases.

Keywords: non-canonical KATs, neurological disorders, Lysine

acetyltransferases, cancer, bromodomain, Acetyl-CoA
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Transcriptomic characterization of Lonrfl at the single-cell
level under pathophysiological conditions

Dan Li', Teh-Wei Wang', Sae Aratani'?, Satotaka Omori', Maho
Tamatani', Yoshikazu Johmura® and Makoto Nakanishi'
'Division of Cancer Cell Biology, Institute of Medical Science,
University of Tokyo, 4-6-1 Shirokane-dai, Minato-ku, Tokyo
108-8639, Japan; “Department of Endocrinology, Metabolism,
and Nephrology, Graduate School of Medicine, Nippon Medical
School, 1-1-5 Sendagi, Bunkyo-ku, Tokyo 113-8603, Japan;
and *Division of Cancer and Senescence Biology, Cancer Re-
search Institute, Institute for Frontier Science Initiative, Kanaza-
wa University, Kakuma-machi, Kanazawa 920-1192, Japan

The LONRF family of proteins consists of three isozymes, LON-
RF1-3, which harbors RING (really interesting new gene) domain
and Lon substrate binding domain. We have recently identified
LONREF?2 as a protein quality control ubiquitin ligase that acts
predominantly in neurons. LONRF?2 selectively ubiquitylates mis-
folded or damaged proteins for degradation. LONRF2 ™~ mice ex-
hibit late-onset neurological deficits. However, the physiological

implications of other LONRF isozymes remain unclear. Here, we
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an alysed Lonrf 1 expression and transcriptomics at the single-
cell level under normal and pathological conditions. We found
that Lonrfl was ubiquitously expressed in different tissues. Its
expression in LSEC and Kupffer cells increased with age in the
liver. Lonrf1"¢" Kupffer cells showed activation of regulatory
pathways of peptidase activity. In normal and NASH (nonalco-
holic steatohepatitis) liver, Lonrf1"¢" LSECs showed activation
of NF-kB and p53 pathways and suppression of [FNa, [FNg and
proteasome signalling independent of pl6 expression. During
wound healing, Lonrf1""/p16"" fibroblasts showed activation of
cell growth and suppression of TGFb and BMP (bone morpho-
genetic protein) signalling, whereas Lonrf1"¢"/p16"™" fibroblasts
showed activation of WNT (wingless and Int-1) signalling.
These results suggest that although Lonrfl does not seem to be
associated with senescence induction and phenotypes, LONRF1
may play a key role in linking oxidative damage responses and
tissue remodelling during wound healing in different modes in
senescent and nonsenescent cells.

Keywords: regulation gene, proteolytic enzyme, mapping gene,

expression gene, ageing diseases
Protein Structure

The cofactors and domains of a staphylococcal capsule-
producing enzyme preserve its structure, stability, shape and
dimerization ability

Tushar Chakraborty', Nilanjan Banerjee’, Debasmita Sinha', So-
ham Seal', Subhrangsu Chatterjee’ and Subrata Sau'
1Department of Biochemistry, Bose Institute, Kolkata, West Ben-
gal 700091, India; and *Department of Biophysics, Bose Insti-
tute, Kolkata, West Bengal 700091, India

CapF, a staphylococcal capsule-producing enzyme, binds Zn**
ion and NADPH using its C-terminal domain (CTD) and N-
terminal domain (NTD), respectively. To elucidate the roles of
cofactors and domains, we have systematically investigated the
related recombinant proteins, rCapF, rCTD, recombinant NTD
(rNTD) and the Zn**-free rCapF/rCTD, Apo-rCapF/Apo-rCTD.
The results show that the secondary structure, tertiary structure,
shape and surface hydrophobicity of Apo-rCapF and Apo-rCTD
are different from those of rCapF and rCTD. The removal of
Zn*" made rCapF thermo-sensitive, whereas both rCTD and
Apo-rCTD are thermo-resistant proteins. Further, Apo-rCapF
and rCapF existed as the dimers, whereas rCTD and Apo-rCTD
formed a mixture of dimers and tetramers in the aqueous solu-
tion. Zn>* maintained the structure of NTD as well. The NADPH
binding activity and Cys accessibility of INTD, rCapF and Apo-
rCapF were significantly different from each other. The binding
of NADPH to the above three proteins freely occurred, liberated
heat at 25°C and increased their diameters. In addition, the struc-
ture, stability, shape and oligomerization ability of INTD, rCTD

