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Abstract

Folding and unfolding processes are key aspects that should be mastered for the design of
foldamer molecules for targeted applications. In contrast to the solution phase, in vacuo
conditions represent a well-defined environment to analyze the intramolecular interactions that
largely control the folding/unfolding dynamics. lon mobility mass spectrometry coupled to
theoretical modeling represents an efficient method to decipher the spatial structures of gaseous
ions, including foldamers. However, charge solvation typically compacts the ion structure in
the absence of strong stabilizing secondary interactions. This is the case in peptoids that are
synthetic peptide regioisomers whose side chains are connected to the nitrogen atoms of the
backbone, instead of the a-carbon as in peptides, thus implying the absence of H bonds among
the core units of the backbone. A recent work indeed reported that helical peptoids based on
Nspe units formed in solution do not retain their secondary structure when transferred in gas
phase upon Electrospray ionization (ESI). In this context, we demonstrate here that the helical
structure of peptoids bearing (S)-N-(1-carboxy-2-phenylethyl) bulky side chains (Nscp) is
largely preserved in the gas phase by the creation of a hydrogen bond network, induced by the

presence of the carboxylic moieties, that compensate for the charge solvation process.



Introduction

Over the years, non-natural compounds able to dynamically fold and unfold into well-defined
secondary structures called ‘foldamers’ have aroused interest in many fields.' Several
different biomimetic compounds are part of this class, such as B- and y-peptides,* oligoureas®
and peptoids.® The later, built from N-substituted glycines, are peptidomimetic molecules,
whose backbone lacks amide hydrogen bond donor and chirality (Scheme 1).” One of the main
advantages of these non-natural molecules is the availability of a wide variety of building
blocks, especially for peptoids,® which enables new structural design compared to existing
molecules for applications. Another advantage of peptoids is their high resistance to protease
as well as to harsh conditions,®° which makes them good candidates to replace antimicrobial
peptides.>!! Peptoids are not only used in biomedical fields,>!?® but also in molecular
recognition processes,** as bulk materials,*>!® and in nanotechnology.**!” The most common
type of structure encountered is the helical shape,**18° which is the most adequate way to form
a tightly packed secondary structure.?’ Peptoids can form helices in solution, provided that the
side chain appended to the nitrogen is bulky and chiral, to induce a particular screw sense. %2
Such structures are mainly stabilized by non-covalent interactions, such as n — ™ interactions
between adjacent amides,?? which can be however altered by solvent. Therefore, in vacuo
studies are also of great interest to provide a deeper insight into the intrinsic parameters
responsible for the folding of foldamers and lead to new molecular design strategies.?% lon
mobility spectrometry coupled to mass spectrometry (IMS-MS) is one of the most relevant tool
to characterize the conformational dynamics and the folding in vacuo.?®?® This technique
allows for the separation of ions in gas phase according to their mass-to-charge ratio (m/z) and
their tridimensional shape. It is widely exploited with peptides/proteins as it allows the
determination of the protein conformation by measuring their collision cross sections (£2).2%%

Additionally, IMS-MS has also been applied to polymer chains; one illustrative example is the



use of ion mobility to distinguish isomeric structures, such as linear versus cyclic species.3%

IMS-MS has also been involved in the study of Hudgins et al. to shed light on the formation of
a-helices built from amino acids.® They showed that poly(alanine) peptides can remain helical
in gas phase, provided that the positive charge introduced for ionization (proton) is present at
the negative side of the macrodipole (C terminus).?® Although peptoids are structurally close to
peptides, we recently reported that peptoid ions bearing the bulky chiral (S)-N-(1-phenylethyl)
side chains (Nspe) do not form helices in gas phase (although helices are evidenced in solution),
but rather loop-like structures to stabilize the introduced charge, mandatory for IMS-MS
analysis.> The steric hindrance responsible for the folding of peptoid is thus not sufficient to
compensate for the charge screening effect.**® In the present work, we have introduced
hydrogen bonding donor/acceptor pairs through the incorporation of the peptoid side chain ‘(S)-
N-(1-carboxy-2-phenylethyl)’ (Nscp) all along the peptoid backbone.3® Our objective is to study
the impact of these intramolecular hydrogen bonds on the structure of the gas phase ions by
combining ion mobility mass spectrometry measurements to molecular dynamics simulations.
The influence of the side chain bulkiness on the stabilization of particular structures has also

been monitored at the theoretical level using the ‘(R)-N-(1-carboxy-2-ethyl)’ (Nrce) side chain.
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Scheme 1. Primary structures of peptides and peptoids and of the side chains studied (n
varying from 3 up to 15).



