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7 A A
F75)
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) &4 9] #pd w= 3340 oa Fay= d=slo|me] ofd = g8 oFst

FHERA,

e

s

A7) oot 7] &=3lelm oA, AChE, BChE % BACE1 &9 T B34S A8le] d=3dloln

7] Z/3d=-L AChE, BChE B! BACE1S] el B H&EA S zZte S5 ddor Fos= 291, ot 24 &
[s}eh2] 1]
HO OH
%20 o OCH,
£ _9o_ o 0 g.ﬁ
s CJ
OH O
Didymin
A7 2
A1 el ol A
g7] opdRol= Tl AL AR, 9l A et 2AE

= sAPPB (soluble N-terminal fragment) @ (99 (12-kDa C-terminal fragment)®] -3 e
7

RIECESES

sl7] 3kehal 12 FANHE fdriolwl (didymin)S FEAdREoR ¥3sls, oldRol= hulzlo] B-A|E(sheet)
T-Z; % AChE (acetylcholinesterase), BChE (butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor
protein cleaving enzyme 1) A2 I T FEA ;o o& Faty = dxslo|we] oW = NS A%

7S A E O RA,

A7) fitholwl e A7) &=3sto]mol A AChE, BChE 2 BACEl &£49 #id mx= 3aAS oA ste] od=stoln
= RAAF L,
£ a4E ddeR RelsE 3, A4

7] 24 &2 AChE, BChE % BACE1e] ¥y & IS Zte 3
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Al 4%kl glol A,

F7) opdRolE il A2 AR, Q1 AR 1AV TAE.
AT% 6

a7 sheba 12 FAEE HtholWl(didymin)s fFEARESR XEFels, dxstolmelx wEide] p-AE
(sheet) %9 A A, AChE (acetylcholinesterase), BChE (butyrylcholinesterase) % BACE1 (B-site
amyloid precursor protein cleaving enzyme 1) §49 #I¢d = S A 57 93 kst A=

[3}eh4] 1]

o OH
HI?EC 0 OCH;
£ _o_ o 0 ‘
i CJ
OH O
Didymin
ATH 7
A

# W(in vitro)olA, Axe] FREAS Aeste @A, E X8k AChE, BChE 2 BACEL &9 Zdd
gA; sAPPB (soluble N-terminal fragment) 2 (99 (12-kDa C-terminal fragment) P& A A<
2 Hoe R A

A7) THEALS sAPPB (soluble N-terminal fragment) % €99 (12-kDa C-terminal fragment)®] &S oA
3lo], ol Rol= GulA ol B-A]E(sheet) 7% HAIS AAlsl= A<, H.

g9 4%
7 & # o
B2 e fFRAE Eeehe HAA A O Be ARE 2= w9 At

=30 (Alzheimer 's disease)S HaAA ANAAZL F sz A w2l F2 A= d3lolth, 65 A
A =9l F 13 97F d=3slolwyg oka A, 854 o)fe] HW 1 H[Eo] 45 9= FUIEE ALoE By
(Clin. Chim. Acta. 456 (2016)107-114). &=3tolHHeo] FQ WAYZOZ = W AFZ ol Zol=

Z Z

3l
ghe] HA, Bg-(taw) 9od S, =g 35 o2, ks 2EYs, faE 95 A, Had oMEE
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@ (acetylcholine, ACh) Fx GToz <d#HA vt (Ind1an J. Psychiatry. 51(2009) 55-61). AChE
(acetylcholinesterase) % BChE (butyrylcholinesterase)i AZ4AEEZAQ oA ZFAS 7I=Raslo] Al
2 AgE weigory dxstolwe] wEAelde Fag L As ot BHuEI vk (JAMA. 273
(1995)1354-1359) .

rsL‘

Fdo~e|gtobA] Al Al (cholinesterase inhibitor)E oMAEEFUE Eiete A40E Adste] YoM UzE
g w8 W R £EAE ZRAL ¢ e opAEZAS ZANYoRH ZA e A
At (Curr. Neuropharmacol. 11 (2013) 315-335). @A, <<l® d=stolw® X &A= AChE AsAI<]
rivastigmine, tacrine, donepezil, galantamine, huperzine A % heptylphysostigmine®} N-methyl-D-
aspartate receptor antagonist® 3¢3sl3l It} (Curr. Neuropharmacol. 11 (2013) 315-335; % Curr.
Neuropharmacol. 11 (2013) 315-335). Z1&ly}, o]eldl X gAlE ©A 4F Tt T555 99 At Avt &
#H7t o], TF FANAE a7t de BHrp Z2AQ X mAS el Hadk dAo|t.

4o

=

d=slolwulol Fa WY 52 APP (amyloid precursor protein)ZH-H F:E oldRol= HE}
(amyloid beta, AB)Y AHES SHAR o]FojWw¢Ad ZdH(senile plaque)7} EAFTHE  Aolth
(Physiol. Rev. 81(2001) 741-766; 2 Cell 120 (2005) 545-555). o} R o= H|E}= B-secretase % y-
secretase 91 ¥ 7FA| aspartic proteasec] 2|&] APPE Hutste] AAHETE (Science 275 (1997) 630-631). 5
3], B-secretase B-siteollA] APPE Hw3le] BACE1 (B-site APP cleaving enzyme 1)22 AFF 1 Qt}.
oldgol= A HREo|A B-secretaser™ APPE Huste] sF8Ae N-Zw A#A(soluble N-terminal
fragment, sAPPB) % 12-kDa9] C-Z+ A3 (12-kDa C-terminal fragment, C99)& AJAJ s}, =gk, €99+ oFd
2ol WEE A3 f8te] y-secretased] 93] dwd 4 At} (Proc. Natl. Acad. Sci. USA 96 (1999)
11049-11053).

