L 8
L2921

GOVP1200134253

U Y =F30| yAo YASHL U
AZ3st NjulE i

The development of practical cultivation and
superior selection of Hericium erinaceum strain in Korea
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FU A xFFPol MY ¢FATHAR
2 283 Ay AL

0. a3A4%e 53 4 F84

w2Z o)Al (Hericium erinaceum)& $3vhet 2 335 ulxie] 349
#A BEHO e FAFY F3e WA, sHgd AT TAZA %
AEe, ARE A48 2 ggoz ofugt FIAMNE FFIFRUH,
monkey head mushroom)°]2tx & YEM¥E YamabushitakeZ £X 3 )
=3

AANE BeddA AAL F2 sglou 1980d el oA Astel Fdw
SFAANA ABANE FD oY FF R QRANE ABA, FAN R BA
A2 ARG AEHL Aok olg wol B MAL ABAW A LA
gomz AAMes ANEY L YUF] ¢ Aok Kawagishi(1996)E =7
ZF o) Ao A nerve growth factor(NGF)E F&3 49 X vjx529] o]& 7I&
He& RadY T, Mizuno(1992) ¥FEFA/ &L TIAE Byt WAL
ofl 714 A8y §AE AR QomE A BY opiY AFAFoL
3e wa gl 1‘?.- ¥ AlolE nerve growth factor& ##3x glOﬂi w214
ARARE ABE + QU BT QET AEA LEST e oJLE =
g3doliAe 442 %n&oma} 53 H2o AAA L FAAN AAYF
274 2 FgAS YR A FX3 $HH Ae Aol wHA g o



8% w94 AuARY d2) AN LT VYR 2 AFATo] AL A%
Mol Ak, wekd o2 AAEAZ B w9 HuPAe] F4E A5 @
Aoz AadT ol Zo] =RTUMML ABER At AR2 olF 7}
SAE w0 WA FUgel B 1AE FBoz AYHnz SudA BT
AN A& o] W B a s

webd B mAe S8E ¢ 58 Avelnz B mAd AWE s »
o ASZUAYOR Aol X, 9 WA Tt AT S8 Sy
B RHFFEE AUsoa gozm BA 8 ZARN JmEF Af%?‘ﬂﬂ
(royalty) A X of7|A 712 &3l Fo 2 £ F Joa Alggeg By
Aol AEFE AF ANYS ALse FA nFo] AFH 2T
o S
58 214719 FUALY A HnR(EHE) ) RF8T Yo oe o
o2 wy AvjAAd dulsnA sv AeAwd FaiAZ 3L wm
Atk B8, wTFPMAL Mugd F2F FFL HMAE nerve growth
factor(NGF)7F £33 Bojglo] ¥7l5e] ZEWA % ¥ugd 8¢ 428
JEA BFUE AAHe) VET A YAE Yol FARHEA A4
oz a7 godgtn qddct gy =FIFojuRe TR} %ﬂ%i %

HAHel FRe A5Fdd JlosteZn A
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ARIIAE FEE £ A =FTAoA AuyIde] At Ao
THoR w=2FdoldAe] tFF AFTAuMEE MEste Aoz VP o}

Aoke) Agoz FoAse] B NASFEEY WAL TEE Bk

& A73A g Wg % WAL ohdet gk
L $F7Te A% W AY =FTPMNE AAALAN £UGA =

AuFe Boto $4EUY 258 Buan o FF R ) FFE ¥R

N
o
o
4
rgl,

ot EF FEAEF SEVAES £ I FE ATRAME &

th olEXY FFE A HEEY td DEFAY AZTS LG,

jinA

FFFd et FFE ¥n, BEINY 289 AMIYHEY, £ ¢ FTEE
v aste] $EgTFEE ARt B8 Hericium spp.& 99 &5 Mg Z4EH
F38te ojEe Al JHeAE& FALEIY, FUNTF S AFTFFY FHAANEE &

B3l SFaFAEY gdoz AL,

2. 712 A=A B4 24 AR BN =FFIIHAY Sz JARY 54
& =As7] fistel MFeE, AH pH, O/Ng, JFUEE 2 259 438 ¥
T AYR wFFdPole] A4 B J¢Y AYA% L 4JH 54

A%g EUR FIAZS dFALE A” NxARE AT

3. BAAESA Wld & FFAF BF ¢ AZde FHA EF @A

g Hgde o /A el AAER g ¢ £¥E A4 =F3He] #F



R olEY FHHAAE EAAETHQ) WHor IFT AES E4%0
o PCRUGLE FFE DNA Zo] Aolo s 433 d¥ddeE A&}
W22 random primer& AH83HE RAPD(Randomly Amplified Polymorphic
DNAs)H 3 §dA A& (DNA fingerprinting)¥ eI\, RFLP(Chiu et al., 1993)%
T AArE 3dEa 2% DNATHS A3t 2 Aa BAAGoA 53879
A, HE, FFoldA OdPEE Hied o&Hn Arh(Welsh and Mclelland,
1990, Williams et al., 1990). B dye #FE TS JYQYEY HrE
RNA fAzH(2H4 DNA)2 AAG$E 185, 58S, 2859 ¢o2 =Ho glod,
7 18S, 5.8S, 28S rDNAYE zb#l®2 2709 internal. transcribed spacer(ITS)& ¥
7 ddH AUrh

wEtA B AFE =FFYolE&d S vAEY ITS Y98 sequencingdhe
olg9] FTH FAE ol ITS ¥99 sequence Aol & HWFEA IS AFTEF
& @AY, Hericium $%& 34 ¥ 7 v MZE Primerd NEE %

8 =F3dol T4 7IHE LA A,

4. 71 AER GANY : HZo] dEF FHANA B HAle FAS A4
A AAEAHAERAZT 53] =04 AWE #AT £ 3, FHELE EW3E
nerve growth factor(NGF)7} E53 &f=o doe Aol WAL o] NGF

239 538 29%EF B Wi AFEAY AP FAA HD Y

o

o B QTE =FFA0NAY 48 BAE FAAG AIMZRY Beat,
W AHBAEAY B £ Ae 5 Ak NFRAL SohiH 189 A

F549 4Ae YoiruA ek =FTPolHA J15H AL T



M BAEE 7 75 BY 2A9 BAS 9% BHEAL $2T 24

o

st olg GHEEE T FE39 4 AEE AANEH.

5. dF A AA &9 : FIEAx wErITol #3, FFo| wEi, His}
ZEA G FTAs AL e EX}EE A% 484 & F
FAZHE FHs v 2 498 FAET 1] AP Flo] Lol
o AL FFo] e ARE AEE ol AWAE ML =FTW
oA A Uste VA= Axdd. F FUY TR, HA, $A, ABT

g, &7 5 Ve FUHRAE wE ds#ErAE dudd. AFAA

4
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rlo

ANIAE 7122 2L AuEE &dbstn, A F7tddA Auiges

FAAFANEE AASA FrloA BEde] EAME JEST

V. d7/42ds 9 &8 g3 29
1. $FaF A

B dFfde & 187/ FFE AHEsd. S okTFE T FFEAN ou
A3 LEAG AY R e FF2 Hericium erinaceum KU-1, KU-2,
KU-3, KU-7, KU-8  KU-9,. KU-10°1%, Centraalbureau  voor
Schimmelcultures, Baarn, The NetAherlands(CBS)°ﬂ A 478 &5 H. abietis, H.
alpestre, H. americanum, H. erinaceus® T 3% i, National Institute of
Agricultural Science and Technology(NIAST)dl Al 37} i‘%‘- H. erinaceumn

48001, 48002, 48006, %% American Type Culture Collection, Rockvil,



MD(ATCC) M H. laciniatum 17 T5E&, Institute of Microbiology Seoul
National University(IMSNU)o)\ X H. coralloides 1 /| TFE, AH2dFY43)
JAatm| WEA G2 AM H. erinaceum FO1, FO2 #F(MalaysiaolAl #3)& B YF
wkoreh & 18T e ALY HA A}, Hericium erinaceum KU-88 #F
7} 74 Aol wA HrAEA A& =FFuo] FA ) 31%“%*"] ujj )
Fo e 2062 RAHPA T & APdXE 30-40% 0] FFEHE B
AFATh & HuEoxd x=FFdo] AFTRY FHFo] ¥L Hericium

erinaceum KU-89 @71 $-FAFo2 AU}

2. A28 54

B Age wFFdol(Hericium erinaceum KU-1)9] FALAZ) #d A2 g
A 999 2des dFe @A s3e AR NPT 2AHAE WA Yz A
27¢ gystna AAsAY. FHLEE 25Tol8 pH 4914 1605mgo.g 7}
T AEF) % @249 F  glucose, sucrose, galactose, mannose £L.E F
MY R FAERES et FUIHEAYCE2E  ammonium  acetate
30mMel A 7+ FAME 0] FZ ettt ofvl At F arginine 15mMol A $-4=3}
Ak C/N& 200914 359mm=z FAMYZ S HAAE BUY o] =L wjA ¢}
71&u X 3o G A AN FAEGE Hxg A, S TANTH T
A2 g vec £¢ 27390l 2AMIFAAE YT FET 4P
A3E EYE ARE FAMAE 24T £ U WG =FFLoiHA &7
Al uige] HHQ AR MAARE dAon 24 g Z.

Mz wixe] AL glucose 18.02g, arginine 3.613g, ammonium acetate



2.313g, CaClz 0.33g, KH2POs 85g, MgS0s-7H:0 2.0g, FeSO,- 7H:O 0.02g,

ZnSO4 + TH20 0.02g, MnSO4 - TH20 0.02g, water 1 litero] 2t}

3. B AETH B F{F
AFTEFE XS AYAVE Y RS RNAFAZ(ERE DNA)Y AAIG Y=
188, 58S, 2859 o2 Ho| Qom, 1 18S, 58S, 285 (DNAE a2 2719
internal transcribed spacer(ITS)E #2 dAHY ol £ AT EAYE
&2Q AFEFY WA internal transcribed spacer(ITS) 99 sequence®
HagozR mfgdold FHAY ZAANS ZAHEANSY AFERE stgom,
ITS 99¢ sequencing 3] @714 ¥lm B4l olge FFE 298 2
o MZL 5% probed A ‘5}71% Mdatd i, olel @ wAE wFFPols
MAlY EHo o) 4% 4 AT ZZe] FFE ITS 13 ITS 49) primer ol
43t FZ§ A3} 543 base pairsE HAH YoM, o]& o83k phylogenetic
tree2 2t FFY FARAE WD ENY + AR, Hericium £9 714
2% GenBankel 5239t} GenBankold =53 Wolo ThE ZBo)3tel ITS
‘5'7].*1‘2% ERtERS A2 $ Her 1, Her 29 primer% A&y PCRE AF
Her liﬂ} Her 29] primere] &) 402 base pairs& ‘Q"E’l%]'ﬁﬁ}. w2} h‘-é‘%‘ )
o] MALNT Foldoz WHHE bandE HAY & UAQeH, M2E =3

Jo| WAL S4L PCR primer Herl? Her2& 7Meahsich



4. 7V s A EZ 4

wEFgol KU-1 #5E FAA A% 2 FFEHEE A M 5
3 BA2902 Glucosed}t fructose 1%7F A=A, FAYLSE ammonium
acetate$} NaNOz7} $-58 A4FS Bvh FAA S WgqQeery 258
gede w3azvtERYH(TLC) Y 23] £FJ L EtOAc : Chloroform :
MeOH(10:5:10)8] M7HgulE A}g3slo] RiFt 05-09%-2lA sis FAHEASG
Rfztol 0.1-02 H2ol A4t $8823¢ #AsAch TLC Hdtel PDAE ¢
w93 FEscherichia coli ATCC 8378, Bacillus subtilis NIHJPIC 219P,
Staphylococcus aureus ATCC 6538, Microsporum gypséum, Aspergillus niger
ATCC 10404, Candida albicans ATCC 102319 A& EAMEF ¥ ¥4 24
e 2AsgYt. 2 A7 Staphylococcus aureus ATCC 6538 o] 7+d Wol
AN M2e BAEA PI-P3T FI-F37+ §Q4 AEz 2%olo w4
EFNE RAFHR, WAERE B4 @ pH3 ¥ FHEAF FYed
P3(4-chloro-3,5-dimethoxylbenzaldehyde) €] Staphylococcus aureus ATCC
65380 W HxAA¥EE 27 53-6.0ue/mi%t 1.7-2.0pg/mi2 YERTH &2
o AFE GolRIVIYE FUNA EYESE =FIYolo TAA wFdR A
AAeREH 45 2 Jges 747 3559 AU Y2 DEAE Sephadex
A-258% 2ZwtE 1 w9 Sephadex G-200 A o3 ARwEIYCE ¥
At o] BAL 2273%9 TPA S 3030%] dHAR FAHH ASE
el rh. olATZENTD FFEAL XET 147HA Y opnxdE G
AFEAEAS AL £ AU HEH BN AV TFEH(NMR) AR

Rel 71 $4o) & RYEE £YF DE ol URT 2RL 14719 o=



goz FHY WRANPAG FRI$:, FREE, ZRESS, AdRe 2
e (1-6)-4-D-2%e] FudnAz FYIRGL 22 UL + 4
At AdA2RE AAY FeY $NE DE Y Sarcoma 180 AL %
99 ICRPH- 20 A7 Fojste] 20megs S0me/kg/dayel s 22 75%2} 65%)
FFAATAE ¢ & U B, MFTAARYE Lol Y 2YE
Dt 20mg/kg/day® FoIA 57.8%] FFAALFE el Ferh

@ w=FFdelE AMY BYAAAM RF 2898 o8 a
~galactosidase® FE AT SHFANN A% Aol Aol B
4 AEE 6001900 £EE 5T F7180) o) e IR
o Fhp 8ol A melibiose7t 3 E S glucoseZ 8] H AT

Bebd AEHEAE BAG A% 28549 a-galctosidased = FFA

AERIA B 592 22FoeH, A AVEY Aoy e o}

Hr

€ 23E EFANen, xFTYIHANN FATY, ¥AEY 2dE FE

e AAsHy, FdedL £9 BAN FAAA}E HA}AR.

5. i A AA

B AYL =F7Fdo]l £ AFA 7 AAAe £F Hug I P
Aol 7Hd A $FEFE AL AAS A FIH-ALEC] FAMA
ol WA YL dotry] AF A¥YAM H. coralloides, H. erinaceum
KU-8, H. erinaceum FOl, H. erinaceum 48006 Z3FE& @R 7A7|o\AM, H.

alpestre, H. laciniatum, H. erinaceus(CBS) #ZEAME RN, H
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e

americanum-< F7HF, H. abietist W F7Hgol Azt FAAA O] $-55%t
AP AAH3 HAES dolry] 9% AgolAdE Palmitic acid, Olive oil,
Controloll A $-4=3+ dALAWAE BT T, Hericium 47+9 ZWo] 4A89Y3%
FEake] v o]l 2892 H. erinaceum KU-890] 35U 2 714 wsto
o, 3 13 FEFNMNE H erinaceum KU-8°] 1460g2 2 7+ 3341,
T vadAx 3925g08 M AT ol V&€ =FFYeiuAle

A A Hegol 0% WARE BHig RARY 10-20%0]4 9 F4a5%

i

W

o F At

6. 571 A5 A9

A7) A8 ARE Ed2 A4 ANEAAN wFdomne] AZAUe A
NS 7129 WAL ANSHE FHE RIOE =T $AAZA
ge oM olFoHom, A% BANA wFFPold AP B mE
244 % 42 AL BY TS ANAZ o183} AT WG
4 0Re wHe doldes wEFANAE ANGReH o] BE xFF
golwAisl AMIUE FWA ALk 2 A =FTPIRR AN
H. erinaceum KU-8¢] @37 $4¢ 43¢ ngov) 240N @2 40%
+ B 0% EFMANA ABsh AR, FANA S5F 10% + 0%
0% £ 990 $58 AHE HAFUG. =G wFFU] WA BA
Mol MpEe FHM AMsE Aol S5 Fde =P e H3

& Aozt Y= AT

..11..



¥7b 4% NPl FAg AMAEe g wEFAolu el Aujo) o)
ATEA G vz ) vE2ee sQon, AU £UBANE JE
The WART A% EA AN Wy =FIPoHR $BEFE A,
erinaceum KU-89] AFAE Auj7|go] Arge] wet 7i@e wae o
Feo2 7% e 4 AL JYE & AT

V. &8¢t

1) QuraHAEA & WAe) NGF7F Adx 2 FHwge a9
&& THste] 208 AN, olge 2 AP 2 £88 FE=

gt

2) AALEC] o] WS U8R o AvdAA L FHILER A

o} FEHE 98 7R ARAEL AREE o},
3 E WAL 3% 2 QRN rbe) ATolneg SEHEOT WA
4) olst Zo] BE WFo] e AYS|RE wTo MM AulY

& Adstel FEAEL B E5s1E Fobe] BUA HFs TEAS

FOA o2 WAL,
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Summary

Hericium erinaceum is one of the edible mushrooms widely
distributed in Korea, Japan and China. The mushroom,
extraction with hot water or brew in hot water, is considered as
a health drink. The polysaccharides in the fruiting body of
Hericium erinaceum may have beneficial effects on stomach and
cancer, due to their influence on immune improvemént of
function. Moreover, Hericium erinaceum is anticipateci that the
phenol analogous compounds inducing the synthesis of neﬁe
growth factof(NGF) might havé protective | effect in Alzhéimer’s
disease.

In this project, we investigated the physiological chérac'teristic’s,
m)leculér biological identification, functional substance assay and

mass cultivation system of Hericium Spp..

The results obtained are summarized as follows :

..13_..



1. Collection of Hericium spp.

In this study, we selected eighteen strains of Hericium spp.
Hericium erinaceum KU-1, KU-2, KU-3, KU-7, KU-8 KU-9
and KU—lO were collecteci on Ohdae and Yongmun mountain
located in Kangwon-do. H. abietis, H. alpestre, H. americanum,
and H. erinaceus were supplied by Centraalbureau voor
Scﬁimmelcultures, Baarn, the Netherlands(CBS). H. erinaceum
48001, 48002, and 48006 were obtained from National Institute of
Agricultural Science and Technology(NIAST). H. laciniatum from
Américan Type Culture Colléction, Rockvil, MD(ATCC). H.
coralloides from Institutev of Microbiology ’Seioul | National
University(iMSNU). H. erinaceum F0l1 and F02 were obtained
from National Forestry Cooperatives Federation. These fungi
were subcultured at 25C incubator on MEA(Malt extract 20g,

Peptone lg, Glucose 20g, agar 20g, D.W lliter).

..14_.



2. Physiological characteristics

Hericium erinaceum KU-1 grew well at pH 4 and 25T
respectively. Glucose and sucrose were favorable carbon sources
for mycelial growth. As nitrogen sources, ammonium acetate
and arginine enhanced mycelial growth. The optimal C/N ratio
was 200. Based on the results, the following recipe is suggested .
to synthetic medium for the mycelial growth: glucose 18.02g,
arginine 2.613g, ammonium acetate 2.313g, CaCly 0.33g, KH2PO4
8.5g, MgSO4 - TH20 2.0g, FeSO4 - TH20 0.02g, ZnSO4 - 7TH20 0.02g,
MnSO, - 7TH20 0.02g, water 1 liter. This medium was superior for
the mycelial growth to other conventional media such as Yeast
malt extract agar(YMA), Park medium, Potato dextrose
agar(PDA), Malt extract agar(MEA), Czapek-dox agar(CDA),
Macaya-lizano medium(MLM) and Yeast extract agar(YEA).
Also, tissue culture of H. erinaceum was better in synthetic
medium. This new synthetic medium is designated as Ko

medium.

_15_.



3. Molecular biological identification

To verify phylogenetic site of the Hericium genus, rDNA
sequencing was analyzed. ITS1, 58S and ITS2 of strains »of the
Hericium spp. also were sequenced with an ITS1 and ITS4
primers. Complete ITS region of the Hericium was amplified by
PCR with ITS 1,4 primers and size of the region was 543 base
pairs. Partial ITS region of the Hericium was amplified by PCR
with Her 1, 2 primers and size of the region was 402 base pairs.
The alignment analysis of these sequences with other sequences
enrolled in GenBank showed that the Hericium might have its
own order group which are different from the Aphyllophorales of
the Basidiomycetes because they formed separate and
distinguishable groups with a few family included in the
Hericidles in phylogenetic tree. By distinctive ITS sequences of
H. erinaceuim, the genus-specific primers, Herl and Her2, could
distinguish ™ all the provided Hericium from other fungi. PCR
reaction of strains of the Hericium by the primer resulted in
production of 402 base pairs, but the band did not appear in

other fungi that are genetically close to the Hericium.

_ 16"



Subsequently, when sequences of Her primers were blasted with
ITS sequences of fungi enrolled in Genbank, there were
sequences same to Her primers at 5’ and 3’ terminal regions of
ITS sequences of H. erinaceum, H. coralloides, H. alpestre, H.
americanum, and H. abietis. ITS sequences of Thanatephorus
cucumeris and Rhizoctonia solani were homologous with Her 1
primer less than 72.7% and Her 2 primer less than 57.1%. But
other except above referred species almost did not have a

homology with Her primers.

4. Functional substance assay

Mycelium of H. erinaceum. KU-1 was cultured in '1i>qluid (HL
n‘lediuml) and solid :medium (Ko medium) at pH4 iﬁ 28 C 1.0%
glucose or fructose was the Vmost fé\}orabie carbén sburce, and‘
0.2% ammonium‘ écetate or NaNOj Wéé an éxéeileﬁt nitfégeﬁ |
séurcé for mycelial gfowth (és | well as produétioh‘ of ‘a.r‘ltibi(z)'yc-icﬁ
active compounds. Thé | aéi:ive cofnpounds in’ ‘eﬁitfacés“ from b(')tﬁ‘
myceliurﬁ‘and ;ulture filtrate, :Were separateal by T LC Usmg the

developing solvent of EtOAc : Chloroform : MeOH (A102'52‘10) on

- 17 -



the TLC, phenol-like substances appeared at Rf values of 05~
0.9, and fatty acid-like substances appeared at Rf values of 0.1~
0.2. The TLC plates were covered by a thin layer of PDA. The
suspensions 3 species of bacteria of 3 species fungi which were
Escherichia coli ATCC 8379, Bacillus subtilis NIH] PIC 219P,
Staphylococcus aureus ATCC 6538, Apergillus niger ATCC
10404, Candida albicans ATCC IOZSi and Microsporium
gypseum, were spray-inoculated on the plates for the bioassay
of antirﬁicrobial activity. The growth of Staphylococcus aureus
ATCC 6538 was mostly inhibited. Purified novel compounds fl
to P3 and F1 to F4 were found to exhibit the antimicrobial
effle.cts‘ against pathogenic bacteria’ and fuﬁgi. Minimal inhibitory
concentration (MIC) of pH3 fraction and its purified compound
IfB (4-chloro-3,5-dimethoxylbenzaldehyde) against Staphylococcus
aureus ATCC6538 were 53~60 pg/mé and 1.7~2.0ug/ml,
respectively. To find antitumor components, the protein-bound
polygaccharide fractions were obtained by extracting with hot
water and precipitating with ethanol from the fruiting bodies and

the mycelia of H. erinaceum KU-1. This fraction was further

_18_



purified by DEAE Sephadex A-25 column chromatography and
Sephadex G-200 gel filtration chromatography. Its was identified
that the fraction contains 22.73% of polysaccharide and 30.30%
of protein. Fourteen amino acids including asparatic and glutamic
acids, were identified in the hydrolysates. of the protein moiety.
From chemical analysis and NMR data, it was fraction "D” that
was the most active. It was comprised of protein moiety which
contained 14 amino acids and a protein-bound polysaccharide
moiety of (1—6)-8-D-glucan which consisted of glucose,
fructose, galactose and xylose. The fraction ,"D" purified fror‘n‘
the fruiﬁng bodies showed 75% and 65% inhibition of tumor
growth against sarcoma 180 ‘implanted in ICR mice at doses 20
mg and 50mg/kg/day, respectively. The fraction "D” of the mycelia
also showed 57.8% inhibition of tumor growth at dose of 20mg/kg
/day.

