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Abstract: The kinetic and thermodynamic aspects of the helix-coil transition in polyalanine-based peptides have been
studied at the ensemble level using a distributed computing network. This study builds on a previous report, which
critically assessed the performance of several contemporary force fields in reproducing experimental measurements and
elucidated the complex nature of helix-coil systems. Here we consider the effects of modifying backbone torsions and
the scaling of noncovalent interactions. Although these elements determine the potential of mean force between atoms
separated by three covalent bonds (and thus largely determine the local conformational distributions observed in
simulation), we demonstrate that the interplay between these factors is both complex and force field dependent. We
quantitatively assess the heliophilicity of several helix-stabilizing potentials as well as the changes in heliophilicity
resulting from such modifications, which can “make or break” the accuracy of a given force field, and our findings
suggests that future force field development may need to better consider effect that vary with peptide length. This report
also serves as an example of the utility of distributed computing in analyzing and improving upon contemporary force
fields at the level of absolute ensemble equilibrium, the next step in force field development.
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Introduction

Modeling protein structure, thermodynamics, and kinetics in ato-
mistic detail is a challenging task not possible through contempo-
rary quantum computation. Instead, classical force fields are the
predominant models used by biophysical theorists. Such potentials
allow for atomic scale simulation of small biopolymers in explicit
solvent for increasingly longer time scales, and have been used to
simulate several aspects of biomolecular dynamics including pro-
tein folding.1 The current state of classical potentials, which in-
cludes several all-atom models, was strongly influenced by the
work of Jorgensen and coworkers (OPLS-AA),2 MacKerell et al.
(CHARMM22),3 and Cornell et al. (AMBER-94).4 Although there
have been several updates to, and incarnations of, the original
AMBER-94 potential,5–8 few are yet as widely used or as well
understood as the Cornell et al. force field.

Although a number of high-profile reports have been published
recently on large protein structural dynamics using this and other
classical potentials,9–11 extending the regime of applicability of
such potentials, both spatially and temporally, requires an accurate
understanding of the predictions of such force fields for model
systems that have been studied in detail experimentally. Through

such understanding, classical models may be improved to yield
better agreement with experiment, thereby increasing the depend-
ability and predictive power of all-atom simulations.

To increase the accuracy and utility of modern force fields it is
also helpful to understand how simple components of classical
force fields interact to determine the kinetics and thermodynamics
that are extracted from simulation. A prime example of this is the
interplay between torsion potentials and the scaling of 1-4 van der
Waals (vdW) and 1-4 charge–charge (QQ) interactions (those
between atoms separated by three covalent bonds), all of which
contribute to the conformational preferences in local regions of
biomolecules. Because proteins are complex physical systems, it is
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necessary to first gain an understanding of these issues with respect
to the most elementary of protein substructures. We thus focus on
the helix-coil transition which, although having been studied ex-
tensively by experimentalists and theorists alike for several de-
cades, continues to generate ongoing debate in the literature.

We have recently employed our global distributed computing
network to take a step in this direction by simulating an ensemble
of long trajectories to obtain the kinetics and equilibrium distribu-
tions for two helical peptides in all-atom detail under several
AMBER force fields.12 In that study, which reported nearly 4 ms
of explicit solvent simulation time, the exact degree of heliophi-
licity and heliophobicity of several AMBER force fields was
assessed, and we showed that a new variant of the AMBER-99
potential, denoted AMBER-99�, was superior to other force fields
at reproducing experimental thermodynamic and kinetic measure-
ments for the 21-residue polyalanine-based Fs peptide. In this
follow-up report, we focus on the three AMBER force fields in
which helical conformations were stable to varying degrees, as-
sessing the interplay between backbone torsion potentials and the
scaling of 1-4 vdW and QQ interactions on the kinetics and
equilibrium structural character predicted by these force fields for
this model helix-coil system.

