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Extracellular amylase properties were examined with the mycelium of Tricholoma matsutake isolated from ectomycorrhizal
roots of Pinus densiflora. The molecular weights of oramylase and glucoamylase were estimated as 34.2kD and 11.5kD,
respectively, after eluted through Superdex 75 column. The optimum pH of the purified enzyme was found in a range of
pH 5.0~6.0, with a peak at pH 5.0. The activities of these enzymes were stable from 4°C to 30°C. The ¢g-amylase of T mat-
sutake readily hydrolyzed soluble starch and amylose-B, while it weakly hydrolyzed glycogen, dextrin, amylose and amylose-
A. The main preducts of hydrolysis were confirmed to be glucose, maltose and maltotriose on the basis of the similarities
in the thin layer chromatographic mobility.
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Pine mushroom (Songyi), Tricholoma matsutake is one of several problems such as the mechanism of nutrient ex-
the most popular edible mycorrhizal mushrooms in the change between P densiflora and T. matsutake, that of
world, especially in Korea and Japan. Although pure cul- fruit-body initiation and growth, the micro-environment of
ture of T. matsutake was first established by Hamada fairy-ring and so on. In practice, the most serious barrier
(1964), artificial cultivation of the mushroom has not been for the artificial cultivation of the mushroom is that the
established in a stable condition up to now. But there has mycelium of T. matsutake grows so slowly on the artifi-

been several reports on successful cultivation of ectomyc- cial media (about 2 cm/month) and has low ability to
orrhizal mushrooms such as Lyophillum shimeji (Ohta, decompose polysaccharides or proteins. So, the fungus
1994), Cantharellus cibarius (Danell and Camacho, 1997), uses monosaccharides as a carbon source.

Tuber melanosporum (Hall and Wang, 1998) and so on. Meanwhile, Ohta (1994) reported that L. shimeji forms

In the meantime, several reports had been published for mature fruit-bodies on a artificial medium, including
primordium formation and fruit-body production of T. mainly barley grain without a host plant although the fun-

matsutake in vitro (Inaba et al., 1994; Kawai and Ogawa, gus is a kind of ectomycorrhizal mushroom. He also
1976; Ogawa and Hamada, 1975). However, the reports depicted that several strains of 7. matsutake had an ability
did not lead to the further information concerning the arti- to utilize starch as a carbon source (Ohta, 1997). For the

ficial cultivation. Since the mids of the 20th century, the artificial cultivation of 7. matsutake, this ability is very
annual production of pine-mushroom in Korea and Japan important since the fungus has been known not to use
has dwindled down to less than 500 tons, while the demand starch as polysaccharides in the past. In several researches
of the mushroom in Japan exceeds more than 3,000 tons a about the amylase activity of 7. matsutake, Kawai (1973)
year. So, Japan has been importing the mushroom from indicated 7. matsutake had poor activity among the Basid-
China, South Korea, North Korea and other countries. As iomycetes, while Lee et al. (1998) reported that the fun-
a result, artificial cultivation of 7. matsutake is strongly gus had high amylase activity among the other extracellular

demanded in Japan. enzyme activities. Terashita et al. (2000b) reported that
At present, there are several reports showing the possi- the amylase activity of T. martsutake showed higher in
bility of artificial cultivation for 7 matsutake; mycor- starch originated from barley grain than that originated

rhizal synthesis of 7. matsutake on Pinus desiflora (Sieb. from other sources. Hur et al. (2000) also reported that

et Zucc.) roots in vitro was successful (Guerin-Laguette et the amylase activities were variable among 7. matsutake

al., 2000; Yamada et al., 1999). But, much works would isolates.

be still needed for practical cultivation system of the In this research, we investigated physicochemical and

mushroom. To accomplish the goal, we have to solve enzymatic properties (especially for amylase) of T. mat-
sutake strain isolated from the ectomycorrhizal roots of

*Corresponding author <E-mail: hmount@lycos.co.kr> Pinus densiflora on barley-starch liquid medium.
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Materials and Methods