On | the other hand, «a-—galactosidase from Hericium
erinaceum—-grown in saw dust was extrapted by several
extraction buffer. Distilled water effectively extracted the active

enzyme. Optimum pH for this enzyme was 6.0 and optimum

_19._.



temperature was 55°C. Of the 10% solvent tested, the activity
of this enzyme maintained 90% against control. The treatment
of methanol, ethanol, acetone and 1sopropanol difl not
substantially affect enzyme activity. Subsequently, this énzyme
Was relatively solvent-resistant. The hydrolysis rate of
p-nitrophenyl- @ -D-Gal(PNP- ¢ -D-Gal) was implying an «

—anomer activity and melibiose was also considerably hydrolyzed.

5. Mass cultivation system

’fhis study was carried out to find the condition for mycelial
growth and the fruitiné body formation of Hericium spp. Also,
tﬁe effect of the addition of égricultural wastes fdr spawn
production ‘Was studied. = Most agﬁcultural by-products were
proved fo be stimulative for the mycelial growth. \Thoée results
were as follows: H. coralloides, H. erinaceum KU-8, H
eriﬁaceum FO1 .and H. erinaceum 48006 were stimulative by
cﬁinese medicine sludge, H. alpestre, H.v ‘laciniaturm ands’ H.
erinaceus(CBS) by barely bran, H. amerinaéeum .b'y hsoybean

power and H. abietis by chinese cabbage for mycelial growth.
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And, the optimal material of additives for the mycelial growth
were Palmitic acid, Olive Oil and a white birch saw-dust. The
p‘eriods taken from inoculation to formation of pinhead was 35
days and from pinhead formation to harvest was 26 days for H.
erinaceum KU-8. In the case of first harvest, H. erinaceum
KU-8 was 146.0g, while H. coralloides was 89.6g. On thel other
hand, H. abietis, H. alpestre, H. laciniatum, F02 didn’t form

pinhead formation nor fruiting body.

6. Practical cultivation at mushroom-farm

On the basis of this study, H. erinaceum KU-8 was thé best
isolate for practical éultivation at mushroom—-farm. For practical
cultivation, there were 3 mushroom-farms. The excellent medium®
was in the mixture of cotton hull 40%+saw dust 40%, la‘ﬁd’:th’e
corn 10%+rice bran 10%. - We knew new cultivation method
which- was the horizontal cultivation of bottle. This rﬁethéd;was

very effectively in growing of H. erinaceum.
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AE Bt o8 Zo] =fFPolu AL A7 FANY M52 o) § 7}
TAE oW SUAAN EF2RE AEZL A8y EFdS 943 F2E ¢

HataA s FUy GFReME olHR x=FFuole EAETNH AE

e

o eF gl SATE AL & YT probesf o] HolgA grle ¥

AEE T8 A2e FRAVEE ALsnzt A

3. %o MYy

F7he 20A71e] FRAAQE A HTE(ERE)e] RAHT Qo ot

@08 =AY AvM@d] inlstnAt 3, EF computerd] Fdel ¥ Az

._31..



o &80l MEA dFH7] WEolth HAFE o8 /A Ag8deds xF
g3 genw, Y FoiANZ 4FE T3 3 53], =FFYoIHA
L Hidd Fa% S WA E nerve growth factor(NGF)7F F5-3] £
o] X715 ZEWA R Hddd Fod YUFHYELY TIUe=2 AHH
EEZHHAL g HE WAE ¥ AP =EY AL 87}
goggtn ogdrt webd =FFrdoHAe 57 FAEE EAH Y

o 25509 Jostelgn aga.

A2 AN Ex 2 WS

1. AP RES} LIS

RANANE FEY F e =FTLMMAL A ALH AR
FRoz wfggolnas AFNFANEE Adsted Agez By oz

ﬂ

Aokol Aoz FLASS FUY AAFZERZY] AHE FEE L

2 ATHAY A WL obelst 2

b G5 $FFF AW B ATHE 4d o] 2R FAE Lo

NN LFLL Pl BFE F 107} FFE BT Yok £ ASHA TF

FHE T3 ol B3 FFE XA MAso e AFAY AT AL

G, A9A B4 24 AYEDEY =FIH0l A% YL 24
d3kel 7t JEAE 7 #re AR ME AYaT ol U4 549 2



o, RAAEsE e og FFEAN vy - orEgd I =%
go] FHEEMZ o2 HAT/AZE BEAAETSZH WHIA ITS F9&
sequencingdte] @7IMd A og AZERFE RAEIY o9 TFE W8S

Fol & FAE probed] M AT AT oA @ vhAE =TT Ho)%

wAle] FAol o] gt

. /1A ED g4 2 AAFHER F& BAAY  =FI D)9 J1EH

24e gasd ML BART 7 54 B TR $AE st BB
e 258 20¢ BYs), AAW FAL Aesd YRy B % ¥
Fol BAL BAHL TEREAE oY ols FYEAL WF FHet FaH
NQe AN Et,

v, 71A AR L FF AR FY R 99 FAEFT 7HH] AdEH 7l
o] golatm AL FFol /MF# ARE Adad ol AWEE MEsy
w2gdelu Y AR g4Re AR Azt F FY FHE, By, A9A
Zr, M FF, FLRAY), WG F Ve FRAEN BE 1d ARE B o
FE7|d2 UET EF HH%WV}OI g, o] was, Hart FHAFE

ofil

FAE A o]Ee EREL ZAsY LMo ¥ FRAXYL FY
g,

_33_



uh Aelza 39 0 AA wAANE st dE w7 FAAl @3N o

o WEE e, FARAIR ARewR &E, aun AAA YY1

HHeEs 5, @704 L £RH7)E FIA

2. 48 AFAY Hxo UE

7 B AFAYL BR A7 e 2 89
1. FUe FFFH
1, O SFFEAL | 2 FF £5RE L RBRA
) 3. 259 9YAYTH
VIS o goid 5424 |4 #59 2244 Moy
R
3. 7154 BARA |6 B4 BARANY
7. AP BAE
- 1. FTAX
1. 1A S w ]
o A7 e 2. F7HFALE 9 71%31&}1%%

o WA u 3. 7154 BNED 33 2 24
22PAE FAZRA} 4. ¢Fd WA F8F 4 F4 Hla
4, AT | 5 AMATE 2 B Y

5. :FTR §X |6 7A BN LE U FE
71 7 N
. |7 EAE 58 ole
6. 7158NEA 3% H ]
B H A NzE FAZAY Mg
L 2973 71289 1 AN #e 4 S48
2. 1, 2370 23 4F AHE B3
2k A A} % o
2 ABABIARE | g vese 3eeUY
S g wtuzag 3 RAAANE FW1Ee AEAY
= A} AZ=A)3
4 sy maede | & s7Hel A A% AT
5. 714 e g
TEEA % FEREY




A3A AFAE FAAA

IAdE

23 =

A =

FEATEE

S0 A4 =g ol
Wael A A AL

1

Al A=A

o ARHETA

% #

o $FBFNY W

7187

o #Fo QYHEA
o 7154 EAgA

FE7HALE 9
714 3

o $-FFFAL
o FHAZE

o 7s4d BHEAR

2% 3 ¥4

o A vl 7] AL
o H7A =

—

l

dEd A

oAl 74 AT

o AuAL 22)
0 AL A A A 3

l

44

o AMALTZEE D

. .

T 7€ &9
71 BENE

7 AT NE

- 35 -




A 44 7dasy

1. 71&d &0

weFdo A olANA AN AAstel gu, ATo) FEAFH A3
o AFANBAN ANATE £UFo] QOB obNE FHl I A A
o QAT Agolt B AT £Y02 Gi¥ $FEFsL Awd Reolw,
NAgA B4 ANBEE W =FFPolNAY U4F ABANe) FUd

Aolth, o]t L 7N&e FRoA di RFsA 7t 25902 FANE R

wgFgoyAL Bt 1, E5F & AT o] 3] HFoE
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Az & dF 3=

A1AXNE

e ) [Hericium erinaceum (Bull.: Fr.) Per.) & ¥§34o2 ga#7%,
AMFEE, =FFdoldd Lt Aot Lafldrey 48 R dguae
2 olgHo gon 71Ed YT nFolY QBN TAsE Hiler FF
NN FFEFHRIERE), 9¥9 2 Monkeyhead mushroom ©]&8tn H3sli 9ow
dEANME YamabushitakeZ EA i QITHA ¥, 1989 ; Chang and Miles,
1989).

MY AdAE 10~25ecmB 27)dE ¢, wrgely A AabdA 3
N FWE FYRYK(spines)?) 71 E7](2~6em)7t Arm, M AysA 2
°]7} 10~25cm, #0] 10~25cm7}F H3 Ao FL do] Yx o] A7 W
Aojup Fo] 3N, & FEMOZ 2Z o] {48 FAolm TAE Ao
o) Wt Hel2 WHEL 6~TumAEY Aot (A %, 1990).
HIol &g FHoAAN B WA FAe AAA NN AJEHERF B
4 AME HAY § g FHLDL 28E nerve growth factor(NGF)7}
F53 FhEo doe Aol WAL o]E NGFE 2%3e 535 93:
T EHAle] gAY Ader FaA Hi Ui (Aronone et al, 1994 ;
Kuwahara et al., 1990 ; Kimura et al, 1991 ; Kuwahara et al, 1992). Yang et
al.(1989)& H. erinaceum®] &7t ANAo AHANAE 772 JAEF, Aol
AZAY, HEFE R AY, Axdd XNsdE ExHogtm Bmsrh

Ahn(1992)2 =4t oF8 WAE ZANSAAN H. erinaceume) ¢ 2 WY s s
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= FAAN7H GAARANA AAY, TAEAGE, ABHY, 23EF, AAFHY, v
AAE499, A, AxEded S Rustfoh E3 Mizuno(1995)€ =531
o7t & R AFFIAAFLRE &M glon oz dg Ao
¥ HAol#n 71&&dct. Kawagishi et al(1996)& =FFololA A&
AEAE FE319 F2E ¥yPem I 32 nerve growth factor(NGF)iﬁ

F% A7 A4 v} ARAZA 0§ HE wasYh
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TEA AF7AA FRE 7dF fE AQ ARG 77F, A £¢ 2
2 5 TF, YT G B2 6FFE o F 18F9 dFE FRIAAUG F
W FFel e % o5 LA Fatel ASFFee] ALdA Auizd, &
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24
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32
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=dstdn. AEHA Adud R ALAE Do) NPon #AF Do| Aol m

23 AAAE o AVFHUA ol B¢ FFE LA ok FHATFY

ol

AL Hericium erinaceum KU-1, KU-2, KU-3, KU-7, KU-8, KU-9, KU-10
o2 HEEAt
toZ AAS FAe FANENEZRIAYUPOV)Y dgoz SEar)

Aoz sty 719 T 10d5H
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UPOVY 7HYxEm FZ R A4 E 9
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A BRY AFe IF FFE S HIFeEA 94T SFTAE 2 FHxY9

rAo)AM wff ofn7t g,

A2dAs 2 U

1. #F %
7 FW SHEF A%
S kARFE F T FF AW BEF Qo 4Y B4 % Py

o &gA WFAA ARSI 1997 98 oM AT =FFoHA

tjo

ZAWMYG 2 TATALM(Fig. 2-1), 1998 109 L.t} &&AtelAM A2

o] AR, A% =FghoHAL B FAs ). (Table 2-1)

U Bads e F 0 272 v9AgIed $EAEHERY 3
W T3 Hericium erinaceum 48001, H. erinaceum 48002, H. erinaceum 48006
S BERgey NYPRTFTLE AV A EALD LN H erinaceum FO1, H.
erinaceum FO2 27 T FE, Institute of Microbiology Seoul National

University(IMSNU) A H. coralloides 1 7| ¥#F& 29 @gkr}. (Table 2-1)

% 9% 947

gTezRE RIHI FFE F 57 2FEA 9% 23 REDA I

o RFFgrolde] FFE TFY3}AE Centraalbureau voor Schimmelcultures,
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Ifig. 2-1. The sporophore of Hericium erinaceum in the field located in
Odae-mountain, Kangwon-Do, Korea.
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Table 2-1.

Hericium spp. list in this study.

No. Species Origin of geology Culture Code”
o Alﬁﬁ B Ee?icium erinaceum Korea KU-1

2 Hericium erinaceum Korea KU-2
3 Hericium erinaceum Korea - KU-3
4 HeficiUm erinaceum Korea ~KU-7
5 Hericium erinaceum Korea KU-8
6 Hericium erinaceum Korea KU-9
7 Hericium erinaceum Korea KU-10
8 Hericium erinaceum Korea NIAST 48001
9 Hericium erinaceum Korea NIAST 48002
10 Hericium erinaceumn Korea NIAST 48006
11 Hericium erinaceum Malaysia NFCF FOL
12 Hericium erinaceum Malaysia NFCF F02
13 Hericium abietis US.A CBS 243.48
14 Hericium alpestre Switzerland CBS 539.90
15 Hericium americanum US.A CBS 453.63
16 "~ Hericium coralloides Austria IMSNU 31007
17 Hericium erinaceus France CBS 485.9%
18 Hericium laciniatum Canada ATCC 52480

AKU = Korea university

CBS = Centraalbrreau voor Schimmelcultures, Baarn, The Netherlands

IMSNU = Institute of Microbiology Seoul National Unirersity

ATCC = American Type Culture Collection, Rockville, MD

NIAST = National Institute of Agricultural Science and Technology

NFCF = National Forestry Cooperatives Federation
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Baarn, The Netherlands(CBS)el X 47§ @< Hericium abietis, H. alpestre, H.
americanum, H. erinaceusE& <3893, American Type Culture Collection,

Rockvil, MD(ATCC)N M H. laciniatum 17} @&F& 2<F¥skct, (Table 2-1)

2. %
BauRl= PDAMIAIE o]83le 25°C 3F27]|dA TAIE R @88 F 4C
2 Basgnt. Ag 5 welAd Malt extract 2%, agar 2%2] MEA®] X o] uj

FaAom FEAZA AT F0 80%, U 20%9 FuiAE ol &g

A58 FFE FAMANA 4@ ARY FAE FRANAL Baed @@

79 dE3 5A4< AH(clamp connection)& AASFPom WA FEE RASE
v, A A B
g 758 AT A GEUEEY 80%, nlF 20%)9] HEFsd 48

T ALANE BT AET ALY AN TANERLR BEde JEHE

Feran o FAsAh
A3A dx g ng

= okAEFE F TN FFF ARHJLH, 1997d 98 it A



ERgdeluiAe ARG 2 FAsY Hericium erinaceum KU-1, KU-2,
KU-32.2 W3 i(Fig. 2-1), 1998 10€ Lujitzt &52koA AjZo] A)
A, 5AY =FFdoIWANE Hericium erinaceum KU-7, KU-8, KU-9, KU-10
o= Pgstdt. (Table 2-1)

SU RAdF JFe F 6 oFE wEAdVEY SEAEAENEEY 37
= Hericium erinaceum 48001, H. erinaceum 48002, H. erinaceum 48006%
Bgigten, AHx@}TEI UM ABEAJLANAM H erinaceum FOl, H.
erinaceum FO2 27 o5&, Institute of Microbiology Seoul National
University IMSNU)l A H. coralloides 1 7| T35 RoFutokrh Abg x93
AA Basta A 27 dFE AR deojAotdte ARE AU T
2RE EEHARN #Fe F 5/ TFEN QT FF HED I =T
FHlol&el #FE FUE . Centraalbureau voor Schimmelcultures, Baarn,
The Netherlands(CBS)ellA 478 5 Hericium abietis, H. alpestre, H.
americanum, H. erinaceus® T Y333, American Type Culture Collection,
Rockvil, MD(ATCC)l X H. laciniatum 171 T5& %2 3krh. Table 2-1014
Heuksh o] XAl FHE AMEd FUA =FFdowA FFE 107)0)
Roew, Fie 8/ FFE HU HUd

48 TFF H erinaceum® strain® 13%F HRHAUL™ Hericium spp.d)
&3 F& Hertczum abietis, H. alpestre, H. americanum, H. laciniatum, H.
coralloides2 57§ TF7F FRHUY. FF AFTEF R Hericium-specific

primer?] FA7IYE &34 A&E 4+ ANTH
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2. dv3 BF

dE dFe FHMAANA A AN dAE BEHUAGE Feke] gATE
£ X AHEAQ 44 (clamp connection)E Hericium spp.8] X& TFoA g
AT A ¢ @FE Ay FaAGUTER 80%, P17 20%)
HEst 4% AAAE AZT 43, i FFM ALAA BEEs #F
B 5 oy, H. alpestre, H. laciniatum, H. erinaceum F022] T FoA &
AAAE AR ¢ AT A= Aoz TAYF] o]Fxn
ANt AHA L FErb o] Fo|AA GFgkrh. S Ho|EFAL  Hericium
abietis®] 735 4Ce AXNA 3ALAE Z7) AGA ALAA FPHE
HAL BFAh FL SEAMT AL} FEHAAD FAH 2L 9
A BAERAT B Ao ARE nigoz Al sxAER o]4E 5 gl

A},
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Al1Ad AL

BN FE5YYE A& £317) e 4F JFLE TAA IR F53
o Asteiol &t =g wWAE Auistel HAY Fdde HdYy 2 9
Fde TAHYEC] FAeR Hol st wEbA WAle Aatd AT 9%
€ Td F dpel ok =9 5 WA 240 HPsa sox R B
ey FAEH0 WY K] Fug JHE A & F Ut wHA o
Aol AL &4, 4495 01";1 7HA E¥AHQ d9RdH 2%, &5, pH,
C/NE&F3 2ol wige d3& FAZAL A FFo) dge 4PHA &
4& wsfior .

oAz WA FAAFY SFHE GYAAUE  wEled Fraser and
Fujikawa(1968)& @& oldlA ofnl=it Ffo wel HANGY] £AaHE BT
3t512™ Song et al(1987)& Lentinus edodes®) A aspartic acid7} #Ze)#tx
BustfRnt. 3 Park et al(1995)& Pleurotus spp. starch, dextrin®l X A}
Aol HUAE BATT TEAAI, A N(Lentinus lepideus)?] 75 o A )
FA HA dhQo 2N galactosed| A JHF B FAAE Agon 23 Aa
% peptone®] AT BHAFATHA F, 1994). Aronone et al.(1994)L
H. erinaceum® TAME F837] A3t corn barn £E MPGA(malt extract
peptone glucose agar)¥i A& o] &3ttt Rustrh olskzto]l WAY FFol
et gAY aFzAe] ta.

g8 =gy FANZFLE FAHPH 55~65)%

%
fol
o
e
(e
R
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Flammulina velutipes< pH 4.0~8.001% Park et al(1992)& Lentinus
edodes®] HAAE7} 40~45°8t31 RIS YH 1L, Sohi et al(1989)
Pleurotus species® TAIAA HHLEE =AH3J v, P. sajor-caju, P.
ostreatus, P. sapidus, P. florida< 25~30C7F 3 &xolQq . =% Chi
et al.(1996)2 Phellinus linteus®l HH LT X o0&} T YA R
k. olgko] WA FFH wt MIdte Lol FAFHA A0
Mz Fold AFAE HAF T T}

E AYoMe mFFdonAe &5, 4%, C/N&H} Z4F 4499 &

FEAE Gotuyl AW AW SHL 2ASRAL,

A24dAs 2 Sy

1. & 2 pH

7 RE

Petri dish(90mm)W 2] PDAwIA¢] FAHAZE 8mm)E& HF ¥ 47T, 15T, 25T,
37Ce] wjgFE7IolA 208 F <t wld F colony WAl FAIARAGH | FAAE

g g5

. pH

Potato dextrose broth(PDB)H| A& @& Ao IN HCI#} IN NaOHZ pHE 2, 3,
4,5 6, 7, 8 92 ZAF 250ml AAEH2Ad 10mY BEFF F FAHAA
8mm)E AHFTIAAT 25T AFuFr)AA  159FL wEFd F o filter

paper(Whatman No. 2)2 AzlA TAHE $83 80T dry ovenoll A 24417

_._50_



Feh AN the 27 BATAE AR

7)EHj )&= Park¥l A (Table 3-1)& o]&&%tt 249¥YE& ammonium nitrate®
8taL, starch® A7 ¥ &4 9< salicin, lactose, glycerol, D-ribose, D-mannose,
arabinose, cellobiose, D-maltose, D-xylose, adonitol, D-fructose, D-galactose,
D-glucose, mannitol, sucrose, D-sorbitol, dextrin, starch®] 18%< ZtZt 100mM
A H7bstg 3 AFEE phosphate buffer® ©]-838ta] pH 452 AR o 20¢

g F #AAE R BARES SR

v P ALY A

7182 &AL glucose® 33 arginine¥ ammonium tartrate® AA F
AAYL ammonium acetate, ammonium oXxalate, ammonium phosphate,
ammonium molybdate, ammonium bicarbonate, ammonium nitrate, ammonium
sulfate, ammonium tartrate, sodium nitrate, potassium nitrate, urea®] 11%9] %
Z1d2YE 47 20mM F7189 2 A =& phosphate bufferg ©]4-3¢ pH
452 ZAEHAT. 104 Mg F TARF F FAEEE SA3IAASG. M 4
Aol Lte] Auy A FEE 5 10, 15, 20, 25, 30, 35, 0mM=E =4 $

¥ T UHoz FAE WY, 548 AHEEE ot
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Table 3-1. Composition of Park medium.

