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Large proteins fold via the formation of intermediate structures.1

Do these intermediates possess secondary structure such as an
R-helix orâ-sheets? A related question is whether specific amino
acid side chains have an intrinsic tendency to form incipient or
final secondary structure. There is an ongoing debate concerning
the helix propensity of alanine. Studies on nucleated peptides and
co-polypeptides conclude that alanine is helix-indifferent; other
studies on proteins and peptides conclude that alanine is helix-
stabilizing.4-6

Scheraga et al. synthesized co-polypeptides in which Ala
sequences were flanked by extended blocks of charged side chains
and concluded that short stretches of alanine (belowN ≈ 100
residues) do not form anR-helix.2 Introducing natural amino acids
as guests into a host matrix of alkylated glutamine residues3

seemingly confirmed that Ala is helix-indifferent. Still, many
alanine-rich short peptide models are found to formR-helical
structure,4-6 and alanine stabilizes helices in proteins.7 There is
then a fundamental contradiction in our understanding ofR-helical
structure and its role in folding. Either Ala stabilizesR-helices,
or it does not.

By using a synthetic nucleating template Kemp’s laboratory8

investigated the helix propensities of amino acids as well as those
of natural peptides containing combinations of Ala and Lys.9 They
reached conclusions similar to those of Scheraga, arguing that
Ala appears to be helix-stabilizing artifactually:8,10 the effect arises
from neighboring charged side chains that enhance the helix
propensity of Ala. In this paper we show that Ala is intrinsically
helix-stabilizing and that the helix content of alanine-based
peptides is not derived from neighboring amino acids.

We constructed soluble peptides12 in which Ala and Lys side
chains do not alternate (Figure 1). The results show that chains
of 13 Ala residues flanked by pairs of Orn or Dpr, charged groups
too short to enhance helicity of neighboring Ala residues by direct
interaction, are helical. Each chain contains a core of Ala residues,
flanked by two Orn or Dpr side chains. A22 consists of alanine
only. K22 and O22 have lysine or ornithine substituted for the
alanine in position 10. We use two charged flanking residues near
the ends because a single basic side chain at the ends favors
â-sheet structure in such models12 or aggregation of helices.9 Each
peptide is capped by an acetyl group at the N terminus and an
amide at the C terminus. Tyrosine facilitates concentration
determination. The peptides in solution are monomers, as shown
by analytical ultracentrifugation (Figure 2), consistent with the
absence of concentration dependence in any peptides over a range
of concentrations from 10µM to 1 mM. Figure 3 shows CD
spectra of the peptides in Figure 1, showing they consist of coil
plus R-helix.13 Substitution of Lys (K22) or Orn (O22) for Ala
(A22) at the central position lowers the helicity in low-salt buffer
as reported in other peptide models.4-6 The helicity of the peptide
XX22, with Dpr as flanking basic residues, is slightly lower than
that of A22.15

NMR reveals that the core of K22 (used for spectroscopic
reasons) isR-helical; extended NHi - NHi + 1 cross-peak
connectivity is seen in the NOESY spectrum together with low
values of the3JNH coupling constants characteristic ofR-helix
(Figure 4). In addition there are medium range NOEs consistent
with R-helical structure. The ends of the chain are frayed,
indicating the terminal side chains do not have abnormally high
helix propensities. By design, in these peptides the side chains
flanking the Ala block cannot directly influence the helicity of
the majority of Ala side chains; the flanking Orn or Dpr groups
lack the potential to interact with the helix barrel, as Lys can.11

Quantitatively, the CD spectra agree closely with the prediction
of helix-coil transition theory using a propensity value of 1.4
for Ala or higher, but not 1.1 or less.14 To reconcile the helicity
of these peptides with a propensity of 1.1 or less for alanine the
flanking Orn side chains would need very large propensity values,
inconsistent with the fraying observed at the ends of the helix in
the NMR or the substitution data in Figure 3. The decrease in
helix content from A22 to K22 to O22 would be predicted from
the lower helix propensities of Lys and Orn however.15 Recently
an increase in helicity was reported upon replacing alanines by
lysine in similar peptides, even in low salt.9 These results as well
as the CD data in Figure 3 contradict older results on Ala-rich
peptides.6,15 We believe the discrepancy originates in the limited
solubility of peptides containing only a single charge at each
end12sadding lysines increases the solubility of the chains, hence
the apparent helicity.

The short terminal side chains in our model cannot influence
a significant fraction of the Ala groups by a local interaction as
could lysine. The spacing of charges is also incompatible with
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the solvation effect postulated by Vila et al.10 Thus, alanine
stabilizesR-helix. If so, why does Ala fail to stabilize helix in
Kemp’s models? One explanation is that instead of the postulated
helix-barrel interaction between Lys and neighboring Ala side
chains, Lys at position 6 in the pre-nucleated chains interacts with
the template itself.8 A minor rearrangement of the template
geometry allows its CdO groups to form a cap that interacts with
the Lys ε-NH3 group, perhaps artificially stabilizing the helix
structure between these sites.8a Those Ala’s whose effect on helix
is weaker than in natural sequences lie between the capping side
chains; residues distal to the cap show higher helix propensity.8a

However Kemp’s data on artificially nucleated helices are
rationalized, our results demonstrate that Ala side chains stabilize
R-helix structure intrinsically, and not by enhancing effects
extending from neighboring side chains.
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Figure 1. Peptide sequences of this study. A) alanine, O) ornithine,
G ) glycine, Y) tyrosine, K) lysine, X) 2,3 diamino propionic acid,
ac ) acetyl.

Figure 2. Analytical ultracentrifugation data (39 krpm) for A22 (350
µM) collected at 4°C and pH 7. The natural logarithm of the absorbance
at 284 nm is plotted against the square of the radial position. Deviations
from the values calculated for a single species of MW 1930 D are plotted
as residuals above the absorbance data.

Figure 3. (A) Circular dichroism spectra of A22, O22, and K22 in 10
mM KF, 1 mM phosphate pH 7 at 4°C. The concentrations are 50µM
as determined by tyrosine absorbance.

Figure 4. Section of 2D NOESY spectrum of K22 at ca. 8.0 mM at 5
°C with a 500 ms mixing time, indicating cross-peaks between backbone
amide protons. Sequential cross-peaks are indicated by the numbers of
the residues in Figure 1.5b
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