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Active constituent in Yeast Extract for Fruit

Body

Formation of Lentinula edodes

Introduction

Phenomenon of fruit body formation in basidiomycetes

is regarded as a model system for studies of differentiation

and morphogenesis mechanisms of fungi. Fruit body inducing

substances are very useful in clarifying the mechanism of

fruit body formation. Among basidiomycetes, the fungi which

grow well on simple culture media and complete their life

cycle in as short as a few weeks, are frequently used for

these investigations. Uno and Ishikawa (1973) detected the

activity to induce the fruit body formation of Coprinus

macarorhizus in the fruit body extracts of the same fungus

and identified the active substance as 3', 5'-cAMP. It was

also reported by Kawai and Ikeda (1982) that a cerebroside

prepared from Schizophyllum commune had the fruit body

inducing activity on the same fungus. The similar activity of

anthranic acid, p-aminobenzoic acid, and cyclooctasulfur was

reported with Favolus arcularius (Murao et al. 1984; Hayashi
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et al. 1985). Streptmyces strain B-412 similar to Streptmyces

rubiginosus produced the substance which induced the

formation of incomplete fruit body of Favolus arcularius

under a dark condition. This active substance was named

basidifferquinone by Azuma et al. (1990).

On the other hand, there are only few reports about

the inducing or stimulating-substance for the fruit body

formation of shiitake (Lentinula edodes (Berk.) Pegler) because

of difficulty of fruiting in a synthetic or semisynthetic

medium. Leatham and Stahmann (1984) reported that Ni

and Sn stimulated the fruit body formation of Len tin ula

edodes. Kawamura et. al. (1983) showed that the fruit body

formation of this fungus in peptone-glucose liquid medium

was promoted by the addition of a lignin precursor such as

ferulic acid and vanillin. Terashita et al. (1981) observed

that the addition of a protease-inhibitor (S-PI) obtained from

a Streptomyces strain cased a decrease in the period

required for maturation of the fruit bodies in Lentinula

edodes.

We previously examined the effects of various

compounds on the fruit body formation of Lentinula edodes

by using a peptone-glucose basal liquid media (Matsuo et al.

1992). Lentinula edodes was incubated statically in a basal

liquid medium at 25t under illumination, but no fruit body
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was formed within 70 days after inoculation. When

yeastextract was added to a basal liquid medium, normal

fruit bodies were formed in all cultures tested after about

36 days of incubation and without shifting to cooler

temperature. These results suggested that the inducer for

fruit body formation of a basidiomycetes Lentinula edodes

would be contained in the yeast extract.

In analogy with peptone and malt extract, yeast

extract (an autolysate of brewer's yeast) is widely used

as a nutrient in natural and semisynthetic media. It is

well known that yeast extract contains various growth

factors such as vitamins, amino acids, and nucleic acids

which accelerate the mycerial growth.

This investigation aimed to identify the active constituent in

yeast extract for the fruit body formation of Lentinula

edodes.

Materials and methods

Organism

Commercial dikaryotic strain of Len tin ula edodes, Mori

465 (Mori Sangyo) was maintained at SAe on potato dextrose

agar slants.

Media and culture conditions
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Basal liquid medium consisted of the following

components: 50g glucose; 2.5g polypeptone; 1.0g KHzP04;

O.5g MgS04 . 7HZO; 0.5g CaClz· 2HZO; 10mg FeClz· 6HZO;

7.2mg MnClz· 4HzO; 4mg ZnClz; 1mg CUS04· 5HzO. The

initial pH was adjusted to 5.7. The culture volume used for

various experiments was 100 mL. The liquid medium was

dispensed into a 500-ml Erlenmeyer flask and autoclaved at

121 t for 30 min. An agar disk of 5 mm diameter cut from

the previous colonized plate was floated on the center of

the liquid medium. The mycelia cultures were incubated

statically for 70 days at 25°C and 60 % relative humidity

under about 200 lux of light from daylight fluorescent bulbs

with a 12 h light and 12 h dark cycle. Other details were

almost the same as before (Matsuo et al. 1992).

Yeast extract was added at a concentration of 2.5 giL

before autoclaving. Thiamin hydrochloride solution was added

through 0:20-1l m size filter to the basal liqUid medium

previously autoclaved at 121 t for 30 min. Yeast extract and

polypeptone were prepared by Difco and Nihon Seiyaku,

respectively.

