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Parallel affinity screening of a DNA-encoded chemical library
against rat, bovine and human serum albumin allowed the
identification of small-molecule ligands with distinctive
binding specificities to the individual proteins.

The achievement of an adequate target-specificity often represents a
main challenge in small-molecule drug development. Screening
compound libraries, the most widely used method to identify early
drug hits, provides little information on target-specificity. This
parameter is generally assessed and optimized during hit-to-lead
development. However, iterative cycles of small-molecule synthesis,
in vitro evaluation and identification of structural features responsible
for target-specificity are expensive and time-consuming. In principle,
it would be possible to obtain valuable information regarding protein-
specificity directly by repeating library screening on a series of related
target proteins. Unfortunately, the high costs associated with
conventional screening methods usually preclude this approach.

Screening DNA-encoded chemical libraries (DECLs) is increasingly
being used as a method for early hit discovery.” DECLs are collections
of small-molecules encoded by DNA sequence tags, serving as
DECL designs and
synthetic strategies have been described.? Hit identification involves

amplifiable identification barcodes. Several
affinity screening against the immobilized protein of interest,
followed by sequencing of the DNA barcodes. The technology has
been demonstrated to be effective for pharmaceutical hit
identification.?

The screening of DECLs is remarkably rapid and inexpensive, opening
the possibility to screen multiple targets in parallel and to gain
information on target-specificity at the hit discovery stage.* Here, we
tested this concept by performing a comparative analysis of DECL
screening experiments with serum albumins from three different
species (rat serum albumin, RSA; bovine serum albumin, BSA; human

serum albumin, HSA). Using this procedure, we identified ligands with
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a binding preference to either protein as well as ligands with affinity to
all three targets. We screened DAL-100K (Fig. Sz in ESI"), a recently
described DECL containing 103,200 branched diamide compounds,
Affinity
immobilized RSA and BSA resulted in highly-enriched normalized

for these targets.’ screening of DAL-100K against

sequence counts (NSC) for multiple compounds in the library

indicative of affinity binding to these proteins similar to previously
reported results for HSA® (Fig. 1).

RSA

NSC

NSC

Fig. 1. DAL-100K screening results for RSA and BSA. The compounds in the library
are distributed in the x,y-plane and the z-axis provides the normalized sequence
counts (NSC) for each compound. Cutoff NSC > 5; color used to enhance visibility.
Results for HSA* are shown in Fig. S2 in ESIT. DE: diversity element.
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The screening results for the three albumins exhibited noticeable
differences. Displaying the NSC-values of hit compounds in a 3-D
scatter plot revealed protein-selective enrichment for numerous hit
compounds (Fig. 2a). The differences in selectivity were even more
pronounced when plotting the protein selectivity (PS) and the additive
sequence counts (ASC) for the different hits (Fig. 2b; for definitions of
PS and ASC see formulas E1-E3 in ESIT). Compounds predicted to be
selective are clustered on the top of this graph (PS > 0.8), while
binders predicted to have the highest protein affinities are found at
the right of this graph. Based on the screening results, we selected
four sets of ten representative compounds each (structures shown in
Tables 51-Sy in ESI); three sets of predicted preferential RSA, BSA
and HSA ligands (high PS values) and one set of structures with
sequence enrichment for all serum albumins (low PS values). Analysis
was complicated by the fact that the enrichment levels varied for the
three proteins; many compounds were highly enriched for BSA,
whereas for HSA the number of compounds with high NSC-values was
lower but even compounds with NSC-values of 5-10 have been found
to be high-affinity binders.®
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Fig. 2. Comparison of selection results for RSA, BSA, and HSA. a) 3-D scatter plot
of NSC-values for library screening against RSA (x-axis), BSA (y-axis) and HSA
(z-axis) for each compound. b) Scatter plot of protein selectivity (PS) versus
additive sequence counts (ASC) for compounds in the library (a cloase-up with
labelling of hit compounds is provided in Figure S4 in ESIt). Arrows indicated
compounds selected for further analysis (Fig 3). Only compounds with NSC > 5
are displayed. The hue of the marker indicates the albumin-preference of the
corresponding compounds (RSA: red, BSA: green, HSA: blue). Formulas (E1-E3)
used for calculating specificity and hue are provided in the ESIT.
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of these conjugates).” Overall, the measured binding preference
agreed well with the predictions based on the DAL-100K screening
results. All predicted RSA and HSA ligands bound with the highest
affinity to the anticipated protein (synthesis of three structures
selected for HSA was unsuccessful and one compound showed no
protein binding in the tested concentration range; Table $-3 in ESI).
Seven of the anticipated BSA-ligands bound this protein with the
lowest Ky values from the three serum albumins. The NSC-values of
most BSA-hits were also elevated for the other two serum albumins
(PS values < 0.9) consistent with the challenge of identifying BSA-
specific binders from screening DAL-100K. Most universal albumin
binders showed affinity binding to all of the three proteins with few
exceptions. Although some measured specificities deviated from the
predictions based on sequence counts, it was thus generally possible
to predict binding preference correctly. Different interactions of the
proteins with fluorescein and the linker as well as differences between
ligand binding of biotinylated proteins on solid support and the

