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Effect of Free Amino Acids on the Abnormal Accumulation of
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Abstract A major hallmark of Alzheimer’s disease is the senile plaques in cerebral cortex and hippocampus, mainly com-
posed of the abnormal accumulation of amyloid-p (AP) peptides. It was suggested that metal ions (such as copper ions) would
be a possible key mediating factor for the formation of amyloid deposits by binding to AP peptides and triggering the in-
volved aggregation process. Some previous studies have uncovered that the concentration levels of free amino acids (aa) in
the brain of AD patients are different from that of normal controls. So we investigated the interactions between copper ions
and AP peptides in the presence of free amino acids. The effects of sixteen amino acids on the copper-Af complexes were
examined by electrospray-ionization mass spectrometry (ESI-MS). Firstly, the mixture solution of AB(10-21) peptide (10
umol/L) and Cu(Gly), (40 umol/L) was incubated for 1 h at 37 °C in 10 mmol/L ammonium acetate buffer (pH=6.5). Then
stock solution of each amino acid was added yielding Ap/Cu’"/aa mixture solution at the final concentration of 1 : 4 : x (x=
0,1,2,3,4,5,10) for 200 puL total volume. After 1 h incubation, the samples were analyzed by ESI-MS. Different effects of
these amino acids have been observed by comparing the mass spectrum of Ap/Cu**/aa mixture solution with the spectrum of
APB/Cu?" mixture solution. Because of their side chain polarity and stronger coordination ability, Asp, Glu, Leu, Tyr, Thr and
His can obviously inhibit the combination between copper ions and AP peptide at relative low concentrations, and Gln, Asn,
Met, Ser and Cys can also inhibit the combination at moderate concentrations. However, Ala, Phe, Ile, Val and Lys can not
inhibit at any concentration, and one of them, Lys, can even accelerate their combination. We infer that these amino acids
which can inhibit the binding between AP peptides and copper ions may have relationships with the formation of the senile
plaques and take into consideration that free amino acids may be a new kind of microenvironment factor related with the
abnormal accumulation of A peptides.

Keywords Alzheimer’s disease; amino acids; AP peptide; copper ions; ESI-MS

1 3|F

B[ /R 2% 33K IG5 (Alzheimer’s disease, AD J) ) 3
B PR 22 T N ORI ) T DR B BT X B-3iE
M FEIK(Amyloid-B peptide, AB)HI 4 584 1 & A8 Ik
BE, 2B e i B ph g wi b, S280aiZ
B e AR R ER . AR 22 IR IVISR AR AD %9 B 1) 4
RIRZE RO, Ji AR Z KIS & AD JRIEH

* E-mail: daxiong@xmu.edu.cn
Received May 6, 2012; published July 6, 2012.

RBEERT. iR, ARG SR EWMILE
A&, e B R AR LLRMEREE pH fH. AP
IR AR E . B . SEETERER
M, BREZA TS HEHLIA IR RN, H TR
BiN -4 8 3 TR . AD i A 48 3 T 19
AR IR, ZAEINBE 4 3 T w4, Cu® ik
25.0 ng/g, Zn*"ik 69.0 pg/g, Fe? ik 52.5 uglg, fEARZAE
o BRE X 45 4 i 8 IR B 1~ 1.5 52 1 4 e 3 1 2

Project supported by the National Natural Science Foundation of China (No. 40976050), the National Public Benefit (Ocean) Research Foundation of China
(No. 201105013), and the Grand Research Foundation of Fujian Province (No. 2011YZ0001-1).
T H 52 [ K A 8B4 (No. 40976050) EFE 2 2t M5 H (No. 201105013 ) A48 & 45 TK & BT H (No. 2011YZ0001-1) Bt B).

