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7. A2 0IE1cHE SFO 22 0t 2 A
CHedm 320tE el T (e.g., chiral HPLC, IEC, RPC, HIC ete)) & MS 22 (182 FHS 9IS 483 SHUA

— o O
EOl MZEECH(6 2 18 6-1 ). dBtEoz 0l ME2E2AeE IR DIt 420122, 2 dH H (e.g,
bed voidage, column length and resin capacity) 2t @& H == (e.g., feed concentrations, salt concentrations, flowrates, pH,
temperature and ionic strength) = S&E 2| st e S84 S SWHaot=E S E T M OF 8Lt (Jennings et al., 1995).

0lc4st & H'H =2t 2% B 22| model-based optimization 2 ?/6t0 CtSU 22 A R2It QA&

o SIMNILISY AED OlUME &= & =S4 (adsorption isotherms) 2 =& & Z &
o MUK IIBUHAME S EBHEH =2 HIS SZEHESA! (adsorption kinetics) 2 2 &
o CHEHAOl AR (structure) £= & (conformation) BHSHM 23S SHMHIILIS Hatet 9ty S4X
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o AHZUNHIWE SSt 2L AR UHE, SHS 2E3H el SEMA.
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Fig. 7-1. Chromatograms for pure human growth hormone (hGH): comparison of separation performance in pH and salt
concentration variations (Novo Nordisk, internal report, Denmark, 2003)
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7T1EF BT A (adsorptlon isotherms)
S BESCAS 2O MUY A LN S0 B MSAS XY 4 Y= BN YYOR,
ZetE0l 2 2R SHEYAU O HOl EFHS &l ZEtEoz WMAo =& Heio E DaU de,
ZXAN) EXE CWEC FUO2 SNEHETAS THED. 18 72 (a) = AALTS22 Chwmo
RPC OlAl 0= BESS0/D, 2 7-2 (b) = bovine serum albumin (BSA, 68 kDa, pl=4.7) S84 & O] [EC Ofl Al
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Fig. 7-2 Adsorption isotherms by experiments and model predictions.

CHHA N 22 HUHEA BEsEA0 QHAS2 MNENOZ AIESt= Chest AlCZ 80| L&e ERI ZLH
HEXQ BE =S A 2Z linear, Langmuir, bi-Langmuir or competitive bi-Langmuir S0| U Ct (James et al., 1999).
A Langmuir B8 s S A2 Ct210 201 ESE 0L
q; =kC, (7-1)
k.C.
=t (7-2)
1+3k,C,

T A2 mono-layer adsorption JIECIHOIAM REE AOIE2, S At &
2

19 B0 US W STAC A0l 2T ECL SN BEY

£ 0| Langmuir-type & &

adsorption S&8= B0 =

T T oo-L =2

-

= 1
UL (Reje & Pinto, 1997). O E%E S0l pH 2 salt s&0 HE E&3=s%
g2

32 50 PHECE 829 4+ =
HalE dd8g = U= ES A= & UHEAM 0208 I20tE DI (IEC) HIA 2 Ol 2 W &0l 26t &
HES SHCH ™ salt Ol 21 SHEHA 0|22 X0 HGI0, D& YN BESE (¢) & W&SE (C),
el salt O =20t (z,) 2 &8E 0|20t (z;) ct) ofH, 0l =22 B gtSsa2 UsSu 20] 2 == AL
*K‘S/ *
z,C;+z,9,>z,q; +z,C (7-3)

HII0IA, K; 2, salt 01222 ZotEl SHEYX0A j-protein 0] EXHEY [ = BE&+=E X&HCH MetA Ol
BEASE A SO BESTEN ESE 2 UC

HIIOIA a; 2F @, = 202 Hatt a0l 2STO0I0H [MetA, ESAE0A D& SHHREsEE=
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a;=7,4;= Ks:f“j(_‘J (7-5)

SN BEEELCH O

=2 Ol CHEE A/ D& 25 S H 4= (activity coefficient) 2F Ol 2Dt (effective ion
valence) 112l HE A4t
= 0

SO S 20l THotod 4 J1e] @EQIXIE EEHSICH NaCl F 22 chz=8t S0l CHst
== |5 2< (Bromley, 1973; Meils et al., 1996) 2 Hl & & 2 UXCH CHSHA 242
S&e 222 D4 855 H=a 6= 2 (Talu & Zwiebel, 1986; Raje & Pinto, 1997) 2 L EtZ oz & 2H XN UK
= 51 0f

