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Q9 B oy o] 01% neurofilament—L(NF-L)9] Ata}a &Ato]
A TEEo] A K % A AollA peroxyl radicalZ 4dst= AAPHE
#2|ske] NFLO] 4tehs] HEg< %EO}F’_ %“Jr%j— —’:F%%( KP), g olHA oA FZEHE), 94t
T HaEKP-HE)2 27 Adste] ofd S vlAl= AE Lotz shlrh. KPeF HE+= peroxyl
radicalol] 9|3+ NF-Lo| Atskad £ARS uhz] Zgloly KP-HE= NF-Lo Wgde aador oxs5ta
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A7} KP-HE:= KPe} HEO Hlshd THPe| ©J§t NF-Le] Mge aidon odohs Aos yHiw
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Abstract : This study was to investigate the effect of the extract(KP-HE) from Kalopanax
pictus(KP) fermented with Hericium erinaceum(HE) mycelium on oxidative modification of
neurofilament—-L(INF-L) which is closely related to neurodegenerative disorders. The oxidative
modification of NF-L was induced by AAPH producing peroxyl radicals in solution, and KP, HE,
and KP-HE was investigated. KP and HE did not protect NF-L against peroxyl radical-mediated
NF-L modification whereas KP-HE significantly prevented NF-L modification induced by peroxyl
radical. KP-HE inhibited the formation of dityrosine in oxidative modification of NF-L and
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stimulated the peroxyl radical scavenging activity. The effects of KP, HE, and KP-HE on the
modification of NF-L by tetrahydropapaveroline(THP), a neurotoxin found in patients with
Parkinson’s disease was investigated. KP-HE also prevented THP-mediated NF-L modification as
compared to KP and HE. In addition, KP-HE significantly inhibited the formation of dityrosine in
oxidative modified NF-L and enhanced the inhibition of reactive oxygen species(ROS) was
generated by THP. The results suggested that KP-HE can contribute to protected cell from
oxidative stress was induced by ROS and neurotoxin. Therefore, KP-HE could potentially be used
as a valuable functional food ingredient to prevent neurodegenerative disorders.

Keywords  Kalopanax pictus, reactive oxygen species, NF-L, neurotoxin, neurodegenerative

disorder
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Z3Hneurodegenerative disorders)®] FHE 2 T
A ogH|go] A&H oz FII9F AR o AFHT
olof| wiet A g A AT}t Aol et &
T7F S Qlth AR ER A= G=3sto]
e, 31y opAd 45k, dgEd, 29154
S8 ol 2otk AR ER YA 5}
of 2 AAES} A4 g2, A gRIE= <l
St gl FHo g A AZZ7F APEE] dojit=
Ao el it TEu obd] AHEgt Ul 1
9 Z2EAQ1 A 8A Ao et B wEet A
Holt}, AF7k2] EHA AFE Y EdTe] 2H 4
ol w1 9loz  neuronal intermediate
filament TSl HHAFHQ] §Pol}y FZ o]
B vF QUoH1]. Intermediate filament®] type
49 sgsh= neurofilaments(NFs) & 5341737
oF YZA3A ] neuron Weoll W= o] glom,
3719 w2t 68 kDa9] nerurofilament—low
(NF-L), 160 kDa® neurofilament—medium
(NF-M), 200 kDa®] neurofilament—high(NF-H)
2 ZAgcH2]. NF-L2 42 NFset o274 A<l
ol ¥z THE Y| tf 2o thE ABFAAL B E S
Z 7P w2 RES AAst gleBE NF-L9
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2. 4

21, ¥ M=

E Ao ARG du-F(Kalopanax pictus;
KP)= 20134 7€) SHET A4 AHFS
AE AHgotden, L=Fgulol WA (Hericium
erinaceum;  HE)#AHIE  $55Yd  71&¥
(Chungbuk, Korea)22F€E EFdtol  potato
dextrose agar(PDA, Difco, Detroit, MI, USA)
ArBfz] o 4] 25°C oA 1097 BieFsE & 4Co
A BEIL LRFHo] HAFAAIE Ao
Tetrahydropapaveroline(THP), Coomassie
brilliant blue R-250, EGTA 52 Sigma A}9]
A& ARg-SFGITE 2,2°=Azobis
(2—amidinopropane)dihydrochloride(AAPH) &
Wako(Chuo-Ku, Osaka, Japan)ollAl £t A]
RS ARESFRL 1 Hio Adof AR BE A
k2 AlFollA AT HAAES ARESIAT

