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Abstract

With cells of Streptomyces spp K-45 isolated from soil, the immobilization of glucose isomerase

by a series of treatments ; heat, carefully manipulated drying, extrusion with a thickening agent,

and glutaraldehyde-induced crosslinking, was presented. This was aimed to obtain a mechanically

stable form of whole cell containing glucose isomerase. The resulted pellet form had a good

mechanical strength, compared with a commercial

product, and showed 26 % of the activity

recovery. The specific activity was 48.1 units per g of the dry material.

The immobilized glucose isomerase generally

showed properties similar to those of the soluble

enzyme ; optimal pH at 7.5~9.0, optimal temperature at 80~85°C, activation energy of 10.9 kcal/

mole, and K. for glucose of 10.9 M. The immobilized enzyme was very thermostable and pH stable.

Introduction

Glucose isomerase (hereafter called GI) have been
immobilized by the various methods, entrapment of
whole cell containing GI'™¥, covalent binding®:®,
entrapment of soluble enzyme™!!' adsorptiond?~1%,
cell aggregation®®, and heat treatment of cells!¥~2V,
Among them, the immobilization of whole cell con-

taining GI rather than GI itself, has advantages espe-

cially in the industrial considerations. Isolation and
the succeeding purification of the intracellular enzy-
me are tedious and difficult, regarding low ove-
rall yields and increased cost of the enzyme(,

The problem encountered, however, is that whole
cell immobilized product is physically unstable and
dispersed in the aqueous solution by repeated usage.
Although commercial pellet forms of the whole cell
immobilized enzyme, which are physically stable, are

available in the market, the technology 1is not open
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due to the company’s “know-how” and hence the
domestic manufacturers of isomerized sugar utilize
the product of NOVO company ‘.

In the present communication, we aimed to obtain
a physically stable form of whole cell immobilized
GL Using a Streptomyces strain screened form soil,
the enzyme was immobilized by a simple whole cell
immobilization method and the subsequent reaction

kinetics were studied.

Materials and Methods

Materials
Among the about 200 strains of Streptomyces spp
and 60 strains of Bacillus spp isolated from soil, 2
strains showed 2.5~3.5 units of GI activity per ml of
culture broth, while Streptomyces albus ATCC 21132
showed 0.5~1.0 units. By the morphological charac-
teristics of colonies, we identified them tentatively as
Streptomyces spp K-34 and K-45 respectively. The
K-45 strain was used throughout the work.
Glutaraldehyde, L-cysteine and carbazole were from
Aldrich Chem. Co., Inc. (Milwaukee, Wisconsin), and
Glucostat from Worthington Biochem. Corp. (Free-
hold, New Jersey). All other chemicals used were of
reagent grade.
Cultivation of Microorganism
Streptmyces spp K-45 was cultured in 14 / fermentor
(New Bruinswick Sci., New Jersey) with a medium
containing 1 % peptone, 1 % yeast extract, 0.1 %
MgS0,¢7H:0, 0.03 % CoClz+6H,0, and 0.3 % KH,PO,
(initial pH 7.2). The culture condition was 1.5 VVM
of aeration and 400 RPM of agitation at 30°C for 40
hr. Cells were collected by the centrifugation of the
culture broth at 5,000 X g for 20 min (Sorvall RC-5
refrigerated centrifuge), washed twice with 0.05 M
phosphate buffer, pH 7.2 and resuspended in the
same buffer.
Enzyme assay
Cells of K-45 strain were sonicated for 5 min at 15
KC with Artek-300 Sonic Disembrator and centrifuged
at 10,000 X g for 30 min. The clear supernatant was
used as a soluble enzyme after dialysis against water
at 4°C. ,
The incubation mixture of the enzyme contained
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1 ml of 0.1 M phosphate buffer (pH 7.2), 0.2 ml of
0.05 M MgSO,+7H:0, 0.2 ml of 1 M D-glucose, 0.4 ml
of distilled H;0, aad 0.2 ml of the enzyme solution in
the final volume of 2.0 ml. Before the enzyme solution
was added, the mixture was preincubated at 65°C for
10 min and whole reaction mixture was incubated for
1 hr. After incubation was completed, the reaction
was stopped by adding 2.0 ml of 0.05 N perchloric
acid solution. The concentration of fructose produced
was determined by the cysteine-carbazole method ¥
and the glucose determined with Glucostat (glucose
oxidase-peroxidase system) for the backward reac-
tion {3,

For the immobilized enzymes, the above assay
system was scaled up 5 folds with 20~50 mg of the
immobilized enzyme. The reaction mixture was stirred
well during the reaction with a submerged magnetic
stirrer. One unit of glucose isomerase activity was
defined as the amount of enzyme which catalyzes the
production of 1 gmole of fructose for 1 min under
the condition of assay.

