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HE2 1 mE7 7EXA A FAA e g Al A7
53 FSAHA 2 DEuAe A E ol AT
CATide) BA 2 da A
1 d7me RE9 WE
HAFY W 2AEA g4 2 EAPAL 53t vgAe] ¢ #FE S5,
AA R} FALA S B 3y AL Are AgxFA Mg 2 AF LAt
2. A7 "oy
714 &4
O AF7HA HAF BAL 2 AAr)s 2HEHo] A,
O WAFAA 7154 E2Q lentinan, schizophyllum, PSK 5 Ag&4 &3] 7
2ol &5 ot FuldAe AFGAZ vEFE .
O 7154 WARY EF gYsE 98 #5543 2 38 A% AR $TE
Aol =3 Y-S,
O FFHAME g0z ALESE BAY FF7E 200 Fol dor, dASAME
St AEZ o83t AS
2) AA -394 &9
O FulelA AT A= 1,500 T WA F F 1% A= AL EE AR
2 ol&H1 Qv HAAQL.
O HAFY A7l WadzdEd 2 7)o did g4 2 o]goz Fuin S
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22 9 veuge 4 puEz 84973
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Y - ZAd 242 A 7 x
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7V FECEEAL, A, wiewAl, A7A) £3 2 fa8A ¥

LAt A g g g A

AR 716 7 IF 84 2 AT A 7lE AY

it

Fau A 19, A 35, wlEH A 41, A 1295 3
URP primerel] 9%+ SAAREH ITS sequencing T3 #57F 984 4
EZd g ITS sequence® GenBankol] 52

C71dWA 5o AF Y A

PDA, MCM, YM, MEAwA oA} MA 58 578 AR Al R wgy 54 =

71 54

A 6870 G, vlEuA 1847 Gl SA, YA 237 Gl 84
HA FRE dgTE REste] dd#5d el € Di-mono Wl E e oldlAF
g S48 3.

7154 A oR Bl A, AWM, Feula 2t 1978 Aug

71 SdAmAE T

7o) g Al aulseiAle] AuirtsAdo) RES

) 2 S EFo DNA finger printing 2 2 pattern 24

H A9 AJdAE SOD &4n)a
WAl A4 A A cDNA library 24
atstel #E"E SOD FAz e
(Mn-SOD, Fe-SOD gene& cloning)

8o tg A9

e, AR, Fee R AdgdFe FENANE AA 41 5 55 <A



FHH7EdoA A Bnre 5239 AlavAl 71 X7 A(Tnonotus obliquus) ASI
74006 FAA S VS FEE0] JMF wL HAad 7 A FAHGBL2% S B $FAR
2 s o 4% $3F AAERS #7180 9, 39493}, Sephadex G-10 ¥
AgvtE 0 F 9 94 HPLC 522 AAAS AF 314 Dae] #A%F2 712 peptide] At
27EH AL ASL 74006 &g FEES ol g3td F8d 85 MLd A ot o] 5
stA daw & Ad B4o] 1EE mg B 5% S Zte, FEH gl vluy %
AES MAstAt B 052 HXE Aol Edolld 2 B8 5o] 1AL F

HAE WY 5 AT FAL A gsi
CEER IR E S EE e

A 28 A o5 A By

}:

A MRz DAL AT ANoAN ABAL(ACE) AL 7
R ISH AF AS AT

SEANTIEDAA BFEL 52F 9] AEHAL 717565%9 =a: A7} 02744%9 =
A, 3037866%° €I ES A4 FRsa AR o] ztedl ¥l EWA(Pholiota
adiposa) ASI 24012 A Ao EFEFE 718 2 ACE A FA(IC50:045mg)S 29

FAEE Adwatart o] ACE A3EH S 3o, Sephadex G-25 HHAZvlE e 5
9’]’ A4 HPLC 522 AAE A3 414 Dadl A F S 7138 pentapeptidec} it ACEE 7
Ao g At viEMA ASI 240129 extractsE ©]-&3le] FudgA 59 FF
Z Maslk A3 ara ?_53:0] 0_’]:3}11]1\1 ACE%]%H:&LAB] o] Z}z]— 12%’ 7R3% 2 5!—“7%?} il—)d o]
Al 955 AFES ML B8, o522 AE S0 Edwold 9 Rz g %ol
UAL AF F AAE WA T AF FAAE FA7F A

oA FAe Bkl de AREE n¥ RIS A2E 15 WAAEANY ool
2 B M) 5 AU RUAA TA AT AolT. FnYS WAAE AW BUL
53 ZUstel $3F T o|BL APATolG HFck#A Aol slEold A
Peptide ] 59 %4 %70 F2 WEES L)

A2 : fAF FA A $4 L 483 ¥ -4 A7

L 2% 438y AR3Y S v eSS 1 3sdA s AF
) SOD AgdAe TR 2683%)7F 71F =& JA&S Rgon, M- 2(21 1%)> A
$0](20.93%)> 23(19) (20.26%)> M-1(20.28%) «# 2.8 oA go] =3, M-16 *”SJ
& 19FFANAME dAl&e] Yl Aoz el

2) POD AdoA= 74007(30.09%)°1 71 & AA&S wIon 9010(18.75%))
17001(14.93%)> 17003(13.22%)> 9006(12.99%) w0 & A &o] =gka, 170-18 * 3
g 547 FFANAE A&l glv Ror Jehgr
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3) DPPH A@dAME F-J(8051%)°] 7HE &L dA&ES Hoy, 9010(64.38%))
9006(59.17%)> DE-E(57.56%)> 9009(53.49%) =02 Al &o] ¥4, o] FFES X
e F197] FFTAAAE 40%017d9 =2 JAEE BYPoY, 740138 EFT 15FF
oAM= 10%°]8te] e JAES RYY.

4) TBA AN i AME01(675%)7F 71 & &S BAoH, 23(19) (67.38%)
5019(65.54%)> 17016(56.83%)> VI(56.73%) «£o.2 AA&o) U, o FFE LTS
FI6FZAN 40%o)Ae] L A& S BHo 90258 e 105FAAE 10%
o|ate] vre AA &S RYPY.

6) Electron Spin Resonance (ESR) Wwiol ¢3t &4tsl &4 214 A, old AN
=2 Y& Vgl D87 22 S48 Jed 189 #3739 signal intensitiestE
standard®] Mn”" peak intensity$} ¥l 53¢ ), z+Z+ 0.25 ¢ 0.83 times® E .

2. 34584 B 2 9 B - AAY 2824 asiAle 72ZEA

1) 8= A(24027: Pholiota adiposa)2 Hexen, EtOAc, MeOH?| &wj& Al&3te] £
< EYstant. 2¥® 2d5g IR MS, 'H NMR, “C NMR 24 #A3 (1)
1-Linoleic-2-olein, (2) stigmasterol, (3) 14-glucopyranosyl-1’,4'-glucopyranosyl
-1“,4"-glucopyranoside, (4) 2’,3’'-diphosphoryl-1’-propanoxy-B-D-glucopyranoside,
(5) 1-linoleio-3-olein, (6) 1-(N, N, N-trimethyl ethyl amino phosphoryl) 2,3-
dilinolein ion, (7) Glycerol phosphate® %A 5o ZA T}

3 &Y - AAE 844 a5 g ¢ 7|E9 gAY &£ Hw AlY

1) In vitro “1X° §483 a3 A7t

® P333 murine leukemia cell& ©] €% A7 <A &3 (ICsx)olA & 1-linleio-2-olein
7F Alpg/meE JEdY AR 2L E38 HY o, stigmasterol® S0ug/miS H Gk

@ #Z 2ASRCs) FEZAHAA 1-linleio-2-olein®] 22pg/m¢ 2 wl-9 E& ¥
€ Bt a2l stigmasterol, Glyceryl triphosphate, 1-(N,N,N-trimethyl ethyl
amino phosphoryl) 2,3-dilinolein iont= Z}z} 175, 49, 48pg/miE R RI ),

® H:0x2lell 93 AFEAEE A A stigmasterol®] ¥ vjgAtol 713
wta HAAstp el od A AEGHAE FHEA AASA.

2) In vivo oA g ax AA

O WA F28 FodA AFZ77 Bon, 7|&d stz Ll HEES
Hu RS o §F94280 ol Yelx gttt

@ GOT &A= GPT A4l A stigmasterol Foo] ot2 xa Fo} vls) AA 3
2 84 & H9 stigmasterolo] €Zo) o3 7+ &4 dia) B3I LS e A
& = ek 22y v-GTP, total cholesterol, HDL, LDL.o| A= A& b felxh7t
VERR] gk okt

@ 7, A, oA FA3} MDA &3Fe Z+ AP FEZ F94<2 2ozt YeElYA =
okth SR 1H HelA 4F Koo vlslA B FaksiAz Lo vlEw
E FoAZ#% B F2E FoLo] H&d #5022 MDA &3 #HAAATH

@ GST ZAEEAZAY vew E F943 (30840+51.49 pmol/min/mg protein) >
stigmasterol 59 7(279.91230.04 umol /min/mg protein) > AAFgE FoAF
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(2502242428 umol/min/mg protein) > WA F3FE  F o199 22+229O umol
/min/mg protein) > 4& FoF(19451+£24.73 pmol/min/mg protem Foz yehy
o} E3F stigmasterol & %20 vl {4 A Aol ‘ain ES 245 Ve
g o ZA" GST FAEE o= AL A4 7le Aoz ekt

51 AT dex2drls E49 ¥4 R olf A7

145 A A5
7t WY 2475 REGAH AAS A% o2 strain B AlE sEA ©@E A yhg-
Al ZAY A3 2FTF(Hybrid) BDFol, A8 ¥5EE 25ug/mg 55 72417 wl<%
z7ol HA 9 HudE ¢Un.
U A9 238 B3 AL #F ALg 93 10439 FAAFY dF FEEY B I+
T As AN A3 240073 740069 F vigAe AESH A wol ulg Fs}

A ekt

v} 240073 740069 MTTAIE 54 23 di3dd AEXFHTI080)H AFHES AX
F(HeLa)ol W&l % &Aooz Axo F2& AAsAT, dAdd HEF
(SW480)dll+= a77t gle 208 Rol 53 Axo] Maxog A {3 08 &
oo}

2k, 240072] GAIEF2] apoptosis 2SS A

ERE g ﬁr‘,’\i‘:}

vl, RT-PCRE & MMPs 9 mRNA 2@ zAlofA 24007 Aol MMPo 3

Fol AL Ao 0} 24007 FZE0°] v E&E Tt gAEe ot H

& oA & o= FHHC

vl SDS-PAGEE ©] &3 740069 F&E9 #A%E g 30-32KDaolt}.

AL 74006 & thFE ol & & dx g HIvE AA APdAM HEo] w A H
i F¥AT 20%, B2 40% A ZH7F A

o}, 24007, 74006 A M9l = v FA AEY dEES glucoseolW, 1 9
glucosamine, galactose, mannose S22 TAlFo Ar},

Zb 740069 HAAE A3 LDsogtel 2,000mg/kgoldog SAo] ¢l Aoz <l
EiF=2

o

A1 DNA9 degradationo] 9ol

rr{; o

Ale)

:> rot

1

2. 47 A Ao 28 AY

A Fdl b Al(polysaccharide)e] W9 7% Zsh @obAlel #Ed AFS 1980
o Fuk dRoA ZaWA, FENA FolA ANE AFo EAHS A sta, =
Aokel Aol FuldlA M dEodFos FASHL Y ZEM ot "W @Ao)
Hojvtrkar G 27 WA fEle g d9 XA g d %ifﬂ o] FoA A ¢
AATE. oo At FHEY AF HAE Fyst 27 A iLAMl v ko] osA @
o o dgH drez QA WY 75 S 84 I APeEA H#%ol A3 glow
M Z4g & 53 g e Mg @ 5 A F¢ 949 AE5A £ A9 AY REAR
3 wHeEA 24 4.



HE2 a7 ZEAAQ WA ALY dF A% a7

LA A
) 2 Agd A8 #FE AN (Fomitella fraxinea 47F), vlEW A (Pholiota
adiposa 473 ), 278 A (Unonotus obliquus 4T5F), QMM A (Grifola frondosa 5t )
02 % 177FA #AE AA AN 2208 gAggon 540 48 FAA
Qo] L FFE AMutstgct. Awrd #FE F4uiA ASI 17017, Hl=¥ A ASI
24027, ASI 24012, xt7FAA ASI 74006, LA Al ASI 90250 %t
2) 7 @ FAHA HA A 2L oo
(1) F5xe AR W AZYE Malt extract 1%, Yeast extract 0.6%, Glucose 1%,
719 H(KH.PO: 1g, MgSO, - TH:O 1g, FeSO, - 7TH:O 10mg, MnCl, - 4H,0 7mg,
ZnSOs - 7TH:0 4mg, CuSOs; - 5H:0 Img /L)eld, 3 pH 7, 3 &£%& 25T
1=
(2) vl A el HA w22 Malt extract 1%, Yeast extract 1%, Glucose 1%,
714 F(KH.POs 1g, MgSOs - 7THXO 1g, FeSOs - 7H:0 10mg, MnCl - 4H:0 7mg,
ZnSOy - TH:0 4mg, CuSO; - 5H.O 1mg /L)el™, # 3 pH 6, H4 £&+ 26T o] %%
c}. |
(3) 7P A2l AA ulA ZAL Malt extract 1%, Yeast extract 2%, Glucose 1%, 71
AF(KHPOs 1g, MgSOs-7H:O 1g, FeSOs« 7HO 10mg, MnCl: - 4H:0 Tmg,
7ZnS0; - TH:0 4mg, CuSOs - SHO Img /Lyels, 3 pH 10, A &2&E+ 26T ol
=3
(4) QAR HAHuR RZAL Malt extract 1%, Glucose 1%, F719 7 (KH:POs 1g,
MgSQy4 - TH:O 1g, FeSOs - 7TH:O 10mg, MnCl - 4H,0 7mg, ZnSOs - 7H:0 4mg,
CuSOs - 5H20 1mg /L)el®, H2 pH 7, HA 2=& 25Tt
3) 10L fermenter® o] -§38ta] FAMA Wi A4 218 A% A= opef o 2t
(1) TFo) g AA AEFe F49A ASI 170173 xH7pH A ASI 740069 44 HE
A 8%s HESH LW Aol =% ulEH A ASI 24027+% 5%, ASI 24012¢F ¢
A A ASI 9025 HEQ10%E FEeP2 o FAA Al S+
(2) FAA Wl 98 HAA wzA S vuA ASI 24012, FFHA ASI 170172
120rpm, Bl WA ASI 240277 QAW A ASI 9025 150rpme} Wy¥HE Lo X FARA]
Aabeke] =ok:, xb7bM Al ASI 740062 mutEE7L ol o] wht Aol Frhst
At
(3) TFAHA WS A% HAH FriEe ulew A ASI 24027, ASI 24012, xp7HH AL ASI
74006, QB A ASI 90259 A S$E 15vvmolA 2 AMAS B vk AeA
ASI 17017€ 2vvme] ZZ0lA FAA ABibso] #=girh
(4) Z+Z wik7lel AAH FFALE ugrlol @Al 208 ol FAAE LgHA FN
o}, ’
(5) w7 259 AAFAAE dEHoz ZeuAl ASI 170178 A&t 433 2
7 Air lift type fermenter?} 135g/L% FAMA] Aol 7k Egikth
4) Ard3t oMo FAMA M S B A oteiet 2t
(1) Ade A z2A4e @yste zt #5398 #FAHA AAES AR HEE A

_10_



ASI 240273 WA AST 9025 Wi FuB(U 513t 0.5%, Glucose 2%)ul x|l A,
A ASI 17017, A7kA AST 740062 Wl SFZA(THFRF 05%, Glucose 2%,
Yeast extract 0.5%) ] Aol A Zvzb FAba AAbAdo] 7h3 w otk

(2) F718% A7t FFo 42 AP e AR 2 435 BF FUIAFE HUtsk4
B3t S o FARA Aol -

(3) HETWH W FAMA AAAFAE A A3 FFEHA(ASI 17017)S xﬂs’hﬂ Al T
F(ASI 24027, ASI 74006, AST 9025)t HZ %W Procedure 2914 £& 43 & &
Q1w 2= A(AS] 17017)S HE 4 Procedure 1904 FAMA] A 2kA o] &ttt

(4) AAvy=) et shatul <o wiwujFol A spstul A2 Az WA BT AGE AR
2 Az iR oA FARA 9] AabEe] vld AV =T

(5) 200L &7 wi¥7)(working volume : 150L)E ©]-&3t 442 FAHA ABAAFGAAE
AW A ASI 170172 675g(79)8) AZTFAIAE, vlEB A ASI 240272 570g(10
), A7FHAL ASI 740062 390g(10), Tl JAdHA ASI 9025% 615g(109)9]
AzTFAAE sl dot

A7E %s}oq Aol AZELS TRAZNAY WA FAAL] BT Y4 4P V1R
} 24 &89 2 A B, gl getuiARng g Adg s E ol g3t FAMH
o] MArtere _?,_4_)\}—"}-'7 AAZAL Fdslgonzs Al 272 FAA uigolutt TFAA o
2 A vled=E 288 £ e Aol 53 t}h’f 719 29171 obd &R M E Y
T BRUSlA FAAE dF Yt T o odel UF APyel Houwz 200
2lE PR WG BFAE AFdd.

FE3 : FHSAHA R BFuAY AL H o] § AT

AT A
7 REw A Y AF A& A
D ZauXae MIsyd w9

Dam AT MEEAYS zAste] AAF A g FAA Aabe] oA GE) i B
g A3 A3 aAFAMA T YMPG wixje] FA o] 7bg dSsstda HA AAFA
A 2% czapek dox WiAAIA A} A&l 7HF 3519, Synthetic® MCM X & A
238 2895 HA DAEY) A2 E A5 dFE olAAUF Fito] AEE A5 b
Fol A &‘7“01 A8 AzxsHch TAF A AFH 25+ 30CoH, 15~30TY &= ¥
AoA A5 Bygon wx Axi= pH 4004 %33 FAESES B 3 F4d
o4 5&5:-?_01] lactosol o™, LYo 2E glutamic acidE HIFS WXl A 7 4%
g FAAS S B ‘

2) @EuAe A5 3
TEw Ao wgr)te] g zo] A8UFE X
= Aol 7H FA dEwth wWgrIE 6042 ¥e B¢ Fdde Z}"e‘*ﬂﬂ o] 5] 7]
kAl 1 g3l ALAIE Bo] M Aoz dEuth o& 604 ME F AURRY
&0} 324% Holl HA @orz g F FAlzt BAE REAA wolo Fag oY
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g Agstid Aol ad Ao ARG 2T WYL 15042 He A5
- zuto] £2U47F 13 ARAT WMPrIe] u dolHtw e Fr%e 1919
VYMFE Ruc 3oy} RolNEE RHFH Aoz Ard

3 TEWAEe BE5Y 3

o-lr

Hu

walg g Had v, FIFLLEE AUTE 125~256%, FFAUTE 164~243%2 $F
Fag e Rustga wiFrige]l 40B01AD FNFFS FFF2EF HluRe o, INE

Hol:, BF Folt 1522%9 $2ES AYUth ot BIWAZ B e At
S8, ©d, WFA 5 ol8¥ FuT TFUATC F71FY ¥ FRE o83t
¢ = OE gdo B Ao2 ARyt AYFY nAFUY 5P By A3

BAREF] LFYAA AL AN s Sol BAHAU

v, FE A Ae AFAu7lE AL
1) e Alde YsEd ¥
FYHLANUNTY I H EZS ARSI ALA A% 2 A AN vixE S
s BA% A3 HEH FAuAEZE A FAHuA 3¢ glucose peptond A FAF A
o] 7 Egton], A FAwIA B MYPAuAlA 7 wie AFS B2, HFH
FuiARE Aedgtel 13 2 43S 29 9 v E ofF ¥ FAUEE
Bk #A 4% A 22 25Told, Y AEE pH 55~6004 713 2 AEE
B A dIddez gxdoEs d2F4 indinelgon], Zxdo2E Frld 249
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SUMMARY

1. Title

Development and Utilization of Functional Mushroom for the High Value-Added

Item1: Development of funtional superior strains and artificial cuitivation methods

Item2: Development of New Antithrombotic Substance from Mushroom and

Production of Functional Food

Consigned Iteml: Development of New Antihypertensive Angiotensin I -Converting
Enzyme Inhibitor from Mushroom and Production of Functional Food

Consigned Item2: Selection of mushrooms with high antioxidative potentials and
isolation and identification of physiologically activate chemicals

Cooperative Iteml: Investigation and utilization of an immunomodulator on
mushroom

Cooperative Item2: Mycelial Mass Culture of Valuable Functional Mushrooms

Cooperative Item3: Development and Utilization of Functional Mushroom, Fomes

Fomentarius and Kuehneromyces mutabilis.

. Objective and Significance

1. Objective
Mushrooms have rapidly increased in production and consumption recently. They have
been restricted only several edible and medicinal mushrooms. It is now demanded to
establish new income mushroom crops by development of funtional superior strains and
artificial cultivation methods. Mushrooms have not only values of food but also multiple
function. These experiments and results will go far toward contributing to increase

farmers’ income by promoting mushroom consumption.

2. Importance of Research
1) Technical Aspect

The value of mushroom has been limited to edible uses, but as a variety of
functionality of mushroom has recently been highlighted, it is used as a material for
health food or a medicinal stuff. Particularly, many studies on immunological
enhancement and anti-canccr activity of polysaccharide, among various components of
mushroom, have been reported by various research teams. Such functionality of
mushroom should be established through a method for measuring bioactivity which is
exactly in conformity with the in vivo accommodative function on the basis of the
technology for isolating useful componentspurely and analyzing them. By searching for
pharmacological efficacies of mushroom and further identifying the exact

pharmacological mechanism thereof and characteristics of useful components thereof,
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the subject study will be applicable to development of various foods and drugs.

2) Economic and Industrial Aspect

As search for new functional immunomodulator of inushroom and the new function
is made and such immunomodulator is used, importance is attached to the
pharmacological functionality as well ‘as the edible value of mushroom. Therefore,
domestic consumption of mushroom is increased and further mushroom is regarded as a
major export item so that the mushroom farming industry will be activated. Also, 2s
varieties of multi-functional mushrooms are developed and popularized, mushroom
products will be diversified beyond current consumer's insufficient choice of mushroom
products due to varieties limited to some edible and medicinal mushroom to have an

effect on promotion of consumpticn of mushroom foods.

3) Social and Cultural Aspect

As people have been recently more and more interested in health, functional foods
for prevention adult diseases and aging are being commercialized. However, the fact is
that the pharmacological functionality of such functional foods is not studied by a
systematic and scientific approach. It will be required to conduct the subject study in
order to provide the data for ensuring excellence of mushroom foods and preventing
misuse of new functional mushroom products by setting standards for health of the
people and further providing standards for exact pharmacological efficacies of

functional foods to be researched and developed in the future, particularly mushroom.
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Ill. Scope and Contents
Iteml: Development of funtional superior strains and artificial cultivation methods

1. Strains collection and analysis of phylogenic relationships
Discrimination of species based on ITS rDNA analysis
Analysis of phylogenic relationships by PCR fingerprinting

2. Establishment of artificial cultivation methods
Selection of optimum media
Investigation into cultural characteristics
Productivity test of several kinds of sawdust and substrate
Conditions for mushroom formation
Investigation into the best cultivation methods

3. Development of new functional mushroom strains
Isolation of monokaryons and mated hybrids
Investigation into cultural and cultivational characteristics of mated strains
Analysis of DNA band patterns on developed strains
Selection of excellent strains and registration
Productivity test of selected strains
Field test of selected strains

4, Isolation of marker gene related to functional characters.

- Isolation of marker gene related to functional characters

Item2: Development of New Antithrombotic Substance from Mushroom and
Production of Functional Food

Several extracts of mushroom were prepared and investigated it fibrinolytic activity
and platelet aggregation inhibitory activity. Platelet aggregation inhibitor from the
selected mushroom was purified by solvent extraction, ultrafiltration, Sephadex G-10
filtration and RP-HPLC and then investigated its characteristics. New antithrombotic
mushroom drink was prepared and characterized.

Consigned Iteml1: Development of New Antihypertensive Angiotensin I - Converting
Enzyme Inhibitor from Mushroom and Production of Functional Food

Chemical components of mushrooms were investigate. After preparation of several
extracts of mushrooms, antihypertensive ACE inhibitory activities of its extracts were
investigated and selected excellent mushroom. ACE inhibitor from the selected
mushroom was purified by ultrafiltration, Sephadex G-25 filtration and RP-HPLC and
then investigated its characteristics. New antihypertensive mushroom drink and wine
were prepared and characterized.
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Consigned Item2: Selection of mushrooms with high antioxidative potentials and
isolation and identification of physiclogically activate chemicals

1) Evaluation and selection of rmushrooms with high antioxidative activity using various methods at in
vitro

2) Extraction, isolation and identification of antioxidative substances from a selected
mushroom

3} Comparison of antioxidative activity on identified and purified antioxidative compound from
mushroos in vitro and in vivo
(1) Comparison of antioxidative activities in vitro

(2) Comparison of antioxidative activities in vivo

Cooperative Iteml: Investigation and utilization of an immunomodulator on
mushroom

1. To search an immunomodulatcr and identify characteristics thereof
1) To search for a strain to produce an immunomodulator and investigate into
characteristics thereof
2) To establish a method for screening the bioactivity with an immunomodulating
function

3) To investigate into chemical characteristics of the active material

2. To investigate into functionality of the immunomodulator
1) Analysis of chemical structure of the immunomeodulator
2) Study on mechanism of the pharmacological activity metabolim of the active

material

3. To search an immunomodulator of mushroom and research on the use thereof
1) Preclinical study on the active material
2) Systematization of a method for refining the active material on a large scale

3) Forumaltion
Cooperative Item2: Mycelial Mass Culture of Valuable Functional Mushrooms
1. Media selection for optimal mycelia production

Optimal media composition

Mycelial productivity according to pH

Mycelial productivity according to light condition

2. Establishment of culturing conditions with 10L bioreactor
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Mycelial productivity according to inoculum ratio
Mycelial productivity according to agitation

Mycelial productivity according to aeration level

3. Investigation of culturing conditions in industrial scale
The optimal sterilization condition of medium
- Establishment of pre-culturing method

Verification of mycelial productivity in industrial scale

Cooperative Item3: Development and Utilization of Functional Mushroom, Fomes

Fomentarius and Kuehneromyces mutabilis

1. Physiological characteristics of Fomes Fomentarius and Kuehneromyces mutabilis

2. Artificial cultivation and isolation of functional product on Fomes Fomentarius and
Kuehneromyces mutabilis

3. Mass production and utilization of functional product on Fomes Fomentarius and

Kuehneromyces mutabilis
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IV. Major Results and the Suggestion for application

Item]1:

Development of funtional superior strains and artificial cultivation methods

1. Strains collection and analysis of phylogenic relationships

1) Nineteen strains of Fomitella fraxinea, 35 strains of Grifola frondosa, 41 strains

2)

3)

of Pholiota spp., 12 strains of Inonotus obliquus were collectedand examined.

To classify species, the internal transcribed spacer regions (ITS) of the ribosomal
DNA(GDNA) repeats were amplified using polymerase chain reaction (PCR) and
then sequenced. According to the analysis of ITS sequences, Pholiota spp. were
classified into five clusters. Their spacer regions were 644~700 nucleotides in
length. The reciprocal homologies of each ITS region among these strains were
ranged from 496~999%. Fomitella fraxinea were amplified 592 and 595
nucleotides in length (GenBank AY251308). Grifola frondosa were 616 and 626
nucleotides in length (GenBank AY251307). The reciprocal homologies of each
ITS region among these strains were in the range of 94 to 99.7%. Inonotus spp.
9 strains were compared and were classified into five clusters. The spacer
regions of them were 687~ 758 nucleotides in length. The reciprocal homologies
of each ITS region among these strains were in the range of 71.2~99.7%.

URP primers of 20-mer derived from repetitive sequence of rice were used to
assess genetic relationships. According to the analysis URP-RAPD, 17 strains of
Fomitella fraxinea were classified into several clusters. Genetic similarities based
on RAPD was 77 to 100%. Grifola frondosa were classified into several clusters.
Genetic similarities based on RAPD were 77 to 100%. Five URP primers
produced strain-specific PCR polymorphic bands showed that 8 Inonofus strains
are genetically clustered into four clusters by UPGMA cluster analysis. The
similarity coefficient among Inonotus strains were in the range of 45~100%. Our
results from the analysis of ITS sequences and RAPD suggest that there are
more than two species including Inonotus hispidus and I obliquus in our strains.
These polymorphic DNA profiles could be useful not only to discriminate a new
developed dikaryons from parental monokaryons but also to identify collected
wild strains.

2. Establishment of artificial cultivation methods

1

Cultural characteristics were investigated into collected strains. They were tested
on the four different media(PDA, MCM, YM, MEA) and sawdust(Alder, Oak,
Pine, Popular). There was a little variation according to the media and sawdust.
Most  strains showed white colonies, but some strains were brown. Mycelial
growth length differed according to the strains. Pholiota species seemed to be
better on PDA and popular sawdust although Grifola frondosa were better on
MEA.
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2) They were induced for fruitbodies production in the 850 ml bottle or 1000 ml
plastic film bag filled with differeiit sawdust, on short log and/or sometimes in
the plastic box size 40 x 40 cm® with cotton waste according to mushroom
species. Their fruitbody productivity and morphological characteristics were

measured.

3. Development of new functional mushroom strains

1) Their own spores were collected and germinated for monokaryotic strains.
Dikaryons were produced by mono-mono and di-mon mating. The sexuality of
tested mushrooms were tetrapolarity. Several hundreds dikaryotic strains were
developed by mono-mono crossing within and between parental monokaryons
populations. They were cultivated in the bottle and showed a big variation in
their fruitbody vyield. Some of them showed higher productivity and better
shapes than parental strains.

2) Finally, one mated strain in each mushroom was selected through several
cultivation trials. For the confirmation of their characteristics, they are
cultivated in the farm. After field test, they will be referred to the responsible
inquiry. commission in the end of the year.

3) Also, they were confirmed as new developed dikaryons by DNA fingerprinting.

4. Isolation of marker gene related to functional characters

1) Antioxidant enzyme, superoxide dismutase (SOD) were investigated in order to
select medicinal mushroom containing high SCD activity in Pholiota spp.

2) The SOD activity in mycelia extracts of collected strains by using NBT method
ranged from 11.5% to 37.9%. The selected strains, above 30% of SOD activity,
were ASI 24008, 24013, 24015, 24017, 24018 and 24028. All of them were
classified a same group (group A) according to the result of ITS sequence data.
Genetic similarities of A group ranged 96~99.1%. All strains tested showed only
MnSQOD activities, as no band disappeared when the gel were incubated in the
presence of cyanide and hydrogen peroxide.

3) MnSOD gene was cloned and sequenced through ¢DNA library from fruitbody.

5. Suggestion for application
This study was carried out to develop new functional mushrooms. Each developed
strain. will be referred to the responsible inquiry commission for cultivar registration in

the end of the year after field test.
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Item2: Development of New Antithrombotic Substance from Mushroom and
Production of Functional Food

Among 52 sample mushrooms, the ethanol extracts of Inontue obliquus ASI 74006
mycelia had potential plate inhibitory activity of 81.2%96. After the purification of the plate
aggregation inhibitor, ‘an active fraction with 91.6% of inhibitory activity was obtained.
The purified plate aggregation inhibitor was a novel peptide with 314 Da of molecular
weight. Antithrombotic mushroom drink was also prepared and characterized. All data

obtained from this study will be useful in functional food or drug industry.

Consigned Iteml: Development of New Antihypertensive Angiotensin I -Converting
Enzyme Inhibitor from Mushroom and Production of Functional Food

Sample mushrooms(52 species) contained crude proteins of 7.1756.5%6, crude lipid
0.274.4% and carbohydrate of 30.3786.6%. Among 52 samples, the water extracts of
Pholiota adiposa ASI 24012 fruiting body had potential ACE inhibitory activity of 66%.
After the purification of the ACE inhibitor, an active fraction with an ICsx of 0.44mg
was obtained. The purified ACE inhibitor was a novel pentapeptide with 414 Da of
molecular weight. Antihypertensive mushroom drink and wine were also prepared and
characterized. All data obtained from this study will be useful in functional food

industry.

Consigned Item2: Selection of mushrooms with high antioxidative potentials and
isolation and identification of physiologically activate chemicals

1) Evaluation and selection of mushrooms with high antioxidative activity using various methods at in
vitro

(1) On average, Pholiota spp.collected strains were the highest antioxidative activity
(2196 %), and lowest it on Inonotus obliquus collected strains (10.88 %) among
collected 80 mushroom strains. Also, ASI Agaricus brunnescens only showed an
inhibitory effect above 30 %. Antioxidative activity was generally distributed from
10 % to 20 % on 38 mushroom strains including the ASI 24004. ,

(2) SOD activity was the highest inhibition on ASI Agaricus brunnescens (26.83 %),
and also Pholiota spp.collected strains (10.67 %) were showed to the highest
inhibitory effect on average.

(3) The ASI 74007 (30.09 %) showed the higher inhibition percentage for POD
activity, while POD activity was showed to non-inhibitory effect for 55 strains.
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(4) DPPH activity generally represented higher inhibition than SOD and POD methods.
The ASI F-] (8051 %) showed the highest inhibition percentage, and then 5
strains including the ASI 74013 showed inhibitory effect below 10 %. Also, it was
widely showed to inhibition of both 30% to 50% (37 strains) and 10% to 30% (32
strains).

(5) TBA value was the highest inhibitory effect on ASI Pleurotus eryngii (675 %),
and 12 strains including the ASI 24005 represented inhibition of above 50 %.
Pholiota spp. collected strains (42.94 %) showed the higher inhibition compared to
other collected mushrooms, and then there were showed to lower inhibition on ASI
Grifola frondosa collected strains (892 %).

(6) Regarding the electron spin resonance (ESR) method, the higher and lower groups
had signal intensities of 0.25 and 0.83 times the Mn®>" standard on average,
respectively.

2). Extraction, isolation and identification of antioxidative substances from a selected
mushroom

(1) Pholiota adiposa (24027) was extracted by using several solvents as Hexen,
EtOAc, MeOH at room temparature and isolated compounds was identified by
analysis of IR, MS, '"H NMR and ®C NMR. According to these results, compounds
was identified to 7 compounds. The results were follows; (1) 1-Linoleic-2-olein, (2)
stigmasterol, (3) 14-glucopyranosyl-1',4-glucopyranosyl-1’’ 4"’ -glucopyranoside, (4)
2' 3'~diphosphoryl-1' -propanoxy-B-D-glucopyranoside, (5) 1-linoleio—-3-olein, (6)
1-(N,N,N~trimethy! ethyl amino phosphoryl) 2,3-dilinolein ion, (7) Glyceroi phosphate.

3) Comparison of antioxidative activity on identified and purified antioxidative compound from
rmushroams in vitro and in vivo

(1) Comparison of antioxidative activities in vitro

@ In inhibitory effects on growth of P383 murine leukemia cell (ICsp), 1-linleio-2-olein
and stigmasterol had higher inhibitory effects on 41ug/mé and 50ug/mé.

@ In evaluation of scavenging radical (RCs), the results were follows
1-linleio-2-olein (2.2ug/mé) > stigmasterol (17.5pxg/mé) > 1-(N,N,N-trimethyl ethyl
amino phosphoryl) 2,3-dilinolein ion (48ug/mé) > Glyceryl triphosphate (49ug/mé)

@ With cell viabillity by H:0., the higher stigmasterol’s concentration and longer

culture time, the greater the inhibitory effect on oxidative stress.

(2) Comparison of antioxidative activities in vivo

D In experiment weight gain decreased significantly in the treatment of ethanol
compared with saline solution-treated. But there was not significant on weight gain
in the treatment of mushroom extract compared with the treatment of ethanol.

@ In the treatment of stigmasterol, GOT and GTP had lower activation on serum.
However, Y-GTP, total cholesterol, HDL and LDL on serum, there were ‘not
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affected by the doses of rice extract and ethanol used in this study.
3 The MDA levels in liver, brain and pancreas tissue were decreased to a certain
extents in the treatment of mushroom extract compared with treatment of ethanol.
@ The decreased liver GST activities induced by ethanol treatment were somehow

restored by adminstration of stigmasterol.

Cooperative Iteml: Investigation and utilization of an immunomodulator on

mushroom

1. Results of Study

1) As a result of investigating into the mouse strain for screening the bioactivity with
an immunomodulating function and the immune reactivitydepending upon a
specimen concentration, it was known that BDF1, the hybrid group had the
optimum culturing conditions that the specimen concentration was 25pg/mg and
the culturing time was 72 hours.

2) As a result of investigating into the antibody activity of B Lymphocyteof the
hydrothermal extract from 104 kinds of experimental strains for selecting strains
to produce an immunomodulator, the bioactivity of crude polysaccharide of 24007
and 74006 was revealed to be very strong.

3) As a result of conducting a toxicity test on MTT cell of 24007 and 740086, it
inhibited cell's proliferation concentration—dependently in the colon cancer cell
strain (HT1080) and the cervical cancercell strain (HeLa), but it had no effect on
the colon cancer cell strain (SW480). In view of this result, it is thought that it
acts selectively on specific cells.

4)  As a result of screening the apoptosis inducing activity of the cancer cell strain
of 24007, it was identified that degradation of DNA took place.

5) In view of the fact that as a result of investigating into the expression amount
of mRNA of MMPs through RT-PCR, the expression amount of MMP was small in
the 24007 treatment group, it is conjectured that the 24007 extract would inhibit
metastasis or infiltration of the cancer cell through protein decomposition.

6) The molecular weight of the 74006 extract using SDS-PAGE was about
30~32KDa.

7) In the antidiabetic and obesity-inhibiting experiment using crude
polysaccharide of 74006, in the treatment group, it had an effect to inhibit the
weight and the blood glucose by 20% and 40%, respectively, in comparison with
the untreated group.

8) Most of crude polysaccharide of mycelium of 24007 and 74006 was composed of
glucose, and additional constituents thereof were glucosamine, galactose,
mannose and others.

9) As a result of conducting a toxicity test on 74006, it was identified that the
LD50value was over 2,000mg/kg so that it had no tocicity.
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2. Application of the Results

As a product related to an immunologic functionenhancing anti—cancer drug using
polysaccharide derived from mushroom, products using Shiitake mushroom and
Trametes versicolor were introduced in Japan in 1980's, and since then, such
product market has grown steadily. In Korea, products produced by Han Kook Sin
Yak using Phellinus linteus are available on the market as an ethical drug developed
in Korea. However, a study on development of an anti-cancer immunotherapeutic
agent derived from Inonotus obliqua which is known as a material having an
excellent anti-cancer immunoactivity has not been conducted at all. In this situation,
the study project sponsored by Ministry of Agriculture and Forestry will be
performed for thepurpose of déveloping and using extensively an anti-cancer
immunotherapeutic agent or an anti—cancer immuno-juvantiafor treating various
cancers, particularly colon cancer without any side effect, which will be produced by
using protein polysaccharide obtained from pure culture of mycelium of Inonotus
obliqua, which activates the in vivo immunologic function.

Cooperative Item2: Mycelial Mass Culture of Valuable Functional Mushrooms

1. Results

1) Out of 17 strains(4 strains of Fomitella fraxinea, 4 strains of Pholiota adiposa, 4
strains of Inonotus obliquus and 5 strains of Grifola frondosa) examined five
strains, Fomitella fraxinea (ASI 17017), Pholiota adiposa (ASI 24027, 24012),

Inonotus obliquus (ASI 74006), Grifola frondosa (ASI 9025), were selected for
investigation.

2) Optimal conditions for mycelial nroductivity

(1) Fomitella fraxinea - Malt extract 19, Yeast extract 0.6%, Glucose 1%, pH 7,
mineral (KH»PO4 1g, MgSOQ, - TH:O 1g, FeSO4 - 7TH2O0 10mg, MnCl - 4H:0 7mg,
ZnS0; - THXO 4mg, CuSOs - 5H0 1mg /L) and 25T

(2) Pholiota adipesa - Malt extract 1%, Yeast extract 1%, Glucose 1%, pH 6,
mineral (KH2PO4 1g, MgSOs - TH:O 1g, FeSOQs « THXO 10mg, MnCl: - 4H.0 7mg,
ZnS0s - THO 4mg, CuSO4 - 5H20 Img /L) and 25T

(3) Inonotus obliquus - Malt extract 1%, Yeast extract 2%, Glucose 1%, pH 10,
mineral (KHoPO4 1g, MgSO; - 7TH.O 1lg, FeSQs + TH:O 10mg, MnClk - 4H:O 7mg,
ZnS04 - 7THO 4mg, CuSOs - 5H20 Img /L) and 25C

(4) Grifola frondosa - Malt extract 1%, Glucose 1%, pH 7, mineral (KH.PO; 1g,
MgSOs - TH:O 1g, FeSOs -+ 7H:O 10mg, MnCl - 4H:O 7mg, ZnSO, - 7H:O 4mg,
CuS04 - 5H20 Img /L) and 25C
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3).The conditions fer: mycelial production in large scale
(1) Optimal inoculum ratio was 8% for Fomitella fraxinea (AS] 17017) and Inonotus

obliguus (AS1 74006). In case of Pholiota adiposa (ASI 24012) and Grifola

- frondosa (ASI 9025) was 10% inoculum showed highest productivity while

Pholiota adiposa (ASI 24027) required 5% inculum for maximum productivity.

{2) Agitation speed of 120 rpm was optimal for Phaliota adiposa (ASI 24012) and
... Fomitella. fraxinea (ASI 17017) while Pholiota adiposa (ASI 24027) and Grifola

frondosa (ASI 9025) grow well in agitation of 150 rpm. But Jnonotus obliquus
(ASI 74006) showed good mycelial productivity in higher agitation rate.

(3) Mycelial productivity of Fomitella fraxinea (ASI 17017) was optimal with aeration

.rate of 2vvmn but other strains(ASI 24012, ASI 24027, ASI 74006, ASI 9025) grew

best with. 1.5vvm aeration. .

. (4) At least 20 minute at 1217 vof sterilization was requlred

®)

Myecelial - productivity by various types of fermenter was investigated with
Fomitella fraxinea ASI 17017. The highest productivity(13.5g/L) was achieved by
Air lift fermenter.

4) Mycelial production in industrial scale

(1)

2)

3)

(4)

(8)

Mycelial productivity was investigated with commercial media materials.
Pholiota adiposa (ASI 24027) and Grifola frondosa (ASI 9025) grew well in
soybean cake B mediumfsoybean cake 05%, glucose 2%). The mycelial
production of Fomitella fraxinea (ASI 17017) and Inonotus obliquus (ASI 74006)
was good with soybean cake A medium(soybean cake 0.5%, glucose 2%, yeast
extract 0.5%).

All the strains showed higher productivity when minerals were added to
commercial media.

The optimal pre-culturing method for Inonotus obliquus (ASI 74006), Pholiota
adiposa (ASI 24027) and Grifola frondosa (ASI 9025) was Procedure 2 while
Fomitella fraxinea (ASI 17017) was Procedure 1.

Myeelial productivities of chemical media and commercial media were compared.
Higher activity, in general, was achieved with commercial media.

The commercial production test by use of mushroom spawn fermenter(working
volume : 150L) resulted in 675g of dried mycelium of Fomitella fraxinea ASI
17017 in 7days, 570g of dried mycelium of Pholiota adiposa ASI 24027 in 1Qdays,
39%g of dried mycelium of nenotus obliguys ASI 74006 in 10days and 615g of
dried mycelium of Grifola frondosa ASI %025 in 10days.

2. A Suggestion for application

The data obtained in this study could be applied for commercial production of
medicinal mycelia. The 200 liter capacity culture vessel is handy, simple and less risky
against the contamination problem compared to large scale tank used in large industries.
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Cooperative Item3: Development and Utilization of Functional Mushroom, Fomes
Fomentarius and Kuehneromyces mutabilis :

The study was carried out for the hypha culture and artificial cultivation technique for
the Fomes Fomentarius and Kuehneromyces mutabilis. The appropriate conditions were
revealed for the characteristics of culture for mushroom's hyphae such as pH, the
concentrate of carbohydrate, the kinds and concentrates of nitrogens, and temperature for
culture. he characteristics for artificial culture of the mushroom were revealed.

Then, the artificial - culture was performed to get fruit bodies as shown in the text of
this article. The functionality of Fomes Fomentarius and Kuehneromyces mutabilis
was studied. The polysaccarides of Fomes Fomentarius and Kuehneromyces mutabilis
were extracted and purified by various chromatograpies. The anti-cancer effect from
separated and refined fraction was confirmed by in vitro and in vivo experiments. As a
result of the experiment, it is confirmed that the separated and refined fraction -has
similar or better component than PS-K(anti-cancer medicine) that is already on the
market

_26..



CONTENTS

Chapter 1. Outline of the report on development of research s eseesssees 29
Chapter 2. Status of research in Korea and other countries s«=ssseeeeeesens 33
Chapter 3. Contents and products of the development of research = 34

Iteml: Development of funtional superior strains and artificial cultivation methods
35

Item2: Development of New Antithrombotic Substance from Mushroom and
Production of Functional Food --------~-~--=-—=crmmmrom o m e 93

Consigned Iteml: Development of New Antihypertensive Angiotensin I —Converting
Enzyme Inhibitor from Mushroom and Production of Functional Food—- 103

Consigned Item2: Selection of mushrooms with high antioxidative potentials and
isolation and identification of physiologically activate chemicals----119

Cooperative Iteml: Investigation and utilization of an immunomodulator on

mushroom=—=————————=— == === - 175

* Attached sheet 1. Toxicity test of Inonotus obliguus--~-~---~—~———==——— 199

Cooperative Item2: Mycelial Mass Culture of Valuable Functional Mushrooms-229

Cooperative Item3: Development and Utilization of Functional Mushroom, Fomes
Fomentarius and Kuehneromyces mutabilis——-—=—————=———=—=== 261

Chapter 4. Achievements and contributions of the studies to the related

fields - 303
Chapter 5. Pians for the applications of the research =weresecsesssrmemsics 314
Chapter 6. Informations on scientific techniques at other countries ===+ 318

_27_



g 2

A1 AEABAAY AL 29

A2 FUHY NG oo 33
A3 AFALEY Y& LAY 35
ARL: 7154 9% 25 94 2 AF AW A% AT 35

A1 - A2l H nPGALE AT AA LN HEEA(ACE) A3

B AL 2 s AFE AN A 103
A2 MAF HA PUHEA B 2 BYEL - FR AF--119
FEL: AT B9zAss 249 94 4 o8 AP 7o
cd A LA WA G o] S NG AR o100
RE2: 227} AN WA FAAE AP AR QT oo 229
WEI: RSB R BEARG AL D ol AP ~261
A4d FRIAE E BRI VA e 303
A5 % AFAREHE GEA G 314
A6 R ATALAANN FHE ) AU e 318

-_;28_



‘]

A1 & AFMLRNel i
A1AATARY B
HAFY 1Y 248D 24 2 EAAAS T8 vl 4 #FE 84
3, AAA S A iR By AEE AV WgzEAe AL 2 AF 24
A2d AT 284
1. l%ﬂ, il
O AFAA HAF AAe] 2 AA7)s 2820 ¢
O A FAA 7154242 lentinan, schizophyllum, PSK & g @Al &do] 7jut
ol&H I Jovt FUdME AZAAR v Ft AE .
O 7154 HARY % dd8e 98 2553 2 £35 9 M2EL 3%
Mol Q@4 E 3 YL, ,
O FFodAe Fgor AgstE WAl FH7F 2009 Fol Yoo, AAFNME
A ER ol &3sti g
2. AA - 243 &9
O =WalA AAsta e 1,500 Fo HA T o 1% = A8 == A%
TEE olgHI e AR
O wWAFY A7ls d9z2E8d 2 75 dgd g4 2 ojgoz Fuang
T Btope £5 FHOoE Jdstd WA 409 A st =g F R4
O Ul Anf £29] vz H7AE Zdlo 34 7oA AY.
3. A3 - F3A &4
O #H& AAg AFsta 2F Adwe] Jrteta gz e weiA] FRE
A7) ik gAdol T glg.
O AMeHI Qe 71548 AFEY diyye] artelzg g #e + de 7154
A A F o Adol B3 Hag
O wAFe 7i5dd B FFEA A7 dFo= ARdxE 5ol U P
A8 g AFdony AFE g FRAERE o] &g
O k8w F5 Utz udsd FFxsYe] &8l /b5
_29_



AT AEER AFAY g 2 WU

g o2& Fz sA Wl 7SR BT % N
FEei Al A A e R, Z7E A

- rDNA 49} o3 F F&

- 715A WARe Dz o)

- e HHeA] A

- FE WgGE B x4}

- AAA Y =28 FA)

R4l L ope) %A
ERTCESRVE =)

EN

@]
oxr B
L
i
= 1o,
o
Fo{v
oX
Shd
We
N
off
N
N
=
i
o, 1
ot
o
1R oy, Lo
o

-zbE gy Rl g4 Aol €¥ ACE

- 4% Fagdgd dAWe vlu PdESY
uatstEg WAF A EZESH)
- A4y © NBTH, DPPHY, TBAY,
FI-CL4Y, ESRY ©°| &

o MelzA 2ol wa 2 5| - WgzuBA ANTF B4 W HReA
4 74 - wezAs)y ARBY ANy 29
- g4EAY B8 54 24}

- A WA WA
- pHOl WE A
o FAA WA %L | el el wE Yy

CARBYA G ERol BB A4
CARBAYA S Brol TE AN
_ gAwe) AEd =4 s}
CmaoamaFe FAALEA T
. o - 1 A 2 2ye
E A a
AR 5 e R EHATY FAMGEY Fu
MRy BAMETesd BASA
9
Az AEAY 2aAA
CrAAEE A A4 2R R
. 3

_30_




7 ¥ azxAwsx AFAL RE 2 H9

o 54 $5ax %4 4 9| - PCRl A& AR FARA 24
B A e AR L ELECI DR IR

g R AEE AF 7154
#d 593 A

o AR FEAE B4 2 - $44¥9 337 54
A} - ACEA g4 715422 AHAS LA T)
- B3 ACEA S €39 £2) 4 A4
¥ ACEAs) 239 23 sy 54
EN
-85 ACEA S 249 7154 28 A
58 49
- gaswy 23 3% 2 RYigen
o)
-HAYNS 84T 22 7 B
3% 4 2ol 2 2Edz BHHA
(#3%wy) : NBTH, DPPHH, TBAY,
FI-CL%, ESRY o} &
C B 448 2483 FuA T2
23
2 &5 2o - 44" 229 oy 54
g ZA} (&84, Rf, EAMEEE )
2002) gy EAe ARNUV, IR, 'H-
- “C-NMR, GC-MS) 59 387718 o4
ste] de AdEHL BAFo A JET
z2& 2%

......................... - HPLC, GCl 2§ E3e] &= &4
o Wz BAY ¥ 2 - ddzazde god 7z a4

x - 24982 Gegy A 73

o TAHA E AL viE e - 5L A P44 bioreactor ¥ ZA Y
- HEH YAAE drEE FY
wekzd gy
4EY 5= 79

o FaEA AN BFEARY | - TAFY FAA 2 AYH g2
gEzAy A 2 7%y %K
2o 2 cma oA Ale] FAE gAY A

RSN A A2 FRFFHY AR
WA FAA HEFAY AW
C2FHAY A ATAN 7HEH B

- 7154 gAs FHRA, %4 B
A4 BAY A% GANARA
(FEAY)

154 BA9 BATE B

_31_



-+
M

A7AL U 2 U9l

3z}
gx
(2003

- AN AR g% FF A%
- %4 $5EF A 2 B2
- gad A3

- 57t HopAu AY

- &5 e 4 I3 AE

- FEAREY dFAAY AA s

- RELAE AE L YgF LA
- ACE A EA (S 1:uhA o)

- A ACEA® B2 T/ 71548 22
AE(EE, FHEF)Y Ax € 54 2A
-HA ACEAd E3& /% JFF(E=E
= ook rxANY Ax 2 54 A
cAZE J1%R BA A FA L g

A4 HE
- 7154 BAAEY diF A4 E HE
- garstgAd BA(E2AEY)
- 27 - AAY #4ERY 57 ¥ 4 7E
o] dtstAlel a7 v A E
- AAFAFAZM Y ZES AT HA
CBE - AR 229 A F5F 2 dAEE
At
-2y - AAY B2 7E FAsALY o]
35ty 54 vl
- B4 4r3+A tocopherol, BHT, BHA
- AAY AL o83 s aAHA
AP AYEEE A B AJAHE o]
£(Sparague-Dawley Al 3 837)
- ZAMGE 2o A R

o BY7lE =AAY M

- §AEH A gAAE
- GAERY dFAAY AAZ
~ A= g

o TAHA AFRT 7le e

- AAA FR bioreacter A Y

-3 2 AATE R EENLTF S
-3 24 wAEE 2 HE3LY 2

o FUTANNI TIHA
54 EAS FAND
g4 AFAT

- TAT dFFH A4
- B A W Rely o
4
S FWAY AAA AFANY AT

- 5 AERAY dFALT o8 AFAT
- 54 AEY gUE dEFTFE A2 7
AT AEZ /1A A 2 AN
-7 FAEAY B2 g8
- 1% EA RIAAAA] dest ¥
E+3

49 2 494

_32_.



