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ABSTRACT: The liquid culture extract of Coriolus versicolor was prepared by directly boiling the whole culture
broth 7 days after incubation in 12% citrus extract medium. After 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 Stpylococcus aureus CCARM3230 and Psudomonas aeruginosa
CCARM2171, which are resistant to several antibiotics. The most active fraction was eluted from a silica gel col-
umn with a mixture of dichloromethane and methanol (9:1, v/v) and the purity of this active substance was con-
firmed 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.
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19300 s« LZ:JEM oA At 58] BA
7Hg A7 S99 WHAHQ) LT (Staphylococcus
aureus)?ll EL 8L Ho MIFAE XAFA Adigh
Ags oo}, FA gz Qlal thdst wlyhE
A 7F sk =AU vEgdde] RYEHA X5
AT ZEEe AR A Ao sk, 19614 D
oA WEAdd WA A (methicillin-resistant
Staphylococcus aureus, MRSA)°] A3 HAEIIIL, 1970
d 354 MRSA°| o3k gedie] raE o]%
A ARz A 28T Jrh(Lockley et al., 1982;
Crowford, 1995). 18 g% Staphylococcus aureus
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T4EE 5 55 TE5S dov= HdA ol (Francis,
1995; Han et al., 1999). 23824 7+-dSl Pseudomonas
aeruginosa= T 239 FFE do7le 7P LRbH<l
Hodgoz A5 W, i, 7, L=, A 5o FHe o
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QlolH, 53] W go] oFslx o] Fatol| Al A
TH(Kielhofner ef al., 1992). 3], MRSAE methicillin ¥

ot olu2} cephalosporin, ampicillin, kanamycin, oxacillin

Q)=

AT O]

ohekslk shAA|o] WAS eI, Pseudomonas
aeruginosa 5 B WUTE A FAA o EFH<L 3
AR WAL Hole A0z HIET glo] o]5o gy

W AYSSET AEC] 2 Helw(Cohen e al.,
1991; Troillet e al., 1997), -t = 19804
B ofg] ylolAl MRSA ¥Ao] BT 31, F 2o
= A8 A W3S Hols #5559 EdVEs}
7}8laL 1o, o1& tHA WA 4EE AT MEL 3
Aol o] A AREA AR diFES e
olth. WA &8 At T % Holl, -
5 71E FAA Y e =5 Aze #4071 =
o], 71& dWEAF 2 EAE 7EA <Al ois)
33 FFEAS wAOZEE Wdshy] s At
W3] 8= 3 et

WALl A (Vogel et al., 1974),
et al., 1969) @ &4 (Eun ef al.,
1982) ol 3k
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3k A E7F FobA| AL Sk WAL 8
ATZE Kavanagh et ol (1949)0] H3uial
Marasmius conigenum@ ZXE] 1Al 1ol
S BOlE= marasmic acid A, B, C&
Fojg) FAZEA] oF 10003F o)de] dAEZ ] B
%2, Scorodonin(Anke et al., 1980)% Aleurodiscus
roseus?] Marasin(Cambie et al., 1963)°] Z}z} A<,
A, F8o] B 2R disle #ELg 848 =
Aoz BuFoel vt BUEWA (Armillaria mellea)
S 2 HE melleolide(Midland et al., 1982), S-7FHHA
(Poria medullaepanis)2Z5-¥] pereniporins A, B(Kida
et al., 1986), S3UT-EW A (Coriolus consors)?+ -5
A(Coriolus versicolor)?1 A coriolin(Kupka et al., 1979),
W E) 7| 52:512(Cordyceps militaris)| A cordycepin(linuma
et al, 1983), =FFF o\ (Hericium erinaceus)~]
chlorinated orcinol %A (Okamoto et al., 1993), E 7
S (Lentinus edodesyFZE2] a2 (Kim et al., 2003)
Sol B3H vl b M2 F(Park et al., 2004y 7+
FEE gadoA et FEWA [Coriolus versicolor
(Fr.) Quel.]) AR wiEN 2] ethyl acetate F=5E-0) 4
S A [Phellinus linteus(Berk. & M.A. Curtis)}#} =&
ol A [Hericium erinaceum(Bull. ex Fr.) Pers.] TAH|
Hjg5EE 2ok ampicillin®} kanamycin W3¢ E.
coli CARMI138134 Staphylococcus aureus CCARM3230
o tial] Ft&dol =2 AL EIste] Bt v gl

