Ii-l:ﬂﬁ-.li_
ey
ZONES| 10-2021-0137965  [ElF vy

O (19) W3R =537 (KR)
(12) /W53 FE(A)

10-2021-0137965
20219118189

(11) Iz
(43) FMLA

(561) FAES &7 (Int. Cl.)
A6IK 31/353 (2006.01) A23L 33/10 (2016.01)
A6IP 25/28 (2006.01)
(52) CPCES|EFH
A6IK 31/353 (2013.01)
A23L 33/10 (2016.08)

(21) E9¥3 10-2021-0154465( &)
(22) =4¥A 20219114 11¢
AAAR LA 20219119119
(62) &4 3 10-2019-0101326
AE=dd = 2019908¥€ 199
AA LA 2019908€19Y

(71) =94

A7IE £2AA 713 YAy & 1732 (A%, 4

ot
E=)
)
El
Hir
R
=
3
>
=

(72) &g 2
Y
HEEHA L2k o]E2647 15, 105% 1023 (
o)|E% A3 A}olo}TE)
ik
AeEMA £37 DA 269, 1025 19083 (
e, FaAeEE=)
(74) =<l
A9z

)

8
3 ke A EAE Edete HAE ABEEY U £= A58 ZHE

2 g ZPuleE FEAE FadToRE X HAA AAARe] o = X858 28 #
A, A7 SEetE 545 AChE (acetylcholinesterase), BChE (butyrylcholinesterase) T+ BACEL
amyloid precursor protein cleaving enzyme 1)9] I4d F= Ao osle] Fty = EHYA A%

sol 83k A18E 5 Q.

Naringenin

o F - =1
HO 6]
OH O
i OCH4
o)
/gé’ © ©
HQo 0 \Q:
Hﬂﬁm OH
OH

Poncirin

ro

it

Ao
i

t

)

2~

B
she)

(
=

i

OCH;

HO o OH
ey
H®i0 OH O

Didymin



ZIHSd 10-2021-0137965

(52) CPCES|&EFH
A6IP 25/28 (2018.01)
A23V 2002/00 (2013.01)
A23V 2200/522 (2013.01)




ZIHSd 10-2021-0137965

g Al Al
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A7 1
st7] e 12 ZAEE "uolwl (didymin)S FaEAVOR XFshe, ofdRol: Thildo] B-A|E(sheet)
T%; W AChE (acetylcholinesterase), BChE (butyrylcholinesterase) ™ BACE1l (B-site amyloid precursor
protein cleaving enzyme 1) &9 itd L= Ao o FEFE S 5HoE g FHAA 2443}
ol A, AChE (acetylcholinesterase), BChE (butyrylcholinesterase) % BACE1 (B-site amyloid precursor

protein cleaving enzyme 1) &40 #ad w= 3} AS oA sl7] 93t oFetz AHE
[3}3h2] 1]

OH
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HO
H,C
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a OCH,
Loy
HQyo on g

OH O

Didymin

A7) B8 A AAZLS sAPPB (soluble N-terminal fragment) % €99 (12-kDa C-terminal fragment)<] 2+
b = B 27443l A0 2AE.

R

at7] sheh 1= BAEE tneldl (didymin)& fFaAdwos Xdtebs, ofdzol= dwde] B-AE (sheet)
T-Z; %@ AChE (acetylcholinesterase), BChE (butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor
protein cleaving enzyme 1) A2 I = FEA ;o o3 s AS 52 st HPY 217443
o A1, AChE (acetylcholinesterase), BChE (butyrylcholinesterase) 2 BACEl (B-site amyloid precursor
protein cleaving enzyme 1) ®A9 ¥id == JEAS A 7] Y3 AH7]| 4%

EERRN
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APE AR AgARA,

5

7] gurrelwl (didymin)< 2174 A

AChE(acetylcholinesterase), BChE (butyrylcholinesterase) % BACE1 (B-site amyloid precursor protein
cleaving enzyme 1)o] tal A3; 9 ol Zol= Aol B-AE(sheet) 7% FAY AAZ ANANI AES

QA= A 2AAE.
A% 8
A1l A,

A7 gipelwl (didymin)= ¥33F+= AChE(acetylcholinesterase), BChE (butyrylcholinesterase) 2 BACE1
(B-site amyloid precursor protein cleaving enzyme 1)o] thah A3 z&; @ o}ld o= whulzlo] B-AE
(sheet) T PA JAZ AAMEL AFES A= HAA A E.
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o] el Rl F 13 %7t g=sfolw WS ¢k 9lar, 8541 ool HW 1 H[&o] 45 9E FUlHE ALSE By
il (Clin. Chim. Acta. 456 (2016)107-114). <=sfo|mige] o w7 YFom= HAGHS] ofd&ol=
ka9 Ad, Bf-(taw) @A §, JE3t 5 o], A3 2EHGA, 7ad 9% 44, 7ad oMHEE
A (acetylcholine, ACh) F# To= 4#A v} (Indian J. Psychiatry. 51(2009) 55-61). AChE
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aspartate receptor antagonist® 3¢3}3l It} (Curr. Neuropharmacol. 11 (2013) 315-335; % Curr.
Neuropharmacol. 11 (2013) 315-335). g}, o] 3 X BEA = @A AF = 55 A9 sxjoAqt &
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(amyloid beta, AB)Y AEL AR o]FoJRAx<lA ZT(senile plaque)’t EA3t}= Aot}
(Physiol. Rev. 81(2001) 741-766; = Cell 120 (2005) 545-555). o}U=Zol= H|E}E= B-secretase Z y-
secretase 91 5 7}A| aspartic proteasecll o|&] APPE ZHudlo] A ETt (Science 275 (1997) 630-631). =
3], B-secretasei= B-siteolA] APPE Awtslo] BACE1 (B-site APP cleaving enzyme 1)o.2 ¥ Qi
op 2ol Y HROJA  B-secretase APPE  ATste] JF8Ae N-2w A¥A(soluble N-terminal
fragment, sAPPB) % 12-kDa2] C-¥yt H ¥ (12-kDa C-terminal fragment, C99)S AA STt W3, (99 o}
2ol WEE A7) A8t y-secretaseo| 93] Ae=E 4 9t} (Proc. Natl. Acad. Sci. USA 96 (1999)
11049-11053).