AB 18l 25-35 715 EFste= AW, F, ABxnpe 4 HHE Hobde ABpdel 7HE &2 HHon
(PLOS ON 9 (2014)1-18). ABssase AA ZHolo] Hetol=9} w3t 224, &4 9 5534 E4L 7K
2 B-sheet 7%= 7}Zt} (PLOS ON 9 (2014)1-18; 2 J. Biosci. 34 (2009) 293-303). W3, AR5 w9
w2 S8 g AAFSAAE AL o], B w7 fE|=E A 54 (neurotoxin) &2 AR
=

SohR ol =(flavonoid) = AEAlCl Bl 23 dH=A seteelvt. ZeteolEs AE FHle] AF, 53,
A, Kok =L opafo] FH-3 Wk 23k ARl (Ann.N.Y. Acad. Sci. 854 (1998) 435-442;  Curr.
Med. Chem. 18 (2011) 5289-5302), X Z¥H -ol=x A Eo|A A 0-glycoside or C-glycoside HE|Z &
A, ZelRwolt: FxA o R ¥HYdZE 2T 4%0] = (phenylpropanoid) oA @ % C6-C3-C6 backbones 3
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GAE E3F5l= AChE (acetylcholinesterase), BChE (butyrylcholinesterase) ¥i= BACEl (B-site amyloid

precursor protein cleaving enzyme 1) @3 E+= A S A&l WHS AFst= Ao},

®odgel w0 BHe Fohhe FEAS AAC Fels obuzol= HEte] o3

S wE e
NABHoEE NPAEE nEd

=

rir

i

B oddge] & gE EFHe  Zguie §FEA4E ¥ AChE(acetylcholinesterase),  BChE
(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1)o] 3t AgA =
AFsk= Holtt.

Eoddge] & g2 EFHe  Zguie §EA4E ¥ AChE(acetylcholinesterase),  BChE
(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1)o] w3l Adt A=

Algsk= Aol
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(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1)& ©]Fojzl
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ek, B oukg e A" Y (in vitro) EBE A ¢ (ex-vivo)olA] ZlE FEAE AR st dAS
+ AChE (acetylcholinesterase), BChE (butyrylcholinesterase) %% BACE1 (B-site amyloid
precursor protein cleaving enzyme 1)9 od T S Adsts WHS Ale3tc).

o

, 2o ZEknleE FEAE Al Foste 9AE s ofdEol= el 93 fraw AAF5A

O RVE AAAEE HIeE ES A3t

e, B outme Zgible §EA S £38F= AChE(acetylcholinesterase), BChE (butyrylcholinesterase) &
B

[e]
-site amyloid precursor protein cleaving enzyme 1)ol thst A3A S A F3slc}.

ek, B outme Zgible §EAE £38F= AChE(acetylcholinesterase), BChE (butyrylcholinesterase) ™

[e]
BACE1 (B-site amyloid precursor protein cleaving enzyme 1)o] that Z3A S A-F3st}.

