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Abstract

Species of the mushroom mycelium were grown in a defined synthetic
liguid medium(YM) and dilute citrus extracts for culture characteristics,
antioxidant activity, antibacterial activity, superoxide radical scavenging
activity.

Coriolus versicolor, Lentinus edodes, Cordyceps militaris, Agaricus blazei,
followed by fast growth and Sparassis crispa was the late for 15 days.

After culture weight of dried cells was Lentinus edodes, Ganoderma
lucidium, Coriolus versicolor, and exo-polysaccharide was formed by
Lentinus edodes, Hericium erinacium, Coriolus versicolor, Cordyceps
militaris.

The antibacterial activity of the culture extracts obtained from the YM
medium was Sparassis crispa> Coriolus versicolor> Phellinus linteus> Agaricus
blazei> Hericicum eninacium and the culture extracts obtained from the dilute
citrus extracts medium was got similar results.

The culture extracts obtained from the Sparassis crispa showed 80% of the
DPPH radical scavenger activity in 1mg/mL and all culture extracts showed
40% of the DPPH radical scavenger activity over bmg/mL. Also culture
extracts obtained from the Sparassic crispa showed over 7026 of the enzyme
activity by superoxide radical scavenging activity. Overall culture extracts
showed BHA, synthetic anti oxidizing agent, higher than the enzyme activity.

Coriolus versicolor was grown In a defined YM medium and citrus
extracts, and the culture extracts were examined for antioxidant activity,
nitrite scavenging activity, and in vitro anticancer activity against Hela
(female cervix adenocarcinoma), PC-3 (male prostate adenocacinoma), HepG2

(human hepatoblastoma) and A-549 (male lung carcinoma) cells. Whereas the
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culture extracts obtained from the YM medium and the un-inoculated citrus
extract showed 60 and 22% of the DPPH radical scavenger activity, the
culture extracts obtained from the citrus medium exhibited antioxidant activity
up to 89%. The nitrite scavenging activity of the culture extracts obtained
from the citrus medium and the YM medium, and the un-inoculated citrus
extract at pH 1.2 were up to 67, 55, and 34%, respectively. the culture extract
obtained from the YM medium inhibited the growth of Hela, PC-3, HepG2,
and A-549 up to 66, 23, 18, 10% at 48 hr of incubation, respectively;
however, the culture extract obtained from the citrus medium inhibited the
growth of HelLa, PC-3, HepGZ, and A-549 up to 75, 82, 55 and 82%,
respectively. As a negative control, the un-inoculated dilute citrus extract was
examined in the same way and inhibited the growth of Hela, PC-3, and
HepG2 cells 20, 6, and 15% at 48 hr of incubation, respectively; the inhibition
of A-549 cell growth was negligible. These results clearly showed that the
fermentation of Coriolus versicolor in the dilute citrus extracts rather than in
the defined YM medium significantly enhanced the anticancer activity,
antioxidant activity, and nitrite scavenging activity.

The ethyl acetate extracts from the liquid cultures of Coriolus versicolor,
Phellinus linteus, and Hericium erinaceus showed significant antibacterial
activities against E. coli K83, E. coli K99, E. coli 987P, and Salmonella
typhimurium 14058 which are known to cause bacterial diarrhea in Korean
house pigs and chicken. Of these extracts, Coriolus versicolor extract showed
the highest antibacterial activity. In addition, these extracts also showed
significant growth inhibition against Staphylococcus aureus CARM3230 and E.
coli CARMI1381 which are known as kanamycin and ampicillin-resistant
strains, with the highest activity by the Coriolus versicolor extract. These
results showed that the mushrooms extracts could be developed as a
livestock feed additives that can replace or, at least, reduce the intensive use

of commercial antibiotics, and also could be a good source for the



development of a new antibacterial agent.

The liquid culture extract of Coriolus versicolor grown on citrus medium
was prepared by directly boiling the whole culture broth on day 7 of the
growth and then removal of mycelial debris through filtration. This extract
was further extracted with equal volume of ethyl acetate (1:1, v/v). The ethyl
acetate  extracts showed significant antibacterial activities against
Staphylococcus  aureus  CCARM3230 and  Pseudomonas  aeruginosa
CCARMZ?171, which are resistant to several antibiotics. The most active
fraction was eluted from a silica gel column with a mixture of
dichloromethane and methanol (9:1, v/v) and the purity of this active
substance was confirmed by HPLC analysis. The results suggest that the
purified active substance could be a good source for the development of a
new antimicrobial agent, especially for the treatment of antibiotic resistant
bacteria.

The optimal culture condition of Phellinus linteus, Cordyceps militaris,
Coriolus versicolor, Sparassis crispa, Agaricus blazei, Inonotus obliquus,
Lentinus edodes, Hericium erinacium, Ganoderma lucidium showed about 2
5C, pH 45~6.5. Manitol, mannose, sucrose, soluble starch, maltose, glucose
has been as a variety of carbon source and yeast extract, malt extract has
been used to nitrogen source, mostly KoHPO, was used as a mineral source.
Lentinus edodes has been used to CaCls for mineral source.

Mixing culture condition of Phellinus [inteus and Coriolus versicolor
showed that after 3 days of cultured respectively and the rate of mixing 1:2
have been high level of growth and production of exo-polysaccarides.

