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Chiral effects on helicity studied via the energy landscape
of short (d, l)-alanine peptides

Sridhar Neelamraju,a) Mark T. Oakley, and Roy L. Johnston
School of Chemistry, University of Birmingham, Edgbaston B15 2TT, United Kingdom

(Received 26 June 2015; accepted 7 October 2015; published online 28 October 2015)

The homochirality of natural amino acids facilitates the formation of regular secondary structures
such as α-helices and β-sheets. Here, we study the relationship between chirality and backbone
structure for the example of hexa-alanine. The most stable stereoisomers are identified through global
optimisation. Further, the energy landscape, a database of connected low-energy local minima and
transition points, is constructed for various neutral and zwitterionic stereoisomers of hexa-alanine.
Three order parameters for partial helicity are applied and metric disconnectivity graphs are presented
with partial helicity as a metric. We also apply the Zimm-Bragg model to derive average partial
helicities for Ace-(-Ala)6-NHMe, Ace-(-Ala--Ala)3-NHMe, and Ace-(-Ala)3-(-Ala)3-NHMe
from the database of local minima and compare with previous studies. C 2015 AIP Publishing
LLC. [http://dx.doi.org/10.1063/1.4933428]

INTRODUCTION

The thermodynamic drive to form stable α-helices that
fold quickly could explain why our protein alphabet is predom-
inantly homo-chiral as was first suggested by Pauling and
Corey.1,2 For most naturally occurring amino acids, other than
glycine, the chirality of the α-carbon atom directly influences
secondary and tertiary structures of peptides and proteins.
An α-helix composed of -amino acids will usually be right-
handed, while one composed of -amino acids will usually
be left-handed.3 Occasionally, depending on the side-chain,
some α-helices with -amino acids can be left-handed as well.
Ooi et al.4 postulated that non-bonded interaction energy fa-
vours the left-handed alpha helix over the right-handed and
the dipole-dipole interaction between the side-chain and the
backbone can be sufficiently large to reverse the screw-sense of
the helix. Homochirality of the natural amino acids facilitates
the formation of regular secondary structures such as α-helices
and β-sheets. Thus, altering the stereochemistry of one or more
α-carbons has a profound impact on the structure and stability
of a given peptide.

Most naturally occurring peptides are composed entirely
of -amino acids. However, many examples exist in nature
where polypeptides contain both - and -amino acids.5,6 Alter-
ing the stereochemistry of the α-carbons can lead to novel
backbone structures. For example, a bracelet-shaped backbone
was synthesized in a fourteen-residue peptide,7,8 while a boat-
shaped molecular fold was synthesized in another twenty res-
idue peptide7 through the switching of strategic amino acid
residues from the  form to the  form. The cyclic decapeptide,
gramicidin S, was synthesized by Hodgkin et al.9 where two
of the ten residues were -Phe. We study here how the stereo-
chemistry of the polypeptide backbone influences the stability
and structure of small alanine polymers. Further, we explore
the possibility of locating helical and partially helical configu-

a)Author to whom correspondence should be addressed. Electronic mail:
s.neelamraju@bham.ac.uk

rations among various stereoisomers of alanine hexamers by
performing global and local optimizations and constructing
detailed energy landscapes. Here, we strive to locate within
the potential energy landscape partially helical segments and
determine their correlation to the energies of local minima and
transition states.

We describe four order parameters designed to measure
the helicity of the peptide conformers. In the past, theoret-
ical studies of the stereochemistry of peptides have focused
on hydrogen bonding patterns and torsional angles ([(φ,ψ)
= (−65 ± 35,−37 ± 30)]) for three intervening residues to be
in the helical arrangement. For short peptides of up to six
residues, we find that this criterion is not sufficient to capture
the nature of backbone structure (especially helicity of a single
residue) since one needs a minimum of three residues to fold
into an alpha-helix to use the hydrogen bonding criterion.10–12

In our simulations, we often find structures with one to three
residues folding into an alpha-helix and the rest into a random
coil. Further, the use of coarse-grained potentials that predefine
the torsion angles between radii also biases the simulations
in favour of helical backbones.7,11,13,14 Helix-coil transition
theory models are better supported with explicit definitions of
whether a given amino acid residue is in a helical configuration
or not.15 Many studies have been performed on ascertain-
ing quantitatively, purely from the geometry, the number of
consecutive residues in an α-helical state.16–20

One way to visualize and summarise the connections be-
tween all the local minima and transition states found is the
disconnectivity graph.21,22 We use our helicity measures to
produce metric disconnectivity graphs23 to present both the
energy landscape and the helicity simultaneously.

