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o (Morus alba L.)& kFgo] MAFAA (Hericium erinaceunmz TaAA 5 52
MA-HE)o] @&4tat §421 Cu,Zn-superoxide dismutase (SOD)@} ceruloplasmin (CP)¢] At
| w2l e sttt AlxdoA Fagt d4ket &4& Uetdle Cu,Zn-SOD&} CP
TFeloles mylste= i dolth, MA-HE2 peroxyl radicale]l ©Ja] W= Cu,Zn-SOD%}
PE % H3SoHAT MA-HE2 peroxyl radicaloll 9|3t Cu,Zn-SOD<S] @A fragmentationd} &
29 inactivationg 2% WA o= Aottt E]L, MA-HE+= CP9 fragmentation} inactivation
T anHog AAstlrt. MA-HEZ} peroxyl radical& &AY 4 S+ 715= 7HAL = AE &
o1817] 3l thiobarbituric acidE ©]&3t &4 Z3Hoz AT Ay, MA-HEE FZ7t Z71g]
w2t B A O R peroxyl radical &7 Aol Eopx]E= Aoz TWEE ALt MA-HEE 100 xg/mLef
A 44.03% A2A24E vEbln weba], MA-HEE peroxyl radical& &3t o2 AATORA AL
o] d4itel aas Aol o RE BHog Aow AZAHG olef 42 A= MA-HEZF Al
ol IAHs d4tAaES atAor At AehA AE A o of7|H= Al S
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Abstract : Muberry (Morus alba L.) leaves fermented with Hericium erinaceum mycelium
(MA-HE) were assessed for the protection against oxidative modification of antioxidant enzymes,
Cu,Zn—superoxide dismutase(SOD) and ceruloplasmin(CP). MA-HE were shown to significantly
inhibited oxidative modifications and inactivations of Cu,Zn-SOD and CP induced by peroxyl
radical. Antioxidant activity of MA-HE evaluated using peroxyl radical scavenging assays. MA-HE
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showed 44.03% of peroxyl radical scavenging activity at 100 xg/mL. Thus,
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MA-HE protect the

antioxidant enzymes from oxidative damage by the scavenging peroxyl radicals. The results

suggested that MA-HE was effectively removed reactive oxygen species in cells, thereby protecting

cytotoxicity caused by oxidative stress.
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1. M B

AT A AT 2 AEadrh 9ErHA
715848 AmEA 5% B Qe BURY
(Morus alba L)& 124 Y442 Gox 2
2jAFol A4 de Exst= AEo|tHl]. ¢
ZupgtelA] BURE 5& 133F0] T_T_‘io}‘—]_-’— A
Zhe g &5 ZﬂlEo“ZFi 615A41%F°] a1, thE
Bol] £Fz¢ez dax o2l 44'74 2o
T2 FHAEE oo Holz o] ghont
ARE A-2oks A= &gsty] 3 AtEol
gistA M= QITt3]. 7] Hilo] <fohH
BWolo= &5-2 A|7sH= alanine, aspartic acid,
glutamic  acid®] 7ol EI, E3J] vy
—aminobutyric acid®} rutin®] =T} serined}
tyrosme-J oT—B]:E _E-_o]- io]k] ;(]uﬂﬂ =u 7(:}9]_

affgttta A QlvH4l E3 3, &4,
6(]—/1\_}9}, FuAES 9 g™ gt e
AoE A 5] 24 vl FolAx &
1t AR 9 ZF0] gk9 o] = Aoz o
A Qlotel. wetA AR Fo] HgE ot
&t A4 EES S8 7t Ao 2
5] o]:o|z| 1 QIHH7].

rEgdo] WA (Hericium erinaceum)-S BAF
+5  NFENAZ(Aphllophorales), BTFHA
T(Hydnaecae), At AL (Hericium)22 &
FEE HAoR YuURtE HET S, 98
T B 2R Yo Exst= AgHALR o
gxo] 8l =Fgwlo] MAL dAxEe F
A A, AR A A FX, HITlE
ZA, 5o Aol R QTH9-13]. APA
:r7‘°ﬂ w2 dAFFe FAAHE IF ¢ kg
AZo vjefste] oiFet 71548 AAE RSk
ok dE 501, A& o83t 0431 72 A
HjorEe] WAool HuH HF QQ[14,15] <
Ao vjFet L EF oA :r"/\}xﬂ g 5o

Ml
L

oxidative modification, biological macromolecules, antioxidant activity, reactive oxygen

%3l YRy AT Sl wIH ke
e BHue bb QIo16-18]. E, AAdze}
Aa] A T R ] A
o Aelgdol RLET10] Mehr S

2o GAe BY U AE HTAEE HIH v}
SITH20].

