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Structure and functions of the assembled porin in the mitochondrial outer membrane. Eukaryotic cells 
are highly compartmentalized into membrane-bounded organelles with distinct functions.  

 Mitochondria are essential organelles that fulfill central functions in cellular energetics, metabolism 
and signaling.  We are studying the molecular mechanisms of biogenesis and quality control of 
mitochondria and other organelles from the viewpoint of protein and lipid trafficking. 
The mitochondrial outer membrane (OM) houses membrane proteins characterized by barrel-like 
structures, known as -barrel membrane proteins.  These proteins, such as porins and Tom40, play 
crucial roles in facilitating the passage of small molecules and proteins, respectively, across the OM, 
thereby contributing to mitochondrial functions.  Porins (Por1 in yeast and VDAC in humans) are most 
abundant OM transporters for small molecules and ions across the mitochondrial OM. While the high-
resolution structures of monomeric VDAC reconstituted in membrane environments have been reported, 
that of assembled porin in intact mitochondria remained unknown. This time, we determined the high-
resolution structure of Por1 purified from yeast mitochondria using cryo-electron microscopy (EM) 
single-particle analysis (at a resolution of 3.2Å).  Por1 formed a homo-hexamer composed of trimeric 
dimers.  To ask if assembled Por1 has functions other than small molecule/ion transport through its -
barrel pore, we made mutants with substitution of the residues involved in inter-subunit interactions 
and analyzed their functional consequences. 

The results showed: (1) A Por1 mutant defective in its interaction with the TOM subunit Tom22, 
stabilized the TOM trimer in its dimer-trimer conversion, thereby leading to defects in the import of 
dimer-specific substrate proteins into mitochondria. Although our previous analyses using the Por1 

28

2023年_年報タンパク質動態研究所_本文.indd   282023年_年報タンパク質動態研究所_本文.indd   28 2025/01/29   18:21:262025/01/29   18:21:26



deletion mutant could not exclude the secondary effect arising from the defects in small molecule/ion 
transport (Sakaue et al., Mol. Cell 2019), the present results revealed that Por1 regulates the dimer-
trimer conversion through its binding to free Tom22 transiently dissociated from the TOM. (2) 
Phospholipids transported to the OM should move from the outer leaflet to the inner leaflet of the OM 
by flip-flop diffusion. Since a recent report suggested that the dimer interface of porin could serve as 
this pathway, we performed molecular dynamics simulations to examine whether lipids could flip at the 
subunit interfaces of the Por1 hexamer. The results indicated that lipids could efficiently flip at the 
subunit interfaces of Por1. (3) Mutation of a residue at the subunit interface of Por1 made cells prone 
to losing mitochondrial DNA (mtDNA), resulting in a 0 strain.  Since the mutant strain loses mtDNA 
faster than the rate of cell growth, this mtDNA loss is not merely due to the inhibition of mtDNA 
replication and its subsequent dilution through cell division.  In addition, examining the impact of 
nuclease deletions in this Por1 mutant strain allowed us to identify seven nucleases on yeast that 
inhibited the mtDNA loss.  These nucleases could be involved in the mtDNA loss caused by the Por1 
mutant, providing a breakthrough in uncovering the long-sought mechanism behind the mtDNA loss. 
Molecular mechanism of re-transport of mislocalized organelle proteins.  For organelles in eukaryotic 
cells to function properly, proteins responsible for their functions must be correctly delivered to the 
correct organelles.  We have revealed that, in addition to the precise targeting of organelle proteins 
directed by their encrypted targeting signals, re-transport or proofreading of the transport errors, which 
could occur with a certain probability, is crucial for proper intracellular protein distribution among 
different organelles. 
  When tail-anchor (TA) proteins are mislocalized to mitochondria, the AAA-ATPase Msp1 in the OM 
extracts them.  The extracted proteins are then transferred to the ER with the aid of the cytosolic GET 
system, where they are subjected to the decision of whether they will be degraded or re-transported 

