TDIH

Decoding of Biomolecules’ Chiral Information
& Its Applications
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Molecular chirality is a fundamental property which governs various biological phenomena, and is the source of secondary and
higher-order structures of biomacromolecules. Our approach for understanding biological systems is based on a detailed
understanding of molecular chiral properties.

We have applied chiroptical spectroscopies such as vibrational circular dichroism to investigate the chiral structures of various

biomolecules, sometimes at an atomic level.

BB =HLNADS—DRIE

Development of Lipid Chemical Biology
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Development of Chemical Biology by VCD Method
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Our first goal is to understand and regulate the higher-order structures of biomolecules, and Sphingomyelin synthase 2 (SMS2) is related to metabolic syndrome, Alzheimer disease well-
to correlate such structures and their biological functions, by using spectroscopy, organic known as “Unmet Medical Needs”. We have developed new ceramide-type inhibitors and their
chemistry and biochemistry. As we established the VCD exciton chirality method, which can determine mimetics against SMS2 to treat metabolic syndrome and Alzheimer disease. We are
the stereostructure of molecules without theoretical calculation, we have applied this method to also developing new ceramide library orientated toward diversity of them. Furthermore we are
various molecules including small- to medium-sized natural products and biomacromolecules. creating chemical probes (Photoaffinity probe, PET probe and Fluorous probe) to elucidate their

molecular mechanisms.
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tact Us kmonde@sci.hokudai.ac.i Frontier Research Center for Advanced Material and Life Science 4F
Con @ ip http:/altair.sci.hokudal.ac.jplinfchb/
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Elucidating of Cellular Functions through
Dynamic Property of Biomolecules
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Several biological systems such as newly synthesized protein folding and post translational degradation, genetic network
and cell differentiation, work properly in living cell. To elucidate the property and development of cellular system, imaging
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methods based on fluorescence correlation spectroscopy (FCS) and advanced imaging methods are constructing.
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Investigation of dysregulation mechanism of proteostasis by
misfolded protein aggregation

HREADS >\ OBHINS IR BEH
fRDIEE M ZHEFF U TVDIRER [52)C
DBEERE] SIREND. BN
BOERCKDY ) UEEHEMENR
A9 B ERERITREBIR EDRTES| EHE
TFTEMNBNTND. )\ EDER
EHNY N\ OBEEREEHHAECT D
HHEZBASMNCIT DT LT, MEELERER
DIRAFRICINZ T, TOEEEIENEFE
BEETVEZVNEEZITNS.

%r%%ééﬁﬂ :
I1_1 %

YeSaLeN LN

A state in which intracellular proteins orchestrate and maintain cellular homeostasis in a balanced
manner is called "proteostasis". It is known that imbalance of proteostasis due to aging or protein
aggregates causes diseases such as neurodegenerative disorders. By investigating the mechanism
by which protein aggregates dysregulate proteostasis, we expect to develop into a therapeutic
strategy in addition to investigating the cause of neurodegenerative disorders.

Contact Us

fcs2007@sci.hokudai.ac.jp
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Unravel new cellular functions of bi |
new measurement methods
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We aim to clarify new bio-molecular functions from a new point of view, a spatiotemporal
distribution of biomolecules, by visualizing the bio-molecular active/passive transportation in cells.
We have been developing a multipoint fluorescence correlation spectroscopy (MP-FCS).
Furthermore, we are developing some new methods such as polarization-dependent FCS,
endoscopic FCS, and shot-noise free Number and Brightness analysis (sf N&B).
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Decoding the relation between structure and
function of bio-macromolecules
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By physical (crystallography, electron microscopy), physicochemical (calorimetry) or biochemical (Rl assay) methods
we investigate the relation between structure and function of bio-macromolecules which are important in our life. In
addition, study of various molecules including the disease-related protein, and the application to innovative drug

development, industry are also our research targets.
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Challenge to building a biosynthesis pathway of non-natural functional
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Structural basis for the tRNA-dependent cysteine biosynthesis (Proc. Natl.

Acad. Sdi. USA, 111, 2014; Nature Communications, 8, 1512, 2017) molecule
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We elucidate the biosynthesis pathway of natural
functional molecule (adrenaline) by structural and
biochemical analysis in order to understand the
reaction mechanisms. Based on the results, we arm
to develop a biosynthesis pathway for non-natural
functional molecule (phenylephrine) by genetic and
[2-2 FROSHIERICHITZ—DOBRDEE  protein engineering.
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We found a complex, transsulfursome that is formed by three proteins for synthesizing Cys-tRNACYs
in indirect pathway. We also revealed that dynamic structure of transsulfursome is requested for
tRNA transfer between two active sites 150 A apart.

BFEISSHE 3R
School of Science, Building No.5, 3F
http://altair.sci.hokudai.ac.jp/g6/

Contact Us yao@castor.sci.hokudai.ac.jp
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Pathophysiological Analysis of Neurological
Disorders Using Model Mice
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Modulation of Autophagy System in Triplet Repeat Disease
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Abnormal proteins in the cell are degraded by proteasome system or autophagy system, and thereby
cells maintain quality control. However, in neurodegenerative diseases autophagy system are
reported to be deteriorated. We investigate pathophysiological abnormality in model mice of triplet
repeat diseases, like Huntington’s disease and spinocerebellar ataxia, and hope to find a clue to treat
these incurable diseases.
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In neurodegenerative diseases such as Alzheimer’s disease and Parkinson's disease, abnormal proteins accumulate in the
cell and that cause cellular dysfunction and neuronal death. We analyze pathophysiology of model mice for triplet repeat
diseases, a group of neurodegenerative diseases caused by an expansion of trinucleotide repeat in the responsible gene, and

thereby we look for a clue for new treatment for these diseases
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Creation of novel model mice using the genome editing

technology
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Recent genome editing technology, especially CRISPR/Cas9, allowed us to generate genetically
modified animals much easier than ever. We can make mice having defined point mutation in a
desired locus without any other modifications in the genome, thus representing the true point-
mutation disease models.
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Understanding cell division, one of the most
fundamental biological phenomena
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“E? fkawx 7Y~ | 5 Precisely controlled cell division is an essential process of heredity, development and homeostasis. However, it is not known how

