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SUMMARY
(FELHE)

I. Title
Development of New Cultivar, Stable Cultivation Process and Functional analysis of
Hypsizigus marmoreus for the industrialization
<The 1% particulars project> Procurement of the genetic source of Hypsizygus
marmoreus and development of stable cultivation technique.
<The 1°" cooperated project> Development of new variety of Hypsizygus marmoreus

<The 2" cooperated project> Analysis of functional efficacy of Hypsizygus marmoreus

II. Purpose and Significance of Research
- To shorten timescale and reduce cost of the cultivation, we evaluated of optimun

quality, amount and time duration of the light.

To obtain fosterage sample of Hypsizygus marmoreus and develop mutated mycelium

of high—qualities that has rapid growth rate

- To obtain fosterage sample of Hypsizygus marmoreus and develop mutated mycelium
of high-qualities that has rapid growth rate

- To investigate functional efficacies of mycelia and fruiting bodies from Hypsizygus

marmmoreus

II. Contents and Scope of Research
- securement of genetic source of Hypsizygus marmoreus
- analysis of cultivation characteristic of secured genetic sources
- development of cost-reducing cultivation technique using LED light source
- development of low—cost medium for Hypsizygus marmoreus cultivation
- evaluation of optimum temperature and humidity
- RAPD-PCR, AFLP analysis of secure genetic information
- Development of high—-quality mutated mycelium derived form irradiation
- exploration of nutritional and functional contents
- evaluation of antioxidant, anti—-tumor and immuno-modulatory effects

- improvement effect of blood circulation

IV. Results of Research
<The 1% particulars project> Procurement of the genetic source of Hypsizygus
marmoreus and development of stable cultivation
technique.
111 strains of Hypsizigus marmoreus were collected from the domestic and

international. The geographic distribution of strains collected wild strains of the two strains

_7_



of Korea, 35 strains from China, 13 strains isolates in Taiwan and the rest of the
introduction is unclear, but is estimated to be collected in Japan.

Genetic resources collected in this study, 91 strains formed fruiting bodies. Isolates
HYM-031, -047 and -109 strains was form to large pileus and pale with fresh brown
pattern on the surface of the pileus. These strains is determined by L. decastes. Out of 88
strains of Hypsizigus marmoreus, 10 of the remaining 88 isolates were strains of white
remaining 78 strains formed fruiting bodies typical Hypsizigus marmoreus types of
mushrooms had been stranded.

UPGMA analysis and Neighbor—Joining analysis based on RAPD-PCR with URP
primer, a flexible relationship collecting area, the shape of fruiting bodies, without regard to
such features were divided into four groups. Many strains showing 100% similarity with
the same strain, or other farmers in the region is estimated to be widely grown. Isolates
HYM-031, HYM-047, HYM-069 and HYM-109 is not classified as outgroup strains
included in cluster also genetically very closely kinds of those species is estimated..

In order to analyze the cultivation—physiological characteristics were cultured on agar
medium, mycelial growth of Hypsizigus marmoreus were RBA, MCM, MEA, PDA good
order. Hypsizigus marmoreus of artificial cultivation of mushroom cultivation conditions,
review the results of the ex-amount of days the fast spawn mycelial growth by 35 days
late strains of mycelial growth was 55 working days up to and including maturing culture
took a total of 80 days or more. The days required for initiation was vary by strain 7 to
19 days the growth was varied from 6 to 14 days. Inoculated with spawn and fruiting
growth of the incubation period of days it takes a total cultivation period of 96-107 days
have been spent. Artificial mushroom cultivation experiments carried out on 110 strains
that caused the fruiting bodies of strain HYM-008, HYM-064, HYM-089, HYM-092, and
four strains produced by more than 150g per a bottle productivity were very good,
especially HYM-089 strains of white strains to form fruiting bodies being produced by
more than 150g is considered very good. The HYM-009, and 17 strains have been
produced more than 130g by growing varieties are considered very appropriate. However,
most strains can produce more than 100g per a bottle growing varieties 1s not considered
an issue, but the 23 strains including HYM-022, with very low productivity did not even
100g. Collected from wild and domestic disconnect HYM-069, HYM-109, HYM-110 strain
was producing less than 100g.

LED lights for energy-saving cultivation techniques to develop a different wavelength
NUV (Wave length 405 nm), Blue (Wave length 460 nm), Green (Wave length 530 nm),
Yellow (Wave length 590 nm), Red (Wave length 630 nm), White (Wave length 6500K) LED
light source, while investigating the mycelial growth and fruiting occurs, the impact on
growth were investigated. In treatments red ligh, the mycelial growth of strains show
similar dark condition, effect of red light was found to be without. However, Cool white,
green, vellow light approximately 10-20% of treatment effects were light inhibited. Fruiting
body survey of the impact on growth wave president and white LED light, blue light and

_8_



green light treatments examined were excellent quality and quantity in the fruiting body
president, Red light and yellow light-wave treatment and a poor differentiation pileus, price
increases tend to show the quality was poor. If use the LED light is the ideal combination
of blue and white combination was found to be the best.

To develop low—-cost medium, rice bran eatract medium selected to best medium for liquid
media. For cultivation, media with Douglas fir sawdust, corn cob, soybeen seedcake and whwat
bran[40:30:15:15 (v/v)] mixture as a percentage mycelial growth in the medium of the fastest,
most good quantity.
<The 1% cooperated project : Development of new variety of H. marmoreus >

This study was performed to develop new Hypsizygus marmoreus cultivars that have
enhanced functional materials and improved physiological characteristics with mutagenesis
by gamma ray irradiation. Protoplasts of H. marmoreus brown strain HYM-056 were
irradiated by gamma ray for mutagenesis, and then 2,000 clones of mutants were randomly
selected and the fruiting bodies were induced by bottle culture. Among them, 157 isolates
with fast-growing, heavy and many fruiting body-producing were selected. The isolates
were cultured in plastic bottle containing rice bran, barley hulls and fir sawdust to form
the fruiting bodies. About 100 days after inoculation, characteristic of fruiting bodies were
investigated. The isolates were divided into 6 groups based on color, shape and size of
pileus, and length, diameter, number and weight of stipe. In addition, the genetic variation
of the isolates was analyzed by URP-PCR fingerprinting.
<The 2™ cooperated project : Analysis of functional efficacy of H. marmoreus>

We found that H. marmoreus methanol extract dose—dependently inhibited platelet
aggregation that was induced by collagen, but not by thrombin or ADP. Collagen—-induced
intracellular calcium concentration [Ca2+]i was also dose-dependently suppressed in F.
marmoreus extract treated platelets. In addition, collagen—activated ATP secretion was
lowered by the H. marmoreus extract treatment. Moreover, H. marmoreus extract was
revealed to attenuate fibrinogen binding initiated by collagen. However, ERK
phosphorylation was not affected.

In conclusion, H. marmoreus extract inhibit platelet aggregation induced by collagen,
intracellular calcium mobilization, and dense granule secretion while suppressing integrin a
IIbB3 activation. Finally, this suggests that H. marmoreus could be developed as a
functional food or phytomedicine against platelet related cardiovascular disease, including

thrombosis, stroke, and atherosclerosis.
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2. A5 R UH

7h SE R HA Y fHAY R
EWMY A FAAES a9 dF BEV| A EERAY Al S A 2L
A= B Aol A chloramphenicolo] A 7FEl PDA wjA|olA ZAEgWHoz Faste] n 3
Atk FgrRE FAALL FATFE 2% Glycerol&Hol HAste] 70T HAFFH oW
PDA (Potato Dextrose Agar) slantoll Alth3te] 5CH|gto] B #ASFHA L Q3 g o] &35
t}.

Table 1-1. List of Hypsizygus marmoreus isolates and related species used in this study

N

Isolate | Source and geographic origin” | Isolate | Source and geographic origin” | Isolate | Source and geographic origin’
HYM-001 {MKACC50205 62052 Japan [HYM-038 MKACC52011 |ASI 8041 HYM-075 TUM 2157 Taipei
HYM-002 {MKACC50363 63280 A5387 Jeju |HYM-039 IMKACC52013 :ASI 8043 HYM-076 TUM 2232 China
HYM-003 {MKACC50636 A6100 China |HYM-040 MKACC52014 :ASI 8044 HYM-077 TUM 2277 China
HYM-004 {MKACC50710 :A6101 HYM-041 |MKACC52015 :ASI 8046 HYM-078 TUM 2279 China
HYM-055 :MKACC51135 A9675 HYM-042 :MKACC52016 :AST 8047 HYM-079 :TUM 2306 China
HYM-006 :MKACC51976 :ASI 8002 HYM-043 :MKACC52017 :ASI 8049 HYM-080 :TUM 2326 China
HYM-007 :MKACC51978 :ASI 8004 HYM-044 {MKACC52018 :ASI 8050 HYM-081 TUM 2638 China
HYM-008 {MKACC51979 ASI 8006 HYM-045 :MKACC53978 ASIS 12652 8j20| |[HYM-082 :IUM 2641 China
HYM-009 |MKACC51980 AST 8007 =1 |HYM-046 MKACC54026 ASISI13026 HYM-083 :TUM 3375 China
HYM-010 :MKACC51981 :ASI 8008 HYM-047 {MKACC54367 ASI 8061 HYM-084 TUM 3376 China
HYM-011 MKACC51983 ASI 8010 HYM-048 {MKACC54368 ASI 8062 HYM-085 TUM 3377 China
HYM-012 |MKACC51985 iASI 8012 HYM-049 |MKACC54640 |ASIS15136 HYM-086 TUM 3383 China
HYM-013 IMKACC51986 :ASI 8013 HYM-050 {MKACC54876 ASI 8063 HYM-087 TUM 3390 China
HYM-014 IMKACC51987 ASI 8014 HYM-051 {MKACC54877 ASI 8064 HYM-088 :TUM 3391 China
HYM-015 |MKACC51988 ASI 8015 HYM-052 {MKACC54878 ASI 8065 HYM-089 TUM 3405 China
HYM-016 IMKACC51989 :ASI 8016 HYM-053 {MKACC55125 :ASI 8067 HYM-090 :TUM 3406 China
HYM-017 {MKACC51990 :ASI 8017 HYM-054 {MKACC55200 ASI 8066 HYM-091 TUM 3434 Taipei
HYM-018 :MKACC51991 :AST 8019 HYM-055 :Commercial white fruit body HYM-092 :IUM 3444 China
HYM-019 :MKACC51992 :ASI 8020 HYM-056 ‘Commercial brown fruit body HYM-093 TUM 3455 China
HYM-020 :MKACC51993 :ASI 8021 HYM-057 :TUM 1378 Taipei [HYM-094 ‘TUM 3555 China
HYM-021 \MKACC51994 :ASI 8022 HYM-058 :TUM 1406 China |HYM-095 UM 3556 China
HYM-022 {MKACC51995 AST 8023 HYM-059 :TUM 1408 China |[HYM-096 TUM 3564 China
HYM-023 MKACC51996 ASI 8025 "L |Hym-060 TUM 1414 China |[HYM-097 TUM 3750 China
HYM-024 \MKACC51997 ASI 8026 HYM-061 :TUM 1502 China |HYM-098 IUM 3835 China
HYM-025 | MKACC51998 iAST 8027 HYM-062 {IUM 1515 Taipei [HYM-099 TUM 3845 China
HYM-026 {MKACC51999 :ASI 8028 HYM-063 {IUM 1523 Taipei [HYM-100 TUM 3868 China
HYM-027 {MKACC52000 :ASI 8029 HYM-064 {TUM 1562 Taipei [HYM-101 TUM 3880 China
HYM-028 {MKACC52001 :ASI 8030 HYM-065 :TUM 1588 Taipei [HYM-102 {IUM 3883 China
HYM-029 {MKACC52002 :ASI 8031 HYM-066 :TUM 1591 Taipei [HYM-103 TUM 3891 China
HYM-030 | MKACC52003 AST 8032 HYM-067 | TUM 1621 China |HYM-104 UM 3897 China

_25_



HYM-031 i:MKACC52004 :ASI 8033 HYM-068 :TUM 1652 China |HYM-105 IUM 3900 China
HYM-032 :MKACC52005 :AST 8034 HYM-069 :IUM 1879 Mt. of Jeoksang Korea | HYM-106 iHm-001 Japan
HYM-033 :MKACC52006 :ASI 8035 HYM-070 :IUM 2021 China | HYM-107 {ASIS18965
HYM-034 :MKACC52007 :ASI 8036 HYM-071 :IUM 2129 Taipei | HYM-108 :ASIS18894
HYM-035 :MKACC52008 :ASI 8037 HYM-072 :IUM 2140 Taipei | HYM-109 :ASIS19043
HYM-036 :MKACC52009 :ASI 8038 HYM-073 {TUM 2142 Taipei | HYM-110 {ASIS19210 o # Korea
HYM-037 :MKACC52010 :ASI 8040 HYM-074 :TUM 2145 Taipei | HYM-111 :Turbo48 Japan

D ASI, Institute of Agriculture Science, RDA, Korea; MKACC, Mushroom-Korean Agricultural
cultural Collection, RDA, TUM, Incheon University Mushroom.

Y. 31 F4x49 URP-PCRY 93 FA#A &4
(1) Genomic DNA ¥

Slele] g Agemiy 8% 1117 F(Table 1-1)¢] Genomic DNAE #2]st7] ¢
3lo] 1497 PDA(Potato Dextrose Agar)oll A v % 7 Smmel #AAS 20mie] PDBHYA|
oA ZEHIF(120 rpm) & E 25Tl A 1493 wide dAMAE o Ao ZAefdol #4101 xE5
st 54 7HFE3 FAFAE Tissu LyserE o] &3te] #A vhafst o3 100pg2S 1.5ml2]
Eppendorf tubeo] 7|3 F&8& 459H(200mM Tris-HCl, pH 8.0; 200mM NaCl; 25mM
EDTA; 05% SDS) 400uE H7bste] # 4olF1, 2xCTAB buffer (2% CTAB [w/v],
100mM Tris [pH&.0], 1.4M NaCl, 1% polyvinylpyrrolidone Mr 40,000)5 400t 7 7}sFe] 65T
o A 30%7F WA ¥ phenol:chloroform:isoamylalcohol (25 : 24 : 1)& ¥ &3 3 3 14,000

mmol A FAEZ AT ASHE AEZE tubeo] %7 0.7 volume? isopropanols # 7}s}al

ol

A Lo A 1087 WA F 14,000 rpm oA 10%3F QAR Fste] DNAS HAAIZHT 70%
ethanol® DNA HAES AlFsle] #dF AF3 & 1xTE buffer (10 mM Tris-HCl, pH 8.0;

ImM EDTA) 50uell g3lststh. 10mg/ud RNase 2ulE 2ol 37ColA 30% A elste] F&3
follo] &H5 RNAZS Al AU %3 DNAE spectrophotometer 260nm 3o & Ak 1
Mg AAEE T
(2) RAPD-PCR 3AFA 4

RAPD-PCR 34FA] &4 2 URP-PCR #4HAE Kit (JK BioTech)& Tste] Hu 4 F
ZAE o] Fglsta Wol7h A F ) primerE A@Ete] Al&w Protocolol w3dke] =3 s}
&Gt URP primerES ©| &3k 7] 2%l PCRY¥HE 2712 100ng2] DNA template 5ulol 10xPCR
buffer(10mM tris-HCI(pH.8.0), 50mM KCI, 15mM MgCl2, 0.01% gelatin) 5u¢} URP
primer(20pmol) 1, 25mM dNTP 4u0, HQ Taq polymerase(JK BioTech.) 0.5ufo] DW=
total volumS 50ul% 95T DNAMA S 9l8te] 94T A 457 1 % cycledlA DNA #H
AL 94T A 1+, annealinge 55ColA] 1%, DNASTTAH 2 72Tl A 2722 % 3ocycles 2
Alstglown, HE DNA A4 7222 PCRS Fdtdth PCRel 93 5% ¥ DNAE 1.5%
9] agarose gel “JolA] 50V Aoz H7]ds 3 H Ethidium bromided] 4213te] UV lamp
st Al PCREYEA S #&3kal NTSYSpe(ver. 2.1)E o] &3t FA#AE E48+%
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o SR GARAY A sy 54
(1) gl A =T wjFs 54
WA el dnbA o g ALEE = 4579 g wiA][Potato dextrose agar(PDA), Malt
extract agar(MEA), Mushroom complete medium(MCM), Rice bran extract agar(RBA),
(Table 1-2)]ol A F3te] 25TCT+1.0, el = 9Lzt wjdsto] AL AFHFS A