o] g4
B oulgo]| w2 Z vl F A= AChE (acetylcholinesterase), BChE (butyrylcholinesterase) B+ BACE1
(B-site amyloid precursor protein cleaving enzyme 1) & = Ao oJdte] FaxE A 2
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o]t (v =H
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AAgke] Azl f&35HA AHEE 4 Q.
ZEHo] 7ha3 dy
[0029] T 12 Ebe fEAY 38 7248 v Aottt
T 2% Z@hubeE fxAlel 93k AChE (A), BChE (B) 2 BACE1 ()9 Aa &S vehd
FElY 2 AlEZAgo] %A ERTOE ALLEH)
=34 2 3BE UE Fxo 712 =4 (0.6 mM (@), 0.3 mM (O) 2 0.1 mM (W)ollA titho]dl (A) & FA]
(B)oll ek AChE 31 Dixon plote LFEbd Zo] 30 U2 2ol trkelwl (0 uM (A), 0.8 ull
(W), 4 uM (O) 2 20 puM (@)l 23+ AChE A3l Lineweaver-Burk plotS WER Holw, X 3DE TS
& EAIFI (0 uM (A), 4 uM (v), 20 uM (O) % 100 uM (@)l g AChE A3|9] Lineweaver-Burk
otg UERd Aol
4A 2 4BE OE o ) A (0.6 mMl (@), 0.3 mM (O) Z 0.1 mM (W)l tfrjolml (A) © FA
A (B)ell <3k BChE A &l2] Dixon plotS YERH Ho] T 4Cx 92 %9 foieldl (0 pM (A), 4 uM
(w), 20 uM (O) 2 100 uM (@))o o3k BChE A3 9] Lineweaver-Burk plotS UEld Holw K % 4D t}
2 559 EA™ (0 pM (A), 4 pM (w), 20 pM (O) % 100 pM (@))] 93k BChE #A3)9] Lineweaver-
Burk plotS YEH Holt),
T 54 2 5BE OE Fxo 71A A (150 nM (@), 250 nM (O) 2 750 nM (W))ellA Tltho]wl (A) @ FEA]
2 (B)oll ¢3F BACEL A&l¢] Dixon plotg YEH AHolxi, & 50 t& %9 trlolqdl (0 uM (W), 0.5 u
M (A), 2.5 uM (¥w), 12.5 uM (O) % 62.6 uM (@)l &3 BACEL A ale] Lineweaver-Burk plotg }ER
Aol 2 Fxo EZAd (0 pM (W), 0.5 uM (A), 2.5 pM (¥), 12.5 pM (O) % 62.6 pl
(@)l 93 BACE1 #1319 Lineweaver-Burk plot< el Aotk
5 62 ZEhubeE A 2WI09] =7 E XA oS YERd Ao =A, ftiolrdl (A), EAIA (B)
yAAd (C), QUD (D) 2 2WJ0-QUD complex docking protocol (E)& EZA wfr|& elsia, 2Wjoet A
H FA2A%%e 54 dr)2 JEideon | A4A AS A8 (van der Waals interaction)® ¥ E 2WJ09 77]
= = o=z vl Aol
=70 9 7BE ZElE H2A4 (duelwl (A), EAY (B))S} AChE Alele] #xF =78 vErd Aolx, &= 7C
2 7DE k= =4 (doelw (0), #2419 (D))} BChE AFole] 21 =745 EH Holt),
T 82 PC12 Mo ZFghls FEAE 24 AIF 5 AAHES AL, 2 AIE 5 ABass (10 pM)S A
MIT o] Mo] 2 Ea] AEAZES 243 Aot (dlolEl: 3 3] Ade] thete] W + SEM = ®ASH 2
A= Hol g A4 2ol E yER)
X 9A%F PC12 A2EoA] tittolvl S AAEStaL, ABxs = MBS * AXAEES 54 Ayola, Be AR
o555 ©] A BE PC12 Ao ttfo]wl S A3k  BACE1S] Wd=S A3 Aol 9C= APP, sAPPsp %
(999 WS d-HESRE T3] SAH Adolr}; (Ade B-actin®Z e, Al e 5HE A3
oMol W + SEM 2 EAFH 2 Exbe Wil giF B4 AolE Yehy)
B5e A T FAH B
[0030] g o] ZepubeE fEAE tvhel®l (didymin), #AIY (poncirin) % WAl (naringenin) & 24 742t 3f
7] gska 1 WA 322 A HE IFES 4‘3]@5}. 2 age] vl fEAE A A" HoR
sistd o2 A Y AREE EES AHEE .
— 7 —
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HES Fohe A0RA, A7) AFAFEE 2T Ao o 2L AWe) AW 53 BE 5e £4Y 5
Rk,
®oagel 2YRo] AR & Yk AEI FRAE ATl Avk. obgel B owne] 2B Yol Ae
weh AFel gD 5 Qi AW Ju wE 4R 349 AN EFse] A2 5 Atk AL 5 9
= AEY 2E K7, AAA, ¥, Em, AT, 29F, B4R, 94, |, Ve ¥R, 2R, okelsa
Y RE TG BEAE, 4F 2%, RS, A4, S3AA, BF SR L e 2g4 Sol gor, 2w
Bol nhE F2E % olo RIARS FATOR sl AR F, A, Ael L T2 Fol Aol AxY 9
.
EE, B odge] 88 5 i AFE AW, SEIFAEC]: ZART, 9, KoM B), A5ABE, of
SAE, FER, BF, AR GUR, G5F 5), AYuEAF, 20AEC: 4, 29, 154, 244
%), A2, BAR(A2UR), GAFEG: WER, A= B), 8 AZAE, A, AY4EE
AT, oA B), SR B, ALF SE, FHF, BRLEF B), ARV, dRix ) B
BE AFS 2T 5 ok
W AYASAE 2YRe] SRel FHE ASE Aol B s Lol od s duAl, @
A EE A9 BSEE 52 37 ARORA FRE 5 Atk A7) S 2wy A3s5aE 2YRE o
o b Al webn, Aad, FulAl, AAA, AEN 9 o) 9, 94 % a9 o, fo04, ey 2
ERLE

2 oA ARREHE &of, "AA (antagonist)"E Y] HAYUZ ste], FE&A e AE W wisiA<k
2 b2 229 dF%Es FEHoR e 4dd Adste AE v, 2 ddgox AdIgAE
AChE(acetylcholinesterase), BChE (butyrylcholinesterase) % BACEl (B-site amyloid precursor protein
cleaving enzyme 1)l #}Alo] ZAgtsto = Fd A (agonist)7} F=&A Agss AL W, AL FEAE
53 AEEs YeElAE & BFS oujdct. wEha, B W] AChE(acetylcholinesterase), BChE
(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1)2] ZA&A|:= 7]
gaoll gk A3E s HABR no]laR #3 FEdA BEAoR U] a4 dd AdESs Aslste o4
sl A=A v &84S T 5 Tt

2 wgox AlE-E = 89], "AChE(acetylcholinesterase), BChE (butyrylcholinesterase) % BACE1 (B-site
amyloid precursor protein cleaving enzyme 1) A&A"E  AChE(acetylcholinesterase), BChE

(butyrylcholinesterase) 2 BACE1 (B-site amyloid precursor protein cleaving enzyme 1)¢] AE3+3 A

(e} =] NS >~ (e} =
& AuHdon, wt 4940 W, Pa Bt AT £ 9t 4L Ba

wo = Lot Be Qo] sk AR ol B4o] Aety
L oAge way], Gie BA/MAS REHon wi 9dd BEARAL, BAAIAL, dPEAL, 34
38 AQAINAY, BRAFAINAY B G 2ddt 4D 5 Ao

g =doA, ®oodme Zgui= §EAES ¥E988lE AChE(acetylcholinesterase),  BChE
(butyrylcholinesterase) ™ BACEl (B-site amyloid precursor protein cleaving enzyme 1) ZAgrAlo] 33k

