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W ¥ FHEELESEB{AF (Penicillin acylase) ERVBTRTFTHEE G Kk
6-APA, RIS EF X BEMHSUEERLZRERESHPIELE. BY THFERE
#95 #A (Compartment model), TEBIE THEBE G MK 7, B Hr kL w9 7 I 21 40 Ay 26
b ERAEEAERERNRETFERES B THELE- BT ERASREMBFHE
B, EHITEVENES RREFGRIES, B TASREPRER. ERNEMALE
e HEE G RIBRN BN,

*W@E WEEG, AE, HELE BTXHR, 62

B Fifl i LR B e i 6-APA P HXT R RF T EEMRTFN D IREE
HRESRTEER, NEEEESES, EHit, A% 6-APA JEarH 268, B, 6-
APABEELIL FESHFEEGC UHEER V Ml KBRRT £~ BT, B THE
EBRBSEEEUHE WK, 8 2000 4, R LR 6-APA PR H 1990 H 4 5250t
HmE 7000,

HFEXGMAHENNSER. () BRENZH~YHEZE (Phenylacetic acid,
R PAA) BIRFHEMBIT 6-APA HIETRHEIPH; (2) BRE Y MR pH, /=4
MEREERTERG M 6-APA (IHBERARE. N, NFEX G KRENESK
FESHEREZBREERNEENS ABMEN, HE, ES4HEFEXHTHERAGK
FHEMENESHEXEHAUESELREZBMNHRERELS®,

MRELAE ST EEBLE (Penicillin acylase) REBHITHEE G KWL~
6-APA, FMf 5B FRBAMAE S U EE LR R VMBS RPHELR. B E PAA.
FenG (FEEG) AR TLHENAIBSHMEELBOEINESEY, S EHEEL
TEFXHREMNTBRER (Compartment model), RS AB S BENBHRER
BEHES, BATHEHSAE BTrid 4 #5 0 EEsal, HEEM EXNTFERCGC K
A 6-APA SR HAT T H BB .
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HEEBAETHE KERFY (Bacillus megaterium) B-400, EERE NS
WEILEFEIE. Bedrkicm 6],

BT IR B DIAION PA Rl WA 3] (ZZ {247, BE), XE—FHETL
WM YE ST imlE (Clm 4D,
1.2 AEREXBRERTNTREH

HERKLRERNE L Fr, KPR EShBENBRXE MR BE (EYELA, H
FEP A SN, THEER L, E%&muﬁ?kﬁﬁﬂﬁiﬁﬁi%%k BTt
(Pharmacia 7v#l, F8) g9 TIEABE 0,31,
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Fig. 1 Experimental set-up of the composite system
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Table 1 Experimental conditions for PenG hydrolysis

Volume of solution 3. 0L
Volume of resin . 0. 3L
Amount of immobilized enzyme 3.0g
Initial conc. of PenG . 200mmol « L1
Flow rate . 0.04L « min™!
Temperature : a7

pH ) 8.5
Borate buffer 0.1mol » L1

1.3 S¥AEHEEEN

HEEG.6-APA %ﬂm&ﬁ&é’]ﬂﬂl%ﬂéﬁﬁﬁﬁwﬁ@%mmm) BN $4. 6mm
X 150mm , PR K Cosmosil 5C-18AR. MENMRAZ - B EM (K ~25% 20,
10mmol/L KH,PO,, pH7.0) BEEEPERG., W 1. Oml/min, MR UV RBEFF, BRI
WK 230nm,

HBEGHMAWBAR (FRD, Mk 15801U /me. HE b3R8 R4 4.

