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Protective Effect of Edible Mushrooms (Pleurotus ostreatus, Flammulina velutipes, Lentinula
edodes) according to Different Cooking Methods on DNA Damage of Jurkat Cell Line
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Abstract

In this study, portective effect on DNA damage several mushrooms (Pleurotus ostreatus, Flammulina velutipes, Lentinula
edodes) according to cooking methods was investigated using Comet assay. Three edible mushrooms were cooked by grilling,
blanching, pan-frying, or by preparing ‘Jeon’ (traditional Korean pancake). Cells were incubated in medium with 4 kinds
of samples for 48 h (37C) were further treated with hydrogen peroxide (HO,) for 5 min as an oxidative stimulus. Oxidative
damage was evaluated by single-cell gel electrophoresis (Comet assay) and quantified by tail DNA% (TD), tail length (TL),
tail moment (TM). Though oxidative DNA damages expressed as TD, TL, TM of 4 cooked samples were higher than raw
sample, which means lower protective activities, all samples including raw sample had significantly higher protective effects
than the positive control (p<0.05). The protective effect on DNA damage of cooked samples decreased much more when
soybean oil added, likely due to the thermal oxidation of oil during cooking. Although heat treatment could degrade
protective effect on DNA damage of mushrooms, the cooked mushroom had significant effect on oxidative stress. In
conclusion, grilling and blanching were the most advantageous cooking methods to protect oxidative DNA damage induced
by HzOz.
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M B ofof Z yke] AFH sl w2k 22jEo] o] &=L Atk
(Kim -5 2002).

HATFE 99 7HAe 55 7], 24 # e AEE 2Y%ke 2 AF EHL) st 23
7HE AEL 2N, Bt T, X, vig 8 7o) Hol e gL A2 229 #E T3 A ol %
4 5 4F FYLE dUsH st A=RH 4Eo= S F7Ie 3A8H dg2 & B ofy 259 3
22 o] §HoItH. ol WARA, IAlsts, Tt FHlol 2 23 % §E= AT FFE ARAvle 5 T

ZA @ FFFF T/} Qotn Rugo) whet oFg o = A9 98+ 3}7|% SHchHwang & Kim 2011; Pellegrini 5 2010).
74 E3 Z745tn SiekMoradali 5 2007; Nakajima 52002 wiebA] 4% F g2 ol $8E Ihskty] HalAE A
Hui 5 2001; Mizuno - 1998). Bl AWMeE ejz aeh  2l@bgEel 2elahy $o) $43 3718 dob 4g 3
FHeke BXAL 7], B 5 l9ReE B aes 4 28kHs ol Wasih avt zeny F AT 4
ot Flo] YurACl(Lee 5 2004), B, P4 L FBHA  TH B FFol TN 4aF FUITE Byl A
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74 Theket e B olFolx T gLotLim 5 2007
Han 5 1999; Trukmen 5 2005; Sultana 5 2008), ThFst &2
W3 A 7hE o] AA7h olRolxe wAte] Zeluhye
2 vzt g7 njulg Agolo], Zaluhel e ok
o WRITHY WS o] dobut AL oju] Sk AT}
2 Aew Azgn:
Hydrogen peroxide?} ZH2 A Al4F2 DNA AL&9 &
A3} G AIE 4L obIstel ol 7hA Ae) 1A,
A Q1 29lo] Hm(Kim 5 2010), &AFS} £ (antioxidant)
= B4 AaFOoR [ 4eHY AEYAE AATOR
A GA B4 gt 1218 W37z = Ze3trha g A
SITHYu & Lee 2013). B30 G413} 71 5o] Tofstis of
g AE = ysA IAgE0] FE o|Fa 9lon, FAAALE
2% 4 9l B FASAZAL ol 71540l A7]H
I QtK(Yang 5 2002; Mus 5 2002). Vitamin C, flavonoids
So] QA et AHE Ao Hate] mie 2ol AF
7HA At 249 o] A3E Comet assay= &2 &
T= &3] o]Fojz| 1 A THDuthie 5 1997a; Duthie 5
1997b; Noroozi 5 1998), &Ats E4o] 3 H AE2H9 &
AE e MRATE FUED YA, 5P ALFE
Aoz Aml A olQo= AL Ith(Zhu & Loft 2001; Ji
S 2000; Joen 5 2003). HS0] A& WAL 2R wE
Ao AE#| 2o o3 DNA &4 4 anto] digh d++=
ARG Aotk wetA, & dAftoie Seuet 4 A8
H1’>i 3F(FIL, L, o)) = wE A=A
WS g3+ MBS in vitro Comet assay S ©]-8-31¢] DNA