and rCapF little resembled each other. Collectively, the domains

and cofactors of CapF contribute to preserving its conformation,
stability, shape and dimerization ability.

Keywords: structure, stability, shape, roles of domains and co-
factors, CapF

Abbreviations: CapF, a capsule-producing enzyme expressed by
Staphylococcus aureus; rCapF, CapF with the C-terminal end
linked polyhistidine tag; Apo-rCapF, rCapF harbouring no zinc
metal ion (Zn**); CTD, C-terminal domain of CapF; rCTD, CTD
with the C-terminal end linked polyhistidine tag; Apo-rCTD,
rCTD harbouring no Zn**; NTD, N-terminal domain of CapF;
rNTD, NTD with the C-terminal end linked polyhistidine tag

Glycobiology and Carbohydrate Biochemistry

Establishment of a novel 70K Mac-2 binding protein antibody
through screening of fucosylation-related antibodies

Mika Masuda, Tatsuya Asuka, Naoko Terao, Shinsuke Nishino,
Shun Ikeda, Shinji Takamatsu, Jumpei Kondoa and Eiji Miyoshi
Department of Molecular Biochemistry and Clinical Investiga-
tion, Osaka University Graduate School of Medicine, 1-7 Yama-
da-oka, Suita 565-0871, Osaka, Japan

Mac-2 binding protein (Mac-2bp) is a serum glycoprotein that
contains seven N-glycans, and Mac-2bp serum levels are in-
creased in patients with several types of cancer and liver disease.
Mac-2bp glycosylation isomer has been applied as a clinical bio-
marker of several diseases, including liver fibrosis. In the pres-
ent study, we identified fucosylated Mac-2bp in the conditioned
medium of cancer cells resistant to anticancer therapies using
glycoproteomic analyses. Fucosylation is one of the most impor-
tant types of glycosylation involved in carcinogenesis and cancer
stemness. To establish a next-generation glycan antibody for
fucosylated Mac-2bp, we used fucosylation-deficient HEK293T
cells to prepare reference Mac-2bp antigens and performed an-
tibody screening. Unexpectedly, the 19-8H mAb obtained with
our screen recognized 70K Mac-2bp, which is C-terminus-trun-
cated product, rather than specifically recognizing fucosylated
Mac-2bp. We performed immunocytochemistry using our novel
19-8H mAb, which resulted in strong cell surface staining of an-
ticancer drug-resistant cancer cells. Therefore, our novel 19-8H
mAb represents a valuable tool for cancer biology research that
can help elucidate the biological function of 70K Mac-2bp.
Keywords: pancreatic cancer, Mac-2 binding protein, glycan an-
tibody, fucosylation, 70K Mac-2bp

Abbreviations: AAL, Aleuria aurantia lectin; Mac-2bp, Mac-
2 binding protein; Mac-2bp OE, Mac-2bp over expression; 19-
8H mAb, 19-8H monoclonal antibody; Mac-2bp pAb, Mac-
2bp polyclonal antibody; CA19-9, carbohydrate antigen 19-
9; GMDS, GDP-mannose 4,6-dehydratase; ELISA, enzyme-
linked immunosorbent assay; Mac-2bp OE cells, Mac-2bp over-
expressing HEK293T; Mac-2bp OE and GMDS KO cells, Mac-
2bp overexpressing HEK293T with GMDS knockout cells
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Age-related alterations in protein phosphatase 2A methyla-
tion levels in brains of cynomolgus monkeys: a pilot study
Sana Ando', Masashi Sakurai’, Shusaku Shibutani®, Nobuyuki
Kimura®’, Nobuhiro Shimozawa®, Yasuhiro Yasutomi®, Ryotaro
Yabe', Takashi Ohama' and Koichi Sato'

