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A Thioflavin T-Based Fluorescent Chelator Disaggregated Metal-A3 Aggregates
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Abstract: A thioflavin T-based fluorescent chelator 5-amino-2-(benzo|d]thiazol-2-yl)phenol (FC-9) was synthesized
and characterized. lts interaction with metal-Af aggregates and the change of morphology, conformation,
cytotoxicity of the resulting A aggregates were investigated. The results showed that FC-9 can not only recognize
different APB40/AR42 aggregates but also disaggregate metal-AR40/AB42 aggregates. After the interaction
between FC-9 and metal-AB40/AB42 aggregates, the morphology of aggregates changed from fibril to
amorphousness, and their B-sheet conformation was also reduced. Moreover, the cell membrane penetration of FC-
9 fulfilled common drug-like criteria, and it can inhibit cytotoxicity of the Cu-AB40 aggregates, indicating that it
could have potential prospect in the treatment of Alzheimer disease. CCDC: 960540.
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1.1 XF5F

S5 i AR 2R Y A T e gl AB40/42
W H 5 R AR A (A BR 2 | G 4 1l 3E A DMEM
(Dulbecco’s modified eagle medium)¥% 77 534 ) [ 3
El Gibco ARl T AR A Perkin-Elmer 2400 JC %

S HTAL  PHS -3C B pH 11, XT4A B 306 i I
(AR KL IE), Analytik jena Specord 210 %85 iYL
Varian Mercury 400 MHz #% # 3t 48 1L , Applied
Biosystems API 2000 LC/MS/MS Hi M 25 i 1% 1% |
Bruker Smart-2000 CCD H. /& fiT 4 4% , VARIAN-
CARY 2 HIEHEAY  Leica DMI 30008 {3 & %¢ ' b
5%, SpectraMax Plus384 %I #1 1% , Chirascan™ [5 —.
IR TECNAT G? 20 i LT |
1.2 5-F|E-2-(KF[d]Em.2-E) K (FC-9)H)

AR

DL 22 MR s ) B 4P 2 FE R B (1.25 g, 10
mmol) I XF 2 3 /K A% 12 (1.53 g, 10 mmol)— 2 il A %
100 mL B FH T, 7E RS PR T T 220 CL
4h, BRMERHNEERE, FHEEA 10%
K.CO, KWW, b v K s s v &l b b | 4R
JE A TC K B R B T, Pk i DR RO 75 kAT
A5V B [T BB ™ i S b T 4 R R A
WO AR AR 722 85% ., 75 45..213~215 °C, 'H
NMR (DMSO-d,,400 MHz) 8:5.95(s,2H),6.16(d,J=
7.6 Hz,1H),6.24(d, J=8.6 Hz, 1H),7.34~7.46(m,2H),
7.62~7.88 (m,2H),8.02 (d,J=8.0 Hz,1H),11.73(s,
1H), ESI-MS:m/z 242(M*), JCER 7 Hr . L AE (T
{H,%):C 64.02(64.44),H 4.15(4.16),N 11.98(11.56),
1.3 BmEMNE

PEI AR /N R 0.3 mmx0.2 mmx0.10 mm f9 7% #
I AR FC-9 B T H AT A b, RIS 5
AL Mo Ka 526(A=0.071 073 nm), T 298(2) K,
PL w26 77 5, 1E 2.55°<0<28.25° [l P 2Ll
LBNNTH AR 7 662 A, Horh Sl S AT AL 2 T91(R,,=
0.068 8),1>20 (1)1 AT WL ) 417 5 55 2 642 4>, -7 <
h<7,-11<k<10,-30<[<22, AT HEIZ 1p
R R B SRS IE AR AR S5 e i B i i A
SR F AR AR R TE LLS B8R 22 (8 Fourier A A% fili
SR 1, X4 SR T 1 AR AR K5 1] S S 8O
SHELXS-97 & )%, LA /I = 3¢ 1 % 45 #9 iF 47 kG
BRI 3 1 45 ARG A 1 0 b R 22 B | B N
SHEAR RO DL 3R 2, SRR I3k 3,

