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2. SBE (il 28t 2 1S &k

e
0t

Systems Biology and Engineering (SBE) Ol 2&1& i SIE= (genomics, proteomics, bioinformatics, systems
biology, separation science, systems engineering, applied mathematics, computational science and software
engineering) 0l 25t 82X A L S SHU2 MAH el AAJ20AH F= = AL 2 HUHAHd= 0=
FO0FS 1 SBE 22| A2t 2t HE £Hol D, Leddl AU AP2XS0 246t0 & 0t=LCt.

2.1 Bioinformatics

S MEEANL FX2 JIs9 =SE4/OLHez 26t MHE FER=0l 2T EC Protein
databank (http://www.pdb.org/, Berman et al., 2000) A= SHHE Ol M, 22X, J|sH 2s 2 E HAISHD
A Met o= QLI Danish centre for human genome research (http:/proteomics.cancer.dk/, Gromov et al., 2002)
HAMeE 2t STXHAM LS El= SHEE | 205t 2D-PAGE (2-dimensional polyacrylamide gel electrophoresis)
HE2E QHY AIOIEE Sot0 d4I5t UL

1992 H 0l &2 & The Institute for Genomic Research (TIGR, http:/www.tigr.org/) HIA= =& 0 F2 LA
&= (e.g., viruses, prokaryotes, eubacteria, eukaryotes) 2| & A M E (genome sequence) & HOI= == ULt
TIGR = =221 2 DM =2 &8N & XE o =5t L

Princeton OS2l  Hatgts HAA  (hitp:/titan.princeton.edu/)=  O0/11= C. A, Floudas
(floudas@titan.princeton.edu) 1 === AtAM| JH &St global optimization 2 12| & ! aBB (o-Branch and Bound) £
Ol8otH 22X ANRUUKX &2 zHstE Sol HME A2L/ga HS0l 20t A28 (Klepeis &
Floudas, 2003). 0] ¥ = FIXAHOZ L SHHAQ o0l =4 ME0l =HEE W, 012 2 X=X (eg.,
o-helices and strands, B-sheet, and disulfide bridge formation) £ 0 =35t1), oBB = &gt 2 11elE&2 0185t
SHEH A O] 3 Xt 72 = (i.e., protein folding) & & &2 AFSHCE.

CHERA O] 3 Xt & (tertiary structure))t SHHHA O] Jist EX0 2 &S 0IXJ] 0, HHE 2l
HlHLIZ (i.e., separation and adsorption mechanism) = HHot=0 Y NH SHHE AL HS2 202t & ==

UL

2.2 Functional genomics

Systems Biology and Engineering (SBE) &0tE 2 &S| fIcH =S
(functional genomics) L= HHEHE XS (proteomics) OICH REAE S (genome sequence) = FEHS
genome era 0| F 2| FE HAPUS2 genome sequencing ECHE M [ =& S functional genomics 0| Ct
(Vukmirovic & Tilghman, 2000).

M 282 complexity and data-rich science 2 S& X &CH RNYEZ2RH Y L= A/

Ol=2 HAWZE/AS B Z S DNA microarray, protein chips S22 H2UENCZ EFH0| &M,
NZ2IF =8 & T (Lockhart & Winzeler, 2000). 0l XI2 242 Sot KI A3t (i.e., from information to
knowledge) ot= 22 systems biology =O0FUA 2l (el BIEEZ, BtS& =5 L0otl=0 2 JIHE &
240l Ct.
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2.3 Systems biology

H0U= ME s8sE =88 D= SotH HAHE2Z |6H:F84_|_ St= systems biology = = 2
Hee= MHZS I|=59 oftLtol

1990 SCH F=LHOIA OF MIIZ MAIO CHe 2 & 0 2 AL Ol R O B Lt (Tomita, 2001). Systems biology 2| Jt&
SR HPA SHSO ot BREH SAME Sol ME22 REXE EHotD, 0l MZ22 RENE ERE
NIE AL REA EE, MSHE 200 et =58 22 S Sol AMZ22 SHHSS 240t= 2H0IC
Ol 20N 222 2 HPE XdotD U= 222 BOICH: the Kitano symbiotic systems project (Japan
Science and Technology Corporation, http.//www.svmb10.|st.go.m/svmbio/, Kinato, 2002), the E-Cell project
(http://www.e-cell.org, Tomita et al., 1999), the SBML project (http://www.sbml.org/, Hucka et al., 2003), Institute

for Advanced Bioscience (Keio university, http://bioinfo.sfc.keio.ac.jp/TAB/, Japan).

