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Effect of the Evaporating Extract from Liquor of Fermentation Using
Mycelium of Phellinus linteus on the Expression of Inflammatory
Proteins and the Generation of Reactive Oxygen Species
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Phellinus linteus is known as a medicinal mushroom, which has the pharmaceutical activity on tumors and
inflammatory diseases in traditional Oriental medicine. However, despite extensive pharmacological studies on P.
linteus, the liquor of fermentation using mycelium of P. linteus(LFMP) has not been investigated. In the present study,
it was examined the effect of the evaporating extract from LFMP(E-LFMP) on the expression of inflammatory proteins
and the generation of reactive oxygen species in human hepatocarcinoma HepG2 cells. E-LFMP inhibited
acetaldehyde-induced morphological change in HepG2 cells. Also, E-LFMP inhibits expression of inflammatory proteins
including cyclooxygenase(COX)-1 and COX-2 through suppressing nuclear translocation of nuclear factor kB(NF-xB)
and degradation of inhibitory xBa(lkBa). In addition, E-LFMP inhibits generation of reactive oxygen species(ROS) by
hydrogen peroxide(H:0;) in HepG2 cells. These results suggest that LFMP has the pharmaceutical, especially
anti-inflammatory, activity similar to P. linteus mushroom.

Key words : Phellinus linteus, cyclooxygenase, acetaldehyde, nuclear factor kB, reactive oxygen species

] =2 grom?, 2ol 0|28 MUS HYE FHE Ed 45 Yol

st MM E Rk AR UE AL ATt =HolA] AHS)

SEH A (Phellinus linteus)2 S EZ BHo] J=0I(FERK T A BFe 25 8507 oA UeH, ol B P

Higk= ol202 JixEo] Aon?, TiE o]0 SRS linteusQ] FAAZRE A= SR EHA 2ot W B
Aolgtily: Edle EMREEHY AE2E FA4 2410 a, ANE =) XLHoﬂ ThSE (77} gks) IR T Qe

6-12 9| % 7M1 29 PeE VI B, PEE 2, Y 27154 §EY 589w v BE =8 Sy

o B § TIFS Zke OFL QU ekjdolA] HEHAE 4 I ZEEE /S 715 FH7F EAF 1 YTt oY tiR

A718 L As|Ee g8 o8 §& AEsked ARRE 22 AdxF(brewing liquonEA +5& o188l S&g &3

AlA MZBIL Aok TEU 252 AMgE] wel 78 UEF

* WAIAAL : HHE, BAR] T obF 28 4 451 S9uistn oko st E20 a] JE Wol Y= ALy} miol AR Jn|ghs Ak

- E-mail : choibt@deu.ackr, - Tel : 051-850-8635 o] Ytk B IR H8 QATo)A] P. linteusQ FAR 7} &R

FZe 0 2004/09/21 - 228 : 2004/10/25 - FEY : 2004/11/25 22 WSS RS 018510 AEA FAM 2HE (liquor of

- 1823 -
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DMEM(Gibco BRL, NY, USA)oll 10% fetal bovine serum(Gibco
BRL)Z} 1% penicillin/streptomycin(Gibco BRL)0| Z&HA &t
HAIE AMBEIHOH, 5%9 COyt E2%E 37T humidity
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Nuclear extracts= Yang et al.] upe 212510 2eiEld
on, k5| AEHIW THE3} 2} HepG2 4128 PBSE 4] H
24|81, ice-cold hypotonic buffer(10 mM HEPES/KOH, 2
mM MgCl;, 0.1 mM EDTA, 10 mM KCl, T mM DTT, 0.5 mM
PMSF, pH7.9)Z 102 7} HFS4]71 2L 15,000 x gollA] 30&37} &
o Bl AMEs AWES doiuich
saline buffer(50 mM HEPES/KOH, 50 mM KCl, 300 mM NaCl,
01 mM EDTA, 10% glycerol, 1 mM DTT, 0.5 mM PMSF,
PH7.9)E 7i5lod 20274 ISA1Z1 & 15000 x golA] 527+ &
 2Eldle 4& <55
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6. SDS-PAGE W Western blotting

