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I. Systems biology and engineering (SBE)?

35000 O QIR & H=EHYO0l =T FEME (genomics) AICHOI 010, REX MAZOl CHoHA]
ALY, BIEIOIE S0l 28 A2 (functional genomics or proteomics) It post-genome AlCHOl =52 & 10 QUL
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ST A2 I A/ X (conformation/structure) Ol =0l 28 M= & 2 =3 (bioinformatics)

o RSRMAESIZIFHSO UUHA XSS MA (transcription/translation), CHAF (metabolism), L&
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a) Biology and engineering b) systems biology and systems engineering

Fig. 1 Systematic approach for biomolecule production from molecular-level to process-level understanding.
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1.SBE2 SHN LRM

ojorE CHHMA S MME = RUEEEERS Y MHEE 0IMS0l JACHD JtESH 24 0l 014 S92
Al RAZEEI AN UL, 0l FEAI SHU=E HE=S (e.g., enzymes, proteins) 2| L2t J| S0l
DA EUCHD SHCHH, 0 SHUHEAO] HEMAMS A5t0 AEA Dl (lab-scale) HA AAREID|
(mdustrlal-scale) |0l2= S&ot Z0H DHIE2 H=SESI12 2cl/FH SZ2 g 8H 0t 2ot
= AN SB0tUCHD ol E A HSHE 6t 21 SHINL SHAHDIt ]IEP 2l JUCH ArA A, Ole4st 20
—rl%*ﬁﬁf %@JHU* CHHIZ Q150 2AAUA DXt U= M2EX2 36| YREELH0] &4 § ol &35t

QU Ct (Cserjan-Puschmann et al., 2002).

8 2 2 REEE (genetic information) Z2H NE (product) NAl, J2l0 SA==0 A2 Olol 2 FH
SENLNKE &2 58 240ICH S LSH/EE IS (gene expression and regulation) 2 =5 & [ E 2 )t
MIEZ 2 At (living cell simulation) & EUHE MZ22 M= 2= LD D, 2SS EE (upstream processes)
2 HIH=EC. BIER0 ULLe =g€=22 o538  (downstream processes) WA F2l/E M ECH
EXN=Z0AL OldH (e.g., biomolecule structure and properties) = =cl=&2 LEE, DAL N J_AHAM
ZRs 2l HItUus A0 27 =, d4si3e SIANIEY d=2=2Le SE4XIZ2RH
HE &l O &ICH.
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Fig. 2 From gene to product and from molecular-level to process-level (Lim et al., 2003).

Otel ZEEE 0/20t0] 0l248 CHEHH SIS 0l2] SAVEH/EI MG 6O, @R = A 349
INEHIE IH &L 4= UL (Kahn et al.,, 2001; Takahashi et al., 2002), 2= MHZ& J|PFES AIZFZYHES
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2. 318t B 80| Al 2| systems engineering
=

STNLE ISESAIINL, SRHE =S UIECZ MER S2/3E WLl ZFREHE 0/Edt= 2 (process
systems engineering; PSE) 2 0/0| 2t S &2 00 A =5 H AAE &l 10 U CH (Gani et al., 1997; Gani, 2003). Fig.
3 (Perkins, ESCAPEIIL, 2001) Ol 2X0l, PSE ct= N2, HAAMAHE Oloict] 2E/AE0t= chemical
engineering science 2t 0|8 HIE# 22 &t DU/ HDA/AH/EH S22 Soltd] AXLHE SHE ol Z ot

=822z 2 £ UL
AANEOCZE S M, HAMHA S 26t A& 232 chemical engineering science = 19703 NHAl =& &H
FUHAO ZAUD, 0lHEt SHE 2 AA2 19809 UHE SHLYUAM, MHAESZ SHIML0 S &AL
= stER s Seld/s st S = Xl (e.g., DIPPR (Design Institute for Physical Properties) database
for chemicals) 2 Bt S/Z22l/SE A2l S AN GHA D] (solver) E XS TS SH L2 A (e.g., ASPEN
Ol JHLEIRUCEH OIE OI25tH S IEII2tE H=EEN