The antibacterial activity of the culture extracts obtained from the YM
medium and the mixing culture extracts obtained from the dilute citrus

extracts medium were similar results.
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28 ZARANESW A (Phellinus linteus), WU 7|5 %3t%2
(Cordyceps militaris), TESW A (Coriolus wversicolor), %% o|® Al (Sparassis
crispa), ANHW A (Agaricus blazei), X7V X (Inonotus obliquus), 33X (Lentinus
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Table 1-1. List of fungal species used in this study

Species

Korean name

Phellinus linteus KCTC 6190
Ganoderma lucidium KCTC 6366
nonotus obliqguus KCTC 26152
Sparassis crispa ITUM 00201
Hericium erinacium IUM 00217
Coriolus versicolo KCTC 6365
Lentinus edode IUM 00095
Agaricus blazei TUM 00103
Cordyceps militaris KACC 40659

TAAE A

FA A
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8) Superoxide radical (0 ) &7 &4 =A

Superoxide radical &~A &5 <78 AE]AA]l pyrogallol®] As4kstel] <
gk A S o] 83k W o] whet A sl th(Marklund, 1934).
Azxd F==28 779 10 mg/mLe sk
2 345 AL AFgsld e, SA-WHL 50 mM phosphate buffer 2.61 mL, 3
mM pyrogallol 90 upLE H7lste] 30% HFo 2 383 spectrophotometer
(Hanson OPRON-3000, Korea)oll4] standardE Z43 ¥ FE2ES5 AR5
50 mM phosphate buffer (pH 824) 2.61 mLe} A& 50 ulL, 3 mM pyrogallol 90
uLE  #H7Fste]l 325 nmollA 30% A o® 687 =AU on ) superoxide

radical 227184 @2 tad 22 Aol olalA e AT
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Superoxide radical scavenging activity(%)= (a—b)/ax100

a = standard®] ¥&A T HlgZ ol Faw x}o)

b = sample®] WA WEF ] FHE Aol
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Fig. 1-1. Effect of media on the mycelial growth and exo-polysaccharide
formation of different fungal species.

DCW, dried cell weight; CV, Coriolus versicolor; AB, Agaricus blazei;, CM,
Cordyceps militaris; PL, Phellinus [linteus;, 10, Inonotus obliquus; SC,
Sparassis crispa;, GL, Ganoderma lucidium, HE, Hericium erinacium, LE,
Lentinus edodes.

[ ] synthesis medium mycelial weight(g/L); Il synthesis medium exo-polysaccharide(g/L);
(7, citrus extract medium mycelial cell weight(g/L); [, citrus extract medium

exo—polysaccharide(g/L).
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Table 1-2. Antibacterial activities of the extract of YM media on fish

pathogenic bacteria after cultivation of different fungal species

Fungi” PL cv. CM AB I0 HE G LE SC
Bacteri Antibacterial activities in different concentration(mg/ml) of extract
acera 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20
Vibrio harvey + R e + + o+t o+ + + ottt
V. mimicus + + + ++ . + + ++ + + + + + + + + 4+
V. alginolyticus ~— + ++ + + - 4+ 4 - =+ttt e
V. vulnificus o+t o+ + + o+ o+ + + o+ - + + o+t
V. parahaemolyticus ~ ++ ++ ++ o+ + + o+t o+ + + + + o+t - e
V. campbelli + + + + + + - - + + + + + + - + ot At
V. anguillarum + o+t o+ + + + + + + + + + + o+
V. pelagius - - - - - - .- - -+ e
Edwrdseilla tarda + + + + + + 4+ o+ 4+ 4+ = = - - - - 44 4y
Streptococcus sp.  +  t+ + ot + o+ 4 4+ 4 Ed - =+
S. iniae -+ ANY SR RTE Dm0
S. pamuberis - + + + + + - - + ++ - - - + - - + ++

a PL, Phellinus linteus;, CV, Coriolus versicolor; CM, Cordyceps militaris; AB,
Agaricus blazei; 10, Inonotus obliquus; HE, Hericicum erinacium, GL, Ganodermu
lucidum;, LE, Lentinus edodes; SC, Sparassis crispa.

—, Inhibition diameter is bellow 6 mm; +, 6~12 mm; ++, 13~19 mm; +++, above 20 mm.
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Table 1-3. Antibacterial activities of the extract of citrus media on fish

pathogenic bacteria after cultivation of different fungal species

Fungi” PL CV M AB 10 HE GL LE SC
antibacterial activities in different concentration(mg/ml) of extract
Bacteria

10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20
Vibrio harvey + o+ o+ + o+ T G+
V. mimicus + +H+ o+ +Hp+ B+ + + e e+

V. alginolyticus + + + + + + + + + 4+ o+ o+
V. vulnificus + O H O+ -+ o+ o+ o+ o+
V. parahaemobticus  ++ ++ ++ - -+ +  +  +  + o+ o+ b
V. campbelli +  + T SR - - - + + o+ A+ A
V. anguillarum  ++ + + + + + 4+ +H o+ -+ H o+
V. pelagius = 2T e S & oS
Edwrdseilla tarda + + + + + + + + + + - = - - - ¥
Streptococcus sp. ++ ++ + it + + + 4 + + . - . + e A
S. iniae -+ R+ = Ll & -+ : AT . T

S. parauberis R e e T U

Y PL, Phellinus linteus; CV,

blazei; 10,

Coriolus versicolor; CM, Cordyceps militaris; AB, Agaricus

Inonotus obliquus; HE, Hericicum erinacium; GL, Ganoderna lucidum
LE, Lentinus edodes; SC,

Sparassis crispa.

=, bellow 6 mm; +, 6~12 mm; ++, 13~19 mm; +++, above 20 mm.
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Fig. 1-2. Electron donating activity(EDA) of the extract of YM media after
cultivation of different fungal species

A, Ganoderma lucidum; B, Hericicum erinacium; C, Lentinus edodes; D,
Inonotus obliquus; E, Sparassis crispa; ¥, Agaricus blazei, G, Cordyceps
militaris; H, Coriolus versicolor; I, Phellinus linteus.