HM2%d e Jlsg 8

O

O

O

FAMAL AR T 4
7b o]FojHed olgd F & &4
Aoz Audn de AL Adguso] FFE ofF
et Aol £ &3 gAe 2771 vEE AR
ckguAatd oz FeuA, AR, viesR, /PR T A7t viEsH,
G 2 FeeanAe Asd 82 4 Aupddd a4 d7e AFS 44
o]

42 wRe FYPARANE WRF Gl d@ D/BSE B 159 A
E8A4 0 izt AL A2 DY UE

& HAFo o 7iEd WA AF dFALE AT AAHn BIGH
D A7} Hol A %3

NEAuA AFALe] A5 F e AL FAAE o184 F A

HAFANN dojd FEEL WES 7I5A EZ9 EAd HE A7t =
ato], £dol A3 Yo} B2} BT FAAC] BRI Fo] §E

=-33-






A
(=] =

AFL 71548 $ 24F 54 2 AF A 7l& A
7 5 :

Agel ol g8 HEHA BFE FARN LY SERAET] nEFA AT B AAE
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Table 1. The number of mushroom strains used in this experiment

HA g sy TAATFF H| 11
ol e Al Grifola frondosa 36(35) 24(9028)
2 e Al Fomitella fraxinea 20(19) AFE(17019)
Poliota adiposa 12
Poliota squarrosa 8
Poliota nameko 7(6) 2 $(24036)
Poliota sp. 3(2) £ 4(24008)
Poliota carbonaria 3(2) 2 H(24032)
Poliota malicola 2

SRR pL Poliota highlandensis

2

Poliota aurivella 2
Poliota lucifera 2
Poliota aggericola 1
1

1(0

Poliota terrestris

Poliota flammans ) AYE(24026)

Poliota squarosa—adiposa 1

A A 45(41)

Inonotus obliquus 8(7) 2.%(74012)
. Inonotus micadoi 3 Al Al
AP A Inonotus hispida 2 Al FWu A

27 13(12)

. uf x|

ALYl HEpA #Fe= PDA vlA & Algsgon 2 #F 25 DNAE Eds7] 93
o PDB WA & 250ml A4 E 230 50ml B BF8o 257 Mg | FAANE £A%
A}

T} DNA ¥3

Genomic DNA¥ Graham(Graham, 1994)2] #2& WH3 3l Algsl9d. 52 Axd #F
A = RadollA wtdiet & 7 FREE FAA] 100mge 2ml tubeod ¥ 1mle] CTAB
buffer(2% CTAB(w/v), 100mM Tris-Cl pH 80, 20mM EDTA pH 80, 1.4M NaCHE #7}
& % vortexingdti 60ColA 4087t water bathollAl ¥& & A zith ojAL PAr s
(12,000rpm, 10min, room temperature)E® AAstn ASASE A tube2 70 F 5u09
Rnase® #H7MgF & &498(37C, 40min)g At olo] AF5de o ko
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Phenol/CHCly/Isoamyl] alcohol& o] 23 tapping-& 3tAA Aoz £ A7 A A7)
THAl tappinge dMHEA 4 F 7 AX I oA A E2(12,000rpm, 5min, room
temperature) & AlZ1 ¥ A5AE A AL tubeE 7 F F%F9 CHClylIsoamyl
alcohol2 ol ¥ 3 tappingg WA HolF F A7 AXAI7 IA] tapping g HHEA
AL F Z7 AAJG, A A4 EF(12,000rpm, Smin, room temperature)E 3 F A5 9
€ MZE tubedl 711 A5 N9 1/10% 2] NaOAc(CHsCOONa, 3M, pH52)E #H7/IE %
Fo] 25v] BE9 100% Ethyl alcohol® #H7}sdh, A A(-70C, lhr at Deep freezer or
Overnight at -20T)2 Az & YA E£a(12,000rpm, 10min, 4C)E AAE & A5HS
oW wE3 70% Ethyl alcohol 1mlE #7}3t 3L pellete] 9o]2 AXF tappings & § o
A £2(12,000rpm, 1min, 4CT)E ¥t 45 4E Zojul ¥el vacuum drying(5min)E A
N@ % 50,9 TE buffer2 3o} DNAZS =453 A &59Q0h

2. rDNA9 FE3 ITS sequencing

ITSIT - O region 9 PCR%‘%‘% ITS 1 & ITS 4(Primer ITS 1 : 5’-TCC GTA GGT
GAA CCT GCG G-3/, ITS 4 : 5-TCC TCC GCT TAT TGA TAT GC-3") T4
primerg °|&38ld FX L Y automatic DNA synthesizer (Applied Biosystems
Model/9600) & ©}-83te §A4S 3R, PCR-amplified fragments® pGEM T-easy vector
(Promega)®  ©] 839 EBAS#AD. ITS region® sequencing® Z#E DNA
Star(Lasergene system for sequence analysis)S ©¢] &3l FQAFAAE B}, 4z
TF9 ITS region sequenceE& CLUSTAL W(Thompson et al., 1994)Z o] &3t AA s}
31 Phylogenic treeE& it k

58S

i

] 1es-188: 850
?' ‘ s 1
TS|
TS i
ss

= =3

01

ITSd?
t

Fig. 1. Primer sites used in amplification of the ITS in the repetitive TDNA gene
To amplify the ITS region, the following two oligonucheotides were synthesized
and used nuclear ITS. '
ITS 1 : 5-TCC GTA GGT GAA CCT GCG G-3'
ITS 4 : 5'-TCC TCC GCT TAT TGA TAT GC-3'

1t RAPDE o] 83 fd#4 24
Genomic DNA extraction® Graham(Graham, 1994)¢] #3& 7idatA Hgsta AH231Q
. PCRE 938l A8%8 primere SRILS Uniprimer Kit(20mer)E T3 A23I L,
DNAZZ& 1% PCR stocke H$9 %L 204 71F 0.2 89 template DNA 200ng ¥
primer 50ng, MgCl2 25mM, dNTP 0.2mM, Tag DNA polymerase lunit(Promega)® %3
o] d#5E FrEAn '
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PCR =22 94TColA 5%7F preheatingtAl 7l thg, 94Tl A 1#3F denaturation, 55Tl
A 187F annealing, 72CoA 28 E<t extension® 1 cycle® &9 F 3ocycleS EH F
72ColA 102 2t post extension ¥ 4TE A3ttt PCR &L 1.8% agarose gelojAl
100v2 A/ £ ethidium bromidedt A 1087t g M3l UV transilluminator lamp 42l
A =g #Asdg.

RAPDE 0|48 Z #57 §ARARNL FF7 FAEE 242 UPGMA(unweighted
paired group methods with arithmetic average)-& o] &3t F(cluster) EASHe. =3
F 2159} dendrogram® A& NTSYSpc program ver. 202j& ©] 83ttt

2.9748 4 A9
7k vlEH A
1) 33 54 A4
Table 2. Collected strains

Strain No. L. Geographical Strain No. . Geographical
Scientific name . Scientific name .

(ASI) origins (ASI) origins
24001 P. adiposa Korea 24024 P. adiposa Korea
24002 P. squarrosa Korea 24025 P. squarrosa Korea
24003 P. adiposa Korea 24026 P. flammans Korea -
24004 P. adiposa Korea 24027 P. adiposa Korea
24005 P. squarrosa Korea 24028 P. aurivella - Korea

- 24006 P. squarrosa Korea 24029 P. adiposa Korea
24007 P. squarrosa Korea 24030 P. adiposa Korea
24008 P. sp Korea 24031 P. aurivella Korea
24009 P. squarrosa Korea 24032 P. carbonaria Korea
24010 P. adiposa Korea 24033 P. carbonaria Korea
24011 P. carbonaria Korea 24034 P. lucifera Korea
24012 P. adiposa Korea 24035 P. lucifera Korea
24013 P. adiposa Korea 24036 P. nameko Korea
24014 P. malicola USA 24037 P. nameko Korea
24015 | P. malicola US.A 24038 P. squarrosa Korea
24016 P. aggericola US.A 24039 P. squarrosa Korea
24017 P. terrestris Korea 24040 1P. squarrosa-adiposa Korea
24018 P. adiposa Korea 5008 P. nameko Japan
24019 P sp Korea 5010 P. nameko _ Japan
24020 P. highlandensis| Korea 5011 P. nameko Japan
24021 P. highlandensis| - Korea 5019 P. nameko Korea
24022 | P. adiposa Korea 5020 P. nameko China
24023 | P. sp Korea )

7h) viEnAFe] 54
VA Lu WA Pholiota adiposa (Fr.) Kummer
ztel A7lE 3~8mE 9Fp ol Fo: whlpgd~#Hgygow Hu AHL FYFIL
' -37-



gAols, FURE @2 F24L wny, Yo AAY 33 Hel A3, £ "= FJA
o] A, FEHLE GAEL FEHo|n, i wWwEn 2 FWMoly IAT} A&
Fd Hzal gMoz Wi,

e ZA7E 4~12emx5~12mol 2, ET #717F gom, &o] i AAY Hlo] Q&
T 3 EHE FuM A7 gyto] RE7R @3 glon, g vy gylols X
g 4ol

EAEL HgAola ¥R A= 65~85x35~4m3 LR F oy WolFol Y3, AL
E]ltjole] @=7|E= 20~475%x5~12.5mmo] o}

g7t A8 (EEF FEe o4 Al 745 %)

Nk
LA R A B~sheel BYS aFHANA FHB

2l

R

(2) Wl EWA  Pholiota squarrosa(Pers.ex Fr.) Kummer

2 A7)7F 30-110mmE £7|2Fe Frdolt Fo vy -AHYgor Hu, #H
ot ozt Aol glon, AYPEIG QAo T LRE =Hol Jon, vy FEAgol
I E7Ee 982 A-geggdMon, 2 oz Koy, FojFF ot

FEAL do gARe FEAZ Wusn Aoy, Fo HxUAMoz HY FF
zHdoz FEV|E S}
el =7)7} 50-80mmx5-10m= 38t F717b vl&stn, snide FaAe AP T

an AR BV 9He] oy, 7|BEL HA =y AMoR Hu, vy

FAeolm, gyutol= H{Aold, 44 g€

XAEL Aol ¥ ARE AU} 4-55x3-35mE YL B Y¥-dFoln, EH LS
g3z, Wolge RHaA gon = .dA2Efoele Ar)E 25-50x5-15moln, RFE
WEH-2F Yol

o

ol

nameko

h hoeidia r rhailrwetidia
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Table 3. Temporary identification based on morphology

BARE| o azq | FRIELAl 24 | zoaaan
24000 | DPholiola |aemswa) 1000 | @3 | 4N | Pholiota adiposa
2010 | Pholiola Jmomswa| 1004 | @% | TN | Pholiota adiposa
24012 | Dholiola I pomsma| 100 | w= | U | Photiota adiposa
2a013 | Pholiola \moemswa| 195 | @3 | Yt | Pholiota adiposa
24015 | Pholiola | wrwma | 1905 | 0% | MWS59 | Pholiota adiposa
pa018 | DROlola \zowsw| 1995 | @% | %A 1861| Pholiota adiposa
oa0z2 | P Zlolﬁg;tg AevismA| 1995 | @ | Mot | Pholiota adiposa
2004 | PRoliota Amomzwun) 19w | #x | RN | Pholiot adiposa
24014 | Pholiota | yoyga | 1995 | MR | MWS8 | Pholiota aggericola
2016 | Fholita | wEMa% | 1986 | W% | WCI9 | Pholiota aggericola
24021 |, gﬁl’gﬁggs | AvEEA | 195 | @@= | Aoty Pholiota sp.
pa011 | Pholiota | paiswa | 1985 | @3 | Fl 1018| Pholiota squarrosa
24020 hig’;?a.‘;’fj"e’fgsis AuEwA | 1995 | &2 | ME 1012 Pholiota squarrosa
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Fig. 3. Dendrogram of phylogenic relationship of Pholiota spp. based on ITS I - I
region of rDNA

FAHY fFA=EE 953~100°/—‘_“"— B o]AL group W =2 FAIE

g H9Eda 2 F vk d3A A group & ITSH 98d 38 F8E & QAY 22
o2 2 £ Advgn & £ . Group CY HFAIEE 98.8~99.9‘V-4 FAEE Ko o}F
%2 grouple $AIES BETh o] E 99 A group o AT} e HAS &
ot Group D WH9 FAIEE 763~999%9 FAIEE 292 ol U & groupHe
22 group WollAE ¥liA & FAEE BYT Group E9 7

_40_

Jo r
fr o 32



976%9 T34 FAIEE B 2 Fox dAusHw, 2 group & ofF W KA F
Al E Holi glon g7] FoME ztolst Wo] FE el & £ Uu Group A%t B 7
o FAEE 529%9 FAIEE B F groupitollEs AR/ A AL FAAEA 4 A
A9 Group Al group ES}e] #AIE 496%9] SAIEE BET)

Age] AMRT FF  F 24027(Genbank. AY?251300), 24032(Genbank. AYZ251301),
24038(Genbank. AY251302), 24040(Genbank. AY251303), 24036(Genbank. AY251304),
24028(Genbank. AY251305), 24034(Genbank. AY251306) & 7= IR AEA R AE (NCBD
&3t A

ITSE o] &3 Pholiota spp.2l FJTF9
FAIEE 08 F AR 2o w2} F3he A
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Table 4. ITS sequence information

Pholiota adiposa (ASI24027 / 683bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTATTGAATGAACTTGGTATGATTGTTG

CTGGCCCATCTGGGCATGTGCACGTCTGCCATCTTTATCTCTCCACCTGTGCACAT
ATTGTAGGTCTGGAATAAATTTCTGGGGTAACTCAGTAGTGGGGAATGCTGCTGC
AAAGCGGCTTTGCCTGTAATTTCAGATCTATGTTTTCATATACACCATAAAAATG
TAACAGAATGTAATAATGGGTCTTGTACCTATAAACTATATACAACTTTCAGCA
ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTT
GGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATTAAATTCTCAATCTTATTAGC
TTTTGTTAATTAAGACTTGGATGTGGGGGGGAAAATTTTTTGAAGGTTTCTCGCG
AGCCTTCTCCCCTAAAATGCATTAGCTGGTCGCTCGCGCGAACTGTCTATTGGTGT
GATAATTATCTACGCCATTGACTAACTGCCATAGTAGCACCGCTTCTAATCGTCT
TCGGACAATATATGACAATTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTT

AAGCATATCAATAAGCGGAGGA
P. lucifera  (ASI24034 / 700bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTATTGAATGAACTTGGTGTGGTTGTAG

CTGGCCCTCTCGTCGGGGGCATGTGCACACCCGCCATCTTTATCTCTCCACCTGTGC
ACATCTTGTAGACCTGGATAGACTTTCCGAGGCAACTCGGTCGGGAGGACTGCTGT
GCGTCACTGCCGGCTTTCCTTGCATATCTAGGCCTATGTTTTCATATACCCCATAG
TATGTAACAGAATGTATCATTGGGCCTCGTGCCTATAAACTATATACAACTTTCA
GCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGT
AATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTC
CTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATTAAATTCTCAACCTTACC
AGCTTTTGCGAGTTCGGTAATGGCTTGGATGTGGGGGTTTTGTGCCGGCTTCCTA
GTGAAGTCAGCTCCCCTTAAATGTATTAGCCGGTGCCCTTTGTGGACTGTCTATTG
GTGTGATAATTATCTACGCCGTGGACTTCTGCTTTGAATAGGTGCACTGCTTCTA
ACCGTCTGTTCATTCGGACAATACTTGACAATTTGACCTCAAATCAGGTAGGACT
ACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
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P. nameko (ASI24036 / 695bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTATTGAATAAAAACTTGGTTGGATTGT

TGCTGGCCTGAATGAGGGCATGTGCACATCTGCCATCTTTTATCTTTCCACCTGTG
CACACTTTGTAGGTCTGGGATTAAACTTTCTGAGGTCAACTCAGTTTTGAGGACT
GCTGTTAGCAATAATGGCTTTCCTTGTCTTTCCAGATCTATGTTTTCATATACAC
CATAAAAATGTAATAGAATGTGTTAATAAGCCTTGTGCTTATAAACTATATACA
ACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCG
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTT
GCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATTAAATTATCAAT
CTTTGCAGCTTTTGTTGTTAAAGACTTGGATGTGGGGGTTTTATTTGGAGGCTTT
TCGGAGTGTCCTCCCCTAAAATGTATTAGCTAGTTGCTCGTGCGGACTTGTCTAT
TGGTGTGATAATTATCTACGCCATGGACAGACTGCCATTAAGTAGCACTGCTTCT
AATCGTCCTTTACTGGACAACTTATGACAATTTGACCTCAAATCAGGTAGGACTA

CCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
P. squarrosa (ASI24038 / 701bp)

TCCGTAGGTGAACCTGCGGAAGGATCATTATTGAATGAACTTGGCATGATTGTAG
CTGGTCCTTTCGAGGGCATGTGCACATCTGTCATCTTTATCTTTCCACCTGTGCAC
CAATTGTAGGTCTAAAAAATTTTCCCCGAGACACTCGGGGGAGCATGGGGCGTTG
CTGCGTGTTACCACCAGCTTGCCCTGCATTTTCTAGATCTATGTTTTCACATACAC
CATAAAATGTAATAGAATGTTATTATTGGGCTTTTATTGCCTATAAACTATATA
CAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATG
CGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACC
TTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATTAAATTCTCA
ACCTTATCAGCTTTTGTTGATAATGGCTTGGATGTGGGGGTTTATTGCTGGCTTC
TAACGAGGTTGGCTCCCCTTAAATACATTAGCTGGTTGCCTTGTGCAGACATGTC
TATTGGTGTGATAATTATCTACGCTGTGGACTTTCTGCCAGTATTTAGCACCGCT
TCTAACTGTCTGTTAACTTGGACAACATATGACAATTTGACCTCAAATCAGGTAG
GACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

P. squarrosa-adiposa (AS124040 / 683bp)

TCCGTAGGTGAACCTGCGGAAGGATCATTATTGAATGAACTTGGTATGATTGTTG
CTGGCCCATCTGGGCATGTGCACGTCTGCCATCTTTATCTCTCCACCTGTGCACAT
ATTGTAGGTCTGGAATAAATTTCTGGGGCAACTCAGTAGTGGGGAATGCTGCTGC
GAAGCAGCTTTGCCTGTAATTTCAGATCTATGTTTTCATATACACCATAAAAATG
TAACAGAATGTAATAATGGGTCTTGTACCTATAAACTATATACAACTTTCAGCA
ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTT
GGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATTAAATTCTCAATCTTATTAGC
TTTTGTTAATAAAGACTTGGATGTGGGGGGGAAAATTTTTTGAAGGTTTCTCGCG
AGCCTTCTCCCCTAAAATGCATTAGCTGGTCGCTCGCGCGAACTGTCTATTGGTGT
GATAATTATCTACGCCATGGACTAACTGCCATAGTAGCACTGCTTCTAATCGTCT
TCGGACAATTTATGACAATTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTT
AAGCATATCAATAAGCGGAGGA
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P, carbonaria (ASI24032 / 69%bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTATTGAATGAACTTGGCGTGGTTGTTG

CTGGTCCTCTCGGGGGCATGTGCACACCCGTCATCTTTATCTTTCCACCTGTGCAC
GTTTTGTAGGTCCAAAAAATTTTTCCGAGGCAACTCGTTTTAGGGGACTGGCGTT
CGTTACTGTCGCCTTTCCCTGGATTTTAGGCCTATGTTTTCACATACACCATAACA
ATGTAATAGAATGTTATTAATGGGCTTTATTGCCTATAAACTATATACAACTTT
CAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAA
GTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGC
TCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATTAAATTCTCAACCTTA
TTAGCTTTTGCTGATAATGGCTTGGATGTGGGGGTTTATTTGCTGGCTTCTTCAT
GAGATCAGCTCCCCTTAAATGCATTAGCTGGTTGCCTTGTGCAGACTTGTCTATT
GGTGTGATAATTATCTACGCCGTGGTCAGTCTGCCTGTCTTTAGCACCGCTTCTAA
CTGTCTGTTTACTCGGACACTTTATGACAATTTGACCTCAAATCAGGTAGGACTA

CCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
P. aurivella (AS124028 / 683bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTATTGAATGAACTTGGTATGATTGTTG

CTGGCCCGTCTGGGCATGTGCACGTCTGCCATCTTTATCTCTCCACCTGTGCACAT
ATTGTAGGTCTGGAATAAATTTCTGAGGCCACTCAGTAGTGGGGAATGCTGCTGC
GAAGTGGCTTTGCCTGTAATTTCAGATCTATGTTTCCATATACACCATAAAAATG
TAACAGAATGTATTCATGGGTCTTGTACCTATAAACTATATACAACTTTCAGCAA
CGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATG
TGAATTGCAGAATTCAGTGAATCATCGAATTTTTGAACGCACCTTGCGCTCCTTG
GTATTCCGAGGAGCATGCCTGTTTGAGTGTCATTAAATTCTCAATCTTATTAGCT
TTTGTTAATTAAGACTTGGATGTGGGGGGGAAATTTTTTTGAAGGTTTCTCGCGA
GCCTTCTCCCCTAAAATGCATTAGCTGGTCGCTCGCGCGAACTGTCTATTGGTGTG
ATAATTATCTACGCCATTGACTAACTGCCATAGTAGCACCGCTTCTAATCGTCTT
CGGACAATATATGACAATTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTA
AGCATATCAATAAGCGGAGGA

) RAPDE ol 8% fd¥A &4

M1 234567 8910111213141516M 171819202122324 56272829 D3I X MBA HHIFT BRI 0442 M

Fig. 4. RAPD fingerprinting of Poliota spp.

M: Marker, 1 124001 2:24002 3:24008 4:20004 5: 2406 62407 7:24008 8:2400 9:24010 10: 24012 11 :
24013 12:24014 13:24015 14:24016 15: 24017 16: 24018 17 : 24019 18 : 2400 19: 24R1 20 : 2402 21 1 24023 2
004 232405 242407 BH:2408 B2 7200 R:2AB1 D202 02408 312404 2:2405 B
2606 3424037 HB:2A08 HB:2A00 3724040 3B:3008 303010 405011 415019 42500
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Coefficient

Fig. 5. Dendrogram of similarity based on RAPD analysis with five random primers of

Poliota spp.

RAPDE °l-&& vl &(Pholiota spp.)® F+3&AAE A3} 24012, 24013, 24015+

B
ET £ fFABAE Holn YTt

2L FABAE Holn I, 240059 24007, 24008%
e a 50109 A= ITS I -0 999 47142 249 Axe FAHA 5011, 5019 1
21 502084 FAAeZ 494 A ARE Holm gk
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A
1) #7473
BARl A8E FFE sRFeNE LN 19235 E $HH e FFEE GRE F
PAYY AN IRAN IR REo] RREolm 1700FFE AFFTFATUANA 9
EQEe Fucl Agadth T BuA 54 5 the WeN ysslz @

Table 5. Collected strains

FFW3(ASD FRAYE FA= F3AAY Rlm
17001 1992 o AF
17002 1993 5 s
17003 - 1994 3= A&
17004 1995 3= NF
17005 1995 33t A3
17006 1995 3 Fal it
17007 1995 i =3
B 17008 1995 i T4
17009 1995 o= B ]
17010 1995 3= SHs ol
17011 1995 gk +4
17012 1995 gt F4
17013 1995 b T4
- 17014 1995 = !
17015 1995 b !
| 17016 1996 ki) AF ()
17017 1997 3= 7] Fa4k
17018 1997 2 9 91
17019 1996 = g HEA A
L 17020 2001 ki A E3gATAE

2) BAYESA FABA 24
JHITS I -0 F99 gG71AE 4
Fe R & (Fomitella spp.)9 19789 £ #FE ol&std ATL §44 fFARAd
B APS AAEE T ASI 170149 ASI 170202 AE3e] |14 <E
2 Folg Yz o AR £ UvAY FF9E ofF @ S92
Fol old oz AGdHT. FHTT F UuA 17 FFE vlad A 592~595bp
AEE B AZTAE 987~100%2 FAZE detdin o BF & Fo2
g, Ago Ag"E AE F 17012 v FYEPZRAEN(NCBDA 5 F(GenBank
AY251308). &gt}

A
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Fig. 6. Dendrogram of phylogenic relationship of Fomitella spp. based on ITS [ - I
region of rDNA

Table 6. ITS sequence information

Fomitella fraxinea (ASI17012 / 634bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTATCGAGTTTTGAAAGGGGTTGTAGCT
GGCCTTCCGAGGCATGTGCACGCCCCGCTCAATCCACTCTACACCTGTGCACTTAC
TGTGGGTTTCGGAGGTGAAGCGTGCTTTCGCTCGCGGATCTAACGGGCCCGCGTTT
TACTACAAACACTTTAAAGTAAACGAACGTGTATCGCGATGTAACGCATCTATAT
ACAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAA
TGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCA
CCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGAAATTCTC
AACCTACCGGTCTTTGCGGATCGGTAAGGCTTGGACTTGGAGGCTTGTCGGCCCGT
GTGGTCGACTCCTCTCAAATGCATTAGCCTGGTTCCTTGCGGATCGGCTCTCGGTG
TGATAATTGTCTACGCCGCGACCGTGAAGCGTTTGGCTGGCTTCTAACCGTCTCGA
TGGAGACAACTTTCTGACCTCTGACCTCAAATCAGGTAGGACTACCCGCTGAACTT
AAGCATATCAATAAGCGGAGGA
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) RAPDE o] &g FA&A &4

| S T T ~r | S

Fig. Dendrogram of similarity based on RAPD analysis with five random primers of
Fomitella flaxinea

Al

FH A & (Fomitella)®] FA@AE £ A% 170049 17006 22} 170133 17015%
Aoz & FAEE Holx o ey 170149 e FHAL2 FAETL ofF
& ARg gola Ak AAHeR oF 5% 100%74A FHH FAEE ez

i

N
2y

B
o

1_

A
=

_47_



o AR A
1) FA HF
. AHo A g FFE JAMAISE H R g3 AAFoegE ASI 90133
902215t o] 31 L}DM“ g7 98 2 22 vl SoN =948 FFEEo|9, ASI 90359 9036
& AYEATAdL Bkl =YW FFoluh
Table 7. Collected strains

dFWE Eaa S
23T | =X 22 % =] 2= 2] v 2= 2] 2= 2) 2}

(ASD TFHIAR | F3= 3RS (AS) AR | 3T +3AS
9001 1973 dr A 9019 1994 AE
9002 1982 a8 oF A} 9020 1994 uj =

| 9003 1982 AR | HFAFAE | 9021 1993 u) =
9004 1982 YE T dAFEs | 9022 1995 i 2. thatk
9005 1982 AR 57 9023 1995 o
9006 1984 AE | QAHALIE | 9024 1995 3= s A
9007 1984 de A 9025 1997 ey ITEHZ
9008 1984 qE 9026 1997 dR A vp @ of
9009 1984 A8 9027 1998 == w8kl
9010 1985 Qr A A13%5 9028 1998 5=
9011 1986 gr 2= 9029 1999 AR !
9012 1986 al = 9030 1999 33
9013 1987 = ¥ 9031 2000 Ry
9014 1989 adr 9032 2000 AR
9015 1990 AdR LA} 9033 2000 AR
9016 1991 AR ITE 9034 2000 AB AErAE
9017 1994 == 9035 2001 3 [ AEEIddETA

| 9018 1994 AR 9036 2002 = (A FddTA

2) BAAETH FdaA £

AN AL BAFY 5HEEE ol Fdhe] 7 AFL FAA FABAE 2A] A
1 1SS 8. 48 483 AT T 006 oI FIARIEALAHNCEA 5
og e ety

=(GenBank AY251307). stith. Ao A48 ATELS 616~626bp]
AL 946~99.7%2 A FAEE i&’i‘:} o] A&l o3 ITS9 |~
T FATE BY b MEA AP E AT 94 P94 P F &
& Aoz dddd.
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Fig. 8. Dendrogram of phylogenic relationship of Grifola spp. based on ITS I -1
region of rDNA '

Table 8. ITS sequence information

Grifola frondosa (ASI9006 / 656bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCAGAAAAGGGTTGTCGCT
GGCCTCAAAATTCGGGGCATGTGCACACCCTGCTCATCCACTCTCACACCTGTGCA
CTTTCTGTAGGTCGGTTCGGGATCGGGTCCCTCGCGGGGTCGGGTTCTGCGCCTTC
CTATGTACAATCACAAACGCTTCAGTATTCAGAATGTCATCGCGATAATTAAAA
CGCATCTTATACAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAA
CGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAAT
CTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGT
CATGGAATTCTCAACCCACACGTCCTTGTGACGTGGACGGGCTTGGACTTTGGAG
GTTTCTGCCGGCCCCCTATTCGGGTCGGCTCCTCTGGAATGCATTAGCTCCATCCC
TTGCGGATCGGCTCTCGGTGTGATAATTGTCTACGCCGCGGTCGTTGAAGCCTCGG
TCGGGAGAGCTTATAATCGTCCCTTCGGGACAATCGAATATGACATCTGACCTCA
AATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

A AL 3545 FHFFE ol B3kl 7 AET FAH FABAE A
ol ITSE olgatgth. 4Pl A8H A% 3 0068 1FZFAT YR A(NCBDA 5
£(GenBank AY251307). 3t%th. 3l A& ATEL 616-626bpd F71AHEE UEY
A 046-997%] FUH FAES Ptk o) ABol ol [TSY FAML @ Sy
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Tl TR B bz AFA SYUE ASY F4H YN AAAEAE 8T
e,

o AN
lo lo
fe o\

) RAPDE o83 #ddA £4

RAPDl 9@ A H A% (Grifola spp)el ¥ 4% URP primer( # 12345 )& °I
g3te] MEAATh FWA FAES 63% A 100%2) WA Bolm U: oYF Wo|
g o]t 2t #F dAL vl s

e

— — e
—

T T T T T T ¥ ™ T T T T T T T T g T 1
063 072 031 091 100
Coefficient

Fig. 9. Dendrogram of similarity based on RAPD analysis with five random primers of
Grifola spp.

M12345678910111213141516 M1718192021 223242526 27 282930 31 32

Fig. 10. DNA pattern of Grifola spp. primed URP primer( # 1 )
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& A7t A
A #F |
2 MNP AH8-d FFE Inonotus £ &3 1349 #78 AHgsded Asid
A ASITA006%E TH0I1374AZ 7 F ASL 74010 5 97 =Y@L ArbMlel BFERF
2 A7 st m]lH A

Table 8. Collected straihs

FRAE | FA% [ FaAA] uw

TFHZ.(ASD A =1
74001 Inonotus micadoi | A1 W Al 1990 i T2
74002 Inonotus micadoi | A M e] A 1991 3k 3
74003 Inonotus micadoi | A5 ™ u] A 1989 gt 34
74004 Inonotus hispida | A} 3™y A 1997 A€
74005 Inonotus xeranticus| 71254 | 1995 gt 3 AL

74006 Inonotus obliquus | 7FH A 2001
74007 Inonotus obliquus | Z7F8] A 2001
74008 Inonotus obliquus | X7 A 2001
74009 Inonotus obliquus | X7 A 2001
74010 Inonotus obliquus | X7F8{ Al 2001 CBS 314.39
74011 Inonotus obliquus | 78 A 2001 DSM 8659
74012 Inonotus obliquus | 7P A 2001 NCWRF At

298C
74013 Inonotus obliquus | x7}u| A 2001

2) BANETSH FARA B
W ITS 10 929 d714YE 4

AZMH A &0l FFF AT S ol&sld ITSE FABAEN Algadc. #5349
ITS+= 687~758bpE o]Folx xu 7z & A FAIRE 71.2~9.7%% YERY
ok ASI 740059 ZA$= FAHA FAI= oS $e Ao 2 Hol Jnonotus o] ofdTFF
2 #wgEch yr A groupA, B, C, D= grouptiolAl §43F {AE7 A2 &AL A Ve
i o] 2& Fog FEo Hu groupollME AEAHY Aot Y RAow Hel ¢
& FoE FEF £ 9y o] 2P dalz F7e FHO ITSE ol &dts AL A&7
Wilol @ Aoz HAudEd. ddd AgdE AE F 74005(GenBank  AY251309),
74010(GenBank AY251310)2 "% B AP R AEH(NCBD 52 3tk

~ ”“;‘\
i

Fig. 11. Dendrogram of phylogenic relationship of Inonotus spp. based on ITS 1 -1
region of rDNA
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Table 10. ITS sequence information

Inonotus hispida (ASI74005/726bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTACTGAGGTTACCGGGGGCGAGTTTGC
GGGATGCTATTGCTGGCGCTCTCTCGGGGGTGCATGTGCATGGCTCTCCTTCTCGT
CTTCGTTCCTTCTATCAACCCCTGTGCACTATAATAGGATTAGAGCGAAGCGCGG
CAGTTAAGGATTTAGCCTAGTAGTTGTGGGTCCGCCCGCAACGAAAGGTTAATCT
TGACGCGTGGTACCTCGAACTCCTTGATATTACAAACCACTATTTATGTCTTGTC
AGAATGTTCAGTCCCTCGTTGGACGCTAAATAAAATACAACTTTCAACAACGGAT
CTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT
TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCCCTTTTTCGGA
AGGGCACGCCTGTTTGAGTGTCATGTTCATCTCAATCCAACAGCTTTGCGGCTGA
CTTGGATTGGATTTGGGAGTCTGCTGGCCCTTCTTGGGTCGGCTCTCCTTGAATA
TATGAGTGAGCATCTGGCTTGCGTTGCTAATGTGATAGCTTCATCATTGGCGGCG
CTTGCCTAACGGGCTTGCTTCCGAACCGTCTTCTCAACGGAGACAAATCATCATT
GACAATTTTGACCTCAAATCAGGTGGGACTACCCGCTGAACTTAAGCATATCAAT
AAGCGGAGGA

Inonotus obliquus (ASI74010/741bp)
TCCGTAGGTGAACCTGCGGAAGGATCATTATCGAATTTTGAAGGCGAAAGGTCTG
TGCTGGTGCGGAAACGCGCATGTGCACGGCTTTTCGTGATCAAATCCAATCAACC
CCCTGTGCACCTAAAGAGTCGGAGGTCAGTAGCCTCTGTAATCGAACTGCTTGTA
GTATGTCCGCAGACAGAAGAGAGCTCTTCGGGGAGGGAGGTGAAAGCTTTTGGCT
AATTTATAGACACCTATTGTTTGTTATGTGAATGTAATGCTCCTTGTGGGCGAT
AATGAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAACG
CAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT
TTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTTTGAGTGTCA
TGTTAATCTCAAATCACTTGTCTATTCTTGACCGAATGGAGTAGTGGTTTGGACT
TGGAGGTCTTTGCTGGCCCGGGCGGTTTGATTGCCCTTGGTTTGTCGGCTCCTCTC
AAATGCATTAGCTGGACTTTGGTTCGCGTTTACGGTGTAATAATATTCGTTTCAC
TAAGACGCTTGCCTAGACGGTCTGCTTCTAATCGTCCTTAAGTTGGACAAGGATC
CGTGAGTGGCCTTTCTTGACACCTTTGACCTCAAATCAGGTAGGATTACCCGCTG
AACTTAAGCATATCAATAAGCGGAGGA

th RAPDE |43 fa@A £4
M 1 2 3 4 5 6 7 8 9

Fig. 12. PCR profiles of Inonotus spp. generated by primers URP 3
M : Marker(1kb) 1 : 74004 2 : 74005 3 : 74006 4 : 74007 5 : 74008 6 : 74009
7 1 74011 8 : 74013

i

A7k A& RS 8 FE ol 83kl RAPD(URP primer #1,2,345 )
_52_
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740006
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T4098
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r?"ll
L

74813

Fig. 13. Dendrogram of similarity based on RAPD analysis with {ive random primers
of Inonotus spp.
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A2 A 75 AY Ay AL
L a++3 3y

7}, x|

TR EL S A7) A8t FAFFEE PDAsRA A wjFgd #ALAE 27 5mm
ol cork borer2 UAEA ARGt WAL Au A (Mushroom Complete Medium;MCM), 7
A+l 4] (Potato - Dextrose Agar;PDA), Mo} 3=Zu]x](Malt Extract Agar;MEA), YMA#u] %
(Yeast Malt extract Agar)® 471 WX & F13} 2L 24 o2 AZXI F 121CAA 1587
Add F AMESAR MCM, PDA, MEA, YMAWIA(H7Z 9cm) 9o HES § d4&9
SFefol A wigst ATt WG F T FARG A BL ARSI oH TFo EAL 14
A FABIAT. 7t wix e 2L Hep 2

Table 11. Media components

Medium (g/L)"

ingredient PDA MCM MEA YMA
MgSO0y + TH20 - 05 - -
KH2PO;4 - 0.46 - ' -
KoHPO;4 - 1.0 - -
Peptore - 2.0 50 5.0
Yeast extract - 2.0 - 3.0
Malt extract - - 20.0 3.0
Dextrose - 20.0 - 100
PDA (Difco) 39.0 - - -
Agar - 20.0 20.0 20.0

*

MCM;Mushroom Complete Medium, PDA;Potato Dextrose Agar, MEA;Malt Extract
Agar, YMA;Yeast Malt extract Agar

FHrdd B FANFESERAE A% A 242 L3, YT, vE, 24
we] F3F 80%¢et vl 20%E EFE L SRS o 6% 2B F 20cm HAE FH
(74 3cm)oll 15cm 7AA A& 5 121TCToAA 4083 27 F A&t 9oh 2z} #3282 ZE
S 3t 23~25T WiddodA GAd e MYgsius dFA g9z A% £x8 QA

Ul 23 % A A%

FAFFER PDAMIAANA WIS FAAE WARZ A4e EUHE Agstel ¥y
80%9 V7% 20%6E ERSHT FEL oF B%T AR F AzEexad wo} #& HE
a3 23~25C WFHANA bz wgstel 9asl A F AFUOR ASRAT. A4
A e WA FF utek g, A=A, A, D EEANE FYsac
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2,974 2 25

7t vlEH A

D % 54 24
7H FAAE B 24

4571191 Hl s8] Al #F & PDA, MCM, YMA, MEA ®Alo] HZF3td 25T 2704
¥t F 7 14dA FARE FAAE 2AG A3 7 iR #F7Y FA AL FFY
wi =] off whe} ot WolE ueltH(Table ?). W% 3 74 47 wixle] 7 A2
o|7} 7} 3 #FE ASI 2401424 5660mme] AFZAolE BHF3, ko2& ASI 24001
24 5448mme} AF Hold YR, o) 77 ¢ 1 Zi?ﬁv& ARG AolE e
WA #FE 965mmel A ZolE H ASI 24038021, ofof ASI 24039(10mm),
24023(17.0mm), 24021(1893mm) <olAch 148 B¢ wjF Fof FAIAF Zo)g BY
ASI 240013} 240147} 8/mm=E 7} ZA AL 393 ASI 240387 F 7t 713 A Z% A
2(1698mm)-& YebiUTh 759 AL iR A4g =y, ASI 24021(2A), 24023(3%
Z2A)s Yehdido. vlewAe F9 4719 Xz AL AFZolE viad A3, PDAM
A7t 74 ARl %3, MEA, MCM, YMAS o2 f#AIgA o] 9} ztztel #
FEL TF0 FA AFY Aoyt AXRE 2 FF H ol ufR I ozte] o]
Rolm AFE e 2745 BHAG. o= v‘_+—r9—] AEe ARG E FFF S 71938
S ¢ F

Fig. 15. Comparison of Culture characteristics among Pholiota strains on different media
They are arranged in clockwise rotation with PDA, YM. MEA and MCM from
upper left
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Table 12. Cuiltural characteristics of Poliota spp.

v Al | AR Dol (mm/7Y) | Aol (mm/149) o
#FHUS [PDA [MCM] YM [MEA| & | PDA [MCM| YM |MEA| 3w | 54
24001 | 60.3 | 56.3 {500 51315448} 87.0! 87.0} 87.0 | 87.0 {87.00] =~
24002 ].39.7 | 43.3 | 39.0 | 42.0 |41.00) 78.7 | 72.0 | 56.3 | 64.3 {67.83| =W
24003 | 50.3 | 44.7 | 35.7 | 41.0 [42.92] 87.0 [ 84.3 | 42.0 | 69.7 | 70.75| =
24004 | 43.7 | 47.0 | 38.7 | 42.7 [43.02] 69.7 | 74.3 | 47.7 | 68.3 {65.00] WM™
24005 | 44.3141.0 ]380} 41.3 [41.15] 803 | 74.0] 63.3 1 65.3 |70.72] =AM
24006 | 35.7 | 34.7 { 27.0 | 33.3 [32.67| 71.7 | 51.0 | 35.3 | 53.7 |52.92| =AM
24007 | 48.3 | 40.7 | 37.0 | 42.0 |42.00| 81.7 [ 69.7 | 58.0 | 64.7 |68.53] WA
24009 | 40.3 | 34.3 [ 29.3 | 33.0 {34.23] 78.3 | 49.7 | 38.0 | 51.3 |54.33| =™
24010 143714231380 }42714167|80.0]71.3[58.3]67.069.15] =N
24011 [ 38.0]36.7 | 32.7 | 32.3 [34.92] 72.0 | 47.3 | 39.0 | 58.0 |54.08[ =A™
24012 | 46.0 | 48.0 | 41.0 | 40.7 [43.92| 87.0 | 75.3 | 54.7 | 80.7 [74.42| =
24013 | 42.0| 44.7 | 38.3 | 42.3 [41.83] 73.3 | 71.5 | 52.3 | 80.0. [69.28| =
24014 | 63.7 ] 49.3 | 54.7 | 58.7 | 56.60| 87.0 | 87.0 | 87.0 | 87.0.]87.00| ™A
24015 | 47.3 | 45.3 | 38.7 | 42.3 |43.40]| 79.3 | 75.0 | 52.7 | 81.0 [72.00] =~
24016 | 56.3 | 49.0 | 52.0 | 55.7 |53.25] 87.0 | 85.3 | 87.0 | 87.0 | 86.58] WM
24017 | 47.7 | 58.0 | 53.3 | 58.3 {54.33| 87.0 1 87.0 | 82.7 | 87.0|85.92| =A
24018 | 48.7 | 45.7 | 38.3 | 43.7 [44.10| 83.3 | 73.3 | 52.7 | 83.7 |73.25| =M™
24019 |{59.0 | 38.0 | 51.3 | 61.7 [52.50| 87.0 | 60.3 | 87.0 | 87.0 [80.33| =~
24020 | 32.3 | 28.3 | 21.3 | 28.7 [27.65| 59.7 | 46.7 | 29.7 | 59.3 |[48.85| WA
24021 | 200] 1471150} 26.0 |18.93] 30.0 | 20.7 | 19.0 | 34.7 |26.10] 24, s
24022 | 40.7 | 43.3 | 35.7 | 39.3 {39.75] 69.3 | 71.3 | 60.0 | 77.0 [69.40! ™A
24023 193] 19.7 | 103 ] 18.7 {17.00| 46.3 | 320 | 16.7 | 47.7 |35.67] &7~
24024 | 48.7 | 40.7 | 40.3 | 43.7 [43.35]| 86.3 | 73.7 | 76.0 | 84.7 {80.17| M s
24025 | 45.7 | 40.3 | 39.0 | 42,7 |41.92| 82.7 | 65.3 | 67.0 | 81.7 |74.17{ WM™
24027 | 42.7 1 49.0 | 427 | 41.0 [43.85| 70.0 | 82.7 | 64.0 | 76.7 | 73.35| WA
24028 | 44.7 | 35.7 | 39.3 | 37.0 [39.17] 82.7 | 67.0 | 63.0 | 74.7 |71.85] =A™
24029 (433 |43.0 (360|453 [4190] 793|743 46.0 | 87.0|71.65| =
24030 | 227 | 24.7 | 24.7 | 24.3 |24.10] 487 | 51.0 | 42.7 | 51.3 {48.42| WA
24031 ] 27.3]21.0| 257 | 26.0 {25.00]| 50.0 | 53.0 | 42.3 | 61.0 |51.58| WA
24033 {56.7 | 40.0 | 33.0 | 44.3 {43.50( 87.0 | 77.7 | 53.0 | 68.3 [71.50] =A™
24034 [23.7 11871183 ]23.02093] 450 20.3]29.7 | 38.3|33.33| W4 |
24035 | 41.7 | 36.7 | 36.0 | 45.0 [39.85| 79.3 | 71.0 | 62.7 | 74.0 |{71.75] =W
24037 |37.3136.7[39.0]38.3137.83] 77.3[58.0][63.0] 71.3{67.40| WA
24038 {13.0 | 8.0 | 83 | 93 {9.65|233(13.0| 14.317.3 1698 %A s
24039 | 12.0| 80 | 80 | 12.0}10.00| 227 | 14.7 | 17.0 | 18.0 |18.10| #A s
24040 | 24.7 | 30.3 [ 20.7 | 31.7 [29.10] 43.0 | 56.7 | 54.7 | 60.0 [53.60] =
5008 | 45.7 | 40.0 | 71.7 | 56.0 |53.35] 81.7 | 68.0 | 87.0 | 81.3 [79.50| WA
5010 {237 (243|253 | 28.0 (2532|457 | 47.0 | 41.7 { 52.0 [46.60| 9
5011 31.7 | 39.7 | 32.0 | 32.0 {33.85| 57.7 | 70.3 | 55.3 | 68.3 162.90| WA
5019 | 58.3|43.0 533603 |53.73| 87.0| 75.0 | 85.0 | 87.0 {83.50| =~
5020 35.0 1 30.0 | 61.7 | 36.0 {40.67| 66.7 | 53.7 | 71.0 | 70.0 |65.35| 9™
FF  140.14]36.95]36.08{38.87]38.01]70.21162.40}54.68 [67.42]|63.68
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Table 13. Grouping according to different colony morphology

vGroup G;%‘Z;: lengthléi(rjr;l;qi* Strains ;NO.‘ in thi§ group
24001, 24003, 24004, 24010, 24012,
24013, 24018, 24022, 24024, 24027,
Al 4649 | 80 264 1 o5 24008, 24002 24005, 24007,
A v ~ 24025, 24017 ;
A2 34 + 7.0 63 t156 24011, 24020, 24009, 24040
A3 32 + 116 | 60 £ 19.3 24030, 24028, 24031
A4 36 + 109 | 68 + 194 24029, 24035, 5010
B 39 - 87 o - 24019
C 42 + 107 | 74 £ 11.8 | 5008; 5011, 5019, 5020, 24036, 24037
D1 57 87 24033
D D2 13 + 07 23 + 05 24038, 24039
D3 20 3 24021
D4 24 45 24034
E 60 + 5.2 87 £ 0.0 24014, 24016
* Growth length : Mean s.d.

W) E

o

d}

FEol mE FAAYE 24}

Table 14. Mycelial growth length according to sawdust kinds(mm/28days)

T FFEHT g A kS L2 YE

5019 8.5 8.3 9.4 8.1

24011 7.2 6.2 6.7 6.3

vl Al 24014 8.6 8.6 75 8.9
24021 3.8 3.3 4.0 35

24027 7.5 7.0 7.5 7.1

H 7.1 6.7 7.0 6.8

9006 9.2 8.0 7.7 8.8

9010 7.7 8.7 8.2 9.4

Q) A e Al 9021 7.1 9.2 9.1 10.1
9025 6.3 8.9 9.0 9.6

9034 5.9 7.5 7.0 8.0

7t 7.2 8.4 8.2 9.2

17001 12.5 11.5 10.6 11.3

17003 12.8 11.0 11.0 11.6

WAl 17007 11.8 10.3 10.9 11.2
17012 13.0 10.8 11.5 12.5

17017 13.0 11.6 11.9 12.4

7 12.6 11.0 T 11.2 11.8

74006 5.1 4.6 5.7 5.1

74008 8.0 7.7 8.6 9.3

27k Al 74009 6.9 7.8 10.2 9.4
74011 9.8 10.3 10.9 11.3

74013 6.7 8.0 8.3 9.9

H o 7.3 7.7 8.8 9.0

HlE WM& 570 & F(ASI 5019, 24011, 24014, 24021, 24027)& °l&3td & X
g, A, v, ey 2 FAFF FAMAEE vud A% 471 i 2F
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AN G5 AFAFES Rk ASI 50199 A9 uiddA M =& #AMFO4Amm)E B
A, LUYFAAN 71 Az FARZEImm)E 29 ¢ 1.3mme] olE Btk 74z
o FFA FirFe wE ozte FAMEF AolE Heola gon, AAMH HFS H
@3tH X Eeje} v JMF ME FASFEEE Holx, FuUFet Ly ot
Az FARZEEE Jehid.

QA WAL AS FurEd AANATE FAAREEE vlugd A Ui 7t
Z mME FAEASEZ02mm)E Hoj glon dgez FUF uvg adaw EEEH9 ¢
oldt. 7 =¥ FARZLEEE B EEZHFPRNAMY FARFEE(72mm)E LYUYF

+ 2mm9] zolE BT ASI 90062 A$olME EoldtA EZe A 7 wE FAL
APEEE Holu tFod Qe yFoA we #FAAYEES 1YY

Frused AeE L&Y FPdA M8 wE FAATEE(126mmE BIX dFor
2 YF(11.8mm), ¥4 (11.2mm), FUH5(11.0mm) &olt.

A7H A A9 22YUF(9.0mm), 7I$(B8mm), FUF(7.7mm), EEH(7.3mm)e] &
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E
D 6 024
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Hue ol % ez

OBt

A
B

Fig. 15. Mycelial growth length according to sawdust kinds

‘ozsa oFde |
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Fig. 16. Optimum sawdust kinds to mushroom species
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o) vlEHA oA ey
Table 15. Fruitbody characters of Pholiota spp.

