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2 g FEidke e SAstdon, tiAlEe] NO

Z 3 MMP9 Aol tigk Aojazte} tEe] 53 EdH
olglof| tigl ghAc|AAde AF3ITH
Mz % gy

AE F2 Ak AMS AETHA T% 05cm FAZ ZahA

40°ColA] G 2lsle] AT WAL AxsiEon, AlA A

FaAle Hgs] B2 HefHA, 30°C°ﬂ/\1 AFA7 2 wE
& doA 7N AEIAE Holrmd g uHslE Alx
siodck. 7i7te]l AEol) 109 Goless Wrlek] 4Nz
autoclave® 523 FEH-L oJ3X](Whatman No. 1)E 3}
Z 72 AFRAA 100mgmie] T2 UE AL EFFEE
3oz st B A ] 70% oeeE 80°C
oA 3A|ZF reflux X 2ld o}, 7o WMo g AZAHA
DMSOZ 100 mgm/e.2 283 AL AL FEEIo= 3
Ak ZF FEEYL 20°C] $FRASUAN ALESIAH.
Ascorbic acid, o-tocopherol, BHT(butylated hydroxytoluene),
ONPG(o-nitrophenyl ~ B-D-galactosidase), PNPP(p-nitrophenyl
phosphate), mitomycin C, 5+ Sigma Chemicals(St. Louis,
MO, USA)| A&FE ARSIHLL, ampicillin FFIFE2] FA}
& ABgAZ I 3Xsk] AM-E192T, bactotrypton,
yeast extract &3 -2 Al WS -r]?‘L B A Aok

AR
=

Difco-BRLAKBethesda, MD UsA)el AES AHg-sith. Sos
chromotest®] A A| 5% Escherichia coli PQ 37iplasmid
pKM 101, sfi::Mud(AP lac), lacAU169, mal*, urvA, galE,
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galY, Pho’, rfa/F, thr, leu, his, pyrD, thi, np:Muct,
sr1300:Tnl01 M8l HAESIerA Ao BEokigls
LB broth(bactotryptone 1%, yeast extract 0.5%, NaCl 1%,
ampicillint)o| A B FBIATE FEAE G AR B8R, fetal
bovine serum(FBS) % {842 ZF Life Technologies
(Grand Island, NY, USAYIA FL3sIsich.

B3 (reducing power)2] 4. Oyaizu T W'V &
Asle] SEE SAsIACE hds| Ay, A &
ES S AR 20 50mM A $EApH 6.6 1%
9] potassium ferricyanide[K,Fe(CN) |2+ 14: 12 E3H¥ 8
12miell AHriete] 50°CoA 2027 jEAIZITE Bbg £ 05
ml®] 10% trichloroacetic acid®& 7}t thd, 3,000 rpm 105
7ke) YAEYE Aojzl Aol 01%S) FeCl, 100 ws 2ol
A ee FEsielnh, e F uksele] B AR UV
VIS spectrophotometer(V-550, JASCO, Japamyg AF&-3kd 700
nmoll M9 FEeE SAste Hrksiont.

HE(E 29 4. & E29ds SFEY e
Swaines} Hills?] WH'Me 7gste] vt ko] S4s1s]
= 05m AFEY(1 mgmhE 6.5ml S5l XL, o
714] Folin-ciocalteu’s phenol reagent(Sigma*hE 0.5mi 7}t
lod, 37F WS TS, 1 mi®) sodium carbonate E3FEHE-
A7rele] A eSS 10mE 2Pk vheals de
oA IAIZE WAAIZ] &, Rhgele] WA TS 725 nmefiA €]
FEER S48t 288 F3=0 A% A F ds

o

=
sIshEe) 8 A7l YsIA gallic acid(SigmarhE BETE
A2 ZFaE 2EA

HEAE (phytic acid) #Fe 4. 755 THE phytc
acid®] & Haug?e] WS ok sAste] ot 7ol &4
sk AlFel 50mie) 89(1.2% HCL 10% Na,S0,) $9<&
Fzkstod 2217F FF wNkElch AHAE R L¥=EE AA
3 gol 2 10mie FskL 93719 12mi) FeCl, €91 7t
3l 7587 T8 Kgsia) 7 ALolA Az s
217 ¥ 3,500 pmol| A 1587F A4ERIsk] dofzl Ao
ol 248 Algsle] 3L Somiz AT 97loA 4
mie #8 v, wade reagent 1 ml 731 10%7F w271
F UV/VIS spectrophotometer(V-550, JASCO, Japan)s A18-3}
o 500 nmellA EBEE SAET Phytic acidE HH3VI
% EFEFHLS Naphytic acids TTEAZ ANl 243}
Art.