Methods

The capped Fs peptide (Ace-A5[AAAR�A]3A-NMe) was simu-
lated using the AMBER-94,4 AMBER-GS,7 and AMBER-99�12

all-atom potentials ported into the GROMACS molecular dynam-
ics suite13 as modified for the Folding@Home14 infrastructure
(http://folding.stanford.edu). The AMBER-GS force field of Gar-
cia and Sanbonmatsu7 is a variant of the AMBER-94 potential in
which � and � backbone torsions are removed from the potential.
Additionally, standard AMBER 1-4 vdW scaling (multiplication
by1/2 for these interactions) was also removed in this force
field.15,16 However, because several subsequent reports1,12,17 used
the nomenclature “AMBER-GS” to refer solely to the removal of
backbone torsions, we maintain this nomenclature herein. The
potential used in the studies of Garcia and coworkers7,15,16 is thus
referred to herein as “AMBER-GS-S.” Although this potential was
originally reported to fix the overstabilization of helical conforma-
tions in AMBER-94, we showed using ensemble simulations that
this force field actually increases the heliophilicity inherent to the
AMBER-94 potential. In contrast, the AMBER-99� variant, which
replaces the � potential in the heliophobic AMBER-99 with that of
AMBER-94, yields the best agreement with several experimental
measurements.12

A canonical helix (� � �57°, � � �47°) and a random coil
configuration with no helical content were generated and centered
in 40 Å cubic boxes. Electroneutrality was gained by placing three
Cl� ions randomly around the solute with minimum ion–ion and
ion–solute separations of 5 Å. The helix and coil conformations
were then solvated with 2075 and 2065 TIP3P water molecules,17

respectively. After energy minimization using a steepest descent
algorithm, and solvent annealing for 500 ps of molecular dynamics
(MD) with the peptide conformation held fixed, each of these
conformations served as the starting point for 1000 independent

MD trajectories in each AMBER potential, which were simulated
on �25,000 CPUs within the Folding@Home supercluster.

All simulations reported herein were conducted under NPT
conditions18 at 1 atm and 305 K, the approximate Fs midpoint
temperature detected by circular dichroism19 and ultraviolet reso-
nance Raman.20 Long-range electrostatic interactions were treated
using the reaction field method with a dielectric constant of 80, and
9 Å cutoffs were imposed on all Coulombic and Lennard–Jones
interactions. Nonbonded pair lists were updated every 10 steps,
and covalent bonds involving hydrogen atoms were constrained
with the LINCS algorithm.21 An integration step size of 2 fs was
used with coordinates stored every 100 ps.

Identical ensemble simulations were conducted in each force
field (1) without the default AMBER scaling of 1-4 vdW interac-
tions (denoted by the force field name suffix -S), (2) without the
default AMBER scaling of 1-4 QQ interactions (-Q), and (3) with
all 1-4 scaling turned off (-SQ). This study thus assesses twelve
variants of the AMBER force field including four forms of the
Cornell et al. force field (AMBER-94,4 AMBER94-S, AM-
BER94-Q, and AMBER94-SQ), four forms of the modified ver-
sion of Garcia & Sanbonmatsu (AMBER-GS,7 AMBERGS-S,
AMBERGS-Q, and AMBERGS-SQ), and four forms of our AM-
BER99 variant (AMBER99�,12 AMBER99�-S, AMBER99�-Q,
AMBER99�-SQ). This combination allows us to directly assess,
from equilibrium helix-coil data, the affects of these modifications
as well as the interplay between them. Table 1 summarizes the
force field variants studied and the cumulative sampling achieved.
A total sampling time of over 1.5 ms and a total equilibrium
sampling of over 600 �s in TIP3P solvent, orders of magnitude
longer than the �16 ns folding time of Fs, is included in the
following analyses.

