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ABSTRACT: The nutrient assimilation profile of two non-pullulan-producing strains of Aureobasidium pullulans (NRRL
58539 and NRRL 58543) isolated in Thailand was investigated. Similar nutrient assimilation was observed between both
strains and the pullulan-producing A. pullulans NRRL 58560. All three strains weakly assimilated methyl-α-D-glucoside
and lactose. For the exopolysaccharide (EPS) production, NRRL 58539 and NRRL 58543 preferred NaNO3 as the sole
nitrogen source. Enzyme sensitivity assays, infrared spectroscopy, and nuclear magnetic resonance analyses of the EPSs
revealed a broad structural similarity to aubasidan and not to pullulan. This is the first report of an aubasidan-like β-glucan
produced by A. pullulans in Thailand.
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INTRODUCTION

Aureobasidium pullulans (De Bary) Arnoud is a
saprophytic black yeast commonly found worldwide
in a wide range of habitats, such as leaf sur-
faces, painted walls, African deserts, marine envi-
rons and even glacial and subglacial ice1–5. A. pul-
lulans is of biotechnological interest since it pro-
duces a biodegradable poly-α-1,6-maltotriose based
exopolysaccharide (EPS) called pullulan. In addition
to pullulan, an EPS with a different structure called
aubasidan, a β-1,3-D-glucan with β-1,6-branches to
α-1,4 side chains, has been reported in some A. pul-
lulans strains6. Based on the EPS structure, nutri-
tional physiology and some molecular features, these
aubasidan-producing strains of A. pullulans were
placed in the variety aubasidani6. However, mul-
tilocus phylogenetic analysis placed the type strain
of A. pullulans var. aubasidani (CBS 100524) within
the same clade as the pullulan-producing A. pullulans
var. pullulans, and thus the ability to produce aubasi-
dan was suggested to be strain-dependent rather than
variety-dependent4.

In 2006, two strains of non-pullulan-producing
Aureobasidium sp. (NRRL 58539 and NRRL 58543)
were separately isolated from different areas in Thai-
land. Multilocus DNA sequence analysis suggested
that these two strains were probably not A. pullulans

since they were grouped together in a separate clade
from the other A. pullulans strains5, 7. In this study, the
nutrient assimilation profile and the preferred nitrogen
source for EPS production of these Aureobasidium
strains were investigated. The EPS structure was
also studied using enzyme sensitivity assays, infrared
spectroscopy and nuclear magnetic resonance spec-
troscopy. The results obtained from this study will
shed light on the structural diversity of EPSs produced
by Aureobasidium in Thailand.

MATERIALS AND METHODS

A. pullulans NRRL 58539 (CU26, from Nakhon
Ratchasima, Thailand), A. pullulans NRRL 58543
(CU30, from Prachuap Khiri Khan, Thailand),
A. pullulans NRRL 58560 (NRM2, from Nakhon
Ratchasima, Thailand), and A. pullulans var. aubasi-
dani CBS 100524 (NRRL 58013) were obtained from
the Microbial Genomics and Bioprocessing Research
Unit, US Department of Agriculture, Peoria, Illinois,
USA. All yeast strains were maintained on yeast
malt agar at room temperature (30± 2 °C). Short-term
stock cultures were prepared using yeast malt broth
(YMB) containing 15% (v/v) glycerol and kept at
−20 °C. Freeze-dried cultures were also made for
long-term storage at 4 °C.

For the nutrient assimilation test, seed culture was
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prepared by growing each Aureobasidium strain in
YMB at room temperature with agitation (150 rpm)
for 1 day. The cell number was counted using a
haemacytometer and adjusted to 2.5× 107 cells/ml.
One ml of the seed culture was then transferred to
mineral medium containing each test carbon (equiv-
alent to 10 g C/l) and nitrogen (equivalent to 1 g N/l)
source. (NH4)2SO4 was added as a nitrogen source for
the carbon assimilation test whereas glucose was used
as carbon source for the nitrogen assimilation test.
Each culture was grown in 50 ml medium in a 250-ml
Erlenmeyer flask at room temperature with agitation
(150 rpm) for five days. Growth was measured as
the cell density. Experiments were carried out in
triplicate.

