SR RGN EHEE S 3 CREST
WFFEREIE A A B RE D BRAR & I {H 0D 7260 D BAEH AT ORI H |

WFGCEREA T R N — I RE I e A T A A5 5
PEERICEE D<M AT LD fRA |

FZ2 R 20134610 H ~20194F3 A

R ER A Bl
GRS R F T4V A A ER A FEAT , 208%)



§1 HREBOBE

(1) FEhuh 2

AMELENTE R TR T, BiaoX VB E ORI OF AR 454
FUTHERL . Ry N — 7583 DI ENTEME L LT, BRI Ry Ny — 212 D% AR
ATEMDZAFITANEE  FOHE AT IV AZENEMBROREGROIELEZ 5T
5o EBENHELNT= R NI — T EWE TTIT, XA T IV A G #im T HI L0y, EEA RS/
STWH—FH T, Xy NI =V AR OFREIZTEF | BB LB ST A— 5 %1
ELRITIURE AT IV ABRETERN, ESNTET, ZORMEIZHILAT B =27 N T,
NI —=ZHERIZT DU AT AOBRIMEE 2R E T 55 PG G T 5
EC, BERR DT~ T2, BRER ORGSR RN A ZNDEEBEO A M AT A
THHEERRETH2ET, BIR72 A AT LOBREDfEIIZHRAT,

5 FHIOWF TR BN 28 U T, BRER O REEIIRIEICHE A ORI SO, HFER LAY
VDT AT T HREERHEGREL TERELZZT TR, PHIL QO -T2 2 IR 3 IROFTLWN
R SNEENT, — T CEBA~OBVE A DOWTIL, 3 DOBEON 1> ClrEE
TR RGBT, 2O O CIIEIR A2 R Z 0 T AR DL ISR 23D D o723, Hiffr
EIAEEFTHeEO T RICEY, BIFETIXEBUC T TEFRICEA TV,

PREmAIRK R (D, B EERR O BEH)

F N — G E N FIIRD TN ERE OO T DB ER 2B L, M AT LOIRD T
Dk & IR D3y N — & T2 T DR E CEHZE BN LTz, AFFEBHARIE T
B RO NI —7 DWEIETZ T D, BER/—RFVS 5317 R E TE 55 “Linkage logic”
T2 1TBEL Qe ZOBERE BICHWTERS AT A0 ZED 7 — 5T, Rtxvh
T — 75T DR L S BER S REHERE LT,

(D) ALF RIS RIZE W T, BEROTEHERREN BN UL DL ZEME DR E DO EHERIISE
. RN DOEBEE T NOIRETED LA YD TH A L., “Structural sensitivity
analysis” &L CHESNL.L7-, (Mochizuki & Fiedler, 2015)

(I) Structural sensitivity @ REEICEY, BELREGITH T DLFESIERDIED, T v —7
EO—EOLFOREEITREELZLER AL TV, ZOISE NI =Xy N —I D
B2 G005 Bl OBEER “RBRIT 2% A LT, Xy T —27 DAL E O/ 1
DL TNV IRFEAER T L QWD EE  ZOIEN DI G- 2 b ZEE D52 2T
WD I EEED | IO PR PRSI ZIE % 5.2 720 AWFFRICLVHID T
BN STIERITTH DD, T ISROTE SN D AEMBIR O3, ZOIERNZEDHT
—HJIZHERE CEDH LB 2 DD, (Okada & Mochizuki, 2016)

SHIZ, (3) Ry NI =7 OREEGIIZ T 6, AL TS AT LD TE T R D 53 I8 D FE AN E %
PETEHZEAFE L, “Structural Bifurcation Analysis” &4 111777, SMOBREE DAV %)
UGl Z Bh VB AL 28 L T D BRI I LR 2 HIVD DS, 3SRV EDE
DR NI —I DFETETDNBIRE R RE THDZ LA H)D TRLTz, (Okada et al., 2018)

