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ABSTRACT

Submerged Culture Characterization of Mycelium and Functional

Searching of Pleurotus ferulae

by Hwan-Hee Lim
Advisor : Prof. Wolds«Cha Ph.D.
Department of Chemi&algineering,

Graduate School of &l University

This study examines features and functions of atigic submerged culture
of Pleurotus ferulae. Its four strains (F-1, F-2, F-3 and F-4 ) cadiket
domestically are publicly announced to select gstdins and the best strain,
F-2, is selected as its mycelial grows fast andsiteris good.

The strain of P. ferulae selected shows the best growth in MYPA medium
and as the growth is the best at®@5it is demonstrated that the optimal
temperature us 25C and optimal acid degree is pH 6.5.

The optimal culture volume at the flask culture58mL at the 300ml flask |,
and shaking speed is 150 rpm. This study examingsimal cultural
conditions for mycelial growth and production of oggolysaccharide, and
finds that the effective culture days and innodafatamount of the optimal
innoculation source are seven days and 5% inndon(at/v).

The factor of nutritial need is one of prerequisit®dr production of matter
containing microbes and effective components. H@revas there are few
studies on the factor of nutritial need for mydelggowth of P. ferulae and
exo-polysaccharide, this study begins batch omltiar examine the factor. As

a result, the optimal growth medium should be matl&% of glucose (w/v)

- viii -



for carbon source, 1.0% of polypeptone (w/v) an8%®.of yeast extract(w/v).
The optimal agitation speed and ventilation of 5 jar fermentation are
200rpm and 1.5vvm. When this study conducts a batahure under the
optimal culture condition designed from the flaskthw25C of temperature,
pH 6.5, 200rpm of agitation speed, and 1.5 vvm efti¥ation amount for 12
days, at the tenth days of the culture, it obtaims largest hypha of 10.01
g/L and 3.94 g/L of exo-polysaccharide, and the dpotion of the
exo-polysaccharide is closely related to hypha g¢mpwwhich indicates a
multiplicative interlocking. As fruit body and cotmex of the mycelium has
more toxicity to the cell line of lung cancer rathéhan that of uterine
cancer, the complex abstracted contains ani-cegeimo materials and MTT
can be effectively used for search of its functliitpa

Water extracts from the fruit body @&. ferulae controls muliplication of the
spleen cells even at the 200 times-diluted cona#goir and the complex
abstracted from the mycelium controls multiplicatiof the spleen cells even
at the 300 times-diluted concentration. Water exsrafrom the fruit body of
P. ferulae controls production of TBA responsive matter by diogen
peroxide at the 200 times-diluted concentrationd arthe complex abstracted
from the mycelium controls it even at the 400 tirddated concentration.
However, the result obtained through this studyni sufficient to develop
effective processing for production of mycelial wtb and exo-polysaccharide.
Therefore, for mass production of mycelium and pgtysaccharide, we need
further studies on features of exo-polysaccharidedyced from the mycelium,
optimization of culture conditions, preparation addsign of proper effector.
And it is demonstrated that the complex abstradtedn the P. ferulae has
greater toxicity to the lung cancer cells and rdmbly increases toxicity to
lung cancer and uterine cancer cells. As the. ferulae is edible and its

complex abstracted is thought to have low toxicityge complex can be used



as a material to enhance anti-cancer action and nfiore scientific and
organized studies, the effective matter from thd>. ferulae should be
separated and refined to identify its active meidmnand secure stability

through research on toxicity.
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o A AHel®s a3t e Aew deA JAu(3]. WA ok
28 B —glucano] 1 &/del| A Holgith= ARAS WS Aol 9
A B A =dl oA (polysaccharide) @ €590 B —glucan M EX
A9 A7 ss A A Az A AR oAt HAAE
o] 7ls& &stA st AEFZ (interleukin), 1E 3 & (interferon) <
e FAAIIE Aoz HuEol QIuh[4]. AARE wAe AR 2
AAA FEEC sarcoma 180°] wigh Fgo] AAlES FARE A
Tricholoma matsutake 91.8%, Phellinus Ilinteus 96.7%, FPholiota
nameko 86.5% &2 F&A a7t v Ao®E YEHTHE].
AEoA WACZRE /Mdd AUAA = Lentinus edodes 2] A A|
ZHE FE% Lentinan> ZAFEO] oF 50RteR HUA BA R AM-H AL
dow,  Schizophyllum commune® A BjFN O 7 HE  AAkE
Schizophyllan (SPG) &= #A}&Fo] oF 4500 2 259k XA ZA ALE
3 oW, Coriolus versicolor?] wAFAolA FZ3F Krestin(PSK) &
Aol 109 e® Ashr|#, o, gl fd Y] XN EARA ARE-E A
ATk T e A9 1997d o] F 2 sh=Alekell A Phellinus linteus
o] A S AFFZEFEZNE Meshima, SAA kA FEHA O ZE

B szgpolehs FAZE /e o] F2 o WACRRE Fadh ofd

New millenium Althell £0] 217+ GENOMS] 14+ =7} §¢ 29t 44
ToAvtow dEAWA A FE A7t Ao R ThEstE o gl

g o] RofollA] dlof & Yol ozl
O F wd APEE Vo] Acksr S ahx Zow gk HA Hogl



o 5 WTOEH, URAS A & w3] Wl 7k sAsd @49
ghell wet fEjute] SAERokE AEE 9% AAY Aart 4
[7=8]. eyt ejutel ] Agsta 9= 900%1F2] WA 5 4
Flatol o Q1 AEIL Sl A F2 gFFol, e, o], ®il
So| SAEo] QY AAAo7 2

