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JB COMMENTARY

Regulation of the SNARE protein Ykt6 function by diprenyl-
ation and phosphorylation
Yoshiyuki Rikitake
Laboratory of Medical Pharmaceutics, Kobe Pharmaceutical 
University, 4‒19‒1, Motoyamakitamachi, Higashinada-ku, Kobe 
658‒8558, Japan
For proper intracellular vesicle transport, it is essential for 
transport vesicle membranes to fuse with the appropriate target 
membranes. Ykt6 is a SNARE protein with functions in diverse 
vesicle transport pathways, including secretory, endocytotic and 
autophagic pathways. To exert these functions, the association of 
Ykt6 with vesicle membranes and the change of its conformation 
from closed to open play key roles. Recent studies have revealed 
regulatory mechanisms involved in Ykt6 membrane association 
and conformation change. When in the cytosol, the vicinal cyste-
ine residues within the C-terminal CCAIM sequence of Ykt6 un-
dergo diprenylation (farnesylation of the distal cysteine residues 
by farnesyltransferase; this is followed by geranylgeranylation of 
the proximal cysteine residue by geranylgeranyltransferase-III). 
Phosphorylation of a serine residue within the SNARE domain 
triggers the conversion of the Ykt6 conformation from closed to 
open, allowing Ykt6 membrane association. In this commentary, 
I briefly summarize and discuss the recently revealed regulatory 
mechanisms of Ykt6 function by diprenylation and phosphoryla-
tion.
Keywords: farnesylation, geranylgeranylation, GGTase-III, 
SNARE, Ykt6
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The molecular mechanisms of mammalian sperm matura-
tion regulated by NELL2-ROS1 lumicrine signaling
Daiji Kiyozumi
Research Institute for Microbial Diseases, Osaka University, 
Suita, 565‒0871, Japan
PRESTO, Japan Science and Technology Agency, Chiyoda-ku, 
102‒0076 Japan
In terrestrial vertebrates, spermatozoa generated in the testis are 
transported through the reproductive tract toward outside the 
body. In addition to as the pathway of sperm transport, the male 
reproductive tract also functions as the site of post-testicular 
sperm maturation and the epididymis, which constitutes the 

majority of male reproductive tract, and plays central roles in 
such a sperm maturation. Recent studies with gene-modified 
animals have been unveiling not only the molecular mechanisms 
of sperm maturation in the epididymis but also the regulatory 
system by which the epididymis acquires and executes sperm-
maturing functions. In this review, the mechanisms of mam-
malian sperm maturation will be summarized, based on recent 
findings, including the lumicrine regulation of sperm maturation.
Keywords: ROS1, OVCH2, NELL2, lumicrine, epididymis
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The role of TREM2 N-glycans in trafficking to the cell sur-
face and signal transduction of TREM2
Keiro Shirotani1,2, Daisuke Hatta1, Naoki Wakita1, Kaori Wata-
nabe1 and Nobuhisa Iwata1,2
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Variants of triggering receptor expressed on myeloid cells 2 
(TREM2) are associated with an increased incidence of Al-
zheimer’s disease, as well as other neurodegenerative disorders. 
TREM2 is glycosylated in vitro and in vivo, but the significance 
of the modification is unknown. We previously established a 
sensitive and specific reporter cell model involving cultured Jur-
kat cells stably expressing a luciferase reporter gene and a gene 
encoding a TREM2DAP12 fusion protein to monitor TREM2-
dependent signalling. In the present study, we prepared modified 
reporter cells to investigate the role of the N-glycans at N20 and 
N79. We show that the N-glycans at N79 have a requisite role in 
translocation of TREM2 to the cell surface, while the N-glycans 
at both N20 and N79 have a critical role in intracellular signal 
transduction. Our results indicate that structural changes to the 
TREM2 N-glycans may cause microglial dysfunction that con-
tributes to the pathogenesis of neurodegenerative disorders and 
that maintaining the integrity of TREM2 N-glycosylation and 
the responsible glycosyltransferases may be a novel therapeutic 
strategy to treat these disorders.
