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AT HY AT AFFLIR T 5 2 ERTE R, LN HIEBEGER Z95R LT, & bIChkiE
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77—V DGPCRY 7 FIWAGIERICEB W TIE, cAMPE ANV T AR aT L7200 AT
FMAE AN D7 FAZ =L (B), 42 BNHEMAITT 200, FEayRER 0T
IR BRFHEOIEMEICRD Y (C), ZRRE A DU T AL —IRHEH 2 B AR HE DTG VER]
WraBZeHs (D) W) ZENMERINTZ, Tl E > T, BowTietiEry b7 —27 0
HIREIZ 3T DRI — D DE XM ANWTERTZ LB Z TS, ZORFEIZ, fste LTis
# T € T 5 (G-Protein Coupled Receptor Signaling Architecture of Mammalian
Immune Cells, Polouliakh, Nock, Nielsen, and Kitano, PLoS One, 4(1), e4189, 2009),

Input Layer Receptors Ligands
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L b i -5/
- /- .
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Output Layer Trascription Factors Genes
(A) 6:3:6 three layer feed forward neural network (B} A signaling network constitute of cAMP and Calcium as core nodes

3 : (A) BowTietiiExry hU—7



10
= B-Cell
9 20
& A
7
VESNO: IMA, OGS, DIM, PGE2. TER, TNFa (6)
& NOYYES: ARG, MIP3a, SIP(3)
g VESVES: BLE, ELC, LPA, SDFL, SLC(8)
= 3 NOND: BAFF, BOM, CIM40, Cpli, IMLP GHR INGS, INFg, IL10,
o LS, NPY, NGF, PAF, TGFb, 1GF-1, 1L4, LTI, NEB{15)
4
3
2 T LEA
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1
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cAMP "
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X3 : @B VAR TTAH (C) \WERNFHEY TR 7 TR
258
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*
L 0 . S O | B |
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[AP]_B1, GATA| 03, GATAZ 03, A FGR3_OI, NFKR_C, FTS, 0‘ VOR_Qd, e
PUI 04, LSF 02 TALIALPHABST 01, AFI_ u. ez ol ETS1_B]
" TALIBETAEA?_G1]
158m
o 214 THIES - Inwmune System speedic
E . s [API_C,USF 01
mane Sytem pes cifi:
5 . 416 TFRS - | 2

o
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CEDPD_02, CEIR_QJ]

TFBS matrices  #YNUP [84 gemes] ®YNDOWN' [220genes] & YYUP' [224 genes] @ Y'Y DOWN [ 160 gones|

3 : (D) %7 7 AZ—=ZxIET 5 Fitisis 7R

ONRRZRRRA « o bLb— FF7ICESL EREMR

28 R R AR IR, FEBI OIS S, L0 EEWOELE & BRI 35 S H S B,
L WVOERITIT RO R AR M X ADH] NEAHINSOH D, ZORKIFME D
HLOTHY ., ZOMHGRAEMRIL, LWV O EWEA HOST Db D r R b A O %
NAT v L, MAOBNRZA MR AEZRZTIEICHD ENNT. ZAUTHIGT D kI
Ham L7-., Z#uZ. Kitano, H., Cancer Robustness, Nature, Nov. 2003 <> Kitano, H.,
Cancer as a robust system: implications for anticancer therapy, Nature Reviews Cancer,
March 2004 (ZBWTHE INT-, F7-. Metabolic syndrome (BERIF/2E) DT AT A
NAFArT—IZE LT, TOBEMRFELE S TRy NV —7 OF#ZR A K « VAT
LADEZFTHERTDLDEVWHINRLZED TWD, ZOHAE, EBILAICHEIC LT AT A
DIEFRIGE L LT, »DHERE FTIE, %Wfﬁk@ﬁhhfé EM. BT AP BH
el 7roTe, Flo, ENEAMHRIC, BERAVRIBR G O 217> T 5, OGS L FH
CEoZ, B/RA R R A LW AN Metabolic Syndrome D AT L3 A 41 o—%
R LT-, ZOMNT RO RIL, Kitano, et al., Metabolic Syndrome and Robustness
Tradeoffs, Diabetes, Dec. 2004 [ZH5# S 17z, & HICH CREREER L ONIRE & FIEM
DIAERRICED D5 r N2 b R L gt O B R & BB, 2 411X, Molecular
Systems Biology st (Z#5# & #1172 (Kitano, H. and Oda, K., Robustness trade-offs and
host—microbial symbiosis in the immune system, Molecular Systems Biology, Jan 2006)
itk . ? iU\—F@JE 0, BERIT, Bx ORFARSLFAERICKT D3 h X AL ESE
THTOIHELIICIEG LT A D= AL THDLN, BIRHENOH 570 T e Ek LT
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7oz, RERMEFHMELZIWA TS, ZHE, BEAECH CRERBE~NEORND, Z
OBZRIT, BEICIRE LT, EMFEHa A2 b2 AOHRIZERT I/ mTchd, ZnbHD
MBI, BRSOV LEERT DD THIN, TNOHRTIX, BRKER, Amy AT
LPERCAIER, VR~ E RN DIZ W, T, — T, BTENEbLEED S LFH
RRlZ, BRI ZRAIEEA~OBEE 0@ & ERIMRGEZIT Y 2 & & LTz,

FEry e Rk

EWFRIR N A MR AHROEBRITRE L ooH A0, SR esmibT o701, &
DEHNEAEZBSREND D, ZDT2D, 2007 FEIITEOBH B R LT, =
DM ORI, Towards a theory of biological robustness, Molecular Systems Biology,
Sept. 2007 & L THEES, FFED 10 HOR L L AUy rn—Fanmleiooic, T
ZTIE, mAR PR ZAOHEHERL, P — AT E2RBT LA L, —EHoEXbLE
fToTWb, &2, BIfE, ZoEXbE, A— b7+ VA8, F—28mEfe s
LW EAT> TV D,

RIZE~DE

BIBE~DEH & O IETIR, b ORI ERZAIBKICREN L BRI E R 21TV,
Nature Reviews Drug Discovery (2% 3 L 7= (Kitano, H., A robustness-based approach to
systems-oriented drug design, Nature Reviews Drug Discovery, March 2007), % D& ¥
LT D@D, 7 LRI E L CHTENERBIFIN TV DR, ¥—7 y MZEFRE
F7p2 DT DR G 6 UAMIAIMEDR MR S Ty, Zhuidk, fMlao b om N
ARNRFARZ LS TEOPEDFTHHEINTND Z ENRRERER, FERFZ, BNRA R R A
DRL—RAT7E L TOMBHREBFIEL, BRI OMSITHEL 52 5L, REZAIEH
ELTCHENEE D, Fric R S RIEDORIICB WL, AVOERNFHETH L5 =
NAPMRRAEZD ML — RAT7ZBFT 252 ERFEFICEETH D, ZNLDEmNHD
fftlx, Z2< ORTEFHIHEERT H2BLHEAEDORIFE TH Y | HROBELFEZ BN
FICHRER LI L D 2 Ice 2 TH A9, ZNHOEDOZRF X, W O OBFARIE L
LTERTEDLHNHY, T % Spread Spectrum control problem & Long-tail
control problem & L C/iEF L7=, Ziix. Nature Reviews Drug Discovery il 3R I
CERSCICRLIE STV D, T ORSEA T, Wi, EEEIZ, BIEEZIT I BERICAL DT TH
L3, TTCIC, BEESHN ZoMEOIHIZHKAZ R L TR, 4%, AIFEEY & ot
[FWFZE & L CHIERRE 2D TS ER AL < o T D L Bbh s, 72, Zof&ET
DAV == 7279 FiEL LT gTOW ELZBFE, SHIZZENE T ) AU A NITHRET
HZ LT, BRRA MRRAZHESAIEROEEEFEEZTT - T2,

FEIAEWFHIRANA R ZADRIFEA~DOISHIZET 52EBEZO—20/ R E LT, 7T —
W RIy T A =T 77— EWIHIMEPEFENOLERY, ZHAERB L, 2560
BEE, SBDOBIEONT XA LERELLEZDLDTHDHEELZTND, ZOHEMIZE
L CiZ. Kitano, Nature Reviews Drug Discovery, March 2007 <° [ L7=7=772 6] &5
WX, A%BRINLI —#HOGwmX, FEESZRIw,

H iR AR

T, REBREMNREIERITL, o2 MR AZET 2L LT, B OkELE
(Self-Extending Symbiosis) D4 % 218 L | Biological Theory FEIZ#5# < 1172 7° (Kitano,
H. and Oda, K., Self-Extending Symbiosis: A Mechanism for Increasing Robustness
Through Evolution, Biological Theory, 2006) . = ®Pia2 K 0 — 2283 2 f
RxATIRoTe, ZOBEE, VT HERORREY <R T 5 2 EnfERMEh, KE
UC Merced, #*F =z UMAC & Z OGm % EiET 272D OILFEFFE~ & FRE L TV D,
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B« 3B~ DIGH

o A
Flo, TNOHDO—HDOEZEZ PN LIRS IML LD T LTk : a{:ﬂ 3:*
Aedn) LFERDUMMRT 2 LIRS, —EO#E % FNA T2 O - H
AR D R B T, 7y

Bz, ARSITEE S AT LAE LY, Gy 2T ADOREM L T i SR
PEICRI L TN L. AT 5 - LA RIS ND R L OIERD # Ry SRR
TnB,

EHRA OS5k

SRATLNAF OO —ERERE

VT N =T OEBEMHICE L L, VAT AL AR Y —DdD Y T by =T O
4L L L, Systems Biology Mark-up Language (SBML)<°> Systems Biology Workbench
(SBW)72 EDB%E, kAL T D, ZOfER, SBML X2 OO FE EomEdE L
o TWb, £, M AEEAZHTHICERT 2B OER % Systems Biology
Graphical Notation (SBGN) & L CRA% - #E L7=, SBGN (X, EEEA2T— L&Ak L
THAROBFTZ1TV, 2008 4= 8 A2, Level-1 OEFFEAEMEREL Y U —A LTz,

