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Consumption of hot spring water including high concentration of hydrogen 
carbonate decreases serum glycoalbumin levels in human 
 
○Shinnosuke Murakami1,2, Yasuaki Goto3, Shigeo Kurihara3, Masaru Tomita1,2, Shinji Fukuda1,2 

 
1. Systems Biology Program, Graduate School of Media and Governance, Keio University, Fujisawa, 

Kanagawa, Japan 

2. Institute for Advanced Biosciences, Keio University, Tsuruoka, Yamagata, Japan 

3. Japan Health and Research Institute, Chuo-ku, Tokyo, Japan 

 

Introduction: Self-medication is an important approach to maintain and promote human health. 

Consumption of hot spring water (HSW) is one of the strategies of self-medication as HSW has been 

therapeutically used to prevent or improve various diseases in many countries. Specifically, drinking 

of HSW including high concentration of hydrogen carbonate or sulfate has been reported to prevent 

or improve type 2 diabetes (T2D) in human [1,2]. However, the molecular mechanisms of the 

beneficial effects behind HSW consumption remain unclear. 

Objective: To elucidate the molecular level effects of HSW drinking on human physiological 

homeostasis especially in the controlling of blood glucose levels. 

Methods: HSW drinking test was conducted amongst 24 healthy volunteers (8 men and 16 women, 

ages from 26 to 59, 47 years old on the average). In this study, HSW was obtained from Nagayu hot 

spring (Taketa city, Oita, Japan) as its water contains one of the highest hydrogen carbonate 

concentrations in Japan. During the test, volunteers drank 500 ml of tap water (TW) or HSW thrice 

(30-60 minutes prior to each meal) daily. TW drinking periods and HSW drinking periods lasted for 

a week each and this cycle was repeated twice. Blood samples were obtained on the first day of the 

test and last days of every week. Biochemical tests and metabolome analysis of blood samples were 

conducted. 

Results: Serum glycoalbumin levels, one of the index of glycemic controls, decreased significantly 

after HSW drinking periods as compared with TW drinking period as a whole. However, serum 

glycoalbumin levels in several individuals tended to decrease but not significantly by HSW 

consumption, suggesting that consumption of HSW including high concentrations of hydrogen 

carbonate has a potential to prevent and/or improve T2D, whereas the beneficial effects vary in 

individuals. Metabolome analysis of blood samples revealed that 21 metabolites were significantly 

different between TW drinking periods and HSW drinking periods. Especially, the concentrations of 

5 amino acids (alanine, glycine, methionine, serine and tyrosine) were significantly decreased after 

drinking of HSW. Amino acids profiles in blood have been reported to be one of the risk assessment 
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factors of T2D [3], and a previous study reported that the concentrations of various amino acids 

including alanine, methionine and tyrosine in plasma were significantly increased in the state of 

hyperinsulinemia [4]. Therefore, the lowering of several amino acids after consumption of HSW 

including high concentrations of hydrogen carbonate may indicate prevention of T2D.  

Conclusions: Our results demonstrated that consumption of HSW including high concentrations of 

hydrogen carbonate has the potential to prevent and/or improve T2D through the alterations of 

metabolites in the body. 

 
Keyword: Hydrogen carbonate, Drinking, Glycoalbumin, Metabolome analysis 
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Development of a new method for combinatorial drug discovery using a 
genome-scale metabolic model and database 

○Keita Sasaki*, Yasuhiro Naito*, Kozo Nishida**, Kazunari Kaizu**, Koichi Takahashi**, and 

Masaru Tomita*  

* Institute for Advanced Biosciences, Keio University, Japan.  

** RIKEN Quantitative Biology Center, Japan. 

 

Antibiotics are indispensable to modern medical care. Recently, it is a serious problem that bacteria 

become resistant to multiple drugs by the overuse of antibiotics. Most of the current drug discovery 

approaches are finding out critical target and creating effective compounds to inhibit its functionality. 

However, the conventional approaches are facing the limit of defense against multiple drug resistant 

bacteria because the number of significant targets for drugs is quite limited and bacteria become 

resistant even to the new targets sooner or later. Therefore, in contrast to the conventional way, 

combinatorial drug discovery approach increases in importance. In the combinatorial drug discovery 

approach, it is quite important to find out effective combinations of available drugs and specific 

resistant cells based on the cellular network. Furthermore, according to the development of various 

high throughput measurement techniques and accumulation of omics data, the technology for 

cellular modeling and simulation has progressed dramatically too. Many large-scale models of 

bacteria have been published, such as the whole cell model of Mycoplasma genitalium (Karr et al., 

2012) and the genome-scale model of Escherichia coli (E. coli) metabolic pathway named iJO1366 

(Orth et al., 2011). iJO1366 includes 1,366 metabolic genes out of all 4,289 genes in E. coli, and it 

can reproduce single knockout phenotypes observed experimentally with more than 90% accuracy.  

Prediction by such genome-scale models is indispensable to understand the systemic behaviour of 

large-scale cellular networks and to develop new drug combinations. In this study, we developed a 

new analysis method, named the “combinatorial knock-down”, to suggest the effective combinations 

of drug targets by using the genome-scale metabolic model and detailed drug database. In the 

combinational knock-down method, the limit of multiple fluxes in the metabolic pathway are 

decreased relative to the wild-type fluxes, and the synthetic effects on growth rate are indexed. This 

method was developed by modifying a module in COBRApy (The COnstraints Based 

Reconstruction and Analysis for Python, Ebrahim et al., 2013). COBRApy is the tool for Flux 

Balance Analysis (FBA) that evaluates biomass synthesis as growth rate and enables one to analyze 

the iJO1366 model with Python scripting language. Compared to the knock-out analysis, our 

knock-down method can reveal the synergetic effect between the pair of targets (genes or reactions) 

in metabolic pathways. As a result, we found 150 sets of gene pairs indicating synergy. In addition, 
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we acquired the data of approved drugs by the detailed drug database, DrugBank 

(http://www.drugbank.ca/), and suggested synergetic pairs related to these drug targets by the double 

knock- down analysis, though the model was incomplete for drug discovery and knowledge for drug 

target and action mechanisms on the database was insufficient. The application of comprehensive 

simulation and metabolic engineering will be one of the major techniques to discover novel drug 

combinations efficiently.  
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Identifying Key Regulators for TNF-induced Cancer Survival 
 
○Fumie Nakasuka, Kentaro Hayashi, Masaru Tomita & Kumar Selvarajoo 

 

Tumor Necrosis Factor (TNF), a well-known proinflammatory cytokine, has been recently observed 

to be elevated in tumor microenvironment. TNF stimulates normal and cancer cells to the production 

of key cytokines such as Interleukin-6, Chemokine (C-C motif) ligand 7, Matrix Metalloproteinase-3, 

which can assist cell growth and proliferation. Hence, the understanding of TNF response in cancer 

and normal cell is crucial for strategic cancer treatment. Previously, we have shown that 

TNF-induced proinflammatory gene expressions were suppressed by Receptor-Interacting Protein 

(RIP) 1 inhibitor, Necrostatin-1 (Nec-1) in mouse normal cells. In addition, we have also 

demonstrated that Protein Kinase C (PKC) inhibitor, Bisindolylmaleimide I (BIM-I), enhances 

apoptosis in TNF-Related Apoptosis-Inducing Ligand (TRAIL)-resistant cancer cells. Based on 

these studies, we hypothesized that PKC and RIP1 can be key targets for cancer suppression. Here, 

we investigated TNF induced cell death with RIP1 and PKC inhibitors in MCF7, HT1080 and HT29 

as cancer cells, and MRC5 as control normal cells. Our results show that, TNF and Nec-1 

co-stimulation induced 37% cell death in MCF7 and 46 % in HT29 cells. Next, we tested the effect 

of BIM-I in MCF7 and HT1080. This time, the cell death was 73 % in MCF7 and 30% in HT1080. 

Notably, in both cases MRC5 cell survival was not largely affected. From these results, we gather 

that TNF and BIM-I co-stimulation in MCF7 cells possess the most selective effect. Next, we plan to 

investigate the mechanism for the cell death by measuring several survival and apoptotic signaling 

molecules and gene expressions. Overall, we hope to elucidate a single molecular target to optimize 

the cell death for various cancer cells through TNF signaling.  

 

Key words : Cell survival, Apoptosis, Tumor Necrosis Factor, Necrostatin-1, Bisindolylmaleimide I 
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Dynamic Proteome Analysis of Cisplatin-Resistant Cancer Cells 
 
○Jun Yamakubo, Masaru Mori, Kumar Selvarajoo, Masaru Tomita 

 

Drug resistance is a major setback during cancer treatment. Previous studies have identified several 

proteins and certain cellular functions, such as drug transport, DNA repair, anti-apoptosis and drug 

metabolism that contribute to cancer drug resistance. Nevertheless, detailed understanding of 

resistance mechanisms remains poorly understood. To uncover global resistance mechanisms, from 

the standpoint of intracellular protein aberrations and the corresponding network dysfunction, 

dynamical analysis of highthroughput proteomic data of resistant cancer cells is important. Here, we 

investigated the temporal proteome and phosphoproteome response of cisplatin -sensitive (A2780) 

and –resistant (A2780cis) ovarian cancer cells using liquid chromatography tandem mass 

spectrometry (LC-MS/MS) at several time points (0, 1, 3, 5, 10, 30, 60 min, 3, 24, 48 h) after 

cisplatin treatment. Using statistical pathway analysis (Metacore), we identified differentially 

activated proteins and their biological functions. Our results showed phosphorylated proteins 

involved in DNA-damage response and apoptosis pathways were differentially expressed between 

A2780 and A2780cis. As these differences may likely contribute to cisplatin resistance, we screened 

for novel candidates of resistance proteins that are specifically upregulated in cisplatin-resistant 

A2780cis cells, and are currently investigating the different temporal profiles using statistical 

clustering approaches. Subsequently, we plan to investigate the expression of candidate proteins 

using western blotting and test their effect on cisplatin resistance through genetic knock-down 

approaches. Overall, from a global perspective, we hope to shed light into novel intracellular protein 

aberrations leading to drug resistance. 
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Simulation of changes in ionic mechanisms underlying contraction of ventricular 

cells during embryonic development 

○Maiko Wakita, Hitomi I. Sano, Yasuhiro Naito, Masaru Tomita 

1. Inst. Adv. Biosci. Keio Univ, Kanagawa, Japan 
2. Env & Info Studies, Keio Univ, Kanagawa, Japan  
3. Syst. Biol. Prog., Grad. Sch. Media & Governance, Keio Univ, Kanagawa, Japan 
 
The heart develops and gains new functions while continuously pumping blood, and heart 

abnormalities progress to congenital heart malformations; therefore, the developmental program of 

the heart, including the expression of the genes responsible for various ionic channels, is likely to be 

tightly regulated. The quantitative changes in ionic channels, pumps, exchangers, and sarcoplasmic 

reticulum Ca2+ kinetics are responsible for the changes in electrophysiological properties of the 
developing cardiomyocytes. Previously, we demonstrated that the developmental changes in action 

potentials of ventricular myocytes were well represented, as Na+ current (INa) increased before the 

disappearance of and funny current (If), followed by a 10-fold increase in inward rectifier K+ 

current(IK1) via simulation. In the previous study, however, the relative conductances of the 9 

components were switched between early embryonic (EE) and late embryonic (LE) values and all 

the components were assumed to change equally during the course of embryonic development. Here, 

we constructed a model that represents “middle” embryonic (ME) stage of guinea pig ventricular cell 

on the basis of experimental data in order to consider differences in increment of developmental 

changes of the 9 ionic component. We changed the relative conductance of the 9 ionic components 

by increment of 10% both from EE to ME stages and from ME to LE stages, and compared the 

simulated results with the simulation in which the relative conductance of all 9 components were 

shifted equally from EE to LE stages without assuming ME stage. As a result, we determined that 

the balance of INa and IK1 conductances are important for spontaneous firing of action potentials 

when all components are shifted from EE to ME stages. In addition, we demonstrated that 80% 

decrease in If conductance by ME stage was necessary in order to evoke action potential by various 

amplitudes of exterminal stimulation and maintain proper excitation-contraction coupling during ME 

to LE stages.  
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Prediction of changes in electrophysiological properties of human embryonic stem 
cell derived cardiomyocytes attributed to coupling with fibroblasts  

○Yuichiro Tanaka, Ayaka Matsuo, Takahiro Iwamiya, Hitomi I. Sano, Masaru Tomita  

Regenerative medicine is a novel therapy for heart critical damage. And the methods towards 

clinical application have been confirmed (Limor Zwi et al. 2009, K. Shimoji et al. 2010, H. Uosaki 

et al. 2011). In particular, tissue engineering approach, constructing a cardiac tissue in vitro, showed 

much therapeutic efficacy (M. Kawamura et al. 2013). And It is suggested that appropriate 

intercellular networks and extracellular matrix (ECM) created by cardiac fibroblasts are important 

for cardiac regeneration (K. Matsuura et al. 2012, T. Iwamiya et al. 2014.).  

