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ABSTRACT

The yeast Saccharomyces cerevisize was entrapped within poly-
acrylamide gel beads by employing a procedure that uses sodium
dodecylsulfate as a detergent to improve the spherical configuration
of the beads. The resulting preparation showed a rate of fumarate bio-
conversion to L-malic acid about 60 times higher than that found for
the free cells. Almost all fumarate was converted in 30 min of incuba-
tion. The thermal stability of the immobilized cells did not significantly
differ from the free cells. An optimal pH of 5.7 was found for the
immobilized preparation and no succinic acid was detected as a by-
product in the incubation mixture.

Index Entries: L-Malic acid; Saccharomyces cerevisige; polyacryl-
amide gel beads.

INTRODUCTION

L-Malic acid was first industrially produced from fumarate by using
cells of Lactobacillus brevis (1). In 1974, Chibata et al. (2) proposed a tech-
nique using entrapped cells of Brevibacterium ammoniagenes into polyacryl-
amide gel. Succinic acid was detected as an undesired byproduct and
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several procedures were used to overcome it, such as, autolysis, freeze-
thawing, thermal treatment associated with detergents, and acetone. An
alternative method was reported by Tung-Fu (3) using gamma irradiation
to induce gel formation and cholic acid as the detergent. Immobilized B.
ammoniagenes on acrylamide and calcium alginate was also used to produce
L-malic from fumarate (4-6). Takata et al. (7) working with four different
genera (Brevibacterium, Proteus, Pseudomonas, and Sarcina) selected Brevi-
bacterium flavum as the best source. Those cells were entrapped onto car-
ragenan and a previous treatment with sodium fumarate containing bile
extract increased about 2.3 times the L-malic acid production, compared
with the conventional procedures. This method has been proposed in
industrial scale. Entrapped Candida rugosa into polyacrylamide gel has
also been described to produce L-malic acid (8).

In our lab, Saccharomyces cerevisiae has been entrapped into polyacryl-
amide gel discs and the action of detergents, fumarate and malonate on
its performance were studied. No succinic acid was detected as a byproduct
either working with the free or the immobilized cells (9).

Peleg et al. (10) described a strain of S. cerevisiae with a very high con-
version rate of fumaric to L-malic acid with no formation of succinic acid
by cloning the fumarase gene of this yeast into an expression vector. After-
ward, Neufeld et al. (11) studied the kinetics of the bioconversion with
this free and immobilized transformed S. cerevisiae. The cells were immo-
bilized within agarose beads of varying diameter to examine the effect of
diffusion on the measured rates of conversion.

Here, S. cerevisiae was entrapped into polyacrylamide gel beads and
the optimization of the process was investigated by studying some of the
preparation properties.

MATERIAL AND METHODS

S. cerevisiae was obtained from Fleischmann Royal Produtos Alimen-
ticios Ltda., Rio de Janeiro, Brazil. Sodium fumarate and L-malic acid
were purchased from The British Drug Houses LTD., Poole, England,
and Wako Pure Chemical Industries, Osaka, Japan, respectively. All
other reagents were analytical grade obtained from Merck, Brazil.

Treatment of the Free Cells with Malonate

A suspension of the free cells of S. cerevisiae (25 mL of a preparation
containing 250 mg/mL prepared in 0.9% w/v NaCl) was incubated with 6
mM malonate (5 mL) prepared in 0.05 M phosphate buffer, pH 7.5, for 20
h at 37°C with stirring. The cells were centrifuged and washed with the
phosphate bulffer.
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Immobilization of Saccharomyces cerevisiae
in Polyacrylamide Gel Beads