S 52, CellDesigner W9 X v NU—7 ERY —/LVE2HE, £ 2 Tlk, B THEAEEH
RIS BHENERREDFT AT 7T LEfHf— I N5k TRtk ©x %, CellDesigner
I Iab—vay, DB7 7 BAMEDR(LEZITW, BIfE, 3 XU ryr—Rb0 | HH
BRO2—FDFET D, Foxld, ZORELEHEEREIZ L, CellDesigner & v A7 AN
AFa =W TOEREY 7 N7 352 xHBLTWS, £, SBGN O&EHD
TEFITHEHL L 72 CellDesigner 4.0 OBRFEMNEF IS, 2008 428 AIC U U —A L7z,
ERATO dtHHEA T AT AT Ty =7 b TIE - #i# 1L 7= SBML

e .
(http://sbml.org) MFA% %t SORST Tk L7-. SBML (3. HLELp

T, B+ OB O SINT D KB 782 > ) — 7 A~ b3
BLTWD, K7my=r MERBBFIC, YIOMAEOSER - BRERRTH D Level 2 &
VDU —=2F2%LLbiz, KR Level 3 OHARBFE 21T - 72,
2005 4E 5 H 5 H &5 ®Nature T, Nature Publishing GrouplZSBMLO i f % i < HELE S5
&) Editorial (M 4) 2SI, H A S HITE L7,

SBML (Systems Biology Markup Language)
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natre

5 May 2005 Volume 435 Issue no 7038

In pursuit of systems

The study of functioning groups of molecules is an important frontier of biology at reductionist and holistic levels. Central
to the long-term goals of scientific research, it brings its own challenges of infrastructure and evaluation.

hat is the difference between a live cat and a dead one? One
Wsctemiﬂc answer is ‘systems biology’ A dead catis a collec-

tion of its component parts. A live cat is the emergent
behaviour of the system incorporating those parts, There is certainly
a vast distance to go before we can fully encompass such a system
within scientific description. So how is systems biology already
moving us towards the fullest possible description of a live cat?

By focusing on the behaviour of individual proteins and other
biomolecules, much of what gives life its unique properties can be
missed. Toa systems biologist, the network of interactions formed by
these components is more important than the molecules themselves.
Properties such as robustness and evolvability, essential characteri;

definition data sets to the construction of quantitative model.
computer simulations. Indeed, it is an explicit aim of both the K}
Encyclopedia of Genes and Genomes and the Alliance for Cell
Signaling to construct a fully functioning computer model of a cell.

The present state of experimental systems biology is both tantaliz-
ing and frustrating. To provide the level of detail required for us to
know what is going on in a cell, microarray technologies will need to
be faster and require smaller samples; ways to label and follow more
biological molecules within a cell must be discovered; new spectro-
scopic tools to non-invasively measure multiple metabolite levels will
need to be developed, and so on. Nasure is committed to publishing
studies that push back the technological frontier of what it is possible
to know aboutimportant biological systems.

But technical wizardry and large data sets are only part of the
systems-biology approach — a system is not fully understood until
aquantitative model can be built. The role of modelling in bielogical
research is controversial and can spark heated debates. What is clear,

though, is that the wealth of experimental data emerging from sys-
tems biology would be uninterpretable without detailed models
againstwhich they can be compared. Advances in modelling and sim-
ulation are thus noless important thandata collection.

Every discipline generates community infrastructures, and systems
biology is no exception. In the past five years, systems-biology insti-
tutes, departments and initiatives have been springing up across the
globe. New journals have been launched, including The Institution of
Electrical Engineers’ Systems Biologyand Nature Publishing Group’s
Moleg -pav: —only
nal, is a joint venture with the European Molecular Biolo;
Organization and went live last month.

The exchange of models between researchers is imperative, so
a welcome development last month was the launch of BioModels
{www.ebi.ac.uk/biomodels), a curated database for the deposition of
biological models. BioModels has built on the success of Systems
Biology Markup Language (SBEML) in providing a format for the
presentation of models, allowing them to be implemented on different
software platforms. Nasire journals and Molecular Systems Biology
support submissions involving SBML.

js hoped that BioModels will form the basis of a univej
accepted repository that can do for systems biology what GenBank
and the Protein Data Bank have done for geneticsand structural biol-
ogy. Nature applauds such efforts and will encourage authors of
paperscontaining suitable models to contribute them to BioModels.

Systems biology presents an intellectual challenge to scientists
and journal editors alike. Papers in this field document a highly multi-
disciplinary endeavour. Reviewers of such papers are very good at
dissecting the aspects that fall within their sphere of expertise, but are
less insightful beyond. So it falls to editors to weigh their frequently
conflicting opinions in taking balanced and clear-sighted decisions.
As a multidisciplinary journal, Nature welcomes the particular
challenges that systems biology presents. ]

SBGN (Systems Biology Graphical Notation)

oM EER 2 BRI KRBT D EROIEE
% Systems
(SBGN) (http:/sbgn.org) & L TR - H#EiE L
7zo SBMLAN A Y B2 —XuE7 +—~ v hORELHENL L7-DIZK L, SBGNTIE,

Biology Graphical

Notation

4 : Nature 200545 H 55X Y SBML (ZE &7 % Editorial

#GNe

ul

O LI NN CREEINS 7+ —~ v NOEELZHIEL WS, DFD,
BT LB 2 RIEXOEBEREL . AMFONE TIEA 9 &5 A Th 5 (Kitano,
H. et al., Nature Biotechnology, August 2005, Le Neuvere, et al, Nature Biotechnology,,
August, 2009),

SBGN %, EERRY e F — & & ik U THEER O REET 217V, Process Diagram, Entity
Relationship, Activity Flow O 3FiEDRAZRET 22 L 2 B L TUEEIZ DTV D,
2008 4~ 8 A2, ZH—i & L T, Process Diagram Level-1 O [E UL E L2 U U — R L
7= (5, M6, X7, X¥8)

MEK

ERK

Process Diagram Entity Relationship Activity Flow
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SYSTEMS BIOLOGY GRAPHICAL NOTATION REFERENCE CARD

SBGN Process Diagram Level 1 Citik L7z MAPK 7 A5 — K
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8 : CellDesigner 4.0 ®OFLiL

BRELELEHROER

SBML, SBGN Ok #H#lET 2720 DIFHRIEFIIEETCH L, K7 =7 FTiE,
sbml org, sbgn.org Y1 M ZEE, BIEX, TNENOaAI2=7 4 A= H% A M
ZHH L AEER DB, 2]“/74’/LTO)74?<7‘J /‘/3 VIRE[REE IR o TN D,

\BML org The Systems Biology Markup Language

X9 : SMBL L SBGN O =71 b
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CellDesigner M BH

VAT ANRAFTuT—IIBITLHY T Ny =T L LT LTS CellDesigner 13,
ERATO 7o =2 FOWRTHLY 7 MU =T OMAT L—LV—27 2 ML, =2—H
NEZFIZET RN, WEMTZDHY 7 b =T Thbd, £72. CellDesigner [FHE—D 7
TV r—varPRTa s MIEEELT EENRET LYE (SBGN) OBIR A K

NTEY, VAT I8 U—|28 T 2EELER (SBML, SBW)OREIZHEHERL T
W5,
[Fooee — —  — — — — — — i)
e

R F AT R E SR oL IR =5 | OTcmeme 0 SO ¢
R L T ehty oo aecey T T
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E&@WGOO@@ ﬂ!"
|DDS®EOD
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10 : CellDesigner <7 /LA§5E
CellDesigner O BHF&#EHk

CellDesigner [Ti#n 1« il - 7T nER Y NV =T BT WER=T 1 ¥ T%%iﬁ?ﬁ%
BUZE B2y N BT LVOEERAHEETHY ., SBW 24 LT, HHWILEFEELE
'V a— VEMOHLT, ¥YIa2b—var&m2FTTX5,

CellDesigner DPBHFEIT, 2002 FH L0 & LibE, —JEfFH e ORFEREICL D ED TS
72, 2005 & 1 HIZ SBW2.0 (Z%}/& L7= CellDesigner 2.1 # VU U —AZ_ 20054 5 HIZ
FTEFET — X=X LD, ETNVAA—TD SVG 2 E~OMHNITHIG LT
CellDesigner 2.2 # U U—X L7z, 2005 4 9 ALy I =2 b—3 =3 UH#EE (SBML ODE
Solver) #WNBIZ LA IA AT CellDesigner 2.5 2 U U — A 2005 £ 10 HiZiL SBGN
WIARIZ RS L7z CellDesigner 3.0 &V U —2A L7z, 200643 H, 7 AIZiX 3.0 D&
WN—2a o Thd 3.1, 32%FNENY U—XA, CellDesigner 3.1 [T KEHEET /L% 5
WEBED R T p—~ A0 KON BioModels.net & — Z X— 2 L OfEfE A AIRE L L.
CellDesigner 3.2 Tﬁi SBML #H 0% 5 7 A 77 U T % libSBML (ZkHis, {ERK L 72 %
v NU—27% PDF ([ZEZHED L HIT Lz, 2006 4F 12 HIZY U —Z L7z CellDesigner
3.5 ClZ autolayout (Zxfit~ L, AT LV LA T v MEHREE £/ SBML 7 7 A /L% B
WEGEAIZH, Ry N =7 ORRZIRICERTH Z LB AHE L 72572, CellDesigner
BEDAVTFUARAELTH) —FHT, AV — "= 37 v 7 L7725 CellDesigenr 4.0 @
BRFZHED . TV T 7R, N—F DT A F & T, 2008 4 8 H1Z CellDesigner 4.0 % V
J—A L7z, CellDesigner 4.0 TIZ/NA 7 = A OEHEN) 27T 7 4 HIIVFEHETH H SBGN
b, 22— —oA X —T = — ZADOHEAL R, plugin BIFEREEORRML FBhiio o 2
2b—va Y RO IIbSBML ~Oxts, Hiflv Iab—varaz P rThDd
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COPASI 74 7 7 VITHIS/e &, $u% < DR EAT 12,

