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ABSTRACT Objective: To compare the effects of Cu*-AB complex at different molar ratios with AR monomers on neuronal
release of H,O,. Methods: Cu*-A 3 complex at different molar ratios (0.1-5) were prepared. Thioflavin T (ThT)-based fluorometric assay
was used to examine the effect of Cu> on AR fibril formation. The primary hippocampal neurons were treated with Cu*-A complex of
different ratios, Cu*-AB complex of different concentrations (with a molar ratio of 1), AR monomers and Cu?, respectively. H,O, content
in the culture medium was measured. The mitochondria were separated and treated with different concentrations of Cu*-A 8 complex
(with a molar ratio of 1), AB monomers and Cu*, respectively. H,O, from mitochondria were also measured. Neuronal viability was
detected using Cell Counting Kit-8 (CCK-8) after the neurons were treated with Cu*-AB complex of different ratios, Cu*-AB complex of
different concentrations (with a molar ratio of 1), AR monomers and Cu*". Results: (1) ThT-based fluorometric assay demonstrated that
Cu? inhibited A fibril formation when the molar ratio of Cu* to AR (10 uM) was within 1~5. (2) Cu*-AB complex (the molar ratio was
within 1~5; the concentration of AR was 10 puM) and Cu*-AB complex with molar ratio of 1 (the concentrations of A were 5, 10 pM)
significantly induced neuron releasing of H,0,; In addition, when the molar ratio was 1, Cu*-A § complex also induced neuronal
mitochondria releasing of H,O,; All the above mentioned effects were stronger than that of AR monomer or Cu®. (3) Cu*-A complex
(with a molar ratios within 1~5) significantly reduced the viability of neuron cells, which was stronger than that of Ag monomers or Cu*.
Conclusions: Compared with A § monomers, Cu*-A 8 complex elicited a more robust H,O, release from neuronal cells and their
mitochondria. Moreover, it induced a more overt neuronal cell death. Our observations suggest that Cu*-Af interactions may enhance the
ability of AR to induce reactive oxygen species release and neuronal toxicity; Cu*-A B complex-evokeded reactive oxygen species may

primarily come from the mitochondria.
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BA] JR Pk 1 BR9%  (Alzheimer's disease, AD) & —Ffr i % WL 1Y
SRR AFEHRIR R IR T PEBR , FERI A HITIEICI
TEI AN RS o FLARG A ARRAE 1975 B O A 8 R 2o A A 5+
WEREMTURAY B- TEMIFEIK(B-Amyloid, AB)JE B & 4F BE
(Senile plaques, SP), LA R ZHHi P Tau 2 (it BERERRLTE LY
2 AT 425 25 (Neurofibrillary tangles, NFTs)!2, 124+, AD ¥
s LA RS AIL I i AR SE A B . AR GUIBBUEIACH , T PE AR
FAPRTE N N 5 TR A SR AD e siR AR B BT R (4 e
AR, HSE AR SR RN S IR AR A RS
BB RE—NZM0 TS 5, REVIREEN, A%
it (Redox) H TR Cu* 25 AB Z5&ITET AR 7Z8H: 19 B 24
A7 (Cofactor ), g5k Cu A5 AR FL(vi 25 & (LA /KL
Feoh 1T W 1A AR FIKFTZ5 G 24 Cu™), JEM
Cu™-AB E&4W), 51 AR MR L, N {Ei#f Cu-AR ALl %
GYZ AR, e, Co —JrHifEidt AR 4L, 5
—J7HfE S AR M EAE R E#EIEPESAL (Reactive oxygen
species, ROS) BRI , M Ifii 5 & AR 191 (O AD fe .1
I BB LR, L, Cu-AR B4 & R LR 4L
1E AD R 2T G pLE b T e s T B S .

