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1. Introduction

Higher Basidiomycetes mushrooms contain biologically 
active compounds in their fruiting bodies (1,2). Extracts 
prepared from the fruiting bodies of various mushrooms 
have been found to contain substances that act against 
red blood cells (RBCs) (3,4). These substances include 
hemolytic proteins (hemolysins), which cause the lysis 
of RBCs, and carbohydrate-binding proteins (lectins), 
which cause RBC agglutination. The carbohydrate-
binding specificity of mushroom lectins has been 
ascertained, but few studies have examined mushroom 
hemolysins. Nonetheless, some mushroom hemolysins 
have been reported to assume an oligomeric structure, 
resulting in holes in the membrane of RBCs (5) similar 
to those created by the membrane attack complex of 
the complement system (6,7) or perforin produced by 
natural killer T cells (8,9). However, the physiological 

significance of hemolysins or cell membrane disruption 
in the life cycle of basidiomycetes has yet to be 
determined.
 Hypsizygus marmoreus (buna-shimeji or brown 
beech mushroom) is an edible mushroom. Although a 
lectin from the mushroom (H. marmoreus lectin) has 
been identified (10), hemolysins from the mushroom 
and the mushroom's hemolytic activity have not been 
described. The current study examined the hemolytic 
activity of an extract of H. marmoreus fruiting bodies 
during lowering of its pH.

2. Materials and Methods

2.1. Fruiting bodies and reagents

Fruiting bodies of H. marmoreus were purchased from 
a local market. Excised fruiting bodies were freeze-
dried and stored at –30°C until use. Sheep blood 
was obtained from Nippon Bio-Supp Center, Tokyo, 
Japan. Phenylmethylsulfonyl fluoride (PMSF) and 
leupeptin were from MP Bio Japan, Tokyo, Japan, and 
ethylenediaminetetraacetic acid (EDTA) was from 
Dojindo Laboratories, Kumamoto, Japan. All chemicals 
used were of analytical grade.
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2.2. Extract preparation and adjustment of its pH

Pieces of freeze-dried fruiting bodies of H. marmoreus 
were grinded and sonicated 10 times for 2 sec in 10 
mM phosphate buffer (pH 7.3). The homogenate was 
centrifuged at 12,000 rpm for 30 min. The supernatant 
obtained was used as an extract.
 The extract was mixed with an equal volume of a 0.1 
M buffer at a pH range of 3.0-10.0 and incubated at 37°C 
for 30 min. The following buffers were used: a citrate 
buffer with a pH of 3.0 or 4.0, an acetate buffer with a 
pH of 5.0 or 5.5, a phosphate buffer with a pH of 6.0, 
7.0, or 8.0, and a carbonate buffer with a pH of 9.0 or 
10.0. The turbidity of the mixture was measured at 660 
nm using a UV-Vis spectrophotometer (UVmini 1240; 
Shimadzu, Kyoto, Japan).
 Inhibition of the hemolytic activity of an extract 
was examined while lowering its pH in the presence 
of 10 mM EDTA, PMSF, or 20 µg/mL of leupeptin. 
Effects of divalent metal ions were also examined using 
various metal chlorides at a concentration of 20 mM in 
the presence of 10 mM EDTA.

2.3. Assay of hemolytic activity

Sheep RBCs were used to determine hemolytic activity. 
The cells were washed with phosphate-buffered saline 
(PBS) three times. A suspension of sheep RBCs (0.1 
mL) was mixed with 1.9 mL of distilled water in order 
to cause osmotic lysis, and absorbance was measured 
at 541 nm. PBS was added to the suspension so that the 
absorbance at 541 nm would be 0.500.
 A reaction mixture (2 mL) containing 0.1 mL of 
suspended sheep RBCs prepared as described above, 
PBS, and a sample was incubated at 37°C for 10 min. 
A positive control was prepared by mixing 0.1 mL of 
suspended sheep RBCs with 1.9 mL of distilled water, 
and a negative control was prepared by similarly mixing 
the sheep RBCs with PBS. After centrifugation at 2,200 
rpm for 5 min at 4°C, the absorbance of the supernatant 
was measured at 541 nm. One hundred percent lysis 
was defined as the absorbance of the supernatant 
obtained from osmotically lysed cells (the positive 
control) (11). One unit was defined as the amount of a 
hemolytic compound causing 50% hemolysis.