=
2 =20 &8s Set

X oo +O

HoHHO S

HEE2l Ol2uwe (IEC) HHE S0 JUAHAM, EEg 0142 E=
(Zhang & Sun, 2002). NLIH, SHEUXF A2 FNI|N A
CHHAl ZXHol A4 HE0l 8 &%)l H&0Ith g9=s% 0

HAE =0, EYH =& dlZde g0I2g, 0|l22&2 =& ety 8 = ULH LeHo=2
0128 % (I) = =ct=s X (molarity, mol/kg-solvent) 2 HAIZ =0, €2 0|22 =s HEE Ha=sST (moll) 2
Hl=xstagt2 Z=Ch 0HE S 4230 s 0122 = Ch3 0 2L

1
I== X mjzjz' =Myucr = Crnacr (7-6)

2j:Na"Cl’
b= A (75 0ME 2EX0| EE2sSA0M HEHQ A22HE 210 JCH pH = =2 HHE S| 0|20t
(z;) 0l 2 &= =CF ofXg 4HAL| 020t L& Ss=0E HE = ACH (Menon & Zydney, 1999).
SN 22 AUlES M= 32 S8 222 2ot0f, & 012JF (net charge, z7*) 2F EXFES0 H0lot=
SH Ol 27t (effective charge, z; in Eq. (7-5)) It 22 &= =X F=0h X2 JdE 0120t 2L 0H* &2
20| 0|2S02H0l Ol2 W & S20l F#0 &t

(N )
net __ _ H™ 71 -
Lo T 96 ; ]+10(17K(1m),*PH (7 7)

OIII0IA (N,.) = BSA 2 32| IS8 20249 010 = &L 40124011, pK,, L
o2l At4=0ICt. Hu et al. (1992) = O|AIS 0IE5t0 pH=7.0 HIA /%, =13.0 22 HZ5IAU=0l, 0242 A2
= |

O & L XI8 T (Menon & Zydney, 1999). 0 & & 0I2Jt= =0 & pH Ol A O SR A

pl B0t 2 pH 8 SN O, HURS SHGE WA SO, pH I HO0IESS 2R 20l HA
SR Ro] B S o2 SOME 4 QUCHL B, pl 2O R 2L RS pH N BME 2X0| B2 30| o2
ot 4 UCD, =2 MO O 2 2R Y binding site It SIHGHH DD, MetH SEE S SHE = 2A5CH

EXCSH B SUA 02t (z;,) = EXHLS0 HOGIX %S 2E SAHX 0129t (") & DAGIHA
& olg == ULt (Lim and Kim, 2004).

Zj =Z;-wt _Z;lindered (7-8)
OIJI0IM SHE O 2Tt (") = Ao A 2RO SHEA0) [HE WA SABSE Neicts 82 A,
2= &, buffer solution, = CIE 8252 =SS JeolioF & 210ICH S5l €= Sote Heido ER
ZXAINE 242 2 A A= (Menon & Zydney, 1999), 012215 22| 0IRS0| HELZ SHE It UN,
Z=2 SUA 0[2It8 A AZ = JUCH (Lim and Kim, 2004). Ol0ll CHE FEZ2E =2 O 7-30M E0=F10 UCH
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Ol2nSI20tE NIl LHOIA BSA QIS HE 0|2} (1) & oF mdered =91 BE2 0l & & Tt (Reje & Pinto,

hindered
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(a) protein-resin binding at C,,, = 300mM (b) protein-resin binding at C,, , = 500mM
Fig. 7-3 Putative model for the salt dependent effective charge of proteins
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a—C+vLa—C=i(DMa—Cj—]_€b@ (7-9)
ot dz 0dz oz g, dt
dn .
Ezk(n -n) (7-9b)
0=g(Cn") (7-9¢)
Al (7-9a) = ZE 2 20| (z) YEH2=Z2] E& 0|=SE (convection term), = AtaH (dispersion term) 2l 0 S BT A
(reaction term) 2 E&St] AL, A (7-9b) 2 linear driving force SHETAE LIEFUHE, & (7-9¢) A HHEH
adsorption isotherms (see Eq. (7-5)) 2 2LBt3tE &= SHE0 Z -2 voidage (¢,) & HIEE 22 =
Olsx5% (v)) = SVEN £= 20B+2 M Z2H0 D10, 2 S2E &A= (D) deld SEELAH =S (k)
= A8l J1 =8t empirical equation 22 RFFEE = UAQH, R FASH EHXNZM 20 A HHst