The computer simulation is a powerful approach for confirming experimental data as well as 

providing new insights that could not be obtained from experiment by changing various parameters 

in the mathematical models. Jonsson et al., (2012), for example, combined molecular biology and 

computer simulations to demonstrate that human embryonic stem cell-derived cardiomyocytes 

(hESC-CMs) have an immature electrophysiological phenotype, based on insufficient function of 

inward rectifier K+ current (IK1) channels and a shift in the activation of sodium channels. In 

addition, Paci et al., (2012) integrated electrophysiological recordings of various ionic systems in 

hESC-CMs on the basis of a human ventricular cell model (Ten Tusscher et al., 2004) to reproduce 

action potential recordings of the hESC-CMs at 15–40 days of differentiation (“early” stage) and 

those at 50–110 days of differentiation (“late” stage); the constructed model was further modified by 

electrical coupling with fibroblasts. Here, we utilized the models developed by Paci et al., (2012) for 

simulation of increasing number of fibroblasts electrically coupled with myocardial cells, in both 

“early” and “late” stages. We also simulated the influence of changing current densities of various 

K(+) channels on fibroblast membrane to hESC-CMs. As a result of simulations, we demonstrated 

that both the number of fibroblasts and current densities of various K(+) channels on fibroblast 

membrane affect electrophysiological properties of hESC-CMs and the effects are different between 

early and late stages of differentiations. 
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Modeling and simulation of interaction between murine gut microbiota and host 

immune system  

○Wataru Takahagi1, Shinji Fukuda1,2, Hitomi I Sano1, Hiroshi Ohno2, Masaru Tomita1  

1. Institute for Advanced Biosciences, Keio University, Japan  

2. RIKEN Center for Integrative Medical Sciences, Japan  

 

The mammals including humans are exposed to various bacteria immediately after birth, and 

gradually forming the intestinal bacterial flora. Gut microbiota is important for permanent 

maintenance of a living body immune system, but the process of forming gut microbiota, which is 

called primary succession, is not clearly understood. Here, we made a commensal bacterial flora in 

the gut of germ-free (GF) BALB/c mice as a minimum microbial ecosystem; we aimed to examine 

and simulate the interaction among Escherichia coli (E. coli), Bifidobacterium longum (B. longum), 

and host immune response via production of intestinal immunoglobulin A (IgA). Intestinal IgA 

covers mucosal surfaces for protection against pathogens that contact the mucous membranes and 

restrains bacteria’s growth and colonisation to the gut of mammals. We mathematically modeled 

host-microbe interactions in order to clarify the mechanisms underlying the process of forming 

microbial ecosystem under the host immune system. We measured populations of two bacteria and 

quantity of IgA in the mice feces. On the basis of the experimental data, we constructed a 

mathematical model based on exponential growth model of bacteria which expresses bacterial 

population growth and generalized Lotka- Volterra equation which expresses competition between 

two or more species, and we estimated the parameters using genetic algorithm. In order to model the 

host immune system in response to intestinal bacteria, both T-cell dependent and independent 

pathways of IgA secretion were considered. Subsequently, we simulated the process of forming 

intestinal microbiota through the interaction between IgA and bacteria. Additionally, we 

quantitatively compared parameters underlying the differences between E. coli and B. longum on the 

basis of simulation data of bacterial growth. The model well reproduced the dynamic changes in 

intestinal IgA production, and the populations of E. coli and B. longum. The simulation of the 

host-microbe interaction enabled us to quantitatively describe the contributions of various 

parameters to formation of gut microbiota and interaction among E. coli, B. longum, and intestinal 

IgA.  
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Modeling and simulation of developmental changes in contractile apparatus of 
ventricular cells 
 
○Mao Takiguchi, Tamami Toki, Hitomi Sano, Yasuhiro Naito, Masaru Tomita 

 

The heart develops and acquires new functions, all while continuously pumping blood. Meanwhile, 

heart abnormalities that develop early in this process progress to congenital heart malformations. 

Accordingly, the developmental program of the heart, including expression of genes encoding ion 

channels, is likely to be tightly regulated. We previously modeled developmental changes in action 

potentials (AP) in rodent ventricular cells by integration of quantitative changes in ionic components 

of the cellular membrane and sarcoplasmic reticulum (SR) throughout the course of development 

using the Kyoto model, a comprehensive model of guinea pig ventricular cells (Kuzumoto et al., 

2008). We then incorporated a glycolysis model (Lambeth and Kushmerick., 2001) to represent 

developmental changes in contribution of glycolysis and mitochondrial oxidative phosphorylation to 

ATP production in ventricular cells. Here, we further modified the model to represent developmental 

changes in contractile apparatus of ventricular cells. During the course of development, the 

ventricular cells utilize different isoforms of both myosin heavy chain and troponinI; the differences 

in isoforms affect Ca(2+) sensitivity, ATPase activity, and velocity of contraction. In order to 

consider the differences in isoforms, we integrated a new contraction model (Niederer et al., 2006) to 

the Kyoto model; briefly, the original contraction model (Negroni and Lascano, 1996) in the Kyoto 

model assumed 4 states of troponin C that represent cross-bridge dynamics; on the other hand, 

Niederer et al., (2006) considered tropomyosin which inhibits formation of cross-bridge by actin and 

myosin filaments. We varied the level of 

Ca(2+) sensitivity in order to obtain similar traces for contractile force between the original Kyoto 

model and the modified model. We also modified the new contraction model to consider ATP 

consumption by myosin-ATPase in order to simulate the changes in ATPase activity caused by the 

difference in MHC isoforms. The modified model enabled us to compare the contribution of 

developmental changes in the ATP consumption via contraction to excitation-contraction coupling, 

which are regulated differently between fetal and adult guinea pigs. 
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Does Adaptive Evolution give an Explanation of Zonal Heterogeneity in Liver?: 
a Simulation Study 
 
○Shoko Jinno, Kazuto Yamada, Yasuhiro Nairo, Masaru Tomita 

 

The liver metabolizes tremendous variety of chemical compounds. Almost all the intermediary 

metabolisms of carbohydrates, lipid and amino acids take place in the liver. Human liver include 250 

billion hepatocytes and it consists of half a million hepatic lobule in which 5 billion hepatocytes are 

assembled. In the liver lobule, hepatocytes line along a fenestrated capillary vessel termed sinusoid. 

The blood from the portral vein and hepatic artery flows into the sinusoid and out to the central vein. 

This construct is referred to as port-central axis(PCA), which is the smallest repetitive unit of liver 

metabolism. The hepatic lobule is a parallel circuit of PCAs and the liver is also a parallel circuit of 

hepatic lobules. It is known that there is many heterogeneities of various metabolic aspects in the 

liver lobule. Gene expression levels, protein activities, and metabolite concentrations between 

periportal and perivenous zone are distinctly heterogeneous that is referred to as “metabolic 

zonation”. While many histological facts phenomena of metabolic zonation were reported, their 

biological significances and/or functions (essential qualities) are still unclear. Even the present gene 

engineering technologies cannot such as conditional gene knockout and/or knockdown are 

insufficient to regulate metabolic zonation at will. In this study, we tried to elucidate what is profit of 

metabolic zonation of liver ammonia metabolism using mathematical model and computer 

simulation. We expanded a previous mathematical PCA model by Ohno et al. (Ohno model). Ohno 

model contains the model of ammonia metabolism in PCA and express the difference in function of 

upper stream to downstream. By using the mathematical model, it is possible to change any variable 

in the model feely and produce various virtual PCAs. Through comparing these models, we 

estimated which elements play a major role to adapt various selective pressures in the actual PCA. 

We used genetic algorithm (GA) to mimic the process of the evolution. Several hypothetical 

selective pressures, e.g. elimination rate of ammonia, energy efficiency of urea production, acid-base 

balance, are used as the evaluation functions for GA. In Ohno model, there are twelve enzymes 

which are used in urea cycle or transamination reaction, oxidative deamination and so on. In 

consequence, it was suggested that localizations of some enzymes such as glutamine synthetase (GS) 

and carbamoylphosphate synthetase I (CPI) were indispensable for maximization of energy 

efficiency. Our simulation results suggested that GS and CPI should be highly expressed in 

perivenous (downstream) zone and peripotal (upstream) zone, respectively. These results are roughly 

consistent with actual enzyme localizations in the liver. 

 

Key Words:computer simulation, liver lobule, ammonia metabolism, evolution, metabolic zonation 
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Transcriptome study of Ramazzottius varieornatus for the comprehensive 
identification of genes related to DNA damage response 
 
○Yuki Yoshida1, Daiki Horikawa1,3, Takekazu Kunieda2, Hirokazu Kuwabara2, Atsushi 
Toyota4, Toshiaki Katayama5, Masaru Tomita1, Kazuharu Arakawa1 
 

1. Institute for Advanced Biosciences, Keio University 

2. Department of Biological Sciences, Graduate School of Science, University of Tokyo 

3. Keio Research Institute at SFC,  Keio University 

4. National Institute of Genetics 

5. Database Center for Life Science 

 

Several terrestrial tardigrades are capable of tolerating agents that cause heavy DNA damage, such 

as high dosage of heavy ions, ultraviolet lights, and gamma rays. Previous studies have reported that 

stress response pathways are important factors of cellular protection, implying that these genes might 

be key factors to survival against such environments. In particular, gamma rays are known to 

generate severe oxidative stress, causing devastating damage to DNA, proteins, and other biological 

molecules. To clarify the mechanisms of gamma ray tolerance, we first irradiated the tardigrade 

Ramazzottius varieornatus with gamma rays below 1,000 Gy and conducted a survival assay. As a 

result, we found that tardigrades irradiated with 1,000 Gy had a short lifespan, and those with an 

irradiation above 600 Gy had low reproduction abilities, which shows consistency with the reports 

from Horikawa et al. (2006). Based on these results, we are currently conducting a time-course 

RNA-Seq analysis on R. varieornatus irradiated with 500 Gy, which is just below the LD50 of eggs, 

in order to understand the response to radiation as a system. We estimate that not only genes related 

to oxidative stress response, but several other pathways will be regulated after irradiation.  