#EWE Z(mm) [ ti(mm) e | 2EFE
(ASD | A7 2k 27) A | Zel | AR T (g/850cc)
24001 | A3 | S 65 5 8l 9 11 87
24002 g | 48 48 6 95 16 2 32
24004 | A | oA 43 8 70 10 13 78
24005 | A | ¢4¥ 47 9 126 15 1 31
24006 A4 | Hurg 36 4 60 17 5 - 55
24007 | AFA | 94 73 12 110 16 2 64
24008 | A | a3 33 7 65 13 1 12
24008 | FZA | Ay 45 4 95 11 6 79
24010 | H3A | A3 40 6 76 9 7 16
24012 | Ay | $43y 35 5 90 7 20 117

24013 | AgA | S 29 3 79 9 21 92
24015 | A¥AH | 4 43 - 3 78 8 14 111
24017 | AH&A | Ay 37 3 75 9 12 65
24018 | A | A3 37 3 30 5 27 110
24020 | AN | $4¥ 55 5 85 10 1 118
24024 | HgA | 48 28 4 63 7 14 41
24025 | A3 | Ay 75 10 60 16 2 62
24027 | HgA | 438 43 3 78 8 22 127
24028 g4 | A3 60 7 78 15 5 70
24029 HEA | 48 38 6 45 11 9 65
24035 | A% | A3 32 3 60 10 9 42

H s 4 s3dFdes o8 Fo] EAH o ez dAE g A3
AL A Aol otxE FF7F Bgow, HAE F& FZ adiposa AFolArt

A A o R Hol ASI 24012, 24020, 24027 ol =A yelgdoy HE53a+3
ANA 7l e Aol Hrhal Aurd ASI4A0128 FAo® dgAu Alde s AT
ASI24012 o HAMAME 2t Zo] A" AAAEE Jehdlol AFFI 37T47A
AP £l 120g AEE JERRA T

MANEE AHoR sto] ARAANE AT ZAIA 45«45 A7 A AF 6kg

o

4 4 e 74 i
s A N S RN

Fig. 17. Fruitbody in the bottle cultivation
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Table 16. Yield of ASI 24012 according to the stages in cotton waste box cultivation

; =] S/ A

N seas| TR =T e T A M
15T 21 + - 1300 900 300 2500 Aol £&
18T 20 + - 1500 650 200 2350

H 21 +- 1400 | 775 250 | 2425

Fig. 18. Yield of ASI 24012 according to the stages (Ist flush and 3rd flush) in cotton
waste box cultivation

SRS AAMEE AAsnA gamels dolAmset 2ol AXNE HYA
He 43S 2Rt Lojzrld AAE UM 718 2 de o 20mm AE AFH
Aoy dAAoz AAF/ Zrde AAE JtA gD e v AN E A
ATzt B 255 Adwste] sto] A7 Ao £3ste ol FAY Aoz AZAHAY

gy

LT S
RS

Fig. 19. Effect of paper enveloping to extend fruitbody height.

ARG AN N E FAZTOl T ASI 24004, 240229 B FFE 27 FF] B
ko AM0UFFE FF7 £l B FFL Hel ZFol WE Aok ATk 22y
FEH oz WA LA 15718 Gehhila, 15710) AA 39 54%2 AT A
AAMAN FF71] A AsE W] NS 240249 2L FF7] Ao 2L
#7E 49T Bert Qon 34 WA Boludt 9He ned Basl o
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Table 17. Yield of P. adiposa according to the stages in cotton waste box cultivation

a5 = 157 Y wd 357 FTH
A3 °° 2R (1 F3He)| 9 [5FERe)| 2R |FEF@| @A)
24001 | P. adiposa | 4/26 923 5/11 795 5/28 700 2418
24002 | P. adiposa | 4/28 1307 5/15 1016 2323
24003 | P. adiposa | 4/26 1461 | 5/12 1068 5/31 305 2834
24004 | P. adiposa | 4/28 1890 5/20 356 2746
24005 | P. adiposa | 4/28 1241 5/15 465 5/31 447 2153
24008 | P. adiposa | 4/28 1261 5/17 1376 2637
24010 | P. adiposa | 4/28 356 5/17 931 1287
24012 | P. adiposa | 4/28 1377 5/17 571 1948
24013 | P. adiposa | 4/28 977 5/18 568 } 1545
24015 | P. adiposa 5/4 1080 5/29 151 1231
24017 | P. adiposa | 4/26 1077 5/12 904 1981
24018 | P. adiposa | 4/28 1453 5/20 578 2031
24022 | P. adiposa | 4/28 1983 5/15 841
24024 | P. adiposa | 4/26 1065 5/11 881 5/28 1139 3085
24025 | P. adiposa | 4/28 1140 5/15 778 5/31 507

24027 | P. adiposa | 4/26 981 5/11 1101 5/29 500 2582
24041 | P. adiposa | 4/28 800 5/18 554 1354
| 4/27 1198 5/16 790 5/29 600 2200
vl & 119 | 5450% | 309 | 3590% | 439 | 27.20%

Table. 18. Comparison between bottle cultivation and cotton waste box cultivation

=3 A vl ) A A AL A vl
A5 25¢ 159
T 15-209 45-509(35F 7))
wo ek 85.7g/4 2500g/% 2H3527])
< 1-2 F71§ 3383 FFA3},
ek Ag, § o], sjA& WE ,
s 71418, &8 &o], siAE w g WA Zold

2 N2 F AL b

.]

[}
O Pholiota nameko : WAL @A QEAME olF gFAHQ Bz LelA
Koy A E Bgo] ¢Ez Y. A¥E &5 FolA ASI 5017 #F7F »A e &
Zto] HhA EAo] glo] 2uA 71E 7t Hof

B % SN FEsgth wHAe 538
Aoz olg

AzkE .




Table. 19. Fruitbody characters of Pholiota naeko

wmg | XA 57 W47 2ol A= >

ST (mm) (mm) (mm) (mm) ) (g/850ml)
5017 35 6 8 65 6 64
5015 33 9 9 56 7 47
5019 29 5 8 62 4 42
5018 31 8 7 52 4 35
5007 29 4 7 50 4 20
5021 32 6 8 33 3 14

O Pholiota squarrosa

7} AE =

HAz A W R Ao A A tsd Aoz Azt

Table 20. Yield of P.

dul SRS e HlEdARTste] o] FHS0

=2
& Hn, B YAAMAAE Feu RS EF £33 Bl HeuE

squarrosa according to the stages in cotton waste box cultivation

Fines o 157] 25 7) 357] FrF

HE °° 2A4 FEFg)| A [FFH | 2R/ |TFFF@)] (g2
24006 | P. squarrosa| 4/30 1467 5/20 716 2183
24009 | P. squarrosa| 4/30 209 5/4 269 5/13 528 1006
24011 | P. squarrosai 4/30 231 5/11 156 5/15 238 625
24020 | P. squarrosa| 4/30 1083 5/20 922 2005
24028 P.sp 4/28 337 5/25 446 783
24029 P.sp 4/30 757 5/20 921 1678
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Fig. 20. Comparison of Culture characteristics among Fomitella fraxinea strains on
different media (arranged in clockwise rotation with PDA, MCM, YM, and MEA

Table 21. Cultural characteristics of Fomitella fraxinea strains

AEu A FAAZZ ] (mm/79) FAAE D o] (mm/149) +3& |

#zZw3% | PDA [MCM! YM |MEA| 3+ | PDA [MCM| YM |MEA| 3+ | & %
17001 593 | 430 ] 43.0 | 50.7 {49.00 | 87.0 | 847 | 87.0 | 87.0 {8642 | =W A
17002 56.7 | 407 | 440 | 53.0 14860 83.0 | 783 | 84.3 | 87.0 {83.15| WA
17003 720 | 527 1543 1 643 60831 870 | 870 | 870 | 87.0 |87.00 M 7
17004 50.0 1390|373 | 47.7 14350 | 80.3 | 763 | 87.0 | 80.0 {80.90| WA
17005 59.6 | 433 | 42.7 | 51.7 |49.171 87.0 | 87.0 | 87.0 | 83.7 |86.17 | WA g

17006 | 45.3 | 37.0 | 353 | 44.7 | 4058 | 87.0 | 75.7 | 76.0 | 86.7 |81.35| WA
17007 | 633 | 51.0 | 50.0 | 583 |55.65( 87.0 | 87.0 | 87.0 | 87.0 |&7.00 [ H 4, a
17008 | 66.7 | 51.3 | 49.7 | 64.3 |58.00| 87.0 | 87.0 | 87.0 | 87.0 [87.00| =™
17009 | 61.0 | 44.7 | 423 | 56.7 |51.17 | 87.0 | 87.0 | 87.0 | 87.0 | 87.00| =W~
17010 | 70.0 | 46.0 | 50.3 | 67.3 |58.40 | 87.0 | 87.0 | 87.0 | 87.0 | 87.00| =W
17011 | 743 | 52.7 | 503 | 67.0 | 61.08 | 87.0 | 87.0 | 87.0 | 87.0 |87.00 | =42
17012 | 69.3 | 573 | 51.3 | 61.3 |59.80| 87.0 | 87.0 | 87.0 | 87.0 {87.00 | MM a
17013 | 62.3 | 87.0 | 850 | 62.7 |74.25| 87.0 | 87.0 | 87.0 | 87.0 |87.00| =M
17014 | 87.0 | 48.0 | 44.0 | 87.0 [66.50 | 87.0 | 87.0 | 87.0 | 87.0 | 87.00 | A&~
17015 | 66.7 | 51.0 | 52.3 | 63.7 | 5842 | 86.7 | 87.0 | 87.0 | 87.0 |86.92 | N a
17016 | 65.7 | 44.3 | 46.0 | 57.0 {5325 | 87.0 | 87.0 | 87.0 | 87.0 |87.00 | ™M™, a
17017 | 580 | 46.7 | 49.7 | 56.7 |52.77| 87.0 | 87.0 | 87.0 | 87.0 |87.00|
17018 | 56.3 | 51.3 | 383 | 53.3 |49.80| 87.0 | 87.0 | 87.0 | 87.0 | 87.00 | 2
17020 | 60.7 | 52.0 | 45.0 | 43.7 |50.35| 86.0 | 87.0 | 83.0 | 74.0 |82.50 | I &4
| W\t 163.35]49.42 | 47.94 | 58.48 | 54.80 | 86.37 | 85.26 | 86.07 | 85.76 | 85.86
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Table 22. Comparison of fruiting condition

A 22(T) EE(%) HEA o gl A A2 (/) vl a1
20-25 90-95 17 <A 39 =39 A ul
25-30 95- 3-47) %3 50 A A )

Fig. 22. Fruitbody formation of plastic bag cultivation method
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Table 23. Comparison of cultivation method

53 *3 2 i B« A vl Sehaala.
HEd 304 454 45
TFHIF 454 45-50% 60 () =2])
7 T 838 = o} 7} Al o} gl B3t o
APUA FREE | meue | CHICHEERS
Ehise F Aol Blsle] =g vz Alg de(gd
AZ Au7t vpE .
A A% A T2)
FuA QRANEe gl AgAmE FAsAY Adol wA ghopy x| wE
e AE s Aol vpEHEw YIS B 60U WFoR Wold4E 15UR 5
o & Yok =gl B AU AN Fol @ol B FFo] vhmy] whie] Huke]
o} A Awistgch el #Fvt ofFbA el A FREAUY] wFEe] FbFet vl A
W sARAL ol AR WA We] xow FHE WAL AL ¥ 5
Atk

Fig. 24. Comparison hetween oak and acacia log cultivation method
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Table 23. Comparison between oak and acacia log cultivation method

FF |gmen| A%F [ AN | A5 AA | AR | A2 | M2 FA
s (T T eskg)| A% | dxF | AzF | FA | (mm) | (mm) | (mm)
17003 | 3 36.3 7 6.0 6.0 21.0 115.0 68.0 3.0
17003 |o}7FAleh 305 2 7.0 7.0 305 108.5 59.0 6.0

17006 | 347 | 877 30 26.2 9.6 60.0 138.0 74.0 7.0
17006 _|°}7HAlek 580 10 10.0 5.0 33.0 89.5 50.5 80

17017 | v | 542 18 15.2 10.1 59.5 1125 67.5 4.0
17017 |o}7hAlof] 343 5 7.1 4.6 270 1110 66.0 50

170-23 | #4115 | 856 18 253 11.2 103.0 | 1585 90.0 6.5
170-23 |o} 7} Al o}| 247 3 4.7 4.7 24.7 35.3 493 5.7

170-24 | 45 | 553 12 16.2 8.1 370 94.0 65.7 9.3
| 170-24 |o}7tAloF 150 2 25 2.5 15.0 705 43.5 6.0

170-51 | &y | 511 15 142 9.5 52.0 129.0 59.5 75
170-51 [0} 7F Ao} 64.8 30 119 52 45.3 105.3 63.3 8.7

o QA A
) #AA% 54 }.4
QAE AL FEE MG SHL 2AR AT e #RE 2E BAuHAA Aol
G 5o folo MEAWAAA i F& 442 nglth RE $F4 AA#EE eh
o RE wxo] ZeWA AN TFEAL BA B 542 v

Fig. 25. Comparison of Culture characteristics among Grifola frondosa strains on
different media They are arranged in clockwise rotation with PDA, MCM,
YM, and MEA
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Tabie 24. Cultural characteristics of-Zrrifola frondosa strains

QA A ZAHAZZ ol (mm/79) FAAF 2 o] (mm/14%) FEEA
#2w% | PDA [MCM| YM |MEA| % |PDA {MCM| YM [MEA| g2 | ©° 7 °
9001 | 373|187 | 247 [ 473 [32.00] 653 | 400 | 470 | 71.7 |5600| A
9002 | 493 | 140 | 260 | 443 [3340] 700 | 343 | 533 [ 750 |58.15] w A
9003 | 570 | 153 | 23.7 | 513 |36.83| 78.7 | 370 | 56.7 | 87.0 |64.85] i A
9004 | 457 | 163 | 257 | 46.7 | 3360 67.7 | 370 | 540 | 750 |58.42] =iA
9005 | 487 | 16.7 | 29.0 | 483 | 3567 76.0 | 360 | 51.0 | 740 [59.25] =~
9006 | 41.0 | 190 | 29.7 | 483 [3450]67.3 | 387 | 530 | 840 |60.75| A
9007 | 383|160 (310 | 460 (3283|730 | 37.7 | 627 | 77.3 |6267] A
9008 | 47.0 | 157 | 233 483 [33581 703 | 37.7 | 51.3 | 79.7 |59.75| 44~
9009 [ 393|177 263 | 4433190 67.3 [ 387 [ 59.3 | 82.7 [62.00[ A
9010 | 36.7 | 200 | 32.3 | 47.0 [34.00] 647 | 393 | 57.7 | 863 |62.00] i x
9011 | 350 | 180 | 22.3 | 433 {2965 630 | 41.7 | 50.3 | 723 |56.83| Al
9012 | 433 | 17.7 | 173 | 460 [31.07] 733 | 37.3 | 490 | 80.0 |59.90| = A
9013 | 367 | 197 | 2907 | 443 [ 3260 | 733 | 453 | 710 | 87.0 [69.15] =~
9014 | 223 [ 107 | 157 | 310 | 1993|563 | 223 [ 320 | 700 [4515] =14
9015 | 347 | 180 | 297 | 467 13227680 | 413 | 620 | 793 |6265| wmA
9016 | 347 | 200 | 27.3 | 460 |32.00] 650 | 40.7 | 59.7 | 787 |61.02] = A
9017 | 380 | 20.3 | 283 | 46.7 |33.33| 60.3 | 40.7 | 580 | 793 [5958] =~
9018 | 353 | 17.3 | 25.7 | 440 [3057] 673 | 41.3 [ 583 | 770 [6098 & A
9019 | 413|210 | 267 | 477 3417|693 | 453 | 583 | 770 |62.48] A
9020 | 250 | 19.7 | 22.0 | 55.7 | 3060 | 550 | 420 | 59.0 | 87.0 [60.75] =~
9021 | 337 90 | 220 | 483 2825|543 | 25.7 | 473 | 767 [51.00] w A
9022 | 450 | 253 | 280 | 457 |36.00] 72.7 | 470 | 61.0 | 80.0 |65.17] w4l
9023 | 360 | 183 | 31.7 | 47.7 |3342| 67.7 | 380 | 650 | 787 |62.35| =
9024 | 403 | 183 1300 | 43.7 |33.08| 700 | 42.7 | 63.3 | 787 |6367] WA
9025 | 300 | 140 | 227 | 370 |2593] 543 | 290 | 457 | 650 |4850] = A
9026 | 330 | 11.7 | 203 | 343 [2482| 683 | 270 | 51.3 | 680 [5365] A
| 9027 1410167 | 283 | 473 |33.33] 650 | 39.7 | 620 | 84.7 [6285] A
9029 [ 353 [183 1260 | 427 [3057] 657 | 387 | 57.0 | 72.7 |5852] 4A
9030 | 437 | 183 | 283 | 44.3 {3365/ 69.7 | 427 | 610 | 790 [63.10, =14
9031 | 410 | 183 [ 267 | 453 {32831 70.7 | 400 | 53.0 | 800 |60.92 | A
9032 | 41.0 | 203 | 283 | 41.3 [32.73| 563 | 43.7 | 480 | 763 |56.08| il
9033 | 343 | 50 | 87 | 333 (2032|693 70 | 197 | 553 |37.83| #A
9034 | 41.0 | 200 | 273 | 457 [3350] 71.0 | 423 | 583 | 75.7 |61.83] =i
9035 | 433 | 290 | 43.0 | 62.7 | 4450|760 | 59.0 | 77.3 | 87.0 [7483| wA
9036 | 433 | 11.7 | 21.0 | 570 [3325] 77.7 | 243 [ 590 | 87.0 [62.00] =~

A 139.10[17.31 2596 | 45.65 | 32.02 |67.42 | 37.75 | 55.21 | 77.86 | 59.56
2y AA A o 2 ) el
LAY dFAME & FUYFEH HET F 26970 i e 2AAE
% wAlo] wAR ] grodrk AABAL WG F FHo]l A Aoz AdHo] 45U vl
FHOEM A HAL B¢ F Ak
AYE ASI021 TFE YA1ZO) Hste AAA Hert W Aax Aste 4% 3o

2 #BdEUnt o] #FE

T

=
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Table 25. Fruitbody characteristics of Grifola frondosa strain ASIS0Z1

F 3.(ASD 335 F(2/850ml) AdA 54
9021 148 AR A Qo] Ha1, Mo] g
21 41 135.(9006) 119 AA A ol a1, AL Tol F.

Fig. 25. Bottle cuitivation of ASI 9021
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44g Bgow A Ak ujx FFE F B Aol7k AT

Fig. 26. Colony shapes of Inonotus spp.
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Table 26. Cultural characteristics of Inonotus spp.

2 7HH A ARl (mm/7%) | #ARAA ] (mm/14Y)
#7835 | PDA {MCM| YM [MEA| 3 | PDA {MCM! YM |MEA| 33
74001 | 55.0129.3|36.0}48.7 |42.25|87.046.3 | 76.01{84.0(73.33 A
74002 | 57.7 1 27.3 | 38.3 | 45.7 {42.25] 87.0 | 45.7 | 82.7 | 83.0 |74.60]{ = A
74003 | 18.0|17.7117.3|18.717.93|42.0 | 36.0 | 33.3 |.38.0 |37.33| &M
74004 1 15.0117.0113.7116.7 |15.60|41.0 | 32.7 1 30.3 | 41.0 |36.25| A
74005 | 35.3]32.0]38.7135.7135.42] 58.3 | 53.0 | 64.0 ] 58.0'{58.33] &M
74006 |20.3116.7116.0]26.7 |19.93] 39.0{ 30.3 | 29.0 | 48.7 136.75; 3
74007 |23.7 27.3 125.50! 48.3. 38.0 [43.15; =A
| 74008 |12.3|27.3 | 26.7|29.323.90| 30.7 | 46.7 | 42.7 | 52.3 |43.10 A
74009 | 18.7 1 21.3 1 20.0 | 23.7 {20.93} 42.3 | 37.3 { 35.3 | 42.0 139.23| w2
74010 | 9.3 120.01]13.311.7 [13.57| 18.0 | 33.7 | 24.0 | 42.3 |29.50| =4
74011 [ 18.027.7125.0129.0{24.93| 25.0 | 49.7 { 50.7 | 51.7 |44.27| W
74013 112.0119.015.0]20.0(16.50| 27.7 | 34.7 | 31.0 | 36.3 |32.42; &
Myt [24.61(23.21123.64127.77(24.85145,52{40.55145.36{51.27{45.69

ARARLIET
x| 1E O_>|l o}‘“

2) 7P AL A A A :
A7 A A TE dige R Hajuet LEANE Aoy & EE dFdae 2
A dro] wx groron WA [nonotus hispida?l ASI 74004%to} W @ ZE|A 2%
zAol 2e v AAANE P

e AuiA o Abelatol A ASI 7400757 wFAMAI7E S X 3 poreE A S
Ao Rol AMzrg 2dForN (A Aol 7ted Aoz AgEdn. Ty
sAle] EE7F A AL AAAE Aidstaa; ste o] ofd i WA ALAE o] &3
ol Bg A2YFHAAA AFE Aol

A}
=

rir

“

1

I
i

Fig. 27. Bottle and plastic bag cultivation of ASI 74004
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2 AN F, ALA
2iE xAS wol A HMae) UEAE Be@ F dolNA QUTFE AU BE
eSS0l A5HoR sdsel HANA MCMZ £ BamAod o 1x10V)
/mlE EEEE BTAN 3~647 MFP F A7e| #F2 AWFOR #Fske] clampZl

= QA FFE BRS PDA(Potato Dextrose Agar)BlAZ &4 oo '] of Al&slH
SH QAFF FAA S RANE 7ZHzte g #FE M2 PDAMIAE &A 25TAA 7
A7 vl T FABAFE 2Hsle dHF FAAY FEE v I

N FFE e AMM PDA wix|o] 10mm A% =9 HF g o3, 25T
%lv‘r. s o FATE uEAE A PoM #FAE doluo] v A
gholsti, 79 & & FBdA oA @eidte] clamprt U= AL
_u_HH7} ﬂoi nEe9 © Eger(1978)9] wuly A4HE A}ﬁo}cﬂt}
g 7t FFo 3EA4 TEAVAN HEHQ wAFFe Awste ALw 44 vHEF
Wz E wujste 2uld AAE A At 28 FF R FAQw weldFFE 850merd ol A
vl AAA EAHL AT AuEE zZE Bl A Aol siwtd A ui ol

)
g AMERoE B 540 RA et 54e 2ASA
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R E
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Fig. 28. Fruitbody morphology of P. adiposa strains
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Table 27. Fruitbody characteristics of P. adiposa strains

T+ 27 QAR | o) o S .

WS 2 ma (mm) | {(mm) | (mm) WA 5 (g/850ml) M

24001 g | A3 | 20-40 | 57 70 14 57 Q19

24002 g | A% | B-37 | 47 80 8 42 g1y

24003 A3 | As | 20-30 | 4-6 70 15 43 Q1

24004 | A% | 4% [20-35] 410 | 9% 24 CHRE

24005 xg | 4asg | 23-40 | 7-12 63 4 19 2l

24007 | A% | 9% | 2545 |10-12 | 75 5 27 e

24008 | A3 | A% | 27-31 | 4-7 85 6 M 919

24010 | 3 | A3 | 25-40 | 6-12 75 7 33 e

24012 g | A3 | 2545 | 5-10 | 100 22 36 A3, 1A}
24013 | X3 | A8 [20-40 | 510 | 90 16 46 |9l3), 3A}

24017 | A3 | 43 | 20-40 | 6-10 90 16 46 s, sz

24018 | X3 | A% | 20-35 | 5-8 80 20 49 HE

24022 | A | 4% | 30-50 10 30 19 71 Ay, LS

24024 | 3 | A% | 20-50 | 4-10 100 15 69 915

24025 Ag | A% | 40-50 7 70 8 40 Q1 =]

24027 A8 | 4% ]20-30 | 45 100 20 82 Q13

2) gl T oL
¥ Aot ol 401'04 ae -‘l B oAFEd 2uS$Ee sy fsted ¥4 awd e
AARs Aol G}t vl A ASI 24024F F 9 2070 G EA LolFALE AE A Hl ¢
i clamp connection B4Rl wel wujg s ARFGATG. F dTF wd FEF
#A S dAnj Aoz PB7As clamp connection @A AFE ZAG A} Zok ol 47
o wwlgd oz TR webd wiEWAL 43402 AB), AiBy, ABi, AB29 &
vl & o] -{éxﬂa}cq A G HF FAGHEel Aok 28 FAZE Hol clamp
connection®] &4 " A& AABB: o2 AAA FAAT. 2wl KF & ojgf o)
FRA gdol zaHd tEAy awrt 7153 S3PAH ddaFne S48 FFES

A TF T

<‘
o]
FAAG, A o 54g Wil $BW #FE WA A

FJ
rSL z
r:L iR
—{N oX

i

4
K

Table 28. Mating type decision of ASI 24024 monokaryons

Mating tvpe ABy AiB» A-By A:2By
& op 27 | 4]10]14]3[15][20]6]9]18
1 - - - - - - - - - + + +
A1B; 2 - - - - - - - - - + + +
7 - - - - - - - + + +

) 4 - - - - - - + + + - -
A B2 10 | - - - - - - + + + - - -
14 - - - - - - + + + - - -~
3 - - - + + - - - - ~
A»By i5 | - - ~ + + - - - - - ~
20 | - - + + - - - - - ~
6 + + - - - - - - - - ~
AsB» 9 + + - - - - - - - ~
18 + + - - - - - - - - -
* I + ; clamp formation, - ; none clamp formation
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3 olFHuvdr 54

PlEH A FREFRRE BAR At duETe FFe 54
A 7} 2 Wl (selfing Yol H”’G} 530 wwlE ASI 2402490 M 9]
gatgov), YTl SABAN AYAl Gy 540l
e NS 20042400 RREGOZRE 134 ol @S SAHAT,

E oo #re KAPEe odATF e ws@Fre w9l 1o
f el ¥ el 8 F r&aw%‘q M ATl A Aol §AE DAYl 2
40749 ol FZRE 177 # A
o]

S T R frdEe Fore £ %l-—g Roz A )%lt}.

Table 29. The number of developed strains

= 5 7 = [ NP 5
A an = chs A - =3 ‘Tfo’ o] &)
W Flpa SRC T
24001 % g
24002 8 o 1 )”‘ 24024 48
24004 13
24007 34 .
24008 29 dad s 24004
bz _ H & 2 Hj 131
. FRTFFE L 24010 13 RO 24001
- 24017 7 - omvo
24022 4
24024 23 Di-Mono  THHFF|
24025 27 @ ) *24024mono
24027 20

Fig. 29. Di-Mono crossing
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Di-mono WHlE #Q1e A of o= de] wwjo] A&l Zzbe] testerol X A2B2 i
P Q) 24024-6 H57F wuls o] e Ao g} ofir 1 Yy Ao wulx
Aol w& ot T oy o] #Fe FAIEHo] vrobx Wi ofHF o FAL}
28 2EE 2AE B FUE FE Ak ol 5 UA HER R Folrt

Di-mono w2 £4% Aol Felv wwiie g} Bejrt A Jeikon o
Hel A auA wgFsta 4& JuE LYo

Table 30. Confirmation -f clamp connection in di-mono mating

o} 3 AlBI AZB1 AlB2 | AZB2 A?B?

TS| 24024-1 | 24024-2 | 24024-7 | 24024-3 | 24024-4 | 24024-6 | 24024-5 | 24024-8
24001 - - - - - + - -
24003 + - - - * - -
24004 - - - - - + - -
24007 | - R - + - -
24012 - - - - - + - -
24014 - + - - + -

24015 - - - - - + - -
24016 - - - + - - -
24017 - - - - + -
24018 - - - + -
24019 - - + - + - -
24022 - - - - - + + -
24024 - - - - - + + -
24025 - - - - - + + -
24028 - - + - - - +
24029 - - - - + - - -
24034 - - + - - - - -
24035 - - + - + - -
24037 - - - + -

- EFEE QS wERE S

B
) s il B R
[ - ot PR—--- A & w

Fig. 30. Fruitbody morphology of dikaryons derived from Di-Mono crossing
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ASI 24024 @& IR SAY 55 B 48@FE ol &AEY selfingol T
grobar e 4 ok WAl o1 AL oldHgtAlE B S U] wFol w5 wHjE 2
A 4 {5—9..{ 'U:M H}El-wa}x] B8 Aog aqadct 1oy Kong(1997)9 witolal =3

o &A= guia shgh B Ad|
W 7] wejoldFol A LEET

FET WWE SAG SHE 2F

_320). W

ALFE Dl 24004 FYFF 24001 BARFY W2 131FFE

4& ZAE A3t 24004-11%24001-10 #F7F S0l Q53 wa AAF7} ¢

7F FA @ob 24004-12%24001-108 At fAvh. o #FFE stol FAI AN S ¢
o}

o] H3F §4FFZ ALHAYG. B A9ARNE
o HA SR FFE S4T & AE WHoR g EYsl vEe] Arkn gzech

Table 31. Fruitbody characteristics of dikaryons derived from mono-mono crossing

Qrzo] wFF wuji- ZEH

PR e FF MAF | e A o} 4 o] 27
(g/1000ml) (M) {(mm) {(mm) (mm) (mm)
24004-11+24001-10 183 58 29 4 80 5
24004- 2x24001-11 164 38 33 5 70 7
24004-11%24001~-11 162 29 30 3 80 5
24004-12+24001-10 160 30 45 7 65 8
24004-9%24001-15 156 18 43 6 50 6
24004-2%24001~-10 152 22 32 6 70 9
24004-3%24001-10 151 31 39 7 70 8
24004-3%24001-14 149 23 30 4 70 6
24004-6+24001-10 149 18 35 6 65 9
24004-9%24001-11 147 57 28 4 58 6
24004-4%24001-10 145 19 37 5 70 9
24004-1%24001-10 144 40 27 4 78 8
24004-9+24001-16 142 33 30 3 ™ 6
24004-9%24001-5 141 32 26 5 63 7

24004-6%24001-12 21 2 34 6 70 9
24004-4%24001-24 12 4 30 2 28 4

24001 57 14 40 5 70 7

24004 78 24 35 5 95 10
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5 ARE AAAE 2 wlEFF )

dubpe) A4 AAS WANY 850miolA AAe A7 ZEEA 2404100 )
ol 45 B £2L UHUAL dUHoRE $5ake AR S0l At
of FEAL WG FAh FAUFADE FREA] 2B U0} 53

Table 32. Productivity test of developed dikaryon

TTH3 W 24 (g/850ml) ALA 54 Bl 31
zlol =7 11 wol<Zs B
24004-12+24001-10 118 * ]_;‘f;; T ez
10
zrol m 1 AMA S
24041 (Hh ) 85 el e i F oA
1.

Fig. 33. Productivity test of developed dikaryon

w3+ 72 PCR fingerprinting 2.2 8<1317] 93] 37}%] URP primers AHS-3}ch
AT e vE dudguEe Jepgen giaEEed 240TE 9 G

i

Fig. 34. Confirmation of developed dikaryon by PCR amplification using URP2, URP9 and
URP10 primers.

Lane M;Marker, 1. 24041, 2. 24004-12, 3. 24001-10, 4. 24012%24024-6
- 7 5 —
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1) B¥Auk
A P FEd et §FRES Adsly] 93t AY HAWHoR
ARG Ay 3o el GoFdt &2 ey on, ASI 170112 Aol WAz
HgolE H$% At RAMFFE F ASI 170060 7HY ko] Ta ARFE Bol
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Table 33. Fruitbody characteristics of F. fraxinea collected strains

pEws | TO | OEF ) e S e |
e (g/1000ml) | #(g/850ml)| HFF % )
17001 32.0 6.0 30 66 65 6 |
17002 420 8.0 4.0 66 35 7
17004 715 10.5 105 83 64 12
17006 8.3 123 10.0 104 65 6
17007 26.0 6.0 6.0 70 60 5
17009 39.0 77 46 92 74 5
17010 55.8 9.0 9.0 83 72 g |
17011 62.0 9.0 9.0 108 70 6
17013 310 5.0 5.0 70 65 4
17021 54.7 8.7 6.5 96 65 6
17022 74.3 11.8 118 85 65 7
17023 70.7 11.0 8.3 98 70 8
17024 478 8.0 8.0 112 34 7

Gt FE Festa o

Fo] mono-mono i HY

_%_
F2ve BEAE PYstel 7 #F2RH 107
2 %*éf?}?iﬂ mnwo LA

ﬁj_.
m
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Table 33. The number of F. fraxinea monokaryons

A T AFHE o) RFS
- 17004 10
' 17006 10
By e R
TRET 17007 10
17017 ‘ 27
Cai - 170-7 35
A _ o 170-12 15
raf 3 (F1
aHj 73 (F1) 170-19 0
170-51 7
FAHEF (F2) Flawf o] &) #zs ~ 53

HEF auol o3 A4 olYFFE FFT Hol7t AA e ¥
a5 Foll A 170-7, 170-9, 170-12 571 o3
SAAE #FF 2d & 170-518 A

Table. 34. Characteristics of fruitbody . on dikaryons mated between monokaryons

Pileus{mm) Yield
Strain Combination Length Thickness (g/850m])
{longxshort)
170-1 17004-2x17006-5 122.3x92.5 713-223 249 6.6
170-4 17004-4x17006~1 143.4x1256.1 55-26.2 359 +£2.6
170-6 17004-5x17006-1 132.8x110.9 5.9-20.3 27.1 +4.1
170-7 17004-5x17006-6 124.4x167.0 45-244 22.8 3.8
176-8 17004-6x17006-6 127.9x103.5 6.7-22.0 25.1 +3.8
170-9 17004-10x17006-4 114.3x90.6 9.6-26.0 24.3 5.1
170-11 17004-3x17007-5 150.7x119.6 5.3-28.6 32.8 £1.3
170-13 17004-4x17007-4 131.9x110.5 59-26.5 31.1 +1.3
170-14 17004-4x17007-8 137.1x106.8 4.9-28.3 2715 +3.3
170-15 17004-7x17007-3 133.3x114.7 57-184 26.1 £24
170-19 17006-1x17007-5 147.5x123.1 4.4-22.1 206 £2.3
170-20 17006-1x17007-6 138.3x115.5 5.3-21.1 241 +59
170-21 17006-1x17007-7 147.0x131.0 4.3-21.3 286 6.1
170-23 17006-2x17007-5 119.8x94.4 6.4-25.6 244 6.2
170-24 17006-2x17007-6 122.3x989 5.8-25.9 20.8 2.8
170-33 17006-8x17007-3 127.8x99.8 3.8-185 22.1 +3.2
170-34 17006-8x17007-8 133.8x99.6 5.7-19.3 245 56
170-35 17006-8x17007-9 141.1x104.9 5.7-29.6 26.1 2.6
17004 Parents 81.2x38.2 56-355 25.8 +6.6
17006 Parents 124.5x97.0 5.8-29.3 277 3.7
17007 Parents 111.1x84.3 5.0-204 289 +4.5
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Table. 35. Characteristics of fruitbody of Di-mono mating strains of F. fraxinea

T

Pileus(mm) Yield
Strain Combination Length Thickness (g/850ml)
(Jongxshort)
170-51 17007x17006-8 138.9x119.4 7.0-34.4 245 +1.3
170-52 17008x17006~1 142.4x113.1 5.3-28.9 29.3 +36
170-53 17009x17006-1 - 144.7x121.8 5.3-26.8 233 #25
170-54 17009x17006-6 121.1x98.2 6.0-24.0 24.0 +3.7
170-55 17009x17006-6 132.0x96.8 4.9-25.8 310 35
170-56 17010x17006-4 126.0x101.3 6.3-24.7 23.0 £3.2
170-57 17010x17007-5 136.9x108.1 55-279 29.0 2.8
170-58 17010x17007-4 136.9x108.1 55-26.6 289 4.2
170-60 17012x17007-8 108.3x91.4 6.4-21.0 16.9 +2.7
170-61 17012x17007-3 138.3x113.4 4.4-204 25.2 £59
170-62 17012x17007-5 130.9x100.8 5.0-22.8 23.8 3.3
170-63 17013xY7007-6 124.7x101.3 5.3-22.4 24.7 53
170-64 17013x17007-7 147.1x108.5 6.4-26.6 274 2.2
170-66 17013x17007-5 141.0x107.0 48-26.6 335 +15
17004 Parents 81.2x39.2 56-35.5 25.8 +6.6
17006 Parents - 124.5x97.0 5.8-29.3 277 37
17007 Parents 111.1x84.3 5.0-204 289 45

F ARA WHe £2o) BRY 1701723 A 5719 dARF
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Table. 36. Entry number of monokaryons used in mating of F. fraxinea

ASII7017 @37 F(P).

SEFS] G FEFD)

H] 3t

c-1(17017-1)
c-2(17017-2)
c-3(17017-3)
c-4(17017-4)
c~6(17017-6)

A-1(170-7-1)
A-2(170-7-3)
A-3(170-7-6)
A-4(170-7-7)
A-5(170-7-8)
B-1(170-51-1)
B-2(170-51-2)
B-4(170-51-4)
B-5(170-51-5)
B-6(170-51-6)
D-1(170-19-1)
D-2(170-19-2)
D-4(170-19-4)
D-5(170-19-5)
D-6(170-19-6)
E-2(170-12-2)
E-4(170-12-4)
E-6(170-12-6)
E-7(170-12-7)
E-8(170-12-8)

P+xF1 = Flzte] 232
] A A
clamp 24851, @A Fol
wa g5 M

Azol $HE o|FFE REOE AGY FFU ool FAW o|HFFH 5

A "R Pl AEE o} A-5#B-49F A-3xD-2E S 3ol =ik ol

A-5+B-4%= F3o] 7h4 wotou Felsk B Ys A-3D-28 HEH AU

Table. 37. Characteristics of fruitbody by P*F1 or F1*F1 mating of F. fiaxinea
< =l T AzxE 5% 744 -
wFds (g/1000mD) | (g/1000ml) | FFE 2 7h2 A= i
A-5+B-4 160.3 2.8 152 119 75 8
A-3+D-2 136.0 15.7 11.8 148 83 6 |
A-3+E-6 119.3 15.7 47 110 63 5
D-1+E-8 1075 143 14.3 141 87 6
A-4*D-6 105.0 16.0 9.1 105 102 5
A-5+C-2 104.8 16.8 84 90 70 5
E-6+E~7 95.3 135 9.0 109 80 5
E-2+C-6 375 55 55 74 58 5
C-4+D-4 28.0 50 33 58 34 9
C-3+E-8 23.0 30 3.0 72 44 4 |
170-57 1225 155 155 118 85 8
170-15 1035 13.8 13.8 82 72 8
170-58 98.0 14.0 14.0 85 65 9 |
170-53 933 13.7 10.3 134 98 60
170-5 895 13.0 13.0 114 9% 5 |
170-6 855 13.0 87 120 75 12
170-51 81.3 13.3 6.7 115 76 7
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Fig. 37. Fruitbody shapes of developed dikaryons

3) AN AAAE 9 aelds &l

AdE A-3«D-2 55 A48 ZAANGAAM dza A48 FFF ASIT006 2ot

S BHAed F2 Zto] 7] W&3A Aoz AZEr. o5l I s FS
27b B2AE] ol FrldA 4RSS AR SR APYFGon vhHnA

A old oz A4 BFS FANCDE ¢4 434 Frr} Basy G
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Table 38. Productivity test of developed dikarvon

A

7Y 4% %

TH3S H=zZe AA &4 H] 31
Eins (g/lOOOml) La2E B R} A S ]
A-3+D-2 104 14.0 el FRTh  |(170-7-6)(170-19-2)
17006(} =) 80 12.7 sHdS A

P 2 e A R

Fig. 38. Productivity test of developed dikaryon

W& PCR fingerprinting @ 2 #¢18}7] 9sted 37k URP primerg AH&atath
F4€ wufold Ty FAFE e Mo Yehligl ok URPI0IA = Aol7) f19ich

W)

p

Fig. 39. Confirmation of developed dikaryon by PCR amplification using URP4, URPS and URPI0
primers. Lane M;Marker, 1:17017, 2:170-7, 3:170-19, 4:170-51, 5:A-5*B-4, 6:A-3«D-2
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& ugT o &7 wolAd #4EWe NEANE Y& AR AZdch ER LM
e A 913 YA ob 0% A% HEI B8

Table 39. Fruitbody characteristics of G. frondosa collected strains

Fic el -3 (g/ZUFSS;)“ml) 72 (mm) | AE(mm) | EHAA, ol & g vl 3
9002 14 9% 70 Z4 3 1
9003 2% 5 60 24 4 1
9006 19 68 45 A 3 2 AA1E
9009 40 93 85 zZr A 1
9010 47 80 53 A 2 3
9011 121 125 100 a2 1 e
9015 109 145 87 a1 3
9016 fete} 130 90 A1 1
9017 47 110 90 AzrA 1 2
9018 50 85 65 a4 3 1
9019 46 117 85 AdW 4 3
9020 35 N 75 4 2 2
9021 95 . 140 105 Az 2 3 s
9023 88 160 100 zH 2 3
9024 61 30 52 Az 2 1
9025 73 121 70 CikiZL N 1
9029 98 121 90 zA 2 3 &g
9030 104 105 80 a2 2 &
9031 ™ 123 102 a4 2 3
9033 54 38 75 fra A 3 1
9034 30 106 65 A ] 1
9035 16 73 46 a3 3
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2) ¥ F wf olHaF &4
A AL EAREelE Fabd FAFHOU W Folrt HA Fol T A 3ol
EAE wAtetA vpR dolAlA 104w 28FFE A& & Uk AN ZA
ol AlFAdet Zo] thE WAl ulEA w$ we Holw, Exa dole g B
T FE UFEYAY A$ FE HoezZ Ho rl ols wHFFE o] 43l
Di-mono$} mono-mono W& ol FF K4stgoh

Table 40. Germination rete of G frondosa collected strains

T T A E(ASDI G2 FohE(25C, %)
9006 9021 el g F
A% & 0 0
EAGEE FA 0 0.02 28

FAAHA olAFFE FA3 7] 93t Di-mono IujE A A Bkl ASI 9021 @3
T2 3070 olAFFE wulstd 627 #FE SAslY o5 FRAHY AL EAE &
253 vus] B 43 g210-31, g218-9, g210-9 5o #F7F 489k 2y 2yl
R vhe} Zo] g218-9% AUAI Wz AAE FEHAoH, g210-95 AT e ©
ol glo] AZ Ao g210-312 AW
FE 90219 GHFFI FUaHE HAIG Ane adoM g go] Mee Ag #3
& F AR P55 BB vz Fato A9kt

O mono-mono #uj - 191 #F

gf89, gfl146, gf156 At ({]{373 )

i
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Table 41. Characteristics of fruitbody on dikaryons mated between monokaryon and

dikaryons
= 1522%]
FRUE | AR AR Rmm) Asemm)| ERA )
g210-04 | 9021-10+9004 82 106 97 7+ 2 3
g210-09 | 9021-10+9009 106 115 100 zHA ] 1 9 A}
g210-15 | 9021-10%9015 89 127 115 Az 2 | 1
g210-16 | 9021-10+9016 91 138 % dzM 2 | 1
A A st ¥
g210-22 | 9021-10%9022 92 115 99 A7z 3 | 3 g
g210-24 | 19021-10%9024 78 95 75 Az 2 | 3
g210-25 | 9021-10+9025 90 130 9% faM 2 | 2 S
2210-30 | 9021-10+9030 94 120 83 ZHA ] 2
g210-31 | 9021-10+9031 100 120 100 7 3 2 A
g210-34 | 9021-10+9034 104 115 105 ZA ] 3 | Bol 9
g218-09 | 9021-8+9009 | “107 138 110- ZHA 2 3 ek
g218-10 | 9021-8+9010 | - 73 100 70 ZHA 4 2
g218-11 | 9021-8+9011 83 105 100 ZH 9 1
g218-24 | 9021-8+9024 83 133 94 PR 2%
g218-33 | 9021-8+9033 72 100 100 H43zM 2] 3 A
9011 121 125 100 @A 2 1 A
9015 109 145 87 7] 2| oy
9016 33 130 90 7 ] 1
9021 9% 140 105 Aza 2 | 3 |y 273
o 9023 88 160 100 7 2 3
9025 73 121 70 Azl | 1
9029 93 121 90 72 2 3 |83 57
9030 104 105 80 A 9 2 e
9031 75 123 102 2 3

Fig. 41. Fruitbody shapes of developed dikaryons by di-mono and intra-mating
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3) A ALY 9 waF gl
S Mube g210-318 5 S AM1Ee @4 AN AL &
el w3t wilel guy Agew %

a
A ol SHskel Felndlel FEE wol AT AW F FEUA £

2 Aot

Table 42. Productivity test of developed dikarvon

B 2k
TFWE <§/fooar3> LA 54 H] 51
o wAel Fefrt 9Fow stol | 9021-10%9031
821031 > S Wolw Meol A% ¥ /HzCrUEs)
9006( ) 2 80 Ho] A A% AT

Fig. 42. Productivity test on developed dikaryon of G frondosa

Wil # & PCR fingerprinting .2 #¢15t7] 98t 3714 URP primer& AFE3aMSITH
®H uujoldlF= e ohE wMEgH S YEuo §A4d w37 OE ol Fe: &
]

23 45M

Fig. 43. Confirmation of developed dikaryon by PCR amplification using URP4, URP9 and URP10
primers. Lane M;Marker, 1.9006, 2.9021, 3.9021-10, 4.9031, 5.g210-31
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[+ %
7o vlEW A 4o kst 4734
1} SOD(Superoxide dismutase) &4 74 S #1g =84 3
A wE AAAE powder AEIE THE F 9F 200mg e B8t Microtubed]
400mg®  polyvinylpolypyrrolidone(PVP)9  2ml¢] extraction buffer& ‘—?;1?}?}13}.
000rpme.= 94 B ¥ 42dS Sephadex G- 2“)5‘— o] 43l FEAL FF(SOD g
4)3t}, Bradford reagent® o] £3te] @A A28 F Enzyme activity® H 4 3st g
Extraction buffer(IM Dibasic potassium phosphate 61.6ml, 1M Monobasic potassium
phosphate 38.5ml, 05M EDTA 10mDE &% % 00IM Sodium ascorbate (L.-Ascorbic
acid sodium salt)Z 1L7}A] make up 3HA ),

SOD 4L Nitro Blue Tetrazolium(NBT)& 9 (Bayer et al, 1987)& ol &3t
3mi9l assay bufferZ test tubeo} ¥ 3 60yt 2] qEo gL I3 , 30ut9) riboflavins
Yo GFuEs AR A4 uba Sho A TR Ao do] Wgg Atk wg F blank®]
F3X=%E spectrophotometerE o] &8t 517nmoll A At} :

27 2444

-{%v
",5]',-

5

15

< SODE4E vEle ¥4 >
SOD activity(%) = (1-A/B) x100
A : sample?] F3 =

B : b]ank?} FEx

2) DPPH®} TBA 24 ##A
SR vEwsE 24zt £24F9%9 AEE Yoshida 5 (1989)9] W& o] &3}
=339t DPPH £9& w&7) 5?1 & 1,1-diphenyl-2-picryl hydrazyl (DPPH) 30mg<
ethanol 200mlol] &€&iAZ &, ZFS 200mig 718t Q2T 2 2E 50% ethanolg& AHE3F
%3 DPPHEA FFEE 2002 ZEsch 80% methanoldl &3|e 1%A 28
0.25mi¢ DPPHE N 25 mlE EFate] Lo 137 weA7 & 517nmolA §F5 8

FA4st] gats #48 AANA
TBA(Thiobarbituric acid)8 2 hpldoﬂ % malondialdehyde A4 AAEFA7F linoleic
acid 718 b A Hxel gxz #A4E vk v1d8d9 dxE 01M potassium
phosphate huffer(pH 7.0)9} ethanolg& 4:12 &8 Lufd linoleic acid® #7Méte 0.03M
o] ¥xE wrrort 7R &N 20mld] 0.1M potassium phosphate buffer(pH 7.0) 19.2mis}
19%9] zt Ag el 08mlE H7M3 ¥, 40T F2FZFdA 100mpmo2 24X 5 Jeetd]
Aol AHEstg e TBAZFS Wong 5(1981)dml 25l & W& &tad g3 2ol SA3s%9r}
HHS- 20midS AlEol W3 of7]el] 35% trichloroacitic acid(TCA) 1.0ml®}t 0.75%
TBA AloF 20mlE 7Het ob2 Mgy A9z 30 B¢t d#ste #3838 A7l & 95T
FE&FoA 403 T WS - WHAAG. Hgo] B £ ’-;}9-°ﬁ"1 Yz Al A acetic acid
1.0ml, chloroform 2.0mlS ¥, AF A A7) 2 vpr] A8A 7 & 3000mpmol A 58 st
AAEAE @b 2 BN FPE 532 nmoll Al FA3ste] TBAZIRE s on, dixd

o TBAZs} wlmatel fAe] A 48 AAEAE F oA

] -lov

i

ief}
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3) ESR ( Electron Spin Resonance) spectrometer® o838 SODZ4 72A

Yedzd BANEE FA4 o4 F 2g4 FFstd 100ml FdEg2Id g
80% MeOH 40miZ #7138t} o}o] Shaking incubator chamber(air-bath) X+ Water bath
oA ok 100rpme £E 2 24A1ZH(A &) H¢t shaking@th. )RS #E3yd 100ml 4H4E
230 BE Aol H(Whattman 2)& ol&sta A2 & ZYEZ7olq 5 vt

) SOD &4 4R
JES-TE 200 ESR SPECTROMETERE o] &3ld SOD9 @4 & FAgr) ESR =4
& &7 Yl Magnetic field, 337.100:5 mT; power, 500 mW; modulation frequency,
100kHz: frequency, 9.422GHz; amplitude, 5.0x100; sweep time, lmin; time constant,
O.1sec. & Al9F2 Tris-bufferol] ko A}&3tc} 18] w-8-Ajo] 0.05M Tris-buffer(pH 7.0),
IN NaOH, 2mM HPX({(Hypoxanthine), 05unit XOD(Xanthine Oxydase), 067M
DMPO(5,5-dimethyl-1-pyrroline N-oxide)& A @7 48 % flat quartz cells °©] &8t

peakE SWHE=Z ARt} AN

u}. Superoxide Dismutase 2 2 # A cloning

1) Mn-SOD &3

SODg #4 ¢ Beauchamp® Fridovichol 9s] Aoty el 2lsf Non-denaturing
polyacrylamide Sl #AL stk SODEA & superoxide anion®l 2% NBT#2 A
#E& F24 v (reduced NBT) 9ol FH3 W= Fejz Jepdrt. CuZn-SOD 242
HsO; 9} cyanide E5o} #$sl wdl2 Mn-SOD¥ B EFo ¥i#stA €d. Cu-Zn
SODS Mn-SODE Ztz} 5mM KCN# 3mM H:0.. 8 o)83ly 244S B339} Bovine
erythrocytes (Sigma)olAl AA§ Cuzn-SOD% E coli (Sigma)llAd AHAg Mn-SODE
controlZ A} &3+l ¢} ‘

Incubation solution(0.ImM EDTA, 0.033mM Riboflavin, 0.24omM NBT, 17mM
TEMED in 80ml of 0.IM potassium-phosphate(pH 7.8)% Al&342o8 AHZE Gel
incubation{® % A2 incubation solutiono] 308)3 T Gel® 0.IM potassium-
phosphate(pH 7.8} ImM EDTA ¥ X #3& ZAstE A" 2 3087 wAsE ),

2) SOD gene cloning
7h obvlrat @714

71€9 43 A SODF A AHRice, Potato, Cassva 5)9 sequences %94 conserved

regionS #Ud}3l primerE A F3HY. otldle primers ol€3dd PCRE AHAISHH
band& #JSA T ©] & sequencing 3+
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Table 43. Degenerate primer sequences used in this study

Primer name Sequences
SOD2A 5 -CAYCAYGGNAARCAYCA-3'
SOD2B 5'-CAYCAYGAYAARCAYCA-3'
SOD2C 5'-AARCAYCAYAAYACNTAYGT-3'
SOD2D 5'-AARCAYCAYCARACNTAYGT-3'
SOD3FA 5 -TTYGGNTCNGGNTGGRCNTGG-3'
SOD3FB 5 -TTYGGNAGYGGNTGGRCNTGG-3'
SOD3RA 5'-CCANCCNGANCCRAA-3’
SOD3RB 5'-CCANCCRCTNCCRAA-3'
SOD4A 5'-TARTANGCRTGYTCCCANACRTC-3’
SOD4B 5'-RTARTANGCRTHYTCCCA-3'
MSN2 5'-AARCAYCAYCARACNTAYGT-3'
MSC1 5-ARRTARTANGCRTGYTCCCA-3'

Abbreviations:R(A,G), Y(A,C), N(A,GC,T)

PCR Condition RT-PCR Condition
50C 30’
94T 5% T 15
(94T 2%, 40T 28, 72T 2¥) 4cycles 94T 5
(94T 2%, 45C 2%, 72 2%) 30cycles,
: Yeles: | (aatc 27, 45T 2, 72C 2') 30cycles
72C 108 120 10
4C hold
4C hold

t}) Sequencing and sequencing analysis
DNA Autosequencer{Applied Biosystems Model 3100)2 ©]€3 9 Sequencingg 4
A}l 899 DNA star SeqmanI1 & ©]£3}9] sequenceE #4413ttt

th) Construction and screening of a ¢cDNA library

Total RNA 22 98lA Tri-regent( MRCA} A E)E o] £3131, mRNA F&& $
34 QIAGEN Oligotex mRNA Extraction Kit o] &3ttt viE¥ AR ASL 240278 AH83t
o} o}l# 9] 317 (Sambrook et al 2001)2.E cDNA libraryE 23t
Total RNA Isolation — mRNA Isolation — First-Strand Synthesis — cDNA
Amplification by LD PCR — Proteinase K Digestion — Sfi Digestion — cDNA size
fractionation by CHROMA SPINTM-400 — Ligation of cDNA to Vector — Titering
the Unamplified Library — Determining the Percentage of Recombinant Clones —
Library Amplification — Titering the Amplified Library
919 #4342 A HAHY cDNA libraryE ©1§39 Mn-SOD 5o| Z#o]w g o] §3}o
cDNAYHE ZE593 o)AL A pGEM T-easy vector (Promega)® subcloning 3+
=3

_87_



Sense
primer

cDNA

Antisense
piimer

A TriplEx2

Table 44. Degenerate primer sequences used in this study

Primer name Sequences

5'PCR primer 5'-AAGCAGTGGTATCAACGCAGAGT-3'

CDSII/3'PCR primer

5'-ATTCTAGAGGCCGAGGCGGCCGACATG-d(T)3N-N-3'

MSN2 5'-AARCAYCAYCARACNTAYGT-3'

MSC1 5'-ARRTARTANGCRTGYTCCCA-3
2. A+Z 7

7h s A& g4l 24RA

H A £ AeusyAld &3le FFd dato 7540 & o5& HAus)
H3ted Fa3sE FAGT. FNsES F4se YHE F NBTH, ESRYE, DPPHE
2 TBAY S vlxs] 2 23 uhde wal A43bs5o] e F39 e #F5d ze]rt
A WA SOD &4 84S 7I&o2 NBTHH ESRYECE % @& s Holyv o
32 GASTo) B Aoz BUFAT. 5 ASI 4001FFE RE FPPEAN wE
A Ge e B Fastsol ¥ WEFFEZ, ASI 24004 nE2A LS @& e
gustsol & #F2 B F Ut wEA o] F4FE Yoo wuFYe RRow
Z2ARSAY. ¥ 7% w] A3e oA dHsty
Table 45. Antioxidant activity test on Pholiota spp. fruitbody. (39 %)

F AL} =

SOD(NBT) SOD(ESR) DPPH TBA HEd A

Entry No.

