L35 8

GOVP1200101554

& WAL W= gF Aur]E A

The screening of some beneficial mushrooms and

development of their large cultivation techniques
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Summary

Nowadays we arc under the WTO system for the trade in export and
import of agricultural products, many countries are often facing some
difficult in managing such an agricultural products for their uses or
handling the prices in their internal market, especially the country which
arc far behind in technique and poor in natural resources.

Since we have imported a lot of agricultural products from foreign
countries for purposes of food and medicinal use, our country are also
faced with a position to solve some troubles of trade.

We are trying to solve such a serious and difficult problems for the
farmer or consumer in our nation by developing a new technique and
finding new methods for production such an agricultural materials by
ourselves to cope with the importation such an agricultural products.

To substitute an increcase import of herbal medicines and induce mass
production capable of corresponding to the demand of many users, we
have carried out some researches based on the Grifola umbellata and
Poliota adiposa, as cdible fungi. Especially we researched on the
production of sclerotium of Grifola umbellata in artificial ways using tree
trunk or wood log and also try to produce fruiting body of P. adiposa

with various waste agricultural by-products such as peel of galic, saw

_13_



dust and peel of chestnut

Our research will promote and enhance income of farmers by appling
new technique and methods in production such a fungal sclerotium and
fruiting body by artificial ways. This new finding will contribute
economic growth in part and also make a nation in competitiveness in

world market.

We investigated a cultural characteristics, morphological features through
microscope, physiological properties, genectical specialty and artificial
methods of production of sclerotium and fruit body of G umbellata and
P. adiposa. The goal of this experiments will make profitable to farmer,
obtain a useful resources of biological specimens, and finally pursue to

gain a patent of fungal specimens. The results obtained are as follows;

1. Fungal i1solates used in this study

We selected seven strains such as G. umbellata GUA, G. umbellata GUB,
G. umbellata GUC, G umbellata GUE, G umbellata GUF, (. umbellata
GUS, and G. umbellata GUT. Among them, (. umbellata GUA, G
umbellata GUB, G. umbellata GUC, G. umbellata GUF, G. umbellata GUS
and G. umbellata GUT were used in this study. Also, we selected
twenty strains such as P. adiposa P1, P. adiposa P2, P. adiposa P3, P.

adiposa P4, P. adiposa P5, P. adiposa P6, P. adiposa P7, P. adiposa P8,

...14...



P. adiposa 19, P. adiposa P10, P. adiposa P11, P. adiposa P12, P.
adiposa P13, P. adiposa P14, P. adiposa P15, P. adiposa P16, P. adiposa
P17, P. adiposa P18, P. adiposa P19, and P. adiposa P20. Among them,
. adiposa 1’1, P. adiposa P4 and P. adiposa P6 were used in this study.
All of tested fungal isolates were kept as good gene resources of fungal

species.

2. Cultural characteristics

The optimum temperature and pH for mycelial culture of G. umbellata
were 18°C and 4.0~45, respectively. In the selection of optimal nutrients
to mycclial growth, inorganic nitrogen source screened sodium nitrate
and organic nitrogen source was soytone. Sodium phosphate was good in
growth [actor of tested fungi. But tested amino acid and vitamins were
poor nutrient factor for mycclial growth. Based on these results, we made
a synthetic new optimal medium for mycelial growth G. umbellata, named
KKL medium. The composition of KKL medium was as follows; 20g
Fructose, 10g Maltose, 3g Soytone, 3g Peptone, lg NaH:POs 1g NaNOs,
0.5g MgSOa.

This new complex medium was superior effect on the mycelial growth of

G. umbellata than other known complex medium as 1.5 times.

3. Culture and Breeding of useful mushrooms

- 15 -



As a result of mycelial growth of G. umbellata among sawdusts, oriental
oak tree(Quercus variablilis) and maple tree(Acer palmatum) were most
effective on the growth of G umbellata.

New breeding line of Poliota adiposa by mating technigque was superior
to produce basidiocarp, especially the dikaryon of P. adiposa was superior
effect on the basidiocarp production than mon(;karyon. The excellent two

strains were selected as PA1-32 and PA1-3.

4. Genetic characteristics of useful mushrooms

Investigation of the genetic relationship among the tested organisms of G
umbellata, GUA, GUB, GUC, GUF, GUS and sclerotium of G. umbellata
showed similar characteristics in band pattern by PCR-RAPD. Also, at
the result of ITS sequencing, the length of I'TS1-5.8S-1ITS2 region of G.
umbellata was 586~610 bases. G. umbellata GUT strain showed a far
distance of genetic relationship with other strains of (. umbellata in the
phylogenetic tree. Especially, GUE strain had no relationship with G.
umbellata in specificity. The most closed strain in the genetic relationship
with sclerotium of G. umbellata obtained in field was GUC strain. It's
genetic - similarity matrix was 97.5%. As a result of this study, we
insured two isolates similar to sclerotium of G. umbellata genetically.

The basic informations for mating types of basidiospore were investigated

from the basidocarps and mycelia collected from the different sites. Two
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kinds of mating system, bipolar and tetrapolar system, were observed
from the basidiospores originated from the different areas. The bipolar
system  observed from  basidiospores  collected from Mt. Wol-Ak was
different [rom tetrapolar system from Mt Sok Ri in Korea. The matings
made in this work were confirmed by both microscopic observations of
clamp connection and formations of basidocarp in sawdust media. The
different polymorphism of PCR-RAPD by using seven primers was not
obtained between different mating types or among the dikaryotic mycelia,
but few common bands sized 1.5 to 2.5 kbps were found in the mycelia

of Pholiota speces

5. Morphological characteristics

G. umbellata was known to have the symbiotic relationship with
Armillaria mellea. We confirmed that the mycelial growth of sclerotium
like structurc(pscudo-sclerotium) was accelerated it's growth in the
contact with rhizomorph of A. mellea. Morphological feature in cell to cell
contact between (- umbellata and A. mellea was observed by scanning
clectron microscope. We proved the crystals presence in the inner region

of the sclerotium of G, umbellata invaded by rhizomorph of A. melilea.

6. Physiological characteristics

TFFor the investigation of the characteristics of a symbiotic relationship
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between (. umbellata and A. mellea, we tested the enzyme activity of .
umbellata and A. mellea, such as CMCase, B -glucanase, chitinase,
Xylanase and « —amylase.

In case of extra cellular enzymes, CMCase, B -glucanase and chitinasc of
G. umbellata were 4 times higher than those of A. mellea. Also, in case
of intra cellular enzymes, all of CMCase, £ ~glucanase, -chitinase,
Xylanase and o —amylase of G. umbellata were 4 times higher than those

of A. mellea.

7. Bio—activity of extracts of sclerotium of G. umbellata

Extracts were sampled from sclerotium of G. umbellata by EtOH and hot
water. The extracted substasnce was separated into four {ractions by
four solvents such as Hexane, Ethylacetate, Dichloromethane and n-Butyl
alcohol and then we purified five compounds. Five compounds were
identified such as adenosine, uridine, uracil, ergosta—4,68(14)22~tctra-3-one
and ergosta—5,7,22-triene-3 3 —ol, respectively.

We tested the bio—activity of EtOH-extracts of the sclerotium of G
umbellata against the hysterocarcinoma(Hela S3) and the mamma
cancer(MCF-7). Extract was obtained from hot water-extracts in against
the stomach cancer(KATO III), the mononuclear-leukemia(K-562), the
derencephalus cancer(HTB-120) and the hepatocarcinima cell(Hep-G2) and

the hysterocarcinoma(Hel.a S3), respectively.
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The bio—activity of EtOH-extract showed high activity that ICs value
was under 10pg, and also, of hot-water extracts showed 50% inhibition
rate of against cach cancer cell in the concentration of 250ug, 250ug, 62.5
rg, 125ug and 500ug, respectively.

Especially, In  case of the stomach cancer(KATO ) and the
hepatocarcinima — cell(Hep~G2), the inhibition rates of the EtOH-extract
and hot-water cxtracts were 80% and 75%, respectively. Also, each
extract showed immuno-activity in the range of 15.8~625ug as the
aspect of an incrcase of the number of immune cells.

Also, we confirmed that cach extract of inhibition rate of ascitic tumor

and solid tumor was about 22% and 36%, respectively.

8. Artificial production of sclerotium of G. umbellata

In observation of sclerotial induction and production, G. umbellata GUS
was incubated at 20°C for 2 months on sawdust media (sawdust @ rice
bran : wheat bran @ wheat = 6 : 2 : 2 : 1) and its mycelial mass was
fully grown. And then, the mycelial mass of G. umbellata was inoculated
into the wood log well developed rhizomorph of A. mellea sized 30X
100em(diameter X length). And then, we buried the wood log tested with
two fungal species under ground beneath 20cm from above ground level.

After onc year, we investigated whether the development of mycélial

mass and existence of sclerotial formation or not observed them.
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Another ways of inoculation, Well developed rhizomorph of A. mellea on
the branch of maple and oak tree of size of 2X10cm(diameter X length)
used as for inoculom. We piled and buried together the branch well
developed rhizomorph of A. mellea and natural sclerotium of G. umbellata
sectioned the size of 2~5X2~5cm in depth of 25cm of the rhizosphere of
maple and oak tree, and then, treated wood logs and inoculum under
20cm depth soil with covered fallen leaves of 5cm depth.

After 1 year, the sclerotium of G. umbellata was newly formed not only
the branch of maple and oak tree but also on the root of maple and oak
tree. But the sclerotium of G. umbellata was not developed in the burying
site of under the rhizosphere of Pinus densiflora. Also, in the control site
treated the sclerotia like structure fully grown on the saw dust media as
inocular source, the development of sclerotium of G umbellata was not
observed.

On the basis of this study, the sclerotia like structure fully grown on the
saw dust media as inocular source was not suitable for artificial

production of sclerotium of . umbellata.

9. Cultivation of useful mushrooms using agricultural
by-product

The cheaper and high quality media are necessary to produce the useful

mushroom. we used the peel of chestnut for cultivation of Pleurotus

_20_



ostreatus and  Hericeum erinacium. The inner nutshell of chestnut
showed superior elfects on the mycelial growth and basidiocarp formation

of I’. ostreatus and H. erinacium than outer nutshell of that.

In this study, we improved the method of artifiéial cultivation of
sclerotium of (. umbellata, and possibly shortened the period of artificial
cultivation from 3 ycars into 1 year.

We want to report the new finding of techniques and methods for
artificial production of sclerotium of G. umbellata and production of

fruiting body of . adiposa.
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Fig. 2-2. Mycelial growth of Grifola umbellata on PDYM at different pH
for 30days at 23°C.
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Carbon sources
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0 10 20 a0 40
Mycelial growth(Dia.mm)

Fig. 2-3. Utilization of carbohydrates as carbon sources for the mycelial growth of
G. umbellata. Cultivation was carried out at 18°C for 30days in the Czapek
-dox agar. The final concentration of carbohydrate was 1%(w/v)
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Mycelial growth(Dia.mm)

Fig. 2-4. Utilization of inorganic nitrogen sources for the mycelial growth of

G. umbellata. Cultivation was carried out at 18°C for 30days in the
Czapek -dox agar. The final concentration of carbohydrate was 1%(w/v)
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Fig. 2-5. Utilization of carbohydrates as organic nitrogens for the mycelial growth of
(. umbellata. Cultivation was carried out at 18°C for 30days in the Czapek
-dox agar. The final concentration of carbohydrate was 1%(w/v)
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Fig. 2-6. Utilization of phosphorus sources for the mycelial growth of G. umbellata.
Cultivation was carried out at 18°C for 30days in the Czapek -dox agar.
The final concentration of carbohydrate was 1%(w/v)
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Table 2-1. Composition of complex media used in this study.

Nutritional Media(g/ ¢ of D.wW)

reagent | Hamada | Czapeck | YM H&“f;r Lilly | Lutz |Hoppkins| PDA | GP | GT

Dextrose 20 10 20

Ebiose 5

Yeast extract 3 3 10 3

Hyponex 3

Sucrose 30

Peptone 5 10

Malt extract 3 10 15

Glucose 50 10 10 5

Maltose 10

Asparagine 2

Potatoes 200

Tryptone 10

NaNO; 3 2

K:HPO,4 1 1

MgSOq4 0.5 0.5 05 | 0.1 0.5
KCl 0.5

FeSO, 0.01

CaCl, 0.1

KH,PO4 1 1 0.1

KNO3 2 2

NH(NO; 1

(NH,),HPO4 1

MnSOq 0.025

NaCl

Glycerol

Dextrin
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Table . Continued

Nutritional

reagent

PDM

Media(g/ £ of D.W)

CDY

G5 CVM | KKL

ACM

MEM

MEA

Dextrose

20

Ebiose

Yeast extract

Hyponex

Sucrose

Peplone

0.8

Malt extract

20

Glucose

20

30

10 20

20

10

Maltose

Asparagine

13

Potatoes

Tryptone

200

MgS04

0.5

0.5

KCl

0.5

FCSO4

0.01

0.01

0.01

0.1

KNO;

NH:NO3

(NH4);HPO,

MHSO4

NaCl

0.5

Glycerol

| Dextrin
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Table 2-2. The composition of new synthetic medium(KKL) for stimulating mycelial
growth of Grifola umbellata

Chemicals Amounts
N Fructose 7 20g .

Maltose 10g
Soytone 3g
Peptone 3g
Sodium nitrate 1g
Magnesium sulphate 0.5g
Sodium phosphate{monobasic) lg
Distilled Water 1¢

flenden
MMN
DM
GPM
Hamada
YM
MCM
PDYM
PD
GUM1
GuUM2

The shorts of media

MEA

PDM

0.14

mycelial growth(g)

Fig. 2-7. Mycelial growth of Grifola umbellata on different culture media
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Table 3-1. Sources' of the fungal mycelia or the fruiting bodies collected for

this works.

Marks Expression Descriptions of the fungal mycelia or basidiocarps collected

“Pi

P2

P3

P4

PS
P6

P7
P8
P9
P10
P11

P12

P13
P14
P15
P16

P17

P18

P19

P20

PA-1

PA-2

PA-3

PA-4
PT
TM-3
T™M-7
LE
AB

PO
FV

PB

HE
RB

SC

Mycelia isolated from the basidiocarps of Phaliota adiposa collected from
Bo-Eun Gun, Chung-Puk on Sep. 199%6°

Basidiocarps harvested from P adiposa (PA-1) cultivated on Qak sawdust
on July, 1997°

Basidiocarps isolated from P, adjposa (PA-1) cultivated on Poplar sawdust
on Sep, 1997° ‘

Mycelia isolated from the basidiocarps of P adjposa collected from
Bo-Fun Gun,, Chung-Puk on Sep. 19%6°

Basidiocarps isolated from £ adjposa(PA-2) cultivated on DA petri dish on
Feb., 1008° '

The Myoelium isolated from basidiocarps of P, adjposa collected from
Bo-Eun Gun, Chung-Puk on Sep. 1996°

Basidiocarps harvested from P adiposa(PA-3) cultivation on Oak sawdust
on Sep.,1997°

Basidiocarps harvested from £ adiposa(PA-3) cultivation on Poplar sawdust
on Sep.,1997° ‘

Basidiocarps of P. adiposa collected from Bub-Ju Temple, Chung-Puk

on Sep..1997°

Basidiocarps of P. terrestiis collected from Bub-Ju Temple, Chung-Puk
on Sep., 1997°

Basidiocarps of Tricoloma masuitake collected from Yang-Yang,

Gang Won Do on Nov.,1997°

Basidiocarps of 7. masutake obtained from Yang-Yang, Gang Won Do
on Nov.,1997°

Basidiocarps of Lentinus edodes purchaged in Dae-Jeon on Apr.,1998°
Basidiocarps of Agaricus bisporus purchaged in Dae-Jeon on Apr.,1998°
Basidiocarps of Plewrolus ostreatus purchaged from Dae-Jeon on Apr.,1998°

Basidiocarps of Alammudina velutipes purchaged from Dae-Jeon on Apr.,1998°
Basidiocarps isolated from Folyporus brumalis cultivated on Oak sawdust

on Sep.,1996°

Basidiocams of Hericium erinaceum collected from Yang-Yang,

Gang Won Do on Nov., 1997°

Mycelium isolated from basidiocarps of Ramaria bolrytis obtained from
Yang-Yang,ang Won Do on Nov.,1997°

Basidiocarps isclated from Schizophylium commune cultivated on

Cak sawdust on Sep., 1997 (collected from Mt Cho-Ryeong,hung-Puk

on Sep..1996°

*The mycelia isolated from the basidiocarps stored in the laboratory of mushrooms in RDC

of Chung~Puk.; ®The mycelia isolated from the basidiocarps obtained directly and stored in

our laboratory.; “See the previous works of Lee & Sung (1997) in dotail.
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Table 3-2. Development of the fruiting bodies of P. adiposa on sawdust

bottles under the artificial cultivations®.

e T e o Muoelal arowth
Isolates Days of mycelial ~ Days of old yoelial growt

inoculation  mycelia removed (% /bovttle)b The day harvested
PA1 97.4.}4. 97.7.10 0% | 97.7.30 (Oak sawdust)
PA] . 974414, 97.7.10 95% 979.02 (Poplar sawdust)
PA3 974.14, 97.7.10 0% 97.8.18 (Oak sawdust)
PA3 974.14, 97.7.10 9%  97.10.06 (Poplar sawdust

"he sawdust of oak (scientific name) or poplar (scientific name) mixed with the rice
bran at the rate of 80:20 (v/v) and sterilized at 125 C for 20 min. The basidiocarps
were developed until the day harvested after the cold treatment on the day of the
old mycelia removed

*T'he growth ratc of mycclia on the sawdust bottles on the day of removal of mycelia
when the white mycelia grown were measured under naked eyes.

gylel o] vpehuih W 1 BEEA S vEde
&7 B 9= glon, PAL-21% PA1-25 ke barraged S #&EE 5 gl
A (Table 3-3). =3 PA1-03,25,382] HFolAl+ a line of demarcation
QL A Aol thrbyiuh, wbRlel PA1-01% PAL-25% @4 = ¢
2= 9lAu). o9} xke- Wl o8 P adopisa 1(PA1)S 4714 wwd-&
FAsdizul, A HE AB: ¥, 28 AiBr & AéBl Fa dgete
tetrapolarity 1+ YAk o] A& Tkuo & Kimito(1969)7} bipolarity 8} 1

Warsk Al zol v 9k
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Table 3-3. Matings of the basidiospores isolated from the spore print of
P. adiposa (PA-1) cultivated on the sawdust bottles under the

artificial cultivations®.

