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Abstract—The study of the xylose/glucose isomerase—containing Arthrobacter sp. B-5 cells immobilized in
cobalt hydroxide gel showed that immobilization increases the substrate affinity of the enzyme, itsthermo- and
pH-optimaof action and stability, and makesthe addition of stabilizing cobalt ionsto the isomerization medium

unnecessary.
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Xylose isomerase (D-xylose ketol-isomerase, EC
5.3.1.5), also known as glucose isomerase, catalyzes
the isomerization of D-xylose into D-xylulose in vivo
and, with lower efficiency, of D-glucoseinto D-fructose
in vitro. The enzyme is employed in the industrial pro-
duction of glucose—fructose syrup [1], which isused as
anatural sweetener in nutriceutics and special diets.

Theindustrial production of glucose—fructose syrup
is based on the use of immobilized crude xylose/glu-
coseisomerase or cells containing this enzyme. Clinton
Corn Processing company (United States) was the first
to implement the isomerization of glucose into fructose
on an industrial scale (in 1974). The production of glu-
cose—fructose syrup is presently the most large-scale
biotechnology based on immobilized biocatalysts.

Great research efforts are now being made to
improve the avail abl e biotechnol ogies of glucose—fruc-
tose syrup production[1, 2]. In particular, new methods
for enzyme immobilization are being developed, since
immobilization considerably affects the physicochemi-
cal properties of xylose/glucose isomerase [3—7].
Appropriate immobilization media may decrease the
optimum pH of xylose/glucose isomerase and enhance
its thermostability. It is these properties of xylose/glu-
cose isomerase that are considered to be basicin devis-
ing new efficient biotechnologies for the production of
glucose—fructose syrup [8].

Earlier, we selected the Arthrobacter sp. strain B-5
that efficiently produced xylose/glucose isomerase,
studied the major physiological and biochemical prop-
erties of this strain, determined the optimal conditions
of glucose isomerization into fructose by intact cells,
and immobilized them in cobalt hydroxide gel [9-12].

The aim of thiswork was to study the main physic-
ochemical properties of the xylose/glucose isomerase—

containing Arthrobacter sp. B-5 cells immobilized in
cobalt hydroxide gel.

MATERIALS AND METHODS

The xylose/glucose isomerase—producing strain
Arthrobacter sp. B-5 was obtained from the Collection
of Microorganisms at the Institute of Microbiology,
National Academy of Sciences of Belarus.

The strain was grown in a liquid nutrient medium
containing (%) glucose, 1.0; peptone, 1.0; yeast extract,
pH of the medium was 6.8. The medium wasinocul ated
with aqueous suspensions of bacteria grown on a pep-
tone-yeast extract agar at 28-30°C for 3 days. Theini-
tia culture density was (0.5-1) x 107 cells/ml. After
2 days of cultivation at 28-30°C, cells were harvested
by centrifugation at 6000 g for 15 min and washed with
distilled water. The bacterial biomass (2.5 g) with an
80-90% moisture content was suspended in a solution
containing cobalt acetate in arelative amount of 50% of
the dry weight of the biomass. The pH of the suspen-
sion was adjusted to 9.5 by adding the necessary
amount of 10% ammonia solution. This procedure
brought about the formation of cobalt hydroxide gel, in
which Arthrobacter sp. B-5 cells were immobilized.
The gel was washed with distilled water and then with
0.2 M K,Na-phosphate buffer, dehydrated at 28-30°C,
and crushed. The preparation thus obtained was stored
at room temperature.

The effect of temperature, pH, and the concentration
of Co?* and Mg?* ions on the xylose/glucose isomerase
activity of theimmobilized cells was studied within the
temperature range 40-90°C, pH 5.0-11.0, and the ion
concentration range 0-50 mM.
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Fig. 1. (@) The Michaelis-Menten and (b) Lineweaver—Burk double reciprocal plots of the isomerization rate of (1) D-xylose and
(2) D-glucose by the xylose/glucose isomerase of immobilized Arthrobacter sp. B-5 célls.
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Fig. 2. (a) The Michaelis-Menten and (b) Lineweaver—Burk double reciprocal 2Dlots of the xylose/glucose isomerase activity of

immobilized Arthrobacter sp. B-5 cells as a function of the concentration of Mg

The thermostability of xylose/glucose isomerase in
the immobilized cellswas determined from the residual
activity of the enzyme assayed after heating the prepa-
ration in 0.2 M K,Na-phosphate buffer (pH 7.8) at 70
and 80°C for 15 to 300 min.

