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SUMMARY

Chemical depolymerization of glucosaminoglycans with nitrousacid

solubilized alkali-insoluble glucan from the walls of the basidiomycetes

Schizophyllum commune and Agaricus bisporus but not fromthe walls

of the ascomycetes Aspergillus nidulans and Neurospora crassa. Inall

four fungi depolymerization of glucosaminoglycans with chitinasewas

effective at converting a considerable portion of the alkali-insoluble

glucan into a water/alkali-soluble form. This indicates chemical linkage

between glucosaminoglycan (chitin) and (3-glucan in these fungi.
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INTRODUCTION

MATERIALS AND METHODS

Mycelial wall preparations of Aspergillus nidulans (blAl) (ATCC 24704) (Zonneveld

1974), Neurospora crassa (CBS 327.54) and Schizophyllum commune strain (CBS

344.81) were prepared as described (Sietsma & Wessels 1981). Stipe tissue from rapidly

elongating fruit bodies of Agaricus bisporus strain Horst U3 was passed through an X-

press (Biotec, Sweden) at — 25°C. The homogenate was thawed to 4°C, after which hyphal

walls were washed with phosphate buffer and water according to Wessels et al. (1972).

Clean cell walls (30 mg) were extracted with 1 m KOH at 60°C for 20 min or first treated

with nitrous acid. For the nitrous acid treatment 3 ml freshly prepared 2 m NaNQ
2

Thealkali-insoluble part of the hyphal wall ofascomycetes and basidiomycetes is princi-

pally composed of a complex of (1 ->3)-(3/(l ->6)-P-D-glucan with chitin (Wessels &

Sietsma 1981). This complex is thought to determine the rigidity of the hyphal wall

(Wessels 1986). The extreme insolubility of the glucan in this complex of Schizophyllum

commune has been explained by the presence of covalent linkages between this glucan and

chitin (Sietsma & Wessels 1979). Specific depolymerization ofchitin, eitherby enzymatic

hydrolysis or by nitrous acid treatment of deacetylated chitin, resulted in the release of

glucan in a water- or alkali-soluble form.The latter technique was also applied by Sietsma

& Wessels (1981) in an evaluationofthe presence ofa presumed linkage between(3-glucan

and chitin in various fungi.

Complementary to this earlier work, we here examine the solubility characteristics of

glucan for some of these fungi after nitrous acid treatment of native hyphal walls and

after enzymatic depolymerization of chitin. A similar study on the wall of the yeast

Saccharomyces cerevisiae was recently published (Mol & Wessels 1987).
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solution were added to 30 mg cell walls suspended in 2 ml water in a screw-cap tube,

followedby 1 ml 2 m HC1, to give a pH of 3. The tube was then closed.After 1 -5 h at room

temperature, the tubewas opened and filteredair was bubbled through the suspension for

30 min, after which the insoluble residue was washed with water. In control treatments,

NaN0
2 was omittedand replaced by 0-317 m Na

2
HP0

4,

which gave the same pH as the

nitrous acid treatment. Alkali-insoluble fractions and nitrous acid- and alkali-insoluble

fractions were digested with chitinase from Serratia marcescens (Serva, Heidelberg,

FRG), 0-5 mg/ml for three days in 50 mM Na-acetate buffer pH 5-8 at 36°C with 0-02%

Na-azide to prevent bacterial contamination. Control treatments without enzyme were

carried out simultaneously under the same conditions. After these treatments insoluble

residues were extracted with 1 m KOH. Glucan values in residues were determinedby the

anthrone reagent (Fairbairn 1953).

Changes in optical density of the suspensions during chitinase and control incubations

were monitored with a Vitatron colorimeter at 762 nm. Optical densities were between

0-450 and 0-550 at the start ofincubation.

RESULTS AND DISCUSSION

Alkali extraction of hyphal walls of Aspergillus nidulans rendered 68% of the glucan

soluble (Fig. 1). This fraction consisted mainly of (l-»3)-a-D-glucan (Bull 1970, Zonne-

veld 1971). As can be seen from Fig. 2, treatment ofwalls with nitrous acid, which causes

specific depolymerization of 2-amino-2-deoxyglycans (Shively & Conrad 1970), does not

accomplish any solubilization of glucan. Because measurements on glucosaminoglycan

degradation were not included in this experiment, it is not known whether nitrous acid-

sensitive sites were actually absent from the native walls. Yet it is evident that non-

acetylated glucosaminoglycans are not involved in keeping glucan insoluble. Enzymatic

depolymerization of chitin by chitinase results in a rapid decrease in optical density

Fig. 1. Solubilityof glucans (anthrone-positive material) before and after chitinase treatment from hyphal walls

of several fungi. (□) Alkali-soluble glucan; (S) water/alkali-soluble glucan after chitinase treatment ofalkali-

treated wall. Narrow bars represent the effectsofcontrol treatments.
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Fig. 3. Changes in optical density of suspensions of alkali-insoluble wall fractions (B) and nitrous acid and

alkali-insoluble wall fractions (3), respectively, duringincubation with 0-5 mg/mlchitinase in 50 mM Na-acetate

buffer (pH 5-8). Open symbols represent control treatments in buffer, (a) Aspergillus nidulans, (b) Neurospora

crassa, (c) Schizophyllum commune and (d) Agaricus bisporus.

