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Abstract

The recovery of lignocellulose-degrading enzymes from
spent mushroom compost was assessed using a variety
of physical and chemical treatments. Maximum recov-
eries of active xylanase activity were detected in extracts
from spent compost which had been physically treated
by blending. A range of lignocellulose-degrading activi-
ties was also recovered from blended compost extracts;
peroxidases, the xylan-debranching enzymes acetylester-
ase and arabinofuranosidase, and the cellulose-
degrading activities endoglucanase, cellobiohydrase
and f-glucosidase. The compost extract was also
shown to be capable of releasing reducing sugars (12
nmol min”’ g compost) from wheat straw. Character-
ization of the stability of this enzyme activity showed
that maximum activity could be detected between pH 7
and 9 and after 1 h incubation at 65°C. The activity
and stability of the enzymes suggest a potential role for
enzyme cocktails from compost extracts in the biologi-
cal upgrading of grass lignocelluloses to animal fodder.
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INTRODUCTION

Large-scale commercial mushroom production
began earlier this century and has now spread to
over 80 countries around the world, with an annual
yield of Agaricus bisporus in 1982 of 850 000 tonnes
(Manning, 1985; Spencer, 1985). Mushroom cultiva-
tion involves the pure culture of spawn, composting
and pasteurization of the substrate and careful regu-
lation of growing conditions. The raw materials of
the compost used for Agaricus bisporus production
are straw, horse manure, chicken manure and activa-
tors.

The purpose of composting is to prepare a sub-
strate which promotes the growth of mushroom
mycelia while excluding other microorganisms. This
is achieved by manipulating the natural succession of
microorganisms present in the raw materials (Fer-
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mor et al, 1985). The microbiological process of
composting arises due to the combined activities of a
succession of mixed microbial populations. During
this microbial succession, each type of microbe is
suited to one specific condition of short duration
and is only active in decomposing one type, or
group, of organic matter present (Wong et al., 1990).
Aerobic thermophilic bacteria dominate at the start
of composting, but their numbers decrease in later
stages, and the actinomycete populations increase.
The number of thermophilic fungi remain constant
throughout (Hayers & Lim, 1979). Agaricus bisporus
itself contributes to the composting process by pro-
ducing a wide range of extracellular hydrolytic
enzymes capable of degrading the major polymers
found in composted wheat straw. Assays of axenic
mushroom culture during mycelial colonization and
fruit body formation have detected xylanase, cellu-
lase, laccase and protease activities (Wood, 1979).

Following mushroom harvest, spent mushroom
compost is likely to contain not only a large and
diverse group of microorganisms, but also a wide
range of extracellular enzymes active against wheat
straw. At present there is considerable interest in
upgrading fibrous byproducts from cereal crops for
use as animal fodder. Straw digestibility is related to
the depolymerization of its structural macromole-
cules. Enzymic degradation of straw by a consortium
of enzymes would result in depolymerization and
therefore an increase in the availability of the carbo-
hydrate  fraction and in the digestibility
(Giovannozzi-Sermanii et al., 1989). This work
examined the enzyme activity of extracts from spent
mushroom compost and assessed the biotechnolog-
ical potential of these enzymes.

METHODS

Extraction of enzymes from spent mushroom
compost

Spent mushroom compost was obtained from the
Layer de la Haye Mushroom Farm, Layer de la
Haye, Essex, UK. Samples of the compost (10 g wet
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weight) were mixed with five different solutions (30
ml); distilled water, quarter-strength Ringer solu-
tion, NaOH (0-1 m), HCI (0-1 m) and potassium
phosphate buffer (0-5 m, pH 7-5). These compost
suspensions were incubated at 37°C for 1 h with
shaking before being clarified by centrifugation (2
min). In addition a distilled-water sample (30 ml)
was blended until homogeneous (2 min, Waring
blender) and the suspension and solution was fil-
tered, and the filtrate was also incubated at 37°C for
1 h before centrifugation. The enzyme activities and
protein content of all the resultant supernatants
were estimated as described below.

Assays of compost extracts for extracellular enzyme
activities

Enzyme preparations were assayed for the release of
reducing sugar from the following substrates: ball-
milled wheat straw, oat spelt xylan (Sigma),
carboxymethylcellulose (CMC; low viscosity, BDH)
and cellulose powder (CF11, Whatman). The reac-
tion mixture for reducing sugar assays contained
(total volume 7-2 ml) 4-2 ml enzyme preparation and
3-0 ml of 0-5 m potassium phosphate buffer (pH 7-5)
containing 30 mg substrate, in a 50 ml conical flask.
Controls were routinely included in which enzyme
preparation or substrate was omitted. The reaction
mixtures were incubated at 50°C in a shaking incu-
bator for 1 h. Samples (1 ml) were removed every 10
min, held on ice (3 min) and centrifuged (2 min) to
remove any remaining insoluble substrate. Reducing
sugar levels in the supernatant were determined by
the dinitrosalicylic acid method (Miller, 1959).
Enzyme activities were calculated as either nmol
reducing sugar released per minute per g compost or
as nmol reducing sugar released per mg protein in a
compost extract.

B-Glucosidase, B-xylosidase, acetylesterase, cello-
biosidase and arabinofuranosidase activities were
assayed using 4-nitrophenol B8-p-glucoside (PNPG,
Koch-Light), 4-nitrophenol B-p-xyloside (PNPX,
Koch-Light), 4-nitrophenylacetate (NPA, BDH), p-
nitrophenyl  B-p-cellobioside and 4-nitrophenyl
a-L-arabinofuranoside (PNPAF, Sigma), respectively,
as substrates (Biely et al., 1985; Hagerdal et al., 1979;
Puls & Poutanen, 1989).

