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Chitinase, ~-1,3-glucanase, ceilulase, xylanase and protease activity were detected in a crude enzyme preparation obtain- 
ed from a slime mold (Badhamia utricularis) which was grown on autoclaved mycelia of Pholiota nameko in a petri dish. 
The optimal pH of the enzyme preparation for lytic activi ty against fruit bodies of Lentinus edodes was 4.0,  and those of 
~-l,3-glucanase and cellulase were the same. On the other hand, chitinase and protease showed optimal activity at 
pH 5.0 and 8.0, respectively. The lyt ic activity was stable below 4 0 ° C  but completely inactivated at 70°C ,  and was 
most stable at pH 5.0. The studies of the optimal pH, thermal stability, and pH stability, and isoelectric focusing 
analysis of the enzyme preparation suggest that chitinase, ~-l,3-glucanase and cellulase activities may be responsible 
for lysis of fruit bodies of some mushrooms. The crude enzyme preparation from the slime mold lysed fruit bodies of 
several mushrooms more efficiently than did commercial lytic enzymes preparations (Driselase and Usukizyme). 
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Introduction 

Pholiota nameko (T. Ito) S. Ito et Imai, a familiar edible 
mushroom in Japan, is sometimes invaded by mycopara- 
sites during its cultivation. One of the authors (Harada, 
1977) isolated a myxomycete from rotting fruit bodies of 
P. nameko and identified it as Badhamia utricularis (Bull.) 
Berk. This organism naturally occurs on fruit bodies of 
many kinds of mushrooms and on fallen trees. The in- 
oculation of the slime mold upon the growing fruit  bodies 
or mycelial of P nameko caused their lysis, suggesting 
that the lytic phenomenon may be due to the action of en- 
zymes produced by the slime mold. The fungus fruit 
body lytic enzymes from bacteria and fungi have been ex- 
tensively studied and many papers have reported that the 
causal enzymes are chitinases and /~-l,3-glucanases 
(Horikoshi, 1963; Toyama et al., 1968). To our 
knowledge, however, there is no report on lytic enzyme 
from slime molds. The present study was designed to 
elucidate the role of enzymes produced by B. utricularis 
in the lysis of fruit bodies of mushrooms and to inves- 
tigate some properties of those enzymes, 

Materials and Methods 

Materials Laminarin and carboxymethylcellulose were 
purchased from Nakarai Chemicals Ltd. and Junsei Chem- 
ical Co. Ltd., respectively. Carboxymethylchit in was 
prepared from chitin by using sodium monochloroacetate 
(Miyazaki, 1968). Driselase and Usukizyme were 
products of Kyowa Hakko Kogyo Co. Ltd. and Kyowa 
Kasei Co. Ltd., respectively. All other chemicals were of 