= 2
= 2ESE R MAHARLZ =l = AURUCH 19902 T Z1cl 2 SIHDHA 0l

Al
/%4 Q‘i SEA %/\4

Plus, http://www.aspentec.com)

e
[=)

a4
A X
=

X

— AN
FSEZ A=

fon

PSE Ol CHet SO AtMlet H2l= S8 HAtus ol S&I=2 S83 Jls £= -0, 610
N, 8882 =2 =Xl (Linear Algebraic, NLA), ODE/DAE/PDE solution methods,

st
=/ -/
Optimization S USHCH HAMWEE Ol et =88 HS2 HARHE 0|=E&t

on
[
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Fig. 3. The role of PSE in engineering solutions with a traditional aspect. (Perkins, 2001).

Z = process systems engineering 2| ZE ZU=S2 AAHE 24, SEIAL zEE S JtALEE S8
Jl=IH et database SO JA2O, 2= 3T XNSse ggelsso S22 =0 0128 &2
HZ2NE HIECZ THIZHE PSE 2 =2 HFPZ20= Fig. 4 A EWECH 0 D80NM=E HS2
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Fig. 4. Rigorous definition of PSE in the multimode/multiscale.

3. Systems biology and Systems engineering
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0
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Systems _biology = 0|24t @%HlELH AN, SEX ZENE D2l MSEY HHE HO=Z
SHYGIH HMZUH = MZ2E A2 st SBEHASS HMAZE22 di&otd= S20ICH
(Wolkenhauer, 2002; Tomita et al., 1999; Kitano, 2002). 0| £ 2|5l 04, /\‘||ELH Pz 229 2L, IS0l 28
&2 (bioinformatics) It &= OIEH 2= ZFHE 0186t 242 E (molecular simulation) S S 6t
st EE2E W= &= A0k StCt
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|
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fIoll, & =5t (applied mathematics), Hl &S (computational science), 1 2
software engineering 2 & 2 £ Al 0| E3dt= 240/ CH
d8 5= XN=2WtA €26 SBE 0l 28 st=2s0 AR20i2 234ds 20HE0 6 202 AN A
0l A =20k= TSt 2L
e Bioinformatics: property and structure databases of genomes and proteins, modeling for thermodynamic
property estimation of biomolecules (e.g., by molecular simulation).
e Systems biology: modeling and simulation of cell and cell population dynamic behaviors through gene
expression and regulation pathway identification.
e Separation/purification science and technology: modeling and identification of adsorption isotherms and
mechanisms.
e Systems engineering: simulation and scheduling of upstream (fermentation reactor) and downstream
(membrane, crystallizer and chromatography) processes.
e Software engineering: tools integration, modeling language development (e.g., SBML; Hucka et al., 2003)
and a computer-aided environment development
e Applications: industrial applications for innovative product/process development
S 04=202 SE2 22 RANEEZRYH ME=L HENA D2l 2X===0A2 OlcHZEH
S3EMENXN S HHE B2 Itsot=S £20ICH

ol
AH

[

- Bioinformatics: sequence, - Systems biology: - Separation science:

structure, function & protein mathematical modeling on membrane, chromatographic

database metabolic, regulatory & signal adsorption kinetics &

- Molecular simulation pathways adsorption isotherms
Property/database Cell simulation Separation mechanism

Compiutrailtlonal Systems Biology and m /?}I: prlrie?i
science Engineering (SBE) athematics
- Systems engineering: - Integration & - Applications: innovative
design, optimization & visualization: GUI bioprocess development using
control for upstream and - Modeling language computer-aided solutions,
downstream processes support: XML, SBML experimental verification
Process design/operation Tools integration Product/process development

Fig. 5. Schematic approach for systems biology and engineering (SBE).
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Systems  biology 2t Systems engineering = S0t SIYE/AHE XY= MH=Z IS
LA/MA/Z2/EMN Ol UHE/SEE2 8oz QLAYoD AFEE 0188 SEH =2
=0t = Al & E Systems Biology and Engineering (SBE) 2t 22 D MM = S H St

2079 SH2 0Jto AEEX 20l SA 2= Ul 1zd8s Fote AAE
2= thEg HADID|I0F P ECH =, information technology 2t biotechnology 2
ot
=

g = UCH
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