2003 2004 2005 2006 2007 2008 >
03 Nov @Open CellDesigner.org
1.1 04 Sept Collaboration with ODE Solver, PANTHER

. 2.0 05 Jan

2.2
05 Sept
——h 2.5
05 Oct
b 3.0 (3.0.1)
06 Mar
3.1 06 Jul
b 3.2
06 Dec 07 Nov
b 3.5 (351) A352

Downloads: Over 30,000 in total
« CellDesigner 4.x : Over 7,500
» CellDesigner 3.x : Over 15,000

+ CellDesigner 2.x : Over 4,700 06 Oct
AdOQ 07 Dec
. ——— 4.0 08 Aug
Registered Users: Over 11,300 A4.0

(4.0.1)

11 : CellDesigner O BHZR%HE
K - T

CellDesigner @ ¥ 7w — Ff#EL 2008 4 11 HHIfE, 30,000 YL ETHD, £/, &
fe— 0L 11,300 4 L0 EH D | 2004 FFD 1,500 A SAER 2,500 AFREDR—AT
HILTWS, SFEEOX T a— M Bk —FEOBMIMNTEE & g L Tb EE
72O E R LTV D,

CellDesigner IZ, Y AT AL A0V —MMEDO=—X vy F LY 7 72T THY,
OO EEFRE R oT-, 2005 £ Nature Biotechnology (233 X #L7-if4 CTlx.
CellDesigner 78, VAT ANA A= Crb K< FEDONLTWAHEHY 7 b =7 T
HDHEVIFERPREI N, ZORETIZ, vl 7 I FSEONHEMEEE Y 7k
7 = 7 LA Cld, LibSBML & CellDesigner 75 1 if. & 2\ % /5 7=, LibSBML (%, SBML
T7ANERHBEZTDHIATT7ITHY, FTexr bEHRBICESG LTS,

CellDesigner #FfH3 52 & T, 2—HIEELHITET MEENS, v Ialb—ra VFT
FTITH>ZEMTED, o, HUET 7 4 L0 (SBML) =8 H. AN MATLAB 7
7ANSOEBEFEE 51T, BEENRET AGIECERT S LT, KET Y r—
va LR - BRI L T D, F7-. CellDesigner (%, JAVA ZHH L T,
Windows, MacOSX 72 ED~</NLF 7T v b7 4 — A% L2 Z L3, MRIAV 2 — G
flidh/zEbERTHA 5, Fxlx CellDesigner 2.1 VU —RAEEL D, web ¥ 1 k
http://celldesigner.org % ZABH, F7-. Bk —VEHIZK L, N—Ta o7 v I E#REZER
A—VEUMET D — 5. NTHESCHWE DRI LR IZx T 5 VR — MEH 2 & > T
Do

Z D X 95 72 CellDesigner & & OHEHEIL, BAKOT 7V r—va b OE Kk W E S
7. SBML, SBGN 22 DU AT AN F a0 —OEHEMER - 7T v 73— LD K%
LRECEFILTERLLEHALTND,
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CellDesigner Applet @ Bi%

F 72, CellDesigner AKR721F T, V=7 ETETINVKEER - fiETZ 5 Applet
BR% 1772, BifE. PANTHER Pathway database /37 7L v h&EA L., V=74
—EATHHAL TS,

CellDesigner Z{#>1=ET JLEAH

CellDesigner # AW/=ET LB E LT, W DO KRB 7 F N EER D MAP %
BR%E « ABHL7-, ERET VI TO LR,

EGFRY 7}V miER

Oda, K., Matsuoka, Y., Funahashi, A., Kitano, H., A comprehensive pathway map
of epidermal growth factor receptor signaling, Molecular Systems Biology, May
2005 (X 13(a))

TLRY 7 F W niESR

Oda, K. and Kitano, H., A comprehensive map of the toll-like receptor signaling
network, Molecular Systems Biology, Apr. 2006 (X 13(b))

P R 0D i e S 40

R—Hhfi~ v 7% 1CSB-2008 TABR  (1x]124)

EHIZINLORBE~ Yy T &Y L0, R T T VERET DMEEIT> TV D, KR,
FEIZEE 2 > VU mER, MIAEE, 7R b= AR SICB U CEFIRRTH E E
YER PN D92 ATV, T D 2 o7 i d, R4 L o REIFZE~ L R - T D,

18



13 : (a)Epidermal Growth Factor Re-ceptor Paithwéy M_ap L -
(b)A comprehensive map of Toll-like receptor signaling

EEREAEAR
Genetic Tug-of-War (gTOW);ZDEEF EZ DA

ATy xr bME, EBEHFZEOESICE L T, EWFEH O ARRA NRARNAAL VT —< &
o TWNWD, 2O, ZHEAHERICERT 27200 Cide <, ERMICHIE LERET 5
OB & F D% DA Fa D — ORI ICEEII R S,

HNA R R AL D AMBSRIIMO TILETH D0, A TIE, MIAN O/ EE
A%y NU—7 BT AV AT AOBNA NRAZRBT- DO R NEEL 725 AN
DG T DIBER EDEACFEH T A—Z DEFICHT D032 bR A ZBHTSHZ &
MHEFITHZIEE L, #fT L7 ERATO Yu v =7 MIBWT, EBEBEE b3 HHE
ETNEVIalb—varEHWEHERHNEZERZICLY . EEMRORIE OS2 R xR
A % fRAE L7= (Morohashi 2002), Z O#Fgti%, MlaElicB VT, Bia - RELEDLEH)
NEPATR L ZE RSN T ED XS ICERENT HIIONT, HEETLVTHENT L2
DTH D,

gTOW ZEONRRRR-TAOT7AILDBEIE

SORSTTiX, ZOMlIaT AT LD /NA N R AW EEMFER LA S50, 7
AT O B ERBRFZE Y b —F =7 NICAEMFERE AR L. Bz EZRTEO
BZICE T LTz, £OH T, 2004 - 4 A BET LIZSFRMEEDP MY AT LD T /SR
N R A % RO THIE T 2 EBRFIEORBERR T, ZOME, BEEMaOET VA
Y<h b HIFERERE VT, B el X35 (g@TOW) &) H LW EBR FIEO BRI
Lz, ZOFETIIELEFOa 4% RSS20 ERE|D Z & T, & OiEE
BT HMIIDO T N A N R AZMD Z ENAREICR2 D (X 14),
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« A genetic method to measure

Genetic Tug-Of-War (gTOW) upper limit gene dosage.

+ Unique experimental method for
in vivo robustness analysis

1. Clone a target gene into a plasmid for gTOW

Target Gene I T e

Plasmid for gTOW* |-

URA3-GFP

Growth rate
[ ]

2. Transform the plasmid into cell | ) 0
l Plasmid copy number

/“f 3. Transfer the transformants into leucine minus
media (Seiectlon for hlgh copy plasmid)

2 = ) 4. Measure

/ '\,)/ l,f o\ { HOY 7 O « growth rate

\HH/; \u/ \ /L e — |+ plasmid copy number
P (S 4 + GFP fluorescence

— Budding yeast cell cycle genes
(Moriya et al., 2006)

*Patent applied for yeast plasmids

14 : Genetic Tug-Of-War (gTOW)

THERWT, £97, HEFEEREO 30 f# ol e & # B SR 12DV BRBEEZITV., 2
NETIZHEDORW O e XA R AT a7 7 AV RERENOER 572 (%15 (),
ZZTCHBATAE AR, WEFRBE LROSATHY, o, ERIEFICI—F R - FRE
2—NEL  RCEIREREEZ R L T0D E SN TWERT BB, 7/NR l\*
a7y A VTEHmBmEIZ NS E NS ZEB AL, 728 21X, Clnl &Cln2 |
FEH IZSequence Homology23 =i < JLE & SN TE RN, BARXA XA - 71 774’/I/7b>%
I, MBI D ZENHHA L, S5, Z07a7rA0hn, MiEHs 27
LDOWEFIE NN FRREEDOYF TV AT LAEHEEL TWAHEE D)7 (K15 ().
Z OFERIX. Moriya, et al., PLoS genetics e111 (2006) 233 L7,

IHIZ, BARRRA &Hﬁi%b’w) ML, — O OBBEFRRET L2 TRIZENT S
ZEWHDHZELEFENTRLZ, K 15 (b) (b)fi I e 5] 44 B e 3 o@4x%®ﬁ% %%fﬁ o)
TAHHEREREO T XA R AD45A & B AR L Cdhl RIBEE TR L TWA D, F D40
—ITHIZ o TS, ZHE, MIEOBEHZERICE > T, /XA XA - 7°r:774
APRELENTDHEN) ZEEEZBICEHUTRLEDDTH S, 2F 0, FWlifu s B
AL ORI H 2 B2 IR CRICHESIEZ 5 BB TR FET D 2 &N
THEIN, TUDRENRE =T Nl 252 ERLTWD, bHAA, EMllaDE
RHY AR & e R AR TEMEN D K DE(RICEA L THBET 2 Z L RMETH LA, FER
72BN A R RA « hb— RATDZEX ZERIICFEIET HE S TH D,
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cLB6
Swie
vector
ESP1
cDC15
MIH1

Moriya et al., 2006

15 (a) : Revealing principles of cellular robustness

Wild type

15 (b) : Development of realistic cellular mathematical models

ST FIVIBERADIGA

EHI, AV =—T Y AxTTARYKRPFELO-FEHIEIZL Y, HOG pathway7z E D 7
TIURER L OHRER FICB L TOBERRR 2 B L. R & 722 58T D% &) 400 1A
ANEWERT L BT, FRERBIENFIREIZAR D K 9 2R ikt Lic, fERLToRRIZ DN T
T, AT =2 =T BV TCH Rt BERIT N ED T D, ZOMHTORER. Pbs2,
Ssk1,Ptc2 72 & DB T OMBFIFETN 6 L THIZFBERHINET TH D Z &3m0 0 £ Ok
BEICBY L CTHEMT &2 47 - 72 Marcus Krantz*12, Doryaneh Ahmadpourfl, Lars-Géran
Ottossontl, Jonas Warringerl, Christian Waltermann3, Bodil Nordlanderl, Anders
Blombergl, Stefan Hohmannl and Hioraki Kitano2, Robustness and fragility in the
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yeast High Osmolarity signal transduction pathway, Molecular Systems Biology, 3,
(281) 2009, (X 16) ZDOHIZEIX, ATV =—F > « HAMOEIERNIE T 77T 5L LT
IS NHEE ST,