 

Keywords : Ramazzottius varieornatus, Gamma ray, Expression Analysis 
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Modeling and simulation of developmental changes in contractile apparatus of 
ventricular cells  

○Mao Takiguchi1,2, Tamami Toki1,2, Hitomi I.Sano1,3, Yasuhiro Naito1,2,3, Masaru Tomita1,2,3  

1. Inst. Adv. Biosci. Keio Univ, Kanagawa, Japan 

2. Syst. Biol. Prog., Grad. Sch. Media & Governance, Keio Univ, Kanagawa, Japan  

3. Env & Info Studies, Keio Univ, Kanagawa, Japan. 

  

The heart develops and acquires new functions, all while continuously pumping blood. Meanwhile, 

heart abnormalities that develop early in this process progress to congenital heart malformations. 

Accordingly, the developmental program of the heart, including expression of genes encoding ion 

channels, is likely to be tightly regulated. We previously modeled developmental changes in action 

potentials (AP) in rodent ventricular cells by integration of quantitative changes in ionic components 

of the cellular membrane and sarcoplasmic reticulum (SR) throughout the course of development 

using the Kyoto model, a comprehensive model of guinea pig ventricular cells. We then incorporated 

a glycolysis model to represent developmental changes in contribution of glycolysis and 

mitochondrial oxidative phosphorylation to ATP production in ventricular cells. Here, we further 

modified the model to represent developmental changes in contractile apparatus of ventricular cells. 

During the course of development, the ventricular cells utilize different isoforms of both myosin 

heavy chain and troponinI; the differences in isoforms affect Ca(2+) sensitivity, ATPase activity, 

and velocity of contraction. In order to consider the differences in isoforms, we integrated a new 

contraction model to the Kyoto model; briefly, the new model considered tropomyosin which 

inhibits formation of cross-bridge by actin and myosin filaments. We varied the level of Ca(2+) 

sensitivity in order to obtain similar traces for contractile force between the original Kyoto model 

and the modified model. We also modified the new contraction model to consider ATP consumption 

by myosin-ATPase in order to simulate the changes in ATPase activity caused by the difference in 

MHC isoforms. The modified model enabled us to compare the contribution of developmental 

changes in the ATP consumption via contraction to excitation-contraction coupling, which is 

regulated differently between fetal and adult guinea pigs.  
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Modulation for the energetic state of continuously grown yeast by chemical and 
genetic approaches 
 

○Chisato Baba, Andrew Hesketh, Masaru Tomita, Douglas B. Murray 

 

Regulating the supply (catabolism) and demand (anabolism) of energy in eukaryotic systems is one 

of the most important and conserved processes in biology. While a vast amount of information is 

available about the individual components, global structure and local regulation of energetics, 

relatively few detailed studies exist on the global dynamic influence of energetic state on cellular 

physiology. Therefore, we are investigating how growth rate, glucose feed and [ATP], [ATP]:[ADP] 

and energy charge influences the physiology of continuously grown bakers' yeast, using 

physiological, chemical and genetic approaches. In this study we used an accellerostat, where the 

dilution rate (growth rate) is changed continuously and oscillatory growth conditions (cells 

autosynchronise metabolic activity resulting in an large amplitude oscillation in [ATP]:[ADP]). 

Additionally, we plan to use chemical perturbation, dynamically changing glucose feed (dstat) and a 

synthetic doxycycline-inducible ATP-burning circuit. It is envisaged that these studies will help 

unravel the complex metabolic involved in the cells response to energy availability and lead to a 

deeper understanding of cellular energetics eukaryotes. Thus providing invaluable insights into 

consequences of energetic dysregulation involved in conditions such as cancer (Warburg effect), 

metabolic syndrome and ageing. 
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Alteration of fatty acid chain length of Chlamydomonas reinhardtii by 
simultaneous expression of medium chain specific thioesterase and acyl carrier 
protein 
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ś{Ёa�� ClTE s ClACP wÃÒ¨¯µ˶ͦμĸ� C. reinhardtii wƽǸf�ÃÒ¨¯µ˶

ͦμĸvƘtk�ª°´ϿmTEc, mTEmACPcЀwЅo�ċͭdЁC. reinhardtii TKAC1017 ɨ

��Õ�´ÖÈÕÜ¦ÐØʑv��ǧΗΞȧdЁɩvθăƧ�ª°´�ƿĨdkЂθăƧ

�ª°´vurqЁTE θăƧs ACP θăƧvx PSAD ÃÖÍÜ­Ü�ˉrЁ͢ ĿηșÉÜ

�Üsdq«�¦Ø̳ǺθăƧ ble �ˉrkЂ«�¦Ø̳Ǻ�ȟɵvǰki�j�wǧΗΞ

ȧĊv�ЁƿĨ�ª°´wĩψ�ĔȞdqr�ɨ�¢Ö·ÜPCR v�nqηșdЁΰϚ―

̸ξwφψ� LC/MS rʡƱdĶɠdkЂTEc, mTEc, TEACPc, mTEmACPc i�j��ƿĨ

dkǧΗΞȧĊw―̸ξ̙ȍĶɠw̛ɢ�ƑůdЁC. lanceolata w TE ŔʻЁTE s ACP Ī

ƿĨwňɢ�ɀ�vvf�Ђ 
 
Ś̱ȴʼ 
*1 Blatti et al., (2012), PLoS One, 7, e42949. 
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ʠʐʆϯˉw�k�fĞǠƖέňɢwĶƧɹɳwͶɀ�

�

ɚßȇé÷ 12ЁǮͣǠǩ 3ЁāͣǼ 4ЁȽƊĕŵ 3ЁɧŘ͕ƞ 3ЁİˊŊ 12 
˰ˊˠż 12 

1 ȊȌ̭Ɣƛƪƛƪϐ� ȭ̈ÛÌ³��˨˼˳Ё2 ȊȌ̭Ɣƛƪ� Ĥ́ˇŲ˳ƪ

˨˼ȑЁ3 ȺɕĞǠω˗ΒƁЁ4 āͣŏϐ 
 

ǁƧϷϼŌ�ŏ˖ΕϷϵ�̺Ƀvh͊�wĞǠ�͊Νr̋˄f�ªÔÁÌ³� Ü¦ÐØ

}wȃΌwϷ�nqr�iʠʐʆ�ϯˉf�lϯʐm�iw 1 orq�hʹvʭξʆ̕Ɠ

�Ŭ�ʠʐʆwϯˉxh̐ǃ˓wíύÛȫŻňɢwƑůc�qr�idvdϯʐňɢwĶ

Ƨɹɳxáɀˤuasv�hɕ˨˼rx 24 ŪwĞǕ̲vƽdhʆβʆ�kxʭξʆ̕Ɠ�

Ŭ�ʠʐʆ� 1 άϊgohi�j�óðv 2 ſgoϯˉf�΀ϴ�Ƴȹdki1 άϊbsv

ͥʛ�Ȣşdh͉ǜɰɥu�{ͥåû΋ʸΗw̡̪˘uʡƱ�ͦunkiiw̛ɢhͥ̐

ʺȆ�ͨfȟɵw 1 orq�ͥå�Ó¢�ÔÂÊØϿGAЀěwϯʐǮvɍȃvĈàdqu

�h�kϯʐľǮrx̐ǃ˓swϋΫwȟȪc�qr�ʸΗ�Ŭ� 20 ˸wͥåû΋ʸΗw

ɍȃvƘŌdkiÝȸrhGA ěwƘŌvxęôǒwqnkk�hGA ěw˝ƽ˘uƘŉ½

­ÜØ�ϕǇ˘�Ò¨­ÓØ�v�nqĶϫdhGA ěwɍȃvʞǁf��ÔÜÃsiwù

�Ŏĺdkiϯʐv�nq GA ěwɍȃvʞǁdk�ÔÜÃsisrur�ÔÜÃϊrx

΀ϴωƥľvu_� 6 ˸wͥåû΋ʸΗwʪǞwɍȃvːu�ha��wʪǞȁƑvƏp

rkÒØ®ËÁ�Õ¨´v�nqh70%üßwͩϴ̲�ɾdzĶϫf�aswrxkiüß

wasv�hęôǒxq��wwhʭξʆ̕Ɠ�Ŭ�ʠʐʆwϯˉxĊĭwû΋Ƙŉ�÷

dq̐ǃ˓�íύrx�Ť̾ǺwˬŸc�kiϿ589 ȴƨЀ 
�Ü×ÜµЇʠʐÛϯʐÛ�Ó¢�ÔÂÊØěÛÌ­ÇÖÜËͶɠÛ̐ǃ˓ 
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΃˦¢ØÀÏÜ²�Ø�wk�wʊˉ¬Á´���ÃÒ°´Á�ÜËw

ͼ͹sω˗�

�

ɟΎ˅ϡ�

�

΃˦¢ØÀÏÜ²�Ø�wk�w�ʊˉ¬Á´���ÃÒ°´Á�ÜËwͼ͹sω˗�

℃Ǚw͹̊Ή˘ˮ̚˳ƪw˗ǅvͷ˗c�Ё͂wŽư�ɹɭƪ̮�Ô£Ó©ËsdqɈx

àdqi���͂vƪ�r̛ŧf�asrôä�vi�üßw̾Ń�Ȟo˦̾ɹĂ�Ƴͪ

rx�wrxurvsrsýΆwȦŹc�kЂawΨ˵ĩ͂�Ü�²�¯Î��C10	�åǵý

Ά�ɳȍΉ˘vɰ;f�k�v͂vƪ�lɹɭƪ̮�Ô£Ó©Ëwω˗�¬Á´����

ˉrki��w�Ô£Ó©ËwƳͪw̏Ń˘vέ���qr�ЂdvdЁq��v�ͮϙ

u͂wŽưkm�ÝôwôϊwͶxɀvfasxrxurЂńtqЁi���̙�ŧ�h

�k�vx¬Á´���Û»Üµ���w˦Όwź���k�ЁƳϖv C10 �Ƴͪf�v

x¢ÊÏ·²�ÄÜ¨wĶȯω˗wǶϥɛÿsu�Ђiar C10 ÃÖ§��´ĭwɍǷw

Ϙ�nq˗Λdk¯ÜËv�nq 1WFNS�NS;UNW-I�2TRU=<NSL�0WHMN<-H<=W-��1WN20	�sű

y��¬Á´���wω˗wωƥc�kЂ1WN20 wÃÒ°´Á�ÜËßvƳͪc�kɹɭƪ

̮�Ô£Ó©ËxĀȃv̧^as�ÝƱɂϊbsvű{ĵfaswŤ̾vu�ЂöǮЁ·

vwƳͪdk�Ô£Ó©Ë�čr��fk�wɹɳ�ÃÖ�ÒË�ɈvgvƱ̭l_�ĸ

Ƞf�asrčs�Ô£Ó©Ë�̛ŧ�ÃÖ�ÒËvƘȧf�ɹ̾�Ƴͪf�íƱrq�Ђ�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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Ϸ̤σC̤vƽf�Ñ¢±¶�ÉË¦wǸ̇Ͷɀvū_k̚ɂ˘ǳσ´