Experimental
1. Peptoid synthesis

All reactants and solvents are commercially available (VWR chemicals) and are used without
any supplementary purification. Nscp peptoids are synthesized by successive acylation and
nucleophilic substitution steps on Rink amide resin using the solid-phase reaction protocol
developed by Zuckermann and coworkers: all details are described elsewhere.®3” The primary
amine required to incorporate the Nscp side chain during the nucleophilic substitution is
previously prepared from L-phenylalanine by esterification to protect the carboxylic groups. At
0 °C, thionyl chloride (11 ml, 0.15 mol) is slowly added to methanol (150 ml). Phenylalanine
is then added at room temperature and the solution is stirred for 48 h. After the synthesis of
Nscpz-9 sequences, the carboxylic groups can be deprotected by hydrolysis with NaOH 5 M (3
ml) and methanol (4 ml) to 55 °C for 5 h. Nscpio and Nscpis require overnight hydrolysis to
recover the carboxylic moieties. Nscp peptoids are prepared without further purification since
they are only analyzed by mass spectrometry which isolates the targeted ions in the gas phase.
The structure of the peptoids is validated using collision-induced dissociation experiments

(Table S1).
2. lon mobility experiments

lon mobility spectrometry measurements are performed using a Synapt G2-Si (Waters, UK)
mass spectrometer equipped with an electrospray (ESI) ionization source and a traveling wave
ion mobility cell pressured with N as drift gas. The IMS parameters and the sample preparation
are described in the Supporting Information. In TWIMS experiments, a calibration is required
to convert the measured drift times in nitrogen into collision cross sections in helium

("W Qn2-he).28 The calibrants used in these experiments are polymer ions (poly(ethylene glycol)



— PEG and a-methyl, - hydroxy poly(lactide) — PLA).3*3 The analyses are performed in
different solvents (acetonitrile and methanol/acetonitrile 1:1 v/v). The collision cross sections
Q will be abbreviated by using the current accepted notation;?® ™Qnzsre will refer to the
experimental collision cross sections and ™Q4 to the theoretical collision cross sections (TM

stands for the Trajectory Method).
3. Computational chemistry

Simulations are performed within the Materials Studio 18.0 package using the PEPDROID
force field,*® based on the DREIDING force field, in conjunction with Gasteiger partial
charges.**3 Many different side chain parameters are already implemented in this force field,
but not for the side chains Nscp and Nrce under investigation (Scheme 1). To do so, we follow
the same procedure as described in the original paper.** Briefly, we perform an energy scan of
the dihedrals for a small peptoid unit (o, y1 and y2 in Scheme S1) at a quantum-mechanical
level (MP2/cc-pVDZ) using the Gaussian09 package revision A02.** We then perform the same
scan at the MM level in Materials Studio 18.0, and the dihedral parameters are systematically
adapted to yield the lowest RMSD between the QM and MM energy profiles. A complete

description is available in the Supporting Information (Figures S1-S2).

After the validation of the parameters, multiple starting geometries are generated for each
degree of polymerization (DP), i.e., in the right-handed helical shape and in multiple random
conformations (collapsed, extended, etc.). Each of them is first optimized and then submitted
to a conformational search which is described in Ref. 34. Briefly, multiple consecutive
guenched molecular dynamics (quenched MD) are performed at different temperatures on each
starting geometry to sample their conformational space (NVT, 1000 K down to 200 K, 20 ns,
frame saved every 5 ps). The most stable conformation issued from a quenched MD is set as
input for the next quenched MD at lower temperature. The final geometry selected is the most

stable among the multiple conformations generated for a given DP at the end of the quenched
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dynamics. A final equilibration MD (NVT, 300 K, 10 ns) is carried out on the selected structure
and is followed by a production MD for 50 ns. The collision cross section ™Qu calculation is
carried out using the Collidoscope software.* 500 conformations (saved every 0.1 ns) are
extracted from the production run and submitted to Collidoscope to first estimate the cross

section with the trajectory method and come up with average values.
Results & Discussion
1. (S)-N-(1-carboxy-2-phenylethyl) (Nscp) peptoids

