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% SEND THIS VERSION TO J.CHEM.PHYS (PREPRINT VERSION)
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amyloidogenic peptides A%, o> and Sup35; | : in AOT reverse micelles

Anma Victoria Martines,
'Department of Chemistry, Boston Universing Boston, MA (02215
Mhese withers contrifated equally to tis werk
'Department of Chemistry and Biochemistry (ueens Catlege,
City University of New York (CUNY) Flushing, N¥ 11797
*Division of Materials Science and Engineering,

Boston University, Broskline, MA 02446

Edyta Malolepsza, "2 Eva Rivera,! (g Lu,? and John E. Straubl *

%ﬁEIJ 2|§7|‘ET 5
MR IUAIX

Al

(Received)

Abstract

Knowledge of how intermulecular interactions. of amyloid-forming proleins cuse peodein apgregation
and hiw those interactions are affected by sequence and salution conditions is essential to our understanding
of the anset of masy degenerative diseases. OF particular interest is the aggregation of the amylaidd (A0)
peptide., linked 1o Alzheinver's disease. and the aggregation of the Sup35 yesst prion peptide, which resem.
bes the mammalian peian protein (PP linked o speagiform encephalopaibies. To facilitase the stady of
hiese important pepsides. experimentalists have identified small peptide cangeners of the full. length proteins
haat exhibit amylaidogenic behavics, imcluding the KLVEFAE sub.sequence. Aflis_z:. and the GNNOONY

subsequence. SupdS_q- In this study, molecalar dynamics simulations were used (o examine these peptide
fragmenis encapsulated in reverse micelles in ardes in ieniify the fusdamental principles that govern bew
sequence and salaticn envirmnment influence peplide aggregation. Affip.z and Sup3S_;s are chserved to
weganize ime ani-parallel and pamalled @-sheet amangements. Confinensent in the AT reverse micelles is
shown ta stabilize extended peptide conformations and enhance peplide aggregation. Sshstansial Buctun.
tians in the reverse micelle shape are chserved, in sgreement with eadbier sudies. Shape fluctutions are
found s facilitate peptide sobvation through interactions besween the peptide and ADT surfactant, incbeding
direct interaction between non-polar peptide resilues and the aliphatics surfactant wils. Compaied amide [
IR spectra are compared with experimental specim and found o reflect changes in the pepiide siructures in.
duced by i in ibe BM envis - Furih,

. examination of the sctaiional aniscerapy decay
of water in the M demansizates that the water dynamics is sensitive o the presence of peptide s well 2 the

peplide sequence. Overall, car resalis demenstrate that the RM is 3 complex confining enviranmsnt where

substantial direct interactian hetween the sarfactant and peptides plays an important role in determining
he resalting ensemble of peplide canformations. By extension the resalts saggest that simlarly complex
sequence-dependen imteractians may determine conformatianal ensembles of amyloid-forming peptides in

a cellular envirnment.

* Author i whoss comespondence should be sddressed Flecronic mail: sk b edy

kploring the robe of hydration and confinement in the aggregation of amyloidogenic peptides

A and Sup35. o in ADT reverse micelles

Anna ¥iciora Martiney " Fdyia Matolepsea - ? lva Rnera ! Qing Lo® and Jobe . Sermeb ©
I Depadnet of Chonisry Bosion Unéeeaity Bosion, MA 02205
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EKnrwindae of how Inlormocubr Inioracions of amylold-lormizg proioies cause proizin agsnogaion od
how [hoso iniemcions ae afiocied by ssquonae and sniution condllions: b esondal o oo endorstanding of
e onsol of any dopemratve dissees. OF faricelar inene i the aggmpation of e amylold-2 (A8 pop-
tidn, linkmd do e e s disnaen, and the apgm pation of the Sup3S yoast prion pepéide, which reemhis the
mrorenalian prion proten (PriY Heked fo spongéonm mophalopathios. To faclio the sudy of (he impor-
tant, prrpliches, ox perimontabsts ke donised sl popiide congenes of the Mull-legth prois (ot ockibe
amyloidogenic iehaviar, inclding the KLVFFAE b sqmno, A, . and e (SS0ONY swbagmnm,
5g3s, - In this study, moiocular Synamics stroukitions wim wsed b oxamine thos prpiie fogmets oncp-
selaind i roverse micelies in owter ko knty the (undamental prnciples at povem how saqenae and soiution
envirormest Infuenm peplide sapmogation. A, o and SUpES, ,, a0 chernvad \o orpantre fein anb-peralicl
and pamille] g-shoel amangemenls. Coeftement in the ACFT moverse micelies 1s shown (0 sabilie exiended
peptide confoneations and mbena poplide aggmpation. Sebstantal Quctstions in le roverse mielle sape
are ohsrved, in ageomenl with carier sudes. Shepe Sucduatios @e fond o facilisie peptid sihation
thmugh imiemctions hetwoos the peptide and ADT serfadant, nclnding dinect imeraciion betwsen nos-polar
peptide meidws and the al iphatics surfactant tils. Compeied amide 1 IR spocka @ wih exurme-
1l spectraand foend o neflact changes i (e peptide srectures tnduced by conftmement in/the BM amvinoement.
Farthermos, o amizalion of i rolalional anisoiropy docay of walker in the RM demonstoies Lhat the wator dy-
remics |s sersilie fo e presece of peplidr as well as the opide saqmnce. Overall, o results demonsirate
that the KM Is 2 compiex confmnieg envioament whene seheantal dimot interacion betwaen Lhe sertactant and
peplides piays an mportant roke In diermining e malieg eesemhio of EpSde cosfomEtms. By oxios-
sion the rosuts sygpest (hal smiiarty compes saquence-dependent (oo racims may drie e conformationl
e misies of i oid-fomming peptides i 2 collar oo roemosl.

