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Structure of the S8-p-glucan secreted by Phanerochaete chrysosporium in
continuous culture
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Phanerochaete chrysosporium (Sporotrichum pulverulentum) is a white-rot
basidiomycete which is able to degrade all the major structural components of wood
material. Recently, this organism has received much attention due to its ability to
produce extracellular peroxidases that are involved in the breakdown of lignin'
and different toxic substances®. Such degradation properties are a phenomenon of
secondary metabolism and can be triggered by nitrogen- or carbon-limited growth
conditions. When cells of the fungus are grown in continuous culture, under
nitrogen-limited conditions, they secrete a mixture of extracellular polysacchar-
ides*® as a slime-like gel. The characterisation of the major constituent is now
reported.

Upon acid hydrolysis, the polysaccharide material isolated from the culture
medium by precipitation with 50% ethanol yielded glucose, mannose, galactose,
fucose, and xylose in the molar ratios 1.0:0.03:0.01:0.01:0.02. When such material
was repeatedly washed with cold water, the insoluble residue was enriched in the
glucose-containing polysaccharide. Further purification could be achieved by solub-
ilisation in hot methyl sulphoxide or aqueous 5% KOH, to give fractions yielding
>99% glucose on hvdrolysis, and hereafter referred to as glucan. No turther frac-
tionation was attempted, in order to cnsure that the material studied effectively
represented that secreted into the culture medium. The glucan contained no uronic
acid residues®, and no protein was detected’.

When the glucan was incubated with exo-(1—3)-3-p-glucanase from Basidio-
mycete sp. QM 806, the main products were glucose and gentiobiose in the molar
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ratio ~ 1:1, indicating that the glucan was of the (1—3),(1—6)-3-D type common in
fungi® and highly branched. This molar ratio remained more or less constant
(1:1.18-1:4) during enzymic hydrolysis, indicating that the (1—6) branch-points
could be regularly distributed along the backbone. No hydrolysis was detected when
the glucan was incubated with the (1—3),(1-»4)-8-p-glucanase from Bacillus sub-
tilis. The amount of glucose, determined by the p-glucose oxidase method, released
from the 8-glucan after acid hydrolysis was equivalent to that released after success-
ive treatment with the exo-(1—3)-glucanase and 8-p-glucosidase from almond emul-
sin, thereby showing that all the glucose in the polysaccharide material derived from
the putative 3-p-glucan.

The glucan was methylated®, and the product was depolymerised by the for-
mic acid-sulphuric acid method!®. The resulting methyl sugars were analysed by
g.l.c.-m.s. of their acetylated aldononitrile derivatives'!. Derivatives of 2,3,4,6-
tetra-O-methylglucose, 2,4,6-tri-O-methylglucose, and 2,4-di-O-methylglucose were
detected in the molar ratios 1:0.89:0.96; unidentified methylated sugar derivatives
constituted < 1% of the total ion integral and were probably derived from the traces
of contaminant polysaccharides.

When the product obtained on Smith degradation of the 8-p-glucan was
treated with the exo-(1—3)-8-p-glucanase, only glucose and traces of laminari-
biose were obtained, indicating that the side chains were composed of single glucosyl
groups. This result was confirmed by methylation analysis of the periodate-resistant
polymer which gave derivatives of 2,4,6-tri-O-methylglucose and 2,3,4,6-tetra-O-
methylglucose (trace).

Thus, the 3-pD-glucan secreted into the culture medium has a structure similar
to that reported for many others in the cell walls of fungi®, i.e., a main chain
containing (1—3)-linked 8-p-glucopyranosyl residues with single (1-—6)-linked 3-b-
glucopyranosyl groups linked to the backbone. Statistically, every second residue in
the main chain is substituted.

Eriksson et al.'? have suggested that the production of glucan by P. chryso-
sporium regulates the concentration of extracellular glucose, since glucose represses
glucose-oxidising enzymes. Such enzymes are involved in the production of the
H,0; necessary for the degradation of lignin. When the concentration of sugar
becomes too low, (1-»3)-3-p-glucanases are induced and the B-p-glucan is de-
graded to glucose. Thus, the d.p. and extent of branching of the 8-p-glucan will
depend on the state of the culture. The glucan can also function as reserve energy
source for the fungus'>.

EXPERIMENTAL

Culture conditions. — The white-rot fungus Phanerochaete chrysosporium
(ATCC 24725) was cultured as described previously®, but with agitation and aeration
rates which varied between 300-600 r.p.m. and 0.05-0.4 v/v/min, respectively. The
nitrogen source was diammonium tartrate at 0.44 g/L. With a dilution rate of 0.02
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+ 0.002 h™ ', the biomass concentration (1.34 g/L) and the amount of polysacchar-
ide secreted® (140 mg/L) were independent of the agitation and aeration rates.

Isolation of the extracellular polysaccharide. — The fungal mycelia were
collected and the filtrate was either concentrated five-fold by ultrafiltration on an
Amicon PM-10 membrane or the polysaccharide was precipitated with ethanol (1
vol.), washed with aqueous 50% ethanol, suspended in water, and then freeze-dried.
The freeze-dried residue was extracted with water (100 mL/g) in an autoclave (1 h,
121°), to yield material (3%) which was not studied further. The insoluble residue
was extracted further with methyl sulphoxide (100 mL/g) in an autoclave, as above,
to yield, after dialysis and freeze-drying, the 8-p-glucan (60% of the freeze-dried
material) and a residue which was finally extracted with aqueous 5% KOH under N,
to give another fraction (13% after neutralisation, dialysis, and freeze-drying).

