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Figure 1. Energy-minimized peptidé by the AM1 method: (a) side
and (b) top views of the right-handed one.

segment of Aib(3) to Aib(95,indicating that peptidd forms a
310~ or a-helix.* The solvent dependence on amide NH chemical
shifts in CDCH/(CD3),SO mixtures revealed that six NH reso-
nances ofA?Phe(4) to Aib(9) residues are shielded from solvent
due to intramolecular hydrogen bondihg@f which the pattern

A helical chain being the most common secondary structure corresponds to a;ghelix. The helical conformation was also
in biopolymers prefers one-handed (left- or right-handed) screw Supported by the amide | absorption bands of its FT-IR spectrum
sense, when chiral moieties are incorporated into the main or sidein chloroform: 1660 and 1627 cmh, which can be assigned to

chain through the covalent bond. We here report that an achiral Saturated amino acid ant¥Phe residues in a helical segment,
helical peptide prefers the one-handed helical screw sense byrespectively’. Furthermore, energy minimization of peptitidy

noncovalent interaction of its N-terminal amino group with a chiral

the semiempirical molecular orbital metifoglave a 3g-helical

carboxylic acid. Little is known about such phenomena in peptide conformation (Figure 1) characterized by1= +ALT, DpO=
systems typical of biopolymers, although it has been reported that£37.6’, andlb = 180.0 for average values ak“Phe(2) toA?-

synthetic helical polymers bearing carboxyl or amino groups in

Phe(8) residues, and the main-chain energy contour map was

the repeating units induce the one-handed screw sense by additio$everely restricted into right- andz left-handed helical regigns (
of chiral small amines or acids to interact on their polymer side = 60 to+40°, 3 = +60 to£3(°).? Therefore, peptidé having

or main chaing. In our system, the acitcbase interaction
occurring in the N-terminal position of the peptide chain will lead

a strong helix-forming tendency forms a-®ielical conformation
in chloroform?

to the predominance of one-handed screw sense of the entire Peptidel could not show any CD signals due to the absence

peptide chain, namely througfomino effectFor our purpose,
the following N-deprotected nonapeptiti€onsisting of nonpro-
tein amino acids d-aminoisobutyric acid (Aib) and,-dehy-
drophenylalanineAZPhe)] was synthesized.

H CH;O H H CH
feg e
H—(—N—(lz—c— —ﬁ—C—):‘N—Cf—C—OCH3
CH, CH CH,

H-(Aib-A?Phe),-Aib-OMe (1) (OMe = methoxy)

Peptidel can be expected to generate two “enantiomeric” (left-
and right-handed) helices, since Aib andPhe residues are
achiral ones and strong inducers for forming@telix3 Actually,

a helical conformation was evidenced #y NMR spectroscopy
on peptidel in CDCl;. In the NOESY experiment, marked cross-
peaks were observed for thejHN-N;1H resonances in the
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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 ta“Phe residues by the addition of enantiomeri-
cally pure Boct-Pro-OH (Boc= t-butoxycarbonyl), as shown

in Figure 2. The mirror image was obtained by the addition of
Boc-b-Pro-OH, thus indicating that the induced CD signals are
responsible for the chiral interaction of peptitlevith 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-amino acids shown in Table 1. Based
on the exciton chirality methoithe 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 fgr a 3
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. — . Chart 1. Helical Screw Sense Induced by the Domino Effect
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group interacting with a chiral carboxylic acid is required for the
80360350 340 predominance of one-handed screw sense. In our previous Works,
Wavelength(nm) a left-handed g-helical conformation was found for Boc-X-(Aib-
A?Phe}-Aib-OMe (X = L-amino acid residues) and Baeteu-
(Aib-A?Phe)-Aib-OMe in solution. Interestingly, the screw sense
was inverted depending on how Boeamino 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
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Figure 2. CD (top) and UV absorption (bottom) spectra of peptide
(dotted line) in chloroform and of that in the presence of Beero-OH
(solid line) and Boa-Pro-OH (broken line): 1] = 0.16 mM and [Boc-
Pro-OH] = 65 mM. Ae ande are expressed with respect to the molar
concentration ofA?Phe residues.

Table 1. Signs of Splitting Cotton Effects antle Values for by chiral acid-base interaction in the N-terminal position induces
Induced CD of Peptid& with Chiral Carboxylic Acid the excess of one-handed screw sense of the achiral peptide
first Cotton second Cotton chain}? probably through the domino effect proposed by Chart

1. A detailed mechanism for the induced CD signals is under

acid sign  Ae(A/nm) sign  Ae(#/nm) investigation. The present work, however, should provide not only
Boc-p-Pro-OH + 4.4/302 - 8.5/269 a significant example for controlling helical screw sense of an
Boc--Pro-OH - 4.3/302 + 8.4/270 achiral host peptide through the noncovalent domino effect of a
Boc+-Ala-OH - 1.5/303 + 3.8/270 chiral small guest, but also novel type chiral interactions between
Boc+-Val-OH - 1.7/303 + 4.71270 a helical segment and a chiral molecule in peptide and protein
Boc--Leu-OH - 2.4/303 + 5.5/270 science.
Boc-L-Phe-OH - 1.2/303 + b
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Boc-L-Pro-OH in chloroform. Obviously, the N-terminal amino

aAll spectra were recorded using JASCO-J500 and -J600 in
chloroform with [I] = 0.16 and [carboxylic acidF 65 mM at 296~
298 K. " Overlapped with the CD signal of BacPhe-OH.
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(9) Theoretical CD spectra of exciton couplets with a negative peak atlonger ~ (11) The left-handed screw sense is due to the presence of an N-terminal
wavelengths were obtained around 280 nm for peptigefive right-handed L-protein residue. This type of residue tends to prefer a semiextended
3i0type (4— 1 hydrogen-bonded) helices and three right-handegipe conformation, which in turn favors the nonhelical typeStbend structure.

(5 — 1 hydrogen-bonded) helices adopted in ref 5b. The sign of exciton This/-bend structure is responsible for the left-handed helix of the following
couplets does not change with strigt {¢) values, but depends on the sign of  achiral residues. See: (a) Inai, Y.; Kurokawa, Y.; HirabayashBidpolymers
(¢, ) values. For theoretical CD calculation a«fPhe-containing peptides, 1999 49, 551. (b) Inai, Y.; Kurokawa, Y.; Ida, A.; Hirabayashi, Bull. Chem.

see: Inai, Y.; Ito, T.; Hirabayashi, T.; Yokota, Biopolymersl993 33, 1173. Soc. Jpn1999 72, 55. (c) Inai, Y.; Ashitaka, S.; Hirabayashi, Polym. J.
(10) The binding constanK| between Boe-Pro-OH and H-Aib-OMe for 1999 31, 246.
the model compound of peptidewas determined to be 28 (M) in CDCl; (12) In a preliminary experiment, a split CD pattern similar to that of peptide

by 'H NMR titration experiment. A 1:1 complexation was also found for the 1 was induced for heptapeptide H-(Ak?Phe}-Aib-OMe by the addition of
Boc-Pro-OH and H-Aib-OMe system, from a good linearity of the Benesi Boc+-Pro-OH, but the CD amplitude was larger for peptitiehan the
Hildebrand plot (correlation coefficiemt 0.99) and the slope of the Hill plot heptapeptideAezos= —1.9 andAey70 = +5.8). This means the persistence
(slope= 1.01). TheK value was used to calculate the fraction of peptide length for the helix-forming tendency in sequential peptide H-(Af?he)-
complexed in the CD experiment. Aib-OMe should be equal to or above that for the nonapeptide @).