© LEr
ALl [

/ey’ ¥~
/... g
¢ /a

00\ *o
L g =—®

I~

P O@@
Val'alVal/ay/al/a

16 : H2FE4 R HOG pathway DT

EREESEETIVEEADILA

EHIZ, BARRRRR T 7 7 A NVEROCTEIEET VOBENRFMELITA D 2 &0
otz (K17, K17 HICBWT, ALy PofEdit, /EkE TTROEEDEWHEE
B O R ET MK SO TTRIENZE XA NRRA - Tu T 7 AV THDH, ZOET
JVEEIE, 120 UL EOBEG T RERORBERZHRATEI28NIE2HFTI2ETALTHY . —
EOREEZATIHILOLEEZLNTEZ, LML, BXARRRA T 77 A L0bIE,
FERME & FHEEET L E ORI RERTEENLOND Z LN o7, SHITHEAT X
X, ZOTEEN ., HEET AL TOREN L ZZ L MZEYEFHIZZR >TSS Z &
Thod, 2FV., HHEEIIKH LT, FEEET LTI, MROBEBICEEN LN
HFEME L L2032 L0 ) PlllE LIEGAIL, REREISG T, EEOMBETIZZD LD
REENEERINAAVATREERH D LWV 2 LE2ER LTS, ZE. kB oET L
RO FIERICRKRERBEELBOLTRERTHDI EVWR D, Fxid, ZORBEOHRB %A
LA, HERDETAEEICHHT LT —% (FERIT —2°0/ v 7T 0 R bLDT —
A) AT HETNVEEET HERICLELITEZ BTV, SEMR SN, &
BEWREILOBRIZM OO Ny 77 —EZ R LTS ZEZRAH L, 20D, 2D
LI RMEIC DT ET NV EBELRVIRY | FHRET T VIEFICEE 2 THlZ325 v
I ETHD, ZORERIL, PLoS genetics elll (2006) (233 L7=,
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» Chen 2004 budding yeast cell cycle model

» Expresses fluctuations of 30 proteins with
ordinary differential equations (ODEs).

* gTOW expeniment (in vivo) # Model prediction (in silico)

* Reproduces 121/130 mutant phenotypes
(experimental results)

Moriya et al., 2006

17 : Development of realistic cellular mathematical models

NS 0BELZENE 2. gTOWIEDSH & L CHEMT T VoK ER b &+ EVEM
DOFEMZR RN FIEOBRFICE T Lz, HlxIX, WAWARBEEFREFKICK L TgTOWE
IS D EMABDEIENERETH Y, ZTORETOET LVORIENAFEE 12D,
Fo, ZODBLBTICH L TEAgTOWT 7 A I REEG L, WFZMAANTHEED
2T, ZOoDBBTFORBIAONT U ZAOEMMPRERRE L 720 . % Z )5 Stoichmetry
Din vivolll ENFIRE L 725, Z ORI ROEBEREIL, MEMEROFEMEZ LT
%o, BlZIE, Cdel4 &Netl IL, —*—THiA L. Cdeld OIEHEZIGITDH, ZDONRF R
DAL D &, Cdeld DOIEVEDOHIEN T T I, MIHEENS TE <D, TD#IT, Cdeld
E. WFIRBICH L CIEFICIIC o TV D, JAUFEEKET LT PRSI, ER
THHERIN TS, EZAN RIUHEAHEREZ L5 L STV HEspl & Pbsl Tidk,Cdcl4
DEED LD Mgt R R oy (K18), —»>D 7T 2 I REE AT 5 2D-gTOWET
DFRMT & BAG T KIEKR & O EDEFERN S, Cdhl & CIb2 #ET28., ZOHEgatto e
ARICEAR L TV D Z EHIBH L7z, 2, Cdhl,Clb2 & Espl X°Pbsl 72 & & ORI DOFH
HAERDNEET A REME A "R LT\ 5, ZOFEIT, ar B a— 27 LoREE R LI
FEFIHNRHTHD EEHIT, 7/ LT A NIRRT 5 2 & THEFEERE O 4 Stoichmetry
RatioDIRTEE WD T ENER TEX L[ EZ R L TEY | SR ALERHETH D, FEN
TREOWFHIL, ZOMIET, BEZRBARFZLVE LS ZIGEOTETH D,
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Fold increase (xlog2)
F -

18 : HiZEE%RED Stoichmetry Ratio D fi##HT 151

gTOW-6000 MDEAF (HFERYT /L TAK gTOW L X T L)

A B HA RS 30 s - COMIE T, gTOWIEDHEIMENHER CTEX /DT, Zhaer /LY
A RIZHEET 5 Z LT LT, HEERERHICITH 6000 OEIE23% 0 . gTOW % H2EEE R
D 2D EDOEEIET 6000 ~#EGTH TR = N ThDH, T, gTOWIC AW 7
T A ROHFEEERO2Y /) LABIET 6000 27 v—>2 L, BERHCEA LR, ThEno
BIETFO FRabt —HE2RETHE NI Fat 2725 (219), 200849 A KDSORST
KETHE, $990% DB D7 a—Ab, T—XOBENKT L TR, BE, E4EIC
K VFRY OESyDgTOWAL EFRFEEIT > TV (20084F 12 H DEMETHETOTETH D,
Fo. 7L UA R VAT LAOHEEBS T D=0, HEFEERED gTOW Ok B (GFP
WAL =2 —(b) . HAEERETO gTOW OBRRIC L, $#F42 2 thHiE L (4
FFHFE 1. 2), 20 gTOW OF v AU L T4 B R RKFEDBBIFFEE & O S 7E 3
A TG,

1. Designing primers to amplify each of 6000 genes
from the yeast genome

e R — 8. Validation of inserts with PCR

4‘]DJ—L 9. Gleaning
i

.+ 7. Extraction of yeast DNA with filter plates

6. Measurement of growth rates and plasmid
copy numbers in two growth media

PCR product
Adaptor: 25bp
— 61 sets
Primer: 48bp \ /
3. “Gap-Repair cloning” in yeast
61 sets

4. Semi-automated tr;ansformafion

61 sets

gTOW SKIZEDKRSYT - RY)—=25 %
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— =V 7 ROBBIZFIHT 2R A BT, YR, ERLL VDRI Y —=0 7 RIF,
WMrn Y/ POFEEANBTIIEET LI ENTE VD, 22 Tlk, TOMASEE
AT H LUV DOWIGE R T o2, £F1E, gTOW 77 A2 REZEA L7 ERICEARIN L,
ZTOMPRELEFTERE, 77 A Fav'—# (GFP 4 tE) & IEICRHE, EHAR 7 r >~
7 A NWVEVER L CEBER T REOMIEZHEE L, EAERMF 2 EFT 52 2B LT,
— R, BRIl WA A 7 V== TR Th o NA MR AEZFH LR E
LT, BETORDEZRWGEE LT, 8n g GEVNIRE 7). SRR
FHNE A AEERR (T o EERR) Z2HW=RM b Tng, —F, EfarHEiERe L
TiE, vV Fabt —7FF5 23 FICBEEFZ2 O BEEIRB R0 @A 72 s B RS A
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BEAZW D FETIEH AW, —J7, gTOW LT, #fn 12 B —HOBPYLEE NIT e WEEHT
DEFE, BIREZDTDHA0EFD, 2 MEORESETRMNTLIZENTE D, £
o, AFFHEBLOa—HoOLBEHEL T D, 20D, Bl TORAI~DFEL
BEORFRMENORET D ENFRELE 2D, ZD LI, gTOW LEEEGSEDL Z &
WZEoT, LOVKEDOEWFIEERDEBZEZ TS,

ARIOA 7 ) —=2 7 FOEIERIT, LFOT XA TITo7z,
(1) XFG3EAI L& FEARE D[R E

(2) ~7 aREERE & O 7o SRAIESZ 1 R

(3) gTOW ZFIH L7 3&AIM M « BT A7 ) —=7
(4) gTOW6000 (2L %% 7 5T A Rt - A Z—TF» MERER

(1) A2 V==V 7 RBEFDORE & EHRE DR

BRI C A 7 U —= v ZRERPUEAIZRIE L, BlEEAREL BT 572010, F
TATOWIERD T ) LT A R =B HWE R EITo 7=, TORE., 17 FEOHUEH
EREtL. 209550 10 EICHENH D Z L 2GR Lo, X 20121%, WL O OHE
FNZ kT 2 HZERERE O TG O EARFEDN R I N TS, T n, HIFERECHY%H
MR BE SN D DA & 2 OREFPHNRE I N D, HHARUEAE L Tmbi, &l
TERMKRE L, OB EOT A R/NA T oA OFTENREEZ LTV 5, Methotrexate
(MTX : ZEERREHEPIAD 26028 5 & MTX CIIHEFEIMHI N EZE S, Z ORI,
0~60 . g/mlDOFHNEEY) TH D Z L3 D,

13 Methotrexate 4 L-PAM
120

100 ¢
80 N_\
60
[ \\__‘ 40 -
L > 20 +

9 Doxorubicin
120

100 ¢
80

60

a0 |

20

0 \ . . . . 0
0 5 10 15 20 40 60 80 100 0 100 200 300 400 500 600 700
ua/ml ug/ml MTX ug/ml
19 Hydroxyurea 36 5-FU 39 Chlorpromazine
120 120 120

100 ¢ 100 1\ 100 ¢

80 \\‘\4. 80 80 \__\

60 T 60 \ 60

40 | 40 t 40 AN
20 20t 20 t

0 L . . 0 . . . . 0
0 10 20 30 40 0 10 20 30 40 50 0 200 400 600 800 1000
mM um uM
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PDR3 CEAIPEMHRBIEFOERGRF) 13, ABICHEAKZETH o7, OO IEAIHEH
FDOEBEMLT (21 D 1~17) IZBWTHEZMEICEND Y . EHOREEHIZ X - THEH AR
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LI ICRBIMEOBEE T H D, —FHA MU ARIGRBEF(X 21 © 18~30)%°, Hllfa/E
HIRSHB R T L UNCEN DV | FEAFRZ IS LTV 2 AR RIR S T,