24001 17.0 40.6 59 417 26.3

24002 26.9 60.1 7.4 68.9 40.8

24003 19.8 45.1 77 71.1 36.1

24004 28.7 55.7 49 87.8 44.3

24007 23.2 575 74 9.8 245

24008 24.4 53.3 39 20.9 25.6

24010 25.8 59.3 8.7 322 315

24012 22.8 544 4.7 39.4 30.3

24013 21.9 52.0 8.8 733 39.0

24015 20.3 484 5.0 96.6 426

24017 26.2 54.2 4.3 92.2 44.2

24018 29.4 479 37 69.3 37.6

24022 269 56.4 6.4 68.9 397

24024 21.0 48.1 57 36.5 40.3

24025 25.6 53.9 35 36.7 29.9

24027 213 46.9 5.8 70.6 3717
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I8 FFed ddtel AUA $AWARL SOD BaE 24Y A% 2FL g
Aol Ao Wol 2 AR wE &2 ngew ALAN 4AT A7A A% o)
AThE s EA A ot BobA AR % 4 ARt olsh 28 Ashe SODH 274
zE 20 B$PTHE F1E mush Mamd 2 o wse Bl 277 Y BAG AE

A71Ee RS 48 & & AU

o (=

Table 46. SOD activity according to the developmental stages on fruitbody (¢ @ %)

G

L o] 27 | o AAA | A% AAA | =3 LA B
intry 0.
24001 37.5 35.5 34.9 38.8 36.7
24002 41.1 40.2 34.7 35.4 37.8
24003 44.6 37.8 34.1 39.3 38.8
24004 44.1 33.7 27.2 34.7 34.9
24007 38.1 25.6 26.3 34.0 31.0
24008 31.2 27.3 21.9 27.0 26.5
24010 43.0 29.9 23.0 27.2 30.8
24012 39.7 33.1 26.6 31.6 32.8
24013 40.6 34.8 30.5 31.2 34.3
24015 37.4 33.2 30.3 36.5 34.4
24017 34.0 29.0 25.9 27.1 29.0
24018 29.1 27.6 20.9 21.8 24.9
24022 41.0 41.0 25.6 33.9 35.4
24024 45.6 40.9 36.9 36.6 40.0
24025 41.3 35.3 34.5 38.0 37.3
24027 34.¢ 30.9 25.7 29.8 30.2
B 38.8 33.4 28.6 32.6

45.0

e — -

30.0 = SN ;

200 |- CoemAE

15.0 [

10.0 -

5.0 |f—— -
0.0
D A A
{,?\@ G{g@ ng.@ jgf‘\

Fig. 44. SOD activity according to the developmental stages
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ouE8Al 9] SOD #3289 #3A cloning

1) Mn SOD ¥&8 ¥ <! ‘

WMo F2 e SODY FHE dotslrl fAstd SOD9Y S
Beauchamp$} Fridovicholl €3} A<ty 4o} o3l Non-denaturing polyacrylamide 9l
A AAL Yt SOD &4 % CuZn-SOD 842 H:0; ¢ cyanide 25 W&t v
2 Mn-SODE & 25 9zsx ¥t B23kM Cu-Zn SOD$ Mn-SODE ZtZ 5mM
KCN# 3mM H,0..8 ol &3t Ztz+-e 2&d 23 KCN9 Aol o3l marker® A%
Cu-Zn SOD band7} AHgHRAT & band5S IUlE dol &S B & 3ok WA
Cu-Zn SOD band’} °}2& #9393, Mn-SODZ marker2 A8 72494+ marker
o} 129 bandEo] 25 o} ASL UL H:0.F AT % $(data not shown)ol
NE 28 ARE mojxn Yot WA, o7jd Yehd bandES Mn-SODHRE=ESQ S 813
A=

£
o

Fig. 45. Native PAGE of SOD proteins stained for SOD activity.A is KCN-, B is KCN +,
The lane order is 24002, 24008, 24009, 24013, 24015, 24017, 24018, 24028,
MnSOD, CuZnSOD from 1 to 10, respectively.

2) Sequencing and sequencing analysis

&R FF9 AL Ayl 93 ¥AIdE FJFELY SODE AHEdo
MnSODY & #qlalglemz SOD Aol g AF7t d5Feld. 71&9 ¢4# SOD
A A (Rice, Potato, Cassva 5)9 sequences FMA conserved regiong #2133l primer
2 ARsgd. AZE primerg °]-43te] RNAZHH PCRE $%39 bandE #<l3% R
(data A=) o]& sequencing 3tQT}. Sequencing A3+ DNA star Segmanll & ©]-§-3t]
BAsgch o] ARE wigoZ NZE primerE AAS F, genomic DNAANA A=
primerg ol43le] 22X §4A4 dHE thAl sequencingd 23 < 530bpe] HVINEE
7}- Mn-SOD gene cloning 3tgth. 222 RT-PCRS AAS AFHoA = 507bps 4
7194 7} Fe-SOD geneXx cloningd $1t}.
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Fig. 47. PCR product resulting from RT-PCR using several primer pairs

GATCTCAACAGCCAGCCAAAATGTCCAACACTCTTCCTCCCCTCCCCTACGCTTAT
GATGCCCTTGTGCCTTATATCTCTGAGGAGATCATGACTCTCCATCATACCAAGC
ACCATCAGACATATGTCAACGCCTTGAATGCGGCTGAGGCTTCGTACGCGAAGGC
TTCCACCCCCAAGGAGCGCATTGCTCTCCAGGCTGCTCTCAAGTTTAACGGAGGA
GGGCACATCAACCATTCTCTTTTTTGGAAGAAgCCTCGCTCCCTCCGCTGCTGTCA
ACAAGGGTACTGGTGGTGTCCTCAAGGACGGTCCTCTCAAGTCCGCTATCGAAAA
GTACTTCGGAACTCTCGAAAATCTGCAGAAGCAATTCAACGCCACCACCGCTGCT
ATCCAGGGGTCTGGATGGGGATGGCTCGGAGTTAACCCCAGCACCAAGGCGCTCG
AAATTACGACCACTGCTAACCAGGATCCCCTCCTGTCCCACGCCCCAGTTATTGGC
GTTGATGTCTGGGAGCGCGCCTTCTACCTCCAATACAAGAACGTCAAGGCTGACT
ATCTCACTGCGATTTGGAACGTCATCAACTTCGAGGAAGCGGAGGCGCGCTACCT
TGAGGCTGTTGGCGGCTCTAAGCTCTGAATGTGCTAACCGTGTTGAAAGTAAAT
IAACAATAAATGATGTACTTTTTCAGAAAAAAAAAAAAAAAAAAAAAAAAAAA

Fig. 48. DNA sequence of Mn SOD gene derived from ¢DNA of P. adiposa fruitbody

o] sequence AR FA B A2 Mn-SOD ofnj -4t *1%’1'}—5 homology & B Q2o
WJMWMMGH@“O“LZmegf_EﬁV}“%q ol gAY 715 ol o7
AMgeol thEe vetle ReR, oRAe HEy AL 7]1Ed 93 d Mn-SODgH= o 97l
S PﬂNMi@Dé7V”F"E‘4ﬂ4%‘ﬁﬂﬂ‘%4‘%q ol HAie i
R eksted GenBankoll 523 o Fo) 0]ﬂiﬁ-ﬂﬁﬂﬂf%man%ﬁﬂqWW%mm%%
Aol olate] §8&¢ 2d Hus Heg Almd

O_H.>

A
Fae

1

)

mxo
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AlgE A 55F dstd E7 70%e g 2 dads U ARdd & &S
ZAME AH(Table 1) HAZ B FEE0] & 5 {7189 FERd F&°] U4 £
FZ N FE24¢2 8lE WA F ASI 24027759 AALAZ 68%E ME %R 1 oS
A7 R (ASI 74012)9] A AN A 57%, JAHA(ASI 90063 9012) 2 A Ao A 2+Z}
45%019t}, 283 e & A= FEEAF ASI 17001759 AAA 41%] H2

rlo

o
e
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o
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S
OO
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zol7] glsted @ow F7h ATt WoF ASE AAHE =@
ANAOE Agos B FEF0 #U5%L T AF AL Ar FAYRY F3% 53

.
#eE ABe F280 o APY Ao BRHYL,

FEHAGN YA B e 52%F 9 WA F ulEs A (Pholiota spp.) 18T F, 2714
A(Inonotus obliquus) 205, TR\ W A(Dictyophora indusiata) 2T %F. A58 A (Fomitella
fraxinea) 99 F, JMWIA(Grifola frondosa) 9TF T 4079 AAAe EBgHolwA
(Sparassis crispa) 475, Z7A61A AST 7400658l 74013742 7@ 5, A=W M (Agaricus
blazei) 175 52 #AA U & FEE3 dgs& FZFEE4 taldd human platelets
rich plasmag ©]-§% ADP #%= 4% 39 oA 848 A9t (Table 2)

O A% g FEEA AR (ASI 74006) FAHAIZE 812% % M e oA d
Ag BYorn o oS AFuMdrEs ASI 170063 ASI 17010 #F7} 247 55.1%9
540%% Hluz e AAEHE BT B FF Ade HEWARF F ASI 240047 F9
AA AN 515% =, AR = ASI 9014 AL A B FEE0] 37.2%°) At

of ol Aig T & o FHF S AT AF Aol oEkEeA AY =
4% B A7 ASI 740068 HF RAFR L FEHAZRALE A 2F FE2
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Table 1. Yield of various extract from mushrooms

(%)
Mushrooms” ASI No Water exiract Ethanol extract Methanol extract
Pholiota adiposa.” 24001 54 30 30
24002 52 24 26
24004 66 36 42
24005 52 28 28
24007 30 26 28
24008 56 32 32
24010 54 30 32
24012 64 32 30
24017 64 32 42
24018 64 30 36
24022 o8 26 33
24024 60 32 36
24027 63 34 32
5019 54 28 36
500110 62 30 K3
0457 60 2 31
500461 63 28 29
500462 59 32 30
Inonotus obliquus 74006 50 20 21
74007 42 24 24
74008 34 138 17
74009 49 22 16
74011 48 21 20
74012 57 9 20
74013 51 3R 34
Ru 55 30 %]
Ca . B2 25 28
Sparassis crispa 15006 36 17 20
150010 28 19 21
150011 28 11 11
150016 26 12

Dictyophora echinovolvata DE-EY 35 13 16
DE~-F 36 29 31

Agaricus bazei 1174 13 8 9 _
Grifola frondosa 9006 45 20 7
9009 34 24 16
9010 44 40 41
011 34 40 18
9012 45 43 29
9014 43 35 37
9017 43 37 40
9021 44 41 39
9025 37 40 38
Fomitella fraxinea 17001 27 39 41
17003 31 35 30
17004 16 22 31
17005 35 26 B
17006 20 17 28
17009 29 30 36
17010 32 38 25
17012 26 31 26
17017 24 25 27

‘Mushrooms collected from National Institute of Agricultural Science and Technology in
Korea.

PMost of mushrooms was experimented using fruit bodies, except S. crispa ASI M-1, M-2,
M-9, M-10, L obliquus ASI 74006 ~ 74013 and A. blazei ASI 1174 using the mycelia.

‘E : egg, F: fruiting body
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Table 2. Platelet aggregation inhibitory of the extracts from mushrooms (%)

Mushrooms® ASP® No. Water® extract Ethanol extract
24001 24.3 nd
24002 4.2 nd
24004 ) 51.1 - nd
24005 nd 31.3
24007 43.3 17.7
24008 nd nd
24010 9.1 nd
24012 nd 9.1
. i 24017 20.2 nd
Pholiota adiposa 24018 319 19.2°
24022 nd nd
24024 nd 7.7
24027 12.0 nd
5019 nd 21.3
500110 nd nd
500457 nd nd
500461 nd nd
500462 nd nd
9006 20.1 nd
9009 31.5 nd
9010 2.0 nd
9011 19.9 479
Grifola frondosa 9012 25.9 nd
9014 37.2 nd
9017 25.9 nd
9021 19.9 35.8
9025 25.7 nd
. Agaricus blazer 1174 14.7 nd
Ru nd nd
Ca 20.5 nd
74006 26.2 81.2
74007 nd 8.0 "
Inonotus obliquus 74008 nd : nd
74009 nd nd
74011 nd nd
74012 37.2 nd
74013 42.2 : nd
17001 nd nd
17003 nd 72.0
17004 8.3 nd
17005 6.7 49.9
Fomitell2 fraxinea 17006 nd - 55.1
17009 nd 40.0
17010 nd 54.0
17012 6.7 5.1
17017 nd 51.8
150006 nd nd
Sparassis crispa 150010 10.5 528
150010 26.1 nd
150016 nd nd
. . e DE-E nd nd
Dictyophora iOusiata DE-F nd » nd

? Mushrooms collected from National Institute of Agricultural Science and Technology in
Korea. Its fruiting bodies were used in this study, except S. crispa ASI 15006, 150010,
150011, 150016, I obliguus ASI 74006 ~ 74013 and A. blazeR ASl 1174 which were
used as mycelia.

ASI ; Agricultural Science Institute

Extraction conditions ; 40 time water, ethanol, 30C. 12 hr

nd ; not determined

E ; egg, F ; fruiting body

o
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3) 2 gAEA

Fayek 5 (1980)¢] fibring ol &3 2FEAMYoz AguA FEHE859 A48E84
& ZAE A3 (Table 3), AHBWMA ASI 1174759 FAHA 7 g2 FE2A 96 unit
2 7 #Ae]l et 2 vEHAA AsAle B FEEANAT 2 unit 4wl ¢
2 84S RYS ¥ 1 ¥ g2 AR FEENAE A8 ANt

HE 29 HAFEENA BHEAEHNS Holx FAAT AP A ASI 1174 7
AHAE BALHERE 23 onE AF qUS A% AF Ax A RYERE FE
A4 A A& Aoz AZHc)

=

2. Inonotus obliquus ASI 74006°] AAlsle iAW $3 A4 229 AHA 2 EA
1) 4% SHAAER Y HA

A7Vl S (ASE 74006)0) st 2R EH AH2E L §7) &9 £F (Table 4), 99
FH5000M.W cut-off), SephadexG-10 ZHAZvtE 23], prepd 3 24§ 94 HPLC ¥
0.2 AAsteq i & AAGAo] 916%9 neze iR 33 AHERL AUt
(¥ 1, 2 3)

25

e
4% £88-103 L""’

20 -

- 80

- 60

Ay —o—

| 40

- 20

Platelet aggregation inhibitory activity (%) —a—

[¢] 20 40 60 80 100 120 140 160

Fraction No. (2 ml/tube)

Figure 1. Chromatography on Sephadex G-10 of active
fraction from 5KD-cut off filtrates
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Table 3. Fibrinolytic activities of the extracts from mushrooms (unit)

Mushrooms® ASI® No. Water extract Ethanol extract

24001 0.6 nd®

24002 1.3 nd

24004 1.3 nd

24005 1.3 nd

24007 1.2 nd

24008 1.6 nd

24010 1.8 nd

24012 1.1 nd

i . 24017 0.8 nd
Pholiota adiposa 24018 L2 nd
24022 1.0 nd

24024 0.9 nd

24027 0.8 nd

5019 0.9 nd

500110 nd nd

500457 nd nd

500461 nd nd

500462 nd nd

9006 nd 3.6

9009 nd nd

9010 nd nd

9011 nd 1.2

Grifola frondosa 9012 nd nd
9014 nd 2.7

9017 nd nd

9021 nd 1.9

9025 nd 0.4

Agaricus blazer 1174 2.0 9.6
Ru 0.9 nd

Ca nd nd

74006 0.9 nd

74007 0.6 0.2

Inonotus obliquus 74008 0.9 nd
74009 1.8 nd

74011 0.6 nd

74012 0.6 nd

74013 0.5 04

17001 nd nd

17003 nd nd

17004 nd 1.8
17005 nd 1.0

Fomitella fraxinea 17006 nd 1.4
17009 nd nd

17010 nd 0.3

17012 nd nd

17017 nd 0.8

150006 1.0 nd

Sparassis crispa 150010 0.9 04
150010 0.7 0.3

150016 0.4 nd

. . DE-E 1.7 nd
Dictvophora iOusiata DE-F od nd

a

Mushrooms collected from National Institute of Agricultural Science and Technology in
Korea. Its fruiting bodies were used in this study, except S. crispa ASI 15006, 150010,
150011, 150016, I obliguus ASI 74006~ 74013 and A. blazedl ASI 1174 which were
used as mycelia.

 ASI ; Agricultural Science Institute

¢ Extraction conditions ; 40 time water, ethanol, 30C. 12 hr

® nd ; not determined

®E ; egg, F; fruiting body
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Table 4. Platelet aggregation inhibitory activity of each solvent fraction from mycelium

extracts of Inonotus obliguus (ASI 74006)

Fraction Hexane Chloroform  Ethyl acetate Buthanol Water
Platelet aggregation .
e gg. g N.D N.D 13 93 N.D
inhibitory activity (%)
N.D* not determined
0.35000-
00m- 79.4% :
0.25000- f
0.20000 -
4.3%
0.13000 -
s
0.10000- & -
000~ 1 i
) I .
0.00000-——" - — - e
0.0000 5000 10000 15.0000 20,0000 =000 3h.?n
Figure 2. HPLC chromatogram of fraction from Sephadex G-10
column chromatography
1AL - §
ooV of
220200 - |
318006 - |
L e v oY I
350G - |
262000~
260 <300 1€ 3060 s r.,m 25000 105e
Figure3.RP-HPLC of the purified platelet aggregation inhibitor
2) 2% 3 AHEH EA
Inonotus obliquus ASI 740060] AAsl= AAE i 23 AAERe BEAZS

MALDI-MS EBM¥ Toz2 ZAHg A3 314 Da £4%E 718 Trp-Gly-Cys A49
tripeptide E2lA} (19 4)
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Figure 4.

3. AAE 4% SHA EH gdA &%

Dimino$9 Mouse antithrombotic assay-2 ©]-&3tod 718} Al(AS]
d4% 33 AEde ddd a4
83%9 4% R As A8 Ro B
22 AFHEZL In vivodl A FEA a7 &5 ol T

2=
n

12198

zAbe A3 ®59F ZHo] 20 mg/kgd *roq Al <
Aol 27 Al ASI 740060] Al dH=
AA T

LC-Mass spectrometer of the purified platelet aggregation inhibitor

74006)0] AAsH=

Table 5 . Inhibitory effect of purified platelet aggregation inhibitor on
collagen/epinephrine—induced thrombotic death®
Treated grou
Sample Dosage(mg/kg) ) srotp % inhibition
died/total
Control
. 0 8/8 -

(saline)

WGC 20 1/6 83.3
“Sample was administered orally one hour prior to the thrombotic challenge.

Die: the number of animals that died during the study. Total: the

that were used In the study.

4. ERZ A48 /A S8 Azx 4

=3
E4

1, 27k A 50ml &2e] W94 Feje] AN SEE Azl
A4 BHe 2A4% F FALL udsld ¥ 69 pe 248 A
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olgeol £e)stety 54¢ A 23 ® 79 2ol pHE 410, IFE 165 brixol /3L
HFAe &8 ot £& ZlExe A Age] Ya dste] Aom 20tFH 50t7HA
of Ad g diAden ¢ositn A oN(1IY 5), da% SHAN Y2 AF

ol
tlo
o

1FEE mg F 25% oAUt EF AF oiste EQW] {FitAdH Ye AxSA
=]
HH

o ute} 2AE A AE 0% AARA olF Ao YUn IAEBE AYHA @gko

o —

)

ot7 gkoll = W3ty gl9lth.(data not shown)

Table 6. Formula of antihypertensive drink made by extracts of Inonotus obliquus

(Unit : mg)
Composition Contents Composition Contents
1 t bli Ext.
nono. us obliguus Ex 300 Taulin 100
(Moisture : 70.8%)
Schisandra chinensis Ext. B
(Moisture : 70.9%) 500 GMT-50D 100
Vitamin B2 1.2 Fructose 4000
Vitamin B6 2.0 Sucrose 7000
Nicotinamide 6.6 Na-alginate 20
Folic acid 0.4 B-CD 150
Citric acid 70 Volume 50ml
Na-citrate 0.7
Table 7. Physiochemical properties of Inonotus obliquus drink
Turbidity  colorness Hunter's color value
pH Bx(®) (Auee) (
660 Adzo) L(lightness)  a(redness) b(yellowness)
4.10 16.5 81.3 1.17 +1.28 -2.10 +32.40
Acceptability
Mushroom flavor Bitter tacte

Oriental medicinal Sour taste
plant flavor °

Sweet taste

Figureb. Sensory evaluation of antithrombotic drink made by Inonotus obliquus
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Table 1. Chemical composition of various mushrooms

Mushrooms® ‘;,il Crude protein (%) Crude lipids (%) Carbo~ hydrate®™ (%)
Pholiota adiposa”’ 24001 9.4 18 83.2
24002 7.1 13 v 86.6
24004 139 14 834
24005 102 19 834
24007 76 19 83.2
24008 9.8 15 834
24010 80 15 844
24012 159 1.0 783
24017 136 12 79.3
24018 133 1.2 79.0
24022 146 13 775
24024 84 15 82.7
24027 120 13 79.2
5019 104 0.7 838
500110 166 2.2 69.5
500457 17.3 25 70.2
500461 257 23 60.3
500462 229 24 67.1
Inonotus obliquus 74006 %5 09 39.3
74007 277 0.4 50.6
74008 26.0 06 79.8
74009 443 051 417
74011 390 03 426
74012 330 0.45 480
74013 280 22 414
Ru 401 28 451
Ca 419 0.2 121
Sparassis crispa 15006 288 0.7 56.1
150010 347 06 45
150011 35.2 40 479
150016 280 05 49.2
Do, oer? oo
DE-F 29.2 29 55.2
Agaricus bazei 1174 31.7 3.1 545
Grifola frondosa 9006 56.5 21 35.6
9009 55.0 44 30.3
9010 329 11 60.8
9011 421 13 51.2
9012 440 1.0 474
9014 346 18 59.6
9017 203 09 68.3
9021 190 12 67.8
9025 35.7 3.1 46.8
Fomitella fraxinea 17001 233 09 56.9
17003 311 07 4938
17004 267 07 580
17005 282 1.0 540
17006 29.8 09 52.9
17009 430 06 336
17010 315 05 534
17012 269 03 538
17017 279 09 55.3

Mushrooms collected from National Institute of Agricultural Science and Technology in
Korea.

Carbohydrate contents described as [(Total dried solid content) - (Crude protein content +
Crude ash content + Crude lipids content)}

Most of mushrooms was experimented using fruit bodies, except S. crispa ASI M-1, M-2,
M~-9, M-10, I obliqguus ASI 74006 ~ 74013 and A. blazei AS! 1174 using the mycelia.

E : egg, F: fruiting body
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Table 2. Yield of various extract from mushrooms

(%)

Mushrooms™ ASI No Water extract Ethanol extract Methanol extract
Pholiota adiposa.” 24001 >4 30 30
24002 32 24 26
24004 66 36 42
24005 52 28 28
24007 50 26 28
24008 56 32 32
24010 >4 30 32
24012 64 32 30
24017 64 32 42
24018 64 30 36
24022 53 26 38
24024 60 32 36
24027 68 M 32
5019 A 28 36
500110 62 30 31
500457 60 32 31
500461 63 28 29
500462 59 32 30
Inonotus obliquus 74006 50 20 21
74007 42 24 24
74008 34 18 17
74009 49 22 16
74011 43 21 20
74012 57 9 20
74013 51 38 34
Ru 55 30 42
Ca 32 25 28
Sparassis crispa 150N6 36 17 20
150010 28 19 21
150011 28 11 11
150016 26 12 8
Dictyophora echinouolvata DE-E“ 35 13 16
DE-F 36 29 31
Agaricus bazei 1174 13 8 9
Grifola frondosa 9006 45 20 7
9009 34 24 16
010 44 40 41
9011 H 40 18
9012 45 43 29
9014 43 35 37
9017 43 37 40
9021 44 41 39
9025 37 40 38
Fomitella fraxinea 17001 27 39 41
17003 31 3B 30
17004 16 22 31
17005 3 26 35
17006 20 17 28
17009 29 30 36
17010 32 33 S
17012 26 31 26
17017 24 25 27

"Mushrooms collected from National Institute of Agricultural Science and Technology in
Korea.

"Most of mushrooms was experimented using fruit bodies. except S. crispa ASI M-1, M-2,
M-9, M~10, / obliquus ASI 74006~ 74013 and A. blazer ASI 1174 using the mycelia.

‘E : egg, F! fruiting body

-105-



3) ACE A&

AW Al g Ztzte] 2E5E859 ACE AAZAHNL &4 § Z3 Table 33 Z9)
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2 Hegs FEBAME AHWAASI 1174)9] #AMAZF 2z 58.0%(1Cs : 0.36 mg)9t
59.6%(Cx : 042 mg)el ACEAS #4<& Yedrh 28y A5 WAL B8 FEHE4A4
ACE A @Ao] oS wgtrh. o2t 2 vlSMA(ASI 240127147 & %89 ACE A
YL FFoA AAAd B FE2E61.3%)ee et al, 2003)F G frondsa(58.7%), C.
versicolar(37.7%), P. coccinea(375%)9 € FEEER T 9 ZvHChoi et al, 2001).

o
&
2
T
2
E=

S8, AT ACE AHBAY 2802t dAGoR Bol A Ao FYHY
oup A% WA ASI 1174 B39 #AA A9 oARE FFo © £3oh olsh 2ol ¥ 3
Z22old 02 gl F52RT ACE AslB4ol % e AF74A ACE ARHS o

laJ)

BuUls 42 43 RS diRRo] peptidet @A 7l Z ol (Rhyu et al 1996,
Choi et al. 2001) @W&tA o]Eo) B2 SEHYY R Aoz AzEM o] ZAE Aiko

S(Aiko et al, 1986)9] GAWAel AY AHe} FAISHAT

7t

4) @iz Fas A7t ACE As) &4 vl 93
AE7A @ ACE A3 Heto|=s59 AR = 743 ddde st E o 44
so} B HAHRhyu et al 1996). w2t ACE sl 842 7H3 peptided th A
7l 98 Alg WA B FE2Ed A aARHasHgd &3S AT 43 (Table 3),
Ale HAe ZFe dldifats Mg 89 ACE Halgddo] ©wd Esasrs
AYstA & B FEERYG 238 vtk a2y E4o] ¥iAl ASI M-9, ASI M-10 &
Al el pepsin FHEEHEANN 22t 57%sh 61%9] Hl@H & ACE A 4L HYR
&0l BiA ASI M-16 FAAIS 49 trypsin 7R SN 53%2 ACE Asd4&
ERT AL pepsing Mg BE A5 ACE AsigAe] FAzgol vlsta] o3t
FOMA I trypsing A AlgoA e vk AY Azt grddeh 2y A4 BAle &
dAFHEAAE a2t AA.
AAHeZ LE AN DA RHILE AT FRaEo] gx7d AL HE
28 ANEstA & B FEEHY ACE Al @Al ke, ol Z4F I/79
Bl pepsing AL @ ACE M| &4go) 9ld @&, &9, 4, He, &
59 FZ2EA ACE Aslg84L RgdE F T Rhyu et al. 1996)9] B 1
o gl B steEdENA ACE Ad Axyt 24 Jelbdde 2
By 9} Zol @il REfEgL B FF A 59 d¥do} 4R &
A AX ACE A3l &4 & 72t peptides AAAI}HA7] HED R

1-)1 %

e e \*
Z lt‘{)l
)

—
&
&
o

I

at
i
e
_}1_
t-{u:

o



Table 3. ACE inhibitory activity of the various extract from mushrooms

and effect of protease treatment on water extracts. (%) -
ASL, R Water  extract - Ethanol Methano)
Mushrooms - " 5 . -
No Contro!l Pepsin Trypsin Protease N extract extract
Pholiota adiposa 24001 40.3 37.6 24.1 - 35.7 ..32.8 10.6
24002 58.0 44.4 41.8 391 13.1 N.D
24004 - 56.3 . 5H0.3 48.4 36.7 18.6 N.D
24005 H4.4 42.2 43.3 35.8 30.3 11.3
24007 - 54.4 46.6 43.0 40.0 20.4 6.5 -
24008 61.3 47.2 45.1 39.9 274 N.D
24010 50.9 39.9 10.0 35.3 18.0 13:2
24012 66:0 57.6 61.0 . 50.8 24.9 24.1
24017 63.7 47.9 43.8 40.0 26.5 38.1
24018 63.0 25.8 52.7 36.3 16.6 8.8
24022 59.6 61.4 42.1 13.3 12.7 14.2
. 24024 61.4 53.7 44.4, 19.0 11.0 10.0,
24027 61.0 61.0 51.9 37.1 9.2 9.3
5019 22.5 37.8 22.3 N.D N.D" N.D -
500110 16.4 52.6 19.6 155 N.D N.D
500457 21.0 54.0 26.2 14.4 N.D N.D
500461 13.7 47.8 30.8 11.3 10.9 N.D
500462 1.5 19.3 39.0 36.4 N.D N.D
Inonotus obliquus 74006 164 40.6 36.3 135 150 14.0
74007 138 248 329 253 177 221
74008 1.3 253 377 2.0 95 265
74009 185 249 44.2 284 54 o334
74011 ND 56 194 34.0 19.9 20.8
74012 40.7 402 545 387 215 47.8
74013 23.0 35.1 245 265 106 158
Ru 140 319 245 30.1 17.0 ~ 366
Ca 17.3 238 30.7 23.3 105 21.8
Sparassis erispa 15006 19.3 509 424 372 36 226
150010 25 570 272 380 10.0 158
150011 326 609 52.6 50.3 236 36.1
150016 432 48.6 53.2 329 9.0 16.0
Dictyophora e g 37 50.1 448 307 237 %3
echinovolvata
DE-F 344 20.2 383 234 1.0 10.0
Agaricus blazei 1174 9.1 48.0 36.4 30.8 58.0 59:6
Grifola frondosa 9006 438 574 4.2 ND 134 25
9009 4.7 60.0 40.8 225 157 N.D
9010 482 578 49.8 ND 133 8.0
9011 488 584 . 513 409 6.8 32
9012 58.3 634 53.1 374 320 20.4
9014 40.1 584 49.6 75 146 4.4
9017 470 56.1 451 212 59 10.0
9021 610 - 629 585 3707 23.1 21.0
9025 476 53.8 459. 298 577 25.9
Fomitella -
i 17001 N.D ND ND ND ND ND
fraxinea
17003 N.D ~ ND ND N.D ND ND
17004 392 1269 39.6 N.D 'ND N.D
17005 246 112 180 -ND N.D - ND
17009 287 133 26.7 N.D ND ND
17010 159 N.D ND ND ND N.D
17012 204 127 14.9 ND ND ND
17017 237 11.2 245 N.D ND N.D

“Pepsin, trypsin and protease N were treated on water extracts as described in
material and methods
°ND ; not determined
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5 ACE A3l £4d9 & AAxd

74 ACE A& 4ol ZstHd vlE B Al ASI 24012 AAAZ5E ACE AHEZLS o
Fow A7l A3 FF AAZAS HAED 47 FFXEE 0T/ AY Fk3 1NY FF
Al Ald ¥S ACE As 84< ngon & Azto]l dojdo mat Ao H3rh g+
(Figure 1). @& ACE A4 & 4 =71& vs il ALAY F21x £2L
B 114002 dE A7 F 30CoA 1A 238t HeolH oldf ACE A&7l 67.6%
(ICs : 0.20 mg)olith,

olglgt Az o] F(o] F, 2003)0] B g FFo] MAE B2 30TAA 3T FE3A
& W ACE Aslgd9 £F 380 dthe A3d dAste ez ol ACE A2
So] vz EARgo] 2L peptide EFolm 2 A7 ool #H& Azt WFE FEHE

Aoz FAdd.

100
- 80
g ]
e
2
T 60 -
©
[
£
2
= 40 A
£
]

O
< 20
0 - T + T + T + T

0.5 1 3 5 10
Extraction time (h)

Figure 1. Effect of extraction time on the ACE inhibitory activity of extracts from
Pholiota spp. ASI 24012 fruiting body
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2. Pholiota adiposa AS! 240127y RAst= ACE ASiZER9 A4 € EA

1) ACE Asi&29 AA

Hl =8 A (ASI 24012)0] BA3E 018U A ACE AHERS 399 H(G000M.W cut-off),
SephadexG-25 AYAZntE T, prep&} M4 94 HPLC $22 Ao d1ud
a8y (ACEA#HEA)o] ICx 0.044mgel 1a&%9 ACEASIEZRS dUth(ad 2, 3, 4)

250 80
«—
m
200 | /

] 60 |
|
£
>

s 2
+ g 0 >
< 2
=
E
S
20 <
, v VVVVVYVVY 0
20 4 80 80 100 120 140 180

Fraction number

Figure 2. Chromatography -on Sephadex G-25 of
fraction from 5KD-cut off
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Figure 3. HPLC chromatogram of GF2 from Sephadex G-25
column chromatography

Figure 4. Reverse-phase HPLC chromatogram of the purified ACE inhibitor
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2) ACE AsEd9 54

Pholiota adiposa ASI. 240127} A43t= AAlgd ACE Adgde EAZFE
MALDI-MS £4% §2o2 53¢ 23 414 Da®l Pentapeptide ©IR 2 (1% 5) °]9] o}
%4t sequences Gly-Gin-Gly-Gly-Pro ol ith.

=3 ACEYl W¥t Pholiota adiposa®]l ACE A#HE2 A&fF S =A% A9 19 6

% gol 3R A IS B

"3

oo
H

& e TR e @ " de T T e et

Figure 5. MALDI-MS spectrum of the purified ACE inhibitor

Figure 6. Lineweaver-Burk plot of ACE activity in the of the purified inhibitor
3) ACE A&lEde HelA 8 dis 23y &7

Pholiota adiposa ASl 240127} 44st= ACEA#EZ=e 2ejd 138U (Spontaneous
~111-



hypertensive rat ; SHR)Y| W&t Fn¥J&AHE A Ax 19 73 2o} ACE AHEH
€ Img/kg 37 F944 dz27 AR FudY 4FE captopril? H & WHoZ 5o 30
TN Egde aRE #EE  AYx ol v EHAN ACEASHEA] in viveol Al
E guddt a3t 58S dnse Ao Algdr

220

200 1

180 +

160 A

mmHg

140

120

100 1

80

0

o 1 2 3 4 5 [3 7
Time (h)

—e— D.W

—O— Sample 1 {(Peptide)
—w— Sampile 2 (Drink)
—7— Captopril

Figure 7. Effect of orally administered the ACE inhibitor from Pholiota adiposa on blood

pressureinSHR

3. 28 g vEHA AF Az % 54

1, 22k 22X 50m] 8% F9x Helo SRE AXHY VExg FaIYEHE £
A F ZAIHE Rost ¥ 49 22 24 & /M Y wEHA 82 AXSA
=3

olg9 E3EA EAL FAG A ¥ 59 ol pHE 421, 33 175 brixol Az
Aol AL £8 oY Ed JExE HewAege] Yu dute] Hon 200)%E 504
7HA 9 #@d REG gAHez 4dvtn BAdReH(2Y §), FnYUFHLE ACE
ARG AF 2HE mg F 12% oAk E£3 AFo sl EdWol FAd slg
AXEER & A de 2A8 A3 Az 408 ARAA olE Aol gz AAER: 4
AEA &skon ot} o= ¥Est glth.(data not shown)

-
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Table 4. Formula of antihypertensive drink made by extracts of Pholiota adiposa

(Unit : mg)
Composition Contents Composition Contents
Pholiota adiposa Ext. 2500 .
. Na-citrate 0.6
(Moisture : 70.9%)
Crataegi fructus Ext. 1000
ratacet ﬁ‘u us B Taulin 100
(Moisture : 70.9%)
Lyci hi Mill Ext. 500
ycium c. inese Mill Ex GMT-SOD 200
(Moisture : 70.9%)
Vitamin B 1.2 Fructose 4000
Vitamin Bs 20 Sucrose © 7000
Nicotinamide 6.6 Na-alginate 20
Folic acid ' 0.4 B-CD 250
Citric acid 60 Volume 50ml

Table 5. Physiochemical properties of Pholiota adiposa drink

Hunter's color value

Turbidity  colorness

pH Bx(®) ( (Asa)
Asco) 430 L(lightness)  a(redness) b(yellowness)

4.21 17.5 45.1 1.87 -32.89 +15.2 +31.40

. r

|

: Acceptability

‘E Mushroom flavor Bitter taste

Medicinal plant flavor Sour taste
Alcohol flavor Sweset taste
Astringent taste

j

Figure 8. Sensory evaluation of antihypertensive drink madeby Pholiota adiposa

-113-



) FnAYY V&7 Az %

pilof
i

3

Fudd A4S 7R vEHA UEFE Az s vl A(AST 24012) A A
3

o

v 47 0.1%, 0.5%, 1.0%A Sivel Astd dYPer NEFE A

v

Aoh(eE Y F: 16.0%~165%, HZT: 16.6%)

Table 6. Effects of addition amount of Pholiota adiposa. on alcohol fermentation

" Total Volatile

Addition amount Ethanol : I id d
p aci aci
(%) (%

_ ¥ (%) (%)
0.1 (PS-1) 162 » 391 024 0.010
05 (PS-1) 16.0 399 0.25 0.006
1.0 (PS-1) 165 3.99 0.27 0.012
Control ' 16.6 3.87 0.32 0.016

% 5% koji were added into each mash and fermerited for 5 days at 25C

£ HFFAAE AASE Ay 23 99 2o] 0.1%9 HlEBA AAAH BEg
Az NEF7 AY BL 7358 Bt

4& A & A3} X 67 2ol ﬁl% HAel Arhe A& e 4dd ¥ F

SR

A8

A7katel

Bl A NI&FE 783%9 1YY ACEAAEH S B P Fo] oln] A7sust

N&EF(67.3%)ERTE £}

A, FALE A ARTAE AE 29 FFH By 2L HFAAYRF) 50%, S
cerevisige, 25°C, 54 @& ol¢a (o]u 7H“LQ fEHA RI&FERT BaA HNFE
5710%d 7, 23d4E 109 —-irr) 71k Az ;g M .{-;_2;. Az FAY FL3A
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alcoholic oder

mushroom taste 5 ; koiic oder

bitter taste sour oder

sweet taste bitter oder
souwr taste mushroom oder

acceptability

Figure 9. The QDA profile for taste and flavor of Pholiota adiposa traditional
rice wine prepared by addition of different amount of Pholiota
adiposa fruiting body.

-o—control  -a-PS-1 ——PS$-2 o PS-3: Same as Table 6.

-115-



o2t
Ho
ok

A

1. AAR, 98 A4%<4. 2000. Mushroom science. 2 8AHA €, Korea)

2. o] §-3, 2001. =G, o HEAHAM &, Korea) p 447-465

3. 29Al, <4BA, HA. 1993 FIF4 mHazyE 2t Flavan-3-ol FEE9
Angiotensin converting enzyme A 3] &3, 32 F 733 x]. 25: 238-242

4, FER, §3F, o|FH, FdL, ANE, 49, 19%. g0l EFFEE ¥ aLvts
B3 59 Angiotensin I converting enzyme AL F=AEFFLHsIA. 25
871-877

5 SAE 7AAXE wgds AFSF 1993 15 &H AR Angiotensin A8 aA A F
€. &2 EF7383 A 25 456-460

6. AQ.AC. (1995). Official methods of Analysis. 15th Edition, Edited by Kenneth
Helrich, Association of Official Analysis Chemist, Virginia, U.S.A

7. Aiko, Morigiwa, 'Katsuaki, K. .Yoshinori, F., and Nobuo. I. (1986). Angiotensin

converting enzyme inhibitory triterpenes from Ganoderma lucidum. Chem. Pharm.

Bull. 34(7): 3025-3028

Ariyosh Y, (1993) Angiotensin converting enzyme inhibitors derived from food protein.

Trend in Food Science and Technol. 4:139-44

9. Choi, H. S, Cho, H. Y, Yang, H C, Ra, K. S. and Suh, H. J. (2001). Angiotensin
I-converting enzyme inhibitor from Grifola frondosa. Food Research International.
34: 177-182

10. Cushman, D. W., Cheung, H. S., Sabo, E. F. and Ondetti, M. A. (1977). Design of
potent competitive inhibitors of angiotensin converting enzyme: carboxyalkanoyl and

oo

mercapoalkanoyl amino acid. Biochemistry. 16: 54-84

11. Ferreira, S.H., Bartelt, D. C. and L. J Greene, (1970) Isolation of
bradykinin—potentiating peptide from Bothrops jararaca venom. Biochemistry. 9:
2583-2592

12. Hara, Y., Matsuzaki, T. and Suzuki, T. (1987). Angiotensin I converting enzyme
inhibiting activity of tea components. Nippon Shokuhin Kogyo Gakkashi, 61: 803-807

13. Kabir, Y., Kimura, S. and Tamura, T. (1998). Dietary effect of Ganoderma lucidum:
Mushroom on blood pressure and lipid levels in spontaneously hypertentive
rats(SHR). J. Nutr. Sci. Vitaminol. 34: 433-438

14. Kameda, K., Takaku, T. Okuda, H. and Kimura, Y. (1987). Inhibitory effects of
various flavonoids isolated from leaves of persimmon on angiotensin converting
enzyme activity. J. Natural Products. 50: 680-683

15. Kim, Y. S., Suh, H. J. Chung, S. H,, Kim Y. S. and Lee, S. D. (1996) Functionality
and inhibitory effect of soybean hydrolysate on Angiotensin converting enzyme.
Korea ]J. Food & Nutrition. 9(2): 167-175

16. Kohama, Y., Matsumoto, S., Oka, H., Teramoto, T. Okabe, M. and Mimura, T.
(1988). Isolation of . angiotensin-converting enzyme inhibitor from tuna muscle.

-116-



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

Biochem. Biophys. Res. Com. 155: 332-337

Lee, D. H, Gong, W. S, Yoo, Y. B, Park, J. J., Yoo, C. H. and ]J. S. Lee, (2003)
Screening of antihypertensive angiotensin I-converting enzyme inhibitor from
mushrooms. Korea ] Mycol. 31: 148-154

Lee, D. H, Kim, J. H, Park J. S, Yoo, C. H. and J. S. Lee, (2004) Isolation and
characterization of a novel angiotensin I- converting enzyme inhibitory peptide
derived from the Edible Mushroom Tricholoma giganteum. ]. Peptides. 4: 621-627.
Matsubara, Y., Kumamoto, H., lizuka, Y., Murakami, T., Okamoto, K., Miyake, H.
and Yokoi K. (1985). Structure and hypotensive effect of flavonoid glycosides in
citrus unshiu peelings. Agric. Biol. Chem. 49: 909

Miyoshi, S., Ishikawa, H., Kaneko, T. Fukui, F., Tanaka, H and S. Maruyama,
(1991) Structures and activity of angiotensin—converting enzyme inhibitors in an
-Zein hydrolysate. Agric Biol Chem. 55:1313-8

Morigiwa, A. Kitabatake, A., Fuyjimoto, Y. and N. Ikekawa, (1986) Angiotensin
converting enzyme-inhibitory triterpenes from G. lucidum. Chem Pharm Bull
34: 3025-8

Okamoto, A., Hanagata, H., Matsumoto, E., Kawamura, Y., Koizumi, Y. and
Yanagida, F. (1995). Angiotensin 1 converting enzyme inhibitory activities of various
fermented foods, Biosci. Biotech. Biochem. 59: 1147-1152

Ondetti, M. A., Rubin, B. and Cushman, D. W. (1997). Design of specific inhibitors
of angiotensin. Science. 196: 441-444

Rhyuy, M. R, Nam, Y. J. and Lee, H. Y. (1996). Screening of angiotensin
I-converting enzyme inhibitors in cereals and legumes. Food & Biotechnol. 5:
334-337

Saito, Y., Wanezaki, K., Kawato, A. and S. Imayasu, (1994) Structure and activity of
angiotensin I converting enzyme inhibitory peptides from sake and sake lees. Biosci
Biotech Biochem. 58:1767-71

Saito, Y., Nakamura, K., Kawato, A. and Imayasu, S. (1992). Angiotensin I
converting enzyme inhibitors in sake and its by-products. Nippon Nogeikagaku
Kaishi, 66: 1081-1087

Sugiyama, K., Takada, K., Egawa, M., Yamamoto, 1., Onzuka, H. and K. Oba, (1991)
Hypertensive effect of fish protein hydrolysate. Nippon Nogeikagaku Kaishi.65: 35-41
Sun, H. J, Cho, S. J., Whang, J. H., Lee, H. and H. C. Yang, (1997) Characterization
of angiotensin converting enzyme inhibitor from squid hydrolysate. Foods and
Biotechnology. 6: 122-8

-117-






A2 - wAF A4 Fs

A 143 3 st S uiilF A2 2 484 ¥ - 54 9
1L Aa

A2 Eo] AL free radicals2 °F71HE 43} =
3 A BAHEAQ] AA gt Ed it gL 4L R
A EE Aot E: LEEHoY 3 el o3 QA W
A a0te FFo] AAA QAT &4E T HAHE AA vk
superox1de radicals®ll 93 FEdHE AWy X5 A= AF AN
Axe] FAE BHIste ARA, F2 AFH gFFd HA s AL AL
O FAtEE Fauoih

AEREL A YAA duA FFE A% A wgor FUel AE dolnt
w o] HRAA A= FAANAE F F3H free radicalE AA Wl AA7| e o
B8 4" g A 239 o5 g 24939 AAHA G 84 AAFE Al F
23129k pro-oxidanants®] ETH 02 Q13 A3t 2EHAE ob|ale Aol BeiAlE FulE]
2 WEG, A, S7l2Ad, AA 8 o 9 =3 5o A 25 Awe] dglo] Ha vk &4 A
2% £ superoxide radical (Oy), hydroxy radical (OH ), singlet oxygen (‘Os), 2 hydrogen
peroxide (H:02) $0] ®I Hojx 3 vk (Halliwell, 1987; Ames, 1983; Hewitt 5, 1990;
Price and Hendry, 1991; McCord and Fridovich, 1969; Bracco &, 1991).

McCord and Fridovich (1969)2 ule|golol 4 HE Q7o ol27]74%] BE 3% & 3
= AEAA A8t E4& 4342 SOD (superoxide dismutase)d L0 2 ®H 3ty
=4, °]+& superoxide free radicalsol Aol AbA 9l HAE44 (200 + 2H — HaOs +
O)Z ¥y RS FvisidaA &4 Ao 488 5455 7/HAe FHSARFIRA, o
EAY EAHLE 0y o HO: 9 550 93] 23 HAARAE BolAdE 2t vt dutze=
0O: ¢ SOD &4 =AL cytochrome C, nitroblue tetrazolium(NBT), epinephrine, %
ascorbic acid ¥ Sol ol& 4 Hojgtxwt FAMNAL £AFS FHEE A8S &4
Aol w7) (half-life) 7} wi-¢- #&7] A& 243877t v oel& Hol At AT, FH
29 £ ESR (electron spin resonance) spectrometryE ¢}&3sle] £ 7t <A ZQ
WHo® -OH, ~OOH 2 0: 9 #40] 7153 vt

SODE Cu/Zn-SOD, Mn-SOD, ¥ Fe-SOD<9| 3714 &7 de=d, 2 &4 Agd=
Zvuja BZA F&(catalytic prosthetic meta)?l 5A& zt3n vt (Harbour %, 1974;
Janzen &, 1978; shannon and Mulchi, 1974; Kim and Lee, 1992). §3] 254 &A=
2 CwZn-SOD7t AEA# iAo A8k, cyanided H:0:90 o8] Adgozn 73
Hold &4& Holw, o]d] SOD9 &4 vhdst #7474, sstA =4 93] yrgo F
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7b dtar delA glow, Aule FAMNLE AASE AiA FAI}AE SOD oY=
catalase (CAT), ascorbate peroxide (APOX), dehydreascorbate reductase (DHAR),
inonodehydroacobate reductase (MDHAR), ® glutathione reductase (GR) S°] B3 o]
Xtk (Bannister %, 1987, Alscher and Hess, 1993).

