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o= systems biology =
genome (DNA) 2 2 2 H transcriptome (mRNA), proteome (enzymes and proteins), metabolome (metabolic pathway and
kinetics) _12| 1] fluxome (metabolic fluxes) Ut 22 MEZL S K2+ A S 2 H 0 EHC’P HdEE SEOtH NEHS

[—==r—ar =

Ol=ote 20 S22 0. Z20HE 22t &L (human orphan genes) Ol (S MW IS0 CHSt @?
(O’Donovan et al., 2001) JF M Z Ol & A|HO M, HIE 2Als, 3I|HQl o502 = [, s RE M S (functional

genomics) Ol 2 JIHE & == US ANOICH L& MEZAIE HESF2 SHEHSS RALN D =24 ==0A
OlHE == A= J1- 0l & 220IC

CHAFE 2 (metabolic pathway) &= 0l=2 S X HAFZ (metabolic network) =41 2 &

&l 9
St M=sH Jls Oloiol UM E==ZO0ICH (Lee et al., 2003). Z&&tEH JHESIONA OIFHXI= 0l 242
NEol HX¥DAEtD otld, 0l HAIE=Za2 UAEISAN RIEX &, ASHEE Egotle 822
SHZAZtD et 2 ZUlA=E AZEe 385/58 NS 22 0 AR 2ot €3 &ttt

313 QAH(RAEBEZ 2H HAIEZ 2 Al metabolic pathway/network analysis)

HE SIIMS HAF B 20 Uist A= @t J12H0 21 ofLEA oL ZAT O SCH 6t DM 22 S XH
(i S8dt= HAFE 224 (genome-scale metabolic network) 2 0| M 22| J|s)t MHZE HSIE H=ot=0 2 92
& & BtCt (Papin et al., 2003). O] 7= Mg 0|22 MESHAH AlAE (engineered biological system) 2 & H| 2t
JPgé‘ﬂi AtZzo gHACZ %ECIOV" = UL

2 (yeast) 2 L HE S. cerevisiae = 6300 OUH Ol RMXE BERot U}, 0l FIINME AN MM HAIEZ2=
]a' 1 (a) I A 20 =Chhttp://www.tigr.org/ & Z%). 0| metabolism of complex carbohydrates 2| 8t £& 0l Starch

and sucrose metabolism 2 18 1. (b) Bl A 20| =L}
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(a) overall map of metabolic pathway (b) Starch and sucrose metabolism in metabolism of complex carbohydrates

& 1. Metabolic pathway of S. cerevisiae (http://www.tigr.org/ & Z%).
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Ol2ist HIOIEHIOIANAME, HHAMBZ2 M0 28t in silico experiment S <

o
o

M A K l- EH}\|. =0 |

=}

A28 XN |REXL, Odeld EC (Enzyme

stoichiometry, BtSCl ZMHIEE ot= =018, 018 =484
Commission) number of each metabolic reaction 0f 4_‘.;*3._ HdEE 2= = UL

708 M2 REXNZ FH LT = 1175 HAIEHS A/B 2 (metabolic reaction/pathway) Ut 584 CHAIZ & (metabolite)
2 X85l 222 WAIE 2 2 At= J. Forster (PhD thesis, 2002) O HAt=R U A Z0t= == UCH 01248 HAHE 2
SAMN=E SEXEHO0I0 [HE DIMSO MALMEE Bt SS HEE = AN HSEX HL0 01 = AL

0l ARUAE BtSA=30IL REX/MEE ZEUE (regulatory pathway) = & SHA 210, stoichiometric
LA JIEtE S0 UJN0 FEZ2AtEtD = 2= UCH Metabolic pathway analysis = I H TS FE 00l 2 st
ARt S0 U

_,_

Metabolic flux analysis (MFA)

Al R& 242 Z4& HdEiotMe HAIZZE (metabohte) Off 28t CHABFS 2 2 &3t (stoichiometry), & 2F ==X |

