J. Am. Chem. So@000,122,11735-11736 11735

molecular aggregates. Indeed, this structural hdiedix transition
was theoretically predicted to take place very rapidly at the
monomeric levef® Different (3~ and a-helical) polymorphic
forms have already been found in the crystal state for mixed
oligopeptides of protein and°@etrasubstitutedi-amino acids.
However, our—[L-(auMe)Val]s— homooligopeptide system rep-
resents a unique tool to fully characterize both kinds of helices
in solution and to study their conversion by NMR.

In the present work, we initially performed a CD study (Jasco
model J-715 dichrograph) of Ac{(aMe)Valls-OtBu (Ac, acetyl;
OtBu, tert-butoxy) at a peptide concentratioe=] x 102 M)
appropriate for an NMR analysis (results not shown). In TFE,
the CD spectrum is typical of a right-handeg-Belical peptide®
displaying a negative band at 207 nm accompanied by a weak
shoulder centered at 222 nm (the rd@ie= [O]24[O] 207 is =0.3).
This CD pattern does not change within 7 days. Conversely, in
HFIP the CD spectrum changes gradually to having a well-devel-
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Oligopeptides based on protein ¥@isubstituted)o-amino
acids are known to undergo-helix == unordered conformation
transitions under appropriate experimental conditfo@s the oped band at 222 nnR(= 1), typical of ana-helical peptide,
other hand, oligopeptides rich irt@strasubstituted-amino acids  after a week. On the basis of these CD resullts, two solutions in
present a rather peculiar stereochemistry due to significant con-TFg were prepared for the NMR investigation. The first one
straints imposed on their conformational freedom by these resi- (soJution A) was obtained by direct dissolution of the peptide in
dues? Specifically, most of the Gtetrasubstitutedi-amino acids TFE (concentratior= 1 x 1072 M). Alternatively, the peptide
have been extensively documented to possess a very high intrinsiGyas dissolved in HFIP; after 7 days the solvent was evaporated
helix-forming capacity. The narrow conformational space acces- and the compound was redissolved in TFE (solution B; peptide

sible includes both the classiaalhelix and the g-helix.3 It was
shown that among the®@etrasubstituted chirak-amino acids
the g-branched &-methyl+-valine [L-(aMe)Val] is the residue
with the most pronounced bias toward the right-handed@lix 2
Several initial experimental evidences have indicated that the
terminally blocked—[L-(aMe)Val]s— sequence adopts a fully
developed, right-handed;ghelical conformation both in the
crystal state and in structure-supporting solvéikre recently,
the interesting property of this peptide to fold in solutlmathin
the 30~ and in thea-helix has emergett. The type of helical
conformation adopted was found to depend on experimental con-
ditions, as clearly shown by vibrational and electronic CD tech-
niques. Under appropriate conditions, the conformational transition
from 3,0~ to a-helix is very slow (the time scale is on the order
of several days).
Our observations can be rationalized on the basis of a stabili-
zation of the 3r-helical structure by interpeptide interactions. This

conclusion is supported by experimental evidence that the extent

of peptide self-association is enhanced by increasing concentratio
and decreasing solvent polarity [e.g., from 1,1,1,3,3,3-hexafluo-
ropropan-2-ol (HFIP) to 2,2,2-trifluoroethanol (TFE)] as well as

temperature. If this assumption is correct, then the conformational
transition between the two types of helical structures can be slow
because the first step of this process requires disruption of the
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concentration= 1 x 1072 M). The CD spectrum of solution B
coincides with that measured in HFIP after 7 days. By means of
NMR (Bruker model Avance DMX-600 spectrometer) and dis-
tance geometry (DG) and molecular dynamics (MD) calculations,
we performed a detailed conformational study of solutions A and
B, i.e., two differently treated samples of the same terminally
blocked homooctapeptide under the same conditions of solvent
(TFE), concentration=£1 x 102 M), and temperature (298 K).

In homooligopeptides based orf-@trasubstitutedr-amino
acids, the lack of scalar coupling between protons precludes the
use of homonuclear scalar correlation spectra for resonance
assignment. Also, the very narrow range of resonances of
nonexchangeable protons causes severe overlap problems in any
homonuclear two-dimensional spectrum. To overcome these
problems, HMBC (Heteronuclear Multiple Bond Coherence)
experiments with Gaussian shaped pulse for selective excitation
in the carbon dimension were utilized. The amide proton and the

rotons of the two side-chain groups are correlated through

eteronuclear scalar coupling with an intermediate carbon atom
(Figure 1), typically the carbonyl carbon in a CO-selective HMBC
experiment. With this experiment, sequential assignment can also
be achieved using interactions of the typeiNPICO, = NH.1.
Owing to the greater dispersion of the carbon frequencies, all of
the 16 peaks arising from themethyl groups were resolved in
an HMQC spectrum (deposited) and were assigned. Dipolar
interactions from ROESY spectra confirmed the assignment of
proton resonances where possible.

