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o 0 B EEE RN - BEERAATAR | RATTE DB T e T BT - SR
TIT RN R ARG PRETA EHECE RERV A T |APP (EHI 228 HilE—F
BIZr TERE ~ SETRSREE > BRIy TRV EER - BE Al e B E RS RV E S
- MR ERR A BT - RORMIREGROLRIR - AUTFea RN © EAUKEH
SHEHEIKY - IAPP BB S IE B4 © H AR SR AR B A LR ER A T
FL{H IAPP &&ifi > (HE I TREMH L SEAT RS - JORK B-sheet s Hlamy{Etii A A1y
T ZHEAIAPP turn A - B (SRR AEIR R HHUKIZ L - HETTTHIG] IAPP J3-THIRER -

Abstract

Several scientific studies, published in recent years, have suggested that the symptoms of type
Il diabetes are related to the aggregation of islet amyloid polypeptide (IAPP). In order to control IAPP
aggregation and use it as potential disease treatment, it is expected that one would have to carry out
various diverse experiments to clarify the underlying science. Undoubtedly, this would be a time-
consuming and resource-intensive project. In this research project, we propose a resource-effective
approach using computer software for the theoretical calculations and analysis. We set up a molecular
dynamic simulation system to explore the impact of organic compounds on IAPP aggregation.
Subsequently, we monitor the molecular dynamics, statistical system energetics, and induce the
interactions between molecules and proteins to find out the optimal experimental-important factors.
This approach is consistent with the vision of green chemistry. Our results indicate that the folding
phenomenon occurs similarly when either a pure water or a diluted saline solution is used as the
solvent. Organic compounds with more polar functional groups or larger structures, will straighten
IAPP structure, so that IAPP may aggregate effectively to each other to form B-sheet fibers. In
contrast, those with lower polar functional groups can easily enter the hydrophobic substituents in the

turn-region of IAPP, and inhibit the hydrophobic core of IAPP therefore preventing the stacking.
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E = Epond + Eangle T Etor + Eelectrostatic T Evdw
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s 2T R R T DURGE SRS R - FE SR AT AR g E AR
e 8T > TR T DU SRR R - HAES R A] A E AR R R T
YA RERA (% -
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HYGE R R BLRE » fE—DHERRZ A MAVE S A B RS -
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E1IAPP Z XX HIEH - B RSN T RAIRE EE(E -

R2-1 RIAW Y T Z&GHElE

Coumarin (C) Coumarin-OH Coumarin-COOH Coumarin-C3H7 (C-C3H7)
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(=) Bl A HE
TR AT 2 (A SRR S TR B AR (L - HL(E IAPP 52
S TAERI SR R (L AR %) BeBIIFRE-6 5 1 AE BE(H » Fomi 2R
V(RS ~ BRI © AE BIE(E - Fom AP « BORRRTE -
% 3-6 B8 |APP BLATHES) T 241945 ( keal/mol)

|APP Bl 75 #4451
=1 e = L = . [ AE = E1 - EZ
& IEATHFVEE R (EL) THIE R B IFATEE £ (E,)
HFF2Z(C) -14934.81 -14884.69 -50.12
TR (Pa) -14500.51 -14508.85 8.34
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EERNTEY
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BEEETEY
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g_lt- - E = Ebond + Eangle + Etor + Eelectrostatic + Evdw
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-40
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os5 |
15 .
10 05 e y = 0.0265x + 0.1302
s R =0.9016
0.45 . . : :
0 12 14 16 18 20 22
0 2000 4000 6000 8000 10000 bty Ao p s X -
[ (Picosecond) A gj‘iB %245ﬁH§%E§LG|yE@EﬁﬁE (A)

[&3-4.4 IAPP(A’ ~ B*)224Gly HiE [#3-4.5 IAPP(A’ ~ B’)224Gly [ > fHEIEE

1. #1[E3-4.4 » WiflE TAPP 5245% Gly RIFVEEREA /NSRS - BE5 TIVEREIT Ay - B
H ZZR(C-COON)FHEEIR TAPP firfl » (RIELRT IAPP 73 T3 LIMH G 5EAT - (HIE24Gly 2
PR BB AT ERGER (MRS -

2. TP B RERE I 1 559000-10000 ps [ FEHEHkEE 10
{850 - BIZZW(E TAPP 5T H Rl i /K e g g
b - EARE{E R ARAK B TR - SELE AH

B[ YEEREATAT - /Koy ZAH B R SRR - 2l - o N terminus
AG/residue
3-4.5 > ILEURRIE TAPP MH G SET R ER - FIPHL e ol

. . F 75 : Qin Cao, David R. Boyer,
B Ry KHVE SR » HE M TP BCE S DHYEK 0 Michael R. Sawaya, Peng Ge, & David S.