Aot}

A7), 2+ ZEvbE F A E9 AChE(acetylcholinesterase), BChE (butyrylcholinesterase) % BACE1 (B-site
amyloid precursor protein cleaving enzyme 1)o Z&3l= A= 317] QA Ao AAs] Aot
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AAld 1. APAE & 9
1.1. AdA=

A7|wao]  H@  AChE  (acetylcholinesterase, EC3.1.1.7), % ¥ (horse serum) 5@ BChE
(butyrylcholinesterase, EC 3.1.1.8), ACh (acetylthiocholine 1iodide), BCh (butyrylthiocholine
chloride), DINB (5,5 -dithiobis (2-nitrobenzoic acid)), Tlthel¥l (didymin, >98% purity), =Z=A1&
(poncirin, >95% purity), YA (naringenin), AEZAE (quercetin, >95% purity), ZHed
(galanthamine) % W ZWH (berberine)< Y& AFo] ¢l 3 Merck, Fluka &+ Sigma-AldricholA <43}t
th. BACE1 FRET (fluorescence resonance energy transfer) assay kits (B-secretase, human recombinan
t)2 Pan Vera Co. (Madison, WI, USA)ollA F+4sFFtt. MIT (3-[4,5-dimethylthiazol-2-y1]-2,5-dipheny!l
tetrazolium bromide), DMSO (N, N-dimethyl sulfoxide): Sigma (St. Louis, MO, USA)ellA 43}, o
Zol= H|E} (Amyloid beta, AR 25-35)% Bachem California Inc. (Torrance, CA, USA)elA T8t th. RPMI
1640, FBS (fetal bovine serum), penicillin, streptomycin ¥ & &% (horse serum) Gibco (Logan, UT,
USA)ell Al <18k tk. 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)olA]
TFAsA Y. ZEli= =4 (flavanone derivatives)e] 3}shr+x242 = 13 7o),

1.2. In vitro ChE (Cholinesterase) & o]Alo]

ChEell 3l ZeH=o]l=9] A& &2 Ellman et al. (Biochem. Pharmacol. 7 (1961) 88-95)¢l <]&l 7)ate
2333 %=%  (spectrophotometric method)S AF&3le] FHAHHJATE.  ACh  (acetylcholine) 2 BCh
(butyrylcholine)2 Z}Z} AChE (acetyl cholinesterase) 2 BChE (butyrylcholinesterase)ol] thal A s 24

A48t 71ER2A ARgEY. §REES 140 nle JMIAMUEE #H (pH 8.0); 20 ule] EHdhHo|kol= ’%1
ZHF &% 100 pM); 2 20 plLe AChE X+ BChE €9 (0.36 U/mL)E H7lshe] &£3sta A-204 10 &
F REEAIZAY. B AE W P4 gxT (HﬂEHﬂL, Z2hET )2 10% DMSO o Fo Apgskgict. vkg2 7tz
10 pL DINB; % 10 pLe ACh =% BCh & #H7she] ]XLE]MU} ACh T+ BChe] 7FF¥-38li= 412 nm oA 5
EQF ACh 1= BChe] &EAA 7heEsll AoH WEE El2F (thiocholine)?t DINBS] WHgo 2 K-E 7]1%
Tl 5E-2-HERMIZOE Folo] AL FAHAFeEH JHEHUY. EE O RES
spectrophotometer (VERSAmax, Molecular Devices, Sunnyvale, CA, USA)S A}&3} 96-well microplateolA]
Al FAEI ZFEATY. HAAME () A= v FASE ALEJT: % AE = (1 - S/ E) X 100 (S
T MES M A9 24 d4ola, B AES AYsA &2 74*?* a4 g4, 4 MEY ChE A &
82 Z(log)-FolZF(dose) #I3l #QQETH Ak 1C; %k (71291 ACh = BChe 7H-&38lE 50% 7

Adfst=d Bod 5%, p) oz Yehydet.

o[-n i ru

¢

i o

1.3. In vitro BACE1 (B-site amyloid precursor protein cleaving enzyme 1) &4 ©]A]o]

BACE1 &4 oJA|o]+= BACE1l FRET (fluorescence resonance energy transfer) assay kits (B-secretase,
human recombinant, PanVera Co., Madison, WI, USA)S AFE3FSITE. oAlole Alad wlwdS oFF WAl
S AT} (Asian. Pac. J. Trop. Med. 9 (2016) 103-111). %A thxo& A=A o] ALEH AT},

1.4. AChE, BChE ¥ BACEIE A &ste Zgul= f-5A9 71vle v e (kinetic parameter)

By A5e Zebubis 52478 AChE, BChE % BACEL & Aafsts WlAUSES &21s8t7] 914l Lineweaver—Burk
plot ® Dixon plot9 F 7FA HLHAQ 7Iulg WhHS AMESch (J. Am. Chem. Soc. 56 (1934) 658-666;
Biochem. J. 137 (1974) 143-144; % Biochem. J. 55 (1953) 170-171). AChE ¥ BChE A& wWAUEZLS &
FEo 717 (ZEhb= fEAlel tis) 0.6 WA 0.1 mDell i3k &332 PEato] Felatgitt. AChE 2 BChE A
& ojAlol td A s FPFATE. 7hdS], 10% DMSO o &8iAZ) 20 plLe ZEhubeE fEA AE
2 140 pLel ®HeF 20 plLel AChE 3= BChE (0.36 U/nL)S Yol EgHsle] AF2oA 10 & FoF wb-SAz ),
o]%, 10 pLe DINB (0.5 mM)®} 10 uLe] ACh %+ BCh (0.6 m)S H7lste] A% Ed= F2oH 5 & &
oF "l AT, ESE FFLEE nmicroplate readerE ARR3le] 412 mmoll A SAERTE. Zohul= FEA O
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o]3k BACE1 Asell w3+ Dixon plote 375, 250 2 150 nM 712 ¢ &4 stol AUk, A&l 7] E4S 913
7t Zehhs fEAY A9 HEE 0 pM (W), 0.5 ul (A), 2.5 pM (¥), 12,5 pM (O) 2 62.6 ul (@)