Gel chromatography

The solution (2 mL) containing O.5g of yeast extract was

applied to a Sephadex G-25 fine (Pharmacia Biotech) column
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(1.6 x 100cm). The column was eluted at a flow rate of 0.8

-mL/min with a distilled water. The column effluent was

monitored by the absorbance at 260 nm.

Acid and alkaline hydrolysis of fraction II

The fraction II of yeast extract was diluted 102 times

with a distilled water. The diluted sample was adjusted to

pH 2.0 with concentrated HCI and to pH 13 with concentrated

NaOH solution. These solutions were autoclaved at 121°C for

30 min, then adjusted again to pH 5.7 with concentrated.

HCI or NaOH solution before adding to the basal liquid

media through 0.20- f1, m size filters.

HPLC determination of thiamin

Thiamin was determined by the method of Kimura et al.

(1980). Yeast extract (0.5g) and each fraction of that was

added to 50 mL of 0.1 M HCl. This sample solution was

heated in a water bath at 100 °C for 15 min. This

solution was adjusted to pH 4.5 with 4 M sodium acetate

and was mixed with 2 mL of 1 % Takadiastase B (Sankyo)

solution. The sample solution was then incubated at 37 - 40

°C for 12 h in a shaking water bath. After heating in a

water bath at 100 °C for 15 min, the sample solution was

loaded onto a permutite column (Vitachange, Wako Pure
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Chemical) and eluted with a boiling 25 % KCl-0.1N HCl

solution. The elute is made of exactly 25 mL in a volumetric

flask.

The sample solution was injected and separated on a

ShimadzuSTR ODS-II (15 cmx4.6 mm) column with 0.1 M

NaHzP04·2HzO at 0.5 mL/min using a Shiadzu LC-6A HPLC

System. K3Fe(CN)6- NaOH solution was applied at 0.5 mL/min

by a proportioning pump and mixed with the column

effluent to convert thiamin into fluorescent derivative,

thiochrome. The peaks were detected using a Shimadzu RF

550 luminescence spectrometer connected to the

chromatograph. Excitation and emission wavelengths for

thiamin were 375 nm and 450 nm, respectively.

When thiamin, thiamin monophosphate, diphosphate and

triphosphate were determined separately, the treatment with

1 % Takadiastase solution was omitted.

Results

Gel chromatography of yeast extract

Yeast extract was applied to a Sephadex G-25 column

and the effluent was monitored by the absorbance at 260

nm. Two large peaks (at about 60 mL and about 140 mL)

and three of small peaks (at about 165 mL, about 220 mL
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and about 270 mL) of elution volume were observed as

shown in Fig. 1. On the basis of these five peaks of UV

absorption, yeast extract was divided into five fractions; I:

5a - 100 mL, II: 101 - 160 mL, ill: 161 -210 mL, N: 211 

260 mL, V: 261 - 290 mL of elution volume. Each fraction

was assayed for activity to induce fruit body formation of

Lentinula edodes in a peptone-glucose basal liquid media.

Every fraction of yeast extract was found to give the

inducing activity for the formation of fruit body, as shown in

Fig. 2. Fraction I (higher molecular region) and Fraction V

(lower molecular region) of yeast extract showed about 60 %

and 50 % of frUiting, respectively. The addition of fraction II

caused 100 % of frUiting and both the yield and the day

required for frUiting were as close as those of the original

yeast extract. These results suggested that the main inducing

factor of yeast extract would be contained in fraction II.

The fruit body inducing effect of fraction II

In order to confirm activity of fraction II of yeast

extract to induce fruit body formation, Lentinula edodes was

incubated in a basal liqUid medium containing various

concentrations of fraction II. The induction of fruit body

formation was consistently observed at 102 times dilution of

the fraction II, as shown in· Table 1.
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Fig. 1. Gel chromatography of yeast extract
through Sephadex G-25 fine column.
Yeast extract was divided into five fractions
from I to V on the basis of five peaks of UV
absorption.