Table 1-2. Composition of media used in this study

PDA MEA MCM Rice bran extract agar
; Malt extract 20g| Glucose 20g| Rice bran
PDA (ifco) 399| Glucose 20g| Peptone 29| extract 309/ ¢
Peptone 5g| Yeast extract 29
Agar 2%| MgSQ4 - 7H,O  0.5g| Sugar 10 g
KH2PO4 0.469
KzHPO4 19 Agar‘ 2%
Agar 2%
Distilled water 1L

dH, a7, W7 & " FATEFE HES 23.0+1.0TCAA vz <)
Fs xgete] F 80U MiYge F THVIE ste] &% 15041.0C, ¥5% % RH H5%= 34
243 AujArel A A A BAS =S
2 TG 713Fo] AAA BFo WA= FF
T w7kl =ER b Ale] AAA FA B AFd WA= dFE ZAH] 9lekd
nEEN 238 g5y, BU]S 40:30:15:115(%, v/v) Hl&2 E£3Ete] #H3A MRS 2%
A7FeE 5 A ] FES oF T0%= 24dete] agf F7]Edete] AREE itk HYM-023 o5
5 FAEtY] TS HEIT T 23+1TolA 4097 wige & 20T 25T 2 & A 10€lA 50
A7F ToujkS AAE T 2% 150+1.0C, H% 95.0+5.0%, CO; %% 1,000ppm ©]38t= =4
A AR A AAA AR AFES ZASEAT F2ARE 107 3 - 508 FTIE A4
A w5 A7HA 1Y 243] F 44X S 2SS

vt LED #€9< ol &% dux 2733 Aurle AL
(1) Fdo] =Ert7FeaH A AL Aol W= 3
g4o] ©E NUV(Wave length 405nm), Blue(Wave length 460nm), Green(Wave length
530nm), Yellow(Wave length 590nm), Red(Wave length 630nm), White(Wave length 6500K)
LED #< 16A17F 3, 8AIZF oF 712 ZA}eAA €% 23+1CoA] 1097F vkl ZA}
3
(2) FHo] “ERIZFGH AT A A el m A= G
5713 3o A A A7) WA A 559 LED %Y (White, Yellow, Green, Blue, Red)}
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NUV)# b A golA AS5S AlFom F AR 16A1F 33 - 8AIZF ¢ F7]
Al ZAFSAT. FEAL ]9 o] $H7
1,000ppm ©]3}= 243t}
(3) 3 LED 3 A7} =gr7bg WA A Ao mA= 4
7] Fo] AA 4715 2 A7l T LED 9SS @O Blue®t White, @ Green¥ White,
@ Blue®} Red @ Blue9} Green 123 & GreenZ} RedZ &3tsle] ZAleHA ASS AlF
ow F ZARAZEE 16A17F 3 - 8ARE oF FUIE FEbA] ARSI B 2AF o] 9] 9 S
27112 2% 150£1TC, % 90%°]%, o]4tsteta s % 1,000ppm ©lst= =433t}
(4) ¥ ZAMAI717F =Rkt Al e] A A BA = 2 STl nA = JEF
HA o FxA A7IE ZAFSHZ] f1eke] A A o] .59 wiAE 559 LED® ¥ (White,
Yellow, Green, Blue, Red)¥ NUV)#} ¢+ A ste] 2 A o] fFref A7k m A+ o
e AAA A 5 W FEFORE ARSI
(4) F=Fo] =g Rt A o] AAA DA F P AF7]|Tol] m A= FIF
LED3#€ ZA7F = wb7te i Ale] A A A 5= 9 ASol A= d3Fs A
sto] 47} otE 334S 717 5% 9 LED 9SS Sumol/m %s'# 30umol/m s '® F S %
g 2709 AgTrE v wolfk, A BE7I AAAe FHA EAS ZASHITH
79 @He BE 150410T, F= 95.0:50% CO, FE 1000ppm olssh FrAE 108 3
- 50% ?}ﬁz—ﬂi AR A FE AR 1Y 243] F 4N FE ZAFSEA

Hh. A ug S-S A A

(D) AATHE A7F whA i
SE R Al A St g AU E Aety] 91ske] Table 1-33%F ol 10€72] HAl
A E EAlsto] st S7|EEd F FAMEFE HFTeke] 1047 25.0£1.0Cell A wfFsto] o

A e ZASAT,

Table 1-3. Composition of culture media for liquid spawn of H. marmoreus

MYP YPMG
Composition(won/g) (PoPT%‘ro Imx?f- CM (Malt (Su?::/ose Pge‘rccl)sr:re_— (SoSbBean) (5.%3 (WVKEat :
P I dextrose) Gﬂucose) (Complete) 'Z&‘(l)snfe'f Yeast) GRIAGHS) 4 bran) | bran) | (Lycine)
-Gluco:
Glucose (20) 20g 20g 10g
KzHPO, (20) 1g
KH2PO4 (14) 0.469 1g 1g 1g 1g 1g
Malt extract (114) 5g 30g
Meat extract (180) 39
MgS047H.0 (170) 0.5g9 1g 0.5g9 0.5g 0.59 0.59
PD broth (210) 24g
Peptone (158) 29 1g 5g
Sucrose (16) 30g
Yeast extract (198) 29 29 39 39
Soybean (12) 39
Rice bran (0.13) 39
White bran (0.25) 3g
Feed 39
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Yellow sucrose (1) 39 39 3g 3g
Cost(won)/14 5,040 970 1,223 3,974 1,258 2,324 138 102 102 102+
Agar 2%
DW 1L

(2) ZA7MAI7F =gt At o] AL Ao m = F
AHg S E wiA s skl HIFAIZE = Rbrbe s Ale] AR Al w A= o
&S A7 98k "7EAIE NaCl(200, 500, 1000, 2000, 3000ppm), =72 & Ca powder(50,
100, 500, 1000ppm), 2t= Ca powder(50, 100, 500, 1000ppm), Ca ion water(50, 100, 130ppm),
3] B3 =(50, 100, 250, 500, 1,000ppm), %F-& <HH](50, 100, 250, 500, 1,000ppm) & 6&F& Al
L3kt F7HAl= 2 529 PDA(Potato Dextrose Agar)® A Z3dte] A S ZASHS
ot} A o] pHE Hi 6.0+1.08 AL, 7AF v 248 250+1.0C, A el A

L
WA A AE 9% A A A

g
“ERbE WAY AH jAE Awsts] sl ) = 2
% AAEE Sl Table 1-4sk 2ol Eestel Zhzkel wixel Aty Mg 2%

Table 1-4. Composition of sawdust media for the cultivation of H. marmoreus

Douglas Soybeen Wheat )
Corn cob Beet pulp | Corn grits
sawdust seedcake bran
Medium 1 40V 30 15 15
Medium 2 40 30 15 15
Medium 3 40 30 15 15
Medium 4 40 30 10 10 10

D volume

A GAH A FRCsEZ A
CERAb ALY g H AuE fiskel EF A ARVE FHA4 BHL 223
AZ ANE AN AFe FE FE Gaw Ageel 9 mE e
ol S-St or B ATelM Sut wWAs Y3 WA LED 39L 485
AEe A s,
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3. 4% H 13

b mE R A Y gAY FR
=R A AL Sle] #F BEV| A BT AY, Al Al =
ke WA zHRPoR Relste] gu dglon, F 111 #FF Fu
dals B wFEh 128w, FEEY

AT FE 7+7F Fok

1 O
T 357, WY 1390

*T‘:V‘.:

—E— Aol =3 FHAAYLLS Hypsizygus marmoreus®t A5 Lyophyllum decastesE
FHstdom JATAME Fotel 1 AAAE BF g Ay wEIZTHAA BESL I
+ASI 15136(HYM-049, MKACC54640 5+ S=°©elg|HA o= HYM-107(ASIS18965)
T =T e doHA HFow AEEHAT

Fii

Table 1-5. Collected isolates of Hypsizygus marmoreus and related species for the study

Isolate | Scientific Name | Remark | Isolate ! Scientific Name Remark| Isolate | Scientific Name | Remark
HYM-001 :H. marmoreus HYM-038 ‘L. ulmarium HYM-075 H. marmoreus
HYM-002 : Lyophyllum sp. HYM-039 L. ulmarium HYM-076 H. marmoreus
HYM-003 | H. marmoreus HYM-040 L. ulmarium HYM-077 H. marmoreus
HYM-004 : H. marmoreus HYM-041 L. ulmarium HYM-078 H. marmoreus
HYM-055 | H. marmoreus HYM-042 (L. ulmarium HYM-079 |H. marmoreus
HYM-006 L. ulmarium HYM-043 ‘L. ulmarium HYM-080 |H. marmoreus
HYM-007 L. ulmarium HYM-044 L. ulmarium HYM-081 H. marmoreus
HYM-008 L. ulmarium HYM-045 | H. marmoreus HYM-082 H. marmoreus
HYM-009 L. u/marium mgf‘ adakliiym-046  Lyophyllum sp. HYM-083 ‘H. marmoreus
HYM-010 L. u/marium HYM-047 | H. marmoreus HYM-084 H. marmoreus
HYM-011 ‘L. ulmarium HYM-048 :H. marmoreus HYM-085 H. marmoreus
HYM-012 ‘L. ulmarium HYM-049 :P. eryngii HYM-086 H. marmoreus
HYM-013 L. ulmarium HYM-050 H. marmoreus HYM-087 H. marmoreus
HYM-014 ‘L. ulmarium HYM-051 :H. marmoreus HYM-088 H. marmoreus
HYM-015 ‘L. ulmarium HYM-052 H. marmoreus HYM-089 H. marmoreus
HYM-016 ‘L. ulmarium HYM-053 ‘L. ulmarium HYM-090 H. marmoreus
HYM-017 ‘L. ulmarium HYM-054 L. ulmarium HYM-091 H. marmoreus
HYM-018 L. ulmarium HYM-055 | H. marmoreus Evﬁ?e?ﬁ?f' HYM-092 H. marmoreus
HYM-019 ‘L. ulmarium HYM-056 :H. marmoreus Efime#lﬂ HYM-093 |H. marmoreus
HYM-020:L. ulmarium HYM-057 | H. marmoreus HYM-094 H. marmoreus
HYM-021 L. ulmarium HYM-058 H. marmoreus HYM-095 H. marmoreus
HYM-022 L. ulmarium HYM-059 | H. marmoreus HYM-096 H. marmoreus
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HYM-023 L. ulmarium mcc)x.n%adak HYM-060 :H. marmoreus HYM-097 H. marmoreus
HYM-024 L. ulmarium HYM-061 H. marmoreus HYM-098 H. marmoreus
HYM-025 L. ulmarium HYM-062 :H. marmoreus HYM-099 H. marmoreus
HYM-026 L. ulmarium HYM-063 :H. marmoreus HYM-100 H. marmoreus
HYM-027 L. ulmarium HYM-064 :H. marmoreus HYM-101 H. marmoreus
HYM-028 L. ulmarium HYM-065 ‘H. marmoreus HYM-102 H. marmoreus
HYM-029 L. ulmarium HYM-066 :H. marmoreus HYM-103 H. marmoreus
HYM-030 L. ulmarium HYM-067 :H. marmoreus HYM-104 H. marmoreus
HYM-031 L. ulmarium HYM-068 | H. marmoreus HYM-105 H. marmoreus
HYM-032 L. ulmarium HYM-069 H. marmoreus HYM-106 | H. marmoreus
HYM-033 Lyophyilum sp. HYM-070 H. marmoreus HYM-107 :ﬁ;:;‘:z

HYM-034 L. ulmarium HYM-071 {H. marmoreus HYM-108 |H. marmoreus
HYM-035 L. ulmarium HYM-072 | H. marmoreus HYM-109 |H. marmoreus
HYM-036 | H. marmoreus HYM-073 |H. marmoreus HYM-110 i H. marmoreus
HYM-037 : Lyophyllum sp. HYM-074 ‘H. marmoreus HYM-111 ‘H. marmoreus

HYM-001 HYM-005 HYM-007

HYM-008 HYM-010

HYM-013 HYM-014 HYM-015 HYM-016

Fig. 1-1. Fruit bodies of collected isolates generated by sawdust bottle cultivation.
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HYM-017

HYM-021

ﬂ

HYM-026

HYM-030

HYM-034

kS

HYM-038
Fig. 1-1. to be

continue

HYM-018

HYM-027

HYM-031

HYM-035

HYM-039
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HYM-028

HYM-032

HYM-040

HYM-020

ﬁ

HYM-025

HYM-029

—

HYM-033

HYM-037

HYM-041



HYM-044 HYM-045

HYM-048

HYM-055 HYM-056

HYM-060 HYM-061 HYM-062 HYM-063

HYM-068

HYM-069 HYM-070 HYM-071 HYM-073

Fig. 1-1. to be continue
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HYM-074 HYM-075 HYM-076 HYM-077

HYM-079 HYM-080 HYM-081

HYM-086 HYM-089

1

HYM-090 HYM-091 HYM-092 HYM-093

il

HYM-094 HYM-095 HYM-096 HYM-098

Fig. 1-1. to be continue
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HYM-099 HYM-100 HYM-105

HYM-109 HYM-110

Fig. 1-1. to be continue

T =EREEE ALY 11#EFE deA 3 Ay 2vF= 44 AFouAld =T d
ol MAle® JAYEHIJIL o= FF HE7|HOAN 2F LS A oot UMY Aew A
gk vv A 109795 & 91vF7F AL AE A8 olF HYM-031, -047,-109¢F = 2t
of A7k Ax zb Fe] FHIF flo] €2 @AM AHAE A o5 dFe B
WP AL, decastes) 0.7 BTE T “EIHBH A C R ddE = YA 88T T 10T
= 3N AAAE FAFA L YA BEFE HAFAA =EHRMEHAY JEHE st AU

2 Ags ddstrl= oAyeu FdHer ol ST dFE

E‘r(ZLE‘ 1-1). AEA Fejvte
=

o] EAHe gl Ao

1. URP-PCRY| 9% 3 gHr7tgyA Y FH3 Fa84 &4
TS “E gAY 111 FE o2 URP primer(JK BIO TECH) < 7H4 thef
WHS Bl IF primers ©]&3F9] RAPD-PCRS 335t FA@A A3 A=
1-2, ¥ 1-3, 29 1-4¢ 2t PCR A= Aul 5 & WAl Aol <l
HYM-049(P.eringin®t HYM-107(H.erinaceus) w2 SZo] HA &S  HYM-002,
HYM-011, HYM-046, HYM-054, HYM-064, HYM-072, HYM-099, HYM-1087}%] 103
TE AL 10175 B45A L

Kb

Fig. 1-2. RAPD-PCR profiles derived from H. marmoreus with URP-PCR primer URP 1F
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( [ [ [
062 047 031 Iy 000
Coeffint

Fig 1-3. Dendrogram derived from RAPD-PCR DNA analysis of H.marmoreus or
L.ulmarium produced by URP 1F primers by unweighted paired group method
with arthmetric averages(UPGMA). Scale is the percentage of coefficient

similarity.
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Hi'th- 001

— s

i

B

Hﬂfl"l'n."l- il=r}
i ?3&]
H¥id- 00 4
v
Uu3%4
Hmﬂ [l
0 .!:l 1] I : 026 : o lﬁﬂ I : 1] .!33
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Fig 1-4. Phylogenetic tree of H. marmoreus or L. ulmarium produced by URP 1F primers.

the tree was inferred using the Neighbor-Joining method.
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RAPD-PCR 4FHES UPGMA 4] 9 —40}04 FABAE EAS

Ao g 5 AT #AT Qo] 4ngew YWt B

FFIE O AW 7t Fe XV?% WA 22 A o
A

|

o e Tt
F7F L3 dFAA S FAF FAAAVE 2HS FFAA fﬂé‘HHE %“——? fﬂi] Hj
T2 Bolo A R oVt e Aow dAdHY. $H Neighbor-Joining w4 ¢k 4
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(1) gHujA A AL A7 AL
2P e g “ERrta Al 56dFE AT wfjgol dvtHow AMEEE 4FF T
3 F& Abe A tH(Table 1-5).

459 g ujA]e] 7+ T—E *37%% HRl w5+ HYM-009(9H7He 15)o] a1, HYM-002
(AF)9h HYM-055 #5% 19 37 #AF0] 3mAER w$ %o #4 43S ugih
HYM-028 i+ MEASIA 3mmolsle] A S, HYM-025 5+ PDA°l|A 34 £ 29mn
/day = TARA GOl w9 A x3k ).

