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The dynamical exponertl, that governs the behavior of the global persistence prétyalsi
obtained through short-time Monte Carlo simulations oftikéx-coil transition. Our simula-
tions are based on a detailed, all-atom representatioreahtilecules and an implicit solvation
model to approximate the interaction with the surroundilgent. Our results obtained for the
polyalanine and the 34-residue human parathyroid fragf&hi(1-34) are in good agreement
each other, and indicate universality of the helix-coihsiéion in proteinlike molecules.

1 Introduction

After the works by Janssen, Schaub, and Schmittrhama Husé much attention has
been devoted to study of phase transitions and critical inena of dynamical systems
at the early stage of its time evolution. By using renorn@lan group techniques and
numerical calculations, respectively, they showed thatareality and scaling behavior
are already present in this stage (henceforth named astsherstage) after quenching
from high temperatures to the critical one.

The values of the critical indices obtained through thihitégue® 4, have shown that
short-time Monte Carlo simulations are very efficient and ba used to estimate, with
good precision, the statical exponents and the dynamigairesntz.

Far from equilibrium, another dynamic critical exponensvmoposed by Majumdar
et al® studying the behavior of the global persistence probgh#itt) that the order pa-
rameter has not changed its sign up to the time t. The glolraigtence probability?(¢)

can be defined as
t

Pt)=1-> p(t), (1)

t'=1
wherep(t’) is the fraction of the samples that have changed their statié first time at
the instant’.
At criticality, P(t) is expected to decay algebraically as
P(t)"t Y% (2)

whered, is the global persistence exponent. Since then, the stuttyegbersistence be-
havior have attracted much interest, playing an importaletin the study of systems far
from equilibriunf—2 .
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Figure 1. Left: Log-log plot of the time series of the globatgistencyP(t) for Alaso and various initial order
parameter valua;%. Right: Persistence exponent as afunctj@p Open symbols are the values for polyalanine
and the filled symbols are the values for PTH(1-34).

In this work, we have studied the dynamic critical behavidralical proteins via short-
time Monte Carlo simulations. We evaluated the dynamigcaliexponent,, for (Ala)
chains (N=10, 20, 30 and 40) to verify the effects of finiteesi©ur investigation is later
extended toward the 34-residue human parathyroid fragRiEH{1-34).

2 Model

Our short-time MC simulations of the helix-coil transitiare based on a detailed, all-atom
representation of proteins. The interaction between tbmsiis described by a standard
force field, ECEPP/2 (Empirical Conformational Energy Rewg for Peptides) as imple-
mented in the program package SMMP (Simple Molecular Meicisdar Proteins). The
interactions between our polypeptides and surroundingmvae approximated by means
of an implicit water model, which assumes that the solvatfoee) energy is proportional
to the solvent accessible surface area and utilizes thengdea set of Ref. 10 that is often
used in conjunction with the ECEPP force field.

Crucial for our analysis is the definition of an order parametOur analog to the
magnetization in spin systems is the number of helical tesigh; = 2« (ny (T)) /(N —
2) — 1. Here we define a residue as helical if its backbone dihediglea (¢, v) , take
values in the range-70° +30°, —37° £ 30°) (their common values in am helix), and the
residue exhibits the hydrogen bonding pattern observedhielices. The normalization
factor N —2 (N the number of residues) is chosen because the flexible tafnesidues are
usually not part of amv helix. Our definition ensures thatl < gy < 1 andgy (7.) = 0.

3 Results

We start our investigation of dynamic critical exponéptin the helix-coil transition by
simulating polyalanine chains of lengths N=10, 20, 30, abithdyour respectively critical
temperatura T = 315, 415, 450 and 470 which were found in our earlier wbrk$ Our

results are averaged over 5000 independent runs . Erroestineated by dividing these
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Figure 2. The scaling obtained for the 5 smaJ;l%r. The persistence exponent foundjs= 0.729(6).