I )50 "-' 100mL, IT )101 "-' l60mL. IID161 "-' 2l0mL
N)2ll '" 260mL. V)261 '" 290mL of elution
volume.
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Fig.2. Effects of yeast extract and fractions of it on the fruit body formation
of Lentinula edodes.
Yeast extract and fractions were added to the basal peptone-glucose liquid
media before autodaving. The concentration of yeast extract was 2.5g/L.
Data represents the means + SD of three separate experiments.
Ten replicate cultures were tested for each experiment.
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The stability of fraction diluted 102 times was examined for

heat, acid and alkaline hydrolysis. The results are shown in

Table 2. Fraction II was hydrolyzed at pH 2.0

to give 60 % of the fruiting, as compared with 80 % of that

hydrolyzed at pH 5.7. The fruit body inducing activity of the

sample hydrolyzed at pH 13.0 was drastically decreased to

only about 10 % of the fruiting. These results suggested that

the fruit body inducing factor in fraction II must be the

substance which was relatively stable for acid, but instable

for alkaline hydrolysis to decompose easily.

The fruit body inducing effect of thiamin

Of the nutrients contained richly in yeast extract such

as amino acids, nucleic acids, vitamins and minerals, thiamin

is well known to be considerably stable in acidic condition

but instable in alkaline condition (Burden et al. 1990; Dwivedi

et al. 1973). Therefore, thiamin in the yeast extract and the

five fractions were determined by the post-column

fluorescence method (Kimura et al. 1980). Despite the

Takadiastase treatment being omitted, thiamin mono-, di-, and

tri-phosphate could not be detected in the yeast extract;

thus showing the thiamin contained in the yeast extract

produced by Difco predominantly existed in a free-form.

The content of thiamin in 1 g of yeast extract was 0.58 mg
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Table 1. Effect of concentration of fraction II of yeast extract
on the fruit body formation of Lentinula edodes.

Concentration
of fraction II

1

1X 10-1

1 X 10-2

0.3X 10-2

0.2X 10-2

Concentration Percentage of
of thiamin in cultures with
fraction II (tL giL) fruiting (%)

12.3X 102 100

12.3X 10 100
LI')
.---

12.3 80+14

3.7 15+7

6.2 0

Note: Values are expressed as means+SD of two separate
experiments. Ten replicate cultures were tested for each exPeriment.
Unear (P<0.05) response between 1X10-2 and 0.2X 10-2

; no
differences (P>0.05) among 1 - 1X10-2

•

Fraction II was added to the basal peptone-glucose
liquid media before autoclaving at pH 5.7, 121'C for 30 min.



Table 2. Effects of some chemical treatments of fraction II and thiamin
on the fruit body formation of Lentinula edodes.

Concentration Percentage
of thiamin of cultures

Additives (IJ, giL) with fruiting (%)

(a) fraction II hydrolyzed
at pH 5.7, 121'C for 30 min 9.1 80+14
at pH 2.0, 121 'C for 30 min 11.8 ,60+0
at pH 13.0, 121 'C for 30 min trace 10+0

(b) fraction II passed
through the permutite column ND 0 ~

.---

(c) thiamin 12.3 60+0

(d) thiamin plus fraction II
hydrolized at pH 13.0 12.3 60+0
121'C for 30 min

Note: Values are expressed as means+SD of two separate experiments.
Ten replicate cultures were tested for each experiment. Fraction II was diluted

102 times with a distilled water. Thiamin, and fraction II subjected to some
chemical treatments were added through 0.20-1J, m size filter to the basal liquid
media previously autoclaved. ND, not detected.



as a thiamin hydrochloride. It was found that a 0.49 mg (

about 85 % of total thiamin) was contained in the fraction

II. Thiamin was also detected in fraction I at the amount

of 0.06 mg (about 10 % of total thiamin), but not in

fractions ill, N, and V . Since the yeast extract was added to

the basal liquid medium at the concentration of 2.5 giL in

this experiment, the concentration of thiamin contained in

fraction II was 1.23 mglL. Fraction II was still effective for

inducing the fruit body formation even at 102 times dilution.

Thus the concentration of thiamin was calculated to be 12.3

/.l giL.