"Laboratory of Veterinary Pharmacology, Joint Faculty of Vet-
erinary Medicine, Yamaguchi University, 1677-1 Yoshida, Ya-
maguchi 753-8515, Japan; “Laboratory of Veterinary Pathology,
Joint Faculty of Veterinary Medicine, Yamaguchi University,
1677-1 Yoshida, Yamaguchi 753-8515, Japan; 3Laboratory of
Veterinary Hygiene, Joint Faculty of Veterinary Medicine, Yama-
guchi University, 1677-1 Yoshida, Yamaguchi 753-8515, Japan;
“‘Laboratory of Immuno regulation and Vaccine Research, Tsu-
kuba Primate Research Center, National Institutes of Biomedical
Innovation, Health and Nutrition, 1-1 Hachimandai, Tsukuba,
Ibaraki 305-0843, Japan; and *Laboratory of Laboratory Animal,
Department of Veterinary Associated Science, Faculty of Veteri-
nary Medicine, Okayama University of Science, 1-3 Ikoinooka,
Imabari, Ehime 794-8555, Japan

The abnormal activity of PP2A, a dominant member of type 2A
serine/threonine protein phosphatase, has been implicated in the
development of Alzheimer’s disease (AD) and dementia with
Lewy bodies (DLB). PP2A is a holoenzyme, and protein methyl-
ation of the catalytic subunit, PP2Ac, alters the complex compo-
sition. A decrease in PP2Ac methylation levels has been reported
in AD and DLB. Aging is the most common risk factor for AD
and DLB, but the relationship between aging and PP2A has not
been studied in detail. Cynomolgus monkey show increased
phosphorylation levels of tau and a-synuclein with aging. In this
study, we investigated the alterations in the PP2A activity regula-
tion with aging in monkey brains from 2 to 43 years of age using
fractionated proteins. We found that type 2A protein phosphatase
activity decreased with aging in cytoplasmic and nuclear-soluble
fractions. PP2Ac methylation level was decreased in cytoplasmic
and sarkosyl-insoluble fractions. A principal component analysis
using PP2Ac, demethylated PP2Ac and PP2A methylesterase
PME-1 levels in cytoplasmic and nuclear-soluble fractions as at-
tributes showed that aged monkeys were in the same cluster. Our
results show that brain aging in cynomolgus monkeys is closely
related to changes in PP2A methylation.

Keywords: protein phosphatase 2 (PP2A), protein methylation,
brain, animal model, aging

Abbreviations: CIP2A, cancerous inhibitor of PP2A; LCMT-1,
leucine carboxyl methyltransferase 1; PCA, principal component
analysis; PME-1, protein phosphatase methylesterase 1; PP2A:
protein phosphatase 2A; SET, SE translocation
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Inhibition of SARS-CoV-2 nucleocapsid protein-RNA inter-
action by guanosine oligomeric RNA

Ryoya Sekine', Satsuki Tsuno', Hayato Irokawa', Kazuhiro Sum-
itomo?, Tianxue Han’, Yusuke Sato’, Seiichi Nishizawa®,Kouki
Takeda' and Shusuke Kuge'

'Division of Microbiology, Faculty of Pharmaceutical Sciences,
Tohoku Medical and Pharmaceutical University, 4-4-1 Komat-
suhima, Aoba-ku, Sendai, Miyagi 981-8558, Japan; *Division
of Community Medicine, Faculty of Medicine, Tohoku Medical
and Pharmaceutical University, 1-15-1 Fukumuro, Miyagino-
ku, Sendai, Miyagi 983-8536, Japan; and *Department of
Chemistry, Graduate School of Science, Tohoku University, 6-3
Azaaoba, Aoba-ku, Sendai, Miyagi 980-8578, Japan