. Eisenberg, 2020
BEEA SRR AE RO B BT & o FIHEA &
SERUTAEYNC-COON) G e fi# IAPP /77T % -

3, [ JE 2 LA %39 MABES TR - &
TS 22y = A=) //\é FE=
(1) ELEN A HES T-(C-COOH)HI 4 I A SR B » j ﬁﬁbi(kca”n;’;g -
N P= A L =L W - .
H1753-9 - FRFISEELR{E TAPP SE3T 14 2 GAE Bk E, 5994809
I W EFn IAPP S TR ERE e - | AE=E,—E, | -2679.04
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(2) TEHREIEARRZE - WEE SR ITAEYI(C-COON) 3 AIfERAE B 73 Z Hilli 10GIn K%
Uit 24Gly HYEITEL B G - W17R3-10 - HNE ERNTAEY 245 (-COOH) » fE LRI &
LSRR SHY O JRTImSEdTAE A |l - RE3-4.6 ; FERImAH ZB 5 AR T -
55— LAPP SEAT LA EEHY IAPP 73 5-JE2 5K B-sheet » FEATRE 7RG -

% 3-10 HERITAY)(C-COOH) L IAPP f HFG R R 2 2 4Ae &

HEHZLT4Y (C-COOH )4 IAPP(B’)
IAPP 8 Ala 9 Thr 10 Gln 11 Arg 12 Leu
REE
-41.56 -2.41 -2.19 -15.33 -8.78 0.12
(kcal/mol)
D ZLT49)(C-COOH )Eil IAPP(B’)
IAPP 20 Ser | 21 Asn 22 Asn 23 Phe 24 Gly 25 Ala
FEE
-29. -3.2 -4.64 -5. -7.38 -12.30 -0.13
(keal/mol) 9.56 3.27 6 5.77

727 Fs(C-COOH ) » 4575 B IAPP 2 10GIn /775 55(C-COOH ) » 4577 5 IAPP 2 24Gly
3-4.6 W& ZZRIT4Y) (C-COOH )ER IAPP E FH 2 IR 24
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(2) BEERITEY(C-CsHy)EE |IAPP
[EB R R LR ITAEYN(C-CaHr) 73 8L IAPP By EHE(A ~ B)EFRRIU(A’ ~ BO)ERZ &4 -
BIREEREEIE > FEBP IAPP AL/ ERITAYI(C-CH) & I EMEP 24t > AT
E1 IAPP 2B —H—8YEH - K TEA -

1. 82 IAPP 7312 Wi E% o-helix F0 55 Z BEEESHD - AT —EERS5] IAPP (A)Z
tail Ui > AR HESR(ANE3-4.7R54R) > 55— HIE(E TAPP (B pAR E R FEEIR
HAW > T(C-CH) &G HE ATEEIIR IAPP 7 turn N > {ERFFYH -

2.

25

Distance (A)
=)

[
L

0

— N
w o
i

0

3-4.7 TAPP(A ~ B)fJ a-helix t.0, 5 T-HEHE

1000

2000 3000 4000 5000
Time (Picosecond)

BEERERUETE - RI(EA 781 IAPP Z{F R0 Nadam - o

(1) BFEEENTAEY(C-CHy) 5[ IAPP A 73+ tail Ui » [FEIRELASERE P BUEIZE MR O
R > W5| IAPP &5## 1 1Lys 2 -NH A& - DLGERER JIEEFAE - 0T E -

AT 5-(C-CsHy)

B IAPP(A)
3-4.8 HHZALTAEY) (C-C3Hy) BL IAPP(A)FE ] Z R Bk 2290

-C;Hy £:[H|81 IAPP 2~ 1Lys

7% 3-11 & G ERITAY)(C-CsHr) 8 IAPP Je Hi ke 2 2 HtHE &

FEZELTEY) (C-C3Hy )EL IAPP(A)

