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A Novel Metalloprotease from the Wild Basidiomycete Mushroom Lepista nuda
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A 20.9-kDa metalloprotease was isolated from dried

fruiting bodies of the wild basidiomycete mushroom Lepista

nuda. The N-terminal amino acid sequence of the protease

was seen to be ATFVLTAATNTLFTA, thus displaying no

similarity with the sequences of previously reported

metalloproteases. The protease was purified using a

procedure that entailed ion-exchange chromatography on

CM-Cellulose, Q-Sepharose, and Mono S, and FPLC-gel

filtration on Superdex 75. The protease functioned at an

optimum pH of 7.0 and an optimum temperature of 50
o
C.

It was also noted that the protease demonstrated a

proteolytic activity of 1,756 U/mg toward casein. The Km

of the purified protease toward casein was 6.36 mg/ml at a

pH of 7.0 and with a temperature of 37
o
C, whereas the

Vmax was 9.11 µg ml
-1

 min
-1

. The activity of the protease

was adversely affected by EDTA-2Na, suggesting that it is

a metalloprotease. PMSF, EGTA, aprotinin, and leupeptin

exerted no striking inhibitory effect. The activity of the

protease was enhanced by Fe
2+

, but was curtailed by Cd
2+

,

Cu
2+

, Hg
2+

, Pb
2+

, Zn
2+

, and Fe
3+

 ions. The protease also

exhibited inhibitory activity against HIV-1 reverse

transcriptase with an IC50 value of 4.00 µM. The IC50

values toward hepatoma Hep G2 and leukemia L1210

cells in vitro were 4.99 µM and 3.67 µM, respectively.
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Mushrooms produce a large number of proteins comprising

proteases [12, 41], antifungal proteins [29], lectins [6, 30],

ribosome inactivating proteins [31, 33], polysaccharides

[37, 42], and polysaccharide-peptides and polysaccharide-

protein complexes [34, 35]. Some of these mushroom

proteins may have potentially curative or health-promoting

activities for human beings [17, 21, 28]. It is known that

proteases hydrolyze proteins with substrate specificity.

They can also be produced in bulk quantities using

microbial approaches [1, 14]. Proteases find diverse

applications in the brewing, dairy, meat, detergent, leather,

and photographic industries [10]. Worldwide sales of

industrial enzymes amount to billions of dollars annually.

A substantial percentage of these enzyme sales are in the

form of detergents [8].

Metalloprotease is a kind of protease of which the activity

is reduced by EDTA-2Na. There are several metalloproteases

purified from mushrooms, including Armillariella mellea

[12], Pleurotus ostreatus [26], Tricholoma saponaceum

[13], Flammulina velutipes, Lentinus edodes, Ganoderma

lucidum, and Grifola frondosa [22]. In a preliminary

experiment, we found that the extract of Lepista nuda

fruiting bodies showed strong protease activity owing to

the presence of a metalloprotease. Hence, in this study, we

describe the purification and characterization of a new

metalloprotease from the dried fruiting bodies of Lepista

nuda.

The literature on Lepista nuda and the Lepista species in

general is not abundant. The accumulation of heavy metals

by Lepista nuda has been reported [7, 9, 20]. Lepista nuda

have been found to contain very useful chemical components,

and possess interesting biological properties [2]. The trace

metal contents of Lepista nuda have been previously

determined [24]. Lepista nuda is known to exhibit laccase

activity [27] and antimicrobial activity [5]. Finally, some

isolates have been obtained from Lepista nuda, including

ceramide constituents [38], and sterols and triterpenoids [39].

MATERIALS AND METHODS

Materials

Dried fruiting bodies of the mushroom Lepista nuda were purchased

in the Heilongjiang Province in China. The Q-Sepharose, Mono S,

Superdex 75 10/300 GL column, and AKTA Purifier were all obtained

from GE Healthcare (USA). CM-Cellulose and casein sodium salt
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were acquired from Sigma-Aldrich (USA). All other chemicals used

were of reagent grade.