To determine the pH stability of xylose/glucose
isomerase in the immobilized preparation, it was incu-
bated at pH 5.0to0 11.0in 0.2 M citratephosphate, 0.2 M
K,Na-phosphate, or universal buffer system (depending
on pH) at 70 and 80°C for 1 h; washed with distilled
water and then with 0.2 M K,Na-phosphate buffer
(pH 7.8); and assayed for the residua activity of the
enzyme.

The Michaelis constant (k,) of xylose/glucose
isomerase in the immobilized cells was determined
from the Lineweaver—Burk double reciprocal plot.

The stability of xylose/glucose isomerase in the
immobilized cells during storage was determined by
measuring the enzymatic activity of the immobilized
cells stored at room temperature (<25°C) over aperiod
of 2 years. The activity was measured first at one-month
and then at three-month intervals.

| somerase activity was measured in a reaction mix-
ture containing 0.2 ml of 1 M substrate solution, 0.5 ml
of 0.2 M K,Na-phosphate buffer (pH 7.8), 0.1 ml of 0.1 M
MgSO, - 7H,0, 0.2 ml of immobilized preparation, and
distilled water to a total volume of 2 ml. The mixture
was incubated at 70°C for 1 h. One unit of enzymatic
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activity (U) was defined as the amount of enzyme that
isomerizes 1 umol of D-glucose into D-fructose in one
minute. Isomerase activity was expressed either in
U/mg preparation or in ODs,. Therelative activity was
expressed as a percent of the control.

Fructose was analyzed by the Dische and Borenfre-
und method [13]. Protein was quantified by the Brad-
ford method [14]. The dry matter content was deter-
mined refractometrically.

The data presented in this paper are the means of
two—three independent experiments performed in trip-
licate.

RESULTS AND DISCUSSION

There is controversy in the literature as to the effect
of immobilization on the kinetic parameters of
xylose/glucose isomerase. For instance, researchers
reported that immobilization augmented the Michaelis
constant of the xylose/glucose isomerase of Bacillus
coagulans and Streptomyces thermonitrificans [6, 15],
decreased that of the xylose/glucose isomerase of
S flavogriseus [16], and did not affect the Michaelis
constant of the enzyme from S phaeochromogenes
[17] and Actinomyces olivocinereus [3].

Our measurements showed that the Michaelis con-
stants of the immobilized Arthrobacter sp. xylose/glu-
coseisomerase for D-glucose and D-xylose are equal to
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Fig. 3. The effect of Co?* ions on the xylose/glucose
isomerase activity of immobilized Arthrobacter sp. B-5
cells.
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Fig. 5. (8 The pH and (b) the therma stability of the
xylose/glucose isomerase of immobilized Arthrobacter sp.
B-5 cellsexposed to (1) 70 and (2) 80°C.

0.100 and 0.073 M, respectively (Fig. 1). Thesek,, val-
ues considerably differ from those determined for the
xylose/glucoseisomerase of intact cells (0.58 and 0.23 M,
respectively) [10].

According to earlier observations [10], Mg?* ions
activate the xylose/glucose isomerase of Arthrobacter p.,
while Co?* ions stabilize it. The optimal concentration
of Mg?* ionsfor immobilized xylose/glucose isomerase
turned out to be 10 MM (Fig. 2a). The apparent k, of the
immobilized enzyme for Mg>* was found to be 1.14 mM
(Fig. 2b).

Co?* ions virtualy did not affect the activity of
immobilized xylose/glucose isomerase within the
range 0.0025-0.1 mM and slightly inhibited it at higher
concentrations (Fig. 3).
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Fig. 4. The effect of (a) temperature and (b) pH on the
xylose/glucose isomerase activity of immobilized Arthro-
bacter sp. B-5 cells.
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Fig. 6. The dynamics of the xylose/glucose isomerase activ-
ity of immobilized Arthrobacter sp. B-5 cells during storage
at room temperature.