Matsumoto, Ono et al., JCB, 2022 .  In turn, we found that defects in the P-type ATPase Spf1 in 
the ER membrane leads to mislocalization of TA proteins and some N-anchor proteins of mitochondrial 
OM to the ER.  Furthermore, when the expression of mislocalized proteins is turned off and the 
expression of Spf1 is induced, the misolocalized OM proteins decrease in the ER, restoring their 
localization to mitochondria.  Besides, analyses of various mitochondrial OM proteins revealed that 
proteins forming complexes on mitochondria are less likely to be mislocalized to the ER.  This 
suggests that proteins not forming complexes can be more efficiently extracted from the OM to the 
cytosol, resulting in more efficient mislocalization to the ER.  In addition, newly synthesized N-anchor 
mitochondrial OM proteins also accumulate in the ER when overexpressed in Spf1-deficient strains.  
However again, when Spf1 is expressed, these accumulated N-anchor proteins relocate to their 
intended destination, mitochondria.  Even in wild-type strains with Spf1, some newly synthesized N-
anchor OM proteins initially move to the ER before shifting to mitochondria.  This indicates the 
limitation of the flux to the mitochondrial OM, causing overflowed proteins to transiently move to the 
ER before relocating to mitochondria.  
  We are currently investigating whether the mechanism of ER mislocalization differs between proteins 
initially transported to the mitochondrial OM and newly synthesized OM proteins, and identifying the 
factors involved in this mislocalization.  Additionally, we are exploring which factors assist the Spf1-
extracted mislocalized mitochondrial proteins on the ER to mitochondria. 
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Shiino H, Tashiro S, Hashimoto M, Sakata Y, Hosoya T, Endo T, Kojima H, Tamura Y, Chemical inhibition 
of phosphatidylcholine biogenesis reveals its role in mitochondrial division.  iScience 27(3) 109189-
109189 (2023). 

Two domains of Tim50 coordinate translocation of proteins across the two mitochondrial membranes. 
Sci Alliance. 6(12):e202302122 (2023). 

Akabane S, Watanabe K, Kosako H, Yamashita SI, Nishino K, Kato M, Sekine S, Kanki T, Matsuda N, 
Endo T, Oka T. TIM23 facilitates PINK1 activation by safeguarding against OMA1-mediated 
degradation in damaged mitochondria. Cell Rep. 42, 11254 (2023).  

Matsumoto S, Endo T, Proofreading of protein localization mediated by a mitochondrial AAA-ATPase 
Msp1 (JB Special Review - Multi-facet Proteins), J. Biochem. 173, 265-271 (2023) 
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We focused our research on productive folding of nascent polypeptides by molecular chaperones 
and protein quality control mechanisms for misfolded proteins within cells. Specifically, we have 
devoted our activity to the following two major research projects:  

Maintenance of ER homeostasis through crosstalk among Protein Quality Control, Redox 
regulation, and Ca2+ flux. We identified ERdj5 as a disulfide reductase in the endoplasmic reticulum 
(ER). ERdj5 forms a supramolecular complex with EDEM and BiP and activates the degradation of 
misfolded proteins in the ER by cleaving the disulfide bonds of misfolded proteins and facilitating the 
retrograde transport of these proteins from the ER lumen into the cytosol, where they are degraded by 
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the ubiquitin-proteasome system, which is called ERAD(R. Ushioda et al., Science 2008; M. Hagiwara 
et al. Mol. Cell 2011; R.Ushioda et al. Mol. Biol. Cell 2013). 

We found that ERdj5 cleaves the disulfide bond of SERCA2b, a Ca2+ pump in the ER membrane, and 
regulates its function. Additionally, ERdj5 senses the Ca2+ concentration in the ER and regulates its 
interaction with SERCA2b. This suggests that the redox activity of ERdj5 is involved not only in protein 
quality control but also in Ca2+ homeostasis in the ER (R. Ushioda et al., Proc. Natl. Acad. Sci. U S A. 
2016).  