[1, 10 mg/mL; W, 5 mg/mL; [, 1 mg/mL.

Each value represents the average of three independent experiments.
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Fig. 1-3. Electron donating activity(EDA) of the extract of citrus media after

cultivation of different fungal species.

A, Ganoderma lucidum; B, Hericicum erinacium; C, Lentinus edodes; D, Inonotus

obliquus, E, Sparassis crispa;, ¥, Aguaricus blazei; G, Cordyceps mulitaris; H, Coriolus

ersicolor; 1, Phellinus linteus; CE, Citrus medium; BHA, butylated hydroxyanisole.

[1, 10 mg/mL; £1, 5 mg/mL; I, 1 mg/mL.

Each value represents the average of three independent experiments.

_19_



1.3.4 Superoxide radical (Oy) A7 &A

Pyrogallol> & Hl|A] AbsAikslr w2 A dojubi=dl of7]o|= superoxide”} ¥
ofsitta delx grt. 2822 SOD (superoxide dismutase)t} SOD F-AFEAl &2 o]
EAskE A ole] AEAEE oAl g AL, o] gAY e A Hlaste] A
2o 4o E5S vlugk Ay Fig. 4.0 Yebligdeh &4, radical 47184 9
A3t} npz7IA 2 superoxide radical 275 GA] EFo] WAl iAo A 70% 9]
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2 AEESS 2t dgA ok A ol# e A" HAkste] did WS
AAZA SODel|l 2]3}e] superoxide radicalS HoOp2 w¥HET, ©A] H.Oo&
catalase®} glutathion peroxidase®] ZF-&o 23] H.OZ AT EE o]l S 4
o] WkS-o] oA free radical ZH-E A A S H3Z 4 At} (Marklund, 1984).
AAZ L] Niwa et al, (1987)& MZE A3 BAAE Tzsta Jd2Ad S

St 58 Hrketa AFS JNEEkel ASEStelRiaL, ol 59 &k Al
EAolgtal & 4 9+ superoxide anione scavenging SFO ZM A A o] A A

2 AsllE sk hydroxyl radicalzh #Hiksl4 9 AAZS A At /&3
Al s ettt Bttt ol& Abst WAl dFSE SOD9 A&
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Fig. 1-4. SOD-like activity of the extract of YM and citrus media after
cultivation of different fungal species.

A, Ganoderma lucidum; B, Hericicum erinacium, C, Lentinus edodes, D, Inonotus
obliquus, E, Sparassis crispa; ¥, Agaricus blazei, G, Cordyceps militaris, H, Coriolus
ersicolor; 1, Phellinus linteus, BHA, butylated hydroxyanisole; CE, Citrus medium.
E4, Culture broth of the YM media; [], Culture broth of the citrus medium.

Each value represents the average of three independent experiments.
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A2 FEHATAM T BB R EHAA
AR FEHATAA WE FE2E9 4924

21.1. A8
At dHE fFEdE T T dist A5+ Roland et al.(1960)°
98] Calvatia gigantea =F-E] calvacing 2| sto 2ZH AlZFE o] dFujA] &y}
o E ¥ Wit A8 B ogor Il HAFES tgk ddEd AU H
ol gt JalE 1 vk(Lee et al, 1992). ©1% Letinus edodes(Fuji et al.,
1978; Lee et al., 1990), Coriolus versicolor(Park et al., 1989), Lepiota procera
(Kim et al., 1989), Grifola frondosa (Mizuno et al., 1986), Lyophyllum
ulmarium(Kazune et al., 1990), Ganderma applantantum(Usui et al., 1983) &S
FrEadeEs e HE el e Zo] @ oAty EHA
. olE @ Als Sl tigk A LT WolHS molgomA AL
2 FEAEE A, dAEY BES A AEATIE dAAEY FE S
ZEAZIt L B tH(Fuji et al., 1978). o] H 7] AL A EwHgutso] =4
o 718 Ae=w HAT Fo, 53 HEFW FAA FREIARE FFEAA A=

3ol gl B uEJtH(Chihara et al, 1970; Shim et al., 1981). ©]el H]3J
o

TEHA Y it gd s APEdE stolw dodgart Fa3dt 232 A
. B AckPark et al, 1977). 3k Ak GXAFF FEH A, =gy
A, Tl dEHA ThdW Al 5o A A A FET FAARE FolA 7

FhEWE =2 AL FEHMI T B s H(Shim, 1981).

e ohget FEzhgo] WA HA FHddEdd He AdFE0] Bol B
o] skth. Kavanagh et al(1945)¢] WAl UF<Ql  Marasmius
conigenumO. 258 1A vtol] digk Ak FrdAd S Hol= marasmic acid

A B, C& 2493 ol dA7tA] oF 100015 oo FqAEHo] Bt
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212. Az ¥ ¥

D Adss5a3 YMujA ol A o] 75 A A v o

FawmA e FEHA dFALAE YMA Aol HFetaL 30Tl 4L47F & wjkst
T 10 mLA S 717 100 mLe] YMulA| ¢ s wiA(Ad S/ @ 7
FT=d = gl HESE 30CoAA 6¥7F ZEHi2F(150 rpm, Vision Scientific
Co. Korea)st®aA] wtAAl %S vkt AR AL ¥l * Whatman

filter paper #4= o #3gt F 80 CelA 24A1%F AZx38t ARFTEFS S48HAH

G A o] FEHA dAMAIE 7o YMujA| ol HEstal 30Tl Al 34zt ul
43t TS homogenizer®= &3} o] 7 L jar fermentor(Hanil Co. Korea)E
o] &3} working volume 4 L& YMujA e} Z=Es=ddo| 27 HEFaFo] 10%
VVEA AEFst 717 1 vwvme = 30ColA 7L wlgsian. vidds <
HEx 225 100C= £Ast A1 wt dAgste] F5% v filter
paper(Whattman No.2)&2 o 3#3te] 1 oJHS FEHA I FEEE 3] 2F
of AR-&3kSt.

