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Abstract Cells of the fungus Aureobasidium pullulans
ATCC 42023 were immobilized by adsorption on the ionexchange resin ECTEOLA (epichlorohydrin triethanolamine)-cellulose and the immobilized cells were examined
for their ability to produce the polysaccharide pullulan
using batch fermentation. It was found that the cells
immobilized on the ECTEOLA-cellulose at pH 2.0 produced higher pullulan levels than those cells immobilized at
pH 3.0, 4.0, 5.0, 6.0 and 7.0 after 72 h at 30°C. The pH 2.0immobilized cells were capable of producing pullulan for 2
cycles of 168 h. Pullulan production by the immobilized
cells decreased slightly during the second production cycle
but the difference in production was not statistically
significant after 168 h.
Keywords Pullulan . Immobilization . Ion-exchanger .
Adsorption . Aureobasidium

Introduction
The fungus Aureobasidium pullulans synthesizes the extracellular polysaccharide pullulan from various carbon sources
(Bernier 1958; Ueda et al. 1963; Catley 1971). The structure
of the polysaccharide involves cross-linked maltotriose and
maltotetraose residues (Sowa et al. 1963; Catley 1970;
Taguchi et al. 1973; Zajic and LeDuy 1973; Catley et al.
1986). A number of potential commercial applications exist
for pullulan including use as a food additive, a flocculant, a
packaging film, a blood plasma substitute, an adhesive and a
dielectric material (Zajic and LeDuy 1977; Singh et al. 2008).

Prior studies have examined the immobilization of A.
pullulans cells by adsorption on solid supports as well as
by entrapment. Sucrose-grown cells of A. pullulans strain
2552 have been immobilized on the solid support diatomaceous earth and were shown to be capable of producing
pullulan (Mulchandani et al. 1989). Other studies have shown
that corn syrup-grown cells of A. pullulans ATCC 42023 could
be immobilized using diatomaceous earth, diethylaminoethylcellulose or sponge cubes (West and Strohfus 1996a, b). Cell
immobilization using the sponge cubes appeared to be a
particularly effective method for several cycles of polysaccharide production (West and Strohfus 1996b). Entrapment
of A. pullulans cells in polyurethane foam or in a plastic
composite support has been reported with the immobilized
cells shown to produce pullulan (Mulchandani et al. 1989;
Cheng et al. 2010). Although a composite agar layermicroporous membrane system devised to immobilize A.
pullulans glucose-grown cells did not prove feasible for
pullulan production (Lebrun et al. 1994), other studies have
shown that agar-entrapped or alginate-entrapped A. pullulans
cells could be used for polysaccharide production (West
2000; West and Strohfus 2001; Urkut et al. 2007).
In the present work, pullulan production by corn syrupgrown cells of A. pullulans ATCC 42023 immobilized on
the ion-exchange resin ECTEOLA (epichlorohydrin triethanolamine)-cellulose was studied using batch fermentation. The reusability of these fungal cells immobilized on
ECTEOLA-cellulose for batch pullulan production was also
examined.

Materials and methods
T. P. West (*)
Department of Biology and Microbiology,
South Dakota State University,
Brookings, SD 57007, USA
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Aureobasidium pullulans ATCC 42023 was the strain
utilized in this work (Zajic and LeDuy 1973). The culture
medium was prepared as described previously (West and
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Fig. 1 Comparison of pullulan levels (g/l) produced by Aureobasidium
pullulans ATCC 42023 cells adsorbed at pH 2-7 after 72 h at 30°C.
Error bars indicate the standard deviations of mean data values

