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53] woly AvAe] of Aure AASHE Bxsteln AW AARAE FEE AW PPl glo
o, nes Aslel glolA b AFE sldsler & A4AR Fo) shtolle] A7 el aTH: Fopeld),
hxsfolvye] WE TS WAUZE o} WEA A @Am 2UY bt ofEEels bl waHol
ek, 2R4 e Mol ofd Rgle] opaEEU] FEsk @A opPomA dxsteln Wol Aoyt
= 2

= Aot} (Zarotsky 5, 2003; Tricco =, 2012). o]d wEwW, oldEIEH o AH A
(acetylcholinesterase, AChE) ¢} H-E|Z2Zd o 2®|2hA] (butyrylcholinesterase, BChE)el 2ls|A 714835
E AAAGEA] olAEEHo] d=sloly AWl Fadt 99l 4= glai(Hebert 5, 1995; Thies$} Bleiler,
2012; Zarotsky &, 2003), @A, ofNEEY olzH A FHEEH olzH A A= gxsloln] AH
o] Nz ofERA AMEE F AUtk 7Hdolth(Adams &, 1984).

7 Fste] xstolv] Aol

=
B gzsten Awe) o Aoz
o

[<)

Ee, ofERol= JRde A= Mo ofZol= (amyloid beta: AB) HIE}
doltti= Aotk (Querfurths} Laferla, 2010). o} Z2o|= wEl FE=
o

A S BRF ol A&, w22 opdst dyEe] djoez2k 4EA 3tk (Zhao &, 2004;
Eichner %, 2011). o]=]3t A% % A UeluE ddozeE AAKHORE F8Ao]ojof dlE ofdRol= b
ol Z2tA (plaque) FHE SHEA W MAAEANA AFAQ] Fi7]eS AT Qe d=sfoln 2
HS futele AR Buwa vl (Lambert %, 1998; Kirkitadze %, 2002; Kim %, 2003; Kounnas %,
2010).

old 2ot Hle} HE == ofdRol= AFA ©¥d (amyloid precursor protein, APP)o] of~itZ g o]E il
A4 (aspartate protease)? 7w}l M ZHERA] (y-secretase)9t WEF MAHERA (B-secretase, BACE1)S] =}
45 ol AGHET. ofdRoln TMHgAE AMEAQD d=stolw AWE TR HoA= wE M EA
(BACE)&A o] Z7Mdth= Aolth(Yang &, 2003; Holsinger 5, 2002). BACE1 Y-o}% wl$-2& ofdRol=
HEl FEI=E AN = gtk 23258, BACEL wro] APPE dAdselal ofdZol= HEl JE=E At
Aoz BuHAtH(McConlogue 5, 2007). BACE1C] 2JaiA ol Zol= wEl MNE|=r} 9] A ANAAF
HstE 7tAE 548 Ad wA AR (fibri)7F |the ik .

g=stoln] AWS X537 AF FEEA, ofAEFY o xH A AIAR L EBAY(THA, =4) 2
=] # A (donepezil, #4)a}, ACE1S] AsjAlZ Fefzl QUD 3 INF7F flet, ols = &

Av, F94, FE, A A7 i e RAEo] EAlgtte A7 o, &3t HoluwA] Aol A ¢
&9 ko] AlFgE A oltt.
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29 AWMy FHE (8-formyl umbelliferone)ol AA-m|3pa Rub; H MR (400 MHz, CDCly): &y 12.22 (1H,
brs, -OH), 10.61 (1H, s, -CHO), 7.66 (1H, d, J = 9.6 Hz, H—4) 7.60 (1H, d, J = 8.8 Hz, H-5), 6.89
(1H, d, J = 8.8 Hz, H-8), 6.33 (1H, d, J = 9.6 Hz, H-3); C NMR (100 MHz, CDCl;): & 192.94 (-CHO),

165.51 (C-7), 159.12 (C-2), 156.74 (C-9), 143.36 (C-4), 135.98 (C-5), 114.7 (C-6), 113.41 (C-8)
110.85 (C-3), 108.68 (C-6)