Cu,Zn-superoxide dismutase (SOD)= AZH
Sag st g4z A oot Iy
f47} T wEsE AR, AP
Z57H22], biogenic amines 4% A5H23],

Aol si(2ale] Yoldeh ¢elA ek, olsh
AL Cu,Zn-SODe] E o= &4l =}

07 g4 el et el g,

w40 AfeOE Ay B4 A% B

wge] 2 wigdo] olitnl wask AT

Feloleol WEHeRA Afeidd A4

ZEAQGT BER0H25,26),

Ceruloplasmin (CP):2 @70l EAsh= F-e]o]&

25F Salde A Az iR Hujo]Ro]

o] Aol o5 2FFEI QUTH27]. CP& ©]
dro] antioxidant defense, tissue angiogenesis,

coagulatlon-J 712 7 dva &R 9l
tH28-31]. &3], CP= Fe(DE Fe(lDZE AF3HA]
fle 55 e b2 dol Bt sl

Q3 m40ln(32,33]. ol

2o AEUle] Fag Swdel Hst4 Wl
Qolipwl cheret WHE ek U] @ 4
SItH34-36].

2 =RdAe BU4E AAENAR dto] T
o] HALAAE HGAA AxT TRE0
F4tet 750l e AE Elstaat st o]
oF F2 A= =F o] HATAKA TEES
o]§3t 71544 AFE 2 A F At =&
£ = Z\o = AH71-§4Q-
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2 Ao AHge B (Morus alba L.; MA)
2 20169 4o ZHx Aol AFHET A
< AMgotHen, FFE AR LRF o] A
(Hericium erinaceum)dAMAlE $559 7Y
(Chungbuk, Korea)22F€E EFdtol  potato
dextrose agar (PDA, Difco, Detroit, MI, USA)
ArBfz] o 4] 25°C oA 1097 BieFsE & 4Co

mEe wegdol HABAMIE At
Thiobarbituric  acid  (TBA), Cu,Zn-SOD,
p-phenylenediamine  Sigma  Aldrich ~ (St.

Louis, MO, USA)ZE¥ 3145}, human CP
+ Calbiochem(Darmstadt, Germany)2 25 F]
TSlskeich 2,2'-azobis(2—amidinopropane)
dihydrochloride (AAPH)= Wako (Chuo—Ku,
Osaka, Japan)ollAl +9i5te] ARg-sH3iTt.

2.2, 2o EE

o] Tae Fde At & AeolA
3-4947 AxAA HEAES 2E ve Az
= 100 goll 1.5812] 25 H7isto] 3413 7]
AAZE § 121ColA 2417 Bt ol Eat
StEh BdARl Fde IR F 10% =5
o] HMATAAIE HEote] 25TelA 60247

HjoF (multi room incubator, Vision Scientific,
Gyeonggi—do, Korea)stal 60CoA 2¢7F Ax

2 -

AA B TaES AlxE stk oot &2 W
aE0 dF FEE AXE f6 TY FaEd
2081e] FHSE MUt homogenizer

(Ultraturrax T-50, Janke & Kunkel GmbH &
CO,, KG-IKA-Labortechnik, Staufen,
Germany)Z 5,000 rpmollA 1087 Eagt &
g4 FEo19eH, o712 (No. 2, Toyo Roshi

Kaisha Ltd., Tokyo, Japan)Z ZFAte} FEHS
2okl e oAl HHE & SRGit 23] bt

2 25 5 95 FERL 4TIN 308 B
7600 XgE PARS] B8Y AAEL AA
Sh 4EUS 5 2 SAAZ sto] Gl A
gatairt.
2.2, EHZO] MBHE WE

Do) St BCA WHBTIS AMgele] =

At Cu,Zn-SOD9F CPE 50 mM AAPH

B8-S Vivaspin ultrafiltration

Al
=1

Hl

pud

columnef] ¥il 13,000 rpme =2 1A|7F ¥
sto] Wh-g5tA] ok AAPHE AAs|EL
< Chelex 10022 A2t &E=Z filtration
columnofl4] 13,000 rpmeZ 1At QRS
o g2 AAPHE Al7skE. ole £2 WHe
39 §EEAE 3t Columnel Fob = &
de FAst] & T2 Ax7]NM A=A

10 mM potassium phosphate buffer (pH
Aol BAZ] F ARdof ARgshTt.