THAE “EHurtg Ao dAR S RBASF MCMoAlA PDAY MEAXRUT £ AR A
S HAx 19 #A8ES RBA, MCM, MEA, PDA <=°]%ltt. RBA, MCM 12| 3 PDASI A
A o] wWE #F= HYM-0092 7+2F 7.3+0.6mn/day, 6.6mn/day 183 6.3+1.5mn/day A
A3, MEAoIA+= HYM-033(6.4+3.8mm/day)2F HYM-046(6.4+1.5mm/day) =7} =& AL

Table 1-5. Mycelial growth of H. marmoreus isolates on the various agar media

No. RB agar PDA MEA MCM [I] No. RB agar PDA MEA MCM
HYM-001 59 + 21 47 :+00 46:+26 51:07[|HYM-028 60+10 54:17 29+ 50 44+46
HYM-002 {35+ 25 39+17  14+06 16 +06||HYM-029 4930 46+12  33+46 37 +127
HYM-003 : 69 +12 42+26 61:+14 65+ 12||HYM-030 50:06 45+15 51:26  53=:06
HYM-004 | 42 +20 35+57 24+£30: 31+30(|HYM-031 : 54 +15 46+55  54+15 5406
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HYM-055 | 6.0 +17 40+30 42+47 52 +32(HYM-032 : 67+06  54:+32 63256600
HYM-006 { 59 + 30 | 46 +10 | 48 + 00 45 + 21[|j|HYM-033 : 6.3 +20 59+26 64+38 66+00
HYM-007 ;| 69 +15 50+29 52=+12 67+ 15(HYM-034 : 54 +06  49+21 43+46 55+30
HYM-008 | 6.2 +15 54+23 59+00: 63 +06[fHYM-035: 53 +10 :49:+06  47+10 | 51=+14
HYM-009 | 73 + 06 | 63 +15 61 +10 6.6 +00||fHYM-036  55+06 48 +25 44+10 5515
HYM-010 ; 69 +15 53 +14 53 +£35 66 +00(|HYM-037 57«12 47 +21 51+15 53=+36
HYM-011 : 59 +10 44:06 40:+06 37 =+ 12[||HYM-038 58 +21 49+12  32+58: 34+45
HYM-012 { 63 +15 48 +15 59+21 65+ 12[)|HYM-039 67 +06 | 47+14  55+15 6.6 £+ 00
HYM-013 ; 6.0 £+ 0.6 47 £25 4400 50+ 10(f|HYM-040 47 15 40+ 45 40=:12 45121
HYM-014 { 70+ 20 58 +30 59+12 63+ 15[l|lHYM-041 64 +12 50+36  55+53:62=+25
HYM-015 | 66 £15 | 5015 56 +14 64 +28|[l|lHYM-042 53 +28 47+ 26  55+38 :50+35
HYM-016 | 58 + 1.7 | 45+ 0.6 42+ 0.6 48 + B3[J|HYM-043 53 +10  41:+15 | 47+92 | 51+ 36
HYM-017 { 54 £ 15 | 45+ 06 36 +32 43 +98|[l|HYM-044 62 +06 50+35: 56+10 5626
HYM-018 { 57+ 00 | 44 +21 46 +00 44 :+11([l|HYM-045 52+ 12 i 41+12  53+17  58+17
HYM-019 { 56 +26 46 +10 36 +£35 | 46 + 6.1 [)|HYM-046 49 +10 70+23 64+15 62+49
HYM-020 | 57 + 20 43 +17 44 +86 56+ 26(HYM-047  50+06  33+36 21+26 28+50
HYM-021 {53 +06 | 49+17 43 +25 48 +55()|HYM-048 63 +36 50:+32  56=+50; 63«21
HYM-022 | 51+29 | 46 +10 49 +36 57 +25||(HYM-050 | 56 +25  32+17 47 +25  54+17
HYM-023 | 55+ 21 | 43 +21 44+24 46 +06|(HYM-051 57 +12  49+20 47 +31: 48+15
HYM-024 . 53 +12 { 34+29  40+40 43 +20[j|HYM-053 : 4512 31:+06 37:+40 50=+35
HYM-025 | 57 + 20 | 38 +45  60+06 58+ 71|j|HYM-054  32+06 22+10  29:06 29:06
HYM-026 | 52 + 06 | 46 + 23 | 45+21 53 + 21|j|HYM-055 : 57 +06 49+ 36 50:x20 54:00
HYM-027 . 49 +21 42+36 35+55: 38 +56[fHYM-056: 61+31 :51+79 59:+23;62+12
) Mycelial growth shown in Mean+SDmn/day
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Table 1-6. Required periods for the artificial cultivation of H. marmoreus isolates on the

sawdust media

Requiring days Requiring days
.. |Initiation| Growin .. |Initiation| Growin
Isolate | Mycelial . 9 Isolate | Mycelial ) 9
of fruit | of fruit| Total of fruit | of fruit | Total
growth growth
body body body body
HYM-001 39 12 7 108 HYM-028 38 7 103
HYM-003 11 9 100 HYM-029 38 12 7 104
HYM-006 12 7 104 HYM-030 37 12 6 107
HYM-007 11 10 104 HYM-031 63 7 8 100
HYM-009 37 HYM-032 55 11 7 96
HYM-010 1 8 97 HYM-034
HYM-014 HYM-035 39 12 7 106
HYM-015 19 HYM-037 38 12 104
HYM-016 HYM-038 37 12 104
HYM-017 39 11 105 HYM-039
HYM-018 19 107 HYM-040 39 12 7 106
HYM-019 19 HYM-041 39 11 10 100
HYM-020 HYM-042 36 11 102
HYM-021 55 12 10 95 HYM-044 1 97
HYM-023 13 7 100 HYM-047
HYM-024 11 7 107 HYM-049 36 7 P. eringii 93
HYM-025 35 11 7 101 HYM-050 11 14 107
HYM-026 38 1 7 107 HYM-051 11 10 102
HYM-027 19 HYM-052 39 7 8 100
RN A £8A57t oF 1094E seHE Ao ded du o MAL gol
Aujslal Q= dEAA = vl 40, TG 209, 1 F A S 209HE AL HO
F AMLFTE o 809 AFE Adeta gk B Aol FAG L AWMU EF
of met Arh 409744 Aolst Y; FHMF Aol mE A w4 W FF 5L AE
shA] ek ot7] wiidel] AR Hlusr]= o HA R, dujge] 40 dol dRFHeE dAFES AR
UH 0] 80~85Lof| Auf7} 7k dFE AL 5 S FowE Algdr
EHYM-OMUFFS 675E EA3 Wx6A A #A} Aol ool AA ki A% #
Aol Ao ol FoAA ke FelelA wAT AAAe] FEsk % wHe] FUI Qe E
e o the FFSo] WS HYM-0497F9 A%/ e Aew Ard
(3) AFAul A A o] Fe) 2 FFA AL
LERFE AL 385 Al 23S AASste AAAE B 7= I F 260T
S 3l(Table 1-7), W& vjg3} @WolE HQ HYM-049+F+= Z©elgimAloz AW E it}
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2 group HAF AR “E WY HAI R Zte] AEo] FAojm Aol FHIE 9= A
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Table 1-7. Characteristics and yield of H. marmoreus fruit bodies grown under the white

fluorescent lamp

Fruit body Fruit body
TIsolate  |Veild/ bottle Diam:fer' Stipe Isolate  |Yeild/ bottle Diam:‘rer' Stipe
o . o .
(9) pileus(nn) Length(mm) | Diameter(mm) (9) pileus(m) Length(mm) | Diameter{m)
HYM-001 HYM-003
1192+ 239|218 £ 2.6 |58.7 + 84|17.0 + 4.6 678 + 567|238 + 7.6/54.0+ 115(158 + 4.4
HYM-006 HYM-007
1056 + 467 |22.0 + 53| 542+ 136 |175 + 35 613+ 602 249 + 55| 636+ 108 (180 + 4.8
HYM-023 HYM-024 o
-
i
. |
|
1201+ 211[17.5 + 47] 547 £ 106 |12.2 + 3.9
HYM-037 HYM-038
1498 + 250|20.2 + 3.3/ 641 + 58| 155 + 3.4 1422+ 270(17.2 + 3.2|56.6 + 8.9/140 + 3.4
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Table 1-7. Continueed

Fruit body Fruit body
Isolate  |Yeild/ bottle Diam:‘rer‘ Stipe Isolate  |Veild/ bottle Diam:fer‘ Stipe
o o
(9) pileus(nn) |Length(m)| Diameter(m) 9 pileus(nm) | Length(mm)| Diameter(im)

HYM-040 HYM-041
L ,.‘ o B2 ] — !
1291+ 157 [14.4 + 2.8|54.8 + 4.3]125 + 44 888 + 534 [24.4 + 53| 703+ 117 [ 101 + 2.8

HYM-044 ™ !fk LA HYM-051

’ 52018

y

y -

ul

1180+ 467195 + 6.3 489+ 113 [13.0 + 4.4
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0C, #% 95050%, CO, 5% 1,000ppm ot =2 # Auldw §A AdA 247} A&
At FRAbE 107 3 - 50w AFTIE AEA 2 AR 1 243 F ANt 3

Table 1-8. Effect of maturing culture periods and temperature on the fruiting and yield of

H. marmoreus

Incubation condition Requiring Days Yield
Temperature Periods Initiation of Maturation |Total cultivation| (g/bottle)?

() (day) fruiting

20 10 15 1 76 147¢
20 17 9 86 152b°
30 17 10 97 171°
40 17 9 106 165°
50 17 9 116 154°¢

25 10 15 11 76 158°
20 16 12 88 172°
30 16 11 97 175¢
40 17 10 107 165°
50 17 10 117 148¢

D DMRT at 5%
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(1) Fdo] Ert7FeH Ao AL Aol m]=
Fdo] =gubrtgw Ao dARF WX e GEFSs Abst7] flste] 9] oE
NUV(Wave length 405mm), Blue(Wave length 460nm), Green(Wave length 530nm),
Yellow(Wave length 590nm), Red(Wave length 630nm), White(Wave length 6500K) LED 3<%
S 1671 3, 8AITE & TR ZARSIAA &% 230£1.0CeA 104zF widst A3 Fig.
1-67} Table 1-8% #t} LED® ##F2 NUVE A9t 10~20umol/m *s ' 22 ZH 39

3 NUV 338 oF 2umol/m s 'o] ##Fo =z 439}
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Fig. 1-6. Mycelial colonies of H. marmoreus isolates under the various light sources.

Table 1-8. Effect of light quality on the mycelial growth of H. marmoreus isolates on the

PDA media
HYM-009 HYM-041 HYM-055 HYM-056 HYM-049

Dark 61 =+ 06| 56 =+ 05| 57 =+ 17| 59 + 10 85 + 00
NUV 64 + 06| 44 + 10| 41 =+ 10| 47 + 07 33 =+ 21
Blue 57 + 15| 36 + 06| 29 =+ 15| 38 + 06 35 + 16
Green 50 + 00| 39 + 06| 29 =+ 06| 36 =+ 15 53 ¢ 21
Yellow 50 =+ 12 35 =+ 21 33 +£ 00| 41 =+ 17 83 + 27
Red 63 + 06| 55 + 00| 55 =+ 12| 61 + 11 84 £ 22
White 58 + 06| 45 + 31| 41 + 06| 48 + 20 40 + 06
A TFE A A FAE o] FEg 5 F(HYM-009, -041, -049, -055, -056)& 4l
wrete] FALAZE 2AE A wbe 159 HYM-00975E #de] mhe #AG 2ol
ALl At AAF AgFelA HYM-041, HYM-055 2231 HYM-041 #5& ¢z 4|
2% EAAES Hol AABe Bold FiE I Aow wHHAT ey A H4
B, GO AelFAME o 1004 20%9] FoA EIHE BAL B3P NUV Al 7oA
B oA, w3, FA% AR B oA se nadh ok tE AgFur NUV A
glrel Fekol of /10 A Ferh vty wEom arkEvh S Mg gl A
= 400~600me] g Zhxl A, SAFET 22 AAEs Bk S FERHA
T HYM-0497 5= NUV, FA, 5433 = 50% oldel FejAdles BAoy Faael

Az APt 2 JFLe T4 L)

(2) B0l =ElMALHA AAA el v A E
Aol EEAEHA AAA Af VAL G

[}
1-11, 1-123} o] MAEFe AL Z3oA Bl AdA o] AFo] Fastdd 4S5 o
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718 Zo] A d7] HAAA 5F¢ LED #YU(White, Yellow, Green, Blue, Red)}
NUV, & AgFolA BES AlFHom F ZAALES 16412 3 - 8AF oF F7]|2 8747
ZAEA Y. BFRAF olfe # HAL &% 150+1T, FE 90%°l, o3t s Fx
1,000ppm ©]at= Z 4355},

Table 1-9. Characteristics and yield of H. marmoreus isoalte HYM-017 fruit bodies grown

under the various light sources

N R Size of fruit body
Light Yeild/bottle | O meTure Sti

J HYM-017 © fruit Diameter of Lonath 'Peb. :
Sources I body/bottle pileus(mm) eng lameter

(mm) (mm)
Dark 1130 + 85 105 112+ 22 | 583+ 70 | 163+ 39
NUV 151.0 + 17.0 27 143+ 30 | 555+ 65 | 116 + 3.3
Blue 156.0 + 18.4 255 150 + 27 | 564 + 83 | 135 & 3.1
Green 1340 + 48.1 8 173+ 27 | 627 + 6.8 | 140 + 3.3
Yellow 1230 + 42 8 126 + 17 | 577 + 89 | 126 + 49
Red 155.0 + 28.3 25.2 144 + 101 | 644 + 158 | 100 + 2.7
White 41 153.0 + 453 22 168 +29 | 602+79 | 148 + 39
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B HE WAy gEet A AAA AVE FAAF Fol ZHzte] FA 2 chamber ©l
zh 753 884 W A7 light - 5 AlZF dark cycle® AR A $=3U71A] 19 43] F 44
s ZAbSESI T

LEIREZFE WA o] A e FAL ol whel gukgo] ofzke] zeolrt ddont A
e HYM-017¢ 5 934992 NUV, Blue, F342 Red 283 5332 Whiteol A
Fsetath AAA ] FH= dapgelds de] Aolrt #skov Fakadel Redet Greenel A
= Eo|7F ZolX oL b g Aot mpz AR AL A AEA wolAl= S B 2t 2
7| @3l NUVeF Blue, Greendll Al A FAEATE AAAQJ] AAA A7 2 F4,
TUdE 55 H7std NUV, Bluedo] 71 Z32Q1 Ao g2 A=

Table 1-10. Characteristics and yield of H. marmoreus isoalte HYM-021 fruit bodies grown

under the various light sources

N R Size of fruit body
Light Yeild/bottle | = MOTIe Stipe
9 HYM-021 © fruit Diameter of T P —
Sources g body/bottle pileus(mm) eng lameter
(mm) (mm)
NUV 1430+ 71 27 145+ 28 | 633+91 | 134+37
Blue 1570 + 19.8 31 143 + 35 62.6 + 9.7 126 + 3.4
Green 126.0 + 354 225 137 + 24 | 583 + 107 | 136 + 48
Yellow 1440 + 170 34 127 + 3.1 599 + 141 | 137 + 42
Red 87.0 + 56.6 145 116 + 18 | 699 + 127 | 127 + 3.1
White | 1175 + 33.2 145 124 + 23 484 + 8.4 114 + 23
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HYM-0217 5= NUV$S Blue, Yellow A TelA Fxastdda 2t AAS Fagdd
Yellow$t Redoll A 2 9lar, thdoli= Redd gl 7oA 2A &A= A HYM- =
7420 Yellowe} Redoll Al zte]l w9 27 A= g7l wofAE S FHo] EHFsAh
NUV ¢} Blue, Greenol| A %= 19| A A3 = A A 9] A So]

S Btk

Table 1-11. Characteristics and yield of H. marmoreus isoalte HYM-025 fruit bodies grown

under the various light sources

N R Size of fruit body
Light Yeild/bottle | o MOure Stipe
J HYM-025 © fruit Diameter of Lonath P Siamet
Sources g body/bottle pileus(mm) eng lameter
(mm) (mm)
Dark 1485 + 16.3 105 178 + 28 | 692 + 119 | 118 + 4.2
NUV 1705 + 31.8 265 195+ 38 | 738+ 124 | 118 + 38
Blue 1770 + 4.2 22 206 +59 | 703 + 145 | 127 + 4.3
Green 1810 + 15.6 325 190+ 46 | 759 + 110 | 103 + 29
Yellow 1645 + 4.9 245 191+ 46 | 725+ 135 | 125+ 50
Red 178.0 + 5.7 225 182 + 45 | 838+ 216 | 127 + 46
White 181.0 + 240 265 169 + 43 | 608 +77 | 118 + 37
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Attt
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Table 1-12. Characteristics and yield of H. marmoreus isoalte HYM-042 fruit bodies grown

under the various light sources

. No. mature Size of fruit body
Light Yeild/bottle | . o
HYM-042 © fruit Diameter of lpe
Sources J body/bottle pileus(mm) Length(mm) | Diameter(mm)
Dark 1045 +13.4 19 94 +27 | 588 +91 | 92+32
NUV 1330 + 14 24 149+ 24 | 630+81 | 11124
Blue 1085 £ 12.0 25 139+ 35 | 574 +75 | 120 + 3.2
Green 1175 + 26.2 16.5 141+ 26 | 63796 | 118 43
Yellow 1255 + 4838 26 148 + 34 | 69.7 + 130 | 109 + 25
Red 1155 + 0.7 28 105+ 31 | 649 + 148 | 94 + 33
White 107.5 + 106 155 137 + 36 | 51580 | 105+ 27
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2 ARA “E RS AL Green ©she] ©ubdel A 2 A FE|b ddEta zte] A
B ol AEAC Aoy Fagelds Zto] Fa At fo] Aol Fi b woA
T % 718 wAle]l wol wAATE 7MY @bl NUVA g Fol A A4 A Fdo] dsg A
< FEo] & LED @9l H|ste 1/10FF0]7] Wi o= Atsyn sdg FFs FASH
AA AAZE A RAom FAHHEG T 2 A 1A HAS A Ae] e wWols)
At = o]E sl sl flsidE FFRAF AIEE F o 2488 & Ho0 IS e
FetbE o

Fdo] =gurtewAlY] A FE Ao mAe S AR A, g1 AP s
Yellow, Reds Z3tgo], 7te] wedto] = Blue, Green?| ©3}7o]

aEAe WAL A7) 9t AFAIZIYE F FZAF AR U], FFT S FUME F2AE F
7} Aow et

o=

il

fo
o

%

(3) €% LED & A7} =grre At o] A Ao v 43
Ta7] Fol AAA 9715 A A7l & LED F¥9S O Blue?t White, @ Green¥ White,
@ Blue®} Red @ Blue9} Green 123l & Green¥ RedZ &3ale] ZAlshHA ASS AlF
owm F ZARAZEE 16A17F 3 - 8ARE oF FUIE FEMA] ARSI B 2AF o] 9] 9] 3

278 2% 150£1C, ¥% 90%0]4, o]4tstetA F% 1000ppm ©]atE ZH 3%

Table 1-13. Effect of combination light on the fruit body formation of H. marmoreus

1soalte HYM-025 grown under the various light sources

) No. mature Size of fruit body
Lioht S Yeild/bottle fruit Fruit bodi
'9 ources (9) ! Diameter of Length of rut bodies
body/bottle . .
pileus(mm) stipe(mm)
Dark 1105 + 16.3 15 178 + 2.8 89.2 + 11.9
Fluorescent light [1455 + 318/ 33 275 + 3.8 79.8 £ 13.4
Blue 160.5 + 31.8 38 305 + 3.8 738 + 134
Blue and Green |[157.0 + 42 41 206 + 39 773 + 165
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Blue and Red 1510 + 15.6 31 260 £ 46 779 + 145