1858  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2012, 70, 1858—1862



W F F R

— PP ABZ KA HRUTTE R, RIS ABZ Tk i) S 45
AT, #TLLS R ABZ IR R AR, 1k
MR, FeA% pH {H, —MnT DUERES I 2 1 5
ABZ IKIIZRAE, fltn, Atwood 250N i kMl o2 b v ML 5
Cu® B 5N APy MREWIII K, KL pH AEE 0] ¥
T Ao A1 Cu BCEIIVTIERGS AR, B b SRR (pH
=6.6)5AMF T, KRt Cu® A ARy ZAKIIVLTE, B
PEAAE T, AB(Cu), PUIE ST ELFTH R, Zn® 45 p AR
PR, BLEIESEE FReEA 3T AR
JIRER AR,

ABZ KRR MR BT R 35 v, Vi 28 S R R IX R A
i N T2 53 A A LN 93 1 R AR B K. B 3 AT
FEVRIL AD 93 A H IR A i BRE £ 8 DX X v
1 AR AN R A S I 1 W9 P i B2 (1 PP A 22 R G R IR
A UG T 1E 5 N IRV B B an it 51X, 43 %4
FRIEH 4 65.16 uglg, AD Wi Ak 48.59 ug/g, FHET
25%, RAZRMIEHRER 19.97 ug/g, AD Wi AN
12.24 ug/g, BRAKT 39%®, HAhZ MR A7 e W R
fiir. SFuk, ASCE R 5 S (EST-MS)™ O S
AR AP ZICRENER. il ABZ IS cu®’
WL GHRIT, RIKREAER . BER. w7 IR T
2 IR AL RN Cu' A AB 22 k&t & I 4mibi 1
S RTE S
2 ZRWMIHE
21 AB ZRAFMAETFHLESLE

TS AB(10-21)Z JKAT Cu(Gly), AN IR &4 i i)
WEELLBI AB/Cu® TRAFEMI BTS2, 3543 AR Cu®’
(M4 % BA fHEERTR), WA 1.

K1 AB 2R Cu*' LA %01 BA {8
Table 1 The binding affinity (BA) between the AP peptide and Cu®"at
different AB/Cu®" molar concentration ratios

AB : Cu*’ Feig BA/%
1:1 [AB+2HT" 12.4
1:2 [AB+2HT" 48.1
1:3 [AB+1Cu]*" 77.1
1:4 [AB+1Cu]*" 86.6
1:5 [AB+1Cu]*" 88.3
1:10 [AB+1Cu]” 89.7
1:20 [AB+1Cu]” 90.1

R 1, AB Z Ik Cu* 45 45 (¥ BA iRl — ik
S5 Ee A 3 TR, AE R L 101
102 0, B IR 759.4 ([AB+2HTY), Bk
LB 2t R AR R T AR Z MK EZELLARSS &8 B A2 AT,
A DR AP ZIELL AB-Cu® " AWML AL, W)
SRR TR 103 I, R v g LA
790.3 ([AP+1Cul*™), Mk R Ap £k E Ll
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Figure 1 ESI-MS spectrum of AB(10-21) peptide at 10 pmol/L
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Figure 2 ESI-MS spectrum of AP peptide and Cu(Gly), (AP : Cu®' =1 : 4, molar concentration ratio)
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Figure 3 ESI-MS spectrum of Ap © Cu®" : Ser mixture solution (AB : Cu®" : Ser=1 : 4 : 10, molar concentration ratio)
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Figure 4 ESI-MS spectrum of AB : Cu*" : Glu mixture solution (AB : Cu®" : Glu=1 : 4 : 10, molar concentration ratio)

N IHE— 220, AB/Cu® /aa W) T RIRIEZ
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DA I — 52 B94IH) 2 Alla, Tle, Phe, Val J& T-JAERR I (1)
AEEMRH), EATMERIE AR A WSS T
FLAT R, X Cu® il AR Ik 45 A5 A s
Lys J& T-HPEAT IE ZIERR(C+), 55 Cu® Prff e s
A EHE R, AREE LA, XA gL Lys T3 BA
AR5 e R A — B B AL

3 #Hi

KRICHTHS K] 16 PR i T M BEA AN S 4
BTROALRE S 25, PN AR Z KA Cu® 4 A
A [E FHMEIVE ] : Asp, Glu, Leu, Tyr, Thr A1 His 6 Fi 4
SRR BARIRIE PRI Cu® 1 AB Z kM4 &
Asn, Cys, Gln, Ser Fll Met 48 ik 5 N A g4l Cu®*
AR Z KNGS G, T4 5 MR Ala, Lle, Phe, Lys 1
Val EAMEIVER; Lys H2m/EH S LR IR A,
Lys [RGB T AR Z BRI Cu* i &, Nk, e
FEIRA T RESE—FRHT IR RN AR 22 BRI SR AR M AR 1% X
#, BN AL R, A TREIEE AR 2RI R
RAE, B AN BE.