O

a9

Ao AFEE A EE HeLa(female cervix adeno carcinoma), PC-3(male
prostate adeno carainoma), A-549(male lung carcinoma), HepG2(human
hepatoblastoma) Al 2 & UAE WY AEAZTAFAZHEE BEFwol AA AL

of By HA Ao ALt om AEW AL T-75 flask(TPP, Switzerland)
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2 37T, 5% COy incubator(NUAIRE Co, USA)elA wujekslgict. vjx|= 2
mg/mL sodium bicarbonate(Sigma, USA), 10% Fetal bovine serum(FBS,
Gibco, USA)¥} 1% penicillin-streptomycing % 7}éF RPMI1640(Gibco, USA) Hj
A5 AHESEATH

4) UEZAR Az 54

i

AN HERA S AWAG oA 7 AFAA AEJAA7E obdAr

2 adHoR AAsE 2ol YERAN AgeiAd JAH

7 MY FEE AR oldAd AAFS Lee ef al(2003)2] Wl +3}o
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acetic acid 5 mL, Griess A]2F(30% acetic acidell 22 ZAg 1% sulfanylic

ﬂJ

acid?} 19% naphthylamineS 1:1 H| &2 33t A, AFRsl7] Ao xA]) 04
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Hj kst 7+ A EES 96 well plated] 1.5x10" cells/wellZ 100 plLE WS 3
AjSFFE2E5S 7 55, 5, 10, 20, 40, 60, 80, 100 pL/mL) &
Ee 9H%, 2T 37ICE FASIHA 48A17F &<k 5% CO:

MTT(3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide)S ©]-& 3%t

Cell viability assayt ®IgFH 2243 ol 2SS 233}l cell proliferation
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®

assay solution(CellTiter 96~ AQueous Cell Proliferation Assay. Promega Co.
USA)E 20 mL/well & A 83dt1, 3 == ELISA reader® 490 nm oA =4

shol dlxite] FHES Mste]l ME FHES WEEZ BT

A TFAMA Bl FEE2] FoHA P S HIA A= mueller hinton( Difco,
USA)H A& Ab&skslar vl A &4 R (disc plate method) & 7 5F31 o
(Piddock et al,, 1990) #7d°] 8 mm¢<l paper discE AFE3IA T AT o
HroHed A deaa] EY W =2 MAAF {Ftd Escherichia coli K88,
E. coli K99, E. coli 987P<} AIe] AL 73t Salmonella typhimurium

1405P ¥ 5 oz st oen, A WA= kanamycin@ ampicillin®ll

WA S 2t Staphylococcus aureus CARM32309F E. coli CARMI1381 2 A
Sojxtfetnl FAA WA FF oA Egtol ALESHSIT
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Fig. 2-1. Comparison of the cell growth of Coriolus versicolor on the YM
medium and the citrus medium.
®, Cell growth of Coriolus versicolor in the citrus medium; O, Final pH of

the citrus medium; M, Cell growth of Coriolus versicolor in the YM medium; [J, Final

pH of the YM medium.
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9 opAAt A Aol pH 1294 748 Aoz AAsGonR A4

ofAAE AAGToe] ofF FEAoE AT Aoz AREY. ofH AA T F

_30_



100

>
> 1 pH12
= pH3
.E 80 pH 6
2
2 N
‘o 60 [
: —
[<P]
>
3 7
17,1 -
2 40 7
.E
.E 2
g 2
N
]
)
SN
Extract-I Extract-11 Extract-111

Treatment

Fig. 2-2. Comparison of nitrite scavenging activity of Coriolus versicolor
culture extracts obtained from the YM medium and the citrus extract
medium.

Extract- Iis the Coriolus vesicolor culture extract obtained from the citrus
medium, Extract-II is the Coriolus vesicolor culture extract obtained form

the YM medium, and Extract-IlI is the un-inoculated citrus medium.
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HepG2 cell (P& A3E)S A-549 cell (HGAxE) v FHo A 2lsto] 4841 F w4
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7] s =t [Coo A EVIE Aol 235 yEtu
HeLa cell®] AH5AAE do7l= 271559 [Cso2 10 pL/mLe}F 30 pl/mLo] %)

, PC-3 cell®] 4%+ 40 uL/mL¢ 70 pL/mLol1 3L, HepG2 cell2 20 pl/mL
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Fig. 2-3. Inhibition of cancer cell growth by Coriolus versicolor culture
extracts obtained from the YM medium and the citrus medium.