2.2, LIRS WE

Aol 1L5vio] GAleE Hriste] 4A1%E
S A AR & nutEdrle] 121°CofA
2A7F B HES § 10%2] LRFolAl o
AAE FEcte] 25TolA 3093 Higet & 6
0ColA 297t AxAA TaE dUFE Ax o
Gtk o] HaES dF FEES AXs5H] {5t
o AUR WraEo| 20810 FTR4E Hrleta
homogenizer(Ultra—turrax ~ T-50, KG-IKA-
Labortechnik, Staufen, Germany)Z 5,000 rpm
oflA 1023t 24t & I FEokon, o3
Z](No. 2, Toyo Roshi Kaisha Ltd., Tokyo,
Japan)& FrAReE FEAE FEstyl A= oAl
il Skleh. 33] WHE FEsiglon & o
o FENS 4TAA 308 5 8,000 x g2 ¢
Aielstel 584 dHES AAst AEde

TANZE Sto] A7le] ARESHT

L

2.3. NF-L2| &3 & Fx|

Full-length neurofilament-L. ¢cDNA”} Z3&HH
S ampicilline] 7 LB vieFel 500 ml
of @i 37CeA 3 ARF ST of7]e]
IPTG7} 0.5 mM HA 7k & & oAl 37C
oA 3 AIZE wiFstY]  sodiumdodecylsulfate—
polyacrylamide gel electrophoresis(SDS-PAGE)
£ 5ol dEAE sttt wigH o nHE
NEZE st Kim 59 HH[14]& ot

deiAS AAstArE. A A2 standard
filament forming buffer(50 mM MES, 170 mM
NaCl, 1 mM DTT, pH 625 28jo] Rxjz
golE ¥ & galstilrt. o] ME8HS french
pressure (pressure of 20,000 p.si)Z wtafoto]
4CoA 15 B B3 8,000 x g2 YAHEZ T
Ao ArzHe Aol filament formingS
QI8 37°CollA 3 AIZF Bt sk o] AF
ol

o

< 100,000 x gollAl 20 &7t =94EE T
T HAAEE HAHO urea buffer(?5 mM
sodium phosphate, 6 M urea, 1 mM EGTA, 1
mM DTT, pH 7.5& &dlote] 4CoA 30 &
<t 10,000 x g= ARSI, dHEE &
AEHS Aol DEAE sepharose column (3%X15
cm)= ARESHo] FAskler. dEdo] 9l FE
< SDS-PAGEZ &9Igt % Ho} amicon
concentrator2  FFAIZAT.  FAEH TAe
=70Cel BEystHA ofz] Agof A&

2.4, CHEiEIOf AStx &4kof CHEE

L el e ) R et S R o I o i e =
QI5t7] 95l SDS-PAGE ®HS o]-&5tith
mM potassium phosphate buffer(pH 7.4)
gollo] NF-L(0.2 mg/mL)¥ 50 mM AAPHE
Artsto] 6AIZE BRF ¥heS Al ER E2
Z794 AAPH th4l 0.1 mM THPE 75t
24A2F B} WS AFHh WREES 4-20%
SDS Precast gel(Komabiotech, Korean)& AHE-
sto]  SDS-PAGESItt. Coomassie  brilliant
blue R-2502%2 & HAMsty M3 &
gel ge] i wlo] WHIE TS

2.5, Dityrosine &3

Dityrosines Z745t7] 9l5ted 50 mM AAPH
= 5 mM THPE 33t 10 mM potassium
phosphate  (pH  7.4)  buffero]  NF-L(0.2
mg/mL)& H7tste] 37CoflA 2 A7t B9t vk
ANAL b §REHE spectrofluorometer
CYT3MF(BioTek Instruments, Winooski, USA)
£ 0]835}9 excitation spectrum 330 nm,
emission spectrum 360-460 nm FolA FF
FEE S4oH

2.6. Peroxyl radical A7{&A
Peroxyl radical £2AZ/4-S& Ohkawa 52
H15]& WEste] SH5H 50 mM AAPHS}
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10 mM 2-deoxy-D-ribose® @7 H7}ote] 3
7Tl A 247 F<F ¥he A]7]1, 1X PBS &9,
2.8% TCA €9 1% TBA &84S 242t 200 «
LA Z7kskal 100ColA 1083t 7Hgdgch jhg

Ne 10,000 x golld 1087 AaRalg & 4
zolo] FWEES 532 nmold  ZAsiAn

545
Peroxyl radical £ASAHL o Ao 95

WIS YERHAH.

=1

Peroxyl radical scavenging activity (%)

= {1 - (AExperiment/AComrol)} X 1 00 (1)

7.

