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ABSTRACT

A Study on the Optimal Culture and Biological

Activies of Pleurotus nebrodensts Inzenga

Hyung-Gun Nam
Advisor : Prof. Wol-Suk Cha Ph.D.
Department of Chemical Engineering,

Graduate School of Chosun University

The purposes of this study were to determine the optimal culture
conditions for mycelial growth and exo-polysaccharide production in liquid
culture and test the biological activities of AZlewurotfus nebrodersis Inzenga.

The optimal temperature and pH for mycelial growth and
exo-polysaccharide production were 25C and a range of 65 to 7.0,
respectively. The optimal inoculum age and volume percent were 7 days
and 5%(w/v), respectively. Among the various carbon sources tested,
glucose was the best carbon source. The maximum mycelial growth and
exo-polysaccharide production were obtained when glucose concentration
was b%. The best nitrogen sources were polypeptone and yeast extract,
respectively. Especially, in the case of the mixture of polypeptone (0.8%)
and yeast extract (1.0%), the exo—polysaccharide production was higher than
that of sole polypeptone or yeast extract. KoHPO4 0.12% (w/v) and MgSO
4+ 7TH2O 0.12% (w/v) were the most effective inorganic salts for mycelial

growth and exo-polysaccharide production.
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Using optimum culture conditions 1in flask, the exo—polysaccharide
production after 10 days of culture with a jar fermentor containing the
optimized medium were 3.85 g/L, which was 1.5 fold higher than that of
basal conditions. Using optimum culture conditions in flasks, the effects of
aeration on mycelial growth and exo-polysaccharide production were
investigated in 5L air bubble bioreactor. When 1.0-2.0vvm of aeration was
used, the maximum exo-polysaccharide production after 12 days of culture
was obtained 3.32 g/L, which was 1.7 fold higher than that of basal
conditions.

To investigate the antioxidant activities of /2 nebrodensrs Inzenga
extracts, the DPPH scavenging rate, superoxide anion radical scavenging
rate, linoleic acid scavenging rate, and nitric oxide production were
determined 7 wvizro. When the fruit body extract concentration was
increased from 150 ug/mL to 1000 ug/mL, the DPPH scavenging rate was
increased from 8.2% to 42.3%. However, it was not increased more than
1200 ug/mL. The linoleic acid scavenging rate of the fruit body extract was
increased from 48% to 82% when the incubation time was increased from 6
hr to 22 hr. However, the incubation time was increased from 27 hr to 56
hr, it was decreased by 62%, which was a few higher than that of BHT.
When the fruit body extract concentration was increased from 31 ug/mL to
63 ug/mL, the inhibition of nitric oxide production increased from 9.6% to
31%.

The effects of decoctions prepared from 2 nebrodensis Inzenga fruit
body (PNIFB) on glutathione production, glutathione peroxidase, catalase,
alcohol dehydrogenase, and acetaldehyde dehydrogenase activities in rat liver

after chronic ethanol intake for 14 days were studied. When the decoctions
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prepared from PNIFB was added, the glutathione concentration was 13.5
uM/g of liver, which was about 2.2 fold higher than that of control. The
activities of GSH-peroxidase, catalase, and alcohol dehydrogenase by adding
the decoctions prepared from PNIFB were 4.1 U/ mg of protein, 121.3 KU/
mg of protein, and 2.1 mU/ mg of protein, respectively, which were similar
to those of control. In the case of acetaldehyde dehydrogenase activity, it
was 9.0 mU/ mg of protein, which about 80% was increased when
compared to control

In order to compare the hot water and methanol extract of 2 nebrodersis
Inzenga on the antitumor activities, various cancer cells were examined.
The hot water extract concentration was increased from 125 ug/mL to 500
ug/mL the viability of Law 264.7 cell was decreased by about 60%. On the
other hand, in the case of methanol extract, when it was increased from 63
ug/mL to 500 ug/mL the viability of Law 264.7 cell was decreased by about
45%. When the methanol extract concentration was increased from 250
ug/mL to 500 ug/mL, the viability of HEL299 cell was decreased by about
87%. On the other hand, in the case of the hot water extract, when it was
increased from 63 ug/mL to 500 ug/mL, the viability of HEL299 cell was
decreased by about 38%.

For selecting the best extract solvents on the nitrite scavenging ratio,
various solvents were used. When the diethyl ether extract of PNIFB was
used, the maximum nitrite scavenging ratio was obtained, 28.1%6. The
maximum nitrite scavenging ratio was 40.1%6 when pH of PNIFB extract
was 1.5. However, when pH of extract of PNIFB was increased from 3.0 to
6.0, it was decreased from 34.29 to 2.3%. In the case of PNIM, it was

also affected by high pH.
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Fig. 1-1. P. nebrodensis Inzenga (fruiting body).
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AyE ol kvt FEWA(Coriolus  versicolor)®l  Psk, X WA (Lentinus
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Table 1-1. Medicinal effect of Plewrotus spp [42-56].

Medicinal effect Fungus Substance
e L. Mycelia
Antibiotic Pleurotus spp )
Popysaccharide
. . L. ostreatus Beta-D-Glucan (pleuran)
Antibacterial
Pleurotius spp -
Pleurotius spp -
Antiviral P citrinopileatus Polysaccharide
P ostreatus Ubiquitin-like protein
Immunomodulating £ ostreatus Glucan
P ostreatus Glycopeptides
P ostreatus Mushroom grown on corncobs
Pleurotus spp -
Antitumor Pleurotus spp -
P ostreatus Mushroom
. ostreatus Lectin
. ostreatus Beta-D-Glucan (pleuran)
Antiinflamimatory Pleurotus spp -
P ervngir Lovastatin
) ) L. ostreatus Mushroom
Anicholesterolic . .
. cornucopiae Lovastatin
P ostreatus Mushroom
Hemagglutination . cornucopiae Lectin
Antioxidant P ostreatus Beta-D-Glucan (pleuran)

_11_



Table 1-2. The effect of polysaccharides extracted from anti—tumor against

"Sarcoma 180" solid cancer[42-56].

Complete
Strains Tumor impediment disappearancg rate of
rate (%) tumor (viability No/
treatment No)
Ganoderma applanatum 64.9 5/10
Coriolus versicolor 775 4/8
Coriolus hirsutus 65.0 2/10
Trameles gibbosa 49.2 1/10
Lenzites betulina 23.9 0/8
Daedaleopsis tricolor 70.2 4/7
Fomitopsis cviisina 44.2 3/10
Leucgfomes ulmariis 44.8 0/7
Hirschioporus jfilscoviolaceus 455 1/10
Coriolus pubescens 59.5 0/10
Favolus alveolarius 71.9 0/10
Fomes fomentarius 5.7 2/8
Fomitopsis pinicola 51.2 3/9
Ganoderma tsugae 77.8 2/10
Prptoporus betulinus 49.2 0/7
Trametes dickinsit 80.1 0/8
Phellinus hartion 67.9 1/9
Phellinus igniarius 87.4 6/9
Phellinus linteus 96.7 7/8
Lentinus edodes 80.7 6/10
Flammulina velutipes 81.1 3/10
Pleurotus ostreatis 75.3 5/10
Pleurotus spodoleuctis 72.3 0/8
Tricholoma matsutake 91.8 5/9
Pholiota nameko 86.5 3/10
Agaricus bisporus 2.7 0/10
Auricularia auricila-judae 42.6 0/9
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Fig. 1-2. Possible immune mechanism: B-D-glucan biological response

modifier (BRM) [18].
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Fig. 1-3. Primary molecular diagram of mushroom beta-D-glucan [83].
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Fig. 1-4 Molecular model of the right-handed triple spiral helix of

antitumor-active-beta-D-glucan (Schizophyllan) [84].
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Al II #. Flask 9 A wj o

ARl HEAE wARAZ L stal o] Eo] Rol ARAAE FA o o] & HA
FES FHAEH Fgad diEed A8 B fow ofHY HIL =0
Lentinus edodes, Coriolits versicolor, Lepiota procer, Grifola [frondosa,
Lyvophvllum ultrarium, Ganoderma applanatunrs ©-2 58 4L w7}
stolgyrt Yvta XM FH a1 QoW Coriolus versicolor?] STt A = W
o Z=7A (AEY: Kresrin) &, Lentinus edodes® &9 thdA= 9 ok & A4
(¥ Lentinan)® &3 o]g W2 A7t o] Foxa 9Jr}H[33-38]. 53
el wAlY 71Y9S F=9 Xinjiang Autonomous® &l A GobiAlukel A A
Astg vt B FHAdg, o] MAlLE Axd 5o # HEe 2Eolxu M

Adoln] AAAE FAL F2% 2L T Uk LAAREH  FIolA



Western Paradise White Garnodermaeril =&l 5t 53] g dE40 F
=9 Ganoderma® %+ vl5:3il, 559 Food Examination Centero w2 o
WA o] oF 14%, W ELY C, 283 B g2 BAETG ofF =& Aow H
s 9ot [23] ol wE AFE dAwFrR T uA AFulA oA H
AE Mds sted B2 2898 7128 o 59 nANMYES B2 =59y

&
Al AJqko] mpgkAer[1516]. gk, A vl FFolol 9T 2 @AY
Agoe] detar =g FHA FH2> A kel TARA tiEF AAEe] o] H & THA 1L
ATHIL7]. Ze¢t B2 A7AE0] AeFe] WACRRE dARA Akt A
A=A EY 7)) A7l At HAA AAu G =21 27 A6k
B2 A7 A FolE Eaetal Mo WAl HAMGE A Y TA
(nutritional equirement) % wjoFz7 o] dislto] FRLstA o] FoIX A g2 A
ol 9ot [18-22]. uwhEhA
o wAMAl A B AlEe o
o HAstE AESA

rm
* 4@

ol A= flask QAM] oz g wod Al
=

F oA WAL GFLTH L
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I-2. A2 2 W4

I #5F %2 BE

BoAGgo A AL dFE WYY (Plewrotus nebrodensis Inzenga) B Al

o

2 9 Jhok WF FauldadA BEgwol AE35F%ow ) patoto dextrose
agar(PDA)u x| el A 25C, 743 vl st & 4TColA RESA I, 25wt A

v oF st W Al Al E o] A}-g-&} 9T}

X

A

o}}‘l

=

Ao FHl= nAMYY A4, $HERASA dFE YMGAW A (malt
extract 10 g/L, glucose 4 g/L, yveast extract 4 g/L and agar 20 g/L)¢] S
ol 5mm cork borer® A3 3 mycelium diskE HF35}o] 25+1C 9 82 7]9
Aok § Aol Abgskow, AAE %] A= 300 mL Skl 50
mL9 7] 28 A (YMG : glucose 20 g/L, yeast extract 3 g/L, malt extract 3
g/L, KHoPO4 1 g/L and MgSO, - 7TH.O 05 g/L)E 121TC, 15623 1 ¢4E gt

hE

% 5mm cork borer® mycelium disk 4 - 57/ AFH sl HF3 T 25T, 8¢

i

Aeuferer o, SRS dHE7E FHAOR 30 sec % A5

R

)

i)