L INTRODUCTION

The expernmental oherrvation and compuisonal simuk-
B of in aggregation presenl sgnificant challesges as-
socmied with the meatment of muliple nkeracting probems [ 1,
I Proiein aggegation ; whe is ofies associaied with long
ame s Lthat d e mach of ouTent simu-
hunnﬁ xuummamﬂmm perimental cherrvation. A
variety of approaches has bees used 1o mduee changes in sec-
onilary structur associaied with prolein apgmnegation = that
il OCos om 2 ime scale amesable Lo experimental and com-
pulntonal sindy These spproaches include the fooss on pro-
tein addiSon o pree xisting fibrils ar s [3-5], e we
of enhaned bulk peolein: cona niraton nhomoed sam-
plimp methods (REMID, cmne -grained modelsh [T, B|, and
m.ldyiug various lengths and segments of the ammvdcsdogenic
proteins [9-15] One parScularty promising 1s the
confmement of aggregation prone profems within a rewmne
micelle envirommest [16-18]

Feverse micelies (EMs) provide s importst emviroeamest
for ihe sindy of proiem folding and sggregation. In exper

“Anthor in whom caesposdenc shoald bo sddeoord.  Fleciroaic maik
wtreohilbe . sdu

mentzl e compulations) studies Ms, perhaps the me
COMmMOny exf surfactant is sodium . bis{2-eihy Theor)
sullcsucciraie (ACTTL I bas been shown that the sie of
a EM & parmiy deermined by ils waer loading Owg),
which is the rafic of waier molecules o srfacisl mokonies
(wgm H2ORAOTTE [na RM. & is pestie jo obeerve the ef-
fizcis thal confinemest asd water achnuﬂ:rc on protein fold-
ing, misfoldmg and aggrepation. Mukierpe a ol [18] per-
foemed ex permments wing ADT BMs 1o ofenve the efiects of
confinemest axd hydration on the Ioido-
penic peptide Emhﬁ:l:m Afie-n I!N'II'%FIE?'IMM Il"?.zl il
Sup3iy 1 (NH] GNNOONY-NHL = Afdig 1z, which
dominan 351- 11 ConiEs
ﬁﬁlll:amfmm e ;hn'cmn:"m;
in common yet both fmgments n.g;,mg:lc inin g-shentx char-
acieristic of amyividopemc proteins [10, 200 Afien ap-
s inlo kel f-sheets and Sup3fy oy
int pen:l:lcl mi&p M) For Ih.:.erLd\.rB I'l.a'g‘:.»:al':.

two pepides has pro

e natme of te mechanism of ol
These differences is sequesce asd Fold mor-
phology make tem perfecty shied for detiled sudies of
the inflursre of confinemest asd hydration on amyioidogenc
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% JPhysChem Table numbering
\makeatletter
\def\thetable{\arabic{table}}%
\makeatother
TABLE I: Parameters for fits of the rotational anisotropy decay with TABLE I Parameters for fits of the rotational anisotropy decay with
the function e H{10— 1+ ar"Hii— 10), Hix) being a Heaviside the function e~ Hi10— 1)+ a"Hi— 10), Hix) being a Heaviside
siep function. for RM systems with and without amy losd peptides. sep fanction, for RM systems with and without amy loéd peplides.
Time in ps Time in ps
Evalem T B n n Svstem T B i n
msiramed KM Wiy st [Iris [y msrzined K [l T T e e
mstrained EM + Supifp_ 3 D9ER1 04090 L1975 L5138 mstrained KM + Sopif_z QD9ES2 Q4090 (L3975 (L523F
msrzined EM + Af 512 L4ZT Q4092 3816 Leles msirained EM + Afis-12 LdZT D40e? [L3ENE [LeleE
unre sirzine-d B D762 04485 LIT15 L7384 unme strained BM D72 04485 LITIS 7386
unmesirzined BM = Supdfy_jz LOS2 04092 04370 07134 unesirained BM + Supdf_j3 LOG42 04092 04370 07134

unmstrained RM # Aftyg ;p L1825 Q4092 (L5737 (7669 unmesirzined RM + Afl; m  LIE2S 04092 05737 07669
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\usepackage{multirow,graphicx,amsmath,bmj}