analytical reagent grade. Mushrooms used for determin- 
ing the lytic activity were Lentinus edudes (Berk.) Sing., 
Pholiota nameko, Grifola frondosa (Dicks.: Fr.) S. F. Gray 
and Flammulina velutipes (Cust.: Fr.) Sing., and they 
were purchased from the market. 
Microorganisms and cultivation The slime mold (B. 
utricularis) isolated from rotting fruit bodies of P. nameko 
in cultivation was grown by the fol lowing procedure, prin- 
cipally based on the method of Harada (1977). The 
swarm cell suspension of B. utricularis was sown on liv- 
ing mycelia P. nameko in a petri dish (PSA plates were in- 
oculated with sawdust spawn) to form plasmodia. 
Small portions of plasmodia were then transferred onto 
autoclaved mycelial colonies of P. nameko in a petri dish, 
and grown for 2 weeks at 20°C after addition of steri- 
lized oatmeal powder as a nutrient. Though slight lytic 
activities was detected in the crude enzyme extract from 
mycelia of P. nameko in our preliminary experiments, the 
autoclaved mycelia P. nameko was used to deactivate en- 
zymes of mycelia. 
Preparation of a crude enzyme mixture from plasmodia of 
B. utricularis The plasmodia on a culture medium 
(PSA-Fsawdust) were homogenized with a blender in 
40ml  of 0 . 05M phosphate buffer (pH 6.0) per petri 
dish. The homogenized solution was centrifuged at 
10,000 rpm for 15 min at 4°C. The supernatant was di- 
alysed against distilled water at 4°C and lyophilized to 
give a yellow powder. As a control, a crude enzyme mix- 
ture from P. nameko mycelia was obtained by the same 
procedure as that by which the crude enzyme mixture 
from ptasmodia of B. utricularis was prepared. 
Enzyme assays The activities of chitinase, ~-1,3- 
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glucanase, cellulase, xylanase and mannanase were as- 
sayed by using the Somogyi Nelson method (Somogyi, 
1952) to determine reducing sugars released from the 
substrates, namely, carboxymethyl chitin, laminarin, car- 
boxymethyl cellulose, xylane and mannan, respectively. 
The reaction mixture for the assay consisting of 2 ml of 
O.5°J0 substrate solution, 2 ml of 0.25 M acetate buffer 
(pH 4.0) or O. 1 M phosphate buffer (pH 7.0) and 1 ml of 
enzyme solution was incubated at 30°C for an appropri- 
ate time. A sample (0.5 mt) was taken and 0,5 ml of the 
alkaline copper reagent was added to terminate the reac- 
tion. The amounts of each resultant reducing sugar 
were estimated from calibration curves prepared for the 
appropriate monomer. One unit of the each enzyme ac- 
t ivity was defined as the amount of enzyme that 
produced 1/~mole of reducing sugar per min at 30°C. 
Lytic activity was determined by the same method as 
described above except that the fruit bodies of Lentinus 
edodes that had been heat treated (100°C, 1Omin) to 
deactivate their enzymes were used as substrate. The 
reaction mixture consisting of 4ml  of 0.1 M acetate 
buffer (pH 4.0) or 0.1 M phosphate buffer (pH 7.0) con- 
taining fruit bodies of L, edodes (3 disks of 7 mm diam) 
and 1 ml of enzyme solution was incubated on a shaker at 
30°C for an appropriate time. The strength of lytic activ- 
ity was evaluated by estimating the amount of reducing 
sugar released from a calibration curve of glucose. Lytic 
activity against cell wall of Saccharomyces cerevisiae 
Hausen (yeast) was also determined by the same 
method, except for the use of dried yeast as a subs- 
trate. Protease activity was assayed by the slightly 
modified Kunitz method (Oda et al., 1974). The reaction 
mixture consisting of 0.5 ml of 1 .0~  casein, 0.5 ml of 
O. 1 M phosphate buffer pH7.0 and 1.0 ml of enzyme solu- 
tion was incubated at 30°C for an appropriate time, and 
then the O.D. at 275 nm was measured. One unit of pro- 
tease activity was defined as the amount of enzyme 
which increased the O.D. value by 0.1 per min. 
Measurement of protein Protein measured by the 
method of Lowry (1951 ) using bovine serum albumin as a 
standard. 
Isoelectric focusing method Isoetectric focusing analy- 
sis was carried out by the method of Vesterberg et al. 

(1966), The crude enzyme preparation (160mg) was 
put on a column (110 ml) of carrier ampholytes with a pH 
range of 3.5 to 10. The electrofocusing was continued 
for 48 hr at 450 V, and the column was drained and frac- 
tionated into 3-ml fractions. Each fraction was tested 
for pH value and enzyme activities. 

Results 

1. Enzyme activities of the crude enzyme preparation 
from plasmodia of B. utr icularis Various hydrolytic en- 
zyme activities of the crude enzyme preparation were de- 
termined. Chitinase,/3-1,3-glucanase, cellulase, xylana- 
se and protease activites were detected at the levels 
shown in Table 1. A lytic activity against fruit bodies of 
L, edodes was also recognized. Mannanase activity and 
lytic activity against yeast cell walls were only slightly de- 
tected. All of these enzymes except protease showed 
optimal activities at acidic pHs. 
2. Enzyme activities of a crude enzyme extract of ,0. 
nameko A crude enzyme extract from P. nameko myce- 
lia was assayed for various enzyme activities. The 
results are shown also in Table 1. It was found that the 
enzyme activities in the crude enzyme extract were simi- 
lar to those from plasmodia of B. utricularis. Mannanase 
activity and lytic activity against yeast cell walls were not 
detected. Chitinase, /~-l,3-glucanase and xytanase 
showed higher activity at pH4.0 than at pH 7.0. 
However, no difference was found in the activity of cellu- 
tase between the two pHs. 
3. Optimal pHs of the enzymes The optimum pH of lytic 
activity against fruit bodies of L, edodes was found to be 
4.0, and those of chitinase, ~-l,3-glucanase, and cellu- 
lase activities to be 5.0, 4.0 and 4.0 respectively, as 
shown in Fig. 1. Only protease activity showed a maxi- 
mum at pH 8.0. 
4. pH stabilities of the enzymes The pH stabilities of lyt- 
ic enzyme, chitinase, ~-1,3-glucanase and cellulase were 
investigated and the results are shown in Fig. 2. Lytic en- 
zyme, chitinase, and 8-1,3-glucanase were most stable 
at pH 5.0, and cellulase at pH 4.0. 
5. Thermal stabilities of the enzymes The thermal stabili- 
ties of the enzymes are shown in Fig. 3. The lytic en- 

Table 1. Enzyme activities in the crude enzyme preparation on from the slime mold and P. nameko various substrates. 