Blue and White [168.0 = 156 43 260 + 3.6 76.9 + 13.0

Green and Red |1455 + 49 33 231+ 26 795 + 145

Green and White |1400 + 5.7 41 242 + 45 80.8 + 17.6

Fdol =ERZFEH A Ao m A& FEFgFS

i &4l White 3 A FolA = 2o AE

d 92 Redet Yellow ¥& ZAMSE A FoAle zte] Ao
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Table 1-14. Effect of LED light with different wave length on the requiring days for fruit

body initiation and development of H. marmoreus

Requiring days for
fruit body initiation fruit body development
Dark 10.0:0.0 23.8+0.0
Blue 11.0+2.8 21.3+1.8
Green 9.4:0.6 21.0+1.3
Yellow 9.9:0.1 21.7+1.1
Red 9.9:0.0 215:0.6
White 9.6+0.8 20.3:0.4
Zh Ayl 2ol £28UdFE A A3, Table 1-149F 2ol Z A2 W & Zfol= ¢l
Qlou =, WAz WA e} welfEe] @ AR AwHon] oz
wol FE7 R @AY, AP A% V107 A2 FHAE T4 g JFL FE
Aoz wE Atk A AF APelME G Aol A Aol wE How peh
it 2 Aow 2AHAY
o

AT AR Rl Bag FAo| o
whebd el b A A A e 3
% 90 A%l A3 wae) LED 2148 S Bol
e Ae ggd] HH9 Tk o
2AE A9 AUA 7] fE FRE 2AG 99 2 LED FAstM A2 % &
A4E 2Ae A3} Table 1-159 2},

Ho

Table 1-15. Effect of light illumination timing on the requiring days for fruit body
development of H. marmoreus

Requiring days for fruit body development(day)
Tllumination timing

Blue Green Yellow Red White
After mycelial scratching 225 219 225 24.1 20.7
After forming fruit body primordium 20 20 20 20 20

e A AAA 97 el ¥ F 2AE AR AT AL e 4%
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=
5ol W] @] Fol LED #2 A A9t Ags B4, gl e wop Bt
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Table 1-16. Effect of LED light intensity with different wave length on the requiring days

for fruit body initiation and development of H. marmoreus

Requiring days for fruit body initiation |Requiring days for fruit body development
5umol/m?s™ 30umol/m?s™ 5umol/m?s™ 30umol/m2s™

Dark 10 22

Blue 9 13 20 225
Green 9 9.8 20 219
Yellow 9.9 9.8 20.9 225
Red 9.9 9.9 21.9 21.1
White 9 10.1 20 20.6

i AAA K/ AANFE AL e oA Sumol/m *s A 2 F7F 30pumol/m s 1A
YR 0.6 (A G e )l H 25D (MG A7 wEaA Fgkd ¢ AT o
A dupg ool Fo] dAMEE B oolyet AAA AFolm oA RS st o UE
ok zelu A A el e Sumol/m s ﬂﬂ?ﬂ 082 =4 ARAE 43 gq Lq-a}/\-] 2
Ao 2 A Ao ofF WEEES Ho|x] EFY i, oJaFS U] %) A ﬁm‘: bl
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Table 1-17. Effect of LED light illumination after mycelium scratching on the morphology

and yields of fruit body of H. marmoreus
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LED light intensity
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Fig. 1-7. Effect of LED light illumination after mycelium scratching on the morphology of

fruit body of H. marmoreus
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A Askar, vido]l Aol oAy, 2t e A Ho] Qs Aol ol yerwth
Fol =5 AEA AFS A= Aem Bt

WA Fe A A - 16413 MG El = 9UdRE Ajulste] AP A] €47] fr= § LED3 Y&
ZAFstAA Avl gk A 3= Table 1-187 Fig. 1-89F 2t}

Table 1-18. Effect of LED light illumination after formation of fruit body primordium on
the morphology and yields of fruit body of H. marmoreus

LED light intensity
5umol/m2s? 30umol/m?s™
Diameter Stipe Yeild Diameter Stipe Yeild
of /bottle of /bottle

pileus(mm) | Length(mm) | Diameter(mn) (9) pileus(nm) | Length(mm) | Diameten(mm) (9)
Dark 10.0£2.5 67.7+13.7 7.1:1.6 55.3+26.2 10.0+2.5 67.7+13.7 7.1:1.6 55.3+26.2
Blue 18.7+2.1 65.6+4.4 8.2:15 93.1£10.2 16.5+3.3 53.2+5.7 7.1£1.1 76.3:8.7
Green 16.0:2.9 72.4+9.2 7.4+14 101.2+10.8 13.9+3.6 64.7£11.6 8.0£1.3 75.0:9.0
Yellow 13.9+29 85.0+8.0 7.8¢£1.2 89.0+£33.0 10.7£1.9 65.3+7.3 7.8+1.6 77.1+44.3
Red 10.4+3.1 71.4+8.3 8.4+13 52.9+9.9 11.7+2.0 79.7+6.3 7.4+12 62.4:14.8
White 17.4:27 67.6+8.1 7.0£1.2 103.4+6.2 | 17.6#3.2 53.4+6.0 8.1:1.9 74.4+7.2

Sumol/m?s™ 9] ##E 7}W LEDZYS FASIAS 4% ztel 274 Table 1-159 i+
7] & FAYS A9 e AHE 2o FoAAdFE 3] A77F Fopal, tlo] doj= 4
ofFoem o FH7le & zol7t gl FF AA] 5AF JNFo] o AP
o}l Edto] Ao w|Ete] 50%AHE Hrel $238k#] H&drh 30umol/m st 9 FE %
AbEE 7% Sumol/m “st A gl ek W S2E AES BPon FHE B FRol WE Aol

(3]

Fig. 1-8& o] & BzAstdAl Aujd A2xe Fust F4< 0m 249 A=, 5y
mol/m?s ! #& AL A FABol b Sy, BT AAA ] 277 The] it
Astelont ko]l FE HAGelA A& AAAE ze] AUl ok At A
o] qeMoz AEe] atkA FA sty BB HMBL gy} obF P Hate] FEA
o] WojAE Aoz werEth E 0umol/m e AeEde A¢ AP FYE A
= e Ao o}F atglont #AQL HAF FeA gk AMBe 4 5y
mol/m s ¢k 30pmol/m %t A el R FEses)elE ol FAe wAle A
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Fig. 1-8. Effect of LED light illumination after formation of fruit body primordium on the

morphology of fruit body of H. marmoreus
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0 30umol/m?s” o 4 AASE AL, Fig 1991 AN vk wol Al Apb
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Bloben Ae] Al A Sumolm s AES] ok we Bow FR Asd Ao ¥
Atk FH2 A& Aol A&ste a3 ®= LED#9 4 =EwtgH A Qo= 38 g
A A& A AFNAS FAFE AolHE A0 WAL T BEA AVIE A
d A F24S Hole AAA el 7F At Aow gAY d9 FxAFTIE A
&34 AR U= Akl o3k A AS kgl oF UYL S AFHom FA A
FAAF= Aol FEd Aom wa A

e A oA FE G7HRAE AEs] 915te] Table 1-3% ol 10%Fel oA

MAE ZAf 1 FNEEH F BATFE FES] 1097 B TAA Fatel @A
WAL ZASATHTable 1-19). AH ¥lx A0 A% 94 145 2AF 571 A5 285
= W82 PD broth7h oF 5000918) W] ©]7%, W%, FAARE AEE AT o 1009

ele] vjgow 2A7F beskddn. ool =gl wikel A5 ARE-sh= MG, CM, MYP,
SY, YPMG A= °F 1,000€14 4,000 B&o] 225 o] 7, Wrl&S AFER wiA R
oF 10uf el A 40u) G =] H]go] g F A
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Table 1-19. Mycelial growth of isolate HYM-106 on the various media at 25C for 10 days

Solid culture Liquid culture
Media
Mycelial growth (mm) Aerial mycelia Weight (mg)
PD 69.0 + 8.3 +t 370+ 50
MG 635 + 114 + <10
CM 776 + 20 ++ 470 + 5.0
MYyP 810 + 17 +t 50.0 + 8.0
sy 652 + 57 + 230+ 50
YPMG 804 + 15 +t 1100 + 8.0
SB 628 + 75 ++ 430 + 50
RB 732 + 2.8 ++ 570 + 5.0
WB 734 + 22 ++ 370 £ 50
LY 654 + 19 ++ 400 + 6.0
Average 639 + 210 457 + 255

FA A A ALY ES 2AF A =E R E Al HYM-106 9t anAl e A ol A =
MYPuj A o} YPMGU A el A wtARB o] 71 Fasklar PD, CM, MYP, YPMG wiA]ef A 7]
THAE ol AW wAbe] HMER e AFE 2AukFig. 1-10). AR A=
YPMG, RB, MYP, CM, SB, LY, PD, WB, SY, MG A ¢o& wAb Age] Fastal

YPMG #i A= aAluf gt Auf kel A 25 7H $& AP RS Hela 53] A wjA
Ae o2 Fe Aol 2ot 2, 3uje] AR Ho] mERrbEEAle] AR A
& oAtk aEy Alzngo] 109 23009 ol AeFe] wrblA FdE wiARE
A 2 ARRSAT ey v A AlzE Sl 149 1009 oW wAR

2] %) 7o g =)
: bl A o E AAgetE BTG A AT &

m%

o
=13
=
=]
L=
=

SRR

A A zH g Adsty ZERbZEM ALl wAF A= vl Fad A
wjxj o] wZta gAA"e] HH w2 Asty] AAstel wAk 3 A &2
5,7, 10%=2 H7Fek wix|e} 4" 3%E 7| EuA =



& Azxsto] dARES AR 2= Table 1-209 20t

Table 1-20. Effect of rice bran and sugar concentration on mycelial growth of isolate
HYM-106 at 25C for 15 days

Basal material
Concentration(%)
Yellow sugar(3%) Rice bran(3%)
3 66.7+11.5 66.7+115
5 93.3+23.1 80.0+20.0
7 106.7+115 86.7+115
10 116.7+5.8 93.3+11.7
7 & GAY 3% 7)Ao FAgH wFe] FEE 3,5 7, 10%E H7hgk wjA oA
ek A e g WA AR FE FAEEE FAYLFES guldste] 37
st AEs BATh ey mAt wE7F 10% ool HWH ujA] A=Al w RS FE
= AZxsted B2 oy wol A wiH Y gk wl$ s8] FHuiA R ARE T AddlE AL
AT 99 of i #Azo] oY n A FEE 7% /M AYE AR Q. A
S A MAR FE7F FrhSE @588 @GOl R 10% WrhHAE AT o
FAAA AL B gt

(2) H7FA7F el At o] wtAE Al vA = 9

ARG £ AME WS NEety] flste] HIMAZE ZERbAE A ] tAL Al v A=
BEFe A A= Figo 1-73% Z2oh 2 Aol ARERE H7EAE== NaCl (0.2, 05, 1, 2,
3%), Ca-ion ZK(50, 100, 130ppm), AFS (50, 100, 500, 1000ppm), =74 & &=(50, 100, 500,
1000ppm), & X F%&(50, 100, 250, 500, 1,000ppm)¥} “&-& 1] (50, 100, 250, 500, 1,000ppm)s
6575 AH&stlar, olg AEE PDAC ZA44 vE w2 Hrbste] =ERIFEH A
A S AT viA] pHE #H e 6.021.0010 3L, S5+ 25.0£1.0T, & Ejol A vl st
A},

’
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8 r Nacl 8 - Ca-ion water

02 05 10 20 3.0 Con 02 05 10 20 30 Con 50 100 130 Control 50 100 130 Control

HYM-055 HYM-056
HYM-055 HYM-056

Isolate No. Isolate No.

Fig. 1-11. Effect of NaCl and Ca-ion water on mycelial growth of H. marmoreus

NaCl> =g vbrtegAle] #ARGS AlshAl Aafstdd i, ot HYM-055 5+
NaCl Hgel%= =79 FAgE A S BT Ca-ion & HYFE i =T HTh
=& AAS BYAT, HYM-0557 5% S50ppm 2] FHE T 100, 130ppm< A 23+ Hj %] o A
g owE AFS Bt HYM-056 #5FE NaCl ZE FXZoA A AFS AT
HYM-0557FFHE.t}= NaClell ¢Fslgdt}. Ca-ion FollAE= thxFror o] oFzk A %3d Ao
u, 2 Aol glo] BE FEoA wAF Aol FEstith

Coral powder

Oyster shell

50 100 500 1000 Con 50 100 500 1000 Con 50 100 500 1000 Con 50 100 500 1000 Con

HYM-055 HYM-056

-0 -0!
HYM-055 HYM-056 Isolate No.

Isolate No.

Fig. 1-12 Effect of coral powder and oyster shell on mycelial growth of H. marmoreus
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Ao He) e HYM-0551 7% 50ppm, HYM-05615% 100ppmel A =79 A}
F A FEE BT, FAE B A FeH HYM-0557FE 500ppm, HYM-05675+=
500ppm 1000ppmel A 2T rTh WE A% S22 Rk aeu 244L 50, 100ppm]
AEEs AGHE TA Aol AaE ol A4 AgsEd Ud F7h 4Fe] BLF Ao
= ARAY. g B mhE #F 54l el uehdAw, A% Runcs 2PAR
wol mEwbe Y #AF ARS o EAAYE ow wuHn

Herb extract _ Liquefied fertilizer
T

o .
50 100 250 5001000 Con 50 100 250 5001000 Con 50 100 250 500 1000 con 50 100 250 500 1000 con

HYM-055 HYM-056 HYM-055 HYM-056
Isolate No. TIsolate No.

Fig. 1-13. Effect of herb extract and liquefied fertilizer on mycelial growth of H. marmoreus
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o} fAFear, 1000ppmel A+ 1.2 4% o wsloh 1000ppmoll A &7k 7Fg Fol Aju)&
a2 o] o= LA AEH] Qb S A G o AFS TRl g =5 o] Ha

sk}

CEbR ALY A S SYuAE Az Aste] 659 AR BT 2AE B
A3 A7kel WE #E 54 Aot AW, 2AARWN HuFET, qule Arhe Aug
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Table 1-21. Effect of cultivation media on the fruit body formation of H. marmoreus

Mycelial Requiring days for No. mat Size of fruit body
0. arure
. i . Yeild/bottle
Media growth fruit body fruit Diameter of | Length of ©@
(40days) | initiation | development| Pody/bottle | pileus(un) | stipe(m)
Medium 1 118.4 15 11 39.7 267 + 2.8 819 + 119 1715 + 16.3
Medium 2 95.3 15 11 35.3 224 + 38 58.0+ 13.4 1605 + 31.8
Medium 3 98.2 13 11 35.1 216 + 3.8 548 + 13.4 1355 + 31.8
Medium 4 916 13 11 38.6 223 +39 | 633+165 1600 + 4.2
LE b HALS mEEa, 238 U5, 7SS 40:30:15:115(v/v)Hl &2 9k bl ]
A ARl ZHE RS R s 7R F9kth v SEet S32E2E 71E A ARE §ho
W7lg, HEIE S35 BAER sto HjAE ZASE S o dr|Eo] JdYgde=zE 7
=¢ko HEZx e} S8 H7F wjR A s dAMIAE =1 FFE =4 o HF vix =2
M, 2a8, BFY), 272 40301515y &2 EFE wE Ane 5 g
whoobg A Ay 2
CERZE ALY oA A SRS 9lete] 1, 24WE A7 A3E Ed2 Fig. 1-103
Ze Ao wk A% AE AAsdn

BIXI 22l Z=H BN g8 2 +Ex3 N oY
S8 OrQIE R guoy, 88 L +2XE Nsad
soLsue WA o 012 RIHBHL, HIX +22 65% 800~1,000m¢ pp S0l
T= Al 22, A3y H22 XHOIGA 01Y, SY =2 6509 &= 244
+E 45018 H 2=, 05N sS &8
¢ = > = Bier o =4
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Fig. 1-14. Suggestion for Standard bottle cultivation process of H. marmoreus

FQe duAgel & A%E W WG ae] E
Table 1-229% %o 447 4%9AE I, I, I, IV,

AsheAl A she

FHe AgPon, A G2 T8
V AR U] 25w, 8], 3s =

Table 1-22. Environmental conditions of cultivation house of H. mamoreus

Temp(0) | iy | AT () LR et
Stage I  1st day 135 about 95% 3-8 -

Stagell 13th day 145 about 100% 4 -8 5-15

Stagelll 16th day 145 about 98% 5-8 8 -15

StagelV  17th day 145 about 95% 5-8 10 - 15

StageV  19th day 145 about 95% 5-8 12 - 15

Qe AFEd #FEE F 1050 FE AR AEE FEE 90 Folth vE, ZaB T
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g 78 (40:30:15:15, v/v)ul Aol HE F 23.0+1.0CelA 60U E et vigatar, ey 3 10Y
B FmAgste] WolE fFRotgith. 2ole wwr]l § 109 T 149 AUt A8 FHAY
A AR #F F 153FE NAFTINL, BAFTHL AS0) 2BAFE k1, 172C
AR e 2w A& Aot Fig. 1-15% o] w7t AZAuA Aujsk AdA5 FA4
9tk HYM-0559F HYM-056 #5= @4 Fold A#HD = #F2 02 FFE9
WERTE ARgsgnh Zbdel we =0 WAz Zae® 24 EFoE prREd,