EERAEM IR R

iR OEFRERR A T AL T, S oD EMY AT AOBREMBICEHAT,

A. FYDOMES L% F DB Ry T —7 DfFH

() AYOYIFEAT 7 FEEOMADIRAEDE A DR E SILABRIZHI<, 92 DR 1L 382 D
22 o 7 HilfE Ry hU —2Z1Z% L, Linkage Logic ZHWTHETLIZEZA, 5 DDA
FOIEPEIRIEIC IV S AT AR B ONHIEI TEAZEN FRIENIZ, ZEZITT 5 D
DB OWTEEIRBLE /7 X0 ORI EERZITO, fila o b~— 20— D%
BEFHLTZ, ZORER, ZLOBENDLZNE @Y OMBLRESEY B, B E2R
ELTHNZE R\ 6 FEAOMRR O /- LIRIEZ I EL C& 72, ZHUZ LY Linkage Logic DT
B, —HOBELFOIEEEZBRIET AL TS LD VAT ARHIHETE IZIF2TOM



FEMEBBR CEAILAEIELT, (Kobayashi et al., 2018)

M2 2 NT — 7 OBNREDOFHA - BaEIX, ML AT LU THAREL T ETEANTY
HADMETH D, Ry T — 7 & D I %%%Hjént/}%z@/\% (L AEREDEEDY, FE
T TR EIEEN T2 8T S B OO B O RO EE AR LML 70577 A9,

(D) R OHIRIRBED EEHL CE R -T2 FH IC DWW TEBLICHFZE 28 | i P 043k
BAODZENHGIVTND Thx6-r.b & MrfDBEIZHIEHIBIFR DV — T DAFEEL TWDZ AR
IZZEX BTz, 2O R% 0% T Linkage Logic 2> TRy NI —I & LI-L2A, (1) T
W A_7Z5 DD KR TN Z T Thx6-r.b HIFERDK F-EL TRIES I, 6 2DK - DOEAECH A
% Er O - IR O iE Y P E DI CE DT EAEER I TS,

B. V7 IVAREROBY BRI OREH

AN 7 DA ~MBz D ErbB 27 T IRERIZH LT, 1) AT LD AT
FB24 9% ErbB SZ 5ROV TR {LBIEE ., (1) ErbB 2510 7V F VG ER SR, O HORk)=
(2o, EER GG L R E BRI O A A D EICIY | B EEDOfRIA AT T,

() VHRREEDA>D ErbB DY FRAVENRED UH L R ORE Al R I TR AL T KREL
BB ZEEWLNIL, ZOBNEE LT 2HEE T VLS ST A—Z R TE LT, BRERIC
#-3% ErbB RELEZFERIVICEAEL | BEEOBEV DIV BLISEDZRREEEVHL T
WAZLEFERA LI, F7-. BERRHT)D ., ErbB OIHLEOE ORI IR LISE D %
T, FONEBDSREIEDN VI THH LN LT,

(I) ErbB 7 W ARERIZH LT Linkage Logic B4 H ut& A3 Oy E
T AT IA ﬁsm&é%w 4ODTN—T 1RO FOEREITIFE SINDZEN THISH
72o ZNERRFET D720, VUi b 7 a7 4 — 2% VT, /XTAEPO) 17 FED4y 1 (35 Fi
DOHIHE) OIENE% [F]FE Jﬁxé VAT BEMENL LT, bk & 7o BRSO RIS T AR O R E
Z T RO OIEMHETEBIL , ZNDDZERMEN 7T FED 53 DENRE T A DNDDFRGEEE
HEH TS,

C. HDMREFRD SR ERAR L fRA

MR R DB ZFHITD720D10 . T T AT AT E AR R a7 AT A R BT
T HHLN G EEBIR L,

(D) pEkD 100 T {55 LL EDOIEBIRZR SR & B E D o7 2 2V O ARk E B T
(IMPAQT) {EABRFE L . b H MR R DIEE E S~ 7 A R TR TS E T, 1
kDR FEMNR 2 SORBREEO RS ETR LT, IC-MS {EEF BB LT,
(Matsumoto et al., 2017)

1D ZBEHAWTEBEO T IMCHEERZIRNT Lz, Z O R, BB M2 E Db )i T
FE BRI T DINENKEERDZEN T,

(2) BHE TR Al R

<ABAVT T TR L CORR >

1.

