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Enzyme Immobilization by Ethylene-Vinylalcohol Copolymer Entrapment

—The Effects of Coimmobilization of Fine Particles—

Kimitoshi FUKUNAGA, Yuji MORIKAWA and Katsumi NAKAO

Abstract

In order to elucidate the effects of the presence of a particle within an immobilized enzyme, f-
glucosidase (8-GD) and a fine particle such as silicon, y-alumina and hydroxyapatite has been coimmbil-
ized in ethylene-vinylalcohol capolymer (EVA) membrane. The coimmobilized B-GD was characterized
enzymatically compared with native enzyme, using p-nitrophenyl-g-D-glucopyranoside (PNPG) as a
substrate. Diffusion and partiton coefficients (D and P, respectively) of PNPG and reaction products in
EV A membrane with and without particles were determined by a conventional method. Apparent affinity
for the substrate increased by the presence of a particle. Enzyme affinity for substrate in the EVA
membrance was discussed on the basis of the data of D, P, membrance thickness and kinetic parameters.
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Fig.1 Apparatus for measuring membrane
strength
1. Wet EVA membrane (43mm diameter)
2 . Membrane holder
3 . Load cell (diameter d=15.5mm)
4 : Stage of an autograph macine
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Fig.2 Diffusion cell
1 : Outer cell
. Inner cell
. Constant temp. bath
. Magnet bar
. Magnetic stirrer
. EVA membrane
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Fig.3 Stress-strain curve for the wet EVA mem-
brane which contains silicon particle (0.23
g-Si/g-EVA).

1: None 2:Si-3120 (12.0um) 3:Si-145
(4.5¢m) 4:Si-120 (2.0um) 5:Si-105
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Fig.4 Stress-strain curve for the wet EVA mem-
brane which contains silicon particle (Si
-3120).

Charged amount of silicon [g-Si/g-EVA]
1:0 2:0.06. 3:0.18 4:0.23
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Table.1 Mechanical properties of wet EVA mem-

brane
. Conc. Membrane Fracture point
Silicon ] thickness -
(g/g-EVA] (um)] Strength®  Elongation”
(kg/cat/ca] an]
None 0 58 0.148 4.61
Si-105 0.23 91 0.052 1.73
Si-120 0.23 106 0.090 1.68
Si-145 0.23 107 0.121 1.65
Si-3120  0.23 101 0.117 2.04
Si-3120 0.18 79 0.117 2.77
Si-3120  0.06 66 0.152 2.17
Si-105 0.18 87 0.123 3.22

a) Observed stress/contract area of the load
cell/membrane thickness.

b) Possible distance of the load cell in the
vertical direction (1 in Fig.1).
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Fig.5 SEM photographs of the EVA membranes
() EVA (2) HA/EVA (6wt%) (3) Si-3120/EVA (23wt%) (4) A1/EVA (6wt%)
(5) Si-3120/EVA (6wt%)
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Reaction time [min]

Fig.6 Time course of enzyme reaction Membrane  Substrate [X};(I)\I?a(ni/s] [x 11())1"\17511‘/3]
(mM]
EVA 2.44 10.5
— 2.13 5.88
T 0.5
S5 T ' T T T —— 10 1.74 3.83
v ® Si-3120/EVA o 20 1.17 4.97
- 0h e O EVA — ' ’
- o/ 50 2.07 5.15
0.3 |- -
g // Si-3120/EVA 1.78 7.61
S 0.2 | /./o | (6wt%) 1.36 7.19
5“ /. 10 0.872 6.44
Dol o : 20 0.594 8.73
> o[ T | | | 50 0.608 7.62
= 1 2 3 ) 5
1/S M- x10? HA/EVA 10 0.721 6.82
(6wt%) 50 - 6.68
Fig.7 Lmeweaver-E'Burks plots of immobilized A1/EVA 10 0 854 5'93
enzyme reaction (6wt%)
Fibroin® 10 0.83 3.9
Sericin® 10 5.9 16.0
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Table.3 Partition coefficients (P) of PNPG and
PNP in EVA membranes

Membrane PNPG PNP

EVA 1.69 19.8

Si-3120/EVA 2.91 21.5
(6wt%)

HA/EVA 3.27 23.1
(6wt%)

Al/EVA 3.24 24.8
(6wt %)

Fibroin® 0.56 0.68

Sericin® 0.80 0.86

a) Reference 6.
b) Reference 7.
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Fig.9 SEM photograph of the EVA membrane
which adsorbed PNP
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Table.4 Calculated values of Michaelis constant of enzyme (K,’) in EVA membrane
: Vmax (@app)  Vimex(app) [E]m a) Ko at D
Membrane Th[lckn]ess ,umél /min- fn/j Xmol};/ liter K’[“(a&%) employed
pm g-enzyme) of membrane] m [(mM
EVA 19.3 2.57x10° 5.73x10* 15.3 2.60
(B-GD:1.29 (D:2.44%x10°7
wt%) ant/s)
Si-3120/EVA 22.3 9.33x10* 2.05X%10* 6.35 2.51
(B-GD:1.23 (D:1.78X10"7
wt%) cnt/s)
a) Kn value of the soluble enzyme is 2.50 mM.
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Fig.10 Lineweaver-Burk’s plots of immobilized

enzyme reaction
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