The interaction of the f-coronavirus severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) nucleocapsid (N) protein with
genomic RNA is initiated by specific RNA regions and subsequent-
ly induces the formation of a continuous polymer with characteris-
tic structural units for viral formation. We hypothesized that oligo-
meric RNAs, whose sequences are absent in the 29.9-kb genome
sequence of SARS-CoV-2, might affect RNA-N protein interac-
tions. We identified two such hexameric RNAs, In-1 (CCGGCG)
and G6 (GGGGGQG), and investigated their effects on the small
filamentous/droplet-like structures (< a few um) of N protein-
genomic RNA formed by liquid-liquid phase separation. The small
N protein structures were sequence-specifically enhanced by In-1,
whereas G6 caused them to coalesce into large droplets. Moreover,
we found that a guanosine 12-mer (G12, GGGGGGGGGGGG)
expelled preexisting genomic RNA from the small N protein struc-
tures. The presence of G12 with the genomic RNA suppressed the
formation of the small N protein structures, and alternatively ap-
parently altered phase separation to induce the formation of large
droplets with unclear phase boundaries. We showed that the N-
terminal RNA-binding domain is required for the stability of the
small N protein structures. Our results suggest that G12 may be a
strong inhibitor of the RNA-N protein interaction.

Keywords: SARS-CoV-2, RNA < Viruses, RNA Interactions <
Protein, N protein, liquid-liquid phase separation

Abbreviation: COVID-19, Coronavirus Disease-2019; CTD,
C-terminal domain; DIC, differential interference contrast;
EMSA, electrophoretic mobility shift assay, IDR, intrinsically
disordered region; FITC, fluorescein isothiocyanate; HEPES,
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, LLPS,
liquid-liquid phase separation; NTD, N-terminal domain; N,
nucleocapsid; PEG, polyethylene glycol; PNA, peptide nucleic
acid; SARS-CoV-2, severe acute respiratory syndrome corona-
virus-2; SARS, severe acute respiratory syndrome coronavirus;

VRNP, viral ribonucleoprotein

AL 5595 B4 45 (2023)



558

Journal of Biochemistry

Vol.174, No.1 (2023 4£ 7 A % 17)
41X

JB REVIEW

Novel regulatory mechanisms underlying angiogenesis dur-
ing wound healing revealed by fluorescence-based live-imag-
ing in zebrafish

Shinya Yuge, Tomohiro Ishii, Chikage Noishiki and Shigetomo
Fukuhara

Department of Molecular Pathophysiology, Institute for Ad-
vanced Medical Sciences, Nippon Medical School, 1-1-5 Send-
agi, Bunkyo-ku, Tokyo 113-8602, Japan

Angiogenesis is a dynamic morphogenetic process that refers to
the growth of new blood vessels from the pre-existing vessels
and is critical for tissue repair during wound healing. In adult
normal tissues, quiescent endothelial cells and pericytes maintain
vascular integrity, whereas angiogenesis is immediately induced
upon tissue injury, thereby forming neovascular networks to
maintain homeostasis. However, impaired angiogenesis results
in development of chronic and non-healing wounds in various
diseases such as diabetes and peripheral artery diseases. Zebraf-
ish are a vertebrate model organism widely used for studying
many medical and life science fields. Indeed, the molecular and
cellular mechanisms underlying regulation of wound angiogene-
sis have recently been studied by performing fluorescence-based
live-imaging of adult zebrafish. In this review, we describe how
endothelial cells and pericytes establish neovascular networks
during wound angiogenesis and also introduce a novel role of
blood flow-driven intraluminal pressure in regulating angiogen-
esis during wound healing.

