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HEE: JE ¥ FF B E B (amyloid-B protein, AB) 1 i P [ S5 &5 5% 4R 22 5 R BT /K P i BRAE (Alzheimer's disease,
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Tolcapone derivative PCDNA inhibits Ag42 fibrillogenesis and
reduces its cytotoxicity
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Abstract: Abnormal aggregation of amyloid- £ protein (Ag) in brain plays a vital role in the occurrence of
Alzheimer's disease (AD). Hence, inhibiting Af aggregation is one major tactic for therapy of AD. Previous studies
have found that tolcapone can inhibit Ap42 aggregation and reduce the cytotoxicity induced by Ap42 aggregates,
but clinical studies have found that tolcapone has strong liver toxicity. To reduce the liver toxicity of tolcapone, its
side chain structure was modified to obtain its derivative phenethyl (E)-2-cyano-3-(3,4 dihydroxy-5-nitrobenzene)-
acrylate (PCDNA). Thioflavin T (ThT) and atomic force microscopy (AFM) assays were used to explore the
inhibitory effect of PCDNA on Ap42 fibrillogenesis. The cytotoxicity assays were used to explore the inhibitory
effect of PCDNA against the cytotoxicity induced by Ap42 aggregates. In addition, the depolymerization effect of
PCDNA on mature Ap42 fibrils was also explored. Finally, molecular docking was used to explore the interaction
between PCDNA and Ap42 pentamer. These results lay the foundation for the study of the structural analogues of
tolcapone as Ag inhibitors.

Key words: Alzheimer's disease; amyloid-# protein; inhibitor; tolcapone derivative; fibrillogenesis; molecular
docking
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EMHEEAONE RSN E RSB RZ M
BRM. ) an, BT R PR ERORE (Alzheimer's disease,
AD). I < B A1 2 BB R 5 0 70l 72 EH UE R A B R
(amyloid- protein, AB)a- T fitl i & [ AN g 5 3 #
Z IR BRI S AR P 5| R, Horh AB R TE R B
BTAR I AE By W T AN p 43 Wb i R AR U B R PR AR
B BTy - WG I B VI A 2, BT L= 2
TR ABAR Sk . o, ABAO FII ABAZ I 15 Fh fi
LA Ak . ABTERR B S AF T &) B ST LR 4, X Fif
R A 11 £ 24 URRAE K T v ] - B 22 48 R 45 £ R B
T2, d3Em S BCADST, K bk, IR AT i A TR LA iR
RABREVMNZAYZIRTT AD B FBZ —.

H AT, & B ) 5 Fh 2K B8N A
L7/ N NG S b S S v S et P 2 B
gy FANGIR G S TRl B 5 TSIz ot
Fto HETCIF K H 25 08RG EVFI 25 2 W [(-)-
epigallocatechin gallate, EGCG)]™%%, Hdr LR A2
— S A R R R S T 14k S, fie g ik I i B B, BT
S 5T R B e 0 E R B R 1 ) AR 4R A RY, PR
ik ABA2 75 I AN B 1, (ER T R A0 LA B 1 25 5k
I 7 11 B2/ e 9 10 =y e o 1 9 2 W 1
BEAEACUT IS R e AR B — M BR R AL S T 51 i, X
AL G W BE T IR B R P 1) HL A% 368, 3k T 5 UK 4 e,
ERL 0kt Stof JHG A 45 245 A 1) D5t T e Ak 81 P I HL I 23 v 1)
YER . #ilhn, Silva 52148 5 450 s KL T — Fh 546
IR R A PR 2.5, (BE)-2-7%E-3-(3,4 %
F-5-Til§ 7 72) - 14 I BR B [phenethyl (E)-2-cyano-3-(3,4
dihydroxy-5-nitrobenzene)-acrylate, PCDNA]. %5 5 %
B}, PCDNA A H A HE R I AL 25 B4 R4, Ho 8
PR, {H /< T- PCDNA X ABA2 (10181l /F i i A I
Rid.