Cu-AB E& YN EEM AT T A HEN, A Bl
X FH RO G u R AL R SE A I, A SCIRRGE
Cu*-AB B E WM & ITEE TR T AL M AR Al (B AN [F]
BE/RBL L T IZE A Y= E A FMZI0N ROS Bk, LLIzfE
FERRT AR FARLI K Cu*, HETH ARTERE . AL, ARIFFER
FHRAE 2 T(Thioflavin T, ThT, n] 5 5t # RS A &5 H
W) - B 2RSS A ) 2okl g TRFEIEL LR Cu® XF AB
21 2238 A VE R O R A G 3% 04 S b 22 T A A TR, AN
IR Cu-AB H AW S AR ki S 2T HO0, B VEH]
R AR TCREMEIAT T AT SY

I MR 5 &

1.1 #4

L1.1 58K F A ARy (Biosource 23 ) ), CuCl,y( Sigma 7y
) ) o 7N P I (Hexafluoro-2-propanol , HFIP, Acros organics
/N ] ), = % 7 B0 ( Dimethyl sulfoxide, DMSO, Sigma /A &) ).,
Jif 4 1.7 (Fetal Bovine Serum,FBS ), DMEM (Dulbecco Modi-
fied Eagle Medium ), Neurobasal £;37#3% ,B27 supplement, X7
(HFHE X MiEF X ) .EBSS(Earle's Balanced Salt Solution) . fi#i &5
R B Gibco 24 R ; & Bk . 2 R =R T i 5 1l B
Sigma /A ], CCK-8 &7 £ ( Cell Counting Kit-8, H A< [F{~fk2%
WFFEAT ), Lk iA 43 251877 & (Mitochondria Isolation Kit, Sigma
AN, EAERLH S (Amplex® Red Hydrogen Perox-
ide, Invitrogen 2\ H) ),

1.1.2 I8N SE  WRfF i (DELTA 320, Mettler Toledo 2\ &] ),

£ I)feMibriY (Varioskan Flash, Thermo /A &) ), E¥)Ze 4t
(Nuaire A &), A kb5 F74H (Thermo AR ), AR &5 2 25 .0
HL(Eppendorf 23 7] ), # 4l /K £ 4t (Millipore A ] ), L F K
(SARTORIUS /A7),

1.2 Ak

121 AR I HEH ¥ 1.0 mg 9 ARy i T | mL i HFIP
o R AR 1-2 h JE7E A A/ g T S A
DMSO ¥ fif , LB ARl 500 pM I &, 73 R A T
20°C, HIZOr il i AR AR, H a5 b AR e
BN o- BHE R F, (RUEREN IR AR RS M AERE
AR

122 CuCL &k CuClL "% (100 mM, i FIRTZ: 022 wm
VBRI R ) B Millipore ALK FLH

123 RRZEEH W HE 20 mM HEPES (H5 Cu* 4%
B SERUIIARAR, T B4 Jw B I W AT L ) Y AR
RN E N ZEm (pH 6.6, 5 AD i A TR R SFAH 2L
1), PHIEL, SEAIETZS 0.22 wm JERTIE

124 Cu-AB EEWHIE 14 CuCl I ARy (500 pM)JF”
BWAEAF IR A, pH 6.6 (1) HEPES 28 nh i B Fr 2 05 3
WeRE, 37 CHEIRA(LAENFE 24 h, HEIARFER LAY Cu-A
Biwo E AWM,

1.2.5 ThT iFgEH] N 50 mM H 2R (pH 8.5) Ll ,
PR ERED , i FHRTZR 0.22 wm JERES I8

1.2.6 ThT 53R IE K Cu> Bl AB L% 0.1:1,0.5:1,1:1.2:
1151 ARRIEE R LR G, T R 2 w37 C k410 A (7]
B 5 S X BR 2 (AR HLRZL AN Cu* 41 ). X AR 41 4 20 mM
HEPES (125 R K Zb T, AR 1o LUk H 10 pM, WK R
TR 100 pL. B%E 24 h 5, RIA R PMA 10 pL ThT(Z
PR 10 WM, FERARAY IR ORI K 446 nm,
B ST 485 nm),