Aol

rlo

ABrp® 2535 7|E EFrsle HE, 5, ABxse S AEHE doldle AR pdY M #
(PLOS ON 9 (2014)1-18). ABssase AA Holo] Hetol=e} wdg 5u%, A=3H4 2d 5534
2 B-sheet 7%= 72t} (PLOS ON 9 (2014)1-18; 2 J. Biosci. 34 (2009) 293-303). IE3ZF, ABysas oh-$-
W2 AN g AASAHES 7K 9o}, B WgoA = AV JEel=E A S4(neurotoxin) &2 ARE-
=

ZHtR ol = (flavonoid) = AEA €] #x23 d=7 dFgEoltt. TRt AE fH AF, 59,
A, Aok & opAfjof] FH3 Hk-A o] 23 JAAEESl (Ann.N.Y. Acad. Sci. 854 (1998) 435-442; " Curr.
Med. Chem. 18 (2011) 5289-5302), XA ZFH wol== 2 EoA A9 0O-glycoside or C-glycoside FE| = &
A, ZelRwoltx FxA o R ¥HYZE 2T %0] = (phenylpropanoid)ol A @ % C6-C3-C6 backboneS 33

shal At

RO~

e 7

[

Ugel ® tE HHe Fble FEAE fFRAEeR Tddsle AFMAE Heg 2AES AFsE Al

o] I g2 542 A1g3 W(in vitro) B AA Ylex-vivo)ollA k= FE2AE A5l AHEste
¥ 3&3}+= AChE (acetylcholinesterase), BChE (butyrylcholinesterase) 3= BACE1 (B-site amyloid

precursor protein cleaving enzyme 1) @3 E+= A Adst= HHS ATt ZHo|tt.

fore 8o
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o] o2 E&—"« ZekbE FEAS A Foldtes GAIS E3EE ofdRol= HE] o FrEd
AEAHo B HE A = = < 5
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> e

AELE

ohl‘!

*

Eooddge . gE EHe ZEHle= fFEAE XS+ AChE(acetylcholinesterase),  BChE
(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1)o] 3l AgA =
AF3sk= Aoltt.

Eoddge & g2 EFe  Zguie §FEA4E ¥ AChE(acetylcholinesterase),  BChE
(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1)o] w3l AstA =

Algak= Aol
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A7) BAe B4E] glste], ¥ dge Fehhe fEAS FEYPOR TPeht Hay AFARY O =
[}

s d A | AlA, A7) ZEute f=Al= dueldl (didymin), EAIY (poncirin) 2 UAA
(naringenin) &2 o]|FojR oA AEF = AL 4= A},

2 ddye] A AAde glojA, dY] B Al A3 AChE  (acetylcholinesterase), BChE

(butyrylcholinesterase) ™ BACEl (B-site amyloid precursor protein cleaving enzyme 1)®E o]Fojx T+

Z sk o]/de] 4o HEd e e 9ste] fdEe A AEAR Ad 4 QY.
Eoulmo] o Ao glojA, AY] H3A ANAAZE ol Rol= Aol B-A|E(sheet) ol 98] &
e B ABEARR AL g i, Y] ofdRolE Tl ARy A AY 5 AT
B odwol o AAlde] glojA, Ar] EHBA A A sAPPB (soluble N-terminal fragment) % C99 (12-
kDa C-terminal fragment)®] I&&ol| oJste] Fau = G AFARA AU 5 AT},

, Fx

2 d 2 A4, S = g Ao B-AlE(sheet) TFo & 25
T SAHCENE AAAELE HIshe AY 7 A3, 7] ofdEolm Wil ARy A Y 5 AT

wek, B oukme AJ"# WY(in vitro) X AA 9 (ex-vivo)olA ZFulE FEAE AR HsE dAS
¥33}+= AChE (acetylcholinesterase), BChE (butyrylcholinesterase) %= BACE1 (B-site amyloid

precursor protein cleaving enzyme 1)9 od F+= A4S A& st WHS Ale3c).

T, 2 W2 Tehike FEAE A Fodks dAE 23ekE ofd2ol= HEl] o fFid AE=A

cmRE AAAEE R WU ATHT

5E

w3k, H oubmge Zgnle § 245 ¥£35F= AChE(acetylcholinesterase), BChE (butyrylcholinesterase)

BACE1 (B-site amyloid precursor protein cleaving enzyme 1)o] th3t Z&A|E A& 3},

w3k, H oo Zable §EAS ¥35FE AChE(acetylcholinesterase), BChE (butyrylcholinesterase) =

BACE1 (B-site amyloid precursor protein cleaving enzyme 1)ol that ZA3A = A3},

grgol g

2 dio)] w2 Z@ulE FEA= AChE (acetylcholinesterase), BChE (butyrylcholinesterase) B BACEL
B-site amyloid precursor protein cleaving enzyme 1)¢] #d = &Aoo oste] Gty = g A Al
Aol X5l 834 AFEE 5 Tt
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T 2= ZEwbE fEAo] 9% AChE (A), BChE (B) 2 BACE1 (C)9 A3 EAS ekl Aot} (MEwH, 2
Hel 9 AZA"] S dRToR AMEE)