ML

ERNIZB W B AR DSBS D72 08N> TRERR S A B Ry T — 27 1%, il % D B
Z R DEROIEESCEIZE ST, 2RDIRDIBEODPREINLEEZ LN TND, BERDIE
PERBENEA LT EED TV AT LD EMERIIGE . T72b bEER LN KT 5K WEIRES
%‘}i}*@r@iﬁm A BT E LR L, XY N =T DT TN LR E CEXHE
“Structural sensitivity” ZHEEE L7, tk & ZARARR Ry N — 21K U CRENT 2 AT TR R, =
NWETIZEDI TS TALE S R DOIRD IR, DFEV R NI — I DR LB EE 5.2 %
BOSITHEAFL TRBE DR ELEAO L R o5 — U aom 283 93> 72, (Mochizuki &
Fiedler, 2015)

2.

ML

PR BN T DAL UG R DI E /2 — % AL DR A BRI 2B 50N LT,



F "I — 7 DAL DA REED , IRD IR IS 2 =L TWAET S (DFED
) — (RIGDHH) + UL—THEDH) =0, ZOKE, ZOMEEIX TRESE" L7,
Tibb, ENDONGICEZ BN B ORI, WERDIAMZEEED | A ERDHRE LK
ITIE L 5 2 70, fEEREIE I3 2 7L UG RITAFET DI LMD, #IOME &
PEEN ST AMDIELTEND LN, RFANCE> THEESNDHEE 2515, (Okada &
Mochizuki, 2016)

3.

e

BT AT LOIRD NN BT DBRTIE, RO DI N ZAHEIITWD, D%
PR HE EME R B SRR SV CETe— 5 C MR BUG TRy N — 7 D 43 IS AT 13 R 22 IR 7
M CHoT, ZHUTKH LI 2 1T, Ry T — I OREIETERIZ TS AL SV AT LD TE
FHARO ST S FTRE T HZ LA BT LT, BARAZIE, (DS Ry T — 7 2R3 4y
s 2 A U o512 SRS DRI T TERDIENTED, QBRI EEICRL ., /i
EHERUIDIGNT AL ZyhT—2 ETRETED ., Q)BEA R 125t L, 4yl 25 )
RTWEE SN — 7 F TR ETES, ZOBERICEY  BHEA LR RS R DIRDEE D
FRBADS 20 Z T e RS LD, (Okada et al., 2018)

<BHFEHEATA /N a ICRELSE 5T AR >

1.

ML

AEORREZ N THINCEALEIE DI 8T, BAEED S - ALY S AR R EEIE N
BCRBITHEEEL 2> TN D, EERICE R T ECIEAI LRI K> Tl i O Ay iz it
DMTHOIVTET=D, ZNETIE, MFEE OB KRR — =0 J 34T Emiis s
F7 K- D3 RE S TE, #E A lZBW T, MIfEM 2R E T 28 IE Ry N — IV 2T
A3, Linkage logic (2 X0 ESN TP OB IZ X0l TERZ L% RV IRE
W TERANCEIELTZ, ZORRT, AEAEE LSS E G ERE2 ZH L0 T
DI R THH LRI, WLy M — 2 28 ET 5 — R F iEE2 R LT\, $ 78
B, Ry b — 7RG ZRE | Linkage Logic (ZX> THEMT, [RE SR 1 OFEMERRIE, &)
FFRIZED, AR D TIEMEEN FTHRIC /e D L IFF S5, (Kobayashi et al., 2018)

2.

P

ST FIARIESRZ DAL T MZHT-5 ErbB OV b D SRR D HE A | E il S35
TIVER A D THRIALRZ, B2, HEET VO TRNIHEST, ErbB 3B EZ#IET S
ZETUU AL BN REA I CE 722 8ld, fFky 7T R TER DIRDER e N A WITHETE
DEMTA~EFE OO AIREMER DD,

3.