\usepackage{ulem}

{F15LNtimes new
\usepackage[varg]{txfonts} |romanZ{x

\usepackage{dcolumn} |dcolumnsitFFRZiE+hT
INGRRT TS

multirow INRFEPE—ERTEERITLA L, HZERmultirow,
graphicdB N ZaIB R YRR, amsmathfmiBEE A0, bmigErEiR
ulemZZB R AT T FRIZRIa S \uline REMBZRIT N RIS,
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¢ L Journal of Chemical Physics 9ffll, FTEETE,
jchemphys.bst

\bibliographystyle{jchemphys}
FELaTeXSUAEERATRIN \bibliography{bib3Z{443}
N Fam<SIT

\end{document}
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\bibliographystyle{plain}
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+ fERB\includegraphicsay S IIEE A
\includegraphics[options]{filename}

~ o~ =t =& H yoatd
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¢ \includegraphicsap<RYR]15eE&%options 2 I
key=valuefZT\IR{E

\includegraphics[key=value list]{filename}

= IR

B width : The graphic would be resized to this width. Example:
width=0.9\textwidth

B height : The graphic would be resized to this height. Example:
height=3cm.

B scale : The graphic would scale by this factor. Example:
scale=0.5.

B angle : The graphic would be turned by this angle. Example:
angle=90

X
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o EIRAIRBAIRTEEAKR, SEO R, LaTeX/lt
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7(‘ EHINE. SEEIE S Hhbpt)
\beginifigure}{htb] h EEACE (REFLR LT X)
\begin{center} v TS
\includegraphics[scale=0.5[{filename} . E -

\end{center} .
\caption{Some explanation.} R L
\label{labelforCrossRef} b AERUE RN A R
\end{figure}
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\begin{figurej[htbp] FFk, LaTeXSZELAh-t-b-pAotscist
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Figure 1: Some explanation about the figure.
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\documentclass|letterpaper}{article}
\usepackage{graphicx}

\begin{document}

\begin{figure}[htb]

\centering
\includegraphics|[width=0.4\textwidth]{curveline}
\gquad
\includegraphics|[width=0.4\textwidth]{curveline}
\caption{Some explanation about the figure.}
\label{FigCurveline}

\end{figure}

\end{document}
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o EE{GEN\minipagefil_t\subfigureifiz

\documentclass]letterpaper]{article}
\usepackage{graphicx}
\usepackage{subfigure}
\begin{document}

\begin{figure}[htb]

\centering

\subfigure[Left figure]{
\begin{minipage}[t[{0.45\textwidth}
\centering
\includegraphics[width=0.99\textwidth]{c
\end{minipage}

}

\subfigure[Right figure
\begin{minipage}[tJ{O.
\centering
\includegraphics|widtk
ano3}
\end{minipage}

}

\centering

JroupPicture}
\caption{Left and right

I
AS5\textwidth}

1=0.99\textwidth[{TsUnitC

| figures}

\end{figure}

\end{document}
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\documentclass|letterpaper]{article}
\usepackage{graphicx}
\usepackage{subfigure}

\begin{document}

\begin{figure}[htb]

\centering

\subfigure[Left figure|{
\begin{minipage}[t]{0.45\textwidth}
\centering
\includegraphics[width=0.99\textwidth|{TsU
nitCano3}

\vspace{0.02cm}
\includegraphics[width=0.99\textwidth]{grou
pPicture}

\end{minipage}

}

FHEMZHE

\subfigure[Right figure]{
\begin{minipage}[t]{0.45\textwidth}
\centering
\includegraphics[width=0.99\textwidth}{gr
oupPicture}

\vspace{0.02cm}
\includegraphics[width=0.99\textwidth]{Ts
UnitCano3}

%\caption{Right figure}

\end{minipage}

}
\centering

\caption{Left and right figures}
\end{figure}

\end{document}
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1 Introduction

An introduction usually includes backgronnd abont the topic, and state the
problem vou will address in this work, and the proposed solution.  This
section usnally containg many references.

2 DMethods and materials

2.1 Some fancy method

Explain the fancy method vou nsed. This section often contains many math
formmnlas.

2.2 Some fancy materials

Say something abont the materials von used.

3 Results and Discussion

Present vour results and dizcuss about them. This section usually contains
many figures and tables.

4 Conclusion

Summerize what you have done and give a conclusion.

1 Introduction

An introduction usually ineludes background abont the topic, and state the
problem vou will address in this work, and the proposed solution. This
section nsually containg many references.

2 Methods and materials

2.1 Some fancy method

Explain the fancy wethod vou used. This section often contains many math
formulas.

2.2 Some fancy materials

Say zomething abont the materials vou used.

3 Results and Discussion

Present vour results and dizcuss about them. This section wsually contains
many figures and tahles.

4 Conclusion

Sumnerize what you have done and give a conclusion.
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Incorrect Correct TABLE II. Spacing,
coall — X Output
y — y — Incorrect|e.g. incorrect|eg.  incorrect
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Ey, x direction E., ® direction Correct | e.g.} correct | cg f;mmﬂ
B B Correct Fig.h 2 Fig. 2
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