(" () 2)
9 o
of Y e d N o L R L N~ -~ S A N |
g4 a © 4 9 oy o x & ¥ o 8 ¥ € B/ F © 0 & g 0 © I3 T B O O m
n:a:n(mn:n:mmrxnowzamxz<§o§§<omp—9xmp—
o E O 3 o o oja @ ©o o O® O FF > > >0 T I =2 & = = =z zZ O © G O
< « W o o af aoja ©O
NNNNNNNNNNNN S O O 9~ o o o
- o o & 1w oo ~ jJo o —H «=H =H A =2 A =H =/ 4 = &N o o «©o «§ N « « «N N o™

0.1

0.2 _I I II HII ﬂ I I H H |
-0:4 !
05 \_/ KEHEH R BT A
21 @ ~T AR 2 TV T B MR R

(3) gTOW %KM L 7= ZAIME: - REZEELEFRAZ YV —=7

WAT 7L LT, gTOW Z HW = 38AIMME « B A7 ) —= T %7572,
gTOW Tl, B Fa b —HORBNEZ2NTR2WETOAF L, BIRIEEZ T 54
BO 2 HHOERFMNETAI V—=0 T 2T, BREZNTRVWEE, Blarabv—%&
DHHBICETE 5720, SORLER CGEFIRCA MU R EORRERE) (26 L, i
Zeabv—HEAEFEREICNRT D, ZOMEEEBEEFICBWTHET 52 LT, #iLoE
L ~DOEBEBE TS, LexX, AWML, EFHEED EH, oo —
BoOEANRLNDEE, ZOBGFIIMEEZSE-EEZLND, ZOHA, EHTZED
BTN TW AN IH SN ST ar —H4ax FR L, ToMEZMEL LS &7
HZENEZLN, HEOEHES T v o TWHAEEELEZ NS, —FH. £F
HWEOWAD, a—HOBWIORAELNLTE, TORBTHEBUITEAICE VT 47 Th
D, RN X =7y NERDHIDTENRBIND, BINEE DT ZHEOMBEIL, A<—
Z DR TEKT 5,

gTOWHI A JE WIBSE (s 7 (30 Bin 1) [T W T, MTX%no drug, 1, 12.5, 50 u g/mlT
WINL ., AEBHEE ., GFPH G & (2 & —5HIE ORFF) 2 HIE ., 3EAIZH % log(Drug/no Drug)
T my MLTcd A, AHEEITEAREICKSL T, MR @R< 28BN RN
S (K22 b)), EAGRICH LT, ZOBEBEFAYNEEDO Y —7 > Mok, 3AIFE
WINT —% & AT — 2 2352 L TR ENTE D, FBlE 1 TOlE
k. Ex27 % —(UG2) T o Al KIS M < Hi iE %47 9 (X Log((gene-drug/no
drug)/(UG2-drug/no drug) #FIf) &, X VBT ORER LTV (%22 F),

=TI
TR

-0.250

01 ug/ml
W5 ug/ml
W 50 ug/ml

log(sample ratio)
S
wu
o
o

-0.750

-1.000

26



0.300

0.200

0.100
01 ug/ml
0.000 W5 ug/ml
W50 ug/ml

log(sample ratio)

-0.100

-0.200

-0.300

8 3888829883882 23508s:cEg0032¢gs 8
2883888333033 333852283880330505 L >
X 22 1 BARF = E—HOBREZ 0T 2V TOAT TOHAZR

(Elog 7wy b, T UG2 CHIIE LT=7—4)

(4) gTOW60001Z LB 7/ LT A Fib « NA AN—T > MEORS

7 BT A RTHER L7z gTOW6000 D727, WL DD 7 L— h &Y, MTX D
AN FAT LT, EFHRE L GFP #CEOMNTT — 2 5, filif# 72 E X T Sensitive
F 721X Resistant &fESNT-BIEF2EIR L, KBEFOWELH -, ZTORE, ~
T R T ORISR ME SN TV LBEFRZDOEUEREOELBR T HRE EENTED,
HAEZ T 0 7 7 A VD FEE LT, gTOW 2 AW FERAEINME 2D 2 &R S
Nilco —H T, INETICHE SN TORNWEBEE 70, BEERMOBEFLEENTEY
gTOW IETHHBUCRESN D D4 —7 > MBEIBTORREMENH S,

HIER
EFHE  (Drug/no drug) Sensitive<0.8, 1.2<Resistant
GFP )t % (Drug/no drug) Sensitive <0.8, 1.2<Resistant

—e—Growth Rate (MTX/no drug)
—e—GFP (MTX/no drug)

0800 - - - - ¥
MOD/' W\

0.000

9

X 23 : gTOW6000 (2 L5 %7/ 5T A K THO MTX O 3HZhH

(5) HEFBRAZ V—=V T - T—F DRy MU —J @

WOEREL LT, TNOOHEREZFIH LAV —=0 7 - T =4 % YTy
7 N CBAF U7 & 2R R O MR 1y A BEEA MAP & RV CgdT L. 3854
=27y N ) BT A RERSHEBRET D,

BRIz, HEFEEROMEBER L > 7 F e RICE L IR~ >y 7Y 7Ye =7 b
—ERELTUIIEERLTEBY, RE@fxry b —211F, By Y —v T Aaicksartr
P2y TIRERERINTNS, Ty TEFEE L., X2y NT—I RXR—2ADF — Z i
MraiTo> Z & T, LML OMEN X —7y NEIENR YT ) 5T A RTHEEE D, 4
TVl FTIE, ZHOOEBIIEE LN, T LY XAORBRFHIERTTHY |
SH%OTOY el MIBOWTRERKRSEDLZ LD,

27



QJ'[H-J[ ﬂg['w i |‘

I
I

R el

X 24 : HEFREREAIIRJE 03+ AR AR ~ > 7

ZZTlE. MTX 242, gTOW iEEZ W27 U —=0 ZEORAE Lz, F—BEPE L L
T, B HHEOPEA 2 G EA 2 RICA TV —= v T E{To T2, £, HEOIEA O
FESREN I D &7 — 57y N & FET D720 OEBCEFBENEDO R 7 ) —=v 7 34T LT,
ZOREFRFHLL — Ty MEGD RO 5% FEMZRREZ1T 5. 2o OfE R, gTOW
ER, BA X =7y NORIEREDAZ )V —= ZIZRAARETH D ERNpooT-, £
7o, BHAECHEERITIE L O S LI TH Y . SR OMERIZ L > T—E LIHEINERR &
LCRHRREEDLTFETH D,

7L, TRTCOEANCTREL W) Z & TIER <, HEZERERE TR O HN 2 HH 2 38R+
HUENRHDHEWH Z L HFFEMLE e NMIRBEOBEWEZRRTAILERHS, Z5
ORMBEDOFERICET DM HIT> TNDHH, ZFORRIT, U7 ey y METHOMET
REINDZEIZRAD,

28



(2) & D NTEWFRERCR DRDLK A B IIFF SN DR

BROMREIT, VAT A AP —AERPHERICRKRESEHLTNDZETEEEZT
W5, Zo7Fuaycr NEAOHFEEEE LT, B, B, EBRo/ x oo
LENGEFE LTZAIEKRA~DOT 7o —F LEZTW5D,

HEERIAIClX, 2R R AOBEOMNL & K, S DITITAIEEA~O R Eim St FEEE
IZEDOPSAA TR ZZ X LD EVWHRBEBEN NI L2 3 ITFob, 5%, K
WHoE7e &8 U T, Fox OBERIIRCED , BRI & 72 o> THICH TS B2 TV D,
FrFx NEEPPDLRNT B Y 27 MIBOWTHRNNA F R AZ A A L L CHFE
BRBNITHZEMEZATRBOAT O 27 FORENRTEND,

TEHRAARICBI L CTix, SBML & SBGN O EEREHE( & £ D K&, KT CellDesigner D
RELERNIEFICREIRA NI SRBHT2EEZEZTNWD, ZNHOHMT, A< a2
=74 THHENS L LB, BETHALFHA SN TWS, BIfE, SBML, SBGN, SBW
TR P OFEENSINT 52l 2 =T A ICLVBEEPMEINTEBY, DY 7k
7= T %A R LTV 5, CellDesigner [T ET/LVDIEKR, Y alb—rar, T—4
N—R L OEH), 7T T A ORI & OBRE A 2 D, BU/E, CellDesigner (3 30,000
UbDZ T ra—REER L, VAT LA A0 0= CEER Y 7 h =T
OHNLEZFENTND, Fx BB L TCELINOOHEBABII L AT A/ FeP—0
HBIIKEHBLTEBY, A% BERIME/IHFINTWD, £/o, ZhbolFHE
AR LR ETICET 2 2 oot BEAED=—XZvyFLTEY, B
1, HFRFEICHTZi#EimE LT\ 5,

Fo, —HORBE~ Y 7ORIIL, EOFHAMEZIICIS L), Rk 7ey -7 b
Ih$E > C\%, fxir. Nature Biotechnology #&iZ 3 SN - HIFFERHONRHRDOa &
Y 2A< > TORRFER LT, Fxr OMEICMBINTZLOTH S, £72, 73U @ Insitut Curie
TH M FLEMHIILE ] O KB~ » 703 Fex OB LR AZFIH L Tithbild e &,
HIREI7RIEN Y &2 BTN 5D,

FERCRIZE LTk, gTOW6000 D5efk & Z DT —F Z D EER TORERE T2 K2 E 0
T AFER I AT R A I T 5 Z & T, BRI T TV OREESC AR O BAEH O R E
REWCHHAT D ZENTEDEN) ZEN -T2, T, AR Y —=2 T~
FATREME & /NI 22 SEREFEBR 0 D HERR S L, WL DD DL KRR ORI T A '
A BT ZEE LAV EITo TV D,