Mycelial isolation of 7. matsutake from ectomycorrhizal
root of P. densiflora. Ectomycorrhizal sample was col-
lected from the edge of fairy-ring of 7. matsutake in 70-
year old P. densiflora stand located at Hongcheon, Korea.
The detailed ecological description of the site was previ-
ously reported by Hur ef al. (1997). For the collection of
mycorrhizal roots of P. densiflora, about 1 of soil sample
was collected from the edge of fairy-ring of T. matsutake
on May. The sample was transferred into a polyvinyl bag
and moved into the laboratory within an ice-box. Ectomy-
corrhizal roots separated from the soil sample was imme-
diately washed with tap water, and then the washed
ectomycorrhizas were cut down into the size of 5mm,
and put into 300 m/ flask. After pouring 100 m/ of tap
water, the flask was vigorously shaked to remove soil par-
ticles from the ectomycorrhizas. This washing procedure
was repeated three times with tap water. Washed ectomyc-
orrhizas were rinsed two times with sterile distilled water.
The ectomycorrhizas were surface sterilized with 1% cal-
cium hypochloride solution for 3~4 minutes, then rinsed
four times with sterile distilled water. The two pieces of
the rinsed ectomycorrhizal tip was put on an agar plate for
culture. The agar plate (8.7 cm in diameter) contained a
modified Melin-Norklans medium (Marx, 1969). Streptomy-
cin (100 pg/mly and Kanamycin (10 ug/ml) were added to
the melted MMN medium after autoclaving to keep from
bacterial contamination.

The plates were incubated at 23°C, and the fungal iso-
lates were separated 25 days after inoculation. Fungal iso-
lates were confirmed as 7. matsutake by morphological
characteristics and PCR-RAPD. The isolates were trans-
ferred to Potato Dextrose agar (PDA; Difco) for the sub-
culture of the strain.

Culture and extraction of crude enzyme. The subcul-
ture of T. matsutake (HEM) was grown in barley-starch
liquid medium containing 20 g barley, 20 g glucose, 5 g
Yeast Extract (Difco), 5 g sanparu-CP (product’s name;
separated sulphite pulp waste from softwood. Inaba et al.,
1994), and thiamin (100 tg/l) in 1,000 m/ of distilled water.
The medium was autoclaved at 121°C for 15 min., and the
pH was adjusted to 5.2. The 100 m/ Erlenmeyer flasks
containing 20 m/ of barley-starch liquid medium were
incubated at 24+1°C in darkness for 80 days with stand-
ing culture condition. The inoculum of 7. matsutake was
an agar disk (5 mm diameter, about 2.5 mg of dry weight)
that was cut from the leading edge of colonies grown on
PDA (Difco lab., Detroit, USA).

After 80 days of incubation, the culture was filtered
through a filter paper (Whatman No. 2) for mycelial re-
moval. The filtrate and residual starch granules were re-
moved by centrifugation at 8,000 g for 15 minute in 4°C.

The supernatant was used as the crude enzyme for the
assay of oramylase activity. The crude enzyme solution
(5 m/) was dialyzed in 20 mM Mcllvaine buffer with pH
5.0 at 4°C for 24 hours, and used for the assay of amy-
lase and glucoamylase activity. Starch concentration was
determined with colorimeter by the iodine color reaction
(Terashita et al., 2000a)

The mycelia harvested by filtering were washed three
times with distilled water to determine the dry weight
after drying at 105°C under vacuum for 3 hours.

Assay for enzyme activities. Amylase activity was
assayed with the standard reaction mixture contained 100
mM Mcllvaine buffer with pH 5.0, 04% (w/v) soluble
starch and an appropriate amount of enzyme solution in a
final volume of 0.22 ml, after incubating an hour at 50°C.
The reaction was stopped by boiling for 10 minutes to
measure the increase in the reducing sugar by adapting
Somogyi-Nelson’s method (Nelson, 1944; Somogyi, 1952).
One unit of amylase activity was defined as the amount of
enzyme that liberates 1 gmol of reducing sugar (as glu-
cose) per minute under the standard assay condition.

The oramylase activity was assayed by lodine-potas-
sium iodide method and a unit of a-amylase activity was
defined as the amount of enzyme that decreases 0.01
absorbency degree at 690 nm per minute under the stan-
dard assay condition (Terashita et al., 2000a). For all amy-
lase reactions, 10 mM CaCl, was included in the reaction
medium and soluble starch (Wako chem. Co., Japan) was
used for the substrates.

The glucoamylase activity was assayed by F-kit glu-
cose method (Boehringer Mannheim Co.), and a unit of
glucoamylase activity was defined as the amount of
enzyme that liberates 1 pmol of glucose per minute under
the standard assay condition.