Y

[e}
& e BNE e A aA

WE o e

RECTLIE ST

Ao A3t el WAl (Plewrotus ostreatus), oAl
(Flammulina velutipes), 11WAl(Lentinula edodes)-& A3
A AT EEBLoA FYUsA L, H7H BES A
Ast, #+EEE AAst £7]18 AAT F 0.5%0.5%0.5 cm
o] 2712 Aldsto] 2o ARSI w7 (grilling)= HA
200 g& 715 FEA g2 Wl 70~-80CE 287 7L,
| 2] 7] (blanching)= HA 200 g& 500 mLe| Z&4E ©|-&3]
o] 100~110TC 2 257+ gATh 27|(pan frying)= B4 200
gg 20 g9 7]12S TET, 70-80CE 257 Bolton, A
(Jeon) & B1A 200 g& WrFEEIE(Y /LR Agk B=1:2:1)S
A3 70-80TCefA 20 g 7|E& T2 FHt =2E H
A2 94| 9] FF5H= 80% ethanol(Samchun Pure Chemical Co.,
LTD., Pyeongtaeck, Korea)Z ©]-&35}o] 117t 223 &8

A8 #A 2ol ThE Jurkat AlEZF DNA &4 BT 83} 35

3] AAstg e, 250 A 97t F(Whatman, No.2,
UK) ZF5=7|(EYELA: Rotary evaporator N-1000, Tokyo,
Japan)2 -GS A| A8kl FZ 7238}o{(FD 8518, lishin Lab
Co. Ltd., Dongducheon, Korea) A3\ SAAZ A2
~20Co] 23} Algloll ALEBITE, Al A 7 Phosphate
Buffer Saline(PBS, Gibco BRL Life Technologies Inc., Grand
Island, NY, USA)o] ¢l % 0.22 um filter(MMerck Milliporre
Ltd., Tullagreen Carrigtwohill County Cork, Ireland)E ©]-&3}
of oj¥}ste] ARSI

2. M= HHE=Z1 & A|ZQ| pre-treatment

ATCCo| A EoF k2 Jurkat cell(TIB-152, ATCC, Manassas,
VA, USA)E 6-well plateso]] 2.5x10* cells/mLZ seeding3dt =
10%92] heat-inactivated fetal bovine serum(Welgene, Daegu,
Korea)} 1% Antibiotic-Antimycotic(Gibco BRL Life Technologies
Inc., Grand Island, NY, USA)7} 35l RPMI 1640(Welgene,
Daegu, Korea)o]] Z2|H HA A&E =Elget Ho|uAle
L 250 pg/ml, ETHAL 100 pgmL 2Fzk A 2ste] 48
A7t 59 37C, 5% CO, incubator(Sheldon Manufacturing, Inc.,
Comelius, OR, USA)ol| A i Fst3ith Al &2 F=v oHd
e A Bt AL UehiA g AsEsl B40] vet
W) Al TEEE Agl & ARk

3. MY AEYAQ| Tt

6-well plate9] AMZE PBSZ A&3s & 200 yM H,O,
(Samchun Pure Chemical Co., LTD., Pyeongtaek, Korea)E 100
UL Y2 ] iceof| A 5E F<t vh&AI7] Th3 PBSE A A3+
t}. Positive control-S 93l A|2E #E|5FA] &3l PBS(Gibco
BRL Life Technologies Inc., Grand Island, NY, USA)QF X 2]
cellof] 200 uM HO,(Samchun Pure Chemical Co., LTD., Pyeong-
taek, Korea)S *2]5}$92.H, negative controlofl+= PBS(Gibco
BRL Life Technologies Inc., Grand Island, NY, USA)qt # 2|5}
T, 0= HelshA) it

4. Single-cell gel electrophoresis

A7) Te A celle] DNA £4H8 243 9l
Comet assayS A A3}t Single-cell gel electrophoresis(SCGE)
= DNA9 &4 #A43t7] g 2tdsta AEdt 7es,
& ol A= Singh 5(1988)9] W& MFst] P53
t}. Frosted slide]] 0.5% Normal melting agarose(NMA, Sigma
Chemical Co., St. Louis, MO, USA)E 50 pLe} 75 pLZ2 2
FESE & Jurkat cell 30 pLe} 0.75% Low melting agarose(LMA,
Sigma Chemical Co., St. Louis, MO, USA) 75 L. €8-S &
W BARAZL F cover glass2 Fo] 4T Y2z A%



