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Abstract

The functioning of living organisms is to a large extent dependent on the interplay between the biomol-
ecules they are composed of. Protein-protein interactions (PPIs) represent a basic mechanism that reg-
ulates this interplay. Consequently, in the past few years the search for active compounds that have a
therapeutic influence on protein-protein interactions has been intensified. In most cases these com-
pounds are inhibitors of these interactions. The present work focuses on our attempt to combine meth-
ods from molecular and structural biology with computational approaches to identify small organic com-
pounds that are potential protein-protein interaction inhibitors.
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Introduction

The biological target used is the complex of ACP (acyl carrier protein) with ACPS (acyl carrier protein
synthase) from Staphylococcus aureus. ACP is a crucial molecule in fatty acid biosynthesis, as the
growing fatty acid is esterified to acyl-carrier protein. Holo ACP, like CoA, contains a phosphopan-
tetheine group that forms thioesters with acyl groups. The phosphopantetheine phosphoryl group is
esterified to a Ser OH group of ACP; the transfer of phosphopantetheine from CoA to apo-ACP to form
the active holo-ACP is catalyzed by ACP synthase (Voet / Voet, 2011). Thus, interrupting or disturbing
the ACP-ACPS protein-protein interaction should lead to inhibition of fatty acid biosynthesis, since this
interaction is crucial in correctly positioning the Ser OH group to be esterified with phosphopantetheine
(Parris et al. 2000).

Our study system is ACP-ACPS from Staphylococcus aureus. Both proteins show a high homology, not
only to other cocci, at a sequence level. Moreover, available X-ray and NMR structures suggest that this
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homology is highly conserved also at a structural level. Therefore, we can expect that compounds which
inhibit the bacterial ACP-ACPS interaction should have antibiotic activity.

To analyze the ACP-ACPS interaction more thoroughly, both proteins were produced recombinantly in
E. coli. Peptides containing parts of the proteins (ACP or ACPS) were synthetized and interaction studies
of these peptides with the whole proteins were performed using biolayer-interferometry. ACPS-derived
peptides binding to ACP were identified.

For binding ACPS peptides, NMR structures could be obtained. In Fig. 1 one of these structures is
shown:

Figure 1: CS23D solution structure of a synthetic
peptide of ACPS that binds to ACP. The backbone
colored in yellow represents residues which inter-
act with ACP.

Moreover, from STD NMR experiments (Mayer / Meyer, 1999) the residues of the ACPS peptide inter-
acting with ACP could be determined. They are marked in yellow on the backbone of the peptide in Fig.
1.

When matched to the available X-ray structure of the ACP-ACPS complex from Staphylococcus aureus
(PDB code: 4DXE), all the interacting residues of the ACPS-derived peptide (as colored in Fig. 1) are
located at the interface between the two proteins. They are marked in magenta in Fig. 2:
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Figure 2: ACP-ACPS complex based on the X-ray structure from
PDB (4DXE). Yellow: ACPS, green: ACP, magenta: interacting resi
dues of the ACPS-derived peptide as determined from the STD
NMR experiment; blue: residues for which NMR peaks disappear
or shift during the titration experiment.

To get a deeper insight to the binding between ACP and ACPS, NMR titration experiments with ACPS
were performed. A typical spectrum is shown in Fig.3.
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Figure 3: 'H->N HSQC of His-ACP titrated with ACPS protein. The red spec-
trum denotes ACP without ACPS; blue peaks ACP after titration with ACPS.

From these spectra positional changes/movements of residues in the protein (ACP) upon binding of
ACPS can be deduced. They are marked in blue on ACP in Fig. 2.
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One of the final goals of the experiments described above is to use the available structural information
for deriving pharmacophore models, which in turn can then be employed for virtual screening. Pharma-
cophore models describe molecules in more abstract terms than atoms, namely by so called pharma-
cophoric features. The latter are properties of atoms or groups rather than the atoms or groups them-
selves. Commonly used pharmacophoric features are hydrogen bond donors and acceptors, charged
moieties or hydrophobic/aromatic moieties. Pharmacophore models are spatial arrangements of such
pharmacophoric features and hence can be used as queries for searching large virtual molecular librar-
ies for retrieving compounds that have similar spatial pharmacophoric arrangements. In other words,
pharmacophore models derived from known protein-ligand or protein-protein complexes have the po-
tential to retrieve hits from a virtual screening experiment (Horvat, 2011).

So far we have derived pharmacophore models starting from the available ACP-ACPS complex of
Staphylococcus aureus (4DXE), including information from the NMR experiments: while the STD exper-
iment suggests that all residues of ACPS from the protein-protein interface are involved in the interac-
tion, the titration experiment indicates that — at least for ACP — some of them might be more important,
namely those for which the peaks shift or disappear. These residues can be prioritized when building
the pharmacophore models. In Fig. 4 one typical model is shown:

Figure 4: Pharmacophore model derived from 4DXE. Green: hydropho-
bic features, magenta: cations & donors, orange: aromatic, grey: ex-
cluded volumes. The features marked with red circles are required as
essential considering NMR information

This model was built considering ACPS as the ligand and ACP as the receptor, i.e., the features shown
were derived considering the residues colored in magenta in Fig. 2. However, we derived also models
were ACP was considered the ligand and ACPS the receptor.
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Models derived as briefly delineated above were then used to perform virtual screening experiments.
The database screened was ZINC (Irwin / Shoichet, 2005), more precisely the “Drugs Now” subset
(version 2014-11-24) which is composed of 10,639,555 drug-like molecules as defined by the Lipinski-
rules (Lipinski et al., 2001). Several interesting hits were found which are going to be evaluated subse-
quently.

References

Horvath, D. (2011): Pharmacophore-Based Virtual Screening. In: Bajorath, J. (ed.), Chemoinformatics
and Computational Chemical Biology, Methods in Molecular Biology, vol. 672.

Irwin, J.J. and Shoichet, B.K. (2005): ZINC - A Free Database of Commercially Available Compounds
for Virtual Screening. J. Chem. Inf. Model. 45, 177-182.

Lipinski C.A., Lombardo F., Dominy B.W., Feeney P.J. (2001): Experimental and computational ap-
proaches to estimate solubility and permeability in drug discovery and development settings. Adv. Drug
Deliv. Rev. 46, 3—26.

Mayer M., Meyer, B. (1999): Characterization of ligand binding by saturation transfer difference NMR
spectroscopy. Angew. Chem. Int. Ed. 38, 1784—-1788.

Parris, K.D., Lin, L., Tam, A., Mathew, R., Hixon, J., Stahl, M., Fritz, C.C., Seehra, J., and Somers, W.S.
(2000): Crystal structures of substrate binding to Bacillus subtilis holo-(acyl carrier protein) synthase
reveal a novel trimeric arrangement of molecules resulting in three active sites. Structure, 8, 883-895.

Voet D., Voet, J. (2011): Biochemistry, John Wiley & Sons, Inc.

5

FH KREMS

2 @ FORSCHUNGSFORUM —
DER OSTERREICHISCHEN F H K (
FACHHOCHSCHULEN I m£) BSRRSEY OF D
’ OSTERREICHISCHE SCIENCES/AUSTRIA
FACHHOCHSCHUL
1 KONFERENZ