Purification Step

Step 1: DEAE-Toyopearl column chromatography.
The dialyzed enzyme solution (20 mM Tris-HCl buffer
pH 8.0, 24 h, 4°C) was applied to the 5m/ of DEAE-
Toyopearl column (flow rate 60 m/ h', Tosoh Co., Japan)
previously equilibrated with 20 mM Tris-HCI buffer with
pH 8.0 and eluted with the same buffer containing a
linear gradient of NaCl in the range of 0~400 mM at
4°C.

Step 2: Superdex 200 column chromatography. The
active fractions from DEAE-Toyopear]l column were pooled,
concentrated and applied to a column of Superdex 200
(32.0x1.0 cm, Bio-Rad Co., USA) pre-equilibrated with
20 mM Tris-HCI buffer with pH 7.0 including 100 mM
NaCl. The protein was eluted with the same buffer at a
flow rate of 0.25 ml/min at 4°C.
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Step 3: Superdex 75 column chromatography. The active
peak fractions from Superdex 200 column were pooled,
concentrated and applied to a column of Superdex 75
(32.0x1.0 cm, Bio-Rad Co., USA) pre-equilibrated with
20mM Tris-HC! buffer with pH 7.0 including 0.1 M
NaCl. The protein was eluted with the same buffer at a
flow rate of 0.25 m//min at 4°C. The purified enzyme was
used for physicochemical analysis. For the assay of the
effect of metal ions, enzyme solution, 0.05 m/ of 1 mM
metal ion solution, and 100 mM Mcllvaine buffer with pH
5.0, in a final volume of 450 ul were pre-incubated at
37°C for 30 minutes. After pre-incubation, 150 t/ of 0.4%
(w/v) soluble starch was added, and then the resulting
mixture was kept at 37°C for 15 minutes.

Thin layer chromatography. The production of starch
decomposition were confirmed by TLC. Activated frac-
tions achieved by superdex 75 were spotted on TLC and
TLC was developed by the ascending method with solvent
system of chloroform-acetic acid-distilled water (5:7: 1).
After drying at 120°C for 10 minutes, the products were
detected by the sulfur-methane (1 :4) method (Yoshicka
and Endo, 1985).

Results

General properties. The mycelial weight, concentra-
tion of starch, and pH variations were shown in Table 1.
The mycelial weight was 242 mg after incubation, which
was three times of the weight compared to the result by
the Modified Matsutake Liquid medium used by Terash-
ita et al. (2000b). The pH was changed from 5.2 to 6.2
through incubation period.

We presumed that the decomposed starch could be uti-
lized as a substrate by T. marsutake (HEM). Starch con-
centration changed from 3.32% to 0.36% by the cutture of
T. matsutake (HEM), which indicated that almost 90% of
starch was decomposed.

Table 1. The variaions of growth weight, starch concentration
and pH of Tricoloma matsutake (HEM strain) on a
partly barely modified matsutake liquid medium by
stationary culture

before 80 days after
incubation inoculation
Dry weight (mg) 2.5+0.02° 242.1x13.2
Starch (%) 3.3240.13 0.36::0.009
pH 52 5.9+0.3

*Averagesstandard deviation resulted from the five replicates.

Crude enzyme activities of c-amylase and glucoamy-
lase by T. matsutake (HEM) showed 1.93 U/mg and 0.015
U/mg, respectively (Table 2). In comparison to the result
of Terashita et al. (2000b), the amylases activities were
higher on poor starch medium. These results suggested
that 7. matsutake (HEM strain) had an ability of anabo-
lism from barely starch as Ohta (1997) depicted that sev-
eral ectomycorrhizal fungi had abilities to assimilate starch.

Purification and characterization of amylases on T.
matsutake (HEM strain). The concentrated dialyzed
enzyme solution from the crude enzyme was passed over
a column of DEAFE-Toyopearl. The amylase activity was
achieved in one fraction by DEAE-Toyopearl column.
After purification using Superdex 200, fraction No. 28,
29, 30, 31 were separated into previous DEAE-Toyopearl
column having most activities of amylases (Fig. 1). The
amylase activity was shown in two fraction peaks; the first
fraction (a-amylase peak) adsorbed on the Superdex 200
and eluted at 100 mM NaCl concentration in 20 mM Tris-
HCI buffer, had specific activity 1071.94 U/mg, purifica-
tion fold 555.41 and a yield of 113.0%, especially. The
second fraction (glucoamylase peak) presented specific
activity 9.289 U/mg, purification fold 629.15 and a yield
of 71.55%. But the peaks were not being clearly purified.
Therefore, active two peaks from Superdex 200 chroma-
tography were used to be purified on Superdex 75 (Fig.

