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Senso-immunology: the past, present, and future
Satoshi Miyamoto1, Takeshi Kondo2 and Kenta Maruyama3 
1Laboratory of Cell and Tissue Biology, Keio University School 
of Medicine, 3N7, 35 Shinanomachi, Shinjuku-ku, Tokyo 
160‒8582, Japan 2Department of Biochemistry, Faculty of Medi-
cine and Graduate School of Medicine, Hokkaido University, 
Hokkaido 060‒8636, Japan and 3National Institute for Physi-
ological Sciences, National Institutes of Natural Sciences, Aichi 
444‒8787, Japan
Pain and mechanical stimulation are thought to be alarm systems 
that alert the brain to physical abnormalities. When we experi-
ence unpleasant feelings in infected or traumatized tissues, our 
awareness is directed to the afflicted region, prompting activi-
ties such as resting or licking the tissue. Despite extensive re-
search into the molecular biology of nociceptors, it was unclear 
whether their role was limited to the generation and transmis-
sion of unpleasant feelings or whether they actively modulate 
the pathogenesis of infected or traumatized tissues. Recently, it 
has become clear how the sensory and immune systems inter-
act with one another and share similar receptors and ligands to 
modify the pathogenesis of various diseases. In this paper, we 
summarize the mechanisms of crosstalk between the sensory and 
immune systems and the impact of this new interdisciplinary 
field, which should be dubbed ‘senso-immunology,’ on medical 
science.
Keywords: immunology, infection, mechanical stimuli, pain, 
physiology

Structural insights into endothelin receptor signalling
Wataru Shihoya, Fumiya K. Sano and Osamu Nureki 
Department of Biological Sciences, Graduate School of Science, 
The University of Tokyo, 7‒3‒1 Hongo, Bunkyo-Ku, Tokyo 
113‒0033, Japan
Endothelins and their receptors, type A (ETA) and type B (ETB), 
modulate vital cellular processes, including growth, survival, 
invasion and angiogenesis, through multiple G proteins. This 
review highlights the structural determinations of these recep-
tors by X-ray crystallography and cryo-electron microscopy, 
and their activation mechanisms by endothelins. Explorations of 
the conformational changes upon receptor activation have pro-
vided insights into the unique G-protein coupling feature of the 

endothelin receptors. The review further delves into the binding 
modes of the clinical antagonist and the inverse agonists. These 
findings significantly contribute to understanding the mechanism 
of G-protein activation and have potential implications for drug 
development, particularly in the context of vasodilatory antago-
nists and agonists targeting the endothelin receptors.
Keywords: endothelin, G-protein-coupled receptor, structural 
biology, vascular system
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Structural insights into a bacterial β-glucosidase capable of 
degrading sesaminol triglucoside to produce sesaminol: to-
ward the understanding of the aglycone recognition mecha-
nism by the C-terminal lid domain
Taro Yanai1, Yukino Takahashi1, Eri Katsumura1, Naoki Sakai2, 
Kohei Takeshita2, Riki Imaizumi1, Hiroaki Matsuura2, Shuntaro 
Hongo3, Toshiyuki Waki3, Seiji Takahashi3, Masaki Yamamoto2, 
Kunishige Kataoka1, Toru Nakayama3 and Satoshi Yamashita1 
1Graduate School of Natural Science and Technology, Kanazawa 
University, Kakuma, Kanazawa 920‒1192, Japan 2RIKEN 
SPring-8 Center, Sayo-cho, Sayo-gun, Hyogo 679‒5148, Japan 
and 3Graduate School of Engineering, Tohoku University, Aoba 
6‒6‒11, Aramaki, Aoba-ku, Sendai, Miyagi 980‒8579, Japan
The sesaminol triglucoside (STG)-hydrolyzing β-glucosidase 
from Paenibacillus sp. (PSTG1), which belongs to glycoside 
hydrolase family 3 (GH3), is a promising catalyst for the indus-
trial production of sesaminol. We determined the X-ray crystal 
structure of PSTG1 with bound glycerol molecule in the putative 
active site. PSTG1 monomer contained typical three domains of 
GH3 with the active site in domain 1 (TIM barrel). In addition, 
PSTG1 contained an additional domain (domain 4) at the C-
terminus that interacts with the active site of the other protomer 
as a lid in the dimer unit. Interestingly, the interface of domain 
4 and the active site forms a hydrophobic cavity probably for 
recognizing the hydrophobic aglycone moiety of substrate. 