HepG2 M ZE PBSE Al H
tation(RIPA) buffer(50 mM Tris-HCl pH7.4, 1% NP-40, 0.25%
sodium deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF,
1 mM NaF, 1 mM sodium orthovanadate, 1 pgm¢ aprotinin,
leupeptin, pepstatin)Z lysis§ 4JAISHLL, 14,000 rpmofjA] 2087}
dyEeiold galeg Zgh6ke 4EWHE Polulo] Bradford's
methodo}] ulg} kol & Laemli's sample buffer®} 43¢ 327}

=AM 811, radioimmunoprecipi-

#2l F 8-12%9) polyacrylamide gel2JolA] A7IHES 486

th A719 8 &, geldt thlZlS nitrocellulose membrane0§

%A 10% skim milkZ blocking2 3} &, &=AE O F URISHA &
O|AIEAE AEIet & enhanced chemiluminoescence method &
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27’ -dichlorofluorescin diacetate(DCFH-DA, Molecular Probes,
USA)E H715led 20827 T wiksidict 3.7%9] formaldehyde
E IFAMY #F, PBSE ASkL 10 pg/me Hoechst
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1. Acetaldehydeoi] 9JF 7HHA Z29] FERH Slof| DX =
/] oﬂok
LFEMPoljA] S5} ZEHOZ U E-LFMPE 0.1 mg/ml9] &
TollAFE] 2.0 mg/meQ] SETEAl i X]of E]4dalo] 24417} S¢t
QIA LA EFQ) HepG2All Zoll MEidt] 2L FEHE YR &
S| Z 05 HESIICIFig. 2).

E-LFMP

Fig. 2 Effect of E- LFMP on aoetaldehyde |nduced morphologlcal
change in HepG2 cells. Ceis were protreated wir cr witrout E-LFVPI05-2 me/
ml) for one Pour and incubated wir 250 uV of acetaideryde (Ac) for 24 hours,
sJbsequently, photographed by microscepe (x2C0).

MM O TETo E-LFMPQI 2.0 mg/md A& Al Lol
T AR diasled ol HelaEQl Wahd Mz A
S0l TEEA] FACH (0.1 H 0.2 mg/me ) ] A1} nlAA]),
trypan biue® FAgle] dolle MZ4+E A4dle] E-LFMP
ol MEI=EIAl b2 AT Blusto] = xlo]7} ULt Fig. 20
A He glel o] 250 uM@] acetaldehyde”} 24&17L50} A
¥ HepGuZ = n|FE X! JelE Held ¥iglE dozie
™, colonyE HH5hH QIETH A ZS £ At IRT E s
olsl MEALo]9] HEol BAA B4 HHE LIERAUCE
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acetaldehydeE A|2|8} HepG2 M9 A S acetaldehydeE T
OF ADIdt AEd vBlsh R & XolE VERA] &%
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2. Acetaldehydeo] &8} 7IFM Q) cyclooxygenase(COX)-1
COX-2t4H Al 9idoff u]A]= E-LFMPO] gk
HUHHOE 2 2 ng/mS E-LFMPETAAM T 7HtA £ 9]
gefjo] oSt BEHE n|RIA] 2227 25]8d acetaldehyded 9
St HENd HIE GASIHCER 2.0 ng/meQl E-LFMPE 1417}
5O HAEISIol acetaldehydeo] 9]gF 7RI EQ] COX-134
COX-2:u 21 9] ulsd g 24417} & Western blotting @ & R AS}
At COXE YGE&57d 29 prostaglandin E2€ arachidonic
acidZRE] g5k A E Tl A28 A=) 95 gt
HEE AOE UEA Utk Fig. 3AdjA]l HolE uie} Zo)
acetaldehydeol] 9Jg} COX-13} COX-29] W &7l dlA3] Lt
ERAAE oL olr|x] 84 “EJEHQ‘ &oll o]& E0IsH 4