127 RRABREDSHWAETESR  #HiE24hSD KR(WH I
ISR A R AF]D, e AREDS, BTN
oK S BT R B A T L A AR TOTE A R
R, I ATE AR, B 3hTH AL 10-20 min; W55 T8 P08, A
BEWRZC IR AL, RAT 15-20 YR ET4H I 431, # & 2 min, K 7%
BAS—BOE B LIERO MR LT, UL, InA N, EE
W, WRAT s AR R HT R B R T R (FEHE R
TR TR JE BT 5% CO, 4534, 37 CHEFR 3 4-5 h 54
T AT MG REW 55 2 REE AT IR 56 3 KNPThE i
T ELURIE 0.5-1 pM; Bl 5 R 3 KPR, 555 10-14 X5
A,

128 BoMEZcgutss  FERBDWETHRRE R
k7 80%-90%*, I 0.25%JE 1L 1 min, if A & 10% FBS )
DMEM # |- ,600% g B4.0> 5 min; 7 13& , AT PBS &5
A, W T4, 4°CL600% g B0 S min, R, A
B AT 1> % 2% vl SR A UK B 5
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min, FERF 1 min g A S RFTIR ST — U A 2 A5RFRY 1%
FRIBOR ACE AR50 );4°C,600% g B.Lr 10 min; /]
LW R TG 1.5 mL EP 4 ,4°C ,11000% g 2.0
10 min; WEER_EWWL A 1> iR ER, AT A 2085
129 H,0,ME  1u] 96 FLiRk 1 4fLINA 100 pL SR (7% 10
mM Red reagent #1 10 U/mL HRP (1] KRPG & ), il T 37 CHg
A 10 min; (o) fFLINAFRAES FT 20 pL F§ KRPG Z il (&
145 mM NaCl,5.7 mM Na;PO,.4.86 mM KCl1.,0.54 mM CaCl,,
1.22 mM MgSO, F1 5.5 mM glucose, pH 7.35) Fi B L4
JCHNAE, FEFLEY 1.5% 10 A ; 45 LA 53 S o BRAH AN ] JBE /R
It Cu*-AB 4. ARV AR H{AF Cu® Zb#HZH KRPG 4b#H
21, H4 3 R AL B B A LR RSS2y« X BR AL . Cu*-AR
ZH(1:1) R[RIREE AR BAARAT Cu? 4b3HZH (KRPG 4bFRZH , 320
3840 ¥ 96 FLET 37 CHEF 1 h; Wil A5 R[] 55 560
nm A FLOERE , iR 35 HO, Frifi fi £ 1340 M /Y H,O,
i3
1.2.10 CCK-8 HAE AT JFA KR DB ITLl 2%
10Y FLEZFN T 96 FLAR , A MERAE 53835 5 80%T N2 5 1% & X I
M ORFIEER B Cu-AR 4 RTRIMREE AR SRR A Cu* 4b3
2,54 3 4L, 24h J5FREFLIMA CCK-8 ¥ 10 pL (e R
100 wL),37°C, 5% CO, 4624537 1 h, Fhr A0 ot B (N
Pt 450 nm). AL R (%) = ALFRLINOEIE / % IR
FEx 100%,
L3 ZitEFHiE

RGBSR P8 ARiEER R o 21 8] 22 50 1] Student's
t I (PO ZH LU0 ) B B IK R 5 2250 (ANOV A 22 LU0 i1
I, P<0.05 BIAChZRBEAGIHE L.

2 R

2.1 REERLE Cu*-AR EA44H ThT TR

ThT ZOERAMES R iR, 5 AR JMBEE A b, W&
Cu?'/AB o BE/R LLIE TN, ThT R T/ ; Hrp Cu 5
AR (BEIRELAHI 1.2 701 5) FL0FF nl B @ FEAIC ThT 285658
B, WE 1,

g
(=}
I

*%
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Cu: AB 4 (molar ratio)
B | REEE/RLLT Cu* Xt AR SF LR RIS
Fig.1 The effects of Cu** on A fibril formation at different molar ratios

Note: **P < 0.01 vs Control group; #P < 0.05, ##P < 0.01 vs AR, group,

means + SEM,n=35.

