JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Solution Structure of a g-Peptide Ligand for hDM2
Joshua A. Kritzer, Michael E. Hodsdon, and Alanna Schepartz
J. Am. Chem. Soc., 2005, 127 (12), 4118-4119+ DOI: 10.1021/ja042933r « Publication Date (Web): 05 March 2005
Downloaded from http://pubs.acs.org on March 24, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 12 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja042933r

JIAIC[S

COMMUNICATIONS

Published on Web 03/05/2005

Solution Structure of a  B-Peptide Ligand for hDM2

Joshua A. Kritzer,™ Michael E. Hodsdon,® and Alanna Schepartz* 1+

Departments of Chemistry and Molecular, Cellular andvBlepmental Biology, Yale Unérsity,
New Haen, Connecticut 06510, and Department of Laboratory Medicine, Yale School of Medicine,
New Haen, Connecticut 06520

Received November 23, 2004; E-mail: alanna.schepartz@yale.edu

Recently, we described @-peptide foldamerf53—1 (Figure A
1A), that assembles into a 14-helix in aqueous solution, binds the n,n :_
oncoprotein hDM2 with submicromolar affinity, and inhibits the } oA ©
interaction of hDM2 with a peptide derived from the activation NH,

domain of p53 (p53AD}.The intact recognition epitope #b3—
1, including a high degree of helical structure, is required for B
selective inhibition of the p5S3AIMDM2 interaction. Here, we :
present the solution structure #3—1 in methanol. The structure
reveals details of a helix-stabilizing salt bridge on one helical face,
novel “wedge into cleft” packing along another, and distortions in
the53—1 14-helix that may maximize presentation of the p53AD
recognition epitope. These details deepen our understanding of how
3-peptides fold and how they can be designed to form higher order
structure3® and bind macromoleculés.

Two-dimensional NMR spectroscopy was performed using 5 mM
P53—1 in CDsOH at 10 °C. Previous circular dichroism and
analytical ultracentrifugation experimehtnd the NMR line widths
observed herein are consistent with a monomeric, 14-helical
structure foy53—1 under these conditions. The proton resonances
of #53—1 were assigned unambiguously using TOCSY and natural
abundancéH—13C HSQC spectr@ROESY experiments were then
performed using mixing times of 200, 350, and 500 mEhe
observed series of NHC,H ROEs confirmed the sequential p3E10
assignment by providing a backbone “ROE walk”. Three classes
of medium-range ROEs characterize a 14-helical conformation:

3 3E10
8307 B3E4 3o P s307 B3E4 g3y

Figure 1. (A) Chemical structure off53—1, shown with N-terminus at
left. (B) Solution structure g853—1 in CD3OH at 10°C, shown as a bundle

those between kli) and Hy(i+2), Hn(i) and H(i+3), and H() o 20 lowest-energy structures, with C-terminus at left. (C) Ribbon
and H;(i+3).2° All 20 potential medium-range interactions of this  representation of the backbones of 20 lowest-energy structures. (D) Two
type were observed in the ROESY spectrg#68—1; in addition, subpopulations of ion pairing configurations. Superposed at left are 17

27 additional medium-range ROEs between side chains threeStructures in which3°01 andf*E4 are proximal; superposed at right are
it ; | bsenvethe | ber of medi three structures in which®E4 andp207 are proximal. (E) Conformations

positions apart were also obser 'e_ arge num _er orme Ium-. of 3-homovaline residues illustrating the “wedge into cleft” packing found

range ROEs observed by NMR provides clear evidence for a high in all 20 lowest-energy structures.

level of 14-helix structure iif53—1; 449 ROEs quantified using a

350 ms mixing time were subsequently assigned and integrated

using SPARKY?° Peak volumes were converted to 151 upper-limit

distance constrairfisand used to perform simulated annealing

torsional dynamics on 100 random starting configuration358f-1 i ;
4 g 9 are also well-defined among the lowest-energy structures, with an

using DYANA 511 No constraint violations were reported among
the resulting 20 lowest-energy structures, which are shown in Figure ;)_\verall average heavy atom RMSD from the mean of G:00.10

1B.