Keywords: Alzheimer’s disease, N-glycan, signal transduction, 
TREM2, trafficking
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Compounds in cigarette smoke induce EGR1 expression via 
the AHR, resulting in apoptosis and COPD
Naoko Hattori1,2,3, Takeya Nakagawa1,2, Mitsuhiro Yoneda1,2, 
Hiromi Hayashida1,2, Kaori Nakagawa1,2, Kazuo Yamamoto4, 
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Chronic obstructive pulmonary disease (COPD) is a major cause 
of mortality worldwide, and pulmonary epithelial cell apoptosis 
is regarded as one of the most important factors in its pathogen-
esis. Here, we examined the molecular mechanisms of apop-
tosis caused by cigarette smoke (CS). In the normal bronchial 
epithelium cell line BEAS-2B, a CS extract markedly induced 
apoptosis together with transient early growth response 1 (EGR1) 
protein expression, which is activated over time via the aryl hy-
drocarbon receptor (AHR). The CS extract‒induced apoptosis 
decreased cell count of BEAS-2B cells and was significantly 
reversed by knockdown of either EGR1 or AHR. In vivo, the 
CS extract caused alveolar wall destruction, mimicking COPD, 
1 week after intrathoracic injection. Bronchoalveolar lavage 
fluid (BALF) from the CS extract‒treated mice contained mas-
sive numbers of apoptotic epithelial cells. Furthermore, it was 
found that aminoanthracene induced EGR1 expression and cell 
apoptosis. By contrast, the AHR antagonist stemregenin 1 (SR1) 
restored apoptosis upon CS treatment. These results suggest 
that aryl hydrocarbons, such as aminoanthracene, induce EGR1 
expression via the AHR, resulting in cell apoptosis and that this 
can be prevented by administration of an antagonist of AHR.
Keywords: AHR, apoptosis, cigarette smoke, COPD
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Molecular mechanism of negative cooperativity of ferredox-
in-NADP+ reductase by ferredoxin and NADP(H): role of the 
ion pair of ferredoxin Arg40 of and FNR Glu154
Yoko Kimata-Ariga, Yoshiro Nishimizu and Rina Shinkoda
Department of Biological Chemistry, College of Agriculture, 
Graduate School of Sciences and Technology for Innovation, 
Yama guchi University, Yoshida, Yamaguchi 753‒8515, Japan
Ferredoxin-NADP+ reductase (FNR) in plants receives electrons 
from ferredoxin (Fd) and converts NADP+ to NADPH at the 
end of the photosynthetic electron transfer chain. We previously 
showed that the interaction between FNR and Fd was weak-
ened by the allosteric binding of NADP(H) on FNR, which was 
considered as a part of negative cooperativity. In this study, we 
investigated the molecular mechanism of this phenomenon us-
ing maize (Zea mays L.) FNR and Fd, as the 3D structure of this 
Fd:FNR complex is available. Site-specific mutants of several 
amino acid residues on the Fd:FNR interface were analysed for 

the effect on the negative cooperativity, by kinetic analysis of 
Fd:FNR electron transfer activity and by Fd-affinity chromatog-
raphy. Mutations of Fd Arg40Gln and FNR Glu154Gln that dis-
rupt one of the salt bridges in the Fd:FNR complex suppressed 
the negative cooperativity, indicating the involvement of the 
ion pair of Fd Arg40 and FNR Glu154 in the mechanism of the 
negative cooperativity. Unexpectedly, either mutation of Fd Arg-
40Gln or FNR Glu154Gln tends to increase the affinity between 
Fd and FNR, suggesting the role of this ion pair in the regulation 
of the Fd:FNR affinity by NADPH, rather than the stabilization 
of the Fd:FNR complex.