Chemicals Amounts(g)
Starch 150
CaCOs 0.314
Arginine 3.484
Ammonium tartrate 3.06
KH2PO4 8.766
K2HPO4 1.584
MgSOs . 7TH20 1.5
FeS04. TH20 0.02
ZnSO4 . TH0 0.03
MnSOs . 7H20 0.02
Agar 20.0
Water 1 liter
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o} otn ik A

71 B Ao} AU L glucoseR 3F arginine?d ammonium tartrate® AAH ZF
o}n| .= A& DL-phenylalanine, L-valine, DL-leucine, L-proline, DL-tryptophan,
DL-threonine, L-cysteine, DL~alanine, glycine, L-asparagine, L-aspartic acid,
L-serine, L-arginine, L-glutamine®] 143 ¢] o}nj=AtS ZtZ} 20mM A7}t g
pHE phosphate buffer® o] &3}o] pH 452 WA Y 1097 Wk T FAA
F E AANEEE SASA M Aol faete] Add AAYe] FEE 5
10, 15, 20, 25, 30, 35, 40mM= =H§ F FUF WYL 2 FAE WY, FAH

of HAFEE YolH ATt

2} C/N&

B A A AAYE ammonium acetate® AL ©4 Y glicose?)

ng(_l‘
off
ftjo

ZA3o C/N&& 10, 50, 100, 200, 400, 8002 =& ¥ 209zt wd3te] FAMA

d R FALEE 715U

3. Mgl wl

A7) Aoz A o Ad FGEH MEFRAE 23 A2 wiFTE
LEN o] NZE g7} 71E wx]Qd YMA(Yeast malt extract agar), Park
medium, PDA, MEAMalt extract agar), CDA(Czapek-dox agar),
MLM(Macaya-Lizano medium), YEA(Yeast extract agar)o] TAMS: HF 8o 10

A3t MFE F TAAE F FAEEES wYER vaskgth
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4. A

LAt AR st ¥, A3 Hericium erinaceum KU-7, 8 99 3%
dE Z2 7R AR, ¥l 2mmé A7IE AE F, MEAW A (Malt extract
agar), PDAH| X](Potato dextrose agar), Kol ®lol Z}z} &8 ¥, 25 3-&7)9
Al 1097 gty AR T FAINEE SR wgr|dE uwey

o,

5. A9k
Soluble starch, ammonium tartrate ¥ arginine 592 7] &3 Al¢EL Sigma
Chemical Co. AEF& AFS3IA T, 2¥te] AlofL AFo|ide] B8 A g Al

&3t

A 34d A3 @ a1

1. &% 2 pH

4CAA A dAFY dole 1.2mmeol8lx, 15T E 17.8mm, 25°CE 37.5mm,
37CE 4Tmm=EMN 25TCAA 71 & Asith(Fig. 3-1). #APEEE 15T} 37C
oA Ad TAFY "EZF 25T #AIE =R AWsA Yl

Sohi et al.(1989)€ Pleurotus species2 ﬂ/‘}"gf‘o* HAHLLE A
v}, P. sajor-caju, P. ostreatus, P.'sa.pidus, P. florida® 25~30C7l &
HZrolck. E§ Chi et al(1996) Phellinus linteus?) HH LT X o)

23 $4dsA Rusdc. B AFAAM H. erinaceum®d TAEA H 3
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Fig. 3-1. Mycelial growth of Hericium erinaceum on potato dextrose
agar at different temperature.
- Vertical bars indicate standard deviations of means. -
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SEE 25T T, 4Ts 37CAN ARE FAE FALEA 23
AdsA AgsgAn FAMFL 33 @itk FRol oy FReck
£ QAW =$FPo] FAAFY AHLEE o] =3 FAHAT. of

TL 3828 AdoA AAAE 710 FAse HAMolnE FAYS

)

Lo] FANY Ao AsdY,
AEo] #E HPL pH 404 FALY] AEFo] 1605mg 22 7+4 =43 ojn
O A=7t AU RE HEFoMe gAY S ZasdtHFig. 3-2). )

F719 AEE pH 494 Hge HEFS ¥ F UJ3, pH 3% o

de

SR BE AEFTe #F¥Y & ddd. 28y pH 580 A E7 EHolx

el

AEFT2 WolHr. ©)& Chang and Miles(1989)& x=FFd o] ##A}7}
pH 24~54 W9 & dzstH HHAxr pHIE 48 B9} T A
WE A H. erinaceum TALE AL AEdE Aoz Jdeyn, FALR
of %M 4(pH 55~65)¢ Hzse =gIddEr Y& ZAAYE Bz
Flammulina velutipes® pH 4.0~8.0°191 Park et al(1992)¢ Lentinus
edodes® HHAE7F 40~450123n BHuste] YurH o2 WAL A4

AN 2 ABe ReT Ueyo,

2. 944

7t @AY A

18%9 ®©axd F O Od#ANF 2 FAEES S D-glucose(36.7mm),
sucrose(30.8mm), -D-galactose(29.0mm), D-mannose(285mm) =  adonitol

(280mm) o2 PR, 2 9 1389 gXUAMNE BRY FAYZ
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A Z8 A HTable 3-2). H. erinagceum$] A A% 93 n]x

rir

94
¥ % D-glucose, sucrose, D-galactose, D-mannose, adonitol, arabinose

o EME FAAFe] FFEYAY, FAUENAME  D-galactose,

arabinose®] Al 2 3tth, starch, dextrin® TSR HFAA T H 23 FAAR

is

tie

B At Kawagishi et al(1996)& xFZ o] FAAE A7 93 glucose,
starch ® corn steep liquor® o]8%%21™, Yoshida et al(1996)&
glucose®} yeast extract® ©1 438 QJth. =% Aronone et al(1994)& H.
erinaceum® FALE F88 7] A3 corn barn ¥¥E MPGA(malt
extract peptone glucose agar)W x| & o] &3¢} gm_a}gac}_ ulal A
Tz Aol #AARAY BFFHA glucose’t HE3tE Ao SAFsg ),
Pleurotus spp.© starch, dextrinol A TFAIA Aol A& B3 Park

et al(1995)¢] Aot Aoldld 3, P. ostreatus®l 41 mannitole] 713 <

U F ALY A% 9 55E2R

1159 HA29 F TFAHAFo] ammonium acetate, ammonium tartrate,
ammonium sulfate®] ¢£o2 539tk ammonium acetates)r] FALAFe] 7
o] 35.0mmel}em, 3L 2+ ammonium tartratel X 16.4mme) QL tH Table

3-3). ¢ ammonium acetate?] ¥ =W FAAAE 30mMolA 344mm= 7}
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oA ol Faetda 5, 10, 15, 20, 25, 35, 40mM2 2zt 21,0, 23.0, 23.0, 284,
29.8, 304, 30.6mmz=E 30mMe TAFAFRT FkA gk dAH o2 ammonium
acetate® H7ie FAMAFC] S5 AH(Fig. 3-3). Fr7l AAXYdAMe |
ammonium acetate,_ ammonium tartrate, ammonium sulfate® Z+zv 35.0,
16.4, 14.1mm3= ammonium acetatel A 7% &3 A}, °1f‘5
ammonium acetated] A A& R o] ammonium tartratedl A F& A B}
20 o] A Wkt ammonium acetate®] HAHFEE LobE A 30mMd
A HPANE RAFUATE 8 FEAdME QAFes FAAKo &F
stgivh. Z¥y4 Song et al(1987)& ¥ x 9 FAAA©] ammonium
acetatel M &= A3F A&z e R Park et al(1995)% P.
ostreatus® TALAG] AYFY Ad2dE T AR VW AFE Bign
Rt o8 X =F T ol E ammonium acetatedl Al & FF ] o
A 3= ‘331 ] ¢ 34 rnt. §8 Kawagishi et al(1994)& =3 Z 9 o
FAAE d7)198 SGC medium(glucose starch corn steep liquor)< ‘O]
L3l AAXYOE corn .steep liquore]l o] & H 3, Yoshida et
al.(1996) yeast extract® o] €33, X3 Aronone et al(1994)&
peptoned o83 TFAANE FHI}AYT RuIIY. B AFdNE

yeastl A 71 FAAF ] A zs A
o opFxdt A B FERA

1429 olmxAt  F FAMYAO]  arginine(25.6mm),  valine(16.0mm),

glutamine(14.3mm)¢} ¢o2 53R, TG ovjeidoME FAEG ]l =3
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Table 3-2. Mycelial growth of Hericium erinaceuum on different
carbon sources in a basic medium(Park mediurn).

Carbohydrate Radius of Density of
(0.1M) colony (mm) mycelium
Control 142+1.7° P +
Cellobiose 6.8+2.7 | ++
D-Sorbitol 115%35 +
Dextrin® 13.0+29 +
Salicin 16.0+0.8 ++
. D—Xylose 17.0£26 ++
D-Ribose 17.0+1.7 +++
Glycerol 17.7%£1.2 +
Lactose 18.8+3.8 +
Starch® | 19.3%+2.7 +
D-Maltose 21.3%+18 ++
D-Fructose 243+37 ++
Arabinose 253+%25 +
Mannitol 2541+2.4 +
Adonitol 28.0+29 +
D-Mannose 285135 +++
D-Galactose 29.0+21 ++
Sucrose 30.8+25 +++
D-Glucose 36.7+t35 +++

Density of mycelium; +: thin, ++ medium, +++: thick.
% +SD of 5 replicates, ®;Dunkun grouping, 15g/liter.
Culture was carried out at 25C for 20 days.
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Table 3-3. Mycelial growth of Hericium erinaceum on different
nitrogen sources in a basic medium(Park medium).

R -
Nitrogen(0mM) =0 of Pensity of
colony (mm) mycelium
Control 0.3+0.3* P +
Sodium nitrate 0 +
Ammomium 0.3+0.1 :
] 3+0. +
molybdate
Ammonium
. 39%1.1 +
nitrate
Potassium
olassiim 45+08 .
nitrate
Urea 82*19 +
Ammoni
e 103+25 .
bicarbonate
Ammontum 11.0+1.8 +
oxalate
Ammoni
ontum 13.9+1.1 +
phosphate '
Ammonium 14.1%35 +
N S -+
sulfate
Ammonium 16.4+3.1 e
tartrate
Ammonium 35.0+2.8 .
acetate

Density of mycelium; +: thin, ++: medium, +++: thick.
% +SD of 5 replicates, ”Dunkun grouping.
Culture was carried out at 25°C for 20 days.

__60_



A o] F3 8 aL 5, 10, 15, 20, 25, 35, A0mM< 24z} 21.0, 23.0, 23.0, 284,
29.8, 304, 30.6mm= 30mM¢ TAIAAA R @A dAA SZ ammonium
acetate?] H7be TAMYEO] S ArhFie. 3-3). T AadaME
ammonium acetate, ammonium tartrate, ammonium sulfate2 2+z} 35.0,
16,4, 141mm& ammonium acetateo] X 7} &3 Ao, ol
ammonium acetate] A A& A ©] ammonium tartratec] X A& A Hr}
29 o} Wskth. ammonium acetated HATEE ol H} 30mMed
A HAQAE BHAFAARN & FEAAE dAHOLR FAY Ko -5
& Aot j314 Song et al(1987)& X319 TFAAFo] ammonium
acetatedl M= A& AgA gkds R Park et al(1995)% P
ostreatus® T G0l AP A49E F /M v AFE B
Budo, old % =FF ol ammonium acetatedl A & FF 9 1
A= g ol $3d. 38 Kawagishi et al(1994)& =8 F 9ol
TAAE 471938 SGC medium(glucose starch corn steep liquor)& ©]
23t9ed AA9SE corn steep liguoro) 01%5-]211{ Yoshida et
al.(1996) & yeaét extract® o] %391, £3 Aronone et al(1994)
peptoned ©]&3e HAAE st 2adAT. B APAAE

yeastl M 743 FAMA ol Azt
toopue gt A R w243

14% 9] olnle At F TAMAEZO]  arginine(25.6mm),  valine(16.0mm),

glutamine(14.3mm)¢] €28 95895, G2 ofn At FAIARFo] =3
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Mycelial growth(mm/10 days)
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Fig. 3-3. Mycelial growth of Hericium erinaceum on different concentration

of ammonium acetate.
Vertical bars indicate standard deviations of means.
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UH(Table 3-4). arginined] ¥X& 5, 10, 15, 20, 25, 30, 35, 40mMZ 3}t njok 3}
& w A7 270, 266, 314, 228, 157, 124, 14mmEZ FAEAE ATt
arginine® =7} F71elHA FARYEL A48 49} arginined] TAMAA 3 A
FEE 16mMO|AHH(Fig. 3-4). AAv @l AFAHN HAe Fa FTHHER
T T3 dFdolty. H. erinaceume olw =2t % arginine, valine,
glutamine £ 22 TALAAZ Aozl 256, 16.0, 14.3mmeo] ¥ arginined] A =
valineR O x 20| A2 FAAE 2 BEr7 9584 Yo}, arginined)
HHFEE 16mM ot oJBth nFEA pH/t Eolx w=FFde] &
AL ol BT, arginine® Park et al(1995)¢] P. ostreatus$} P.
sgjor-cajul M= HAA2UA R A3 Q. Eger et al(1974)& =
et 2] o] T AL & o] asparagine©] A &slttE B 19 Song ef al(1987)&

Lentinus edodeso| A asparatic acid?} #Folgtes R Aol s},

&, C/N ratio

C/N& 200914 359mmz FAAZS] HYxE nPor ony 7Y Yo
dA o] =3 tH(Fig. 3-5). C/N&°) g da&= C/NE 200004 TAA
R EAEV HYE BY UEoE 1008 S5y, aurxo g 2
»EFE A4 CNEO 100 el3d A% QAL adw
Leathman(1985)€& vegetative growth$} reproductive growthzte]= C/N
ratio’t B2 A& Hol gAY 2 FAAA waElM C/N ratio?t @
4 5 on G wety & AYe FA4RRe pERgenz 2

AR FPANE T A ARE PESol dvim Agd.
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Table 3-4. Mycelial growth of Hericium erinaceum on different amino
acids in a basic medium(Park medium).

256120

Amino acid(20mM) Radius of Densn)-r of
colony(mm) mycelium

Control 0.3+0.3° +
L-Cysteine 0
DL-Tryptophan 0

- DL-Threonine 1.5%+0.1 +
L-Proline 40x17 +
DL-Phenylalanine 69%1.1 +
DL-Alanine 79%35 +
L—-Aspartic acid 98+34 ++
L-Serine 10225 ++
L—-Asparagine 104+24 +
DL~-Leucine 11.8%35 ++
Glycine 13.8+20 +++
L—-Glutamine 143*24 +++
L—-Valine 16.0£3.0 ++
L—-Arginine +++

Density of mycelium; +: thin, ++: medium, +++: thick.
% +SD of 5 replicates, ”;Dunkun grouping.
Culture was carried out at 25C for 20 days.
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Fig. 3-4. Mycelial growth of Hericium erinaceum on different concentration
of L-arginine.

Vertical bars indicate standard deviations of means.
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Fig. 3-5. Mycelial growth of Hericium erinaceum on different C/N ratio.
Vertical bars indicate standard deviations of means.



3. A2& WYl n=

et 499 AFdE EUZ 74 4904 A $add 8088 Fihy
Table 3-5% #2 M2 FAMAE =AY & AT, o|& Kozt Hst
gk o] KoulA s} 71& SHMA el A 1093 ZANYE & AFe wzd A
Kouj Aol A 33.1mme] 1 Yeast malt extract agar(YMA)¥}#| & 256mm, Park
A& 184mm £O.E koﬂﬂ21°11*1 7 43 ARG FAREE UEY

t}(Fig. 3-6).

4. =%

H. erinaceum KU-7, 8, 9 A9 AAAE 352 gl 2uestel )
P8 FAAFE WAL, H erinceum KU-7¢] A Ko WANA
25.3mm, MEA®| X A 34mm, PDA¥I X 13.5mmel 3, H. erinaceum KU-8
2 Z}zbo] wiA| A 166, 3.1, 47TmmolRQ o™ H erinaceum KU-9= 25.3, 4.7,
107mmE EF KoWAdN #AAT SALES 73 48 ackFig 37,
Table 3-6). ol oPAAA w=FFdolg FPstel nauA B WAL 7]
£ PDAMIAE AN + oW Foz qFe TANE AAAANE Ko

WA7E vl {82 Aol AAFH T
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Table 3-5. Composition of a synthetic medium(Ko medium) for mycehal

growth of Hericium erinaceum.

Chemicals Amounts(g)
Glucose 18.02
Arginine 2.613
Ammonium acetate 2.313
CaClz 0.33
KH2PO4 85
MgSO;4 - THz0 2.0
FeSO, - TH20 0.02
ZnS04 - TH20 0.02
MnSOs - TH20 0.02
Agar 20.0
Water 1 liter
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40

Mycelial growth(mm/10 days)

Fig. 3-6.

+++

++

2.7
Ko YMA Park PDA MEA CDAMLM YEA
Media

Comparison of mycelial growth of Hericium erinaceum on different media.
Ko;Ko medium, YMA;Yeast malt extract agar, Park;Park medium,
PDA;Potato dextrose agar, MEA;Malt extract agar, CDA.Czapeck-dox
agar, MLM;Macaya-lizano medium, YEA;Ycast'extract agar.

Mycelial density; +:thin, ++:medium, +++:thick.

Vertical bars indicate standard deviations of means.
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Hericium erinaceum isolate KU-7

Fig. 3-7. Comparison of mycelial growth from tissue culture
on different media(20 days old).
Ko;Ko medium, MEA;Malt extract agar,
PDA;Potato dextrose agar.
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Table 3-6. Comparison of mycelial growth of Hericium
erinaceum from tissue culture on different

media(10 days old).

Radius of mycelial growth(mm)

Medi
edia H. erinaceum H. erinaceum H. erinaceum A
isolate KU-7  isolate KU-8  isolate KU-9 ‘‘€Verage
Ko 25.3+3.2° 16.6*+2.8 15.62.4 19.1
MEA 34+1.7 3.1x14 4.7%+3.0 3.7
PDA 13.5+4.5 4.7+1.9 10.7%£3.3 9.6

Ko ; Ko medium, MEA ; Malt extract agar,
PDA ; Potato dextrose agar. *;SD of 15 replicates.
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H 4 &8 2454 4=
A1ANE

AeHoz wile AF Ef 3L SHoz N2, A7), AR, 24
A AL FAF A S REE FuE s H(Park ef al, 1997). o] &
e T2 U3 AEH AARGN 2AE RES AT AAY, HId=
Fed 2RO @AE ngsE o9 A PEel A9 At Sue W)
BEA HE Fd(Kawamura & Goto, 1980)0)v} 2] TAES VAR E3 &
A& A (sozyme)#-4 (Zervakis et al, 1992, Damaj et al, 1993, Fukuda &
Tokimoto, 1991)% 22 A8etA 7]YEe) F2 ol 4HUrh. ey Tujd g

A719E B 2 WESTE YR geof & #Fd @ ¥4

r;'ﬂ

b
]
X
o
2

A Eati(Lee et al, 1997), MR ZA, wWFA7], €23 S adld s
APA GEA Ve & Q7o) (Song et al, 1996), VA F HEo] =z

AFEE T Qe 9y F9 U E genomic DNAC A Zﬂﬂi Holel {-Kof o

et

3 AT FAFAE W3 RFLP 7]1&0] #H 29 FY=%3, DNA sequence

€& FFA7]1E Polymerase Chain Reaction(PCR) W o] 2715932 (Khush et

Q
=

- 1991), PCR B & F2, 4&, WAE Jag?, A€dT, £# 59 aF
of 25 AM&= 1 glth(Terashima et al, 1998). &3 Z%ololA PCRo| A%
T AEATE A3 )& HAUEH (Bruns et al, 1990; Forster et al., 1990;
Hlingworth . et al, 1991), Saiki(1998)7} PCR 719& ©]&3t9 B -globing
genomic sequnces®& FET § vt E9 AT RudE I T‘%’ﬂﬂ AL &

A, ASWAA Y AET TH, cDNAS FEL 5 mRNA 24 2 2HF 4
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Wet #E FokA FRA ol &= vk(Park et al, 1997). HIol= PCR

=
oo

02 ZZg DNA ol Rold s 444 ¥ AEse W=
random primer& A}4 31 RAPD(Randomly Amplified Polymorphic DNAs)® &
A4 A E(DNA fingerprinting)¥ ©l, RFLP(Chiu et al., 1993)d & &g 4
8 Ax7} pasta 2% DNASHE Agstng A ZA4oAM RFLPEG
Holt(Lee et al, 1997) AF, 4&, FFoldM tyd& Haled o= gl
t}(Welsh and Mclelland, 1990; Williams et al., 1990). 3] Williams %(1990)°]
AP-PCROl 93 %8 DNA @HES 34 EXQAHDNA markers)Z AHE
& & gtz BAERAT, Lee et al, (1997 F5e] hEHA B3 FF
g RAPDE AA8te] EE371e] FRo| M5 ¢ pattend HAFU wujyS 2
AstEd o Wol tXHETS Ze TAAA WYPRT A7re] Hol HekHH
PCREA O] o3 Tud AR e AGFHFEAE 885 A& AolHa
vt

A 108 B¢ g4 B3 8AF 4EPATF A AAHA G

2R 2B FAARE 8T ATER AT A3 BHEe]

)

7
-

do

i
g E) o) gtok o)l @ ThFd EAAEFH AEFAANE HE RNA
o] A7 gl 2A AFERI M A8 BERdYes AFEAAG. R
2 x3e APPEe yrE& RNA F32(ER4E DNAY HAAEH = 185,
5.85, 2859 «oz2 Hol glem, 1 185, 58S, 285 rDNAE 2 2. 2709
internal transcribed spacer(ITS)E ¥& d@=o] vk 7o 585 F9Hel
that sequences®] Hu7t B{E TAR FR o] &= A2 (Hori and Osawa,

1986; Robert et al., 1995; Ko et al., 1997), o] ¥91+& @747t 12070 AFE 2

_76..



o7} A3 #x, vl HEHQA o)y Y BHE FEAoldME A

£93 sequencesE YEMIEZZ o] A3re] THE 93 EHFAME 2142

r~1m

F Qe dAol ATk APk ® wRe e A7) HaHdE AN
4¢ AAsEd =t AN x=¥He] Hagez Ivghol, Nishidash
Sugiyama(1993)% Taphrinass, Saitoellads 18]35 & IL5TFALo|A A2 7|
S5 185 rDNA 947|M¥EE& ©&3 3, Hendriks T(1991)2 ooz

293 CandidaZ ¢ AEEA ), Swann3} Taylor(1993)= AT Fo &7l

185¢] BEQINLE A BFe) NE2 ALLSHAT 185 R 285 rDNAE
BAReR AP Uk ARE AL Yon, drluFel we VB, F
AEe] BB, WolZt A@ RPo FEHEEZ AFRHE waEd YT £9

oz AFHAULL Annette F(1996)2 Suillus sensu lato T2 A4 H 38F &

23e 470 BT oZRE ITS GV IMES 24359 ASEASH E7A7)

il

AAH I, Bae 5(1996)2 ITS2 H-919] 47iA e sl =i Fzte
#AE TR, Moncalvo $(1995)2 ITS H99 255 rDNA H7IAE A
Ganoderma®-&, Daniel %(1996)2 Morchella esculenta®} Morchella conica®l
Hlae] ITS 29E o] &3tk O'Donnell(1992)& tt¥3 A Qoz2Ry £d
Fusarium sambucinum®] 8675 ¥ ITS squence® WL F O 2H FEo|H
Q1 probeE® ML, Morton F(1995) Verticillium  alboatrum}
Verticillium dahliae®] 1TS sequence® A#A 3 o] 27%E EUWEZ probed 7i
wol| 7k @A A} A ol AT 2L ddY HudA AREL FHR0
ITSE 4% ASERY FEoz 20551 Q& B oy, &£ 4 F &

o A&BA AP probed] AL FHeAdE A AAEAG ITSE 7HeH

_77_



2] 585% X#3ste] 500bp BER, 2 H7IALE AA 7 FEs T XA
AFe d w7 fEA o] #FE U s BHSE dF7d HFgay,
I BARSE RS B U9 s aTsE F, 49 ERd A
ooy, REAJO] 2 585 EHE TSI glomz ITS B99e] Z4zte
Hlazh 7beate, ol 8% ARFH Ao FY HuUe 3k 2 £
o FAHAY AT F&F s Hojgir)

B dFdME EABETSHA ASEF LA internal transcribed
spacer(ITS) 919 sequenceEd WA FOLZHN wFFdole HH3d TdRL %
AHEAM L] AFEFE s ow, ITS 99<L sequencing 3t d714Q BA
L8 zASE o594 FFE FE ol MEZE FTAL probed FH WAE

Agetn, ol viFlE xFFdeld MR FAH o837 Yitelrt

A 243 AsE L vy

1. Genomic DNA®| ¥ 2 A
Zt #FE9 genomic DNAS EE sides AMEd #FE Table 4-194
E vkl 2, opEiel 2 WHOR Genomic DNAE ®3 2 AAsgct

PDA wiA o)A g A3 myceliumE theF 100mgAE T F 43 da
€ Y3 vk F 1ml9) DNA lysis buffer(50mM Tris-HCl;, pH 7.2, 50mM
EDTA; pH 7.2, 3% sodium dodecyl sulfate and 1% 2-mercaptoethanol)E 37}
34 2ml tubed) %712, water bath(65C)A 1A12HGEE v} inverting) 5 &
2)8kgick 2L F Chloroform Iml€ ¥ 2 ¥ inverting A3 ¥ F2d4 94

22)(14000g, 15min)¥ F SN 15ml tubed) &712 3M sodium acetate
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Table 4-1, Hericium spp. list in this study

No. Species Origin of geology Culture Code®
1 Hericium erinaceum Korea KU-1
2 Hericium erinaceum Korea KU-8
3 Hericium erinaceum Korea KU-9
4 Hericium erinaceum Korea NIAST 48001
5 Hericium erinaceum Korea NIAST 48002
6 Hericium erinaceum Korea NIAST 48006
7 Hericium erinaceum Malaysia NFCF F01
3 Hericium erinaceum Malaysia NFCF F02
9 Hericium abietis US.A CBS 243.48
10 Hericium alpestre Switzerland CBS 539.90
11 Hericium americanum US.A CBS 493.63
12 Hericium coralloides Austria IMSNU 31007
13 Hericium erinaceus France CBS 485.95

KU = Korea university

CBS =

IMSNU = Institute of Microbiology Seoul National Unirersity

Centraalbrreau voor Schimmelcultures, Baarn, The Netherlands

ATCC = American Type Culture Collection, Rockville, MD
NIAST = National Institute of Agricultural Science and Technology

NFCF = National Forestry Cooperatives Federation
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A5 9 01volume H7Mstx, Y9 isopropanold H71ste AEgAZ £ 4
Lo A -‘H’E] #2](14000g, 5min) 3HiL, 45 AE o F pelletd 70%(ice-cold)
ethanol® Al ¥ &l AHEF F F FTH4E W pelletl X ethanole] &3
3] AAL7A AxAZ F 50 TE buffer(10mM Tris-HCL pH 8.0, 0.lmM
EDTA; pH 80)°] DNAE ] A&3t3iet o] %A 283 genomic DNA(50)
o] AAE Y8 2u(10mg/ml) RNaseE #H7tste 37CAA 1A BA AT
¥ inverting). 40010 33 FF 9, FUH PCIE H71ste] wEAll & A%
dg A& FRtF Clg Hrhstn dAEEsd d5ds W 258 70%
ethanol& %718t -70ToA 208 down A%l & YAEICFEANA 108)3814
pellet& TE buffer 50utol =<1th. 1% agarose geld ol &3l A7|FFT F,

0.514/ml ethidium bromide(EtBr)E A% thg UV transilluminatoro| A #3

& A

2. Primer A%
7F. ITS primer A&
eEZdoln]A DNAL] 18S9+ 285 Aloleo] ITSE ZZ33Ax primert

White (1990)0] A1 A8 ITS 148 A&t

ITS 1—

5.85
— 185 rDNA ITS 1 ITS 0 285 rDNA  pb——
rDNA

«ITS 4
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Y. Hericium specific primer A=

Hericium spp. specific primer& #Z317] 48l NCBI(http://www.NCBI,
nlmnih.gov)ol FFE Y& FHol9 ITS sequence®t H. abietis, H.
americanum, H. alpestre, H. coralloides, H. erinaceum® ITS sequence® H]il
&) ITS 19 5’ terminalel]l V¥ 2R A 2merdt ITS D¢ 3° terminal
H-Eol 21mer®] Hericium spp. specific primerE 7§48t % 2. ¥ (Table 4-2), &
Z+E Her 1 primer, ¥AE Her 2 primer® W3t ®£8 Thanatephorus
cucumeris® ITS sequencest Herl primer 72.7%, Her2 primer 57.1% ©]&}2]
FALEE RoAFRI, Table 4-201 et RE& AYH & FFoloXE Her
primer®} fFALEE 22 e, B AP A)A ALE$ primers Table 4-39}
2.

