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20154E % TIAB HAeRKESHE

Consumption of hot spring water including high concentration of hydrogen

carbonate decreases serum glycoalbumin levels in human
oShinnosuke Murakami"z, Yasuaki G0t03, Shigeo Kuriharas, Masaru Tomital’z, Shinji Fukuda'”

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

oKeita 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 i1JO1366
(Orth et al., 2011). 1JO1366 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 1JO1366 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

oFumie 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 MRCS5 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 MRCS5 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

oJun 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
oMaiko 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 (/f), followed by a 10-fold increase in inward rectifier K"
current(/K 1) 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 /K] 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 It 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
oYuichiro 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 50110 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

oWataru Takahagil, Shinji Fukudal’z, Hitomi I Sanol, Hiroshi Ohnoz, 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

oMao 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 troponinl; 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

oShoko 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

oYuki Yoshidal, Daiki Horikawal3, Takekazu Kunieda?, Hirokazu Kuwabara?2, Atsushi

Toyota4, Toshiaki Katayama®, Masaru Tomital, Kazuharu Arakawal

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

1,2,3

>~, Masaru Tomita1 2,3

oMao Takiguchi1 ’2, Tamami Tokil’z, Hitomi I.Sano1 ’3, Yasuhiro Naito

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 troponinl; 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

oChisato 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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PSR A2V BT F AR T F—FBEEFE TV T —7 0
TA VBB FORKREAIZ X H/Chlamydomonas reinhardtii ® 5 EHER D
REBEHEEDHE

Alteration of fatty acid chain length of Chlamydomonas reinhardtii by
simultaneous expression of medium chain specific thioesterase and acyl carrier

protein

FEBEMF (B4 2015. 3. 29W55) . HHEEIR, DA, & 1

KGR 782 EDOFAFRRT XL F —TCREHRZ2NWZRX VX —Th DY =y MRE %,
BEHROAA NV TRET D2 EBMEERNLRODLENATNDS. Y=y MNABIOJREL
LTHWSZERTE, BESNMENWTZORGHTHEHT L2 LR TEDE4 A NV E4ARK
T O BBDEZ KT D720, A A VEEABBICRKFAFR D 8-15 (C8-15) DIRINIL Z £k
SE DB FREEFORAIE A RO BN TND.

FEAER D IR B RFFICHEA L TWAT AT Y UV 7 —7 T4~ (ACP) IZHEE L, F
GBI DB BE TN 2 ACP 22601V 4 F A4 =27 75— (TE) Bz F&48EATLHZ
EBREMBRFEIELEEZALN TS T, TEIENEE (C8-12) Z@IRAYIZEINTd % TE #Eix
% Chlamydomonas reinhardtii \Z35 N U7=fF9E*1 TliX C. reinhardtii ® ACP 2%, 7\ @ TE
LB CERDP ST DICHEHIENBOEENEE RN o LEZX LN TND. 2206
FAZ, TP TR EEEE (C10:0) % &HFE3 2 Cuphea lanceolata ® TE #&1s+ (CITE)
& [Fl ACP {5 1- (CIACP) % [RIRHIZ C. reinhardtii (4 73ATe 2 & 12 K o TH S NEE DO F
AEEMSELFELHBE L.

CITE D #3889 %5 J1& > b (TEc), CITE & CIACP % [RIRf3 B3 5 B & »~ b (TEACPc),
KO, TS CITE & CIACP D7 T AF FBATELS & C. reinhardtii DS %7 7 AF N
1TECANCE 2 7= >~ b (mTEc, n\TEMACPc) D 4 > % {ERL L, C. reinhardtii TKAC1017 £k
L7 bRl —a NECRYBPEERL, Rl y hE2EALL. BisT
By MZEWT, TEBE T & ACP BB I2I1X PSAD 7' mE— 4 — % A\, HEAIERIR~—
J1—& LT A Y V&I T ble 2 AV, B4 v Vit 2 IEICG - Fn T o R Eix
BRI D, MAT Ty FORRAREFL TWAA 20 =—PCRIZ X » TR L, WEHES
filik DEEE % LC/MS THIE L53#r L7=. TEc, mTEc, TEACPc, nTEmACPc & Z % 8 A
U 7= W HE R D AR FR AR o T DRSS Z e U, C. lanceolata ™ TE ¥JH, TE & ACP it
BADHREWP LT S.