3} Fig. 3B9] AiuloAAE EEHQ 5717} dojdg 218l
mg/ nt@] E-LFMP THE X

Tl 5olg A2 COX-19] Wl 2

o gl E thaT ol Bl AR COX-2et 2 9] vks
= E-LFMP t= Klofl Qo sl Hidh 261 —7}6‘}0
™, acetaldehydeE TEOCFE AE|St HepG2M 2} £AIS)
59 welg UERAATE Aot 2Lt 2 mg/ml9] E-LFMP
2 HAZSE T acetaldehydeE ATt HepG2M Tl AL
COX-11} COX-29) ursio] @k W% thA 23 acetaldehydeth
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Fig. 3. Effect of E-LFMP on the expression of COX-1 and
COX-2 by acetaldehyde in HepG2 cells. A Celis were pretreated with or
without E-LFMP(2 mg/ml) for one hour and incubated with 250 uM of acetaldehyde for
24 hours, subsequently, analyzed by Western blotting using anti-COX-1 and 2 antibodies.
B, Protein expression density was determined by densitometer. Each paint represents the
mean+SE of three independent experiments.
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E-LFMP9] &3}
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acetaldehydeoi] 2|8+ NF-xBY] 437} B A8 ZAAME &
oUEAE #Rleh, E837t dojdriA olo thgh E-LFMP
ol gIE ZFABLLAL BIUCH HA HepG2al Zoll E-LFMPE &t
AlZF & AAe)6l1 acetaldehydeE 3027 AEI9 &, HepG2
M Z9 nuclear extractE PofLlo] NF-xBp65oll thgt SDS-PAGE
S} Western blottingS 4 AISIRICt Fig. 4AciA] Hi= die} Zo]
AcE HelI5Hd thET o) HIske B2 Ol NF-«Bp657} 3 <ol
A BEEE ASE UEKRASH, NF«BY A REARI
inhibitory «B(IkB)a2] B2 thETol B3] 11 Qo] dA3| i
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Fig. 4. Effect of E-LFMP on acetaldehyde-induced nuclear
translocation of NF-kBp85 in HepG2 cells. A Cells were pretreated with
or witrout E-LFVP(2 mg/ml) for one hour and incubated with 250 uM of acetaldehyde
for 30 minutes, subsequently, analyzed by Western blotling using ant-NF-kBp65 and
ant-lkBa antitodies. B, Proten expression density was determined by densitometer. Each
point represents the mean+SE of three independent experiments.

4. Acetaldehyde % HOx0fl 9J8t 7}
0]X]= E-LEMPS} &3}
Bl AEBIAE AZW 413 B9 o] Feke
o} ATHEA e Yoy 1T Qldl ot Feo 9
ol H71L 5, 38 Fudhs A2ET wEA Atk 8
FE O iﬂu@ gdF8 gzage dAaEeg B
A