The short flexible loop region of TIM barrel was found to be 
approaching the interface of domain 4 and the active site. We 
found that n-heptyl-β-D-thioglucopyranoside detergent acts as an 
inhibitor for PSTG1. Thus, we propose that the recognition of 
hydrophobic aglycone moiety is important for PSTG1-catalyzed 
reactions. Domain 4 might be a potential target for elucidating 
the aglycone recognition mechanism of PSTG1 as well as for en-
gineering PSTG1 to create a further excellent enzyme to degrade 
STG more efficiently to produce sesaminol.
Keywords: glycoside hydrolase family 3, sesaminol triglucoside, 
β-glucosidase
Abbreviations: STG, sesaminol triglucoside; PSTG1, STG-hy-
drolyzing β-glucosidase from Paenibacillus sp; GH3, Glycoside 
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Hydrolase Family 3; TIM, Triosephosphate isomerase, Fn-III, 
Fibronectin type III; 2-SDG, 2-O-(β-D-glucopyranosyl)-β-D-glu-
copyranosylsesaminol; 6-SDG, 6-O-(β-D-glucopyranosyl)-β-D-
glucopyranosylsesaminol; SMG, β-D-glucopyranosylsesaminol; 
HTG, n-Heptyl-beta-D-thioglucopyranoside; OTG, n-Octyl-β-D-
glucoside; pNP-β-Glc, p-Nitrophenyl-β-D-glucopyranoside

Hydrogen bonds connecting the N-terminal region and the 
DE loop stabilize the monomeric structure of transthyretin
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Tomoyuki Kawaguchi2, Shingo Kawano1, Yoshihiro Kobashi-
gawa1, Shoko Shinya3, Chojiro Kojima3,4, Tsuyoshi Shuto5,  
Hirofumi Kai5, Hiroshi Morioka1 and Takashi Sato1
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of Pharmacy, Kumamoto University, 5‒1 Oe-honmachi, Chuo-
ku, Kumamoto 862‒0973, Japan, 3Laboratory of Molecular  
Biophysics, Institute for Protein Research, Osaka University, 
3‒2 Yamadaoka, Suita, Osaka 565‒0871, Japan, 4Division of 
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Transthyretin (TTR) is a homo-tetrameric serum protein associ-
ated with sporadic and hereditary systemic amyloidosis. TTR 
amyloid formation proceeds by the dissociation of the TTR tet-
ramer and the subsequent partial unfolding of the TTR monomer 
into an aggregation-prone conformation. Although TTR kinetic 
stabilizers suppress tetramer dissociation, a strategy for stabiliz-
ing monomers has not yet been developed. Here, we show that 
an N-terminal C10S mutation increases the thermodynamic sta-
bility of the TTR monomer by forming new hydrogen bond net-
works through the side chain hydroxyl group of Ser10. Nuclear 
magnetic resonance spectrometry and molecular dynamics simu-
lation revealed that the Ser10 hydroxyl group forms hydrogen 
bonds with the main chain amide group of either Gly57 or Thr59 
on the DE loop. These hydrogen bonds prevent the dissociation 
of edge strands in the DAGH and CBEF β-sheets during the 
unfolding of the TTR monomer by stabilizing the interaction 
between β-strands A and D and the quasi-helical structure in the 
DE loop. We propose that introducing hydrogen bonds to con-
nect the N-terminal region to the DE loop reduces the amyloido-
genic potential of TTR by stabilizing the monomer.