Keywords: zebrafish, wound angiogenesis, TOCA family of F-
BAR proteins, pericytes, endothelial cells

Mspl-mediated proofreading mechanism for localization of
tail-anchored membrane proteins

Shunsuke Matsumoto

Department of Bioscience and Biotechnology, Graduate School
of Bioresource and Bioenvironmental Sciences, Kyushu Univer-
sity, Motooka 744, Nishi-ku, Fukuoka 819-0395, Japan

Protein targeting to organelles has been thought to be a very
precise process, and proteins that fail to localize correctly are
rapidly degraded. Tail-anchored proteins are posttranslationally
targeted to the endoplasmic reticulum membrane via guided en-
try of tail-anchored (TA) proteins pathway. However, these pro-

teins can be mislocalized to the mitochondrial outer membrane.

We found that the AAA-ATPase Mspl on the mitochondrial
outer membrane extracts mislocalized TA proteins to the cytosol,
passing them to the guided entry of the TA proteins pathway to
facilitate their transfer to the endoplasmic reticulum membrane.
After the transfer to the endoplasmic reticulum, such TA proteins
are directed to degradation if they are recognized by the quality
control system on the endoplasmic reticulum. If not recognized,
they are retargeted to their original destination along the secre-
tory pathway. Thus, we have identified an intracellular proof-
reading system that corrects the localization of TA proteins.
Keywords: GET pathway, mislocalization, Msp1, proofreading,
TA protein
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Response to acute hyperglycemia and high fructose in cul-
tured tenocytes

Rebecca Kuan, Shilpa Nath, Devendra K. Agrawaland Finosh G.
Thankam

Department of Translational Research, Western University
of Health Sciences, 309E. Second Street, Pomona, California
91766, USA

High monosaccharide levels are intimately associated with dia-
betes and impact tendon cells through inflammation and impair-
ment in metabolic homeostasis. Experiments were designed to
understand the responses elicited by cultured tenocytes under
monosaccharide stress induced by hyperglycemia and hyper-
fructosemia. We simulated hyperglycemia and hyperfructosemia
in vitro by treating tenocytes with media containing sublethal
concentrations of glucose and fructose, respectively. Exposure
of tenocytes to high glucose and high fructose altered the lev-
els of IL-1p, IL-2, IL-6, IL10 and IL-17A. AMPK expression
was increased in high-glucose and decreased in high-fructose
groups. High fructose increased the level of IRS-1 compared
with the control. Increased mitochondrial superoxide levels and
compromised mitochondrial membrane integrity were exhib-
ited by both the groups. The findings from the network analysis
revealed many altered genes that are related to pathways for
enzyme-linked receptor protein signaling, positive regulation of
metabolic processes, transmembrane receptor tyrosine kinase
pathway, insulin receptor signaling and regulation of cytokine
production. Overall, the data suggest that the tenocytes under
high monosaccharide levels exhibit survival responses by alter-
ing the expression status of cytokines and metabolic mediators
that are involved in the underlying pathogenesis of tendinopathy.
Keywords: Diabetic tendinopathy, hyperfructosemia, hypergly-

cemia, rotator cuff tendon injury, tenocytes
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Nicotinamide-/N-methyltransferase regulates lipid metabo-
lism via SAM and 1-methylnicotinamide in the AML12 he-
patocyte cell line

Mayuko Yoda', Rin Mizuno?, Yoshihiro Izumi®, Masatomo Taka-
hashi®, Takeshi Bamba® and Shinpei Kawaoka'”

'"Department of Integrative Bioanalytics, Institute of Devel-
opment, Aging and Cancer (IDAC), Tohoku University, 4-1
Seiryo-machi, Aoba-ku, Sendai 980-8575, Japan; “Inter-Organ
Communication Research Team, Institute for Life and Medical
Sciences, Kyoto University, 53 Shogoin Kawahara-cho, Sakyo-
ku, Kyoto 606-8507, Japan; and 3Division of Metabolomics,
Research Center for Transomics Medicine, Medical Institute of
Bioregulation, Kyushu University, 3-1-1 Maidashi, Higashiku,
Fukuoka 812-8582, Japan