METHODS

Mapping the energy landscape

We investigate the energy landscapes of alanine oligo-
mers with 4-6 residues. For each oligoalanine, we consider

0021-9606/2015/143(16)/165103/8/$30.00 143, 165103-1 © 2015 AIP Publishing LLC
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all combinations of - and -alanine residues. We generate the
initial structures using the tleap program available in the Am-
berTools package.24 The energies of the peptide conformers are
evaluated using the AMBERff03 force-field,25 with solvation
modelled using the generalised Born model.26 We use the
basin-hopping algorithm27 implemented in GMIN to locate
low-energy conformers of the peptides28 Databases of minima
and the transition states connecting them are then generated
with discrete path sampling as implemented in PATHSAM-
PLE.29 We select pairs of minima with the missing connection
algorithm30 and locate transition states between these pairs
using the doubly nudged elastic band method,31 interpolating
between end points using a Cartesian coordinate interpola-
tion scheme.32 This is further optimized by hybrid eigenvector
following in OPTIM.33 In order to remove artificial frustration,
the UNTRAP method was used for selecting pairs of minima
for further nudged elastic band calculations. The whole net-
works of stationary points, consisting of the low-lying minima
and transition states representing the system are visualised
using disconnectivity graphs.21,22 Order parameters are plotted
on the disconnectivity graphs according to the helicity metric
generated from the PyConnect program.23

Helicity indices

Alanine hexamers display a wide range of structures. In
the following, we describe five different methods to estimate
partial helicity within a polymer from geometric consider-
ations.

Projection perpendicular to helical axis

In order to determine the helical nature of a structure, we
perform the following analyses:

• Find the helical axis using the algorithm described by
Aqvist.34

• Align the molecule parallel to the x-axis.
• Project the coordinates of the backbone of the peptide

on the y-z plane.
• Fit these coordinates to a circle of radius “Rfit.”

Using a combination of the radius and the standard deviation
of the coordinates from the circle of radius Rfit, we characterize
“helicity” in our short peptides. We note that there is a differ-
ence of about 5◦-10◦ in the helical axis found by this method
and the helical axis determined by using the difference in quar-
ternions between frames comprising of consecutive residues
as described below. The agreement becomes much better for
larger peptides comprising eight or more residues. Of course,
this method is useful for characterising completely helical
structures and planar cyclic structures that are predominantly
found for zwitterions.

Cluster compare algorithm

As we discovered a number of structures in which one or
more alanine residues were partially involved in the formation
of a helix, we used the cluster compare algorithm35 to analyse
such structures. Here, we check for the existence of a sub-
unit of a perfect right- or left-handed alpha helix comprising

n (n = 1-6) alanine residues in all the structures found. We
compare the backbone (. . . C–O–N–H–CA–HA–. . . ) of a reg-
ular helix comprising n alanine residues with the backbone of
the conformer under investigation. This method was originally
developed for finding specific molecular motifs within bulk
systems. Such an analysis allows for matching each alanine
residue in the polypeptide with a reference “ideal” structure. In
this case, the reference structures used are sections of a hexa-
alanine residue in a left-handed α-helical state. The number
of residues in this reference structure is increased from 1 to 6
to ascertain the average helical length and average number of
helices in the database of polypeptides.