@, the un-inoculated citrus medium (Extract-10); WM, the coriolus versicolor
culture extract (Extract-II) obtained from the YM medium; €, the coriolus

versicolor culture extract (Extract- 1) obtained from the citrus medium.
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Table 2-1. Antibacterial activities of the mycelial culture extracts of Coriolus
versicolor, Phellinus linteus, and Hericium erinaceus against Korean isolates

of livestock diarrhea—causing bacteria

Inhibition zone(mm)®

Strains Coriolus Phellinus Hericium

versicolor linteus erinaceus
Escherichia coli K83 16 11 10
Escherichia coli K99 14 10 10
Escherichiacoli 987P 15 12 11
Salmonella typhimurium 1405P 13 10 10

¥ Cells were grown on LB plates for 24 h at 37°C after 10 mg each of ethyl
acetate extract of mushroom liquid cultures was absorbed into paper disc(8
mm in diameter) and then the diameter(mm) of the growth inhibition zone

was measured. The values were the mean of triplicates.
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Table 2-2. Antibacterial activities of the mycelial culture extracts of Coriolus
versicolor, Phellinus [inteus, and Hericium erinaceus against antibiotic

resistant bacterial strains

Inhibition zone (mm)*

Strains J : N
Coriolus Phellinus Hericium Lo .
. . Ampicillin ~ Kanamicin
versicolor lenteus erinaceus
Escherichia coli
P 11 521 16 12 11 0 0
Staphylococcus aureus
1 1 12
CARM3230 8 3 0 0

¥ Cells were grown on LB plates for 24 h at 37°C after 10 mg each of ethyl
acetate extract of mushroom liquid cultures was absorbed into paper disc(8
mm in diameter) and then the diameter(mm) of the growth inhibition zone
was measured. The values were the mean of triplicates. Kanamycin and

ampicillin(12.5 ng per disc) were used as references.
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(A) (B)

© (D)

Fig. 2-4. Antibacterial activities of the mycelial culture extracts of Coriolus
versicolor, Phellinus linteus, and Hericium erinaceus against Korean isolates
of livestock diarrhea—causing bacteria and antibiotic resistant bacterial strains.
(A), E. coli K83, (B), S. typhimurium; (C), E. coli CARMI1381; (D), S. aureus.
CARM3230.

1, Coriolus versicolor; 2, Hericium erinaceus; 3, Phellinus [inteus; 4,

ampicillin; 5, kanamycin.
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221. A&

1930 HuAdde] ALl oy A, 53] LA
aureus)°l ¥ FvE S B AEHd Agdd A gdS Fou, FAA
W ow o] &= ARFAIA HAT. HEHA
o] Azl AA 7lods] o, 1961 FIolAl WEAA WA X
(methicillin-resistant Staphylococcus aureus, MRSA)o] A3 H % al, 1970
A 3504 MRSA] 93 HebdAo] g ol d AAHo= A& A
3tar dth(Lockley et al, 1982; Crowford, 1995). Gram %A 1< S. aureus

TERAY Ad, dE 5 ¥ W gdE dodle doeR YA e,
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By
@
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Q
Q
.
105}

re
o
k1
ins
i,
[

o
He
k1
o
-
4
o
2
o|N

FAe dogu ot A AUYY HFS ZH s (Francis, 1995, Han et al,
&

1999 Y EAx2 HdF, =844, UE, 08F Same 295 dodl= ¥
YA o)1, Gram 54 7HtQl Pseudomonas aeruginosayz= = Z2 9 95 <

2R o = A =R AF 59
Jojm, 53] wWAHo] ofstr]o] Q= A oAl A A o] tH(Kielhofner et al,

1992). =3], MRSA+ methicillin ¥ %k o}luyg} cephalosporin, ampicillin,

i)
ok
o
0,

kanamycin, oxacillin & ©&g FAA| WS YEM I, Pseudomonas

aeruginosa & 2< WUTE oy A A A WS Hole= A

FEW AL &R AT E] ¥ o™ (Cohen
et al, 1991; Troillet et al, 1997), -2t A= 1980t F-5 of ] w oA
MRSA 4ol HuHu g HIoe oz FAA WS Hole #5592
SN =7 Frbsta 9o, o5 HANAB T ES Ao AMEL FAA L Jftol
Aleh AFE A AAALR OFE T gle AAe k. AT Ed EA 34 A%
e, 97 2, 54 5 7S FAAY FAE

71 FAEAY 22 295 MW Al s Fae ddEds AR

WAl &t (Vogel et al, 1974), &4 & 3(kekawa et al, 1969) % &4
(Eun et al, 1989; Impoolsup et al, 1982) Sol thal A7 s xHA] Al
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222. Ax # ¥

D AE d5F H2 ud

Al i+ kanamycin® ampicillin®l WA S 2zt=  Staphylococcus aureus
CCARMS32307} cefotaxime, cefotaxime, gentamycin, norfloxacin, piperacillin ©l
WA S zt+= Pseudomonas aeruginosa CCARM2171 w55 M &ojxtdjstu &+

AN TS BN A Pl A5

o

_]
gt e A8 -& Difcorle] mueller hinton(Detroit Michigan, USA) ¥ Zhul %] o]

ANddds A7 Egsta, t2=a b (disc plate method) &= S48 T

grstal EA2S AAEr] Y8, dichloromethane(DCM)ol =<1 Ethyl
acetate(EA) F%ES Merck Silica Gel 60(particle size: 0.063-0.2 mm)o] =%
H  glass column(25x15 cm)oll 283, column® F ] F3o DCM,
DCM:Methanol(9:1, 82, 64, 19, v/v)& x%og £8=3% v} Methanol
(100%), EA(100%)= &=38l¥thFig. 2-5). 43 ZF B S 3|03 U =57

F=oln sAAX 2385 10% Dimethylsulfoxide
(DMSO)ell Z+ 7z} =9 S, aureus CARM3230 5o tis] tl=~= F 10 mg¥H
A Adste] = giior 84S Hlasi i

§ ¥, 3 Az

4) HPLC #4]