= t
Hiet 20l S 2 sTAl (79c) 2 0l HHEEREA UM 2elds= 2ot )M S8 f=0IC0H

S0l2 w2t JAZ20tEHL s e =z, SO0l

2 BSA HHEBHEIO| elution curve = 12 7-4 Ol A oo gata Egag}jggm;
. -~ A& exp.data (NaCl=
S &L elution curve = ZES Z20HM FEZ O 0.4 ° o exp. data (NaCI=500 mM)

LI2E SR sEE AlZ2t0l Met H8s HeZ,
JZ0IEEE s HRZ SAs 20I10 g%
SOt0ll et SuE 0122 2dAAIIBA A (7-5) 2
SHEEsTAE Ol=otdES M, &g s
2Atst 2ALZ 0E 2 0 &L (Lim and Kim, 2004).
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Fig. 7-4 Elution curves according to salt concentrations
(ZBSA:5~20 for CNaC;:_?OOmM, ZBSA:5-02 for CNaC/:400mM,
and ZBSA:4-91 for CNHC/:500mZ\4). 0 ‘ ; f

2
time (dimensionless)
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7.4 SMBC (simulated moving bed chromatography)

M6 ZUA &HZ otAX0l, SMB S&2 flowrates, switching time and column configuration S2| & HEE
ZHOZ ZELUHOISMB SE2 1IRe HESE 25 &4E = ULL SMB &2 ZEE 0l A0 M, true moving
bed (TMB) model (Pais et al., 1998), && S B& =T 40l A2l continuous moving bed (CMB) model (Ma and Wang,
1997) 12l simulated moving bed (SMB) model (Pais et al., 1998) S0l AIEECH TMB 2 CMB 222
AN NS HEadsEE HIWH 2AHoHH 22 = AKX L, SMB S F=I|H sEHSE S0t
?IoHAd= SMB 22 S 0I5t 0F &tCt S0l 2 E& =T 4! (adsorption isotherms) 2 HIHE &0l SIE S,
TMB 2 2o H&tH 2 2 A5

lop o

02" n

SMB S Al (7-9) 2l 2D =I| & QI port switching =2 22 & ot= A= FIIotH €= == UL
Qzln = Q(I);tj + ﬂ'IQfeed + ﬂZQdes - ﬂiQext _14me (7 1 0)
Ctln Qtln = C(l;;zl : :;;zl + ;LJC/éed Y feed T ﬂ'ZCdes “Oes _13("(:: Ot _2'4C;t1 'Qm

HIIOIA i = 288 S0l1, i-column 22 FYEE=E FE2 (i-1)-column HIA FEE= REUW 0124 2=
=cl@E (4,-4,) 0l et =0 Xe S R & L= A2 A HALEHECH =2l (4, -4,) = switching

4

time Ofl (et BIGHOH, DA OIS &S R8&HT

SMB 22 2t 4§20 2 20 st HOIZAZ HAGH0F 6l2 2, 2D HEst HADII-E0ol @7 S0l
Z Mol R U 0|2 ZAME HE0HA S-E22 HAAI2H0] 0] 22/H &0, SMB S&2 8l
HSE0 2 sE2ELE 20|22, S2HLE0 e HALLII 2 2 AUCH HHHE A& B2 =X LXE ?I5HK
CE/SE method & £E2 2 Z 0 H &L} (Lim et al., 2004).

J8 75 0™ 280

|8 & X2 SMB Z2|Z& (Pais et al., 1998) 2| = &3t AUE 2 ZELL. Pais et al. (1998) O
MAlISH 2B 5 ZI|82E AlEGHA, productivity 2 X 3tol= = XSHE S50 22 01 &

switching Ol 20l cyclic steady-state 2| M S, &2t 12l LIS AEHE BOHECH 2 2 &3 ™ 2 Lim (2004) Hl A
KEAIGHA & H & T

Concentration
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Fig. 7-5 Comparison of SMB simulation results for optimized operating conditions (bold lines) and initial operating
conditions (points) at three different moments of the cycle time (N g, = 43).

VII-5



Systems biology and engineering (SBE)
Report #7: AZ20IEJcHT SHS DS DA
A 2004 28 3

1528
d=2=42 22 € EMe d=E 2
o CC s

o
— g
|0 QI M=o, S5
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Z2AHDANQ} =X 2 &I QR

MEEXNS SEHN UGUYHOZ 05t EHMHIIILISS RN S= BEHA QU2 O 2 AR NS
QUOM, LA 3 X X0 (12 EXESH(Y 28 2ADUE 22 202 E0|/U=s HR20HE Aoz
MtSHCE £t M2 22lSHM 02 213 &2 scheduling and planning 2 St 2 Esl=e S FHEC=R
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