FPow AHgag

3. Flask wj & =71

Mgmmsle FAAGA Y F& A 2EE 2] Aske] YMGA
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Flaskoll A gt oll wp& w#AbA Ay AEe] od{F Ak 2487 9
3lo] glucose?] 9% FHE 474 2% (w/v)A H7Fsta wix 9 pHE 652 =
Agk v 300 mL A&t 39 50 mLY 2535 121TCol A 1583

o

1
H

-
¢

al
g 5 JAFLE 5% (w/v)E HFoto] 25£1C, 150 rpm e &2 1297F X1 &wf

o
O
ol
>

e, A A8 gads sEel wE gge 2AEs] 95t 47 1
S 10%(wA sl Bag AN ge wHow zAddT. A4

Wl glucoses 5% (w/v) H7Fe 7]Eu] =] o] yeast extract®] 1159 ZHA

o
L

au
b~

AZ 06% A <elsto] A pHE 652 =43 tha 300 mL A&k~
o] 50 mL¥ &Fste] 121TC, 156&3F atd#s & HFAdS 5% (w/v)=
HFslo] 25¢1°C, 150 rpm= 1293 A& ¢F spdx, Add H4 A4 F

Sol wE AT AES] hFF el VAL G AR 9ol

sto] MgSO, ¢ 8F 9 HF79FE 4 @2y AhYdgo=w A2E glucose

5.0%(w/v), poly- peptone 1.0%(w/v), L8] il yeast extract 0.8%(w/v)2l A

of 0.15% % 2esto] AT v pHE 652 =430l 300 mL 4Hz=e2
o 50 mLA# #F3Fo] 121TC, 150 rpme 2 1297 d&ujof 3l a, Ads
#HA 57 Ao sEAWE JFS TAe7] fete] HA FUIARY vEE
0.02 - 03 %(w/WA defsto] F7d7F A2 ddxdy 22 PHOo= FAL
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Fig. 2-1. Experimental procedure in this study.
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Fig. 2-2. Effect of temperature on the mycelial growth of Z. nebrodensis

Inzenga on YMGA medium

_24_



AL
;00

Ju
7o

e
Mo

I-3-2. vl FA 7+ 2

—_
o

i

~

] (inoculum) <]

=]
HqHEH

Fig. 2-3¢] e

=

=

tdch 2 23

G

zA}

S
=

stuA

[}
o 54

# 43}
Aol A Hi mpe} o]

=

=

¥ o] (varience)

g/]

A A

RiEs g

}

o
pl

l

AL
OO

o

o

o

R

¢+
oW

el
ojn

%

!
X

el
;00

o
OO

%

e
o

BH

,_lryl

o

B
50

~
o

,_lryl

o

o]
H

IR

o

o

oF

goZ

1 - 10%(w/v) HF

_%_
T 9
(dying phase)} € o]

= o
H4EY

o

o
=
<)

g

ol M= 7
i o

)

o] o3

TR

3L
-

A © A

ol

fLE

\=]

9 o

-
X

o] FALA AT A

=
=

A kAW Wl o

A ®o] FAA Aol Ax

315917 o
-
3

5)

©
1=

=k A

=

=

Bk
G FAA S FAAT A

stel 4

)

FES Hu TFAAAT A

1A

TAMA A BT Az
AOTA TR A S

o] A} o] 2 3} of A

o]

-

L

]_

o2 At

G

3

o
=

] A
9 TR Aol
o] &

¥

T
-
X

o

=

[e)
o

el o 5%(w/v) °]4 T o]

S

Z

oF

3 A

H

R

e
T

el
s

Al
=

s}of

L

ol

o

=
o

&H

AHA S 5%(w/v)9l

)

ol
~o

1

f

fand

_25_



BN S days ]
[/ 7 days
I 10 days _
~~ 6 T
S
=2
=
3
— 4 — ]
o
< _
©
(&)
>
| |
2 -
1.0
1.2 —
’:l\ _ _
2 1.0 T
)
R
T 0.8 A
<
[3)
Q
g 0.6 1
2 0
o
&
o -
g 0.4
(NN}
0.2 +
00 - T T T T T T T T T
1 2 3 4 5 6 7 8 9

Inoculume volume (%)

Fig. 2-3. Effects of inoculum age and volume on /2 nebrodensis Inzenga

mycelial growth and exo—-polysaccharide production.
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I1-3-3. pH 4 &

Mg WA TARA Y] AR ol H A pHE sty ] A Ade
Fig 2-4°] ue Wtk 7] pH 6.0 o2 HelA A Alxe] vd 7
sk Aoz YEhgow, 7] pH 40 - 55 WA= #AAA =

b tha AAlE = Aol 7] pH 65004 AR A3
MEL] 37 A 22 635 g/l 9F 2.07 g/Lolal, 7] pH 7.00 A A}
AL 595 g/LolARE Al vdi A4k 209 g/L 2 Hd AikdFE B
o ey dAM S Az gd R A SHelAd AESAS u, Wiy
AAbAl o] H A 27] pHE 65 - 7095 & Aok #Aled wE HA pH
WA= Lentinus lepideus® % %7 pHE 4.20]w pH 5.00] Ao A= FALA
Zol W AANEACE B (93], Formitella fravined 94 = 6.0, Ganoderma
luciduml921= 5.0, Pleurotus ostreatus|951= 6.2 - 6.5, Lentinus edoes|96]=
4.0 - 45, Poria cocosl9T1e 4.0, Phelinus edoes|98]= 4.2, Pleurotus
ervngil99]= 6.0%0 oz B =d, olyd AEFgFL thih Aol AATH
AT o] A 2 A pHe W elel tiste]l Wolport[10017F pH 4.0 - 7.00]
gt Baeh Ao dAg Y= A4

o 2~
Fde o 5 9

[e3
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Fig. 2-4. Effect of initial pH on 2 nebrodernsis /nzenga mycelial growth and

exo-polysaccharide production
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II-3-4. Surface areation ¢ &F
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I Mycelial growth
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Fig. 2-5. Effect of surface aeration on /2 nebrodensis Inzenga mycelial

growth and exo-polysaccharide production with flask culture
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[I-3-5. Shaking speed < &F

Hj okl o] A (viscosity)= Wl G717E Fete] wAMR AT v Eo] A
g AAE o vl e S ow st Sk A A wekbd 24
Ads &olatA st7] A T&AA Ed(mixing)S TAMA R Axe v
oA e FHE FHAE & e Fad AUt Wt shaking
speedol] W& WA Alxe] vdRF Ak WA= dFS AsEAH
Shaking speed°l] W& TAAA A A E9] tFF Aako] tjd A= Fig. 2-6
oA H wkel o] Hol AR AExe ddF A4S 150 rpm2
shaking speedel A o] % o shaking speed’} F71d+= 453 A
IoAES] bR F S Btk o]y g AF = shaking speed”t
EAAGEETE Sk wed AR AEe] o[ Ak oS 234
o] % o 4 9tk 28} 150 rpm o] Aol A ¢ shaking speed: A A Al
xo] e F AL 100 rpmol Al e AR oA v AEgS B, ol
wj okl el wtAlAlel] F7FE shear stress7t ZHEshe] wAbAle] o= <l

w2} A flask cultureol A9l # 4 shaking speedt 150
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Fig. 2-6. Effect of shaking speed on 2 nebrodernsis /nzernga mycelial

growth and exo-polysaccharide production with flask culture at

25C and initial pH 6.5-7.0
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sh&E, gl A A gk Fo g dyA
dolth, Wedar wAl wALAl o] A4
o HAE 10F9 ©29S 77 2%(w/v)2 #H7bste] Ades 28 89

Table 2-1¢] YeFHA T Lol FAFAYAFL glucose(6.48 g/L) H7FFolA 7H
k3 319 a1, fructose(5.68 g/L)¢t maltose(5.27 g/L), mannose (459 g/L) <=2
2 %53 9om arabinose(2.25 g/L)Z FH7FF R wl$ HLE HFAAFS B
Ak AEZe] g F Aol A A= glucose(2.64 g/L) H7bFoll A 7HE S
8191 AL, fructose(1.39 g/L), maltose(1.20g/L)s= 0 2 Hl w4 g5 gA v e
H7bAoll Ao Alxze] a7 A F3d7boAe Az gadFgry Az
AZL] 37 LS BAn. oA g A= LZentinus edoesl1011E N A vl o
39S wW glucose’t 71 U3 A Tt B9t Poria cocos(102]19] H A €A
Ho] glucosedt= AS Bug Axeol dAst= AFolAdvt. &gk, Wg HA
TARA o] A2 tgiF A AEFS ARG tEo] Frlsta e o=
gl AEL vdF ArEEs FAAII=H T 9TS st e

& At} Parks[104]> FE e AR A o] protein-bound THE R A4t A

A #AAE AL Yvhe BRaet dA s AFAdS & F Ak HA g@i
Aoz A glucosed] F=ol WE TAAGH AEQ] trFFA A w A=
FEgFS A A3 (Fig. 2-7) Mg uwAl A2 Ao FAAF T A E9
g AL glucose 5%(w/v) H7FFolA dojxom 5% (w/v) % o4
T olste "7l telM e wA AT AZe tgF A Az Ao

Elukth. o] 21 A¥= Mikos[10510] Schizophviium commuune? A Bl 9F ol

Aoy 5% (w/v) glucose FEolA T oz H7sUS u TFARA A
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L-malic acid AJ4te]l A= &35 Yeldvhs 2o}
o wEbA A A Ee gdE AAAS 9
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Table 2-1. Effects of carbon sources on PZ. nebrodensis Inzenga mycelial

growth and exo-polysaccharide production with flask culture.

Specific
Carbon Mycelial dry weight Exo—polysaccharide
production
source (g/L) (g/L)
(g/L/g/L)
Control 2.89 0.77 0.27
Glucose 6.48 2.64 0.40
Mannose 459 1.20 0.26
Galactose 2.96 0.59 0.20
Fructose 5.68 1.39 0.25
Arabinose 2.25 0.64 0.27
Xylose 3.54 0.72 0.20
Maltose 5.27 1.29 0.24
Lactose 3.01 0.60 0.20
Sucrose 3.05 0.53 0.17
Manitol 3.62 0.56 0.15
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Fig. 2-7. Effect of glucose concentration on 2. nebrodernsis Inzenga mycelial

growth and exo-polysaccharide production with flask culture.
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Ak 718 AA9Q polypeptone¥} yeast extract 3 7F

TolA 7P e dAMAEI AEY vEd R s Bloew, vE #71H
2499 tryptone, peptone, malt extract®} 7}l = tha A== A4
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[18]. =3+ Cordvceps mulitaris W ¥ ol A
+ corn steep powder®| 7} S 3A Q1 A4 Mol Y} [40]. Fomitopsis pinicola
o] A $-+ vyeast extract ¢ malt extracte] 3+ v A oA E=2 TFALAB AT
A28 o Aake] vrERRTH [81]

TAA AT A ES] g F Aake] #H A polypeptone =5 ZAFsHZ] 95l
polypeptone =2 0.2014 2% (w/v)® &g 3to] glucose 5% (w/v)7} %
iAol H@ kst AR skdv. Wi 23 Fig. 2-8°1  uEE Wit
Polypeptone 1.0%(w/v) H7FgolA Hdl #AA 2 AEe i Ais
et AR AlE 9] B9 A4S polypeptone H7F w=7F 1.0%7F

A F7Fe AT, 1.0%(w/v)old el aAEd e A s Aol dh. Yeast



extract®] TEo wE FARAGHR Az tRF Aol mA = FFS ZAL
St AL yeast extract®] FE=E 01 - 1.0%(w/v)7FA 2 2]sto]  glucose
5.0%(w/v)%t polypeptone 1.0%(w/v)7} ¥ wfAlell F7Feko] FALsESI T
Fig. 2-9o| A H= vpe} o] AT M EZe thd®{ A4S polypeptone
1.0%(w/v)RF H71E 491 0.8%(w/v)e] yeast extracts E§3ste] H7FE 2
S W AR A tEF A A O FAE AdrEs 2ot
wetA] HA A AU polypeptoned} yeast extractd HZFH H7bE