Nicotinamide-N-methyltransferase (NNMT) is an enzyme that
consumes S-adenosyl-methionine (SAM) and nicotinamide
(NAM) to produce S-adenosyl-homocysteine (SAH) and 1-meth-
ylnicotinamide (MNAM). How much NNMT contributes to the
quantity regulation of these four metabolites depends on whether
NNMT is a major consumer or producer of these metabolites,
which varies among various cellular contexts. Yet, whether
NNMT critically regulates these metabolites in the AML12
hepatocyte cell line has been unexplored. To address this, we
knockdown Nnmt in AMLI12 cells and investigate the effects
of Nnmt RNAIi on metabolism and gene expression. We find
that Nnmt RNAi accumulates SAM and SAH, whereas it reduces
MNAM with NAM being unaltered. These results indicate that
NNMT is a significant consumer of SAM and critical for MNAM
production in this cell line. Moreover, transcriptome analyses
reveal that altered SAM and MNAM homeostasis is accompa-
nied by various detrimental molecular phenotypes, as exempli-
fied by the down-regulations of lipogenic genes, such as Srebf].
Consistent with this, oil-red O-staining experiments demonstrate
the decrease of total neutral lipids upon Nnmt RNAi. Treat-
ing Nnmt RNAi AML12 cells with cycloleucine, an inhibitor of
SAM biogenesis suppresses SAM accumulation and rescues the
decrease of neutral lipids. MNAM also shows activity to elevate
neutral lipids. These results suggest that NNMT contributes
to lipid metabolism by maintaining proper SAM and MNAM
homeostasis. This study provides an additional example where
NNMT plays a critical role in regulating SAM and MNAM me-
tabolism.

Keywords: (SAM), 1-methylnicotinamide (MNAM), AML12
cells, lipogenesis metabolism, nicotinamide-N-methyltransfer-
ase, S-adenosyl-methionine
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Effects of Ca’" ions on the horseshoe crab coagulation cas-
cade triggered by lipopolysaccharide

Keisuke Yamashita', Daisuke Takahashi**, Yuki Yamamoto',
Shingo Kiyomoto', Toshio Shibata'? and Shun-ichiro Kawa-
bata'?

'Graduate School of Systems Life Sciences, Kyushu University,
744 Motooka, Nishi-ku, Fukuoka 819-0395; *Faculty of Phar-
maceutical Science, Kyushu University, 3-1-1 Maidashi, Hi-
gashi-ku, Fukuoka 812-8582; *Department of Biology, Faculty
of Science, Kyushu University, 744 Motooka, Nishi-ku, Fukuoka
819-0395, Japan; and *Presentaddress: Daisuke Takahashi, Fac-
ulty of Pharmaceutical Sciences, Sojo University, 4-22-1 Ikeda,
Nishi-ku, Kumamoto 860-0082, Japan

The lipopolysaccharide (LPS)-triggered horseshoe crab coagula-
tion cascade is composed of three protease zymogens, proche-
licerase C (proC), prochelicerase B (proB) and the proclotting
enzyme (proCE). In this study, we found that Ca®" ions increase
the production of the clotting enzyme as a result of a cascade
reaction reconstituted by recombinant proteins of wild-type
(WT) proC, WT proB and WT proCE. We divided the cascade
into three stages: autocatalytic activation of WT proC on the
surface of LPS into WT a-chelicerase C (Stage 1); activation of
WT proB on the surface of LPS into WT chelicerase B by WT
a-chelicerase C (Stage 2) and activation of WT proCE into WT
CE by chelicerase B (Stage 3). Ca>* ions enhanced the proteo-
lytic activation in Stage 2, but not those in Stages 1 and 3. More-
over, we performed isothermal titration calorimetry to clarify
the interaction of LPS or the recombinant zymogens with Ca**
ions. LPS interacted with Ca*" ions at an association constant
of K, =4.7 X 10*M ™!, but not with any of the recombinant zy-
mogens. We concluded that LPS bound with Ca** ions facilitates
the chain reaction of the cascade as a more efficient scaffold than
LPS itself.