When fraction II diluted 102 times was autoclaved at

pH 2.0 for 30 min, the concentration of thiamin was 1.18

mglL which was only a about 4 % loss of thiamin contained

originally in it. In the case of the hydrolysis of fraction II

at pH 13.0, only a trace amount of thiamin could be

detected and the fruit body inducing effect was lowered to

10 %, as shown in Table 3. However, the activity of fraction

II came back to 60 % by addition of thiamin to be at 12.3

/.l giL after autoclaving under an alakline condition. Fraction

II, which was previously passed through a permtid column

to eliminate the thiamin solely, completely lost fruit body

inducing activity. It was also found that the fruit body of

17



Lentinula edodes was able to be formed in the basal

peptone-glucose liquid media only by the addition of thiamin

instead of fraction II of yeast extract.

From these results, we concluded that the fruit body

inducing factor contained in the fraction II of yeast extract

must be thiamin.

Discussion

Although each of the five fractions of yeast extract

divided by gel chromatography exhibited activity at different

levels, all of fractions were able to induce the fruit body

formation of Lentinula edodes. These results suggest that

the fruit body inducing factor contained in yeast extract was

not a single one, rather some substances which had different

molecular weights must have contributed to the fruit body

formation' of Lentinula edodes. Fraction I which was the

higher molecular weight region of yeast extract, contained

thiamin at 10 % of the total amount. Iwashima et al. (1979)

submitted the possibility that a thiamin-binding protein in

Escherichia coli participated in the thiamin transport system.

In this experiment, thiamin phosphates could not be

detected in yeast extract produced by Difco. Therefore, it

seemed that thiamin (Mw=301) could have existed in a wide

18



range of molecular weight from fraction I to IT by means of

the binding with some kinds of high molecular weight

proteins. If this theory is correct, the fruit body inducing

substance contained in fraction IT would also be thiamin.

Addition of fraction IT induced 100 % fruiting which was

the same as that of the original yeast extract. When

fraction IT was diluted 102 times inducing activity was

decreased to 80 % fruiting. When thiamin was added to the

basal liquid media at the same concentration as that

contained in the 102 times diluted fraction IT (12.3 tLg/L),

the fruit body formation was decreased to only 60 %. These

results suggested that other components contained in yeast

extract such as amino acids, nucleic acids, and vitamins

contributed somewhat to the fruit body formation and were

not as effective as thiamin. Alanin, glutamic acid, aspartic

acid, leucin, and methionine in the amino acids and adenine

and cytosine in the nucleotic acids were reported to promote

the mycelial growth of Lentinula edodes (lsikawa 1967).

It is known that Favolus arcularius requires light irradiation

for the initiation and development of fruiting in analogy

with many other fungi. It was reported that anthranilic acid,

p-aminobenzoic acid, and cyclooctasulfur were able to induce

the formation of fruit body under dark condition (Murao et

al. 1984; Hayashi et al. 1985). These results show that these
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substances were able to replace the stimulus of light to

induce fruit body formation. On the other hand, we reported

that the light irradiation for a considerably long period

during the incubation was essential for both the primordium

and the fruit body formations of Lentinula edodes, even if

yeast extract was added to the basal liquid media (Mohamed

et al. 1992). Therefore, thiamin is not able to replace the

stimulus of light; indicating that thiamin is not the inducing

substance, but is the stimulating substance for the fruit

body formation of Lentinula edodes in a more limited

sense.

When the excised roots of higher plants such as pea

and tomato were placed in a culture medium lacking

thiamin, they grew less and less in each succeeding transfer

and the growth finally ceased. Because thiamin is

synthesized in the leaves and transported through the stem

toward the root and acts effectively in a slight amounts,

thiamin is regarded histologically as the plant hormone for

the cell division in the tissue of root (Bonner et al. 1948).

In this experiment, the mycelia of Lentinula edodes was

able to grow even in the basal liquid medium lacking

thiamin, but the fruit body did not form in that medium.

However, by the addition of thiamin, the fruit body could
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be induced at the concentration of only about 12 !1 giL,

which was calculated to be 4.0 x 10-8 MIL, suggesting that

Lentinula edodes could not synthesized thiamin by itself. It

could be concluded that the thiamin supplied from the

culture media was the essential micronutrient for the fruit

body formation of Lentinula edodes.

Thiamin, which is one of the water soluble vitamins, is

an essential factor of the respiratory system in an organizm.

