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Change in medium components and colony morphology due
to mycelial growth of ectomycorrhizal fungus7Tricholoma
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Mycelia of Tricholoma bakamatsutake isolate No. 4 grew at temperatures ranging from 10 to 30°C, and the optimum
was around 25°C. In well-buffered media of initial pH 5.0 and 6.0, No. 4 mycelia secreted gluconic acid and lowered
medium pH. Mycelial growth then accelerated slightly; and with the exhaustion of glucose, growth and secretion of
gluconic acid stopped. In 10 different media of initial pH 4.0-7.0, No. 4 mycelia showed higher gluconic acid secretion
with higher initial pH. No. 4 mycelial grew best in pH 5.0 media, in which gluconic acid secretion was low. Mycelia of
29 isolates including No. 4 grew better in the media in which less glucose, total carbon and total nitrogen remained, and
almost all isolates secreted gluconic acid. Most of the 29 isolates showed irregular colony shapes with rough mycelial
fronts, brown pigmentation and aerial hypha on colony surfaces, and brown pigmentation of media under colonies.
Dissimilarities were calculated with coded morphological characters on colonies, and similarity between isolates was
found not to correlate with proximity of origin. Chlamydospores were observed on every colony of the 29 isolates.
Chlamydospores were present on colonies of No. 4, reaching to 2 mm from the mycelial front, where brown pigmenta-
tion had not yet developed, and the numbers of chlamydospores incresed with mycelial aging.

Key Words——colony morphology; ectomycorrhizal fungus; medium component; mycelial growth; Tricholoma bakama-

tsutake.

Introduction

Mycelia of Tricholoma bakamatsutake Hongo and allied
species, 7. matsutake (S. Ito & Imai) Sing., 7. robustum
(Alb. & Schw.: Fr.) Ricken s. Imazeki, T. fulvocastaneum
Hongo, all of which are ectomycorrhizal fungi, are rela-
tively slow growers (Kawai and Abe, 1976; Ogawa,
1978). T. bakamatsutake has been reported to grow es-
pecially slowly (Ogawa and Ohara, 1978; Shimazono,
1979), and only a few studies have been reported on cul-
tural characteristics of this species in comparison with
other fungal species (Ogawa, 1978; Kiuchi, 1983;
lwase, 1992). Twenty-nine isolates of 7. bakama-
tsutake were studied here to examine mycelial growth,
change in medium components and colony morphology.

Materials and Methods

Media Well-buffered medium for 7. matsutake (Ohta,
1990) was used as the basal medium, which consisted of
10 g glucose, 1 g citric acid, 1 g ammonium tartrate, 1g
KH,POy4, 1 g MgS0,4-7H,0, 0.1 g CaCl;-2H,0, 0.29g Fe
Cls, 1mg ZnS04-7H,0, 1 mg MnS04:-4H,0, 1 mg CuS0,
-B6H,0, 0.1 mg CoS04-7H;0, 1 mg NiSQ,4.6H,0, 79
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid), 10mg thiamine-HCI, 0.1 mg nicotinic acid,
0.03 mg folic acid, 0.3 mg biotin, 0.1 mg carnitine chlo-

ride, 0.03mg adenine -H,S04-2H,0 in 1L of distilled
water. pH was adjusted with 1 N KOH solution. The
media were autoclaved at 120°C for 15 min before meas-
uring initial pHs. For preparing plate media in Petri dish-
es, 1.5% of agar was added. GPY media, which con-
tained 20 g glucose, 5 g polypepton, 5 g yeast extract,
0.5g MgS0,-7H,0 and 0.2 g CaClz-2H,0 in 1 L of dis-
tilled water, with 1.59 agar was also used for agar plate
media.

Organism Twenty-nine isolates, No. 1-29, of T
bakamatsutake were examined (Table 1). Nineteen of
them were prepared by explanting fruit-body tissues col-
lected at Takeyama and Kimitsu, Chiba Pref., and kept by
transferring several times. The rest were provided as
stock cultures of mycelia: two originated from Tsukui-
machi and Kiyokawa-mura, Kanagawa Pref., six from
Ryujin-mura and Nakaheji-machi, Wakayama Pref., one
from Totsukawa-mura, Nara Pref. and one from Yuzu-
hara-machi, Kouchi Pref.

Mycelial plugs of each stock were trasferred into
agar plate media, incubated for up to two months to form
adequate-sized colonies and used within three months.
A mycelial plug of 8 mm in diam was taken from near the
front margin of a colony and used as an inoculum for lig-
uid medium, and one of 5 mm in diam was used for agar
plate medium.

