John von Neumann Institute for Computing NIC

Conformational Polymorphism of a Fibrillogenic
Fusion Peptide in Explicit Solvent and
at an Interface

V. Knecht, R. Lipowsky

published in

From Computational Biophysics to Systems Biology (CBSB08),
Proceedings of the NIC Workshop 2008,

Ulrich H. E. Hansmann, Jan H. Meinke, Sandipan Mohanty,
Walter Nadler, Olav Zimmermann (Editors),

John von Neumann Institute for Computing, Julich,

NIC Series, Vol. 40, ISBN 978-3-9810843-6-8, pp. 109-112, 2008.

© 2008 by John von Neumann Institute for Computing

Permission to make digital or hard copies of portions of this work for
personal or classroom use is granted provided that the copies are not
made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise
requires prior specific permission by the publisher mentioned above.

http://mwww.fz-juelich.de/nic-series/volume40



Conformational Polymorphism of a Fibrillogenic Fusion
Peptide in Explicit Solvent and at an Interface

Volker Knecht and Reinhard Lipowsky

Max Planck Institute of Colloids and Interfaces, Researam@us Golm, 14424 Potsdam, Germany
E-mail: vknecht@mpikg.mpg.de

The development of therapeutic agents against amyloichskserequires an understanding of
the conformational properties of fibrillogenic species onieroscopic level. Here we have used
molecular dynamics simulations to study the fibrillogenisién peptide B18 in monomeric
form in various environments. In particular, our resultdigate that B18 formgs3-sheet/coil
conformations in water, whereas adsorption at a waterfvagerface inducesx-helical con-
formations. a-(3 transition pathways in water are suggested. Our resulte shat previous
spectroscopic measurements reflect properties of monamerseveal a pronounced confor-
mational polymorphism of B18 in different environmentsushhighlighting the need for an
explicit description of the solvent environment in ordeutalerstand fibrillogenic species from
molecular dynamics simulations.

1 Introduction

A number of neurodegenerative diseases such as Alzheiarer&ssociated with the con-
version of proteins from a soluble, functional form intgdaich structure that is highly
prone to aggregate into toxic oligomers or so-called andylibrils. The conformational
transition is believed to take place in a partially denaityenvironment of a cellular com-
partment either in solution or at an interface. Hence, tiveld@ment of therapeutic agents
against amyloid diseases requires an understanding obtiiferenational polymorphism
in different environments on a microscopic level. To studbyiliogenic species experi-
mentally in atomic detail is difficult because of their tendg to aggregate. Therefore, an
indispensable tool to study these systems is provided bypaoten simulations. Here we
have chosen the 18-residue peptide B18, a fragment of thershan fertilization protein
Bindin® as a model system. The amphiphilic sequence of the peptithewen in Fig. 1 (a).
B18 forms amyloid fibrilsn vitro. The soluble form in water forms-sheet and coil struc-
tures with increased-sheet content in the presence of NaCl as indicated fronuleirc
dichroism (CD) spectroscopy. Addition of trifluorethan®Hg) or adsorption of B18 at
a water/air interface induce-helical conformations as indicated from CD or infrared re-
flection absorption spectroscopy (IRRAS), respectivélg, latter suggesting helices to be
parallel to the interfacé2 Nuclear magnetic resonance (NMR) measurements indicate a
helix-kink-helix motif for B18 in water/TFE with 70:30 votue fractiond as shown in
Fig. 1 (b). No detailed structure is available for B18 in pwater in the presence or
absence of NaCl or at a water/air interface. In fact, it isewan clear to which extent con-
formations indicated from CD or IRRAS arise from mono- ogoliners. We have used
molecular dynamics (MD) simulations to study B18 in monoimarm in explicit solvent
and interfacial environments on a microscopic lével.
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Figure 1. (a) Amino acid sequence and (b) structural modd1® in a water/TFE 70:30 (volume fractions) mix-
ture based on NMR datan ribbon representation. The color code distinguishes/®en hydrophobicyellow)
and hydrophilic blue, green, and rédesidues.

initial water 1 water 2 water 3 water/vapor

Figure 2. Initial configuration (“initial”), typical3-sheet conformations of B18 in water (“water 1-3"), and
representative conformation at a water/vapor interfageai¢r/vapor”). The representation is similar to that
chosen in Fig. 1 (b). In “water/vapor”, positions of wateygens are indicated as gray dots.

2 Methods

B18 in explicit water/TFE with 70:30 volume fractions, puvater in absence and presence
of 100 mM NacCl, and at a water/vapor interface with vapor niodeir were studied using
periodic boundary conditions. Initial peptide configuoas were a helix-kink-helix as in
Fig. 1 (b), an extended as in Fig. iRifial ) or a3-sheet/coil conformation as in Fig. &§-

ter 3). Typically, three 50 ns simulations using the same infigphtide configuration, but
different sets of initial velocities were performed. Moshslations were carried out at
293K to mimic experimental conditions. Simulation details given elsewhere.

3 Results and Discussion

B18 in water/TFE with 70:30 volume fractions, pure water tie absence or presence
of 100mM NaCl, and at a water/vapor interface with vapor niodeair were studied.
During simulations started from extended peptide configoma as in Fig. 2igitial), coil
and-sheet conformations as in Fig. ®@dter 1 —3 were adopteds-sheets were mainly
formed by hydrophobic residues, see Fignater 1 —3 (yellow). Addition of NaCl led to
an increase in the averagesheet content. Varioys-sheets containing different residues
were observeds-sheets formed twice in independent simulations, sugygthiat they are
typical structures in water, are shown in Figvzater 1 — 3.

Pre-formedy-helical conformations as in Fig. 1 (b) were more stable itewaFE or
at a water/vapor interface than in pure water. In generdiglical conformations were
more stable in the C-terminal than the N-terminal half of pleptide. In water at 350K,
transitions fromu-helical into3-sheet conformations where observed as shown in Fig. 3.
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Figure 3. a-3 transitions of B18 in water at 350 K. The representationnslar to that chosen in Fig. 1.

The C-terminal and, after 7 ns, the N-terminal helix disedlin two independent simula-
tions. Thereafter, the peptide underwent a transition facsompact coil as in Fig. ¥(9

to more extende@-sheet conformations, see Fig.&L(— 37 n}. The occurrence of a com-
pact coil intermediate is similar to what has been observethd «-3 transitions of other
sequences in previous simulations, see referenéesuygesting a universal feature for
«-f transitions.

A peptide in3-sheet/coil conformation as in Fig. véter 3 placed next to a wa-
ter/vapor interface was spontaneously adsorbed at thefaoge At the interface, the
amount of 3 conformations decreased, anghelical conformations formed in the C-
terminal half of the peptide in two out of three simulationsrpare Fig. 2wWater/vapoj
and Fig. 1), suggesting early conformational transitidter adsorption. In all simulations
of B18 at water/vapor interfaces;helical segments were approximately parallel to the
interface.

4 Conclusion

Our results on the conformation of monomeric B18 in wateraralwater/vapor interface
and the interfacial orientation of the peptide are in agre@rwith available spectroscopic
data and, thus, indicate these data to reflect propertiesooomers. In addition, our
simulations give insights into conformational distrilmurts and transition pathways on a
microscopic level. Revealing a pronounced conformatipoffmorphism of B18 in dif-
ferent environments, our work highlights the need for arlieitglescription of the solvent
environmentin order to understand fibrillogenic speciesifMD simulations.
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