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Gluconic acid and sorbitol were simultaneously produced from sucrose using a glucose—fructose
oxidoreductase of Zymomonas mobilis and invertase. Invertase was immobilized on chitin by cross-
linking with glutaraldehyde, and chitin-immobilized invertase was coimmobilized with the permeabilized
cells of Z. mobilis in calcium alginate beads. The optimum amounts of invertase and permeabilized
cells for coimmobilization were determined, and operational conditions were optimized. In a continuous
stirred-tank reactor (CSTR) operation, the maximum productivities for gluconic acid and sorbitol were
found to be 4.51 and 4.60 g 1= h™', respectively, at a dilution rate of 0.055 h~' and a sucrose
concentration of 20%, but low operational stability was observed due to the abrasion of the beads. In
order to increase the operational stability, a recycle packed-bed reactor (RPBR) was employed. In an
RPBR operation, the maximum productivities for gluconic acid and sorbitol were observed to be 5.10
and 5.20 g I=' h=! at a dilution rate of 0.053 h~" and a sucrose concentration of 20% when recirculated
at the rate of 1,200 ml h='. The coimmobilized enzymes remained stable for 250 h in the RPBR without

any loss of activity.
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Introduction

Many efforts have been made to replace the chemical or
fermentation process with enzymic processes because
enzymic reactions occur in mild conditions and by-prod-
uct formation and pollution problems are not serious.
Sorbitol is industrially produced by high-pressure hy-
drogenation of dextrose syrup at a concentration of 70%.
Hydrogenation is catalysed by Ni*? ion under the condi-
tions of 40-50 atm and 140-150°C. The sorbitol syrup
produced must be passed through several ion exchange
columns to decrease the residual Ni*? ion concentration
to below 5 ppm.! For the production of gluconic acid,
fermentation processes have been developed using
Aspergillus niger or Gluconobacter suboxydance.'?
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Recently it was reported** that glucose—fructose ox-
idoreductase of Zymomonas mobilis simultaneously
oxidizes glucose to gluconolactone and reduces fruc-
tose to sorbitol, and that gluconolactone is further hy-
drolysed to gluconate and hydrogen ion by a sequential
reaction with gluconolactonase within the same cells.
It was also revealed that the oxidoreductase contains
a NADP(H) cofactor that is tightly bound to the active
site. This cofactor is spontaneously regenerated by the
enzymic catalysis itself.

Chun and Rogers’ described a process for the simul-
taneous production of gluconate and sorbitol using an
oxidoreductase of Z. mobilis. Glucose and fructose
were employed as the starting substrates, and cells of
Z. mobilis permeabilized with toluene were used for
the process development. However, when fructose
was used as a substrate, this enzymic process seems
to cause some problems in industrial application be-
cause the raw materials are relatively expensive com-
pared to the value of the products.

In this research, we used sucrose as a starting sub-
strate instead of glucose and fructose. In the sugar
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Figure 1 Schematic diagram of enzyme system

industry, a large amount of sugar solution which con-
tains 30-40% (w/v) sucrose is available as wastes,®
and much attention has been paid to the utilization of
sucrose.®® Thus, it is expected that the enzymic pro-
cess employing the oxidoreductase of Z. mobilis can
be more economic when sucrose is used as a substrate.
Sucrose is easily hydrolysed into glucose and fructose
by invertase, and then glucose and fructose are simulta-
neously transformed into gluconate and sorbitol by the
permeabilized cells of Z. mobilis. We developed a con-
tinuous process for the production of gluconate and
sorbitol from sucrose using invertase and permeabil-
ized cells of Z. mobilis coimmobilized in alginate beads.
A schematic diagram of the enzyme system used is
shown in Figure 1. Details are reported here.

Materials and methods
Materials

Invertase from yeast (E.C. 3.2.1.26, 300 U mg~! lyo-
philizate) was obtained from Boehringer (Mannheim,
FRG). Sucrose (grade II), chitin from crab shells (prac-
tical grade), and glutaraldehyde (25% solution) were
obtained from Sigma (St. Louis, MO, USA). Toluene
of analytical grade was obtained from Merck. The wa-
ter used in the mobile phase of HPLC was purchased
from Burdick and Jackson labs (Muskegon, MI, USA).
All other chemicals were of reagent grade.

Microorganism and culture conditions

Z. mobilis ATCC 31821 was used. The medium compo-
sition for cultivation was 10% glucose, 0.1%
(NH,),SO,, 0.1% MgS0O,7H,0, and 0.5% yeast
extract. No phosphate salts were added to the final
growth medium to minimize the level of phosphory-
lated intermediates in the cell. The pH was adjusted to
5.0 and the temperature was controlled at 30°C.

Cell permeabilization

Culture broth was harvested at the late exponential
growth phase and separated using a centrifuge. Centri-
fuged cells were suspended in 0.1 M MES buffer pH
6.2. To the cell suspension toluene was added to a final
concentration of 10% (v/v) and mixed by vortexing
for 3 min. The solvent-treated cells were separated by
centrifugation at 2,000g and washed twice with MES
buffer pH 6.2.

Immobilization method

Invertase was first immobilized on chitin by cross-link-
ing with glutaraldehyde using the procedure of Stanley
et al.’ Chitin-immobilized invertase and permeabilized
cells were coimmobilized in alginate beads as follows:
various amounts of invertase-immobilized chitin and
permeabilized cells were suspended in 20 ml of 0.1 M
MES buffer (pH 6.2) and carefully mixed with an equal
volume of 4% sodium alginate solution. The resulting
suspension was dropped into 2% CaCl, solution
through a hypodermic needle using a syringe pump
(Sage Instrument, USA). The beads were gently stirred
in the CaCl, solution for 30 min. The average size of
the beads was about 2 mm in diameter.

Batch operation

Forty milliliters of alginate beads were incubated with
100 ml of sucrose solution in a 300-ml reactor with
magnetic stirring under controlled temperature and pH.
The pH of the reaction mixture was controlled with a
titrator (Metrohm, Switzerland). Aliquots were taken
at intervals to determine the concentrations of sub-
strates and products.

Continuous operation

Both a continuous stirred-tank reactor (CSTR) and a
recycle packed-bed reactor (RPBR) were used for con-
tinuous operation. In the case of CSTR operation, the
same volume of alginate beads was incubated with su-
crose solution in the same reactor as used in batch
operation. Substrate solution was fed at the predeter-
mined flow rate and the reaction mixture was with-
drawn at the same flow rate as that of feeding using a
peristaltic pump.

For the operation in an RPBR, a jacketed glass col-
umn (2.5 cm I.D. x 10 cm), equipped with sintered
glass at the bottom, was used. The same volume of
alginate beads as in CSTR operation was packed into
the column. A certain portion of effluent was first with-
drawn into a static mixer and mixed with substrate
solution before being recycled into the packed-bed re-
actor. The pH in the static mixer was controlled using
a titrator with 5 M sodium hydroxide solution. The
working volume of the static mixer was about 60 ml. A
schematic diagram of the RPBR is shown in Figure 2.

Analytical methods

Sucrose, glucose, fructose, gluconic acid, and sorbitol
were determined by HPLC (Waters Assoc., Milford,
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