Docking Ligands into Proteins

Overview

NOTE

“The antithesis of rational
methods for drug design is the
complete reliance on chance
discoveries of active ligands.
High-throughput screening
(HTS) is a chance-based
method. The practical
limitations of HTS are twofold:
the volume of screen
throughput that can be
achieved within commercial
constraints and the theoretical
coverage within the diversity of
the compound set being
screened. If the number of
compounds currently in
existence is, for argument’s

sake, 10% and the number of
drug-like molecules that could

potentially be made is 103°, the
probability of a compound set
of a size currently in existence
showing useful statistical
coverage of chemical space is

minuscule.

High-throughput screening methods are often best used to optimize lead
molecules that are discovered in avariety of ways,.1 Rational structure-based
methods represent an established approach to discovering lead compounds
that in novel classes of compounds.

The screening you did in the last chapter has provided alist of potential lead
compounds based upon established and known structures. Unfortunately,
these structures are likely to be well-known and therefore not patentable. To
create a new class of compounds that are patentable and novel, you need to
create innovative structures which are al so active. Designing structures based
on docking novel ligands into an active site and comparing the docking to
those of known active compoundsis a powerful way to design new candidate
drugs.

In this exercise, you will use CAChe to
® dock aligand into a binding site by superposition
* view the docked ligand inside the active site pocket wireframe
* manually refine the position

* evaluate the quality of the binding by counting the number of binding
interactions

* refine the docking with molecular mechanics

1. P.J Ganeand P. M. Dean, “Recent advances in structure-based rational drug design”, Current Opinion in
Structural Biology, 2000, 10, 401-404.
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angleislabeled -85.00 degrees.

Y ou can further refine the geometry by selecting the whole molecule and
then using Edit | Move Selected and the Rotate Tool and Translate Tool
to move PNP0O30 around in the wire frame pocket.

12. With the Select Molecule Tool, select ImmH and choose Edit | Delete.
ImmH disappears and PNPO30 is highlighted.

13. ChooseFile | Save.
TB- PNP+PNP030. csf isupdated.

Evaluating the docking

The binding energy depends upon the number of hydrogen bonds between the
ligand and the protein and on any overlapping atoms that bump too close
together.

U To find the number of hydrogen bonds between PNP030 and TB-
PNP

1. W.ith the Select Molecule Tool, click on PNP030.
PNPO30 highlights and the rest of the structure dims.
2. Then chooseView | Show Hidden.
The rest of the structure appears. It should all be dimmed.
3. Next choose Analyze | Label Hydrogen Bonds.

Distance labels appear for each hydrogen bond between the PNP030 and
the protein and for each hydrogen bond internal to PNP030. Y ou see a
total of 4 intermolecular hydrogen bonds binding PNP030 and TB-PNP.

Q{) To find any bumping atoms between PNP030 and TB-PNP

NOTE 1. With the Select Molecule Tooal, click on PNP030.
Here, PNP0O30 does not PNP030 highlights and the rest of the structure dims.
bump into PO, This 2. Next choose Analyze | Label Bumps.

suggeststhe possibility that

PO, is also bound with New distance labels appear for each atom pair that is too close together.

PNP030. If you decide that Ideally, you should see no new distance |abels. However, PNPO30 bumps
it does not co-bind, then into adjacent atoms and several labels appear especially near the pyridine
delete PO, before ring. These bumps suggest that the binding of PNP030 into arigid
refinement: receptor is not as good as that of ImmH.

Refining the docking

The docking can be further refined by molecular mechanics which we will
setup to allow both the receptor and the ligand to relax.
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So what?
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L To refine the PNP030 docking in TB-PNP

1. Choose Experiment | New.
The Experiment Dialog appears.

2. Choose Property of: | chemical sample, Property: | optimized
geometry and Using: | MM geometry (MM2).

3. Click Start.

TB- PNP+PNP030. csf issaved, the Experiment Status Window opens
and a molecular mechanics calculation using the MM 2 force-field runs.
When it completes (about 10 minutes), the 3D Sample Window is
updated.

Y ou have seen how the new ligand - PNPO30 - could interact with TB-PNP.
Y ou have counted the hydrogen bonding interactions, noted that thereis
unexploited space in the active site pocket, and examined whether PNP030
bumps into other parts of the structures.

Y ou should note that the -NH, group in PNPO30 exactly fills the unexploited
space in the active site discovered in the previous exercise.

This analysis has helped you understand the affinity of the ligands for TB-
PNP. But agood drug is also selective. Therefore, you need to understand
how ligandsthat bind to TB-PNP bind to related proteins such as human PNP.
Selective ligands will have at least one binding interaction that is different
between TB-PNP and human PNP.

In the next exercise, you will use the docked TB-NP+PNPO030 structure to
locate the active site in the homologous human-PNP, dock PNP0O30 into
human PNP and look for selective interactions.
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