1.3. ZA9AHFA (cholinesterase) SAIEA

FHodEA oA AL opAEE|eEY  (ACh)I  FEIHEI.EY (BCh)E J|EE o]&de
AChE(acetylcholinesterase)$} BChE(butyrylcholinesterase)?] oA|&AlS =A3tt}. 100 mM Sodium phosphate
buffer (pH 8.0) 140 pl, A& 20 pl9t AChE (0.36 U) =<2 BChE (0.36 U) 20 uplEs ZZ 96 well
microplated] ¥ Ao 1583F wjFd Fo 10 plel DINB [5,5'-dithiobis(2-nitrobenzoic acid)]2} 7]
el ACh =& BCh 10 111% do] HEFH oz Hkgolo] 200 ploe] H%E 96 well plateo] ¥=c}. oluwl, DINB
¢} 7]Z<l ACh =2 BCh& Holof @awkgo] AIAE L, ACh =& BCho] &4% 7Zleitsidd o A=
thiocholine¥} DINB7} ®WF&3lo] WA= =@M o] 5-thio-2-nitrobenzoate anion< microplate reader VERSA
max (Molecular Devices, CA, USA)E 412 mmoll A 15% % A3}, Zzbe] ZHA 59 cholinesterase A
& 10y #o2 YeRh™ o= 71&<Ql ACh¥} BChe] 7FrwdllE 50 % JAIstE $%E ug/ml 52 pM= e
W ez veldor, dddizroz #HEwH(berberine) S AFESIA T, ol AEEA]l IA] %= dH7] WA
o5 T3t

Inhibition (%) = [1-(Asn/Acon)/Asial > 100

o2

fe b _Bi

A’ SANEE BAS W] F3=
A’ SAANEE ¥WaL 545 ¥4 %S W9 3=
Asat SANEE ¥A &9k W] F3=

1.4. BACE1 (B-secretase) &4 A3 AF

=stolmd X ujAsty AHE &4l wEl-Al I ErAl (B-secretase)el] gk AEAEHS J1E Aok HY
(BACE1 FRET assay kit, PanVera Co.)ol| wel =33} th. 10 % DMSOol 32171 A&, assay buffer (50 mM
sodium acetate, pH 4.5), BACEl &4 (1.0 U/mL), A& 7]& (750 nM Rh-EVNLDAEFK-Quencher in 50 mM,
ammonium bicarbonate)S WHS-3le] 25 TolA 60E7F GAolA WSAIZIY. 29 fluorophores (Rh-
EVNLDAEFK-Quencher )7} BACE1e]l ]3] #8 =¥ fluorescent donor (Rh-EVNL)7} A= il o] whgAELS 54
F% 545 nm (excitation)®} 585 nm (emission)®l Al microplate spectrofluorometer (Gemini EM, Molecular
Devices, and Sunnyvale, CA, USA)ZE ZA3}3t}t. BACE1 A 9= dl7] WA o2 F3vk. ZF A 59 BACEL
a2 A= ICp ak (nl) o= FEASHGIT

Inhibition (%) = [1 - (Seo = So)/(Ceo — Co)] 100

Coo: 60 Whg & izt F38%= (&4, buffer, 71%)

Coo =% A% (032) thx=we] 34 (24, buffer, 71%)

Seot 60 Whe F A FFFE= (ME, &L, buffer, 714)
Sot EF AF (0%) el IFF= (M=, &8s, buffer, 714)
1.5. Hlel A3 #ErolA (BACEL) kinetic T+

BACE1S] Aaj&Ao 3t AAAAS AAS7 8t o871A] s T 7122l Rh-EVNLDAEFK-Quencher =
750 nM, 375 nM, 250 nM9] HE= FH|FFT. o8 7HA] =9 ITE (6-XF ‘?:_] AEYHEZ: 10 uM, 2 n
M, 0.4 ulM; 829 A @ 100 M, 50 uM, 25 pl)¥} 7]2& BACEl &4 As) ¥ A WUy
o2 545 nm (excitation)®} 585 nm (emission)®|A] microplate spectrofluorometer (Gemini EM, Molecular

_8_



[0070]

[0071]

[0073]

[0074]

[0075]

[0076]

[0077]

SS=50ol 10-1846120

Devices, and Sunnyvale, CA, USA)o & =A&Art. A& #3& 94 ZF(Dixon plot)¥} ZFA9ul-vla ==
(Lineweaver-Burk plot) o & ZAAEFow  Aa|Ale] A&l A< (inhibition constant, A7)+ YA Z3(Dixon
plot) o2 T3} t}.