25 3K
*1 Blatti et al., (2012), PLoS One, 7, €42949.
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e H E ] 12
1 BERBRPLRTERE BOR « AT 4 THIZER, 2 BEFRIB KT iRt mEl s
WEIERT, 3 HARGREEBRFEMEH, 4 JHERERL

DI EEERERERBE AT RIS, BOORELZHY TCEHRT LI ELTIAT 4 r—va v
S~OEEBEE->TWVD, IRRAKEHATD T8IR) 2D 1 DTHY | FRREAKFEE
ZE IR OEHMIL, ERIFO T - WEDRBPHRE SN TND, L LERBIRO S
TR IT AR Z &0 AL TIE 24 4 OREF A1) L, AKIEKE 713 RIS K EIE %
EBERIRAKE VRS, ZRENRAIZ 2 ET SBT3k 290 Lz, 1 EEZ &I
MK 2 BB L, BEEMA R X U P E OB R JE 21T/ > T2, T ORBE, mpE
KL RTHEDO 1 >ThHHMH 7Y a7 L7 I (GA) ERRKRZRICARICKTLTE
V. FHURAIE CIIHEIRP & OB ER STV 2B S BT 20 O M R GEH P E D
AEICEN LTI, —FH T, GAEOERITITEANER D > 72720, GA ORI ®) 3
B— W T ALY IR THEL, GAERA RV T2 70— L Z0fh
XA LTz, BRICE T GA EXRAEICHD LI/ v—T7 L% 5 ThWI L —7 [Tk
RERBAAARTICIS T 5 6 MO MPRHMEORENFREICELD | IO OREFRICKES
WZT U E LT H VA MIE ST, T0%L EOWERE 2 IE L T2 LN TE, Uk
DZENB, BAZETH DO, REEKFEEZ G TIRRKOKAIZENORBEE) % It
L CHEIRIF Z TP C& B alREME VR S iz, (589 3C57)

F—TU— R BR-R - TV T NT I UME - A X R T — LT - FERIE
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BHACa—T 4 VT DIEDOORNR 7 V=T I3 74 —LbD
e L BF

WREE

BHALE2a—T 47000 WHY 7 N7 77y N7 4+ —L0OE & B

IO FERPMREFOREICMIE S, MOBEELEBFE 7 LT AL LTHEE
TLTENLEMICFEATREAST S Z & TAELNENLL EORES & Ff D MhEfk & % 3k
TEXLOTIHERVDE WS RFAIRIBES N, ZOBHREMT —%7 27 Fx (WBA) HOMK
WA R RGER B IRGE T D 7o DI AT B 7 v T XADBRESY 7 by =T &
Anizzn b7 A3 Y RAOQREMENZED BN TWD. LirL, HEVICHEM
MO ETHE— ADONBEBFEEZHNTZ LI TE R, M T, ZhbarlAabdbt
HDITEY 7 MU =T = RU =T ORGP EON D T2, FEERIZ WBA & FEILET 5
T2 =T A XN—2ADGEHBN VAR LS. £ZT WBA Yry =7 NNOFEN
H£FH5THRELEZF—AIZL > T Brain—inspired Computing Architecture (BriCA) & Ff
I Y7 b= T OB S, BriCA D7 T v b7 4 — b BICFEE S B
BN T ANIEEICES Z X0 ERFM Z LI T Z E RN ARRIZR D, 41k, i
MINFEE LT LT ZAZHENEDTZOOMESCT 1 7T A ENTICERTZ T 25
HFTHIETHEI TN XL AEE T 07T MIERT HMELZFEET L TETHD.
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EREYyBRIIHTERI VI I ATOIRERBICEIT RS E
AT YT b— LB

