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6. 4=2=2cISF E72%A E4

MEZHFE2 =2 0229 L3I, ME ==MNHE, =22/8H ¥z ALECLCL
Z2/HEIOIE (Mw<10 kDa) LI SHeHE (Mw>10 kDa) 0t 22 S0 48 HUHMSSXNE URe=
MEZHO 2ellle ®IIGSY (1D or 2D electrophoresis), I Z0tE 12Tl E (chromatography),
F 2|2 (membrane in ultra-filtrations for size exclusion) 12| /&= Z & 3tY (crystallization) S 0t
22 ZUGtD SAs Xt AIZECH 2el38 e = SHE HAQ|ILL BEH0IE MHEtE &
L= SE8SHUN S/sFHHA/HBAZHS A S2 MHGH= A 0IC

HIHSHYHES pl (isoelectric point) 2 mass XI0|E 0| S
Electrophoresis) 0l =2 AIEECh 0l2{st MIIZSEHS F2 A2 Lo JHXN ZHPEO=Z
AMESHRICH tHES Zel3E 0T 0182 = UL

Tl (e.g, UF and MF, see Fig. 6-1) 2 =2 ME BI8F 4HOZ HIles Z23F2=2
A0 [etA =22letth. A2 0IEDdE s82 UEE HHES Z2l2 MM %Ol
AMESHH, D=52 S MEZS flold=s 4SS0 2eE el 2= (HIE 4 SHHE, doiel
Crony =S8 Sy Higd Hed §) o ZMUE0l ZR6I MEoll, 6d =A<
JZ0tEdHE Z2l3E (e.g., ion exchange (IEC), reversed phase (RPC), affinity (AFC), hydrophobic
interaction (HIC) and size exclusion (SEC)) & Z&E £ UCt otXISH, AZ0tE0HE SEIHEO
UNMN ME22X2 s&s EMHIILIS2Z 2ot0 LXK AEN SFHINLH XISct2 UCH
(Iyeretal.,, 1999). Z8 3t ZE2 =2 NS4 ZSHHUAM ROl ALZEIXISH 2el3E MBI A
S22 AEE = UL

Zel/ZM 239 8 HZA, D8 618 =
MESE E coli 2HICIOIZREH M =
pl=4.9) ol &, Zel, ZMUE S EWHELH

c
o o

2L 2043 (Novo Nordisk A/S, Denmark) 3| At0fl A
OIZIY XS EE (hGH, 191 amino acids, 22.125kDa,
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Fig. 6-1. Production, recovery and purification of a human growth hormone (hGH) through E. coli in
NovoNordisk A/S (Novo Nordisk, internal report, Denmark, 2003).
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hGH 2| Z22l/8HM3382 membrane (i.e., MF and UF) 2 0|88t 1 XI& 22IF, 0 HAHS
JZ20tE0cHE & (e, IEC and HIC) € Sot0d ZHMotl, ZEHSE Sot 0tR2l X1 AT
(Novo Nordisk, internal report, Denmark, 2003).

=diMs d4=2 =EcSEUA Ol ALEotl JAs =229, 3
A2 0tEchll (SMB) SE 0l CHot K 2ot &IHE D, 0152 £

Keywords: bioseparation process, membrane, chromatography, SMB (simulated moving bed)
chromatography.

6.1 2|2 (membrane)

T ZE2 =2 Feldsl =2 A7Es RAGHHAN HS5FHOZ 2Y = JULBZ, =2
LHSEEF U2 MH22 1 IS 2283822 0| AHS 8L £ 2 Y membrane bioreacor (MBR)
I 20l Z€SEED|2 el SEHE ZE0HH, ESEtE0MAe MAdE =& = BtEHESE
(inhibitor) 2| HXA HHE < MBR D0 HLZ/UCE MBR 2 & WZ M, SEA
MADHUAM HHOIE Ol22 S0I2 eSS Sot0 =4I| (OH7) 2A2 WECZ HBFHOZ

MIAE == ULt (Garde et al., 2002).