Atk MHFEE SN GO E, gTOW6000 ZFH L CHEERERO Y 7 AU A RRIEIZX D
FEAAE BRI DO REE 72 I E & RFFE BAEH OMENFRIE 72 £ 21T, HEFERROTXToO
MEERZHLNZLET TS5 7027 FE2ITVWEWEEZTWS, Zhd i,
BETHEOET NI LEBICHEINIMIBET VERD, ZOFETE MRS
JSHARECTH D, UL, & b7 LAREICICHT 270y =7 MIRb Lt EZLND,

WHESEFEL L TOYRT AL Fad—DfEST

ICSB-2006 (http://www.systems-biology.org/icsb-2006/)

ZOEHIE, 2000 FITRHFEATREIFE M (JST) OFMEETE 1 BEDOT AT LA Fry
—iFE B OEE S E L TR TiTbiviz, 0%, T, Ay ZEARLVA BV
FA AL ANAT N7 RA R ThES L, BEEE ADOSINE L& L~V DFER
T, VAT LIRS Fao—0nHEE | L TE,

TR AT AN, Ao ro—HESHE (ICSB-2006, ICSB=International Conference on
Systems Biology)% 2006 4F 10 H 8 H (H) 7°% 13 H(&) £ T» 6 HM v 7 ¢ 2 (5§
EHEX) BEXOAARFEARMRAE GURENLHRX) (ST Lz, R 34 HEDG 750

29


http://www.systems-biology.org/icsb-2006/

£ (NHESN L0 OB INE—K) 450 4. AR 3E) oBNEf, S5ICZOH5HO b
v P LUV OIFGEE 50 4 A HERERE & LCTHEL, 3¥M 17y v aiciErrn s
T L FEE, 389 fED R A X —RE M THONT,

VAT AL Fu =L, HFEWE. T ARE arCa—F A A FlE T
LFOMEED G OE L WREBIZL > THREIZR>TE 7, [EMOV AT LELTO
PR B LMo b5, FRFC, VAT LA 4 e y—L, Al#E, =xLX—
BLOBREMEICRHIST 24 4T 7 ) aP—~bIEHENI DRERRT v L E
ST THY | BRI AL E TIER e h £ - T 5, ICSB-2006 Okthix, BA
DYATINRA I —ORBELERNR T LY AOHSICHATEOO CEERER S
LoD E o7,

VAT AN Z RV —FS DL issb.org

International Society for Systems Biology 73, 2007 4%, International Conference on
Systems Biology (ICSB200IZ TRENLAKFE Siz, BE, AL ADTF 2—Y v BIZHF
SH, LB AN RIS LT,

FCSB-2008 (http://www.jst.go.jp/inter/workshop/fcsb-2008.htm])

B IREERE (JST) A XV RADNRA AT 7 ) uvy— - EYRatsiaik (BBSRC
- Biotechnology and Biological Sciences Research Council) & DO /712 k0 | ik 20 & 2
A4H )56 HOK) £THRRERY +— 7 2233|280 T, International Workshop
on Future Challenge for Systems Biology. Z Bt L7z, AUV —27 v a3 v 73O a—7
43— MZEY, OFEDO VAT LA A ua P—EORBIEROMBIN. © TAIE] o
OIS, EROMIEE Bx 7 7V u—F 2 WA EHICE R T H T, EDOHEMEORK
ib, QVAT AN AT —DT7arT 47 NEY 7O B, O 3 mEEIC, HFROHTE
HRBRIFIZ AL DD, AT AN
AABRT—=nEA ) RX—= 3 ~D
WA ERAET A2 Z L2 By E LT
e S A7z,

PEER L DEHE

BYIOHWE, VAT AR Ay — FRZ, B ANR ERAOHEGREZRIFEA~ L ORITF 5 2
EThote, SFMOMEIMKE T LcBERE T, EWNAMIGHE & okFRIffZE, 7422 X
i, eyl b 7 RSP =T EORKINENLT D HIAAZTHY . Fex O L2
DOEAM N EBICAFEKOBIGITEA I L > L LTW5D,

30



5. HEWFED EWNSOBFFEE A « PRI & AFIERREDOALE ST

ERATO 7ra ¥ =/ FTUAT ANAL A rY—%E L, HEMIZZOHELZX-> T
FEEORE BN AR, VAT ANL AR D—IC T AT e Uy R SN b
DY, VAT EINAF a5 BT LA CELNDICEST, TOHT, AV v
7 M, B, B, BERoOSHTE T =Xy TR GHEICHER) L 7-6F5E &
ZORBEA~DISAEED TND LWV ETa=—T Thh,

2005 “F12384T X117 European Science Foundation 7% K- * Franhoufer M2 &7t L 7=
5 E"The Take-off of European Systems Biology" Tid, AR D A7 Ao A1 ¥V —FfF
O Z o 7T, B Te s MIL BHMIZT 7 3D, EHEERICHED
THEENENT 027 FELTNEDSIT DI ENARETH DI EB XD,

Fo, Zo7uey ey NREEMIZEE) ZFF > Tnb Z &iE, Google scholar (23T
VAT ANA Fua U —H#EOF B Ny T 3NTRTYE T e EhEDEDTHD
ZETHEHLNTHD,

Google Scholar Rank : Article : Citation

1: Kitano, Science 2002 : 1079
2! Hucka, et al., Bioinformatics 2003 : 620
3! Kitano, Nature 2002 : 595

HAE, ENANAORERNYE L OLFEIRS 2 Ei L, EELOZTEL EFEL~DRBHD
AREMENBRT TV D Z EIEFEFICIVIRILTH Y . ZONHETOY —F vy T EHEFF T
LATHEMEIL S D,

1L, WD AT AL FuP—d T a7 M, 2D & SICEIR RS
GEEET LT oY 27 bR T LD, SLICHBE, VAT AR, Fu U—%x%t
G LT WU T 0 7T ARENICHEESET, AES TOMTEOE N R EE R T
HDHZ LT, AROBICKEREELE2DEEZDND, 2O LiX, Iricsi, JST
725 NS SCERM AR 2 B L B =28, 2 L CTEWRDO H 53 frhh T2 7%
molz, GhEb, SOLIMRAAKEL ET5751E, BADY AT AR A Fuv—,
OWTIE, MR o B AOHAITAFIIK T 5 2 BN EREN 5,

31



6. WFIEFE S AR

(1) A

TN —T R T BRI TII R W2, Z—7HlT e B0,

WFZEEA H 1L, in vivo simulation, SBW/SBML 4t « JEARTE T = — LRI « & K, BEREOME

FREAAIE « =T UL - BRERARNT, R EEEAEAT,
(2) A R—F
K 4 i @ % W |BFgEIEA % s 4
b8 720 FEEFEEF| 2R |WgERE ERE 15 4F 10 A ~
(A ZEf 3R H) IREhE N Rk 20 4 9 A
AT LA A
o — A SR
(SBI)
AR 75+ SBI JST SBML/SBW DB %§ « & | Sk 15 4% 10 H ~
e | & Rk 20 4E 9 A
e Ik SBI JST HIRRNZ A F 7 A0 [ Rk 15 410 H ~
reTE A WA R Rk 16 4F 10 A
_ SBI JST  |SBML/SBW DBf% | ¥Ak 15410 A~
St R SERR 19 4E 3
SHE B EFS B R F B  |SBML/SBW DA% Rk 194 4 A~
A PR A= g% 20 4E 9 H
e SBl JST | B & £ 7 /1Lt Fhk 15 4F 10 H ~
IR T i Rk 19 45 3 H
. SBI JST PRk SE B Ath, VR 16 44 A~
PR RE =] PRk 18 4F 9 H
Douglas SBI JST | PRS2 BR AN RZ 16 44 A~
Murray WHEE Rk 19 4F 5 A
- SBI ST | e K 16 4F 4 H~
I P = Rk 17 4 3 H
R E R A B/ .
N o Rk 16 44 A~
. e s
AR KE ﬁgﬁ EigﬁA T 17 627
s B EFR AR T A Wk 16 4E 6 A~
AN SLZRT W Tk 18 4 3 f
T SBI JST FERAHBD SRR 17T 42 A~
- " Hiifr & Rk 18 4E 3 A
[ ISINEYN Y0 WERE & LB O | Rk 18 4F 4 H ~
gels g EETR T ST MR o R 2 R R A | Rk 20 429 A
IjZI:EEl Etli(ﬁa T‘/X?A/\/r bﬂ:wm 0)@%}‘
e o pan =
A —i
CFEAIF)
SBI JST WFoE |WF9ET — & UNEE - kT | Rk 17 4F 4 A ~
£ B E Tk 19 4F 3 1
- SBI JST WFoE |WF9ET — & UNEE - kT | Rk 17 4F 4 A ~
i W Tk 18 4F 3 A