HHME 1,2, JE)IRE 1,3, WTFEEk 4, /IREEZ 4, EWE 1,2, 57)lIFE 1

1 BERBNRY o B At ses
2 BRIEFRIRT:  BRELNE WS
3 BHEFRERY: SFC WFFERT
4 AARATTFEBRSENRE B o — IR v & —

B 7~ N ZED B AR 5 T LI K 0 IR L IR D RIBICBAT T 5 = L av A
BECTh 5. BHIT 2 YT 7~ AV T I ORIRKE CIERIRIE - BIEE - B0 BB
EOMIREEIC L TRVttt 2o 2 3 m s 5. UL, DNA I HHYIE (DSB)
D XD B &G & TR > TIdl E OTEENRAE T Gz R AR I VT #T 5 itk
EFTIEDD, FIYF I AVIEA b L RICKT MO EEER T TR, IR
NIEEEREEZ RS L B2 NS, 22 CHLITT aYF 7~ AL O IEEKERENE
ET 20 ERET AL, MEOHLEDPLRETH LT Y r— kb Y ORI
RNA-Seq fi##T% 30 JC& W) R EDEEE LD o —4r v 2352 L THEBLL,60C0 y#izx
500 Gy St L7z 3 2 F 7 <~ LAt LTI 21T o 72, £ ORER, MRS O RV ERET
IR RS & LB OB TR A EEATFES LTl Y, TICHHNERICS =Y
FU < BB TRT 0 e ORG T ORBMMSRD b, ARIIINEOMRLE
b & 12 DNA O <> DNA O# A EBREICHET 5 TETH 5.

Keywords :
gavyFr~nsy, vy, DNA ZEHHEHUIK, 75 RNA-Seq

303



BERASKA® VO TRBEHEEDROEHALBAMEE 27 7 A4 LD
B O FEAMh

BRI RFRFBE BOK « AT 4 THESEFR
B HZIT

IRER KRG & & T IR AK OBIE, FEIRIE O TS ED RN H D L WE SN TVDA,

ZOHTHEEIRHATH D, £ 2 TARFIETIE, EFHE ~OHURRERZ i L=, fUR%
(TAGE AR & LR TMRIREEA BT HIEO 1 D THLMF 7V a7 VT I EREE
IR T LD, TOMPIBMAZERDH DL ZENHLNE RS2, DREMELND N E
Z 9 TRWNIE, ABRBALAET O M PR EIRESHANMEE 7 7 7 7 A VIS E | T0%
U EOREETHEARE Th oo Z & D, RFEIIIR 2 2 R E T 2720 DHF 72
FELERVED,
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BIFEM: T — X T Pyrococcus furious \Z331F % rRNA K O tRNA RiiE{K D 7
vk T RF ORI R

O AL V2 ST FEAET . BEE . R AR
(1 BER - Jetm/Embf, 2K - BOK « A7 47, 3BKR - REFH. )

Systematic analysis of factors involved in the processing of precursor rRNA and
precursor tRNA in the hyperthermophilic archaeon Pyrococcus furiosus

O Junnosuke Imai'?, Asako Satol, Emiko Noro', Masaru Tomita'**, Masaru Mori]’z,
Akio Kanai'**