QFA) 229 NOQH ROSAA ol

-E2H - BE7 - 2

A= HepG2A| 2ol E-LFMPE FAI2I610d acetaldehydeo]] O]&H
NO ddol ofd FT2 mjAlEA ZAKGIACE HepG2A| 2o
ELFMPE F AIZF O AAI8H &, 250 uM9)] acetaldehydeX]
ZIGIL 24417 B¢ wigkst & NOE &FoIpem, 11 ads
Fig. 59} 20| LIERGT]. Acetaldehydeol] 9J8F NOQ] 484 thE
ol 8la} 50% o012} 7152 OLl, acetaldehydetts XE]Tol=
5 MR ELEMP ©= Aoix HA] skoll whet WA= 18%
ollA AlE AY 20%774R] Tl Hisl NOgJ o] &7iEe
& & AL olEist A= PA9] Fig. 33} 404 HAE COX
hlzIo) WEl e, 78] 1 NF«BY SO 29 o)5 S84k} FAY
Sict. S 29X 2E E-LFMPS] FAZIo] 95l acetaldehyde
of 98t NOQ] 44o] REHOE AX=HE ACE HYSRE 0]
T dHES 9 B ZRET JHo] A A 4Adrt
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Relative NO generation
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Fig. 5. Effect of E-LFMP on acetaldehyde-induced NO generation in
HepG2 cells. Cells were pretreated with or without E-LFMP(2 mg/ml) for one hour
and Incubated with 250 uM of acetaldehyde for 24 hours. NO synthesis was determined
by assayng culture supernatants for nitnte, the stable reaction product of NO with
molecular oxygen. Each point reprasents the mean=SE of three independent experiments.

ROS distribution Cell localization

(MDCF-DA dye) (Hoechsi33258 dye)

Fig. 6. Effect of E LFMP on H:O.-induced ROS generation in
HepG2 cells. Cells were pretreated with or without E-LFMP(2 mg/ml) for one hour
and incubated with 02 mM of HO; for one hour. And then, cells were stared with

DCFH-DA and Hoechst 33342 (x200).

Acetaldehydeol] 28} NO9| 44 & E-LFMPoll 9l8] HEH
SO AAMGHEE, 2 AlZU ROSFYE EE0] HO:00 2%t
ROSAIA o E-LFMP7} ol Qa2 oiX|=XNE FAWGELAL
HepG24|Zof) E-LFMPE 3t A17F B¢ FAEISH & 1 mM9)
H0,Z AHzlalel &F AR &t viSHL Az ROSol EolH
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2 dToA gAY FAME 0|86l T LEMPY
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1R 7ItAES] EE ke W &g 2844059 g4
Acetaldehydeo]l 9]3}
o] siM=EE et oln|
BaEo} Yo Mz 7 Zetol uFEH 2= tight junction
3} adherent junctiono] 1O, oj7)o)= E-cadherin/B-catenin
complex®@} occludin/ZO-1 complex’} 2}t Q¢ 7158 B
B U= ARG Uedd ULH?. Acetaldehyde= M E 71| tight
2H5H3H scattering2 FalSh= ACE olnl LA
em®, 2o JFAI) WEH o1HS VAL N T 24
Q1 actin cytoskeleton® £ 2E] occludin, E-cadherin, ZO-1 & B
-catening H]0] W] cell-cell adhesionE Walsl= ACE B
HAP. BUIEAE B &7 ZdoldE oEd Hyo
E-LFMPoll 93] AUt Acetaldehydeo] Ol A|Z9)
scattering& A A8l EAE+ L-glutamineo] HIIE A U2
), 4 Aol glutamined] ZREMH £X5H= ROF U
7 Uoi? acetaldehydeol] 9|3} ME 7+ FE Q) 67} E-LFMP
o g3l AAEE olFE MAIE £ Uk
COXs Al Z oA gk HolElE FElE Exldhs COX-1
I AZ2Q] Eof A=l 9Jsf weirlE COX-2 = 7] "Elrt &
Ao, AE 715 ollA It W s A2 COX2E o
A ei?, COX-2: ol pro-inflammatory cytokineoll 9]3] &
Ho| S50, 2 YIS W acetaldehydeol) 23 818 F&
7} Hasoizle} UTH?. COX-28 Eow,o_i Axgl FEH
o) AES YA ksl e o] & AAZeR gyt
8 My ol  miEAel  CSFEZEE non-steroidal
anti-inflammatory drugs(NSAIDs)Q] 2&Q1 NS-398, celecoxib
o] 7atglo] Uri*P. el 2 a7 Aol AAlE Hi
20] COX-29] 2 St u|QkehAIE} acetaldehydeol] 23 &
UL lem, ELFMPol 9dl Azl abe Holil Ut
(Fig. 3). E-LFMPoll 9]&l acetaldehydeo] 9|8+ COX-29} & &
24 chezAlo] vkl Z71r} AREE AL BE-LFMPY S§4E
Boll 24 AMAIBINE NSAIDsE 288 7hsdol e EZo
EErE AlAKSH ololl thE BYE goF T FaliEojA ok
g ASE Algdrt. I8} ELFEMPE HECE A2]SH HepG2
A ZEo AT WAE7I7E ol Ealol tiglAle T B2 ¢

