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A Rationally Designed Turn-Helix Peptide Boc—V-P-d-B-LL-B-L-A—NHMe
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Protein folding, according to the framework model, is initiated Jf{m ) 70 73 - 43 - 69 75
in elements of locally ordered peptide structure that can serve as ¢ 119113 60120 800 6030 -60-30 -60/-30 60130 -60/-30

nucleators and direct the ordering of connected peptide segments
into particular kinds of higher order motifsA minimalist
approach to complex motifs could thus use simple peptide folds
as conformation nucleators. A recurrent higher order motif in +The standard values'®. with Val(1) in extended parallelB-sheet conformation

.protelns. has a he'lX or 'é-Strand Connected to.a turn tha,t is the "Th: z;:foirme\;a\:ljif}sl l(‘)\‘:/ltl:st enaerg_v fr:m :imsla'f)edi:mnealing molecular dynarﬁics
intermotif linker in such complex motifs as “helix-turn-helix” and “The conformer in crystal state

“strand-turn-helix”. Among intermotif linkers;- andg-turns are Figure 1. Summary of NOEs, temperature coefficients (ppb/K}iaJ
the simplestand could be promising nucleators usable in de novo (Hz), and¢ and y dihedral angles (deg). The line thicknesses are in
design. In fact,S-hairpin, a “strand-turn-strand” motif, was  proportion to the relative NOE intensities.

designed successfully by using a typefHturn as the nucleatdr.

For a similar approach to Fhe “turn_—h(_allx” mc_)tlf, the type'l_, I, the segment Boc-Val(1)-Pro(2)-(D)Asp(3)-Aib(4) in typesHurn

or II' p-turns, the natural intermotif linkers in contrast with the - conformation and the segment Aib(4)-Leu(5)-Aib(6)-Leu(7)-Ala-
type 1l f-turn that is a natural helix nucleator, could be exploited (8)-NHMe as an overlapping:@helix in which (D)Asp is the

as the artificial helix nucleators. The type Il andturns have N-cap residue and the putative helix folding nucieator.
sequence chiralities that make them particularly facile targets for  gport peptides are ideally characterized by NMR, and among
de novo desighWe have successfully accomplished the exploita- \MR observables, NOEs tend to be the most informative of the
tion of the type Il -turn as a helix nucleat6rThe pentapeptide  conformational states samplédnly eight amide resonances
Boc-Val-Pro-(D)Asp-Asp-Val-OMe was more recently reported  coyld be observed in the octapeptide dissolved in DMSg&hd
from our lab as a consecutiykturn, combining a type IB-turn hence only one of two possible isomers across the \ialpt)-

and an As& turn that had C-terminal geometry that made it a (2) amide bond is populated. An NOE between Val@Gnd
potential helix nucleatof. Modifications and extensions with  pro(2)@H established that the observed isomer is in trans-amide
helicogenic residues, including the stereochemically constramedgeometry. This is in conformity with the reports that the trans
Aib, furnish the octapeptide Boc-Val-Pro-(D)Asp-Aib-Leu-Aib-  jsomer predominates whef-branched Val precedes P
Leu-Ala-NHMe as a potential turn-helix motif. Solution-phase geyeral intra- and interresidue NOEs were observed in the
synthesifollowed by NMR and crystal structure characterization Roggyi spectrum of the octapeptide in DMSO, and infact, the
establish that, indeed, the octapeptide is a turn-helix motif with Nog density was the largest reported for any peptide of
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However, the conformer in crystal state quite clearly is the turn-
helix motif.!®> The torsional angles as well as the H-bonds in
crystal state characterize a typeHurn in segment Val(1)-Pro-
(2)-(D)Asp(3)-Aib(4) and an overlapping;ghelix in segment
Aib(4)-Ala(8)-NHMe (Figure 1) for which (D)Asp is the N-cap
residue. Thep,y angles of the lowest energy conformer from
molecular dynamics analysis and of the crystal state conformer
are in good agreement with the ideal angles for both tygetlirn

and 3o helix.*® An interesting deviation, however, is in that the
¢, angles of Aib(4) in both crystal and solution state are
observed to be closer to the standartielical angles than to;8
angles. Participation of the Aib in both the typgsturn, donating

an H-bond to Val(1) &0, and the & helix, accepting an H-bond
from Leu(7) NH, could influence it®, angles. The i~ i + 2

type H bonding of (D)Asp(3) carboxylate with Leu(5) NH could
be the interaction nucleating the helix folding. The diminished
temperature coefficient of Leu(5) NH, suggesting its solvent-
shielded nature, is in accordance with possible participation of
the NH in helix nucleation. Its potentially helix nucleating H
bonding with (D)Asp(3) carboxylate was found to be also
operative in at least 50% of the energy-minimized structures in
the molecular dynamics analysis. Asn followed by Asp are the
most favored N-cap residues in protein helices forming i +

2 ori— i+ 3 type H bonds with main chain NHs, and could be
the nucleators responsible for helix foldifgThe exploitation

of (D)Asp as the nucleator of both typeAtturn and 3, helix is

the cornerstone of the de novo design accomplished in this study.
The extended conformation of VVal(1) in both solution and crystal
state (Figure 1) makes it a favorable attachment point for a
connected motif, leading toward possible elaboration of even more

Figure 2. Stereodiagrams representing conformers populated in solution Complex higher order motifs in the future.

(upper panel) according to NOE restrained simulated annealing molecular
dynamics and observed in crystal state (lower panel), showing only the
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