Nitric oxide (NO) £A8 &34, NO 2AZEL in vio
o} BlFZAE o83 AFANY 2F AT $4 in
vitro?] AZAAA N0 2AE-E Kaw'? 59 Wil 7=
glo] TRt 7ol 24350t 1 mM NaNO, 8 1 mpll A%
2] N8BS H716, 01N HCI(pH 1.2)7% 0.1M 794 &
FENE ARgSle] w8l pHE 122 ZASIT W-ed
o] 88 10mE 24T o, 371°Cel A 1AIZE BRF WhEA

T vbg F im Haled of7jol] 4R8N Ssmig 7Y
B BAL o710 0.5 mie] Griess solution 231 EFAIA
Lo 15E7F A3 Aol w-go] Ehd UV/VIS
spectrophotometer(V-550, JASCO, Japan)ZE AH&-31d 520 nmefl

A FHEE 24l 7 ofHAE S WRE(E VFERIRA
o} TE kA EAN A ] 248/ Murakami 52 WY
o olated AT AAMEZRZA = AFS] AR Al
9] RAW 264742 ATCC(Manassas, VA, USAYTIA -4
sto], B3] AAIE 10% fetal bovine serum®] FHF¥
RPMI 1640 mediadis Al #iFskch. NO 2AE3E 53
317] 9lsle] AAAES 96-wellel 1X10° cellsmlzZ B34
100 ng/mi2] LPS(lipopolysaccharide)® A& A=8PEAM &4
off Hgurel AlgE wkgAld F7sled 37°C, 4877 X 5%
CO0l F71270A mksit. Wi F, dd 100 wE 3
=513 o] 7ol &) Griess solutions A7Iste] 1587 W]
3k The- Ak ote] YT E mjcroplate reader(Model 550, Bio-
Rad, USAYE AHg-3ld 570nm 2 650 nme] 352 =3}
k.

MTT assayol] &%+ ME=2 774, Mitocondrial dehydrogenase
activity®] index® YERNE MTT colorimetric reduction assay
2 FEsle] &80 AE AFEE A G 4
}19 RAW264. 7432 microplated] NO 43 722 2702
BEate] 244070 Bl B, 2EE AEE TEE A
o}, wleko] Bubd wdde] 2mg/mie] MTT-E 9 (Sigma
ChemicalsyS 50 W F7Fskal, 37°ColA 3717 Aot ¥iA]
E AASKL 150 w2] DMSOZ 1087+ ZBAIA AZ el &
o7y MAE 283 2547 U, microplate reader(Model
550, Bio-Rad, USAYS A3l 570 nmet 690 nmel| A 2] &%
=& S8t

Zymography. zymograma ©] 83 A% MMPE/L
Birkedal-Hansen®t Tylore] HPg'9ol] wa} AlYs13ict. 96-well
platee]] 1X10° cel® ¥53F RAW264.7 A& HFde] AR
2 At F, 4877 B 37°CY] 5% CO, 5 EJIeh E3e
T F7lol wjsisde). F4ek A F 100 wE FskaL o
7o Eake] Az A2 sample buffer(50 mM Tris-Cl, 2%
SDS, 0.1% bromophenol blue, 10% glycerol, pH 6.8)5 7}t
ste] gala A EE Az AlEE 1% gelatine] EEH
10% acrylamide gelollA] 217199502 FE3F vhZ, renaturation
buffer(2.5% Triton X-100)2. gel& 1584 33 37°Co|x 25
A17]15L Al zymogram buffer(S0 mM Tris, 10 mM CaCl,, 50
mM NaCl, pH 7.6)Z 3087t gelE AFSIAL YA 2047 o]
4 zymogram bufferoll RESIITE WHEo] BV gelE 2.5%
coomassie solution°] 4] G d F destaining buffer(45%
methanol, 10% acetic acid)® EXAA A bandE #<ls}
92, band®] F== gel documentation system(LAS-1000CH,
Fuji Film, Japanye ARg-st] Z743I00t}