A solution (2.5 mL) prepared by dissolving 30g of acrylamide and 1.0
g of N,N'-methylenebisacrylamide in 123 mL of water was maintained at
4°C. After addition of the catalyst reagents, consisting of N,N,N'N'-tetra-
methylethylenediamine 0.28% v/v (1.25 mL) and ammonium persulfate
0.14% wiv (5.0 mL); S. cerevisiae (4.8 g), treated with malonate, suspended
in 0.1M phosphate buffer pH 7.5 (5 mL) and sodium dodecylsulfate (10
mg) were introduced into the mixture. Then this material (ca. 13 mL) was
incubated in a solvent mixture (90 mL) composed by chloroform/toluene
2:1 (v/v) under N,, at 25°C with continuous stirring (about 200 rpm). After
approx 20 min of incubation, the gel, now in the form of beads, was tho-
roughly washed with deionized water followed by 0.01M phosphate buffer,
pH 7.5, in order to remove unpolymerized toxic monomers, the catalyst
reagents, detergent, and organic solvents. The granules were washed
with the buffer solution until no protein was present in the effluent as
determined by the method described by Lowry et al. (12).

Determination of Activity

Free and immobilized cells (0.7 and 0.085 g, respectively) of S. cerevisiae
were incubated with 30 mM fumarate (5 mL) under stirring at 37°C (batch
reactor). Aliquots of 0.2 mL were removed from the supernatant at appro-
priate time intervals and added to 2.8 mL of phosphate buffer for the fum-
arate determination at 280 nm (Cary spectrophotometer, model 118, USA).
A molar extinction coefficient of 0.278 mM/cm was used.

Study of Properties

The influence of fumarate concentration on the L-malic acid production
by either free or immobilized S. cerevisize was investigated by incubating
the cells (0.7 and 0.085 g, respectively) with different concentrations of
the substrate, prepared in 0.1M phosphate buffer, pH 7.5. Other experi-
mental conditions were as described for the determination of activity. The
thermal stability of the free and immobilized S. cerevisize was determined
by a previous incubation of the cells with 0.9% w/v NaCl (5 mL) for 10 min
at temperatures varying from 37 to 80°C. The effect of pH on the prepara-
tions was studied by estimating their activities at pH ranging from 3.7-8.0
using 0.1M acetate (3.7-5.6) and 0.1M phosphate (5.7-8.0) buffers. Other
experimental conditions were similar to those described in the determina-
tion of activity.
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Fig. 1. Time curve of fumarate conversion to malic acid by immobilized S.
cerevisige within polyacrylamide gel beads. Immobilized cells (0.085 g) were incu-
bated with 30 mM sodium fumarate (5 mL), prepared in 0.1M phosphate buffer,
pH 7.5, at 37°C, with stirring. Aliquots (0.2 mL) were removed from the incubation
mixture at appropriate intervals and their absorbances at 280 nm were established.

RESULTS AND DISCUSSION

The production of L-malic acid from fumarate by using immobilized
S. cerevisige into polyacrylamide cells was previously reported by Figueiredo
and Carvalho (9). The preparation performed better when pretreated
with malonate (0.94 mmol of L-malic acid/h/g of immobilized cells). Owing
to the feature of no detection of succinic acid as a byproduct, as had been
reported for other microorganisms, immobilized S. cerevisiae on polyacryl-
amide pretreated with malonate to synthesize L-malic acid from fumarate
showed to be an attractive industrial proposal, although this preparation
is about eight times less efficient than that described for immobilized B.
ammoniagenes (2).

In this work, some properties of the entrapped S. cerevisiae cells in
polyacrylamide was then investigated in order to improve the yield of
L-malic acid from fumarate.

First of all, the gel was synthesized as beads instead of discs. A typical
time curve of fumarate conversion to malic acid by immobilized S.
cerevisige within polyacrylamide gel beads is shown in Fig. 1. From this
result it can be seen that all fumarate was nearly converted to L-malic acid
in 30 min.

Figure 2 shows the relationship between L-malic acid production and
fumarate concentration. The values of maximal rate of the free and immo-
bilized cells were 1.218 mmol/h/g and 60.6 mmol/h/g of cells, respectively.
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Fig. 2. Relationship between fumarate concentration and L-malic acid pro-
duced by entrapped S. cerevisiae within polyacrylamide gel beads. Immobilized
cells (0.085 g) were incubated with different concentrations of sodium fumarate
(5 mL), prepared in 0.1M phosphate buffer, pH 7.5. Aliquots (0.2 mL) were
removed from the incubation mixture at appropriate intervals and from their
absorbances at 280 nm initial velocities were calculated. The results for the free
cells are also presented in the insert.