1.6. BACE1e] #4173 =7 AlE#H oA AT

7 A% BACELY Wigt Almel A AFAAE Lotrr] f8te] 3 HATt. Human BACEL A3 A<
QUD(2-amino—{ (1#)-1-cyclohexyl-2-[ (cyclohexylcarbonyl)aminolethyl}~6-phenoxyquinazolin-3-ium) (PDB ID:
2WJ0)e] Z+7k 2.5 A9 SIHEE 7MW AA ZE RCSB Protein Data Bankoll A #l-aqtgich. =% AlEdolAS
a4 QD AASL v e st gl AHE ofzion, & A= Accelrys Discovery Studio 16.1
(DS, http://www.accelrys.com; Accelrys, Inc. San Diego, CA, USA)& o|&3&}o] A A TE. Autodock 4.2.6
automated docking tools o]&sto] W] S/4de] 4 AAE 2o, Q7L @b Adtsts FHES
7 A gs 2% F92 39n. JdEEHE, 6-x2Y JHeHE a8 -¥x 2 JugdEe 3%
¥4 F-2%= Chemdraw Ultra 12.0 (CambridgeSoft, Cambridge, MA, USA)S ©]&3}e] 1H oW pdb EHEFP 2o
2 A, Asstd =7 A Eol A Autodock tools (ADT)E o] &3te] 3= tt. Grid mape T
AR AE A3 F3E = AL grid box sizes 126 X 126 X 126 point® 3ti, default spacing<
0.375 AR AMAste] AAEUTH. BACEL 27159 AF FdH ol Fste 23 AUAE 5 7HE 22 dy
A e R REE P £ A AaAgeR stk 4Exl dRaHE AAQ] TMR(5,7,4' -
trimethoxyflavone)7t Ag z7let FFE& Hlaslr] A o] &=HUtk. A= UCSF Chimera®t LigPlot
(v.1.4.5)5 o]&3sle] BAHR, BE T7] AlEHIHS Intel® Core ™ i5-6300HQ CPU @ 2.30 GHz
(Windows 10 and 64-bit operating system)<

AAd 2. dEHE, -2 JAIHE ¢ g-¥ =7 JdHE BACEl € ZAJAHTA ghe
AAEA &
v oggAse Qude, ¢-red
et AgAS Arr] 93 A
=

O A, Wl E e ohdZdelzH Aol g JAGAH(E Dol dEEHAES 509 A
N i

16.70 £ 1.62 2 19.13 £ 0.57 pMEA =& o
pMeldt). ol IFFEELS BT oiAdF YA
1).

w3, FEIEE oA W JAZAH(FE DS Ao, fdulgd ey g-xa2y Gl H 22 50%
QA FE(I1Cs)7F 2H2F 90.14 £ 0.02% 8

e 27.90 + 3.43 pMEA oA 2 JAZHS Ui (& 2). dixshgEe] o
0.35 pMelAtt.

W El-A 22 EFA] (BACED) ol theh A (E Do 4%, a9
W, 6-¥x283 g-x2da 3" A= 7z 50% A F
A=A Ueigt (= 3). 53], 622 Uy Ee fgxeed AR 34 2o A4S yeEhQd.
6-¥ 23 oWl 2o BACEL &40l that Aafd2]L g A (Dixon plot)3 A $8-v]3 =32 (Lineweaver-Burk
plot) 25 E ¥AAE As] A4 (KNS 2.27¢ Aoz FAYJTHE 1, & 4 2 & 5).