2 ERMER
2.1 ERAH-BFTRASREHTEEE G AR
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ERINZRAGT RAESLE-BFXRASREHTHER G KR RH
SE 2 BR. BT, R 2 PRSI T AR FIHRE (RAEERBRES W
FERGHKBONAE. AETLEH: ) SREREMBEREFHE, 85K
ST U HFHBE G HAAENHERST 10.8%; () EXAAFESEN, FEEG
KEFEEMRITELRTEEE AR SR ER. BRVE RN, KREER 53%.
EREREA, RARSE-HFIRES2AFHETHER G KRLE™ 6-APA KA
R BRI EE, EARTEH 6-APA 1.
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Fig. 2 Time-course of PenG hydrolysis in the composite system
[1. O Without ion exchenge, B. @ A Withion exchange

2.2 HERHABBERR G 47 6-APA BEFEHR

AEREFPFERGC ARIENBULER.: EAEHMASRFEMAIAHE, 8
R, BREE TR DY AMRE Ce (Pen G), Ce (6-APA), Ce (PAA)
Ce (CI™Y) BRAL A8 FISX Lo IR 7E B F 30 B T T RE R MR B A0 7 . T BE MR B — MR 5
TREEEEFXREPEILHEHA (Compartment model),
2.2.1 BTXBEASREE, BETEBRESIR 8 %53, B3, tREEHE+
HHE PRI TR FEALEGET, HETROTEETE. SRl ay. 7
BR S RERNT .
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Fig. 3 A compartment in the ion exchange column
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o Cr - PAAY X CW(CD)

Ki = G = C X O AR w
_ Cair — PenG) X C4(CD
K= C*(r — Cl} X C*%(PenG) @
C (r — PAAY | Catr —PenG) |, OG- — C) _
77 + T + 7 =1 (3)
V[C(r — PAA) — C-1 (r — PAAY] = F[Ce-1(PAAY — C*(PAA)] 4)
V. [C (r — Pen(G) ~ C*%-1(r — Pen()] = FatfC Ve-1(PenG) — C(PenG)] (5)
V.[C% & — Cl) — C¥-1(r — €D} = FALC 1 (CH — G4 (C1)] (6)
DL =t, — ta,y (7
WHBRHAEREHE, R =t
RMEEEERTHITEY KRS o N
#| C(PAA),C(PenG),C(CL Y, @ y
C,.(PAA),C,(P&I]G),C,(Cl"l)o '''' Clngl 7 st
. - S Cl th
HILAEE LN 5, A 5E i C g\
B 45 FlR S M RE RS O VR 4070 o &
222 AEFRHEHLSESER, — :
A A R B AL AR :
fEHBEG.6-APA, X Z8H L2 (V- 1)th
~UN=1)Ch, ¢ )
Clr Y& HE, A BRNTH L ;iMh v
. v 2
dCERT) o E — FICPenG) ce Cer
— C.Pen()] ® B4 Y R R AR
dC(s — APAY £ Fig.4 The procedure for determination of the profile in
_E— =r. (9)
the column
ICEAR) _ .5 — FIC(PAA) — C.(PAAY] 10>
CED _Fre.cen - can] (1)
AP r BEBREER,TRATRER:
V. [C(PenG) _C(5— Al;éA)C(PAA)]
;e 2 2y
C(6 — APA) ' C(6— APA) | CIPAA) . C(6 — APAIC(PAA) :
C(PenG) [1 R ]+ X, [1 R R T XK. ]

¥ i AR R Z AR PIN . BT A0k 0 Ak B 0 R Ut B B B T A AR AL (AR
B, XA Runge-Kutta-Gill (RKG) 3%, AfHEHHASERPERE G KEHE
o (FERG) MY (6-APA MEZER) WA TR,
2.3 EHEREDPHEE G ABIBRITREIER

KRB TELBNENASEERFEAFTHELSRYY HEEGTEHEEEG
AR BT T EAUBI S R 5 B R, T 5, () BRUAREBE R ENIE
(b) BRHES REB MW, B A & RB N 0. X ERA & E RS EEEILR
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RRIE, BEUBRNSMETRBEESIRANE., REeHEY o Bk £RE
LB —FF R R S S TR RN B Z B, R BB LI R
MGH B, BRKRERR, RYRERE, WRAGHED 0, BT XRB R E SR
KEMNFERG HURMEMIENER, Bk, £ © PRATASERKEN
200min, AI7ERG 5L A AT T 200min UG, BAFEHENESBELE TR, A
B 5 AR, EEMEBRRET, HHVEBEMEREERYS. SEREHAER
ZHOHFRATUHTFRAAFATEEER G KRS BAEDMMTA.,