Reed-Hamer 1991). The medium contained corn syrup as
the carbon source at a final concentration of 2.5% (w/v)
while the nitrogen source was ammonium sulfate at a final
concentration of 0.06% (w/v). Batch cultures (50 ml) were
inoculated using overnight cultures (0.5 ml) grown in the
same culture medium (pH 6.0). Each batch culture was
shaken at 200 rpm for 48 h at 30°C.
ECTEOLA-cellulose (1 g) was initially pretreated by
sequentially washing with 200 ml of 0.25 N HCl and
0.25 N NaOH in a sterile 250 ml Erlenmeyer flask. The
ion-exchange resin was subsequently resuspended in
200 ml of 0.5 N HCl overnight to sterilize it (Bar et al.
1986, 1987). After the resin was washed at least three times
with sterile water (200 ml) and the water drained, the resin
was ready for use. The ECTEOLA-cellulose was suspended
in 50 ml of culture medium (pH 2.0, 3.0, 4.0, 5.0, 6.0 or
7.0) containing 2.5% (w/v) corn syrup. The suspension was
inoculated with approximately 105 fungal cells/ml from
48 h batch cultures and each culture was shaken at 100 rpm
for 48 h at 30°C. The ion-exchange resin with the adsorbed
fungal cells was collected by low speed centrifugation and
washed twice with 0.85% NaCl. The resin was suspended
in 50 ml of culture medium (pH 6.0) containing 2.5% (w/v)
corn syrup. Pullulan production by these cultures was
quantified following 72 h of shaking (125 rpm) at 30°C.
Pullulan production by fungal cells immobilized at pH
2.0 on ECTEOLA-cellulose was measured daily after the
immobilized cells were suspended in 50 ml culture medium
(pH 6.0) cultures containing 2.5% (w/v) corn syrup and
then shaken for 168 h at 30°C. Following the initial cycle
of 168 h, the solid support was collected by low-speed
centrifugation, washed and again suspended in culture
medium (pH 6.0) containing 2.5% (w/v) corn syrup. The

cultures were shaken (125 rpm) for a second cycle of 168 h
at 30°C during which the pullulan concentration was
determined daily.
Samples of culture medium (2 ml) were removed and
centrifuged at 14,600 × g for 30 min at 4°C. The resultant
supernatant was used during the pullulan determinations.
To quantitate pullulan levels, two volumes of 95% ethanol
were added to one volume of the pullulan-containing
supernatant to precipitate the pullulan in the supernatant.
The precipitated pullulan was collected on 0.45 μm HVLP
filters (25 mm diameter). All filters were dried to constant
weight at 105°C and reweighed to determine pullulan
concentrations (West and Reed-Hamer 1993).
Samples of the ion-exchange resin with the adsorbed cells
were collected under aseptic conditions, resuspended in sterile
0.85% NaCl solution (5 ml) and agitated using a vortex mixer.
The viable fungal cell concentration was determined by
measuring the number of colony-forming units on potato
dextrose agar plates. The samples of ion-exchange resin were
collected by filtration on 0.45 μm HVLP filters (47 mm
diameter). All filters were dried to constant weight at 105°C
and reweighed to determine the dry weights of the supports.
Pullulan concentrations were expressed as g/l and
represent the mean of three independent determinations.
The Student’s t-test was used during statistical analysis.

