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INTRODUCTION

Development ofnew leads for drug design and structure/function relationship studies
were revolutionized by the introduction of combinatorial or "library" techniques (for review
see e.g. (Moos et a!., 1993; Gallop et a!., 1994; Gordon et a!., 1994)). These techniques allow
for the generation and screening of millions of potentially active structures. Due to the well
developed and finely tuned synthetic methodology, peptides were the first group of com
pounds evaluated by this new approach. However, the next logical challenge is to synthesize
libraries ofnonpeptidic structures. The combinatorial library approach applied at Selectide
consists of three basic steps: (i) chemical synthesis based on the split synthesis method
yielding a library with one test compound structure per one bead; (ii) screening ofthe library
either using an on-bead binding assay or a multiple step release assay; and (iii) recovery of
positive beads and determination of the structure of the test compound (Lam et aI., 1991).

CHEMICAL LIBRARY TYPES

Each chemically synthesized combinatorial library represents a certain structural
diversity and multiplicity. Libraries containing sequential repetition ofamino acids (peptide
libraries) are easy to synthesize and the structure of compound of interest can be easily
determined by sequencing. However, such libraries do not contain very high structural
diversity, since the only variable parameter is the type of side-chain connected to the C-alpha
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carbon of the peptide backbone, and those side-chains occupy only limited conformational
space. Combining natural L amino acids with D amino acids brings more diversity, never
theless, it is still quite limited. Over the last three years we have synthesized and screened
approximately 400 peptide libraries. These libraries ranged from linear (with exposed N- or
C-terminus), to cyclic (homo or heterodetic), to libraries with a high probability of regular
structural features (alpha helix, beta tum), covering most of the conformational space which
can be explored by a peptide structure with molecular weight below 1000.

The advent of non-peptide libraries increased the diversity of conformational space
filled by the testcompoundsubunits, as well as increasedchemical diversitydue to thenature
of the subunits (see e.g. Simon et al., 1992; Cho et al., 1993; DeWitt et al., 1993; Nikolaiev
et al., 1993; Bunin et al., 1994; Chen et al., 1994; Gordon et al., 1994; Lebl et al., 1994;
Stankova et al., 1994). Combinatorial libraries of chemically synthesized compounds can be
classified into several distinct groups in which libraries from individual groups represent
certain structural types: (i) Libraries of small, compact, and relatively rigid structures (e.g.
N-acyl-N-alkyl amino acids); (ii) Libraries based on a more or less rigid scaffold structure
(usually multifunctional cyclic scaffold, e.g, derivatized cyclopentane or cyclohexane ring,
functionalized steroid skeleton, tricarboxybenzene, diaminobenzoic acid); (iii) Libraries
based on a flexible scaffold that is built during the synthesis of the library and can be
randomized (branched scaffold based on diamino acids, a, B, y, a-library); (iv) Libraries of
linear, sequential compounds (typical example is peptide library, including also N-substi
tuted glycines - peptoids, or a, B, and y amino acids containing library); (v) Libraries of
small organic molecules (e.g. benzodiazepine type). Library types which we have explored
are shown in figure 1.
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Figure 1. Structure of studied nonpeptidic library types.
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Once the bead ofinterest is selected by the screening protocol, it is neccessary to determine
the structure of the test compound responsible for the observed effect. Peptide structures can be
easily determined by sequencing using automatic microsequencers. The structure determination
ofhits from nonpeptide libraries is complicated by the fact that the amount ofpositively reacting
compound is limited. Standard bead of! 00 urn diameter carries approximately 100 pmoles ofthe
functional group onto which the library can be built. This amount of organic structure does not
allow application of modem analytical methods for structure elucidation. The only exception is
mass spectroscopy, which can be applied in cases when the library is composed of a limited
number of structures or in cases where the fragmentation patterns are known and predictable. An
example ofmass spectroscopical structure determination is shown in figure 2. Beads expressing
binding to streptavidin were selected from the small library ofN-acyl-N-alkyl amino acids. The
compound was cleaved from the bead and all components ofthe generated mixture were analyzed
by MS/MS experiment. The deduced structures were resynthesized and their mass spectra
matched those obtained for components cleaved from the beads. Binding to streptavidin was
verified by solution assay (Stankova et aI., 1994). The structures from a library based on the
attachment of carboxylic acids to a modified Kemp's triacid scaffold were also analyzed by the
MSIMS technique (figure 3).