2]

ol

o

=]
i
O

T

o 1Z

~

2.3. SDS—polyacrylamide gel electrophoresis

S golo] 4X AlzAz S8 (025
8% SDS, 40% glycerol, 20% P
—mercaptoethanol, 0.01% bromophenolblue)-&
Y3 100°CollA 103 7FEAIZ1 & SDS-PAGE

Tris,

S35ttt Z4Zbe] AlmE 4-20% precast  gel
(KOMA biothech)ell =g & 120 volt® 1A]
v A7EETE & ogel& FASI 0.15%

Coomassie brilliant blue R-250 &o] Y11 &
MA AT GME gelS -GN A SAA
1§ ARTA AZRAZ & RSt

A

2.4, SODQ| &M =X

Cu,Zn-SOD®]  &42  xanthine/xanthine
oxidase®]l ISt ferricytochrome ¢ ZAE JA|
St= AL E =45H= McCord®t Fridovich ¥4
[38]& o]&sto] S5t
2.5. CPo| &4 &%

CP9 §484-2 Sunderman¥t Nomoto H'H
[39]1& AH&ste &4t CP(0.2 mg/mL)&
100 mM sodium acetate buffer (pH 5.7)ofA4
500 ug/mL p-phenylenediamine& 23 37°Co|
A1 ARE BEEAIXT & JREAS 540 nmellAl

UV/Vis—spectrophotometer2 SEEE ZAt.

ro 1w

2.6, Peroxyl radical A7{&A
Peroxyl radical A7243-&[40]19]
st At 50 mM AAPH®F 10 mM
2-deoxy-D-ribose & A 7ot
thiobarbituric acid®} HMHSS &4 =%9]
thiobarbituric acid reactive substances(TBARS)
S Fxotr] Hsl 37ColA 2417 Bt §BHS Al
712, 1X PBS §°H 2.8% TCA £ 1% TBA
SN 27t 200 pLA H7¥star 100°CeA 10
27} Adig HESAS 13,000 rpmold 105

o 1=
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AR
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Peroxyl radical scavenging activity (%) =

{ 1- (AExperiment/AControl)} X 100 ( 1 )

2.7. SAXz2|

AdAe]| g AL SPSS BAZ=
2 (Statistical Package for the Social Science,
Ver. 12.0, SPSS Inc., Chicago, IL, USA)S o|-&
st EAsten, RE AAGS 33 o wt
2 AARE A3E PF +ZFEHA(standard
deviation, SD)= WPt 2+ & 11e] &3
2] Hl2+= ANOVA £4 ¥ Duncan's multiple
range test® X0.05914 f-ol4dS HESHAT

3.1, Cu,Zn-SOD2| 4AtstX 24t0] CiSt ES
2

AZAef| ZAste Fagt s

) MA-HE

lsu 100 500 1000 | (ng/mL)

Control
Onxidized

M.W.

106.9 -
93.6-
52.2-
37.2-
28.2-

188 g
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Cu,Zn-SOD9] 4tatd &Afo] WHEEC| H|A|&=
g  WHSHAT.  AAPHE AP
initiator2 &8 AoflA] AtA radical Fof sl
peroxyl radical& AAsteE stetEdz & 4
A QltH41]. AAPHE Aeste] Cu,Zn-SOD2]
SAE Frota Bel UaES AHgt Ay
B=Z AdckA] &8s dole dwde] ddo
2 QI8 Cu,Zn-SOD T w7} 7o) Holx]
ortot(Fig. 1A, lane 2), HaE2 A9
o= L7t S71etel we o meo] U
7t 7¥ehe veRoHFig. 1A).

SOD ¥4 & dr ZH7E o85S o
2ol g E 1000 xg/mL HEolA Cu,Zn-SOD
ol oy g4 diEs 100% EEHE AS
gkl & £ QIthFig. 1B). AAPH A& A
Cu,Zn-SOD+= A0 M2 549 FAL
FFE vE Aoz AZAEY wERA peroxyl
radicalo] Cu,Zn-SOD¢] &4 njx]&= g &
ofEgttt. O™ 2004 HE  HReL  Zol
Cu,Zn-SOD9] &Al-& AAPHO| 2|3 59% A=
FaEou HEE AY A HEE skl HEH

O
=
o
=

st] SaBo] ZolEk AL BT 4 93
o B9 WaE 2000 pg/ml FZoA+
(B)
120
100 |
e
- 80
£
Z 60 f
<
.E
E a0 |
2
20
0

Cont. Oxidized 50 100 500 1000
MA-HE (ug/mL)

Fig. 1. Protective effects of fermented Morus alba L. with Hericium erinaceum mycelium
(MA-HE) on oxidative modification of Cu,Zn-SOD induced by peroxyl radical.