ÒØ¨�ÓÃ´ÜËͶɠ 
�

Ũˊ˭Δ 1,2ЁƐǐƛɷ 1,3ЁƊàŷŵ 4ЁǀɡʔǨ 4ЁİˊŊ 1,2Ё͗ǐųɄ 1 
 

1 ȊȌ̭Ɣƛƪ� Ĥ́ˇŲ˳ƪ˨˼ȑ 
2 ȊȌ̭Ɣƛƪ� ˆƕȁƑƪκ 
3 ȊȌ̭Ɣƛƪ� SFC ˨˼ȑ 

4 ȺɕŘƧŃ˨˼ω˗ɹɳ� σƧ¿ÜËǸˉ˨˼ªØ­Ü 
�

ϒˇw�ÉË¦xŰΣˆƕwëʵf�asv��ëˡsűy��ʺȆv˶ͦf�aswŤ

̾rq�ЂʹvÑ¢±¶�ÉË¦xawëˡʺȆrxϷĈʠÛϷĈƇÛϷ̤σwȬƾ̤u

twɲϏˆƕvƽdqϷr̳Ǻ�Ȟoasw˦���ЂdvdЁDNA vïρφķȶ (DSB)
w�suȩĠ�ǢxΙafȬƾ̤vϏnqxΨǕwʗŉʺȆr�ëˡʺȆvōȳf�̳Ǻ

�ˬfasv�ЁÑ¢±¶�ÉË¦x¨´Õ¨vƽf�̘̽wύǱɹɳl_rxuzЁǥ

ŃuĖǲɹɳ�Ȟos̱t���ЂiarȎjxÑ¢±¶�ÉË¦wǥŃuĖǲɹɳwƩ

ƈf�v�ɰ;f~zЁϰ̹wϛdcv�ƂϛrqnkÕÃÓ Ü´q�w̚ɂ˘

RNA-Seq Ͷɠ� 30 ōsrsǳσwęĊȱ��¦Ü Ø¨f�asrƳ˂dЁ60Co C̤�

500 Gy ʱƾdkÑ¢±¶�ÉË¦vƽdqͶɠ�ͦnkЂiw̛ɢЁʱƾǮwȽrʁϕr

ϟ˝ũɔ̛́ŧsίrʁϕr˝ũɔ̛́ŧĖǲw΄ƿc�qu�Ёɇvʱƾ˜ǮvÑ¢±

¶�ÉË¦ʹɍr½ÒÖ��ȞoθăƧw˗˂Ɩńw΃���kЂöǮxa��w˦ͱ�

�sv DNA wȩĠσ� DNA wͮͭ�Ƴϴ˘vʡƱf�íƱrq�Ђ 
 
Keywords : 
Ñ¢±¶�ÉË¦ЁC̤ЁDNA ïρφķȶЁǳσ RNA-Seq 
�

�

�
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ʠʐʆϯˉw�k�fĞǠƖέňɢwͶɀs̈́ĭ̘͙šÃÖÁ��Ôv

�wͿĐ�

 

ȊȌ̭Ɣƛƪƛƪϐ� ȭ̈ÛÌ³��˨˼˳ 
ɚß ȇé÷ 
 

ʭξʆ̕Ɠ�Ŭ�ʠʐʆwϯˉxh̐ǃ˓wíύ�ȫŻňɢwq�sƑůc�qr�wh

iwĶƧɹɳxáɀrq�iiarɕ˨˼rxhĞǕ̲}wϯʐ΀ϴ�ƳȹdkiϯʐǮ

xʆβʆϯˉɂsʃ~qͥ̐ʺȆ�ͨfȟɵw 1 orq�ͥå�Ó¢�ÔÂÊØěwɍȃ

vĈàdk�wwhiwňɢvęôǒwq�aswɀ�vsunkiňɢwǰ���ôs

isrurôxh΀ϴωƥľwͥåû΋ʸΗʪǞ�̈́ĭ̘͙šÃÖÁ��ÔvƏpxh70%
üßw˫ʿrĶϫŤ̾rqnkasv�hɕȒʑxϯʐ�ňɢ˘vƳȹf�k�wɍňu

Ȓʁsu�ǰ�i 
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�

�

�

�

�

�

�



 305 

ΚƤʳǺ�Ü�� Pyrococcus furious vu_� rRNA ś{ tRNA ľϳĊwÃ

Öª¦Ø�ƀƧw̜̓˘uͶɠ  
f öñʜé÷ 1, 2hĉͣɐƧ 1hςŮ̝̫Ƨ 1hİˊŊ 1,2,3hɮƛ 1,2hτñɁƞ 1,2,3 
(1 ȊƛÛĤ́ˇŲ˨h2 ȊƛÛȭ̈ÛÌ³��h3 ȊƛÛˆƕȁƑh) 
 

Systematic analysis of factors involved in the processing of precursor rRNA and 
precursor tRNA in the hyperthermophilic archaeon Pyrococcus furiosus 
f Junnosuke Imai1,2, Asako Sato1, Emiko Noro1, Masaru Tomita1,2,3, Masaru Mori1,2, 
Akio Kanai1,2,3 
1 Institute for Advanced Biosciences, Keio University, Tsuruoka 997-0017, Japan 

2 Systems Biology Program, Graduate School of Media and Governance, Keio 
University, Fujisawa 252-0882, Japan 
3 Faculty of Environment and Information Studies, Keio University, Fujisawa 252-0882, 
Japan 
 

� �Ü��Ͽţ̘͙ЀwθăȁƑļǱ̓vϋ��ƀƧ̬xh¼�²Ó�w�w��ˠɩˇ

ʸwi�vĆqr�asxŰ˦wasrq�iaarhPyrococcus furiosus w�sv 100 e

vś|ΚϷʠˆƕàrˇǽf�ΚƤʳǺ�Ü��w¡ºËvxh�gv 2,000 ˸w­Ø½�

Ηw¢Üµc�qu�hˋɜf�­Ø½�Ηwɲ�q̳ʳǺwϷrasv�hˇŌƪ˘u

Ͷɠvεdqr�s̱t���i�khŔʻwν̕�iwͮŧĊ�̜̓˘hvo̡̪˘v

Ͷɠdqr_yh�Ü��vu_�θăȁƑļǱ̓�ŋȝ˘v˄Ͷrx�asx�s��h

ˠɩˇʸw΁ǦĶƧwŘƌ�˦��Ť̾Ǻvouw�xgrq�iȎjxţĬ˘u

non-coding RNA rq� rRNA � tRNA wέŌ˨˼wθăȁƑļǱ̓wȍ�˿mvɺvhu

rsw͵ʮv�˨˼�Ȥέdqxkiöſhüàw 2 ʮvurqiwȍɢ�Ƒůdkri(1) 

P. furiosus wĩ̘̽γĵʛ�Έͭdhçv¡Ô�α�ÒË�ÖÉ´�ÒÁ�Ü�åǵsdk

Ķˌs LC-MS/MS v��­Ø½�ΗũƱ��nqhRNA ĶͶν̕ϿsiwͮŧĊЀw̡̪

˘uǺʺͶɠ�΀�kasi(2) Ȏjwʻ͊vũƱdkhq�rxha��rvˠɩˇʸr

Ƒůwqnk RNA ÃÖª¦Ø�ƀƧw�Ü��rw˝ũ­Ø½�Η�ˉr�asrh΀ϴ

̋ĭw rRNA � tRNA ľϳĊwÃÖª¦Ø�Įɳȍ̓�ɳ̍dkasi�Ü��w¡ºËȁ

Ƒsh¡ºËv¢Üµc��­Ø½�ΗwˇŌƪ˘uͶɠ�ˉr�asrh¦¨²Ësd

qw RNA ƪ�ήͦdhθăȁƑļǱ̓wƏ˚su��suƀƧvorq̱Ƽdkri 
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The consumption of bicarbonate-rich mineral water improves glycemic control via 
alterations in blood metabolome and gut microbiota profiles 

 

Shinnosuke Murakami, Yasuaki Goto, Kyo Ito, Shinya Hayasaka, 
Shigeo Kurihara, Tomoyoshi Soga, Masaru Tomita, Shinji Fukuda 
 

Self-medication is an important approach to maintain and promote human health. Since the 

preventive and/or therapeutic effects derived from consumption of hot spring water and natural 

mineral water have been reported, it is commonly used as a self-medication approach. Specifically, 

consumption of bicarbonate-rich mineral water (BMW) has been reported to prevent or improve type 

2 diabetes (T2D) in humans. However, the molecular mechanisms of the beneficial effects derived 

from BMW consumption remain obscure. Therefore, to elucidate the molecular level effects derived 

from consumption of BMW on glycemic control, blood metabolome profiles and fecal microbiota 

profiles were compared between tap water (TW) consumption periods and BMW consumption 

periods in human volunteers. Firstly, serum glycoalbumin levels, one of the indexes of glycemic 

controls, decreased significantly after BMW consumption. Blood metabolome analysis revealed that 

19 metabolites including glycolysis-related metabolites and 3 amino acids were significantly 

different between TW and BMW consumption periods. Additionally, it was observed from fecal 

microbiota analysis that composition of lean-inducible bacteria increased after BMW consumption. 

These results suggest that consumption of BMW may potentially prevent and/or improve T2D 

through the alterations of host metabolism and gut microbiota composition. Moreover, the current 

study provides important lines of evidence detailing the molecular level effects of BMW 

consumption. 

�

�

�

�

�

�

�

�

�

�

�

�

�



 307 

ĤƜǺ̅§¨´ÖÁ�ÜÍ³Ô rmdÉ�¨wÉÔ¯�Ê°�¨Ͷɠ  

(˄˨ IMS1ÛȊȌƛˆƕȁƑ 2ÛȊȌƛĤ́ˇŲ˨ 3Ûʽœŏƛ 4) 

Ϸͣ
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s � k

Ŋ
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2 ,3Ûɍˊ
q � k

΅
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1  

 

 

Multi-omics analysis of congenital muscular dystrophy in rostral-to-caudal 

muscular dystrophy mice 

(Laboratory for Metabolomics, RIKEN Center for Integrative Medical Sciences (IMS) 1ÛFaculty of 

Environment and Information Studies, Keio University2 Û Institute for Advanced Biosciences, Keio 

University3ÛDepartment of Biochemistry, School of Medicine, Dokkyo Medical University4) 

Mayuko Takato1,2,3, fKazutaka Ikeda1, Chieko Aoyama4, Satomi Mitsuhashi4, Hiroyuki Sugimoto4, 

Masaru Tomita2,3, Makoto Arita1 

 

 
Keywords: Multi-omics, Metabolomics, Transcriptomics, Congenital muscular dystrophy 

Congenital muscular dystrophy (CMD) is a group of inherited genetic disorders with muscle 
weakness and hypotonia as representive symptoms in early infancy. Recently we reported a 
new type of CMD, characterized by mitochondrial disorder. Biological analysis of this 
disease has shown that Choline Kinase ß (CHKB), the first enzyme of the biosynthetic 
pathway of phosphatidylcholine (PC), the most abundant phospholipid in mammals, is 
responsible.  

