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The structure of pullulan, the extracellular a -D-glucan elaborated by the yeast-like
fungus Aureobasidium pullulans, may be described as a linear a -D-glucan consisting of
maltotriosyl repeat units connected terminally by (1® 6)-a -D-glucosidic bonds. Occasionally some of maltotriosyl residues are replaced by higher oligosaccharide units, most
frequently with maltotetraosyl residues. Using the susceptibility of pullulan CH-1 (obtained from strain CH-1 of Aureobasidium pullulans) to hydrolysis catalysed by porcine
alpha-amylase, the polysaccharide was cleaved and the fragments obtained fractionated
by gel-permeation chromatography. The heterogenous size of the fragments indicates that
there is no apparent regular distribution of tetrasaccharide units in the pullulan chain. Enzymatic digestion of pullulan CH-1 using pullulanase, followed by gel-permeation chromatography of the resulting digest confirmed these results as did preparative paper chromatography and CI mass spectrometry of the separated components, i.e., that maltotetraosyl units (about 7 %) are building units of pullulan CH-1.
Keywords: Aureobasidium pullulans, polysaccharide, pullulan, amylolysis, pullulanolysis.

The structure of the extracellular polysaccharide pullulan from Aureobasidium
pullulans has been investigated by a number of authors.1,2 It is essentially a linear
a -D-glucan, composed of maltotriose repeating units linked to terminal glucosyl residues by (1® 6)-a -D-glucosidic bonds. Depending on the experimental conditions,
some differences have been found in the yields, molecular masses, and sometimes in
the fine structural features.
Concerning the structural differences, it was found that some strains of Aureobasidium pullulans produce pullulan consisting predominantly of maltotriose repeating
units, the basic chain being interspersed by maltotetraose residues. The content of these
building units varies between 1–7 %.3,4 Some investigations have revealed the pres# Serbian Chemical Society active member.
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ence of larger (1® 4)-oligosaccharide residues having up to ten monosaccharide residues in the chain.5,6
The presence of the minor structural modifications in polysaccharides may have
a profound influence on the physical properties of the polymers in solution, perhaps on
the chemical properties too.
Since our intention was to make a series of pullulan derivatives or modificates, it
was necessary to investigate the fine structure of pullulan elaborated by Aureobasidium
pullulans, CH-1 strain from our departmental collection.
RESULTS AND DISCUSSION

Using common chemical and physical methods (e.g. methylation analysis,
periodate oxidation, acid hydrolysis and spectral analysis), it was found that pullulan
CH-1 yielded only D-glucose on total acid hydrolysis and consumed 1.30 mol of
periodate, liberating at the same time 0.32 mol of formic acid per “anhydroglucose”.
Borohydride reduction of periodate oxidized pullulan CH-1 and subsequent acid hydrolysis yielded erythritol and glycerol indicating the presence of (1® 4)- and
(1® 6)-glucosidic linkages in the ratio 1.8:1. On methylation analysis 2,3,4- and
2,3,6-tri-O-methyl-D-glucoses (32 % and 67 %, respectively) were obtained. Lastly,
glucose, maltose, maltotriose, panose and isopanose were identified as products of partial acid hydrolysis. Hence, on the basis of the mentioned results the gross structure of
pullulan CH-1 shown in Fig. 1 was proposed.

Fig. 1. Proposed structure of pullulan from Aureobasidium pullulans, strain CH-1.

These results and proposed structure are in conformity with results of earlier investigations.4,7
For further investigation aimed at elucidating the fine structural features of this
polymer, the enzymic method was chosen as being the most reliable. It was decided to
use porcine alpha-amylase and pullulanase. From earlier investigations8 it is known
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that enzymic hydrolysis of pullulan with fungal amylase (EC 3.2.1.57) yields isopanose
(61-a -D-glucosylmaltose), with bacterial amylase8 (EC 3.2.1.57), panose (62-a -maltosyl-D-glucose) was obtained and with pullulanase9 (EC 3.2.1.41), maltotriose was the
main product. Alpha-amylase (EC 3.2.1.37) from human saliva or porcine pancreas are
generally assumed to be without the action on pullulan. This inactivity is explained by
the fact that the minimum structure required for catalysed hydrolysis to occur with these
enzymes is the 61-a -maltotriosyl-D-glucose unit. Since porcine alpha-amylase hydrolysed some pullulans, it can be concluded that pullulan is not a simple sequence of
maltotriosyl residues linked by (1® 6)-a -D-linkages.10
The hydrolysis of pullulan CH-1 by alpha-amylase (EC 3.2.1.1) was monitored
by viscosimetric measurements and paper chromatography. The components formed
during hydrolysis after inactivation of the enzyme were subjected to gel-filtration on a
Sepharose CL-4B column.
The viscosimetric measurements showed the hydrolysis to be fast. The paper chromatography indicated that the fragments formed by hydrolysis must have relatively high
molecular masses since they did not move far from the starting line with the solvent used.
Based on the gel-chromatography profile (Fig. 2) of alpha-amylase treated
pullulan, it is evident that hydrolysis catalysed by this enzyme resulted in heterogenous
fragments of differing molecular masses. At least four fragments were noticeable,
corresponding to elution volumes of 22–30 mL, 35–45 mL, 47–55 mLand 57–65 mL.
The fact that pullulan CH-1 is susceptible to enzymic hydrolysis catalysed by alpha-amylase means that tetrasaccharide units (as mentioned above) must exist in its struc-