Fagddol A= 4 +89ES HPLCE #Asto] 94 ) ¢l &}
QA AHEE At 2 &4 £35S methanolo] =°]3 045 pm syringe
filter® o33 & Luna 5 pL silica column(250x4.6 mm, Phenomenex, USA)
o] &3 HPLC(P680 HPLC system, Dionex CO, USA)E o]&3to] 10 plLe
injectiondle] 1.0 mL/min 4 X% acetonitrile/methanol(6:4, v/v) &= 20%&7F
isocratic mode® £=738}H A, ELSD(Evaporative Light Scattering Detecter,
Alltech, USA) A Z7]% Drift tube temperature 90C, gas flow 2 L/min Z 719
A EA e AT

[e]
gyEae

ol
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Coriolus versicolor Liquid culture
Hot water extraction (90-95°C, for 3 hr)
Filtration (Whatman #3)

Water extract

| Ethyl acetate extraction (1:1, wv)
| |
Ethyl acetate extract Aqueous phase

Silica gel column chromatography

DCM  DCM/MeOH DCM/MeOH DCM/MeOH DCM/MeOH  Ea (100%) MeOH (100%)
9: 1(viv) 8:2(v/v) 6: 4(v/v) 1:9(V/V)

Fig. 2-5. Procedure for extraction and purification of antibiotic substance from
the Coriolus versicolor mycelial liquid cultures grown in 10% citrus

medium.
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D) AW T o e Py
FrEae AR sto] TEHA FANS WIF T IFEEERRE

1%l ethyl acetate

L)

F(multidrug resistant bacteria)oll tf g+
o2 FHA43A Y. Fig. 2-43 Table. 2-3°] YElH nf
o} o] Ao oz 7|E FAAAQ ampicillin®} kanamycin(12.5 1
g/disc)ell W3] A WA TF2A S aureus CARM32302} P. aeruginosa
CCARM217 EF ASAfE &x] &g& WH F5E5S 23 9 125 mgle =
A stdS wl, P. aeruginosa CCARM2171% #H+t 12 mm(Fig. 2-4)¢] A4
A= BHAdow, S aqureus CCARM32300] thal A= 17 mme 54 A#lS Ko

(

=
=
MtEdS s gl

e

(Fig. 2-4), 7" A #AFA] wjFd o] ethyl acetate FEE0] Ald #F E5F
A dAAT FEAS HALh ol A= FunAl A B 2 ooEE

FEEo Auk WAA ANIFSl S aqureus, E. coli, S. typhimurium,°| ™3+ it
A (F=E 431 mg/disc)2 ¥l B3] =2 ot FAo] A= Ao UEY
(Kupka et al, 1979). 284, Lee et al, (2005)¢] B 313+ 7Fx9] CHCl3¥
hexane F%&+% 2 mg/disc®] methicillin WA+ MRSA 9] 13-16 mme] A
SAHE vt ZAyRoE ofzl e dAS Hgow Park et al, (2001)°]
Bk BR 2 25510 mg/disc)o) 16,6 mme ASA =S el Axel ¢l
ZH(Choi, 2003) R A&Erei(Lee, 2003)8] F=Ed st a2 axet=
Abet AES E AT

F FEE Y 299 ethyl acetate® g 3dlo] o
60 column chromatography® %sta 7zt & dia] dx==2 g4y (10
mg/disc) 2.2 S .aureus CARM3230 ol i3t g4 S SAHS A3, DCM

23 E3 MeOH #3E&E, EA ZEIEBIAE I o] Holx ror}



f
M

359 Aol 145 mm=E

)

CM:MeOH(9:1, v/v)¢] &mjxzxo=z g&3t
oe 4% Hude 9 7HE =%k DCM:MeOH(@8:2, v/v)9] &z §ZE4
4 mm= gom 6:4(v/v)Q] AT 1.5 mm=E v ks
TY =0l ddd s HolA FUtHFig. 2-6).
=2 DCM:MeOH(9:1, v/v) #+8&9 HAALE dolr7] ¢
] HPLC Al2~®"lo g BA3 Ay ZAAES EA FEE0] A& retention time
o] z+z} 3.879 (peak a), 4.267 (peak b)ollA ¥ 7H¢l major peaks”}t 7= At}
(Fig. 2-8). L&t} EA F=E < silica gel chromatography® 23 38fa 7z} 23
E=dE DCM:MeOH(9:1, v/v) #3Eo| A+ retention
timeo] 37034 ©d Ha2 AEHAT(Fig. 2-7). AAH 082 F /9 F4
Edo] 370384 @ a2 HAEH = (a) peakd EHo]
w2 TEE GAENES ZATHFig. 2-7).
S. aureus CCARM3230-2 ampicillin, kanamycin, oxacillin, methicillin®l], P.
aeruginosa CCARM21712 ampicillin, kanamycin, cefotaxime, gentamycin,
norfloxacin, piperacillin's 2] &AAlel disl EF2QA WS Hole H3F Ui
TTFERA, & FEE0] ol HAWA dF= & dA I 24E 1
AL MZE FHEHREAY 7hsAH S BodFe A28 AARHIAY
P. aeruginosa CCARM2171 3} S. aureus CCARM3230 5 R5oA & A3k

49 dgon Qs /e FYBA e WY R AR PR FANE
sjstol Hla| WEF Fe Selete] @A WS oln] g ATANY AR
A,
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Table 2-3. Antibacterial activities of the ethyl acetate extract of Coriolus
versicolor liquid cultures grown in 109 citrus medium against antibiotic

resistant bacterial strains.