=
5w Fol AU gl W, FHL QR 5

T A= 7ol dAS9-14].
 ATellA] AstaAt sk WAL ok WA (Pleurotus ferulae) O %
et ow e WA I (Pleurotaceae), “=EFIWAE (Pleurotus) ol <
o Axg 2ol ok (MA) 2k sk oF&A =l 71 &2 A8t
= Bl (Fig. 1). AAA= S AY LA Mgt 2t dol= A
7 57 15cmelH, FAE 1507 300g Eolth. AFols @ae w3
of AWk Ak WA EAAGIL, v W FEo] eESAAY FAEo]
FAE e, ofd we ZAAS wARE Fole A (51
oz Wetth, F4& fdolm w4 T w5 (A A2 o]
A Aetal va FF5, A4S wn o] @sko] "t o A7
I CROlAE) ol A wate o] 2EFH7F dvh w2 AA A

Sibell Apeby, qbel A= WMANE ewiAe] o]En. ¥Ab= AN
Wb Mo ste] meke A9, AEdd, Bl Yo vug dx
E oty A7]& 127 14m X 57 6molth. 1983W F= ATdE0]
A7 Chrsm) o] of A ofsim Aol A & AFsH] AT Aulel g WA
ojth. whEbA Aol offIWA TAAl ARk 54 B Vs el

Patol AEaqrt,



Fig 1. Pleurotus ferulae (fruiting body)



O. #3a+

II-1. =¥}8) <& (Pleurotus spp) WA A4t
M-1-1. ZA

Pleurotus osteatus= 9rlal ez 7FA7F w2 AgHAo=R
“Oyster mushroom", T+ 7 Hiratlke"Z2# 2z &4 Q). Pleurotus
osteatusi= AlANA 7Hd Wol AuiE L Q= WAl H3[15]. ©
HAle] a2 19863 1990d Atolel 4¥iz F7bskia @A |zt
AMNE AL FAHIT UT[16]. 1996Wel T=2] A5 °F 7T0WUE
A% AAbsta Qlar, wlFol = FFol WA (Agaricus bisporous) th=
I Tk 19959l W=l Pleurotus osteatus 3AHE
880WHE A& AAE A=Y ol 19949k 94% % F7HeE Zlojtt
[17]. Pleurotus osteatus= Zr=E¥](calories), WYEF (sodium), A%
(fat), 22]a2 ZF#AHE(cholesterols)o] w2 Wk, WA (proteins),
€153} & (carbohydrates), A& (fiber), BJEFY (vitamins), 183 7]
2l (minerals) s°] F43to] £ AAAFOE F7e 1 Ut
“Elg] &9 ofEE Vel Pleurotus eryngii® BAA =oAL W
o] JIANHI Ql=dl, 1 AAAL T Fr|e 542 e v &Y
HARG Hojd Zlew F7tEn UvH[18]. Maus [19]1> Pleurotus
eryngi®l e F7IAEO ekl A= OE diRES S

(volatiles) @ 1]z} AXol Aoz W3t}

O

Pleurotus spp+ Cotton Stalks, "W/H &, 1831 Y 53 22 7]

Zo] gF-% lignin¥} Celluloseol A AujE = AVE71A (saprophytic) o



Foltk. olyst 71AE o|&3st7] S A = peoxidases, laccases,
cellulases, hemicellulases, 2 xylanasesS} L aA5S FH|slo]o}
ati=tl, Pleurotus sppi 183t &AES #v|ehe 548 A4y St
Pleurotus spp® ©°ld <9 sl EH|3}(composting) ¢ Casing
layer7} € & ¢lo] lignocellulosic 7]1& oA Aujg 4= Qo= Holtt. o]
At SRt F (basidomycetes) 2] FA2 Ai7|&L 2 JfEE Qo
7P AgARew AuE I Qs WMAIQL A bisporous®) 739} ¥ wEHS
= W v ded SHS AU w201, Pleurotus sppe 394
= AESHE [dA]g glo] @84S % lignocelluloses #3188 4= Q7]
o] oheFdt lignocellulosed] FAMEES o€ % ALE&T & Ut
Pleurotus spp® 71AEZA AFHAX FHFAHEZEE coffee pulp,
flax shive, corn cob, sugareane bagasse % rice hullss©°| %t}
Cotton MAIAC®E T3 &5 stuoly Adsy FAHE Fol
A 7Pg Wol @ Alsta ok MAAME flek 7] Z A cotton stalksE

Abgstedl 7HE 2 Aeles By EAldeln o5& dil (wheat

straw) 9 0.4 — 1.4%<% vHustF S W, 2 — 4% +84 @53t
Shekal Qlar, e srEo] ulg =7] diZolth[21]. AL S5 AF

[e)
o
At (mold) o] FA3HAl #kel A= B} 5714 EalE 7t A ok
Silage A Silanikove & [22]9] ¢Jgto] A7} o] FofH =], o]t