1.0%(w/v)¢t 08%(w/v)¥= & & Uvh olgd = HAide ads

Fomitopsis pinicola® 7459 79 w5 Axrp dojH o} [81].
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Table 2-2. Effects of nitrogen sources on 2. nebrodensis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture.
Specific
Nitrogen Mycelial dry weight  Exo-polysaccharide
production
source (g/L) (g/L)
(g/L/g/L)
Control 1.14 0.49 0.43
Ca(NO3)2 2.20 0.81 0.37
NaNO3 0.01 N.D. -
(NH4)2S04 0.75 N.D. -
NH4NO3 0.71 N.D. -
NH4H2PO4 3.68 1.07 0.29
(NH4).HPO4 3.01 1.02 0.33
KNOs3 1.09 0.36 0.33
Malt extract 2.22 1.44 0.65
Peptone 3.04 1.59 0.52
Tryptone 4.65 1.79 0.38
Yeast extract 6.19 2.45 0.40
Polypeptone 6.84 3.55 0.51
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Fig. 2-8. Effect of polypeptone concentration on 2 nebrodernsis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture.
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I-3-8. 71497 9

FAAA AL GFFAN] BE FIGRY GFS AT 98kl

)

glucose 5%(w/v), polypeptone 1.0%(w/v), yeast extract 0.8%(w/v)7} &
W x el 9% F7AF/FE 27 0.15%(w/v)A #H7rstel zAbe g g, 1 A

Table 3-30lA Hi= nps} o] 652 F7AFe WML WA A 3

fol

BA0) AR T FoAME KHPOSH MgSOy- 7H:0 A7hrel A FA AR A
o) thE Al A% Sfegith. ol@ldh A= Chendt Liy[107]7}

Aspergillus japonicus® T Abo] 1ol A KsHPOs2F MgSO, - TH.09 #H 7}

ke

b asAeld s nud At FAT 4FYE & 5 Avh T buffering
reagent® #&et= PO, METEE FAete K, 23 7 A¥w
AEA R ol FaAl GFE WA= Mg o Gl ool A G A
Z9 R AAFES PN dow Ardr HH FIGFE AUE

KoHPO42o] H 7w o] wE d3FS AL A glucose 5% (w/v), polypeptone

\:
P

1.0% (w/v), yeast extract 0.8%(w/v)7} sF2 =]l 0.02 - 0.3%(w/v)%
7hstol ZAbgE A3 Fig. 2-10014 ¢ 2ol 0.12%(w/v)s =9 KoHPOs, H7F
oA Ho TARYF129 g/L) AlES] vhd{ AAH4.15 g/L)= B

Egk MgSOy4 - TH209 7ol o)s) w& dAMRAE I A9 vgi Aiks
zZA k7l 9ske]  glucose 5%(w/v), polypeptone 1.0%(w/v), yeast extract
0.8% (w/v), KeaHPO4 0.12 %(w/v)7} % wi=]el 0.02 - 0.3%(w/v)¥ # 7}38}
o] ZAFSE A3 Fig. 2-1104 ¢ o] #AMSES MgSOs - TH:O H7bel| w&
FEST7F 2% YE A AR MgSO,s - TH:O 0.12%(w/v) s =7F 37}
H Aol MY Az v Ao &2 KoHPOsY H7F 5= e A
Aol A yed Az tEi AR FAE FE

n°"
o

RS



wop A wled AL ALA O] EARE AR AL R AAkS A7 FH
2 FE719F9d KoHPOs9F  MgSO4- 7TH209] A Hulbshs  H70)
012%(w/V)DS & 4 Ao olde AR 2 puricola X A3} A2 W=
& Ayt AdolHY. a8V L swbnudus and S commune W %ol Mg®, K’
o} Ca ¥& A7t A FANAAS 2RAGC AL, Pelinus sp, BEE
KH>PO, ¢ CaClol Aol 7 EaA otk ®Wia shdvh [28] &g
Kim% < Agaricus blazers] YW kA CaCly-2H-O, KH-POs, MnSO4-5H.0, E+=
ZnSO4 TH:05 A7 vl w2 dA3 3% Axe] thdfeo] Aike]l dojxx
53] MnSO4-5H:0 0.05%& H7F &wl wAM 2 Axe] bdfe A2 of
10% =7} stdoha ®ma skl [82].
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Table 2-3. Effects of mineral sources on P~ nebrodensis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture.
Specific
Mineral Mycelial dry weight Exo-polysaccharide
production
source (g/L) (g/L)
(g/L/g/L)
Control(none) 7.15 1.90 0.27
MgSOy4 6.84 2.51 0.37
CaCly-2H-0 7.30 0.54 0.07
ZnS0O4-7TH20 0.16 N.D. -
MgCle 8.57 1.48 0.17
MgSO4-7TH20 9.69 3.34 0.34
Na>:HPO, 7.32 1.27 0.17
FeSO4-7H20 6.64 1.02 0.15
KoHPO4 10.92 3.75 0.34
KH2PO4 8.31 2.64 0.32
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Fig. 2-10. Effect of KyHPO, concentration on Z. nebrodensis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture.
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II-4. 242
w Ay e MG A FREE  FARA AL B2 AEe] b5
7 A mAs vz HASE flaskol A HESY] vy 22 Ay

E 40

L W% 20T ol tsl 30Col g MGmm A FAA Afol FE3 A
FEE A ¢ & gor, 25CAA FAARC P FEsAn. AEP
5% (w/v)E AT w5e Aol FAAES AL GgF
Z7] pH 7004 #AMFE 595 g/Lel AW AEs] BFF i
= A ANEe 19

2. o8 gadFToA FA A vkl TRl glucose(6.48 g/L) F 7F-oll
A 7 kst o, Al g Agbe] Aol = glucose(2.64 g/L) H7F
oAA 7HE Fstan. F718 Z A9 polypeptoned} yeast extract FH7F
oA 7 dmd FARAER AEe o9 Aaks B =3
Polypeptone 1.0%(w/v) ¢ yeast extract 0.8%(w/v)e] &3 A

5 ARG E dARYE S AlZe] bgEF Aitol T sk 659 F714
Fo wWda WA FARAF aHoldu I FoAE K.HPO, 0.12%,
MgSOy - 7TH20 0.12% FH7F-oll A dA A3 Al 2] g7 Aike] 7V ¢
Ebiaa
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A III %. Jar fermentor 2 Air bubble bioreactor
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Stirred tank bioreactor A]Z~®l2 aerobic bioprocessing
9l bioreactoro]t}. tiFEeo] WA FARA] AR wjkd HAw# (shear stress)
o] 9+ bioreactorell A & ¥ i Qlth. o]y F Hwke (shear stress)> A}
A A, production formation % product yields < 9IS Fu rl. E73
mechanical power7} o] Qg 3 o] AAHo=zw FAr =
Aol B-xtatch. T Fx7F B33 o] maintenance’t oFF ojg@ vtk 1y Al

@=® (shear stress)e] §l+& air-bubble reactor< bioreactor Tx %
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maintenance’} o}F Ftesto] AA A 0w ofF F&okA AREHIL o U
scale-up 3F7] ftf. 221} o] % air-bubble reactore At FF o] 7]E 9
bioreactor (stirred tank bioreactor)®.t}x= UHk# o & ol greationo] ek
A wjekxdo] Qs

mela 2 oAdE flask HA wlFEUE o] 8359 jar fermentor ¥ air

bubble bioreactoroll 4] scale up& 3&t7] 3] jar fermentorol] 4] 2] agetiaion

speed % aeration L@ il air-bubble reactor®] 4] aerations #HE &%t}
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BoAgo A AL dFE WY L (Plewrotus nebrodensis Inzenga) B Al S

o

2 9 Jhok WF FauldadA BEgwol AE35F%ow ) patoto dextrose
agar(PDA)u x| el A 25C, 743 vl st & 4TColA RESA I, 25wt A

v oF st W Al Al E o] A}-g-&} 9T}

X

A

o}}‘l

=

Ao FHl= nAMYY A4, $HERASA dFE YMGAW A (malt
extract 10 g/L, glucose 4 g/L, yveast extract 4 g/L and agar 20 g/L)¢] S
ol 5mm cork borer® A3 3 mycelium diskE HF35}o] 25+1C 9 82 7]9
Aok § Aol Abgskow, AAE %] A= 300 mL Skl 50
mL9 7] 28 A (YMG : glucose 20 g/L, yeast extract 3 g/L, malt extract 3
g/L, KHoPO4 1 g/L and MgSO, - 7TH.O 05 g/L)E 121TC, 15623 1 ¢4E gt

% 5mm cork borer® mycelium disk 4 - 57/ & AFso] HF3 T 25T, 8¢

)

e st o, wgdSs dAV|2 FadHoR 30 sec & A 3}slo
HAETddoz AgsAT. T wYd 10%S  Jar fermentor % bubble

bioreactorell & 3ste] wAMA 2 Ax e tEFE HE Y

w
M
£
ol
i
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4. Jar fermentor Hl %

wagx wooA] TEFE 5 £ % (working volume 2 L)% Jar fer-

fol

L
memter(Kobiotech, Korea)ZX As2L=xd7], wwtEs 2d7] $E224F
S (DO)AA 9 pHAIAE F&sta k. 4bae 352 27 4571€ ol &3
of o3 IHE A HE7] do= FHEHA stFom, wjgA LA st AF
& r

S AAs7] &kl Silicon AZEAE A}

A AH A AgstEa, 29 =9 pHE 47

Air bubble bioreactor= ©]-&3 Wl working volume 3 L7} &3 5
L €%9 Reactorz2# AFLExAd7] £EA2E5(DO)AA 2 pHAIAE
Zhskal Atk AFA Y] FHES F7] YE71E olfSte] o3 dEE 1A 2av
roR FAHA sFRom, vk BAsE AFE AAsZ Aske] Silicon
2XEAE AFESAY. F @ (areation)>= 05 vvmd 3.0 vvmoez @zl slo]

areation®] W& AR I A EQ] v AAS Z3FA T Air lift bioreactor
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Ir-3. 2= 42 1%
HI-3-1. Jar fermentor? agitation speed < &

Flask culturedl X o] Q¢ a4 A3 A3 Aol H A A (glucose
5%(w/v), polypeptone 1.0%(w/v), veast extract 0.8%(w/v), KoHPO, 0.12
%(w/v) 2 MgSOs - TH0 0.12 %(w/v))7} 3+ 3 working volume 2.0 LE 5
L jar fermintatioroll A agitation speedS HAE ATt M v Al FAAA
I AEL tFHF Aako] T agitation speed?] %L 100 - 300 rpm o 2
gl slo] ZAFSFATH i =, pH % aeration Z+z} 25C, 7.0 1@
vvmo Z M7 woh dASA FAHES =AU 2= Fig. 3-10
vEF Wdth 100-300 rpm agitation speeddholl A vl 9F 7] 7F Eobo] HAMAY A}
MEQ tFHF Aato] #3 Aoz Aufo|a] B vle} o] agitation speedE
AP AE L] g7 At 3 AL dFS & 5 vk Agitation
speed”t 200 rpmeol F7HA S7FAI A FAe W dARY G AE ] v AL
S #AAea &S 4 7 Uuk o]yt A= agitation speed’t T T E
impellerel]l ] gt 7} 3 shear stress7} WAste] ®azx o AL &84S ¢
8 AR AlEe] vgRg ke FAAQd FFS ZF7] WEd Ao
At Hd dARA T Az dd i AL 150 rpmé  agitation speed
sl dojxon a2 AAFS vk 99F Z+7F 85 g/L9t 310 g/L® 4
elwkoh, webA H A agitation speed: 150 rpm o2 U EF W
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Fig. 3-1. Effect of agetation rate on /2. nebrodensis Inzenga mycelial

growth and exo-polysaccharide production in the jar fermentor.
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III-3-2. Jar fermentor®| aeration & &