Furthermore, the concentration of fumarate that produces half of the maxi-
mal rate was equal to 38.3 and 531.6 mM for the free and immobilized
cells, respectively. The higher value for the immobilized cells is probably
owing to diffusion limitations of the substrate to the fumarase, mainly
through the cell wall.

It is important to notice that the rate of L-malic acid produced by the
immobilized preparation (60.6 mmol/h/g of cells) is about sixty times higher
than that reported by Figueiredo and Carvalho (9): 0.94 mmol of L-malic
acid/h/g of immobilized cells; and even higher than that described by
Yamamoto et al. (6): 7.48 mmol of L-malic acid/h/g of immobilized B.
ammoniagenes. Probably, the difference between the procedures to syn-
thesize the polyacrylamide plays an important role on these results. Here,
sodium dodecylsulfate was added to the monomers and catalysts during
the polyacrylamide gel formation to “‘stabilize’’ the spherical shape of the
beads. Provided that the cells are also included in this mixture they are
preincubated with sodium dodecyl sulfate. Detergents as sodium dodecyl-
sulfate have been described to alter the cell wall permeability and thus
increasing the fumarase activity (3,6).
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Fig. 3. Thermal stability of entrapped S. cerevisiae within polyacrylamide
gel beads. Free (0.7 g)—O—and immobilized cells (0.085 g)— ® —were incubated
at indicated temperatures for 10 min and after room temperature equilibration
(about 30 min) their fumarase activities were established.

Furthermore, it is also important to compare the data reported by
Neufeld et al. (11) with the present results. They described the transformed
S. cerevisige as presenting activities of 65 mM/h/g (1.95 mmol of L-malic
acid/h/g in 30 mL of fumaric acid 1M) and 70 mM/h/g (2.1 mmol of L-malic
acid/h/g in 30 mL of fumaric acid 1M) for the free and immobilized cells,
respectively. A rate of 0.7 mM/h/g (0.21 mmol of L-malic acid/h/g) was
found for the wild-type strain. This rate is lower than the one shown in
this communication.

Figure 3 shows the thermal stability of the immobilized S. cerevisiae
that did not significantly differ from the pattern of the free cell. The rate
of L-malic acid production decreased in both preparations at temperatures
higher than used throughout the present study, namely, 37°C.

The pH profile of the L-malic acid production by immobilized S. cere-
visige is depicted in Fig. 4. The optimal pH for the immobilized preparation
was found to be 5.7, which is lower than that reported for the soluble fum-
arase (pH 7.5). From this result one can conclude that an increase of 4.5
times would occur if the pH of L-malic acid production was set up to this
pH instead of 7.5.

The presence of succinic acid was not detected as one of the products
of the incubation of fumarate with the free and immobilized S. cerevisiae.
L-malic acid, fumarate, and succinic acid were analyzed by paper chro-
matography as recommended by Yamamoto et al. (6). Thus, succinic acid
contamination will be negligible provided experimental conditions described
are followed.
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Fig. 4. pH Profile for the fumarate conversion to L-malic acid by entrapped
S. cerevisige within polyacrylamide gel beads. Immobilized cells (0.085 g) were
incubated with 30 mM sodium fumarate (5 mL) prepared in either acetate buffer

(pH 3.7-5.6) or phosphate buffer (pH 5.7-8.0) and their fumarase activities were
established.

The results obtained in the present study suggest as the best opera-
tional conditions of L-malic acid production from fumarate by entrapped
S. cerevisige cells into polyacrylamide gel beads: 1M fumarate prepared in
0.1M sodium phosphate buffer, pH 5.7, at 37°C, using pretreated cells
with 6 mM malonate prepared in 0.05M sodium phosphate buffer, pH
5.7. Under these conditions an enhanced L-malic acid products would be
achieved.
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