Fig. 2. Gel-permeation chromatography on a Sepharose CL-4B column (1´ 80 cm) at a flow rate of
6 mLh-1: pullulan digested with alpha-amylase (....) and pullulan digested with pullulanase (___).
The elution volume of Blue Dextran (BD) is indicated by the arrow.
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ture, which enables enzymic hydrolysis to occur. Further, a regular distribution of these
units would give oligomers of a particular size. The length of the polymer is not of significance. On the contrary, an irregular distribution of tetrasaccharide units in the polymer chain
would yield oligomeric products of differing molecular masses.11 It can be concluded from
the hydrolysis of pullulan CH-1 by alpha-amylase that the tetrasaccharide units are randomly distributed in the polymer chain.
The next step was the investigation of the effect of the enzyme pullulanase (EC
3.2.1.41) on pullulan CH-1. This enzyme catalyses the hydrolysis of (1® 6)-a -D-glucosidic linkages. Descending paper chromatography proved the presence of two components in the hydrolysate. The most abundant was shown to be maltotriose, and the
second was tentatively identified as maltotetraose. After inactivation of pullulanase, the
hydrolysate was subjected to gel-filtration on a Sepharose CL-4B column. The elution
profile of this gel filtration is presented in Fig. 2. As is evident, only one fraction of low
molecular mass was present in the eluate, corresponding to an elution volume between
65 mL to 75 mL. However, as two components were unequivocally found by paper
chromatography, it was decided to separate them by preparative paper chromatography
with the aim of identifying their structures.
Each of the separated oligosaccharides was reduced with sodium borohydride
and then permethylated with sodium methylsulphinylmethanide and methyl iodide in
dimethyl sulfoxide.12 The oligosaccharide alditols obtained were further analysed by
mass spectrometry.13
Interpretation of the mass spectra made possible to establish the monosaccharide
sequence in permethylated alditols using the characteristic A-series fragments gener-

Fig. 3. CI mass spectrum and diagnostic fragment ions of the per-O-methylated maltotriosyl-alditol
produced by pullulanolysis of pullulan CH-1.
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ated by the homolytic breakage of the glycosidic linkages. The alditol part of the
oligomer is assumed to be produced by the D-sequence of fragmentations.
So, in the mass spectrum of the most abundant fraction in the hydrolysate (Fig. 3),
the primary fragment aA1 m/z 219 shows nonreducing hexose. The next fragment,
baA1 m/z 423 with aA1 fragment gives the sequence hex-hex. The fragment generated
from hexitolisald m/z 236, fragment cald m/z 440 is characteristic for the sequence
hex-hex-ol, while the fragment baald m/z 644 comes from hex-hex-hex-ol sequence.
The secondary fragments aA2 m/z 187, aA3 m/z 155, baA2 m/z 391, and baA3 m/z
187 obtained by the process of elimination from the fragment A1 confirmed the proposed
sequence.
In this way the most abundant component in the pullulanase catalysed hydrolysis
of pullulan CH-1 was identified as maltotriose.
In the similar way, the second component in the hydrolysate of pullulan CH-1 was
found to contain in its mass spectrum the following primary fragments: aA1 m/z 219, baA1
m/z 423, and cbaA1 m/z 622, characteristic for the sequence hex-hex-hex. The fragments generated from the alditol part of the molecule: ald m/z 236, bald m/z 440, and bcald m/z 644 confirm the sequence to be hex-hex-hex-hex-ol, i.e., this component must be maltotetraose
(Fig. 4).

Fig. 4. CI mass spectrum and diagnostic fragment ions of the per-O-methylated
maltotetraosyl-alditol produced by pullulanolysis of pullulan CH-1.

