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In an attempt to clarify the function of L-aspartic acid and culture conditions in aspartate ammonia lyase
induction, experiments were carried out on aspartase formation in Bacillus cereus cells. The enzyme was
produced by microorganisms in response to L-aspartic acid, which is catabolized by direct deamination to
fumarate. Enzyme synthesis by B. cereus was associated with physiological growth stages, which was
confirmed by use of the protein synthesis inhibitor, chloramphenicol, whereas it did not influence synthesis
when it was added directly to the reactor batch containing a biotransformation system. Aspartase activity was
evaluated in a batch reactor by biotransformation of fumaric acid into L-aspartic acid catalyzed by whole B.
cereus cells. The culture medium for the strain was optimized, which increased the initial aspartase activity

threefold. B. cereus cells showed optimal aspartase activity at late log phase.
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Introduction

Biotechnological transformations catalyzed by intracellular micro-
bial enzymes have been investigated extensively with many types
of natural and synthetic compounds [4,6,11,17,18,20,26]. As a
common feature, these biotransformations involve slight changes of
the molecular structure of an exogenus substrate without de novo
molecular synthesis. In this way, aspartate ammonia lyase or
aspartase or fumarate ammonia lyase (E.C. 4.3.1.1) from
Escherichia coli cells immobilized in polyacrilamide and carra-
geenan gels have been used in the industrial production of L-
aspartic acid [7,8,29—32]. Nevertheless, there is not enough
information available about the regulatory aspects of intracellular
aspartase enzyme production [12]. The use of whole microbial
cells as biocatalyst and their applications have been the subject of
increased interest [3—5,8,16,17,21,25—-28]. In this respect reg-
ulatory mechanisms of enzyme synthesis are important for rational
use of nutritive substances. Hence, it is necessary to have a detailed
knowledge concerning the physiology of the producing micro-
organism [6,9,10,13,15,20,22,26].

We report here the ability of Bacillus cereus cells to produce
intracellular aspartate ammonia lyase and a regulatory induction
mechanism. Moreover, we present a full characterization of the
culture conditions.
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Materials and methods

Organisms and cultivation

B. cereus was obtained from the culture collection of the
Department of Biotechnology of the Autonomous University of
Coahuila. Microorganisms were precultivated on agar slants
consisting of 1% (w/v) peptone, 0.5% (w/v) yeast extract,
0.1% (w/v) KCl, 0.1% (w/v) NaCl, 2% agar supplemented
with L-aspartic acid (0%, 0.05%, 0.1%, 0.2%, 0.3%). The
medium was adjusted to pH 7.0 before being autoclaved at
121°C for 15 min. Cultures were incubated at 30°C for 24 h and
were then stored at 4°C. Liquid medium contained 0.8% nutrient
broth, 1.0% peptone, 0.25% yeast extract, 0.1% L-aspartic acid, pH
7.0. A 100-ml portion of the medium in a 1-1 flask was sterilized
by autoclaving it for 15 min at 120°C, inoculated with 0.1 ml cell
suspension taken from a stock culture, and incubated for 2, 4, 6, 8,
10, 12, 14 and 16 h at 30°C on a reciprocal shaker operated at 250
strokes per minute with an 8-cm amplitude. After aerobic
cultivation cells were harvested from culture broth by centrifuga-
tion (6370xg, 20 min at 4°C) and were washed twice, suspended
with 0.01 M potassium sodium phosphate buffer (pH 7.0) and
used as a suspension of intact cells.

Culture medium optimization

Optimization of the medium was performed testing each compo-

nent for its ability to support growth and aspartase activity. Varying

component concentrations were made and are shown in Table 1.
Cultures were incubated for the desired length of time at 30—

32°C with reciprocal shaking. The influence of each medium

component on aspartase activity was determined by biotransfor-



Aspartase production by bacillus cereus
YG Garza et al.

226

Table 1 Concentrations of liquid medium components

Component Concentrations (%)

Nutrient broth
Peptone
Yeast extract

0,0.1,0.3, 0.5, 0.8, 1.0
0,0.1,0.3, 0.5, 1.0
0, 0.1, 0.2, 0.25, 0.3

mation assays using resting cells of B. cereus that were grown
under the conditions described above.