st=2 dEgsS Se DL S=8 AH0 AN 2ot st=usi=232 0ldEu=It 0=

o
Ch. M2l HFE ZAHM CHE S 242 1980 HUHRH S2AEULD,
5
2

CHAFES S H 1A (Metabolic & Biomolecular Engineering National Research Laboratory, http://mbel.kaist.ac.kr/) 3t
St W 4=It 0l 1= Process systems lab. (http://love kaist.ac.kr) A= CHAFDIE O 2+ Z=201CH 22Xt
F S H ool L= MetaFluxNet v1.5.2 (Lee et al., 2003) £ HE D, HEHOZ HAIGHD ULCH IFAAE
DPAME MM E-Cell 2 BESAZZ ) H O = MetaFluxNet = S0l £ 2ICh.

Ol 20l 2MELSZ L dl A& L AANKN = USo 20H E= M AEH S Control Systems Centre
(University of Manchester, http://www?2.umist.ac.uk/csc/) 2= 2| Wolkenhauer (see Wolkenhauer, 2002), = &!
Max-Planck Institute Magdeburg (http://www.mpi-magdeburg.mpg.de/) 2| Systems Biology group 2| E. D. Gilles
(see Kremling et al., 2000, 2001a, 2001b), 0| =2| J. C. Schaff J} == =3t= the V-Cell project (National Resource

for Cell Analysis and Modeling, University of Connecticut Health center, http://www.nrcam.uchc.edu, Loew &
Schaff, 2001), Microbial cell project (http://www.microbialcellproject.org/).

£05l 1996 H 2E A& E E-Cell project (Tomita et al., 1999) = MES SENHESS LLE/ZAME = U=
SEESE2XI 480 OIS REXE ERE M. genztalmm ML 127 0 JI=2HQl REXLHS ELEe
A ML CHAF A 2 2 AL (in silico experiments) ot 1), M 2E2 sTE (lFols HPs 483822
2L ot M. genitalium NXE in silico LU= FAEXN ZEFZLUL MSEY 20 2aeE
BrEAI2 ZEot UK LM, NSHO L AEHUl JACH E-Cell S 0188 HERME JIIAZAE &8
ZUetHlwe Btet E22 U E 20|10 UL (Tomita, 2001).

NZ HAVZRENS 22 22E 22 SEUM S HoLIS2 SHE22 2ot 8E2 MHE=
tsst @da S /st T2 Y A0 e 2 Z £ 0ICt 0| 20k= Software engineering Ut L &S 2 HE
210 U2, SBML (System biology markup language, http://www.sbml.org, Hucka et al., 2003) 2 0|2 &
SHOZ Y =0 U204, XML (extensible markup language) 2t UML (unified modeling 1anguage) ol Jl1gts
S0 AL

System biology Ofl 2t&F JHZ Xl & H 2 Report #3 Bl A CHE 22 0| C

X &/J| 2 DAL (tissue/organ simulation)

SANES SHIZADE OFE ZE2HO HAOILD, et JIsS #= s=HE HES
ZAl= CQHS =&otd HEL &, R84 FEZRHS MZE/ZE/D|&2 =8t
MEHMC HES oA &tlh=s A2 OtA EJt=otCh otAIgH M= S5l AIXUe E& e
(e.g, =2, JI&) 2 BA=E B2HLZ 0IF0 XL UCH (Bassingthwaighte, 2002). 0]
Physiome Project (http://www.physiome.org/) I A SEH XM SHE 10 ULCH

A E OH Bassingthwaighte 1 == (Dept. of bioengineering, Univ. of Washington, USA) = The Physiome Project
Of &t YEOZ QI AEN 2& SclXM &l S8 JIs0l 28 X 2AM0UH =HS & The Cardiome
Project (Bassingthwaighte et al., 1998) & =& S0l ULt

The Center for Modeling Integrated Metabolic Systems (MIMS, http:/www.csuohio.edu/mims/) 252
Cabrera w (Dept Biomedical engineering, Case Western Reserve Univ., USA) = S & M A O] glucose/ A2