Badhamia utricularis Pholiota nameko 
Enzyme activity Substrate pH 4.0 pH 7.0 pH 4.0 pH 7.0 

(units/petri dish)* 

Chitinase CM-chitin 28.5 7.5 O. 91 O. 18 
,8-1.3-glucanase Laminarin 10.8 1.9 0.31 0.08 
Cellulase CM-cellulose 9.6 0.2 0.46 0.38 
Xylanase Xylan 7,8 1.1 0.31 0.O8 
Mannanase Mannane 0.36 0.27 0 0 
Protease Casein - 1.6 -- 0.94 

Lytic activity Lentinus edodes 2. I O. 16 trace -- 
Dry yeast 0.26 trace -- -- 

* Protein contents of the crude enzyme preparations from B. utricularis and P. nameko were 12.5 mg and 46.6 mg per petri dish, 
respectively. 
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Fig. 1. Effect of pH on various enzyme activities in the crude enzyme preparation from the slime mold, 
The enzyme activities were assayed at various pH values under the standard conditions as described in the text. Buffers used were 
as follows: O. 1 M sodium acetate-HCt buffer (pH 2.0 and 2.5); 0.1 M acetate buffer (pH 3.0 to 5.5); O. 1 M phosphate buffer (pH 6.0 
to 7.5); 0.1 M Tris-HCI buffer (pH 8.0 to 9.0). -e- ,  lytic enzyme;-o- ,  ~-1,3-glucanase;-[~-, chit inase;-c-,  cel lu lase;-x- ,  pro- 
tease. 
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Fig. 2. Effect of pH on stability of various enzymes. 
The crude enzyme solution was kept for lOhr at 30°C in 
buffers of different pHs (pH 2.6 to 8.8) and the remaining ac- 
tivities were assayed under the standard conditions as 
described in the text. Buffers used were the same as in Fig. 
1. - t - ,  lytic enzyme; -O-,/3-1,3-glucanase; -~-,  chitinase; 
-£- ,  cellulase. 
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Fig, 3. Effect of temperature on stability of various enzymes. 
The crude enzyme solution in 0,1 M acetate buffer (pH 5.0) 
was kept for 15 min at various temperatures as indicated 
and the remaining activities were assayed under the stan- 
dard conditions as described in the text, - i - ,  lytic enzyme; 
-G-, ~-1,3-glucanase; -[~-, chitinase; -A-, cellulase. 

zyme act iv i ty  was  very sensit ive to a temperature  above 
40°C .  Af ter  incubat ion at 50°C,  only 20% of the origi- 
nal ac t iv i ty  was  retained. On the other  hand, chit inase 
and cellulase were  fair ly stable up to 50°C,  and about  
420/oo and 70% of the original act iv i t ies were retained at 
60°C,  respect ively.  The/~- l ,3-g lucanase also held 8 0 %  
of the original act iv i ty  at 50°C.  All enzymes other  than 
cellutase, wh ich  lost its act iv i ty  at 80°C ,  were  inact ivat-  
ed complete ly  at 70°C.  

6. Effects of various metal ions or compounds on the iytic 
activity Table 2 summarizes the effects of various metal  
ions or compounds on the lyt ic act iv i ty .  No st imulat ing 
effects were observed at the concentrat ion of 1 mM of 
each metal ion. Mercuric ion complete ly  inhibited the en- 
zyme act iv i ty.  Other metal  ions inhibited 24 to 78% of 
the original act iv i ty  at the concentrat ion of 1 mM.  Both 
SH reagents inhibi ted about  30%.  
7. Analysis of the enzyme preparation by isoelectric 
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Table 2. Effects of metal ions or compounds on the lytic activity. 
Lytic activity was measured in the presence of various metal ions or compounds under the 
standard conditions as described in the text. 