Jar fermentero] 41 9] aeration®] WS TAA G AEL] R AL 7
A= FFS 2AEHZ] H8Ee] aeration= 27 05, 1.0, 1.5 2.0 vvmeo =2 3}
APE oAk W %S Flask cultureol A o] ¢ a4 AdoA dojxl FH A
=] (glucose 5%(w/v), polypeptone 1.0%(w/v), yeast extract 0.8%(w/v),
KoHPOs 012 %(w/v) % MgSO4 - 7TH0 0.12 %(w/v)) 20 LE 5 L jar
fermentorel] AFY S wjoF &% 25T, agitation speed 150 rpmoll A 94 &9t 3}
Ak wieF A3} = Fig. 3-20 vEF WStk Aeration©] 0.5vvmel Al 1.0vvm
o7 T/ & A vl 945 HIAMEAE S7F el 28y 15 vvmo®
7 & AS A gAY ek Alxe] g9 R AAE aeration©] 0.5vvmel A

a8y 15 ywwvmeoe =z =71 & A
¢ A A aHnE HA ageratione 1.002 ZAA it} oly g A=
aeration &= o]l T7tEFE W W] AAHAGHE Frheto] wlod A
o] A A fFrEd S4S =46

Akl &0 ol mA Aom Atsdn
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Fig. 3-2. Effect of aeration on /2 rnebrodensrs Inzenga mycelial growth and

exo-polysaccharide production in the jar fermentor.
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[I1-3-3. Jar fermentorol A | & v} oF

Basal culture conditions®} optimum culture conditions= W ald}l7] < 3f
Hj A Zbell whE AR, AlE 9] v i A4 pH, 2e]ar 7] =3 glucose &
Hl & ZAMe At Fig. 3-3& w A gbel] W& vl uwAle] A3 A2
ol g A4k B 3kE glucose Fx=0 ®IE UERH Zlolth. Basal culture
conditionsoll A ®i ¢ & A dAF AL wiFAIZE Sk A T Sk
E3] vl 4971 A = optimum culture conditions®} Bl wj A o] M]3} A
A4 skt ey WY 6Y9 ¥ FEH = optimum culture conditions®.Th FFAs
shlth pHe Wi A 558 fHastr] AlAsto] wfF 3dFolFE i<k 10
7hA 6.4 - 669 WA 1Y wY 119F Y F7hshr] Al Feke] wi ek 12
dFo = 72704 45 k. Glucose= HISFAIZE F7Heh A AAl38] An| 7t

Febol vk 12€ 5 oF 27g/L7F &M E A Axe] g7 A vjet Al
6d7AA @A T o 2y vl TAFFEHE 9 o] TUF shA &
P, AEe] tIFF Hd A w g 645 25g/Le] Aol

2 Optimum culture conditionsoll A wi kst 739 FAFA A kA 7H
49 o] Y dARAY o] FA3T] o] F oA AR 104 Aol Hol dARAF
(10.24 g/L)= EY v+ 2 olF A Ae] F7F A4 & pHe WS =
Z1el 7.0001 4 wioF 29l 647 7Hasl7] Al ZFete] Wik HA7|7HES 63 - 65%
T4 ATt Glucose AHl&= Bl GAIZE 5U7EA] 5435 F7FskA . 2wl ok
dFE = AA3] Frkste] vl 1295 oF 46g/L7F An[H AT AEe] v
A wi Y S7re @ S7F sho] vl 109 A FHo AAFF(E.85 g/L)e
Bt 1 o] Fo dAAAY] A g wef Axe vH{ AR AskEA
t}.  ©] A3 Basal culture conditions®Tth 158 T7F st wlod Al

CD
o

=i
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3-3. Changes of 2 nebrodensis Inzenga mycelial growth and
exo-polysaccharide production in jar fermentor under optimum and

basal conditions of culture and media.
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III-3-4. Air Bubble bioreactor?] aeration ¢ &F

Flask culturecll Al < a4 A3 ZAa Aozl HAuj A (glucose
5%(w/v), polypeptone 1.0%(w/v), vyeast extract 0.8%(w/v), KoHPO, 0.12
%(w/v) ¥ MgSO, - 7TH-O 0.12 %(w/v)) 20 LS 3 L Air-Bubble bioreactor
of AReFst & wjF% 25T, pH 7.0014 995t 183 aeration ¥ 3} (0.5,
1.0, 2.0, 3.0 vvm) o W& TARAAS] Axe] tIFF S FASEA
Aeration ¥ 3tol W& ARG AlEe] vUHF A4S Fig. 3-40] v Wit
Avfo Al B nvRel o]l aeration 1.0-2.0vvmol A AR o] wjAIZE 5
o] FH-E FAMA Aol FAB] o] FolA wldAIZE 99 Aol Hd A S

g/L)o] H AT I8} aeration 2.0vvew AMEZE tdF{ AL w] A ZE

ne

NoREN V)

Q7o 260g/L0.% HANAFGY. EF HEF WFAZRE 54744 )

i
Aouk2 SR A Aol sk dAN, TAAEE Ve ® AR
i

o

F&wsh MR A 1.0-20vvm E7 ol A FAA o] & HiE Aow mol
=
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Fig. 3-4. Effect of aeration on /2. nebrodensrs Inzenga mycelial growth and

exo-polysaccharide production in an air bubble bioreactor.
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II-3-5. Air Bubble bioreactorol A = A njj o

Air bubble bioreactor®l| 4] basal culture conditions®} optimum culture
conditions g Bl 3}7] Y WA Thol] wrE FALA A AEZe thdF AIAR
pH, &) 7] &<l glucose 2B S A8 h Fig. 3-5& uj kA 7ho] wl&
W Ale] dAR G Az v ALk B glucose w9 W3S UE
W Zo|th Basal W% =g o]8F A dAF A WAL T S
=7F stk 53] vl 49 7hA = optimum culture conditions®} Bl w A
o Hz=EA A st 2Ey WY 6dF

FE & optimum culture
conditions 2.t} 7F4 3} T pHE W d5FH 7HAs7] Al#bsto] wieF 3¢

O

Tl HE i F 109 7h4] 64-6.6A0. 12y vk 9L FE Frbetr] A Aol
of Wit 129 %ol = 74714 F5 Atk Glucoser™ W FAIZE F7HeE A A1A
8] Z2m7b F7hsko] wiF 124 % of 21g/L7F AW EH AT Alxe] v Ak
= WY A 10974A Tkt @A S etk 2Ey vl 10d SR EH =
g o] T7F kA FT AES ddF Ao A a g 1095 2.1g/Lo]
Aol l. L3y Optimum culture conditionsoll A ®iSF 749 ZAjo|A HE=
HpRop zho] AR AL Wi A STkeE §A F7F sko] vl kAR 12 Al H

o A2 gLl AR 1 ol FE F7h a4 @k pHE W 27

O

N
-

of 7.0014 wieF 3€ol 642 Fastr] Azkeko] ik A7IZF EoF 63-672
Al Ak Glucosew W FAIZF 6474 w48 &n7F Srbekdoh 22y wi
TAFE = AAMB] 2n7F Frhsto] vl 1295 oF 36g/L7F &AM EHAT Al E
o] i AL Wi F7F A FUF v Ad AEe R Ate
vk 1294 Ho AAFFE3.2 g/L)ol @it o] A= basal conditionsk
ot ooF 179 7 Skslth
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Mycelial growth

(gl1)

pH

Residual glucose

(/L)

Exo-polysaccharide

(/L)

Fig.

10

8 —@— Optimum conditions
O+ Basal conditions

Time (day)

3-5. Changes of 2 nebrodensis Inzenga mycelial growth and
exo—polysaccharide production in air bubble bioreactor under

optimum and basal conditions of culture and media.
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1. Jar fermentor® Ho TAAAI Axe v AL 150 rpmY
agitation speed ZZ73dlollA dojygom 1 AL wjek 94dF zhzF 85 g/L
9} 310 g/L= eyl Aerationd -+ 0.5vvmelA 1.0vvme = <71 & 7
T+ MY 9dF FAAEE SF s HA wMdERdE ol &sto] Jar
fermentoroll Al AlZ 9] tgdF AL Wik 1044 Ho BAFGE85 g/L)e B
Atks 2 ol Foll HARAS AdAlde wel Axe] tdR AR AskH Sl

t}. o] A3} Basal culture conditionsX® .t} 1.58) =57} &} 91t}

2. Air-Buble Bioreactoroll 4] aeration 2.0vvdw Az tigf{ Ak 6] oFA
99 Al 260g/Lo® HAH Avhk. 53] optimum culture conditions el A
F DA TAAFL M FAT 129 Aol Hd TAREF®2 g/L)o] B
ool = S7F oA S T Al AlEe] vud R AL vl 1244 FHo A
2FeF(3.3.2 g/L)ol doixth ¢ A basal conditions®Eth oF 1.78]) F 7} &)
AT

jus)
_

du 2 AelA foix At MG oRRE dARYEI AE

gl Ads AT &Rl w4 el glold =TT Aol o



ehA di gt o] T ALA
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A7 AT T (WTO) AAENeR 2 $A2E AANGAN Ad
@ AL ok s M A Bl A sor], FHE FUOE
sl FE AAL A7 A HAA e Feo FAE olg gL
Agstst FAAAGFAN SEACE GAT & Qe LA} 2 ¥
S gstA Auem FERT Bas Ak WAL AFAA HED o
FoR QB AgE o G 53 daEe MAL G% A % FaoE

dol Bob B AU AAHI vk dEM = 1977d el FEH A

o4

%9 PSK(polysaccha -ride Kureha, Krestin, A 3%; —4t 3|A} 44, 77 F)
P @Az AbgE Ao Aol A Lentinane] & ¢ave W 2=
AE veElE Aoz muxdon 1985do = MoFkels R 2N
Aokt FREAGAA AIARE AT FAGFOR Fujrt =57 A5

[79-81]. A v} Al Schizophyllan®] 2t B AS fadlar Yar, o] EZo] A

N

o, Alxdds7t 31 A=A ZEek= Aol A vk o= 1986 el

HEeletE OB o BHHACtIM AFge g 9@ Foom AU

e dojr AHA peptide®! profuramined obA|=A A837F HAERE L 9t}

o|Qlol| %= Calvatia grganteaz €] Calvacin®] FE|=A A dEA=E daEA 9l
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i Hericiern erinacius=5-¥l erinacin, Sparassis crispa=*-¥ sparasino| o7
Hol@ = o] A FEHA U= F8&A4 o, A HAA o

r = H[61-64], 6001 F o] o] B Al tist
of A=A T A3 AAA B dAb el FEA ] dvkE Aol o
ATt [112-116]. wetA of 2] HAlS o] &dte] o5 =d 7]wol el

%]
048 AxE s dFE o ol e r 3 A2E AEAAL Ao

BooAFo N dAFstax st WAE W (Pleurotus  nebrodensis
Inzenga) = M & o)\ W X (Pleurotus ervngi)® WolF o 2 A T F9 ey
WA I (Pleurotaceae), =} 2] M X S (LPleurotus)o &35+ BAY dFo|t. &

= 9] Chinese Food Examination Center?] X ito] w= W= 14.7%9]