Thiamin participates in the oxidation of pyruvate, and

thiamin pyrophosphate is known to be the coenzyme of

pyruvate decarboxylase (Bonner et al. 1948). Deficiency of

thiamin would cause the problems in glucose metabolism for

Lentinula edodes, resulting in the depression of fruit body

formation. If newly occurring phenomenon in the mycelia

by the incorporation of thiamin would be investigated

physiologically and biochemically, it would be able to

prOVide some information on the mechanism of fruit body

formation of basidiomycetes.
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Thiamin requirements for vegetative growth

and

fruit body formation of Lentinula edodes

Introduction

We previously reported that fruit body of a

basidimycetes Lentinula edodes (Berk.) Sing., "Shiitake" was

formed in the basal peptone-glucose liquid media by the

addition of yeast extract (Matsuo et al. 1992; Mohamed et al.

1992). The activity of yeast extract was drastically lowered

by heating under alkaline condition, suggesting that the fruit

body inducing substance in yeast extract would be alkaline

labile thiamin. By the addition of thiamin instead of yeast

extract, the fruit body was also formed in the basal

peptone-glucose liquid media (Shin et al. in press). Thus it

was concluded that thiamin must be the active substance in

yeast extract for the fruiting of Lentinula edodes.

Since Schizophyllum commune and some other fungi

were found to require thiamin for their good growth,
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thiamin has been generally accepted as a growth factor for

many fungi (Robbins 1938). The effects of thiamin on fruit

body formation have been investigated by the use of the

fungi of which fruit body was easily formed in chemically

defined agar or liquid media, such as Schizophyllum

commune (Raper and Krongelb 1958; Oyama et al. 1976),

Favolus arcularius (Kitamoto and Kasai 1968a, 1968b),

Psilocybe panaeoliformis (Kitamoto et al. 1980) and Coprinus

lagops (Madelin 1956). All of these fungi required thiamin as

an essential element for the fruiting.

There are few reports about thiamin requirement of

edible mushroom except Flammulina velutipes (Yamada and

Aoyama 1986). Especially, the thiamin requirement of

Len tin ula edodes for the fruiting have been still unknown

because of difficulty of the fruiting in synthetic media.

In this paper, the effects of thiamin on vegetative

mycelial growth and fruit body formation of Len tin ula

edodes in basal peptone-glucose liquid media were

investigated with relation to the thiamin uptake.

Materials and methods
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Organism

A commercial dikaryotic strain of Len tin ula edodes,

Mori 465 (Mori Sangyo) was maintained at 5 Ae on potato

glucose-agar slants.

Media and cluture conditions

The basal liquid media (PG media) consisted of glucose;

Sag, polypeptone; 2.5g, KHzP04; 1.0g, MgS04· 7HzO ; 0.5g,

CaClz . 2HzO ; 0.5g, FeClz· 6HzO ; 10mg, MnClz· 4HzO ; 7.2mg,

ZnClz ; 4mg, CUS04· 5HzO ; 1mg and 1 liter of distilled water.

A peptone-glucose-agar media (PGA media) which agar added

at 2.5 giL to PG media, a casamino acid-glucose-agar media

(CGA media) which vitamine-free casamino acid (Difco) was

added at 2.5 giL instead of peptone in PGA media, and

glutamic acid-glucose-agar media (GGA media) which glutamic

acid was added at 2.5 giL instead of peptone in PGA media

were also' prepared. One hundred ml of the liquid media

was dispensed into a SOO-ml Erlenmeyer tlask and

autoclaved at 121"C for 30 min. The mycelial inoculum, an

agar disk of 5 mm diameter cut from the previous colonized

plate, was put on the center of the liquid media. The

mycelial cultures were incubated statically for 9 weeks at 25

"C and 60 % relative humidity under about 200 lux of light

with 12 h light and dark cycle. Thiamin was added at

various concentrations in PG media before autoclaving.
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A 30 mL of agar media previously autoclaved were poured

in 9 cm diam. Petri dishes and, after solidification, were

inoculated with mycelial disks cut from a colonized PDA

plats. After 11 days of incubation, mycelial disk was cut

from colonized plate and transferred to fresh media. The

transfer was repeated again with the same manner.

Incubation was undergone at 25°C and 60 % relative

humidity in the dark.