10

=

Jﬁ
nw 12 10 ox
ﬂl?ﬂ N2 oy
nJIO 0 i
ol ﬂJIO he
—~ qI o &2
2 10 @

no M7 om

n§

Sol sEal 2 ZXO (ARSH DIXs FEHS DHUSHH FU| 2E glucose/lt 2 SO TS
et &@; Mg S0l UCL Ol 2US BB 0l a8t SHESO B, 24, SIS0 e
BRI SO

=22 FAZN UL (Cabrera, et al., 1998). 0l &= A=HZUHOIL
QREIHESN OGHE AN BrSE AV SGe A2 X2 6t UL
ol —.:OFO“ 25 2 Xl & H 2 Report #4 0l A CHE X 0ICH
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2.4 Bioreactor engineering

MBUSIIHS MIE LW H0l= =S 0SS0l EMHEC 015 2429
A2 Moo 2 =S &0 2N ZHESH Systems biology HIM S E Al
QEAOCZ AZEOZAN Rl RFNEEZRH 2SI LA MAHF QI 24 0] JtsSotLt

MIZH 20l [_HAM Ol S ==2t M 22| Xt &S (autonomous oscillation) & &2 & 224 &l AHA O Tt (Zhu
et al., 2000). O|218t D|ME 42| SHIH S cell population balance equation 22 E&HE == QUC} (Jones and
Kompala, 1999). 0| 20k= A 30Xl 2oz H2 & It UL

i) structured/unsegregated modeling (Jones and Kompala, 1999): Ml 2| 2/ 28 A H G} (e.g., feeding flowrate,
substrate concentration change) Ol WE AHZW HAIEISES St/ =std BEA (e,
chemically/biologically structured) 2% E&6I1D SHLMIES SHHES (e, =ES HNES
MEZ3tE X %2, unsegregated) 2 A 7. 0] &S 2N HYSE AL 2 AL (2.3 systems biology) 2 4 2
22 2 Y-OICH

ii) segregated/unstructured modeling (Zhu et al., 2000): Ct2F&t 3J|/LI0| (mass and age) & 210 U
OlME2=2l AXEIEA! (cell population balance equation, PBE) 2 HIE#CZ NIEZHEETAS
HEG6t)| ol HEst 2Ol (substrate) 2 B XABHS 0|E0t= A (ie., chemically/biologically
unstructured).

iii) segregated/structured modeling (Mhaskar et al., 2002): 0|8 S=2| A XZ LAl (cell population balance
equation, PBE) It MIEZIRtAHSI0| 2= MNZL CHAIEES (metabolic reactions) = S Al0l
Jefdt=E o,

HHM Y (structured/unsegregated model) = S&ESH MEZW UAIBSE ZAIGHH AHIE2
&S] =20 JrE =&ot ssr&ol A 0|0 obXIgH, Chst AJI/LIOIE
MEESIILH0 =ME 22 cell population balance equation = O|E&dl= SFEHMA MBHM &0 O
SAXOI H20ICH S5l MES2H A4S A NEZASEZ0 2HE ML CHAIBLE S &M Ddddt=
NIETTH B 10| JI& Stel Mol 2202 2oL

o rir

roh

Segregated/structured model & Sot0 MEBLHSIIW MESS ZAJ/LIOI 2EZE HsE = U, L6t
SHUHBA HLECE WSS = ULH, dSESTI HMHE ?5tH 0l LEAS 0ISeHCH

Ol 20F= Report #5 Ol A R =Y.

2.5 Separation/purification science and engineering

MESTE2FZ 0MUE2 LSS, ME MM E, 2cl/8H SE2Z A4 HludE &2 2A0E2
th=8t SZZ2c20 =FO0l HF0MH Us Hst8E 220lMd= JHg/OrE0 2fs SFE0l 20l
AEEIXICH, ZCIHEEOIE (Mw<10 kDa) Lt SHSHE (Mw>10 kDa) It 2& 0 &4&t HUEZAE U=R=
ME3H2 Z2llle d=2/42 HMIIHESH (ID or 2D electrophoresis) OlLt AZ0FE NI
(chromatography), & 2|2 & (membrane in ultra-filtrations for size exclusion) St 22 & 2L 5t0 A NSt & Xt
MEL. 2cSE2 =R =2HZ2 UHHAQILL HEOE HAddtE = ULLs =E2ESHA
S/SFHMA/HBAZH S A S2 MHSH= A 0IC