It has been reported that the pullulan-producing
strains of A. pullulans prefer ammonium as the sole
nitrogen source for their EPS production, whereas
that of the aubasidan-producing strains is nitrate6, 8, 9.
Hence the effect of nitrogen source on the EPS pro-
duction by NRRL 58539, NRRL 58543 and NRRL
58560 was investigated using Production Medium as
previously described3. (NH4)2SO4 and NaNO3 were
used as the sole nitrogen source (equivalent to 0.13 g
N/l) whereas sucrose was used as the sole carbon
source (5% w/v, equivalent to 21.03 g C/l). Cultures
were incubated at room temperature with agitation
(150 rpm) for 9 days. Cells were removed by centrifu-
gation at 5200g for 15 min. EPS was precipitated from
the supernatant by adding 2 volumes of 95% (v/v)
ethanol as previously described2. The precipitated
EPS was oven dried (60 °C), weighed, ground to
fine powder and then kept in a desiccator at room
temperature for further studies. Experiments were
carried out in triplicate. Differences among the EPS
yields obtained from these media were statistically
compared using Student’s t-test.

To elucidate the structure of the EPS produced
by NRRL 58539 and NRRL 58543, enzyme sen-
sitivity test and Fourier transform infrared spec-
troscopy (FT-IR) were performed. Enzyme sensi-
tivity test was carried out following the protocol of
Leathers et al10. EPS was separately digested by
four different enzymes, each at 0.1 U/ml: pullu-
lanase (from Klebsiella pneumoniae, Sigma, USA),
α-amylase (from Aspergillus oryzae, Sigma, USA),
glucoamylase (from Aspergillus niger, Sigma, USA),
and β-glucanase (from Trichoderma longibrachiatum,
Sigma, USA), under the optimal conditions recom-
mended by the respective manufacturer. Released
reducing sugars were measured using the dinitrosali-
cylic acid (DNS) method11. Sensitivity to the specific
enzyme digestion (%) was separately calculated in

comparison to the value obtained from each control
enzyme-digested substrate under otherwise identical
conditions (pullulanase on pullulan (Sigma, USA) as
substrate, α-amylase and glucoamylase on soluble
starch (Scharlau Chemie S.A., Spain) as substrate,
and β-glucanase on aubasidan (produced by the strain
CBS 100524) as substrate). Experiments were carried
out in triplicate.

FT-IR was performed as previously described3.
Ground EPS was mixed with KBr at a (w/w) ratio
of 1:100. Infrared spectra were measured by Fourier
Transform Infrared Spectrometer (PerkinElmer (Spec-
trum One), USA) at Scientific and Technological Re-
search Equipment Centre, Chulalongkorn University.
The average of 16 scans at a resolution of 4 cm−1 was
performed per sample.

For 1H-NMR analysis, each EPS sample was
dissolved in D2O to the final concentration of
0.05 mg/ml. The 1H-NMR spectra was obtained
at 50 °C using a Varian Inova-500 NMR System
equipped with a CP/MAS solid state probe and nano
probe, operating at 500 MHz.

The phylogenetic placements of NRRL 58539
and NRRL 58543 were assessed using the ITS1-
5.8S rRNA (with partial 3′ -18S rRNA and 5′ -ITS2
sequences, GenBank accession codes: EU719513
and EU719518) and partial β-tubulin encoding DNA
fragment sequences (EU719407 and EU719412)5 in
comparison with the published sequences4 obtained
from the NCBI GenBank database (accession codes
for ITS/β-tubulin) for A. pullulans var. pullulans CBS
146.30 (FJ150902/FJ157871), CBS 584.75 (FJ150906
/FJ157869), and CBS 701.76 (FJ150907/FJ157865),
A. pullulans var. aubasidani CBS 100524 (FJ150905/
FJ157867), var. melanogenum CBS 123.37 (FJ150881
/FJ157852), CBS 621.80 (FJ150885/FJ157859), and
CBS 105.22 (FJ150886 / FJ157858), var. namibiae
CBS 147.97 (FJ150875 / FJ157863), and var. sub-
glaciale EXF-2479 (FJ150893/FJ157877), EXF-2491
(FJ150894/FJ157880), and EXF-2481 (FJ150895/
FJ157878), plus the corresponding sequences from
Selenophoma mahoniae CBS 388.92 (FJ150872 /
FJ157874)4, which were used as the outgroup. Se-
quence alignment was carried out manually using
GENEDOC 12.

The maximum parsimony analysis was conducted
by branch and bound search with branch support
from bootstrap analysis of 500 replications using
PAUP* 4.0b1013. In addition, Bayesian inference
(BI) was performed in MRBAYES version 3.2.114.
Model of nucleotide substitution was determined by
JMODELTEST version 0.1.115. MRENT version 2.216

was used to annotate the phylogenetic tree.
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Table 1 Effect of the nitrogen source on EPS production levels by Aureobasidium pullulans NRRL 58539, NRRL 58543,
and NRRL 58560.