T 3A 2 3BE UE vx9 U2 21 (0.6 mM (@), 0.3 mM (O) E 0.1 mM (w)ollA trfolnl (A) Z EA
2 (B)oll 2|3+ AChE Al3l¢] Dixon plots WERH ZHola, ® 3¢ ©E Fx9 dgolwl (0 uM (A), 0.8 pM
(W), 4 gM (O) 2 20 puM (@)l <% AChE A3 Lineweaver-Burk plotg WEA AolW, & 3DE &
FE FEA™ (0 pM (A), 4 uM (v), 20 uM (O) Z 100 pM (@)l 2]+ AChE A 32| Lineweaver-Burk
plot& YeRd Zlojt},
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T 4A 2 BE 92 FEY 71E 24 (0.6 mM (@), 0.3 mM (O) 2 0.1 mM (W))olA trfeldl (A) 2 EA
A (B)el ©gk BChE A3 €] Dixon plots Wbl Zelal, & 40 v& s&9 trkolul (0 uM (A), 4 pl
(w), 20 uM (O) 2 100 uM (@) 23 BChE A3 9] Lineweaver-Burk plotS UERA AHolw % 4D t}
T FA™ (0 pM (A), 4 pM (w), 20 pM (O) % 100 pM (@)l 23k BChE A3}l Lineweaver-
Burk plotg vERd Zoltt.

50 ¥ 5BE gE Fxe 71F 27 (150 nM (@), 250 nM (O) 2 750 nM (W))ollA tjrhelwl (A) ¥ EA
2 (B)oll 93 BACE1 A&1<] Dixon plotg YEMH Hojil, = 50 fciel®l (0 pM (M), 0.5 n
M (A), 2.5 uM (¥w), 12.5 uM (O) = 62.6 uM (@))°] 23 BACE1 A& e] Lineweaver-Burk plot& YER
Aol & 5D e Fxe FEAIY (0 uM (H), 0.5 uM (A), 2.5 uM (V¥), 12.5 uM (O) % 62.6 uM
(@)l 93 BACE1 A31¢] Lineweaver-Burk plot< el AHolr},

At 2009 = E HAA ] dseS LE
QUD (D) = 2WJO-QUD complex docking protocol (E)&
3‘% = w72 Jeldoen, A5A AE2H2 (van der Waals
2 Yehd Rolg,
7TA 2 7BE Eehube FEAl (Hrkelrl (A), EAIF (B))SF AChE Ale] 9
i = 22 (Yoe]w (0, #A1# (D))<} BChE Atole] #4} =
82 PC12 Ao ZThule= FEAZ 24 A7 5o AXEsta, 2 Az
MIT oJAlo]E E3&l AlEAE
A Htdd gk SAH Ao

=

=2 1o
— O =
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ABosas (10 plD)S Agsk &
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A Es A Bstes T
2l 7HA dF
zol= A, pl

ol A AREE = 8o], "AE Al (antagonist) "= Ao HFUF o5k, F&A Ee AE W wisA<}
e O A9 JFE FEAeER e gds] Adete xS ovsie, 2 awelx  AdgAl=
AChE(acetylcholinesterase), BChE (butyrylcholinesterase) % BACEl (B-site amyloid precursor protein
cleaving enzyme 1)o] #FAlo] Agstozr FdAl(agonist)7} =& Agstes AL o, AL A5
3 AYAEES HEAE 2 EEZS vt mebA, 2 @] AChE(acetylcholinesterase), BChE
(butyrylcholinesterase) % BACE1 (B-site amyloid precursor protein cleaving enzyme 1)2] A&A|= 7]
aao A AFE S /HABR mlo]lag BA FFolA FEAORE AV a4 #E Aadds Aty kA
sl HAeHA gv 48S T 5 Tt

2 ol A AL8E = 890, "AChE(acetylcholinesterase), BChE (butyrylcholinesterase) % BACEl (B-site

amyloid precursor protein cleaving enzyme 1) ZA&A|"E  AChE(acetylcholinesterase), BChE
(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1) AE&E3SH4 A

S A AoR, e AdFoR W, A e AT 7 e 2SS et

2 A AMSEE &0, "IA"s Ay, Fx3, I v B2 gl 95t AE dzoly &do] A3ty
= d4S Toly, a4 A/ EES FEHoR T g4 ERASAY, AAAIAY, dustAY, 84
e AANZIAY, EZASINTIAY e o 24dste Ad 4 vk

o ZHol A, Eodwe  Zgnle §FEAS ¥98= AChE(acetylcholinesterase), BChE

(butyrylcholinesterase) ™ BACEl (B-site amyloid precursor protein cleaving enzyme 1) ZAgrAlo] 33k

Aot}

A7), 2+ ZEulE F A E9 AChE(acetylcholinesterase), BChE (butyrylcholinesterase) % BACE1 (B-site
amyloid precursor protein cleaving enzyme 1)o Z&3l= A& 317] QA Ao AAs] A3},

B AREShE B, AR AedH AEE XD 5 W, A=ty Ass 24, Ax, d9,
) p

o
= —_
g4, 94, g9, A9, HH 5 B w0} 22 AR 58 X8 5 ot

o, ¥ WHS ANF Tl Ug FAS MW IR Bt ofF AL B owHL ug pAHoR M
]