HolPA 24, FhHo|AMLS E coli PQ 375 AAFFRE
AHEEE SOS chromotest 7188 o83t ZARSIICE® 37°C
oM LBEjAe] sHER Zlemdat mjgl s TAT AAMYA
2= 10 BAEkd, 37 A7 ReheFekaTt. i 5 o
A AR oA 4l FAE g 04miE AT O
80ug 2 160 puge] A& mitomycin C(6 ng/m)E A7HE o
2 HE weLES AR 4mPt HEE 28] A
27 A wjkalnt. wieke] vt vk 02 ml 1.8 mie]



kgl o8t §98 W3} Ferricyande(Fe)7} A8l <]
g o T WAE ferrocyanide(Fe?)S VIR Hete WHL
Z AR Axolse) BUYS 2As g ot
ATk B AgelAs AT ARIWA, AZE WA, 72
shEl EEHAClY Z7F G5 2 70% osheR 323 RIE
o REogr d S A5 1 84S AdTIAEHAIRI
BHTS} i - A2]slo] Table 19] YERISITE Awtdoz A
5o g98e FEho| FAIglo]l AT ol F7Hgel 1)
#sld S718I93 3.32 mgmie] AEAE FEol BHTS ¥
S8k 50 BAS BT F2id wlE Y] Xjolg
ZARRE Ay, Ee5EEe] 3YEo] JdEeFEERT 52 73
&S HYow, B3] AxTIHAC ol AT FH o,
1.66 mg/mi] A& HeZ27M 63%2] BhE vt $EE
ATk AEA Aol el 2yt Tumale] Sl )
A= FEgS 2ARE A3, gl SEe FEuh
o #TAIGle] AEGES 7 AR I Ao} AZF AR
o3l EAUTE Table 1914 2%0] 332 mgimie] A &%
oA AHE TN H5FEEEold dEgeFEES AT
Aol vt 27~28% A= Ed=o] Zrtelda, AxBwHAl
o HlsME FdEo] FURele ZeE velkn). o) 49
A3, S AERE g AR s B4 HETHA
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Table 1. The reducing power of the oak mushroom extracts
) . Absorbance at 700 nm
Experiment
0.083 mg/m/ - 0.166 mg/mi 0.83 mg/m! 1.66 mg/ml 3.32 mg/mi
BHT 0.874%0.020° 1.131£0.016* 1.238+0.054" 1.169£0.011° 1.08810.023°
Raw 0.039%0,001° 0.055+0.003¢ 0.281+£0.007° 0.52110.041° 0.99010.049°
Aqueous extracts Dried 0.038+0.001° 0.051£0.000° 0.308+0.006° 0.639£0.017¢ 1.163£0.031°
Browned Q.044i O;OOIb 0.05820.000° 0.357£0.009° 0.676+£0.011° 1.271£0.006*
Raw 0.051+0.001¢ 0.062+0.002° 0.241+0.003* 0.426+0.014° 0.768+0.038°
Ethanolic extracts Dried 0.037+0.001¢ 0.06160.001° 0.239+0.001¢ 0.3931£0.008° 0.783+0.037°
Browned 0.045+0.001* 0.066+0.001° 0.270+0.001¢ 0.498+0.013¢ 0.973+0.025¢
Values not sharing common superscript letter in column were significantly different at p<0.05.
Results are expressed as mean® SD (n=3). :
B buffer(60 mM Na,HPO,, 10mM KCl, 40mM NaH,PO,, 140+
I mM MgSO,, 50mM B-mercaptoethanol, pH 7.00& #713)3L, 120]
o719 1.6mge] ONPGE #H7lslod, 37°ColA] 3047 Whg-A] o *
A3, NaCOel H7b2 whee AXAZ T UVVIS 1004 .
spectrophotometer(V-550, JASCO,. Japan)E 420 nme| SFE== % 1
_ . < N 80-
WHolAde] MHEQ) B-galactosidase®] BA-L AT A =
— o _ 2 1
MAESES Z2AFT) A8ld E. coli®] house keeping WA £ 60
% 3l alkaline phosphatase®] #/3-2 =731, alkaline §
phosphatase®] ¢l thgh B-galactosidase /49| PI&=R R 404
ARE Bk o]
72"3'4' I%l :l-l—,él. Raw Dried Browned

Fig. 1. Contents of phenolic compounds and phytates in the
various oak mushroom. Closed bar and open bar indicate the amount
of phenolic compound and phytate, respectively. * indicates significant
difference at a value of p<0.05.
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Table 2. Nitrite scavenging ability of the oak mushroom extracts (at pH 1.2)

Experiment Sample dose (mg) Absorbance (520 nm) Nitrite scavenging ability (%)
Control 0.901+0.001" 0
Raw 10 0.624+0.016° 30.74
Aqueous extracts Dried 10 0.461£0.005* 48.84
Browned 10 0.457+0.005" 49.22
Raw 10 0.728+0.006 19.03
Ethanolic extracts Dried 10 0.648+0.001° 28.08
Browned 10 0.605+0.016° 32.85

Values not sharing common superscript letter in column were significantly different at p<0.05.