Keywords: serine protease, recombinant protein, lipopolysaccha-
ride, horseshoe crab hemolymph coagulation, calcium ions
Abbreviations: AMC, 7-amino-4-methylcoumarin; Boc, t-
butoxycarbonyl; CBB, Coomassie Brilliant Blue; CE, clotting
enzyme; EDTA, ethylenediaminetetraacetic acid; GnTI, N-
acetylglucosaminyltransferase I; HEPES, 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid; HSA, human serum albumin;
ITC, isothermal titration calorimetry; LPS, lipopolysaccharide;
MCA, 4-methylcoumaryl-7-amide; proB, prochelicerase B;
proC, prochelicerase C; proCE, proclotting enzyme; proG, pro-
chelicerase G; SDS-PAGE, sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis; SEM, standard error of the mean;
WT, wild-type
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Metabolism and Bioenergetics

Putrescine Biosynthesis from Agmatine by Arginase (TtARG)
in Thermus thermophilus

Teruyuki Kobayashi', Akihiko Sakamoto', Keiko Kashiwagi',
Kazuei Igarashi’, Koichi Takao®, Takeshi Uemura®, Toshiyuki
Moriya*, Tairo Oshima* and Yusuke Terui'

'Faculty of Pharmacy, Chiba Institute of Science, Choshi, Chiba
288-0025, Japan; “Amine Pharma Research Institute, Innovation
Plaza at Chiba University, Chiba 260-0856, Japan; *Faculty of
Pharmacy and Pharmaceutical Sciences, Josai University, Saka-
do, Saitama 350-0295, Japan; and “Institute of Environmental
Biology, Kyowa-Kako, Machida, Tokyo 194-0035, Japan

In the three domains of life, three biosynthetic pathways are
known for putrescine. The first route is conversion of ornithine
to putrescine by ornithine decarboxylase (ODC: SpeC), the sec-
ond route is the conversion of arginine to agmatine by arginine
decarboxylase (ADC: SpeA), followed by the conversion of ag-
matine to putrescine by agmatine ureohydrolase (AUH: SpeB),
and the third route is the conversion of agmatine to N-carbamo-
ylputrescine by agmatine deiminase (agmatine iminohydrolase,
AIH), followed by the conversion of N-carbamoylputrescine to
putrescine by N-carbamoylputrescine amidohydrolase (NCPAH).
An extreme thermophile, Thermus thermophilus produces pu-
trescine, although this bacterium lacks homologs for putrescine
synthesizing pathways, such as ODC, AUH, AIH and NCPAH.
To identify genes involved in putrescine biosynthesis in 7. ther-
mophilus, putrescine biosynthesis was examined by disruption of
a predicted gene for agmatinase (agmatine ureohydrolase), or by
using purified enzyme. It was found that arginase (TTHA1496)
showed an agmatinase activity utilizing agmatine as a substrate.
These results indicate that this bacterium can use arginase for
putrescine biosynthesis. Arginase is a major contributor to pu-
trescine biosynthesis under physiological conditions. The pres-
ence of an alternative pathway for converting agmatine into
putrescine is functionally important for polyamine metabolism
supporting survival at extreme environments.