HHE =S = WAMB 224 S L6l (Lee et al., 2003). 2= HAISZ2 0t HAFE 2 T2l 2 A 20l A 2 stoichiometric
(

matrix (SU , metabolite i in the j™ pathway) Jb LA™ ACHH, HAISSEE (v ;» flux of j™ pathway) £ H &S &
U=, Al2Hl [ & metabolite X 2 H3t= 2E HAIBHS 2 R &2 02 LIEHE 2= QUL
ax
sTy=22 3-1
" (3-1)
CH AIZHON ek X o Mot &0l 2EGHCH D JHEolH, = ZaAE JHEGHUIA, 0l A2 TSt 201 Z 2| & L.
STv=0 (3-2)
AN HYS S22 UAMZEZ L REEA (Forster, 2002) M=, 584 2 HAFZ2Z 0l CHSHK, 1175 BFS 4]0l
2O SHC (1=584, J=1175). E£&F 2t BIS 0l 20iot= 708 H SEXIF HAIZOH AN, HH RAEXS AMe &

olofl 2t = S0l OULEA &

I=2Ne]
= —

Ol &tCt.

OfXIQH BZ2H0l AN UL, FE &L (stoichiometric value for each metabolite and pathway) Ut CHAFFEF (v;) Ol
PRHEOZ LA R HOHA 3-2) 2 LS 201 HEE L
STv=S, v, +58,v. =0 (3-3)

OIAIOIM, B2 LHE 2E]L (S,(IxM), I=total metabolite number, M=total stoichiometrically-known
reaction number) It FE (v, (MxI)) 2 WHLZ FHo= HEW LAKXNKN H2 2E (S,(IxU))t 7
(v,(Ux1)) 2 522 & & ddz ZelelCh 2t XX 622 SSHH (S,) & rank(S,) 7t U B0 X2
(5, S4BABL B2 It 229), MFA = Ch30l D=2 FBA & & ECh

Stutsl)|=®2 0l&4EW=It Ol1l= HAFS S A P2 A (Metabolic & Biomolecular Engineering National Research
Laboratory, http://mbel.kaist.ac.kr/)ut & W ==Jt O|Il= Process systems lab. (http:/love.kaist.ackr) OlAl=
CHAFHEOIA 2 ZZ20iCH M22X RS A& U= MetaFluxNet v1.6 (Lee et al., 2003) & I3 1D,
HSHCOZ AAlotn JACH O 2 = 0 Z20H0A 8 HAIRE A4EE 2 = UL 0 3BH
I 2 ] &# 2 http://mbel.kaist.ac.kr/mfn/ Ol Al LHHA S &= A 20, Linear programming (LP) optimization algorithm =
01230 LeAXNK E2 RE (v, (Ux1)) = H et

et s\cel ol
EN L) | S—— _—
- ud « 34.816806392616741 . -604 81680639261674 z 0.0
Opericipeut [Paion]| - .
e ‘ L £
= == e Vot 5
Trans01 ELEM [PEF’\ BSP PYR] r
 Trans02 SUCCs |4
= oy r
st £ < T 4 O
 Trans05. 02¢> 02 |
 Trans06. £02¢> CO2 |
GlyO! GEP <> FBP 4 Zoomlevel: 1
G102 FEP + [ATP]> FIEP + [ADP] r oom evel
. e c [Zanre] o ]
GlyO4 FI6P <> T3P1+ T3P2 |4
GlyOS T3P1 <> TIP2 |4
G105 T3P1+ [PI] + [NAD] <> [NADH] + a13P20G |4
G107 &13P2DG + [ADP) <-» a3PDGL + [ATP] |4
Gly03 &3PDGL <> a2PDGL |
Gly03 a2PDGL <> PEP |
Giy10. PEP + [ADP] > PYR + [ATP] r
Giy11 PYR + [ATF] > PEP+ [AMP]+ [PI] r
Gly12 PYR + [COA] + [NAD]-> [NADH) + [C02)+ ACCOA r
Gly13 O&+ [ATP]> PEP + [C02]+ [ADP] [m]
Gly14 PEP+ [C02)> DA+ [P r (m
PPPOT GEP + [NADP] <> DEPGL + [NADPH] |4
PPPO2 DEPGL > DEPGC r
s =
PPPOS RLSP <> RS |
PPPOS RLSP <> XF |
PFPOG REP+ 5P <> T3+ S7P [
PFPO7 T2P1 4 S7P <> EdP+ Fi 4
PPPOS P+ E4P <> FBP+ T3P1 |4
erens it wxioRs [l | g
i |
2l 2. MetaFluxNet (L 1.,2003) I & &= FBA E 0| 28t MFA
1% 2. MetaFluxNet (Lee et al., ) 8= g 0|=& .
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Flux balance analysis (FBA)