5000 runs in bins of 100 runs and calculating the fluctuatfadh® averages calculated for
each bin.

In order to estimate the exponefit one needs to prepare the initial states carefully
to obtain precise values of the initia; = qu(t = 0). The exponent?, is obtained
from Eq. 2. Figure 1 (Left) shows the corresponding log-lt@gof P(t) for Alay, and
various initial values o§?; . This value, and the ones corresponding to polyalaninenshai
of lenght N= 10, 20 and 30 are listed in Tab. 1.

4% Alaqg | 4% Alasg | % Alaszg | % Alayg
0.25 0.402(6) | 0.11 0.687(7) | 0.0714 0.708(7) | 0.0526 0.710(8
0.50 0.248(7) | 0.22 0.469(7) | 0.1429 0.626(6) | 0.1053 0.696(7
0.33  0.317(8) | 0.2143 0.488(7) | 0.1579 0.605(7
0.2857 0.374(7) | 0.2105 0.503(7

Table 1. Global persistence exponégtfor polyalanine chains of length N = 10, 20, 30 and 40.

0 PTH(1 — 34)
0.0625 0.705(6)
0.125  0.658(7)
0.1875  0.562(6)
025  0.395(7)

Table 2. Global persistence exponégtfor the 34-residue human parathyroid fragment PTH(1-34).

The general behavior of the global persistence for eachapaniyna indicate that when
q% decreases, the value for the persistence expaheinicreases. In Fig 1 (Right) we
show thed,, of all polyalanine as a function of thg;,. We can observe that the value of
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6, increase quickly, with the decrease of i, but tends to stabilize bg, = 0.7. We
also estimate the persistence exponent for the PTH(1-34F, 945 (Tab. 2). In Fig 2
we show that the values dg for PTH(1-34) (closed simbols) have the same behavior
those the polyalanine (open simbols). From the 5 smallethe persistence exponents
6, = 0.729(6) was estimated for this helical protein.

4 Conclusion

The behavior of exponertt, = 0.729(6) for polyalanine and the 34-residue human
parathyroid fragment PTH(1-34) are in good agreement e#teér,cand indicate univer-
sality of the helix-coil transition in proteinlike moleas.

Acknowledgments

Two of the authors (E.A. and J.R.D.F.) acknowledge suppo@dpes and CNPq (Brazil),
and another author (U.H.E.H.) was supported by a reseaactifyjom the National Science
Foundation (CHE-0313618).

References

1. H. K. Janssen, B. Schaub, and B. Schmittmann, Z. Phys. Bd€t. Matter 3, 539
(1989).
. D.A. Huse, Phys. Rev. BO, 304 (1989).
. B. Zheng, Int. J. Mod. Phys. B2, 1419 (1998).
. E. Arashiro, J.R. Drugowich de Felicio, Phys. Rev. E 671®285(2003).
. S. N. Majumdar, A. J. Bray, S. J. Cornell and C. Sire, Physv. RLett. 77 3704
(1996).
. S. N. Majumdar and A. J. Bray, Phys. Rev. Lé&it, 030602 (2003).
. H. A. Fernandes, E. Arashiro, J. R. Drugowich de FelicioAACaparica, Physica A
366, 255 (2006).
. R.daSilva, N. A. Alves, J. R. Drugowich de Felicio, PhysvRE67, 057102 (2003).
9. F. Eisenmenger, U. H. E. Hansmann, Sh. Hayryan, and C.tK.Gdmput.Phys.
Commun.138 192 (2001).
10. T. Ooi, M. Obatake, G. Nemethy, and H. A. Scheraga, Pradl. Ncad., Sci. U.S.A.
8, 3086 (1987).
11. E. Arashiro, J. R. Drugowich de Felicio, and U. H. E. Haasn, Phys. Rev. E3,
040902 (20086).
12. E. Arashiro, J. R. Drugowich de Felicio, and U. H. E. Haasn, J. Chem. Phy426,
045107 (2007).

~N O a b~ wN

(o]

82