Immobilization

Heat treatment: To inactivate thermally - unstable
enzymes except GI and fix the enzyme to cell mem-
brane, the resuspended cell (320 g) in 2.570f 0.05 M
phosphate buffer, pH 7.2 was heated slowly to 65°C
with vigorous agitation and maintained at 65°C for
15 min. The resulted cell was collected by the centri-
fugation and was washed twice with distilled H.0.

Dehydration: The heat-treated cells were dehydrated
either by lyophillization or anhydrous acetone to 10 %
of its original weight. Since it was found that the
water content of cell slurry was very important for
the good agglomerization of the cell aggregates in
the following extrusion step, 320 g of the heated cell
was lyphillized for 24 hr to yield about 30 g of par-
tially dehydrated cells.

Extrusion: To the partially dehydrated cell, 0.5 %
(w/w) of soluble starch powder was added as a

thickening agent and the mixture was mixed well.

- This slurry was extruded through a syringe with

0.8 mm of the needle diameter onto the glass plate.
The fiber preparation was allowed to be dried for 10
hr at room temperature. The dried fiber was cut into

small pellet forms (0.8 x 3.0 mm of size).
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Crooslinking: The pellets were treated with various
concentrations of glutaraldehyde in 0. 05 M phosphate
buffer, pH 7.2 for different times. The mixture was
swirled gently with a glass rod during the reaction.
The immobilized cell pellets were washed completely
with water to remove the extra reagent and dried at
room temperature for 12 hr. Final pellet form was
stored at 4°C until used.

Kinetics

Kinetic parameters of the immobilized GI were de-
termined by the method of Byun et al.” under the
assay conditions described previously. Analyses of
sugars were carried out by the cysteine-carbazole
method for the forward reaction and by the Glucostat
method for the backward reaction, respectively. As
comparison, the soluble enzyme, which was prepared
by the method of Takasaki®®®, was also used in this

study.

Results and Discussion

Whole cell immobilization
The GI from Streptomyces spp K-45 was an in-
tracellular enzyme and remarkably stable in high tem-
perature. No decrease in the enzyme activity was
observed by the heat treatment at 65°C for 15 min.

This heat stability of the enzyme was also found in
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other Streptomyces species and that the strain of the
K-45

production of GI as was reported*:"1%:20,28)

inducer for
Fig. 1

shows that maximum activity of the enzyme per ml

required xylose or xylan as an

of culture broth was reached at 48 hr of incubation and
the enzyme activity paralleled cell growth, hereafter.

Whole cell immobilization method is recommended
for the intracellular enzyme'V, since it is not econo-
mical to extract, purify and immobilize the enzyme.
Hence commercial products of whole cell immobilized
GI arc available and yet the technolegy remained in
secret.

We felt it necessary to prepare mechaniclly stable
forms of whole cell immobilized GI, since preliminary
prepared products were mechanically unstable and
dispersed easily in aqueous solution by repeated use
Much efforts were done to solve this problem and we
treated the cells of K-45 with a series of treatments;
(a) heated the cell at 65°C for 15 min, (b) dehy-
drated to 10 % of the original weight, (¢) added 0.5 %
soluble starch and extruded with a syringe of 0.8 mm
needle diameter, (d) dried and cut into pellets, and
(¢} crosslinked the pellets with 5 % glutaraldehyde
for 3 hr. As shown in Fig. 2, final product showed
excellent mechanical strength and this was not dis-
persed into suspension in water by repeated use (5

times). The overall recovery of the enzyme activity
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Fig. 1. Time course of cell growth and glucese isomerase production

Method for

incubation of Streptomyces spp K-45 is described

in the text(@-@, cell growth;

O-0O, glucose isomerase activity; A~/ pH; BH-B, residual xylose concentration),
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Fig. 2. Final preparations of whole cell immobilized
glucose isomerase
A: Commerical product of NOVO Sweetzy-
me
B: Final preparation of whole cell immobili-
zed glucose ismerase of Streptomyces spp
K-45

on the immobilized steps was 26 % and the final pre-
paration showed the specific activity of 48.1 units per

g of dry material as summarized in Table 1.