A A E deoxyribose assay® =4 SFYTh
a4t 2-deoxy-D-riboseE  Edf5to]
thiobabituric acid¢} ¥R & Qe EAQ
thiobarbituric acid reactive substnce(TBARS)Z
Agherh, whebA, TBARSO & SA}CEH
AL BPAAEE BWESHIHHI6l 10 mM
potassium phosphate (pH 7.4)2t&8&H 1 mM
THP, 10 mM 2-deoxy—-D-ribose”} ZEZ L7
g 37CAA 2 AZE Bt vk AlF, 9
2=l 0.2 ml PBS® TBARS HAAISH2.8%
TCA, 1% TBAZF = 50 mM NaOH &)
S 04 ml 2L T 100CA 10 &7 d-8 A
Zt v EE2 10,000 x gollA 10 E7F o

+ 73

o
AEe o & A5 FBEE 532 nmolA =
A 5}k

2.8. SAIXE|

A@Ae] izt FARAS SPSS FAZEL
M (Statistical Package for the Social Science,
Ver. 12.0, SPSS Inc., Chicago, IL, USA)& o]-&
sto BAstglon, BE AAZE2 335 o)4F wF
E AAS AdE P +EFHXA(standard
deviation, SD)= WERUTE 2+ &+ 1He] &3
2] H]aE  one-way analysis of variance
(ANOVA) testE HAIRF & 95%(/X0.05)°] &
9]4=2of|A] Duncan's multiple range testE ©]§
stol 2t 7710] folal Aol ATt

=}

3. #Aat # 1

]

3.1. Peroxyl radical0®ll 2|8t NF-L2| Ats}x
&M st 25 =8

Journal of Oil & Applied Science

NF-L& mp1&H, dzstolmH, A
5 NAER A= 14
Azgdtaidolt, NF-L9] v]g4F 3
1734 320] AFEaE oA Uehs, olziet o

g2 oe] AAER IS fdol Fag 9o
2 AAEI eH17]. NF-L @eize] 50 mM
AAPHE A 35t peroxyl radicalefl 2t 4Hs}
A e AT T dUR FEEKD), 5T
FolHA  HAAH FEEHE), dUF LREE
(KP-HE)& ZtZt Aesto] oild BT JFs
dopE ity NF-L ©Efdo] peroxyl radicalell
o5l Ar3}A &Afo] dojuf Tl o] ¥
= AckFig. 1A, B, C; lane 2). KP, HEE &
He ALt gRgolAs il S A9 o
A=A ekokthFig. 1A, B). ¥HH, KP-HEE 5
Tz A3t 23 0.5 mg/mLe BZoA o
o] HlE| Astd &4 BHS gyt vERte
M 1 mg/mLe] =& A Are= @A
e B 89E Uehis Aoz SRIEIoH(Fig.
10). NF-L ©id & 9z SA7|2 ST
A1 FE KP, HEE A2t ol o] W
7} AAPHTRS At o3t 5ot A9l
Hx] oot ¥1H, KP-HEE 1 mg/mLe] 5%
2 A dioMe AFEEA o] dojd iR
ol Hlsto] 74% o HE @E A= AL
2 slEgith(Fig. 1D). £ KP-HES S
2 A3t 47 Fxo] H|Hste] NF-L w4
m o] dxrt {o5tA 75t

Free radical> Tl o] 41514 WS f
=0 ©ede]l dogt ohvzp iy A
A%S oItH18]. A4S &4S w2 Tl
2 tyrosine 7|7} A& covalent cross—linking
1 dojut dityrosineo] @/dsHA AH191. 5= 7
9] tyrosine side chaine free radicalo] <Jd]
di-radical
reaction, enolizatione  AA FFEHoF
o0,0—dityrosine& FAJ2HH20]. Dityrosine T
AMEIZ] GFn AWo R HEEZ] ufie] Tl o]
HYS A= 78S biomarker2 d#EA £
o} B Ao AL peroxyl radicaloll 23t NF-L
o &
A

-
9
To ok

[*]

radical isomerization2 @45},

Aol Yeh}E= o,0-dityrosine®] Aol

5 wazel wAL 9Fe s
NF-L(0.2 mg/mL)°ll 50 mM AAPH®} s=H
KP, HE, KP-HEE #7lste] &74stdct. KPet
HE®] 7% o,0-dityrosine cross—link®] 40|
7 9] FAZSSb gkgton, KP-HE+=
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Fig. 1. Protective effects on oxidative modification of NF-L induced by peroxyl radical. NF-L
was incubated with 50 mM AAPH in the presence of various concentrations of KP(A) or
HE®B) or KP-HE(C) at 37C for 24h. Lane 1, control NF-L; lane 2, lane 1 + AAPH;
lane 3, lane 2 + 0.05 mg/mL KP or HE or KP-HE; lane 4, lane 2 + 0.1 mg/mL KP or
HE or KP-HE; lane 5, lane 2 + 0.5 mg/mL KP or HE or KP-HE; lane 6, lane 2 + 1
mg/mL KP or HE or KP-HE. (D) Relative staining intensity of SDS-PAGE gel was
analyzed by densitometric scanning. The results represent the mean + S.D. for triplicate

experiments.Significantly different from the control. "p<0.05, “"p<0.01.