CHAEESOll CHEH BHS & =gL0l YAXIX LAUATH StHHE, HAFB 2 49| stoichiometry Ol 25t X 8HEl O XI=
HAAENGHHI A 2l flux balance analysis (FBA) £ S0t HAIHIS S K S&= 0I2H22Z 20t

AE2SIA HIStA! (3-3) 2 LPHA O 2 underdetermined system 2 2 2| =0, S8 UAIES2 K2
SHEEZINE = UCH, K Sl A MEA0l EMotE2, 228 =X HAIRES 20t = UL
University of California, San Diego (http://www.ucsd.edu/) 2| The Genetic Circuits Research Group (http://gcrg.ucsd.edu/)
£ 0l11= Palsson w0 2oHA MotE 0 2482 12 3 (Kauffman et al., 2003) Ol M2t 20| &=t &t U
Sot0 SAMez dHE o= AL 3 I metabolite (A, B, C), 4 M2 HAF BHS0l 2HE R (vi-vy), 3 HZ
QR H S WERE (bi-by) 2 8 3 (a) A S == UCH WMetA 3 JHe HAISE 0 e dEA2 O 3 (b)
OlAe 200 2850, E9SA (eg, v;=0) L= &8 H FE MEA (e.g., by, by, by Ol 2t8H = CH/E A0 01 O 3
(c) 2 20l EME = AL EF sH&==0 HE =E RE2 LP (linear programming) £ 0| &0t Hl&HE O & Ch
(see 18 3 (d)).

ol

(a) (b)

\ N i?=_y1_\rj+\r-ﬂ+b1 iD'-"I. :1 7
o 2
] o T 111 0100 (Y
== =, +wvy—bh ol ) 3
ar T !% =l 1 001 0-10 |V4V¥
dc I 01 -1-10 0 -1 /b
e System or T YeTMaT V4o By ac| - by
boundary [t | B s 7 by| ¥
(c) (d)
-"x_
Flux constraints e -, Multiple
vy = 0 {Irreversible reaction) " optima
0 1 =0 vy+vs 1 va v e
W :
0y 250 vy+vy 2 ! -"Ogtl:'mtal L Va2
S in e
0 By —=0 vw=-v,
\ g
Va v, k
vy Wy
S.v= ':"_ Objective (Z) = 2v, + vy Cibjactive (Z) = vy + 2v,

Currant Opirdon in Biotechnaology
2 3.FBA HlA 2 =& & H &S 28t LP (Linear programming) 7|8 (Kauffman et al., 2003): (a) system definition,
(b) mass balance, (c) defining measurable fluxes and (d) optimization.

T2l 3 (a) OlAlL, AFEZ = QT A

JE222H 1822 HHEHWHE = JALL ST 2N EE 5
AL BZ/EIS2 2dM Us AT UKL, AKX €2 A= UCH
t

&
SH2IAL LIt &

oK

CHUHAME, 8401 20t HAIBES D HALE 2 (ie., v) =0tLI2H NIZHE Sl TE
(e, b) & HAIECH BHAC = (ie, 3 2l metabolites) ZCt FBFHL2| 2= (i.e, 7 I B2 in Fig. 3 (b)) It &I
=200, 28 3 (c) A2 201 RS0 28 ZOH2 MEStA S0l MAIECH OIS Hetallt 8 Y SHE+E

=
ZHAS N D2 REa=S 20 HLL 5, =422 H806HH,

s.t. S"™v=0and o, <v, < e

Ol &1 34) 2 SHe== HEAS0l 2F 822 H2 B2 LP algorithm S 0/ &0t0 oHE & = UL
UM OZ SNE+= 450 2sS2 g HoE
FBA = & M Boolean logic approach £ AFZ0tH A, (HAF S T & (or gene expression regulation) 0ff 28t HISHAI S
FIISt FBA D1 o2 Y &aoll b QUCH (Covert et al., 2001).
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3.2 S & M E2 A (Whole cell simulation)

A RII22 S HE (genome) It 2F SHSEUCHD IIEGH EX 0l REXS MHE (e.g., mRNA, enzymes,

proteins) Off CH8F =2 J|1S0] £8F 2HN UL, 2 E metabolic pathway X &I 228 0| SIRUCH StHELE, =<