From the ROESY spectra of the two solutions, structural con-
clusions were derived which are summarized in Table 1 and
Figure 2. For the peptide, in both solution A and B, the nOe con-
nectivities (deposited) show an uninterrupted NIN¢ 1) pattern,
indicating the presence of a helical conformation extending over
the entire sequence. The type of helix, however, is distinctly
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Figure 1. NH; (NHi;1) = CO (spectrum A) and CO— (CHy);
(spectrum B) correlations in a CO-selective HMBC experiment of
Ac-[L-(aMe)Val]g-OtBu at 298 K (solution A, after 10 days). The dashed
lines indicate the presence of a secoaehelical conformer.

Table 1. Backbone Torsion Angles (deg) and Order Parameters of
the Calculated Structures of Ac-[aMe)Valls-OtBu

solution A solution B

torsion angle/  av of 86 order avof 116 order

: Figure 2. Backbone representation of the structures obtained for
residue no.  structure$ parameter structure$ parameter

Ac-[L-(aMe)Val]s-OtBu from MD calculations and with backbone atoms
¢1 —49.9+ 5.0 0.996 —41.24+1.22 {0.574 of residues 6 superimposed: (a) overlap of 86 structures of the peptide

83.3+ 0.5 from solution A; (b) overlap of 116 structures of the peptide from solu-
Y1 -30.3+£2.8  0.999 -32.3+0.8 1.000 tion B.
b2 —40.3+ 2.2 0.999 —-59.5+4.9 0.996
g: _gg:gi %? 32888 _ég:gi g; é:ggg (Ta_ble 1) fore an_dzp are a clear _evidence o_f the stability of a
Vs —47.3+ 31 0999 —393+24 0.999 helical conformation from N-terminus to residue 7.
¢4 —39.5+2.2 0.999 -55.3+1.7 1.000 The structures generated for the peptide in solution B display
Ya —41.8+0.9 1.000 —39.8+1.4 1.000 one turn ofa-helix at the C-terminus (Figure 2), as evidenced
¢s —522+17 1000 -68.7+24 0.999 by the presence of CQENH(i + 4) H-bonds { = 2—4), found
Ys —227+15 1000 —57.0+3.1 0.999 with high occurrence in the calculated structures (deposited). The
s :2g'ii 2'418 g'ggg :gg'ii ig 1'888 helix shrinks toward the N-terminus where two well-definggt 3
Vs e ) ) e ) : helix type H-bonds are detected. High-order parameters were
b7 74.0+ 320 0.873 67.3+24 0.999 . .
s 901+ 744 0383 —741+26 0.999 obtained for the entire sequence (Table 1).
o8 —136.9+ 455 0.714 -63.2+13.0 0.976 In our view, however, the most interesting phenomenon in the

NMR spectra is the very slow conformational transition taking
place in solution A. Right after dissolution in TFE, only the set

of signals associated with thesdhelix was observed, but after

10 days a second set of resonances appeared (Figure 1). This set
of signals was the one present in solution B from the very
beginning and was observed even after several days, indicating
that the predominantly-helical structure is stable under those
experimental conditions.

In summary, we confirmed that the unique property of this
homooctapeptide to fold in both a;8and ana-helical conforma-
tion in solution under the same experimental conditions and in a
stable manner for at least a week makes this system very
S ; - . - interesting in itself. Moreover, by using the NMR technique, for
pepnde_ in solution B adopts aw-helix starting from residue 2 the first time we were able to monitor the coexistence of the 3
or 3 (Figure 2). ) ] ) ) and thea-helical structures at the residue level in the same
The CO()—NH(i + 3) (i = 0—4) intramolecular H-bonds i peptide. Finally, the structural parameters characterizing these two
the structures generated for the peptide in solution A (deposited) strictly related, ordered conformations were precisely determined.
confirm the presence of aghelix spanning from residue 1to 7 e believe that this work provides a new insight into an important
(Figure 2). The high dispersion of backbone torsion angles aspect of peptide 3D-structure with potential benefits for future

observed fory; andgs,ys (Table 1) indicates a substantial degree  jnvestigations on peptide-based foldamers and the mechanism of
of flexibility at the C-terminus. High-order parameter values protein folding.

280 structures were found to adopt this valueder® 36 structures
were found to adopt this value fgn. ¢ &+ standard deviation.

different for the peptide in the two solutions, as shown by the
observation ofg'N(i, i + 2) connectivities in solution A only
and by the presence @fN(i, i + 4) connectivities in solution B
only. More specifically, all possiblg'N(i, i + 2) connectivities
except the last one were detected in solution A, and all possible
B'N(i, i + 4) connectivities except the first two were detected in
solution B. These results are interpreted with the occurrence of a
3io-helical structure extending over the entire sequence for
the peptide dissolved directly in TFE (solution Ayhile the
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