2.4. Fractionation by a modified Bligh and Dyer method

Pieces of freeze-dried fruiting bodies of H. marmoreus 
(54 g) were used to obtain the hemolytic compound. An 
extract prepared as described above was treated with 
0.1 M acetate buffer (pH 5.5) and incubated at 37°C for 
30 min. After centrifugation at 12,000 rpm for 20 min, 
the precipitate was dissolved in ethanol. A fat-soluble 
fraction was obtained with a modified solvent system 
using the Bligh and Dyer method (12) with ethanol 
instead of methanol. The sample dissolved in ethanol 

was mixed with one part chloroform and 0.9 parts 
distilled water. After vigorous vortexing, the mixture 
was centrifuged. The lower layer was mixed with the 
upper layer of a mixture of chloroform/ethanol/water 
(1:1:0.9, v/v) followed by vortexing and centrifugation 
again. The resulting lower layer was evaporated 
under reduced pressure and the resulting residue was 
dissolved in ethanol.

2.5. Thin layer chromatography (TLC)

TLC was performed with TLC plates (Merck, 
Kenilworth, NJ, USA) and chloroform/methanol/water 
(60:35:6, v/v) as a development solvent. Lpids were 
detected with primulin staining and iodine vapor (13-
16). TLC plates were also subjected to a hemolysis 
assay to detect hemolytic compounds as described 
elsewhere (17).

2.6. Data analysis

Data were analyzed using Student's t-test with the 
software StatMate III (ATMS, Tokyo, Japan). A p value 
less than 0.05 was considered significant.

3. Results and Discussion

In preliminary experiments, hemolytic activity was 
detected in an acid-treated extract of H. marmoreus 
fruiting bodies but not in a neutral extract (Data not 
shown). Therefore, the relationship between the 
exhibition of hemolytic activity and the pH of the 
extract was examined. When the pH of the extract 
was adjusted at 37°C for 30 min, hemolytic activity 
was noted in acidic extracts but not in neutral or basic 
extracts (Figure 1). The maximal hemolytic activity was 
exhibited by an extract with a pH of 5.5.
 Extracts with a low pH exhibited hemolytic activity 
and also had increased turbidity (Figure 1). A turbid 
extract with a pH of 5.5 was centrifuged at 12,000 rpm 
for 20 min in order to separate the supernatant and 
precipitate fractions. Potent hemolytic activity was 
exhibited by the precipitate fraction that was dissolved 
in ethanol (data not shown). In contrast, hemolytic 
activity was not detected in the supernatant fraction 
while potent hemagglutinating activity was noted 
(data not shown). This may have been caused by H. 
marmoreus lectin (10). This finding suggests that a 
water-insoluble hemolytic compound is present in the 
extract during its incubation at a low pH.
 The effect of heat on the exhibition of hemolytic 
activity was examined. A boiled extract did not exhibit 
hemolytic activity or an increase in turbidity when its 
pH was 5.5 (Figure 2A). In contrast, the precipitate 
fraction that was obtained from an extract with a pH 
of 5.5 retained sufficient hemolytic activity even if the 
fraction was heat-treated (Figure 2B). These results 
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 To characterize the nature of the hemolytic 
compound, the precipitate fraction obtained from 
an extract with a pH of 5.5 was further fractionated 
using a modified Bligh-Dyer method as described in 
the Materials and Methods. As shown in Figure 4A, 
potent hemolytic activity was detected in the lower 

suggest that the hemolytic compound is heat-stable 
and that heat-labile metabolism may account for the 
hemolytic activity exhibited by the compound.
 The effect that inhibitors had on the generation of 
the hemolytic compound was examined. Extracts were 
prepared with a neutral pH in the presence of inhibitors 
and then their pH was lowered to 5.5. As shown in 
Figure 3, hemolytic activity during lowering of the 
pH was prevented by PMSF and the divalent cation 
chelator EDTA but not by leupeptin. Hemolytic activity 
inhibited by EDTA markedly returned in the presence 
of Ca2+, though other cations failed to sufficiently 
restore that activity (Figure 3B).

Figure 1. Effect of pH on the exhibition of hemolytic activity 
by and the turbidity of an extract of H. marmoreus fruiting 
bodies. An extract was incubated at 37°C for 30 min at the pH 
indicated. The hemolytic activity of aliquots was measured 
(open circle) and turbidity was determined (closed circle) as 
described in the Materials and Methods.

Figure 2. Effect of heat-treatment on the hemolytic activity 
of extracts before or after lowering pH. An extract prepared 
at a pH of 7.3 was boiled for 10 min and then its pH was 
lowered to 5.5 (A) or its pH was lowered to 5.5 and then it was 
boiled (B). The samples were subjected to a hemolytic assay. 
Controls were produced by omitting boiling.