CCDC ;960540
14 FC-95£E-Ap40/42 BEGKHWHEEIEH

7 20 wmol - L' Tris-HCI/150 wmol - L™ NaCl 2
iR Z H (Tris=tris(hydroxymethyl)aminomethane , pH
7.4), MAVEEE R 100 wmol - L IYHT i AB40/42 , F
JIA B I BE S 100 wmol - L Cu® (3¢ Zn>) %
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F1 FCHYWBREFHIFEMBESHY
Table 1 Crystal data and structure refinements of FC-9
Formula Ci3sHoN,OS A 4
Formula weight 242.29 D,/ (g-cm™) 1.410
Temperature / K 298(2) K F(000) 504
Crystal size / mm 0.30x0.20x0.10 Reflections collected / unique 7662 /2 642
Crystal system Orthorhombic R 0.068 8
Space group P22.2, Data / restrains / parameters 2791/3/163
a/ nm 0.590 34(6) Final R indices (I>20 (1)) R=0.042 7, wR,=0.100 9
b / nm 0.852 22(9) R indices (all data) R=0.045 1, wR,=0.102 4
¢/ nm 2.268 1(2) GOF on F? 1.075
V / nm’ 1.141 1(2)
x2 FCYMMOyBERKMER
Table 2 Selected bond lengths (nm) and bond angles (°) of FC-9
C(6)-N(1) 0.137 9(2) C(7)-N(1) 0.131 0(2) C(11)-N(2) 0.136 5(3)
C(9)-0(1) 0.135 1(2) C(1)-S(1) 0.173 8(2) C(7)-S(1) 0.175 11(17)
C(2)-C(1)-8(1) 128.99(15) N(1)-C(6)-C(5) 125.56(18) C(6)-C(1)-S(1) 109.69(14)
0(1)-C(9)-C(10) 117.81(16)

®3 FCHOWSBERMER
Table 3 Bond lengths (nm) and bond angles (°) for the hydrogen bond of FC-9

D-H--A d(D-H) d(H-+A) d(D-+A) £ (DHA)
N(2)-H(2A) --O(1)#1 0.085 7(10) 0.226 6(16) 0.301 5(2) 146(2)
0(1)-H(1A)--N(1) 0.082 5(10) 0.182 5(16) 0.259 2(2) 154(3)

Symmetry codes: #1: —x+2, y+1/2, —z+3/2.

W, 8T 37 CHEEAKB I8 37 2 d, I B B
FE A HIE B AB40/42 RAENR  Cu-AB40/42 FIl Zn*
-ABA0/42 AR SR IG TEANTR M) 42 JE -AR40/42 R 4E
PRI AR S P oin A FC-9 F 37 °CHE /K ¥ 18 b 4 il
HeHEFR 2 d, MR AR40/42 FE 5 1k 5
i Cree =1:1:2) A B
HBS-A7 0 5E 3 UK, 5088 Ab BB LA 2508 F0 b o i 22 1
KFER,

1.5 BCA(bicinchoninic acid)®&E B 2 #7i%

Z WSCIR Y 7775 3517 BCA B0 Fr-9 in A
FC-9 2|48 -AB40/42 ALK T 37 CH45 5% 2 d
Ja o, BASFE S B 20 wmol <L Tris-HCI/150
wmol - L™ NaCl Z& ¥ W (pH 7.4)15 L, &L ALLL
14 000 r-min~ A E B0 20 min J5, BOFE& 1
THW 25 pL, FIA BCA %K 200 pL, AR
J&  BAE 37 CCOKW R FRHR T 30 min, 41 WY 15
H R SR (0728 S 50 6 FRAE 28 40— AT DSBS B 562
nm A& WG RE BB A 0 AB40/42 FE i AR SR XF

NS5 MmOI'L_I(CAthomz ‘¢

Bk BSA ARE TRk RITH AT 1Y AB40/
42 T, BAFESCEATINE 3 W, F A B L E- 3
(B FAR i 25 T8 20RO |
1.6 B=f®XR

£ 10 wmol - L' PBS 22 ik & h (pH=7.4), 1]
50 wmol - L AB42 W ANA (B HTA)50 wmol -
L™ CuSO4(EX Zn(0Ac),), T 37 CFL¥EFE 2 d, R )5
] P A FC-9(100 wmol - L), T 37 CH:3EFE 2 d
FRE R R I UM [R) R 5B e 1Y) AR42 AE Xt
B TR = 5635 S 3 B R A FE 190~260 nm
T8 R 6T A i A BE S 1 mm, TR B
25 °C, UM (R i 110 3 2R A AR 0 25 T 2% v ik
ol 4 Jm BT RO, JF HLEL S RS IE JE HE 34 E
1.7 EENR

S AP RS 55 IR BCA ik, JFH 20
wmol - L' Tris-HC1/150 wmol -L~" NaCl 2% #h ¥ # (pH
7.4) Wi, B ET AB40/42 BE SN B EE R 10
pmol - L™ (€ a2 € CCpeo=1:1:2), RS &