Cu,Zn-SOD  was

incubated with 50 mM AAPH in the

presence of various

concentrations of MA-HE at 37C for 24 h. Lane 1, control Cu,Zn-SOD; lane 2, lane
1 + AAPH; lane 3, lane 2 + 50 pg/mL MA-HE; lane 4, lane 2 + 100 uxg/mL
MA-HE; lane 5, lane 2 + 500 pg/mL MA-HE; lane 6, lane 2 + 1000 pg/mL
MA-HE. The values represent the mean+S.D. for triplicate experiments. Significantly

different from the control. "p<0.05, “~p<0.01
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Fig. 2. Protective effects of fermented Morus alba L. with Hericium erinaceum mycelium
(MA-HE) on inactivation of Cu,Zn—SOD induced by peroxyl radical. Cu,Zn-SOD was
incubated with 50 mM AAPH in the presence of various concentrations of MA-HE at 3
7°C for 12 h. The values represent the mean+S.D. for triplicate experiments. Significantly

different from the control. "p<0.05, ~"p<0.01

Cu,Zn-SOD &Ao] 18%A %
e, a47) Atsh ke bkl
30% f4 FH4S R

Cu,Zn-SOD=
aatHQl gatst 4=
o] dojd e AHE9 Ak
AAED #5715 Ast frarete] oy
il ZHe 7 IAE of7|gitH21-24]. whet
A, Bl drg&of 95t Cu,Zn-SOD2] &4} ¢
Ae HNEYo 22 FAS oo FIEo
2 A5 AEHAREE of|EE off EPA
g oo =go] & RAoz AYztHct

o

fo fu |

Of

In & B[o N

o,
o

1
]
=

3.2, CPO| Alshs| 20| CiEt H5 &8

F2 @Yol TATE Felole e whuo
A AT BaE AGSHE CPO| ABHA o]
YA, AAPHE A
RESY Y TAES
A3} HRBS AelA Yge el
wuge] dgog qls) @uy mrk A9 Hol
A grokot(Fig. 3A, lane 2), WEES A}
$e Wol swrt F7Kel wet i g
WSl 27e ehick(ig. 3A). CP @
UE A= 4718 olgsigle W BY WaE
1000 pg/mL =AM CP T wrt B4 B

=

1

St =

hi

o
pa

HAZ 100% IEH= AE &
(Fig, 3B).

CPE AAPH A7 A] &4
aa0 SR AN T
peroxyl radicale] €3t CP9]
FE A= A gotRdth. I9 404 B Hiet
Zro] CPe] &2 AAPHO 25l 70% ol T4
I E A A TEE FEo H[FE oo

e

X,

% mohet
1 =]

I %’EEO]
SrAl 7 /\oﬂ o1tq o

=2 = e r O

9
A

i
off &

=

wEE I

T2 sE2 EAske gdEE
=R 78] o2& Eeskal 9l
o Felolgg 2Hele pHEUAR, AEZu
o 90%el’del F2leleo] of e ofsf
HHEH42]. CP= ol 558 & ol

_'_' L
5
=
2

[e]
jLe

i

Fe(IDE FellDZ AF3tA]7]+= feroxidase
ZFA 3L Q1o Fe(Dell 23t free radical
AAFezn Fiet gasL ZHglitty ge
A Qith32]. a8y, o] aAE 27| et A
Aol sl2 ddes 8L 4 Utk Aol &
ZE Q) ARt AEFAE "R AaoA CP
= AdiEE EXIAXIts 210 o] & H

e o

3
3
oF

—T
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(A) (B)

MA-HE

Control
[ Oxidized

|.—'m 100 500 1000 | (ug/mL) i

¥

100 *

¥
80

|
L]
»

e r

60

Relative density (%)

Cont. Oxidized 50 100 500 1000
MA -LE (#9/mL)

1 2 3 4 5 6

Fig. 3. Protective effects of fermented Morus alba 1. with Hericium erinaceum mycelium
(MA-HE) on oxidative modification of CP induced by peroxyl radical. CP was incubated
with 50 mM AAPH in the presence of various concentrations of MA-HE at 37C for 24
h. Lane 1, control CP; lane 2, lane 1 + AAPH; lane 3, lane 2 + 50 xg/mL MA-HE;
lane 4, lane 2 + 100 gxg/mL MA-HE; lane 5, lane 2 + 500 gg/mL MA-HE; lane 6,
lane 2 + 1000 xg/mL MA-HE. The values represent the meanzS$.D. for triplicate
experiments. Significantly different from the control. "p<0.05, ~'p<0.01