IAPP 1Lys { 2Cys | 10GIn | 13Ala | 14Asn | 17 Val | 20 Ser
=1
(kci?/iol) -52.78 | -30.52 1.65 -4.60 -4.11 -3.66 -1.32 -1.97
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(2) f# IAPP JERFEEIRE - #A TAPP 2 turn NHYE FERLTAEY(C-CiHy) - DLHR KSR
PEE-IEAEL(-C3Hy) SCHEEAT TAPP 2 HKi% --23520~295% 2 B Hk g > Al1E(3-4.9 - It
b > BAFTHERZEEN(C-C3Hy) 3 THIBSIREE G /1Y tail M turn 2] > HECESE EAVER
N T B tail VA VB RS D& R r THIEE turn © (E3R3-12E0R A ERAE R H]
i - A T(C-CH)ILRY turn EL TAPP tail Ui ZREETEEZEA 2 > BUREEAT

5 AR (IR T e
FAE - LB AT - BT 24558 i (keal/mol)
WIC-CsHn)E TAPP % i 78 /6 1 FI 5 EE“’ﬁ ii?iiiﬁ
ST AP RSN [ ar ST
SR T -

C-C3H7 3% A_IAPP(B) turn [N -C3H7 ELEEHT IAPP Hi/KEZ L)
3-4.9 Wi{lEl & S ZEZNT4EY) (C-C3Hy) B IAPP(B)E H Z (6 UER 2470
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‘Ei N \\sn&ﬁ @Fﬁ

AW TR BRI AVE IR A RS - SRR T B RE A FEAI T8 IAPP #Y
HEEL G AEA - WIFRAEREFIHER] © FEAUKERRE R EKIRET T - IAPP I8P £ 322
KT8 GIVRERIEENEBET - a3 T8 IAPP 28 » GrasiReiEEHs
HNGHFHEBRENE > BT - 56 IAPP r 73 iig - & 52 (C) ki14:7)(C-CsHy)
HIAPP 7T ZEEHTIVREL B-sheet —8R&ERE © 5 AT T BA R S i AL B s &S R
DEEATIIESUE - AR AR 2 (Pa) il R 1T44)(C-COOH) » IEF TG hirBHE IAPP 43
T (EHS TR A A SRR o JURK B-sheet @4 ¢ E AT T EARRMRM: 2 2 H - FifE
NIZREAE |APP HY turn (A > BIZER IAPP EEA TR ERIR R o/ Ki% & 3R > mTHI] IAPP 531 fHifY
R

AT FEIR RN 2 45 - BRERMAHERESE NI L & |APP 73 T 2540 » BIZA
A TUEESE IAPP AR SHIRI B A © IO - IR IEAS ST TaET - B
HENARGHOTEES — 2RIV T stEESARIT T IAPP BT TEIRERIR(E - D
ST, ~ Banu Bt At 2 i - A RS B — D TE RS AR PR A I E S -

fh SER

— ~ Joshua A. Rackers, Marie L. Laury, Chao Lu, Zhi Wang, Louis Lagardere, Jean-Philip
Piquemal, Pengyu Ren, Jay W. Ponder. (2018). TINKER 8: A Modular Software Package for
Molecular Design and Simulation. Journal of Chemical Theory and Computation, 14, 5273-52

.~ Qin Cao, David R. Boyer, Michael R. Sawaya, Peng Ge, and David S. Eisenberg. (2020).

Cryo-EM structure and inhibitor design of humanlAPP (amylin) fibrils. Natural Structural

&Molecular Biology,27, 653-65

Tseng, W. H., Chen, S. H., & Hiramatsu, H. (2020). pH-controlled stacking direction of the [-

strands in peptide fibrils. Scientific reports, 10(1), [22199]. doi: 10.1038/s41598-020-79001-x

PO ~ Wieczorek, G. & Niedzialek, D.. (2020). Molecular Dynamics. eLS, 1-18. doi:
10.1002/9780470015902.20003048.pub3
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B 8% —
— ~ key 15

1. minimize

parameters amber99 oplsaa.prm
openmp-threads 64

cutoff 9.0

ewald
ewald-cutoff 7.0
vdw-correction
polar-eps 0.01

steepest-descent

2. nvt

parameters amber99 oplsaa.prm

openmp-threads 24
cutoff 9.0

ewald
ewald-cutoff 7.0
vdw-correction
polar-eps 0.01

thermostat berendsen
integrator verlet

archive
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3.

npt

parameters amber99 oplsaa.prm

openmp-threads 24
cutoff 9.0

ewald
ewald-cutoff 7.0
vdw-correction
polar-eps 0.01

thermostat berendsen
integrator verlet
barostat berendsen
tau-temperature 1.0
tau-pressure 1.0

archive
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