As described in our previous report,12 we follow the work of
Garcia and coworkers, who used Lifson-Roig (LR) statistics22 to
assess helicity. In this model, residues are defined as helical if � �
�60(�30)° and � � �47(�30)° and nonhelical otherwise, and
we have shown previously that this is an adequate cutoff applied to
the helical regime.12 Using these cutoffs, a weight matrix for the
central residue in the eight possible helix-coil conformational
triplets is simplified as22

M �

hh�

hc�
c�h � c� �

h� h h� c c� �h � c�
w v 0
0 0 1
v v 1

, (1)

where v and w are the LR nucleation and propagation constants,
bars specify the central residue in the triplet, and � represents the
combined helical and nonhelical portion of the (�,�) space. This
leads to the molecular partition function

Z � �0 0 1� M��0
1
1
� , (2)

which was used to calculate the helical properties of our simulated
ensembles. Namely, the mean number of helical hydrogen bonds is
given by
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	Nh
 � � ln Z/� ln w (3)

and the mean number of helical segments of two or more residues
is given by

	Ns
 � � ln Z/� ln v12, (4)

where v12 is the v in the first row and second column of the weight
matrix. The mean number of helical residues is related to these
quantities by

	N
 � 	Nh
 � 2	Ns
. (5)

Combining these relations thereby allows for the simultaneous
evaluation of v and w for given values of 	N
 and 	Ns
, which are
extracted from the simulated ensembles. To examine the effects of
force field modifications, we also consider the largest number of
contiguous helical residues in a given conformation, Nc.

Results and Discussion

Figure 1 demonstrates the convergence to equilibrium from the
helix and coil states along the Lifson–Roig N and Ns metrics. The
AMBER-94 and AMBER-99� force fields rapidly equilibrate, and
we choose 40 ns as a conservative starting point to consider the
ensembles as equilibrated. As reported previously,12 the AM-
BER-GS potential does not fully equilibrate on the 100 ns time
scale. However, due to the degree of helicity present in those
ensembles we can approximate the equilibrium properties for this
potential as the lower bounds that result from using the same
equilibrium starting point as chosen for the other force fields.

We consider two aspects of the free energy landscape for the
helix-coil system under the force fields studied. Figure 2 displays
free energy profiles for each force field variant projected onto the
Ramachandran map and represents residue-level sampling for each
potential. The free energy profile projected onto the radius of

gyration (Rg) and LR statistics (N and Nc) in Figure 3 represents
the molecular states present in the helix-coil equilibria, with
changes that are interpreted as resulting from changes in the
Ramachandran free energy plane. We also consider several exper-
imental measurements in this comparative assessment of force-
field accuracy, to which the equilibrium character predicted by
each published and modified potential can be compared. As shown
in Table 2, these include the LR thermodynamic parameters v and
w, the coil-helix transition rate kC3H, the mean Rg, and the 310

helical character 	%310
EQ. The equilibrium values for each mod-
ified force field in Table 2 include arrows representing the direc-
tion of shift away from the published force field that results upon
each modification.

First and foremost, the total helicity N shows significant vari-
ation between the force fields. As reported previously,12 we find
that the removal of backbone torsions (AMBER-94 3 AMBER-
GS) results in an increased helical content of �50% to yield an
ensemble of nearly ideal helical conformations. The mean number
of helical segments simultaneously drops, being only slightly
higher than 1 for the AMBER-GS potential. The stability of the
�-helical regime (� � �60°, � � �47°) is easily identified in the
free energy profiles of Figure 2: although there is a clear minimum
in that region for AMBER-94 and AMBER-99�, the basin for
�-helical conformations in AMBER-GS is several kT levels deeper
than these less heliophilic force fields, a feature that is not signif-
icantly altered by the removal of 1-4 scaling terms for AMBER-
GS. As one might expect, �/� torsions are the most definitive
element of a given force field with respect to predicted helix-coil
equilibria.