Keywords: ferredoxin, ferredoxin-NADP+ reductase, negative 
cooperativity, protein‒protein interaction, allosteric regulation
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(Pro)renin receptor and insulin signaling regulate cell prolif-
eration in MCF-7 breast cancer cells
Shigemitsu Sato1, Takuo Hirose Koji Ohba1, Fumihiko Wata-
nabe1, Tomoki Watanabe1, Kazuya Minato1, Akari Endo1,2, Hiroki 
Ito1,2, Takefumi Mori2,3 and1,2,3 Kazuhiro Takahashi1 1Department 
of Endocrinology and Applied Medical Science, Tohoku Uni-
versity Graduate School of Medicine, Sendai, Japan, 2Division 
of Nephrology and Endocrinology, Faculty of Medicine, Tohoku 
Medical and Pharmaceutical University, Sendai, Japan, and 
3Division of Integrative Renal Replacement Therapy, Faculty of 
Medicine, Tohoku Medical and Pharmaceutical University, Sen-
dai, Japan
(Pro)renin receptor [(P)RR] is related to both the renin-angioten-
sin system and V-ATPase with various functions including stim-
ulation of cell proliferation. (P)RR is implicated in the patho-
physiology of diabetes mellitus and cancer. Hyperinsulinemia is 
observed in obesity-related breast cancer. However, the relation-
ship between (P)RR and insulin has not been clarified. We have 
therefore studied the effect of insulin on (P)RR expression, cell 
viability and AKT phosphorylation under the conditions with 
and without (P)RR knockdown. Effects of insulin were studied 
in a human breast cancer cell line, MCF-7. Cell proliferation as-
say was performed by WST-8 assay. (P)RR expression was sup-
pressed by (P)RR-specific siRNAs. The treated cells were ana-
lysed by western blotting and reverse transcriptase-quantitative 
polymerase chain reaction analysis. Insulin stimulated prolifera-
tion of MCF-7 cells and increased (P)RR protein expression, but 
not (P)RR mRNA levels. Moreover, autophagy flux was sup-
pressed by insulin. Suppression of (P)RR expression reduced cell 
number of MCF-7 cells and AKT phosphorylation significantly 
in both the presence and the absence of insulin, indicating that (P)
RR is important for cell viability and AKT phosphorylation. In 
conclusion, insulin upregulates the level of (P)RR protein, which 
is important for cell viability, proliferation, AKT phosphoryla-
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tion and autophagy in breast cancer cells.
Keywords: (P)RR., insulin, cell proliferation, breast cancer, au-
tophagy

Efficient DNA/RNA extraction from tarsal plates by SK mill, 
a freeze-crush apparatus
Hiroaki Oku1, Akihide Watanabe1, Yuichi Tokuda2, Tomomichi 
Nakayama1, Kei Tashiro2, Chie Sotozono1 and Masakazu Naka-
no2
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Medicine, 465 Kajii-cho, Kawaramachi-Hirokoji, Kamigyo-ku, 
Kyoto 602‒8566, Japan, and 2Department of Genomic Medical 
Sciences, Kyoto Prefectural University of Medicine, 465 Kajii-
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Japan
The tarsal plate is an eyelid tissue that maintains lid structure 
from inside the upper/lower eyelids, and it surrounds the mei-
bomian glands and supports their unique secretion mechanism. 
Sebaceous carcinoma, a malignant eyelid tumour, can some-
times develop from the meibomian glands and is usually excised 
together with the tarsal plate during surgery, so the tarsal plate 
serves as a control research tissue. However, since the plate is 
thick, hard and heterogeneous with few cells, obtaining enough 
genomic DNA and/or total RNA is often difficult. Therefore, 
we attempted to establish an efficient protocol to obtain DNA 
and RNA simultaneously by comparing the combinations of 
homogenization (mortar/pestle, pellet pestle or SK mill) and 
purification (organic solvent or spin column) methods using rab-
bit tarsal plates. Based on the yield, quality and hands-on time, 
the SK mill and spin column was found to be the most efficient 
combination. We then applied the established protocol to extract 
DNA/RNA from six human tarsal-plate samples and succeeded 
in generating high-quality exome and transcriptome datasets 
via a next-generation sequencer with sufficient coverage and 
meibomian gland-specific expression of representative genes, 
respectively. Our new findings will provide ideal reference data 
for future genetic and gene-expression studies of sebaceous car-
cinoma.
Keywords: DNA/RNA extraction, eyelid sebaceous carcinoma, 
freeze crush, next-generation sequencer, tarsal plate
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Ubiquitin-mediated mitochondrial regulation by MITOL/
MARCHF5 at a glance
Shun Nagashima1, Naoki Ito2, Isshin Shiiba2, Hiroki Shimura1 
and Shigeru Yanagi2
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Mitochondria are involved in various cellular processes, such 
as energy production, inflammatory responses and cell death. 
