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Thermo Scientific /A H] ) ; Cary660 HU{H B AR 2T #ETE(L (FTIR , SE[E Agilent A H]) o

hIAPP I F3& [E AnaSpec /A, 4l =96% ; hIAPP (1 ~ 11) (hIAPP(11 ~28) il hIAPP (28 ~37) Ity
T B R A MR BRA 7], 28 =98. 47% ; hIAPP(HI8R ) FI hIAPP(H18S) W T~ F il i /R A AL A R
ANT]L A =98. 76% AL AR AL B R T(ThT) 260 F 1 iff Sigma-Aldrich 23 7] B R 5 22 1l
(PBS, B 4N 8 mmol/L ., & AL4N 136 mmol/L R — A4 2 mmol/L, & LA} 2. 6 mmol/L, pH &
~7.4) W [ 2G4 AR AT BRA ) o S8 VK Oy Milli-Q 7K, i 30 18,2 MOV em,, Sy T il 4 5 fif
AR BRIER , 1 550 | mg hIAPP LKA 22 ik R B e 207K (18. 2 MOV em ) Hf, FE | B2 294 mmol /1L
REAFVEI, DRAFAE — 20 CTF i AT PBS i B8 22 i i Ve B2 o ThT 2 't 1o 701 FH 8 40 7 A e i ok 2
4 mmol/ LI , (RAFAE 4 C o SEIMPRH#AF A9 ThT SRR B N 4 50 wmol /L,

1.2 AFM =&

T 56, JH PBS i g hIAPP LK 45 RO [m] 5 51 (4 R BORIR B AF I W, 5 AN () Wk B2 A0 il o IR L il 2
IR e & B 19 100 pumol/ L, SRS 7E 37 CAEIRAG P15 IR 3 do #3645 4 ~ 5wl B FRad iORE S 7
HrigEp) iR b 3 min JE7ES T ARECT, HIT AFM WSS, S2i i AFM 7225 PR R e
BECMEAE SR R I 5™ o AFM (i FHAOHREF 5 NSCLL (= AT &, & Vb e . MikroMash 2%
A, SRR A S 330 kHz, JLRISPEH B0 SO N/m, S # R0 1 Hz, SEE %03 {8 ] NanoScope
VL. 20 Aot
1.3 ThT %&¥F%

N T ST WTAPP F4: Ja i 5 1A EAE T 3l Jy 27 B2, B hIAPP (11 ~28 ) 3 73 53 A ThT 5251
I3 T EE Y CuCl, , {1 22 JIFT ThT B2 EE 73531 0 100 H1 50 pmol/ L, 4 85 5~ & 7351 /2 0 .10
50 F1 100 pmol/ L, 33X BEAF: it 1% N 2 JE 45 ik 96 FLAk (36 [E Corning 24 7] 3925 B fLk) th il 1750
M BRI 3 4 S min SRR 1 IRGOEEE . S5, ek 2O ERE A UK i KA &
SHB 3R 440 F1 485 nm,

1.4 Micro-FTIR &g A%

% F Micro-FTIR &, 43 HE% 0y 0. 4 em ™" AL G il 45 5 3R AFM SE5GA [R] . hIAPP(11 ~28)
(ZHE D 100 wmol /L) 73 5| FPH A AN ] e B2 A4 B 25 1 5 (10 #1100 wmol/L) ,37 CHEFE 3 do L4 M
AR ERTTFEM 2 ~3 wL B2 IR, ARG THELANRAT HET o FTIR 23 M7 i 85di 48 e AE e e 1A, i
SR A — AN AR

