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NIC Series, Vol. 36, ISBN 978-3-9810843-2-0, pp. 215-218, 2007.

c© 2007 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://www.fz-juelich.de/nic-series/volume36



Multiple Beta-Sheet Molecular Dynamics of Two Abl-SH3
Domain Peptides

Inta Liepina 1, Salvador Ventura2, Cezary Czaplewski3, and Adam Liwo3

1 Latvian Institute of Organic Synthesis, Riga, LV1006, Latvia
E-mail: inta@osi.lv

2 Institut de Biotecnologia i de Biomedicina, Universitat Autonoma de Barcelona
E-08193 Bellaterra, Spain

E-mail: salvador.ventura@uab.es

3 Faculty of Chemistry, University of Gdańsk, 80-952 Gdańsk, Poland
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Six parallely placed ten stranded antiparallelβ-sheets of DLSFMKGE (10x6xMK), and DLS-
FKKGE (10x6xKK) peptides, immersed in periodic water boxes, were subjected to molecular
dynamics simulations (MD) for 90 ns and 40 ns respectively, to study the amyloid fibril forma-
tion tendencies of the two peptides. MD simulation showed that the 10x6xMKβ-sheet sheet
stack is stable, but 10x6xKKβ-sheet stack is not. 10x6xMKβ-sheet is stable because of hy-
drophobic interactions of metionine-phenilalanine and leucine of the neighbouring sheets. Met,
Phe, Leu make a hydrophobic core for the stack ofβ-sheets. During MD run the Met, Phe, Leu
of neighbouring sheets act as conformational switch movingβ-sheets by two amino acid step
towards each other.

1 Introduction

Short protein sequence stretches drive the protein aggregation in amyloid fibrils1–3. Based
on a homology search we have identified an aggregation-proneregion in the Abl-SH3 do-
main of Drosophila with sequence DLSFMKGE (MK), and less amyloidogenic human ho-
mologous region with sequence DLSFKKGE (KK). The antiparallel flat β-sheets consist-
ing of ten strands of MK and KK were constructed. We created two multi-sheet systems:
(1) six parallely placed 10-strandβ-sheets of MK (10x6xMK) (Fig.1a), (2) six parallely
placed 10-strandβ-sheets of KK (10x6xKK) (Fig.2a). Each of theseβ-sheet systems was
surrounded by a 10̊A layer of water molecules over the solute and subjected to molecular
dynamics (MD) simulations with the Amber 8.0 force field in the NPT (constant number
of molecules, pressure, and temperature) scheme. The MD simulations were started from
the temperature of 10 K and the temperature was gradually raised by the step of the ten
degrees till 300 K, then the simulations were run at the constant temperature of 300 K. The
10x6xMK system was simulated by 90 ns of MD, the 10x6xKK system was simulated by
40 ns of MD.

2 Results

The 10x6xMK system maintainsβ-sheets, and theβ-sheets remained together in a stack
during all the time of MD simulation (Fig.1) and showed strong hydrogen bonding (Fig.3).
During the simulation theβ-sheets of the 10x6xMK system shifted towards each other by
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two amino acids (Fig.1b, Fig.1c). The 10x6xKK system maintainsβ-sheets, butβ-sheets
do not remain together, they are hanging by a thread (Fig.2b), and moving away each from
other (Fig.2c).

a) b) c)

Figure 1. Multisheet system of DLSFMKGE peptides (10x6xMK)keeps together all the time of MD simulation.
The 10x6xMK system at a) 351 ps, b) 21705 ps, c) 74499 ps of MD.

a) b) c)

Figure 2. Multisheet system of DLSFKKGE peptides (10x6xKK)does not remain together during MD simula-
tion. The 10x6xKK system at a) 382 ps, b)11408 ps, c) 36771 ps of MD.
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3 Conclusions

The MD simulation of multisheet systems revealed that: 1.The 10x6xMKβ-sheet stack is
stable, but the 10x6xKKβ-sheet stack is not. 2.The 10x6xMKβ-sheet is stable because
of hydrophobic interactions of metionine and phenylalanine side chains and the leucine
side chain of the neighbouring sheets. Met, Phe, Leu make a hydrophobic core for the
stack ofβ-sheets. 3.During the MD run, the Met, Phe, and Leu residues of neighbouring
sheets act as a conformational switch moving theβ-sheets by two amino acid step towards
each other. 4.Replacement of Met by Lys destroys the hydrophobic core, which is the
stability factor of theβ-sheets stack. The 10x6xKK system maintainsβ-sheets, but loses
interactions betweenβ-sheets. 5.The calculations of sixβ-sheets confirm the conclusion
drawn for single sheet systems: parallelly placedβ-sheets stabilize each other.

a) b) c)

Figure 3. DLSFMKGE peptides (10x6xMK) show strong hydrogenbonding during the all MD run: a) 351 ps,
b) 21705 ps, c) 74499 ps.
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