Inhibition zone(mm)?
Strains

Ethyl acetate extract of Coriolus versicolor Ampicillin  Kanamicin

Pseudomonas aeruginosa

CCARM2171 12 0 0
Staphylococcus aureus
CARM3230 17 0 0

4 Cells were grown on MH plates for 24 h at 37°C after the ethyl acetate
extract of Coriolus versicolor liquid cultures was absorbed into paper
disc(125 mg/8 mm disc) and then the diameter(mm) of the growth inhibition
zone was measured. Kanamycin and ampicillin(12.5 pg/disc) were used as

references. The values were the mean of triplicates.
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Fig. 2-6. Antibacterial activities of the ethyl acetate extract of the mycelial
liquid cultures of Coriolus versicolor grown 1n 10% citrus medium
against Korean isolates of antibiotic resistant bacterial strains.

(A) P. aeruginosa CCARM2171; (B) S. aureus CCARMS3230.

1, ethyl acetate extract of Coriolus versicolor (125 mg/disc); 2, ampicillin

(12.5 ug/disc); 3, kanamycin (12.5 ug/disc).
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Fig. 2-7. Antibacterial activities of each fraction eluted from the silica gel
column.

The ethyl acetate extracts of the Coriolus versicolor mycelial liquid cultures
grown in 10% citrus medium were dissolved in dichloromethane, applied to
Silica Gel 60 column, and eluted with mixtures of solvents: 1,
dichloromethane(DCM); 2, DCM/methanol(MeOH)(9:1, v/v); 3, DCM/MeOH(&:2,
v/v); 4, DCM/MeOH(6:4, v/v); 5, DCM/MeOH(1:9, v/v); 6, MeOH(100%); 7,
ethyl acetate(100%). The antibacterial activity of each fraction was determined
by measuring the inhibition zones created on the growth of S. aureus

CCARM3230.
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Fig. 2-8. HPLC analysis of the most active fraction from the Silica Gel 60

column for evaluating the degree of purification.
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A3 +F & HAZAA LY MFEL R EFHGF S4

20%, BrrskE 65.09%, HFE 2324%, 3% 6.37%

1.10%S 3Ffslar dth(Mau et al, 2001). T2 Aol EgA R iy} ofn|

Ab O, 2HRZol= Fo] BAuEa(Cul et al, 2003; Yokokawa, 1980). -

WA AR AA G AN FEe DA o] PP TS ThEA 42.2%,
o 10.5%2 st thH(Lee et al, 1992).

A X (Ganoderma lucidum)S T3} B2 X %0 &5l @A O 2A St

(

[e3

Jafol el ZE2~HE A, gAs), FAH, Ag9Eg 2 FEgese
Bl ofaAdio] Hawlil(Jang, 1992), Eil(Lentinus edodes)®l X +=
hyocholesterold & 2 ¢l lentinacin® &%+A &2 <l lentinan< A A 3} polyene
Ao &g, Fgulolgs g o

3 & N =dol &de#lAd dvH(Chihara et al,

1971).
I A (Lentinus edodes)®] kgl &3 A A Buk ol g} ol )| uj &F oHof] A

T oy 358 HAE =40 RuHded AEA H owgddd EAsts v
A7F Tkl gt AL/ Wold S EAFo2ZN (HPA R FEAEY F
21 & A3 st 7 L (Chihara, 1985), ¢tAl2u MU TS AFJAEA 7 = &S o
= OAAEe] £ ST A8d e Bk Ytk (Takehara, 1975).

EAAEMA R dHZ P linteus?t P. igniarius?} Phellinus%2l 1353l
M= wl ZEHEd FEAAES dHetded, o559 AAA FEEo A4
96.7% 2 87.4%° =2 Fde S UeHUE ASE Riuxo Qlth(kekawa, et
al., 1986; Shibata et al, 1968).

2% B 5(1999)2 w=Fa oA (Hericium erinacium)®]l SFE7F AlLA €]

WMol e AEAY T A, Aol AL, AR B gIek Amete] AR

[ele}
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Fig. 3-1. Effect of temperature on mycelial growth of different fungal species.
CV, Coriolus versicolor; AB, Agaricus blazei; CM, Cordyceps militaris;, PL,
Phellinus linteus, 10, nonotus obliquus, SC, Sparassis crispa; GL, Ganoderma
lucidium; HE, Hericium erinacium; LE, Lentinus edodes; B, 15C; [, 20T
(3, 25C; [, 30C; B, 35TC.
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Fig. 3-2. Effect of pH on mycelial growth of different fungal species.

CV, Coriolus versicolor; AB, Agaricus blazei; CM, Cordyceps militaris;, PL,
Phellinus linteus, 10, nonotus obliquus; SC, Sparassis crispa; GL, Ganoderma
lucidium; HE, Hericium erinacium; LE, Lentinus edodes; B, pH 3; [, pH 4;
51, pH 5, I, pH 6; B, pH 7; 2, pH &.
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Fig. 3-3. Effect of various carbon sources on the mycelial growth of Coriolus
versicolor, Agaricus blazei and Cordyceps militaris.

B Coriolus versicolor(dried cell weight); [], Coriolus versicolor(exo-polysaccharide);
(3, Agaricus blazeidried cell weight); [l, Agaricus blazei(exo—polysaccharide),

B, Cordyceps militaris(dried cell weight); 4, Cordyceps militaris(exo—polysaccharide).
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Carbon sources

Fig. 3-4. Effect of various carbon sources on the mycelial growth of
Phellinus linteus, Inonotus obliquus and Sparassis crispa.

B Phellinus linteus(dried cell weight); [l Phellinus linteus(exo—polysaccharide);
£, Inonotus obliquus(dried cell weight); [, Inonotus obliquus(exo—polysaccharide);

E, Sparassis crispa(dried cell weight); U4, Sparassis crispa(exo-polysaccharide).
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Fig. 3-5. Effect of wvarious carbon sources on the mycelial growth of
Ganoderma [ucidium, Hericium erinacium, Lentinus edodes.