Gud s gfHo] vk e [117-119], 53] v 7 (Polysacchrides)”}
M A A (Immune System)E 3 A7 252 7HA2 e Aoz dyA 9l

tH24] =3, Wgas HE8MAl TolA b o] FRekal Folo Bk

ot

ol the WA Hdtel HEAA} FOWMAE AFFIL HO
w3, dol Fob AwAwol W we wAloln [120-122]. 1
ol W S5 Aoz AgEAw, g

of wstel T - )Mo hy =B U4

o
ol
-
)

{
ot

(
ol
o

ol t}

g B ATE g HAY dAA B AAA FEES o
bk, ek B oA AAT T HE S dA iz 24 54 & 9
& 7 vitrool <l DPPH  (1,1-diphenyl-2-picrylhydrazyl scavenging Rates) 4
A5, superoxide anion radical 2775, Linoleic acid #4Fs}A ]34 51

ZH(liver)ol A=  superoxide dismutase (SOD), glutathion (GSH), glutathione
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peroxidase (GSH-px), alcohol dehydrogenase (ADH), catalase, alcohol
dehydrogenase (ADH) % acetaldehyde dehydrogenase (ALDH)% S =7A &%
v g HgusAe FaaasE HEsSHIAS HEAEd SNU-354
(hepatocellular carcinoma, human), 3| %A% A549 (lung carcinoma,
human), A&7 5 oA E 2 Hela (cervix carcinoma, human), 43 A 4 A 3E ¢l
HO-1 (melanoma cells, human) % A #HAMEZS HEL299 (lung normal,
human)s & Ab&stith. =g wlguu Al 2AdA 2 dAA FEE 25 E

pH W3l W& oldiiAEE 54 53
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IV-2-1. wed el Ale) Wiy, wE, 9 obu]

2
M
1%

3 olstste] Aow ALgadrh 2 Ao e AxE R Y EA (Varian

lue &%

=
o
S,
@,
[0p!
(o]
@
(@]
—t
~
>
-
w
S
S
=
filo
P
=
oo
ofs
ol
7
(o
=
r o
o
ol
oft
flo
8
=3
<
o
S,
19
=
=
8
o

e or Al S A5 10 go 75% ethanol 20 S 7}ata o] 2 $HHF 4
22 o AAsEe] 80Co A 40%7F 74 e H, o] E Biichner funnels A}-&3}

of o3} dPn P& LHEL 75% ethanol 50 ml 2 33] A sto] thA] of 3}

stttk 9o o ¥HS vacuum evaporator® ZHFA X 3E}o] ethanold ZdHA]7)
il ethyl ether 50 m(= 33] o] A A 2| F =3t A T} ethers S 3]st =
A A FF2o] etherE Al AT T 0.2 M citrate buffer (pH 2.2)5 7}5to] Al 54
HNoZ ALESATE ol =ik FaF FEASE 93] Edman’s Reagent?l

24

AS wdstr] 2l

3.9x300 mm Pico-Tag columnS AF-&3to] Table 13 #& oA EA35A

PITC(phenylisothiocyanate) & Al&3tR o™, olE HF=

o Aol =4k Pico-Tag WH[124]e] ¢35ty A8 &2 1 gol 6 N-HCI

10 mE 7k 5 No gas®2 S A7 Z2aske] 110+5ColA 2443 7ha 23
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AL Ao A Wzhek F pH 229 sodium citrate buffer 3 meell & 3f Al

71 0.2 pum millipore filter® o33k Th. o] o NS 200 S FH s HPLCOl =+

o]
H

ol

o] Pico-Tag column= ©°]&3s}o] fFgoln il &4 & A &4

=

ol
-
32
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Table 3-1. Operating conditions for the analysis of amino acid by HPLC.

System: Waters 510 HPLC Pump x 2
Waters Gradient Controller
Waters 717 Automatic sampler
Waters 996 Photodiode Array Detector (PDA)
Column: Waters Pico + Tag® Column (3.9x300 mm, 4 pum)
Detector: Waters 996 Photodiode Array Detector (PDA), 254 nm
Data analysis: Millennium 32 chromatography manager
Injection volume: 200 ul
Mobile phase:
A: 140 mM sodium acetate (6% acetonitrile)
B: 60% acetonitrile

Gradient Table

Time Flow %A %B

Initial 1.0 100 0
9.0 1.0 86 14
9.2 1.0 80 20
175 1.0 54 46
17.7 1.0 0 100
18.2 1.0 0 100
20.0 1.0 0 100
20.7 1.0 0 100
21.0 1.0 100 0
24.0 1.0 100 0
25.0 1.0 100 0
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HIER 242 A8 1 g2 AFadY v& dFdE A dgi125]e] wek A
2ste] o] T 20 w2 FHI HPLC (Waters 510)= #4319 th. HPLC 4%
AL Cig column (uBondapak Cig, 3.9x300 mm, 10 um)°]™ -+ solvent 30
mL/hr, ningydrin 20 mL/hreo] a2, &2 & solvent 55 bar, ninhydrin 12baro] 1

o

in vivo 2388 %E %% Sprague/Dawley A9 7 3FHZ Fujste] 2 F
A o] AFSH A AZFAN F AL AT AFSH L AT

do] 2WALE o TOOREH 9F 70074 12A7ew e, AYLen
8

2. Ak 9 77
DMSO(dimethyl sulfoxide), DPPH(1,1-diphenyl-2-picrylhydrazyl),

glutathione, linoleic  acid, methyl pyrazole, NAD(diphosphopyridine

Nucleotide), NBT(nitro blue tetrazolium cloride monohydrate), sodium nitrite,
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sodium azide, sodium pyrophosphate, dithiobis, trypan blue, pyrophosphate,
ferrous—chloride, magnesium chloride, phosphoric acid, PMS(phenazine
methosulfate), rotenone, semicarbazide-HCl &2 SIGMA A3, ammonium
thiocyanate, acetaldehyde, formaldehyde, formamide, glutamine, hydrogen
peroxide, MTTI[3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetra zoilum
bromide], silymarin group, tanic acid, tricloroacetic acid, ammonium
thiocyanate %< Aldrich A3, RPMI-1640(Rosewell Park Memorial
Institue-1640), DMEM( Dulbecco’s modified eagle medium), BCS(bovine calf
serum), Trypsin-EDTA %< JBI(Join Bio-Innovation, Korea) #|3, penicilin-
streptomycin < Cambrex A3, ethanol < J.T.Baker A%, xanthine oxidase
+ Calbio #3%, isofurane & T 9 A|F A& S A3

AES 771 e 2Ur YA R e 7|25 High Speed Centrifuge
(KONTRON, Model T-324, Italy), Ultra Centrifuge(KONTRON, Model
T-2000, Italy), =& v}4€ 2 2 Homogenizer(B - BRAUN, Model POTTER S,
Germany), SdA 89 WEHZolE Freeze-Dryer( LABCONCO, Model
LYPH - LOCK 12, USA)¢} Centra-Vac System (VISION, Model VS-802F,

Korea), &%

m\

{02 UV-visible Spectrophotometer(SHIMADZU, Model
Mini-1240, Japan), AZxA|59 &= Pulverizer(RONG-TSONG IRON
WORKERS, Taiwan), SdA59 FZFol= Rotary evaporator(TOKYO
RIKAKIKAI Co.,, Model EYELA, Japan), AlXuj%Fol= CO: incubator
(NUAIRE, USA) % Clean bench(Hansol SM, Korea) %2 7]7]5 o] &3t
=3
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3. In vitrool A o] ars dA =A

1) DPPH &4 %5

DPPH (1,1-diphenyl-2-picrylhydrazyl) &t
wel AAEgdTh 15x10 ‘MO FRE o g

e o
i}
[
Y
ol
flo
O,

[o
&

N
flo
ol
i
=2

2) Superoxide anion radical 4745

Superoxide anion radical &A%< tha3 22 W wel A AT A
2 5000, 0.1IM Tris-HCl &=9 (pH &85) 100ul, 100uM PMS 200uL, 500uM
NBT 200ul. % 500uM NADH 400ulLE 7} 560molA 3% A A=

FirobA e Frfel et 2A&0%0)=2 23%E e AT

i
ook

3) Linoleic acid 343} A &l

Linoleic acid #AFstA sl & & th53 22 ol wel AASHA T 25 mg/ml
T A= 89 30ul, linoleic acid 400ul, phosphate buffer 800ulL, <
7TI0uLE 7Fell ¥bg EFES WHEO 40T A Asatsts Faetddot. o] kg
A 0.1mS 2447 & FH3E) 0.1mL2] 30% NH4SCN % 75% o ¢ 2.7mL¢} &
ol Ao 245mg/mL T =] ferrous chloride 0.1mLS 7}38] E£33lal 3% &

500nmol A EME ZAsle] LujE A& oo THTo Ik A
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4. In vivooll A & &Aksla g 54
1) A3y ~2Ed s f2 L oA F o

Sprague-Dawley Al ¥4 AFAE 2 FUIF o] AlsT & ¢F dE5Fofd
ol &A%+ (Negative Control), 73

weight/day)F o] v+, Z18]3L AT o Folit SOz AFFoR yo] EE
Agatel 2 FA Tk vid wEd 30 % ol ¥E 3.0 mLE A FFste] 2ts)
A 2EY2E F25AtH(Table 4-2). 4tst4d ~Ed 2 {f23 FAld AdT
A= ASFE4L 2 Fd S g 1 3o ZA- 17:00-1800 o WAF
0.5mLA 7 FFo]etdar, thZ+(Control) ¥} Silymarin Fo] 7ol F=9 thal

o A A d4(0.85 % NaCE Foj ek ql
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Table 4-2. Experimental design for in vivo test for 2 weeks.

Exp. Groups Ethanol Administrations (with)
Control Yes No
Silymarin Yes Silymarin (1g/kg body weight/day)
Tests Yes Ext (0.8325 g mushroom/kg body wt/day)

*Ext 0.8325 => 0.8325g ¢ Ao =ZRY FZ9 A& A (decoction)S HE
(1) 873 ratss Fl(F A 180+10 g), 2 U AbHF=> A Fo] 21020 A =7}
H, 200go= 7HAstn AdS g

ol 40% g2 Hol AU AE 40% Fo 3
P AGA Fd=> 30%2 F438te Fofgt,
(3) Aol AHSE WAF AAFS Al JA F7] wEol & HAS
7o 2 gk olE FHA AT (200g)o= 4k 0.0333 g o H, o] =] 5uj
S Foldz]2 g => 00333 x 5 = 0.1665 g/ 200g body wt /day= 0.8325 g
mushroom/kg body wt/day (=10l A <=ste= WA kg AsH FAFL=
7N1e) (TEAFAANE &2 7|t 5% AASA HAF 5-100FS

Fojstel Adgh.
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Aol Z A

2) 4 A& = 2l

pot

H(liver)2 0.9 %< A

=
o —20 CTY Weae ®yastHA A

ol 45 ARl qRAR FEL AAD
gegon, 24 #de ¥ Tio

M

H A& a9 4-13% 2gu. Hliver) 1.0geol 10.0mL2e] 0.1M phosphate
buffers 7FgF ths WA E A vt v 84S 600xg® 153t
ARG e, A5 A 1.0mLe FH3te] glutathion(GSH) &34 o AL-83}
Fh U A 9.0mE 8000xgE 10%Fet ARSI de HAE
1.0mL®% 50mM PBS(phosphate beffered saline, pH7.0)& 7}3}¢] catalase %
acetaaldehyde dehydrogenase(ALDH) &4 = 4ol A&39th A5 g 294
£7(105,000xg, 60 min)ste] L2 A5 AS SOD(Superoxide dismutase),
GSH-peroxidase ¥ ADH(alcohol dehydrogenase) =4 8§ A5 & Al839A