Interestingly, removal of 1-4 vdW scaling has varied effects.
For AMBER-94, removing this term increases helicity by 5.5%,
yet for AMBER-GS it reduces helicity by 3.8%. There is thus a
nonadditive nature to the combination of backbone torsions and
1-4 vdW scaling. Additionally, the mean number of helical seg-
ments changes very little between scaled and unscaled ensembles,
demonstrating that the primary effect of this term is to increase or
decrease the propagation of helical segments rather than adding

Table 1. Force Fields Compared and Sampling Achieved.a

Force field �/� vdW QQ Max (ns) Total time (�s) �EQ (�s)

AMBER-94 on on on 201 144.91 66.91
AMBER-94-S on off on 130 127.15 28.00
AMBER-94-Q on on off 120 105.84 31.49
AMBER-94-SQ on off off 115 103.27 29.10
AMBER-GS off on on 200 248.43 168.32
AMBER-GS-S off off on 120 122.27 43.52
AMBER-GS-Q off on off 115 105.68 31.43
AMBER-GS-SQ off off off 105 105.70 31.90
AMBER-99� on on on 170 141.69 63.93
AMBER-99�-S on off on 115 124.03 45.00
AMBER-99�-Q on on off 110 104.26 30.39
AMBER-99�-SQ on off off 115 104.16 30.42
Total 1537.39 600.41

aEach force field was sampled using 1000 trajectories starting in the helix state and 1000 trajectories starting in the coil
state, totaling 24,000 trajectories in all.
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stabilization to helix nuclei, as shown by the changes in v and w. In
contrast, heliophilicity increases only slightly for the AMBER-99�
potential when scaling is removed. In comparing the three force fields,
we thus see a myriad of behaviors when vdW scaling is removed.
Notably, the most heliophilic force field (AMBER-GS) becomes less
so, whereas the closest to experiment of the three (AMBER-99�)
shows the least sensitivity to this term. The calculated LR parameters
are compared to the experimental values in Table 2. As we noted in
our previous work,12 this comparison is somewhat superficial due to
the LR model and the artificial cutoffs placed on the helical regime of
�/� space, but offers a statistical comparison nonetheless.

In comparison, the removal of 1-4 QQ scaling results in a
significant and uniform decrease in helicity in all force fields, with
both nucleation and propagation parameters decreasing by roughly
20 to 35%. When both of these scaling terms are turned off, the
removal of 1-4 QQ scaling dominates and the helicity decreases
significantly. However, these terms are not additive: the result of
removing both scaling terms in the AMBER-GS potential is
slightly less significant than the removal of QQ scaling alone. As
shown in the corresponding Ramachandran free energy maps for
AMBER-GS (Fig. 2), these effects results from the broadening of

nonhelical local minima and added stability of those states,
whereas the profiles for AMBER-94 and AMBER-99� show that
the primary result is the slight destabilization of the helical regime.

It is also enlightening to consider changes in the folding kinet-
ics upon force field modifications. The folding time for this peptide
was determined to be �16 ns by Williams et al. using a two-state
model to fit Tjump infrared data,23 thereby validating the predic-
tion of Brooks using a master equation kinetic model that placed
helix formation on the tens of nanoseconds (rather than microsec-
onds) time scale.24 In our previous work we showed that a simple
exponential fit of the time-dependent probability of complete helix
formation for the AMBER-99� potential yielded a folding rate
kC3H that was in agreement with this experimental value. As
shown in Table 2, the changes in folding rates show significant
variation in dependence on backbone torsions and 1-4 term scal-
ing. The folding rate for the AMBER-94 potential, which is the
fastest folding force field, decreases to a more reasonable value
when backbone torsions are removed (AMBER-94 3 AMBER-
GS). As was the case for helicity, changes in the folding rate upon
removal of 1-4 vdW scaling are dependent on the base force field:
the AMBER-94 rate remains unchanged, the AMBER-GS rate

Figure 1. Time evolution of the Fs folding ensembles under the AMBER-94 (left), AMBER-GS (center), and AMBER-99� (right) potentials
including mean helical content, and mean number of helical segments per conformation according to classical LR counting theory. The top panels include
curves for these potentials with standard AMBER scaling (red and blue) and with 1-4 vdW scaling removed (black and gray). The bottom panels include
curves for these potentials with 1-4 QQ scaling turned off (black and gray) and with both 1-4 QQ and 1-4 vdW scaling turned off (red and blue).
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decreases by a factor of 2, and the AMBER-99� increases signif-
icantly. As with the comparisons of LR parameters above, the
removal of 1-4 vdW scaling and backbone torsions shows a
complex, nonadditive effect on the folding kinetics.