The Nscpn (n = 3 — 15) peptoids under investigation carry a proton at the N-terminus amine,
which is the most basic site.3*4¢ Singly charged peptoids (protonated) are transferred to the gas
phase by ESI. They are then transferred in the mobility cell and their arrival time distribution
(ATD) is recorded and converted into ™WQnz-He through the in-house calibration procedure.*
The CCS distributions are presented in Sl for evaluating the presence of different non
interconverting ion structures, based on the symmetry of the signals. As shown in Figure S8,
the CCS signals all present gaussian shape and the ion mobility resolution is only marginally
affected by the chain length increase. However, due to the rather limited IM resolution of the
Waters Synapt G2-Si mass spectrometer, the coexistence of different ion structures with similar
CCS cannot be excluded.*” We report in Figure 1A the ™Qnoshe as a function of the ion mass
for each degree of polymerization (DP). A general procedure to analyze series of homologous
compounds is to fit the data by a power law of the form Q = A.MB, where M is the molecular
mass, B is a parameter which reflects the general shape of the ions and A reflects the ion
density 34348 For jons that adopt a globular shape in gas phase (proteins, polymers), the B
parameter is determined to be around 2/3 (0.66) while the A parameter is on average equal to
2.435,3%4849 |n the present study, we obtain a B parameter of 0.71 and an A parameter of 1.77

(Figure 1B, blue dashed curve), indicating that these ions are less compact than globular ions.



In a previous study dedicated to Nspe peptoid ions, the B parameter was estimated at 0.685,
pointing to more compact structures in comparison to the present derivatives .* Interestingly,
the DP 3 to 8 ions are perfectly aligned on the fitting curve, while the higher DP ions lie a bit
off as there is a small hinge in the curve. When isolating the data for the smaller range from 3
to 8, we obtain B =0.68 and A = 2.18, which are parameters characteristic of a globular shape,
thus implying that these ions are more compact than suggested by the fit performed on the entire
data set. For the DP 9 to 15 range, we obtain B = 0.74 and A = 1.36, which evidences a
structuring into more extended conformers. As a matter of comparison, we have added in
Figure 1A the chain size evolution of the collision cross sections associated to the parameters
of perfectly spherical ions (B=0.66 and A= 2.435) (Figure 1A, black dotted curve). From the
graphs, we clearly observe that the ™ QnoHe of the low DP ions are in really good agreement
with trends predicted for spherical shape ions and they start deviating for higher DP ions (higher
mass). Since the more extended structure might correspond to a helix, we built perfectly helical
peptoid ions for each DP (from 5 to 15), with a screw sense determined by the chirality of the
side chain (here, (S), right-handed), using the same dihedrals as described in Ref. 34. These
conformers were not submitted to any MD simulation to maintain the ideal helix structure. Their
™Qye are computed and the evolution as a function of the mass is represented on Figure 1A
as light-blue dotted curve. The experimental DP 9 to 15 CCS align very well on the curve
predicted for a helix, further demonstrating that higher DP ions adopt extended structures that

are most likely helical.
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Figure 1. Experimental and theoretical collision cross sections (CCS) of singly protonated Nscp
peptoids. (A) Comparison of the size evolution of the experimental ™Qnzsre (red dots) with
the values predicted for perfectly spherical (black dashed line) and helical (blue dashed line)
ions (see text). (B) Comparison of the experimental ™Qn2she (red dots) with the theoretical
™Qyue values calculated on structures generated by MD simulations (blue dots). The
experimental data are further fitted (blue dashed line) by the expression Q = A.MB, with A =
1.77 and B = 0.71 (see text).

To further validate the hypothesis that Nscp peptoid ions start to adopt more extended helical
conformations when their length reaches about 8 to 9 units, we perform MD simulations on
peptoid ions with DP ranging from 3 to 15. As discussed above, peptoids are protonated on the
terminal amine in the gas phase, which is the most basic site accessible.3* The more stable
structures obtained after conformational sampling for Nscps, Nscps and Nscpio are presented in
Figure 2 as selected examples. The ™y associated to the most stable conformation of each
DP is in good agreement with the "WQn2sHe experimental data. The conformations adopted by
the shorter oligomers, i.e., Nscpn with n = 3-5, are similar to those of short Nspe peptoid ions,
with the peptoid backbone wrapping around the charge.3* As shown in Figure 2A, all carbonyl
dipoles point towards the charged site to induce charge solvation.®* In contrast, the most stable
conformations for longer oligomers, i.e., Nscps and Nscpis, appear more extended with the
appearance of a right-handed helix organization at the C terminus extremity (Figure 2B).