Matings between the two isolates of the marked (PA1
The isolates of basidiospores)

Basidospore® A1B; AiB2 ABi AsBo

0109 2¢€ 2€ 3z 37 3903 07 1£ 19 20 30 313813 27{02 05 21 23 25 29

PAI- 01~ - - - - - - e
09 ------- e
26/~ - - - - - - e el

+ + o+ o+
¥
+
28-- ----- - - - = == = == —]+
+
+
+

+

A1B1 P - - - - - - = e e e e e = —

37|- - - ---=--------|-d-d
- - - --—cf---=-----|--

+ + + + o+ o+ o+

+
+
+
+
+
+
+

+ 4+ + + +
+ + + 4+ + o+
+ + + + o+ o+

3------- - - - -
o7- - - - --- - - - - - -
15 - - - - - - - - - - - -

+
+
+
19---=-=--- R e
+
+
+
+

__d___.__.

A1BQ 20___ _____ e -

0------- - - - -
3- - - -= |- ---d-- - -
e - - - -

+ o+ o+ o+ o+ o+
[
|
!
[
[
1

|

|

1
o

|
o

l

I

1
o

|

13- - - — —— |+ +
+

AeBy i i T

02
05
21
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1
I
!
!
|
|
|
I
|
o
1
[
I
|
|
1
1

A2B2

________.._._d_____c___
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l
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i

j

|

|

|

[
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[

*The sawdust of oak (scientific name) or poplar (scientific name) mixed with the rice
bran at the rate of 80:20 (v/v) and sterilized at 125 C for 20 min.

®The basidiospore isolated from the PD agars containing penicillin-G (10 IU/ml) after
serial dilutions and plate counting mecthods and stored at 4 C. The mating type
(AiB1) was determined without any reference, here.

“The status of matings between two basidiospores: The sign of plus(+) iindicated the
formation of clamp formation (compatibility); minus (=) no clamp (incompatibility);
The leter 'd’ a line of demarcation (incompatibility) showing the brown line on a

plate when two isolates inoculated and grown on the PD agar.
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Fig. 3 1. The various morphologies of the unmatured basidiocarps developed from the
dikaryon myccha mated from various basidiospores. The various types of
basidiocarps  were  speculated from the varieties of genetics of basidiospores.
Unmatured basidiocarps of P2 was omitted because of similar E Figure; A)
indicated the basidiocarps mated between P2-32 and 05, B) P2-37and 29, C)

P2 07 and 27, 1)) ’2-01 and 23, ) P2-28 and 21, F) P2-31 and 27
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3 2. The various morphologies of the basidiocarps developed from the dikaryon

mycclin mated {rom various basidiospores. The various types ofbasidiocarps were
speculated  from  the  varictics of genetics of basilospores: A) indicated the
hasidiocarps mated hetween P2-32 and 05, B) pP2-07and 27,C) P2-05 and 09, D)

P2 28 and 21, 1) the parental dikaryon isolate of P2, F) the mark lost.
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Al 4% FANATEY] FAH 57

AlA AR

A= WA AF E7el FEHA 54 22 47, A7), AAAEY,
A A AR A Al dig A 2EE FaR A (Park et al,
1997). e3¢l A A3} pairing tests(Fisher, 1994)7} 2] &8 Al9] ZA o A}
$¥71% ¥ Fukuda & Tokimoto,1991). o183 Wi 7332 2pold] 9
3l dojuby= EEHAT BEAER o dFE ddECA o¥Hd(Pak et al,
1997). olisk Uxe S8ty Hete] t¥d Wi Ee] MEd A=l (Park
et al, 1997), @A M9 FH ¥ Y (Kawamura & Goto, 1930
Itavaara, 1988)o]i} &8 &A4AE9 AR, 53] &9 a2 (sozyme)EA]
(Zervakis et al, 1992: Damaj et al, 1993: Fukuda & Tokimoto, 1991))3}
we AserA 7y Ee]l FE ol&HIUY IHy alEde) HAY|GEA &
e g MESgs v @ol zF el tid Ed BE AT A B
slat(Lee et al, 1997), WA 27, WgA|7], 23 F9o 8o o A
g Ayt g2A4 Jebd 4= 90719 (Song et al, 1996), Polymerase Chain
Reaction(PCR) 713 o] Z&/l= WAl F-E[(Khush et al,1991) Bt ZE3F 0]

A

rir

DNA 4

b g

Of¢

i QFA Al AgS YEl AEAY FHARE

)

(Lee et al, 1997)3 22 £AAET A77F AdE] 2014 HATRHSA

U} (Vosberg,1989: Erlich et al., 1991). Saiki(1988)7} PCR 71¥ & o] &3}

o
olN
I
i

W

C,
o

I
ol
o
e
4
N
a?
=
i

B -globin® genomic sequencesE

- 75 ~



F oA AR A4, Hugdae we 4, DNAY FEE B
mRNAS] B B NEE AW A s Rolol Al Fys ol g¥n gl

(Park et al., 1997). #olE PCR Ht-3o2 Z¥%¥ DNA Ao] Aold 9

N

& A TEA AZ&3l= vy os  RAPD(Randomly  Amplified

rL! O

Polymorphic DNAs) ®e] s o], 3 A &(DNA fingerprinting)
U, .RELP(Chiu . et al, 1993)8 ¥ e A3 Ax7p dsta(olst 4,
1995) A %2l DNARHS A&tz AJ7hs Z Aol RFLPRTE # ot
(Lee et al, 1997) WAE Ao ol AHEHI Y, 53] Willams T
(1990)¢] AP-PCRell ¢ls] F%d DNA GAHES A A AAHDNA
markers)Z A48 4 givka BasSl L, Khushs(1991)°] A. bisporus®]

S&2ATFo A RAPD markers7t 3849 #8ld5E¥ fingerfrinting
strains Abelel A9l awlel Mgk isolation® monitor-53] inbrecd?t near
isogenic linestt-& & § ¥ Foom £F Ay a3E SANE ¥

i 34t Lee et al.,(1997)% 3dhsre]l thE A Fa EFol U

.
=

Lt

RAPDE AA&le] EZ71e] F¥#-0] 7153k pattend HoFgch wal g S
AAsE=Y o] wol AHEY 2 nAFHQA WHET AJZke] Wol A

obew PCREAS] 9% wid 442 08 AgTREA= $8F 4 o

Ao obx uelA MARYE wasl glen Fuea Ahe Ht
o Al =qdslar 9lom, Il ni F<l
BREE AR TN B WA, FHAN A5 slozre

2EE FEEOIG AAdew AR d# ATE TN AR FaA
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8k Aol €)%k A3e] o] weEEe] goh olE @ EA e
voFola] YRS RNA R3xe] d7ixdel & AFsEF7T 7H
el Ribdyow gFse gk #HE XS IHAYE 9 ribosomal
DNA2] #AFE21= 18S, 58S, 285¢] o2 Ho 9o 1 18S, 58S,

985 tDNAY: 2FdliE 2719 internal transcribe spacer(ITS)E & A2

r

o] glu}. Z7)eli 58S 9o ik sequences?] WlEIF BF TAR F

2 oolguoln fAT o ¥elv @715t 120 AFE Lolvh AP F

scquencesth WURlEE o]E gErke] g 9% TRAME AHEE 5
g1t: ol qlgluh 185 T 285 (DNAY EAMo® Aol Y Fn
S AR Qov, AvuEe] e HE, 7 AR P
Wie] wEsii ARl A swon HFH
2851 7171 1600 bpel 3300~4300 bp2 71 A A7INEE AAeE Ao
W AR e

SLFolA ITS A9e H8% ASRFY Fooz HFEI Ae B
olul, & W el AgEAel 3 probed] N V& e
AAEEAL QLU TS ZhE 9] 5858 ¥gsho] 500bp HE= 1 %‘ﬂH%i

& AAQE Y 7F EkaL, AR AkE W W] diEel vae dFs U

Fost Bc @A oh Al Ase, wE wEgel F2 588 FAF
EgEa Qloril 18 g)ele] z4zke] wisz} sbssich oled FRe

R & g



AR pEgen Y S99 53

%e
4B
)
o
o
P

r_‘:a:l‘
X
e
-1
=2
Jo
ofo

O

Fo] Hojg.
E Ao AE RAPDE F3 A% #FE 19 £44 2d4L A

, @A IR A

o
i

FN HER B

ki
.

F
99 sequencing EE A rDNAS) 47149 2AseT

A2dAs 2 By

1. A% #5¥ PCR-RAPD

i

T A FAHA

7b. AR w7l gty 54 x4}
el zt 435 PDA HBAW Ao 8mm cork borer® disk® THE
& AFsto 26T AF70A 25U wigstAaA Fete] EAy QA

=% 248, 7 #54 A4 548 2AEY

Y. PCR-RAPD

Ao 7z} #£E PDA plated] cellophane filmS 23 437F 25C

oy

A

Hj ke thS wALA st 8% *M}zﬂ?’ SDS-lysis buffer, 2X

cTAB, Chloroform: Isoamylalcohol=24:1 &9 A&z Agd g,

Isopropanol & genomic DNAE A Al 2419 DNAE 70% EtOH

2 gFolF g, TE bufferel %< gn S spectrophotometer® 5

S0ngo. 2 &4 b5 PCR W&ol AR&atSich £ A 3ol AM8-3 primer

- 78 -



= operonile] OPA-01, OPA-11, OPA-19, OPD-18, OPO-2, ¥ 31
BioneerA} €] primer No.23, No.28< z+z} AL-8-319tH(Table 4-2).
PCR mixtures template DNA 240(10ng/#8), 0.5mM<$] Primer, 20mM <]
dNTP mixture, 10Xreaction buffer, 1 unit® 7Tag polymerased total
volume 2042 &} A A3}
PCR ¥F8& 94ColA 583 predenaturation$t Th, 94ColA 1&E3H
denaturation, 37 ColA 2% 7} annealing, 72ColA 3%7F extension 33
€ 4d0cycles® FAT thF 72ToNAM 583 AF vhF 33k PCR
products¥> 15% agarose, 120VolAl 714953 | t}e  ethidium
bromide(10mg/me)ell G M3t3L UV transilluminatorol A <13} 4o},
Zb @58 primerd] 9)¥ FF pattern®] ¥luE Y 2719 band?)
EA R v 2 279 bandE FYE Ao HFIATH o
F7Fel FA} S (similarity coefficient)® a3 22 F4o2 AAlersid
F = 2Nxy/(Nx+Ny)
I': Similarity coefficient.
Nxy: The number of PCR products shared be isolates X and Y.
Nx+Ny: Yotal number of PCR producs in isolates X and Y,
respectively.
Dendrogram<- $1¢ FAI:E #S TAHZE UPGMA(Unweighted Paired
Group Methods with Arthmetic Average)¥< o]-&3t At #
AFE ¢} dendrograme] ZA L SPSS-WIN(Ver. 90) 2138 5]%2‘5}931

o},
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Table 4-1. List of the mycelia iselated from the mycelia of Grifola

umbellata and its related other race.

Marks The genomic DNA sources collected from
1 GUA The mycelium isolate from NIAST, o l\TyZelj
2 GUB The mycelium isolate from KFRIL. Mycelia
3 GUC The mycelium isolate from NIAST. Mycelia
4 GUE The mycelium isolate from NIAST. Mycelia

. The mycelium isolate from Instituter of Medicinal
5 GUF Plamt in Chinese Academy of Medical Science Mycelia

Center.

6 Sclerotia .
collected from China.

Directly obtained from Sclerotia of G. umbellata ]
h ‘ ' -~ Sclerotia

o The mycelia isolated from American Type of ,

7 GUT i ' Mycelia
Culture Collection ATCC64721

8 GUS The mycelium isolate from Dongguk University Mycelia

9. GF
KFRI

The mycelium of 'Grifola frondosa isolated from

The mycelium of Grifola umbellata( 1 to 8 lines) and of G. frondosa(line '9)

NIAST; National Institute of Agricultural Science and Technology
"KFRI;, Korea Forest Research Institute

Mycelia

Table 4-2. The list of primers and their base séquences used for RAPD.

Primer NO. Base sequences (b to 3) ‘ Remark
#28 5'-CCCGCCCTTG- 3’ Bioneer Co.
OPA-01 5'-CAGGCCCTTC-3' Operon Co.
OPO-02 S 5 -ACGTAGCGTC-3' Operon Co.
OPA-11 5 -CAATCGCCGT-3’ Operon Co.
OPA-19 5-CAAACGTCGG-3'  Operon Co.
'OPD-18 E 5 -GAGAGCCAAC-3" ~ + * Operon Co.

- - 80 -



9’

PCR-RAPD: 5@ 7en=uae 444 FA#A

7}. DNAS%

Zolan & Pukkila(1986)¢] W& 4% W3 Aoz ddd fuo o

.._:

AR War AAALE R & ogol Bwg wE3 03g H=E
eppendorf tube(1.8mb)ell o] 60C 2l extraction buffer(2% CTAB), 1.4M
NaCl, 100mM Tris-HCI(pH 8.0), 50mM EDTA, 0.2% B -mercapto
—ethanol) 1.2mlell ol & &3 F 60C water batholl 4 80w &<+ 1

A Y] 94152 (12000rpm, 4°C, 15min)Al#A 19] G5 Rl 5 F

Phenol @ Chloroform : Isoamylalcohol = 25 1 24 © 1& Arrete] oAl

A1 (12000rpm, 18°C, 15min)akgieh BA o] BAHW el e A

3] RNase A(Sigma: 50pg/ml, 30°C, 50%)¢ Proteinase(Sigma: 100xg/ml,
A8, 604y AW 4: &5l CI(Chloroform : Isoamylalcohol = 24 @ 1)-&<j<]
33 A3kl thAl 1009% Isopropanold 9 (x0.6 volume)s %ol -20C,
IA 7 A X(H3 overnight)¥E-&A 713 o] & A 12 2]5lo] pallet®] H4&
gho1al I pellete] FrolA Wolxx] FEE FoaHA &A4E W
1.()1n19] washing solution(10mM Ammonium acetate 5‘”:‘: 70% Ethanol)
A& 28] WS b, ARl gtelA 508 %‘L AxAZ % TE
belfer(10mM Tris-HCI, pH 80; ImM EDTA) 1004E 2 4f’C ol A 1A
7k Mol weAlZY DNAQ H%0ut/mh)et %% & %33 =4 (Spectro
~photometer) it 260nme}b 280nmoll Al &8 5 (optimal density: oD =

Qg oL, Wiy ud DNAE PCR w89 FFDNA(template DNA)E
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o] 88l P& genomic DNAE -20C WEAol ®Hasted FQd wjw}

o AEE L.

Y. PCR ¥Hg
PCR ¥4 FF AEE BF E¢3t9 05ml9 eppendorf tubeol

Hol WE %3 (F)BioneerAt2] primer-Top AES AFL3) 91, AL
% primer¥ OPD-18<2 OperonAloll 4], #2837} #36C Bioneer(5)olA 1<
3l 4tH(Table 4-3). PCR¥$-& Williams® (Williams ef al, 1990)<
e o2 e WMy S 7bslAdot 5 premix-Topdl 10pM¢] primer 1L
9} 20ng2] template DNA 15uLe] 175419 ZHF48 o] A 237}
20plo] FEE 9E & F%9 mineral oil& H7bete] PCRAIZ Y. ule
Z1LE 94 C—-5i 7t predenaturating, 94C—1837r denaturating, 37°C—2
7t annealing, 72C—3% 7t elongation®] 3©AE 1 cycle® 3l9 & 40
38 JYsem HFHoR 72CAA 587 HAA the A/ G %
37] A7A ACAAM RS HHCook et al, 1996). %% PCR product

= 1x TAE buffer(40mM Tris-acetate, ImM EDTA, pH 8.0)& A}£3}¢]
1.0% agarose gelolAl 71 4%F& AA8A 1, 0548/ml ethidium bromide
2 stain® desfain% Z+2Zy 1687 3 & UV transilluminator Aol A

polaroid film 667& ©]&3te] ztzte] MM=E& #FAs YTt (Fig. 4-6).
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Table 4-3. Nucleotide sequences used in this work.

. Ann. Purchased
Primer No. Sequences .

e Tm(C) Company
primer-28 5'-CGCTCCCGAA-3’ 35 Bioneer Co.
primer—36 5'-GGGCCCGAGG-3’ 36 Bioneer Co.

OPD-18 5'-GAGAGCCAAC-3’ 32 Operon Co.

3.

59 e =AM (Pholiota adiposa) @9l §A32 §407A

VR T

199615 S8 RET WFA FHdA AP FASAG (o,
1988; 4, 1979; =, 1991). o]EL A AlAA FAIAE EEldd, clamp
connections #¢1gh o dntzow ALgsts FUF Fuixo] H%s}
of AAAE AATE (Lee et al, 1998). Dol AAAE A A Aoz
APIAEL Q) wlaskal, A BA4E sle] A-eu]E v A (Pholiota adiposa)$l

2

S, AR TAE Bodt} & A4 ¥ A (basidiospores)

tio

g9l

=

= W 84 éke] (spore suspension; 107~1079), GS agar (Ginterava
& Janotkova, 1975)e] =43tk of 15Ce 1~25FY9 B¢t wolx= #

J

M

AME A et @ @32 5319 clamp connectiono] §1E FAMTH
Hdatel 8t MNuiA|(Lee, 1991 A sl ojw) Alde 29L&
WA stz 9l8te) "dg: 52 GS agarol Penicillin-G ¥+ Ampicilling

o 10m/mt AABAT. EF AW 2IY Y T oe AW A
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o] ARZ A wixef Adiste] e & 4T Wgare] Ry

(Table 4-7).