Quaternion projection

Another tool used for determining the helicity of the struc-
ture is the Screwfit method proposed by Kneller and Calli-
gari.36 Here, the helix parameters are derived from the super-
imposition of consecutive peptide planes. We can determine
whether the superimposed residues are part of a helix or not.
A residue is deemed to be helical if the helix radius (0.8-
1.5 Å), angular distance (0.45-0.69 rad), error (<10−8) in the
superimposition fit, and the handedness of the helix are within
the parameters pre-defined limits. Thus, for a hexapeptide, four
superimposition matches with a radius of ≈1.8 Å (in water)
with an angular distance (≈0.54 Å) imply that every alanine
residue is in an α-helical state.

Circular dichroism spectra

Circular dichroism (CD) spectra of peptides are sensitive
to their secondary structures. Peptides withα-helical structures
exhibit a characteristic signal, with a positive band at 190 nm
and a double minimum at 208 and 220 nm. The intensity of the
signal at 220 nm is proportional to the fractional helicity of a
peptide.37 The CD spectra of peptides can be calculated using
the matrix method,38–43 which treats a polypeptide as a collec-
tion of amide chromophores that interact electrostatically. This
method has been shown to reproduce the ellipticity at 220 nm
and is also fast enough to allow for the rapid calculation of
the spectra of several thousand structures. Here, we use a
model of the amide chromophore where the parameters of the
n → π∗ and π → π∗ transitions are fitted to CASSCF/CASPT2
calculations on N-methylacetamide.44 The fractional helicity,
fH is calculated as

fH =
[θ]220

[θH∞]220(1 − k
N
) , (1)

where [θ]220 is the ellipticity of the CD spectrum at 220 nm,
[θH∞]220 is the ellipticity of a hypothetical infinitely long helix,
and k is a constant to account for end effects. Here, we use
k = 3 and [θH∞]220 = −37 000◦ cm−3 mol−1. This method gives
a continuous range of fH , with negative values corresponding
to left-handed helices.

Hydrogen bonding

One can estimate fractional helicity by measuring ⟨nh⟩
Nh

which is the average number of helical hydrogen bonds per
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molecule which is given by45

⟨nh⟩ = ∂ ln Z
∂ lnω

. (2)

Here, Z describes the partition function and ω is the helix
nucleation parameter in the Zimm-Bragg model.

Application of helix-coil models

The statistical mechanical models proposed by Lifson-
Roig46 (LR) and Zimm-Bragg (ZB) characterize the helix-
coil transition in terms of a helix nucleation parameter and a
helix propagation parameter.45 The fractional helical content
and helical segments can be related to the partition function
to obtain these parameters in the LR model. Further details of
the LR model can be found in Ref. 45. Using a combination of
average fractional helicity and average length of a helix, we can
estimate purely from a Boltzmann-weighted average from the
complete ensemble of low-lying minima the helix nucleation
(s in ZB and ν in LR) and helix propagation (σ in ZB and
ω in LR) parameters.47,48 The accuracy of these parameters
depends on the quality of sampling, accuracy of the index
used for describing helicity, and the potential used for deter-
mining the energies. Previous molecular dynamic studies47

have often used torsion angles between successive alanine
residues to ascertain helicity. They have noted the appearance
of artefacts and structures that are not completely helical using
this approach. Here, the Boltzmann-weighted average frac-
tional helicity calculated from an ensemble of local minima
is compared to fractional helicities derived from the helix
nucleation and propagation parameters described in the litera-
ture47,49 for Ace-(-Ala)6-NHMe. Wójcik et al.50 have demon-
strated experimentally that for random copolymers, nearest-
neighbour interactions contribute to the same extent in the
helix and coil forms and therefore do not affect the intrinsic
values of helix nucleation and propagation parameters. Further,
Scheraga51 have argued that the conformation of an amino acid
residue in a polypeptide or protein is determined largely by the
short-range interactions between a side-chain and the atoms
of the backbone of the same amino acid residue. The long-
range interactions are compensated by polymer-polymer and
polymer-solvent interactions and the helix propensity of an
amino acid is independent of its nearest-neighbours.