AWK B R T (thioflavin T, ThT) FlJE T/
& % (atomic force microscopy, AFM) 5256 WF 5T 1
PCDNA X} Ap42 2 44k i #2 i # i /B A, FE Al 1
PCDNA X ApA2 i 3 (¥ 4 3 L A AR T . B J= B
T 1 PCDNA X 2 Apa2 T e IR AR . ), s
F 9 F 3 25 R WF 78 7 PCDNA 5 Ap42 R /K H.
YEH 143 1B o

MRS A%

MR NUE ABA2 (21 N 95%) T ki R A
AT 2K 23 (B)-2-F3%-3-(3,4 52 -5-W HE 50)- 1A
iR TG (PCDNA, 40 99%) i %k i K 2 F] H B AL & ik
773K A A AL EN (NaOH). [3-(4,5- — H JE-2- Igg
$£)-2,5- K FL-2H- IR AL T ] (MTT) . ThT . /S 3 5%

fiz (hexafluoroisopropanol, HFIP) 1 DMSO Ji4 + Sigma
AT RPMI1640 35 77 5 | it 245 113 J — e 4 ffa 3% 732 H
5 H Gibco A .

L 88  SpectraMax M2 %! [ bx 4 (B M A
Molecular Devices 24 ); BX53 9¢ ) & ks (H 4 A
E A 7]); 21 8AFM (34 [H Bruker 2 /).

ERTMAIE Aps2 LA EE mI G KM, A6
FERR 5 e e AL DUE, TR A FH 7S 9 7 I B AT B VA
RAEM . HART: B — 8 5 ABA2 T 75 57 N g
fif FL W E 1 mg-mL?, 4 °CH E 2 h, 8 7 20 min,
1.6x10% r-min® 20> 20 min, (£ I RIK BEY), &
O JFH EWE 43T 1.5 mL EP & b, —80 °Ci%k 52, &+
WL T J5 F-20 °Clif 7

R ECE] FRHU PCDNA ¥ T 18 38 22 v i
(phosphate buffer saline, PBS), fic. /i 4 mmol- L fif ik, "
U 3& Bk i, FH PBS A% B A 500 pmol- L2 i ¥ 46 K
HUNaOH % F 2 8 /K, 4 20 mmol- L i# i, FREL
ThT % T 100 mmol-L* PBS, Fic A 275 umol- L™ fi% ik »

ABRBENDETLE WEFEAMA
20 mmol-L* NaOH ¥ fi#, # 7 20 min, 1.6x10* r-min™
B5.0 20 mine DNk — D kB OB B R A, L
75% _F 3%, F Nano Drop2000 # il 2 (1 W &, H
20 mmol-L* NaOH il % i ¥k £ 25 275 pmol - L™ fi%
W . & [ A ThT I PBS % % v 25 pumol- L &3k
PCDNA 223K % 75 1.3.10 130 umol-L*, & T 96 fL 4=
SRR, A FLARFR N 200 pL, 37 °C.250 r-mint 55 %, i
KWK 440 nm, & 5K 480 nm, BEFE 1 h AN D¢ 't 35
FERIAEA . BFNIREBCE 3A4FAT, HE 3K,

AFM 238G K ThT 256 3R 15 1A [F] S50 A% &b i
I3z 8F F g E 10 mine FH X ZEE K e = B
R T . 28 8AFM R4 BEAT IR . Ik 2
#: Model Scanasyst-Air: 115 m 25 1 2[5l £ 2 1%
2 nm; #EE G 0.4 N-m™; FLHRMIE: 70 Hz. 7E AFM
I R, BB KN 2 pmx2 pum, 7 SR
51217 . A5 AFM E1% 1§ H Nanoscope analysis 1.8 %X
4 (Bruker A &]) #4773 H1 o