4wl
ks ﬁﬂﬂ]% ol gate] FL&u WAl AHA FA AFE A3 K
28 & 1% SEnAEFAAA AH YT bR G o]
= 80 : 20 v/v)&F MFUFUIA (MFUE s WA = 801 20 vVIE L
dEIIEF121C, 1571¢F, 608 F ALewmEwale] #AE HF5d
Aol 25 T, 90U BX TAE WA THA T, 1989). TAE FE
3 Add W uxE & FV1E St BE 83 AME §F oAl 2oA
27 AAZYDE sl & 12~14T, FEE 80~8%E FA o] Wol

A AT (Lee et al, 1983).

t}. PCR-RAPD
ol x wjokg ¥E3sle] AR Z 2 MN agarolA wlgE FAAE Par

GAAALE Re F dop Bu

b

HET 03¢ BXEE eppendorf tube
(1.8mDel 2o} 60T extraction buffer(2% CTAB, 1.4M NaCl, 100mM
Tris—HCl, pH 8.0), 50mM EDTA, 0.2% B -mercaptoethanol) 1.2ml % o]
a2 £33t genomic DNAE #8313t (Lee et al, 1998). PCR ®b-&

e F%3H genomic DNAE 2% F&3ld 05ml9 eppendorf tubeel

dS.
2
off

N

A28t primer-Top AEeg FEAZY  (Bioneer Co.



Williams et al, 1990; Cook et al, 1996). AF-8¥ primers OPA-1(5"-CA
GGCCCTTC-3"), OPA-7(5"-GAAACGGGTG-3'), OPA-11 (5'-CAATC
GCCGT-3"), OPA-12(5'-TCGGCGATAG*-3"), OPA-19(5'-CAAACGTC
GG-3"), OPD-18(5'-GAGAGCCAAC-3") ¢ #6(5'-AGCCAGCGAA-3";
Bioneer Co)& AF£38t4. ZZ%9 PCR product® 1x TAE buffer (40
mM Tris-acetate, ImM EDTA, pH 8.0)& AH&3le] 1.0% agarose gell
A A7 GEe AAEY I, 0.5ug/ml ethidium bromide® stain ¥ destain
o ztz} 1587k 3 & UV transilluminator 4FollAl polaroid film 667

olgote] 717ke] WEES FASATH (Fig. 4-9)

2. 3] DNA 5%

Mg A7o] welds EASS 27 Felshn, ArASAA clamp
connection® hyphae characteristics® 2213 & ol& £ A¥Y dxx
walito s ARG S 1989). BEHe LolHE &0 WEE A
12k 10~307012] @i Xloﬂf\] ol FAE BElsar, o] FolA dA
e} A Gurt e AL JFE s dxa By 5§ Agst
o} (2} %, 1989). o]E5< PDA wixo] HFsto, A& F = d2
9z 919 o woksle] wujAlATh FujE A e @ #5E
& Petri-dishel 15mmA %= ¥ HEFS o3, 25 C°ﬂ/\1 7~1047F w3t
Qi Wk F oF AL mEAE A AN FAE wojulel AmAow
damp connection®] FAE #lste] o] & mating® 28 TALE FF8HA

i zh @ Ao 1gkT
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4. A7 dFH ITS 49L& o] 83 G473 fa3A
7}. Total genomic DNA 2]

Wedz AR FA 1g o) 44 A5 ¥ FA v oS, DNA
FE89 (2% hexadecyltrimethyl ammonium bromide, 100mM Tris-Hel,
pH 80, 1.4M NaCl, 20mM EDTA) Iméoll 224 FEs 5 58T A 60
w3 dAZEh 15000 rpmel A 1587 A4EE A7l F 70% o g

<2 Al# 38t 2004t TE buffer(pH 8.0)° *¢1 DNAZ A}-£3-94).

Y. rDNA9] ITS 99 5=

AHel Z FF ¢ JlE @59 ITS 998 Z2Zay] 9§y
White(1990)0] 93] R31® FBo)H9 ITS 99 5% primer(Fig. 4-1)
g AHEsh3lt PCR W82 25mM dNTP, 100pmol primer, 2.5 unit Tag
DNA polymerase(Promega Co.), 544 10X buffer, 50ng genomic DNAZ
gt & Ao FHE 50mE ¥ ¥ PCR wES &9tk PCR
thermal cycler= M]J researchAle]l AFE AL£343, PCR uheo
Predenaturation 95C 4+, Denaturation 95°C 1%, Annealing 58C 13,
Extension 72T 2&-2.% 38} F 353 w89t PCR 422 A 37
Al 2 volume?] 100% ©l &&3 1/10 volume? 3M sodium acetate (pH
48)% A7tsted -80TCelA 4583 M@ ¥, 1583 1500 rpmel A 4

Tt DNAE HAAN D A 70% odeghez HAshe Azxshe 20
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W TE buffero] ¢}

17S tDNA |ITS 1585 rDNA |ITS 2| 25S rDNA

Fig. 4-1. A structure of the ribosomal DNA containing ITS region.
Arrows indicate the positions of the primers uesd for PCR amplification

and sequencing of ITS region.

Table 4-4. Primers used for amplification of ITS1, ITS2 and 5.85 rDNA

sequences.

Primer Sequence
ITS 1 (Foward) 5-TCC GTA GGT GAA CCT GCG C-3' (19mer)
ITS 4 (Reverse) 5 -TCC TCC GCT TAT TGA TAT GC-3' (20mer)

Table 4-5. PCR mixture and PCR condition.

~ PCR mixture PCR Condition Cycler
1¢8 of DNA(SOng)
8ul of ANTP(2.5mM)

Denaturation 94C, 4min

Dk ) o imer(100 1
(());ﬂ‘; Off ll;orw l,rd 1Jr.1m( r((l(()opmol)) Denaturation| 94°C, 1lmin PTC-100"",
l,L; (f)T Lvﬁbc br 1mcr(2 i pr:o) Annealing | 58°C, Imin (35 cycles|(M] Research
ul of Taq ploymerasc(2.5units Extention | 72°C, 2min fe)
1048 of 10X buffer

79ul of DW
Total volume - 100u8

Extention 72T, Tmin
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t}. PCR A& 9] cloning

PCRE %% rDNA ITS 499 AVNAMES A 87 $18) WA ol
G2 dHlS pGEM-T vector system(Promega Co.)oll A z% 31t}

A Z%S 25ng PCR 4HE, B0ng vector, 3units T4 DNA ligase, 1x 10X
bufer @ DWE E33le] A8 238 1002 sh6] 14TAA 247 ol

A AAEA T A @ wWE ol transformationd 8] 2p02] WES-E-3}

‘lHE’

504 competent cell (DH5 @, 1X10° cfu/ug DNA)S 24234 &3H3t 1

[e]
o 5o

=

2087 & 98 42T 9 heat blockolA] 4737t heat shocks

e

2% A&l R#EY transformationd AT FAAE HAH S A

o

Z AXE LB broth (1% tryptone, 0.5% yeast extract, 1% sodium
chloride)ol} A1 1A1ZF A &8) 2k (210rpm) 3ttt Ampicilinee] #H7FE LB
agar plates] X-gal =@ ¥ g 1504F Hste] vhAl muad,
blue/white colony o TAAY Ao iE AT, A
E. coli®l white colony® #3le] 3mlel LB broth wixjo] wjkst 3
QIAGEN Mini Kitg o}&38te] Vectors £ AAs5rt.

£8 & plasmid¥ EcoR 1 restriction enzymeS A}-83)}¢] inserting2 2+
2139t} Inserting check® Y& mixture: plasmid 240, 10X H
buffer(Takara Co.) 140, restriction enzyme 144, fL‘rqjl'D.W 6ul= 3},
37CAA 2A7F &< w %"]ﬁur Hk8-oBo- 1 5% agarosedl A 7] %
3k b, EtBrol 10#2F dAate] &3

Plasmid& terminator 7] HME direct sequencing 0}7] 98, plasmids

MI3 primer® o] &3] PCR&MAth PCR 42l Terminator mix(Big
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l.)ycTM Terminator RR mix) 2u, plasmid 15x¢, M13 forward primer 1
wl, M13 reverse primer 1pl 2123l DW 452 % 100 volume .5 &}
vk, PCR cyclingS- 96T oAl 30%, 50Tl Al 16% Zrlal 60CoA 4%

of 314 258 Wel o Stk PCR product®] Al ths)

N
at
4
o]
o
o4
i~

3L AR Y. PCR product 10pgol DW 40l & 3 7)shar,
UFAl 3M NaOAc(Sodium acetate, pH 5.0) 5uE  H skt of 7))
100% BtOH 125pe%: ¥ it & Aol thg iceol A 30%7F A& stoltt. ¢

S 13,000rpm, Aol A A& stk A des 2AZEA A

ml

}

o

AsFEL 7-9%6 BtOH 250p0 3 A5 o5 ©hA] 13,000rpmot A |4l 82«

Ark. AE NS A A8 a1 centrifugal concentratoroll A A 23] -20T ol

7. A
AA¥ PCR product¥ ABI 377 7]1€¢] autosequencer(Perkin-Elmer
Co.)it o]838Fo]  Dry terminator sequencing 7]% 2.& protocolol] we}h

HAISH L,

vl IV B 8 AEEHA A 4 2 QU9 T 5

Mg g4 folat Al 48kY] 98 o] &% rDNA ITSH99 d71AM¢E
L DNASYS Miiznwlg ol§3le] HEAZI ¥ MEGA (molecular
evolutionary  genetics  analysis) 22723 (Kumar ef al, 1993)9]

neighbor--joining ¥ Juke & Cantor(1996)9] WS ©]8€3lo] evolutio
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-nary distance matrixE& 2SI olE ARE TI AAE AES
(phylogenetic tree)& 233tk ag]al, AEE4 FA9AA e A4

A g AE AFsEy] Hs] 10003) ¢ resamplingol -7 3F bootstrap

ded HFe AX AAY AW TSI, ITS2 183 585 rDNAY ¢

7144 & GenBank(www.ncbinml.nih.gov)ol] % &3}t

A3 A A 2 u

1. RAPDE o8& AR Fu #244 &

2
e

A

PDA iAol Al A% 24 #5F8 A AL v WAl Bups =
Med, 1 FolA A, B 2gln C #5E GUSY P #F By Wiy,
iAol 2] Mg ol #wWaAth(Fig. 4-2, Fig. 4-3). 53], Gus
Aol MAFEZE @okvh aey, oA e @Fs S50 a9l

o5 HEVNHE A

1
PR A

B 4R S Azt sein, o) Bl
dojH2e & 4 ANUth GUS #F E@ A Q47 Bopdas
PDAWA A Hetel Fujrt FAZE AN AR #4449
Fol A% 54 JHuL, deds Na 2 £3 gads Je
ek

T2 £4& 98 6719 55 wdAErIed, dddFd L ATCC



(American Type Culture Collection) & ZF3+9] B4 3}

ko)
gl

&
L
o

EER=

A

PRLaL, Aol e F3 A wd Aol AY gueAelA

1 2™ sk (Table 4-1).

Diameter {(mm)

0 5 10 15 20 25
Time (days)

Fig. 4-2. The growth diameter of G umbellata isolates on
PDA plates for 24 days’ incubation at 20T
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Fig. 4-3. The cultural characteristics of Grifola umbellata isolates: Top;
forward, Bottom; Backward of the isolates of . umbellate collected

from various sources mentioned in Tabhle-1
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OPAT § 3
9 s OPA1L g 2
il g 3 .
8y me §g8a . £ I
M 5 T B T % & <23 ' £ &,

OPA-19 £ g
f.. % ;
L o GPlniy 2
M L BNt e P -
£ 2 2 2k SELE S £
MO O D5 D add U #

SPO

s

Beleveibvm
{2 Foadons

AT
S4721

Fig. 4-4. PCR amplifiedgenomic DNAs from the eight isolates of Grifola
umbellata and G. frondosa. Lane M is molecular weight marker
and strain name on top of the lane indicate the isolate name of
cach strain as shown in Table 4-1. The primers used were #

28, OPA-01, OPA-11, OPA-19, OPD-18 and OPO-02.
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A2 genomic DNAS %2 A, B, C, E, F, GUS, P ¥ G frodosa:=
TALRF-EH S A" #dornie AH EEsdrt. PCR-RAPD Z#
s band o] FEFE AT, A# L2 primer #2844 GUA, GUB, GUC,
GUE, GUF, A##d a2g]i GUSZE Plsed %439 band patterng e}
WAL, primer OPD 189143 GUA, GUB, GUC, GUF, A# 3 1|1l
GUS7}F A9 Y% band ¥4 YERNU T primer OPA 1194 & Fef
AE s ATCCZF H-AFSF patternn®] .., primer OPA 1, OPA 19 &
2]3l OPO 20| M % ¥ldt Agol Ukt sAwt 28 &Ko e G
frondosa®l 3% A#He Z AFEI WMok A dgivH(Fig.
4-4). ol& T7E UPGMA &4 A, Ao ZF #5522 FHgdol
(GUA, GUB, GUC), (GUF, GUS, and ATCC) % (GUE)? A} gruop®.&
el AohFlg. 4-5). £ AFoA GUE o5+ PDA WA colony?]

EAE Aq¥3 E5a PCR-RAPDAN AH3e AE, &350z A

2 AdF47, RAPDE Edl 34 oF2 ALE¥ AHY {44 dAAE
geld 4= i, RAPD finger printing A3 A& FEH oz el
markerE 8389 Grifola umbellata-specific primer?] 7)%o] 7}%5 381

g} oA,
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0 5 10 15 28 25
A — e ———— B et Rt ] A e e e e A e e e e +
h | =l o e e e et e e e e -
4 —_— B -+
2 e s s o e * 1
g e e e e e m e e o + r————————— +
6 ——— +———+ I I
P e e e e e — E R S - ——
B e s e * I I
B e e e s e e — A e e e e e e -+ X
T s e -+ I
A o T e e e T T S e e e s e e *
M o e o ol e o e e e e e — B et s am  — o e -
a 5 10 15 28 25

Iig. 4-5. UPGMA dendrogram showing the relationship among
the lines of G. umbellata (1 to 9) and G. frondosa
(10) isolates based on the polymorphic bands of DNA
formed in 1.5% agarose gel in RAPD analysis: the
number 6 indicated the scleorotium collected , 9 to the
line of GUS directly collected, and 5 to the line of F,

respectivley.

2. 71 -z Al F FAA FAAA

b A3 A% ] vl )

19096%1 3 1997v10n 2 r ot Fuol A AfdEle]l FAE 5Tt £

) Aol Al yhol A1 DIt Pael AAAE 247k o Wi Bl el

SENLEhe] o)irol Al 77 DNAE F%3ti PCRE & & #7|9E 3
o] RAPDI: M ask vH(Fig 4-6). Aa A3} Primerd 5-7719 band
b @ AYAaL, Pholiota? ¢l common bandi primer #28(1.5Kb%}

1LOKD)3 Primer OPD-18(1.0Kb9F 500bp)oll Al &A= Sl o] 5 primer
el 98 PY R s FE oMz vERUA] g sk eyt Pholiota adiposa
o] WAoot 9]9] Y primer(#28, OPD-18)% FAlo] Abg3ld 571 7t

w3 oL Wl primer #2890 28] P, terrestris®  specific
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band(900bp) 7t &A= L, Primer #360] 98 AdolrMs= 7o 5
oAM= 2L band pattern® FAI}E AS B 5 AN a8y Alm

& FFENE band pattern® Zo|7b HF@ElvE. P4} Poy)
2.03Kbell Al 1F52 band® ztel& Ve, ol P4yt A A&
FAAANTZI7] el &Astel A do] =oir]e] 9] DNAWelA] WHel7}
dowt& Aolgt AAXY AAH o2 & P adiposa o8t s o7}

thad Faden Aozt JEE & 7 AN, = A #ALA 9

i

DNA pattern©] & A3FA YEFS =), o] o] (1997)7} 3% i31e] 8 A%

olA FeEjol defshE dWd e Av|dFAedAE 4 Aolg ngle

o) §449 DNAE BUTE RoJE 23 AAeli Ao},

4. 54 (HGE A vla)

19963 19979 % S5 R

rlo

L FHA A Fste] FAIY Pholiota
spp.o} olES WY WMAER Tricholoma masutake 2139 8359

Fol X 242 DNAE F£38l9] PCRE 3 5 #7)9d%sle] RAPDS 1)
A3FHTHFig. 4-6). 259 Primer(OPD-18, OPO-2)olA] 2z} u] A7)
o tt& A< band patterne] HAE 1, OPD-189A & Pholiotad:o] t}
B HWAEH} FHEE specific band(1.0kbe} 506bp)E Askgvl. n)is
WAL S APolM s AFEEX @S primer OPO-29 ]84 Pl
specific  band(3.0kb) 1EH¢ P terrestris(P10)&%+e]  specific

band(1.0Kb)7F WEFE T mekA primer  OPD-189F OPO-2¢ 2|84 1]

EHASe B0 PRI OE BT S TR AL & 4
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At

PCR-RAPDI: AMESE P adiposa®l W, 4 53 2 02 #AlE9
Mool Al RAPD®] ool "A ¥, primer OPD-18°] o] 3] A]
Pholiota #:°] 5013 W7k velygdt}. o= RAPD7I®Mel  F &40l

o,
-

op

ol fF A EAd As BERSHE BHE ¥ £ US5E 98 B

aLir(Khush et al. 19910 Guthrie et al. 1992)2 3= & 4+ At}

. AR W4

2%5+2] PCR-RAPDe] 2]8 bands A E(Fig. 4-6)& 7]%=2 39
binomial matrix(code 0 ®¥ 1)& A3t o|& o] &34 Dicedl ¥4
of whe} A&yl 7} dFY fAlEE EYE UPGMAM & o] &3t
DendrogramS: A4 8ot (Fig. 4-7). 15639 #F5S AAdoz 3
groupl.it i ¢ A, 4 T/ P adiposa ¥ 85%~71%9 =&
AR ZbAa 3P HEE ol F AT whHe]l Ze ¥lEuwAEed P
terrestrisi= I ostreatus®} 043%°] HAEsAHoz 2 2FE olFII,
P. adiposa®}i- 0.29%2] w2 AEAAE BRIt o= AFd ALESH
primer®e] <=7} A3l primer OPO-2% P. terrestrisol 59013 < band&
e A el Pooadiposatis sl @A FAHUE Aot £ v
W primerit AFE3Y] A¥E S FE WMEE FASE FEo ®o
vebd Aolal I AL Eobd Aewm viddd. HleHAE 5FL2

U wAlLte Aol e Ade 7EAA sk
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Brimer-28

M 25456 78 910111213141516 1718192021 M

Primer 36

M2 3456 78 3101H121314151617 18192001

HEEIR L

OPD~18

Fig. 4-6. The polymorphism of PCR-RAPD bands made from the
mushroom genomic DNA after reacted with the different primers,
28, 36 and OPD-18. M; 1kb DNA ladders, Lane 1 to 10; P. adiposa,
Lane 11; Pholiota terrestris(P11), Lane 12, P. nameko(P12), Lane
13, Naematoloma sublateritium(P13), Lane 14, Tricholoma
matsutake(P14), - Lane 15; Lentinus edodes(P15), Lane 16
Flammulina velutipes(P16), Lane 17; Polyporus brumalis, Lane 18;
Coprinus  comatus(P18), Lane 19; Schizophyllum commune(P19),
Lane 20; Ramaria botrytis(P20), Lane 21; Agaricus bisporus(P21).
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Table 4-6. Cosine similarity coefficient among the 21 isolates made by

the polymorphism of the RAPD bands amplified with three primers.

