Drug Design Teaching
Answers to Exercises 5 and 6 (Practice Session 2)
Exercise 5. Docking of anti-inflammatory drug Celecoxib
into protein COX2.
o How many docking poses are proposed?
The answer can be slightly different for one calculation to the others. Two reasons
for this: i) the parameters for the docking can vary a bit (e.g. the exact position of the
box defining the space of search), and; ii) the search algorithm of AutoDock Vina is
non-deterministic. This means that some of the steps includes some random
numbers. The objective of such stochastic methodologies is to accelerate the
convergence to a solution. One of the consequences is that two calculations initiated
from the exact same starting point can return different results. In practice however, in
standard docking like those you have run, convergence is obtained for about 9
docking runs out of 10. To control this effect, it is advised to run 2 or 3 times the
same docking and confirm convergence of results.
For the docking performed as described in the booklet (p. 36), two poses were
returned.
For the docking performed in the video (https://youtu.be/80IIhO20c9g), with exactly
the same parameters, three poses were returned.
o Are all poses located inside the binding site as defined?
Yes, all poses are encompassed within the defined volume. If not, something went
wrong.
o Qualitatively, is one Celecoxib docking pose better superimposed over the
crystallographic pose of Naproxen?
In both my cases (booklet and video), the first docking solution can be seen as well
overlaid on the cocrystallized Naproxen. One “branch” of Celecoxib is occupying the
same space as Naproxen. The other “branch” of Celecoxib is filling a little side
pocket of COX2 (lined by Tyr335, Ser119, Gln192, Gly334, His90, Phe518).
This side pocket is present in COX2 (therapeutic target responsible of inflammation)
but not in COX1 (protein responsible of physiological effects, like protection of the
gastric mucosa). First generation anti-inflammatory drugs, like Naproxen, are
inhibiting COX1 and COX2, reducing inflammation, but also displaying secondary
effects like gastric ulcerations. Second generation anti-inflammatory drugs, like
Celecoxib, were design on purpose of being able to inhibit COX2 but not COX1. A
such they have less gastric unwanted effects.
o Is it the solution evaluated as the most favorable by the scoring function? Note the score.
In what range is the predicted Ki of Celecoxib inhibiting COX2?

In both my cases (booklet and video), the docking solution described in the previous
answer is the best scored pose (-9.4). This value is a (very approximate) estimation
of the free energy of binding (DGbinding), and thus most negative values are most
favorable for the stability of the reformed ligand-protein complex. Also, it can be
given with kcal/mol as unit.
The following scale helps you to estimate the experimental inhibition constant (Ki)
from the calculated DGbinding.

Ki of Celecoxib for the inhibition of COX2 is predicted in the range of two-digit µM.

o How many possible intermolecular hydrogen-bonds were found (in thin lines)?
4 H-bonds are found.
o Which amino acid(s) is (are) involved? What atoms are involved? Are they part of
backbone or side chain?
GLN192 (sc), PHE518 (bb), ARG513 (sc), GLY354 (bb)
o Give two examples of hydrophobic interactions.
MET522 with toluene. LEU531 with trifluoromethyl. VAL523 with the core of
Celecoxib
o Can you spot aromatic interactions?
TYR355 making T-stacking
o Propose one targeted mutation that could validate the predicted binding mode of
Celecoxib in COX2.
The residues that are making specific interactions with their sidechain.
For instance: GLN192 à Leucine, ARG513 à Methionine or TYR355 à Glutamine

Exercise 6.
o Can you recognize the binding mode you predicted in the part A of the session?
Please refer to the “Help” menu in the drug-design-workshop.ch website if you face
technical difficulties.
Once you have drag-and-dropped the image of the structure of Celecoxib on the
image of COX, a new tab open in your web browser with an embedded 3D-session.
It is fast, because here you are only retrieving already an already pre-calculated
docking. The 3D-session is much less nice and elaborate as in Chimera; you also
have less control, but one can find a similar docking solution for Celecoxib in COX2.

UCSF Chimera

drug-design-workshop.ch

o Dock interactively your own molecules into COX2
Different strategies of designing a new molecule is possible. You may want to start
from scratch to get a first hit with decent score and optimize it by modifying one part
of the structure at a time and validate if the change improves the score. If so, you
can continue modifying your molecule with one other change in the structure. If a
lower score is obtained, get back to the previous structure and make another
change. You have entered a cycle of optimization that will end when you reach your
own set goal.
You may want to start from an existing molecule (once the sketcher is open, click on
the red arrow next to the name of the template drug, the structure will appear in the
sketcher, ready to be modified and docked). Make multiple tries of single changes
and iterate until reaching your own set goal.