()
il °
HYM-047vt 2] 745 2|2 7t go] wjitsiA] ek AFH&= 719 gl

HYM-008 HYM-025 HYM-043 HYM-047
y: = |

HYM-056 HYM-071

HYM-089 HYM-092 HYM-109 HYM-111
Fig. 1-15. =ER7Fa9H A F7RE S A8 st 22 A )

Au) et =gl Rk7bE A 2] x}e‘ﬂl &ﬂw EAH FZS Table 1-233 2tk HYM-008,
HYM-064, HYM-089, HYM-092 & 437} 3 150g ©]4 Aatsle] ArbAdo] wf9 952319
o E3 HYM-089 5+ WA xV‘xﬂE Fdske wFQdel® 150g ol/AAtaste] wig- gt
Ao g ekt £ HYM-009, HYM-010, HYM-014, HYM-031, HYM-045, HYM-047, HYM-051,
HYM-055, HYM-057, HYM-062, HYM-065, HYM-078, HYM-082, HYM-087, HYM-090,
HYM-091, HYM-094 ¥ 5% 130g ol Ate o] Auj& FEFOF ol A3sh s1o= fd &
of 2oy oo 757 B 100g ot AAketel AlE FEo R AV gl AR ddy
et HYM-042, HYM-030, HYM-022, HYM-035, HYM-079, HYM-038, HYM-059, HYM-068,
HYM-093, HYM-097, HYM-001, HYM-028 HYM-074, HYM-050, HYM-110, HYM-044,
HYM-034, HYM-037, HYM-100, HYM-075, HYM-070, HYM-027, HYM-086, HYM-069> 44+
o wi-¢- A x&te] 100gol = wIAA] Sakqich

) ] ool A AR Eke] 3 HYM-069, HYM-108, HYM-109, HYM-110 #5 % A A
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el AEd HYM-069, HYM-109, HYM-110 #5%= 100g vlwhe Aatale] Estal7)o)e 1§
oA A ATt AddgEojord Ao ddE

Table 1-23. Morphology and yields of fruit body of H. marmoreus

Fruit body Fruit body
Isolate | Veid/ bottle | > T"" Stipe Isolate | Yeid/ bottie | '™ Stipe
(o] [}
@ | pileus(m) | Length(im) | Diareter(m) ©@ | Dijeus(m) | Length(m) | Diareter(m)

HYM-001 88.5+5.7 14.3+2.1 7.8:1.4 46.8:5.2 | HYM-056 | 127.0:10.0 | 18.4:3.7 8.2:1.7 80.8+7.6
HYM-003 | 123.0+26.7 | 14.3:16 6.7+1.1 76.6:5.6 | HYM-057 | 131.4+256 | 17.7+4.0 12.1£3.2 | 71.3+10.4
HYM-055 | 119.6+18.3 14.9:3.0 10.1:2.0 | 60.7:6.5 | HYM-059 | 92.1:26.0 13.3+3.6 9.7:2.1 61.4:6.1

HYM-007 | 127.2+295 | 13.2:3.1 6.6:1.4 68.8+7.6 | HYM-060 | 109.6+310 | 19.8:.3.8 | 10.5+2.8 67.4:5.5
HYM-008 | 167.0+9.9 12.9+2.6 6.4:1.1 76.2:4.6 | HYM-061 | 110.7+.325 | 20.6+3.7 | 10.2+2.6 78.1:8.4

HYM-009 | 143.3+16.4 | 17.3:39 | 142+189 | 74.1+8.7 | HYM-062 | 133.8+.25.6 | 14.6+3.9 6.2+17 71.5+5.3

HYM-010 | 140.8+ 19.6 | 16.0+2.0 6.7+:0.9 76.1:55 | HYM-063 | 103.1:18.7 12.7+1.9 6.2:0.9 70.2+5.8
HYM-012 | 110.2+22.3 | 18.6x2.7 7.2¢1.0 79.2£.9.2 | HYM-064 | 165.6+8.2 17.3£3.7 8.3:1.6 85.0+5.8
HYM-013 | 113.6+14.2 16.6+3.6 6.8+1.4 51.1:7.2 | HYM-065 | 140.8:155 | 22.0+:55 9.8:2.0 | 88.5:15.6
HYM-014 | 132.2+18.0 | 18.6x3.7 7.0£1.2 81.1£6.1 | HYM-066 | 117.6+34.2 12.5:1.8 6.1:1.2 71.845.7
HYM-015 | 119.6+27.1 14.7+3.9 6.6:1.0 81.9+12.3 | HYM-068 | 90.4+25.0 17.3+2.6 11.5£25 | 68.1:12.4
HYM-016 | 116.5:28.8 | 17.8+2.5 8.0:1.8 67.5+7.4 | HYM-069 | 61.3+14.2 16.9+2.6 7.2¢10 67.6:5.4
HYM-017 | 108.7+28.7 | 15.0+4.3 8.1:14 57.4+145 | HYM-070 | 70.5+15.7 12.8+2.1 7.5:1.8 49.1:3.0

HYM-018 | 111.1:24.0 17.4+2.9 9.4:1.8 57.0+5.3 | HYM-071 | 110.2+33.1 16.3+2.5 9.6:1.4 81.3+6.9

HYM-019 | 117.1:22.0 146:25 | 105:+2.8 | 625+7.8 | HYM-073 | 113.1+23.3 14127 7.2:1.7 64.0:5.5
HYM-020 | 108.2:20.4 | 17.5:3.7 9.5:1.8 68.4+5.1 | HYM-074 | 86.3:22.2 12.1+2.6 6.4+1.8 66.3:7.4
HYM-021 | 105.2#26.1 | 12.9+.3.0 8.8+1.6 63.6:6.4 | HYM-075 | 71.6+27.6 147+2.6 7.6:0.9 66.4+6.0
HYM-022 | 98.1+30.2 157+2.7 | 10.0¢15 | 509:4.4 | HYM-076 | 1225:154 | 18.6+3.5 8.8+1.5 72.8+8.1

HYM-024 | 100.6£34.7 | 13.5:2.5 7.9£1.6 53.2+.8.2 | HYM-077 | 118.3:19.5 16.3+3.4 | 10.7+29 68.0+3.1

HYM-025 | 128.6+31.0 14.3+1.7 8.1x1.3 743:65 | HYM-078 | 133.1:23.8 17.1:3.3 8.3+1.6 73.7+7.2
HYM-026 | 118.2+13.3 14.9:2.0 8.4+1.1 61.7+7.7 | HYM-079 | 95.9:20.9 24.6+4.8 | 11.6:2.7 91.1:8.2

HYM-027 | 68.7+25.9 15.3+3.4 8.1:2.0 55.0+5.6 | HYM-080 | 120.1+11.6 19.6+5.0 9.8+:2.8 | 74.8:104
HYM-028 | 87.4:27.1 13.5:3.1 7.5+1.8 61.8:6.0 | HYM-081 | 107.1:21.7 21.3+4.1 8.1:18 71.1£9.7

HYM-029 | 115.1:30.5 16.3+3.7 8.5+1.6 67.0:6.1 | HYM-082 | 135.1x15.3 20.7+#3.9 11.8+1.9 74.3:5.4
HYM-030 | 99.5:28.4 17.0 3.9 9.4:2.8 61.1:5.0 | HYM-083 | 114.6:34.3 15.7+5.8 7.9+1.9 59.0+8.2
HYM-031 | 142.0+28.0 HYM-086 | 64.5:16.2 17.3+2.2 9.3+2.2 62.1:5.9

HYM-032 | 119.0:24.8 | 21.7+#2.6 8.6+1.2 73.8:9.6 | HYM-087 | 144.3:26.4 | 17.5:4.3 9.0:2.3 72.9+5.7
HYM-033 | 128.5+18.8 | 15.4+4.5 7.9¢1.7 70.7:6.7 | HYM-088 | 113.8:32.0 | 15.2:3.0 8.1+15 67.8+6.7
HYM-034 | 77.1£27.8 15.7+3.1 7.6£1.5 58.9+45 | HYM-089 | 164.9+11.8 19.9:4.7 11.3+3.3 71.8+7.9

HYM-035 | 96.8+19.4 15.2+2.9 8.5+1.5 53.5+4.4 | HYM-090 | 146.0:25.6 | 19.3:35 7.4:1.0 86.2+7.5
HYM-036 | 125.7+12.0 | 15.6+4.5 7.8:2.0 62.7:9.4 | HYM-091 | 137.7+18.8 | 20.2+5.7 | 10.8+2.6 | 74.8+11.6
HYM-037 | 76.0+35.2 15.1:2.1 7.9+1.4 60.3:3.9 | HYM-092 | 155.7:25.3 | 17.0+4.9 7.8:17 79.8+8.7
HYM-038 | 95.5+31.2 16.4+2.3 9.0+1.6 62.6:6.0 | HYM-093 | 88.7+30.6 17.7+3.8 9.0+2.1 60.4+3.0
HYM-039 | 109.9+25.6 | 17.1:25 9.9:1.5 79.9:8.3 | HYM-094 | 136.3:23.1 | 16.6+4.3 8.0:1.7 71179

HYM-040 | 117.7+16.6 13.9+2.8 9.4+1.8 67.2+49 | HYM-095 | 113.3:30.0 | 22.9+3.1 | 10.3#2.2 75.8+4.7
HYM-041 | 115.0+119 215+5.7 8.1£2.2 88.3+13.6 | HYM-096 | 124.8:28.1 | 17.0+3.6 9.6+2.6 63.0:5.8
HYM-042 | 99.5:29.1 12.7+3.2 7.4£15 59.9:65 | HYM-097 | 88.7:18.2
HYM-043 | 128.5:22.0 | 16.8+2.4 8.3:1.4 755+5.1 | HYM-098 | 117.3:405 | 155+2.9 9.2+1.8 68.8+6.3
HYM-044 | 82.8+13.9 16.6x2.0 8.8:0.7 75.8:5.3 | HYM-099 | 128.8:17.9 15.1£1.9 8.7:1.1 71.2:2.7
HYM-045 | 135.5:20.4 | 17.1+4.0 10.1:20 | 62.8+#45 | HYM-100 | 76.0+26.0 18.1+3.8 10.9+2.1 58.9+4.7
HYM-047 | 141.4+31.4 15.1:3.5 8.1:15 70.8+4.8 | HYM-103 | 116.2+29.2 | 19.4+25 | 12.0+2.0 71.2+7.5
HYM-048 | 110.1:31.8 18.1+2.4 7.3¢1.2 789:8.2 | HYM-105 | 116.8+27.8 | 17.6:4.0 8.8+2.7 58.4+7.3
HYM-050 | 85.1:27.2 17.3:2.4 10.4+15 | 64.4:55 | HYM-109 | 109.6+22.6 | 23.7+4.8 | 10.7:1.4 77.7¢9.0
HYM-051 | 146.9:215 | 18.6x2.2 10.7+3.1 72.7+5.1 | HYM-110 | 84.6+31.7 14.9+4.1 8.5+25 54.4+6.2
HYM-055 | 130.8+22.1 | 20.4+3.6 | 12.6+2.8 61559 | HYM-111 | 122.2+:29.8 | 15.2+3.8 8.6+1.8 76.9£11.7
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CERbIS A L0EFE AFAM ADE ANG AAAT VAT BF F HYM 08
HYM-064, HYM-089, HYM-092 % 437} W9 150g ol 4a¥ste] aztadol wl$ $53)
[e]
o

¢

o E3 HYM-089 5+ HMH AAAE P dFYoE 150g o Aikste] g -3
107 dAddch = HYM-009 5 17 #55% 130g o4 Akl Auj& FFo = ofF g3 Ao
FTog A gls A

7t =
Ao ch 2y gl #3537 WY 100g o) S AAbsle] Al EE °.
HFE e HYM-022 5 23dF5 Aol o9 A =xste] 100gol = wx|A] Xtk = of
oA AFste] g HYM-069, HYM-109, HYM-110 5= 100g vvhs Aaksaicy,

LED 392 o]&% dyA dAxd Awries 7HEstr] fste] 34 o] & NUV(Wave
length 405mm), Blue(Wave length 460mm), Green(Wave length 530nm), Yellow(Wave length
590nm), Red(Wave length 630nm), White(Wave length 6500K) LED 34 ZAFSHA A
s A B A mXe= S AT

ﬂ:rkz

r>HUHH>“

Aag Aol ol mERbeuA #FE dxan vad FALEe wel Aage %
A Edhe g oz ByH. et A%, Sa%, g% AeFolAs o 100
20069 ol IS Witk mEmIbeu A ARA kel WAL JFS 2AG 2

%<l Blue® ¥ Greend 18]32 White LED 3& FAFSE A g oA =p2 A
o A<l Red 33 Yellow 3 Aol A= o] #3171 &3}
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[r

Bl W7 e Al (Hypsizygus marmoreus)S HAT 9 FEBHALE $o|do] £3F= 4
o2 7heE yEWUT 5 Y aAMRY S A, 2 OSHk 20 A

O

T 12 oo
2 I

FH

SrH(d) T, 2010). @A modA e AFoR AQujE L glon,

olo] 7} Wol &ML 9l= WAelH, For, R SR dFe R AnEI gt o

3 =EyitgAle ddadet dewAds ayvt e 2l

(Matsuzawa et al., 1998; Mori et al., 2008), 53| of7]o|A &3t v+

G S el = Aoz 4 A AdtH(Akavia et al, 2009). 3 Z ol

WA stel g AddA A= gL vt = Aer Baus v (Park et al, 2011).
A, “ERIPYHALS Ao] X "sto] A zko]l Fa1 Aol F7] wwol] £EE WAL

5

2 ML X

rlr
w T
o
pm
oy
il
o
offt

2A e Zhedel wi Anh ey ojejt FAelE wytetal RE R ALE te] AR &
=7F wig- =2]7] wjZell Aol 1009 ol 48w = @iol slo] vt = £4
ARl A 7E san A ok mEkA el s 2R mFe] ey Anivle, #8374
T 4 T ZERbEE A g A et Aol 53] mwu) 3l A 535S o] &3
g el @A 7] wEel =AWl 1 53, dAAS o] e AAEIL
o ey FgAdes g FAAk 22l oF FF e GMO w=to]l AEE I glo] Al

= EFF NS A SEHeE ARSIl = @AE vk Wb AR 2ARel REo] F#
A= FoEs dWolE o]&d WS A& Wyo] WA destal REdtE ZEA X
ofsl thFel Algel A&l 7hsetr, 53] FdA Aol FAA WA FdAer 22 vAE H
717 gaL, AdAel A dejub=s 1 A FARSA "ol ww, shebA e ARl AL
ol o7 WRiel mle) FdA Wolrt FElstA vEtus 5 o ZEA FAel k(A A,
2010). whebA] 1 2AME Soto] =ERbZFEM Al e EddelE st

ZA =
A= X =
i, olE EW ]i]fﬂ SAS B4l =R A AESS JEstaat shain.

7b, YRS H A Y] ALY EdAW o
(1) =get7tgm Ay 94324 £

LFAAE dFeZ YEst7] H&liA 4 Ak S wEA X239 PDA(Potato
Dextrose Agar) plate o] Z2IARHE o] &3] HojUo] PD broth 200mle] & ArZbiZet~=
ol 4 100rpmo. = ZIEHj sttt md & 149 #AE 3 ste] HomogenizerE ©]-83}¢]
10,000 rpm &= 30 & &<k w3 stlth mE dAMAE BA] Bgste] o woh wieksh

o APAA ZEo] ALE FATh FAAE 50ml tubed] Yol @i 4000rpm o2 10%-7F
A st 5 AT Asds HE A 40me 1M MgSO, & AR H7bstar dAd
8 #o]Fan 4000rpm 2= 10 &3 AAE vk AR §F ATAS v FAH

[}

71 =37

¥

J (
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2 A894Y4EE st 05M MgSO, oml 90.4g2] Glucanex 200(novozymeAb) 2} Cellulase
R-10 0.2gd7}ste] €3] Hola 40ml HFE% 05 mg/ml= 40ml = éﬂ%%%gi z4 59
o} 28°C ol H7F 80rpm OoZ 4A7HEeE WS shal Wit 10ml & ¥ 1023 Ao
WA et G4 Glass filter® #AMAZ 7S AAT vy HdTE W
4,000rpm o2 1023 AR st M2 FHA A4F A 5 FFe 1M sorbitol
S ¥a 4000rpm o2 103 YAt FEAs =AEA WAL 05M sorbitolS ¥l
4,000rpm o= 10E7F YAt Tube o Pold+ enzymes Ao A5 HE Folsto] e
3" U=% protoplastE Aol A& s}

(2) FAEHEY A=
PDA(Potato Dextrose Agar) plate o] Z2IAREZS o]&3] Hojuo] PD broth 200m¢ 7}
< A Eg A A 100rpmo®E et MY T 14l #AE T8t T RAY
|4E o]&3ste] 10,000 rpm o2 30% &<t vk Stk vhE TAMAE 3 Aske] WAL
ZAFE 9Bt ARE SRSl

o

(3) ZAnt WAL S o] &3 =HEHIIGHA Y Aol /7]

“E R A Y] vp et tAA 9 AR = RE 2P e 998 1.5%107 (cel/m)E  1.5me
of ¥a Z7] vE ek AR st A2 ksl o] FxAAHATY LEH 7
v ZAPEAN(LE 2)E ol &ste] =EIMY ALY WHolE {r]sith =ERIFEH AL A
AA o] 7Hat BALAS 0.0 kGyolA 1.25kGy7hA] AAste] 1A17FsQE AR S 2AREE &
0.6M<2] Sorbitole] 7k YPMGA mediume®l overlay 3Fo] 25TColA 159 $o AAgE A
Al colonyE ZAF sttt xT 2= 7ot BAMA S ZAMSHA] @ =EEFEH AL A DA
& AAste] vl AR 2AbE A A Ao A& v ekl