AAd 1. 2348 2 O
1.1. 2848

A7wAel e AChE  (acetylcholinesterase, FEC3.1.1.7), % dH(horse serum) -F@ BChE
(butyrylcholinesterase, EC 3.1.1.8), ACh (acetylthiocholine iodide), BCh (butyrylthiocholine
chloride), DINB (5,5 -dithiobis (2-nitrobenzoic acid)), Tthel®l (didymin, >98% purity), ZEAIH
(poncirin, >95% purity), Y#Ad (naringenin), AEZME (quercetin, >95% purity), Z e
(galanthamine) % Wl2wW# (berberine)> t}E AF o] ¢l 3 Merck, Fluka %+ Sigma-Aldricholl A T3}t
Sth. BACE1 FRET (fluorescence resonance energy transfer) assay kits (B-secretase, human recombinan
t)2 Pan Vera Co. (Madison, WI, USA)ellAd F43Ftk. MIT (3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl
tetrazolium bromide), DMSO (N, N-dimethyl sulfoxide)% Sigma (St. Louis, MO, USA)ollA istsich. o}
Zol= e} (Amyloid beta, AB 25-35)+ Bachem California Inc. (Torrance, CA, USA)ollAl G43F3ith. RPMI
1640, FBS (fetal bovine serum), penicillin, streptomycin % = #A (horse serum) Gibco (Logan, UT,
USA) el A 43+ th. Anti-BACE1 (ab2077; Abcam), anti-C99 (M066-3; MBL), human anti-sAPPB Swedish
(sAPPB-sw), APP, monoclonal PB-actin & Santa Cruz Biotechnology (Santa Cruz, CA, USA)elA
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TJstAt. Z8ub= f- %4 (flavanone derivatives)9 3fetirx21e = 13} o},

1.2. In vitro ChE (Cholinesterase) &4 o] A|9]

ChEell 3l ZetH wol=9] A& 42 Ellman et al. (Biochem. Pharmacol. 7 (1961) 88-95)c] <jal 7§2=l

243  (spectrophotometric method)S AF&3le]  ZAHHATt.  ACh  (acetylcholine) % BCh
(butyrylcholine)< Z+Z} AChE (acetylcholinesterase) % BChE (butyrylcholinesterase)ol thdt A3 A4S
SAstE 7IAZA AFEET. wE2 140 plel MPHEF HF (oH 8.0); 20 plel EFehuelwol= ME
(HF &%= 100 pM); % 20 pLe] AChE H=+= BChE &9 (0.36 U/mL)E F7lete] Edsta A2eA 10 & &
b HEEAIZAY. BE AE 9 g dixa (WEW™, ZET)S 10% DMSO o = ARgsiglt. w32 ZH2t
10 pL DINB; ¥ 10 ulLe ACh X+ BCh & #H7}ste] A|#A= ATk, ACh T BChe 7FrE&lE= 412 nm oA 5
i &9k ACh B BChel &4 7heiael ofs) W% ¥ =9 (thiocholine) ¥ DINBS] RE-gOZHE 7|+
Aol 5-He-2-HERHIZROIE  Fole S FHFoEN #HEHFIYH. EE O WES
spectrophotometer (VERSAmax, Molecular Devices, Sunnyvale, CA, USA)E A}&3}le] 96-well microplate®] A

A e ZS5E[0T. AAE (9) Adls vse] AR AdEJTG: % As = (1 -5/ E) < 100 (S
T AEE AR A5 5a @Aola, Bu AlEe AYehH 82 AF aa @49, 74 A& R A 2

TE=
OH = 50% 7]]—X]

AU
h=i

4 22(log)-Fo] % (dose) A3 %ﬁiil‘%ﬂ AAE 1C #k (7121 ACh T+ BChe] 7k
Asfate=d dag s%, pl) o= YERYAT.

1.3. In vitro BACE1l (B-site amyloid precursor protein cleaving enzyme 1) &4 ©]A]o]

p

BACE1 &4 oJAlo]= BACE1 FRET (fluorescence resonance energy transfer) assay kits (B-secretase,
human recombinant, PanVera Co., Madison, WI, USA)S Al&3}3t}t. oMol A& mlwds ozt H7A35H]
ZFAE 9t (Asian. Pac. J. Trop. Med. 9 (2016) 103-111). %A tixT< A=A Eo] AL},

1.4. AChE, BChE ¥ BACE1IE A3gt:s Zahut= fEA9 7)|ue Fa9g (kinetic parameter)

B oubd x5S Zghuli=E F 2478 AChE, BChE 2 BACE1 & Asidt:E HAYSS 237 Yall Lineweaver-Burk
plot % Dixon plot®] F 7FA Ee# <l 71UlE BH& A3t (J. Am. Chem. Soc. 56 (1934) 658-666;
Biochem. J. 137 (1974) 143-144; % Biochem. J. 55 (1953) 170-171). AChE % BChE A &2 HAUZFLS t}&

T 714 (Zgub=E FEAC tE] 0.6 WA 0.1 mDol 3k aE BFste] lsk3itt. AChE 2 BChE A
3 ojMlel= e Ve TR FEAT. 73], 10% DMSO off &8iAIZl 20 ule] ZEhulE fEA AE
< 140 pLe WA 20 pLe AChE B BChE (0.36 U/mL)S @0 &gsle] ALoa 10 & Fob vk Az},

o]& 10 uL<e DINB (0.5 mM)J_”} 10 uL9 ACh T3 BCh (0.6 mDS AH7Iste] HEF E£EFELS 204 5 & &
oF HFS AT, E3HE9] F3F %+ microplate reader® AFE3ES] 412 mmoll A SAHSAT. SRl FEA 0
93k BACEL A &fjo] ofjst DlXOIl plote 375, 250 & 150 nM 7122 &4 sl Aet. A 7Ive £ {3