Isolation of the Protease

Dried fruiting bodies of the mushroom (10 g) were homogenized in

0.15 M NaCl at 4
o
C. The homogenate was stirred overnight at 4

o
C

before centrifugation at 8,000 rpm for 15 min. The precipitate was

then dissolved and dialyzed to remove NaCl before being applied to

a column (10×100 cm) of CM-Cellulose, which had previously been

equilibrated, and was then eluted with a 10 mM NaAc-HAc buffer

(pH 4.0). After removal of the unadsorbed peak (C1) containing no

protease activity, four adsorbed peaks, C2, C3, C4, and C5, were

eluted with 50 mM NaCl, 150 mM NaCl, 300 mM NaCl, and 1 M

NaCl in the starting buffer, respectively. Protease activities toward

casein in the chromatographic fractions were monitored as described

below. The active fraction (C3) was applied to a column (1.5×30 cm)

of Q-Sepharose, which had been equilibrated, and then eluted with a

10 mM Tris-HCl buffer (pH 7.2). Unbound material was eluted with

the starting buffer, whereas bound material was desorbed by the

addition of 50 mM NaCl, 150 mM NaCl, and 1 M NaCl in the

starting buffer. The active peak (Q2) was then subjected to a Mono

S column (4.6/100 PE), which had been equilibrated, and was then

eluted with a phosphate buffer (pH 6.0). After removal of unbound

material, the adsorbed material was fractionated using a linear

concentration gradient of 0-1 M NaCl in a 10 mM phosphate buffer

(pH 6.0). The active fraction (S3) was subsequently chromatographed

on a Superdex 75 10/300 GL column (GE Healthcare, USA) in a

0.15 M NH4HCO3 buffer (pH 8.5) using an AKTA Purifier (GE

Healthcare, USA). Only one peak (SU1) was obtained, which

represented purified protease.

Determination of Molecular Mass and the N-Terminal Sequence

The active peak (SU1) was subsequently analyzed by sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) [15]. The

molecular mass of the purified protein was also determined in SDS-

PAGE, as well as by FPLC-gel filtration as described above. N-

Terminal sequencing of the protein was carried out using an HP G-

1000A Edman degradation unit and an HP 1000 HPLC system [16].

Assay for Protease Activity

A solution of casein, which was used as a substrate in the protease

assay, was freshly prepared as follows. To 0.1 g of casein, 10 ml of

200 mM phosphate buffer (pH 7.5) was added. Subsequently, the

solution was heated to 60
o
C for 30 min. The precipitate was removed

and the resulting solution utilized [11]. The test sample, or trypsin

solution (20 µl), was mixed with 180 µl of the above casein solution

and the reaction mixture was incubated at 37
o
C for 15 min. Following

on from this, 200 µl of 5% trichloroacetic acid was added. The

reaction mixture was allowed to stand at room temperature for

30 min before centrifugation at 12,000 rpm for 5 min. The absorbance

of the supernatant was read at 280 nm against water as the blank.

One unit of protease activity was defined as an absorbance increase

of 0.001 at 280 nm per milliliter of reaction mixture per minute

under the experimental conditions.

Determination of the Optimum pH and Temperature of the

Protease

In the assay for the determination of the optimum pH and temperature,

a solution of casein, which was used as substrate, was freshly prepared

as described previously [32]. The assay buffers were prepared in a

200 mM citrate buffer (pH 2.0-8.0), or a Tris-HCl buffer (pH 8.0-

9.0). The purified protease (20 µl) was incubated at 37
o
C for 15 min

with 80 µl of 1% casein solution (pH 7.5) and 100 µl of assay buffer,

as described above. The reaction was subsequently ended by the

addition of 200 µl of 5% trichloroacetic acid. The reaction mixture

was allowed to stand at room temperature for 30 min before

centrifugation at 12,000 rpm for 5 min. The absorbance of the

supernatant was read at 280 nm against water as the blank. To

determine the optimum temperature, the reaction mixture was

incubated at between 4
o
C and 90

o
C for 15 min. The assay buffer was

a 200 mM phosphate buffer (pH 7.5).

Enzyme Kinetics

In the study of enzyme kinetics, the protease solution (20 µl) was

incubated at the optimum pH and at 37oC for 15 min with 180 µl of

0.625 mg/ml, 1.25 mg/ml, 2.5 mg/ml, 5 mg/ml, or 10 mg/ml casein

solution. The reaction was terminated by the addition of 200 µl of

5% trichloroacetic acid. The reaction mixture was then allowed to

stand at room temperature for 30 min before centrifugation at

12,000 rpm for 5 min. The absorbance of the supernatant was read

at 280 nm against water as the blank [18].

Assay of Mechanistic Class

In the assay for the determination of the mechanistic class that the

protease belongs to, the protease was exposed to the following

inhibitors: PMSF, EGTA, aprotinin, EDTA-2Na, and leupeptin (Amresco).

Residual enzyme activity was measured by the method described

above.