Materials Final concentration Relative activity 
(mM) (~) 

None 1 100 
CuCI2 1 45 
ZnS04 1 47 

SnCI 2 1 76 
SrCI2 1 22 
HgCl2 1 0 

Iodoacetamide 1 71 
PCMB* 1 72 
EDTA 1 99 

* Sodium p-chloromercuribenzoate. 

focusing method Isoelectric focusing analysis over a 
wide pH range (pH 3 .5-10)  was carried out to separate 
enzymes assumed to be responsible for the lysis of fruit  
bodies from the others. Elution patterns of the 
chitinase, /~-l,3-glucanase, cellulase, protease and lytic 
enzyme in isoelectric focusing are i l lustrated in Fig. 4. 
Lytic act iv i ty was observed as two  peaks, a large one at 
pH 3.9 and a small one at pH 5.3. The major peak of lyr- 
ic act iv i ty overlapped one peak of the cellulase and partial- 
ly overlapped those of the chit inase and 8-1,3-glucanase. 
8. Lysis of several mushrooms by the enzyme prepara- 
tion Finely cut fruit  bodies of L. edodes, P. nameko, G. 
frondosa and F. velutipes were treated wi th the enzyme 
preparation and amounts of reducing sugars released 
from each frui t  body were measured. Their t ime- 
courses are summarized in Fig. 5. The fruit bodies of F. 
ve/utipes were decomposed at a fast rate, but those of G. 
frondosa most slowly,  showing only 25O//oo of the former 
even after 160 min. A characterist ic of the enzyme ac- 
t ion, except on G. frondosa, was that the rates of decom- 
posit ion were accelerated wi th  the lapse of t ime. Af ter  a 
week, all f rui t  body tissues of mushrooms used appeared 
to the naked eye to be completely degraded. 
9. Comparisons of lytic patterns of fruit bodies of L. 
edodes by the slime mold lytic enzyme with those by com- 
mercial ones The tytic act iv i ty of the slime mold enzyme 
against fruit  bodies of L. edodes was compared wi th 
those of commercial  lyt ic enzymes (Driselase and Usuki- 
zyme) (Fig. 6). Though there were no differences in 
hydrolyt ic rates among the tested enzyme preparations 
during the initial 30 min of reaction, the enzyme prepara- 
t ion from B. utricularis showed the highest act iv i ty after 
3 h. Af ter  four days, degrees of frui t  body degradat ion 
wi th B. utricularis enzyme, Usukizyme and Driselase 
reached 8 2 . 2 ~  5 7 . 6 ~  and 64.5%,  respectively. 

Discussion 

The crude enzyme mixture produced by B. utricularis was 
found in our preliminary exper iment to lyse fruit  bodies of 
L. edodes as well  as P. narneko. To determine the lytic 
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Fig. 4. lsoelectric focusing of the crude enzyme preparation 
from the slime mold. 
Conditions are detailed in the text. The electrofocusing 
was done at 4°C for 48 h by using carrier amphotine in a 
sucrose density gradient. Fractions of 3 ml were collected 
and measured for pH values and enzyme activities. O, pH; 
--e-, lytic enzyme; -c-,  /%1,3-glucanase; --~-, chitinase; 
-±-, cellulase; - x - ,  protease. 

act iv i ty,  therefore, cut frui t  bodies of L. edodes having 
their enzymes deact ivated by heating were used as a sub- 
strate, because L. edodes had less mucilage than P. 
nameko on the pileus. The lytic act iv i ty was assayed by 
determinat ion of reducing sugars produced, because the 
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Fig. 5. Lysis of several mushrooms with the crude enzyme preparation from the slime mold. 
The reaction mixture, consisting of 5 ml of 0,1 M acetate buffer (pH 5.0) containing 300 mg (fresh weight) of each mushroom, 0.25 
unit of the crude enzyme as a ~-l,3-glucanase, and 0.02°~0 sodium azide as a preservative was incubated on a shaker at 30°C. 
The reducing sugar produced were determined colorimetrically according to the Somogyi Nelson method. - t - ,  L. edodes; -0- ,  P. 
nameko; -~- ,  G. frondosa; -[;:;~, F. velutipes. 
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Fig. 6. Comparison of lytic patterns of the fruit bodies of L, 
edodes by the slime mold lytic enzyme with those by com- 
mercial ones. 
The reaction solution, 3 ml of O. 1 M acetate buffer (pH 4.5) 
containing fruit bodies of L. edodes (dry wt, 200 mg), was 
incubated on shaker at 30°C after adding each enzyme 
preparation (0.25 unit as a/J-l,3-glucanase), The reducing 
sugar formed was determined colorimetrically according to 
the Somogyi Nelson method. -0-, slime mold lytic enzyme; 
- t - ,  Usukizyme; -A-, Driselase. 

reproducibi l i ty of the data of turbidi ty changes resulting 
from fruit body digestion was poor. 