Results are expressed as meanL SD (n=3).

40 - 31 ughrd
1 10ugm
35 1000 ugml
30+ B .
25 ] 2 il
g _ W
2 204 -
2
Z 154
104 e
54 A P
control 1 2 3 4 5 6
i
HO EtOH
extracts extracts

Fig. 2. Modulatory effect of various oak mushroom extracts on
nitric oxide (NO) generation from LPS-stimulated RAW264.7 cells.
Closed bar indicates NO generation in RAW264.7 cells stimulated only
with LPS. Others indicate NO generation values obtained when the
cells are treated simultaneously with LPS and various dose of the
samples. | and 4, raw oak mushroom; 2 and 5, dried oak mushroom;
3 and 6, browned oak mushroom.
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Au7t 2818 NO AAS Ak 43e B3tk 5381 100
pg/mie] A FEoA AEIMAZ AxFamAe] E95E
2o LpS wExigo} Hlsle]l NO2| A oF 81% ot 31
NZon, AFIWA, AxEIHA > ZHEF I $ME
NO AR ZAN7= 345 Btk 955589 49e

100 pg/mie] AlExe] 2zl Al
o] ¢ 4495 7P B 1 TRgo] AFFIHA > ZHEY
WA AMATHEZY 34% B 20% 9A). 4FEE0)
o & NO AAS SAM7l= A2 glucan®Ht galatan 5 <
AR o] AHEA Az EdsEdo] dee sl
o2 AZIEIG? S5 (100 pg/ml)
735 AR NO Aol tigh A

te,

o] @A AIIHAlel wisted fogh walrh SiiARE, A
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NO Aol tigh Aofgge] xfolrt 7t FE&ol o3 AME5
Aol 71918 7hsAel g7 Wi, FEEY AMEEES
RAW264.7 AIEZLE AAAER ALgele] MTTHOE 245K
o} 24 As(Table 3), 10 ug/mielAls HZE7E 93% oide] 4
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Table 3. Cytotoxic effect of the oak mushroom extracts on RAW264.7 cells

Cell viability (%)
Experiment
1 pg/ml 10 ug/m! 100 pg/m!

Raw 106.62+9.98* 84.05+5.57 50.14%6.09°

Aqueous extracts . Dried 104.11+6.81* 96.75£8.05° 52.70+£6.92¢

Browned 109.67+3.34* 106.27+1.87* 91.794+3.80°
Raw 106.41+5.90° 99.58+3.89> 77.71+£6.52

Ethanolic extracts Dried 94.40+12.74° 93.03+2.74° 68.76+7.38°
Browned 100.34+10.57° 113.36+3.37* 82.67+ 1.46®

Values not sharing common superscript letter in column were significantly different at p<0.05.

Results are expressed as mean=® SD (n=3),

MMP9O

Relative
intensity 1 0

1.16 1.05 1.37 1.31 1.44 1.20

Fig. 3. Modulatory effect of various oak mushroom extracts on
MMP9Y activity in RAW264.7 cells. Relative intensity indicates the
ratio of band intensity when treated with the samples to that stimulated
with only LPS. The photograph presented is the representative of
triplicate experiments. Lane 1, stimulation with only LPS; lane 2, no
stimulation; lane 3 and 6, raw oak mushroom; lane 4 and 7, dried oak
mushroom; lane 5 and 8, browned oak mushroom. Lane 3 to 5,
extraction with 70% ethanol; lane 6 to 8, extraction with hot water.