Although the first three/four residues lying at the N terminus side of the peptoid ion remain



strongly bounded to the ammonium group, the remaining residues get organized into a helix-
like structure thanks to the creation of a mostly intra residual hydrogen bond network, as shown

in Figure 2C for DP15.
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Figure 2. Most stable structures of different Nscp peptoid ions generated during the
conformational sampling. Hydrogen bonds are represented by black dashed lines and only
relevant hydrogen atoms are represented. The hydrogen atoms of the ammonium groups are
represented by green balls. For low polymerization degrees (A), the backbone almost
completely wraps around the proton, while for higher polymerization degrees, (B) and (C), the
first units around the terminal amine are involved in the stabilization of the proton while the
remaining part starts organizing in a helical fashion through a hydrogen bond network (blue dot
box). (D) Schematic of the intra-residual hydrogen bond pattern.
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We also analyze whether these intra-residue H bonds are stable during the MD simulations. For

each peptoid chain length (n = 5 — 15) and for all structures generated during the MD

simulations, we assume that, for a given residue, the carboxylic acid group (acting as the

hydrogen bond donor D) can be H-bonded to an acceptor A, which can be either an oxygen

atom of the carbonyl amide (in the same residue or within another residue) or to the carboxylic

acid moiety of another residue.
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Figure 3. Hydrogen bond correlation matrices for Nscp peptoids ranging from DP 5 to 15 along
50 ns MD simulations. The X- and Y-axes correspond to the residue number starting from the
N terminus. The hydrogen bonds are monitored simultaneously between the hydrogen of the
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carboxylic acid moieties (donor) and the oxygen from (i) the carbonyls of the backbone and (ii)
the carbonyls of the carboxylic functions (acceptor) The cutoff distance between the donor and
acceptor is set at 3.5 A and the cutoff angle at 150°.%° Black squares represent robust H-bond
along the MD, while lighter colors indicate that the H-bonds are more labile. The diagonal
pattern observed for a DP higher than 8-9 units indicates the conservation of the intramolecular
hydrogen bonds with the carbonyl group from the amide of the same residue over the whole
simulation.

For each donor/acceptor pair (i.e., residue 1-1, residue 1-2, residue 1-3, etc., see Figure S3),
we measure the key geometrical parameters of the hydrogen bonds that are: (i) the distance
between the carboxylic acid hydroxyl oxygen atom and the amide oxygen atom or the closest
oxygen from another carboxylic acid moiety, and (ii) the H-bond atomic triad angle. We
consider a hydrogen bond to be effectively formed — by assigning a value of 1 - if the distance
is lower than 3.5 A and if the angle is larger than 150°; otherwise a value of 0 is attributed to
the considered H-bond donor/acceptor pair.>® For each donor/acceptor pair, this measurement
is done in every MD snapshot and summed (leading to a matrix of DP x DP). In Figure 3, we
report these values for all H-bond donor/acceptor pairs averaged over the MD simulations, i.e.,
by dividing the total number computed for each donor-acceptor pair by the total number of
generated structures. Such a representation allows to quickly visualize whether H-bonds are
present as well as the residues involved. From these figures, we mainly detect non-null data
along the diagonal, indicative that intra-residue H-bonds are increasingly formed along the
peptoid backbone as the DP increases, except for a few residues lying at both the N and C
termini, as nicely evidenced for DP 15. Inspection of the MD generated structures, see Figure
2, reveals that few first residues at N terminus do not form H-bonds but have rather their amide
oriented towards the ammonium group (Figure 2C, red dot box). As far as the C terminal
residue is concerned, intra-residue H-bond is observed but in a different way than described
above and is therefore not accounted for in Figure 3. It associates the hydrogen from the amide
(acting now as a donor) and the carbonyl from the carboxylic acid group (acting as the acceptor,

Figure 2C, green dot box) (see Figure S3 for a schematic explanation).
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Figure 4. Primary structure of Nsar peptoids and the hypothetic helical structure of Nsar; and
its associated loop structure (both protonated, as highlighted by the green beads).