Isolates PI P2 P3 P4 P5_ P6P7 P8 P9 PI0 Pl

Pr o 1.0000
P2 1.0000 1.0000

P3  1.0000 1.0000 1.0000

P4 03104 08104 0.8104 1.0000

P5 08295 08295 08295 09770 1.0000

P6 0.6351 0.63b1 0.6351 0.6606 0.6761 1.0000

P6 06361 0.6351 0.6351 0.6606 0.6761 1.0000 1.0000

P8 0.6351 06351 0.6351 0.6606 0.6761 1.0000 1.0000 1.0000

P9 07506 0.7506 0.7506 0.7707 0.7838 0.8667 0.8667 0.8667 1.0000

P10 0.6742 06742 06742 05785 0.5922 0.7006 0.7006 0.7006 0.7006 1.0000

P11 06928 0.6928 0.6928 0.6606 0.6761 0.5333 0.5333 0.5333 0.5333 0.4671 1.0000
P12 05164 05164 05164 0.3693 0.3780 0.3727 0.3727 03727 0.3727 0.3482 0.5963
P13 0.2828 0.2828 0.2828 0.2697 0.2760 04082 0.4082 04082 0.4082 0.2860 0.2449
P14 02372 02372 02372 0.2261 0.2315 0.0913 0.0913 0.0913 0.0913 0.0000 0.2739
P15 03354 03354 0.3354 0.3731 0.3819 0.1936 0.1936 0.1936 0.2582 0.2261 0.3873
P16 0.2121 02121 02121 0.2023 0.2070 0.4082 0.4082 0.4082 0.3266 0.0953 0.2449
P17 02121 02121 0.2121 0.3371 0.2760 0.1633 0.1633 0.1633 0.1633 0.0953 0.1633
P18 0.2697 0.2697 0.2697 0.1928 01974 0.2335 0.2335 0.2335 0.1557 0.2727 0.2335
P19 0.0707 0.0707 0.0707 0.1348 0.0690 0.0816 0.0816 0.0816 0.0816 0.0953 0.0000
P20 0.2828 0.2828 0.2828 0.2697 0.2760 0.3266 0.3266 0.3266 0.3266 0.0953 0.1633
P21 03586 0.3568 0.3568 0.3419 0.3499 0.2760 0.2760 0.2760 0.2760 0.2417 0.2070

Table 4-6. Continued.

Isolates P12 P13 P14 P15 P16 P17 P18 P19 P20 P21
P12 1.0000
P13 03651 1.0000
P14 02041 0.2236 1.0000
P15 03608 02372 0.2651 1.0000
P16 0.2739 0.5000 0.2236 0.0791 1.0000
P17 0.0000 01000 0.2236 0.0791 0.1000 1.0000
P18 0.1741 02860 0.3198 0.2261 0.1907 0.2860 1.0000
P19  0.0913 0.2000 0.1118 0.1581 0.2000 0.2000 0.2860 1.0000
P20 03651 03000 0.1118 0.3162 0.3000 0.2000 0.0953 0.2000 1.0000
P21 03086 0.3381 02835 0.2004 0.4226 0.0000 0.1612 0.2535 0.0845 1.0000
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Rescaled Distance Cluster Combine
CASE 0 5 10 15 20 25
Scientific name Strains +-—~-—=--- e + ——— + +
Pholiota adiposa B7
Pholiota adiposa P8
Pholiota adiposa P6
pholiota adiposa P9
. Pholiota adiposa P10
Pholiota adiposa P2
Pholiota adiposa P3
Pholiota adiposa Pl
Pholiota adiposa P4
Pholiota adiposa 5
Pholiota terrestris P11l
Pholiota nameko P12
Naematoloma sublateritiuvm P13 I
Flarmulina velutipes P16 }——ﬂ
Agaricus bisporus P21 '
Lentinus edodes 22
Ramaria botrytis " P20
Tricholoma matsutake Pl4
Coprinus comatus j 28} T‘}——-
Polyporus brumalis B1l7
Schizophyllum commune P19

Fig. 4+7. The dendrogram calculated by the unweighted pair grouping
method (the scale shown here indicated the Cosine
similarity coefficient) as based on the PCR-RAPD bands
made from the various mushroom genomic DNAs.

3. 9 Adau Al (Pholiota adiposa)d ¢ 443 d#A
7} #59 AF
19973 ol A 20008 71A] 71-&o Eekal A W WAL oA A

k. gz, AdE MAae ¢

"
4

>
>
=
o2
tio
ol
=
i)
PN
0
A
A
il
o,

%o, T4 Pholiota adiposas #<lstdct (A, 1979; = 1991; o]

L)

1988). HA2HlEWA S TAMAA = ofd & #Als Blad Wi &

Aol g ey, A FH7)7b 49E Fv. aHy AdE WA

oF WA SAH YHz B 2 2T BPE] & o] WA
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o]x ANt Fd, PDA &2 o iAo AAAZ A H2H|
wAle] 549 E7]o ddAe Q¥ YAHE Ag dESUGT. o
A PO2uES SrEabel A Eeld ZAolx, PAHS PWH ZH2t 4|77}
vl AR Hdeulemaon Adsl A HAoR it v I
¥ Bzre AQowr veEbgth (7, 1979; 9, 1991). 1 9o Chang-Ph¢}
PALFFE S35 den, oleh #dd Fo & AL 43S HAste] +
M

AAE AR WA AL (dikaryotic mycelia; DM)E A A oA &4
A wekste], Rytadh. me, AAA A ARIHoE Wol ¥A
2 Fyee o 2eddYd (Lee et al, 1988; Lee et al, 1999, =f
T, 1989). Ziilv) ek Aol AR AFE vpE AT 4ol Wol HojA

A A ¢ Penicillin-G& A71ete] A&ste xS 28t oy

=

Y al¥ WA (monokaryotic or haploid mycelia; MM)+ $-4 PDAo] &

A Alan, ARgHE Aol i Bl ¥a, @v

o

i
clamp connections: ¥#+zsl vt A A 2M = P029F PAWS] DM& o] §3}
o] A2 AL A EFe] sporeprintg ©] &3] HE]3 AL seriesE FHS}

At (Table 4-8).

AR AL Bele] dolxl AR, F wdEAA dHW MM TFAR]
P02 serics® ©]4-3le] Aol daArt. aa, AW AdE AFd

12 AglOAl AREE FEe F éfﬂ A AB (P2-26), Ab (P2-20), aB
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(P2-29), R ab (P2-271)& Yodos FAs e, |3 ofv uHy
o] AaAQl g Al UgoR A3 A olgly] Roe 43
o HAE o] &3t A&t PAHS MM #Abe; wulg Al
& Wl o)dd dAol vEtntth. %4, PAH series? @EAHMM)7}
P02-series®] MMirAlel nlufsle] 4709 mulEE 9i=i= RHoz 19}
Aot A7171E Aol A s FAE 2P S zte Aoz YEgd, I
9] WA PAH series® 26, 29, 33 % 34 MMe ASE MR}
PO2-series MM¥} v = Aol yebgth 7718 e am el

4o g2 et &, PAH series®] MM ARl A= 5F 719] arw]§ o]

|

Ae= Ao e o}F PAH-series MM AR/ @] SLHlj7} 9443

O

U2 AL olyy dajel 4% A= PAH-073 PAH-347F 52 t}

gt

PAH series?] MM F2 #uj7} =& Aoz eyl dofalea] )

e 20 WA S JFALdA - P02 series¢bE v wuj Aol

Jehte Ao nidh ogd AL ofy AL mmAe §AsH
54 AYA A9 AenEmAss dad dege dos na,

o714 Wopike] HeuEHAle

1

B

o

HL2¥ WA (P. adiposa) 32
urtal (P. nameko)$t 593t wv] ¥ 2 2 bipolar systeme] ¥ ¥t}
gdopatoll Al AZFH PAL series9t 4719 ww & el PO2-series®} i uA]
21 A3+ Table 4-8% Fig. 4-89 HAEtl wown #AFAste] g
T e e F¥ dAME @94 J?ﬂr’é_}??} Axpolrt. WAE] §ahe]
clamp connection®] #ZE ¢t} o] PAHS P29 MM #FAFE 78] o

M Ao, BESL Yo Tl waH Y] WEe] AviFH Fels
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WAl AW gold MR o ARy golH wud
PAH®} PO2itAbol 4] AAA7 WrEolA Ao] Bw WAGA 2259
o olel @ AR obq ALwEE A B 4 F& muFe) Aol
DA e NGO oA AAH AW sojof FH7} BA ol

ANNE ol ABE w1 B ue] oyt APelA Ao Aeumw

it

A3} et A ARE Ave 0e Fde mugel degs Aom

ek,

}. PCR-RAPD

grapoll Al A e dW A & AJAF 4ot L LKk &
FAME 25 FE WEE JehlE primers #6914 2.4~5Kb, OPA-1
oA 22Kbp. OPA-74l4 15Kbp, ¥ OPA-18914 500bp ZHtelA 2
bands&o] #AH ArHFig. 4-9). 4E UMz A(P. nemeko)Fe] )
M A TE WMEE JeEhfE AL #6914 15KbpRt YEFGY o)Azt
Z}elprimerel 4] ®HE Y] A = polymorphisme TEA UErgon, H4d
AL P nemeko 9t &As] trE2A et ey ALE"E FAL
A Pholiota%: 0] %9l FEMEE AMEE ©E outgroup?l 1400 2J3hed
AL FAH AT A e i SevEel s Adste Aend
AP, adiposa)& A9 A% b= Aol BRHUHLee et al, 1998).

A G MM)S o] EADM) 9] v RPN F5<o xojHo] &

=3

ZE AT (Fig. 4-%A, D, E); (A)ld P2-59} P2-26°14 1.5KbpollA] 1l

=7b 59 AolE M=, mating Fo] DM P2-5XP2-260] 4 W=
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7} gk wt@ARZ (D)9 (E)ol A 1Kbpol Al wi=o] f-5-¢f o g MM
DMe] Xol& Bt (D), (BE), (M9 45l P23 th& DMzl v
= g ngoew, P2ure BTl PliY ASo% oty Aol&
2Yth ()9 Ao MM P2-329] 900bpe] W=7 DM& P2-5X

P2-3290 4 = ggrh. WMEY §5F F3A MMAA S o] DMAIA

Table 4-7. The list of Pholiota adiposa lines obtained or collected for
this genetic works

No. Marked Descriptives

A line of P. adiposa isolated from Mt. SokRi, 1997

(Lee et al.,1999)
The monokaryotic mycelia  originated from the

P-02-series basidiospores of P02 (originated from the basidiospores;
P-02-20, 26, 27, and 29)

2 PAH A line of P adiposa isolated from Mt. WolAk, 1998

1 P-02

The  monokaryotic mycelia  originated from  the
basidiospores of PAH

3 PWH A line of Pholiota adiposa isolated from Mt. WolAk, 1999

PAH-series

PWH-series The monokaryotic mycelia from the basidiospores of PWH.
The dikaryotic mycelia isolated by Mr. Chang (ChungPuk

4  Chang~Ph
NAIST)
5 PAL Unknown dikaryotic mycelia isolated from Temple BeobJu Sa
6 P. nameko obtained from NAIST
7‘ C. cinerus obtained from NAIST

o . ‘Several species of Pholiota collected and isolated
8  DP-series .
(Several species)
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Table 4-8. Matings® made between the two mycelia orignated from the

basidiospores of Pholiota adiposa lines.

Numbers> Matin;; P-02 PAH
type |[-20 -26 -27 -29(-07 -11 -12 -14 -26 -29 -33 -34
P2-26 AB - - =+
P2-20 Ab - -+ -
P2-29 ab -+ - -
pP2-27 aB T
PAH-07 aB e
PAH-11 ab e
PAH-12 a £ - - e = - -
PAH-15 -+ -+
PAH-14 e
PAH-18 + o+ o+
PAH-23 + o+ o+ 4
PAH-26 + + + + 4
PAH-29 + o+ o+ - - -4
PAH-33 o+ o+ o+ - - -+
PAH-34 o+ o+ 4 + o+ o+ s
PAH-27 v+ o+ F
PAH-28 | + o+ o+ 4

“The mating types of AB (P2-26), Ab (P2-20), aB (P2-29), and ab

(P2-27), assuming the experimental results previously worked
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e

C PAH18+P2-20 PAH-18+P2-26 PAH33+P2-28

*

#

PAH19*P2-20 PAHZ20+P2-20 | kPAH21 +P2-26

Iig. 1 8 (A) Matings of PAIL 11 (left) and PAH-27 (middle, left) with the mycelia,
respectively; (13) Matings of PAH-19 (middle, right) and PAH-21 (right) with
the myccelia of P 02-20 (Ab), 26 (AB), 27 (ab), and 29 (aB), respectively.
Microscopic obscrvations of clamp connection formed from the mating (B) of
P02 20x PAILL I8 (left), P 02-26x PAH-18 (middle), and P-02-29x PAH-33
(right).  The hasidiocarps developed on the sawdust cultures of mating (C) of

P02 20x PATL 20 (left), 1P02- 20x PAH-20 (middle), and P02-26x PAH-26,

respoectively.
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Fig. 4-9. Polymorrphism of PCR-RAPD reacted with the different eight p
rimers;, (A) primers #6 obtained from Bioneer, and (B) OPA-1, (C) O
PA-7, (D) OPA-11, (E) OPA-12, (F) OPA-19, and (G) OPD-18. The
lanes indicated the ladder DNA (Marker, M) and the genomic DNA's
extracted from the mycelia of 1 (P02-5); 2 (P02-26); 3 (P02-32); 4
(P02-5xP02-9); 5 (P02-5xP02-26); 6 (P02-5xP02-32); 7 (Chang-P): 8
(PAW): 9 (P01, dikarvotic mycelia); 10 (P02, dikaryotic mycelia): 11
(PAH, dikaryotic myvcelia); 12 (PAL); 13 (P. nameko, dikaryotic myce
lia); 14 (C cinereus, dikaryootic mycelia).
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o)
=

4. ITS 44 <& o8& AP FH4 F

A E e '.Eﬂ%ng ‘ UEFEHA %(Aphyllopho;ales) -1 o] vy A 3}
Polyporseeac Hool ok 7 @37} vER ARel 53] Al
g FAT F A do] AW gl Ade] AUAE FE 24
ol B S Aesn s o wAHATE wasl gn.
@ A9 AHH ATR oI FA4Y AT A =0 A %
5, W obiek GenBankel A AR fske A Gaol A st
GeA B ATAAE AR AT LR 88 x4t @ 5 e

N

588 tDNAE E33 ITS ogczu AL va Qsd Ade) 7 #E

.

S e el e YNNG frondosard] A FARAE ¥el 27

-

ssc. e

B oavdd @ AAdes FAL AYY BEE ATCCH 2,
NIASTH 2% 22lm 99974 WSS ueln A= AHAT. o
AT AYS FReZRE Aze AATF 22FE F42
8 AtHTable. 4-9). 22 A% AWM ribosomal DNAY % 7]A
4 Agoz WAL
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Table 4-9. Isolates of Grifola umbellata and G. frondosa used in ITS

chucncing

[solates Abbrovmhon Origin

. ) . ) Sclerotia of G. umbellata collected from
Sclerotium Sclerotium . ]
China directly

(. umbellata A GUA Received from NIAST?
G. umbellata B GUB Received from NIAST?
(r. umbellata C GUC Received from KFRI®
G. umbellata 18 GUE Buy from China

Recetved from Institute of Medicinal Plant,

(v, umbellata ¥ GUF ) . i
Chinese Academy of Medical Science

G. umbellata S GUS Isolated from sclerotium of G. umbellata
(r. umbellata
GuUT ATCC 64721
ATCC

. . Isolated from fruit body circulated in a
G. frondosa GF

market

a; National Institute of Agricultural Science and Technology, Division of

Applicd Microbiology, b; Korean Forestry Research Institute.

White %-(1990)o] 2l8] Ry AFFo ITS 99 FF primer(Table.
4-4)%+ o] &3 PCRE ZA 3} 500~750bp Abelol Al @ ME=7F et
(Fig. 4-10). ©]$ T-easy vectore] ligation A7l ©+% E. coli DH5a
strainol] transformationdF$1th. % ¥ plasmid DNAE EcoR 1 Ada s

Aeksl Ay PCR AHE 9] insertingS Q138 tH(Fig. 4-11).