Here, we focused on controlling the Ca2+ pump and channel via redox regulation in the ER. Here, we 
obtained structural information on SERCA2b to understand how ERdj5 promotes the influx of Ca2+ by 
SERCA2b. We found that ERdj5 affects the Ca2+ release activity of IP3R (S. Fujii et al., Proc. Natl. 
Acad. Sci. U S A. 2023 . Additionally, we found that ERdj5 deficiency caused mitochondrial 
fragmentation due to Ca2+ homeostatic disruption (R. Yaamashita et al., Sci. Rep. 2021 . Redox 
regulation by ERdj5 is involved in the uptake and release of calcium ions in the ER. 

We elucidated how ERdj5 obtains electrons for its reductase activity in the oxidative environment of 
the endoplasmic reticulum (ER). It has been demonstrated that ERdj5 binds to the oxidative enzyme 
Ero1 and utilizes the electrons transferred to Ero1 through oxidative folding to supply the electrons 
(Figure 1, K. Uegaki et al., Cell Reports, 2023). 

Moreover, we discovered that ER reductase ERp18 binds to zinc ions via sulfur atoms. While the 
role of zinc ions within the ER lumen remains largely unclear, our findings reveal that ERp18 acquires 
hydrogen peroxide decomposition activity upon binding to zinc ions. The hydrogen peroxide 
decomposition activity of ERp18 in the ER prevents the leakage of hydrogen peroxide into the cytosol, 
thereby reducing oxidative stress and influencing cellular and organismal aging (C. Tsutsumi et al., Cell 
Reports, 2024). 
 

Chika Tsutsumi, Kaiku Uegaki, Riyuji Yamashita, Ryo Ushioda*, Kazuhiro Nagata*: Zn2+-dependent 
functional switching of ERp18, an ER-resident thioredoxin-like protein, Cell Reports, 43(2), 113682 
(2024) 

Jaroslaw Marszalek, Ryo Ushioda, Harm H. Kampinga* et al.: J-domain proteins: From molecular 
mechanisms to diseases, Cell Stress and Chaperones, 29(1), 21-33 (2024) 

S. Iwamoto, T. Kobayashi, H. Hanamatsu, I. Yokota, Y. Teranishi, A. Iwamoto, M. Kitagawa, S. Ashida, 
A. Sakurai, S. Matsuo, Y. Myokan, A. Sugimoto, R. Ushioda, K. Nagata, N. Gotoh, K. Nakajima, T. 
Nishikaze, J. Furukawa, N. Itano*: Tolerable glycometabolic stress boosts cancer cell resilience 
through altered N-glycosylation and Notch signaling activation, Cell Death & Disease, 15, 53 (2024) 

Xiaohan Cai, Shogo Ito, Kentaro Noi, Michio Inoue, Ryo Ushioda, Yukinari Kato, Kazuhiro Nagata, Kenji 
Inaba*: Mechanistic characterization of disulfide bond reduction of an ERAD substrate mediated by 
cooperation between ERdj5 and BiP. The Journal of biological chemistry, 299(11), 105274 (2023) 

Kaiku Uegaki, Yuji Tokunaga, Michio Inoue, Seiji Takashima, Kenji Inaba, Koh Takeuchi, Ryo Ushioda*, 
Kazuhiro Nagata*: The oxidative folding of nascent polypeptides provides electrons for reductive 
reactions in the ER, Cell Reports, 42(7), 112742 (2023)  

Shohei Fujii, Ryo Ushioda* and Kazuhiro Nagata*: Redox states in the endoplasmic reticulum directly 
regulate the activity of calcium channel inositol 1,4,5-trisphosphate receptors. Proc Natl Acad Sci 
USA. 120(22), e2216857120 (2023) 
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Ryo Ushioda: Journal of Biochemistry Associate Editor