Mitochondrial dysfunction is associated with many age-related 
diseases, including neurological disorders and heart failure. Mi-
tochondrial quality is strictly maintained by mitochondrial dy-
namics linked to an adequate supply of phospholipids and other 
substances from the endoplasmic reticulum (ER). The outer 
mitochondrial membrane-localized E3 ubiquitin ligase MITOL/
MARCHF5 is responsible for mitochondrial quality control 
through the regulation of mitochondrial dynamics, formation of 
mitochondria-ER contacts and mitophagy. MITOL deficiency 
has been shown to impair mitochondrial function, cause an 
excessive inflammatory response and increase vulnerability to 
stress, resulting in the exacerbation of the disease. In this study, 
we overview the ubiquitin-mediated regulation of mitochondrial 
function by MITOL and the relationship between MITOL and 
diseases.
Keywords: ubiquitin, MITOL/MARCHF5, mitochondrial dy-
namics, mitochondria-ER contacts, mitochondria
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Crystal structure of the sliding DNA clamp from the Gram-
positive anaerobic bacterium Clostridioides difficile
Asami Hishiki, Sumire Okazaki, Kodai Hara and Hiroshi Hashi-
moto
School of Pharmaceutical Sciences, University of Shizuoka, 
52‒1 Yada, Suruga-ku, Shizuoka, Shizuoka 422‒8002, Japan
The sliding DNA clamp is a ring-shaped protein that encircles 
DNA within its central channel. It binds to multiple proteins, 
such as DNA polymerases and DNA repair enzymes, and stimu-
lates their enzymatic activities, thereby playing a crucial role 
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in cell survival and proliferation. Accordingly, the bacterial 
clamp DnaN is considered to be a promising target for bacterial 
infection therapy. In this regard, 3D structures of DnaN from 
pathogenic bacteria are essential for the development of chemi-
cal compounds with antimicrobial activity. Here, the crystal 
structure of DnaN from a Gram-positive bacterium Clostridioi-
des difficile, a human pathogen causing infectious diarrhoea, has 
been determined at 2.13 Å resolution. A comparison of the struc-
tures of DnaN from other bacteria indicates that the structural 
features of DnaN in terms of overall organization are essentially 
conserved within Gram-positive and Gram-negative bacteria. 
However, DnaN from C. difficile has structural differences in the 
potential binding pocket for partner proteins, implying a non-
conventional interaction with its binding partners. Our findings 
will provide insight into the development of new therapies for C. 
difficile infection.
Keywords: Clostridioides difficile, crystal structure, DNA repli-
cation, molecular interaction, sliding DNA clamp

Structural insights into the substrate specificity of IMP-6 
and IMP-1 metallo-β-lactamases
Keizo Yamamoto1, Hideaki Tanaka2, Genji Kurisu2, Ryuichi 
Naka no3, Hisakazu Yano3 and Hiromi Sakai1
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IMP-type metallo-β-lactamases confer resistance to carbapen-
ems and a broad spectrum of β-lactam antibiotics. IMP-6 and 
IMP-1 differ by only a point mutation: Ser262 in IMP-1 and 
Gly262 in IMP-6. The kcat/Km values of IMP-1 for imipenem and 
meropenem are nearly identical; however, for IMP-6, the kcat/Km 
for meropenem is 7-fold that for imipenem. In clinical practice, 
this may result in an ineffective therapeutic regimen and, con-
sequently, in treatment failure. Here, we report the crystal struc-
tures of IMP-6 and IMP-1 with the same space group and similar 
cell constants at resolutions of 1.70 and 1.94 Å, respectively. The 
overall structures of IMP-6 and IMP-1 are similar. However, 
the loop region (residues 60‒66), which participates in substrate 
binding, is more flexible in IMP-6 than in IMP-1. This difference 
in flexibility determines the substrate specificity of IMP-type 
metallo-β-lactamases for imipenem and meropenem. The amino 
acid at position 262 alters the mobility of His263; this affects the 
flexibility of the loop via a hydrogen bond with Pro68, which 
plays the role of a hinge in IMP-type metallo-β-lactamases. The 
substitution of Pro68 with a glycine elicited an increase in the 
Km of IMP-6 for imipenem, whereas the affinity for meropenem 
remained unchanged.