Table 1. Results of whole cell immobilization

Enzyme Total Ea‘g{‘f;‘t"'y Total | Activity
. amount < activity lrecovery

preparation (Lor g _(gémg/) ml Cunit) B Ei%z B

Initial culture {10 I 1.13 11,285 100

broth (unit/ml)

Heat treated 2.51 4.51 11,285 100

suspension (unit/ml)

Immobilized 61 g 48.1 2,934 26.1

enzyme (unit/g)

Much studies were carried out on the immobilization
of GI; entrapment of whole cell in polymers such as
cellulosg acetate, collagen, or polyacrylamide~4, cell
aggregaiion of heat treatmentX*~?¥, crosslinking with
glutaraldehyde™#, In this experiment, wev modified
the above methods and improved to prepare the pellet
form by dehydration for good agglomerization of
cells, and by extrusion, followed by crosslinking of
the resulted pellets to obtain the mechanical strength.

It was found that the water content of the cell
materials was very important for the extrusion process
which determined the hardness and mechanical st-
rength of immobilized whole cell matrix. Two me-
thods, lyophillization and drying with acetone, were
used and both methods resulted to form good pellets,
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Alth ough the acetone treatment was a simple to use,
a fluctuation of activity decrease to 70~98 % resulted
in accordance to the delicate difference in the treating
procedures and hence we used the method of lyo-
phillization.

The partially dehydrated cell slurry was extruded
through the needle of syringe and cut into small
pellet forms after drying. Three main objectives were
taken into consideration in the preparation of the
immobilized enzyme, which were the activity reco-
very, good mechanical strength resulting in physical
stability during the operation, and minimum mass
transfer. Keeping a good mechical strength, proper
additives were considered for the improvement of
mass transfer of the extruded pellet. Among many
candidates, some thickening agents (gelatin, agar,
algirale, gums, and pectin), filter aid (celite), some
biochemicals having functional amino groups or other
functioral groups (AE-cellulose, cyanuric acid, and
4,4’-diamine 2,2’'-biphenylsulfonic acid), and some
proteins (albumin and casein) were examined. Results
showed no positive effects except the soluble starch.
Soluble starch, therefore, was used as a thickening
agent in the extrusion process.

It was alco very important to determine the concen-
tration and treating time of glutaraldehyde with respect
to the deactivation of the enzyme during crosslink and
mechanical strength of pellet of cells. As was sugges-

ted(Z'I)’

groups in cellular membrane and enzymes. To deter-

glutaraldehyde seemed to react with amine

mine the relationship between the concentration of
glutaraldehyde and the enzyme activity, therefore,
the whole cell suspension was treated in various con-
centrations of the reagent for 3 hr while gently
swirling. The cells were washed with water to remove
the unreacted reagent and the enzyme activity was
determined with part of preparation. The rest of cell
suspension was sonicated to extract the enzyme which
was not crosslinked and centrifuged to separate the
supernatant and the disrupted cell debris. The enzyme
activities of both were determined to know the de-
gree of crosslinking. As shown in Fig. 3, almost
75 9% of enzyme' activity was inactivated by treatment
of 0.4 % glutaraldehyde and remained constant. The
preparation which. was obtained by treatment with
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Fig. 3. Effect of glutaraldehyde concentration on
crosslink of enzyme to membrane
The whole cells were treated with various coa-
centrations of glutaraldehyde in 0.05 M phosphate
buffer, pH 7.2 at 25°C for 3hr. The unreacted
glutaraldehyde was removed by centrifugation
and washing with water. Total activity of the
treated cell was determined(O-C). The treated
cell was sonicated for 5 min at 15 KC to extract
the enzyme which was not bound to cell mem-
brane. The soluble portion(Ml-M) and cell debris
(@-®) were separated by centrifugation and the
enzyme activities of each portion were determined.

0.6 % glutaraldehyde for 1 hror 0.1 % for 3 hr sho-
wed the highest activity.

To determine the effect of treating time of glutaral-

dehyde on immobilization, the whole cell was treated
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Fig. 4. Effect of treating time of glutaraldehyde
on crosslink of enzyme to membrane.
The same procedure was carried out as described
in Fig. 3 except using different period of time
with 1 % of glutaraldehyde. Total enzyme activity
of whole cell (O-O); the enzyme activity of
soluble portion(Ml-M); after sonication the enzyme
activity of ce]l debris after sonication (@-@).
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with 1 % glutaraldehyde for various times. As was
described in Fig. 3, the soluble and immobilized
fraction were tested for activities. As shown in Fig.
4, most of the enzyme was bound to cell membrane
within 1 hr and was not extracted into supernatant
by sonication, while 70 % of the enzyme activity was
extracted from the untreated cells (0 time).