Table 2. Purification of amylase, glucoamylase and oramylase extracted from Tricholoma matsutake (HEM strain)

Enzymes Total protein Total activity Specific activity Purification Yield
{mg) ) (U/mg) (fold) (%)
crude enzyme 413.58 23.76 0.057 1 100
amylase DEAE-Toyopear! column 25.87 15.88 0.614 10.69 66.86
Superdex 200 column 1.08 14.54 13.488 234.32 61.19
Superdex 75 column 0.16 1.76 11.351 199.15 7.42
crude enzyme 413.58 6.11 0.015 1 100
glucoamylase DEAE-Toyopearl column 24.24 441 0.182 12.33 72.27
Superdex 200 column 0.47 4.37 9.289 629.15 71.55
Superdex 75 column 0.06 1.79 28.073 1871.51 29.24
crude enzyme 482,51 933.33 1.93 1 100
o-amylase DEAE-Toyopearl column 19.21 908.18 47.28 24.44 97.30
Superdex 200 column 0.97 1039.78 1071.94 55541 113.00
Superdex 75 column 0.09 406.58 4405.98 2282.89 43.56
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Fig. 1. Patterns of extracelluar amylases from Tricholoma matsutake (HEM strain) by Superdex 200 column chromatography. Flow
rate: 0.25 m/min. Enzyme unit: U/m/ buffer: 100 mM Nacl in 20 mM Tris-HCI buffer (pH 7.0). The chromatography was
done using the active fractions from DEAE-Toyopearl column chromatography.
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Fig. 2. Patterns of extracelluar amylases from Tricholoma matsutake (HEM strain) by Superdex 75 column chromatography (peak
No. I, II). Flow rate: 0.25 m//min. Enzyme unit: U/m/ buffer: 100 mM Nacl in 20 mM Tris-HCI buffer (pH 7.0).

2); the first fraction, presumed o-amylase active peak, active peak, presented specific activity 28.073 U/mg, puri-
adsorbed on the Spuerdex 75 and eluted at 100 mM NaCl fication fold 1871.51 and a yield of 29.24%.

concentration in 20 mM Tris-HCl buffer, had specific activ-

ity 4405.98 U/mg, purification fold 2282.89, and a yield Amylase properties of Tricholoma matsutake. The
of 43.56%. The second fraction, presumed glucoamylase molecular weight of the enzyme was determined by
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Fig. 3. The pH optimum, pH stability, temperature optimum
and stability of Tricholoma matsutake amylase. Enzyme
solution was used cramylase peak. (A) For pH stability,
enzyme was pre-incubated for 30 min at 37°C with
100 mM  Mcllvaine buffer at various pH. (B) For
temperature stability, enzyme was pre-incubated for 30
min at various temperature. * Soluble starch was used
as substrate.

Superdex 75 gel filtration through a column (32.0x1.0 cm)
equilibrated with 20 mM Mcllvaine buffer pH 7.0. Thy-
roglobulin 670 kD; Gamma globulin 158 kD; Ovalbumin
44 kD; Myoglobin 17 kD; Cyanocobalamin 1.35 kD were
used as the standard. The molecular weights of o-amy-
lase and glucoamylase were calculated to be 34.2 kD and
11.5kD, respectively. The elution profile on Superdex 75
column confirmed the enzyme’s purity and homogenity.

The optimum pH of the purified enzyme was found in
the range of pH 5.0~6.0, with maximum at pH 5.0 (Fig.
3). The enzyme had 24.8% and 51.2% loss of the maxi-
mal activity at pH 3.0 and pH 7.0, respectively, with com-
plete inhibition at pH 1.0.

The or-amylase activity was estimated in aliquots of pure
enzyme pre-incubated at different temperatures (30~70°C)
for 30 min. The activity increased as temperature increased
up to 50°C, followed by sharp decline till 70°C, which
indicated an inhibition in enzyme activity. Temperature

Table 3. Substrate specificity of extracellular amylase from
Tricholoma matsutake (HEM strain)

Substrate Relative activity (%)"
Starch' 100
Amylose-A' (MW=2,900) 69.88
Glycogen' 4729
Dextrin® 38.92
Amylose' 33.27
Amylose-B' (MW=16,000) 27.83
Bcyclodextrin® N.D.
o-cyclodextrin’ N.D.
pullulan’ N.D.

