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ABSTRACT

A significant anount of 0-glucosidase and other cellulase compo-
nents vere adsorbed on the residue reiiaining after enzymatic hydrolysis
of cellulosic materials. The vet wood-residue separated from an en-
zyiatic degradation fixture hydrolyzed cellobiose to glucose in a yield
of about 100X and retained the activity even after the 30th treatment.
These residues vere able to be used as an immobilized /S-glucosidase
preparation. By drying the vet vood residue, only /S -glucosidase vas
retained on it,and the stability of immobilized /S-glucosidase increased,
although the specific activity decreased significantly.

INTRODUCTION

Lignocellulosic materials containing cellulose represent one of the

largest potential bionass resources for energy and other useful sub-

stances. Enzymatic hydrolysis has received much attention because it is

very specific and does not involve by-product fornation. Cellulolytic

enzyme is comprised of endo-glucanase, eellobiohydrolase, and yS -gluco-

sidase. In the enzymatic hydrolysis the /8-glucosidase activity of the

enzyme complex is generally the factor limiting the kinetics of the

process, because these enzymes are in fact inhibited by cellobiose vhich

is a reaction product.2 To obtain a high yield of glucose at a high

reaction rate, attempts to imaobilize yS -glucosidase and use it together

vith cellulase itself have been made.3"5
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Adsorption of cellulase on cellulosic materials has been studied

but whether$ -glucosidase vas adsorbed has not been made clear.2"6"8

Mandels et al.2 and Ooshima et al.8 reported that /3 -glucosidase froi

Trichoderta vas not adsorbed on cellulose,but Goel et al.7 reported that

same enzyme vas adsorbed on cellulose. In this work, ve shov that a

significant amout of /5 -glucosidase is adsorbed on the cellulose and

vood povder through their hydrolysis9-10 and the unhydrolyzed vood resi-

due containing enzyme can be used as immobilized $ -glucosidase vhich

has high specific activity and stability.11

RESULTS AND DISCUSSION

Figure l(a), (b), (c) and 2 present the adsorption characteristics

of /S -glucosidase of a (1:1) mixture of tvo commercial cellulase prepa-

rations from TrichoderMa viride and Aspergillus n/ger on cellulose and

vood povder. It became clear that the adsorption of yS-glucosidase

depends upon substrates, the degradation extent of the substrates, pH

and the ionic strength of solution. The degree of adsorption vas re-

markably affected by pH and maximal adsorption vas observed in a region

of pH 3.7 to 3.9. It also increased vith the degradation extent of the

substrates vhen pH of the solution vas kept constant. Hydrolysis vas

usually performed at pH 4.5 vhich vas the optimum condition for each

cellulase component. As shovn in Figure 1, a significant amount of fi -

glucosidase vas adsorbed onto the undigested residues through the hy-

drolysis of cellulose or vood povder.

The recovery and reutilization of the adsorbed $ -glucosidase vas

examined. The vet residue vhich vas separated from the enzymatic degra-

dation mixture of red lauan vood povder and vashed, adsorbed 0 -gluco-

sidase corresponding to 0.12 U per mg of the residue. This residue (300

mg) vas suspended in 15 mL of 0.1M acetate buffer (pH 4.5) and incubated

at 40 *C for 24 h vith gentle shaking, and separated from the reaction

mixture. The $ -glucosidase activities of the recovered residue and the

buffer solution vere assayed separately. The above experiments vere re-

peated seven times. Although 10£ of the adsorbed B -glucosidase desorb-

ed at the first incubation, 90& of it remained on the vood residue. From

the results, it vas concluded that the /9-glucosidase adsorbed on the

undigested residue of voods vas immobilized.
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Fig. 2 Effect of ionic strength on the adsorption of

/5 -glucosidase.

Notes: Tventy-five KL of enzyne solution (0.6%, pH 4.0)

containing the red lauan wood povder (1 g) was

incubated at 5 *C.

, 0.1 M acetate buffer with 0.1 M NaCl.

. saie buffer without NaCl.