£0l JZ20tEDHE SES s HHEo Zelot FHUM 20l AM26tH, D=%2 z&E 32
PlofM=E MSESH 2HE O S == (HIZo SHE, D0 HHE, S=20 S8 H2d HHE 5)
O FMUEOlI ERotI| =20, (e SAH2 AZ0EDHE Z2l3EF (e.g., ion exchange, reversed phase,
affinity, hydrophobic interaction and size exclusion) 2 &8 == QCt otXI2H AZ0tEHE SEINL
UHAN MZ22X2 & EXMHIILIS2Z 2I6HH OFANA A EH SHINL O XS0t JACH (Iyer et al.,
1999).

Rensselaer Polytechnic Institute (http:/www.rpi.edu/dept/chem-eng, USA) StE 1 Steven M. Cramer = &3
JAZ0tE e E H8EA Z2|3E (preparative protein chromatography) Ofl 28t L E/SANE MGt AE S
Sct 230 28 A7 E 612 ULH (Gallant & Cramer, 1996).
JZ20tE0cHY 2el3E2 88 Qa2 YYo=z 1)
EXUS0 St 0124, 0210 DM-HHA BHE=sEE W=0610]
2003). HOI0IA, DX-HH & HHE BH=sE (52 2eds
H2 APXNS 24 HAOICH
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CHBH I O] DX (structure) 2 &4 (conformation) 2 B15H0 (12 S HIHLISH 28 33 (K. K. Unger,
Mainz university, http://www.uni-mainz.de, Germany) 2 2%, pH, E2=s& S2| H3 0 12 =T 0=
D2 I & (G. Carta, Virginia University, http://www.che.virginia.edu/, USA) S2 &M &&a5| && S0l QUL
==X JZ20tEOHYE SECZ M= A2 AN ZHest SMB (simulated moving bed) protein
chromatography = Z2 2&2 210 U= =2l JI=0ICH (Juza et al., 2000; Xie, Moon & Wang, 2003).
01= Purdue university 2| 82 Z Xt Z2l& &4 (http://atom.ecn.purdue.edu/~biosep/, USA) € 0l D= N.-H. L.
Wang W= SMB S3E0H %S HFRAZUE LHSLD UCH M. Morbidelli (http:/www.morbidelli-
group.ethz.ch/, ETH Zurich, Switzerland) = B 34 A2 2HESFSH 25t OIS A& Z 00l
2ot 21 E ot UL

Ol 20t= Report#6-#7 Ol A S XHMIGHH & H & 24 0ICt

2728

SBE 2 S82 RAZEZRH Latle= ) 22 MEFXE HSotll, dM=3EEH HAHUNAM

NEZAL 2UE S8ot= A0IH, MHdZ2 222 HAo 012= 2cl3&8S BEd/Z2Atol= A 0ICH

Tt oA ZHOIE| El=s dAU d4=sd S0 E = U= ZH/II2S0 28 +=stH

2das Sot!, Sl H/MEstE 4= W Sol= A 0IL.

MESSSH0f Ot 2400 =0t D A, 010 A= Istut Jl=0] W&ot UKL =22 CHekA vt

SHHCZ 2ot & 2=2&H0l2 JI=&HQ AP A= MBI OF sttt WE S0, HwWE @2

HEN-5 BRe M0 2t5t DEH D HADAN UAAM Ot ELE FHSS otlte 228 29

SZ0ICH 0™ B R& 2% A2 BHE8He 288 U5 32 S2 LM AN, ERE

SA0 s, HESE A diclds S2 & LM AKX E2 BRI U (Tomita, 2001). [I2tAl, 0218t

JIZ=ARI SHEHOF ol= Z2FREHE 0186t MEANE L2 SE L2 H2 256 H= oA 2

A0l XIsEHe 2 B2E Ok St

Systems Biology and Engineering (SBE) 200l UANHA S2H0|1D, ¥2HQ A= 2 AH Jl=M=<0l Ol

X0t = UKL HMEO| LD Setel 2ES 5ot d ol =8 A2 OLA AIJ| &2l ZotCH oF Al B,

Systems Biology and Engineering Z0tZ2 2| HE &2 MEZSHI|= (biotechnology) 2 X H 3 Y &S 30

ZIIHE E W00, D)= dE8Y = A= JI21E A 2 2400
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