Ae 58 F 9NDAA AH plerotus AXE 3 AHEE F 2



I-1-2. A ek

Pleurotus sppx fungal protein, &3 (spawn) T& 7|2 AAF
= St AAuiFE Foto] dARSS & 4 Utk Hadar?} Cohen-—
Arazi[23]+= cotton strawoll A AAE P ostreatus A A9} A A vl ¥
of|q BArE FARA O] g8hA AR AFSEITE A A S TARA G F

S, o]l A AL o) 2 S A fAHE 20w thehgt

it

N

gwAe AUASE Ehe I % FYAZ @ FelA Uk A
FHA @] AR Fo| I HRE Fol 1-octan—3-0lS WA S
o gulg enls Fod sEEolstay deld UrH24]. A E el

olsl AAtE TAHAIE Wl AL AL Fu|AdES 7L Qlo] o3t
|=2 ofds] Fast HAZE Ha vk[25]. AF4 Belinky 5 [26]12 P,
pulmonarius®] A |k AdAu]R| o] Soybean flour?2} Soybean oil
= Hrbetol A A AAEE 1-octan—3—ol EFHFET {FAF WA
] 2 459 1-octan—3-ol S S7MAAY. Lipoxygenaser =
A HAH(F2 linoleic acid) 9] hydroperoxides? dAES E3lo] &k

] AR Ao Fe3 g4272 7H5EET Ytk Assafs[27]& P

N

MO

d

pulmonarius® T A AN (homogenate) ol 23 linoleic acid”}

13—hydroperoxylinoleate®} 1—octan—3—ol® H3tHT}ty ¥ 13} c)
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[I-2—-2 Pelletd 7} filamentousd A vH]|F4] £%

HAIY o] MaEZ7F AR 28], AddEHo] FAHmycelia) & A=
u] A ES MA|ulFel ool A9 AT Hojg] AER Hol S
H=d wjtkzAe wet 78 (Pellet) 3 A/ (filamentous) e 2 52

Aot A AE7E Pellets 38T w9 S22 TAHE7 AEHY
AAr ez vlEgota AMRTH[41].

A ekel QlojAl wHARAI S FAE R YT vX = JAAEA] A
A S H (Pellet ®% filamentous) 8} AFAITHEZAS 18T F 9l
T}, Table. 1olA] Hi= kgl o] Pellet® 2 F2)3h= ARG A
S gAY M EH] S 2 &5 (cell specific growth rate, p, g/ghr)
7b E=A vEbda lvk wekA Pellet@ B2 FA8HA @ AR ol A]
A3} (homogenation) 3HAl =W AF7E FAVGEI7E Elo] AN S
S+ 7 el doh
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Table 1. Cell

specific growth rate afentinus edodes mycelium.

Cell specific growth rate{ hr?)
Cultivation
Homogenate of Homogenate of
time (hr) _ Pellet type
filamentous type Pellet type
mycelium
mycelium mycelium
24 15.8x10 9.7x107 1.0x10°
48 14.0x10 8.1x107 1.0x10°
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A5 FAske] e AaBHF SN FAAG] FF A7) 24
Ho FAo] Wl H Aow vrhgtdl 3 @B Heke] ol
Pellet FHl= vlokstele o @AYol 228 $7o] WAsh=d th
Wb #Abe] U] o) FEREI} £

% nio] 47]7] wiolct,

Pellet® #AH] We] &4ols 2

6CsD
R?’pQ

Cs @ x5 714 %% (mg/mL)
D : 714 gAASF (mm?/min)
R Pelletd A2 BEE (mm)
D Pellet® A9 2% (mg/mm?)

Q : I5E5E=AF (mgOs/mg cell min) ©]t}.

o] /& Table. 1 9| 3] ARl #aljA Aatsto] Wi Ak, 3

59, 449 59 14 FelA Aat A5H0E AR ABHL A
% o Ak mebd ARuel QoA FAAY FelE Humfeld

[42] 2] Z7]AFoNAME B @ vf ok 3 Pelletd dARAS] U9}
QoA 2] 714 o]F 2] zto] Fol wel WS Zpolrt e = Q)
Ak, gAHA AAZE wiA] o] Helo] = AHIE ASstl AT o

A 714 olF R dA TS FAS dAA AHo] s &

S

o
o

SIth. Table. 1 oA Hi= nHFe} o] Pelletd wWAME d23 1%
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el AEHAAEE()E 2ASte] BE Pelletd FAHIE #255to]
Qo7 FAA S pi= Afak ARG A4 AeHow vl FAAe
YRS s b Pelletd WASA o Aeeld wjekete
Aol MFATS & 5 glom, oo tE ATE WAE Pkl BF

s b2 m YR WS E SudAe] AT Hie] @Al ol Bk
A

-3 FFIHH 9437

o] A& &wts] MaH gk FEWMA (Coriolus versicolor) & Psk,
X WMA (Lentinus edodes)  Lentinan, X WAl (Schizophyllum
commune) 2] Schizophyllan, YAIHAFo JAHAF FRrEs =Z
WAl dEoejgkon o]F Psk® Lentinan AEox AE3iEa Q)
o HE 5 [43]> FFSHE dIERE e EHAAFE ATHCE
elstel ®arskglth(Table. 2). 18y diF-o] ohdH

EolA Eual FFY Aol BaiM= AF7F wol o] FoA A ke A

Efj o]t}
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T—cello] 1o BAIEE aFolA FAE Aabsta A Hoe F
A7F Aok, THYES A0 Adfso] Wl #osh= Helper =T
2 A dAEE FATE Kill-TS o8 =77 ol AxEA dd9
FAoIth. Macrophage= °©l&d-& AXUE o7 AHgstes 50l
ATE ol#d AEE MR F71H o2 A E| tste] WA AHS
A 712 ok (Fig. 2) [44].