Peroxidase activity was assayed using 2,4-dichlor-
ophenol (2,4-DCP) (Ramachandra et al., 1988). The
reaction mixture contained (final concentrations,
total volume 1 ml): 4 mm H,0O,, phosphate buffer
(0-1 m pH 7'5), 1 mm 2,4-DCP, 82 mm 4-aminoanti-
pyrine (Sigma) and enzyme preparation (200 ul).
Controls were included in which the enzyme
preparation or H,O, were omitted. The reaction was
initiated by the addition of H,O, and the increase in
ODs,¢ monitored for 1 h at 50°C. Enzyme activity
was calculated as nmol oxidized substrate min~' g
compost .

Protein in the compost extracts was determined by
the Lowry method.

Temperature and pH studies

The pH optima for endoxylanase activity were deter-
mined by replacing phosphate buffer in the reaction
mixture with Britton and Robinson Universal buffer
(Ball & McCarthy, 1989). Optimum pH conditions
were determined in the pH range 3-:0-11-0. Assays
for the release of reducing sugar from xylan after 15
min at temperatures in the range 55-90°C were used
to determine the temperature optimum.

RESULTS AND DISCUSSION

Comparison of extraction efficiencies
Enzyme extracts were prepared from spent mush-
room compost using a range of physical and
chemical techniques and the protein contents and
xylanase activities assessed. Endoxylanase activity
was selected as a marker for general enzyme activity,
as xylanase activity had already been detected in
compost samples (Wood & Goodenough, 1977).
Xylanase activities in spent mushroom-compost
extracts were found to vary, according to the extrac-
tion technique, between no activity and 252 nmol
min g compost™' for acid-extracted and blended
composts, respectively (Table 1). Estimation of pro-
tein within the extracts showed that maximum
specific activity of xylanase occurred in the blended
compost, with minimum activities in the acid- and
alkali-extracts. These results probably reflect the
denaturation of xylanase activity at extreme pH
values, particularly at low pH. The results suggested

Table 1. The recovery of endoxylanase activity from spent mushroom compost using six extraction techniques. The results
are the means of three replicated extractions with standard errors within 5% of the the mean value presented

Extract Endoxylanase Protein Specific
activity recovered enzyme activity
(nmol min ™! (mg ml™") (TU (mg protein) )
(g compost) ™)

Distilled water 40-5 0-63 21-6
Phosphate buffer (0-5 M, pH 7-5) 235 0-60 16

Ringer solution 365 0-62 19-6

HCI (0-1 m) 0 159 0

NaOH (0-1 m) 154-0 5-67 91

Blended compost (in water) 2520 0-44 384
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Table 2. Enzyme activities (expressed as nmol min™' g compost ' and nmol ' mg protein ') of a range of lig-
nocellulose-degrading enzymes in a blended extract from spent mushroom compost. The results represent the mean of
three replicated extractions with standard deviations within 5% of the mean value presented

Enzyme

Enzyme activity
expressed as

nmol
(mg protein) '
nmol min

(g compost) ™"

Xylan-degrading enzymes
Endoxylanase
B-Xylosidase
Arabinofuranosidase
Acetylesterase

Cellulose-degrading enzymes
Endoglucanase
Cellobiosidase
B-Glucosidase

Lignin-degrading enzymes
Peroxidase
Phenol oxidase

Lignocellulose-degrading
activity of extract

149 2:27
111 1-59
242 3-69
5129 78-:00
11 0-16
518 7-89
122 1-85
70-6 1-07
514 0-78
12 0-15

that the extraction of enzymes by physical blending
in water was the most effective method of extracting
xylanase activity, and this also appeared to have lit-
tle effect on enzyme activity. This extraction
methodology was selected to further assess the
potential of spent mushroom-compost as a source of
lignocellulose-degrading enzymes.

Enzyme activity of compost extract

The activities of a range of extracellular lignocellu-
lose-degrading enzymes present in blended compost
extracts were examined (Table 2). A range of oxida-
tive and hydrolytic enzymes could be detected in
extracts from spent mushroom compost. Enzymes
active against all three major components of lig-
nocellulose, including xylan-debranching enzymes,
were detected at significant levels in the compost
extracts. Further, the compost extract was capable of
releasing reducing sugars from wheat straw, suggest-
ing a possible biotechnological role for this extract
in the upgrading of waste straw to animal fodder
(McCarthy, 1987).

Characterization of enzyme activity from compost
extract

Temperature and pH stability are important features
of any enzyme with biotechnological potential
(Linko et al., 1989). A study of the stabilities and
optima of the enzymes present in the compost
extract was carried out using the release of reducing
sugars from wheat straw as a measure of the activity
of the enzymes. The release of oligomeric sugars
from wheat straw is likely to involve an array of
hydrolytic and oxidative enzymes (Trigo & Ball,
1994). The results showed that the optimum pH for
enzyme activity occurred over a broad pH band (pH
7-9) with 50% of maximum activity occurring at pH
6 and pH 11. Studies on the temperature optima

and stability of the enzyme extract showed that,
under the assay conditions described, maximum
activity was recorded at 65°C. No loss in enzyme
activity could be detected after 1 h incubation at this
temperature. However, after 15 min incubation at 75
and 85°C, enzyme activity was reduced by 20 and
80%, respectively. These results suggested that the
enzyme activity of the compost extract was stable up
to 75°C and between pH 7-9.

From the above investigation, it can be concluded
that active enzymes can be recovered from spent
mushroom compost by blending the compost in dis-
tilled water. A range of enzyme activities could be
detected which were capable of releasing oligomeric
sugars from wheat straw. The pH and temperature
stabilities of the enzymes suggested a potential bio-
technological role in the upgrading of waste straw.
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