(_rlv

PCR product®] scquencing 23 A # 9] ribosomal DNA$ ITS1, ITS2
1)l 588 rDNAQl 97478 596~610712 98 A othH(Fig. 4-12). 22
o] 9lit AIMALL AFRY £F 7] 630baseith. G+C FFS AT

O 44.31~4557% a1, AWM AL 50.48% = A HE R} ot EptH(Table
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4-11). 2} Gd 7)ol vlale Z77te] wanb 9219 27 gek) u)
woll Zzbe] w58 g vusts A oy Yu. fFARE xAbE
A, A gkgE ghole 90%7F A vilend, GUE 5= RAPD 4w}
oF wAA R A e e @e] gl Aow ggu vl Al o)
AW AL FAMEE 634% olskR vhA] JElytl 53], ATCC 64721 4
B ARTEFI 7 we fAEE 2 AR #ey 4g we

2L

FAEE M HFE GUC #FER 975%2 fARE Bt wE

2
!

-
'

rDNA 9 ole] AEEE MR, GUSS GUCYH & clusters 84 5
A, AH e FAH GUA, GUB 7t 2& cluster® & Astgich Eaokg

HEAThe GUFEF9 ATCC 64721 #3E 242 & clusterE &

o

3 A HFig. 4-13).

%
3

—
~3
b
-
>
e O
5

o =

GUA
GUB
GUC
GUE
GUF
G. frodosa

Fig. 4-10. PCR products of ITS1, ITS2 and
5.85 rDNA of Grifola umbellata
and G. frondosa. M; 1kb marker.
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750 :
N
Inserts ——3 AN

Fig. 4-11. Insertions of PCR products were
confirmed by EcoR 1 digestion.
Upper bands; t-easy vector, M; 1kb

marker.

Table 4-10. List of isolates and GenBank accession number of the Grifola

umbellata and G. frondosa in this study.

o Accession
[solates Origin
e Number
. . Sclerotia of G. umbellata collected
Sclerotium . AF324252
from China
Gr. umbellata GUA Received from NIAST? AF325117
G. umbellata GUB Received from NIAST? AF325118
G. umbellata GUC Received from KFRI® AF325119
(. umbellata GUF Reeived from IMP-CAMS® AF325120
Isolated from sclerotium of G
G. umbellata GUS AF325116
umbellata
G. umbellata GUT ATCC 64721 ATF324254
. Isolated from fruit body circulated in a
(+. frondosa AF324253
market

a; National Institute of Agricultural Science and Technology, Division of
Applicd Microbiology, b, Korean Forestry Research Institute, d; Institute of

Medicinal ’lant, Chincse Academy of Medical Science.

- 111 -



B

¥ A R“i”t@iﬁ‘??ﬁ&ﬂ}‘i‘ét‘?’f‘ﬁs\(}‘i"?'f TTGCAGLUTOGTOTATCOA-CRAG

ARG
10 =0 hid {4 i
Scleratium ARGUATCAPTAATGASTODPGALTT S 3{& FTIGCAGUROGTUTOYCA CAAG 40
G. umbeliata GUT AAGEATUATTAAVGRUTU T TOACTIHGOTTOARGUTGOICTOT oM. Y GAS 49
G. umbellata GUS ARGRATUADYTEATGALGY “‘i"%‘&:ﬁ&“’?‘?ﬁ% GHEPPTECAROTUG - . t“?x*‘ B 4%
G. umbellata GUA ARMBH AT AT TARYSAGT I T RACPTASATTUCASC TR T D L)
G. umbellata GUB A 3\ HUHATUATTRAATGASTYO ‘3‘ TREACTVICSGUIDPHUAGCYSY Eed
G. umbellata GUC & .:\'ifi‘ﬁ?“’rhﬂ?‘h‘«ﬁé&?"”?‘?i‘%ﬁﬁ?"?"?tr!&h?"i‘&‘&f‘&ﬁu’N&G\‘TC\ 4%
G. umbellata GUE A 1;; HEPONTTAYPIGRUTTDPALAALS TN o e DT AKRAC - b
G. umbetlata GUF ARGL ATLAT T;\)\U} GALUTUITTUALYTPEOE *3‘ PHUAGLTOG ¢ A K< 45
G. frondosa BAG K'{’Ci.?%‘“i”}?ﬂ(x{“C«}}Ur’}"3‘&3?&:}&!&?«1‘&‘%?&&"“"&*’“‘X‘\ BUTEEIAY VOG0 B
EUAARTHETRO DAL ‘:*T&‘i‘?‘c@;ﬂﬁ't‘g. CACTOT ATACCTS wro‘-x.ﬁu‘ TTALS
8 K #i 1t L
Sclerotlum RUARRA AV SO UAN YO T TS T TOARARATOCAL TS CANACOTOTEOAS TTAL
G. umbellata GUT SN AR TR THOPIARS LY ‘2“‘"h TTUAAATOUAUILUY - AVAQUTSPTGCACY TA =t
G. umbellata GUS RS AT EY OV AT IO T O LT R AR  PUCAUTE T AVACY TR TOOACT P ks 13

G. umbellata GUA LU RANTHTH ‘=§ PTLATQUTTLIPORAATLLAD ’f CF CRCATOUTU TGO AU T TAS g
G, umbellata GUB WA AAS TG ‘? GUTOUACLCAYSTTOARRT S UALDDYT ACACLTS ?‘t‘ri‘ ACTTEC 17
G. umbeliata GUC SEAMATUTOOPVATOUT YR ITPURRAROCAN “1‘ CTER-RUVADCRS ALV A Hu
G. umbellata GUE CEYHRAACATAQCTAGPL TGO T POQUONTATTOGY . - QW0 AT - H
G. umbellata GUF SURAARATBYGOTCA (i TP TLYTUARATOCACTOY ATAC

CRCTTAC oY
G. frondosa GHUT ATLTBORLACOT - PLCPL . AP USRS TOTOAVAS C TG TGO RO T P &7

K] ‘!* A 3’%_ WP TR NG

L R S S e
TEPLCCTPYTAACURGOUGE  CTIGEOATC TR &
tin L 135 1A
CAETUATOT QAU PYTTRAACOORUE GG TP TORGATET
HATE C ATAAPGTLUQTTYTORY FRA4VE OTCEOEWAETOT
G. umbellata GUS FAET TGP LU T TP TARUTGGLUEG DT TRUIATTC T
G. umbellata GUA SR a;\\ AT AGTAEYOOLT PRI TRAALLSNGLOG @ FGURURTOPS
G, umbellata GUB THPGSATY U TOETOTCUOTTY PARSCGORGGE O BHHEATCTL
G. umbeliata GUC THETEATT. e P AT PO PP T TRAADC G SGUOG U T POBGAY T
G. umbellata GUE S HELAT ST TGN RO AR DU . SR AL T AL SR Oy
G. umbellataGUF T VA AT T - UPOGTHTOODE TV TAALUGRGOSG UTPGRSATC YO
GREGATUHGETOOCTOBLGGGE -~ TOGEGYTOTGL

o
&

Sclerotlum
G. umbeliata GUT

3

-

G. frondosa TRIEVSTUSGT T

Es

COE W e
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Fig. 4-12. Comparison of nucleotide sequences alignment of Grifola
umbellata and (. frondosa.
ITS 1; 1~216 region, 5.8S rDNA; 217~424 region, ITS 2; 425~

643 region. Strain name is the same as Table. 4-10.
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Fig. 4-12. Continued.
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Fig. 4-12. Continued.

- 114 -



Table 4-11. G+C contents and nucleotide length of the ITS1, ITS2 and

5.85 rDNA sequence of Grifola umbellata and G. frondosa.

~ ITS1 5.85 rDNA 1TS2 Total
GC GC GC GC
Isolates Length Length Length Length
content (Base) content (Base) content Base) content (Base)
ase €
) (%) (%) (%)

R e—
cleroim oL\ 93 204 1594 208 1396 184 4480 596
G. umbellata

ATCC 64721 1459 203 1459 200 16393 207 4557 610

GUA 1472 204 1510 201 1489 193 4465 598

UB 1491 203 1524 200 1510 194 4523 597
GUC 1472 204 1510 202 1455 192 4431 598
GUF 1472 203 1510 201 1489 194 4465 598
GUS 1519 201 15602 194 1502 191 4522 586

G. frondosa 1683 210 1540 197 1825 213 5048 630

Table 4-12. rDNA similarity matrix of Grifola umbellata and G. frondosa
by I'TS1-58s rDNA-ITS 2 sequences.

Sclerotium GUT GUS GUA GUB GUC GUE GUF G frondosa

Sclerotium 100 9208 920 978 965 975 403 96.0 63.4

GUT 100 758 905 91.1 89.0 420 908 63.0
GUS 100 899 91.1 904 41.0 906 61.4
FUA 100 963 972 408 975 575
GUB 100 948 417 985 63.1
GUC 100 399 96.0 55.9
GUE 100 406 45.3
GUF 100 63.0
G. frondosa 100
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Fig. 4-13. The phylogenetic tree based on rDNA of ITS1 - 58s rDNA -
ITS?2 region sequences of Grifola umbellata and G. frondosa..
The branch pattern was generated by Neighbor-joining method
The number of the node indicates the levels of bootstrap
support based on the 1,000 bootstrap replications.
Scale: each — is approximately equal to the distance of 0.003325,
Juke & Cantor/ N-] tree
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1. Agaae A5ty 54

aukd o2 A B (Grifola umbellata)®] T AAAHNA A Ao &

FAH FolPr Aakiol HHEL o F=w Bl glom

AE 500g7tA He A=
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Ao #alg Avsl ww FuAe it
el B FAGe] WEE Ao 47 THo] Hrl, AA

3 BSA e BHSE TASYTAAA 2719 el A Pt

Agel Wug B9 ArFoz BAYW uw, wddrd FL wAR
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a#3 1 oobde) b wMuy FALZ0® o] Fo] WrHFig. 55). it

o] gulE waAYeY FEY Fald BTy IYL wojstye 9ae &
™ 2 FAE 9 30~90meltt ¥ #Eyl§EFe FA 20~30m=z A

Aitee) AFH 54 AGASo] #FAL(Figs4 ).
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Iig. 5 1. The cross section of sclerotium of G.
umbellata invaded by rhizomorph of A. mellea.
(S, Sclerotium of (. umbellata,

R; Rhizormorph of A. mellea

[fig. 5 2. Cross section of the rhizomorph of A.

mellea invading to sclerotium of G umbellata.

Arrow indicates  separation cavaty, S5 G

umbellata, R; rhizormorph of A. mellea
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Fig.
G

5-3. The surface structure of sclerotium of
umbellata the fungal -cells
forming fungal mass

lost it’s shape

edE AAFE 1 57}

2oh(Fig. 5-4).
Nz oAl w Mgk #o] shElgkel AHEo] Frtsh]

277 HAE W Al e] 3d o

wrow

lew I el el RAMEIE i 12%A Y

= 5~30un® thFsttH(Fig, 5-4).
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Ifig. D-4. Scanning slectron micrograph of the
crystals in the scelerotium of G umbellata.

A; Mycclia of G. umbellata, C; Crystal

Fig. 5-5. The scanning electron micrograph of

cross section of sclerotium of G. umbellata.

A; rind layer, B; cortex layer, C; medula layer
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Fig. 5-6. Clanp connection of G. umbellata.

Arrow indicates a clamp connection.

AN A e dlel Brpmsle] WAkl AAW H-9F e
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540 ARASe] BAYRTH(Fig. 5-4). ol WAL TAL N

of A#e] FALE o] ol JHFE R # Al7bo] Autrliz AL o 22 9

FE F5Y YRl wol FHHAALT & 5 A,
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2. ARG gpru e g4aA

7b. SA Mgl A AR B Al F AR

A WwuEw A A Mg A BurumAle AQET FAHY G

)

wmgrow ARG FAE FYvh rbTuAle] dARSS WA &3t 9

d

2z desk

BUR AL FAES Y] FALez AP E o, AH 9l colony
ol B @A Bulzol FAHA THFuAe dAS S AH
AYL s r AL FolAY AAsA= e th(Fig. 5-7). AH 9
FA} A o) M= clamp connection © #&EUiL(Fig. 5-6), AH ] FAYZ

e MU Al FALEG S AHY wAMER A A tHFig. 5-8).

Fig. 5-7. The shape of mycelial mass of G
umbellata invaded by rhizomorph of A. mellea on
PDA. AM; A mellea, GUS; G. umbellata,

R; Rhizomorph of A. mellea
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Fig. 5-8. The rhizomorph of A. mellea
surrounded by mycelia of G. umbellata.

A; Rhizomorph of A. mellea

B; Mycelia of G. umbellata

Fig. 5-9. Cell to cells contact of G. umbellata

and A mellea in dual culture. both fungi
arrayed in hyphal tips contacted each other.
AM; A. mellea, GU, (. umbellata
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Fig. 5-10. The cultural characteristics of G
umbellata GUS growing on PDA media
showed a swelling and thicker of hyphal mass
such as sclerotium like structure. We name

this as pseudo-sclerotium{mycelial mass) of G
umbellata.

7 W

Fig. 5-11. The surface structure of pseudo
-sclerotium growth on agar plate in Fig. 5-10.
Cells lined two organism became lose of it's

cells structure forming a epidermal structure as
for function surface.
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Fig. 5-12. Scanning electron micrograph of the

cross section of pseudo-sclerotium.

A; rind layer, B; cortex layer, C; medula layer

o Qe Al Y AP e A4 54 R B yyuiAde] FAAA
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Aol ool et 2eka, W) sy ada EHY g A 6
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M ALe] dtAbgol 1ol WRRSEA et ithFig. 516). ol
Weol qeao] Wl Ale] AIsA el AT JRRe
A Seskglan el e Ao n iy ARe nsen £

1.

5 13, Development and formation  of

g,
sclerotium on wood log one vear after inoculation
of the (7. umbellata.

A; inoculated sclerotium as inoculm, B; maturing
of sclerotiumm, C; newly developing  scerotium

as white sclerotium
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Fig. 5-14. The swelling part for volumetric
growth of sclerotial development of G. umbellata.
A;  epidermis  of  sclerotium, B;  sclerotial
development of G umbellata. Swelling of hyphal
mass at left site initiate a newly growth of

sclerotium.

IYig. 5-15. Scanning electron micrograph of newly

formed sclerotium(Fig. 5-14). The newly formed
tissues making a volumetric growth of G umbellata
in development of sclerotium. A; old part of
sclerotium of G umbellata, B; epidermal structure

of G. umbellata, C; Newly development.
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Fig. 5-16. Wood log with inoculated sclerotium. The
inoculum was rotted and decomposed having a poor
rhizomorph development surround the wood log.

GU; inoculated sclerotium of &, umbellata, R; Rhizomorph
of A. mellea

AAEEdo R Ay e gUREfe AEE Aoz dEx Ayge

AA E G E 2 Al AP el ey wapgEel W

T B AL F Qe vl EYY tE #ERT wan 493 9
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2

Abirol ol Hdal AL, T lite]l AAAE] YA

sl AT (Fig.

[o

Iig. 5-17. Scanning electron micrograph of cross

scction of the rhizomorph of A. mellea invading to
sclerotium of G umbellata.

GU; G. umbellata, R; Rhizomorph of A. mellea

A, Myccelial mass of G wmbellata, B; Rhizomorph of

A. mellea, C, Separation cavity
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Fig. 5-18. Observation of crystal formed in G.
umbellata. The more number of crysta was
shown in contact with rhizomorph of A. mellea.
GU; G umbellata, R; Rhizomorph, C; Crystal

B Ale #AGe] A R RE AN ww, FAE Fn

(Fig. 5-18).

wapnm e FAbgol AHe) Aol FYsH, $A PFNAL Beln
= oozl BRI AART PUEMAE Fed #AES B8 L
ot HAET #AE BEAoz AN AUE Ak o] B 1

7} 90~150mme] S vk (Fig. 5-19, 20).
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Fig. 5-19. View of cross section of symbiotic
organism. Central part showed a separate
cavity of both fungi. A, G unbellata, B;
Separation cavity, C, Rhizomorph.

Ifig. 5-20. Longitudinal section of symbiotic organisms

crystals were showed in internal site of G umbellata.
A; G umbellata, B, Separation cavity, C; mycelial
mass of . umbellata invading into rhiazomorph of A.

mellea
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albuming FFEN O T ALl HEIAMES TR

3. 248443

7}. @ -amylase &4
Danielsson ¥H(1974)& ®HE sl AE39 0 92 4 kg9 200
o FHT 480E EFst 71AE 20mM phosphate buffer(pH 7.0)°]
starch &4 (10mg/ml)& =< & H& 500pF st EFE ¥ 3T 5
2 e Azl F DNSHMiller, 195902 #A3E  sHelstu.
Control& D-glucoseZ A+&3l3ch v©aid Aol 1 Unitye IH %o 1
pmol®] FAFE AAste vl o g
Y. B -Glucosidase A
Tokao® (1985)2 Alga9a &4 w-gd 5003 200mM  sodium
acetate buffer(pH 4.6)o] 17mM¢] salicin €98 %9 €9 500UE &
e - 30TelA 3087 AT #FUEE DNS Yoz s
WA &g 1 Unite 18 %< 1pmold] #AFE Agsts wwdo)
ko = syt
t}. CMCase &4
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24
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o] 1 Unity 1+ &< 1pmole] SIS MASIE dwae] goz g
Ak
Z}. Xylanase &4
Kime] W (199%5)& W st AME3IHa &4 v 100u02F 100mM
¢} sodium phosphate buffer(pH 7.0)9] oat spelts xylan(1%)& =9l
8- 500x¢, 100mMe] sodium phosphate buffer(pH 7.0) 100uE 2]
30CAA 2047 W-&A1 71t} Control D-Xylose® 3tgth #9942
DNS Hoi 39la @d #4092 1 Unite 12 &9 1xmoldl 3493
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vl Chitinase ¥4
Colloidal chitin& A A|3te] A}-&3 Hsu ¢ Lockwood®] % (1975)S
Yalol AASA I chitin® AA+= HCl 400meo] 40ge] Chiting 232
4T A B0+t WHEAZ F FHTE AHSL ARKE 33 oS
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A44d A% 2 2F

Avkd oz gAML intra—cellular enzymeX T} extra-cellular enzyme

o] &Fo] Atk A¥e 7S Chitinase, CMCase, 8 -glucosidased] A
o] +& J Ao v3lY EHtHTable 6-1). L5 chitinase &4 o] 7% 3=

omn 1 AL 418.22Unit/mg protein®] t}.

