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FBA(flux balance analysis)2} # 43} 7] % (optimization method)= 374 &3O 24,
75, WA= (metabolic capabilities), 12|31 ¥Ust= AEs AHAZL 5+ A&
HSES AgsHA AT & A HATS)

HZo F2E AFAES = A Z:Zﬂ(regulatory constraints)= FBA(dynamic flux
balance analysis)oll E3% Al7|H 3 AJ=3FaL itk o] 2E A AL AAIGFH
(production rule—If than rule)?} &% =2](boolean logic)Z FH ¥ =2] 2l (logic equation)= A}
&3tt}. o] sk A A 2Bl (production system)< W FA| wE Ay = S-S YERY
= AAE f4A FReE 18T F d= Aol Ak W olgt E™ 3 ()
binary system©]”7] W&ol H3ek 2d iAo FEAAE %

AE 5k [2, 4, 51 (IDE FARE0] SAUE A&

5 37 Wsl mE fFHAEY 2d WAUSES ¢
A &5 24, Ad G5, 28 NxEe AsES d53t7] 984, linear programming
package(LINGO)®} spreadsheet package (EXCEL)S ARE-3lolghti[l, 2]. o]&fsh X203
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A Wl mE A5 24 WAYESS 2d7] 93
E (hierarchical regulatory network)E X @35}l t)
AR 471 A on d3d & dn, NFdd A%E vilE S de B A
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1. Visual Programming

BE 2% A2 LabVIEW version 7.1(National Instruments Ltd.)oll 4] THEo] %31,
1GByte RAMS 717 IBM Computerol| 4] A i Foj At} H Ao Zej2 o} Hd &
= 73817] 913814, LabVIEWO| 4 A 3} Sub.VIQ! Linear Programming Simplex Method.VI
& AF&eFsiTh
2. Fundamental Modeling Symbols

ATH 24 MEYAE T4 de 29E2 715 (Symbol), (HA(Arc), 7+ (Weight) 2 T4
Ho] vy, ZElY 7]FE ZH(regulation)S 913 AEEH 7|EEF S HE 9% HIA
55ty 7352 FEET Z 2 RE, not gate, 23 @ 0]
Adste] 72 AF A AK(gene transcription)e] 7|5 S @9l 7HA
Al w5 7heAlE AHAT= Vlee @ FeAIE A 2
AfA AFEH A= A o9, wmEAbo]o] A BxEE UEE F Utk o
system®. 2 UERE = Qle Ao adAoR AFEE 4 Qlth
3. Construction of Hierarchical Regulatory Network

dod 7ZEE 749 ASA 24 UE av 23 didSo] oW fHAEY]
AEE x4d3e=A FAAFow A4 4= gt o UEY stimulus, modulon,
regulon/operon, gene level, metabolic pathway level = & <= )T} Stimulus level> st 3
7d ' 3}(a simple environmental change)E '} E}FWT} Modulon level-> A3 <5 37 9] W3}
of whg-3star, sty o] #IE YERAE regulatory protein®] 234 regulon/ operons
THHoer 243l 7]5= Sl Regulon/operon level< common regulatory protein®l] 2] 3l]

2 HEEY AE B FAEY AEE -8t} [3]. Gene level> 2.3

2o 9galA 2-EE FHAESY  active finactiveE UERATE oY {FHAES
metabolic pathway levelol| Al A|XXA 7o H Q3 A=A S FATAY Ealsts 7155
shAl E .
4. Composition of In Silico System

In silico system< A H|Z7}FA|Z G- o] % o] dt}; Extracellular Environment Setting Mode
and Constraints, Optimal Flux Distributions and Time Profile for Substrates, Dynamic Flux

Distribution, Dynamic Hierarchical Regulatory Network.
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Fig. 1 In silico system of Escherichia coli.

Extracellular Environment Setting Mode and Constraints

MEZE oqust ZASPA A=A E A= ASZH, 8702 checkboxes-
aerobic/anaerobic condition, glucose, lactose, succinate, acetate, tryptophan@ /3 ¥ o] It} Z 4
o] &5 #AHS F517] fsA = E. Coli®] maximal uptake rate®} cell densityS #| % 8} oF
b AR A S A2Ee] Y boxoll FAIwEe A8t " ol g AYES FEA
simulationS 93+ 7] 7 X Aol duHrh

Optimal Flux Distributions and Time Profile for Substrates

Yst= A4 5 (objective function: growth rate)S # 43} sto 2N, HA 55 4t
S HolER2 HoFEt. 53|, global control modeo] 23t %% &E2o] WstE HHPH o=
Hlash = Qlar, Algte] mE 7]"e v% WHIlE AFER HoFErh o7l thE HAx

Aol A A3 e] W*Wr A st WatE olsfiste AS 7oAl drh
Dynamic Flux Distribution

Metabolic reaction pathwayS X ¢ 5*i= dynamic graphical viewerS A&t} o] viewer= ©]
2l 87zt Wstels HA 559 Aighel oM AbsHo® il vheluy
SHAl BolFoh

Dynamic Hierarchical Regulatory Network

4 wdo] A Wste] webs oEli FHAAEY MEE ZHHEAE HAFE
dynamic graphical viewerE A3 3T}l ©] networki™ stimulus level, modulon level,

regulon/operon level, gene level metabolic pathway levelol] o]s]A AlF2 F+25 o|F1 Uk

oIetES 0|EH S& Hi11d Az2s 20058
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1. Parameters for simulation

24 UEY A9 AFA X, central metabolic pathway®} parameters®] #ES ©]-83}4],
Alzbe] & FAA 2HE BANGOREA, 2 AFoA AAg RElEgo] Ay E oMt
Glucose®} lactose”} 74| EAstE 7oA E. colie simulations}”] {84, Z=7]x3
(biomass : 0.011 g/, glucose : 1.6 mM, lactose : 5.8 mM, delay time : 0.5h)¥} SIStz
(glucose : 6.5 mM, lactose : 3.0 mM, Oxygen : 15.0mM)= 7 5} 31 T}
2. Glucose and Lactose in Medium

M F-37 9 glucose} lactose”} U&= A9, t=0h)ol A t=4.45(h)°| A glucose”} Tf
ALEATE. t=4.45(h)oll Al t=4.95(h)ol| 4] = alternate carbon source$! lactoseE UTHA}SH7] 9]3h
gene=©| A H LI, =4.95(h)°l A t=8.59(h)7"XF &<+ Lactose”} THAFE AT,
2 AFNA insilico system> AF&ALON Al oS AE AHA O R QAT F U= WY
Az 7 Atk AYgd V|ss5=2 ZUFs 2 oo]t},
285E AEERtet Featd Al oy 37 st A MEY AFEES dATske & oo
< =T EA AMEE S Aot

A =24 HEHNA= F
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