MTT 238 {5 H PC12 41 F A I AB42 5 4 1A 1)
R EEPE . PCL2 400 T RPMIL640 15 77 3 (& 10% fis
4= 1M3) 1F 37 °C 5% CO, % fF 5 7% . F PC12 4 i LA
5 2 T+ 5x10* AN 1) %5 FE 42 Fh £1) 96 FL 41 i 5 77 4 85 7%
24 h &, ¥ 5 A [F ¥ PCDNA (1.3.10 130 pmol-L™)
5% 3% 24 h () Ap42 of ¥4l 5% 5% (1) ABA2 W XL 10 pL Jin
AN, W5 48 h, i1 10 ul 5 mg-mLt MTT 1% 7%
4 h, LBrErFEE, B4 100 uL DMSO, F 570 nm
A IVE S o RN B 4NFAT, EE 3K
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FDA/PI (fluorescien diacetate/propidium igdide)
REIW 2 mL PCL2 4 i LA = 7t 5x10° AN ) %
FEH R T 6 FLAR, 5577 24 h, I\ TG 77 47 1) 2% 1 L
# 48 h, FDA/PI 44£8, 1 min, W% H e 838 A\ PBS, H
BX53 T M SR . FHEA Image J 44T P14k (2
J5 96RO e A MR

RN  HUATERAMHT S5 58S )55 [
AL B 56K ABA2 5 ThT (& E #154 25 umol-L™)
F-37 °C.250 r-mint 55 3% 24 h E 4 4k {3, FIMA AR
e Z PCDNA (1.3.10 £130 pmol- L), /N 46 5% 56
PR . REANRE W 3T, A 3K,

S FXIESLI N Vinal R4 BF 5T 0 A 5
PCDNA 5 Ap42 +. %1k (PDB ID: 50QV&%)  [a] ff] 4
HAEM . o0 7Rk AR R 1R 1A, A 3
& i T x = 39.632, y = 58.128, 7 = 52.583. L 4h,
s 2 8% o 40 Ax50 Ax35 A, 5t 42 15 R BN
20. i F # 1k VMDEP A Discovery Studio Visualizer-
2018 43 1t PCDNA 5 ABA2 T AR 2 8] (F)AH BLAE

WIBOH  HIE K GraphPad Prism 6 4t it 4
BAT Gt o0 b AR B, THE BER x + s o, W
72 HECR H the 3 vk 31T, LP < 0.05 N ER E A 4

-3

FERE5V
1 PCDNAZNE] ABA2 T4 1L

ThT %6 T ReFE R SIEM AR E O -4 &
SERILE 4, IFAE 440 nmBUR KT, T 480 nm Ak R S
BRE ) e, 52 M, ThT 75 3 HARAS T A
ARG Bk, ASHIE T ThT 585 e I 75 92 wF 5%
PCDNA X ABA2 4L Al EH o fEAAE(E PCDNA
I (B 1), Apa2 RET FEFEA A LB, AT/E10 h
T TR BAF G #, iz A5 B AT I T 4 Rk
BRI VR R A AE AR IR FE (40 1 A1 3 pmol-LY) 1
PCDNA i, PCDNA X} ApA2 [ 35 K 3 F1~F & 1A I
B A B S AN E ] . 24 PCDNA K JE 4k 4288 0, 45 it

Z I ThT 5% 6 B 35 Tl AS 25 00 1) 770 16 95 1 28 e (ELAIR
Ut B PCDNA Xt ABA2 21 4 Ak, (1) 300 i 4 A 52 9 FE At
P . 21, 10 F1.30 pmol-Lt PCDNA 43 5 2= 4 3 7%¢
o B PG 22 2 ABA2 e S 1) 45% 1 10%. iR
Fi ok BR8], PCDNA 1] LUl Ap42 [ 4F 4ifb il 72 .
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Figure1 Phenethyl (E)-2-cyano-3-(3,4-dihydroxy-5-nitrobenzene)-
acrylate (PCDNA) inhibits amyloid-g protein (A5)42 fibrillogenesis
was tested by using thioflavin T (ThT) fluorescence assay. The

concentration of Ap42 is 25 pmol-L™*

N T HE 5T PCDNA X Apa2 5845 75 (52 m, R
AFM ER %2 T Bali ApA2 Al PCDNA 5 Ap42 SL1: F: I
F ABA2 I RAETES (B 2). EGCG J& —Fl & %1 Ap42
PN 70), v RN ABA2 J AR 4, TR L AT 7T 3k 4%
EGCG ENPH X IR 259 . MWK 2A W LLE H, H 4l
ABA2 557 24 h G 22 AT KR A — I 21 4, iIX 51T
&t R — B, {H 45 30 umol-Lt PCDNA L0 & I,
ABA2 RETLA KA B340 (B 2B). #F 30 umol-L™*
EGCG 5 Ap4a2 JLi# 5 24 h, W52 ApA2 [ RELE (K
2C). %tk 30 umol-L* EGCG 5 30 umol-L* PCDNA
AbFR IS I ABA2 SREEIRAS, R ILIX W Al 25 ) R e 1 Ap42