To estimate theoretically the minimum number of H-bonds required to stabilize a gaseous helix
protruding out of the (charge solvation) loop, we first consider a model peptoid bearing methyl
groups as pending side chains (Nsars.7, Figure 4) to remove the contributions from the
carboxylic acids in Nscp peptoids and the phenyl groups in Nspe. These model peptoids are
built in a hypothetical right-handed helix, using the same dihedrals as described in references
18 and 34 that are similar to the poly(proline) type | helix. In parallel, we consider the loop

structure obtained by a full conformational search (see Experimental Section).3*

Table 1. Energy contributions (kcal/mol) extracted from the helical and loop structures from
Nsars to Nsarz: bonded interactions, hydrogen bonds, van der Waals (vdW) interactions,
electrostatic interactions. The larger differences are observed for the electrostatic interactions
between the helical and loop shapes.

Helix Loop
DP |. Bondt_ad H- vdW | Electrostatic | . Bondgd H- vdW | Electrostatic
interactions | bonds interactions | bonds
5 25.4 -4.0 27.2 23.3 28.6 -4.3 245 11.5
6 30.7 -4.1 32.3 31.2 30.4 -5.9 32.9 16.9
7 36.0 -4.1 37.1 39.6 32.1 -3.2 37.6 25.1
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Using molecular mechanics, the energy difference between different conformations can be
decomposed into different energetic contributions, i.e., the bonded (encompassing bond
stretching, angle bending, dihedral and improper dihedrals) and the non-bonded (van der Waals,
electrostatics and hydrogen bonds, as implemented in the DREIDING force field*?)
interactions. The bonded and non-bonded energetic contributions have been extracted for each
Nsar model, in both the helical or loop conformations, and gathered in Table 1. For a given
oligomer size, there are no major differences for the bonded energy contributions as well as for
the hydrogen bond and van der Waals contributions between the helix and the corresponding
loop. However, the electrostatic interactions differ significantly, with an average stabilization
of about 15 kcal/mol in favor of the loop conformations. In a very naive vision, secondary
strong interactions, such as H-bonds, are thus needed to compensate these 15 kcal/mol and

make the helix conformations more stable than the loop structures.

Figure 5 presents the evolution of the hydrogen bond energy contribution of the Nscp peptoids
as a function of the degree of polymerization. The contributions are calculated for two
geometries: (i) the perfect right-handed helix (blue dots) and (ii) the most stable structure
obtained after the conformational sampling (black dots). The total H-bond energy is very
similar in both cases, (blue and black dots), indicating that the H-bond pattern found in the
most stable structure is similar in magnitude to that prevailing in the perfect helices. We have
also extracted the H-bond contribution within the helical segment in the most stable structure,
see Figure 5 (black crosses). To do so, for each chain length, we cut the most stable structure
at the junction indicated by the hydrogen bond correlation matrices and performed a single point
calculation on the segment that forms intra-residue hydrogen bond, i.e., the helical segment,
from which we extract the hydrogen bond energy contribution. Thereby we obtain three linear
evolutions whose slopes afford an averaged stabilization energy per H-bond, around -2.5

kcal/mol. This value nicely matches that of -2 kcal/mol reported for o-helix!, allowing to
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roughly estimate that minimum 6 to 7 inter/intra-residue H-bonds should be enough to stabilize
a charged helix in the gas phase. For the partially helical Nscpg (Figure 2 B), we clearly count
4 H-bonds between the side chain i and the backbone carbonyl i, starting at residue 4, as shown
in Figure 3. The energetic gain provided by these 4 hydrogen bonds amounts to -10.8 kcal/mol
(see Figure 5), which is close to the generic helix/loop difference estimated at 15 kcal/mol from
the data in Table 1. Nscpis clearly adopts a helical conformation stabilized by 10 H-bonds, as
shown in Figure 3, hence leading to a stabilization by -30 kcal/mol (Figure 5). Here, the H-
bonds clearly prevent the peptoid ion from fully wrapping around the charge to form a compact
structure. Actually, the ammonium group is still charge-solvated by the first three to four
residues (see also Figure 3) but does not hamper the stabilization of a well-defined helical
structure from the remaining units. Moreover, the charge is also stabilized by the macrodipole

formed by the alignment of the carbonyls from the C to the N terminus.'®
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Figure 5. Evolution of the hydrogen bond energy contribution in the Nscp peptoids as a function
of the degree of polymerization. Contributions are calculated for two geometries: (i) the perfect
right-handed helix (blue dots) and (ii) the most stable structure obtained upon conformational
sampling (black dots). The H-bond contributions in the helical segments in the most stable
structures (delimited by diagonal elements in Figure 3) are presented as black crosses.
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2. (R)-N-(1-carboxy-2-ethyl) (Nrce) peptoids