!nstitute for Advanced Biosciences, Keio University, Tsuruoka 997-0017, Japan

? 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

T—x%7 (EME) OBBEREERICEDIERTEIZ. XTIV TOHO L BEEA

MOENIETWD Z EFE D & ThDH, Z 2T, Pyrococcus furiosus O K 512 100 C
\Z R SHEIRREEE FCART DMAEMET —X 7 05 7 JZiX, 352,000 0 & X7
BERa— RENTEY, BRT DX 7 EB3D TR\ & h, AR
FENTICHE L CWD EEBEX bILD, F£io. BHMOBERESTOEAERE RHI., ORI
fERT L CUNTIE, 7 —F TR T 2 BIsE WA R 2 AENICEETE S 2 Lidb e kY,
HEEAEYOBLE T ORMZ MmN AREMHIC SRR 13T Th b, HxldHMlm2
non-coding RNA T % rRNA X (RNA OE(LAFZEH EARTE WA R O Y SLHITRE 7R
WEDBRENDIFEZHEE L TE 72, A, LUFD 2 SIZBWTZEDORMRZHRE L, (1)
P. furiosus DEMlaiimZz/M L, FICH/ VAT Lra~ N7 T 7 0 —&HLE LT
3 & LC-MSMS IZ X5 # X7 EFEER S - T, RNA iR (& Z20HEAR) OfbiE
HIZR VRT3 T2 2 &0 (2) A DMBICFEE LTz, HDH WL, ZHETIZEZEY T
WENHSTZRNA 7t U FJRFOT7 —x%7 CTOMEZ "7 HE2HWD Z LT, bk
BEINO rRNA ° (RNA BIBRAD 7T m o o VR EME LT Z L, 7 —F T D7/ LF
We, M a—REIND X R TEOEFERN R EAND LT, VAT AEL
TORNA FZZHFTL, BEERGIEROEME L 705 X9 RRFIZHONTEL LIV,
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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.
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Multi-omics analysis of congenital muscular dystrophy in rostral-to-caudal
muscular dystrophy mice

(Laboratory for Metabolomics, RIKEN Center for Integrative Medical Sciences (IMS) ' + Faculty of
Environment and Information Studies, Keio University” * Institute for Advanced Biosciences, Keio
University® + Department of Biochemistry, School of Medicine, Dokkyo Medical University*)

Mayuko Takatol’z’S, O Kazutaka Ikeda], Chieko Aoyama4, Satomi Mitsuhashi4, Hiroyuki Sugimoto4,

Masaru Tomitaz’s, Makoto Arita’

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 B (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 A,, and it might result in inflammation of the hindlimb muscles and lead to

the muscular dystrophy.
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FaYVF s~ AT ORABEKEGISERRICH T RGBT

OFMWHE 1,2, JINKM 3, WTEEk4, IWRZ 4, EHP 1,2, 5 lIFG
- BIERRBRT RESHSE
- BIERBRY o m Al se T
- BHEFREART SFC AFgERT
A AR /P75 iE e — 2ot o & —

WL DPDREAED 7~ NUTEIDBREN T 2 2 LI K0 IR &N 5 KB ICEBAT S
HZENARETHD. Frlica ay /<A i Z ogRIRETIIERE - SIEE - SiiE
DGR 72 & ORBIREREEIZ R L CRWItEZRr>Z e bind. L L, BEHHRICER-

TIXE T OIFERAE C b ARIRRBICICE T 2 itE 2 R 2 L n, A b LRIk 5 Al
OPERE TS CTlxe <, MARBEKRELZROEEZEZ NS, 22 THRaIXaay )2
v LY DRI INEEEE 2 R TR, BURRA RN L7 ~ A0 ORI N7 27 )
7T b= LT 24T o TV DL AL b 60y A, 500Gy DT 2 7 < AT DRk
(RS L, 3HERDZ &1 24 FER £ T RNA-Seq ZBUERST TH 5. MEEAICHRRLE %
RDOHEIZLY, DNABEESCEEA B L AISEIZREAD L N2 T = A 7213 Tl <, ZOHIHZE
DIV AT BNV D T < 5y OREARBEISEBEIC OV THLNITE2LEZ26N
2.