2+ 2.
Cu /7Zn
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Hh-—1T WLIETEACM HAE 405 nm Ak AW 05t fic
Tl A [ e B2 08T i A R40/42 MO R BN AT
W 3 0k, B b 33 LT 2496 AR o s 22 08 0 3%
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Z: BROSCHR B J7 ¥ 0 A7 3 S e B s e ES
WG L LA Tl AB40/42 SRAEIARE (100 umol - L7, 5
wh), AR E T 300 H 4 M L 7E =0T R EE
3~5 min Ji7 , FHUEACHE o B A FE SIS IO 2 | R D)
TIa HIBGZE KB 2 0, BRI PR B 156 (19,3 L)
TSR B Y 1 ming, FHUE AR T 22 4% 06 1 R 4l
Bk, LE4 7R =0T A SR BET 15 min, KIS 1945
il AB40/42 S AERAE i H 3% 59 rL R U8 I st
i B LR R 200 KV, KA 75 000~250 000

(ST
Ho

1.9 #HAa SRR SLIe

Hela ZH 8 7F DMEM 35 7% 5 b 35 5% . JfFm A
10% MG 4 1135 , T 37 °C 5% CO, B3 3= 46 itk 47
g%, T 37 °C 5% CO, I FRA P 8558 . R
£ L A5 VR, e B P SR AB AR — T, WAL X 5 A L 9%
e A M TR VAR B, DA 3 T R R P A i 3 ) &
24 FLEF FEMGIEAT B 3R GA 2L JC T PBS 3t Y
2 it 35 77 B4 K29 80% il & B, P-4 A TG IfiL T B 7
B (AL 400 wL)}E 5% 24 b ARG AT r L3R 3R AE
HEAT 20 L AR A T — K, 35 75K HeLa 240 MM A 24
FLAR, 55 = K FC-9 A F1 41 i 4 2 v (40 it 5 2
HTHE LIS 509%) , (45 e 24 A 54 10 umol < L,
JFTE 37 °C.5%CO, W FRFh#EAT R 5% 3 h, ik
BF W 2L B 15 FR T, HeLa 200 0 5 152 45 2% P i
VRV 3 K, SRR BT ] O O WA T, &%
I R W58 A B 7 9 D6 AR, TR AB R 400
F o XS T AN FC-9 BYZEG SR B | X 4 i Y BH 2
PP AT T AL,
1.10 #MAESHESR

] 7 1 AB40 TN (B A Cu, I T 37
CHiFE 2 d, BRI MA FC-9 KN 2 d(AR40 Mk & Ny
100 pmol - L7 ¢ g0 ¢ e oo =1:1:2) o AN Y BEVE 2
K MTT 224700 %€ , K HeLa 40106 T 96 fL
M PRIE AT 2% B2 29 1x10° cells-mL™', 20 A%
F% 24 hla, AN AE] HeLa 410 b 45 Ff AB40 #f
i R EE N 5 wmol - L7, FAAIAY AB40  Cu®Fl FC-9
W5 AE R X RRA AR5 R L INA20 wL MTT %K
(5 mg-mL™), 4kLE 5 F% 4 h, KARREFR N AL

W TR, FFLIMA 150 wL DMSO, B #% 5K ik
$23% 10 min, FcJm 8 3 BEFRICAE OD 490 nm Ab I &
BALRIWOGAE PR AT 4 i T

2 RS

2.1 FC-9 MBI

X REZ G E A ) FC-9 3 i X K 1R 5
A A By 28 B B ) A5 1 B (18] 2), 4 HAE &
B A B N RS S d R AT ENE S XA
s 03 VA B AR AR L TE FC-9 1Y AR S5 1 rh (] 3),
TR I W B T 2 A A R PR BT B A O
2 (SR 1 o N o o T o (0 el 1 B T2
6.86°, Xl FC-9 454 26 LAY 2 4 7 2-(K I [d]WE
W2 HE)-A- R Y (HBXIT) —#F, H e Mt
FC-9 /N 1.76°1, FC-9 (1924 JF WEWL IR 1 P 4> C-N
A I A AH A [C(6)-N(1) 0.137 9(2) nm;C(7)-N(1)
0.131 0(2) nm], 1175 R FRAH & 1 & A 1Y C-N B K
[C(11)-N(2) 0.136 5(3) nm]&t T EfTZIH | & b5
FRFEAHE R C-0 BEK[C(9)-0(1) 0.1351(2) nm]Fi§ &
(% 2), WAL, FHBXI AHIL ,FC-9 Bk T & A5 5 N
1) O-H---N & Z /b BAFFE AR b2k 5 R 5B

HO
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il sasindu A\
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S
O

H

2 PeEA R FC-9 HY& ik
Fig.2  Synthetic route of fluorescent chelator FC-9

Ellipsoids are at the probability level of 30%
K3 St EAH FC-9 MM IALE 1Y
Fig.3 Crystal structure of fluorescent chelator FC-9