= Uehigleh, Aas (KD Dixon plote] #4614 x-% ARghe K = she] AGaoich,

1.5. AChE ¥ BChES] #x} =7 AEHo|A

=7 7%= advanced docking program AutoDock 4.2% &= At} (J. Comput. Chem. 30 (2009) 2785-2791).
AChE (acetylcholinesterase) 2 BChE (butyrylcholinesterase)® X-A ZAA 8% F-Z+ Brookhaven protein
data bank (http://www.rcsb.org/)olA AASTH. HE2 7 &@d (PDB Z=: 4ey7 & 1p0i)e] FHIE 9
stod, A e 2 BE AAA B BAVF 27] 8A FREHEH AFHJD, BE B AlEd oAl
chain AdlA ATt ADT Z2FL H|FA F42E FEA9 38 v A2 FA=d AbEesdar,
Kollman #38t7F Folw ek, =¥ ggt=ols v5A4 F47F A7 AL, ADT programell €3} Gasteiger A&t
7} Bojx 3, vEY 857t @9t Lamarckian 4 d1uglE (LGA, Lamarckian genetic algorithm)-&
ATl A ”iﬂ%/éﬁ% zdgstry] s AEHUet. 7 gzt=e] gisl] 100 o] upEAe YA f
A dug)E7F 295Ut Lamarckian 4 Eag]E9 7Z-$- 27,000 maximum generation; 0.029] 4% &4
Wolg (gene mutation rate); = 0.8 9 wA&o] AFLHYTE. AA ©7) FAHNA @A EAE= 7147

h
W (grid map)& AutoGrid & AALE AT}, ZE]EQI A7 S5 Wk ol Fu g A RES X
shels Waoz HAAEIY. ol#d 548 91§, y Bz g 60 * 60 = 60 pointe] L] =7} AChE
2 BChEC] ZullF-919] A= T4 0.375 A9 7& S ZEE AAFEJY. Y2y #A42 B3 E Ao

3 A2 RMSD toleranceE AF&3to] 3= A},

1.6. BACE1Y] BA =7 AlEHoolA

BACE1 structure (PDB ID-2WJO)7} =7 <dTtell A=},
(Bioinformatics. 22 (2006)195-201) $-A® & A}g3sle] &
AL Apgalel wueldld. oF, ddd mede
Gasteiger A3} .J‘E FE&A At FAEHAG, =
0.003 keal/A mol ] ol13%] =&l thal Hyper Chem 8e1A Al#E MMA+E Algate] 1A HA 5o},
Gasteiger A3l Zb FF=e] AR}l 3—0451”7 H=A 27 A A Th. Autodock 4 (J. Mol. Recogn. 9
(1996) 1-5)c.2 A3 A8 Lamarckian 4 dag]Ee A2 shio A AFREHATE, 0.375 A9 7|2
g Aol FAHL, 2= dige] gAY H 715 gstes Auder. =4S 9% SdeE e
T 7IE2R2A 2,500,000 o Hth ol HrF 2 A 27,000 AltHE 7H 150 He] 7] Fwke] EeHE U
1] Elitism @t 0.02¢] &Rl &5 H 0.89 wxpso] ARRHAATH. 2 Zzi=e] disf 200 =7 #o] 43
At

FFE A7) (residue) 162-171 S SWISS-MODEL
Palgia, HAE mdo] A2 ANOLEA 2 QMEAN
TFoA ThsE Y. Hl=A As FAA L
Zt=i= Polak Ribiere 23 AAlx: dauglFo=z

iy tH _8,
N
g

1.7. A=A

AF R 8HAH X (pheochromocytoma) A3EQ] PC12 AXE+= 7]Eed 7A€ vk} o] vy F-A1=3 Y (Mol.
Cells 13 (2002) 113-117). PC12 A|EF+= 01*‘7}7@ HE] FFZSIAEZE (ACCT, Manassas, VA, USA)lA]
FAEAG. AxE ’\J%/‘ﬂi 54634 frofl 23k NGF (nerve growth factor)ol 7}xo= wkg3it;, A%
v =] = RPMI 1640, 10% 9-& slEl W A (horse serum), 5% FBS (fetal bovine serum), 50 units/mL ¥4
A9 (penicillin) % 100 ug/m Z~E=Enlo]Al (steptomycin) &2 o]Fo]FHl, wjFS 5% C0, & 37 T ¢
Aol Bl Al A HATE, PC12 AEE 80-90 %o AZFAAZE | 45 viFEgAl (100 mm)e] WA ufof
wWar, wjAE Mol Ay WAoo g At et GUMAEZE EAAIA Al Feksict.