Since bulky a-chiral side chains are described as a primary condition to stabilize helical
peptoids in solution,'®2?! we further assess whether the H-bond capability of side chains is a
sufficient condition to form helices in gas phase. To do so, we select the Nrce, ‘(R)-N-(1-
carboxy-2-ethyl) ’ side chain (Scheme 1) that bears a methyl group instead of the phenyl group
present in the Nscp side chain. In this way, the a-chiral and H-bond donor/acceptor characters
are conserved while partially releasing the steric hindrance via the elimination of the phenyl
groups. We sample the conformational space of the N-protonated Nrce peptoids (from DP 3 to
20) using the same method as for Nscp peptoids. We compute the average ™Que for each chain
length and report the CCS evolution as a function of the mass in Figure 6 (blue dots). We also
build model helices for each DP (using the same dihedrals as previously) and compute the
™Qye for perfectly helical peptoids (Figure 6, blue dotted line). The curve (blue dots) built
from the most stable structures starts to significantly deviate from the helical trend (black
dashed line) at m/z 1200 (around 7 units). We have selected three representative chain lengths,
DP =5, 10 and 15, and displayed their most stable conformations in Figure 6. These ions are
found to be very compact, i.e., they adopt a globular form, with the backbone wrapped around
the charge (green beads), as observed in reference 38. When generating the hydrogen bond
correlation matrices for these ions (Figure S4), we observe that intra-residue H-bonds are
barely formed, while inter-residue H-bonds tend to be increasingly favored as the chain length
increases. Finally, by plotting in Figure 6 the curve representing the standard CCS evolution
of globular ions, i.e., Q = 2.435 M?238 we fully confirm that the Nrce ions adopt compact
structures in the gas phase, thus emphasizing that both the presence of H-bonds and the presence

of bulky side chains are two key ingredients to stabilize peptoid helical ions in the gas phase.
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Figure 6. Theoretical collision cross sections (CCS) of protonated Nrce peptoids. Comparison
of the evolution of the theoretical CCS ("™MQwe) (blue dots) with the predicted data for perfectly
spherical (black dashed line) and helical (blue dashed line) ions (see text). Optimized structures
of protonated Nrce for selected DPs (5, 10 and 15) revealing that the presence of H-bond
donor/acceptor pairs along the peptoid backbone is not sufficient to stabilize helical
conformations in the gas phase.

Conclusions

Numerous studies conducted in the condensed phase over the past 20 years reveal that different
helical forms can be displayed by peptoid oligomers, associating therefore peptoids to
foldamers. Nevertheless, these peptoid helical structures conform fairly closely to a canonical
helical form due to extensive conformational dynamics, particularly including amide cis/trans
isomerization processes. Mass spectrometry often proves to be a promising structural analysis
method by capturing an instant picture of the peptoid conformational equilibrium by freezing
the solution phase structures upon transfer to the gas phase. Recent studies combined
electrospray ionization and ion mobility mass spectrometry to prepare peptoid ions in the gas

phase and study their conformations.3* Interestingly, peptoids, known to be able to adopt helical
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structures in solution, were shown to adopt typically compact structures in the gas phase due to
the charge solvation effects, i.e., the need to stabilize the charge introduced for the ionization
process by intra-molecular solvation. In such cases, the lack of strong secondary interactions
such as intramolecular H-bonds prevents the ions to remain in their helical form. In the present
work, we have incorporated H-bond donor groups all along the peptoid backbone as part of the
pending side chains. Our joint experimental and theoretical study reveals that helical peptoid
structures can now be detected in the gas phase due primarily to the formation of an intra-
residue H-bond network associating the hydrogen atom from the side chain carboxylic acid to
the oxygen atom of the amide inside the same residue. Finally, we demonstrated that the
obtention of stable helical structures is conditioned by different factors: (i) the possibility to
create intra-residue H-bonds; (ii) the presence of a sufficient amount of residues to energetically
counterbalance the charge induced folding (DP > 8) and; (iii) the presence of bulky side chains

to generate a high degree of steric hindrance.
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