¥ AERENBIFAVPHT BN

Table 2 Important perameters in the
mathematical model

Equilibrium coefficients,
K, (PAA) =3.033
Ky (PenG) =1.333
Effective capacity of column;
¥; {(PAA) =8, 25mmol » ml~! resin
¥: (PenG} =46. 25mmol * ml ™! resin
Yy (CI™") =1.20mmol « ml~? resin
Kinetic parameters of immobilized enzyme
K.=3.55mmol - L7
Kip=115. lmmol - I,71
Ky=17.6mmol = L7"
K= 78268mmol = L™

Vu=0. 830mmol « min~!+ g~!
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Fig. 3 Hydrolysis of PenG at different conditions
O, Os A. Experimental deta; ~— . Simulation values

a. Without ion exchange
b. With ion exchange and switching time=10
c. With ion exchange and switching time= 200min

2.4 HRPEFXBHRHERTER ¢ KEIRHPM

R BCERIRR, BT RERENE (V) AR ) RREENBEISY,
TAEGHE ) WEREENERFGEZ—. T TEILSHHFTER G KELTEHN
B R 3 ITmROR A SEE N, # A
FUEM, EETSERAMER 5L HE

#ox /MIN

R (D EREAG—ENHELT, RE
WHE R 300ml o . X R A a1 i
FRE£BR B a5 o 3 Z BT W ER P4 iR, T
HEOMEXERRHAENERE GC. BA
XHOFBRGC SBLRRIEBN, HE
REERRETHETRR. IHEABWT
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Fig. 8 Effect of the flow rate on the process
on the process .
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Table 3 Simulation conditions for PenG hydrolysis

Fig. Parameters Different Different Different
studied Ve/ml F/ml » min—! £/ min
6 Vemi~? 0~700 0. 04 a
8 F/min—! 300 0.01~0.1 0
7 I. 300 0. 04 O0~70C

Other conditions as same as Table 1

2 W o8

C ion conc. in liquid /mmol » L~} Vv volume of solution/L

C. ion conc. in effluent/mmol « L—F Ve maxmium reaction tate of

C, ion cong, in resin/mmol » L1 enzyme/mmole « min~! s g7
£ amount of enzyme/g V. volume of resin/ml _

F  {low rate/ml » min~1 Y effective capacity/mmol » ml ! v
K equilibrium coefficient 6-APA  6-aminopenicillunic acid
K. Michaelis-Menten constant/mmol » L1 PAA phenylacetic acid

K. constant/mmol « L™} PenG Penicillin G

K, inhibition constant (6—APA)} /mol+ .71 Cl chloride ion

Ki; inhibition constant (PAA) /mmol » L1 1, 2, 3 PAA, PenG, Cl

r reaction rate of enzyme/mmol ¢« g~! » min~?! i ith compartment

t time/min ’ n at atime {¢&)

t, switching time/min

£ £ X ®
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Modeling of Penicillin G Hydrolysis to 6-APA
in an Immobilized Enzyme-ion Exchange System

Chen Jian
{Department of Biotechnology, Wuxi Institute of Light Industry, Wuri 214036)

Takeshi Omasa, Yoshio Ketakura, Suteaki Shioya. Ken-ichi Suga
(Department of Biotechnology, Osaka U niversitys Osaka 565, Japan)

Abstract A composite system of an immobilized enzyme reactor combined with an ion
exchange column was employed for hydrolysis of PenG to 6-APA with continuous re-
moval of PAA. In this study , a mathematical model of PenG hydrolysis to 6-APA in the
composite system was developed based on the compartment model, the proflie of concen-
tration in the ion exchange column and the enzyme kinetics in the immobilized enzyme
reactor. After checking the simulation valuse and experimental data, the effects of the
resin volume, the flow rate and the switching time on the time required to reach the de-

sired conversion rate was also examined by computer simulation.

Key words Penicillin G, hydrelysis, immobilized enzyme, ion exchange, maodel
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