T
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YABE o}F oF A ENE vpehpon]
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o
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=
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[0079]

[0080]

[0081]

[0082]

[0083]

[0084]
[0085]
[0087]

[0088]

[0089]

[0090]

S=59d 10-1846120
[% 1]
AChE BChE BACE1
Compounds z b .
Ic M) fofalue Inhibition type
Umbelliferone 105.48 +0.57 90.14 +0.02 168.54 +2.17
6-Formyl umbelliferone 1670+ 1.62 27.90 + 3.43 131001 227 Noncompetitive
8-Formyl umbelliferone 1913+ 057 87.67 + 048 39.82 +0.31 222 Noncompetitive
d
Berberine 0.14+0.08 9.81 + 0.35 - g
Quercetine 22.08+=0.57 - -
0 B(pDS 27 FHoR AMSAT, A | BEAPoRRE PH+S.EMOE EHAUS.
b‘a-’é =3 (Dixon plot)o.& AHH.
‘d¢s Z2(Dixon plot) ¥ @19 W-¥ 3 Z%(Lineweaver-Burk plot) o2 AAE .
Yo gz
(=) no test
AAle] 3. BACEL A3 &4 dg £x4 =3 4+
2 EAEe S5HET V& ¢l AAE (QUDSF TME) Ol g #2H4 =7]& A3, Protein data

bank (PDB)oﬂ w2 QUbE 7HE A .8& vl slele]| =4 A4 BACEL s Alo]ar, TMFE H|EAA A alA o],

X 3 % = 7AdA 9} o), A Aol 7 =& AT YA (-5.4 kcal/mol)E 7 Ag 9= o
A2 A7 a4 Sl 271 Asp32et FAATRS e AR Ueketh. ESH, dEEdET aid
Lys75, Trp76, Val69, Phel08 ¥ Ilell8 7] Ftoll= 444 A% (Van der Waals interacting)o] ¥ ST,

Al &3 whiE, 6-, 8- 2 AWM H 2 BACE1Y v Aol =AEA @kgtom o|RAE in vitro
ANbeEE AT X HE Aoty = 9BelA e} o], BACELY] Glyl3 Z7|& 6-22d dHzs 29 4t
719 x297)9} 474 F4AE AR e 7.2 keal/mol9] A AUAE 7R T HSol, 6-¥2W o
¥ 23 BACE1Y] Serl0, Glyll, Tyrl4, Vall70, Thr232, Arg307, Pro308, Ala335 & Glu339 Z7] 7+ A4
Asf w3k A2 2EHE Yo AgFsted T8 TS s Aoz yEiwth. s-x 29 il e a4
7 wde = ogCol yeERTE. 8-E=2d AW HE-BACEL E@ACAM, &4 Serl0, Glyll, Glyls,
Tyr14, Vall70, Thr232, Arg307, Ala335, Val336 % Glu339 27|17} 8- = gl f 23 A5 F548S
s Aol Yehgen 4 Age PR goith. QUDE Gly2303 ) 3791 Asp2283} Asp329} 4709 4
AS Ao 2 BACE1Y Jazkg st @49 Lys107, Lys75, Gly74, Leu30, Thr231, Val69, Tyr198,
11226, Thr329, Gly34, Arg235, Ser35, Tyr71 @ Ilell8 7] 9A] BACE1®} QUD 7+¢] A4 A3 z-gd Az
Ho] glgo] ettt Bud dExHE ASA) TMF BACEL E&AolA, &40 Glyll &7]7F MRS Ak
A=} kel A4 ATS FASYTH(E 9E). ATk, TNFF £49) Serl0, Tyrld, Thr232, Trp277, Glu303,
GIn304, Leu306, Arg307, Pro308, Tyr320, Ala335, Val336 % Glu339 Z7] Zroll AFAH AszHgo]
A= ATE, = 6ollA et o], B wyxse =7 Ay 6-, -x=2W ddz|d 29| BACELY] WhE AT 91
7} TNFe] A% A9 fFAES BofE Flo|t).
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[0092]

[0093]

[0094]

[0095]

[0097]

[0098]

[0099]