1.8. obd=o|= HIE (ABys35) AR FH

old Zol= e} (o]&}, "AR"CRE AT = d=Eto|ne] Haf el YAlo]lar (Nature 382 (1997) 685-691; =
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ibril)Xo} o o =

Cell 7 (1993)1039-1042), AB =¥ = WA (monomer, 7FHA) T AHa(fi A
]‘jzlug ] A]"Q‘E’l ABZD 35 T(-)—‘ /\]"g‘

o] 91t} (J. Biol. Chem. 281(2006) 28079-28089)3L H. L3l QIT}. ofo] ¥
Aol w2 $HFESE sATE. IHE], AR (1 mg) 1 mle] RPMI 1640 wjx]ol] =oji $3& FX3slr] ¢4l
d B 37 T FX(water bath)ol FATE. o]%F, S-H ARy <= 100 pg/ml (100 pM)=E A3t AR
A7A] =20 Cell 473kl

w

1.9. NZXREE =A
ZElE FEA7F ABug CEFEE PC12 AEE B3dtE 537 A ofFE= MIToA MIT formazan®. & 7+
th. 71938], PC12 AEE 96-well plated] 4x10°

S
Eo] FEhbe FEAZE AAHAT. o, Alxe F7H4
TT (20 pl/well, 1 mg/ml stock solution in

2N E H]EE] Y, I, ARAEES -
}_

PBS)S Wi 37 TolA] 3 AlzF B A HYrt. o] AxZE 100 plel lysis buffer (10%, w/v of SDS in
0.0IN HCl)E ¥ 37 ColA enyslez &3}, o]3 0.D. (optical density) microplate reader
(Molecular Devices, MN, USA)E A}&3le] 570 nmol|l A SAH = Sct.

1.10. 9="E3 £4

Axe 24 A FZRE T FEFHJAY. AA) WAL RIPA lysis bufferZ2 FEHJL, Tt
bicinchoninic acid assay (Pierce, USA)o. & AZFZAJT}. o]F 20 pgd wlAo] 5X SDS (sodlum dodecy
sulfate) 29 WIHEZ P 95 ColA 5 & F<F HAAFTE. o]F 10% SDS-PAGE (SDS-polyacrylamide gel
electrophoresis)® Aa] @l AS E2)5laL 0.45um NC (nitrocellulose) #H 2 (Beyotime) &2 o] FAH
o}, o]F 5% YA $-F= "B ls B8 Hskar BACEL, APP, (99 % sAPPB antibodies (1:1,000)¢} B-actin
antibody (1:1,000) (both from Cell Signaling Technology, USA)S @il 4 TCollr envUslo=z w-SA|7] T/}
/q];’d :<‘[z’ Eo]xqo] 2;2]_ 8]—;21]; 1 ;\] 7} Eo]- u}_g ]Z_] :<‘[z’ PBST = E}/\] 3 uq /q];’d;]_Oﬂr/} r)raﬂz] HH =
odyssey scanning system (LI-COR, Lincoln, NE, USA)ES Al&3le] ZHE3Ict. AL 3 3|2 A Hel| 2F &=
PR, FE =WS Yelhldo. dlolge] v 4L cooled CCD camera system EZ-Capture II % CS

analyzer version 3.00 software (ATTO Co., Tokyo, Japan)S Abg&3le] 43w it}.

1.11. 34 &4

BE AFe 3 3] Ao i HF + SEM o2 YJElYTt. EAR SR §9o38 kS ANOVA (analysis of
variance) % Duncan's test (Systat Inc., Evanston, IL, USA)E A}&3le] A% P Zte] < 0.05 olH
FAHCR o3 Ao FHUT.

K

AAle 2. AChE, BChE B BACEle| it Zevl= f-=Ae] A &3

2 oaygzEe ZEpakie fEA 93t d=slolWe Am gdE Q1] fte] EEhules fE=Al9 AChE,
BChE 2 BACElol W3t A& &= ANtk 2 A3}, AChE, BChE ¥ BACE1S ZEluli= HF=Aldd 98] sx-
o|EAo=m Xi%HEl“E} (2 1 9 = 2). 2 A89 Zvvh= fEA= dAe AChES] A 45
Uetdon | 58], tjtlolwel 10y zFS 2.13 + 0.16 uM ZA, EAIE (ICxp: 12.96 = 0.69 pM)I A

(ICs: 36.20 = 0.10 pM)ell =&l Z=3k AChEY] A3 &32 vebith (= 2h).

AChE A8 ojAlole] Axtel FALSHA, ttjolwl W FA AL A izt (M2 A 10 1.69 + 0.14 pl;
9 ZA@dEe] [Cyp: 1.23 £ 0.11 pM)@ vlmsle] I1Cy, atol 22 8.12 + 0.42 2 6.29 £+ 0.52 uM =A]
BChES] Aal &4& veERWlth (& 2B).

3, BACELS] A9~ ttholnl, FAIF 2 UhAYE A izl AZAY (21.71 + 1.42 pM)3} ¥aLske]
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ICy %ol ZH7F 2.34 + 0.07, 3.96 + 0.09 2 38.06 + 3.23 pM o2 YepFo @A BACELIS] A& &4e] 9l
gelstsit (&= 20).

dlo
tlo
J

F1

Flavonoids AChE? BChE® BACEI®

Mean = SEM Mean + S Mean + SEM

SEM

Didymin 2.13x0.16 8.12=0.42 3.81 2.34 £ 0.07
Poncirin 12.96 £ 0.69 6.29+0.52 0.48 396009
Naringenin 36.20=0.10 163.99=0.46 4,53 28.06£3.23
Berberine® 0.44 =0.03 1.69=0.14 3.84 =
Galanthamine® 0.38 £0.02 1.23 +£0.11 3.23 -
Querceting - — - 2171142

"S0% AR FE (100, plDE 33 Adel W BF + S.ENZ vhehy;

d

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

‘Berberine, ‘Galanthamine 2 “Quercetine z}7z} ChE and BACEL o] Alolo] w3l kA thzitom Abed .