SEHSL REX OIMIIHS0 et M2 sEAs2 WS = it

AH0I/A= MES SHENSS 8 G| M= HAIBFS B2 (metabolic pathway) = 2& Z 249

2 E B34 (kinetic constants) 2 regulatory pathway % signal transduction pathway 2t 0| BISAISE 2ed N 0f

st MEaM=E AR NZS SHIAD IR 850 20IX2 2552 Stole M8s F20 820
= A2 200 ME sHEZAL dF& X0l A= E-cell project (Tomita et al.,

Slst BHS DHGID TIX 2 ZWE WIS T

[
e

E-cell platform (http:/www.e-cell.org)
22 HOIL HE2 Tomita It =F0| & WL 20, AAS SI3HLD U 1 =
SMHEE H=otD, HZWH SXNEQ ASHHE ZAGHIRoH HEE D AUCH HAIUES 2A0tL et
FEX & IS, DNA SAF S MZEW 02 SAS =0t |Ist T2 Y &

time-scale simulation 2 9|8t 2 12|&0| LHEE O ULCH.

0l ZZ20e= AE0tEHM, JIE "2 FH8X (Y 480 genes) E ERe HN2=Z
(http://www.tigr.org/tdb/mdb/mdbcomplete.html, Fraser et al., 1995) & & NI 0fl

127 E BIE 22 SH 2 ALE oA CH (Tomita, 2001). 11 4 = M= It s
QY SHDA HADNE SBOHECH GII0A, 105 IHS] SHEHEA M QM X},
JHO CHAIEISAI0| 012 LU0, ZENEOIL MSHEN 2EH AIE2 AL

2ed&l M. genitalium

=
Uioto, d&Edtsst 2l s8 L
127 SEXOIA HIRE = HAFHE
222 RNA M & RE
SIX &AL

M, el 495

| =1 3=
(| e | |
LS SNl

e e =

i

Tl

= . e pesion |

B
& 1t E-cell 2 S8t =& 2 At (Tomita, 2001). TRENDS i Blotechnaioay
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V-cell project (Loew & Schaff (2001)

University of Connecticut Health center 2| V-cell project (http://www.nrcam.uchc.edu/veell_development/ ) = Al XL}
s HAMNES SHE2LZE UHF = E-cell project 2t= e, & HEH/YM S2HUME AE2 E= AL
convection-reaction-diffusion &S L Y/ZAIGt=0 SHES =0 [N 22As2 HOIgY 01EFsS2e2
HES &0 KA E 82 = Loew & Schaff (2001) £ & A6tD| bhetCh.
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Metabolic Kinetic parameter estimations

Virginia bioinformatics institute (http:/www.vbi.vt.edu) = & & @scomme it ol
HOIEHM =2&&= HAIEISA Hae =HZ 2ol GEPASI  He optins teb

(http://www.gepasi.org/) 2t ZZ2 S WL ACH (Mendes DIS(E| falt| »|ujs| 2%

and Kell, 1998). otXlCt Z2&FHZHOI bug o gtHoez &2 0] Madel Definiion | Tasks | Scan  Time course | Optivisation | Fiting | Plot |
T2 #o| SXHQl COPASI (Complex Pathway Simulator) £ | o
SHEZ]#ECZ HIE  o&EH AT A 5 OAM=E [ 3925183820 463
OlZ2)eHE 0|Eot¢ AESZH0 FE=E iS4 e fare

T — [
=82 = = ULL [pzrrreszzrre 157
1428

o

J[R2)

[1.4z612782573 1423

2

JIR7)

ID.89784391 L)l 06976

Current Time: End time:

Select Data |SD a0 ™ Real Time

For Help, press F1 Idlz l_ LM

O 5. HAIRFS A HiZ =3 T2 3, GEPASI (http://www.gepasi.org/).

Modeling language

MHIZL CHAV/Z=E/AS dE R AN EE2 MES Iissh REe2s 28 T2 Y A g2
2 =X 0|LC}. 0] 20k= Software engineering 1t 2 & &t 2 HE 2210 QA 20, SBML (System biology markup language,
http://www.sbml.org, Hucka et al., 2003; Kinato, 2002) = 0|28t SH 22 & S0l U204, XML (extensible markup
language) 2 UML (unified modeling language) Ofl J|8t2 =10 QUCH.