The removal of 1-4 QQ scaling is again more uniform, increas-
ing the folding rate for each force field by 50% or more. Removal
of both scaling factors, however, shows again the complex nature
of the interactions between these force field elements. Although
removal of 1-4 vdW scaling in AMBER-94 yields no change in the
folding rate, and removal of 1-4 QQ speeds the transition by
�60%, the combined effect results in a folding rate that is only
�35% faster than when employing standard AMBER vdW and
QQ scaling. In AMBER-GS the combined effect leaves the rate
unchanged, and in AMBER-99� the combination appears more
additive, yielding a rate that is roughly four times faster than when
employing standard AMBER scaling.

We can also compare the predicted Rg and 310-helix content of
these ensembles as done in our previous work.12 Because the LR
theory does not differentiate between helical types (the 310-helix
falls within the helical portion of the �/� space), the Dictionary of
Secondary Structure in Proteins25 was used to evaluate 310-helix
content. For each force field, removal of vdW scaling reduces the
radius of gyration by roughly a quarter of an Angstrom, leaving the
scaled AMBER-99� result in best agreement with the value of �9
Å extracted from small angle X-ray scattering (SAXS).26 Removal
of QQ scaling, on the other hand, results in changes in the mean Rg

that depend on the force field, with AMBER-GS showing the
largest sensitivity. Removal of both scaling terms also results in a
uniform decrease in mean molecular size, yet once again demon-
strates the nonadditive nature of these terms. Indeed, for the
AMBER-99� potential, the removal of both terms results in less
overall effect that the removal of QQ scaling alone.

Figure 2. Free energy landscapes projected onto the Ramachandran map are shown for all variants of the three AMBER force fields studied
including the published potentials, the -S potentials (with 1-4 van der Waals scaling turned off), the -Q potentials (with 1-4 electrostatic scaling
turned off), and the -SQ potentials (with van der Waals and electrostatic scaling turned off). Each map consists of backbone torsional values binned
in 3° intervals for all residues in �40,000 equilibrium conformations, and contours represent kT units at 305 K.
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The 310-helix content is highly sensitive to force field changes,
as shown in Table 2. Removal of backbone torsion potentials from
AMBER-94 diminishes the 310 content to nearly zero regardless of
vdW scaling. When backbone torsions are not removed, the re-
moval of vdW scaling diminishes 310-helical character in the
AMBER-94 and AMBER-99� potentials by 31 and 16%, respec-
tively. In contrast, removal of 1-4 QQ scaling uniformly increases
310 content regardless of the potential, and the result of removing
all AMBER scaling again has a nonadditive effect. As there is
known to be significant 310 character in helical polyalanine-based
systems, particularly near the terminal regions,12,27,28 the observed

comparisons again show that AMBER-99� outperforms these
other helix-stabilizing force fields and also suggests that vdW
scaling is an essential component in the AMBER family of force
fields. Without this factor, a bias in the equilibrium conformational
distribution is introduced that detracts from the 310 character of the
ensemble and enhances the sampling of the �-helical regime.

