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Induction of a Heterochiral Helix through the Covalent Chiral Domino Effect
Originating in the “Schellman Motif”
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Helical structure originally promotes one-handed sense through
chiral stimuli that are covalently or noncovalently incorporated
there, even if the chiral/achiral ratio or enantiomeric bias is
considerably small. This chiral amplification readily creates
homochiral nature in protein helices, which definitely choose a right-
handed sense synchronized with the asymmetric conformation of
mostL-residueg. Despite the strong preference for right-handedness,
a heterochiral nature is found in protein helices. The helix
C-terminus (usually Gly) often favors a left-handed helical con- Figure 1. Induction of a heterochiral helix through the Schellman mbtif.
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We report the formation of a heterochiral helix by increasing
the chain length of single chirality, without using anyp-
sequence$?® Peptides composed ofsequences at the N-terminal
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becomes more pronounced against increasing content of the
L-residue favoring a right-handed sense. When tksequence
reaches a sufficient length, the helical sense tends to be switched
around the boundary of the chiral/achiral sequence. We propose a
nucleation model of a heterochiral helix through the covalent chiral
domino effect derived from the Schellman matifFigure 1)7

We have demonstrated these issues with a series of chiral/achiralFigure 2. CD (upper) and absorption spectra of (A) peptitis-NP in
block-type peptidesN18—N5 andNP). TheL-Leu sequence with 1,2-dichloroethane, anzd (B) peptitiéP in several solventshe ande are
a sufficient length will form a right-handed helixThe achiral part expressed in terms ai“Phe residue concentration.

is based on-aminoisobutyric acid (Aib) andZ)-a./-dehydro- L-residue number. Peptid®&8 andN4 also adopted a right-handed
phenylalanine A“Phe) residues to form the optically inactive pgjix However, the CD intensity around 280 nm decreased with
helix.°"¢:1% Absorption band of the latter residue, free from those he chiral length, indicating that the right-handed helicity of the
_of usual s_,olvents or peptide bonds, enables us to identify helix sense,pirg) sequence becomes less prominent in elongation ofltee
induced in the achiral segmefit>o length. Intriguingly, peptidebl5 andNP having longer-sequences
produced a split pattern opposite to the case®fN4. Obviously,

the left-handed helicity appears in the achiral segmemN®&and

NP. In Figure 2A, an isodichroic poittamongN2—NP seems to
appear at ca. 288 nm, suggesting varying ratios of two common
conformers in the achiral sequence. Increasing tbequence length
shifts dynamic equilibrium of the two helical populations toward a
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Boc-L-X*-(Aib- ZPhe)4-Aib-0Me

(Boc, r-butoxycarbonyl; OMe, methoxy)
L-X*=Leu (Nl),8 Leu, (N2), Leus (N3), Leuy (N4), and Leus (N5).
(L-Leu),,-(Aib-AZPhe)4-Aib-0Me n~24 (NP).

IR and NMR studies on peptidésl —N5 suggested the presence
of 3;¢-helical conformatiori! Amide | absorption ofNP implied left-handed helicity.
an o-helical conformation in the Leu segmét. In 2,2,2-trifluoroethanol (Figure 2B), peptidP yielded a pattern

CD spectra of these peptides were acquired in several solvents.at the amide region, typically assigned to a right-hanadublix,'3
They mostly showed a split CD pattern around 280 nm based on in which theL-Leu sequence reasonably adopts a right-handed helix.
the achiralA?Phe residue (Figure 2 and ref 11). The split profile In contrast, a split pattern for the left-handed helicity was found at
has been interpreted as the helix sense @“Phe-X),— in a 3¢ the A2Phe chromophores of the achiral segment. Consequently, the
helix.5" A split sign with positive signals (at longer wavelength) is helical inversion occurs around the chiral/achiral boundary on a
assigned to a left-handed hefixin addition, the CD amplitude single chain of peptid®&P as proposed in Figure 1.
implies efficiency of chiral induction in the achiral sequence. Helix sense induction through the covalent domino effect has

Figure 2A displays CD spectra of peptidsd—NP at room been widely proposed in other unique molecules, in which the chiral
temperature. Peptidél favored a left-handed helix in solution as  sign of a chain-terminal moiety plays a key réf.In contrast,
reported previousl§98 In contrast, the N-terminal homochiral the present induction of helicity in the achiral segment varies with
doublets N2) induced a right-handed helix, suggesting the reason- the preceding homochiral length, whereas theeu residue is
able tendency to promote a right-handed helicity by increasing the commonly located at the chiral/achiral boundaryNdf—NP. This
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