AT, MMP92] AAFHRL A8 T2 Al ZaA ] v
B2 43 M s 229 2GR el Aae
AAskeH Aok wEA B AfdM e dAAEFQ
RAW264.7 A5 Ul 2 7t wASEE<| 227} LPse] 7}
FO2 REEHE MMP92] 23 njxe g FABIGIE
2 A#E Fig 39 Flsiarh. Asoa B%o] LPSTHE A
23k T AXoirs 92kDa2l MMP9S] &4o] #its]

At iz D84 band intensityS 7 |#Zo=2 Alge} LPS
g FA HF AP7e) FN=L band intensitys EH 3
Az, TINAFEE APl 28] MMP9S] E40] 5~44%
Az FEe A & 5 AT, 53] E@5FEadA Het
Hog MMP92 B4o] ¥Al UedErl(lane 56,7 ), ©I
A vAFEE) S8 polysaccharide®] 280 &8k A
oz BAAG® AgAze 2% MMPIe E457I=e} B
IHAle] s Hxrt AX e FUAT AHBE AR
PEY FuAES rRVIRE 8498 tiA 24 MMP9
RS FANZTE 2E 3t

Zniukge] EdWo| JAET WA= I 2 FaniA
F2E 53 vlste 3ol mitomycin C7F FESE
DNAS] E<iHolE JAsk=A] ARE E. coli PQ37E AAA
EZ SOS chromotest 7|HOE ZAWSIATH A3 23, T4
A F2E0 Eddo] AT AR Hrlee] oEsle
Hslslglon, &0 AE oo wE deAdolede] At
ol WHER] Ytk B3] AUF NG dFFEE 4 9
B8 FEE9 FEAH AL 0ug B 160 pgd Fol el
A Zkzh of 35 9 7290 AAFEORA, FYSH 2NN &
e PETHAL FHo1YAE 39% 2 61% A} FAlS

Table 4. Effects of the oak mushroom extracts on mitomycin C-induced mutagenicity using E. coli PQ37 as an indicator cell

Experiments Sample dose El 'Cgtiziit;t(zzﬁ?:)e Alki?‘ig,h?lfgj?:)tasﬁ R-factor A:;F‘I}ilga(g;;w
Positive control 11.83610.009 10.900£0.007 1.085 0
Negative control 0.4751+0.001 28.230+0.031 0.016 100
Raw 11.796+0.047 15.116£0.019 0.780 28.5
80¢g Dried 11.350£0.046 13.103+0.018 0.866 20.5
Browned 12.820£0.006 14.938+0.009 0.858 213
Aqueous extracts
Raw 6.1060.016 14.087+0.050 0.433 61.0
160 g Dried 6.32610.001 14.801£0.000 0.427 61.5
Browned 3.738£0.006 11.958+0.035 0.312 72.3
Raw 10.555+0.019 15.695+0.003 0.672 38.6
80¢g Dried 10.070£0.004 12.666+0.073 0.795 27.2
Browned 10.525+0.016 14.821+£0.035 0.710 351
Ethanolic extracts
Raw 5.473£0.003 12.656+0.020 0.432 61.1
160 g Dried 7.113£0.008 14.3804:0.000 0.494 553
Browned 7.811%0.000 14.8584+0.020 0.525 523

Values are expressed as mean=® SD (n=3).
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Screening of Physiological Functionality for Unmarketable Browned Oak Mushroom (Lentinus edodes)

Mi Young Kang', Sulyi Kim, Hyejung Yun' and Seok Hyun Nam* (‘Department of Food Science and Nutrition,
Kyungpook National University, Daegu 702-701, Korea; Department of Biological Science, Ajou University, 443-749,
Korea)

Abstract: For industrial application to manufacturing functional foods for health using browned oak mushroom, we
examined its reducing power, inhibitory effect on intracellular reactive oxygen species, phenolic compounds and
phytates contents, modulatory effects on NO radical and matrix metalloproteinase 9 (MMP9) generation by activated
macrophages, and antimutagenicity in order to evaluate the functionality of browned oak mushroom for health. While
overall ethanolic extracts have higher reducing power than aqueous extracts, browning reaction was found to increase
reducing power by up to 28% at a 3.32 mg/m/ sample concentration. Browning reaction also increased phenolic
compound content by about 73% compared to raw mushroom. However, any significant change in phytate content
could not be detected. At a concentration of 100 pg/ml, treatment of ethanolic extract of oak mushroom increased
NO generation over 43% in LPS-stumulated macrophage. On the contrary, the aqueous extracts rather decreased it
over 17% at the same sample dose. However, any solvent extract from browned oak mushroom seems not to cause
any change in both NO production and MMP9 activity. In addition, browning reaction did not allow any significant
change in suppressive effect on mitomycin C-induced mutagenesis as examined with SOS chromotest. These results
suggest a possible use of browned oak mushroom with unmarketable quality as a material for development of a
variety of processed functional foods for health.
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