Cultivation Seven different tests were carried out: (1)
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mycelia of isolate No. 4 were cultured on GPY agar plate
media at temperatures ranging from 5 to 35°C, (2) No. 4
mycelia were cultured in liquid media of initial pH 5.0 and
{3} 6.0 and harvested every 7 days for 84 days to exa-
mine time courses, (4) No. 4 was cuitured in liqguid media
of initial pHs ranging from 4.0 to 7.0, (5) No. 4 was cul-
tured on 60 agar plate madia, and five plates were exa-
mined every seven days for 84 days for pigmentation and
chlamydospore formation on the colonies, {6) the 29 iso-
lates including No. 4 were cultured in liquid media and (7)
on agar plate media.

In all the tests, mycelia were incubated at 25°C stati-
cally in the dark in liquid media or on agar plate media of
initial pH 5.0 for 42 or 56 days respectively, unless other-
wise mentioned. Ten replications were examined in
each test, which was repeated at least twice.
Measuring mycelial growth Mycelia in liquid media
were collected by filtration, rinsed with distilled water,
dried at 105°C for over 24 h, and dry weight was mea-
sured. Mycelial growth on agar plate media was mea-
sured in four radius lengths of a colony from the outer
edge of the inoculum. To weigh mycelia grown on agar
media, a mycelial colony was immersed in distilled water
and autoclaved, and released mycelia were dried in the
same way as those in liquid media.

Analyzing liquid media Final pH values of the celi-free
extracts of media were measured. Amounts of total car-
bon and total nitrogen were analyzed with an NC analyzer
{Sumigraph-90A, Sumika Chemical Analysis Service) af-
ter centrifugating the extracts at 1,200xg for 3 min.
Glucose was assayed by the anthron method of Horikoshi
(Fukui, 1990) after passage of the extracts through a
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Fig. 1. Influence of temperature on mycelial growth of 7.

bakamatsutake.
Bars indicate standard deviations.

column of IR-120B, a strong cation exchange resin, to
eliminate amino acid (Asada et al., 1966). Gluconic acid
was estimated by a UV-method with an F-Kit (Boehringer
Mannheim) for p-gluconic acid {lwase, 1992).

Analyzing morphologies of mycelial colonies The mor-
phological characters of colonies of the 29 isolates were
examined in terms of colony shape and form of mycelial
growth front, brown pigmentation of the colony and in-
occulum, aerial hypha on the colony and inoculum, myceli-
al cords on the inoculum, radial striations of the colony,
and brown pigmentation of the medium under the colony
and inoculum. There were coded with the numbers of
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Fig. 2. Changes in mycelial dry weight of 7. bakamatsutake,
pH consumption of glucose, total carbon and total nitrogen,
and amount of gluconic acid in media of initial pH 5.0 and
6.0.
Initial pH: ©--.C, 5.0; #—e, 6.0.
Bars indicate standard deviations.
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plates out of ten that showed these characters. These
colonies of the 29 isolates were also observed under a
microscope for the presence or absence of chiamydo-
spores and brown pigment.

Measuring pigmented zones and counting chlamydo-
spores Pigmented zones of mycelial colonies were
measured in the same way as mycelial growth was meas-
ured on agar plate media. To count chlamydospores,
2 mm (along a radius} X 1T mm mycelial plugs were con-
tinuously taken from an inoculum before colonization and
after that from the edge of an inoculum to the front mar-
gin of a colony. Each mycelial agar plug was
homogenized with 5 mi of distilled water in a 30-ml cup in
a homogenizer (AM-5, Nihonseiki} at 10,000 rpm for
5min and centrifugated at 1,200xg for 3 min.
Chilamydospores were stained with congo-red and the
number per ul of precipitate was counted under a micro-
scope using a hemacytometer.

Results

Influence of temperature on mycelial growth Figure 1
shows mycelial growth of 7. bakamatsutake isolate No. 4
at 5-356°C. Mycelia grew visibly at 10-30°C, and best
at around 25°C.

Changes of mycelial dry weight and components in me-
dia of pH 5.0 and 6.0 Figure 2 shows changes of myceli-
al dry weight, pH, percentages of remaining glucose,
total carbon and total nitrogen, and amounts of gluconic
acid detected in media of pH 5.0 and 6.0 during cultiva-
tion of isolate No. 4. Mycelial dry weights reached the
maximum on days 42 and 49 respectively in media of pH
5.0 and 6.0 and slightly decreased after that. Values of
pH remained low during these growth periods, but rose
rapidly in the seven days after the growth peaks. Percen-
tages of remaining glucose decreased and were almost
constant from the 7th day after the peaks. Percentages
of total carbon and total nitrogen also decreased until the
14 day after the peaks, then increased slightly from the
21st day after the peaks. These increases might be due
to the release of substances from dead mycelia into the
media. Gluconic acid increased during the first 14 and
21 days, and decreased to near zero after 49 and 63 days
in media of pH 5.0 and 6.0 respectively.