Murata Manufacturing Award
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Since our discovery of Bacillus subtilis MifM, which monitors the activity of the YidC-mediated 
membrane insertion pathway, we have been interested in and studying this class of proteins called 
‘regulatory nascent chains’, which function while they are still in the midst of the process of biosynthesis 
on the ribosome. A remarkable property of this class of gene products is that they interact 
cotranslationally with components of the ribosome including those comprising the polypeptide exit 
tunnel, and thereby arrest their own translation elongation.  The arrested state of translation 
elongation affects translation of the downstream target gene either positively (in the case of MifM) or 
negatively. Importantly, these regulatory nascent chains serve as a co-translational substrate of the 
protein localization pathway to be monitored, such that the arrest can be stabilized or canceled in 
response to changes in the effectiveness of the localization machinery under given conditions of the 
cell.  Thus, these nascent chains represent unique biological sensors that enable real-time feedback 
regulation of the target machinery. In the MifM regulatory system, its translation arrest is released when 
the nascent MifM chain, as a monitoring substrate of YidC (the regulatory target), engages in the YidC-
mediated insertion into the membrane.  The regulated elongation arrest of MifM enables cells to 
maintain the capacity of membrane protein biogenesis.  As introduced above, our interests are also 
focused more generally on the mechanisms of protein localization and biogenesis, the biological 
processes where nascent substrates undergo dynamic interactions with the machineries of translation, 
targeting and translocation. We envision that our research activities should ultimately lead to the 
development of a new research area that might be called “nascent chain biology”, which aims at 
understanding the still hidden principle of the central dogma of gene expression, where nascent chains 
are likely to play key roles. 

1) Identification and Analysis of Novel Translation Arrest Factors  
Translation arrest peptides are unique proteins that exert their physiological functions while in the state 
of a nascent polypeptide chain. In recent years, our laboratory has conducted a comprehensive search 
for arrest peptides across more than 30,000 bacterial genomes, using common features shared by 
previously identified translation arrest peptides in bacteria as clues. We then identified more than 10 
genes that code for novel arrest peptides. Among these, several contained amino acid sequences with 
motifs similar to RAPP and RGPP (the RAPP-like motif). Meanwhile, we also identified those having 
motifs with no sequence similarity to known arrest peptides. Currently, to gain insights into the 
molecular mechanisms of translation arrest by these arrest peptides, we conducted mutational and 
biochemical analyses, determining arrest sites on mRNA and identifying critical sequences. Additionally, 
by searching for proteins containing RAPP-like sequences, we further identified novel arrest peptides. 
These studies suggest that bacteria might utilize a common mechanism of translation arrest to achieve 
diverse cellular regulation. 
 
2) Analysis of the Arrest Mechanism of the RAPP Motif-Containing Arrest Peptides ApdA/ApdP 
As mentioned above, recent comprehensive screenings conducted in our laboratory identified 
numerous arrest peptides, many of which shared a common amino acid sequence (RAPP-like motif). 
ApdA, derived from actinomycetes, and ApdP, derived from alphaproteobacteria, were also those 
identified in our initial screenings and contained the arrest-essential RAPP sequence. To understand 
the arrest mechanisms of these arrest peptides, we engaged in international collaboration with Prof. 
Daniel Wilson at the University of Hamburg. We determined the structure of the ribosome complexes 
with ApdA and ApdP using cryo-electron microscopy and conducted mutational analyses. The analyses 
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of ApdA and ApdP complexes with the ribosomes of Bacillus subtilis and Escherichia coli, respectively, 
suggested that the RAPP motifs in both arrest peptides adopt the same conformation within their 
respective ribosomes. Furthermore, it was revealed that this structure is also common with that of SecM, 
discovered previously by Koreaki Ito and colleagues. These studies suggests that different bacterial 
species have independently acquired arrest peptides that induce arrest through a common molecular 
mechanism during evolution, indicating the occurrence of convergent evolution of arrest motifs.

Obana, N., Takada, H., Crowe-McAuliffe, C., Iwamoto, M., Egorov, A.A., Wu, K.J.Y., Chiba, S., Murina, 
V., Paternoga, H., Tresco, B.I.C., Nomura, N., Myers, A.G., Atkinson, G.C., Wilson, D.N., Hauryliuk, 
V.; Genome-encoded ABCF factors implicated in intrinsic antibiotic resistance in Gram-positive 
bacteria: VmlR2, Ard1 and CplR. (2023) Nucleic Acids Res. 51, 4536–4554. 