The hydrolysis of cellobiose using this wood residue as enzy«e was

investigated. Twenty-five nL of acetate buffer (pH 4.5) containing 500

ig of cellobiose and 100 ig of the residue of red lauan was incubated at

40 *C. The anount of glucose was determined by the Nelson-Soaogyi Meth-

od12-13 and HPLC. Glucose yield fro« cellobiose was 100£ after 24 h. The

substrate was replaced every 24h,and the sane glucose yield was obtained

even at the 30th reaction (Fig.3). These results show that the adsorbed

/8 -glucosidase is very stable, and so the undigested wood residue con-

taining enzy«e is able to be used as imobilized $ -glucosidase. The ac-
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Fig. 3 Enzy»atic hydrolysis of cellobiose by iimobilized /9-glucosidase.

Notes: Twenty-five nL of cellobiose solution (2%, pH 4.5) containing

the red lauan vood residue (100 «g) vas incubated at 40 *C for

24 h. Glucose yield was determined by HPLC (TSK G1000PW coluin,

Tosoh Co..Ltd.).

tivities of the inobilized /S -glucosidase using the undigested residue

of several voods are shown in Table 1. These specific activities were

wore than 0.1 U/sg(carrier) at pH 4.5, 40 *C. Expressed as units per BL

(carrier), the activity of the red lauan wood residue vas found to be 18.

Theraostability of the innobilized $ -glucosidase vas the saie as the

native enzyie. It exhibited high activity after storage in a refrigera-

tor, the decrease in the specific activities vas only 5% in a year, and

vas active even at 60 "C.

The specific activity of the inobilized /8-glucosidase could be

enhanced by taking advantage of the differences in adsorption behavior

with pH. The red lauan wood residue, which vas obtained fro* hydrolysis

at pH 4.5, adsorbed /S-glucosidase rapidly by inaersing it into a nev

enzyie solution at pH 4.0 (Fig. 4). The specific activity of the residue

separated fro« the solution vas 0.17 U/Mg(carrier) and /3-glucosidase

was entirely retained in this region of pH I *-A-* I as shovn in Figure

H a ) . On the other hand, there was a region of pH where y5-glucosidase

inobilized on the undigested residue desorbed, resulting in a decrease

of the specific activity of the enzyie. Specific activity of the i«»o-

bilized /9 -glucosidase, which was prepared by hydrolysis at pH 4.5, de-
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Table 1. /3-Glucosidase activity of the enzyae mixture iiiobilized

in vood residue.

Specific activity, Activity retention

Wood species U/mg(carrier) %*

Red lauan (Snorea sp.) 0.11 100

Yellov lauan U.sp) 0.11 98

Japanese red pine {Pious densifJora) 0.10 97

Japanese beech (fagus crenata) 0.10 99

Notes: Tventy-five mL of acetate buffer (pH 4.5) containing lg of vood

powder and 150mg of enzyme was incubated at 40 "C for 48h. The

undigested residue was separated and washed.

activity of enzyme on support

* Activity retention (%) = X 100

activity lost from solution

creased to 78, and 5Q% of original at pH 5.0, and 5.5, respectively.

Furthermore, 90& of /S-glucosidase bound on the undigested residue de-

sorbed by incubating it in a buffer solution of pH 6.8 for 24 h at 40 "C.

The covalent immobilization of proteins (chymotrypsin, pepsin, and

ovomucoid) to a hydrolyzate lignin by means of formaldehyde has been re-

ported. 14 In our method, /3 -glucosidase can be immobilized by adsorp-

tion, presumably vith electrostatic interaction between /3-glucosidase

and substrate in view of the effect of pH and ionic strength on adsorp-

tion.

The above immobilized /S-glucosidase adsorbed other cellulase com-

ponents beside £-glucosidase, but it was found that only /9-glucosidase

was retained and the stability of immobilized /S-glucosidase increased

by drying the vet vood residue, although the specific activity decreased
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Fig. 4 Effect of pH on adsorption of /5-glucosidase.

Notes: (A) One gram of red lauan vood powder in 25 mL of buffer

solution (pH 4.5) containing 150 *g of enzyme was incubated

at 40 TC for 48h.