2 99Re TAZE #8474 F4 984 doukss 3 &5et
I Hojgit}t. ole| uste] Corynebacterium T tHEHFU BCGE
macrophages g 315} A+t 2] endotoxin®] 1t}
lipopolysacchatide (LPS) & BAIXE HFEA7]= #E& 7R Ao

[44].

P

ke

et

Psk % lentinane] IsiAes TS =&
Krestin® ATEoo % §&5st1 B4 Yo som eyt ax

F 2MBL G FelA Qo Bl e o, T 5 0N Fa

o] &3}, Lentinane helper—TZ A|X FZEZo| Psk: THE
Fgol2le] 7> oFatr] Wil A3 dAEE FASE A Hh
G2 ] e A A A FEERE ofy e} Wik AMA M R FE
= AR L ggate] Thestt. gAktelA A sk g A Folle

f

Suppressor—THXE B&st= AL Q) o] A9 Aoz oy
o HkgS JAIst= Aoz A 27] Al FLo] HEHI Tt @A

7 Tho 7zt @4¥e] AduAE o= FAE #F dHA JrH[45].
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EM ZFrasllE D—glucose
v AASHE A homoglucan©]th. 3et4+x+= 8 —-(1,3) —D—glucan®]
FAZE 3] 2—12 glucosyl &7 1719 f—-(1-6)2 A= 71X
AtH(Fig. 3). FE&NZFol= right—handed AsUATEE 2 Zo=
orel A Qlth(Fig. 4). Ex2& 10" — 10°%] Festar o] Exa o] &t
M Aol B&o] £ 4ol Aoty Zow deA Ut
gdo] =2 84 D-glucan? =2 Hojx 44
g 7F&-¢ B-D—glucane hsry-ze] wet EA ] oy sjAdo] Al
Sy Y o E W EHe pachymanes E4o] %= B

—D—glucano]y o7& 3}8+4=21¥ hydroxyethyl—-pachyman 22U

[e)
o W 47

a2 p—-(1,6) FAE AAS Pachymaran @49 71Exgld
U-pachyman< &4o] = Ao =2 Yelstil, HojwAe ui7|8g A
24 Curdlancl®= =45 polyoldl st=tlA &Aool dA8HA F7keitt.
gAJo] gl= AME CudlanolE carboxymethyld o] CM-curdlan®
2 HgEE gAdo] FUteHA H= Aew delA UrH[45].
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Table 2. Anti-tumor activity of basidiomycetes.

Mushroom Extract Inhibition (%)
Auricularia auricula-judae Hot water 42.6
Ganoderma appalanatum Hot water 64.9
G. tsegae Hot water, NaOH 77.8
Phellinus linteus Hot water 96.7
P. igniarius Hot water 87.4
Coriolus versicolor Hot water 77.5
C. hirsutus Hot water 65.0
C. pubescens Hot water 59.5
Daedaleopsis tricolor Hot water 70.2
Fomes fomentarius Hot water 5.7
F. pinicola Hot water 51.2
Hirshioporus fusco-violaceus Hot water 45.5
Lenzites betulina Hot water 23.9
Piptoporus betulinus Hot water 49.2
Piptotorus betulinus NaOH 72.4
Trametes gibbosa Hot water 49.2
T. dickinsii Water 80.1
Flammulina velutipes Hot water 81.1
Lentinus edodos Hot water 80.7
Pholiota nameko Hot water 86.5
Pleurotus ostreatus Hot water 75.3
P. spodoleucus Hot water 72.3
Schizophyllum commune Medium 100.0
Tricholoma matsutake Hot water 91.8
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ezl
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Fig. 2. Possible immune mechanism:D-glucan biological

response modifier (BRM) [44].
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_— —In

Fig. 3. Primary molecular diagram of mushroom Hatglucan [45].
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Fig. 4. Molecular model of the right-handetfiple
spiral helix of antitumor-active-beta-D-gluc

(Schizophyllan)[46].
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[I-4. =¥}8) 4 (Pleurotus spp) WA <kal3d £

FEEE5L A (antibacterial), & N84 (hematological), v}

=
>

o
i}
>

2~ (antiviral), &9 (antitumor), LY HHS FIE 7R
Q= Aoz Hawo u}[47,48]. Pleurotus sppe <Feldh3d EA S
AYar Qlo] gholl A o] of&¥o] gk el k& Aleo|th[49].
Waser$} Weis[48]+ 1% A7 (5 WA ZHE ko= AR
7Fedt 245 29 9 BT Ad FAds Pleurotus sppE
H Zgk g2 7o) AAAZSTH 22 Adso] HEHA kTgE 5
e 7 Sl Ae® YErETH50]. Table 3 2 o8 F79

Pleurotus spp °| °Felst8 &35S vehd Roltk.
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Table 3. Medicinal effects oPleurotus spp.