Within the one-sequence approximation,52 denaturation
is pictured as proceeding by unwinding from the ends. The
partition function, here, is given by

Z(N) = 1 + σ
N−2
n=1

uN−n−2ν2wn(N − n − 1), (3)

where N is the number of residues that can possibly take part
in an α-helix, n is the number of residues in one allowed
helical sequence,45 and w and ν are the propagation param-
eter and the equilibrium constant for the helical conformation
in the random coil, respectively. More details can be found
in Refs. 45 and 46. The fractional helicity within the one-
sequence approximation is therefore calculated as

⟨NH⟩ =
( 1

N − 2

)
∂ ln Z(N)
∂ ln s

. (4)

RESULTS

Global optimisation with fixed chiralities

Global optimisations of the methyl-capped neutral alanine
tetramer (Ace-(Ala)4-NHMe), pentamer (Ace-(Ala)5-NHMe),
and hexamer (Ace-(Ala)6-NHMe) were performed by flipping
the chiralities on the alpha-carbon systematically from the
all- amino acid sequence (naturally occurring) to the all-
 sequence. If the total number of alanine residues is given
by nAla, of which nD are in the  form, then the number of
stereo-isomers that can exist is simply nAlaCnD. We perform
global optimisations by basin-hopping on all of these possible
stereoisomers within the constraint of keeping the chiralities
fixed during the global optimisation run.

The most stable stereoisomers for (Ala)4−6 are enumerated
in Table I and depicted in Figure 1. As expected, we see
a symmetric behaviour from the C and N terminals of the
polymers for the tetramer, pentamer, and hexamer (Figure 2).
For example, in the neutral hexamer, isomers with 2+4 and
4+2 have identical energies. This behaviour does not appear
to depend on chain length. We note that when, in a given
peptide sequence, the number of  and  alanines is equal, the
global minimum is not an alternating sequence. Sets of two
 type α-carbons sit together in the sequence. In the case of
the neutral hexamer, the most stable stereoisomers always have

TABLE I. Most stable configurations found for all alanine polymers with dif-
ferent chiralities after global minimisations using the basin hopping scheme.
Each run comprised 50 000 basin hopping steps followed by -BFGS local
optimization. High temperature MD steps were used to overcome energetic
barriers from local minima during the global optimisation. Implicit solvent
generalised Born approximation in water was used to model solvent effects.

Total number of alanine
residues

Number of
 residues

Most stable
isomer

Energy
(kcal/mol)

Neutral

4 0  −40.538
1  −40.798
2  −39.686
3  −40.798
4  −40.538

5 0  −43.068
1  −43.769
2  −43.456
3  −43.456
4  −43.870
5  −43.068

6 0  −46.356
1  −46.401
2  −45.361
3  −46.057
4  −46.361
5  −46.401
6  −46.356

Zwitterions

6 0  −107.430
6 3  −107.645

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

147.188.224.215 On: Mon, 16 Nov 2015 14:50:41



165103-4 Neelamraju, Oakley, and Johnston J. Chem. Phys. 143, 165103 (2015)

FIG. 1. Putative global minima obtained for the neutral alanine (Ace-
(Ala)n-NHMe), (n = 4, 5, 6) with chiralities systematically flipped on α
carbons. Blue atoms indicate atoms belonging to the -Ala and red atoms
correspond to -Ala. Capping groups are also in red. The shaded regions
indicate the helical nature of the backbone along with the sense of the helix.

two ’s or two ’s sitting together in the chain. From lattice
chain models of polyalanine, Nanda et al.11 concluded that
homochirality facilitates the formation of “maximally compact
structures” and reduces the size of accessible fold space. Our
all-atom models are in agreement with this observation.

The helix also allows for backbone inter-atomic contacts
between i, i + 3 and i, i + 4 positions in sequence. In the
ensemble of isotactic polyalanine hexamers, the lowest energy
conformations are α-helices. In  and its sequence in-

verted stereoisomer (), the lowest energy conformations
contain a pair of three-residue α-turns.