Tl =3 (e.g., microfiltration and ultrafiltration) 2| Jt& 2 2HE S0l StLi= SR E
HUZ X0 o8t SbEHOl &l H A (fouling of the membrane surface) OICt. 0]2{ 8t & &
=0/1J] {8 SILAl ¢, S0/2 W &S (anion exchange membrane) 2| 2L, M F2
FIHZ HIFROUA UYHEBEN 20U HHESS LANE 22 EFAII|= A0ICH

22 A0 28 A= =2, pH, 0|22 & (ion strength), U HEH Mot &I|= AJ|0 G2
¥si2 AHEE 0|0, 0l BlLE= 2260 ol S A ) 229 s&2 H=20

etA == 3 E 01 OF 8T
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6.2 A= 0tE 12 Ol (chromatography)
JZ0IEDcHE =2lle ZEUW D& SMUNL} WA O 4z OE =
0835t =clots A0ld, TS0l 2 UM=NeE LesEZ, sE0] &2 Zi= iE
=EZ2 0lsot)| =20 2 422 UE MFAZHE 2=LC
CHHA SO MS2X HHMAMS 2t 2283822 A AZ0tE NI & (Baciocchi et al., 2002;
Juza et al., 2000; Iyer et al., 2002) O] Ct& S&EO0l HlioH OtENX = Rl

u] u]

ZIEHNSS ?Iot0 4SEHS0 2EE tel Sc=S (HIE4 S, dojel SHE, S22 HeHE
S) HAHE f1st EHUES 0 SHS AZ20EDHYE ZelB8EF S Leg = ULl Ho6-18

Ocf JHX 22 0tEDHE 22282 E42 B0HELL
JZ20tE0cHY FelSE0M X0l A20tEDHE 4K L= 2

resin, polymer matrix) = =l 382 852 X <Fol= R SRE RAO0ICHL OIS &gd==X2
ds2 U Z2eEN ZEEC2 A #2H =0, 2elct DAt ot HeHE S SJR 0 [et
M H3| 4T O M OF SHCH.

EO JtAIAE A 2|3 E0 st A8

Aol O 620 A=, 32 ¥ S (resolution) It
Feldss 3N Zes 0 = W, 2 g

c|SHOICH SEE 22ttt EMES 24 AUALL =
RPC (reverse phase chromatography) & =2 £XI2f0| Hl & =2 oA 2 x12F0] 10* 2X0A =
electrophoresis 0l 2|8t 2FH S SEC Jt 2 2E2E S 2 W& IEC (ion exchange chromatography)
2} CE (capillary electrophoresis) = &MEI&EQ 2USHLRANM OE TIIAE 20H== A0l O
S0 REECH O 62 = 2 2HH38tD O ol 2Esd8E E0E 240/, 2clctd it
CHOHZE )} 22|SEN e 2eldde de g OF & A0ITH

AT AT
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Heo-1. A A2 IENNE 2B EF

3 =E2F =Fcl dcl |BE sS4

Olzuws 38 (IEC): ERSIES CHoR At BIEIOIE2 X SEME /et e d8td ZF,

Ton-exchange ASEHEZE |SEZAACLE HOIHES Z==c= MA,

chromatography MUSX E2 SHZHUAN ALE

& Btd ZE (RPO): Enpaa HEIOIE ZClE R =2 MEBE =R L&

Reversed phase o4sSAE  |2c3E, RIS AME, SH=2X2 IS Hl=<&t

chromatography ECSMAH, ZSZM} SHE TXHHAUA AIEIts

Ll ASHE S8 L4 MEIMIZHEO= Feld0| 48t S, =84 S0 ALE,

(HIC): Hydrophobic HASAE |2 2 D IO AE, S CHeHE

interaction chromatography IRCHOA MRS

&gt B (AFC): CHOHAI D (HHOHAI 2t SFHHMERHAE M= JtE 26t

Affinity chromatography 2l2E2e | 22l BE, eltEe dEliM 2el8si 2 ge=S =
& ots

S )| 2238 =) T2 2 SIHMEAHUA AtS, I EX2t D10 TE

(SECQ): Size exclusion CHO A R A

chromatography

TEF+SDS (ElectroPhoresis)

IEF/SDS (Electrophoresis)

Capillary Electrophoresis
N .
A Size Exclusion Chrom.
§

Reverse Phase Chrom.
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Fig. 6-2 Peak capacity distribution with respect to molecular weight according to separation methods
(Conference on ISPPP 2002, Germany).

