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Abstract

The effect of glucose on the a-amylase production by Bacillus subtilis
ATCC-21556 was studied. Initial glucose concentrations up to 20 g/L were
found to be directly proportional to the specific a-amylase production in an
immobilized-cell batch system, whereas a free-cell batch system presented
aninversely proportional relationship with the initial glucose concentration.
This might be owing to the a-amylase repression by the glucose present in
the culture medium. Three hundred eighty-five percent of the specific
a-amylase production with the free-cell system was produced by the
immobilized-cell batch culture.

Index Entries: a-Amylase production; Bacillus subtilis; catabolite repres-
sion; cells immobilization.

Introduction

The production of a-amylase by free and immobilized Bacillus has
been reported (1-12). Immobilization on natural or synthetic supports has
shown many advantages over conventional fermentation using free cells,
such as highest enzyme yield, operational stability, and repeated or pro-
longed use of cells (1-3).

o-Amylase synthesis by Bacillus is frequently controlled by catabolite
repression in the presence of glucose or some other rapidly metabolized
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carbon source (13). However, some of the reports dealing with a-amylase
production by free and immobilized Bacillus using glucose as a carbon
source in the production medium did not consider this approach (6-8).
Other researchers have worked with glucose catabolite repression-resis-
tant strains to avoid the glucose repression effect (2-5). In this context, the
present study focuses on the influence of glucose on a-amylase production
by free and immobilized Bacillus subtilis. k-Carrageenan was used as an
immobilization support; this gel-forming polysaccharide is considered to
be a mild matrix, inexpensive, and easy to work with.

Materials and Methods
Microorganism

B. subtilis ATCC-21556 was maintained in the culture medium con-
taining glycerol 30% (v/v) and stored at —-80°C.

Growth Medium

Luria-Bertani (LB) medium (14) supplemented with glucose was used.
The medium was composed of (w/v): 1.0-20.0 g/L of glucose; 10.0 g/L of
casein (Biokar, Beauvais, France), 5.0 g/L of yeast extract (Biokar), and 5.0 g/L of
NaCl.Inimmobilized-cell experiments, KClwas added to a final concentra-
tion of 0.1 M to ensure mechanical stability of the k-carrageenan gel beads.

Culturing of the Strain

The microorganism was grown in a 1-L laboratory fermentor with a
working volume of 0.3 L (Setric Génie Industriel, Toulouse, France). A flat-
bottomed culture vessel was used in order to facilitate recovery of the gel
beads (15). For immobilized- and free-cell batch cultures, 30 mL of
preinoculum were grown in Erlenmeyer flasks for 12 h at 30°C in a rotary
shaker and were used to inoculate 0.27 L of medium in the fermentor.

Immobilization Procedure

Bacterial cells recovered from the 30-mL preinoculum (grown as just
described) were mixed with 30 mL of sterile 2% (w /v) x-carrageenan (E407,
Ceca, Paris, France) at 42°C. The bacterial-carrageenan solution was then
pumped through a couple of needles and dropped into sterile KCl solution
(0.3 M) to form gel beads with an average diameter of 3 mm. All immobi-
lization experiments were carried out under aseptic conditions.

Determination of Biomass

Free cells were recovered from the culture by centrifugation, then
dried and weighed as described (16). The determination of immobilized
biomass was carried out by dissolution of gel beads as described (16). Gel
beads were removed from the fermentor at regular intervals and then
washed twice in 0.9% NaCl. Beads were weighed and suspended in sterile
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Fig.1.Monitoring a-amylase production and biomass of free B. subtilis ATCC-21556
in batch culture.

Na,CO, (0.2 M) at 42°C for 10 min. Then they were completely dissolved by
the addition of sterile double-distilled water. The biomass was subse-
quently recovered by centrifugation, dried, and weighed.

a-Amylase Activity

o-amylase activity was assayed to cell-free supernatant following
the dinitrosalicylic acid method for determining reducing sugars (17).
We have adopted the Bernfield’s (18) activity unit definition: one unit of
a-amylase activity is defined as the amount of enzyme that releases an
amount of reducing sugar equivalent to 1.0 mg of maltose from 1% soluble
potato starch in 3 min at 20°C and pH 6.9.

Results and Discussion

Batch experiments were carried out with several initial glucose con-
centrations (1.0-20.0 g/L). Previous studies (16) have shown that LB
medium supplemented with glucose increased the biomass production.
Figure 1 represents a typical batch fermentation with free cells for the initial
glucose concentration (1.5 g/L). a-amylase production was repressed by
the presence of glucose. When glucose was almost depleted, a-amylase
synthesis showed a constant production rate up to the stationary phase,
then the production followed by areduced rate during the stationary phase.

Cell growth presented two growth phases (diauxic-like behavior)
separated by the glucose depletion. The first exponential growth phase was
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Fig. 2. Maximal specific growth rate and biomass production of free B. subtilis
ATCC-21556 at different initial glucose concentrations in batch cultures.

supported by glucose consumption in which acetate, lactate, acetoin, and
2,3-butanediol were produced (data not shown) (16).