Figure 3. Effect of inhibitors of hemolytic activity on 
extracts with a low pH. (A) Extracts prepared at a pH of 7.3 
were separately pretreated with or without 10 mM PMSF and 
20 µg/mL of leupeptin. (B) Extracts were pretreated with or 
without 10 mM EDTA followed by incubation with 20 mM of 
the metal ions indicated. The pretreated extracts were incubated 
at a pH of 5.5 and then subjected to a hemolytic assay.

Figure 4. Fractionation of hemolytic activity using a 
modified Bligh and Dyer method and TLC. (A) A precipitate 
fraction was fractionated by using a modified Bligh and Dyer 
method as described in the Materials and Methods. Upper 
and lower layer fractions dissolved in water and ethanol, 
respectively, were subjected to a hemolysis assay. (B) The 
lower layer fraction was developed on TLC plates using a 
solvent system of chloroform/methanol/water (60:35:6, v/
v). Detection was performed by primulin staining (lane a), 
a hemolysis assay (lane b), and iodine vapor (lane c). An 
arrowhead indicates the origin.
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layer (lipid fraction) but not in the upper layer (aqueous 
fraction), suggesting that the hemolytic component is a 
type of lipid. Primulin staining after TLC development 
revealed that the lower layer fraction contained various 
components (Figure 4B, lane a). A hemolysis assay 
of TLC plates revealed hemolytic activity at several 
places on the plate (Figure 4B, lane b). Potent activity 
was noted at the same site where a spot was produced 
by iodine vapor (Figure 4B, lane c). These results 
suggest that the hemolytic compound in an extract of 
H. marmoreus fruiting bodies with a low pH may be a 
lipid-like substance.
 Proteinous hemolysins have been found in various 
mushrooms, including aegerolysin in Agrocybe aegerita 
(18), flammutoxin in Flammulina velutipes (19), 
pleurotolysin and ostreolysin in Pleurotus ostreatus 
(11,20), erylysins in P. eryngii (21), nebrodeolysin 
in P. nebrodensis (22), schizolysin in Schzophyllum 
commune (23), and volvatoxin in Volvarilla volvacea 
(24). These hemolysins were active when the first 
extract was adjusted to a neutral pH with buffers. 
However, a proteinous hemolysin from H. marmoreus 
has yet to be described. Lowering of the pH of an 
extract of H. marmoreus was essential for it to exhibit 
hemolytic activity (Figure 1), which presumably 
explains why this activity was not been noted thus far.
 That said, the hemolytic compound found in the 
current study may be a lipid-like substance but not a 
proteinous hemolysin as has been found in various 
mushrooms. Some lipids such as fatty acids are known 
to non-specifically damage cells by disrupting their 
membrane structure. In fact, the compound found in 
the current study non-specifically caused hemolysis of 
rabbit and horse RBCs as well as sheep RBCs (data not 
shown).
 Hemolytic activity was not detected in an extract 
heated before its pH was lowered, but activity was 
detected in a heat-stable extract after its pH was 
lowered (Figure 2). Therefore, a non-active precursor 
substance(s) may be present in fruiting bodies and 
a heat-labile enzyme(s) may cause that precursor(s) 
to release a heat-stable hemolytic compound. Since 
hemolytic activity was inhibited in the presence of 
EDTA and that activity resumed with the addition of 
Ca2+ (Figure 3B), enzyme action is presumably Ca2+-
dependent. In addition, PMSF (a known serine protease 
inhibitor) was an effective inhibitor of hemolytic 
activity during lowering of the extract's pH (Figure 3A). 
However, leupeptin (a competitive inhibitor of serine 
protease) did not inhibit hemolytic activity (Figure 3A). 
Therefore, a metalloenzyme possessing a catalytically 
active serine residue in its active site, but not serine 
protease, might be responsible for the formation of a 
hemolytic compound. The structure of the hemolytic 
lipid-like compound(s) and the precursor(s) and the 
enzymes in H. marmoreus fruiting bodies need to be 
studied further.

 The role of mushroom hemolysins is somewhat 
unclear. Since hemolysins influence the cell membrane 
structure and lyse cells, hemolysins may provide 
protection from outside factors or participate in the 
fusion of mycelia in the life cycle of basidiomycetes (3). 
The hemolytic lipid-like compound found in the current 
study is not thought to exist as a free active substance 
in the fruiting bodies of H. marmoreus. If hemolytic 
activity is regulated in the life cycle of H. marmoreus, 
the current study might provide new evidence of 
the physiological role of hemolytic components in 
basidiomycetes.
 In conclusion, a non-active precursor substance(s) 
may release a hemolytic lipid-like compound from 
an extract of H. marmoreus fruiting bodies through 
metalloenzyme(s) while the extract has a low pH.
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