o,0-dityrosines @At FAAAH (Fig. 2).
Peroxyl radicaloll ©J3F NF-Lo] &/4fof gt
AU IgEo BHS 280 peroxyl radicalS
a7k Aol 719 Zom  oifEof
thiobarbituric acid(TBA)E ©]-&3to] &ols] H
Stk Fig. 304 Hi Hie} Zo] KPol ¢ 0.1
mg/mL FEAA 25.22%9] peroxyl radical £
AgdS UEtigly, HES ¢ 0.1 mg/mL &
LoA 30.47%2 AAGYES, KP-HES He=
22 koA 52.12%9 B4S YEHUUTE E

gt KP-HE®] 3¢ &7t S7ketoll whet 4]
FoJotAl F7F o A & & 4 Ak
2t U TaES NF-L thldo] B

2 peroxyl radical &AZAe] 7]el5H=
Atz ok,

-IEI'

3.2. THPO|| 2|8t NF-LQ| Atsp= &4kofl CHst
HS =g

Aoz A e Hl21], ol wAggHd
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Fig. 2. Protective effects on the formation of dityrosine in AAPH-treated NF-L. The fluorescence
spectra of dityrosine formation were observed when NF-L (0.2 mg/ml) was incubated with
various concentrations of KP or HE or KP-HE and 50 mM AAPH in 10 mM potassium
phosphate buffer (pH 7.4) at 37C for 2 h. The fluorescence emission spectrum of the
sample was then monitored between 360 and 460 nm(excitation, 330 nm) using CYT3MF
spectrofluorometer(BioTek). The results represent the mean + S.D. for triplicate
experiments. Significantly different from the control. "p<0.05, ~p<0.01.

60
KP

%

EHE
50

u KP-HE **
40

*
30 F . 1
20
10 r ., z
0 _-i L L L
0.001 0.005 0.05 0.1

0.01
Concentration (mg/mL)

Peroxyl radical scavenging activity(%)

Fig. 3. Peroxyl radical scavenging activity. The reaction mixture contained 10 mM deoxyribose and
50 mM AAPH in the presence or absence of various concentrations of KP or HE or
KP-HE at 37C for 2 h. The values represent the mean+S.D. for triplicate experiments.
Significantly different from the control. "p<0.05, ~p<0.01.

A28 © 2 dopamine©] THPE Z3t:|o] AL Spengler %% W& &9

=
Olt

A== Aer &
9 di o] &S doA s X A A2 glom, Aol AwTt F7F 2]l HofA
= Aoz AtmdY. THPE  dopamined} HAECH22,23]. H2 Ho oshd THP: &
dopamine®] &H|5]= thAMAIQl 3 4-dihydroxy A5t 2 (reactive oxygen species; ROS)E A4
phenylacetaldehyde Ate]9] H|§4Z  Pictet- sto] ME =4S 9 olEE A EJPAAAS
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4 4 Sl 242 geA Q4] NF-L
WAoo 0.1 mM THPE Hz|ste] Atsha &4F

fdt & KP, HE, KP-HEZ H7}s}od
SDS-PAGEE Fall Atata &4Fo] digh &
HS 2H8-g gelstglct. THPE NF-Lo A
o Ateha &= frdste] gl 33 |
fol doftom FH whlEo] stacking gel
BHo| Qx|ststt(Fig. 4A, B, C; lane 2). KP
S FEEE AR ghgoAs welEd Z3io]
A A=A PP HES A3t Hh-goA:=

o
B

tlo L o

je

L oX flo

1069
03.6-
52.2-
372
282
188 -

1 2 3 4 5 6

Fig. 4.

