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The potential energy landscape provides both conceptuhtamputational
tools for understanding a wide range of observable praggeriti molecular sci-
encel™ In particular, we can exploit stationary points (minima arahsition
states) for structure prediction and analysis of globairttuelynamic and kinetic
properties. Basin-hopping global optimisafiorepresents a powerful tool for
structure prediction, while basin-sampling/parallel peming ’ and discrete path
sampling=*° enable us to address broken ergodicity and rare event dgeami
Basin-hopping and basin-sampling require only local misation; discrete path
sampling involves location of transition states betweealminima. This coarse-
graining in terms of stationary points is founded upon effitigeometry optimi-
sation procedures; the corresponding software and enemggtape databases are
available at URL http://www-wales.ch.cam.ac.uk.
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Figure 1: Predicted structures forA_ 4, monomer (transmembrane and surface
structures, left), dimer (middle) and octamer (right) im@xt with an implicit
membrane.

Applications have been presented ranging from predictr@hiaterpretation
of high resolution spectra for small water clust€rd? folding and misfolding of
biomolecules?*° to the analysis of structural glass-formérs” and condensed
soft matter system$:1® Some recent results for small oligomers of thg, A,
peptide are illustrated in Figure’d These structures were obtained using CHARM®19
with the implicit membrane potential IMM#%. A basin-hopping/parallel temper-
ing scheme with exchanges between basin-hopping rundatedif temperatures
was used? together with intra- and intermolecular coordinate moweslie pep-
tides. The most favourable monomer transmembrane steubag residues 17 to
42 inserted in the membrane. The most stable octamer stesotan be viewed
as displaced tetramers composed of two or titasheets?
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Figure 2: Left: introduction of a cytochrome domain into anydoid fibre can
change the morphology from twisted to spiral ribbons andaedsystematic kink-
ing. Centre: rigid building blocks consisting of two ellipds can reproduce these
structures. Right: the structure depends mostly on thenatereometry of the
building blocks.

Coarse-grained modelling has been used to explain the ynaggrinciples
that lead to the emergence of shells, tubes, helices anals)it® Recently we
have discovered design principles that connect the mooglyadf amyloid fibres
to seedpods and macroscopic helices formed from ellipticanets (Figure 23
Experimentally, the introduction of a cytochrome domaitoian amyloid fibre
permits dynamic adjustment of the fibre morphology via heindibhg2* The in-
terlocking of fibre filaments introduces systematic kinkffignd a transition from
a twisted ribbon to a spiral ribbon morphology was also ole#4°® By construct-
ing a rigid link between two anisotropic interacting unite Wwave now shown
that the precise helical morphology of aggregates formesh fsuch a composite
building block primarily depends on the internal geometagher than the nature
of the interaction or the anisotropy of the interacting sinithis framework can
be viewed as a discrete version of the bilayered frustragrorciple, which drives
the morphological transitions of the Bauhinia seedpod.
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