Shiota N., Shimokawa-Chiba, N., Fujiwara, K. Chiba S.: Identification of Bacillus subtilis YidC 
substrates using a MifM-instructed translation arrest-based reporter. (2023) J. Mol. Biol. 435, 168172. 

Ugajin, N., Imami, K., Takada, H., Ishihama, Y., Chiba, S., Mishima, Y.: Znf598-mediated Rps10/eS10 
ubiquitination contributes to the ribosome ubiquitination dynamics during zebrafish development. 
(2023) RNA. 29, 1910-1927. 

Morici, M., Gabrielli, S., Fujiwara, K., Paternoga, H., Beckert, B., Bock, L. V., Chiba, S.#, Wilson, D. 
N.#: RAPP-containing arrest peptides induce translational stalling by short circuiting the ribosomal 
peptidyltransferase activity. (2024) Nat Commun. 15, 2432. (# corresponding authors) 

Gersteuer, F.*, Morici, M.*, Gabrielli, S., Fujiwara, K., Safdari, H. A., Paternoga, H., Bock, L. V., Chiba, 
S., Wilson, D. N.: The SecM arrest peptide traps a pre-peptide bond formation state of the ribosome. 
(2024) Nat Commun. 15, 2431. (* contributed equally) 

Fujiwara, K.#, Tsuji, N., Yoshida, M., Takada, H., Chiba, S.# (2024) Patchy and widespread distribution 
of bacterial translation arrest peptides associated with the protein localization machinery. Nat 
Commun. in press. (# corresponding authors) 
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We have been focusing our research on the structural biology of infectious disease. Especially our 
focus is macromolecular complexes, and we would like to reveal the interaction between the infectious 
factor protein and human protein. These basic researches are expected to find a novel drug in infectious 
disease.  
 
This year’s accomplishments 
 (1) The iota toxin produced by Clostridium perfringens type E, is a binary toxin comprising two 
independent polypeptides: Ia, an ADP-ribosyltransferase, and Ib, which is involved in binding to the cell 
and translocation of Ia across the cell membrane. We have reported the cryo-EM structures of the 
translocation channel Ib-pore and its complex with Ia (Nat Struct & Mol Biol., 2020) Furthermore, last 
year, we reported binary CDT (CDTa and CDTb) toxin complex from the most clinically important 
bacterium Clostridioides difficile (formerly Clostridium) ( Nature communications, 2022).  
Recently, outbreaks of food poisoning in Japan were reported in which Clostridium perfringens was 
strongly suspected to be the cause based on epidemiological information and fingerprinting of isolates. 
The isolated strains lack the typical C. perfringens enterotoxin (CPE) but secrete a new binary toxin 
consisting of two components: C. perfringens iota-like enterotoxin-a (CPILE-a), which acts as an actin 
ADP-ribosyltransferase, and CPILE-b, a membrane-binding and protein-translocation component. We 
are studying the difference of the pore in CPILE-b compared with Ib-pore and CDTb-pore. 
 
(2) We are interested in the specificity of ADP-ribosyltransferase (ART). We have revealed the complex 
structures of Ia-actin, C3-RhoA and ScARP-guanine for the last ten years. From these structures, we 
understood they all use the ARTT-loop in common.  
Recently, DNA ADP-ribosyltransferase including ScARP and pierisin are in the spot light. Now we are 
trying to reveal the function and structure of DNA ADP-ribosyltransferase, CARP-1 from Meretrix 
lamarckii .  
 
(3) We are studing the function and structure of Mirabilis jalapa antiviral protein (MAP). MAP is ribosome 
inactivating protein, which deactivate E.coli ribosome. We try to solve the structure of MAP by 
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crystallography and also reveal the complex structure with E.coli ribosome by cryo-EM. Furthermore, 
MAP has anti-viral activity., but the molecular mechanism is open question. We are also interested in 
the anti-viral activity of MAP. 