� The aim of this research is what kind of effect on lipid metabolism by CHKB  deletion and 

PC decrease, based on the comparison between control and rostral-to-caudal muscular 

dystrophy (rmd) mice with abnormalities of CHKB  and mitochondrial disorders. We 

conducted a metabolic variability analysis of the quadriceps muscles from hindlimb and 

forelimb using transcriptomics (microarray analysis) and metabolomics (LC-MS and CE-MS 
analyses). As a result,  CHKB  deletion in hindlimb muscles may have significant effects on 

phospholipid distribution of cell membrane and fatty acid metabolism by some types of 

phospholipase A2, and it might result in inflammation of the hindlimb muscles and lead to 

the muscular dystrophy. 
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Ñ¢±¶�ÉË¦wɤ͐ĊȩĠǸ̇Ͷɀvū_k̚ɂ˘θăƧ˗˂Ͷɠ�

�

fŨˊ˭Δ 	�
ЁƐǐƛɷ (ЁƊàŷŵ )ЁǀɡʔǨ )ЁİˊŊ 	�
Ё͗ǐųɄ 
�

b�ȊȌ̭Ɣƛƪ� ˆƕȁƑƪκ�

b�ȊȌ̭Ɣƛƪ� Ĥ́ˇŲ˳ƪ˨˼ȑ�

b�ȊȌ̭Ɣƛƪ� "52 ˨˼ȑ�

b�ȺɕŘƧŃ˨˼ω˗ɹɳ� σƧ¿ÜËǸˉ˨˼ªØ­Ü�

�

rzovwϒˇw�ÉË¦xŰΣˆƕwëʵf�asv��ëˡsűy��ʺȆv˶ͦf

�aswŤ̾rq�ЂʹvÑ¢±¶�ÉË¦xawëˡʺȆrxϷĈʠÛϷĈƇÛϷ̤σ

wȬƾ̤utwɲϏˆƕvƽdqϷr̳Ǻ�Ȟoasw˦���ЂdvdЁȬƾ̤vϏn

qxΨǕwʗŉʺȆr�ëˡʺȆvōȳf�̳Ǻ�ˬfasv�Ё¨´Õ¨vƽf�̘̽

wύǱɹɳl_rxuzЁǥŃuĖǲɹɳ�Ȟos̱t���ЂiarȎjxÑ¢±¶�

ÉË¦wǥŃuĖǲɹɳ�Ͷɀf~zЁȬƾ̤�ʱƾdk�ÉË¦w̚ɂ˘´ÒØ¨�Ó

Ã´ÜËͶɠ�ͦnqr�Ђ¢¼Ô´ ��C̤�Ё
��6A w̤σrÑ¢±¶�ÉË¦wȍĊ

vʱƾdЁ( ɂϊbsv 
) ɂϊ�rw !�0�"-V �˂ƈşǰårq�Ђ̡̪˘v˗˂Ƙŉ�

ͱ�îv��Ё3�0 Ėǲ�ξŌ¨´Õ¨Ǹ̇vϋ��½¨���l_ruzЁiwļǱ�Ŭ

�k¦¨²ËÕÄÔw�ÉË¦wɤ͐ĊȩĠǸ̇ɹɳvorqɀ�vvrx�s̱t��

�Ђ�

�

9-A?TWI;�/�!FRFBBT<<N=;�[FWN-TWSF<=;ЁC̤Ё�θăƧ˗˂σͶɠ�

�

�
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ΚƤʳǺ�Ü��ˋɜ Pf-Nob1 ś{ Pf-Dim2 v�� rRNA ľϳĊwÃÖª

¦Ø�ļǱ  
föñ ʜé÷ 1,2hĉͣ ɐƧ 1hςŮ ̝̫Ƨ 1hİˊ Ŋ 1,2,3hτñ Ɂƞ 1,2,3 
(1 ȊƛÛĤ́ˇŲ˨h2 ũÛȭ̈Ì³��ÛĤ́ˇŲh3 ũÛˆƕȁƑ) 
Regulation of pre-rRNA processing by archaeal proteins, Pf-Nob1 and Pf-Dim2 
fJunnosuke Imai 1,2, Asako Sato 1, Emiko Noro 1, Masaru Tomita 1,2,3, Akio Kanai 1,2,3 
(1 Inst. Adv. Biosci., Keio Univ., 2 Syst. Biol, Prog. Grad. Sch. Media & Governance 
Keio Univ., 3 Environment & Info. Studies, Keio Univ.) 
 
Keywords: Pre-rRNA processing, Ribonuclease, Archaea 
 
� ĩqwˇʸ˸vurqЁrRNAľϳĊv�rRNAwķ�ĵdxɲ�qρͰuRNAÃÖª¦

Ø�α˷wÝos͸t�Ђaarˠɩˇʸvurqx�ØµÓÇ¸�Õ�Ü«rq�Nob1

siwͬŅƀƧrq�Dim2/PNO1w18S rRNAwķ�ĵdvϋâdqr�îw˦��qr�Ђ

ÝȸЁ�Ü�� (ţ̘͙) rxa��w­Ø½�ΗvorqĶƧɳΪƪ˘u˨˼viwçˢ

wʓw�qu�Ёˇʸƪ˘uċˉɹǝvϋdqx�s�t�vnqrurЂ 

� ɕ˨˼rx Nob1ЁDim2 ã­Ø½�Ηv�� RNA ķȶʗǺwͶɀ�˛˘vftЁΚƤʳ

Ǻw�Ü��rq� Pyrococcus furiosus �Í³Ô Ü¨v˨˼�ήͦdkЂ�gЁũ�Ü�

�ˋɜw˝ũ­Ø½�Η (Pf-Nob1 ś{ Pf-Dim2 sŲŪ) � His-tag �úńdk̙ȧtĊsd

qƛ͙̈́vurqˈˇЁ̏ͭdЁ16S rRNA ľϳĊÃÖÜÂ�ˉrk΀ϴ̋ĭŝǸ̓�ɳ̍

dkЂiw̛ɢЁ60esrsϷʠàrʹː˘uķȶ̉ȑwɰĵc�ЁPf-Nob1 w�Øµ¸�

Õ�Ü«ʗǺ�Ȟoas�˫΃rxk (Ƙːƌrq� D6N Pf-Nob1 rx΁Ǧf�ʗǺwɰ

ĵrxuvnk)ЂiarЁ5´ RACE ʑv��ķȶκć�ʌƱdksa�Ё16S rRNA w 3´

ɔ́�çvķȶdqr�îwɀ�vsunkЂɻv Pf-Dim2 Ʃƈàv Pf-Nob1 v��ķȶͶ

ɠ�dksa�ЁPf-Dim2 wʪǞďƩ˘v Pf-Nob1 wķȶκćwƘ��s�aswȷkvɀ

�vsunkЂƘŌǮwķȶκćxЁRNA ÉÜ�Üsw˝ƽć̩���rRNA ľϳĊßv

Ʃƈf� tRNAAla w 3´ɔ́�ķȶdqr�aswȤƱc�kЂüßw̛ɢx 16S rRNA w 3´

ɔ́wȍʲŌvϋâf� Nob1 w Dim2 ďƩ˘vķȶκć�ƘŌch�asr tRNA ľϳĊ

wÃÖª¦Ø��ļǱdqr�Ť̾ǺϿ�Ô­¶²�ÙÃÖª¦Ø�Ѐ�ˬŸdqr�Ђ 

�

�

�

�

�

�
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̻ħɑÛȍĊwǵƴ̘̅̽vu_�Ş̦ɹɳwÍ³ÓØ�s¦ÊÏÕÜ¦

ÐØ 
 
ʬŢ ˠƟ� ĉς zs�� ĭͣ ʔƮ� İˊ Ŋ 
 
� Ͻʀϫw˗ˇα˷vurqЁǵ͈xł˘uǧȆǧȍƘŌ�̚�Ђǵ͈�ɳȍf�ǵ̘̅

̽rx��Ø¯Î¹Ô�óȧĊwσ˘ƘŌx�m��Ё̻ħsȍĊrxːu���¬Á�

ÜËwč���Η˘uƘŌwƑůc�qr�Ђǵ̘̅̽wŞ̦vϋ��­Ø½�Ηw��

¬Á�ÜËwƘŌxÊ�¦Øρφ (Myosin heavy chain: MHC)s´ÖÈ·ØI(Troponin I: TnI)