Assay of Effects of Metal Ions 

The enzyme solution (10 µl) was preincubated at 37
o
C for 30 min at

a pH of 7.5 with 10 µl of different metal ions and chemical reagents

at concentrations ranging from 1.25 mM to 10 mM [19]. Protease

activity was then assayed by the methods previously described.

Assay for Antiproliferative Activity on Tumor Cell Lines

The antiproliferative activity of the purified protease was determined

as follows. The cell lines Hep G2 and L1210 were maintained in

Dulbecco’s Modified Eagles Medium (DMEM) supplemented with

10% fetal bovine serum (FBS), 100 mg/l streptomycin, and 100 IU/

ml penicillin, at 37oC in a humidified atmosphere of 5% CO2. Cells

(1×104), in their exponential growth phase, were seeded into each

well of a 96-well culture plate and incubated for 3 h, before the

addition of the purified protease, and then incubated for another

48 h. A radioactive precursor, 1 µCi [methyl-3H] thymidine (GE

Healthcare, USA), was then added to each well and incubation

continued for a further 6 h before the cultures were harvested by

means of a cell harvester. The incorporated radioactivity was

determined by liquid scintillation counting [36].

Assay for HIV-1 Reverse Transcriptase (RT) Inhibitory Activity

The assay for HIV-1 RT inhibitory activity was assessed by using an

enzyme-linked immunosorbent assay (ELISA) kit acquired from

Boehringer Mannheim (Germany). The assay took advantage of the

ability of RT to synthesize DNA, starting from the template/primer

hybrid poly(A) oligo(dT)15. The digoxigenin- and biotin-labeled

nucleotides, in an optimized ratio, were incorporated into one of the

same DNA molecules, which had been freshly synthesized by the
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RT. The detection and quantification of synthesized DNA as a

parameter for RT activity followed sandwich ELISA protocols.

Biotin-labeled DNA was bound to the surface of microtiter plate

modules that had been precoated with streptavidin. An antibody to

digoxigenin, conjugated to peroxidase (anti-DIG-POD), was subsequently

bound to the digoxigenin-labeled DNA. Finally, the peroxidase substrate

was added. The peroxidase enzymes catalyzed the cleavage of the

substrate and produced a colored reaction product. The absorbance

of the samples at 405 nm could be determined by using a microtiter

plate (ELISA) reader and was directly correlated to the level of RT

activity. A fixed amount (4-6 ng) of recombinant HIV-1 RT was used.

The inhibitory activity of the protease was calculated as the percentage

of inhibition as compared with a control without the protein [40].

RESULTS

Ion-exchange chromatography of Lepista nuda extract on

CM-Cellulose produced an adsorbed fraction, C3, with the

highest protease activity. Little or no protease activity was

observed in the other fractions. Subsequently, fraction C3

was resolved into an unadsorbed fraction Q1 and adsorbed

fractions Q2, Q3, and Q4. Fraction Q2 was seen to have a

much higher protease activity than the other fractions

(Table 1). Ion-exchange chromatography of fraction Q2 on

Mono S resulted in a small unadsorbed fraction, S1, and

two adsorbed fractions, S2 and S3, with the protease

activity residing in the latter fraction S3 (Fig. 1, Table 1).

Fraction S3 appeared as a single active peak, SU1, upon

FPLC-gel filtration on Superdex 75 (Fig. 2, Table 1). The

protease appeared as a single band with a molecular mass

of 20.9 kDa in SDS-PAGE (Fig. 3) and in gel filtration

(Fig. 2). The increase of protease activity toward casein,

throughout the various stages of purification, is shown in

Table 1. An approximately 15-fold purification was obtained.

The N-terminal amino acid sequence of the protease was

noted as being ATFVLTAATNTLFTA, which showed no

similarity with the protein sequences of the metalloproteases

previously reported in the literature (Table 2).

Fig. 1. Anion-exchange chromatography of fraction Q2, from a
Q-Sepharose column, on a Mono S column (4.6/100 PE). 
The column was first equilibrated and eluted with a 10 mM phosphate

buffer (pH 6.0) and then with a linear gradient of 0-1 M NaCl in the same

buffer (shown as an oblique line).

Fig. 2. Gel filtration of S3 on a Superdex 75 10/300 GL column. 
The molecular mass of SU1 was 20.9 kDa.

Table 1. Yields and protease activities (toward casein) of various chromatographic fractions (from 10 g dried Lepista nuda fruiting bodies).

