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A helical chain being the most common secondary structure
in biopolymers prefers one-handed (left- or right-handed) screw
sense, when chiral moieties are incorporated into the main or side
chain through the covalent bond. We here report that an achiral
helical peptide prefers the one-handed helical screw sense by
noncovalent interaction of its N-terminal amino group with a chiral
carboxylic acid. Little is known about such phenomena in peptide
systems typical of biopolymers, although it has been reported that
synthetic helical polymers bearing carboxyl or amino groups in
the repeating units induce the one-handed screw sense by addition
of chiral small amines or acids to interact on their polymer side
or main chains.1 In our system, the acid-base interaction
occurring in the N-terminal position of the peptide chain will lead
to the predominance of one-handed screw sense of the entire
peptide chain, namely throughdomino effect. For our purpose,
the following N-deprotected nonapeptide1 consisting of nonpro-
tein amino acids [R-aminoisobutyric acid (Aib) andR,â-dehy-
drophenylalanine (∆ZPhe)] was synthesized.2

Peptide1 can be expected to generate two “enantiomeric” (left-
and right-handed) helices, since Aib and∆ZPhe residues are
achiral ones and strong inducers for forming a 310-helix.3 Actually,
a helical conformation was evidenced by1H NMR spectroscopy
on peptide1 in CDCl3. In the NOESY experiment, marked cross-
peaks were observed for the NiH-Ni+1H resonances in the

segment of Aib(3) to Aib(9),2 indicating that peptide1 forms a
310- or R-helix.4 The solvent dependence on amide NH chemical
shifts in CDCl3/(CD3)2SO mixtures revealed that six NH reso-
nances of∆ZPhe(4) to Aib(9) residues are shielded from solvent
due to intramolecular hydrogen bonding,2 of which the pattern
corresponds to a 310-helix. The helical conformation was also
supported by the amide I absorption bands of its FT-IR spectrum
in chloroform: 1660 and 1627 cm-1, which can be assigned to
saturated amino acid and∆ZPhe residues in a helical segment,
respectively.5 Furthermore, energy minimization of peptide1 by
the semiempirical molecular orbital method6 gave a 310-helical
conformation (Figure 1) characterized by〈φ〉 ) (41.1°, 〈ψ〉 )
(37.6°, and〈ω〉 ) 180.0° for average values of∆ZPhe(2) to∆Z-
Phe(8) residues, and the main-chain energy contour map was
severely restricted into right- and left-handed helical regions (φ
) (60 to(40°, ψ ) (60 to(30°).2 Therefore, peptide1 having
a strong helix-forming tendency forms a 310-helical conformation
in chloroform.7

Peptide1 could not show any CD signals due to the absence
of chiral residues, thus taking both left- and right-handed helices
with the same content in an equilibrium state (Figure 2, dotted
line). However, intense split CD signals were induced around 282
nm assignable to∆ZPhe residues by the addition of enantiomeri-
cally pure Boc-L-Pro-OH (Boc) t-butoxycarbonyl), as shown
in Figure 2. The mirror image was obtained by the addition of
Boc-D-Pro-OH, thus indicating that the induced CD signals are
responsible for the chiral interaction of peptide1 with Boc-Pro-
OH, but not for some accidental impurities.

The split CD pattern with a negative peak at longer wavelengths
was obtained for the Boc-L-amino acids shown in Table 1. Based
on the exciton chirality method,8 the sign of split CD means a
left-handed helical arrangement of the transition moment at 282
nm, thus corresponding to a right-handed screw sense for a 310-
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Figure 1. Energy-minimized peptide1 by the AM1 method: (a) side
and (b) top views of the right-handed one.
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or R-helix. The right-handed screw sense was also evidenced by
theoretical CD calculation on peptide1.9

The induced CD amplitude increased markedly with an increase
in Boc-L-Pro-OH concentration of 0 to 65 (400-fold) mM, and
reached a saturation value over 100 mM essentially.2 The CD
amplitude could be essentially attributed to the fraction of peptide
1 complexed.2,10 No CD signals were observed when N-Boc-
protected peptide1 was used with a large excess (400-fold) of
Boc-L-Pro-OH in chloroform. Obviously, the N-terminal amino

group interacting with a chiral carboxylic acid is required for the
predominance of one-handed screw sense. In our previous works,11

a left-handed 310-helical conformation was found for Boc-X-(Aib-
∆ZPhe)2-Aib-OMe (X ) L-amino acid residues) and Boc-L-Leu-
(Aib-∆ZPhe)4-Aib-OMe in solution. Interestingly, the screw sense
was inverted depending on how Boc-L-amino acid works in the
N-terminal position of the achiral helical peptide, i.e., covalently
or noncovalently.

In conclusion, we realize that the chiral environment created
by chiral acid-base interaction in the N-terminal position induces
the excess of one-handed screw sense of the achiral peptide
chain,12 probably through the domino effect proposed by Chart
1. A detailed mechanism for the induced CD signals is under
investigation. The present work, however, should provide not only
a significant example for controlling helical screw sense of an
achiral host peptide through the noncovalent domino effect of a
chiral small guest, but also novel type chiral interactions between
a helical segment and a chiral molecule in peptide and protein
science.
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Figure 2. CD (top) and UV absorption (bottom) spectra of peptide1
(dotted line) in chloroform and of that in the presence of Boc-L-Pro-OH
(solid line) and Boc-D-Pro-OH (broken line): [1] ) 0.16 mM and [Boc-
Pro-OH] ) 65 mM. ∆ε and ε are expressed with respect to the molar
concentration of∆ZPhe residues.

Table 1. Signs of Splitting Cotton Effects and∆ε Values for
Induced CD of Peptide1 with Chiral Carboxylic Acida

first Cotton second Cotton

acid sign ∆ε(λ/nm) sign ∆ε(λ/nm)

Boc-D-Pro-OH + 4.4/302 - 8.5/269
Boc-L-Pro-OH - 4.3/302 + 8.4/270
Boc-L-Ala-OH - 1.5/303 + 3.8/270
Boc-L-Val-OH - 1.7/303 + 4.7/270
Boc-L-Leu-OH - 2.4/303 + 5.5/270
Boc-L-Phe-OH - 1.2/303 + b

a All spectra were recorded using JASCO-J500 and -J600 in
chloroform with [1] ) 0.16 and [carboxylic acid]) 65 mM at 296-
298 K. b Overlapped with the CD signal of Boc-L-Phe-OH.

Chart 1. Helical Screw Sense Induced by the Domino Effect
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