Protein measurement
Cellular protein was measured by the modified Lowry technique
[24] using bovine serum albumin as the standard.

Biotransformation assay

Bioconversion experiments were performed with intact resting cells
in a batch and thermostated stirred reactor and monitored by the
disappearance of ammonium fumarate at 240 nm in the reaction
mixture consisting of 0.5 M of ammonium fumarate (pH 8.0,
7=37°C), 1 mM MgCl,, 1% toluene and 1-2 mg/ml cell protein
[25,29,31]. The initial reaction volume was 33 ml. Samples (250
ul) were taken every 5, 10 and 15 min over a 2-h period. The
reaction was stopped by immersion in a boiling water bath for 5
min. The remaining fumarate was determined spectrophotometri-
cally. One unit of aspartase activity is defined in terms of
micromoles of transformed substrate per milligram of protein per
hour. Cells were removed from the batch reactor by centrifugation
(6370xg, 15 min, 4°C) and the pH of the supernatant was adjusted
to 2.5—3.0 with sulphuric acid. The precipitated product, L -aspartic
acid, was separated by filtration and washed with water.

Effect of protein synthesis inhibitor

The ability B. cereus cells to form aspartase in fermentor cultures
but not in the reaction system for bioconversion of fumaric acid into
L-aspartic acid was verified by complementation experiments in
which chloramphenicol was used. Cells were cultured for 6 h and at
2,3, 4 and 5 h after the beginning of incubation at 30—32°C with
reciprocal shaking, 300 yg ml ™' chloramphenicol was added and
cultivation was continued for an established time after which cells
were removed by centrifugation and used as biocatalyst for the
bioconversion process. Chloramphenicol was also added to the
reaction system in the reactor.

Analytical methods

Growth was monitored by plate counts and by following total
cellular protein. L-Aspartase activity in the forward or amination
direction was determined spectrophotometrically by measuring
fumarate consumption at 240 nm. L-Aspartic acid was determined
by HPLC on a reverse - phase column packed with 5 pm Lichrosorb
RP-18 using acetonitrile/phosphate buffer as eluent.

Results

Induction of L-aspartate ammonia lyase activity

The best L-aspartic acid concentration (0.1%) as inducer was
selected on a solid medium, with the other concentrations tested in
the media (0.05%, 0.2% and 0.3% of L-aspartic acid), growth
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Figure 1 Comparison of the kinetics of fumarate consumption
catalyzed by B. cereus grown in media: (a) () with inducer, (b)
(#) without inducer and (c) (A) with optimal components and
concentration.

appeared slowly after 24 h. Figure 1 shows the results of a kinetic
study of substrate consumption when the amination reaction was
catalyzed by resting cells grown in liquid media with (a) and
without (b) L-aspartic acid as inducer. The curve for (b) shows no
significant initial reaction rate (2.5x 10 ~* mM/min), calculated as
slope in figures [S]=f£(¢). The initial rate value for curve “a” was
52x107% mM/min. This showed that there was induced
expression. The induction relation was 20.8 in terms of induced
enzyme activity and basal enzyme activity.

Optimum incubation time

In a biotechnological process, if synthesis of a desired product is
related to microbial growth, the basic route to increase
productivity must be oriented to obtain optimal growth expressed
in quantitative terms. If not, then it is necessary to correlate
growth and the physiological condition of the microorganism
[2,23]. The results obtained are shown in Figure 2. Aspartase
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Figure 2 Influence of cultivation time on aspartase activity of B.
cereus, (a) () and determination of cell protein, (b) (@ ).
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Figure 3 Effect of nutrient broth (a), peptone (b) and yeast extract
(c) on aspartase activity of B. cereus as biocatalyst for the aspartate
ammonia lyase reaction.

activity was associated with the physiological state in each
growing phase of the B. cereus cells, reaching maximum activity
(480 U) in a 6-h incubation (Figure 2a) and maximum protein
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production was reached 2 h later (Figure 2b). After 8-h
incubation the aspartase activity diminished about 50% compared
with the activity reached at 6 h.