Keywords: denaturation < protein, folding < protein, molecular 
dynamics < methods, NMR < methods, transthyretin
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Inter-domain interaction of ferredoxin-NADP+reductase 
important for the negative cooperativity by ferredoxin and 
NADP(H)
Yoko Kimata-Ariga, Rina Shinkoda and Ryuya Abe 
Department of Biological Chemistry, College of Agriculture, 
Graduate School of Sciences and Technology for Innovation, Ya-
maguchi University, Yoshida, Yamaguchi 753‒8515, Japan
Ferredoxin-NADP+ reductase (FNR) in plants receives electrons 
from ferredoxin (Fd) and converts NADP+ to NADPH. The af-
finity between FNR and Fd is weakened by the allosteric binding 
of NADP(H) on FNR, which is considered as a part of negative 
cooperativity. We have been investigating the molecular mecha-
nism of this phenomenon and proposed that the NADP(H)-
binding signal is transferred to the Fd-binding region across 
the two domains of FNR, NADP(H)-binding domain and FAD-
binding domain. In this study, we analyzed the effect of altering 
the inter-domain interaction of FNR on the negative cooperativ-
ity. Four site-directed FNR mutants at the inter-domain region 
were prepared, and their NADPH-dependent changes in the Km 
for Fd and physical binding ability to Fd were investigated. Two 
mutants, in which an inter-domain hydrogen bond was changed 
to a disulfide bond (FNR D52C/S208C) and an inter-domain 
salt bridge was lost (FNR D104N), were shown to suppress the 
negative cooperativity by using kinetic analysis and Fd-affinity 
chromatography. These results showed that the inter-domain in-
teraction of FNR is important for the negative cooperativity, sug-
gesting that the allosteric NADP(H)-binding signal is transferred 
to Fd-binging region by conformational changes involving inter-
domain interactions of FNR.
Keywords: protein‒protein interaction, negative cooperativity, 
inter-domain interaction, ferredoxin-NADP+ reductase, ferredoxin
Abbreviations: cytc, cytochrome c; Fd, ferredoxin; FNR, ferre-
doxin-NADP+ reductase
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Cooperative DNA-binding activities of Chp2 are critical for 
its function in heterochromatin assembly
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Heterochromatin protein 1 (HP1) is an evolutionarily conserved 
protein that plays a critical role in heterochromatin assembly. 
HP1 proteins share a basic structure consisting of an N-terminal 
chromodomain (CD) and a C-terminal chromoshadow domain 
(CSD) linked by a disordered hinge region. The CD recognizes 
histone H3 lysine 9 methylation, a hallmark of heterochroma-
tin, while the CSD forms a dimer to recruit other chromosomal 
proteins. HP1 proteins have been shown to bind DNA or RNA 
primarily through the hinge region. However, how DNA or RNA 
binding contributes to their function remains elusive. Here, we 
focus on Chp2, one of the two HP1 proteins in fission yeast, 
and investigate how Chp2’s DNA-binding ability contributes to 
its function. Similar to other HP1 proteins, the Chp2 hinge ex-
hibits clear DNA-binding activity. Interestingly, the Chp2 CSD 
also shows robust DNA-binding activity. Mutational analysis 
revealed that basic residues in the Chp2 hinge and at the N-
terminus of the CSD are essential for DNA binding, and the 
combined amino acid substitutions of these residues alter Chp2 
stability, impair Chp2 heterochromatin localization and lead to a 
silencing defect. These results demonstrate that the cooperative 
DNA-binding activities of Chp2 play an important role in het-
erochromatin assembly in fission yeast.
Keywords: chromatin, chromosomes, DNA binding, fission 
yeast, heterochromatin, HP1
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Characterization of K-binding factor involved in water-soluble 
complex of menaquinone-7 produced by Bacillus subtilis natto
Toshiyuki Chatake1, Yasuhide Yanagisawa2, Risa Murakami2, 
Tadanori Ohsugi3, Hiroyuki Sumi3, Takumi Takata1, Aya Okuda1, 
Ken Morishima1, Rintaro Inoue1 and Masaaki Sugiyama1 
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Vitamin Ks are expected to contribute bone and cardiovascular 
health. Especially, menaquinone-7 has a higher bioavailability 
and a longer half-life than other vitamin Ks in the human body. 