Keywords: agmatine, aminopropylagmatine ureohydrolase, argi-

nase, polyamine metabolism, putrescine, Thermus thermophilus
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Replication and Recombination

Biochemical characterization of the RNA-binding and RNA-
DNA strand exchange activities of the human RADS52 protein
Ryohei Tsuchiya, Mika Saotome, Chiaki Kinoshita, Kazuki Ka-
moi and Wataru Kagawa Department of Chemistry, Graduate
School of Science and Engineering, Meisei University, 2-1-1
Hodokubo, Hino-shi, Tokyo 191-8506, Japan

RADS52 is a single-stranded DNA (ssDNA) binding protein that
functions in the repair of DNA double-strand breaks (DSBs)

by promoting the annealing of complementary DNA strands.
RADS52 may also play an important role in an RNA transcript-
dependent type of DSB repair, in which it reportedly binds to
RNA and mediates the RNA-DNA strand exchange reaction.
However, the mechanistic details of these functions are still
unclear. In the present study, we utilized the domain fragments
of RADS2 to biochemically characterize the single-stranded
RNA (ssRNA) binding and RNA-DNA strand exchange activi-
ties of RAD52. We found that the N-terminal half of RADS52 is
primarily responsible for both activities. By contrast, significant
differences were observed for the roles of the C-terminal half
in RNA-DNA and DNA-DNA strand exchange reactions. The
C-terminal fragment stimulated the inverse RNA-DNA strand
exchange activity displayed by the N-terminal fragment in trans,
whereas the frans stimulatory effect by the C-terminal fragment
was not observed in the inverse DNA-DNA or forward RNA-
DNA strand exchange reactions. These results suggest the specif-
ic function of the C-terminal half of RADS52 in RNA-templated
DSB repair.
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The nuclear envelope (NE) is a double-membrane structure
consisting of inner and outer membranes that spatially separate
the nucleus from the cytoplasm, and its function is critical for
cellular functions such as genome maintenance. In the fission
yeast, Schizosaccharomyces pombe, the inner nuclear membrane
proteins, Lem2 and Bqt4, play pivotal roles in maintaining the
NE structure. We previously found that the double deletion of
lem2* and bqt4" causes a synthetic lethal defect associated with
severe NE rupture, and overexpression of Elo2, a solo very-long-
chain fatty acid elongase, suppresses this defect by restoring the
NE. However, the molecular basis of this restoration remains
elusive. To address this, we identified Lem2- and Bqt4-binding
proteins via immunoprecipitation and mass spectrometry in this
study. Forty-five and 23 proteins were identified as Lem2- and
Bqt4-binding proteins, respectively. Although these binding pro-
teins partially overlapped, Lem2 and Bqt4 interacted with dif-
ferent types of lipid metabolic enzymes: Cho2, Olel and Ergl1
for Lem2 and Cwh43 for Bqt4. These enzymes are known to be
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involved in various lipid synthesis processes, suggesting that
Lem2 and Bqt4 may contribute to the regulation of lipid synthe-
sis by binding to these enzymes.
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Lipocalin-type prostaglandin D synthase (L-PGDS) binds vari-

ous hydrophobic small molecules. Since we aim to use human

561

L-PGDS as a carrier in a drug delivery system (DDS) for poorly
water-soluble drugs, quality control of the protein is indispens-
able. In this study, we investigated the thermodynamic stability
of human L-PGDS under various pH conditions. Differential
scanning calorimetry revealed that the thermal unfolding of L-
PGDS was an almost-reversible two-state transition between the
native and unfolded states over the pH range from 2.5 to 7.4.
The linear relationship of AH(T,,) to T, in this pH range gave a
heat capacity change (AC,) of 4.76kJ/(K-mol), which was small
compared to those commonly found in globular proteins. The
temperature-dependent free energy of unfolding, A G(T), speci-
fied by T\, AH(T,,) and AC,, showed a pH dependence with the
highest value at pH 7.4 closest to the isoelectric point of 8.3.
The small value of C, resulted in a large value of AG(7), which
contributed to the stability of the protein. Taken together, these
results demonstrated that human L-PGDS is sufficiently thermo-
stable for storage and practical use and can be useful as a deliv-
ery vehicle of protein-based DDS.
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