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Plenary lecture 1

Foldamers:. Accomplishmentsand Goals

Samuedl H. Gellman

Department of Chemistry, University of Wisconsin, Madison, W1, 53706 USA
gellman@chem.wisc.edu

Proteins and nucleic acids perform a wide range of complex functions in biological systems.
Nearly al of these molecular operations require the biopolymer chain to adopt a compact and
specific folding pattern. The conformational behavior of biopolymers is usually anayzed
hierarchically: secondary structure reflects local features of the backbone (helix and sheet are the
secondary structures with long-range order), tertiary structure is formed when secondary structure
elements pack against one another in intramolecular fashion, and quarternary structure arises when
molecules with discrete secondary and/or tertiary structure assemble noncovalently into specific
complexes. Over the past two decades many researchers have sought biopolymer-like folding
behavior in unnatural oligomers ("foldamers"), with the long-range goa of using compact and
specific conformations to generate biopolymer-like functions.!*® This lecture will provide a general
overview of research in the foldamer area, and then focus on results obtained with peptidic
foldamers. Beta-amino acid oligomers ("beta-peptides’) were prominent in the development of the
foldamer field,!*® and they remain subjects of intensive investigation today. However, recent years
have seen growing interest in foldamers with heterogeneous backbones,® such as "alpha/beta-
peptides’, which contain both alpha- and beta-amino acid residues. Heterogeneous backbones are
intriguing at a fundamenta level, since they diverge from the homogeneous backbones of the
biological precedents, proteins and nucleic acids. The lecture will cover both structural and
functional behavior of peptidic foldamers.

Figure 1. Crysta structure of an apha/beta-peptide, with 1:1 aphabeta alternation in the
backbone, in the 14/15-helical conformation. Alpha-amino acid residues are yellow, and beta-
amino acid residues are blue.
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Plenary lecture 2

Foldamersas Mimics of Protein Secondary Structure

Andrew D. Hamilton, Johanna Rodrigues, Pauline Wyrembak and Ishu Saraogi

Dept. of Chemistry, Yale University, New Haven, CT, 06520 and University of Oxford, Oxford,
OX1 2JD, UK.
Andrew.hamilton@admin.ox.ac.uk

In this lecture we will describe a program aimed at the design of synthetic agents that can recognize
the exterior surface of proteins and block protein-protein interactions involved in different cell
signaling pathways. The unique distribution of charged, hydrophobic and hydrophilic groups on the
surface of proteins offers the potential that well-designed artificial receptors will bind strongly and
selectively. Our principa strategy involves the synthesis of molecules that mimic the side chain
distribution and recognition properties of, often non-contiguous, secondary structural domains, such
as a-helices (Figure 1A), involved in the protein-protein contact. We had established this approach
with the design of terphenyl-based mimics (Figure 1B) of the BH3 helix of Bak and shown by
fluorescence polarization and NMR that they bind to BclxL with a Kd of 100nM and disrupt the
Bak/BclxL complex. We have extended this strategy through the use of intramolecular hydrogen
bonds first in a series of pyridyl- or phenyl-carboxamide oligomers (Figure 1C) and later in a series
of extended benzoylureas (Figure 1D). Most recently, we have shown that by appropriate choice of
subunit design we can use the foldamer concept, in afamily of acetylene linked indolinones (Figure

1E), to reproduce the side chain distribution in 3-sheet domains.
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Figure 1. A) Side chain projection on a poly-alanine a-helix, B) Terphenyl a-helix mimetic, C)
Pyridyl-carboxamide a-helix mimetic, D) Benzoulurea a-helix mimetic, E) 2,2-disubstituted
indolin-3-one oligomers as [3-strand mimetics.
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Plenary lecture 3

Ster eochemical control over thefoldamer structures

Taméas A. Martinek

Institute of Pharmaceutical Chemistry, University of Szeged
martinek@pharm.u-szeqged.hu

The peptide sequences constructed fleamino acid residues have proved their abilitydid into
well-defined secondary structures.These foldameverca wide variety of periodic conformations
comprising various helices, polar and nonpolamstsaand sheets. Tifiepeptide backbone with an
additional carbon atom provides a well-equippedbmo with which to fine-tune the folding
propensities of the sequences, which includesofijrol of the local torsional interactions, (iiplet
chain to backbone interactions, (iii) side-chain w®ide-chain interactions, and (iv)
nucleation/capping.

Here we highlight the stereochemical control ovex secondary structure, which offers a very
efficient way to construct tailor-made folds withh@acrificing the side-chain chemistry. Figure 1
displays the stereochemical LEGO-game approachchwifiacilitates de novo helix creation
including proteinogenic side-chains and even tharabu-amino acids”
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Figure 1. The stereochemical LEGO approachdéonovo construct foldamer helices. Numbers on
the left indicate the combination of the pseudosimgs formed by the stabilizing H-bonds. Letters
designate the proteinogenic side-chains in stanalaation

An important issue is the stability of the foldanstructures in aqueous medium. Some of the
helices are inherently stable, while others exhilmitfolding in water. Recently, a generally

applicable method has been established, in whicin@aprolines are incorporated into the

stereochemically patterned sequence leading taglfr@nhanced stability in buff
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