VRETA R AE R ZEBN, AMUEH AL 4E, T %
B FRASELI PR SR P, 1% 3 B PCDNA R 4] Apa2
YRR 454 ThT A AFM S2i6 45 5 3t — 5 08
PCDNA 1] LAJIH] ApA2 [ 21 44k .

2 PCDNABERApL2 BEFMFESHMAMEMY

i N S5 SR AR 1) ABA2 TREEAR 215 S A A A I 1)

ST, #EMG1E ADPL. O TRl PCDNA X Ap42 R4

9.9 nm 10.5 nm

9.7 nm BEN -10.4 nm

Figure 2 Inhibitory effect of PCDNA validated using atomic force microscopy (AFM) assay. A: Pure Ap42; B: Ap42 was co-cultured with
30 umol-L* PCDNA; C: Ap42 was co-cultured with 30 umol-L* (-)-epigallocatechin gallate (EGCG). Scale bar: 400 nm



- 1066 -+ 2% %4 Acta Pharmaceutica Sinica 2021, 56(4): 1063 —1069

5 5 1 PCL2 41 i 5 M 19 52 o, AR BF 5T [F) I SR F
MTT S256 (& 3) F1 FDA/PI A He (o 5256 (&1 4) 3 Fh 5
EAEIN . PBS X R ZH 40 v 1 5 O 100%.  H ] 3
AR, 5 OABA2 KR SL TG 140 M A7 I R AN
55%, 7% I ApA2 FAEMAE BEMM . M5 1.3.10
H130 umol-L* PCDNA JL 8% 7% (1] Ap42 FHEM I E
i, PC12 41 A7 i 2K 43 5l N 64% . 66% . 72% Fl1 75%,
7 W] PCDNA X ABA2 528 4 1k 41 i 55 11 i 40 1 1 FH 52
WL, B PCDNA il ABA2 58 52 44k 4 i B¢ 14
(17 B 7 i 2 LA P (1) 385 g 384 0
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Figure 3 PCDNA greatly protects PC12 cells from Ap42-induced
cytotoxicity which examined by the MTT assay. Phosphate buffer
saline (PBS) was used as control (ctrl), and 0, 1, 2, 3, 4 represent
PC12 cells co-incubation with mature Ap42, Ap42 co-cultured
with 1, 3, 10, and 30 pmol-L* PCDNA, respectively. n = 4, X £ s.
##P < 0,001 vs ctrl; P < 0.01, P < 0.001 vs group 0

Rt — 5 56 iF PCDNA X Ap42 T 4E1R 5 S 4l
L E3 PE  ARIE B S 34T T FDAIPL XU a3 45
L0 (K 4). FDA ekl o 3E N VG40 N, FE7E N B i
AL T K AR — SRS JE 1], I 7= A v i B 58 P&
— AT DNA G € (1 200 B i G €370, A TG 0 448
T2, R, 5 FDA R PLGeAL23 590 4 0 355 20 i A1 51
YA & . B 4A AT A, PBS 240 i AR KR S B U
H Rt 0, B A AL . 4 ABA2 AN
(SIS, R A 2 A . XK ApA2
RERERRMNMILEETE, SR R —8.
1530 pmol-L* PCDNA 3t 1 7% (1] ApA2 2 [¥) 4H Jfd 1) 2%
R, R LR E 5. N TdE— D0
7L PCDNA #liil] ABA2 TG A7 T 1 4 B 8 T2 45 o, %
4A 1 PI AR B S R e HEAT T b (K14B).
N\ 30 umol-Lt PCDNA, Pl 4& €8 [ 5% 5% 3 FE PR K . %%
TR, PCDONA /] LA R AIC ABA2 SRR T 1 4
M #EE
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Figure 4 Fluorescien diacetate/propidium igdide (FDA/PI) staining
analysis of the effect of Ap42 on PC12 cells. A: Cell viability of
PC12 cells induced by Ap42 aggregation species with or without
30 umol-L* PCDNA as characterized by the FDA/PI staining assay,
control was PBS buffer. Scale bar: 100 um; B: The fluorescence
quantification of PI staining in A. The number 1 and 2 represent
the fluorescence intensities of Ap42 alone and Ap42 treated with
30 umol-L* PCDNA, respectively