Medicinal effect Fungus Substance References
— Mycelia [51]
Antibiotic Pleurotus ,
Polysaccharide [52]
, , P.ostreatus B-D-Glucan(pleuran) [53]
Antibacterial
Pleurotus spp [54]
Pleurotus spp [55]
Antiviral P. citrinopileatus | Polysaccharide [56,57]
P. ostreatus Ubiquitin-like protein [58]
Immunomodulating | P. ostreatus Glucan [59,60]
P. ostreatus Glycopeptides [61]
P. ostreatus Mushroom grown on corncobs | [62]
Pleurotus spp [63]
Antitumor Pleurotus spp [64]
P. ostreatus Mushroom [65]
P. ostreatus Lectim [66]
P. ostreatus f-D-Glucan(pleuran) [65]
Antiinflammatory | Pleurotus spp [67]
P. eryngii Lovastatin [68]
, _ P. ostreatus Mushrrom [69]
Anticholesterolic ] ,
P. cornucopiae Lovastatin [70]
P. ostreatus Mushroom [71,72]
Hemagglutination | P. cornucopiae Lectin [73]
Antioxidant P. ostreatus B-D-Glucan(pleuran) [65]
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II. oFIHA FAA AR

-1. A 9 9y
m-1-1. #F L 2%

2 Ao AFR3E ¢+ o9 (Pleurotus ferulae) HAI OS2 =f1fjof A
THE F-49 AAA 222 E T 92 F-1, 183 T34 F
¥ F-2, F-3& AFE3F31 91, Patoto dextrose agar (PDA) Bl A] o] A

34T

M ®EEQlaL, 25t Al Fsias A

MI-1-2. wj=) A

FAEF(F-1, F-2, F-3, F-4) 9 H# A& Addsr] <lato]
MCM, MYPA, ME, PDA, YM, YMPG, YMGZ Table 4 ¢} o] %A
A=

O
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Table 4. Compositionof various synthetic and semi-syntheticmedia testec

Medium

Nutrition reagent
MCM MYPA PDA ME YM YMPG YMG

Fresh Potato 200.0

KoHPO, 1.0

KH2PQOy 0.46 2.0
MgSQy7HO 0.5 1.0

Glucose 20.0 10.0 10.0 4.0

Maltose

Dextrose 20.0
Thiamine HCI 1.0
DL-Asparagine 1.0

Peptone 2.0 1.0 5.0 5.0 2.0
Malt extract 30.0 20.0 3.0 10.0 10.0
Yeast extract 2.0 2.0 3.0 2.0 4.0

Agar 20.0 20.0 20.0 20.0 20.0 20.0 15.0

MCM: mushroom complete media, MYPA: malt-yest-pegto agar, PDA:
potato dextrose agar, ME: malt extract agar, YMasganalt agar, YMPG:

yeast- malt-peptone-glucose agar, YMG: yeast-nmaltage agar.
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Table 4 9} o] &Z3aty wix|&= 1587 A (1217C, 1.2 kg/em) ¥
petri dish o 20 m¥ #53% &, FAHF(F-1, F-2, F-3, F-4)& #

==
o2
ol
ol
)
>
=
>~
=
0%,
X
o,
kit
il
I
o
ol
ol

Fato] 2541C FL7]9A 107 8
o] HA WA= Aurstlct.

-1-3. A%4

e Ful= A Ag, WAART std dFE MYPAWA
(peptone 1.0 g/L, malt extract 30.0 g/L, yeast extract 2.0 g/L and
agar 20.0 g/L) 2% %] 5mm cork borer® A3 3 mycelium diskE
HEste] 256£1°C e gF=7]0lA kst & Aol AFg-stlom, Axuek
o] A+ 250 mL E2FA~ =9 50 mLe] potato dextrose broth(PDB) &
ZABF] 1217T, 16523 asbav et § Fauet = ofgliAl dAAE
5mm cork borer® mycelium disk 4 — 571 A F3dto] HE3 & 25T,
8UZE kst th, MYgA S VR dAE st HFHAOE ARSI
=

III-1—4. Flask ® %

ORI A FARYFell M T2 HA 2E 2AFSE] flske] MYPA

A= ZA 8] 121TColl A 15837 1 E #3513, petri—dishel] 20 mL 2



ekl =3 vy, AFdS AFshaL 15, 20, 25, 30, 35T9] &5 9]

28 2710l 1043F wjeFata A dAe] A5 JES 5FF HA o

10% (v/v) 2 st A3t
incubatorel Al 5 — 10 &<t wjeksto] WA} AlLejutdi Arks
ZAFSEA T

TAHA B H A 27] pHE AR S18ke] 72w A1 & 300 mL A&
gt~ 50 mLY &3 IN-HCI®} IN-NaOH= %*7| pHE 4.0 —

8.0 M= gsto] 23 b, 121°C, 1583 udtste] Faaow
A3 LS 5% (v/v) FsFe] 256+11T, 100rpm 2 83U &
o} 3hoc}.

Ao & 3718 &= ZAFH] f18ko] 300 mL AFzbEekAael 7
SIS 50 - 200 mL & 2este] pHE 6.5% 243 v 121T, 15+
7Aooz A3 E AFdS 25217C, 100 rpme = 8

_&

O mERR T, R
217k 71w ¥t et

Shaking Incubatoreol X A HZ Aol s|d4-E ZAMSH] $15H
300 mL AZtEet~Ael 50 mLe] 7w A| & pHE 6.00 = 43 &
121°C, 1527 austddd -, A5 92 25621TC=E 742 50 7 200 rpm
C 7 3 HgE delsto] wiekst

%2,
ot

o

- 24 -



IM-1-5. 9% +4

A

N

gagol wE

!