4 LI

41 RKFIE5EE

AB(10-21)Z Ik (4 )& >98%) (Y10EVHHQI15KLV-
FF20A; 7> 780 1516.5 Da)llt) AN kAL 27 i oA R
AN LR IR (aa) Cu(Gly), LA ESIREL Jy 43 brall, 1
RN A Al

GRS 6310 BB MR A Wi s 5y
FYH(ESI source), 1EEFHEBIA, WiZ K 3500 V,
IEMERE 250 C, BN TS, WA 4.5
L/min, JzNESEIERE, SEFEEY 3 pL/min.
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Table 2 The binding affinity (BA) between the AP peptide and Cu*'in the presence of free amino acids

AB/Cu*"/aa
“ M 5 G 1:4:0 1:4:1 1:4:2 1:4:3 1:4:4  1:4:5 1:4:10

Asp(RAZIR) c— ++ 86.6 33.0 18.8 16.3 15.8 8.7 7.7
Glu(BF &) Cc— ++ 86.6 30.0 19.2 12.1 11.0 12.2 8.2
Leu(21%) H ++ 86.6 27.4 16.9 14.4 11.2 8.9 8.1
Tyr(4 % 1R) P ++ 86.6 22.1 18.1 17.0 13.2 10.5 8.3
Thr(#524%) P ++ 86.6 43.0 36.0 31.7 26.3 24.4 23.4
His(# 2 8) P,C+ ++ 86.6 83.2 81.4 74.7 71.3 40.4 10.6
Asn(RABEZ) P + 86.6 82.9 82.1 84.0 81.8 80.8 67.0
CysCE IR ZR) P + 86.6 84.8 84.4 84.2 83.3 83.4 50.9
Gln(# A BENZ) P + 86.6 86.3 86.4 85.4 81.4 80.6 75.2
Ser(#4 A R) P + 86.6 84.5 85.5 82.4 82.1 82.8 69.3
Met( PR ZR) H + 86.6 85.6 85.4 85.6 82.7 83.0 78.2
Ala(PH 2 %) H - 86.6 86.8 84.1 84.9 84.1 83.1 82.6
le(FSLATR) H — 86.6 86.6 85.6 85.8 85.3 84.5 83.0
Phe(PKNEIR) H — 86.6 84.9 86.1 84.7 84.2 83.3 81.9
Val(42 %) H - 86.6 85.2 85.8 85.6 85.2 83.9 83.0
Lys(#t2d %) Cc+ - 86.6 85.0 86.6 88.1 86.9 88.1 91.4

“Data in the table are the average of three parallel experiments; BA values less than 80% are in the gray area; BA values more than 80% are in the other area; Side
chain properties: charge (C), polarity (P), hydrophobicity (H); Inhibition ratio: high (++), low (+), not (—).

42 IidiE

 pH=6.5 BEH: D2y e i AB(10-21)2 JIk AN

Cu(Gly), AN 24 5 1S JE LBl i) AB/Cu TR A FE,
EWIRAG, BT 37 C/KEBIFE 1 h 5T g4
1 pH=6.5 B 22 rh WL . AB(10-21) % kAN
Cu(Gly), AP R EAKELL R 114 (10 pmol/L: 40
umol/L)ff] AB/Cu* TRAFE, mEwiRAIG, BT 37 CK
WIFE 1 h, 76 AB/Cu” TRAFE 20 I AAS IR I 7
BEKIR, F AB/CU faa LW RN RIRFELL N1 < 4
x(x=0,1,2,3,4,5,10); s, &1 37 CKBIHE
1 h )5, BTG AT, AR SR LR AR £
JKAN Cu® S B AR IR, T8 AR Z A Cu® 4 &
FRFoR, B BA {H(Binding affinity), & L F:
Y (A BABIER)

BA=
S (G S AT + E% & B AR T
X100%
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