Table 4-3. Primer used for generation and sequencing of the PCR products.

Primer Sequence( 5" — 37) Source

ITS 1 TCCGTAGGTGAACCTGCGG White et al., 1990
ITS 4 TCCTCCGCTTATTGATATGC White et al., 1990
Her 1 GAAAGGAGTTGTTGCTGGCCTG This study
Her 2 TTCCCGAGGGAGCACCGGCAA This study

th. Polymerase chain reactiond] ¢]3 rDNA ©He =&
PCR &L FFE 50 7122 template DNA(S0Ong) 1xf, primer
S0pmol 244, 10X buffer 548, ANTP(200 « M) 448, Taq polymerase(TaKaRa Co.)

0.2ut, Bt 358uE 7434, Perkin Elmer Co.¢] DNA Thermal cycle ©)
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Table 4-2. Sequence homology of Her primers and ITS sequences derived from

fungi enrolled in GenBank produced by advanced 2.0 blast program
existed in NCBI(http://www.NCBI, nim.nih.gov),

Species

Herl primer

Homology (22mer)

Her2 primer
Homology (21mer)

Agaricus bisporus
Hericium abietis
Hericium alpestre
Hericium americanum
Hericium coralloides
Hericium erinaceum
_Pleurotus ostreatus
Thanatephorus cucumeris

Trichosporon mucoides

homology not found

22/22(100.0%)
22/22(100.0%)
22/22(100.0%)
22/22(100.0%)
22/22(100.0%)
17/22(77.3%)

16/22(72.71%)

homology not found

12/21(57.1%)
21/21(100.0%)
21/21(100.0%)
21/21(100.0%6)
21/21(100.0%)
21/21(100.0%6)

homology not found

12/21(57.1%)

12/21(57.1%)
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43t PCRE +a38%th. PCR W% ¢ initial denaturation step(3min, at
95C), denaturation step(30sec, at 95°C), annealing step(lmin, at 55T),
extension step(Imin 30sec, at 72C)2 2 35¢cycle ¥H&& Al7] 3L, post extension
step(10min, at 72C)¥ ol 4Col B &3¢},

PCR productE& 1% agarose gel€ ©|83t4 7|95 ¥ 05u/ml ethidium
bromide(EtBr)2 @4 % thg UV transilluminatore] Al ##3tcd. ®£3 PCR
product®] AHA& $8A Qiagen PCR purification system(QIAquick PCR
Purification Kit Protocol p.18)& Al&3l4 ArjdFez #AsUct. AAH

DNA fragment& TaKaRaAlel 9] & 3}le] autosequencing 3% th.

3. AFEH

EAAERHA FAHELE 043 AFTEF FoA FJr$ RNA FAz o
71X Qe 2AF ATEFE Lotrr)d] 44, 8 TFo) FETH wFF Yol
FABAS Golr Rt GeﬁBank°ﬂ SEE & FFolE9 sequenceE o]-& 3
o] PC/Gene Sequences Analysis Program(Version 6.6, IntelliGenetics, Inc.)3}
DNASTAR software package(Madison, WI, USA)E ©] &3} alignmentd &
phylogenetic tree® FAJ3IA I, Hericium spp.d ITS 1-58S-ITS I %99
sequenceE B F multiple alignment® AT F o] AE o] Lo
sequenceE ¥ 43} phylogenetice treed A3 3F$3 Tk

B AFo)A rDNA sequences® GenBank % number® geographic origin,

alignment sequence®] AR&® FFo] FE& Table 4-49 21},
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Table 4-4. List of species used to alignment sequences,
geographic origin and GenBank accession numbers

of their rDNA sequences.

o . Sequence GenBank
Order family species Region accession #
Agancal Trichol Lentinada ursinus 188 AF026580
Henal Gl ystdiell Loxi bicolor 18§ AF026605
Glococystidielsom b osantha 188 AF026602
Clavicoronacese Clovicorona pyndata 13 AFOI6801
Aunscalpiaceae Auriscalpisom wigare i8S XF_O?GSSI
Hencisceae Hericium ramosum 185 AF026577
Hericium coralloides 188 - AFIN093
Hericium ennacum 188 AF145778
Centnellaceas Lentinelus oteritia 188 AF026%96
Lentinellus omphalodes 188 AFOZ_G_{::IQ
Hy chactal Hy ch Inonotus hispdus 185 AF026584
Coltricia perennis 188 AF026583
Poriales Conolaceae Heterobasidion armosm 78S AF028376
Stereales Coritici De - phuureld 188 AF026604
Meruli e L Rarte chrysamporam 185 AF026593
Phiebia radiata 18S AF026606
Agancales Tricholomatacese Flamsmuling vebunipes iTS AF079581
Lenninula edodes 1TS X63130
Cantharellales Clavariaceae Mulniclawda vernalts 1TS U66439
Moulticlovula corynoides ITS Ussas0
Gancdermaltales . Ganod Ganoderma odspersum ITS AJ006685
HerGales Clavicoronacea Clavicorona faxophila [ U059
Henctuceae Heriicum ennaceum iTs thus work
Hericium coralloides Ts thus work
Hericoum amerscanum {Ts This work
Hericivm abieris 1TS this work
Hericium alpesire ITs this work
Hericium lanciniianm s’ *_this work
Ausiscalpt Arrhenia ouriscalpi (12 Uegais
Hymeddhiaal Hi h Phellimis hartigi TS AF093374
Phellinus chrysoloma s AF035370
Inonotus xeranticus ITS AF110724
Ponales Conol Loetipors ndph [133 AF068926
Tyromyces chioneus ITs AJO06676
Sporgipellis spumeus ITS AJOO66TE
Skeletocuns kosehneri ITs AJ006678
Skeletocstis amorpha ITS AJ006677
) . Spongipeliis delectans s AJ005670
Postia sericeomollis IS AJ006667
Postia balsamea ITS AJ006666
Qligoporus renmyi ITS AJO06668
" Trichaptum laricinum ITS U637 [N
Trichaptum biforme ITs U63476
Hetervbasidion araucariae ITS X70028




A 34 Ay R ug

1. ITS primerE °]-&3% PCR

LFTHFE L83 AYHE] FH$ RNA F834(EEE DNA)Y HA G =
18S, 5.85, 2859 ¢o& =Ho gow, 1 18S, 58S, 285 rDNAE A2 2719
internal transcribed spacer(ITS)Z &8 dA= vt 7] 585 F9ld
3t sequencesd B w7} EF AR F2 olEIFRoW(Hori and Osawa,
1986; Robert et al, 1995, Ko et al, 1997), Nishida®} Sugiyama(1993)+=
Taphrinass, Saitoellad; 813 ThE 5T FAololA e AEF4lo) 185 rDNA
A1 EE ol &8t ol¥ X HAY FAd#HA BEHL2 Park (199 a, b),
Bae 5(1996) & Z=(Ganoderma spp.), &M A (Corprinus spp.) R = WA
(Pleurotus sp.), Chung %(1999) Phellinus<:o)] Wate] ITS H99 H7AMES
BEgog 23 FARAE B8 At £33 Annette 5(1996)2 Suillus sensu
lato Fo2 A4E BFES TFY 47/ RET22HEH ITS 94714 E8E £43%
o ASLAAH EFAAE FAASAI, Moncalvo 5(1995)& ITS H 9} 255
DNA @711 QA Ganodermasd-&, Daniel $(1996)2 Morchella esculenta$}
Morchella conica®l Bl&d| ITS ¥4 & o] &5t

Hericium spp.2] ITS ¥-$19 HlzZ& 93A ITS 14 primer® PCRE 31,
ITS $49¢ =7l= 543 base pair(chHFig 4-1). FH Choi 5(2000)2
Entomopathogenic Fungi®] #A@ A& ZAlstdA DNAY ITS ¥4 E primer
ITS 13} ITS 48 AH&-3te PCRel 93 FE3} 23 FFd 4FE0] 500bp 27
G2 Bag Ae FASHIL, ITSE 7HEd9 5858 E@sle 500bp FE
2,3 471MQE AAFIIF 38Etn ARFHA Ak @ W] fE oo

FFe UNLE S BRI AT AYsE, 1 BAANSES B G7)
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. Fig. 4-1. Amplification of the Hericium by PCR reactions with ITS

" primer. ITS regions of all the provided Hericium were amplified
with ITS primer. The PCR products had sizes of 543 base pair. All
the PCR products was electrophoresed in 1% agarose gel.; lanel(H.
abietis);lane2(H.alpestre);lane3(H. americanum);laned(H. coralloides)
slaneS(H. erinaceus); lane6(F01); lane7(F02);1ane8(48001) ;lane9(48002)
; lanel0(48006) ; lanell(KU-1) ; lanel2(KU-8) ; lanel3(KU-9) ;
M stands for 1Kb marker. —» ; 543bp.

_86_



e qgde 87E F, £ £79 st

2. Her primerE |83 PCR

AEH o2 AHEHE HARFE Ju3 54, 4%, 37, ANARY 52 o %
o, ol AFAHY WHel 7}5‘47— AE A& - FFA EANES BYd)
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Fig. 4-2. Amplification of the Hericum by PCR reactions Her primers.
Small ITS regions of all the provided Hericium were amplified with
Her primers. The PCR products had size of 402 base pairs. All the PCR
pr(;ducts was electrophoresed in 1% agarose gel;lanel(H. abietis);lane2
(H.alpestre)lane3(H. americanum);laned(H. coralloides);laneb(H. erina-
ceus);lane6(F01);lane7(F02);1ane8(48001 );1ane9(48002);1ane10(48006);lanel 1
(KU-D);lanel 2(KU-8);lanel3(KU-9).

M stands for 1kb marker. — ; 40Zbp.
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IFig. 4-3. Amplification of ITS regions of all the provided fungi
except the Hericium by PCR reaction with ITS primers.
Complete ITS regions of all the provided fungi were amplified
with ITS1,4 primers. All the PCR product were eletrophoresed in
1% agarose gelllane 1, 1Kb ladder marker, lane2, ITS of
Lentinula edodes ; lane3, ITS of Flammulina uelﬁtipes ; lane4,
ITS of  Agaricus bisporus ; lane5, ITS of Thanatephorus
cucumeris ; laneb, ITS of Clavicorona pyxidata ; lane?, ITS of
Stereum hirsutum ; lane8, ITS of Echino japonicum ; lane9, ITS
of Inonotus weirii ; lanelQ, ITS of Gloeocystidiellum porosum ;
lanell, ITS of Auriscalpium vulgare ; lanel2, ITS of Pleurotus
ostreatus ; lanel3, ITS of Phlebia radiata, laneld, ITS of
Mucronella calva ; laneld, ITS of Mucronella aggregata ;
lane6, 1Kb ladder marker.
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Fig. 4-4. Amplification of partial ITS regions of all the provided
furigi except the Hericium by PCR reaction with Her primers.
Any partial ITS regions did not appear in PCR reaction with
genomic DNA of all the other fungi except Hericiums. All the
PCR product were eletrophoresed in 1% agarose gellane 1, 1Kb
ladder marker, lane2, Her product of Lentinula edodes ; lane3,
Her product of Flammulina velutipes ; lane4d, Her product of
Agaricus bisporus ; laned, Her product of Thanatephorus
cucumeris ; laneb, Her product of Clavicorona pyxidata ; lane7,
Her product of Stereum hirsutum ; lane8, Her porduct of
Echino japonicum ; lane9, Her product of Inonotus weirii ;
lanelO, Her product of Gloeocystidiellum porosum ; lanell, Her
product of Auriscalpium vulgare ; lanel2, Her product of
Pleurotus ostreatus ; lanel3, Her product of Phlebia radiata,
lanel4, Her product of Mucronella calva ; lanel5, Her product of
Mucronella aggregata ; laneb, 1Kb ladder marker.



Table 4-5. The Hericium, fungi having high homology of 185

and edible mushrooms tested

in polymerase chain

reaction(PCR) amplification using two pairs of PCR

primers.
Taxon omy S o Culture wi?on PCR lmw?tl;'ﬁcuuon
order family pec Code®  geology T iTSI%4  Heri2
agancales tricholomataceae Lentimda edodes KCTC 6733 USA + -
Flammuling velutipes KCTC 6367 Japan + -
Agaricaceae Agaricus bisporus ATCCAS08S usa + -
basidiat basidi: Th ph is KCOM11323 Japan + -
herciales glococystidicli Glosocystidielhm p KCICEI4  Nebaust: + -
Henciaceac-Hericum * Hericiwm erinaceum Ku-3 Korea + +
Hericium erinaceum Fol Malaysia -+ +
Hericium erinaceum NIAST 48001 Korea + +
Hericium erinaceum NIAST 48006 Korea -+ +
Hericium erinaceum CBS 485 95 France + +
H.abietis CBS 24).48 USA + +
H.alpestre CHS 539.50 Swazzriend + +
H.americamum CB5 493.63 UsS.A + + .
H.eoralloides NIAST 48007 Japn’ + +
H.coralloides DIMSNU 31007 . Austria + +
Hlaciniatum ATCC 52480 Camca + +
Hzriciaceae-Moconelis® Mucronella aggregata ATCC 20641 US.A + _
. Mugronella calva ATCC 24983 USA + -
! clavicoronaceae Clavicorona pyxidata KCTC16042 *  Finland + -
) auriscalpiaceae Auriscalpium wulgare - ATCCT6707 Us.a +, -
hymenochactales hymenochactaceac Inonotus weiri KCTC6646 Us.a + -
poriales’ - coriolaceae Coriolus arureus -~ KCTC16000 - Ausmalin . ¥ N
) lentinaceae Pleurotus ostrearus KCTC 6359 US.A + -2
stereakes stereaceae Stereum hirsuturs KCTC 6819 Austria + -
s © . Echinodontiageac, Lehinado japonicum. IMSNU31004 © Japans +- -
Merliaceas PHlebdia radiata KCTC6159 Germany + -
Phanerockaets cheysosporism’ KOCMMMO  © USA - s -

i

“

AATCC = = American Type Culturt Collection, Rockwlle,MD l\CTC=Korran Collcctlon for Type Cul!uns.
CBS=Centrulbmuu voor Schlmmelcul(uns‘ Baarn, The Netherlands;
KCCM=Korea Culture Centér of Microorganism;
IMSNU=Institute of Mu:robaology Seou] National Umvemty,

Band C stnnd for famlly and genus together
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sequence® ©]83l9 PC/Gene Sequences Analysis Program(Version 6.6,
IntelliGenetics, Inc.)® DNASTAR software package(Madison, WI, USA)E o]
43} alignmentdr ¥ phylogenetic treeS 24 814 ©H(Fig. 4-5).

Hericiaceae®) 80%°]’¢2] ITS sequence FAFEE UYElNE  Families®
Auriscalpiacae(Arrhenia auriscalpium), Coriolaceae(oligoporus rennyi, postia
balsamea, skeletacutis amorpha, tyromyces chioneus, laetiporus sulphureus)$l
. 3% Hericiales® £38l% Familys Auriscalpiacae$ 3L, Hericium® ITS
sequence HlioAM Hericium< genus-specific sequences® 7}AiL, olAL
Hericium® Eo013< 28& 3dAsdr. 293 Hericium  spp.9
ITS1-585-ITS2 #94E sequencing 39 2 g7]A Y-S B w3ty phylogenetic
treeS 23 HFig. 4-6, 4-7). ITS1-58S-I1TS29] |7IMLL A& =7} wh
2o BEAVIALEY vlao] o3 &, Fo] FARAL Y FE&3r] WE
of ITS1-58S-1TS29] F7IMES ULz AFTEAEE AHEAYT AFEd
A BE ukel o] @A 39 cluster2 Yol H ok R HA clusters Ao A
T #F KU-8, KU-1, KU-9¢%, @87« &g &
gt #FR1 H. erinaceun 48001, H. erinaceum 48002, H. erinaceum 48006
o] % WA clusteres oA BIwe #FQ H. abietis, H. americanum, H.
coralloides, H. erinaceus®] A WA cluster= &=oA EAWE TF H
alpestre®t AP Z2TFRIE ATV EAD 2NN BIES ‘H. erinaceum FO1,
H. erinaceum F02 #5E0°] cluster® JA3 At of Ao ZAFA4A Yehd
AETEANA Heure Zo] FUEH xFL ASAAN oA Jezz F4

AL | Folgte RS RAFA

_92_



H. coralloides
H. erinaceum
H. alpestre

H. abietis

A. auricalpium
L. sulphureus
O. renmyn

P. sericeomollis
P. balsamea

S. amorpha

T. chioneus

1. xeranticus

M. vernalis
M. corynoides
F. chrysoloma

H. araucariae
[—{_: P. hartigii
T. biforme

Ll L. edodes
T. lancium
S. kuehner:
J_—E: S. delectans
S. spumeus
~ S G. udspersum
C. taxophila
F vernalis
623
T T = S T T T n
60 50 40 k1 20 10

Fig. 4-5. Phylogram demonstrating relationship of Hericium and
other species representing each geneses by alignment of
nucleotides sequences from the ITS rDNA.
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TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGT T TG T Majorit
¥ T T

10 20 30 40 50
1 | S L 1 —
1 TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT ABI.SEQ
1 TCCGTAGEGTGAACCTGCGGAAGGATCATTA.TGAATTTGAAAG . .GTTGT ALP.SEQ
] TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT AME.SEQ
1 T~ == === - GAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT COR.SEQ
] TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT ERI.SEQ
1 TCCGTAGGTGAACCT .CGGAAGGAT. . .TAA...A.TTG.AAGGA..TG . FOLSEQ
] TCCGTAGGTGAACCTGCGG~----.T..T.o-22+-..T.G.ARGG...TGT F02.5EQ
I TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT 481.SEQ
1 TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT 482.SEQ
1 TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAAT .TGAAAGGAGTTGT 486.5EQ
1 TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAARAAGGAGTTGT KB.SEQ
1 TCCGTAGGTGEAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT K9.SEG
1 TCCGTAGGTGAACCTGCGGAAGGATCATTAATGAATTTGAAAGGAGTTGT K1 .SEQ
TGCTGGCCTGAAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA Majoris
¥ T T T T
&0 70 80 90 100
L - i 1 i
50 TGCTGGC.TGAAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA ABI.SEQ
51 TGCTGGCCT. . .A-CC-~-GGCATGTGCACGC ... .ATCTCATCCATCTTA ALP.SEQ
5] TGCTGGECCTGAARCCCA.GGCATGTGCACGCTCCAATCTCATCCATCTTA AME.SEQ
43 TGCTGGCCTGAAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA COR.SEQ
51 TGCTGGCCTGAAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA ERL.SEQ
5 T6.TGGCCT.-.AAA.CCA.G.~-A.G.6.A.G.T.CAAT.T.A.CCAT.TTA FO1.SEQ
47 -6C. .6CCTG.~~C.CA-=--=- - - T.CAC.CTC.A.T....T.CA..TT. FO2.5EQ
51 TGCTGGCCT.AAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA 481.550
5@ TGCTGGC~-TGAAACCCA.GGCATGTGCACGCTC-AATCTCATCCATCTTA 482.55G
51 TGCTGGC.TGAAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA 486.5EQ
51 TGCTGGCCTGAAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA K8.SEQ
5] TGCTGGCCTGAAACCCA-GGCATGTGCACGCTCCAATCTCATCCATCTTA K9.SEQ
51 TECTGGCCTGAAACCCA-GGCATGTGCACGCTCCARTCTCATCCATCTTA Kl .SEQ
CACCTGTGCACCCTTGCGTGGGTCCGTCGGCTTTGCGGTCGATGGGCTTG Majorat
L T T T L
110 120 130 140 150
- 1 A1 1 1
100 CACCTGTGCACCCTTGCGTGGGTCCGTCGGCTTTGCGGT . .GA.GGGCTTG ABI.SES
7 CACCTGTGCACC.TTGCGTGGGTC .GT.GGCTTTGCGG .C....G.CTTG ALP.SEQ
101 CACCTGTGCACCCTTGCGTGGGTCCGTCGGECTTTGCGGTCGA . GGGCTTG AME.SEQ
92 CACCTGTGCACCCTYTTGCGTGGGTCCGTCGGCTTTGCGGTCGA.GGGCTTG COR.SEQ
100 CACCTGTGCACCCTTGCGTGGG6TCCGTCGGCTTTGCGGTCGA.GGGCTTG ERI.SEQ
100 . .CCTG~GC..CCTTG.G-G6GGT.CG6T.GGCTTTGC.G..GA.GGG. .TG FOl.SEQ
87 CA...6....€C...T6.6T6G.6T.€6-C6G...-.TTG..6G..6..6GGCTT. F02.SEQ
100 CACCTGTGCACC . TTGCGTGGGTCCGTCGGCTTTGCGGTCGATGGGCTTG 481.SEQ
99 CAC-TGTGCACCCTTG.GTGGGTCCGTCGGCTTTGCGGTCGATGGGCTTG 482.SEQ
100 CACCTGTGCACCCTTGCGTGGGTCCGTCGGCTTTGCGGTCGATGGGCTTG 486.SEQ
100 CACCTGTGCACCCTTGCGTGGGTCCGTCGGCTTTGCGGTCGATGGGCTTG KB.SEQ
100 CACCTGTGCACCCTTGCGTGG6GTCCGTCGGCTTTGCGGTCGATGGGCTTG K9.SEQ
100 CACCTGTGCACCCTTGCGTGGGTCCGTCGGCTTTGCGGTCGATGGGCTTG K1l .SEQ

Fig. 4-6. Comparison of nucleotide sequences alignment of Hericium spp.
Abbreviation : ABI, H. abietis, ALP; H. alpestre, AME; H. americanum,
COR; H. coralloides, ERL, H. erinaceus, FOl; H. erinaceum FO1,
F02; H. erinaceum F02, 481, H. erinaceum 48001, 482; H. erinaceurm 48002,
486, H. erinaceum 48006, K1; H. erinaceum KU-1, K8, H. erinaceum KU-8,

K9; H. erinaceun KU-9.



