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Biology root

‘ HT at the genome-scale
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sequencing (1980s)

biology became

Molecular biology
grows rapidly
(1960s & T0s)

Feed back regulation in
metabolism (1957)
Lac operon (1961)

Analog simulation
(carly 1960s)

data rich

Genome-scale
analysis;
biomtormatics

Svstems biology requirements ,,:p
Genome-scale 9,
Broad fundamentals -
Teamwork: multisite infrastructure
New curricula
Avoid incremental thinking

grows (1990s)

Systems biology
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Large-scale Data poor in silico

Genome=scale
models and
analvsis (late 1990s)

simulators of biclogy, models of
metabolic networks 1 viruses, red blood cell
(1970s) (1980s & earlv 1990s)

Systems root
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1) H¥E: BRAEES (Heuristics)

2) AL, R /Rual KA (Hidden Markov Model)
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Modeling for Direct and indirect regulation

Eaj ' il
external influences
(drug interactions, metabolite feedback] _ 1

cell membrane
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DNA

Transcription factors (TFs) are proteins that dynamically read and
Interpret the static genetic instructions in the DNA



Cytokines
e.g., EPC)
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Extracellular
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e.g. IGF1) (e.g. interleukins,  (e.g. TGFa, EGF) Matrix

CellularDynamics !

_m—.

RTK ' RTK _ cdo42"‘// Wt
* Fyn/Shc /
Grb2£SOf/ l "
P|3K 4— G Protem » Ras = FAK Dishevelled <+— E |
Src &
R f i
A""“ Né-xB A MEK APC / o9
—{—e JAKS g / \
STAT3,5 Y |
/ A, ,
Bel-xL < T
: e
Cytochrome C Gli <— ‘
.
Caspase 9 \
-
FADD Bal2 —

\ t p53 iroray Smads
Bad\., Mt<— Bax

Abnormality -

FaR  gensor —*Bim

Death factors
(e.g. FasL, Tnf)



RGAT NI T iE— 1R

« —H T RAGMEEHN, HiaB T E R ETPERGH &
(TR Lo BOIUAR ST TG NIASSE - U AT 0T 2% Rl 33t

Jar:
~J o0

1. System Structures

- Network structure identification (Gene, Biochemical &
Metabolic),

Stochastic process
- Parameter identification
2. System Dynamics(dynamic behaviour)
- How a system behaves over time under various conditions
Robustness, bifurcation analysis, phase portrait (&)




W

o TR ST 2R E
« M SHLTE RS

o ZHAIRA:
« XU X (bifurcation)fl £ 4t 77 Bt #x A4
o AR LT R T X ARAR
o FE IR B A

Systems Biology Workbench (SBW).


http://sbml.org/
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Genome/Proteome
Database

System Structure
Database

Simulator Farameter Optimization
Module

Experimental Data System An 11'2*'-“'-“ Module Visualization Module

Interface iBifurcation analysis.
Flux Balance Analysis. ete.)

Experimental Data
Databasc

Mcasurement System Profile Hypothescs Generation
Systems Databasc Experiment Planning

Module

(A) Relationship among Software Tools
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http://www.sbi.jp/Publication.htm
http://systemsbiology.ucsd.edu/Publications

http://www.systemsbiology.org/Resources_and_Developmen
t/Current_Publications

B SYSTEMS
sEll BIOLOGY

Bernhard €3, Palsson



http://www.sbi.jp/Publication.htm
http://systemsbiology.ucsd.edu/Publications
http://www.systemsbiology.org/Resources_and_Development/Current_Publications

A comprehensive map of the toll-like receptor signaling
network (2006, nature)
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A robustness-based approach to systems-oriented
drug design (2007, Nature)

# ol A E: 133

The Systems Biology Graphical Notation
(2009,nature)

#e5 FHIREL: 62

The model organism as a system: integrating
‘omics’ data sets (2006, Nature)
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Institute for Systems Biology: SBI
« Applied BioDynamics Laboratory: Boston University

 Institute for Research in Immunology and Cancer (IRIC): Université de
Montréal

« Systems Biology research group: Palsson

« Systems Biology - BioChemWeb.org

« Systems Biology Portal - administered by the Systems Biology Institute
« Semantic Systems Biology

« SystemsX.ch - The Swiss Initiative in Systems Biology

« Systems Biology at the Pacific Northwest National Laboratory

« Institute of Bioinformatics and Systems Biology, National Chiao Tung
University, Taiwan



http://www.systemsbiology.org/
http://www.bu.edu/abl/
http://www.iric.ca/
http://systemsbiology.ucsd.edu/
http://www.biochemweb.org/systems.shtml
http://www.systems-biology.org/
http://www.semantic-systems-biology.org/
http://www.systemsx.ch/
http://www.sysbio.org/
http://bioinfo.nctu.edu.tw/
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JbEF %281 (Hiroaki Kitano )
iH7% (Leroy Hood)
HE (A, G. Gilman)
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« CellDesigner (44L& Bk 4)

« Large-scale mapping of molecular interactions (KEGGHIECO-
CYC)
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» Signal transduction
» Cell cycle ? |
» Whole yeast modeling
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Saccharomyces Gene Regulatory Network
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6.1 Systems Drug and Therapy Design

Multi-component drugs

The project involves developmental of computational and
theoretical framework, development of a novel yeast-based
screening system and its bridge to a screening system using
human cells, and computational analysis of screening data
from human cancer cell panels.

Anti-cancer drugs

SBI and its collaborators are
Investigating possible novel
approach for breast cancer.




6.2 Systems biologists hatch plan for
virtual human

Researchers agreed to try to create such a model within the
next 30 years at a three-day workshop in Tokyo earlier this
month.

Kitano hopes that the ambitious goal will help win support from Japanese
and UK funding bodies for research into systems biology.
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