Determination of thiamin

The grown mycelium was separated by filtration and

washed several times with distilled water through a glass

filter. The mycelium obtained was frozen and dried by a

freeze-drier (YAMATO, DC-35).

After measuring mycelial weight, mycelia was extracted

with 50 ml of 0.1 mol- HCI in a water bath at 100"C for 30

min. This' solution was treated with takadiastase B (Sankyo)

and then with a .Permtid column. The sample solution was

injected and then separated on a Shimadzu STR ODS- IT

(15cmx4.6cm) column with acetonitrile: 0.1 mol/L NaHzP04·

2HzO (3: 97 by volume ratio) at 0.5 mL/min using a

Shimadzu LC-6A HPLC system. Thiamin was determined by

the post-column fluorescence method. Excitation and emission

wavelengths for thiamin were 375 nm and 450 nm,

respectively. Other details were almost the same as reported
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previously (Shin et al. in perss).

Results

Effects of thiamin on mycelial growth in liquid

media

Although the optimal concentration of yeast extract for

fruit body formation of Lentinula edodes was 2.5 giL, fruit

body was able to be produced even at concentration as

small as 25 mg/L of yeast extract (Matsuo et al. 1992). The

content of thiamin in 1 g of yeast extract was 0.58 mg as a

thiamin hydrochloride (Shin et al. in press). The concentration

of thiamin in 25 mglL of yeast extract was therefore

calculated to be 14.5 tJ,g/L.

Lentinula edodes was incubated for 9 weeks in basal

peptone-glucose liquid media supplementing by 14.5 tJ, giL

thiamin (PGT media). Mycelial growth in PGT media was

slower than that in basal media supplementing by yeast

extract, but small mycelial aggregates were formed on the

surface of colony after about 4 weeks and then they grew

up to primordia. Fruit body formation began after about 7

weeks. The fruiting was occurred in 60 % of cultures within

9 weeks after inoculation. In basal liquid media without

thiamin, none of primordia and fruit body were produced.
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The mycelial weight was significantly increased after about

4 weeks of incubation in PGT media, as shown in Fig. 1.

Whereas, the effect of thiamin on mycelial weight was not

found until the third week. Even in the media without

thiamin, mycelia kept growing up to the 9 th week of

incubation.

Effects of thiamin on mycelial growth and fruit

body formation

In order to confirm the effect of thiamin for fruit

body formation, Lentinula edodes was incubated for 9 weeks

in basal liquid media supplementing by thiamin at various

concentration before autoclaving. The result was shown in

Fig. 2 (I). The level of fruit body formation was still

maintained over 60 % at 14.5 tlg/L corresponding to 1/100

of original concentration of thiamin, but decreased

significantly below about 5 tlg/L (11300), and fruit body was

not formed at 1.45 tl giL (1/1000). Because about 20% of

thiamin added to PG media was decomposed under

autoclaving at 121 DC for 30 min, the concentration of thiamin

at the begining of incubation was decreased from 14.5 tlg/L

to 12.1 tl giL.

These results suggested that thiamin was an essential

element for fruit body formation of Lentinula edodes and
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Fig.l. Effect of thiamin on mycelial growth in peptone

glucose media. Thiamin was added to basal peptone-glucose

liquid media at 14.5 f.L giL before autoclaving. Len tin ula

edodes was statically incubated for 9 weeks. The freeze-dried

weight of mycelia included mycelial aggregates and

primordia formed after about 4 weeks, and fruit bodies

formed after about 7 weeks. Data represents the mean and
I

SD of three separate experiments. Ten replicate cultures

were tested for each experiment.
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Fig.2. Effect of thiamin concentration in the region of 1.45

mg-1.45 tL giL on: (I) fruit body formation, (II) mycelial

growth. The symbol A in the figure means 1.45 mg/L which

is the thiamin concentration contained in 2.5 gIL yeast

extract. (I) : Fruit body formation is expressed as a

percentage of cultures with fruiting until ninth week of

incubation. (II) : Mycelial growth is expressed as a percentage

of mycelial weight for that incubated in the media with

1.45 mg/L thiamin after 21 days of incubation. Data

represents the mean and SD of two separate expriments.

Ten replicate cultures were tested for each experiment.
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the minimum thiamin requirement was estimated to be

around 10 /.l giL.