TCA

T A T Majorit
T

CGT-TTT TAAACTCTTATGTATGTAACAGAATGTCATAAT--GC
T T T T

160 170 180 150 200

i 1 1 1 1

150 C6T-TTTTCATAAACTCTT .TGTATGTAACAGAATGTCATAAT -~-GCTAT
147 CGT . TTTTCATAAACTCTTATGTATGTAACAGAATGTC~TAAT - ~-~GCTAT
151 CGT-TTTTCATAAACTCTTATGTATGTAACAGAATGTCATAAT --GCTAT
142 CGT-TTTTCATAAACTCTTATGTATGTAARACAGAARATGTCATAAT - -GCTAT
150 CGT-TTTTCATAAACTCTT . .TGTATGTAACAGAATGTCATAAT - ~GCTAT
148 . 6T . TTTT-A..AACT,TTA.G.A.G.AACA.AA.GT.A. . .A.~-G.TA.
136 .6G. .TT...A.AAAC. . TT. .GT.T-~-~=-.AGAATGTCATA.T. .GCTAT
150 CG6T-TTTTCATAAACTCTTAYTGTATGTAACAGAATGTCATAAT - ~-GCTAT
148 CGT-TTTTCATAARCTCTTATGTATGTAARACAGAATGTCATAAT --GCTAT
150 CGT-TTTTCATAAACTCTTATGTATGTAACAGAATGTCATAAT --GCTAT
150 CGT-TTTTCATAAACTCTTATGTATGTAACAGARTGTCATAAT - ~GCTAT
150 CGT-TTTTCATAAACTCTTATGTATGTAACAGAATGTCATAAT -~GCTAT
150 CGT-TTTTCATAARAACTCTTATGTATGTAACAGAATGTCATAAT - ~GCTAT
. AAA-CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
T T T T T
210 220 230 250 250

1 1 1 1 i

197 AAA-CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
194 AAA . CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
198 AAA-CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
189 AAMA-CGCATCTTATACAARCTTTCAACAACGGATCTCTTGGCTCTCGCATC
197 AAA-CGCATCTTATACAACTTTCAACAARACGGATCTCTTGGCTCTCGCATC
195 .AA . -G.AT.TTA-AC.A.TTT.AACAA.GGAT.T.TTGG .T.T.G.A..
182 AA. .C...T..TATACAACTTTCA.CAACGGATCTCTTGGCTCTCGCATC
197 AAA-CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
I3 AAA-CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
157 AAA-CGCATCTTATACAACTTTCAACARCGGATCTCTTGGCTCTCGCEATC
197 AAA-CGCATCTTATACAACTTTCAARACAACGGATCTCTTGGCTCTCGCATC
197 AARA-CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
197 AAA-CGCATCTTATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATC
GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG

T T T T T
260 270 280 250 300

' i 1 e 1

246 GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
24 GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
23T GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
233 GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
246 GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
243 G A cAA. .A..CA. .GARAAA...GA. . A. . AA. .. . AA.TGCA.AA.TCA.
232 GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
246 GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
24 GATGAAGRAACGCAGCGAAARATGCGATAAGTAATGTGAATTGCAGAATTCAG
246 GATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
246 GATGAAGAACGCAGCGAARAATGCGATAAGTAARTGTGAATTGCAGAATTCAG
.246 GATGAAGAACGCAGCGARATGCGATAAGTAATGTGAATTGCAGAATTCAG
246 GATGAAGAACGCAGCGAARAATGCGATAAGTAATGTGAATTGCAGAATTCAG

Fig. 4-6. Continued.
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ABI.SEQ
ALP.SEQ
AME . SEQ
COR.SEQ
ERI.SEQ
FO01.SEQ
F02.SEQ
4B1.SEQ
482.SEQ
486.SEQ
K8.SEQ
K9.SEQ
K1 .SEQ

Majorxt

ABI.SEQ
ALP.SEQ
AME.SEQ
COR.SEQ
ERI.SEQ
FOl.5EQ
FO2.SEQ
481.SEQ
482.SEQ
486.SEQ
K8.SEQ
K9.SEQ
K1 .SEQ

Majorit

ABI.SEQ
ALP.SEQ
AME. SEQ
COR.SEQ
ERI.SEQ
FO1.SEQ
FO02.5EQ
481.SEQ
482.5EQ
486.SEQ
K8.SEQ

K9.SEQ

Kl .SEQ



TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG Majorit
T T

T

310 320 330 340 350

1 t 1 L 1
296 TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG ABI.SEQ
294.TGAATCATCGAATCTTTGAACGCACCTTGFGCCCCTTGGTATTCCGAGGGALP.SEQ
297 TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG AME.SEQ
208 TGCAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG COR.SEQ
296 TGAATCATCGAATCTTTGAARCGCACCTTGCGCCCCTTGGTATTCCGAGGG ERI.SEQ
292 ..AA. .A..G.A. . TTTG.A.GC.CC.TG.GCCCCTTGG.A.T.CGA.GG FOL.SEQ
22 TGAATCATCGAATCTTTGAACGCACCTTGCGC .CCTTGGTATTCCGAGG . FO2.SEQ
29 TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG 481.SEQ
29 TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG G 482.SEQ
29¢ TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG 486.SEQ
29 TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG KB.SEQ
29 TGAATCATCGAATCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG K9.SEQ
29¢ TGAATCATCGARTCTTTGAACGCACCTTGCGCCCCTTGGTATTCCGAGGG K1 .SEQ
GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGTT-AT Majorit

T T T T T

360 370 380 390 400

1 1 ' L) 1 I
34 GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGTT AT ABI.SEQ
34 GCACGCCTGYTT.GAGTGTCGTGAAATTCTCAACTC .ATC.T.TTGTT.A. ALP.SEQ
37 GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGT . -AT AME.SEQ
33 GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGT. -AT COR.SEQ
3E GCACGCCTGTTYTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGT . -AT ERI.SEQ
342 6 .A.GCC.G.T.GA. . .T.G..AAA.T.TCAA.TC.A..CT.TTG.T.A. FOL.SEQ
333 GCA.GCCTGTT.GAGT .TC.TG.AATTCTCAAC. .. .. .CT~-TT.TT.AT FO02.SEQ
36 GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGTT - AT 481.SEQ
34 GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGTT-AT 482.SEQ
34 GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGTT- AT 486.SEQ
3E GCACGCCTGTTCGAGTGTCGTGARATTCTCAACTCAATCCTCTTGTT -AT KB.SEQ
36 GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGTT -AT KI.SEQ
Jde GCACGCCTGTTCGAGTGTCGTGAAATTCTCAACTCAATCCTCTTGT T -AT Kt .SEQ
SAGAGGGCTGGGCTTGGACTTGOGGAGGSTCTTGCCGGT-~-GCTCCCTCGGGAA Majorit

T T T T T

410 420 430 440 450

1 A s 1 s
395GAGXGGGCTGGGCTTGGACTTGGAGGTCTTG.CGGT.GCTCCCTCGGGAAABI.SEQ
394 .A . A . GG . TGGGCTTGGACTTGGAGG-CTTGCCGG . . ~=-=-~-C..C....RA ALP.SEQ
J9E GAGAGGGCTGGGEGCTTGGACTTGGOGAGGTCTTGCCGGEGT~GCTCCCTCGGGAA AME.LSEQ
38T GAGAGGGCTGGGCTTGGACTTGGAGGTCTTGCCGGT-GCTCCCTCGGGAAM COR.SEQ
395 GAGAGGGCTGGGEGCTTGGACTTGGOGAGGTCTTGCCGGT-~-GCTCCCTCGGGAA ERI.SEQ
32 .A.AGGG-TGG6G6G . TTGGA.TTGGA.GT.TTG.CGG. .G~-T.CCT.GGGARA FO1.5EQ
38l GA L - - = = -~ - GGCTTG6GACTTGGAGGTYTC . TGCCGG . . - - ~-€C.T---G.A F02.5EQ
395 GAGAGGGCTGGGCTTGEGACTTGGAGGTCTTGCCGGT~GCTCCCTCGGGAAMN 481.SEQ
I3 GAGAGGGCTGGGCTTGGACTTGGAGGTCTTGCCGGT-~-GCTCCCTCGGGAA 4B2.5EQ
195 GAGAGGGCTGGGCTTGGACTTGGAGGTCTTGCCGGT~-GCTCCCTCGGGAA 486.SEQ
195 GAGAGGGCTGGGEGCTTGGACTTGGAGSTCTTGCCGGT-~-GCTCCCTCGGGAR KB8.SEQ
395 GAGAGGGCTGGGCTTGGACTTGGAGGTCTTGCCGGT-GCTCCCTCGGGAR KI3.SEQ
195 GAGAGGGCTGGGCTTGGACTTGGAGGTCTTGCCGGT-GCTCCCTCGGGAR Kl .SEQ

Fig. 4-6. Continued.
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445
439
445
436
444
440
417
444
442
444
444
444
144

495
487
495
486
494
490
462
494
492
494
494
494
494

537
536
537
528
536
532
506
536
534
536
536
536
536

GTCGGCTCCTC’I‘TGAATGCATGAGTGGATCCCTTTTGTAGGGTTTGCCCJ{_Ha]orit
L T T Y
460 470 480 490 500
A 1 ) 1 ]
GTCGGCTCCTCTTGARAATGCATGAGTGGATCCCTTTTGTAGGGT TTGCCCT ABI.SEQ
+.TCGGCTCCTCTTGAATGCATGAGTGG. . .CCTTT-6TAGGGT .- .CC . T ALP.SEQ
GTCGEGGCTCCTCTYTGAATGCATGAGTGGATCCCTTTTGTAGGG T TTGCCCT AME.SEQ
GTCGGCTCCTCTTGAARATGCATGAGTGGATCCCTTTTGTAGGGT T TTGCCCT COR.SEQ
GTCGGCTCCTCTIGAATGCATGAGTGGATCCCTTTTGTAGGGTT TTGCCCT ERI.SEQ
-..66.T.CT.TTGAA.G.A.GA. .GGA .CC.TTTG.A.GG.TTG.CC . FO01.SEQ
GTCGGCTCCTCT. .AATGCAT.AGTG....C.TT. .~ .AG=---.,.6C-.T F02.5EQ
GTCGGCTCCTCTTGAATGCATGAGTGGATCCCTTTTGTAGGGT TTGCCCT 4B1.SEQ
GTCGGCTCCTCTTGAATGCATGAGTGOGGATCCCTTTTGTAGGGT TTGCCCT 4B2.SEQ
GTCGGCTCCTCTTGAATGCATGAGTGGATCCCTTTTGTAGGGT TTGCCCT 4B86.SEQ
GTCGGCTCCTCTYGAATGCATGAGTGGATCCCTTTTGTAGGGTT T TGCCCT KB.SEQ
GTCGGCTCCTCTTGAATGCATGAGTGGATCCCTTTTGTAGGGT TTGCC CCT K$.SEQ
GTCGGCTCCTCTTGAATGCATGAGTGGATCCCTTTTGTAGGGTTTGCCCT K1 .SEQ
TGGTGTGATAATTATCTACGCCGCGGGTA-GCCTTGCG~~=-TT~--G-GT Majorit
T Y T T
510 520 530 540 550
1 L 1 I L
TGGTGTGATAATTATCTACGCC . CG6GGTA-GCCTTGCG--~-TT+~-~--G-6GT ABI.SEQ
TGGTGTGATAATT.TCTACGCCG. .GGT..GCCTTGCG ., .TT...G=-GT ALP.SEQ
TGGTG’I:GATAATTATCTACGCCGC.GGTA-GCCTTGCG—--TT--—G—GT AME.SEQ
TGGTGTGATAATTATCTACGCCGC .66GTA-GCCTTGCG -~ -TT~--6-6T COR.SEQ
TGGTGTGATAATTATCTACGC .GCGGGTA~-GCCTTGCG~~-TT-+ --G=-G6GT ERI.SEQ
TGG. ...A. .A . TA..TA. .CC..G666.A-.CC.TG.G . ----~ - .G .- - FO0l.SEQ
++6G.GTGATAATTATCT.CG. .GC~=-~T..6-=-...6G.,..TT...G.GT F02.SEQ
TGGTGTGATAATTATCTACGCCGCGGGTA-GCCTTGCG--"~-TT-=~~-G-GT 481.5EQ
TGGTGTGATAATTATCTACGCCGCGGGTA-GCCTTGCG~=-~TT+~-~~-G=~GT 482.5EQ
TGGTGTGATRATTATCTACGCCGCGGGTA-GCCTTGCG ~=--TT~=--G~GT 4B€.SEQ
TGGTGTGATRATTATCTACGCCGCGGGTA~GCCTTGCG~=-~TT+~--6-6T K8.SEQ
TGGTGTGATAATTATCTAC .CCGCGGGTA-GCCTTGCG--~TTw~-=-6G=GT K9.SEQ
TGGTGTGATAATTATCTAC CCGCGGGTA-GCCTTGCG~-~-~-TT=~-~--6-GT Kl .SEQ
ST CTGCTTCTAACCGTCTTC----GGACAACTTTCATCTCAACT-TGACC Majorit
T T T T T
560 570 580 590 600
1 L L : L
~~"CTGCTTC.AACCGTC.TC--~-GGACAACTTTCATCTCAACT -TGACEC ABI.SEQ
+ - CTGCTTCTAACCGTCTT. .. ...GACAA.TT. .AT..-AACT-TGACC ALP.SEQ
“-~CTGCTTCTAACCGTCTTC~~~~-~GGACAACTTTCATCTCAACT-TGACC AME . SEQ
~~CTGCTTCTAACCGTC.TC=-=-=-=-~GGACAACTTTCATCTCAACT -TGACC COR.SEQ
~-CTGCTTCTAACCGTCTTC-~~-~=-~GGACAACTTTCATCTCAACT-TGACTC ERI.SEQ
~-+TG.TT.TAACCG.C.T..~-«~GGACAACTTTCATCTCAACT-TGACC FO1.SEQ
+++ . GCTTCTAACCGTCTTC--~-~GGACAA.TTTC~-~~--T.AACT.TGA.C F02.5EQ
--CTGCTTCTAACCGTCTTC-~---GGACAACTTTCATCTCAACT -TGACC 481.5EQ
-~ CTGCTTCTAACCGTCTTC-~-=~GGACAACTTTCATCTCAACT-TGACC 4B2.3EQ
-—CTGCT"TCTAACCGTCTTC----GGACAACTTTCATCTCAACT-TGACC 486 .SEQ
-~ CTGCTTCTAACCGTCTTC---~GGACAACTTTCATCTCAACT-TGACC XB.SEQ
-~ CTGCTTCTAACCGTCTTC--+-~-GGACAACTTTCATCTCAACT-TGACC X9.SEQ
“«"CTGCTTCTAACCGTCTTC-~~--~GGACAACTTTCATCTCAACT -TGACC Kl -5EQ

Fig. 4-6. Continued.
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580
584
580
$T1
579

576

549
579
571
579
579
579
579

TCGAATCAGGCGGGACTZXXXGXXXXXXXX Majorit

T T T

610 620 630

[} I3 A
TCG6GAATCAGGCGGGACT . . . .G ABI.SEQ
TC.AATCAGGCGGGACT . .. .G ALP.SEQ
TCGAATCAG AME.SEQ
TCG COR.SEQ
TCGAATCAGGCGGGACT . . .G ERI.SEQ
TCGAATCAGGCGGGACT . I ’ FO1.SEQ
TC.AATCAGG. .GGACT. . ..G F02.SEQ
TCGAATCAGGCGGGACT 481.SEQ
TCGAATCAGGCGG 4982.5EQ
TCGAATCAGGCGGGACT . - .6 .. 486.SEQ
TCGAATCAGGC K8.SEQ
TCGAATCAGGC K9.SEQ
TCGAATCAG.C.G.A- -~ - ~ ~ G . . K1 .SEQ

Fig. 4-6. Continued.
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|: H. americanum
H. coralloides

H. erinaceus

H. abietis
FO1
H. alpestre
FO2

I I T |

16 14 12 10 8 2 0

Fig. 4-7. The phylogenetic tree based on 5.85 rDNA and ITS}, ITS2 sequences of the
genus Hericium spp. by PC/Gene Sequences Analysis Program(Version 6.6,
IntelliGenetics, Inc.)9} DNASTAR software package(Madison, WI, USA).
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A5 & Isd=3 4
A1d AL

EFFYolH AL Aty gt ilé"ﬂ HEA stn gley obz dutslw
o YA geornz YAYE M1 Fan @A Arh AT BT FPAM B

HAe fArg AAANA BHFHERE 53] =94 Aujg X £

32
K

Txugg £5E nerve growth factor(NGF)7} %43 @%5101 AT

por)
L

YA o] NGFE F33t9 538 935 £ wslo] Agede 24
o8 FQA Hi U (Aronone et al., 1994 ; Kuwahara et al, 1990 ; Kimura
et al, 1991 ; Kuwahara et al, 1992). Yang et al(1989)% H. erinaceum® <3
7b AA e AAAAE A7 A%, AolAgAE HAFE D 9k rélE
orel Aol FoAolTa Bustgch Ahn(1992) FT4b oFg BIAS &AL
SN H. erinaceumo] 3¢ 2 WA715E& FAANY YA BN AAY
TAANG, ABHF, AER, AAE Y, BAFHND, 9, ARG TF S
LR e | | |
Mizuno et al(1992) AEAu}, A9, BAANE H erinaceumd) 45 A7
ANEFRoD o5 AAANN YEPA K e RS wnsAd, Eo
Mizuno(1995)= =Fg o7k adas R AZSA4Fo2 &40 glom o
sFRo BT ‘nn_?_ Aol w2 wiRelB L 7&e9drtt. Kawagishi et al(1996)
FEQol0 AATHEAE FEse] FEE WSO T BAL nerve
growth factor(NGF)E 5 ’1‘1/4 ZH A3} Al ]E:ﬂ]i%’ﬂ = °]%7P%"é*§: B

sl EgE ’%‘3] 4242 hercenones; erinacines, polypeptxdes fatty acids,
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polysaccharides, lectins, phenols, hericerins%<& ##33 d2™ phenolicst

fatty acids”’} HelLa cellso] cytotoxicity® XUz Y& HueH
(Kuwahara et al, 1992) M3} FFolo] FnAEA EFE& B39 Anke,
1977 ; Kuwahara et al., 1992).

etd # dAFe =R TN AYUBPEL S FAAG ALAZTEH 2

e

do) APHEAY £ €L 2L & YT NFRAL Sohly 25 A4
? sterd AL Lotun ek

9 BAe AFAuo) AHEFHE EFEZME cellulose, hemicellulose, ligning
T A5, F, H1E, BRF T F - 9 FAEC] o] &Y olg Z2 A=

o] &3t FFo], i, =B, FA T B2 FFE BN FrteA A=

i

M

kl
3
S

2 A 2 FAuR AN AEgE AX oz BAE FHlEd
A ERE ARAEDE sl olgS F4dte A& w2 1T dFH
23 o8 £79 protease, lipase, cellulase, hemicellulase, cellulase,  laccase,

lignin peroxidase, manganese peroxidases< #¥]3l= Aoz 4#HA Yo

(Arora and Gill 2000; Ball and Jackson 1995; Sethuraman et al., 1998). ulz}A

2

olEo] #nste Ao Aoy EAE d7ee A2 A Asey SR
o] ot} FPHLR FHE&F FAE ded We FLIIT FrAAE WAE
Ak e FEE dFE AR ARREAY #7IAEST gl wEbAd o
o} 2 FYE o83t {88 E4E FETFS AAd AP op A
Eae B AdelAM wlg FREE Aol Galactosidases
nitrophenyl-D-galactoside, melibiose, raffinose, stachyose %3 2&

oligosaccharide % galactomannan® & w82} 423150 &%l galactose
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jat

7} 23 3k th(Bahl and Agrawal 1969). Galactosidase™ galctose’} a-, <&
B-BEiz Ags o] gl Add ulg}l o -galactosidase, &2 f -galactosidase®

F3ly o5& beet sugar & milk 7FEFIAFo] ALY (Benno et al, 1987;

i

Kotwal et al., 1998; Somiari and Balog 1995; Xiao et al, 2000).

web] B AgE HAL Auste BRoaRy 443 328 gAY 3
H. erinaceums AWistdd FiuiAlolA Fd3 ez 8% o -galactosidase
g &A%, s B4 AR HALe &L SRAA ol
gulzt E WaHold Arw,

A2 A Ag 9L Py

1. A4 &4

7hodE R o

Ay FFE H. erinaceum KU-1& ol-&3tAth w%¥& Ko mediume ©]-83f
gy, AR ZAL glucose 18.02g, arginine 2.613g, ammonium acetate
2.313g, CaCl; 0.33g, KHPOs 85g, MgSOs - TH:0 2.0g, FeSO, - 7TH20 0.02g,
ZnS0s » TH:O 0.02g, MnSO4 - TH:0 0.02g, agar 18.0g¥ Z#F<+ 1818 pHE
45-50013 28TNA wWigstich FuidE €4 AAE 8] 198 AF s
Zo] HL medium(Kim et al, 2000)& ol&3vh. g 24L& glucose
50.0g, veast extract 10.0g, peptone 10.0g, MnSQq4 -+ TH2O 0.05g, FeSOs - TH20
0.02g, ZnSO4 - 7TH20 0.004g, CaCl: 0.3g, NaNQz 0.87g MnCl; - 4H:0 0.007g,

CuS0Qs+ 5H:O 0.001ge HUth 1%9 ©49€ glucose, mannitol, starch,
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glycerol, mannose, fructose®} 02%< 249 peptone, ammonium acetate,
NaNO; KNO; NH4HsPQ4 arginineo. 2 thx]3le} ujkstgct A A A2HS ¢
gko} Fhso] w7 30%S 800ml &Fe] Wil Hol 1.27]19F 121TA 14
AT F AFLE AEs] TAGe] SEHJS W 16£1T wiFAAN

5 0% R 3o JAAE PASAT.

v AAA B FEALY &

A4 A 300g& 5-6419 MeOHE ¥ w435l 80% MeOHE 2814 244]

P

A2 vacuum evaporator® o] &34 AZAZ F g

e

5

2

F&39d. F
A¥E Y8 BaAsAT, FAAE GFe LDl wgd v¥ AL o 43}
I FAAE ethyl acetate2 ¥ W ARt o339¥L 0.12M phosphate

uy
=

ol¥

buffer2 pH 3, 5, 7, 98 ZA3 2, ethyl acetated] ¥z AL 40T

ANAY 5 2 3L Fig. 5-19 oz sttt

t}. antimicrobial activities bioassay

FZ& o] thg antimicrobial activities® ¥olR 7] $13}4 serial dilution assay
9} plate diffusion assay(Heubrger et al., 1940)3 A A3ttt LBei A (NaCl 10g,
tryptone 10g, yeast extract bg, agar 16g, THF 18)§)E o]-&3to] 3F27/9 4]
¥  Escherichia coli ATCC 8378, Bacillus subtilis NIHJPIC 219P,
Staphylococcus aureus ATCC 65382 WA ol =&3519 29 paper diskel] 10-12
pg/mle] FE AL B wjA o] &AM 37C F27oA 24X Wi} F AR

29 AEE ZA3le antimicrobial activities® =AM E3  antifungal
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Culture

Mycelial filtrate

r
Mycelia Filtrate
Extraction in 80% MeOH Dilute with 0.12M phosphate buffer
Overnight at 4C and adjust to pH 3.0
Centrigugation Partition against ethy! acetate(x2)
Supernatant & evaporation
Redilution
Bioassay [
EtOAc (pH3 Fr.) Aquous
Evaporation Adjust to pH 5
Bioassay Partition against
EtOAc (x2)

Evaporation

EtOAc (pHS5 Fr) A luous
Bioassay j

r | I
EtOAc (pH7 Fr.) Aquous
Evaporation Adjust to pH 9
Partition against EtOAc(x2)

Bioassay — s
EtOAc (pH9 Fr.) Aquous
Evaporation

Bioassay Bioassay

Fig. 5-1. Schematic extractioh of antimicrobial substances f{rom

liquid culture.’
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activitiesg& 2AV8}7] H8AM Microsporum gypseum, Aspergillus niger ATCC
10404, Candida albicans ATCC 102319] EA@2X10'CFU/mD)E =238td disk
plate assay®] WHoz &AsYOow TLC plate Yol =&9L 238 ANT
PDAMIAE Exsgon, 247 330 Ex9 A BAstd MFFE clean

zoned] WY E =459 antifungal activities® ZA}stAth.