R
T 5
ol
o

Fig. 2-1 1259¢ #vpd Z2ARE A

. 382 fFHADe EAFHATH 54 24
(1) Genomic DNA # &
Tulele] tgd Agomiy S 96dF T 457 F(Table 2-1)E 5me PDB(Potato
Dextrose Broth)ell wj¥ste] #AMAE FHstaAth Genomic DNAE #3287 #dte] 1447

PDA(Potato Dextrose Agar)olA wiF & 27 5mne IAAE 20me] PDBHl Aol A 7 &nj
F(120 rpm) o2 25TolA 14L3E st HFAMAE X Ao 21 x2E st &4
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Az A E Tissu Lyserg o]&sto] w74 vkfgk b5 100pg A5 1.5m¢ Eppendorf
tubeol #7131 FEFE &FN(200mM Tris-HCIl, pH 8.0; 200mM NaCl; 25mM EDTA; 0.5%
SDS) 400uE FH7tstel & AolFdnk. o] & 2xCTAB buffer (2% CTAB [w/v],
100mM Tris [pH&.0], 1.4M NaCl, 1% polyvinylpyrrolidone Mr 40,000)& 4000 % 7}3sFe] 65T
o A 3047+ WXl penol:chloroform:isoamylalcohol (25 : 24 : 1)& ¥ &3 3 3 14,000
pmol A FAEE A AFHE A2 tubeo] =7 0.7 volume? isopropanolg 3 7}s}aL
Al 2o A 10%7F WA % 14,000 rpm oA 1087 YA 23t DNAE HAA Y. 70%2]
ethanolZ DNA HAES Mt ¥ 7dx3 & 1xTE buffer (10 mM Tris-HCl, pH 8.0;
ImM EDTA) 50l &33tdth 10mg/ul RNase 28 2o 37ColA 30 AHlste] &3
Lolo] /% RNAS Al ASAT. %3 DNAE spectrophotometer 260nm 3o =2 Ak 1

g A,

Table 2-1. List of H. marmoreus isolates in this study

Sample  Isolate Sources Sample  Isolate Sources Sample  Isolate Sources
No. No. No. No. No. No.
1 HYM-001 Japan 16 HYM-016 China 31 HYM-031 China
2 HYM-002 Korea 17 HYM-017 China 32 HYM-032 China
3 HYM-003 China 18 HYM-018 China 33 HYM-033 China
4 HYM-004 China 19 HYM-019 China 34 HYM-034 China
5 HYM-055 China 20 HYM-020 China 35 HYM-035 China
6 HYM-006 China 21 HYM-021 China 36 HYM-036 China
7 HYM-007 China 22 HYM-022 China 37  HYM-037 China
8 HYM-008 China 23 HYM-023 China 38 HYM-038 China
9 HYM-009 China 24  HYM-024 China 39 HYM-039 China
10 HYM-010 China 25  HYM-025 China 40  HYM-040 China
11 HYM-011 China 26 HYM-026 China 41 HYM-041 China
12 HYM-012 China 27  HYM-027 China 42 HYM-042 China
13 HYM-013 China 28  HYM-028 China 43 HYM-043 China
14 HYM-014 China 29  HYM-029 China 44  HYM-044 China
15 HYM-015 China 30 HYM-030 China 45  HYM-045 China

(2) RAPD-PCR A& £4

RAPD-PCR 3#Ax|#E2& URP primer(Table 2-2)+= URP-PCR 344 & Kit (JK
BioTech.)& T93dte] vl A FFHFAHEo] Fslstal Wol7k A2 F 789 primers A'#a}o]
A& Protocolol] #3te] 339t URP primerE ©]-&3F 7|22l PCRyHE Z=7A-& 100ng
] DNA template 5u0°] 10xPCR buffer(10mM tris-HCI(pH.8.0), 50mM KCIl, 15mM MgCl2,
0.01% gelatin) 52}t URP primer(20pmol) 1x0, 25mM dNTP 40, HQ Tag polymerase(JK
BioTech.) 0591 DW= total volum< 50ul= 239 th DNAWA S 9&to] 94Col A 427}
1 % cycledl 4] DNA A2 94TColA 1%, annealing= 55ColAl 1%, DNAZA S 72Tl A
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Fo® F PeycleS HAAEA o, HF DNA FAH2 722 PCRE 333t PCRel 9
al T%d DNAT 15%° agarose gel ZellAd 50V Aoz H7]9ds & F Ethidium
bromidedll A3} UV lampdtel A PCREEA S #23sta FABAES EA4 3519t

Table 2-2. Characteristics of URP primer in this study

Primers Sequences(5-3) CG content (%) Tm(TC)

URP1F ATCCAAGGTCCGAGACAACC 50 65

URP2F GTGTGCGATCAGTTGCTGG6 50 67

URP2R CCCAGCAACTGATCGCACAC 50 65

URP4R AGGACTCGATAACAGGCTCC 50 66

URP6R GGCAAGCTGGTGEGAGGTAC 50 65

URP9F ATGTGTGCGATCAGTTGCTE 50 67

URP17R AATGTGGGCAAGCTGGTGET 50 74

URP25F GATGTGTTCTTGGAGCCTET 50 65

o =g g MIAWS 54 2 ALA 54 A

AN EAR A &4 Helste] PDA wxlolAe] @A FEH B4 2AZ 96

SRt AR R Y dGAAE skl AvhEAbd Agste] Ed¥olE = #F
2000704 F 917 #FE FA$ Awste] PDA WAl FejH B AFEALS 2AY
o b AR

2l Ao AL w A BFR ARG Blo, SdwelAl 5 A
H7F S5 @4 ZAth(Fig. 2-2).

Colony after gamma-irradiation Colonies of isolate re-generation of mutant isolate

Fig. 2-2. Colony characteristics of mutant and the re-generated colony of H. marmoreus
inducted by gamma-irradiation on PDA

(A) control isolat; (B-F) mutant isolates by gamma-irradiation



AbRE A3 2w F TR Aol dA] mE ASS BolA &koew, 1.0KGy 052, 102

HolAl el A dEzdFrRg i =2 AGS Yellth(Fig. 2-2). 19 2-29 A oAl
A & AAY gt oA PDACAS] AFFEZ a5 A9 Hlaste] hvupa A
gt B, CE ¥ 23 AFEEE BHYoy D, E, Fo 49 Aol =HArh
2. M2, M3, M4=2 &4 2 ®olA 9 {17 WHoli e &4, XA}
b At EdA o] ZEREFE u MZAIHE S 3t7]1 918l MIAIH A A o] 2ER-2of A
245 £t PDA agar wiA o TAAIE BGAA JETLLZ AEEATE AAA AL
& WAL v, 2wy vdo] df8 850CC ZeFaE o PDAMIA oA 14 5ot ul <k
St agar TS AMEEATH T AF F, 6041 23CAA deld F, T VENAE Z
o] oF IemAE AAGE TFHVE s, 2% 16T, 4% 90%0] 4 ZAA AAAE F &

dhol AAA 9 EAS 2AEY
3. 49 € u %

7 =g AY] A Edde] 7] 21 &Y

(1) AFAAE o] &d YA EAWolA frlx=d &9
B oA who] o)ste] “Ewrtg Al o2 RE UEF protoplast@FS 2.0x10(cell/ml) o] A &
o OE 12 S EAlEWE A e =R ALY protoplast YHEE EEe YERY A
ojtt. 71E9 W Novozymes T2 AbE Fal ot o] G4+ ©F Hof oA a4d
el W Aol AR 21wl Fo Yatalase (93) 71 fj&o= E—EJ’O] LFAA Y=
of 48§ HAou wi-¢ bt oA ARREY EAFo®E AA Hol gk A AL
€% Glucanex 200+= 1/50= w9 A g v &3 & &8&2 =H P7}"/”ﬂ§i LdgAA Y=

of wj-% & sttt

% 0" -
e &
o FeBct)
- o
. -’-;,_;
o - @
&de
L]
(=]
,r a5
)
&
e
L]
00 o
°
ey
e :’:‘ -
o
e
a
B
%
-]
o B
on

U&i:l;’a
]
.
[}

a3
n

ne'e
fige:

]
oﬂﬂ
o

°p.0
£
0
s
20 Y826 .0%0

. -P

1o 58
L)
=]
o
o
5l

B ‘Ué

05
[
“
e
o2
[+]
e
'
{-]

-
o
:
O
2%,
-
L
e
]

Fig. 2-3. “g|ub7lgAsl o2 iy UEd 4344

ZE b Al o] AR =R o] v AP HAAE £HE g ddou sl 0.02%%
=38 Azxg Ao=m yetuth. A AA 20KGy7HA #wk WA 2ALE AR A3 0.25
kGyOﬂ A 80%0l7del AAke YEtllen 05KGyollA = w43 AAEo] FHAste] 95%0] 4
o AArkES EHom 0.75KGyoldol A= wAMAl colonyZb WERLFA] @Skth o] e AdE

_74_



7o)

o

o] HAZE

=
[€)

EIR ]

0.25 kGy A #Fol A

_?4

-

T

[e)

=

3

AR 5]
1A Apa A

I

_?4

[e)

=

g4

= A

o 3

o] A

L

oF

RS

A

~
o

olo

s
~J
wo

G

2 F70¢] URP primer (JK BIO

o

Aoz AR Ak
15752 o4

s}k
=

Z]

[

o

R

1

s

d

=

=

A

A

Fu ALY EAFAG

2 Gy
B3

1 o
5 O

o

2-5% #t}

a4

S

o] RAPD-PCRE <3}

5|

TECH) °]-&

E3

el Aoz welt old ubel,

=)

o))
i

i

O~
T34
s

’

3k
TR

Al
=~
-

bebed L L FETTLIT

9675 RAPD-PCRE +

_75_

|

|
i
¥
»
i
#@

4

I3

Bt
H

|
I
2
n
3

- .-

=

oA AdstE o AAY 2

A) primer URP 2R, (B) primer URP 6R

B
1 RAPD-PCR2] ZAx}o} <lF A u)

L=,

URP 2R¢} 6R primer

Z o
-

Fig. 2-5. RAPD-PCR profiles derived from H. marmoreus with URP-PCR

FE 9



133

°

3|
2|

(¢}

BAERE 24}

=1
=

3|
]

I

=

1=

Fol PDA s <o 4] Ak 3t
1. oHFig. 2-6).

bol grbigaba Ae)

°©

A A

ol
Fol PDA wj#|oll A o] < e

2]

°©

d
%

S 29

o

—‘l:'l_

=

=

A

A

=
=
g4

]

[e)
5
RS

A

A

Aol e M1AIH 9
B Ao 2 A

=

=
=
o}

o

g%t
200077 F O FFEE TS Aw

o A A A

L.

1]
2 e XX
5 T g
m . X
g T W 5B X
g N oo S 1m_
g m T ° N
2 oT
) —x O
2 . K T
il M T
m T T M S To - 0L0foN0T
5w o 4 — o H O - 690/10T
& oo = 99049101
- > o %o B 4 ~ 790ADI0°T
S & 5 n = o o T - 904001
= e = X < TH J ﬁ e — 190 /00T
o ) ?
.2 ) © Mo . oR < f
RS = o M 6504000 T
e < o ) - BS0/DI0 T
g & Mo N5 150940
g m = B PR G AN “@monuv_o_ﬁ
L s mooANT - G0/
g 3 S do o H g F o - 250400
hs ) = = = i T - 15049901
3 L an o = “eamov_o_ﬁ
T $o
° o S B ogs RO po K - LE0ADI0T
3 5 2 5o 5 W %0 o " 95040
E ADn = T W = - rEDioT
< < = - £E0/010T
S § &~ 73 = E o A - ZE0/ON0T
o 2 o — o A - TE0AON0T
2 5 = T o ﬂAro T . fod0°
28 zzEozs
= .m m = m B M BE - 820/000T
. ESE Tgp_odgH - oo
§ « B8 Z o AN 9 K - 72040
E ° & m 5 x° o - T20/010T
= w £ OH T oz A 9T - 020/ T
= 3 58 MO o TR A - 6104010
5 2 g % Mo T . o o .:omuv_o_ﬁ
) B - 9T0ADA0'T
g m m 2 o @ Mﬂ | By .msmov_o_ﬁ
o o _ - ZT0/090T
= m . & M N mﬁw o Bl
w & 853 g o0 KK - 0T0AD0T
= AN E T ~ 60040107
e g | 80049407
T =28 S ] HoE E K - 100/910T
. g 3 T ME N &S LC ~ 50049101
g w € 2 o 7L__. w ok = - 7004007
S g 2 TN T ol - 2004010
Q > iy - 10049101
C . Le] —_ ;0 IS
© B 5 mm T % [oson
[a\] ~al
\mu - ‘u ‘a ZT o Q Q Q o Q o
- T o o K OTH o il s) 0 s o o
o = — © w i <+ o+ o o
&3 EX B YW

_76_



5.50
5.00
4.50
4.00
350
2.00

6ZTADN0T
STTADA0T
[ZTAA0'T
- 9ZT/O0T
FZTAN0T
ZCTAN0T
- TCTAON0T
0ZTADA0T
BITA0T
SIT/ADA0'T
- LTTAM0T
9TTAI0'T
STTADA0T
- PTTAI0T
ETTAD0T
TITADA0T
TTITAM0'T
60TAD0T
S0TADA0'T
LOTAS0'T
90TADM0'T
SOTADA0'T
7OTADA0'T
£0T/AD0°T
TOTAM0'T
8604D40'T
S60490°T
£60/940°T
0604940'T
- 6304I0T
8304401
[804D40'T
- 980/20T
S8040°T
80 4A230'T
- £80/M0T
78049%0°T
180 4)0'T
6LOAIOT
8L0ADH0'T
LLOAAD'T
SL0A0'T
vLOADNO T
£L04030'T
ZL0A0'T
TL0/230T
_Oh_.COQ

Hj ] el 9], ofzel

B 64

T

=]
H

=]

tol
5

[

S °l&

&%_Q.

of 121TCelA 143bs

o}

FoH(Fig. 2-8).

-

fol ARZE 1/34 = A5Ee o
Fig. 2-8. Mycelial growth of mutant isolated on the sawdust media

°©

F o™, agard

A

[€)

[

%
[e)
H| 1

gty Auf-g el

=

3T

I

, 850CC9)
QlojFo] 23T oA

[e)
(A) control isolates; (B, E) fasten isolates in mycelial growth; (C, F) slower isolated; (D)

no signification

al

[
A

=]
A
PDAR|A| o A 149 &<t uj

3

ol17] 9]
8

o

T

o}

‘|_

2]

Fig. 2-7. Mycelial growth of mutant isolated inducted by gamma-irradiation
A

!

_77_

peb .

=

=

A}ol



6.00

g ganr
) = 3 =0
5 - N o)
= = WA K
= N
R oo Mo
 0L0AD0T , Sl O TF D
- BO0ABI0T , - 8L AoN0T m wp AR ™
—— 901010 ——— L]0 =] ‘mW i
- 1040401 TALS, H T
- 19040907 R m g B o=
- T90ADN0T - Ao ~o T =
- ES0AO0T 0T g X® oy o
—————— 550 400'] " 0ZTAON0T © =0 ol 1__/| B £
- L3040N0T Ceinfogr o0 . : R
- 9504001 - BT o R g o ® R
e B Ky P
] ; -
wmm@ﬁ C ST —
- TE0ANGT CPITONT o o F o
- 0R0AO0T B0 S W 2 g _
B el 2 & W
w ¥ o fiTe) 2
- o0 CEToNT L5 = o W =
— G ZEE e
wmmhwﬁ mm%ﬁ m X o RO %o
" X =0
e R T
e — e G Mﬂ
]w : - " - m ,_lv.Al
e ! R
Wiseus SNl B B
T Gon B i s
f
g C seoloiny p L %
(4 - t G WS,
—_—rr s 2w R
il e o = LA :
L ; I ) = N
{100 monn B E OB o5 N &
e %m\ﬂwumﬁ “Nmomgouﬂ m 8= % ) =t H._
o g RE ST T
g e o 5 g R
(L -
e mmm»wﬂm# .msmoé..ﬁ < 2 S o .1.% dr "
: kT O B S R Y
- 100400 LT B oS O
- £004940T mm%f = W g e w L
. ) K S
e w7 SEw ¥
: R o3 — o o F
| ~ e
o o] o] o o o o o o o) o] o o o o nW = =
o [} Q @] Q o o (@] o o] (=] o (w] . K —_
] =+ o [ =l o 0] n =+ Ll N ™ (o] o 1 o 1m— Hﬂ_” E._..ﬁ
= — N o AT

rate, 22%

Fig. 2-10. Rates of mutant isolates by the mycelial growth index
— 78 —



(3) =Rt Ae BAmoldd MIAYS] §4 2 424 54 24
Avkabd Eeol mElmbhAe] MIAWE 487198 M7, 2w, vgo] I
) 850CC Eehelwol PDAMAA 14Q5e WFe agar TS AEHAT Fit 9E
F, 00U BOAA PAY 7, B ASAAZ Al F dn Y= AN TFE oL
2% 16T, ¥% 0% AN AAAE fEstel AAA 5 ASAr 19
270 velwb el MAT AAAZA GE2F Ad wae Weldl B, F, G 24
we AU AAEs SR FHFS A2 5 A9k

Fig. 2-11. Morphological characteristics of mutanted isolates on the saw-dust medis
(A) control isolates, (B) fasten isolates in mycelial growt, (C, D) slower

isolated, (E-F)fasten isolates in mycelial growth
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Table 2-3. Morphological characterist of mutated isolates by the artificial cultivation
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Characteristics
Isolate
Dia. of pileus Length of stipe  Dia. of stipe colour growth index

Control(brown) 1.86 7.20 1.03 Brown 82.57
1.0kGy 001 1.39 5.85 0.65 Brown 62.10
1.0kGy 003 1.83 7.41 0.92 Brown 100.70
1.0kGy 004 2.40 8.39 1.01 Brown 117.30
1.0kGy 005 1.89 7.53 0.90 Brown 97.17
1.0kGy 034 242 7.60 1.05 Brown 189.67
1.0kGy 036 2.18 8.58 0.84 Brown 109.80
1.0kGy 037 2.09 6.91 0.81 Brown 103.10
1.0kGy 038 2.83 9.15 0.84 Brown 154.00
1.0k6y 071 2.01 7.44 0.96 Brown 90.40
1.0kGy 072 170 7.84 0.78 Brown 86.60
1.0kGy 073 2.09 6.21 0.85 Brown 130.77
1.0kGy 074 2.35 8.19 1.03 Brown 165.97
1.0kGy 075 2.07 8.28 0.90 Brown 105.43
1.0kGy 081 2.24 7.50 0.85 Brown 92.97
1.0kGy 082 2.33 7.49 0.90 Brown 165.20
1.0kGy 083 207 8.22 1.02 Brown 86.67
1.0kGy 107 2.04 7.49 0.97 Brown 93.47
1.0kGy 108 2.64 8.31 0.80 Brown 167.90
1.0kGy 109 212 7.75 1.01 Brown 14453
1.0kGy 111 217 6.88 1.05 Brown 88.73

a9 2-128 ZEIRbEE ALY Zupabd Ed o] MIATHE A Al A eSS B4
stk o A3k MIAY WolAle] 55%7F t2dFH} 0-50%2] FA7F S7+E vebWa, 3
o] Al o] 4%7} 100%°]3¢] FAS7FHE e

Growth weight
50% - 100%
N 21%

Growth weigh

Fig. 2-12. Rates of mutant isolates by the mycelial growth index
(4) ZPpEARA S o] &8 = Rtrbe MIA g o] A8 54 4
RAPD-PCR ##ALA| EH2 A& 8%9] URP primer(% 2-2)2 A}83+o] primere] &< testd}
Sk 2 23 URP-2F, URP-2R, URP-9F, URP-17R 9] primerE A &stA (29 2-13).