Keywords : Ramazzottius varieornatus, vy #g, Bl FIRHREMIT

308



BIFEGE 7 — % 7 B 3K PfNobl X O P-Dim2 12 X 5 rRNA RiER{ED 7 &
v T I

OAI w2 2, L Jv ' B8 ey, B8 B0 ek ik
(BER - e, E - BOR AT « 7 - dediEdn, IR - BREENE )
Regulation of pre-rRNA processing by archaeal proteins, P/~Nob1 and Pf-Dim2
OJunnosuke Imai 1’2, Asako Sato l, Emiko Noro 1, Masaru Tomita 1’2’3, Akio Kanai '*?

(] Inst. Adv. Biosci., Keio Univ., 2 Syst. Biol, Prog. Grad. Sch. Media & Governance
Keio Univ., > Environment & Info. Studies, Keio Univ.)

Keywords: Pre-rRNA processing, Ribonuclease, Archaea

ETOEWFEIZIS VT, rRNARTBRA2 HIRNAOY) Y H LIRS CEELRRNAT 7k~
VMO —DEEZD. I TEEAMICBW T RUARRX I LT —E TH HNobl
& DOMBIKF T&H HDim2/PNO17318S rRNADY] Y H LIZBS- L TW A ERH SN TN D.
—J7, T—%7 (HHE) TEINSEDH LRI EIZOW T TEEFE 2RI O R
DEDBNTEY, AP EAEBTFICE L TXIZE A Eboo TR,

AAFZETIE Nobl, Dim2 i % > /%27 B & 5 RNA UIWHE M OfiEIH 2 BANIC T+ 2, LB
PEDT —% 7 T 5 Pyrococcus furiosus % &7 V7 — AR AT LI, £7, R —F
7 HEDOMEZ /7 B (PANobl KX PADim2 & fi4:) % His-tag 21 L 72/ z & & L
TRIBEICIWTEA, KR L, 16S rRNA BIEA T 1 —7 % 72 3BR A NS R & 5T
L7z, ZOfEE, 60°C L) @ik N TR 72 UM & T 23t &4, PANobl 23— KX
L7 —BIEAROZ L AR TE e (ERAITH D DN PANobl TIEi%M 7 DIGMEA
HTE72)o7). £Z2T, 5RACEEICE VUMM Z2RELT-E Z A, 16STRNA O 37
Kz BB L T D ERH L E 72> 7. RIS PADIM2 17(E FIZ PANobl 12 X % Ulrfig
Wra L7cb 24, PADIim2 OREKFHIIC PANobl OEIEHTINZE DY 9 5 2 & BHi 21T
Hink ot BbEOUIEEAIIL, RNA ~—H— & OMXLE LY, RNA BiEEAK I
EAET 5 RNAM O 3 RGN LT % 2 & HEE Sz, Bl EORE S 16S IRNA O 37
Kt D A IZ B 53 % Nobl 23 Dim2 {KAFHNZYIErEBAL 2 2k S 5 Z & T (RNA milR{L
DT T HHEIEILTOWD AR (v EFT T Taky ) ERBLTND.
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BIRH - REOLEF MBI ITAINERECET Y T Ialb—v
g

WO HR fEE OL B R RE OEM B

BEWEORAMFEIZBNTC, DI R BRI 218 5. DR Rk 2 O
FACIEA v F ¥ FARLTBAORNEIIT LB AA, BIEERKTIIRALDTA Y 7+
— ANEDLNDERRERHRE SN TS, DIMROIEICED L Z v 2 EDT A
V7 x—LDOEIE I A EHEH (Myosin heavy chain: MHC) & |~ 7 7K = > I(Troponin I: Tnl)
THREINTWD. 7y FOLEOMHCTIE, A% 5 HEIZPMHC)> HaMHC~, Tnl T,
B & 7 A= I(slow skeletal Tnl: ssTnl)2> 5, LA b &2 48 = 1 (cardiac Tnl: ¢Tnl)~~
LUV DD, MHCOT A VYA LOEIGDOEAGIE, FiUHERE 0O ATPaselis 4 <0/ ULiE 0 1
FECEEZ RIEL, TallB W TIXCa2+DEZMEIZEZAE LS L LMESN TN D.