6.3 == 32 0E 21| (SMBC, simulated moving bed chromatography)
=M JR0IEDHE SELZE M= A2l AN Z&st SMB (simulated moving bed)
protein chromatography = =2 2f& S &1 U= Fel JI=0I0 (Juza et al., 2000; Xie et al., 2003).
Ol AZ20tEenl 20l 82 HEE O J= SMB chromatography = =l ot 1A ft on At
AE2N DASEHA2 counter-current @ E2 S6t0 =2 driving force & FAE = UM,
MetAd S0 Ar2 2 22, HXSAHE 2AAI2 2= UACH StXIEH 01248 BB S 2F FotJ|
FoidE 0 S&H= (e.g., flowrates, switching time and column configuration) =0| HZ&7J|
TEIHOF &Lt O 6-3 2 LEHA Ol 4-zone (desorbent-extract-feed-raffinate) SMB =& 2
BHECH
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Fig. 6-3 4-zone (desorbent-extract-feed-raffinate) SMB process for separation of component A (high
affinity) and B (low affinity).

Mg HZEE 8IS AZ20tEDHII= DEEN UL, 42 MA SE (desorbent, extract, feed
and rafﬁnate) & ol & switching tlme Ol et A g OE L2 ALEl 01 S5 (simulated moving bed) 2
Ol HCE =, J8 6-3 M 2X01, HE & cycle M Z0H (D) 2t SEZ2 =& 202! feed

(A+B+D) E ’é* Z Sot =¥ OHZDF, switching time O] &/ &, A C| S & Yaf )t S Lt Y22
St QY Q Bl feed E FLSEICE =2 CHE WA E%% (desorbent, extract, and raffinate) &
st AdYHAN =L HU F=ECH(Ma and Wang, 1997; Pais et al., 1998).
IO 2AHE D& =5 (solid particle velocity, v, = L, / 7, where L. is the single column length and t
the switching time) = & 3t&0| 2 A 422 0IS85% ==2IM L&=5) 2t 2lstE0] 2B dF2
Ols5E (=20 DAET) 2 AMOIO EMHOIESE 2HEH, FEEZS feed B2 SA2ZE Z2lE
SMB 2882 =2 F4=2 22l AMEZEZ, chiral separation MlA =0l AFEECH Z 20
chiralpack S A2 JHE=Z CIGHH, HEE =2 M0l =Mol= 2S04 &M (enantiomers) 2
S0 S 2 2SS 26D ACH (Juza et al., 2000).
AEZE S¢ 0|2 2 HL| 2 EG= dEIH O Z AI2H0] 20l 2251, DHIS022, model-
PHOE 0l 2&8H=E 2 Htot=0 =301 & HAO0ICH
| i

ctdT = —
gt

all

based simulation and optimization 2 = 1 3
Ol 22 22 ) BAVE A 2= USE (7T &) OlA SH XHMIGHA

64ZE

HSESE MY E MEEX= membrane 2 &2 &= E filtration U S HHM 1 AELZ 22|51
HAHHS IZ20IE0HE S Sott =2 ZHMECH 0128 M=3E2 otR3E (downstream
process) € & FEE (upstream process) 2| MHAIB/EE2 =0 = I MZO0

MEESIS SHAHASH Gt 2cl/FHMSE 2 2 XAH0] =X 3HE O OF 8tCh (Staby et al., 1998).
2

Z6HUANE dE== N &0 ANKN =2 AtScte 2cl/d S = tot0f & ot 1,
ChsS HllAeE Scl/EMSE2 LEE 0 AN 26t CHETH
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