Bk, TBA (thiobarbituric acid)g& AA#atsiel A g ZA3r] & 713 2uH
o2 olgdt: Wyeozw, Addu HdAste dy ol fdrh(Park, 1995) TBAZLE 22+
A1 A #5384 E <2 malonaldehyde (MA)E &A3lE A2 24 malonaldehyde: A
A TBA®SH W32 33, Fdl F3 X 532 nmolA £ AYAE 4, Fu43 4L
TBA #3249 A7t TR 32, 4449 & Zgd did A7 Axet A2 9
T7EE e, AA oA FrtlA A F R FAESOAMY HA Fs AR wda A
o B& dA7E FAd: Adv dAolg. dukdoz  FasA  tert-butylated
hydroxyanisole (BHA) and tert-butylated hydroxytoluene (BHT)9} #-2 ¥4 34tsl#] ot
a-tocopherol, L-ascorbic acid, vitamin C, carotenoids, flavonoids, ¥ tannins¥ #Z-2 HA
Az TR 53] BHT and BHAE® 32 Auldx E¢sn & Fastarts

Bo] AEFAA FAAZ Qe o] €531 grh(Barnen, 1975; Lee ¥, 1995; Stich; 1991).

A Folyt FAE FoMe g43s gz SOD, POD (H0: + AH: — 2H:0 + A),
DPPH(1,1-diphenyl-2-pricrylhydrazyl: purple convert vellow), Rhodan iron method
(ROOH + Fe” — ROH + HO + Fe’) % ESR(DMPO + O» — DMPO-OOH or
DMPO-O’)%9] otgd wgol 9ain %38 4 Ao (Koide 5, 2000; Tomohiro %,
1994; Yagi, 1976).

FAEANA Y FAgtaHE oy AFoM Bu Holx gEd, A F (2000 2001)2
A7)0l Hojd4F FolAle] SOD, DPPH 2 TBAS 9 &4tst @40 A3tdtta B

stda, T F349 F7hE Hol ol SOD 9% PODY ¥AL F7h AAdn wasd
ooE@, E U A4S 2%t W FHE 5e SOD L POD #4¢ Ztvu wa
st e,

e oF 1,00099F 2 A Fo] Xy Hid, A2 A4 g B4 Frte 7le
A AR g o7 2 Anle Z71E Rolu Ul WAL dgxA AZF cholesterol
Aot S ZE 49 € 4F 43 2 dXHY g 2 A5 o &3 ke A9
olu] o zd w1 Hol ¢t} (Hara %, 1991; Ohmori 5, 1988; Suzuki and Oshima,
1976; Lin %, 1974; Komatsu %, 1963).

2 A7 olde ATdA WA stgA Hrlbo dig zARIE FESd 713
8074 il - #=3E WAooz RE ARIITAH 53] kst 24 BH EH9 g4 2 it
g &4E& grisly] ¢std 9 s s 348 #A4 L 9sed: SOD, POD, DPPH
X TBAY 93l in vitro AEdA ZAsgoen, B Ao AFE vgor AMag
HAAES &g 4 Hrks ESRYl s 49% F nu 2Asgo. =23 AT A%

d Hileoziy £2 & 4 £y 49 B4 J’LE} g4 A3 488 moused ]
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£33 in vivo FEANA serum(B3)9] glutamic oxaloacetic transaminase(GOT), glutamic
pyruvic transaminase(GPT) ¥ v- glutamyl transpeptidase(v-GTP) B4 =, FZa2HE,
high density lipoprotein(HDL), low density lipoprotein (LDL) € 7} X, olx 59 %o
2RE A} & QA0

2.4 2 ue

7h 4% a3 AAWRE v e 3 a8 vAF H 2 A
1) 43 84 7344 371
7b) AN EZE: Fe M (Fomitella sp)& X33t 809 3 - aujd AF
1}) SOD¢} POD2 #4372 A
(1) SOD% POD9] E4HAL A x84 FF
SOD$} POD9l #4tsl &4 AAS A7 A3 wARGEHAAS dAADE A2WF
W 227N AZAZAT AZAEE 4 40-mesh)dt ¥ AR 02 gt 425335 43
g9 (pH 7.0, 100 mM phosphate, 10 mM ascorbate, 5 mM EDTA) 2 mlE 3o ¥ %,
HA Zold d& 2FZF AL 15000 rpm e 1087 13 AR vt 94 #Edto @
& A5de 9994349 (50 mM phosphate, pH 7.0, 0.2 mM EDTA)e 2 H3AZ ¥,
Sephadex G-25 columng o|&3to] @Az g ELBA AALAE AT (2H
1.

aFd ALARZE)

&
[ » 1

extraction extraction with 72}%& &2 &
centrifuge filtration
extract in PD-10 column evaporation to dryness in vacumm
extract solution crude samples
measurement dissolution in 80 % MeOH
(SOD & POD) |
measurement
(DPPH & TBA)

29 1. SOD, POD, DPPH 2 TBA$S o] &% 343 A3 2%
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(2) Superoxide dismutase (SOD) #4744

el FE3 2F L 60 w3} assay buffer 3.0 m{ 2 riboflavin 30 u& EFdo 25T
o &n 4 FzA AZALAe B (20-W Sylvania Groiux F35)olA 727 Y3
ZARA AT SOD9 &4 & NBT (unitro blue tetrazolium) 9% (Beyer %, 1987)9 <&
F4E 560 nmol A £ A1, 43 €4 A== NBT (Asada 5, 1974)9] &9 A&z
EANsg o, ggo) Aaae o] 8saArt

s g4 (%) = (1 - A/ B) x 100
A:ANEBY F3=
B: dz+9 §3=

(3) Peroxidase (POD)24 3

POD®} #/42 Raa (1971)¢] #¥ol 23t 43 Act Sodium phosphate buffer (pH
700 79 ™, 0.3% #HsFEA4 05 mf 2 1% o-phenylenediamine 0.5 ms} oA Sulgd =
A4 01 mE &3 vrgdg 9 w7t HEE s 2549 Hube st wEo]
AHAon, ol& 587 HIAZ thg wgAA A (NaH:S03) | mE #H7bsted w1 g& AA
Al71E A2l 3087 X F, 430 nmolA UVE §3EE FAHSA

sk 84 (%) = (1 - A/ B) x 100
A AR FE:
B:dx7+9 F4%

t}) DPPHS} TBA &4 IA

(1) 1,1-diphenyl-2-picryl hydrazyl (DPPH)%

F42¥9%9 AEZE Yoshida T (1989)9) HHE& ol&3dg HFAY
1,1-dipheny!-2-picryl hydrazyl (DPPH) 30 mg2 ethanol 200 mlol| £&8AZ F F7FF 200
mE 7}8 DPPH solution® TSNS ™, 50% ethanolg WZT 2 39 DPPH solution?)
FBEE 2022 =Hsgch. DPPH €9 25 mi® 809% methanolo]l &3l 1% A 849
025 Mg EFste 187 HeAD F, 517 nmillA FB=E S48 Fis S4& 44
&t

gibst 84 (%) = (1 - A/ B) x 100

A: AN FF:
B:ozve F4=
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(2) Thiobarbituric aicd (TBA)%

(7}) 713845 wtgde] zA : Lipiddl 4§ malondialdehyde A4 HA&EZIAE
linoleic acid 714 g 49 AA EHE ZASUY. F 01 M potassium phosphate
buffer (pH 7.0)9} ethanolg 4:12 &&3§ £l 003 Mol HZF linoleic acid& 743t
7144402 AgEAct 71489 20 mie] 0.1 M potassium phosphate buffer (pH 7.0)
192 mes} 1%9] Zt AEd 08 ME A/ F, 0T FF24 100 rpmo2 24417
2g3te &3 o] TBAZIE &A84A.

(3) Thiobarbituric acid (TBA)7} &% : TBAZIt thiobarbituric acidg o] &%
Wong 5 (19819 W& Fndte gz 2ol FAsA AAH ugd 20 m¥ S A
#oll Hati 7)) 35% trichloroacitic acid (TCA) 1.0 mi¢k 0.75% TBA A% 20 ml€ 7}
g Og A EW AP 2 302 B AFEtd FAZ AR F, BT FeFxdA 08 B
ghg - LA F T E‘l’%°] Bd 5 Ae7tA WZAA acetic acid 1.0 ml, chloroform 2.0 ml
g 7h8tm, AE® A972 oA A"BAZ F 3000 mpmolA 58 T4 AHEHE AL,
3 34599 FLEE 532 nmolA EA3e ol & TBAZIZ o, x| TBAZIS v
Rk fxje A sk JHEHFE A

gas g4 (%) =1 -A/B) x 100
A ANEY §3=
B:uz7e 3=

#}) ESRE o| 4% SOD &49 %3

(1) FNEE: 1 323 &4 group (ASI Agaricus brunnescens® E¥3te 5A1%)%
A a8} B4 group(ASI 740(C)E TEF 54%)

(2) ESRE 9|43 SOD 49 &4 : SOD 4L JES_REIX ESR spectrometer
(JEOL Co., Ltd, Tokyo, Japan)Z &% 3% th. Hypoxanthine-xanthine oxidase system 2%
Bl 2A4E O, radical® DMPOY| 284 ¥H3 A3, hypoxanthin (2 mM) 50 ul$t DMPO
(92 M) 20 w 283 AAA & SOD 50 wo2 EFsHT I g g EFEL %
3ta] cellel €711, ESR signal® 45% F3¥ #4339 ESR signal¥ intensitye 34 &
z07 ol4HE tlR2T9 Mn”9 peak intensity o] & A& signal peak intensity?] ¥l
€2 2D (X 3).
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E 3. ESRY instrumental condition

g = @ 9

Frequency 9.42 GHz,

Instrumentalparameters

Microwave power 8 mW
Modulation width 0.2 mT
2 min

Sweep time

girst 84 (times) =

DMPOQ height of standard . 1 = DMPO height of samples e
Mn*~ height of standard Mn*~ height of standard

Relative signal intensity =

vh) SAA

FYPH EE 4 #HAL wBEoz FPsgoen FTARAMLE EE dHolHE
SAS(Statistical Analysis System; SAS 1986) TR 1@ o8 HAF 2 xHLeast Significant
Difference, LSD) A& 3 F A stgch
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¥ 4. 3 g3 vlA Alg List

No. No No ' " No.

) List no. o List no. ) List no. List no.
(A1) (AFd) A=) A=)
KKU-1 4074 KKU-21 5019 KKU-41 170-57 KKU-61 74013
KKU-2 Vi KKU-22 170-1 KKU-42 170-59 KKU-62 9006

KKU-3 24024 KKU-23 170-4 KKU-43 170-66 KKU-63 9009
KKU-4 xE4¥a KKU-24 170-11 KKU-44 #7Hz]) KKU-64 9010
KKU-5 23(19) KKU-25 170-12 KKU-45 =z7H70) KKU-65 9011
KKU-6 17016 KKU-26 170-14 KKU-46 17001 KKU-66 9012
KKU-7 A& o] KKU-27 170-15 KKU-47 17003 KKU-67 9014
KKU-8 4065 . KKU-28 170-19 KKU-48 17004 KKU—68 9017
KKU-9 24005 KKU-29 170-20 KKU-49 17005 KKU-69 9021
KKU-10 24012 KKU-30 170-21 KKU-50 17006 KKU-70 9025
KKU-11 24008 KKU-31 170-22 KKU-51 17009 KKU-71 DE-E
KKU-12 24001 KKU-32 170-28 KKU-52 17010 KKU-72° DE-F
KKU-13 24004 KKU-33 170-28 KKU-53 17012 KKU-73 F-]J
KKU-14 24027 KKU-34 170-31 KKU-54 17017 KKU-74 F-K
KKU-15 24018 KKU-35 170-34 KKU-55 74006 KKU-75 M-A
KKU-16 24017 KKU-36 170-38 KKU-56 74007 KKU-76 M-1
KKU-17 24002 KKU-37 170—51 KKU-57 74008 KKU-77 M-2
KKU-18 24022 KKU-38 170-53 KKU-58 74009 KKU-78 M-9
KKU-19 24007 KKU-39 170-55 KKU-59 74011 KKU-79 M-10
KKU-20 24010 KKU-40 170-5%6  KKU-60 74012 KKU-80 M-16

®. 7001~17017 : F5H A FATF

@. 170-1~170-66 : F5u]A atujol s #5

®. 9006~9025 : LAMA S FF

@®. 718 : 7P A (F-], M-1, 74006, DE-E £33 194 2)
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Y. 34384 22 52 2 ¥4 - 348 2485420 FASAY 7243

=3 i
H A EFF Z3E 84 AgEF Fa3 G40 TA dERd 8lEwA(24027:
Pholiota adiposa)
W) & A3
3 € v A(24027: Pholiota adiposa)& BA $2A4Z2E A7l & EH(40-mesh)
Gtk E4€ vewAe ¢S FF 03 kg olen, = &7 =72 Hexane : EtOAc
“MeOH = 1:1:12 A2 =7 3tolA 19 T¢ FEaP o, 33 Hsdtt 2L

2) 549 ®¢ 2 53

7hH 849 ¥

o Yoz dojzl £EE(115g)2 column chromatography(Silica gel 60; 70-230
mesh, Merck)E Abg3te] Relatgd o, ojg A183¥ 4ul= n-hexane, n-hexane-EtOAc,
EtOAc, EtOAc-MeOH 22 FA4o] AR} ZolAEE AlEslgon, FFH o2 MeOH
£ AMgstah

TLCE F77} 05mm<) Silica gel plate(Merck) ¢} &8t =33}, spotd HA 25
4~366nm¢ UV Fo2 ggldtgow, Fo 1% vanillinel 7} sulfuric acid(ethanol
solution)?} &9 9+ chamberd] @7} &<l

W) 29 534

EI-MS(Electron Ionization Mass spectra)® JEOL JMS-600w spectrometer& A}-83to
23319k IR spectra(Infra-Red spectra)s= Thermo Mattson 60AR spectrophotometer® A}
&3t aAGEQl & KBrg, HAME A& Chloroform& AM&stAY &wlE AH&31A
23 =334k 'H NMR spectra(Nuclear Magnetic Resonance spectra)® Bruker Avance
DRX-500MHzE AH&-3te] Z43ten, C NMR spectra® 125 MHzAl A &334

ot B - A8 48249 57 39 2L 71FE9 FAAYG 59 v AY

1) In vitro )X 84 &3 744

7} P383 murine leukemia cell2 o] &3 AF o)A &7 (ICs)

HAA e - AAE B2 X AFJAaHAE 437 Yl HAA £d - A
A" 1-Linoleio-2-olein, stigmasterol, 1-(N, N N-trimethyl ethyl amino phosphoryl) 2,
3-dilinolein ion, glyceryl phosphate, 1, 4-glucopyranosyl-1’, 4'-glucopyranosyl-1",
4"-glucopyranoside, 2’, 3'- diphosphoryl-1’'-propanoxy-$-D-glucopyranoside, 1-linoleio-3-olein
T el B - AAE 77 E2S ALEste] Ao 50% AEE(IC0)S HAA

50% MEAEE (ICxn) ZAFE 93t P383 murine leukemia cell A|XX & AbE3lglo
o 5% heat-inactivated fetal bovine serum (FBS)®} Kanamycin (5.3 mL/L)e] Xal¥
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RPMI 1640 wlA] (Nissui)oll A 37T, 5% C0.9 g2 9 wjokrloja wjRatgdct,
AE WEFE ZRE MTT assay tgoﬂ wgk o AEZE 965-well plate 3x10° cells/well

9o Frg BEFIAT. BF 2440 F 4 By - AAd 22 DMSO (dimethylsulfoxide)
of =l 3 HjA|q O.Iug/ml 0.3ug/ml, lug/ml, 3ug/ml, 10pg/ml, 30xg/ml, 100ug/ml 2 Y of

48A17F 9t v g F 20 w0 MTT (5% in PBS)E 7zt wello]l ¥ 4A17F < wj st
o zZb Zko] wello] 10% SDS-0.0IN HCl 10002 A7Eska, 550 nmol A4 microplate reader
(MPR Adi, Tosoh)% o} &30l A% A4S 50%AAsks 7 2del $E2 AdsRo

) gz 2715 (RCs0) 8 A

H) = A (Pholiota adiposa)l Al #32) - AAE 29 radical 27578 &2A3s7] 9
o] Blois H(1951)& 2 &3t nlAlelAd Rzl - A% 1-Linoleio-2-olein, stigmasterol,
I-(N,N,N-trimethyl ethyl amino phosphoryl) 2,3-dilinolein ion, glyceryl phosphated}, 7]&
o FastAz 4HFW BHTE wlastdch. 15x10 ‘M DPPH(Sigma Aldrich) wghg &9
SmLell 2 Fx AFE AgE 899 ImLo Hrtsta 4SS ohg 3080 A4 #A F
51Tnmell A F35& FA3AGD. Az Yo arvle gz AA#4(scavening
activity, RCs0) 2.2 % 4] 39, RCs= DPPHY FE7} 128 ZA4asted Had ANie &
(ug) 22 VeI

) HxOxA 2l o3 MEXEPYEE FA}

AEE A REE WAl 2 - 5BE E329 stigmasterol g AMEEA T Al ARE
¥ AXE HZOEE AMgston, HOXE & 8o AE HEES A, o AE
¥ 10% fetal bovine serum(FBS)$}t penicillin-streptomycing &3 DMEM (Gibco-BRL,
USA) viAIANA 37T, 5% CO.9 73] widr] A sjdstAct. ME7L plate EH 80%
A A2t 0.25% trysing Agjste] Alduidsidon 48 Ao dAFe] AEE ALE
sl ot

AE BFEE FHL MTT assay gl wgon], AEE 96-well plate 5x10" cells/well
o] e BEFIAG BF 4N F 7z} viAldl A Ha - AAE stigmasterolo]l E01 UE
WA & 1pg/ml, 25pe/mi, Sug/ml, 7.5ue/ml, 10pg/ml, 25ﬂg/m1, 50pg/ml, 75ug/mi, 100xg/ml
A Pol] wjek 3 F ImMO HoOso) 1AIZF 59 =& A7 &, MTT assayZ Al d3to]
Mol AEFEE ZAEIAY. &, siSFA W2 =83 plated] MTT(2mg/mL)& & 508
A AH7FsEA COM A lol Al 4417 F<t wiFAIA formazang FAAAZ H, 2B A& AA
< 7 welldl 100% DMSO 150p¢ & #H7}3ko] o]& plate shakeroliA 2087F XAl
} & ELISA reader® 540nmeld &3FEE ZA 59

Zbzkel z7o A 3ol ZA 5% FREE HFoR AESY Yxie 3= 3

o2 o] 74z x7gAMe] AEES FIATh

2 HEE) - 4209 ¥ FLE/MET BF FHE <100

e

=l



2) In vivo 94X 9 &4 =3 4A

7H A8 Ax ¥

20039 % wdAATrgANA Aed wA 80 A% F visH A (Pholiota adiposa)l A
22 2E22ER $AHYE BE F in vitro B4 HAACAAN 43 2HL KA
stigmasterol2 Abgatth w3 vl BA2A AyAA4 40% EtOH, 40% EtOHd £ 3
FH vEYl E& AR89

W) HAFE AS 2 A

Ao AHgE FEL 457% ¥ ICR A5 ¢4 dFAHSHAYFEATL

2
49 g A YLEIE AQAI AF G AR A5

olft
2
o

1593 A3 }*1 NEAelz HEAY H4EdEES 47 12784 6702 YUk
Al (A2 G FAF-0)2 AF 20gF 032mle] YA DFE, H27(EtOH FoT-E)
& AF 20g% 0.32mle] 40% AL, A3F(MEY FAL-VE)S AT 20g9 2mg HIE
2 E0% Aol ga)E, AdT(HAN 2FEFE FATZ-2E)S AF 20g™ 2mge] HA
FEE(40% N2 £3)E, A5 (stigmasterolFoar-ME)S  AE  20eF 2mg9]
stigmasterol(40% ol gt £3)& zt7z 257 Y AR} A o] AFFAL FATNE
)& AH&Ete] AT Fodsta, dAS VIvig ERAE 2AEIAT (19 4, 5).

a9 2. 4% T8 ASE Ry 1Y 3. APFE ANA 2F
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a9 4. A Fo d= 2P 5. 4YFE FASAH EH

) A543

1) 8249

A% EE 25% urethan(0.2ml/40g mice weight)o. 2 B FAlste] olHA|Z & F A}
1%3@4 A A=At g4 AHs A (29 6).

Ty
AR YA YrE Yoo 158
FAT F 1300mmolA 302 44 B BHL RAT F -0TAH wu

a9 6. 48 B8 vl 2 89 fHs+ By
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29 7. e Ho) PBS FYU%E 24

a9 8. %@ 73 B YA ZARE 2y

29 9. 9F A F£ H AEHE v

(2) =4

Z2& 10ml & FA}712 x7b2 phosphate buffered-saline(PBS, pH 7.4)& HEWE
ot FYUFo2AN 2+ 2 U9 HAS AAG F, 1t 2R AL AHEs AHE
PBSol @71 ztddd g AAsAT (1Y 7, 8). 1H olAE HE 3 F HPFES ¢EF
Aelste] &8 HEsg (19 9). A& 7k o)A, Ho 50mM sodium phosphate buffer
€A (PB, pH 74)& 10¥(w/v) 7}3t3 Fdg & & 239 AZY E4712 AZ%E 33
Atk o #ANG A FY LTt Aol AHEEY] AR -T0CAA BaE
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(1) ;—qzz_;g ';'-l iver) A A
AZL ujY ARG Azt AP} e A& F gRAZ APt SRS
AAG T FAE AT

(2) 84 sty A%

Serum(¥%)e]  glutamic  oxaloacetic  transaminase(GOT), glutamic  pyruvic
transaminase(GPT) @A E X Reitman-Frankel'82 o] &3 kit(o}AF)E, v- glutamyl
transpeptidase(v-GTP) 84 % & 5-oluj 42| AAE & o] 43 kit(olitAleh 2 SA4 sttt
serum(8 )¢ 2 2HE, high density lipoprotein(HDL), low density lipoprotein (LDL)
59 A AR B a4y o83 kit(ehatAleh) & o) &38te SA}AT

3) =239 AAANS} FE F
oo, oA A Fo ANAHRAFE £FL thiobarbituric acidE ©]l&& Buege$t
Aust®] $(1977)8 &83l9 Z3A3F malondialdehyde(MDA) &F FHo=Z AEF3AT.
2+l 71&8bd, A8 100pol 17.5% trichloroacetic acid(TCA)®F 0.65% thiobarbituric
acid(TBA)§ 9 & 747 300w #H7tste] 2 E§ata 100TAA 1583 Az F, 4
A A WA ZIT WZEA 7 A8 70% TCA £ 300t H7Estel 2083 2o WA A7
I 3000 rpmel A 1087 94 2EF A5 AS Fstd 532nmilA FFEE EFE JAE
o] g3te] MDA#HE Tt Alg29 dwd 3FL Bradfordd(1976) 22 FHs A
Z Ng 2ue A ZFFF 798uLst bradford reagent 20040 E 7heta 15837 vESAIZI &
595nm°ﬂ A EYLE ZH3 T bovine serum albuming o}§3te] T3 standard curvedl

Welste) B gae AFsy.

it

O

X
m}o J[

4) T 24 T FAs a4 L A

Glutathione S-transferase(GST)2] @4 & WarholmS(1984)e] W& o] &3t FA 3}
At QA b 27 EHAL 9000xgolA 1587 94 Bystn FEAS 100,000xgel
A A 147 9A Belste) 98 AEAg GST AL % a2920=2 AHE3dn. v
& AN the7 Zrh 0.IM sodium phosphate buffer (ImM EDTA -, pH 6.5) 850
©l, 20mM GSH(ZF +o &3) 50uf, 20mM CDNB(95% ethanolo} &3}) 5040 &4Y 50
WE Hete] A2 wEe ARG T U0nmuFA 302 AR 3N FREE
2R3t BEAZRAFE 96mM 'om ‘2 FAEd ARG o] AEe vy FFL
Bradford® (1976)0.2 & A3},

-1> i r-{w
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(5) BAAY

2E A3 AFAEL SAS(Statistical Analysis System; SAS 1986) T2 ¢# S o] &35}
o Adstgon, RE A8 AAXNE FFX(mean)+EFLAHSE)R 7t z
e A A 948 p<0.0b $F9NA LSD(Least Significant Difference)ell < 3
AR At

3. a4z

7t 4% 3384 2AUS v AES o 2 FASEA wAF A

1) 333 84 F149 37t

8071e 43 - ujd WAAEL SOD, POD, DPPH 2 TBAol 93 ditst &4& 3
7b 2 Add sga, AdE WA AlFol disteds ESRel 9 dsiEY AAHE HAEA
th. AA N o2 DPPHS TBAd o F4tst #A4o] SODY PODe| o3 ARWUEY =
& a3k 8 E Uehiided, 4709 AR Q3 Hi ks 242 xEEd AT
o] | 3095%=2 tF TL AdALL Hgon, F-J(285%) > 24012(26.86%) >
24010(26.27%) > 24008(26.02%) w202 ¥ 43t FAHS R ZAzte HA Pl
weldE, SOD E47AA L TEWH2683%) > M-2(21.1%) > A501(2093%) > 23(19)
(20.26%)> M-1(2028%) ¢2.2 ¥& FAL Rgow, M-16& L3 194 %A= it
3t g4o] 2o} gz vaHA AdAe] e Aoz JENd. POD 84 HACM=
74007(30.09%)°]  HF EL IALS HPew, 9010(1875%) > 17001(14.93%)>
17003(13.22%)> 9006 (12.99%) #°2 % BA4<¢ ngd. 538 PODAANAE 170-12
EFs 547 AFoA 2Tl A3 dA&o] gle Aoz ey

DPPHY 9] & A4 radicald] 2A%4E BHE %qﬁ“l?wm&%wlﬂogﬁ%%
A& Bom, 9010(64.33%)) 9006(59.17%)) DE-E(57.56%)> 9009(53.49%) ¢2o2 A&
o] B}, o] AFTEL TIHF F19/ ASAAME 40%0l4e] & Qiﬂla‘-a— Bl whH,
74013€ X33 15AFANA = 10%013te] ¥ A& 2y £ TBAJ 9 A&
Agte BRe AddAE A$el675%) > 23(19) (67.38%) > 5019(66.54%)
17016(56.83%) > VI(56.73%) #22 =& ALS BPon, 90258 LT 10AF5AME
10%0}319] W& AdA8& B

| 45
.’ 40 - T
135
| 30 }
25
L 20
P15 b -
L10 b
i 5 L

0

19

Aove 30% 20%-30% 10%-20% Below10%

:La 10.SOD,POD,DPPHZ TBA 2| #8074 2l 4 - 2@ A AZ X
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¥ 5 31 FAs 93 FAs 494+

Strain No.  SOD POD DPPH TBA H#AdALE F8(%)
—inhibition(%)-
1 11.26 - 417 49.90 16.33 -
2 1063 - 7.74 56.73 1877 - -
3 18.83 - 2.85 41.04 15.68 -
4 26.83 - 40.35 56.63 30.95 -
5 20.26 - 493 67.38 23.14 -
6 14.38 - 14.42 56.83 21.41 -
7 20.93 - 11.19 67.50 24.90 -
8 2.86 - 18.27 46.01 16.78 -
9 8.7 - 28.18 50.29 21.79 -
10 11.30 - 4458 51.56 26.86 -
11 9.35 - 42.18 5257 26.02 -
12 11.17 - 53.04 37.16 25.34 -
13 10.34 - 2891 35.61 1872 ~
14 18.13 - 23.85 46.56 22.13 -
15 1658 - 46.41 38.14 25.28 -
16 11.98 - 23.01 3251 16.88 -
17 1163 - 28.88 14.88 13.85 -
18 6.75 - 22.82 52.18 20.44 -
19 165 - 25.79 52.21 1991 -
20 1041 - 43.02 51.66 26.27 -
21 5.72 - 32.68 65.54 25.99 -
22 1.02 5.39 21.25 20.58 12.75 227
23 1.82 414 36.45 3562 19.83 331
24 - - 38.03 32.19 17.90 3.94
25 426 - 25.65 16.49 11.60 3.9
26 422 - 27.28 26.17 14.42 5.45
27 1.27 - 34.92 32.25 17.94 493
28 1.05 6.9 29.58 29.18 17.21 551
29 3.34 0.38 31.26 25.99 16.33 431
30 - 6.62 3161 28.94 16.91 494
31 479 6.67 29.70 2262 15.95 4.40
32 6.52 - 32.74 2064 14.98 5.77
33 2.87 1058 35.25 22.86 1821 430
34 - - 29.78 20.04 12.85 5.19
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Strain No. SOD POD DPPH TBA HAJqAL F8&(%)

-inhibition(%6)-

35 - - 28.72 2762 14.21 4.09
36 - - 35.44 10.77 11.60 4.03
37 - 0.68 3833 35.26 1874 502
38 0.87 0.25 30.79 2515 1501 538
39 - - 39.64 29.66 17.79 6.02
40 2.33 - 29.92 37.49 1793 2.06
41 6.46 - 25.21 34.36 16.79 6.04
42 - - 44.52 28.82 18.73 585
43 - - 26.88 24.79 14.53 7.32
44 - - 10.65 10.26 5.56 12.82
45 15.43 - 24.57 1222 13.05 7Y
46 14.31 14.93 29.48 27.34 2152 6.03
47 1295 13.22 3491 27.94 22.25 6.46
48 4.36 7.32 32.55 26.57 1770 461
419 5.64 12.5 31.89 26.39 19.11 3.87
50 164 - 28.73 25.56 15.18 4.19
51 - - 38.68 21.78 15.62 5.56
52 2.1 - 37.70 27.05 17.91 5.84
- - 45.09 22.72 17.18 6.18

- - 22.84 20.11 10.74 6.4

55 6.22 3.02 29.83 17.99 15.55 10.58
56 541 30.09 33.53 16.79 21.46 10.64
57 0.04 - 13.30 15.22 7.99 8.19
3.03 - 10.85 7.28 5.29 7.07

59 3.39 7.14 36.66 16.19 15.84 8.92
6.66 - 11.27 1751 10.30 791

61 427 - 175 15.10 8.37 16.83
62 512 12.19 H9.17 8.54 21.56 7.26
63 6.97 - H3.49 1530 19.63 592
2.92 1875 64.38 - 22.00 5.34

65 36 - 44.09 11.98 15.44 754
- 341 41.95 0.18 1364 6.89

67 3.33 6.67 35.01 - 11.25 6.85
68 11.87 - 46.95 24.79 20.90 6.91
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Strain No. SOD POD DPPH TBA A4 AE (%)

~inhibition(%)-
69 5.44 7.27 34.38 10.02 14.92 572
70 0.28 292 34.38 9.43 12.42 6.23
71 0.67 - VPR 29.18 21.85 6.08
72 0.59 - 46.49 18.56 16.52 1512
73 - - RNy 32.15 2850 993
74 - 435 39.55 29.60 19.12 7.20
75 - 8.07 4476 25.80 19.66 455
76 20008 - 30.04 3.44 13.74 751
71 I - 14.00 - 8.78 7.58
18 12.71 - 11.74 - 6.73 3.18
79 - - 49.80 24.44 19.02 5.07
80 - 161 25.41 - 6.90 5.09
LSD 6.90 1567 7.08 10.41 2.96 041

X 6. 73 - avld WAASA B F4s &4

SOD POD DPPH TBA Mean

————— Inhibition (%) -----

Pholiota spp. collected strains 10.67 - 3422 42.94 21.96
Fomitella fraxinea mated dikaryons 1.86 1.89 31.95 26.70 15.60
Inonotus obliquus collected strains 494 4.47 19.82 14.28 10.88
Fomitella fraxinea collected strains 554 4.80 31.63 28.23 1755
Grifola frondosa collected strains 4.39 5.69 4598 892 16.24
Other collected strains 9.58 0.78 29.00 34.11 18.37
Mean 5.28 2.52 2751 22.17 14.37
LSD(0.05) 352 1.50 3.46 4.48 7.87

2) A¥d AF9 ESR 53

SOD, POD, DPPH % TBACl 93 HAYA#4E vigdog 7tz 3atsl d4o] w31 o
2 bAIEH AW3ted ESRE o] &3 kst 848 vwsHh

gira gAdo] =2 1H2 ASI Agaricus brunnescens, ASI F-J, ASI 24012, ASI
24010 and ASI 24008 o}t & Z1ES ASI 740 (C), ASI 74009, ASI M-9, and ASI
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M-16 and ASI 74013 ©]ich. Mg A% F FAsdyel & IAFL tix7d 83
signal intensity (0.25 times)’t RA B3, 538 ASI 24010 A% 7 *& signal
intensity (0.12 times)& B gth %3 A3 FAo] @& 1FL FF signal intensity7}
0.83 times °Jlem™, E3] ASI 740 (C) = 7}¥ & signal intensity (1.26 times)Z X It}
(g 1D.

ESR spectra®l do], A& ZX(signal intensity): 3H4H3} Ao XJE% onlsle= A

OS2, peakd NE7 doke AL dixT bE e A3 EHLE 23 YuE RE
vt 53 ESRS F&d Alge Al 7l g 484 % 7 éiiﬂr% ulj A 3}
T YRoEA B AYdA Add wAA S a3 F4gol xrhe AL Jdrsie A=

SOD, POD DPPH ¥ TBA°l 9% A Wy g3AL 4F stA e Aot &,
ESRel 9§ Z3E DPPH (= -058™) ¢ TBA (° = -044)9) 239} JaAAE 2%
. 53 £ AgelA SOD o PODe| Aehe feldel A4S wolx YA, E
4ol SODY ¥A4< ZH3te AYolnR oz oF AP ool U@ BFo) 2
7 sojatt.

X 7. 4%8 viA AZS ESRA ¥ I3 &4

Highergroup ,RSIB b Lowergroup ,RSI
(times) (times)

ASI Agaricus brunnescens 0.58 ASI 740(C) 1.26
ASI F-] 0.22 ASI 74009 1.05
ASI 24012 0.15 ASI M-9 0.69
ASI 24010 0.12 ASI M-16 0.20
ASI 24008 0.14 ASI 74013 1.05
Mean 0.25 Mean 0.83

a: relative signal peak intensity of samples against peak of Mn® used as a standard (80
% MeOH)

b: (1) = same peak height compared to Mn® signal intensity of standard

b: (below 1) = weaker signal intensity than Mn* signal intensity of standard

b: (over 1) = stronger signal intensity than Mn”' signal intensity of standard
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Standard (80% MeOH)

an-b
. 7 4 hy ‘v
u\ NMW : "/ .;uﬂ ' v ,‘Wf ’,J! 'WN\* M-
% ." . ‘p“ t
i T L
Higher group (ASI 24010)
Mn?*

-, LW»”@'W ""\%Mﬂw\m&‘ S

Lower group [ASI 740 (C)]

i 4, p ‘ E . &
™ Rprsrenett’ \‘Jﬂ P ‘,1./ AR ‘JM o

Y
¥

|

23 11. AeE vAl AF 2] ESR spectra
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. gasiay 22 53 2 29 - A48 FAEAA A 7Fx22H
N EZ2 &Y ¢ 54
8 R (Pholiota adiposa) 0.3Kgg o] &3 EA 9 EgjolA A18¥ &0l Hexane,
EtOAc, MeOHZ A HA FAo] HolAx & ALgstdtt Silica gell column chromato
-graphyol A 228 222 & 77IAgoy, 289 242 prep TLCS ODS column
chromatography & o] &3t AHAT (19 12).

N

Fholiowa aciposa | Fawderec musoom ¢ 0.3 Ka)

Extracted wily hexone " E°
J 152 %
y
Cxtiact (171 Be)

DAL M DR
3

Siica gel colunr cromazegraphy
Aith nexane, EtCAg, MaCH

T | 1

Fr.l Rl Fatie 3t poier salvert volume Fr.a % Fr.6-7
Hexane Hex ERQAS LA MEDA Moo
i (E- 1N 01 g
]
| I
1 i
! 1 ]
v - - - : Fr.6 br.7
l Ohtainen Fr.o f—r. Fr.5 On-ancd Odtancd
o Cotanead Cotaned Cbeanad . -
i Pure cumpomd ¢ . . ! ure ure
Obtainsc i Yyre Jyre Fue ) 1
[= by prep 1€ - - carposnaB composnd
U FI0A: CampoIng .y CAWEOINO sen LoD y N
compaurd]  HESEIOA Byt by oep BypeD by pED
;-2 : voeo TLC e

JLC TLC

a9 12. ¥AE B4 #9 24k
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7} 1-Linoleic-2-olein

Compound 12 &ujz#Ao] n-hexane?! fraction 1 oA Bado1dct (28 12). &8
HolA compoundi= TLC %9 methylene chloride®} methanolg ©]&3led Silica gel
column chromatogramolixl A A stk Compound 1& =349 32 20mgel FHIA
X (19 14), Rf #2 0.73(Hex’EtOAc=8:2)ollth. B3t EI/MS Z 3 peakt 618[m/z]o A
vetgtiti(1 ), 18]3 FAB/MS ZA# A& [M+H] o]2 peakt 619914 yetwoh (13
15). o] A#AEAM compound 19 EAEE 6192 ZAHIULH IR EA A 3492, 2926,
1744, 1461, 1164, 724 cm "ol A W=7} Jehd 3, o] 252 hydroxyl, ketone, double bonds
groupS YEM QAT (238 16). 'H-NMRA M= § 533 (multiplet), vinylic protong YER
= 9 530(t,J=15Hz), & 4.30 3 & 4.28(J=4.2), § 4.15%} 4.13(J=59Hz)7} YElxot (2 ¥ 17).
“C NMRoIA ©22 YehliE 39709 signalo] B2F 0w, § 19629914 e signal
2 5 A9 carbonyl groupS WERAATE § 131.02-128.0691 4 B & H signale °o|FZAS
JehlSlaL, & 7697, 69.06, 62260014 YEld signale 29 Z2%E hydroxyl carbon,
methylene carbong “ElTH § 3890-22.84°14 UElY signalE T o @42& oud
Aok (29 18). °o] Z2HEE £l compound 1€ 1-Linoleic-2-olein®.2 FAHAUTH
(29 13).

9 12
HZCIS\O/H\/\/S\/\/ - _\/\/S.H 3

HG.
|3 O/[O]\/\/W\/\/\/\/CHB

Hz‘?\o
H

1% 13. 1-Linoleic-2-olein®] 132}
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19 15. 1-Linoleic-2-olein®] MS spectrum
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13 18. 1-Linoleic-2-olein® *C-NMR spectrum

Y) Stigmasterol

Compound 2% £vfZAo] hexaneEtOAc=91%] fraction 294 & HQoen (18
12), Mol ¢+ needle shaped crystal FelE 7" 3 e (28 20), Fddoin &%
< 50mg® 3, Rf &2 038(CHCL:MeOH=95:05 9t =3 compound 29 ExA%S MS
23 412IM]° 22 Z2AHAT (2% 21). IR spectrumol A 3,430, 1,653, 1,459, 1,373, 1,035
cm 'l W=7 UElgton) 3430 cm 'olA hydroxyl groupe] YERRTE (2@ 22).

compound 22| IR, 'H, "C NMR Z# ©] compound 2% stigmasterol & EAHUT (2
23, 24, 19).

Y 19. Stigmasterol?] F+x42
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219 22. Stigmasterol®] IR spectrum

00000
mxe.a./.
Q0618°
$IEED’
£6Lr8°0
£2245'9
16626°0
£08¥6°0
£2160°' %
8o’
128521
{7
({1
1BLES
vier'3
FI2i 3
560¢8° ¢
654483
9¢888't
8LIs0 2
p5182°2
(8252
Sirig'e
94£29°€
%9E9'E
96E5F 'S
YOG
2¢661°5
8r02'5
080326
98052°5
96865
SOVEE'S
SRBE 'S
8629 &
BILS5'G
£BELG G
LSS

7=

=S\

90662 L~

A

(LB

Lo

v

e

o)

Lo

L~

Lo

v
poms
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19 24. Stigmasterol®] 3C NMR spectrum

©}) 14-glucopyranosyl-1’, 4'-glucopyranosyl-1’’, 4’'-glucopyranoside .

Compound 3& £l x# o) EtOAc:MeOH=1:19) fraction 34 H oAt (¥ 12).
Ealgolx &AL Lichroprep RP-18(0ODS silica gel)-& ol &3t AA o).

Compound 3& =#% JdAEaAZ 50mgol EIHAZHGD (28 26). E/MS ZAF
504[m/zJol A peak’t el o® (18 27), FAB/MSA M E [M+Hl o] peak:= 505[m/z]
A yelgrtl of A#EdlA compound 3& EAFHE 5042 AAHUT. compound 39
IR spectrumo} Al W=% 3492, 2926, 1,744, 1461, 1,164, 724 cm ')A YElton ojRL
hydroxyl, ketone, double bonds groupg YEMHITH (2 28). 'H NMRAFHIME § 533
(multiplet), § 5.30 (t, J=1.5Hz), 8 4303} 4.28(J=4.2), & 4.15%} & 4.13 (J=5.9Hz) Al vinylic
protonEo] WElwth 283 § 088 (J=66Hz)NA F Aol methyl?]E UetdE el
proton tripleto] el = § 2.70-1.26904 YEhG e A signalE € mehylene®
methane protonS< UYehdch (2 29). ®°C NMR Aol A 39709 carbono] UEM S
o, 5 19620914 vEld signale F789 carbonyl groupe 9w grr. =%, b
131.02-128.06%1 A JEMD signale o]FZAE-E onigtH 1, 8 7697, 69.06, 62260 = A
9} A%H hydroxyl carbon, methylene carbong 9jwjstgirt} & 3890-22.84°01 4 n|x]
carbongel ueEwd (ZE 30). o ZAAEL FASHY  compound 32 1,
4-glucopyranosyl-1’, 4'-glucopyranosyl-1’’, 4’'-glucopyranoside2 3 H % (14
25).
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19 25. 1, 4-glucopyranosyl-1’, 4’ -glucopyranosyl-1'‘, 4''-glucopyranoside 2]

724

198 26. 1,4-glucopyranosyl-1’, 4’-glucopyranosyl-1'’, 4’’-glucopyranoside 2}
AR A
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a9 27. 1, 4-glucopyranosyl-1’, 4'—glucopyranosyl-1’’,4’'-glucopyranoside2] MS

spectrum

824

¥ 804
1730.90, 80.07835" 832.2p, 80, 22355/
T
r
a
.77, 78. —

n 7 1568.77, 78.36905
S
m 924.40, 77.72768
a
t 1412.46, 78.6480
t
a "ﬁ /
n 1046.20, 75.%0773/
C
e

74

724 3366.12, 72.62321

I S . .
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers

g} 28. 1.4 glucopyranosyl-1°, 4" -glucopyranosyl-1'’, 4°'-glucopyranoside2 IR

spectrum
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29 29. 1,4-glucopyranosyl-1’,4’-glucopyranosyl-1’’ 4"’ ~glucopyranoside®} 'H NMR
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19 30. 1,A-glucopyranosyl-1’,4’-glucopyranosyl-1'’,4’’-glucopyranoside®] *C
NMR spectrum
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2P 2', 3'-diphosphoryl-1'-propanoxy—B-D-glucopyranoside
Compound 4% £z 7 o] EtOAc:MeOH=1:121 fraction 444 Ezl=HoH} (1€ 12).
Padgod 242 Lichropre.p RP-18(0ODS silica geD)& o] &3t} AHA 3}

Compound 4& =gde] F4 Z 222 20mgol £ HolAth (17 32). EYMS 23
ANAm/z]0 A peak7t VERZow (28 33), FAB/MSol A= [M+H] o] peak+ 415[m/z]
AA vElGT o] AAEA compound 32 EAFE 4142 AR HATH IR spectrum A
WE 3 3492, 2,926, 1,744, 1,461, 1,164, 724 cm ‘oA veEltom, o] A& hydroxyl, ketone,
double bonds& WEMALTH (29 34). 'H NMR spectrumol A= 8 533 (multiplet), 8 5.30
(t, J=1.5Hz), 8 4303 4.28(J=4.2), & 4.15% & 4.13 (J=59Hz)°l A vinylic protonE°] }E%k
o} 283 8§ 0.88 (J=66Hz)NA F 712 methyl”]E& Vel E 3tu9 proton triplete] el
Wyl =35 2.70-1.2600 A e 1} z) signalE & mehylene® methane protonE & e}
Uuide (23 35). °C NMR spectrumol 4 39709] carbonol UEdow, § 196.299014
Bl signal? $709 carbonyl groupe olvlatgirh I & 131.02-128.0600A ERd
signal® ol|F 43S ulstgi, & 7697, 69.06, 622644 a9 Z¥E hydroxyl
carbon, methylene carbong 9vldtgdth & 3890-22.84014 yw A carbonE©) ERDTH
(29 36). of A= ZF¥&5l9 compound 4= 2',3'-diphosphoryl-1’-propanoxy-B
-D-glucopyranoside 2 AR HYUct (29 31).

i
HO—pP—oOH
H I I
H OH
H H
OH

1Y 31. 2', 3'-diphosphoryl-1’-propanoxy—-B-D-glucopyranoside?] 734
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21 33. 2°, 3’ -diphosphoryl -1’ -propanoxy -8-D-glucopyranoside®] MS spectrum
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19 34. 2’, 3’-diphosphoryl-1'—-propanoxy-B-D-glucopyranoside® IR spectrum
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19 35. 2', 3'-diphosphoryl-1’-propanoxy-B-D-glucopyranoside 2} 'H NMR

spectrum
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¥ 36. 2',3’-diphosphoryl-1’-propanoxy-B-D-glicopyranoside 2] BC NMR

spectrum

v}) 1-linoleio-3-olein

Compound 5% &vlZ7 o] EtOAc:MeOH=1:1%] fraction 591 A1 2 H oAt (27 12).
o gold E42 23 methanolS ]88 Lichroprep RP-18(0DS silica geloll Al A Al
Hol 30mge) ASHAUD (28 37). EYMS ZAF 618[m/z]ol Al peak7t YHERREOM,
FAB/MS9] A= [M+H] o} 2 peak¥ 619[m/zlolA yElwtt}. o] A#ENA compound 32
B2 61882 AAHUT (27 38). Compound 59 IR spectrumol A ¥z 3492, 2,926,
1744, 1,461, 1,164, 724 cm ‘el Al YEl o™, o) A& hydroxyl, ketone, double bonds group
S e (2 39). 'H NMRA A} A = § 533 (multiplet), 8 530 (t, J=1.5Hz), § 4.30
I 428(J=4.2), 8§ 4.15% & 4.13 (J=59Hz)) A vinylic protonZE°l vtelytrh Z12)31 8 0.88
(J=6.6Hz)M A 5 M methyl”| & UrE‘rLH.*‘E sttb ol proton triplete] YEbDH ES
270-1.26°0 4 el YA signalE & mehylene® methane protons S WepJUIth (1
g 40). “C NMR Z3oll A 39712 carbono] Yebdon, § 19629914 el signale F
A2 carbonyl groupd ojuietgth =E, & 131.02-128.069 4 JELY signald olFATE
olml 83, & 76.97, 69.06, 622690 M= AtA 9} ZA3E hydroxyl carbon, methylene carbon
g 9nlstAth 8 3890-22.84%0 A1 WP A carbonEel YERGTH (19 41). o] AHES FTFH

3992 d compound 53 1-linoleio-3-olein 2 SR HAUTG (2§ 37).
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HZCI‘\O)j\/\/\/\/=\/—\/\/\CH3

19 37. 1-linoleio—3-olein®] %4

Z19g 38. 1-linoleio-3-olein2] A A A
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29 39. 1-linoleio-3-olein?} MS spectrum
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1619.04, 85.60691
h9327
2929.32, 84.83184
84 1385.14, 84.50418/
1075.02, 82.785747
a2
[: i3
N\3373.29, 78.84667
4000 3B00 3000 2500 2000 1500 1000
Wavenumbers

29 40. 1-linoleio—3-olein®] IR spectrum
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1Y 41. 1-linoleio-3-olein® 'H NMR spectrum
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1Y 42. 1-linoleio-3-olein®l '*C NMR spectrum
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Hh) 1-(N,N,N-trimethyl ethyl amino phosphoryl) 2 ,3-dilinoleinion,glycerylphosphate

Compound 6¢ &v##A0°] methanol?l fraction 6°lA EelHolfH. =l &3
2 B3 methanol® o] ®3te] Lichroprep RP-18(0ODS silica gehol A &4 % compound 6
& 44 ek (19 12),

Compound 6+ 8ol HAo) & EAZ 100mgel FE5FUu} (219 44). EYMS 2 3}
782[m/z]oN A peak’t YrER oW (219 45), FAB/MSO) A= [M+H] o] peaki 783[m/z]
off 4 vetwtd o] Ai}EolM compound 6& BAZHE 78272 AAFHAJE compound 39
R, 'H, "C NMR #3% o} compound 6% 1-(N, N, N-trimethy! ethyl amino
phosphoryl) 2,3-dilinoleinion® %A =t} (1E 46, 47, 48, 43).

i P
O=p—O0—FChHh——CH—N—Ch
ch Ch

1Y 43. 1-(N, N, N-trimethyl ethyl amino phosphoryl) 2,3-dilinoleinion,glyceryl
phosphate®] Fz=2
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g 44. 1-(N, N, N-trimethyl ethyl amino phosphoryl) 2,3—-dilinoleinion,glyceryl
phosphate®] Z2A A

108 149

29 45. 1-(N, N, N-trimethy] ethyl amino phosphoryl) 2,3-dilinoleinion,glyceryl
phosphate?} MS spectrum
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39 46. 1-(N, N, N-trimethyl ethyl amino phosphoryl) 2,3-dilinoleinion,glyceryl
phosphate®] IR spectrum
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9 47. 1-(N, N, N-trimethyl ethyl amino phosphoryl) 2,3-dilinoleinion,glyceryl
phosphate® 'H NMR spectrum
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19 48. 1-(N, N, N-trimethyl ethyl amino phosphoryl) 2,3-dilinoleinion,glyceryl
phosphate®] “*C NMR spectrum

A}) Glycerol phosphate

Compound 7& £vlZ7 o] methanol?! fraction 7904 EaHo} AL} Eolx &3
23 methanol® ©]€3}l Lichroprep RP-18(0ODS silica gel)old <3 compound 7
AA A (29 12).