M

e LR OFE AAERIZZ > TEV IS D H MR O 88 23T 572012, fEkD
100 TRELL EDOEBIF 7 R EIEMNMEZS o T2 2 /X 78 O 8 5 ke & AT
(IMPAQT) VEZBHFEL . EhD HLMRESR DK E E ~y 72 R THIO TRAI T,
(Matsumoto et al., 2017)

AR 25w 3>

1. Okada T. and Mochizuki A. (2016) Law of Localization in Chemical Reaction Networks. PAys.
Rev. Lett. 117, 048101.



2. Matsumoto M, Matsuzaki F, Oshikawa K, Goshima N, Mori M, Kawamura Y, Ogawa K,
Fukuda E, Nakatsumi H, Natsume T, Fukui K, Horimoto K, Nagashima T, Funayama R,
Nakayama K, Nakayama KI. (2017) A large—scale targeted proteomics assay resource based on
an in vitro human proteome. Nature Methods 14(3): 251-258.

3. Kobayashi K., Maeda K., Tokuoka M. Mochizuki A. and Satou Y. (2018) Controlling Cell
Fate Specification System by Key Genes Determined from Network Structure. iScience 4,
281-293.

§ 2 WFFEE A

(1) WFZETF— DR DN T

O ¥EH -7

WFgegeE A Bl GRE R ET VA B ERIEAFGEAT #i%)
WFgEIE B

BIETV—FEm o B

@ Meggirn—7

EFBILFENTEH ek DT G R R B 2T SER HEHER)
WH7EEE (FREESOMHELLOTHENEEA)
YOI A FDBARF- R N — 7 D

® lEBIZN—TF

T AIERFZC S B e (ENTRFZe B 5 NE LA F 22T WFEE)
WS H (B AREZOMHEARLOTHENERTA)

T T IVAREE R DENRE AR D R

@ AR 7n—7

T/ DI FBFFEE ANA HERE UM KA RBEIE AP FEAT Hed%)
MFEIE EH (BEREZOMHERLOTHENERA)

- PR ESR OB EED fE A

(2) ENA OB e REE R FE OB DRy N — 7T ORBLUZ DN T

MGG &2 W By AT AT % . BFET — ANIZIR O T ERN O L3 & HLF
L T oD C & 7o, Bl AT B R K FEBEL A TR R O B — % . F75 KD Ali Fer jani
HEIRD & A 7 v — A GGk % ST, FHII & BORMNT 2t o To R 21T\,
KDDL TR LT~ (Ferjani et al. 2018), F7-. EERFMFFEHTO /N HLEA
HeHFZ L | WYEEMIRER T CAOLILD B Y — U TFERICOWTCHEFEZITV., B
FRR B S 2 — U DB S D T2 D Oy TR AAERMEE ORI ZRE L, THISH
725 N T EBR I EBRAIC R S 7~ (Nagashima et al. 2018), ZH & DOAFZFEIL., W
NhESCERE L LT 2018 EICRE SN,

F SRR OBFERB O A REMEIC OV T, ENAOEFEE Lk a T TV D, fi
ZIE, BEESCEIER PR O EMmAEE L OLFRIFIEIC LD | LRGSR Doy IR R
ISRy BT — 7 OREETT 0 RN D& IR 2 FT BT A 2 & 3T E 72 (Okada



et al. 2018), & LIZHEKFRFPEER AR O H HEpEEdE & 13, Z OB %Ik
ERIRIZILRT DD OiEmafielT TWb, 2o, FERFRFFEE PRI T H =
DOEWEEIZEER & KERHD b KIgfif 2 gk 2 IR 2 D T b, £ ofll, KE
University of Wisconsin—Madison, 2&F%}® Gheorghe Craciun %, Pennsylvania State
University, #EEFFLD Reka Albert i b & BERORRIZIIT Li#im At T\ D,