(Figure 3-1)
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Collect Liver(1.0g) from Rats

-Add 10.0mL of 0.1M phosphate buffer

-Chop

-Homogenize (glass teflon homogenizer, cool conditions)
—Centrifuge at 600xg for 15min

Supernatant —(1.0mL)-> Enzyme solution for GSH Assay

Re-Centrifuge at 8,000Xg for 10min

Supernatant Precipitate

—-1.0mL of 50mM PBS, pH7.0

catalase—, ALDH-assay
Re-Centrifuge(105,000xg,1 hr)

Supernatant : SOD-, GSH-px-, ADH-assay

Fig. 4-1. Preparation of tissue homogenate and enzyme solution from rat

liver.
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3) Glutathion =7

GSH(glutathion)®] =2 b33 722 #¥d wel FHliver)Z 2 o] + 4 o
S ovste FASAT. ZA Aulg Fel 5 wl(w/v)e 50mM  phosphate
buffered saline (PBS, pH 7.0)% 7}3tal homogenizerE o] g3to] i+ &34 A
o wAsts A4S 20 B GAEE(1,000xg, 4 °C)ste]l S A FHsEA
Homogenate®} ol 0.1 % picric acidE 3 7Fs 3, 3,000rpmol A 15 &3+ A
wEstat. FsdES Hste 0.2mM NADPH, 0.6mM DTNB, 5mM EDTA %
glutathione reductase’} *#3%¥ 0.IM pot, phosphate buffer(pH 7.5)5 7 7}3}
of 412nmellA 30 = A2 3 #3F FHAWMI}E S5

4) Glutathione peroxidase (GSH-px) &4 =4

GSH-px #4e thgd 2 wye wet 34831 1x10°M Sodium
azide®} 1mM EDTAZE & #3t= 0.1 Mpotassium phosphate buffer (pH 7.0)
500ul, &2 100ul, glutathione reductase (2.768U/mL) 100ulL, 1x10°M
glutathione 100uLg &3, 37 ColA 10% Fot ofu] wjokd & o] HkS-olo
0.19% NaHCOszo 91 15x10°M NADPH 100uLE 7bs] 1%3F =283
15%10°M H:0: 100uL& 78 F thA] 183k 340mel A 3 =8 S Ar.

A= T3 %9 NADPHO molecular extinction coefficient (E=6.22x106cm) %

4z
ln

1 493 blanke] 1 #1+¢ NADPH ¥%° w3 (AINADPH]/min)&

[
oy

Skl o] @A o] XA blank® 3¢ glutathione peroxidase®t ¥ &
Sl AAkel 9s] UElv = AINADPHl/ming w& ¢S o9 2o didst

o] glutathione peroxidase? #Al (U/mg protein)S AHE3HA
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U=0.868(A[NADPHI]/[GSHO]) xt)x(Vi/V's)
Vi/Vs 1 3] A<,

Vi © incubation volume,

Vs ! initial sample volume,

GSHO : glutathione®] %7] T %

5) 7+ (Liver)?] Superoxide dismutase &4 =%

75mM sodium xanthine 50ulL ¢} 10mM hydroxylamine hydrochloride 50ul, ¥

A 224 A5 500ul, 28l FHFSF 200uLE EFI 5 37TCeA 10

Zb ol | wl o

i

(e}

Folth. o 7)ol xanthine oxidase (0.1U/mL) 200uLZS 7}3}ar t}

M

Al 37CA A 2087 wieksk o2 1 % sulfanilamide 1ImL, 0.02 % N-(1-

o HEAS ddloen o AFgMoRFEH F SODHE 7 5, o ghelA
Mn-SOD<¢] & # 2L CuZn-SOD®E &-th. =3 Mn-SOD 24 & whg-of
oA FFF Aol 4mM KCN& 7hebe A% 2 éto] CuZn-SOD% 2
< AdFAA g3 FAMEHL dojF FHEE SOD standard HEFA (19

4-2)°] tfdsle] &4 (U/mg protein)= HEFU &Lt}
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0.22

0.20 A

0.18 A

0.16 -

0.14 ~

Abs at 540 nm

0.12 ~

0.10 A

008 T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

Activities of superoxide dismutase (U/mL)
Fig. 4-2. Standard curve of superoxide dismutase.
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6) 1+ (Liver)e] catalase &4 =4A

Catalase &4 thaak 22 ¥l weh A 0.Imee] dAZe3

A

off

ol 7]Ae

Ty =

—

0.5mM H20. 283 50mM potassium phosphate buffer (pH

-
7005 @ato] 3meo] FHA T F 25Tl 30 2 T S AIR O, o] Wb
=

< 240nmell A H.0:0 F3:= Rz a4 A4S S48, 2284 (k/mg
protein) 1&%F 1uM H.0.5 EAI7I= H 8745 = E47Fo= et

7) %4 ADH % ALDH &4 =%

ADH(alcohol dehydrogenase)®t ALDH(acetaldehyde dehydrogenase) 24
2> oy g2 e we FA35% 3, ADHS AW H-2 0.2M ethanol 0.1mL,
0.5 M semicarbazide 0.02mL, 0.1M NAD (in 0.0IM HCD 0.02mL % 0.1M
i

o] Edo] W FHlE EAY 0.ImLE 7Fsted 3 340nmoll A 1 E1He

33 vs 30 CoAME 222 24

ol

Tris buffer (pH 85) 2.0mLE

THENEE A9 o9, 44 ¥ NADH =S @4 o= 3Hiksiont
ALDHEA 2 o wWHel weg SAHstHrk. 75mM  phosphate  buffer
(pH8.8) 0.4mLe°l </ 70ul, 12mM NAD 70ul, 12mM magnesium
chloride 70ul, 2.4mM 4-methyl pyrazole 70ul, 8mM rotenone(in MeOH) 2
uLEs e o, #vE 24489 01 mLe Hbskdlow, SmM
acetaldehyde 0.ImLZ 7Fsto] whg-& AlAtahdvh. vbg-2 30Col A A akg]ar,
340mmell A 123 F3#%= A5t A4dd NADHY #F2 2402 sl e

o, At S vaa 2ok
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units/mL = (AA340/min) x (reaction vol) x (dilition factor)
(sample vol) x 6.22
Units/m rotein Activity (units/mL)
IR mg protein / mL of sample
(Note) 6.22 : millimolar extinction coefficient of NAD+ at 340nm
8) whuhd A
G dsEe dEgrasad A4S S sEdEd 2= BSA(bovine serum
albumin) & A}-83F3th.
5 A FdAdagy FA
1) AMEF 2 AE F2 wfA
GAELFZEE FIAESA SNU-354(hepatocellular carcinoma, human), = &
A EQ A549(lung carcinoma, human), A&dFGAE  HeLa( cervix
carcinoma, human), A3 M2~ A %<9 HO-1 (melanoma cells, human) % A4
H A E 9 HEL299 (lung normal, human)E A}-& 3} Ao A AEE
SNU-354, HelLa2> DMEM® A& A549, AGS, HEL299+= RPMI1640#] #] o]
10% heat-inactivated FBS(fetal bovin serum)Z Z 7}&}o] wj %3}l o}
2) MTT (3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazoilum bromide) 4]

g

B\



g3 A4S MTT assayH = AFS 9tk MTTassay® 2 LA
I v EF=g o} dehydrogenase°] & A EHE= 32 formazans=A <

23] AL FAol} EAS xAletE W o ® Monks $35)8 W ol

MN

stol AA st gTh AU AT FEE 4~5x10" cells/mLe] FE=E 43}
o] 24 well plate] 900 uL® ZH7}sto] 2447+ FoF vk (37C, 5% CO)A 7
T, AIZE 100 ulLH #H7psho] 48 AlzbE ot thAl s Fsk ATk wieke 100
uL®] MTT((B0 mg/mL)& S H7kste] 4 Al &9k vl oFsto] formazans 3
AAZL % DMSO 900 uLE #71ste] formazans 53 o™, ZF welldl A 100
ulL® #H 3ol 96 well plateo] %% thg 540 nmeoll A ELISA readerZ o] £ 3}¢]

F4EE 24990,

Z Y FEE ARY oA AT vE 2 wHor 4§49

ImM NaNO.& 9 2mLel 7 F&2 § 9 1ImL (60mg)s H7F di o 7]e]
0.INHCI % 02M A4t &84S Apgste] whgeofe] pHE 742 15, 30,
6.0, 3 75% AT vdg WEERe HFHFIE 10mLE &3l o] & 37T
AIAZE FES A TS dEg S ZFZF ImL FHeka o 71l 2% acetic acid
5ml, GriessA]%F (30% acetic acidell Z}7F Z=A1s 1% sulfanylic acid¢} 1%
naphthylamineE 1:1 H| &2 A AL&3517] A o] x=A]) 0.4mLE 7}sho]

T EGAA R AedN BAANF §

o

=5 520nmelA =Aste] 7=

=
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st ofAAA HS St ERFE GriessA Y WAl FHFFE 04m
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IV-3-1. W Ale] muld, ofuxik 31 BlE R gk

A

Az Wy Az MuldAdis #438 23 Table 4-39 #¢] K, P,
Mg, Na°o] FAES o]F% o 1 F K7F 161296 mgk o=z 74 @Wo| &
St AP Yo ® P (64452 mg%), Mg (100.32 mg%), Na (97.84 mg%),
Ca (13.80 mg%), Fe (4.77 mg%), Zn (4.32 mg%), Cu (0.88 mg%), Mn (0.55
mg%)e o= BAXAG. VAWM (Pleurotus ferulae)] 73S EA T
Hong &[126]¢] Ca (122 mg%), P (900.1 mg%), Na (249 mg%), Mg (108
mg%), K (23774 mg%), Zn (5.6 mg%), Fe (3 mg%), Cu (0.8 mg%)el 23}
o} vl s wf Fe, Nao] &&-2 #durp 158 =okow K, Po| e of9H
Aol 151 A% =A YElwtoem Ca, Mg, Zn, Cu, Mn 52 H] =3 g3
veb Wk, SR e A A (Phellinus baunun[127]3 Bl e w) Na, Mg, K, P
o] ke ol iyt 15-7) koW of-€le](OQyster mushroom)[16]9F W] 1l
g uf 2-408 ol =& FEFS HEHT. 53
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= ot obr=Ato]th126]. A & ot =Ate] T2 1326 mg% o R 4
Aom o]Fo A ol AL 426 mg% O & leucine (93 mg%), threonine
(68 mg%), valine (67 mg%), phenylalanine (67 mg%), isoleucine (55 mg%),
lysine (47 mg%)s 2 o] Hlw2 =krd, v Foln =4k 900 mg% o =
glutamic acid (353 mg%), aspartic acid (104 mg%), arginine (89 mg%),
alanine (78 mg%), serine (69 mg%)s < o] =2 oz FAEGIH, o
= Al of el F 2 WA (Agaricus blazend B EFY Syl vlwd uf f
b

ofv) =ik F FEFe WA (L nebrodensis)7t °F 5] B E ko

i

Frofu =4ke] kw154 o w@okoh [127]

Table 4-52 ®ga BiAle] vgnl =S A3 Aiolrt. oy nlgwl
Zo| A vitamin E7} 28531 mg% o= 7}# wWokth o]l: AuEubui Al
(Fomutopsis pinicola) 275.76 mg%[201 8.t} =9k i, o} W Al (Pleurotus ferulae)
316.88 mg%[128]x.t} okt 1 tpe-o 2 vitamin C (14.8 mg%), niacin
(2.63 mg%), vitamin Be (0.46 mg%), vitamin B2 (0.43 mg%), biotin (0.267
mg%), vitamin B; (0.25 mg%), folic acid (0.069 mg%), vitamin D3 (0.06
mg%), vitamin Bz (0.003 mg%) <o & Hletylo] -H¥ et vew F ok
S 304.28 mg% o ® of =¥} (Oyster mushroom) 11.3mg%[129], 3% a1¥ Al
(Lentinus edodes) 21.07 mg%[21]H.t} %8 %S eyl 53] vitamin Ds
T2 Leel22l59 A7Z¥e vlud of FawAl (0.038 mg%), & ol
(0.004 mg%), A (0.014 mg%), #elHA (0028 mg%)Ht} =2 IHFS H
AT o= frobel =4 Ao =] Hu HAadr], Ad7] 4= Ear
ZFol E%ol € Ao AmHrt. T niacine 5 FULHE £ As 2

zabol vyt wol o @ Meo| A47]%F A

ol
-1

ol
ol
il
rlr

g a7 dvs =2
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Table 4-3. Mineral contents of 2 nebrodersis,

Mineral element P, nebrodensis (mg%*)
Ca 13.8
Fe 4.77
Zn 4.32
Mn 0.55
Cu 0.88
Mg 100.32
P 644.52
Na 97.84
K 1,612.96

mg%*: mg/100g-solid sample
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Table 4-4. Contents of free and total amino acids.