LT AD R, 20 e AR SR A ABA2 £ 4k
JE— P ANT] D T RERLSA, 55 %) 3 5 5 AR A,
F W B RV LR I ApA2 I E UL AR T A7 AE (group O,
5A). X5 ¥ Apda2 557 2 & B, 3l in N PBS
(1F M BA X E) . 1.3.10 #1130 umol-L* (¥ PCDNA JL i
H 10 h, £l 5 & e sR g (B 5A). T 7l LA,
4 PBS 4H 7% ¥ 8 N 100%. 45 5 7, % PCDNA
WRPERI RN, 9 6 B 23 FEAIK . 911, 5 30 pumol-L?
PCDNA 3% 3 77 1) Ap42 1) % Ot 5 FE AR T 10%, £ ¥
30 umol-L* PCDNA ¥ AB42 VI IE i — Rk
HEEA ThT M REY . BEfE, FMTT 250 50HE 71X
ol Wt fie 5 1) T R W I 55 1% (1] 5B), Biti %5 PCDNA K &
(3G 0, 20 B A7 95 R 30, U0 ABA2 R h —Fh
L& R EY), £ W] PCDNA E A [#fift ABA2 2T 4t 1F
H, I H R R Ey SRR, BHAFMMEMA
30 umol-L* PCDNA J& AB42 [ R H IR % (K 5C). 45
FEIR, R ABA2 4T 4E 5 30 umol-Lt PCDNA JLiE &
10 hJG, BEARANAEAE R KA 4, Ui 8] PCDNA 7] 2R
RARA2 AT Y. LIRSS R I, PCONA R A R R
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Figure 5 PCDNA depolymerizes mature Ap42 fibrils into non-
toxic aggregates. A: Effect of PCDNA on the fluorescence intensity
of mature fibrils of Ap42. The group 0, 1, 2, 3, 4, and 5 represent
0 h Ap42, Ap42 co-incubation with PBS, 1, 3, 10, and 30 umol-L*
PCDNA for 10 h, respectively. P < 0.001 vs group 1; B: Cyto-
toxicity of Ap42 species depolymerized by PCDNA was determined
using the MTT assay. The group 0, 1, 2, 3, and 4 represent pure Ap42
fibrils, A42 co-incubation with 1, 3, 10, and 30 umol-L"* PCDNA,
respectively. n = 4, x = s. *P < 0.001 vs ctrl (PBS); ™P < 0.01,
P < 0.001 vs group 0; C: Ap42 species were co-incubated with
30 pumol-L* PCDNA for 10 h and observed by AFM assay. Scale
bar: 400 nm

ABA LT YE R ), HAR R =18 — P RS I SE R
4 PCDNA5Ap42 ARFMBEEERHR

8 > X 4071578 T PCDNA 5 4 4E 0236
ABA2 TLRARIFH EAE R (K 6). 453 E 8, PCDNA L
ABA2 TR 2 (A H AR 25 & g (-9.5 keal-mol™?), 2 B
PCDNA 5 Ap42 TR AR AT i@t B H: A0 A i 5% Ap42
TRk, K6/ T PCDNA 5 ApA2 HLRR 18] B A B

IR 2 & RE M 3SR 45 & U7 30 S L AH AR A — 4k .
1 & 6A.B fit 7~ , PCDNA % A 1 5% % F,,FAED-
VGSNKGAI,, & 1% 1) Apa2 TR AR N, 5 ApA2 HE
& A~E BE I 5% £ F19. N27. K28, G29. A30 L &
131 72 AR B s KA ELAE . ER, PCDNA 5 Ag42 158
R 2 TR A I A% &5 & fE, 298 -9.5 keal-mol?, % B
PCDNA 1t 56 45 & 5 Apa2 LRI N . b4k, an &
6C.D fli7n, PCDNA 45 4 2| ApA2 H R R B4, = 22