C and N sources in production medium EPS yield (g/l)†

NRRL 58539 NRRL 58543 NRRL 58560

Sucrose + (NH4)2SO4 0.64± 0.00‡ 1.12± 0.01 16.25± 0.04
Sucrose + NaNO3 0.85± 0.00 3.21± 0.01 13.21± 0.09

† Mean± one standard deviation derived from three replicates.
‡ The mean values in each column were statistically different (Student’s t-test; P < 0.05).

Table 2 Sensitivity towards specific enzyme digestion of the EPS produced by Aureobasidium pullulans NRRL 58539 and
NRRL 58543.

EPS/source Sensitivity (%)

Pullulanasea α-Amylaseb Glucoamylasec β-Glucanased

EPS/NRRL 58539 12.2± 0.6e 2.5± 0.3 3.5± 1.0 88.6± 4.4
EPS/NRRL 58543 13.5± 0.6 3.5± 0.3 NDf 91.4± 4.4
Aubasidan/CBS 100524 12.1± 0.0 1.8± 0.7 4.3± 0.4 100.0d

Pullulan/NRRL 58560 77.7± 0.3 3.5± 0.2 52.5± 0.3 ND
Pullulan/Sigma (USA) 100.0a 2.8± 0.3 52.9± 0.7 ND
Pullulan/Hayashibara (Japan) 97.0± 0.3 2.9± 0.4 44.8± 0.9 ND
Soluble starch 12.0± 0.3 100.0b 100.0c ND

a Compared to the value obtained from pullulan (Sigma, USA) digested by pullulanase.
b Compared to the value obtained from soluble starch (Scharlau Chemie S.A., Spain) digested by α-amylase.
c Compared to the value obtained from soluble starch (Scharlau Chemie S.A., Spain) digested by glucoamylase.
d Compared to the value obtained from aubasidan (produced by CBS 100524) digested by β-glucanase.
e Mean± one standard deviation derived from three replicates.
f ND, Not detectable.

RESULTS

The nutrient assimilation profiles of the NRRL 58539
and NRRL 58543 strains were the same as each other
and similar to that of the pullulan-producing NRRL
58560. All 3 strains strongly assimilated L-arabinose,
D- fructose, D-galactose, D-glucose, D-mannose,
D-xylose, D-maltose, D-sucrose, D-mannitol, glyc-
erol, (NH4)2SO4, NaNO3, and peptone whereas they
weakly assimilated D-arabinose, L-sorbose, D-cello-
biose, α-cellulose, soluble starch, and ethanol. How-
ever, both NRRL 58539 and NRRL 58543 exhibited
a stronger and weaker assimilation of D-mannitol and
glycine, respectively, than those of NRRL 58560. In-
terestingly, in contrast to A. pullulans var. aubasidani
CBS 1005246, both these strains and A. pullulans
NRRL 58560 could weakly assimilate methyl-α-D-
glucoside and β-lactose (data not shown).

It was found that both NRRL 58539 and
NRRL 58543 produced greater EPS yields in the
medium containing NaNO3, attaining an EPS yield
of 0.85± 0.00 and 3.21± 0.01 g/l, respectively, while
the pullulan-producing NRRL58560 produced the
greatest amount of EPS at 16.25± 0.04 g/l in the

medium containing (NH4)2SO4 (Table 1).
The EPS from both NRRL 58539 and NRRL

58543 were found to be resistant to digestion by
pullulanase (12% and 14% sensitivity, respectively,
compared to that of pullulan) and glucoamylase (4%
and not detectable, respectively, compared to that of
starch) (Table 2). In contrast, the two EPSs from
NRRL 58539 and NRRL 58543 were sensitive to
β-glucanase digestion, somewhat similar to aubasidan
from CBS 100524, but dissimilar to pullulan. All
EPSs tested were not digested to any significant level
by α-amylase.

FT-IR spectra of the EPSs produced by NRRL
58539 and NRRL 58543 were similar to that of
the aubasidan produced by CBS 100524 (Table 3),
where all three spectra revealed the presence of the
β-configuration peak, which, albeit at slightly differ-
ent wavenumbers, agrees with the previously reported
peak of aubasidan6 at 890 cm−1. An absence of the
α-glycosidic linkage6 at λ = 850 cm−1 was also ob-
served. In contrast, pullulan showed the characteristic
peak for α-glycosidic linkage but not β-configuration.

