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Combinatorial libraries — from solution to 2D microarraysy
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Enzymatic modifications of split and mix libraries were
followed by “pulling down” onto a 2-dimensional DNA
microarray, via PNA tagging; this allowed complete library
interrogation of all members of the split and mix library.

Many high-throughput strategies can be applied to the rapid
synthesis of small molecule inhibitors, enzyme substrates, or
catalysts.! Although split and mix synthesis has proven to be one
of the most successful approaches in generating huge numbers of
compounds,” the screening and identification of the active
compounds from these so-called libraries have been much more
challenging. In order to facilitate these processes a variety of
tagging® chemistries have been developed. However a number of
major problems still remain and it has to date been generally
impossible to analyse all members of a split and mix library. In the
early days of peptide based split and mix chemistry DNA encoding
was utilised,* although severe problems of stability and chemical
orthogonality were evident.

A logical extension to this method is PNA encoding, a much
more robust tagging methodology, but one which could also then
allow these libraries to be interfaced with DNA microarrays.

PNA has been used as a tagging molecule for both peptides’
and proteins,® but split and mix synthesis requires truly orthogonal
chemistries for peptide and PNA synthesis. Recently, we developed

+ Electronic supplementary information (ESI) available: experimental
details of library syntheses, DNA microarray fabrication and hybridiza-
tion conditions. PNA code and AA used in the libraries. See http://
www.rsc.org/suppdata/cc/b4/b415847d/
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a synthetic protocol involving Dde and Fmoc which totally
fulfilled these requirements’ (other routes involving multiple Aloc
removal, in our laboratories failed after two or three couplings and
had to be abandoned).>® In this paper we describe the first
screening of true split and mix PNA encoded libraries with every
member of the library being encoded by its own, unique, PNA
oligomer, which directs it (and its attached partner) to a specific
known location on a DNA microarray, thus allowing the whole
library to be arranged on a microarray by virtue of PNA-DNA
hybridization (Fig. 1).° In essence this allows a solution mixture
(3D) to be converted into a 2D array.

Two 625-membered libraries (four variable positions with five
possible building blocks each) designed to act as general substrates
for proteases (library 1) or for the kinase abl (library 2b, Fig. 1b)
were prepared. Each randomised amino acid was encoded by a
PNA triplet, thus each peptide was encoded by a 12-mer PNA.'°
Success of the split and mix syntheses was confirmed by
hybridization assays. Fig. 2a shows the hybridisation of a control
library 2a onto a DNA array.'! The selectivity of the hybridization
was also tested by including DNA oligomers on the microarray
which were not complementary to any of the PNA sequences of
the library as well as by hybridising a single member of the PNA—
peptide conjugate library which was synthesized separately.
Hybridization onto microarrays occurred selectively at the
complementary DNA oligo positions. Signals were not detected
on non-complementary DNA spots (see Supporting Information).
Moreover, the melting curve of a 125-membered pool of the PNA—
peptide library 2b and a mixture of 125 complementary DNA
oligos showed the expected sigmoidal shape, while no such melting
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Fig. 1 (a) The general concept; (b) general structure of split and mix libraries.
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Fig. 2 Kinase library micro-array screen. Each spot was printed as 4 x 1 sub-array, some fluorescently labeled DNA oligos were printed as controls (M).
a) Fluorescently labeled PNA-peptide control library 2a; b) PNA-—peptide library after kinase treatment and detection with a fluorescent labeled
anti-phosphotyrosine antibody; c) peptide sequences of the most heavily phosphorylated library members.

curve could be observed when a PNA-peptide library was treated
with a set of non-complementary DNA oligos (see Supporting
Information).

The protease library was based on the FRET principle'? using
5(6)-carboxyfluorescein (FAM) and the internal quencher Dabcyl.
Fluorescence intensities pre and post protease treatment were
determined from the microarrays hybridized with the protease-
encoded library. Relative changes in fluorescence resulting from
protease activity were readily measured, from which the substrate
specificity of the protease could be determined (see Supporting
Information). Importantly ALL members of the library were
analyzed (cleaved or non-cleaved).

A second library, with four variable positions embedded in an
octapeptide (peptide template 2) was used to study the tyrosine
kinase abl. Tyrosine was chosen as a variable amino acid (AA?) in
order to introduce a control in the library and was encoded by two
triplets (TAA and ATA) so two identical peptides would be
encoded by two different PNA tags, thereby providing an
internal control. One pool of the split and mix library 2b
(AA* = Phe) containing 125 members was thus incubated with
the kinase abl before hybridization onto the microarray and
treatment with an FITC-labeled anti-phosphotyrosine antibody
(Fig. 2b) (see Supporting Information for experimental details). To
quantify the level of phosphorylation each signal was normalized
according to the hybridization signal of the control fluorescently
labeled library 2a (Fig. 2a). Analysis of the array showed that
the kinase was predominantly selective for six sequences (Fig. 2c),
while other tyrosine containing peptides were only weakly
phosphorylated (Fig. 2b). No signals corresponding to non-
tyrosine containing peptides were detected. The internal controls,
which corresponded to the same peptide but with different
PNA tags gave similar intensities on the array. These findings
underline the reliability of the method. A preference for Ile,
Val and Phe was found at the AA® position, while Ala, Phe
and Pro were the preferred amino acids for AA'. A similar
preference for Ile and Val for the AA® position was previously
reported.'?

The data generated show the huge potential of the method.
Variation in substrate specificity here compared to conventional
techniques could be the result of a number of factors. Thus, the
PNA tag could interfere with the enzymes or it could be the result
of looking at multiple substrates competitively modulating the
enzymes’ activity and selectivity.

In conclusion, we have successfully demonstrated how a
solution assay can be converted into a 2D array by the application
of PNA encoding. Two different examples, shown here, were used

to determine the substrate specificity of a protease and the kinase
abl using DNA arrays. For the first time, this combines microarray
technology with the power of split and mix chemistry and enzyme
assays.” The use of larger DNA arrays (10-20,000) will allow much
larger libraries to be tagged and screened. The successful
establishment of this technique, as shown here, enables a much
more thorough analysis of split and mix libraries than is currently
possible and is applicable far beyond the scope of enzymatic
substrate-selectivity screening. The method shown here allows all
library members to be analyzed in a split and mix library,
something that has not really been achievable before. The method
presented shows the practicability for solution assays, but it should
also be applicable to assays directly on the chip. The potential,
now the method has been put into practice, is to apply this method
to different areas of biology, e.g. phosphatases or peptide arrays
for binding studies.
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