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Introduction

The conformational dynamics of proteins and pepti-
des is a hierarchical process which involves charac-
teristic time scales ranging from 10−12 seconds to
100 seconds.

The physical models of the conformational dy-
namics consist predominantly of local interactions.
Hence long-range interactions and dynamics on all
time scale levels are mediated by a chain of local
interactions.

Small, local, changes in the underlying potenti-
al as can be chemically realised by substitution of
atom group, or replacing a single hydrogen atom by
a halogen, can alter the dynamics of the peptide and
hence its propensity to fold. For the hexa-peptide NF-
GAIL (Asn-Phe-Gly-Ala-Ile-Leu) 1, which is part of a
human amyloid peptide, small chemical perturbati-
ons have been shown to drastically alter the process
of fibril formation [1–3]. Aggregation of (misfolded)
oligopeptides is a molecular processes present in
Alzheimer’s disease.

As a part of project B05 in the CRC1114 ”scaling
cascades in complex systems", a spectroscopic ex-
periment in which vibrational modes are selectively
excited such that the dynamics along a chosen re-
action coordinate (RC) are sped up is being built in
the group of Karsten Heyne. They aim for changing
the conformational dynamics of the halogenated NF-
GAIL monomers by directly exciting âreactive mo-
desâ along the numerically derived RCs. A reactive
mode is a vibrational mode that points along the
RC. Selectively exciting this mode by an IR pump
pulse should trigger a conformational change, which
subsequently can be read out by an IR probe pulse.

First principles calculations of vibrational spec-
tra In order to link IR experiments to simulation
data we will compute IR spectra of different confor-
mers of the NFGAIL peptide and its fluorinated coun-
terpart. To this end we will apply density functional

theory molecular dynamics simulations allowing us
to explicitly account for anharmonic effects, solvent
and finite temperature.

Abbildung 1: The hexa-peptide a) NFGAIL and b) its fluorinated
analoge 4Phe-NFGAIL

Although, due to the computational demands of
first principle simulations, only time-scales on the
order of tens of picoseconds are directly accessible,
this data will be of additional value by serving as a
reference to evaluate the short time-scale behaviour
of the classical simulations. In particular, all inter-
actions with the solvent will be modelled explicitly,
including polarisation effects, enabling us to directly
analyse the coupling of solute-solvent interactions
with the internal motions of the solute peptides. IR
spectra can be computed from first principles mole-
cular dynamics simulations via the Fourier transform
of the autocorrelation function of the dipole moments
along the trajectory.

Reactive modes We will use classical molecu-
lar dynamics simulations so as to explore the confor-
mational dynamics of the hexapeptide. Beside the
probabilities of the different conformations, these si-
mulations will provide a model for the time scales and
transition vectors for the conformational transitions.
These information needs to be related to motions
that can be excited by IR light so as to stimulate
transitions. To this end, the high-dimensional tran-
sition vectors will be projected onto the vibrational
modes obtained from the first-principles simulations.
The best match that also has a significant intensity,
according t the computed spectra can then be tested
experimental and validated with respect of accelera-
tion (or slowing down of) the (mis)-folding transitions.

WWW

http://www.sfb1114.de

Weitere Informationen

[1] Aphrodite Kapurniotu, Anke Schmauder, and
Konstantinos Tenidis. Structure-based de-
sign and study of non-amyloidogenic, double

bec00206

http://www.sfb1114.de


n-methylated iapp amyloid core sequences
as inhibitors of iapp amyloid formation and
cytotoxicity1. Journal of molecular biology,
315(3):339–350, 2002.

[2] Marianna Tatarek-Nossol, Li-Mei Yan, Anke
Schmauder, Konstantinos Tenidis, Gunilla Wes-
termark, and Aphrodite Kapurniotu. Inhibition
of hiapp amyloid-fibril formation and apoptotic
cell death by a designed hiapp amyloid-core-
containing hexapeptide. Chemistry & biology,
12(7):797–809, 2005.

[3] Sang-Hee Shim, Ruchi Gupta, Yun L Ling, Da-
vid B Strasfeld, Daniel P Raleigh, and Martin T
Zanni. Two-dimensional ir spectroscopy and
isotope labeling defines the pathway of amyloid
formation with residue-specific resolution. Pro-
ceedings of the National Academy of Sciences,
106(16):6614–6619, 2009.

Projektpartner

AG Bettina Keller, Institute for Physical and Theoreti-
cal Chemistry, Freie Universität Berlin, AG Marcus
Weber, Zuse Institut Berlin

Förderung

DFG Sonderforschungsbereich (SFB) 1114

bec00206