1 A Axe) TR A 2AReEr] 9kl
glucose®] 9F2] T3 247 2% (w/v)# H7Fskal wix]e] pHE 6.5% %

A3k th3 300 mL A& 50 mLA 58k 121TCollA] 1583
uEAe T HELE 5% (w/v)E HESF 256+1C, 150 rpmOE 12
Az At glar, A H2 gAYl wXo mE S A
et 242k 1 — 10% (w/v) A gefsto] Baed A gs) 22 o=
ZAFSEA T

HA &A9Q glucoseE 5% (w/v) H7Fa 7] u A o] yeast extract?]

1159 A429L 0.6% A gdasto] A8t pHE 6.5% 243 th& 300
mL AZFEEAF o) 50 mLA BF8te] 121°C, 1587 1 d 73 & A=

4L 5% (w/v) 2 HF3Fe] 25£17C, 150 rpm= 1247 Agafek a1 1,

Qe 2] Slotel 4 Aaqe] FES 47 0.2 - 2.0% (W) A

gato] Aag A% AY 247 e WOz AU

(v

III-1-6. Jar—fermintation

gz ujckeq Hax:E 5 L €% (working volume 2 L)9 Jar
fer— memter (Kobiotech, Korea) A AE2Ex4d7], wHEE 24
7], §EALFEDO)AA U pHAME &t Qv Ahre FTHS

)

7] 4FVIE o]t o3 dEE A 2ar] dor {FAHA S
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,HleE Al HAEHE AFS AARY) f18ke] Silicon AXAE AHES)
A & (areation) = 0.5 vvm¥} 1.5 vwvml®E Egdte] areationel
g dAREE S Az vgdR S

200, 300 rpmO.Z WHEE FHA wuirEEe wE ks xAls)

M-1-7. £y

i d W7t F53 5] AAS S F F @ B
AR B A S8k 74].

DA e A e] Az AT A S 3,000 rpmellA] 157F A4
st A FARAE 2 - 33 AAAM AT G, 60TA 2
Z5kal deciccatoroll A @&l & wj7hA] WA|ste] AxTHe SHeA L,
e 4v1e] 95% ethanols 3718t 4 CeolA aF &<k WA g 5 3
A AL 75 3,000 rpmelA 1023F 4 2gfste] 283 ths
60TCoNA 3FF B AF3F] desiccatorolA] d=Fo] = s

AxTH= S8 (Fig. 5) [75].

o~
>
L

N
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Cultivation

Sampling - Centrifugation
(3,000 rpm, 15 min)
| |

precipitation Supernatant
‘ «—2~3th washing «——Collected

| |
Dry «— 24hr, 60T Supernatant |  Supernatant Il
Added 4 volume of 95%—— ‘ ‘

ethanol (4T, 1day) ~ centrifygation  Residual glu

Dry weight (3,000 rpm, 10min) ~ Concentrati
of mycelium ‘

Precipitation
(exo-polysaccharide)

-« Dried (24hr, 60C)

N rissmimlad £

Fig. 5. Experimentaprocedurein this study
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ki3

ZA}
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X555
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TA SOl F-2 #F8 sl ovt AP E7F Wi 5 dA Aol
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Table 5. Composition of the mycelial growth of was P. ferulae on

media(PDA).

Strain of ferule
Mushroom F-1 F-2 F-3 F-4

Growth Characteristic

Mycelial growth”
23+3.9 69+3.9 68+3.9 22+3.9
(mm/10day)

Mycelial density” +++ 4+ ++ +++

* Four strains of Ferule mushroom was collectedhcsliured and named as
F-1, F-2, F-3 and F-4.

** Mycelial growth was checked 10 days after inatidn and expressed as
average and standard deviation.

*** Mycelial density was examined with naked eyesdaexpressed as +

(thin), ++ (moderate) and +++ (compact).
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[I-2-2. 7| &2ux] A

oM At HAMY S| T L TIEuAE AEstr] 95k
Table 4 9} 72 759 FAMAE ol&ste] dAMES 9 UES XA}
stlow, 1 A= Table 6 7 Ztt

FAF 7E9 wlA] F MYPAolAM 84.012.4 (mm/10day)Z 71 wh
2 A om dAbdE =5 vk vbde] MEwWjA o 4= MYPA
A gk S E7 v skl ou EAPEE WA Be ApolE Rt
1 9el= MCM, YMPGOIME AREA 2 wstovt dAPd =7 wheke
9, YM, YMG, PDACIM = dAMIASE7E =33 dAbEE e Wt
ok o] Ao R oW Aol et P A= MYPA ®
ATH.

X
15/
o
o
4 %

32
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Table 6. Mycelial growth of Ferule mushroom (F-2h @arious synthetic
and semi-synthetic media.

Media

Growth MCM MYPA PDA ME

YM YMPG YMG
Characteristic

Mycelial growth

81.2¢1.3 84.012.4 64.7£3.9 84.0+2.2 61.510.2 80.3t1.4 74.2+1.9
(mm/10day)

Mycelial density + +++ ++

++ +++ ++ ++

* Refer to Table 4.