“The reaction mixture (0.22 mi) containing enzyme solution, 0.1 m/ of
0.4% substrate, and 0.1 M Mcllvaine buffer, pH 5.0, was incubated at
37°C for 15 min. Enzyme solution used was -amylase (fraction No.
40). N.D. means not detected. 1. Wako produced reagents (Japan). 2.
Sigma produced reagents (USA).

stability was shown from 4°C to 30°C.

The a-amylase of T. matsutake readily hydrolyzed solu-
ble starch and amylose-B (MW=16,000), and weakly for
glycogen, dextrin, amylose and amylose-A (MW=2,900),
while it failed to hydrolyze orcyclodextrin, S-cyclodex-
trin or pullulan (Table 3). Although T. matsutake could
hydrolyze low molecular substrates, the rate of the hydrol-
ysis was quite lower than that for soluble starch.

When the enzyme solutions were pre-incubated with
0.4% soluble starch for 48 hours with fraction No. 40 (o
amylase peak), No. 51 (glucoamylase peaks) from Super-
dex 75 chromatography (Fig. 4). As shown in Fig. 4, the
main products were thought to be glucose, maltose and
maltotriose on the basis of the similarities in the thin layer
chromatographic mobility.

Among the metal ions tested, Fe™, Na* and Co™ were
in some degree inhibitors for the amylase (Table 4). But
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Fig. 4. Patterns of thin layer chromatography of oramylase
and glucoamylase from Tricholoma matsutake (HEM
strain) The reaction time 24 h, reaction temperature,
50°C, 50 minute. The reaction mixture (0.6 m/) con-
taining enzyme solution, 0.1 m/ of 0.4% starch sub-
strate, and 0.1 M Mcllvaine buffer, pH 5.0, was in-
cubated at 50°C for 24 h. The extension time was 50
minutes. Enzyme solution used was o-amylase (frac-
tdon No. 40) and glucoamylase (fraction No. 51) by
Superdex 75 column chromatography.
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Table 4. Effect of metal ions in extracellular amylase activity®
of Tricholoma matsutake (HEM strain)

Metal ion Relative activity (%)
Control(CaCl,) 100
AlCl, 109
BaCl, 939
CoCl, 80.2
Cu(CH,CO0)2 82.0
CuSO, 120
FeCl, 56.4
HgCl, 119
KCl1 894
LiCl 123
MgCl, 89.2
MnCl, 97.0
NaCl 57.5
EDTA 86.2

‘The oramylase activity was assayed with various metal ion by
Iodine-potassium iodide method. For the assay of the effect of metal
ions, 5 ul of enzyme solution, 6 u/ of 0.1 M metal ion solution in
Mecllvaine buffer, 30 ul of 0.2 M CaCl, and 0.01 M Mcllvaine buffer
with pH 5.0, in a final volume of 450 ul were pre-incubated at 37°C
for 30 minute. After pre-incubation, 150 u/ of 0.4% starch was added
and resulting mixture was kept at 50°C for 30 minute. Enzyme solu-
tion used was oramylase peak from Superdex 75 column.

Tris, Pb™, A" and Hg™ did not inhibited the amylase of
T. matsutake, while those inhibited o-glucosidase and glu-
coamylase in the L. edodes (Yamasaki and Suzuki; 1978).

Discussion

When the fungi form fruit-bodies, large amounts of myce-
lia may be needed either to store the nutrients or to trans-
port the nutrients to the fruit-bodies, or both. However, it
is very difficult in practice to cultivate large amounts of
mycelia using monosacaaharides in a pure culture. From
these facts, We suppose the ability of 7. matsutake to uti-
lize starch as a substrate and amylase activity are very
important.

A few research has been conducted on enzymes of
ectomycorrhizal fungi such as T. matsutake. Terashita et
al. (2000a) reported that L. shimeji fruit-body forming
strains had higher amylases activity level than those of the
fruit-body non-forming strains. Hur et al. (2000) also
reported that the amylase activities were variable among
T matsutake strains. These reports supposed amylase
activity concerned with fruit-body formation in ectomyc-
orrhzal fungi.

In the case of T. matsutake, it have a slight ability to
decompose polymer substrates, such as starch, amlylose-
B, amylose and have relatively saprophytic properties
because it grew on artificial medium, barley-starch liquid
medium. If these properties would developed in T. mat-
sutake, it can be concluded that these properties of 7. mat-
sutake may offer a possibility of artificial cultivation.

However, more detailed information will be needed to
elucidate the function of amylases in the fruit-body forma-
tion of 7. matsutake in nature.
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