However, their low water-solubility limits their application. On 
the other hand, Bacillus subtilis natto produces a water-soluble 
complex, which comprises menaquinone-7 and peptides. The 
peptide named K-binding factor (KBF) has been reported as the 
main component of the complex. In the present, the structural 
characteristics of KBF were studied. Mass spectrometry showed 

significant peaks at m/z = 1050, while the previous PAGE sug-
gested that molecular weight of KBF was ~ 3 k. Amino acid 
analysis revealed that the 1k peptides were the various combina-
tions of nine amino acids, among which Asx, Glx, Val, Leu and 
Met were found to be the most abundant. The peptides could 
serve as detergent properties. The 1k peptides could be isolated 
by reverse-phase high performance liquid chromatography. The 
bundle of three 1 k detergent-like peptides would participate to 
the micelle structure containing menqauinone-7 inside. In con-
clusion, a basic unit of KBF would be the ~ 1 k peptides, and the 
three basic unit assemble to the ~ 3 k bundle, then the bundle-
form a water-soluble micelle including menqauinone-7 inside.
Keywords: Bacillus subtilis natto, K-binding factor, menaqui-
none-7, solubilization, vitamin K. Abbreviations: CV, column 
volume; DLS, dynamic light scattering; FPLC, Fast protein 
liquid chromatography; KBF, K-binding factor; MK-7, mena-
quinone-7; natto-MK-7, a water-soluble complex of menaqui-
none-7; RH, hydrodynamic radius
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Analysis of thermostability for seven Phe to Ala and six Pro 
to Gly mutants in the Fab constant region of adalimumab
Moeka Yoshikawa, Hitomi Nakamura, Naoko Oda-Ueda and 
Takatoshi Ohkuri 
Faculty of Pharmaceutical Sciences, Sojo University, 4‒22‒1 
Ikeda, Nishi-ku, Kumamoto 860‒0082, Japan
To identify amino acids that play important roles in the structural 
stability of Fab, seven phenylalanine residues in the Fab constant 
region of the therapeutic antibody adalimumab were subjected 
to alanine mutagenesis. Six Fab mutants, H:F130A, H:F154A, 
H:F174A, L:F118A, L:F139A and L:F209A, showed decreased 
thermostability compared with wild-type Fab. In contrast, the 
Tm for the L:F116A mutant was 1.7°C higher than that of wild-
type Fab, indicating that the F116 residue was unfavorable for 
Fab thermostability. Six proline mutants, H:P131G, H:P155G, 
H:P175G, L:P119G, L:P120G and L:P141G, were also prepared 
to investigate the effect of proline residues adjacent to mutated 
phenylalanine residues. The thermostability of the H:P155G 
and L:P141G mutants in particular was significantly reduced, 
with decreases in Tm of 5.0 and 3.0°C, respectively, compared 
with wild-type Fab. The H:P155 and L:P141 residues have a cis 
conformation, whereas the other mutated proline residues have 
a trans conformation. H:P155 and L:P141 had stacking interac-
tions with the H:F154 and L:Y140, respectively, at the interface 
between the variable and constant regions. It is suggested that 
the interactions of the aromatic ring with a cis-form proline at 
the interface between the variable and constant regions is impor-
tant for stability of Fab.
Key words: adalimumab, constant region, Fab, stacking interac-
tions, thermostability
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Toward a high-resolution mechanism of intrinsically disor-
dered protein self-assembly    
Naotaka Sekiyama1, Ryoga Kobayashi1 and Takashi S. Kodama2
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8502, Japan and 2Institute for Protein Research, Osaka Univer-
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Membraneless organelles formed via the self-assembly of intrin-
sically disordered proteins (IDPs) play a crucial role in regulat-
ing various physiological functions. Elucidating the mechanisms 
behind IDP self-assembly is of great interest not only from a bio-
logical perspective but also for understanding how amino acid 
mutations in IDPs contribute to the development of neurodegen-
erative diseases and other disorders. Currently, two proposed 
mechanisms explain IDP self-assembly: (1) the sticker-and-
spacer framework, which considers amino acid residues as beads 
to simulate the intermolecular interactions, and (2) the cross-β 
hypothesis, which focuses on the β-sheet interactions between 
the molecular surfaces constructed by multiple residues. This 
review explores the advancement of new models that provide 
higher resolution insights into the IDP self-assembly mechanism 
based on new findings obtained from structural studies of IDPs.