AR TIL, FAMBIZ K DN Z T EDT A Y 7 4 — L OEALD R R 8 E
1, &L CTHRIEOLIRICE N T, IFICHER T RV X —HEICEEBEY RET 2 LI0HE
HL, SAEHRBREEIT) RO OKREET V2R Lz, B - #AF & A T O
BEAE D Ll 21772 9 7280, A FEROAHIIE 7 /v (Kyoto model) (27 A Y 7 4 — ADEW
% R EBLATHE 72 Niederer b (2006) DWAEE T L&A LTz, ETofG LI2E T MCHEEOHEE
RATPIHE OB B2 M A 72, DIEKRZe E ORI B RANCRIT 27 A4 Y 7+ — L0
BHET2ZERMON TS, H-oT, T4 Y 74— LEBEBLIIE#EDO Y I 2 L
—¥ 3 UNATREIC A2 UE, BRIEHI O ORI B U D IR O BhRE & it A BERE T L &
FHED DAY R 2 b— 3 VIR HT A2 ENAEETH D LB 2 5.
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A OLEHGMEBICEWTHRENEEMEZF2EROL/LICET S
A a—FIalb—va v

ST B ONE A, NERZ, & B

B - BREEEH

OEIE, JFAE DI 2 S RUEEIA L LT LR ORDOBEELICES £ THMER Y
b BFEZZT2NOL, TORAMBTEBEILT L LRIART L L TOHE
MEFFS 2. DIROFAEBRRICK T 2 BREITERELEBICELZL G HDL 2 00, fiix
DA F 2 F % FIVHFE D BB FE U O LE T v 7T DT ISHIE S D 5%
R 5. DIRERERT 2 LR OZ <X, BRAYIMIBM Cld B R 72 BB IFEZ1T 2,
BB E DR TE O BAMENHER L, HIEER)N LTI - 72 EKRM CIEEE
N ETERLT 2 Z B /M2 b 22 5. 2O X 9 728 AR O O i OB 13 e
JEEDA A F v, R, LR LU/ Nako CazBifBIcb o % 7
DER - BB > TN 5.

MR OBELRA L FBIHE M - H— A A T XAV LRV TRy F 7 T TEICLY
EREEICEH S, BT —ZICESOHMROY I 2 b—va VET VB S
SNTE., FxOWFRETIE, EAEy MLEHMIEET LV TH S Kyoto model (2D
WTC, HA A VEBEROBEREBEZENMICESE L Z & TRAEVM, BHO.LFHMED
IR EZHE Lz[1]. £7z, REVH LB TRR ML DA A EBROa 27 2
AERBIZL, RTORNEIOMAGEDLETHD 512 @Y OLFHMlEZ 2 Ea—H |k
THBLL, NatT v rEN (Ina) O, ~_— 2 2 — 0 —E i () K, Wi Bk
K+ (Ix) OMANEFRICEH Z D Z a2 Ialb—ra Il WRieLz[2]. E5IT INa
& I BRAEMIICR T 2 ARMBOEAFYROREICEHG LWL 28, 2 ke Ik
DEIZBWTHINAN Ca2iREN EFH 57— 20852 2 L aW 6z L.

AW T, BAEMH DB T TOLEH MO AEBES L0 QNI Z 5
2Oz, XN ORG LEERT —ZICESWTELE Y MOEMHMO TRAEPH] B
B2 R LB AR E L, RAEMNEN L T 2R TRI~RETD 9 DOEIOB VA
b aEPRILEZ., 2O, BffEhAE 1L L COMTRITENIC & 2 BB I AT L7 R4
T 5B TOLEFHMIETIE, ERRVERETHAL TWD 2 & 5B I 8B I %
ThdZ PRI,

[1]Ttoh H, Naito Y, Tomita M. Simulation of developmental changes in action potentials
with ventricular cell models. Syst Synth Biol 2007;1:11-23.

