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Abstract—This study is for the immobilization of a hydrolytic enzyme, trypsin, within cross-linked silica
gels and their kinetic behaviors in a packed bed reactor using a sensible amide substrate, DL-BAPNA. In
the range of linear velocity of 25 to 200 cm/hr, Michaelis constants(Km’) and maximum reaction rates(Vm’)
for immobilized trypsin were less and greater than those for a soluble trypsin, respectively. In comparison
with free enzyme, Michaelis constants decreased but maximum reaction rates increased as linear velocity
increased. In the case of supported silica-gel with the spherical diameter of 0.6 mm, the internal diffusion
resistance was negligible because the effectiveness factor was found to be in the range of 0.9~1 and the
mass transfer coefficient(K,) was in the range of 8.82X107* to 1.75X 102 cm/sec. In addition, Michaelis con-
stant was the function of the amount of immobilized trypsin(immobilization density) and the conversion was
found to be maximized at the immobilization density of 10 mg trypsin/g silica gel.
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Fig. 1. Schematic diagram of the apparatus. A: Substrate
solution reservoir, B: Peristaltic pump, C: Flow
meter, D: Packed bed reactor, E: Water jacket, F:
Product solution.
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Fig. 2. Cross-sectional view of lattice-entrapped enzyme conjugate showing polymerchains and occluded enzyme mole-

cules.
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Table 1. Experimental conditions and ranges of reaction
variables used for the operation of packed bed
enzyme reactor

Reaction temperature 25T

pH 8
Immobilized enzyme amounts 0.5-15 mg/g
Substrate concentration 0.5-4 mM
Superficial velocity 25-200 cm/hr
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Fig. 3. The degree of hydrolysis of DL-BAPNA as a func- Fig. 5. The degree of hydrolysis of DL-BAPNA as a func-
tion of superficial velocity in PBR. Immobilized tion of superficial velocity in PBR. Immobilized
enzyme amounts= (.5 mg/g carrier, Reactor leng- enzyme amounts= 10 mg/g carrier, Reactor leng-
th=117cm, d=115cm. th=11.7 cm, d=1.15 cm.
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Fig. 4. The degree of hydrolysis of DL-BAPNA as a func- Fig. 6. The outlet product concentration as a function of
tion of superficial velocity in PBR. Immobilized initial substrate concentration in PBR. Immobiliz-
enzyme amounts=11. 1 carrier, Reactor length ed enzyme amounts = 0.5 mg/gcarrier, Reactor leng-
=117 cm, d=1.15cm. th=117 cm, d=1.15cm.
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Fig. 7. The degree of hydrolytic reaction depending on im-
mobilized enzyme amounts. Superficial velocity=
112 cm/hr, Reactor length=11.7 cm, d=1.15cm.
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Fig. 8. Lineweaver-Burk plot for immobilized trypsin im-
mobilized enzyme amounts=0.5 mg/g carrier.
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Fig. 9. The dependence of kinetic parameters on inlet ve-
locity. Immobilized enzyme amounts=0.5mg/g
carrier, 2R=06 mm, T=298 K.
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Fig. 10. The variation of the apparent Michaelis constants
with superficial velocity estimated by Lineweaver-
Burk plot in PBR(Toda Method). 2R=0.6 mm,
T=298K.
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Fig. 11. The variation of the apparent Michaelis constants

with superficial velocity estimated by material bal-

ance in PBR(Gellf Method). 2R=0.6mm, T=

298 K.
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Fig. 12. The effect of superficial velocity on the apparent
maximum reaction rate estimated by Lineweaver-
Burk plot in PBR(Toda Method). 2R=0.6 mm,
T=298 K.
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Fig. 13. The effect of superficial velocity on the apparent
maximum reaction rate estimated by material bal-
ance in PBR(Gellf Method). 2R=0.6 mm, T=
298 K.
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Table 2. Dimensionless numbers and mass transfer coeffi-
cient K, depending on superficial velocity
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Table 3. Effective diffusion coefficient, Thiele modulus
and effectiveness factor depending on superficial

Flow rate(cm/hr) Re ip S¢  K,(cm/sec) velocity

25 004 2186 2130 882x10°* F(cm/hr) D,(cm?/hr) Or n
70 0112 11.08 2130 1.25X10°3 25 2.25%1073 0.603 097—-1
112 0.195 8104 2130 146X10°3 70 2.25X1073 0.835 0.94—-1
150 0.262 6655 2130 1.61x1073 112 2.25%1073 0.929 092—1
192 0335 5649 2130 1.75X1073 150 2.25%1073 0.993 091—1
192 2.25X1073 1.076 090—1
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3ke 75l vl8) Michaelish 2|, FHuhe-%
= AA Jebych 28]3 25 cm/hr-200 cm/hre]
9ol 4 MichaelisAhE %o o=} 73hA3 ub
Huks-& = Z7)skdc)

(2) Michaelis”t+ trypsin®] 233} 2ol <3l
od3kg wokon] wA3tE & A9 9fo] 10 mg trypsin/g
silica geld o HAHA3}8-& Jehlch

(3) #AA 7] 06 mmyl ZASHE 2ol I FF
QAzk= 09-12 WAL T £ 9lgled, 9
EAAGA T K& 8820X1074-1.750X 1072 cm/seco]
Art.

u:2
b

NOMENCILATURE

C : reactor volume [m/]

D. : effective internal diffusion coefficient [cm?/
sec]

Dy : bulk diffusion coefficient [cm?/sec])

F : volumetric flow rate of substrate solution
{mi/hr]

G :mass flow rate [g/cm?®sec]

i : Colburn j factor for mass transfer [-]

Km’ :apparent Michaelis constant [mol/m/]

K, : mass transfer coefficient [cm/sec]

L : column length [cm]

M, :molecular weight of the solvent [g]
R : particle radius [cm]

Re  :Reynolds number=d,G/p

r : radial coordinate with respect to particle [cm]
Sc  :Schmidt number=up/pD, [-]

S : initial substrate concentration [mol/m/]

S, : outlet substrate concentration {mol/m/]

S, : substrate concentration within pores of parti-

cles [mol/m/]
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Se : substrate concentration at the liquid-carrier
interface [mol/m/]

Vs : molar volume of the diffusing solute obtained
from Kopp’s low [mol/mi]

—Ve' :effective rate of enzyme reaction [mol/mi-
sec]

Vm’ :apparent maximum reaction rate [mol/mi-
sec]

X : experimental combination parameter of sol-
vent [-]

Greek Letters

a
B
n
p
T
u
(9]

O

. Chibata,

: void fraction of column [-]

: internal porosity of particle [-]

: effectiveness factor [-]

: fluid density [g/m/]

: intraparticle tortuosity [-]

: fluid viscosity [g/cm-sec]

: dimensionless Michaelis constant [Km'/Sg]
: Thiele modulus
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