The ensemble of calculated structuresfidB3—1 (Figure 1B)
shows a 14-helix with an average backbone atom RMSD from the
mean structure of 0.1 0.07 A. The backbone torsions of
individual structures deviate little from the mean, even at the termini
(Figure 1C), illustrating the robustness of {i&3—1 14-helix in
methanol. The helix is characterized by approximately 1.61 A rise
per residue and 3.0 residues per turn for residues, With a slight
unwinding to approximately 1.49 A rise per residue and 3.3 residues

per turn for residues-710. This unwinding appears to be unique
to #53—1, as it was not observed in NMR structures of unrelated
B3-peptides with and without side chain ion pairiigt?Side chains

p53—1 contains four charged side chains arranged to favor

formation of helix-stabilizing!3 salt bridges on one 14-helix faé¢g.

In all 20 low-energy structures, the terminal nitrogensé®7 and
the nearest terminal oxygen @FE10 are characterized by a
consistent separation of 555 0.6 A. The relative positions of the
remaining two ion pairs fall into two subpopulations (Figure 2D).
In 17 structures, the terminal nitrogen 6tO1 and the nearest
terminal oxygen off3E4 are closer (5.4 0.9 A) than the equivalent
atoms of B%E4 and 5307 (6.8 + 0.9 A). By contrast, in the

" Department of Chemistry, Yale University. remaining three structures, the terminal nitroger5#7 and the
;ItDyepartment of Molecular, Cellular and Developmental Biology, Yale Univer-  aarast terminal oxygen @PE4 are closer (3.6- 0.4 A) than the

§ Yale School of Medicine. equivalent atoms 8301 andf3E4 (7.7+ 1.3 A). This interplay
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Importantly, this subtle distortion allows the side chains compris-
ing theff53—1 recognition face to better mimic those on the p53AD
o-helix. Overlays betweernf53—1 in an idealized 14-helical
conformation and p53AD bound to hD¥2evealed an imperfect
alignment between the two ligands; while tfé.3, 5°W6, and
B°F9 side chains gf53—1 could superimpose with their counter-
parts on p53AD, the 14-helix backbone could not completely fit
within hDM2’s binding groové. The comparable overlay with the
solution structure gff53—1 (Figure 2) shows no such conflict. In

Figure 2. Overlay of the methanol solution structure#83—1 (red ribbon
and side chains) with the crystal structure of a p53AD-derived peptide (gold

ribbon and side chains) bound to hDM2 (gray surf@éeSide chains of its solution conformationf53—1 can access all three of hDM2's
B53—1 not implicated in recognition have been omitted, and part of the hydrophobic pockets while occupying the same binding groove as
hDM2 surface has been cut away for clarity. p53AD with no steric clashes. This fit demands subtle unwinding

near thg#53—1 C-terminus that staggers the side chains, producing

among potential ion pairs suggests that the central salt bridge isa f3-peptide that is uniquely suited far-helix mimicry. The
weaker than those near the termini and supports the hypothesis thagolution structure off53—1 suggests that the extended, highly
multiple interconnected ion pairs play a key stabilizing fot&.> variable surface presented by a 14-heliggleptide oligomer could

Another feature incorporated into the designf68—1 was the be used as a platform to design small, metabolically stable inhibitors
inclusion of 3*-homovaline V) residues at positions 2, 5, and 8.  of protein interfaces containing one or maxehelices?
It was long surmised16-18 and recently provef that 53-amino
acids branched at the first side chain carbon stabilize 14-helices, Acknowledgment. This work was supported by the NIH (GM
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tions. All 20 low-energy structures contain a unique arrangement support of A.S., from the Howard Hughes Medical Institute. J.A.K.
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