[0100]

oin
J

10-1846120

AutoDock 4.2

No. of H- H-bonds interacting 5
Compounds HEDE b e Van der Waals interacting resides
a bond residues
(Kcal/mol)
. 12 2
Umbelliferone 6.3 3 e lj\i;’fgg“ 88, Trp279. Tle287, Phe290, Phe330, Tyr334
6-Formyl-umbelliferone 53 3 SeJ‘QOQ, Tyr334. Ser81, Trp84. G1y118; Glul99. Phe330.,
His440 Tip432
8-Formyl-umbelliferone 80 1 Glul99 Tip84. Glyl17. Glyl18. Phe330. His440.
Gly441
THA i Tyr442. Phe330. Tip84, Glyl18, Tip432.
(Catalytic inhibitor) 08 ! His440 Gly441. Tyr334. Glul99
Donenezil Tyr70. Nle275. Asp276. Trp279. Ile287.
P -10.6 0 Phe288, Arg289. Tyr334. Tyrl21, Ser286.

(Allosteric inhibitor)

Phe290. Phe330, Phe331

BA-GAA

At A (Binding energy) — AChE &9 &4 F-$of o

BARTE F2A% % BE opuw

@ A% A8k

o

pud

e

A%

MK

Z7]%= Autodockvina T2 om AARE

AutoDock 4.2

No. H-bonds

Compounds Score of H- interacting Van der Waals interacting resides?
(Kcal/mol)* bond®  residues®
Umbelliferone 54 1 Asp32 Lys75, Ttp76, Val69, Phel08, Tle118
. Serl0, Glyll, Tyrl4, Vall70, Thr232,
e . 79 5 S
6-Formyl-umbelliferone 7 2 Gly13 Arg307. Pro308, Ala333, Glu330
Serl0. Glyll, Glyl3, Tyrl4, Vall70,
8-Formyl-umbelliferone -7.0 - - Thr232, Arg307, Ala335, Val33
Glu339
QUD Asp228, Lys107, Lys75, Gly74, Leu30, Thr231,
(Catalytic inkiibitor) —013 4 Asp32, Vala9, Tyr198, 1le226, Thr329, Gly34,
& GIy230 Arg235, Ser35, Tyr71, Ilel18
TME® Serl0, Tyrl4, Thi232, Trp277, Glu303,
(Allosterie inhibitar) -7.8 1 Glyll GIn304, Leu306, Arg307, Pro308,
) ¢ Tyr320, Ala335, Val336, Glu339
Aol A (Binding energy) — AChE &4e] &4 H-9fol tigh At g 3 A4S 7Hez.

b,c,d §_ Zﬂ Zﬂ

BYARTE F2AT 2
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k1

[ =AY

F1

-4 C®

==L mbelliferone

o === Juercetin
T T T T T 1
o 10 25 50 100 200 250
Concentration (pM)
q ==@==g-Formyl umbelliferone
4 === Quercetin
= S0 o
£ 10
£ 30 4
20 A
10 4
L1} T T T T T ]
o o4 2 10 25 50 100
Concentration (uM)
(.1 7 ==g==5_Formyl umbelliferone
- q =@=juercefin
a 10 25 S0 100 150
Concentration (uM)
w4
WpM 20 o 70nM 201
2pM o 375nM
0.4 pM v 250nM
0 M
15 15 4
% 10 ; 10
5 54
-0.001 0.000 0.001 0.002 0.003 0.004 0.005 -4 -2 0 2 4 6 8 10 L&)
1/[S] (nM) Concentration (pM)
5
100 M 2 + T750nM
2 20
50 pM o 375nM
25 M v 250nM
0pM
L 15
-
5 10 ; 10
54 5
-0.001 0.000 0.001 0.002 0.003 0.004 0.005 -20 0 20 40 60 80 100 120
1/[8] (nM) Concentration (pM)
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A — B % %I;mm

Umbelliferone =8 6-Formyl-umbelliferone
Seri‘l% Gb‘% . 3
it e

Gly13E
Thr232

S-Formyl-umbelliferone

Valide
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