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The free energy for increasing the content of helical aneshgdted backbone segments in
polypeptides is estimated performing computer simulatioh‘reasonable” random walks for
all-atom models of isolated single chains. A summary of thglieations on several homo

polypeptides (%o with X=G,A,V,T,K,E) and on the 8(1-40) peptide involved in Alzheimer

disease is reported.

1 Introduction

The aggregation propensity, a consequence of the protgiresee and of its environment,
can be the indirect effect of the absence of a folding proipen$ This effect has been
called “inverse side chain effeétor “natively disordered model” some sequences, when
merged into a given environment, do not find a pathway to fiold protected structures
and are therefore more suited to form a-specific backboredations that can eventually
drive protein oligomerization.

We propose a model for measuring the competition betweefotheation of protected
structures and structures suited to aggregéatidhe propensity for a single chairto adopt
a given valueg, for a global configurational variablé& (r) (r being the configuration of
all atoms in the molecule), is measured by the free engrdy). In the model, collec-
tive properties that monitor the secondary structure ofidep were used as. Because
of the relevance of helical and elongated segments in tlietatie of peptides involved
in formation of fibrils, we focused on the construction ofended helical segments or,
alternatively, of extended elongated segments in diffesequences of 40 aminoacids.

2 Method

Random walks were performed by using the Monte Carlo methale dihedral space of
single chains, with moves associated to randomly chosepematuresT},, .. =10000 K),

the PARM99 force—field, a short cut—off for nonbonding iations (0.5 nm) and biasing
potential linearly dependent on the collective choseraldeilX . The helical content was
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measured via the maximal number of consecutive residudgs2§it® < ¢ < 320° and
297° < ¢ < 353° (X = L,). The p—strand content was measured as the maximal
number of residues with50° < ¢, < 210° (X = Lg, hereafter).

The free energy,(z) = u.(x) — T's,(x) of chaina is given by the following equa-
tions. Assuming that the density of configurations is theagye over all the biased metas-
tatistics, the two contributions, andu,, to the free energy can be rewritten as:

sa(z) = Rlog {ﬁ;(a:)} + Rlog {<exp(V)>;(a:)}

[, Ua(r) Pi(r) 8[X (r) — 2] dr

Ua(x) = ug,q + doe RT/2 + (2)

1)

where: 7/ and P’ are, respectively, the density ofand the configurational probability
evaluated collecting the metastatistics of the bundle aédxd random walksy is the
biasing potential (linear functions a; v is the space spanned by configuration& (r)

is L. or Lg (antagonist);f, is the free energy in state of chaina; v, is its total energy
in statex; K, = d,RT /2 is the kinetic part (withl, torsional d.o.f.)uo , is the reference
state for energys, maz)-

TheU,(r) term is given by the force—field, this time including longrge corrections,
and adding mean—field corrections for the environment. Ke tiato account water solva-
tion, finite difference solutions of the Poisson-Boltzmamguation for the polypeptide in
water, together with solvent accessible surface areaibatitins, were included itv,,.

3 Results

Homo polypeptides with sequencegXX=G,A,V,T,K,E) were studied. Their helical and
([—strand propensity was compared with thé(A-40) peptide involved in the Alzheimer
disease and several peptides with the #equence randomly scrambled.

As a summary of this study, here we report in Fig. 1 the consparbetween the free
energy of the chosen variables forG A4, V4o and A3(1-40), in water solution (panel
a) and in the vacuum (panel b), this latter modeling the mamdenvironment. Thé
profiles are shifted for graphical purposes.

Gly is unstructured in water solution, displaying only a raate resistance towards
extending its5—strand content. In a membrane—like environment, thistaste is almost
completely lost and even small intermolecular interactioan easily stabilize extendge
sheets. Ala displays an opposite behavior: both in watettisol and in the membrane—like
environment the chain displays a high propensity of beingctiired in helical segments,
while the resistance to extertt-strand content is large. Val displays an intermediate be-
havior: in water, the propensity for extending helical segis is similar to that of Gly, but
the resistance to exteritd-strands is similar to that of Ala; in the vacuum, the projitgns
for extending helical segments is similar to Ala. Thg(A-40) peptide displays a behav-
ior that is similar to Val homo polypeptide. The significanbpensity of extending helical
segments in the membrane—like environment is expecteny #¢i(1-40) part of the mem-
brane protein APP. But this propensity is almost entire$t In water solution, where the
f(L,,) profile is almost flat. On the other hand, no significant desgea the resistance
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Figure 1. Comparison between free enefgy... ) (left z-axis) andf (L) (right z-axis) in Eq. 1 between several
peptides, in water solution (a) and in the vacuum (b).

of extendingG—strand is displayed when the peptide is extracted from thmlonane—like
environment into the water solution.

The similarity between A(1-40) and Valy, together with comparisons with other
helical or 5—strand propense peptides (data not shown here), implgsthsignificant
propensity for extending—strand length is encoded in the3f-40) sequence. Rather,
a significant loss of propensity for extending helical comts displayed when the pep-
tide is moved from the membrane to the water solution: aggiegis more the result of
a low propensity for intramolecular folding than for a sgiecpropensity for extending

(—strands.

Acknowledgments

This work has been done with the financial support of the FIRB)3 project
RBNEO3PX83 of MIUR (ltaly).

References

1. C. M. DobsonProtein misfolding, evolution and diseaSéBS, 24, 329-332, 1999.

2. R. Nelson and D. Eisenber§tructural models of amyloid—like fibrjl&\dv. Prot.
Chem.,73, 235-282, 2006.

3. M. Fandrich and C. M. Dobsofithe behaviour of polyamino acids reveals an inverse
side chain effect in amyloid structure formatj@&MBO J.,21, 5682-5690, 2002.

4. S. Furlan, G. La Penna, and A. Perittodeling the free energy of polypeptides in
different environmentdlacromolecules41, 2938-2948, 2008.

115