rƑůc�qr�ЂÒ°´wǵƴwMHCrxЁ̌ ǮІȺϣvβMHCv�αMHC}ЁTnIrxЁ

϶ɫ̅ƌ´ÖÈ·ØI(slow skeletal TnI: ssTnI)v�Ёǵ̅ƌ´ÖÈ·ØI (cardiac TnI: cTnI)} 

sķ�Ɋ��ЂMHCw��¬¥�ËwŀŧwƘŌxЁ̅Ş̦ɂwATPaseʗǺ�̅Ş̦wΩ

ǞvƘŌ�ś�dЁTnIvurqxCa2+wȅŠǺvǒ�ˇech�asƑůc�qr�Ђ 

� ɕ˨˼rxЁ˗ˇα˷v��Ş̦­Ø½�Ηw��¬Á�ÜËwƘŌw̻ħɑv�ȷˇ

øɑЁidqȍĊwǵ͈vurqЁŞ̦vǶͰu�¹Ô�ÜʚΕvǪϢ�ś�fasvˣ

˛dЁŋȝ˘uɰͺ�ͦsk�wȱ˄Í³Ô�ɳ̍dkЂ̻ħɑÛȷˇøsȍĊrwŞ̦

ɹɳwʃΟ�ͦusk�Ёŋȝ˘ǵ̘̅̽Í³ÔϿKyoto modelЀv��¬Á�ÜËwδr

�ͨ˂Ť̾uNiederer� (2006)wŞ̦Í³Ô�̜ŧdkЂ�k̜ŧdkÍ³ÔvƷ˺wΈȲ

�ATPʚΕw̱ȉ�ńtkЂǵ̷ƛutw˒˓x̻ħɑʹː˘v˗˂f���¬Á�ÜËw

Įĵ˂f�asw˦��qr�ЂǯnqЁ��¬Á�ÜË�̱ȉdkŞ̦ɹɳw¦ÊÏÕ

Ü¦ÐØwŤ̾vu�yЁ̻ħɑwǵ̘̅̽vu_�Ş̦wŉȆ�ɰͺf�ȱ˄Í³Ô�

˓Ȇwǵ̘̅̽¦ÊÏÕÜ¦ÐØvǸˉf�aswŤ̾rq�s̱t�Ђ 

�

�

�

�

�

�

�

�

�

�

�

�

�

�



 311 

̻ˇɑwǵƴ̘̅̽vurq•ƢŞ̦Ϋϋ�ť�Ͱ̕wƘŌvϋf��

¢ØÀÏÜ­¦ÊÏÕÜ¦ÐØ�

̀ˊ͍Ƨhĉςzs�hĭͣʔƮhİˊŊ�

ȊƛÛˆƕȁƑ�

�

ǵ͈xЁŘƥǵ͈̆v�ȍĊęĊsdqwïǵȐïǵƴwǧȆƘŌv͋��rͮϙuĶ

ŌÛ˗γ�ή`uw��Ёiw˗ˇα˷rÝǞ�ĝɽf�asuzÈØÃsdqwɹ̾�

̟Ȟf�Ђǵ͈w˗ˇʁϕvu_�ːǕxĤƜǺǵ˒Ȁv͋�ƒŧ�q�asv�Ё˸j

w��Ø¯Î¹Ôwť�Ϝʅˇ˄ƪ˘•Ƣ�Ş̦w˗ˇÃÖ�ÒËxřƹvļǱc��Ƕ

Ͱwq�Ђǵ͈�ɳȍf�ǵ̘̅̽wƚzxЁ̻ ˇĹɑʁϕrx͊ǭ˘u•ƢŞ̦�ͦsЁ

Ǯɑʁϕv͋�α˷riw͊ǭǺwʚʤdЁĽʩăƿ̓v�Š_şnkϜʅĽʩrʗŉϜ

ć�ǧȍf�Šŉ˘u̘̽vƘŌ�ή`�Ђaw�su˗ˇα˷wǵ̘̅̽wζ˶x̘̽

͆ßw��Ø¯Î¹ÔЁÈØÃЁóȧɹΞu�{̅ǀ̽Ċw Ca2+ŉȆvϋ��­Ø½�Η

wσ˘ÛΗ˘ƘŌwϋ�nqr�Ђ�

� ̘̽wϜʅ˘uȠŉxŔÝ̘̽ÛŔÝ��Ø¯Î¹ÔÕÄÔr½°¯�ÒØÃʑv��

Ϸ̏Ǟv͹ʡc�ЁƱσ³Ü­vƏpzǵ̘̅̽w¦ÊÏÕÜ¦ÐØÍ³Ô�ȱƚzɳ̍

c�qxkЂȎjw˨˼ƴrxЁÍÔÍ°´ǵƴ̘̅̽Í³Ôrq� Kyoto model vƏp

rqЁŦ��ØϜʘw電流密度を相対的に変化させ�asr̻ˇĹɑЁǮɑwǵ̘̅̽w

͆•ƢをĮ˂dkD1EЂ�kЁ̻ˇĹɑsǮɑrːu�ě�s���ØϜʘw¢Ø®�­Ø

¨�ƽΐvdЁĩqwσ˘ƘŌw̙�ŧ�hrq� 512 Ψ�wǵ̘̅̽�¢ØÀÏÜ­ß

rĮ˂dЁNa+¯Î¹ÔϜʘ�INa	wƖńЁÅÜ¨ÌÜ�ÜϜʘ�If	wʚƠЁĭūxȲʘǺ

K+Ϝʘ�IK1	wƖńwϤˏvΙa�as�¦ÊÏÕÜ¦ÐØv��ˬŸdkD2EЂc�v INa

s If w̻ˇĹɑvu_�͊ǭȜŉwƏɕŰɑψwʌƱvϋâdqr�asЁ�k If s IK1

wσvurq̘̽ĭ Ca2+ʪǞwßȾf� Ü¨wq�as�ɀ�vvdkЂ 

� ɕ˨˼rxЁ̻ˇĹɑv�Ǯɑvv_qwǵƴ̘̅̽w˗ˇα˷���ŋȝ˘vȡt�

k�vЁȴʼv�şǰdkƱσ³Ü­vƏprqÍÔÍ°´ǵƴ̘̅̽wl̻ˇåɑmʁ

ϕ�ȂƱdkȱě�ͼƱdЁ̻ˇĹɑv�åɑ�̚qǮɑ}˗γf� 9 owͰ̕w˶�Ƙ

���íʡdkЂiw̛ɢЁ͊ǭȜŉwĝɽdqƙκĽʩv��•ƢŞ̦v˶ͦdk̻ˇ

åɑv�Ǯɑrwǵƴ̘̅̽rxЁIfwȽrʁϕrʚƠdqr�asw•ƢŞ̦ΫϋvρͰ

rq�aswˬŸc�kЂ�

[1]Itoh H, Naito Y, Tomita M. Simulation of developmental changes in action potentials 
with ventricular cell models. Syst Synth Biol 2007;1:11–23. 
[2]Okubo C, Sano HI, Naito Y, Tomita M. Contribution of quantitative changes in 
individual ionic current systems to the embryonic development of ventricular myocytes: 
a simulation study. J Physiol Sci 2013;63:355-367. 
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����������������̼Ǻǚ̘̽ˋɜǵ̘̅̽w¦ÊÏÕÜ

¦ÐØ   

�ɞǂ οČ,ˊåϗÝι,ĉςzs�,ǋƵΔ̔,İˊŊ ȊƛÛˆƕȁƑ  

Įˇŏ˖xˇĊĭwǵ͈wĠ˕vƽf�ȷkuʎ˖ʑsdqɑǬc�qu�,������

�������������.ȩĠdk͈Žwɹ̾ſǲ�˛˘sd,����������

����������������������������������������

���������ˬc�qu�h¾´}w͉ǜ΀ϴ�ωƥc��ssdqr�[1,2].aw

�su˶ɯ�˛˘sdkϷɹ̾uǵ̨͈̙wċȍvurqx,����������,��

�������������������������������������ˬŸc

�qr�[3,4].�
�������	���
�,�������������	��Ƙɇf

�asv�nq,�������������,�������������������

�����������������	����.Paci �(2012)x,ĶŌ΄ƿωƥǮ15~40Ⱥ

(Ĺɑ) ���ĶŌ50~110Ⱥ˛(Ǯɑ)���������̼Ǻǚ̘̽ˋɜǵ̘̅̽

(hESC-CM) wʗŉϜć�Į˂f�k�,hESC-CM������������������

����������������̜ŧdk[5]. 

�����,hESC-CM wȠŉ�Į˂f� Paci model ������	��
�����
�

��������[6]v̜ŧd,¾´ȍĊǵƴ̘̅̽sĶŌ΄ƿǮwûͨ˘u2owɂɑvu

_�͆•Ƣw¦ÊÏÕÜ¦ÐØ�ͦnk.�����,íğɰͺsdqƳȹdk,�����

������������̙ŧhv��͆•Ƣ}wǪϢvorq�΍Ήdkr. 

[1]M. Kawamura et al.,Feasibility, safety, and therapeutic efficacy of human induced 
pluripotent stem cell-derived cardiomyocyte sheets in a porcine ischemic 
cardiomyopathy model (2012). Circulation 126(11): 29-37 [2]M. Kawamura et 
al.,Enhanced survival of transplanted human induced pluripotent stem cell-derived 
cardiomyocytes by the combination of cell sheets with the pedicled omental flap 
technique in a porcine heart (2013). Circulation 128: S87-S94  

[3]K. Matsuura et al.,Creation of human cardiac cell sheets using pluripotent stem cells 
(2012) Biochemical and Biophysical Research Communications 425(2): 
321-327 [4]T.Iwamiya et al.,ʹϪ2014―142804,PCT/JP2015/050028  

[5] M. Paci et al.,Mathematical modelling of the action potential of human embryonic 
stem cell derived cardiomyocytes (2012) Biomedical Engineering Online, 11:61 [6]K. 
Asakura et al.,EAD and DAD mechanisms analyzed by developing a new human 
ventricular cell model.(2014) Progress in Biophysics and Molecular Biology 116(1):11-24  
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�ÂÒ¶˳ɯʸ ˇtvu_�û΋ʸΗs̜̓ϋĒ�

ͯɚĥǘ��͓ǈɾϔ��ɉȎɎ̭��İˊŊ�

�

�ÂÒ¶˳ɯʸx͊ƶáųŧȍ�Ȟoasv�ƚɴǺvƺ�ɯʸrq�i�khǛzς͚

sdqϮc��Ŵ˸wƚzh℃̥rq�uw�ʹǺwːu�Ŵ˸�q�idvduw�h

i��w̜̓ϋĒs̡̪˘uû΋ʸwɳȍʃwϋĒvorq̱Ƽdk˨˼xǁuri�Â

Ò¶˳ɯʸvu_�û΋ʸs̜̓wϋĒǺxiwʹǺ�Ϸ��k�w̹˸˨˼vurq�

ρͰrq�iȎjxû΋ʸs̜̓wϋΫǺ�ɀ�vvf�as�˛˘sdhˇ̹ɛÿ�i

�t�fr ˇt�åǵv�ÂÒ¶˳ɯʸwÌ­ÇÖÜËͶɠ�Ƴȹdki�Êºξhɍ

ɹξutw��ØǺû΋ʸx 24��"hŔ̐Ûï̐x :2��" �ˉrqʡƱ�ͦnkiʡƱ̛ɢ

�ϕǇ˘�Ò¨­ÓØ�Ͷɠś{çȍĶĶɠ�ˉrq̜͹ƪ˘vͨ˂dh̜̓swϋĒǺ

vorq̱Ƽdki�

�

�

�

�

�

�

�

�

�
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ºÔ��Üˈ��Ôˈˇǳ̘̣※ϫɓũƱɨw̜̓˘ć̩sǧȆ˘ʹǴ 
fǐϾǿπƧ 	��ЁþˊǎǷ 	��ЁİˊŊ 	��Ͽ	ȊƛÛĤ́ˇŲ˨h�ȊƛÛȭ̈Ì

³��ÛĤ́ˇŲЀ�

 
��¾¡É×Ó˛w※ϫwĶϫxhçvǧȆƪvƏprqu�hĶƧ̜̓ƪ�ˉrkͱ˜

dwǶͰrq�iȎjxa��rvhçvǧȆƪvƏprqĶϫc�k��ÔˈˇǺwá

ŉǺ※ϫ Chlorococcum oleofaciensϿ̣※̠h��¾¡É×Ó˛ЀsiwːŪsc�k 6 ˸h

c�viw℃̥˸�℃̥ɨĩ 18 ɨvorqh18S rRNA θăƧ̜̓ͶɠhITS1 u�{ 

ITS2 rRNA wïɻɳΪʃΟhĥƪϩǳχ͵ƼvƏprq˸Ķϫ�ĮɰͺdkϿ2013 ǙƛĂЀi

ɰͺdkɨwårhºÔ��ÜrȢϘc�k cf. Chlorococcum sp. wɨw��Ôˈˇǳ̘※

ϫwɓͻΠ˸wŤ̾Ǻwqnkk�hɕ˨˼rx 18S rRNA θăƧͶɠwͱ˜dsǧȆ͵

Ƽ�ͦnkiɕ˸x 18S rRNA θăƧ̜̓Ͷɠvurq C. oleofaciens �Ŭ� 15 ɨsŔ

̜̬̓�ǧȍdЁår� Macrochloris radiosa wɾ̜ɨsʹv℃̥rqnki�khȍʲd

k̘̽w˃ǧrh̘̽wåǵú℃vϘ�nkͮȱwɩ�Ȟoasv�hC. oleofaciens si

w℃̥˸sŎĺc�hMacrochloris ǆvũƱc�ki�khɕ˸xçvɋƛ̘̽¤�©wǀ

crasv�hM. radiosa �Ŭ� Macrochloris ǆwùw˸sŎĺc�kiɕ˸xȍʲ̘̽

wΘrʍʥ�͠˺f�aswʹǴrq�wh̘̽wΘzu�asw˦��qr�ùwáŉ

Ǻ��¾¡É×Ó˛sʃΟdq�áƋ̄uʍʥ¤�©�̷ŗdur̘̽ƗutwǧȆ˘ʹ

Ǵv�Ŏĺc�hȷ˸rq�aswˬŸc�ki 

 
�
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ːu�Ċͨκćvu_�˙ͅǕƈ͙šwɹ̾ȤƱ 
Estimation of the skin microbiota function in different human 
body surfaces 
 