Keywords: amyloid fibrils, intrinsically disordered proteins, liq-
uid‒liquid phase separation, membraneless organelles, neurode-
generative diseases

Evolutionary implications from lipids in membrane bilayers and 
photosynthetic complexes in cyanobacteria and chloroplasts
Koichi Kobayashi1,2, Akiko Yoshihara1 and Hisako Kubota-Kawai3 
1Department of Biology, Graduate School of Science, Osaka 
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Osaka 599‒8531, Japan 2Faculty of Liberal Arts, Science and 
Global Education, Osaka Metropolitan University, 1‒1 Gakuen-
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In biomembranes, lipids form bilayer structures that serve as the 
fluid matrix for membrane proteins and other hydrophobic com-
pounds. Additionally, lipid molecules associate with membrane 
proteins and impact their structures and functions. In both cyano-
bacteria and the chloroplasts of plants and algae, the lipid bilayer 

of the thylakoid membrane consists of four distinct glycerolipid 
classes: monogalactosyldiacylglycerol, digalactosyldiacylglyc-
erol, sulfoquinovosyldiacylglycerol, and phosphatidylglycerol. 
These lipids are also integral components of photosynthetic 
complexes such as photosystem II and photosystem I. The 
lipid-binding sites within the photosystems, as well as the lipid 
composition in the thylakoid membrane, are highly conserved 
between cyanobacteria and photosynthetic eukaryotes, and each 
lipid class has specific roles in oxygenic photosynthesis. This 
review aims to shed light on the potential evolutionary implica-
tions of lipid utilization in membrane lipid bilayers and photo-
synthetic complexes in oxygenic photosynthetic organisms.
Keywords: chloroplasts, cyanobacteria, glycerolipids, photosys-
tems, thylakoid membrane
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Direct binding of calmodulin to the cytosolic C-terminal re-
gions of sweet/umami taste receptors
Atsuki Yoshida, Ayumi Ito, Norihisa Yasui and Atsuko Yama shita 
Graduate School of Medicine, Dentistry and Pharmaceutical Sci-
ences, Okayama University, Okayama, Japan
Sweet and umami taste receptors recognize chemicals such as 
sugars and amino acids on their extracellular side and transmit 
signals into the cytosol of the taste cell. In contrast to ligands 
that act on the extracellular side of these receptors, little is 
known regarding the molecules that regulate receptor functions 
within the cytosol. In this study, we analysed the interaction 
between sweet and umami taste receptors and calmodulin, a rep-
resentative Ca2+-dependent cytosolic regulatory protein. High 
prediction scores for calmodulin binding were observed on the 
C-terminal cytosolic side of mouse taste receptor type 1 subunit 
3 (T1r3), a subunit that is common to both sweet and umami 
taste receptors. Pull-down assay and surface plasmon resonance 
analyses showed different affinities of calmodulin to the C-
terminal tails of distinct T1r subtypes. Furthermore, we found 
that T1r3 and T1r2 showed the highest and considerable binding 
to calmodulin, whereas T1r1 showed weaker binding affinity. Fi-
nally, the binding of calmodulin to T1rs was consistently higher 
in the presence of Ca2+ than in its absence. The results suggested 
a possibility of the Ca2+-dependent feedback regulation process 
of sweet and umami taste receptor signaling by calmodulin.
Keywords: calmodulin, cytosol, sweet taste, taste receptor type 1, 
umami taste

Protein Structure

The stability of NPM1 oligomers regulated by acidic disor-
dered regions controls the quality of liquid droplets
Mitsuru Okuwaki1, Shin-Ichiro Ozawa2, Shuhei Ebine1, Motoki 
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1Laboratory of Biochemistry, School of Pharmacy, Kitasato Uni-
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The nucleolus is a membrane-less nuclear body that typically 
forms through the process of liquid‒liquid phase separation 
(LLPS) involving its components. NPM1 drives LLPS within 
the nucleolus and its oligomer formation and inter-oligomer in-
teractions play a cooperative role in inducing LLPS. However, 
the molecular mechanism underlaying the regulation of liquid 
droplet quality formed by NPM1 remains poorly understood. 