AZAVE o] Aieke el Qube waZe] mlX: G 7

e} [}

o S50l mlefsiA A=At (Fig. 4A, B).
W, KP-HEE =¥z At AnelMs
0.25 mg/mL “s=oA thzxwte] wste] T
< B35 AFste] 2.5 mg/ml X o)l
Ae TidS dA5] Hosks Ao2 yepgt
(Fig. 4C). NF-L ©hild o A ZH7)|= =
g5t Axt KPE At wh-golA= THPI-E
2t 2 FdsHA & wo] dxrp A9
EA &St HES ARt ¥hgolde sk
(5 mg/mL)elA 27% EA Z3=Act. ¥,

)V T

(B)

MW,

106.9
93.6

52.2

37.2 -
28.2

18.8

)

120

“KP
100 EHE
BKPHE

Relative density (%)
Z

Control THP 0.25 0.5 2.5 5
Concentration (mg/mL]

Protective effects on oxidative modification of NF-L induced by THP. NF-L was

incubated with 0.1 mM THP in the presence of various concentrations of KP(A) or
HE®B) or KP-HE(C) at 37C for 24 h. Lane 1, control NF-L; lane 2, lane 1 + THP;
lane 3, lane 2 + 0.25 mg/mL KP or HE or KP-HE; lane 4, lane 2 + 0.5 mg/mL KP or
HE or KP-HE; lane 5, lane 2 + 2.5 mg/mL KP or HE or KP-HE; lane 6, lane 2 + 5
mg/mL KP or HE or KP-HE. (D) Relative staining intensity of SDS-PAGE gel was
analyzed by densitometric scanning. The results represent the mean + S.D. for triplicate
experiments. Significantly different from the control. "p<0.05, ~'p<0.01.

- 200 -



©
o3l
ox
ol

KP-HEE A=|gt ¥hgolA= 0.25 mg/mLe] &
TollA wEd mrh 38% w=A ESAEAL 5
mg/mL FZoAE 50% ol =A SAEHAT
(Fig. 4D). ®=3 KP-HEES H:E= At A}
Fof Hlgste] NF-L ©haild ojo] Wrrt (o]
A Zokska). wWebd QR wrEEe THP
of o3t NF-L ©hido] Ahsld &4 HE 7|5
= 959 e Aoz ARHI,

THPo]| ogt  NF-L9| S =
o,0—dityrosine®] FAAHETE Hrt  Qlof[4]
NF-L(0.2 mg/mL)ell 5 mM THP%} 53 KP,
HE, KP-HEE %7}t o,0-dityrosines =%
3t A3} KP= o,0-dityrosine cross—link®] &4
S A9 JAISHA] Lk HE+= o,0-dityrosine
4= va da Az ¥, KP-HEE |1
mg/mL FXZolA o,0-dityrosine& 50% ol 7
aA1ZtH(Fig. 5).

22 Qo] ojshel THPO) ofat sl el
Aol Pares] Aol Zdgthe Bt 9l
T4l w2bA, THPl oJgt A3AIAE el
24 AL BARLY AATSC] g A
Ag skt KPel 49 1 mg/ml FEoA

GaL S 25.25% OASIAT, HES] A9

>,\l

rOll

ot

ief

50000
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1 mg/mL SZolAd 40.18% AstHeH

KP-HE®] 9= 22 FxolA 59.47%2] A

= uvehfolchFig. 6). T3 KP, HE @ KP-HE

BT SLt S7 el wet AP = foleH

7t ke AS =9 & 4 STk mErA At

F HRE9 NF-L9 B35 282 gd4itd 4aA
=

2 dFe ABEEHAgESA s
neurofilament—-L(INF-L)9] Ata}& &/fe] ¢t
FaEo] mAls IS Lot sidich. 8
oA peroxyl radical& AJAdst= AAPHSF =t
& el HEEe ABSAEEEY
tetrahydropapaveroline(THP)& ©]-§5to] NF-L
of WBHH WIS fEST AU FEEKD),
koAl A FEE(HE), duy Ea
E(KP-HE)9] g3& vl ¥t di o33t

o e

" HE ss
40000 | wKPHE | I

Fluorescence intensity (410nm)

*

1

Control THP

.
I ®
I
30000 * *
20000
10000
0.05 0.1 05

T2 2YE Ak
1

Concentration (mg/mL)

Fig. 5. Protective effects on the formation of dityrosine in THP-treated NF-L. The fluorescence
spectra of dityrosine formation were observed when NF-L (0.2 mg/ml) was incubated
with various concentrations of KP or HE or KP-HE and 5 mM THP in 10 mM
potassium phosphate buffer (pH 7.4) at 37°C for 2 h. The fluorescence emission spectrum
of the sample was then monitored between 360 and 460 nm (excitation, 330 nm) using
CYT3MF spectrofluorometer (BioTek). The results represent the mean + S.D. for

triplicate experiments. Significantly different from the control. “p<0.05, “p<0.01.
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