Chromatographic fraction Yield (mg) Specific protease activity (U/mg) Total protease activity (U) Purification fold

Crude extract 1,157.0 114 131,898 1

C1 66.7 <4 <267 -

C2 175.4 <4 <717 -

C3 119.0 402 47,838 4

C4 196.3 <4 <785 -

C5 224.5 24 <5,388 -

Q1 15.4 <4 <62 -

Q2 13.7 604 8,275 5

Q3 26.3 30 789 -

Q4 48.1 <4 <192 -

S1 3.3 <4 <13 -

S2 4.6 <4 <18 -

S3 3.5 1,524 5,334 13

SU1 2.7 1,756 4,741 15
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The Km of the purified protease for casein was 6.36 mg/ml

at a pH of 7.0 and temperature of 37oC. The Vmax was

9.11 µg ml-1 min-1. The protease exhibited an optimum pH

of 7.0 (Fig. 4) and an optimum temperature of 50°C (Fig. 5).

There was minimal activity at a pH of 9.0. The activity of

the protease was adversely affected by EDTA-2Na, but not

affected to any major extent by PMSF, EGTA, aprotinin,

and leupeptin (Table 3), indicating that it is a metalloprotease.

The activity of the protease was potentiated by Fe2+, but

reduced in the presence of Cd2+, Cu2+, Hg2+, Pb2+, Zn2+, and

Fe3+ ions (Table 4). The protease also exhibited an inhibitory

activity against HIV-1 RT with an IC50 of 4.00 µM. The

IC50 values toward the Hep G2 and L1210 cells in vitro

were 4.99 µM and 3.67 µM, respectively (Table 5).

DISCUSSION

The isolation of proteases from some mushroom species

has previously been reported. These include serine proteases

from the Coprinus species [25], the Agaricus bisporus

species [4], an aspartic protease from the Pleurotus eryngii

species [33], and a subtilisin-like protease from Pleurotus

ostreatus [23]. Metalloproteases have also been purified

from Armillariella mellea [12], Tricholoma saponaceumi

[13], etc.

The characteristics of the Lepista nuda metalloprotease

were seen to resemble those of other mushroom

metalloproteases, but there were also a number of remarkable

differences (Table 6). The Lepista nuda metalloprotease

remained unadsorbed on DEAE-Cellulose, whereas many

other metalloproteases were adsorbed and could be purified

by anion-exchange chromatography on DEAE-Cellulose

[12, 13, 26]. The molecular mass of the Lepista nuda

metalloprotease was noted as 20.9 kDa, which is similar to

most other metalloproteases, but much lower than that of

the metalloprotease from Pleurotus ostreatus (32 kDa)

[26]. The Lepista nuda metalloprotease was most active at

a pH of 7.0, suggesting it is a neutral protease, whereas the

Grifola frondosa metalloprotease is an alkaline protease

Table 2. N-Terminal sequence of the isolated Lepista nuda
metalloprotease as compared with other mushroom metalloproteases
(results of BLAST search).

Species N-Terminal sequence

Lepista nuda ATFVLTAATNTLFTA

Armillariella mellea XXYNGXTXSRQTTLV

Tricholoma saponaceum ALYVGXSPXQQSLLV

Grifola frondosa TYNGCSSSEQSALAA

Coprinopsis cinerea MRLSSLLTSLVYATALV

Laccaria bicolor MSPFTAKWLTYRKIGP

Nidula niveotomentosa RPPGQVPLHLGNRIES

Pleurotus ostreatus MLRSILLIALSCSAYVL

Fig. 4. Effect of pH on the activity of Lepista nuda protease. 
Cit: citrate buffer; Tris: Tris-HCl buffer. Results represent the mean ± SD

of triplicate determinations (n=3).

Fig. 5. Effect of temperature on the activity of Lepista nuda
protease. 
Results represent the mean ± SD of triplicate determinations (n=3).

Fig. 3. SDS-PAGE of SU1 representing the Lepista nuda protease. 
The molecular mass of SU1 was 20.9 kDa. The two bands represent

proteases at different concentrations.
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because its optimum functional pH is in the range of 9.0-

10.0 [22]. The optimum functional temperature of the

Lepista nuda metalloprotease is 50oC, in accord with the

metalloproteases from Armillariella mellea and Tricholoma

saponaceum, but higher than the Pleurotus ostreatus

metalloprotease (35oC) [26]. The thermostability and the

metal ions effects vary from one mushroom metalloprotease

to another. For example, Fe2+ ions were seen to enhance

the protease activity of the Lepista nuda metalloprotease

but reduced that of the Pleurotus ostreatus metalloprotease.