120
L3
100
S 80 .
::a
2 60
-
: *k b
=
; "0 e
=
=
20
0

cont. oxidized 100 200 1000 2000
MA-HE (ng/mL)

Fig. 4. Protective effects of fermented Morus alba L. with Hericium erinaceum mycelium
(MA-HE) on inactivation of ceruloplasmin (CP) induced by peroxyl radical. CP was
incubated with 50 mM AAPH in the presence of various concentrations of MA-HE at
37C for 12 h. The values represent the mean+S.D. for triplicate experiments.
Significantly different from the control. 'p<0.05, ~"p<0.01
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Vol. 36, No. 3 (2019) FAE a4 AIsH W] FY FEE] A= FF T

§ 60
f g0 -
E FY e
Eoaof =
EL £
= 0 f
H
= *
2 20 |
&
_:1 10
£
<
u i i i
1 5 10 50 100

MA-HE (pg/mL)

Fig. 5. Peroxyl radical scavenging activity of fermented Morus alba L. with Hericium
erinaceum mycelium (MA-HE). The reaction mixture contained 10 mM deoxyribose
and 50 mM AAPH in the presence or absence of various concentrations of MA-HE
at 37°C for 2 h. The values represent the meaniS.D. for triplicate experiments.

Significantly different from the control. 'p<0.05, ~"p<0.01

Ao QIrH43]. webA B TEFo]| o3t A AIeEe] AAda DR TRl gtk wheEh
CPe] 4FalA &4 oAl Ateha] AEYAE o A Eel HREC 93t peroxyl radical AAEA
ofFro] FFAoR off A ool ERo] = 2 AlEue] 2duitet g A 2 e &
Ao PZrer) A58 Hogtogy LR ] opr|H=
oy A9g difol=t =S & A= AR

3.3, Peroxyl radical A7{&HM =},

Wol "drg&Eo] Cu,Zn-SODS} CP9] Atsl# =H
dLe JAISH= Ao peroxyl radical®] 442 <l
gt Aol AE =FIshr] sl FH IRE9 4. A 2
peroxyl radical £AZS S5 Peroxyl
radical-2 2-deoxy—-D-ribose®} ¥F-g-5to TBAS} B A7 8ol (Morus alba L)S w23 do]
ghge & 9l EE(TBARSE HEEW o] HAFALA ](Henaum erinaceum) 2 WaAAH &

+8As TA "ok mebd TBARS A4 oA = FE3 HEEMA-HE)o] 48t a4 1
AL s 545to] peroxyl radical 2AGAS T Cu,Zn-superoxide dismutase(SOD)%}  cerullo-
Zotlek. Y YEEL =t SRl ot plasmin (CP)¢] 4814 Wige| u|x]E IS &
TBARS S JAIsEATE. Peroxyl radical 47 Zrslo] theat e AnE A

g2 1 pg/mLofA 18.14%93 100 pg/mL

il

NHE 44.03%5 vrebstth(Fig. 5). 1. MA-HES §&7b 37kgol we} peroxyl
2 d3EaaE THOE o ¥ HRES radicalofl 23+  Cu,Zn-SODS] ©hiz

peroxyl radicale] ©Jgt Cu,Zn-SOD % CP9] fragmentation®} 49| inactivation® R

ArSlA WS A5 o]= peroxyl radical& = v R A5kt

anHer 4] fEd Aoz Az

Peroxyl radical2 ©hFsh A= 2 w2y Ih 2. MA-HE+= &7t 37Fge] w2t peroxyl
oA VeRGm[40,41], AAASEA Fof U radicaloll €3t CP9]  fragmentation}
= B4 radical®} 4‘_}/\7} Hkgote] AR inactivationT H||Z o2 AAS5t4ct.
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3. MA-HEE 357} Z7gel wet uezo
2 peroxyl radical& £2AT 4 A3t

o7t @& ATATE Fo), MA-HE:
peroxyl radical& WA o® AATORA Al
o] aieh BaS AeH] SoRNEH N
Aoz od/ddd. wEtE MA-HEZF A= W
oA WS BHUEFS ARAHOR 1A
o 4tetd AE# A o) op|EE ME 54
of e BT g & zloz Azt

Fa7h ARG SFEATEA(SELLIA)
ofaf A=l
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