Sugar analyses. — Polysaccharides were hydrolysed according to the proce-
dure of Saeman er a/.'*, and the free sugars were determined by g.1.c. of the acetyl-
ated aldononitrile derivatives' on columns (15 m x 0.53 mm) of DB-225 (J. & W.
Scientific), using a Hewlett-Packard 5890A chromatograph equipped with a flame-
ionisation detector. Enzymic hydrolysates were analysed by g.l.c. of the trimethyl-
silylated oxime derivatives'® by chromatography on columns (15 m x 0.53 mm) of
DB-1 (J. & W. Scientific). Hydrolysates were routinely examined by p.c. on Schlei-
cher & Schiill No. 2043b paper, using ethyl acetate-pyridine-water (8:2:1) or 1-pro-
panol-ethyl acetate-water (7:1:2) and detection with alkaline silver nitrate'’.

Methylation analysis. — Samples (10 mg) of the glucan and the Smith-degra-
dation product were methylated as described by Harris ef a/.”, using lithium methyl-
sulphinylmethanide'®, and each product was depolymerised using formic acid/sul-
phuric acid'®. The methyl sugars were converted into their acetylated aldononitrile
derivatives'! and subjected to g.l.c.-m.s., using a Hewlett-Packard S890A gas
chromatograph equipped with a column (25 m x 0.33 mm) of DB-225 coupled to a
5970B mass spectrometer, Derivatives were identified by comparison of their spectra
with reported data'’ and with the spectra of the appropriate standard compounds.
The peak areas obtained from the total ion chromatogram were corrected by using
effective carbon response factors to give the molar ratios'”.

Smith degradation. — A suspension of the glucan (50 mg) in 25mMm NalO, (25
mL) was stirred for 2 days at room temperature. An excess of ethylene glycol was
then added and the polyaldehyde was reduced with NaBH,4. The insoluble product
was washed free of inorganic material with water and treated with 0.5M sulphuric
acid for 6 h at room temperature. The product was washed with water and an
aqueous suspension was freeze-dried (yield 20 mg). Samples of the product ( ~ 5 mg)
were taken for methylation analysis and hydrolysis studies.

Enzymic hydrolysis. — Samples (5 mg) of the glucan were suspended in S0mm
acetate buffer (pH 5.5, 2 mL), and purified exo-(1—3)-3-p-glucanase (EC 3.2.1.58)
from the Basidiomycete sp. QM806 (1 mg) was added. Incubation was carried out at
37° for 1-6 h. Hydrolysates were examined by p.c. and g.l.c.

The B. subtilis glucanase was obtained by partial purification of the bacterial
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amylase BAN 1000S supplied by Novo Industri (Copenhagen, Denmark), and the
B-p-glucosidase from almond emulsin was obtained from Fluka (Buchs, Switzer-
land).

ACKNOWLEDGMENTS

We thank Professors H. Meier and A. Fiechter for helpful discussions. This
work was supported by the Swiss National Science Foundation and the Dr. Branko
Weiss Foundation.

REFERENCES

1 M. Tien anD T. K. KirK, Science, 221 (1983) 661-663.
2 H. E. SCHOEMAKER, P. J. HARVEY, R. M. BoweN, AND J. M. PALMER, FEBS Lett., 183 (1985)
7-12.
3 J. A. Bumpus, M. TiEN, D. WRIGHT, AND S. D. Ausr, Science, 228 (1985) 1434-1436.
4 M. Leisora, C. BRown, M. LauriLa, D. ULMER, AND A. FIECHTER, Eur. J. Appl. Microbiol.
Biotechnol., 15 (1982) 180-184.
5 D. ULMER, M. LEisoLA, J. PUHAKKA, AND A. FIECHTER, Eur. J. Microbiol., 18 (1983) 153-157.
6 N. BLUMENKRANTZ AND G. ASBOE-HANSEN, Anal. Biochem., 54 (1973) 484-489.
7 M. BRADFORD, Anal. Biochem., 72 (1976) 248-254.
8 J. G. H. WESSELS AND J. H. SIETSMA, IN W, TANNER AND F. A. Loewus (Eds.), Encyclopedia of
Plant Physiology, Vol. 13B, Springer-Verlag, Berlin, 1981, pp. 352-394.
9 P.J. Harris, R. J. HENRY, A. B. BLAKENEY, AND B. A. StoNE, Carbohydr. Res., 127 (1984)
59-73.
10 B. LINDBERG, Methods Enzymol., 28 (1972) 178-195.
11 F. R. SEYMouR, M. E. SLopKi1, R. D. PLATTNER, AND A. JEANES, Carbohydr. Res., 53 (1977)
153-166.
12 K.-E. ErikssoN, P. ANDER, AND B. PETTERsSON, Proc. Int. Conf. Biotechnol. Pulp Paper
Industry, Third, Stockholm, 1986, pp. 24-27.
13 M. LeisoLa, unpublished observation,
14 J.F. SaemaN, J. L. BuHt, AND E. F. HaRRS, Ind. Eng. Chem., Anal. Ed., 17 (1945) 35-37.
15 R. VARMA, R. S. VARMA, AND A. H. WaRDI, J. Chromatogr., 77 (1973) 222-227.
16 K. ZUERCHER, H. HADORN, AND C. STRACK, Miit. Lebensmittelchem, Hyg., 66 (1975) 92-116.
17 W. E. TREVELYAN, D. P. PROCTER, AND J. S. HarRrisON, Nature (London), 166 (1950) 444-445,
18 J. P. PARENTE, P. CARODN, Y. LEROY, J. MoxTREUIL, B. FOURNET, AND G. RiCARD, Carbo-
hydr. Res., 141 (1985) 41-47.
19 D. P. SweET, R. H. SHAPIRO, AND P. ALBERSHEIM, Carbohydr. Res., 40 (1975) 217-225.