Table 6-1. Characteristics of enzymes activities of . umbellata and A.

mellea
specific activity(Unit/mg protein)
enzymes
GUS AM 777
CMCase 333.7709 77.84691
extra B —glucosidase 329.789 7261875
cellular chitinase 418.2283 92.55872
enzyme Xylanase 38.27475 28.6091
a —amylase 33.34981 , 26.05161
CMCase 42.88251 11.56051
intra B —glucosidase 42.46264 10.96143
cellular chitinase 52.74943 12.26852
enzyme Xylanase 52.74943 14.44701
a —amylase 70.59385 24.68593

AE 9 5ae B 29 AE Wl 529 A9 54 4L vdn

H
adol gled adu oW AwE x2F 9 4% ey
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Flg 6-1. The specific activities of extra—cellular enzymes in G. umbellata.
Cultivation was carried out at 30C for 45 days in the KKI broth.
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Fig. 6-2. The specific activites of intra-cellular enzymes in G. umbellata.
Cultivation was carried out at 30C for 45 days in the KKL broth.
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o

Al1AAN E

AR 2g 8 FguAer @5 ¥, T, 7 R Hvld dAHA &
3, eeuFul FuERel Mo sjAste] A7 2 T¥e A4S
tHLee, 1988). A1 ¥ o] F8e oAE olxatg 2 oo AHY} UE A
o= dulA4 st

HAoRRE &

(o

a7y steroid, flavonoid, lignin, alkaloid,
terpenoid, 53 £ EAL B AFAd g3 FHEHAdow ofF& 3
%3 ¢l tH(Inaoka et al, 1994: Lu et al, 1985). AH 2] ¢ HAsFE|R

2 B30 glvde o]dE JMAA Qlo] B2 AFAEd 98 In vitro &
oA oy FFY GAE A R AFHAAMRto er al, 1973

[e]

Miyazaki et al, 1978 Ueno et al, 1982). T3k o}Ajolo] A= dho] oFA] 9

18 Holglon ko Afsn Jn A% FEEAE I FIYR
of A Ao AHA Utk web 11 ol §rHAE o HAHYvkn B
F gk

B oATE WAAGY FEAR 042 FHoR FHBAL TG B

W

gol A ghel Hlold BAol visl EREAR P Sl Aol agyEe 7
x8 W83 sk

Al2Ad As R Y

- 152 -



Azt A% AFAZAN 6Kge U] BANZ BH5d 2L olA
05% olhel 7207 AAAA 38) FEHATh Ao 2RFEL AN

(n-hexan), Y52 v]eH(DCM), o @colAlH o] E(Ethyl acetate)E& o] &3}

of wA% FEote] RHHAL. B ATE MAAA] FEAR ol §
& BHo WPWAL WA FANA we oy B s 2

Fetx] gy el olate] SFEEY F2E HEI S

Zy 7bgte BEEWE dAsY FXIAE Silica gel ¥ Sephadex
LH-20& o]-&3le] Rysldict ZFEEL dFAaAZnEaHT Adi
UV 81 ZAbd A8 gefel e
o FEatdon ol derE F&H F
g AaFEol o8 Ao FAE A e Ay

Elalo] ¥ & o] g3t AR F =y olE o &3t T JFEL 9
A7) E Y 2~ EE(JEOL Alpha 500)¢F A #ZA9 E2H(JEOL JMS-600W)=

ZA et
2. BEH &4

7}. In vitro test

Fo\EEE) WA FEEY 23ER, 7

Ggs #9758

e
1
Mo
o2

Ao Al g APk 2FEEEOH)Y £33 94

(Hexan), v} 5 v €k(Dichloromethan), ol ® o} € o] E(Ethyl acetate),
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N

Hel&(Butano)Z 470¢] #Foz2 YFth MEAEES MTT assay
wyo s AUk AT dAEE AT H(HeLa S3), Wt
(MCF-7)& AH&3t9la td3F9 & 848 AYEKATOm), @3
W A E(K-562), THEAIEMHep-G2), FAFGAEHTB120, #4735
(HeLa)N x2 Agatget. 2 HHe g&r]o HAE AMEE trypsin 3
gt dAME FHHdoeR wE g Coulter Counterd o] &3fe] Al
E52 Hobela 96-welldl 3x10° cells/welld] sEZ AEE H& &
DMEM 150u67} ¥ %% shod wldalqlct. 24A170 § 298 $5RER
A st oAl 3d7E wge ATk 50l MTT 89& 7 wellll ¥
I 4A7F Fef DMSOE MTTY &A1 MTT formazang 5o

microplate reader® ©]-€3te] 570nmolA FAHE AT 1Co #hS A EA

g

aHZE Fale AEe 50%AEE U FEE sREN AF

35 .

U, A xde #d 84

Liu 59](1989) "Wyel uta} Direct proliferation assay'd 8.2 39
Z21g AT WZE whdEte] d4EE ¥ HEZTE Hedo
PEe ¥xE 1x10° cel/mle] HEE &3 B cell, T cell, mitogen
7 A well B 200ul®] FEZTE 96-well plated] 2zt Fxd EH S
t, ¥5E 75~125 ug/ml WHYE 3t 10ul®]  Lipopolysacc
~harides(LPS)$} concanavalin A(Con A)E B cell# T cell mitogen®.

2 77 AFe3le AE2FEE Img/mlo] HA EHsATH wigS 37T,
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5% CO, WM gr]elAl 72212 wjgst gt x2S S/ 10uld 255
2 3kl well®l FF2 100ul® 3Fai ELISA plate reader(Ceres

UV 900 HDi, Bio-Tech Inc)E o] €3l 490nmol| A =4 319t}

Y. In vivo test

1) yf‘/yr\“?} ‘IQFL-’J F5

ol

AT o 28kg A= ICRAIE ¥HE TUYHIFTEAZREH T3
AN 1247 AL R 2t AMSE HFHE AHESHY 45 9
ICRAIY <7l AFAE AP A 391 28221 ¥ Sarcoma 1808 &
ol Grdalkar w3k ¥ 5mlel Phosphate buffer saline(pH 7.2)& 3
dstar hAFEE FHeto] APl ol &t A FLE FFAY AL
Adste] BFLAAEE F58E Fostq o 24 JAXFEE 7349
tho A3 o B FaswE 2x100ME YEdTh o] 2 st

ANEAE e FEE 1x10702 A3t}

457 o] ICRAIE A AHE APSA &4 347 A2 F 3
T ATl ¥k RE Mdste g E AR 10vke], e d A
W deFeEE Ade 10med F 2R o B Ax
Sarcoma 180& ¢ Hufe] Fsto GANEE WY & dF-FEE
% PBS buffer(pH 7.2)0l *o)x 0.2iume] syringe filter® F3}8te] A FH

7o fFojeldirt. FE2E9 v%% 50mg/kg Body weight® 3te ¢
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2% A% 7o

AE Feof 2 99 T 8k 13 HAl T8t
o

2N Fol A7) Bgo] Relstarh AME Fol Fol 1047 F&

B2 v 13 57 Foata qME HF Fo F 7dA HEsad

3) L@ g &4

Botd FU PO Adager may AeEor s

=70 AR TGS HUA ] el 2x10°709) SHAESE Ao

FAstL FEFEE AT dMEFA 2443 ol 50mg/kg body

weight ¢ A8 9 FE5EL 05ml PBSH Fo 1047 wd 134

Bgell ot

A 34 A% 42 unF

[y
4
e
ox
e
L
o
2
yE
M
2

BA A7 steroid 3% 2709 alkaloid 3§E 34 s 2

Z gEzzugdCcM) 7HEF-E8FH gt SEES ergosta-

57,22-triene-3 8 —olo| i HE¥& SR ZHE  Uridin, Uracil,

adenosines w8 o},
1 % ergosta-5,7,22-triene-3 8 —ol¥ 1°| 3T NMR Z23& H

HovEa Ao,

7t. 33}EVI(GD VD)
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A9 DCM7FEH-& o 7sle) M E(B15g)& dRew, olF S0mg
& #3&}o benzene : EA :CHCI3 (3 : 1 : 1, v/v)& A&z 3t
prep. TLCE o438l AMAIA WMELE 3ghE VI13mg)E &2l st
ot
38 VI9) EI-MS m/z : 396(M,base ion), 376, 363, 337, 271, 251,
211, 159, 69.

'"H NMR(500MHz, (CD3):CO) : 6 065(3H, d, Hs;-18), 0.83(3H, d,
J=6.7Hz, Hs26), 0.84(3H, d, J=6.THz, Hs-27), 0.91(3H, d, J=6.7Hz,
H4-28), 0.93(3H, s, Hy-19), 1.05(3H, d, J=6.0Hz, H3-21), 1.29(3H, m,
H-1, 12, 17), 1.332H, m, H-15 16), 147(2H, m, H-2, 25),
1.64(2H, m, H-11, 15), 1.73(2d, m, H-11, 16), 1.75(2H, m, H-1,
0), 1832H, m, H-14, 24), 192(1H, m, H-9), 2.04(1H, m,
H-20), 207(1H, m, H-12), 2.23(1H, m, H-4), 2.38(1H, m, H-4),
348(1H, m, H-3), 522(1H, dd, J=7.6, 155Hz, H-23), 5.27(1H, dd,
J=76, 155Hz, H-22), 536(1H, d, J=2.7Hz, H-7), 551(1H, d,
J=2.THz, H-6).

BC NMR(25MHz, (CDs):CO) : & 12.36(C-18), 16.63(C-19),
18.06(C-28), 19.95(C-26), 20.30(C-27), 21.54(C-21), 21.74(C-11),
23.67(C-15), 29.03(C-16), 32.87(C-2), 33.83(C-25), 37.82(C-10),
39.26(C-1), 39.89(C-12), 41.32(C-20), 41.78(C-4), 4353(C-13),
43.73(C-24),  47.15(C-9), 55.23(C-14), 5651(C-17), 70.27(C-3),

117.40(C-7), 119.94(C-6), 132.71(C-23), 136.60(C-22), 141.33(C-DH),
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141.61(C-8).
HMBC correlatios : H-1—C-2/C-3/C-10/C-19, H-2—C-10, H-4—
C-2/C-3/C-5/C-6/C-10, H-6—C-4/C-5/C-7/C-10, H-7T-C-6/C-8,
H-11-C-8/C-9/C-10/C-12/C-13, H-12—C-9/C-11/C-13/C-14/C-17,
H-15—C-13/C-14/C-16/C-17/C-20, H-16—C-15, H-17—C-16/C-18,
H-18—C-12/C-13/C-14/C-17, H-19—C-1/C-5/C-9/C-10, Hs;-21—
C-17/C-21/C-26/C-28,
H~25—C-23/C-24/C-26/C-27/C-28, H3-18—C-12/C-13/C-14/C-17,
H3-19—C-1/C-5/C-9/C-10, H3-21—C-17/C-20/C-22, Hs~-21—
C~17/C-20/C-22, H-22—C-20/C-24, H-23—C-20/C-24/C-28, H-24—
C-22/C-23/C-25/C-26/C-21, H-25—C-23/C-24/C-26/C-27/C-28,
H3-26—C-24/C-25/C-21, H3-27—C-24/C-25/C-26, H;-28—
C-23/C-24/C-25.

NOESY correlatios : H-4-H-6, H-15/H-16-H-7, H-24<>H-22,
H-20-H-23, H-21-H-23, H-28-H-23.

olAke]l A3} 3FE VIS Ergosta-5,7,22-triene-3 B -ol¢! Ergosterol &
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7-1. EI-MS spectrum of the ergosta—5,7,22-triene-3 £ —ol
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Fig. 7-2. "H-NMR spectrum of the ergosta-5,7,22-triene-3 £ —ol
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Fig. 7-3 . MC-NMR spectrum of the ergosta-5,7,22-triene-3 8 —ol

- 161 -



4H COSY NON  LGNOR AKREGDG- EN3 SPL2 19

l\

d»

Fig. 7-4. '"H-"H cosy spectrum of the ergosta—5,7,22-triene~3 8 —ol
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Fig. 7-5. HOHAH spectrum of the ergosta—5,7,22-triene-3 5 —ol
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Fig. 7-6. NOESY spectrum of the ergosta-b,7,22-triene-3 8 ~ol
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Fig. 7-7. HMBC spectrum of the ergosta—5,7,22-triene-3 8 ol
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Fig. 7-8. HMQC spectrum of the ergosta-57,22-triene-3 8 ~ol
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Fig. 7-9. Compounds
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2. AETE 24

7}. In vitro test

AL FEEY AS 2FEEN ALY E& YT ARE 50
A A& Al FHGMCF-79 A& dAFEEe] 249 EtOH :
0%, Hexan : 15%, DCM : 24%, EA @ 15%, Butanol 15%°] @1 A4 A
o] 7% EtOH : 28%, Hexan : 82%, DCM : 65%, EA @ 24%, Butanol

29, YHElEELS 975%9] dA&E Rt AFAR-o(HeLa S3)ol A

EN

= @AEEES 49 EtOH : 0%, Hexan @ 17%, DCM : 16%, EA :
14%, Butanol 11%o]al A4 A9l 9 EtOH : 48%, Hexan : 95%,
DCM : 88%, EA : 21%, Butanol 10%, ©&l¥ 38 A9 97%2 o
&S B

FFEEE o839 W FSEKATOMY 4§ 78ug/ml &% 7}
Al kALl AL Aol 250ug/me IRl A 50%7FEF oA H QL
ImM FXollAl ¢F 75% A8tk da) vy u(K-562)2 7% 125u8/ml
FTEAAE qARR BFEA o™ 250ug/mt FTEAAME AL
Z4E F 40% AE JASAL ImM FEAA oF 929%714 93
ot FARGMHTB-12009] A9 78 pg/mt SE5E AT F28 x5
3o 625 pg/mé FEoAME AR FHE o 50% g ofASg
ImM FEdA F 60%7+A AAsATE 7H9A E(Hep-G2)9) 49 7.8ug
/ml FERE GAE F4E& AASIY 126ug/ml FEANE dAE F2)

S ¢F 66% 71 AT ImM B 54 ¢ 80%7bX Ak =
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FARAdHeLa)] AS- 78ug/ml T=FE GAE FA4E JAste 500
pe/ml sEANA Y AT FAE of 50%71A] FAFHUIL ImM F =l A
oF 67%7+A ¢ A8}t
Ao AFFEEE FAREAAA 50% AAd B3 FXR] ICxl
7 ok o b (62.5ug/m) FH il AAl&o] 55%0] AYA Fdvh FAAE
(125ue/mb) S} 9] FA F(250pg/m)l % B2 A EL JASES BIisd I
AA&L 7H7h 80%9 75% 2 JERWTh @d WEW Axet AFed
N EoE ICx 7o) MiA ko h(500us/me) G A Hu o
Agol 92% olurh welA AHe] A F2ELS GME w1 &
Tolu gt thEE g & F AL, ZF A E g F&

AEE g8 Aoz yadch

Az

e

Table 7-1. Effect of Grifola umbellata extract on superoxide radical

generation.
Concentrations Superoxide radical® Inhibition ratio
(1g/mb) (Asso) (%)
0 0.654+0.07 0
5 0.554+0.017 153
25 0.332£0.012 49.2
100 0.14310.008 78.1

: The values ()f superoxide radical generation are mean + S.D.

- 169 -



Table 7-2. Effect of Grifola umbellata extract on microsomal lipid

peroxidation
Concentrations MDA formation Inhibition ratio
(pg/me) (Ab32) (%)
0 0.510%+0.017 0
5 0.504+0.023 1.2
25 0512+0.032 0
100 0.499+0.028 2.2

a . The values of MDA formation are shown in mean £ S.D.

Table 7-3. The concentration of Grifola umbellata extract needed to

cause B0% inhibition of proliferation of various cancer cells.

Maximum inhibition

Cell type ICs0(pug/mb) ratio (96)
Katolll 250 7
K-562 500 v
HTB120 62.5 55
Hep-G2 125 80
Hela 500 65
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Fig. 7-10. In vitro cytotoxicity assay of fractions from sclrotia against Human

uterus cancer cell line(HeLa S3)

120
100
)
O\ 80 |-
A
=)
=
g
« )
2 -~ Butano !
z [-@=Ciystal_|
= 40
195]
20
0

0 25 50 100 150 200
Concentration (ug/ml)

Fig. 7-11. In vitro cytotoxicity assay of fractions from sclerotia against human

breast carcinoma cell line(MCF-7)
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Fig.. 7-12. In vitro cytotoxicity assays of fractions from mycelia against Human
uterus cancer cell line(HeLa S3)
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Fig. 7-13. In vitro cytotoxicity assay of fractions from mycelia against human

breast carcinoma cell line(MCF-7)
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Y. Ao ig &4

FEEo] oful4 Ml ek Aty Yt gEF T
W5 A9g 3 Ay FEE 15.8~625ue/m 5 HYANA A WA
E S o Blek gk /IAvH(Table 7-4). 125pg/mb 5 X ol A]
3ofreld ol &k velbR @tk AE A FEES 62.58u/ml

ojgfoll ANl “F7EAMNE Holal I oo FrlM e SItARAF YER

oL
died
al
N
ul
e
1o
oL
=
-4
oIN
ol
o
[
rir
i
ki
[—y
o
X

A gl St A%

9A gslh SR A9 d93E2e WYy 242 Fa 99

Table 7-4. Immunomodulating effect of Grifola umbellata extract on cell

linc
Concentration o
Ao 9% Activation
(ug/mt)
0 1.24£0.07 100
15.8 1.35%=0.11 109
31.2 1.31£0.09 106
62.5 1.35+0.08 109

125.0 1.2710.11 102
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o). In vivo test

gt @ &4
AAE HT A 94z, dAE HE F 10943 A dFFEE Fof Al
Bagho]l AE = Aol #AAHAT 1Y 154 33] Fo
F 94T TR F 24A7 5ol FARXEE HFS L 7Y Foll FAA] A

E4E 9 30% AR AHE FHAdqc).