2 AolMe 27 F2E M AN wjgst 7] T8
WAL AR ul el Q] ethyl acetate & Eo] E3t 314
Al W5 Pseudomonas aeruginosa CCARM21719]
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AEFFE kanamycina}t ampicillin®] WA 2= Sa-
phylococcus aureus CCARM32303} cefotaxime, cefotaxime,
gentamycin, norfloxacin, piperacillin 5o WAL zte
Pseudomonas aeruginosa CCARM2171 <455 3HAA)|
WAt (Mt gha)ola] Egitel ARS-FATH
TS A A2 (F5 3 KCTC 6365)
O RRY Eofol A ARSI

TEHA DA Y Y B F=EHE N

TEHA FAHE wU%S Lee er al.(2003)2] HHHA w
2}, FaiR] o] LA AR E AA A (glucose 6 g,
maltose 1.8 g, malt extract 6 g, yeast extract 1.2 g, 5+
T 14, pH 6.0l FE3tL 25°ColA] 47 13t
TUE ZRAYIAR gEstel 71 TRZ|(FLH)

2 olgsdle] 479 3A(12%) HEFEEA HI ol
10%(v/V)EI A HEste] 57135 1 VVMLE 25°ColA 7
AZF wieksidh vigdE F 2ax9 25F 90~95°C
2 2R A7 B EAEE $53 o oHR
(Whatman No.2)E of#sle] T bl ethyl acetate(EA)

off

ZAL AFE dAFT g 2l AFE AW
FAtol A AAkste] Al F9 AlS ZE &2 (62
brix)g YA Ad FHRTE 12% HA A3t 4°C
of BastEA A AMgsId) 34 Ag wEHA
pHE 3.7°]%Th

E SHOE HUkslo] A2oA 1A17F St 7EA wut
sl &t on, 23] v F231900) dolx EA &
Z2ES IJALUES7](Eyela, Japan)Z 553 & 54
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DifcoAt2]  Mueller Hinton(Detroit
Michigan, USA) B@ix]o] ANHFNE AH Zdsia,
2= 4B (disc plate method) 2 37 3193 thPiddock,
1990). 2t AJ8 #5= LB AAuR|o] HEsle] 37°C
A 2477 Aefeket & HagE MH agar H¥ol| 7k A1
T H (660 nmIA FEFE7} 0.5%0 o FX) 0.1 mis =2
& &, F°] U2=IA(8mm)F EA FEE] 12.5mg EA
Agstel A EdE =TT BAS LEFL 37°CA
2417k wljeFete] Fo] tiAIL 9o Azl A dke] A7)
£ vaste daEdS 2935 FEE ASE 10%
dimethylsulfoxide(DMSO)ll =< t]l2=d] 7leld S
A AXAA GulE AAT t2=aES ARSI Al
d #7o] FAA N T8Y s 97 0 © g2y
2 ampicillin?} kanamycin 7} 2+ t]23 9 12.5 uge)
= A A2kt

go=8e 22 & N

EA %55 Merck Silica Gel 60(particle size:
0.063~0.2 mm)°] S E FZHHQ2.5X15 cm)oll 3,
Ay F v} ¥3<9 DCM, DCM:MeOH(9: 1, 8:2,
6:4, 1:9, vivE ©AH0 2 823 TR MeOH(100%),
EA(100%)E §&3tt). doizl 4 BEES sl s
7R F5sty AR ¢ 3, TR AR EIES
10% DMSO° 7+ 7+ 59y S, qureus CARM3230 759
sl &= & 10 mgHA AZsle vz gabgow
FEdE Hasd