Compound 7+ ZAsE 1HEAZ 20mgel FSHATS (2% 50). EIMS F3
172[m/z]N A peak’t Vel ew (19 51), FAB/MSOl A= [M+H] ©]& peak® 173[m/z]
ol UElgdth o] AAESA compound 3& EAEL 1722 AAHUTD. compound 3¢
IR, 'H, C NMR Z# o] compound 7& glycerol phosphate® 3 HUY (¥ 52, 53,
54, 49).

to rlo
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1% 49. Glycerol phosphate?] F%4

29 50. Glycerol phosphate2] 273 A
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-1 51. Glycerol phosphate?] MS spectrum

29 52. Glycerol phosphate®] IR spectrum
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13 54. Glycerol phosphate®] C NMR spectrum
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o %2 - A8 G484 an g 2 7iEe] FAsAL 5 v AF

1) In vitroiA o 84 a3 A4

7}) P383 murine leukemia cell& ©| 88 4% 94 E7 (ICs)

P383 murine leukemia celle o83 A& A &3 (ICx)NAE 1-linleio-2-olein7t
Apg/mE UYehgo] 7t =2 92 REd. £33 stigmasterolS S0pg/mlE RP oM,
1-(N,N,N-trimethyl ethyl amino phosphoryl) 2,3-dilinolein ion, Glyceryl triphosphate,
1,4-glucopyranosyl-1’, 4'-glucopyranosyl-1",4"-glicopyranoside, 2',3'-diphosphoryl-1'-
propanoxy-B-D-glucopyranoside, 1-linoleio-3-olein® 100pg/m¢ ojfoz wig I oA
S9%E B (£ 8). '

¥ 8. P383 murine leukumia cell$ o] &8 F3Y 2459 50% 43 A4 &3 (ICx)

Compounds ICso (pg/mt)

1-~linleio-2-olein 41

Stigmasterol 50

1-(N,N,N-trimethyl ethy! amino phosphoryl) 2,3-dilinolein ion >100
Glyceryl triphosphate >100
1,4-glucopyranosyl-1’ 4’ -glucopyranosyl-1",4" -glucopyranoside >100
2’ 3'-diphosphoryl-1’~propanoxy-B-D-glucopyranoside >100
1-linoleio—-3-olein >100

) 97 275 RC) PFA

oz 2A% (RC50) BA&ANA, 1-linleio-2-olein®] 7% 22ug/miS e B
g - AAY G2 374 2484 W8 2 FAEE YA £ stigmasteroldl 7%
175pg/mE  Jellg en, Glyceryl triphosphate, @ 1-(N,N,N-trimethyl ethyl amino
phosphoryl) 2,3-dilinolein ion®] A-$-ANAE 49ug/md # 48pg/miE JEN o] e geof F
20 Hlg W #4E 2Ach (298 55).
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tmi»~_\> paan ot MR Ty ] ——o—— Glyreryl triphosphaie
il H | ——a— 1-(N,NN-irimethyl ethyl amino phespheryl)
T‘"’ 2,3-dilinelein ion
—o— Stigmastere]
o 04 T \ \ —=— l-linlein-2-elein
<550 70Nn:m) et e X -1"'“' ” TN --—-- controi

- 5096

c2 \

3 A
‘L
co HE!_ o
i 1 1] 100
dote (vpimi}

29 55 IR ¥e - AA" 245 BHT 9 #d2 47 &4 (RCx)

) H:0:A o) ol & MEPES A}

WA A £ - HAH A stigmasterol2 FE9 A+ 2aste] HOA 2 A
o] BELES =AY A, 39 563 o] ¥t FUHEC) wE gzl A Azie) A
flo] Fistes AgEHod AXY AL F/NAL ¢ 5 ddon, =8 wFAo]
ZA soldel AN E FAsFrd T AJAEY2E FHEA JASFAT (2F 56).

120 oo
o 3 control
50 Oug
| 3 10ug
1 B0 B
% [ 25ug
” - | m50ug
20 L 103 100ug
0 L1
1hr 3hr Bhr 24hr
MEXH e Al

¢ 56. WAlojl A £ - 549 stigmasterololl 9@ H0:x4 28 AXEQ AEEL A}

2) In vivo A2 &4 F3 2R

7H) A543 2 Adiver) A =3

270 ARR7IZE Bz HEFE 7Y AW 2 FAY WsE= ® 99 2o 7
~164-



AQF e AFL IY AFTWU(g/day), 7 FA #Hs= AdF FA@ FAF AT
AoE FAE & (%)E EA ST

Aol doMe QAT FoFol 717 Bol AFol S8R, ¢FE T4
& 3 BAFEETS 425 A 5o FoAAE AF F7HF AJR, stigmasterolS

g FoMe gists AFol BAFHAGD AgaEH 2 dig AFAde] FF Ao
geA Y HEY EE 5% TAME ¢E= A8 4FEEFEY A @%kg v A A=
8o 28y 2FEE2 HE F97 Aole AJUAT HIER EE ¥ FHROE
AFol F7td Aol yEwch ¢ APTES 4FE A=, 017;1-0—2 ujFo] B

_9___
o} B AgoIA AR MAZFZEL AFAAA PN o= A% T AAE Ao
18 5 Qo
e AUA TAS AUA FAE S Pe dslon, 7 AYFE ol {9
4ol Aol g wolx Yt B2 AF ¥H A AWY 2 1 ARFHE ol ik
Aed, & AYIME 104 GBS WA B Ao Azgh

X9 A% L FA9 wsg

Group Body weight ) Absqlute liver Relz_itive liv%r

changes(g/day) weights(g) weights(%)

c? 0.32+0.04° 1.58+0.08 | 460+0.19°

E” 0.06+0.05™ 1.40+0.07° 454%0.19*

VE® 0.04+0.05™ 1.37+0.08° 459+0.26°

2E® 0.16+0.04 1.56+0.10° 4.84+0.28°

ME® -0.04+0.05° 1.51+0.09° 5.08+0.26°

1) [ final body weight(g) - initial body weight{g) 1/ 14 days
2) [ liver weight(g) / body weight (g) ] * 100

3) C: AYANEF FoAT

4) E : 40% EtOH Fo

5) VE : 40% EtOH o &3i¢ vleld E FoF

6) 2E : 40% EtOH o &38ld B 2FEFE FoT

7) ME : 40% EtOH o} £33 stigmasterol 5o

W) d4 B3 A3
MR FEES 2570 7 T4 79 EAF 9 GOT, GPT, y-GTP, FZd2HE,
HDL E#£8E % LDL Sd&HES A3 234 ® 10, 113 #oh

b &322 =3t A EE Glutamic oxaloacetic transaminase(GOT), Glutamic
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pyruvic transaminase(GPT), y-glutamyl transpeptidase(y-GTP) 59| &4 Eo] o]&Hx
Atk ol AAEL &£49 7 2Fo2RE A For WEHRE dA FAA Y Yo
=4 SAYY. GOT 843} GPT A A &¢F FofFd dHsA] stigmasterol Fo70]
fFoldor o BANE poot wola stigmasterold G| 25k hEAE HIEEE A
o8 AtadY. y-GTP 842 71 49T ol #9AQ ztol& Holx &gt

o o] HDL FH2HEL fog FH28ER, FH2HES 2ol AEA A
Bo® ZZA ol FH2HE £TE FFEE T2 4TS gk B AT EF FE
d=EE, HDL 2828 E, LDL ZH2HE 55 €2 Fosd €234 8 #5284
€ FoTo] Mg zolg Holx gkt

¥ 10. F GOT, GPT, Yv-GTP &3

GoT’ GPT? Y-GTP”
Group

Karmen unit Karmen unit mUnit/ml

172.92+9.66 3351+2.67*" 18.90+4.14°

E 159.61+10.39° 34.86+2.81% 14.81+2.50°
VE 171.21+13.40° 35.53+2.66° 16.853.02°
2E 165.72+11.40°° 33.35+1.80™ 16.06+3.84
ME 121.98+1057° 29.24+2.21* 12.90+2.39%

1) glutamic axaloacetic transaminase
2) glutamic pyruvic transaminase
3) v-glutamyl transpeptidase

¥ 11. 9% Total cholesterol, HDL, LDL

TCY HDL? LDL?
Group

mg/dl mg/dl mg/dl
C 164.29+7.65° 21.46+2.95° 139.10+7.86°
E 145.76+7.41% 19.43+1.92* 123.36+6.01%°
VE 138.56+6.00° 16.69+2.70° 116.41+7.34°
2E 145.44+6.35" 16.38+1.82° 126.66+4.49%
ME 165.05+7.47° 17.42+2.86° 143.18+6.32°

1) total cholesterol

2) high density lipoprotein cholesterol
3) low density lipoprotein cholesterol
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A, gxdlolvjyd Ze oz 7kA AH

A Hitstol og z2F o &4 gEESA
wako 2 RE Histgo]l AAEHE AAdA A gtrizio] WAsHEA AZEY drtE R
AR} AbEh= allylic hydrogen® ##8ta AAEAE AYAU o FA A lipid
free radical® AbA9t A WHS&o] peroxyl radical® @A gl Peroxyl radical2
auto—oxidation chain reaction?)A] & lipid®} W3-8}, lipid hydroperoxide(LOOH)Z
&35l A4t lipid free radicals AAIgth WA 9 lipid peroxidest AA S &4
ARk olelg AA#HSE FA387] A8 7bF @l A8l W2 malondialdehyde
(MDA)9 %% ZAste ZAolth. MDAL thiobarbituric acid(TBA) test& %3t £33
o},

Zh o, oAbl A ZA G MDA ¥ Zh AgTEd f9HQ AolE UYEAE &
Aok, 28y 7 HolA GF Fofdted v H]E}“"l E 52 8 FEE FoTAA
MDA &%& tta Z2aA7e A3 2ok A8 itz iy vgdl E 9 Hx
o FFEOE MDA ¥FE TaATIe AR EO} WA FZEo] MDA FF& BAA
7R ZEA T, AdAAstE o= AE AAAIE ATl Aok Az (& 12).

¥ 12. 2F (31, o, o]A)4 A4 MDA(Malondialdehyde)

Liver Brain Pancreas
Group
numol/mg protein
C 0.54+0.03% 3.10+0.07? 1.10+0.11°
E 0.52+0.04 3.22+0.14% 1.47+0.42°
VE 0.49%0.06% 2.87+0.15% 1.10+0.14°
2E 0.46+0.04% 2.76+0.20% 1.25+0.172
ME 0.48+0.04% 2.88+0.30° 1.38+0.14°

) % 2R Fo] Fads 54 G 3

7+ ZHoA =RE Glutathion S-transgerase(GST) A LE HElYW E 5doF
(308.40%51.49 pmol/min/mg protein), stigmasterol 597 (279.914+30.04 pmol
/min/mg protein), A A B¢+ B 3(250.22+24.28 pmol/min/mg protein), ¥A ZFE
F0]£(199.22422.90 pmol /min/mg protein), LT FoTL(194.51124.73

u
mol/min/mg protein) #°}At}. Stigmasterol Fojito]l YA E Fol= FUAAT 4=
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T HlE & €48 Yehid (2™ 57).

GSTE AE U2 #U8s IEE50] dirads BAd AAHE S444FTH -4
A A o] EAE0 GSHE TPAA HAEZS d5s: F84E st AAN alold
wepa 2 AP AFEE Bl FEEL ek o8 gAaE GST G4EE o= Fx
A Aoz Azt

350
300
250
200
150
100

umol/min/mg prote

()]
o

o

C E VE 2E ME \
Group |

a9 57. % ZA QA GST(Glutathion S-transferase) #AE &4

4. A7

7t ZkE FA3BAH AAYS v PFESA 3 FASEAY vAF AE

1) SOD HdoME TER2H(2683%)7F 7HE & JASS BHon, M-2(21.1%)) A
%0](20.93%)> 23(19) (20.26%)> M-1(20.28%) «2.2 A&l ki, M-16& X T
T 19FZTAMNE dAge] A8 Roz Vet

2) POD AdME 74007(30.09%)°] 714 &L 4AEES RPon, 9010(1875%))
17001(14.93%)> 17003(13.22%)> 9006(12.99%) «o.2 AA &l %2, 170-1& X T
547 EFNE JALel de Rez ey

3) DPPH AdolA e F-J(8051%)°] 714 & AASES RAom, 9010(64.38%)>
9006(59.17%)> DE-E(57.56%)> 9009(53.49%) 2o & A &o] &3, o] FFES X
33 F1970 EZAME 40%014e] B2 AA&E BIo 740138 XFI 15FF
A= 10%0]8te] ¥ oA &S BT

4) TBA Aol AF0l(675%)7F 71 =& JA&E B om, 23(19) (67.38%))
5019(65.549%)) 17016(56.83%)> VI(56.73%) o2 AAgo] 42, o] FF2 £
F16FTANA 40%0189 E& dASE BIoY, 90268 ETFT 10FFTAAE 10%
ol3te] Be AA &L E‘.?&‘:}.

6) Electron Spin Resonance (ESR) Wil ol& a4l &4 #dA Ad, old HAHohA
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=L AL Ve 2FH 3L 48 JeEld 259 HTHQ signal intensities®
0.25 ¢+ 0.83(Mn*' standard) °]1th.

Y. 45843 24 ¢ 2 29 - FAd 848322 FAsA49 +x83

1) 8158 A (24027: Pholiota adiposa)-& Hexen, EtOAc, MeOH?] &H& A} 43ld £
< B2y 2y 235¢ IR, MS, 'H NMR, '°C NMR #4 #A3d (1)
1-Linoleic-2-olein, (2) stigmasterol, (3) 14-glucopyranosyl-1'4’-glucopyranosyl
-1“,4"-glucopyranoside, - (4) 2’ 3’-diphosphoryl-1'-propanoxy-B-D-glucopyranoside,
(5) 1-linocleio-3-olein, (6) 1-(N, N, N-trimethyl ethyl amino phosphoryl) 2,3-
dilinolein ion, (7) Glycerol phosphate® %7 ¥ o]z}

ok 29 - A9 GHEHY a9 §A ¢ 7|E9 g5 4e 57 6w Y

1) In vitro oA 484 53 H7}

@ P383 murine leukemia cell& o] 8% AF JA &3 (ICs)elAE 1-linleio-2-olein
7V Qug/mb-& eRdio)l 71 =& 538 B on stigmasterol S0ug/miS BT

@ I 2A%RCs) B4ZAANA 1-linleio-2-oleino] 22pg/m 2 W9 2 AAH
£ BH9c 93 stigmasterol, Glyceryl triphosphate, 1-(N,N,N-trimethy! ethyl
amino phosphoryl) 2,3-dilinolein ion Z}z} 17.5, 49, 48ug/mE VEFH AT

@ HeO:A ol 93 AZAAEE FAIANE stigmasterol®] =9 WFA| Lo F71E

w2t FAgFio o3 AsAEYAE FHeA AP

2) In vitro XY & AA

O WA FEE FooA AFTZT/H BYo, 7&d FidAR Feid HERES
HZeRE A A8 ol ez Fd.

® GOT &4 GPT &40l stigmasterol Bodto] o}E g 7o vlis] A3 @
2 4% 19 stigmasterolo] &Fo] g 7t £ da 25 F8E = A&
& 4 Atk 2 y-GTP, total cholesterol, HDL, LDL.oIAE A 7+ {23t
7t e kot

® zH H, ojztollA FA}F MDA @F2 Zt AFFEN FAHA zel7t YeEtA =
st AT 13 HofjA FF FojFo vl FEg FASAZ g3 vEw
E 5423 il FEE FojTo] LT F#F2E MDA &% HAAZ.

@ GST gA4=Z443%, veyl E 47 (308.40151.49 umol/min/mg protein) >
stigmasterol F9(279.91+30.04 umo! /min/mg protein) > AXEF FALF
(250.22+24.28 umol/min/mg protein) > WA ZFE Fo7(199.22+22.90 pmol
/min/mg protein) > ¢E 5 7(194.51+24.73 pmol/min/mg protein) £2.2 &}
@}, E£§ stigmasterol € @Zo) Hl#A FoF HolE UAT L AL v
o] ol os FAE GST GAEE o= A= FYFA7IE Aoz Yeth
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P51 : BAF HARAY|S EFo &4 2 o]& dF
HAR WY 24 /15849 g0)f AT

v

DY 23 75 RE 84 A4 9
7b wh929 strain @ AR Fx wE WY ukgAde =A}

7Zrzko] ZF(strain)9 vl9-2(5~6F%, female)E o] &3lo] titrated cellE& 48 welloll
500ul® ¥F& 3 titrated cell ¥Ho] A& E F(NA), A8 A4 #(VH), B-lymphocyte
o] g mitogen®Z o] €5 = LPS(Lipopolysaccharide)E A g3 LPST# 25ug/mid] ¥ &%
2 Agste 10% CO2, 7% 02, 83% N2¢ Eg7t~8 o 5psiel ¢&E9 stain-less
tissue culture chamber& 8~10 rocks/min®] § %2 WH¥HAI7IY 37T, 5% CO2 sl %7]l
A 72X Mg Wittt Trinitrophenyl-heptenated sRBColl widh AFCE  Jerne
plaque forming assayE W R3t Algsle] &4 A xR ALE351A

3 A% A%E B dFF SHERA wFF(Hybrid) BDF19 A97t 718 9584
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Fig 1. B-Lymphocyte stimulating effects of response to sRBC in various mice
strains.

Ed g A7 % sample A2 wEE AR Aste] udd g P 2 A%
72AZE Wioll X Ao} At vebde o = o, (Fig 2) sampled] A7 FEol
A% 25ug/ml 9o sEOA AAHA B4 H4WE FY F F YSS & T AN (Fig 3)
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Fig 2. B-Lymphocyte stimulating effects of response B cell culture times.
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Fig. 3. Response of normal mouse spleen cell suspensions to sRBC in various
mitogen (LPS) concentrations.

U ddzd £3 A4 FF9 34 2 B4 24

% 1339 oA ALAZEEH dojxd 45 55 2 O3 1A% F8Y BF &
AR Yegon, o9 = ugS AdER o B 4979 A PHsE A A3
HEWHA A ASI 24002 2 ASI 240079 = Ao A2y X% vy AstA
Yelds= 292 gkt I 9 Lyophillium decaster®t Clitocybe nebuslarius?F B2
A A 24S BASS g (Fig 4, Table 1)
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Tricholoma gigantium
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Table 1. Yields of hot-water extract from various mushrooms



of Wg 23de FAsYen, AHS WA BE Ao HE Fopu]
279 WA (PDA, YME ol 83t wigs #3E FE8te] Ao of
$8t9ch. 7 A3} PDA WXl Wge FAAZ B x chgAsh YM wRold wee
FAHA = ggAe) B Q7 @3 FA5NA Ga Aol ng o A% Az
Aolo] olste] W @Y 2B AN FFE F 4 AL Ao F53uh (Fig 5)

Flm o

T3 o A FFE FAA vl vAHY B 04} A FABol ¢4 Aoz wy
stglon, B A7 A dATo] 43 #F S A 7= 240079 A4S PDA sl
A DL YM iR A FAs g ¢ } o}, 240179 A% YM uix o] &A

4% +Fagedt Bast Ao

o9& WA 759 B 43+ &A 3450l positive controlol] Bldte} tlRE FstAl vhE}
= A& & 7 Aoy, IR FAA & 2 09 53] Fr FFA A7t 740069 7

Sl 4% 34 dM S Bt (Fig 5,6)
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Fig 5. Plague forming cell assay activity of hot-water extraction from spawn
mushrooms,
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Fig 6. Finally PFC assay and HAS assay result of hot—water extract.
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SEE A T o 72A2HEQF 37TE CO2 wjk7loA 571%e] 7gE Fof FEHo=
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PFC revision

AFC

VH LPS 24007 DA 74006 DA 24007 XHHEH
28 ES- | 28
samples

Septrophotomefric assay

VH LPS 24007 2 AL 74006 2 AH 24007 HAH
s28 i8 22
samples

Fig 14. MlEMA 2 X7t |Ale FALN 2523 ulsuAle] 444 5289 B AF @
Q VY% 2.
VH: A2 294, LPS: positive control, 24007: vl& ®A, 74006: A7} WA

. HlE WA FAMA 38 (24007)9] B¢ €4 It

1. Animal cell cyto-toxicity and proliferation assay by 24007 protein

polysaccharide complex treatment.
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MTT assay of Hela cell by 24007 MTT assay of HT 1080 by 24007 treatment

treatment.
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Fig 9. Cell proliferation assay of cancer and fibroblast cell line by 24007 extractor
dose-dependent treatment. A and B is hunman cancer cell line and C is mouse
fibrobalst cell line.

MTT A% E4 49 27 d3¢ AEFHTI0H AZF ARY MEF(HeLa)ol oist
o 3= gEHOZ ALY FTAL At FFHEN didtels 40 e AL FAd}
k. 22 SW 480 typed g AEFo dElMdE $7 ZldAD &7 KolA
Qsth o= 54 ¢ AEFA dsidT Hexoz Fgae Aoz Asdn

24007 (400ug/ml)

Fig 10. Effect of Pholiota squarrosa hot water extract on 1009 dish of Hela
celis(X400)
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£ HeLa AXF9 Zols 1000 dishold wjde AA 2 243 72hrAds wigs o
Beols B ¥ AEIE FolA =x AL g9 @ F YU, AR AEE dvjFo
2 3 e Feols FAAAERY AT A 2Yol EF AL FA &+ AN
o (Fig 10) ol vEHA FRFF 240079 FEB0] ¢ AEF FAAA 4% £ 2
2 Walst A o AlEd AHAHJA Fgoz Add AE A4S JYEE 3HFoR 9n)
sz Aol AtgEY. ol 2L AFRE EdE ¥ o uEua dF FEE0 4 AXF
o A¥HA 54% Jehd F dohs A e ¢ 5 gt

nE

2. VA 240079 EF FEEBA 9T YMEF apoptosis FE A 5 A

g ME F HT1080MEE G-DEX™ Genomic DNA Extraction Kit (intron bio)E
AH8-8lo] GA|EF 9] apoptosis FESL AAG A chromosomal DNAXE H]SB]A
SES AT AolA gzhe BIE AL B F JdEU o)A DNAY degradation©]
oju}7] A &3lo] apoptosisZ2 AAEHE @dAZ st Aoz == (Fig 11.)

1w, -1)1*

M ontrol 24007

& +— Chromosomal DNA

Fig 11. DNA fragmentation assay of HT1080 by 24007 hot water extract
treatment.

s %

of 2%z FE& R HlE WA F2E29 A9 o4 MEFA AE AlE(apoptosis)S
E 5 9on, o AEe SolHgl EAS BozA ¢ T AFS A4 & 5
= %Eojgt AlgH.

3. HEHAl &89 A o] 540 B oA T RAL

AXs A HilA o= A= 43L &/ Hd & 292 Hol L Ffo| o] drh

Hol7h dojut7l A= ¢ MEUIA Matrix metalloproteinase(MMPs)&HE @9l a5
T HAA3, o] MMP7E BRUFAEE B3 gHEe I5F 2& & F A @0

-182-



M Control 24007

Beta—actin

Fig 12. RT-PCR result of HT 1080 by 24007 extract treatment.

RT-PCRE 433+ 23} MMP-99] Z-$fole 24007 FE£EL2 s ZAo] MMP-99
mRNAS| W&ol H3e & F AU} ol AT A 24007 FEEo] ML HP"OP
of signal® MIZUE FojA MMP9 mRNA9 #dYS zde Aoz Hol 24007
Bol 2% aulisls Bsto] AdAEY oyt Had AFA dEE st 2oz
Ao} (Fig 12,13)

2.9
=]
z=
3
=
=

o ~l)l'
A e

Control 24007

«—— MMP-2 (72kDa)

Fig 13. Effect of 24007 hot water extract (400ug/ml) on MMPs activities in
HT1080 cells

2k A7F WA 74006 A5 FEEQ ¢ 8HE 5F
L AlEFe G2 X 54 74k

Zzkol MEFE 96-well plateo] 1000cells/well/200ule] AE 52 Zbzte] FXo wat
8welld Z=X3H951, 5% CO2 37T wiF7iolA o 48hra<t widstch wi¥ ¥ zHzte]
kol wek 24007 93? FEELZ AT F 24hrHo ¥AE 2F AASUY. 13
Serumol Q= DMEM #iAo] MTTE 0.5mg/mle] TEZ 27 welldlthzl 200ut® A
uld 3~4 A S 5% CO2 37T Wi rlolAl wiketdch vl = Wi E 25 AAT

% DMSOE 100ul/well® AE£E %91 T ELISA reader® 570nm® 3 Lolx 779
o.Da)c% ZA4e F- wx3 Ao
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Fig 15. Cell proliferation assay of cancer and fibroblast cell line by 24007
extractor dose—dependent treatment. A and B is human cancer cell line and

C is mouse fibroblast cell line.

271 WA =& 89 Zhzbel M T gt proliferations &¢ls] B A Zhzhe] M EFo|
qalre 5% gEHoz Zasts Aoz UG ol HlEHAR fAle ZidoR

M EF9] proliferationd] ¢S T AoE FHHL
2. A7HHA FE2E9 AXE AE § = 84 34

Control  100ug/ml  200ug/m!  400ug/ml

ip

<+ Chromosomal DNA

Fig 16. DNA fragmentation assay of HT1080 by 74006 extract treatment.
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apoptosis9] %7]9] AE AH*= chromosomal DNAZ} randomdlA] 2] Ao A RE
A SRR 0] 2A38 A chromosomal DNAZ FEstol gl gt B Ax & o gol
YA 22t} 400ug/mie] FEME FEe Amr A Aoz Bol okzhol nacrosis

2 $EAQ Aow FEAT

3. RT-PCRE o]£% o] 83 a4 (MMPs) 23d%s AN

M control 200ug/ml 400ug/ml

*~ MMP-2

Fig 17. RT-PCR of HT1080 by 74006 extract treatment.

HI Bildle wAolA FE G gae] okl MMPse] 2d % MMPs AHA|9] ©&
N3EE Bt AY inactivation Al71E Ei17F B0 va glo}h watA B Adx a7l
AR B Zdistel sty el W Aol wAsA R

4. SDS-PAGEE |43 A7 v 55 X% =4

SDS-PAGE= dwtd oz duldo]l Bz 24 9 galdo EXJ e ByF 32

Fal 9= proteomicsoll ®o] o] &HE FA ol E3 w@wido] Ao wel vl
of wrgd B daAde] 371, gAE o] 23 western blot2 ol &3t B Ay A
de AA ATl o] B HE 7IE2A Bol F£RHARE WY F shiolt. E Age o
g olEg& ngom st AA7F WA 2 oA dizFEd =Zvs g B A7 o

30~32kDag] i Al £4 A7E &< & + Ut
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35.8kDa ~
ROt HA E=CISH|

29.0kDa -.*

Fig 18. SDS-PAGE gel® ol&% 7} WAl Z ohda] 2a3 24,

5. A7t A& ol 43 F T 2 vt JA 7

ulgtk 24l ob/ob

A7F WA FE2E9 & Fn A Fdd dg B A WY
= Z=Z %9 soluble @)

o
nick out miceZ o} &% 3 st} 27 MR FANA @
2 AFA oA Az & A 4A5d 100meg/mle] FEZ 230 34%
200ug/kg®] %2 ob/ob miced] wid 13) < 309 TS FAbegAnh a2 A v 9
Edlel ob/ob miced EFA HAIE ¢ 200 AE JYEhUE Aoz @QHQ A, o=
Hgkg o=HT A A F 9= 592 g9 & 5 AAch =8 Glucose analyzerE
ol & dF FAHA F 40%9 BT A ABE FUAsAC. (Fig 19,20)

4

4>
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Fig 19. Diabets Mellitus model mouse (ob/ob mouse) body weight of chaga
hot—-water extract.

B Control
B Chaga 200mg/Kg)

glucose concentration
(mg/dl)
~-E88888d8

3 weeks 5 weeks
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Fig 20. Diabet model mouse blood glucose analysis.
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ol 7P A (74006)8] AAS AT
L v 59 A(24007)3 A7H5(74006)9] 74 3 £4

Bl =9 A1(24007), 27H8IAI(74006)F thd Al&o] 2M trifluoroacetic acid(TFA)
E 718 100ToAA 4A2KFA3), 6N HCIE ¥ 100TlA 4’*]7}(0}‘3]_._
) 5 47 AR AN F Y SR ke BEE Ud £AES A%
2248 93 ion exclusion HPLCE o] & EA3 A3 uleWA(24007)€ £ Y%
Z QAR 2298 AL 1F FHEE glucoseol™, Z7HHA(74006)9) F
¥ & glucoseolth. wEtA HIEWA(24007), 2A7HHA(74006)9] ©+F o]
A FAEAEE vEltE 2E ¢ 5 AT

sugar/samples 74006 24007 |

fucose 0.000 0.000
galactosamine 0.001 0.000
glucosamine 0.004 0.010
galactose 0.015 0.011
glucose 0.084 0.203
mannose 0.010 0.000

Total 0.114 0.223

Table. 2. 8l¥E, A7/MA Y 74 3 =4

2. 84849 a7 21

FE4E H2FAY; dFFEFZAL FHI) Qs AVAR FAAE
100%, 80%, 60% B2 2417t £ 8522(33] WE)E o3#al1 2t A28 5
%3te] Ex 8% 2 a-Methyl glucose® &< =A% A7 A7/hA FAH B
FEEY AS FAHAAXTS.EN) o] 6.8%0lx, gF EFEZQ a-Methyl
glucose?] o] HF 50.3mg/g, 80% B FZEL 34.8mg/g, 60% & FEES
27.5mg/gelA}. ol A diF FF Al ful9 AL 100% EE F=3=
Aol 71 {8l & Aoz dAgdd.
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E(EE) 100% 80% 60%
FAAA2TEHTS., %) 6.8 6.4 5.5
a-Methy!l glucosed

v 8 e 50.3 34.8 275

(mg/g-2 %)

Table 3. 7R FAMAE 2z 100, 80, 60% EZ FZ2PL W Ax9 §
9 q-Methyl glucose? 3

AR FALA Y AASE A dF FF AdF F2PE dFE 98 EAL
BHan g Y FE2930.2ton)dA FE58E A2TFANPEAH] 9L =
Adz 1089 E2 AR FALAE ZF 10kg A 2¥o] AX auksldAl 100TC
Ax NFFEE HAABGT. FA A 740069 FAA2E 0.57kg} 0.59%go)
o FEREL HT 85% FFOE FL Hojgth

3. ZA7rA e AA AzEY

BAY 24 PFFEITHE T ¥ 740069 FAHALE TS. 70%7F HE=S
5T F 74006(T.SIZA 45mg(EFA ] A7 HE $AHA2RF L 45mgol Y
At AAE = AL A2AZE AXAA 7g2o] dhol JEF 300mg
o] A AxXE FHZ table 4 oA Zo] AAE BEUTG. Bol AHLHE 77
(lactose)? AR FHIFAZ 3t T d¥FAA} T flavonoids?t BHAZH Mg
stearate® Absto] Z} A §FE dEA I 47149 FAAE TEAY
(Table 4.)
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Gsomgd) | AUP  Bope  Cope Do
A2 (TSZA) 45 45 45 45
Taud 27 27 27 27
Fflavonoids 0.15 0.15 0.15 0.15
9 164.85 154.85 144.85 134.85
AL 60 70 80 90
Mg stearate 3 3 3 3

Table 4. 7R FAAE o gste] RE 47kx A =4

—AA; E 30449 2ol AA dE YNMARAZAF A, B type2 FE7 IR
C Dt ZA=7l 9 83 Algte] HlwA 433t C, D type ¥ 3hte]
AARHE A= d AT A& Rolth

A A1 600mgZ A type B type C type D type
2Is 32'20" 26'1" 24’3" 237"
FEFAE mg/13
(a-Methyl glucose) 3.5 3.3 34 3f5
ZTFHXH%) 97 11.8 12.6 8.7
Ax(kg) 42 4.6 5.75 6.0
A3 u] A IR o] A S

Table 5. A7AR ZAHA 54 ALE ol 8ate] BE A ANYVNAY.
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A9 Az WY Scheme 10049 Zro] HAHHAZHE §83H4] table 4 9]
AU AAE WEAC. 74006 FAAAE AepHLS wjAs T WA F2
HHe RS F Ax, AW BAss THE o] g3t ot

Scheme 1. 74006 4 A2E ol §
3t FHE AA 9 Az

| 74006Ex. + 3-3A + 334
1
=%
T
a“zhllid?}
a3t
|
i
iz
=
34

mE sl

L1 =) T —} bL—1 L.

Mg stearate

53

|
34
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4. A7t iR BA 4HA

NEFE g 7& Ag 2 % A

B SaA B % | A

b e N R

AzgF 7.0%°13H105C, 4BER) 5.6% 4 &
DA : 3,00070/g ©)3t 30074

nAEAIE A g
2) g RS EXE

Te5A¥ | 20 ppm ©]3 (Pb) A g 2

As 1.5mg/kg ©]3} Z A 3

A3 714 B A g A g

~-192-

Table 6. A71W A FALA ARQA FAHAAR T JAA




E 47 AAE FRF oA o8 A e a7 71y € A2 PEES B vAF
o d5 & A3AE Frga, o8 T A9 Y 5 A 2 I A 44, 2
et 2 1% dvk AdAlE gdd é% g ookE AREAY MEAHE Yol B F UYH
Aol TRsHqct olejst AEH sl&d AFE vgoez g 22 4E2E 48 F U
t}.

AR, A9 2475 BEGH AL A vl$ 2~ strain D A8 T wWE W9 w34
ZAL A3 ﬂéHL(Hybnd) BDF:0], AlE FXE¥E 25ug/mg HFEE 72X7 v xdo] A3
9] dEides e ‘

A, WY £3 23 AN 37 AL 99 10439 FAFTY) @5 #2329 B AT
A 5 24 A% FAAF WEEA 240073 A7PA 740068 E chRAS) AL
@50 s s vehge,

AR, 240073 740069 MTTHE °l83 AX 54 2F 3G AXFHT1080)# A7
BEG MEF(HeLa)el dish = o&Hoz HE9 %«*ﬁ% AASHA S, hFg AEF
(SW480)dl= &7t Qe RoR Bol §R H¥o] AgFer Jgae Ao #IHY
.

A, 24007 2 740069 <LAHAEF HTAIE HFE%5E A4 A3} DNAY
fragmentationo] ¥tz A& &Y 8¢l x, ol HX oA o] o3 ME Al &
=8 g ¥ 4 ok

A A, RT-PCR& 53 MMPs 2] mRNA 2@# xA}olA 24007 & Fo] MMPY 2@
Fo] & Ao Wol 24007 F&Eo] ol %aﬂﬁzw 13 S AP ozA o AT
invasion®)Y} metastasisg A 3t GAF] Holu} AL L oA & AoF FHHTY)

A4, SDS-PAGES ©] &3 740062 &5 ¥AFS g 30-32KDaolth.

UFA, 74006 = THE o] 48 § P L ww oA APolA AelFol vl AT W]
9 BRAL 200, UL 0% A B AT

oA, 24007, 74006 #AHAIY = dY FA AP HRELS glucoseolw, 2 9
glucosamine, galactose, mannose 528 FAHo] 9}

upHgre 2 740069 =4AE 2 LDso#kol 2,000mg/kgol o2 Ao} Qle oz &
2 skt
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o F

ol Aol U3 AMFAHS AL J|FL Fig 2173 ol ¢ AFEW H(Nucleus) &9
Central DogmadlA] H$AEAQ DNAZEREH mRNAZ AAMtranscription) = FA A
MMPs®] #Zzto} v, 27l A4 35 g2A7t AE %9 oud FEAZREH
AX 4o A% A<D AA(signal transduction)E Fato] AAl A 25 E Ao}
MMPs9] §AA7 Bdo] Hx Y5 E $5 3197, E§ cell membrane 322 32 o]
1} MMPsoll A3A o= ZAggozi MMPY AAL AAse FAxXY o] R 4F&
AA sz, volrt MEd AARHA EA4L Yt ARE Ak Y A" cell
membrane} 9l & A(receptor)o A1) A e} Mgoz QA AE AF (AL ofF v
3R &yt olg ML Fu g whEd A3E Bt JoE 2 et s
Ao Alsdd.

Inhibition
o Ar.m 24007, 74006 = CYE A
Latent form

Fig 21. Putative mechanism of 24007 and 74006 hot-water extract suppression of

tumor invasion capacity through inhibition of some invasion-related factors.

azin A7 viAle § 2w &3] 3¢ B F8 299 ob/ob mousei™ mouse ol

leptin®] #£02 Qg vlvte {% 3 ZAZA A7t 32 ddAd H$ 1% nigrg

A g387] 93 lepting T A7t 5259 B ol FAlY AIH}E HolE Ao

FEEHA =23 49 A8 € =3 AFE x93, dA%] A& AYAL S o3

AM7lE Aoz Rol N2 AFE LAZ Fgol /5T Aol Alsdr). o8 ngez

71& 23R BAFY gIE F JFA AE s 7ld & Aow Al
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HESIAO

AENS : HS740062 DIRAE OI88 Y3 CUIASEH SHAE
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Q o
2 AME2 0IRAE 0I8361061 HS 740062 AF2 SIS0 A UEHE S42
Bt D JHE2 XAMEE Fo6tJ |50 AIEE2EE O(CHI'_") ¥ 2,000 mg/keg/s mL2l
CBEYeR 24 225 Oi2ld &3 ARE0 SR, FO £ 142 S0t ABSY,
AZE 2 NS AL SoA AHg AEIAULH

ZEI|ASO - HXZZW ANSESESHZUA SO0i101 D18t A, s X
MESpsts ZESN YUCL SA2D SO|FOHE KR 42AS BERX
OI&422 HS 740062 OI2A0N A7 SSSOS 2, ANBSHO AS Sd2
OIFEX AASO, M XA -4 202 2,000 mg/kg O1ACZ TEECH
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2. NE232 XA

NEEEE Y T FAMESE H0 SEHAH ZHGHACH ZHA g, &M
S8 FOtAQI Bt AT EHX FUCH

NEAZI T2 B2ASIH AEES8E ZTHHS ¥y ¢ 7EH
ABSLXl S UALCH

H2 8k=2

AT

3. AEBSE % 33X
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=
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® s24Y A307

@ ANSNIHER 2 3J) 2 A8EES
E23MZUI0IE ASAT (260Wx420Lx 180H (mm), FXIIIHOI 5 D24
+=835I2UL.

® 2z 22.1~241 T

@ &8k (HUskx) 36.5~68.1 %

® &Jigis o 2o 10~ 15 3I/AI 2, EHHI|EHA)

® ZHAIZE ¥ HAFD LE TA~L2E TAl XY (12hr BS/12hr 2 5)
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® MBI A, AS U D884 U SSH ASUH

ARAT, 2001 £ ZHdEe FHBJI2t B2 F WEGIRUCH, L
HSHEH M (Ultra-Clean Neighbour-PC, G30I R ALE) 500 B +~8H U HOHEH M
(Ultra-Clean Neighbour-RM300, &O0I2AIE) 2,500 Hi =8NS MBS0 XS
HEZ MESIRULD, DLSI 2360 A=6HRUACH

SEAL AS2 MY HYBR & AN, ASAH2 10 & ?_*2.“_62
ItE-A (F48& : Octyldecyl dimethyl ammonium chloride 200 Hi, &< CIoH,
MHOIZZ2HE (FHE : Alkyldimethylbenzyl ammonium chloride 400 Hi,
ECOLAB®) ¥ SE8HE (F4E : Di-decyl di-methyl ammonium bromide 300 HH,
dliMEadaD) B3I ALESIALE.
G) ME ¢ B2 BF, 2 A
® Az

ARE Fcolll 88 FHAIE 5057 (BAgribrands Purina Korea, HJ|& B E Al
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NES EEE, QASHN UGS BH2 MNSI3ILINZRH ANABARL
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(BT BERA BES 2N ARSIH &AE 2HALBHE ALH0HN,
MUHIOIQEARINA HE SIS0 g RS HOGIACH O 2
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Al

@ 84

EHEY S+43)E 0SS0 HN-A4BE FNLE B2A}LUO0IER
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84 £ 2TE, QASHO U 242 EUIOILSSAHNA NFE FANA
HA5H0, SHEE PAVAAIAEE FTA SHS 140-5000 A2 504
TBELAEIE Y AA SO BE I, (@ILY A 12 5, 2002) O
2B A=l OB AAE 2 8, 6 HIOD AANHASC, IE
ANS20 ACH SIR0AM FB G8IIFEX B LHUNAY HBORES
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4. NEZFH

(1) 2374 L HHHS

SR SojHey SE24 OIMY )

=

(mg/kg)  (ml/kg) =2 A
Gl O==2 0 5 5 (IM01~1M05) 5 (1F01~1F05)
G2 ANBEESUZ 2,000 5 5 (2M06~2M10) 5 (2F06~2F10)

(2 F0g 230w
OlBIAE2=Z2 31 2 Oielol 2,000 mgkgll BHLE SO0s Zi, ML
LEL X FUACH (Appendix 4). MEtH SHESS 2,000 mg/kg/s mL2 B9 oY
8 &3 5IALCH

A FABLE SO

0

FACH

op

gs
e

0!

2

5. &0

(1) 032
P50
(2 F0i32 d80IR
ANEESE2 NAAANBHAZI HF0122 AIZ2 SOHBIACH

(3) Foad
HHE FoUH2 A F UES2 JIEC2 WE6IA0. NESE SO0F &
4A2tELE S+ NRLEHAMIBA ANEHE FAAMZ F, ZIS0CE =0
(1 mL)E OI25t0i fILHOI =3 2H B3IFHSIAL, &N

SRE ASE A
202 201 AE2E SO/SHACH

FOHEAN (FOEY), S0 = 3, 7 2N L SALANH BHHSIUC
(=S =& X &, CP42028S, Sartorius, Germany).
]

G =
2EINN B F MESS0 Ul FLAES HASIH SAH OlaLAAHE
SESIACH
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IV. AEZW

3.

AVSHE (Tabie 1)

BEIASO &4 UED

e

ANEZSIS0ZMA Mds ZELA FRUACH

BHS A (Table 2 & Appendix 1)

IS0 - HEF Y NBESELECZ0UAH S018 Sa2 AEFHX RULL

M= 3 (Figure 1, 2 & Table 3 & Appendix 2)

ZED|ZLEOE -4 ANESESOHZNM XZD HIRAI MEXO=s Z_EHX
& UL

Q

&1

(
[

MESSO VAAY 24+ IR ¥ NBSTSOHZUN SO
e o
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HS 7400601 CHE &3] B SOHAIY AL E FES AL Y-

NEERS0HI0E=E HLSHOZ 2,000 mgke5 mLE SOHSUCE W20
FAESE Smlkg=E SOHGIACH

JIZtSet ANBEEEFNHZUNA SO0 18t At2tel ¥ LBSH2 FELX

HSHS0 ANA U2 AESEENHIZ ALY HEXN0ls 2EHUN AT

SZA ANSSZE00 J2s AR HULE=s FUAA2 HELHX FUACH

flo

Ol&d2Z HS 740068 OtRAN F7 SISO 21, AES20 A% =S4
UIFEX RA2D, HE XAEES 2 212 2,000 mg/kg 0142 BEHEICEH

-213-



BTT Study No.: B04065
Report

VI. Figures

Figure 1. Mean body weights of male ICR mice during 14 days

Figure 2. Mean body weights of female ICR mice during 14 days

-214-



Group mean body weight{g)

Group mean body weight{g)

S0

20

10

10

BTT Study No.: B04065
Report

-——G1- 0 mg/kg
—o— (G2 - 2,000 mg/kg

0 Z 4 6 8 10 12 14

Day after treatment (day)

Figure 1, Mean body weighis of male ICR mice during 14 days

e , e
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—e—G1 - 0 mg/kg
i - i —~5— G2 - 2,000 mg/kg
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Day after treatment (day)

Figure 2, Mean body weighis of femaie ICR mice during 14 days
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VII. Tables

Table 1. Mortality (Group summary)
Table 2. Clinical signs (Group summary)
Table 3. Change of body weight (Group summary)

Table 4. Necropsy findings (Group summary)
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Table 1. Mortality (Group summary)

Group / No. of Day after treatment Mortality
Sex Dose examined (dead/total)

{mg/kg) animals 5 6 78 9 10 11 12 13 13

G1 . ) 0%
Maie 0 3 86 0 0 0 0 06 0 00 @ (s

G2 0%

2,000 5 0 ¢ 0.0 0o O © O O O (/5

Gt : 0%
Female 0 s 0 0 o 0 0 0 O O O O s

G2 ; 0%

2,000 5 0 0 o ® D D D D D O (@s)

=217~
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Table 2 Clinicad signs (Group summary)

Group / No. of Hour {Dey 0} after reatment Day aftar treatment

Sex Dose Ir.mh Signs
tmgfkg) " s 1 2z 3 & 8 8 7 @8 98 10 11 12 13 14
G1

Male  © 5  NAD s 5 5 5 5 § 5 § 5 5§ § 5§ 5§ § 5
Gz 5  NAD § 5 5 5 5 5 5 5 5 & 5 5§ 5 5 5§
2,000

Femalaﬁ‘ §  NAD 5 § § 5 5 § 5 5 5§ 5 5§ § 5 5§ 5
Gz 5  NAD 5 5 5 5 5 5 5 5 § § 5 S5 5 5 5
2,000

NAD No Abnormalities Detected

Jaoday
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Table 3 Change of body weight {Group summary)

(g}

Group / Day after treatment

Sex Dose (mg/kg)

g o 3 7 14
Wale (3] Mean 2828 3228 3274 37.00
0 S.0. 03 0e2 a7o s
N 5 S S 5
G2 Mean 2048 3320 3250 37.08
2,000 .0, Q46 085 1.02 1,36
N S 5 5 5
Female Gl Mean 2327 2415 2470 2712
D 8D, 088 165 0se? 1,04
N 5 S S s
G2 Mean 2318 24,99 2429 27,58
2,000 S0, ass 05z ast ag7
N 3 1) 5 S
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Table 4 Necropsy findings (Group summary)
Sex Male Female
Group G1 G2 a1 Q2
Organs
Dose {mg/kg) ] 2 000 0 2,000
Number of examined animals 5 5 5 S
Abdominal cavity No. of examined 5 5 5 ]
Not Remarkable 5 5 ] S
Remarkable 1} 0 0 0
Adrenal glands No, of examined 5 5 5 5
Not Remarkable S S 5 5
Remarkable 0 0 0 0
Brain No, of examined 5 5 S S
Not Remarkable 5 5 S B
Remarkable i} 0 0 0
Epididymides No. of examined 5 5 - -
Not Remarkable 5 5 - -
Remarkabie o o - -
Heart No, of examined S 5 5 S
Not Remarkable 5 s 5 5
Remarkable 0 D L} 0
Kidnays No. of examined S5 5 5 S
Not Remarkable S S S 5
Remarkable 0 0 8] 0
Large Intestine No. of examined L] 5 S 9
Not Remarkable S 5 5 S
Remarkable 1] 0 0 0
Liver No, of examined 5 5 5 5
Not Remarkable ] 5 5 E)
Remarkable 0 0 0 0
Lung No, of examined 5 5 5 5
Not Remarkable 5 S B 5
Remarkable 1] 1) 1] o
Lymphnode No, of examined 5 5 5 S
submandibular Not Remarkable 5 5 5 B
Remarkable V] 0 0 0
Pencreas No, of examined 5 5 5 5
Not Remarkable 5 g 5 5
Remarkabie 0 i} i} 1]
Prostate No, of examined S S - -
Not Remarkable S s - -
Remarkable 1} a - -
Salivary gland No, of examined S 5 S S
Not Aemarkable 5 3 S S
Remarkable 0 1} 0 0
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Table 4 (Continued)
Sex Male Femaile
GSrovp G1 G2 . G1 fo G2
Organs
Dose {mg/kg) 0 2000 2,000
Number of examined animals 5 5 ‘5
Seminal vesicle No, of examined 5 5 - -
Not Remarkable S S - -
Remarkable ] b - -
Skin No, of examined 5 s 5 5
Not Remarkable S S S S
Remarkable (i] 1} 0 0
Small infestine Ro, of examined 5 5 S 5
Not Remarkable S 5 5 5
Remarkable 0 0 0 0
Spleen No, of examined 5 s 5 5
Not Remarkable 5 5 5 S
Remarkable 0 0 0 0
Stomach No, of examined 5 S ] )
Not Remarkable 5 s 5 ]
Remarkabie 0 0 0 0
Testes / Qvaries No, of axamined 5 S S 5
Not Remarkable 5 S 5 )
Remerkabie 0 a 0 0
Thoracic cavity No. of examined S 13 5 S
Not Remarkable s S s 9
Remarkable 0 0 0 [u]
Thymus No, of examined S 5 S 5
Not Remarkable 5 5 S S
Remearkabie 1] 1} L1} a
Trachea No, of examined 1) 5 5 )
Not Remarkable S S S 5
Aemarkable 0 0 0 8]
Urinary bladder Mo, of examined 5 S 5 S
Not Remarkabie 5 5 5 S
Remarkabile [ 1] 0 1}
Uterus No, of examined - - 5 s
Not Ramarkable - - 5 5
Remarkable - - 0 o]
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VIIIL. Appendices

Appendix 1. Clinical signs (Individual)
Appendix 2. Change of body weight (Individual)
Appendix 3. Necropsy findings (Individual)
Appendix 4. Result report of preliminary test
Appendix 5. Deviations from the protocol

Appendix 6. Certificate of analysis
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Appendix 1, Clinfcal signs {Individual)

Group / Animal Hour (Oay 0) after treatment Day after trestment

Sex Dose D Clinlcal sign
{mg/kg) Qs 1 2 3 4 6 1 4 3 4 5 6 7 8 9

Male 61 1MO1 - - - - - - S T L
0 1M02 S e

/ 1M03 - - - - - - S

1M04 S - - - - - - e

1M05 - - = - = - S

G2 2MOS - - - - - - .
2,000 2M07 - e - e - - .
2M08 - - - - - - .
2M09 - - - - - - - - - - - e - - -
2M10 - - - - - - S T

J, Female  G1 1FO1 - - - = = - T T T
[\ 0 1F02 - - - - - - T
<

1F03 T e S

1F04 L T S

1£05 e B

G2 2roe - - - - - - T
2,000 2FO7 - - - - - - T
2Fo8 - - - - - - e
2F08 - - - - - - S T T
2F10 - - - - - - S T

- ! No abnormalifles detacted

§90v09 *ON ApS 119

roday



Appendix 2 Change of body weight (Individual)
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Day aHer treatment {g}

Sex Group / Animal
Dose (mg/kg) D o 3 P 14
Male Gl MO 2363 5288 3352 36,65
a Mo? 2906 .48 366 _/H
MO3 2963 3278 317 3785
1MO4 2891 3246 3276 3777
1MOS 2319 .77 3261 3¥90
Mean 2928 3226 3274 3700
$.D, 033 062 Q70 08t
N s 5 5 5
62 2M06 2089 3370 3326 3868
2,000 2407 2954 3440 3874 8840
M08 2900 3274 219 36,04
M09 2957 3291 31,15 /T2
2410 200 3228 3214 3617
Mean 2948 3320 3250 31.08
sD, 048 8s 1,02 1,38
N S S 5 5
Female <3| 1FQ1 2433 2360 2534 2763
0 1F02 2342 21,40 2356 28,15
1F03 2313 2401 24732 2152
1FQ4 2244 2466 2492 28595
1FOS 2308 2508 2495 2837
Mean 2327 2415 2470 I-EA L
S0, 069 1,65 067 1.04
N 5 5 5 5
G2 2F06 2284 258 2495 2847
2,000 2F07 2412 24,99 24,30 2514
2F08 2326 7439 Z351 7804
2F09 2304 2482 2432 2125
2F10 22,62 7495 24,37 27,98
Mean 2318 2488 2429 Zi58
SD. 058 as2 as Qg7
N 5 5 5 5
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Appendix 3 Recropsy findings (Individual}
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Sex g:los:p(l';gfkg) Animal ID  Organs Gross findings Type of sacrifice
Male 51 W01 All Ho gross findings Scheduled {Day 14)
0 1M02 All No gross findings Scheduled (Day 14
1M03 All No gross findings Schaduled {Day 14)
1M04 All No gross findings Scheduled (Day 14)
1MD5 Al Mo gross findings Scheduled {Day 18
G2 2MO6 All No gross findings ‘s-cheduied (Day 14}
2,000 2W07 All No gross findings Scheduled (Day 14)
2M08 All No gross findings Scheduled (Da} >1 4j
2M09 All No gross findings Scheduled {Day 14)
2610 Al No gross findings . Scheduled (Day 14)
Female 23} 1Fo All Ko gross findings Scheduled {Day 14}
0 1Fo2 All No gross findings Scheduled (Day 14)
1FO3 All No gross findings Scheduled {Day 14)
1F04 All Neo gross findings Scheduled (Day 14)
1F0S All No gross findings - - Scheduled (Day 14)
G2 2F 06 All No gross findings Scheduled (Day 14
2,000 207 All No gross findings Scheduled (Day 14)
2F08 Al No gross findings Scheduled (Day 18)
2F08 All No gross findings Scheduled (Day 14)
2F10 All "No Qross findings Scheduled (Day 14)
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Report