AAle] 3. AChE, BChE % BACE1e] Wigt Fehvlb= F=A19 A §kg 71y &4

Boatmgziee Zebube fEA] o8] i BACEL, AChE % BChES] A& wAUSS AAs7] 98t e
7143 A A FENA 9 Lineweaver-Burk plot ® Dixon plot< AR&3te] A&l 71U|ElS AT, A&l A

%= (K;)= Dixon plote] EAA x-F HAAFLS K, = o] AASS T},

1 AN, EAI-] o)k AChE A= Ki gho] 20.43 uM 2A nAAA AsfA2 g1, vrke]wle Ki gk
°] 6.86 pM ZA E3d el AChE Asf|Alel Aoz Fludr} (= 3 2 & 2). BChEL] Aol lof, tth
oRl& Ki gkel 9.11 uM =4 3% e AsA=E vebwal, EAPLS Ki ghe] 10.33 uM 24 B3 A
AR FAHJT (= 4 2 % 2). HE3F, BACELIY] Aol glof, trhe]dl ¥ EAIAS Ki gho] 242 4.99 4
7.61 uM 2A Z3E g AfAR FAEATY (= 5 F & 2).

¥ 2
Flavonoids ACHE BChE BACEI
Inhibition typer K, (uM)* Inhibition tvpe* K, (uhi)® Inhibition type* K (uM)®
Didymin Mixed-type 6.86 Mixed-tvpe o.11 Mixed-type 4.99
Poncirin Noncompetitive 20.43 Competitive 10.33 Mixed-type 7.61

. b . .
Dixon ploto.2 AA%; 2 Dixon and Lineweaver ploto 2 AAE

A 4. BACELY] tiE STl FEA

To.
e
>
k1
oY
M
1
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Zghul= x4 2 QD (2-amino-3-{(1R)-1-cyclohexyl-2-[ (cyclohexylcarbonyl) amino] ethyl}-6-
phenoxyquinazolin-3-Tum)¢] #2 &% R#2 % 6o YERITE. Protein Data Bankel w2W, QUDE #H <7k
A BaE A ZF 7 7838 BACEL A AT, =7 AFE whuld Lz oWj0Z2 FAH QY. ATfolA 200
71 HE BACE1Z wlaste] th27 WSt WA, dF Eo], BACELOA= Fvll o] Asp32 2 Asp228<
FE L, W0 TR E Asp36 L Asp2320.2 S HE U, Autodock 4.20] <& AW T RT-FA EgHA
A Zehls fFEAC QDE oA o R BACELY] FY ZA o] X3 Aoz JERT),

BACE19] A H-QolA titolnle] s g3t= Ao g trolwle] o &3} BACE1S] Asp36 2 Lyslll 7]
Afole] RS Sl o] FolMY (= 6A R % 3). EF, Phe112, Gly78, Lys79, Tyr75, Trp80, Val7s,
Argl32, 11e130 2 Tyr202& 244 A3 28 (Van der Waals interaction)S YERHO 24 BACE1® titho]wl
Atolo] AT 28-S ZFEAIZTE.

FEAEL BACELS} 2 A9 4 , =8.2 kcal/mol9] A% 3HS el (= 6B ¥ 3% 3).
BACE1®] 1lel30 % Asp232 &717} EA G R 2 JRe] F2dee s EAIFI BACELS]
Phell2, Tyr75, Trpll9, GInl6, Leu34, Thr236, Gly234, Gly38 % Tyr202 7] Alole|l A& Zg A a2t
§o] FYH At

A PAEe

yadAde BACE1Y} 42A%s dAsIA L, —6.98 kcal/mol9] 2% 3tES Yeliit) (= 6C 2 ¥ 3). BACEL
9] Ilel302 y#AIH shte] F=4438S AR, YA BCEl-/] Argl32, Asn4l, Ser39, Ilel22,
Phell2, GIn77, Trp80, Val73 & Lys79 7] Alolo| M= 73t Faid Aozkgo] A=A,

[

iz o2 BACE1Y] Gly234, Asp232 2 Asp36 X7]& QUDSF +4243S Ay, Leudd, Phell2, Lys79,
Gly78, Tyr75, Tyr202 2 Arg239 7|9} 254 F528S AT (= 6D). =3, 2WJ0-QUD E3Ael =

W TREZS b (&= 6E).

¥ 3

Enzyue Ligands Docking score  H-bonds interacting Hydrophobic interacting residues
= e (Kealmol)  residues N ey
ACKE Didymin -1 1,7 Arg296, A.p T4, Tvra:l Leu289, Trp286, LeuT6, Val73. Phe338; Tlu75, Tyr337
AsnST, GlaTl
Poncirin ~i0.1 AzpTa. \13296 SerXod G291, Glu292, Val294, Phe29s, Phe297, Tyel24,
Tyr337. Tepl86. Tyr 341. Phe338, Leulsd
Donepezil 116 Phel9s Tyr72. Trp286. Tyr 337, Trp 86, His447, Gly4ds,
G202, Ser203, Gly121, Gly[20, Phe33s, Tyrl24,
Phe207, Tyi34 |, Val294, Ser203
BChE Didymin 18 Glns 17, Glas18, Asp3vi. Thesi2, Met511, T\rﬁOO Tyr420, TheS02, ArgsE5, AlaSle
Gludz2, Lys513
Poncirin =55 Ala3 16, Asp3Ts, Glud22, Tyrd73, Thrd7d, Val3T7, Lyasi3, Argsls, Glas17, Leusid,
Met5i1. GinS18 TyrS00, Tyrd20, Thes02, His372
Danepezil ~T.38 AspT4, Argl0, Ser2od Gl.n;’ﬂl GluZ92, Val2od, Phel05, Phe20T, Tyrld,
_Tyid37. Trpds6, Tyrddt, Phed3s, Leu2so
BACE1L Didymin =9.22 Asp36. LysiLL Phial12, Giy78, Lys79, Tyris, Trps0, Valis, Argl32, ltel 30,
Ponsirin a2 Tl 130, Aspasa CTwers, Trpl 19, Glnle, Leudd, Thi236, Gly234, OIy3s,
Naringenin -6.98 Hel3p Argldl, Asndl, Ser39, el22, Phell, GInT7, Trps0, Val73, Lys79
QuD ~i1.99 Glyidh Asp2id. Aspd6  Lendd, Phell2, Lys79, Gly7s, Tyr?s, Tyra02, Arg23o.