HPLC &4

8ol Sle 72 £8ES HPLCE ¥43l9 &9
o5 a4 &
0.45 pm FAL7] QH7|=
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Fig. 1. Antibacterial activities of the ethyl acetate extract of
the mycelial liquid cultures of Coriolus versicolor
grown in 12% citrus extract against Korean isolates of
antibiotic resistant bacterial strains. Test strains: (A) P,
aeruginosa CCARM2171; (B) S. aureus CCARM3230.
Numbers: 1, ethyl acetate extract of Coriolus versicolor
(12.5 mg/disc); 2, ampicillin (12.5 ug/disc); 3, kanamycin
(12.5 ug/disc). Antibacterial activity against S. aureus
CCARMB3230 (B) was reported before (Park et al.,
2004) and used here for comparison.

of3}3F & Luna 544 silica column(250X 4.6 mm, Pheno-
menex, USA)°| &% HPLC(P680 HPLC system,
Dionex CO, USA)E o|&3&ld 10 s Y3t 1.0 ml/
min £52 acetonitrile/methanol(6 : 4, v/v) £v2 20%7}
isocratic modeZ -8&3}HA], ELSD(Evaporative Light
Scattering Detecter, Alltech, USA) A&7|2 FEL2LE7}
90°C, 71 EE £%7} 2 l/min ZA0A 2389t}
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Sgt sdA LY 0| cfst e

FFFEES WAR 3t FEHA FAAE ugE &
ufj kol (whole broth)e ZF-E] HofZl ethyl acetate FEE
o] B3t gAA] WA FF(multidrug resistant bacteria)oll
st daegS a3 hbHo R HES Fig. 134
Table 19 VeRd B} o], dtd @] izt o 24 7]
& A9l ampicillin®} kanamycin(12.5 ug/disc)l] T3l
A A F59 Staphylococcus aureus CARM3230%}
Pscudomonas aeruginosa CCARM217 5 ASAAE
W2) ok WHA, FEES UL F 125 mgl ® A28t

l Coriolus versicolor Liquid culture ]

Hot water extraction (80-95°C, for 3 hr)
Filtration (Whatman #3)

Water extract
Ethyl acetate extraction (1:1, v/v)
—
Ethyl acetate extract Aqueous phase
Silica gel column chromatography

f I I T | T 1

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

Fig. 2. Procedure for extraction and purification of antibiotic
substance from the Coriolus versicolor mycelial liquid
cultures grown in 12% citrus extract. Symbols: DCM,
dichloromethane; MeOH, methanol; EA, ethyl acetate.

A= W, Pseudomonas aeruginosa CCARM2171= B
12 mm(Fig. 1A)2] ASANE BAOW | Staphylococcus
asures CCARM32300] ti3liM+= 17 mme] 52 A&
Ho(Fig. 1B), F&HA FAK wid 9] ethyl acetate
FEE0] XY #F BTN AT 4B S EATH
oleidt Axte EywA AAEA e E 9 g FEE9
At WA AZ Staphylococcus aureus, E. coli,
Salmonella typhimurium®| 3 FFEAGFEE 43.1
mg/discyd el Bl &2 FF EAo] U= Ho= YE
StH(Kupka et al., 1979). 184, o] 5(2005)°] B
7zl CHCLF hexane &% 2 mg/disco] methicillin
W42l MRSA(Staphylococcus asures) T3 13~16
mm®] ASAHE Jepd AR o 22 84S
HYow, (Park ef al., 2001)°] B B2} FZ2E(10
mg/disc)o] 16.6 mme] ASAsS vebd Aafe} ujz}
(Choi, 2003) 2 2252 (Lee, 2003)2] F&2d) B3 &
484 FIoh= FARE A BT