The maximum activity of xylose/glucose isomerase
in intact Arthrobacter sp. cells was observed at 70°C
and pH 8.0 [10], whereas the immobilized enzyme
exhibited maximum activity a 75°C and pH 9.0 (Fig. 4).
Reportedly, immobilization increased the temperature
optimum of the Lactobacillus brevis 74 xylose/glucose
isomerase [4], diminished it in the case of the enzyme
of S flavogriseus [16], and did not influence the tem-
perature optimum of the enzyme from Actinoplanes
missouriensis [18]. Similarly, immobilization exerted
diverse effects on the optimum pH, thermostability, and
pH stability of the xylose/glucose isomerase of the
aforementioned and some other microorganisms [3-6,
15, 16, 18].

The xylose/glucose isomerase activity of intact
Arthrobacter sp. cellsis stable at 70°C and pH 8.0-9.0
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within 1 h and declines by more than 80% in the case of
incubation at 80°C for 1 h [10]. The xylose/glucose
isomerase activity of immobilized Arthrobacter sp. B-5
cells incubated at 80°C at pH 7.0-8.0 is stable over a
period of at least 1 h. At 70°C, the enzymatic activity is
stable within awider pH range (7.0-10.0) (Fig. 5a). At
pH 8.0, the immobilized xylose/glucose isomerase
retained most of its activity within 1 h at 80°C and at
least within 5 h at 70°C (Fig. 5b).

One of the important characteristics of enzyme
preparations is their stability during storage. The
xylose/glucose isomerase of immobilized Arthrobacter
sp. B-5 cells stored at room temperature (<25°C) com-
pletely retaineditsactivity over aperiod of 2 years(Fig. 6).
For comparison, the immobilized xylose/glucose
isomerase of Streptomyces sp. stored at 10°C retained
itsactivity over aperiod of about 1 year [19]. The activ-
ity of the Actinomyces olivocinereus 154 xylose/glu-
cose isomerase decreased by 20% after storage at
0—4°C for one year and by 50% after storage at room
temperature for 3 months [3, 20].

Thus, the immobilization of the xylose/glucose
isomerase—containing Arthrobacter sp. B-5 cells in
cobalt hydroxide gel enhances the affinity of the
enzyme for D-xylose and D-glucose, its thermo- and
pH-optima of action and stability, and makes the addi-
tion of stabilizing cobalt ions into the isomerization
medium unnecessary. These data show thefeasibility of
using this xylose/glucose isomerase preparation for the
production of glucose—fructose syrup.

REFERENCES

1. Pedersen, S,, Industrial Aspects of Immobilized Glucose
| somerase, Bioprocess Technol., 1993, vol. 16, pp. 185~
208.

2. Bhosale, S.H., Rao, M.B., and Deshpande, V.V., Molec-
ular and Industrial Aspects of Glucose Isomerase,
Microbiol. Rev., 1996, vol. 60, no. 2, pp. 280— 300.

3. Ananichev,A.V., Ulezlo, 1.V., and Rezchikov, A.A., Glu-
cose | somerase from Actinomyces olivocinereus 154 and
Its Immohilization on Aminated Silochrome, Biokhimiya,
1978, val. 43, no. 7, pp. 1294-1302.

4. Ananichev, A.V., Tuleuova, E.T., and Ulezlo, |.V., The
|somerization of D-Glucose and D-Fructose by the Glu-
cose | somerase—containing Lactobacillusbrevis 74 Cells
Immobilized in Gelatin, Prikl. Biokhim. Mikrobiol.,
1986, val. 22, no. 1, pp. 25-31.

5. Gakwad, S.M. and Deshpande, V.V., Immobhilization of
Glucose Isomerase on Indion 48-R, Enzyme Microb.
Technoal., 1992, vol. 14, no. 10, pp. 855-858.

6. Deshmukh, S.S., Choudhury, M.D., and Shankar, V.,
Preparation and Properties of Glucose | somerase Immo-
bilized on Indol 48-R, Appl. Biochem. Biotechnol., 1993,
vol. 42, no. 2-3, pp. 95-104.