The action ranges of pH of the component  enzymes 
of the crude enzyme preparation, except for the pro- 
tease, were acidic (pH 2.5-6.0)  (Fig. 1). No evidence 
was found for the presence of acid protease act iv i ty even 
when hemoglobin, which was known to be a better sub- 
strate in that assay, was used instead of casein. The op- 
t imal pHs of cell wal l  lytic enzymes from fungi so far 
reported (Toyama et al., 1968) were at around 5.0, and 
those values are nearly equal to those of the slime mold 
(pH 4.0-5.0) .  

In pH stabil i ty experiments, the chitinase, /%1,3- 
glucanase and celtulase activit ies were stable at 
pH 4 .5-5 .5 ,  and the range of stabil i ty was similar to that 
of lytic enzyme (Fig. 2). The lyt ic enzyme was more un- 
stable to heating than the other three enzymes, which 
differed from one another in thermal stabil i ty. These 
results suggest that  the tysis of fruit  bodies was caused 
by the combined actions of more than one enzyme activi- 
ty. 

In isoelectric focusing analysis, the lytic act iv i ty of 
the enzyme preparation from the slime mold was as- 
sumed to be very complex, as each enzyme act iv i ty was 
composed of several isozymes (Fig. 4). The peaks of 
chit inase, /~-l,3-glucanase and cellulase activit ies over- 
lapped the major peak of lyt ic activity, and the peak of lyt- 
ic act iv i ty was in good agreement wi th one peak of cellu- 
lase activity. 

From the above results, it seems that the chitinase, 
~3-1,3-glucanase and cellulase activit ies of this slime mold 
are responsible for lysis of fruit  bodies of L, edodes and P. 
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nameko. In previous studies, chit inase and ~- l ,3 -  
giucanase have been suggested to be casual enzymes of 
lysis of fungus cell wal ls (Toyama et al., 1968; Peberdy, 
1988), but the part icipat ion of cellulase in lysis has not 
been mentioned, Al though it is not clear whether  or not 
cellulose or a similar component  as a substrate of cellu- 
lase are present in frui t  bodies of these two  mushrooms, 
Marchant (1966) reported the presence of a small 
amount  of cellulose in both conidial and hyphal wal ls of 
Fusarium culmorum. Also, cellulase has been used 
together w i th  other enzymes for preparing protopiasts 
from basidiomycete mycelia (Ushiyama et al., 1977; 
Ohmasa et al., 1987). These facts suggest that in L. 
edodes and P, nameko, there may be glucan that  is lysed 
by cellulase. But further studies are needed to clarify 
the role of cellulase. 

The }ytic rates of the enzyme preparation for four 
kinds of mushrooms used were fairly different; the rate 
for F. velutipes, a soft mushroom, was fastest, whi le that 
for G. frondosa, a hard one, was slowest.  Generally, the 
iytic rates for all mushrooms accelerated wi th the 
progress of the reaction (Fig. 5). This phenomenon 
seemed to be caused by the difference in cell wal l  struc- 
tures between the outer and inner layers of fruit  bodies. 
Wessels et al. (1972) studied the cell wal l  polysaccha- 
rides of Schizophyl lum commune Fr.: Fr,, and reported 
that e - l ,3 -g lucan was present in the outer layer of cell 
wall,  whi le highly branched glucan was present in the in- 
ner one, in which chit in microfibri ls were embedded. 
Since L, edodes and P. nameko as well  as S. commune 
are basidiomycetes, it may be reasonable to assume that  
they have cell wal ls of a similar heterogeneous structure. 

Compared wi th the commercial  lyt ic enzymes, Usuki- 
zyme and Driselase, the slime mold enzyme proved to be 
more active against lysis of fruit bodies of mushrooms 
(Fig. 6). Therefore, the slime mold lyt ic enzyme may 
serve as a useful agent in lysis of f rui t  bodies of 
mushrooms. Whether or not it is effect ive for lysis of 
bacteria and f i lamentous fungi remains to be clarified. 

A l though there have been many reports on lyt ic en- 
zymes obtained from bacteria (Horikoshi et al., 1963) 
and fungi (Tokimoto, 1982;  Ki tamoto et al., 1987), to 
our knowledge this is the first report on lytic enzyme 
from a slime mold. It may become a subject of consider- 

able interest. 
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