g FEEAA e FEHA dAK vl o B2 s
1 SAA Aol dig e Ede 8 2 A
F4-& Fig. 2¢] et FARA wigde] E5 FE55
5 H99 ethyl acetateZ *2]3ty] dojF F&2E
< Silica Gel 60 column chromatography® &3} 7}
B2 & gl vz #4PE (10 mg/disc)S 2 S, aureus
CARM3230 50l st 84L& $4% 243, DCM

o

=2

Table 1. Antibacterial activities of the ethyl acetate extract of Coriolus versicolor liquid cultures grown in 12% citrus extract against

antibiotic resistant bacterial strains

Inhibition zone (mm)”

Strains
EA extract of Coriolus versicolor Ampicillin Kanamycin
Pseudomonas aeruginosa CCARM2171 12+0.16 ’ 0 0
Staphylococcus aureus CCARM3230 17+£0.12 0 0

UCells 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 (12.5 mg/8 mm disc) and then the diameter (mm) of the growth inhibition zone was measured. Kanamycin and ampicillin (12.5 gg/disc)

were used as references.



Antimicrobial Activity of the Coriolus versicolor Liquid Culture Extracts Against Antibiotic Resistant Bacteria ...... 95

-
[=2]

“Ad
o NN A
H

Inhibitin zone (mm)

. L TE
1 2 3 4 5 6 7
Fractions

o N kR OO ™

Fig. 3. Antibacterial activities of each fraction eluted from the
silica gel column. The ethyl acetate extracts of the
Coriolus versicolor mycelial liquid cultures grown in
12% citrus extract 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
8:2, viv); 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.

EYE7 MeOH EEE, EA £ E2oMe Fa@iol
Holx] ¢k}, DCM : MeOH(9 : 1, v/iv)e] Sz e
B §23 BYEe] da84e] 145mmE HUE £HE
I} NS o 7P E=heh(Fig. 3). DCM : MeOH(S : 2,
viv)el SviE 859 FEE9 3 a3 dmmE F
dor, 6:4vv)E! A*E 1.5 mmE VSR, 1: 9
(vivye] & Z8 &l 840l |IiTh

gFeAlo] 714 & DCM : MeOH(9 : 1, viv) I E
o] HAEE YolHr] 98] HPLC Al&doz 843 2
I, ZA4A = FA FE=9A & retention time®] Z+Zt
3.879(peak a), 4.267%-(peak b)ollX F 7Re] F& H=7}
AE&HUTH(Fig. 4A). 28Y, EA FEES silica gel
chromatography=. #3852 7} B & 5 F8Aol 7
=% DCM : MeOH(9 : 1, viv) & &M= retention
time®] 3.703%04 @Y H32 AZHQTHFig. 4B). 4
HHoz F e Fo 24 F FHBA EHol 3.703%
X g AR AEEE (a) o EFolH, o] &4
Edo] 2 £52 FAHAL-S EATH(Fig. 4B).

S. aureus CCARM3230-2 ampicillin, kanamycin, oxacillin,
methicillin®ll, P aeruginosa CCARM2171 ampicillin,
kanamycin, cefotaxime, gentamycin, norfloxacin, piper-
acillin 52| @A) thall B2 WS Hole 53
W FFERAM, & FEE0] o AU dF=0l
e A g 4 Hel RS NEE FFELEA
o] 7hs/dE BT Z0 g ARHIY. 53], 2ds4
@) P aeruginosa CCARM21713 g+ S
asures CCARM3230 45 E5FoA A JaI8AS
el R B FE5E S50 B9 d 2HE

A
ss.u—:
500
b
450
a
400
350+
mV a0 : 8
25.0-: a
20.0-:
150 -
1004
50 4
o] 1 | R e | T Y T 3 T
00 20 40 50 80 100 120 150

Retention time (min)

Fig. 4. HPLC analysis of the most active fraction from the
Silica Gel 60 column for evaluating the degree of
purification.