7. Pawar, H.S. and Deshmukh, D.R., Immobilization of
D-Xylose (D-Glucose) Isomerase from a Chainia sp.,
Prep. Biochem., 1994, vol. 24, no. 2, pp. 143-150.

MICROBIOLOGY  Vol. 72 No.3 2003

355

8. Crabb, W.D. and Shetty, J.K., Commaodity-Scale Produc-
tion of Sugars from Starches, Curr. Opin. Microbiol.,
1999, val. 2, no. 3, pp. 252—256.

9. Lobanok, A.G., Sapunova, L.I., Dikhtievski, Ya.O., and
Kazakevich, 1.0., Screening of Glucose |somerase—Pro-
ducing Microorganisms, World J. Microbiol. Biotech-
nol., 1998, val. 14, no. 2, pp. 259-262.

10. Sapunova, L.l., Lobanok, A.G., Kazakevich, 1.0., and
Parakhnya, E.V., The Conditions of the D-Glucose
|somerization by Arthrobacter sp., Streptomyces virido-
brunneus, Streptomyces sp. 1, and Streptomyces sp. 32
Cells, Vests NAN Beélarusi, Ser. Biyal. Navuk, 1998,
no. 3, pp. 91-95.

11. Sapunova, L.I., Kazakevich, 1.0., and Parakhnya, E.V.,
Investigation of the Synthesis of Xylose/Glucose
Isomerases in Six Arthrobacter sp. Strains, Mikrobi-
ologiya, 2000, val. 69, no. 5, pp. 647—652.

12. Parakhnya, E.V., Sapunova, L.I., Yashchenya, N.S., and
Kazakevich, 1.0., The Immobilization of the Glucose
Isomerase—Producing Arthrobacter sp. Cells in Cobalt
Hydroxide Gel, Mater. mezhdunar. konf. “ Mikrobi-
ologiya i biotekhnologiya na rubezhe XXI sto-
letiya” (Proc. Int. Conf. “Microbiology and Biotechnol-
ogy at the Threshold of the 21th Century”), Minsk: Pro-
pilei, 2000, pp. 124-126.

13. Dische, Z. and Borenfreund, E., A New Spectrophoto-
metric Method for the Detection and Determination of
Keto Sugars and Trioses, J. Biol. Chem., 1951, vol. 192,
no. 2, pp. 583-587.

14. Bradford, M.M., A Rapid and Sensitive Method for the
Quantification of Microgram Quantities of Protein Uti-
lizing the Principle of Protein-Dye Binding, Anal. Bio-
chem., 1976, vol. 72, pp. 248-254.

15. Huitron, C. and Limon-Lason, J., Immobilization of
Glucose Isomerase to |on-Exchange Materials, Biotech-
nol. Bioeng., 1978, vol. 20, no. 9, pp. 1377-1391.

16. Chen, W.P. and Anderson, A.W., Purification, Immobili-
zation, and Some Properties of Glucose |somerase from
Sreptomyces flavogriseus, Appl. Environ. Microbiol.,
1979, val. 38, no. 6, pp. 1111-1119.

17. Kumakura, M., Yoshida, M., and Kaetsu, |., Immobiliza-
tion of Glucose Isomerase—containing Streptomyces
phaeochromogenes Cells in Fine-Particle Form, Appl.
Environ. Microbiol., 1979, vol. 37, no. 2, pp. 310-315.

18. Gong, C.-S., Chen, L.F., and Tsao, G.T., Purification and
Properties of Glucose Isomerase of Actinoplanes mis-
souriensis, Biotechnol. Bioeng., 1980, vol. 22, no. 4,
pp. 833-845.

19. Stoichev, M. and Dzhezheva, G., The Biosynthesis of
Glucose Isomerase, Production of Immobilized Prepara-
tions, and Their Characterization during Continuous
Isomerization Process, Acta Microbiol. Bulg., 1988,
vol. 22, pp. 28-32.

20. Ananichev, A.V., Voroshilova, O.l., Ulezlo, 1.V., and
Egorov, A.M., A Comparative Assessment of Some
Methods of Glucose Isomerase Immobilization on
Organic and Inorganic Substrates, Prikl. Biokhim. Mik-
robiol., 1980, vol. 16, no. 5, pp. 669-675.