Influence of medium pH on mycelial dry weight and medi-
um components Figure 3 shows the mycelial dry
weight, final pH, percentages of remaining glucose, total
carbon and total nitrogen, and amount of gluconic acid
during cultivation of isolate No. 4 in media with 10 differ-
ent initial pHs. Mycelia grew best in pH 5.0 media. In
all media, final pH values were between 4.0 and 5.7.
Remaining glucose, total carbon and total nitrogen were
lower in media of pH 5.0-7.0. In media of pH 5.0 and
5.3, glucose remained and the mycelia might have grown
more. In media of pH 6.5 and 7.0, glucose was not ex-
hausted, but the increasing percentages of total carbon
and nitrogen indicate that the seif-digestion of mycelia
might have begun. Gluconic acid secretion increased
with the increase of initial pH.

Changes of mycelial dry weights and medium compo-

nents due to mycelial growths of the 29 isolates As
shown in Table 1, the maximum and minimum mycelial
growth among the 29 isolates were observed for No. 29
and 21, respectively. pH values of all the isolates were
between 4.1 and 4.8. Mycelia grew better in the media
with lower percentages of remaining glucose, total car-
bon and total nitrogen. Amounts of gluconic acid
produced had no relationship with either mycelial growth
or pH.
Colonial morphologies of the 29 isolates Table 2 shows
mycelial dry weights and coded morphological characters
of colonies of the 29 isolates. Most of the isolates
showed irregular colony shapes, rough mycelial fronts,
brown pigmentation of colonies and inocula, aerial hypha
on colonies and inocula, mycelial cords on inocula ab-
sent, radial striations of colonies absent and brown pig-
mentation of media under colonies and inocula. Mycelial
dry weights were not correlated with either brown pig-
mentation of colonies or media.

Dissimilarities of the 29 isolates were calculated us-
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Table 1.
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Mycelial dry weight, pH, percentages of remaining glucose, total carbon and total nitrogen, and amount of gluconic acid in
liquid media after cultivation of 29 isolates of 7. bakamatsutake.

Mycelial Remaining components (%) Gluconic
lsr%!;ate Locality dry wt, pH Total Total acid
’ {mg/flask) Glucose carbon nitrogen {mg/l)
29 Yuzuhara, KouchiV 43.8+t 4.99 4.2 15.7 44,7 61.6 34.0
23 Nakaheji, Wakayama?! 43.6+ 5.9 4,2 18.5 46.5 62.5 62.8
1 Tateyama, Chiba 421+ 5.8 4.1 8.1 42.3 65.0 169.0
4 ” 4 40.1+t 3.3 4.5 20.5 48.5 65.9 165.1
5 ” ” 38.2+ 6.6 4.2 25.2 53.9 70.0 130.7
25 Nakaheji, Wakayama® 37.0+£13.0 4.3 21.3 44.2 59.5 126.4
7 Tateyama, Chiba 34.8+ 9.7 4.4 24.7 50.2 66.1 160.5
13 y ” 33.7+11.6 4.5 24.8 40.6 68.0 47.5
28 Totsukawa, Nara¥ 33.7+ 6.4 4.5 29.8 54.3 68.0 47.5
14 Tateyama, Chiba 33.6+ 7.1 4.3 25.8 52.0 66.4 62.8
20 Tsukui, Kanagawa® 33.5+ 5.9 4.4 43.7 58.5 66.0 o]
3 Tateyama, Chiba 32.7+ 5.5 4.3 30.9 55.2 67.8 147.2
2 ” ” 31.6+t 4.9 4.5 26.2 53.5 70.0 155.9
10 ” 7 31.1% 4.0 4.5 41.1 61.7 72.0 108.1
16 ” ” 30.8+ 4.8 4.3 40.3 60.8 69.0 139.5
19 Kimitsu, Chiba 29.2+ 4.0 4.5 52.1 60.6 72.2 168.5
6 Tateyama, Chiba 29.2+ 2.2 4.3 37.2 59.4 70.0 245.6
15 ” ” 28.7+ 7.3 4.2 35.0 59.8 65.3 47.5
22 Nakaheji, Wakayama? 28.1+ 4.6 4.5 51.8 63.7 75.1 6.4
18 Kimitsu, Chiba 26.8+ 9.6 4.4 44.7 63.0 721 218.4
8 Tateyama, Chiba 26,5+ 4.5 4.5 50.8 64.7 70.5 13.5
12 ” ” 26.0+10.4 4.3 47.7 62.4 68.2 254.2
26 Nakaheji, Wakayama® 24.8+ 6.4 4.3 40.8 61.3 71.5 264.0
9 Tateyama, Chiba 23.3+ 4.9 4.4 42.6 63.8 74.3 166.2
27 Nakaheji, Wakayama?® 21.2+ 6.6 4.5 56.4 69.8 74.2 172.3
17 Kimitsu, Chiba 20.4+ 1.6 4.7 62.7 70.9 75.7 110.6
11 Tateyama, Chiba 17.56+ 6.9 4.5 45.4 58.5 60.3 178.9
24 Ryujin, Wakayama® 15.6+ 2.5 4.4 61.1 74.5 72.3 381.3
21 Kiyokawa, Kanagawa® 15.1+ 3.9 4.8 60.1 75.9 77.8 125.5