71% FAEHA dis) g 2 oA o S3RET
9=l 3] ¥53] w2 S2viete] el nf
Je ATA=et Alsdrt

AR F(Park et al., 2004y ZHE FEE 34 A
Hi ksl 2 A [Coriolus versicolor(Fr.) Quel.]2] A
HjFH o] ethyl acetate FEE°] WA Phellinus linteus
(Berk. & M.A. Curtis)]# S=FFu oW [Hericium
erinaceum(Bull. ex Fr.) Pers.] @AH wiYd5&E Hu)
ampicillin® kanamycin WA E. coli CARM13813%
Staphylococcus aureus CCARM32300 thall &40l
=3, Yt 7R Ml E. coli K88, K99, 987P w5
9} Salmonella typhimurium 14058 -5l thaix = A=
o= o] & AAE FRlst] B g vt St o]
A AFHEL AR, & dAFolAMe 22 25 g4y
ANA HiFE FEHA FA g o2 7E A WA
@91 Pseudomonas aeruginosa CCARM2171 o= thak
A EGE NZEo] ¥, B4 7, 85 43,4
T8 ) 58 S8l a2 AT

AR} & AWM (FEHA) A Wl o] Tkt
Aejdgd s sl T SAHAS URE AAm|A ol uf

o
o
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EE5d FHAg wAR sted uf
ZEo] Y3t G AY T &
ol gk FgeEgo] AASE FUrgS st B
3 v} Qthk(Lee ef al., 2003). 22 FAKE HEeA] &
& g 5 g4 ke gR7E NS s o
HE uizlel A v ksl & 7399k FAReHA ol sk Aol
DAY oi$- wjeki) o3 AMES, FASOl oiA
FRHIA, F, JAHE T g7 sl et 2 A
5 B orREY] A Ax 3 SRV geitke Aol
45 W AEFNA et oz deA viel 7o), B A
Foll M= duk wix]AJE(Lee er al., 2003)°] obd 7=
FZES W= o zA, eXuAl AR thAt
o] ofa) 2 g8 B Aol SUEAY AlEA
AgE Aoz AlREY. 7 FEES YihiiR e 24
she 2d] pHLE 3.79] Abgoln, 7 (714 2 71E
FE-S o it Yok AAE B =EoEs Ui
Foy, gz e FEANE AT Feu,
Akl of wFgh Y F2ES M Ay, & 4
ol AME T2/} el g FFEAdo] v §- vlujst
A AT, RIS e FEElM g BE
o FgF8/de] dAEA YeRd Aelth @A, Ao &
TAANNE AR FaEEY FREA, 2o FEL%
Wdtol sk G2 EdY 9 9 MICEHA A-5A 3
&) 24 T e A7 A8 Folo},

X

it

1]

by |
S

A RS 12% 3 F200M 7U7F Wt
e FE23 F FAHA AEE o3t AlA s}
o] ethyl acetate(l : 1, v/v)Z A=} Zz5190)
EA FEE2 SPUAAE 2= MRSA 4591 S aureus
CCARM3230%} P. aeruginosa CCARM21719 s &
e AR BEE st # 252 silica gel
chromatography® +83}3l%12 W] dichloromethane :
methanol(9 : 1, v/v)?| &7 02 &&35 359 &
o240l 7 =%eH, @4Edoe] 2 £k B
222 AAEHUS-S HPLC B4o2 o). tA)
WA #FE disl] dAS 3 24E& Hol, 53], 2
G444 P aeruginosa CCARM21713 189
3

.?_

i F
':17—’

28, o
ol o

voh‘(

o™

ol

S. asures CCARM3230 #F E5Fol|A &5t 3
S Ve A B FEHF0] FAHEZ] FHSY Yda &
HedS ke e dFERR dE £ e 7HEA
S HoFEs 02 AsFHAUY.
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