22 AEEEREE Cu*-AR E &5 WFTED AT HO, B M

HO, S5 R IR, 5 AR FUKILEL, Cu™-AB 0 HEW)
(BEJREEA0Ih 1.2 F15) gtk il B flE0E S & ot au i
B H0,, WLIE 2A, 1~5 uWM Cu® 4 FE4E X 2ot H0, BTG
R AR, MF RN E 10 pM 2K 2L LB, HO, P=A4 B 3%
Jn, WLE 2B, FEEEIRER 1 BT, Cu*-AB w0 B &YW 1~10 pM
F N A R EGIEAKE HO, BN . ZAE A 5 min B)
AT B, LA 2C AR HR(1~10 WM)XFRIZETT HO, BTG
A 5, DL 2D,
2.3 Cu*-Ap E& Y EDMA T LR HO, BRI #Mm

FEIR LN 1R, Cut-AB Ly (ZUREESTHIR 5 H1 10 pM)E
& WrRE s B AR PR TR 2 TR N HLO, B, LK 3A.
ABLy(1.5 F1 10 uM) A& BT B HO, BEJil; 1~5 M Cu* Xitifg
L3 Z LR R HO, BEROICH A 250 B8 =E 10 uM
i, H,0, BEC I 3% &2, WLIE| 3B,
2.4 REEERIE Cu™-AR E &YX B DM T ME MM

CCK-8 Kl 45 5 5%, 5 Con 40 L4E , Cu*-AR E&W)
(EEIR HAMIA 1.2 1 S)AbFRAE ()i Dl 2 0TE J1A BT R I,
UL 4A, FEIREH 1 HE, Cu?-AB w0 BA&WITE 10 pM F i T Al
FHOF DA EITTE SR R, IR 4B, AR FEZERIE 4y
R 1~10 WM, X1 S 1 206 1 B B R, WLIE] 4C.
AR BE Cu* AbERAE Mg Sh A 225030 S A W i, ULIE
4D,
3 3tig

YRR B A 4GB B, Cu™ il 5 AR HUACEIK N
Uil His6 \His13 o% His14 53R RN 45 A TP AL Cu*-AB &
Py, ARG B SRR T U S ORI TR B Cu-AR
BEY), LT ARRFBERET Cu X4 AR 21 229880
ThT %GR 45 R Bom , Cu 5 AR (BE/R ol 1~5) JLig & ]
B BFEAG ThT 26, #2/5 Cu> BEIHI B- HZMRIE L,
DTG AR £F 228 1. 31X 5 SCHRHE 45 SR I R AR 21 Hif
WIFFFEGE AR — B0, SRR T Cu X AR 4 B R EIRZS I
I — BRI AN R Cu 5 AR 455 5 nl Al 47 22
R, (AT 45 8 R Cu et AR £F 228 i, s 3 AR &
Rk BT eI 45 AR RAEMMTE R, 25 R AE 22 R JR
PR AT A2 o T8 45 1F LA B ARG I 5 VAN [R) BT