32




SBI ST | Wopk 17 4R 5 A ~
kR w2 =1 SRk 18 4F 3 H
Marcus Krantz ISPS T r— BERES 7 F NWAGEER D | R 17 4 11 A ~
BT AL 19 4E 10 A
SBI ST | Rk 18 4F 4 A ~
AT IE = AL 18 4E 12 A
dE SBI g HIRE S, > 2 s | Rk 18 4F 4 A ~
WiBhE | ERDET VRN Y 18 45 11 H
Wi FEAT IST W58 |WHFET — 2 AR « AT | 1Rk 18 45 12 A ~
A Rk 20 4E 9 A
g SBI IST WF%e |AF9ET — ZIN4E - fiftdT | Rk 18 4 11 A ~
T =] Rk 19 455 A
. . SBI ST | FHHRIE Rk 19 451 A~
S PRIE B8 Rk 20 45 9 H
e FEAF ST |MEREAIAQSEBR T — 2 B | Rk 19 4 1 H ~
T TR |48 O SRk 20 4 9 A
WE R SBI J§T PRI EBR T — # B | Rk 19 £ 4 H ~
- BT R |15 R OMEHT % 20 4£ 9 H
AR LT MSTATEE A %8 |EERENFER T — ¥ B Rk 19 £ 6 H ~
e BALEMIIEAT | MR E |15 & OENT Rk 20 4E 9 A
b s SBI WFg2 |SBML/SBW >34k Wk 19 425 A ~
2 B Rk 20 4F 9 A
SBI JST  |BEREHIISEBR T — & B | Rk 20 4E 2 H ~
REA o
PR T PEAIFEL | OigbT 1 20 49
Bk ok MSTATEE N %8| BRI FERR T — ¥ B | Rk 20 £ 2 H ~
® BALAIRIEET | BFEE |15 & OMENT Rk 20 4F 9 H
SBI JST VT AR LR | Rk 20 - 3 H ~
Samik Ghosh WHEE |8 81 o % B R HT . SERK 20 429 H
SBML/SBW DA%
SBI DEEY Rk 15 410 A ~
?k | =3
EEER FHA Wopk 16 4E 8 A
. SBI W5 Ak 15 4= 10 A
N %- ?k (=}
SBI DEEY Rk 16 -9 H ~
P Fe e =
j:lEIEE] /J\\% %ﬁﬁ IF,:E‘Z 20£|59H
CALTECH o | WHERR Rk 15 4R 10 A ~
John Doyle iz R 20 4E 9
. CALTECH o | B E Rk 15 4F 10 H ~
Michael Hucka = Rk 20 £E 9 f
] UC Irvine ~ | HrER SRR 15 4F 10 H ~
Tau-Mu Yi = R 20 £E 9 f
Andrew University of | . o | BFES AR 16 4F 4 H ~
Finney Hertfordshire LA ik 20 4F 9 H
v < SRR 20 4E 9 A
. B E S AR L |WHEHEEZR R Rk 16 4F 4 H ~
[ R N Bz Topk 20 4F 9

33




7. WRFEHIRE T O LR TR )

(DU—Tvavr - URYTLE

£HH Eay i il N L
Pk 154 | The First  International | Washington |#J 8044 [ICSB2003 (11 H 5 H~10
11H9H Workshop on Systems | University H . Washington University in
Biology of Yeast in St. Louis St. Louis (& CRAfE, Ak
Organizing Committee @
Co-chair ## 5., ) O BH#
Workshop
Rk 18 4 | The first international | FEZEHATHE | K0 30 44 |43 1T O #H ALAF A A 1B Bk
2H11H workshop on the GYE SR LICERRT LRI E
~12 H Systems Biology SEOUAT AR, A —
Graphical Notation 777 4 VKRB EGE
(SBGN-1) (SBGN)BAZE D it
Rk 18 4 | The Second Systems BT —/V | %040 4 |4y - [E O AH BAE H % Bk
100A7H Biology Graphical KR — & — SR LICHRIRT 2 REF
Notation Workshop z FEL VAT AR Fa v —
(SBGN-2) 777 4 VRS E
(SBGN)BHFE DHEHE,
RS E DB 40 44035
L., 15 DR R AT DI
7z. SBGN DAk & 72
% SBGN draft IZ2& 415
ERa v R—x FOE
FHATOIL, £72, SBGN
O FLE & L T State
Transition, Entity
Relationship @ > ®FLikE
DEHAIND Z & NRE
L7,
Yk 18 4 | The seventh (10 A 8 H: [#)7504: |2000 4F{Z JST fk THIN
10 H 8 H International Conference | Tutorials@ (T, D%, YT
~13 H on Systems Biology|/Y¥ 7 1 = T ANy IHRLL B
2006 il KA R N FIL~L
(ICSB 2006, #; 7@ (107 9 H~ 7. RA R RS,
AT DAL A —@| L H: HE AN DB L L~
AT Conference INDFERT, VAT LA
@ 274 ARV —DyBEES L
= Bt Tx 7 [HBE 2. ICSB %,
10712 H TR 18 4 TR T,
~13 H TRH L, VAT LA
Workshop Y —RgkH, IST,
G — BLT GSC. FERHT,
s 5 34 HEAE 750 4
O R (., 5+ 0 DB
R BATRT #1450 4 SRR 3H)

34




ZeHT Afn DEMaF, S HITZ D5y
15 R By 7LV
T x—, H 50 4 AfTEREA & L
H AR THEEL.3EHMM 17T &y v
et aVICED T T T A
Fehii, 389 fFDR A X —3
KT OITZ,
SERE 19 4 | The Third Systems Interdiscipli |#J20 4 |43 1 [H O AH B AEH % Bk
3H15H Biology Graphical nary Center S LICiiik T 5 REF
~17 H Notation Workshop for B VAT AN, FrT—
(SBGN-2.5) Scientific 7T 7 4 VRS E
Computing (SBGN) B F& DHEHE,
of the RS E DB 20 4035
Ruprecht-K L. SBGN DOIAfDFEAM
arls-Univers IRRIE . K OMARDBES
ity of Thhilz, YUARNLVDE
Heidelberg, . B L SBGN Tl H
Germany S D EE (glyph) O fi #&
ARSI IE LT, Eo, 1E
& LAZMT 4 State Transition
& O" Entity Relationship @
VAT AL VAT T b
DA RT A ORENR
Tz,
Wopk 19 45 | The third international | Long Beach #9304 |4 1 [F4H AL /E A A= e 5t
9 H30H |workshop on the Convention #EE LT SBGN BRZEDHE
Systems Biology and 1
Graphical Notation Entertainme
(SBGN-3) nt Center,
USA
PR 20 4= | SBGN-Super Hackathon | #iliHAE0 |19 30 4 | 70 1[I HH AL /R O R B D
1H28H (IPNEE PN {EELTO SBGN BAFEDHE
~2H2H FIf— bid
INTT R
(2) RHE L /- oe 2
K 4 (FrE. &) D H K WiAE S T E I
Philip M. Kim Job talk B A s 25 A | SERE 16 4F 6
(MIT, Artificial Intelligence >ad=sk 10 H~6 H 13
Laboratory, USA, post-doc) AT M A [
2 —WF A
Marcus Krantz Ay x— T G | [A] B Rk 17 4
(Goteborg University, Sweden, M & H A 22 7 35 B 11 A1H~
Post-doc) L OSME NI B Pk 19 4R
AP FEEONIER 10 1 31 A

35




Lars-Goran Ottosson 72 Marcus Krantz | [F] I SRk 19 4F 1 A
(Goteborg University, Sweden, DOBFZ2IEEY 7R — 18 H ~FERk 19
Ph.D. student) 4717 A
Michel Francois Pettigrew Job talk [A]_E SRR 19 4E
(Pettigrew Consulting, USA) 47 3H~5H
Ungsik Yu Job talk NS Rk 19 4R
(Korea Institute of Bioscience and 5 H 17 H~19
Biotechnology, Korea) H

Samik Ghosh Job talk EN Rk 19 4F

(The University Of Texas At 11H1HA~3H
Arlington, USA, Ph.D. student)

Samik Ghosh U — 27 vay 7|FAL -k 20 4
(The University Of Texas At (FCSB-2008) &1, 2H3H~9H
Arlington, USA, Ph.D. student) AL %

8.

10.

11.

12.

FERMIIEIZ X D 7R WFFERCR
(D3RR GEGRL 29 #F  FHGRX 0 1)

Le Nov'ere, N., Moodie, S., Sorokin, A., Hucka, M, Schreiber, F., Demir, E., Mi, H., Matsuoka,
Y., Wegner, K., Kitano, H., Systems Biology Graphical Notation: Process Diagram Level 1
Release 1.0,
http://sbgn.svn.sourceforge.net/viewve/sbgn/ProcessDiagram/tags/Level1.0.0/sbgn_P
D-levell.pdf, Aug. 2008.

Funahashi, A.; Matsuoka, Y.; Jouraku, A.; Morohashi, M.; Kikuchi, N.; Kitano, H.
CellDesigner 3.5: A Versatile Modeling Tool for Biochemical Networks. Proceedings of the
IEEE Special Issue: Computational Systems Biology. 96, 8, 1254-1265, Aug. 2008.

Kitano, H. Towards a theory of biological robustness. Molecular Systems Biology. 3:137,
doi:10.1038/msh410079, 2007.

Funahashi, A.; Jouraku, A.; Matsuoka, Y.; Kitano, H. Integration of CellDesigner and
SABIO-RK. In Silico Biology. 7 S1, 10, 2007.

Kitano, H. A robustness-based approach to systems-oriented drug design. Nature Reviews
Drug Discovery. 6, 3, 202-210, 2007.

Murray, D.; Beckmann, M.; Kitano, H. Regulation of yeast oscillatory dynamics. Proceedings
of the National Academy of Sciences of the Unites States of America. 104, 7, 2241-2246,
2007.

Murray, D.; Lloyd, D. A tuneable attractor underlies yeast respiratory dynamics. BioSystems.
2006.

Murray, D.; Lloyd, D. The temporal architecture of eukaryotic growth. FEBS Lett. 580, 18,
4571, 2006.

Moriya, H.; Shimizu-Yoshida, Y.; Kitano, H. In Vivo Robustness Analysis of Cell Division
Cycle Genes in Saccharomyces cerevisiae. PLos Genetics. 2, 7, 2006.

Oda, K.; Kitano, H. A comprehensive map of toll-like receptor signaling network. Molecular
Systems Biology. msb4100057, E1-E20, 2006.

Kitano, H.; Oda, K. Self-Extending Symbiosis: A Mechanism for Increasing Robustness
Through Evolution. Biological Theory. 1, 1, 61-66, 2006.

Kitano, H. Computational cellular dynamics: a network-physics integral. Nature Reviews

36



13.

14.
15.
16.

17.

19.

20.

@

23.

24.

25.

26.

28.
29.

Molecular Cell Biology. 7, 3, 163, 2006.

Kitano, H.; Oda, K. Robustness trade-offs and host-microbial symbiosis in immune system.
Molecular Systems Biology. msb4100039, E1-E10, 2006.

Hiroi, N.; Funahashi, A.; Kitano, H. Comparative studies of suppression of malignant cancer
cell phenotype by antisense oligo DNA and small interfering RNA. Cancer Gene Therapy. 13,
7-12, 2006.