2 #ZR5vHe

2.1 hIAPP R"EHEHIREITH

P 1A J& hIAPP £ 37 “C MA@ E TR 3 d (19 AFM &, 34Tl LOER )46 KR 7 hIAPP
BRI IRIE L TARK AL AE CFI R BEZY N (2. 53 £0.69) pm, ZFAEGEHHECH 2 70 M) o 181 1B ~ 1D 2
3 FOR[EAE AR, Y hIAPP(11 ~28) \hIAPP(1 ~11) 1 hIAPP (28 ~ 37 ) {EAH [A] 52 50 454 T R MBS A
153 Pk R Berp, A hIAPP(11 ~28) RESTE AT 4R SR AR 1A, 26 o0 2 1 B A SR AR 1 27 4, L
FERZIE (L. 81 £0.47) wm, ] hIAPP(1 ~11) Fl hIAPP(28 ~37) KR/ I 1 HURLAR 1) SR AL 1R . 1]
HA 7S hIAPP Rl hIAPP(11 ~28) Jy BEHAIRSR AR AERE ST, 17 hIAPP(1 ~11) Fl hIAPP(28 ~37)
REAREATH o I, SEHLERLW hIAPP(11 ~28) F B hIAPP Z kR A M0 X8
2.2 SAEFXT hIAPP BET AR

FIAFM BF5E 1 AR A 27X hIAPP (11 ~28) SREEHYEN . i1 AFM [958 A RAT IR
TEZ BT EARE AR AIES . hIAPP (11 ~28) 5N (R B A 25 555 hIAPP (11 ~28 ) JL[R IR I, 2R
AT NI WA 7o TR TR 10 wmol/L i, AYRELTAEIE I 1T, AnIAl 24 PR, R R 22
(0.61 x0.20) ywm; B 5 B -4 BE AT, T2 A0 27 44 B2 ik — 2P 4 R 310 (0. 39 £0. 08) wm s 244 £
TUSEIKF] 100 wmol/L i, JL-F WA BN LFLE AT A, RAT R BURLAR SR AL, B 5 5~ vl LIAR A
ROt hIAPP(11 ~28) I £F4EqL
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1 A BRI PSR R BEE 37 CEREE T H9R 3 d iy AFM El{R
Fig.1 AFM images of four peptide fragments incubated at 37 °C for three days

A.hIAPP(1 ~37); B.hIAPP(11 ~28); C.hIAPP(1 ~11); D. hIAPP(28 ~37)
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Fig.2 AFM images of hIAPP(11 ~28) incubated at 37 “C for three days in the presence of copper ions at different

concentrations(A ~ C) , and the statistical diagram (D) of lengths of hIAPP (11 ~28) aggregation incubated with

copper ions at different concentration

¢(Cu®*)/(pmol-L=") :A.10; B. 50; C. 100

N T SR TR0 hIAPP (11 ~28) RAEH Bl 2/ 7, A ThT 0t xs hIAPP(11 ~
28) YR A AT I o ThT PR Fl TR -5 3 B BRER R 3T B A1 5C B TS A o 22 IR T AL 19 W T D7
i, RS ThT 5561l LS E AL 4EH 19 B R E R RS &, B 482 nm R )™ A5
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R MAR S, LB 5 A S TR B AR B S 2 kAT Fig.3 Kinetic analysis of hIAPP (11 ~28) fibril
%Eﬁ’ﬁé%éﬂ&@T”ﬂ N formation monitored by ThT fluorescence in the
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BYEE £ IRZF 4 Lt B OO 2 f Micro FTIR J2— O
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il I Micro-FTIR Wi 7 2 1SR FIAE TS D0 T A hIAPP(11 ~28) 1) — 245K . [ 4 Jgim AFIR
SIS ES 1) hIAPP(11 ~28) 7£ 37 “C T 1557 3 d J5 MBI 1) Micro-FTIR i o Xf T Al & 1) hIAPP
(11 ~28) (L5 1629 cm ™ BHIE 30—~ P17 =

3000 4000

T BT AL ™ X IR hIAPP(11 ~28) o, @ 169 PR e,
WAL AL i) —SREE DL B AR B, ML | e
THEIA 10 umol/L H9H B I 21652 em ™' W 2 T U S
HEHHI T AV e S AN EAT DA F IR 2| 0 e D i
SRR S st RN, M AR 2 L . . - .
H ST hIAPP (11 ~28) BAE A — iy 1 % T s,
Ky BT a-MBELEAE ., B B TR B 4 b IR : :

JNZE 100 wmol/L, 7E 1629 cm ™" 4b (it W i i 53k i 22, 1575 1600 16&5: Tes 1675
BT W, B SR AR IR T B I B k] b, R ofem