The effects of thiamin on mycelial weight during the

vegetative growth stage until the third week of incubation

were investigated. The vegetative mycelial growth was litter

influenced by the addition of thiamin in the range of 0-1.5

mg/L, as shown in Fig. 2( II ).

Effects of subculture on mycelial growth

The mycelial growth rates were also investigated by

the usual technique of subculturing in peptone-glucose-agar

(PGA) media. Lentinula edodes which has been maintained

on potato-glucose-agar (PDA) media, was subcultured three

times in PGA media, the decrease of mycelial growth was

however insignificant in each succeeding transfer, as shown

in Fig. 3 (I) . While PGA media supplemented by thiamin

were used' for the second or third transfer, the mycelial

growth rate was not influenced as compared with that in

the media free from thiamin.

Lentinula edodes was also subcultured three times in a

eGA media containing a casamino acid which was specially

purified for vitamin assay, insted of peptone in PGA media.

The inhibition of mycelial growth was also little in each

subculture, as shown in Fig. 3 (II) .

When investigated in the chemical-defined media (GGA
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Fig.3. Effect of subcultures on mycelial growth in:( I )

Peptone-glucose-agar media, (II) casamino acid-glucose-agar

media, and (ill) glutamic acid-glucose-agar media. First

subculture : Mycelial disk of Lentinula edodes cut from

colonized PDA plats were incubated in each medium. Second

subculture After 11 days of incubation, mycelial disk was

cut from colonized plate and transferred to fresh media.

Third subculture: The transfer was repeated again with the

same manner. Mycelial growth is expressed as a colony

diameter of mycelia after 11 days of incubation. Data

represents the mean and SD of ten replicate culture.
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media) containing glutamic acid instead of peptone in PGA

media, the mycelial growth was significantly inhibited in the

second subculture, as shown in Fig. 3 (ill) . However, the

further inhibition of mycelial growth did not suffered by a

successive transfer. Because the mycelial growth was not

recovered even when GGA media supplemented with thiamin

were used for the second transfer, the deficiency of thiamin

was not responsible for the inhibition of mycelial growth by

subculturing.

Uptake of thiamin

Lentinula edodes was incubated in a 100 ITll of PG basal

media containing 1.45 ,ug/L of thiamin, and the contents of

thiamin were determined both in mycelia and culture filtrate

every week after inoculation. As shown in Fig. 4, about 60 %

of thiamin in the media have already been taken into

mycelia on1y after 2 weeks incubation. Almost all thiamin

existed in the media was found in the mycelia at the third

week, the content of thiamin in the mycelia stayed fairly

constant after 3 weeks. We could not detected thiamin in the

culture filtrate after 4 weeks under the condition of this

experiment. These results suggested that almost all thiamin

contained in the media was taken and accumulated in the

mycelia during only 3 weeks on the early stage of totally 9

weeks incubation.
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FigA. Uptake of thiamin into the mycelia from the media. I

: Total thiamin content, II : thiamin content in the mycelia, ill :

thiamin content in the culture filtrate. The thiamin content

in 100-mL of media was 12.1 /.L g at the begining of

incubation, which is shown as a 100 %. Data represents the

mean and SD of two separate experiments.
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The contents of thiamin, thiamin monophosphate (TMP),

diphosphate (TDP) and triphosphate (TTP) in mycelia were

determined separately during incubation. The result was shown

in Fig. 5. Over 60% of thiamin taken in mycelia was existed as

free-form and the content of phosphate esters was significantly

low in the first 10 days of incubation. The ratio of free thiamin

was gradually decreased during the course of incubation, and TDP

content was contrarily increased.The level of TDP reached to the

maximum at the fourth week from which the primordia formation

started to occure, and then decreased. The content of TTP

increased to the same level as compared with that of TDP at the

seventh week of incubation. None of TMP could be detected in the

mycelia.