unmodified proteins in solution may account for these discrepancies.
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Fig. 3. Heat map of screening results (NSC values, three left columns) and
measured affinities (Kq values, three right columns) for selected compounds
corresponding to the four classes. Asterisks indicate the protein with the highest
affinity to the compound. A table containing all NSC and Kq4 values as well as the
chemical structures is provided in the ESIt. a: hit compound could not be
synthesized or no binding was observed; b: broad transition unsuitable for
sigmoidal curve fitting.

We synthesized fluorescein-conjugates (Fig. S3 in ESI') based on the
40 selected structures and determined the dissociation constants (Kg)
(Fig. 3).
conjugates with nanomolar K4 values were identified for each protein

by fluorescence polarization Several small-molecule

(the fluorophore and C,,-linker substantially contribute to the affinity

2 | Chem. Commun., 2014, 00, 1-3

For each serum albumin, we were able to identify a small-molecule
compound that bound with K4 values < 10 nM and exhibited >10-fold
specificity over the other two (Fig. 4). A228/B128 bound RSA with a K4
of 4.5 NnM (K4(BSA) = 121 nM; K¢(HSA) = 45 nM), A209/B152 to BSA
with a Ky of 2.3 nM (K4(RSA) = 40 nM; Ky(HSA) = 33 nM), and
A099/B344 to HSA with a Ky of 5.4 nM (K4(RSA) = 77 nM; K4(BSA) =
300 nM). Screening only a single protein would not have revealed
these structures. For instance, the selective HSA binder Aog9/B344 is
only moderately enriched in DAL-100K selection and it is unlikely that
it would have been chosen solely based on the HSA selection results.
Indeed, the K4(HSA) value of Aogg/B344 is >10-fold above that of the
best HSA-binder (A083/B134, K4 = 0.4 nM). In addition, this compound

This journal is © The Royal Society of Chemistry 2012
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is structurally distinct from most other HSA-hits and its discovery
illustrates the potential of comparative analysis of parallel screening
results for the isolation of target-selective compounds.
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Fig. 4. Dependence of fluorescence polarization on the concentration of serum
albumins for selected compounds (red: RSA; green: BSA; blue: HSA). a) Selected
RSA-specific ligand A228/B128. b) Selected BSA-specific ligand A209/B152. c)
Selected HSA-specific ligand A099/B344. Selected general serum albumin
binderA077/B143.

In conclusion, the data in this report illustrate that parallel DECL
screening of related proteins can provide valuable information
concerning the target-specificity of identified hit compounds. The
ease and speed of DECL screening allows to routinely incorporating
multi-target screening procedures at early stages of hit discovery in
drug development.
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Screening DNA-encoded chemical libraries against closely related

proteins enables to predict target specificity as illustrated for serum

albumins from different species.
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