Although the highest activity was obtained by the
treatment with 0.6 % glutaraldehyde for 1 hr from
Fig. 3 and 4, this treatment did not result to form
the acceptable mechanical strength of final pellets,
which may determine the operational strength and
packing properties. Therefore, we treated the extuded
pellets with 5 % glutaraldehyde for 3 hr and this
treatment gave very excellent mechanical strength of
the final products.

Fig. 5 shows the final preparations of whole cell
immobilized GI treated with different concentrations of
glutaraldehyde. Final pellet forms of the whole cell
immobilized GI showed a good mechanical strength
and operational stability compared with a commercial
product. This immobilized enzyme, however, showed
a drawback of diffusional limitation and this result
will be presented in the second part of this study

elsewhere with the operational stability 2%,

Fig. 5. Final preparations of whole cell-immobili-
zed glucose isomerase treated with various
concentrations of glutaraldehyde.

: No glutaraldehyde treatment

Treated with 0.1% glutaraldehyde

: Treated with 0.5 % glutaraldehyde

: Treated with 1 % glutaraldehyde

: Treated with 3 % glutaraldehyde

Treated with 5 % glutaraldehyde

HEO Owe



Vol. 11, No. 3 (1979)

Since this work was primarily concerned on the
mechanical strength of the final products, further
work should be carried out to improve the mass
transfer. One possibility seems that improvement of
the extruder, which extrudes it from the compressed
reservoir into vacuum chamber, will pupped the fiber
of cell aggregates to form fine porosity of the fiber.

Characteristics of the immobilized enzyme.

Using the GI preparation of the K-45 which was
whole cell immobilized, some kinetic parameters were
determined. Comparative studies were also carried out
with the soluble enzyme. As results, there were no
great differences between both preparations as shown
in Table 2.

Glucose isomerase from the K-45 was observed to
be a D-xylose isomerase which showed better affinity
to xylose and acted more preferentially on xylose
than glucose™?®'. Other kinetic parameters were
agreed closely with the values reported for the free
and cell bound enzymes of Streptomyces'®7>17%:20),

The heat stability of the whole cell immobilized
and soluble enzyms was examined by incubating test
tubes containing each enzyme solution respectively at
temperatures from 50 to 90°C for 24 hr at pH 7.2.

Table 2. Kinetic parameters of the whole cell-
immobilized glucose isomerase of Streptomyces
spp K-45

Whole cell
entyme immobilized

Optimum pH 7.8~8.0 7.5~9.0
Optimum temperature(°C) 80~85 80~85
Ea(kcal/mole) 14.9 10.6

Kme(M) 0.133 0.227
Vas(pmole/min) 0.712 0.255
Kms (M) 0. 309 0. 465
V mb(gemole/min) 0.371 0.476
Keq 1.207 1.097
Ka for xylose(M) 0.059 —
Va for xylose(zmole/min) 3.238 —

E.: activation energy

Kme: Michaelis constant for forward reaction
Vume: maximum forward reaction rate

Kmb: Michaelis constant for backward reaction
Vmb: maximum backward reaction rate

Keq: equilibrium constant

Va: maximum reaction rate
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Fig. 6. Effect of temperature on the stability of
enzymes
Immobilized enzyme(@-@) and soluble enzyme
(O-0) were incubated for 24 hr in 0.05 M phosp-
hate buffer (pH 7.2). Residual activity was deter-
mined at the enzyme assay condition described in
the text.

Residual activities were determined at the assay con-
dition (temperature 65°C). As shown in Fig. 6,
both enzyme preparations gave good heat stability to
80°C.

The pH effect on the stability of the enzymes was
also examined by incubating them at pHs from 4 to
10 for 12 hr at 70°C and the residual activities were
determined at the assay condition (pH 7.2). As re-
sults, the enzymes were the most stable at pH 7.0 and
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Fig. 7. Effect of pH on the stability of enzymes
Immobilized enzyme (@-@) and soluble enzyme
(O-Q) were incubated at 70°C for 12 hrin 0.05 M
phosphate buffer of different pH. Residual activity
was determined at the enzyme assay condition
described in the text.
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the immobilized one showed slightly broader pH
stability than the soluble one (Fig. 7).

In this study we obtained a mechanically stable form
of whole cell immobilized GI which showed good pH
The

showed little lower activity

and heat stabilities and operational stability ®'.
preparation, however,
recovery to compare with the preparations by other
methods %15,

to solve this drawback.

Further studies should be continued
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