Effect of nutrient broth

The formation of aspartase may be influenced by the concentration
of nutrient broth in the medium. The effect of different nutrient
broth concentrations was compared. An increase in nutrient broth
concentration increased the amount of biomass determined by cell
protein concentration (Figure 3a). The fundamental postulate of
growth theory was done for conditions in which the growth rate is
determined by a limited concentration of one of the medium
compounds [14]. Thus, the limitation was analyzed as a
phenomenon in which growth rate is decreased by decreasing the
concentration of this component in the medium. Therefore, the
nutrient broth in this medium is a limiting factor for B. cereus
growth.

Effect of peptone

An organic nitrogen source may be useful not only for growth but
also for acceleration of enzyme formation. Therefore, the effect of
various peptone concentrations was investigated. The results are
shown in Figure 3b. Peptone did not favor growth because the cell
protein concentration did not change significantly between 0% and
1.0% peptone. The addition of 0.3% peptone enhanced aspartase
formation as revealed by the initial rate reaction.

Effect of yeast extract

This component is not a growth-limiting factor although addition
of different concentrations of yeast extract showed an appreciable
effect on specific aspartase activity (Figure 3¢ ). The best result was
obtained when 2% or 2.5% yeast extract was added. In this case, the
term “growth” is not related to an increment of cell population.

The course of aspartase formation

Initial aspartase formation was observed when chloramphenicol
was added 4 h after the beginning of cultivation (Table 2). At
near-optimum incubation time (6 h), the initial aspartase reaction
rate increased whereas protein synthesis was inhibited. Aspartase
activity was identical in the presence or absence of the protein
synthesis inhibitor in the reaction system.

Finally, results obtained with cells grown in medium with
optimal components and concentrations and optimal cultivation
time (6 h), and used as biocatalyst in the biotransformation of
fumaric acid into aspartic acid are shown in Figure 1c. The initial
rate increased significantly and the aspartase activity was 541 U.

Table 2 Effect of chloramphenicol (300 pg 17 ') on aspartate ammonia
lyase formation in B. cereus over cultivation time®

Time of addition of Protein concentration Vo. EE+3
chloramphenicol (h) (mg. ml~ 1) (mM/min)
6" 0.87 8.3

5% 0.53 6.35
4 0.30 3.6

3% 0.09 0

2% 0.085 0
Control® 0.87 8.4

Six - hour-incubation cells without chloramphenicol were used as control.
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Discussion

It is suggested that L-aspartic acid induces aspartase formation in B.
cereus when it’s incorporated within the cell as fumarate into the
tricarboxylic acid cycle as a result of direct deamination [9]. This
route is not characteristic of all microorganisms [15]. As shown in
Figure 2a, aspartase formation started immediately (3 h, early log
phase, Figure 2b). However, maximum aspartase activity was
reached after 6 h cultivation (Figure 2a), when cells were in late
log phase (Figure 2b). These results suggest that in the incubation
period of 8—12 h (stationary phase, Figure 2b) a very small
fraction of the cell protein had aspartase activity. The rapid decrease
in fumarate depends either on the rate of fumarate biotransforma-
tion by aspartase or on an increased rate of fumarate uptake, or on
both. Previous studies [7,29—-32] used other microorganisms that
need more cultivation time and aspartase activity is minor.

It was confirmed that the concentrated cells used as biotrans-
formation catalysts are nongrowing, live cells that retain most of the
enzyme activities of growing cells [ 10], since the protein synthesis
inhibitor, chloramphenicol, did not modify the aspartase activity of
B. cereus cells in the reaction system. We suggest that the cell
membrane of B. cereus suffers changes in its components when it is
grown in the presence of chloramphenicol; during the biocatalytic
process without the addition of toluene (plasmolizer), the bacteria
showed the same catalytic activity (data not shown). Furthermore,
aspartase production was sensitive to the concentration of medium
components, since peptone and yeast extract were diminished 70%
and 50%, respectively in the optimum medium and achieved a
better initial reaction rate of about 8.3x10~ > mM/min (Figure
1c). Interest in working with intact microbial cells as biocatalysts is
based on the relative ease of stimulating enzyme synthesis through
changes of the media and with genetic manipulation. Moreover,
enzymes in intact cells usually are more stable than their isolated
counterparts. They are much cleaner than reactions with growing
cells, resulting in easier product isolation [1,9,19,26,30].
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