[2]0kubo 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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BB LIMRE T VICES< e MNRERMEB R LB MO I 2 L —
vav

O SRA I RE—B B O & e Bk, & T B - BRETIE &

FAEERITAERNO DIRO BRI T 5 H 7o e la#iE e L TIFF SN TR Y JTFER A
ERWFRE OO L S TH D A L OREREZ By L LMK LN T 7 e —F
(LA DB Lz e N DIERER I 7 # ~ OB ERICB W T, IEFICE VIR
RELLEOTZENRINTEY, b b~DOBERRBROLBEBINL S E LTWA[I2]1.2D
E OB A B & Lo SRR 22 DIBGRELAR O VERIC 38\ TUE DA Ml IE 00 Tl 7e < LN
FRMELERIAAASAN 0 iU 2 Mifaf = » h U — 27 LHifast~ R U > 7 AOEEMEDRRIE X
NTN5BAlarBa—FyIal—va i BBET VICEENDINRTA—FEETT
HZ LR TERT—FOBRICEE ST, ERTITBENE L WEE D EENZRT
W7 — % 24232 ECHEMRT 71 —F Th 5 Paci H(2012)1%,/0LFHE B 1A 15~40 H
(1) B X OE50~110 A H @O MR CTO b - FRPEsR A B k.0 i fie
(hESC-CM) DIEBNEN. 2 FHL4 5 729 hESC-CMIZ BT A4 DA 4 v F ¥ 1L DEIRE
& % BEAF O @ G0 O AR E 7 VIS A LT2[5].

AL TIEhESC-CM O %8 % Bl 9 5 Pacimodel TERA SN/ TA—FtEv hEE B
O EFMALE T V61T H A L, b AL ML & o baFE% o R FERI22O DRI I
FORBED S I 2 L— a3 U EITS T ARER T TR & U CHEHM L7 Dl 2
FAE & D E AT T L O G XD RBLE ~DORBIZ O W T hism L7z,

[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. f§f2014—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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T7I7TREMFEAZICR T O2RBWE L R ELR
PERDEY, FHILERE, BRNE, =[G

T 7T AT B EARATERERF O ENLZRMEICEDEM TH D, Fin, B
ELTERINDMENEL, I TH RN LRHENERD LS D, LLRRS,
D O RMER &R 2 O R L OBRIZOWTHE R LRI v, 77
7 FRHEMIC BT D & RO BHRMEIZE OREE SO DO O BFREMEICB VT
BETHDL, BxIIMEHMERROBEEEZHI LN T2 HENE L, ABFSRNEZ
HZRTWHEAZ EZRLICT 77 TR O A X R e — LMfiffr 2 FEfi Lz, 7 /8. A
RERR 72 & DA A o PEARGE I CE-MS, HOBE « —HIX LC-MS 2 W CHRIE 21T - 72, IE RS 5
ZBEIERY 7 T AL ) o TR R O FE RS oM 2 D TREBHFERVICERBL L . Rt & O BIRME
IZDOWNWTHELE LT,
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VY = — LA NVEAMRBEERFECKRDOZHRIME & BRI
OJNEF&EE 7 12 fhlH4E "2, SHp "2 (B - JemAEait, 2BX - BUR A
T 4T o)