** Refer to the footnotes of Table 5.
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II-2-3. 259 9

ofIM AL TAA ] FAME Sl AFet HA wg AES A3
Fig. 604 X npel o] 20T olsket 30Coldell M= A A
HF438] Astete ALFS wBov, 25TolM FAESo] 7P %38l
HA wEEE 25

olglst Ayt e “elg| %<l Pleurotus eryngii= 25C, Pleurotus

mlm
r|

o
Jjo

@}

d= & T AUk
ostreatus®}  Pleurotus fiorida= 30C<Ql RI[76]8 Fomitella
fraxinea(Fr)+ 25 — 30C8= XW[77], Lentinus lepideuss= 25Cg}t

w XaL[78], 183l Naematoloma Sublateritium(Fr.)+ 25Cee H
a[79]18F AL FAFsE AR S & 5 Qlal, Phellinus igniarius[80] 2t
Ganoderma lucidum(81] #ZA ¥lg2%7F 30Cetes Halehs AWbd
BEFE BT Qo] WA FRAtE HA w2 Es tha 2ot Sl

AOo® et
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Fig. 6. Effect of temperature on the mycelial ghowbf P. ferulae on

MYPA medium

- 33 -



)

J =
a5

st

S

# 23}

=

=

(inoculum) 2] Hj<¥7]
2] W] (varience)

ol Efms A3 Al

2

S=3
SE

M-2-4. T4 WYL 2 FFZY 9

RES

file)

Nd
ol

il

9 BgR

hAvA
-

Fig. 7 Yebdlth Aol B upel o] 5o vy

=

=

I Ay

o

3 E el we AR

s

&7

PR

o)
9 TR

S 1 - 10%(w/v) A5
jL‘

)

of A Al

o

J =
HE
=
e

Eix

F

)

= 3171

2
AEY A7 AFE 7] (dying phase) A E] ol
%3] oF

0

1

L —

T

ot
Aol &

g o]

% 5
Ae
b @

H
AAACE 5% (w/v) el FFFOE AFe =& Hol dA A Al

al,

o
i=1

9,,1

o Azs)
3

velion 5% (w/v) o)A

©
=

SR A

oy
23!

g

)
o

)

A =

olde] Aol A offIMA dARA ] dAMIF I AES]

Al Hof dAREZel Ax

| ¥he

A

5% (w/v) <]

TAH =

s

o
Mo
K
xr
oy
o
oF

- 34 -

=
=

TAA =

1

°
s

ol



10

|
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Fig. 7. Effects of inoculum age and inoculum volume P. ferulae growtt

and exo-polysaccharid¢production
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II-2-5. 2719 pHY I

OFIH Al ARA O] FAMY Al A pHE rsty] A& AAd A
= Fig. 8 ol X nkgl o] pH 6.0 o]7de WHeleld A Al
9] v Aol ad Zow yEhtoer, pH 4.0 — 5.5 WSelA
T AP AES] vd AR vha A= A EoISUTh

%7] pH 6.5014 dAYZI AES] vdF BA 22 6.35 g/l ¢}
2.07 g/Lelglal, pH 7.0014 A 5.95 g/LolAwk AlE9| v
Ak 2.09 g/L 2 Hd QS Bdvh a8y dAREE T A9
g A SHeM HES S o, ofsiWAl wAMAS] H2A x7] pH
= 6.59= & F AUk

WAoo w2 HA pHHH+= Lentinus lepideus® HZ %7] pHE 4.2
oW pH 5.001del = dAMEFEel BF FAHETE ®al[82],
Formitella fraxineal83]+= 6.0, Ganoderma Ilucidum[81]+= 5.0,
Pleurotus ostreatus[84]+ 6.2 — 6.5, Lentinus edoes[85] 4.0 —
4.5, Poria cocos[86]< 4.0, Phelinus edoes|87]= 4.2, Pleurotus
eryngii[88]< 6.090 Aoz RS =d], o]y FIFS i Aol
WA G T wAME HA pHe Helel skl Wolport [89]7F
pH 4.0 — 7.00]zk= Bt 79 dA3vhes 4dFd= & 5 Atk
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Fig. 8. Effect of inital pH on P. ferulae mycelial growth anc

exo-polysaccharid¢production
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I[II-2—6. Surface aeration® ¥ &

atafujeke] lolA MjA 2T T ArFFER0] TAAES A
H$3te Y, AbAe] £ EE Eo flste] 10 7oatE T3] dlo}
k7|7 Fole F717h wWiAe S EEE FFa ok stz ol At
o] &ast= Hof AFole ols&HErt 53] W] el AAEgol
7|30 A M o & T@AI7E Fofok sl7] o]t

wjokRlo] mE FAE T AZe] thdF AAte] #E A Fig. 9
ol eRdH wiel 3ro] wjekRu vt ASFF Ataygo] dEsto] dFAMY
Ak AES] R Aate] AR FAHIL ASS & 5 oH, Ao
AR (6.69 g/L) 2 Azl thdR AAF(1.91 g/L) & HQl witFIe
50 mL ©]3lt}.

olglgt Al oM A FAMA Y wAMAE T AEY thgF AAS 9
A= At Gallste S8t AFolAe olsHErt dEetes AA

oI E FAsk] = Jlo]l UE madgde o g 3

Az

ok
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Fig. 9. Effect of surface aeration of. ferulae mycelial growth anc

exo-polysaccharideproduction with flask culture
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[II-2—7. Shaking speed® %4