A

_80_



6R 9F 17R 25F

Fig. 2-13. RAPD-PCR profiles of M1 generation of H. mamoreus with URP primer
URP-2R
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#E 2-4v= MIAIY 91 x5 Yed =4, 19 2-149 A7|ds &A= ‘)rE]r”J
oo @A ®olAl 2,000¢F F 1,50071¢] MIAt AAAE Fe Folth o &, ywA Ml #
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Fig. 2-14. RAPD-PCR profiles of M1 generation of H. mamoreus with URP primer
URP-2F
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Table 2-4. List of M1 isolates of H. mamoreus

NO. Isolate NO. Isolate NO. Isolate NO. Isolate
1 control 24 1.0kGy 031 47 1.0k6y 071 70 1.0kGy 104
2 1.0kGy 001 25 1.0kGy 032 48 1.0k6y 072 71 1.0k6y 105
3 1.0kGy 003 26 1.0kGy 033 49 1.0kGy 073 72 1.0kGy 106
4 1.0kGy 004 27 1.0kGy 034 50 1.0kG6y 074 73 1.0k6y 107
5 1.0kGy 005 28 1.0kGy 036 51 1.0kGy 075 74 1.0kGy 108
6 1.0kGy 007 29 1.0kGy 037 52 1.0k6y 077 75 1.0k6y 109
7 1.0kGy 008 30 1.0kGy 038 53 1.0kGy 078 76 1.0k6y 111
8 1.0kGy 009 31 1.0kGy 039 54 1.0kGy 079 77 1.0k6y 112
9 1.0kGy 010 32 1.0kGy 040 55 1.0kGy 081 78 1.0kGy 113
10 1.0kGy 011 33 1.0kGy 051 56 1.0kGy 082 79 1.0k6y 114
1 1.0kGy 012 34 1.0kG6y 052 57 1.0kGy 083 80 1.0kGy 115
12 1.0kGy 013 35 1.0kGy 053 58 1.0kGy 084 81 1.0k6y 116
13 1.0kGy 016 36 1.0kGy 054 59 1.0kGy 085 82 1.0k6y 117
14 1.0kGy 017 37 1.0kGy 056 60 1.0kGy 086 83 1.0kGy 118
15 1.0kGy 019 38 1.0kGy 057 61 1.0kGy 087 84 1.0kGy 119
16 1.0kGy 020 39 1.0kGy 058 62 1.0kGy 088 85 1.0k6y 120
17 1.0kGy 021 40 1.0kGy 059 63 1.0kGy 089 86 1.0k6y 121
18 1.0kGy 022 41 1.0kGy 061 64 1.0kGy 090 87 1.0k6y 122
19 1.0kG6y 023 42 1.0kGy 062 65 1.0kGy 093 88 1.0kGy 124
20 1.0kGy 027 43 1.0kGy 064 66 1.0kGy 095 89 1.0kGy 126
21 1.0kGy 028 44 1.0kGy 066 67 1.0kGy 098 90 1.0kGy 127
22 1.0kGy 029 45 1.0kGy 069 68 1.0k6y 102 91 1.0kGy 128
23 1.0kGy 030 46 1.0kG6y 070 69 1.0k6y 103 92 1.0kGy 129
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A) Wild
(I-}im—lBruEEe (B) Group 1 (C) Group 2 (D} Group 3
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Fig. 2-15. Morphological characteristics of mutanted isolates on the saw-dust medis
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Fig. 2-16. Morphological characteristics of H. marmoreus on sawdust media; fruiting body

characteristics(left), fruiting Bodies weight (right. 2).

a9 2-172 Z=ERbZbEE ALY ebAbd EdARe] M2AIte] A A el A siElS Hla
wAste] Aol S FFE Al A 52 2o A7)t wrleh A7), AELA
o A & zAsle] mEFErRU Ao wan AE Aol “Elwtsldu|Ae FHE 23 56
TFE Addetddv. A AEe 56wt F= AR A A wEARAIE skl M3 el

_83_



Pileus diameter Pileus diameter

350 350
300 300 |
250 I 250
2.00 || H-1H - THT 200 - II i
150 150 HEHE " |i
100 100 " "
0.50 l IJJ i It 0.50 " "
0.00
R M%W W*Mﬁ% R e e e
Stipe length Stipe length
140 140
1.20 120
100 - 1.00 Il |
0.80 080
0,60 060
040 040
0.20 0.20
000 S T o e a0e o Tyt T
ﬂmwzé&ﬂwﬂuwnﬂﬁm H e e e e e LT
Stipe diameter Stipe diameter
10.00 1000
200 800 e
coo 4 L 6.00 -k
400 | I 400 -HiHHHH II
200 - L ! i 2.00
0.00 i
000 s s s st &ngwﬁ&wwa e
b R e e O
Weight
140.00 140.00
120,00 12000
100.00 } 'I 1 100.00
20.00 T 80.00 i
60.00 RES i 000
40.00 -1 4000 —HHE
20.00 2000 -
000 2 i et FReTeor 0.00 - B 3
R b 2 £ e
MMM!WMJQ%&M W%f:*% :

Fig. 2-17. Morphological characteristics of fruiting body growth rate of H. marmoreus on

sawdust cultivation
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Fig. 2-18. RAPD-PCR profiles of M2 generation of H. mamoreus with URP primer
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ANA Aol g T 1527/ AE Akl M2AItE BAsEAT A M2AI ) =} A A
AHAY meFo]l Fmstar Aol g Se7iAlE AdEete] M3AHAAIE ATl UdTE M3
AAAE Aol £F9) AAE Bstn AUAANA DNAS #elste] URP-PCR #42
3 5ol dFE Adstal 17 WolE AN oot
Table 2-5. List of M2 isolates of H. mamoreus
NO. Isolate NO. Isolate NO. Isolate NO. Isolate
1 wild type Brown 41 1.0kGy 690 81 1.0kGy 1160 121 1.2kGy 080
2 control White 42 1.0kGy 691 82 1.0kGy 1168 122 1.2kGy 147
3 1.0kGy 023 43 1.0kGy 703 83 1.0kGy 1185 123 1.2kGy 149
4 1.0kGy 023 44 1.0kGy 721 84 1.0k6y 1186 124 1.2k6y 157
5 1.0kGy 023 45 1.0kGy 722 85 1.0k6y 1215 125 1.2k6y 201
6 1.0kGy 064 46 1.0kGy 760 86 1.0kGy 1235 126 1.2kGy 204
7 1.0kGy 072 47 1.0kGy 775 87 1.0kGy 1245 127 1.2kGy 266
8 1.0kGy 073 48 1.0kGy 779 88 1.0kGy 1288 128 1.2kGy 280
9 1.0kGy 078 49 1.0kGy 789 89 1.0kGy 1298 129 1.2kGy 286
10 1.0kGy 082 50 1.0kGy 804 90 1.0kGy 1302 130 1.2kGy 308
1 1.0kGy 088 51 1.0kGy 812 91 1.0kGy 1307 131 1.2k6y 312
12 1.0kGy 089 52 1.0kGy 840 92 1.0k6y 1312 132 1.2k6y 323
13 1.0kGy 111 53 1.0kGy 841 93 1.0k6y 1313 133 1.2k6y 332
14 1.0kGy 147 54 1.0kGy 854 94 1.0k6y 1320 134 1.2kGy 355
15 1.0kGy 148 55 1.0kGy 882 95 1.0k6y 1325 135 1.2kGy 366
16 1.0kGy 153 56 1.0kGy 888 96 1.0kGy 1337 136 1.2kGy 369
17 1.0kGy 198 57 1.0kGy 891 97 1.0kGy 1345 137 1.2kGy 374
18 1.0kGy 244 58 1.0kGy 896 98 1.0k6y 1350 138 1.2k6y 382
19 1.0kGy 245 59 1.0kGy 900 99 1.0kGy 1361 139 1.2kGy 388
20 1.0kGy 247 60 1.0kGy 916 100 1.0kGy 1363 140 1.2kGy 404
21 1.0kGy 248 61 1.0kGy 918 101 1.0k6y 1379 141 1.2kGy 460
22 1.0kGy 265 62 1.0kGy 920 102 1.0kGy 1388 142 1.2k6y 481
23 1.0kGy 272 63 1.0kGy 992 103 1.0kGy 1399 143 1.2kGy 499
24 1.0kGy 317 64 1.0kGy 995 104 1.0kGy 1414 144 1.2k6y 527
25 1.0kGy 359 65 1.0kGy 1019 105 1.0kGy 1424 145 1.2k6y 579
26 1.0kGy 370 66 1.0kGy 1024 106 1.0kGy 1435 146 1.2kGy 587
27 1.0k6y 371 67 1.0kGy 1029 107 1.0kGy 1446 147 1.2k6y 591
28 1.0kGy 396 68 1.0kGy 1035 108 1.0kGy 1459 148 1.2kGy 620
29 1.0kGy 435 69 1.0kGy 1056 109 1.0kGy 1467 149 1.2k6y 635
30 1.0kGy 509 70 1.0kGy 1057 110 1.0kGy 1489 150 1.2kGy 704
31 1.0kGy 531 71 1.0kGy 1061 111 1.0kGy 1506 151 1.2k6y 710
32 1.0kGy 578 72 1.0kGy 1065 112 1.0kGy 1518 152 1.2k6y 711
33 1.0kGy 580 73 1.0kGy 1074 113 1.0k6y 1525 153 1.2k6y 720
34 1.0kGy 610 74 1.0kGy 1106 114 1.0kGy 1542 154 1.2k6y 722
35 1.0kGy 640 75 1.0kGy 1114 115 1.0kGy 815
36 1.0kGy 644 76 1.0kGy 1117 116 1.2kGy 004
37 1.0kGy 653 77 1.0kGy 1118 117 1.2kGy 022
38 1.0kGy 685 78 1.0kGy 1123 118 1.2kGy 042
39 1.0kGy 687 79 1.0kGy 1130 119 1.2kGy 050
40 1.0kGy 689 80 1.0kGy 1133 120 1.2k6y 057
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A3 =EEbEAY JEIPHE, 7154 T 94 L 2SR

1. A &
Aot ABAZ e Q9atl Aol duAE AE 8 2 PHE B4 AR &

fus p=1
Ak Aae] WASA % AAUE 4471 DNA, @uld 58 nEd B 494 210
A (o)
o

Ahsh EAE oIR Y ARTIE 95 TR E DA HEEo dev Y, G,
¥ AEH 3 5 doA w35 Fxoe Aem dEA dvh wEbA olek e A
715 aAske kst gk g4 oA F o U] gk dAarsEAe] THA =
gaksl a95 Z74317] 98l reactive oxygen speciestt nitrogen species®t & AF71E Al
Aste 85 A= Aol a9 AALENA FHE e dtstEde] A Abge]
A A&l Ay Hguo] A dFPD AHES st A use Ve By

o Add FF34 ddS FEeta dS ¥ oty A5, #9As 2 A5
Ao e sta Aol = HUAstA Avse] vt

SERPZFEH AL oprol Aol A A sk e E L Sl g HA

)=
s=(1-3)-D-glucant =< FFTY¢ A4S 7o A ZErigwsle] daye] 7)ol

A
WA= Gl el = At wh gluk meps o] Aol M dady) ddd AEdA A
< AR, d¥d 5 e ZERrbg A fdag g ool tiske] dAtstaat ot

2. A5 2 U4

o cEwgE Y 4EYE 24
GC mass analysis was carried out by on an Agilent Technology 7890A-GC system
(Agilent Technologies, Santa Clara,CA, USA) coupled to XLMSD-5975C equipment

operating in electrospray ionisation (EI) mode.

. Ay Ee o wEFTAA 2 ALA Y T8 24

(1) DPPH radical scavenging activity
FEE9 AF7] 2ATE A-FAA A7 DPPH (1,1-diphenyl-2-picryl-hydrazil) &
getol WrhsAnt 77 o wEe FZ 2o DPPHY wWge oS 02mMo] H7 %

o db
L o Jn

F, 0% s fA% A 027 LA 517 nmol A FREES AP on oo
AAA 07 247 2SS =A59 )
EDA (%) = (the absorbance of the conrol - the absorbance of the mixture / the

absorbance of the control) x 100
(2) &<, "vgg4
(7F) Microculture Tetrazolium (MTT) W
Mo AET AL FdaHge AAAQ Axe gzt EAEE A8 s FlEHA
th. RAW264.7 A X (1x10HS vpeto] B8 ¢ 9l 100x02] DMEM3} &7 96 well plateol

=1
Y2 § overnight Wit 747 BE X4 ZE7MY WA AES 3023 dAT F
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LPS (0.1pg/m) o2 Ap=3ko] 2441 7F viFgttt. MTT solution 100404 7+ wellell 98 $ 44]
2 oEt 37C°ﬂ/\1 v Fat Aot A EZ o] A=l formazan®] sEE A s7] 9138 570mmell
%

1 %]' ”‘Xé O]'M

S

(LH Nitric oxide (NO) A& $3 4
RAW264.7 AIXE (1x10°9Z ulctel] H2aF 5= A wjkgrol ¥ F overnight B %&HTh.
Zb7] e w9 ZERMY A AES 307 dAEE $, LPS (0.1pg/mb) o2 23
24X 7k vkt wjokod ol A=l 100ue] ofAA A FEE 100 ¢ Griess reagent (1%
sulfanilamide and 0.1%6 —[1-naphthyl]l-ethylenediamine
dihydrochloride in 5% phosphoric acid)E& #7Fste] 220 1023F djFst & 570mol Al &3
L5 YFowA SAHsIAT obdAtd el wx=E A4tslr] 9%k standard curves sodium
nitrite® | 2t} 4 o}
(th Cytokine mRNA =& HALS &3 WA %—?ﬁ

EasyBLUE reagentZ Al-&3lo] RAW264.7 AlE 2] ZFRNAZ F=3tth vrd %% RT-PCR
RT premix% ALE-3o] st F2uge] FRNAE oligo-dT182. = 70Tl
A7l & 383 5ol A8|a RT premixs #7Fste] 425Co Al 90+7F vl &3t o, Hbg-
95Co A 5&7F vl%3sle] reverse transcriptase® EZASIAI o 2H HES-S
I cytokineol] 313 3li= PCR premixs AF&3te] PCR W2 a3ttt PCRAIE ] A7
& M=+ GAPDHO| Wi=¢} Hlugto=x 7 AesE ALkl

o oo rlo

N

of

o FEARS T TAA £ AEAY Ve84
(1) &3 S3nt =

(7h dawe] FH B dAay S vhE HAE
Rate] HUleWOoZHE venipuncturegs E3l ¥ ¥ 8mlS 1ml citrate phosphate
dextrose solution (CPD in mM: 90 NasCsHs507-2H-0, 14 CeHgO7-H-0O, 1287 Nal.PO,-H-O,
and 2.55g/100m¢ dextrose)®] = 15ml test tubeol] =% <. platelet-rich plasma (PRP)= &<
AMES 170xgoll A 733 daliEeste] S, o] Ad+ AE& AAs7] A8 120xgol A]
7T YA B35S, CPD solutiondwS AAst A4S 57 984, PRPE
350xgoll Al 1087 LA &R S, A=dL platelet-poor plasma (PPP)& 7F53le] S5 wb
S 2399 reference® AE3AS. AAH AHL Tyrode buffer (in mM: 137 NaCl, 12
NaHCOs, 55 glucose, 2 KCl, 1 MgCly, 0.3 NaHPO,, pH 7.4)°] =o] Ao Alg2 #A3 F
TE(3x10%m) 2 wFEAT d4aw 3-8 aggregometer (Chronolog, Havertown, PA)E A}-&-3}
o "Wl EinE ZA3= WyHorw H2AESS U, washed platelet2 37ColA HYM-055%9
HYM-0562] #H&& FEES 2%7F preincubation 3+ ©] % agonist ## & 250g® stirring 3}