Because polyproline (PP) structure has been suggested as a
dominant conformational form in the unfolded state of proteins,
and some reports have assessed PP character in polyalanine pep-
tides,29–33 Table 2 also lists the equilibrium PP content for each
equilibrium ensemble. The numbers shown in the table follow the

Figure 3. Free energy landscapes for Fs projected onto the radius of gyration Rg, number of helical residues N, and largest contiguous helical
segment Nc for each force field variant studied. Each landscape was generated using �40,000 peptide conformations randomly chosen from the
equilibrium simulation ensembles (including folding and unfolding ensembles). Contours represent 0.25 kcal/mol intervals with each conformation
assigned a statistical free energy �RT LogP, where P is the probability of the conformation within the ensemble sampled. The radius of gyration
was binned in 0.5 Å intervals for all plots.
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analysis of Garcia,16 which treats PP-coil statistics in a similar
fashion to the LR theory described above. As shown in Table 2, PP
conformations (near � � �75°, � � 145°) make up only a small
portion of the sampled equilibria, as predicted from previous
simulations34 in the equilibrium limit using the CHARMM35 po-
tential and a continuum representation of the solvent. Both the
removal of backbone torsions and the removal of 1-4 vdW scaling
significantly increase the equilibrium PP content predicted by
these force fields. Removal of backbone torsions in AMBER-94
increases PP content by 24%, while removing vdW scaling does so
by 42%. The combined effect of these modifications, as employed
in Garcia’s work on helical polyalanine peptides,7,15,16 increases
PP content by 77% over the original Cornell potential, resulting
from the stability gain of the PP region shown in Figure 2. In
comparison, the PP content is increased by 59% in AMBER-99�
when vdW scaling is removed, and the increase in both this
potential and AMBER-94 result not from added energetic stability,
but from a broadening of the PP regime of the Ramachandran map.

The removal of 1-4 QQ scaling is once more relatively uniform,
slightly detracting from PP content in each force field, which
results from slight energetic destabilization and narrowing of the
PP free energy basins shown in Figure 2. The role of vdW scaling
is clearly prevalent in determining PP content however, and the
combined effect of removing both scaling terms consistently re-
sults in a significant increase in PP content in comparison to the
force fields when standard AMBER scaling is employed.

We note that the values reported in Table 2 represent equilib-
rium PP content, rather than PP content of the unfolded state, as

was reported previously.12 Although no experimental PP analysis
has been conducted on this system, the general trends observed
offer insight into the performance of these force fields as applied
to model polyalanine-based systems. Interestingly, Shi et al. of-
fered convincing evidence that the polyalanine A7 peptide, blocked
by two charged hydrophilic residues at each terminus, adopts a
predominantly PP structure at biologically relevant temperatures
with little helical structure (10% or less).32 Zagrovic et al. have
studied this same 7-mer peptide using SAXS alongside ensemble
simulations similar to those described herein and found that even
the best of these helix-coil force fields predict an overabundance of
helical structure and little PP content in comparison to the exper-
imental results.36 This suggests that the accuracy of a given force
field in reproducing the experimental observables for simple model
systems (in this case, polyalanine-based peptides) is strongly in-
fluenced by peptide length, as noted in our previous work,12 thus
presenting an interesting and challenging new aspect of protein
simulation for the computational community to consider.

Conclusion

Modern biomolecular mechanics force fields are known to suffer
from many issues, and significant sampling has not been previ-
ously achieved using most commonly employed potentials to
allow for a critical assessment of the ensemble level equilibrium
predictions of these potentials. We have taken the next step in this
direction, using distributed computing resources to obtain absolute

Table 2. Equilibrium Helix-Coil Properties for Scaled and Unscaled Helix-Coil Ensembles.a

Metric Published
1–4 vdW not scaled

(�S)
1–4 QQ not scaled

(�Q)
No vdW or QQ scaling

(�SQ) Exp.