ŨǐƳò 1, 2Ёĵɜǂɫ 3ЁİˊŊ 1, 2, ˰ˊˠż 2 
1 ȊƛÛĤ́˨ 
2 ȊƛÛˆƕȁƑƪκ 
3 ɝƣŏƛÛɝŏ˖˙ͅ˳ 
 

¾´w˙ͅvxƚȱw̘͙wˇǽdqr�Ђa��˙ͅǕƈ͙šwɳȍxκćbsvƛx

zːu�aswƑůc�qr�wЁi�j�wκćrtw�suɹ̾�ɍdqr�vxɀ

�vvunqrurЂiarɕ˨˼rxЁƚκćw̘͙šwɍf�θăƧɹ̾�ȤƱdkЂ

iw̛ɢЁrg�wĊͨκćvurq�ĩĊ˘vxϫĆdkθăƧɹ̾�ɍdqr�as

wˬŸc�kЂÝȸrrzovwθăƧ̬rxκćbsvɍȃuδrwͱŠ_��kЂɕ

˨˼ȍɢxκćʹː˘u˙ͅ˒Ȁw˓ȆͶɀvu_�ɍˉu˦ͱvouw�Ť̾Ǻwq�

s̱t���Ђ 
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����������������̈́ĭû΋ʸΗwƘŉ  

g˧ñőɄ�
	�


hå̫ͯͫƧ�
	�


hɚßȇé÷�
	�


hςʖσƧ�
)
hɯςȿɓ�

)
h

Ⱥ̩Ǽť�
)
hϷĘǩ�

)
hǘǈɀˋ�

	�

hɉȎɎ̭�

	�
�(
hāͣƫ�

)
hİˊŊ�

	�
�(
h

˰ˊˠż�
	�
�

	
ȊȌ̭ƔƛƪĤ́ˇŲ˳ƪ˨˼ȑ�

c


��������	�������˨˼˳�c�

(
ȊȌ̭ƔƛƪˆƕȁƑƪκ�

c
)
ƳϴŉʸåƟ˨˼ȑ�

�

keyword:̈́ĭ̘͙šḧ́ĭû΋ʸΗhɼ̎Ϯ  

n̺ɃÛ˛˘o ���������������������������������

����������������������������������������

����������������������������������������

���h2 �������	��
������
�����������������

�Ƒůc����������������������������������

30~60%�������������������������������������

�������������������̈́ĭˆƕvât�ǪϢ�Ͷɠdki  

nƳϴo ��ÌÓ�ôwϮîwɦϲ̙ȍ�ɶĚdk―̸Ķ 15%wϰȵh�dzx―̸Ķ 

5%w¢Ø´ÖÜÔϮ� C57BL/6J É�¨vȗâdh̚ɂ˘v(8, 12, 24, 36, 52 άϼ)���

���������������������Κäĸ¦Ü��Ø¤Ü�ˉ�������

����������������ϜʅʕŉɂϊϭͦƌΗσĶɠ̩ͪ(CE-TOF/MS)ˉrk

̈́ĭû΋ʸΗw̡̪˘Ͷɠ�ͦnki 

n̛ɢÛ̱Ƽo ɼ̎Ϯ̬s¢Ø´ÖÜÔ̬wÉ�¨wĊρvxɍȃuǒxͱ��uvnki  

����������������������������� Lachnospiraceae ˳h

Oscilliospira �����ϷzhBacteroides ���������������������

���������������� B6 ����������������������

�������������������������������	��������

���������������ɀ�vsunki  

�
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É�¨É�ÖÁ�Ü§ɴ̘̽ɨwĭʂ̳̕Ǻɂvu_�û΋ŉȆwͶɀ  
Elucidation of the metabolic dynamics in murine macrophage cell line during 
endotoxin tolerance 
 
āͣ� ĢƝι 
ȊȌ̭Ɣƛƪƛƪϐ� ȭ̈ÛÌ³��˨˼˳ 
 

É�ÖÁ�Ü§xΫ̞˘uȘŘĽʩvƽdqǸ̇ǺwĈàf�asw˦��qu�Ёaw

˂ΐxĭʂ̳̕Ǻsűy��Ђ����xĭʂ̳̕Ǻɂw̘̽ĭû΋ŉȆvˣ˛dЁÉ�

¨É�ÖÁ�Ü§ɴ̘̽ɨvΫ̞˘vȘŘϿƛ͙̈́wÓÈƚ̐Ѐ�Ɇϝdkϖw̘̽ĭû

΋ʸΗ�̡̪˘vͶɠdkЂiw̛ɢЁĭʂ̳̕Ǻɂx̐¸�Õ�¯µû΋̚ΜwʗǺŌ

f�aswɀ�vsunkЂĭʂ̳̕ǺxȮͥ˔̄swϋΫwƑůc�qu�Ёɕ˨˼ȍ

ɢx͉ǜǸˉ}�̧w�s̱t���Ђ 
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!�0���!�0 ̛ŧ­Ø½�Ηw̛ŧϦƍ� 
 ɻģŤͳŌf�¬Á´���w

ω˗siwǸˉ�

kˀɒ ̴Ƿ
1,2

hİˊ Ŋ1,2,3
hτñ Ɂƞ

1,2,3 (1.������������ Ĥ
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Genome-wide identification of A-to-I editing in human miRNA by ADAR 
isoform-specific RIP-sequencing  

k˧ϻ Ư1,2
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3
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4
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5
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ϦƍÛȁƑˇŲh4.Ƅ˿ɲƉ˨h5.˄˨Û̜ŧˇŲŏ˳ƪ) � 

�����:RNA editing, ADAR, miRNA  

Adenosine deaminases acting on RNA (ADARs) catalyze the deamination of adenosine (A) to 

inosine (I). A- to-I RNA editing occurs specifically on double-stranded RNA (dsRNA) region, and 

increases the complexity of gene regulation by modulating crucial base pairing-dependent processes 

such as splicing, translation, and microRNA (miRNA)-mediated gene silencing. In human, the 

ADAR1-p150, -p110, and ADAR2 isoforms have deaminase activity. However, the editing sites and 

target RNA species specific for each ADAR isoform have not yet been determined in a 

comprehensive manner. To identify as much candidate editing sites as possible, RNA 

immunoprecipitation-sequencing (RIP-seq) was performed using HeLa cells transfected with either 

one of human ADAR isoform. In miRNAs, a total of 33 editing sites was identified for 

ADAR1-p110 and ADAR2, 24% of which overlapped with the known editing sites identified in the 

previous studies. Interestingly, such editing sites were significantly concentrated in the miRNA seed 

regions that are essential for target recognition. Furthermore, the nucleotide motifs of editing site for 

ADARa-p110 was different from that for ADAR2. In addition, we provide insight that ADAR 

binding to miRNAs may result in regulation of miRNA processing.  

 

�

�

�

�

�

�

�

�

�

�



 320 

������������	��
�ɴ̘̽ɨvu_�û΋ŉȆwͶɀc�

kāͣ ĢƝι
1,2

hˊˎ ˯1,2
hİˊ Ŋ1,2,3

h˰ˊ ˠż
1,2 (1.ȊƛÛĤ́ˇŲ

˨h2.ȊƛÛϐÛȭ̈ÛÌ ���h3.ȊƛÛˆƕȁƑ)  

����������������������������������ɳ̍c�qr

�.�������������,ƸçwĦˑ̘̽vu_�͊Ǔ,������������

������.��������̈́̋ĭvurqϟ͊ǓȘŘ�΃Όd,͊ʰĦˑǸ̇�ʗǺ

Ōf�ρͰuǫŀ�țsĦˑ̘̽sdq˦��qr�.�k,�������������

�����������������������Ƒůc�qu�,����������

�������.˂ƈ,ĭʂ̳̕������	�������������

Ėϱ,��

����������ăγ̚ΜwΈ̌,miRNA�������������������,

���������������������ĩqw˂ΐ�Άɀf�asxϛdz,���

�������������������̱t���.���,������������

�������,���������������������˦��qr�.iwk�,�

�����������������������,����	�������΂̘v˄Ͷ

f��������̱tk.��������
���
��	����������

RAW264.7�ˉrq,������ƚ̐v��Ľʩ�2������,��������ĭʂ

̳̕Ǻ�in vitro�Į˂d,iwϖw̘̽ĭû΋ʸΗ�̡̪˘vͶɠdk.iw̛ɢ,����

����������������������������������������

ˬŸc�k.��������1����UDP-N-���	�	���
�,��������

�����������������NF-κBw̐����������,��������

����������˦��qr�.�����,	�
���������������

�����������������������������������̱t��k.

�����������������������������Ƒůc�qr�asv�,

ɕ˨˼ȍɢx͉ǜǸˉwŤ̾Ǻ�˴�qr�s̱t���. 

 

 

 

 

 

 



 321 

���������������������ȣ̖c�

kǊǏ õ̫
1,2

hǘǈ ɀˋ
1
h˲ǈ ˠÝ

3
hæǈ ǩÝ

3
hƬˊ Ʋȍ

3
hİˊ Ŋ

1,2 (1.ȊƛÛĤ́ˇŲ˨h2.ȊƛÛˆƕȁƑh3.ŪţǄƛÛŏƪκÛ͈̓ĭ˳)� 

�����:Renal function, Metabolomic signature, Metabolomics  

ȈǺ͈̓˓(CKD)xȷkuƄʄ˓sr��qr�.Ⱥɕvurq,̒˃Ċʫασ(GFR)x 

CKD�������������.�k,CKDwρ˔ǞwͿĐv�GFRxˉr��qr�.˂

ƈ,GFR������
���	�
���
��
���������.dvd,�¸ÓØ

�Ó�ÒØ¨wʡƱvxƚzwɂϊsŇŃ�Ͱf�.iwk�,������ͥʝ�Õ�¯

·Øě�ͥʝ¦¨­¯ØCěv�̊ĵf�ȤƱ̒˃Ċʫασ(eGFR)�ˉr��qr�.��

����,ͥʝ�Õ�¯·Øěx̵̅σ�̶ɹ̾v�nq,ͥʝ¦¨­¯ØC�������

���������������ƘŌf�k�,�������	�������.���,

�¸ÓØ��Õ�¯·Ø,¦¨­¯ØC�����������	�	�ȣ̖f�k�v,�

���������Ϝʅʕŉ-ΗσĶɠʑ (CE- MS)�ˉrq�¸ÓØ�Ó�ÒØ¨w�v

nqr�173����������������ʡƱ�ͦnk.iw̛ɢ,����250��

���������������ɰĵc�k.��������������������

������çȍĶĶɠ�ͦnksa�,�����	�
������������
�

����������������������.c�v,çȍĶĶɠwƀƧΑ͘σw̛ɢ

v�,���������������������������
�	�����.˂ƈ,

a��wû΋ʸwũƱċɱ�έ�qr�������.�k,�������������

���,������������������������������,������

������������������	�������̱tqr�. 

�

�

�

�

�

�

�

�

�

�



 322 

����������������	
�����������������

��������Ͷɠc�

kŨˊ ˭Δ
1,2

hƐǐ ƛɷ
3
hƊà ŷŵ

4
hƅɣ ɿų

5
hɬŘ Ʈų

5
hΏˊ Ȱ6

h

ʶǈ ēɀ
7
hǀɡ ʔǨ

4
hİˊ Ŋ1,2 

h͗ǐ ųɄ
1,2  

(1.ȊƛÛĤ́ˇŲh2.ȊƛÛˆƕȁƑh3.ȊƛÛSFC˨h4.����������
���̘̽ʱƾh5.ɝƛÛϐ˄ÛˇʸŌƪh6.θă˨h7.�����������
���������)  

�����:Ramazzottius varieornatus, Gamma ray, DNA double strand breaks, Low input 

RNA-Seq  

����������������������������������������

���������.�����	�
�����������ϷĈʠÛϷĈ������

������������������������˦���.dvd,DNAvïρφķȶ 

(DSB)�����������������������������ëˡʺȆvōȳf

�̳Ǻ�ˬfasv�,���������������������,ǥŃuĖǲɹɳ�

Ȟos̱t���.������
�����	�������������������

��,���������������	
������̚ɂ˘RNA-SeqͶɠ�30����

��������	���
�����Ƴ˂d,60Co���̤�500 Gy���������

ÉË¦vƽdqͶɠ�ͦnk.iw̛ɢ,ʱƾv�nq˗ˇdkDSB���������ϟ˝

ũɔ̛́ŧv�nqͦ��,������������������ˬŸc�,�����

���������������������΃���k.öǮxa��w˦ͱ��sv

DNAwȩĠσ�DNA�����������������. 