FAe S~V HOBBEOSEIT, EIOBEFICESWTEY . nFRFe WA
LBBETH D, WAIIINETIS, RIREBBICESHTOHENEAA VEEED R
EEBESH Chlorococcum oleofaciens (Fk#EMf, A4 v 7~U U H) L2 DHRL & Ii7z 6 F,
EBICE ORI FE S 18 BRICOW T, 18S /RNA s 1-RHMHT, ITSI LW
ITS2 rRNA O " RAEIE S, JEF BB S W TR 2 IR L 72 (2013 ERE),
REt LTZR DR T, 2 v = —TERE ST of. Chlorococcum sp. DIRIS A A IV PE ARG e
HORFLHFEDO FREMEN B o 7o 72, ARHFFETIL 18S rRNA BE& T O FIE L & HEE]
LBalToTc, AREIL 18S rRNA BAZFRHMHTIZI VT C. oleofaciens Z&Te 15 BRE H
RMEEE TR L, 1 C% Macrochloris radiosa O IERRE & FFIZTZR CThH o7z, Fiz, AL
7o IR 2SERTE © L MR O T £ > T B O A FF> 2 & 026 C. oleofaciens & %
DT & KB S 4V, Macrochloris JBIZRIE S iz, £o, AREILEICR MY A X3/
SWZ ED | M. radiosa % &1 Macrochloris J&DMOFE & X B S 7z, AFEIZ R EG R
MRV ZH T2 2 EDNRETH 208, MR R 2D 2 L&A BTV D o RE)
PEAA e F~U U HE KL THAREERIMTE Y A XOME LW HIIaEE 7 & o TERERY Fr
BB S, FfETHD Z ENRBINT,
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B ERBREMICB T IEEEEREEOMEEHE
Estimation of the skin microbiota function in different human
body surfaces

EISEEE L2, HSRER S, &M L2, & 2
1 BEK - Soumtft

2 BEK - BRI

3 WAER - WIERPER

t NORBITIEZHEOMENER L TWD. ZID BE LR OMAITEHAL Z &I K&
KERBRDLZEVPHRESNTVDN, ENENDOEMTED XS 2z A L T2 03
BT o TR, & TR TIL, S OMEBEEN T 286 THELHEE L.
ZORER, WTNOERKHMICENTHREMIITHEEU L BB THEEZA LWL Z &
DRBEINT. —FH T OB FHETCIEIHM I L ICARREVAAZIT LN, K
AFFE R R EAL e FE 1Y 72 B2 R AB O TR BB BT 38 1 2 A I 72 0 AT D 72 23 2 ATREME S & 2
EEBEZLND.
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keyword: 5Nl A 5% . BNAGEHIE . BOKE

HE - BHI] T BNHEEORRC, BAMEE AT S E L E EICIEA
Wi O EE 525 2 LR LN TET, FRICECKERIOIEIIE % 7 B AT 2 E N
[ZHfE T2 Z LT, ToNnNT U ARGNMEENF TSN, ZOREL LTRIEN AT
A, 2 BIBEIRIFZIZCDETHAZRY v 7 Ra—LREOY A7 REmELHZ L
WHEINTWD, LL, ZheoWEIZBIT D~ U AERIZEBWNTIE, B2
30~60%DEMENEMER S THY . B FREIRTL28FL L UIIBLENTHD, £ 2
TARMETIL, BREMNZRERER~ U AN 2 5 8% fifh L,

[5Z8R] 7 A U B NOBFROREML A LAGN 72 15% 08k, & L < INE5

5%D = ha—/L &% C5TBL/6] ~ U AT h L, #RIFAYIZ(8, 12, 24, 36, 52 1 fiin) (4~ E
ERBIORMERREIT -T2, #EEY TN — 7 = o —% W7 PN
DOMEFEAFENT I LY, ¥ v © 7V —EBRIKEN R AT E 553 B 25 & (CE-TOF/MS) F v 72
5 PSR ) B O M R RRAT 21T > T2,
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endotoxin tolerance
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Genome-wide identification of A-to-I editing in human miRNA by ADAR

isoform-specific RIP-sequencing
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&% — U — R: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
ADARI1-p150,-p110, and ADAR?2 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
ADARI1-p110 and ADARZ2, 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 ADAR?2. In addition, we provide insight that ADAR

binding to miRNAs may result in regulation of miRNA processing.
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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 3(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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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 (Iy,) increased before the disappearance of the
funny current (/;) followed by a 10-fold increase in inward rectifier K™ current (/x;)_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 I¢
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.

331