Hamahashi, S.; Onami, S.; Kitano, H. Detection of nuclei in 4D Nomarski DIC microscope
images of early Caenorhabditis elegans embryos using local image entropy and object tracking.
BMC Bioinformatics. 6, 125, 2005.

Oda, K.; Matsuoka, Y.; Funahashi, A.; Kitano, H. A comprehensive pathway map of
epidermal growth factor receptor signaling. Molecular Systems Biology. msb4100014, E1-E17,
2005.

Lloyd, D.; Murray, D.B. Ultradian metronome: timekeeper for orchestration of cellular
coherence. Trends Biochem Sci. 2005.

Kitano, H.; Funahashi, A.; Matsuoka, Y.; Oda, K. Using process diagrams for the graphical
representation of biological networks. Nature Biotechnology. 23, 8, 961-966, 2005.

Kitano, H. International alliances for quantitative modeling in systems biology. Molecular
Systems Biology. March 29, 2005.

Huaiyu Mi, Betty Lazareva-Ulitsky, Rozina Loo, Anish Kejariwal, Jody Vandergriff, Steven
Rabkin, Nan Guo, Anushya Muruganujan, Olivier Doremieux, Michael J. Campbell, Hiroaki
Kitano and Paul D. Thomas. The PANTHER database of protein families, subfamilies,
functions and pathways. Nucleic Acids Research. 33, Database issue, D284-D288, 2005.

Kitano, H. Biological Robustness. Nature Reviews Genetics. 5 (11), 826-837, 2004.

Kitano, H.; Oda, K.; Kimura, T.; Matsuoka, Y.; Csete, M.; Doyle, J.; Muramatsu, M. Metabolic
Syndrome and Robustness Tradeoffs. Diabetes. 53, S6-S15, 2004.

Oda, K.; Kimura, T, Matsuoka, Y.; Funahashi, A.; Muramatsu, M.; Kitano, H. Molecular
Interaction Map of Macrophage. AfCS Research Reports. 2 (14), 2004,

Kyoda, K.; Baba, K.; Onami, S.; Kitano, H. DBRF-MEGN method: an algorithm for deducing
minimum equivalent gene networks from large-scale gene expression profiles of gene deletion
mutants. Bioinformatics. 20 (16), 2662-2675, 2004.

M. Hucka; A. Finney; B.J. Bornstein; S.M. Keating; B.E. Shapiro; J. Matthews; B.L. Kovitz;
M.J. Schilstra; A. Funahashi; J.C. Doyle; and H. Kitano. Evolving a lingua franca and
associated software infrastructure for computational systems biology:
theSystemsBiologyMarkupLanguage(SBML) project. IEE Systems Biology. 1 (1), 41-53,
2004.

Murray, D. On the Temporal Self-Organisation of Saccharomyces cerevisae. Current Genomics.
5 (8), 665-671, 2004.

Kitano, H. Cancer as a robust system: implications for anticancer therapy. Nature Reviews
Cancer. 4, 3, 227-235, 2004.

Kitano, H. Tumour tactics. Nature. 426, 6963, 125, 2003.

Sauro, H.; Hucka, M.; Finny, A.; Wellock, C.; Bolouri, H.; Doyle, J.; Kitano, H. Next
Generation Simulation Tools: The Systems Biology Workbench and BioSPICE Integration.
Omics A Journal of Integrative Biology, 7 (4), 355-372, 2003.

(2) HEAZER

37



Q%

EWN 81, WEsh 32 1
@% D1t

EWN 51, o 27

(3) FsaFHIE (SORST WFFEDHRICEE > 5 K5t (HEEADS JST LIS D b D& ETe))

iR

[E1P3 2
51 HHRR 0
i 2

(4) & DOFFRLFIH

Nature/EMBO Molecular Systems Biology (Z At # @ Towards a theory of
biological robustness, Sept. 2007 23 &« I 7-FE, FFED 10 H DR B HF ‘7 e
n— RENTmi@mlerolz, oo A7/ FE0 2HOFELH Top 10 (2

74U,
1/iZ : "Towards a theory of biological robustness” Kitano 2007
8fZ : "A comprehensive pathway map of epidermal growth factor receptor

signaling”" Oda et al. 2005
10 /7 : "A comprehensive map of the toll-like receptor signaling network" Oda
and Kitano 2006

9. W

ERATO & SORST ?i# 10 F£MIZBW T, VAT ANRNA A ro—L W) S EiRE L
TEE R - HEREL . OB, EH, ERIBEAEET LI LV 0ON, KEXREETH
ST, TNE, EOICHET 5 & & HICRIBECIRIEIER E~BT2EME ST L2 &N
SORST TOEMKM e B L ooz, 2O O BEEITZER TX 72O Tl nEE 2T\,
Inbo7uvel FEBUTERAMEBLEZLOD RS, Fikim. S Sk, HAE,
[E N4 0 B A 3 ORI SR B R A — ﬁﬁ&ﬁ&@a%Aw#%D\%%\%imwﬁﬁ
CEENMA~DEBHNRZ TERZRIICH D, 10 FERTORANBIIRERBILTHY ., 2N
%, JST OALEMFIEHEER I L2 TR IR BRFE D T8 ), ZT3E,. SIS
fhy =—a o —F A = AT OBURE O ZEEN 2T IEH D 2 o LR
Do T ZITEMREITEGH AR L2V,

7277, BABOSHIZHLEDLLT, BCkToOTF e /5 ARLELEDFNTANTERT, H
AKTliE, MEOMEGEDRD THREE/DRITH D LWV ) SRS TH D,

EFRAICIL, VAT ARSI u =0 RERFEF LD EOHEEMENR &)%%L“Cb\é

ZDOZ EF, EAEORVMEANOH ENTH DL, o,/ —UVEBSIE, 2009 £
AT IR A Y —%T—~E Lz /) —b iR Y7 A(Nobel Symposium on
Systems Biology in Chemistry, Physics, and Medicine) B3 25 Z L #RE L7, LD
AR EZ T T0D, WIFNZOREFTONEICS /) —VVENRGEZOND I EILRDTH
59,

FUVINZ LT, BIE, 2o, kst Yy =—a v v a—# %A = 25T (Y =—CSL)

38



EARBEE L TCE0IC, EMARFHER & 25IcE 91, EPR RS CHFgE 2 Hite 9
HZENTET, Y=—CSL OfRRE « #E Hitix, thomicREEZ8E2FoX o 20
Fx, RUIMWICHET 2L 0WH) 2 & THDH, xDMEOMR b2 RN 6, 5D
Bl & RHIMRMIICEEE 5 2 21BN KE R ER2sns, KELETHD Y
=—CSLM», ZOLHIBRFHTHST=Z ENFENTHoT,

S 512, ERATO 0% -6, FrEIEEFNEENEN T AT L3 A Fu U —it 9ok (SBI)
%3 L. SORST Tit, SBI 2MEEIORHE L 720 JST O OFEFEMFELE L TR =)
N T LT, 2 - T, IJST OE L TH AW EV PRI 2. BIOWFIEE 4%
BT 52 & CAHBIGEEIT A 0 Y 27 MEEZITT D E WO KFHINE -7, JST @
BlLERIEHEE RS, V =—CSL, SBI OfiAaabtix, EFEICHD LD THoT2 52
TW5,

VAT IANRAFa =D L BN BT, BaEh, £ F o BRRAR RN
H 2R T HEARII D005, WIHIOBEBETIE, AMFESREFZROMIRENHIX, =
VEa—XBIAMOBENEREZ NI E B S0, L, FIZIE, ¥HNEED
BWRABHME LA W, T2E 2T, v R=— - 7L —fld3, FHx N ERATO 7'r v
=7 MR LIZERIZ, THAWZ E LR D EEWZ0T, LT E0ns T,
ZeR, Bex DT REGN, BEENET-, %A, KA DEERVZEETIX, A2 1994
BT L —l 5T, BBRBAERREOFEM I Ea— X ETVEEY VDO TR S
TilZ Lz, LEVWEFROZLEZRATCWVWEEWS Z L ThHD, 7L —1Etn, Fx
DT Y s NORPIOFFEETH 7=, LarL, RIE0#MkIE 720 T, R RE<
EbOooH5b, £72. BARENTORMII T TIXRWN, VAT LA, 4o v—id,
AA VAR —=EDNRA F 0V —~DEZEHIHIGEDTND E D,

ZOXIRFENERFICT SR, TV bOMELE EBIC, AMOBERSKRYITH
B, oS, ANMBROFH, EMAIZ DB OERICKRE2EERNH DL THA 5, FAIE.
MREDF Y VT « A7 —=VI2E Db D00, ZMEIMZ8R 3~4 4T, ML L75EE 0
RovarvasfGrav=s helinsg Z a2 LIz, R UHET —~ 2k 5705,
D%, FEOILEWZE L THIUX L v, FAE, FFERICIE, HOREARICHEEL - T
W2 72N T2 (FFIZ, ERATO ORRIZZE S TH D), KER7ry =27 NOFTOHBE L,
MNLL TS Z EOBRBITZOE EEEDPRANGEY, TELLETEN D BITHNLT 5
RETHDHEVIDOBRFDEZ THD, ERATO & SORST 0¥ 2@ LT, VAT L3 A
A —BE T, 84 (L HEEHF - #h7), KR (BEAF - #875%) . Hucka (Caltech), Sauro (Univ.
Washington), Yi (UC Irvine), Murray (BFJFE - #5f), fitiE (BEME - #E 1), ~F&E (JST &
ENT)) O PLEZFEHL, SHICEANRFT-727 Yoy NMIBELIGTREE L 0D, &
BOIBRDOIERZHFF LTV,

ToTuTl MIKTTAENR, VAT AL Ar U—d, I HICEELAEMFOARE
2o TN THA D AEMBEIZBN T, 20 il L0 0 FAEMFORR TH 72 L 91T,
21 HAUIT AT AL AP —DRRIZR D THA D, AT RV NORYOAMEIL,
ZORFIZERD T DOTHA 9,

To be continued...

39