Concentration (mg%)

Amino acids

Free Total
Threonine 43.50 68
Valine 47.10 67
Methionine 14.01 25
Essential Isoleucine 50.06 55
amino acid Leucine 2.19 93
Phenylalanine 40.83 67
Lysine 23.62 47
Tryptophan 93.00 4
Total essential amino acids 314.31 426
Aspartic acid 6.72 104
Glutamic acid 23.05 353
Serine 7.59 69
Glycine 21.69 57
Histidine 28.45 22
Non-essential Arginine 4.84 89
amino acid Alanine 64.84 78
Proline 65.96 57
Tyrosine 48.54 44
Cystine 4.37 27
Asparagine 23.71 ND=
Glutamine 45.79 ND:
Total non-essential amino acids 345.55 900
Total 659.86 1,326
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Table 4-5. Vitamin contents of 2 nebrodernsis.

Vitamin P. nebrodensis (mg%*)
Vitamin A ND=
Vitamin D3 0.06
Vitamin E 285.31
Vitamin K; ND:=
Vitamin Bi 0.25
Vitamin Bo 0.43
Vitamin Be 0.46
Vitamin C 14.80

Niacin 2.63
Pantothenic acid ND:
Biotin 0.267

Folic acid 0.069

Vitamin Bi2 0.003

ND=* not detected

mg%*: mg/100g-solid content
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IV-3-2. /n vitrool X Mg a1 FE=E2 itz

1}

fot

wod WA F 55 (Fomtopsis pinicola extracts)S i vitrol A A3 &
#& HAEs7] Ys DPPH (1,1-diphenyl-2-picrylhydrazyl) 9z &2A %,
Superoxide anion radical 2 7%, Linoleic acid Z}4F3}A4 & % nitric oxide
productions < 4] dt%th. DPPH #dZd &A% Fig. 4-3° YE Wt
W Al AFA A extractd] FE=7F 250ug/mLel A 1000ug/mL= 71 & 7
goZd AATE 82%0A 423%=2 S7F ¥tk 28 1200ug/mL

H
o] 4 4%+ DPPH #uzd 2A%L 71 A &3ttt Figure 4-4&

o

lo

Superoxide anion radical 2~A 52l Z3}o]t}. Superoxide anion radical A5
= Mg uAl AAA extract®] F=7F 300ug/mLelste] A= Ao Al
a# Y 500ug/mLolA 700ug/mL2 S7F & A% 9.0%°A 142% = 71 s
t}. Figure 4-52 Linoleic acid #4tstA sl & ZAbolt}. Ascorbic acids AF-&
@ 7% incubation 6A]%Fell Al 15A1%F Alol o]l A Linoleic acid #4tstA s &2
A S7F Aok Mg Al ZAA A7 AFSE 4 -+ Linoleic acid #H4F8HA o &
< incubation 6A]%Fell A 22A17F0 2 F7F & A 48%cl A 82% % 7 sl

171 A2+ 3Fe] incubation 56+] 7Fol A

ol

t}. 284 incubation 27A1 7FH-E A

-

62%= 2 stdrh ol BHTEU 9zt %9kl Figure 4-62 2
nebrodensis extracts =0l W nitric oxide AJ4FA )] Axpolth, o Al
A A extractd] FE7F 3lug/mLelA] 63ug/mLE Z7F & 7% nitric oxide
AR 9604 31%= T7F shAh. 28y Mg umA A A extract?]

FA % gk,

ol

F%=7F 12lug/mL2 F7F & 7§ nitric oxide A AFA s = 7
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Fig. 4-3. Effects of 2 nebrodensis Inzenga extract concentrations on the

DPPH scavenging rate.
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Fig. 4-4. Effects of 2 nebrodensis Inzenga extract concentrations on the

superoxide anion radical scavenging rate.
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Fig. 4-5. Effect of reaction time of /2 nebrodernsrs Inzenga extracts on the

linoleic acid scavenging rate.
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Fig. 4-6. Effects of extract concentrations of /2. nebrodensis Inzenga on the

inhibition of nitric oxide production.
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Hliver)oll Al WA FEZ=E2o st TRE AESZ] A
glutathioney 2}, glutathione peroxidase, catalase, alcohol dehydrogenase, =
acetaldehyde dehydrogenases ¢ &4 =4 39t Figure 4-72 ZFH(liver)ol
A ¢ glutathione %5 FAT ZAdolv. MIuHA FE&E5 Fo o9
glutathione =%+ 135 uM/g of liver $t}. o] A S i Z+ (administered 3.0
mlL  of 30% ethanol )Xt} <k 22w =7} &9tvl. 12y Silymarin
(administered silymarin, 1g/kg of body weight/day)< A& A K} okz7k 7+
2 Y. Figure 4-82 ZH(liver)ol A1 9] GSH-peroxidaseZ2 A E =743 2ol

1 o
£}

27
[e#)
=
=

AS o] g gu] GSH-peroxidase &4+ 4.1 U/ protein (mg) S
o] A2 control (administered 3.0 mL of 30% ethanol )Xt} %3t F7} s}
th. 2g) 2 Silymarin (administered silymarin, 1g/kg of body weight/day)2
g A37F vel Wk Figure 4-92 FH(iver)oll A 2] catalase

o AlS o]f Fu catalase FAE 121.3 KU/

i)
X,
il
)\
o
o,
o M~
i)
o,
v
=

protein (mg) 4t} ©] A& control (administered 3.0 mL of 30% ethanol )X.t}

o F7b St

Ac)
=

Silymarin (administered silymarin, 1g/kg of body
weight/day)S AMS ARG A A7t e wo, 23 B9 Folg

Normal® v} 74 sFAvh. "2 Q) ol ®bs A3 FeiolA= 2ol AHF o] A

)
rlr
=
o,
fol
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A AR tiAbE =, 2 tiARES F A A oF 20%-30%, AAAe] ¢
= 10% =& AA @b Pl A ol e tiAlE= F 2 NAD-linked enzyme=,
ADH?®} acetaldehyde dehydrogenase (ALDH)ol 2o]a] A o] F o]t} o] T4
+ 27} acetaldehyde®} acetateE A A sl acetater acetyl-CoA= A 3hF o
TCA3ZZE 7A dUuAE TAGAY = ZdzvHE3 ARLNS A<
d  o]&¥ Y. Figure 4-102 ZFHliver)dlA el HHIH|AEA (alcohol
dehydrogenase) A& FA3 ZAdolty. MIuuA FEES o8& o
alcohol dehydrogenase &4+ 2.1 mU/ protein (mg) ATt o] AL control
(administered 3.0 mL of 30% ethanol )¢} A2 H]Z=3t ZA¥7} Yepyta, 1e
12 Silymarin (administered silymarin, 1g/kg of body weight/day)< A& 3

g vk Fo] 3 Normal®tl oF 42% 7+4 39t

m
5
ol

AR oF 33% A d

¢

Fpolth, wod mu Al S o]§ Tuf acetaldehyde dehydrogenase &4+ 9.0 mU/

O:

protein (mg) St} ©] A& control (administered 3.0 mL of 30% ethanol )X .t}
80% =7} &t i 18] 3L silymarin (administered silymarin, lg/kg of body
weight/day)S A& SAHT oF 27% A P, I Ew FoJ3 Normalk

o o 85% 7} shglth.
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Fig. 4-7. Effects of decoctions prepared from /2. nebrodernsis Inzenga on
liver glutathione concentration after chronic ethanol intake for 14
days in rats.

Control: administered 3.0 mL of ethanol (30%).
. nebrodensis: extract prepared from /2 nebrodernsis.

Silymarin: administered silymarin (1g/kg of body weight/day).
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GSH peroxidase activity (U/ mg protein)

Normal Control P. nebrodensis  Silymarin

Samples

Fig. 4-8. Effect of the decoctions prepared from the 2 rnebrodernsis Inzenga
on the GSH-peroxidase activity of the liver after chronic ethanol

intake during 14 days in rat.
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Fig. 4-9. Effects of 2 nebrodensis Inzenga decoctions on catalase activity

after chronic ethanol intake for 14 days in rat.
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Fig. 4-10. Effects of 2 nebrodensis Inzenga decoctions on the alcohol
dehydrogenase activity of liver after chronic ethanol intake for 14

days in rat.
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Fig. 4-11. Effects of /2. nebrodensis decoctions Inzenga extract on the
acetaldehyde dehydrogenase activity of liver after chronic ethanol

intake for 14 days in rat.
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M-3-4. Mg uA F52 3¢

1}

pot

SNU-354/185 (hepatocellular carcinoma, human), HeLa (cervix carcinoma,
human), HO-1 (melanoma cell, human), SK-Hep 3B, Hep3B ¥ i
PLC/RF/5 (liver cancer cells)s 9 FAES AFE dto] Wi umiAl FE 59
stol a2 HESHZ] 98] hot water 9fmethanols A& 3} th. Figure 4-12
< W A A (fruit body)2l hot water extrct ¢+ methanol extract & %= ol
2 Law 264.7 cell A<=4&S YEPH ZA3o]r}, hot water extrct 63ug/mL7}
A AREE A AESTA2 AW 1A 125 ug/mLelAFE FHA67]
A1 ZFste] 500 ug/mLol A= oF 60%7FA 4 3 th. 218 Y methanol extract
S AFE & A9 Methanol extract 31 ug/mL7}AE A9 w37 A
methanol extract 63 ug/mL F8 7437 A ZF le] 500 ug/Loal A= oF 45%
A 72 stk o] A& hot water extrct XUt 33% S7F v}, Figure 4-13
2 Wy RAAA (L nebrodensis fruit body)e] hot water extrct ¢ methanol
extract &= W& AAHAME HEL299 (lung normal, human) <& S e
W A3 o]th. Methanol extracts ARS8 & 79 methanol extract 125 ug/mL7}
A= Aol W3k €123l methanol extract 250 ug/mL 8 4 357] Al ZF &)
o] 500 ug/mLolAM+= oF 7%7FA #A st 18y hot water extret
63ug/mL7HA] AHEE A AEFALS AWy I 125 ug/mLel A F-H
Atz AAsEe] 500 ug/mLolA & oF 38%7hA] A SFATE o] FAE
methanol extract ® Ut ¢F 44% S 7} v}, Figure 4-142 wWod . FAA (2
nebrodensis mycelia)2] hot water extrct ¢} methanol extract & =] W& =z}
754 M HeLa (human cervix carcinoma) <8-S Yeldl 2ot} Hot

water extrct 1000ug/mL7}A] AF-83 745 MXEF2 -2 A9gwWsrzE gl 1
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4 methanol extract2 A8 ¥ 79 methanol extract 10 ug/mLol A+ A=
&0 632%7bA FA ol oAl HJA L olF FERAAME= AMA3E F7t oo
500ug/mLol| A ¥ B = control?} A9 W]<=3%F A7 el ol Figure 4-15&
wod 1 JAYA (P nebrodensis mycelia)®] hot water extrct 2 methanol
extract &= W& SK-HEP-1 #&&2 YEbd Z3o|th. Hot water extret
1000ug/mL7HA] AFg & 49 AETA 2 AgsrE g9tk 22v methanol
extract2 AFE & 74 % methanol extract 10 ug/mLolA = AEE& 0] 85%7A|
S0l oAl HJa I o]F FolAM= Al Tt sto] 200ug/mLell A F-E