36 =84 -4

SLETE Gelo] 229 1 99 0.75% LMA 75 uLE E=3£35}9
37 o BHetck vzl 27 2u1a S lysis buffer.5
M NaCl, 100 mM Na,EDTA - 2H,0, 10mM Tris at pH 10, 1%
Triton X-100 v/v, Na-lauroysarconinate, dimethyl sulfoxide, Sigma
Chemical Co., St. Louis, MO, USA)°] slideZ © 10} 1A7F &
oF otAlof BASHHA] cellular proteing A| A 3}= lysis T4
2 AHTE Lysis7} B4 slides= electrophoresis buffer(0.3 M
NaOH, 1 mM NaEDTA - 2H,0, pH>13, Sigma Chemical Co.,
St. Louis, MO, USA)el| 40& #A5} 7} electrophoresis
chambero]] B} E3}3%, 25 V, 300 mA(Electrophoresis Power Supply-
EPS 301, Amersham Biosciences, Uppsala, Sweden)oj| 4] 20&
&9t unwinding A|Fth A7) FF0] B slidex tris buffer(pH
7.5)0] 584 33] A £ ofgkZo] S "Rt AERAIFTH

5. Image analysis

Comet image £41-2 9|3} ethidium bromide(20 pg/mL, Sigma
Chemical Co., St. Louis, MO, USA)Z nucleotideE FAW35}¢]
&34 u] 7 (Leica DM 2000, Leica Microsystems, Wetzlar, Ger-
many)of| A #&5}31, Comet image analyzing system©] X %
ArElolA 245t DNA &4 == do=RY oF
3t DNA I+#H 9] AZ(tail length, TL), tail W H3-F DNA %
(tail DNA, TD), 18] TLo|| TDE F3|& tail moment(TM)
ke =R

6. SHAZ

RE AFHFL 2719 slide Y9 cell ZF 1007 =43}
Fom, 1 A= SPSS Statistics 21.0 software(SPSS Inc.,
Chicago, IL, USA)E ©|-&sto] FAAHE sttt 94 =
o|7} = FEol A= EAHEA(ANOVA)S A At
Duncan’s multiple range test=2 p<0.05 $=Fo| A 522} AA
& Axstgh

2o o o

1. Z2| 4rHof| [ME A2 DNA &4 HS S}

Z2]E WA DNA &4 74 adto] thigh 23 Table
1~3 2 Fig. 1~30] UERASch u] 7 el wet ze)w
WAl B%= oFA o Z(positive control)o]] H]|3}e] DNA £A4)
Zra 53 JePg oy, I Ar= ZkzF ZEich Positive control
O] DNA &4 A=E 10022 31 AAQ H42 Uehl
= o, Al 72 A 2R 2PsiA] g2 AY &4 A=7t
g e Ao m tehgrh LekeHAY A9, A 2(12.17)
< L A145) < YA A(29.65) < B-L A(37.57) < A(52.21)
o goz, Bolule] A% A AGTD) < B A10.15) <

Lot

34 R DGR

£ 7(10.18) < #(19.85) < B-L Z(24.68)2] o2 FIH
AL A A(21.08) < & A(27.78) < HIZ ZA(28.78) < FE
Z(31.18) < #(31.63)8] <22 DNAQ] £A4to] Yyt

Table 1~30l= HAY] Zzeyo] w2 DNA &4 4 &
TE 37HA] A F2 Yetllch 84, 229 “EEHAS A
2|3 59| DNA &4 A =E tail DNA %(TD) A| %2 2 A1},
A Z(6.42%) < T8 Z(6.63%) < H1= A(731%) < BL A
(8.61%) < %(10.98%)9] =& eI, HolHAL gz
A(4.8%) < A A(5.12%) < - A(6.22%) < A(7.59%) < &
= ARSTY «om Hom, FAUHAL A H(9.06%) <
g A(9.48%) < T Z(10.38%) < H(1121%) < B A
(1221%)9] 422 et

oz RE o5t DNA #H 9| Ae|Ql tail length(TL)+=
et AY B9 A (2623 um) < & Z(28.71 pm) <
o Z(38.62 um) < Z(40.51 pm) < F-E Z(43.55 tm) 9] &
S 2 UEstal, oAl A A(14.64 um) < - A (22.99
um) < B Z(24.41 pm) < 2(30.02 pm) < F-2 Z(33.77 um)
£oz2 FIWAL A A(40.96 im) < B2 Z(43.96 pum) <
o Z(50.45 pm) < & Z(51.24 pm) < F(51.24 pm) 9] <=
° 2 Yetgth Al 7] 7Y BAl 2R o] H|2YE
of vlsl BlnA &2 TL gt& HetWon, =ea#AY 7
w715 A ZE 2 Hol, WomA} xuH A 7
$ BE 2ol vz Hls| fIHoE w2 S Y
BTt