Research ares il B2 UT h=LN a cell equally distributes its contents, or generates force to divide itself. Using cutting-edge microscopes and cellular biological

SEVERARCRATIENRAROREN L T ONE techniques, we are trying to elucidate structure and function of cellular machineries that govern elaborate regulation of cell division.
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Research Theme1 Understanding the cell division mechanism Research Theme2 Understanding the effects of cell division
failure

TEREZHRR S 2D HIAEN C (LBEIBIRDIBVLF SIEHERSE (C K DREAEING. MRS

[MIM::iiféaéfziﬁll THd [REHK] . READEZED [HHiE ZALDZMEICIRD N, ZOTOTRIIHSH
K1 HllRZEZ29D [INER] 72 EDHRR TR, K4 (E EREMCES T, Hife
EBEOBEICEELEBEINMVEELRD, U LANILTFAIARSBOREMEHEREER

m DU, EMEEARDRE L TITHON 3 DR B 0= (21 s =Pt )] @ DEITICEEREEZREFTE. E5ITE
HIHOLBFVELICHSH TR F2 e BEFLANILTE FEOBEGFRORIRE®

EDELIBBOTRASIE tV)&ﬁIJEEhD‘
Focosnm Susnson: BEGETIRE MRAA—DY. EEE B

emsmapsiose  BEFUSIREDTEESANICIMO AN
ARUCEETANNL  fpO—F(CEo T, MIRSRODRZERIH
WOHEHEIRT B EEEIEL TS,

HRREFADHESHE(IT B LZRHLT
Wd, CNSORKERAITZET, R
AENDERNZ EZ DT LNV TERET S
EEBIC BREUIMROZZKEYS D

g RBORE
o % 8 8 8 8

T0 W0 60 80 1000 1200 140

f—— LWL iifeSIflEDORFEZBIE L TS,
Precise control of cell division is achieved through the dynamic interplay among key organelles such Cell division failure causes a whole-genome duplication, which drives malignant alterations through
as the chromosomes, the mitotic spindle, the contractile ring and the plasma membrane. However, the yet-to-be-defined mechanisms. We have found that the doubling of genome copies compromises the
molecular nature of the inter-organelle communications remains largely elusive. We are taking a proper control of key cellular processes such as cell cycle and organelle homeostasis. We have also
multidisciplinary approach combining gene manipulation, high resolution cell imaging, biochemistry, found ploidy-driven changes in expression patterns and functions of specific genes. Currently we are
and mathematical modeling to address these issues. trying to elucidate how ploidy conversions cause such dramatic changes in cell physiology. We are

also seeking for novel molecular tools that specifically attack the cells with abnormal ploidy states.
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SHRRYFEAN i @ ? Faculty of advanced life science lunched two open advanced research facility innovative programs, “Soft Matter Open Unit”
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and “Hokkaido University Advanced NMR facility” as projects of the MEXT. Through these two projects, we support

development of human resources and cutting-edge research through industry-academia cooperation
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Research Theme1 Soft Matter Open Unit, SMOU Research Theme2 Hokkaido University Advance NMR facility and

NMR Platform
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SMOU is one of the unit supervised by Global Facility Center (GFC), creative research institution, The Hokkaido University advanced NMR facility opens NMR equipment to companies and
Hokkaido University. The purpose is to promote intensive reform of the sharing equipment for soft research institutes outside of the university from FY 2013. From fiscal 2016, we have participated
material research by promoting registration in the "open facility system". We will aim for improvement in "NMR platform" to promote sharing of NMR equipment. We are working in collaboration with
of educational environment, technical guidance of shared equipment and utilization for practical RIKEN, Yokohama City University, Osaka University Protein Research Institute. In particular, we

equipment training. are responsible for human resource development in the field of NMR technology.
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Mathematical modeling and quantitative data
analysis with their applications in life science
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Mathematics
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We investigate a given microbial community by integrating omics data on the basis of community ecology theories and

methodologies. Mathematical modeling and data analysis are employed to extract the essence of community assembly rules

f from existing microbial ecosystem to construct a novel artificial microbial community. Other related topics include omics data

analysis in precision medicine or development of novel mathematical tools for data analysis in life sciences.
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Mathematical modeling of microbial community dynamics:
understanding community assembly rules in microbial societies
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A microbial community changes dynamically as a result of complex interactions among ingredients
such as bacteria and virus. Mathematical modeling is useful to constitutively understand dynamical
process of a microbial community in terms of microscopic community assembly rules. The purpose
of this subtopic is to understand the role of core interactions on dysbiosis, compositional change of
a community during disease progression toward reducing species diversity.

Contact Us snakaoka@sci.hokudai.ac.jp
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Quantitative data analysis of microbial community dynamics:

mining community assembly rules in microbial societies
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Data analysis is indispensable to identify ingredients that drive dynamic change of a microbial
community. The purpose of this subtopic is to apply various methodologies in data science for
extracting critical microscopic factors and community assembly rules that constitute a microbial
community. Processing environmental metagenomics data is a primary step to highlight core
interactions mediating disease progression associated with dysbiosis.

P2 S8 7
7th floor, Science Building No 2

http://altair.sci.hokudai.ac.jp/infmcb/
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