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This introduction is based on the VSDMIP Lite package for Windows, if this is not your case, paths
and names may vary.
•
•

Start PyMOL application in Start menu.
Now start the VSDMIP plugin system in menu Plugin → VSDMIP

•

Now, you should have an environment like the one in the image. If you get lost or if you
experience problems close PyMOL window and restart the application.
Despite the ease of use of PyMOL, some typical commands that we will need in this
introduction are:

•

•
•

•
•
•

Load a protein file. File → Open
Hide/Show an object in the editor. In the right panel, to enable/disable the element just
click on it. To change the representation of molecule (lines/sticks/cartoon), select the
proper option under the S (show) or H (hide) buttons.
Mouse left button: rotate
Mouse right button: zoom in and out
Mouse central button: translate

Lesson 1: Rigid docking
We are going to use now the keylock model considering the protein and the ligand as rigid bodies.
This approximation is extremely fast but lacks of practical use because it neglects the
conformational degrees of freedom of ligands. However, we can use it to illustrate the docking
process quickly.
Before performing actual docking, we should construct the grids of potentials. Due to the rigid
consideration of the target/receptor we can precompute all possible values of potential in all the
points of the active center.
The example of this lesson is the mineralocorticoid receptor with aldosterone, a natural agonist. The
pharmacological relevancy of the antagonists (spironolactone) of this target rely on the ability to
reduce sodium reabsorption and therefore act as diuretics.
Grids calculation
Steps:
•
•

Load the PDB file of the receptor. (File → Open). It should be located in the following path:
Desktop\curso\mr\grids\2AA2_RL.pdb
Select the ligand and zoom the active center. In the bottom of the right panel press the “S”
button to display the sequence of the object. The ligand is named AS4. Click on to select it.
On the (sele) object, press the A (action) button and then zoom.

•

Open the grids module. (In PyMOL plugin window Local → Grids generator). Then add
“sele” (without quotes) in Selection textbox and press “Enter”. Resize the grid to a
30x30x30 points box by changing X,Y and Zpoints boxes. Press Show Box to update the
box in the display. Finally, press Receptor File button and select the file
Desktop\curso\mr\grids\2AA2_R.pdb, press “Run engine” and wait until the program has
finished.

Visualization of grids
The computed grids not only allow to perform the docking, also they provide vital information
about the possible favorable and unfavorable interactions in the active center.
We are going to visualize the carbon grid to view which parts of the receptor may be more
energetically favorable for the a carbon atom (and therefore for a drug scaffold).
Steps:
•
•

Open the grids visualization tool. In the plugin window. Local → View Grids.
Press CGRID directory button and choose the following directory:
C:\tmp\cgrid_date_time, where date and time are the actual date and time of the grids
generation

•

Press Load Grids. Then Press Show Surface C pot, to display the carbon potential isosurface
at 1.0 Kcal. This command, should display the most favorable places in the active center to
allocate the ligand. As you can see, the isosurface match the shape of the ligand. The
information obtained with the grid allow us to predict that possible binders of this receptor
should be flat and extended as it is the case of spironolactone which has essentially the same
scaffold of the aldosterone.

Docking
The ligand is already setup for this example. But briefly, we have added hydrogen atoms to the X
ray structure of the ligand and computed the partial charges of each atom using the Molecular Orbit
PACkage (MOPAC) with the semiempiric Hamiltonian AM1 (Austin Model/1). Finally, the
AMBER force field radii were used because the energy function of the docking program is based on
this force field.
Steps:
•
•
•
•
•
•

Open the docking module. In the plugin window Local → Docking engines → CRDOCK
(close the other windows if you have not done it yet).
Press “Input File” button to select the ligand. Choose Desktop\curso\mr\aldosterone.pdb
Then, press “Template File” and select the file Desktop\curso\mr\grids\probes.pdb
Press “Receptor File” and choose the file Desktop\curso\mr\grids\rec.pdb
Press “Grids directory” and pick the same grid directory you chose in the “Grid View”
module.
Finally, press Run CDOCK and wait. It should take a few seconds.

Checking the results
Now, we should check the results of the docking. Most programs can find the correct solution in
rigid docking in about 95% of the cases.
Steps:
•
•

Open the file aldosterone.pdb_results.pdb, in the PyMOL viewer.
Compare the 5 results with the Xray conformation.

