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Immobilization of Glucoamylase with Use of Photo-crosslinkable
Resin Prepolymer Containing Poly (N-vinylpyrrolidone)

Kimitoshi Fukunaca*, Makoto Yamaswita** and Makoto KiMUra*

Abstract

A novel convenient method for entrapping enzymes or microbial cells by the use of photo-crosslinkable
resin prepolymer containing poly(N-vinylpyrrolidone) and ethyleneglycol dimethacrylate was described.
Glucoamylase, used as test enzyme, was entrapped successfully and easily in the resin formed by the illumi-
nation with a Hg lamp.  The relative activity of the glucoamylase entrapped in the resin was affected by the
proportion of enzyme and prepolymers in the immobilization system. The entrapped glucoamylase showed
about 4.5 times higher K,, value and about 2.5 times lower V,,,, value compared with the native glucoamylase
(pH 4.5, 35°C, substrate: maltose). The pH and temperature dependencies of the enzyme reaction were
also compared between the entrapped and native glucoamylases.
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Fig. 2 Effect of stirring speed on the reaction rate of
PVP-entrapped glucoamylase.
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Table 1 Effects of the composition of matrix
PVP (g) EGDM (g) Activity (Unit)
0 10 0.012
0.2 0.8 0.231
0.4 0.6 0.200
0.8 0.2 0.186

* Glucoamylase used were 50 mg and benzoin
ethyl ether used were 50 mg.
** Reaction condition: maltose 1.09 g/50 cm?,
pH 4.5, 35°C.
#*#* 1 Unit=(1 ymole of maltose consumed)/
min-cm3.
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Table 2 Effects of polymerization reagents

Activity of PVP-

. Native .. .
Cross-linking entrapped glucoamylase Activity yield
Agent glucc()lz;m)y lase (mg-glucose/ (%)
g cm?®-min-g-resin) x 10?2

EGDM 20.0 9.70 37.3
EGDM 10.6 5.32 38.6
EGDM 6.8 3.44 38.9
TMPT 19.7 6.02 23.5
TMPT 10.4 5.37 39.7
TMPT 6.6 3.12 36.4
NPGDM 20.0 8.61 33.1
NPGDM 10.0 5.15 39.6
NPGDM 6.0 2.98 38.2
TMPTM 20.0 4.94 19.0
TMPTM 10.0 2.63 20.2
TMPTM 6.0 3.00 38.4
NPGDA 20.0 6.11 23.5
NPGDA 10.0 5.20 40.0
NPGDA 5.8 2.25 29.8

* Reaction condition: maltose 1.09 g/50 cm?, pH 4.5, 35°C.
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Fig. 3-1 Increase of glucose concentrations with
time at various temperatures for free glu-
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Fig. 3-2 Increase of glucose concentrations with

PV P-entrapped glucoamylase.

Table 3 Activity yield of PVP-entrapped glucoamylase

Activity of PVP-

glug\olzmv)ﬁ ase entrap(gflegd_ gglllilccgsi?]y]ase ’A}g%eglﬁgg:é;y Acti\zi(t)/y)yield
(mg) cm?-min-g-resin) x 10? cm?min) > 10 ’
20 9.38 2.47 38.0
25 7.26 1.95 37.3
50 7.41 3.83 19.4
100 8.07 7.57 10.7
200 2.96 5.31 5.6
300 6.10 8.56 7.1
500 5.60 8.51 7.1
* PVP: 0.5g, EGDM: 0.5g, BEE: 50 mg.

** Reaction condition: maltose 1.09 g/50 cm?, pH 4.5, 35°C.
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Fig. 4 Temperature-dependency of glucoamylase
reaction.
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Fig. 5 pH-Dependency of glucoamylase reaction.
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Fig. 6 Lineweaver-Burk plots of free glucoamylase.
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Fig. 7 Lineweaver-Burk plots of PVP-entrapped
glucoamylase.
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Table 4 Kinetic parameters of free and PVP-entrapped glucoamylase

Temperature (°C) |

Enzyme 20 30 35 40 50
. Parameter —
Free K, (mg-glucose/cm®) | 2.98 3.10 3.01 3.14 —
 Vmax(mg-glucose/cm®min) | 5.98x107% 1.16 107" 1.67x107" 1.96x107" —
PVP- 1 K¢r? (mg-glucose/cm?) | 12.26 13.12 13.45 13.96 13.64
entrapped | V2% (mg-glucose/cm™min) | 1.89x107% 3.03x 1072 6.74x 107> 1.80x 107" 1.82x107!

* pH 4.5.
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35°C, #H=n T —2) LOPHOME W, &
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Fig. 8 Arrhenius plots of free and PVP-entrapped
glucoamylase.
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Fig. 9 Schematic diagram of continuous column
reactor.
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Table 5 Effect of flow rate on column reaction
Substrate Flow rate ‘ Superﬁpial Space time | Concentration ’ Fractio_nal
(mM) (em*/min) i veloc1‘ty 4 of glucose | conversion
| (cm/min) (min) (mM) , X(—)
0.199 | 0.703 19.9 7.77 | 0.394
0.281 ' 0.940 14.1 ‘ 6.11 | 0.310
0.348 ’ 1.23 11.1 : 5.11 i 0.259
9.87 0.453 | 1.60 8.7 ‘ 4.33 | 0.219
0.555 ‘ 1.96 7.1 3.77 0.191
0.734 | 2.60 54 | 3.11 0.156
0.181 3 0.640 21.9 14.7 0.239
0.266 ‘ 0.940 14.9 10.7 0.176
0.338 1.19 11.7 ~ 10.2 0.166
30.6 0.435 i 1.54 9.1 8.44 0.138
0.549 1.94 7.2 " 7.94 0.130
0.758 2.68 5.2 | 7.11 0.116
0.201 0.771 19.7 : 218 0.180
0.287 1.02 13.8 17.2 0.142
0.351 ; 1.24 11.3 15.5 0.128
60.6 0.454 ‘ 1.60 8.7 13.8 0.114
| 0.552 1.95 7.2 11.4 0.094
i 0.748 2.64 5.3 j 8.94 0.074
0.204 0.720 j 194 259 0.129
0.287 1.01 i 13.8 19.7 0.098
0.354 1.25 1.2 : 15.8 0.079
100.4 0.450 1.59 8.8 12.5 ¢ 0.062
0.561 1.98 7.1 : 10.6 i 0.054
0.774 2.74 5.1 | 9.66 ; 0.048
0.205 0.724 193 30.6 ; 0.102
0.286 1.01 13.9 23.8 ‘ 0.079
150.2 0.356 1.26 11.1 : 18.0 | 0.060
0.458 ‘ 1.62 8.7 * 15.8 0.053
0.552 1.95 7.2 15.4 0.051
0.753 2.66 5.3 ! 13.2 0.044
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Fig. 10 Conventional plot of S,X vs In(1—X)
for the PVP-entrapped glucoamylase system.
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Repeated use of PVP-entrapped glu-

coamylase.

Reaction condition: maltose 1.09 g/50 cm?,
pH 4.5, 35°C. Each assay was done for
1 hour.
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