Discussion

Raper and Krongelbha investigated the effect of thiamin

on mycelial growth and fruit body formation of

Schizophyllum commune in glucose-asparagine media (Raper

and Krongelb 1958). They showed that thiamin was a

necessary factor for fruiting in Schizophyllum and the thiamin

requirement was variable for different strains in the region

of 7.5-30 ,u giL. It was also reported by Oyama and others

that Schizophyllum commune reqUired 30-100 ,ug/L thiamin

for fruiting in glucose-asparagine media (Oyama et al. 1976).
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Fig.5. The contents of thiamin, thiamin
monophosphate (TMP) , diphosphate (TDP)
and triphosphate(TTP) in mycelia of
Len tin ula deodes.
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The thiamin requirements for fruiting of Favolus arcularius in

maltose-casamino acid-agar media, and that of Coprin us

lagops in alanine-glucose-agar media were found to be 3 and

10 u giL, respectively (Kitamoto and Kasai 1968a, 1968b;

Kitamoto et al. 1980).

Flammulina velutipes, which is one of economical

important edible mushroom in Japan, required over 10 ug/L

of thiamin for fruiting in asparagine-glucose-agar media

(Yamada and Aoyama 1986). We previously reported that

Lentinula edodes formed fruit body in the basal peptone

glucose liquid media by adding 12.3 ug/L thiamin instead of

fraction II of yeast extract. In this experiment, Len tin ula

edodes gave 60 % of the fruiting by adding thiamin at 14.5 u

giL (The concentration after autoclaving was 12.1 Ug/L).

Therefore, it seemed that thiamin requirement of Len tin ula

edodes for the fruiting was almost the same level as those

of fungi described above.

Though the mycelial growth of Schizophyllum

commune was also promoted by thiamin, the requirement of

thiamin for mycelial growth was lower than that for the

fruiting (Raper and Krongelb 1958). Whereas, Oyama and

others reported that thiamin had little effect on the

vegetative growth of Schizophyllum commune (Oyama et al.

1976). Ishikawa investigated the effect of thiamin on the

mycelial growth of Lentinula edodes by using ammonium
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tartarate-glucose liquid media. He reported that the dry

weight of mycelia was increased about three times by adding

thiamin at 100 Ilg/L (Ishikawa 1967). In this experiment,

there was not a significant difference in mycelial weight of

Lentinula edodes between the liquid media with and without

thiamin. While we tried Ishikawa's media instead of PG

media, the mycelial growth of Mori 465 strain was not

affected by the addition of thiamin. The thiamin requirement

of Lentinula edodes was seemed to be variable for different

strains.

It was assumed that the relative abundant vegetative

growth in the media without thiamin was due to thiamin

contained in the agar itself for Coprinus lagopus, and in

inoculum for Flammulina velutipes, respectively (Kitamoto and

Kasai 1968a; Madelin 1956). If the inoculum contained

thiamin, thiamin took into the culture would be decreased

and extinguished at last by successive transferred to fresh

media free from thiamin. Therefore, the mycelia of Len tin ula

edodes was successively transferred to fresh peptone-glucose

agar media three times. The repression of mycelial growth

was however insignificant. Peptone is made from natural

substance so that it may possibly contains thiamin as

impurity. However, even in the case of using vitamin-free

casamino acid or glutamic acid instead of peptone, the

deficiency of thiamin for the mycelial growth did not occur
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by transferring.

Because the uptake of thiamin into the mycelia from

the media was very slow and lor it started in the latter half

of incubation, thiamin should not effectively work for

promoting the mycelial growth of Lentinula edodes until 3

weeks after incubation. From the determination of thiamin

contents both in mycelia and culture filtrate, it was found

that almost all thiamin contained in the media was taken and

accumulated in the mycelia during the vegetative mycelial

growth. These results showed that the amounts of thiamin

which Lentinula edodes required for the vegetative mycelial

growth, should be trace if thiamin was essential for it.

Because Len tin ula edodes required around 10 Jj, giL thiamin

for the fruiting, almost all thiamin added to basal media must

be used for fruit body formation.

It has been well known that thiamin is one of water soluble

vitamins a'nd it's diphosphate is an essential factor for

carbohydrate metabolism of organism. Thiamin is the coenzyme of

the enzyme pyruvate carboxylase and it takes part in the oxidation

of pyruvic acid (Bonner, ]., and Bonner, H. 1948). From this

experiment, it was found that free thiamin accumulated in mycelia

was gradually decreased during the course of incubation and the

ratio of TDP was contrarily increased. It should be very interesting

phenomenon for investigating the roll of thiamin on fruit body

formation of Len tin ula edodes that TDP content reached the
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maximum level at that time when the primordia formation startet.
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