ZF Zehle FEAY A% =0 uM (H), 0.5 uM (A), 2.5 pM (¥), 12.5 uM (O) % 62.6 pM (@
e Y. AsldSg (K Dixon plote] 44 x-F AHA#US K = 3o 24530,

h

1.5. AChE ¥ BChES] ¥4} =7 AEHo|A

=7 A= advanced docking program AutoDock 4.2% 3=t} (J. Comput. Chem. 30 (2009) 2785-2791).
AChE (acetylcholinesterase) @ BChE (butyrylcholinesterase)®] X-A ZAAE2 F%E Brookhaven protein
data bank (http://www.rcsb.org/)ollA ZAetivt. @& €72l @i (PDB I=: 4dey? & 1p0i) o] FHIE ¢
sto], A e 2 BEE AAEA B BAVF 27] 8A FREHEH AFHIJD, BE B AlEd oAl
chain AdlA F=AT. ADT Z2IHLS HFA F4AE FEA9 I b A2 FH = AL
Kollman F38}7F FA= vt =49 gt=d= 54 F4a7F H7FE A3, ADT programoll 93| Gasteiger 3F
7} By, HE G AT, Lamarckian 4 dagl= (LGA Lamarckian genetic algorithm)-&
AT ANA Feag/AFES maAgsr] A8 A= AJrk. 7 2= gl 100 el whEA g SHAQd
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A dug syt 2y E A, Lamarckian 4 Sa8]59 %9 27,000 maximum generation; 0.029] fdA &4
Hol& (gene mutation rate); © 0.8 ¢ wx}&o] ALLHAT. AA &7 FAqA gdMAS EAAE =
W (grid map)< AutoGrid 2 AMFEAT. Zej=e] F7)= 459 Eek ofyet 9 g9 49 FEs ¥
et WA ow AAFHUT. olHE BAE A, x, v Bz HFA Y 60 * 60 = 60 pointe] 1] =7} AChE
9 BChEQ] Zwjit9le] A=k FAA 0.375 A2 1H4S Z = AAdArt. S32H v‘:} 1 =" AgoA

3 A9 RMSD toleranceE AM&3}e] == AT).

1.6. BACE1Y] ¥AF =7 A& o]A

BACE1 structure (PDB ID-2WJ0)7} =7 <A7tol AR&E vt F&¥ 7] (residue) 162-171 & SWISS-MODEL
(Bioinformatics. 22 (2006)195-201) $]-AH|Z A}galo] melwelgdar, AAE mde] AS ANOLEA 2 QMEAN
BAS ARgste] #aeEith. o]F, Aud mdlld ) Agold sHEHdut. HFA Ayt gHA
Gasteiger A3l7} BE 4831 o] FoEJu. BE g7P=E Polak Ribiere 2% BAIE duzg|Fo=
0.003 keal/A mol ' ¢ oul#] %=o] th] Hyper Chem 8ollA Al&® M4+S ALgate] 22X 3 H =8 e},
Gasteiger A3te= ZF #zl=9] Yo Hojwa v|FA F£427F . Autodock 4 (J. Mol. Recogn. 9
(1996) 1-5)0.7 A|3§E A}&%¥ Lamarckian 4 duzg]&e AA Moz AFL¥ATH, 0.375 A9 7]E 1
g 1HFo] fX ¥, agsE dWde] 459 Wr|E FEeEE A9t =S 99 gy

T Vo g2A 2,500,000 of Hul oz HrF L FHdl 27,000 AhE 7k 150 e 7] Hwke] xS
19] Elitism @7 0.029] &<dWe] &8 9 0.89 wat&o] ARSI, ZF gzk=ol dis] 200 &%) o] 43
=] ATt

[¢]

1.7. AxHE

AZ A3 EZ (pheochromocytoma) AEQ PC12 MEZE 7]&o 71419 wvie} Zo] wjdsEz FAEHAT (Mol.
Cells 13 (2002) 113-117). PC12 AEF= ol 7bse HES AFZISHAEF (ACCT, Manassas, VA, USA)ollA]
FAEAT. ML= /\ﬁ/ﬂlﬁz E?isé o 29]8k NGF (nerve growth factor)ol 7} o=z kg3, A%
vl %]+= RPMI 1640, 10% 4- slel = 3 (horse serum), 5% FBS (fetal bovine serum), 50 units/mL 34
A (penicillin) % 100 ng/mL ~E#Eunlo]l Al (steptomycin) &2 o] Fol At wjFe 5% C0, ¥ 37 C 9

AtulolBell A FAE Ak, PC12 AE= 80-90 %0 ASFAAZE | 5 vl (100 nm) ] FroA o
WL, wiAE Aol A4 Ao w ZatA Lkl GAMER BAAA Al gerin.

1.8. old2ol= HIE (ABysss) AR FH]

ol 2ol= WEF (0]}, "AB"OR ZAZHE d=sloln e AAHQ Yelol: (Nature 382 (1997) 685-691; 2
Cell 7 (1993)1039-1042), AB S8 E= wekA (monomer, 7F8A) EE ASA(fibril) BT o o =4
o] 9t} (J. Biol. Chem. 281(2006) 28079-28089)31 MR 1%l T}, o]o] & o] AL8E AB,sq < AR

Aol M7 SHHEE vt 7S], ABusss (1 mg)S 1 mle RPMI 1640 #jAo] ol £3& Fxst7] 93l
3Y &9 37 T F=(water bath)ell Tk, o], SHE ABxa = 100 pg/ml (100 pM)E gAlste] A&
72 =20 Tl A3t

1.9. AIXREE 3

Sk A7 ABusss S2HFE PCI2 AIEE BHodte 37t eA] ofF-= MITolA MIT formazan®. 2 %+

2A7)E AEe ¥, =, AEAEES S4ete] AQE. 7hee], PC12 AEE 96-well plated] 4x10'
cells/wel |2 BFHYI, 24 A7F 5ok Fol7 Fwo] Zehuhis SxA7t AAHALG. o]F, AEE 714
o8 2 AZF B ABysgs (10 pl)7F A=A, o], MIT €4 (20 pl/well, 1 mg/ml stock solution in

PBS)S Wil 37 TolA 3 AlZF &9t HHRAer., o] %, AEE 100 ple] lysis buffer (10%, w/v of SDS in
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0.0IN HCl)E ¥ 37 TolA enysloz fa5dt). o]F, 0.D. (optical density)< microplate reader
(Molecular Devices, MN, USA)E AF&3}o] 570 nmollA S A},