Table 7-5. Antitumor effect of Grifola umbellata extract on sarcoma 180

dscites tumor in the male ICR mice

. dose Number  Number of sarcoma 180  Inhibition
Group

(mg/kg) of mice cells recovered®( X 10°) (96)°
Control PBS 10 405312715 0
Extract
25 10 2826+158.3 30.3
treated

a. The cancer cells were implanted intraperitonially to mouse 24 hours
after pretreatment of Grifola umbellata extract for 9 days and
harvested with PBS buffer 7 days after the cancer cell implantation

and counted under a hemocytometer.

Nec— Nt
e %100

b. inhibition (%)
where N. is mean of the number of sarcoma 180 cells in the control
mice and N; is mean of the numbers of sarcoma 180 cell in the test

mice.
gotadtel AGAEE Gy st BUR PNow 927 A5EE
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H(3mg/kg body weight)S Fo]3li 149 o] FdAZTE H2e 3 79

tai

Fol Bpoh ST AL 1 A o 2UAEY oA Hold

Fv

A (Table 7-6).
ojuet Ay v|E AY A4 FEEY dY %50 FE2E Fo HI
A oS W1 oF 8% 7l Aol AAIUA Y FE2E FEY

149) o] %742 ofgrb vl Ao R A&HHE AAET

Table 7-6. Antitumor effect of Grifola umbellata extract on the

proliferation of sarcoma 180 “scites tumor cells in the male ICR mice.

Docs Number Number of sarcoma 180 Inhibition

G
roup (mg/kg) of mice cells recovered®( X 10°) (%)"
Control PBs 10 494+416 0
Extract
25 10 381*+534 229
tredtcd

a. The cancer cells were implanted intraperitonially to mouse 14 days
after pretreatment of each sample for 9 days and harvested with PBS
buffer 7 days after the cancer cell implantation and counted under a

hemocytometer.

b. inhibition (%) =N 0

where Ne 1s mean of the number of sarcoma 180 cells in the control
mice and N; is mean of the numbers of sarcoma 180 cell in the test
mice.

2agegtel @ 84
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Eady de WHoes 997 d4F%5E(25mg/kg body weight)s §

Astn AEH F 8Y Tl 2YY $4S oF 36%7 AAGUT

ol¥l AR wFo AHo dAfZ:HEo

wed

RAojgtr) Buk= hAlEE A4 AAlste oz Az

Table 7-7. Antitumor effect of Grifola umbellata extract on the

proliferation of sarcoma 180 solid tumor” in the male ICR mice

G Does Number of Average tumor” Inhibtion
1o

e (mg/kg) mice size (cm®) ratio (%)°
Control PBS 10 21691692 0
Extract

xhac % 10 13851396 36.1
treated

a. The cancer cells were transplanted subcutaneously to mouse 24 hours

after pretreatment of each sample for 9 days.

b. Complete regression was determined at 35 days after transplantation.

c. Inhibition effect was determined at 28 days after transplantation

Inhibition ratio(%) = 1 - Lyerage tumor size of each treated group
average tumor size of control group

x 100
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Aol AHEE F5E AR R3S Pleurotus 49 #o.R
28 el(P. ostreatus ASI2180; Won-Hyong), AlZol ujx) 1-g}e)
FTHo s £33y CBMOE A48tk SMA (Lentinus edodes)e U4d

2% FTYHAA AT gl 9 1,56, € TEE B Wol Ao ¥
T35 = S ) Fol(Hericium ramosum)¥A 3 7]1-&u] 504l
(Pholiota adiposa)S- 73 9% okFa) 28 R ot wFAL FHoA A7 H-u
stpom A3 (Phellinus igniarius)S AF-AW Hol fjals AbA A 23

B
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Sl
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VYV §E 2 Fo upgFo g AAHI FEHALE eHEo] A
Abol Aol A9 ftl Iie]al Table 8-29F #Zo| ¥ AdAolA &g o
A e @A ARE o .9do) AskAl HofA AL Hieke] oH Y.
Fate] F& rr] Q8 Tuw s AulelA A8 JFAoR ARHE S
H(cone)d o] &alo], dird Wgdoe] @A ' VVE g 24 HEsIA
HEFG AMREE d3Rs Table 8-29F 7ol Hlald @ ¢fo] AA dojytom

Aol A FEs

Table 8-1. General compositions of the woods and outer and inner peels of fruits
7 of Caglanea _crenata.

Silfnt;flc names ,5,9“3“ Name Holocellulose, % Kraft Lignin, %  Ash. %
Pinus denszfl()ra ENE R 65.8 26.1 0.22
Quercus serratd’ & 78.2 21.8 0.61
Quercus mongolica' A A5 78.4 188 0.35
Outer peels 31.6 41.3 4.30°

Castanea crentd’
Inner peels 76.4 18.1 -

], Lee, CU, Park, SJ, Cho, NS, Cho, BM, 1993. Laboratory Works for woods and timbers.
Kwang 11 Culture Publisher Co., see p 474

PDircctly measured by the methods mentioned by Ko, MH, Park, SJ, Lee, CU, Park, S],
Cho, NS, Cho, BM, 1993. Laboratory Works for woods and timbers. Kwang Il
Culture Publisher Co., see p 474

‘Analyses of components (%): Total-Nitrogen 1.14, Total-Carbon 39.39, P:0s 0.21, Kz0
1.09, CaO 2.48, MgO 0.52, pIl(1:1), 6.5, EC 7.50 on the dried basis.
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Table 8-2. Growth state of mushroom fungus

in the polyethylene

vinylbags containing the two types of seed peels (inner and outer

peels) after an inoculum of agar block®.

Varieties employed,

Seed peels of

Japanese chestnut

(Castanata crenata)

Methods of inoculation”

(lines originated) Inner Outer (promodium developed®)
layers layers® -
Lentinus  |ImHyub-6 | 4/5 (5/5)° | 1/5 (5/5)° | Agar block” (promodium develope
edodes’ ImHyub-7 |4/5 (5/5)° | 2/5 (5/5)° | Agar block” (promodium develope
Hericium |BubJuSa, 2/5 2/5 Agar block” (promodium develope
ramosum |YangYang 0/5 0/5 Agar block” (promodium develope
Phellinus igniarius 1/5 1/5 Agar block”
CMBO 3/5 (5/5)° | 3/5 (5/5)° | Agar block” (promodium develope
Pleurotus |HukHyung |9/10 (5/5)°| 4/5 (5/5)° | Agar block” (promodium develope
ostreatus® 10/10 » ) i .
WongJyung (5/5)° 5/5 (5/5)° | Agar block” (promodium develope
Pholiota adiposa 0/5 0/5 Agar block” S
Laetiporus sulphureus 0/5 0/5 Agar block” -
Lepista nuda 0/5 0/5 Agar block”
Polyporellus brumalis 0/5 0/5 Agar block”

‘Growth states of fungus: Numbers of bags of good growth without any

contaminations per total bags employed in this work.
5, 1998 and obhserved at the rooms of 20C for 2-3 months.

Inoculated on Jan.

All myceha

were directly isolated from the basidiocarps and grown in PD agars.

"The inoculants were used by the 05 x 0.5 cmn agar blocks grown in PD

agars.

“The gowth state of Lentinus and Pleurotus species were grown well

and also not contaminated at all when the agar blocks replaced by the

other cone inoculants.

9A promodium developed 1~2 months later after inoculations.
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“The fungal mycelia of Pleurotus ostreatus and Lentinus edodes grow
well on the only the outer peels but do not produce any promodia
(6/30/98).

2. WA A

Al E5e] uwA(9E, &9, CBMO)E HE (2/10/98)% F, 4%
(3/10/98)& ¥ztalgivh gl oo 7] 29w ege Ao &
Aekit YAk A9 10~209 3k WFolE 3] FAL} FAgsta HAL A
AAAA AL QAT VVel W& dd st JF Ton HF Il =8
gl AL Asrgiel. Wael] 4Ee Foll & @yt @AME BF Ager, &
Fo] whgha] vhiix vk 7~89 o] EF AAAE IS v d=x
ik 4ol X AMALS 84.4~1406g2] =ete]7F AAEATE o]7]A AY 9
ek vh 7P Wl AAtEIglom, AAA AL 2ol £ JPY Wolth ¥l
WA 6, 7)) TUY e WA ilg ol&ste] HETdU
(3/9/98). 71¢] 8 wholl TAlE VVEE & e oz FAEATHA/6/98).
AR ER el Bl 2 Apekal, 15~16TCo)A Helg Al 2¢ §¢ Al
Aot WAL ¢ 2~37 oA stk 7|4 E1e] A et
o] il o, Ak AL Fgou WAl 2Loj¢rt HA LA sk

W AQ) APl o] dX] Kahith
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Fig. 8-1. Productions of carbon dioxide

on the sawdust media (left, Pleurotus ostreatus;

edodes). See the detail in Tables &

(cc/min) by the mushroom fungus
Right, Lentinus
4 and 8-5.
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Table 8-3. Average values and standard crrors of the mushroom
productions of Pleurotus ostreatus(CBMO, HukHyung, WonHyung)* and

their related parameters.

Mycelia of Numbers . Fresh weight of . . Productions
b ays o a Dry weight (g)

Pl ostreatus worked mycelia mixed (g) Mushrooms (

CBMO 3 9.0+1.0 241+ 35 44.3+ 1.9 95.7+ 12.!

HukHyung 5 6.8+1.6 256+ 22 40.2+ 2.4 84.2+ 8.!

WonHyung 5 6.6+2.1 267+ 7 48.3+ 1.9 140.6+ 17.

Average 13 6.6+1.0 256+ 11 44.3+ 1.9 108.5+ 10.:

*Varieties of Pleurotus ostreatus purchased from Korea Federation of Culture Collec
(KFCC)

"Numbers of replications

“The days of promodium development at 10~15 C

‘Fresh weight of the substrates mixed with the mycelia before morphogenesis.

‘Dried weight the substrates mixed with the mycelia after morphogenesis. This nun
might be indicated for utilizations of substrate by variety for further speculation.

'Fresh weight of mushrooms produced for the two weeks,.
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Table 8-4. Carbon dioxide productions of three mushroom fungi on the
various solid substrates  including in  the  agricultural-by

pr()ductb(Chcstnut Inner Peels).

CO. productions (Rate per min air)”

Fungus and solid substrate®

e 7 days® 15 days®
Pleurotus ostreatus <WonHyung>
Sawdust(SD, oak wood, 8)+RB(Rice bran, 2) 11.56 5.4
Inner peels of chestnut (IPC, 100 %) 9.44 18.67
IPC (80 %)1SD (20 9) 9.56 12.43
IPC (60 96)+SD (20%)+RB (20%) 20,51 13.34
Pleurotus ostreatus <HukHyung>
Sawdust(SD, oak wood, 8)+RB(Rice bran, 2) 11.92 12.69
Inner peels of chestnut (IPC, 100 %) 5.99 19.63
IPC (80 %)1SD (20 %) 12.66 7.15
IPC (60 %)+SD (20%)+RB (20%) 16.51 16.08
I’IQ_Lg (_)_ty_swg)_streatm <CBMO>
Sawdust(SD, oak wood, 8)+RB(Rice bran, 2) 24.14 11.67
Inner peels of chestnut (IPC, 100 %) 14.94 49.87
IPC (80 9%)+SD (20 %) 12.06 55.95
IPC (60 %)+5SD (20%)+RB (20%) 13.97 17.11
_@ﬁ@;@ggg@@des <ImHyub # 6>
Sawdust(SD, oak wood, 8)+RB(Rice bran, 2) 5.40 9.33
Inner peels of chestnut (IPC, 100 %) 513 9.07
IPC (80 %)+SD (20 %) 20.66 9.61
_IPC (60 9%)'SD (20%)+RB (20%) 8.17 16.28
Lentinus edodes <ImHyub # 7>
Sawdust(SD, oak wood, 8)+RB(Rice bran, 2) 17.85 10.08
Inner peels of chestnut (IPC, 100 %) 14.24 13.75
IPC (80 %)+SD (20 %) 961 21.14
__IPC (60 %)+SD_(209%)1RB (20%) 1357 17.22
Hericium ramosum %35 ©]
Sawdust(SD, oak wood, 8)+RB(Rice bran, 2) 12.01 7.08
Inner peels of chestnut (IPC, 100 %) 21.81 12.38
IPC (80 %)+SD (20 %) 20.15 11.48
IPC (60 %)+SD (209)+RB (20%) 18.89 12,62

*Fach ingredient were mixed by the hands and placed in the 250 ml erlenmeyer flaskes.

bThe carbon dioxide productions conducted with the duplicate works and determined by Gas
chromatography. The rate of carbon dioxide productions for a min’s incubation were divided by
the carbon dioxide pecak in the air. “Days of growth after inoculations at the room temperature.

The mycelia were grown at the room temperature from August 20 to September 10.
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Table 8-5. Carbon dioxide productions of three mushroom fungi on the
various solid substrates including in the agricultural-by products

(Chestnut—outer Peels).

Fungi and solid substrate” CO; productions (Rate per air min)”

7 days’ 15 days®
Pleurotus ostreatus <WonHyung> o
SD(Sawdust Oak, 8)+RB (Rice bran, 2) 55.50 24.03
OPC (Outer peels of chetnut) 31.98 29.60
OPC+SD (40%)+RB (20%) 124.37 80.78
OPC+RB (20%) 82.15 100.68
OPC, only+Minerals (5 m¢)’ 33.94 37.94
Lentinus edodes <ImHyub # 6>
SD(Sawdust Oak, 8)+RB (Rice bran, 2) 69.22 72.42
OPC (Quter peels of chetnut) 62.50 107.45
OPC+SD (40%)+RB (20%) 100.21 81.93
OPC+RB (20%) 123.26 134.61
OPC, only+Minerals (5 m)? 67.39 70.79
Lentinus edodes <ImHyub # 7> L
SD(Sawdust Oak, 8)+RB (Rice bran, 2) 66.79 100.10
OPC (Outer peels of chetnut) 65.74 109.22
OPC+SD (40%)+RB (20%) 86.66 136.21
OPC+RB (20%) 118.28 170.53
OPC, only+Minerals (& m)* 104.39 165.53
Hericium ramosum 5534 o] .
SD(Sawdust Oak, 8)+RB (Rice bran, 2) 52.25 35.93
OPC (Outer peels of chetnut) . 4016 33.69
OPC+SD (40%)+RB (20%) 67.90 38,37
OPC+RB (20%) 84.55 7473
OPC, only+Minerals (5 mg)® 52.96 45.98

*Each ingredient were mixed by the hands and placed in the 250 ml erlenmeyer flaskes.

PThe carbon dioxide productions conducted with the duplicate works and determined by G
chromatography. the rate of carbon dioxide productions for a min’s incubation were divided

the carbon dioxide peak in the air.

“Days of growth after inoculations at the room temperature. The mycelia were grown at the roc
temperature from September 25 to October 15.

“Minerals were the five times concentrates of Mineral solution: (NH):HPO4 1.0 g, KHPO4 2.0
MgSQ; - TH20 0.75 g, CaClz 0.25 g, NaCl 0.075 g, FeCls * 3H2O 0.02 g per L of the distilled watc
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Ao Nwel 49 apgow dsiel ¢ Az A2k

SIS o §3he B3 AME od ARE ARgut g5 (% 5 1977
o] % 1994; fr % 1994, 3 % 1996; 1996; Lee et al, 1996; 1997). H7d& &
& ol Abow ¥ o) &N wAsn Adgo FAHI gk

e #itol]l opalis el ok A o] SlE|A WA el e HY
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o7 A g glek o2 FALE MA 8] FalEo] AdA AU T
299l @ Ao AYAHrt a2 o2 eHddE Al Aol 3 AL
Frid P HE Sl WAl Al F83 Ao Az A HE
Ugle 22 el Ao AM8-E & glom A4 4R dHa gin.
Ei9] Z4E ok ¥ Y AAAE GG s 2 FdHE AS &

AR eyl mF TS s Fea AP E F s iy

04 Fhol o] Yol Sl AR WA, LEH e wmF T AL B
A9 doiold 2 ARaa ALA BAE A9, wael AgE Pl

& Ao A B & 8 Aol A Tk Ao AL A4
e b QAo Ao ¥39 tEe 44 N te ue

ol Igieh WelsE A 4] BAE FHI L JYpe] RE

_..4

Aol
el & 714 Z7l2 WA 988 AHEE 7 98 Ao Az g
Al ANEE HRALS FH40d BHEA FAE Yt AR Aoz
29E Aoz Azt oHE A HEE S o] &F MM Al 2
e FoldA Y ALES AT uldlA Fasirtal sHA.
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MASE Qe AL 2Re NBOE 088 WA, $FAF 7

Qe 53 ofolil Hgom olgahel fTHL, 1997). P ARAe

A A7 (11450 A R 8-(= A AT, 1790)9] AP A TolA Fo)
Holl ek V[ Eo] e Aem Hol o8 MEH wHlol dy of8Ho g
T2 & F HKim et al, 1987). @l s AW 2 glde] = A
7 213 (Park et al, 1978)%, ¥tahg A% © %FF(Chung, 1982)0.2 H]
Aol AA &7} FobA 1 8y 43 TR Y (Peberdy et al, 1993).
ey ol gk AgWAle] FagFel d&ste @A ok AEWA F <

A AR g Re meY g3, FFol, Bo] Fo] FEL ol

M

_1.4

I Qo BUSEMA(Armillaria mellea), % (Poria cocos), TH7HErH Al
(Lyophyllum sp)9] A3 Aul7F Al=d vk gloy, AA g7t A yiksE=
A A2l dejx A 3 9vh(Lee & Choi, 1995).