TL} TDE F3tq F 7HAE 25 ¥rget 342l tail moment
(TM)Z & DNA &4 4 adboA 28E =geHAl Y
™ Zr2 2 =EEHAS AYe e #o] B AY #
Qa)ET FoFo g o, e FolAe +2 A
(23D°] 7 W& 3E UEdth FolA gA] ReE|Fo|
A A2 R 2 S UYL, 28T FolA= HA

Table 1. Levels of DNA damage expressed as tail DNA,
tail length, tail moment of Pleurotus ostreatus

Tail((yD)NA Taii ler)lgth Tail moment
o um

Negative 1.1240.227  539+041¢  0.10+0.03°

Positive 32.67+1.40°  85.39+2.31° 30.97+1.83°

Raw 6.4240.65°  26.23+1.60°  2.42+0.36%

Grilling 6.6340.67°  28.71+1.63°  2.31+0.31%

1: SZZZSS Blanching ~ 7.3140.56° 38.62+1.97°  3.46+0.34%

Pan frying 8.61+0.77° 43.55+2.34°  4.96+0.66™

Jeon 10.98+0.96° 40.51+227°  5.91x0.71°

D Values with different letters within a column are significantly
different at p<0.05 after Duncan’s multiple range test. All values
are mean+S.E.
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Table 2. Levels of DNA damage expressed as tail DNA,
tail length, tail moment of Flammulina velutipes

Tail DNA Tail length
(%) (um)
1.1240.22°Y  539+0.41°  0.10+£0.03¢
Positive 32.67+1.40° 85.39+231° 30.97+1.83°

Raw 51240611 14.64+1.58"  1.23+0.24%

Tail moment

Negative

Grilling 6.2240.51% 22.99+1.49°  1.62+0.20™
Flammuling o\ hing 4.8 £0.441 24412173 13720199
velutipes

Pan frying 8.57+0.73" 33.77+1.71° 3.69+0.43°

Jeon 7.59+0.65% 30.0242.04° 2.86+0.37*

Values with different letters within a column are significantly
different at p<0.05 after Duncan’s multiple range test. All values
are meantS.E.

Table 3. Levels of DNA damage expressed as tail DNA,
tail length, tail moment of Lentinula edodes

Tail(o/D)NA Tail( ler)lgth Tail moment
(") nm

Negative 2364033 8.98+0.74°  0.32+0.06°

Positive 22.08£1.07° 862 £535° 21.31£2.11°

Raw 9.06£0.60°  40.96+2.40°  4.49+0.45°

. Grilling 10.38+0.56™ 51.2442.58°  5.92+0.44°

LEZZZZ;“ Blanching ~ 9.48+0.78° 50.45:2.87°  6.13+0.79°

Pan frying 12.21+0.88" 43.96+2.70®  6.65+0.72°

Jeon 11.21£0.82 512442.61°  7.37+0.43°

Y Values with different letters within a column are significantly
different at p<0.05 after Duncan’s multiple range test. All values
are meantS.E.

A13N0] 714 e ke tehych BT A, 2
o] A A4 ET £ ghe UEHAL, 22 FolA=

& A(5.92)0] 7V 2 S YEHTh

Fig. 132 229 Al 7H4] Al F&555 A2 A29
H0.0] 93t DNA &35 B4517] 98 g2 A7 95=
A1A)8} a1, ethidium bromide2 32 FAsle] &L Hu|F o
Z TS imageo|tt. Fig. 1~38] N2 24 ti2o =2, 11g
7h g 98 aolze) o) mere $NSE UeL FAsHY
1, oj¢t th2FH 0 2 200 tM H,O, & A 2]3te] A3ty AEH)
AR AN ET P= &4 DNA "hHo] me|s
WA RS BAT 5 Yotk P4 D22 TR B
Zojo] vjgte] nE 22H WA FEES AT I+
-