AMBER-94
v 0.36 0.38 � 0.252 0.282 0.036
w 1.67 1.761 1.232 1.282 1.3
kC3H(ns�1) 0.11 0.11 � 0.181 0.151 0.06
	Rg(Å)
EQ 9.40 9.162 8.932 8.822 �9*
	%310
EQ 6.58 4.552 12.701 10.011 �16%
	%PP
EQ 1.93 2.411 1.712 2.321 —

AMBER-GS
v 0.70 0.582 0.572 0.602 0.036
w 3.70 3.022 3.042 3.082 1.3
kC3H(ns�1) 0.08 0.042 0.131 0.08 � 0.06
	Rg(Å)
EQ 9.55 9.372 9.412 9.322 �9b

	%310
EQ 0.04 0.04 � 0.131 0.111 �16%
	%PP
EQ 2.39 3.401 2.182 2.941 —

AMBER-99�
v 0.26 0.28 � 0.172 0.172 0.036
w 1.26 1.29 � 0.962 0.962 1.3
kC3H(ns�1) 0.05 0.081 0.101 0.211 0.06
	Rg(Å)
EQ 9.24 9.022 8.722 8.802 �9*
	%310
EQ 17.84 14.922 21.301 18.071 �16%
	%PP
EQ 1.40 2.231 1.042 1.581 —

aArrows for S, Q, and SQ ensemble values indicate direction of significant shifts from published force field values
(which include standard AMBER scaling).
bMeasured at �283 K.
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equilibrium sampling of a model helix-coil system, the most fun-
damental subclass of protein structural dynamics, allowing for
such an assessment of the efficacy of each force field according to
several experimentally characterized kinetic and thermodynamic
properties. With this report we begin investigations of how indi-
vidual force-field elements, and the interplay between them, play a
role in determining the accuracy of a given potential with respect
to the model helix-coil system, illustrating the utility of distributed
computing architectures in allowing ample sampling for such
analysis on the ensemble level.

As one might expect, backbone torsional potentials and 1-4
term scaling, which act collectively to determine the preferred
conformational regions of the �/� space sampled, strongly deter-
mine the helical properties of polyalanine-based peptides in silico.
Indeed, the interplay between these elements is complex and not
easily predicted a priori, and together these factors can “make or
break” a given potential with respect to simple helical systems.
Our results demonstrate how these factors influence helical content
individually and in tandem. Removing backbone torsions from the
Cornell et al. force field increases the overstabilization of helical
conformations inherent to that potential and increases the sampling
of polyproline structure. Removing 1-4 vdW scaling has similar
effects unless backbone torsions are also removed, wherein the
overstabilization of helical structure is not as significant, and
polyproline structure is favored to a greater degree. This modifi-
cation also yields lower 310 helical character, an undesirable con-
sequence. The removal of 1-4 QQ scaling uniformly decreases
heliophilicity, molecular size, and PP content, while increasing the
coil 3 helix transition rate and 310-helical character predicted by
each force field.

These comparisons add insight to our understanding of how to
best model helix-coil systems, and again show that the AMBER-
99� potential best reproduces experimental measurements on this
system. Additionally, our results with this system and the smaller
blocked A7 peptide, in conjunction with the studies of Zaman et al.
on alanine dimers and trimers,37 suggest that a dependence of force
field accuracy on peptide length exists even for simple, model
polyalanine-based systems. It is intriguing to consider, particularly
in light of the mean helix length of eight residues observed in
naturally occurring soluble proteins, that moving from 3 to 7 to 21
ALA residues could yield such significant structural variation
based solely on the length of the peptide. This observation, of
course, adds yet another challenge to be tackled by the biosimu-
lation community.

Indeed, additional studies are needed to better understand, on a
quantitative basis, the factors that affect the accuracy and appli-
cability of contemporary force fields with respect to the simulation
of nontrivial systems ranging from small peptides to larger pro-
teins. For instance, the various methods of evaluating electrostatic
energies and forces (i.e., reaction field treatment and Ewald sum
methods) may impact the predictions of helix-coil equilibrium and
dynamics observed. Additionally, the lack of accurate tempera-
ture-dependent helix-coil equilibria predicted by these force
fields,12 alongside our recent observation of water model-depen-
dent helix-coil equilibria (Sorin & Pande, in preparation), suggests
that our understanding of specific elements of these potentials,
such as those considered in this article, must include consideration
of the solvation model employed.
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