Hjekel el A (viscosity) & #IY7IZF F_be] dARY I HEo] Al
E9] vidi AE T wide e FHow st FrhekAl "
et 28 dgs &oletA sh7] #2849 3 (mixing) < WAL
A AL v WA T8 Fe A 7 AsE T2
Atoltt. wEbA shaking speedell whE dARY G A E Q] thEdR Akl
+ 93-S FAMSFATE Shaking speedell e FAMY AT} A EZe] o}
FH kel didt A= Fig. 10 oA R nkeh o] ol A=}
Axe] o ik 150 rpme] shaking speedelA] dojF o,
shaking speed’} S7}&4% ot dAGY Mxe 3w Aiks
Rt} o]yst A= shaking speed’} T71HE4S 24dE
74l whel gAR I AlES] g Aatel B aaAde o 5 3l
o}, 28 150 rpm ¢t A2l shaking speedy AR I A E Q]
Ui Ak 100 rpmellA e B va W2 AEFS Bdsd, o
= ok U9 wARAle]l E7}¥ shear stressZb ZFE3Fo] w#ARAY] &
qor At Ao AtgETt whEbA flask cultureol 2] 24 shaking

speed= 150 rpmYUS <& 5 it}

il

(
AV}

I
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Fig. 10. Effect of shaking speed oPR. ferulae mycelial growth anc

exo-polysaccharide production with flask culture 2a6C anc

initial pH 6.5
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712 Ale] 1059 ©radEs H7beto] Adst A3 O FeA®
glucose, maltose, fructose, mannose A7}7olx TAFIZI} A E2)
o Aate] a3 otk (Table 7). 71 SAA% glucose H7FolA
H A E(6.85 g/L) gk AEe] v (275 g/M)E R
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Table 7. Effects of carbon sources oR. ferulae growth and

exo-polysaccharide production with flask culture.

Mycelial dry Exo-polysaccharide
Carbon source
weight(g/L) (g/L)
Control(none) 3.04+0.48 0.80+0.04
Glucose 6.83x1.24 2.75%0.13
Mannose 4..38+0.85 1.16+0.03
Galactose 2.82+0.32 0.57+0.02
Fructose 5.41+0.83 1.32+0.08
Arabinose 2.15+0.39 0.66+0.03
Xylose 3.40+0.64 0.72+0.05
Maltose 5.54+0.79 1.28+0.09
Lactose 2.87+0.47 0.58+0.02
Sucrose 2.91+0.32 0.51+0.03
Manitol 3.45+0.27 0.55+0.05
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Fig. 11. Effect of glucose concentration oR. ferulae growth anc

exo-polysaccharideproduction with flask culture
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Table 8. Effects

nitrogen

sources OR.

ferulae growth and

exo-polysaccharide production with flask culture.

Mycelial dry Exo-polysaccharide
Nitrogen source
weight(g/L) (g/L)
Control(none) 1.21+0.09 0.52+0.02
Ca(NGy): 2.10+0.12 0.85+0.01
NaNG; 0.01+0.0001 N.D.
(NHJ)-SO; 0.77+0.02 N.D.
NH4NOs 0.74+0.01 N.D.
NH4HPO, 3.80+0.35 1.02+0.05
(NHa):HPQy 3.12+0.27 0.98+0.02
KNOs3 1.04+0.07 0.35+0.01
Malt extract 2.34+0.15 1.52+0.08
Peptone 3.26+0.18 1.65%0.05
Tryptone 4.87+0.21 1.82+0.13
Yeast extract 6.52+0.32 2.53+0.21
Polypeptone 7.21+0.25 3.74+0.18
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A
Fig. 12. Effect of polypeptone concentration d¢h ferulae growth anc

exo-polysaccharideproduction with flask culture
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A
Fig. 13. Effect of yeast extract concentration &n ferulae growth anc

exo-polysaccharideproduction with flask culture
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Fig. 14. Effect of agitation speed onP. ferulae growth anc

exo-polysaccharide production with jar fermentatiain 25C, pH

6.5 and 0.5 vvm.
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Fig. 15. Effect of aeration rate oB. ferulae growth andexo-polysaccharic

production with jar fermentationat 25C, pH 6.5 and 200 rpm.
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Fig. 18. Effects of water extracts &f. ferulae fruit body on cytotoxicity of

cultured human cancer cells. The cells viability revemeasuredby

MTT reductiontest. Values are mean+SD, n=5.
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Fig. 19. Effects of water extracts &. ferulae mycelium on cytotoxicityof
cultured human cancer cells. The cells viabilityrevaneasuredby

MTT reductiontest. Values are mean+SD, n=5.
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Fig. 20. Photograph of Con-A activated mouse splgtes which treate

with water extract ofP. ferulae mycelium. Water extract ofP.
ferulae mycelium and Con-A were added to cell culture meala
2 days later mouse splenocytes were measured by Mductior

test. Values are mean+SD, n=5.
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Fig. 21. Photograph of Con-A activated mouse spmgi®s which treated with
ethanol extract ofP. ferulae fruit bodies. Ethanol extract oP.
ferulae fruit bodies and Con-A were added to cell cultumedia and
2 days later mouse splenocytes were photographeder inverted

microscope.
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