Provided by " Mr. M. Arao, 2 Dr. K. Iwase, ® Mr. 8. Jyodo, 4 Mr. M.

ing the squared Euclidean distances, and anlyzed by the
nearest neighbor method as a dendrogram, shown in Fig.
4, |solates No. 8, 13, 15, 22 and 26 were morphologi-
cally most similar to each other, followed by these five
and No. 25, and by these six and No. 9 and 11; and No.
19 was the most dissimilar, followed by No, 12, 3, 18
and 20.

Brown-pigmentation and chlamydospore formation due
to mycelial growth Chlamydospores were observed
microscopically on every colony of the 29 isolates, and
brown pigments on those of 26 isolates. Brown-pig-
mented mycslia and/or brown pigmented crystals were
found microscopically on some plates.

Figure 5 shows lengths of brown-pigmented zones in
relation to the whole mycelial growth lengths, and the
numbers of chilamydospores on inocula or colonies of iso-
late No. 4. The mycelia began to colonize from day 14,
and brown pigmentation was observed from day 35.
Chlamydospores were found from day 42 on almost the

Kinuta, and ® Mr. N. Kiuchi. & Means and standard deviations.

whole colony except for the 2 mm zone of the mycelial
front, where the pigmentation had not yet developed.

Discussion

In liquid media of initial pH 5.0 and 6.0, mycelia of Tricho-
loma bakamatsutake isolate No. 4 secreted gluconic acid
and medium pH decreased during the early stages.
Mycelial growth rates then increased to their maxima, af-
ter which secretion of gluconic acid decreased and pH
rose. More gluconic acid was secreted at higher initial
pHs. Mycelia grew best in media of pH 5.0-6.3, and glu-
conic acid secretions were comparatively low,

Organic acid secretion by ectomycorrhizal fungi has
been reported for oxalic acid in connection with calcium
accumulation {Lapeyrie et al., 1987; Cromack, Jr. et al.,
1979; Malajczuk and Cromack, Jr., 1982) and disease
suppression {Duchesne et al.,, 1989), and humic, fulvic
and uronic acid (Tan et al., 1978). Gluconic acid synthe-
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Table 2. Mycelial dry weights and coded morphological characters of colonies of 29 isolates of 7. bakamatsutake.

|S§|§te I\élx;:::ita.l Character

! {mg/plate} | 1 1 v \Y Vi Vi Vil IX X
1 28.2+ 6.2 10 1 4 3 10 10 10 10 10 10
2 21.3%+ 4.5 8 3 10 4 10 10 10 10 10 10
3 18.3+ 3.1 7 10 0 ] 10 10 10 10 0 10
4 31.6x 2.7 6 10 10 7 10 10 10 10 0 10
5 23.1+ 3.8 10 10 3 1 10 10 10 10 10 10
6 25.4+ 2.3 10 10 2 4 10 10 10 10 10 10
7 19.4+ 5.1 10 10 0 (o} 10 10 10 10 10 10
8 254+ 2.6 10 10 10 10 10 10 10 10 10 10
9 13.0+ 2.3 g 10 7 8 10 10 10 10 10 10
10 29.5+ 3.3 10 10 5 8 10 10 10 10 2 10
11 22.4+ 3.7 9 g 7 6 10 10 10 10 10 10
12 1.1+ 11 0 10 10 0 0 10 10 10 10 10
13 13.7+ 3.0 10 9 10 10 10 10 10 10 10 10
14 19.3+ 2.8 2 10 10 10 10 10 10 10 10 10
15 16.2+ 1.8 10 10 10 10 9 10 10 10 10 10
16 28.7+17.2 10 g 7 9 8 10 10 10 7 10
17 23.6+ 8.9 10 8 10 8 7 10 10 10 10 10
18 38.5+ 9.7 6 10 10 10 10 10 10 10 7 2
19 6.1+ 1.4 8 10 10 10 0 0 10 10 o 10
20 33.9+ 6.2 6 0 0 2 10 10 7 6 10 10
21 40.5+ 7.2 6 5 3 9 8 10 10 10 10 10
22 29.2+ 3.9 10 10 10 10 10 10 10 10 10 10
23 39.9+ 4.8 10 10 10 2 10 10 10 10 10 10
24 15.7% 5.5 10 10 3 5 8 10 10 10 10 10
25 29.6+ 9.3 9 10 8 10 10 10 10 10 10 10
286 18.8+x 2.9 9 10 10 10 10 10 10 10 10 10
27 33.3+ 8.5 9 10 9 2 7 10 10 10 10 10
28 20.9%+ 3.5 5 10 10 10 4 10 10 10 10 10
29 21.7+ 7.0 7 10 1 3 9 10 10 10 10 10