2}, Spectrophotometric Analysis 2 pH3 fraction 43 3383 £4

Wl ged < 1,250ml# 750g AP A, 500g TAHAE BFAZRF w239 en 98%
MeOH 10mlZ2 =%t} pH3 fraction®] RfE 0.5-0.99F 0.1-0.29] activity bands&
o834«  MIC(Minimum  Inhibitory  Concentration)®  MBC(Minimum

Bacteriocidal Concentration)® &4 & o},

vl pH3 8¢ €4 F&

silicagel 60(Merck 300g ; cyclohexane/EtOAc 7:3)& ©]&3lo] flash
chromatography 2 *2}3 pH3 #F& A3 MPLC(Labomatic MPLC |,
column 250X 25mm, silica gel 60 ; Merck, 25-40um, cyclohexane/EtOAc 82,
flow rat 10ml/min, 7-10bar)2 AAsAck. RE 997 05-0.9(1.45g;
tr=39-43min) ¢} 0.1-0.2(219; tr=8-10min)o| A &3} .
HPLC(Shiseido HPLC system, 20lnm detection, column 250X 25mm, flow rate
5ml/min, 40-60bar)E& ©]&349 Rf 05-092 Pl(tr=42-43min) 329mg,
P2(tr=57-63min) 512mg, P3(tr=72-89min) 32mg, Rf 0.1-0.2¢ FI1(t=10min)

12mg, F2(tr=13-19min) 62mg, F3(t=24min) 37mg, F4(tr=27-30min) 14mg<&
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et

vk, FREY

T2 spectroscopy® ZA3N 3 Mass spectrar Jeol $X102, NMR spectra,
Bruker ARX-500, IR spectra® ©]€3}%13%, optimal rotation Perkin Elmer
1541 polarimeterg °©] &3l o =32 Kofler apparatus, IR¥ UV spectrat
Perkin Elmer 1773 Jasco Uvide 510 spectrophotometer® ©]-§3}%13i, NMR
spectrat Bruker AC 250L spectrometer& 250.1MHz 'H¥} 629MHz "CE ol 4
34951 flash column chromatography+ Merk silicagel(0.04-0.06mm), TLC:

Merk HF2544} RP-18 Foss silicageld o] €313t

2. 5% B4

ol

7t

Nk
He

2]

X
oy

H. erinaceum KU-19 71&3% AQA 77g& vhaflgte] 8AIZEE QT 230
A Z&38ke] 400mle] hot waterel ¥ th& 5% A1zl F 4] 96% ol &-EolA
4'CE over night ¥ 20C 8000rpmo.2 YA FE o FHAAXE A 4T 74
b F48 4t} protein-bound TrFHE F7]e Tte] e A2 ANIHF 1.2g&

A}, Fig 5-291 =45}

v, A 2 74
1) DEAE Sephadex A-25 column Chromatography
DEAE Sephadex A-25 resin< 0.01M borate buffer(pH8.7) 95ml/hr, fraction

€ 625nmE 243 POmge dU2, 0.01M-15M gradient borate buffer®. =
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Dried fruiting bodies (77g)

Extraction with distilled water (90~ 100C) for 8 hrs.
Filtration

Filtrate Residue
Concentration under reduced pressure. (Continuded Ex. twice)
Addition of 4x ethanol.

Standing at 4'C overnight.

Centrifugation at 8,000 rpm.

Precipitation Supernatant
Dissolved in distilled water.
Dialysis with Visking tube (4 C) for 7days

Filtration

Supernatant Precipitate
Concentration.
Freeze-dried at -65C.

Protein-bound polysaccharide (dark brownish powder).

Fig. 5-2. Preparation of the protein-bound polysaccharide from the fruiting bodies.
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8llmgs &4 715 & A UtH(Fig. 5-3).

2) Sephadex G-200 Gel Filtration Chromatography

Sephadex G-2002 0.01M sodium phosphate buffer® A2 % 0.3M NaCl&
£#¢ ¥ column 28%7cme] 239}t flow rate 26ml/hrol 3L, 625nmoll A
=439}t Fr. A; 488g, Fr. B; %mg, Fr. .C; 811mg, Fr. D; 488mg% a4

o Fig 5-39] A& =45

3) Fraction D] 533 £4
H. erianceum KU-1 Fraction D2] 3}3ta] #2-& $8] Molish test, lodine

test, Anthrone test, Ninhydrin test, Lowry Folin test, Biuret testZ 3} 5t}

4) Fraction D9| 3# assay

| Total Polysaccharide contentst glucose® EFZ 2 E o]83l9 Anthrone
method 2.2 AP 3&Qrt.  Monosaccharide analysis® 2mg FE2E5% 2%
anhydrous HCL-methanol 2mildl] 350w Atgg W8 7198) N; gas® &3
1T, Methanolysist 80+5CAIA 2047+ A2 ST J7HEL N NaOHE
38 A7 -65TCNA 42412 S&&Scl 1ml pyridine% Folil tﬁrﬁethylsilylatibn
< 93 0.2ml hexamethyln disi]azaneiﬂf~ tn'methyl chlorosilanes Yol £E3lt}.
gas liquid chromatography(Pye Unicam GLC)Z Table 5-12] &x@ o2 43}

th Fig. 5-414% 937 249 dadye =43q

5) Fraction D9] protein assay
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Culture broth (15£)
J Filtration

Mylcelia F illtrate
Washing with d.w.
Extraction with hot water (85 ~90°C, Shr, 3times)
Filtration
o 1
Residue Filtrate
‘Concentration
.Addition of 3 vol. of ethanol
l Standing over;light at4<C
Precipitate - ' Supernatant
Dialysis at 4C, 7 days
Freeze drying

Crude fraction (Fr.A 4.88g)
Ion exchange chromatography on DEAE Sephadex A-25
Elution with 0.01 M borate buffer (pH 8.7)

Unsdsorbent Adsorbent . ,

Fraction (Fr.B 95mg) Stepwise gradient elution with 0.01 ~1.5 M
borate buffer (pH 8.7)

Concentration

Dialysis

Freeze drying

Adsorbent fraction (Fr.C 811mg)

Gel filtration on Sephadex G-200

Elution with 0.01 M sodium phosphate

buffer in 0.3 M NaCl

Concentration

Dialysis

Freeze drying

Gel filtrate (Fr.D 488mg)

Mg, 5-3 Extraction - i : : ; i
Fig. 5-3. Extraction and separation of polysaccharide fractions from the cultured mycelia.
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Table 5-1. Measurement condition of G.L.C.(Pye Unicam).

AN amino acid : 9mmgxS50mm

1
Columns B amino acid : 9 gx100mM

AN : Hitachi Custom Ion Exchange
Resin No. 2613

B: Hitachi Custom lon Exchange
Resin No. 2611

Ion Exchange Resin

Buffer : 60m¢/hr
Buffer Flow Rat
uiter How Rate Ninhydrin Reagent : 30m¢/hr
Column Temp. 55T
Reaction Bath Temp. 100TC
Photometer Measuring wavelength : 440 and 570nm
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Assay matenal (2.0 mg)

Mixing with 2 m¢ of 3% HCI-MeOH
Substituting air in the ampule with N, and sealing
Methanolysis at 80+5°C for 20 hrs

Filtration

Methanolysate

Evaporation in reduced pressure
Dissolving in 1 mé of pyridine
Trimethylsilylation with 0.2 m¢ of TMCS and 0.2 m{ of HMDS

TMS-monosaccharides

G.L.C. analysis

Fig. 5-4. Procedure of monosaccharide analysis.
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Fraction D] ©@¥d-& dolr 7] ¢35 Lowry~Folin method2 albumin& EF
gl de & 750nmollA  golr gkt ofrmAl BAE& 93] Fraction D&
6N-HCI 50mlel %Itk HydrolysistE 110+5TolA 20Xt st AzAZ ¥
0.IN HCI# 0.2M sodium citrate buffer(pH2.2)¢] 10mldl] =< Table 5-2 %A
o] A Hitachi amino acids autoanalyzer Model KLA-89% ¥413l413 Fig. 5-59

JPo g AUt

6) SDS-PAGE #7149 %

M719EL  10% polyacrylamide slab gel(pH 7.0-95)c1A P33
coomassie brilliant blueZ @¥3 bandg& #H<A3HT. molecular weight
marker2 phosphprylase 1h(94,000), alumin(G?,OOd), ovalbumin(43,000); carbonic

anhydrase(30,000), trypsin inhibitor(20,100), @ -lactalbumin(14,400)& o]-&3}4th.

7) IR NMR £4
IR ®XL potassium bromide pellet®4 JASCO grating infrared
spectrophotometer A 102% 7] &80 a, NMR& JEOL GSX-400 spectrometer®

&£A8 Yl Al8E 0.3M NaOD9| 05mlol ¥ ¢lth.

b, #F9F test
AYEEL 20-25g29 ICR strain(male) miced 3313t F A0 A Bokurgt
th B9 A E sarcoma 180 cellsg HEo] FHslon $AE A sEE

1%10%cell/ml® ZA3F Q). fraction A% DE 10ml salined] =9 Fig. 5-69 7
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Table 5-2. Measurement condition of amino acid analyzer.

1.5% OV-1 (80~100 mesh
shimalite)

4mm ID x1.5m boronsilicate

Glass column ‘

Column

Columm : 160°C
Temperature Detector : 190C
: Injector : 190C

N, : 50m€/min.
Flow rate H, : 60m¢/min. (0.8kg/cm’)
Air : 88m¢/min. (1.2kg/crf)
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Assay material (2.0 mg)

Mixing with 6N HCl

Substituting air in the ampule with N, and sealing
Hydrolysis at 110 £ 5°C for 24hrs.

Filtration

Hydrolysate
Evaporation in reduced pressure

Dissolving in 0.1 N HC]
Dilution with 0.2 M sodium citrate buffer (pH 2.2)

Amino acid analysate

Fig. 5-5. Procedure of amino acid analysis.
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ICR strain mice with sarcoma 180 cells (ascite forms)
Sacrificing with CHCI; vapor

Collecting the ascites fluid with ice cold saline
Centrifugation at 400 x g for S min.

Cytocentrifuge

Washing with ice cold saline (3times)

Implantation of 1x10 cells/0.1m¢ of sarcoma 180 into
the right groin of mice.

ICR mice inoculated with sarcoma 180 cells
After three days, sample administration
(i.p. once daily for 10 consecutive days)

|

Control group  Test group Test group Test group  Test group
Physiological 10mg/kg/day  20mg/kg/day  SOmg/kg/day 100mg/kg/day

saline 10 days 10 days 10 days 10 days
10 days (ip.) (i.p.) (ip) (ip)
ip) ,

| ]

Sacrificing 28 days after tumor implantation

Excising the tumors

Weighing solid tumors

Fig. 5-6. Procedure of antitumor test of each fractions on mice bearing sarcoma 180.
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o] X3RN L™ tumor inhibition ratio(%)=Cw-Tw/Cw X 100(Tw:x g7 FYF

A BE, Cw: dET FE5A gF)e2 2383
3. a -galactosidase 54

RS ARF U] HEEQ FF 5P| WM (Hericium erinaceun
KU-8)& Malt extract agar(MEA) W& AHg-3te] wjgstgirt. MEA® 2] =
He ZF4 10 litr % malt ektract 26‘.0’" g,’ﬁeptoﬁe'l.o\ g, glu'cose 200 g,
yeast extract 10 g& o BEAY Z AE8 FFE MEAC 1093 wjekst
3, 250 ml A7 flaskel U Bud wFE 80 ¢ 20 (VVSR EFE F
0% S8 Wil 1P AU olol MEAM wFE FAAE HE
#3 ol& thAl 1293 wgste] HERoE ALEgT.

LO0OmI MFEol AUE BT BAE 800 0 (WAOE TS T 0% -
2o dzbste 1t AFsigch A7E Aol HEFLL HES BT NP
AN TAIE BHAZ F 1641C WolNolH NAAE SEs SR

Wl wob gl FAASH WENE ol §ste Ao ALESAT

SR P

WMAE AT EPAAE homogenizers AHEFo] 15000 rpmo.E 1057 29
Tﬁ]?‘}ﬁ‘:} ﬂ‘éﬂd 5“?} 50 gramx_ 04"—1%7T4 100 ml -;-%"—‘M] 01 7J7\15]
AojFHA 1 "]Zl %C’P .,.;zs]-?\i\:} ol g A HY 7}?‘1]8 *}%3}"4 %‘ﬂg H]

3 £ AES AE F oS 12000 g2 26587 AR A5
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FA8A A ALY AR FEY9 2L ULy ZY. FHFS
(Distilled - water), 1% g4 (1.0% NaCl), 0.1 M phosphate buffer pH 7.4, 0.1
M phosphate buffer containing 10% glycerol, 0.5% Triton X-100, 0.1 M |

phosphate buffer pH 7.4 containing 0.25% Triton X-100% o] &3} th.

1= )

FHWAE 209 FHFE Hol FE2E F FEEL IS 1IFEH
F4 FEA0e 2PN &2 FE 90 38 cold acetoned ¥ 4TA 6.
AZE Ft AAAA SAS AT AT @A 12000 g 2 25 £3H
AR A5HLE HY L AHREL IFFe & HA &% 01 M
phosphate buffer pH 7.4°] Zch %1 d¥ AL Fo]2 n#dX DESG2ZL &
AE coulmn (18 X 5 cm)® R F ol loading3t: 0.1 M phosphate buffer,
pH 742 &Z&A A} Resindl 38 @¥9d2 00 - 06 M NaCle] &2

phosphate buffer® elution A|7]3. fraction collector® AF8-3t 2.6 ml ¥kt

Z} fractione £ AT diF FFS &A3YT)

93l 5 mM para-nitrophenyl (PNP)- a -D- galact051de7} ‘%

ol
B
et
o
e
o
tio

7) 50 mM acetate buffer (pH 6.0) 0.5 mlE& FH] 3}9&‘3} A e E*‘?Ji 20
ME urgdo] Wol AFEPIL 37CoA 208 HEAReH °F 04 M

Glycine-NaOH buffer 2 miE& 29} 53] AlZ . 2@ p-nitorphenold] - &S

f‘_,

spectrophotometer® ©]€3k] 410 nmolA FJEE ZHAsA. FA7IAQ
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melibiose® AM£3l9 3, ¥H89HE 50 mM acetate buffer pH 6.0 o]Rew &4
2A4e oFHI}t teEEH AHE gluicosed] FFE FIAUT AABAHY 1
unitsE A ZAe %o 2sle 1 B XA & AEE FAHstA A

At

n, &%, pH, ¥ solvent®] <33

A9 Ao "X pHe AHEE 50 mM acetate buffer (pH 35-6.0),
phosphate buffer (pH 6.0-75), glycine-NaOH buffer (pH 9-100& AH8-3tAth
Solvent7} &4 A vX= FFL 50 mM acetate bufferE A3
methanol, ethanol, acetone, @ isopropanol2 ©]-&3}%]t}.

AN HAE &5 9L 50 mM acetate buffer® AME3le Z7] &%

oM 20 3 BHEAA Y& FA&A

v, g F A
ANz F8® £ 9l gL Bovine serum albuming EE A 22 A3

o] Bradford %% (1976)-& o] &3l &AHsA,

A 34 43 9@ n&F

1 gA34 &4
Zh el A3

AE 129 & A297 929049 FAA A} antimicrobial activity® ¢l
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Bttt 2 A3 gA YoM 1% glucosest fructosedl A <53 A7}E BRoF9)
tH(Table 5-3). FE3F HFAYo]A 0.2% ammonium acetate®} NaNOzo A 43t
TFAMEZE} antimicrobial activity® R 5 AHTable 5-4). 2342 ¥4 &%
At FA2YL 7% 14% 2 Y& o] &43lq AP AT antimicrobial activity
o] Wslol= g gision v2d 1%9 A2 Y 02%9 7 At 24 U

Ehytet,

1}, antimicrobial activities bioassay

ARl AN IR pH fractione ATH FFole AZE JASFAR. 53]
pH3 fraction Staphylococcus aureus ATCCOA &I/ 43 $4391
(Table 5-5, Fig. 5-7, 5-9), Ko ®lA <X F&¥8 TLC Rf 08994 = #FHA
ot AA X e AN &€ pH3 fraction TLCAA Aol gk HAE & 5
ArHFig 5-8). Rf 0563 091 ALANAH Y& FZFEE antimicrobial
substances& %23t MICS MBC test9l A} phenol-like compounds(P1, P3)
= Rf 05-09% 20-43cm2 AEE .3&%}3}9&5'_, fatty acid-like compounds(F1,
F4)= Rf 01-022 1.2-1.8cme] A&& #&A A HFig. 5-10, 5-11, 5-12). 3
371A FFolx FYH Ao R AP A=Yl Microsporum gypseumt:
1.33cm  Aspergillus niger ATCC 10404 09cm, Candida albicans ATCC
102315 143cmd] AAYE& AT pH3 fraction Staphylococcus aureus
ATCC 65389] A4 _‘§I.34:l"\: 1:1-1:5009] 34 A 1.3-43cme AAE YE
Wrk(Fig. 5-10). Escherichia coli ATCC 8378%} Bacillus subtilis NIHJPIC 219P

AN E¥L AIE RAFAY. Z42Z 12-32cmet 1-28cme AAE RAFYY
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Table 5-3. Effects of carbon sources on mycelial growth and antimicrobial activity.

carbon sources (1.0%)
media

glucose mannitol starch glycerol mannose fructose

Ko® 185 . 120 1.7 103 12.5 20.6

mycelial

with

growth (&) h 353 269 257 237 281 388
. .. Ko 28 18 17 15 1.9 33
antimicrobial

i

activity (cm) -y 5 2.9 25 19 24 47

a: Ko medium (one plate), HL. : HL medium (one flask).
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Table 5-4. Effects of nitrogen sources on mycelial growth and antimicrobial activity.

Nitrogen sourcés (0.2%)

media -
‘ ammonium ..
peptone acetate NaNO; KNO; NHH,PO, arginine

. Ko? 9.8 153 11.9 10.4 10.0 11.1
mycelial
growth (g)

HIL 19.7 284 373 26.7 19.8 22.8

. ) Ko 1.7 42 38 2.4 1.6 2.5
antimicrobial
activity (cm)

HL 1.5 35 4.5 2.1 1.8 1.5

a: Ko medium (one plate), HL : HL medium (one flask).
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Table 5-5. Antimicrobial activity of pH3 in different dilution.

‘ dilution rate
strains

1. 1710 1/50 1/100 1/500 Control®

S. aureus ATCC 6538 43* 24 19 1.5 1.3 0.7

B. subtilis NIHJ PIC

bacteria "519P 32 21 1.5 1.2 1.2 0.7

E coli ATCC 8378 2.8 1.5 1.2 0.9 1.1 0.7

A. niger ATCC 10404 143 09 0.8 0.8 0.7 0.7

fungi M. gypseum 133 08 0.7 0.7 0.7 0.7
C. albicans ATCC

10231 09 0.8 0.7 0.7 0.7 0.7

a : Distilled water
b : Antimicrobial activity : Diameter (cm) of inhibition zone.

- 125 -



~-pH3 Fr.
. B. subtilis

S.aureus Control

Fig. 5-7. Antimicrobial activity of plI3 frection from KU-1 against B subtilis NIHJPIC2I91XA)
S aureus ANTCC 6638(13).  Left: pH3 fr, Right: Blank(Control).
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Fig. 5-8. The anumtcmblal -active bands of pIB."‘ﬁ;écﬁon from niyciium‘of Ko medium,
fruiting body vof‘ SR medium, and liquid culture of HL medium.
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45 } —— S.aureus ATCC6538

4 —&— B subtilis NIHJ PIC 219P
= —&— E.coli ATCC 8378
Eas} —6— A.niger ATCC 10404
oy 3 —O— C.albicans ATCC 10231
N -
2 —A—-M.g)zpsgum
= 25 F
2
[=]
8 1r
E
T 15 F
~

1 b

0s
0 1 1 1 3
o
‘°*$(, 4063‘ 40&) %
Fractions

Fig. 5-9. Effects of pH on antifungal and antibacterial activities.

- 128 -



5 ¢ —e—P]
—e—Pp2
—4—P3

z ——¥1

s ——F2

E —5—F3

g —&—F4

2

S

z

Time (hrs)

Fig. 5-10. Effects of antimicrobial compounds on th grth of & aureus ATCC 6538.
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——P1
——P2
—&—P3
——Fl1
—o—F2
—&—F3
—8—-F4

Antimicrobial activity (cm)

0 4 8 12 16 20 24 28 32 36 40 44 48
Time (hrs)

Fig. 5-11. Effects of antimicrobial compounds on th growth of A. niger ATCC 10404.
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MeO OMe
Cl |

1. R = CH; (p-anisaldehyde)
2. R = CH,OH (4-chloro-3,5-dimethoxybenzyl alcohol)
3. R = CHO (4-chloro-3,5-dimethoxylbenzaldehyde)

R, 9

/\/\/—:_\/10\/93\/\/\/\ C OORz |
R, or enantiormer
R, R,

1 -H -H (9, 10-dihydroxy-8-oxo-12-octadecenoic acid)
2. -OAc -H (linoleic acid) ‘
3. -H -CH, (S-coridlic acid)
4. C(CHy, -H (Elaidic acid)

Fig. 5-12. Structures of antimicrobial compounds. Top: 1=Pl, 2=P2, 3=P3.
Below: 1=F1, 2=F2, 3=F3, 4=F4.
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(Fig. 5-7).