Structural analysis of the EPSs from NRRL 58539
and NRRL 58543 using 1H nuclear magnetic reso-

www.scienceasia.org

http://www.scienceasia.org/2013.html
www.scienceasia.org


366 ScienceAsia 39 (2013)

Table 3 FT-IR wavenumbers (cm−1) of the different EPSs tested in this study.

Assignments NRRL 58539 NRRL 58543 CBS 100524 NRRL 58560 Sigma Hayashibara
EPS EPS aubasidan pullulan pullulan pullulan

O−H 3425.57 3426.80 3428.40 3433.23 3433.76 3434.16
C−H 2933.66 2933.02 2928.09 2928.37 2928.32 2928.95
O−C−O 1618.84 1618.56 1634.77 1637.00 1637.47 1641.63
C−OH 1321.69 1385.05 1373.92 1370.35 1365.61 1366.83
C−O−C 1162.94 1157.59 1152.45 1155.43 1154.97 1155.90
C−O 1042.40 1038.99 1036.00 1020.16 1020.18 1019.57
β-configuration 879.61 887.49 891.88 – – –
α-configuration – – – 849.16 847.95 847.94

nance spectroscopy (1H-NMR) was reported previ-
ously5, and the absence of the peaks representing
α-1,6- and α-1,4-configuration, in comparison to a
commercial pullulan, was noted. The experiment was
repeated in this study with aubasidan produced by
CBS 100524 included for comparison. Multiple peaks
representing the β-1,3 and β-1,6 configurations were
detected in both the EPSs from NRRL 58539 (chem-
ical shifts for β-1,3/β-1,6) (4.513 and 4.497 ppm/
4.289, 4.278, 4.272, and 4.266 ppm) and NRRL 58543
(4.528, 4.514, and 4.498 ppm/4.274, 4.265, 4.258,
and 4.250 ppm) and aubasidan (4.513 and 4.497 ppm/
4.265, 4.257, 4.249, and 4.241 ppm). Two peaks rep-
resenting the α-anomeric configurations, assignable to
4-linked or terminal α-1,6-D-Glucp17, were observed
in aubasidan (5.095 and 5.088 ppm) whereas several
small peaks, ranging from 5.149 to 5.045 ppm, were
visible in the EPSs from NRRL 58539 and NRRL
58543 (data not shown).

After sequence alignment was carried out, the
data matrices of ITS and β-tubulin sequences of
498 bp and 406 bp, respectively, were obtained (Tree-
BASE submission ID 12967).

The selected ITS1-5.8S rRNA (with partial ITS2
sequence) fragment revealed 36 parsimonious in-
formative /3 polymorphic sites, while that for the
β-tubulin fragment sequence was 81/31 and for the
concatenated sequences was 117/34, respectively.

Separate analyses of the ITS1-5.8S rRNA (with
partial ITS2 sequence) and β-tubulin fragment se-
quences by both MP and BI analyses yielded similar
results for the four analyses, as determined visually
for the obtained tree topologies (data not shown).
Firstly, strains from the same variety (A. pullulans
var. pullulans, subglaciale, melanogenum, namibiae
and NRRL58539/NRRL58543) formed monophyletic
groups with high MP bootstrap and BI posterior
probability support, except that in the MP anal-
ysed ITS tree the monophyly of A. pullulans var.
melanogenum lacked bootstrap support. Secondly,

Fig. 1 The consensus tree from BI (MrBayes) based on the
904 bp of combined ITS and β-tubulin partial sequences.
Branch supports are shown under each node for MP boot-
strap values (when > 50%)/BI posterior probabilities. Cir-
cles: the ex-neotype strain of A. pullulans var. pullulans;
triangles: the ex-type strain of A. pullulans var. aubasidani;
diamonds: the ex-type strain of the designated variety.
GenBank accession codes for the partial ITS/β-tubulin se-
quences are given in the phylogenetic section of materials
and methods. The scale bar shown represents 0.02 nu-
cleotide changes.

the (NRRL58539/NRRL58543) subclade did not nest
within any clade of the analysed A. pullulans vari-
eties. Thirdly, although the relationships among the
four subclades of the A. pullulans varieties and the
(NRRL58539/NRRL58543) subclade were uncertain,
the (NRRL58539/NRRL58543) subclade was clearly
nested within A. pullulans in both trees. Results from
the combined analysis of the concatenated ITS and
β-tubulin sequences were similar to those from the
separate analyses of the two partial DNA sequences
by both MP and BI analysis, with the BI derived tree
shown as a representative example in Fig. 1. Most
nodes had high MP bootstrap support and high BI
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posterior probabilities. With 79% bootstrap support
and 0.9 BI posterior probabilities, it was clear that the
(NRRL58539/NRRL58543) subclade was the sister
group of the varieties melanogenum, namibiae, and
subglaciale.

