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Figure 1. Superposition of Kac binding sites
of BRD4(1) (PDB: 3UVW) and BRWD1(2)
(PDB: 3Q2E). The acetylated lysine residue
(shown in blue) is engaged in a hydrogen-bond
with the conserved asparagine of BRD4(1).

Removal of counter ions, 
fragments, and 
stereochemistry 

(purchasable space) 
Unique: ~51M

Chemical catalogues

Removal of isotopes and 
unwanted elements 

Unique: ~51M

Removal of unwanted 
groups Unique: ~38M

Conversion to canonical 
SMILES

Unique: ~68M

Drug-like (medicinal 
chemistry purchasable 

space)
Unique: ~36M

Rule of five 
Unique: ~37M

Lead-like
Unique: ~31M

Fragments
Unique: ~1.4M

Natural product-likes
Unique: ~2.5M

Protein-protein interaction 
inhibitors

Unique: ~3.7M

Commercially available compounds were collected and filtered
using an automated workflow designed within the
ChemicalToolBoX [8, 9]. Fragments were selected using the Rule of
Three [1]. The prepared, ready-to-dock library contained a total of
~7M fragments.
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From Fragments to Inhibitors: an in silico approach to 

identifying new biomimetics

Fragment-based virtual screening Targets: Bromodomains and NAD/NADP(H)-binding proteins

Bromodomains are emerging epigenetic targets in various types of
cancer [3]. They recognize ε-N-acetylated lysine residues (Kac) on the
unstructured histone tails. The Kac binding site of most bromodomains
features a conserved asparagine residue responsible for substrate
recognition [4]. This site was successfully targeted in our workgroup [5]
using the screening workflow shown below. However, some bromodomains
such as BRWD1, PHIP, and BRWD3 have a threonine residue in the same
position (Figure 2). This threonine could act both as a hydrogen-bond
donor and acceptor and is a good starting point for the identification of
selective inhibitors. We are currently screening the target BRWD1 and
would like to extend our method to the more difficult NAD/NADP(H)-
binding proteins.

Figure 2. Chemical structure of the cofactor
NADP+.
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Nicotinamide adenine dinucleotide (NAD) participates in a
diverse range of cellular processes, including hydride transfer in enzymatic
reactions, signal transduction, and DNA repair. These processes and the
related proteins are involved in various diseases, thus molecules that affect
NAD-binding proteins have a high therapeutic potential.

Identification of drug targets within

NAD/NADP(H)-dependent proteins

Protein structures complexed with NAD(H) and
NADP(H) were retrieved from the Protein Data
Bank (PDB) [6]. Folds/Topologies were assigned
to the NAD/NADP(H)-binding domains using
the CATH classification scheme [7]. In order to
identify important residues which could be
targeted, differences between NAD/NADP(H)-
binding pockets within each fold will be further
analyzed.

Fragment-based virtual screening (FBVS) utilizes low molecular
weight (MW<300) compounds to target subpockets within a
protein’s binding site [1]. The identified fragments are generally
weak binders which can be combined or optimized to produce
high affinity binders. Compared to ligand-based virtual screening,
FBVS allows for coverage of a much larger portion of chemical
space by using a smaller library [2].
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The screening workflow 
shown here was successfully 
applied in our work group to 
find inhibitors against the 
bromodomain BRD4(1) [5].                                 
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Figure 3. Pipeline for 
fragment-based virtual 
screening of NAD/NADP(H)-
binding proteins. Work that 
has been done or is in 
progress is highlighted in 
orange. 