Staphylococcus aureus ATCC 65382 P30l w9 Z&EH3 HAE e
(Table 5-6). pH3 fraction 353nmolA FJEE HoFon FA9 84
B0}, #7189 silica gel column chromatographyel <9)s) A A ko)
10-15mg/litere] 31 TLCE ANHNE o 6-89 th& EA 9 bandE HAF
tH(Table 5-7). $538 antimicrobial activity® P1, P2, P3= Rf7} 0.5-0.9¢ A4
band patterns XA F 2, Staphylococcus aureus ATCC 6538"1] & pH3
fraction® P3 compound®] MIC¥ Z+Z 53-6.0pg/mé, 1.7-2.0ug/mé°] L TH(Table

5-6).

t}, pHS3 fractione] &

pH3 fraction(24g)< MPLColA  Rfgtel 05-09(1.45g ; tr=39-43min)%}
0.1-0.2(219mg ; tr=8-10min)e] %13, HPLCS] Rf#F-E 05-0.92 LiChroPrep Diol
o o3  Pl1€  329mg(tr=42-43min), P2¥  512mg(tr=57-63min), P3&
32mg(tr=72-89Imin)°] 131, HPLC LiChroGel PS19l| 2}8f Rf7} 0.1-0.2914 F1&
12mg(t=10min), F2% 62mg(tr=13-19min), F3& 37mg(tr=72-89min), F4&

14mg(tr=27-30min)-& LA H(Fig 5-12, Table 5-6).

2}, pH3 fraction®] T84
Mass, NMRo| 9]& EI-MS m/z(M)o.& P1& Ex}gFo] 186.0460010.2.9 'H
¢} BC NMR(CDCl)& §2.35(3H, s, Me-1), 3.88(6H, s, Ome), 6.42(2H, s, 2, 6),

8 21.9(Me-1), 56.2(0Ome), 105.6(2.6), 107.5(4), 137.4(1), 155.7(35)2 ‘}telxkom
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Table 5-6. Antimicrobial activity of pH3 fraction and compound P3 measured by

minimum inhibitory concentration.

i MIC (ug/mf)
Strains
pH3 fraction P3 compound
S. aureus
ATCC 6538 53~6.0 1.7~2.0
. B. subtilis NIHJ
>
Bacteria PIC 219P =10.0 =3.5
E. coli ATCC
8378 7.0~9.6 220
A. niger _ _
ATCC 10404 23.0~245 50~172
Fungi M gypseum 54.3~63.0 210.0
C. albicans
ATCC 10231 195.0~202.0 =6.0
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Table 5-7. Physio-chemical properties of powder of pH3 fraction.

pH3 fraction Physio-chemical properties
Crystal appearance White powder
Solubility Insoluble MeOH, EtOAC, Hexane, BuOH
Soluble H,0, Acetone
Color reaction Negative Iodine, Ninhydrin
Positive Dragendroff’s reagent
TLC (Silicagel 60F254) Rf0.1~0.2, Rf0.5~0.9
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IR(1464, 1595 cm™)olAeh. )AL olde] #Aol HolRo Aoy Fojx
AL ool HxUch(Fig 5-13). P2 Bx4e] CoHuOsClim/z 202.0398) 0.2
P13} $ArflEd 'HS “C NMR(CDCL)E 8398(6H, s, Ome), 4.66(2H, s,
CHe-1), 660(2H, s, 2, 6)% &562(0me), 65(CHz-1), 102.9(26), 109.5(4),
1405(1), 156.0(35); IR Vmax cm™ ; 1463, 1505, 325722 AWE E3ts] 2 o
4-chloro-3,5~dimethoxybenzyl alcohol®l v+ (Fig 5-14). P3  compound®
CoHoOsCl(m/z  200.0217) 2.2 'HS ®C NMR(CDCL)E  83.98(6H, s, Ome),
7.12(2H, s, 2,6),' 993(1H, s, CHO)® “C NMR(CDCl)HIA 6 56.6(0me),
105.2(2,6), 117.8(4), 135.2(1), 156.7(35), 190.9(CHO); 4-chloro-3,5-dimethoxy-
benzaldehydeo] it} (Fig 5-15).

F1& MH' m/z 329, M+Na"i351, M+K':3672.2 ®Al4 0] CigHnOs2 3282244
olfitk. *C NMR(CDCI)l Al 821052, 177.66, 134.22, 123.95, 77.91, 71.57, 37.68,
3354, 32.98, 3149, 20.24, 2865X2, 27.33, 2438, 23.09, 22555, 14.042 Yebuta
IR 270¢] carbonyl”](1700, 1680cm )s} 170¢] hydroxyl(3400cm )elglem 'H
NMR(CDCly)& Table 5-8, Fig 5~160]A B33 gtk F29} F3, F4E Table

5-8, Fig 5-17 5-18, 5-19°] el il

2. 3¢ 84

A i R S B

Az ALA TgoAM 35g9 FEEE Ao 395%e $=&o)At. 158 E 9
AAMYE F 48ge] & A B Fr AE gt DEAE Sephadex A-25

column®. 2 A o] buffer® 95mg Fr B9 10]& buffer® 8lmg Fr C& A4
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Fig. 5-13. 'H*Nuclear magnetic resonance spectrum and chemical structure of Pl compound.
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Fig. 5-14. 'H-Nuclear magnetic resonance spectrum and chemical structure of P2 compound.
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Fig. 5-15. '"H-Nuclear magnetic resonance spectrum and chemical structure of P3 compound.
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Table 5-8. 'H NMR assignments for compounds F1 - F4.
ppm (multiplicity, J in Hz)
F1 (CDCly) F2 (CDCl;) F3 (CDCly) F4 (CD;0D)
H-2 2.35 (1) 2,340 2.30 (1) 2.27()
(7.32) (7.33) (7.33) (7.33)
7 2.48 (ddd) 2.45 (m) 2.48 (ddd) 2.65 (dv)
(17.22, 8.70, 6.60) : (17.12, 8.06, 6.60) (2.20, 7.33)
2.61 (ddd) 2.59 (ddd) o
(17.22, 8.06, 6.60) (17.12, 8.32, 6.60)
9 4.09(d) 5.12(d) 4.09 (d) 4.04 (d)
(1.46) (2.56) (2.57) (8.06)
10 3.99 (dv) 5.35(dt) 3.98 (dt) 4.00 (ddd)
(1.46, 6.96) (2.56, 7.33) (2.57, 7.33) (8.06, 7.33, 6.23)
H 2.44 (ddd) 2.42 (dd) 2.45 (ddd) 2.38 (ddd)
(7.33, 6.96, 1.46) (7.33, 7.32) (7.33, 6.96, 1.46) (14.66, 7.33, 6.96)
' ‘ 2.48 (m)
12 5.43 (dtt) 5.27 (dtt) 5.42 (dut) 5.44 (m)
(10.63,7.33,1.46) (10.63,7.32,1.46)  (10.99, 7.33, 1.46)
13 5.60(dt) 5.56 (dtt) 5.59 (dtt) 5.53 (m)
(10.63,7.33, 1.46)  (10.63,7.32,1.46) (10.99, 7.33, 1.46)
14 2.08 (ddv) 2.02 (ddt) 2.08 (ddt) 2.06 (dv)
(7.33, 1.46, 6.60) (7.32, 1.46, 6.96) (7.33, 1.46, 6.60) (7.33, 6.96)
18 0.89(1) 0.89 (1) 0.89 (t) 0.90 (1)
(6.96) (6.96) {6.78) (6.96)
3,6 1.60-1.70 (m) 1.52-1.67 (m) 1,56-1.66 (m) 1,54-1.62 (m)
4.5 1.27-1.40 (m) 1.26-1.38 (m) 1.25-1.36 (m) 1.29-1.37 (m)
15-17
Ac 2.03 (s)
2.21 (s) -
OCH, 3.67(s)
(-0),C(CH;3), 1.39(s)
1.41 (s)

*These assignments were established by the decoupling and NOE difference experiments.
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Fig. 5-16. 'H-Nuclear magnetic resonance spectrum and chemical structure of F1 .compound.
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Fig. 5-17. 'H-Nuclear magmnetic resonance spectrum and chemical structure of F2 compound.
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Fig. 5-18. '"H~Nuclear magnetic resonance spectrum and chemical structure of F3 compound.
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Fig. 5-19. 'H,—Nuclwrnwgnetic resonance. spectrum and chemical structure of F4 compound.
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t}. Sephadex G-200& 317 488mge] Fr D& €L ZA & Ad F¥e o
9lou] DEAE Sephadex A-25 column¥ Sephadex G-2002.% ] = %lt}.(Fig.

5-3, Table 5-9, 5-10).

L - B L s

Fraction D¢ 333 EXL& Table 5-113 #gtow d¥yz tpdHE= Table
5-10, 5-12¢} #Ze°] YeEbRttt

1) Fraction D9 polysaccharide ® SDS-PAGE 4719 %

anthrone testo] 2|3} Table 5-10, 5-12, 5-13, 5-14°14 H& nut¢} o] dFF
2 ol 34%7t hEHZ FAEe lem  Table 5-124%  glucose,
fructose, galactose, xylose5 22 FAHo glon @gd7Fo GLC 3“‘%1% Fig.
5-203% 23ktl. Lowry-Folin testoll Al @ 332 40.2%°1Q 3L, ofr| =4he
Table 5-15, Fig. 52114 2 vk} 2ol 147} ohvlmitos F4€ Adst 1

EES IO

o

gtk 28] SDS-PAGE 719 % <9 ZAxt 8kDaol #AH#
(Fig. 5-22).

Table 5~-13. Contents protein of the antitumor fraction

D after Lowry-Folin test at 750nm.

Division Contents{(%6)

Total protein 40.2

2) Spectral assay
Fig. 5-3, Table 5-10%} %] fraction D9 #AM& 53 d%eH & &7

738 2 4 99t IRIA aborption band: 913cm ™o 2 glycane B -glucan
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Table 5-9. Effects of antitumor fractions from the fruiting bodies against sarcoma 180 in mice.

aVerage  inhibition Complete

fractions of mice Siziuzgs) , (%) regression mortality
~ control 14 43.0 0 0/14 11/14
FrA 5 20.3 52.8 0/5 3/5
Fr.B 10 25.6 40.5 0/10 4/10
Fr.C 10 8.9 79.3 5/10 2/10
Fr.D 10 0.4 99.1 8/10 0/10

*Dose, 10 mg/kg per day for 10 days.
®Three weeks after the tumor implantation.

€Six week after the tumor implantation.
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Table 5-10. Properties of fractions from the fruiting bodies.

hexur.onic . sugar componaent ['a] ¥ED

Frs ;CK;S pr((;;e)m (%, as sugar (in 5%

gl"c’ hy ° Gy Glc Fuc Gal Xy i;ii}

Fr.A 2.3 3.6 16.0 100 11 4 5 +36.4
Fr.B 9.7 17.0 67.1 100 6 0 6 -23.7
Fr.C 2.4 67.1 31.5 100 27 16 26 -25.0
Fr.D 6.7 433 50.2 100 4 1 5 -23.0

*By GLC (see experimental)
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Table 5-11. Result of various color reactions on th fraction D.

Method Result

Molish test © purple (++)

Anthrone test dark green (+)

Iodine test : negative (-)

Ninhydrine test " blue violet (+)

Ninhydrine test after violet (++)
acid hydrolysis o

Lowry-Folin test ' dark blue (+)

Biuret test purple blue (+)
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Table 5-12. Retention times of the TMS-monosaccharieds by G.L.C.

Retention time

Monosaccharide .
(min.)
Fucose 2.8
Kylose 3.2
Mannose 7.0
Fructose 7.8
Galactose 7.4
Glucose 9.6
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Table 5-14. The contents of the polysaccharide and the monosaccharide of the fraction D.

Polysaccharide content (%)* 34.0
(;EICC;SCC 253
Monosaccharide content (%)** 5.3
Galactose
Xylose >44
Y 5.0

* Percentage to the aqueous fraction D.
** Percentage to the polysaccharide moiety of fraction D.
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Fig. 5-20. G.L.C pattern of the monosaccharides from th antitumor fraction D.
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Table 5-15. Contents of amino acids of the protein moiety of the antitumor fraction D.

Amino acid Content (%)* Amino acid Content (%)*

Lycine 21.6 Methionine 29

Arginine 32 Alanine 10.4
Aspartic acid 13.6 Isoleucine 44
Treonine 8.6 Leucine 1.1
Serine 9.2 Tyrosine 2.9
Glutamic acid 8.2 Glycine 10.0

Cystein 3.9 Proline trace

* Percentage to the protein moiety.
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Fig. 5-21.
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85kDa B ——

Fig. 5-22. SDS-PAGE analysis of purified protein from antitumor fraction D.
Lane 1: purified protein(85kDa), Lane 2,3: molecular weight standards.
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22 A=Y (1-6)- 8~D-glucane 'H NMR(CDCl)NA & 447(d, j 748
Hz, H-1), 4.28(d, j 10.07Hz, H-6a), 3.82(m, H-6b), 357(m, H-5), 3.40(m,
H-3,4), 3.29(dd, j 10.07 Hz, H-6a), 3.82(m, H-6b), 3.57(m, H-5), 3.40(m,
H-3,4), 329(dd, j7.48 Hz, H-2)2 & eyttt COSYE Fig. 5-23914 BoFm
len, °C NMR< Fig. 5“245‘1% A%t £299. old ATE fraction D=
glucan®] g (1—6)- B -D-glucopyranosyl©. 2 methylation®. &2 A Z}x gl o,
1,5,6-tri-O-acetyl-2,3,4-tri-O-methylglucitol 2% 89%; m/z 233, 189, 161, 117,
430181}, o} 1Ak lycine, aspartic acid, alanine, glycine, treonine, glutaic
acid, serine?] ¥t&o] ¥ A $ta, arginine, cystein, methionine, isoleucine,
tryosine, prolinee] WA Wtti(Table 5-15, Fig. 5-21). B @x7 oA 2ad
P I Edol Ba H3 gvHKomatsu et al., 1969 ; Chihara et al., 1970 ;
Bannai et al., 18382 ; Chang et al, 1989) ¢]E<& W% & (1-3)-B-D-glucans

backboneS 7}3 ledl B Ag AIANME FA AHE BoF)

3) FFY test

E 499 sarcoma 1809 tidk A= Table 5-1690 49 Zo) Axrt e

2%
>

t}, fraction D¢ Foj& Fig. 5-25014 R ule} o] £8E AA AA FA
o, A8E7 50mg/kgel Tl 2 AMNE RAFYPD 29 s AF

JA EIHE & 4 AATh o] FI}E Ahn(1992)0] TFAF G& HARE TAS

-

WA H. erinaceum®] ¥4 2 W75 FANAY AN 20H A,

A, A, 2587, A HEAAZHAY, A, A=Y =

mlo
s

g wE NHAHE #A¥ = AU
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Table 5-16. Antitumor effects of the protein-bound polysaccharide fraction D from the
fruiting bodies and th cultured mycelia on mice bearing sarcoma 180.

Average Inhibition

Dose No.of . Complete
(mg/kg/day, ip) mice tumor rauo e sression
o weight (g) (%) -
Control Saline 10 2.20%£0.53¢ - .
Fruiting 20mg 10 0.77+0.49 75 5
bodies® 50mg 10 0.55+027 65 4
glf’li‘;‘rzg Saline o  482+139 .
myceliab 20mg 9 2.03+0.63 5.8 1

a : mice (20 ~50g) were inoculated subcutancoﬁsly with sarcoma 180 (5><105

cell/mouse)

b : mice (18 ~22g) were inoculated subcutancously with sarcoma 180 (1x10°

celi/mouse)

¢ : values are means standard error
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3. a -galactosidase S4

7}. @ -galactosidase

=FFRIHAL e 92 FFH A Zo] F¥a wRe He wiAA
Z AF £ An E2F o] ujAdM AAAE FAVGD Bag b YK B =
1999a,b). ol WA FFANA T ulE Y=, WAool FRaM zer]
M E AE Yo FAE B89 cellulose, hemicellulose, lignin, &9d 59
AEA EAE Fests B8 Bulsla ol Rid 28ty olnxit B sugard
EF7 ol & A7) Wik weky E AYLS AR gog BHEE A2 FN
glycosidase® B3 W} glucosidase, galactosidase, mannosidase 5 gl g9
exo- R endo-glycosidase®] &/l S Ut o] FolM a-galactosidased F2
ATl dollA AFHE ulel o] o] AiAE FAHOR vl FE3A ALE
3 8l7] wEelvl).

L
BHoRNH HAE FEsev]l A% WS dolry) $iste o) TR F&4v)

g THEUL o1& o183l WS 71 FHOeE Y A2F 8k Table 517
A B B9} o] g-galactosidased Ay FFHF S buffer502 A& Ro] 71
A debstth 2 vt detergent’t 44 buffer 3-& FHSE AMESHALHE 55
€ A bR Bk £ o)F FELAE o) 88t FEHUL AE FEANl P E
oldwt AubH 1 ol AT A A F&0) F/FEAL WekA ik

o AFE F A FRAN olRoiNy] W £2E FRFZ 33
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Table 5-17. Extraction of a —galactosidase from mushroom'—grown in saw. dust.

Enzyme activity

Extraction method
(nmole/min/g sawdust)

Distilled water 430
1.0% NaCl 367
0.1 M phosphate buffer, pH 7.4 | | 430
Ol M phosphate buffer with 10% glycerol o 302
05% Triton X~100 | o 431
01 M phosphéte buffer with 0.25% Triton X-100 414
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= 3l meE 011_245 AV £E2HEVE golR U Fig. 5-26904 =
T uke} Zol 74—3— o FFFE F&3UE&Y ¢ -galactosidase?t 7t Bl &
5491" °l k-2 aaﬁl 7&*6}&’1 2-5 3 4% FEF3CHE ¢ o) AT

= ’5‘7}?5]'21 qee g 4 AN

o &4 £3 % 2E, pH, ¥ solvent?] ¥

FE% EAY o5ty AFAS dotry] $8e a-galactosidased acetone
A 4 oj2un@rA A=vtEIYIPE ALt EE AAEA FEE &
&7} pH 8909 &3] &0 Q‘%iﬂlAE“;ﬂQ-‘EZ]% dotr 7] Y3l o 7}A|
Z2 stilX 4¥e dAstit

50 mM acetate buffer (pH 4.0-6.5) ¢ phosphate buffer (pH 6.0~ 85)& A}-§3}
of 49% vk A pHE 60 Fo2 YebWvh(Fig. 5-27). WAEA Aoy A
oA #2 € o -galactosidase B A77F Hol vk wEkA o] & HA
pHE 2 d77F 5o Hed diiie IAF &de pH 40-60013 ATdMe
55-65 Atelz2 YEtY 7]Eo] &A% Hlsd ML Aoew FAHHAG
(Manzanares et al, 1998; Xiao et al, 2000). 2X¢] W37l G4 &4 oy

B S vASIE LotRy] $ste] 3BCAAM BC7AA LE-ANA Fi9

nigk

AL FAEAG. Aa8H e AL 50 mM acetate buffer, pH 6.0914 20 &
7 EASG J1EE AT S &35 Fig, 5-2801A4 vEhd e} 2
o] A 2&E 55T B2 Yehyt

Solvente &4 FIA ol§ Fasch W

rfo

B 713E& Hduny

processing ¥ FdAM solventE Al&3l=td] FAV solventdl resistant3t® &
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Fig. 5—26. Extraction of a—galactosidase from saw dust.
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Fig. 5—27. Effect of pH on the activity of a—galactosidase.
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Table 5-18, Recovery of @-galactosidase from spent sawdust substrate media.

Enzyme activity

Strai H ~
ram P (nmole/min/g media)
H. erinaceum KU-8 4.8 290

H. erinaceum KU-1 " 46 154
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&, Institute of Microbiology Seoul National University(IMSNU)elA H.
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£9 WA EE  Agrocybe  cviindracea  medium(ACM),  Czapek-Dox
medium(CZM), Coriolus versicolor medium(CVM), Hamada medium(HAM),
Lentinus edodes medium(LEM), mushroom complex medium(MCM), Malt Yeast
glucose medium(MYG), Potato Dextrose Agar medium(PDA), Phellinus
ignarius medium(PIM), Yeast extract malt extract medium(YM)ol] &3t}
zh WA 2] 4L Table 6-19 7]&stHch. HFEF 25T F-27)dA 2043 W)

F¥ F FAAFE FAsGch BE Age swBoR YA

3. 243y
A 258 golrr] 23t AP E MEAWA ] Petri dish(90 mm)ulol]  3f
AH 4 1lmm)E 7Hedl A$d £ 10T, 15T, 20T, 25T, 30°7C, 37C w7

A 209 FQt wFI ¥ colonyH A& S5 AU
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Table 6-1. The composition of the various media.

~ Composition(g/ ¢)

Component -
ACM" CDM CVM LEM MCM MYG PIM YM PDA HAM
Glucose 30 20 20 20 4 10 : 20
Starch 20
Peptone 4 \2 5
Soytone 4 '3
Malt extract 10 70 3
Yeast extract 6 6 6 2 4 2 3 2
NaNOQOz 3
K2HPO4 1 1 1 1 1
KH2PO4 0.46 046 046 046
KCl 0.5
FeSQy - 7TH0 0.01
MgSOs + TH20 05 05 05 05 05
NaCl 0.5
Hyponex 2
Potato dextrose broth 24
Agar 20 20 20 20 20 20 20 20 20 20

* . Abbreviation; ACM, Agrocybe cylindracea medium, CDM; Czapek-Dox medium,
CVM,; Coriolus versicolor medium, LEM; Lentinus edodes medium,
MCM; mushroom complex medium, MYG; malt yeast glucose;
PIM; Phellinus ignarius medium, YM; yeast extract malt extract medium,
HAM, Hamacla medium, PDA; Potato dextrose medium.

- 176 -



4. FHEY FAAF

Coconut oil, cotton seed oil, oleic acid, olive oil, palmitic acid, A #A7], B
g, wFsR, Avdd, IVHE, WNEE "kt 4 FAAACE FAR A
AlxE JgE AT o5 S dolry] 3kl  vegetable oil 2%,
fatty acid 1%& Z+7 FUFE9I 973 8718 (viv/82)d A7H8 AL, o
A7MEEL FhvZAME@LDY WER wAE Axdo] AFH(430 X
200mm)oll FZAAF L ¢ AF71(121C)oN A 0EI ATFF FA IAEF &
TE& 7 FFea 25T #2704 3297 wiGEEA dA AFS FA3)

k.