 
 

(2024)  Structural elucidation and antiviral activity of covalent cathepsin L inhibitors         
Journal of Medicinal Chemistry    
2024, 67, 9, 7048 7067  
 

 
ADP  

 
2023 Vol9,12,540-551 
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Research projects and annual reports 
Energy is essential for the sustenance of life, and bioenergetics is a crucial scientific field that aims to 
understand how living organisms convert energy into usable forms and how it is utilized. ATP, the 
energy currency of life, is synthesized by ATP synthase, present in the mitochondria or bacterial plasma 
membranes. This produced ATP is used in various biological processes, including muscle contraction, 
and biomolecule synthesis and degradation. The vacuolar proton ATPase (V-ATPase) uses ATP to 
transport ions into vesicles, which is responsible for different physiological phenomena by acidification. 
The mechanism of how tiny protein-based molecular machines convert ATP energy into transport and 
motion is a fascinating and important question that needs to be answered in the life sciences. To 
comprehend this mechanism, it is crucial to study the movement and shape of these molecular 
machines. To achieve this goal, we have utilized single-molecule rotation observation and structural 
biology with cryo-electron microscopy. 
Our ultimate aim is to understand and explain how living organisms transform and utilize energy to 
sustain life. On the other hand, the process by which life utilizes energy is likely related to aging and 
age-related diseases. Several enzymes involved in energy metabolism are reported to be involved in 
life-span altering genes, and the amount of energy intake itself determines lifespan. We have started 
to study the relationship between the intracellular concentration of ATP, the energy currency, and 
lifespan using molecular imaging techniques. The results revealed a close relationship between aging, 
anesthetic effects, and metabolic control and ATP levels in the individual. Thus, we are addressing the 
issues of aging, lifespan and disease from the perspective of bioenergetics. 
Based on these points, we have carried out three themes;  
1. Molecular mechanism of rotary ATPase/synthases, V-ATPase and FoF1. 
2. ATP homeostais in living cells 
3. Structural biology of membrane proteins involved in ATP homeostasis using Cryo-electron 
microscopy  
 
Achievements in 2023 
 
1) Mechanism of ATP hydrolysis dependent rotation of bacterial ATP synthase  
F1 domain of ATP synthase is a rotary ATPase complex in which rotation of central -subunit proceeds 

fueled by ATP hydrolysis.  How the ATP hydrolysis reactions 
occurring in three catalytic dimers are coupled to mechanical rotation is a key outstanding question. 
Here we describe catalytic intermediates of the F1 domain in FoF1 synthase from Bacillus PS3 sp. 
during ATP mediated rotation captured using cryo-EM. The structures reveal that three catalytic events 
and t
catalytic 
ATP hydrolysis at D D, and proceeds through three sub-
associated conformational intermediates. All sub-
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previous results, these findings provide the molecular basis of ATP driven rotation of ATP synthases. 
 
2) Structural analysis of rat brain V-ATPase 
V-ATPase was purified from rat brain, and its high-resolution structure was obtained using cryo-electron 
microscopy. Detergent was added to a homogenate of rat brain to solubilize membrane proteins. The 
Legionella-derived inhibitory protein SidK, which specifically binds to V-ATPase, was then added. SidK 
had a Flag-tag introduced, and the mixture was passed through Flag resin, allowing the SidK-V-ATPase 
complex to bind to the Flag resin. Next, V-ATPase bound to SidK was eluted using Flag peptide. The 
purified sample, further refined through gel filtration, was subjected to structural analysis by cryo-
electron microscopy. As a result, an overall resolution in the low 2 Å range was achieved. Further 
refinement allowed for the construction of an atomic model even in the Vo region. 
 