1.10. f12€ER £

rir
)
o~
>
)
ofh

AE AR F FEFHJAT. A duEE RIPA lysis buffer®2 FEHNIL, =&
bicinchoninic acid assay (Pierce USA) o= AZFEHT. o]%, 20 ngel @¥ldef 5X SDS (sodium dodecyl
sulfate) 29 WHE Y 95 Coﬂ/ﬂ 5 & Fok WMAAFY. o]F, 10% SDS-PAGE (SDS-polyacrylamide gel
electrophoresis)® Aa| @A E2]slal 0.45um NC (nitrocellulose) #1H 2l (Beyotime) & & o] % A|F
b o]F, 5% BASHE WEHAS Ee17 skl BACEL, APP, €99 % sAPPB antibodies (1:1,000)¢} B-actin
antibody (1:1,000) (both from Cell Signaling Technology, USA)S il 4 TCollA vyl oz Hr-SA| T},
A F, FolAl 2zt AR 1 AIZF sF WREAIZ] &, PBST & thA] 3 W AFEGIT. wid me=
odyssey scanning system (LI-COR, Lincoln, NE, USA)E A}&3le] A&, Ade 3 2 A Wl dx &
A, dE =WS Jeldy. dolHe % #42 cooled CCD camera system EZ-Capture IT 2 CS
analyzer version 3.00 software (ATTO Co., Tokyo, Japan)< A}g&3te] =8 =},

1.11. 4 &4

BE A3e 3 3 Add dis Hd £ SEM o2 Yeldth. EAIFoZ foleh g2 ANOVA (analysis of
variance) 2 Duncan’ s test (Systat Inc., Evanston, IL, USA)ES AF&3le] BEAEYIL, P ko] < 0.05 o™
FAHoRE {5 AoR FFEHAT.

AAe] 2. AChE, BChE ¥ BACE1e] th3l Zdul= =AY A3 &3

E ol xee Tl FEAd 93 dxslolwe] X8 auE #<lsly] $8le] Zkube fEA12 AChE,
BChE 2 BACElol tidr A3 &3tes ZAMSIY Y. = A3, AChE, BChE 2 BACE1S Zgluli= §=Ad o8] Hx-
oJEHO R Xﬁﬂﬂ‘”t} (2 1 2 = 2), BEE A¥d ZFhte FEAE dA4% AChEY A 45
LER O E3], frjolwe) ICs a2 2.13 £ 0.16 uM A, EAY (ICs: 12.96 £ 0.69 pM)= A
(ICs: 36.20 &+ 0.10 pM)ell ®)&l 73k AChEY A3 &2 vehitt (= 24).

AChE A3 ojAlole] Axtel FALSHA, tltlolwl B FAHL FA izt (HEWHL [C: 1.69 + 0.14 pM;
2 ZFER Y] ICs: 1.23 £ 0.11 pM)3 ¥juske] ICs #hel 242k 8.12 + 0.42 2 6.29 + 0.52 pM =A]
BChE<S] A& &S vEAY (& 2B).

3, BACELS] 75 tithelwl, EAlY 2 uAde P4 tiz:aed A=A (2171 + 1.42 pl)3} ¥laskel
1G5 kel 2+t 2.34 + 0. 23 pll &% yepdoma BACELS] As) &de] 3l

ekt (= 20).

o
o
St
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#£ 1

Flavonoids AChE®? BChE? BACEIl*®

Mean = SEM Mean + SI¢ Mean + SEM

SEM

Didymin 2.13+0.16 8.12+042 3.81 2.34+£0.07
Poncirin 12.96 £ 0.69 6.29 =0.52 0.48 3.96 £ 0.09
Naringenin 36.20=0.10 163.99=0.46 4.53 38.06 £3.23
Berberine® 0.44 = 0.03 1.69+0.14 3.84 —
Galanthaminef 0.38 £0.02 1.23+0.11 3.23 -
Querceting = = — 2171+ 142

506 B FE (16, piDi 38 Aol oisk BE £ S.EME Ehd;

d

SI: 4= A] 4 (BChE/AChE); &R

‘Berberine, ‘Galanthamine 2 “Quercetine ZHZ} ChE and BACE1 o] Alo]o] thdt %A tlxow Ab&H .

AAle] 3. AChE, BChE % BACE1el Wigt Fehul= F=A19 A §kg 71y &4

B oagatse Zebuhe R o) f-¥ BACEL, AChE ¥ BChES] A& wWAUZES Z2Ast7] Slste], b
71483 AajA s=ol A2 Lineweaver-Burk plot % Dixon plotS AFE3te] A& 7|dElS ZAlsS k. A8 4

4~ (K;)<= Dixon plot2] ®#4oA x-&F AAZLS K = st ZAAST.

1 AN, EAI-] o)k AChE A= Ki gho] 20.43 M 2A wAAA AsfA2 g1, vrte]wle Ki gk
©] 6.86 uM ZA EF% Elle] AChE AAA Aoz UG (= 3 2 3F 2). BChES] Aol o], Tt}
ORI Ki gkel 9.11 uM =4 =¥ e AsiA=E ebwal, EAPLS Ki ghe] 10.33 uM 24 B3 A
AR FAHJT (= 4 2 % 2). HE3F, BACELIY] Aol glof, trheo]dl ¥ EAIAS Ki gho] Z42F 4.99 ¥
7.61 uM 2A Z3E g AfAR FAEATY (= 5 F £ 2).

¥ 2
Flavonoids AChE BChE BACE!L
Inhibition type:  K; (uM)® Inhibition type= K; (uM)® Inhibition type:  K; (uM)®
Didymin Mixed-type 6.86 Mixed-type 9.11 Mixed-type 4.99
Poncirin Noncompetitive 20.43 Competitive 10.33 Mixed-type 7.61

a_ ., b_ . .
Dixon plote.2 AA=E; 2 Dixon and Lineweaver plot o2 AAE .