°F 90%7FA AEE&S el WAt Figure 4-16& ®Woda #AA (2

rr

nebrodensrs mycelia)?] hot water extrct ¢+ methanol extract %ol u&
HO-1 cell AE&S Ve Aol Hot water extrct 10ug/mLel Al A& &
2 121%7hA S 7Fek Al 500ug/mLoll A= controle} A9 22 T2 ays
|2 ST e = S—E methanol extracts A4 & A EE TE
(10-1000ug/mL)oll Al 54 &2 control®} A2 #®]%3 a3= e WA
Figure 4-17-2 W31 AMA (£ nebrodensis mycelia)®] hot water extrct <f

methanol extract T X=0°] W& PLC/RF/5 (Liver cancer cell) &&S e

|

A3toltl.  hot water extret 9} methanol extract®] X 1
2l&2 control® A v I FHE YE AT

Figure 4-18% Ml 31 FAA| (2 nebrodensis mycelia)®] hot water extret 9F

methanol extract ¥ =°] wWE Hep3B ((FIAIE) AEES ELA Ayolt),

(10-1000ug/mL)°ll A

ol\

Hot water extrct 100ug/ml7}A = control®} F2] & o] Aol H|5=3ch. 12

ol}J

200 ug/mLY-EH = 28 0] 7F sttt =3 methanol extractd RE F %
(10-1000ug/mL)oll A =242 control® 79 #®Z=3 &332 e

o}
Figure 4-192 wWod a1 A AVA (2 nebrodensis mycelia)?]l hot water extrct ¢
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methanol extract ¥ Xl w2 SNU354 cell 4E&S el Zioltl. Hot
water extrct®] EE FEolA FA &2 controlet A9 H|S=d ¥ E E U
&t} 12 Y methanol extract 10ug/mLY-E F2lo] &7} 3o 200ug/mL ol A
v 120%7bA F7F stk 183 500ug/mLeo] Foll A= F7F shAl &gt
Figure 4-202 wWod a1 A AVA (2 nebrodensis mycelia)?l hot water extrct ¢
methanol extract FXo] w2 SNUIS cell 4&EE&S Yed Zifolt}. Hot
water extrcte] FX7F 10 ug/mL=Z T7F & A% TAE&2 control®th oF
30% Z7F k. 1213 10ug/mLel A 1000 ug/mL WA= =& A9
=7 A &3 ¥ 5= g, 18 Y methanol extract®] F%7} 10ug/mL=E 5
7B & AT oF 20% S7F skt Ed 100 ug/mLel el R el = 719
AdA ). Figure 4-212> W XAA (L2 nebrodensis fruit body)2] hot
water extrct ¢ methanol extract ¥ %o w& SNUIS cell HFE&S e
A3toltt, Hot water extrcte] s%7F 10 ug/mL= F7F & A% F4&2
control®t} ¢F 30% <7F @k, 23y 100ug/mLol Al 1000 ug/mL= <71
Ae- AEELS 130%NA 118% = 4 stk 18y methanol extractd] &
T=7F 200ug/mLoll A= AE=82 controlet #19 w®]&=3lv. 28y 500ug/mLel
2 1000ug/mL=E F7F & A% AEELS 83%A 70% = T4 skt Figure
4-228 g1 AAA (P nebrodensis fruit body)el hot water extrct ¢
methanol extract &%= wWE SNU354 cell A<E&S YeERH Zo|th Hot
water extrcte] H%=7F 10 ug/mLZ <7} & A9 F4&L control®th oF
30% F7F k. 12y 10ug/mLoll A 200 ug/mL HAAdA = AEES A9
H =gtk T3 500 ug/mL oY A5+ #FasAT. 28y methanol
extract®] F%7F 10ug/mLollA AEE&E controlith kit F7b st o

&
100ug/mLel A 1000ug/mL= 57 & A5 AE=&E 9004 75% = A 53
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t}. Figure 4-23& wWod xAA (L nebrodensis fruit body)el Hot-water
extrct ¢F Methanol extract ¥ %o @& Hep3B cell #E&&S YEW 4ol
t}. Hot water extrct® %7} 10 ug/mLE F7} & A F248S controlE
o} oF 32% Z7F @Yk ey 10ug/mLel A 200 ug/mLE oAM= AELES
A =gt e 500 ug/mLeldd 4w FAsAt. 12y methanol
extract®] F%7F 10ug/mLollA AEEE controlith kit F7b st o
100ug/mLel A 1000ug/mL= F7} 8 A$ AEEL 884 70% = A ot
t}. Figure 4-24% Wl (A A (P nebrodensis fruit body)el hot water
extret ¢} methanol extract &% W& PLC/RF/5 cell A&&S YEA 23
o]t}. Hot water extrct?] H%7} 100ug/mL= 7} & 4% T2 &L control
Bt ok 20% Z=7F $la 10ug/mLol A 200 ug/mL WA= AEELE A9
H] =gt} 28 Y methanol extract®] & %7} 10ug/mLol Al A &S control E
o} o7 A s o 100ug/mLol A 1000ug/mL HYolH+= AHEES A9
AA At Figure 4-252 Wl a1 AAA (L nebrodensis fruit body)2] hot

water extrct ¢} methanol extract FX=°] W& HO-1 cell <& vl 2

B

olt}. hot water extrct®] T =7} 10ug/mLelA 1000 ug/mL= Z7} & A%

ol\

A %e control® A9 wZ @tk 18y methanol extract?] F%=7}
10ug/mLol A AFEEL2  controlith o A G oy 100ug/mLel A
1000ug/mLE F7} &3¢ AEELS 89%c A 70% = A & th. Figure
4-26 wod a1 AAA (P nebrodensis fruit body)el hot water extrct ¢
methanol extract §=°] w2 SK-HEP-1 cell <&&& e Ao|t} Hot
water extrct?] %7} 10ug/mLolA 100 ug/mLZ F7F & A S48
control®t} °F 20% 7} @t 123 Y methanol extract®] %7} 10ug/mLel
A AEELS control2th ¢F7F ZFA s ot 100ug/mLel Al 1000ug/mL H 9
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o] = AEEL 9 90%A Tt Figure 4-272 ol w1 A A A (2 nebrodensis

fruit body)2] hot water extrct ¢ methanol extract T =° w2 Hela cell A

I

&S yetd Ayolrtt. Hot water extret®] % %7F 10ug/mLol A 2kzF 74
got 100ug/mLel Al 1000 ug/mL= 7k & 4§ F2&2 controldth oF
25% <7} @tk 184 methanol extract®] FX7F 10ug/mLolAl A E& -2
control®.t} °F7t 27% Z7F &) o 500ug/mLeol A 1000ug/mL = 9ol A +=
AEEL A Faedyg. 23 d oz oy GAEZFNA Low264.7, HEL299,
HelLa, ® SK-HEP-12 ¥ WA FE&° & 347 Uk (Table 4-6).

wepd ole @ FEES oA o FEAYBAC B AT o Bas)
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Fig. 4-12. The cytotoxic effects of hot water and methanol extracts from
£ nebrodensrs Inzenga fruit body on the viabilities of

Law 264.7 cell.
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Fig. 4-13. The cytotoxic effects of hot water and methanol extracts from
P nebrodensrs Inzenga fruit body on the viabilities of

HEL299 cell.
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Fig. 4-14. The cytotoxic effects of hot water and methanol extracts from
. nebrodernsis Inzenga mycelia on the viabilities of Hela

cell.
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Fig. 4-15. The cytotoxic effects of hot water and methanol extracts from
. nebrodensis Inzenga mycelia on the viabilities of

SK-HEP-1 cell.
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Fig. 4-16. The cytotoxic effects of hot water and methanol extracts from
P nebrodensrs Inzenga mycelia on the viabilities of

HO-1 cell.
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Fig. 4-17. The cytotoxic effects of hot water and methanol extracts from
P nebrodensrs Inzenga mycelia on the viabilities of

PLC/RF/5 cell.
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Fig. 4-18. The cytotoxic effects of hot water and methanol extracts from
P nebrodensrs Inzenga mycelia on the viabilities of

Hep3B cell.
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Fig. 4-19. The cytotoxic effects of hot water and methanol extracts from
P nebrodensrs Inzenga mycelia on the viabilities of

SNU354 cell.
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Fig. 4-20. The cytotoxic effects of hot water and methanol extracts from

P nebrodensrs Inzenga mycelia on the viabilities of

SNU185 cell.
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Fig. 4-21. The cytotoxic effects of hot water and methanol extracts from

. nebrodernsis Inzenga on the viabilities of SNU185 cell.
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Fig. 4-22. The cytotoxic effects of hot water and methanol extracts from

P nebrodensrs Inzenga on the viabilities of SNU354 cell.
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Fig. 4-23. The cytotoxic effects of hot water and methanol extracts from

P nebrodensrs Inzenga on the viabilities of Hep3B cell.
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Fig. 4-24. The cytotoxic effects of hot water and methanol extracts from

L. nebrodensis Inzenga on the viabilities of PLC/REF/5 cell.
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Fig. 4-25. The cytotoxic effects of hot water and methanol extracts from

. nebrodensrs Inzenga on the viabilities of HO-1 cell.
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Fig. 4-26. The cytotoxic effects of hot water and methanol extracts from

£ nebrodensis Inzenga on the viabilities of SK-HEP-1 cell.
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Fig. 4-27. The cytotoxic effects of hot-water and methanol extracts from

P nebrodensis Inzenga on the viabilities of Hela cell.
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Table 4-6. Summary of cytotoxic effect of 2 nebrodernsis Inzenga

extract using hot water and methanol.

Cancer cells

Viability of cancer cells (%)

Hot-water extract

Methanol extract

Fruit body Mycelia Fruit body Mycelia

Low264.7 60.3 100 454 89.2
HEL299 38.3 100 87.1 100
HeLa 92.3 100 100 63.2
SK-HEP-1 100 100 90.1 82.1
HO-1 100 100 70.3 100
PLC/RF/5 100 100 100 100
Hep3B 100 100 70.2 100
SNU354 100 100 75.1 100
SNU185 100 100 70.3 100
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Fig. 4-28. Effect of solvents on nitrite scavenging ratio.
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Fig. 4-29. Effect of pH of Z. nebrodensis Inzenga extract on nitrite
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Fig. 4-30. Effect of extract concentration of fruit body on nitrite scavenging

ratio (pH 1.5).
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