Questions
1. Pay attention to the possible conformations of this ligand. Do you think rigid docking is a
good choice for this ligand?
2. Most important interactions appear to be hydrogen bonds with residues Arg817, Gln776
and Thr945 and hydrophobic contacts. Do you think the shape of the ligand is optimized for
the active site?
3. Can the docking algorithm reproduce these interaction patterns?
4. Which is the strongest contribution to the binding energy, hydrophobic enclosure or polar
interactions? Could be the flat 4rings scaffold the source of such contribution?
Troubleshooting
If you have experienced problems, you ran out of time or your results do not resemble any of the
situations depicted, the precomputed docking results and grids for this receptor can be found in
Desktop\curso\mr\

Lesson 2: Flexible docking
Expanding the keylock model to account for the ligand flexibility, we reach to the flexible docking.
Despite protein flexibility is still neglected, many binding events can be reproduce accurately by this
model. Conformational sampling have to be performed and the time needed for the docking process
rises.
For this lesson, we will use the histamine H1 receptor and the antagonist doxepin. The receptor,
which is located in peripheral tissues and in the central nervous system, regulating many important
processes inside the brain. It is well known for being the main target of antiallergic drugs
(antihistamines) and also for sleep inducers such as the diphenhydramine.
The protocol is identical to the rigid docking, but, this time, we will use an ensemble of
conformations for the ligand as input. These conformations are generated using chemical rules and
the principle of maximum diversity within a reasonable energy (most ligands in complexes have a
maximum energy due to the conformation of +20 Kcal/mol).
Grids calculation
Steps:
•
•
•

Load the PDB file of the receptor. (File → Open). It should be located in the following path:
Desktop\curso\h1\grids\rec_RL.pdb
Select the ligand (D7V) and zoom the active center.
Open the Grids generation module. (In PyMOL plugin window, Local → Grids generation).
Then add “sele” (without quotes) in Selection textbox and press “Enter”. Resize the grid to a
40x40x40 points box by changing X,Y and Zpoints boxes. Press “Show Box” to update the
box in the display. Finally, press “Receptor File” button and select the file
Desktop\curso\h1\grids\rec_R.pdb, press “Run engine” and wait until the program has
finished.

Visualization of grids
We are going to visualize again the carbon grid to view which parts of the receptor may be more
energetically favorable for the a carbon atom (and therefore for a drug scaffold).
Steps:
•
•

•

Open the grids visualization tool. In the plugin window. Local → View Grids.
Press “CGRID directory” button and choose the following directory:
c:\tmp\cgrid_date_time, where date and time are the actual date and time of the grids
generation
Press “Load Grids”. Then press “Show Surface C pot”, to display the carbon potential
isosurface at 1.0 Kcal. This command, should display the most favorable places in the active
center to allocate the ligand. As you can see, the isosurface match, this time, the shape of the
ligand and also other parts of the active center that could be good candidates to allocate the
ligand

Docking
Steps:
•
•
•
•
•
•

Open the docking module. In the plugin window Local → Docking engines > CRDOCK
Press “Input File” button to select the ligand. Choose Desktop\curso\h1\doxepin_confs.pdb
Then, press “Template File” and select the file Desktop\curso\h1\grids\probes.pdb
Press “Receptor File” and choose the file Desktop\curso\h1\grids\rec.pdb
Press “Grids directory” and pick the same grid directory you chose in the “Grid View”
module.
Finally, press “Run CRDOCK” and wait. It should take a few seconds.

Checking the results
Now, we should check the results of the docking. Most programs can find the correct solution in
flexible docking in about 80% of the cases.
Steps:
•
•

Load the file called doxepin_confs.pdb_results.pdb in the grid directory.
Compare the solutions with the Xray cristal.

Questions.
1. First antihistamine drugs were designed with two hidrophobic moieties (rings) and a large
chain with a polar group formally charged at the end (NH2> NH3+ in water). Do you think
this fact is related with the structure of the histamine?

2. In the receptor, there is a negative charged group (Asp107) at the entrance of the ligand
pocket. Do you think this residue takes part in the recognition process of the antihistamine
drugs? Could this fact be related with the binding process of the natural ligand?
3. Hidrophobic parts of the molecule (three rings) seems to be buried at the bottom of the
pocket, do you think these groups can also collaborate in the binding process? Is this related,
somehow, with the “desolvation” events?
4. Is the docking algorithm able to reproduce the interactions present in the crystal? If it is not
the case, why not?
Troubleshooting
Precomputed results are located in Desktopcurso\h1\