54 & ° %%
l;gl =N &?ﬂ . SA-h” -
@ o T
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Figure 6 Analysis of the direct interaction between PCDNA and
A 42 pentamer. A, B: The typical conformation of PCDNA
embedded in the Ap42 pentamer (A) and its corresponding two-
dimensional analysis (B); C, D: The representative conformation
of PCDNA bound to the outside of Ap42 pentamer (C) and the
corresponding two-dimensional analysis (D); E, F: The typical
conformation (E) of the PCDNA embedded in the groove at the
bottom of the Ap42 pentamer and the corresponding two-dimen-
sional analysis (F). The interaction diagram between PCDNA and
Ap42 pentamer was drawn using VMD software and Discovery
Studio Visualizer-2018 software, respectively. The Af42 pentamer
is represented by "NewCartoon", and PCDNA molecules are
represented by "Licorice". Carbon, nitrogen, oxygen, and hydrogen
atoms are colored by gray, blue, red, and white, respectively
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5 ApA2 HE Ak I D FIE 4 - [ 5% F19.F20. A21,
E22.V24.N27.K28.G29.A30 DL} 131 45 4, Ui 45
£ B8N -8.0 kcal-mol™. {737 Z 142, A1 PCDNA
RN ABA2 TL AR IR &AM, # B2 5 Apa2 TR
A EARHE F19.N27.K28.G29 LA A7 131 A HAE T, iX
Wi B T X SR I ABA2 TR AR 5 PCDNA 45 & f #4
SR FE. K 6E.F 1, PCDNA R A H1 5% 3t H,, QK 1
B TV R o 5 ABA2 TR AR B A~E BE iR g
H14.Q15 LA Jx K16 J¥ fi 5 5 i A B AR F, 45 4 R
1% #) -8.0 kcal-mol.

2i B ik, PCDNA 5 Ap4A2 1 B4k 2 8] 90 4 &
58 PR 7K A EL AR FH S ze-Je 56 A ELAR T\ -sigma AH HLAE
FH T Jog - SERRAE DA S LB AH BLAE . X S8 BLAE
FA BT PCDNA 45 & 31 Apa2 144 E| [F X /2
PCDNA 5 Ap42 11 5k 2 [0 454 Be BRI S 5

A 3CF B ThT A1 AFM SE 56 BF 58 7 PCDNA it
ABA2 - YEAL AN I T, 45 3R B, PCDNA 1] & 41
il ABA2 [ AT HEA I B, D0 ABA2 [ FREIRAS . MTT
HTFDA/PI 5256 &5 S B, 30 umol-L' PCDNA [ i 2
FRK ABA2 REF S MMBEMEEM . LR SEIe i
1 75 PCDNA ST £ R 5L 1 ApA2 41 Y (A f A L, R B
PCDNA 1] fift 5 CL R 42 1 ABA2 41 4k, I HLAR 77 HE 1
REVAA BRI, 5754 1R Y], PCDNA
55 ABA2 FRAR AR BAE F 32 B2 B KA BAE ] 2-Jt
BEAH BAE F  m-sigma A FLAE L TG i - HER AR FH DL 2
S BEARH, XA EAEH A B TR E RS G, R
X% PCDNA 5 ApA2 T %Ak 2 8] 45 & g AR 1 IR
K. 25 b Arid, PCDNA W] LYE g4 i Apa2 4L 118
AW, A EBCNIEIT AD R EZY) .

V& STHR: PR UL SR SO S 1 ThT S2i6 40 1 52
% FDA/PI e (5,52 56 AT AFM SCHG 5 34 58 22 9753 79 1 X 2 5
e 4 B HE S 5 19T 67 5% PCDNA 43 T2 B i i 0 AVE ¢
405 9843 ThT S A0 i 73 M S 30 B 10 ) R 17 St s il
Wil IR EESEK.

FIFMSE: BT A 1EE 35 I AAEAER 3R PR
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