However, Hg2+ reduced the activity of the majority of

mushroom metalloproteases [12, 13, 22]. The N-terminal

sequence of the Lepista nuda metalloprotease was dissimilar

from proteases previously reported.

The isolated protease was characterized by its ability to

inhibit the proliferation of two tumor cell lines, Hep G2

and L1210. Antiproliferative activity has been detected in

most mushroom lectins, but has rarely been observed in

mushroom proteases. Thus, the potent antiproliferative

activity of the Lepista nuda protease makes it a promising

candidate for cancer therapy. HIV-1 RT is a key enzyme of

the HIV life cycle. Screening of HIV-1 RT inhibitors is

currently a strategy in the ongoing search for anti-HIV

drugs. The Lepista nuda protease demonstrated HIV-1 RT

inhibitory activity, which has also been detected in the

Pleurotus eryngii protease [32]. It is likely that the

mechanism of inhibition is analogous to the protein-

protein interaction involved in the inhibition of HIV-1 RT

Table 4. Effects of metal ions and chemical reagents on the
activity of Lepista nuda protease.

Metal ion 
concentration

Relative protease activity (%)

10 mM 5 mM 2.5 mM 1.25 mM

Fe2+ 95 165 156 138

K+ 101 98 104 103

Ca
2+

91 92 96 99

Cd2+ 17 51 64 73

Cu2+ 32 53 66 72

Hg
2+

10 29 51 65

Mg2+ 93 93 98 101

Mn2+ 85 95 98 99

Pb
2+

40 84 91 97

Zn2+ 45 91 101 105

Al3+ 84 109 107 109

Fe
3+

21 82 121 99

Protease was preincubated at 37
o

C for 15 min at pH 7.0 with a phosphate

buffer used as the blank (activity taken as 100).

Table 6. Comparison of the characteristics of five mushroom metalloproteases.

Mushroom Lepista nuda
Armillariella 

mellea
Pleurotus 
ostreatus

Tricholoma 
saponaceum

Grifola 
frondosa

Absorbed ion 
exchange

CM-Cellulose
Q-Sepharose Mono S

DEAE-Cellulose 
Mono Q

CM-Cellulose 
DEAE-Cellulose

DEAE-Cellulose CM-Cellulose

Molecular mass (kDa) 20.9 18.5 32 18 20

Optimum pH 7.0 7.0 6.5 7.5 9.0-10.0

Optimum temperature (oC) 50 55 35 55 ND

Temperature stability (oC) 50 60 ND 30 80

Reduced ions Cd2+, Cu2+, Hg2+ Hg2+ Co2+, Cu2+, Fe2+ Cu2+, Hg2+ Hg2+

Enhanced ions Fe2+ UD Ca2+, Mg2+, Zn2+ UD Mg2+

References This study [12] [26] [13] [22]

UD=undetectable; ND=not determined.

Table 5. Inhibition rate (%) of the Lepista nuda protease on Hep
G2 cells, L1210 cells, and HIV-1 RT. 

Inhibition (%) IC50 
(µM)8 µM 4 µM 2 µM 1 µM

HIV-RT 72.3±7.0 59.8±5.2 41.0±4.4 20.1±2.9 4.00

Hep G2 67.6±6.5 51.3±6.0 32.4±4.1 12.9±1.4 4.99

L1210 75.5±6.8 60.7±5.4 43.6±4.3 22.3±2.8 3.67

Results are presented as the mean ± SD (n=3).

Table 3. Effects of protease inhibitors on the activity of Lepista
nuda protease.

Inhibitors
Remaining 

protease 
activity (%)

Inhibitors
Remaining 

protease 
activity (%)

PMSF EGTA

0.04 mM 102.8±3.9 0.04 mM 100.4±0.9

0.2 mM 97.4±3.0 0.2 mM 98.0±3.9

1 mM 94.7±2.1 1 mM 87.2±3.0

Aprotinin Leupeptin

0.04 mM 116.2±1.1 0.04 mM 100.3±3.9

0.2 mM 104.6±1.0 0.2 mM 99.4±2.2

1 mM 102.4±3.7 1 mM 98.3±3.2

EDTA-2Na

0.04 mM 95.4±3.6

0.2 mM 61.2±0.8

1 mM 16.9±1.5

Results represent the mean ± SD (n=3).
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by the homologous protease [3]. Since Lepista nuda is an

edible mushroom, its purified protease is a potential

candidate for AIDS therapy.

In summary, the isolated mushroom protease of Lepista

nuda is a metalloprotease with some very distinct and

promising characteristics.
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