 

�

�

�

�

�

�

�

�



 323 

ãˇϫ̼wĹɑ˗ˇvurq8!6	xϷʠʹː˘v˗˂f�c�

kèĔ Ŝ˄Ǿ
1
hāͣ ǡǤ

2
hǀʏ ʔƧ

2
hİˊ Ŋ1,3

hϻˊ ͫɷ
1,3  

(1.ȊȌƛƪÛˆƕȁƑh2.ˈ̢˨h3.ȊȌƛƪÛĤ́ˇŲ˳ƪ)� 

�����:Ĺɑ˗ˇ, ʠǞƘŌ, IRG1, É��Ö�Õ�, in situ hybridization  

���������������	���
���(Xenopus laevis)xh13 °Cv�30 °C��

����������������������������������������

����������������������������������������

����������ˬŸ����������������������������

�������Ͷɠvş�̙�asvdki 

Ĉʠsdq15 °ChǕʠsdq22 °ChidqϷʠsdq29 °Cw3�������������

������
�	��Total RNA�������
�	��������Ͷɠ�ͦnks

a�hϷʠɛÿvurqIRG1 ( immunoresponsive gene 1)�ɍȃvϷr˗˂�ˬfas�˗ͱ

dkiIRG1xiwƛκĶ�MmgE/PrpD�����������������������

�������������	��������������������������

��������	����
����������������������Ƒůc�

qr�iȎjxhIRG1wϷʠʹː˘u˗˂�RT-PCR��in situ hybridization�������h

IRG1����������������������������iiw̛ɢhíɑdq

rkΨ�hIRG1 mRNA��������ʠǞƘŌvƽf��������������˫

΃c�kia��wasv�hIRG1�������������������������

����������������������������������������

����������������������������ȤƱc��i 

�

�

�

�

�

�

�

�

�

�



 324 

�������	��
���WRIÉ�¨wÉÔ¯�Ê°�¨Ͷɠc�

kϷͣ�ˠˋƧ
	�


hʋˊ�ųΔ
(
hϞǈ�Ʌ͔Ƨ

)
hÞɸ�π̫

)
hɘɕ�ŕé

)
hɍ

ˊ�΅
(
hİˊ�Ŋ

	�
��

�	�ȊƛÛĤ́ˇŲ˨h
�ȊƛÛˆƕȁƑh(�˄Ōƪ˨˼ȑ̜ŧˇŲŏ˳ƪ˨˼

ªØ­Ü�������˨˼¯ÜËh)�ʽœŏƛÛŏƪκÛˇŌƪΊǟ	c�

�����:rmdÉ�¨, ��������, ������―Η, ������, LC-MS  

Congenital muscular dystrophy (CMD) is a group of inherited genetic disorders with muscle 

weakness and hypotonia as representive symptoms in early infancy. Recently we reported a new 

type of CMD, characterized by mitochondrial disorder. Biological analysis of this disease has shown 

that choline kinase β(Chkb), the first enzyme of the biosynthetic pathway of phosphatidylcholine 

(PC), the most abundant phospholipid in mammals, is responsible. The aim of this research is what 

kind of effect on lipid metabolism by Chkb deletion and PC decrease, based on the comparison 

between control and rostral-to- caudal muscular dystrophy (rmd) mice with abnormalities of Chkb 

and mitochondrial disorders. We conducted a metabolic variability analysis of the quadriceps 

muscles using transcriptomics (microarray analysis) and metabolomics (LC-MS analyses). As a 

result, Chkb deletion influenced phospholipid distribution of cell membrane qualitatively and 

quantitatively. PC molecular species were tend to decrease in rmd mouse, in particular, PC 

containing docosahexaenoic acid (22:6) are significantly decreased. On the other hand, 

phosphatidylethanolamine (PE), phosphatidylserine (PS) molecular species were mostly increased in 

rmd mouse. Some types of phospholipase A2 (Pla2g2d, Pla2g2e) were up regulated in rmd mouse, 

which might result in an increase of Lyso PE or Lyso PS and the fatty acids. Among them, 

inflammatory mediators such as prostaglandin E2 and prostaglandin D2, and these synthase 

expression levels were dramatically increased. That might result in inflammation of muscles and 

lead to the muscular dystrophy.  
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�

Ì­ÇÖÜËͶɠvurq΀ȵwĔƩh˪˩hγĵĴ˄xǕvͦ��qr�whiwǪϢ

vϋf�˨˼xϏ���iĲ̛ëʵxψɑϊŴΗ�͝scgĔƩrx�k�ϮŴrxǛz

ʗˉc�hÌ­ÇÖÜËͶɠvurq�ˉr���iĲ̛ëʵxíğĲ̛hÝɻëʵhï

ɻëʵwЄowǑ˷vĶ_���iíğĲ̛rx΀ȵ�ıŖdh΀ȵĭwʆĶ�Ĳ�h�i

Ýɻëʵrx΀ȵ�ʞƇdhʇ�Ⱦ͛ch�asrh́ʆwƛκĶ�ͦsiïɻëʵrx

Ýɻëʵrş�ϑ_uráĲʆĶ�ʠǞßȾv��ʅŌdqş�ϑziȾ͛�ĄsÝɻë

ʵrxíğĲ̛rw΀ȵwƭĩĲ̛wǶϥrq�idvd΀ȵĭκwĲ̛ʺȆ�ɾ˫vȖ

Ȩf�asxϛdzhĲ̛wáŐĶw��ʞƇĴ˄�ͦsas�̱t���iɕ˨˼rx

Ĳ̛ëʵvu_�ŐĶuíğĲ̛wɍʯ�xe�hľĴ˄Ȓʑwδrv��û΋ʸΗ}w

ǪϢ�ɀ�vvdki®�¢Ø ˇt�əȵv�Êºξhɍɹξ� CE-MSh̐� LC-MS
r̡̪˘vͶɠdkiʛĊ˾̕v��íğĲ̛�ͦnk΀ȵxhëʵǮ�iwǧʺ�st

�qrkwhʇßrwıŖw�ͦnk΀ȵrxh͖wķȶϠu�{͞wͨϠwƛxzʒȓ

o�sv̦͜dqrkiû΋ʸ}wǪϢxĲ̛ëʵĴ˄vurqhʇßrwıŖdĲ̛ë

ʵɹvv_k΀ȵrx GABA wʪǞw͟dzßȾdhΦv�Ô­ÊØξwʪǞwʞǁdki

iwùwû΋ʸ}wǪϢvorqxɕ˗ͨvurqƑůf�i 
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ʾ̎w˗ vĄsû΋ƘŉwͶɠ 
 

ɞˊ��Ё͓ǈɾϔЁɉȎɎ̭ЁİˊŊ 
�

˸Ƨw˗ xЁʠǞ�ʢǞsrnkʸ˄˘Ͱƀwùvŭʆv��ʆwʙʧsʙΧvĄsŦ

ν̕wʗǺŌЁΓ͡ʸΗwĶͶutwˇ˄˘ͰƀwϋĒdqr�Ђ�¹w˸Ƨ˗ ļǱv

ϋdqxЁ̼ę̙̂ĭwΓ͡ʸΗwĶͶvϋâf�ν̕u�{θăƧ˗˂utwĶƧÌ�

·©Ëvˣ˛dk˨˼wƑůc�qr�Ђ�kЁʾ̎�ÝƱʠǞàr�gvv˗ chk

˗ ʾ̎w GABA �ƺŌch�ɛÿɰͺ�˗ɪļǱvϋf�˨˼wέ���qr�Ђdv

duw�ЁGABA �çͰ�Êºξüƙwû΋ʸorqwΈɥxǁuzЁ�k˗ ɂw΂̘

uû΋Ƙŉxɀ�vvc�qrurЂiarЁʾ̎˗ vĄsû΋Ƙŉ�ɀ�vvf�k

�vЁ�¹w˗ ɑwʠǞrq� 20erw˗ Ĵ˄�ͦrЁ48 ɂϊwÌ­ÇÖÜËͶɠ�

ͦnkЂ̐x LC-MSЁɍɹξu�{�Êºξx CE-MS �ˉrqʡƱdkЂiw̛ɢЁ�

Ô¢Ü¨u�{¨�ÖÜ¨x˗ Ĵ˄Ǯ 12 ɂϊ�rxƖńdkЂiwǮЁ¨�ÖÜ¨xʞ

ǁd̞_Ё�Ô¢Ü¨xÝȻʞǁdЁĮ{ƖńdkЂÝȸrЁÁÔ�´Ü¨x 24 ɂϊüώ

vǹʩvƖńf�asw˫΃c�kЂa��wƘŌvĄrЁ̼κw̷ƛwͱ��kЂaw

asv�Ё˗ u�{ąψȍψvǶͰuʭ̕ʣЁ�¹Ô�ÜʣsdqĻˉc�kk�vЁ

ʞǁdks̱t���Ђ 
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Does Metabolic Heterogeneity in Liver Optimize the Efficiency of Ammonia 
Elimination? : a Simulation Study 
 
Shoko Jinno, Yasuhiro Naito and Masaru Tomita 
 
The liver metabolizes wide variety of chemical compounds. Human liver consists of half a million 

hepatic lobule in which 5 billion hepatocytes are assembled. In the liver lobule, hepatocytes line 

along a fenestrated capillary vessel termed sinusoid. The blood from the portral vein and hepatic 

artery flows into the sinusoid and out to the central vein. This construct is referred to as port-central 

axis(PCA), which is the smallest repetitive unit of liver metabolism. It is known that there is many 

heterogeneities of various metabolic aspects in PCA. It is referred to as &quot;metabolic 

zonation&quot;. While many histological facts phenomena of metabolic zonation were 

reported, their biological significances and/or functions are still unclear. Even the present gene 

engineering technologies cannot such as conditional gene knockout and/or knockdown are 

insufficient to regulate metabolic zonation at will. In this study, we tried to elucidate what drives 

metabolic zonation of liver ammonia metabolism using mathematical model and computer 

simulation. Mathematical model allows to change arbitrary variable in the model. Various “possible" 

PCA models were created through virtual evolution using genetic algorithm (GA). We compared the 

models and estimated which elements play a major role to adapt various selective pressures in PCA. 

The simulation results suggested that gradual expression of solo or a few enzymes along PCA 

enhanced the efficiency of ammonia elimination. 
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Developmental changes in ventricular cell contraction: a simulation study 

Maiko Wakita, Hitomi I. Sano, Yasuhiro Naito, Masaru Tomita  

As the heart develops, it gains new functions while continuously pumping blood; abnormalities 

during this developmental period may cause congenital heart malformations. Therefore, the 

developmental program of the heart, including expression of genes encoding various ion channels, is 

likely to be tightly regulated. Previously, we demonstrated that developmental changes in action 

potentials were well represented the Na+ current (INa) increased before the disappearance of the 

funny current (If) followed by a 10-fold increase in inward rectifier K+ current (IK1)—via simulation 

of the 512 combinations between early embryonic (EE) and late embryonic (LE) stages. Here, we 

constructed a model of the middle embryonic (ME) stage of a guinea pig ventricular cell based on 

experimental data and considered structural changes during embryonic development. We then 

shifted relative current densities from EE, ME, to LE stages to determine factors that contribute to 

developmental changes in the contraction of a ventricular cell. We demonstrated that a decrease in If 

density was necessary for proper excitation-contraction coupling after the disappearance of 

spontaneous activity. Furthermore, we showed that representation of developmental changes in 

transverse tubules in a ventricular cell is necessary to quantitatively describe the contraction of a 

developing ventricular cell. 
 