22 HOIL CHE Institute for Advanced Bioscience (Keio university, http://bioinfo.sfc.keio.ac.jp/IAB/, Japan) 1t 0] =2
California institute of technology Ol M & =&l S 2l The SBML project (Hucka et al., 2003) & M S & ARSI
CHAtE 2= HE0oH)| flot HEE D A0, ST 30 (IS EZ 0 (e.g., E-cell, V-cell, GEPASI etc.) Ol A
ME/XAE D AUCH 01AH = HAF Z22/8tS 0l CHSEY compartment, species, reaction, parameter, unit definition, rule
SWHZESHEZ2Z =0t UL AtAISH LHE 2 Hucka et al. (2003) S & Z=6tJ| gHetCh.

Ol HPXS2 L& SMBL 2 J|82ZF & systems biology workbench (SBW, http:/www.sbw-sbml.org/) &
HESHD Y2H, SBW HA=E 0 A 2te SEEE /I8t el &2 HS0t1 UL

332HEY S I8 HEEA O 0IEt 4 (biological data analysis)

MEZZ2AM 226t E2E S II9I5t0 genome, transriptome, proteome, metabolome S2| HFANM ME L= &
Aol MEsSHA [HOIEE &elotl E4dt= A (or bioinformatics) 2 P SRE 222 H&SIALL
bioinformatics center (Center for computational biology and bioinformatics, CCBB, http://www.ccbb.re.kr) 0l M= Ol
JlssS fIstd 225 M3Sotd UL

The University of Texas Health Science Center at Houston 2| Department of Neurobiology and Anatomy 0fl Al = BIO-
SPICE (http:/nba.uth.tmc.edu/darpa/) 2t= Z2 12 Lot D, MESA HO0lE M2lE fI6t0d, 1) databasing, 2)
data mining and analysis, 3) model building, and 4) numerical simulation and analysis, J| S = X3 &L}

o g
oy re

Databasing HAl= ST X M, 2X2 X0 CHst @2 & 0FLI 2}, molecular profiling It image data 22 HAIE 2,
ASHENE, HAIBHSA! & S0 28t Z2E HAHAZBSZ MEEHCL data mining and analysis 2 A& Z U2

FHES U= 0 B2 == ?let 0d JIs= MBot= 220ICH
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3J4Z2E8

Post genome-era Ol AHA SHE A BN MESTH HEJ =2 HIAH LM &L H2NE2 FNE2Z
MAHE M=8 (systems biology) Ol 2SS O It UCH (Kauffman et al., 2003). REA A F22 M=
A2 DSl st E2E BIE2 2 ME/E2XDI2/KIIM Jlsol dAMAEQ Sean A= 222 CtS
=&E 20 M E &0k AL

M2l A 2 A} (steady-state simulation) 2! metabolic flux analysis (MFA) or flux balance analysis (FBA) 2 M XILH
—E—IPEDJ ASHHS SHDAE HZots 2 SHOIM, 0l SEX &0 0] AIE B =240 M2 CHA
HE2 =2 = ACLD LM U Oetd S8 RA &S0 Ao et LPEPLFE SASA HE

(phenotyplc behavior) € &= = UL, OIM= FEL ZH0 =301 2 HOICH AZE EEZ2AI= &M 2
S AP0 MEHE D JD, 2 AAE M2 EA WL S2BEHAH 4HAE IXE BE0HE = US A2
JICHECE

CHAtE 2 ZO0tLIcH CHAF Bt S A, ST &8 IS, ASHI S0 L8 E ME2 S& 2 At (dynamic simulation) =
Or&l HMIECl ZE JIUHo )= i 2eICh Ol =2tE 0l Z2H M & atolf =2 leHIOI S&s AE 2L
ZEMEON e OIHE Rl E=E OLAE g A0t 2R0otJ| H20ICH =, OtANAl ed XX Z2 HIZL
U2 LS BAZZ 0I5H0, BH X2 AEZ U UHE2 5HO0| T EC

OFXI 2 NIXE & XS A} (steady-state simulation) 2 It = A S0l 2E M A, systems biology 2] H H&2 N
SN B Al (dynamic simulation) & §HZ A2 XS ALAOICH MetAM, O ZOMl TS RESH JIZ=HR2It
ZQRotCh 2er 4 QUL
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