In cases when mass spectroscopy cannot be used, a coding principle is applied (Brenner
& Lerner, 1992; Kerr et al., 1993; Needels et aI., 1993; Nielsen et al., 1993; Nikolaiev et al.,
1993; Ohlmeyer et al., 1993). The various formats of coded libraries are given in figure 4.
Linear coding is based on parallel synthesis of the screening and coding structure. Fractional
coding is realized in two ways: (i) Simultaneous coupling ofa tag together with tagged building
block - e.g. coupling 0.05 equivalents of norleucine together with a D-amino acid to identify
the configuration ofthe amino acid during sequencing, or (ii) Capping part ofthe growing chain
by the tag which can be later cleaved and identified as such (Ohlmeyer et al., 1993), or as a
tagged molecule (Sepetov, 1992; Youngquist et al., 1994). This last possibility is illustrated in
figure 5, showing the tagging ofa growing peptide chain by bromobenzoylation. After cleaving
the mixture of full length peptide and truncated bromobenzoylated fragments, mass spectro
scopic evaluation allows the elucidation of the peptide sequence (Sepetov, 1992). Binary
coding utilizes a mixture ofseveral blocks instead ofa single coding block for coding building
block of screening structure. Using a different set ofcoding blocks for coding different positions
in the library allows for the construction of a coding structure in such a way that the coding
blocks are cleaved and analyzed in a single step (Ohlmeyer et al., 1993).

Nature has coded proteins by nucleic acids for ages. However, coding nonpeptidic
compounds by peptide structures is robust and reliable (Kerr et aI., 1993; Nikolaiev et aI.,
1993). Each chemical individuum in the synthetic library is independently coded by a peptide
whose composition can be easily resolved using an established technique (Edman degrada
tion). The synthesis scheme of a coded library is shown in figure 6. Peptidic tags can be
constructed in such a way that one cycle of Edman degradation will cleave all coding amino
acids and a single HPLC run will reveal all components. The structure ofa coding molecule
(more appropriately a mixture of coding molecules) is shown in figure 7 together with the
HPLC trace of the product of one Edman degradation cycle of this molecule.

The coding principle bears one inherent complication. If the screening process is
being performed on the bead, the coding structure can interact with the target molecule. Three
possibilities exist to prevent the interaction of the coding structure with the target: (i) The
coding structure can be present in a very low concentration so that the interaction with the
target molecule will not be seen under the conditions of the experiment; (ii) The coding and
test structures can be physically separated; (iii) The test structure can be coded by a
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Figure 2. MS/MS spectrum of a compound released from a positively reacting bead (upper trace), and
spectrum of the resynthesized compound, the structure of which was deduced from the upper spectrum (lower
trace).
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Figure 3. MSfMS spectrum of a compound from library constructed on Kemp's trincid. Spectrum of bead
bound compound (upper trace) and of resynthesized compound.
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Figure 4. Coded library formats.
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multiplicity of coding structures. The first possibility is not realistic in the case of peptide
coding due to the limited sensitivity of peptide sequencing. However, it can be used
advantageously in cases of coding by nucleic acids, where the coding structure can be
conveniently amplified (Needels et al., 1993). The second option was explored by us recently
(Vaguer et al., 1994). Separation of the "surface" of the bead, which is available for
interaction with the macromolecular target, from the "interior" of the bead, was achieved by
enzymatic "shaving". To this target inaccessible "interior" was coupled the coding structure.
The last possibility is based on the idea of coding using a different set of structures rather
than one unique structure. This set of structures must provide unambiguous information
about the chemistry performed on screening ann.
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Figure 5. Coding by bromobenzoyl cap.
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Figure 6. Synthesis scheme of a coded library.
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