K4 FC-9 1w HERUA
Fig.4 Packing of FC-9 in unit cell
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Fig.5 Effect of time, pH values (A) and different solvents(B) on the fluorescence of FC-9 (10 pwmol-L™)
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Fig.6  Fluorescent response of FC-9 (10 wmol-L™) to
different metal ions(10 pwmol - L") in 20 mmol - L™

Tris-HCl buffer (pH=7.4,V; o/V s0=9)
23 FC-9 54 E-Ap BEKNEE IR

AB JE AD BB h AR LB, Hrp
AB40 Fll AB42 R EZR U5y, BATEH FC9 5

AB40 Bk AB42 T4 VR AH T AE H B s ] A A5 Ak 2 AR
[, FC-9 5 AB40 RAEMMEAEMTE 0.5 h i )5
POt TR Z (K 7A), M5 Ap42 REIKTE 10
min BT 9EEHE R 2 (K] 7B), X FZ & H T FC-9 B
A5 ThT AL 2R I E e AR SF- T 45 4, A & R
T AB40/AB42 AR, XA EIIE T IATH FC-9
S PR EAR . B AB42 th AB40 H 4 5 R AE |
JIF LA FC-9 SPIR AR AR T4 IR AE I 5 2 ) 1
5iR 3] 5 R A B AL AN [ A Bl 5 s g i [ £ S
Ko, IR SN A 2R 1 2€ a3 AR 4 T B BRI
REFEOE, XTI HESE FC-9 X AB40/AR42 REML
MHAVEH B 23500, fEIA Cu> 58 Zn> 3 AB40/
AR RN 2 d J&, FRBE FC-9 A Lk & i
N2 d, FRATAE I 48 -AR40/42 TEAE IR ) K iR
U0 B L AB40/42 TR AR I vy A4 R B I B AR
(El 8), fEN—FEAH FC-9 WL L T2 A1)
fig, TERA W N BT A FC-9 REEE & 42 )& -AR40/
42 T Cu™ B Zn®>, (H15 4 )8 -AR40/42 T AR A fiFk
B, B4 E-AR40/42 RN FC-9 By /3L
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Fig.8 Fluorescence change of FC-9 and AB40 (A) (or AB42 (B)) aggregates reacted for 2 days
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SCHR , FFC-9 Z5F9 2 U 2 5500 2-(R T [ o | W 1A -2-
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42 RN 2 d JE, IR O B W] g | 3R
BN 4 J8 5 F UM AB40/42 B R AERE B RS K T
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Fig.9 BCA protein analysis of soluble AR after FC-9 and metal-AB40 (A) (or metal-AB42 (B)) aggregates reacted for 2 days
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Fig.10  Turbidity test after FC-9 and metal-AB40 (A) (or metal-AB42 (B)) aggregates reacted for 2 days
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(A) AB40; (B) Cu®+ABA0; (C) Zn*+AB40; (D) Cu*+AB40+FC-9; (E) Zn*+AB40+FC-9; (F) AB42; (G) Cu®+AB42;
(H) Zn*+AR42; (T) Cu+AB42+4FC-9; (J) Zn*+AB42+FC-9
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Fig.11
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TEM images of different AB40/42 samples after reacted for 2 days at 37°C
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(A) Cu™-AB42 aggregate; (B) Zn*-APB42 aggregate
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Fig.12  CD spectra of metal-AB42 aggregates systems in the presence and absence of FC-9
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(A) Bright-field image of HeLa cells; (B) HeLa cells exposed to 10 pmol-L™" FC-9
K13 [AHeLa 400 A FC-9 9 8] # 52 W 5 1
Fig.13  FM images of Hela cells exposed to FC-9 (excited with UV light)
x4 FC-9 MEMZEER Lipinski £ # 1gBB #{&

Table 4 Lipinski’'s parameters and 1gBB Values of FC-9 and CQ

MW clgP HBD TPSA 1gBB
CQ 305 3.73 1 32.59 0.21
FC-9 242 2.38 3 58.61 -0.38

Lipinski’s rules: MW <450, HBD <5, HBA<10, TPSA <90, clgP<5. Here, MW: molecular weight; clgP: calculated

logarithm of the octanol-water partition coefficient; HBD: hydrogen-bond donor atoms; HBA: hydrogen-bond acceptor atoms;
TPSA: polar surface area. Formula of crossing the blood-brain barrier (BBB): 1gBB=-0.014 8TPSA+0.152¢lgP+0.130 (IgBB>
0.3, readily cross the BBB; 1gBB<-1.0, only poorly distributed to the brain).
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Fig.14  Cytotoxicity of AB40 and Cu**-AB40 aggregates
with and without FC-9 toward Hela cells after
incubation for 24 h at 37 C
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