AAld 4. BACELS] Wit SThuhe wEAY £4 =7 24

Zghl= f23 2 QD (2-amino-3-{(1R)-1-cyclohexyl-2-[(cyclohexylcarbonyl) amino] ethyl}-6-
phenoxyquinazolin-3-Ium) & 2} =7 Ede % o] eI}, Protein Data Bankol] W=, QUD+= & 27f
A BHag A F 7P AEe BACEL AsiAleltt. £ AT ©iE Fx 2WJ0R FEAT. AFellA 280
F71= B% BACE1Y wluste] tf2A W57l ARG, oE S9, BACEIAIA = Sl 2&o] Asp32 ! Asp228%
Eskslu, 2WJ0 2ol A= Asp36 E Asp232C. 2 th-8-Ft}. Autodock 4.2 o8] AAE -7 A E3HA 0

_14_
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A Eepube FEAS QUDE P A o= BACELS] T X7 Yo Xgh Ao E YERRT

BACE1®] &/dF-9JollA tlttelRlo sd g7t= Jo 48 tirto|vlo] & i3} BACE1S] Asp36 % Lyslll 7]
Atole] FAAFS F8 o]FoHT (= 6A E E 3). ESH, Phell2, Gly78, Lys79, Tyr75, Trp80, Val73,
Argl32, 11el130 ¥ Tyr202<2 A44 45 %8(Van der Waals interaction)S YERH O ZX  BACE1¥} tjtjo]dl
Atolo] FEAe-& s FT.

FAYUL BACEIS}F 2 /e F24F8S AR L, -8.2 keal/mol] 23 F3HS Vet (& 68 L
BACE19] 11e130 % Asp232 Z717F EAI”e] o FE3 2 /9 F42ZEE Pk, EAAZ BACELY
Phell2, Tyr75, Trpll9, GInl6, Leu34, Thr236, Gly234, Gly38 = Tyr202 7] Alolo|xl=

go] FEArt.

U de BACE1Y FAAES AL, -6.98 keal/mole] A3 3l S vl (= 6C 2 E 3). BACEL
9] I1el302 yHA I 3o F=2Z28S IAS Y. A dT} BACE1IS] Argl32, Asndl, Ser39, Ilel22,
U
gl 9

Phell2, GIn77, Trp80, Val73 % Lys79 7] AtololA &= e 4o FEag-go] JAHI.

Uz o= BACELS] Gly234, Asp232 ¥ Asp36 771 QU9 A2 FS A8 L, Leudd, Phell2, Lys79,
Gly78, Tyr75, Tyr202 2 Arg239 2719t 254 25249 dA4sdtt (= 6D). £33, 2WJ0-QUD E3Ae =
7 TREFS WUked (= 6E).

X3
Enzyme Ligands Docking score  H-bonds interacting Hydrophobic interacting residues
(IKcal/mol) residues
AChE Didymin —LL:d Arg296, Asp74. Tyr34l, Leu289, Trp286, Leu76, Val73, Phe338, Tht75. Tyr337
Asn87, Gln71
Poncirin —10.1 AspT4. Arg296. Ser293 GIn291, Glu292, Val294, Phe295. Phe297, Tyrl24,
Tyr337, Trp286. Tyr 341, Phe338, Leu289
Donepezil —-11.6 Phe295 Tyr72, Trp286, Tyr 337, Trp 86, His447, Gly448,
Glu202, Ser203, Glyl21, Glyl120, Phe338, Tyrl24,
Phe297, Tyr34l, Val294, Ser293
BChE Didymin —-7.8 GlIn517, GInS18, Asp391, Thr512, MetS11, Tyr500, Tyr420. Thr502, Arg515, Ala516
Glu422, Lys513
Poneirin —3.9 Ala516, Asp375, Glud22, Tyr373, Thr374, Val377, Lys513, Arg515, GIn517, Leu514,
Met511, GIn518 Tyr500, Tyr420, Thr502, His372
Donepezil —7.38 Asp74, Arg296, Ser293 GIn291, Glu292, Val294, Phe295. Phe297, Tyrl24,
Tyr337. Trp286, Tyr341, Phe33s, Leu2s§9
BACE1 Didymin —9.22 Asp36, Lysl11 Phel 12, Gly78, Lys79, Tyr75, Trp80, Val73, Argl32, Ilel30,
Tyr202
Poncirin —8.22 Ile130, Asp232 Phell2, Tyr75, Trpl19, Glnle, Leu34, Thr236, Gly234, Gly38.
Tyr202
Naringenin —6.98 Ilel30 Argl32, Asn4l, Ser39, Ile122, Phell2, GIn77, Trp80, Val73, Lys79
QUD —11.99 Gly234, Asp232, Asp36 Leu34, Phel 12, Lys79, Gly78, Tyr75, Tyr202, Arg239

A ¢ 5. AChE ¥ BChEe] tHE Edhvl= f=Ale B =7

A
Y

B o Age Zebube GEA7F AChE 9 BChE o Agtet=Al
Autodock 4.2 AlEd ol Ao w2, trto]ql & FEAY
g dldAE 7kl Ao eyt (=7 3 F 3).

gQ1el7] Ykl B2 &7 ATFE S35t
& AChE®} 747 -11.7 2 -10.1 keal/mol9] 2

tr}o]lRl-& AChES] A H-9o] &3t Arg296, Asp74, Tyr341l, Asn87 @ Gln71 7)<t 5 /1Y $4223%S 3
ekt (= 7A 2 & 3). Asn87 % GIn719] 7 7]= yuolwle] HwH5A 53 FAEAES Al

Arg296, Asp74 2 Tyr3419] #7]= duelvle] 3 HFE3 3 e FA2ZATS AT, AChEC] Leu289,
Trp286, Leu76, Val73, Phe338, Thr75 2 Tyr337 A7) titholwla A4A A528S A9t