B Ganoderma [ucidium(dried cell weight); [[] Ganoderma lucidium(exo—polysaccharide);
£ Hericium erinacium(dried cell weight); [l Hericium erinacium(exo—polysaccharide);

B, Lentinus edodes(dried cell weight); U, Lentinus edodes(exo—polysaccharide).
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Dried cell weight & exo-polysaccharide(g/L)
(9]

Malt Peptone  Trytone Yeast casamino Urea Soytone NaNO3 (NH4)2S04 NH4ANO3  NH4cl KNO3 NaNO2 None
acid

Nitrogen sources

Fig. 3-6. Effect of wvarious nitrogen sources on the mycelial growth of
Coriolus versicolor, Agaricus blazei and Cordyceps militaris.

B Coriolus versicolor(dried cell weight); [] Coriolus versicolor(exo—polysaccharide);
(3 Agaricus blazei(dried cell weight);, [, Agaricus blazei(exo—polysaccharide);

&, Cordyceps militaris(dried cell weight); ¥4 Cordyceps militaris(exo—polysaccharide).
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id r
o Nitrogen sources

Fig. 3-7. Effect of wvarious nitrogen sources on the mycelial growth of
Phellinus linteus, Inonotus obliquus and Sparassis crispa.

B Phellinus linteus(dried cell weight); [ Phellinus [inteus(exo-polysaccharide);
£, Inonotus obliquus(dried cell weight); [, Tnonotus obliquus(exo—polysaccharide);

B, Sparassis crispa(dried cell weight); ¥4 Sparassis crispalexo-polysaccharide).
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Fig. 3-8. Effect of wvarious nitrogen sources on the mycelial growth of
Ganoderma [ucidium, Hericium erinacium, Lentinus edodes.

B Ganoderma [ucidium(dried cell weight); [ ] Ganoderma [ucidium(exo—polysaccharide);
Hericium erinacium(dried cell weight); [l Hericium erinacium(exo—polysaccharide);

B, Lentinus edodes(dried cell weight); 4 Lentinus edodes(exo—polysaccharide).
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Fig. 3-9. Effect of mineral salt on mycelial growth of Coriolus versicolor,
Agaricus blazei and Cordyceps militaris.

B Coriolus versicolor(dried cell weight); [] Coriolus versicolor(exo-polysaccharide);
(3 Agaricus blazei(dried cell weight); [l Agaricus blazei(exo—polysaccharide);

5, Cordyceps militaris(dried cell weight); ¥4 Cordyceps militaris(exo—polysaccharide).
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Fig. 3-10. Effect of mineral salt on mycelial growth of Phellinus linteus,
Inonotus obliquus and Sparassis crispa.

B Phellinus linteus(dried cell weight); [] Phellinus linteus(exo-polysaccharide);
(2] Inonotus obliquus(dried cell weight); [, Inonotus obliquus(exo—polysaccharide);

B, Sparassis crispa(dried cell weight); ¥4 Sparassis crispalexo—polysaccharide).
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Fig. 3-11. Effect of mineral salt on mycelial growth of Ganoderma lucidium.
Hericium erinacium and Lentinus edodes.

B Ganoderma lucidium(dried cell weight); [ ] Ganoderma lucidium(exo—polysaccharide);
Hericium erinacium(dried cell weight); [l Hericium erinacium(exo—polysaccharide);

B, Lentinus edodes(dried cell weight); ¥4 Lentinus edodes(exo—polysaccharide).
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Effect of culture period on mycelial growth of different fungal
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Mycelia

cv

Fig 3-13. Effect of media on the mycelial growth and exo—polysaccharide of
different fungal species.

CV, Coriolus versicolor; AB, Agaricus blazei; CM, Cordyceps militaris; PL,
Phellinus linteus; 10, nonotus obliquus; SC, Sparassis crispa;, GL, Ganoderma
lucidium; HE, Hericium erinacium; LE, Lentinus edodes.

B, dried cell weight; [, exo—polysaccharide.
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Fig.3-14. Effect of mycelial growth of mixed culture(Coriolus versicolor

and Phellinus linteus) in inoculate(initial or 3day after) of 5L jar fermenter.

_78_



4:2
4:1

3:4

3:2
3:1

I
L ]
I
L= .
| =]
33 ]
L S ]
e ———
2:4 L]
=]
|

loculum rate of C. verscicolor and P. linteus

0 1 2 3 4 5 6 7 8 9
Dride cell wieght & exo-polysaccharide (g/l)

Fig. 3-15 Effect of inoculum amount on mycelial growth of mixed culture
(Coriolus versicolor and Phellinus linteus) in DL jar fermenter.

B, mycelial cell weight; [ ], exo—polysaccharide.
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Fig 3-16. Effect of citrus extract concentrate on the mycelial growth of
mixed culture(Coriolus versicolor and Phellinus linteus) in 5L jar fermenter.

B, mycelial cell weight; [], exo—polysaccharide.
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Fig. 3-17. Effect of various carbon sources additive on the mycelial growth of
Coriolus versicolor and Phellinus linteus in 5L jar fermentor.

B, mycelial cell weight; [ ], exo—polysaccharide.
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Fig. 3-18 Effect of aeration rate on mycelial growth of Corious versicolor
and Phellinus linteus in 5L jar fermenter.

B, mycelial cell weight; [], exo—polysaccharide.
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Fig. 3-19. Effect of agitation speed on mycelial growth of Corious versicolor
and Phellinus linteus in 5L jar fermenter.

B, mycelial cell weight; [ ], exo—polysaccharide.
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