junctiong

HZol WA Mz dia W8 viXls g

7F HQE RACE AEHXAR Fig. 40l4 HoE Hig 2ol
E-LFMP ©F=E Xglol olaial COX-29 thEAQ] HAWIX!
NF-kBS] &l £ 0 29| 0]F0] UERILERE o]} A 49
& E387t U AR Itdrt. F4Eel ZHoA] NF-«kBe
YA 28 v aol kBast HEE o] M £, Al
ZQR0| E0lEQ] AT EH 2o ot ATHEHEE AA
IkB kinase(IKK)Q] &4317F YojtpH H45 0

a9 o14tlel BalE olal AbFEA H i, &
o GEEE |SHAY] Zg2YE o] sl AR fEsict
), Fig. 4% acetaldehydeoll 9]t NF«BQ 38 £0 29 0] 50]
E-LFMPQ] Azlglol Qdkd REMOF AAE S HAFIL U2
), o= A ZZAR] IkBag] a7 QA AR EN doft
g HAFUr: TIBZE olgid EHE kBaE QRISIAA
ubiquitinationof] &3 EolE|TE = IKKE IHEe 24
7ed ASE AlREL olo] st A7 U A@Eoidor g
Zolet. 18|19 AE3IRe] E-LFMP =22 A2)d
HepG2A ZollA] 1kBa9] B39} 8 NF-«xBY & £ 9 F9] 0]&
O] j&gao{ EO\ 7<7-10ﬂ)\19] COX-ZBFEO] x:\\ﬁx-\ OE MD:}Q
of ARG} 7L el el Me o AMs &7t 2 Qsict 18
L} NE-kBoll &8 A} Tl FEREERE E43)7]= Aol
ol o] AE|Edrls, 3] ME & FAEE o] ©
B“K‘E—Cﬂ 3ol = 1}3401 ANeBZE o] REOZI o7 1P

_‘T__QI-QP ol %E HAEE HiugoH
18t &3S GFl= HES ROSE M4
A7) AR Uedd Jrt”. M ZHollA] 45 E ROSE hE
Ze! o2 hydrogen peroxide(H:0z), hydroxyl radical(OH - ),
reactive oxygen(Oz) %! nitric oxide(NO) S0] HIZo] Jrt
72 ATl Fig. 5= HIE ekt ol SHAIEE Acol
Aelol olal HepG2MlZollA] NOV} A3MEE & & QJ3iom,
olgqgr &ilo]) ELFMPOﬂ Ol &H 041‘]]5]% 9\,\1‘/]- NO= HAEH
HAANAME AE5IA0 ASHAGERA 2T AFESHH nitric oxide
synthases (NOSs)oll 9Jall 4]0 7(]~T:H —,—E inducible NOS
(INOS)oll oJai ABAIEm, INOS= NF«kBO] Wl Ad8E vhe= A
OF UEA QY. I EE E-LFMPY] 98k NO A oz
NF-kB €43} (A d@o] g OE AFECE HESE UA
9] AWEN vE7IXE E-LEMP7F BE O XElF HepG2A
FollA NO7H tizol Hla] &riske e o1& st
AEWE] ROSE o] e o g #a0] 7hssht A olle ROS
o AF Aglslal g UERE AEE AMEsiH
AXHENEE Haske dHol FE AlgHA AN, 2 o
15 o] WHE AMBBINCE Fig 6041 BolF viel Zo] HO,
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