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The free-energy approach has delivered promising resarigrétein folding and structure pre-
diction in recent years. The native state is found as theafjlotinimum of an all-atom free-
energy forcefield. Now, we used this approach to simulateaigregation of & fragment
16-22. This aggregation is believed to be associated wigtAthheimer’s disease. The model
system contained 2 polypeptide chains. The obtained stesbf the aggregates consisted of
either parallel or anti-paralle$-sheets, the latter were preferable.

1 Introduction

The Alzheimer’s disease is associated with misfolding efamyloid protein. In the func-

tional native form, this small protein, of 42 amino acidss tggobular structure with two

a-helices. However, under certain conditions, it can forrgragates of3-sheets that, on

a larger scale, are arranged as long insoluble fibrilhe resulting fibrils have toxic ef-

fects in the extracellular space of the brain of patientwhie Alzheimer’s disease. The
amyloid protein in this form is known as@peptide.

This protein has been extensively studied by both expeiahemd computational
method& ’. The experimental techniques such as solid-state NMRfiXadtion and elec-
tron microscopy were used for characterizing the structfiraggregates Most of the
computational studies were focused on short polypeptignfients of this protein, such
asLY Sis — LEU — VAL — PHE — PHE — ALA — G LUx*. This fragmentis believed
to play a key role in the formation of the aggregates. In thesent work, we study the
systems of one and two chains oB4_, peptidé.

2 Methods and Results

The free-energy approach has delivered promising resulfgrbtein folding and structure
prediction in recent years. Following Anfisen’s hypothétiie native state is postulated to
be the global minimum of a all-atom free-energy functionisThinimum can be found by
optimization methodsincluding the Monte Carlo procedure. This approach wasesssc
fully used to folda-, 3- and mixed proteins of moderate lenttf2:>

This approach requires an accurate, transferable praegnenergy forcefield. In this
study we used Protein Force Field (PFF0Z) In our model, all the atoms are explicitly
represented (the apolar groupgi; is considered as a single atom). The bond angles and
the bond lengths are fixed. The degrees of freedom considegdte backbone/( ¢) and
the sidechainy;) dihedral angles.
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Figure 1. Left: The lowest energy structure is an anti-paralietheet. The polar contacts between side-chain
atoms N of LY S16 and O of GLU22 are shown explicitly. Right: The energy of the best parallgtsheet
structure is higher by 10 kcal/mol.

The energy function contains the following terms: (1) trenslard Lennard-Jones po-
tential, (2) the Coulomb energy of electrotatic interactivith group specific dielectric
constants, (3) a term for the hydrogen bonding, (4) a SASget@olvation term that im-
plicitly takes into account the influence of the solvent. \Wediseveral optimization meth-
ods used to find the global minimum of the energy function:b@gin hopping technique
(BHT), (2) parallel tempering, and (3) evolutionary straes.

Recently, our protein simulation package, POEM, has beadtfifiad to treat multiple
polypeptide chains. In the present study, we simulatedytbss of one and two chains
of AfB16_22 using a modified version of BH¥. In the simulations of a single chain, no
specific unique structure was formed, in agreement with #nkee studie$. In contrast,
the system of two chains formed an anti-paralledheet in most of the cases. The lowest
energy structure is shown in Fig. 1. The main reason for thipamallel orientation has
been much debated in the literature, the two options beimgaltt bridgesand the efficient
sidechain packirfy

Analysis of the simulations shows the overwhelming prefeecfor the anti-parallel
orientation. The free energy surface of the two-chain sysgepresented in Fig. 2. The
lowest energy structures are the anti-paralledheets. However, in the simulations the
parallel orientation was also observed. The pardglistructure with the lowest energy is
shown in Fig. 1. The anti-parallel orientation is stabitiz®y the efficient sidechain packing
as well as by the polar interactions between the sidech&ind'®' s andG LU 55.
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Figure 2. The free energy surface of the two-chain systera.cbrordinates are the number N of the residues in
the 8-conformation and the cosine of the anglbetween the two end-to-end vectors.

References

1. C. B. AnfinsenPrinciples that govern the Folding of Protein Chajrciencel81,
223, 1973.

2. J. J. Balbach and Y. Ishii and O. N. Antzutkin and R. D. Leaprand N. W. Rizzo
and F. Dyda and J. Reed and R. Tyckanyloid fibril formation by A beta 16-22, a
seven-residue fragment of the Alzheimer’s beta-amylqgitighe, and structural char-
acterization by solid state NMmiochemistry39, 13748, 2000.

3. C. M. Dobson,The structural basis of protein folding and its links withnhan dis-
ease Phil. Trans. R. Soc. Lond. B56, 133, 2001.

4. G. Favrin and A. Irback and S. Mohan®ligomerization of amyloid As_22 pep-
tides using hydrogen bonds and hydrophobicity for&sphysical Journa87, 3657,
2004.

5. S. M. Gopal and W. WenzdDe Novo Folding of the DNA-Binding ATF-2 Zinc Finger
Motif in an All-Atom Free-Energy ForcefigldAngew. Chemie Int45, 7726, 2006.

6. T. Herges and W. WenzeAn All-Atom Force Field for Tertiary Structure Prediction
of Helical Proteins Biophysical Journad7, 3100, 2004.

7. D. K. Klimov and D. ThirumalaiPissecting the assemble df3;5_22 amyloid pep-
tides into antiparalle|3 sheetsStructurell, 295, 2003.

8. T. Luhrs and C. Ritter and M. Adrian and D. Riek-Loher andBBhrmann and H.
Dobeli and D. Schubert and R. Rie¥) structure of Alzheimer’s amyloid-beta(1-42)
fibrils, Proc. Nat. Acad. Scil02 17342, 2005.

9. A. Schug, A. Verma, W. Wenzel, and G. SchoBigmolecular structure prediction

179



with stochastic optimization methqdsdv. Eng. Materials, 1005, 2005.

10. A. Verma and S. Murthy and K. H. Lee and E. Starikov and Wh¥e& De novo all
atom folding of helical proteindNIC Series34, 45, 2006.

11. A. Verma and W. WenzeTlowards a universal Free Energy Forcefield for All atom
Protein Folding (Submited) 2007.

12. W. WenzelPredictive folding of & hairpin in an all-atom free-energy mod&turo-
phys. Letters6, 156, 2006.

180