(B) The unhydrolyzed residue vas separated, and added to

nev enzyme solution (pH 4.0) at 5 "C.

to 7% of the vet residue. Enzyme vas not released fron the supports in

a region of pH 3 to 7 and activity vas completely retained after the

storage at room temperature for seven years. The decrease of surface

area or porosity of support by drying it resulted in decrease of activi-

ty and disappearance of endo-glucanase and cellobiohydrolase, but the

specific activity of /S-glucosidase increased by pulverizing the dry

residue. It is assumed that vith lov surface area endo-glucanase and

cellobiohydrolase could not contact their substrates which are solid or

high molecular compounds. Hydrolysis of methyl/3-D-glucopyranoside in a

column bioreactor vith immobilized /8-glucosidase on Japanese red pine

(dry residue) vas very successful yielding glucose in a constant 95&

yield (Fig.5). Recently, the synthesis of oligosaccharides using an im-

mobilized /3-glucosidase preparation vas noted.15'16 The dry type of

immobilized /8-glucosidase using undigested vood residue might be em-

ployed to polymerize D-glucose.
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Fig. 5 Hydrolysis of aethyl/S-D-glucopyranoside by the

colunn reactor vith iiiobilized /9-glucosidase.

Notes: A coluin (7 X 3 5 M ) containing 0.7g of the

iniobilized enzyae (Japanese red pine wood residue,

50-100«esh. 3.82U) vas kept in water bath (40 X:).

Methyl/9-D-glucopyranoside solution vas fed into

the coluin continuously at a flow rate of

EXPERIMENTAL

Materials. The enzy«e used vas a (1:1) fixture of two commercial

cellulase preparations, Cellulase Onozuka R-10 fro« Tricboderta viride

(Yakult Co., Ltd.) and Cellulosin AP fro« AspergjJJvs oiger (Ueda Kagaku

Co.,Ltd.). Filter paper Manufactured by TOYO ROSHI Co..Ltd.. the fol-
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IMMOBILIZATION OF g-GLUCOSIDASE 679

lowing voods and Avicel (Asahi Kasei Co., Ltd.) were used. Filter paper

and woods were ball-nil led and collected through a sieve (400 mesh).

Red lauan {Shorea sp.), yellow lauan {S. sp.), Japanese beech (Fagus

crenata). Japanese red pine {Pinus densiflora).

Hydrolysis (0 -Glucosidase Inobilization). Hydrolysis was per-

formed at 40 *C and pH 4.5 (0.1 M acetate buffer) for 48h. The concen-

tration of enzyme and substrate was 0.6$ and lg/25iL, respectively. The

undigested residue after the hydrolysis was separated and washed with

the sane buffer and water.

yS -Glucosidase Assay. /8-Glucosidase contained in commercial cel-

lulase preparations were immobilized, but the quantity of /S-glucosidase

was not measured. The amount of enzyme employed was estiiated from the

measurement activity. Three mg of the undigested residue was incubated

in 2.5 mL of a buffer solution (pH 4.5) containing 0.03& of p-nitrophen-

ylyS-D-glucopyranoside at 40 *C for 10 min, and then p-nitrophenol was

determined. One unit(U) of enzyme activity was defined as the amount of

enzyme required to release 1 //mol of glucose per min at 40 "C.

Hydrolysis of Cellobiose by Immobilized /}-Glucosidase. Twenty-five

mL of acetate buffer (pH 4.5) containing 500 mg of cellobiose and the

undigested residue of red lauan (11 U) were incubated at 40 XI. The glu-

cose yield was assayed by the Nelson-Somogyi method and HPLC.n The sub-

strate was replaced every 24h.

Continuous hydrolysis of methyl/8-D-glucopyranoside. A column re-

actor (7mm X 35mm) containing 0.7 g of immobilized enzyme (50-100 mesh,

3.82U) was kept in water bath (40 *C). Methyl/8 -D-glucopyranoside solu-

tion (2.19 /zmol/mL) was fed into the column continuously at a flow rate

of 0.1 mL/min. Glucose was assayed by the Nelson-Somogyi method.
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