BTT Study No.: B04065
Report

Appendix 4. Result report of preliminary test

AMEYHS B04065
AlEN S HS 740062 OlRAE O|83%t 2 CHEl50 SMAE
ZHArZ( 7t 2004. 3. 31 ~ 2004. 4.06
AlERA A307
1. Al88H
ZAMEMe S EHS AHSIT| A5t non-GLP A|l8@oz 38t
2. AEdg
21 S5, A8, 844, F&, g2l
Mouse, ICR, male, 658, 2 oi2|
2.2 Ro{8Y
2,000 mg/kg/5 mL
2.3 Fojghd
AMEEE RHM 2 4A|2tS 2 S5 ARYUHAMTIHEM ABHAE HAAZ F, FFFHE &
HoF R AUSE FAZIE oj83l0 Yujo) o3 ZHE ATENSIRD, Fo F of A2
Fol AIRE S0t
3. AlgED
3.1 Al2k - A
3.2 AUIEA D AIEEE £0of ¥ E0|F YutEAS ES X AU,
3.3 AEHS  HAXC B2 AIRE.
(g)
Animal Day after treatment
Dose )
D 0 1 2
PMO1 30.59 31.05 32.71
2,000 mg/kg :
PM0O2 28.82 30.99 31.67
4, e

ZAE Foi832 2,000 mg/ko/5 mLel CHAEFS HHsCE
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Appendix 5. Deviations from the protocol

1. 38 302 AMEZRAY 2T 2A12 S0 241T2 KX AEHABANS 25 FH 2242CUHA O
Lt
2. 38 302 AMBEAS AUSEI 2XJ| HHBOR sIY 1A2 SO 36.5%F2 SAE AEHAHAC

ST X2 40~60%0 A HOIGCH

C

& OIZAE2 AIES 2ddiEsE J20 A
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Appendix 6. Certificate of analysis

BTT Study No.: B04065

HS74006 & &A

Lot No. : 040116

swnw | phemrDCssienl e | a

JAzxge 7.0%°]18H(105T, 4B$M1) 5.6% 3
R DA : 3,00071/g °is 30071

ul g EAY Ay
2) e BUE 2ae

TEEA¥ | 20 ppm ©l8 (Pb) Y 2 g

As 1.5mg/kg o138} A 39

Ay 1Y 1 3% A &

I 0y £ vty _ﬂ ‘_Mawf:/f‘
G &

KRRE BRHE MLE BHE PWE 805 - 15

(B%) & B & %
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W52 AR7F A4 WA FAA dF A% A7
Al1Ad A W

1. AHg&F
B Ao A _E FFE AsevA(Fomitella fraxinea ASI 17004, 17006, 17007, 17017
ol 47 F), vl v] R (Pholiota adiposa. ASI 24018, 24020, 24027, 24111 o4 4&F), A7t
W A (Inonotus obliquus * ASI 74006, 74009, 74010, 74013 o|A 4% F), LM AUGrifola
frondosa ASI 9006, 9013, 9019, 9022, 9034 ol 5FF)o 2 sPASr|&doe2FE UL
ol B Aol A Potato Dextrose Agar(PDA)ol Althul %A A o] &3t

2. 3FuF = 9

g HAHzde RE AYL WELY ¥ AFgez AU

7h &= 4% ‘

7t FFY 2xo WE FAY PAEEE gotry] 98 5Smm cork borerg ©] 83t
7t #53 § A9 colony® PDACH HEE H 20T, 25T, 30THA 104 HIE +
colonyd AAE& At

v ogage 3%

7 #FY AF £E0 vAE @299 9FE £AEY) 959 Smm cork borerg ©}
23l Z+ #FF F ANY colonyE B4 9 (glucose, xylose, sucrose, starch)¥j Aol %
stgich HAexz APE BCAM A7z AFE 32 colonydl AFE FAsULH,
A AEE §Fo 2 AAFHACD

o A4 3F

7t #5348 A% 50 vAE 42U JFE 2AS7] 918t 5mm cork borerg ©]
23t & #FF & MR colonyE A2 Y(bacto-pepton, malt extract, yeast extract,
pepton, ammomium nitrate, ammomium tatrate)dl Aol HF s Hl HAY e wyd 2
5CoA u|g& g colonyel AZA#A Weg AU,

g gag, d4de vlE
ZAHA AE S A da93 A4ade] HA wiR x4 HEE BAE] HE 2adoz
E %, dE, A7k QAHA RRoA gagel L 6889 glucosedt BhUSEE
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malt extracttMERCK Co)E A28l Glucose ZF 1, 2, 3, 5%} glucose/malt extract
ko] 1, 5, 10 ,20, 50, 100, 300°] = A malt extractE 75t w8 AZ3Ft 21
I 5mm cork borerZ o]&3to wi %A v]l&o G E ujRd & #FF T AA colony
€ HET 7 A=A 1097 wigste] FAAY &8 dFFA

uh, gl g

HH = MiAZRAS AT AES A Add 4F9 75, F5FHA ASI 17017, ®¥l=H
S ASI 24027, A7bH A ASI 74013, A A ASI 901391 thated Zhzh As We A
zAsNN A 43 28 SRHATD

v}, pHe| 93

pHAl W& AANAPE Folr7] o F4, vy, A7, AR ESF Glucose, malt
extractMERCK Co.)& ZAul&o] 1ol8A4 WA & Az oh& 01N NaOHe HCI2 pH
€ 24399 2 9% 5mm cork borerg ©l&3te] Z FFF & A9 colonyE Z+zHe
pHE ZH 9 wjAo) FFF A FA 259 25TAA 1097 st #@sAo

A}, Yeast Extract®] 9%

Yeast Extract 3 @ FA YFEEE dotnyl gist F4, vlE, A7 A
A 2% Glucose, Malt ExtracttMERCK Co.)& ZAH| &0 10]5A A E AXF L 4
=9 A, A9 79 pH 6, WA pH 8, A7 AL pH 67 pH 8% A
283 5mm cork borerg ol83td Zt #5%F 3 A8 colonyE yeast extracte] (0,
06, 1, 2, 5%)& ¥ WXl HFF 7 HALEQA 25ColA 10U wjFste] BRI
1=

ol #7147 4%

F1EFO BEg FA BAFEEE Folry] Qstd F4, vlE, xAh AHA BF
Glucose, malt extracttMERCK Co)& Adul&o] 105 A HIAE AR5 I yeast extract
04%, pH 622 zAsgd. A7l 3FF9] Fr7I4FE A7t wWiAE Az 94
5mm cork borerg& ©l &3l z} #FF 3 /BA 9 colonyE HET H HFH 29 2B5THA
1047 vigste #FSR

. w71 FAAG 9 pHe W3}
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WHF12F FAAG L pHY WEE Lojur] skl 2t 77 @
HAujq2AE g 112 WAE Azshel dugel e BA s A
WA 77t 2~49 DACE A FRe AZFAADH G ple WRE BRIAT

og B
z <
lo

2k, Az 3 A d Malt Extract®] TAMA A
A 475 HAWMAF malt extractE Mg on 53 wixAxsAld W
AR Ao zbol 7k = Ao F9lo] Ho| Rl ulolt

3. BAA AFAN =24 G4

7t AELY HAEF g AP 24

AdE FAAE flaskll ABuigos AuIdd JFTYS HomogenizerZ AT F
Aol it HE P FEE 3,5 8 10%% AF F 120rpm, 25CAHA wlgst Q. w2
AARY 2U7A 02 $78d pHY AXFAZL =439}

125 02 FAA L] Aol S48 2709 HEH =& Hdsd 23438 dA3
o 2242 500mi flaskel 300ml WiAE Yxu Z47e] AEY 58 HEdo 8Y W
¢ T AzAAAFE SAHA

12

Y ZA wE FAA AN E ZANE7] 935t 10l Fermenter(B.EMARUBISHI,
MDL 1000)E ©]) 839}, Fermenter? @wrz7A-L 120, 150, 200rpmeol o 6Y 7t vjkd
g FAANE FASY FFHFFE Aol 3 SAAREY AzxFALE A

Wz mEg BIA 2

El

o A w@E ANE 24

Fermenterg ©] &3t wi¥d A9 F71=d W= FAA] Ao 2A €A
B 37122 2Rstq FAM ARAPE 2AEAD $71F2 06, 1.0, 1.5, 20vvmel o™
7t 2R TFE WEY T Wl 64 TAAE FARY FHRFZ AR F 52
Azxsty AxdAFES S8

o ulA] HEzd 2A]

AbESHE w7l e} " Aghe]l gatd £ ik B Ago) AL Z4F wgr)df
et FE HIANES ZAEIAT AHEE ®ld7I2E 10L Jar Fermenter(working
volume:5SL), Balloon type  Fermenter(working  volume:i6L), Air Lift type
Fermenter(working volume:5~6L)o|on dHFAZHE Dty 27 & wixy 2F9&F
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ik Az FAA AAAEE ZAMEZ] Q39 Jar fermenter(10 L), Air-sparging
fermenter(13 L), Balloon type bioreactor(10 L)& o] &3t th. Jar fermentere 10 L #j %7
of WAl 5LE $ol WFF F @AFL HFs 25T, 120rpmolA 84 wjF3A
Air-sparging fermenter$} Balloon type bioreactore> ztzt v 6 L, 5 L& Wo] Hd% #
FAFL AFeG 5CAA HFLHE T airt s T8 IR wEFde 4z
64, 8Ydol ALt

4. A g ARA

7t A& wAE o) 83 FAA A

7} WA 24 (Table DHE 300ml &A= 100mle} ¥WiXE P32 5mm cork borerg
ol&atd zZ #FF MR colonyE ¥S F 8~10¥7 wlF ¥ 70C dry ovenoll A A

2% #ARE ZA8AT.

Table 1. The medium composition of commercial media

Media A B C D
Wheat bran or 0.5% 0.5% 0.5% 0.5%
Soy bean cake

Glucose 2% 2% 2% 2%
Yeast Extract 0.5% 0.5%

Peptone 0.5% 0.5%

g RAGE HF BE A
4 gFaz 498 A2 200mel AFFFA MFAe T8 A ¥ 7

o 20miE BFAAE T~8Y WIF FA%] WC dry ovenol 22 A2 F AXFAA
Fe 339

ok ofnlulF el 8¢

Zr FFE2 3717 AujSZRA(Table 2)2.2 Yo} AwYd ¥ 0L Jar-fermenterE
o] &3t Rujdstgith. Rujdol B YA FASY FAAE AAF F AXFAZS
ERcEIa s
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Table 2. Procedures for pre-culturing

Process

Procedure 1 Plate culture — Shaking culture — Homogenizing — Main culture

Plate culture — Shaking culture — Homogenizing - Shaking

Proced 2
ocedure culture(2~3days) — Main culture

Plate culture — Shaking culture —  Homogenizing — Stationary

Proced 3
ocedure culture(4~5days) — Main culture

2 WA shehulx o] A u i

74 @FEY AW WFzd UM SeuAs AARAS  Agste 10l
Jar-fermenterol W%, A F 40T ¢824 SFAXINE AE3l9 29 AZAA AxTA
A =A45A

oh AR FAA WA

Aeuldgelel 7 #FFE 152 Z il 25T, Z19® 01 kgf/em™® ZZ o)A
5~6UHE MFANUF 150£F1Y dao)H BuhFe AFRLHST, Y 12
kgf/em®), FFHE T~100 WFF 275 0T #84 AFAZ/E Asate 29 A=
3 AZFAARE A0 |

5. dloj ¥ &4

BE HA¥EAEY SAXZE st SPSS windows 10.0 programe ol&38t9 {94 &
AEsAT. 2E diolHE 5% AHAEWHAAN 2AH Q. '
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A 24 QA+ A3
1. AFu G =73 9N

7b =9 9%

zZt FAl ZFe FAAC U@ HA 22g ZAEY] Sistel PDAC #ALE HEE F
20T, 25T, 30C9 #&7)oA dALE It FAYZ dol& 538U HFig. D).

Agol ol FF9 uiFEo] BTN TA AFe]l 7M1 3 Aoz deiyd.
QAR B FFo) e} 20TAH AZHLEE veEhE AR YRS 25T 234
F94L YNy 0TAME FA] o] Azt

7 35
B20C

6
— 5 —
5.l §
3 3
[} 3 - Q
§ §
0 2t a

1

0

17004 17006 17007 17017 74006 74009 74010 74013
Strains Strains

Fig. 1. Mycelial productivity according Fig. 2. Mycelial productivity according
to the temperature( Fomitella fraxinea). to the temperature(Inonotus obliquus).
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RAE - 00 v :
24018 24020 24027 24111 9006 9013 9019 9022 9034
Strains Strains
Fig. 3. Mycelial productivity according Fig. 4. Mycelial productivity according
to the temperature( Pholiota adiposa). to the temperature(Grifola frondosa).

zh g7 AL Y¢S ve gdagde FHE AES A AAE Fig 58
TAe] A& Ee Awrt /Mg ¢4

TE duddod #Ate EEst
glucoseol Hlsled "ol AT}, 3A | sucrosedt xyloses @490z 3PYE A AFEE9

Ak R ThE aadd vse gdx "ot 3 570 FEMAY MFN 54

L8

B}
m
)
o
&
%
o
o
o
®,
c

=)

Q

142

9]

iy
sl
N

)
L
=
A
2
>

sgom, starch® BAL0E UL AL AL

FAAN SdAQ802 glicosedi A7} 71 ¥E8H 20 sucrosed] X Rt FAIRG AN €5
3 ¢Fatiua Rug Ao fAbg Aoz el

A7k A e & o Hst AFS=rE xR ou ASI 740095 T FIEA
. Glucose®} starch® #7135 vl 7} sucrose} xyloseol Bvlate] FALY MAgLEEeol WUx
7b o U2 Aoz ek

HE Aol A o) 88 479 F EF 4 208 HUE wiRoA A& BEvL 6]
<3HAl et

A F9 gluicoseE H7HE wA A FAate] AFE=d Yert 7HE SR
1, starch, xylose, sucrose @22 JEITh o)Re A %] 839 7B st ¥
AN Ae] FALAE S Y S o), GA902 2% starchS 78IRS wWrt e #2498
A7he e W AR 138 RE ZERTE wae Aod ARRA, o) ALE
A x4 2 dFASE zold 71Ag Ao AdHAT
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Fig. 5. Mycelial productivity according Fig. 6. Mycelial productivity according
to carbon source(Fomitella fraxinea). to carbon source(Inonotus obliquus).
40 r 50 r
35 | 45 |
3 : 2 40
0 ;
i g ‘o . 35 | -
:E; 25 DOglu } g 30 |
5 20 x| | g5t
@ Osuc | ®
§ 15 1 Ostar]  § 20 14
8 . a 15 HE
10 : 3
10 1{E
05 o5 (1B
00 L] L 1. op LLE 1Lk
24018 24020 24027 24111 9006 9013 9019 9022 9034
Fig. 7. Mycelial productivity according Fig. 8. Mycelial productivity according
to carbon source(Pholiota adiposa). to carbon source(Grifola frondosa).

. Aaqel 9%

Ztzhe] A2QES 1%4 A7HE WA FER T g d2d9 TS AR 2
Fig. 9~103 2t Eol vehd e} go| RE #77 77 d4Unthe 47 A2
A AN ZAke 4SS B WS $55490m 53, malt extractrh Mg
e Fxgoz yuy.
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e
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60 r 50 [

t
ab-p | obo |
E BMait | £ {8 Malt
; 'EDYeast;; Tq_; jDYeastj
? ~ |@Pep | @ iOPep ,
E A tar | _§ llA.tar |
[a)] | ; (&) i R ]
\OAnit | : [OAnit |
17004 17006 17007 17017 24018 24020 24027 24111

Fig. 9. Mycelial productivity according Fig. 10. Mycelial productivity according

to nitrogen source(Fomitella fraxinea). to nitrogen source(Pholiota adiposa).

. gadd, 2299 Hg

7t #F9 ¥4 2 AxYY HHFH AP A ATl F5d ez g
glucose®} malt ExtractE® o] &3t wjx=2 A vl Lo IE FA A £59 UEE ZAS)
gt &, &499 Glucose 1, 2, 3, 5%l glucose/malt extract ®]-&°] 1, 5 10 ,20, 50,
100, 3000] HAl A9 malt extract® A7t WA E 953 HF, vgFde FAF A
A 5xgE =H&9Y. 1 Adg FF, vz, A, SR diREo] glucose 1%,
glucose/malt extract B]-&°] 191 7o #AIAAZol 714 £L& Aoz Yetwrl
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Diameter (cm)

CIN ratio

Fig. 11. Mycelial productivity according to carbon source and nitrogen
source ratio(Fomitella fraxinea ASI 17017).

50 r
Bglucosel1% Oglucose2% O glucose3% Oglucose5%
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g 30t
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= ] .
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Fig. 12. Mycelial productivity according to carbon source and nitrogen
source ratio(Pholiota adiposa ASI 24027).
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Fig. 13. Mycelial productivity according to carbon source and nitrogen

source ratio(lnonotus obliquus ASI 74013).
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i( ilglucose1% Oglucose2% Oglucose3% OglucoseS% ;
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&
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Fig. 14. Myecelial productivity according to carbon source and nitrogen

source ratio(Grifola frondosa ASI 9013).
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o, Yol 4%

el FRo) WE FA AFEES ZANE A7 A7 AL AAFILE T L RAA
23 0 2 A%E ARE RAFT Yoy $94H ok @t Ao vehg

(1 Bright
O Dark

T 1 hi

LTI AR ]

Diameter (Crm)

Fowitalia Pholiota Honotus Grifota
fravinea adiposa ob! Jquus fronuosa

Fig. 15. Mycelial productivity under bright and dark condition.

v}, pHe| dg

7+zre] A& HCI® NaOH=Z pH 4~100.2 %83 &£ FAAS uYstd pHol w2
#AAZEES 2AAY. 2 43, FEHAL pH 6~107H4] 25 F3doen F 57
o} 4¥aAM pH 600 FuiAe HAMY pHITE 29 fAS 4348 R

HIEH AL diFE9] pHolAl Ao Fton X7t Ae pH 4dlA e FAME o] A=
g bl pH 6~107tX & #AMAZo] dEstart WAL pH 6, 74 FAAZSE
7t 7b8 #%%oH pH ol ol FAAFol Az Aog U
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Fomitella fraxinea 17017 Pholiota adiposa 24027
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Fig. 16. Mycelial productivity according to the pH.

Al. Yeast extract®] g3

Glucose, malt extracttMERCK Co.)E& ZAu|&o] 1o] HA wiAE Az Zhzte] #
Fo %= pHZ ZAE3 9 yeast extracte] o] @ TA 4% AEE FAFARG. 2
A AR L yeast extract7t 0~2% L w7t Aol Fghz, vl=HAL 1%71R] 470l
FaatArt =8, AR H$ pH 6= 2%9 FEAA TFANY Aol M F5t
it o] pH 89 A& yeast extract?] FFS WA 4l MBI AL yeast extract®: H7}
32 Zete Wyt A7g AR #A ARSI £ Aoz Yo
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Fomitella fraxinea 17017 Pholiota adiposa 24027
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Fig. 17. Mycelial productivity according to thé amount of yeast extract.
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Fig. 18. Mycelial productivity according to the composition of mineral.

-medium(1) ; KHzPO4 0.46g, K:HPO, 1g, MgSO; - 7TH0 05g /L
-medinm(2) ; KHoPO4 1g, MgSQ, - TH20 1g, FeSO4 - THXO 10mg,

MnCl: - 4H0 7mg, ZnSO4 - TH20 4mg, CuSOs - 5H20 Img /L
-medium(3) ; Kirk’s salt 10ml, KH:PO4 0.46g, K:HPO4 1g,

MgSO4 - TH0O 0.5g /L

A WY tE AN L pHE W |
7 MAE W2 7Y AREEI 2& F5E Sy ARse HF W 2h0) e

oWz Ao PE, WFste] wAsId AZFAAE U pHE ZAHUH

Z5mA ASI 170179 BZ FAANZTL FANPANE MFA57 29L5E Z79
& R oy AguFil e uF 109 Ao A4FL JEhRATH olf pHE ¥
ol mNE Aols fien wF 109MARE pH 59 Aol vEhjtzl 2 olF
REE g43E Hoz vehdo

MEW A ASI 240279) A Az FAAFE FAMG APl W Z Aol7} A
gow Akueke] A wF 164A Ao ANBE Yok oW pHASE 45 FEQ
Aoz el HYon woptie me pHe Was = Xolst AR

A7 ASI 740138) A$ AR ko] Aokl Mstd Az FAMFL Bo] A4
Ho) W 1684 o) AAFE JeErIRon Aduoks A9 M 1204 A ANFL
Uello] Auel uls) 23 wa Ho Aol TUe HolEAL. olw pHUSH=
5~64Eo|9om wopuwcl we pHel Wi uiy Ws JuE e
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QABA ASI 90139) AS AZE FAAFE AND 4#FF Y £ Y 494 3
0 gagel swstgou BdaAg 7Y B ¥ of 03g AMsHATh ol pHE 4
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Fig. 19. The change of dry weight and pH in culturing process(ASI 17017).
-@- : standing culture -O- : shaking culture
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Fig. 20. The change of dry weight and pH in culturing process(ASI 24027).
-@- : standing culture -O- : shaking culture
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Fig. 21. The change of dry weight and pH in culturing process(ASI 74013).
-@- : standing culture -O- : shaking culture
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Fig. 22. The change of dry weight and pH in culturing process(ASI 9013).
-@- Stahding culture -O- : shaking culture

Zb. A2 3| AE Malt Extract®] A4

ZL& malt extractzt stigts Az AL & AFL FE FA AR AZort 9
& BEINPonE Y)Y #FE YO E malt extracte] AZIAERZ v E A3}
AAEe 3 A3, F4EuA ASI 170172 Difco co. AFRT Merck co. | F o]
Aol 150% FAHAow 2 F39 AR v A2H%E Yo dAH

WEHAA = 4835 ZF U
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Fig. 23. Mycelial productivity according to malt extracts procured

from different producers.
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oA wjokste] wigFrIzbE pHY FAMA FF S SAHAT 242 F(FARD 1
A ARAA 27HA 24E AEEe o 2 §FNA A% FIE AN 4FS dAEA
HF AT 9 &E 2AEAT
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AAHA ASI 90259 24 108 A& 8%7}, 149 A= 10%E HF}AS o FAHA
Aol B3, F TR AAulG A 10%M F ol F2 278 EAFA

w71 pHE vlE® A ASI 24027, 240129 7P A ASI 740062 35 z7ld+
2 Astzh flozh v 109AFH 43 At g e ASI 170172 W F
494 S48 Fadd 2 olFde F WHE vehdiA Kk FABA ASI 9025E 4~
644 #5385 HAFAL 108AAE A9 pH 324 E 71533
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Fig. 24 pH change in culturing process
according to inoculum ratiolASI 24007).

Fig. 2. Mycelial productivity in culturing process
according to inoculum ratio(ASI 24027).
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Fg. 26. pH change in culturing process

according to inoculum ratio(ASI 24012).

Fig. 27. Mycelial productivity in cutturing process
according to inoculum ratiolASI 24012).
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Fig. 28 pH change in culturing process
according to inoculum ratio(ASI 17017).
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Fig. 30. pH change in culturing process
according to inoculum ratio( ASI 74006).
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Fig. 32. pH change in culturing process
according to inoculum ratio(ASI 909%5).
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Fig. 29, Mycelial productivity in culturing process
according to inoculurn ratio(ASI 17017).
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Fig. 31. Mycelial productivity in culturing prooess
aoccording to inoculum ratio(ASI 74006).
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Fig. 33. Mycelial productivity in culturing process
according to inoculum ratio(ASI 9025).
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Fig. 34. Mycelial productivity according Fig. 35. Mycelial productivity according

to the rpm of agitation in ASI 24012, to the rpm of agitation in ASI 24027
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Fig. 38. Mycelial productivity according
to the rpm of agitation in ASI 9025.

o B71% mE A 2AL

E7 % g FAA BN ZAIG A¥E Figo 39~43% o 7 #5dUE 100
Fermenterg o] &3tg o™ 06, 08 1.0, 15 20vvme s FNFFHE st FAA A
A3e z=Apstgloh HlEw AL ASI 240129 ASI 24027, Z7b{ A ASI 74006 2231 A H]
A ASI 9025% 1.5vvmol A AL B4tol 74 Egton ZF+wA ASI 170172 1.5vvm
20vvmol A FALA] AibgFo] Eyt,

14 12 —— - —
I3y - E
33 ER
o 10 ©
2 9 ® 87
§ & g

£ 6
5 2 5
£ 4 z 4
o g 5 21t
[0}
z 9 i 3
g 0 6 0 - I .. .
086 10 15 20 tvwwm 15vwm 2vvm
aeration(vvm) aeration{vvm)

Fig. 39. Mycelial prodﬁctivity according Fig. 40. Mycelial productivity according
to the aeration level in ASI 24012. to the aeration level in ASI 24027.
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Fig. 41. Mycelial productivity according Fig. 42. Mycelial productivity according
to the aeration level in ASI 17017. to the aeration level in ASI 74006.
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Fig. 43. Mycelial productivity according
to the aeration level in ASI 9025.

2w BFEA 2}

10L" Fermenter(working volume : 5L)& o]&3te] WHFAIZME UE2A & F wjx9 o
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A7 LAsA ek e 308 ol WEH wNME ozt THIUNE At
ok WA el AA WFALGL 0~2BRo] Y AZE Row BUHAL.
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Table 3. The required sterilization time at 121TC

Ti . .
™1 10min  15min = 20min  2min = 30min  40min
Fermetor
Jar fermenter under under proper proper over over
e r
5£/10¢)
Balloon type
©2) under under proper proper over over
Alr ift under und: proper proper over over
er
(5~6£/135¢)

oh v GFNE AN AE

wlel ZAxd FAA ABAALS A8 98ke] Jar fermenter(10 L), Air-sparging
fermenter(13 L), Balloon type bioreactor(10 L)& o]-&3le #<u{Al ASI 170178 HE 3
o8 wWgHE A G wPrleixe ZAae 2 ol Bold FRAW Air lift type
fermenterol] A 714 FAMA A o] FRHTable 4).

RN

Jar fermenter Baloon type Air lift type

Fig. 44. Pictures of various fermenter.

Table 4. Mycelial productivity by various fermenters

Jar fermenter Air lift type fermenter Balloon type fermenter

Fomitella

Fraxinea 12.8g/1 13.5g/L 11.9g/L
ASI 17017
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AAduA D71 &3 RS o] &3te FAMA AN S ZAY AFAE Fig. 46487 2
o g EEe FFAA WANEE HUE A RGE dFubs HUFE A FAFA AL
Aol £& Hoz vyt HlEuiA ASI 240273 ABA ASI 9025 diFE 05%,
glucose 2% QW 7t FALA Aol Eohow ALulAl ASI 170172 59 05%, glucose
2%, yeast extract 05% U w7t TAHA AdAel 7HF we Aoz deEd VA ASI
74006 27L& AT 47 05%, glucose 296, yeast extract 0.5% Y w7t FAMA] A4
o} 7t% Eioh
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Fig. 45. Mycelial productivity of ASI Fig. 46. Mycelial productivity of ASI
24027 according to commercial 17017 according to commercial
media composition. media composition.
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Fig. 49. Effect of minerals on mycelial productivity. .
Mineral composition : KHoPOs 1g, MgSO, - TH:O 1g, FeSO, - 7TH:0 10mg,
MnClz - 4H:0 7mg, ZnSO4 * TH20 4mg, CuSOs - 5HO 1mg/L

oh el el %Y

AEYde gelstel 4 278 TAA ALFS 2AG AT FEUAR ASI17017€
H1(platel Fo AN YT AHo>RohPol M, B FE H2Aplated) -V Y72
oAU FQ-3D) >R Pz WAL FAA AP 1Y EE Aoz veby
.

Table 5. Mycelial productivity according to the procedure of pre—culture

(g/L)
Strain Procedure 1 Procedure 2 Procedure 3

Pholiota adiposa 6.2 6.6 4.6

ASI 24027
Fomitella fraxinea 8.1 7.0 6.9

ASI 17017
Inonotus obliquus 59 11.4 5.5

ASI 74006
Grifola frondosa 6.9 7.9 5.4

ASI 9025
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2. A s} st el Aagu]
FAHA ANE 9otel BHRY FAA AL 22T 49§ WA FH AR 2 7
2 wgstd FA QAR 2AY ATE Table 67 2o b Az AR
o A E AANMAZ Az WANA FAA Aago] MEHAY S AE AT &
AN THEZ FAAE APEon dF WIS & AT g4 st nd xe

AAMAE AHEate Aol o £8HY Aoz Budn

Table 6. Mycelial productivity comparison between chemical medium and commercial

medium
(g/L)
Strain Chemical medium Commercial medium
Pholiota adiposa 97 10
ASI 24027
Fomitella fraxinea 12.1 125
ASI 17017
Inonotus obliquus 81 156
ASI 74006
Grifola frondosa 99 13.7
ASI 9025

uh, 4d A AAA AAAE

200L FE71eig7 (A STuldE&, Fig. 5008 ol &3t 47k 59 HdA BAAHE
AA% A= Table 73 2k FAHAIY QAL 284 7529 Jar fermenterohs B

o2 Yebyth 28y 2000 %7197l dEdxuideandg 77 4 2499
@ E45 Aoe Fdol deng A tiFAded ol §3t= o] FEditn ddd

flo

L
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Fig. 50. 200L. mushroom spawn culture vessel.

Table 7. Commercial production trial of 4 mushroom strains by use of ordinary spawn

culture vessel(working volume 150L)

T Condition

,\\ Culture day Temperature Air pressure Amount of mycelia
Strain —
Pholiota adiposa o 4 25T 1.2 kef/cm’ 570
ASI 24027 s ¢ Kglem £
Fomitella fraxinea 7 d 050 1.2 kef/em’ 675
ASI 17017 ars o ey £
Inonotus obliquus 10 d 95 L2 kef/cm? 90
ASI 74006 as < Kgl/em €
Grifola jrondosa 1 Gays 25T 1.2 kef/em’ 615
ASI 9025 avs 0 < kel/em g
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2 FFHAY AL L o) § AT

53 : TR R
S 7lE I

LA el A Sful
A1HdAA

WAL A gl AZAEPark ef al, 1978)2.2 A Fo] BRI A uII}o) A
T oA Y T8 A4Ee s (A T, 1989). =3 WAL A FH spxEw
obvyel 9 - £ Jtx =@ Z ZFg wa vk =3 vl did A9 B-glucan
I 2 /ISAHERLS 9T deS BT, 2 Yo AR HA EAW] A E
A, izt 2 w3194, A, FFY2HEA, gy, AEF M € =204 A
AN 5o &7E Ad AAHER S Fo, FEuAsE A7t AYHT Yt ol A
d AL 1 AAEY FolAlL 8% F43] F718tE FM(Peberdy et al.,, 1993)0]i,
AgAAE EavM(Lentinula edodes)® =2\ WA (Pleurotus ostreatus)S &7tlNA F
2 AustR 3, H2de FolWA(Flammulina velutipes)s°l LIFAFLE UAAWol I
AuHE Aol FIH R JHEF T, 1989). 22U oA AL oz olgd & YUe B HA
Eo] A4 e HxHo] S x BFea(4 T, 1998), old i A= vu|3 A
ol mabA] Bl g B UL AFE YA ofAWA 39 ol FHI 9T
o}, o]ZA AWF AHAL 7122 AEF oofFd dg M2 AYegA 2 5A
o] Aol gt @A Fol, wE$o], JAMWA, ZAAEZHA, WA, Freled A,
TEHA F9 oAy No] AAH AFAu stsAHel AER v drk 2y 3009 F
o I A g A v ol did AFe F3] nH g A (Cha, 1981 ; FEE T,
1989 ; Cha, 1981 ; X8 &, 1997 ; A4 5, 1988 ; ZA3A %, 1997 ; Zvld 5, 2000
; 244 5, 1998). 22jE2 A - o4nAled x£HQ FFE AF AdezRH A}
AgHolng <AFAule] A7t Y3 o|h

o2 o FAHA F ¥ FUAS AAeR dt DFH M (Fomes Fomentarius)S UFE
HAE FH ol Ao &3, 71¢A 8000 FT471 Al FHA dFHoEN 713
2HE Ao AT Yot DEuAe BERE 7FLo FA oy FAFY R EI
TS thdQold, ERAE diEld oz WA REAJE Ao &3 B, FF, 5
obulg}7l, AW, Ao} Toll B¥EFr)

AdAE da F7HR Feol Jon, & uy 5~3050)cm, 77 3~20cmz ZF FolA
FTIAAA YdE BAvh AL AN~ 32N ugdo) FAA #EH 3t
Zt3)7b Qon, AL FuNoln siFdor AAEQ uMe FFS oy Fojn #
TFT 9383 1mol 3747} Y9, EAE 16~18x5~6m= FEIYFPojn, EAHL PF3}
A, IAEL WAookl o], 1999). ,

ol ¥ AFH A dAME FudA dHd B3 a2 Z2eolAe #F AP (=Y
d, 19849 Ael - FeAH Qo] AR WARAE T 249 v Ak a2y FF
<CEZEZ>NAME 2FuA9] A8 b3 F fomentariol, fomant acic acid 2 saponin 5
oltt. A5 MK, 1L, i Tl At FE As8E 4 "1 AJd, 4x¢, 94,
AF2L¢E Aadca A ok

olo] & A7 I WlFd - Al 5HL dosid goz AFAu S
Eb ST, Yolrl diFZAN&S e - B3Foesn oo I IwlAR AE dg A
T 2 #d Y9 8458 FEduA B AFE FYsq

==
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o=
rE

A2 A AFFY W B
1. 2EuAlde IS5 w1

1) INgEF

B aAFo AL 2FA(Fomes fomentarius)e Aduistn APAAuAESAH A
A RAFQ #& A4 FAFY F44 vlXE PDA(Potato dextrose agar)Wl A&
o] &3k

2) A F79 A4
7h. AR
(1) A=
S A FALY] HAuAE Ay g8 B 1 3 2ol 2ASY FA AAFL AN

Aqk. FHEAMAE Zze] ¥z A9 WF(21T, 208) F 13 %
petri-dish(87x15mm)°ll 15m¢ A% EF3slgch

AR =4X

Nutrition Medium and Composition(g/f)

reagent ME MYPA HA ™ MCM YMG  YMPG Lilly
Potato
K2HPO, 1.0
KH2PO, ) 0.46 2.0 1.0
MgS047H20 0.5 1.0 0.5
Glucose 10.0 20.0 4.0 10.0
Maltose ‘ 10.0
Dextrose 20.0
Thiamine HCI 1.0
DL-Asparagine 1.0 2.0
Peptone 5.0 1.0 5.0 2.0 2.0
Malt extract 20.0 30.0 3.0 10.0 10.0
Yeast extract 2.0 2.0 3.0 2.0 4.0 2.0
Agar 20.0 20.0 20.0 20.0 20.0 15.0 20.0 20.0

* MYPA :@ malt-yeast-peptone agar, MCM : mushroom complete media, ME @ malt extract agar, YM :
yeast-malt-glucose agar, YMG :@ yest-malt-glucose agar, YMPG : yeast—calt-peptone-glucose agar, HA :
hamada medium,

(2) < A w2
A AFe] HAAAAE Aar] f8 X 2. 9 Zo| A i‘*ll < At
FAuAE 2zt 2AER ZAT F A4 ZD23(100m0)0) S0md EFEm Ad @& F

A4T(1217TC, 208) A
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E 2. AANA =P8

Nutrition Medium and Composition(g/?)
reagents C%a&ek Guose  grpede  MitYesst MM Hemergerg Lilly ,Elmose

Sucrose 30.0

KCl1 0.5 0.01

KNOs 2.0

KeHPO4 1.0 0.003

KHz2PO4 1.0 1.0 0.05 1.0 1.0
MgS04-7H20 0.5 0.5 0.05 0.5 0.5
MnSO4¢5H20 0.03

ZnS0¢7H:0

FeS047H0 0.01

CuS045Hs20 0.001

(NH,):HPO,4

(NH4)sMO7024 . 0.001

CaCl-2H:0 0.1

CaClg

NaNOs 3.0 2.0

Glucose 10.0 20.0 10 50.0 5.0
Maltose 10.0

Dextrose 2.0

Thia®e HCI 0.01

DL-~Asparagine 2.0 2.0

Peptone 10.0 5.0 5.0 0.2

Malt extract 15.0 )

Yeast extract 10.0 3.0 0.2 3.0
Trytone 10.0

* MCM (Mushroom Complete Medium)

v Sy A

TEATY FHANA A Az wE wiFy SHL ZAE] 93t 3T
(Quercus  serrata), YU (Quercus acutissima), Corn-cob, W% (Pseudotsuga
douglasii), %% (Populus alba), o}t A1 (Robinia pseudoacacia) 5¥& A &8tgt. §
W3 "7 (Rice-bran)& 102(w/w)R EFS F FES 65%2 2As] ARE ZAEY
. o2 A ZAE AEE AFAD2mm=L200mm)el] 31g® 39 dASAMBD, 0.23)
o ¥ WAS 3ta AFE(121T, 3088k

3) A=y 54
1) #4 WY &=
AT A G LEE AAHs] & FAMAAPDA) FHuA(PDA)] 7S E
SAEF9 #FE cork borerZ wWlo] FEse] dAF L= ZAU5, 20, 25, 30, 35T)ANA
G T F FAAZFE AR

(2) 3 pH 44
AT FAGE 9] HA pHEHE AAs7] 98 &AM (PDB)I IN HCI
3 IN NaOHE #H7lsle dA% pHEZ(pH 40~70)2.2 wWAE ZAstgch FHujxA
(PDA) 71uilgE TAFF2 ¥#E 2 cork borer® wo] FE3S F271(BTIAA )
e F AAAFFL =AY
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(3) 4 49 ¥
e+ 4 U (Glucose, Galactose, Lactose, Sucrose, Dextrin, Inulin) ¥ 24 9 (Potassium
nitrate, Ammonium tartrate, Urea, Glutamine acid, Asparatic acid, Sodium nitrate)S 3
B2 A wxo) Z4z 01% 2 004% At FAF FAAZFES ZAIATL

4) #ANAZF 53

D) 2AF =7
FATE FYNAL) FF F 2097 AR Fste] o3 (Whatman No. 253 105T
2 247 AZse FAAY FAS Faach

@ FAAZE 24
FANFE WA FF 59 FRE 29 BFoz 2T

2. 2583 A5 13

1 HE2A4A=

AFLE A=) 98 FUEHF Fgol 9FLE 20%(w/w= g §F F88& 66~70%
2 A ARE AP olBA zAE A=E PPEA000m) UBBD. 021~
0238t AA3A kA3 A Air-filter7t 333 Screwcapl ® "HAE I} & AH(12
1T, 60) Agsct. ddo] 29 wixlE YZH(15T) F FHuiAld 7uigd FATS
HAEstn wlFA(22+1T)oA 3093t v dsto] ALga A

2) EuiAel gy

=7 A o] 58 Eo] 227 Ao 15~20cme] ¥5S Zo] 20cmE Adslo & I
Fol 42~45% A= HA AXAZY ojFA FHld GES WA vdEAE oA o}
A2 A9 AFL F, A2 vjdE FoldA 23} ujd Alole Fro] ol AVIA &
5% 3o T FUT YAEZ 1AANA Air-filter7} 223 Screwcapl 2 wEt) ol
A Z2AE wfAE 47021, 023 7ejdd ST L HAEshe wlF2(20~23T)
ol oF 6093t Lulok AT vwide] B H wWiAE EGo) wiEso At ESS
Wzt 2 He REYE AHEEY AW 2384 18 g8 @58 Au dE ndd vE
EHe JEFAS AATE F oE FIh AL AN n2@0T)AM AEHA AES 3
o AL

3) ZEHAY AMEA
(D) W F71zkel e A 2do] A9dF P #AY] AU AF&
TawAe W Hr1E zAE7) A5k wE EnlE AFEuR afd Aued §

W EEE HETe wFE(20~23T)NA 609, 0¥, 1209, 15092 wjF7IS 2HEA
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tio

wWgstol Aol wjEste o] A2dF R zWoly, #AY AURRY IFE
FASHA

3. @guAAY 5 w1

(1) Weight losso} &4

EFUT HAS 3x05x05cmzZ ZARY ARAFE ZAVFE ZHSFO 643 o) IA
ARk FAR AHL 3087 AF21C, 1.%kg/cmDT F, T $AuAFo] ulgd PDA
Ao AERATG FETY WAL B21CZ 249 wFAolA 4093 WY ¥ dry weight
ZA28&E EA5Y) dry weight 248 L(%)2 o2 24 odo &34

L(%) = (" - W/ S) x 100%
S W A AAFA), W g ¥ A35 A

(2) Water Extract Content{WEC) &3 :

FEL 25FEYEE ol F Hon WEE 7 A8 258 200 A ETAAN B FFH
5 100 E 7Hg 8 Et2Ad FF7WAVE BFAA 3AES vlTFRAA HdA
‘:'r I ¥ 9y &39 glass filter(l GHZ WEES 9 d#3A7I2 G52 A Fld

05+3TCAA FFo] & w7t Axso] FFA)

—5’:4‘— 89 4 H®%)x= og Hd o8N A&3d

H(%) = (8" - W / S) x 100%
ST A=e AARA), W: F23FEY 3%

(3) dvlAdy £4

EHY B3 JY9g B ASRE BFASY] 98 XA 8EE 2% glutaraldehyde (GA) + 2%
paraformaldehyde (PA) £33 Y (in 0.05M cacodylate buffer, pH 7.2)2. 2 Azd ¥ &
4 buffer2 M thg ethyl alcohol ALZ YA ZIt) ©]o] ethyl alcohol® xylene<
111 893 100% xylenee.2 7z} A @8t xylene® paraffin®] 1:11 @A) g F
paraffin gdd¥og & A7l }g paraffin EEL TFE°) microtomes AFE3te] 15-20mm
FA9 dHE A Fgo. AL 1% safranined 2% astra blueZ ©]F 4% o1& Jstd
v #AZE JAF GAEA gL AHe HPAu R BFo) AL FAE AAF9
e AY 2% GA + 2% PA 31ARAANZ FHAEE ethyl alcohol AYE 458 AHAE &
-20CoA 1A BF A2 5 100% t-butyl alcohal® X &F v} FZAAZ At} o] A
HE ion sputterE A83l9 gold coatingdtd] FAME AAAW A (Hitachi S-4000 SEM)L
AHgdte] BT £348 AAE0Z FH(TEM)L LRWol ¥nd A #HE zAsq
Diamond knifeE& A}8-3t9 70~9%0mm (Z82H FA9 M7 : gold—silver) 719 Zutd
HE AFFr) o] AU 1% KMnOsin sodium citrate)Z 1083 448 AHL =399
A4dr g oz BRY, |
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4. NEREA F&7 BA
Mushroom

Ion—exchang chromatography
DEAE-Sephacel column

: Acidic
Neutral polysaccharides polysaccharides
0—2M Nacl
Gel filtration Gel filtration
Sephacryl S-200 Sephacryl
ephacty S-400
Affinity chromatography ..
Con A-column Affinity
chromatography
Absorbed Non—absorbed
beta-glucan

Purified polysaccharides

Fig.l. Flow diagram of separation of antitumor components from two mushroom.

ggA 2 waggAe Peuye Fad &8 RUAAS S
kg =S BANRE AAF FAs] SBCAA 5AXEL 38 $E%3L FFIT B
SF 0% AVLE AUEE YD TUAE RAE JAAE AN I FAAEA

B84 FEJAE NaOHEJdoz FE2AYEE AREYS Aed 37 FEELS
DEAE-cellulose anion exchange chromatographya 2M NaCle] =78 E o]gsld &3
3™  anthrone¥t-$-3 Lowry-follin¥t-$-& ©]&3dad A3 v FHE FAFP.
DEAE-cellulose anion exchange chromatographyol s 2ol7 £8& t}A] Sepharose 4BS
gel filtration chormatography & $ 33t BA4=e =rj2 Eajic o224 a9 23
Concanavalin A-Sepharose 4B 3 3} chromatographyE 83l F4AE L &34 &
YA A Fo}

5. 7154 &al
AR e AAT AT VLS

1) In vitro A #
2). In Vivo AAY
3) YA X AE8(Survival Fraction, % cell surviva)Zd &
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4) T8 % gAx

FES AF 8710 9 Balb/c vhg29 £R& ALE3h

5) ¢AE 8

1544 134 subculture® 3til, 157203) subculturedt Tol:= © o)A AMESIR] @
gkt

| L B

A ml g HUAH 10099, 2EfRErol4l 100 mg 2 20% FEjo}d Aol ¥
RPMI-1640S A}1&-31 4},

- A E o4

#0025 ml Z 15 x 10 A9 FAEE A/J vh$2 29 gastrocnemius 259 73}
of FAMGE H, oF 10d ¥ <49 H Aol 8-10 mm 2 w Aol AL

- In vivo AA

ol E GAEI A g FAo] 8-10 mm(old F oF 10€)2 w), AL FFoA
2 FAEAN FAh nelAW FA EE ISFAHE F AAFez & F4F 19, 39,
5¢, 7¢ T 47 v ol A E HEde FAE YE& AES B

) FEHer FHS A&, 7H9E AZEsHY, 0.00125% DNasest 0.25% ER o
RPMI-1640 wix|UlollA] A2o]A 2087 A3Hdigest) Al E, doldes EgA &
20% SeElold Aol EojYd: RPMI-1640 o2 F3A7| YA, AZ B{de 289
2 AE H, 18 o AHsA. :
i) trypan blue °) GAHA] && HILE AFsid, R 4ml F 200709 AXE 5% CO,
stoll A, 37Col A 84zt g3t
iii) AYE E88 5% dgLs nAs |, 1% I Agnto] ¢ A(crystal violet) 02
s g H, 5070 o)l AEE ZA 2 e Z2USFE AFsch
6) Thymocyte2] mitogencity &4

Thymocyte®] %44 Yadomae 5 (1979)2] ol niat HAAstRct
7) BA X A2 (alternative complement pathway)e| &4 3o digk 24
BA A BRo) e AL Qolrr] Ad Adachi T (1990)9) ol wal QA
o},
8 71e A+

gotAdol ¥ E cam, invasion assay® 43

(N o rit

]
3
A
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A3 A dyAs
S PEER PR

1) HAEAM=

AT ASed A A FAMAE YMPG v A #FAAFo] 7HE F3dIn
YMG, HA, MCM, MYPA wiXdlA vlu3d FARZol F3dhevt, YM, Lily, MCM,
ME HiR A e Aol AzFAHad 1). ™ AAFAuA = Czapek dox ulA
A 80mg/H0mLo. 2 FAL Ao 71F 4892, Hennergerg, Lilly, Glucose pepton,
Glucose tryptonetl A £ 2.2 433 FA} ASHES B9 th Synthetic MCM w2 &= A x5
Atk (2g 2).

D =~
o O

»H
o

N W
o o

Mycelial growth(mm/4days
[6)]
o

10

ME  MYPA HA YM MCM  YMG YMPG Lilly
Solid nutrient media

a9 1. 1A FAAMAA TFWARFAL] A%

Dry weight of
mycelium(mg/18days
o N8EL 33N

Czapek dox Glucose Synthetic MCM Hennerberg Lilly Glucose
Peptone try ptone

Media

a9 2. AA FAuA A SFHAFAY B3
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2) A3 1AER) A

HA £Fg Awsr) st HAS 49 ZH4E ¥ 3 F 249 AFAUFS oAU
F ER9A & 84S 2Yor comn-cob, EFUT, 2HF £o2 F. Y WF
AxE B A8 A=A

E 3. AAEHARANA SFuA A4S 33F

Sawdust’ Q o 4 £
Q. acutissima corn cob . P alba pseudoaca
substrate serrata Douglasii cia
Mycelial
Growty 84+2 107+2 3612 T77x2 81%2 102+2
(mm/30days)

"Different species of sawdust substrates (80%, w/w, 10~20 mesh) were mixed with rice bran (20%, w/w) and
tap water was added to keep the moisture content at 65%(w/v).

3 HAA W=

DA TY AT WFeede] FAE AEY] 98 dAs 48 2% 15~3
0T TARESE BYod 25CT(37m/7days) A 30C(66mn/7days) Atel7t AR A
202 yegton BTAXE Aol AAFAHIE 3). ol AYF 19970 Ry
DEANEW A (Phellinus igniarius)® BSHL ZAMOIA, 2 W7t 25~28T o0, 35T 9]
FAME FAY BP0 I3 AZRFASTH FAES REoh 28T T 019909 93
W By FANS H2L 25~29To|H, 23To)3tet 29T ol 42 I ol E FAES
of Ax¥E Budun. MLYA(EIA T, 2001), S A(ZA F, 2002), FZol
TEHZ(IAZ F, 200005 diF-29 WA FAHZo] 25TUd HlEd, dFuisd o]
Ho 7 & 2EdA H2E 3. o] 472 vFo] Bol ZgHAE L&A B
2 25 AE Ao A€

o

70

60 | /A

50 | Ve

ol N

30 L e
20 ——

10

Mycelial growth(mm/days)

15¢ 20¢C 25T 30T 35¢
Temperature

39 3. 2% W gE SFAFAY A3
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4) ¥ix4 pH ¥4

FAEF] FAAEI WA pHetel #AE A7) fldte] AAE d¥ 2% 19 4
o)A} o] pH 409M A Fo] 135m/18days22 7HF $58 FAYEE nilew, ¥
A8 Axrt wotAol mat FAAKo] Az

8B 38

Mycelial dry weig4ht(mg/8days ‘
8

o 8 & 8 8

pH 4.0 pH 5.0 pH 6.0 pH 7.0
pH

a9 4. A= ¥3te wWE SFWAFAY 43

5) H3A oJogd M

DEU AT FAASH L9 Avlste BAE 2AE] st AFE 23 @29
< 3% 59 #9] Inulin®] 3% @49& F73 v FAS 485 vy 24
€ 29 63 o] lactose H7t wiAlolA 225mg/18days, galactose H7TujA)A 213mg
/18days®] dAFoz -3 FAYSE BRI

D) [

g 8

Dry weight of
mycelial(mg/18days
8

8

o

Inulin Sucrose Lactose Dextrose Glucose Galactose
Cabon sources

a9 5. g@249 A7t wE SFuATAY 43
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g

2

- & 200
53

55 1%
o £
2=

>0 10
[}
29

E w

0

Urea Potassium  Asparatic  Armmonium  Glutamine  Sodiummnitate
nitrate acid tatrate acid
Nitrogen sources

I 6. 349 FAvtel ©E I AFAE 4%

2. 2339 ARER W

1) W g71ztel] whe A 2ol A8d5 # FALY] AW FFE

gAY Wizt wrE 2ol A8 US5E FAT A WYr|TE 0~12092 3
t Aol g A Jench wer|ng 60092 F& A$ ddde ALAT BolHA ¥
ka2 ggs At de] He Aoz yeRth ot 60d #HE F AUFRe A
F&o] 324% ¥ol HA gornz wWE & FAZL EAE RFAA Lojd dag oA
g Agsted Aol 98¢ Aoz Asdd. 23 WIS 15088 AL FrolE
Zool A£8YF7t M FAA T W7ol HojAz wols e dIe FILE 191
U2 90gM e AR 23Yoly RojArR RAFE AR ARHHE 4 29 7.