AA ¢ 5. AChE ¥ BChEe] tg Edhil= f=Ale BExl =7 4

B ot AEe Zelub= F547F AChE 2 BChE o Zgste=xA &2sty] fste] Bx =7 AFE 33},
Autodock 4.2 AlE#olAde Axto] waw trielwl o FAMLS AChESF 247 -11.7 2 -10.1 kcal/mou ¥z

& oIAE b0 Ao depdt (27 9 E 9.

tjt}o]H1-& AChES] EAH-$]o] EA38FE= Arg296, Asp74 Tyr341, Asn87 2 GIn71 271} 5 79 42238 3
Attt (= 7A 2 X 3). Asnd7 Z G719 ¥ Ar)E friolwle] wlEA aFd FaATS F4sda,

Arg296, Asp74 2 Tyr341¢] 7= yuelyle]l o BEI 3 so $A2AS FAESIE. AChES Leu2g9,
Trp286, Leu76, Val73, Phe338, Thr75 % Tyr337 7] tvjoldly A4 A53-8S A6 .

EADLE AChES 3 Ao F4aARE FA4eal, -10.1 keal/mol AF oUAE dERlY (= 7B ‘;‘ E 3).
AChE®] Asp74 7]z EAIRIS] Sfol =54 53} FaAE G4, Arg206 7] EAIES] Ak ket
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TAATS FASGe, Ser293 JU= EAIFEY @ HFEY $£2424A3%S FASITE. EeE, AChES] GIn291,
Glu292, Val294, Phe295, Phe297, Tyrl124, Tyr337, Trp286, Tyr341, Phe338 2 Leu289 F7]|:= ZA AT 254
Fe2g-8 AT

A Nz =UlFE (Donepezil)S AChES} -11.06 kcal/mol®]l ZA¥ oix|E vebwlial, AChES] Phe295 %
19} F4228S AR (F 3). AChES Tyr72, Trp286, Tyr 337, Trp86, His447, Gly448, Glu202,
Ser203, Glyl21, Glyl20, Phe338, Tyrl24, Phe297, Tyr341, Val294 2 Ser293 27|& Z=UlHd 3 254 A5
2h8-5 43 siTt.

N

S

ttfolwl& BChES} -7.8 kcal/mole]l 23 Xst=l& Yepylil, BChES &4 —"%Hoﬂ &A= GIn517, GIn518,
Asp391, Glu422 % Lys513 Z7|¢} 5 79 FA2ZATS dA3Y (= 7C 2 ¥ 3). Lysb13, GInb517 2 Glnb18
A7) 242 frielde] wEA] %, stel=E5A a5 2 AR Ao ?ié?ﬁé P8k, gk, Asp3gl
2 Glud22 7]+ trelvle] @ RE FAAS sttt BChES] Thr512, Met511, Tyr500, Tyrd20,
Thr502, Argbls 2 Alabl6 27|= drfo|Wlzh 73t A FE48S FAd3.

FZANE BChEY] A F-9olA Ala516, Asp375, Glud22, Met511, Gln518, Tyr373, Thr374, Val377, Lys513,
Arg515, GIn517, Leu5l4, Tyr500, Tyr420, Thr502 2 His372 ¢ 16 7§ xmsﬂr J 522 AEAT (2 7D
2 ¥ 3). BChEQ] Asp375 % GIn518 7| EARe o HE3 2 Ao $4228S A, Glud22 and
Met5112 ZAIMS] WEA] 2574 2 /e F24FS P45 e, Alasl6 %&71% EA] A 4R i
Ads FAsiTt.

gxdoz g4 txzad =ulsld-e BChES] SAdH-$ol A Asp74, Arg296, Ser293, GIn291, Glu292, Val294,
Phe295, Phe297, Tyr124, Tyr337, Trp286, Tyr341, Phe338 % Leu289 ¢ 14 7|9} 5 28& FJA33a, o
F 3709 1A% YR (X 3).

AA Y 6. ABuss =S NBAHE APEe g Sgvle FEAY BE &5

u

2 dyzEe ZEte FRAVE ABpags Y AAAME AMEZREE MEIE BEsE adrt A el

8t g sxo ZhE FEAE AAZste] AEZAEES SHSE 2ES FYse. 2 49, PC12

AE] 10 M2 ABosss 7F HEE A AZAEELS 46% 7HA] FAEJ o, PC12 AE ZEhateE

AAE e Afode A AXAEEC] T7FEASES EAsSlT (

o Fd AAAE APEARREYH MERS a37F JS5S v g},

E3], 10 2 20 puMe duolvle] HAge 7§ PC12 Alxe MxABEEL 22 82 +

2 XA Z7tE A, w3, 15 2D 30 pMe] EAES AAYE A 4 o 7z 66 £+ 0.7% 2 82

+ 0.5% = Z7}QML 50 2 100 Mo YHAYES AA3 A AFEAEES 242 61 £ 0.6% 2 69 +
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