3) Rotary mechanism of the Vo motor driven by proton motive force. 
ATP synthases play a crucial role in energy production by utilizing the proton flow (proton motive force, 
pmf) across the membrane to rotate the membrane-embedded rotor c-ring, driving ATP synthesis in the 
hydrophilic catalytic hexamer. Although this process is very well-established, the molecular mechanism 
by which the pmf is converted into the c-ring rotation has remained elusive. Here, we describe the 
cryoEM structure of the Vo domain of the V-type ATP synthase (V/A-ATPase) at a resolution of 2.8 Å, 
allowing precise identification of glutamate residue (Glu) side chain orientations within the c12-ring. 
Our analysis revealed that of the 12 c-ring Glu, the three facing the water channel were in an extended 
conformation. The central Glu formed a salt bridge with the Arginine residue of the stator a-subunit 
(a/Arg). Molecular dynamics (MD) simulations, utilizing this structure and considering structurally 
relevant water molecules, revealed the water channel in the vicinity of this salt bridge. Further MD 
simulations demonstrated unidirectional Brownian motion of the c12-ring towards the direction of ATP 
synthesis when both the periplasmic and salt bridge forming Glu residues were protonated. When the 
salt bridge forming Glu residue remained unprotonated, the salt bridge persisted even after a forced 

-ring, with no new salt bridge formation between the adjacent Glu and the a/Arg. 
The combination of high resolution cryo-EM structure of Vo and MD simulations strongly indicates that 
asymmetry in the protonation states of the three c/Glu facing the water channel induces a bias in the 
Brownian motion of the c12-ring, resulting in a rotation of the c12-ring towards the direction of ATP 
synthesis. 

1. Mechanism of ATP hydrolysis dependent rotation of bacterial ATP synthase. Nakano A, Kishikawa 
 

2. Rotary mechanism of V/A-ATPases-how is ATP hydrolysis converted into a mechanical step 
rotation in rotary ATPases? Yokoyama K. Frontiers in Molecular Biosciences-Structural Biology 
Vol .10 (2023) 
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Prof. Hiroyuki Takeda, Ph. D.

We have been studying the mechanisms of body axis formation and organogenesis using small fish,  zebrafish (Danio rerio) 
and medaka (Oryzias latipes). Small fish are model vertebrates suitable for developmental genetics and experimental 
embryology because of the large number of mutants, and the ease of genetic and embryonic manipulation. Currently, we are 
focusing on left-right axis formation, somite differentiation, and otolith formation. We are also collaborating on the Medaka 
Genome Project to study the genome evolution of vertebrates, and on the epigenetic changes during development and in 
response to environmental stimuli.  
  I was appointed in April 2023 and began the following new research projects. 
Left-right asymmetry formation by secreted signaling proteins 
Mechanism of otolith formation using ha mutants 
Evolutionary diversity of somite-derived cell types 

 

The results of the above new projects have not yet been obtained. Instead, we have published the following results of our 
previous genomics and epigenomics-related studies in medaka fish. 
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 A Complete picture of the dynamics of histone modifications during epigenetic reprogramming in 
medaka embryos 
Epigenetic modifications undergo drastic erasure and reestablishment after fertilization. This reprogramming is 
required for proper embryonic development and cell differentiation. In mammals, some histone modifications 
are not completely reprogrammed and play critical roles in later development. In contrast, in nonmammalian 
vertebrates, most histone modifications are thought to be more intensively erased and reestablished by the stage 
of zygotic genome activation (ZGA). Our data revealed that H3K27ac, H3K27me3, and H3K9me3 escape 
complete reprogramming, whereas H3K4 methylation is completely erased during cleavage stage. Furthermore, 
we experimentally showed the functional roles of such retained modifications at early stages. For example, 
H3K9me3 is globally erased but specifically retained at telomeric regions, which is required for maintenance of 
genomic stability during the cleavage stage. These results expand the understanding of diversity and conservation 
of reprogramming in vertebrates, and unveil previously uncharacterized functions of histone modifications 
retained during epigenetic reprogramming. 