In this study, we demonstrate that the N-terminal and central 
acidic residues within the intrinsically disordered regions (IDR) 
of NPM1 contribute to attenuating oligomer stability, although 
differences in the oligomer stability were observed only under 
stringent conditions. Furthermore, the impact of the IDRs is 
augmented by an increase in net negative charges resulting from 
phosphorylation within the IDRs. Significantly, we observed 
an increase in fluidity of liquid droplets formed by NPM1 with 
decreased oligomer stability. These results indicate that the dif-
ference in oligomer stability only observed biochemically under 
stringent conditions has a significant impact on liquid droplet 
quality formed by NPM1. Our findings provide new mechanistic 
insights into the regulation of nucleolar dynamics during the cell 
cycle.
Keywords: Intrinsically disordered region, liquid droplets, MD 
simulation, nucleolus, phosphorylation
Abbreviations: FRAP, fluorescence recovery after photobleach-
ing; GC, granular component; IDR, intrinsically disordered re-
gion; LLPS, liquid‒liquid phase separation; MD simulation, mo-
lecular dynamics simulation; NPM1, nucleophosmin 1; rRNA, 
ribosomal RNA
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Binding profile of quinonoid-dihydrobiopterin to quinonoid-
dihydropteridine reductase examined by in silico and in vitro 
analyses
Haruka Kono, Satoshi Hara, Tadaomi Furuta and Hiroshi Ichi-
nose 
School of Life Science and Technology, Tokyo Institute of 
Technology, 4259‒B7, Nagatsuta-cho, Midori-ku, Yokohama 
226‒8501, Japan
Quinonoid dihydropteridine reductase (QDPR) catalyses the 
reduction of quinonoid-form dihydrobiopterin (qBH2) to tet-
rahydrobiopterin (BH4). BH4 metabolism is a drug target for 
neglected tropical disorders because trypanosomatid protozoans, 
including Leishmania and Trypanosoma, require exogenous 

sources of biopterin for growth. Although QDPR is a key en-
zyme for maintaining intracellular BH4 levels, the precise cata-
lytic properties and reaction mechanisms of QDPR are poorly 
understood due to the instability of quinonoid-form substrates. 
In this study, we analysed the binding profile of qBH2 to human 
QDPR in combination with in silico and in vitro methods. First, 
we performed docking simulation of qBH2 to QDPR to obtain 
possible binding modes of qBH2 at the active site of QDPR. 
Then, among them, we determined the most plausible bind-
ing mode using molecular dynamics simulations revealing its 
atomic-level interactions and confirmed it with the in vitro assay 
of mutant enzymes. Moreover, it was found that not only qBH2 
but also quinonoid-form dihydrofolate (qDHF) could be poten-
tial physiological substrates for QDPR, suggesting that QDPR 
may be a bifunctional enzyme. These findings in this study 
provide important insights into biopterin and folate metabolism 
and would be useful for developing drugs for neglected tropical 
diseases.
Keywords: molecular dynamics, pteridine reductase, quinonoid-
dihydropteridine reductase, tetrahydrobiopterin
Abbreviations: AAAH, aromatic aminoacid hydroxylase; BH2, 
dihydrobiopterin; BH4, tetrahydrobiopterin; DHFR, dihydro-
folate reductase; NADH, nicotinamide adenine dinucleotide; 
NAM, nicotinamide; MD, molecular dynamics; PT, pterin; 
PTR1, pteridine reductase 1; qBH2; quinonoid dihydrobiopterin; 
qDHF, quinonoid dihydrofolate; QDPR, quinonoid dihydrop-
teridine reductase; SDR, short-chain dehydrogenase/reductase; 
THF, tetrahydrofolate

Biochemistry of Proteolysis   

Calpain-3 not only proteolyzes calpain-1 and -2 but also is a 
substrate for calpain-1 and -2    
Koichi Ojima1, Shoji Hata2, Fumiko Shinkai-Ouchi2, Yasuko 
Ono2 and Susumu Muroya1

1Muscle Biology Research Unit, Division of Animal Products 
Research, Institute of Livestock and Grassl and Science, NARO, 
2 Ikenodai, Tsukuba, Ibaraki 305‒0901, Japan and 2Calpain 
Project, Tokyo Metropolitan Institute of Medical Science, 2‒1‒6 
Kamikitazawa, Setagayaku, Tokyo 156‒8506, Japan
Calpain is an intracellular cysteine protease that cleaves its spe-
cific substrates in a limited region to modulate cellular function. 