Ph a-BR e L5 M AFAE . iX BB L5 LR B hIAPP (11 ~ |54 hIAPP(11 ~28) 76 A K [RI W B2 9 B 85 1 )5
28) () B AEAE B TAEAE T 2 51 A4 1637 CTHi3R 3 d JF 1Y Micro-FTIR 4]

2.3 hIAPP qﬂéﬂﬁﬁﬁ’_’liﬁﬁﬂlﬁﬁﬁ Fig. 4 Micro-FTIR spectra of hIAPP (11 ~ 28)

Carolina %[30] FI) P AR R g A 4R 52 5, R incubated at 37 °C for three days in the absence or in
58S T-RE 5 1 hTAPP of 19 4H &1 ( Hisl8 ) 5 7R 19 the presence of Cu’* ions at different concentrations
WU AE . 52 % o % B4 55 F A5 05 10 60 hIAPP (Gu™)/ (umol L7 .100; £.10; .0
(11 ~28) {058 AR T Al By F o ( Hisl8 ) RIERTE T4 2 000 1 SLR B4 ST S0 T
WIAPP(11 ~28) FYSAETT . Jh T BoiEX— A K His18 4355675 L 22 4200 ( Ser) RS 2008 ( Arg) 4%
B 2 G R HURER, hIAPP(HISS) il hIAPP(HISR) 7 37 C R M6 3 d, % AL S0 B 22 A MBS 0
HBL T SA R SRR AR BEK A2 22 (0. 28 £0. 02) pm, B H hIAPP (11 ~28 ) JE A 02T 4
(KBEH(1.81£0.47) wm) B, BT cR hIAPP( HISS ) %675 (kB 6 A6 ) W1 50 e 441 1 B S 2
RS . PO B ORCIR BT MR 0 34 0 1 LA B0 (B 5B) o 1L F 5250 AW, HisI8 £ hIAPP
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Fig.5 AFM images of hTAPP( H18S) (A) il hIAPP( HI8R) ( B) peptide fragments incubated at 37 °C for three
days, and the statistical diagram( C) of lengths for 3 peptide fragments

16 hIAPP(HI8S) (A) fil hIAPP(HI8R) (B) ZAEMR %L 5 Ik i Be7E 37 “CHREEF 15 50 mol/L G LA IR

AR 3 dJ5 ) AFM JESH
Fig.6 AFM images of hTAPP(H18S) (A) and hIAPP(HI18R) ( B) peptide fragments incubated at 37 °C for three
days in the presence of 50 pmol/L CuCl,
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Effect of Copper Ions on the Aggregation of
Human Islet Amyloid Polypeptide (11 ~28)

LU Cheng”, LI Lin“, YAN Peng’, ZHANG Nan“, CHEN Wuchao", ZHANG Gongjun’, ZHOU Xingfei""
(“School of Science ,Ningbo University , Ningbo , Zhejiang 315211 , China ;
*Ningbo Institute of Material Technology and Engineering
Chinese Academy of Sciences , Ningbo , Zhejiang 315201 , China)

Abstract Human islet amyloid polypeptide ( hTAPP) is closely associated with type 2 diabetes mellitus
(T2DM) , which is one of possible pathogenic factors of islet beta cell apoptosis. It has been suggested that
the environmental factors ( such as metal ions, pH and temperature) have great effects on the aggregation
process of hIAPP. In this study, we investigate the influence of copper(Il) ions on the aggregation of hIAPP
and its fragments by a variety of biophysical methods. Atomic force microscope( AFM) and thioflavin T( ThT)
fluorescence measurements show that the copper ions can inhibit hIAPP (1 ~37) and hIAPP (11 ~28) to
aggregate into fibers. In addition, the micro-Fourier transform infrared spectroscopy ( Micro-FTIR) shows that
copper ions can restrain the transition from alpha helices structure to beta sheets formation during the peptide
incubation. By the single amino acid mutation experiment, we speculate that the Hisl8 in hIAPP(11 ~28)
may have a dominant effect on the aggregation behavior and the interaction with copper ions.

Keywords copper(]l) ions;human islet amyloid protein ;type 2 diabetes
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