Figure 2 represents the biomass production and the specific growth
rate at different glucose concentrations. The glucose concentration did not
have any significant effect over the specific growth rate up to 15 g/L glu-
cose at which the average value was 0.27 h™. However, at 20 g/L glucose,
the specific growth rate fell to 0.09 h™. The biomass production was
increased up to 10 g/L glucose, then fell beyond this point. These
results show that initial glucose concentration has a real effect on the bio-
mass production.

Immobilized-cell batch cultures were carried out at the same opera-
tional conditions used in free-cell cultures. Figure 3 shows the biomass of
immobilized cells and that of released cells from beads at several initial
glucose concentrations. The biomass immobilized and that released were
2.5 times higher than that obtained in the free-cell system. The higher bio-
mass production was at 15 g/L glucose, whereas that of free-cell cultures
was at 10 g/L (see Fig. 2). This difference suggests that, on one hand, there
havebeen some diffusional limitations in the immobilized system related
to the immobilization support and to the immobilized biomass distribu-
tion. On the other hand, there has been a possible physiological modifi-
cation altering the behavior of the microorganism.

In fact, previous studies have shown that polysaccharide gel supports
do not represent a homogeneous phase and that the peripheral growth of cells
forms a supplementary diffusional limitation (19). Nava-Saucedo et al. (19)
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Fig. 3. Immobilized and released biomass of immobilized B. subtilis ATCC-21556 at
different initial glucose concentrations in batch cultures.

have encountered different types of structural inhomogeneities in polysac-
charide gel beads (supercritical crusts, radial shafts and microchannels,
discrete cavities and random fractures) that play an important role in the
definition of the microenvironment in which the microorganisms grow.

Furthermore, after prolonged incubation, owing to the rapid growth
of cells near the gel surface, the gel matrix lost much of its mechanical
rigidity, and, consequently, the cavities near the support surface exploded,
releasing cells to the solution. Figure 3 also shows the released biomass
from the gel beads. We can observe that the quantity of biomass leaked was
proportional to the immobilized biomass. Thus, the more biomass grown
into the gel beads, the more biomass released to the solution. The gel beads
may therefore be considered as a reservoir of cells.

Figure 4 shows the specific a-amylase production by free and immo-
bilized cells at different initial glucose concentrations. A big difference was
found between free- and immobilized-cell batch cultures. For the free-cell
cultures, the specific a-amylase production was found to decrease with an
increase in the initial glucose concentration. At1 g/L of glucose, 1800 U of
o-amylase/g of dry biomass was produced, but at 20 g/L of glucose, only
600 U/g were obtained. This suggests that in the free-cell cultures, higher
initial glucose concentrations resultin a higher repression of the a-amylase
synthesis. These results confirm those reported by Alam et al. (9) when
working with free cells of Bacillus at initial glucose concentrations (0.2—
20 g/L). The same trend was also observed by Roychoudhuryetal. (12) and
Yoo et al. (11).
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Fig. 4. Specific a-amylase production by free and immobilized B. subtilis ATCC-21556
at different initial glucose concentrations in batch cultures.

On the other hand, immobilized-cell batch cultures presented a direct
relationship between the specific a-amylase production and the initial
glucose concentration used in the growth medium up to 20 g/L. Immobi-
lized cells seem to present less sensibility to the catabolite repression of the
o-amylase synthesis in the presence of high initial glucose concentrations.
Thus, the immobilized system allows 385% of specific a-amylase produc-
tion over the free-cell system at 20 g/L of glucose. These results may be
explained first by the diffusional limitations presented by the physical
support nature and by the extensive bacterial growth on the surface of the
gel beads, and second, by a possible bacterial physiological modification
linked to the immobilized microenvironment presented. However, it is
hard to dissociate these two phenomena, and further studies need to be
conducted to elucidate the mechanisms implicated.

Maximal specific growth rates for the bacterial populations were cal-
culated. Immobilized cells presented a lower maximal specific growth rate
compared with that of free cells: 0.18 h™and 0.27 h™, respectively. How-
ever, the maximal specific growth rate of the released cells from beads was
found to be even lower (0.10 h™') than that of the immobilized cells. These
results also suggest a possible physiological modification of the bacteria
linked to the immobilization microenvironment.

Conclusion

Under the operational conditions of the batch culture experiments,
immobilized-cell cultures of B. subtilis ATCC-21556 seem to present less
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sensibility to the repression of a-amylase synthesis in the presence of initial
glucose concentrations up to 20 g/L. The phenomena apparently impli-
cated in the immobilized living-cell system compartment to behavior
(diffusional limitations and physiological modifications related to the
immobilization microenvironment) seem to be responsible. At 20 g/L of
glucose, 385% of specific a-amylase production with the free-cell system
was produced by the immobilized-cell batch culture. An initial glucose
concentration of 20 g/L did not repress the a-amylase synthesis in the
immobilized-cell system at the same level as it did in the free-cell system.
The immobilized-cell system could be advantageous when working with
inhibitory or repressor molecules.
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