Results and discussion
The influence of culture medium pH on fungal cell adsorption
onto the ion exchange resin ECTEOLA-cellulose was initially
investigated. The culture medium pH used to adsorb the A.
pullulans ATCC 42023 cells onto the resin ranged from 2.0
to 7.0. It was observed that cells adsorbed onto ECTEOLA6
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Fig. 2 Pullulan levels (g/l) produced by pH 2.0-adsorbed Aureobasidium pullulans ATCC 42023 cells on ECTEOLA-cellulose over a
period of 168 h at 30°C during cycle 1 (■) or cycle 2 (▲). Error bars
indicate the standard deviations of mean data values
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cellulose at pH 2.0 produced the highest pullulan level after
72 h when incubated in the medium (pH 6.0) containing
2.5% corn syrup (Fig. 1). The pH 2.0-adsorbed ATCC 42023
cells produced a higher level of pullulan after 72 h than did
cells adsorbed at pH 3.0, 4.0, 5.0, 6.0 or 7.0 (Fig. 1). A
statistically significant (P<0.05) difference in pullulan
production was only noted between the cells adsorbed at
pH 2.0 and the cells adsorbed at pH 3.0, 4.0 or 5.0. Pullulan
production by the pH 5.0-adsorbed cells was lowest after
72 h (Fig. 1). The concentration of ATCC 42023 cells
adsorbed at pH 2.0 onto the ECTEOLA-cellulose was
determined to be 1.6×105 ±1.2×105 (mean ± standard
deviation) colony-forming units/mg dry weight of resin. A
statistically significant difference between the concentration
of pH 2.0-adsorbed cells and the cell concentrations
adsorbed at the other pH values tested was not observed.
With the highest pullulan level being produced by the pH
2.0-immobilized cells, it was of interest to learn whether the
adsorbed cells incubated in medium (pH 6.0) containing 2.5%
corn syrup could be used for two cycles of pullulan production
for 168 h using batch fermentation. As can be seen in Fig. 2,
pullulan production by the pH 2.0-adsorbed cells produced
pullulan after 24 h and continued to produce it for 120 h
during the initial cycle of production. Pullulan production by
the immobilized cells appeared to be increased little after
120 h (Fig. 2). During the second cycle of production by the
pH 2.0-adsorbed cells, pullulan production again occurred
after 24 h of incubation in the medium (pH 6.0) containing
2.5% corn syrup and pullulan production continued during
the entire cycle (Fig. 2). After 144 h of pullulan production
during the second cycle, there was no statistical difference in
pullulan production during the second production cycle
compared to the initial production cycle. This indicated
pullulan production by the immobilized cells was equally
effective for two cycles of production for 168 h.
A prior study examined using the ion-exchange resin
diethylaminoethyl-cellulose to immobilize A. pullulans
ATCC 42023 cells and the ability of the immobilized cells
to produce pullulan using batch fermentation (West and
Strohfus 1996a). Similar to this study, it was reported that
ATCC 42023 cells adsorbed onto diethylaminoethylcellulose at pH 2.0 produced the highest concentration of
polysaccharide after 72 h of incubation in the medium (pH
6.0) containing 2.5% corn syrup (West and Strohfus 1996a).
Unlike the findings of this study, pullulan production by the
pH 7.0-adsorbed cells was lowest after 72 h (Fig. 1). When
pullulan production by ATCC 42023 cells immobilized on
diethylaminoethyl-cellulose at pH 2.0 was examined for a
cycle of 168 h in a medium (pH 6.0) containing 2.5% corn
syrup, it was found that the highest pullulan level occurred
after 120 h (West and Strohfus 1996a). The second cycle of
pullulan production for 168 h resulted in lower levels of
polysaccharide compared to the first production cycle.
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During the second production cycle, the highest pullulan
level also occurred after 120 h (West and Strohfus 1996a).
Cells of a mutant strain of ATCC 42023 have been
immobilized on the ion-exchange resin phosphocellulose
and examined for their ability to produce pullulan using
batch fermentation (West and Strohfus 1996c). It was found
that these cells adsorbed onto phosphocellulose at pH 2.0
produced the highest concentration of polysaccharide after
72 h of incubation in the medium (pH 6.0) containing 2.5%
corn syrup (West and Strohfus 1996c). Pullulan production
by the phosphocellulose-adsorbed cells after the initial cycle
of 168 h was lower than that noted for the ATCC 42023 cells
adsorbed on ECTEOLA-cellulose or diethylaminoethylcellulose (West and Strohfus 1996a, c). The second cycle
of pullulan production for 168 h by the phosphocelluloseadsorbed cells was lower than the level of production during
the initial production cycle (West and Strohfus 1996c). The
second 168 h cycle of pullulan production by the
phosphocellulose-adsorbed cells was also lower compared
to the level of pullulan production witnessed during the
second production cycle of the ATCC 42023 cells adsorbed
on ECTEOLA-cellulose or diethylaminoethyl-cellulose
(West and Strohfus 1996a, c).
In conclusion, the ion-exchange resin ECTEOLA-cellulose
is an effective adsorption agent to immobilize A. pullulans
ATCC 42023 cells. The immobilized cells could be utilized
to produce pullulan for two production cycles of 168 h using
batch fermentation with only a slight decrease in pullulan
production occurring during the second production cycle.
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