5. AAA A

efgdo]l AAA F&F 2AE HI FUFEid vAs 822 &g g
B e 66% W2 24% ¥ WE49] 1100cc Polypropylene™ (PP)o] 700~
800ge X F W Fdo AE 23mm‘54 THE & F 1Y F7EEYI
(1217T/ 1.2kg/em®ol M 90EZE A ¥ YZAZ AN dAAN F FFA
M w2Feo] FAZL A agar plates]d W7 1lmm cork borer o]§a]
MEA wiA1o A 2043 g T8 4z wided 5714 HAFeA HE F
25T w27 A TAZE wlggel ¢ 3] 2}%@7}21 w3l Ads=rt
90~95%, = 1512CE 24dE AMALZ A 2Eo|7t olFoxe A7Ist &
AA7L A" &3l A7l R FFE AV Hericium$%3kel AolE 7]

=890},
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A3d AN R 2F

1. E3huA1 9 9%

A0E o 2FY FAYF b L LPANE M2as) Askd ACM,
CDM, CVM, LEM, MCM, MYG, PIM, YM, PDA, HAM ®jX & o] §8a #A}
B&E ZAEAR, 3 A3 H. abietis, H. coralloides, H. erinaceus(CBS), H.
laciniatum, H. erinaceum FO0l, H. erinaceum 48006 #5E-2 PIM, H. alpestre
© MYG, H. erinaceun KU-8<& CVM, H. americanum< MYG, PIMd| A 2zt
TAMA o] -3t tH(Table 6-2). Aronone 5(1994)2 H. erinaceus® TFAIE
T8317] 9138 corn barn ¥ MPGA(malt extract, peptone, glucose, agar)H)
AE olfEAtn RuIHY. mFFulolE Malt extract, Yeast extract?} 3

7He Ml FA e BohE AL ¢ ¢ AT

2. 2244

TAM RS HHeE 7S 98l MEA WX E o] &3le &% 2748 g2/
FAE W =T TAAFC] uXEe 9%e ZAVSIAT. H. abietis, H.
alpestre, H. erinaceum, H. erinaceum K1008, H. erinaceum 48006 #FEL 2
5CAA Fxe FAAFE BU3, H amerinaceum, H. corallodies, H.
laciniatum, H. erinaceum FOl TFEL 30CoA 713 & AA L Yo
W, BE @37 37CANE BABEE Al X ZehAcHTable 6-3). TebA
Hericium&AME JH2xo o7t drhes A& BAFQ} Sohi 5(1989)
€ Pleurotus species®] TAIAE HALEE ZA3F vlo] o&td, P sgjo-cajy,

P. ostreatus, P. sapidus, P. florida$& 25~30C7} A &xo|yUr}, w3 Chi £
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Table 6-2. Growth of mycelial of Hericium spp. on various media.

Complex media

Species

ACM CVM HAM LEM MCM MYG PDA PIM YM CZM
H. abietis 126" 186 206 163 206 213 116 236 233 10
H. alpestre 396 513 363 446 453 626 346 553 513 153
H, armericanum 500 573 696 613 703 723 30 723 656 203
H. coralloides 223 363 600 606 706 696 223 716 610 126
H. erinacens(CBS) W03 476 463 533 646 513 646 673 533 26
H. laciniatum 173 133 170 23 233 143 163 330 203 86
H. erinaceum KU-8 253 466 116 346 73 3L0 96 436 250 60
H. erinaceum FOL 306 516 190 490 220 330 150 576 300 60
H. erinaceurn 48006 120 293 333 270 246 230 173 443 200 60

: Diameter of mycelial growth: mm
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Table 6-3. The optimum temperature for mycelial grthh of Hericium spp.

Species

Temperature(C)

10 15 20 2 30 35

H.

H.

b

H.

H.

abietis

alpestre
amen'c‘anum
coralloides
erinaceus(CBS)
laciniatum
erinaceum KU-8
erinaceum FO1

erinaceum 48006

90° 110 160 220 130 70
293 246 143 500 443 70
%3 316 143 730 740 70
%0 243 410 720 790 70
286 420 443 726 683 70
196 120 250 236 330 70
%6 200 70 663 450 70
206 193 313 616 720 7.0

270 2713 10.0 706 64.6 7.0

: Diameter of mycelial growth: mm.
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(1996)& Phellinus linteus® AL =X o7 E YA Riasgqct #Fo o
HA HHALLEE U ¢ UAT =FFdo] FAAFY HH2ER ojEH

ArsHel .

3. A7t #A%

FUFEFA A7eES Hohete]d Al WA} FA AR HARRAG. F
AR EANNE TAAAY], Bed, FoHF, WFENFAA 14 gAYl
7‘5]'5\’9.#(Tablé: 6-4).

Vegetable oilol A £ olive oil, fatty acidol A& palmitic acid7} TAF Ao} F9k
o, H. erinaceum KU-8, H. erinaceum F01 ¥ ¥F%E Controldl A A
o] $4& ] tHTable 6-5). o] AH ZAAE wFo= F/HFAHE, vegetable
oil, fatty acidelA A&g FAL Aol ¢4 HIES NAAHAMNE palmitic
acid, olive oil, controlol A TFAL AA o] 7} -3 G H(Table 6-6). F7FAk
o] FAAAY maE 9 dolB7] 9% AFPAA H coralloides, H.
erinaceum KU-8 H. erinaceum FOl, H. erinaceum 48006 T35 3HoFx 7
71N A, H. alpestre, H. laciniatum, H. erinaceus(CBS) #FEdA & R 7HF,
H. americanum® 7}, H. abietist WF7}FA 22 AL gol 5354
o EPRALE S o]4% EE &Y Al B J|F NEAYLR AR RAE
(& %, 1995), oA Aol & AFIIETHAE, ABREY ALA 9Y
AR F, 1996 A T 199%5), AARFE o] & HA FAA AU 4F(A F,
1996), Guoping Xiao(1996)2 H. abietisE A G F9d WF Aujadgd L AN

dRom, o F(1998)L =l HEFOE FIFAEY IFHA, 27
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Table 6-4. Comparison of mycelial growth of aricultural by-products of Hericium spp.

- Aricultural by-products

Species .
H. abietis - 420" 400 39.6 286 3.0 446 326
H. alpestre 50.6 55.6 65.3 61.3 406 480 49.0
H. lacineitum 526 620 64.3 63.0° 0 52.6 61.6
H. americanum 820 1043 91.0 1046 776 973 89.0
H. coralloides | 676 863 63.6 846 586 756 75.0

H. erinaceus(CBS) 79.0 85.0 89.6 71.3 586 716 690
H. erinaceum XKU-8 866 115.0 9.3 1073 756 986 96.3
H. erinaceum F01 - 885 1196 103.6 1136 803 926 1106

H. erinaceum 48006 723 96.0 74.0 95.0 71.3 706 68.6

* : Diameter of mycelial growth: mm
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“able 6-5. Comparison of mycelial growth of vegetable Oll and Fatty acid of . Hericitzm spp.

Vegetable oil Fatty acid
Species —
Contro  Coconut Cotton seed )0 ) Palmitic )0 acid

oil oil- acid
H. abietis 420° 386 293 366 426 326
H. alpestre 506 433 493 52.0 52.6 47.3
H. lacineitum 526 413 533 540 510 483
H. americanum 82.0 673 - 800 89.0 81.0 78.0
H. coralloides 67.6 726 826 85.3 92.5 83.6
H. erinaceus(CBS) 79.0 66.3 716 75.6 86.3 70.3
H. erinqceum KU-8 86.6 59.3 63.6 69.3 82.6 63.3
Il erinaceum FO1 88.5 66.6 873 80.0 86.3 84.0

H. erinaceum 48006 723 570 76.0 710 77.0 70.0

* ! Diameter of mycelial growth: mm
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Table 6-6. Comparison of mycelial growth of vegetable Oil, Fatty acid and agricultural
by-products on Hericiurn spp.

Growth of Mycelia(Dia, mm)

Species Optimal substrates

H. abietis Palmitic acid 60.3
H. alpestre Palmitic acid 726
H. lacineitum Olive oil 1027
H. americanum Olive oil 92.6
'H. coralloides Palmitic acid 98.6
H. erimce&S(CBS) Palmitic acid ‘9513’.3‘
H. erinaceumm KU-8 Control 97.3
H. erinaceum FO1 Control 98.6
H. erinaceum 48006 Control 87.3
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4, $FHNA7)5E o83t FTLAFE HasAch GIFT FHRAEY 714

mlo

o] &3t AFAuAIR LS AT Ut AJAAY H7oF HolHA e Ad
FFS vA

A £ FUE RAFL QAT =FFYIY FAYPAE 2
A Ragoh |

4. A2 A

o] A8U3} FEF v|E AFPAA Zdo] 28U H. erina.ceum KU-89]
3HY, FEA7IAdAE KU-83 H. americanum°l‘ 619= &g 71 Fjh 14
FEFME 1460g22 H.  erinaceum KU-8°] 7} $53dx, H
coralloides TF7} 89.6g2® 74 AHzx3AHTable 6-7). H. abietis, H.
alpestre, H. laciniatum TFv T H4T AulZA0A o] g4 2 AHA ¥
AJo] olFojx A &gkth.  vegetable oil, fatty acidE H71e AFAAME= H.
abietis, H. alpestre, H. coralloides, H. erinaceus(CBS), H. erinaceum K1008,
H. erinaceun 48006 &5 &< Palmitic aciddl A, H. laciniatum, H. americanum
TF oA olive ol A, H. erinaceum F012 cotton seed oilel A 2zttt $-5=%
A RS el A E7HEALE, vegetable oil, fatty acid®] A#}E uwig oz
3 HAMEE Gotryl A% APeME H  abietiss, H. alpestre, H.
coralloides, H. erinaceus(CBS) #F%& palmitic acidolX, H. laciniatum, H.
americanum TFEL olive oildlA, H. erinaceum KU-8, H. erinaceum FOl,
H. erinaceumn 48006 TFE< contrololA 43 FAAZE Rt welA
Hericium& A= M2 & F7MEE ol &dvts A2 ekl Hong(1978)

& e A Fihugel A vio]l FAAR JFE nAE Fo Aol
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Table 6-7. The result of pinhead formation days and yield among Hericiwn spp.

Pinhead 1st yield 1st 2nd yield 2nd 3rd yield 3rd Tatal
Species formation running yield running vyield running vield yield
(days) (days) (g) (days) (g) (days) (20 (@)

H. abietis ND ND ND ND ND ND ND ND
H. alpestre ~ ND ND ND ND ND ND 'ND ND
H. lacineitum ND ND ND ND ND ND ND ND
H. americanum 41 61 1325 103 600 133 42 2345
H. coralloides 49 68 89.6 115 330 167 207 1433
H. erinaceus(CBS) 42 656 1233 142 465 ND ND 1698
H. erinaceum KU-8 35 61 1460 130 1280 138 1185 3925
H. erinaceum FO1 44 67 1457 115 485 ND | ND 1942
H. erinaceum 48006 41 99 115 122 97 ND ND 2120

ND : No detection.
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3, e ML 20%7F A9 wEdtn Radgrhlee 1991, ¥E1EH
1994). ©1¢19 AFANME FHLE 7|AZ ALET wiXE FAL o] EFd
AYE & F7 NN Go et al, 1981, 1984). & F(1996)L wholu| A A ujel A

AR RS FUY AAEE AW AAA Sgo] I AR

of

Ik e FARAL, A FUWOE AAE Afs LeeluAe BAGD
o o8 " e AL ANSHC PR B Fge) WA v )

AR AEHIL YA A7l AAES HAFLER 2ol 28U 49T,

4

gFg F7AZIGHE %7%‘%‘—&% R o ZtA HrbEd W %%ﬂ&ﬂ-% =
Z AEF ok gvta AlgHr)

s&%g v BY H erinaceum KU-80] 1xF, 2x}, 3xb 48 8o] 2439

g vluoE H. erinaceum KU-8°] 3925go.2 714 534t %

qr

i, F
wo] R AMAE FASA RI} H abietis, H. alpestre, H. laciniatum T5%
o tisire JIAAAA AAAFos AFREHE ou WSl A7 1§ F3

Hojok rh.
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N 7% 571 45 Al™
Al1dAE

EFFPol e Aol it HPAAH L& ANIRHE 7z o 4
Al FHAAN =FFPNHA FAAFAE S AAHT A FINAM x=FF
Bolo] Ay By mE EANE FESFLH, /1&g WAL Aude ¥
7 g3 e2 =FIYNA AFAIYL 3L A oA

3 WA AFAE VIS FYE AT Y] 2AF FIEN AFd F
A%k ol e v WAME FAPFH AL FHE 27 HAA
o] AgAelH, F WA AFAxe Z9x WA MW BEd 2AT AFA
EX =gy FAANE s Jde WS HEA B AP ZA93G90. B2F A
WA ASA2N F7lE A7 2™ AFE 249 TANAANTRAIAL AL
FY AYEAE =F I AFAFE HASAT 3Mie] AA A =
FIRIHA AFA 4P Ao AFA 9 A R AwAR S FEI A
Hew 71E v A Ay FdstA Aot AFAE A 9
Ag FES A7RE NG =Y THUE AWMAR o] &3t AT ulg
3 A PR gojHo g xFIHYHAE Ao o BE nFF

Polw Ao Auityie FulA ALt

A24d Az R Y

1L o954 9

Ao AR FFE APAAAN 3aFR AL® H erinaceus(CBS), H.
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erinaceum KU-8, H. erinaceum 48001 3¥F o2 4% AA 84t} A A] 2
Aol Aol AR AL B{Y BARZ zed Waule Faa AP
ATh Ao vy (o)) 850cc PPEE EFD z47 500%‘% HE 8
o 718 AlE AUEEE 80% + uA 20%E FALE wiFslgen #FAg o)
GE5E F 16~18Te Wolde] olFstd AUANE Rt FABE 28
4, TAET e 9E, 2do] 289, 13 AN S JAxe) EAS
ZAL 71 B R @ AFAY A gAE Faso ARE APk

2. 923N 9-

B AFANAEe #5FE H erinaceum KU-82 3¢t} =ele] ExAm& 3}
AFE AL Frolz B Aol Mg NHL e BAZ w=FFuo)
9 FAAME AAAT. AMERL FGuALe] A Mo ekl AlFE e
AW EE SWEA ALAYY 712 dALRT LEWAE 2-24C, &
E 80-90%7F HAHNLH AAFeAM ARt BAd @de WASHS

lkg, 2kg2 2 &glom iz 2H& 7RuAE AR 80%, AAZ 40%

o+

B 40%, B 80%e] MR Sm, JPAE S 0%, S4a 10%
"7 10%, W17 20%9] 37k FFQL ol gato AMHAT mFFdo] AU
ARl o7g 712t u.

3. 349¥#H 4

AZo ALge FFE AP %752 Mu¥ H erinaceum KU-82 1,

AR hrel AF& ANRGT. 13 AYAE FUSTEITTY 805 +
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7 20%)& ©]834 1100cc PPHol 89¥-& HEF3IY 1, 23 A AxEF
(S99 715, Dextrose, Yeast Extract, D.W)& Al£38te] 858 A& 4k FA}

7t &8 B WEEAA Agke Vg IAE V)RR o wjFgs 7]

r-\rl-‘

, AFERFE AR, o] EFHNS W 16-18CY HSAE A
ditf oz WANE st WAL ASHE $AA g 93 AAA YHL
%Eﬁ}xl‘ﬂ EFFOIHANLE O Bgo] e HAF @8 FANH(EK)oR
AHE 50 A7l WEe] o] A& AFAH AL HEAAM wolst Byx
ARAZ He &4 W W Al FHA A4A WYL FrES}RAS. =T
dolHA o] AKo) dEe 7|7 3}@7‘4191 TEFE ZAIEE L, 27T Dol A
Al ARkl A g 7] &gl

4. Ze ol kol Auj

2 Age oy g AMAR ol &dt g Adata AAHA WYz &=
FadolHAe dFAME AASAT =FTde] FFE T MAFFA H.
ermaceum KU-82 A%< AAstYc. Aujuye wugu dyes Axs9.0
™ Hﬂ%* H& 1100cc PP A5 80% + w7 20%% wj¥7 & A3 5,
HEALE =73 o] @AZE At PDAS] #AMEHEE ol g3tdon, £ g
%< PDB(potato dextrose broth)ell A& HXFFE HF3t Zelo|y] ¢t
A o gst ek TAE Aete 1RbE MR 2AST, old SHaA HIFLeE
R FEE FAA FUoh FEHY G 2ES FEZH =FFHo FAE

FANZAT 28 Fol AAAE FECIE ALAY e AutEe olgst

fl

A @drh FH oY fFell M mFFPole] xLolE FEIFoH ALAR A&
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fo} 7t FA4L B J15HAT

A3A AR "

1:'.1
e

AFol ALES #FE APAAN FEFE ALY H erinaceus(CBS), H.
erinaceum KU-8, H. erinaceum 48001¢] 3¥F& L2 AFS HAA A AuiA
o Ado] WAule] AR NHE R4 BAR =vhe) WAule] Hgste A
FHQ. B AZAANE =8 gaie @ o 14 $£%e @ F Pge
MAE eyay] WEd B AYE 13 £IFVE AT ARE =EHAC
Table 6-8014 BEulel o] e HAF4HE A3 AAH L2 H erinaceum
KU-89  FFo] $F3A H7hEAk. TAER 8ol 2BIYR H

erinaceum(CBS)E.t} 2¢ 0] £UA T 2ol 29 wskow wjgwd 12

A

FE 1B8ge 2 A4 $58 AW} Uk AN 95E 2R PP
14 #8] 14 @ HA A8 AF6 FA@ AR el aw =
39ols) FANGH AN ot mrpe A HFuck A Auist o) %ol
Aou ol AUAY nFRF P4 2 FEaADANM dzAFe AHAq
o 8713¢ gdFolel 149 AU SPRFE YA 0 FEvdA
FE FE7h RohAW FHYY Fdo] FLEZ WlATT YTk £F U
2E TR AFFAPIN ELES YolngteH okARA AXEF} Yol
Aw gEge] $H0E FEE 94X 4903 $an dia meIgolnA
9 FR % 2ATAE 02 AT A&Holol ¥ Rolg AL AN
o,
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Table 6-8. The bottle cultivation of Hericium spp. in saw dust substrate.

Strains of Hericium spp.

Items H.erinaceum  H.erinaceum
H.erinaceus(CBS)
KU-8 48001
Contamination (%3) 1.2 26 48
Mycelial growth days 25 30 23
Pinhead formation days 6 12 8
Fruiting bodies yield(kg) 67.1 64.3 525
Yield per one bottle(g) 135.8 132.0 1103
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2. AN

B AEAAME BFE H erinaceun KU-82Z 4tk mebe] 32 AE 57
38 AHe Srtolez BAAMe] qEge NdE 2E BAZ wIHole)
2AANE AASAT WA 1R FHFDE S SRR BA A A
WA 4 ANE AR X432 FPger AE Lolr gt} Table 6-9,
6-10914 Bivlsh o] WAZBS lkg, 2kgO 2 HGOm R e THE AR
WA E WA 80%, WAz 40% + B 0%, B 80%9] 3742 sgem o
FLE SFF 20%, S5 10% + W7 10%, 7173 20%] 37k2] FFP L o] &
e AMGRE A WAL 40% + B 0%e] TGRANA A7 $oo13
2, AVUAHE S54 10% + 9% 10%3) SF GIUAA S50 23hE 2
F. HAMANE 1 +uFos aAARAT B4 AL lkg A
oA Hol 520ge +HHNCH 2kg AN AN 860ge e v o
2 BAANE T 39 AFL kg2 BES WFHE o] He EEHY
& o+ A

Aol MR AP A Ao =M 2o YWLEE 8xA]A%

fr

Aol
Ao T2 £%43E BN & & YSL I%kod L£E} we B
A71E siske A AGHQ VAN S F2F Holgh BasAL

3. 4924 9 |
2 A% A9 WAZA BolwA 2 mueMAe AT Qe AuAe
A wFggoluel BANE ANGGT AF) A$E Bre APAN &

FFFZ ARE H erinaceum KU-8% %7} AZA3L A st
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Table 6-9. The polypropylene bag(lkg) cultivation of Hericium erimaceurn in various substrates.

Cotton hull 40%
+ saw dust 40%

Basal media Cotton hull 80% Saw dust 8096

‘Suﬁsfrate:s m n 10%: brlzz m m 10%¢ brl::l ' 10%+ br:fx
? 0, : 0, - :
20% rice branl0% 20% 20% rice branl0% 20% 20% rice branl0% 20%

Total yield -
"(fl)y‘e 557 469 375 633 676 482 200 378 310
£ .
Yield per ‘ .
420 430 410 450 ¢ 520 460 330 370 340
one bag(g)
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Table 6-10. The polypropylene bag(Zkg) cultivation of Hericium erinaceurn in various substrates.

Cotton hull 40%

Basal media Cotton hull 80% Saw dust 80%
. + saw dust 40% :

Substrages | Corn Com 10%: [i‘;: Corn  Corn 10%+ g‘;ﬁ Corn Corn 10%+ t‘}r‘:fl
0 : 209 : oL 1 4
20% rice branl(% 20% 20% rice branl0%% 20% 20% rice branl0% 20%
Total yield
(kg) 7.7 81.0 480 658 835 646 392 422 527
Yield per

750 860 560 720 850 690 560 700 750
one bag(g)
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13 AR MIRR/)He 26U 299U ASAE SAN SA AL
8 712 579, 3F F &3 ASAA ZYge 7L 30-32¢ 28FHAYG =
FEAHA AdA L BE FFL 120g0lUth 23 AFAFANA MgewI) T
& 29, 43 K7L 5-7Y, T F &4 AS57A V1%L 30-33Y 49
Aok W FFHES 140gol At 1, 23 AP S w2 BRE FHEITE o8 1
A Agele de] R AS EFo] 49 BAFAAT 23k ANPAME 2AFA
askal, WEFEBIAAMNE QAFTEE AHES 23 AN 39 mE AHE
RAFHRAL, HF F 4d HE7A 713 v, EFF Hadaes
22k Agel A 20g FATH 719 HAE Adss EE 2T Y5 = F
TRl AT AR ALA o] JA FHe HAFL FAEAT FFE T
Tdol WA WAdie Be FA Auste Aol £& Aolgt AZAHAG.
EFFdoAY FHASAEC R FHFH ] o] o3ty AT
Aot HIF Y Az B MARAFY Az w8 AFAY gz HL A
o, PDAWAGOA A @3] Agstderte Ax iR g FAzE
A er $A8] MIHASTIE VDY) o e dde AR,
PDAWM A M= =etefgt 2 &3 gAREE RAFA] Z3PARL =F
FRol A FAE FuhilA WGAE Ao =EE FAEH 2YH I 5

9 29 F ag g8 73e YENFAR, A4 FEud g sE9
Aoj7t A glol EA dAY AEE RAFLS EERT =TI do] #A}
o] vi-g FEHATUL AT B =FFAolAuA et 2ol 7tz
+ BARAY 87Y0lE ¥38A AA}e ALE JERT G022 A&HFHQ

A dPez ARG FPHES WL =FTAHANY dgFH FRE T
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B aHge] Fohge olEe Wi £MFA PHE AT FAE A
Atk

4. E&xol1 ztol4 Auj

dird oz WA AL 27 5dF AuAMde] g3y, B AAduE
Foz 3ok B AYE WAL AN & e HaAey MM ¢ 2RReg
HAE Qe & dE 2708 dotry] 98 AAsHh Lol AAME S8
ZHolUE 048 wFFdo] AulE AAGFEH ol HAMuALY M2 9
olFe] &0l HAAHoRE wFIFPoiHANL Ay & ol Aupyd
S Zotry] s AAEArh

B ANgMt H erinaceum KU-8 75 ¢ 1100cc PPHE o] §3lo] Fuhujx)
o FAEE g AAFTESE HFT F TANF E o] 289 FAEAG.
HE F 2390 AuA FAAGE A A, FAMEHAME HHE 11.92cm,
YA FTL BT 813cmZ FAHHIUT. o] 28dE& FAEHNA 389, o
AFFAA 4794 oMtk Aoig oz Ak AujAlol A #FFEEHE 2do] £99UR
o tha =UT AAA Y gL 2delrt AAHor FPHAAT AL
A&EHo 7te EFd FEY 59 BFHoz AA4HQ l\:—'?'—%%‘OM’;\ LS

Z5A £, ZeloldE o &3

rOl
l-'\l

o] 4] HA 9 z}]uﬂcq]}ﬂ eFgdolHAle
Ago 8% FEE KA Foid dut Aujalel A 8= P4z &

Fo =FFLHA A7t FbeEihn ALEE A
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