Keywords: carbapenemase, X-ray crystallography, substrate 
specificity, metallo-β-lactamase, loop flexibility
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Characterization of KDM5 lysine demethylase family sub-
strate preference and identification of novel substrates
Matthew Hoekstra1,2, Nashira H. Ridgeway1,2 and Kyle K. Big-
gar1,2
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The KDM5/JARID1 sub-family are 2-oxoglutarate and Fe(II)-
dependent lysine-specific histone demethylases that are charac-
terized by their Jumonji catalytic domains. The KDM5 family 
is known to remove tri-/di-methyl modifications from lysine-4 
of histone H3 (i.e. H3-K4me2/3), a mark associated with ac-
tive gene expression. As a result, studies to date have revolved 
around the influence of KDM5 on disease through their ability 
to regulate H3-K4me2/3. Recent evidence demonstrates that 
KDM5 may influence disease beyond H3-K4 demethylation, 
making it critical to further investigate KDM5-mediated demeth-
ylation of non-histone proteins. To help identify potential non-
histone substrates for the KDM5 family, we developed a library 
of 180 permutated peptide substrates, with sequences that are 
systematically altered from the wild-type H3-K4me3 substrate. 
From this library, we characterized recombinant KDM5A/B/C/D 
substrate preference and developed recognition motifs for each 
KDM5 demethylase. The recognition motifs developed were 
used to predict potential substrates for KDM5A/B/C/D and pro-
filed to generate a list of high-ranking and medium/low-ranking 
substrates for further in vitro validation. Through this approach, 
we identified 66 high-ranking substrates in which KDM5 de-
methylases displayed significant in vitro activity towards.
Keywords: Jumonji domain, lysine demethylase, non-histone 
substrates, permutated substrates, substrate preference
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Screening of α-amino acid ester acyl transferase variant with 
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Random and rational mutagenesis of an α-amino acid ester acyl 
transferase from Sphingobacterium siyangensis AJ2458 (SAET) 
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was conducted to examine the production of aspartame, an α-L-
aspartyl-L-phenylalanine methyl ester. We previously reported 
aspartame production via combination of enzymatic and chemi-
cal methods. However, the productivity of the aspartame inter-
mediate by SAET was approximately one-fifth that of L-alanyl-L-
glutamine (Ala-Gln), whose production method has already been 
established. Here, to improve the enzymatic activity of SAET, 
we performed random mutagenesis in the gene encoding SAET 
and obtained 10 mutations that elevated the enzymatic activity 
(1.2- to 1.7-fold increase) relative to that of wild-type SAET. To 
further improve the activity, we performed mutagenesis to opti-
mize the combination of the obtained mutations and finally se-
lected one SAET variant with 10 amino acid substitutions (M35-4 
SAET). An Escherichia coli strain overexpressing M35-4 SAET 
displayed a 5.7-fold higher activity than that of the wild-type 
SAET, which was almost equal to that of Ala-Gln by an E. coli 
strain overexpressing wild-type SAET. The Vmax value of M35-
4 SAET was 2.0-fold greater, and its thermostability was higher 
than those of wild-type SAET. These results suggest that the 
obtained SAET variants contribute to improvement in aspartame 
production.
Keywords: α-amino acid ester acyl transferase, Sphingobacte-
rium siyangensis, rational mutagenesis, random mutagenesis, 
aspartame production
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nudt7 gene depletion causes transcriptomic change in early 
development of zebrafish
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The Nudt family has been identified as enzymes performing 
Coenzyme A to 35-ADP+4-phospho pantetheine catalysis. 
The members of this family have been shown to be particularly 
involved in lipid metabolism, while their involvement in gene 
regulation through regulating transcription or mRNA metabo-
lism has also been suggested. Here, we focused on peroxisomal 
NUDT7, possessing enzymatic activity similar to that of its 
paralog, peroxisomal NUDT19, which is involved in mRNA 
degradation. No reports have been published about the Nudt 
family in zebrafish. Our transcriptomic data showed that the 
Nudt family members are highly expressed around zygotic gene 
activation (ZGA) in developing zebrafish embryos. Therefore, 
we confirmed the computational prediction that the products of 
the nudt7 gene in zebrafish were localized in the peroxisome and 
highly expressed in early embryogenesis. The depletion of nudt7 
genes by the CRISPR/Cas9 system did not affect development; 
however, it decreased the rate of transcription in ZGA. In addi-
tion, H3K27ac ChIP-seq analysis demonstrated that this decrease 
in transcription was correlated with the genome-wide decrease 
of H3K27ac level. This study suggests that peroxisomal Nudt7 
functions in regulating transcription in ZGA via formation of the 
H3K27ac domain in active chromatin.
Keywords: zygotic gene activation, zebrafish, RNA-seq, Nudt 
family, ChIP-seq