Characterising helicity on the energy landscape

Among amino acids, alanine has a relatively high he-
lix propensity.50,53 Polyalanines have been used as models to
test various optimisation algorithms.54 Energy landscapes are
mapped for the following neutral isomers: (1) Ace-(-Ala)6-
NHMe, (2) Ace-(-Ala--Ala)3-NHMe, (3) Ace-(-Ala)3-(-
Ala)3-NHMe and two isomers with polar ends (zwitterions)
that include (4) +NH3-(-Ala)6-COO− and (5) +NH3-(-Ala--
Ala)3-COO−. The effect of dielectric constant on helicity was
also studied using the generalized Born implicit solvent model
augmented with hydrophobic solvent accessible surface area
as implemented within AMBER.24

The validity of the order parameters derived from the
approaches mentioned above is first tested on Ace-(-Ala)6-
NHMe. This system has been the subject of many global opti-
misation and energy landscape studies.55 Linderstrøm-Lang56

synthesised alanine with alternating  and  amino acids of
around 30 residues that form an α-helix. The possibility of
partially folded left- and right-handed α-helices was suggested
by Lotan et al. for poly-(-Ala--Ala--Ala--Ala)n (n = 1-6)
sequences in water and 90% aqueous trifluoroethanol57 and
the average helical content was deduced from hypochromism
measurements.

Nanda et al.11 also studied the role of chirality in alanine
hexamers (, , and ) in shaping compactness
and fold-space. In particular, they found that the configuration
with alternating  and  alanines has a large ensemble of
accessible configurations that are characterized by extended

FIG. 2. Energies of putative global minima obtained for (Ace-(Ala)6-NHMe) after basin-hopping runs with fixed chiralities for -Ala. The x-axis indicates the
number of the α-carbons with the -configuration. Numbering starts from the N-terminus.
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FIG. 3. Energy versus Rfit parame-
ter derived from the projection of the
backbone along the plane perpendicular
to the helical axis for +NH3-(-Ala)6-
COO− in vacuum (bottom-left) and wa-
ter (bottom-right) and +NH3-(-Ala--
Ala)3-COO− in vacuum (top-left) and
water (top-right).

structures as opposed to all  alanines that have easy access
to folded states. Typically, the hydrogen bonding patterns and
torsional angles are analysed to determine the nature of helicity
in peptides.12 However, this requires at least one turn of the
helix to be complete. Many structures in our database display
partial helicity with even two residues. It is easier to determine
helicity from geometric information.

Figure 3 shows the Rf it parameter as a function of energy
for the  and  sequences in vacuum and water. We
observe a clear clustering of low energy structures around the
2.5 Å radius. The helical system lies closer to the 2 Å radius
in water and vacuum. Further, there are coiled structures in the
database that tend to form ring-like structures that are almost
planar. This is especially evident for the (-Ala)6 neutral isomer
in vacuum (N-V-). The projection of the helical axis on
the plane captures the cyclic nature of the backbone rather well.
The lowest energy alpha-helix for the all- neutral tetramer
(optimised with AMBERff03 parameters) in water has a Rfit

value of 1.92 Å.
Partial helicity in peptides can be better quantified using

the quaternion superimposition (QS) method as described in
the “Methods” section.36 We have constructed metric discon-
nectivity graphs for (-Ala)6. Here, the order parameter for
helicity is the number of successful matches between super-
imposition of successive frames corresponding to a peptide
residue. The major advantage of this method is that along

with a superimposition fit, we can also calculate values of
the radius of helix, direction of the helix, angular distance
between successive frames, and a straightness parameter. We
calculate these values for an optimised α-helix and then use
these set thresholds to accept or reject a given structure. Selec-
tion of stringent criterion on the basis of the known structure
makes the characterisation of partial helicity more accurate.
CD spectra can also provide an estimate of the fractional
helicity of a peptide. Disconnectivity graphs obtained after
exhaustive runs on (-Ala)6 in vacuum and water (generalised
Born approximation, implicit solvent) are depicted in Fig-
ures 4 and 5, respectively, with the helicity order parameter
derived from both QS and CD methods. It has previously been
shown for the (-Ala)12 isomer that helicity increases with
increasing dielectric constant.55,58 Our results show that the
same can also be said of partial helicity for a short peptide
of up to 6 residues. Similar behaviour is also observed for the
(-Ala--Ala)3 system that does not form a completely helical
structure as a low-energy isomer. It is interesting to note that
we find more than one structure folded into a full α-helix.
While the global minimum is the best energetically, we find α-
helices of other radii to be present in the vicinity of the global
minimum as well.