Calpain-1 (C1) and calpain-2 (C2) are ubiquitously expressed in 
mammalian cells, but calpain-3 (C3) is a skeletal muscle-specific 
type. In the course of calpain activation, the N-terminal regions 
of all three isoforms are clipped off in an intramolecular or inter-
molecular fashion. C1 proteolyzes C2 to promote further proteol-
ysis, but C2 proteolyzes C1 to suspend C1 proteolysis, indicating 
the presence of C1‒C2 reciprocal proteolysis. However, whether 
C3 is involved in the calpain proteolysis network is unclear. 
To address this, we examined whether GFP-tagged C3:C129S 
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(GFP-C3:CS), an inactive protease form of C3, was a substrate 
for C1 or C2 in HEK cells. Intriguingly, the N-terminal region of 
C3:CS was cleaved by C1 and C2 at the site identical to that of 
the C3 autoproteolysis site. Furthermore, the N-terminal clipping 
of C3:CS by C1 and C2 was observed in mouse skeletal muscle 
lysates. Meanwhile, C3 preferentially cleaved the N-terminus of 
C1 over that of C2, and the sizes of these cleaved proteins were 
identical to their autoproteolysis forms. Our findings suggest an 
elaborate inter-calpain network to prime and suppress proteoly-
sis of other calpains.
Keywords: autolysis, calpain, calpain-3, LGMD2A/R1, skeletal 
muscle
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Inhibition of Sirt2 Decreases ApoE Secretion in Astrocytes 
and Microglial Cells    
Yuxin Chen1, Chunyu Zhou1, Mona Abdelhamid1, Cha-Gyun-
Jung1 and Makoto Michikawa1,2 
1Department of Biochemistry, Nagoya City University Gradu-
ate School of Medical Sciences, 1 Kawasumi, Mizuho-cho, 
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Amyloid-β (Aβ) accumulation caused by an imbalance of the 
production and clearance of Aβ in the brain is associated with 
the development of Alzheimer’s disease (AD). Apolipoprotein 
E (ApoE) (the strongest genetic risk factor) enhances Aβ clear-
ance, preventing Aβ deposition. Sirtuin 2 (Sirt2) is an NAD+-de-
pendent histone deacetylase and its inhibition has been reported 
to ameliorate memory impairment in AD-like model mice. How-
ever, the role of Sirt2 in ApoE secretion is unknown. Here, we 
found that inhibition of Sirt2 activity in primary cultured astro-
cytes and BV2 cells decreased ApoE secretion, resulting in the 
accumulation of intracellular ApoE and inhibiting extracellular 
Aβ degradation. However, the reduction of Sirt2 protein level by 
Sirt2 siRNA decreased ApoE protein level, which ultimately re-
duces ApoE secretion. In addition, the knockdown of Sirt2 in the 
HEK293-APP cells also decreased levels of intracellular ApoE 
leading to reduction of its secretion, which is accompanied by 
increased Aβ levels without altering APP and APP processing 
enzymes. Our findings provide a novel role of Sirt2 in ApoE se-
cretion.
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RNA aptamersare nucleic acids that are obtained using the sys-
tematic evolution of ligands by exponential enrichment (SELEX) 
method. When using conventional selection methods to immobi-
lize target proteins on matrix beads using protein tags, sequences 
are obtained that bind not only to the target proteins but also to 
the protein tags and matrix beads. In this study, we performed 
SELEX using β-1,3-glucan recognition protein (GRP)-tags 
and curdlan beads to immobilize the acute myeloid leukaemia 
1 (AML1) Runt domain (RD) and analysed the enrichment of 
aptamers using high-throughput sequencing. Comparison of 
aptamer enrichment using the GRP-tag and His-tag suggested 
that aptamers were enriched using the GRP-tag as well as using 
the His-tag. Furthermore, surface plasmon resonance analysis 
revealed that the aptamer did not bind to the GRP-tag and that 
the conjugation of the GRP-tag to RD weakened the interaction 
between the aptamer and RD. The GRP-tag could have acted as 
a competitor to reduce weakly bound RNAs. Therefore, the af-
finity system of the GRP-tagged proteins and curdlan beads is 
suitable for obtaining specific aptamers using SELEX.
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