Fig. 2. Effects of nitrous acid treatment and subsequent chitinase treatment on alkali-solubility of glucans
(anthrone-positive material) from hyphal walls of several fungi. (□) Alkali-soluble glucan; (E3) additionally

water/alkali-soluble glucans after nitrous acid treatment of native wall; (S) water/alkali-soluble glucan after

chitinase treatment of nitrous acid and alkali-treated wall. Narrow bars represent the effects of control

treatments.
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(Fig. 3a). Only 9% of the glucan in the alkali-insolublecomplex is directly solubilized by
this treatment (data not shown). Therefore, a decrease in optical density of suspensions

during chitinase incubation must be attributedmainly to degradation ofchitin which can

make up 45-46% ofthe complex (Bull 1970,Zonneveld 1971).,The larger part ofthe glucan

is solubilized by subsequent alkali extraction (Figs 1 and 2). Close association between

glucan and chitin has also been demonstratedfor cell walls of Aspergillus niger (Stagg &

Feather 1973). The alkali-resistant wall fraction(10% NaOH, 36 h 25°C) appeared to be

largely insolublein 40% ofNaOFl as well as in dimethyl sulphoxide. But after nitrousacid

treatment, thealkali-insolubleresidue was completely soluble in dimethyl sulphoxide and

50% of the fraction could be solubilized in 10% NaOH. This implies that at least some

of the glucosaminoglycan was depolymerized by the nitrous acid treatment. However,

deacetylation ofA'-acelylglucosamine residues in glucosaminoglycan couldhave occurred

during preparation ofthe alkali-insolublefraction (Sietsma & Wessels 1979).
Thealkali-solublepart of Neurospora crassa hyphal walls not only contains (1 ->3)-a-o-

glucan (De Vries 1974) but also glycoproteins (Mahadevan & Tatum 1965, 1967). In

addition to the glucan released by alkali treatment alone, another9% was released by the

combined nitrous acid andalkali extractions (Figs 1 and 2). However, control treatments

with Na
2
HP0

4/HCl and alkali remove a similaramount of glucan. We thereforeconclude

that solubilization of this glucan is due to exposure to the low pH in the nitrous acid

treatment. Apparently in hyphal walls of N. crassa, glucan is not linked to glucosamino-

glycan containing non-acetylated glucosamine residues. Depolymerization of chitin by

chitinase, which accounts for 12%of the dry weight of thealkali-insolublecomplex, does

not result in concomitant release of glucan in water. This may explain the only slight

decrease in optical density as seen in Fig. 3b. However, after chitinase treatment 76-84%

of the glucan becomes soluble in alkali (Figs 1 and 2). Alkali extraction performed on

material that was incubated in acetate buffer results in solubilization of only 9% of the

glucan; hence solubilization of the glucan is actually due to depolymerization of chitin.

Because a portion of the alkali-insolubleglucan of Aspergillus nidulans and Neurospora

crassa can be extracted by dimethyl sulphoxide, it was earlier concludedthat part of the

alkali-insoluble glucan is notassociated with chitin (Sietsma & Wessels 1981). However, it

was not proved that the glucosaminoglycan-glucan complex was completely refractory to

dimethyl sulphoxide extraction. The present findings strongly suggest thatall the glucan is

linked to chitin.

Hyphal walls of the basidiomycetes Schizophyllum commune and Agaricus hisporus

are different from the ascomycetes examined in that they both contain non-acetylated

glucosamine residues.

Afternitrousacid treatment 5% ofthe total glucan in S. communeis solubilized inalkali

in addition to (1 -+3)-a-o-glucan (Fig. 2). An identical result was reported previously

(Sietsma & Wessels 1979). Incubation of the alkali-insoluble complexes with chitinase

causes a considerable decrease in optical density (Fig. 3c). During incubation with

chitinase 38% of the glucan in the alkali-insoluble complex of S. commune becomes

soluble in alkali. Pretreatmentwithnitrous acid renders a totalof 63% ofthe glucan in the

alkali-insolublecomplex soluble in water andalkali. Sietsma & Wessels (1979) found that

during complete hydrolysis of chitin in the chitin-glucan complex by a purified chitinase

preparation from Streptomyces satsumaensis, 70% of the alkali-insolubleglucan became

water-soluble and 20% became alkali-soluble. Considering that we used chitinase from a

different source for a shorter time, it is likely that some of the glucan remainedinsoluble as

a result of incomplete chitin digestion.
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The alkali-insolublecomplex of hyphal walls from Agaricus bisporus fruit body stipes

consists of about 45% glucan and 53% hexosamine (Novaes-Ledieu & Garcia-Mendoza

1981). Nitrous acid treatment causes solubilization of 18% of the glucosaminoglycans

(Mol, unpublished). Simultaneously a noticeable fraction of the total glucan is released in

addition to (1 ->3)-a-D-glucan (Fig. 2). This glucan, which constitutesabout 38% of the

glucan in thealkali-insoluble complex, must be linkedto glucosaminoglycan containing

non-acetylated glucosamine residues. Nearly all of the glucan in the complex can then be

released in alkali by treatment with chitinase. Also, the decrease in optical density by

chitinase is somewhat more severe after prior treatment of the alkali-insoluble complex

with nitrous acid (Fig. 3d).

The present study shows solubilization of glucans by depolymerization of gluco-

saminoglycans in two ascomycetes and two basidiomycetes. This suggests that this

phenomenon, which was interpreted to indicate covalent linkage between the two

polymers (Sietsma & Wessels 1979), may be a general featureamong these fungi.
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