A comparison between fractional helicities calculated
from CD and QS methods is depicted in Figure 6. QS captures
more fully helical structures than the corresponding maximum

FIG. 4. Disconnectivity graphs for
Ace-(-Ala)6-NHMe in vacuum
coloured according to fractional
helicity derived from (a) quaternion
superimposition method and (b)
circular dichroism. In (a), blue
indicates complete helicity and yellow
indicates none. In (b), yellow indicates
no fractional helicity, blue indicates
fractional helicity in the left sense, and
red indicates fractional helicity in the
right sense of the helix. The lowest
5000 minima are considered.
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FIG. 5. Disconnectivity graphs for
Ace-(-Ala)6-NHMe in water coloured
according to fractional helicity derived
from (a) quaternion superimposition
method and (b) circular dichroism. The
lowest 5000 minima are considered.
Colour scheme is identical to Figure 4.

helicity measure from CD spectra. However, there is a correla-
tion between the helical content per minimum calculated using
both of these methods.

Effects of changing backbone stereochemistry

Syndiotactic isomer

Polymer chains with all stereocenters of exclusively  or
 configurational type are called isotactic, homotactic, or ho-
mochiral polymers.59 Chains of four amino acids can form one
turn of an α-helix, and the largest conformational winnowing
effects were found in the α-helical region.60 Therefore, the
low likelihood of syndiotactic sequences (Ace-(-Ala--Ala)3-
NHMe) to form an α-helix increases the total number of acces-
sible conformations for short peptides. Larger syndiotactic
sequences have been reported to fold in the α-helical structure.
We do not see any evidence of this for the hexaalanine system.
From the disconnectivity graph, it is clear that a much greater
configurational space is accessible to the syndiotactic system
and the energy landscape of the isotactic polymer is much more
funnelled. Qualitatively, the system becomes much more frus-
trated and glass-like for the alternating -(,)- system. The dis-
connectivity graphs along with the global minima are depicted
in Figure 7. Here, we study only Ace-(-Ala--Ala)3-NHMe.
We note that the landscape of Ace-(-Ala--Ala)3-NHMe sys-

FIG. 6. Comparison of fractional helicities calculate from quaternion su-
perimposition (QS) and CD spectra for each local minimum found in the
database. Inset: Very low percentage of structures are characterised as fully
helical.

tem is expected to be a mirror image of this system and was
studied for global optimisation runs in the subsection titled
“Global optimisation with fixed chiralities”.

The chart is coloured according to the fractional helicities
derived from the calculated CD spectra. This measure of he-
licity is chosen particularly as, in addition to the magnitude of
partial helicity, the sense of the helix is also indicated. As the
chiralities are flipped, this information is vital. As in the case of
the isotactic all- polymers, the order parameters derived from
quaternion superimposition, cluster compare, and CD spectra
agree rather well. We can therefore state with confidence that
the partial helicities are indeed reproducible from all the three
methods mentioned above. In fact, we are able to locate on the
disconnectivity chart the most helical right-handed and left-
handed structures found for the isotactic polymer. The global
minimum has a  sub-unit folded partly into a helical state
where through-space interactions are between i, i + 5 residues.

Further, the most right-handed and the most-left-handed
helical structures are separated by an energy of 2.714 kcal/mol
and appear to belong to the same energetic basin. Linderstrøm-
Lang synthesised poly-alanine with alternating  and  amino
acids of 30 residues that form an α-helix. It is possible that
for longer chain lengths, these helical structures are further
stabilized.