I: Irregular colony shape, I1: rough mycelial front, Ill: brown pigmentation of colony, IV: brown pigmentation of inoculum, V: aerial hypha
on colony, Vi: aerial hypha on inoculum, Vii: mycelial cords absent, VIit: radial striation of colony, IX: brown-pigmented medium under

colony, X: brown-pigmented medium under inoculum.

sis by 7. bakamatsutake and T, robustum mycelia, two al-
lied species, was reported to inhibit mycelial growth (I-
wase, 1992). The finding here that T. bakamatsutake
mycelia secreted gluconic acid and that mycelial growth
accelerated after stabilization of pH suggested that this
acid served as a pH stabilizer.

A morphological study of colonies of 7. bakama-
tsutake was reported by Shimazono (1978}). Irregular
colony shape, rough mycelial front, brown pigmentation,
aerial hypha, the characters of most of the 29 isolates of
T. bakamatsutake here, agreed with those of the strain
used by Shimazono. Statistical analysis of numerically
coded characters has been reported for Lyophyllum spe-
cies by Ciémencgon and Moncalvo {1990). Similarity be-
tween isolates was not correlated with proximity of ori-
gin. lsolates originating from Tateyama, Chiba Pref. did
not show similarities to each other, whereas isolate No.
19 originating from Kimitsu, Chiba Pref. showed the

highest dissimilarity.

Brown pigmentation was macroscopically observed
on most of the mycelial colonies here. Pigmentation of
7. bakamatsutake mycelial colonies has been reported
{Ogawa and Ohara, 1978; Shimazono, 1979; lwase,
1992). lwase assumed that the brown pigment may be
an inhibitor of mycelial growth. Butthe brown pigmenta-
tion of either mycelial colonies or medium had no obvious
relationship with the mycelial dry weight measured here.

Chlamydospores, asexual, thick walled and perennial
spores (Griffiths, 1974), have been observed on some ec-
tomycorrhizal fungi; Bankera fuligineo-alba (Schmidt ex
Fr.) Pauzar {Danielson, 1984), Elaphomyces muricatus
Fries {Miller and Miller, Jr., 1984}, Sarcodon imbricatus
{L.: Fr.) Karst. (Agerer, 1991) and Phellondon nigar (Fr.:
Fr.) Karst {Agerer, 1992}, Chlamydospores formed by
7. bakamatsutake in the field have been reported by Oga-
wa and Ohara (1978) and Terashima et al. (1993), and in
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Fig. 4. Dendrogram of coded morphological characters of
mycelial colonies of 29 isolates of 7. bakamatsutake.
Dissimilarities are calculated as squared Euclidean distances
and analyzed by the nearest neighbor method.
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Fig. 5. Brown-pigmented zones and numbers of chiamydo-
spores on mycelial colonies of 7. bakamatsutake.
g22,1: Brown-pigmented and non-pigmented zones,
respectively.
Numbers indicate numbers of chlamydospores {x 108) on
2 mm (along a radius) x 1 mm mycelial plugs taken from in-
ocula for the first 7 days and colonies from day 14,

vitro by Shimazono (1979) and Iwase (1990). The fact
that chlamydospores were observed on every colony of
the 29 isolates here characterized the mycelial culture of
T. bakamatsutake. Chlamydospores, which are
resistant forms originating from modification of hyphal
segments {Griffiths, 1974}, were observed to be formed
near the front margins of active hypha.
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