HA 5EIE WSS A ARG

) AEZW Za vx9 374
28 d43S Fura-2/AMOZ 37TColA 60%7F v 32 g
e FEZ 9E 1 mMe CaCle &4 stol 7217 & 5%9 CE6E 2%
F=stg ok a3 3933 (fluorescence) = spectofluometer= 7 AFs}F 3 T
(t}) ATP release assay

washed plateletS 37CoA 387 o8 %9 HYM-0552F HYM-0569] preincubation A]Z!
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% collagen, ADP, 12|31 thrombin®. 2 A & 53t vb& A7l & 72 AES dAde] &
I S Ago ARSIt ATP releasei= ATP assay kit (Biomedical Research Service
Center, Buffalo, USA)E A}-83}4] luminometer (GloMax 20/20, Promega, Madison, USA)%
A5k
(2}) Thromboxane A2 *3/4d° &4
THE dads 7] °0E vE9 CE6E 233t dAeE %, ADPE 537t A3k th vke-
2 jce-cold EDTA 2mM¥ 100uM®e] indomethacing * 2t t}h. 14,000 rpmo. 2 3537 4]
2 3 A= 9 9] Thromboxane B2 (TXB2)E TXB2 EIA kitE AF&3te] =3 H.
("} cAMPS] =4
P dA4A%S 4] g8 w29 CE6Z 2%3F A8 &, ADPZ 583 A=35fo] dHk&-
ice-cold ethanolS A3 FHAo 0%WE H7iste] FREAAY. MES 4TolA 10&3H
2,000xgoll A &2l T S He cAMPY S cyclic AMP kit (Ann Abor, MI, USA)Z =
sk ATk
(1} Immunobotting
Had BHA06x10Ym) S GFd FEe CE6Z 283 ©dAe ¥ ADPZ 587 w3A2l
JA4%S  sample buffer (0.125M Tris - HCl at pH 6.8, 2% SDS, 2% B-mercaptoethanol,
20% glycerol, 0.02% bromophenol blue)®} protease inhibitor protease inhibitors (ug/mé: 1
phenylmethylsulfonylfluoride (PMSF), 2 aprotinin, 1 leupeptin, and 1 pepstatin A)Z &3l 3}
EfRfb)stgth. gwmAde] Fwx= BCA assay (PRO-MEASURE, iNtRON Biotechnology,
Korea)® ZA3Ath 30pgd @M &ES 10% SDS-PAGEe] #7153 3 transfer buffer
(26mM Tris (pH 8.5), 0.2M glycine, and 20% methanol)®ll © o} nitocellulose menbrane & %
transferal 21 tF. Immunoblot& 5% nonfat dry milk7} %3¢ TBS-T®Z block3d ¥, dx}aA|
2 kel S, ImmunoblotS THA] o]x8FAlE vi%d ¥ membraned ECL  (INtRON
Biotechnology, Korea)® @ 4}a}<ith.
(A} Flow cytometry
CE6Z A2 & ADPZ A=¥ 43S Alexa Fluor 483-human ﬁbrinogen (20pg/mb) =
58 7F wfkste] A4S 0.5% paraformaldehyde@® 4Tl A 303 243 T 2000xgol A
AEE et PBSE FHAZT daw A5 YR (ﬂuorescence)% FACS Calibur
cytometer (BD Bioscience, San Jose, USA)Z #2435}

o
)

(2) rate] A v A= T3 74
7hH s 9§ &1

=57 300-450g9] Sprague-Dawley RatollAl AF@= s|AAIZl & FH U0 2k

a9l AdxAe AAS AT RS 3mAolZ FEpA WIAH X7} EFF R

2]

FH
i

lr

HJH

FHaA 5 7he] 4HZE tissue holderZ ©]-83F¢] organ bathel]l 1.7 3}]t}.

(1}) Oragan bath system

sk& AbZ) tissue holderi= bath <Fell 1+ holderdl A A 7], ©b& 4H2b tissue holder=
force transducer®l] 123k th& 10ml 832 organ batholA 534 3 (isometric tension)
S 543 th Organ bathol+ A &HH o2 E317F=(95% A + 5% o|Atster )& & H35)
i, 2252 370 £ 01T2 dASH FAARAT A & Akl kAt 7t Feke 15% 3

O

LA
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Ao ® Krebs soln. & 33l FATH 72 AEE 1gs 7takdla, dAes AANEE
thromboxane receptor agonist®! U-46619 (100nM)E ©] &3t o F=0] plateaus ©|FH
7y oFEES Folslth o] Ago A AlEEH Krebs solution®] A (mM)2 ths3 ) 118
NaCl, 4.7 KCI, 1.2 KH2PO,4, 1.2 MgSQ,, 25 NaHCOs;, 2.5 CaCl: and 11 glucose.

3. A3 2 1 &
7b e RS E A Y JELR 24
(1) e 7bets A pa A o] dukgd i 2}
CE A AR ] JAtHE Hohets] 9lske] AOAC W 2 AEZFA Wil u
B Aduk GEAE I 2 wEvS 2235 A= Table 3-13 2}
CE e AL WAl A (HYM-055)9F 241412 Al (HYM-056) 2 A}-§319 o1
A Ax eele} waste] ouA, BastE 38 JE =
WE AT, e “EEEAle] 73~83%, L 33%AEES SHetd

o
A Al mEtel B ARl vl ZE el 1.6MI A= =kt

2

Table 3-1. =E|s7te Al 2 B8l 8w Ao JFdE

b

Per 100g of edible portion
Water . Carbohydrate Minerals(mg)
Energy tent Protein| Fat Non Fiber Ash o
conten - e 0S— . .
(kcal) %) (g) (g) frows@| () (g) |Calcium phorus Iron |Sodium [Potassum
H. marmoreus
HYM-056(Brown) 33 89.1 2.6 0 75 - 0.8 2 88 0.4 3 419
H. marmoreus _
HYM-055(White) 27 91.0 2.0 0.1 6.0 0.9 2 78 04 26 453
L. ulmarium 36 87.8 2.3 0.1 8.3 0.6 0.9 2 110 1.9 - -
P. ostreatus 25 91.3 2.7 0.2 4.6 0.6 0.6 3 107 1.2 2 270
A. bisporus 23 90.8 35 0.1 3.8 1.0 0.8 7 102 15 8 535
G. frondosa 30 88.2 36 05 4.6 2.0 1.1 1 113 2.3 - -
P. eryngii 35 87.8 2.5 0.1 8.0 09 0.7 0 45 0.4 8 289
F. velutipes 29 89.8 2.7 0.3 55 09 0.8 2 89 1.2 9 368
L. edodes 27 90.8 2.0 0.3 5.4 0.7 0.8 6 28 0.6 5 180
Per 100g of edible portion
Vitamins
A C Refuse
Retinol B B; - Ascorbic 0
Eivalent RE Retinol (ug)|B-Cavtene(ug)| Thiamin(mg) |Riboflavin(mg)| Niacin(mg) Acid(ng) 0
H. marmoreus _ _ _ _
HYM-056Brown)| ¢ 0 0 0
H. marmoreus _ _ _ _
HYM-055(White)| ~ © 0 0 0
L. ulmarium 0 0 0 0.17 0.52 4.3 0 0
P. ostreatus 0 0 0 0.38 0.32 5.2 3 0
A. bisporus 0 0 0 0.07 0.53 4.0 0 0
G. frondosa 0 0 0 0.21 0.49 4.0 0 0
P. eryngii 0 0 0 0.12 0.22 2.3 3 0
F. velutipes 0 0 0 0.24 0.34 5.2 12 20
L. edodes 0 0 0 0.08 0.23 4.0 0 0
* Vit A- RE¥ B-CaroteneE &4+slk =39
* BFpstE gl = 100 - (FR+EH A+ A+ 3] 3E)
* A = A
w o LA FAkR| 4= 1 il 262 A A 837, BF43HE 3.48



(2) “E W7 HA d5-FE529 GC mass 4

HYM-055 95F5%9 GC mass #4233 acid®t sugar’} 247} 59.55%, 20.63% = o -+

= AHA8kaL, phenol?t sterol 5ol Fr¥ Zo® Holp, HYM-056 dsF&w2 GC mass
FA AT acidet sugar’b ZH7b 33.02%, 43.74%2 WH-ES 2A8ka, phenold} sterol Ol
sh¥l Ao g2 YEeRtH(Table 3-2).

Table 3-2. Phytocomponents identified in the water extract of HYM-055 and HYM-056 by
GC-mass. GC mass analysis was carried out by on an Agilent Technology
7890A-GC system (Agilent Technologies, Santa Clara,CA, USA) coupled to
XLMSD-5975C equipment operating in electrospray ionisation (EI) mode.

Amounts(%)
Contents HYM-055 HYM-056

Acid 59.55 43.74
Sugar 20.63 33.02
Solvent 4.45 6.2

Amine (Amide) 2.96 2.88
Acridine 0.14 0.59
Benzenediol 0.33 0.35
Cyclohexanediol 0.34 0.27
Dehydroxypyrimidine 0.65 0.23
Dimethylnaphthalenol 0.32 0.39
Ergostadieol 0.38 0.49
Ergostenol 0.23 0.32
Furanone 1.09 0.06
Glycine 0.39 1.38
Imidazole 0.78 0.54
Indole 0.75 0.2

Neoergosterol 0.25 1.21

Octadecane 0.44 1.54
Phenol 2.46 0.71
Pyridine 0.40 0.24
Pyrrolidinone 0.26 0.58
Quinolinol 0.37 253
Succinimide 0.68 0.39
Tirieol 2.00 0.49
Tirimethylsilylmethanol 0.01 0.6

Trigonelline 0.15 1.08

U Al e g wigaAA 2 AAAY 7l Y
(1) =8 57temAlel W gy
(7H) LPS (0.1pg/ml)-1r% NO Aol m A= =gr7tgmAel a3
LPS--+% nitric oxide (NO) Aol v x+= Zgk7ldWAle] &3 = in vitro &9 5
S dolH 7] 9Ete] 8= RAW264.7 AlEFo A lipopolysaccharide (LPS)-% NO 4
v X+ g5 gelsta
WA w2 O A M EZEFQD RAW264.7 A3z LPS (0.1pg/ml)E AF&3ste] z=3te] NO A

ot

o, I
£ oo
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?‘s}ait}. o5 LPS-fr% NO Aol digr =gw7bamAl HYM-055 5 A A 4
sk HMO-7 (A) ¥ HYM-056 5 AAA oA Wgs F%3 HM 1-1 (C)9
AAgHE A A7 s JEH o2 NO AAHS JAstE 2oz FAHJT. 28 o
S 57k AEEAge o AAd EHAJAAE FAsr|9s -2l MTT assays AH&-3
o] RAW264.7 AEXF A v A= HMO-7 (B) ¥ HM1-1 (D) ¢ &= gelstdct. ot
Fig ol A ¢} 2ol LPS—f% NO A4S JAls= 125, 250, 500ug/ml 5=l & d Ax54
S YEdl= RAe® AT 2B R olE FLolA o NO Ao tid dAlases Alx
ZAdo] o3k <19 ¢l gl Aow AT

¢

(oY) (B)

30 120
5 2% 100
s 20 . < 80 .
ERRE 5 o0
S 10 = 40
2 s - S 20 "
0 0
LPS - + + + + + + + LPS - + + + + + + +
HMO-F(ug/ml) - - 15 31 62 125 250 500 HMO-7(ugfmi) - - 15 31 62 125 250 500
(&) )
30 120
3 2 _ 100 .
5 20 . < 80 =
g 15 5 60
£ 10 = 40
2 5 - 8 20
0 0
LPS - + + + + + + + LPS - + + + + + + +
HM1-1(pg/ml) - - 15 31 62 125 250 500 AM1-1(pgfm) - - 15 31 62 125 250 500

Fig. 3-1. The effect of HMO-7(HYM-055) and HM1-1(HYM-056) on the cell viability and
NO production in LPS (0.1pg/ml) activated RAW264.7 cells. The cells were
preincubated with HMO-7, HM1-1 or vehicle for 30 min and were treated with LPS
for 18 hr. The cell viability and NO production were determined with using MTT
assay and Griess reagent, respectively. Results are expressed as means +* SEM

from five or seven independent experiments.

(2) =g w7t Ale] gstksls
2 Ao Age gt A A A E Shasaabdistel A F kel ALgstglon] &
Alg 75 F HYM-055 #FE A4S dAets =grbrtgdwslol i, HYM-055 5
T ANAAAE Fgste =EEtgwAoRr 747} OL%Z Hjste] AlAMe Asgs 2 A
SABAT e FEEY F4&S WAHYM-055)3 2 =g vrtg A HYM-056)0] 2
7t 31% 2 1.9%0l9em A5 FEEL WAHYM- 055>J+ ZE A = w7 AL (HYM-056) ©]
717y 44% R 1.9%° T&S Bk drksAE AEaAA AYS oAyEe 93 dra o

_93_



%

ol
i
iy

\A
B

2~ E ¥ ~(oxidative stress)<}

3

3}

Al ZA 7l

1

[e) 2 S
~ =37

il

—

1
=%

!

=
T

sy

ow HYM-055 AR A v gt

Aol 7t Q1A A 3k,

A A v

9ok HYM-056 =}

S

H| 1l

2mg/mé F =) A electron donating activity7} 26%

}o] radical scavenger activity

A= DPPHE Al&35

=

=

2
=

B

M

ruze]

A

=)
=

ol g

o
T

omg/ml =S oA 299 2 A

ke
T

528

[
[ ] H¥m-056

{96) Anmnoe Buneuop uonds|3

05
MeOH extract (mag/ml)

HYM-056 =4

0.1

ol A 2]

Z

vl
=

Fig. 3-2. HYM-055

NEE

=
=

A d4FEE9 electron donating activity

Al
=

HYM-055 =

=1
=

31 HYM-056
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Fig. 3-10. The inhibitory effects of HYM-055 extracts HMO-7 (A) and HYM-056 extracts
HM1-1 (B) on collagen (1.0xg/ml)-induced platelet aggregation. The preincubation of
indicated concentration of HMO-7 and HMI1-1 was performed for 2 min and the
platelets were stimulated by 1.0pxg/m¢ of collagen. After 5 min incubation, the
reaction was terminated and the aggregatory extent was determined. The data are

shown from four individual experiments and represented as mean * SEM.
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Fig. 3-11. The effects of HMO-7(HYM-055) (A) and HM1-1(HYM-056) (B) on thrombin
(0.05U/m¢) induced platelet aggregation. The preincubation of indicated concentration
of HMO-7 and HM1-1 was performed for 2 min and the platelets were stimulated
by 0.05 U/ml of thrombin. After 5 min incubation, the reaction was terminated and
the aggregatory extent was determined. The data are shown from four individual

experiments and represented as mean £ SEM.
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Fig. 3-12. The effects of HMO-7(HYM-055) (A) and HMI1-1(HYM-056) (B) on ADP
(5uM)-induced platelet aggregation. The preincubation of indicated concentration of
HMO-7 and HM1-1 was performed for 2 min and the platelets were stimulated by
5uM of ADP. After bmin incubation, the reaction was terminated and the

aggregatory extent was determined. The data are shown from four individual
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experiments and represented as mean + SEM.
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Fig. 3-13. Effect of HMI1-1(HYM-056) or HMO-7(HYM-055) on collagen-activated platelet
intracellular Ca®  concentration [Ca®’]., Washed platelet were loaded with Fura—-2/AM
and stimulated by collagen and intracellular calcium concentration was determined
as described in the Materials and Methods. Quantitative data obtained from at least

four separate experiments performed and bar graphs presented as mean =+ SEM
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Fig. 3-14. Effects of HMO-7(HYM-055) (A) or HMI-1(HYM-056) (B) on
collagen—activated platelet ATP release. Washed platelets were pre-incubated with
indicated-concentrations of HMO-7 or HMI1-1 for 2 min, and then collagen
stimulation was performed for 5 min. The reactions were terminated followed by
ATP release assay. Bar graphs shown mean + SEM of at least 4 independent
experiments performed.
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Fig. 3-15. Determination of total-Erk and phospho-Erk. Washed platelets were stimulated
with collagen (1.0pg/m¢) in the absence or the presence of HMI1-1(HYM-056) or
HMO-7(HYM-055) (50-200ug/ml) under stirring condition. Samples were blotted onto
a PVDF membrane and stained using antibody against Erkl/2 or phospho-Erkl/2.
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Fig. 3-16. Effect of HM1-1(HYM-056) and HMO-7(HIYM-055) on fibrinogen binding in
collagen—activated platelets. The effect of HM1-1 or HMO-7 on fibrinogen binding
to the integrin apBs in collagen—stimulated platelets was examined by flow
cytometric analysis. Washed platelets were pre-treated with HM1-1 or HMO-7 and
then collagen (1.0xg/ml) was added together with Alexa Fluor 488-human fibrinogen
(200pg/ml), and the sample was incubated at 37°C for 15 min. To examine
unspecific binding of fibrinogen, 1ImM EGTA were treated. Bar graph represents
summary of inhibitory effect of HM1-1 and HMO-7 on fibrinogen.
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