It has been suggested qualitatively that the protein ho-
mochirality facilitates the formation of α-helices by funnelling
the landscape significantly in favour of helical and partially

FIG. 7. Disconnectivity graph for Ace-(-Ala--Ala)3-NHMe in water
coloured according to fractional helicities derived from calculated circular
dichroism spectra. Colour scheme identical to Figure 4(b). The lowest energy
5000 minima are plotted.
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TABLE II. Average fractional helicities for the ensemble derived from a
circular dichroism from the database of minima for three stereoisomers of
hexa-alanine.

System ⟨ fH⟩ (×10−2) at 273 K
From other studies (×10−2)

at 273 K

 8.044 2.84849 and 4.29747

 +5.373 78
 −2.549 211

helical structures.11 While this can be observed clearly from
the average values of fractional helicities weighted by energies
presented in Table II, we must also note that fully helical struc-
tures of the syndiotactic polymer are in fact present as local
minima and are probably further stabilized on lengthening the
chain. The global minimum also comprises an  sequence
folded into a distorted α-helical configuration. This global
minimum obtained from all-atom simulations with the AM-
BERff03 force-field is in fact different from the one obtained
from lattice chain models by Nanda et al. and has no cyclic
character as was inferred therein. This can be attributed to the
force-field optimizing a combination of torsion angles between
residues and the number of hydrogen bonds. The ability of
syndiotactic hexa-alanine to form pseudo-cyclic peptides is
evident from the behaviour of the syndiotactic zwitterionic
structure. Here, we see that the dielectric constant of water is
not sufficiently strong to screen the charged ends of the peptide
and it invariably forms a pseudo-cyclic peptide. The next step
is to observe the disconnectivity graphs and compare the frac-
tional helicities derived for the Ace-(-Ala)3-(-Ala)3-NHMe
hexamer (see Fig. 8) as this allows for (i, i + 3) hydrogen
bonding that facilitates completion of one turn of an α-helix.
To our knowledge, the energy landscape of this system has not
been explored in detail.

Application to helix-coil transition theory

We are able to assign fractional helicity to every struc-
ture corresponding to a potential energy minimum from the

FIG. 8. Disconnectivity graph for Ace-(-Ala)3-(-Ala)3-NHMe in water
coloured according to fractional helicities derived from calculated circular
dichroism spectra. Colour scheme identical to Figure 4(b). The global min-
imum is depicted along with the metric disconnectivity graph. The lowest
5000 minima are plotted.

aforementioned methods. This makes application of helix-coil
transition model of Lifson-Roig46 possible. Fractional helic-
ities from CD spectra calculations are derived from Equa-
tion (1). We get a continuous distribution of fractional helicity
values. As shown in Figure 6, the values from both QS and
CD methods correlate rather well. Thus, the average fractional
helicity ⟨ fH⟩ is derived from fH for each local minimum
(≈12 000 local minima per stereoisomer in the database). Here,
we use the results obtained from the CD calculations. A Boltz-
mann weighting is attached to the energies. The helix nucle-
ation and propagation parameters for hexaalanine in water
have been previously derived through experimental and theo-
retical means.47,49,61 For a short chain with identical residues,
within the one-sequence approximation, ⟨ fH⟩ is calculated
from Equation (2.48) in Ref. 45.

We can then use our database of local minima to calculate
average fractional helical content and the average length of
the helix. Given a partition function, these data should give us
access to the helix nucleation and helix propagation parameters
within the Lifson-Roig helix-coil model for different stereoiso-
mers of alanine. These are tabulated in Table II.

CONCLUSIONS

We have studied the relationship between chirality and
backbone structure for hexa-alanine by mapping the energy
landscape of its stereoisomers. Energetically favourable global
minima were determined through global optimisation methods.
A database of connected low-energy local minima and transi-
tion points was constructed for stereoisomers and zwitterionic
stereoisomers of hexa-alanine. In particular, three order param-
eters are described for calculating fractional helicity, and the
effect of stereoisomerism on partial helicity was described by
the use of metric disconnectivity graphs. Further, the Zimm-
Bragg model for helix-coil transitions was used to derive
Boltzmann weighted average of partial helicities and compared
with previous studies.
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