DISCUSSION

Unlike A. pullulans var. pullulans, the ex-type strain of
A. pullulans var. aubasidani CBS 100524 was report-
edly unable to assimilate methyl-α-D-glucoside and
lactose and had nitrate as the preferred nitrogen source
for EPS production instead of ammonium ions6.
However, multilocus DNA sequence analysis grouped
these physiologically different strains together, sug-
gesting that they belonged to the same variety and so
the ability to produce aubasidan was possibly strain-
dependent4. This suggestion was further supported
by the observation that some A. pullulans strains had
genes for both pullulan and β-glucan synthesis in their
genome18. Moreover, when cultivated in media with
high nitrate concentration, some pullulan-producing
A. pullulans strains were reported to produce mixture
of pullulan and various β-glucans19. In this study,
the non-pullulan producing NRRL 58539 and NRRL
58543 strains had a similar nutrient assimilation pro-
file to those of other pullulan-producing strains in that
they were able to assimilate methyl-α-D-glucoside
and lactose, albeit weakly. Previous multilocus DNA
sequence analyses suggested that both strains were not
A. pullulans var. pullulans because they grouped in a
different clade5, 7. However, representative strains of
the three varieties of A. pullulans, (var. melanogenum,
subglaciale, and namibae) were not included in those
analyses. In this study, a combined ITS and β-tubulin
DNA sequence analysis was performed with the repre-
sentative strains of all A. pullulans varieties included,
and the results suggested that both NRRL 58539
and NRRL 58543 are likely to be a new variety of
A. pullulans.

From the EPS structural analysis, in terms of
its sensitivity to enzyme digestion and FT-IR and
1H-NMR analyses, a reasonably strong resemblance
was found between the EPSs produced by NRRL
58539 and NRRL 58543 and aubasidan, with all
three EPSs having β-glycosidic linkages and the ab-
sence of major α-glycosidic bonds. However, slight
differences in the FT-IR spectra wavenumbers and
the 1H-NMR chemical shifts among these EPSs and
aubasidan suggested the presence of minor structural
variations, most likely in the side chains, supported by
the small differences observed in their sensitivities to
digestion by the different enzymes. Based on these
findings, it can be concluded that the EPSs produced

by NRRL 58539 and NRRL 58543 were aubasidan-
like β-glucan.

Several reports suggested that type of nitrogenous
substrate and its concentration in the medium crucially
affected the yield and structure of EPSs produced
by A. pullulans19–22. When both NRRL 58539 and
NRRL 58543 were individually grown in a culture
media containing either ammonium or nitrate at dif-
ferent concentrations, EPS with appearance similar
to pullulan had not been detected (data not shown).
Results from FT-IR analysis confirmed the absence of
pullulan in the EPSs produced by these two strains.
Without gene and genome analysis, it is difficult to
determine whether NRRL 58539 and NRRL 58543
lack genes for pullulan synthesis or possess the genes
that do not express due to the significant differences
in genetic background between NRRL 58539/NRRL
58543 and another pullulan-producing strains5.

Beta-glucan derived from yeasts and mushrooms
is known for its various biological activities such as
mammal immune system enhancement23 and in vitro
growth activation of probiotic bacteria24. It has been
reported that β-(1,3-1,6)-glucan and aubasidan from
A. pullulans could modulate immune system in dose-
depending manner25, 26. Although aubasidan has not
been reported as a prebiotic agent, the EPS produced
by NRRL 58543 was found to be able to enhance
the growth of two probiotic bacteria, Lactobacillus
acidophilus and Lactobacillus casei27. Hence it is of
interest to further investigate the biological activity of
these EPSs for their potential application in food and
pharmaceutical industries.

During the last decade, a large number of isolates
of A. pullulans have been isolated from different
tropical habitats in various areas of Thailand1–3, 5.
Most of these strains produced pullulan with only
a few exceptions, such as the strains NRRL 58539
and NRRL 58543. However, the structure of EPS
produced from the NRRL 58539 and NRRL 58543
strains have not been characterized in previous re-
ports5, 7. This study is the first report of aubasidan-like
β-glucan-producing strains of A. pullulans isolated in
Thailand.
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