Identifying candidate epigenetic memories for nutritional stimuli 
The nutritional status during early life can have enduring effects on an animal's metabolism, although the 
mechanisms underlying these long-term effects are still unclear. Epigenetic modifications are considered a prime 
candidate mechanism for encoding early-life nutritional memories during this critical developmental period. 
However, the extent to which these epigenetic changes occur and persist over time remains uncertain, in part due 
to challenges associated with directly stimulating the fetus with specific nutrients in viviparous mammalian 
systems. Our data show that early-life HFD feeding triggers both reversible and persistent epigenetic changes in 
medaka hepatocytes. Our data provide novel insights into the epigenetic mechanism of nutritional programming 
and a comprehensive atlas of the long-term epigenetic state in an early-life HFD model of non-mammalian 
vertebrates. 

Establishment of an experimental system to study the effects of maternal nutritional environment on 
the next generation 
Maternal nutritional status can affect development and metabolic phenotypes of progeny in animals. The effects 
of maternal diet are thought to be mediated mainly by changes inside oocytes such as organelles, maternal RNAs, 
and metabolites. However, to what extent each factor contributes to offspring phenotypes remains uncertain, 
especially in viviparous mammalian systems, where factors other than oocytes, such as placenta and milk, need 
to be considered. Here, using the medaka fish as an oviparous vertebrate model, we examined whether maternal 
high-fat diet (mHFD) feeding affects offspring development and what kind of changes occur in the contents of 
mature eggs. We found that mHFD caused the high frequency of embryonic deformities of offspring, 
accompanied by downregulation of transcription- and translation-related genes and zygotic transcripts at the 
blastula stage. Our study presents a comprehensive data on the changes inside eggs in a mHFD model of 
nonmammalian vertebrates and provides insights into the mechanisms of parental nutritional effects on offspring. 

*: corresponding authors
Inoue Y*, Fukushima M, Hirasawa G, Furukawa F, Takeda H*, Umatani C*. Maternal High-Fat Diet Affects the Contents of 

Eggs and Causes Abnormal Development in the Medaka Fish. Endocrinology. 2024 Jan 16;165(3):bqae006. 
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Inoue Y., Suzuki Y., Kunishima Y., Washio T., Morishita S.*, Takeda H*. (2023). High-fat diet in early life triggers both 
reversible and persistent epigenetic changes in the medaka fish (Oryzias latipes). BMC Genomics, 24(1):472 

Liu S, Kawanishi T, Shimada A, Ikeda N, Yamane M, Takeda H*, Tasaki J*. Identification of an adverse outcome pathway 
(AOP) for chemical-induced craniofacial anomalies using the transgenic zebrafish model. Toxicol Sci. 2023 Oct 
30;196(1):38-51. 

Fukushima HS, Takeda H*, Nakamura R* (2023). Incomplete erasure of histone marks during epigenetic reprogramming in 
medaka early development. Genome Research, 33(4): 572–586. (selected as the cover picture) 

 
 

Fukushima HS, Takeda H, Nakamura R. Targeted Manipulation of Histone Modification in Medaka Embryos. Methods Mol 
Biol. 2023;2577:279-293. 

Inoue Y, Takeda H*. (2023). Teratorn and Its Related Elements – a Novel Group of Herpesviruses Widespread in Teleost 
Genomes. Zoological Science, 40(2):83-90. 

Inoue Y., Takeda H*. (2023). Teratorn and its relatives – a cross-point of distinct mobile elements, transposons and viruses. 
Frontiers in Veterinary Science, 10:1158023. 

Takafumi Ikeda, Toru Kawanishi, Hiroyuki Takeda “Extracellular interplay of Nodal and Dand5 proteins during the left-right 
asymmetric pattern formation in the lateral plate mesoderm”, The 56th Annual Meeting of JSDB.2023 7 . 

Young Investigator Paper Award (DGD )
Takafumi Ikeda, Toru Kawanishi, Hiroyuki Takeda “Extracellular interplay of Nodal and Dand5 proteins during the left-right 

asymmetric pattern formation in the lateral plate mesoderm”, The 4th GfE-JSDB Young Scientist Exchange Meeting. 
 2023 7 .  

Ryohei Nakamura, Shinra Ikeda, Hiroto Fukushima and Hiroyuki Takeda  Regulation and functional role of 3D chromatin 
structure during medaka embryogenesis  
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