A#H(Grifola umbellata)?] AR A= EGUe] T o2 HE FAHY oA
ofe]  oueifEfol Al AR AMRETE AHOBRE FEHI Iy B
-glucan®o] 7+¢F, A<, 4 Aol s HYFd d3(ee, 1986)7}
Quby MmEqi, olxzgol e EILu et ol,1985)9 N
(Ohsawa, et al, 1992)3} ot& <ol stk 3 (You, et al, 1994; Azuhaata,

199 % gleka waskleh B2 v& A7Abgdd o3 3 AvHdte. A
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Bl AEuE 2 TAA ALt A 0ol dE E3HL Esly
Busgla A Faolx #3& Foz A&t 3o n QlEw
st glen 18 A8zt 2-3de] A9 €Ty WuHm gl HA =
ol M= i AEe] il YRRt ob I kEu A F AT A
Hel AL HA ¥ WAl A-2ulsw M (Pholiota adiposa)] <1 )
o A7 A Folm, 53] dEeJAE ojn] 2 Pholiota %91 whe A
(Pholiota. nameko)ol ¥z gheko] w1 gto] F& wAlo)7|o(Cha et

, 1981), 719484 AAE k3o Abela QH(Cha et al, 1981). Ww
ofut o shol thE B AGEe] o]FojH o }(kuo & Kimito, 1969;
lkuo, 1979 Tkuo et al, 1980), +-uehz I AFAEZ A9 gla, @
Park et al,(1978)0] $-Zuetol A AAsE of WA F Helgl §Ho] &
woka 71z dgte Ao o AFTA 5L BT APeA i)

=W A (Pholiota squarrosa(Fr) Quel.)o] b Eulo Al olaAu7t s

\

FE wmagich ool £ ATAL 8wl AR BHon Peuk
MR (Pholiota. adiposa) A3 P4 7|2 Aget H oF Ao Do)
85 PCR-RAPDW & A483ko] A€ Pholiota 49|

B uelst P oadiposa®) malgE ol 1A Wolel % gud FTS

s A3 2 S 28stua Sdn AG e Aag %A
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A2 Az 2y
1. A4 ezt

7t A8t

A Y (Grifola umbellata Pers. ex Fries)T T35 AHAACAA AF R
Hoe o] &3] & Bydta dP2 AFEFES A4 ARSI ®
U8 A (Amillaria mella)e: BAF Ao A B8 8 F(AM 777)3 g
& FE(AM 666)% A1EaSIth o #7E PDAWIKIO Atiste] 4

of Ab-&3}ltt.

v 71§ I
D A s F3 T FR
WA Adjzdo A wAFAAE Aastel Fo g AMRSALA G
7 zro] a1erslo] Algslnt. MdE A wX] KKL(fructose 20g,
maltose 10g soytone 3g, peptone 3g, NaNOs 1g, MgS04 0.5g, NapHPO4
1g)7F ¥¥7) 45x250mme] Al§lte] dFvlE #E& I £ 7 AS s
voaba FiE, thE e el o ¥, Fe e s 37
MEgow Asaad. 4% e AFEN PUTNATS P 4E
Bt o 309%F R HT AP} B
woi AEeke] 30917 vkt ¥ Peristaltic pumpE ©}-&3to] Fibi

Malel FEAb Wkl ol Mo FAPG Bow 5mE ol FAY A, A
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c\nmm BERG §

GU A GUF
Armlllariella mellea Grifola umbellala

Fig. 9-1. Cultivated construct of G. umbellata and A. mellea

2) FHiAE B¢ FIYFE

KKLU| A & 26mee] Azh&etazd A" & HFske] 3047
F& AA FHe Z2ASUAE FTAEHAA 2HE AEA Wt
AR #H(©24Xx150mm) Foll R FRr A, T AREE 40101
1:19 v&=2 EF3e] FF 66%E THE FHMAE 3em ¥ol2 A

& F121C 15719 stold 278 e dATFe 9Tt 4FE F

18CY 25 & 397 AYd v 3o gy g A

3) Petri-H Aol 4 T %
1) dAFEE Y

SE U9 AR GE S 12X70mme 72 dwgk & Plateo] ¥
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Aqgomny ¥HF #& ojdel Te WHOR HolUE Fuuxd

AEsho] Aol At A BUTHA] 4P BAL TR

7, 5, RuE 4nnr1e] vER Egete] £E 66%E 7Hske Al

.

) MNFYE ol &F #IJA
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ol vhel gy 9T E
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52 wWAE Jtete 13t
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b mekul o] g wEE @
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Mycelial cultivation
of G. umballnta

at 18°C for 30 days
on sawdust

Fig. 9-2. View of cultivation of both fungi in PDA

cotton plug

rhizomorph

Transfer

Oakwoodlog  sand

Water agar
) Mycelial cultivation
Develspment ridzomsrph of G, umballate
of Awmellea at18°C for30 days
st 25°Chr 30 days on sawdust

on woed log agar

Fig. 9-3. Culture method in flask with mycelial mass as inoculum
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1) #FAAE o] &8 FHANRE

A tAre] SR A AAFARFE

A, LY, SARAIU A E 70X 400mme] Y& A 125%20
o e FAGon Amol HEH g BUR wMAFE YE3h

St ElolA AT ML, A RAFEYS WIFe 419 v)
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UA ddtd Fow Wa I fo EYE uAl E}dT AA e B

%2 Fig. 9-4, 9-5.91 YAt

2) WEY o NG

) WEA 87
WAl FEE TSl F 0RO WEAE W] TEL o8
e Aokt AW gEST oUW, B MFTS o) %
@ oMEEe Adsac. & Mg 99 BN 2 SR, 42

§hF, pH, 258 FAGAG vMEE Bo] did EEES HA

.o/

B ) £89 M5E FA 5w 29 BY] A% £ mAE A

of wlgalgh f71Ee) Atz s EG vARY HYS Tels]

- 205 -



F71ES AR & F 1doe] Adg v Adste A A

Aol WRE FBS ALgst a9} Lol AFAAL. AL W

-

@e Zol 30cm A7 15cm ¢ FHE vEI BEUR @2 397)

23TColA BUFHAE FodHE gt dAEE daAzit. A

o

wae] ue WA TEd mels £& 412 £

Table 9-1. Properties of soil for burying method of inoculated wood log

under soil
Location Date Moisture organic pH Tem.(C)
(%) metter (%)

¥l 9. 4. 14 18.20 23.86 427 239
Fre2 99 7. 12 16.51 22.06 431 220
%3 99. 8 11 19.48 23.64 433 23.6
Frel4 99. 7. 12 16.46 21.87 554 229
&b 99. 8. 11 17.38 22.63 4.40 234
Wik 99. 4 15 12.00 17.97 4.29 22.5
A2 99. 4. 15 8.11 11.63 418 235
WAk3 99. 4. 29 9.40 14.76 3.98 23.3
WAt 99. 4 .29 9.40 14.76 3.98 23.3
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e uylo]it 500mm ZolE Wk Fyole g "R 3~5emA =

Q4 ee Ade Are Agsta dud $9E FArd B 3%
@ b oL slol UAl 9gdle] My EEE Yu 2AE Wi ¢ F 7

A QRpe s S Gk HEAVIE 23] =TS Aedl

wood lo wood logs developed a rhizomoxph
selerutia ¢ swrroundthe wood log

Fig. 9-4. Burying method of inoculated wood logs under soil layer

) gymele ARA%

WG ggete] A o P8 o AR wud opgle P
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CHE U o] Bglo] MR A FAFSo] whdd GBS Ao F3)
37 HE:eAch YRRy 5 F2 BYE T FozZ slo] pyol(rt
Z 500 XAE 400 X Zo] 300mm)E = FA o)A AolglE

AA QEF ek el Y dAEe & He RdE 3

rr

0~50mmAEE 23 1 o T4 PHo= JFed &5(200X25mm)

IoFE RREE S0z BUR wAe] datge) Uad g5
AR Yol g HEoIK HFIAF(Fig. 9-15, 9-16). HZFH H99 4
o £& £ 2ZdE Wi a2 Ao EFE devhFig. 9-5. AA o

X

o] REFE Fig. 9-189] Jerviich

=

Fig. 9-5. View of inoculation of sclerotium of . umbellata and A.

mellea
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3) Fuvlge & HEAoR ALl FH9 AFH AN F

A oAl el AEdg o] &l AL i o]E HEY
o dfo] ralg vhgu o] Fuste] Adsvh FUEEN, MR
TS 411 AER AL FETHS 66%E 3o AzE FyAE
250me ZefsELe] Al the AH dFE HES] 18T ~20TolA 370

A3 M v FAG WEHL AE Wel THRE 9 Fo] wEol

A Fepaavke Adste] FEdon A t(Fig. 9-8). BuEHAl

ol MEd WS e JFdos Agd BEI A o] )

i

Besos:
mycelial mass of -
G. umballdti
wood logs developed a
Mycetial cultivation of rhizomorph surround the
& umbefiata at 18 9C wood log

for 3 month in flask

Fig. 9-6. View of inoculation method using inoculum grown on

sawdust media.
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2. ALn A AT 84

7t FAHE

1996 2 E 5 BT WFAL FHAM APste] FASAT o5
A2 HE o] 83te] Water agar(WA; Agar 20g, Distilled water 14) &
GS agar(Ginterava & Janotkova, 1975)% S3sted TALE 28kt
WAL GSolAl =g Ae dAEL @du4d ##= Clamp connection
o] #AHE A wz Bystd, 9 A&ste Feol ueh Hahddt e
z 9AHE ¥ #(PA-1,PA-2PA-3)& AR Th =F, AF L4
e b 48 fste] dF-E AH Hj x| of] o] 2 &to] wik - F

4°C WA H#AsgtH(Table 9-1).

U HRIAE ol §# AAA FHAFE

m\m

Bl 2 o]fate] AenEwse AAA A JHE AAsy] 94
&

5% & AU ToAAN A7 GHF T

rol

ghul A G v %
= 80: 20 v/v)St WIFUFE EbelA () FubEs v d=80:20 v/V)E LU
| HH(121°C, 15719 dhol Al 60878 & B Ay FaAer &
HjEWA 3TFE FFetel GAdA 26T, 0Y F TALE W FEH
o}, @A 223 AgE WHaxe H7E o '8 S8 M
3 oA gold 7] AARYE e 2k 12-14T, §E= 80~86%%

FABEE wE YA el

il

A A HTable 9-2).
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Table 9-2. Development of the fruiting bodies of P. adiposa on sawdust

bottles under the artificial cultivations®.

vdayof The days of Mycelial
fsolate mycetial old mycelia growth The day harvested
s jgggglﬁqﬁign removed (% /bottle)”
PA1 97.4.14. 97.7.10 90% 97.7.30 (Oak sawdust)
PAT 97.4.14. 97.7.10 95% 97.9.02 (Poplar sawdust)
PA3 97 4.14. 97.7.10 90% 97.8.18 (Oak sawdust)

97.7.10 95% 97.10.06 (Poplar sawdust)

PA3 97.4.14.

*The sawdust of oak (scientific name) or poplar (scientific name) mixed with
the rice bran at the rate of 80:20 (v/v) and sterilized at 125 C for 20 min.
The basidiocarps were developed until the day harvested after the cold

treatment on the day of the old mycelia removed

*The growth rate of mycclia on the sawdust bottles on the day of removal of

mycelia when the white mycelia grown were measured under naked eyes.

1. Ade) AF R

b iG-S 8 TIPS
1) AAMNGFE 53 FIFE
mer & 402 ANsF Aug wrhz] AEe] FAE WX Aol wWat

Wovhe Wsh: EE 7 QT BA M R A 2R
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T AL FAR AFRT A, &= g% FAME FEE 9
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o FARAI Hol =37l WA dojuE Aow #FHUC uhel
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o

ol A ARHE A 7 A wAE FA o] FAY
ol FEAoR HeAe HyHs Ayl I Ze sAyle]
Az 593 FeE A2 YK Fig. 9-5). T F3 FALA 229
¥AoRRE Mz FEo FAE e Aol oide Wiy e
TAFS o] EF sk o] A FH AR (Fig. 9-11).

oy L FUEL AH R W= Aol b @ F vk A
& dAEE Aer A4En. Y fAAE APster 284 Az
& 3714 wHkeltt,

Aol AT FARA ARESIE FHE AWt S
o] &3] AW A9 3-5de AlFbe] FIsof FFEo] o]&F 4 3
e e A2 wE S ok weka] TS ATHer g f
Aoid Ak thE WAl o]l FFAVIS e Addrid AA

EX odE oE Al & 5 Ak AE RoEnh.

M

A FEE o1 &Fd FHIA

PDA WA & o ujA 2 o]§ato] 1703 v g A3, Aol wHAE

o,
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oft,

o #AE Ao Wi wAe 248 A
Agow Qe AHe) FA} 48 WB HYTh EE FEE P
B owale] #Abe] W] FEAYT FAL Aol WS wem Wl
. #AEelE o867 A9 AWl wAYolt Fe o] AT
AS WHOH(Fig. 9-13) #AHO]l e e e
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2 2489 (Fig. 9-16).0] AHe the ALHe Fao| W =4
vk A FEdom AHEe @3] A7) oF 38em’(50 % 27mm)o]
3 FFe o ggelth HEY FAL WIF T Aol XK
elel F8, A7t e F, A FHow ARHJYL F AE
A 12705004 Aol ehd #3ol 3 7, AN Az Aolgl T
o] 47), AF7F W& F o] 2/, FAbak #ao] I 27 EALHA
o 1d F A2 A" FHe AV 327ecm’(374X282)% FHE
oF7g AE AR AAEJeH Fh e 8o A4 A2 X
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Table 9-3. Sources of the fungal mycelia or the fruiting bodies collected

for this works.

Marks Expression Descriptions of the fungal mycelia or basidiocarps collected

P1

P2

P3
P4

P5

P6

P7
P8
P9
PiO
P11

P12

P13
P14
P15
P16

P17

P18

P19

P20

PA-1

PA-2

PA-3

PA-4
PT
TM-3
T™-7
LE
AB
PO
FV
PB

Mycelia isolated from the basidiocarps of Pholiota adiposa collected from Bo-Eun
Gun, Chung-Puk on Sep. 1996

Basidiocarps harvested from P. adiposa (PA-1) cultivated on Oak sawdust on

July, 1997°
Basidiocarps isolated from P. adiposa (PA-1) cultivated on Poplar sawdust on

Sep., 1997°

Myecelia isolated from the basidiocarps of P. adiposa collected from Bo-Eun Gun,,
Chung-Puk on Sep. 1996

Basidiocarps isolated from P. adiposa(PA-2) cultivated on DA petri dish on
Feb.,1998°

The Mycelium isolated from basidiocarps of P. adiposa collected from Bo-Eun
Gun, Chung-Puk on Sep. 1996

Basidiocarps harvested from P. adiposa(PA-3) cultivation on Oak sawdust on
Sep.,1997"

Basidiocarps harvested from P. adiposa(PA-3) cultivation on Poplar sawdust on
Sep.,1997°

Basidiocarps of P. adiposa collected from Bub-Ju Temple, Chung-Puk on
Sep.,1997°

Basidiocarps of P. terrestris collected from Bub-Ju Temple, Chung-Puk on
Sep.,1997°

Basidiocarps of Tricoloma masutake collected from Yang-Yang,Gang Won Do on

Nov.,1997°
Basidiocarps of T. masutake obtained from Yang-Yang, Gang Won Do on
Nov.,1997°

Basidiocarps of Lentinus edodes purchaged in Dae-Jeon on Apr.,1998°
Basidiocarps of Agaricus bisporus purchaged in Dae-Jeon on Apr.,1998°
Basidiocarps of Pleurotus ostreatus purchaged from Dae-Jeon on Apr.,1998°

Rasidiocarps of Flammulina velutipes purchaged from Dae-Jeon on Apr.,1998°
Basidiocarps isolated from Polyporus brumalis cultivated on Oak sawdust on
Sep.,1996"

Basidiocarps of Hericium erinaceum collected from Yang-Yang, Gang Won Do on
Nov., 1997°

Mycelium isolated from basidiocarps of Ramaria botrytis obtained from
Yang-Yang,ang Won Do on Nov.,1997b

Basidiocarps isolated from Schizophyllum commune cultivated on Oak sawdust on
Sep.,1997 (collected from Mt. Cho-Ryeonghung-Puk on Sep.,1996°

“The mycelia isolated from the basidiocarps stored in the laboratory of mushrooms in RDC of

Bung-Puk.

*The mycelia isolated from the basidiocarps obtained directly and stored in our laboratory.
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Fig. 9-7. View of contact mycelial mass of G. Fig. 9-8. Pseudo-sclerotium of G. umbellata
umbellata with rthizomorph of A mellea in in sawdust media
tube.

G; Mycelia of G. umbellata  R; thizomorph

Fig. 9-9. Stimulation of mycelial growth of G.

mbellata by thizomorph of A. mellea

A; 4. mellea, G, G. umbellata Fig. 9-10. Formation of pseudo-sclerotium of
G. umbellata with A. mellea in dual culture

Fig. 9-12. View of inoculated sclerotia for
Fig. 9-11. Formation of new epidermal Burying Method

structure  for protection of internal mycelial GS; Sclerotium,  R; Rhizomorph
mass of G. umbellaia
G; G. unbellata, AM; A. mellea
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Fig. 9-13. Formation of new mycelial mass
of G. umbellata by thizomorph of 4. mellea
R; rhizomorph of A mellea, NS; Newly
formed sclerotia like structure of G
umbellata

Fig. 9-15 View of mycelial mass of G.
umbellata after 1 month

method area for
production of sclerotia of G. umbellata

Fig. 9-17. Burying

Fig. 9-14. Inoculation method in the hole on
the log developed with rhizomorph of A4
mellea

G; G. umbellata, R; rhizomorph

Fig. 9-16 New sclerotium of G. umbellata
produced by burying method

1S; Inoculum sclerotium, R; Rhizomorph,
NS; New sclerotium

Fig. 9-18. Old and newly formed sclerotium
at oak root

1S; Inoculated sclerotium,

NS; Newly formed sclerotium,

R; rhizomorph OR; oak root
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i . . Fig. 9-20. View of white Sclerotium
Fig. 9-19. Growmg. new sclerotium of G. IS: Inoculum  sclerotium, NS; New
umbel'/ala forward with root . sclerotium, R; Rhizomorph

R; rhizomorph, NS; New sclerotium Arrow showed to white sclerotium of G.

umbellata

Fig. 9-21. View of inoculated to mycelial mass
of G. umbellata at lived root of oak

1G; Inoculated mycelial mass of G. umbellata,
R; Rhizomorph, AM; log was inoculated to A.

Fig. 9-22. View of inoculated to sclerotia of
G. umbellata at lived root of oak

1S; Inoculated sclerotium of G. umbellata,

R; Rhizomorph,

AM; log was inoculated to 4. mellea

mellea
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