BRI AEMMIR R D Cut 5 AR BUAHEAEFHTT 4R
H,O, #&ifii Cu™ 5 AR Bl 45 &R IE MR EY E EAS:
PZETT N ROS BERL, i A WLSCHkRTE . BRI, 34T B vOoR R
FUSARIE S ZoC A, HR98 T AR L Cu-AB E 51 M
AR AN H 250 HO, BEAYREmT . 450 R, Cu*-AR FE
JRER 1~5 B, BT B B AR R 28T HLO, B ; H.MEE BE /R L1
Wz EHE R, BT Cu¥ 5 AR B & L) 11 T
FI RS, FRATT G TR TR MR Cu-AR & A4
IREEA DXRE S 20 HO, BB BATLH L E &Y
7 1~10 pM Fl T ] S EOA A HO, BN, 1 A
BRI 20 HO, B B2 . Silvia Bolognin %5 (5%
iR IR, Cu™-AR B A WAL H 25T ROS B,
AREEH T AR SHEEE AW EEIL0.2 pM)5[E,
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Fig.2 The effects of Cu*-AB complex on H,0, release of hippocampal neurons
Note: (A) The effects of Cu*-AB complex at different molar ratios with AR monomers on neuronal release of H,O, after 1 h stimulation.
(B) The effects of Cu*" (1~50 wM ) on neuronal release of H,O, after 1 h stimulation. (C) The effects of Cu*-Ap complex (1, 5, 10 uM, molar ratio=1)
on neuronal release of H,O,.( D) The effects of AR monomers (1, 5, 10 wM) on neuronal release of H,0,

*P < 0.05, ¥**¥P < 0.01, ***P <0.001 vs Control group; ###P <0.001 vs AB,4 group, means = SEM, n=3.
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Fig.3 The effects of Cu*-AB complex on H,0, release of mitochondria of hippocampal neurons
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Note: (A) The effects of Cu*-AB complex (molar ratio=1) on mitochondrial release of H,0,. (B) The effects of AR monomers and Cu* (1, 5, 10 wM) on

mitochondrial release of H,O, after 1 h stimulation. *P < 0.05, **P <0.01, ***P < 0.001 vs Control group, means + SEM, n= 3.
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Fig.4 The effects of Cu*-AB complex on cell viability of hippocampal neurons

Note: (A) The effects of Cu*-AB complex at different molar ratios with A monomers on cell viability of hippocampal neurons after 24 h stimulation.

(B) The effects of Cu*-AB complex (1, 5, 10 uM, molar ratio=1) on cell viability of hippocampal neurons after 24 h stimulation.

(C) The effects of AR monomers (1, 5, 10 wM) on cell viability of hippocampal neurons after 24 h stimulation.

(D) The effects of Cu* (1~50 uM ) on cell viability of hippocampal neurons after 24 h stimulation. *P < 0.05 vs Control group, means + SEM, n =6.
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ROS f455R, AN, Cu> 5 AR Z I8 HC {45 il REHY 32
T AB 5K ROS B, i Cu*-AB S G ¥k 4™ A= 14
H,0, [ g EZRIE TLALA

15 AD JIFALT v, S0 T B w2 e s o A
Wi BRI, 72 AD JBFKN,ROS By A FITEER ™ H K
i, Kotk AL 1 ROS(H,0,,0H FlI Oy ) RE#E A ALAR BT 45 11 5
1 DNA, 540 M4 =2 AT TR BEIR L Cu-AB
AWV AR S e T e 220 A0 T 1 9520 . CCK -8
GERER, AR HA(1~10 pM)FI Cu*(1~50 WM H A
JLEE, H AT SRR SR (BER L 1~5;AB #
JE2 10 wM) AT 25 BEAR I 22T ARG U1, $2R Cu*-AB M E
VEFIATHE 3R AR #RITREVEAE A, 1X 5 SCHRAGE A 45 R AR
AT R A SR AR A ROS X2 oeA 8k, BB K
MATTREZH RS, T Cur-AR 5l FHLA AR

ROS B, FA eI S| & i 0 220 RV 7T e (e LRIk
H0, A A K
i LRnA, AW EIESS Cu*-AB BLA25 5 I 15 AB
Gk ZEo0 ROS BT, IF s A 2 onaitt ; Cu-Ag &
B51 K ROS W] g 3220k H 4okilk , AT A ] Cu-AB
AR SE R G R AN | R AR 2T i B T A A e
it SRMNZEZ B G AR Z TS R Lok ROS H
OB SRSV E T AR BRI IR L AL, 2t NS
S I PR LORIR ROS BE? bR IR Rt — LA BF
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