ZAELS AChESH 3 /Mo F42%S A8, -10.1 keal/mol Z2F AUAES YEHY (= 7B 2 F 3).
AChE®] Asp74 7] EAI™MS sto|=FA 53 243 P43, Arg296 71+ %AH&J A ARk}
F22%S A8t on | Ser293 7= EAYEY © REI $£427A%S FAsIIth. 3, AChES] GIn291,
Glu292, Val294, Phe295, Phe297, Tyrl124, Tyr337, Trp286, Tyr341, Phe338 @ Leu289 7] EAAN} A5A
deaes FAsT.
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kA thxv+el =Y)d @ (Donepezil)S AChES} -11.06 kcal/mol®] AT oA S v}eEbWiar, AChES] Phe295 %+
19 2235 YAstgt (3 3). AChES] Tyr72, Trp286, Tyr 337, Trp86, His447, Gly448, Glu202,

Ser203, Glyl21, Gly120, Phe338, Tyrl24, Phe297, Tyr341, Val294 2 Ser293 z7]& T=W|dHAdz A4 A5
28-S A5kt

[e5

.

N

tjtjolwl> BChE®} -7.8 kcal/mole] A3 Xs}=lS vepylal, BChES] #AH-¢lol =8 GIn517, GIn518,
Asp391, Glu422 R Lys513 719} 5 /Mo FAZAZS FAelvh (5 7C 2 % 3). Lysb13, GIn517 % Gln518
A7 247 gupolvle] HWEA g, del=EA aF 2 akh dxbel F2AES FASTE. T3, Asp3gl
9 Glud22 F7)E dueldle] & FEy FAAS FAsHSith. BChES] Thr512, Met511, Tyr500, Tyr420,
Thr502, Argbl5 % Alab516 7]+ trfelvlz) 78k 254 des8-8 FAgdshirt.

FA Y-S BChEY A H-9Jo A Ala516, Asp375, Glud22, Met511, GIn518, Tyr373, Thr374, Val377, Lys513,
Arg515, GIn517, Leu5l4, Tyr500, Tyr420, Thr502 2 His372 ¢ 16 7} Z7|¢} #3285 A0 (= D
2 ¥ 3). BChEQ] Asp375 % GIn518 7= EAFS o FEI 2 /e #4043 4L, Glud22 and
Met511S ZEA&e] WEA 283 2 /e £2A%S P o™, Alasle A7 EAA] Ak Ao} F4
A3+s sl

xdow g el LuUlHdS BChES] S 590l A Asp74, Arg296, Ser293, GIn291, Glu292, Val294,
Phe295, Phe297, Tyrl24, Tyr337, Trp286, Tyr341, Phe338 % Leu289 ¢ 14 27|} A5 288 A9,
F 3 MY F2AFS FgsA (& 3).

AA ] 6. ABy =S AFAE APRo| 3 SEvle= fXA9 23S a3

2 AL Tdle FEATE AB sy T EY AAAE AAEEEE AXE B

A T pmel Fephe fEAR dAddel AEIERE SAIE APE FAAAG. 2 A, P02

A Bl

fol
QL
rir
fol
:‘—14
~
0
i

M3 10 uMe) ABusss 7F HEl® A9 AZAEES 46% 7HA Aa= Ao, PC12 Hxd Zevle f=4
AH e Agele dAA MEAEE] S7HEASS S8t (& 8). olx Z#hihs FEATE AB s o
o g NAAME APERRE ANERT FA7F QS on

oo

, 10 B 20 uMe] ttioldle] AAeH A5 PC12 MxEe] AEAEES 747 82 £ 0.3% % 94 + 0.3% &
A S7FE AT, =3, 15 2 30 pMe EAIES dAYE A9 AEXAEES 747 66 £ 0.7% 2L 82
0.5% = Z7FEA3L, 50 & 100 pMe UHALTES AAst 49 AEAEES 42 61 £ 0.60 2 69 +
5% 2 Z7FE A, A gZ2Te AFH (curcumin) T H AT EE (resveratrol)S 25 uMe FEoA A
JESo] 22 86 + 0.9% 2 67 + 1.2% 2 F71E .

O‘I

BT W R
S

=
ANZEY, S FE2AlE ABsags o 28 ¥ AAHEY] AESHoZ2RE dA4 MERT &

i=]
A=
18-S Folskt).

S = R

ox
~
(o

B
N
N

¥

%o 24 EA g treluie] a3t

[e]
-5
T EEAES Eohuhe FEA T Yuelnlo] ABuyys o o8 fried AASRAHOREH AEZRT Gt gl
A Aelsky] A% AAS FHsT. 2 A, PCI12 Aol ABysss B AElshd AEAAEFEC] 43% 7k FA S}
A A WA 40 pMe] HtholwlE AAE g Fols ARy ol o3 fFiwl AESAo] FAHI

A A AEZAEEC] 5= a7 oS A8 (= 9A).

)
32
o
_\:
(@a]

w3, 2 x5S trlo]wlo] BACEL, APP (amyloid precursor protein), sAPPB  (soluble N-terminal
fragment) % C99 (12-kDa C-terminal fragment) T¥]Ao] W&o J&s FE=4| sl AHS 3.
2 A, Yrpelvls Mg AxEdA= dixe H|3) $E-9]EA4 0= BACEL, sAPPB 9 C99¢] &o] @A s}
A AaHAeS el (= 9B & 9C). thyk, APPe] @l dA g Walrt YelgA] ekodtt.

7] AAZFE, Hrpoll ARy ol Jall e Alx=sdomie AEE B3Eskal, BACEL, sAPPR 3 (99
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=] O = =] o [e) = = o = =] - = = [eJKe) e =] O
of MRS A HaAA AR FHE AdFFo M dxsfolme] o = AR At dFS F<lE
=y
Y]
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HO 0 =
OH O
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Moo ] | o o
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HO OH O
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k1
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|
A ox o a3mm
o] ¥ 01mm
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