X 4. F7100] 2 dFHA A4 2ol 2295 F FA AY AFE

Bl g7 ZHY)
. 1371 60 90 120 150
Zaol A8 AF(Y) * 78 54 41
ol =(7)) 0 1.3 2.5 3.1
TAY AR
4 } : .
A5.2(%) 32 59.6 70.5 76.8
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100 r < 3.5
90 I 5 |3
ol 80 | P
gﬁ 70 | 73%? 76.8 ] 21535
of 60y 59.6 o] 12 ¢
S 40 ¢t . e 1 1.5-]311
ol 30t f35 11 M
K 20 ¢ |
0t 0.5
0 : : : 0
60 90Y C120¢ 150
Bl 7|2+
COaE8(%) —e— ZWol22uU4() & =Wo|H(7H) |

29 7. WQIztol ote SFHAR AAA 2ol 2995 2 FALY) AU
A% &

oAl TFHATFAZL 768%2] I
Zdtold Rojrh

& AR 1S 09 Wgst] 2dol® A5AUYT B
2 29 Aol AR 28 FFAUT VBN 2F

=z g
X
L

, AR i
AR L SRR AFANE 87 AR 2. ZEWR AFALF BEA
A AFE 2& 909 WD) > 2ol 24 Q0 WP >

e AR 32 AFaUR gEolA 90Y st mjE & 1do] AW o dIFuAR
A7k 100%9) AFEES B Aolw, A 4= AFIAUT BERoN 90U wFse e F
1do] A BFHAF AdA 9 Bgo|th
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<A 3. RFUAFAL AFEUT 95 <AHR 4. FFHMY AAA 28 F 1
4 AFY 2& (90 WY ¥ 1d #HED dol A | =& (908 WD) >

3. 2EWAlAY] FEA W

1) Weight loss 4

SEFHAN RO EFo BE FFLALEE AR AFE B 59 2ol 174%°] FFHLE
< Bt o)1F35(2002)= ZAPF7Q Coniophora puteana 48¢FE ol &34 1233 wj
¥ A2UFAYg AFEUFAe FFFALALEES ARG e, #FEE 24FE 1256~
256%, T UF-E 154~243%9 3R &S Hudgrh wFr]zte] 40dolAd FA
7o TFLAEH vzYPL W, IANEFY A FF Yo $4% Aog Algdr.

5 EFUTAA WA SN EAY] TS

Before After Weight loss(mg) Percentage of
ei oss(m
rotting(mg) rotting(mg) & € weight loss(%)
Q. serrata 2,012 1,661 351 17.4%

2) WEC(Water Extract Content) &3
""‘7'“15\?7_‘-4 B3 AF X9 WECE ZAIS 23 3F Ao 1298%9 +&£& Hojx
5 Fot 1522%9 FEES A ol TEH AT F¢3 vAol e L—ri}f,
gd, WA TS ol8F FEY TEHAF] FUFe FEFH FEE o8 AT &
Edo]l €2 Ao E ARHT(E 6).

¢

oo
rlm
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6. EFUTAA 239N WEC 53

Methods ' Extraction{%)
Sawdust 12.98
F. fomentarius on the Sawdust 15.22

* Q. serrata of sawdust substrates (809, w/w, 10~20 mesh) were mixed with rice bran(20%, w/w) and tap
water was added to keep the moisture content at 65%(w/v).

3) AuAH 54

TEHAT AF FFUHT WA RF FuE TG AN F4% w95y 2@
AUTHIY 8 1, . #Ahe UEE PARAAA BA YHT:, 9% HRAAE A
JETHAY 8 3. HURFRALL £he $Fo] AstA FFHAUR(TY 8 4, THH
AZEAA A4 2 Sesst #EJAHLY 8. 5).

EAH9 vl g (arrow)9 A4 (arrow head).
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a3y 8. 2. %‘3‘“1’)\1_1‘"“ 4“& EF34H5 ‘ﬂlﬁ-—] ““”ﬁ} (arrow) g2
4] (arrow head) (SEM A}A).

Il% 8. 3. ‘3-!%31’)\5_‘*}—4 &%}L}-r ’5111 Xﬂ X
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e e = £ %4}1«} ELN
24 ¥ A4 (arrow), £& HF (black arrow head) ¥ %
5 A X9 B3} (White arrow head) (SEM AHA).

Fig. 8. Ao g B 3T ZHR %44 arrow)
9 vulHl 5 (arrow head).
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A 44 89

L 23uiigd IFs4d w4

TEFNAFY uﬂe}E!gg ZAL3 4 Z}‘Qﬂl "3"} e *E"M] nXE FF dE 2
Mg A3 4 "ﬂl?}’é“ﬂz} YMPG ixe] 24l 7 Fsd 8 AATA
WA ZE czapek dox WlAG)N FAF Aol 71 $43AL, SyntheticH MCM #A & A
2R 2832 HF AED WAZE AFAUTS YT Firel AwHAY D 7
FolAe AFol AR AzxFPth. A AF HH xE 30Tol9, 15~30TY 2= ¥
Jel A A&e BYon, WA AEE pH 4004 5 FAASS BAT HH 994
02 BAdoE lactosolPon, AAYO2E glutamic acid® A71e sl 713 %35
& TS S By

2. ¥39A9 ANSEY 8

DFHAFY wF7INe GE xdo]l 22dFE AT 2F wYrIHE 0~12092
st Aol 74 FA detsd WIS 6042 P& A FddE AEATT EolHA
FUx 2 dgHl FAAIE Lol HE Aoz vyt ole 60d WY F AURE9
AE&0] 324% ol HA Foenz w& F FA} BEAE RFAA Lold 27 oY
18 Agsted Alte] 4o g Aoz Alggth 2Ex WYrite 15098 A& F5q
Zdo] 28957 7% FFADT wGrIde] Aoz woldgEy A F7IL 191
g AR 2380t} RolAEE RAFE Ao2 AsdG

SN'

3. EuAldY Y ¥54 W3

AT BALE SHE RAE] 46}04 BE A .%o FZUALE WEC 35
N3ge Hud b FFEFL2LL A2UFE 125~256%, FFIUFE 154~243%9 TF
F2EE Budtgh wigrizie] 0doldyd FATEFT FFY i%iﬂr HZHPE o, FAF

Fo| B BFE F3Ho| $5% RAoE AFHY. WEC 582 HF #Hd 1298%9 &
S ROl BF FoE 1522%9 FZEL AYT. ol “‘;LBM\EO] Futst vigd e
B3 8, gd, WA & ol &8 Juo AT IUFY FETG FES o1 8FY
AR £ g Bdol B Aoz Alndc. EARFY vAdYd 54 a3y 247
BAR TR B AXde] Ay uids) Fol BFHYG.
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RS AFANAE AR
AlAdAHE

WAL ey AF4EE 2P BAE /A Jon g, g T 4 o] &
Hol &3 53] HI2d e g, £4, —’?‘-% 2371& T Ldod AF AFAuPe] A
Hol o7, BALA, 4F R HFENT T AT v FES0 £53] w4 w
B9 o] &3 Ado] F&E3GA o)Fotx 3 gldh

TIY BY FEo2 AMEIE BN FFIE 20099F ) dom HAIFAME BEA=R
g Zol AZE 7154 BFE #sted 27 =88 7goln o a3y e
A ARG e 9009F WA F A4S A3 dFoz dF Augan gle AL F
2 %o, =g, Bo], B3 T FHHY Y2 Aoz ofHR Ut AEHAE
A, 3%, BR, 32, APHA F 2 Fo AR geo. E, TG dE F2
Aol oA, Agste A A7 sl Mdol dFREZ F53 olFojAR 3o 2
YdAx 271648 245 8 + e AR ¥l 2% oj8 o8 F Y& e
wo] A4 3t ‘

opgum Z 4% 2 d4F7 shse F8 S A (Kuehneromyces mutabilis) & &4

A, S Tl & £310 SAA 7= BRE 7HEdd 2X Jdw, EF
ol £& UH, aFE7Y FUF T A48y, AAMAd ¥

Z& A 3~6emZ ALolE Yk Po|y Fo] BEAHYe] Hi, FAL F3d 3
FA~BANg Wa AXNE FEAL W} -’x‘—""" & gAELY = Ydgoln #Hw
a3 gzMoltt dit 3~8 x 03~1cnE W AZE FAA Edo] 9lu P9 Eyolst
don, 1 oldiZe FMoly Hx FZzMo] Hu AF QA Ao EAE 6~75%3
4~55m2 FYP ~ol2r ol FHE HHst WolFol Yn, IRFL T@ Mot} AL

t ¥4 S717F dokErg o], 1999).

olg]3 T AR dEldE FE2EEL ol£% influenza virus A ¥ (Mentel, R. et
al., 1994), A v]F(Wissig, E. et al., 1990; Pashenova, N.V. et al., 1989), ¥iI& & o] &
A Y (Schmidt, O. et al., 1985; Reshetnikova, LA. et al., 1988), A" A3 A3} é!%—er%ﬂ
(Reshetnikova, LA. et al, 1986; Reshetnikova, LA. et al, 1990), 3E3%3d £33 F=x
(Reijnders, AFM., 1971; Stankiavichene, DR. et al., 1986), TAMIYZ JeHI5A
(Pashenova, N.V. et al.1989; Pashenova N.V. et al, 1990), A2 A 9 3373 F4oi
(Badalyan, SM. et al., 1997)5°] FoAH Basxn gou oL Fuld L/HA
U d771 £349 3 gig.

AFE FAFARAL WG - AohE SYL sotsel g0z ATAM A
a
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A2 A 04?711‘“ FHE R

1. #+3usde IS5 4

1) TAEF

E A7 Ag" T8 $au AT (Kuehneromyces mutabilis)S 5373 sdH3sred
S8 AETHANA G vtol Aot FPAAVAEFAP AN A - F2AuiFHA
o AT F4 & vlxl= PDA(Potato dextrose agar)Hl x| & o] 838t}

2) WA F5F9 A

7t AR

(1) A=A

FE$dusde AFuAE Adsr] Y8 & 13 2o A FAAZFS A
Aok FAuAE Zzte  2AWE AT AFA21T, 208) F 1%
Petri-dish(87x15mm)°ll 15m¢ A& ‘EF I}

(2) A u) =]

T HHqquAE A ?'5}71 A8 E 29 o] A FAFL 2 }9&
. A 4o 29de A F A4 E2230100m) o Somy BFEa WA
F A#(217T, 208) Ao

r&L

v &yl A

FE A A FhAuAl vz sl 0 wFAH A S 2AE] 3t EFUT
(Quercus  serrata), “FF8Y35(Quercus acutissima), Cormn-cob, 1% (Pseudotsuga
douglasii), < % (Populus alba), °}7} XY} 5(Robinia pseudoacacia) %% A1&3t90t. &
93t w7} (Rice-bran)S 10:2(w/w)Z2 £ F F8S 6%= 2ddd A8E ZAA
th o]Z2A ZAR ANEE AP HD2mmxL200mm)ol 31g® FA3 o dA3ABD, 0.23)
g F AAdg stxm A3(121T, 30%)3F4 .

3) 43 54
(1) AA wF &
AT HF e g HAAsr] s F4uA(PDA, PDB)ol A ujA(PDA)A 7]
wdd FAFTY FFE cork borerz2 Wo] HEFsH AdAI} 2275, 20, 25, 30, 3
5T)elA] Gulgs & FAAAZFS FAEE

(2) 83 pH A3
Ao #AMG S X o] HA pHHHA S AAs7] 3 A A(PDA, PDB)l 1IN
HCI?} IN NaOHE #7bste] 9A¢ pHEZZH(pH 40~702.2 MAE A A )=
(PDA)S 71vidg FAIFF2 #F L cork borer2 #Wo] HFFalo F271(2BT)ANA <l

% st FARAFES 2ASAT
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(3) 429 2 A9
et (Glucose, Galactose, Lactose, Sucrose, Dextrin, Inulin) ¥ &4 9 (Potassium
nitrate, Ammonium tartrate, Urea, Glutamine acid, Asparatic acid, Sodium nitrate)& 3
M2 Agyg wjxle] 2t 0.1% 2 0.04% F7lsle) FAFe] FAYZFS ZAIAY

4) dNAZF £
1) #AZF &4
FATEE AL BF F 20970 FAviFete o FH(Whatman No. 2)3tx 105T
B 24N A zste #ARA 9 FAE FEHh

(2) #AAZE A
FATE WA HF 59 FHE 29 AR AT

2. FE4YA9 AMEY 3

1) 3F4Ax

HELE Ax37) 98 FEMAPDB)E ZAFS HZEG2AG00m) 250mes 5
dto] W (121TC, 208)3 Ak ol 2A Az FANAE 9 TAES HF3ta] 1093¢
A(150 rpm)Wl ¥t AL-&3 At

2) T $dusle Auiyy

FA FHel A (10mesh ©l3b)dl w1 3L 10, 15, 20%(w/w)E Mg & $F8& 66~70%=
ZARgd ANEE ZASGP olEA =AY ARE PPHE(00co)l Zt Ad+dE AHBD.
021~023)3t LASA A2 A Air-filter’/} ¥ F9 ScrewcaplZ viAE & F
Autoclavation(121TC, 60%) A& sl A#Fo] B #xl= W¥4(22T) §F FhulAol A=)
HEYE 5~30m8 A HEFE5 vlF2(22:1T)NA wiF(©25, 30W)3A . wlFol
A5=HAS o FFVE o Ay RS UYI FPY. #HVIE F HES Pold
(16£2°C)l E31 80~90%2 HUEEE -S43t} ’

3) FaA¢AMN ANSA
M) FAFFE B 01F BhE ANEY
A F4l AHECIZ, comcob)e E 734 2& il w2 wigsted WY @B

F WolH(15£1T)NA wo] 54 & ZAEA

E 7. 3ATEA dF JA/HE A3

A7 A= A7 v &)
u %3 10 15 20
3. 45E,94,3 59 80 75 70
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2 (D3 22 Wyez o 7 A8 2084 FFH7E 814 ¥3 Pol&§ A=sqrt
(3 22 Boz tE 7|#d g5t we] € AKE A= By,
o) A Tol JHeAAE BHAsY] fste) FPAATL(AY W), FEHHEA
d #§9), B g 5 FEAFHEE FA), UFAEEAFATEEE UF)d o st
WA et Aul 20¢ st AAPL FH).

3. FEYSAnAHe REEAN 7Y

(1) Weight loss®] &4

ZAUYF WAE 3x05x05cmz A AAFES EFE ZHSF 6417 o] AA
A7 AAEY A AL 3083 FFI2T, 12kg/cm2)v:_r F, 2 an o] WYE PDA
izl FZ2Art 29 viAs 6:1TE 249 oA 4097 wiY F dry weight
Zade ZRAYL. dry weight 44 L(%)S O A4 oo A&3go.

L(%) = (§° - W/ S) x 100%
ST A AAFA@, WY F A3FAR

(2) Water Extract Content(WEC) =4

2L 24322WS of Fow WHE 7} AE 28 200w AASd2Id Yi FF
F 100E 7He g ZetaIo] FHEAVE BAAA ADES HEFRAA YA
‘4. a % vg ZFdE glass filter(l G)Z YEES FY d#A7I2 G2 AFsHo

053 ]7‘1 ol B g7A Azxstd AFEHY
—8_—-’;‘*—’_{“%5—4 % H(%)= 98 Ao osy &34

H(%) = (S" - W/ S) x 100%
S : NEY AAFA@E), W FEIFEY 23

(3) AV BAH EA

EHe] B F P &) A=E B2 A3 ANEE 2% glutaraldehyde (GA) + 2%
paraformaldehyde (PA) £ 149 (in 0.05M cacodylate buffer, pH 7.2)2.2 A3 F &
2 buffer® AHF L& ethyl alcchol ABE A7) olo] ethyl alcohol® xylened
111 E393 100% xylenel.2 Z+Z} A28t xylene®} paraffin®] 1:1 EFdol A ¥
paraffin 94402 AF AN o}& paraffin EEE WE9] microtomes AbE3t 15-20im
FA9 AHL AFAsY. FHL 1% safranine® 2% astra blueZ ©1FH A% v Jotd
"7 #FE AN AR e AAL HFAY R FF ALY FAY HAER
A9 BA$ 2% GA + 2% PA 3AAIY FHABEE ethyl alcohol AE 48§ AAE F5
-20CoAA 1A ¥EAZ £ 100% t-butyl alcohal® A 3g 3 FHAAZ AZlY. o] A
A& ion sputter® AME39 gold coatingdte] FAMY HAAR A (Hitachi $-4000 SEM)&
AHgsle) @ E@. 534 AR E BF(TEM)S LRWO ¥vul®l AHE ZA3o9
Diamond knifeZ Arg-3te] 70~90mm (288 ¥ Sl A7 : gold—silver) FA9 w3
HE AZFRe} o] AHL 1% KMnOslin sodium citrate)Z 1087 GA% A8E F749
AzAdr| P oz AR,
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A 3d A+2E%
1 RSB AT AISA 14

1) #AF8uA

HA 1A FAMAE Adsty] fsie] AP 2% YMGUAINA 7lmw/8daysE 7HF W
2 A3FE B9 vhd MCM, LilydldE Az AFL 29 FALEE YM, ME,
MCMo| 71 zdstA Ao LilydlM 713 $e A% BgFAH (Y 9). A3
AF FAuAE ALsr] A% 48 AAE glucose peptondl A 202me/18days2 FAHL &
o] 714 ¥3 A 10). o= A F5(1988)9) <13t glucose pepton ¥jA|7} Bl E %o
(Agrocybe cylindracea) @A A@3icta v g A# FAsY, Kang $(1994)9] 9
& 7t A (Naematoloma sublateritium)2 Semisynthetic mediadl Al FALAS-0] A3}
ogx Bustgden xH1981)= Armillaria melleat ¥Z3 F3A1(M.S.D.S), Auricularia
auricula-judae™ Modified Hamada "{x/((M.H.S) ol ¥&sddy Busgdo ojd Bz
st v & o 8lA Fo v HHuAs gL G 5 At
MCM3# Hennergerg MIA A= 718 Az 4SS BYon g MAEL A3 & &
at= PRt :

~
@

%
©

3

~ 70

£

£
£ 65

3

5 60

8

T 55

Q

>
= 50 N 2 N

ME MYPA HA YM MCM YMG YMPG Litly
Solid nutrient media
39 9. A WA AN TRt B3

_. 250

[d

Ey 202

3 200 |

2

= 150 |

=

2

2 100 | 84

ol 70 89
<

& 50 | 44

§ 18 "

2 — -

Czapek MCM Lily Hennergers Synthetic Peptone Trypeptone

*Submerged culture medium

19 10. RA FAuA A T+ REALe B3
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2) 37 2AE Y N

HA FHrEE ALdr] dsidd dAS A¥gdaes 3 8% 2o AR ool
82+2mn/30days® 7t £ AL BIow SFAUYF, vF, oAYUY, 99 com-—cob
A FAZE 74 Adegdch vhd o= olF ¥t FAIREE R

¥ 8 AAGEMHARAAA Tl 333

R

Sawdust’ Q . .
¢. serrata L. corn cob P. Douglasii P. alba pseuvdoacaci
substrate acutissima _ .
Mycelial
Growth 77%2 8212 61+2 73%2 70£2 67+2
(mm/30days)

*Different species of sawdust substrates (80%, w/w, 10~20 mesh) were mixed with rice bran (20%, w/w) and
tap water was added to keep the moisture content at 65%(w/v).

3) AY Mg 2=

FHFANATY HAALEEE WEE7] Sl AHE BAE A} 20~256TAHA A
ol WE3 FAAEE JHF Eokow, 30Tol ol E FAMYGl F453] AU 3
5Cel s A0l AAHE A & + AW 1. o= =EHIAMA 5 A
Agu Ao S HHLxrt 230U I AF FAR FEFE ®H.(Hong, 1981)

=
'T“%ﬁ’_ — T 4
Y
Y
\
\
\
\
-

B8 &8 88

sy
(=]

Mycelial growth(mm/8days)

1 ] 1 _L. 0
27c 25¢C 30T 35T
Temperature

a9 11. &5 ¥se] wE F A FA 8%

o

—
2
')

4) 9ix19 pH ¥4

oo AFe] HA pH A%e ¢ste AP Az 2F 127 Feol pH 6094 =
A Zo] 203mg/18daysE 7} ®otow pH 60~709 oA FA3] AP
ol RS AMATE B AolY FARTGE ol A BAFEE RALeE AL
g9t A LEI FAHE =ElEuAle AR pH/E 6.2~65 (Hashimoto®t Takahashi,
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197924 RAAE ARANANA AE2F gl AW AT T SuAL AT
Aol AAAZ A HEZDL sejob & Row AzHh

Mycelial dry weight(mg/8days
g 8
8

pH 4.0 pH 5.0 pH 6.0 pH 7.0
Intial pH

a9 12, A% Wgol g FeunAaAy 4%

5 HA d4%d A%

FY$AA A FAES S 9% F3 @29, 24298 Awdy] 9% 49 23 ¥4
ol 4% 29 1394 vebd vie}l ol vt FQ inulinoi A 249mg/18daysE 7+ FZz e
Fou dextring Astne FAAAS YojH E Holt AT F4Y F+E 14
1400 A Jebd wiel Zo] FIleid LY o2 sodium nitrate©] 367mg/18days® 7Hd 43
G Aoz Yehygon o AshYoNEs F#FAAZ & 43e vAX G

8
|

gu_

3

Mycelial dry ‘
weight(mg/18days.

2 8 B

8

8

Inulin Sucrose Lactose Dextrose Glucose Galactose
Carbon sources

a9 13. 249 Avlel B FE e RaA A%
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&
S

2%
@®
53
— 310
S5
3Em
=5
‘@210
2
1@ -
Uea  Poassium Aspaalic Amonium Gutanine  Sodum
nitrale acid farae acid nirate
Nitrogen sources

a9 14. 34249 JJ0 B E FHS-ANATAY A%

2. T ¢au A ANEA ﬁ‘%’

£ dge Teeandd AFAW AsHe vy 98 T
Azzse oz A wEen @_fa—g— @ Aotk BARERY 7
2 AREAL AANT EAZ BE Aoz AZEn

e
4

At
HA

2, o

3 5
3 o @
1) 454 o)

B AYe 43 HEAYL SUA MFAS, 2RY] AA 5L WSAEA A
(E 9. 9% WolA o7t ARor 4R THL TR Fol FEE B~ 100% =
Ao AN R DAY, TR FF/E ANSA G o] FAL AHY
o welH A ke

X9 359 J7EQ Lo

5 3w 58 %) | dF7] | gds | oA H 31
10 *
20 65 O 25 *
30 e lom A= AR
YR F 34}
10 .
65 X 30
20 .
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30 .
10 *
20 65 O 25 *

AH A o)

30 i 0.5mA3% &

BEGGF 24}
10 .
20 65 X 30 *
30 .
10 x
15 65 @) 25 *
20 *
I
10 x
15 65 x 30 -
20 .
10 .
B
15 65 0 25 - I3 = 4%
F 34}

L 20 i
10 *
15 65 x 30 .
20 *

WOIHE - v WolHANH, xx: AZHH, xex: A, veex: Hulo|H,
F7] - 01 AN, AR L

TUSAUATY QA ST FAS] B UYL 45 ANHFEA FE, YoILE,
B 5 e WRE FHA B YL AAsgou AAA AdelE mAA EAN,

FFUTG $5A7 YHE 20% 7o XTI 15% FolA oz Bol ¥ ImAE T
ol ¥ 4HA R&HT TASEL. T F YFIA M TAB A& Ak Wo| &
€ %5~100%2 2IHPot 4N DA o) Az ujFojuol wAs BA, Av
8749 $4 5 @e BARES ¥ Ut Aoz AT

2 49l ASY AU e 9ETE Rolnsl A% FYT 24 FEUNAAY
&, HIAAATLE, UFLA HPSAATL NAEATE o5t ol R U
dg Ao 25 dsstn wokth eRA AP BolMA WA} Aol siuA
Sl Es WA F9 IRE FRYPLAM AFE BN AsAYoY Ade F
A g stk
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# @ol BARFFOY] WA 4A AT 5 god AAAE Aol Mbtw
goh. 2eu AN AATE ZE 22 PR %ol © Al 4FAA WAL
Ao WEY AL o] AV T3 ISt

3. FE A ¥55Y 49
1) Weight loss &3

Fel ¢ Aldo] widd EZHYF AHE o83 dry weight ZH4E&ES A 2434
A4 110mge 2 59%9 ZAA2E&E BRYHE 10). UYF+¥ guaiacyl, syringyl 28|31
hydroxyl phenol group?| lignin monomers® ©}& Hl& o]FojA <ti(Serkmann &
Ludiwig, 1971; Ander & Erikson, 1979). &3 W3- 383 24L& A Ed mg ggsin,
AEg 4% #Ao wet tgd2g(o] 5, 1995). E3 HMRFTH L Fyolvt dEqA Auj
g o lignin 3EH FEH$E doziti(Serkman & Ludiwig, 1971). W5l w
lignocellulosic complex?t th¥3l7] W&o wAl7l IAFSHE A9 Hole ol Bulss=
Eao e & Aoy, ol WAl #F9 £Fo] AR 2] dEFor Az

F 10. EFUFAA ¢ FH-ANATAAS FTFFLE

. . Percentage
Before After rotting Weight loss .
. of Weight
rotting(mg) (mg) (mg)
‘ loss(%)
Q. serrata 1,857 1,747 110 5.9

2) Water Extract Content(WEC) &4

FAiA Y £33 AL wjx e WECE =AS 2% 99 v 241 wwel 2§
12.98%, Fel$4kviAlto] wigd wixle] F$ 856%2 YEIGTHE 11). ol F3 ¢4
Aol E3t wZd dr @5EE, tannin, MIFA 5L ol £% Aoz BT EA
AER FFol A A Hid doddol, A A BEAf Edd qFd A+
v B& olggol Ao ol# g WA #ALY AFE UF dry weight2 SAH3dE AF
7t AEAQQ Wyez ojgHow, 1 ¢ o Wo] AMAHAH $rHCrawford &
Sutherland, 1979; Hackett et al, 1978). ¥ AN E FAF AZEA Avees FE&
ZA8A%om ARG AR Fo FEFo| dola 1 Fo] FolE Zeow Hol MAH} F
o #dfFol e EFE o8t AFH Ao 2 F JAG

E 11. EZUFAA F+AAAe] WEC 53

Sawdust substrate” Extraction(%)
Sawdust 12.98
K. mutabilis on the Sawdust 8.56

* @ serrata of sawdust substrates (80%, w/w, 10~20 mesh) were mixed with rice bran(20%, w/w) and tap
water was added to keep the moisture content at 65%(w/v).
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3) @vlAd4 54

T AW Fo] A ZFUT EH F BAR Axse drEe] IR AX
WA A FF o AR golxlE vty sl Ao AAHJHY 15. 1, 2). 9ARTF 2
cellulose, hemicellulose 2 lignin® 25 B &3t7] dEd o5 ol 2T Ex Az
3l FALe AXdo] gojxE 29 w93 o] dojdrt ey AR AR FIH
A% ligninro 2 FAH0 e FUEFNE $HHoz FAGE HYF LAFHE e
e 4% oy, o e A$E= 459 EFscl(Blanchette, 1984; Eriksson et al.,
1990).

A AEE 2 83 BAMA R XA JeElgn, ¥ BEHFAME A HE
7} =A JUebd v 15 3), ol WALERZ o] Y Aoy HFEHS XL JoiA
(Core et. al, 1979) TAI7L ol AES o] &3ta 7] WEQA ALE Azndct =& o
Aol BE7t 2A Jebdel® BFEstn SA%9 A X vl 27 A9 o]FoiAA &
SHaY 15 1). 23y Q¥ 237 A5t AXoAdE =8 B Aol AAHYA F
A AEH FFol EFHHE REE YeRt(ag 15 4). gwnHeR WAREFL
E@ 2 dALREREC] Bol EXI, WAFZAL nAEd o A FHAAT =9
A BF Wrldx A9 RHR ¥E EAL /tAx glok(Blanchette, 1998). ¥F %71
s 22 Fo FAF AZWAAN #BHAW RE7F APEAN ARWZA EATE=
TALY & A7t (autolyse)oll Q8] dadtu, #ALY olF L& RF zJlde HIEL ¥
8|4 o] F3t8], 1 ¥ bore hole2 A o] F 3,

AguAlo] £383 Y AT SAPZEY 2& S wE 2T AN TR
o2 EFsted savdddM AuE e dRE AguwA 2 ogusl #5e Uy
REFgd &3 RABo|d. #@ARFTHo EHF AXYe T4 84 F  cellulose,
hemicelluloseE E33te AAdE g, HAREH L OdFH AE o9 ligning #3ldte
EAL AUz . diEe WARIFse AQrAngs §EFAE Az, o1 9
& JgsA9) vlal hemicellulosedo] Bol F¥Poz A 0|88 + dov, FF+A
o vl3 lignin $Fo]l FL Bt ol AFFAd /8L Qe guaiayl typed] Fad
of iz} Es7t &o|F syringyl 81909 lignino] T o} 27l W& olck(Eriksson et al,
1990; Highley, 1982).

wEbA B AT A3 FE AN Adel o 35 99

25 FeE AXY W)
N FnEez FAHoE FHs: WYY SALAY WARF FoE

Fef g HoqFan o

-288-



Yol gy
s . P ‘ :
' [ T .\&1_”' { i q!

29 15. 1. FATANATO @ 2FUT BAY vel

ZA 50 gt 3 (arrow)9t 2] (arrow head).

o

a3 15, 2. FAAMiFe] 9% EFF HAS w4y
(arrow) 2 A2} (arrow head) (SEM AFA).
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23 15. 4. F9A8AZ 48 23S BEAF 49 B3
(arrow) 2 =% H9] FAA (arrow head) (SEM ARA).
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A4A RS
1. FEsauR 7o qIFsEY 449

FELAHATY] WFH 5 S A AAA A D FAA At wAE
disl 24 23 HA FAMARZE KA FAMA 2 B $ glucose pepton A FAL A%
ol 7b4 Fgtor uA FAujA e A MYPAHIAAA 713 ®#E AFL By, HFH
SR 2 E A eEitel 1 £& AFL 1 WA nddAE ofF 43 FALEE
B A AR HAH £xE 25ToH, A3 JxE pH 55~60404 713 F& AFS
1Yt 4 4I3doz vdagddE BFF jmlinolgon, xgose FoH Axd
Q) sodium nitrate@ 2% e AA29EL AFo] AxdY)

2. A AWMEY 9

oA & gl TSN AFAIFE S AR5 Fo dHFQ
A AuiE AT SAXFEDY WAAu o B FF], 25, ¥ & o
Aoz Agsd AAse] AR dole Ao AAA A 2H1E FIHA X3
o F&stdd FE 94 #Ale] wolge] MAFIIAAE dexd, 25, 55 T &7
22, 3%, 3 59 583 208 83t Ao Als€EY

ARt 2 nAu Gl EAZE glo} AvtHA 54 AHE T2, 3, 72
3 FFY, & FE NGV T 21S 2 Rojigoey wS5IANE AHE
A ZEFd. UF olgs] FHE 424 uFHAATA(&UR), FFAAAATLONE
3), AGAFAF AT (5T 4Fg g=ste] Bolu A iR g AFoiuAl x|
AEs 4R AAAA dRe uz 7tAY A=t 4THA ReodA e

A%, EAS, EAL, CodF, A5 59 $AS Fo WAL AEste] ngtoy 4

¥

2

olff

gA 5 AL Fudd ALso] B Fo AFAME BT wiA

T A A e HEstd S48 A AN FSAv AR FAY AREvFow F
FUE 349 252 A3 ul BAF9 Axeoa uwhuls Aol #F HJd. FAHY
s Ty PAFAENA #A delga, 4% SRS FA 27t =4 YER
LB 2R dld #Ae 257t A JeEldelE BFEtn AR FAX His 23
7t A9 ojFojx A &gkt) ol Ful At Fel o EIUF WAL BF FH=, A
Y YoM FFos FAFow RIse AP T4 E3HE ANET YHE B
o33 9lt}. Agar-block testol] 9§ dry weightoll A 59%9 #2&& HIon, FuA
9] pHel W3 607914 4312 HIAE MAS ANRow, 2555 A FIFo) FA2sA
. olE FE A Ao AYPA BRI Fo EAS AT PSS HAFE ROt

o
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T ARG AR Jls AT

7h gy 4%

D ey ag

FE ARG dFuMY AAAE A7) 2 2o FAAE FEAS 2Ee 9
A dazd NEd o aNEse wEAzld wEN garle AT FFAHRALS F
THAEHE AT GFuA e TAR e AN mebd $E 2 e A%
ol AUt T BFwAe FAME A& 2] webA 3UFEH 54 Atojd #
g9%en FA wAE At AAsD AHGE FAARYHZ IFAZLHE BE
A o] F A AgEAT

2) 715 R 25
HAe 71548 gdA 4R 7 Qe Roz IR U] ﬂﬂv‘f— o gutAog ALgH

229 FEUNd oA FE3AEY AMdAE lkg°ll e F %i‘—‘lé-& oF 3gi 9l
ddon FALAE 100g2 5gAE FESE LA o] FEEL FEAXST YAARE
A FFTA SMAA AL
3) 7188 AA

T BEHAY FEEE 99A BEYE 9t DEAE-Sephacel
chromatography, Gelfiltration chromatography, Concanavalin A-affinity chromatography £
cA ol F3te Pt

- DEAE-Sephacel chromatography

743AA 8% 2 AA chromatography2A 2709 & H3E #AISF YA ol
anthrone®¥t-§-9] 272 A gl gz AAHE £ & EO}H EAGH oIy, Zpztel o
A3 AL 283 FAAE ZF 953 Ao 9ag Jebllon vl weiA agn
WAL LA FAAS Adelel et YA Aol YAtk & £FE Fraction 1 L
i NaCll A &&d ¥8& Fraction U2 39 2442 &9 chromatographyoll 283}
R}

g o ol

T = o 2 Rl -
1.6
1.4

g 12 A1

s 'F

6.8 |
0.6

0.4 [
0.z ¢ Fr.ll
o . . . , . et . . oo

1 3 5 7 9 11 13 15 17 19 21 23
No of Tube ( x10)

Fig.3. Elution pattern of DEAE-ion exchange chromatogrphy for mushroom.
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- Gelfiltration

471 DEAEJA Qol7 & )39 B8L Sepharose 4B columnol 34, §EAAN 2Y
3 IVE 2o #R1WHL  anthroneol o FA HEo osiA Fy3Han o
8% 1949 gA A

- A3 HEE o8 AHA

Concavalin A-affinity chromatography 2 ©}-&3le 7] Exl3d] war] dojzx & A
At A AENA 2EHE ASEYN FFE £z FINE HAREL oF
7154 A7 A8t B oYL dutel HE glucano B UFE % o0 o 7A
sietd A g FEste dTdE AHEsd

o

Elution of Fr.ll by Sepharose 48 column chromatography

|‘ 1.2 +

1t
0.8 |
0.6 r
0.4

FR.IV

625nm

0.2 |
0 — FR. I, . . R

| 1 2 3 4 5 6 7 8 9 10
No of Tube (x10)

Fig4 Elution pattern of gelfiltration chromatogrphy for mushroom.

Affinlly chromatogram of Fr.IV by oon A-sephasose column
Bution of unbound —-| + mammoside in butfer
1
; 0.8 |
£ 06 |
[ =4
Q
o 0.4
02 }
0 I X I : 1 i I 1 — s I n /
0.2 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
No of Tube (x3)

v Fig.4 Elution pattern of concanavlin A-affinity chromatogrphy for mushroom.
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Py

Fig.5. Spectrophotogram of UV and IR spectrum for fraction VI

71 A% azntEadddr 2gFAE £3& UV IRE 2A3RA 8%0cm-1914
2 937 898 AS E5ded o A link7t 2 AU S 25 ARS
W UV 289 EZA congo red €28 £AgA gel-forming BFAS FAsAAN F33
o2 olFgozN uUBA FEA 13 AR L USS AT F7t YA ol e &
TAES] A3 dxddn A

239 7154 A9

A7l A EEE 4z £ A AAMAEe GAX wds Awld osiA AHAE E
olF WAL ZABIAY. e dAXel FFMEE 24well platec] HF3HEA FEeld
£8< lug/mlolA 2Bug/mi7tA A8 dthg MTT assays AAllgt. dxz32A4 Alsd)
A FHST AP PS-KE AlEE9d. & 1o #ZAgnpe} go] F94u AL ps-ko}
Hw3le] GAZE AN I = 8l &L B uldo) BFuiAlY 9o AR GA X ot
o IAATIE FHol B FIZIFE 45 AU 47 wAoA ALdA L FAAE F3o|
FEAAS 8 A ent e HolE Holr)= ey tE Lol ARE Rolu g
53] duuiAle] #AA FE2R YA HelLa®t HepG2S 9A3 IAANFHEW AYAX
A ool i Aol BEFH o] BFo) FHARE /AT e Aoz YEyth

B 1> EFUAD FALANAY FAE BSEYRA

Fractions ( MTT assay, viability® )

o = TEuA Fe ¢4 A

HAETE =T A L] ZAA
PS-K|Fr.IV |[Fr.V |Fr. VI {Fr.IV |Fr.V |Fr.IV |Fr.IV |Fr. V|Fr.IV |FrIV| Fr.V| Fr.IV
Normal 78.5189.678.0[89.0]82.5]100.0/100.0{65.2188.2198.2|76.2|32.2] 82.3
SNU-C4 |[85.3|54.2|68.3|/76.3(78.0|28.2{38.045.2]148.3{58.2[63.0{28.2| 89.2
SNU-1 67.3178.5187.8125.2|76.2|36.3|29.2 |78.3|58.3{34.0/53.3]/36.1] 56.2
HT1376 | 12.1/81.3142.2|52.4{58.1] 18.1 | 35.3165.0|/25.2128.0128.2|24.2}| 38.2
ACHN 32.1[295(153]23.6}52.0] 0. }26.2]723]28.2112.2(63.1{12.2] 15.2
H7822 81.2120.2113.6]11.5|46.2] 5201 1.5 {69.5143.2125.2(28.2}455]| 43.6
HepG2 53.1123.2128.311251285[138.0] 0 [46.2]63.2|24.2(65.3]|29.6] 28.3
Hel.a 43.1|53.0|12.5] 8.2 |58.2] 27.2 0 78.2128.2162.3152.2|11.5} 78.2
NCI-H69 | 28.7 163.5[34.2]115.5}63.0| 43.0 | 125 [58.1]75.3}45.1]26.0}21.8]| 78.2
A498 31.5{48.0165.4)28.7135.2]28.2]11.2169.2125.2)52.3]|42.1}34.2] 76.5
SNU-C2a| 8.7 |58.2150.0[68.4[42.0] 18.3 | 9.3 192.0154.2]62.2136.3|24.4] 68.1

* A7\ Eo vEhd GRS 11FE o ALY dEAY WES B7IEd ek
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- in vivo ®A}

A9 HFolA veld Ao 8 nig2d EFAS FUAA AN FHEHAE =
Abatich. oF 1259 vl$-29 B BFUAE F9 544 pristanes FAIR 4944
¥(SP2/0-Agld)E 3WTcel/mlZ 3t HFsACh HESYAFH A E¥$
intubationd} A} B4:¢tel @de] ABHE F B4/t AA BRI BRI 798H B
o FE AL dntHog BELEg fEAdE 25 AT v aE ARIA
g, 22y 272 AM4E PS-K: 39F 2694&59ey T4 AL  controlX
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- BANAAEZ, BAES TAE 843

GFEE 62 A A BAAAZe P dEFo vt 1684 3HN
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Huj 4 & FAsA AFF 471 9o 3H-thymidine uptakeol 3|4 djxF o] ¥]3H
18ujold EAsd S #FEF AU
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<E 3> TAHAX 843

Reagents Dose SH-thymidine uptake ' Stimulation
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F e Ala 2EujAle 275 vAe |
9le] 7Y 8e 77t 2Z 2L rat® 9z ANYs FAH VFEFTPE A= ¢
& A7ld FAF 17U WRE BIAYS. A7) AAE B 4@ FATH WA
222 ALEFHst Q4T deuk HolE WAZFEEN AA ol et THSA &
=0 2AE #9845 QUL 53] GOT, GPTY F47 #FEL o T3 Y&
gebd £ wAle Aol oA AAdl FalE FA 1 AL A5 Aotk
<E 4 >33 #3 54 GANE
Alkalin Superoxide Glutathione
phospatase Catalase dismutase peroxidase
1U/dl H20ZM/-ME  U/mg protein uM g’ﬁ}ggf/
Control 48.56+2.05 1.73+0.05 4.01x0.19 365.27+10.16
EtOH 85.36+1.78 3.08+0.12 8.14+0.20 207.12+15.32
72 F.V 71.45%+2.30 1.34+.0.21 6.27+0.52 321.281+7.87
a9 FIV 57.21£3.12 1.28+0.19 7.02+0.43 285.3216.78

- o3 BEd 8484 2 superoxide anion 9 M

ole) 9l & acid phopatase® A7 GA LA W3} 24 o

<X 5> acid phospatase?] B33 GAHEo)A W3}

edE g doltt

mouse treatment enzyme activity stimutation indes
control 0.8710.02 1.00
Frac. V 1.5440.04 1.77
normal
Frac. VI 1.8610.02 2.13
control 0.93+0.12 1.00
Tumour
Frac. V. 1.231£0.21 1.32
Frac. VI 1.974+0.08 2.12

<¥ 6 > superoxide anion#t & P& FEE9 57

mouse ireatment SDA release stimutation indes
control 6.17+0.08 1.00
Frac. V 7.51+0.04 1.22
normal
Frac. VI 8.16+0.02 1.32
control 5.93%£0.12 0.96
Tumour
Frac. V. 7.2320.21 1.17
Frac. VI 7.97+0.08 1.29
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Al 7l A

F8 ATALTESE ATALEER 24
. 7I KB,B‘])‘-’ i‘ 7}} ;_!Zf_;il_ﬁ_,}:l;’ (3)1].,‘“3:'5—! 35, H]"é_'rﬂﬁ 41, 7-(]'7"&1
) BAe] ol v | - URP primerol o1& #4223
DNA £49) 4% F 78 ITS sequencing 58 F+4% :
13} . = - Z5uM 687 vdFF, 53 olMFF 84,
ar | o8 RS SEAE suy 100 234 1801 Ba@F 54
@oop| & - PDA, MCM, YM, MEAHIAo}A WA Z§4
s 3 y FFd ARuA AL 2 RFH 54 24
CETR AN MY |- Ewezw 29439 2a9 wAw 2 xe
CAGA 98 20 24 | DUE BT AU A9 2de s ELT
- F#ATFN g ITS sequenceE GenBankol
- PCRA 4% AF faw fﬁjﬁ%c’;ﬂ;owﬁﬂg = AT Aaw
A £A =42 _
| ol wer m al - Bw F52 ﬂtﬁﬁ £ ste) %ﬂﬂ%‘—?&
(2003)| - w&Y FFAGE A/ VT o ARE Hals =
AsAnd BN A Agj*;ﬁf*;jflﬂ SOD #AAE Bese 1 5
o anmag AR R aae 2Eagas o sazad B
W, LAY, ARANE, AZARES A
AL
- HEEA B AN, AR R A AR
g ma| - DAEA B AN, B AR
Gl EH AR AR IS cwn amady B RANE, BY ¥A
3™ | Tl ema= | AWM A
e | L IS8 FTET AR R asun qaua, asusas 2 1753 4
(2004) —_‘S_;i]}q,g} AR Z2 A =7} Qe F
B %._L} E}‘;‘Z‘]’lﬂ" A9 - DNA fingerprintingoll 9% wjd 3Hql

- HEEA, QAN FFER HRTFE FEA

A45E AH &+ 1 FF TF 43
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Phylogenic Relations of Genera Inonotus on the Basis of ITS Region Sequences and
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Cultural Characteristics and Phylogenic Relationships of Collected Strains in Pholiota
spp. KSM News Letter 14(1): 71
Cultural Characteristic and Phylogenic relationship of collected strains in Fomitella
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Phylogenic relationships and SOD (Superoxide dismutase) activity in Pholiota species.
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Development of a new strain and cultivation of Fomitella fraxinea. InCoMM2003
proceedings : 289
Cultural characteristics and phylogenic relatonships of collected strains in Grifola
Jrondosa. InCoMM?2003 proceedings : 293
Cultural Characteristics and extracellular enzyme activities of a New medicinal
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B
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Strain selection and cultivation of a new functional mushroom, Pholiota adiposa. 3rd
meeting for edible mushroom Poster presentation
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N2 FEAES 7154 AT B¢ 4E 248
- HAo2ZEE AT A €AY AL % V1A AF AN 97

B #AY 97 EEE Y 4F F2EL ARsd gRLR 4 €28 £394A

24¢ 3339 SFHAE Addste Aot =% MdAuMozRey ¥4F NE(dDHE
& UFezZ FEF F oJEL £, HASS 4F EHE FASIL FEAYEE 589
7164 TEE U8 oJEE 088 75A AZYEL AL FY JEES V)
T4, 54 ¥ 4HA4 F& ZAEE Ao,
ol ¥ BEHE EAEY] e AAE +HY 2F $H AL Lol EREe 52
F9 AEYA 7ted A A (Inonotus obliquus) ASI 74006 TAHA S gL F2Eo)
71 =< 8428 &3 oA 8AHGBL2%)E Y AR M gt o €4a% 3
AHEDE F7180 £Y, #9934, Sephadex G-10 2P =ZvlE 9} 44 HPLC 5
o2 BAFT 2H 314 Dad) EAFEL 7R peptidecl A

7P A AST 74006 @ F2ES ol £3ld YA L8E ANLF A3 Ry o] §
FEHUAM 42T SHAY Aol LYE mg T B%E e YA %0 vy ¢4
AFE ALART. EF, °JEL AX B4y EQWoY R 45 gidzn AF F
FHE Y 5 AF FRAdE FA7 9y

ol ATUELES B AP e} FrHE du ALY EXH iAW A

£ B4 R FANOZRE ABAGH o8 A4 59 027 A AL BE
AYTo) AN $5¢ AHES AU

£ BAE Bse) Aoj7 AHE 3 B8 WA WA NB(DED L, A R A
JeEe Bl ARAELY, AGRY 9 44 AF Age) 2A Al Holnh
E¢, ¥4 A3E 54 WA ABo] AYSEE IUAF TAH B ogs Fu A
W7k 2UE AL BN 7154 4F 49 44 L 49 UM Lo +29 BYSE
ANE + e Aol
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A - HAezRE THGLS I IAeW AFFTL(ACE) AR A2
R 7l AF BT EF

£ A9 1dx 4F ZEE $3¥8YY ACE AAEZE 5T §8 viAle Ao
2 3R dAA £49 52%9 WA Fe AubgRol B4 HUD FF o5 B
2HY ACE AHEAS €48 27 HZFH o2 Pholiota adiposa ASI 240128 A% 3t
om olEZRE ACE AHEAY % FHHzdoz #F &6t &, AIANT H=
protease A3 &3 T& ZAet HA 3 A £3 2dXAME ACE AHEZDS] BA
o E4& 5% g2 74 FPo2 #9379} Sephadex G-25 BEAZvIEIYY, I3
HPLC $22 uisviAlolA A4 E ACE AHEHES I ¢E2 FA3Y olgd 54& =
Aol FE2AYE B39 o4 %% ARSI 3dXAAE FRIGAE vEHAAF
o] AF Eyoln] o] & HlswA FEES ol8dd FuIPd wiEHA 25
$XPe)e} A&EFE AxYn o5 BFHA 5 AAAD Fol A AU

ol dAxd AFUEES WUt AU wet YrisE AF 1A Bl SR
47 ACE Asigd 24 2 gIFAL 5] olFo] oz AL 100% 293U 2
dxtel 33 HA] HAACE ASE29 ¥29 FA4 R 54, SHR(ZHAY F)S o83
ACE As23d9 7154 A 4%, viA ACE A2 o83 AFMLn o5 A
4 % A88 RE HdPE°] BEF AAHY 3 AHES A}y
B AAE F3d 2R 2AE F 53] 8H ACE AER 84, 34 2 AFS Ve
S AFoofoly AZAFAY, AFAA T FAF AF AL A 7N Aolnh. E
g, L8 38 715 viA AFo ALHER ZANAF FAH tEo o8 Y &
7 SOl Aol FA 1A AF 4 oA # #A oA aHe 59 BHFE
71E & Y& Holn. HAL o83 LRI/IEA Y J1E AFo AEHEE BA AuF
7kl A5ol g Aol

A, 2 A4 7 FPste ARHn QE AES d¥eR FuEY 84E A
3 A3 F$ol vA(Tricholoma giganteum)e]l 7} & ACE A3 A4 & HIY3 °olE
ACE A#E3< BA A SAL AY 47 tripeptide®] M2 FudYY E2YE
33l B a3ukglc). [Peptide J. 4:621(2004))

=
=
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A4 242349

1. d37AY 5%
T 5| dFAEER il
2 934 g - 3493184
(@98 FAigqe 7224
29e == ¥ 1) Open column chromatography (Slica and Cis)

5 A % 2
Ed 32 42 29 -JA9 @42 34

2Ahd = 2) TLC, UV, IR, 'H - 13C—NMR, GC-MS
(2001) - &% 29 - 4A8 529 o883 E4xA ($304, RS,

- %*{,‘%7\‘2} ]7]‘:‘}—‘1(UV IR, lH lsc -NMR, GC-MS) %9
ojgdle] d& 2HEHG RyFgozHn 338

2. A7 Aoty P GYE

. Brte) @y 2 Ax
N %A e
IR o Aagunsd 24 23 2o Jaad 1007
(2001) :
3. #AR} 7|2 AR Sax
7t WA F7E 53t 23 antioxidative activityE zte 4t B do] Relgoa sy,
o ol8d HE AE 4 ::}e}w Pl 2A AT B ohs FAstED obrld

.

=d 2% 22 Aoz sidEHm, =8, MEE antioxidant®]
screening® & Lo 2H aﬂ?ﬂoﬂ EAsE 7 antioxidante] Al o188 5 girk.
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- ARy
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2. 479719 F4F 2 @ =

Bl Ay 2 qe
> 8
R 4% (3 )
3 E e N _
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* A A= 4 dx 1009.

3. #dE ok V& RAY o

7h 3L gakst 84 HA R MERFe 9ty EAE 2 AFAES TR U
¥ g2 = 75 3o

Y. 2 RIER AESE MAF A AdE ER0E o9F HAHF =9 9A ¥
At

th 71580 Zstd WAF AME 5 AdAE TUAE BAFoRH FFAE &
st 719 & & Yo

2 A2 FAsAe FFLA AYE FEFozR T/ FAFTUHA 713t
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