On the basis of the results obtained in the course of this investigation, the structure of pullulan CH-1 was found to be a linear a -D-glucan consisting of maltotriose repeating units mutually conected by (1® 6)-a -D-linkages, maltotetraose units being randomly inserted in the polymer chain (see Fig. 1).
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EXPERIMENTAL
Micro-organisms and culture conditions
Aureobasidium pullulans (CH-1, Departmental collection) was grown in a liquid culture as
described previously.14
Isolation and purification of pullulan CH-1
The cells were harvested after 5 days of growth and centrifuged at 4000 rpm at 20 ºC. The biomass was discarded. From the clear solution, the crude polysaccharide was precipitated by the addition of two volumes of ethanol. After storage for 18 h, the precipitate was collected by centrifugation
at 13000 rpm at 4 ºC for 20 min, and washed thrice with aqueous 66 % ethanol followed by cold ethanol (twice). The ethanol was decanted and the residual white polysaccharide was dried in vacuo at
room temperature over anhydrous calcium chloride, to give pullulan CH-1.
Enzymic digestions
A solution of pullulan (150 mg) in phosphate buffer (pH 6.9; 200 m mol) was mixed with porcine aplha-amylase (4 m kat) to a final volume of 10 mL and incubated at 37 ºC. The viscosity, measured using an Ostwald viscometer, rapidly dropped to a steady value after 20 min, but the digestion
was continued for further 45 min before inactivation by heating at 100 ºC for 5 min. Paper chromatography of the obtained fragments was performed using descending elution with a mobile phase of ethyl
acetate–pyridine–water15 (10:4:3, v/v/v), and detection with alkaline silver nitrate.16
The enzyme-catalyzed hydrolysis of (1® 6)-a -D-glucosidic bonds in pullulan was effected
by dissolving the polysaccharide (5 mg) in 0.03 M citrate-phosphate buffer (pH 5.0, 0.5 mL) containing 20 nkat of pullulanase and incubated for 24 h at 37 ºC. The products were chromatographed by descending paper chromatography (Whatman No. 1) with ethyl acetate–pyridine–water (10:4:3, v/v/v)
as the eluent15 and visualised with a silver nitrate-sodium hydroxide dip.16 Both alpha-amylase and
pullulanase were purchased from the Merck Corporation (Darmstadt).
Gel permeation of pullulan and fragments of pullulan
Carbohydrate samples (5 mg, 1 mL) were chromatographed at room temperature on a column
(1´ 80 cm) of Sepharose CL-4B with water at a flow-rate of 6 mL h–1. The void volume was determined using Blue Dextran 2,000. The fractions (2.5 mL) were monitored for carbohydrate by the phenol-sulphuric acid procedure,17 and for Blue Dextran by the absorbance at 620 nm. Sepharose CL-4B
was obtained from Sigma Laboratories.
Analysis of the fragments derived from the pullulanolysis
A solution of the fragments derived from the pullulanolysis (15.84 mg) was separated by preparative paper chromatography (Whatman 3 MM, solvent ethyl acetate–pyridine–water (10:4:3,
v/v/v), using double development. The resolved components (14.69 mg and 1.10 mg) were analyzed
as permethylated oligosaccharide alditols by MS after reduction, methylation, and acetylation.
Oligosaccharide alditols
Oligosaccharides (0.5–2 mg) were reduced in 2 mL aqueous NaBD4 (1 mg/mL) at room temperature for 24 h. The excess NaBD4 was destroyed by the addition of Dowex 50 (H+) resin. The mixture was
filtered through glass wool, and the boric acid was removed by co-distillation from methanol (3 ´ 2 mL).
The resulting oligosaccharide alditols were dissolved in dimethyl sulfoxide and methylated.12 The
permethylated oligosaccharide alditols were purified by chromatography on a column of Sephadex
LH-20 (1´ 20 cm) eluted with acetone–chloroform, 2:1. Fractions containing anthrone-positive18 material were pooled, and solvents were removed by rotary evaporation to dryness.
Mass-Spectrometry
Mass spectra were recorded on a Finnigan-Mat spectrometer Model 8230. The spectra were
recorded at 150 eV with an ionic source temperature of 200 ºC and a pressure of 1.33´ 10–1 Pa. Isobutane was used as the ionisation reagent.
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I Z V O D

FINA STRUKTURNA ANALIZA FUNGALNOG POLISAHARIDA PULULANA
DOBIJENOG POMO]U Aureobasidium pullulans, SOJ CH-1
DRAGICA JAKOVQEVI],1* MIROSLAV M. VRVI],2 MILANKA RADULOVI]1 i MIRJANA
HRANISAVQEVI]-JAKOVQEVI]2
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Pululan, ekstracelularni polisaharid koji proizvodi kvascu sli~na gqiva
Aureobasidium pullulans, jeste linearni glukan ~iju strukturu prete`no ~ine polimaltotriozil ostaci povezani me|usobno a -(1® 6)-glikozidnim vezama. Varijacije u
strukturi ovog polisaharida mogu nastati usled zamene maltotrioznih ostataka na
pojedinim mestima polimernog lanca oligosaharidnim fragmentima du`eg niza, naj~e}{e maltotetraoznim ostacima. U ovom radu ispitan je pululan koji proizvodi A.
pullulans, soj CH-1, enzimskom hidrolizom sa pankreasnom a -amilazom i pululanazom,
sa ciqem da se utvrdi da li i u kom odnosu ovaj polisaharid sadr`i oligosaharidne
fragmente, kao i da se odredi du`ina oligosaharidnog niza, odnosno broj monosaharidnih ostataka koji ulaze u wegov sastav. Primenom uobi~ajenih analiti~kih
metoda (gel-filtraciona hromatografija, metilaciona analiza, preparativna hromatografija kombinovana sa masenom spektrometrijom metilovanih oligosaharidnih
alditola), utvr|eno je da su maltotetraozne jedinice (» 7 %) integralni deo polisaharidnog lanca pululana CH-1. Raspored ovih jedinica je nasumi~an.
(Primqeno 29. decembra 2000)
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