7%k 22 e 22 Yo wE ke FEE9
DNA &4 B3 G35 w3t 23 2E ks A=A

A8 #A 2ol ThE Jurkat AlEZF DNA &4 BT 83} 37

P

A B C

D E

Fig. 1. Micrograph representing images of Pleurotus ostreatus
obtained from the comet assay. N: PBS-treated negative
control, P: PBS and 200 uyM H,0,-treated positive control,
A: Raw P. ostreatus+200 uM H,0,, B: Grilled P. ostreatus+
200 uM H,0,, C: Blanched P. ostreatus+200 uM H,0,, D:
Pan fried P. ostreatus+200 pM H,0,, E: Jeon P. ostreatus+
200 uyM H,0,

N

D E

Fig. 2. Micrograph representing images of Flammulina
velutipes obtained from the comet assay. N: PBS-treated
negative control, P: PBS and 200 uM H,O,-treated positive
control, A: Raw F. velutipes+200 uM H,0,, B: Grilled F.
velutipes+200 M H,0,, C: Blanched F. velutipes+200 pnM
H,0,, D: Pan fried F. velutipes+200 uM H,0,, E: Jeon F.
velutipes+200 uM H,0,
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Fig. 3. Micrograph representing images of Lentinula

edodes obtained from the comet assay. N: PBS-treated nega-
tive control, P: PBS and 200 uM H,O,-treated positive
control, A: Raw L. edodes+200 uM H,0O,, B: Grilled L. edodes+
200 uM H,0,, C: Blanched L. edodes+200 uM H,0,, D:
Pan fried L. edodes+200 uM H,O,, E: Jeon L. edodes+200
uM H,O»

P thETHTE FE LY HGOL, 2T F A
obsHTh S DNA 24 25 572 Uehd Kim —(2010)
o Aue} fABI AbHom AFY 2ol 2% el
X 20| WatE Bukshod), Sahlin FQ004) Ao 4
7. B71. F12) x2fel ofsf s degol Yage wast
H.ow], Manzi —<2004)% NgHAS T F HAe) Fast
7)ol Bolshs FaMEQ WA shFRe Fae] i
Sctm g o m Aol A mele] ulzmelzol
H|3) LS DNA &4 B3 T3S Hol AL za 2 dojg
S gt S SRR el sleg Aoz Az

DNA ¢4 J=8 Ze) 3y We vms) By o), 1)
59U £ 240 Ao 2elstgon Bk
29 ¥ U558 Atacte dol e, B7]9) DNA
&4 BE B g7l Hs) ge Ao etk 542
hgste Aate] Alsk WAUZS B3 BB P4
sF=d|(Lee & Shin 2004), Kim 5(1987)< 9% 9] A3}l A] A
ML A WA A EO] DNAS S4ARICk Rgh vt
Qe 2 Aol M THE vuch B9 ve DNA
£ BE DA} RS A WAL B2 1) A71E BEao)
7haAksto] o3 SRS PAste] AES DNA £4H

Qo) Aoz welk AY AP B3 & A HwHAL

N
Ho
o
N
o,

ot

854l R DGR

W WS DNA &4 JE8 ugon, 2o F E4E A4E
S Aol 8719k SAtste] 919 2e wWeto 2 2w 9%

AF8tE QIR DNA &4fo] dojd o= wdhert
o o
L 5

2 A= A8 HAY 2o I ke e
o] B7E Y8l R, A5k AEF 2o o3 DNA
&4 #4220 B9 2gPES 2Yd Al FEEY +
A=gshd] o ays AHEQH. Human lymphocyteo] =
S DR 37HA] HAl(=EHE, o], )| FEES
A 2)5}aL, hydrogen peroxide(HhOn)E AHSHE &4S & 3
DNA ZF4 8315 Comet assay® H7)15F 23}, BE A2
A AbSEH A oJgE DNA &4+ 7H4 a3kE JEhit 37t
A HA R vz do] 2R & IS YEHE
o, o= 2ol o3t H=d =Y FaE QT AL
2 Holw, 2T oA F71e Ao| Hjn A 2 DNA &
A e ans vehd AS 29 Al JA7HERE R
7vE Absto] o3t Aoz Almdnh 22 R, 27
< A sl vlsf Aketd AEF 2o o3 DNA &4
aI7F gouy, A di2d Hwss W S84
oz FaAF Ao® Yeith B3, 2 AFolA ARERE
vl 7HA 2H(F7], BIA71, F71, ) 5 DNA &4 o]l
BIAQ 2 FRE AMESHA @2 719 HIA17]
3l Aoz weEh

O

5]

f
oo &
NP ox

TE USRI ER AN A S ATARI(TA
A AT, FAME 912026-1)9] A7H] X o]
A=Y,
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